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MULTESPECIFIC REAGENT FOR TARGETED DELIVERY OF LIPID
NANOPARTICLES

RELATED APPLICATIONS AND INCORPORATION BY REFERENCE
(00011 This application claims the benefit of U.S. Provisional Ser. No. 63/510566,

filed June 27, 2023, which 1s hereby incorporated by reference i its entirety.

REFERENCE TO SEQUENCE LISTING
[6002] The present application 13 being filed along with a Sequence Listing n
electronic format. The Sequence Listing 15 provided as a file entitled CHMRS. 004WQ xml,
which was created and last modified on June 17, 2024 and 13 103,963 bytes m size. The
information m the electronic Sequence Listing 18 hereby icorporated by reference in its

entirety.

FIELD
[8063] Aspects of the present disclosure described herein relate to methods,
molecules, and compositions for enhancing the targeted delivery of compounds i a3 living
svstem. In particular, embodiments provided herein relate to methods, molecules, and
compositions for the targeted delivery of hipid nanoparticles containing a therapeutic molecule

into a cell or system of choice, suchas a T cell.

BACKGROUND

[6084] A variety of cellular therapies have become standardized in the {reatment of
cancer. Specifically, immunotherapy is based on adoptive transfer of lymphocytes {e.g., T
cells) into a patient. Among the many different types of immunotherapeutic agents, one of the
most promising of the immunotherapeutic agents being developed i1s T cells expressing
chimeric antigen receptors {CAR T cells). The chimeric antigen receptor {CAR ) 15 a genetically
engineered receptor that 1s designed to target a specific antigen, for example, a tumor antigen.
This targeting can result in cvictoxicity against a tumor, for example, such that CAR T celis

expressing CARs can target and kill tumors via the specific tumor antigens. This can mclude
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the infusion of polyclonal or antigen specific T-cells, lymphokine activated killer cells, natural
aller cells, dendritic cells, or macrophages. Advancements have been made in the development
of chimeric antigen receptor {{U AR} bearing T-cells for adoptive T-cell therapies for cancer
therapy, which are a promising therapeutic route for cancer immunotherapy and viral therapy.

[6085] CAR T-cell therapy 13 an immunotherapy in which the patient’s own T-celis

are isolated in a laboratory, genetically manipulated to express a synthetic receptor to recognize

a particular antigen or protein and reinfused into the patient. A CAR can include several
domains. For example, the CAR can have (1) an antigen-binding region, typically derived from
an antthody, (2} a transmembrane domain to anchor the CAR mnto the T-cells, and/or (3) one
or more intracellular T-cell signaling domains. First-generation CARs commonly incorporated
a single chain variable fragment (scFv) that is derived from a monoclonal antibody {mAb) and
a signaling motif from a TCR [ chain. The second- and third-generation CARs are an
mmprovement over the first-generation CARs with co-stimulatory activating motifs, which can
lead to the enhanced proliferation, cytotoxicity, and persistence of the CAR bearing cells in
vive, Chimcal trials have shown some evidence of anti-tumor activity, with nsufficient
activation, persistence, and homing to cancer tissue. Some anti-tumor responses have been
reported 10 patients with B cell lyrophoma, for example, and some neuroblastoma patients have
reported partial response, stable disease, and remission. Second-~ and thurd-generation CAR-
modified T-cells have been shown to be able to provide enhanced activation signals,
proliferation, production of cytokines, and effector function of CAR-modified T-cells n pre-
chnical trials. butial clinical trials have been shown to exhibit some promising results,

[8086] Current adoptive T cell therapy for cancers can mvolve 1) the harvest of a
patient’s own T cells or those of a donor, 2} ex vivo genetic modification to express CARs in
the expanded T cells, and/or 3} remntroduction of the engineered T cells into patient to fight off
specific diseased cells. The complexity o manufacturing includes mdividuahized T cell
products for each patient, stringent quality control to release the products for human use, and
most cnitically, associated high cost per individual, which prohibits wider applicability of
adoptive T cell therapy. Recently the development of allogeneic adoptive T cell therapy has
been gaining momentum, but significant challenges still remain, including in mass production

of T cell products with high efficacy for general clinical use. The field would greatly benefit
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from off-the-shelf biological drugs that can rapidly educate the immune system to eliminate

cancer and be produced in bulk quantities similar as conventional pharmaceuticals.

SUMMARY

6087} Described herein are compositions and methods for treating diseases, the
composittons including protein constructs that facilitate the internahization of lipid
nanoparticles (LNPs) into a specific target of choice, such as a specific cell type, ex vive or in
VIV,

[0068] Accordingly, some embodiments provided herein relate to molecular and/or
protein constructs. Some embodiments provided herein relate to proteins with multi-
specificity. In some embodiments, the protein has muliti- and/or dual- specificity. In some
embodiments, the protein with multi-specificity includes: (1} a first domain capable of binding
a therapeutic molecule; and {11} a second domain capable of hinding a protein, cell, or fissue.
In some embodiments, the therapeutic molecule 15 a lipid nanoparticle (LNP). In some
embodiments, the LNP further includes a payload In some embodiments, the payload is
mRNA or DNA. In some embodiments, the mRNA or the DNA encodes for the expression of
a chumeric antigen receptor {CAR) construct. 1o some emnbodiments, the first domaio mcludes
a derivative of an apolipoprotein, such as ApoE3. In some emboduments, the fust domam
meludes a mutated and/or truncated ApoB3 domain. In some embodiments, the first domamn
meludes an antibody variable (Fv) region-like polypeptide. In some embodiments, the antibody
variable (Fv) region-like polvpeptide has a high affimty for polyethylene glycol (PEG). In
some embodiments, the antibody vanable (Fv) region-like polypeptide has a lugh affinty for
phosphatidylserine. In some embodiments, the antibody variable {Fv} region-like polypeptide
has a high affinuty for cholesterol or a dervative of cholesterol. In some embodiments, the first
domain ncludes a peptide that binds to cholesterol or a derivative of cholesterol. In some
embodiments, the second domain inchides a polypeptide with binding affinity for a cellular
protein antigen. In some embodiments, the second domain has an affinity for a cell surface
antigen. In some embodiments, the second domain includes an antibody variable (Fv) region-
like polypeptide. In some embodiments, the antibody variable (Fv) region-like polypeptide has
a high affinity for at least one cell surface antigen. In some embodiments, the antibody variable

{Fv) region-like polypeptide 15 a T cell receptor a subunit, a T cell receptor B subunit, a {D3,
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a D4, a CD8, a CD3, and/or a C28. In some embodiments, the protemn further mcludes at
least one linker. In some embodiments, the at least one linker includes a peptide linker. In some
embodiments, the peptide linker includes a sequence with at least 80% 1dentity to SEQ ID NG
2. In some embodiments, the first domain inchides a sequence with at least 80% identity to any
one of the sequences of Table 5. In some embodiments, the second domain includes a sequence
with at least 80% identity to any one of the sequences of Table 5. In some embodiments, the
protem inchudes a sequence with at least 80% 1dentity to any one of the sequences of Tables 3
and 5 In some embodiments, the protein has at least two binding targets. In some
embodiments, the protein has three binding targets.

[6009] Some embodiments provided herein relate to a nuclectide encoding any one
of the embodiments described herein.

[0010] Some embodimenis provided herein relate to a nucleotide including a
sequence with at least 80% identity to any one of the sequences of Tables 4 and 6.

(0011} Some embodiments disclosed herein relate to a vector encoding any one of
the nucleotides of the embodiments disclosed herein, and/or capable of expressing any one of
the proteins disclosed herein,

[0012] Some embodiments disclosed herein relate to a cell including any one ofthe
nucleotides disclosed herein, the vector of any one of the embodiments of the present
disclosure, and/or are capable of expressing any one of the protems of the embodiments of the
present disclosure.

[08013] Some embodiments disclosed heren relate to a composition including a
multi- and/or dual-specific protemn. In some embodiments, the protem ncludes a first domam
capable of binding a therapeutic molecule; and a second domain capable of binding a protein,
cell, or tissue. In some embodiments, the composition further includes the therapeutic
molecule. In some embodiments, the therapeutic molecule 18 an mRNA or a DNA, and a
pharmaceutically effective carrier. In some embodiments, the therapeatic molecule 15 a hipid
nanoparticle (ENP). In some embodiments, the LNP further includes a payload. In some
embodiments, the payload s an mRNA or a DNA. In some embodiments, the mRNA or the
DNA encodes for the expression of a chimeric antigen receptor ({CAR) construct. In some
embodiments, the first domain mcludes a mutated and/or truncated ApoE3 domain. In some

embodiments, the first domain includes an antibody variable (Fv) region-like polypeptide. In
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some embodiments, the antibody variable (Fv) region-like polypeptide has a high affinity for
polyethviene glycol {(PEG). In some embodiments, the antibody vanable (Fv} region-like
polvpeptide has a high affinity for phosphatidylserine. In some embodiments, the antibody
variable {(Fv} region-like polypeptide has a high affinity for cholestero! or a derivative of
cholesterol. In some embodiments, the first domain includes a peptide that binds to cholesterol
or a derivative of cholesterol. In some embodiments, the second domain imcludes a polypeptide
with binding affinity for a cellular protein antigen. In some embodiments, the second domain
has an affinity for a cell surface antigen. In some embodiments, the second domain mcludes
an antibody variable (Fv) region-like polypeptide. In some embodiments, the antibody variable
{Fv) region-like polypeptide has a high affinity for at least one cell surface antigen. In some
embodiments, the antibody variable (Fv) region-like polypeptide possesses binding affinity
towards the T cell receptor o subunit, T cell receptor P subunut, CD3, D4, CDE, CDS5, and/or
CD28. In some embodiments, the protein further includes at least one linker. In some
embodiments, the at least one linker mcludes a peptide linker. In some embodiments, the
peptide linker includes a sequence with at least 80% 1dentity to SEQ ID NO: 2. In some
emboduments, the first domain imcludes a sequence with at least 80% wdentity to any one of the
sequences of Table 5. Tn some embodiments, the second domain nchudes a sequence with at
least 30% wdentity to any one of the sequences of Table 5. In some embodiments, the protemn
mneludes a sequence with at least 80% wdentity to any one of the sequences of Tables 3 and §.
In some embodiments, the protein has at least two binding targets. In some embodiments, the
protein has three binding targets.

[6014] Some embodiments disclosed herein relate to methods for treating a disease
or disorder in a subject m need thereof In some embodiments, the methods include
administering to the subject any protein described herein, any nucleotide deseribed herem, any
vector described herein, any cell described herein, and/or any composition described herein
in some embodiments, the disease or disorder 13 a cancer. In some embodiments, the cancer 1s
a blood cancer, lymphoma, multiple myeloma, leukemia, peripheral T cell lymphoma (PTCL),
diffuse large B-cell lymphoma (BLBCL), follicular lymphoma, mantle cell lymphoma,
multiple myeloma, B-cell acute lymphoblastic leukemia (ALL), Large B-cell lymphoma
transformed from follicular lymphoma, High grade B-cell lymphoma, Aggressive B-cell

lymphoma not otherwise specified {(NOS), brain cancer {including but not limited to
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glioblastoma), lung cancer, ovarian cancer, breast cancer, prostate cancer, liver cancer, kidney
cancer, stomach cancer, pancreatic cancer, or colon cancer. In some embodiments, the
administration to the subject 15 conducted via intravenous or intra~-tumoral mjection. In some
embodiments, the subject is mammalian and/or human.

[6015] Some embodiments disclosed herein relate to methods for treating a disease
or disorder in a subject in need thereof In some embodiments, the methods include
administering a muklti-specific protein comprising a first domain capable of binding a
therapeutic molecule; and a second domain capable of binding a protein, cell, or tissue. In some
embodiments, the disease or disorder is a cancer. In some embodiments, the cancer is a blood
cancer, lymphoma, multiple myeloma, leukenua, peripheral T cell lymphoma (PTCL), diffuse
large B-cell lymphoma (DLBCL), follicular lymphoma, mantle cell lymphoma, multiple
myeloma, B-cell acute lymphoblastic leukemia (ALL), Large B-cell lvmphoma transformed
from follicular lymphoma, High grade B-cell lymphoma, Aggressive B-cell lymphoma not
otherwise specified (NOS), Brain cancer {including but not limited to ghioblastoma), lung
cancer, ovarian cancer, breast cancer, prostate cancer, hiver cancer, kidoey cancer, stomach
cancer, pancreatic cancer, or colon cancer. In some embodiments, the administration to the
subject 13 conducted via mtravenous or intra-tumoral injection. In some embodiments, the
subject 1s maromalian and/or human. In some embodiments, the method further ncludes
admunistering an effective dose of the therapeutic molecule. Tn some embodiments, the
therapeutic molecule is an mRNA or a BNA, and a pharmaceutically effective carrier. In some
embodiments, the therapeutic molecule 1s a hipid nanoparticle (LNP}. In some embodiments,
the LNP further includes a payvload. In some embodiments, the payload is an mRNA or a DNA.
In some embodiments, the mRNA or the DNA encodes for the expression of a chimeric antigen
receptor {CAR} construct. fn some embodiments, the first domain includes a mutated and/or
truncated ApoE3 domain. In some embodiments, the first domain includes an antibody variable
(Fv) region-like polypeptide. In some embodiments, the antibody variable {Fv) region-like
polypeptide has a high affinity for polyethvlene glycol (PEG). In some embodiments, the
antibody variable {(Fv) region-like polvpeptide has a high affinity for phosphatidylserine. In
some embodiments, the antibody variable {Fv) region-like polypeptide has a high affinity for

cholesterol or a derivative of cholesterol. In some embodiments, the first domain includes a
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peptide that binds to cholesterol or a derivative of cholesterol In some embodimenis, the
second domain includes a polypeptide with binding affinity for a cellular protein antigen.

[6016] in some embodiments, the second domain has an atfimity for a cell surface
antigen. In some embodiments, the second domain includes an antibody variable (Fv) region-
like polypeptide. In some embodiments, the antibody variable (Fv) region-like polypeptide has
a high affinity for at least one cell surface antigen. In some embodiments, the antibody varnable
(Fv) region-like polypeptide 1s a T cell receptor o subunit, a T cell receptor B subunit, a CD3,
a Ch4, a (DR a CD3S, and/or a CDZ8. In some embodiments, the protem further includes at
least one linker. In some embodiments, the at least one linker mcludes a peptide hinker. In some
embodiments, the peptide linker includes a sequence with at least 80% 1dentity to SEQ ID NO:
2. In some embodiments, the first domain inchudes a sequence with at least 80% wdentity to any
one of the sequences of Table 5. In some embodiments, the second domain includes a sequence
with at least 80% identity to any one of the sequences of Table 5. In some embodiments, the
protein includes a sequence with at least 80% 1dentity to any one of the sequences of Tables 3
and S In some embodiments, the protein has at least two binding targets. In some
embodiments, the protein has three binding targets.

(60171 Some embodiments disclosed herewn relate to a use of any protein as
described heren, any nucleotide described herem, any vector described herein, any cell
described heremn, and/or any composition described herein, for treating a disease or disorder n
a subject. In some embodiments, the disease or disorder 1s a cancer. In some embodiments, the
cancer 15 a blood cancer, tymphoma, multiple myeloma, leukemia, peripheral T cell lymphoma
(PTCL}, diffuse large B-cell lymphoma (DLBCL), follicular lymphoma, mantle cell
lymphoma, multiple myeloma, B-cell acute lymphoblastic leukermua (ALL), Large B-cell
lymphoma transformed from follicolar lymphoma, High grade B-cell lymphoma, Aggressive
B-cell lymphoma not otherwise specified (NOS}), Brain cancer (including but not limited to
glioblastoma), lung cancer, ovarian cancer, breast cancer, prostate cancer, hiver cancer, kidney
cancer, stomach cancer, pancreatic cancer, or colon cancer. In some embodiments, the subject
is mammalian and or human.

(001 8] Some embodiments disclosed herein relate to a use for a multi-specific
protein in treating a disease or disorder in a subject. In some embodiments, the multi-specific

protein includes a first domain capable of binding a therapeutic molecule; and a second domain
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capable of binding a protein, cell, or tissue. In some embodiments, the disease or disorder is a
cancer. In some embodiments, the cancer is a blood cancer, lymphoma, multiple myeloma,
leukema, peripheral T cell lymphoma (PTCL), diffuse large B-cell lymphoma
(DLBCL), folbcular lymphoma, mantle cell lvmphoma, multiple myeloma, B-cell acute
lymphoblastic leukermia (ALL), Large B-cell lymphoma transformed from follicular
lymphoma, High grade B-cell lymphoma, Aggressive B-cell lymphoma not otherwise
specified (NOS), Brain cancer (including but not mited to ghioblastoma), lung cancer, ovarian
cancer, breast cancer, prostate cancer, liver cancer, kidney cancer, stomach cancer, pancreatic
cancer, or colon cancer. In some embodiments, the subject 15 mammalian and or human. In
some embodiments, the use further includes an effective dose of the therapeutic molecule. In
some embodiments, the therapeutic molecule 15 an mRNA or a DNA, and a pharmaceutically
effective carrier. In some embodiments, the therapeutic molecule is a lipid nanoparticle (LNP).
In some embodiments, the LNP further includes a payload. In some embodiments, the payload
is an mRNA or a DNA. In some embodiments, the mRNA or the DNA encodes for the
expression of a chimeric antigen receptor (CAR) construct). In some embodiments, the first
domain mcludes a mutated and/or truncated ApoE3 domain. In some embodiments, the first
domain includes an antibody varable (Fv) region-like polypeptide. In some embodiments, the
antibody varable (Fv) region-like polypeptide has a high affinuty for polyethylene glycol
(PEG). In some embodiments, the antibody vanable (Fv) region-like polypeptide has a high
affimty for phosphatidylserine. In some embodiments, the antibody vanable (Fv) region-like
polypeptide has a high affimity for cholesterol or a denvative of cholesterol In some
embodiments, the first domain includes a peptide that binds to cholesterol or a derivative of
cholesterol. In some embodiments, the second domain mcludes a polypeptide with binding
affinity for a cellular protein antigen. In some embodiments, the second domain has an affinity
for a cell surface antigen. In some embodiments, the second domaim mcludes an antibody
variable (Fv} region-like polypeptide. In some embodiments, the antibody varnable (Fv) region-
like polvpeptide has a high affinity for at least one cell surface antigen. In some embodiments,
the antibody varable (Fv} region-like polypeptide 15 a T cell receptor ¢ subunit, a T cell
receptor P subunit, a D3, a CD4, a CD8, a CDS, and/or a CD2&. In some embodiments, the
protein further includes at least one hinker. In some embodiments, the at least one linker

mcludes a peptide linker. In some embodiments, the peptide hinker includes a sequence with at
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least 80% identity to SEQ ID NG 2. In some embodiments, the first domain includes a
sequence with at least 80% identity to any one of the sequences of Table 5. In some
embodiments, the second domain inchudes a sequence with at least 830% identity to any one of
the sequences of Table 5. In some embodiments, the protemn includes a sequence with at least
80Y% identity to any one of the sequences of Tables 3 and 3. In some embodiments, the protein

has at least two binding targets. In some embodiments, the protein has three binding targets.

BRIEF DESCRIPTION OF THE DRAWINGS

(0019 The foregoing and other features of the present disclosure will become more
fully apparent from the following description, taken in conjunction with the accompanying
drawmngs. Understanding that these drawings depict only some embodiments in accordance
with the disclosure and are therefore, not to be considered limiting of its scope, the disclosure
will be described with additional specificity and detail through use of the accompanying
drawings.

[0026] Figure | depicts a non-linuting example schematic of an embodiment of a
hipid nanoparticle (LNP) composition, including an onizable cationic lipid, a cholesterol, a
helper hipid, and a PEG hipid.

[0021] Figure 2 depicts a non-limiting example cartoon schematic of a multi-
specific reagent. In this example, the cartoon schematic depicts a dual-specific reagent. This
dual-specific reagent nclodes an LNP-binding component and a polypeptide with binding
affimity for a cellular protein antigen. In some embodiments, the INP-binding component 13
an anti-PEG single chain Fv,

[08022] Figures 3A-3D depict non-himiting example cartoon schematic of multi-
specific reagents, utilizing bmding components derived from native ApoE3 (Figure 3A)
Examples of such reagents are an ApoE3 protein (with mutations to reduce binding to LDL
receptors) with a cell binding arm (Figure 3B), or a mutated/truncated ApoE3 LNP-binding
arm with a cell binding arm (Figure 3C), or anti-PEG single chamn Fv followed by
mutated/truncated ApoE3 LNP-binding arm with a cell binding arm (Figure 3D).

[0023] Figure 4 depicts a non-hmiting example cartoon schematic for the
mechanism of action of a multi-specific reagent, in this case a dual specific reagent, 1n which

the dual specific reagent interacts with both a cell and a LNP, thus factlitating the association

0.
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of LNPs with a target cell antigen (for example, CD3 protein present on T Cells) and promoting
the uptake, by mternalization, of the LNP and its contents into the target cell.

[6024] Figure 5 depicis a non-limiting example SDS-PAGE gel analysis of the
multi-specific reagents CMO4A, CMO4F, and CMO4B. Each sample was subjected to
electrophoresis as either reduced (R} or non-reduced (NR) preparations.

[0025] Figure 6 depicts a non-limiting example measurement of multi-specific
reagents CMO4A, CMO4P, and CMO4B binding to Jurkat T cells, as measured through the shift
in APC fluorescence. As described in Example 2 below, Jurkat cells were incubated with 20ul
of etther CHO cell culture medium alone (“control™), or CHO cell culture supernatant
containing an expressed multi-specific reagent. After 2 howrs of incubation at room
temperature, cells were washed and stained with an APC-conjugated anti-His tag secondary
antibody reagent.

(6026} Figure 7 depicts a non-limiting example quantification of CMO4A, CMO4P,
and CM04B binding to PEG-Biotin, as detected using an anti-HIS tag-HRP antibody.

(060271 Figures 8A-8B depict non-himiting example flow cytometry dot plots gated
on live PBMCs, showing EGFP-positive T cells (Quadrant 2) for PBMCs treated with etther
LINPs alone (Figure 8A), or LNPs plus purified CMO4B protein (Figure 8B).

[0028] Figures 9A-9D depict non-hmiting example histogram plots for EGFP
fluorescence within CD4/CD8+ T cell populations from starting PBMCs treated with LNPs
alone (Figure 9A}, or LNPs plus CMO4P (Figure 9B), CMO4A (Figure 9C}, or CMO4B protein
{Figure 9D).

(6029} Figures 10A-10C depict non-hmiting example histogram plots of EGFP
fluorescence m hive HepG2 biver cell populations treated with LNP+PBS {(Figure 10A),
ENPHCMO4A (Figure 10B), or LNP+UMO4B (Figure 10C), as deseribed in Example S,

[8030] Figures 11A-11D depict non-limiting example cartoon schematics for
multi-specific reagents with enhanced binding affinties. Example constructs inchide an anti-
PEG scFv-ApoE3-lipidbinding arm-Cell Binding scFv (Figure 11 A}, an ApoE3-lipid binding
arm-anti-PEG scFv-Cell Binding scFv (Figure 11B}, an ApoE3-lipid binding arm-anti-PEG
scHFv-Cell Binding VHH {(Figure 110}, and an anti-PEG scFv-ApoE3-hipid binding arm-Cell
Binding VHH (Figure 11D).

-10-
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(6031} Figure 12 depicts a non-limiting example SDS-PAGE gel analysis of the
multi-specific reagents CMO4A, CMO4B, and CMO4C. Each sample was subjected to
electrophoresis as either reduced (R} or non-reduced (NR) preparations.

[6032] Figure 13 depicts a non-limiting example quantification of CMUO4A,
CMO4B, and CMO4C binding to lipid nanoparticles { LNPs) via enzyme-linked immunosorbent
assay (ELISA} Briefly, an immuonoassay plate was coated with anti-cholesterol polyclonal
antibodies. LNPs (+LNP} or bovine serum albumin as negative control (-LNP ctl} were
captured i different wells on the coated plate. Subsequently, CMO4A, CM0G4B and CMG4C
in different concentrations were added to designated wells and the binding to captured LNPs
or negative control was detected using an anti-HiS tag-HRP antibody. Data shown inthe graph
are specific-binding to ENPs of each protein as calculated by subtracting signals of (-LNP cotl)
from those of (+LNP).

(6033} Figures 14A-14B depict non-lhmiting example guantifications of
hioluminescence imaging signal in mice that receive mtravenous injections of LNPs containing
luciferase mRNA (LNP-Luc) alone or LNP-Luc plus dual targeting reagents that specifically
bind to LNP and mouse CD3 (DT/LNP-Luc). Data shown are mean £ SEM of the total flux
reading of dissected spleen (Figure 14A) and hver (Figure 14B) from treated mice (o =3 for
each treatment condition).

[6034] Figures 15A-15B depict non-limiting example of CDDIS-CAR expression as
measured by stamning with APC-labelled anti-FMC63 antibody, specific for the CAR, within
the CB4/CD8+ T cell populations from untreated human PBMCs, PBMCs treated with LNP
containing CD19-CAR-mRNA alone and the same LNPs plus CMO4A, CMO4B or CMO4C at
(.2 gM. Figure 15A shows histogram plots derived from one donor. Figure 158 shows the
percentage of CDIS-CAR+ T cells n three donors, with the bar showing the mean of three
donors.

[6035] Figures 16A-16C depict non-limiting examples of huciferase activity
derived from Fluc-mRNA encapsulated in ENPs in freshly isolated T cells from donor 1
(Figure 16A), donor 2 (Figure 16B), and donor 3 {Figure 16C). Briefly, ENPs carrying 40 ng
Flue-mRNA (LENPs-Fluc) were incubated with CMO4A, CM04B or CMO4C 1n different
concentrations for 1 hr at room temperature. Subsequently, (ENPs-Flue) alone or the mix of

{(LNPs-Fluc} and various proteins were added to 80,000 donor T cells for each treatment. The
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treated cells were cultured at 37°C, 5% CO2 for 24 hrs. The luciferase signals were assayed
using ONE-Glo™ EX Luciferase Assay System and detected on Varioskan LUX Multimode
Microplate Reader. Data shown in the graph are fold change of luciferase signals from treated

T cells to background signal from untreated cells.

DETAILED DESCRIPTION

[6036] Although the disclosure is described in various exemplary alternatives and
implementations as provided herein, it should be understood that the various features, aspects,
and functionality described in one or more of the individual alternatives are not limited in their
applicability to the particular alternative with which they are described. Instead, they can be
applied alone or in various combinations to one or more of the other aliernatives of the
embodiments described herein, whether the alternatives are described or whether the features
are presented as being a part of the described alternative. The breadth and scope of the present
disclosure should not be limited by any exemplary alternatives described or shown herein.

[6037] Disclosed herein are embodiments of a molecule with muli-binding
specificity, such as an engineered protein, which facilitates the internalization of LNPs nto a
specific target of choice, such as a specific cell type, ex vive or iz vive. A non-limuting
schematic of a typical LNP s depicted in Figure 1

[6038] The present disclosure relates to compositions of such a molecule with
multi-binding specificity, which m some embodiments s referred to as a “multi-specific
reagent.” It will be understood that a “multi-specific reagent” refers to a molecule with at least
two binding targets. In some embodiments, the molecule 15 a “dual-specific reagent,” which
mncludes at least two binding domains: (1) a domain with specificity and high binding affinity
to an LNP particle, and (2} a domain with specificity to a onigue target protein or molecule
present on a target cell and mediating efficient internabization upon binding. Example
schematics of the dual-specific reagent are as shown mn Figures 2 and 3A-3D. In some
embodiments, the dual-specific reagent includes an LNP-binding component and a cell binding
component. In some embodiments, the multi-specific reagent has more than two domains. In
some embodiments, the multi-specific reagent has more than two binding targets. In some

embodiments, the LNP-binding component includes a mutated or truncated ApoE3 domain. In
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some embodiments, the cell binding component includes a polypeptide with binding affinity
for a cellular protein antigen.

6039} In some embodiments, the molecule further includes additional
domains/regions. In some embodiments, the additional domain/regions include a linker
sequence connecting the binding domains.

[0040] In some embodiments, the first (LNP binding} domain s an antibody
variable (Fv) region-like polypeptide with high affinity for polvethviene glycol (PEG), which
could bind to PEGylated lipids present on the surface of an LNP. In some embodiments, the
LINP binding domain s a full-length, truncated and/or mutated version of the “Apoprotein E37
protein, which is understood to bind to LNPs via its Lipid Binding Region. In some
embodiments, the LNP binding region is an antibody Fv region-like polypeptide with high
affimity for phosphatidylserine which 15 a key component of corresponding LNPs. In some
embodiments, the LNP binding region is a peptide that binds to cholesterol or a derivative of
cholesterol, such as hydroxycholesterol. Cholesterol 15 an essential component of LNPs.

[0041] In some embodiments, the second (target cell binding} domain includes any
one of an Fv region-like polypeptide with affinity for unique T cell surface antigens. Non-
imiting examples of an Fv region-like polypeptide with atfinuty for unique T cell surface
antigens nclude T cell receptor w or P subunit, CD3, CD4, CDE, CDS, and CD28. In some
embodiments, the target cell binding domains can mediate efficient mternalization info target
cells upon thetr engagement with cognate antigens.

[08042] In some embodiments, the binding domaims of a multi-specific reagent are
joned via a peptide linker such as histed 1n Table 2. In some embodiments, the peptide tinker
15 Lmker 2 as shown (SEQ ID NGO 2). In some embodiments, the muiti-specific reagent
meludes at feast one finker. In some embodiments, the muldti-specific reagent includes at least
two hnkers.

[6043] In some embodiments, one or more multi-specific reagent{s} 1s paired with
any cognate LINPs for delivery into target cells of mnterest (Figure 4}. In some embodiments,
the LNPs contain a payload. In some embodiments, the pavioad is in the form of nucleotides.
in some embodiments, the payioad is in the form of DNA. In some embodiments, the pavioad
18 1n the form of mRNAs. In some embodiments, the DNA or mRNAs encode CARs. In some

embodiments, the delivery of LNP-CAR-mRNA results in target cells expressing CARs, which
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in turn results i those cells exerting biological functions conferred by those CAR constructs,
such as the killing of diseased cells.

[6044] Some embodiments disclosed herein relate to the ex vive engineering of a
certain type of patient-derived immune cells, such as T cells. In some embodiments, LNPs and
multi-specific reagents can be added together into the culture mediuim of the cells, and the
uptake of LNPs can be achieved through targeted internalizations.

[6045] Some embodiments disclosed herein relate to the i vive engineering of a
certain type of immune cells, such as T cells in a patient’s body. In some embodiments, LNPs
and multi-specific reagents can be combined in the buffer for infusion and infused into the
blood stream of a patient. In some embodiments, the i vive generation of CAR-T cells is
achieved by infusion with LNP-CAR-mRNA together with multi specific reagents.

[0046] In some embodiments, the multi-specific reagents mediate targeted
mnternalization of the LNP payload. In some embodiments, a cell or cells of interest express
the payload of LNPs following administration of the multi-specific reagent. In some
embodiments, thus admunistration 18 used for producing in sive CAR-T cells,

[06047] In some embodiments, the one or more LNP binding domain of the multi-
specific reagent includes a truncated and/or mutated ApoE3 domam. In some embodiments,
the truncated and/or mutated ApoE3 domain can bind to cholesterols on the surface of LNPs,
but lacks the ability to bind to Low-density lipoprotein receptor {LDLR) expressed on many
types of human cells.

[30438] Intact ApoE3 1s abundant i human blood and ApoE-LDLR mteractions are
responsible for the uptake, retention as well as clearance of LNPs in hiver tissues. By decorating
LINPs with truncated and mutated ApoE3 present 1o the mudts specific reagents, the LNPs may
be shielded from bmding to intact ApoE3, prevented from interacting with high LDLR-
expressing ¢ells such as hiver cells due to non-engagement, and in turn, retamned i liver issues
to 8 much less degree than LNPs alone In some embodiments, this mode of action reduces
liver toxicity associated with LNP-based medicine and further enhances the delivery of ENPs
to target cells of interest.

[0049] The multi-specific reagents described herein have many aspects of novelty
in the figld Firstly, no melt: targeting molecules have previously been designed with the

function of binding to mRNA encapsulated in LNP (LNP-mRNA)} and facilitating thewr
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delivery to a specific target cell of interest. There also have not been any reports for standalone
multi-specific reagents that can be paired with any cognate ENP-mRNAs for in vive
administration. Such mode of action can make LNP-mRNA-based medicine more
manufactorable than current means.

(6050} in the case of Apoprotem E {ApcE), prior to the present disclosure, the use
of the protein {or domains thereof) in the specified forms as described herein has not been used
for the purpose of binding to LNPs, or for bringing other binding domains mnto contact with
LNPs. Using truncated and mutated ApoE3 to reduce the retention of LNPs in the hiver tissue
has not previously been reported.

[0051] In some emboduments, the protemn has multi- and/or dual- specificity. In
some embodiments, the protein with multi-specificity includes: (i} a first domain capable of
hinding a therapeutic molecule; and (11} a second domain capable of binding a protein, cell, or
tissue. In some embodiments, the second domain s capable of binding a protein. In some
embodiments, the second domain is capable of binding a cell. In some embodiments, the
second domain 1s capable of binding a tissue. In some embodiments, the second domam is
capable of binding an epttope present in a subject.

(0052 In some embodiments, the therapeutic molecule 15 a hipid nanoparticle
(LNP). In some embodiments, the LNP further includes a pavload. In some embodiments, the
pavicad 13 a therapeutic molecule. In some embodiments, the payload 1s a drug. In some
embodiments, the payload 1s a protein sequence. In some embodiments, the payload 15 a
nucleotide sequence. In some embodiments, the payload 15 an mRNA or a DNA. In some
embodiments, the mBRNA or the DNA encodes for the expression of a chimeric antigen receptor
{(CAR) construct).

