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(57) Abstract: Surface-engineered immune cells, such as natural killer cells, grafted with

targeting moiety-drug complexes. The present invention combines chemotherapy and im-
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munotherapy by engineering the immune cells to target specific tumor cells through antigen
recognition and deliver potent chemotherapeutic agents, thereby destroying the tumor cells.
The surface-engineered immune cells may be prepared using a one-step method. The present
invention also provides kits for preparing the surface-engineered immune cells.
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TARGETING MOIETY-DRUG GRAFTED IMMUNE CELL COMPOSITIONS AND
METHODS OF USE

BACKGROUND OF THE INVENTION

[6061] The present invention relates to cancer therapies that target specific cancer celis, more
particularly to methods and compositions that combine chemotherapy and immunotherapy, such
as compositions comprising targeting moisty-drug complexes or targeting moisty-drug grafied
immune celis (surface engineersd immune cells) for targeting and destroying specific cancer
cells. The present invention also relates to methods for preparing the targeling moiely-drug
grafted immune celis {surface engineered immune calls) by embedding targeting moisty-drug
complexes on andfor in the immune call membrane, as well as mathods of use of the targeting

maiety-drug grafted immune cells {surface enginsered immune cells).

[0002] Effective chemoimmunotherapy is thought o require thal chemotherapeutic agents
induce cancer cell death and promote immunomodulation, targeted chemotherapy minimizes the
adverse sffects on immune cells, and immune effecior calls maintain their cyiohtic activity

against cancer cells,

00031 The present invention Teatures methods and compaositions for combining chemotherapy
and immunotherapy for the development of largeted cancer chemoimmunoctherapy. In this
combinatorial approach, targeting moisty-drug complexes (e.g., antibody-drug conjugates
(ADCs)) are introduced to the surface of immune cells. The process of embedding targeting
meiety-drug complexes (e.g., ADCs) on and/or in the immune cell surface may exploit the
hydrophobic interaction between a polymeric lpid chain and the lipid bilayer of the call
mambrane. Lipid-conjugatad largsling moisty-drug complexes {8.g., hydrophobized targeting
moiety-drug complexes) may be incorporated into the lipid bilayer without disrupting the cell
mermbrane integrity and award new functions to the surface-engineered cells. Inventors have
surprisingly found that the surface-engineered immune cells hersin, e.g., the immune cells
featuring targeting moisty-drug complexas {8.g., ADCs) as described herein, can simultaneously
deliver potent chemotherapeutic agents to a target tumor and enhance the homing of adoplively
transferred immune cells toward the tumor sites without compromising their cytotoxic activities.

This may ullimately intensily the combinatorial anlicancer efficacy to combat cancer.

16004} While the attachment of targeting proteins or peptides has been atiempted on stem celis,
the goal of the technology was to recruit cells to a particular area for regeneration purposes. in
the present invention, however, targsting moisty-drug complexes are aitached to immune cells,
such as natural killer (NI cells, for the purposes of killing cells, such as cancer cells. Further,

the entitiss that are used {o target and deliver cells to a target cell are different. For example, in
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certain embodiments, the present invention useas cancer cell markers for iargseting purposes.

BRIEF SUMMARY OF THE INVENTION

[0005]) The present invention fealures compositions that combine chemotherapy and
immunotherapy for the development of iargeted cancer chemoimmunotherapy. The
compositions herein comprise a targeling moisty-drug complex, which is attached o an immuns
cell via a phospholipid-polyethyiene glycol (PEG) linker. For example, the targeting moiety-drug
complex may be incorporated into the lipid bilayar of the immune csll via the phospholipid-PEG
linker, Without wishing 1o limit the present invention (o any theory or machanism, it is believed
that the surface enginesred immune cells of the present invanlion {e.g., the targeting moisty-
drug complex incorporated on and/or in the surface of the immune cell} can {1) enhance homing
of the modified (swfacs engineered) immuns celis toward the targel cells, 8.g., cancer cells, and
thus increase the density of immune celis in the environment, e.g., tumor environment; and (2)
block tumor growth andfor kill cancer cells. These two events may trigger cancer cell death
synergistically and activale the immune system, the lalter of which can kill metastatic cancer
cells andfor circulating tumor cells. The present invention is not limited to the targeting moisty-
drug complexes (or ADCs) described herein, such as those featuring T-DM1. Any appropriate
antibody-drug conjugates or targeting moisty-drug complexes, mcluding those currently
marketed and undergoing development, can be incorporated on the surface of an immune csll

{e.q., any immune cell} using the msthods and compositions described herein.

{0006} Briefly, the present invention features chemoimmunotherapsulic compositions for
fargeting a cells, s.q., cancer cells, In cerfain embodiment, the composition comprises a
targeting moiely spsacific for and capabie of binding (o a target on a cell of inlerest; a drug
conjugated on the targeting moiety forming a largeting moiety-drug complex; a phospholipid
linked to a polyethylene giycol (PEG) forming a phospholipid-PEG linker, wherein the
phospholipid-PEG linker is altached to the targeting molety-drug complex; and an immune cell,
whersin the targeting moiely-drug complex is hydrophobically bound to the immune cell via the
phospholipid-PEG linker. In certain embodiments, the targsting moisty-drug complex directs the

immune cell to the cell of interest, wherein the drug has a cytotoxic effect on the cell of interest.

00071 In certain embodiments, the phospholipid is selected from the group consisting of 1,2-
dimyrisioyl-sn-glycero-3-phosghoethanclamine, 1,2-dipalmitoyi-sn-glycere-3-
phosphoethanolamine and 1,2-distearoyl-sn-givcero-3-phosphocholing. In some embodiments,
the PEG has a molecular weight from 2 kDa to 10 kDa. In some embodiments, the PEG has a3
molecutar weight from 4.5 kDa t0 5.5 kDa. In some embodiments, the cell of interest is a breast
cancer cell. In some embodiments, the immune cell is selscled from the group consisting of: a

natural killer (NK) cell, a lymphocyte, a leukocyte, and a phagocyte. In some embodiments, the
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immune cell is a combination of two or more cealls from the group consisting of. a natural killer
(NK) cell, a lymphocyte, a leukoceyie, and a phagooyte. In some embodiments, the lymphocyte is
a natural Killer (NK) cell. in some embodiments, the targst is HERZ2. In some embodiments, the
{argeting moiety is an antibody or fragment thereof. In some embodiments, the targeling moisly
is an anti-HERZ antibody. In some embodiments, the largeting moiety is trastuzumab,
alemtuzumab, pertuzumab, bevacizumab, or rituximab. in some embodiments, the iargeting
moiely is an anti-CD53 antibody, an anti-CD30 antibody, an anti-CD20 antibody, an anti-Ep-
CAM antibedy, an anti-VEGF antibody, an anti-VEGFR antibody, an anti-MSLN antibody, an
anti-CD319 antibody, an anti-phosphatidylserine antibody, an anti-FGFR antibody, an anti-CD44
antibody, an anti-Notch1 antibody, an anti-mucin antibody, an anti-MCP-1 antibody, an anti-
Lewis-Y antigen antibody, an anti-PCDC1 antibody, an anti-lL2 antibody, an anti-EGFR
antibody, an anti-CEACAMS antibody, an anti-MUC1 antibody, an anti-glypican 3 antibody, an
anti-PTK? antibody, an anti-CD19 antibody, an anti-RANKL antibody, an anti-B lymphoma cell
antibody, an anti-DR5 antibody, an anti-CLDN19 antibody, an anti-HER3 antibody, an anti-
HER1 antibody, an anti-CD4 antibody, or an anti-CD70 antibody. In some embodiments, the

drug is emtansine (DM1).

[0008] The present invention also features methods for freating a tumor in a subject in need
thereof. In cerfain embodiments, the method comprises administering o the subject a
therapeutically effective amount of composition according o the present invention, wherein the
targeting moisty is specific for a target on cells of the twmor. in certain embodiments, the drug

has a cytotoxic effect on cells of the tumor.

{8009} Any feature or combination of features described herein are included within the scope of
the present invention provided that the features included in any such combination are not
mutually inconsistent as will be apparent from the context, this specification, and the knowledge
of one of ordinary skill in the art. Additional advantages and aspecls of the present invention are

apparent in the following detailed description and claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
10018} The features and advantages of the present invention will become apparent from 2
consideration of the following detailed description presented in connection with the

accompanying drawings in which:

(6011 FIG. 1A shows a comparison of cell viabilities bstween unmodified NK cells and SE-
NK/T-DM1 cells generated with 50, 100, or 200 ug of DMPE-PEG-T-DM1. Data = mean £ SD.

