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CHIMERIC ANTIGEN RECEPTORS (CARs), COMPOSITIONS AND
METHODS THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS

This application 1s an International PCT Application claiming priority from International
PCT Application No. PCT/US16/39306, filed on June 24, 2016, and US Provisional Application
No. 62/369,004, filed on July 29, 2016, the contents of which are incorporated herein by

reference 1n 1its entirety.

BACKGROUND

T cells, a type of lymphocyte, play a central role in cell-mediated immunity. They are
distinguished from other lymphocytes, such as B cells and natural killer cells (NK cells), by the
presence of a T-cell receptor (TCR) on the cell surface. T helper cells, also called CD4+ T or
CD4 T cells, express CD4 glycoprotein on their surface. Helper T cells are activated when
exposed to peptide antigens presented by MHC (major histocompatibility complex) class 11
molecules. Once activated, these cells proliferate rapidly and secrete cytokines that regulate
immune response. Cytotoxic T cells, also known as CD8+ T cells or CD8 T cells, express CDS
glycoprotein on the cell surface. The CD8+ T cells are activated when exposed to peptide
antigens presented by MHC class I molecules. Memory T cells, a subset of T cells, persist long
term and respond to their cognate antigen, thus providing the immune system with “memory”

against past infections and/or tumor cells.

T cells can be genetically engineered to produce special receptors on their surface called
chimeric antigen receptors (CARs). CARs are proteins that allow the T cells to recognize a
specific protein (antigen) on tumor cells. These engineered CAR T cells are then grown 1n the
laboratory until they number 1n the billions. The expanded population of CAR T cells 1s then

infused 1nto the patient.

Clinical trials to date have shown chimeric antigen receptor (CAR) T cells to have great
promise in hematologic malignancies resistant to standard chemotherapies. Most notably, CD19-
specific CAR (CD19CAR) T-cell therapies have had remarkable results including long-term

remissions 1in B-cell malignancies (Kochenderfer, Wilson et al. 2010, Kalos, Levine et al. 2011,

1
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Porter, Levine et al. 2011, Davila, Riviere et al. 2013, Grupp, Frey et al. 2013, Grupp, Kalos et
al. 2013, Kalos, Nazimuddin et al. 2013, Kochenderfer, Dudley et al. 2013, Kochenderfer,
Dudley et al. 2013, Lee, Shah et al. 2013, Park, Riviere et al. 2013, Maude, Frey et al. 2014).

Despite the success of CAR therapy in B-cell leukemia and lymphoma, the application of
CAR therapy to T-cell malignancies has not yet been well established. Given that T-cell
malignancies are associated with dramatically poorer outcomes compared to those of B-cell
malignancies (Abramson, Feldman et al. 2014), CAR therapy 1n this respect has the potential to

further address a great clinical need.

To date, current efforts have focused on CAR T-cells demonstrating efficacy in various
B-cell malignancies. While 1nitial remission rates of approximately 90% are common in B-ALL
using CDI19CAR, most of these relapse within a year. The relapse 1s at least in part due to the
antigen escape. Thus, more effective CAR T cell treatments 1n order to prevent the relapse 1s
urgently needed. Target discovery and selection are the 1nitial step as there are no general rules

to ensure or guide CAR design that are efficacious.

There are some roadblocks that hinder the broader adoption of CAR therapeutic
approach. Among the most general challenges are: (1) selection of antigen target and chimeric
antigen receptor(s); (2)CAR design; (3)tumor heterogeneity, particularly the variance in the
surface expression of tumor antigens. Targeting single antigen carries the risk of immune escape
and this could be overcome by targeting multiple desired antigens; (4) immunosuppressive
microenvironment. CAR T cells may be suppressed and de-activated on arrival at the tumor

site.

Most CAR chimeric antigen receptors are scFvs derived from monoclonal antibodies and
some of these monoclonal antibodies have been used 1n the clinical trials or treatment for
diseases. However, they have limited efficacy, which suggests that alternative and more potent
targeting approaches, such as CARs are required. scFvs are the most commonly used chimeric
antigen receptor for CARs. However, CAR affinity binding and locations of the recognized
epitope on the antigen could affect the function. Additionally the level of the surface CAR
expression on the T cells or NK cells 1s affected by an appropriate leader sequence and promoter.

Furthermore, overexpressed CAR proteins can be toxic to cells.
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Therefore, there remains a need for improved chimeric antigen receptor-based therapies

that allow for more effective, safe, and efficient targeting of T-cell associated malignancies.

SUMMARY OF THE INVENTION

In one embodiment, the present disclosure provides an engineered cell having a first
chimeric antigen receptor polypeptide including a first antigen recognition domain, a first signal
peptide, a first hinge region, a first transmembrane domain, a first co-stimulatory domain, and a
first signaling domain; and a second chimeric antigen receptor polypeptide including a second
antigen recognition domain, a second signal peptide, a second hinge region, a second
transmembrane domain, a second co-stimulatory domain, and a second signaling domain;
wherein the first antigen recognition domain 1s different than the second antigen recognition

domain.

In another embodiment, the present disclosure provides an engineered polypeptide

including a chimeric antigen receptor and an enhancer.

In another embodiment, the present disclosure provides an engineered polypeptide

including a chimeric antigen receptor polypeptide and an enhancer.

In another embodiment, the present disclosure provides an engineered chimeric antigen
receptor polypeptide, the polypeptide including: a signal peptide, a CD45 antigen recognition
domain, a hinge region, a transmembrane domain, at least one co-stimulatory domain, and a
signaling domain. In another embodiment, the present disclosure provides a polynucleotide

encoding for the atorementioned polypeptide.

In another embodiment, the present disclosure provides an engineered cell having the

engineered polypeptide or polynucleotide described above.

In another embodiment, the present disclosure provides a method of reducing the number
of target cells including the steps of (1.) contacting said target cells with an effective amount of
an engineered cell having at least one chimeric antigen receptor polypeptide, tor engineered cells
having multiple chimeric antigen receptor polypeptides, each chimeric antigen receptor
polypeptide 1s independent; and (11.) optionally, assaying for the reduction in the number of said

cells. The target cells include at least one cell surface antigen selected from the group consisting

of 1interleukin 6 receptor, NY-ESO-1, alpha fetoprotein (AFP), glypican-3 (GPC3), BAFF-R,
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BAFF, APRIL, BCMA, TACI, LeY, CD5, CDI13,(CDI14, CD15 CDI19, CD20, CD22, CD33,
CD41, CD45, CD61, CD64, CD68, CD117, CDI123, CD138, CD267, CD269, CD38, Flt3

receptor, and CS1.

In another embodiment, the present disclosure provides methods for treating B-cell
lymphoma, T-cell lymphoma, multiple myeloma, chronic myeloid leukemia, B-cell acute
lymphoblastic leukemia (B-ALL), and cell proliferative diseases by administering any of the

engineered cells described above to a patient in need thereof.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1. A schematic representation of CCAR construct (hereinafter, “multiple CAR or
compound CAR"). Multiple or compound CAR targets multiple antigens (e.g. cell type 1 or cell
type 2 or the same cell type). Multiple or cCAR T cell immunotherapies comprises individual
component CAR comprising a different or same antigen recognition domain, a hinge region, a

transmembrane domain, various co-stimulatory domain(s) and an intracellular signaling domain.

Figure 2A. A schematic representation of cCCAR-T construct. The construct comprises a
SFEV promoter driving the expression of-multiple modular units of CARs linked by a P2A
peptide. Upon cleavage of the linker, the cCCARs split and engage upon targets expressing CD33

and/or CD123. As anovel cCAR construct, the activation domains of the construct may include,

but 1s not limited to, 4-1BB on the CD33 CAR segment and a CD28 region on the CD123 CAR.

Figure 2B. A Western blot depicting the expression of transduced CD33CD123 cCAR-T
cells. The figure depicts expression of two different CAR proteins, 1.e., CD33 CAR and CD123
CARs. The cCAR-T cells expressing both CD33 and CD123 CARs upon cleavage of the linker
generate two distinct and consistently intense protein bands. Green Fluroscent Protein (GFP) 1s

included as negative control.

Figure 2C. Flow cytometry representing the efficiency of transduction. Upper panel
shows the lentiviral titer for CD33CD123 cCARs (also referred to as CD33CD123-2G-CAR)
tested on 293FT HEK (human embryonic kidney) cells to gauge maximum transduction
efficiency before usage on UCB (umbilical cord blood) and PB (peripheral blood) T-cells.
Lower panel shows CD33CD123 cCAR (also referred to as CD33CD123-2G-CAR) T-cells
transduced with lentiviral vectors comprising CD33CD123 cCAR construct and GFP-
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transduced cells as control Percentages indicated by yellow circles are proxies for transduction

efficiency.

Figure 3. Schematic showing a method of generating a high-efficiency compound CAR
(cCAR). HEK-293-FT cells are transfected with compound CAR plasmid DNA and
lipofectamine 2000; viral supernatant collected at about 36 hr and at about 60 h; filtered and

stored at -80°C. T cells are activated with anti-mouse CD3 antibody and IL-2 for at least 2 days.

Activated T cells are transduced at least once with thawed lentivirus on retronectin-coated
plates; After at least one overnight transductions at 0.3 x 106 T cells/mL for about 2 days, the
number of T cells was reduced 1n order to increase transduction efficiency. After transduction,
cells are washed and expanded; Flow analysis (F(Ab”)2 labeling) 1s done to confirm CAR
efficiency on day 3; total 5-7 day expansion. cCCAR T cells are co-cultured with target cells 1n

vitro and cCAR T cells killing efficacy of cancer cells 1s assessed 1n vivo (mice).

