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PLATFORM FOR ENHANCED TARGETED CELL DELIVERY

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/408,753, filed October 15, 2016, which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the disclosure concern at least the fields of cell biology,

molecular biology, immunology, therapeutics, imaging, and medicine.
BACKGROUND

[0003] A successful homing of immune and other cells to their destination entails
breaching efficiently the endothelial/epithelial barrier. Interaction of immune and other cell
surface receptor with their cognate adhesion molecules over endothelium is a kick-start for
cellular extravasation. The latter process is a multistep cascade, which involves cell capture,

arrest, rolling, and tethering, firm adhesion and eventually transendothelial migration (TEM).

[0004] ALCAM (CD166), an adhesion molecule belonging to the immunoglobulin
superfamily, has recently been reported to be involved leukocyte through endothelium of a broad
range of pathological conditions (inflammatory, malignant, autoimmune, infectious and hypoxic
including infarctive/ischemic). ALCAM heterotypic ligand is CD6; a leukocyte membrane
receptor expressed on monocytes, T cells and some B cells among other cells. The extracellular
region of CD6 has three scavenger receptor cysteine rich (SRCR) domains that are connected to
the membrane with a flexible stalk. The membrane proximal domain 3 of CD6 dock to the N-
terminal domain 1 of CD166 in 1:1 stoichiometry and the stalk stabilizes this binding (Brown et
al., 2015).

[0005] CD6 has an intricate 244 amino acids cytoplasmic signaling domain, which serves
as an antenna for diverse signaling proteins in T cells and other immune cells. Proteomic
analysis of the cholesterol rich transmigratory cup underscored ALCAM-CD6 co-interaction.
This heterotypic binding co-opts in leukocyte diapedesis across the endothelium of pathological
conditions and across the blood-brain barrier (BBB) and is remarkably amplified in autoimmune
diseases such as Multiple Sclerosis, Graft versus Host Disease, autoimmune tissue damage and
experimental autoimmune encephalomyelitis (EAE), for example. Moreover, ALCAM blockade

successfully halted the transmigration of lymphocytes and monocytes across BBB endothelium.
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[0006] Collectively, intriguing evidence indicate that ALCAM is a useful trafficking
target for boosting the delivery of therapeutic cells (immune cell and other cell types), for

example, to their intended pathological target(s).
BRIEF SUMMARY

[0007] Embodiments of the disclosure concern methods and compositions that enhance a
targeted therapy for an individual. The targeted therapy may be of any kind, but in specific
embodiments the therapy is an immunotherapy. The immunotherapy may be of any kind, but in
specific cases the immunotherapy comprises cells, such as immune cells. The immune cells may
be engineered to target a particular antigen, in at least certain cases, and in some embodiments
the cells are engineered to have 1, 2, or more molecules (including chemokines, chemokine
receptors, cytokines or cytokine receptors, chimeric antigen receptors for example) that facilitate
targeting of the cells to a desired cell(s) or tissue(s). The cell(s) or tissue(s) may express one or
more particular antigens. The antigen(s) may be of any kind, including a pathogen antigen or
cancer antigen (such as a tumor antigen), for example. The pathogen may be of any kind,
including a viral, bacterial, or fungal antigen. The disclosure encompasses any type of cell, of
any origin (tissue origin, malignant/benign, hypoxic or inflamed and species), as well as cell
derivatives (microsomes, membrane enclosures, or soluble molecules and others) and any
complex non-cellular structure, such as corpuscles, micelles, liposomes. The disclosure further
includes a soluble molecule facilitating this homing that can be used to prep the cells for targeted

delivery by coating them prior to therapeutic usage.

[0008] Methods and compositions of the disclosure encompass enhanced targeted
delivery of therapeutic complex biologic(s), including therapeutic and non-therapeutic cells, to
pathological site(s) in an individual, including mammals such as humans. The pathological sites

may be anywhere in the body, including within and/or outside of the blood-brain barrier (BBB).

[0009] In certain embodiments, the cells are immune cells used for therapy, such as
adoptive cell transfer. In specific cases, the cells are T cells, B cells, NK cells, NKT cells,
immortalized immune cells, dendritic cells and all types of antigen presenting cells, and
phenotypic and molecular subsets of the aforementioned cells. The cells may include non-
immune cells such as mesenchymal stromal cells, red blood cells, stem cells ezc. The cells may
be engineered cells that comprise an entity that targets ALCAM and in doing so facilitates

targeting of the engineered cells to the desired cells or tissue. The immune cells may be
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modified to express a molecule that targets the T cells to desired cells or tissue, such as cells or
tissue that express one or more antigens. In particular embodiments, the immune cells express a
receptor that binds the antigen(s), such as chimeric antigen receptor (CAR) or transgenic T cell
receptor (tgTCR). The receptor may be of any kind, including engineered chimeric antigen
receptors, 0T cell receptors, chimeric cytokine receptors, cells engineered to express
chemokines, resistance molecules, adhesion molecules and their ligands, homing molecules and
their ligands, and cells making therapeutic entities such as enzymes, hormones and peptides and
others. Access to the target tissue may require breaching of an endothelial/epithelial barrier
using compositions of the disclosure. The disclosure further includes a soluble molecule
facilitating this homing that can be used to prep the cells for targeted delivery by coating them

prior to therapeutic usage.

[0010] In cases wherein the cell comprises a CAR, tgTCR or other targeting molecules,
the CAR or tgTCR may be targeted to any antigen, including tumor antigens as an example. In
specific cases, the CAR is specific for EphA2, HER2, GD2, Glypican-3, 5T4, 8H9, o, integrin,
B cell maturation antigen (BCMA) B7-H3, B7-H6, CAIX, CA9, CD19, CD20, CD22, kappa
light chain, CD30, CD33, CD38, CD44, CD44v6, CD44v7/8, CD70, CD123, CD138, CD171,
CEA, CSPG4, EGFR, EGFRVIIL, EGP2, EGP40, EPCAM, ERBB3, ERBB4, ErbB3/4, FAP,
FAR, FBP, fetal AchR, Folate Receptor a, GD2, GD3, HLA-AI MAGE A1, HLA-A2, IL11Ra,
IL13Ra2, KDR, Lambda, Lewis-Y, MCSP, Mesothelin, Mucl, Mucl6, NCAM, NKG2D
ligands, NY-ESO-1, PRAME, PSCA, PSC1, PSMA, ROR1, Sp17, SURVIVIN, TAG72, TEMI,
TEMS8, VEGRR2, carcinoembryonic antigen, HMW-MAA, VEGF receptors, and so forth. In
Additionally, CAR T cells can be used in the context of autoimmunity either targeting an
autoimmune antigen; known as chimeric autoantibody receptor (CAAR); or redirecting
regulatory T cells to dampen the autoimmunity. In a specific embodiment, engineered CAAR
that are reprogrammed to target autoimmune antigen (autoantibody) Dsg3 is helped in
controlling the progression of the autoimmune disease Pemphigus vulgaris (PV). Also, human
Tregs expressing (CAR) that targets the HLA class I molecule A2 were helpful in preventing
GVHD Graft versus host diseases and transplants rejection. Therefore CAR cells can be used as

a novel modulating immune agent based on the needed conditions.

[0011] Furthermore, new cellular therapy modalities are now used for pathological
conditions such as Cancer and inflammation. For example, induced neural stem cells GNSCs)

engineered with optical reporters and therapeutic gene are identified now an efficacious
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therapeutic strategies for inflanmumatory degenerative disease as well as tor brain cancer. Also,
platelets and red blood cells are now recognized as useful bioagents for delivery for anti-
throrabotic and anti-inflammatory agents. Therefore, cell therapy is a spurring treatroent
approach; yet the efficient homing to their intended target, especially in the brain, remains a
challenge, and thus in particular embodiments platelets and red blood cells are modified by

the claimed technology to achieve this aim.

[0012] In certain embodiments, therapy of any kind is enhanced to be able to access a
target cell or tissue for the therapy by the therapy comprising a modification that facilitates
binding to an adhesion molecule or its cognate hemophilic or heterophilic ligand. Although the
modification facilitates binding to any adhesion molecule, in specific embodiments the adhesion
molecule is ALCAM. In particular cases, the therapy is modified to have an ALCAM-binding
moiety. The ALCAM-binding moiety can comprise any suitable moiety, but in specific cases the
ALCAM-binding moiety comprises part or all of cluster of differentiation 6 (CD6). In cases
wherein the ALCAM-binding moiety comprises part of CD6, the moiety may comprise at least
one scavenger receptor cysteine rich (SRCR) domain and at least one stalk sequence, including
at least one CD6 SRCR and at least one CD6 stalk sequence. In particular embodiments, the
ALCAM-binding moiety comprises one or more iterations of a CD6 SRCR linked to a CD6 stalk
(the ALCAM minimal binding ELEMENT (MBE). In some cases the ALCAM-binding moiety
comprises 1,2,3,4,5,6,7,8,9, 10, or more ALCAM MBE.

[0013] In particular embodiments, the therapy comprises at least one MBE and in some
cases the MBR is also linked to other domains. In cases wherein the MBE is part of a molecule
expressed by a cell, the molecule may be a receptor, including a receptor on a cell, the MBE may
be operably linked to any kind of a transmembrane domain and one or more endodomains in

relation to the configuration of a cell, in certain cases.

[0014] Embodiments include polynucleotides and encoded protein sequences that
comprise, consist of, or consist essentially of 1, 2, 3,4, 5,6, 7, 8,9, 10, or more CD6 scavenger

receptor cysteine rich (SRCR) domains and 1, 2, 3,4, 5,6, 7, 8, 9, 10 or more CD6 stalks.

[0015] Embodiments include polynucleotides and encoded protein sequences that
comprise, consist of, or consist essentially of 1, 2, 3,4, 5,6, 7, 8,9, 10, or more CD6 scavenger

receptor cysteine rich (SRCR) domains and 1, 2, 3,4, 5,6, 7, 8,9, 10 or more CD6 stalks in a
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secreted form or in a preparation that can be used to prime the therapeutic cell prior to

administration.

[0016] ALCAM minimal binding MBE [“CD6 and stalk”] expression on immune cells
can enhance ALCAM-specific targeted delivery of therapeutic complex biologics to pathological

sites, including across the BBB.

[0017] In certain embodiments, the delivery platform encompasses molecular features
that enable stronger and/or weaker interaction that can be more specific than that described
above (D3 and stalk) at the endothelium interface. The methods and compositions of the present
disclosure can harness the binding to endothelial receptors belonging to cell adhesion molecules
(CAMs) family to enhance the clustering at the transmigratory cup. Thus, in addition to binding
to ALCAM via CD6 domains, the delivery platform may include B2 integrin CD11b/CD18
(known as LFA-1 or MAC-1), which can bind to ICAM-1 and JAM-1 on endothelium. Also, it
might include alphadbetal integrin, known as VLA-4, which can bind to vascular VCAM-1, as
well as beta7 integrin LPAM-1 (alpha4 / beta7) that binds to Addressin and GLYCAM-1 on the
membrane of high endothelial venules. Furthermore, incorporating L-selectin that binds to E-
selectins and P-selectins on the endothelium increases the tethering over the vessel wall and
eventually entitles the effective migration through the vasculature towards the intended target, in
at least some embodiments. Therefore, embodiments of the disclosure have global molecular
keys for interacting with and breaching the endothelial/epithelial barrier and/or the
endothelial/epithelial blood brain barrier to achieve advantageous delivery kinetics for any
therapeutic product. In addition to the aforementioned molecules, those molecules in the same

class with the same function, and or portions thereof, are encompassed herein.

[0018] In one embodiment, there is a composition (for use at least in therapeutic or
diagnostic (such as imaging) comprising a) at least one therapeutic moiety; said moiety operably
linked to b) an activated leukocyte adhesion molecule (ALCAM)-binding moiety, wherein the
ALCAM-binding moiety comprises at least one cluster of differentiation 6 (CD6) scavenger
receptor cysteine rich (SRCR) domain and at least one CD6 stalk domain. In specific cases, the
composition comprises 1, 2, 3, 4, 5, or more ALCAM-binding moieties. As an example, the
therapeutic moiety may comprise a cell, cell derivative, small molecule, protein, peptide, nucleic
acid, viral genome or coat, exosomes, dendrimers, biomimic nanoparticles, micelles, liposomes,

or combination thereof. The moieties could also be secreted or purified moieties in a preparation
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that can be used to prime the cells for targeted delivery. The cell may be an immune cell (T cell,
NK cell, NK T cell, B cell, Th17, dendritic cell, or T regulatory cell), stem cell (hematopoietic
stem cell or mesenchymal stem cell or embryonic stem cell), mesenchymal stromal cell (MSC),
or hybridoma. In cases wherein a cell derivative is employed, the cell derivative may be a
corpuscle (for example, red blood cell or platelet) or microsome. In specific embodiments, any
binding moiety encompassed by the disclosure enables any composition for binding without

having an effect of its own.