(6012 FIG. 1B shows the surface retention tims of T-DM1 on the surface of SE-NK/T-DM1 cells
incubated in media containing 10% serum. SE-NK/T-DM1 celis were incubated in complets

growth media and a portion of cells were sampled al each time point up 1o 48 h. The presence
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of T-DM1 on the surface of SE-NK/T-DM1 cells was detected using Alexa 488-conjugated goat
anti-human lgG (H+L) antibodies. Plot is selected from two independent experiments.

18813} FIG. 1C shows the availability of CD56 and 284 on the celi membrane of SE-NK/T-DM1-
FiTC cells was determined by flow cytometry. After SE-NK/T-DM1-FITC celis were prepared,
APC-conjugated anti-CD56 antibodies or APC-conjugaled anti-2B4 antibodies were used (o
detect the recepior availabilily. All images and piols are from one of two indspendent
experiments.

18014} FIG. 2 shows binding of SE-NK/T-DM1 celis to the HER2-positive cancer cells. Cancer
cells were co-incubated with NK cells, SE-NK/T-DM1 cells, or T-DM1+NK cotreatment at an E:7
ratic of 10:1. After 30 min, unbound celis were thoroughly washed and the remaining NK celis
were counted using flow cytomelry to calculale the remaining E:7T ratio. Cancer cells were
labeled in red with CellTracker Red CMTPX and NK cells were labeled in blue with CellTracker
Blue CMAC. Data represent maan = 3D (ns, not significant; "~ < 0.0001, by one-way ANOVA
with Bonferroni post hoc tests).

16015] FIG. 3A shows cancer cell death induced by coincubating T-DM1+NK cotreatment or SE-
NI/T-DM1 cells with SK-BR-3 cells. Cancer celis labeled with CMAC (blue) dye were incubated
with unmodified NK celis, T-DM1, T-DM1+NK cotreatment, or SE-NK/T-DM1 cells for 24 h
without removing the unbound NK cells,

(0016} FIG. 3B shows cancer call death induced by coincubating T-DM1+NK cotreatment or SE-
NK/T-DM1 cells with Calu-3 cells. Experimental details are the same as in FIG. 3A above.

(0017} FIG. 3C shows cancer cell death induced by coincubating T-DM1+NK cotreatment or SE-
NK/T-DM1 cells with MDA-MB-231 celis. Experimental details are the same as in FIG. 3A.
(0018} FIG. 3D shows targeted anticancer activity of SE-NK/T-DM1 calls, wherain unbound NK
celis were removed after the coincubation of SE-NK/T-DM1 celis with SK-BR-3 cells. Unbound
NK celis were removed after 2 h of incubation and the remaining cell mixiures were incubated
for additional 24 h. Cancer cell death was measured with flow cylomslry using an annexin V
Alexa Fluor 488 and propidium iodide kit. Data represent mean £ 8D {ns, not significant, *P <
0.05, P < 0.04, 7P < 3.0001, by two-way ANOVA with Bonferroni post hoe tests).

10019 FIG. 3E shows targsted anficancer aclivity of SE-NK/T-DM1 ceils, wherein unbound NK
celis were removed after the coincubation of SE-NK/T-DM1 cells with SK- Calu-3 cells.

160201 FIG. 3F shows targeted anticancer activity of SE-NK/T-DM1 cells, wherein unbound NK
celis were removed after the coincubation of SE-NK/T-DM1 cells with MDA-MB-231 celis.

160211 FIG. 4A shows relative tumor volume change of HERZ-positive Calu-3 cancer. Tumors
were inoculated on the left flank of female NOD scid Gamma (NSG) mice. Tumor-bearing mice
recaived weekly treatment of no treatment, 0.21 mg of T-DM1, 1 x 107 NK celis, 0.21 mg of T-
Di1+1 x 107 NK cotreatment, or 1 x 107 SE-NK/T-DM1 cells through tail vein infusion for 14 d.

All agents were freshly prepared in 250 pl of PBS and the infusion was scheduled for 1 min.
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Data represent mean * SD (P < 0.0001, two-way repeated measure ANOVA with Bonferroni
post hoc tests).

16022} FIG. 4B shows relative tumor volume change of HERZ2-negative MDA-MB-231 cancer.
Experimental details were the sams as in FIG. 4A above.

10023} FIG. 4C shows biodistribution of SE-NK/T-DM1 cells in Calu-3 tumor-bearing NSG mice
{n = 3). Animals received no treatment, 1 x 107 NK cells, 0.21 mg of T-DM1+1 x 107 NK
cotreatment, or 1 x 107 SE-NK/T-DM1 cells through tail vein infusion. All aganis wers freshly
preparad in 250 ub of PBS for 1 min infusion. Tumor and other vilal organs were harvested at 24
h post-treatment. Single-cell 50 suspension was prepared from the harvest tissues and APC-
conjugated anti-CD56 antibodies were applied to detect NK cells. Flow cylometer was used to
count NK cells among 1 x 105 tolal cells. Data represent mean x SD {ns, not significant; **P <
0.001; ™ F < 0.0001; two-way ANGVA with Bonferroni post hoc tests).

TERMS

16024} Unless ctherwise explainad, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which a disclosed
invention belongs. The singular tarms “a,” “an,” and “the” include plural referents unless context
clearly indicales otherwise. Similarly, the word “or” is intended to include "and” unless the
context clearly indicates otherwise. The lerm "comprising” means that other elements can also
be present in addition to the defined elements presented. The use of "comprising” indicates
inclusion rather than limitation. Stated another way, the term "comprising” means "including
principally, but not necessary solely”. Furthermore, varnation of the word "comprising”, such as
"comprise” and "comprises”, have correspondingly the same meanings. In one respect, the
tachnology described herein related to the hersin described compositions, methods, and
respective component{s) thereof, as essential to the invention, vet open to the inclusion of

unspecified elements, essential or not ("comprising™).

100251 All embodiments disclosed herein can be combined with other embodiments unless the
context clearly diciates otherwise. Suitable methods and materials for the practice and/or testing
of embodiments of the disclosure are described below. Such methods and materials are
iftustrative only and are nol intended to be limiting.  Other methods and malerials similar or
aquivalent to those described herein can be used. All publications, patent applications, paients,
and other references mentioned herein are incorporated by refersnce in their sntirety for all
purposas. In case of conflict, the present specification, including explanations of terms, will
contral. Although methods and materials similar or equivalent {0 those described herein can be
used o practice or lest the disclosed technology, suilable methods and malerials are described

below. The materials, meathods, and examples are illustrative only and not intended o be
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limiting. In order to {acilitate review of the various embodiments of the disclosure, the following

explanations of specific terms are provided:

[8026] Antibody and Antibody Fragment: The term “antibody” herein is used in the broadest
sense and encompasses various antibody structures, including but not limited to monocional
antibodies, polyclonal antibodiss, multispecific antibodies (e.g., bispecific antibodies), and
antibody fragmenis. "Antibody” can refer to a peptide (e.g., polypeptide) that includes at lsast a
light chain or heavy chain immunoglobulin variable region and specifically binds an epitope of an
antigen. An antibody can be conjugated. An anlibody can be labeled with a delectable label,
such as an enzymae, hapten, or fluorophore. An “antibody fragment” refers o a molecule other
than an intact antibody that comprisses a portion of an intact antibody that binds the anligen fo
which the intact antibody binds. Examples of antibody fragments include but are not limited to
Fv, Fab, Fab’, Fab’-8H, F(ab’)2; diabodies; linear antibodies; single-chain antibody molecules

{e.g. scFv); and multispeciiic antibodies formed from antibody fragments.

160271 Antibody Drug Conjugate (ADC): An “antibody-diug conjugate” refers o a substance
comprising a monocional antibody chemically linked to a drug, such as a cytotoxic compound.
The monoclonal antibody binds to a specific farget, such as a protsin or receptor found on
certain types of cells. The linked drug may enter and destroy the largeted cell. ADCs are

typically used as targeted therapy for treatment of cancer.

10028 Effective Amount. The term “effective amount,” as used herein, refers to a dosage of a
compound or a composition effective for sliciting a desired sffect. This term as used harsin may
also refer to an amount effective at bringing about a desired in vivo effect in an animal, mammal,

or human.