Figure 4. A co-culture assay representing the incubation of CD33CD123-2G CAR-T
cells (cCAR) with the promyelocytic leukemia cell line HL60. cCAR-T cell (lower panel) 1s
compared to control GFP transduced T-cell (upper panel). The efficacy of the killing 1s measured
by the population of CD33+ cells that 1s left over after incubation for about 24 hours (enclosed in

yellow circles).

Figure 5. A co-culture assay representing incubation of cCCAR-T cells with the
myelogenous leukemia cell line KG-1a, which expresses about 100% CD33 and about 50-80%
CD123. ¢cCAR-T cell (lower panel) 1s compared to control GFP transduced T-cell (upper
panel). The efficacy of the killing 1s measured by the population of CD33+ cells that 1s left over

after incubation for about 24 hours.

Figure 6. CD33CD123 cCAR-T cells co-cultures with AML-9 at 5:1. A co-culture assay
representing incubation of CCAR-T cells with AML patient samples (here referred to as AML-9).
The patient cells include mixed populations of cells, such as for example, leukemia cells,
monocytes, and other types of blasts. CD33 acts as a marker for CAR-T action as well as CD34,
a specific marker for leukemia cells. The CAR-T panel (right) 1s compared to control GFP
transduced T-cells (middle). The etficacy of the killing 1s measured by the population of
CD33+/CD34+ cells that 1s left over after incubation for at least 24 hours.
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Figure 7. CD33CD123 cCAR-T cells co-cultures with Sp-BM-B6 at 5:1. A co-culture
assay representing incubation of cCCAR-T cells with B-ALL patient samples (here referred to as
Sp-BM-B6). The patient cells include mixed populations of cells, such as, for example, leukemia
cells, monocytes, and other types of blasts. CD34 acts as a specific marker for leukemia cells.
The CAR-T panel (right) 1s compared to control GFP transduced T-cells (middle). The efficacy

of the killing 1s measured by the population of CD34+ cells left over after incubation for at least

24 hours.

Figure 8. CD33CD123 cCAR expression in NK-92 cells. The CD33CD123 cCAR

expression are detected using goat-anti-mouse antibody, F(ab)2.

Figure 9. A co-culture assay representing incubation of CD33CD123 cCAR NK-92 cells
with HL-60. The cCAR NK-92 cells are compared with GFP transduced NK-92 cells. The
efficacy of the killing 1s measured by the population of CD33+ cells left over after incubation for

about 24 hours.

Figure 10. A co-culture assay representing incubation of cCCAR NK-92 cells with KGla.
The cCAR NK cell panel 1s compared with GFP transduced NK-92 cells. The etficacy of the
killing 1s measured by the population of CD33+ cells left over after incubation for about 24

hours.

Figure 11. Dose response of CD33CD123 cCAR (CAR-CD33/123) NK-92 cells with
HL-60 or KG1la. The efficacy of the killing 1s measured by the population of CD33+ cells left

over after incubation tor about 24 hours.

Figure 12. A comparison of CD33CD123 cCAR NK-92 cell killing ability with control
in two populations of KG11 cells. Assays were performed at different ratios of CAR-CD33/123
(CD33CD123 cCAR NK-92 cells) and target cells, kGla. The efficacy of the killing 1s measured
by the population of CD33+CD123+ or CD33+CD123- cells left over after incubation for about
24 hours.

Figure 13A. Links by P2A and T2A schematic showing both cCAR-T and 4-1BBL in a

single construct. The construct consists of a SFFV promoter driving the expression of two
modular units of CARs A peptide and an enhancer, 4-1BBL. Upon cleavage of the linkers, the
cCARs and 4-1BBL split and engage upon targets expressing CD33 and/or CD123 and 4-1BBL.



10

15

20

25

30

CA 03029197 2018-12-21

WO 2017/222593 PCT/US2016/068349

Compound CAR, CD33CD123 CAR T cells received not only costimulation through the CD28
but also 4-1BB ligand (4-1BBL or CD137L). The CD3-zeta signaling domain complete the
assembly of this CAR-T.

Figure 13B. Expression the CD33CD123-41BBL-2G construct in T-cells. T-cells
derived from peripheral blood from healthy donors were transduced with the CD33CD123-4-
1BBL-2G construct 1n 6-well plates incubated with 2 ml of virus supernatant. CAR expression
was assayed with F(ab)’ labeling for surface expression of the CAR protein and subsequently
underwent FACS analysis. Transduced cells were compared to control T-cells labeled at the
same time. Expression was determined and transduced population encircled on plot 1 day after

end of transduction period.

Figure 14. Links by P2A and T2A schematic showing both cCAR-T and IL-15/IL-
15sushi 1n a single construct. The construct consists of a SFFV promoter driving the expression
of two modular units of CARs and an enhancer, I1L-15/IL-15sushi. Upon cleavage of the linkers,
the cCCARs and IL-15/IL-15sushi split and engage upon targets expressing CD33 and/or CD123.

The CD3-zeta signaling domain completes the assembly of this CAR-T. The enhancers include,
but not Iimited to, IL-15/IL-15sushi on cCAR.

Figure 15. A schematic representation of CCAR. The construct comprises a SFFV
promoter driving the expression of multiple modular units of CARSs linked by a linker. Upon
cleavage of the linker, the cCARSs split and engage upon targets expressing combinations of
various target antigens: CD19 and/or CD20, and/or CD22 and/or 138. Multiple cCCARSs utilize

the same or different co-stimulatory domains, such as, without limiting 4-1BB (also labeled as 4-

BB) and/or CD28.

Figure 16. Activated T cells transduced to make CD19CD20-2G, CD19CD22-2G CAR
T cells (all are L8). (16A) Design of compound CARs. (16B) Western blot. HEK-293T cells
were transfected with lentiviral plasmids for control vector (lane 1), CD19CD20-2G (lane 2), and
CD19CD22-2G (lane 3). 48 hours after transfection, supernatant was removed, and cells were
also harvested. Cells were lysed for Western blot and probed with mouse anti-human CD3z
primary antibody, and goat anti-mouse HRP secondary antibody. (16C) PMBC buify coat T cells

were activated 3 days with anti-CD3 antibody. Cells were transduced with either control vector

(left), CD19CD20-2G (middle) , or CD19CD22-2G, (right) lentiviral supernatant. After 3 days of
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incubation, cells were harvested and incubated with goat anti-mouse Fab2 or goat IgG antibodies
conjugated with biotin for 30 minutes. Cells were washed, suspended and stained with
streptavidin-PE and mouse anti-human CD3-PerCp for 30 minutes. Cells were washed and

suspended 1n 2% formalin, and analyzed by flow cytometry to determine CAR efficiency. (N=2).

Figure 17. Expression of compound CD19CD22CAR T cells using different leader
sequences. PMBC buffy coat T cells were activated 3 days with anti-CD3 antibody. Cells were
transduced with either control vector (left), L8-CD19CD22-2GCAR (middle left) , L.45-
CDI19CD22-2GCAR, (middle right) or CSF-CD19CD22-2GCAR (right) lentiviral supernatant.
The supernatants were each 3x concentrated. After 3 days of incubation, cells were harvested
and incubated with goat anti-mouse Fab2 or goat IgG antibodies conjugated with biotin for 30
minutes. Cells were washed, suspended and stained with streptavidin-PE and mouse anti-human
CD3-PerCp for 30 minutes. Cells were washed and suspended in 2% formalin, and analyzed by
flow cytometry to determine CAR efficiency. (N=2).

Figure 18. Comparison of transduction efficiency using concentrated vs unconcentrated
L8-CD19CD22-2G or L8-CD19CD20-2G lentiviral supernatant. A. PMBC buffy coat T cells
were activated 3 days with anti-CD3 antibody. Cells were transduced with either control vector
(left), unconcentrated (middle) L8-CD19CD22-2GCAR or 3x concentrated L8-CD19CD22-
2GCAR (right) lentiviral supernatant. After 3 days of incubation, cells were harvested and
incubated with goat anti-mouse Fab2 or goat IgG antibodies conjugated with biotin for 30
minutes. Cells were washed, suspended and stained with streptavidin-PE and mouse anti-human
CD3-PerCp for 30 minutes. Cells were washed and suspended in 2% formalin, and analyzed by
flow cytometry to determine CAR efficiency. (N=2). B. The same experiment was useed for

constructs containing L8-CD19CD20-2G unconcentrated or 2.5x concentrated lentiviral vector.

Figure 19. L8-CD19CD22-2G CAR T cells lyse SP33 tumor cells in overnight co-
culture. Activated PMBC T cells transduced with either control (top row), L8-CD19CD22-2G, or
(bottom row) lentiviral supernatant were incubated with SP33 cells at the ratios of 1:1 (left) 2:1
(middle) and 5:1 (right), effector:target cells. After 24 hours of incubation at 37°C, samples were
washed and stained with anti-human CD3-PerCp and anti-human CD19-APC, washed, and
analyzed by flow cytometry. SP53 cells alone are shown on the far upper right, and a summary

of percent lysis at each ratio 1s on the lower right. (N=2).
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Figure 20. L8-CD19CD22-2G CAR T cells lyse JeKo-1 tumor cells 1n overnight co-
culture. Activated PMBC T cells transduced with either control (left), or L8-CD19CD22-2G,
(middle) 3x concentrated lentiviral supernatant were incubated with JeKo-1 cells at the ratios of
2:1 (top) and 5:1 (bottom), effector:target cells. After 24 hours of incubation at 37°C, samples
were washed and stained with anti-human CD3-PerCp and anti-human CD19-APC, washed, and

analyzed by flow cytometry. JeKo-1 cells alone and a summary of cell lysis are shown on the

right. (N=2).