[0019] In specific embodiments, an ALCAM-binding moiety is configured as at least part
of an ectodomain of a cell receptor or an adhesion molecule, such as ICAM or VCAM. A cell
receptor may comprise a transmembrane domain and at least one endodomain, such as an
ALCAM endodomain. The endodomain may be truncated or mutated. In some cases, the
receptor lacks an endodomain. A cell receptor may be a chimeric antigen receptor, a chimeric
cytokine receptor, an o3 T cell receptor, a chemokine receptor, or any other anchoring protein,

for example.

[0020] A cell comprising any therapeutic composition encompassed by the disclosure are
included. The cell may be comprised in a plurality of cells and a combination thereof. The cell
may be an immune cell (T cell, NK cell, NK T cell, T cell, NK cell, NK T cell, B cell, Th17,
dendritic cell, or T regulatory cell), stem cell, mesenchymal stromal cell (MSC), a somatic or
germinal (gonadal) cell or hybridoma. In certain cases, the ALCAM-binding moiety is
configured as at least part of an ectodomain of a cell receptor, which may or may not comprise a
transmembrane domain and at least one endodomains and the modification thereof. Cells may
comprise one or more of a chimeric antigen receptor, a chimeric cytokine receptor, an ofT cell

receptor, a chemokine receptor or any other anchoring protein.

[0021] In one embodiment, there is a method of providing a therapeutic moiety to an
individual, comprising the step of delivering an effective amount of a therapeutic composition as
encompassed herein to the individual or an effective amount of any one of cells as encompassed
herein to the individual. The individual may be in need of therapy that targets desired particular
cell(s) or tissue(s) comprising particular cell(s) in the individual. The particular cells may be
ALCAM-expressing pathological endothelial cells, including within the blood-brain barrier or
blood tumor, blood hypoxic, blood inflammatory and blood infarctive area interface. In specific

embodiments, the individual has a medical condition selected from the group consisting of
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cancer, pathogen infection, experimental autoimmune encephalomyelitis, brain abscess, epilepsy,
multiple sclerosis, Alzheimer’s Disease, cerebral edema, cerebral ischemia, prion diseases,

encephalitis, or inflammation.

[0022] In a certain embodiment, there is provided a therapeutic composition comprising
a) at least one therapeutic moiety; said moiety operably linked to one or more of b) adhesion
molecule binding moiety. The adhesion molecule binding moiety may be a binding moiety for
ALCAM, ICAM-1, JAM-1, VCAM-1, Addressin, or GLYCAM-1. An example of a binding
moiety for [CAM-1 comprises part or all of MAC-1 and/or part or all of LFA-1. An example of
a binding moiety for JAM-1 comprises part or all of MAC-1 and/or part or all of LFA-1. An
example of a binding moiety for VCAM-1 comprises part or all of VLA-4. An example of a
binding moiety for GLYCAM-1 comprises part or all of LPAM-1. An example of a binding
moiety for Addressin comprises part or all of LPAM-1.

[0023] The foregoing has outlined rather broadly the features and technical advantages of
the present invention in order that the detailed description of the invention that follows may be
better understood. Additional features and advantages of the invention will be described
hereinafter which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures for carrying out the same purposes
of the present invention. It should also be realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the invention as set forth in the appended
claims. The novel features which are believed to be characteristic of the invention, both as to its
organization and method of operation, together with further objects and advantages will be better
understood from the following description when considered in connection with the
accompanying figures. It is to be expressly understood, however, that each of the figures is
provided for the purpose of illustration and description only and is not intended as a definition of

the limits of the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] For a more complete understanding of the present invention, reference is now
made to the following descriptions taken in conjunction with the accompanying drawings, in

which:
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[0025] FIGS. 1A and 1B. FIG. 1A shows ALCAM expression in glioblastoma (GBM)
endothelium; (FIG. 1B) ALCAM is upregulated in the vascular and perivascular region;

[0026] FIG. 2 shows ALCAM expression in pathological endothelium; ALCAM is
expressed on tumor endothelium isolated from surgical specimen and characterized for

ubiquitous endothelial markers;

[0027] FIG. 3 shows FACS analysis for ALCAM expression in three different
pathological conditions (malignancy (red line), inflammation (blue line) and hypoxia (black

line));

[0028] FIG. 4 is a Western blot analysis of 10 g protein to probe with ALCAM mA

over a battery of endothelial cell lines;

[0029] FIGS. 5A and 5B concern illustrations of an embodiment of D3 Artificial receptor
Design. FIG. SA shows mapping the Minimal binding Element (MBE) to ALCAM and FIG. 5B
shows an embodiment of artificial homing receptor design and illustrations of the binding

Different ALCAM-binding entity-bearing constructs;

[0030] FIG. 6 is a FACS analysis to confirm ALCAM specific binding to MBE D3
receptors on the surface of primary T cells; it shows the successful D3 artificial receptor

expression on T cells surface using ALCAM-fc;

[0031] FIG. 7 is a FACS analysis of the successful (MBE) D3 artificial receptor

expression on T cells surface using a specific mAb for domain 3 of CD6;

[0032] FIG. 8 is a FACS analysis for another way to detect the D3 expression using a
specific mAb for 6x His TAG. Cells were incubated with primary mouse 6x His mAb conjugated
to PE (filled red histogram);

[0033] FIG. 9 is a snap shot of the Bioflux fluidic chamber (simultaneous two channel
view;, upper NT and lower Test cells expressing MBE receptor). This field of view shows that
[MBE]" T cells reached roll with slower velocity until reaching a fast arrest over ALCAM +

endothelium in comparison to normal non-transduced T cells;

[0034] FIGS. 10A and 10B show the average adhesion percentage per microscopic field
on a monolayer of ALCAM+ tumor brain endothelium (pre-activated with 10ug/ml TNF alpha).
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Transduced D3 T cells simultaneously with Non-transduced control T cells were injected to
Bioflux channels at a density of 1 x 10° cells/ml in test media. Shear was adjusted during the
experiment from 3 to 1 dyne/cm? using the BioFlux 200 controller. Movies of cell adhesion were
captured with an exposure time of 100ms at 500ms intervals (A stack of thirty consecutive
images were captured 0.5 seconds apart (100 ms exposure). Fraction of stationary cells were
counted per field of view (n=10) using ImageJ software. D3 multimerization increases the
adhesion ability to ALCAM+ cells (5D3> 3D3>1D3) while D3 signaling domain significantly
saturates the adhesion propriety of all D3 engineered cells regardless the exodomain number.
FIG. 10B is the dynamic adhesion percentage of D3 T cells on ALCAM+ cells over time. One
hour movie of cell adhesion was captured. Optical images of T cells on ALCAM+ endothelial
cells at the endpoint of each time point were taken. Bar=100 pm. Normalized adhesion
percentage was plotted vs different time point at same shear force (2 dyne/cm?). the dynamic
adhesion results coincide with the static adhesion values; affirming that D3 increases cell
adhesion propriety to ALCAM positive target. Data were analyzed by two-way ANOVA and
Tukey's post hoc test; three repeated experiments were done in the VA lab in BCM . Error bars

are STEV; * P<0.05, **P <0.01, ***P < 0.001.

[0035] FIG. 11 is a bar graph showing the dynamic behavior of transendothelial
migration under flow. It compares the number of cell captured, rolling; and finally arrested over
the endothelium monolayer. MBE T cells showed better Transendothelial steps (adhesion,

tethering and rolling) that precede extravasation into the tissues;

[0036] FIG. 12 is a bar chart that represents mean velocity in pim/sec. The graph is
showing MBE T cells roll slowly over endothelium; which allow them to efficiently to tether and
transmigrate through the endothelium monolayer. Transduced MBE T cells simultaneously with
Non-transduced control T cells were injected to Bioflux channels at a density of 1 x 10° cells/ml
in test media. Shear was adjusted during the experiment from 3 to 1 dyne/cm” using the BioFlux
200 controller. Movies of cell adhesion and rolling were captured with an exposure time of
100ms at 500ms intervals (A stack of thirty consecutive images were captured 0.5 seconds apart
(100 ms exposure). Fraction of rolling cells were counted per field of view (n=10) and Velocity
calculation were done using Mjtracker in ImageJ software. Data were analyzed by two-way
ANOVA and Tukey's post hoc test; three repeated experiments were done in the VA lab in BCM
. Error bars are STEV; * P<0.05, **P <0.01, ***P <0.001. All MBE cells has significant lower

velocity in comparison to Control Non transduced cells.
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[0037] FIG. 13 is an assessment of the arrest of [MBE]" T cells /10 field T cells over
endothelium. The Capture step under shear force (2 Dyne/cm?) is essential for MBET cells to
initiate the TEM process over ALCAM + endothelium preceding the homing to their targets.
[MBE]" multimerization increases the adhesion ability to ALCAM+ cells (5D3> 3D3>1D3);

[0038] FIG. 14 shows transmigration advantage of [MBE]" T cells across
endothelium/pericytes barrier, and this model simulates the vascular arrangement as well as the
blood brain barrier, MBE T cells showed significant higher tranendothelial migration percentage
conditional on ALCAM presence. In a transwell assay, 1 x 106 cells were seeded over the upper
chamber (pre-coated with endothelial monolayer and inverted Atrocytes). Cells are allow to
migrate for 24 hours then collected from the lower chamber and quantified calorimetrically using
WST-1 reagent. Data were analyzed by two-way ANOVA and Tukey's post hoc test; three
repeated. Error bars are STEV; * P<0.05, **P <0.01, ***P <0.001;

[0039] FIG. 15 shows an adhesion assay using of the xCELLigence impendance system
to assess the adhesion avidity of the different multimer of MBE on ALCAM positive surface.
The E-plates were coated with 1 ig/ml ALCAM-fc and then different [MBE]" T cells were

added to assess the adhesion through the increase in cell index with time;

[0040] FIG. 16 is a migration assay using the xCELLigence CIM plates to assess the
dynamic migration pattern of [MBE]" T cells over a prolonged time period. CIM paltes have the
electrode the lower chamber tin order to detect the migrated cells only. [MBE]" T cells shows
higher migration pattern through CIM exclligence plate. 1 x 10° cells/ml are seeded over the
upper chamber of the CIM plate and the impedence is detected if the cells transmigrate to the

lower wells where the Gold electrodes are present;

[0041] FIG. 17 shows the Proximal ligation assay of ALCAM/(MBE) D3 that
demonstrates [MBD]" T cell form podosynapse with ALCAM (<40 nm interaction) over the
pathological endothelium to initiate the transmigratory cup formation mediating efficient
migration of the cells to their targets. Fluorescent Microscopic Imaging of Duolink Proximity
Ligation Assay Detecting D3 on T cell and ALCAM positive targets Interactions. A monolayer
of tumor endothelial or (ALCAM + HBMEQC cells (pre-induced with TNF alpha 1 OuM) were
co-incubated with 1-D3 T cells , 3-D3 T cells, 5-D3 T cells and NT T cells, respectively in 8 well
chamber slide. They were mounted and fixed, and the Duolink Proximity Ligation Assay was

performed to detect (within 40 nm) co-localization of ALCAM and D3 at the transmigratory

10
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(pseudo-synapse between T cells and endothelial cells). Images were captured with fluorescent
confocal microscopy. PLA signals were detected (< 40 nm) using Duolink ImageTool. Positive
signal is indicated by red fluorescence. The total PLA signal per region of contact was
significantly higher in the D3 engineered T cells in comparison to control NT and respectively

increased with D3 multimerization;

[0042] FIG. 18 provides a bar graph showing proximity ligation assay (PLA) total signal
per cell (TSC); Objective quantification of proximal ligation assay (PLA) signals (< 40 nm)
using Duolink ImageTool. Bar chart shows total number of PLA signals per region of contact
between T cells and AICAM+ cells (TSR). TSR was directly proportional to number of CD6
“D3” and ALCAM molecular interaction; 5-D3>3-D3>1-D3. Data were analyzed by one-way
ANOVA and Tukey's post hoc test; n = 83—103 cells from three experiments. Error bars are
STEV.; **P < 0.01, ***P < 0.001;

