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Abstract

Chimeric antigen receptor (CAR) T cell therapy has shown extraordinary success in the
treatment of B cell leukemia and lymphoma. For treatment of solid cancers, CAR T cell therapy
faces many obstacles. Most prominent, the inhibitory tumor microenvironment limits the
CAR T cell endurance, and the abundance of cancer cells leads to T cell exhaustion. T cell states
have been studied to identify populations with best fitness and long-lasting effector functions.
The modulation of immune checkpoint molecules, most prominent PD1, enhances the anti-
tumor performance of T cells, at least transiently. Ongoing effort is made to identify further
players in the orchestration of CAR T cell functionality.

Our colleagues analyzed tumor infiltrating lymphocytes (TILs) of various solid tumor entities
and found the gene activity of VCAM1 (vascular adhesion molecule 1) upregulated in terminal
exhausted TlLs. So far, VCAM1 is commonly known to be expressed on activated endothelium
and to bind VLA-4 on lymphocytes to mediate their adherence and transmigration, however
the expression of VCAM1 on T cells was barely reported.

We aimed at defining whether VCAM1 is also expressed on CART cells and how VCAM1
modulates CAR T cell function. We found that VCAM1 is indeed upregulated, predominantly
on CD8" CART cells, upon activation by either TCR or CAR. Interestingly VCAM1 expression
was barely induced on CD4* CAR T cells or on T cells without CAR. VCAM1 induction was the
strongest by the 4-1BB CAR, less by the CD28 CAR. CAR signaling is required to induce early
VCAM1 expression since deletion of CAR signaling domains abolished the VCAM1 induction.
To address the impact of CAR T cell associated VCAM1 on target cell recognition, we took
advantage of BXPC-3 cells that express the VCAM1 ligand VLA-4 but lack VCAM1 expression.
We analyzed CART cells with CRISPR/Cas9 mediated VCAM1 knockout in co-culture with
BXPC-3 cells and found CAR T cells with VCAM1 knockout showed much lower expression of
the activation markers CD25 and CD69. Also, the exhaustion molecules PD1, Tim3 and Lag3
were expressed to lower levels on VCAM1 knockout CAR T cells. The VCAM1 knockout in
CAR T cells was leading to enrichment of the effector memory phenotype. Markers for
degranulation CD107a and intracellular granzyme B and perforin levels were likewise reduced
in VCAM1 knockout CAR T cells. However, the in vitro cytotoxicity towards BXPC-3 cells was
not altered. We further found reduced avidity of VCAM1 knockout CAR T cells to the target
cells compared to the CRISPR-control. These data imply that VCAM1 takes part in the CAR T cell
—tumor cell interaction. Our conclusion was sustained by the microscopy observation that CAR
and VCAM1 co-localize on the same spot on the T cells and in the contact region to the target
cell.

With that we conclude that VCAM1, expressed by CAR T cells, amplifies the avidity in their
contact with tumor cells and impacts the activation and exhaustion development of the
CART cells.
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1. Introduction

Cancer is one of the three leading causes of death in industrialized nations besides
cardiovascular and infectious diseases'. The adaptive immune system is capable to control
tumor growth to a certain extend but various tumor escape mechanisms can prevail the
surveillance of immune cells. First line therapies comprise tumor resection, radiotherapy and
chemotherapy with success in some tumor entities. Yet in many cases surgery is unfeasible
because of constraint access or disseminated cancer cells that might form metastasis in distant
tissues. Radio-and chemotherapy are capable to target cells systemically but come alongside
with severe side effects, even though constant progress is being made in this respect. A rather

new approach in the toolbox of oncologists is cell-based immunotherapy.

Immunotherapies can support the natural defense, as in case of TIL (tumor infiltrating
lymphocyte) therapy or with immune-checkpoint blockade and often serve as an adjuvant
procedure to the first line therapy*>. The understanding of the T cell recognition and activation
mechanisms has led to the development of more advanced technologies to redirect the
immune cells specifically against pre-defined targets. Artificial immune receptors, in early
research called “T-bodies"® or immunoreceptors, were engineered to be expressed by T cells
to provide specificity in targeting and activation. The immune receptors, later called chimeric
antigen receptor (CAR), were developed with the aim of arming patient own T cells with an

MHC independent antigen recognition domain to detect and eliminate cancer cells.

1.1. Engineering chimeric antigen receptors

Each CAR T cell element needs to be carefully designed for an optimal tumor cell contact, for

downstream signaling and subsequent anti-tumor response of the T cell.

The CAR is composed of the antigen targeting domain, usually a single chain variable fragment
of an antibody (scFv), followed by a linker that serves also as a spacer to adjust the distance
between T cell and target cell. The scFv and linker are the extracellular CAR domain and are
connected with a transmembrane domain to the intracellular signaling moiety”®. Other

910 or other recognition domains like DARPins'' can also be

antibody derivates like nanobodies
used. For the first generation of CAR T cells only a CD3{ domain transmitted the activating
stimulus after binding of target antigen. Adding a co-stimulatory domain in the second
generation CAR enabled engineered T cells to overcome the limited persistence of the first
generation of CAR T cells'?. Co-stimulatory domains and the CD3( signaling domain are both
derived from the T cell receptor (TCR) activation machinery'. Most commonly CD28 or 4-1BB
cytoplasmatic domains are inserted in addition to the CD3{ domain for co-stimulation.

Molecular structure and membrane organisation' differ between co-stimulatory domains and
1



exhibit different activation patterns of the CAR T cells'. CD28 is known to induce stronger
activation, whereas 4-1BB provides lower clinical toxicity and longer persitence™ '°. Other
co-stimulatory domains like ICOS, OX40 or CD40 are under investigation with the aim to
modulate expression of certain cytokines, to achieve polarization of the T cell to a certain

phenotype and to mediate activation and persistence'”'®,

TCR antibody CAR
antigen binding domain

(scFv, DARPIn, nanobody...)

spacer
cb3 linker (IgG1, CD8, CD28..)
| —
—_—
<| [2

scFv

i co-stimulus
Cco-stim (CD28, 4-1BB, Ox40, ICOS...)

» CD3¢ primary stimulus
(CD3Y, FeeRly, KIR2DS2...)

inducible transgene
(L2, IL7,1L12,IL15, IL18...)

Figure 1: The Chimeric Antigen Receptor building blocks. Most common antigen binding domain of CARs
are antibody derived scFvs. T cell receptor (TCR) derived signaling domains are added downstream of the
receptor to provide the primary and secondary signal, required for T cell activation. In the latest generation of
CARs further transgenes are added to provide a third signal by autocrine cytokines or to attract bystander
immune cells. Often these transgenes are set under the T cell activation dependent NFAT promoter. scFv = single
chain variable fragment, tm = trans membrane.

A fourth generation of CAR T cells redirected for antigen-unrestricted cytokine-initiated killing
(TRUCKs)'®, were engineered to deliver an additional signal for transgenic cytokine secretion.
Often the transgenic cytokine is controlled in the expression by the inducible NFAT / IL2
minimal promotor, so it is only produced upon activation of the TCR/CD3 or second-generation
CAR signaling cascade. With IL7, IL15, IL18 and IL23 an autocrine stimulus is added to enhance
the CAR T cell function®®?, IL12 provides a paracrine stimulation, attracting bystander innate
immune cells such as NK-cells and macrophages®*. Also other proteins than cytokines can be

added as additional transgene to modulate anti-tumor function®*%,



1.2. Advancing CAR T cell therapy for application in solid tumors

CART cell therapies have achieved remarkable success in treating hematologic cancers, even
offering cures for patients previously considered untreatable®*?°3°,

B-cell lymphomas present an ideal target for CART cell treatment because of the uniform
expression of CD19 antigen and the homing of target and effector cells to the same
compartment. Success with anti-CD19 CAR cells was achieved with long term remission
exceeding in some patients more than ten years in adults and children®-*3. Challenges remain
in the high frequency of relapses and the fine tuning of CAR T cell activity to manage side

effects that arise from over activation and antigen escape of cancer cells.

When it comes to solid tumors other challenges additionally come into place, as the great
heterogeneity within the cancer cell population impedes the targeting of all entities. Further
the cancer cells are not as easily accessible, but often integrated in obstructive tumor stroma
and an inhibitory milieu, comprising inhibitory cytokines, chemokines, the expression of
checkpoint molecules as well as suppressive cells like Tregs and cancer associated
macrophages®®. One example is pancreatic cancer, exhibiting a challenging
micro-environment characterized by a dense stroma®’, which allows tumor resection in only
15-20% of all cases®®*°, most probably also hindering the accessibility of CAR T cells. Despite
these obstacles, various solid tumor entities have been addressed with targeted CART cell
therapy among which are colorectal cancer®, breast cancer*’, non-small cell lung cancer®,
neuroblastoma® and glioblastoma*’. Major limitations to success were on target off tumor

toxicity, antigen loss and overall limited efficacy*®*.

450-52 and small

To enhance efficacy of CAR T cells they are supported with checkpoint blockade
molecule drugs®. For enhancing the persistence of CART cells, additional cytokine
administration or cytokine secretion in the TRUCK system are approached?****, With released
cytokines also the innate immune system is intended to be recruited to the tumor site. Dual
CAR recognition domains are being designed to target the tumor heterogeneity. For less
on-target-off-tumor effects, dual recognition CARs with “AND" gating, only providing full T cell

activation when both antigens are present, are tested and in clinical exploration>>®,

First trials have shown clinical safety for applying CAR T cells with additional CRISPR/Cas9
engineering of defined cellular genes, which opens the toolbox for intrinsic fine tuning of the
CAR T cell properties®”®. To date the knockout approach was used in the clinics to avoid co-
expression of the endogenous TCR or the checkpoint molecule PD1°%*°, The knockdown of
other inhibitory signals can be an versatile step towards successful solid tumor clearance; for
example CTLA-4 knockout in cytotoxic lymphocytes substantially increases anti-tumor
activity®®. CRISPR technologies can also be used to enhance expression of defined proteins,

taking advantage of the dCas9 without catalytic activity by fusion of enzymes for transcriptional



regulation®®? . As an alternative for complete knockout the shRNA based knockdown can be
used to dampen molecule expression with retaining residual expression®°, Interesting targets
for knockdown- or upregulation are immune checkpoint- and adhesion molecules. T cell
adhesion molecules also influence the binding properties to target cells. With fine tuning of
their expression, the binding and interaction strength in the immunological CAR T synapse can

be modulated.

1.3. The immunological CAR synapse

The immunological T cell synapse, formed upon TCR activation, exhibits a well-defined
structure with central-, peripheral- and distal- supramolecular activation clusters (SMACs)®®¢’.
In the central SMAC (cSMAC) the TCR molecules assemble for MHC dependent antigen
recognition. Stimulatory and inhibitory molecules are recruited to the cSMAC®. In a secretory
synapse the cSMAC contains an area free of surface molecules to allow exocytosis of cytokines,
granzymes and perforin®. Cell adhesion molecules (CAMs) are organized around the center, in
the peripheral SMAC (pSMAC), with LFA-1 being a prominent candidate™’". The integrin a4p1
(VLA-4) is recruited to the pSMAC, in an antigen dependent manner’®. Beneath the
immunological synapse the microtubule organizing center (MTOC) is forming to further
support the shape and secretory properties of the T cell®®”® by stabilizing the actin skeleton.
LFA-1 is assumed to control the MTOC orientation and polarization™. In the distal SMAC
(dSMACQ) large proteins like CD45 assemble that can regulate TCR signaling, partially these
molecules are on a bystander position within the dSMAC and recruited to the center when

needed”’®. With this defined structure the T cell signaling network is finely tuned to

TCR synapse TCR : CAR CAR synapse
dSMAC .
stabilization H scFV
PSMAC
adhesion ' . .
H linker
secretory domain : .
CcSMAC
TCR + co-stim ' Costim
CD43- LFA-1 ®e ' .
opds  via4 o saos | | coaz
Integrins .
Connexins sgcretory C&?SA . ;
omain '
0x40 | |
@\ D30 | ! /
cp2 | Actin
\ cD40L
BDE= !
dSMAC  pSMAC cSMAC ' CAR microclusters

Figure 2: The immunological CAR synapse. The TCR recruits CD3 and co-stimulatory molecules to the receptor to
transmit activation stimuli. These molecules are organized in the cSMAC, neighbored by the secretory domain. Around
the c¢SMAC the pSMAC with adhesion molecules and at further distance the dSMAC with larger molecules are
organized, leading to the characteristic bullseye structure. The CAR synapse has a lower degree of organization,
assembling the receptor in micro clusters, structural molecules are not excluded from the inner contact region.
C = central, d=distal, p=peripheral, SMAC=supramolecular activation cluster.



orchestrate locomotion, reorganization of the cytoskeleton, attachment and the release of

cytokines and lytic granules in a well-orchestrated fashion®*.

In contrast to the physiological TCR synapse, the CAR synapse is characterized by a lower
degree of structural organization. The chimeric antigen receptor and adjacent molecules are
condensed in several clusters. The larger proteins like CD45 are likewise excluded from the
inner core and assemble in the distal periphery of the CAR clusters. Stimulatory molecules are
directly integrated as domain into the chimeric antigen receptor. Our group reported that there
is no cross activation in between CAR and TCR synapses on the same cell’” but
complementation in signaling between the endogenous TCR molecules and the CAR still
occurs’®. The signal transmission of the immunological synapses depends not only on the
receptor abundance and distribution but also on the avidity of the T cell - tumor cell contact.
The latter is further influenced by adhesion molecules which are considered less in modulation
of CART cell functions. Sufficient adhesion is crucial to allow a productive contact of the
CART cells with cytotoxic hits towards the tumor cells. Vice versa, cancer cells can send
inhibitory molecules through the synapse, that can be taken up by T cells. The optimal
CAR T cell acquires strong but not tight adhesion to allow serial killing of multiple tumor cells.
Tight adhesion can hinder dissociation from an already tackled target cell and reduce repetitive
killing. Further, strong avidity over a certain threshold may lead to exhaustion or even activation
induced cell death”.

Consequently, adhesion molecules recruited to the immunological CAR synapse are pivotal, as
they directly impact the therapeutic efficacy by balancing effective tumor cell engagement with

the need for T cell dissociation and repeated target interactions.



1.4. The canonical role of VCAM1 as adhesion molecule

Cell adhesion molecules (CAMs) are mediating cell contact, migration, infiltration and homing
of T cells. There are five groups of CAMs: integrins, selectins, cadherins, the IgG family and
others (including enzymes and mucins)®.

Integrins are heterodimers, consisting of one of 18 a and one of 8 B subunits’. Combination
of the respective subunit results in a variety of different integrins which are ubiquitously
expressed, as well as their ligands. Lymphocytes rely on the inside out signaling of integrins for
mechanical and chemical sensing. Common integrins expressed by T cells are LFA-1 Mac-1 and
VLA-4%". VLA-4 is composed of the two subunits CD29 (integrin B1) and CD49d (integrin a4)®
and is strongly expressed after T cell activation, mediating binding of VCAM1 on endothelial
cells. Besides its major binding partner VLA-4, VCAM1 was also reported to bind integrin a4f7,
aMpB2 and aDf2.

VCAM1 is a member of the immunoglobulin superfamily, encoded by nine exons, leading to
two different splice variants in humans with six or seven immunoglobulin domains
respectively®>. Ig-domain one and four are crucial for VLA-4 dependent adhesion®*®. Various
cytokines, like TNF-a and IL1 lead to upregulation of VCAM1. Best studied on activated

endothelium.
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Figure 3: The canonical role of VCAM1. VCAM1 is expressed upon activation on endothelial cells. Downstream
signaling over calcium influx (Ca®*) and Ras-related C3 botulinum toxin substrate 1 (RacT) leads to actin remodeling
and tight junction degradation, both facilitating the lymphocyte transmigration through the endothelium. The main
ligand of VCAMT1 is VLA-4, a dimer composed of CD29 (integrin 1) and CD49d (integrin o4), which is expressed on
immune cells to promote adhesion and initiate migration to adjacent tissue. ERM = ezrin-radexin-moesin family,
ROS = reactive oxygen species.
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VCAM1 is also expressed on bone marrow stromal cell, macrophages, dendritic cells and
others®®, When expressed by hematopoietic stem cells and leukemic stem cells VCAM1 was
also found to reduce phagocytosis, suggesting a role as immune-checkpoint®
study reported VCAM1 expression in T cells, describing mRNA levels of VCAM1 in CD8" T cells

beeing elevated in HIV infected- compared to HIV-negative individuals®.

. One single

Overall the VCAM1 expression is essential as VCAM1 knockdown in mice leads to embryonic

death in most cases **.

VCAM1 interaction does not only mediate adhesion, the intracellular terminus of VCAM1 binds
to Ezrin and Moesin (ERM)%? which induce Ca?* influx and recruit Rac1®®. Both, Ca®* and RacT
trigger NADPH oxidase (NOX) activity. NOX fosters the accumulation of reactive oxygen species
(ROS), which induce degradation of tight junction proteins by matrix metalloproteases®. Also
the phosphorylation of beta-catenin is affected by ROS, leading to endocytosis of cadherins,
further reducing the intercellular contact®. Both ROS and Ca®* activate PKCa and subsequently
PTP1B which is needed for T cell transmigration®. Taken together, the extracellular part of
VCAM1 mediates adhesion of T cells, the intracellular domain induces pathways to loosen the

endothelium and facilitate the subsequent transmigration.

1.5. T cell exhaustion with implications for immunotherapy

Exhaustion is felt after ongoing activity, with some rest the state can usually be reverted, and
activity can be taken up again. The concept has been transferred to T cell immunity and “T cell
exhaustion” is recently heavily discussed®’. T cell exhaustion is an altered differentiation lineage,
that dampens anti-cancer immunity®®. Environmental factors like inflammation, regulatory
T cell derived cytokines and metabolic stress can potentiate the development of exhaustion.
Additionally, activation through either tonic signaling due to CAR aggregation or persisting
exposure to antigen are reported to induce this state of malfunction. Exhaustion in T cells is
closely related to their activation, the former sets in with or shortly after activation and both
conditions run in parallel until the exhaustion takes the lead and dampens the activation
potential. There is a point, referred to as terminal exhaustion, when the T cell lose their

functional capacity enter activation induced cell death (AICD).

Phenotypic and genotypic analysis of tumor infiltrating cells and T cells of chronic viral
infections have revealed surface proteins and transcription factors that correlate with
exhaustion and thus characterize the different states of dysfunction”. The lineage fate of a
T cell is intrinsically set and mediated by transcription regulators®. Early exhausted T cells
initially express TCF1'%, indicating still a self-renewing capacity, in the later stage Tbet is
prominently active'®". Terminally exhausted T cells show a loss of TCF1 and upregulated levels
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of the transcription factor Tox'%. Immune checkpoint molecules like CTLA-4, PD1, Tim3 and
Lag3 come up with early T cell activation and increase their expression along the lineage of
exhaustion'®. Checkpoint molecules are addressed by antigen presenting cells to prevent over-
activation, but also tumor cells express the respective ligands and thus dampen the anti-tumor
response’®1%, The blockade of the interaction with CTLA-4 and PD1 enhance and prolong the
anti-tumor activity of T cells'%'%,

In contrast to the exhausted subsets, the central memory compartment of CD8" CAR T cells is
reported to provide superior antitumor immunity'®. Cells being double negative for both,
CCR7 and CD45-RO are identified as being in an effector state, typically following initial antigen
encounter. The majority of activated cells are present in the effector memory compartment,
being single positive for CD45R0O™. The central memory T cells are assumed to be the long
term persisters and are positive for both, CCR7 and CD45RO. To optimize CAR T cell products,
researcher distinguished memory T cell subsets even further and described tissue resident
CART cells that are highly resistant to tumor-imposed dysfunction despite they exhibit
epicenetic characterisitcs of exhaustion'®. This highlights the close connection of activation or
functionality to exhaustion related markers, ongoing effort is made to identify further

candidates and broaden the knowledge on their roles and interactions.



1.6. VCAM1 shows enhanced gene activity and upregulated RNA levels in
CD8" TILs with terminal exhaustion signature

In order to identify genes that regulate tumor responsive T cells our colleagues performed the
"assay for transposase accessible chromatin using sequencing” (ATAC-seq) on CD8* tumor
infiltrating lymphocytes (TILs) of different solid tumor entities''.

Common signatures for genes that correlate with different T cell states were applied for cluster
identification (Figure 4A). Enhances gene activity of VCAM1 also translated to increased mRNA
levels of VCAM1 in terminal exhausted TILs (Figure 4B). Treatment with anti-PD1 checkpoint

blockade drives the TIL gene activity towards a terminal exhausted cell state (Figure 4C).
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Figure 4: Single-cell ATAC-seq identifies VCAMT gene activity in terminal exhaustion clusters of primary
human CD8* TILs. A) UMAP clusters of 21466 single-cell chromatin profiles of CD8* T cells from tumor and control
tissues. Every dot represents one cell. B) Normalized mRNA expression of VCAMT in TIL clusters as shown in A).

C) Distribution of T cells taken from biopsies pre- or post-immunotherapy (aPD1 checkpoint blockade) in basal cell
carcinoma samples. D) UMAP of VCAMT gene activity with supervised dysfunction trajectory from pre-Tex towards
term-Tex. E) UMAP of per-cell gene activity of marker genes of interest. F) Heatmap of Z score normalized gene
activities of selected markers over the TIL core clusters. Figure adapted from Riegel et. al with additional data
provided by Dania Riegel and Christian Schmidl.



Interestingly we observed the gene activity of VCAM1 to increase in clusters along with an
increasing exhaustion signature, being the highest in terminal exhausted T cells (Figure 4D).
Following the supervised pseudotime trajectory of increasing T cell dysfunction, the gene
activity of VCAM1 increases along with the exhaustion markers encoding for (PDCD1; CD279),
Tim3 (HAVCR2; CD366) and Lag3 (CD223) and transcription regulators related to exhaustion
like Tox, Tbet and IRF4 (Figure E&F). In the VCAM1"9" clusters low gene activity encoding for
activation related proteins like FAS and NFATC2 was found.

In contrast, effector-memory T cells with a high anti-tumor activity and proliferative
capacity'"? show low levels of VCAM1. Their genetic signature contains naive like markers
such as CCR7 and CD62L/SELL which are present in cluster 4. The findings suggest a strong

correlation between the gene activity of VCAM1 and T cell exhaustion.
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1.7. VCAM1 expressed by activated CD8+ T cells - proposing a non-canonical
role of VCAM1

The common concept states that “enhancing binding interactions between T cells and tumor
cells may yield improved responses in solid tumours”'". However tight adhesion can hinder
repetitive killing and further induce T cell exhaustion”®'™*. Ongoing effort is made to identify
drivers of T cell exhaustion, that can potentially be addressed to enhance CAR T cell efficacy as

in combined therapy with anti-PD1 checkpoint blockade®*.

Upregulation of the adhesion molecule VCAM1 was found by our colleagues in terminal
exhausted TlLs, in human tumor specimen''® and murine data sets confirmed these results'™'®,
Asides from these findings the expression of VCAM1 in T cells has not been reported in anti-
tumor immune response. The canonical role of VCAM1 on endothelial cells is characterized by
its binding capacity of lymphocytes.

The increase in gene activity and mRNA levels of VCAM1 in TILs opens the question of
relevance of VCAM1 expression by T cells in the context of solid tumor clearance. We addressed
the question in the context of anti-CEA CAR T cells and asked whether VCAM1 expression is
induced in CAR T cells upon contact to tumor cells and TCR stimulation.

We further aimed to modulate VCAM1 expression with shRNA mediated knockdown and
CRISPR/Cas9 mediated knockout to unravel the impact of VCAM1 on CART cell phenotype
development and effector functions.

Wit these studies we are aiming to establish whether CAR T cells can interact via VCAM1-VLA-4
with their target cells and whether this interaction potentially impacts the efficacy of anti-tumor

cell therapy.
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2. Materials

2.1. Chemicals and reagents

Table 1: Chemicals and reagents

Chemicals and reagents Company
ABTS Sigma-Aldrich
ABTS Buffer Sigma-Aldrich

AccuCheck Counting Beads

Invitrogen/Thermo Fisher Scientific

Ampicillin CalBiochem/Merck

Anti-Biotin MicroBeads Ultra Pure Miltenyi

Bacto-Agar Carl Roth

BSA Carl Roth

CellTrace™ Far Red Invitrogen/Thermo Fisher Scientific
CFSE BioLegend

CutSmart® Buffer New England Biolabs

DMSO Carl Roth

Fixable Viability Dye eFluor™ 780

eBioscience/Thermo Fisher Scientific

EDTA

GIBCO/Thermo Fisher Scientific

Ethanol

Carl Roth

Glyerin

CalBiochem/Merck

GolgiPlug™ (Brefeldin A)

BD Biosciences

GolgiStop™ (Monensin)

BD Biosciences

Imukin® (IFN-y standard)

Boehringer Ingelheim

IDTE (10 mM Tris, 0.1 mM EDTA)

Integrated DNA Technologies (IDT)

lonomycin

Calbiochem/Merck

Isopropanol Carl Roth
NaOH (1M) Sigma-Aldrich
Pancoll PAN-Biotech

Phorbol-12-myristate-13-acetate (PMA)

Calbiochem/Merck

PBS 10x

GIBCO/ Thermo Fisher Scientific

PElpro® Transfection Reagent

Polyplus transfection

Phusion HF Buffer

Thermo Fisher Scientific

PDL - Poly-D-lysine-hyrobromide

Sigma-Aldrich

Poly-L-Lysine

Sigma-Aldrich

Streptavidin-Peroxidase conjugate

Roche Diagnostics

TrueCut™ Cas9 Protein v2

Invitrogen/Thermo Fisher Scientific

Trypsin/EDTA

PAN-Biotech

Tween20

Merck
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2.2. Kits

Table 2: Kits used for bacterial work, DNA extreaction, CRISPR/Cas9 and FACS.