Figure 21. L8-CD19CD22-2G CAR T cells lyse AML patient cells in overnight co-
culture. Activated PMBC T cells transduced with either control (left), or L8-CD19CD22-2G,
(middle) 3x concentrated lentiviral supernatant were incubated with CMTMR-stained cells from
a patient diagnosed with AML (PT1) at the ratios of 2:1 (top) and 5:1 (bottom), effector:target
cells. After 24 hours of incubation at 37 °C, samples were washed and stained with anti-human
CD3-PerCp and anti-human CD19-APC, washed, and analyzed by flow cytometry. Patient cells

alone and a summary of cell lysis are shown on the right. (N=2).

Figure 22A. L8-CD19CD22-2G CAR T cells deplete CD19+ B-ALL patient cells.
Activated PMBC T cells transduced with either control (left), or L8-CD19CD22-2G, (middle)
lentiviral supernatant were incubated with CMTMR-stained cells from a patient with B-ALL
(PT2) ata 1:1 ratio for 4 days 1n the presence of 2.5% FBS and IL-2. Following this incubation
at 37 °C, samples were washed and stained with anti-human CD3-PerCp and anti-human CD19-
APC, washed, and analyzed by flow cytometry. Prestained patient cells cultured alone for 4 days

are shown on the right.

Figure 22B. L-8-CD19CD22-2G cCAR T-cells show effect on CD22" K562 cells. An
artificial K562 expressing CD22 cell line (K562xp22) via transduction into wild-type K562 cells
was generated. Subsequently, we tested the anti-tumor properties of the CD19CD22 cCAR to
target the minor CD22" population of the K562 cells. A co-culture experiment at 1:1 ratio
(effective: target) show a modest significant cytotoxic effect on K562 expressing CD22
population compared to the control. Co-cultures were stained with CD3, CD19 and CD22 to
separate effector and target populations by flow cytometry. The result was graphed. Cytotoxicity
results remain consistent with other numbers reported for anti-tumor activity against artificial

antigen presenting cell lines.
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Figure 23. Various transduction schemes for BC1cCAR lentivirus. (A) Method 1
consisting of a 2x transduction for 24 hours each time 1s a baseline transduction scheme. Scheme
proceeds according to the figure. (B) Method 2 possesses the same methodology as Method 1,
however, the second transduction 1s replaced by continued incubation. (C) Method 2 revised uses

viral supernatant incubated with cells directly for 48 hours.

Figures 24A-24C: CAR construct scheme and comparison of transduction
methodologies. (24A) BC1cCAR’s modular design consists of an anti-CD269 (BCMA) single-
chain variable fragment (scFv) region fused to an anti-CD319 (CS1) scFv by a self-cleaving P2A
peptide, CD8-derived hinge (H) and transmembrane (TM) regions, and tandem CD28 and 4-1BB
co-activation domains linked to the CD3( signaling domain. A strong spleen focus forming virus
promoter (SFFV) and a CDS8 leader sequence were used for efficient expression of the CD3CAR
molecule on the T-cell surface. (24B) BCIcCAR’s expression was measured via flow cytometry
against an 1sotype control. Population encircled represents transduced CAR cells. (24C)

Transduction efficiency 1s improved by optimal methods.

Figure 24D. Protein expression of BC1cCAR and BCMA-CS1-2G in HEK-293FT cells.
HEK-293FT cells were transfected with lentiviral plasmids for GFP (lane 1), BCIcCAR (lane 2)
48 hours after transfection, supernatant was removed, and cells were also removed. Cells were
lysed for Western blot and probe with mouse anti-human CD3z antibody. C. Transduction

efficiency 1s improved by optimal methods.

Figures 25A-25C. 1n vitro evaluation of BC1cCAR T-cells against myeloma cell lines.
(25A) BC1cCAR and control T-cells were cultured with highly BCMA positive MM1S and

RPMI-8226 cells for 24 hours at E: T ratios of 2:1 and 5:1. Target MM 1S and RPMI-8226 cells
were stained by Cytotracker dye (CMTMR) to distinguish it from effector T-cells. Populations
were gated by anti-BCMA (CD269) and anti-CS1 (CD319 antibodies) along with CMTMR-PE.
Target U266 cells were labeled with Cytotracker (CMTMR) dye to distinguish it from effector
T-cells. Encircled populations represent tumor cells. (25B) U266 target depletion. BC1cCAR and
control T-cells were also incubated with U266 cells expressing BCMA and a subset of CS1.
Target tumor cells were stained as described above and gating conditions applied similarly.
Tumor populations are encircled. (25C) In vitro summary of BCIcCAR T activity against human

myeloma cell lines. Graphical summary of BCIcCAR T-cell 1n vitro cytotoxicity against various
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myeloma cell lines at 2:1 and 5:1 E:T ratios.

Figures 26A-26D. Characterization of BC1cCAR T-cell anti-tumor activity against
primary myeloma tumor cells. (26A) Dose dependent effect on MM7-G primary double
phenotype tumors. BC1cCAR and control T-cells were cultured against BCMA'CS1™ primary
myeloma cells MM7-G for 24 hours. Target cells were pre-stained with CMTMR and cultures
were carried out in E:'T ratios of 2:1, 3:1, and 10:1. Populations were gated by BCMA and CS1,
along with CMTMR, and flow cytometry plots with populations encircled represent target tumor
populations (left). Bar graph summarizing in vitro cytotoxicity 1s shown for clarity (right). (26B)
Population specific depletion in MM10-G. Co-cultures with MM 10-G primary tumor cells were
carried out 1n similar conditions. When stained with anti-CS1 and anti-BCMA antibody, MM 10-
G reveal distinct populations. BCMA™CS1" double positive populations are colored purple whilst
CS17 only populations are colored dark blue. BC1cCAR T-cell cytotoxicity against each
population 1s summarized in the bar graph below. (26(C) Dose dependent effect on CS1dim
BCMAneg. MM11-G primary tumor. A third experiment using BCMA“™CS 1™ primary cells
(MM11-G) further shows BC1cCAR cytotoxicity effects over a range of E: T dosages
summarized. (26D) Summary panel graph showing BC1cCAR T-cell cytotoxicity against

myeloma cell lines and primary tumor cells with a variety of BCMA and CS1 compositions.

Figures 27A-27 D, Functional vahidation of BUIcUAR antigenic specificity. (27A) We
engineered a ML cell line, K562, to express either BOUMA or (US1 independently. Wild-type
K562 shows as a negative peak, while BCMA cxpressing K362 (BCMAxpK362) and C§S1
expressing K362 (CS 1xpK362) show population shifts in thew respective antigen expression
ranges. {278} Short term {4 hour — 12 hour} cultures of BCIcCAR T-cells against either
BUMAXxpKS6Z or USIxpk 362 show antigen specidic eviotoxicily correlating with H:'T dosage
increase. Experiments against wild-type K362 were performed as a negative confrol, A {US1-
speciiic single CAR was generated to compare efficacy with BCICCAR agamst S IxpKS362
cells and are delincated with red bars in the respective plot. Anti-LCS1 specific activity was also

seen against CS1%Y NK-92 cells after 24 hours of culture. (27C) Comparison between single

aniigen CARs and BC1oCAR T in mixed cell assays. Long-term cultures were conducted over a 438
hour pertod with a 511 mixture of BUMAXpKS62Z cells and CS1xpKSH2 celis. BCICCAR, O51-

CAR, BOCMA-CAR, and control T-cells were added at a 5:1 KT ratio {o each treatment well and
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flow cytometry analyses acquired. Histogram plots showing residual populations of BUMA or
CS1 o cells are shown per treatment condition, with red iines demarcating T-cell or target tumor
populations. Numerical values in histogram plots represent residual gated populations of target
tumor cells. (2713} BC1cCAR T activity against C81 subsets in primary bone-marrow
aspirate.Further co-culture experiments were conducted using bone-marrow aspirate samples as
CS1 expressing minority subsets. BCICCAR or control T-cells were added at 2:1 {left paneti)}, 5:1
(nuddie panel), or 1 1 (right panel) ratios and encircied populations represent target £5 1
expressing populations. Resuifs are analyzed by flow cytometry (upper). Summary graph of anii-

{51 activity agamnst bone marrow subscts {(below).

Figures 28A-28C: Long-term sequential killing assay and tumor re-challenge. (28A)
Scheme for construction of long-term sequential killing assay. Assay was conducted over a
period of 168 hours with no exogenous cytokines where the initial culture was set-up with a 1:1
E:T ratio of CAR cells or control cells mixed with MM 1S tumor cells. After 48 hours, flow
cytometry analysis was acquired for a small sample collection and MM1S cells re-introduced
into each treatment well. Repeated until the 168 hour time-point. (28B) T-cell proliferation and
response after 48 hours. Images were taken on day of flow cytometry acquisition and cells were
stained with anti-BCMA, anti-CS 1, and anti-CD3 antibodies MMI1S cells express as highly
BCMA™ with a large CS1™ proportion. Encircled populations represent the MM1S tumor
presence, colored blue. (28C) CAR cell proliferation and antigen depletion after 108h. Similar

image acquisition and flow cytometry analysis was performed at the 108 hour time mark.