18028} Monocional Anfibody and Polyclonal Anfibody: The term “monoclonal antibody” refers to
an antibody obtained from a population of substantially homogeneous antibodiss, i.s., the
individual antibodies comprising the population are identical and/or bind the same epiiope,
aexcept for possible variant antibodies, e.g., containing naturally ocourring mutations or arising
during production of a monodional antibody preparation, such varianis generally being present in
minor amounts. The term “polyclonal antibody” refers to an antibody preparation that typically
inciudes different antibodies directed against different determinants (epitopes). In conirast to a
polycional antibody, each monodional antibody of a monoclonal antibody preparation is directed
against a single determinant on an antigen. Thus, the modifier “monocional” indicates the
character of the antibody as being obtained from a subsiantially homogeneous population of
antibodies and is not {0 be construed as requiring production of the antibody by any particular

methed. Monocional antibodies (mAbs) have been established as a mainstream mode of
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immunotherapy as well as vehicles for targeted delivery of cytotoxic agents.

B s

(8030} Specific for: As used herein, the phrase “specific binding,” "specifically binds to,” or
“specific for” refers to measurable and reproducible interactions such as binding between a
target and a biomarker-specific agent, which is determinative of the presence of the target in the
presence of a heterogenecus population of molecules including biclogical molecules.  For
example, a binding entity thal specifically binds to a target may be an antibody that binds this
target with greater affinity, avidity, more readily, and/or with greater duration than it binds fo

other targels.

18031} Subject: As used herein, the term “subject” is intended to include human and non-human
animals. The term “non-human animals” includes all vertebrales, s.g. non-mammals {such as
chickens, amphibians, repliles), and mammals, such as non-human primates, domesticated
and/or agriculturally useful animals (such as shesp, dogs, cats, cows, pigs, aic.), and rodenis

{such as mice, rats, hamsters, guinea pigs, efc.).

18032} Targeting moiely: The term “targeting moisty” refers to any chemical entity that serves to
bind or target or direct the modified cell (e.g., immune cell} to a pasticular location or association,
a.g., the targeting moisty may be an antibody or fragment thereof that binds the immune calitc a
farget such as a hiomarker on the surface of a target cell. A targeting moiely may, for example,
be used o direct a modified cell 1o a specific protein or enzyme, or © a particular calivlar
location, or to a particular cell type. A largseting moisty may be used 1o help selectively enhance
accumulation of the modified cell. Suitable targeting moietias include, but are not limited to
proteins, peptides, ghlycoprotains, glycopeptides, steroids, polysaccharides, hormones,

cofactors, nucleic acids, antibodies, chimeric antigen receptors, and drugs.

[8033] Treafment. As used herein, the terms "treal” or "treatment” or "treating” refers o both
therapeutic treatment and prophylactic or preventative measures, wherein the object is o
prevent or slow the development of the disease, such as slow down the development of a
cardiac disorder, or reducing at lsast one adverse sffect or symptom of a condition, disease or
disorder, 8.g., any disorder characlerized by insufficient or undesired function. Treatment is
generally "eflective” if one or more symptoms or clinical markers are reduced as thal term is
defined herein. Alternatively, a treatment is "effective” if the progression of a diseass is reduced
or halted. That is, "reatment” includes not just the improvement of symptoms or decrease of
markers of the disease, but also a cessation or slowing of progress or worsening of a symptom
that would be expected in absence of ireatment. Beneficial or desired clinical results include, but
are not limited to, alleviation of one or more symplom(s), diminishment of exient of diseass,

stabilized {e.g., not worsening) state of disease, delay or siowing of disease progression,
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amelioration or palliation of the disease state, and remission (whether partial or total), whsther
detectable or undelecltable. "Treatment” can also mean prolonging survival as compared o
axpected survival if not receiving treatment. Those in nesd of reatment include those already
diagnosed with a condition, as well as those likely to develop a condition due o genelic

susceptibility or other factors such as weight, diet and health.

DETAILED DESCRIPTION OF THE INVENTION

Swrface Engineered immune Cells

i0034] The present invention features compositions that combine chemotherapy and
immunotherapy for the development of targeted cancer chemoimmunotherapy. The
compositions hersin comprise a targeting moiety-drug complex (s.g., antibody-drug conjugate
{ADC}), which is attached o an immune cell via a phospholipid-pelyethylene glycol (PEG) linker.
For exampie, the targeting moisty-drug complex (e.g., ADC) may be altached to the immune cell

by incorporating the phospholipid-PEG linker into the lipid bilaver of the immune cell.

16035] As previously discussed, the present invention is not limited to the targsting moisty-drug
complexes (e.g., ADCs) described hersin, such as those featuring T-DM1. Any appropriate
targeting moiety-drug complexses, including those currently marksted and undergoing
development, can be incorporated on the surface of an immune cell {e.g., any immune cell)

using the methods and compositions described herein.

(60361 in some embodiments, the immune cell is a natural killer (NK) cell. However, the present
invention is not limited to NK cells. In some embodiments, the immune cell is a lymphocyle, e.q.,
a T cell (e.g., killer T cell, a helper T cell, a Gamma dslta T ceall, slc.), a B cell, sic. In some
embodiments, the immune cell is a leukocyte. In some embodiments, the immune cell is a
phagooyle, e.g., a neubrophil, 2 macrophage, a monocyte, a mast cell, elc. The present

invention is not limited o the aforementioned cells.

18037} The targeting moiety-drug complex comprises a targeting moiety (or binding moisty) that
is specific Tor a particular cell marker or a cancer cell. The targeling moiety may be, for example,
an antibody or an antibody fragment. However, the present invention is not limited (o antibodies
or fragments thereof. The targeling moiely may include any chemical enlity capable of
specifically binding a target. Suilable fargeting moieties may include, bul are not limited to
proteins, peptides, ghlycoprotains, glycopeptides, steroids, polysaccharides, hormones,
cofactors, nucleic acids, antibodies, chimeric antigen receptors and drugs. Likewise, the largst

may be any ligand capable of specific binding o the targsting moisty.

[0038] As an example, in cartain embodiments, the targsting moiety is an anti-HERZ2 targeting

moiety {e.g., anti-HER2 antibody such as trastuzumab), e.g., a targeting moiety specific for
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HERZ. HERZ2 is a cell marker overexpressad on the surface of cartain types of cancer cells, 8.,
breast cancer cells. Targeling moisties may include but are not limited o alemiuzumab,
pertuzumab, bevacizumab, riluximab, abciximab, adalimumab, alefacept, basiliximab,
belimumab, bezlotoxumab, canakinumab, certolizumab  pegol, cetuximab, daclizumab,
denosumab, efalizumab, golimumab, inflectra, ipilimumab, ixekizumab, natalizumab, nivolumahb,
olaraiumab, omalizumab, palivizumab,  panilumumab, pembrolizumab,  tocilizumab,
frastuzumab, secukinumab, ustekinumab, efc. Thus, the cell marker that the targsting moisly
targets inciudes (but is not limited o) any of the cell markers that the aforementionsd antibodies
fargel. In certain embodiments, the targeting moiety may be an anti-CD53 antibody, an anti-
CD30 antibody, an anti-CD20 antibody, an anti-Ep-CAM antibody, an anti-VEGF antibody, an
anti-VEGFR  antibody, an anti-MSLN antibody, an anti-CD319 antibody, an anti-
phosphatidyiserine antibody, an anti-FGFR antibody {e.g., anti-FGFR2 antibody), an anti-CD44
antibody, an anti-Notch1 antibody, an anti-mucin antibody, an anti-MOCP-1 antibody, an anti-
Lewis-Y antigen antibody, an anti-PCDC1 antibody, an anti-iL2 antibody, an anti-EGFR
antibody, an anti-CEACAMS antibody, an anti-MUC1 antibody, an anti-glypican 3 antibody, an
anti-PTK? antibody, an anti-CD19 antibody, an anti-RANKL antibody, an anti-B lymphoma cell
antibody, an anti-DR5 antibody, an anti-CLDN19 antibody, an anti-HER3 antibody, an anti-
HER1 antibody, an anti-CD4 antibody, an anti-CB7{ antibody, sic.