[0043] FIG. 19 demonstrates differential expression of pZAp-70 before and after
transmigration. 1 x 10° cells are fixed and permeabilized, then stained for pZAP-70 PE;

[0044] FIG. 20 shows that Talin expression was upregulated in migrated cells and
enhanced with the transduced T cell with monomer D3 and pentamer D3 bearing the intracellular

CD6 signaling domain,;

[0045] FIG. 21 (SEQ ID NO:13) shows an example of a construct used for cloning to
produce a gene product comprising an ALCAM-binding moiety, including a CD6 Minimal
Binding Element for ALCAM (also referred to as a MBE). This figure shows the CD6 MBE
monomer truncated including a secretory domain (gray text), domain 3 of the three SRCR
domains (single underlined), a stalk (dash underline), and a transmembrane domain (bolded with

no underline);

[0046] FIG. 22 (SEQ ID NO:14) provides an example of a construct used for cloning to
produce a gene product comprising an ALCAM-binding moiety, including a CD6 MBE
monomer with a signaling domain. This figure shows the CD6 MBE monomer with a secretory
domain (gray text), domain 3 of the three SRCR domains (single underlined), a stalk (dash
underline), a transmembrane domain (bolded with no underline), and a signaling domain

(italics);
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[0047] FIG. 23 (SEQ ID NO:15) provides an example of a construct used for cloning to
produce a gene product comprising an ALCAM-binding moiety, including a CD6 MBE trimer
that is truncated. This figure shows the CD6 MBE monomer with a secretory domain (gray text),
domain 3 of the three SRCR domains (single underlined), a stalk (dash underline), and a

transmembrane domain (bolded with no underline);

[0048] FIG. 24 (SEQ ID NO:16) provides an example of a construct used for cloning to
produce a gene product comprising an ALCAM-binding moiety, including a CD6 MBE trimer
with signaling. This figure shows the CD6 MBE monomer with a secretory domain (gray text),
domain 3 of the three SRCR domains (single underlined), a stalk (dash underline), a

transmembrane domain (bolded with no underline), and a signaling domain (italics);

[0049] FIG. 25 (SEQ ID NO:17) provides an example of a construct used for cloning to
produce a gene product comprising an ALCAM-binding moiety, including a CD6 pentamer
truncated (no signaling domain). This figure shows the CD6 MBE monomer with a secretory
domain (gray text), domain 3 of the three SRCR domains (single underlined), and a stalk (dash

underline);

[0050] FIG. 26 (SEQ ID NO:18) provides an example of a construct used for cloning to
produce a gene product comprising an ALCAM-binding moiety, including a CD6 MBE
pentamer with signaling. This figure shows the CD6 MBE monomer with a secretory domain
(gray text), domain 3 of the three SRCR domains (single underlined), a stalk (dash underline), a

transmembrane domain (bolded with no underline), and a signaling domain (italics);

[0051] FIGS. 27A-27B show that D3 T-cells with full length CD6 signaling domain are
effective in homing to brain in an orthotopic GBM model after IV infusion as assessed by optical
Luceferin bioluminescence( BLI) tracking. FIG. 27A. Representative images of the in vivo
bioluminescence imaging (BLI) of GFP ffluct+ T cells in the brain shown as the mean radiance
(photons/second/cm?2/selected region), where n=10 per test group and n=5 per control. GBM
orthtopic models were established in mice then at day 12, and 10.10"6 T cells tagged with GFP
ffluc IV were injected (n=10) as either Test group 1-D3 modified T cells or a control non-
transduced (NT) group. Their luceferin BLI signals were detected at different time points after
injection (6 hrs, 24 hr, 48 hrs, 6 days, 8 days). FIG. 27B. Graph represents the fold change in the
BLI of Test group 1-D3 in relation to control group. 1-D3 T cells have significant higher BLI in
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comparison with NT control T cells after 24 and 48 hrs. Data were analyzed by two-tailed

student T test; Error bars are £STEV; * P< 0.05, **P <0.01, ***P <0.001;

[0052] FIGS. 28A and 28B show D3 A-modified T-cells (the truncated D3 constructs)
are effective in homing to a Brain orthotopic GBM model after IV infusion as assessed by optical
luciferin bioluminescence(BLI) tracking. FIG. 28A. Representative images of the in vivo
bioluminescence imaging (BLI) of GFP ffluc+ T cell in the brain shown is the mean radiance
(photons/second/cm?2/selected region), where (n=10 per test group and n=5 per control). GBM
orthtopic model were established in mice then at day 12, 10.1076 T cells tagged with GFP ffluc
IV were injected (n=10) either Test group 1-D3 A-modified T cells or control Non transduced
(NT) group. Their luceferin BLI signals were detected in different time points after injection (6
hrs, 48 hrs, 6 days) FIG. 28B. Graph represents the fold change in the BLI of Test group 1-D3 in
relation to control group. 1-D3A-modified (truncated) T cells have significant higher BLI in
comparison with NT control T cells after 24 and 48 hrs. Data were analyzed by two-tailed

student T test; Error bars are £STEV; * P< 0.05, **P <0.01, ***P <0.001;

[0053] FIGS. 29A, 29B, and 29C show D3 T cell successful homing and infiltration in
the tumor after 24 hrs IV administration. FIG. 29A. Flow cytometric comparison of D3(MBE)
transduced T cells infiltrates gated in CD3+CD45+ subsets in the tumor explants vs. control NT
cells. T cells were injected IV and after 24 hrs, the mice were euthanized and T cell infiltrates
that were either D3 Test or NT were isolated using Percol/ Ficoll and then stained with CD3-
PerCP and CD45-APC and D3-PE for an hour. Analyses were done using Flowjo software. FIG.
29B. Graph represents percentage of human CD3 CD45 cells in GBM explants isolated from
SCID mice. FIG. 29C. Percentage of CD6 D3+ transduced cells gated in the CD3+ CD45+
subset. There is a high significance in D3 T cells homing to tumor and infiltration capacity
compared to NT control T cells. Data were analyzed by 2-tailed Student T-test ; Error bars are

STEV; * P<0.05, **P <0.01, ***P <0.001. (n=5);

[0054] FIG. 30 shows D3 (MBE) successful induction of inside out activation of the
LFA-1 (ubiquitous adhesion ligand over T cells mediating the efficient endothelial
transmigration). LFA-1 extension or opening of the beta domain, is critical for high-affinity
LFA-1, and it is detected by the reporter mAbs KIM127. T lymphocytes were fixed with 4%
parafolmadehyde; then incubated with the biotin-labeled KIM127 mAbs (10mg/ml) before and
After ALCAM binding for one hours. Then The cells were then incubated with 2ndry antibody
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conjugated streptavidin labeled with Alexa Fluor 568-. Blue histogram denotes LFA-1 extended
confirmation before ALCAM interaction and red histogram denotes LFA-1 open confirmation
after ALCAM interaction A, respectively, and black lines denote background staining by a
secondary only streptavidin Alexa-568.

[0055] FIGS. 31A-31F. FIGS. 31A-31E show D3 (MBE) role in the mechanical
stabilization of the migrating cells. Cells were fixed in 4% parafoladehyde then permealized with
ice cold methanol; then stained with FAK 1ry antibody followed by secondary ALexa fluor 488,
the incubated with Phalloindin Texas Red, then DAPI nuclear staining. FIGS. 31A-31E
staining of F-Actin/ focal adhesion Kinase (FAK) that are essential for the cytoskeleton
organization of the migrating cells and mediate efficient invasion capacity over ALCAM +
endothelium. FIG 31A shows the colocalization of F-actin and FAK in MBE cells in
comparaison to control cells. FIG 31B shows Total internal Reflection fluorescence TIRF
imaging at 60x where the high resolution of F-actin induction at D3/ALCAM interface is
significantly detected. FIG 31C quantification MFI-Actin on the cell surface using FIJI software,
F-actin intensity n MBE cells is highly significant in comparison to NT T cells. FIG 31D
represents the Structural illuminating Microscopy SIM at 60x image of MBE T cells after
ALCAM interaction. It shows the invadopodia and the actin raffle with the focal adhesions that
mediate T cells endothelial invasion. FIGS. 31E and 31F show TIRF imaging at 60x of the
stretch induced Focal adhesion Kinases (FAK). MBE T cells has higher FAK intensity that

enable them to protrude and invade the endothelial/epithelial Barrier.
DETAILED DESCRIPTION

[0056] As used herein the specification, "a" or "an" may mean one or more. As used
herein in the claim(s), when used in conjunction with the word "comprising", the words "a" or
"an" may mean one or more than one. As used herein “another” may mean at least a second or
more. In specific embodiments, aspects of the invention may “consist essentially of” or “consist
of” one or more sequences of the invention, for example. Some embodiments of the invention
may consist of or consist essentially of one or more elements, method steps, and/or methods of
the invention. It is contemplated that any method or composition described herein can be

implemented with respect to any other method or composition described herein. The scope of

the present application is not intended to be limited to the particular embodiments of the process,
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machine, manufacture, composition of matter, means, methods and steps described in the

specification.

[0057] Immunosurveillance of the central nervous system (CNS) is tightly regulated by a
molecular network that directs cell migration across BBB. The success of leukocyte trafficking
from blood into tissues depends on complementary endothelial homing molecule interactions
acting in a concerted and specific manner. At the BBB, there is a dynamic state of homing
molecule expression that becomes disrupted during pathological conditions. Indeed, disruption of
the regulation of these molecules compromises the capture of T cells from the blood stream,
impeding effective adoptive cell therapy. Findings from infiltrative brain diseases may be
exploited to overcome this roadblock. Upregulation of ALCAM was previously shown to be the
initial point of T cell anchorage to the endothelium of the BBB. ALCAM was found to co-
localize to the T cell surface molecule CD6 in the trans-migratory cup during diapedesis through
the BBB. ALCAM/CDG6 crosslinking may trigger the upregulation of T cell ligands to a number
of other endothelial adhesion molecules, resulting in a second wave of tight adhesion that leads
to T cell capture, rolling, arrest, crawling and diapedesis. In the brain tumor endothelium this
essential second wave of molecules was completely absent. Embodiments of the disclosure
address the failure of T cell homing to brain tumors and proposes a novel solution. Embodiments
of the disclosure provide introduction of a cellular platform powered by the molecular key for
breaching the BBB, ALCAM, to enable the migration of adoptively transferred T cells across the
BBB. This strategy challenges current paradigms of brain tumor vascular “anergy” by revealing
the vascular interactome profile and comparing that condition to infiltrative CNS diseases such
as multiple sclerosis (MS) and experimental autoimmune encephalitis. Further, the role of the
ALCAM/CD6 axis during T cell trans-endothelial migration though the BBB is addressed. The
results of these studies shed light on the T cell/endothelium interaction, uncovering mechanisms
of failed egress of cellular therapies to the brain. One can generate an impactful translational
brain delivery tool that exploits this axis to regain the adhesive capacity of T cells, but also other
immune and non-immune system cells, to anergic endothelial cells. Introducing a cellular
platform to deliver complex biologics to the CNS is a modular innovation that improves broad
therapeutic applications such as chimeric antigen receptor T cells for cancer, virus specific T
cells for infections, Tregs for autoimmunity or graft vs. host disease, as well as other complex

biologics to the neuroaxis.
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I.  Compositions Comprising ALCAM-Binding Moieties

[0058] In particular embodiments there is a composition that comprises one or more
ALCAM-binding moieties. The composition may be of any kind, but in specific embodiments
the composition is a therapeutic but could be a diagnostic composition. The therapeutic
composition may be of any kind, but in specific embodiments it comprises a cell, protein, drug,
peptide, nucleic acid, nanocapsules, dendrites, virus protein or lipid membrane, exososmes,
liposomes and any complex or simple molecular formation as well as a combination thereof, and
so forth. In cases wherein the therapeutic composition is a cell, the cell may be of any kind, but
in specific cases the cell is an immune cell, such as a T cell, NK cell, NKT cell, immune cells (T
cell, NK, B cell for Ab production, Tregs, MSDCs) or other cells such as hematopoietic stem
cell, Platelet, RBCs, mesenchymal stem cells, or any of the aforementioned functional per se or
as a delivery system and so forth. The ALCAM-binding moieties could be in a secreted form by
the cell platform or in a preparation form and can be used to prime cells targeted to pathological

sites.