Figure 29A-29C. BCIcCAR T-cells demonstrate anti-leukemic effects in vivo. (29A)
IVIS 1imaging of MM 1S Luc+ 1njected mouse model. NSG mice were sublethally 1irradiated and
intravenously injected with luciferase-expressing MM 1S multiple myeloma cells to induce
measurable tumor formation. After 3 days, the mice were intravenously injected with 5 x 10°
BC1cCAR T-cells or control GFP T-cells. On days 3, 6, 8 and 11, mice were 1njected
subcutancously with RediJect D-Luciferin and subjected to IVIS imaging. (29B) BCIcCAR T-
cells control MM 1S tumor growth. Average light intensity measured for the BC1cCAR T-cells
injected mice was compared to that of GFP control T-cell injected mice. (29C) BC1cCAR T-
cells improve murine survival outlook. Percent survival of mice was measured and compared

between the two groups and log-rank mantel-cox test was conducted to calculate significance of
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improved survival outlook.

Figure 29D. BCMA-CAR and BC1 cCAR T-cells demonstrate a profound anti-leukemic

effect on a mixture of K362 cells expressing BCMA and CS1 1n xenograft mouse model.
Luciferase positive K562 cells expressing BCMA are mixed with luciferase positive K562 cells
expressing CS1 at a ratio of 4:1 BCMA to CS1 K562 cells. The mixed K562 cells (0.5x10° cells)
were then injected intravenously (day 1) at 24 h later after sub-lethal 1irradiation. After day 3, a
course of BCMA CAR T-cells, BC1cCAR T-cells or control T-cells were intravenously injected
into each mouse (n=3 for each group). Dorsal side of tumor burden was measured using IVIS
imaging system at days 3, 7, 10 and 12. At day 7 BCMA mouse #3 has large tumor. At day10
Dorsal BCMA vs control=47.7% less tumor, cCCAR vs control=53.8% less tumor. At day 12
RESULTS (ventral view only) Dorsal BCMA vs control=43.8% less tumor, cCAR vs

control=60.7% less tumor

Figure 29KE. BCMA and BC1 cCAR T-cells 1n vivo significant reduction of tumor
burden. Percent reduction relative to control in mice treated with BCMA CAR T-cells or cCAR

( BC1 cCAR) relative to control over time.

Figures 30A-30B: BCIcCAR transduction into NK-92 cells. (30A) BC1cCAR’s modular
design 1s comprised as shown and described previously. (30B) CAR expression on NK-92 cell
surface. The construct was transduced into NK-92 cells by incubating with viral supernatant for
48 hours and labeling with F(ab)” antibody detection for CAR protein surface expression.

Transduced populations are encircled and compared to control NK-92 cells.

Figures 31A-31B. Characterization of BC1cCAR NK-92 anti-tumor properties. (31A)
BC1cCAR NK cells lyse myeloma cell lines and primary cells. BC1cCAR NK-92 cells were
incubated against U266, RPMI-8226, and MM 1S myeloma cell lines 1in addition to primary
MM7-G tumor cells. Co-cultures were carried out over 2 hours at an E: T ratio of 3:1 and labeled
with anti-CS1 and anti-BCMA antibodies to separate out populations. Tumor populations are
encircled. MM7-G primary tumor cells were stained with cell cytotracker dye (CMTMR) to
distinguish from NK-92 cells and are encircled. Summary bar graph of BC1cCAR NK-92
cytotoxic activity 1s presented as a visualization aid. (31B) BC1cCAR NK-92 cells were tested
for antigen specific activity using artificially generated BCMA expressing K562

(BCMAXxpKS562) and CS1 expressing K562 (CS1xpK562) cells. Co-cultures were carried out
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over 4 hours at an E:T ratio of 5:1. K562 populations were previously stained with CMTMR and

encircled 1n the flow cytometry plots. Bar graph summarizing anti-tumor activity to visualize.

Figures 32A-32C. Generation and characterization of different BAFF-CAR constructs.
(32A) L45-BAFF-28 CAR expression T-cell surface. L45-BAFF-28 CAR was transduced into
T-cells and evaluated for surface expression using F(ab)” antibody. Gating was compared to
controls. (32B) CAR expression dependence on leader sequence. BAFF-CAR constructs using
different leader sequences were tested to determine if efficiency in transduction could be
improved. Surface detection was evaluated using F(ab)” antibody and transduced populations
encircled. (32C) CAR expression dependence on construct design. Additional BAFF-CAR
constructs containing different leader sequences and construct designs (additional units) were

validated and used to determine 1f CAR transduction could be improved. Transduced populations

are encircled and gating compared to control T-cells. CSF-BAFF-28 41BBL 1s a BAFF CAR co-
expressing 4-1BBL (41BBL) with a CSF leader sequence. CSF-BAFF-28 IL-15RA 1s a BAFF
CAR co-expressing IL-15/IL-135sush1 (IL-15RA) with a CSF leader.

Figure 33: Characterization of L45-BAFF-28 CAR T anti-tumor properties. (33A) L45-
BAFF-28 CAR T-cells possess anti-tumor activity against MM 1S tumor cells. L45-BAFF-28
CAR T-cells were cultured for 48 hours at an E: T ratio of 3:1 against MM 1S myeloma cells.

Duplicate samples are shown. Cytotoxic activity 1s summarized in the bar graph.

Figures 34A-34B: Characterization of anti-tumor activity using different BAFF-CAR
constructs and enhancements. (34A) BAFF-CAR constructs against MM1S cells. L8-B AFF-
281L-15/1L-15sush1 and L8-BAFF-28-41 BBL CARs were cultured for 24 hours against MM1S
tumor cells at an E: T ratio of 5:1. Tumor populations are encircled. (34B) BAFF-CAR constructs

against SP53 cells. Both CARs and L45-BAFF-28 CAR were cultured against Sp33 tumor cells
(B-lineage) at an E:T ratio of 3:1 for 24 hours. (34C) Summary bar graph of cytotoxic activity.

Figure 35. A schematic showing cCAR construct. The construct consists a SFFV
promoter driving the expression of two modular units of CAR linked by a P2A peptide. Upon
cleavage of this P2A peptide, the cCARSs split and engage upon targets expressing BCMA and

for CD19. Two unit CARs use different or same co-stimulatory domain. A co-stimulatory

domain could be, but limited to, 4-1BB or CD28.
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Figures 36A-36B. Characterization of the BCMA CAR unit. (36A) BCMA CAR
effectively deplete BCMA+ MM1S cells. The BCMA CAR was transduced 1nto T-cells and co-
cultured with MMI1S tumor cells. A CS1 CAR was also generated and used for robustness.
MMIS cells are significantly dual positive for both BCMA and CS1. Co-cultures were
conducted over 48 hours with BCMA and CS1 antibodies used to identify tumor centers.
Encircled populations represent residual MM1S tumor cells after culture. (36B) BCMA CAR
effectively lyses BCMA+ primary tumor cells. (36B) The BCMA CAR and CS1 CAR were also
evaluated for 1ts anti-tumor properties against primary MM7-G myeloma patient cells. The
MM7-G population is a majority BCMA™ CS1" population with minority but significant CS1”
only populations as well. Both BCMA CAR and CS1 CAR were used in tandem to evaluate

cytotoxicity with BCMA and cytotracker (CMTMR) used to differentiate tumor populations
from CAR cells.

Figures 37A-37C. Characterization of CD19 CARs. (37A) Design of CD19CAR unit.

(37B) Western blot. HEK-293T cells were transfected with lentiviral plasmids for control vector
(lane 1) and CD19-2G (lane 2). 48 hours after transfection, supernatant was removed, and cells
were also harvested. Cells were lysed for Western blot and probed with mouse anti-human CD3z
primary antibody, and goat anti-mouse HRP secondary antibody. C. PMBC buffy coat T cells
were activated 3 days with anti-CD3 antibody. Cells were transduced with either control vector
(left), L8-CD19-2G (middle left), L8-CD19CD20-2G, (middle right) or L8-CD19CD22-2GCAR
(right) lentiviral supernatant. After 3 days of incubation, cells were harvested and incubated with
goat anti-mouse Fab2 or goat IgG antibodies conjugated with biotin for 30 minutes. Cells were
washed, suspended and stained with streptavidin-PE and mouse anti-human CD3-PerCp for 30

minutes. Cells were washed and suspended 1in 2% formalin, and analyzed by tflow cytometry to

determine CAR efficiency. (N=2)

Figures 38A-38B. Expression of compound CD19CAR T cells using different leader
sequences. (38A) CAR constructs were designed to express the fusion protein with different
leader sequences. (38B) PMBC buify coat T cells were activated 3 days with anti-CD3 antibody.
Cells were transduced with either control vector (left), HA-CD19-2G (top middle) , IL2-CD19-
2G (top right), L8-CD19-2G (lower middle left) , L45-CD19-2G, (lower middle right) or CSF-
CD19-2GCAR (lower right) lentiviral supernatant. After 3 days of incubation, cells were
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harvested and incubated with goat anti-mouse Fab2 or goat IgG antibodies conjugated with
biotin for 30 minutes. Cells were washed, suspended and stained with streptavidin-PE and mouse
anti-human CD3-PerCp for 30 minutes. Cells were washed and suspended 1n 2% formalin, and

analyzed by flow cytometry to determine CAR efficiency. (N=2)