Kit (application)

Company

NucleBond® Xtra Midi Kit (DNA isolation of bacteria)

Macherey-Nagel

P3 Primary Cell 4D-Nucleofector™ X Kit S (CRISPR electroporation) Lonza

Transcription factor buffer set (intracellular flow cytometry) BD Pharmingen

QIAquick PCR purification kit

QIAGEN

2.3. Buffers & Solutions

Table 3: Buffers and solutions used for bacterial work, cell culture and ELISA.

Solution

Composition

ELISA blocking buffer

1x PBS, 1% BSA

ELISA blocking buffer-Tween

1x PBS, 1% BSA, 0.05% Tween®-20

ELISA coating buffer 0.1TM Na2HPO4, pH 9

FACS buffer

1x PBS, 0.5% FCS

LB agar

11 LB medium, 15 g Bacto Agar

LB medium

10 g/l tryptone, 5 g/l yeast extract, 10 g/l NaCl

MACS buffer

1x PBS, 0.5% FCS, 0.4% EDTA (0.5 M)

PBS/Tween (ELISA)

1x PBS, 0.1% Tween®-20

2.4. DNA preparation

2.4.1. PCR reagents

Table 4: PCR reagents for mutagenesis, Gibson assembly and sequencing.

Buffer

Company

BamHI (enzyme)

Thermo Fisher Scientific

CutSmart buffer

New England Biolabs

dNTPs

New England Biolabs

Dpnl (enzyme)

New England Biolabs

Gibson Assembly ® Master Mix

New England Biolabs

MasterMix Q5

New England Biolabs

Paul (enzyme)

Thermo Fisher Scientific

PhusionTM High-Fidelty DNA Polymerase

Thermo Fisher Scientific

Q5® High-Fidelity 2X Master Mix

New England Biolabs

Quick CP

New England Biolabs

Tango-buffer

Thermo Fisher Scientific
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2.4.2. Primer

Table 5: Primers used for mutagenesis, Gibson assembly and sequecing.

Primer ID target (function) sequence

1666 lgG-Fc (fw sequencing)  CAAAGCCAAAGGGCAGC

1782 4-1BB (fw mutagenesis) GGGCTGAAAGAAACTCCTGTAT

1783 4-1BB (rv mutagenesis) CTTTCAGCCCCGTTTCCTG

1784 CD3 (rv mutagenesis) AGAGTGTAGTTCAGCAGGAGC

1785 CD3 (fw mutagenesis) GAACTACACTCTCAGCAGTTCG

1786 IgG (fw Gibson) AGGTGGAGATCAAAGTG

1787 IgG (rv Gibson) ACTCTCAGCCTGACACAGAAGAAGA
1788 CD3 (fw Gibson) TGTGTCAGGCTGAGAGTGAAGTTCAGCA
1789 CD3 (rv Gibson) CTCGGGGAGCAGAAG

2.5. Bacterial strains & culture medium

For amplification of plasmids the bacterial strain E.Coli DH5a (Woodcock et al., 1989) was used,
Genotype: F-, end A1, hsd R17 (rk-, mk-), sup E44, thi-1, lambda-, rec A1, gyr A96, ® 80 d lacZ
d M15.
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2.6. Plasmid vectors

The shRNA sequences were added at the 3’ end of the CAR constructs, embedded in the

modified miR-30 backbone®"8

Table 6: Plasmids that were used for retroviral CAR transduction. All expression cassettes were inserted to the
pBullet vector plasmid. For unpublished expression cassettes, sequences with annotations are shown in the appendix.

ID Plasmid Characteristics/Reference
#392 pCOLT-GALV helper plasmid for transduction,
containing the gibbon ape leukemia virus
envelope (GALV env) protein (Weijtens et
al., 1998)'19
#393 pHIT 60 helper plasmid for transduction,
containing Moloney murine leukemia
virus (M-MulV) proteins gag and pol
(Weijtens et al., 1998)""
#607 pBullet_Lk_BW431/26scFv_lgG1Fc- expression cassette of the CD28 anti-CEA
CD28TM_CD28_CD3( CAR (Hombach et al., 2001)'
#908 pBullet_Lk_BW431/26scFv_lgG1Fc- expression cassette of the 4-1BB anti-CEA
CD4TM_41BB_CD3C CAR (Hombach et al., 2011)'%°
#2181  pBullet_Lk_BW431/26scFv_IgG1Fc- expression cassette for the 4-1BB anti-
CD4TM_41BB_CD3C{ _mir30_shVCAM1-A CEA CAR with shRNA targeting exon 2 of
VCAM1
#2182 pBullet_Lk_BW431/26scFv_IgG1Fc- expression cassette for the 4-1BB anti-
CD4TM _41BB_CD3C _mir30_shVCAM1-B CEA CAR with shRNA targeting early exon
3 of VCAM1
#2193  pBullet_Lk_BW431/26scFv_IgG1Fc- expression cassette for the 4-1BB anti-
CD4TM_41BB_CD3C _mir30_shVCAM1-C CEA CAR with shRNA targeting early exon
3 of VCAM1
#2210 pBullet_Lk_BW431/26scFv_IgG1Fc- expression cassette for the 4-1BB anti-
CD4TM_41BB_CD3{ _mir30_shKanamycin CEA CAR with control shRNA targeting
kanamycin
#2602  pBullet_Lk-BW431/26scFv_CD8hinge- expression cassette for the 4-1BB anti-
CD8TM_41BB_CD3z CEA CAR with CD8 hinge and
transmembrane domain (built by Sin-Syue
Lee)
#2737  pBullet_Lk_BW431/26scFv_IgG1Fc- expression cassette for the 4-1BB anti-
CD4TM_41BB CEA CAR without primary signaling
domain
#2738 pBullet_Lk_BW431/26scFv_IgG1Fc- expression cassette for the 4-1BB anti-
CD4TM_CD3zeta CEA CAR without co-stimulatory domain
#2739  pBullet_Lk_BW431/26scFv_IgG1Fc_CD4TM  expression cassette for the 4-1BB anti-

CEA CAR without signaling domains
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2.7. CRISPR/Cas9 RNA

Table 7: crRNAs and tracrRNA used for CRISPR/Cas9, the sequences are shown in Table 12.

RNA Company

Alt-R® CRISPR-Cas9 tracrRNA Integrated DNA Technologies (IDT)
Alt-R® Cas9 Negative Control crRNA #1 Integrated DNA Technologies (IDT)
Alt-R® CRISPR-Cas9 crRNA,Hs.Cas9.VCAM1.1.AC Integrated DNA Technologies (IDT)
Alt-R® CRISPR-Cas9 crRNA,Hs.Cas9.VCAM1.1.AD Integrated DNA Technologies (IDT)
Alt-R® CRISPR-Cas9 crRNA,Hs.Cas9.VCAM1.1.AF Integrated DNA Technologies (IDT)

2.8. Cell culture

2.8.1. Cell culture medium and supplements

Table 8: Media and supplements used for cell culture.

Product Company

D-MEM, High Glucose, GlutaMAX™supplement GIBCO/ThermoFisher Scientific
FCS (heat-Inactivated 56°C, 30 minutes) PAN-Biotech GmbH

HEPES GIBCO/ThermofFisher Scientific
PenStrep PAN-Biotech GmbH

RPMI1640 GlutaMAX™supplement GIBCO/ThermofFisher Scientific

2.8.2. Cell lines & primary cells

Primary human PBMCs were provided by the University Hospital Regensburg and permission
was obtained (Ethics vote no. 21-2224-101).

Table 9: Cell lines

Cell line characteristics Reference

BXPC-3 human pancreatic adenocarcinoma (Tan et al., 1986)"*"
(ATCC CRL-1687)

BXPC-3-GFP* BXPC-3 cell lines engineered to express GFP
with plasmid #1795 - pQCX-eGFP

HaCaT human epidermal keratinocytes (Boukamp et al., 1988)'%

HEK293T human embryonic kidney (DuBridge et al., 1987)'2
(ATCC CRL-3216™)
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2.9. Antibodies

Table 10: Antibodies used for cell culture, ELISA, FACS, MACS, microscopy and zMovi.

Antibody Clone Company Dilution application
Anti-human IFN-y (Biotin) 4S.B3 BD Pharmingen 1:1000  ELISA detection
Anti-human IFN-y NIB42 BD Pharmingen 1:1000  ELISA coating
CCR7 (APQ) 2-L1-A BD Pharmingen 1:40 FACS
CD4 (BV421) SK3 BioLegend 1:80 FACS
CD8 (BUV805) SK1 BD Horizon 1:80 FACS
CD8 (BV605) SK1 BioLegend 1:40 FACS
CD8 (FITC) BW135/80 Mitlenyi 1:80 FACS
CD25 (PE-Cy7) BC96 BioLegend 1:30 FACS
CD29 (integrin B1; APC) TS2/16 BioLegend 1:30 FACS
CD45-RO (BV605) UCHL1 BD Pharmingen 1:40 FACS
CD49d (integrin o4; PE) 9F10 BioLegend 1:30 FACS
CD66abce (CEA; APC-Vio770)  TET2 Miltenyi 1:40 FACS
CD69 (BV421) FN50 BioLegend 1:30 FACS
CD106 (VCAMT; APC) STA BioLegend 1:30 FACS
CD106 (VCAMT; BV421) STA BioLegend 1:30 FACS
CD107a (LAMP1; FITC) H4A3 BD Pharmingen 1:4 FACS
CD279 (PD1; APQC) EH12.2H7  BiolLegend 1:80 FACS
CD366 (Tim3; BB700) 7D3 BD Pharmingen 1:40 FACS
CD223 (Lag3; BV786) 11C3C65 BioLegend 1:40 FACS
Granzyme (PE) N4TL33 eBioscience 1:20 FACS
higG F(ab’) (Biotin) Polyclonal  SouthernBiotech 1:25 MACS
higG F(ab") (FITC) Polyclonal  SouthernBiotech 1:400 FACS
higG F(ab’) (PE) Polyclonal  SouthernBiotech 1:400 FACS
Natalizumab HY-108831 MedChem Express 1:666 zMovi
Perforin (BV421) 5G9 BD Pharmingen 1:20 FACS
TransAct (CD3/CD28) Miltenyi Biotec 1:100 Cell culture
(activation)
Ultra-LEAF™ Purified anti- OKT3 BioLegend 1:25,000 Cell culture
human CD3 (activation)
Ultra-LEAF™ Purified anti- CD28.2 BioLegend 1:50,000 Cell culture
human CD28 (activation)
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2.10. Software

Table 11: Software used for data generation, visualization and analysis.

Software

Company

Biorender

SaaS Man (Science Suit Inc.)

FlowJo 10.10.0

Becton, Dickinson & Company (BD)

GraphPad Prism 10.2.1_1

GraphPad Software

Imaris 9.9.1

Oxford Instruments

IncuCyte 2021C

Essen BioScience

Leica Application Suite X 4.5.0.25531

Leica MICROSYSTEMS

Microsoft 365 Apps for Business

Microsoft

Oceon 1.54

Lumicks

SnapGene 7.2.1

GSL Biotech LLC

Zotero 6.9.36

Digital Scholar
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3. Methods

Laboratory work was performed at the Leibniz Institute for Immunotherapy (LIT) in Regensburg,

previously designated as the Regensburg Center for Interventional Immunology (RCI).

3.1. Bacterial work

3.1.1. Heat shock transformation.

Escherichia coli (E. coli) DH5a competent cells (stored at -80°C) were defrosted on ice and
1-100 ng plasmid/DNA was added. Plasmid DNA and bacteria mix were heat-pulsed at
42°C for 90 s then immediately cooled on ice for 2 min. The bacteria were incubated in
900 pl LB medium (without antibiotic) at 37°C, shaking at 200 rpm for 60 min. The
suspension was then centrifuged 5 min at 5000 g, resuspended in 100 pl LB medium
containing ampicillin and spread on a LB-agar plate and stored at 37°C overnight for

antibiotic selection.

3.1.2. Bacterial culture and expansion

One colony of the LB-agar plate of the heat shock transformation or plasmid-wearing
bacteria of a glycerol stock were added to 5 ml LB medium with 100 pg/ml ampicillin.
Bacteria were cultured for 8h at 37°C and shaking at 200 rpm. For long term storage, 700 pl
bacteria culture was mixed with 300 ul of 87% (v/v) glycerol and stored at -80°C.
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3.2. DNA preparation
Plasmid DNA was prepared for retroviral transduction of the CAR in T cells.

3.2.1. Plasmid design

Constructs #2181, #2182 and #2193 were designed with Snapgene 7.2.1. and plasmid DNA
ordered with Genscript. Plasmid DNA was dissolved to 10 ng/ul and stored at -20°C or used

for heat schock transformation, as described above.

3.2.2. Plasmid isolation

For plasmid DNA isolation of bacteria, the “NucleBond ® Xtra Midi Kit" (Macherey Nagel GmbH)
was used.

100 ml of plasmid waring LB-bacterial culture was centrifuged 5 min at 8000 g and the
supernatant was discarded. The pellet was resuspended with 8 ml RES-buffer. Lysis was induced
with addition and inverting of 8 ml LYS-buffer. After 5 min incubation at room temperature the
reaction was stopped with adding 8 ml NEU-buffer. The lysate was loaded onto an equilibrated
column and topped up with 5 ml EQU-buffer. Sample DNA was eluted with 5 ml ELU-buffer.
The DNA was precipitated with 3 ml isopropanol and centrifugated at 4°C for 45 min at 4500
g. DNA was washed with 2 ml 70 % ethanol and dried over night. Finally, the plasmid DNA was
diluted in sterile H2Odd and stored at -20°C.

DNA concentration was measured with the NanoDrop™1000 spectrophotometer (Thermo
Fisher Scientific) in 1ul at a wavelength of 260 nm. O.D. ratio is calculated with additional

Protein measurement at 280 nm. Purity is given by an O.D. ratio (260nm/280nm) of 1.8.

3.2.3. Mutagenesis - STOP codon insertion

Constructs #2737 was achieved by mutagenesis of #908 with primer 1784 and 1785, adding a
stop codon in the start region of CD3(. Constructs #2739 was achieved by mutagenesis of #908
with primer 1782 and 1783, adding a stop codon in the start region of 4-1BB.

For the PCR a master mix with 29 ul H,O, 10 yl Phusion HF Buffer, 5 pl dNTPs, 2.5 ul of each
primer, 0,5 pg template DNA and 0.5 pl Phuson High Fidelty DNA Polymerase. PCR reaction
was started with 30 s at 98°C followed by 35 cycles with 10 s at 98°C — 30 s at 63.5°C — 4 min
at 72°C and ended with 10 min at 72°C. For cleanup of the PCR product the QIAquick PCR

Purification Kit was used.
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3.2.4. Gibson assembly

For #2738 Gibson assembly was done, to remove the 4-1BB domain.

Digest was done with 27 pl H,O, 2 ul BamHI, 1 ul Paul, 8 pl Tango-buffer with 2 ug #908 DNA
over night. For 5" dephosphorylation the vector digest was incubated with 3 pl H>O, 2 ul Quick
CIP and 5 pl CutSmart buffer for 1 h at 37°C. Inserts were amplified in a PCR mixture containing
9.5 pl H20, 12.5 pl MasterMix Q5, 5 ng #908 DNA and 1.25 pl of two primers (for fragment1:
1786 and for fragment2: 1787, or 1788 and 1789). PCR reaction was started with 30 s at 98°C
followed by 35 cycles with 10 s at 98°C — 30 s at 58°C — 30 s at 72°C and ended with 120 sec at
72°C. For cleanup of the PCR product the QIAquick PCR Purification Kit was used.

For the Gibson assembly 50 ng of the vector with 3x molar excess of the insert was added to a
mixture containing 7.95 ul H2O, 10 ul Gibson Assembly MasterMix, 0.92 pl vector digest and
0.57 pl fragment1, 0.56 pl fragment2 and incubated for 1 h at 50°C.

3.2.5. Sequencing

Sequencing of plasmid DNA was done to test the integrity of cloned plasmids. 12 pl plasmid
DNA (100 ng/pl) and 20 pl (19 ng/ul) primer 1666 was sent to Microsynth for sequencing.
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3.3. Cell culture

The culture conditions in the cell culture incubator had a humidified atmosphere (~95%)
with 5% CO2z at 37°C. Cell culture work was carried out in a Biosafety Level S2 laboratory

using a laminar flow hood (Class II).

3.3.1. Cell culture of adherent cells

Adherent cells (BXPC-3, HEK293T, HaCaT) were cultured in GlutaMAX™ containing DMEM,
supplemented with 10 % FCS, 10 mg/ml streptomycin and 10,000 U/ml penicillin.

For passaging the medium was removed from the flask containing the cells and washed with
1x PBM. 3 ml Trypsin/EDTA was added and incubated at 37°C for 5-10 min. 7 ml fresh culture
medium was added to stop trypsinization. Cells were centrifuged in a falcon at 400 g for 5 min.
The supernatant was discarded, and cells resuspended in fresh medium. Cells were transferred

back to the flask in a ratio 1:4 — 1:20 depending on the growth characteristics of the cell line.

3.3.2. Isolation of human peripheral blood mononuclear cells (PBMCs)

Human PBMCs were isolated from fresh blood of healthy donors, provided by the
“Transfusionsmedizin” department of the Universitatsklinikum Regensburg through a ficoll
gradient using Pancoll (PAN Biotech). T cells were activated with 1000U/ml IL2 and 200ng/ml
activating CD3 and activating 50ng/ml CD28 antibodies for two days and then used for
transduction or further cultivated in 200 U/ml IL2.

3.3.3. Cell culture of primary human PBMCs

Suspension cells (PBMCs) were cultivated in GlutaMAX™ containing RPMI1640, supplemented
with 10 % FCS, 1 M HEPES, 10 mg/ml streptomycin and 10,000 U/ml penicillin.

For passaging cells were transferred to a falcon and centrifuged at 300 g for 5 min. The
supernatant was discarded, and the cells resuspended in fresh culture medium to a density of
0.5 — 1x10° cells/ml. T cells were stimulated with 200 — 400 U/ml IL2 if not indicated else.

For long term storage ~10x10° cells were frozen in 70 % FCS + 20 % DMEM + 10 % DMSO at
-80°C. For defrosting cells were resuspended in 1 ml prewarmed culture medium and
immediately transferred to 10 ml prewarmed medium, centrifuged at 300 g for 5 min,

supernatant was discarded and cells resuspended and transferred to a culture flask.
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3.4. CART cell production

The production of CAR T cells with and without VCAM1 modification took one week (Figure 5).

On day one primary human PBMCs from healthy donors are isolated and activated.

Retroviral transduction of the CAR by spinfection was performed on two subsequent days. The
transduced CART cells were enriched by magnetic cell separation (MACS) on day five. For
CRISPR/Cas9 mediated VCAM1 knockout the CART cells were rested for 3h before
electroporation of the targeting guide RNA complex on the same day. After successful
transduction the CAR T cells were expanded with 200 - 400 U/ml IL2 for two days. At day eight
T cells were analyzed, after resting the cells in fresh medium for 5h stimulation or co-culture

was started.

d1 d2 d3 d4 ds dé d7 ds
[ | | | | | | | 4
] | _ , | | _ -
PBMC retroviral transduction MACS expansion
isolation CRISPR

Figure 5: Timeline of the CAR T cell production and VCAMT1 modification process.

3.4.1. Co-transfection of HEK293T cells

One day before transfection 2.5x10° HEK293T cells were seeded in 10ml DMEM-culture
medium. On the day of transfection medium was replaced with 10 ml un-supplemented
RPMI1640. 10 pg plasmid DNA was added with 5 pg of each helper plasmid #392 and #393 to
a total volume of 500 pl un-supplemented RPMI1640. 20 pl of the transfection agent PElpro®
(Polyplus) was added, the mixture was vortexed and incubated for 15 min at room temperature.
After incubation the DNA/transfection reagent mixture was added dropwise to the HEK293T

cells and incubated over night in the cell culture incubator.

3.4.2. Retroviral transduction of human T cells

5x10° T cells were centrifuged at 300 g for 5 min and resuspended in the 10 ml virus-containing
supernatant of the co-transfection, 10% FCS and 200 U/ml IL2 were added to the T cells. The
T cells were transferred to a closable cell culture flask, which had been coated with
poly-D -lysine (10 pg/ml in 2ml H2O44). The T cells were centrifuged in the flask at 1600 g for
1 h at 32°C After the centrifugation cells were incubated for 24 h in the cell culture incubator.
10 ml fresh RPMI1640 with supplements was added to the HEK293T cells for another over night
incubation.

The next day the procedure was repeated with the fresh produced virus supernatant.
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3.4.3. Magnetic cell separation (MACS®)

For enrichment of the CAR positive T cells magnetic cell separation (MACS®) was performed.
Transduced T cells were washed with 1xPBS and ~15x10° T cells resuspended in 80 ul MACS
buffer incubated with 3.5 pl biotin conjugated higG F(ab’) antibody (Southern Biotech) for
10 min at 4°C. T cells were washed two times by adding 2 ml MACS buffer and centrifugation
at 300 g for 5 min at 4°C. T cells were resuspended in 80 pul MACS buffer and incubated with
20 yl anti-Biotin MicroBeads UltraPure (Miltenyi) for 15 min at 4°C. Cells were washed by
adding 2 ml MACS buffer and centrifugation at 300 g for 5 min at 4°C and resuspended in 500
ul MACS buffer. Cells were loaded on a pre-separation filter on an equilibrated MACS column
onto a magnetic holder and allowed to flow through. The column was washed three times with
500 ul MACS buffer. The column was removed from the magnetic holder and placed to a fresh
falcon and for elution of the CAR positive cells 1 ml supplemented RPMI1640 was added to the

column and pressed through with the corresponding plunger.

3.4.4. CRISPR/Cas9 mediated VCAM1 knockout

After MACS enrichment cells were allowed to rest for 4 h in the incubator. For CRISPR/Cas9
1.5x10° CAR T cells were used per condition. The laminar flow hood was cleaned with RNAse
ZAP before usage

TracrRNA and crRNAs (by Integrated DNA Technologies) were diluted to 200 uM in IDTE buffer.
Each crRNA was mixed 1:1 with tracrRNA for stabilization. The resulting guide RNA (gRNA) was
incubated for 5 min at 95°C in a Thermo Cycler and afterwards cooled down at room
temperature. Per condition 6 pul gRNA was mixed with 2.4 pl TrueCut Cas9 (Thermo Fisher
Scientific) and incubated for 20 min at room temperature, if two gRNAs were mixed 3 pul of
each was used respectively. T cells were centrifuged at 300 g for 5 min and supernatant
pipetted of, cells were resuspended in 500 pl IDTE buffer and centrifuged again. Supernatant
was pipetted off entirely, cells were resuspended in 13,2 ul Buffer P3 with 3,8 pl supplement
(Lonza). Cas9-gRNA complex was added and cells transferred to a Nucleocuvette™ (Lonza), for
electroporation with program CA137 at the 4D-Nucleofector™ (Lonza). After electroporation
cells were topped with 100 pl unsupplemented RPMI1640 an rested for 10 min. Then cells were
transferred to prewarmed supplemented RPMI1640 at a density of 0.5x10° cells/ml with
400 U/ml IL2.
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3.5. Flow cytometry

For analysis by flow cytometry 1-3x10° cells were stained. Data were gated on living, singulet
lymphocytes if not indicated else according to Figure 6. Cells were transferred to a round
bottom plate and washed with 200 pl 1x PBS. For surface staining the pellet was resuspended
in 80 ul 1x PBS with the respective staining antibodies at suitable concentrations (Table 10) in
a master mix and incubated for 15 min at 4°C. Cells were washed another two times before
resuspension in 200 ul FACS buffer and transfer to FACS tubes for measurement. Data were

analyzed with the FlowJo 10.10.0 software.
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Figure 6: Gating strategy for flow cytometry data by in the FlowJo 10.10.0 software.
If not indicated else, cells were gated on living — singulet — lymphocytes.

3.5.1. Detection of VCAM1 induction or knockdown/knockout

For measurement of VCAM1 induction and VCAM1 knockdown/knockout T cells were stained
with a master mix containing Fixable Viability Dye eFluor™ 780, higG F(ab’) (PE), VCAM1 (APC),
CD4 (BV421) and CD8 (BV605). Expression was measured at the FACSLyric™ (BD).

1.1.1. Detection of VLA-4

For measurement of the CD29 and CD49d, T cells were stained with a master mix, containing
CD29 (APC), CD49d (PE) and CD66abce (APC-Vio770). Expression was measured at the FACSLyric™
(BD). For adherent cell lines the first gate was set on the cell population and further subgated to

single cells.

1.1.2. Detection of activation markers CD25/CD69

For measurement of the activation markers CD25 and CD69, T cells were stained with a master
mix containing Fixable Viability Dye eFluor™ 780, CD8 (FITC), CD25 (PE-Cy7), CD69 (BV421) and
VCAM1 (APC). Expression was measured at the FACSLyric™ (BD).
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1.1.3. Detection of exhaustion markers PD1/Tim3/Lag3

For measurement of the memory phenotype, T cells were stained with a master mix containing
Fixable Viability Dye eFluor™ 780, CD8 (BUV805), higG F(ab") (FITC), VCAM1 (BV421), PD1 (APQ),
Lag3 (BV786), Tim3 (BB700) and CD45RO (BV605). Expression was measured at the FACSymphony™
(BD).