[8053] In some embodiments, the first domamn mcludes a derivative of an
apolipoprotem. In some embodiments, the first domam ncludes a denvative of the
apolipoprotem ApoE3. In some embodiments, the first domain mcludes a mutated and/or
truncated ApoE3 domain. In some embodiments, the first domain includes an antibody vaniable
(Fv) region-like polypeptide. In some embodiments, the antibody variable {Fv) region-like
polypeptide has a high affinity for polyethvlene glycol (PEG). In some embodiments, the
antibody variable {(Fv) region-like polvpeptide has a high affinity for phosphatidylserine. In

some embodiments, the antibody variable {Fv) region-like polypeptide has a high affinity for
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cholesterol or a derivative of cholesterol. In some embodiments, the first domain includes a
peptide that binds to cholesterol or a derivative of cholestersh

(6054} In some embodiments, the second domain inciudes a polypeptide with
binding affinity for a cellular protein antigen. In some embodiments, the second domain has
an affinity for a cell surface antigen. In some embodiments, the second domain includes an
antibody variable (Fv) region-like polypeptide. In some embodiments, the antibody varniable
(Fv) region-like polypeptide has a high affinity for at least one cell surface antigen. In some
embodiments, the antibody variable {(Fv) region-like polypeptide i1s a T cell receptor o suburt,
a T cell receptor P subunit, a CD3, a CD4, a CDRY, a CDS and/or a CD28.

RUIRRY In some embodiments, the protein further includes at least one linker. In
some embodiments, the at least one linker includes a peptide linker. In some embodiments, the
peptide linker includes a sequence with at least 80%, 85%, 90%, 95%, 99%, 100%, or any
integer that 1s between 80% and 100%, identity to any one of the sequences of Table 2. In some
embodiments, the peptide linker includes a sequence with at least 80%, 85%, 90%, 95%, 99%,
100%, or any integer that s between 80% and 100%, 1dentity to SEQ ID NO: 2.

[8056] In some embodiments, the first domain includes a sequence with at least
80%, 85%, 90%, 95%, 99%., 100%, or any mteger that i3 between 80% and 100%, identity to
any one of the sequences of Table 5. In some embodiments, the second domain includes a
sequence with at least 80%, §3%, 90%, 95%, 99%, 100%, or any mnteger that 1s between 80%
and 100%, wdentity to any one of the sequences of Table 5. In some embodiments, the protem
mcludes a sequence with at least 80%, &5%, 90%, 95%, 99%, 100%, or any mnteger that 15
between 80% and 100%, dentity to any one of the sequences of Tables 3 and 5. In some
embodiments, the protein has at feast two binding targets. In some embodiments, the protemn
has three binding targets.

[8057] Some embodiments provided heremn relate to a nucleotide encoding any one
of the embodimenis of the present disclosure. Some embodiments provided herein relate to a
nucleotide comprising a sequence with at least 80%, 85%, 90%, 95%, 99%, 100%, or any
integer that 1s between 80% and 100%, identity to any one of the sequences of Tables 4 and 6.

[0058] Some embodiments disclosed herein relate to a vector encoding any one of
the nucleotides of the embodiments of the present disclosure, and/or capable of expressing any

one of the proteins of the embodiments of the present disclosure.
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[6059] Some embodiments disclosed herein relate to a cell comprising any one of
the nucieotides of the embodiments of the present disclosure, the vector of any one of the
embodiments of the present disclosure, and/or are capable of expressing any one of the proteins
of the embodiments of the present disclosure.

{6060} Some embodiments disclosed herein relaie to a composition comprising a
multi- and/or dual-specific protein. In some embodiments, the protein includes a first domain
capable of binding a therapeutic molecule; and a second domain capable of binding a protein,
cell, or tissue. In some embodiments, the composition further includes the therapeutic
molecule. In some embodiments, the therapeutic molecule 1s an mRNA or a DNA, and a
pharmaceutically effective carrier. In some embodiments, the therapeutic molecule 1s a lipid
nanoparticle {LNP). In some embodiments, the LNP further includes a payvload. In some
embodiments, the pavload 15 an mRNA or a DNA. In some embodiments, the mRNA or the
DNA encodes for the expression of a chimeric antigen receptor (CAR) construct. In some
embodiments, the first domam includes a mutated and/or truncated ApoE3 domain. In some
embodiments, the first domam ncludes an antibody varable (Fv) region-like polypeptide. In
some embodiments, the antibody variable (Fv) region-like polypeptide has a ligh affioiy for
polyethylene glveol (PEG). In some embodiments, the antibody vanable (Fv) region-like
polypeptide has a high affinity for phosphatidylserine. In some embodiments, the antibody
variable (Fv} region-like polypeptide has a high affinity for cholesterol or a derivative of
cholesterol. In some embodiments, the first domain includes a peptide that binds to cholesterol
or a dertvative of cholesterol. In some embodiments, the second domain mcludes a polypeptide
with binding affinity for a cellular protemn antigen. In some embodiments, the second domam
has an affimity for a cell surface antigen. In some embodiments, the second domamn includes
an antibody variable (Fv) region-like polypeptide. In some embodiments, the antibody variable
{Fv) region-like polypeptide has a high affinity for at least one cell surface antigen. In some
embodiments, the antibody variable {Fv) region-like polypeptide possesses binding affinity
towards the T cell receptor o subunit, T cell receptor § subunit, CD3, CD4, CDE, DS, and/or
CD2&. In some embodiments, the protein further includes an at least one linker. In some
embodiments, the at least one linker mcludes a peptide linker In some embodiments, the
peptide linker includes a sequence with at least 80%, 85%, 90%, 95%, 99%, 100%, or any

mteger that 1s between 80% and 100%, identity to SEQ 1D NO: 2. In some embodiments, the
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first domain inchudes a sequence with at least 80%, 85%, 90%, 95%, 99%, 100%, or any integer
that 1s between 80% and 100%, identity to any one of the sequences of Table 3. In some
embodiments, the second domain inclides a sequence with at least 80%, &3%, 90%, 95%,
99%, 100%, or any nnteger that is between 80% and 100%, 1dentity to any one of the sequences
of Table 5. In some embodiments, the protein mncludes a sequence with at least 80%, 85%,
0%, 95%, 99%, 100%, or any integer that is between 830% and 100%, identity to any one of
the sequences of Tables 3 and 5. In some embodiments, the protein has at least two binding
targets. In some embodiments, the protein has three binding targets.

0061} Some embodiments disclosed herein relate to a method for treating a disease
or disorder in a subject in need thereof In some embodiments, the method includes
admunistering to the subject the protein of any one of the embodiments of the present
disclosure, the nucleotide of any one of the embodiments of the present disclosure, the vector
of any one of the embodiments of the present disclosure, the cell of any one of the embodiments
of the present disclosure, and/or the composition of any one of the embodiments of the present
disclosure. In some embodiments, the disease or disorder 13 a cancer. In some embodiments,
the cancer 1s a blood cancer, lvmphoma, multiple myeloma, leukenuia, peripheral T cell
lymphoma (PTCL), diffuse large B-cell lymphoma (DLBCL), follicular lymphoma, mantle
cell lymphoma, multiple myeloma, B-cell acute lymphoblastic levkenua (ALL), Large B-cell
lymphoma transformed from follicular lymphoma, High grade B-cell lymphoma, Aggressive
B-cell lymphoma not otherwise specified {(NOS), Brain cancer {including but not hmited to
glioblastomal), lung cancer, ovarnan cancer, breast cancer, prostate cancer, liver cancer, kidney
cancer, stomach cancer, pancreatic cancer, or colon cancer. In some embodiments, the
administration to the sabject 1s conducted via intravenous or intra-tumoral mjection. In some
embodiments, the subject 15 mammalian and/or human

[8062] Some embodiments disclosed herein relate to 8 method for treating a disease
or disorder 1 a subject m need thereof, the method comprising administering a mulit-specific
protein comprising a first domain capable of binding a therapeutic molecule; and a3 second
domain capable of binding a protein, cell, or tissue. In some embodiments, the disease or
disorder is a cancer. In some embodiments, the cancer 13 a blood cancer, tymphoma, multiple
myeloma, leukemia, peripheral T cell lymphoma (PTCL)diffuse large B-cell iymphoma

(DLBCL), folbcular lymphoma, mantle cell lyvmphoma, multiple myeloma, B-cell acute
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lymphoblastic leukermia (ALL), Large B-cell lymphoma transformed from follicular
lymphoma, High grade B-cell lymphoma, Aggressive B-cell lymphoma not otherwise
specified (NOS), Brain cancer (including but not mited to ghioblastoma), lung cancer, ovarian
cancer, breast cancer, prostate cancer, hiver cancer, kidney cancer, stomach cancer, pancreatic
cancer, or colon cancer. In some embodiments, the administration to the subject is conducted
via intravenous of intra-tumoral injection. In some embodiments, the subject 15 mammalian
and/or human. In some embodiments, the method further includes administering an effective
dose of the therapeutic molecule. In some embodiments, the therapeutic molecule 1s an mRNA
or a BDNA, and a pharmaceutically effective carrier. In some embodiments, the therapeutic
molecule 15 a lipid nanoparticle (LNP). In some embodiments, the LNP further includes a
pavioad. In some embodiments, the payload 1s an mRNA or a DNA. In some embodiments,
the mRNA or the DNA encodes for the expression of a chimeric antigen receptor (CAR)
construct). In some embodiments, the first doman includes a mutated and/or truncated ApoE3
domain. In some embodiments, the first domain includes an antibody variable (Fv) region-like
polypeptide. In some embodiments, the antibody varable (Fv) region-like polypeptide has a
hugh affinity for polyethylene glycol (PEG). In some embodiments, the antibody variable (Fv)
region-like polypeptide has a high atfinity for phosphatidylserine. Tn some embodiments, the
antibody variable (Fv) region-like polypeptide has a hugh affinity for cholesterol or a derivative
of cholesterol. In some embodiments, the first domain includes a peptide that binds to
cholesterol or a dervative of cholesterol. In some embodiments, the second domamn mncludes a
polypeptide with binding affinuty for a cellular protemn antigen. In some embodiments, the
second domain has an affimty for a cell surface antigen. In some embodiments, the second
domain includes an antibody variable (Fv} region-like polypeptide. In some embodiments, the
antigen. In some embodiments, the antibody variable (Fv} region-like polypeptide 1s a T cell
receptor o subunit, a T cel receptor B subumt, a CD3, a CD4, a CDE, a CD3 and/or a CD28.
in some embodiments, the protein further includes at least one linker. In some embodiments,
the at least one linker includes a peptide linker. In some embodimenis, the peptide linker
mcludes a sequence with at least 80%, &5%, 90%, 95%, 99%, 100%, or any integer that is
between 80% and 100%, identity to SEQ 1D NGO 2. In some embodiments, the first domain

mcludes a sequence with at least 80%, &5%, 90%, 95%, 99%, 100%, or any integer that is
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between 0% and 100%, identity to anv one of the sequences of Table 5. In some embodiments,
the second domain includes a sequence with at least 0%, 83%, 90%, 95%, 99%, 160%, or any
integer that 13 between 80% and 100%, identity to any one of the sequences of Table 5. Insome
embodiments, the protein mcludes a sequence with at least 80%, 85%, 90%, 95%, 99%, 100%,
or any integer that is between 80% and 100%, identity to any one of the sequences of Tables 3
and 5. In some embodiments, the protein has at least two binding targeis. In some
embodiments, the protein has three binding targets.

[0063] Some embodiments disclosed herein relate to a use of the protein of any one
of the embodiments of the present disclosure, the nucleotide of any one of the embodiments of
the present disclosure, the vector any one of the embodiments of the present disclosure, the
cell of any one of the embodiments of the present disclosure, and/or the composition of any
one of the embodiments of the present disclosure, for treating a disease or disorder in a subject.
In some embodiments, the disease or disorder is a cancer. In some embodimenis, the cancer is
a blood cancer, lymphoma, multiple myeloma, leukemia, peripheral T cell lymphoma (PTCL),
diffuse  large  B-cell lymphoma (DLBCL), follicular  lymphoma, mantle  cell
lymphoma, multiple myeloma, B-cell acute lymphoblastic leukemia (ALL), Large B-cell
lymphoma transformed from follicular lymphoma, High grade B-cell lymphoma, Aggressive
B-cell lymphoma not otherwise specified (NOS), Bran cancer {including but not lunuted to
glioblastoma), lung cancer, ovanian cancer, breast cancer, prostate cancer, liver cancer, kidoey
cancer, stomach cancer, pancreatic cancer, or colon cancer. In some embodiments, the subject
18 mammalian and or human.

[8064] Some embodiments disclosed herein relate to a use for a muhi-specific
protein in treating a disease or disorder in a subject. In some embodiments, the multi~specific
protein includes a first domam capable of binding a therapeutic molecule; and a second domain
capable of binding a protein, cell, or tissue. In some embodiments, the disease or disorder is a
cancer. In some embodiments, the cancer 13 a blood cancer, lymphoma, multiple myeloma,
leukemia, peripheral T cell lymphoma (PTCL), diffuse large B-cell lymphoma
(DLBCL), follicular lymphoma, mantle cell lymphoma, multiple myeloma, B-cell acute
lymphoblastic leukemia (ALL), Large B-cell lymphoma transformed from follicular
lymphoma, High grade B-cell lymphoma, Aggressive B-cell lymphoma not otherwise

specified (NOS), Brain cancer {including but not limited to ghoblastoma), fung cancer, ovarian
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cancer, breast cancer, prostate cancer, liver cancer, kidney cancer, stomach cancer, pancreatic
cancer, or colon cancer. In some embodiments, the subject 1s mammalian and or human. In
some embodiments, the use further includes an effective dose of the therapeutic molecule. In
some embodiments, the therapeutic molecule 15 an mRNA or a DNA, and a pharmaceutically
effective carrier. In some embodiments, the therapeutic molecule 1s a lipid nanoparticle (LNP).
In some embodiments, the LNP further includes a payload. In some embodiments, the payload
18 an mRNA or a3 DNA. In some embodiments, the mRNA or the DNA encodes for the
expression of a chimeric antigen receptor (CAR) construct). . In some embodiments, the first
domain includes a mutated and/or truncated ApoE3 domain In some embodiments, the first
domain includes an antibody variable (Fv) region-like polypeptide. In some embodiments, the
antibody variable (¥Fv) region-like polypeptide has a high affinty for polyethylene glycol
(PEG}. In some embodiments, the antibody variable (Fv) region-like polypeptide has a hugh
affimity for phosphatidylserine. In some embodiments, the antibody variable (Fv) region-like
polypeptide has a high affimity for cholesterol or a denvative of cholesterol. In some
embodiments, the first domaim includes a peptide that binds to cholestero] or a derivative of
cholesterol. In some embodiments, the second domain mcludes a polypeptide with binding
affinity tor a cellular protein antigen. In some embodiments, the second domain has an affinuty
for a cell surface antigen. In some embodiments, the second domain includes an antibody
variable (Fv) region-like polypeptide. In some embodiments, the antibody variable (Fv) region-
ike polypeptide has a high affinity for at least one cell surface antigen. In some embodiments,
the antthody varable (Fv} region-like polypeptide 15 a T cell receptor o subumt, a T cell
receptor § subunit, a UD3, a CD4, a CD8, a CB3 and/or a UD28. In some embodiments, the
protein further includes at least one hinker. In some embodiments, the at least one hinker
meludes a peptide hinker. In some embodiments, the peptide hinker includes a sequence with at
least 80%, 85%, 90%, 95%, 99%, 100%, or any integer that 1s between 80% and 100%, 1dentity
to SEQ ID NGO 2. In some embodiments, the first domain includes a sequence with at least
&%, 85%, 90%, 95%, 99%, 100%, or any mteger that 15 between 80% and 100%, identity to
any one of the sequences of Table 5. In some embodiments, the second domain includes a
sequence with at least 80%, 83%, 90%, 95%, 99%, 100%, or any integer that i1s between 80%
and 100%, identity to any one of the sequences of Table 5. In some embodiments, the protein

mcludes a sequence with at least 80%, &5%, 90%, 95%, 99%, 100%, or any integer that is
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between 80% and 100%, identity to any one of the sequences of Tables 3 and 5. In some
embodiments, the protein has at least two binding targets. In some embodiments, the protein

has three binding targets.

Backeround

[0065] Lipid nanoparticles (LNPs) with an mRNA payload have been successfully
apphied in creating vaccines against COVIER-19. Currenily, there are many ongoing clinical
programs worldwide in the evaluation of personalized cancer vaccines and gene therapy drugs
based on LNPs-mRNA It has been shown recently that LNPs which encapsulate mRNAs
encoding CARs can be delivered into T cells in mouse models and the resulting 1n vivo-
generated CAR-T cells can kill diseased cells and mediate recovery with some efficiency. Thisg
route of therapy is considered safe as the expression of mRNA in vivo 1s rapid and transient
with little evidence of genome modification through gene integration. Repeated dosing may be
possible to sustain long term clinical benefit. This technology has significantly advanced the
creation of a genuine off-the-shelf CAR-product for in vivo apphcations. However, one major
obstacle that this technology faces 1s to achieve targeted dehivery of LNPs-CAR-mRNAs into
T cells with significantly higher specificity and efficiency than to non-T-nnmune cells as well
as other types of cells, mcluding hiver cells. The most used method to generate T cell-targeted
LNPs-CAR-mRNAs 15 the chernical conjugation of specific antibodies or ligands against T
cell markers such as CD4, CD8, D3, and €S 1o a type of modified hpids focated on the
surface of LNPs. In the in vivo setting, these antibody-~-decorated LNPs can bind to circulating
T cells specifically, which leads to the internabization o T cells and expression of mRNA
payvload. The chemucal comjugation technology faces various challenges. For example,
chemical conpugation 13 a multi-step process that involves the post-production modification of
both LNPs and antibodies followed by a carefully controlled conjugation reaction. Bifficulties
exist to scale up this process for the purpose of commercial manufactuning, For LNPs that are
conpugated to different T-cell specific antibodies, different production processes must be
established for each product, which may himit their manufacturability. Lastly, it 1s well known
that biver tissue plays an essential role in ENPs clearance due to the nature of their hipid
composiiions. When the LNPs with mRNA payload are administered through LV, injection,

significant accumulation of LNPs and expression from their mRNA cargos are frequently seen
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in fiver tissues. Even though chemically conjugating T cell-specific antibodigs to LNPs can
enhance the targeted delivery to T cells, the issues linked to liver accumulation and potentially,
liver toxicity are not addressed.

[0066] The systems and compositions disclosed heremn for standalone multi-
specific reagents for targeted delivery of LNPs with mRNA payload to immune cells address
these issues associated with the in vivo drug delivery technology. Three features of these
reagents have been formulated to achieve efficient targeted delivery to this cell type, including:
hugh affiuty binding to LNPs; high specificity toward T cell surface marker; and high
efficiency 1in mediating internalization to T cells. Such features can be adapted to target other
types of immune cells if suitable specific cell markers and antibodies are chosen. The
standalone multi specific reagents can be produced independently from LNPs, and thewr
manufacturing may be achieved using existing industrial processes that have been established
in producing bi-specific antibody drugs. The standalone reagents allow pairing to any suitable
LNPs, which may be beneficial for repeated dosing regimen by adopting different LNPs: multi-
specific reagents combinations i the treatment process to potentially lower the frequency of
treatment associated adverse effects. Further, if the LNPs-binding moiety of the multi-specific
reagents can attenuate the retention of LNPs 1 the hver tissue by disrupting the LNPs” binding
to hipoprotein receptors on liver cells, 1t can further enhance the targeted delivery to immune
cells and reduce hver toxicity associated with LNP- or liposome-based drugs.

[8067] The molecular delivery aystems and compositions of the present disclosure
result 0 specific LNP delivery mito specific cells, including, imto T lymphocytes, m order to
deliver genetic mformation ato those cells, for example nucleic acid sequences that encode
Chimenie Antigen Receptors {CARs) or associated modules. This specific LNP-mediated
delivery results in the expression of CARSs or other proteins by the cell. The advantages of the
compositions, systems, and methods described heremn can be broken down nto two areas: (1)
the potential to target genetic material more efficiently/cheaply/easily mio primary T cells via
LNPs ex vive vs other existing methods such as virus-mediated delivery or electroporation;
and {2) the potential to target LNP-incorporated genetic material into primary T cells in vivo
with higher efficiency and/or specificity than existing methods. In particular, increasing
specificity for T cell targeting vs non-T cells (such as liver cells or other immune cells} reduces

the potential for toxicity caused by off-target introduction of genetic materal.
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(0068} There 1s currently little evidence in the field of other attempts to target LNP-
mcorporated genetic material, such as mRNA, specifically into target cells using engineered

protemn molecules which bind to an antigen on the target cell type.

Defimtions

[0069] The following definitions are provided to facibitate understanding of the
alternatives or alternatives of the embodiments described herein. Unless defined otherwise, all
technical and scientific terms used herein have the same meaning as 5 commonly understood
by one of skill in the art to which the claimed subject matter belongs. It 15 to be understood that
the foregoing general description and the following detailed description are exemplary and
explanatory only and are not restrictive of any subject matter claimed.

[0070] Some embodiments herein relate to a molecule and/or protein with multi-
specificity. “Multi-specific” as used herein has 1ts ordinary meaning as understood in light of
the specification, and refers to a molecule and/or protein capable of binding to more than one
target. In some embodiments, one target s a therapeutic molecule. In some embodiments, one
target 15 a cell, protein, or tissue.

[0071] Some embodiments herein relate to a molecule and/or protein with dual
specificity. “Dual-specific” as used herein has its ordinary meaning as understood in hight of
the specification, and refers to a mwolecule and/or protein capable of binding to at least two
targets. In some embodiments, one target 1s a therapeutic molecule. In some embodiments, one
target 1s a cell, protein, or tissue.

(6072} As used herein, “a” or “an” may mean one or more,

[8073] As used heremn, “about” n reference to a numeric value, mcluding, for
example, whole numbers, fractions, and percentages, generally refers to a range of numerical
vahies {e.g., +/- 5 % to 10% of the recited value} that one of ordimary skill i the art would
consider equivalent to the recited value (e.g., having the same function or result).

{6074 The term “comprising” as used herein 18 synonymous with “including,”
“containing,” or “characterized by,” and is inclusive or open-ended and does not exclude
additional, unrecited elements or method steps.

[8075] The term “in vitro” as used herein has its ordinary meaning as understood

i light of the specification, and refers to a system or condition n a cell, tissue, or organ sutside
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of a subject’s body. In some embodiments, the cell, tissue, or organ is not a primary cell, tissue,
or organ taken directly from the subject. In some embodiments, the cell 1s an established cell
line. In some embodiments, the cell i1s derived from a primary cell

[8076] The term “ex vivo” as used herein has its ordinary meaning as understood
in light of the specification, and refers to a system or condition in a cell, tissue, or organ outside
of a subject’s body, which is later returned to the subject’s body.

(8077} The term “in vivo” as used herein has its ordinary meaning as understood
in hight of the specification, and refers to a system or condition within a subject’s body.

[0078] The term “in sitw” as used herein has its ordinary meaning as understood in
light of the specification, and refers to a place of origin. For example, “carcinoma in sifa” refers
to cancer cells found only in the place where they first formed.

[0079] The terms “primary cell,” “primary tissue,” and “primary organ” have their
ordinary meaning as understood in light of the specification, and refer to a cell, tissue, or organ,
respectively, that has been directly taken from a subject.

[0080] As used herein, “nucleic acid” or “nucleic acid molecule” have thew
ordinary meaming as understood m hight of the specification, and refers to polynucleotides,
such as deoxyribonucletc acid (BNA) or ribonucleic acid (RNA), oligonucleotides, fragments
generated by the polymerase chain reaction (PCR), and fragments generated by any of ligation,
scission, endonuclease action, and exonuclease action. Nuclete acid molecules can melude
monomers that are naturally ocaurning nucleotides {such as BDNA and RNA}, or analogs of
naturally ocourring nucleotides {e.g., enantiomeric forms of naturally occurning nucleotides),
or a combination of both. Modified nuclestides can have alterations i sugar moteties and/or
n pyrimidine or purine base moieties. Sugar modifications include, for example, replacement
of one or more hydroxyl groups with halogens, atkyl groups, amines, and azido groups, or
sugars can be functionalized as ethers or esters. Moreover, the entire sugar motety can be
replaced with sterically and electromically simular structures, such as arza-sugars and
carbocyclic sugar analogs. Hxamples of modifications in a base moiety include alkylated
purines and pyrimidines, acylated purines or pyrimidines, or other well-known heterocyclic
substitutes. Nucleic acid monomers can be linked by phosphodiester bonds or analogs of such
linkages. Analogs of phosphodiester linkages include phosphorothisate, phosphorodithioate,

phosphoroselencate,  phosphorodiselencate,  phosphoroantothicate,  phosphoranilidate,
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phosphoramidate, and the like. The term “nucleic acid molecule” also includes so-calied
“peptide nucleic acids,” which include naturally occurring or modified nucleic acid bases
attached to a polyamide backbone. Nucleic acids can be either single stranded or double
stranded. In some embodiments, a nucleic acid encoding a chimeric anfigen receptor is
provided. In some embodiments, a method of making a nucleic acid encoding a chimeric
antigen receptor 1s provided. In some embodiments, a nucleic acid encoding a chimeric antigen
receptor specific for a higand on a B cell is provided. In some embodiments, a nucleic acid
encoding a chimeric antigen receptor specific for a ligand on a tumor cell s provided. In some
embodiments, the nucleic acid 15 a DNA encoding a chimeric antigen receptor. In some
embodiments, the nucleic acid s an mRNA encoding a chimeric antigen receptor. In some
embodiments, the chimeric antigen receptor is bi-specific.

[0081] “Vector” as described herein, has its ordinary meaning as understood in
light of the specification, and 1s a nucleic acid vehicle that carries a generic material encoding
a protein or mRINA of interest into another cell, such that it 1s replicated and/or expressed in
the cell. There are several types of vectors. Without being limiting, a vector can be a plasnud,
viral vector, cosmud, artificial chromosome, or an mRNA. The vector can be linear or circular.
In some embodiments provided herem, a viral vector 1s used to carry the nucleic acid encoding
a chimeric antigen receptor. In some ernbodiments, the viral vector 15 a lentiviral vector. In
some embodiments, the viral vector 1s a retroviral vector. In some embodiments, the viral
vector 1s 8 gammaretroviral vector. In some embodiments, the vector 1s 3 foamy viral vector.
In some embodiments, the vector 15 a plastud. In some embodiments, the vector 1s an mRNA.
in some emboduments, the vector 18 inear and includes telomeres.

[8082] An “expression cassette” as described herers, has its ordinary meaning as
understood in light of the specification, and refers to a gene operatively linked to a regulatory
sequence. Without being hmiting, fransduction or transfection of an expression cassette nio a
cell may result in the successful expression of the gene’s encoded protem.

[0083] “Plasmid” as described herein, has its ordinary meaning as understood in
light of the specification, and is a genetic structure in a cell that can replicate independently of
the chromosomes. Without being limiting, the plasmid can be a small circular DNA strand 1

the cytoplasm of a bacterium or protozoan, or a linear nucleic acid.
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{6084} “Express” or “expression” as described herein have their ordinary meaning
as understood n hight of the specification, and thus refer to the presence of a molecule ina
living system. For example, “gene expression” refers to the transcription and translation of a
DNA gene mto first an RNA| and then a protein. Similarly, “protein expression” refers to the
synthesis, and subsequent presence, of a protein within a system. It will be therefore understood
that if a cell 1s said to “express” protein A, that cell is capable of producing protein A

[6085] The terms “polypeptide”, “peptide”, “protein,” and “protein construct” are
used interchangeably herein to refer to polymers of amino acids of any length. The polymer
may be linear, cyclic, or branched, it may include modified amino acids, and it may be
mterrupted by non-amino acids. The terms also encompass amineo acid polymers that have been
modified, for example, via sulfation, glycosylation, lipidation, acetyiation, phosphorylation,
iodination, methylation, oxidation, proteclytic processing, phosphorylation, prenylation,
racemization, selenoylation, transfer-RNA mediated addition of amino acids to proteins such
as arginylation, ubiquitination, or any other manipulation, such as conjugation with a labeling
component. In some embodiments, the polypeptides may contain modifications with respect
10 a native or natural sequence, as long as the protem maintains the desired activity. These
maodifications may be deliberate, as through site-directed mutagenesis, or may be accidental,
such as through mutations of hosts which produce the proteins or errors due to PCR
amplification. Standard anuno acids can be written o thew full name, three letter name, or one
letter name; for example: Histidine, His, or H. Non-limuting examples of amino acids mclude:
histiding, lysine, methionine, phenvlalanine, threonme, tryptophane, asparaging, aspartic
acid/aspartate, alanine, arginine, cysteme, glotanmic acid/glutamate, glutamine, glycing,
prolineg, serine, and tyrosine.

[8086] As used herein the term “amuno acid” has s ordinary meaning as
understood mn light of the specification refers to ether natural and/or unnatural or synthetic
amino acids, including glycine and both the B or L optical isomers, and amino acid analogs
and peptidomimetics. For purposes of classifying aming acids substitutions as conservative or
nonconservative, aming acids are grouped as follows: Group I (hydrophobic side chains): met,
ala, val, ley, ile; Group H {neutral hydrophilic side chains): cvs, ser, thr; Group U {acidic side
chains): asp, glu; Group IV {basic side chains} asn, gln, his, lvs, arg, Group V {residuss

influencing chain ortentation}: gly, pro; and Group VI {aromatic side chains): trp, tyr, phe.
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Conservative substitutions involve substitutions between amino acids in the same class. Non-
conservative substitutions constitute exchanging a member of one of these classes for a
member of another.

[0087] A polvpepiide or amino acid sequence “derived from™ a designated protein
refers to the origin of the polypeptide. Preferably, the polypeptide has an amino acid sequence
that 1s essentially identical to that of a polypeptide encoded in the sequence, or a portion thereof
wherein the portion consists of at least 10-20 amino acids, or at least 20-30 amuine acids, or at
least 30-50 amino acids, or which is immunclogically identifiable with a polypeptide encoded
in the sequence. This terminology also includes a polypeptide expressed from a designated
nucleic acid sequence. Peptide sequences having at least 80%, 85%, 90%, 95%, 99%, or 100%
homology to any one of the peptide sequences disclosed herein and having the same or similar
functional properties are envisioned. The percent homology may be determined according to
amino acid substitutions, deletions, or additions between two peptide sequences. Peptide
sequences having some percent homology to any one of the peptide sequences disclosed herein
may be produced and tested by one skilled m the art through conventional methods. The %
horology or % 1dentity of two sequences 15 well understood m the art and can be caleulated
by the number of conserved amimo acids or nucleotides relative to the length of the sequences.

[0088] A protem “domain” 1 a select region of a protein. A domamn may be
conserved through related protemns. In some embodiments, the proten domain 15 self-
stabilizing and forms independently from the rest of the protemn. For example, in an [L-12
protein, p35 and p40 are both considered subdomains of HL-12. A “subdomaim” 15 a smaller,
distinet region within a domain. For example, a region withim a p35 sequence would be a p35
subdomain.

[6089] “Polymer” refers to a series of monomer groups hinked together. A polymer
15 composed of multiple units of 8 single monomer {a homopolymer) or different monomers {(a
heteropolymer). High MW polymers are prepared from monomers that include, but are not
limited to, acrylates, methacrylates, acrylamides, methacrylamides, styrenes, vinyl-pyridine,
vinvi-pyrrolidone and vinyl esters such as vinyl acetate. Additional monomaers are useful in
high MW polymers. When two different monomers are used, the two monomers are called
“comonomers,” meaning that the different monomers are copolymerized o form a single

polymer. The polymer can be linear or branched. When the polymer is branched, each polymer
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chain is referred to as a “polymer arm.” The end of the polymer arm linked to the initiator
motety s the proximal end, and the growing-chain end of the polymer arm 1s the distal end.
On the growing chain-end of the polymer arm, the polymer arm end group can be the radical
scavenger, or another group.

{6096} A “monomer” refers to a single protein. A “polymer” refers to more than
one protein connected together through an at least one chemical bond. An “interface” refers to
the amino acid region{s} that are connected together.

[0091] A “motif” refers to the primary structure of a strand of nucleotides or amino
acids. Non-limiting examples of a nucleotide motif include a stem-loop, G-quadruplex, and D-
loop. Non-limiting examples of a protein motif include a beta hatrpin, a Greek key, omega
loop, helix-loop-helix, zinc finger, helpc-turn-helix, nest, and niche mouif.

[0092] A “chemical linker” refers to a chenucal moiety that links two groups
together, such as a half-life extending moiety and a protein. The linker can be cleavable or
non-cleavable. Cleavable hinkers can be hydrolyzable, enzymatically cleavable, pH sensttive,
photolabile, or disulfide hnkers, among others. Other linkers include homobifunctional and
heterobifunctional hokers. A “hinking group” 15 a functional group capable of forming a
covalent linkage consisting of one or more bonds to a bicactive agent.

[06093] A “peptide linker” refers to a chemical hnker that mcludes a series of
peptides. In some embodiments, the peptide linker 13 Linker 2 as shown (SEQ ID NO: 2).

£

[6094] A “hipid nanoparticle,” or “LNP)” refers to a small molecule mneluding
lipids. A non-limtting representative schematic of an LNP can be found i Figure 1. In some
embodiments, the LNP mcludes a payload. In some embodiments, the payload 1s therapeutic.
In some embodiments, the payload 1s a drug and/or a small molecule. In some embodiments,
the payload 15 a nucleotide sequence. In some embodiments, the payicad 13 a DNA. In some
embodiments, the payioad s an mRNA. In some embodiments, the payload 13 an mRNA
encoding a CAR construct.

[0095] The term “polyethylene glycol,” or “PEG,” refers to a molecular chain
including polyethviene glycol PEG can be monodispersed or polydispersed. PEG can be
attached with a variety of functional groups such as Azide, Amine, NHS active ester, Alkyne,

DBCO, Maleimude, Biotin, and DSPE. In some embodiments, PEG 1s used as part of a system
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for nanoparticle drug delivery. In some embodiments, PEG 1s part of a composition including

a high transition temperature phospholipid, a PEG lipid, 1onizable lipid, and a helper lipid.
6096} “Phosphatidviserine” refers to an anionic phospholipid  In some

embodiments, phosphatidylsering 1s modified. In some embodiments, the phosphatidylserine

includes the structure of formula (1)
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[8097] “Cholesterol” refers to a steroid compound. A “steroid” refers to a
compound with a core structure of three six-member cyclohexane rings and one five-member
cyclopentane ring. In some embodiments, steroids function as signaling molecules. In some
embodiments, steroids alter cell membrane fluidity. In some embodiments, cholesterol 1s

capable of intercalating 1nto a cell membrane. In some embodiments, cholesterol s modified.