Figures 39A-39B. Expression of CD19CAR on T cells using different CD19 scFv
sequences. (39A) CAR constructs were designed to express the fusion protein with different scFv
sequences. (39B) PMBC buffy coat T cells were activated 3 days with anti-CD3 antibody. Cells
were transduced with either control vector (left), L8-CD19-2G (middle), IL2-CD19-2G (top
right), or L8-CD19b-BB-2G (right) lentiviral supernatant. After 3 days of incubation, cells were
harvested and incubated with goat anti-mouse Fab2 or goat 1gG antibodies conjugated with
biotin for 30 minutes. Cells were washed, suspended and stained with streptavidin-PE and mouse
anti-human CD3-PerCp for 30 minutes. Cells were washed and suspended 1in 2% formalin, and

analyzed by flow cytometry to determine CAR efficiency. (N=2)

Figure 40. L8-CD19-2G and CD19b-BB CAR T cells lyse SP53 tumor cells in overnight
co-culture. Activated PMBC T cells transduced with either control (left), L8-CD19-2G, (middle)
or L8-CD19b-BB-2G (right) lentiviral supernatant were incubated with SP53 cells at the ratios of
2:1 (top) and 5:1 (bottom), effector:target cells. After 24 hours of incubation at 37°C, samples
were washed and stained with anti-human CD3-PerCp and anti-human CD19-APC, washed, and

analyzed by flow cytometry. SP53 cells alone and a summary of cell lysis are shown on the far

right. (N=2)

Figure 41. L8-CD19-2G and CD19b-BB CAR T cells lyse JeKo-1 tumor cells 1n
overnight co-culture. Activated PMBC T cells transduced with either control (left), L8-CD19-
2G, (middle) or L8-CD19b-BB-2G (right) lentiviral supernatant were incubated with JeKo-1
cells at the ratios of 2:1 (top) and 5:1 (bottom), effector:target cells. After 24 hours of incubation
at 37°C, samples were washed and stained with anti-human CD3-PerCp and anti-human CD19-
APC, washed, and analyzed by tflow cytometry. JeKo-1 cells alone and a summary of cell lysis

are shown on the far right. (N=2).

Figure 42. L8-CD19-2G and L8-CD19b-BB-2G CAR T cells lyse AML patient cells 1in
overnight co-culture. Activated PMBC T cells transduced with either control (left), L8-CD19-
2G, (middle) or L8-CD19b-BB-2G (right) lentiviral supernatant were incubated with CMTMR -
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stained cells from a patient with AML at the ratios of 2:1 (top) and 5:1 (bottom), effector:target
cells. After 24 hours of incubation at 37°C, samples were washed and stained with anti-human
CD3-PerCp and anti-human CD19-APC, washed, and analyzed by flow cytometry. Prestained

patient cells alone and a summary of cell lysis are shown on the far right. (N=2).

Figure 43. L8-CD19-2G and L8-CD19b-BB-2G CAR T cells deplete CD 19+ patient
cells. Activated PMBC T cells transduced with either control (left), L8-CD19-2G, (middle) or
L8-CD19b-BB-2G (right) lentiviral supernatant were incubated with CMTMR -stained cells from
a patient with B-ALL. L8-CD19-2G T cells were incubated with patient cells at a 1:1 ratio for
overnight (top), while L8-CD19b-BB-2G T cells were incubated with patient cells at a 5:1 ratio
for 40 hours (bottom). Following this incubation at 37°C, samples were washed and stained with
anti-human CD3-PerCp and anti-human CD19-APC, washed, and analyzed by flow cytometry.

Prestained patient cells alone are shown on the far right. (N=2).

Figure 44. A schematic showing cCAR construct. The construct consists a SFFV
promoter driving the expression of two modular units of CAR linked by a P2A peptide. Upon
cleavage of this P2A peptide, the cCARSs split and engage upon targets expressing BCMA and

for CD19b. Two unit CARSs use different or same co-stimulatory domain. A co-stimulatory

domain could be 4-1BB or CD28.

Figures 45A-45C. Generation and characterization of different BAFF-CAR constructs.
(45A) L45-BAFF-28 CAR was transduced into T-cells and evaluated for surface expression
using F(ab)” antibody. Gating was compared to controls. (43B) BAFF-CAR constructs using
different leader sequences were tested to determine if efficiency in transduction could be
improved. Surface detection was evaluated using F(ab)” antibody and transduced populations
encircled. (45C) Additional BAFF-CAR constructs containing different leader sequences and
construct designs (additional units) were validated and used to determine 1f CAR transduction

could be improved. Transduced populations are encircled and gating compared to control T-cells.

CSF-BAFF-28 41BBL 1s a BAFF CAR co-expressing 4-1BBL (41BBL) with a CSF leader
sequence. CSEF-BAFF-28IL-15/IL-135sushi - 1s a BAFF CAR co-expressing IL-15/IL-15sushi
with a CSF leader.

Figures 46A-46B: L45-BAFF-28 CAR T-cells possess anti-tumor activity against MM 1S
tumor cells. Characterization of L45-BAFF-28 CAR T anti-tumor properties. (46A) BAFF CAR
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cytotoxic activity in vitro summarized from (46B). (46B) L45-BAFF-28 CAR T-cells possess
anti-tumor activity against MM1S tumor cells. L45-BAFF-28 CAR T-cells were cultured for 48

hours at an E:T ratio of 3:1 against MM 1S myeloma cells. Duplicate samples are shown.

Figures 47A-47B Characterization of anti-tumor activity using different BAFF-CAR
constructs and enhancements. (47A) L8-BAFF-281L-15/IL-15sush1 and L8-BAFF-28 4-1BBL
CARs were cultured for 24 hours against MM1S tumor cells at an E: T ratio of 5:1. Tumor
populations are encircled. (47B) Both CARs and L45-BAFF-28 CAR were cultured against Sp33

tumor cells (B-lineage) at an E: T ratio of 3:1 for 24 hours.

Figure 48. CRISPR/Cas9 interference system. The expression of sgRNA and Cas9
puromycin 1s driven by the U6 and SFFV promoters, respectively. The Cas9 1s linked with

puromycin resistant gene by E2A self-cleaving sequences.

Figure 49A. Steps of generation of CAR T or NK cell targeting hematologic

malignancies.

Figure 49B. Generation and cell sorting of stable CD45 knockdown NK-92 cells using

CRISPR/Cas9 lentivirus system. Flow cytometry analysis indicated the CD435 expression levels
on NK-92 cell surface (left panels). After transduced sgCD435B CRISPR into NK-92 cells,
transduced cells were cultured 1n medium containing puromycin for a few weeks. CD45 negative
NK-92 cells were determined using CD45 antibody and were sorted. The purity of stable NK*'-
92 (CD45 knockdown) NK-92 cells were determined by Flow cytometry analysis (right panel).

This data showed that we we successtully generated and obtained NK*'-92 cells.

Figure 50. Cell growth curve of wild type, GFP transduced NK-92 or NK™'-92NK cells.
To evaluate the etfect for cell proliferation caused by CD45-knockdown (KD) 1n NK-92 cells,

the number of cells of NK-92( @), GFP-transduced NK-92( ) and NK*'-92( A) were counted at
48 h and 96 h after seeding into 24 well plates. IL-2 was added at 48 h time point. (n=3

independent experiments performed 1n duplicate). Data are mean + S.D. These data indicated

that knockdown of CD435 receptor on NK-92 show similar cell growth curve compared to non-
transduced NK-92 or GFP-transduced NK-92 cells. 24 well, duplicate, n=3 IL-2 was added at
48hr time point.

Figures 51A-31B. Co-culture assay with CCRF-CEM (target: T) and GFP NK-92 or
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GFP NK™'-92 cells (effector: E) at 5:1 (E:T) ratio and 16 hour incubation. (31A) Flow
cytometry analysis of CCRF-CEM only (blue dot 1n left panel), in co-culture with CCRF-CEM
and control GFP transduced NK-92 cells (middle panel) or GFP NK*'-92 cells (right panel).
Blue dots 1n all of panels indicates the leftover target CCRF-CEM cells and red dots shows
effector cells by co-culture assay. The majority of the blue dots are 1n the upper left square of
each experiment. All of incubation time were 16 h and the ratio of effector T-cells: target cell 1s

J:1. All experiments were performed 1n duplicate. (S1B) Bar graph indicates the percent of cell

lysis by the GFP transduced NK™'-92 cells compared to the control GFP transduced NK92 cells
in co-culture assay with CCRF-CEM. These data suggest that knockdown of CD435 in NK-92
cells does not show a significant difference for killing activity against CCRF-CEM cells

compared to GFP-control NK-92 cells 1n vitro co-culture assay.

Figures 52A-32B. Co-culture assay with CCRF-CEM (target: T) and GFP NK-92,
CD5CAR NK-92 or CD5CAR NK™'-92 cells (effector: E) at 5:1 (E:T) ratio and 16 hour
incubation. (52A) Flow cytometry analysis of CCRF-CEM only (left panel), in co-culture with
CCRF-CEM and control GFP NK-92 cells (middle left panel), CDSCAR NK-92 cells (middle
right panel), CD5CAR NK™'-92 cells (right panel) from right to left. Blue dots in all of panels
indicates the leftover target CCRF-CEM cells and red dots shows etfector cells by co-culture
assay. All of incubation time were 16 h and the ratio of effector T-cells: target cell 1s 5:1. All

experiments were performed in duplicate. (S2B) Bar graph indicates the percent of cell lysis by

the CD5CAR NK-92 cells or CD5CAR NK™-92 cells cells compared to the control GFP NK92
cells 1n co-culture assay with CCRF-CEM. Data are mean + S.D. Both of CDSCAR NK-cells
and CD5CAR NK™'-92 cells shows near to 100 % cell killing activity against CD35-potitive
CCRF-CEM compared to control GFP NK-92 cells. These data suggest that CDSCAR NK-cells
and CD5CAR NK™-92 cells can effectively lyse CCRE-CEM cells that express CD5 compared
to GFP-control NK-92 cells 1n vitro co-culture assay and prof that knockdown of CD435 does not
atfect cell function for killing activity in NK-92 cells.