1.1.4. Detection of the memory phenotype

For measurement of the memory phenotype, T cells were stained with a master mix containing
Fixable Viability Dye eFluor™ 780, CD8 (FITC), higG F(ab’) (PE), VCAM1 (BV421), CCR7 (APC),
CD45R0 (BV605). Expression was measured at the FACSymphony™ (BD).

1.1.5. Detection of CD107a

For measurement of CD107a (LAMP1), T cells were spun down and 100 ul supplemented
RPMI1640 containing 1:1500 Golgiplug and 1:1000 Golgistop was added and CD107a (FITC)
was added and incubated for 5 h in the cell culture incubator. T cells were spun down at 400 g
for 5 min and washed twice with 1x PBS. Cells were stained with a master mix containing Fixable
Viability Dye eFluor™ 780, CD4 (BV421), CD8 (BV605), and VCAM1 (APC). Expression was measured
at the FACSLyric™ (BD).

1.1.6. Detection of Granzyme B/Perforin

For measurement of granzyme B and perforin, T cells were spun down and 100 pl
supplemented RPMI1640 containing 1:1500 Golgiplug and 1:1000 Golgistop was added for 5 h
incubation in the cell culture incubator. T cells were spun down at 400 g for 5 min and washed
twice with 1x PBS. Cells were stained with a master mix containing Fixable Viability Dye eFluor™
780, CD8 (BUV805), higG F(ab’) (FITC), and VCAM1 (APC). T cells were spun down and washed two
times with 1x PBS. Cells were fixated with the Transcription Factor Buffer Set (BD Pharmingen)
according to the manufacturers protocol. Cells were washed with Perm-wash-buffer of the Set and
cells stained with a master mix in 80 pl perm-wash buffer containing granzyme B (PE) and perforin
(BV421) for 45 min at 4°C. Cells were washed two times with Perm-wash-buffer. Expression was

measured at the FACSymphony™ (BD).
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1.2. Enzyme linked immunosorbent assay (ELISA)

To measure secreted cytokines, 0.05x10° T cells were 1:1 co-cultivated with BXPC-3 cells for
48 h and cell culture supernatant was collected. MaxiSorpTM microtiter plates were coated
with the IFNy capture antibody in ELISA coating buffer over night at 4°C. Coating was discarded
and 200 pl ELISA blocking buffer added per well for 2 h incubation at room temperature
shaking at 300 rpm. Blocking buffer was discarded and plates washed three times with
PBS/Tween. Imukin® was added in 12 step serial dilution in 50 pl 1x PBS to the plate and 50 pl
sample supernatants were added. Cells were covered to protect from evaporation and
incubated over night at 4°C. Sample were discarded and plates washed four times with
PBS/Tween. IFNy detection antibody was added in 200 pl ELISA blocking buffer-Tween
(BB-Tween) per well and incubated for 1 h at room temperature, shaking at 300 rpm. Plates
were washed four times with PBS/Tween. 1 pl streptavidin-POD was diluted in 10 ml BB-Tween
and 50 pl added per well for incubated for 30 min at room temperature, shaking at 300 rpm.
Solution was discarded and plates were washed four times with PBS/Tween. 50 uyl ABTS solution
(10 mg/ml in 1 ml ABTS buffer and 9 ml H,Oq44) was added per well. Signal was detected at
405 nm absorption (1-ref 405 — 490 nm) with the TECAN Spark 20M Microplate Reader after
30/60/90 min.

1.3. Incucyte cytotoxicity

0.1x10° T cells were co-cultivated 1:1 BXPC-3-GPF* tumor cells for four days in the Incucyte
SX5® device at 37°C and 5 % CO.,. Every two hours the device acquired images that were
analysed for GFP signal in the IncuCyte 2021C software, counting for green positive events over

time.
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1.4. Rechallenge assay

0.1x10° T cells were co-cultivated 1:1 with BXPC-3-GPF* cells in 12-well plates for 3 days. T cells
and the entire supernatant were transferred to falcons, 1 ml 1x PBS was added to the wells and
transferred to the respective falcon. 500 pl Trypsin/EDTA was added per well and incubated for
10 min at 37°C, to stop the reaction 1 ml supplemented RPMI1640 was added, and all
transferred to the respective falcon. The cell-suspension was centrifuged at 400 g for 5 min
and supernatant was removed. Cells were resuspended in 1T ml supplemented RPMI1640. 900 pll
of the cell-suspension was on 0.1x106 BXPC-3-GFP+ cells, that have been plated the day
before.

The remaining 100 pl were taken for flow cytometry analysis. Therefore, cells were stained with
a master mix containing eFluorTM 780, CD4 (PerCP-Cy5.5), CD8 (BV421), higG F(ab’) (AF647)
for 15 min at 4°C and washed two times with 1x PBS. Cells were resuspended in 220 ul FACS
buffer and 200 ul transferred to FACS tubes. Directly before measurement 10 pl
AccuCheck Counting Beads were added per FACS tube. Expression was measured at the

FACSLyrics™ (BD). The procedure was repeated after 3 to four days for 4 rounds.
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1.5. Cell avidity - zMovi

For measurement of avidity monolayers with BXPC-3 or HaCaT cells were seeded. Chips were
activated and coated the days before the measurement. On the day of experiment Chips were
coated with 50 pl Poly-L-Lysine (1:5 in 1x PBS) for 15 min at room temperature. For monolayer
seeding 40x10° cells/ml were added in supplemented RPMI1640 to the reservoir of the chip
and flushed in and allowed to settle for 2 min. If needed the monolayer was enriched with
flushing in cells for a second time. Reservoir was washed and the chips incubated at a 37°C dry
chamber for 3 h. Tcells were spun down and stained in 250 ul for CellTrace™ Far Red
(1:1000 in 1x PBS) for 15 min at 37°C, reaction was stopped with adding 1 ml supplemented
RPMI1640 and incubated for 5 min before washing two times with RPMI1640. 10 ul of
10x10°8T cells/ml were transferred to the reservoir of the chip and flushed in. After 5 min
incubation of the T cells on the monolayer, zMovi analysis was started (acoustic force ramp,

increasing incrementally at 10 pN/sec). Analysis was done with the Ocean 1.5.4 software.

1.6. Confocal microscopy

For microscopic analysis 0.15x10° BXPC-3 cells were seeded to u-Slides 8 well (ibidi). For CFSE
staining of BXPC-3 cells were washed in 1x PBS and stained in 500 pl with CFSE (1:1000 in
1x PBS) for 15 min at 37°C, reaction was stopped with adding 1 ml supplemented RPMI1640
and incubated for 5 min before washing two times with RPMI1640 before seeding.

T cells were stained with CellTrace™ Far Red as described above. For staining with VCAM1
(BV421) and higG F(ab’) (FITC), T cells were resuspended in 80 pl and respective antibodies
were added and incubated for 10 min at 4°C, cells were washed once with 1x PBS, before being
transferred to the p-Slides for imaging at the STELLARIS 8 confocal microscope (Leica). Signal
intensities were adjusted to single stain controls. T cell objects were generated based on the
Celltrace Far Red signal and BXPC-3 objects were generated based on the CFSE signal with the

Imaris 9.9.1 software.

1.7. Statistical analysis

Statistics were calculated as indicated with GraphPad Prism version 10.0.2(232).
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2. Results

2.1. VCAM1 is upregulated in CD8+ CAR T cells upon stimulation

VCAMT1 is known to be expressed by activated endothelial cells and to bind to VLA-4 on T cells.
Since tumor infiltrating lymphocytes were found to show a high gene activity score in terminal
exhausted clusters''®, we asked whether CAR T cells can also express VCAM1 upon appropriate

stimulation.

Human T cells were engineered to express the anti-CEA CAR with the BW431-26 scFv as
antigen recognition domain and either CD28-CD3( (#607) or 4-1BB-CD3C (#908) signaling
domains (Figure 8A). Untransduced T cells and anti-CEA CAR T cells (#908) were incubated with
CEA* BXPC-3 tumor cells or stimulated through agonistic CD3/CD28 antibodies or

PMA/ionomycin respectively and VCAM1 expression was measured by flow cytometry.
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Figure 7: CAR T cells but not untransduced T cells express VCAM1 upon stimulation. A) 0.1x10° T cells were
stimulated for 3 days with 1:100 Transact, containing activating CD3/CD28 antibodies or 0.05 ug/ml Phorbol-
12myristate-13acetate (PMA) and 0.05 ug/ml lonomycin (lono) or in 2:1 co-culture with CEA* BXPC-3 tumor cells.
VCAMT1 expression was measured by flow cytometry, gated on CD8* cells. Histograms of one representative donor
are shown. B) The CAR T cells stimulated in co-culture with BXPC-3 cells were analyzed with separate gates, set on
high and low CD8*CAR* cells to indicate MFI dependent VCAMT expression.

CAR T cells upregulate VCAM1 on their surface, upon stimulation with activating CD3/CD28
antibodies, upon stimulation with PMA plus ionomycin and upon co-culture with the CEA™
BXPC-3 tumor cells respectively (Figure 7A). T cells without CAR express VCAM1 at very low
levels, with more than 90% of cells lacking VCAM1 expression, across all three tested
stimulatory conditions. T cells with high CAR expression also showed a high expression of
VCAM1, indicting a correlation of VCAM1 expression with the CAR level, indicated by the mean

fluorescence intensity (MFI) of CAR molecules on surface (Figure 7B).
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To further understand the role of different CAR activation stimuli and the kinetics of VCAM1
expression we compared the anti-CEA CAR with 4-1BB and CD28 co-stimulatory domains

(Figure 7A).
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Figure 8: 4-1BB CAR induced stronger VCAMT1 expression in CD8* T cells than the CD28 CAR. After
transduction of T cells with the respective CAR, T cells were rested for one day and then 0.05x10° cells co-cultivated
1:1 with BXPC-3 tumor cells for the indicated time. VCAMT expression on T cells was measured by flow cytometry.
A) Schematic structure of the CAR domains. B) & C) Histograms show VCAM1 expression of one representative donor.
In D) VCAM1 MFI and in E) VCAMT positive of CD8* T cells [%] are shown with mean and standard deviation of 2
donors.

In contrast to CD8" CAR T cells, the CD4" CAR T cells exhibited a marginal increase in VCAM1
expression (Figure 7B&QC).

CD8" T cells equipped with the anti-CEA CAR containing the 4-1BB co-stimulatory domain
show rapidly upregulation of VCAM1 within 12h and downregulation again after 62h (Figure
7B). In contrast CD8" CAR T cells with the CAR CD28 co-stimulatory domain have a delayed
onset of VCAM1 expression and show lower expression levels at maximum. The percentage of
cells upregulating VCAM1 is higher in the 4-1BB CAR T cells than in T cells with the CD28 CAR
(Figure 7E). This holds also true for the overall expression level per cell (Figure 7D).

Together these data show, that VCAM1 is expressed exclusively on CD8* CART cells upon
activation. The expression level is strongly dependent on the co-stimulatory domain of the
CAR.
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2.2. CAR signaling is required for enhanced VCAM1 induction in T cells

To address whether the enhanced VCAM1 expression depends on CAR signaling, we designed
anti-CEA CAR constructs with individual domains being exchanged or abrogated (Figure 9A)
and found all truncated CARs to be expressed on T cells (Figure 9B).

To discern whether the transduction process itself increases the VCAM1 expression, T cells were

"mock” transduced with the helper plasmids only, leaving out the transgene encoding plasmid.

Mock transduced T cells did not increase VCAM1 expression over the baseline expression level

of untransduced T cells after co-culture with BXPC-3 tumor cells (Figure 9C&D).
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Figure 9: VCAM1 expression is depended on intracellular CAR signaling domains. A) Construct design with
different CAR domains. Mock cells were transduced with helper plasmids only. B)-E) 0.1x10° T cells were co-cultivated
2:1 with BXPC-3 tumor cells for 2 days. VCAM1 expression was measured by flow cytometry. C) For CAR T cells the
last gate was set on CD8*CAR* cells, for untransduced and mock T cells the last gate was set on CD8* non-CAR cells.
D) Mean and standard deviation of VCAMT1 expression of 2 independent donors. For comparison of #2602 to #908
another set of donors was used, here VCAM1 expression was normalized to #908. E) Secreted IFNy concentration was
recorded in the co-culture supernatants by ELISA and plotted against the VCAMT1 expression and multiple linear

regression was calculated.

32



With deletion of the CD3( signaling and the co-stimulatory 4-1BB domain (construct #2739)
the ability to induce VCAM1 expression was lost in CD8" CAR T cells. Deletion of the CD3(
(#2737) or the 4-1BB co-stimulatory domain (#2738) of the CAR also reduced the expression
of VCAM1 on the T cells. We concluded that CAR signaling through the primary CD3C or the
co-stimulatory domain is required for VCAM1 induction.

To further validate whether the IgG1 hinge-CH2-CH3 region also contributes to the induction
of VCAM1 in #908 CAR T cells, a CAR differing by the CD8- hinge and transmembrane domain
(construct #2602) was tested. #2602 CAR T cells showed a similar expression of the CAR but a
lower geometric mean of VCAM1 expression than the #908 CAR T cells. This shows that the
CAR “spacer” and transmembrane domains also influence the VCAM1 expression, independent
of CAR signaling.

IFNy secretion of T cells with the different CARs was measured after 48h in the supernatant of
a co-culture with BXPC-3 tumor cells. T cell activation, indicated by IFNy release, increased with
VCAM1 expression, demonstrating a strong correlation of the expression of VCAM1 with the
IFNy release (Figure 9E).

We conclude that CAR signaling is required for VCAM1 induction and is the strongest with both
activation stimuli of CD3{ and 4-1BB together.
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2.3. Expression of the VCAM1 ligand VLA-4

For successful evaluation of the VCAM1 interaction of CAR T cells with target cells, we tested
for the crucial expression of suitable ligands on the target cells. Therefore, we analyzed the
surface expression of VLA-4, the major ligand of VCAM1 and CEA, the CAR targe antigen in the

human keratinocyte cell line HaCaT and the pancreatic adenocarcinoma cell line BXPC-3.

VLA-4, is a heterodimer composed of the integrins CD29 (integrin 1) and CD49d (integrin o4).
The BXPC-3 cell line showed high expression of CD29, whereas the expression of CD49d is low
(Figure 10). BXPC-3 cells exhibited a high expression level of CEA, the CAR target antigen.
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Figure 10: The VCAM1 ligand VLA-4 expression on HaCaT keratinocytes and on BXPC-3 tumor cells. Cells
were detached with incubation of 0.5 mM EDTA for 15 min. Expression of the CAR antigen CD66abce (CEA) and
expression of CD29 and CD49d integrins was measured by flow cytometry, gated on living singulet cells. As control
for CD29 and CD49d isotype staining on BXPC-3 cells was used and Hek293T cells as control for CEA and VCAM1
staining.
HaCaT cells are described to, express both VLA-4 integrins'?>'?*, The expression of high levels
of both CD29 and CD49d on HaCaT cells was confirmed. CEA is expression was found to low
levels on HaCaT cells. No VCAM1 expression was detected on BXPC-3 cells or on HaCaT cells.
We conclude that HaCaT cells are an ideal target cell line to measure VCAM1 dependend
binding properties, whereas BXPC-3 cells are ideal targets for anti-CEA CART cells in this
context, to record the interaction of T cell expressed VCAM1 with tumor cell expressed VLA-4

without interference of tumor cell expressed VCAM1.
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To gain information on the expression on the VCAM1 ligand expression in different T cell

compartments, the expression of CD29 and CD49d was measured on T cells in co-culture with

BXPC-3 tumor cells.
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Figure 11: VLA-4 is expressed on CD4* and CD8* T cells independent of VCAM1 expression. Expression on

T cells was measured after 48 h of 0.1x10° T cells in 2:1 co-culture with BXPC-3 tumor cells by flow cytometry,

A) gated on CD4* or CD8* T cells, B) gated on CD8* T cells with VCAM1* or VCAMT- fractions. Histograms are show
for one representative donor. FMO = fluorescence minus one.

In untransduced T cells CD4" cells expressed higher levels of CD29 than CD8" T cells (Figure

11A). Expression of CD29 increased in CART cells compared to untransduced T cells. The
CD49d expression was the same in CAR" and CAR' cells. Both, CD4" and CD8" CART cells
expressed CD29 and CD49d (Figure 11A&B) at the same level. The VLA-4 expression did not
differ between VCAM1* and VCAM1™ CAR T cells (Figure 11B).

Our findings reveal that both components of the VLA-4 heterodimer are present on CD4" and

CD8" T cells, facilitating interactions also in between T cells through the VCAM1 axis.
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2.4. VCAM1 knockdown and knockout in CAR T cells

2.4.1. shRNA mediated knockdown of VCAM1 in CAR T cells

To elucidate the role of VCAM1 in CAR T cell function, we used RNAI to differentially reduce
expression levels of VCAM1. To that end we incorporated the targeting shRNA into the
constructs, wearing the cDNA of the CAR (Figure 12A). The sequences that are transcribed to
the shRNA are given in Table 12.

Table 12: shRNA sequences for knockdown of VCAM1 and Kanamycin target as control. Sequences targeting

exon 1-3 of VCAMT were derived from the RNAi Consortium shRNA Library of BROAD Institute, and 1 nt was
added to reach a length of 22 nt per shRNA.

plasmid no. target source sequence

#2210 Kanamycin Zhao et al; Cancer Cell 2015  ATCACCATGAGTGACGACGTGA
#2181 VCAM1 — Exon2  GPP - Broad institute CCAGATAGATAGTCCACTGAAT
#2182 VCAM1 - Exon3  GPP - Broad institute GCTGGAGATAGACTTACTGAAA
#2193 VCAM1 - Exon3  GPP - Broad institute CGAGCTAAATTACACATTGATG
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Figure 12: VCAM1 knockdown with specific shRNA. A) Schematic structure of the construct with CAR and
integrated shRNA. B)-D) Expression on T cells was measured by flow cytometry after 48 h in 2:1 co-culture of 0.1x10°
T cells with antigen expressing BXPC-3 tumor cells. B) CAR expression on T cells and C) VCAMT expression of
CD8*CAR* T cells of one representative donor are shown. D) Summary of two donors showing the mean and standard
deviation of VCAMT expression.
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The kanamycin shRNA'> was used as control of irrelevant specificity (#2210). We tested three
different shRNAs targeting VCAM1 (#2181, #2182 & #2193) in comparison to the control
shRNA.

Since we observed maximal surface expression of VCAM1 after two days of stimulation with
tumor cells (Figure 7) we chose this time point for measurement of VCAM1 and the respective
knockdown (Figure 12B-D).

CARs of all constructs were expressed at similar levels on T cells (Figure 12B). Transduction with
the VCAM1 targeting shRNA reduced the VCAM1 level comparted to the non-targeting control
shRNA #2210 (Figure 12C&D). CAR T cell populations with VCAM1 targeting shRNA possess
10% less VCAM1* CAR T cells compared to the non-targeting control shRNA. VCAM1 specific
shRNA strongly reduced the VCAM1 expression per cell with a reduction of the MFI to
39 - 75 %. The lowest VCAM1 expression was recorded for the construct #2181 which contains
shRNA targeting exon two of VCAM1.

While the RNAiI mediated VCAM1 knockdown reduced the levels of VCAM1 in CAR T cells the
residual expression might impede the detection of VCAM1 dependent effect of CART cell

function. For this reason, we continued with CRISPR/Cas9 mediated knockdown.
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2.4.2. CRISPR/Cas9 mediated VCAM1 knockout in CAR T cells

In order to achieve a stronger reduction of VCAM1 expression we approached a complete
knockout of VCAM1 by CRISPR/Cas9 gene editing of the anti-CEA CAR T cells (#908).

The CRISPR guide RNAs targeted exons one to three of VCAM1 (Table 13). Different
combinations of two or three guide RNAs were tested for knockout efficiency (Figure 13A).
VCAM1 and CAR expression was measured five days after CRISPR/Cas9 electroporation (Figure
13A-E). All tested guide RNA combinations reduced VCAM1 expression to a similar level.
However the guide combination VCAM-C+F had the highest on- and off target score ratio
according to the manufacturer (Table 13) and was therefore used in the following experiments,
designated as "CRISPR-VCAM1".

Table 13: CRISPR guide RNAs for VCAM1 knockout and scrambled as control. All sequences with on- and
off target scores were derived from Integrated DNA Technologies (IDT), the sequence for the scrambled control stays
with IDT.

CRISPR guide target sequence on target score off target score
scrambled_1 none - - -
VCAM1-C VCAM1 — Exon 1 AGGATCACGACCATCTTCCC 99 62
VCAM1-D VCAM1 -Exon 3 CTGATGTATACCCATTTGAC 61 61
VCAM1-F VCAMT-Exon2  ATTCACAAGTTGCTGTGCAC 86 57
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Figure 13: CRISPR mediated VCAM1 knockout in CAR T cells. CRISPR/Cas9 knockout was performed after
transduction and T cells expanded for 2d with 200 U/ml IL2. A)-E) Flow cytometry measurement of CD8*CAR* T cells
(CD8*non-CAR T cells for untransduced). A) VCAMI expression after knockout with different guide RNA
combinations. In the following only guide combination C+F is used for VCAM1 knockout. B) Exemplary histogram
of VCAMT expression after VCAM1 knockout or controls. C)-D) Mean and standard deviation of VCAM1 expression.
E) Mean and standard deviation of CAR expression. F) Viability of T cells measured with the Vi-CELL cell counter. For
statistics one-way ANOVA with Dunnett's multiple comparison test was calculated (*p<0.1 - ****p<0.0001, ns = not
significant).
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VCAMT1 expression was not affected in the CAR T cells that have been electroporated with Cas9
only, without addition of any RNA (Figure 13B). This shows that the electroporation process
itself did not alter the VCAM1 expression. Five days after the VCAM1 knockout- process, 5-15 %
of cells still expressed VCAM1, suggesting that those cells were not targeted in the
CRISPR/Cas9 process.

The transduction of the #908 plasmid yielded 20-40 % CAR expression on T cells. With MACS
sorting the CAR positive T cell were enriched to over 90 % and CAR expression remained stable
after electroporation and CRISPR knockout of VCAM1 (Figure 13E).

Viability of the CAR T cells was reduced by the transduction process about 10 % and remained
stable around 70% after the further procedure of the CRISPR mediated knockout (Figure 13F).
CRISPR mediated knockout with the guide RNA combination VCAM1-C+VCAM1-F yielded a
robust VCAM1 knockout keeping viable T cells with high CAR expression.
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2.5. VCAM1 knockout reduces the activation and exhaustion phenotype in
CD8* CART cells

We tested the effect of VCAM1 knockout on the phenotype of CD8" CAR T cells upon CAR
mediated activation, in particular on the expression of surface markers for activation (Figure
14A) and exhaustion (Figure 14B).

A) activation marker

untransduced CAR CRISPR-control CAR CRISPR-VCAM1 P
r;‘ : ws? . 4 2 3 . ‘“.'5.‘i g a0000+]
O ) cD25 H
m R 'y 100 10'q 6|3 o]
o ] o E i .. E
I g i £ 40000
L] E = 10° 10" 3 ’ @
o & 2
8 ; 0 d 0 d e 2 20000
"l]‘ -‘D]‘ -‘D]‘ 0 i
0 S0K 100K 150K 2004 250K 0 S0K 100K 150K 200K 260K 0 sk 100k 150k 200k 250K co2s
A
105' ws‘j ms'i 6000 . ne
o s 3
<t | 10t CD69 10 ; CD8&9| 10 ) CD8&9 =
= . 7.79 i 87.1 i 49,0| | 5 4000
A% = .
| H 35 2
v | 10 > 10° 7 - 10 - E
(o] £ A 3 s
O .3 > 03 o 3 S 20004
o
U] 2 B3 untrensduced
_mz. -103‘ -m" el Bl CAR CRISPR-control
T T T T T T s T T T T T T T T @ CAR CRISPR-VCAM1
] 50K 100K 150K 200K 250K L] 50K 100K 150K 200K 250K 0 50K 100K 150K 200K :sg 0
CD&9
FSC-A
B) early exhaustion marker
untransduced CAR CRISPR-control CAR CRISPR-VCAM1 wos T
A‘nﬁ. llls" 105'
PD1+ PD1+ PD1+ ;‘
592 ) -385 . 16,1 e
E m“ lu" Pl S 10“‘ g 4007
<< : - . L
I L T
) 3 .
E 10°9 o 1074 - 3 10° E f E 200+
o T e o
0 d s 0d FhinRRe | o & s £
073 a0° 9 0% o
T T T T T T T T T T T T PD1
0 50K 100K 150K 200K 0 S0K 100K 150K 200K 0 S0K 100K 150K 200K
A h ns
5] 5§ 5] 20004
1077 Tim3+ || ' Tim3+ || '° Tim3+ || _
= 18.6 911 30.2 g
I~ 10* c 10° 7 10° - g 2000
o 3 . : LTt 2
: ) : £
B - - .. E
; 10°5 - a - 10’3 . 1073 : 3
"é 1 j - ; : % 1000
=] o4 : o4 ) . o d =
0% 0% TS o0 s
T T T T T T T T T T T T Ll
0 50K 100K 150K 200K 0 50K 100K 150K 200K D 50K 100K 150K 200K
L1t -
A :. 5 5 _
v Lag3+| '3 Lag3+| ° -3_ Lag3+ 2000
2,51 89,1 ] 141 || 3
g 10' 3 10 : m": £ 1500
; i : . i %
oo N 3 . % 1000
| 10° 4 AL 10°% » 10° % I E
rB‘\ o3 ey 0 3 e SRR - 03 -‘ﬁw d B 5004 B uniransduced
5 5 B CAR CRISPR-control
EE 4o EE I CAR CRISPRVCAM1
[] ﬁak IUIDK 1 5IGK EI;UK 0 iaK 1C|IDK |5I0K ZD.UK [] 5EK IGIDK YSIIIK EDICIK o= Lag3
FSC-A

Figure 14: Activation and early exhaustion markers are increased in VCAM1* CAR T cells. Flow cytometry
measurement of surface markers on 0.1x10° T cells after 3 days of 2:1 co-culture with BXPC-3 tumor cells. Dot plots
of one representative donor and mean with standard deviation for three independent donors are shown, for
A) co-staining of activation markers and B) co-staining of exhaustion markers. Gated on CD8* cells for untransduced
T cells, on VCAM1+CD8* T cells for CRISPR-control, on VCAM-CD8* cells for CRISPR-VCAMI. For statistics one-way
ANOVA with Dunnett’s multiple comparison test was calculated (*p<0.7 - ****p<0.0001, ns = not significant.)