{6039} The targsling moiety-drug compiex further comprises a drug, such as a cyiotoxic drug.
Non-limiting examples of drugs that may be used according 1o the present invention include
emiansine (DM1), Brentuxmab vedolin, Gemtuzumab oozogamicin, Inctuzumab ozogamicin,
Trastuzumab emtansine, BT-062, CDX-011, Milatuzumab-dox, SAR3415, AGS-16M8F, ASG-
22ME, ASG-5ME, BAY 79-4620, BAY 94-8343, BlIB015, IMGNB29, IMMU-130, Lorvotuzumab
martansing, MDX-1203, PSMA ADC, RG7583, SARE88658, SGC-75, slc. The targeting moiety-
drug complex is linked or attached to the immune cell via a phospholipid-PEG linker. The
phospholipid-PEG linker may be conjugated to the targeting moiely. In certain embodiments, the
phospholipid-PEG linker is pre-conjugated {o the targsting meiety (g.g., targsting moiety-drug
complex), e.g., the targeting moiely-drug complex. In certain embodiments, the present
invention providas the phospholipid-PEG linker separale from the targsling moisty-drug
complex. The phospholipid may be any suitable phospholipid capable of hydrophobically binding
to the surface of a cell. For example, the phospholipid may include, but is not limited to: 1,2~
dimyristoyl-sn-glycero-3-phosphoethanclamine {(DMPE), 1,2-dipalmitoyl-sn-glycerc-3-
phosphoethanolamine, and 1,2-distearoyl-sn-glycero-3-phosphocholine. in some embodiments,
the phospholipid may be 12-dimyristoyl-sn-glycero-3-phosphosthanoiamine {DMPE). The
polyethylens glycol (PEG) may have a molecular weight from 1 kDa to 20 kDa. In certain

embodiments, the PEG has a molecular weight from 2 kDa to 10 kDa, e.q., 2 kDa, 3kDa, 4 kD3,
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5 kDa, 6 kDa, 7 kDa, 8 kDa, 9 kDa, 10 kDa. In certain embodiments, the PEG has a molecular
weight from 4.5 kDa to 5.5 kDa {e.g., 5 kDa).

{00408} The composition may comprise the targsting molety-drug complex linked to the
phospholipid-PEG linker. In cerlain embodiments, the composition comprises the targsting
moiety-drug complex and the immune cell, 8.g., the compaosition may comprise the immuns cell
and the targeting molety-drug complex linked fo the immune cell via the phospholipid-PEG

linker.

Methods

10041} The present invention also features methods of preparing compositions of the present
invention, e.g., methods of preparing the targeting moiety-drug complex, methods of linking the
fargeting moisty-drug complex to cells such as immune celis, stc. As an example, a DMPE-
PEG-ADC  (e.g., polysthylene glveol (PEG) linking  1,2-dimyristoyl-sn-glycero-3-
phosphoethanoclamine (DMPE) o an antibody-drug conjugate (ADC)) may be prepared as a
ready-to-use formulation. Immune cells, such as pre-expanded immune cells, may be
fransformed {o a targeted form of chemoimmunotherapy by mixing immune cells and DMPE-
PEG-ADC togethser for a time pericd (e.g., any appropriate time peried, a.g., 15 minutes).
Immune cells equipped with ADCs can migrate toward the largel tumor site through the
recognition of target antigen by ADCs. In the target tumor tissues, ADCs induce apoplosis of the
target cancer celis and immune cells present in proximity destroy the dying cancer cells that

expressed damage-associated molecular patierns (DAMP).

10042} The present invention aiso features methods of use of the compaositions of the present
invention, e.g., methods of use of the surface engineered cells with the targeting moiety-drug
complex. The prasent invention also features adoptive transfer of immune cells, a.g., adoptive
fransfer of compositions of the present invention that comprise surface engineered immune cells
as described herein. The present invention also features methods of targsted
chemoimmunotherapy. The present invention alsc features methods of freating a dissase or

condition in a subject in need thereof, e.g., methods of treating a tumor.

100431 With respect to the preparation of compositions herein, certain compounds described

herein may be commerciaily available. Others may nesd synthetic preparation.

{6044} In certain embodimants, the phospholipid-PEG carries a reaclive functional group on the
terminus of the PEG, which may be used for coupling with a targeting moiety-drug complex. For
example, when the reaclive functional group is NHS, the inlermediale may couple with &
targeting moiety that has a reactive amino group to form an amide. When the reactive functional

group is an amine, the intermediale may couple with a reactive isothiocyanate o form a

10



WO 2020/061419 PCT/US2019/052097

thiocarbamate. When the reactive functional group is an azide, the intermediate may couple with
fargeting moielies that have a reaclive nilrile or a reactive alkyne group o form a telrazole or a
iriazole. When the reactive functional group is maleimide, the intermediate may couple with a
{argeting moiely that has a reaclive thiol group 1o form a bond belween the sulfur of the thiol and

carbon of the resulting succinimide.

[0045] As can be appreciated by the skilled artisan, further methods of synthesizing the
compounds herein will be evident ic those of ordinary skill in the art. Additionally, the various
synthetic steps may be performed in an allemale sequence or order o give the desired
compounds, Synthetic chemistry transformations and protecling group methodologies
{protection and de-protection) useful in synthesizing the compounds described herein are known
in the art and include, for example, these such as described in R, Larock, Comprehensive
Organic Transformations, VOH Publishers (1888); T. W. Greene and P.G.M. Wuts, Protective
Groups in Organic Synthesis, 2d. Ed., John Wiley and Sons (1981); L. Fieser and M. Fieser,
Fieser and Fieser's Reagents for Organic Synthesis, John Wiley and 3ons (1984); and L.
FPaquetle, ed., Encyclopedia of Reagents or Organic Synthesis, John Wiley and Sons (1985),

and subsequent editions thereof,

10046} With respect to surface modification of immune cells, in certain embodiments, surface
maodification of a cell may be achieved by the phospholipid portion of the compound interacting
with, and binding (o the lipid bilayer membrane of the cell. Each component, or variable, of the
composition may be evaluated to determine preferred components and their ability to modify the
surface of a cell. For example, compositions possessing differing molecular weights of PEG may
be utllized to determine which PEG size is preferable for the interaction between the
phospholipid and cell membrane. The choice of reaclive functional group atiached to the
ferminus of the PEG may also be evaluated, depending on the targsling moisty being attached
and the compatibility of the reactive funclional groups it possesses. In addition, the minimum
incubation time with the cell, along with the optimized guantily of the compound required for cell

maodification may also be determined.

18047} Experiments thal may determine certain abilities of the surface modified {or surface
engineered) cells may be conducted. These may include experiments focused on cell adhesion,
foxicity, proliferation, and recovery rate. In addition, kinetic experiments may determine the
length of time that the compound can remain immobilized on the surface of the cell. Additionally,
the use of different targeting moieties may be evaluated to determine their effect on the ability o
maodify the cell. Different fluorescent chemical entities, such as fluorescein isothiocyanate (FITC)
and green fluorescent protein (GFP), may also be atlached (o or replace the targeting moisty for

evaluation of the composition’s ability to modify the csll.
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10048} Evaluation of the binding of a target {e.g., receptor of a cell of interest) to a targeting
moiety on the surface of an immune cell may be achieved by various means. As an example, in
ceriain embodiments, evaluation of the binding of the farget to the targsting moiety on the
surface of an immune cell may involve incubating a fluorescent-labeled target ligand with a cell
modified by a composition herein that contains a fluorescent-labeled targeting moiety. Migration
of cells modified with a composition herein toward the gradient of an appropriate target (s.q.,
recapior of a call of interest) may be achieved by incubation of the modified immune call with the
fgrgel. Evaluation of the modified cell's abifity to migrale may be delermined by appropriate cell

counting assays or other appropriate means.

16049 The methods described herein include methods of treating disease states in a subject in
nead of treatment. Such methods may comprise administering (o the subject a therapeutically
effective amount of a composition described hersin. The composition for administration to the
subject in need may be comprised of immune cells engineered to carry a targeling moiely-drug
complex, wherein the targsting moisty is specific for a particular cell of interest. Also describad
herein are methods of promoting in vive homing of the described compaosition 10 a target of a cell
of interest, wherein the targeting moiety may bind or interact with a target of the cell of interest,
a.g., a cell that is associated with a particular diseasad tissue, and the modified cell may be

recruifed to the diseased tissus.

100501 It will be appreciated that appropriate dosages of the compaositions herein can vary from
patient to patient. Determining the oplimal dosage will generally involve the balancing of the
level of therapeulic benefit against any risk or deleterious side effects of the ireatments
described herein. The seleclted dosage level will depend on a variely of factors including, but not
limited to: the aclivity of the particular composition, the roule of adminisiration, the time of
administration, the rate of excretion of the composition (e.g., the drug portion), the duration of
the treatmant, other drugs, compounds, and/or materials used in combinalion, and the age, sex,
weight, condition, general health, and prior maedical history of the patient. The amount of
compound and roule of administration may be at the discretion of the physician, although
generally the dosage will be {o achieve local concentrations at the site of action that achieve the

desired sifect without causing subsiantial harmiul or delelerious side-sifscts.