[0059] An ALCAM-binding moiety comprises at least one CD6 SRCR domain, such as
the third domain in wildtype CD6 that is most proximal to the membrane, and comprises a stalk
sequence. In some cases, a therapeutic composition comprises one SRCR domain 3 and one
stalk, although in other cases there are 2 of each, 3 of each, 4 of each, 5 of each, 6 of each, 7 of
each, 8 of each, 9 of each, 10 of each, and so forth. In particular cases, there is a pair that
includes one CD6 SRCR domain immediately adjacent to a CD6 stalk, and one or more pairs of
this bipartite domain may be included in the ALCAM-binding moiety. In certain cases other
binding regions of CD6 and or stalks and or other regions could be employed singly, in multimer
form or in combination with other regions to bind an entity of endothelial cells. In certain cases
at least, there are repeating iterations of SRCR domain and CD6 stalk in a single molecule. In a
polypeptide oriented from N-terminus to C-terminus, a SRCR domain may be N-terminal to a
stalk, although in alternative embodiments a SRCR domain is C-terminal to a stalk. In particular
aspects a transmembrane domain is C-terminal to a stalk sequence or is C-terminal to a pair

comprising a SRCR domain and a stalk.

[0060] In some cases, domains other than the ALCAM-binding moiety (one SRCR and
one stalk) may be utilized, such as a secretory signal, transmembrane domain and, optionally, at
least one stimulation domain. An ALCAM-binding moiety (one SRCR and one stalk, at least)

might include any domain(s) that enhance the interaction stiffness (decreases the dissociation
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constant (Kd) of the molecule). It can encompass one or more multiple endodomains can be
downstream linked with flexible glycine serine hinge. Other components include any of or
combination of the following: structural molecules including their anchoring proteins, adhesion
molecules and their receptors including their anchoring elements and proteins, chemokine
receptors, cytokine receptors including their signaling domains, T cell receptor elements and

other components of lipid rafts involved in cell/cell interaction.

[0061] Although CD6 SRCR domain is employed, in some cases other components of
the ALCAM-binding moiety or compositions comprising same utilize components from
molecules other than CD6 or bind to adhesion molecules other than ALCAM (such as ICAM and
VCAM). For example, although CD6 stalk may be used in particular aspects of the disclosure,
in other cases the stalk is from a protein other than CD6. Although CD6 transmembrane domain
may be used in particular aspects of the disclosure, in other cases the transmembrane domain is

from a protein other than CD6.

[0062] In specific embodiments, a construct that comprises one or more ALCAM-
binding moieties comprises one or more endodomains that may or may not be stimulatory
domains. In certain cases the endodomain for the composition is the CD6 endodomain, although
in other cases part or all of an endodomain for another molecule are used instead of or in
conjunction with the CD6 endodomain. Although any stimulatory domain or combinations of
stimulatory domains may be utilized with the ALCAM-binding moieties, in specific cases the
stimulatory domain is CD28, 4-1BB, 0X40, ICOS, other signaling domains, and domains of
chemokine receptors and adhesion molecules and their cognate receptors or a combination

thereof.

[0063] The ALCAM-binding moiety may be affixed to the composition by any means.
In cases wherein the therapeutic composition is a cell, the ALCAM-binding moiety may be
expressed by the cell. A single cell may express multiple ALCAM-binding moieties. A cell may
harbor a polynucleotide that expresses the ALCAM-binding moiety. In cases wherein the
therapeutic composition is not a cell, the ALCAM-binding moiety may be attached to the
therapeutic composition covalently or non-covalently. Such structures include biomimic
nanoparticules such as cell membrane-camouflaged nanoparticles with MBR that are bearing the

drug or the deliverable material inside or dendrimers / nanocapsule dendrites with MBR and so

forth.
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[0064] FIGS. 21-26 provide examples of constructs that may be employed that comprise
at least one ALCAM-binding moiety. In FIG. 21, there is a construct that comprises a secretory
signal, one CD6 MBE with a transmembrane domain and without a signaling domain. FIG. 22
demonstrates a construct that comprises a secretory signal, one CD6 MBE with a transmembrane
domain and with a signaling domain. FIG. 23 illustrates a construct with a secretory signal, three
CD6 MBE domains with a transmembrane domain and without a signaling domain. FIG. 24
shows a construct with a secretory signal, three CD6 MBE domains with a transmembrane
domain and with a signaling domain. In FIG. 25, there is a construct with a secretory signal, five
CD6 MBE domains with a transmembrane domain but without a signaling domain. In FIG. 26,
there is a construct with a secretory signal, five CD6 MBE domains with a transmembrane

domain but with a signaling domain.

[0065] Examples of particular molecules such as those illustrated in FIGS. SA and 5B are
encompassed in the disclosure. An example of the sequence of a secretory signal includes
ATGTGGCTCTTCTTCGGGATCACTGGATTGCTGACGGCAGCCCTCTCAGGT (SEQ ID
NO:1). Others include ValVal-Leu-Gly-Lys-Lys-Gly-Asp-Xaa-Val-Glu-Leu (SEQ ID NO:6)

and any natural or artificial secretory domains, also known as leader sequences.

[0066] An example of a SRCR sequence (domain 3) is
TGGCGCCTGACAGGGGGCGCTGACCGCTGCGAGGGGCAGGTGGAGGTACACTTCCG
AGGGGTCTGGAACACAGTGTGTGACAGTGAGTGGTACCCATCGGAGGCCAAGGTGC
TCTGCCAGTCCTTGGGCTGTGGAACTGCGGTTGAGAGGCCCAAGGGGCTGCCCCACT
CCTTGTCCGGCAGGATGTACTACTCATGCAATGGGGAGGAGCTCACCCTCTCCAACT
GCTCCTGGCGGTTCAACAACTCCAACCTCTGCAGCCAGTCGCTGGCAGCCAGGGTCC
TCTGCTCA (SEQ ID NO:2).

[0067] The sequence of the SRCR domain 3 is as follows: Met Y YSCNGEELTL
SNCSWRFENNSNLCSQSLAARVLCSASRSLHNLSTPEVPASVQT
VTIESSVTVKIENKESREL(SEQID NO:7).

[0068] Also it might incluse SRCR domain 1 and 2 and 3 with the following aas:
MWLFFGITGLLTAALSGHPSPAPPDQLNTSSAESELWEPGERLPVRLTNGSSSCSGTVEV
LEASWEPACGALWDSRAAEAVCRALGCGGAEAASQLAPPTPELPPPPAAGNTSVAANA
TLAGAPALLCSGAEWRLCEVVEHACRSDGRRARVTCAENRALRLVDGGGACAGRVEM
LEHGEWGSVCDDTWDLEDAHVVCRQLGCGWAVQALPGLHFTPGRGPIHRDQVNCSGA
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EAYLWDCPGLPGQHYCGHKEDAGAVCSEHQSWRLTGGADRCEGQVEVHFRGVWNTYV
CDSEWYPSEAK VLCQSL
GCGTAVERPKGLPHSLSGRMYYSCNGEELTLSNCSWRFNNSNLCSQSLAARVLCSASRS
LHNLSTPEVPASVQTVTIESSVTVKIENKESRELMLLIPSIVLGILLLGSLIFIAFILLRIKGK
YALPVMVNHQHLPTTIPAGSNSYQPVPITIPKEVFMLPIQVQAPPPEDSDSGSDSDYEHY
DFSAQPPVALTTFYNSQRHRVTDEEVQQSRFQMPPLEEGLEELHASHIPTANPGHCITDP
PSLGPQYHPRSNSESSTSSGEDYCNSPK SKLPPWNPQVFSSERSSFLEQPP
NLELAGTQPAFSAGPPADDSSSTSSGEWYQNFQPPPQPPSEEQFGCPGSPSPQPDSTDND
DYDDISAA (SEQ ID NO:8)

[0069] An example of a stalk sequence is
GCTTCCCGGAGTTTGCACAATCTGTCCACTCCCGAAGTCCCTGCAAGTGTTCAGACA
GTCACTATAGAATCTTCTGTGACAGTGAAAATAGAGAACAAGGAATCTCGGGAGCT
AATGCTCCTC (SEQ ID NO:3). In some cases instead of a stalk a linker such as glucine serine
“GS” linker or KESGSVSSEQLAQFRSLD (SEQ ID NO:9) linker or rigid linker like
A(EAAAK),A (SEQ ID NO:10) may be employed, depending on the cellular delivery context or

inert delivery context.

[0070] An example of a transmembrane domain sequence is
ATCCCCTCCATCGTTCTGGGAATTCTCCTCCTTGGCTCCCTCATCTTCATAGCCTTCA
TCCTC (SEQ ID NO:4) having a protein sequence of Met LLWRLTGGADRCEGQV
EVHFRGVWNTVCDSEWYPSEAKVLCQSLGCGTAVERPKGLPH
SL SGR(SEQ ID NO:11). However, any transmembrane domain sequence may be utilized.

[0071] An example of a signaling domain is
TTGAGAATTAAAGGAAAATATGCCCTCCCCGTAATGGTGAACCACCAGCACCTACC
CACCACCATCCCGGCAGGGAGCAATAGCTATCAACCGGTCCCCATCACCATCCCCA
AAGAAGTTTTCATGCTGCCCATCCAGGTCCAGGCCCCGCCCCCTGAGGACTCAGACT
CTGGCTCGGACTCAGACTATGAGCACTATGACTTCAGCGCCCAGCCTCCTGTGGCCC
TGACCACCTTCTACAATTCCCAGCGGCATCGGGTCACAGATGAGGAGGTCCAGCAA
AGCAGGTTCCAGATGCCACCCTTGGAGGAAGGACTTGAAGAGTTGCATGCCTCCCA
CATCCCAACTGCCAACCCTGGACACTGCATTACAGACCCGCCATCCCTGGGCCCTCA
GTATCACCCGAGGAGCAACAGTGAGTCGAGCACCTCTTCAGGGGAGGATTACTGCA
ATAGTCCCAAAAGCAAGCTGCCTCCATGGAACCCCCAGGTGTTTTCTTCAGAGAGGA
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GTTCCTTCCTGGAGCAGCCCCCAAACTTGGAGCTGGCCGGCACCCAGCCAGCCTTTT
CAGCAGGGCCCCCGGCTGATGACAGCTCCAGCACCTCATCCGGGGAGTGGTACCAG
AACTTCCAGCCACCACCCCAGCCCCCTTCGGAGGAGCAGTTTGGCTGTCCAGGGTCC
CCCAGCCCTCAGCCTGACTCCACCGACAACGATGACTACGATGACATCAGCGCAGC
C (SEQ ID NO:5) having an amino acid sequence of: Met LPIQVQAPPPEDSDSGS
DSDYEHYDFSAQPPVALTTFYNSQRHRVTDEEVQQSRFQMetPP
LEEGLEELHASHIPTANPGHCITDPPSLGPQYHPRSNSESSTSSG
EDYCNSPKSKLPPWNPQVFSSERSSFLEQPPNLELAGTQPAFSA
GPPADDSSSTSSGEWYQNFQPPPQPPSEEQFGCPGSPSPQPDST
DNDDYDDISAAGS(SEQID NO:12). However, any signal domain or stimulatory

domain and/or safety switch may be utilized.

[0072] Sequences for any particular part of a molecule may be 100% identical to a
wildtype sequence, including sequence for a SRCR domain, stalk, transmembrane domain,
and/or secretory signal. It may also be altered to optimize its functionality. Thus, in specific
cases the sequence of a secretory signal, SRCR domain, stalk sequence, transmembrane domain,
or signaling domain is 100% identical or less than 100% identical to its respective wildtype
sequence. In certain cases, the sequence(s) are modified compared to their respective wildtype
sequences, regardless of whether or not the sequence is the nucleotide sequence or its
corresponding protein sequence. Some mutations can be included to enhance the SCRC binding
affinity to ALCAM (Brown et al, 2016). In some cases, a particular sequence in the composition
may be 99, 98, 97, 96, 95, 94, 93, 92, 91, 90, 85, 80, 75, 70, or less percent identical to its
corresponding wildtype counterpart. In some embodiments, the sequence of a secretory signal is
that of SEQ ID NO:1, although sequences that are 99, 98, 97, 96, 95, 94, 93, 92, 91, 90, 85, 80,
75, 70, or less percent identical to SEQ ID NO:1 are utilized in the compositions.