40



For activation of CART cells we recorded CD25 and CD69 and compared expression levels
between CART cells with control- and VCAM1 knockout. VCAM1 knockout resulted in a
significant lower expression of CD25 and diminished levels of CD69 on surface after co-culture
with BXPC-3 tumor cells (Figure 14A). Both markers increased strongly in CAR T cells compared
to untransduced T cells under the same co-culture conditions.

CART cells expressing high levels of VCAM1, showed an increase in the forward scatter area in
the flow cytometry analysis, which corresponds to an increase in cell size, indicating enhanced
CAR T cell activation.

The early exhaustion markers PD1 (PDCD1; CD279), Tim3 (HAVCR2; CD366) and Lag3 (CD223)
showed a strong increase in activated control CAR T cells compared to untransduced T cells
(Figure 14B). Knockout of VCAM1 CART cells did not alter Tim3 expression in two of three
donors. PD1 and Lag3 expression was significantly lower in CAR T cells lacking VCAM1 in all
three donors compared to the VCAM1 positive CAR T cells.
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2.6. VCAM1 is predominantly expressed by central memory CAR T cells

Since the VCAM1 knockout resulted in reduced activation and exhaustion phenotypes in
CAR T cells, we aimed to identify the impact of VCAM1 knockout on compartments that sustain

long-term persisting CAR T cells.

We tested the impact of the VCAM1 knockout on the composition of the memory CAR T cell
compartments. The four subgroups of naive, effector, effector memory and central memory
were distinguished by the two markers CCR7 and CD45RQ'>'26.127,

A)
untransduced CAR CRISPR-contral CAR CRISPR-VCAM1
y 3 E| 3
Q1 Q2 jo1 Q2 ja1
1’ 31,56 16,5 '30,66 84,3 0’ 30,67
ol 1 . .
& 10 1 naive - 10 _ 10 -
&l o effector N 2
o E h E E
2404 w404 Q3 | 2404
o 42,89 o 40,70 144 | od1,49
T ™y T ™y Ll | T T T T Ty ™ T T T T T
[] ID] ID4 105 106 1] 103 ID“ ID5 108 0 103 104 105 IOE‘
CD45RO — BV605 -
B)
untransduced CAR CRISPR-control CAR CRISPR-VCAM1

HEl naive
mm effector
B EM
1 CM

Figure 15: VCAMT1 knockout reduced the number of CAR T cells in the central memory pool. CD8* T cells were
analyzed for CCR7 and CD45-RO expression by flow cytometry after knockout and expansion. A) Dot plots of one
representative donor presenting the distribution of subsets of naive T cells (CCR7*CD45R0"), effector T cells
(CCR7-CD45R0O), central memory T cells (CM, CCR7+*CD45R0O") and effector memory T cells (EM, CCR7-CD45R0O").
B) Pie charts represent the median proportion of the subsets of two independent donors within the CD8* T cells.

After seven days in culture VCAM1 knockout CART cells exhibited a drastic increase in the
effector memory phenotype compared to the control CAR T cells (Figure 15). Over 80 % VCAM1
positive CAR T cells expressed both CCR7 and CD45RO, classifying them to the central memory
phenotype. With knockout of VCAM1 the CAR T cells mainly reduced the expression of CCR7.
Less than 2% of CD8" T cells of all groups showed a naive phenotype. Untransduced T cells
exhibited the phenotype of effector memory cells to over 70%. High CD45RO expression was
measured for untransduced T cells as well as for CAR T cells with and without VCAM1.

We found that VCAM1 knockout in CAR T cells leads to an enrichment of the effector memory

pool, maintaining them in a state akin to that of untransduced T cells.
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2.7. CAR T cell degranulation is decreased upon VCAM1 knockout

So far, we could establish, that VCAM1 expression results in pronounced exhaustion and a
reduced effector memory phenotype. However, the major criterion for CAR T cell functionality
is the degranulation and cytokine secretion capacity, critical for inducing cytotoxicity against

cancer cells.

The degranulation of lytic granules, as indicated by the surface marker CD107a (LAMP-1) was
reduced in VCAM1 knockout CAR T cells after co-culture with BXPC-3 tumor cells, compared
to the CRISPR control (Figure 16A).
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Figure 16: VCAMT1 knockout decreased degranulation but not the cytotoxic capacity on of CAR T cells on
BXPC-3 tumor cells. For A) & B) 0.1x10°¢ T cells were co-cultivated 2:1 BXPC-3 tumor cells for 3 days. A) On the
day of measurement by flow cytometry, Monensin, Brefeldin and CD107a antibody were added to the culture and
incubated for 5h, then surface staining was performed. B) T cells were stained with extracellular markers & live dead
dye before fixation and intracellular staining for perforin and granzyme. Pan CD8* cells are shown for untransduced
T cells, VCAM1+*CD8* cells are show for CRISPR-control, VCAM-CD8* cells are shown for CRISPRR-VCAM1, C) After
48h co-culture the supernatants were analyzed for IFNy and IL2 analyzed by ELISA. D) 0.05x10° T cells were
co-cultivated 1:1 with BXPC-3-GFP* cells for 48h, green fluorescence was recorded in the Incucyte. E) For the
rechallenge assay 0.1x10° T cells were co-cultured 1:1 with BXPC-3-GFP* tumor cells for 3-4 days per round, 10%
of the whole co-culture was recorded with cell-counting beads by flow cytometry, the remaining co-culture was
seeded on fresh 0.1x10° BXPC-3 cells for another round. A) One-way ANOVA E) Two-way ANOVA, with Dunnett’s
multiple comparison test was calculated. (*p<0.7 - ****p<0.0001, ns = not significant).

43



CART cells increased intracellular levels of perforin and granzyme upon co-culture with
BXPC -3 tumor cells, compared to the untransduced T cells (Figure 16B). CART cells with
VCAM1 knockout showed no robust difference in the perforin level compared to the VCAM1
positive CART cells. The granzyme B expression level was reduced by over 10% in the
CAR T cells lacking VCAM1.

IFNy and IL2 release of T cells increased upon CAR mediated T cell stimulation. No difference
in the amount of secreted cytokines by the CAR T cells with and without VCAM1 knockout was
measured (Figure 16C). Untransduced T cells did not secrete relevant amounts of either of the
cytokines.

To compare the killing capacity of CAR T cells with VCAM1 knockout to controls, we tracked
the GPF expressing BXPC-3 tumor cells in co-culture with CAR T cells and the tumor cell count
was tracked over time, using the Incucyte ZOOM live-cell imager (Figure 16D). CART cell
populations with VCAM1 knockout showed equally effective anti-tumor cytotoxicity as the
control CAR T cells.

As our previous results suggested that VCAM1 knockout results in decreased activation and
exhaustion, we speculated that VCAM1 expressed by CART cells can alter the long-term
performance of CAR T cells. Therefore, we repeatedly exposed CAR T cells to CEA* tumor cells
and compared the anti-tumor effector function of CART cells with and without VCAM1
knockout. During the initial three rounds, CAR T cells both with and without VCAM1 knockout
equally efficiently eliminated all tumor cells. At the end of the fourth round, as the T cell viability
declines, their capacity to control the tumor growth diminishes correspondingly.

At this juncture, no difference in tumor-killing efficacy was observed between VCAM1 knockout
CART cells and the VCAM1* CRISPR-control population, despite a reduction of CD107a and

intracellular perforin and granzyme B levels were measured.

44



2.8. VCAM1 co-localizes with the CAR in the T cell - tumor cell contact area.

To better understand the role of VCAM1 in CAR-mediated tumor cell binding we next
performed live cell imaging of both the CAR and VCAM1.

T cell - CellTrace far red T cell object VCAM1 — BV421 CAR - FITC

Figure 17: Co-localization of CAR and VCAM1. CAR T cells were intracellular stained with CellTrace Far Red and
subsequentially for VCAM1 and the CAR on surface, 0.04x10° T cells were seeded 1:5 on BXPC-3 tumor cells.
Measurement was done at the STELLARIS 8 confocal microscope overnight. Each row shows one representative cell.
1126 cells of three independent donors were analyzed. 20.4% were double positive (CAR*VCAMT1*) 29.5% were CAR*
2.4% VCAM*. CellTrace Far Red signal (first column) was used for object generation of T cells with the Imaris 9.9.1
software (second column). Recording of single channels and the overlay (merge) are shown. BXPC-3 cells were
recorded in the brightfield channel only and are excluded from the fluorescence visualization.

In co-culture of anti-CEA CAR T cells with BXPC-3 tumor cells, VCAM1 and CAR co-localized on
the same spot on the respective cell (Figure 17). In line with our flow cytometry results (Figure
8), not all T cells that showed CAR signal also showed co-staining with VCAM1.

CAR and VCAM1 polarized on the same side of the T cell surface, in presence and absence of
BXPC-3 tumor cells.

45



Time course imaging showed CAR T cells in contact to the CEA positive BXPC-3 tumor cells,
with VCAM1 being localized in the contact region. Consecutive captures from these events
revealed sustained contact of the T cells to BXPC-3 cells with VCAM1 in the contact region

during the entire contact time (Figure 17).

Tcell -
CellTrace Far Red T cell - object VCAM1 - BV421 BXPC-3 - CFSE

Figure 18: VCAM1 localized on T cells in the tumor cell contact region. CAR T cells were intracellular stained
with CellTrace Far Red and subsequentially for VCAM1 on surface and 0.1x710° T cells seeded 1.2 on CFSE labeled
BXPC-3 tumor cells. Life cell imaging was performed over night at the stellaris 8 microscope. A) Example of object
generation, for T cell objects based on the CellTrace Far Red signal, for BXPC-3 objects based on the CFSE signal with
the Imaris 9.9.1 software. Images of six consecutive frames (1s per frame) of one region of interest for each B)-D) are
shown.

The findings of both, co-localization of VCAM1 with CAR on the same spot on CAR T cells and
the sustained presence of VCAM1 in the contact region to BXPC-3 tumor cells strongly
supported our assumption of relevance for VCAM1 in the interaction of CAR T cells with their

target tumor cells.
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2.9. Avidity of CAR T cells to target cells is reduced upon VCAM1 knockout

We have shown, that VCAM1 clusters with the CAR in the T cell — tumor cell contact area.
Therefore, we hypothesized that VCAM1 is predominantly required for cell attachment, similar
to its role in epithelial cells.

To test this hypothesis we measured the avidity of the anti-CEA CAR T cells with and without
VCAM1 to target cells with the zMovi. This device applies acoustic waves to exert increasing
force on the connection between CAR T cells and a monolayer of target cells and records the

detachment of the effector cells from the monolayer.

As target cell monolayer we used the CEA'" VLA-4" epithelial cell line HaCaT (Figure 19A) and
the CEAM"VLA-4* tumor cell line BXPC-3 (Figure 19B), both lacking VCAM1 expression. As
expected, the overall avidity of CAR T cells to BXPC-3 cells was higher than to HaCaT cells, as
the former expresses higher levels of CEA, the CAR antigen.
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Figure 19: Avidity of CAR T cells: A) to monolayer of CEA®" VLA-4"9h HaCaT cells and B) to CEAN9" VLA-4lo%
BXPC-3 cells was measured after 5min pre-incubation on the zMovi. As control the VLA-4 inhibitor Natalizumab
was preincubated at 30 mg/ml for 5 min and then CAR CRISPR-control T cells were added. Mean and standard
deviation are shown. For statistics one-way ANOVA with Dunnett's multiple comparison test was calculated
(*p<0.1, ns = not significant).
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VCAM1 knockout reduced the avidity of CAR T cells to both, CEA®" HaCaT cells and CEA"9"
BXPC-3.

To interfere with the VLA-4 interaction we took advantage of blocking with the antibody
Natalizumab, that binds to the a4-integrin (CD49d) and thereby prevents VCAM1 — VLA-4
interaction. The presence of Natalizumab reduced CAR T cell avidity to both HaCaT and BXPC-3
target cells, confirming the conclusion based on of the VCAM1 knockout data, that VCAM1 on
CAR T cells increases the binding strength to the CAR target cells BXPC-3 and HaCaT.
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3. Discussion

CART cell therapy has proven to be very successful in the treatment of hematologic cancers.
When targeting solid organ malignancies, the feasibility for successful cure is facing many
obstacles. Embedded in a restrictive tumor microenvironment and with upregulation of
inhibitory immune checkpoint molecules and chemokines and intratumor clonal diversity of
solid tumor entities, many escape mechanisms hinder effective tumor clearance with current
CAR products*'#3! The hostile tumor environment with massive immune repression requires
modification of CARTcells in order to improve resistance and prolonged activation.
Supporting CAR T cell function with addition of checkpoint molecules blockade has the
potential to improve CAR T cell efficacy in solid tumors*'®, First in human studies have proven

57,132

safety of CRISPR engineered anti-cancer T cell products®”'°%, opening a more versatile toolbox

for additional fine tuning of CAR T cells.

Targeting carcinoembryonic antigen (CEA) with CAR T cell therapy is relevant since high level
of CEA are associated with poor cancer prognosis'** and CEA is aberrantly expressed in various

£135136_

cancer types such as lung™*-, breas , colorectal- and pancreatic cancers™"'*8 The latter

possess a challenging microenvironment characterized by a dense stroma®’, which allows

38,39

tumor resection in only 15-20% of all cases®**” and impedes T cell infiltration. CEA was reported

as a safe target for CAR T cells in gastrointestinal cancers®**

The different integrin dimers o437, aMfB2, a9f1, and aDfB2 are reported as interaction partners
for VCAM 1'% The best studied dimer, VLA-4, is composed of CD49d (integrin a4) and CD29
(integrin B1).

To address whether the expression levels of VCAM1 and VLA-4 differ between healthy and
diseased tissue we correlated RNA expression of healthy pancreatic tissue samples of the GTEx
portal and RNA expression of pancreatic adenocarcinoma (PAAD) of the TCGA data base
expression with the GEPIA 2'* correlation analysis tool (Figure 20). Expression levels of VCAM1
were found to be higher in PAAD than in healthy pancreatic tissue. Expression of CD29 and
CD49d showed a moderate correlation to VCAMT1 in both conditions. Interestingly expression
data for PAAD showed elevated levels of both CD29 and CD49d compared to healthy pancreas,
supporting the hypothesis that T cell binding of tumor tissue can be mediated by VCAM1.
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Figure 20: Differential expression of VLA-4 in healthy and diseased pancreas. For healthy pancreatic tissue
167 samples of the GTEx portal and for pancreatic adenocarcinoma (PAAD) 179 samples of the TCGA database
were compared for their expression of CD29 and CD49d using the GEPIA 2 correlation analysis tool.

To gain insights into T cell mechanisms, tumor infiltrating T cells (TILs) provide a valuable tool
since those cells obviously penetrated and persisted within the tumor tissue. Chromatin
accessibility of VCAM1 was found by Riegel et al."® to be upregulated in terminal exhausted
clusters of TILs in various tumor entities by ATAC-seq. There are barely any reports of VCAM1
being expressed by T cells and to our knowledge there was no report of VCAM1 expression by
CAR T cells to date. Taking the observation of upregulated gene activity of VCAM1 in exhausted
TILs into the context of CAR redirected T cell therapy, we asked whether VCAM1 expression by
CAR T cells may contribute to anti-tumor capacities.

After stimulation of anti-CEA CART cells with CAR dependent and CAR independent
stimulation, VCAM1 was found to be expressed only on CD8" CAR T cells, barely on CD4" and
very low in untransduced T cells VCAM1. As the ATAC-seq of TILs showed increased chromatin
accessibility of VCAM1, we expected a higher induction also in untransduced T cells upon
activation by CD3/CD28 and PMA/Iono. However CAR T cells are known to be faster activated
than untransduced T cells™*', Further, the in vitro conditions can not resemble the more

complex and much longer persistence times that TILs experience in a patient.
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Expression of VCAM1 was found to cohere to the CAR MFI, an interesting finding, as Greenman
and Reiter et al. could show a strong correlation between CAR expression levels and avidity***,
which might be explained by CAR expression level dependent upregulation of adhesion
molecules like VCAM1.

When stimulating T cells with CARs possessing different costimulatory molecules, a stronger
induction of VCAMT1 in 4-1BB than in CD28 was observed. An unexpected finding as CD28 is
reported to induce overall stronger and faster CAR T cell activation'. However the different
co-stimulatory moieties are known to induce different metabolic programs and differentiate to
phenotypic lineages™'*. CAR T cells with CD28 co-stimulation favor the proliferation of CD4*
cells'® while CAR T cells with 4-1BB co-stimulation primarily foster proliferation and memory
formation of CD8" cells °™'. 4-1BB promotes stronger activation of NFkB than CD28'** further

modulating the promotor region of VCAM1 that contains functional NFkB tandem domains.

With removal of either CD3{ or 4-1BB domain from the CAR the expression of VCAM1 on T cells
was reduced. Removal of both, the CD3( and the 4-1BB domain abolished the VCAM1
expression entirely, what underlines the high dependency of VCAM1 to the CAR signaling.
Upon activation of CAR T cells there follows a release of high levels of IFNy™*'* Reduced
secretion of IFNy correlated to the VCAM1 expression, further outlining the influence of the
CAR T cell activation on VCAM1 expression. The extracellular IgG CH2-CH3 hinge domain can

mediate clustering’*"*’

, and facilitate recruitment of downstream signaling molecules as
ZAP70™8, The aggregation of proteins like VCAM1 can be influenced by the hinge and
transmembrane domain. Hence the construct #2602 was built with exchange of the I1gG and
transmembrane domain and VCAM1 expression was affected but not reduced as strong as with
removal of the signaling domains. Apart from cluster formation and reduced internalization
also increased translocation of VCAM1 from intracellular storage or transcriptomic
enhancement and increased production of the protein can enhance the expression of VCAM1

on the T cell surface.

VCAM1 blockade by antibody treatment is not desirable for T cell therapy modulation, as
strong side effects by the blockade of VCAM1 on endothelium and other tissues can be
expected. For CAR T cell therapy, VCAM1 blockade by antibodies could additionally reduce the
infiltration to the tumor site because the extravasation from the blood vessels will be inhibited
with systemic VCAM1 blockade. The knockdown or knockout of VCAM1 on CART cells
provides a efficient, targeted solution and can be achieved with integration of shRNAs to the
CAR construct or CRISPR/Cas9 mediated knockout.

As the anti-CEA CAR T cells with 4-1BB co-stimulatory domain (#908) showed a higher VCAM1
expression as the CD28 co-stimulatory counterpart (#607) the former was chosen as base for
knockdown or knockout of VCAM1.
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Plasmids containing one of three different VCAM1-targeting shRNAs were compared to the
irrelevant control shRNA. There are two isoforms of human VCAM1, containing either six or
seven Ig-like domains®. All three guide RNAs target exon two or three of VCAM1 which are
present in both isoforms and yielded a reduction of VCAM1 expression. With shRNA,
knockdown efficiency is limited by the ratio of transcribed mRNA to transcribed shRNA. With
increased transcription of VCAM1, the mRNA will be incompletely degraded by the shRNA and
reach the translation process. At peak of activation the CART cells with integrated shRNA
showed a four-fold lower expression of VCAM1 than the control CAR T cells, indicating a high
knockdown efficiency however with remaining residual expression. The conformity of VCAM1
knockdown by all three shRNA sequences substantiates correct targeting, as off-target effects
are more likely to generate different outcomes. To further enhance VCAM1 knockdown
efficiencies, two or three shRNA sequences could be combined in one plasmid. However,
transduction efficiencies correlate with plasmid size and we experienced a lower CAR MFI when
using larger plasmids. As the CAR MFI also correlates with VCAM1 expression as discussed
before, we avoided increasing the plasmid size with implementation of further shRNA
sequences.

With CRISPR/Cas9 a complete knockout of VCAM1 was achieved, preserving high CAR
expression levels and thus serving as a better model to study differences to VCAM1 expressing
CART cells.

Epigenetic mechanisms regulate T cell differentiation and response'*®, the corresponding cell
state leads to up and down regulation of surface molecules. CAR T cells with VCAM1 knockout
show a strong reduction of the activation markers CD25 and CD69 and early exhaustion
markers like PD1, Tim3 and Lag3 on surface, compared to the control population. Activation
and exhaustion correlate with each other. It has to be taken into account that the short-term
observation in cell culture (3-4 weeks) can significantly differ from the long-term circulation of
T cells in vivo which can last from months to years®'%°. Despite these differences, our data
support the correlation of VCAM1 expression, and the upregulation of exhaustion markers as
seen in the ATAC-seq of TILs.

Different groups elaborated that CD45Ro expression on Lymphocytes predicts a favorable
clinical outcome in solid tumors'®-1%3 CD45Ro expression is not dampened in CART cell
populations with VCAM1 knockout compared to CAR T cell control. Whereas the expression of
CCR?7 is strongly reduced with knockout of VCAM1 in CD8* CAR T cells, shifting the population
towards the effector memory type'®*. CCR7 is crucial for sensing chemotaxis and for the entry
of circulating lymphocytes to lymphatic tissue®®*%, with reduction of CCR7 expression the CAR
T cells rather circulate in the peripheral lymphoid tissues and gain the potential to start rapid

126

effector function'=. Additional expression of CD28 is needed substantiate the central memory

phenotype of VCAM1 expressing CAR T cells.
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Analysis of cytokine levels of the VCAM1 knockout and control CART cells did not reveal
discernible differences. In the study a mixture of CD4* and CD8* CAR T cells were utilized,
noting that CD4" T cells do not express VCAM1. For the cytokine measurement the supernatant
from the combined cell population was analyzed and may mask specific variations in the CD8*
subpopulation where the CRISPR knockout could induce significant changes in the VCAM1
expression. Further, we dealt with a dynamic upregulation of VCAM1 but differences in the
cytokine secretion at different time points were not captured by the ELISA where the
accumulated cytokines after 48h were measured in the supernatant.

The upregulation of CD107a (LAMP1) on surface of T cells indicates the fusion of lysosomes
with the cell membrane'’. In CD8* T cells a high CD107a expression indicates higher rates of
release of granzymes and perforin. With knockout of VCAM1 less CD107 was found to be
expressed on surface of CD8" CART cells. In line also the detected intracellular levels of
perforin and granzyme B were lower in VCAM1 knockout T cells compared to the control
population. For the latter different explanations are possible as granzyme B and perforin are
intracellular stored in lysosomal vesicles, either a high secretion or incomplete new synthesis
can lead to reduced intracellular levels of both. With additionally reduced levels of CD107a
reduced secretion and dampened production of the lytic molecules is assumed.

As the phenotype analysis has shown reduced activation and reduced release of cytotoxic
granules in CAR T cells with VCAM1 knockout, also a diminished ability for tumor cell control
in the knockout group was expected. However, the cytotoxic activity of CAR T cells with VCAM1
knockout, measured by tracing the count of GFP labeled BXPC-3 tumor cells in co-culture, was
non-inferior compared to the control group. The time course analysis covered the peak of
VCAM1 expression after 48 h with the biggest differences of VCAM1 expression between the
knockout and control group. However, beginning cytotoxic activity was observed to set in after
11 h already, thus VCAM1 independent engagement with the tumor cells has taken place
before.

Gene activity of IRF3 is enhanced in terminal exhausted clusters (Figure 4F) likewise to VCAM1.
We have recently seen that reduction of IRF4 increases cytotoxic performance on low antigen
expressing cells in the long run®. Similar effects were expected for VCAM1 but in also in
repetitive stimulation of VCAM1 knockout CAR T cells no differences were observed compared
to the control. In both cytotoxicity assay the whole CD4* CD8" T cell pool contributed to the
outcome and in the analysis of the CRISPR knockout group ~5 % of CD8" CAR T cells were
detected with remaining VCAM1 expression which are also present in the co-culture,
contributing to the killing efficiency. Overall we see a strong influence of the VCAM1 knockout
on activation and exhaustion markers on CART cells, nevertheless the cytotoxic function
remained stable under these conditions.

In vitro we detected fast upregulation of VCAM1 whereas in the ATAC seq screen, VCAM1 gene

activity was increased in the terminal exhausted TILs, indicating a difference in kinetics between
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the in vitro and in vivo setting. The activity mediating downstream effects of VCAM1 can be
concealed by strong baseline activation of in vitro CAR T cell populations whereas in the

terminal exhausted TILs high degree of dysfunction is reached.