Figures 53A-33B. Organization of the CD45CAR construct and 1its expression. (S3A)
Schematic representation of the CD45CAR lentiviral vector. The CD45CAR construct 1s a
modularized signaling domain containing: a leader sequence, an anti-CD435scFv, a hinge domain

(H), a transmembrane domain (TM), two co-stimulatory domains (CD28 and 4-1BB) that define
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the construct as a 3™ generation CAR, and the intracellular signaling domain CD3 zeta. (S3B),
HEK-293FT cells were transfected with lentiviral plasmids tor GFP (lane 1) and CD45CAR
(lane 2). 48 hours after transtection, supernatant was removed, and cells were also removed.

Cells were lysed for Western blot and probe with mouse anti-human CD3z antibody.

Figure 54. Transduction of CD45CAR into NK*'-92 cells and cell sorting of CD45CAR
transduced cells. The expression levels of CD45CAR on NK*'-92 were determined by flow
cytometry analysis (circled 1n blue at middle panel) compared to NK*'-92 cells (left panel) after
CD45CAR lentviruses were transduced into NK*'-92 cells. CD45CAR expressed NK*'-92 cells
were sorted and CD45 expression levels on cell surface were determined by Flow cytometry
analysis (right panel). About 87% of CD45CAR expression on cell surface was detected by flow

cytometry analysis.

Figures 55A-35B. Co-culture assay with CCRF-CEM (target: T) and GFP NK-92 or
CD45CAR NK™'-92 cells (effector: E) at 5:1 (E:T) ratio and 16 hour incubation. (55A) Flow
cytometry analysis of in co-culture with CCRF-CEM and control GFP transduced NK-92 cells
(left panel) or CD45CAR NK™'-92 cells (right panel). Blue dots 1n all of panels indicates the
leftover target CCRF-CEM cells and red dots shows effector NK-92 cells by co-culture assay.
All of incubation time were 16 h and the ratio of effector T-cells: target cell 1s 5:1. All
experiments were performed 1in duplicate. (S3SB) Bar graph indicates the percent of cell lysis by
CD45CAR NK™"-92 cells compared to the control GFP NK92 cells in co-culture assay with
CCRF-CEM. Data are mean + S.D. CD45CAR NK*™'-92 cells shows about 70% cell lysis against
CCRF-CEM cells compared to control GFP NK-92 cells. These data suggest that CD45CAR
NK*'-92 cells effectively lyse CCRE-CEM cells that express CD45 compared to GFP-control

NK-92 cells 1n vitro co-culture assay.

Figures 56A-356C. Co-culture assay with Jurkat cells (target: T) and GFP-control or
CD45CAR NK™'-92 cells (effector: E) at 5:1 or 2:1 (E:T) ratio and 6 hour incubation. (56A)
Flow cytometry analysis was carried out after Jurkat cells were stained by CMTMR cell tracker
dye. These data show that Jurkat cells are CD45 positive (left panels) and mostly CD36 negative

cells (right panel). (S6B) Flow cytometry analysis of co-culture assay with Jurkat cells (target: T)
and control or CD45CAR NK*'-92 cells (effector: E). The ratio of co-culture assay was
performed 1n 5:1 or 2:1 (E: T). Left panels showed that in co-culture with control GFP or
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CD45CAR/CD45KD NK-92 cells 1n 3:1 (E:T) ratio and right panels indicated that in co-culture
with control GFP or CD45CAR NK™"-92 cells in 2:1 (E:T) ratio. Blue dots in panels indicate the

leftover target Jurkat cells and red dots represent effector cells by co-culture assay. All of
incubation time were 6 h. All experiments were performed 1n duplicate. (S6C) Bar graph shows
percent cell lysis by CD45CAR NK*'-92 cells compared to control GFP NK92 cells at in 5:1 or
2:1 (E: T) ratio. Data are mean + S.D. CD45CAR NK™'-92 cells shows about 60% cell lysis
against Jurkat cells compared to control GFP NK-92 cells 1n both conditions. This data suggests
that CD45CAR NK™*"-92 cells effectively lyse Jurkat cells that express CD45 on cell surface

compared to GFP-control NK-92 cells 1n vitro co-culture assay.

Figure 57A - 57C. Co-culture assay with GFP-NK-92 cells (target: T) and non-
transduced NK-92 cells or CD45CAR NK™'-92 cells (effector: E) at 5:1 or 2:1 (E:T) ratio, 6
hour incubation. (37A) Flow cytometry analysis was carried out using GFP control NK-92 cells.
These data proof that GFP control NK-92 cells are about 99% GFP positive cells (green dots).
(57B) Flow cytometry analysis of co-culture assay with GFP control NK-92 cells (target: T) and
non-transduced or CD45CAR NK™"-92 cells (effector: E). The ratio of co-culture assay was
performed 1n 5:1 (57A) or 2:1 (E: T) (57C). Left panels showed that in co-culture with non-
transduced or CD45CAR NK™*'-92 cells in 5:1 (E:T) ratio and right panels indicated that in co-
culture with non-transduced or CD45CAR NK™'-92 cells in 2:1 (E:T) ratio. Green dots in panels

indicate the leftover target GFP NK-92 cells and red dots represent etfector cells by co-culture

assay. All of incubation times were 6 h. All experiments were performed 1n duplicate. (57C) Bar

graph shows percent cell lysis of GFP NK-92 cells by CD45CAR NK™'-92 cells compared to
non-transduced NK-92 cells at 1n 5:1 or 2:1 (E: T) ratio. Data are mean + S.D. CD45CAR NK™
92 cells shows about 20% cell lysis 1n 2:1 (E:T) ratio and about 55% cell lysis 1in 5:1 (E:T) ratio
against GFP NK-92 cells compared to non-transduced NK-92 cells. This data suggests that
CD45CAR NK™-92 cells effectively lyse GFP NK-92 cells that express CD435 on cell surface

compared to non-transduced NK-92 cells 1n vitro co-culture assay.

Figure 57D. Transduction of CD45b-BB or CD45b-28 into NK™'-92 cells and cell
sorting of CD45b-BB or CD45b-28 transduced NK™'-92 cells. The co-stimulatory domain for
CDb-BB 1s 4-1BB while co-stimulatory domain for CD45b-28 1s CD28. The expression levels
of CD45b-BB or CD45b-28 on NK™'-92 were determined by tflow cytometry analysis (circled 1in
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blue at middle panel) compared to NK*'-92 cells (left panel) after CD45b-BB or CD45b-28 on
lentviruses were transduced into NK*'-92 cells. CD45b-BB or CD45b-28 on expressed NK*'-92
cells were sorted and CD45b-BB or CD45b-28 on expression levels on cell surface were
determined by Flow cytometry analysis (right panel). About 74% of CD45b-BB or 82% of

CD45b-28 on expression on cell surface was detected by flow cytometry analysis.

Figure S7E. Co-culture assay with REH cells (target: T) and GFP NK-92 cells,
CD45CAR NK*'-92 cells , CD45b-BB NK*'-92 cells or CD45b-28 NK™'-92 cells at 5:1 (E:T)
ratio and 20 hour incubation. Upper, Flow cytometry analysis of CREH cells only (left panel), 1n
co-culture with with REH cells and control GFP transduced NK-92 cells (2™ left panel),
CD45CAR NK™-92 cells (middle panel), CD45b-BB NK™'-92 cells (4™ from left panel) or
CD45b-28 NK*'-92 cells (right panel). Blue dots in all of panels indicates the leftover target
REH cells and red dots shows effector GFP or CARs-NK-92 cells by co-culture assay. All of
incubation time were 20h and the ratio of effector NK-cells: target cell 1s 5:1. All experiments
were performed 1n duplicate. Lower, Bar graph indicates the percent of cell lysis by CD45CAR
NK*™'-92 cells, CD45b-BB NK*™'-92 cells or CD45b-28 NK*'-92 cells compared to the control
GFP NK92 cells in co-culture assay with REH cells. Data are mean + S.D. CD45CAR NK*'-92
cells shows about 76% cell lysis, CD45b-BB NK*'-92 cells shows about 79% cell lysis and
CD45b-28 NK*'-92 shows 100% cell lysis against REH cells compared to control GFP NK-92
cells. These data suggest that these 3 of CD45CARs NK*'-92 cells effectively lyse REH cells
which characterized as B-cells expressing CD435 compared to GFP-control NK-92 cells 1n vitro

co-culture assay.

Figures 57KFA-37F1. Co-culture assay with U937 cells (target: T) and GFP NK-92 cells
or CD45b-28 NK™'-92 cells.at 2:1 (E:T) ratio for 20 hours. FA, Flow cytometry analysis of
U937 cells (monocytic leukemia cell line) only (left panel), 1n co-culture with U937 cells and
control GFP transduced NK-92 cells (middle panel) or CD435b-28 NK*™'-92 cells (right panel).
Blue dots 1n all of panels indicates the leftover target U937 cells and red dots shows effector
GFP or CD45b-28 NK*'-92 cells by co-culture assay. All of incubation time were 6h and the
ratio of effector NK-cells: target cell 1s 2:1. KB, Bar graph indicates the percent of cell lysis by
CD45b-28 NK*'-92 cells compared to the control GFP NK92 cells in co-culture assay with
U937 cells. CD45b-28 NK*'-92 shows about 81% cell lysis against U937 cells compared to
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control GFP NK-92 cells.