18851} In certain embodiments, administration in vive can be sffected in one dose, continuously
or intermittently {e.q., in divided doses at appropriate intervals) throughout the course of
freatment. Methods of determining the most effective means and dosage of administration are
well known to those of skill in the arl and will vary with the formulation used for therapy, the
purpose of the therapy, the target cell being trealed, and the subject being ireated. Single or

multiple administrations can be carried out with the dose lavel and pattern being selected by the
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treating physician,

(052} The present invention also features kits for modifying immune cells according to the
present invention. In some embodiments, the kit comprises a phospholipid-PEG linker, a
targeting moisty-drug complex, and reagenis for linking the phospgholipid-PEG linker to the
fargeling moisty-drug complex. in soms embodiments, the kil comprises a targsling moisty-drug
complex already linked with the phospholipid-PEG linker. In some embodiments, the kit further
comprises immune cells. Any combination of one or more of the components used in the
present invention, e.¢., celis, largeting moisties, linkers, drugs, reagents, elc., may be combined

to form a kit

EXAMPLE

053] The following Example describes the production and use of surface engineered Natural
Killer cells specilic for HERZ. The present invention is not limited to the methods and
compositions described herein. Briefly, trastuzumab emtansine (T-DM1), a model ADC, was first
modified by attaching 1,2-dimyristoyt-sn-glycero-3-phosphosthanclamine {DMPE) conjugated
polyethylene glyeol (PEG), and the resulting hydrophobized T-DM1 (DMPE-PEG-T-DM1) was
used to modify the surface of allogeneic natural killer (NK) cells, a model immune cell. These T-
DM1 surface-engineered NK (SE-NIK/T-DM1) cells recognized and destroyed human epidermal
growth factor receptor 2 (HERZ)-positive cancer cells through the combined activity of T-DM1
and NK cells. This single-injection formulation chemoimmunctherapy, SE-NK/T-DM1 cells,
suppressed the progression of the largel tumor significantly compared {o the cotreatment of NK
cells and T-DM1.

100541 Surface Engineering of immune Cells: NK cells and JK cells were 3 modified with DMPE-
PEG-T-DM1 or DMPE-PEG-TZ to generate SE-NK/T-DM1 cells, SE-NK/TZ cells, and SE-JK/T-
DM1 cells. Briefly, b x 107 immune cells were incubated with different amounts of DMPE-PEG-
T-DM1 or DMPE-PEG-TZ in 100 pyl PBS at room temperature Tor 15 min. After the modification,
cells were washad twice with 1 mbL PBS. The one-step method was oplimized with 100 yg of
DMPE-PEG-T-DM1 per 5 x 10° immune cells.

10055 Characlerization of Surface-Engineered Cells: SE-NK/T-DM1 celis were prepared with
FITC-labeled DMPE-PEG-T-DM1 according to the procedurs dascribed above. SE-NK/T-DM1-
FITC celis were visualized by confocal microscopy {(Niken A1R, Nikon, Ex/Em = 495/520 nm).
Collected images were processed with Imaged software. Changes iniigell viability and
profiferative functions foliowing the modification were delermined using CCK-8. Surfacs
retention times of T-DM1 on the SE-NK/T-DM1 cell membrane were measured using Alexa 488-
conjugated goat anti-human (H+L) antibodies (ExEm = 485/520 nm). SE-NK/T-DM1 cells
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incubated in complete growth media were withdrawn at each time point and Iabsled with 10 pg
of Alexa 488-conjugated goat anti-human (H+L) antibodies. Fluorescent signals were measurad
by flow cytometry and analyzed by Flowlo software. The availability of NK cells receptors after
the surface engineering was tested using APC-conjugated anti-CD56 antibodies (Ex/Em =
650/660 nmy or APC-conjugated anti-2B4 antibodies (Ex/Em = 650/660 nm). Each antibody was
appiied onto SE-NK/T-DM1-FITC cells according to the manufaciurer's recommended amount.
The availability of CD56 and 2B4 on SE-NK/T-DM1 was detected by flow cylomestry and

analyzed by Flowdo software.

(0036} Selective Binding, Transfer, and Internalization of T-DM1. SK-BR-3 27 cells, Calu-3 cells,
and MDA-MB-231 celis were Iabeled with 2 x 10 m 28 of CellTracker Red CMTPX (Ex/Em =
577/602 nm). Cancer cells were seeded on 24-well plate at a density of 4 x 10° cells/weli 24 h
prior o treatment. NK cells were labeled with 1 x 1076 m of CeliTracker Blue CMAC (ExEm =
353/466 nm) prior to surface engineering with DMEP-PEG-T-DM1. Cancer cells were
coincubated with unmodified NK cells, T-DM1+NK cotreatment, and SE-NK/T-DM1 cells at an
£:7 ratio of 10:1. After 30 min, unbound NK cells were removed and all remaining cells were
coliected. The number of NK cells was quaniified per 1 x 10" cancer cells by flow cytometry and
the ramaining £ T ratio was calculated. Transfer of T-DM1 from SE-NK/T-DM1 cells fo targst
cancer cells was examined using confocal microscopy. SK-BR-3 cells, Calu-3 cells, and MDA-
MB-231 cells labeled with 2 x 107 m of CellTracker Red CMTPX and seeded on a Lab-Tek Il
eight-chambered cover glass slide at a density of 1 » 10" cellsiwell 24 h prior to treatment. NK
celis labeled with 1 x 107 m CeliTracker Blue CMAC were modified with 100 pg of DMPE- PEG-
T-DM1-FITC. After the modification, 1 x 10° SE-NK/T-DM1 cells were coincubated with the
cancer celis for 30 min and washed with PBS {o remove the unbound sffector celis. Coincubated
cells were imaged by confocal microscopy and collectad images were processed by Imaged
software. Internalization of T-DM1 was visualized using a similar procedure. Cancer celis
labeled with NucBiue Live ReadyFrobe Reagent (ExX/Em = 360/460 nm) were seeded on a Lab-
Tek ii eight-chambered cover glass at a density of 1 = 10* celisiwell 24 h prior to treatment. NK
cells fabeled with 1 x 107 m CeliTracker Red CMTPX were modified with 100 ug of DMPE-
PEG-T-DM1-FITC. Cancer celis were treated with T-DM1-FITC or CMPTX-labeled SE-NK/T-
DMA-FITC cells at an £ 7 ratic of 10:1. Unbound T-DM1-FITC and SE-NK/T-DM1-FITC cells
were thoroughly removed after 30 min. internalization of T-DM1-FITC (Ex/Em = 485/520 nm)
was imaged using confocal microscopy at the initial ime peint and 6 h latar. Collected images

wera processed with imaged software.

100571 Cancer-Targeted Cylctoxicity of SE-NK/T-DM1 Celis: SK-BR-3 cells, Calu-3 celis, and
MDA-MB-231 cells were labeled with 2 x 10°° m of CeliTracker Biue CMAC and seeded at a

population of 1 » 10% celis/well on a 48-well plate 24 h prior to treatment. Cancer cells were
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coincubated with unmeodified JK celis, unmodified NK celis, TZ, T-DM1, T-DM1+JK cotreatment,
T-DM1+NK cotreatment, SE-NK/T-DM1 cells, SE-NK/TZ cells, or SE-JK/T-DM1 cells at an &7
ratic of 10:1 in 600 pb of complete media. Cancer cells receiving T-DM1 treatment recaived 2.1
pg of T-DM1 that corresponds to the T-DM1 amount on SE-NK/T-DM1 treated at an F:7 ratio of
10:1. All freatments were washed 2 h after the coculture, and the remaining cancer-bound
effector celis were further incubated for 24 h. All celis were harvested and iabeled with the
Annexin V Alexa Fluor 488 and propidium iodide kit (Annexin Ex/Em = 485/520 nm and
propidium Ex/Em = 535/617) after 24 h of coincubation. Cancer csll death was analyzed by flow
cylomelry. To distinguish the effects of antibodies, chemotherapsautic agents, and immune cells,
cancer cells labeled with CMAC were coincubated with SE-NK/T-DM1 cells, SE-NK/TZ cells,
SE-JK/T-DM1 calls, or other correspending treatments at £:7 ratio of 10:1 in 600 ul of complete
madia. Unbound effector cells were removed 2 h afler the initial coincubation and the remaining
cell midures were further incubated for 24 h. Cancer calls receiving T-DM1 treatment recsived
2.1 ug of T-DM1 that corresponds o the T-DM1 amount on surface-enginesred immune cells
with ADCs treated at an E:T ratic of 10:1. Resulling cancer cell death was identified with
Annexin V Alexa Fluor 488 and propidium icdide kit (Annexin Ex/Em = 485/520 nm and

propidium Ex/Em = 535/617) using flow cytometry and analyzed by FiowJo software.