In some embodiments, cholesterol includes the structure of formula (I}
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[0098] The term “reactive group” refers to a group that is capable of reacting with

M

another chemical group to form a covalent bond, for example, is covalently reactive under
suitable reaction conditions, and generally represents a point of attachment for another
substance. The reactive group may be a moiety, such as maleimide or succinmmidyl ester,
capable of chemically reacting with a functional group on a different motety to form a covalent
linkage. Reactive groups generally include nucleophiles, electrophiles, and photoactivatable

groups.
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[6099] “Molecular weight” in the context of the polymer can be expressed as either
a number average molecular weight, or a weight average molecular weight or a peak molecular
weight. Unless otherwise indicated, all references to molecular weight herein refer to the peak
molecular weight These molecular weight determinations, number average (Mn), weight
average {(Mw) and peak (Mp), can be measured using size exchision chromatography or other
liquid chromatography techniques. Other methods for measuring molecular weight values can
also be used, such as the use of end-group analysis or the measurement of colligative properties
{e.g., freezing-point depression, boiling-point elevation, or osmotic pressure) to determine
number average molecular weight, or the use of light scattering techniques, ultracentrifugation,
or viscometry to determine weight average molecular weight. In some embodiments, the
molecular weight 1s measured by SEC-MALS (size exclusion chromatography — multi angle
light scattering). In some embodiments, the polymeric reagents are typically polydisperse {for
example, number average molecular weight and weight average molecular weight of the
polymers are not equal), and can possess low polydispersity values of, for example, less than
about 1.5, as judged, for example, by the PDI value derived from the SEC-MALS
measurement. In some embodiments, the polydispersities (PD) are in the range of about 1.4
to about 1.2, In some embodiments the PDI ts less than about 1.15, 1.10, 1.05, or 1.G3.

[010¢] Percentage sequence identifies are deternuned with antibody sequences
maximally aligned by the Kabat numbering convention for a variable region or EU numbering
for a constant region. After alignment, it a subject antibody region {e.g., the entire mature
variable region of a heavy or hight chain) 1s being compared with the same region of a reference
antibody, the percentage sequence identity between the subject and reference antibody regions
15 the number of positions occupied by the same amino acid i both the subject and reference
antibody region divided by the total nomber of aligned positions of the two regions, with gaps
not counted, multiphied by 100 to convert to percentage. Sequence identities of other sequences
can be determined by aligning sequences using algorithms, such as BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package Release 7.0, Genetics Computer Group,
575 Science Dr., Madison, Wi, using default gap parameters, or by mspection, and the best
alignment {for example, resulting in the highest percentage of sequence simdarity over a
comparison window}. Percentage of sequence identity 13 calculated by comparing two

optimally aligned sequences over a window of comparison, determuning the number of
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positions at which the identical residues occur in both sequences to vield the number of
matched positions, dividing the number of matched positions by the total number of positions
in the window of comparison {for example, the window size)}, and multiplying the result by
100 to vield the percentage of sequence identity.

(0181} “Ligand” as described herein, has its ordinary meaning as understood in
light of the specification, and refers to a substance that can form a complex with a biomolecule.
By way of example and not of limitation, ligands can mnclude substrates, proteins, small
molecules, inhibitors, activators, nucleic acids, and neurotransmitters. Binding can ocour
through intermolecular forces, for example ionic bonds, hydrogen bonds, and van der walls
mteractions. Ligand binding to a receptor protein can alter the three-dimensional structure and
determine 1ts functional state. The strength of binding of a ligand 1s referred to as the binding
affinity and can be determined by direct interactions and solvent effects. A ligand can be bound
by a “ligand binding domain.” A ligand binding domain, for example, can refer to a conserved
sequence in a structure that can bind a specific ligand or a specific epitope on a protein. The
ligand binding domain or ligand binding portion can nclude an antibody or binding fragment
thereof or scFv, a receptor ligand or mutants thereof, peptide, and/or polypeptide athinity
molecule or binding partner. Without being imiting, a ligand binding doman can be a specific
protein domain or an epitope on a protern that 1s specific for a ligand or higands.

(0102} “Affiraty” has s ordinary meaning as understood wn light of the
specification, and refers to the strength by which two molecules bind. Therefore, something
with a low affinity has a8 weak bond, while something with a high affinity has a strong bond.

(0183} “Protemn function” has its ordinary meaning as understood in light of the
spectfication, and refers to the activity of a given protem. For example, if a protein s capable
of activating a cellular signal, then that activation 1s s function. Given that, “dual function”
refers to a protein that 1s capable of at least two activities when expressed, and “multi-function”
refers to a protein that 1s capable of more than one activity when expressed.

(0104 “Block” or “inhitit” has their ordinary meaning as understood n hight of
the specification, and refer to reducing or alleviating the functional activity of a protein. For
example, if a protein 15 capable of activating a cellular signal, then blocking that function

reduces or eliminates the activation of that celiular signal.
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[0185] “Specific” or “Specificity” has its ordinary meaning as understood in light
of the specification, and can refer to the characteristic of a ligand for the binding partner or
alternatively, the binding partner for the ligand, and can include complementary shape, charge,
and hydrophobic specificity for binding. Specificity for binding can include stereospecificity,
regioselectivity and chemuoselectivity. In some embodiments, a chimeric antigen receptor 1
provided, wheremn the chimeric antigen receptor is specific for a B-cell igand. In some
embodiments, a chimeric antigen receptor is provided, wherein the chimeric antigen receptor
is specific for a tumor cell higand.

[0166] “Constitutive” has s ordinary meamng as understood in hight of the
specification, and can refer to the characteristic of an activity that does not need to be induced,
or 15 considered “always on” in a cell, tissue, organ, or system. For example, a “constitutive
gene” refers to a gene that is expressed continuously ina cell, and a “constitutive signal” refers
to a signal 1n a cell, tissue, or system, that s continuously active.

(0167} “Downstream” and “upstreamt’” have their ordinary meaning as understood
n light of the specification, and refer to the relation of one entity compared to another. In the
case of a sequence, for any given nucleotide or amino acid “N,” an upstream nucleotide or
amino acid occurs previously in that sequence. In contrast, a downstream nucleotide or amino
acid occurs later in that sequence. In the case of a cellular pathway or function, for event “A”
an upstream event occurs before event A7 while a downstream event occurs after event “AL”
it will therefore be understood that “downstream signaling,” as used mn the present
specification, refers to signaling that occurs after the function of the referenced protein occurs.

[0108§] A “regulatory element” has 1ts ordinary meaning as understood in light of
the specification, and as described herein, can refer to a regulatory sequence, which 15 any
DNA sequence that 13 responsible for the regulation of gene expression, such as promoters and
operators. The regulatory element can be a segment of a nucleic acid molecule which 15 capable
of increasing or decreasmg the expression of specific genes within an organism. In some
embodiments described herein, a cell is provided, wherein the cell includes a first and second
chimeric antigen receptor or TeR, wherein the first chimeric antigen receptor is specific for a
ligand on a B cell, which promotes the in vivo expansion and activation of an effector cell and,
wherein the second chimeric antigen receptor or TeR s specific for a ligand on a tumor. In

some embodiments, the first chimeric antigen receptor and/or the second chimeric antigen
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receptor or TcR are mductbly expressed in said cell. In some embodiments, expression of the
first chimeric antigen receptor and/or the second chimeric antigen receptor or TeR s under the
control of a regulatory element.

[0169] “Transmembrane domain” has its ordinary meaning as understood in light
of the specification, and as described herein is an integral protein that can span a cellular
membrane.

(6110} A “promoter” has its ordinary meaning as understood in hight of the
specification, and 1s a nucleotide sequence that directs the transcription of a structural gene. In
some emboduments, a promoter s located in the 3 non-coding region of a gene, proximal to
the transcriptional start site of a structural gene. Sequence elements within promoters that
function in the initiation of transcription are often characterized by consensus nucleotide
sequences. Without being himiting, these promoter elements can include RNA polymerase
binding sites, TATA sequences, CAAT sequences, differentiation-gspecific elements {(DSEs;
McGehee et al, Mol Endocrinol 7:551 {(1993); incorporated by reference in is entirety},
cychic AMP response elements (CREs), serum response elements (SREs; Treisman, Seminars
n Cancer Biol. 1:47 {1990); mcorporated by reference in s entirety}, glucocorticod response
elements {(GRESs), and binding sites for other transcription factors, such as CRE/ATF (O'Reilly
et al,, I Biol Chem. 267.19938 (1992); wncorporated by reference in its entivety), AP2 (Ye et
al., J. Biol Chem. 269:25728 (1994); mcorporated by reference n s entirety), SPL, cAMP
response element binding protein ({CREB; Loeken, Gene Expr. 3:253 (1993}, incorporated by
reference in is entirety) and octamer factors {see, 1n general, Waison et al., eds., Molecular
Bioslogy of the Gene, 4th ed. (The Bemjamin/Cummings Publishing Company, Inc. 1987,
mcorporated by reference in its entirety), and Lemaigre and Rousseas, Biochem. I 303:1
(1994}, incorporated by reference in its entirety). As used herein, a promoter can be
constitutively active, repressible, or inducible. If a promoter is an inducible promoter, then the
rate of transcription mcreases in response to an inducing agent. In contrast, the rate of
transcription 1s not regulated by an inducing agent if the promoter is a constitutive promoter.
Repressibie promoters are also known. In some embodiments of the nucleic acid, the nucleic
acid includes a promoter sequence. In some embodiments of the chimeric antigen, the chimeric
antigen is inducibly expressed in response to an inducing agent. In some embodiments, the

TcR s inducibly expressed in response o an inducing agent.
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(0111} In some embodiments, promoters used herein can be inducible or
constitutive promoters. Without being Iimiting, inducible promoters can include, for example,
a tamoxifen mducible promoter, tetracycline mducible promoter, and doxocychine imducible
promoter {e g, tre} promoter. Constitutive promoters can include, for example, SV40, CMV,
UBC, EFlalpha, PGK, and CAGG. In some embodiments, the regulatory element is a
promoter. In some embodiments, the promoter 15 a tamoxifen inducible promoter, a
tetracycline mducible promoter, or a doxocycline inducible promoter {e.g., tre} promoter. In
some embodiments provided herein, expression of a chimeric antigen receptor or a TcR ona
cell 1s mduced by tamoxifen and/or its metabolites. Metabolites for tamoxifen are active
metabolites such as 4-hyroxytamoxifen {(afimoxifene) and N-desmethyl-4-hydroxytamoxifen
(endoxifen), which can have 30-100 times more affinity with an estrogen receptor than
tamoxifen itself. In some embodiments, the tamoxifen metabolites are 4-hyroxyvtamoxifen
(afimoxifene) and/or N-desmethyl-4-hydroxytamoxifen (endoxifen). In some embodiments,
vectors are provided wherein the vector has a first promoter for the CAR/TcR and a second
promoter for the marker protein,

(0112} The term “cell” mcludes those of prokaryvotes and eukarvotes, and may
further mclude bacterial cells, mycobacteria cells, fungal cells, yeast cells, plant cells, msect
cells, non-human animal cells, human cells, or cell fusions such as, for example, bybridomas.
In some embodiments, the cell s eukaryotic. In some embodiments, the cell 15 a mammalian
cell. In some embodiments, the cell 15 dertved from human, monkey, ape, hamster, rat, or
mouse cells. In some embodiments, the cell 1s human. In some embodiments, the cell 15 an
mmune cell. In some embodiments, the cell 15 a lymphocyte. In some embodiments, the cell
153 T cell In some embodiments, the cell 1s a tumor nfiltrating tymphocyte (TIL} cell, a natural
killer (NK} cell, a CD8+ T cell, a CD4+ T cell, a regulatory T cell, or a memory T cell.

[0113] An “antibody” as described herein, has s ordinary meaning as understood
m hght of the specification, and refers to a large Y-shape protein produced by plasma cells that
is used by the immune system to identify and neutralize foreign objects such as bacteria and
viruses. The antibody protein can include four polvpeptide chams; two dentical heavy chains
and two identical light chains connected by disulfide bonds. Fach cham iz composed of
structural domains called immunoglobulin domains. These domains can contain about 70, &0,

90, 100, 110, 120, 130, 140, 150 amino acids or any number of amino acids in between in a
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range defined by any two of these values, and are classified into different categories according
to their size and function. In some embodiments, the higand binding domain includes an
antibody or binding fragment thereof or scFv, a receptor ligand or mutants thereof, peptide,
and/or polypeptide affinity molecule or binding partner. In some embodiments, the ligand
binding domain is an antibody fragment, desirably, a binding portion thereof In some
embodiments, the antibody fragment or binding portion thereof present on a CAR 15 specific
for a ligand on a B-cell In some embodiments, the antibody fragment or binding portion
thereof present on a CAR or ToR 1s specific for a ligand on a tumor cell. In some embodiments,
the tumor is not derived from a B-cell related cancer. In some embodiments, the antibody
fragment or binding portion thereof present on a CAR 15 specific for a ligand present on a
tumor cell. In some embodiments, the ligand binding domain 15 an antibody fragment or a
hinding portion thereof, such as a single chain variable fragment (scFv}. In some embodiments,
the higand includes a tumor specific mutation. In some embodiments, the antibody fragment or
hinding portion thereof present on a CAR includes one or more domains from a humanized
antibody, or binding portion thereof.

[0114] An “antigen” as described herem, has its ordinary meaning as understood
m hight of the specification, and refers to any molecule capable of inducing an mmune
response in a subject. In some embodiments, the antigen binds to an at least one antibody.

[0115] Specific binding of an antibody to its target antigen(s) meauns an affinity of
at least 10°, 107, 108, 10°, or 100 ML, Specific binding is detectably higher in magnitude and
distinguishable from non-specific binding occurring to at least one unrelated target. Specific
bindimg can be the result of formation of bonds between particular functional groups or
particular spatial fit {e.g., lock and key type) whereas nonspecific binding 13 usually the result
of van der Waals forces. Specific binding does not however necessarily mmply that an antibody
or fusion protem binds one and only one target.

[0116] A basic antibody structoral unit 1 a tetramer of subunits. Each tetramer
includes two identical pairs of polypeptide chains, each pair having one “light” {(about 25 kDa)
and one “heavy” chain {about 50-70 kDa). The amino-terminal portion of each chain includes
a variable region of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. This variable region is initially expressed linked to a cleavable signal peptide. The

variable region without the signal peptide is sometimes referred to as a mature variable region.
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Thus, for example, a hight chaim mature vanable region means a light chain vanable region
without the fight chain signal peptide. However, reference to a variable region does not mean
that a signal sequence is necessarily present; and in fact, signal sequences are cleaved once the
antibodies or fusion proteins have been expressed and secreted. A pair of heavy and light chain
variable regions defines a binding region of an antibody. The carboxy-terminal portion of the
light and heavy chains respectively defines light and heavy chain constant regions. The heavy
chain constant region is primarnily responsible for effector function. In IgG antibodies, the
heavy chain constant region 18 divided into CHI, hinge, CH2, and CH3 regions. The CHI
region binds to the light chain constant region by disulfide and noncovalent bonding. The hinge
region provides flexibility between the binding and effector regions of an antibody and also
provides sites for intermolecular disulfide bonding between the two heavy chain constant
regions in a tetramer subunit. The CH2 and CH3 regions are the primary site of effector
functions and FcR binding.

(0117} Light chains are classified as either kappa or lambda. Heavy chains are
classified as gamuna, rou, alpha, delia, or epsilon, and define the antibody’s 1sotype as IgG,
IgM, IgA, 1¢D and IgE, respectively. Within light and heavy chains, the variable and constant
regions are joined by a “¥” segment of about 12 or more amuno acids, with the heavy chamn also
mchuding a “DY segment of about 10 or more ammo acids. (See generally, Fundamental
Immunclogy (Paul, W, ed., 2 ed. Raven Press, N Y., 1989), Ch. 7) {incorporated by reference
m its entirety for all purposes).

[0118] The 1gG antibodies include Fo and Fab domamns. The Fab fragment can
further be divided into the Fv fragment, which includes a heavy and light chan, and 15 the
smallest fragment that still retains the antigen binding site.

(6119} The mature variable regions of each hight/heavy chain pawr form the
antibody binding site. Thus, an mtact antibody has two binding sites, for example, 1s divalent.
In natural antibodies, the binding aites are the same. However, bispecific antibodies can be
made in which the two binding sites are different (see, e.g., Songsivilai S, Lachmann PC. 1990
Bispecific antibody: a tool for diagnosis and treatment of disease. Clin Exp Immunol. 79:315-
321; Kostelny SA, Cole MS, Tso JY. 1992 Formation of bispecific antibody by the use of
leucine zippers. J Immunol. 148 1547-1553). The varnable regions all exhibit the same general

structure of relatively conserved framework regions (FR} joined by three hypervariable
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regions, also called complementarity determining regions or CBRs. The CDRs from the two
chains of each pair are aligned by the framework regions, enabling binding to a specific
epitope. From N-terminal to C-terminal, both light and heavy chains include the domains FR1,
CDR1, FRZ, CDR2, FR3, CDR3 and FR4. For convemence, the vanable heavy CDRs can be
referred to as CDRul, CDRu2 and CDRu3; the vanable fight chain CDRs can be referred to as
CDRLY, CDRUZ and CPRU3. The assignment of amino acids to each domam is 1n accordance
with the definitions of Kabat EA, et al 1987 and 1991 Sequences of Proteins of
Immunological Interest {National Institutes of Health, Bethesda, MDD} or Chothia C, Lesk AM.
1987, Canonical Structures for the Hypervariable Regions of Immunoglobulins. J Mol Biol
196:901-917; Chothia C, et al. 1989 Conformations of Immunoglobulin Hypervariable
Regions. Nature 342:877-883. Kabat also provides a widely used numbering convention
{Kabat numbering} in which corresponding residues between different heavy chamn variable
regions or between different light chain variable regions are assigned the same number.
Although Kabat numbering can be used for antibody constant regions, EU numbering is more
commonly used, as is the case mn this application. Although specific sequences are provided
for exemplary antibodies disclosed heren, it will be appreciated that after expression of protemn
chains one to several amino acids at the amine or carboxy terminus of the light and/or heavy
chain, particularly a heavy chain C~terminal lvsine residue, may be missing or derivatized n a
proportion ot all of the molecules.

[0128] In addition to entire immunoglobuling {or thewr recombinant counterparts},
mmunoglobulin fragments or “binding fragments” mchiding the epitope binding site (e.g.,
Fab', Fiab'), single-chain vanable fragment (scFv), diabody, minibody, nanobody, single-
domain antibody (sdAbj}, or other fragments) are useful as antibody moteties m the present
disclosure. Such antibody fragments may be generated from whole mumunoglobulins by ricin,
pepsin, papain, or other protease cleavage. Mintmal mmmumoglobuling may be designed
attlizing recombinant immunoglobulin techmiques. For instance, “Fv” immunoglobuling for
use 1n the present disclosure may be produced by hinking a vanable light cham region to a
variable heavy chain region via a peptide hinker (e.g., poly-glycine or another sequence which
does not form an alpha helix or beta sheet motif}). Nanobodies or single-domain antibodies can
also be derived from alternative organisms, such as dromedaries, camels, Hamas, alpacas, or

sharks. In some embodiments, antibodies can be conjugates, e.g., pegylated antibodies, drug,
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radioisotope, or toxin comjugates. Monoclonal antibodies directed against a specific epitope,
or combination of epitopes, will allow for the targeting and/or depletion of cellular populations
expressing the marker. Various techniques can be utilized using monoclonal antibodies to
screen for cellular populations expressing the marker{s), and include magnetic separation using
antibody-coated magnetic beads, “panning” with antibody attached to a solid matrix (for
example, a plate}, and flow cvtometry.

0121} As known in the art, the term “Fc¢ region” 15 used to define a C-ternunal
region of an immunoglobulin heavy chain. The “Fe region” may be a native sequence Fc region
or a variant F¢ region. Although the boundaries of the Fc region of an immunoglobulin heavy
chain might vary, the human IgG heavy chain Fc region 1s usually defined to stretch from an
amine actd residue at position Cys226, or from Pro230, to the carboxyl-terminus thereof. The
numbering of the residues in the Fe region s that of the EU index as i Kabat. Kabat et al ,
Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md., 1991 The Fc region of an immunoglobulin generally
meludes two constant domams, CH2 and CH3. As 1s known i the art, an Fo region can be
present in dumer or monomeric form.

(01221 As known i the art, a “constant region” of an antibody refers to the constant
region of the antibody light chamn or the constant region of the antibody heavy chain, etther
alone or in combination.

[0123] A “variable region” of an antibody refers to the varable region of the
antibody hight chain or the variable region of the antibody heavy cham, either alone or m
combination. As known in the art, the vanable regions of the heavy and light chams each
consist of four framework regions (FRs) connected by three complementanity determining
regions {CDRs) also known as hypervariable regions, and contribute to the formation of the
antigen binding stte of antibodies. If variants of a subject variable region are desired,
particularly with sebstitution tn amino acid residues outside of 3 CDR region (for example, in
the framework region), appropriate amino acid substitution, preferably, conservative amino
acid substitution, can be identified by comparing the subject vanable region to the variable
regions of other antibodies which contain CDR1 and CER2 sequences in the same canonical

class as the subject variable region (Chothia and Lesk, J Mol Biol 196{4): 901-917, 1987}
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6124} The term “epitope” refers to a site on an antigen to which an antibody or
extracellular trap segment binds. An epitope on a protein can be formed from contiguous amino
acids or nonconiiguous amino acids juxtaposed by tertiary folding of one or more proteins.
Epitopes formed from contiguous anuno acids {also known as linear epitopes) are typically
retained on exposure to denaturing solvents whereas epitopes formed by tertiary foiding (also
known as conformational epitopes) are typically lost on treatment with denaturing solvents.
An epitope typically inchides at least 3, and more usually, at least 5 or 8-10 amino acids i a
unique spatial conformation. Methods of determining spatial conformation of epitapes include,
for example, x-ray crystallography and Z-dimensional nuclear magnetic resonance. See, e.g.,
Epitope Mapping Protocols, in Methods in Molecular Biology, Vol 66, Glenn E. Morns, Ed.
(1996).

[0125] Anttbodies that recognize the same or overlapping epitopes can be
wentified i a simple immunoassay showing the ability of one antibody to compete with the
hinding of another antibody to a target antigen. The epitope of an antibody can alsc be defined
by X-ray crystallography of the antibody {or Fab fragment) bound fo its antigen to identify
contact residues.

[0126] Alternatively, two antibodies have the same epitope if all amino acud
routations i the antigen that reduce or eliminate binding of one antibody reduce or elimunate
binding of the other. Two antibodies have overlapping epitopes if some ammno acid mutations
that reduce or ehimmate binding of one antibody reduce or eliminate binding of the other,

[0127] Competition between antibodies 1s determined by an assay in which an
antibody under test inhibits specific binding of a reference antibody to a common antigen {see,
e.g., Junghans et al, Cancer Res. 50; 1495, 1990} A test antibody competes with a reference
antibody if an excess of a test antibody (e g, atleast 2x, 5%, 10x, 20, or J00x) inhibits binding
of the reference antibody by at least 50%. In some embodiments the test antibody inhibits
binding of the reference antibody by 75%, 90%, or 99% as measured n a competitive binding
assay. Antibodies identified by competition assay (competing antibodies) include antibodies
binding to the same epitope as the reference antibody and antibodies binding to an adjacent
epitope sufficiently proximal to the epitope bound by the reference antibody for steric

hindrance to oceour.

-40-



WO 2025/006406 PCT/US2024/035305

(6128} “Immune cells” as described herein, have their ordmary meaning as
understood in light of the specification, and refer to cells that are part of the immune system.
In some embodiments, the cell is part of the innate immune system. In some embodiments, the
cell 15 part of the adaptive immune system. Non-limiting example of immune cells include
blood cells, bone marrow cells, hematopoistic stem cells, lymphoid progenitor cells, myeloid
progenitor cells, B cell progenitors, memory B cells, plasma cells, monocytes, macrophages,
dendritic cells, basophils, neutrophils, eosinophils, mast celis, natural killer cells, T cell
progenitors, memory T cell, cytotoxic T cells, and helper T cells.

(0129 “Effector cells” as described herein, has 1ts ordinary meaning as understood
in light of the specification, and refers to a lvmphocyte that has been induced to differentiate
mto another cell type that can be capable of mounting a specific immune response, such as a
terminally differentiated leukocytie that performs one or more specific functions. The main
effector cells of the immune system, for example, are activated lymphocytes and phagocytes
that are involved i destroying pathogens and removing them from the body. The effector cells
can include large granular lymphocytes, such as, for example, natural killer cells and cytotoxic
T lymphocytes. In some embodiments of the cells provided herein, the cell includes a first and
second chimeric antigen receptor, wherein the first chumeric antigen receptor 1s specific fora
ligand on a B cell, which promotes the 10 vivo expansion and activation of an effector cell and,
wherein the second chumeric antigen receptor 13 specific for a ligand on a tumor. In some
embodiments, the cells that undergo expansion and activation are lymphocytes, phagocytes,
large granular lymphocytes, natural killer cells and/or cytotoxic T lymphocytes.

R INEY

(6136} “Cancer antigen,” “tumor antigen,” or “tumor marker” has its ordinary
meaning as understood in hight of the specification, and refers to an antigeme substance that 13
produced in a tumor cell, which can therefore trigger an immune response in the host. These
cancer antigens can be useful as markers for identifying a tumor cell, which will be a potential
candidate during treatment or therapy. There are several types of cancer or tumor antigens,
There are tumor specific antigens {TSA) which are present only on tumor cells and not on
healthy cells, as well as tumor associated antigens {TAA) which are present in tumor cells and
also on some normal cells. In some embodiments of the methods and chimeric antigens
provided herein, the chimeric antigen receptors are specific for tumor specific antigens. In

some embodiments, the chimeric antigen receptors are specific for tumor associated antigens.
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In some embodiments described herein, the tumor does not originate from a B-cell related
cancer. In some embodiments, cells expressing a CAR that is specific for a TAA s further
modified by the introduction of a suicide gene to fimit the time of the CAR T-cell therapy and
to reduce the attack of normal tissues expressing the TAA,

(6131} In any of the embediments provided herein, the cancer antigen 1s EGFR,
HERZ, Mesothelin, cancer testis antigens, LICAM, g-acetylated GD2Z, GD2, neoantigens,
Var2, glypican-2 {GPC2), HPY antigens, alphafetoprotein, carcincembryonic antigen, CA-
125, MUC-1, epithelial tumor antigen, abnormal products of ras or pS53, EphA2, MAGE-A3,
MAGE-A4, MAGE-C2, PRAME, S8X2, adipophihin, AIM2, ALDHIA1, BCLX, B7H3,
FpCAM, claudin 182, C8274, CPSF, cyclin D, DKKI1, ENAH, EpCAM, EphA3, EFH2,
FAP, FGFS, glypican-3, G250, HLA-DOB, Hepsin, IDO1, IGF2B3, IL13Ralpha2, Intestinal
carboxylesterase, alpha-foetoprotein, kallikreind, KIF20A, Lengsin, M-CSF, MCSP, mdm-2,
Meloe, midkine, MMP-2, MMP-7, MUCI, MUCSAC, p$3, PAXS, PBF, PRAME, PSMA,
RAGE-1, RGSS, RhoC, RNF43, RUF43, FUZAS, secernin 1, SOXI0, STEAPI, survivin,
telomerase, TPBG, VEGY, WT1, NY-ESO-1, or ROR/I. In some embodiments, the celi surface
tumor specific molecule 18 ROR1. In some embodiments, the cancer antigen 1s expressed by a
tumor. In some embodiments, the tumor s not a B-cell related cancer.

(0132} “Chuneric antigen receptors” {CARs), as described herein, has its ordinary
meaning as understood 1 light of the specification, and refers to genetically engineered protein
receptors, which can confer specificity onto an immune effector cell, such as for example, a T-
cell. Without being himiting, the use of CAR bearing T-cells can promote m vivo expansion
and activation. The CARs can also be designed to redirect T-cells to target cells that express
spectfic cell-surface antigens, where they can activate lymphocytes, such as T-cells, upon
target recogmtion. The CARs graft the specificity of a monoclonal antibody or binding
fragment thereof or scFv onto a T-cell, with the transfer of their coding sequence facilitated by
vectors. In order to use CARS as a therapy for a subject in need, a technique called adoptive
cell transfer 1s used in which T-cells are removed from a subject and modified so that they can
express the CARs that are specific for an antigen. The T-cells, which can then recognize and
target an antigen, are reintroduced into the patient. In some embodiments, CAR expressing
lymphocytes are described, wherein the CAR expressing lymphocyte can be delivered to a

subject to target specific cells. A TcR s a molecule on the surface of T lymphocytes or T-cells
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that can recognize antigens. As described herem, the CAR promotes i vivo expansion and
activation of effector cells.

(6133} The structure of the CAR can mclude fusions of single-cham variable
fragments (scFv) that are derived from monoclonal antibodies that are attached to
transmembrane and cytoplasmic signaling domains. Most CARs can include an extracellular
scFv that 13 linked to an mtracellular CD3{ domain (first generation CAR). Additionally, the
scFv can be limked to a co-stimulatory domain, which can mcrease their efficacy in the therapy
of a subject in need (second generation CAR). When T-cells express this molecule, they can
recogrnize and kill target cells that express a specific antigen targeted by the CAR.

[0134] The chimeric antigen receptor can include a binding portion that 18 specific
for a ligand. Without being limiting, the binding portion can include an antibody or binding
fragment thereof or scFv, a receptor ligand or mutants thereof, peptide, and/or polypeptide
affinity molecule or hinding partner. In some embodiments of the first chimeric antigen
receptor, the first chimeric antigen receptor includes a binding portion, wherein the binding
portion inchudes an antibody or binding fragment thereof or scFv, a receptor higand or mutants
thereof, peptide, and/or polypeptide affinity molecule or binding partner. In some
embodiments, the binding portion 1s specific for a ligand on a B-cell. In some embodiments of
the second chumeric antigen receptor, the second chimeric antigen receptor includes a binding
portion, wherem the binding portion includes an antibody or binding fragment thereof or scFv,
a receptor higand or mutants thereof, peptide, and/or polypeptide affinity molecule or binding
partner. In some embodiments, the binding portion 1s specific for a higand on a tumor cell. In
some embodiments, the tumor 18 not a tumor of a B-cell related cancer.

[8135] In some embodiments, a chimeric antigen receptor is provided, wherein the
higand or target molecule 1s a cell surface molecule that 15 found on tumor cells and 1s not
substantially found on normal tissues, or restricted 10 188 expression to non-vital normal tissues.
In some embodiments, the tumor does not originate from a B-cell related cancer. In some
embodiments, the ligand or target molecule 1s found on a tumor cell as well as on normal
ussues. In some embodiments, the cells expressing a U AR that 1s spectific for a ligand on tumor
ceils and normal tissue further includes a suicide gene to limit the time of therapy and increase
their safety profile. Conditional suicide genes may also be applied to the donor T-cells to Himit

the attack on normal tissue that may express a tumor associated antigen or higand.
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[8136] Although humanized antibodies often incorporate all six CDRs {(which can
be as defined by Kabat) from a mouse antibody, they can alse be made with less than all CDRs
(e.g.,atleast 3, 4, or 5 CDRs from a mouse antibody ) (e.g., De Pascalis R, fwahashi M, Tamura
M, et al 2002 Grafting “Abbreviated” Complementary-Determining Regions Containing
Specificity-Determining  Residues Essential for Ligand Contact to Engineer a Less
Immunogenic Humanized Monocional Antibody. J Immunol 169:3076-3084; Vajdos FF,
Adams CW, Breece TN, Presta LG, de Vos AM, Sidhu, 88, 2002, Comprehensive functional
maps of the antigen-binding site of an anti-ErbB2 antibody obtained with shotgun scanning
mutagenesis. J Mol Biol 320: 415-428; Iwahashi M, Milenic DE, Padlan FA, et al. 1999
CDR substitutions of a humanized monoclonal antibody (CC4%): Contributions of mndividual
CDRs to antigen binding and mmunogenicity. Mol Immunol 36:1079-1091; Tamura M,
Milenic DE, Twahashi M, et al. 2000, Structural correlates of an anticarcinoma antibody:
Identification of specificity-determining regions {SDRs) and development of a munimally
immunogenic antibody vanant by retention of SDRs only. J Immunol. 164:1432-1441).

[6137] A chimeric antibody 13 an antibody m which the mature varable regions of
light and heavy chains of a non-human antibody {e.g., a mouse) are combined with hurnan hight
and heavy cham constant regions. Such antibodies substantially or entirely retain the binding
specificity of the mouse antibody, and are about two-thirds human sequence.

[6138] “Signaling doma” as described heremn, has us ordinary meaning as
understood 1n hight of the specification, and 15 a domain on a chimenc antigen receptor that
can promote cyioking release, in vive T cell survival and tumor elimmation. In some
embodiments herein, a signaling domain inclades CB28, 4-1BB, and/or CD3-zeta cytoplasmic
domains.

[8139] A “eytokine” as described herem, has its ordinary meaning as understood
m hight of the specification, and 1s a small molecule that 15 secreted by one cell and that has an
effect on other cells. Cytokines, sometime considered as “stress protemns,” include chemokines,
mterferons, mnterleukms, lymphokines, and tumor necrosis factors. Cytokines are produced by
many cells, including macrophages, B lymphocytes, T lymphocytes and mast cells, as well
as endothelial cells, fibroblasts, and various stromal celis. A particular ¢yiokine may be
produced by more than one type of cell. Non-limiting examples of cytokines include members

of the IL-1 family, TNF family, interferons, 1L-6 family, IL-10 family, TGF-beta family, and
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chemokines. Common cytokines mclude 1L-1, 1L-2, 1L-3, IL-4, -5 1L.-6, 1L-& 11.-9 1110,
H-11, I-12, 113, 1L-15) 1116, 118, 1L-21, 1L-33, IFN-alpha, IFN-beta, IFN-gamma,
TNF-alpha, and TNF-beta.