In live-cell microscopic analysis VCAM1 molecules clustered together with the CAR on surface
of T cells and maintained presence in the contact area to tumor cells. This gives strong evidence
that VCAM1 plays a role in tumor cell adhesion. Overall, CAR and VCAM1 positive cell frequency
counted in microscopic overview was lower than measured by flow cytometry but TCR
complexes are known to be downregulated through internalization upon antigen
encounter'®® and a similar effect was discovered for CAR molecules'’®. Under live-cell
imaging conditions the internalization of CAR molecules could be more pronounced than for
flow cytometry analysis, as the cells are analyzed in co-culture and in presence of antigen for
live-cell imaging. Giving the co-localization of VCAM1 and CAR on the surface of CAR T cells
and the reinforced avidity of VCAM1 expressing CAR T cells, an integration and stabilization of
VCAM1 the immunological CAR synapse is likely.

VCAMT1 negative CAR T cells show reduced avidity to HaCaT and BXPC-3 cells compared to
VCAM1 positive CART cells. The reduced avidity is a possible explanation for the reduced
activation phenotype, observed in the VCAM1 knockout CAR T cells. Greenman et al.'™
described increasing avidity with higher number of CAR molecules on surface, this effect could
be explained by the concurrent increase of VCAM1 co-expression.

Recently ICAM1 knockout in CD8" T cells was reported to increase T cell viability and expansion,
assumingly by reducing T cell binding and homotypic clustering'®. Further they could show
that TILs with low ICAM1 levels persisted longer. The structural similarity of ICAM1 and VCAM1
suggests a similar effect of both. The longer persistence of ICAM1'°" TILs goes in line with our
findings of low expression of VCAM1 in less exhausted TIL clusters.

Tuning the avidity of (CAR) T cells was reported to provide optimal anti-tumor activity*3*7+172
with reduced on-target off-tumor effects!’>*’%. Tuning the avidity does not necessarily mean to
pursue an increase in binding strength. Increased scFv affinity above a certain threshold does
not increase but sometimes impair anti-tumor performance!’>'’¢, partly because of reduced
serial killing potential*’’*’8. Also high avidity T cell products with severe off-target side effects
have been reported!’® 8. Fine tuning of the CAR T cell avidity has the potential to increase
safety and efficacy in anti-tumor treatment and can be achieved with modulation of the VCAM1
expression. We showed that reduction of VCAM1 surface expression on CAR T cells by CRISPR

mediated knockout is feasible, without harming CAR expression or viability of T cells.
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Figure 21: The non canonical role of VCAMT - on CD8* CAR T cell in contact to cancer cells. The effect of VCAM1
in activated CD8* anti-CEA CAR T cells. Upon antigen encounter the T cell receives activating stimuli via the CAR. The
initial activation leads to recruitment of VCAMT to the cell surface. With VCAMT1 the avidity to the target cell is increased
what leads to enhanced expression of activation and early exhaustion markers on the CD8* CAR T cell. With knockout
of VCAMIT the avidity to the CEA* tumor cell is reduced; less activation and early exhaustion markers are expressed.

In its canonical role, VCAM1 induces leucocyte rolling, by expression on activated endothelial
cells. VCAM1 expression by CD8" T cells could act vice versa to enhance the adherence of
T cells to the endothelium but we found CAR T cells, inducing the expression of VCAM1 only
after activation, suggesting that only after antigen encounter at the tumor site, VCAM1 on
CD8" CART cells will come into action. With our findings we describe a new role of VCAM1
(summarized in Figure 21), expressed by CD8* CAR T cells, mediating avidity to tumor cells and

inducing CAR T cell activation and exhaustion.
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5. Appendix

5.1. List of Abbreviations

4-1BB (CD137)
AICD
ATAC-seq
CAR

Cas9

CCRY7 (CD197)
CD

cDNA

CEA

CM

CRISPR
crRNA

ELISA

EM

ERM

FMO

FSC-A

HSC

I9G

Lag3 (CD223)
MFI

mRNA

nt

PAAD

PBMC

PD1 (CD279)
PKCa

pN

PTB1B

Rac1

RU

ROS

scFv

shRNA

TCR

TIL

TIL

Tim3 (CD366, HAVCR?2)
™

TME

TPM
tracrRNA
Treg

TRUCK
VCAM1 (CD106)

Tumor necrosis factor receptor superfamily member 9 (TNFRSF9)
Activation induced cell death

Assay for transposase-accessible chromatin sequencing
Chimeric antigen receptor

CRISPR associated protein 9

C-chemokine receptor type 7

Cluster of differentiation (CD3, CD4, CD8, CD28, CD45Ro0)
Coding DNA

Carcinoembryonic antigen

Central memory

Clustered regulatory interspaced palindromic repeats
CRISPR RNA

Enzyme-linked immuosorbant assay

Effector memory

Ezrin-radixin-moesin family

Fluorescence minus one

Forward scatter - area

Hematopoietic stem cell

Immune globulin G

Lymphocyte-activation gene 3

Mean fluorescence intensity

Messenger RNA

Nucleotide

Pancreatic adenocarcinoma

Peripheral blood mononuclear cell

Programmed cell death protein 1

Protein kinase C alpha

Pico Newton

Protein tyrosine phosphatase 1B

Ras-related C3 botulinum toxin substrate 1

Relative unit

Reactive oxygen species

Single chain variable fragment

Short hairpin RNA

T cell receptor

Tumor infiltration cell

Tumor infiltrating lymphocyte

T cell immunoglobulin and mucin-domain containing-3
Trans-membrane

Tumor microenvironment

Transcripts per million

Trans-activating CRISPR RNA

Regulatory T cell

T cells redirected for antigen-unrestricted cytokine-initiated killing
Vascular adhesion molecule 1
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5.4. VCAM1 exons and target sites

Exons of VCAM1 and the binding sites for CRISPR guide RNAs is shown.

(733 .. 751) 1791 Seq-2
splice variant 3 1790 Seqg-1 (814 .. 831) (2277 ..229%) 1793 Seqf4l- 1792 Seq-3 (2349 .. 2371)

I E—
| E - E [ Exens ] same in all splice variants |
Exon3 Exond  splice var.. Exon 6 Exon7 Exon8 Exon9

CripsR guide AC  sh#2181 || sh#2193

CrispR guide AD sh#2182

VCAM1 exons and splice variants
3101 bp

5.5. Genomic sequences of CAR constructs

All shown CAR sequences were inserted to the pBullet vector backbone'® for amplification and

transduction. DNA sequence, annotation and unique 6-cutter restriction sites are shown.
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5.5.1. #2181 pBullet_Lk_BW431/26scFv_IgG1Fc-CD4TM_41BB_CD3(
_mir30_shVCAM1-exon2

Sequence: #2181 pBullet_BW_hFC_CD4TM_4-1BB_CD3z_mir30_shVCAM1-Exon2.dna (Circular /2219 bp)
Unique 6+ Cutters (45 of 678 total) Unique Cutters Bold

Enzymes:
Features:

13 total

NcoX Xbal

gccatggattttcaggtgcagattttcagcttcctgctaatcagtgcctcagtcataatgtctagaggtgtccactcccaggtccaactgcagga
" 1 3 } N I M } M } + } + { 4 } 4 } N
cggtacctaaaagtccacgtctaaaagtcgaaggacgattagtcacggagtcagtattacagatctccacaggtgagggtccaggttgacgtcct

L
Met Asp Phe GIin Val GIn Ile Phe Ser Phe Leu Leu 1lle Ser Ala Ser Val 1Ile Met Ser Arg Gly Val His Ser GIn Val GIn Leu Gin Glu

T T + + T + T t +

BtsI

Btsal Dralll

gtcaggtccaggtcttgtgagacctagccagaccctgagcctgacctgcaccgtgtctggecttcaccatcagcagtggttatagctggcactggg

cagtccaggtccagaacactctggatcggtctgggactcggactggacgtggcacagaccgaagtggtagtcgtcaccaatatcgaccgtgacce

anti-CEAscFv BW431/2

Ser Gly Pro Gly leu Val Arg Pro Ser Gn Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe Thr Ile Ser Ser Gly Tyr Ser Trp His Trp

PfIFI
Bmrl |Tth11 1I BciVI
tgagacagccacctggacgaggtcttgagtggattggatacatacagtacagtggtatcactaactacaacccctctctcaaaagtagagtgaca
i L i 1 3 L i L 1 L i L i 1 i L " L i

T T T T T T

T T T T T T T T T T T T T
actctgtcggtggacctgctccagaactcacctaacctatgtatgtcatgtcaccatagtgattgatgttggggagagagttttcatctcactgt

anti-CEAscFv BW431/2

Val Arg GIn Pro Pro Gly Arg Gly Leu Glu Trp Ile Gly Tyr Ile Gin Tyr Ser Gly Ile Thr Asn Tyr Asn Pro Ser Leu Lys Ser Arg Val Thr

atgctggtagacaccagcaagaaccagttcagcctgagactcagcagcgtgacagccgeccgacaccgcggtctattattgtgcaagagaagacta
1 N 1 " 1 " 1 : 1 M 1 " 1 : 1 : 1 M 1
-+ T -+ t t T+ + T t T - + 1 + B t

T
tacgaccatctgtggtcgttcttggtcaagtcggactctgagtcgtcgcactgtcggecggectgtggcgeccagataataacacgttctcttetgat

anti-CEAscFv BW431/2

Met Leu Val Asp Thr Ser Lys Asn GIn Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg Glu Asp Tyr

PshAI  BstEII

tgattaccactggtacttcgatgtctggggccaagggaccacggtcaccgtctcctcaggaggtggtggatcgggecggtggegggtcgggtggceg

actaatggtgaccatgaagctacagaccccggttccctggtgccagtggcagaggagtcctccaccacctagecccgeccaccgeccageccaccge

anti-CEAscFv BW431/2

Asp Tyr His Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly
B Ser Thr Thr Ser Arg Ala Thr Ala Pro Arg Thr Ala

Pvull PspXI

gcggatctgacatccagctgacccagagcccaagcagcctgagcgccagcgtgggtgacagagtgaccatcacctgtagtaccagctcgagtgta
1 1 1 i 1 I 1 1 1 i 1 1 L i 1 1 1 1 1

T T T ¥ T ' T ' T ¥ T 4 T ' T ¥ T ' T
cgcctagactgtaggtcgactgggtctcgggttcgtcggactcgecggtcgcacccactgtctcactggtagtggacatcatggtcgagctcacat

anti-CEAscFv BW43

Gly Gly Ser Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Ser Thr Ser Ser Ser Val
Ala Ser Arg Val Asp Lleu GIn Gly Leu Ala Trp Ala Ala Gln Ala Gly Ala His Thr Val Ser His Gly Asp Gly Thr Thr Gly Ala Arg Thr Tyr

agttacatgcactggtaccagcagaagccaggtaaggctccaaagctgctgatctacagcacatccaacctggettetggtgtgeccaagcagatt
i 1 i L i 1 1 1 1 1 i 1 i 1 3 1 i 1 I

T T
tcaatgtacgtgaccatggtcgtcttcggtccattccgaggtttcgacgactagatgtcgtgtaggttggaccgaagaccacacggttcgtctaa

anti-CEAscFv BW431/2

Ser Tyr Met His Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro Ser Arg Phe
Thr Val His Val Pro Val Leu Leu Leu Trp Thr Leu Ser Trp Leu GIn GIn Asp Val Ala Cys Gly Val GIin Ser Arg Thr His Trp Ala Ser Glu

BpmI
Eco57MI

cagcggtagcggtagcggtaccgacttcaccttcaccatcagcagcctccagccagaggacatcgeccacctactactgccatcagtggagtagtt
1 M 1 M 1 " 1 N 1 " 1 " 1 . 1 N 1 : 1

+ T T T T T T T T

T T T T T T T
gtcgccatcgecatcgecatggetgaagtggaagtggtagtcgtcggaggteggtetectgtagecggtggatgatgacggtagtcacctcatcaa

anti-CEAscFv BW431/2

Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu GIn Pro Glu Asp Ile Ala Thr Tyr Tyr Cys His Gin Trp Ser Ser
Ala Thr Ala Thr Ala Thr Gly Val Glu Gly Glu Gly Asp Ala Ala Glu Leu Trp Leu Val Asp Gly Gly Val Val Ala Met

BamHI

atcccacgttcggccaagggaccaaggtggagatcaaagtggatcccgeccgagcccaaatctcctgacaaaactcacacatgcccaccgtgecca
i L i L i L 2 d k i L i L 3 L e L e L &

} T + T $ 1 g t + T + 1 y T t T y T t
tagggtgcaagccggttccctggttccacctctagtttcacctagggcggctcgggtttagaggactgttttgagtgtgtacgggtggcacgggt

anti-CEAscFv BW431/2 [ higG1

Tyr Pro Thr Phe Gly GIn Gly Thr Lys Val Glu Ile Lys Val Asp Pro Ala Glu Pro Lys Ser Pro Asp Lys Thr His Thr Cys Pro Pro Cys Pro
B Val His Gly Gly His Gly

—

285

380
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#2181 pBullet_BW_hFC_CD4TM_4-1B8_(D3z_mir30_shVCAM1-Exon2.dna (Circular / 2219 bp)

AhdL BspHI* pfox Alel

gcacctgaactcctggggggaccgtcagtcttcctcttecccecccaaaacccaaggacaccctcatgatctecccggaccectgaggtcacatgegt
+ + } + } 1 } t } t } + 4 + } t } } 4 950

T
cgtggacttgaggacccccctggcagtcagaaggagaaggggggttttgggttcctgtgggagtactagagggecctggggactccagtgtacgceca
hlgG1l

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val —
«4== Ala Gly Ser Ser Arg Pro Pro Gly Asp Thr Lys Arg Lys Gly Gly Phe Gly Leu Ser Val Arg Met Ile Glu Arg Val Gly Ser Thr Val His Thr

ggtggtggacgtgagccacgaagaccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagacaaagccgcgggagg
+ } + } 4 } + } + } + } t } + } + } + 1045
ccaccacctgcactcggtgcttctgggactccagttcaagttgaccatgcacctgccgcacctccacgtattacggttctgtttcggcgeccctece
higG1

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu —
<4e= Thr Thr Ser Thr Leu Trp Ser Ser Gly Ser Thr Leu Asn Leu GIn Tyr Thr Ser Pro Thr Ser Thr Cys Leu Ala Leu Val Phe Gly Arg Ser Ser

agcagtacaacagcacgtaccgtgtggtcagcgtcctcaccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctccaac
e b b b b b b b e b e e
tcgtcatgttgtcgtgcatggcacaccagtcgcaggagtggcaggacgtggtcctgaccgacttaccgttcctcatgttcacgttccagaggttg

higGL

Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His GiIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn —
o Cys Tyr leu leu Val Tyr Arg Thr Thr Leu Thr Arg Val Thr Arg Cys Trp Ser GIn Ser Phe Pro leu Ser Tyr Leu His Leu Thr Glu Leu

Xmal
TspMI  Smal

aaagccctcccagcccccatcgagaaaaccatctccaaagccaaagggcagccccgagaaccacaggtgtacaccctgeccccatcccgggatga
M 1 . 1 X 1 : i X 1 N 1 . 1 . 1 : 1 .
t T t 1 t 1 1 T t T t T } T t T t 1 + 1235
tttcgggagggtcgggggtagctcttttggtagaggtttcggtttecccgtcggggetcttggtgtccacatgtgggacgggggtagggccctact
higG1

Lys Ala Leu Pro Ala Pro lle Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu —
<qm= Leu Ala Arg Gly Ala Gly Met Ser Phe Val Met

Csil
SexAI* BsrDI

gctgaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgacatcgccgtggagtgggagagcaatgggcagccggaga
+ + 1 + t + t 1330
cgactggttcttggtccagtcggactggacggaccagtttccgaagatagggtcgctgtagcggcacctcaccctctcgttacccgtcggcctct

hIgG1
Leu Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu —

PaqCI

acaactacaagaccacgcctcccgtgectggactccgacggcectccttecttcctectacagcaagctcaccgtggacaagagcaggtggcagcagggg
+ } + } + } 4 : + } + } + } + } + } + 1425
tgttgatgttctggtgcggagggcacgacctgaggctgccgaggaagaaggagatgtcgttcgagtggcacctgttctcgtccaccgtecgtcccce
higG1

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gin Gin Gly —

Sapl
Nsil BspQI BbvCI
aacgtcttctcatgctccgtgatgcatgaggctctgcacaaccactacacgcagaagagcctctccctgtctccgggtaaaaaagatcctcagcc

i) t t e + ottt i) = St =it 1520
ttgcagaagagtacgaggcactacgtactccgagacgtgttggtgatgtgcgtcttctcggagagggacagaggcccattttttctaggagtcgg

e ek
Asp Pro GIn Pro
hIgG1 ] CD4tm >

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys Lys Asp Pro GIn Pro —

BsrFI
NgoMIV  Nael

aatggccctgattgtgctggggggcgtcgeccggectecctgettttcattgggectaggecatecttecttctgtgtcaggaaacggggcagaaagaaac

1615
ttaccgggactaacacgaccccccgcagcggccggaggacgaaaagtaacccgatccgtagaagaagacacagtcctttgecccecgtetttetttg
s 10 15 20 25 1 5
Met Ala Lleu lle Val Leu Gly Gly Val Ala Gly Leu Leu Leu Phe Ile Gly Leu Gly Ile Phe Phe Cys Val Arg Lys Arg Gly Arg Lys Lys
CD4tm 4-1BB
Met Ala Leu Ile Val Leu Gly Gly Val Ala Gly Leu leu Leu Phe Ile Gly Leu Gly Ile Phe Phe Cys Val Arg Lys Arg Gly Arg Llys Lys —
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#2181 pBullet_BW_hFC_CD4TM_4-1B8_(D3z_mir30_shVCAM1-Exon2.dna (Circular / 2219 bp)

tcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgccgatttccagaagaagaagaagga
L 1 1
I

e | +++ ...I -+ dddd + -+ Py 3 +
T T T

T T }
aggacatatataagtttgttggtaaatactctggtcatgtttgatgagttctccttctaccgacatcgacggctaaaggtcttcttcttcttcct

10 15 20 25 30 as
Leu Leu Tyr Ile Phe Lys GIn Pro Phe Met Arg Pro Val GIn Thr Thr GIn Glu Glu As Gly Cys Ser Cys Arg Phe Pro Gu Glu Glu Glu Gly
4-1BB

leu Leu Tyr Hle Phe Lys Gin Pro Phe Met Arg Pro Val GIn Thr Thr Gn Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly

Sacl
Eco53kI  BsiHKAI

ggatgcgaactgctgagagtgaagttcagcaggagcgcagacgcccccgcgtaccagcagggccagaaccagctctataacgagctcaatctagg

} + + + -+
cctacgcttgacgactctcacttcaagtcgtcctcgcgtctgcgggggcgcatggtcgtcccggtcttggtcgagatattgctcgagttagatcc

—
Gly Cys Glu lLeu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gin GIn Gly GIn Asn Gin Leu Tyr Asn Glu Leu Asn Leu Gly
(in frame with 4-1BB)  «m e e e mm e e e e e e e e >

[ CD3zeta

Gly Cys Glu Leu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr GIn Gin Gly Gln Asn GIn Leu Tyr Asn Glu Leu Asn Leu Gly

Kfix
PpuMI

acgaagagaggagtacgatgttttggacaagagacgtggccgggaccctgagatggggggaaagccgagaaggaagaaccctcaggaaggcctgt

tgcttctctcctcatgctacaaaacctgttctctgcaccggecctgggactctacccceccttteggetectteccttettgggagtecctteccggaca

Asp Val lLeu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro GIn Glu Gly Leu

Arg Arg Glu Glu Tyr ]
(in frame With 4-1BB) = c e oo mm o e e e >

CD3zeta

Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro GIn Glu Gly Leu

Bgll

acaatgaactgcagaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccggaggggcaaggggcacgatggectttac
1 L i 1 3 L i L 1 L 3 1 i 1 . L 1 1 3

T L) L]
tgttacttgacgtctttctattctaccgcctccggatgtcactctaaccctactttecgetcgeggectecccecgtteccecgtgectaccggaaatg

Tyr Asn Glu Leu GIn Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu lle Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr
(in frame with 4-1BB) <cccccmccccmcrcccccrcncrmccccccrrccemccncaccaacamanaa=n >

CD3zeta

Tyr Asn Glu leu GIn Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr

BsaWI
BstAPI BspEI* Sall

cagggtctcagtacagccaccaaggacacctacgacgcccttcacatgcaggeccctgeccccctecgectaatcctcgagagatccggagtcgacgag
1 3 'L 3 L 3 1 3 1 3 1 3 1 3 Il 3 1 3 1

1 1 T
gtcccagagtcatgtcggtggttcctgtggatgetgecgggaagtgtacgtccgggacgggggagecgattaggagetctctaggectcagetgete

GIn Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala leu His Met GIn Ala Leu Pro Pro Arg @
(in frame with 4-1BB) —cc-ccccmcmmomcccccccmmcmc e >

Insert Sequence

CD3zeta |

5' miR-E

GIn Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gin Ala Leu Pro Pro Arg £

aaggtatattgctgttgacagtgagcgccagatagatagtccactgaattagtgaagccacagatgtaattcagtggactatctatctggtgect
N 1 N 1 . 1 : 1 N 1 N 1 M 1 N 1 N 1 N

T T T

T T T T T T T T T T T T T T

T T
ttccatataacgacaactgtcactcgcggtctatctatcaggtgacttaatcacttcggtgtctacattaagtcacctgatagatagaccacgga

Nrul*

actgcctcggacttcaaggggctactcgcgatce 31
1 3 L 3 L 3

LR R 2219

T T T T T T
tgacggagcctgaagttccccgatgagcgctagg 5

—

1710

1805

1900

1995

2185
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5.5.2. #2182 pBullet_Lk_BW431/26scFv_IgG1Fc-
CD4TM_41BB_CD3{_mir30_shVCAM1-exon3-early

Sequence: #2182 pBullet_BW_hFC_CD4TM_4-1BB_CD3z_mir30_shVCAM1-Exon3-early.dna (Circular /2218 bp)
Enzymes: Unique 6+ Cutters (43 of 678 total) Unigue Cutters Bold
Features: 13 total

Ncol Xbal

5¢ ccatggattttcaggtgcagattttcagettectgetaatcagtgecteagtcataatgtctagaggtgtecactcccaggtecaactgeaggagtcaggtecaggtcttgtgagacetagecagaccetgagee
1 M i L 1 N 1 L 1 N 1 3 1 N 1 M 1 h 1 M 1 N 1 N 1 M
see t T t T + T t T + T ¥ T + T + T + T + 1 t T + T + T t

3 ggtacctaaaagtccacgtctaaaagtcgaaggacgat tagtcacggagtcagtattacagatctecacaggtgagggtccaggttgacgtectcagtecaggtecagaacactetggateggtetgggactegg

anti-Cl cFv BW431/2

Met Asp Phe GIn Val GIn Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser Val Ile Met Ser Arg Gly Val His Ser Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin Thr Leu Ser —

PfIFI

BtsI
Btsal DralII |erI [ehiits

l

tgacctgcaccgtgtctggcttcaccatcageagtggttatagetggeactgggtgagacagecacctggacgaggtettgagtggattggatacatacagtacagtggtatcactaactacaaccectetetea
1 N 1 N 1 N 1 P 1 N 1 . 1 f 1 1 1 M 1 . 1 1 1 L 1 1 1
T ¥ T ' T T T T T ¥ T ¥ T T T ¥ T T T T T T T T T * T

BciVI

actggacgtggcacagaccgaagtggtagtcgtcaccaatatcgaccgtgacceactetgteggtggacctgetecagaactcacctaacctatgtatgteatgtcaccatagtgattgatgttggggagagagt

anti-CEAscFv BWA431

Leu Thr Cys Thr Val Ser Gly Phe Thr lle Ser Ser Gly Tyr Ser Trp His Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp Ile Gly Tyr Ile Gin Tyr Ser Gly Ile Thr Asn Tyr Asn Pro Ser Leu —

aaagtagagtgacaatgctggtagacaccagcaagaaccagttcagectgagactcageagegtgacagecgecgacacegeggtetattattgtge
. 1 N i . 1 M 1 N 1 3 1 . 1 N 1 3 1 3 1 M
t T t T + T t T t T + T + T + T + T t T t T + T +

tttcatctcactgttacgaccatctgtggtegttettggtcaagteggactetgagtegtegeactgteggeggetgtggegecagataataacacgttctettetgatactaatggtgaccatgaagetacaga

tatgattaccactggtacttcgatgtct
I 3 1 - I 3 405
T t

anti-CEAscFv BW431/2

Lys Ser Arg Val Thr Met Leu Val Asp Thr Ser Lys Asn GIn Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg Glu Asp Tyr Asp Tyr His Trp Tyr Phe Asp Val -