[0073] In certain embodiments, the ALCAM-binding moiety of the composition is
configured as at least part of an ectodomain of a cell receptor, including a cell receptor on an
immune cell. In particular cases the cell receptor comprises a transmembrane domain and at
least one endodomain, and in specific cases the cell receptor is a chimeric antigen receptor, a
chimeric cytokine receptor, an o T cell receptor, cognate molecule for a therapeutic, homing or

activating entity, chemokine receptor, or integrin receptor, for example.
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II.  Alternatives to ALCAM-Binding Moieties

[0074] In some embodiments, other than the therapeutic composition being associated
with an ALCAM-binding moiety, the therapeutic composition may be associated with a binding
moiety that binds an adhesion molecule other than ALCAM, such as ICAM, VCAM, efc. In
specific embodiments, a therapeutic moiety is associated with an ICAM-1 or JAM-1 binding
entity. The ICAM-1 or JAM-1 binding entity may comprise part or all of MAC-1 and/or part or
all of LFA-1, and it may comprise at least one ICAM-1 or JAM-1 minimal binding region. The
binding site for the two B2 integrins LFA-1 and MAC-1 may comprise one or more of their |
domains and/or one or more of a MIDAS motif, in specific cases. The MIDAS motifs bind to

domain 1 at N terminus of [CAM-1.

[0075] In other cases, a therapeutic moiety is associated with a VCAM-1-binding moiety.
The VCAM-1 binding moiety may comprise part or all of VLA-4, and it may comprise one or
more VCAM-1 minimal binding regions. VLA-4 comprises a" leucine-aspartic acid-valine
conserved (LDV) motif" that binds to domain 4 of VCAM-1, and a minimal binding region may

comprise at least one of these domains.

[0076] In some cases, a therapeutic moiety is associated with an Addressin-binding
moiety or a GLYCAM-1-binding moiety. The Addressin-binding moiety or a GLYCAM-1-
binding moiety comprises part or all of Integrin alpha 4 beta 7 (LPAM-1), and it respectively
may comprise one or more Addressin minimal binding regions or GLYCAM-1 minimal binding
regions. LPAM-1 (alpha4 / beta7) comprises tandem repeats of cysteine rich EGF like domains

(essential for Ca++ binding), and one or more of these repeats may be included.

[0077] In specific embodiments, the therapeutic moiety can include Selectin binding

domain, which may include lectin domain either in a monomer or a multimer form.

III.  Examples of Methods of Use

[0078] Under normal conditions, immune-surveillance of the central nervous system
(CNS) is very tight and few immune cells are able to cross the blood brain barrier (BBB).
Trafficking of leukocytes from the bloodstream into pathological sites in the CNS is known to
rely upon a complementary interaction of homing molecules acting in a concerted and specific
manner. The dynamic pattern of homing molecule expression varies between normal and
pathological conditions, with increased transmigration to the brain found in inflammatory and

autoimmune diseases like multiple sclerosis (MS) but decreased trafficking in cancer. The
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differences in adhesion protein patterning between inflammatory and anergic endothelium and
the molecules involved in this process are exploited to generate a novel platform to deliver

cellular therapies to the brain, overcoming a critical barrier to improving human health.

[0079] Because cancer renders the endothelium anergic, abrogating T cell homing to
brain tumors and hindering the development of effective cell therapy for CNS malignancies.
Lessons learnt from infiltrative brain diseases can give insight into how to overcome the BBB
block created by cancers. Activated Leukocyte Cell Adhesion Molecule (ALCAM; CD166) is a
pathological adhesion molecule upregulated in the vascular endothelium of a number of
infiltrative CNS diseases, such as MS, human immunodeficiency virus (HIV) encephalitis and
experimental autoimmune encephalitis (EAE). Upregulation of ALCAM in these conditions
further leads to overexpression of Intercellular Adhesion Molecule-1 (ICAM-1, CD54) and
Vascular CAM-1 (VCAM-1; CD106), two ubiquitous adhesion molecules that mediate leukocyte
BBB transmigration. Antibodies blocking ALCAM significantly decrease leukocyte access to the
brain in EAE and HIV encephalitis, and antibodies to its cognate (heterophilic ligand, CD6) are
currently being tested in a clinical trial for MS and graft vs. host disease (GvHD).

[0080] One can interrogate the mechanistic differences between the “anergic” brain
tumor endothelium and the “facilitated” endothelium of infiltrative brain conditions.
Surprisingly, it was found that ALCAM is highly expressed on glioblastoma (GBM)
endothelium, while ICAM-1 and VCAM-1 are down regulated. Moreover, there was a
significant induction of ALCAM associated with paradoxical downregulation of VCAM and
ICAM expression when endothelial cells was cultured in supernatants from primary GBM cells
or in TGFB. GBM endothelium thus fails to launch the second wave of adhesion molecules
necessary for effective BBB transmigration and, under the influence of tumor cells, eliminated

baseline expression of second wave molecules.

[0081] The inventors mapped the ALCAM minimal binding region to domain 3 (D3) of
CD6 (FIG. 5A) and generated an artificial molecule that serves as a novel cellular platform to
reverse endothelial anergy. The exodomain of this molecule is comprised of D3 and a CD6
endodomain (-s), and one can express it on the surface of cells, such as T cells. D3-s T cells can
crosslink to ALCAM on endothelial cells to increase T-cell adhesion and diapedesis through an
ALCAM-overexpressing BBB model. One can characterize the ability of this system to induce T

cell transmigration in mouse models of both GBM and inflammation. This paradigm-shifting line
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of research will not only enrich the understating of the T cell/endothelium interface, but will also
enable the development of a broadly relevant cellular platform for targeted brain delivery of
complex biologics. Such treatments are useful in particular for CNS diseases that are
challenging to treat because of the sanctuary provided by the BBB that restricts both
conventional and novel therapeutics. Generating a cellular platform for targeted brain delivery of
complex biologics (CAR T cells, virus specific T cells, anti-inflammatory cells for autoimmune
disease, oncolytic viruses and loco-regional vaccines or particulate matter such as nanoparticles,
efc.) will therefore ensure adequate and targeted bioavailability of these drugs and minimizes the

substantial risks of off-target toxicity.

[0082] Although any method of use may be employed for compositions of the disclosure,
including ALCAM-binding moiety-comprising compositions, in specific embodiments the
compositions are used for treatment or prevention of at least one medical condition. In particular
cases there is a method of providing a therapeutic moiety to an individual using the compositions
of the disclosure. In specific aspects, an individual that is provided an effective amount of one or
more compositions encompassed by the disclosure is in need of therapy that targets desired
particular cell(s) or tissue(s) comprising particular cell(s) in the individual. In at least some
cases, the particular cells are ALCAM-expressing pathological endothelial cells, and such cells
may or may not be present within the blood-brain barrier or beyond a vascular (endothelial)

barrier.

[0083] In particular cases the ALCAM-binding moiety is expressed on a cell and cell-like
platform, including any immune, somatic, hematopoietic, mesenchymal or stem cell, other blood
cells such as red blood corpuscles and platelets. The ALCAM-binding moiety may also be used
in secreted form or in a pharmaceutical preparation used to prime cells for targeted delivery.
Examples of a cellular platform includes cells, such as immune cells (including CAR T cells,
cytotoxic T cells, NK cells and NKT cells, among other immune effectors) or non-immune cells.
Immune and/or stem cells (such as hematopoietic or mesenchymal stem cells) may be utilized for
treatment of cancer, for example. Tregs or Th17 or other immune inhibitory cells may be
delivered, such as for autoimmunity diseases, including multiple sclerosis or experimental
autoimmune encephalomyelitis, for example. Cells may be delivered to counteract human
immunodeficiency virus (HIV) encephalitis. Cells can be delivered for hypoxic or ischemic or
infarctive conditions to improve the metabolism of the affected brain. Cells can be delivered to

replenish a therapeutic molecules such as enzymes or hormone such as growth hormone or
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insulin. Corpuscles (non-nucleated cells such as red blood cells or platelets, including used as
drug delivery systems), microsomes, miscelles, liposomes or other complex structures could also

be used in this cell/ cell-like platform.

[0084] In particular cases the ALCAM-binding moiety is expressed on a cell and cell-like
platform to induce vascular occlusion of tumor microvasculature of malignant or other
conditions and or delivery of therapeutic agents such as prostacyclins and other molecules to

hypoxic, ischemic or infarctive areas of the brain or body.

[0085] In particular cases, the individual has a medical condition such as cancer
(including at least brain cancer or metastatic cancers to brain (such as breast , lymphoma, efc.),
EAE, MS, infection, meningitis, or CNS toxicity from idiopathic causes such as cytokine release
syndrome, posterior fossa syndrome and others. The delivery of cells other than immune cells
may occur, for example using mesemchymal stem cell for regeneration or drug delivery for
Alzheimer’s Diseases. Conditions such as MS, experimental autoimmune encephalomyelitis,
pathogen infection, brain abscess, epilepsy, multiple sclerosis, Alzheimer’s Disease, cerebral
edema, cerebral ischemia, prion diseases, encephalitis, and inflammation may be treated. In cases
wherein the individual has cancer, the cancer may or may not originate in epithelial tissues. In
certain cases the individual is given an anti-infectious agent for a pathogen (virus, bacteria, or
fungus, for example) using methods and compositions encompassed herein. Stroke may be
treated with ALCAM-binding moieties of the disclosure, such as for delivery of prostaglandins,
prostacyclines, vasoactive and metabolic agents, and agents affecting thrombosis, mesenchymal
stem/stromal cells, or stem cells. In particular cases the compositions are used for brain or non-

brain conditions wherein a unique endothelial signature can be targeted.

[0086] Embodiments of the disclosure provide for the ALCAM-binding moiety to be
able to deliver cells or cell-like structures (for examples corpuscles, micelles, liposomes, ezc.).
Such a platform could deliver, in at least specific cases, one or more of the following: (1) a cell,
asin CAR T cells, T reg cells, Th17 cells, and so forth; and/or (2) a therapeutic entity such as an
engager, BiTE, scFv, replacement (enzyme or hormone). Such deliveries could be utilized for

inflammatory, malignant, infectious, autoimmune or vascular/hypoxic conditions, as examples.

[0087] Methods of the present disclosure target delivery of one or more biologics (large,
complex molecules or mixtures of molecules) or simpler molecules or agents to an individual,

including to a particular tissue of an individual in at least some cases. In certain cases, an
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ALCAM-binding moiety, or multiples thereof, are operably linked to other domains, including to
a therapeutic, that may facilitate targeting of the therapeutic to a particular tissue or may
facilitate other aspects of the therapeutic. For example, in specific cases the ALCAM-binding
moiety is expressed as part of a molecule on a cell and that cell may be an immune cell that itself
has therapeutic properties for a medical or condition in need of treatment or for research. In

some cases, the cell has one or more other engineered molecules expressed thereby.

[0088] Methods of the present disclosure also utilize successful homing of cells to their
targets by targeting cells or tissues that express ALCAM or other adhesion molecules. In at least
some cases, by targeting ALCAM a therapeutic moiety is homed to its target, for example by
breaching an endothelial/epithelial barrier and/or the BBB.

EXAMPLES

[0089] The following examples are included to demonstrate preferred embodiments of
the invention. It should be appreciated by those of skill in the art that the techniques disclosed in
the examples which follow represent techniques discovered by the inventor to function well in
the practice of the invention, and thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments which are disclosed and still obtain

a like or similar result without departing from the spirit and scope of the invention.
EXAMPLE 1
A CELLULAR PLATFORM FOR TARGETED DELIVERY OF COMPLEX BIOLOGICS

[0090] Embodiments of the present disclosure establish a cellular platform for enhanced
targeted delivery of therapeutic complex biologics to pathological sites. In specific
embodiments, an ALCAM minimal binding element MBE (“CD6 and stalk”) expression on
immune cells enhances ALCAM-specific targeted delivery of therapeutic complex biologics to

pathological sites, including across the blood-brain barrier (BBB).

Validation of the expression of ALCAM.

[0091] ALCAM expression in glioblastoma (GBM) endothelium. Three random GBM

paraffin blocks were sectioned at Sum thickness and immunohistochemically stained against

25



WO 2018/071058 PCT/US2017/026535

ALCAM CD166 using mAb. The 3 samples stained positively for ALCAM in the GBM stroma
(around the vessels lumen) and in the core tumor cells. Also, immunofluorescence staining of
cryosection slides with CD31+ and ALCAM,; affirm the clear localization of ALCAM in the
CD31+ vessels (colocalized signal of CD31/ALCAM signal).. Recent literature highlighted the
role of CD166 in tumor invasion and in recruiting T-regs to the tumor site. Hence, ALCAM
Thus, ALCAM is key adhesion molecule in cancer pathological endothelium and its induction in

the tumor endothelium plays a role in cancer metastasis or immune cells trafficking.