3140} “Cytokine signaling” as described herein, has its ordinary meaning as
understood 1in hight of the specification, and refers to the process by which a cytokine 1is
recognized by a cytokine receptor on the surface of a cell, and elicits a response. These signals
may etther be “autocrine” (wherein the same cell both produces the cyiokine and responds to
ity or “paracrine” {where the cvtokine is made by one cell and acts on another). Cytokine
receptors are grouped into six major families: class | cytokine receptors, class If cytokine
receptors, 1L-1 receptors, TNF receptors, tyrosine kinase receptors, and chemokine receptors.
Cytokines activate many pathways; for example, the JAK-STAT pathway. In this pathway,
JAK proteins phosphorylate a cytokine receptor once that receptor binds to its corresponding
cviokine. This newly phosphorylated residue on the cytokine receptor then acts as a binding
site for a STAT protein. Once the STAT s bound, it 1s phosphorvlated by JAK and forms a
homodimer with another STAT. This complex then dissociates from the receptor, travels to

the nucleus, and induces transcription of crucial genes.

Methods of Treatment

(0141} Some embodiments relate to methods of treatment as part of
mmunotherapy. “Immunoctherapy” has its ordinary meaning as understood in hight of the
spectfication, and refers to the process of using a subject’s immune system to fight a disease.
In some embodiments, immunotherapy 1s used to target a cancer. In some embodiments, the
mmunotherapy mcludes activating an immuonombibitory  pathway., “Tmmunoinhibitory
pathway” has its ordinary meaming as understood in hght of the specification, and refers to a
pathway that inhibis, redoces, or ebminates immune function.

[0142] “Sohd Tumors” as described herein, has s ordinary meaning as
understood in light of the specification, and refers to a malignant cancerous mass of tissue. In
some embodiments of the methods of treating, ameliorating, or inhubiting a non-B cell related
disease in a subject provided herein, the method includes introducing, providing, or
administering any one or more of the cells or compositions of any of the embodiments herein

or the cells made by any one or more of the methods of the embodiments herein into a subject

-45.



WO 2025/006406 PCT/US2024/035305

for therapy. In some embodiments, the subject has a cancer. In some embodiments, the cancer
is a sohid tumor. In some embodiments, the solid tumor i1s a breast cancer, brain cancer, lung
cancer, liver cancer, stomach cancer, spleen cancer, colon cancer, renal cancer, pancreatic
cancer, prostate cancer, uterine cancer, skin cancer, head cancer, neck cancer, sarcomas,
neuroblastomas, or ovarian cancer.

[0143] “Engraftment” as described herein, has its ordinary meaning as understood
in light of the specification, and refers to the incorporation of grafted tissue into the body of
the host. Several characteristics of effective CAR T-cells mclude showing signs of adequate
engraftment, which is required for responses. For example, detection of the CAR transgene by
polymerase chain reaction ts not informative about the surface expression of the CAR, which
15 the only form that matters for efficacy. Thus, the availability of reagents to specifically detect
CARs at the cell surface by flow cytometry or other methods known to those skilled in the art
15 crucial to understand the activity and engrafiment of CAR T-cells. In the embodiments
described herein, the therapeutic potency of the adoptively transferred CARs are improved by
allowing a B-cell targeting CAR 1o drive the activation, proliferation and dispersion of infused
CAR T-cells that have a second CAR that provides for redirected killing of the solid tumor. In
some embodiments described herein, the methods and cells including a CAR wuth B-cell
specificity led to the surprising effect of having an improved level of engraftment compared to
T-cells that only included CARSs specific for a tumor ligand. As described in the embodiments
herem, the obstacle of failure to exhibit engraftment 15 overcome by allowing a B cell targeting
CAR to drive the activation, proliferation and dispersion of infused CAR T-cells that have a
CAR that provides for redirecied kitling of the sohid tumor.

[01d4] “Subject” or “patient,” as described herein, has s ordinary meaning as
understood wn hight of the specification, and refers to any orgamism upon which the
embodiments described herein may be used or admmnistered, e g, for experimental, diagnostic,
prophylactic, and/or therapeutic purposes. Subjects or patients inchude, for example, animals.
In some embodiments, the subject s mice, rats, rabbits, non-human primates, and humans. In
some embodiments, the subject 1s a cow, sheep, pig, horse, dog, cat, primate, or a human

2 4¢

[0145] As used herein, the terms “treat,” “treating,” “treated,” or “treatment” has its
ordinary meaning as understood in hight of the specification, and refer to both therapeutic

treatment and prophylactic or preventative treatment.
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[8146] As used herein, the terms “ameliorate)” “ameliorating,” “amebioration,” or
“ameliorated” has its ordinary meaning as understood in light of the specification, and n
reference to cancer can mean reducing the sympioms of the cancer, reducing the size of a
tumor, completely or partially removing the tumor {e.g., a complete or partial response},
causing stable disease, preventing progression of the cancer (e.g., progression free survival},
or any other effect on the cancer that would be considered by a physician to be a therapeutic,
prophylactic, or preventative ireatment of the cancer.

[0147] As used herein, the terms “administer,” administering,” or “administered” has
its ordinary meaning as understood in hight of the specification, and mcludes all means of
mtroducing the compound, or pharmaceutically acceptable salt thereof, or CAR T cell
composition, wherein the CAR T cell composition includes CAR T cells and wherein the CAR
imcludes an E2 anti-fluorescein antibody fragment, to the patient, including, but not limited to,
oral, intravenous, intratumoral, intramuscular, subcutaneous, and transdermal

[0148] As used herein, the terms “transduction” and “transfection” has its ordinary
meaning as understood 1 light of the specification, and are used equivalently and the terms
mean ntroducing a nucleic actd mito a cell by any artificial method, meluding viral and von-
viral methods.

[0149] An “effective amount” of an agent, e.g, a pharmaceutical formulation,
agent, cells, or composition, in the context of administration, refers to an amount effective, at
dosages/amounts and for pertods of time necessary, to achieve a desired result, such as a
therapeutic or prophylactic result.

[015¢] A “therapeutically effective amount” of a composition, eg, a
pharmaceutical formulation including agents or cells, refers to an amount effective, at dosages
and for periods of time necessary, to achieve a desired therapeutic result, such as for treatment
of a disease, condition, or disorder, and/or pharmacokinetic or pharmacodynamic effect of the
treatment. The therapeutically effective amount may vary according o factors such as the
disease state, age, sex, and weight of the subject, and the agents or populations of cells
administered. In some embodiments, the provided methods mnvolve administering the agents,
ceils and/or compositions at effective amounts, e g, therapeutically effective amounts.

0151} As used herein, the term “standard of care”, “best practice” and “standard

therapy” refers to the treatment that is accepted by medical practitioners to be an appropriate,
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proper, effective, and/or widely used treatment for a certain disease. The standard of care of a
certain disease depends on many different factors, including the biological effect of treatment,
region of location within the body, patient status {e.g. age, weight, gender, hereditary risks,
other disabilities, secondary conditions), toxicity, metabolism, bicaccumulation, therapeutic
index, dosage, and other factors known in the art. Determining a standard of care for a disease
is also dependent on establishing safety and efficacy in clinical trials as standardized by
regulatory bodies such as the US Food and Drug Admunistration, International Council for
Harmomsation, Health Canada, Furopean Medicines Agency, Therapeutics Goods
Admimistration, Central Drugs Standard Control Organization, National Medical Products
Adnunistration, Pharmaceuticals and Medical Devices Agency, Ministry of Food and Drug
Safety, and the World Health Organization. The standard of care for a disease may include but
is not limiuted to surgery, radiation, chemotherapy, targeted therapy, or immunotherapy {e.g.,
PDI/PDL or CTLA4 blockade therapy).

[0152] The above description discloses several methods and materials of the
embodiments described herein. Some embodiments provided herein are susceptible to
modifications in the methods and materials, as well as alterations in the fabrication methods
and equipment. Such modifications will become apparent to those skilled n the art from a
consideration of this disclosure or practice of the embodiments disclosed herein. Consequently,
it 18 not miended that this disclosure be limited to the specific embodiments disclosed herein,
but that it covers all modifications and alternatives coming within the true scope and spint of
the disclosure.

[0153] All references cuted herein, including but not himuted to published and
unpublished applications, patents, and literature references, are incorporated herein by
reference in thetr entirety and are hersby made a part of this specification. To the extent
publications and patents or patent applications mcorporated by reference contradict the
disclosure contained n the specification, the specification 1s intended to supersede and/or take
precedence over any such contradictory material.

[6154] In another embodiment of the methods described herein, any of the methods
described herein can be used alone, or any of the methods described herein can be used

combination with any other method or methods described herein.
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EXAMPLES
[0155] While the present disclosure has been described in some detail for purposes
of clarity and understanding, one skilled in the art will appreciate that various changes in form
and detail can be made without departing from the true scope of the embodiments described

herein.

Example 1: Production and purification of multi-specific reasents

[0156] Sixteen constructs were generated, as outlined in the below Table 1. The

sequences of the full constructs, and the construct domains, are as outlined in Tables 3-6.

Table 1. Domains of Multi-Specific Reagent Consiructs

Construct: | Domain Composition (from N to { Terminus):
CMUO4A anti-PEG anti-CD3

CMG4B mutated ApcE3 LBD (lipid binding domain onlyy  anti-CD3
CMO4C anti-PEG  mutated ApoE3 LBD  anti-CD3
CMOG4D mutated ApoE3 FL (full fength protein)  anti-CD3
CMO4E anti-PEG  mutated ApoE3 FL anti-CD3

CMO4F andi-PEG  anti-TRBCT (TCR-B1}

CMO4AG mutated ApoE3 LBD  anti-TRBCI

CMO4H anti-PEG  mutated ApoE3 LBD anti- TRBCH
CMO41 mutated ApoE3 FL  anti- TRBC1

CMO4) anti-PEG  mutated ApoE3 FL anti- TRBCH
CMG4K anti-PEG  anti-CD3

CMO4L mutated ApoE3 LBD  anti-CD3

CMO4M antt-PEG mutated ApoE3 LBD ant-CDS
CMO4N mutated ApoE3 FL ants-CD3

CMO40 anti-PEG  mutated ApoE3 FL ani-CDS

CMO4P anti-PEG  anti-EpCAM

Table 2: Anuno Acid Seqguences of Linkers, Tags, and Signal Peptides

Linker and Tag Name: | SEQ ID NO: | Sequence:
Linker 1 i GGGGRGGGERGGGES
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Linker 2 GGSSRESISGGGGSGGGE
Linker 3 SPNSASHSGSAPQTSSAPGSO
Linker 4 4 EPKSSDRTHTSPPSPAPEL
HIS tag 3 GGGGSHHHHHHEE
MYRMOLLSCIALSLALVTNS

NI

(O8]

4l

IL-2 signal peptide 5

Table 3: Amino Acid Sequences of Multi-Specific Reagent Constructs

Construet: | SEQ ID | Sequence:
Nk
CMO4A 6 QICLVOSGPELKKPGETVKISCKASGYTFENY GMNWVKQAPGKGLKW
MOWINTYTGQPIYANDFKGRFAFSLETSASTAYLQINNLENEDTATYFC
ARDWGPYWGQGTL VIVSASPNSASHSGSAPQTSSAPGSQMNIMMTQSPSS
LAVSAGEKVTVNCKSSQSVL YSSNOQMNYLAWYQOQKFPGQSPKLLIYWAS
TRESGVPDRFTGSGSGTRFTLTISSVOTEDLAVYYCLQYLSSWITFGGGTK
LEIKGGSIRSASSGGGERGOGGEVOLLESGGGL VQPGGSLRLSCAASGET
FSSFPMAWVRQAPGKGLEWVSTISTSGGRTY YRDSVKGRETISRDNSKN
TLYLOMNSLRAEDTAVYYCAKFRQYSGGFDYWGQGTLVTVASSPNSAS
HSGSAPQTSSAPGSQDIQLTOPNSVSTSLGSTVKLSCTLSSGNIENNY VHW
YOLYEGRSPTTMIYDDDERPDGVPDRESGSIDRSSNSAFL TIHNVAIEDEA
IYFCHSYVSSFNVFGGGTKLTVLRGGGGSHHHHHEHH

CMO4B 7 AGQPLOERAQAWGERLRARMEEMGHSRTRDRLDEVEEQVAEVRAKLEE
QAQQIRLOQAEAAQARLKSRFEPLAEDMOROWAGQVEKVQAAEGTSAAP
VPSDINHGGRSRESSSGGEGSGGGGEVQLLESGGGLVOPGGSLRLSCAAS
GFTFSSFPMAW VRQAPGKGLEWVSTISTSGGRTY YRDSVKGRFTISRIDNS
KNTLYLOMNSLRAEDTAVYYCAKFRQYSGGFDYWGQGTL VI VSSESPNS
ASHIGSAPQTSSAPGSQDIOQL TOPNSVSTSLGRTVKLSCTLSSGNIENNYV
HWYQLYEGRSPTTMIYDDDKRPDGVPDRESGSIDRSSNSAFL THINVALE
DEATYFCHSY VSSFNVFGGGTRKLTVLRGGGGSHHHHHHHH

CMO4C 8 QIQLVQSGPELKKPGETVEISCKASGY TFRNY GMNWVEKQAPGKGLEW
MGOGWINTYTGQPIYANDFKGRFAFSLETSASTAYLOINNLKMNEDTATYFC
ARDWGPYWGQGTL VIVSASENSASHSGBAPQTSSAPGSONIMMTQSPSS
LAVSAGEKVTVNCKSSQSVLYSSNOMNYLAWYQQKPGOSPKLLIYWAS
TRESGVPDRETGSGSGTDEFTLTISSVOTEDLAVY YCLQYLSSWITGGGTR
LEIKGGSSRSSSRGGGESGGGGAGOPLOQERAQAWGERLRARMEEMGSR
TRDRLDEVEEQVAEVRAKLEEQAQOQIRLOAEAAQARLKSRFEPLAEDM
QROWAGQOVEKVQAAEGTSAAPVPIDNHGGSSRSISSGGGERGHGGGEVQ
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LLESGGGLVOPGGSLRLSCAASGETESSFPMAWVROAPGKGLEWVSTIST
SGGRTYYRDSVEKGRFTISRDNSKNTL YLOQMNSLRAEDTAVYYCAKFRQ
YSGGFDYWOQGTL VEVSSSPNSASHSGSAPOQTSSAPGSQBIQLTQPNSVS
TSLGSTVKLSCTLSSGNIENNY VHWY QL YEGRSPTTMIYDDDKRPDG VP
DRESGSIDRSSNSATLTIHNVAEDEAIVFCHSY VASEFNVEFGGOTKLT VLR
GOGGGSHHEHHEHHH
KVEQAVETEPEPELROQOTEWOQSGORWELALGRFWDYLRWVQTLSEQV
QEELLASQVTQELRALMDETMKELKAYKSELEEQLIPVAEETRARLSKE
LOAAQARLGADMEDVCGRLVQYRGEVQAMLGOQSTEELRVRLASALRA
LRKRLLRDADDLOKRLAVYQAGAREGATERGLSAIRERLGPLVEQGRVR
AATVGSLAGQPLQERAQAWGERLRARMEEMGSRTRORLDEVKEQVALE
VRAKLEFEQAQQIRLOQAEAFQARLKSWFEPL VEDMQROQWAGLVEKVQA
AVOTSAAPVPSDINBEGGSSRASSSGGUOGSGOECCEVOQLLESGGOLVQPGES
LRLSCAASGETFSSFPMAWVRQAPGKGLEWVSTIRTSGGRTYYRDSVKG
RETISRDNSENTL YEUMNSLRAEDTAVY YCAKTRQYSCOGFDYWGQGTL
VTVSSSPNSASHIGSAPQTSSAPGSQDIQLTOPNSVSTSLGSTVKLSCTLAS
GNIENNYVHWYQL YEGRSPTTMIYDDDERPDG VPDRESOSIDRSSNSAFL
THNVAIEDEAIYFCHSYVSSENVEGGGTKLTVLRGGGGSHHEHHEHHE
CMO4E 10 CIQLVOQSGPELKKPGETVKISCKASGYTIKNYGMNWVEKQAPGKGLEW
MOWINTYTGOPIYANDIE GRFAFSLETSASTAYLOQINNLKNEDTATYEC
ARDWGPYWGQGTLVIVSASPNSASHSGEAPQTSSAPGSONIMMTQSFSS
LAVSAGEKVTVNCKSSQSVLYSSNOMNYLAWYQQKPGOSPKLLIYWAS
TRESGVPDRETGSGSGTDEFTLTISSVOTEDLAVY YCLQYLSSWITGGGTR
LEIKGGSSRSSSSGEOGSGGOGOK VEQAVETEPEPELRQUTEWQSGURWE
LALGRFWDYLRWVQTLSEQVQEELLSSQVTQELRALMBDETMKELKAYK
SEHLEEQLTPVAEETRARLSKELQAAQARLGADMEDVCGRLVOQYRGEVQ
AMLGOSTEELRVRLASALRALRKRLLRDADDLOKRLAVYQAGAREGAR
RGLSAIRERLGPLVEQGRVRAATVGSLAGQPLOQERAQAWGERLRARME
EMGSRTRDRUDEVKEQVAEVRAKTLFHQAQOIRLOAEAFQARLK SWEFEP
LVEDMOQROWAGLVEKVOAAVGTSAAPVPSDNHGGSSRSSS5GGGGSGG
GOEVQLLESGOGLVPGOSLRLSCAASGETTSAIPMAWYVRQAPGEGLE
WVSTISTSGGRTYYRDSVK GRETISRDNSKNTL YLOMNSLRAEDTAVYY
CAKFROQYSGCFDYWGQOGTLVIVSSSPNSASHSGSAPOTSSAPGSQDIQLT
CPNSVITRLGSTVELSCTLISGNIENNY VEWY QL YEGRSFTTMIYDDDK
RPDGVPDRISGSIDRSSNSAFL TIHNVAIEDHATYFCHSYVSSINVEGGGT
KLTVLRGGGGSHEHHHEEHE

CMO4D

O
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CMO4E 11 QIQLVOSOPELEKPCGET VKISCEASGYTIKNYOMNW VK QAPCEGLKW
MOWINTYTGOPTYANDEIK GRVAFSLETSASTAYLQINNLEKNEDTATYFC
ARDWGOPYWGOQUTL VIVSASPNSASHSGSAPQTSSAPOSONIMMTQSPSS
LAVSAGEKVTVNCKSSQSVLYSSNOQMNYLAWYQQKPGQSPKLLIYWAS
TRESGVPDRITGSGAGTORTLTISSVOTEDLAVYYCLQYLSSWTTGGGTK
LEIKGGSSRESSSSGGGGSGGGGEVRLQQSCGPDLIKPGASVKMSCKASGYT
FTGYVMHWVEQRPGQGLEWICFINPYNDDIQSNERFRGKATL TSDKSST
TAYMELSSLTSEDRSAVYYCARGAGYNFDGAYRIFTDFWGQGTTLTVSSEP
NSASHAGSAPQTSSAPGSQDVVMTQAPLSLEVSLGDQASISCRSSQRLVHS
MNOGNTYLHWYLQKPGQSPKLLIYRVSNREPGVPDRESGSGSGTDITLKISR
VEATDLGIYFCSQSTHVPYTFGGOTRKLEIK GGGGSHHHHEHHEEH

CMO4G 12 AGQPLOQERAQAWGERLRARMEEMGSRTRDRLDEVKEQVAEVRAKLEE
QAQUIRLOAEAAQARLKSRITPLAEDMOROWAGQVEKVOAAEGTSAAP
VPSDNHGGSSRSSSSGGGGSGGGGEVRLQOSGPDLIKPGASVIKMSECKAS
CYTTTCGYVMHWVKRPGQULEWIGFINPYNDDIQSNERFROGEATLTSDE
SSTTAYMELSSLTSEDSAVYYCARGAGYMNFDGAYRIFDEWGOQGTTLTVE
SSPNSASHSGSAPQTSSAPGSODVVMTQSPLILPVSLGDOASISCRESGRL
VHSNGNTYLHWYLOQKPGOSPRKLLIYRVANRFPGVPDRESGSGSGTINTL
KISRVEAEDLGIVFCSQSTHVPY TIGOGTKLEIKGOGGSHHHHHHEHEH
QIQLVOSGPELKEPCGETVEISCKASGYTTENYOMNWVKQAPGKGLEW
MGWINTYTGQPIYANDFK GRFAVSLETSASTAYLQINNLIKNEDTATYVC
ARDWGOGPYWGQGTL VIVSASPNSASHSGIAPQTRSAPGSOQNIMMTSPRS
LAVSAGEKVTVNCKSSQSVL YSSNOQMNYLAWYQQKPGQSPEKLLIYWAS
TRESGVPURFTGSGSGTDFTLTISSVOTEDLAVY YCLOQYLSSWIFGGGTE
LEIKGGRSRESSSGEGESGGGGAGQPLOERAQAWGERLRARMEEMGSR
TRDRLDEVKEQVAEVRAKLEEQAQQIRLBARAAQARLKSRIFEPLAEDM
QROWAGQVEKVQAALGTSAAPVPSDNHGGSSESSS5GGGGSGGGEEVR
LQOSGPDLIKPGASVEMSCKASGYTFTGY VMHW VKORPGQGLEWIGE]
NPYNDDIQSNERFRGKATLTSDKSSTTAYMELSSLTSEDSAVY YCARGA
GYNFDGAYRIFDEFWGQGTTLTVSSSPNSASHAGSAPQTSSAPGSQDVVM
TQSPLSLPVSLOGDQASISURSSQRLVHSNGNTYLHWYLOKPGQSPRLLLY
RVSNRFPGVPDRESGSGSGTRFTLKISRVEAEDLGIYFCSQSTHVPYTTGG
GTKLEIKGGGOSHHHEHHHEHH

CMO4E 14 EVEQAVETEPEPELRQQTEWOQSGORWELALGRFWDYLRWVQTLREQY
QEELLSSQVTQELRALMDETMKELKAYKSELEEQLTFVAEETRARLSKE
LOAAQARLGADMEDVUGRLVOYROEVOQAMLGQSTEELRVRLASALRA
LRKRLLRDADDLQKRLAVYQAGARBEGAERGLSAIRERLGPLVEQGRVER

CMO4H 1

[#3)
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AATVESLAGOPLOQERAQAWCERLRARMEEMGSRTRDRLDEVEEQVAE
VRAKLEHQAQQIRLOAFAFQARLKSWEEPLVEDMQROWAGLVEKVOA
AVOTIAAPVPSDNHGOSSRSSESGGCGOSCOGOEVRLQUSGPDLIKPGAS
VEKMSCKASGYTFTGY VMHWVKOQRPGQGLEWIGFINPYNDDIQSNERFR
GKATLTSDESSTTAYMULSSLTSEDSAVYYCARGAGYNEDGAYRITDY
WGQGTTLTVSSSPNSASHSGSAPQTSSAPGSQDVVMTQSFLSLPVSLGDO
ASISCRSSQRLVHSNGNTYLHWYLQKPGOSPKLLIYRVASNRFPGVFDRES
GBGSGTDRFTLKISRVEAEDLGIYFCSQSTHVEYTT GGGTKLEIRGGGGSH
HEHHHHH
QIQLVOSGPELEKPGETVKISCKASGYTFKNYGMNW VK QAPGKGLKW
MOWINTYTGOQPIYANDIK GRFVAFSLETSASTAYLQINNLKNEDTATYTRC
ARDWGPYWGQOGTLVIVSASPNSASHIGSAPQTSSAPGSONIMMMTGSPSS
LAVSAGEKVTVNCKSSOASVLYSSNOMNYLAWYQOQRKPGOSPKLLIYWAS
TRESGVPDRFTGSGRGTDETLTISSVOTEDLAVYYCLOQYLSSWTTGGGTK
LEIKGGSSRSSSSGGOGSGGOCK VEQAVETEPEPELRQUGTEWQRGURWE
LALGRFWDYLRWVQTLSEQVQEELLSSQVTQELRALMBETMKELKAYK
SELEEQLTPVARETRARESKELQAAQARLGADMEDVUGRLVOYRGEVY
AMLGOSTEELRVRLASALRALRKRLLRDADDLOKRLAVYQAGAREGAL
ROLSAIRERLGPLVEQGRVRAATVGSLAGQPLOERAQAWGERLRARME
EMGSRTRDRLDEVKEQVAEVRAKLEEQAQQIRLQAFAFQARLKSWEEP
LVEDMURQWAGLVEKVOAAVGTSAAPVPIDNHGGSSRSSSSGGGERGE
GOEVRLQQSGPDLIKPGASVKMSCKASGYTFTGYVMHW VK QRPGQGLE
WIGETNPYNDDIQSNERFRGKATL TSDKSSTTAYMEL SSLTSEDSAVYYC
ARGAGYNEDGAYRFTDEWGQGTTLTVSSSPNSASHSGSAPQTSSAPGSQ
DVVMTQSPLSLPVSLOGDQASISCRSSQRLVHSNGNTYLEWYLQKPGQSP
KLLIYRVSNRIFPGVPDRESGSGSGTDFTLKISRVEAEDLGIYFCSQSTHVE
YTFGGGTRLEIKGGGOGSHHHHHHHE

CMO4K 16 QIQLVOSGPELKKPCGETVKISCKASGYTTENYOMNWVKQAPGKGLEW
MOWINTY TGOPIYANDEK GREFAFSLETSASTAYLQINNLENEDTATYFC
ARDWGPYWGQGTL VIVSASPNSASHSGSAPQTSSAPGSQNIMMTQSPSS
LAVSAGEKVTVNCKSSQSVL YSSNOQMNYLAWYQOKPGQSPELLIYWAS
TRESGVPDRFTGSGSGTDFTLTISSVQTEDLAVYYCLOQYLSSWITGGGTK
LEGOGSIRISSSGGOGRGOOCUQHQLVORGPGLKKPGGSVRISCAASGYTY
TNYOGMNWVEKQAPGKGLEWMGWINTHTGEPTYADDFKGRFTISLDTSK
STAYLOINSLRAEDTATYFCTRROGYDWYFDVWOQGTTVIVSSSPINSASH
SGSAPQTSSAPGRSQDIQMTOSPSSMSASLGDRVITTCRASCQDINSYLSWEQ

J1

SMO4Y 15
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QK PGESPKTLIVRANRL VDG VPSRESCGSGSOTDYTLTISSLOYEDFGIY Y C
GOYDESPWITFGGOTKLEIKGGGOSHIHHHIN
AGOQPLOERAQAWGERLRARMEEMGSRTRDRLDEVKEQVAEVRAKLEE
QAQQIRLQATAAQARLESRFEPLAEDMOROWAGQVEK VOAARGTEAAD
VPSDNHGGSSRSSISGGGGSGOGEQIQL VOSGPGLKKPGGS VRISCAASG
YTFTNYGMNWVK QAPGEGLRWMGWINTHTGEPTYADDFKGRFTFSLD
TSKSTAYLGINSLRAEDTATYFCTRRG YDWYFDVWGQGTTVTVSSSPNS
ASHAGSAPQTSSAPGSODIOMTOSPSSMSASLGDRVTITCRASQDINS VLS
WFQUKPOESPKTLIYRANRL VDG VPSRESGSGSGTD Y TLTISSLOYEDFGE
YYCQQYDESPWTFGGGTKLEIK GGG T T

“MO4M 12 QL VOQSOPELKKPGETVKISCKASG Y TFKNYGMNW VK QAPOKGLK W
MOWINTY TGOPTY ANDFK GRFAFSLETSASTAYLQINNLK NEDTATYRC
ARDWGPYWGQOTL VIVSASPNSA SHSGSAPQTSSAPOSONIMMTQSPSS
LAVSAGEK VTVNCESSOSVL YSSNOMNYLAW YQQKPGQSPKLLIYWAS
TRESGVPDRFTGSGSGTDRTL TISSVOTEDLAVY YCLQYLSSWTFGGGTK
LEIKGGSSRESSSCUGGSGOGGAGOPLOERAQAWGERLRARMEEMGSR
TRORLDEVEEQVAEVRAKLEEQAQQIRLOARAAQARLK SRFEPLAEDM
QROWAGQVEKVQAARGTSAAPVPSDNIHSGGSSRSSSSCGGGASGOOGQI
GLVQSGPOLKKPGGSVRISCAASGY TR TNYGMNW VK QAPGK GLRWMG
WINTHTGEPT Y ADDFKGRETFSLDTSKSTAYLOQINSLRAEDTATYFCTRR
GYDWYFDVWGQGTTVT VSSSPNSASHSGSAPOTRSAPGSQDIOMTQSPS
SMSASLOGDRVTITCRASODINS YLSWFQQKPGKSPK TLIYRANRL VDG VP
SRFSGSGSCTDYTLTISSLOYEDFGIY YCQOYDESPWIFGGOTKLEIK GG
COSIITTITETT

CMOAN 15 K VEGAVETEPEPELRQUTEWOSGORWELALGRFWDVLRWVQTLSEGV
QERLLSSQVIQELRALMDETMEELKA YK SELEEQLTPVAEETRARLSKER
LOAAQARLGADMEDVCGRLVQOYRGEVOAMLGQSTEELRVRLASALRA
LRERLLRDADDLGERLA VYQAGAREGAERGLSAIRERLGPLVEQGRVR
AATVGSLAGQPLOERAQAWCGERLRARMEEMGSRTRDRLDEVKEQVAE
VRAKLEEQAGQIRLOAEAFQARLKSWEEPL VEDMOROWAGLVEK VOA
AVGTSAAPVPSDNHGGSSRESSSGOGGSCGGOOIQL VOSGPOLEKPGGS
VRISCAASCYTFTNYOMNW VK QAPOE CLRWMGWINTHTGEPTYADDF
KORFTFSLDTSKSTAYLQINSLRAEDTATYFCTRRGYDWYFDVWGQGTT
VTVSSSPNSASHSGSAPQTSSAPGSQDIQMTQSPSSMSASLCTIRVTITCRA
SODINSYLSWFQOKPOKSFRTLIYRANRL VDG VPSRESGSGSGTDYTLTIS
SLOYEDFGIVYCQOYDESPWIFGGOTKLEK OGS SHITITITTT

~3

CMO4L 1
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CMO40 20 QIQLVOSOPELEKPCGET VKISCEASGYTIKNYOMNWVKQAPCEKGLKW
MOWINTYTGOPTYANDEIK GRVAFSLETSASTAYLQINNLEKNEDTATYFC
ARDWGOPYWGOQUTL VIVSASPNSASHSGSAPQTSSAPOSONIMMTQSPSS
LAVSAGEKVTVNCKSSQSVLYSSNOQMNYLAWYQQKPGQSPKLLIYWAS
TRESGVPDRITGSGAGTORTLTISSVOTEDLAVYYCLQYLSSWTTGGGTK
LEIKGGSSRESSSSGGGGSGOOORKVEQAVETEPEPELRQUTEWQSGORWE
LALGRFWDYLRWVQTLSEQVQUELLSSQVTQELRALMBETMEKHLEAYK
SHLEFEQETPVARETRARLSKELQAAQARLGADMEDVCGRLVQYRGEVQ
AMLGOSTEELRVRLASALRALRERLLRDADDLOERLAVYQAGAREGAE
RGLSAIRERLGPLVEQGRVRAATVGSLAGQPLOERAQAWGERLRARME
EMGSRTRDRLDEVKEQVAEVRAKLEEQAQUIRLARAFQARLESWEEP
LVEDMOROQWAGLVEKVQAAVGTSAAPVESDNHGGSSRESSSGGGESGG
GGQIGLVORGPGLEKKPGGSVRISCAASCGYTIITNYGMNWVKQAPGKGER
WMOWINTHTOEPTYADDFKORFITSLDTSKSTAYLQINSLRAEDTATYT
CIRRGYDWYFDVWGQGTTVTVSSSPNSASHSGSAPQTSSAPGSQDIOMT
QRPSSMSASLGDRVITTCRASQDINS YL SWEFQOQKPGKSPKTLIYERANRL VY
DGVPSRESGSGSGTRYTLTISSLQYEDFGIY YCQOYDESPWTFGGGTKLEL
KGOGGSHHHEHHEH

CMOo4r 21 QIQLVOSGPELKEPGETVEISCKASGYTTENYOMNWVEQAPGKGLEW
MGWINTYTGQPIYANDFK GRFAVSLETSASTAYLQINNLIKNEDTATYVC
ARDWGOGPYWGQGTL VIVSASPNSASHSGIAPQTRSAPGSOQNIMMTSPRS
LAVSAGEKVTVNCKSSQSVL YSSNOQMNYLAWYQQKPGQSPEKLLIYWAS
TRESGVPURFTGSGSGTDFTLTISSVOTEDLAVY YCLOQYLSSWIFGGGTE
LEIGGRERBBSSGEEESGOOGQVRKLQQSGPELKKPGETVKISCKASGY T
FINYOMNWVKQAPGRGLKWMOWINTYTGESTYADDIFKGRFAFSLETS
ASAAYLQINNLENEDTATYFCARFAIKGDYWGQGTTVTVESSPNSASHS
GSAPQTSSAPGSODIVLTQSPEANPVTLGTSASISCRSTKSLLHESNGITYLY
WYLQKPGQSPFQLLIY QMSNLASGVPDRESSSGSGTDEFTLRISRVEAEDVG
VYYCAQNLEIPRTFGGGTKLEIKGGGGSHEHHEHHE