Figures 57GA-57GB. Co-culture assay with MOLM-13 cells (target: T) and GFP NK-92
cells or CD45b-28 NK*'-92 cells at 5:1 (E:T) ratio for 20 hours. GA, Flow cytometry analysis of
MOLM13 cells (monocytic leukemic cell line) only (left panel), 1n co-culture with Molm13
cells and control GFP transduced NK-92 cells (middle panel) or CD45b-28 NK™'-92 cells (right
panel). Blue dots 1n all of panels indicates the leftover target MOLM13 cells and red dots shows
effector GFP or CD45b-28 NK™'-92 cells by co-culture assay. All of incubation time were 20h
and the ratio of effector NK-cells: target cell 1s 5:1. GB, Bar graph indicates the percent of cell
lysis by CD45b-28 NK*'-92 cells compared to the control GFP NK92 cells in co-culture assay
with MOLM13 cells. CD45b-28 NK*'-92 shows about 91.6% cell lysis against Molm13 cells
compared to control GFP NK-92 cells.

Figures S7THA-S7THB. Co-culture assay with Jeko-1 cells (target: T) and GFP NK-92
cells or CD45b-28 NK*'-92 cells at 2:1 (E:T) ratio for 6 hours. HA, Flow cytometry analysis of
Jeko-1 cells (T cell acute lymphoblastic cell line) only (left panel), in co-culture with Jeko-1
cells and control GFP transduced NK-92 cells (middle panel) or CD45b-28 NK™'-92 cells (right
panel). Blue dots 1n all of panels indicates the leftover target Jeko-1 cells and red dots shows
effector GFP or CD45b-28 NK™'-92 cells by co-culture assay. All of incubation time were 6h
and the ratio of effector NK-cells: target cell 1s 2:1. HB. Bar graph indicates the percent of cell
lysis by CD45b-28 NK*'-92 cells compared to the control GFP NK92 cells in co-culture assay
with Jeko-1 cells. CD45b-28 NK*'-92 shows about 44.6% cell lysis against Jeko-1 cells
compared to control GFP NK-92 cells.

Figures S71A-571B. Co-culture assay with SP33 cells (target: T) and GFP NK-92 cells
or CD45b-28 NK*'-92 cells at 2:1 (E:T) ratio for6 hour incubation. IA, Flow cytometry analysis
of SP33 cells (mantle cell lymphoma cell line) only (left panel), in co-culture with Jeko-1 cells
and control GFP transduced NK-92 cells (middle panel) or CD45b-28 NK*™'-92 cells (right
panel). Blue dots 1n all of panels indicates the leftover target SP33 cells and red dots shows
effector GFP or CD45b-28 NK™'-92 cells by co-culture assay. All of incubation time were 6h
and the ratio of effector NK-cells: target cell 1s 2:1. IB, Bar graph indicates the percent of cell
lysis by CD45b-28 NK*'-92 cells compared to the control GFP NK92 cells in co-culture assay
with SP33 cells. CD45b-28 NK™'-92 shows about 45% cell lysis against SP53 cells compared to
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control GFP NK-92 cells.

Figure 57]. Elimination of CD34(+) umbilical chord blood stem cells in 48hr co-culture.

CD34(+) stem cells derived from human umbilical cord blood were co-cultured with either
Control or CD435b-28 CAR NK cells for 48hr prior to labeling at a low ratio of 2:1 (effective:
target). About 96% of CD34(+) cells were eliminated comparing to the control.

Figure 38A. A Link by P2A schematic showing both cCAR-T and 4-1BBL or IL-15/IL-
15sushi 1n a single construct. The construct consists of a SFFV promoter driving the expression
of CAR and an enhancer, 4-1BBL. Upon cleavage of the linkers, the CD45 CAR (or CD45b
CAR) and 4-1BBL or IL-15/IL-15sush split and engage upon targets expressing CD45. CD45
CAR T cells received not only costimulation through the CD28 but also 4-1BB ligand (4-1BBL
or CD137L) or IL-15/IL-135sushi. The CD3-zeta signaling domain completes the assembly of
this CAR-T.

Figure 58B. Surface CD45b CAR expression levels on CD435b-28-2G-4-1BBL CAR
transduced NK*'-92 cells were determined using flow cytometry analysis. Left panel(NK92
cells) and middle panel (GFP-NK92) indicated negative control and right panel showed the

surface expression of CD45b CAR which was labeled using goat anti-mouse F(AB™)2-PE against
ScFv region (circled in blue). Transduced cells expressed 86.99% of CD45b-CAR on the cell

surface.

Figure 58C. Surface CD435b CAR expression levels on CD45b-28-2G-1L15/IL-15sushi
CAR transduced NK431-92 cells were determined using flow cytometry analysis. Left

pancl(NK92 cells) and middle panel (GFP-NK92) indicated negative control and right and right
panel showed the surface expression of CD45b CAR which was labeled using goat anti-mouse

F(AB’)2-PE against ScFv region (circled in blue). CD45b-28-2G IL15RA virus transduced cells
expressed 55.96% of CD435b-CAR on cells surface compared to negative control cells.

Figures S9A-39B. Schematic diagram to elucidate the construct and its expression in T
or NK cells. (89A) a combination of CAR, (third generation), and 1L-15/sushi domain of the IL-
15 alpha receptor, 1s assembled on an expression vector and their expression 1s driven by the

SFFV promoter. CAR with IL-15/sushi 1s linked with the P2A self-cleaving sequence. The IL-
15/sush1 portion 1s composed of IL-2 signal peptide fused to IL-15 and linked to sushi domain
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via a 26-amino acid poly-proline linker. (89B) CAR and IL-15/sushi1 are present on the T or NK

cells.

Figure 59C. Surface CD43b CAR expression levels on CD45b-28-2G-1L-15/IL-15sushi
CAR transduced NK*™'-92 cells were determined using flow cytometry analysis. Left
pancl(NK92 cells) and middle panel (GFP-NK92) indicated negative control and right and right
panel showed the surtface expression of CD45b CAR which was labeled using goat anti-mouse
F(AB’)2-PE against ScFv region (circled in blue). CD45b-28-2G IL-15/IL-15sushi virus

transduced cells expressed 55.96% of CD45b-CAR on cells surface compared to negative control

cells. CD435b-28-2G-IL-15/IL-15sushi NK cells showed a robust functional activity.

Figures 60A-60B. CD4IL-15/IL-135sushi expression. (60A) HEK-293FT cells were
transfected with lentiviral plasmids for GFP (lane 1) and CD4IL-15/IL-15sushi CAR (lane 2). 48
hours after transfection, supernatant was removed, and cells were also removed for a Western
blot with mouse anti-human CD3z antibody. (60B) HEK-293 cells were transduced with either
GFP (left) or CD4IL-15/IL-15sushi-CAR(right) viral supernatant from transfected HEK-293FT
cells. After 3 days incubation, cells were harvested, stained with goat-anti-mouse F(Ab’)2 and

analyzed by tlow cytometry.

Figure 61. Transduction of NK cells with CD4IL-15/IL-15sushi CAR. NK-92 cells were
transduced with either GFP (left) or CD4 IL-15/IL-15sushi CAR (right) viral supernatant from
transfected HEK-293FT cells. A second transduction was performed 24 hours after the first. 24
hours after the second transduction, cells were harvested, washed and moved to tissue culture
plates with fresh media and IL-2. After 3 days incubation, cells were harvested and stained with
goat-anti-mouse F(Ab’)2 antibody or goat IgG (control) at 1:250 for 30 minutes. Cells were
washed and stained with streptavidin-PE conjugate at 1:500, washed, suspended in 2% formalin,

and analyzed by flow cytometry.

Figure 62. Transduction of T cells with CD4IL15RACAR. Left 1s the Western blot.
HEK-293FT cells were transfected with lentiviral plasmids for GFP (lane 1) and CD4IL15RA-

CAR (lane 2). 48 hours after transfection, supernatant was removed, and cells were also

collected for a Western blot with mouse anti-human CD3zeta antibody. Right 1s
CD4IL15RACAR expression. Activated T cells from cord blood butly coat were transduced
with either GFP (left) or concentrated CD4IL15SRACAR (right) viral supernatant from
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transfected HEK-293FT cells. A second transduction was performed 24 hours after the first. 24
hours after the second transduction, cells were harvested, washed and moved to tissue culture

plates with fresh media and IL-2. After 3 days incubation, cells were harvested and stained with
goat-anti-mouse F(Ab”) transduced with either GEFP (left) or CD4IL15RA CAR (right). Cells

were washed and stained with streptavidin-PE conjugate at 1:500, washed, suspended 1n 2%

formalin, and analyzed by tflow cytometry.
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Figures 63A-63B. CD4CAR NK-92 cells and CD4IL-15/IL-15sush1 CAR NK-92 cells
eliminate KARPAS 299 T leukemic cells in co-culture. (63A) NK-92 cells transduced with either
GFP control (upper right), CD4CAR (lower left), or CD41L-15/IL-15sushi (lower right)
lentiviral supernatant were incubated with KARPAS 299 cells at a ratio of 5:1. After 4 hours co-
culture, cells were stained with mouse-anti-human CD4 (APC) and CD3 (PerCp) antibodies and
analyzed by flow cytometry (N=2). The upper left panel shows labeled Karpas 299 cells alone.
The percentage of target cells lysed 1s shown 1n the graph (63B).