[0092] Fresh GBM endothelium was isolated from GBM surgical excision samples.
Characterization of the primary endothelium with three different pan endothelial markers: CD31

Von Willebrand Factor (vWF), and VE-Cadherin, is shown in FIGS. 1A and 1B. Intriguingly,

2

ALCAM was upregulated at basal level in comparison to normal brain endothelium. Cells
stained by flow cytometry were double positive for ALCAM and CD31 (FIG. 2). In
immunofluorescence ALCAM and C31 colocalized in tumorogenic vascular wall. Additionally,
ALCAM expression was further enhanced with TNFa, Hypoxia and upon incubation of normal

endothelial cells in GBM cell culture supernatant or in TGF beta.

[0093] ALCAM expression in pathological endothelium. To validate ALCAM as a
homing target upregulated on endothelium during pathological conditions, FACS analysis was
performed for ALCAM expression in 3 pathological conditions: inflammation (blue open
histogram), hypoxia (black open histogram) and tumor supernatant (red histogram). Six
endothelial cell lines were stained, (3 murine: BALB/c Mouse Primary Brain Microvascular
Endothelial Cells from Cell Biologics, bEND.3, 2H-11) and 3 human cell lines were stained: 1ry
GBM tumor endothelium, HBMEC, HUVEC). The inventors compared ALCAM staining
pattern to basal expression (dotted blue histogram); negative control IgG1-PE isotype shown in
grey filled histogram. ALCAM was significantly overexpressed in all condition compared to

minimal expression under physiological conditions (FIG. 3).

[0094] To confirm the results, the inventors membrane fractionated 6 endothelial cell
lines using sucrose gradient and used Western blot analysis of 10 ug protein to probe with

ALCAM mAb (FIG. 4).

Engineering a Ligand to specifically bind ALCAM
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[0095] Design of ALLCAM binding constructs. Considering the X-ray crystallography
for the 3D structure of ALCAM and CD6, the inventors designed and constructed artificial
ALCAM ligands comprised of an exodomain and an endodomain joined via a transmembrane
domain (TM). The exodomain comprised ALCAM minimal binding domain (MBE) that
comprises CD6 Domain 3 and its Stalk. Exodomains were designed consisting of a MBE
monomer, trimer and pentamer. The wildtype CD6 TM domain joined the endodomain to either
a wildtype CD6 intracellular signaling domain or a truncated/mutated wildtype CD6 intracellular

signaling domain. (FIG. 5B)

[0096] Table 1:

Monomer 1xD3 CD6 Trimer 3xD3 CD6 Pentamer 5xD3 CD6
truncated/mutated (1-D3A) | truncated/mutated (3-D3A) | truncated/mutated (5-D3A)
Monomer 1xD3 CD6 with Trimer 3xD3 CD6 with Pentamer 5xD3 CD6 with
signalling domain(1-D3) signalling domain(3-D3) signalling domain (5-D3)

[0097] Detection of ALCAM binding constructs. Three main methods were used to
confirm the transduction and the surface expression of the artificial (MBE) CD6 D3 receptor.

[0098] Data shown are for monomer, trimer and pentamer-transduced T cells:

[0099] A) FACS analysis was used to confirm ALCAM specific binding to MBE CD6
D3 constructs on the surface of primary T cells. Cells were incubated with IgG1 Fc linked
recombinant human ALCAM followed by an anti-human IgG1 Fc FITC conjugated Ab (filled
black histogram). Staining of cells with anti-human IgG1 Fc FITC alone (open grey histogram),
staining of non-transduced T cells (NT) (dotted open histogram) served as control for basal CD6
expression on normal T cells which bind natively to ALCAM Fc. and percentage transduction is
determined after staining of monomer , monomer + signaling domain,trimer, trimer+sinaling

domain, pentamer and pentamer +signaling domain (grey-filled histogram) (FIG. 6).

[0100] B) FACS analysis using a specific mAb for domain 3 of CD6 (a kind gift from Dr
Brown, Oxford university) was performed. Cells were incubated with primary mouse Anti-
human CD6 domain 3 antibody followed by a 2ndry PE conjugated Goat polyclonal to anti
mouse I[gGADb (blue-filled histogram). Staining of cells with anti-human IgG1 FITC alone (open
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grey histogram), staining of non-transduced T cells (NT; dotted open histogram) served as

control for basal CD6 expression on normal T cells (FIG. 7).

[0101] C) FACS analysis using a specific mAb for 6x His TAG. Cells were incubated
with primary mouse 6x his mAb conjugated to PE (filled red histogram). Control staining of cells
with anti-human IgG1 FITC alone (open grey histogram),and staining of non-transduced T cells

(NT) ( dotted open histogram) (FIG. 8).

Functional testing of engineered cells overexpressing [MBD]"

[00102] Dissecting the effect of the engineered molecules on the extravasation
multistep cascade of the T cells (rolling, adhesion, transmigration). Collectively, the data
presented herein point to the fact that T cells transduced with “ALCAM minimal binding
domain” have enhanced molecular interactions with ALCAM-expressing pathological

endothelial cells.
1) Dynamic cell adhesion and rolling in microfluidic chamber “Bioflux System”

[0103] Methods: The Bioflux System is a 24-well Plate with 8 independent experimental
channels (two inputs per channel). Movies of cell rolling are captured with an exposure time of
100 ms at 500 ms intervals. A stack of thirty consecutive images were captured 0.5 seconds apart
(100 ms exposure). Endothelial cells were seeded over fibronectin pre-coated BioFluxTM
channels. After reaching a monolayer confluence, ALCAM stimulation with TNFa and IFNy
were done for 6 hours. Control non-transduced vs T cells were injected to the system
simultaneously. Adhesion and rolling were assessed under flow with a shear of 2 dyne/cm”.
Stationary cells were counted in 10 fields of view then the average value was calculated. Also for
rolling velocity, 100 frames/sec time-lapse frames were taken and analyzed using ImageJ®
software. T cell tracking allowed to calculate the distance travelled, hence maximum, minimum

and mean velocities/sec were calculated. Three independent experiments were done.
Summary of results:

[0104] First: Increased adhesion of [MBE]" T cells over multiple endothelial cell
lines. Faster adhesion of [MBE]" T cells under shear force 2 dyne/cm” was significant in all
transduced cells vs the non-transduced controls and higher firm arrest percentage over ALCAM

+positive endothelium (FIG. 9).
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[0105] Second: The rolling velocities of [MBE]" T cells were significantly lower than
normal non transduced T cells. Under normal shear conditions (2 dyne/cm®). All [MBE]"
significantly roll slower than the NT control cells. Moreover, the [MBE]" T cells with
truncated D3 were able was able to roll in a slower velocity for longer time while [MBE]" T
cells with signaling domain roll slower for shorter time yet tightly adhere to the endothelium.

(FIGS. 10 and 11).

[0106] Third: [MBE]" T cells reached a faster arrest. This, coupled with the first
observation (the relative increase of static adherent cells over the endothelium monolayer over

time), indicated a firmer adhesion of [MBE]" T cells (FIGS. 12 and 13).
2) Transmigration using Boyden chamber assay

[0107] Methods: T cell transmigration across the endothelium co-cultured with inverted
astrocyte to mimic the BBB was assessed in all cells transduced with [MBE]" constructs and
compared to non-transduced controls. A static two chamber transwell platform was used where
an upper chamber is seeded with monolayer of endothelial cells stimulated with TNFa and
coated with astrocytes on the bottom to mimic the endothelium/pericytes barrier. The lower
chamber is filled with GBM supernatant to attract T cells. T cells are added on the upper
chamber and left for 24 hours, collected transmigrated cells in the down well, stained with WST-
1 dye, then the measurement of the Optical density at 499 are directly correlating with percent of

migrated cells through the artificial BBB.
Summary of results:

[0108] The degree of transmigration was directly proportionate to the multimerization of
MBE (D3) and more enhanced reaching saturation depending on the presence of the signaling
domain. (FIG. 14). The truncated pentamer showed higher migration ability than trimer. Then
trimer showed higher migration than the truncated monomer. (5-D3A>3-D3A>1-D3A). while
[MBE]" T cells with signaling domain had higher transmigration activity comparing to the
truncated ones. The latter phenomena is related to signaling domain contribution in priming T
cells through the inside out activation of LFA-1 to higher adhesive and invasive state.(FIG 19-
33)

[0109] In order to exclude the proliferation effect mediated by the signaling domain of

the cells after transmigrating in the lower chamber, flow cytometry eFluor 670-proliferation
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experiment was done for all [MBE]" T cells with various CD6 constructs, the results showed that
all the transduced cells had insignificant proliferation compared to the non-transduced control.
Moreover, the same transwell experiment was repeated with irradiated cells (incapable of

proliferation), and the transmigration pattern was preserved.

[0110] In order to confirm that the fold increase of migration seen is specifically related
to ALCAM-CD6 D3 interaction, the inventors employed blocking ALCAM-fc over T Cells and
endothelium. After blocking, significant decrease in the transmigration pattern was observed.
This effect decreased while after washing the blocking agent (with 10% BSA complete media

over 4 hours shaking) and the transmigration across the endothelium is restored. (FIG 14)

[0111] Collectively, this assay highlighted the differential enhanced migration pattern of
all [MBE]" (CD6 D3) engineered T cells compared to normal T cells. Hence, the transmigration
of T cells employs ALCAM-CD6 specific interaction.

Impedance Based Assessment of Migration of Various of [MBE]n T cells

[0112] The xCELLigence impendance system was used to assess, in depth, the migration
pattern of [MBE]" T cells over a prolonged time period. Adhesion over ALCAM-Fc coated plate
(10ng/ul), cell index increase with increase cell attached to ALCAM (NT green< monomer
truncated < pentamer truncated< monomer with signaling domain<pentamer with signaling

domain) (FIG. 15).

[0113] Transmigration across CIM transwell plate coated with endothelial cells was
assayed. Minimal migration was detected over ALCAM negative-endothelium with no TNF
alpha stimulation while significantly higher transmigration with increased cell index over 24
hour with ALCAM positivet endothelium (with TNFa) ( monomer truncated< Trimer truncated
< pentamer truncated< monomer with signaling domain< trimer with signaling

domain<pentamer with signaling domain) (FIG. 16).

Demonstration, at the molecular level, the interaction between ALCAM and

[MBE|n using Proximity Ligation Assay (PLA)

[0114] Methods: The principle of the technology is based on two unique probes provided
with the Duolink kit. Each PLA probe (+ and -) consists of specific mAb to a target protein and it

is attached to a unique synthetic oligonucleotide, which acts as a reporter. When proteins interact
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closely, the probes are at a critical proximity allowing for a DNA bridge to hybridize. The bridge
is then amplified and a fluorescent signal is produced. The distance of the oligonucleotides,

which allows DNA hybridization and ligation has to be <40nm).

[0115] For a purpose, mAb against ALCAM was linked to a direct probe (-) and CD6 D3
specific mAb was linked to probe (+). PLA was done in a chamber slide where T cells are fixed
over a monolayer of endothelial cells. Every condition was tested in separate multiplicates and

the negative control was included using one probe only. Red fluorescent signal was analyzed

using the DuoLINK software analysis (see FIGS. 17 and 18).

Investigating the role of the CD6 signalling domain for T cell transmigration:

[0116] CD6 intracellular domain is associated with multiple signaling networks inside T

cells in order to achieve high integrin activation and eventually better transmigration.

ZAP-70 signalling:

[0117] Methods: The cells were fixed in 4% paraformaldehyde and permeabilized with
0.5% tween, then incubated with 7 uL pZAP-70-FITC (7 mg/mL) for 30 mins on ice. Staining
with IgG1 —FITC isotype shown in black line. Differential expression of pZAP-70 before and
after transmigration shown in red lines. There was a shift in PZAP-70 detected in all cells
migrated but the only remarcable shift in pZAP-70 was detected in T cells bearing a signal
domain which suggest that ALCAM-CDG6 interaction fires intracellular signal cascade that
involved phosphorylation of ZAP-70 (key signal mediator in T cells) (FIG. 19).