Table 4. DNA Seguences of Multi-Specific Reagent Constructs

Constrocts | SEQ I8 | Sequence:
NG
CMO4A 22 CAGATCCAGCTGGTGCAGTCCGGCCCAGAGCTGAAAAAGCCAGGCGA
CGACUGTOAAGCATCTCCTGCAAGGCCAGCGGCTACACTTITUAAGAATT
ATGGCATGAACTGGGTGAAGCAGGCCCCCGGCAAGGGGCTGAAGTG
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GATOGGGOTGCATTAACACCTATACCGOCCAGUCCATTTACGCUAACG
ATTTCAAGGGGAGATTCGCCTTTAGCCTGGAAACCAGCGCGAGCACC
GUCTATCTGCAGATCAACAATCTTAACGAATGAGGATACAGCCACTTA
CTTTTGCGCCCGGOATTGGGGCCCATACTGGGGCCAGGGCACCOTGE
TCATCOGTGTCCGCTTCCCCCAATTCTOCOTCUCCACAGUGOCAGCGLCT
CACAGACTAGCTCCGCCCCOGGTTCCCAGAATATCATGATGACACAG
AGCCCTTCCAGCCTGGCCOTOTCTGCCGLCGAAAAGUGTGALCGTGAA
CTGCAAGTCTAGCCAGTCTGTGCTCGTACAGCTCCAATCAGATGAACTA
TCTGOCCTGOTACCACCAGAAGCCTGGCCAGAGCCCTAAGITGCTGA.
TTTACTGGGCCAGCACACGCGAGTCTGGGGTCCCTGACAGATTTACCG
GTAGCOGGAAGUGGCACAGATTTCACACTGACAATCTCTITCTGTGUAG
ACCGAAGACCTCOCAGTGTACTACTGICTGCAGTATCTGAGCTCITGE
ACTTTCGGCOGGGGGGACCAAGCTGGAAATTAAGCGGTGGAAGCAGTAG
ATCATCCAGTTCTGGTGOGGGCACGATCCOGUGOGCGGLEGTOAGUTTC
AGCTCCTTCAATCAGGCGGAGGGCTCGTCCAACCAGGCGGATCTTTG
COCGCTOTCATGTOQCCOCATCCGOATTCACOTTCTCCTCCTTTCCOATG
GCATGGGTGAGGCAAGCTCCTGGAAAAGGTCTCGAGTGGGTATCCAC
CATAAGTACTTCTGGCOGOGGUGCAUTTACTACAGGGATAGTGTGAAGG
GAAGGTTTACCATTTCCAGAGATAACTCAAAGAATACCCTGTACCTGC
AAATCAACTCCOCTCAGGOCTCAACGATACGOGCTOTGTACTACTGTGLT
AAATTTCGACAATACTCAGGTGGGTTTCGACTATTGGGGCCAGGGGAC
ACTGOTCGACTGTGTCATCAAGTCCCAATTCCOCUTCACATAGCGOAAG
TGCCCCACAAACTTCCTCCGOGCCAGGTTCTCAAGACATTCAATTGAC
GCAGCCGAATAGCGTCTUTACGAGCTTGGOGGAGTACCGTTAAGCTTTC
ATGTACTCTTTCCTCOGGTAACATAGAGAACAACTACGTGCATTGGTA
CCAACTCTACGAGGUCAGGTCTCCAACGACTATGATTTACGATGACG
ATAAACGACCTGATGGGOTCCCTCGACCOGCTTTICAGCGAAGCATTGALC
AGAAGCTCTAATTCCGUGTTTTTGACTATUCACAACGTAGCCATTGAA
GATGAAGCAATTTACTTCTGTCATTICCTATGTATCCAGCTTITAACGTCT
TCGGAGGTGGAACTAAGTTCACGGTACTCCGAGGGGGAGGTGGETCT
CACCACCATCACCACCACCATCAT
GCTGOACAGCUGUTGCAAGAGUGGGCACAAGCUTCGGOGGGAAAGAC
TCAGGGCCAGAATGCAAGAAATGGUATCAAGAACAAGGGACAGGCT
COGATCAGOTCGAAGGAGCAAGTAGCAGAGOTTCGAGCAAAGCTGGAA
GAACAAGCTCAGCAGATTAGATTGCAAGCAGAGGCGGCTCAAGCACG
ACTCAAGAGCAGGTTCCGAGCCATTOGCTGAAGATATGCAGCCATAAT
GGGCTGGTCAGGTTCAGAAAGTCCAAGCGGCGGAAGGGACCAGTGC

CMO4R 2

52
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AGCACCGOTACCATCCOACAATCATGOTGCGAAGCACTAGATCATCCA
GTTCTGGTGGGGGAGGATCCGGGEECGGHGETCGAGGTTCAGCTCCTT
CGAATCAGGCOGAGGGUTCOTCCAACCAGGCOCGATCTTTGCGGUTGTU
ATGTGCCGCATCCGGATICACGTTCTCCTCCTTTCCGATGGCATGGET
GAGGCAAGCTCCTGGAAAAGGTCTCCAGTGOGTATCCACCATAAGTA
CTTCTGGCOGGGCOGCACTTACTACAGGCATAGTGTGAAGGGAAGGTTT
ACCATTTCCAGAGATAACTCAAAGAATACCCTGTACCTGCAAATGAA
CTCCCTCAGGGCTGAAGATACGGCTGTGTACTACTGTGCTAAATITCG
ACAATACTCAGGTGGOTTTCACTATTGGGGCCAGGGGACACTGGTGA
CTGTGTCATCAAGTCCCAATTCCOGCCTCACATAGCGGAAGTGCCCCAL
AAACTTCCTCCGCGUCAGOTTCTCAAGACATTICAATTGACGCAGCCGA
ATAGCGTCTCTACGAGCTTGGGGAGTACCGTTAAGCTTTCATGTACTC
TTTCCTCCGGTAACATAGAGAACAACTACGTGCATTGGTACCAACTCY
ACGAGGGCAGUGTCTCCAACCGACTATCGATTTACCATCGACCATAAACGA
CCTGATGGGGTCCCTGACCGOTTTTCAGGAAGCATTGACAGAAGCTCT
AATTCCOCUTTITTOACTATCCACAACGTAGCGATTCAACATCGAAGCA
ATTTACTTCTGTCATTCCTATGTATCCAGCTTTAACGTCTTCGGAGETG
GAACTAAGTTCACGOTACTUCCAGGCUGAGGTGOGTCTUAUCACCAT
CACCACCACCATCAT

CMOAC 24 CAGATCCAGCTGGTGCAGTCCGGCCCAGAGUTCGAAAAAGCCAGGCGA
GACCGTGAAGATCTCUTGCAAGGUCAGCGGUTACACTTTCAAGAATT
ATGGCATGAACTGOGTGAAGCAGGCCCCCGGCAAGGGGCTGAAGTG
GATGGOGOGTGOATTAACACCTATACCOGCCAGCCCATTTACGCCAALCG
ATTTCAAGGCGCGACATTCGCCTTTAGCCTGGAAACCAGCGCGAGCACC
GCCTATCTGCAGATCAACAATCTTAAGAATOAGUGATACAGCCACCTA
CTTTTGCGCCCGOGGATTGGGGCCCATACTGGOGCCAGGGCACCCTOG
TGATCGTGTCCGUTTCCCCCAATTUCTGUCTCCCACAGCGGCAGLGLCC
CACAGACTAGCTCCGCCCCCOGGTTCCCAGAATATCATGATGACACAG
AGCCCTTCCAGCLTGGCCETGTCTGLCGGLGAAAAGGTGACCGTGAA
CTOCAACTCTAGCUAGTCTOTOCTOTACAGCTCCAATUCAGATCAACTA
TCTGGCCTGGTACCAGCAGAAGCCTGGCCAGAGCCCTAACGCTGCTGA
TTTACTGGGUCAGCACACGCCAGTCTOGOUGTCCCTCACAGATTITACCG
GTAGCGGAAGCGGCACAGATTTCACACTGACAATCTCTTCTGTGCAG
ACCOGAAGAUCTOGCAGTOTACTACTGTCTGCAGTATCTGAGCTUTTGE
ACTTTCGGCGGGGGGACCAAGCTGGAAATTAAGGGCGGATCTAGTCG
GTCATCUTCCAGTGGTOOTGOGOGOTAGCCGGOGOAGOUGETGCTGOAL
AGCCCGCTGCAAGAGCGGGCACAAGCCTGGGGGGAAAGACTCAGGGC
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CACGAATGCGAAGAAATOGCGATCAAGAACAAGGGACAGOCTCGATGAG
GTGAAGGAGCAAGTAGCAGAGGTTCGAGCAAAGCTGGAAGAACAAG
CTCAGCAGATTAGATTOCAAGCAGCAGCUGGCTUAAGCACCACUTCAAG
AGCAGGTTCGAGCCATTGGCTCGAAGATATGCAGCGACAATGGGCTGG
TCAGOTTGAGAAAGTCCAAGCGUOCOGGAAGOGACCAGTGCAGCACCG

GTACCATCCCGACAATCATGGTGGAAGCAGTAGATCATCCAGTTCTGG

TGGOGGOAGCATCCGOGGGCOGOGGTOAGOTTICAGCTCCTTCGAATCAG
GCGGAGGGCTCOTCCAACCAGCGCGGATCTTTGCGGCTGTCATGTGCC

GCATCCGOATTCACGTTCTCCTCCTITCCGATGGCATCGGOTGAGGCAA
GCTCCTGGAAAAGGTCTCCAGTGGGTATCCACCATAAGTACTTCTGGC
GOQCGCACTTACTACAGGOATAGTGTGAAGGGAAGGTTTACCATTTC

CAGAGATAACTCAAAGAATACCCTGTACCTGCAAATGAACTCCCTCA

GGGCTGAAGATACGGCTGTGTACTACTGTGCTAAATTTCGACAATACT
CAGUGTOGOTTICACTATTGOGGCCAGCGOACACTCUTCGACTGTGTCA

TCAAGTCCCAATTCCGCCTCACATAGCGGAAGTGCCCCACAAACTTCC
TCCGCOCCAGGTTCTCAACGACATTUAATTOACGCAGUCOGAATAGCGT

CTCTACGAGCTTGOGGAGTACCGTTAAGCTTICATGTACTCTTTCCTC

COGUOTAACATACAGAACAACTACGTGUATTGGTACCAACTUTAUGAGGS
GCAGGTCTCCAACGACTATCATTTACGATCACGATAAACGACCTGAT

GGOOTCCCTGACCOGCTTTTCAGGAAGCATTGACACAAGCTCTAATTCC
GCOGTTTTTGACTATCCACAACGTAGCCGATIGAAGATCGAAGCAATTTAC
TTCTOTCATTCCTATGTATCCAGCTTITAACGTCTTCGGAGGTGGAACT

AAGTTCGACGGTACTCCGAGGOGGGAGGTGGETCTCACCACCATCACCA
CCACCATCAT

MO4D 25 AAGGTGGAGCAAGCGGTGGAGACAGAGCUGGAGCCCOGAGUTGCGLC

AGCAGACCGAGTGGCAGAGCGGCCAGCGUTOGGGAACTGGCACTGGG

TCOCTTTTCOGATTACCTGCGUTOGGOTGCAGACACTGTCTGAGCAGOT
GCAGGAGGAGCTGCTCAGCTCCCAGGTCACCCAGGAACTGAGGGCGC
TCGATGCGACGAGACCATGAAGGAGTTGAAGGCCTACAAATCGGAACTG
GAGCAACAACTCACCCUGGTOGUCGAGCGAGACGCOOGUAUGECTOT

CCAAGCGAGCTGCAGGCGGCGCAGGCCCGGLTGGGLGCGGACATGGA

GCACCTOTGCGGUCOCCTGUTGCAGCTACCGUGOCGAGUTOCAGGUCA
TGCTCGGCCAGAGCACCGAGGAGCTGLGOGTGCGLUTCGCOTCCGCC

CTGCOCECLCTOCOTAAGCGGUTCUTCCGUCATGCCOGATGACTTGQCA

GAAGCGCCTGGCAGTCTACCAGGLOGGLGGCCCGCGAGGGCGCCGAG

COCCGCUOTCAGUCGUCATCCCUCAGCOCCTOGGGOUCCUTGOTEGAACA
GGGCCGCETGCGGGCCGCCACTETGGGCTCCCTGGCCGGLCAGCLGT

(s
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TACAGOCAGCOGGCUCAGGCUTGOOGUCGAGCLGUTGCGCAGCECGGAT

GGAGGAGATGGGCAGCCGGACCCGEGACCGCCTGGACGAGGTGAAG
GAGQCAGUTOCGUCGUAGUGTGCOCECUAAGCTGGAGGAGCACGUGCUCAGE

AGATACGCCTGCAGGCCCGAGGCCTTCCAGGLECGCCTCAAGAGETGG
TTCGAGCCCCTGOTGOAACACATGCAGCGCCAGTGQGUCGGECTOOT
GGAGAAGGTGCAGGCTGCCGTGGGCACCAGCGCOGECCCTGTGCCCA
GCGACAATCACGGTGGAAGCAGTAGATCATCCAGTTCTGOGTGGGGGA
GCGATCCGGGOGLGGGGETGAGGTTCAGCTCCTTGAATCAGGUGGAGG
GCTCGTCCAACCAGGUGGATCTTTGCOOETGTCATGTGCCCGCATCOGE
ATTCACGTTCTCCTCCTTTCCCGATGGCATGGGTCGAGGCAAGCTCCTGG
AAAAGGTCTCCGAGTGGGTATCCACCATAAGTACTTCTGGCGEGGCGCA

CTTACTACAGGGATAGTGTGAAGCGGAAGGTTITACCATTTCCAGAGAT

AACTCAAAGAATACCCTCTACCTGCAAATGAACTCCOTCAGGGCTGA

AGATACGGCTOTGTACTACTOTGCTAAATTTCGACAATACTCAGCTGG
GTTTGACTATTGGGGCCAGGGCGACACTGGTCGACTCGTGTCATCAAGTCC
CAATTCUGCCTCACATAGCGGAAGTGCCCUACAAACTTCCTCCGLGLC
AGGTTCTCAAGACATTCAATTGACGCAGCLCGAATAGCGTCTCTACGA

GUTTGGGCGAGTACCGTTAAGCTTTCATOTAUTCTTTCCTCCGGTAACA
TAGAGAACAACTACGTGCATTGGTACCAACTCTACGAGGGCAGGTCT

CCAACGACTATGATTTACGATGACGATAAACGACCTGATGGGETCCC

TCACCGCTTTICAGCGAAGCATTCGACAGAAGCTCTAATTCCGCGTTTTT
GACTATCCACAACGTAGCOGATTGAAGATCAAGCAATTTACTTCTGTCA
TTCCTATGTATCCAGCTTTAACGTCTTCGGAGGTGGAACTAAGTTGAC
GGTACTCCGAGGGGURAGUETGGGTUTCACCACCATCACCACCACCATC

AT

CMO4E 26 CAGATCCAGCTGOGTGCAGTCCGGCCCAGAGCTCAAAAAGCCAGGUGA
GACCGTOGAAGATCTCCTGCAAGGCUAGCGGCTACACTTTCAAGAATT

ATGGCATCGAACTGGGTCGAAGCAGGCCCCCGGCAAGGGGCTGAAGTG

GATGGGOGTGGATTAACACCTATACCGGCCAGCCCATTTACGCCAACG

ATTTCAAGGGGAGATTCOCCTTTAGCCTGOAAACCAGCGCGAGCACT

GCCTATCTGCAGATCAACAATCTTAAGAATGAGGATACAGCCACCTA

CTTTTGCGCCUGGCATTOGGUCCCATACTOGOGCCAGGGCACCCTGE

TCGATCGTGTCCGCTTCCCCCAATTCTCCCTCCCACAGCGGCAGCGLCT
CACAGACTAGCTCCQCCCCUGUTTCCCAGAATATCATGATGACACAG

AGCCCTTCCAGLCTGGCCETGTCTGCCGGCGAAAAGCTGACCGTGAA

CTOGCAAGTCTAGCCAGTCTGTGCTOTACAGCTCCAATCAGATOAACTA
TCTGGCCTGGTACCAGCAGAAGCCTGGCCAGAGCCCTAAGCTGOTGA
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TTTACTGGGUCAGCACACGCCAGTCTOGOUTCCCTCACAGATITACCG
GTAGCGGAAGCGGCACAGATTTCACACTGACAATCTCTTCTGTGCAG
ACCOGAAGAUCTOGCAGTOTACTACTGTCTGCAGTATCTGAGCTUTTGE
ACTTTCGGCGGGGGGACCAAGCTGGAAATTAAGGGCGGATCTAGTCG
GTCATCCTCCAGTGOTGGTGOGGOTAGCGGGGOAGGUGOGTAAGGTGE
AGCAAGCGGTGGAGACAGAGCCGCGAGCCCCAGCTGCGCCAGCAGAL
COGAGTOGCAGAGCGGCCAGCOCTGOGAACTCGCACTGGOTCGOTTTT
GGOGATTACCTGCGCTGGGTGCAGACACTGTCTCGAGCAGGTGCAGGAG
GAGCTGUTCAGCTCUCAGOTCACCCAGGAACTGAGGGUGUTGATGGA
CGAGACCATGAAGGAGTTCAAGGCCTACAAATCGGAACTGGAGGAA
CAACTGACCCUGOTGOLUGUAGCAGACGCOGGGCALGOUTGTCCAAGG
AGCTGCAGGCGGCGCAGGCCCGGCTGGGCEGCECACATGCGAGGACGT
GTGCGGLCCGECTGGTGCAGTACCGCGGCGAGGTGCAGGCCATGLTCG
GUCAGAGCACCOAGOAGCTGCOGGTOCGCOTCGLCTUCOCCCTGLGC
GCCCTGUCGTAAGCGECTCCTCCGCGATGLCGATGACCTGCAGAAGCG
CCTGGUAGTGTACCAGGUCOQGEQCCUGUGAGGUOCOCUGAGCOCEGEC
TCAGCGCCATCCCGCGAGLGCOTGGOGCCCCTGGTGGAACAGGGLCGC
GTGCGOGUCGCCACTOTOGCUTCOCTGGCCOGECAGCCEGCTACAGGA
GCGGGCCCAGGCCTGHGGLGAGCGGLTECGLGCGCGHGATGGAGGAG
ATGOGGCAGCCGCGACCCOCCGACCOCUTGGACGAGGTGAAGGAGCAGE
TCGOGGAGGTGCGCGCCAAGCTOGAGGAGCAGGCCCAGCAGATACG
CCTGCAGGCCGAGGCOTTCCAGGCCOCGUCTCAAGAGCTOOTTCGAGC
CCCTGOTGGAAGACATGCAGCGCCAGTGGGCCGGOUTGUETGGAGAAG
GTGCAGGCTGCCOGTOGGCACCAGCOGCCOCCCOTGTOCCCAGUGATAA
TCACGOGTGGAAGCAGTAGATCATCCAGTTCTGGTGGGGGAGGATCCG
GOQGLOGOOGTOGAGGTTCAGCTCUTTGAATCAGGCGUAGGGCTCGTC
CAACCAGGCGGATCTTTGCOGCTGTCATGTGCOCGCATCCGGATTICACG
TTCTCCTCCTTTCCOATGOGUATOGOGTCAGOCAAGUTCUTGUGAAAAGCT
CTCGAGTGGGTATCCACCATAAGTACTTCTGGUCGGGCGCACTTACTAL
AGGCATAGTGTGAAGGGAAGGTTTACCATTTCCAGAGATAACTCAAA
GAATACCCTOGTACCTOCAAATOCAACTCUCTCAGGOCTCAAGATACGS
CYGTGTACTACTCTGCTAAATTTCGACAATACTCAGGTGCGGTTTGACT
ATTGGGOCCAGGGOACACTOOTCACTOTGTCATCAAGTCCUAATTCC
GCCTCACATAGCGCAAGTOCCCCACAAACTTCCTCCGCGCCAGGTTCT
CAAGACATTUAATTGACGCAGUCCGAATAGCGTCTCTACGAGCTTGGE
GAGTACCGTTAAGCTTTCATGTACTCTTTCCTCCGGTAACATAGAGAA
CAACTACGTGUATTGOGTACCAACTCTACGAGOGCAGOGTCTCCAACGA
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CTATOGATTTACCATOACCGATAAACGACCTGATC OGO TCCCTGACCECT
TTTCAGGAAGCATTGACACGAAGCTCTAATTCCGCGTTITTGACTATCC
ACAACOGTAGCCGATTOAAGATCGAAGUAATITACTTCTOGTCATTCCTATG
TATCCAGCTTTAACGTCTTCGGAGGTGGAACTAAGTTGACGGTACTCC
GAGOGGGOAGGTGOGTCTCACCACCATCACCACCACCATCAT

SMO4F 27 CAGATCCAGCTGGTOCAGTCOGOCCCAGAGCTCGAAAAAGCUAGGCGA
GACCGTGAAGATCTCCTGCAAGGCCAGCGGCTACACTTTCAAGAATT
ATGOCATGAACTCGGGTUAAGCAGGLCCCCGGCAAGGGGCTCAAGTG
GATGGGGTGCGATTAACACCTATACCOGCCAGCCCATTTACGCCAACG
ATTTCAAGGGGAGATTCGCCTTTAGCCTGUAAACCAGCGCGAGCACC
GCCTATCTGCAGATCAACAATCTTAAGAATGAGGATACAGCCACCTA
CTTTTGCGCCCGGGATTGGGGCCUATACTGEGGUCAGGGCACCUTGE
TCATCOTGTCCGCTTCCUCCAATTCTGCUTCUCACAGUGGCAGCELCT
CACAGACTAGCTCCGLCCCCGGTTCCCAGAATATCATGATGACACAG
AGCCCTTCCAGUCTOGCCOTOTCTGCUGGCEAAAAGGTCAUCGTGAA
CTGCAAGTCTAGCCAGTCTGTGCTGTACAGCTCCAATCAGATGAACTA
TCTGOCUTGOTACUAGCAGAAGCCTGOCCAGAGCCCTAAGUTGUTGA

GTAGCOGAAGUGOGCACAGATTTCACACTCGACAATCTCTITUTGTGCAG
ACCCGAAGACCTCGCAGTGTACTACTGTCTCGCAGTATCTGAGCTCTTGG
ACTTTCGGCOOGOGOGOGACCAAGCTGGAAATTAAGGOTGCGAAGCAGTAG
ATCATCCAGTAGTGOGGGGGGGCGGATCTGCGAGGTGGOGGAGAGGTG
COGGLUTGCAGCAGTCCGOCCCCGACTTGATCAAGCCCGGCCCOTCCGT
GAACGATGTCTTGCAAAGCCTCCOGGCTACACCTTCACAGGATATGTGAT
GCACTGGGTGAAGCAGAGGCCCGHCCAGGGACTGGAATGGATCGECT
TCATCAACCCATACAACGATGACATTCAGTCCAACGAGAGATTTAGG
GOAAAGCGUCACCCTCGACCAGTOGACAAATCAAGCACTACAGICTACAT
GCGAGCTGAGCTCACTGACCTCTCGAGCACTCCGCCGTGTATTACTGTGE
CAGAGGCGCCGGCTACAATTTTGACGGCGCCTACCGGTTCTTCGACTY
CTOGOOGUAGGOUACCACCUTGACCOTGTCCAGCTCCCCCAATAGTG
CCTCCCATTCTGGCTCCGCCCLECCAGACTAGCTCTGCCCCTGGETCCC
AGOGACGTGGTCGATCACCCAGTCCCCCCTGTCTCTGLCTOTGTCCUTGG
GAGACCAGGCCTCTATCAGCTGCCGGAGCTCTCAGAGGUTGGTGCAC
AGCAATCGOGAATACATACCTOCACTGUTACCTGCAGAAGCUAGGCCA
GAGCCCCAAGCTGCTGATCTACAGAGTCGAGCAACAGGTTCCCCGGAG
TCCCTOATAGOTTTAGCGOATCTOGCAGUCGUCACCGACTTCACTCTGA
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AGTCCACCCATGTGCCTTACACCTTTGOOGOAGGCACCAAGCTOGAG
ATTAAGAGGGGCGGGGGCOGGUTCCCACCACCACCATCALCCACCACCA
C

CMO4G 28 GUTGOACAGCCGCTGCAAGAGCGGGCACAAGUCTEGUEGUAAAGAL
TCAGGGUCCAGAATGGAAGAAATGGOGATCAAGAACAAGGGACAGGCT
COATCAGGTGAAGGAGUAAGTAGCAGAGGTTCGAGUAAAGCTGGAA
GAACAAGCTCAGCAGATTAGATTGCAAGCAGAGGCGGUTCAAGCACG
ACTCAAGAGCAGOTICGAGUCATTGGUTGAAGATATGCAGUGACAAT
GGGCTGGTCAGGTTCGAGAAAGTCCAAGCGGCOGUGAAGGGACCAGTGL
AGCACCOGGTACCATCCGACAATCATGOTGGAAGCAGTAGATCATCCA
GTAGTGGGGGGGGOGGATCTGGAGGTGOGGCAGAGGTGCGGCTGCA
GCAGTCCGGCCCCGACCTCGATCAAGCCLGUCOCUTCUGTOAAGATGET
CTTGUAAAGUCTCCOGUTACACCTTCACAGCGATATGTOATOCACTGGG
TCGAAGCAGAGGCCCGGCLAGGGACTGGAATGCGATCGGCTTCATCAAL
CCATACAACGATCGACATTICAGTCCAACCGAGAGATTITAGGGOGAAAGGC
CACCCTGACCAGTCGACAAATCAAGCACTACAGCCTACATGGAGCTGA
GCTCACTGACCTCTOAGUACTCCGCCUTOGTATTACTGTGCCAGAGGLG
CCGOGLTACAATTTTCGACGGCGCCTACCGOTTCTTCGACTTCTGGGGGC
AGOGCACCACCCTCACCOTGTCCAGCTCCCOCAATAGTGUCTUCCATY
CTGGCTCCGCCCCCCAGACTAGCTCTGCCCCTGGGTCCCAGGACGTGG
TCATCGACCCAGTCCCCCCTETCTCTGUCTGTGTCCUTGOGAGACCAGE
CCTCTATCAGCTGCCOGAGCTCTCAGAGGCTGGTGCACAGCAATGGG
AATACATACCTCGCACTOGTACCTGCAGAAGCCAGGCCAGAGCCCCAA
GCTGCTGATCTACAGAGTGAGCAACAGGTTICCCCGGAGTCCOTGATA
GGTTTAGCGGATCTOGOCAGCGGCACCUACTTCALTCTGAAGATTAGC
AGAGTGGAGGCCGAGGATCTGGGCATCTACTTTTGCTCTCAGTCCACC
CATGTGCCTTACACCTTTGOOGGUAGOCACCAAGCTCGGAGATTAAGADG
GGGCGGOGGECGGCTCCCACCACCACCATCACCACCACCALC

CMO4H 29 CAGATCCAGCTOOTOGCAGTCCGECLCAGAGCTGAAAAAGCUAGGCGA
GACCGTGAAGATCTCOTGCAAGGCCAGCGGCTACACTTTCAAGAATT
ATOGGCATGAACTGOUGTOAAGCAGGUCCCCGGLAAGGGGCTGAAGTO
GATGGOGGTGGATTAACACCTATACCOGCCAGCCCATTTACGCCAALG
ATTTCAAGGGCGAGATTCQCCTTTAGCUTCUAAACCAGCGCGAGCACC
GCCTATCTGCAGATCAACAATCTTAAGAATCGAGGATACAGCCACCTA
CTTTTGCGCCCOGOATTGGGGCCUATACTG GGG UCAGGGLCACCITGES
TCGATCGTGTCCGCTTCCCCCAATTCTGCCTCCCACAGCGGCAGLGLEC
CACAGACTAGUTCCOCCCCCOGGTTCCCACAATATCATGATGACACAG
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AGCCOTTCCAGCUTGOCUGTOTUTGUCGGUGAAAAGGTOACCOTGAA
CYTGCAAGTCTAGCCAGTCTGTGCTGTACAGCTCCAATCAGATCAACTA
TCTGGCCTGOQTACCAGCAGAAGCCTQOUCAGAGCCUTAAGCTGCTOGA
TTTACTGGGCCAGCACACGCGAGTCTGGGGTCCCTGACAGATTTACCG
GTAGUGGAAGCGGLCACAGATTTCACACTGACAATCTCTTCTGTGCAG
ACCGAAGACCTCGCAGTGTACTACTGTCTGCAGTATCTGAGCTCTTGG
ACTTTCGGCGGOGGOGLACCAAGUTGOAAATTAAGGGCGGATCTAGTCG
GTCATCCTCCAGTGGTGOTGGGGGTAGCGGGGGAGGCGGTGCTGGALC
AGCCGCTGCAAGAGCOGOGCACAAGUCTGGGOGOAAAGACTCAGGGC
CAGAATGCGAAGAAATGGGATCAAGAACAAGGGACAGGCTCGATGAG
GTGAAGGACCAAGTAGCAGAGGTTCGAGCAAAGCTGGAAGAACAAG
CTCAGCAGATTAGATTGCAAGCACGAGGCGGCTCAAGCACGACTCAAG
AGCAGGTTCCAGCCATTGGCTGAAGATATGCAGCCGACAATGGGCTGE
TCAGOGTTGAGAAAGTCCAAGCGGUGUAAGQCACCAGTGCAGCALCCE
GTACCATCCCACAATCATGGTGGAAGCAGTAGATCATCCAGTAGTGEG
GGOOCGGCOCATCTGOAGGTOOGLOAGAGGTGCGGUTGCAGCAGTCU
GGCCLCGACCTGATCAAGCCCGGLGCUTCCGTGAAGATGTCTTGCAA
AGCCTCCOGGCTACACCTTCACAGCGATATGTCATGCACTOGOTGAAGC
AGAGGCCCGGLCAGGGACTGCAATGCATCGGCTTCATCAACCCATALC
AACGATCGACATTCAGTCCAACGAGAGATTTAGOOGGAAAGGCCACCCT
GACCAGTGACAAATCAAGCACTACAGCCTACATGCAGUTGAGCTCAC
TCGACCTCTOAGOCACTCCGCCOGTOGTATTACTGTGUCAGAGGUGCCGGIT
ACAATTTTGACGGCGCCTACCGGTTCTTCCGACTTCTGGGGGCAGGGCA
CCACCCTGACCGTOGTCCAGCTCCCCCAATAGTGCCTCCCATTCTGGCT
CCGCCCCCCAGACTAGCTCTGCCCCTGGGTCCCAGGACGTGGTGATG
ACCCAGTCCCCCCTOTCTCTGCCTGTGTCCCTGOGGAGACCAGGCCTCT
ATCAGCTGCCOGGAGCTCTCAGAGGCTGGTGCACAGCAATGGGAATAC
ATACCTGCACTGOTACCTOGCAGAAGCCAGGCCAGAGCCCCAAGCTGE
TCATCTACAGAGTGAGCAACAGGTTCCCCGGAGTCCCTGATAGGTTT
AGCGGATCTGGCAGCGGCACCOCACTTCACTCTGAAGATTAGCAGAGT
GGAGGCCOAGGATCTGGGCATCTACTTTTGCTCTCAGTCCACCCATOT
GCCTTACACCTTTGGGGGAGGCACCAAGCTGGAGATTAAGAGGGGCG
GOQCUGOCTUCCACCACCACUATCACCACUACCAC
AAGGTGGAGCAAGUGETGGAGACAGAGUCGGAGCCLCGAGCTHCECT
AGCAGACCGAGTGGCAGAGCGGCCAGCGCTGOGGAACTGGCACTGGEG
TCOUTTTTGOUATTACCTGCOCTOGOTOUCAGACACTGTCTGAGCUAGGT
GCAGGAGGAGUTGCTCAGUTCCCAGGTCACCCAGGAACTGAGGGEGC

CMO41

5
<
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TCGATGGACGAGACCATCGAAGGAGTTGAAGOUCTACAAATCOGAACTG
GAGGAACAACTCGACCCCGGTGGCGGAGGAGACGLGGGCACGGOTET

CCAAGGAGUTGCAGGCOGCGLAGGCCCGOUTGUOOCGCGCACATGGA

GOACGTGTGCGGCCGLCTGOGTGCAGTACCGCGGUCGAGGTGCAGGCCA
TOCTCGGCCAGAGUACCGAGGAGCTGLGOOTGCGLCTUGCCTCCGLC
CTGCGCGCCCTGCOTAAGCGGCTCCTCOGCGATGCCGATGACCTGCA

GAAGCGUCTOGCAGTCTACCAGGLCOGGOGCCCGUGAGGOCGUCGAG

CGCGGCOTCAGCGCCATCCOCCAGCGCOTGGOGCCCCTGGTGGAACA
GGOCCGCGTGUGGOCCHCCACTOTGGGCTCCCTOGCCOGCCAGCLGT
TACAGGAGCGGGUCCCAGGCCTGGGGCGAGCGGCTGOGCGCGCGGAT

GGAGGAGATGGGCAGCCGGALCCGCGACCGUCTGGACGAGHGTGAAG
GAGCAGGTGGCGGAGGTGCOCGCCAAGCTGGAGGAGCAGGCCCAGE
AGATACGCCTGCAGGCCGAGGCCTTCCAGGCCCGECTCAAGAGCTGE
TTCCAGCCCCTGOTGOAACGACATGCAGCOCCAGTGGULCCOGGUTGOT
GGAGAAGGTGCAGGCTGCCGTGCGCACCAGCGCCGCCCOTETGCCCA
GCOACAATCAUGUTOGOAAGUAGTAGATCATCCAGTTCTGGTOGGGGA
GGATCCGGGGGLGGOGGTCAGGTGCGGCTGLAGCAGTCCGGUCCCGA
CCTOATCAAGCCCOOCOCCTCCOTOAACGATOTUTTGUAAAGCCTCCG

GCTACACCTTCACAGGATATGTGATCCACTGGGTGAAGCAGAGGCCC
GGCCAGOGACTGOGAATCGUGATCGOGCTTCATCAACCCATACAACGATGA
CATTCAGTCCAACCGAGAGATTTAGGGGAAAGGCCACCCTGACCAGTG
ACAAATCAAGCACTACAGCCTACATGGAGUTGAGCTCACTGACCTCT

GAGCACTCCGCCOGTGTATTACTGTGCCAGAGGCGCCGGETACAATTTT
GACGOCOCCTACCOOGTTCTTCGACTTCTGGOGGCAGGGCACCACCCT

GACCGTGTCCAGUTCCCCCAATAGTGCCTCCCATTCTGGCTCCGCCCC
CCAGACTAGCTCTGCCCCTGGGTUCCAGGACGTGGTGATGACCCAGT

CCCCCCTGTCTCTGCOTGTGTCCCTGGGAGACCAGGUCTCTATCAGCT
GCCGGAGUTCTCAGAGGCTGGTGUACAGCAATGGGAATACATACCTG
CACTGGTACCTGCAGAAGCCAGGCCAGAGCCCCAAGCTGCTGATCTA
CAGAGTGAGCAACAGGTTCCCCGGAGTCCCTGATAGGTTTAGCGGAT
CTGGCAGCOGUGUACCOAUTTCACTUTGAAGATTAGCAGAGTGCAGOCT
GAGGATCTGGGCATCTACTTTTGCTCTCAGTCCACCCATGTGCCTTAC
ACCTTTGOQOGOAGCCACCAAGUTCGUAGATTAAGAGOOGCGOGGOECG
GCTCCCACCACCACCATCACCACCACCAL