Figure 64. CD4CAR NK-92 cells and CD4IL-15/IL-15sush1 CAR NK-92 cells eliminate
MOLT4 T leukemic cells 1n co-culture. NK-92 cells transduced with either GFP control (left),
CD4CAR (center), or CD41IL-15/IL-15sushi (second from right) lentiviral supernatant were
incubated with MOLT4 cells at effector:target ratios of 1:1 or 2:1. After overnight co-culture,
cells were stained with mouse-anti-human CD4 (APC) and CD356 (PerCp) antibodies and
analyzed by flow cytometry (N=2). The upper right panel shows labeled MOLT4 cells alone.
The percentage of target cells lysed 1s shown 1n the graph.

Figures 65A and 65B. CD4CAR and CD4IL-15/IL-15sush1 CAR T cells demonstrate

anti-leukemic etfects in vivo. NSG mice were sublethally 1irradiated and intravenously (tail vein)
injected the following day with luciferase-expressing MOLM13 cells to induce measurable
tumor formation (65A). MOLM-13 cells are nearly 100% CD4+. After 3 days, the mice were
intravenously injected with one course of 8 x 10° CD4CAR, or CD4IL-15/IL-15sushi CAR T
cells, or vector control T control cells. On days 3, 6,9, and 11, mice were injected

subcutaneously with RediJect D-Luciferin and subjected to IVIS imaging (65B).

Figures 65C and 65D. (65C)Average light intensity measured for the CD4CAR and
CD4IL-15/IL-15sushi CAR T injected mice was compared to that of vector control T 1njected
mice, and correlated with remaining tumor burden to determine a percent lysis. (65D) Percent

survival of mice was measured and compared between the three groups.

Figure 66A and 66B. CD4IL15/IL-135sush1 CAR NK cells demonstrate robust anti-

leukemic activity under stressful condition in vivo. NSG mice were sublethally 1irradiated and
intravenously (tail vein) injected the following day with luciferase-expressing Jurkat cells to
induce measurable tumor formation (66A). Jurkat cells are less than 60% CD4+. After 3 days,
the mice were intravenously injected with one course of 8 x 10° CD4CAR, or CD4IL-15/IL-
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15sush1 CAR NK cells, or vector control NK cells. On days 3, 7, 10, and 14, mice were injected
subcutaneously with RediJect D-Luciferin and subjected to IVIS imaging (66B).

Figure 66C. Average light intensity measured for the CD4CAR and CD41L-15/IL-
15sushi NK injected mice was compared to that of vector control NK 1njected mice, and
correlated with remaining tumor burden to determine a percent lysis.

Figure 67. Repeat of the 1n vivo experiment demonstrating robust lysis of Jurkat tumor
cells by CD41-15/IL-15sushi CAR NK cells showing similar results to those described in Figure
66.

Figures 68A-68B. Effect of secreted IL-15/IL-15sush1 on CAR and non-transduced
neighboring cells. NK-92 cells stably expressing either CD4CAR or CD4IL15RA were mixed 1n
a 50:50 ratio with NK-92 cells stably expressing GFP. These cells were co-cultured either with
IL-2 added or no IL-2. (68A) Photographs taken on a fluorescent microscope at 20x on Day O
(start of co-culture) and Day 7, without the addition of IL-2. (68B) Total cell counts calculated

throughout the experiment (up to Day 14) for NK-92 cells co-cultured with or without IL-2.

Figure 69. Comparing the effect of secreted IL-15 and IL-15sushi on NK-92 cell
growth. CD4IL-15/IL-15sushi, CD4 IL-15, and control transduced NK-92 cells were cultured
from 250,000 cells in regular NK cell media but in the absence of IL-2 for up to 6 days. Both
transduced cells had 10% surface CAR expression, while CD41L15-1L15sushi1 transduced NK-92
cells were able to expand at a rate approximately 3-fold higher than the CD4 IL-15 transduced
NK-92 cells on day 6. On day 4, the growth rate of CD4 IL-15 transduced NK-92 cells were
slightly higher than the Control, but significantly below the CD4 IL-15/IL15sushi transduced
NK-92 cells. This study pin-points the importance of co-expression functional complex of IL-

15/IL-13sushi in promoting NK-92 cell growth.

Figure 70. A schematic showing the Treg CAR T construct targeting Tregs. The
construct consists of a SFFV promoter driving the expression of two units of chimeric antigen
receptors linked by a P2A peptide. Each unit contains a CD45 leader peptide sequence (signal
peptide). Upon cleavage of the linker, two units of peptide are divided and engage upon targets
expressing CD4 and CD25. The CD4 chimeric antigen receptor polypeptide unit comprises a
signal peptide, a CD4 antigen recognition domain, a hinge region, a transmembrane domain and

CD3 zeta chain; CD235 chimeric antigen receptor polypeptide unit comprises a signal peptide, a
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CD25 antigen recognition domain, a hinge region, a transmembrane domain, a co-stimulatory
domain (s). The Treg CAR can potentiate the lysis activity of a cell co-expressing CD4 and
CD25 while minimizing a cell bearing CD4 or CD25 antigen.

Figures 71A-71B. Characterization of the CD4 zeta CD25 CAR. (71A) The CD4 zeta
CD25 CAR was transduced into T-cells via viral incubation for 48 hours and stained with F(ab)’
antibody to assay CAR surface expression. Encircled populations represent transduced cells.
(71B) The C4-25z CAR was characterized using CD4 and CD25 antibodies to validate the
construct function. Two most relevant populations are encircled: CD4™ CD25" and CD4  CD25".
The depletion of the double positive population and other phenotype groups are summarized 1n

the bar graph adjacent.

Figure 72. CD4zetaCD25 CAR T cells target cells mainly co-expressing CD4 and CD25.
3 days after activation, PMBC buffy coat T cells transduced with either control vector (left),
CD4CAR (middle) or CD4zetaCD25(right) lentiviral supernatant were harvested and incubated
with mouse anti-human CD25-PE and mouse anti-human CD4-APC for 30 minutes. Cells were

washed and suspended 1n 2% formalin, and analyzed by flow cytometry.

Figure 73A. A schematic showing the CD32-52 construct. The construct consists of a
SFFV promoter driving the co-expression of CDSCAR and CD32 surface antigen. Upon
cleavage of the linker of P2ZA. The CD5 chimeric antigen receptor polypeptide unit comprises a
signal peptide, a CD3J antigen recognition domain, a hinge region, a transmembrane domain and
CD3 zeta chain; CD3 peptide comprises a signal peptide, a CDS52 antigen recognition domain,

a hinge region, a transmembrane domain (derived from CD28) .

Figure 73B. Experimental design to determine depletion of CD5CAR-52 T cells in
blood. CD5CAR-52 T cells (5x10° cells) were injected intravenously into each NSG mouse after
sublethally 1irradiation. After ~ 24 h later, PBS or 0.1mg/kg of CAMPATH was injected via L.P.
(intraperitoneal 1njection). N=3. After 6 h and 24 h later, peripheral blood was collected from
ecach mouse and labeled using CD3 and CD435 antibodies to determine the depletion of CAR-T
cells as acute phase response by CAMPATH treatment. After 5 days later, whole blood was
collected from each mouse and labeled using CD3 and CD45 antibodies to determine the
persistency of CAR-T cells as well. CAR-T-cells were determined using Flow cytometry

analysis.
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Figure 73C. Depletion of CDSCAR-52 T 1n peripheral blood after 6 h and 24 h later with
or without CAMPATH treatment. Flow cytometry analysis shows persistence of CDSCAR-52 T-
cells (Blue dots) 1n peripheral blood of mouse with or without CAMPATH treatment. Blood
samples were labeled with CD3 and CD45 antibodies to detect CDSCAR-52 T-cells. Blood
samples from un-infused CAR-T cells (left panels) did not show CD3 and CD45 positive cells
(negative control). 0.1 mg/kg of CAMPATH 1njected mice indicate elimination of CDSCAR-52
T-cells at 6h (middle panels) and 24 h (right panels) later compared to CAMPATH untreated
mouse at 6h (second panels from left) and 24 h (second panels from right) in blood samples.
N=3. These results suggest that CAMPAT treatment can delete CAR-T cells from blood during

short time.

Figure 73D. Depletion of CD5SCAR-52 T 1n whole blood after 5 days later with or
without CAMPATH treatment. Flow cytometry analysis shows persistence of CDSCAR-32 T-
cells (Blue dots) in whole blood samples from mouse with or without CAMPATH treatment.
Blood samples were labeled with CD3 and CD45 antibodies to detect CDSCAR-52 T-cells
persistence. Blood samples from uninfused CAR-T cells (left panel) did not show CD3 and
CD45 positive cells (negative control). 0.1 mg/kg of CAMPATH treated mice eliminate
CD5SCAR-52 T-cells (right panels) compared to CAMPATH uninjected mouse (middle panels)

after 5 days later in whole blood samples. These results also suppose CAMPAT treatment can

delete CAR-T cells from blood.

Figure 74. HEK 293 cells were transduced with either EF1-GFP or SFFV-GFP viral
supernatant, using the volumes indicated, in DMEM with 10% FBS 1n a 6 well tissue culture
plate. Culture media was changed the following morning. Forty-eight hours later, transduced

cells were visualized on an EVOS fluorescent microscope using GFP at 10x.

Figure 75. HEK 293 cells transduced with either EF1-GFP or SFFV-GFEP viral

supernatant, using the volumes from the previous figure, were trypsinized, suspended in
formalin, and 