Talin expression mediated by Zap-70:

[0118] Methods: Intracellular staining with Talin- primary antibody (3mg/ml) for 30
mins. The cells were then incubated with 2ndry PE conjugated Goat polyclonal to anti-rabbit
IgG. Negative control staining (grey line) with Goat polyclonal Anti-Rabbit IgG was done and
staining for Talin-1 in T cells before transmigration showed in Blue line and after (post
ALCAM- CD6 interaction) showed in Red line. Talin expression was upregulated in migrated
cells and enhanced with the transduced T cell with monomer D3 and Pentamer D3 bearing the
intracellular CD6 signaling domain. These results coincides with the literature pointing to the
role of zap-70 and Talin in integrin open confirmation and easing the migration operation. The

cells were then incubated with 3 pl primary antibody (3mg/ml) for 30 mins. The cells were then
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incubated with 2ndry PE conjugated Goat polyclonal to anti-rabbit IgG. Enhanced expression of
Talin-1 was notable in T cells engineered with CD6 signaling domain (FIG. 20)

LFA-1 inside out Activation is mediated by Talin upregulation.

[0119] LFA-1 is ubiquitous adhesion molecule needed for priming the cells to the
adhesive state prior to the migration step. (FIG 32).

[0120] Methods: LFA-1 extension or opening of the beta domain, critical for high-
affinity LFA-1, detected by the reporter mAbs KIM127. T lymphocytes were fixed with 4%
parafolmadehyde; then incubated with the biotin-labeled KIM127 mAbs (10mg/ml) before and
After ALCAM binding for one hours. Then the cells were then incubated with 2ndry antibody
conjugated streptavidin labeled with Alexa Fluor 568-. Blue histogram denotes LFA-1 extended
confirmation before ALCAM interaction and red histogram denotes LFA-1 open confirmation
after ALCAM interaction A, respectively, and black lines denote background staining by a
secondary only streptavidin Alexa-568.

[0121] Actin/focal adhesion induction at the D3/ALCAM interface mediating the

stability of the migrating cells was assayed.

[0122] Methods: Super resolution imaging at 40x and 60x of the cells on ALCAM+
surface. Cells were fixed in 4% parafoladehyde then permealized with ice cold methanol; then
stained with FAK 1ry antibody followed by secondary ALexa fluor 488, the incubated with
Phalloindin Texas Red, then DAPI nuclear staining.

[0123] FIG 33A-33E staining of F-Actin/ focal adhesion Kinase (FAK) that are essential
for the cytoskeleton organization of the migrating cells and mediate efficient invasion capacity
over ALCAM + endothelium. FIG 33 A shows the colocalization of F-actin and FAK in MBE
cells in comparaison to control cells. FIG 33B shows Total internal Reflection fluorescence
TIRF imaging at 60x where the high resolution of F-actin induction at D3/ALCAM interface is
significantly detected. FIG 33C quantification MFI-Actin on the cell surface using FIJI software,
F-actin intensity n MBE cells is highly significant in comparison to NT T cells. FIG D represents
the Structural illuminating Microscopy SIM at 60x image of MBE T cells after ALCAM
interaction. It shows the invadopodia and the actin raffle with the focal adhesions that mediate T

cells endothelial invasion. FIG E/F show TIRF imaging at 60x of the stretch induced Focal
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adhesion Kinases (FAK). MBE T cells has higher FAK intensity that enable them to protrude

and invade the endothelial/epithelial Barrier

In vivo: accessing CD6 transduced T cells homing efficav to pathological site

[0124] Bioluminescence T cell tracking: Accessing homing of T cells with different
CD6 constructs to an orthotopic Brain tumor model in SCID mice. T cells were double

transduced with GFP-FFLuc in order to be tracked with bioluminescence in vivo.

[0125] Methods: Mice were injected with 50,000 U373-GBM or Daoy tumor cells,
10x104 T cells were injected IV, then using BLI, the inventors assessed the differential
trafficking to the brain tumor over a period of 0 days between control non-transduced group and
transduced test group. Preliminary data showed that T cells overexpressing the CD6 D3

monomer truncated construct home better to the brain tumor.

[0126] T cell infiltration to the tumor explants: Assessing percentage of tumor
lymphocyte infiltrate in the Brain tumor explants of the SCID mice. The tumor explants were
minced and using Percoll/Ficoll gradient in order to extract the lympgocyte infiltrates. Using
Flow cytometry, Percentage of CD3+ C45+ D3+ subset were evaluated; T cells expressing then
artificial D3 receptor were highly present in the tumor comparing to non-transduced control T

cells.

[0127] Conclusion: Transducing T cells with ALCAM minimal binding domain derived
from CD6; either monomer or multimer with or without signaling; significantly enables crossing
the endothelium barrier and eventually mediates better trafficking and homing. ALCAM-CD6
interaction is a novel platform useful to harness and enhance the delivery of adoptive T cells, for

example, to a pathological site. Useful applications include but are not restricted to:

[0128] a) Cancer: improved delivery of CAR T cells, cytotoxic T cells, NK cells and

NKT cells among other immune effectors.
[0129] b) Autoimmunity: improved delivery of Tregs and/or Th17 in EAE and in MS.
[0130] c¢) Stroke: delivery of PG, MSC, stem cells to enhance healing.

[0131] d) Infection: delivery of anti-infectious agents.
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EXAMPLE 2
STUDIES OF THE HOMING PLATFORM

[0132] Embodiments of the platform were tested in an example of a GBM orthotopic
model: the inventors utilized severe combined immune deficiency (SCID) mice of the NOD
background that are homozygous for the spontaneous mutation Prkdcscid. Mice were injected
intracranially with U87 GBM cell lines (50k in 2-3 pl) on the right brain caudate using a
stereotactic injector. Once tumors were established, T cells labeled with GFP ffluc were injected
systemically through tail vein. The brain homing capacity was tracked using bioluminescent
(BLI) imaging at different times on an IVIS Lumina platform under isoflurane anesthesia.
Comparing a test group 1 that had CD6 D3-modified T cells to non-transduced (NT) control T
cells, BLI signal in the brain at the tumor area were 2 fold higher than control NT (FIG. 27).
These findings show that the CD6 D3 Platform successfully interacted with the ALCAM + BBB
(induced by GBM tumor) that has allowed the efficient trafficking to tumor site. Moreover, T
cells were injected IV and after 24 hrs, the mice were euthanized and the inventors isolated the
Tumor infiltrating lymphocytes using Percoll/Ficoll gradient. Then, the inventors did a flow
cytometry comparison between test (1-D3 T cells) and control (NT) where the flow cytometry
was gated on for CD45+ CD3+ D3+ T cells in the brain tumor explants. There were highly
significant D3 T cell infiltrates (***p<0.001) in tumor; almost 5 fold in comparison to NT
control normal cells. Also truncated D3 A-modified T-cells( the truncated D3 constructs) are
effective in homing but less persistant than D3 T cells with signaling Domains. IV infused D3
A-modified to a Brain orthotopic GBM model are evaluated in the same previously described
method; by optical luceferin bioluminescence (BLI) tracking. FIG. 28A. Representative images
of the in vivo bioluminescence imaging (BLI) of GFP ffluc+ T cell in the brain shown is the
mean radiance (photons/second/cm*/selected region), where (n=10 per test group and n=>5 per
control). GBM orthtopic model were established in mice then at day 12, 10.10"6 T cells tagged
with GFP ffluc IV were injected (n=10) either Test group 1-D3 A-modified T cells or control
Non transduced (NT) group. Their luceferin BLI signals were detected in different time points
after injection (6 hrs, 48 hrs, 6 days) FIG. 28B. Graph represents the fold change in the BLI of
Test group 1-D3 in relation to control group. 1-D3A-modified (truncated) T cells have significant
higher BLI in comparison with NT control T cells after 24 and 48 hrs; yet less than D3 T cells
bearing the CD6 signaling domain. Data were analyzed by two-tailed student T test; Error bars

are +STEV: * P<0.05, **P < 0.01, ***P < 0.001.
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[0133] FIGS. 29A, 29B, and 29C show [MBE]n_D3 T cell successful homing and
infiltration in the tumor after 24 hrs IV administration.. FIG. 29A. Flow cytometric comparison
of D3 transduced T cells infiltrates gated in CD3+CD45+ subsets in the tumor explants vs.
control NT cells. T cells were injected IV and after 24 hrs, the mice were euthanized and T cell
infiltrates that were either D3 Test or NT were isolated using Percol/ Ficoll and then stained with
CD3-PerCP and CD45-APC and D3-PE for an hour. Analyses were done using Flowjo software.
FIG. 29B. Graph represents percentage of human CD3 CD45 cells in GBM explants isolated
from SCID mice. FIG. 29C. Percentage of CD6 D3+ transduced cells gated in the CD3+ CD45+
subset. There is a high significance in D3 T cells homing to tumor and infiltration capacity
compared to NT control T cells. Data were analyzed by 2-tailed Student T-test; Error bars are

STEV; * P<0.05, **P <0.01, ***P <0.001. (n=5)

[0134] In one embodiment, one can improve the homing of regulatory T cells (Tregs) or
the immune inhibitory Th17 to inflammatory conditions, such as multiple sclerosis and
autoimmune encephalitis, graft versus host disease, rheumatoid disease and systemic lupus
among others. One can establish an experimental autoimmune encephalomyelitis (EAE model, a
model of brain inflammation) by sub-cutaneous injection in SJL mice with proteolipid protein
(PLP), myelin basic protein (MBP), or peptides corresponding to the immunodominant epitopes
of MBP (MBP84-104), MOG (MOG92-106), or PLP (PLP139-151 and PLP178-191). Then, one
can infuse Tregs or Th17 cells modified with CD6 D3 molecules to improve their trafficking to
MS or autoimmune lesions. The mice are monitored using the clinical score for 1 month. Then
after a month mice are euthanized to assess differential inflammatory cells/ Tregs ratio into the

meninges and parenchyma of the spinal cord and brainstem, for example.

[0135] More globally one can use the [MBE]".CD6 D3 platform in broader preclinical
investigation to improve the trafficking problem of any therapeutic modality that is the major
cause of pharmacokinetic inefficacy and failure of the intended cure, such as in the CNS. CD6
D3 can be incorporated as adhesion molecule modulator on other cellular platforms, such as
Natural killer cells for cancer immunotherapy, dendritic cells for vaccines delivery, red blood

cells for drug delivery, stem cells for tissue regeneration, efc.

[0136] Furthermore, preclinically a [MBE]".CD6 D3 engineered molecule can be
incorporated into cell membrane-camouflaged nanoparticles, microsomes, and/or dendrisomes.

Additionally, the CD6 D3 molecule can be produced in a secreted form or as a preparation for
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priming ex vivo generated cells to enable them to target tissues with pathology such as cancer,
inflammation, infection and so on. Thus, the [MBE]n CD6 D3 modular innovation is a useful
delivery booster for breaching the endothelial/epithelial barrier, allowing better target
penetration, such as in the BBB; in the context of ALCAM specificity. In addition of D3
platform as an adjunct for therapeutics modality, it can be used as delivery vehicle for Vaccines,
anti-Cancer agent, anti-angiogenic as well as anti-thrombotic agent. Also, it can be gene editing
delivery tool that specifically target ALCAM+ cells. Moreover, modulating the density of D3
(MBE) on a cell or biomimic agent can be a tactic for inducing ischemia. This extra potential is
beneficial for the treatment of cancer, by cutting off blood supply; facilitating its subsequent
residual removal. Also ischemia induction with [MBE]" CD6 D3 modular platform might help in
easing transplantation surgeries. In particular embodiments, [MBE]" CD6 D3 on immune cells is
a stabilizer for efficient immune synapse formation and is an agent for the intended activity.
Alteration of D3 is useful in designing better therapeutic products based on adhesion affinity

with ALCAM positive targets.

[0137] Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
Moreover, the scope of the present application is not intended to be limited to the particular
embodiments of the process, machine, manufacture, and composition of matter, means, methods
and steps described in the specification. As one of ordinary skill in the art will readily appreciate
from the disclosure of the present invention, processes, machines, manufacture, compositions of
matter, means, methods, or steps, presently existing or later to be developed that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to the present invention. Accordingly,
the appended claims are intended to include within their scope such processes, machines,

manufacture, compositions of matter, means, methods, or steps.
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CLAIMS
What is claimed is:
1. A therapeutic, diagnostic, or interventional composition comprising
a) at least one therapeutic moiety; said moiety operably linked to

b) an activated leukocyte adhesion molecule (ALCAM)-binding moiety,
wherein the ALCAM-binding moiety comprises at least one D3 region of
the cluster of differentiation 6 (CD6) scavenger receptor cysteine rich

(SRCR) domain and at least one CD6 stalk domain.