CMO4T 31 CAGATCCAGCTGGTGCAGTCCGGCCCAGAGUTCGAAAAAGCCAGGCGA
GACCGTCGAAGATUTCUTGCAAGGUCAGUGGCTACACTTTCAAGAATT
ATGGCATGAACTGOGTGAAGCAGGCCCCCGGCAAGGGGUTGAAGTG
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GATGGGOTGCGATTAACACCTATACCGGCCAGCCCATTTACGCCAACG
ATTTCAAGGGGAGATTCGCCTTTAGCCTGGAAACCAGCGCGAGCACC
GUCTATCTGCAGATCAACAATCTTAACGAATGAGGATACAGCCACTTA
CTTTTGCGCCCGGOATTGGGGCCCATACTGGGGCCAGGGCACCOTGE
TCATCOGTGTCCGCTTCCCCCAATTCTOCOTCUCCACAGUGOCAGCGLCT
CACAGACTAGCTCCGCCCCOGGTTCCCAGAATATCATGATGACACAG
AGCCCTTCCAGCCTGGCCOTOTCTGCCGLCGAAAAGUGTGALCGTGAA
CTGCAAGTCTAGCCAGTCTGTGCTCGTACAGCTCCAATCAGATGAACTA
TCTGOCCTGOTACCACCAGAAGCCTGGCCAGAGCCCTAAGITGCTGA.
TTTACTGGGCCAGCACACGCGAGTCTGGGGTCCCTGACAGATTTACCG
GTAGCOGGAAGUGGCACAGATTTCACACTGACAATCTCTITCTGTGUAG
ACCGAAGACCTCOCAGTGTACTACTGICTGCAGTATCTGAGCTCITGE
ACTTTCGGCGGGGGGACCAAGCTCGGAAATTAAGGGCGGATCTAGTCG
CTCATCCTCCAGTOOTGUTOGGECTAGCOOGOCAGGCGUTAAGETGG
AGCAAGCGOTGGAGACACGAGCCGGAGCCCGAGUTGCGCCAGCAGALC
COAGTOGCAGAGCGGCCAGCOCTOOUAAUTGOUACTGOQTCEGCTTTT
GGGATTACCTGCGCTGCGTGCACGACACTGTCTCAGCAGGTGCAGGAG
CAGQCTOCTCAGCTUCCAGGTCACCUAGCGAACTGAGGGCGCTGATGOA
CGAGACCATGAAGGAGTTGAAGGCCTACAAATCGGAACTGGAGGAA
CAACTGACCCCGGTOOCHOAGCAGACGUGOGGCACGGUTGTCCAAGE
AGCTGCAGGCGGUGCAGGCCCOGCTGOOGCGUGGACATGGAGGACET
GTGCEOCCGCCTOQOTOCAGTACCOCOGCGAGGTGUAGGCCATCCTCG
GCCAGAGCACCGAGGAGCTGOGEGTGCGCCTCGCCTCCGLCCTGLGE
GCCCTGCGTAAGCGGCTCCTCCGUGATGCCGATGACCTGCAGAAGCG
CCTGGCAGTGTACCAGGCCGGGGLECCGLCGAGGGLCGCCGAGCGLGECC
TCAGCGUCATCCGUGAGCOGCCTGGGOUCCCTGOTGGAACAGGGCLGE
GTGCGGGCCGCCACTEGTGGECTCCOTGGCUGGCCAGCCGCTACAGGA
GCOGGCCCAGGLCTGGGGLGAGCGGCTECECHECGCGEATOGGAGGAG
ATGGGCAGCCGGACCCOCCACCGCCTGCACGAGGTGAAGGAGCAGG
TGGCCGGAGGTGCGUGCCAAGLCTGCGAGGAGCAGGCCCAGCAGATALCG
CCTGCAGOCUGAGGUCTTCCAGGCCCOCUTCAAGAGUTCGOTTUGAGC
CCCTGGTGGAAGACATGCAGCGCCAGTGGGLCGGOCTGHGTGGAGAAG
GTGCAGGUTGCCETOGUCACCAGCOCCGCCUCTOTGCCCAGCUACAA
TCACGGTGGAAGCAGTAGATCATCCAGTTICTGGTGGGGGAGGATCCG
GGOOCOCOOGTCAGOTGCOGCTGCACGCAGTUCOGUCCUGACCTOATT
AAGCCCGGCGECTCCGTGAAGATOCTCTTGCAAAGCCTCCGGCTACAL
CITCACAGGATATCGTGATCGCACTOOGTOAAGCAGAGGCCCGGUCAGE
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GACTOGOAATGOATCOGUTTCATCAACCCATACAACGATCGACATICAG
TCCAACGAGAGATTTAGGGGAAAGGCCACCCTGACCAGTCGACAAATC
AAGCACTACAGCCTACATOCGAGCTOAGUTCACTOACCTUTGAGGACT
CCGCCOGTGTATTACTGTGCCAGAGGCGCCGGCTACAATTTTGACGGCG
CCTACCGOGTTCTTCGACTTCTGOGGOGCAGOGCACCACCCTGACCHTOT
CCAGCTCCCCCAATAGTGCCTCCCATTCTGGCTCCGCCCOCCAGACTA
GCTCTGCCCCTOOGTCCCAGGACGTGOTCGATCACCCAGTCCCCCCTOT
CTCTGCCTGTGTCCCTGGGAGACCAGGCUTCTATCAGCTGCCGGAGOT
CTCAGAGGUTGOGTGCACAGCAATOGOGAATACATACCTGCACTOGTAL
CTGCAGAAGCCAGGCCAGAGCCCCAAGCTGCTGATCTACAGAGTGAG
CAACAGGTTCCCCOOAGTCCCTOATAGGTTTAGUGOATCTGGCAGEG
GCACCGACTTCACTCTGAAGATTAGCAGAGTGGAGGCCGAGGATCTG
GGCATCTACTTTTGCTCTCAGTCCACCCATGTGCCTTACACCTTTGGG
GOAGGCACCAAGCTGOAGATTAAGAGGOGCLGOGCCGHUTCCUALC
ACCACCATCACCACCACCAL

CMO4K 32 CAGATCCAGCTGGTGCAGTCCGGCCCAGAGUTCGAAAAAGCCAGGCGA
GACCGTCGAAGATUTCUTGCAAGGUCAGUGGCTACACTTTCAAGAATT
ATGGCATGAACTGOGTGAAGCAGGCCCCCGGCAAGGGGUTGAAGTG
CGATGGGOTGOATTAACACCTATACCGOGCCAGCCCATTTACUGCCAALCG
ATTTCAAGGGGAGATTCGCCTTTAGCCTGGAAACCAGCGCGAGCACT
GCCTATCTGCAGATCAACAATCTTAAGAATOAGUGATACAGCCACCTA
CTTTTGCGCCCGOGGATTGGGGCCCATACTGGOGCCAGGGCACCCTOG
TGATCGTGTCCGUTTCCCCCAATTUCTGUCTCCCACAGCGGCAGLGLCC
CACAGACTAGCTCCGCCCCCOGGTTCCCAGAATATCATGATGACACAG
AGCCCTTCCAGCUTGOCCGTGTUTGUCOGUGAAAAGGTCACCOGTGAA
CTGCAAGTCTAGCCAGTCTGTGCTGTACAGCTCCAATCAGATCGAACTA
TCTGGCCTOOTACCAGCAGAAGCCTGGLCAGAGCCLCTAAGCTGCTGA
TTTACTGGGCCAGCACACGCCAGTCTGGOUGTCCOTGACAGATITACCG
GTAGCGGAAGCGGCACAGATTTCACACTGACAATCTCTTCTGTGCAG
ACCOGAAGAUCTOGCAGTOTACTACTGTCTGCAGTATCTGAGCTUTTGE
ACTTTCCGEGGGGGGACCAAGUTGGAAATTAAGGGTGGAAGCAGTAG
ATCATCCAGTTCTGGTOGUOOCAGCATCCGOOGOCGEGOUETCAGATUC
AGCTCGTACAAAGTGGTCCAGGTCTCAAAAAACCAGGAGGAAGCGTYC
CGOATAACCTOCGUCQCTTCAGGATATACCTTITACCGAATTACGGTATG
AATTGGGTAAAACAGGCTCCGGGAAAAGGACTCAGATGGATGGGGT
GGATCAATACGCACACGGGCOAGUCOACTTACGCGGATCATTTTAAG

GGTCGCTITACTTTTTCCCTCCGACACCTCAAAATCCACTGCCTATCTGO
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AAATAAACAGTCTTCGCGCACAGOATACAGUCACCTATTTTTGCACA
AGGCGGGGGTACGATTGGTATTTCGATGTATGGGGGCAGGGTACAAL
GOTAACAGTOAGTICAAGTCCCAACAGCGCUTCTCACAGCGOCAGUG
CACCTCAGACGAGCTCTGCTCCTGGCAGCCAAGACATCCAGATGACC
CACGAGCCCTTCCTCTATGTCCOGCATCCCTCOGAGACCGUGTAACAATO
ACATGTCGAGCCAGTCAAGACATCAATAGCTATCTTAGTTGGTTCCAG
CAGAAACCTOGAAAAAGTCCTAAGACCCTTATTTATAGAGCGAATAG

TCACTACACCCTTACTATCTCCTCTCTGCAATACGAAGACTTCGGUAT
TTATTATTGCCAGCAATATCGATGAGTCTCCCTGGACTTTCGGTGGGGE
GACCAAGTTGGAAATAAAAGOCOGGOGCOGUTCCCACTCACCACCATC
ACCACCACCAC
GCTGOACAGCUGUTGCAAGAGUGGGCACAAGCUTCGGOGLGAAAGAC
TCAGGGCCAGAATGCAAGAAATGGUATCAAGAACAAGGGACAGGCT
COGATCAGOTCGAAGGAGCAAGTAGCAGAGOTTCGAGCAAAGCTGGAA
GAACAAGCTCAGCAGATTAGATTGCAAGCAGAGGCGGCTCAAGCACG
ACTCAAGAGCAGGTTCCGAGCCATTOGCTGAAGATATGCAGCCATAAT
GGGCTGGTCAGGTTCAGAAAGTCCAAGCGGCGGAAGGGACCAGTGC
AGCACCGUTACCATUCGACUAATCATGOTCOAAGCAGTAGATCATCCA
GTTCTGGTGGGEGAGGATCCGGGGECGHGGHTCAGATCCAGETCGTA
CAAAGTGGTCCAGOGTCTCAAAAAACCAGCGAGGAAGCGTCOGGATAA
GCTGCGCCGCTTCAGGATATACCTTTACGAATTACGGTATGAATTGGG
TAAAACAGGCTCCGOGAAAAGGACTCAGATOGATGGGOTCGGATCAAT
ACGCACACGGGCGAGCCCACTTACGCGGATGATTTTAAGGGTCGCTT
TACTTTTTCCCTCOACACCTCAAAATCCACTGCCTATCTGCAAATAAA
CAGTCTTCGCGCAGAGGATACAGCCACCTATTTTIGCACAAGGCGGG
GOTACGATTGOTATTTCOGATGTATGGOGGCAGOGGTACAACGGTAACA
GTGAGTTCAAGTCCCAACAGCGCCTCTCACAGCGGCAGCGCACCTCA
GACGAGUTCTGUTCCTGGCAGCCAAGACATCCAGATGACCCAGAGCC
CITCCTCTATOTCCGCATCCUTCOCGAGACCGCOTAAUAATCACATETC
GAGCCAGTCAAGACATCAATAGCTATCTTAGTTGGTTCCAGCAGAAA
CCTGCAAAAAGTUCTAACACCCTTATTTATACAGCCGAATAGGTTGGTT
GATGGAGTCCCOTCTAGGTTTAGCGGGTCTGGGTCTGGGACTGACTAL
ACCCTTACTATCTCOTCTUTGCAATACCGAAGACTTCOGGCATTTATTATT
GCCAGCAATATGATGAGTCTCCOTGGACTTTCGGTGGGOGGGACCAAG
TTGOAAATAAAAGGCGGGOGUGUCTOCCACCACCACCATCACCACTA
CCAC

CMO4L 3!

5]
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CMO4M 34 CAGATCCAGCTOOTOGCAGTCCGECLCAGAGCTGAAAAAGCUAGGCGA
GACCGTGAAGATCTCOTGCAAGGCCAGCGGCTACACTTTCAAGAATT
ATOGGCATGAACTGOUGTOAAGCAGGUCCCCGGLAAGGGGCTGAAGTO
GATGGOGGTGGATTAACACCTATACCOGCCAGCCCATTTACGCCAALG
ATTTCAAGGGGAGATTCGCCTTTAGCCTGUAAACCAGCGCGAGCACC
GCCTATCTGCAGATCAACAATCTTAAGAATGAGGATACAGCCACCTA
CTTTTGCGCCCGGGATTGGGGCCUATACTGEGGUCAGGGCACCUTGE
TCGATCOGTGTCCGCTTCCCCCAATTCTGCCTCCCACAGCGGCAGCGCLC
CACAGACTAGUTCCOCCCCCOGGTTCCCACAATATCATGATGACACAG
AGCCCTTCCAGCCTGGCCGTGTCTGCCGGCGAAAAGGTCGACCGTGAA
CTOCAAGTCTAGCCACTCTOTOCTGTACAGCTCCAATCACATGAACT/
TCTGGCCTGOGTACCAGCAGAAGCCTGGCCAGAGCCCTAAGCTGCTGA
TTTACTGGGCCAGCACACGCGAGTCTGGGGTCCCTGACAGATTTALCCG
GTAGCOGAAGUGOGCACAGATTTCACACTCGACAATCTCTITUTGTGCAG
ACCCGAAGACCTCGCAGTGTACTACTGTCTCGCAGTATCTGAGCTCTTGG
ACTITCGGCOOCOGCACCAAGCTOCOAAATTAAGGOCGCATCTAGTCG
GTCATCCTCCAGTGGTGGTGGGGGTAGCGGGGGAGGLGETGETGGAC
AGCCCUTGCAAGAGCOOGUACAAGCUTCUOGUGUOGAAAGACTUAGGGT
CAGAATGGAAGAAATGGCATCAAGAACAAGGGACAGGCTCGATCGAG
GTGAAGOAGCAACGTAGCAGAGGTTCOGAGCAAAGUTGOAAGAACAAG
CTCAGCAGATTAGATTGCAAGCAGAGGCGGCTCAAGCACGACTCAAG
AGCAGOGTTCGAGCCATTGGCTCAAGATATGCAGCGACAATGGOUTGE
TCAGGTTGAGAAAGTCCAAGCGUGCGGAAGGGACCAGTGCAGCACCG
GTACCATCCCACAATCATGOGTOCGAAGCAGTAGATCATCCAGTTCTGG
TCGGGGAGGATCCGGGGGCOEGEGTCAGATCCAGCTCGTACAAAGTG
GTCCAGOGTCTCAAAAAACCAGGAGGAAGCGTCCOGATAAGCTGCGCC
GCTTCAGCGATATACCTTTACGAATTACGGTATGAATTGGGTAAAACA
GGCTCCGOOAAAAGGACTCAGATGCGATCGOGOTGCATCAATACGCACA
CGGGCGAGCCCACTTACGCGGATCATTTTAAGGGTCGOTTTACTTTTT
CCCTCGACACCTCAAAATCCACTGCCTATCTGCAAATAAACAGTCTTC
GCECAGAGCATACAGCCACUTATTTTTGCACAAGGCOGGOGGTACCAT
TCGGTATTTCGATCTATGGGGGCAGGGTACAACGGTAACAGTGAGTTC
AAQTCCCAACAGCGCUTCICACAGCOGCAGUCCAUCTCAGACGAGCT
CTGCTCCTGGCAGCCAAGACATCCAGATCACCCAGAGCCCTTCCTCTA
TCTCCGUATCCCTCOOGAGAUCGCOTAACAATCACATOTCOAGUCAGT
CAAGACATCAATAGCTATCTTAGTTGCTTCCAGCAGAAACCTGUAAA
AAGTCCTAAGACCCTTATTTATAGAGCGAATAGGTTOGTTGATGGAGT
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CCCOTCTAGGTTTAGCOOCTCTGCUTCTOGCACTCACTACACCCTTALC
TATCTCCTCTCTGCAATACGAAGACTTCGGCATTTATTATTGCCAGCA
ATATCGATCGAGTCTCCCTGCACTTTCOGOTCOOUGUOGACCAAGTTGCAAA
TAAAAGGCGGGGGCGGCTCCCACCACCACCATCACCACCACCAC
CMO4AN 35 AAGCGTCGGACCAAGCGGTGGAGACAGAGCCGGAGCLCCGAGCTGCGCC
AGCAGACCGAGTGGCAGAGCGOECAGCGCTGGGAACTGGCALTGEG
TCGCTTTTGGGATTACCTGCGCTGOGGTGCAGACACTGTCTGAGCAGGT
GCAGGAGCGAGCTGCTCAGUTCCCAGGTCACCCAGGAALTGAGGGCGU
TCGATGGACGAGACCATCAAGGAGTTGAAGGCCTACAAATCGGAACTG
GAGGAACAACTCACCCCOGGTOGCGGAGGAGACGLGOGCACGGUTAT
CCAAGGAGCTGCAGGCOGCGCAGGLLCGGCTGOGCGCGUGACATGCGA
GOACGTGTGCGGCCGLCTGOTOCAGTACCGCOGCGAGGTGCAGGCCA
TGCTCGUGCCAGAGUACCGAGCGAGCTCUGOOTCUGCCTUGCCTTCGLC
CYGCGCGCCCTGLOGTAAGCGGCTCCTCCGCGATGLCGATGACCTGCA
CGAAGCGUCTOGCAGTOTACCAQGUCOQGEGGCCCGLCAGGOCGCCGAG
CGCGGCCTCAGCCCCATCCCCCAGLGLCTGGOGCCCCTGGTGGAACA
GGOCCCLGTOGUGOGRCCHCCACTOTCGLGCTCCCTOGCCOOCCAGCUGU
TACAGGAGCGGGCCCAGECCTGGGGCGAGCGGUTGEGCGCGUGGAT
GGAGGAGATGGGCAGCCGGACCCGCGACCGUCTGUACGAGGTGAAG
GAGCAGUTGGCGGAGGTGUGCGCCAAGCTGGAGGAGCAGGCCCAGT
AGATACGCCTGCAGGCCGAGGCCTTCCAGGCCCGCCTCAAGAGCTOE
TTCGAGCCCOTGGTGCAAGACATGCAGCGCCAGTGGECCGGOCTGET
GOAGAAGGTOGCAGOCTGCCGTGOGCACCAGCGCCGCCCOTGTOCCCA
GCCGACAATCACGGTGGAAGCAGTAGATCATCCAGTTCTGGTGGGGGA
GGATCCOGGGOGUGGGOOTCAGATCCAGUTCOTACAAAGTGOTCCAGE
TCTCAAAAAACCAGGAGGAAGCGTCCGCGATAAGCTGCGCCGCTICAG
GATATACCTTITACGAATTACGOTATGAATTGGCGTAAAACAGOCTCCG
GGAAAAGGACTCAGATGGATGGGGTGGATCAATACGCACACGGGCG
AGCCCACTTACGCGGATCATTTTAAGGGTCGCTTTACTTTTTCCOTCG
ACACCTCAAAATCCACTCGCUTATCTGCAAATAAACAQTCTTCGCGUAG
AGGATACAGCCACCTATTTTTGCACAAGGCGGGGGTACGATTIGGTAT
TTCGATGTATCGGCGOGCAGOUTACAACGOTAACAGTCACTTUAAGTCC
CAACAGCGCCTCTCACAGCGGLCAGCGCACCTCAGACGAGCTCTGLTC
CTOGCAGCCAAGACATCCAGATOACCCAGAGCCUTTCUTCTATGTCCE
CATCCCTCOGGAGACCGCOGTAACAATCACATGTCCGAGCCAGTCAAGALC
ATCAATAGCTATUTTAGTTGOTTCCAGCAGAAACCTGOGAAAAAGTCCT

AAGACCCTTATTTATAGAGCGAATAGGTTGGTTGATGGAGTCCCGTCT
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AGOTTTAGCOGUTCTCGOTCTGGOACTCACTACACCCTTACTATCTUC
TCTCTGCAATACGAAGACTTCGGCATTTATTATTGCCAGCAATATGAT
CGAGQTCTCCCTOOAUTTTCGOTGOOGOCGACCAAGTTGGAAATAAAAGG
CGGOGGCGOCTCCCACCACCACCATCACCACCACCAC

CMO40 36 CAGATCCAGCTGGTGCAGTCCGGCCCAGAGUTCGAAAAAGCCAGGCGA
GACCGTGAAGATCTCUTGCAAGGUCAGCGGUTACACTTTCAAGAATT

ATGGCATGAACTGOGTGAAGCAGGCCCCCGGCAAGGGGCTGAAGTG

GATGGOGOGTGOATTAACACCTATACCOGCCAGCCCATTTACGCCAALCG

ATTTCAAGGCGCGACATTCGCCTTTAGCCTGGAAACCAGCGCGAGCACC

GCCTATCTGCAGATCAACAATCTTAAGAATOAGUGATACAGCCACCTA

CTTTTGCGCCCGOGGATTGGGGCCCATACTGGOGCCAGGGCACCCTOG

TGATCGTGTCCGUTTCCCCCAATTUCTGUCTCCCACAGCGGCAGLGLCC
CACAGACTAGUTCCOCCCCCOOTTCCUAGAATATCATGATGACACAG

AGCCCTTCCAGCLTGGCCETGTCTGLCGGLGAAAAGGTGACCGTGAA
CTOCAACTCTAGCUAGTCTOTOCTOTACAGCTCCAATUCAGATCAACTA
TCTGGCCTGGTACCAGCAGAAGCCTGGCCAGAGCCCTAACGCTGCTGA

TTTACTGGGUCAGCACACGCCAGTCTOGOUGTCCCTCACAGATTITACCG
GTAGCGGAAGCGGCACAGATTTCACACTGACAATCTCTTCTGTGCAG

ACCOGAAGAUCTOGCAGTOTACTACTGTCTGCAGTATCTGAGCTUTTGE
ACTTTCGGCGGGGGGACCAAGCTGGAAATTAAGGGCGGATCTAGTCG
GTCATCCTCCAGTGOTGGTGOGGOTAGCGGGGOAGGUGOGTAAGGTGE
AGCAAGCGGTGGAGACAGAGCCGCGAGCCCCAGCTGCGCCAGCAGAL

COGAGTOGCAGAGCGGCCAGCOCTGOGAACTCGCACTGGOTCGOTTTT
GGOGATTACCTGCGCTGGGTGCAGACACTGTCTCAGCAGGTGCAGGAG
GAGCTGUTCAGCTCUCAGOTCACCCAGGAACTGAGGGUGUTGATGGA
CGAGACCATGAAGGAGTTCAAGGCCTACAAATCGGAACTGGAGGAA

CAACTGACCCUGOTGOLUGUAGCAGACGCOGGGCALGOUTGTCCAAGG

AGCTGCAGGCGGCGCAGGCCCGGCTGGGCEGCECACATGCGAGGACGT

GTGCGGLCGECTGGTGCAGTACCGCGGCGAGGTGCAGGCCATGLTCG
GUCAGAGCACCOAGOAGCTGCOGLTOQCGCOTCGLCTUCOCCCTOGLGC
GCCCTGUCGTAAGCGECTCCTCCGUGATGCCGATGACCTGCAGAAGCG
CCTGGUAGTGTACCAGGUCOQGEQCCUGUGAGGUOCOCUGAGCOCEGEC
TCAGCGCCATCCCGCGAGLGCOTGGOGCCCCTGGTGGAACAGGGLCGC
CTGCOOCGUCGCCACTOTOGCUTCOCTGGCCOGECAGCCEGCTACAGGA
GCGOGCCCAGGCCTGHGGLGAGCGGUTECGLGCGCGHGATGGAGGAG

ATGGGCAGCCGOACCCGCOACCGCUCTOGACGAGGTOAAGGAGCAGE

TCGCGGAGGTGCGCGCCAAGCTCGACGGAGCAGGLCCAGCAGATACG

=70~
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CCTGCAGOCUGAGGUCTTCCAGGCCCOCUTCAAGAGUTCGOTTUGAGC
CCCTGGTGGAAGACATGCAGCGCCAGTGGGLCGGOCTGHGTGGAGAAG
GTGCAGGUTGCCETOGUCACCAGCOCCGCCUCTOTGCCCAGCUACAA
TCACGGTGGAAGCAGTAGATCATCCAGTTICTGGTGGGGGAGGATCCG
GGOGCOGOOGTCAGATCCAGCTCGTACAAAGTOGOTCCAGGTCTCAAA
AAACCAGGAGGAAGCGTCCGGATAAGCTGCGCCGCTTCAGGATATAC
CITTACGAATTACGGTATGAATTCGOGTAAAACAGGCTCCOGGHGAAAAG
GACTCAGATGGATGGGGTGCATCAATACGCACACGGGUGAGCCGACT
TACGCGGATGATTTTAAGGGTCGCTTTACTTITTITCCCTCGACACCTCA
AAATCCACTGCCTATCTGCAAATAAACAGTCTTCGCGCAGAGGATAC
AGCCACCTATTTITTOCACAAGCGCOGGOOTACGATTICGTATTTCCGATOT
ATGGGGGCAGGGTACAACGGTAACAGTGAGTTCAAGTCCCAACAGCES
CCTCTCACAGCGGCAGCGCACCTCAGACGAGCTCTGCTCCTGGCAGC
CAAGACATCCAGATCACCCAGAGCCUTTCUTCTATGTCCGUATUCCTC
GOGAGACCGCGTAACAATCACATGTCGAGCCAGTCAAGACATCAATAG
CTATCTTAGTTOOTTCCAGCAGAAACCTOOAAAAAGTCUTAAGACCCT
TATTTATAGAGCGAATAGGTTGGTTGATGGAGTCCCGTCTAGGTTTAG
CGOUTCTOGOTCTOGUACTOACTACACCCTTACTATCTCCTUTCTGCA
ATACCGAAGACTTCGGCATTTATTATTGCCAGCAATATGATGAGTCTCC
CTGGACTTTCOGOTGGOGGGACCAAGTTOGOAAATAAAAGGCGGOGGLG
GCTCCCACCACCACCATCACCACCACCALC
CAGATCCAGCTGOGTGCAGTCCGGCCCAGAGCTCAAAAAGCCAGGUGA
GACCGTOGAAGATCTCCTGCAAGGCUAGCGGCTACACTTTCAAGAATT
ATGGCATCGAACTGGGTCGAAGCAGGCCCCCGGCAAGGGGCTGAAGTG
GATGGGOTGOATTAACACCTATACCGOCCAGUCCATTITACGCCAACG
ATTTCAAGGGGAGATTCGCCTTTAGCCTGCAAACCAGCGCGAGCACC
GCCTATCTGCAGATCAACAATCTTAAGAATGAGGATACAGCCACCTA
CTTTTGCGCCCGGCATTGGGGCCCATACTGGGGCCAGGGCACCCTGE
TCGATCGTGTCCGCTTCCCCCAATTCTCCCTCCCACAGCGGCAGCGLCT
CACAGACTAGCTCCQCCCCUGUTTCCCAGAATATCATGATGACACAG
AGCCCTTCCAGLCTGGCCETGTCTGCCGGCGAAAAGCTGACCGTGAA
CTOGCAAGTCTAGCCAGTCTGTGCTOTACAGCTCCAATCAGATOAACTA
TCTGGCCTGGTACCAGCAGAAGCCTGGCCAGAGCCCTAAGCTGOTGA
TTTACTGGGCUAGCACACGUCAGTCTGGOOTCCCTOACAGATTITACCE
GTAGCGGAAGCGGCACAGATTTCACACTGACAATCTCTTCTGTGCAG
ACCGAAGACUTCOCAGTOTACTACTOTCTGCAGTATCTGAGUTCTTGG
ACTTTCGGCOGGGGGGACCAAGCTGGAAATTAAGCGGTGGAAGCAGTAG

CMO4P

[=3]
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ATCATCCAGTAGTGOGOUOGOGCEGATCTGOAGGTOGGGGACAGGTE
AAACTGCAGCAGTCTGGCCCCGAGCTGAAGAAGCCCGGLGAGACCET
GCAAGATCTCCTGCAAGOCUTCUCGUGCTACACCTTITACCAATTACGGAAT
GAACTGGOTGAAGCAGGCTCCAGGAAAGGGLCTGAAATGGATGGGC
TGGATCAACACTTATACTGGCGAGAGUACCTACGCAGACGATTTCAA
GOGGTAGGTTCGCATTTAGCCTGGAGACCTCCGCCAGCGCCGCCTACCT
GCAGATCAATAATCTCAAAAACGAGGACACAGCCACCTATTTCTOCE
CCCGOTTTGCCATCAAAGGCGGATTACTGGGGCCAGGGCACCACAGTG
ACCOTOTCCTCOTCCCCCAATAGTOGCCTCCCATTCTOOCTCCGECLCT
CAGACTAGCTCTGCCCCTGGOGTCCCAGGATATIGTCCTGACCCAGTCC
CCATTCTCCAACCCCOTCGACCCTGGGOACCAGCOCCTCCATTAGCTET
AGGTCAACTAAGAGCCTGCTGCACAGCAATCGGAATCACCTACCTGTA
CYGGTACCTGCAGAAGCCAGGCCAGTCCCCTCAGCTGCTGATCTACCA
GATCGAGCAACCTOGCUTCAGOGCOTGCUTCATCOGTTTTICCAGUTCCOG
CAGCGCGCACCGACTTCACCCTGCGGATCTCCAGGGTGGAGGUTGAAG
ACGTGOGGOTOTACTACTGCOCUCAGAACCTOUAGATCUCTAGGACA
TTTGGAGGCGGCACCAAGCTGGAGATCAAGGGCGGGGGCGGCTCCCA
CCACCACCATCACUACCACCAC

Table 5 Ammno Acid Sequences of Domains of Multi-Specific Reagent Constructs

Construct: SEGQ 1D | Sequence:
N

Anti-PEG (scFv) | 38

CIQLVOSGPELEKPGETVKISCKASGYTFKNYOCMINWVKQAPCGEGLK
WMGOWINTYTGQPIY ANDFKGRFAFSLETSASTAYLQINNLKNEDTAT
YECARDWGPYWGQGTL VIVSASPNSA SHSGSAPQTSSAPGRQNIMM
TQSPSSLAVSAGEKVTVNCKSSQS VLY SSNQMNYLAWYQQEPGQSP
KLLIYWASTRESGVPDRETGSGSGTDFTLTISSVOTEDLAVYYCLQYL
SSWITGGGTKLEIK

Linker 2

b2

GGBSRESSSGGGGSGGG06

Ant-CO3 (scbo) | 39

EVQLLESGGOGLVQPGGSLRLSCAASGEHTT SSFPMAWVRQAPGKGLE
WYSTISTSGGRTYYRDSVKGRETISRDNSKNTLYLOMNSLRAEDTAY
YYUAKFRQYSGOFDYWOGQGTLVTVSSAPNSASHSGSAPQTSSAPGSQ
DIQUTOPNSVITSLGSTVKLSCTLSSGMIENMNY VHW Y QL YEGRSPTT
MIYDDDKRPDGVPDRISGSIDRSSNSAFL TIHNVAIEDEATYFCHSYVS
SENVEGGGTKLTVER

ST
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Mutated Apok3 | 40 AGQPLOERAQAWGERLRARMEEMGSRIRDREDEVEEQVAEVRAKL
LBD dipd FEQAQQIRLQAEAAQARLKSRFEPLAFDMQRQWAGQVEK VQAAEG
bindmg demain) TSAAPVPSOINH

Mutated ApoE3 | 41 KVEQAVETEPEPELROQTEWQSGQRWELALGREWDYLRWVQTLRE
FL (full length) QVQEELLSSQVTQELRALMDETMKELKAYKSELEEQLTPVAEETRA
RELSKELQAAQARLCGADMEDVUGRLVGYRGEVQAMLGOSTEELR VR
LASALRALRKRLERDADDEOKRLAVYQAGAREGAHRGLSAIRERLG
PLVEQUGRVRAATVGSLAGQPLOERAQAWGERLRARMEEMGSRTRD
REDEVKEQVAEVRAKLEEQAQQIRLOAFAFQARLKSWFEPL VEDMQ
ROWAGLVEKVQAAVGTSAAPVPSDNH

Arti-TRBCI 42 EVRLOGSGPDLIKPGASVEMSCKASGYTFTGY YMHW VKQRPGQGL
{sckFv) EWIGFINPYNDDIQSNERFRGEATLTSDESSTTAYMELSSLTSEDSAV
YYCARCGAGYNFDGAYRFFDFWGQGTTLTVESSPNSASHSGSAPOTSS
APGRGDVVMTQSPLSLPVSLGBQASISCRSSQRLVHSNGNTYLHWYL
QKPGQSPKLLIYRVSNRFPGVPDRFSGEGSGTDFTLKISRVEAEDLGLY
FCSQSTHVPYTFGOGGTKLEK

Anti-CD35 (selv) | 43 QIQLVQSGPCGLKEPGOSVRISCAASGY TETNYOMNW VKQAPGRGLR
WMGWINTHTGEPTY ADDFKGRFTFSLDTSKSTAYLQINSLRAEDTAT
YECTRRGYDWYFDVWGQGTTVTVSSSPNSASHSGSAPQTSSAPGSQ
DIOMTOSPSSMSASLGDRVITTTCRASQIINSYESWFQQKPGKSPKTL]
YRANRLYVDGVPSRESGRGSGTDY TLTISSLQYEDFGIYYCQQYDESP
WITFGGGTKLEIK

Anti- 44 QVKLQOBGPELKKPGETVRISCKASGYTFINYGMNW VK QAPGKGL
EpCAM(schv) KWMGWINTYTGERSTY ADDFKGRFAFSLETSASAAYLQINNLKNEDT
ATYFCARFAIKGDYWGQGTTVTVISSPNSASHSGSAPQTSSAPGSQDI
VLTOSPESNPVTLGTSASISCRSTKSLLHSNGITYLYWYLQRPGORPQ
LLIYOMSNLASGVPDRESSSGSGTDFTLRISRVEAHDVGVYYCAQNL
EIPRTFGGGTKLEIR