180581 In Vivo Tumor Efficacy and Biodistribution: in vivo studies were conducted with six-week-
old female NOD scid gamma (NSG, NOD. Cg-Prkdescid H2rgtm1WiliSzJ) mice purchased from
the Jackson Laboratory {Bar Harbor, ME). Each mouse was subcutanecusly inoculated with 1 x
107 celis of Calu-3 cells or MDA-MB-231 celis on the left flank. Cancer cells were suspended in
PBS supplemented with 10% (v/v) Matrigel (Fisher Scientific, Bedford, MA). Tumor volume was
recarded three times per week by measuring the length and the width of the tumor with a caliper
and calculating the tumor volume on the basis of the following formula: V = 0.5ab2, using the
fongest {a) and shortest (b) diameters of the tumor. When the tumor volume reached =100 mm’,
tumor-inoculated mice were randomly assigned to the experimental groups. Control group (n=4
for Calu-3 modsl, n = 3 for MDA-MB-231 model) received no treatment but the study groups (n =
4 per group) were weekly administrated with 0.21 mg of T-DM1, 1 x 107 NK celis, 0.21 mg of T-
DM1+1 x 10° NK cotreatment, or 1 x 10’ SE-NK/T-DM1 celis through tail vein infusion for two
weeks (Day 0 and Day 7). All agents were freshly prepared in 250 yl of PBS and the infusion
was completed in 1 min. Tumor growth and body weight were monitored for 14 d and relative
umor volume was calculated by dividing the recorded volume with the initial volume. For
bicdistribution, NSG mice-bearing Calu-3 tumors (n = 3) received no treatment, 1 x 107 NK calls,
0.21 mg of T-DM1+1 % 107 NK cotreatment, or 1 x 107 SE-NK/T-DM1 cells through tail vein
infusion. Al agents ware freshly prepared in 250 yb. of PBS for 1 min infusion. Tumor and major

organs, including heart, kidneys, liver, lungs, and spleen, were harvested 24 h afler the
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treatment. Single-cell suspension of each harvested organ was prepared using the gentleMACS
Dissociator and tissue dissociation kits (Miltenyi Biotec, Bergisch Gladbach, Germany) following
the instructions provided by the manulfacturer. Half of each cell mixiure was incubated with 30
pg of an APC-conjugated anti-CD56 (Ex/Em = 850/660 nm) antibody for 1 h at 4°C. Resulting
cell mixtures were washed twice with cold PES and the presence of NK cells were detected from

counting 1 x 10" total cells by flow cytometry. Collected results were analyzed by Flow.Jo.

Expernimental Resulis

100591 T-DM1 was generaled through the expression of trastuzumab (TZ) in mammalian cells
followed by DM1 conjugations. Prepared T-DM1 was subsequently hydrophohized by altaching
DMPE-PEG-NHS, resulting in the production of DMPE-PEG-T-DM1. The T-DM1 synthesized
exhibited similar cytotoxicity compared to the commercial product, Kadeyla. Surface engineering
of NK cells with various amounis of DMPE-PEG-T-DM1 affects neither the viability of NK cells
{see FIG. 1A), nor the proliferative activity of NK celis. Reliable maodification of 5 x 10° immune
celis reguired 100 ug of DMPE-PEG-T-DM1 that yielded =2.1 ug of T-DM1 embedded on the
celt membrane of 1 x 10° SE-NK/T-DM1 cells. T-DM1 was detected on the surface of SE-NK/T-
D1 cells for over 48 h in complete growth media (see FIG. 18) and two of the key NK cell-
specific markers, CD56 and 28B4, were available on the surface of SE-NK/T-DM1 cells. These
results demonstrate that T-DM1 is embedded on the NK cell surface without internalization and
the surface engineering of NK cells with ADCs does nol interfere with the NK cell receptor
accassibility, suggesting that the inherent cylolytic activity of NK cells is retained upon the
surface engineering {see FIG. 1C). Because the allogeneic NK cells used in this study, NK-82
celis, lack CD16, CD32, and CDB4 ig( receptors that can initiate antibody internalization and
antibody-dependent cellular cytotoxicity (ADCC), the surface engineering with T-DM1 appears (o
have minimal eflects on NK ceall metabolism and viability. In cancer cells, T-DM1 internalization
occurs through HERZ receplor-mediated endooviosis. NK cells do nol express HERZ2 on their
membrane, therefore DMPE-PEG-T-DM1 embedded on the surface of SE-NK/T-DM1 cells were
not internalized and showed negligible cylotoxicity. Moreover, PEG spacer between the DMEP
and T-DM1 provides a physical barrier for internalization. Studies have reported that longer PEG
spacers not only inhibit the internalization of biomolecules but also reduce the membrane
insertion efficiency by increasing the steric hindrance. The aforementioned membrane insertion
efficiency of DMPE-PEG-T-DM1 vielded about 10% due to the presence of long PEG spacer.

18068} To demonstrate the specific binding of SE-NK/T-DM1 cells to their targst cancer cells,
the number of remaining NK celis was determined after coincubating SE-NK/T-DM1 cells with
the target cancer cells or the nontarget cancer cells. Unmodified NK cells, T-DM1 and NK celis
(T-DM1+NK) cotreatment, or SE- NK/T-DM1 celis were incubated with HER2-positive SK-BR-3
cells, HERZ-positive Calu-3 celis, or HERZ-negative MDA-MB-231 calis at an effector-to-target
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(E:T) ratio of 10:1 (see FI. 2). After 30 min of coincubation, unbound NK cells were tharoughly
washed and the remaining cells were counted using flow cytomeltry. The remaining £ 7 ratios
when cancer cells were treated with SE-NK/T-DM1 cells, T-DM1+NK cotreatment, and
unmaodified NK cells were =3.8, 0.5, and 0.3 on SK-BR-3 cealls; and, 3.7, 0.8, and 0.3 on Calu-3
cells, respectively. Negligible numbers of NK cells remained bound to MDA-MB-231 cells. These
results revealed that SE-NK/T-DM1 cells specifically recognize and bind to HERZ-positive
cancer cells. In order for T-DM1 to exert its anticancer activity on cancer cells, T-DM1 on the
SE-NK/T-DM1 cells must transfer to the target cancer cells. Unmedifisd NK cells and SE-NK/T-
DM1A-FITC cells were coincubated with SK-BR-3 cells, Calu-3 celis, or sdMDA-MB-231 cells on
an eight-chambered cover glass sides. Unbound NK cells were removed after 30 min and the
transfer of T-DM1-FiITC was observed through confocal microscopy. Upon the binding of Sk-
NER/T-OM1 cells to SK-BR-3 celis and Calu-3 cells, T-DM1 migraled toward the contact araa,
formed clusters at the effector celi-to-cancer call junction, and subsequently transferred onto the
target cancer celis. Lipids contained in DMPE-PEG-T-DM1 aliow the lateral movement of T-DM1
across the NK cell membrane. Through this attribute, DMPE-PEG-T-DM1 was able to polarize
foward the contact point between NK cells and cancer cells where HERZ2 is presented. Once
DMPE-PEG-T-DM1 binds to HER2 on cancer cells, these antigen—antibody complexes spread
across the cancer cell membraneg following lateral movement of HER2 on cancer caslls.
Polarization of DMPE-PEG-T-DM1, formation of antigen-antibody complex, and transfer of
DMPE-PEG-T- DM1 were missing whan SE-NK/T-DM1 cells were ireated to HERZ-negative
MDA-MB-231 cells. These resuits indicate that T-DM1 embedded on the surface of NK cells

relocates onto the target cancer cell membrane after forming the antigen—antibody complex.