2. The therapeutic composition of claim 1, wherein the composition comprises 1, 2, 3, 4, 5,

or more ALCAM-binding moieties.

3. The therapeutic composition of claim 1, wherein the therapeutic moiety comprises a cell,
cell derivative, small molecule, protein, peptide, nucleic acid, viral genome or coat, exosomes,

dendrimers, biomimic nanoparticles, micelles, liposomes, or combination thereof.

4. The therapeutic composition of claim 1, wherein the moiety comprises a secretable form

of minimal binding element [MBE]" CD6 D3 or the multiplicity thereof.

5. The therapeutic composition of claim 1, wherein the moiety comprises a purified
preparation of [MBE]" CD6 D3 or the multiplicity thereof used for therapeutic, diagnostic or

interventional intent to promote the targeted delivery of cells.

6. The therapeutic composition of claim 5, wherein the cell is an immune cell, stem cell,

mesenchymal stromal cell (MSC), or hybridoma.

7. The therapeutic composition of claim 6, wherein the immune cell is a T cell, NK cell, NK

T cell, B cell, Th17, dendritic cell, or T regulatory cell.

8.  The therapeutic composition of claim 6, wherein the stem cell is hematopoietic stem cell

or mesenchymal stem cell.

9. The therapeutic composition of claim 3, wherein the cell derivative is a corpuscle or

microsome.
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10. The therapeutic composition of claim 9, wherein the corpuscle is a red blood cell or

platelet.

11. The therapeutic composition of any one of claims 1-10, wherein the ALCAM-binding

moiety is configured as at least part of an ectodomain of a cell receptor or an adhesion molecule.

12.  The therapeutic composition of claim 11, wherein the adhesion molecule is ICAM or

VCAM or other endothelial cell capture/adhesion molecules.

13.  The therapeutic composition of claim 11 or 12, wherein the cell receptor comprises a

transmembrane domain and at least one endodomain.

14.  The therapeutic composition of any one of claims 11-13, wherein the endodomain is an

ALCAM ligand (CD6 or any other molecule) endodomain.

15. The therapeutic composition of any one of claims 11-13, wherein the endodomain is

truncated or mutated.
16.  The therapeutic composition of claim 13, wherein the receptor lacks an endodomain.

17.  The therapeutic composition of any one of claims 11-16, wherein the receptor is a
chimeric antigen receptor, a chimeric cytokine receptor, af T cell receptor, a chemokine receptor,

or any other anchoring protein.
18. A cell, comprising the therapeutic composition of any one of claims 1-17.
19.  The cell of claim 18, said cell comprised in a plurality of cells.

20. The cell of claim 18 or 19, wherein the cell is an immune cell, stem cell, mesenchymal

stromal cell (MSC), or hybridoma.

21. The cell of claim 20, wherein the immune cell is a T cell, NK cell, NK T cell, T cell, NK
cell, NK T cell, B cell, Th17, dendritic cell, or T regulatory cell.

22.  The cell of any one of claims 18-21, wherein the ALCAM-binding moiety is configured

as at least part of an ectodomain of a cell receptor.
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23.  The cell of claim 22, wherein the cell receptor comprises a transmembrane domain and at

least one endodomain.

24.  The cell of claim 22 or 23, wherein the receptor is a chimeric antigen receptor, a chimeric

cytokine receptor, an o3 T cell receptor, a chemokine receptor or any other anchoring protein.

25. A method of providing a therapeutic moiety to an individual, comprising the step of
delivering an effective amount of a therapeutic composition of any one of claims 1-16 or an

effective amount of any one of cells of claims 18-24 to the individual.

26. The method of claim 25, wherein the individual is in need of therapy that targets desired

particular cell(s) or tissue(s) comprising particular cell(s) in the individual.

27. The method of claim 25 or 26, wherein the particular cells are ALCAM-expressing
pathological endothelial cells.

28. The method of claim 27, wherein the ALCAM-expressing pathological endothelial cells

are within the blood-brain barrier.

29. The method of any one of claims 25-28, wherein the individual has a medical condition
selected from the group consisting of cancer, pathogen infection, experimental autoimmune
encephalomyelitis, brain abscess, epilepsy, multiple sclerosis, Alzheimer’s Disease, cerebral

edema, cerebral ischemia, prion diseases, encephalitis, or inflammation.
30. A therapeutic composition comprising

a) at least one therapeutic moiety; said moiety operably linked to one or

more of
b) adhesion molecule binding moiety.

31. The composition of claim 30, wherein the adhesion molecule binding moiety is a binding

moiety for ALCAM, ICAM-1, JAM-1, VCAM-1, Addressin, GLYCAM-1, or a selectin.

32. The composition of claim 31, wherein the binding moiety for ICAM-1 comprises part or

all of MAC-1 and/or part or all of LFA-1.
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33. The composition of claim 31, wherein the binding moiety for JAM-1 comprises part or al
of MAC-1 and/or part or all of LFA-1.

34. The composition of claim 31, wherein the binding moiety for VCAM-1 comprises part or

all of VLA-4.

35. The composition of claim 31, wherein the binding moiety for GLYCAM-1 comprises
part or all of LPAM-1.

36. The composition of claim 31, wherein the binding moiety for Addressin comprises part or

all of LPAM-1.

37. The composition of claim 31, wherein the binding moiety for the selectins comprises a

minimal lectin domain.
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International application No.

PCT/US 17/26535

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

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

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

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of intemational search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

D in the form of an Annex C/ST.25 text file (Rule 13zer. 1(a)).

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

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

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT International app]ication No.

PCT/US 17/26535

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

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

3. . Claims Nos.: 13-29
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

This International Searching Authority found muitiple inventions in this intemational application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1.

See Supplemental Sheet to continue

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

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

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

X

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

1-7, (11,12)/(1-7), 30, 31, restricted to an immune cell and an ALCAM binding moiety

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

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

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 17/26535

In Continuation of Box IIl. Observations where unity of invention is lacking:

Group I+: claims 1-12, 30-37, directed to a therapeutic composition comprising a) at least one therapeutic moiety; said moiety operably
linked to one or more of b) adhesion molecule binding moiety. The therapeutic composition will be searched to the extent that the
therapeutic moiety encompasses an immune cell and an adhesion molecule binding moiety encompasses an ALCAM binding moiety. It
is believed that claims 1-7, 11/(1-7), 12, 30, 31 encompass this first named invention, and thus these claims will be searched without fee
to the extent that they encompass a therapeutic composition comprising a) at least one immune cell operably linked to one or more of b)
an ALCAM binding moiety adhesion molecule binding moiety. Additional therapeutic moiety(ies) and/or adhesion molecule binding
moiety(ies) will be searched upon the payment of additional fees. Applicants must specify the claims that encompass any additionally
elected therapeutic moiety(ies) and/or adhesion molecule binding moiety(ies). Applicants must further indicate, if applicable, the claims
which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify how any
paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be searched. An
exemplary election would be a therapeutic composition comprising a) at least one protein operably linked to one or more of b) ICAM
binding moiety, i.e., claims 30-32.

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

Special Technical Features
The special technical feature of each invention of Group 1+ is a specific therapeutic moiety and/or specific adhesion molecule binding
moiety recited therein.

The special technical feature of some inventions of Group I+ is a specific kind of a therapeutic cell recited therein.

Common Technical Features

The inventions of Group I+ share the technical feature of a therapeutic composition comprising a) at least one therapeutic moiety; said
moiety operably linked to one or more of b} adhesion molecule binding moiety. However, this shared technical feature does not
represent a contribution over prior art as being anticipated by a paper titled "Vascular Inmunotargeting to Endothelial Determinant ICAM
-1 Enables Optimal Partnering of Recombinant scFv-Thrombomodulin Fusion with Endogenous Cofactor" by Greineder et al. (PLoS
ONE 2013, 8(11): e80110) (hereinafter "Greineder").

Greineder discloses a composition (pg 2, col 1, "We describe a new fusion protein, which targets TM to ICAM-1, and show that this
endothelial determinant... allows partnering of recombinant TM with endogenous EPCR. We extend these in vitro observations to a
model of acute pulmonary inflammation and find that, at an equivalent dose, anti-ICAM scFv/TM provides more robust protection than
anti-PECAM scFv/TM") comprising a) at least one therapeutic moiety (pg 1, col 2, “Thrombomodulin (TM, CD141}) is an endothelial
transmembrane glycoprotein, which plays a critical role in regulating inflammation and thrombosis at the vascular margin. TM binds
thrombin and blocks its pro-thrombotic and pro-coagulant activities towards fibrinogen, Factor V and protease-activated receptors in
platelets and endothelium"); said moiety operably linked to b} an ICAM binding moiety (pg 3, col 1, "Assembly and expression of anti-
ICAM scFv and anti-ICAM scFv/TM constructs. Completed anti-ICAM VL and VH cDNAs were assembied into constructs encoding anti-
ICAM scFv and the anti-ICAM scFv/TM fusion protein. In each case, VH and VL sequences were separated by a (GGGGS)3 linker, and
a triple FLAG tag was appended to the 3' end (C terminus) for purposes of purification and detection. The anti-ICAM/TM construct was
designed ... with the anti-ICAM scFv on the 5' end (N terminus), separated from the extracellular domain of TM (amino acids Leu17-
Ser517) by an (SSSSG)2AAA linker. Both proteins were expressed in S2 cells and purified using a C-terminal triple FLAG tag. Purity
was assessed using SDS PAGE"; see also Supplementary Fig S1 and its legend). As said technical feature was known in the art at the
time of the invention, this cannot be considered special technical feature that would otherwise unify the inventions.

Some inventions of Group I+ share the technical feature of a composition of claim 1. However, this shared technical feature does not
represent a contribution over prior art as being anticipated by a paper titled "'CD6 attenuates early and late signaling events, setting
thresholds for T-cell activation” by Oliveira, et al. (Eur J Immunol. 2012, 42(1): 195-205) (hereinafter "Oliveira").

OQliveira discloses a composition comprising

a) human T cells operably linked to b) CD6 {pg 202, col 1, "a cytoplasmic deletion mutant, rCDECYS/pEYFP-N1"; pg 198, col 2, "an
engineered isoform of rCD6 lacking its cytoplasmic domain, rCD6CYS5 fused to YFP, which was expressed in ex vivo human T cells"; pg
196, co! 2, “Following transfection with a cDNA encoding rCD6 fused to YFP, the human T cells expressed variable levels of the
chimeric protein (Fig. 1A, top panel)"). Oliveira does not specifically disclose that CD6 is an ALCAM-binding moiety comprising at least
one D3 (domain 3) region of CD6 scavenger receptor cysteine rich (SRCR) domain and at least one CD6 stalk domain.

However, said limitation is met by/inherently present in Oliveira as follows:

a paper titled "Structures of CD6 and Its Ligand CD166 Give Insight into Their Interaction” by Chappell, et al. (Structure 2015,
23(8):1426-36) (hereinafter "Chappell") discloses that the ectodomain of CD6 comprises

- a D3 region of CD6 scavenger receptor cysteine rich (SRCR) domain (pg 1427, Fig 1 and its legend, "CD6 contains three SRCR
domains (Sc, squares)... The membrane proximal domain of CD6 binds the N-terminal immunogtobulin superfamily (IgSF) domain (oval)
of CD166", wherein CD166 is synonymous with ALCAM (pg 1426, "CD6 engages in cell-cell interactions by binding to the
immunoglobulin supertamily (IgSF) cell surface receptor, CD166, otherwise known as activated leukocyte adhesion molecule (ALCAM)
pg 1429, Figure 2, and its legend, "Structures of CD6 and CD166 Identify a Binding interface and Reveal a Nonlinear Arrangement of
Domains in CD6") and

- a CD® stalk domain (pg 1432, col 2, “The nonlinear domain structure may be important for accommodating CDB in areas of close
apposition between cells. The nonlinear structure of the three SRCR domains spans 78.1 A. This excludes the 37 amino acid membrane
proximal stalk region of unknown dimensions"). Therefore, "a cytoplasmic deletion mutant, rCD6CYS/pEYFP-N1" disclosed by Oliveira
(pg 202, col 1) does comprise at least one D3 region of the cluster of differentiation 6 (CD6) scavenger receptor cysteine rich (SRCR)
domain and at least one CD6 stalk domain. As said technical feature was known in the art at the time of the invention, this cannot be
considered special technical feature that would otherwise unify the inventions.

The inventions of Group |+ therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special
technical feature.
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