Table 6. DNA Seguences of Domains of Multi-Specific Reagent Constructs

Constroct: SEQ ID | Sequence:
INEVH
anti-PEG (scbv) | 45 CAGATCCAGCTGGTGCAGTCCGGCCCAGAGUTGAAAAAGCCAGG

COAGACCGTOAAGATCTUCTGCAAGGCCAGCOQCTACACTITCAA
GAATTATGGCATCGAACTGGGTGAAGCAGGCCCCCGGCAAGGGGL
TCGAAGTOGOATOGOOTGCATTAACACCTATACCGUOCCAGCCCATTY
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ACGUCAACUCATTTCAAGGGGAGATTCOGCOTTTAGCCTGCAAACCA
GCGCGAGCACCGCCTATCTGCAGATCAACAATCTTAAGAATGAGG
ATACAGCCACCTACTTTTGCCGCCCGGCATTGOGOCCCATACTGGE
GCCAGGGCACCCTGGTGATCGTGTCCGUTTCCCCCAATTCTGECTC
CCACAGCOGGCAGCGCCCCACAGACTAGUTCOGCCCCCGGTTECCA
GAATATCATGATGACACAGAGCCCTTCCAGCCTGGCCGTGTCTGC
COGCOAAAAGOTGACCGTCAACTGCAAGTCTACGCCAGTCTGTCCT
GTACAGCTCCAATCAGATCGAACTATCTGGCOTGGTACCAGCAGAA
GCCTGGUCAGAGCCCTAAGCTGCTGATTTACTGGGCCAGCALCALG
COAGTCTGGGGTCCCTCGACAGATTTACCGGTAGCGGAAGCGGCALC
AGATTTCACACTGACAATCTCTTCTGTGCAGACCOGAAGACCTCOC
AGTGTACTACTGTCTGCAGTATCTGAGCTCTTGCGACTTTCGGCGEG
GGGACCAAGCTGGAAATTAAG

Linker 2 46 GOGTGGAAGCAGTAGATCATCCAGTTCTGGTCGGGGAGGATCCGE
GGGCGEGGAT

Anti-CD3 (selv) | 47 GAGOTTCAGCTCOTTGAATCAGGUGOAGOGQCTCOTCCAATUCAGEC
GGATCTTTGCGGCTGTCATGTGCCGCATCCGGATICACGTTCTCOT
CCTTTCCOATGOCATGGUTCAGGCAAGUTCCTOUAAAAGETCTUG
AGTGGGTATCCACCATAAGTACTTCTGGCGGGCGCACTTACTACA
GOUATAGTGTGAAGGCGAAGGTTTACCATTTCCAGAGATAACTCAA
AGAATACCCTGTACCTGCAAATCGAACTCCCTCAGGGCTGAAGATA
COGOUTGTOTACTACTGTGCTAAATTTCGACAATACTCAGGTGOGT
TTCGACTATTGGGCGCCAGGGGACACTGGTGACTGTGTCATCAAGTC
CCAATTCCGCCTCACATAGCOGAAGTGLCCCACAAACTTCCTCCG
CGCCAGGTTCTCAAGACATTCAATTGACGCAGCCCGAATAGCGTCT
CTACGAGCTTGGOCAGTACCOTTAAGCTTTCATGTACTCTTTICCTC
COGOTAACATAGAGAACAACTACGTGCATTGGTACCAACTCTACGA
GGGCAGGTCTCCAACGACTATCGATTITACGATCGACGATAAACCGACC
TCATGGUGOTCUCCTCGACCOCTTTTCAGCGAAGCATTGAUAGAAGCTC
TAATTCCGCGTTTTTGACTATCCACAACGTAGCGATTGAAGATGA
AGUAATTTACTTCTGTCATTICUTATOTATCCAGUTTTAACGTUTTC
GGAGGTGGAACTAAGTTGACGGTACTCLGA

Mutated ApoE3 | 48 GCTGGACAGCCGUTGCAAGAGCGGGCACAAGCCTGGGGGGAAAG
LED ipd ACTCAGGGQCCACGAATGOAACGAAATOOCGATCAAGAACAAGGGACA
binding domain) GGCTCGATGAGGTGAAGCGAGCAAGTAGCAGAGGTTCGAGCAAAG
CTGGAAGAACAAGUTCAGCAGATTAGATTOGCAAGCAGAGGCGGC
TCAAGCACCGACTCAAGAGCAGGTTCCAGCCATTGGCTGAAGATAT
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GUAGCGACAATOGGUTGOTCAGGTTCACGAAAGTUCAAGCGGCEG
AAGGGACCAGTGCAGCACCGGTACCATCOGACAATCAT

Mutated ApoE3 | 49 AAGGTGGAGCAAGCGCGTGGAGACAGAGCCGGAGCCCGAGCTGEG
FL (full length) CCAGCAGACCGAGTGOCAGAGCGGUCAGUGUTGOEAACTOGCALC
TGGOGTCGCTTTTGGCGATTACCTGCGCTGGGTGCAGACACTGTCTG
AGCAGGTGCAGGAGGAGCTCGCTCAGCTCCCAGGTCACCCAGGAA
CTGAGGGCGCTGATGGACGAGACCATGAAGGAGTTGAAGGCCTA
CAAATCGOAACTGCAGCGAACAACTGACCCOGGTGGCOGGAGGAGA
CGCOGGGCACGGCTOTCCAAGGAGCTGCAGGCGGCGCAGGOCCGE
CTGGECOCOOACATOCAGCGACGTOGTCCOOCCGCCTGOGTOCAGTA
CCGCGGUGAGGTGCAGGCCATGUTCGGCCAGAGCACCGAGGAGC
TCCGGGTGCCCCTCOCOTECHGCCCTOCOCOCCCTGCOTAAGCGGL
TCCTCCOCEGATCGUCOATOACCTCUAGAAGCOCUTGOUAGTOTACC
AGGCCGGGGCCCGCGAGGGLGCCGAGLGCOGGCCTCAGLGLCATC
COCOCAGCGCCTOQOGGCUCCTOGETGGAACAGGQCCOCHTECOGHT
CGCCACTGTCGGCTCCCTGGCCGGCCAGCCGUTACAGGAGCOGGL
CCAGGCCTGOOGCCAGCOOCTECOCECOCGEATOOAGGAGATGE
GCAGCCGUACCCGLGACCGCCTGGACGAGGTGAAGGAGCAGGTG
GCOGGAGGTOCOCOUCAAGCTOOAGGAGCAGGUCCAGCAGATACG
CCTGCAGGCCGAGGLCTTICCAGGCCCGCCTCAAGAGCTGGTTCGA
GCCCCTGOTOGAAGACATOCAGCGCCAGTGOGCUGGGETGGTOG
AGAAGGTGCAGGCTGCCGTGOGCACCAGCGCOGLCCCTGTGECCA
GCOGACAATCAC

Anti-TRBCH 50 GAGGTGCGGCTGCAGCAGTCOGGCCCCGACCTOGATCAAGLCCGGL
{scl'v) GCCTCCGTGAAGATGTCTTGCAAAGCUTCCGGCTACACCTTCACA
GOATATOGTGATGCACTGOGTGAAGCAGAGOCCCGGUCAGGGACT
GCGAATGGATCGGCTTCATCAACCCATACAACGATGACATTICAGTC
CAACGAGAGATTTAGGUGAAAGGCCACCCTCGACCACTGACAAAT
CAAGCACTACAGCCTACATOCAGCTCGAGCTCACTCGACCTCTGAGO
ACTCCGCCGTGTATTACTGTGCCAGAGGCGCCGGCTACAATTTTG
ACGGUGCCTACCGUTTUTTCCAUTTCTOGGGOCAGUGGCACCACCC
TCGACCGTGTCCAGUTCCCCCAATAGTGCCTCCCATTCTGGCTCCGC
CCOCCAGACTAGUTCTGCCCCTGOGTUCCAGCACGTOGOTCATGAL
CCAGTCCCCCOTGTCTCTGCOTGTGTCCCTGGGAGACCAGGECTCT
ATCAGUTGCCGCAGCTCTCACGAGGCTOGTOCACAGCAATCGUGGAAT
ACATACCTGCACTGGTACCTGCAGAAGCCAGGCCAGAGCCCCAA
GCTGUTGATCTACACAGTGAGCAACAGGTTCCCCGGAGTCUCTGA
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TAGGTTTAGCCCGATCTGGUAGCOGOCACUGACTTCACTCTGAAGAT
TAGCAGAGTGGAGGCCGAGGATCTGGGCATCTACTTTTGCTCTCA
GTCCACCCATOTGCCTTACACCTTTGGOOCAGGCACCAAGUTGOA
GATTAAGAGG

Anti-CDS (scbv) | 51 CAGATCCAGCTCGTACAAAGTGGTCCAGCGTCTCAAAAAACCAGG
AGGAAGCGTCCOOATAAGCTGCGCCGCTTCAGGATATACCTTTAC
GAATTACGGTATGAATTGGGTAAAACAGCGCTCCGGGAAAAGGAC
TCAGATGOGATGOOOGTCCATCAATACGCACACOGGCGAGCCOACT
TACGCGOGATCATTTTAAGGGTCGCTTTACTTTTTICCCTCGACACCT
CAAAATCCACTGCCTATCTCGCAAATAAACAGTCTTCGCGCAGAGG
ATACAGCCACCTATTTTTGCACAAGGCGGGGGTACGATTGGTATT
TCOATGTATOGCGGGCGCAGOGTACAACGGTAACACGTCGAGTTCAAGTC
CCAACAGUGUCTUTCACAGUGOGCAGCOCACUTCACGACGAGUTCTG
CTCCTGGCAGCCAAGACATCCAGATGACCCAGAGLCCTTCCTCTA
TOTCUGUATCCUTCOGCAGAUCGCOTAACAATCACATGTCGAGCCA
GTCAAGACATCAATAGCTATCTTAGTTGGTTCCAGCAGAAACCTG
CAAAAAGTCCTAAGACCCTTATTTATAGAGUGAATAGGTTGGTTG
ATGGAGTCCCGTCTAGGTTTAGCOGGETCTGGGTCTGGGACTGACT
ACACCCTTACTATCTCCTUTCTGCAATACGAACGACTTCGOCATTTA
TTATTGCCAGCAATATGATCAGTCTCCCTGGACTTTCGETGGGGG
GACCAAGTTOGGAAATAAAA

Anti-EpCAMS 52 CAGGTGAAACTGCAGCAGTUTGGCCCCGAGUTGAAGAAGCCLGE
{scI'v) COGAGACCGTGAAGATCTCCTGCAAGGCCTCOGGCTACACCTTTAC
CAATTACGGAATCGAACTGGOTGAAGCAGGUTCCAGGAAAGGGLC
TGAAATGCGATGGOGCTGGATCAACACTTATACTGGCGAGAGCACCT
ACGCAGACGATTTCAAGGOTAGGTTCGCATTTAGCCTGGAGACCT
CCGCCAGCOCCOGCCTACCTGCAGATCAATAATCTGAAAAACGAGG
ACACAGCCACCTATTTCTGCGCCCGOTTTIGCCATCAAAGGOGATT
ACTGOOGUCAGUOOCACCACAGTCGACCOTGTOCTCCTCCCUCAATA
GTGCCTCCCATTCTGGCTCCGCCCCCCAGACTAGUTCTGCCCOTGE
GTCOCAGGATATTOTCCTGACCCAGTCUCCATTUTCCAACCCCUTG
ACCCTGGOGGACCAGCGLCTCCATTAGCTGTAGGTCAACTAAGAGC
CTGCTOGCACAGCAATOCAATCACUTACCTOGTACTGOGTACCTGCAG
AAGCCAGGCCAGTCCCCTCAGCTGCTGATCTACCAGATGAGCAAL
CTGGCCTCACGGCGTOCOTCATCOOTTTTCCAGCTCCGGCAGLGOT

ACCGACTTCACCCTGCGCGATCTCCAGGGTGOAGGCTGAAGACGTG
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GOGUTOTACTACTOCOCUCAGAACCTOGUAGATCUCTAGGACATTY
GCGAGGCGGCACCAAGCTGGAGATCAAG

I.-2 signal | 54 ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCAL
sequence TTGTCACGAATTCG

Table 7 Ammno Acid Sequences of Constructs Comprising the TL-2 Signal Peptide

Construct: | SEQ ID | Sequence:
NG
CMOAAASP | 55 MYRMOQLLSCIALSLALVINSQIQUVOSGPELEKPGETVKISCKASGYTFK
NYGMNW VKQAPGEGLKWMGWINTYTGQPIYANDFKGRFAFSLETSAS
TAYLOQINNLKNEDTATYFCARDWGPYWGQGTL VIVSASPNSASHSGSAP
QTSSAPGSONIMMTQSPSSLAVSAGEK VI VNCKSSQSVL Y 3SNQOMNYLA
WYQOQKPGQSPKLLIYWASTRESGVPDRFTGSGSGTDFTL TISSVOTEDLA
VYYCLQYLSSWITFGGGTKLEK GGRSRESSSGRGORGGGGEVQLLERSGG
GLVQPGGSLRLSCAASGFTFSSFPMAWVRQAPGKGLEWVSTISTSGGRT
YYRDSVKGRFTISRDNSENTL YLOMNSLRAFEDTAVY YCAKFRQYSGGY
DYWGQGTLVTVSSSPNSASHSGSAPQTSSAPGSQIIQL TOPNSVSTSLGS
TVKLSCTLSSGMNIENNYVHWYQL YEGRSPTTMIYDDDKRPDGVPDRESG
SIDRSSNSAFLTIHNVAIEDEAIYFCHSY VSSENVEGGGTEL TVLRGGGGS
HEFHHHEH
MYRMQLLSCIALSEAL VINSAGOPLOQERAQAWGERLEARMEEMGSRTR
DRLDEVKEQVAEVRAKLEREQAQQIRLQAFAAQARLKSRITFLAEDMOR
QWAGQVEKVQAAEGTSAAPVPRDNHGGSSRISSSGGGGRGGGGEVQLL
HSGGGLVQPGGSLRLSCAASGETFSSFPMAWVRQAPGGLEWVSTISTS
GORTYYRODSVKGRITISRDNSENTL YEOMNSLRAEDTAVYYCAKTRQY
SGGFRDYWGQGTLVTVSSSENSASHSGSAPQTSSAPGSQDIQLTOPNSVST
SLGSTVKLSCTLSSGNIENNY VHWYQL YEGRSPTTMIYDDDERPDGVPD
REFSGSIDRESNSAFLTIHNVAIEDEATYFCHS Y VSSFNVEGGGTRLTVLERG
GGGSHHHHHBHH
MYRMQLLSCIALSLAL VINSQIQUVQSGPELKKPGETVKISCKASGYTTK
NYGMNWVKQAPGEGLKWMOGWINTYTGOPIYANDFKGRFAFSLETSAS
TAYLOQINNLKNEDTATYFCARDWGPYWGQGTL VIVSASPNSASHSGSA!
QTSSAPGSONIMMTOSPSSLAVSAGEKVTVNUKSSQOSVL Y SSNOMNYLA
WYQOQKPGQSPKLLIYWASTRESGVPDRFTGSGSGTDFTL TISSVOTEDLA
VYYCLQYLSSWIFGOGGTKLEKGERSRESSSGGEERGEGOAGRPLOERA
QAWGERLRARMEEMGSRTRDRLDEVEKEQVAEVRAKLEEQAQQIRLQAE

CMO4B+SP
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AAGARLUKSRIBEPLAEDMOROQWAGQVEE VOAAEGTSAAPVPSDINHGGSS
RESSSGGGESGEGEEEVQLLESGGGLVOQPGGILRLSCAASGETISSFPMA
WVRQGAPGKGLEWVSTISTSOGORTY YRDSVEGRE TISRDINSKNTL YLQMN
SLRALDTAVYYCAKFRQYSGGFDYWGQGTL VIVESSPNSASHSGSAPQT
SSAPGRQDIQLTOPNAVSTSLGSTVKLSCTLSSONIENNYVHEWYQLYEGR.
SPTTMIYDDDKRPDG VDRI SGSIDRSSNSAFL TIENVAIEDEATYFCHSY
VSSENVEGGGTELTVERGOGGGSHHHHHHEHE

Table 8 DNA Sequences of Constracts Comprising the IL-2 Signal Peptide

Construct: | SEQ ID | Sequence:
NG
CMO4AFSP | 58 ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCALCTT
GTCACGAATTCGCAGATCCAGCTOGTGCAGTCCGGUCCAGAGCTGAA
AAAGCCAGGCGAGACCGTGAAGATCTCCTGCAAGGCCAGCGGCTACA
CTTTCAAGAATTATGGCATGAACTGGGTCGAAGCAGGCCCCUGGCAAG
GGGCTGAAGTGGATGGGGTGGATTAACACCTATACCGGCCAGCCCAT
TTACGCUAACCGATTTCAAGGGGAGATTCGCCTTTAGCUTGGAAACCA
GCGCGAGCACCGCCTATCTGCAGATCAACAATCTTAAGAATGAGGAT
ACAGCCACCTACTTTIGCGCCCGGOATTGGUGCCCATACTGGGGCCA
GGGCACCCTGGTCGATCGTGTCCGCTTCCCCCAATTCTGCCTCCCACAG
CGGCAGCGUCLCACAGACTAGCTCCGCCCCUGETTCCCAGAATATCA
TGATGACACAGAGCCCTTCCAGCCTGGCCGTGTCTGCCGGLGAAAAG
GTGACCGTGAACTGUAAGTCTAGCCAGTCTGTGCTGTACAGUTCCAAT
CAGATGAACTATCTGGCCTGGTACCAGCAGAAGCCTGGCCAGAGCCC
TAAGCTGCTGATTTACTGGGCCAGCACACGCGAGTCTGGGGTCCCTG
ACAGATTTACCGGTAGCGCGAAGCGGCACAGATTTCACACTGACAATC
TCTTCTGTGCAGACCGAAGACCTCGCAGTGTACTACTGTCTGCAGTAT
CTGAGCTCTTGGACTTTCGGCGGGGGUACCAAGCTGGAAATTAAGGEG
TGGAAGCAGTAGATCATCCAGTTCTGGTGGGGUGAGGATCCHGGHGECG
GOOGTOGAGGTTCAGCTCCTTGAATCAGGCGRAGGGCTCGTCCAALCCA
GGCGGATCTTTGCGGCTGTCATGTGCCGCATCCGGATTCACGTTCTCC
TCCTTTCCCATGGCATGOGTGAGGCAAGCTCCTGGAAAAGCGTCTCGA
GTGGGTATCCACCATAAGTACTTCTGGCGGGCGCACTTACTACAGGG
ATAGTGTGAAGGGAAGOTTTACCATTTCCAGAGATAACTCAAAGAAT
ACCCTGTACCTGCAAATGAACTCCCTCAGGGCTGAAGATACGGCTGT
GTACTACTGTGCTAAATTTCCACAATACTCAGGTGGGTTTCACTATTG
GGGCCAGGGCACACTGGTGACTGTGTCATCAAGTCCCAATTCCGCCT
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CACATAGCOGUAAGTGCUCCACAAACTTCCTCCGUGCCAGOTTUTCAA
GACATTCAATTCGACGCAGCCGAATAGCGTCTCTACGAGCTTGGGGAG
TACCOTTAAGCTTTCATGTACTCTITCCTCOGOTAACATAGAGAACAA
CTACGTGCATTGGTACCAACTCTACGAGGGCAGGTCTCCAACGACTAT
GATTTACGATGACGATAAACGACCTGATGGGGTCCCTGACCGCTTTTC
AGCAAGCATTGACAGAAGCTCTAATTCCGCGTTTTTGACTATCCACAA
COGTAGCOATTGAAGATOAAGCAATTTACTTCTGTCATTCCTATGTATC
CAGCTTTAACGTCTTCGGAGGTGGAACTAAGTTGACGGTACTCCGAG
GGOCGAGCGTGOGTCTCACCACCATCACCACCACCATCAT

CMOAB+SE | 59 ATGTACAGGATGCAACTCCTOTCTTOCATTGCACTAAGTCTTGCACTT
GTCACCGAATTCGGCTGGACAGCCGCTGCAAGAGCGGGCACAAGCCTG
GOGOGGAAAGAUTCAGGGCCAGAATGGAAGAAATOGGATCAAGAACA
AGOOACAGGCTUGCATOAGOTCAAGUAGUAAGTAGCAGAGGTTCOAGS
CAAAGCTGGAAGAACAAGCTCAGCAGATTAGATTGCAAGCAGAGGC
GOCTCAAGCACCGACTCAAGAGCAGUTTICCAGCCATTOGCTGAAGATA
TGCAGCGACAATGGGCTGOGTCAGGTTGAGAAAGTCCAAGCGGCGGAA
GGOACCAGTGCAGCACCOOGTACCATCCCGACAATCATCGTGGAAGCAG
TAGATCATCCAGTTCTGGTGGGGCGAGGATCCGGGGGCGHGGETGAGS
TTCAGCTCUTTGAATCAGGUGGAGGQUTCOTUCAACCAGGCGGATCTT
TGCGGCTGTCATGTGCCGCATCCGGATTICACGTTCTCCTCCTTTCCGAT
GGCATGGGTGAGGUAAGCTCCTGGAAAAGOTUTCGAGTGGOTATCCA
CCATAAGTACTTCTGGCGGGCGCACTTACTACAGGGATAGTGTGAAG
GOAAGGTTTACCATTTCCAGAGATAACTCAAAGAATACCCTGTACCT
GCAAATGAACTCCCTCAGGGCTGAAGATACGGCTGTGTACTACTGTG
CTAAATTTCCACAATACTCAGGTGGGTTTCGACTATTCGGGGCCAGEGG
ACACTGGTGACTGTCTCATCAAGTCCCAATTCOGUCTCACATAGCGGA
AGTCGCCCCACAAACTTCOTCCGCOGCCAGGTTCTCAAGACATTCAATTG
ACGCAGCCCAATAGCGTCTCTACGAGCTTGOGGGAGTACCGTTAAGCT
TTCATGTACTCTTTCCTCCGGTAACATAGAGAACAACTACGTCGCATTG
GTACCAACTCTACCGAGGGUAGGTCTCCAACGACTATOATTTACGATG
ACGATAAACGACCTGATGGOGTCCCTGACCGUTTTTCAGGAAGCATT
GACACAACCTCTAATTCCOCUTTTTITOACTATCUACAACGTAGCGATT
GAAGATCGAAGCAATTTACTTCTGTCATTCCTATGTATCCAGCTTTAAC
CTCTTCOOAGGTCGUAAUTAAGTTCGACGGTACTCCGAGGGGCGAGGTGE
GTCTCACCACCATCACCACCACCATCAT

CMOAC+SP | 60 ATGTACAGGATGCAACTCCTGTCTTGCATTGCACTAAGTCTTGCACTT
GTCACGAATTCGCACGATCCAGCTGOTGCAGTCCGGCCCACGAGCTGAA
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AAAGCCAGGCCAGACCGTOAAGATUTCCTGUAAGGUCAGUGUGCTACA
CTTTCAAGAATTATGGCATGAACTGGGTCAAGCAGGCCCCCGGLAAG
GOQCTOAAGTGOATGOOGTOGUATTAACACCTATACCOGUCAGUCCAT
TTACGCCAACGATTTCAAGGGCGAGATTCOGCCTTTAGCCTGGAAACCA
GCOCCGAGCACCOUCTATUTCGUAGATCAACAATCTTAAGAATGAGGAT
ACAGCCACCTACTTTTGCGCCCGGUGATTGGGGCCCATACTGGGGCCA
GOOQCACCCTGOGTCATCOTGTCCGCTTCCCCCAATTCTOCCTCCCACAG
COGGCAGCGCCCCACAGACTAGCTCCGCOCCOGUTTCCCAGAATATCA
TCATGACACAGAGCCCTTCCAGCCTGGCCOETGTCTGCCGGCHEAAAAG
GTGACCGTGAACTGCAAGTCTAGCCAGTCTGTGCTGTACAGCTCCAAT
CAGATCAACTATCTGOCCTGOGTACCAGCAGAAGCCTGGCCAGAGLCC
TAAGCTGCTCATTTACTGGGCCAGCACACGCGAGTCTGGGGTCCCTG
ACAGATTTACCGGTAGCGGAAGCGGCACAGATTTCACACTGACAATC
TCTTCTCTCCAGACCGAAGACCTUGCAGTOTACTACTGTCTGCAGTAT
CTGAGCTCTTGGACTTTCGGOGGGGGGACCAAGCTGGAAATTAAGGG
COCATCTAGTCGOTCATCCTCCAGTOOTCGUTOGOOGTAGCGGOGGAG
GCGGETGCTGGACAGCCGCTCCAAGAGCGGGCACAAGCCTGGOGGOA
AAGACTCAGGGCCAGAATGGAAGAAATGGGATCAAGAACAAGGGAC
AGGCTCGATGAGGTGAAGGAGCAAGTAGCAGAGGTTCCGAGCAAAGC
TCGAAGAACAAGCTCAGCAGATTAGATTGCAAGCAGAGGCGGUTCAA
GCACGACTCAAGAGCAGGTTCGAGCCATTGGCTGAAGATATGCAGCG
ACAATOGOCTGOTCAGOGTTOAGAAAGTCCAAGCGGCGGAAGGGACT
AGTGCAGCACCGGTACCATCCGACAATCATGGTGGAAGCAGTAGATC
ATCCAGTTCTGETGGOGGOAGCATCCGOGGOCGGGOOTGAGGTTCAGL
TCCTTGAATCAGGCGGAGGGCTCOTCCAACCAGCCGGATOTTTGCGG
CTOTCATGTGCCGCATCCGOATTCACGTICTCCTCCTTITCCGATGOCAT
GGGTCGAGGCAAGUTCCTGGAAAAGGTCTCGAGTGGGTATCCACCATA
AGTACTTCTGGCGGCGCGCACTTACTACAGGGATAGTGTGAAGGGAAG
GTTTACCATTTCCAGAGATAACTCAAAGAATACCCTGTACCTGCAAAT
GAACTCCCTCAGGGUTGAAGATACGGUTGTGTACTACTGTGCTAAATT
TCOACAATAUTCAGOTOOGTTTCACTATTOGOOCCAGGOCGACACTGS
TCGACTGTGTCATCAAGTCCCAATTCCGCCTCACATAGCGGAAGTGCCC
CACAAACTTCCTCCGCOCCAGGTTCTUAAGACATTCAATTGACGCAGU
CGAATAGCGTCTCTACGAGCTTGGGGAGTACCGTTAAGCTTTCATGTA
CTCTTTCCTCUGOTAACATAGAGAACAACTACGTOCATTGOTACCAAL
TCTACGAGGGCAGGTCTCCAACGACTATGATTTACGATGACGATAAA
COACCTGATGGGOGTCCOTGACCGUTTTTCAGGAAGUATTGACAGAAG
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CTCTAATTCCOCOTITTTOACTATCUACAACGTAGCOGATTOAAGATGA
AGCAATTTACTTCTGTCATTCCTATGTATCCAGCTTTAACGTCTTCGGA
GOTGCGAACTAAGTTCGACOGOTACTCCOAGGGOGAGGTGGETCTCACCA
CCATCACCACCACCATCAY

(6157} Three constructs, CMO4A (PEG/eCD3), CMO4P (oPEG/GEPCAM),
intended as a negative control}, and CMO4B {mutApoE3 Lipid Binding Domain/aCD3), were
expressed from 50 mi Chinese Hamster Ovary (CHO)} suspension cells (Evitria). The
supernatant was filtered and applied to a 1ml His-Excel column using an AKTA Purifier 100
A step gradient protocol was used to elute the protein in a buffer containing 20 mM sodium
phosphate, 300 mM sodium chloride and up to 500 mM Imidazole, pH 7.4. The protein peak
of mnterest was pooled, buffer exchanged into PBS and validated using SDS-page and an anti-
His tag HRP Western blot Concentrations were calculated using a Nanodrop
spectrophotometer.

[0158] Each of the three protein constructs was then run on an SDS-PAGE gel for
analysis and to separate based on thewr predicted molecular weights (Figure §). The estimated
roolecular weights of reagents CMO4A (591 kDa), CMO4P (58 9 kDa), and CM04B (43.6
kDa) align well with the observed results from the gel analysis. Additionally, a high level of

purity (>90%) was observed for all proteins.

Fxample 2. Bindine of multi-specific reagents 1o Jurkat T cells {Supernatant

[0159] Each multi-specific reagent was then screened for binding to Jurkat T cells.
Jurkat T cells were plated into 1ndividual wells of a 96-well plate (~100,000 cells per well in
200ul ImmonoCult™-XF T Cell Expansion Mediom {StemCell Technologies}). 20 ul of CHO
culture supernatant contaimng expressed multi-specific engager proteins CMO4A, CMO4P, or
{UM04B were added to separate wells. As a control, CHO cell culture medium alone was added.
Following incubation for two hours, cells were washed and stained m 30 ul FACS buffer (PBS
{ibeo)/2% FBS (LabTech)) contamning a 1/100 didution of an APC-conjugated anti-His tag
secondary anttbody (BioLegend). Cells were washed again and resuspended in 100 ul FACS
buffer plus .1 pe/mi DAPI live/dead staining dve (Roche). Cell samples were run on a

MACSGuant® Analyzer 10 Fiow Cytometer and analyzed using the Flowlo (vi0) software.
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(6166} The histogram plots show APC fluorescent labelling of live (DAPI
negative} cells folfowing flow cytometry analysis, with binding to Jurkat T cells evident for
CMO4A and CMO4B supernatant treatment (which both contain an anti-CD3 domain}, but not
for the CMO4P supernatant {(which contains domains that are wrrelevant for T cell binding)

(Figure 0).

Example 3: Binding of multi-specific reagenis to PEG uuine ELISA

[0161] The constructs were each then screened for thewr ability to bind to PEG 1
ug/ml streptavidin was coated onto an ELISA plate, followed by 1 mg/ml of PEG-Biotin
{Alpha-Biotin-Omega-Carboxysuccimimidyl  Ester Poly{ethylene glycol}l. Multi-specific
engager proteins were added at concentrations between 10 pg/mi and 0.01 pg/ml and binding
was detected using an anti-HIS tag-HRP antibody. As shown in Figure 7, PEG-binding was
observed for CMO4A and CMO4P (both containing an anti-PEG domain), but not for CMO4RB
{without the anti-PEG domam).

Example 4 multi-specific reacent ~-mediated delivery of mRNA to T cells

[0162] The dehvery efficiency of mRNA to T cells was determined. mRNA-
contaimung Lipid Nanoparticles {mRNA-LNPs) contatung CleanCap EGFP mRNA (Smol)
{Trilink BioTechnologies) were generated using a NanoAssemblr Spark instrument (Precision
Nanosystems) according to the manufactarer’s protocol.

[8163] Primary human PBMUCs were solated from blood and mamtained n cell
culture medium along with 10 ng/ml recombinant human IL-2 (Milteny1).

[0164] Cells were plated at approximately 100,000 cells/well and treated with 2 ul
(approximately 0.1 pg) of EGFP mRNA-LNPs per well, plus 1 yg/ml multi-specificity reagent
(CMO4B3. Approximately 96 howrs after treatment, PBMUs were stained with Fixable
Viability Dye eFloor™ 780, plus BV421-labelled CD4 and CDE antibodies. The population of
EGEP-posttive T cells was determined using Flow Cytometry (Figures 8A-8B). In tangent,
EGFP fluorescence was also screened within CD4/CD8+ T cell populations from starting
PBMs treated with LNPs alone or LNPs plus CMO4P, CMO4A | or CM04B protein (Figures
9A-9D3). The plots show specific T cell-uptake of EGFP mRNA-LNPs mediated by CMO4A-

and {MO4B-treatment (both contaiming anti-CD3 domain), but not by CMO4P-treatment
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(containing a domain wrelevant for T cell-binding}. Together, the data indicated that multi-
specific engagers possessing an anti-CD3 binding domain significantly enhance LNP uptake

specifically into primary homan T cells.

Example 5: Reduced expression and APOE blockine 1 a liver cell line

[0165] Next, the multi-specific reagents were screened for activity in the presence
of an ApoE3 protein. ApoE3 1s a be-modular protein with one domain primanily mediating lipid
hinding and ancother primarily mediating binding to low density lipoprotein receptor (LDLR)
on cell surface. One major route for the uptake of LNPs into liver cells 1s through ApoE3 bound
simultaneously to both lipids on LNPs and LDLR on liver cells, and subsequent internalization
mto cells. De-coupling ApoE lipid binding and LDUR-binding can potentially block liver cell
uptake of LINPs.

6166} 24 hours prior to treatment with EGFP mRNA-LNPs, human liver cancer
cell line HepG2 cells were plated at ~50,000 cells/well into wells of a 96-well plate and
cultured in DMEM medium (Gibeo) supplemented with 10% FBS (LabTech) 2 ul of EGFP
RNA-LNPs {(approximately 0.1 pg mRNA) were incubated with 10 pl of 0.1 mg/mi punified
dual-specific engager protein, or with 10 ul PBS, for ~2 hours prior to cell treatment.
Additionally, recombinant ApoE3 protemn was added to all wells to a final concentration of
I ug/ml 24 b posi-treatment with specified reagents, HepG2 cells were stained with DAPL
hive/dead dye, and the cell populations were then analyzed by flow cytometry (Figures 10A-
10C). As shown, CMO4B (contamming ApolE3-LBD only) strongly inhibits LNP-uptake into
Hep(GZ cell lme mediated by ApoE3, whereas such effect 15 not evident for CMO4A
{contarning no domain from ApoE3}. Together, this data indicated that the multi-specific
reagent including an ApoE3 hipid binding domamn (LBD) 15 capable of mhibiting LNP uptake

nto a HepG2 hver cell line.

Example 6 Multi-specific protemns with increased affinities

[8167] Varations to the multi-specific molecules were made to produce enhanced
affinities. Non-limiting examples of the enhanced multi-specific molecules are as shown mn

Figures 11A-11D. The increased atfimity dual targeting reagents include a PEG binding
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molecule fused to ApoE3 LBE which targets the LNP, this combination s additionally fused
to a cell targeting antibody fragment.