[0061] Internalization of T-DM1 is crucial for its anticancer efficacy because DM1 acls on
intracellular targets in cancer celis. In keeping with previously reporied observations on cellular
uptake of T-DM1, trafficking of T-DM1 o lvsosomes, and release of DM1, the focus was on
confirming the internalization of T-DM1 transferred from SE-NK/T-DM1 cells in the target cancer
celis. Cancer cells plated on an sight-chambered cover glass slide wers labeled with nuclear
stating dye (blue) to observe the location of FITC-labeled T-DM1 (green) transferred from SE-
NIK/T-DM1-FITC cells (red). ideniical o the study above, unbound NK cells were thoroughly
removed after 30 min of coincubation. Distinct fluorescent dots representing the internalized T-
D1, following the transfer from the assessed SE-NK/T-DM1 cslls, were detected in the
cytoplasm of target cancer celis, representing the internalization of T-DM1 into the targst cancer
celis. No fluorescent activity was observed in MDA-MB-231 celis treated with the identical
conditions used in HERZ2-positive cancer cslls, confirming no internalization of T-DM1 in HER2-
negative cancer cells. To validate the therapeutic advantages of SE-NK/T-DM1 calls over the T-

DM1i+NK colreatment, the cancer cells were first trealed with SE-NK/T-DM1 celis and T-
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DM1+NK cotreatment for 24 h without the removal of unbound immune cells (see FIG. 3A, FIG.
3B). Both treatments induced similar levels of cancer cell death, indicating that continuous
axposure (o the T-DM1+NK cotreatment allows enough time for NK cells to identify dying cancer
cells affected by T-DM1 in a confined well system. In MDA-MB-231 celis, only the anticancer
activity of NK cells was observed in both reatment groups (see FiG. 3C). Subsequently, cancer
celis were incubated with the identical reatments for 2 h and the unbound effector celis were
removed to mimic the in vivo cancer-targeted homing effect. We further incubated the remaining
cancar-bound eflector calis with the target cells for 24 h and recorded the resulting cancer cell
death. In SK-BR-3 Cells and Calu-3c¢ells, it was found that the level of cancer call death induced
by SE-NK/T-DM1 cells was greater than thal induced by NK cell or T-DM1+NK colraatmeant,
while no significant cell death was noticed in MDA-MB-231 cells (see FIG. 3D, FIG. 3k, FIG
3F). This is due to the fact that a higher number of SE-NK/T-DM1 celis remained bound to SK-

BR-3 cells and Calu-3 cells, resulling in an augmented level of anticancer activity.

[6862] Next, the effect of trastuzumab, DM1, and NK celis, contained in SE-NK/T-DM1 celis on
cancer call viabilily was assessed. To identify the anficancer sffect of DM1, trastuzumab
surface-engineered NK (SE-NK/TZ) celis were prepared and the cancer cell death induced by
SE-NK/TZ cells and SE-NK/T- DM1 cells was compared. Cancer cell death was analyzed 24 h
of coincubation after the removal of unbound NK cells 2 h after the reatment. As expected, T-
D1 exhibited a greater cytolytic effect against SK-BR-3 cells than TZ. The resulting enhanced
cancer cell death was due to the addition of DM1. NK cells and TZ (TZ+NK) cotreatment
showed slightly improved cytotoxicity compared to the NK cells alone however it was much less
compared to the T-DM1+NK cotreatment. The treatments involving T-DM1 further enhanced
anticancer activity against HERZ2-posilive cancer cells, and SE-NK/T-DM1 cells exhibited
anticancer activity superior to all other treatments. it was postulated that DM contained in T-
DM1 induced an increase of =20% in the death of HERZ2-positive cancer cells. Except for the
nonspecific cylolytic activity of NK cells, none of the reatments induced significant cytotoxicity in
MDA-MB-231 cells. NK cells were compared to Jwkat (JK) cells, a surrogate negative T-cell
ling, in identical experimental seltings. Cytotoxicity of T-DM1 surface-engineered JK (SE-JK/T-
DM1) cells and SE-NK/T-DM1 cells was tested against SK-BR-3 cells and MDA-MB-231 cells.
As expacted, NK celis showed higher cylolytic activity in SK-BR-3 celis compared to JK celis. T-
Di1+NK cotreatment caused nearly 27% more cancer cell death compared (o the T-DM1 with
JK calls (T-DM1+JK) cotreatment. Similarly, SE-NK/T-DM1 cells induced ~58% greater cancer
celi death in SK-BR-3 celis compared to SE-JK/T-DM1 cells. Consistently, no significant
differences in cell death beyond the NK cell activity were observed in MDA-MB-231 cells. SE-
NK/T-DM1 cells did not show augmented cytotoxicilty against HER2-negative MDA-MB-231 calls

compared to NiC cells alone. These results confirm that the individual components of SE-NK/T-
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DM cells are factors in producing the combinatorial anticancer efficacy. Moreover, embedding
ADCs in immune cells using our one-step method enhances the anticancer efficacy beyond
ADC alone, immune csalls alone, or cotreatment of ADC and immune cells. To determine
whether or not NK cells were activated upon incorporation of DMPE-PEG-T-DM1 on their
surface, the level of CD107a exprassion, a prominent degranulation marker, on SE-NK/T-DM1
cells and unmodified NK cells was assessed upon engaging the target cancer cells. As a
positive control, NK celis and SE-NK/T-DM1 cells were activaled through PMA/lonomycin
stimutation. In NK cells and T-DM1+NK cell cotreatment groups, the leveis of CD107a
expression stayed at the basal level even when incubated with the cancer cells. Expression of
CD107a was however amplified in SE-NK/T-DM1 cells upon contact with the target cancer cells,
SK-BR-3 celis, and Calu-3 celis. This increase was absent in the nontarget MDA-MB-231 celis.
These results suggest the absence of nonspecific aclivation of NK cells following the surface
modification with DMPE-PEGT-DM1 and suppert the target-specific activation of SE-NK/T-DM1
cells. The in vivo anticancer activity of SE-NK/T-DM1 cells was compared to that of T-DM1+NK
cotreatment using HERZ-positive Calu-3 models and HERZ-negative MDA-MB-231 muodeals.
Tumor-bearing NOD  scid Gamma (NSG, NOD.Cg-Prkdescid  H2rgtm1WiliSzd)y  mice
administered with 1 x 10" SE-NK/T-DM1 cells received =210 ug of T-DM1, which is similar to the
recommended dose found in the literature for mice models (7-10 mg kg—1). In the HER2-
positive tumor model, SE-NK/T-DM1 cells exhibited the strongest anticancer efficacy through
the combinatorial sffects (sse FIG. 4A). The T-DM1+NK cotreatment inhibited tumor growth
when compared to the control group. Trealment of SE-NK/T-DM1 cells demonstrated a
substantial suppression in tumor growth compared to the T-DM1+NK cotreatment. in the HER2-
negative tumor model, no significant differance in the tumor growth suppression was observed
among all treatment groups {see FIG. 4B). The Calu-3 models and MDA-MB-231 models had
steady body weights during the study period, indicating that the freatments caused no severe

foxicity.

[0063] For the biodistribution of SE-NK/T-DM1 cells in Calu-3 tumor models, negligible
accumulation of NK cells was observed in the heart, kidneys, and lungs (see FIG. 4C). While NK
cells were detected in the liver and spleen, no significant differences in the number of NK cslis
were observed among the treatment groups. Compared to the unmodified NK cells and T-
DM1+NK cotreatment, a greater number of NK cells were spotied in the tumor tissues that
received SE-NK/T-DM1 cells. The in wivo experimental results from ths efficacy and
bicdistribution studies confirm that SE-NK/T-DM1 cells prepared by our one-step method
selectively migrate toward targeled tumor iifissue and induce cancer cell death. Surface
anginesring of NK calis with T-DM1 enabled simultansous accumulation of T-DM1 and NK calis

in the target tumor tissue. Binding of T-DM1 to HERZ-positive cancer cells would inhibit the
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downsiream signaling pathway associated with PI3K and AKT and the chemotherapeutic agent,
DM1, disrupts the microtubule networks in the target cells, both of which lead (o cell cycle arrest
and cell apoptosis. SE-NK/T- DM1 cells migrated toward the antigen-expressing cancer calls
from physical contact with the larget cancer cells, which in lum increased the chance o
stimulate the cytolytic function of NK cells. These NK cells in close contact with the target cancer
cells, then, eradicate the cancer cell undergoing apoptosis by recognizing damage-associated
melecular patterns (DAMP) sxpressad on the dying cancar cells. Allpgensic immune cslls, the
cell-of-interast to be weaponizad by the ons-step method herein, gained attention as a suitable
solution o reinforce the diminishing active immune cell population in cancer patients due {o their
low occurrence adverse sffects, high tumor-specific cytoloxicity, predictable anticancer aclivity,
and ease of ex vivo expanding, maintaining, and activating a large cell population. Using the
one-step method herein, advanced immune cells with a specific tumor-homing capability and
polent anticancer activity based on chemoimimunctharapy can be genaraled instantly at the
hedside, greatly reducing the time and cost required (o obtain sufficient tumor-reactive immune
celis. More importantly, the surface-angineered immune celis with ADCs generated herein would
have enhanced eflicacy even in solid tumors because antibodies, chemotherapeutic agents, and
immune cells, all of which comprise our advanced immune cells, work in concert (o eradicate the
target cancer. One consideration with respect i¢ expanding the application of hydrophobized
ADCs to other immune celis may be the presence of Fc receptors. The conjugation of DMPE-
PEGs to ADCs may circumvent the issue by masking the Fc region {o increase the steric
hindrance that lowers the binding aflinily of Fc receplors on immune cells. Other creative
antibody enginsering methods, such as using single chain variable fragment {scFv)} and altering
Fc region to reduce Fc receptor binding affinity, can be employed as an allernative strategy for