PshAI BstEII

ggggec cacggtcaccgtctcctc ggtggatcgggcggtggcgggtcgggtyggeggcggatctgacatccagetgacccagageccaageagectgagegecagegtgggtgacagagtga
1 3 1 3 1 3 1 M 1 3 L 3 1 " 1 3 1 3 1 1 1 3 1 3 1 3 1 540
T . T v T v T v T v T v T v T v T v T v T v T ¥ T v T
ccceggttecctggtgecagtggeagaggagtectecaccacctageccgecaccgeccageccaccgecgectagactgtaggtegactgggtetegggttegteggactegeggtegeacceactgteteact
anti-CEAscFv BW431/2
Trp Gly Gln Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile GIn Leu Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val —
— B3 Ser Thr Thr Ser Arg Ala Thr Ala Pro Arg Thr Ala Ala Ser Arg Val Asp Leu GIn Gly Leu Ala Trp Ala Ala GIn Ala Gly Ala His Thr Val Ser His
PspXI
ccatcacctgtagtaccagctcgagtgtaagttacatgcactggtaccagcagaagecaggtaaggetccaaagetgetgatctacageacatecaacctggettetggtgtgecaageagat tcageggtageg
et L L s Iaaaan et L s T L L T atans st ATC
ggtagtggacatcatggtcgagctcacattcaatgtacgtgaccatggtcgtetteggtecatteegaggtttegacgactagatgtegtgtaggttggaccgaagaccacacggttegtctaagtegecatege
anti-CEAscFv BW431/2
Thr Ile Thr Cys Ser Thr Ser Ser Ser Val Ser Tyr Met His Trp Tyr GIn GIn Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser —
4= Gly Asp Gly Thr Thr Gly Ala Arg Thr Tyr Thr Val His Val Pro Val Leu Leu Leu Trp Thr Leu Ser Trp Leu GIn GIn Asp Val Ala Cys Gly Val Gin Ser Arg Thr His Trp Ala Ser Glu Ala Thr Ala
BamHI
gtagcggtaccgacttcaccttcaccatcagcagectccagecagaggacatcgecacctactactgecatcagtggagtagttatceccacgtteggecaagggaccaaggtggagatcaaagtggateeccgeeg
b b b e i b st

catcgecatggetgaagtggaagtggtagtcgteggaggteggtetectgtageggtggatgatgacggtagtcaccteatcaatagggtgcaagecggt tecetggttecacctetagttteacctagggegge
anti-CEAscFv BW431/2 hIgG1

Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu GIn Pro Glu Asp Ile Ala Thr Tyr Tyr Cys His Gln Trp Ser Ser Tyr Pro Thr Phe Gly GIn Gly Thr Lys Val Glu Ile Lys Val Asp Pro Ala =p
4= Thr Ala Thr Gly Val Glu Gly Glu Gly Asp Ala Ala Glu Leu Trp Leu Val Asp Gly Gly Val Val Ala Met

hdI Bsle*l |Pfol lel
ctect tcacacatgcccaccgtgeccageacctgaactcectggggggaccgteagtettectettecccccaaaacccaaggacacceteatgatcteceggaccectgaggtcacat
t T t + + } t } + b t + + 4 + + + } + } + + + + + 4 +

tcgggtttagaggactgttttgagtgtgtacgggtggeacgggtegtggact tgaggacceecectggeagtcagaaggagaagggyggt tttgggttectgtgggagtactagagggectggggactecagtgta
higG1l

945

Glu Pro Lys Ser Pro Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr =
— B Val His Gly Gly His Gly Ala Gly Ser Ser Arg Pro Pro Gly Asp Thr Lys Arg Lys Gly Gly Phe Gly Leu Ser Val Arg Met Ile Glu Arg Val Gly Ser Thr Val His

1082

gegtggtggtggacgtgagccacgaagaccetgaggtcaagttcaactggtacgtggacggegtggaggtgcataatgecaagacaaagecgegggaggageagtacaacageacgtaccgtgtggteagegtee
1 i Lis e 1 1 1 1 L i 1 ' 1 PPE T 1 PR ETTEE | i 1 I 1 e 1 1 losaas 1
T bd L} hd T b T ¥ T L] L] L L) L] L) b T bd 1 ¥ T hd T L T L L]

cgcaccaccacctgecactcggtget tetgggactccagt tcaagttgaccatgeacctgeecgeacctecacgtat tacggt tetgttteggegecctectegteatgt tgtegtgeatggeacaccagtcegeagg
higG1

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val .
4= Thr Thr Thr Ser Thr Leu Trp Ser Ser Gly Ser Thr Leu Asn Leu GIn Tyr Thr Ser Pro Thr Ser Thr Cys Leu Ala Leu Val Phe Gly Arg Ser Ser Cys Tyr Leu Leu Val Tyr Arg Thr Thr Leu Thr Arg

tcaccgtcctgeaccaggactggetgaatggcaaggagtacaagtgeaaggtctccaacaaageccteccageceecate catctccaaagccaaagggcagecccgagaaccacaggtgtacacce
1 1 M 1 N 1 N 1 L 1 3 3 1 M i P 1 3 1 M
T

AR e e b R b b el 1215

agtggcaggacgtggtcctgaccgact taccgttecteatgtteacgttecagaggt tgtttecgggagggtegggggtagetet tttggtagaggttteggttteccgteggggetettggtgtecacatgtggg
higG1

Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly GIn Pro Arg Glu Pro Gin Val Tyr Thr —_
4= Val Thr Arg Cys Trp Ser GIn Ser Phe Pro Leu Ser Tyr Leu His Leu Thr Glu Leu Leu Ala Arg Gly Ala Gly Met Ser Phe Val Met
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#2182 pBullet_BW_hFC_CD4TM_4-1BB_CD3z_mir30_shVCAM1-Exon3-early.dna (Circular /2218 bp)

Xmal Csil
TspMI  Smal ScxAI* BsrDI

tgcccccatcccgggatgagetgaccaagaaccaggtcagectgacctgectggtcaaagget tetatcccagegacategecgtggagt gggagageaatgggeagecggagaacaac tacaagaccacgectc
N " I M 1 } } N } + } 4 } N I M 1 4 I M 1 + I 4 I " Il

1 + T t T + + + T + T 1 T t 1 + T + 1 t 1

acgggggtagggccctactcgactggttettggtecagteggactggacggaccagtttecgaagatagggtegetgtageggeaccteacectetegttaceegteggectettgttgatgttetggtgeggag
higG1
Lau Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro

sapl
PaqCI Nsil lsqux

gttggtgatgtgegtettetegg

ccgtgetggactccgacggetecttettectcet. tcaccgtggac gg gggaacgtcttctcatgctcecgtgatgeatgaggetet acacgci
1 1 L 1 L [l L 1 L

. 1 L 1 . 1 5 L] L ] . 1 " ] Ly 1
ggcacgacctgaggetgccgaggaagaaggagatgtegt tegagtggeacctgttetegtecacegtegtecectt tacgtact

hIgGL

Fro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser

BsrFI
BbvCI NgoMIV Nael

tcteectgteteegggt ccte: ggccctgattgtgetggggggegtegecggectectgetttteattgggetaggeatettettetgtgt 9999 tectgt
L 1 L L L 3 L i 1 i 1 3 L i 1 i L i 1 i 1 3 L i 1 L 1
T LG T 5 T i3 T e T 5 T L% T L T

agagggacagaggcccattttttctaggagtcggttaccgggactaacacgacccceccgeageggec aacccgatcegt

T T T T T T T T T T T T
agtcctttgeccegtetttetttgaggaca

1 s 10 S 20 25 1 s
Asp Pro GIn Pro Met Ala Leu Ile Val Leu Gly Gly Val Ala Gly Leu Leu Leu Phe lle Gly Leu Gly lIle Phe Phe Cys Val Arg Lys Arg Gly Arg Lys Lys Leu Leu

— — +is0

Leu Ser Leu Ser Pro Gly Lys Lys Asp Pro Gin Pro Met Ala Leu Ile Val Leu Gly Gly Val Ala Gly Leu Leu Leu Phe Ile Gly Leu Gly Ile Phe Phe Cys Val Arg Lys Arg Gly Arg Lys Lys Leu Leu

atatatt ttat actc ggctgtagetgecgat tteccagaagaagaagaaggaggatgegaactgetgagagtgaagt t
L i L i L i L A L i L i L i L 2 L "

1 " 1 M 1 " L i
T T T T T T T T T T T T T 1 Y T T T T T T T T T T T T

tatataagtttgttggtaaatactctggtcatgtttgatgagttctecttctaccgacatcgacggetaaaggtettettettettectectacgettgacgactcteact tecaagtegtectegegtetgeggg

10 . " 15 L300 s 25 g 30 35 40 L
Tyr Ile Phe Lys Gin Pro Phe Met Arg Pro Val GIn Thr Thr GIn Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala
4-1BB -=a=== (in frame with 4-1BB) -=-u-»

| CD3zeta

Tyr lle Phe Lys GIn Pro Phe Met Arg Pro Val Gin Thr Thr GIn Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala

Sacl KfII
Eco53kI BsiHKAI PpuMI

cegegt ggg gctctat rcaatctagg ggagtacgatgtttr nrggﬂ rr‘rgagatggggggaaagccgagaaggaagaaccctcagg
X h 1 f 1 I M
¥ T t T * T t t + T t t } T } + I }
ggcgcatggtcgtcccggtct tggtcgagatattgctcgagttagatcctgcttctctcctcatgctacaaaacctgttctctgcaccggccctgggactctacccccctttcggctct tccttcttgggagtcc

Pro Ala Tyr GIn Gin Gly Gin Asn GIn Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gin
-. (in frame with 4-1BB)

-

CD3zeta

Fro Ala Tyr Gin GIn Gly GIn Asn GIn Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gin

rgu

aaggcctgtacaatgaactgc aagatggcggaggectacagtgagat tgggatgaaaggcgagegecggaggggcaaggggceacgatggectttaccagggtctcagtacagecaccaaggacacct

ettt e e i e e e e e

ttccggacatgttacttgacgtctttctattctaccgectecggatgtecactctaaccctacttteecgetegeggecteccegtteceegtgetaccggaaatggteccagagteatgteggtggttectgtgga
Glu Gly Leu Tyr Asn Glu Leu GIn Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr GIn Gly Leu Ser Thr Ala Thr Lys Asp Thr
(in frame with 4-1BB)  ieeemeecccccccccccccansccccccccmceesseaseeeaemeeee——e——

CD3zeta

Glu Gly Leu Tyr Asn Glu Leu GIn Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr GIn Gly Leu Ser Thr Ala Thr Lys Asp Thr

BsaWI
BstAPI BspEl*l Sall BsrBI

ggtatattgctgttgacagtgagcgGCTGGAGATAGACTTACTGAAAt agt gaagccacagatgtaTTT

acgacgecctteacatgeaggecctgeccectegetaatecte ccggagtc
tgctgegggaagtgtacgtecgggacgggggagegat taggagetctcetaggectcagetgetettecatataacgacaactgtcactcgcCGACCTCTATCTGAATGACT TTatcact teggtgtctacatAAA
Tyr Asp Ala Leu His Met Gin Ala Leu Pro Pro Arg

-------- (e win 158 122105 e ——— A —

ShVCAM1 Exone early

Tyr Asp Ala Leu His MetGin Ala Leu Pro Pro Arg B3

|Nrul*
CAGTAAGTCTATCTCCAGCtgcctactgectcggact tcaaggggetactegegatee 3
" 1 M 1 L 1 3 1 L 1 1 w9218

GTCATTCAGATAGAGGTCG: gaagtt. agg 5’

shVCAM1 Exone early

135)

1485

1622

1755

189)

2025

2162
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5.5.3. #2193 pBullet_Lk_BW431/26scFv_IgG1Fc-CD4TM_41BB_CD3(
_mir30_shVCAM1-exon3-late

Sequence: #2193 pBullet_BW_hFC_CD4TM_4-1BB_CD3z_mir30_shVCAM1-Exon3-late.dna (drcular/ 2218 bp)
Enzymes: Unique 6+ Cutters (48 of 678 total)
Features: 13 total

Unique Cutters Bold

Ncol Xbal

5 ccatggattttcaggtgcagattttcagettectgetaatcagtgecteagtcataatgtctagaggtgtecactcccaggtecaactgeaggagtcaggtecaggtcttgtgagacctagecagaccetgagee
N 1 M 1 " 1 N 1 L 1 M 1 1 1 N 1 M 1 M 1 L 1 N 1 N 1 1

s T T T 1 T T T T T T T T T T T 1 T T T
3 ggtacctaaaagtccacgtctaaaagtcgaaggacgat tagtcacggagtcagtattacagatctccacaggtgagggtccaggttgacgtectcagtecaggtecagaacactetggateggtetgggactegg
anti-CEAscFv BW4

Met Asp Phe GIn Val Gin Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser Val Ile Met Ser Arg Gly Val His Ser Gin Val GIn Leu GIn Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gin Thr Leu Ser

PfIFI

Btsl Tth111r

Btsall Dralll[ |erI BciVl

tgacctgeaccgtgtctggcttcaccatcagecagtggttatagetggeactgggtgagacagecacctggacgaggtettgagtggattggatacatacagtacagtggtatcactaactacaacccctetetea
1 N 1 N 1 N 1 M 1 N 1 . 1 P 1 1 1 M 1 L 1 1 1 . 1 . 1

T ¥ T ' T T T T T ¥ T ' T ' T ¥ T
actggacgtggcacagaccgaagtggtagtcgtcaccaatatcgaccgtgacccactetgteggtggacctgetecagaactcacctaacctatgtatgteatgtcaccatagtgattgatgt tggggagagagt

anti-CEAscFv BW431/2

Leu Thr Cys Thr Val Ser Gly Phe Thr Ile Ser Ser Gly Tyr Ser Trp His Trp Val Arg Gin Pro Pro Gly Arg Gly Leu Glu Trp Ile Gly Tyr Ile Gin Tyr Ser Gly Ile Thr Asn Tyr Asn Pro Ser Leu

aaagtagagtgacaatgctggtagacaccagcaagaaccagttceagectgagactcageagegtgacageegecgacacegeggtetat tat tgtgcaagagaagac tatgat taccactggtact tegatgtet
i L 3 L i L " 1 i L i L i 1 i 1 3 1 i 1 " L " L i L i

1 ] T
tttcatctcactgttacgaccatctgtggtegttettggtcaagtcggactctgagtegtegeactgteggeggetgtggegecagataataacacgttetettetgatactaatggtgaccatgaagetacaga
anti-CEAscFv BW431/2

Lys Ser Arg Val Thr Met Leu Val Asp Thr Ser Lys Asn Gin Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala Arg Glu Asp Tyr Asp Tyr His Trp Tyr Phe Asp Val

PshAI |BstEIl Pvull

|
ggggee cacggtcaccgtetecte ggtggatcgggeggtggegggtcgggtggeggeggatctgacatccagetgacccagageeccaageagectgagegecagegtgggtgacagagtga
1 . 1 : 1 . 1 : } 3 i 3 1 : 1 3 1 3 1 3 1 N 1 : 1 M 1
T B L] . L] * T " T Ll ] L) ] L ] 1 ] " 1 L] T = ] & ] b 1

ccecggttecctggtgecagtggeagaggagtectecaccacetageccgecaccgeccageccaccgecgectagactgtaggtegactgggtetegggttegteggactegeggtegeaceecactgteteact

anti-CEAscFv BW431/2

Trp Gly Gin Gly Thr Thr Val Thr Val Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Asp Ile GIn Leu Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Gly Asp Arg Val
— B3 Ser Thr Thr Ser Arg Ala Thr Ala Pro Arg Thr Ala Ala Ser Arg Val Asp Leu GIn Gly Leu Ala Trp Ala Ala Gin Ala Gly Ala His Thr Val Ser His

PspXI

ccatcacctgtagtaccagctcgagtgtaagt tacatgcactggtaccagcagaagecaggtaaggetccaaagetgetgatctacageacatecaacctggettetggtgtgccaageagat tcageggtageg
3 i N 1 3 1 : 1 f i N 1 : f N i N 1 1 1 : 1 3 1 3 1 X
t 1 ¥ 1 t T t 1 t T } T t 1 t 1 t 1 t 1 t 1 t T t T t
ggtagtggacatcatggtcgagctcacattcaatgtacgtgaccatggtegtetteggtecattecgaggt ttcgacgactagatgtegtgtaggttggaccgaagaccacacggttegtetaagtegecatege

anti-CEAscFv BW431/2

Thr lle Thr Cys Ser Thr Ser Ser Ser Val Ser Tyr Met His Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro Ser Arg Phe Ser Gly Ser
4= Gly Asp Gly Thr Thr Gly Ala Arg Thr Tyr Thr Val His Val Pro Val Leu Leu Leu Trp Thr Leu Ser Trp Leu GIn GIn Asp Val Ala Cys Gly Val GIn Ser Arg Thr His Trp Ala Ser Glu Ala Thr Ala

BpmI
Eco57MI BamHI
gtagcggtaccgacttcaccttcaccatcagecagectccagecagaggacatcgecacctactactgecatcagtggagtagt tatcecacgtteggecaagggaccaaggtggagatcaaagtggatcccgecg
1 N 1 N 1 N 1 N L M 1 " 1 . 1 3 1 M 1 M 1 N 1 N I M 1
T T ' T T T v T ¥ T ' T T T ' T T T T T T T T T T T
catcgccatggetgaagtggaagtggtagtcgteggaggteggtetectgtageggtggatgatgacggtagtcacctcatcaatagggtgcaagecggttecctggttecacctetagtttcacctagggegge

anti-CEAscFv BW4 hIgG1

Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser Leu Gin Pro Glu Asp Ile Ala Thr Tyr Tyr Cys His Gln Trp Ser Ser Tyr Pro Thr Phe Gly GIn Gly Thr Lys Val Glu Ile Lys Val Asp Pro Ala
4= Thr Ala Thr Gly Val Glu Gly Glu Gly Asp Ala Ala Glu Leu Trp Leu Val Asp Gly Gly Val Val Ala Met

AhdI BspHI* Pfol Alel

agcccaaatctcctgacaaaactcacacatgeccaccgtgeccageacctgaactectggggggaccgtcagtettectcettecceccaaaacccaaggacaccctcatgatceteeeggaceectgaggteacat
R e e e
tcgggtttagaggactgttttgagtgtgtacgggtggeacgggtegtggact tgaggacceeecctggeagte Jgggggt tttgggttectgtgggagtactagagggectggggactecagtgta

hIgG1

Glu Pro Lys Ser Pro Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr

— B3 Val His Gly Gly His Gly Ala Gly Ser Ser Arg Pro Pro Gly Asp Thr Lys Arg Lys Gly Gly Phe Gly Leu Ser Val Arg Met Ile Glu Arg Val Gly Ser Thr Val His

gegtggtggtggacgtgagecacgaagaccetgaggtcaagttcaactggtacgtggacggegtggaggtgcataatgecaagacaaagecgegggaggageagtacaacageacgtacegtgtggtcagegtee
R e Y
cgcaccaccacctgecactcggtgettetgggactecagttcaagttgaccatgeacctgecgeacctccacgtat tacggt tetgttteggegeectectegteatgttgtegtgeatggeacaccagtegeagg

hIgG1

Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
4= Thr Thr Thr Ser Thr Leu Trp Ser Ser Gly Ser Thr Leu Asn Leu GIn Tyr Thr Ser Pro Thr Ser Thr Cys Leu Ala Leu Val Phe Gly Arg Ser Ser Cys Tyr Leu Leu Val Tyr Arg Thr Thr Leu Thr Arg

cacaggtgtacaccc
M L 3 1 i 1 M 1 M 1 " M 1 3 1 3
T T t T + T T T t T T T + 1 + T 4 T T T T T + T + 1 t

agtggcaggacgtggtcctgaccgacttaccgttectcatgttcacgttccagaggt tgtttcgggagggtegggggtagetettttggtagaggttteggttteccgteggggetettggtgtecacatgtggg
higG1l

Leu Thr Val Leu His GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr
4= Val Thr Arg Cys Trp Ser GIn Ser Phe Pro Leu Ser Tyr Leu His Leu Thr Glu Leu Leu Ala Arg Gly Ala Gly Met Ser Phe Val Met

teaccgtectgeaccaggactggetgaatggcaaggagtacaagt ctec ccteccageececat atcts gee agcee
" L A L i L L L " L L

405

675

945

1082

1215
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#2193 pBullet_BW_hFC_CD4TM_4-1BB_CD32z_mir30_shVCAM1-Exon3-late.dna (Crcular / 2218 bp)

Xmal Csil
TspMI  Smal ScxAI* BsrDY

tgceccccatcccgggatgagetgaccaagaaccaggtcagectgacctgectggtcaaagget tetatcccagegacatcgecgtggagt gggagagcaatgggeagecggagaacaactacaagaccacgectc
reseteesrfessstresrfearrbsarefireb s s st e et e e e s
acgggggtagggccctactcgactggttettggtecagteggactggacggaccagtttecgaagatagggtegetgtageggeaccteacectetegttaceegteggectettgttgatgttetggtgeggag
higG1
Lau Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro

sapl
PaqCI leix IBspQI

t 1 t T t 1 t } t } t t t 1 t T i 1 t T t 1 t T t 1 t
ggc gagget ggagatgtcgttcgagtggeacctgttetegtecacegtegtececttgcagaagagtacgaggeactacgtactecgagacgtgttggtgatgtgegtettetegg

FIgeT

Fro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser

ccgtgetggactccgacggetecttcttectct tcaccgtggac: g gggaacgtcttctcatgctcecgtgatgecatgaggetet tacac
: 1 : 1 : 1 1 1 1 1 1 1

BsrFI
BbvCI NgoMIV Nael

tctccctgtctccgggtaaaaaagatcctcagccaatggccctgattgtgctggggggcgtcgccggcctcctgcttttcattgggctaggcatcttcttctgrnh 9999 ucctgt
L i L L L i L i 1 i 1 3 L 3 1 i 1 i 1 i 3 l L
+ t + + + + H+H+H-

T L T of T . T o T = T ) T L T % T

agagggacagaggcccattttttctaggagtcggttaccgggactaacacgaccccccgeageggecggaggacgaaaagtaaccecgatecgt nnfrrrrrnr‘rrmfrtttctttgaggaca

1 5 10 15 20 25
Asp Pro GIn Pro Met Ala Leu lle Val Leu Gly Gly Val Ala Gly Leu Leu Leu Phe lle Gly Leu Gly lle Phe Phe Cys Val Arg Lys Arg Gly Arg Lys Lys Leu Leu

—— “-ico

Leu Ser Leu Ser Pro Gly Lys Lys Asp Pro Gin Pro Met Ala Leu Ile Val Leu Gly Gly Val Ala Gly Leu Leu Leu Phe Ile Gly Leu Gly Ile Phe Phe Cys Val Arg Lys Arg Gly Arg Lys Lys Leu Leu

atatatt ttat act ggctgtagetgecgat ttecagaagaagaagaaggaggatgegaactgetgagagtgaagt tcagecaggagegeagacgece
L i L i L i L A L i L L L i L A 1 "

tatataagtttgttggtaaatactctggtcatgtttgatgagttctecttctaccgacatcgacggctaaaggtcettettettettectectacgettgacgacteteacttecaagtegtectegegtetgegag

10 15 P« 25 30 . 40 "
Tyr lle Phe Lys Gin Pro Phe Met Arg Pro Val Gin Thr Thr Gin Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala
4-1BB = - (in frame with 4-1BB)  -=---»

| CD3zeta

Tyr lle Phe Lys GIn Pro Phe Met Arg Pro Val Gln Thr Thr Gn Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala

Sacl Kfix

Eoo53kII |BsiHKAI PpuMI

ccgegt 9o cagctctat tcaatctagg: acgatgttttggac gtggecgggaccetgagatggggggaaagccgagaaggaagaacccteagg
L 1 L 1 1 1 3 L 3 1 ' % } } } : + : 4 } + :

: M
T T T T T T T T T T T T T T T T
ggcgeatggtegteceggtettggtcgagatattgetegagt tagatectget tetctecteatgetacaaaacctgttetetgeaccggecctgggactetacceceettteggetettecttettgggagtee

Pro Ala Tyr GIn Gin Gly Gin Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gin
-. (in frame with 4-1BB)

CD3zeta

Fro Ala Tyr GIn GIn Gly GIn Asn Gin Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gin

Bgll

1
T T T T T

aaggcctgtacaatgaactgc aagatggcggaggectacagtgagat tgggatgaaaggegagegecggaggggcaaggggeacgatggect ttaccagggtetcagtacagccaccaaggacacct
N 1 L 1 N 1 L 1 1 1 N 1 N 1 N 1 M 1 1 1 N 1 . 1 3 1

T T T T T T ¥ T ¥ T ¥ T T T T T T T T T T T
ttceggacatgttacttgacgtetttctattetaccgecteeggatgtcactctaaccetact ttecgetegeggecteccegtteccegtgetaccggaaatggteccagagteatgteggtggttectgtgga

Glu Gly Leu Tyr Asn Glu Leu GIn Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr GIn Gly Leu Ser Thr Ala Thr Lys Asp Thr
--------------------------------------------------------- (in frame with 4-1BB)  tmecmecccccccccccccacsccccccccceaessecseceeeeee e

CD3zeta

Glu Gly Leu Tyr Asn Glu Leu GIn Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr GIn Gly Leu Ser Thr Ala Thr Lys Asp Thr

BsaWI
BstAPI BspEl“l ISall BsaBI

ggtatattgctgttgacagtgagcgegagctaaattacacat tgatgtagtgaagccacagatgtacat

acgacgecctteacatgeaggecctgeccectegetaatecte ccggagte
tgct gtacgt ggggagcgatt ctctaggectcagetgetettecatataacgacaactgtcactcgegetcgatttaatgtgtaactacatcact teggtgtetacatgta

Tyr Asp Ala Leu His Met Gin Ala Leu Pro Pro Arg

-------- (e win 188" 122125 e —— |

broad institul sh - exon3 lale -reverse

Tyr Asp Ala Leu His MetGin Ala Leu Pro Pro Arg &3
BssSI
BssSal Nrul *
caatgtgtaatttagctcgtgcctactgectcggacttcaaggggctactcgegatee 3
: 1 : 1 : 1 3 1 i 1 3

t T t T t T t ¥ T t
gttacacattaaat gaagtt agy 51

135)

1485

1622

1755

189)