[016&] Three constructs, including CMO4A (oPEG/aCD3), CMO4B (mutApoE3
Lipid Binding Domain/a{’D3) and CMO4C (oPEG mutApoE3 Lipid Binding Domain/aCD3),
were expressed from 100 mi CHO suspension celis {Evitria). The supernatant was filtered and
apphed to a 1 mi His-Excel column using an AKTA Purifier 100, A step gradient protocol was
used to elute the protein i a buffer containing 20 mM sodium phosphate, 300 mM sodium
chloride and up to 500 mM Imidazole, pH 7 4. The protein peak of interest was pooled, buffer
exchanged into PBS and validated using SDS-page and an anti-His tag HRP Western blot.
Concentrations were calculated using a Nanodrop spectrophotometer.

(6165 Fach of the three protein constructs was then run on an SDS-PAGE gel for
analysis, as well as to separate the proteins based on their predicted molecular weights (Figure
12}, The estimated molecular weights of reagents CMO4A (591 kDa), CMO4 B (43.6 kDa),
and CMO4C (71 .6 kDa) align well with the observed results from the gel analysis. Additionally,
a high level of purity (>90%) was ohserved for all protems.

[017¢] To measure the binding affiruty of CMO4A, CMO4B and CMO4C 1o LNP,

plate (MaxiSorp™ flat-bottom, Fisher Scientific) was coated with 1 pug/ml rabbit-anti-
cholesterol polyclonal antibodies {Abbexa Ltd) LNPs (+LNP} or bovine serum albumin as
negative control (~-LNP ctl} were captured in different wells on the coated plate. Subsequently,
CMO4A, CMO4B and CMO04C between 10 ug/mi and 0.1 pg/ml were added to designated wells
and the binding to captored L.NPs or negative control was detected using an anti-HIS tag-HRP
antibody. Figure 13 displays the specific-binding to LNP of each protem at different
concentrations as calculated by subtracting signals of (-LNP ctl) from those of (+LNP). As
shown, CMO4C which contamns dual targeting domamns to NP, including a PEG binding fused
to ApolE3-LBD, exhubited higher bidimng to LNP than CMO4A (containing only PEG binding)
and CMO4B (containing only ApoE3-LBD).

Example 7 Internalization capacity of muiti-specific targeting reagents

(0171} CHO suspension cells are utilized to generate multi-targeting reagents,

which are subsequently purified using NiNTA affinity chromatography.
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(6172} To assess internalization efficiency, T cell lines expressing CD3, CD¥5, and
TRBC1 markers, as well as control cell lines lacking the target proteins, are employved. The
measurement of internalization efficiency 15 quantified uvtilizing the conjugation of proteins
with Zenon pHrodo 1FL labeling reagent (ThermoFisher), following incubation with the target
cells for a maximum of 24 hours. Next, the cells are stained with a live/dead viability dye and
analyzed using a flow cytometer.

(6173} The multi-targeting reagents exhibit enhanced mternalization, as evidenced
by an imncreasing pH-dependent fluorescence signal over time when interacting with cells
expressing the target antigen. In contrast, control muklii-targeting reagents that do not hind to

T cell markers show lutle mternalization.

Example 8: Dual tarceted LNPs produce active mRNA-based CDI19-CAR T cells in vitro
(0174} Primary human PBMCs are incubated with CD19-CAR mRNA-LNPs, with

and without dual targeting reagents. The targeted LNPs efficiently deliver their mRNA cargo
to the majority of T cells present n the culture. This successful delivery 15 confirmed by the
surface expression of CDI9-CAR on T celis following exposure to dual targeting reagent with
CDISCAR/LNPs, as assessed using flow cytometry. In contrast, non-targeted LNPs generate
rauch lower CAR expression.

[0175] CD19-CAR mRNA expression was quantified followed mediation by LNP
with and without dual targeting reagents in CD4+ and CD&+ T cells from three human donors
(Figures 15A-15B). In particular, LNPs carrying 60 ng CD19-CAR-mRNA were mncubated
with CMO4A, CMO4B or CMO4C at 0.2 uM for 1 hr at room temperature. Subsequently, LNP
alone or the mix of LNPs and various proteins were added to 1 x 10° donor PBMCs for each
treatment. The treated cells were cultured at 37°C, 5% CO for 24 hrs. The cells were
subsequently stained with FITC-anti-CD4/CD8 antibodies {BioLegend) and APC-anti-FMC63
antibody specific for the CAR (ACRO Biosystems). As shown, the exposure to dual targeting
reagent — CMO4A and CMO4B significantly enhances the percentage of CAR+-T cells from
all three donors, reaching 25 — 65%.

[0176] Furthermore, the CAR T cells generated through LNP-mediated delivery
demonstrate effectiveness in targeting {D1%-expressing cells inm vifro. This efficacy 1s

observed in a dose-dependent manner and is comparable to viral transduced CAR T cells.
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Example O Dual tarceted LNPs produce mRNA-based T cell expression in vivo

(8177} Dual-specific targeting reagents that bind to mouse T cell markers TCR-B
and CD3 are produced and purified. Next, mice are injected intravencusly with LNPs with and
without dual targeting reagents specific for T cells. Mice that receive intravenous injections of
dual targeting reagents/LNPs containing luciferase mRNA (DT/LNP-Luc) exhibit significant
tuciferase activity 1n their splenic T cells. In contrast, mice that are injected with the LNP-Luc
alone show much less luciferase activity in splenic T cells.

(6178} The utilization of biocluminescence imaging confirms the specific targeting
of the spleen in animals treated with DT/LNP-Luc. Additionally, DT/LNP-Luc-treated animals
exhibit reduced luciferase expression in the liver compared to LNP-Luc alone.

[8179] A surrogate dual-specific targeting reagent comprising ApoE3-LBD fused
to a binder specific for mouse CD3 was produced and purified as described in Example 1. 1
ug of LNP-Luc alone or 1 pg of LNP-Luc plus surrogate dual-specific targeting reagent
(DT/LNP-Luc) at 12.5 or 25 pg dose were travenously injected wnto the tad vem of female
CSTBL/6J mice. Three muce were included mto each treatment group. Bioluminescence
imaging was carried out on dissected spleen and liver at 24 hr post-inggection. The dual-specific
targeting reagent was shown to significantly enhance the luciferase signals 1o treated mouse
spleen (Figure 14A), while decreasing the signals n hver i comparison to LNP-Luc alone
(Figure 14B). The enhancing/decreasing effect s more profound when higher dose of dual-

specific targeting reagent 15 used (25 pgvs. 12.5 ug).

Example 10: Increased avidity multi-targeting reazents will enhance LNP uplake into primary

human T cells and will inhabit LNP untake into iver cell hines

[6180] Increased avidity dual targeting receptors {IADTRs) are created by fusing
ApoE3 LBD to antt PEG single-chain variable fragments {scFvs) and binding domams that
specifically recognize T cell markers (Figures 11A-11D). The production of (JADTRs)
involves the generation of CHO suspension cells, and subsequent purification using NiNTA
affinity chromatography.

[0181] Primary human PBMCs are isolated from blood samples and mcubated with

HGFP mRNA-LNPs both with and without IADTRs. The treated cells are analyzed using flow
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cvtometry. When PBMCs are treated with LNPs alone, little expression of EGFP is observed.
However, when IADTRs are added, a T cell subset of PBMUs displays significanily increased
EGFEP fluorescence.

[0182] Additionally, fresh T cells were solated from the blood of three different
donors. The T cells were treated with firefly luciferase mRNA encapsulated in LNPs (LNPs-
Fluc, Trilink} in combination with dual-targeting reagents (CMO4A containing only PEG-
binding scFvs or CMO4B containing only ApoE3-LBD), or IADTRs (CMO4C containing PEG-
hinding scFvs fused to ApoE3-LBD). In particular, LNPs-Fluc carrving 40 ng Fluc-mRNA
were incubated with CMO4 A, CMO4B or CMO4C in concentrations between 6.7 to 180 nM for
1 hr at room temperature. Subsequently, (LNPs-Fluc) alone or the mix of (LNPs-Fluc) and
CMO4A, CMO4B or CMO4C were added to 80,000 donor T cells for each treatment. The
treated cells were cultured at 37°C, 5% CO: for 24 hrs. The luciferase signals were assayed
using ONE-Glo™ EX Luciferase Assay System (Promega} and detected on Varioskan LUX
Multimode Microplate Reader (ThermoFisher). Figures 16A-16C display the “Relative
Luciferase Activity’ calculated as fold change of signals from treated T cells vs. background
reading from untreated cells in function of concentrations of various targeting reagents. As
shown, all three tested reagents led to dose-dependent enhancement of LNPs-Fluc expression,
but CMO4C as TADTRS resulted 10 much higher expression than both CMO4A and CMO4EB,
showing 2.7 to 5.5-fold increase.

{0183} Moreover, for LNP-CDBIS-CAR mRNA expression in various donor-
derived T cells, the exposure to TADTR — CMDO4C can significantly mcerease the percentage of
CAR+-cells, in comparison to those treated with dual-targeting reagent - CMO4A and CMO4B
{52-73% for CMO4(C vs 25 — 65% for CMO4A/CMO4B) (Figures 15A-15B),

[0184] Hep(G2 hiver cancer cells are cultured 1n a medium containing ApoE3 and
exposed to EGFP mRNA-LNPs with and without FADTRSs. The treated cells are analyzed using
flow cytometry. Hep(G2 cells treated with LNPs alone exhibit sigmficant EGFP expression.
Conversely, cells treated with IADTRs demonstrate significantly reduced EGFP fluorescence,
indicating the impact of FADTRSs on inhibiting ApoE3-mediated LNP uptake and subsequent
EGFP expression in HepG2 cells.

[0185] With respect to the use of plural and/or singular terms herein, those having

skill in the art can translate from the plural to the singular and/or from the singular to the phural
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as is appropriate to the context and/or application. The various singular/phural permutations
may be expressiy set forth heremn for sake of clarity.

[0186] 1t will be understood by those of skill within the art that, in general, terms
used herein, and especially in the appended claims {e.g., bodies of the appended claims} are
generally intended as “open” terms {e.g., the term “including” should be interpreted as
“including bui not imited to,” the term “having” should be interpreted as “having at least,” the
term “includes” should be interpreted as “includes but 1s not limited to,” ete.}. It will be further
understood by those within the art that if a specific number of an mtroduced claim recitation
15 intended, such an intent will be explicitly recited n the claim, and in the absence of such
recitation no such intent 1s present. For example, as an awd to understanding, the following
appended claims may contain usage of the mtroductory phrases “at least one” and “one or
more” to introduce claim recitations. However, the use of such phrases should not be construed
to mmply that the introduction of a claim recitation by the indefinite articles “a” or “an” limits
any particular claim containing such introduced claim recitation to embodiments containing
only one such recitation, even when the same claim ncludes the troductory phrases “one or
more” or “at least one” and indefinite articles such as “a” or “an” {e.g., “a” and/or “an” should
be mnterpreted to mean “at least one” or “one or more”); the same holds true for the use of
definite articles used to introduce clanm recitations. In addition, even f a specific number of
an 1otroduced claim recitation 1s explicitly recited, those skilled n the art will recognize that
such recitation should be mterpreted to mean at least the recited number (eg., the bare
recitation of “two recitations,” without other modifiers, means at least two recifations, or two
or more recttations), Furthermore, in those instances where a convention analogous to “at least
one of A, B, and C, etc.” 13 used, in general sach a constraction is intended 10 the sense one
having skl in the art would understand the convention {(e.g., “a system having at least one of
A, B, and €7 would inclade but not be hmited to systems that have A alone, B alone, C alone,
A and B together, A and C together, B and C together, and/or A, B, and C together, etc). In
those instances where a convention analogous to “at least one of A, B, or C, ete.” 15 used,
general such a construction 1s intended in the sense one having skill in the art would understand
the convention (e.g., ™ a system having at least one of A, B, or C” would include but not be
limited to systems that have A alone, B alone, C alone, A and B together, A and { together, B

and C together, and/or A, B, and C together, etc ). It will be further understoond by those within
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the art that virtually any disjunctive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should be understood to contemplate
the possibilities of incloding one of the terms, etther of the terms, or both terms. For example,
the phrase “A or B” will be understood to include the possibilities of “A” or “B” or “A and B.”

(0187} In addition, where features or aspects of the disclosure are described n
terms of Markush groups, those skilled in the art will recognize that the disclosure s also
thereby described in terms of any individual member or subgroup of members of the Markush
group.

[0188] Any of the features of an embodiment of the first through second aspects i3
applicable to all aspects and embodiments identified herein. Moreover, any of the features of
an embodiment of the first through third aspects 1s independently combinable, partly, or wholly
with other embodimenis described herein in any way, eg., one, two, or three or more
embodiments may be combinable in whole or m part Further, any of the features of an
embodiment of the first through third aspects may be made optional to other aspects or

embodiments.
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WHAT IS CLAIMED I5:
I A protein with multi-specificity, comprising:
{1} a first domain capable of binding a therapeutic molecule; and

{11} a second domain capable of binding a protein, cell, or tissue.

2. The protein of claim 1, wherein the therapeutic molecule 1s a lipid nanoparticle
{LNP}.

3. The protein of claim 2, wherein the LNP further comprises a payload.

4. The protein of claim 3, wherein the payload 15 an mRNA or a DNA.

5 The protein of claim 4, wherein the mRNA or the DNA encodes for the

expression of a chimeric antigen receptor {CAR) construct.

6. The protein of any one of claims 1-5, wherein the first domain comprises a
derivative of an apolipoprotein, such as ApoE3.

7. The protein of any one of claims 1-6, wherein the first domain comprises a
mutated and/or truncated ApoE3 domain.

8. The protein of any one of clawms 1-7, wheren the first domain comprises an
antibody varable (Fv) region-like polypeptide.

9. The protemn of claim 8, wherein the antibody varable (Fv) region-like
polypeptide has a tugh affinity for polyethylene glycol (PEG).

10, The protem of claim 8 or 9, wherein the antibody vanable (Fv) region-like
polypeptide has a high affinity for phosphatidylsenine.

11 The protein of any one of claims 8-10, wherein the antibody variable (Fv)
region-~like polypeptide has a high affinity for cholesterol or a derivative of cholesterol

12, The protein of any one of claims 1-11, wheremn the first domain comprises a
peptide that binds to cholestero! or a denivative of cholesterol.

13 The protein of any one of claims 1-12, wherein the second domain comprises a
polypeptide with inding affinuty for a cellular protein antigen.

14, The proten of claim 13, wherein the second domain has an affinity for a cell
surface antigen.

15 The protein of any one of claims 1-14, wherein the second domain comprises

an antibody vanable (Fv) region-like polypeptide.
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16. The protemn of claim 15, wherein the antibody variable {Fv) region-like
polypeptide has a high affinity for at least one cell surface antigen.

17 The protein of any one of claims 15 or 16, wherein the antibody variable {(Fv})
region-litke polypeptide is a T cell receptor ¢ subunit, a T cell receptor B subumit, a CB3, a
CD4, a CD8, a CD5 and/or a CD2S.

18. The protein of any one of claims 1-17, wherein the proten further comprises at
least one linker.

19. The protein of claim 18, wherein the at least one linker comprises a peptide
linker.

20. The protein of claim 19, wherein the peptide linker comprises a sequence with
at least 80% wdentity to SEQ 1D NG 2.

21 The protein of any one of claims 1-20, wherein the first domain comprises a
sequence with at least 80% identity to any one of the sequences of Table 5.

22. The protein of any one of claims 1-21, wherein the second domain comprises a
sequence with at least 80% dentity to any one of the sequences of Table 5.

23. The protein of any one of claims 1-22, wherein the protein comprises a
sequence with at least 80% wdentity to any one of the sequences of Tables 3 and 5.

24, The protemn of any one of claims 1-23, wherein the protein has at least two

binding targets.,

23. The protein of claim 24, wherein the protein has three binding targets.
26. A nucleotide encoding any one of the protemns of claims 1-25
27 A nucleotide comprising a sequence with at least 80% 1dentity to any one of the

sequences of Tables 4 and 6.

28 A vector encoding any one of the nucleotides of claims 26-27, and/or capable
of expressing any one of the proteins of claims 1-25

29, A cell comprising any one of the nucleotides of claims 26-27, the vector of
claim 28, and/or capable of expressing any one of the proteins of claims 1-25.

30. A compostiion comprising a multi-specific protein comprising a first domain
capable of binding a therapeutic molecule; and a second domain capable of binding a protein,

cell, or tissue.
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31 The compostiion of claim 30, wherein the composition further comprises the
therapeutic molecule.

32 The composition of claim 31, wherein the therapeutic molecule is an mRNA or
a DNA, and a pharmaceutically effective carrier.

33. The composition of any one of claims 30-32, wherein the therapeutic molecule

is a lipid nanoparticle {LNP).

34 The composition of claim 33, wherein the LNP further comprises a payioad.
35, The compostiton of claim 34, wherein the payload 1s an mRNA or a DNA.
36. The composition of any one of claims 32-35, wherein the mRNA or the DNA

encodes for the expression of a chimeric antigen receptor ({CAR) construct.

37. The composition of any one of claims 30-36, wherein the first domamn
comprises a mutated and/or truncated ApoE3 domain.

38 The composition of any one of claims 30-37, wherein the first domamn
comprises an anttbody variable (Fv) region-like polypeptide.

39 The composition of claim 38, wherein the antibody variable (Fv) region-like
polypeptide has a tugh affinity for polyethylene glycol (PEG]).

40, The composition of claim 38 or 39, wherein the antibody variable (Fv} region-
fike polyvpeptide has a high affinity for phosphatidylserine.

41 The composition of any one of ¢laims 38-40, wherein the antibody variable (Fv)
region-like polypeptide has a high affinity for cholesterol or a derivative of cholesterol

42, The composition of any one of claims 29-41, wherein the first domain
comprises a peptide that binds to cholesterol or a denvative of cholesterol

43, The composition of any one of claims 30-42, wherein the second domain
comprises a polypeptide with binding affinity for a cellular protemn antigen.

44 The composition of claim 43, wherein the second domamn has an affinity for a
cell surface antigen.

45, The composition of any one of claims 30-44, wherein the second domain
comprises an antibody varable {Fv) region-like polypeptide.

46, The composition of claim 45, wherein the antibody variable (Fv) region-like

polvpeptide has a high atfinity for an at least one cell surface antigen.
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47. The composition of any one of claims 45 or 46, wherein the antibody variable
{Fv) region-hike polypeptide possesses hinding affinity towards the T cell receptor a subunit,
T cell receptor § subumt, CD3, CD4, CD8, CDS, and/or CIH28.

48, The composition of any one of claims 30-47, wherein the protein further
comprises an at least one hinker.

49, The composition of claim 48, wherein the at least one linker comprises a peptide
linker.

50. The composition of claim 49, wherein the peptide linker comprises a sequence
with at least 80% identity to SEQ ID NO: 2.

51 The composition of any one of claims 30-50, wherein the first domain
comprises a sequence with at least 80% identity to any one of the sequences of Table 5.

52. The composition of any one of claims 30-51, wherein the second domain
comprises a sequence with at least 80% identity to any one of the sequences of Table 5.

53. The composition of any one of claims 30-52, wherein the protein comprises a
sequence with at least 80% wdentity to any one of the sequences of Tables 3 and 5.

54. The compostiion of any one of claims 30-53, wherein the protein has at least

two binding targets.

S5. The composition of claim 34, wherein the protein has three binding targets.
56, A method for treating a disease or disorder 1 a subject in need thereof, the

method comprising administering to the subject the protein of any one of claims 1-25, the
nucleotide of any one of claims 26-27, the vector of claim 28, the cell of claim 29, and/or the
composition of any one of clamns 30-55,

57. The method of claim 56, wherein the disease or disorder 15 a cancer.

~r
1
i

58. The method of claim 57, wherein the cancer 1s a blood cancer, lymphoma,
multiple myeloma, leukenua, peripheral T cell lymphoma (PTCL), diffuse large B-cell
lymphoma (DLBCL), follicular lymphoma, mantle cell lymphoma, multiple myeloma, B-
cell acute lymphoblastic leukenmua {ALL)}, Large B-cell lymphoma transformed from follicular
lymphoma, High grade B-cell lymphoma, Aggressive B-cell lymphoma not otherwise
specified (NOS), Brain cancer {including but not limited to ghoblastoma), fung cancer, ovarian
cancer, breast cancer, prostate cancer, liver cancer, kidney cancer, stomach cancer, pancreatic

cancer, or colon cancer.



WO 2025/006406 PCT/US2024/035305

59, The method of any one of claims 56-38, wherem the administration to the
subject 1s conducted via intravenous or mira-tumoral imjection.

60. The method of any one of claims 56-59, wherein the subject 1s mammalian
and/or human.

61. A method for treating a disease or disorder in a subject in need thereof, the
method comprising administering a multi-specific protein comprising a first domain capable
of binding a therapeutic molecule; and a second domain capable of binding a protein, cell, or
tissue.

62, The method of claim 61, wherein the disease or disorder is a cancer.

63, The method of claim 62, wherein the cancer is a blood cancer, lymphoma,
multiple myeloma, leukemuia, peripheral T cell lymphoma (PTCL)diffuse large B-cell
lymphoma (DLBCL), follicular lyvmphoma, mantle cell lymphoma, multiple myeloma, B-
cell acute lymphoblastic leukemia (ALL), Large B-cell lymphoma transformed from follicular
lymphoma, High grade B-cell lymphoma, Aggressive B-cell lymphoma not otherwise
spectfied (NOS), Brain cancer {including but not brnited to ghioblastora), lung cancer, ovarian
cancer, breast cancer, prostate cancer, liver cancer, kidney cancer, stomach cancer, pancreatic
cancer, or colon cancer.

o4, The method of any one of claims 61-63, wherein the adnmunistration to the
subject 13 conducted via mtravenous or inira-tumoral myection.

65. The method of any one of claims 61-64, wherein the subject 1s mammalian
and/or human.

60, The method of any one of claims 61-65, wherein the method further comprises
administering an effective dose of the therapeutic molecule.

67. The method of any one of claims 61-66, wherein the therapeutic molecude 1s an
mRNA or a DNA, and a pharmaceutically effective carrier.

68. The method of any one of claims 61-67, wherein the therapeutic molecule 1s a
lipid nanoparticle (LNP).

69. The method of claim 68, wheremn the LNP further comprises a payload.

70, The method of claim 69, wherein the payload is an mRNA or a DNA

71 The method of any one of clamms 67-70, wherein the mRNA or the BNA

encodes for the expression of a chimeric antigen receptor (CAR) construct).
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72. The method of any one of claims 61-71, wherein the first domain comprises a
mutated and/or truncated ApoE3 domain.

73. The method of any one of claims 61-72, wherein the first domain comprises an
antibody variable {(Fv) region-like polypeptide.

74. The method of claim 73, wherein the antibody vanable {(Fv) region-like
polypeptide has a high affinity for polyethylene glycol {(PEG).

75.  The method of claim 73 or 74, wherein the antibody vaniable (Fv) region-like
polypeptide has a hugh affinity for phosphatidylserine.

Il
i
i

76. The method of any one of claums 73-75, wherein the antibody vanable (Fv)
region-like polypeptide has a high affinity for cholesterol or a derivative of cholesterol

77. The method of any one of claims 61-76, wherein the first domain comprises a
peptide that binds to cholesterol or a derivative of cholesterol.

78. The method of any one of claims 61-77, wherein the second domain comprises
a polypeptide with binding affuimty for a cellular protein antigen.

79, The method of claim 78, wheremn the second doman has an affinuty for a cell
surface antigen.

80. The method of any one of claims 61-79, wherein the second domain comprises
an antibody variable (Fv) region-like polypeptide.

81 The method of claim 80, wherein the antibody varable (Fv) region-like
polypeptide has a high affinity for an at least one cell surface antigen.

82, The method of claim &0 or 81, wherein the antibody varnable {(Fv) region-like
polypeptide 15 a T cell receptor o subunit, a T cell receptor 8 subunit, a CD3,a CD4,a CD8, a
CDS and/or a CD28.

83. The method of any one of claims 61-82, wherein the protein further comprises
an at least one hinker.

84 The method of any one of claims 61-83, wherem the at least one linker
comprises a peptide linker.

85. The method of claim 84, wherein the peptide hinker comprises a sequence with
at least 80% 1dentity to SEQ 1D NG: 2.

80. The method of any one of claims 61-85, wherein the first domain comprises a

sequence with at least 80% identity to any one of the sequences of Table 3.
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87. The method of any one of claims 61-86, wherein the second domain comprises
a sequence with at least 80% identity to any one of the sequences of Table 5.

88. The method of any one of claims 61-87, wherein the protein comprises a
sequence with at least 80% identity to any one of the sequences of Tables 3 and 5.

89, The method of any one of claims 61-88, wherein the protein has at least two
binding targets.

20, The method of claim 89, wherein the protem has three binding targets.

91. A use of the protein of any one of claims 1-25, the nucleotide of any one of
claims 26-27, the vector of claim 28, the cell of claim 29, and/or the composition of any one
of claims 30-5S, for treating a disease or disorder in a subject.

92, The use of claim 91, wherein the disease or disorder is a cancer.

93, The use of claim 92, wherein the cancer is a blood cancer, lymphoma, multiple
myeloma, leukemia, peripheral T cell lymphoma (PTCL), diffuse large B-cell lymphoma
(DLBCL), follicular lymphoma, mantle cell lymphoma, multiple myeloma, B-cell acute
lymphoblastic leukenua (ALL), Large B-cell lymphoma transforrmoed from follicular
lymphoma, High grade B-cell lymphoma, Aggressive B-cell lympbhoma not otherwise
spectfied (NOS), Brain cancer {including but not brnited to ghioblastora), lung cancer, ovarian
cancer, breast cancer, prostate cancer, liver cancer, kidney cancer, stomach cancer, pancreatic
cancer, or colon cancer.

04, The use of any one of claims 91-93, wheremn the subject 18 mammalian and or
human.

93, A use for a multi-specific protein in treating a disease or disorder in a subject,
wherein the multi-specific protein comprises a first domain capable of binding a therapeutic
molecule; and a second domam capable of binding a proten, celi, or tissue.

96, The use of claim 95, wherein the disease or disorder is a cancer.

o7. The use of claim 96, wheremn the cancer 1s a blood cancer, lymphoma, multiple
myeloma, leukemia, peripheral T cell ymphoma {(PTCL), diffuse large B-cell lymphoma
(DLBCL), follicular lymphoma, mantle cell lymphoma, multiple myeloma, B-cell acute
lymphoblastic leukemia (ALL), Large B-cell lymphoma transformed from follicular
lymphoma, High grade B-cell lymphoma, Aggressive B-cell lymphoma not otherwise

specified (NOS), Brain cancer {including but not limited to ghoblastoma), fung cancer, ovarian
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cancer, breast cancer, prostate cancer, liver cancer, kidney cancer, stomach cancer, pancreatic
cancer, or colon cancer.

98. The use of any one of claims 95-97, wherein the subject is mammalian and or
human.

99, The use of any one of claims 95-98, wherein the use further comprises an
effective dose of the therapeutic molecule.

100.  The use of any one of claims 95-99, wherein the therapeutic molecule 1s an
mRNA or a DNA, and a pharmaceutically effective carrier.

101, The use of any one of claims 95-100, wherein the therapeutic molecule is a hipid
nanoparticle (LNP).

102, The use of claim 101, wherein the LNP further comprises a payload.

103, The use of claim 102, wherein the payload 15 an mRNA or a DNA.

104, The use of any one of claims 100-103, wherein the mRNA or the DNA encodes
for the expression of a chimeric antigen receptor (CAR) construct).

105, The use of any one of claims 95-104, wherein the first domain comprises a
moutated and/or truncated ApoE3 domam.

106, The use of any one of clairns 95-105, wherem the first domain comprises an
antibody varable (Fv) region-like polypeptide.

107 The use of claim 106, wherein the antibody varable (Fv} region-like
polypeptide has a high affimty for polyethylene glycol (PEG).

108, The wse of claim 106 or 107, wheren the antibody variable (Fv) region-like
polypeptide has a high affinity for phosphatidylsenine.

109, The use of any one of claims 106-108, wherein the antibody variable (Fv)
region-~like polypeptide has a high affinity for cholesterol or a derivative of cholesterol

110, The use of any one of claims 95-109, wheremn the first domain comprises a
peptide that binds to cholesterol or a derivative of cholesterol.

111, The use of any one of claims 95-110, wherein the second domain comprises a
polvpeptide with binding affinity for a cellular protein antigen.

112, The use of claim 111, wherein the second domain has an affinity for a cell

surface antigen.
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113, The use of any one of claims 95-112, wherein the second domain comprises an
antibody variable {(Fv) region-like polypeptide.

114, The use of claim 113, wherein the antibody variable (Fv} region-like
polypeptide has a high affinity for an at least one cell surface antigen.

115 The use of claim 113 or 114, wherein the antibody varnable (Fv} region-like
polypeptide 1s a T cell receptor o subunit, a T cell receptor § subunit, a CD3, a2 {D4, a CD8g, a
CDS and/or a CD2Z8.

116, The use of any one of claims 95-115, wherein the protein further comprises at
least one linker.

117,  The use of any one of claims 95-116, wherein the at least one linker comprises
a peptide linker.

118 The use of claim 117, wherein the peptide linker comprises a sequence with at
least 80% wdentity to SEQ D NO: 2.

119, The use of any one of claims 95-118, wherein the first domain comprises a
sequence with at least 80% dentity to any one of the sequences of Table 5.

120 The use of any ove of claims 953-119, wherein the second domain comprises a
sequence with at least 80% dentity to any one of the sequences of Table 5.

121, The use of any one of claims 95-120, wherein the protein comprises a sequence
with at least 80% identity to any one of the sequences of Tables 3 and 5.

122, The use of any one of claims 95-121, wherein the protein has at least two
hinding targets.

123, The use of any one of claims 95-122, wherein the protetn has three binding

targets.
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International Application No. PCT/U82024 /035305

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 5, 36, 71, 104 (completely); 1-4, 8, 9, 13-16, 18, 19,
21-24, 26-35, 38, 39, 43-46, 48, 49, 51-54, 56-70, 73,
74, 78-81, 83, 84, 86-89, 91-103, 106, 107, 111-114,
116, 117, 119-122(partially)

A protein with multi-specificity, comprising: (i) a first
domain capable of binding a therapeutic molecule; and (ii) a
second domain capable of binding a protein, cell, or tissue,
wherein the therapeutic molecule is a LNP comprising an mRNA
or a DNA encoding for the expression of a chimeric antigen
receptor (CAR) construct; Respective polynucleotide, vector,
cell, composition and medical use

2. claims: 6, 7, 37, 72, 105(completely); 1-4, 8, 9, 13-16, 18, 19,
21-24, 26-35, 38, 39, 43-46, 48, 49, 51-54, 56-70, 73,
74, 78-81, 83, 84, 86-89, 91-103, 106, 107, 111-114,
116, 117, 119-122(partially)

A protein with multi-specificity, comprising: (i) a first
domain capable of binding a therapeutic molecule; and (ii) a
second domain capable of binding a protein, cell, or tissue,
wherein the first domain comprises a derivative of an
apolipoprotein; Respective polynucleotide, vector, cell,
composition and medical use

3. claims: 10, 40, 75, 108 (completely); 1-4, 8, 9, 13-16, 18, 19,
21-24, 26-35, 38, 39, 43-46, 48, 49, 51-54, 56-70, 73,
74, 78-81, 83, 84, 86-89, 91-103, 106, 107, 111-114,
116, 117, 119-122(partially)

A protein with multi-specificity, comprising: (i) a first
domain capable of binding a therapeutic molecule; and (ii) a
second domain capable of binding a protein, cell, or tissue,
wherein the Fv of the first domain has a high affinity for
phosphatidylserine; Respective polynucleotide, vector, cell,
composition and medical use

4. claims: 11, 12, 41, 42, 76, 77, 109, 110{(completely); 1-4, 8, 9,
13-16, 18, 19, 21-24, 26-35, 38, 39, 43-46, 48, 49,
51-54, 56-70, 73, 74, 78-81, 83, 84, 86-89, 91-103, 106,
107, 111-114, 116, 117, 119-122(partially)

A protein with multi-specificity, comprising: (i) a first
domain capable of binding a therapeutic molecule; and (ii) a
second domain capable of binding a protein, cell, or tissue,
wherein the Fv of the first domain has a high affinity for
cholesterol or a derivative of cholesterol; Respective
polynucleotide, vector, cell, composition and medical use




International Application No. PCT/U82024 /035305

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

5. claims: 17, 47, 82, 115(completely); 1-4, 8, 9, 13-16, 18, 19,
21-24, 26-35, 38, 39, 43-46, 48, 49, 51-54, 56-70, 73,
74, 78-81, 83, 84, 86-89, 91-103, 106, 107, 111-114,
116, 117, 119-122(partially)

A protein with multi-specificity, comprising: (i) a first
domain capable of binding a therapeutic molecule; and (ii) a
second domain capable of binding a protein, cell, or tissue,
wherein the second domain comprises an antibody variable
(Fv) region-like polypeptide having high affinity for a T
cell receptor alpha subunit, a T cell receptor beta subunit,
a CD3, a CD4, a CD8, a CD5 and/or a CD28; Respective
polynucleotide, vector, cell, composition and medical use

6. claims: 20, 50, 85, 118(completely); 1-4, 8, 9, 13-16, 18, 19,
21-24, 26-35, 38, 39, 43-46, 48, 49, 51-54, 56-70, 73,
74, 78-81, 83, 84, 86-89, 91-103, 106, 107, 111-114,
116, 117, 119-122(partially)

A protein with multi-specificity, comprising: (i) a first
domain capable of binding a therapeutic molecule; and (ii) a
second domain capable of binding a protein, cell, or tissue,
wherein the protein comprises a peptide linker comprising a
sequence with at least 80% identity to SeqgIdNo.2; Respective
polynucleotide, vector, cell, composition and medical use

7. claims: 25, 55, 90, 123 (completely):; 1-4, 8, 9, 13-16, 18, 19,
21-24, 26-35, 38, 39, 43-46, 48, 49, 51-54, 56-70, 73,
74, 78-81, 83, 84, 86-89, 91-103, 106, 107, 111-114,
116, 117, 119-122(partially)

A protein with multi-specificity, comprising: (i) a first
domain capable of binding a therapeutic molecule; and (ii) a
second domain capable of binding a protein, cell, or tissue,
wherein the protein has three binding targets; Respective
polynucleotide, vector, cell, composition and medical use
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