the surface engineering purpose,

18064} Various modifications of the invention, in addition to those described herein, will be
apparent to those skilled in the art from the foreqoing description. Such modificalions are also
intended to fall within the scope of the appended claims. Each refarence cited in the present
application is incorporated herein by reference in its entirely. Although there has been shown
and described the preferred embodiment of the present invention, it will be readily apparent o
those skilisd in the art that modifications may be made thereto which do not exceed the scope of
the appended claims. Therefore, the scope of the invention is only (o he limited by the following
claims. In soms embodiments, descriptions of the inventions describad herein using the phrass
‘camprising” includes embodiments that could be described as *consisting of’, and as such the
writien description reqguirement for claiming one or more embodimenis of the present invention

using the phrase “consisting of” is meat.
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WHAT IS CLAIMED I5:

1.

4

10.

11.

A chemoimmunotherapeutic composition for targeting a cancer cell, said composition
comprising:

a. a largsting moisty specific for and capable of binding o a targel on a cell of
interest;

b. a drug conjugated to the targeling moiely forming a targeling moisty-drug
complex;

c. a phospholipid linked to a polvethylene glycol (PEG) forming a phospholipid-PEG
linker, whersin the phospholipid-PEG linker is attached 1o the targsting moiety-
drug complex; and

d. an immune cell, wherein the largeting moiety-drug complex is hydrophobically
bound to the immune cell via the phospholipid-PEG linker;

whersin the targeling moiety-drug complex directs the immune cell to the cell of interest,
whereain the drug has a cylotoxic effect on the cell of interest.

The composition of claim 1, whersin the phospholipid is sslected from the group
consisting of 1,2-dimyristoyl-sn-glycero-3-phosphoethanolamine,  1,2-dipaimitoyl-sn-
glvcero-3-phosphoethanolamine and 1,2-distearoyl-sn-glycero-3-phosphocholine.

The composition of claim 1 or claim 2, whersin the PEG has a molecular weight from 2
kDa to 10 kDa.

The composition of any of claims 1-3, wherein the cell of interest is a breasi cancer cell.
The composition of any of claims 1-4, wherein the immune cell is sslected from the
group consisting oft a natural killer (NK) celi, a lymphocyte, a leukocyte, and a
phagocyle.

The composition of claim 5, wherein the lymphocyle is a natural killer (NK) cell.

The composition of any of claims 1-8, wherein the target is HER2,

The composition of any of claims 1-7, wherein the targeling moiety is an antibody or
fragment thereof.

The composition of any of claims 1-8, wherein the largeting moiely is an anti-HERZ
antibody.

The composition of any of claims 1-8, wherein the targeting moiety is frastuzumab,
alemtuzumab, perluzumab, bevacizumab, or rituximab.

The composition of any of claims 1-8, wherein the targsting molely is an anti-CD53
antibody, an anti-Ch30 antibody, an anti-CD20 antibody, an anti-Ep-CAM antibody, an
anti-VEGF antibody, an anli-VEGFR antibody, an anti-MSLN antibody, an anti-CD318
antibody, an anti-phosphatidyiserine antibody, an anti-FGFR antibody, an anti-CD44

antibody, an anti-Notch1 antibody, an anti-mucin antibody, an anti-MCP-1 antibody, an
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anti-Lewis-Y antigen antibody, an anti-PCDC1T antibody, an anti-lL.2 antibody, an anti-
EGFR antibody, an anti-CEACAMS antibody, an anti-MUC1 antibody, an anti-glypican 3
antibody, an anti-PTKY antibody, an anti-CD19 antibody, an anti-RANKL antibody, an
anti-B lymphoma cell antibody, an anti-DR5S antibody, an anti-CLDN19 antibody, an anti-
HER3 antibody, an anti-HER1 antibody, an anti-CD4 antibedy, or an anti-CD70 antibody.

12. The composition of any of claims 1-11, wherein the drug is emtansine (DM1).

13. A chemoimmunotherapeutic composition for use in a method of treating a tumor in a

subjact in need thereof, characterized in that the composition comprisas:

4.

a targeling moiely specific for and capable of binding fo a target on a cell of
intarest;

a drug conjugsted o the largeling moiety forming a largeting moiety-drug
complex;

a phospholipid linked to a polysthylene giycol (PEG) forming a phospholipid-PEG
linker, wherein the phospholipid-PEG linker is attached to the targeting moisty-
drug complex; and

an immune cell, wherein the largeting moisty-drug complex is hydrophobicailly

bound to the immune cell via the phospholipid-PEG linker;

wharein the targeting moisty-drug complex directs the immune cell to the cell of interest,

wherein the drug has a cyloloxic effect on the cell of interest.

14. A chemoimmunotherapeutic composition for fargeting a cancer cell, said composition

COMmprising:

a.

jo2

a targeling moiety specific for and capable of binding fo a target on a cell of
interest;

a drug conjugated o the largeling moiety forming a largeling moiety-drug
complex;

a phospholipid linked to a polysthylene glycol (PEG) forming a phospholipid-PEG
linker, wherein the phospholipid-PEG linker is attached to the targeting moisty-
drug complex; and

an immune cell, wherein the largeling moiely-drug complex is hydrophobically

bound to the immuns cell via the phospholipid-PEG linker;

characterized in that the composition is administered t© a subject, wherein the targeting

moiety-drug complex directs the immune cell to the cell of interast, wherein the drug has

a cytotoxic effect on the cell of interest.

15. The compaosition of claim 13 or 14, wherein the phospholipid is selected from the group

consisting of 1,2-dimyristoyl-sn-glycero-3-phosphosthanclamine,  1,2-dipalmitoyl-sn-

ghycero-3-phosphoethanolamine and 1,2-distearoyl-sn-glycero-3-phosphochoiine.

16. The composition of any of claims 13-15, wherein the PEG has a molecular weight from 2
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17.

18,

19,

20.

21.

22.

23.

24.

25.

kDa to 10 kDa.

The composition of any of claims 13-18, wherein the cell of interest is a breast cancer
cell.

The composition of any of claims 13-17, wherein the immune cell is selecled from the
group consisting oft a natural killer (NK} cell, a lymphocyle, a leukooyte, and a
phagocyle.

The composition of claim 18, wherein the lymphocyle is a natural killer (NK) cell.

The composition of any of claims 16-19, wherein the target is HERZ.

The composition of any of claims 16-20, wherein the targeting moiety is an antibody or
fragment thereof.

The composition of any of claims 16-21, wherein the targeting moiely is an anti-HERZ
antibody.

The composition of any of claims 16-22, wherein the targeting moiety is trastuzumab,
alemtuzumab, perluzumab, bevacizumab, or rituximab.

The composition of any of claims 16-23, whersin the targeling moiety is an anti-CDS3
antibody, an anti-CB30 antibody, an anti-CD20 antibody, an anti-Ep-CAM antibody, an
anti-VEGF antibody, an anti-VEGFR antibody, an anti-MSLN antibody, an anti-CD3198
antibody, an anti-phosphatidyiserine antibody, an anti-FGFR antibody, an anti-CD44
antibody, an anti-Notch1 antibody, an anti-mucin antibody, an anti-MCP-1 antibody, an
anti-Lewis-Y antigen antibody, an anti-PCDCT antibody, an anti-IL2 antibody, an anti-
EGFR antibody, an anti-CEACAMS antibody, an anti-MUC1 antibody, an anti-glypican 3
antibody, an anti-PTK? antibody, an anti-CD19 antibody, an anti-RANKL antibody, an
anti-B lymphoma cell antibedy, an anti-DR5 antibody, an anti-CLDN19 antibody, an anti-
HER3 antibody, an anti-HER1 antibody, an anti-CD4 antibody, or an anti-CD70 antibody.

The composition of any of claims 16-24, wherein the drug is emtansins (DM1).
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