2025

2162
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5.5.4. #2210 pBullet_Lk_BW431/26scFv_lgG1Fc-CD4TM_41BB_CD3Z _mir30_shKanamycin

Sequence: #2210 pBullet_BW_hFC_CD4TM_4-1BB_CD3z_mir30_shKanamycin.dna (Circular / 2218 bp)
Enzymes: Unique 6+ Cutters (45 of 678 total) Unique Cutters Bold
Features: 13 total

NcoX Xbal

ccatggattttcaggtgcagattttcagettectgetaatcagtgectcagteataatgtctagaggtgtccacteccaggtecaactgeaggagtcaggtecaggtct tgtgagacctagecagaccctgagee
N 1 L I L 1 M 1 N 1 N 1 1 1 : i : 1 : f : 1 : 1 : f +
t T t T + T t 1 t T + T t 1 + T + T + T t 1 + T + T +
ggtacctaaaagtccacgtctaaaagtcgaaggacgattagtcacggagtcagtat tacagatctecacaggtgagggtecaggt tgacgtectcagtccaggtccagaacactctggateggtetgggactegg

anti-CEAscFv BW431/2

PIFI

BtsI
Btsa DraIIl iamrx |“"“" GivI

tgacctgcaccgtgtctggcttcaccatcageagtggttatagetggcactgggt ctggacgaggtcttgagtggattggatacatacagtacagtggtatcactaactacaaccectctctca
1 i L i L ' L i L i L i L 3 ] 3 ] 3 L 3 L ' L 3 1 3 1

T " T - T " L] ” T » T 1 1 o L] - T » 1 " T
actggacgtggcacagaccgaagtggtagtcgtcaccaatatcgaccgtgacceactetgteggtggacctgetccagaactcacctaacctatgtatgtcatgtcaccatagtgattgatgttggggagagagt

anti-CEAschv BW431/2

aaagtagagtgacaatgctggtagacaccagcaagaaccagt tcagcctgagactcagcagegtgacagccgecgacaccgeggtcetattattgtgcaagagaagactatgattaccactggtacttegatgtet
1 1 M 1 f 1 M 1 M 1 3 1 P 1 1 1 3 1 f 1 M 1 M 1 3 1 N

t 1 t T t T + T + T y T y T + T t T t T + T $ T + T +
tttcatctcactgttacgaccatctgtggtegttettggtcaagtcggactctgagtegtegeactgteggeggetgtggegecagataataacacgt tetettetgatactaatggtgaccatgaagetacaga

anti-CEAscFv BW431/2

PshAI  BstEIL |Pvull

ggggccaagggaccacggtcaccgtctectcaggaggtggtggatcgggeggtggcgggtegggtggeggeggatetgacatccagetgace C t gtgggt ga
1 N 1 M 1 " 1 . 1 3 1 M 1 M 1 M 1 3 1 M L M 1 : 1 : 1

T T T T T T T T T

ceeeggt teeetggtgecagtggeagaggagtectecaccacctagecegecacegeceageeccaccgeegectagactgtaggtegactgggtetegggt tegteggactegeggtegeacceactgteteact

anti-CEAscFv BW431/2

PspXI

ccatcacctgtagtaccagctcgagtgtaagttacatgcactggtaccagcagaagecaggtaaggetccaaagetgetgatctacageacatccaacctggettetggtgtgecaageagat tcageggtageg
N I M 1 : 1 : 1 N 1 3 1 . 1 N 1 M 1 . 1 N 1 . 1 N 1 X

t T t T t T t T t T i T t T + T + T i T t T i T + T +
ggtagtggacatcatggtcgagetcacattcaatgtacgtgaccatggtegtetteggtecattecgaggtttcgacgactagatgtegtgtaggttggaccgaagaccacacggttegtetaagtegecatege

anti-CEAscFv BW431/2

BpmI
Eco57MI BamHI

gtagcggtaccgact tcacct tcaccatcagcagectccaged atcgecacctactactgecatcagtggagtagt tatcccacgt teggecaagggaccaaggtggagatcaaagtggatccegeeg
1 M 1 M 1 L 1 N 1 3 1 3 1 3 1 M 1 M i 3 1

T T T T T T T T T T T T T T T T T T T T T T T T T T T
catcgccatggetgaagtggaagtggtagtcgteggaggteggtetectgtageggtggatgatgacggtagteaccteatcaatagggtgcaageeggttecctggttecacctetagtttcacctagggegge

. | 155

hdI BspHI* Pfol

agcccaaatctcctgacaaaactcacacatgeccaccgtgeccageacctgaactectggggggacegteagtet tectcttecccccaaaacccaaggacaccctcatgatcteccggaccectgaggtcacat
N 1 1 : 1 M I M 1 . 1 . 1 N 1 s 1 . 1 . 1 X 1 N

t T t T 1 T t T t T y T y T + T + T + T t T t T t T t
tcgggtttagaggactgttttgagtgtgtacgggtggcacgggtegtggacttgaggacececctggeagtcagaaggagaaggggggtt ttgggt tectgtgggagtactagagggectggggactecagtgta
RIGGL

gegtggtggtggacgtgagecacgaagaccetgaggtcaagt tcaactggtacgtggacggegtggaggtgcataatgecaagacaaagecgegggaggageagtacaacageacgtaccgtgtggteagegtee
1 i L i L b L i L i L i 1 b 1 i L i L i L i L & 1 i 1

1 T L T . L] ] T L] L] L ] . ] L ] ) ) » L] » ] o ]
cgcaccaccacctgeacteggtgcettetgggactccagt tcaagt tgaccatgeacctgecgeacctecacgtat tacggttetgttteggegecctectegteatgttgtegtygeatggeacaccagtegeagg

higG1

tcaccgtect ggctgaatgge acaagtgcaaggtcte tcccagececcate catct: caaagggcagccccgagaaccacaggtgtacacce
1 1 L 1 i L i L L 1 i L 1 L L i 1 1 L i

T T ' T T T v T 4 T ' T T T
agtggcaggacgtggtcctgaccgacttaccgttectcatgttcacgttecagaggttgtttcgggagggtegggggtagetettttggtagaggttteggtttcccgteggggetettggtgtecacatgtggg

higG1l

Xmal Csil
TspMI  Smal SexAI* BsrDI

tgcccccateecgggatgage tgaccaagaaccaggtcagectgacctgectggtcaaagget tetatcccagegacategecgtggagtgggagageaatgggeagecggagaacaactacaagaccacgectc
1 N I N 1 3 i N 1 1 1 N 1 M i " 1 3 i N 1 3 1 N i : 1

T U t t t T T 1 t + + T + T T t

T T T Ll T T T T 1 n, L]
acgggggtagggecctactegactggttettggtecagteggactggacggaccagtttecgaagatagggtegetgtageggeaccteaceetetegttaccegteggectettgttgatgttetggtgcggag

RIgG1

Sapl
|PanI Nsil |BspQ!
ccgtgctggactccgacggctecttettectet tcaccgt ggaacgtcttctcatgctccgtgatgecatgaggetct

N 1 M 1 : : 1 M 1 M 1 : 1 3 1 : 1 M 1 " M 1 : 1 M

1
t T t T + T + T t T } T y T t T t T ¥ 1 g T 4 T t T ¥
gaggct ggagatgtcgttcgagtggcacctgttctegts cgtccectt acgtact gttggtgatgtgegtcttctegg

RIGG1

lel

405

540

810

945

1215

1350

1485
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#2210 pBullei_BW_hFC_CD4TM_4-1BB_CD3z_mir30_shKanamycin.dna (Circular /2218 bp)

BsrFI
BbvCI NgoMIV Nacl

tctecctgteteegggtaaaaaagatcctcagecaatggecctgattgtgetggggggegtegecggectectgetttteattgggetaggeatettettetgtyte 9990¢ tectgt
1 1 I " 1 " 1 M 1 M 1 M 1 : 1 3 I N 1 3 I " I N i + 1
T v T T T ¥ T ¥ T ¥ T y T ¥ T ol T 4 T ¥ T ¥ T ¥ T v T
agagggacagaggeccat tttttctaggagtcggttaccgggactaacacgaccccecgeageggee

ccgt acagtcctttgeceegtetttetttgaggaca

1 5 10 15 20 25 1 5
D PG PMALLVIEGGVW A G L EL F G L GIIF FCYVRKIRGRIK KL L

e e —— S

atatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagetgecgatttec gcgaactgetgagagtgaagt tcagcaggagegeagacgeee
i i L i I 3 L 3 1 3 L 3 I 3 1 3 L 3 1 i I 5 L 3 I 3
t T t T t T + T + T + T + T t T t T t T t T t T + T +
tatataagtttgttggtaaatactctggtcatgtttgatgagttctecttctaccgacatcgacggetaaaggtcttettettettectectacgettgacgacteteacttcaagtegtectegegtetgegggy
10 15 20 25 30 35 40
Y IEF K QP EFMREYVY QT TQ EEDGC:S €CR EPEEEEGGEELILR VYV KE S RS A DA
4-1BB - (in frame with 4-1BB) --c-o»

[ CD3zeta

Sacl KfIT
Eoo53l(Il |BsiHKAI |PpuMI

acgatgttttggac ggccgggaccetgagatggggg gaagy: tcagg
1 . 1 M 1 N 1 N 1 X 1 1 N 1

ccgegt gcagggl cagctctataacgagctcaatct
} + Il $ Il 3 Il N 1 . I .

T T T - I L 1 i 1 » T - L) T 1 LS T - T - 1
ggcgeatggtcgteccggtettggtcgagatattgetegagttagatectget tetctecteatgetacaaaacctgttetetgeaccggeectgggactctacecceettteggetettecttettgggagtee

PA Y Q@ QG Q N Q L ¥ 'N:E L'NL G R R E E Y DV L D KR RGRDPEMGSGIKUPRRIK-'NPQ
--------------------------------------------------------- (in frame With 4-1BB) +=eemeeemccccccmmcc e e e cecc e eeeee e m e ———————p

CD3zeta

II!gII

aaggcctgtacaatgaactgcagaaagataagatggcggaggectacagtgagat tgggat gagcgeeggagggyc acgatggect t taccagggtctcagtacagecaccaaggacacct

ttccggacatgttacttgacgtetttetattcetaccgectecggatgteactctaaccctactttecgetegeggectececegtteceegtgetaccggaaatggteccagagteatgteggtggttectgtgga

EGLY NE LQ KDKMAEAYSEI GM K G E RRR®GKGHDIGILYQGL $'TATKDT
oy = (in frame with 4-1BB) -

CD3zeta

BsaWI
IBstAPI BspE!‘I Sall
acgacgccct tcacatgcaggecctgeccectegetaatecte ccggagtcgac atattgctgttgacagtgagcgatcaccatgagtgacgacgtgatagtgaagecacagatgtatca
1 N 1 N 1 N 1 1 3 1 3 1 3 1 . 1 M 1 N 1 M 1 N 1

i 1 i

L} T ¥ L) & L . Ll ¥ L | L L) T T L) L L
tgctgegggaagtgtacgtecgggacgggggagegat taggagetctetaggectcagetgetettecatataacgacaactgteactegetagtggtacteactgetgeactateact teggtgtetacatagt

Y D AL

HMQ A L P
-------- (n'Fame i -108) ~---." e
Co3zeta ] shKanamycin (irr | mireloopr| |
shKanamycine reverse (irrelevant target control)

Nrul*

cgtcgtcactcatggtgattgectactgecteggact tcaaggggetactcgegatee 3r

1 1 I I I 1 " L 3 1 3

e t t HHH eee 2218
gcagcagtgagtaccactaacggatgacggagcctgaagttccccgatgagegetagg B¢

1755

1890

2025

2160
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5.5.5. #2602 pBullet_Lk-BW431/26scFv_CD8hinge-CD8TM_41BB_CD3(

Sequence: #2602 pBullet_Lk_BW4312 6scFv_CD8hinge_CD8TM_41BB_CD3z.dna (Circular / 1504 bp)

Enzymes: Unique 6+ Cutters (39 of 678 total) Unique Cutters Bold

Features: 8 total

Ncol Xbal

5 CCATGGATTTTCAGGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCCTCAGTCATAATGTCTAGAGGTGTCCACTCCCAGGTCCAACTGCAGGAGTCAGGTCCAGGTCT TGTGAGACCTAGCCAGACCCTGAGCC
B i L L e L L L e L L L L e L L s

3 GGTACCTAAAAGTCCACGTCTAAAAGTCGAAGGACGATTAGTCACGGAGTCAGTATTACAGATCTCCACAGGTGAGGGTCCAGGT TGACGTCCTCAGTCCAGGTCCAGAACACTCTGGATCGGTCTGGGACTCGG

IgK SP anti-CEA BW431/2

PfIFI

BfuAl
BspMI DralIl Bmrl |T"‘“" GivI

TGACCTGCACCGTGTCTGGCTTCACCATCAGCAGTGGTTATAGCTGGCACTGGGTGAGACAGCCACCTGGACGAGGTCT TGAGTGGATTGGATACATACAGTACAGTGGTATCACTAACTACAACCCCTCTCTCA
1 N 1 M 1 M 1 1 1 3 1 3 1 M 1 3 1 3 1 . 1 3 1 . 1 }

T ¥ v T . T v T v T v T v T v T v T o T b T T T T
ACTGGACGTGGCACAGACCGAAGTGGTAGTCGTCACCAATATCGACCGTGACCCACTCTGTCGGTGGACCTGCTCCAGAACTCACCTAACCTATGTATGTCATGTCACCATAGTGATTGATGTTGGGGAGAGAGT

anti-CEA BW431/

ccl mnl DrdI SacIl BbsI

AAAGTAGAGTGACAATGCTGGTAGACACCAGCAAGAACCAGT TCAGCCTGAGACTCAGCAGCGTGACAGCCGCCGACACCGCGGTCTATTATTGTGCAAGAGAAGACTATGATTACCACTGGTACTTCGATGTCT
I 1 3 1 . L L 1 3 1 i 1 i 1 " 1 3 1 : 1 i 1 i 1 I 1 i
T T T T T T T T T T T T T T T T T T T T T T T T T T T

TTTCATCTCACTGTTACGACCATCTGTGGTCGTTCTTGGTCAAGTCGGACTCTGAGTCGTCGCACTGTCGGCGGCTGTGGCGCCAGATAATAACACGT TCTCTTCTGATACTAATGGTGACCATGAAGCTACAGA

anti-CEA BW431/26 scFv

PshAI BstEII Pvull

GGGGCCAAGGGACCACGGTCACCGTCTCCTCAGGAGGTGGTGGATCGGGCGGTGGCGGGTCGGGTGGCGGCGGATCTGACATCCAGCTGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCGTGGGTGACAGAGTGA

CCCCGGTTCCCTGGTGCCAGTGGCAGAGGAGTCCTCCACCACCTAGCCCGCCACCGCCCAGCCCACCGCCGCCTAGACTGTAGGTCGACTGGGTCTCGGGTTCGTCGGACTCGCGGTCGCACCCACTGTCTCACT
anti-CEA BW431/2¢€

GS Linker x3 |

PspXI

CCATCACCTGTAGTACCAGCTCGAGTGTAAGT TACATGCACTGGTACCAGCAGAAGCCAGGTAAGGCTCCAAAGCTGCTGATCTACAGCACATCCAACCTGGCTTCTGGTGTGCCAAGCAGATTCAGCGGTAGCG
I 3 . : 3 i n ] i i i i i 1 i } 3
T T T T T T T T T T T T T T T T T T T T T T T T T T T

GGTAGTGGACATCATGGTCGAGCTCACATTCAATGTACGTGACCATGGTCGTCTTCGGTCCATTCCGAGGT TTCGACGACTAGATGTCGTGTAGGT TGGACCGAAGACCACACGGTTCGTCTAAGTCGCCATCGC

anti-CEA BW431/26 scFv

BpmI
Eco57MI BamHI

GTAGCGGTACCGACTTCACCTTCACCATCAGCAGCCTCCAGCCAGAGGACATCGCCACCTACTACTGCCATCAGTGGAGTAGTTATCCCACGT TCGGCCAAGGGACCAAGGTGGAGATCAAAGTGGATCCCGCGA
: 1 L i L i 1 [l 3 L

: I - 1 1 i 3 1 1

T
CATCGCCATGGCTGAAGTGGAAGTGGTAGTCGTCGGAGGTCGGTCTCCTGTAGCGGTGGATGATGACGGTAGTCACCTCATCAATAGGGTGCAAGCCGGTTCCCTGGTTCCACCTCTAGTTTCACCTAGGGCGCT
anti-CEA BW431/26 scFv

CD8 hinge

Inserted Sequence

BssSI
SgrAl NgoMIV Nael ApalLl BssSal

AGCCCACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCACCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAGGCGTGCCGGCCAGCGGC GCAGTGCACACH TGGACTTCGCCT

TCGGGTGGTGCTGCGGTCGCGGCGCTGGTGGTTGTGGCCGCGGGTGGTAGCGCAGCGTCGGGGACAGGGACGCGGGTCTCCGCACGGCCGGTCGCCGCCCCCCGCGTCACGTGTGCTCCCCCGACCTGAAGCGGA

Inserted Sequence

EcoRV

GTGATATCTACATCTEGGCGCCCTTGGCCEEGACTTETGEGETCCTTCTCCTGTCACTGETTATCACCCTTTACTGCAAACGGGECAGAAAGARACTCCTGTATATATTCARACAACCATTTATGAGACCAGTAC
1 L L L 1 1 1 L 1 i} L 1 1 1
T : L} + T + L] + T : T : + L] y T + L] y T : T g T : T

CACTATAGATGTAGACCCGCGGGAACCGGCCCTGAACACCCCAGGAAGAGGACAGTGACCAATAGTGGGAAATGACGTTTGCCCCGTCTTTCTTTGAGGACATATATAAGT TTGTTGGTAAATACTCTGGTCATG

Inserted Sequence

[ T e ]

CD8 hinge

APACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATT TCCAGAAGAAGAAGAAGGAGGATGTGAACTGAGAGTGAAGTT CAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACG
1 1 1 I J 1 1 I 1 I L
R
TTTGATGAGTTCTCCTTCTACCGACATCGACGGCTAAAGGTCTTCTTCTTCTTCCTCCTACACTTGACTCTCACTTCAAGTCGTCCTCGCGTCTGCGGGGGCGCATGGTCGTCCCGGTCTTGETCGAGATATTGC

Inserted Sequence

T

405

810

945

1215
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#2602 pBullet_Lk_BW43126scFv_CD8hinge_CD8TM_41BB_CD3z.dna (Circular / 1504 bp)

Eco53kL

Sacl  panr BmgBI KA NmeAIII  BsrGI

AGCTCAATCTAGGACGAAGAGAGGAGTACGATGT TTTGGACAAGAGACGTGGCCGGGACCCTGAGAT A Cl CCTC# CTGTACAATGAACTGCAGAAAGATAAGATGG
ittt it ettt b b i et o e ]
\GATCCTGCTTCTCTCCTCATGCTACAAAACCTGTTCTCTGCACCGGCCCTGGGACTCTACCCCCCTTTCGGCTCTTCCTTCTTGGGAGTCCTTCCGGACATGTTACTTGACGTCTTTCTATTCTACC

]
TCGAGTTA
Inserted Sequence ]

CD3z

Bglt |BstAPI
GCT

L L 3

T T T T T

CGGAGGCCTACAGTGAGAT TGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCTC
i L 3 3 L i 1 . . 1 i 1 . 1 i L 1 L " i 1 i
T g T = L}

1
T T Y T y T T T T T T T
GCCTCCGGATGTCACTCTAACCCTACTTTCCGCTCGCGGCCTCCCCGTTCCCCGTGCTACCGGAAATGGTCCCAGAGTCATGTCGGTGGTTCCTGTGGATGCTGCGGGAAGT GTACGTCCGGGACGGEEGAGCGA

= T
CD3z

BsaWI
BspEI*
AATCCTCGAGAGATCCGGA 3
ees 1504
TTAGGAGCTCTCTAGGCCT 5"

1350

1485

Page 2
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5.5.6. #2737 pBullet_Lk_BW431/26scFv_lgG1Fc-CD4TM_41BB

Sequence: #2737 pBullet-Lk-BW431-26-scFv-hIgG1Fc-CD4-41BB (no CD3z).dna (Circular / 2064 bp)
Features: 8 total

5’ gccatggattttcaggtgcagattttcagettectgetaatcagtgectcagtcataatgtctagaggtgtecacteccaggtecaactgecaggagtcaggtecaggtettgtga
D LA Baa s m R L e e A ARaa ra R an s R s T 115
3’ cggtacctaaaagtccacgtctaaaagtcgaaggacgat tagtcacggagtcagtattacagatctccacaggtgagggtccaggttgacgtectcagtecaggtccagaacact

5 g 10 . PR

1 " L i
G VHSQVQLQESGEPGLV
anti-CEAscFv BW431/26

MIEDIE QT VEQE TR R ST TE G S AR SIEMETTIME SR TGV THT S 0 g B0 e SEGE PG BT —

gacctagccagaccctgagectgacctgeacegtgtetgget tcaccatcageagtggt tatagetggeactgggtgagacagecacctggacgaggtcttgagtggattggata
230

ctggatcggtctgggactcggactggacgtggeacagaccgaagtggtagtegtcaccaatatcgacegtgacecactetgteggtggacctgetcecagaactcacctaacctat

. L 20 . 4 ER N VA |
BPS @ AL S L T €T V'S

anti-CEAscFv BW431/26

RS QT S B SR E S E VS G R e I SIS G SEW IR EWERC R QPP G RGNS ENWERTONGEEY. s

catacagtacagtggtatcactaactacaacccctctctcaaaagtagagtgacaatgetggtagacaccagcaagaaccagt tcagecctgagactcagecagegtgacageegee
B L L L L L e L e L e s L us
gtatgtcatgtcaccatagtgattgatgttggggagagagttttcatctcactgttacgaccatctgtggtegttcettggtcaagteggactetgagtegtegeactgteggegg

68 o oo I o oy E oy o o BB g g BE oy o4 4 O 4 5
M. P S L & & &V T M LV DTS KNGS LELSSNIT AKX
anti-CEAscFv BW431/26 >

PR S TS -1 § R S R Y
I: Q Y S 61T T N Y

IOV S G R NN P S, s SR AT M E Ve DS N O e S R S SV ST AT —_—

gacaccgcggtctattattgtgcaagagaagactatgattaccactggtacttegatgtetggggecaagggaccacggtcaccgtetectcaggaggtggtggatcgggegatyg
P | La &l A L i L bl L i L i adlas A L i sl As le i 1 i L
] L]

} 1 } T } T $ ' $ 1 } 4 1 i |
ctgtggegecagataataacacgttctcttetgatactaatggtgaccatgaagetacagacceeggttecctggtgecagtggeagaggagtectecaccacctageeegeecac

anti-CEAscFv BW431/26

2 S 2 A A, TS N S =S 2 A s ¢ N A s/, R e R o e e A R i i c i c R e —
— B S T T SRAT

gcgggtcgggtggcggeggatctgacatccagetgacccagageccaageagectgagegecagegtgggtgacagagtgaccatcacctgtagtaccagetegagtgtaagtta
575
cgcccageccaccgecgectagactgtaggtcgactgggtetegggt tegteggactegeggtegeacecactgtetcactggtagtggacatcatggtcgageteacatteaat

135 " Y + 140 . ., . . 145 2 n . 150 " ) . 155 .
G GGG S D1 QL TQSP S SLSASVGD

13
<t
—~“F

G G S

G G6GS GGGGS DI 55
«A P R T AASRVDLGQG

o

catgcactggtaccagcagaagccaggtaaggetccaaagetgetgatctacageacatccaacctggettetggtgtgecaageagatteageggtageggtageggtacegac
690
gtacgtgaccatggtcgtctteggtecattecgaggtttcgacgactagatgtegtgtaggttggaccgaagaccacacggt tegtctaagtegecategecategecatggetg

175 . + 180 . 2185 " " 2190 L I L 195 n 200 L L2085

S G S 6. S ' G T D

M CH W XY Q. Q K P 6 KA P K ‘L ‘I8 ¥ 8 T 8§ NL A S GV P S R FE
anti-CEAscFv BW431/26

ttcaccttcaccatcagcagectccagecagaggacatcgecacctactactgecatcagtggagtagt tatcccacgt teggecaagggaccaaggtggagatcaaagtggate

aagtggaagtggtagtcgtcggaggteggtetectgtageggtggatgatgacggtagtcaccteatcaatagggtgcaageeggttecctggttecacctetagttteacctag

210 215 220 225 230 235 240 245_1
Fiof B 0 8 § L Q@ P E D AT W YCHQOQ W S S ¥ R FGQ G T K VEIT K V. D

human IgG1

AT X0 X GO HQE Wi STES Y TR B RGO G K VAT EE T K VD —
D GGV YV AM
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#2737 pBullet-Lk-BW431-26-scFv-hIgG1Fc-CD4-41BB (no CD3z).dna (drcular / 2064 bp)

ccgccgageccaaatctectgacaaaactcacacatg gtgcccag tgaactcctgggg gtcagtcttcctctteccecccaaaacce tcat
1 1 1 X 1 M : 1 1 1 . 1 L 1 1 1

L 1
T y T T T T T T T ¥ T T T T T t T ¥ T ¥ T + T 220

ggcggetegggtttagaggactgttttgagtgtgtacgggtggcacgggtegtggact tgaggaccececctggeagtcagaaggagaaggggggttttgggttectgtgggagta
R i A B | S - - | e i A i I I < S e R WA - A A .
P A EP KS P DKTHTCGPPCPATPLETLLGTGGPSUVFLTFGPGPKTPLKDTLM

human IgG1_ >

PR E PGS P D T G e P G P AT B B G GBS R I E P PRI P KD M s
— B VHGGHGAGS SR RPPGDTKRIKG GG GTFGL SV RM

gatctcecggaccectgaggtcacatgegtggtggtggacgtgagecacgaagaceetgaggtcaagt tcaactggtacgtggacggegtggaggtgeataatgecaagacaaag
1035
ctagagggectggggactecagtgtacgeaccaccacctgeacteggtgettetgggactecagt tcaagt tgaccatgeacctgecgeacctecacgtattacggttetgttte

45 S0 55 60 65 20 75
1 S RTPEVTCVVVDVSHETDTPEVIKTFNWYVDGVEVHNATKTK
human 1gG1 >

Io0s8s R P BNV ST OC IV UV N DTN oSG eb B B P E VGRS INT VWG Y M DG M BN HI TN AT T K —_
dum CLEESRONTGES CF VO H R E S S oL W ST S 6e S T N BEQr Y s S T S T G B A I VTR

ccgecgggaggagcagtacaacageacgtaccgggtggtcagegtectcaccgtectgcaccaggactggetgaatggcaaggagtacaagtgcaaggtctccaacaaagecctee
1150

ggcgecctectecgtcatgttgtegtgeatggeccaccagtecgeaggagtggcaggacgtggtectgaccgacttaccgttectecatgttcacgttecagaggttgtttecgggagy
80 ., , . ., 8 110
P R E E Q Y N K

.+ o+ 4 90 , , , , 9 , , , 100, , , 408, . , ,
S T YRV VSV LTVLHQDWLNGTKTE]YKC V S N K A L
human IgG1 >

PR E g Y NS T R s O Ve D W N R K E e VSN K AT -
=GR S S CY LLVYRTTLTRNVNTRCEWSQSFPLSYLHLTETLTLAR:S®EG

cagcccccatcgagaaaaccatctccaaagccaaagggeagecccgagaaccacaggtgtacaccetgeccecateccgggatgagetgaccaagaaccaggt cagectgacctg
1265

gtcgggggtagetct tttggtagaggtttcggtttccegteggggctct tggtgtecacatgtgggacgggggtagggecctactcegactggttettggtecagtcggactggac
" 120 " 2125 " " 2130 " 2135 . " i 2140 " " 145 " " + 150 " " 4155
A P I E KT 1S5S KAKGQPRTETPQVYTLPPSRDETLTKN Vs L T C

human IgG1 >

50 YV 5 G (3 (=301 <o/ X0 o 1 sl 0 P T/ 5w U Y i 1 ] sty ] (oYt s i1 oS

— A GMSF VM

o}

cctggtcaaaggettetateccagegacategecgtggagtgggagageaatgggcagecggagaacaactacaagaccacgectccegtgetggactecgacggetecttette
1380
ggaccagtttccgaagatagggtcgetgtageggeaccteacectetegttaccegteggectettgttgatgttetggtgeggagggeacgacctgaggetgccgaggaagaag

g i G % g oy oWER R & @ o ogomguey 2 B 478 3 4 & ¢ 480§ G UEFREENY G % o deg i ¢ 3
LW K G EF Y P S DI AN EWES NG QP E NNY KT P P VL DSDGS F F

human IgG1 >
NG G BN RS DA e W R ST N G R P e TN N Y K e Y RS DG SRR —

=)

ctctacagcaagctcaccgtggacaagagcaggtggeagcaggggaacgtcttetcatgeteecgtgatgeatgaggetetgcacaaccactacacgcagaagagectetecctgt
1495

gagatgtcgttcgagtggcacctgttctegtecaccgtegtececttgecagaagagtacgaggcactacgtactcecgagacgtgttggtgatgtgegtetteteggagagggaca

195 200 205 210 215 220 225 230
LY S KL T VD KSRWQ QG G NWVES CS VMHEALHNHYTQKS L S L

human IgG1 >
L E T R A T | R W o X G T I | T ] S o T ) 3 - B - G T A s ] BT B p—

ctccgggtaaaaaagatcctcagecaatggecctgattgtgetggggggegtegecggectectgetttteattgggetaggeatcet tettetgtgtcaggaaacggggeagaaa
1610

gaggcccattttttctaggag tcggttaccgggactaacacgaccccccgcagcggccggaggacgaaaagtaacccgatccgtagaagaagacacag tectttgeceegtettt

" 235 . .1 10 " 15 . 20 o 25 . 1 P
SPGKKDPQPMALIVLGGVAGLLL I G L G FCVRKRGRK

e e mEETTM

S P G K K. DIP Q B "M A °T Wik GG ¥ A G E L EF EIGIL &G TF FF G M R KR GR K w=p

gaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagetgecgatttccagaagaagaagaaggaggatgTgaactgetg
1725

ctttgaggacatatataagtttgttggtaaatactctggtcatgtttgatgagttctecttctaccgacatcgacggetaaaggtettettettettectectacActtgacgac

g > [T 30 . IR, | S | HET IR |1
T RN E E DG C S € R GF P E E B E G G C E L&
4-1BB(ic)

PSS | LAY ST | (IR S 11
K L L. Y I F K:Q P E M R PV Q

CD3zeta(ic)
R I R O RN E R e v O T O E N EN D G G S N CE R P e A e G G C I A —
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#2737 pBullet-Lk-BW431-26-scFv-hIgG1Fc-CD4-41BB (no CD3z).dna (drcular/ 2064 bp)

agagtgtagttcagcaggagcgcagacgcccccgegtaccagcagggecagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagac

1840
tctcacatcaagtcgtcctcgegtetgegggggegeatggtegteccggtettggtegagatattgetecgagttagatecctgettetetectecatgctacaaaacctgttctety
5 10 " 15 20 25 30 35
R VE@FSRSADAPAYQQGQNQLYNELNTILSGH RARETEYDVL D KR
CD3zeta(ic) >

t haben

R V@ -—p
gtggccgggaccctgagatggggggaaagec cctcaggaaggcctgtacaatgaactgcagaaagataagatggcggaggcctacagtgagattgggatgaa

1955
caccggccctgggactctacccececttteggetettecttettgggagtecttecggacatgttacttgacgtetttetattctaccgectecggatgtcactetaacectactt
40 L 45 S0 S5 " 60 sa 4 65 70 . 75
R G RDZPEMGGIKUZPIRIRIKNPQEGLYNZETILQIKUDIKMATEAY S E I GMK
CD3zeta(ic) >

aggcgagcgccggaggggeaaggggcacgatggectttaccagggtctcagtacagecaccaaggacacctacgacgeccttcacatgcaggeectgeccectegetaa 3

I L 1 3 1 3 1 3 1 1 1 L 1 ' N 1 M 1 N 1 cas 2064

T ' T ' T . T . T . T ' T ' T . 1 . T ' i
tccgetegeggectececgtteccegtgetaccggaaatggteccagagtecatgteggtggttectgtggatgetgegggaagtgtacgtccgggacgggggagegatt 5¢

85 an 95 100 105 110
G E R RR GKGHUDGL Y Q GL STAT KDT YDA ALMHMOQATLPPRE
CD3zeta(ic) >
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5.5.7. #2738 pBullet_Lk_BW431/26scFv_lgG1Fc-CD4TM_CD3

Sequence: #2738 pBullet-Lk-BW431-26-scFv-hIgG1Fc-CD4-CD3zeta (no costim).dna (drcular/ 1947 bp)
Enzymes: Unique Qutters (49 of 678 total) Unique Cutters Bold
Features: 5 total

Ncol Xbal

ccatggattttcaggtgcagattttcagettectgetaatcagtgectcagteataatgtetagaggtgtecacteccaggtecaactgeaggagtcaggtecaggtettgtgag

ggtacctaaaagtccacgtctaaaagtcgaaggacgattagtcacggagtcagtattacagatctccacaggtgagggtccaggt tgacgtectcagtccaggtcecagaacactc

1 o 10 " PR L T—

" i S
G VHSQUVQLQESGTPGL VR

L-kappa anti-CEAscFv BW431/26

PfIFI

BtsI
Btsal DralIx Bmrl ithd14L GivI

acctagccagaccctgagectgacctgeaccgtgtetggetteaccatcageagtggt tatagetggeactgggtgagacagecacctggacgaggtettgagtggattggatac

tggatcggtctgggactcggactggacgtggcacagaccgaagtggtagtcgtcaccaatatcgaccgtgacccactctgteggtggacctgetecagaactcacctaacctaty

o 20 . ., 25 " P30 . W35 .40 45 L 50 S5,

PiS QL TEL S E F €EEp oM S 6 F T LSS G S W HIW VY RQ PFFG R GIL EWI GY
anti-CEAscFv BW431/26

BpuEI

atacagtacagtggtatcactaactacaacccctctctcaaaagtagagtgacaatgetggtagacaccagcaagaaccagttcagectgagactcageagegtgacagecyecy
A 1 b " A i L i La bbb bid L &b 1 i L b L i L 3
y 1 g 1 y 1 t ) y 1 } 1 } T i T y 1 y 1 y 1 i
tatgtcatgtcaccatagtgattgatgttggggagagagttttcatctcactgttacgaccatctgtggtegttettggtcaagteggactcetgagtegtegeactgteggegge

60 (54 20 . 25 80 85 90

I @ Y S 61 T NY NP S LK SRVYTMLV DT S KW NOQTFSLRLSSWVTAA
anti-CEAscFv BW431/26

PshAI  BstEII

acaccgcggtctattattgtgcaagagaagactatgattaccactggtacttcgatgtctggggecaagggaccacggtcaccgtctectcaggaggtggtggategggeggtgg
L 1 1 i L L L L L i L L 1 L 1 i L i L L 1 i ol

T t T t T + T ¥ T t T t T t T t T ¥ T t T -
tgtggcgecagataataacacgttctecttectgatactaatggtgaccatgaagetacagaccecggttecctggtgecagtggcagaggagtecctecaccacctageecgecace

125 . . . . 130
G GG G S G G G

DY HOW Y R DRV W B0 6T T
anti-CFAscFv BW431/26

Pvull PaeR71

cgggtcgggtggeggeggatetgacatccagetgacccagageccaageagectgagegecagegtgggtgacagagtgaccatcacetgtagtaccagetcgagtgtaagttac
1 1 P 1 : 1 : I P 1 : 1 h 1 : 1 . I : 1 . I

} 1 } 1 } 1 i T } 1 } 1 . 1 i t } T } 1 } i
gcccageccaccgecgectagactgtaggtegactgggtcetegggttegteggactegeggtegeacecactgtceteactggtagtggacatcatggtegagetcacatteaatg

135 140 145 150 155 160 165 170
GS 666G 6 S DI QLTQ S P SSLSASV GEGDRVTITCSTSSSVSY

anti-CEAscFv BW431/26 >

Tl
atgcactggtaccagcagaagccaggtaaggetccaaagetgetgatctacageacatccaacctgget tetggtgtgecaageagat tecageggtageggtageggtaccgact

tacgtgaccatggtcgtctteggtccattecgaggtttegacgactagatgtegtgtaggt tggaccgaagaccacacggttegtctaagtegecategecategecatggetga

L 175 " L 180 " 185 " 190 " 195 " 200 205
M H W Y QO K P 6 K .A P KL L I ¥ ST 86 N L A S 6 ¥ P S R F 'S G S 6 S 6T D

anti-CEAscFv BW431/26 >

BpmI
Eco57MI BamHI

tcaccttcaccatcagcagectecagecagaggacategecacctactactgecatcagtggagtagttatcccacgtteggecaagggaccaaggtggagatcaaagtggatee

agtggaagtggtagtcgtcggaggteggtetectgtageggtggatgatgacggtagtcacctecatcaatagggtgcaageecggt tecectggttecacctetagtttcacctagg

210 . " 215 220 225 230 235 240 1245 1
FT T Jd S5 L. P B'D K& E ¥ X EC H QW5 S ¥ P T E .G G T K VW IE J KiN-D P
anti-CEAscFv < 6

IAhdI |Bspm»=

cgccgageccaaatctectgacaaaactcacacatgeccaccgtgeccageacctgaactectggggggaccgtcagtettectettecccccaaaacccaaggacaccetcatg

gcggetegggtttagaggactgttttgagtgtgtacgggtggeacgggtegtggact tgaggacceecectggeagtcagaaggagaaggggggttttgggttectgtgggagtac

5 . 10 . 15 25
G

PR— " " " 20 L 30 .
A E P KS P DKTHTCZPPCPAUZPELL G

L N - 40
P S VvV F LF P PKUPKUDTULWM

human IgG1 >

. >

human IgG1

230

345

575

690

920
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#2738 pBullet-Lk-BW431-26-scFv-hIgG1Fc-CD4-CD3zeta (no costim).dna (Circular / 1947 bp)

Pfol Alel AgsI

atctcccggaccectgaggtcacatgegtggtggtggacgtgagecacgaagacectgaggtcaagttcaactggtacgtggacggegtggaggtgcataatgccaagacaaage

tagagggcctggggactccagtgtacgeaccaccacctgeactcggtget tetgggactecagt teaagttgaccatgeacctgecgeacctecacgtattacggttetgttteg

s 45 50 55 60 L 65 20 25 o
LS BT P E NT €EVYNVNDVSHE DDP ENKE NWY VYDGVEMHENIRARIKT. K

human 1gG1

cgcgggaggagcagtacaacagcacgtacegggtggtcagegtecteacegtectgeaccaggactggetgaatggcaaggagtacaagtgcaaggtetecaacaaageectece

gcgcectectegteatgttgtcgtgeatggeccaccagtcegeaggagtggeaggacgtggtectgaccgact taccgttectcatgttcacgttecagaggttgtttegggaggy

480 8s 90 a5 100 105 110 115 . .
P REEQJYNSTJYRVVSVLTVLHQDWTLNSGT KTETYKT CHKVSNTIKTATLTP

human IgG1

Xmal Csil
TspMII lSmal SexAI*

agcccccatcgagaaaaccatctccaaagecaaagggcagecccgagaaccacaggtgtacaccetgeccccatcccgggatgagetgaccaagaaccaggteagectgacetge

tcgggggtagetettttggtagaggttteggtttececgteggggetettggtgtecacatgtgggacgggggtagggecctactegactggttettggtecagteggactggacy

S 120 125 130 135 140 145 150 155
A P 1 E KT I S KAKGQPREPQV Y T LPP SR RDELTKNOQVYVSLTC

human IgG1

BsrDI

ctggtcaaaggettctatcecagegacatcgecgtggagtgggagagcaatgggeagecggagaacaactacaagaceacgectcecgtgetggactecgacggetecttettee

gaccagtttccgaagatagggtcgetgtageggeaccteacectetegttaceegteggectet tgttgatgttetggtgcggagggcacgacctgaggetgecgaggaagaagg

PO R | | | AT T S S s L. | [ S L
T T P P VL DS DGSEF

. 160 . 165 o . .. 170 o s 125 . . ., 180
L MK 6 F Y P S DI AV EWESNGQ P ENNYK
human IgG1

Sapl
PaqCI TspGWI Nsil BspQI

tctacagcaagetcaccgtggacaagagcaggtggeageaggggaacgtetteteatgetecgtgatgeatgaggetetgeacaaccactacacgecagaagagectctecctgte

agatgtcgttcgagtggcacctgttctegtecacecgtegtecect tgcagaagagtacgaggeactacgtactcegagacgtgttggtgatgtgegtettceteggagagggacag
195 200 205 210 215 220 225 230
LY & K LT ¥V DKS RWOQQGGNVESCS VMHEALHNMBYTQKISLSL S
human IgG1

BsrFI
|BvaI NgoMIV Nael

tccgggt tcctcagecaatggecctgat tgtgetggggggegtegecggectectgetttteat tgggetaggeatcttettetgtgtcaggetgagagtgaagtte

aggcccattttttctaggagtcggttaccgggactaacacgaccccccgeageggecggaggacgaaaagtaacccgatccgtagaagaagacacagtecgactetcacttcaag

235 1 . . . 5 oo 10 . oo 15 5 . . 4 20 " L4 25 4 ol e g 8o
P K K. DEP Qg PM AL Y LGEIV AAG L L L F TGS LG F RGOV RLRNYEK E

T [ Coscetsic) >

human IgG1

KfIX

Sacl
Eco53kI BsiHKAI PpuMI

g

gcagacgcccccgegtaccagcagggccagaaccagetctataacgagctcaatctaggacgaagagaggagtacgatgttttggacaagagacgtggeccgggace
M 1 " 1 3 1 M 1 N 1 1 1 . 1 N 1 M 1 3 1 L 1 1
T T T 1 T T T T T T T 1 1 T T T T T T T 1 T T
tegtectegegtetgegggggegeatggtegteccggtettggtegagatattgctegagttagatectgettctetecteatget gttctctg ggccctgg

PR T 10 . . . . 15 . . . a2 25 " b1 M CHND S SRt ol | ] PR ]
S R S ADAGPAYQQGLQN L Y N ELNLGRRTETETZYTDUVLDKR
CDazeta(ic)

40
R

20 PR S
Q G R D

ctgagatggggggaaag ccte ctgtacaatgaactg taagatgg ctacagtgagattgggatgaaaggcgagegecy

gactctaccccectttecggectecttecttettgggagtectteccggacatgttacttgacgtectttetattctaccgectecggatgtcactectaaccctactttecgetegegge

a5 s0 ss 60 65 20 Vi 80
P EMGGKGPRRKNSGPO QEGLJYNTETLCG QKTDRKMATEATYSSETIGMEKGE R R
CD3zeta(ic)

Bgl BsStAPI Sall HincII

gaggggcaaggggeacgatggectttaccagggtctcagtacageccaccaaggacacctacgacgecct tcacatgecaggecctgecccctegetaaCAGGtcGACy 3

eses 1947

ctccecgttececccgtgetaccggaaatggtcccagagtcatgteggtggttectgtggatgetgegggaagtgtacgtccgggacgggggagegat tGTCCagCTge 5

85 a0 a3 100 105 110
R G K GHDGL Y Q GL STATKUDTYDALHMMQATL P P

R
CD3zeta(ic) >

1035

1150

1265

1380

1495

1610

1725

1840
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5.5.8. #2739 pBullet_Lk_BW431/26scFv_lgG1Fc_CD4TM

Sequence: #2739 pBullet-Lk-BW431-26-scFv-hIgG1Fc-CD4 (no stim a all).dna (Circular / 2062 bp)
Features: 7 total

5 catggattttcaggtgcagattttcagcttcctgetaatcagtgecteagtcataatgtectagaggtgtccactcccaggtecaactgcaggagtecaggtecaggtettgtgaga
.vee

3+ gtacctaaaagtccacgtctaaaagtcgaaggacgattagtcacggagtcagtattacagatctccacaggtgagggtccaggttgacgtcctcagtecaggtecagaacactet

115

S " L L 10 L L i 15

3 M S VI "
G ¥V H'S i@ V@ L Q@ E S 6 P G L V R

L-kappa anti-CEAscFv BW431/26
M DiF @ VQ I F S F L L IS ASVWIMSRGVHSQVQLQETSGPG6L VR -
- M

cctagccagaccetgagectgacctgeaccgtgtctggettcaccatcageagtggttatagetggcactgggtgagacagecacctggacgaggtettgagtggattggataca

ggatcggtctgggactcggactggacgtggcacagaccgaagtggtagtcgtcaccaatatcgaccgtgacccactectgteggtggacctgetcecagaactcacctaacctatgt

20 25 30 35 40 45 55

50
P g Q T LS LT € F Y S@F TS SEGY S W HW:V RQ PP G R :GLE WI G ¥
anti-CEAscFv BW431/26

S T e S T G R S G T s S G S W H W g e P G R G LI ENIWA T GRSY: —_

tacagtacagtggtatcactaactacaacccctctctcaaaagtagagtgacaatgctggtagacaccagcaagaaccagttcagectgagactcagecagegtgacagecgecga
345
atgtcatgtcaccatagtgattgatgttggggagagagttttcatctcactgttacgaccatctgtggtegttcttggtcaagteggactctgagtegtegeactgteggegget
260 65 70 75 80 85 a0
I :Q 8 61 T N Y NP S L KIS RMT ML WVWDDTS KNQFSLRL SS VT AALD
anti-CEAscFv BW431/26 >

ENQINS NG TN YN PRSI ST RV M e R ST N R ST RS TEN S S R FATTATED —

caccgcggtctattattgtgcaagagaagactatgattaccactggtacttcgatgtctggggecaagggaccacggtcaccgtetectcaggaggtggtggatcgggeggtage

gtggegecagataataacacgttctcttetgatactaatggtgaccatgaagetacagacceeggttecctggtgecagtggeagaggagtectecaccacctageecgecaccy

as 100 — + s 105 110 115 P + 120 125 + 130 . .

T AV N Y S AT RVE DYDY H W N R D VW69 T OTVNT VS S E6E 68 66 6
anti-CEAscFv BW431/26

T AV Y Y €C AREDYUDYHWYTFDVWGEQGTTUYTWVSSGGG6G6 S 6 GG —
BS T T S R AT A

gggtcgggtggeggeggatctgacatccagetgacccagageccaageagect gagegecagegtgggtgacagagtgaccatcacctgtagtaccagetcgagtgtaagt taca

cccageccaccgeegectagactgtaggtcgactgggtetegggttegteggactcgeggtegeacceactgtetcactggtagtggacatcatggtcgagetcacattcaatgt
1 140 145 150 155 160 165 120

35
G S G 6 6 6 S:D' T Q L ‘T Q 8§ P8 S L S A S V¥V 6B RV T I T €8 TS S S V¥V 8§ ¥
anti-CEAscFv BW431/26

tgcactggtaccagcagaagccaggtaaggetccaaagetgetgatctacagcacatccaacctggettetggtgtgccaageagat tcageggtageggtageggtacegact t
690

acgtgaccatggtcgtctteggtecat teegaggt ttegacgactagatgtegtgtaggttggaccgaagaccacacggt tegtctaagtegecategecategecatggetgaa

175 180 185 190 195 200 205
M AREW Y QL G B G K AP KL L T YR S 8 N b A S UGN TP S IR P 188 Gl 80 e 5. G T D E

anti-CEAscFv BW431/26 >
M HWY Q K G K A K T A G Vv G G G
«H V P V L L THES L c s T H T T T

s TDE
A GVIE

- o

P P O Y5 S N L S PSR S S
w WL QQODV A G V Q R W A S E A A

caccttcaccatcagcagcctccagecagaggacategecacctactactgecatcagtggagtagttatcccacgt tcggecaagggaccaaggtggagatcaaagtggateee

gtggaagtggtagtcgtcggaggteggtetectgtageggtggatgatgacggtagtcaccteatcaatagggtgcaageeggttecctggttecacctetagtttcacctaggg

210 " 215 220 " 225 " 1230 L 235 1240 L 1245 1
EoE T X S S L O P EDOE A E NY EEH QNS S ¥ P T E GO GIT KNV EN K VNDEP

anti-CEAscFv BW431/26 | >

human IgG1

18 e T YE X G FNQUEWETS TS ST e ST RS NG QUG TR G VSR R K SV D R —_—
D GGV V AM
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#2739 pBullet-Lk-BW431-26-scFv-hIgG1Fc-CD4 (no stim a all).dna (Circular / 2062 bp)

gccgageccaaatctcctgacaaaactcacacatgecccaccgtgeccagecacctgaactectggggggaccgtcagtettectetteccccccaaaacccaaggacaccctecatga
920

cggctegggtttagaggactgttttgagtgtgtacgggtggcacgggtegtggacttgaggacceecectggeagtcagaaggagaaggggggttttgggttectgtgggagtact

s 10 15 20 25 30 35 . 40
A E P KS P DKTHTCGPGPCPAPTELTLLTLTCGTGZPSVFLFPPKTPKTDTLM
human IgG1 >

AL ED R ST PINDE K T H R E R e e P A PR ER I GG PSS M B e R R IC D M —
BV HGGHG GAGSSRPUPGDT KR RIKGGTFGL S VRMI

tctecccggaceectgaggtcacatgegtggtggtggacgtgagecacgaagaceetgaggtcaagt tcaactggtacgtggacggegtggaggtgcataatgccaagacaaagee
1 1 h 1 h i . 1 L 1 : 1 . 1 M 1 M I h 1 M 1 P

t 1 t t + 1 + t t t + t + t + 1 t t t 1 t } } 1035

agagggcctggggactccagtgtacgcaccaccacctgeacteggtgettetgggactcecagt tcaagt tgaccatgeacctgecgeacctecacgtattacggttetgtttegg

45 50 s8s 60 65 20 25
IS RRT- P E N T € ¥ ¥ VvV DV S HED®PEY K F NWY Y DGV EVHNAIKTKP

human IgG1 >

ELESE SRS R E W G R SN SN 2D eSS I e B P R W RN SN Dy G M PES N CEESNSTAT K ST KSR —
EERNVN G S T VH T T LS T LWSSGGS T L NEQY ES PIT S T €L AL V E G

gcgggaggageagtacaacageacgtaccgggtggtcagegtectcaccgtectgeaccaggactggetgaatggcaaggagtacaagtgcaaggtetecaacaaagecctecca

L L L i L L L L 1 1 1 3 1 3 L 1 L i L L 1 i L

T T ¥ T t T + T t T T t 1 1150
cgcectectegtecatgttgtegtgeatggeccaccagtegeaggagtggecaggacgtggtectgaccgacttaccgttectecatgttcacgttecagaggttgtttegggagggt

80 , . . 8%
R E EQ Y N

A a3 9 4 . . 4, 95 , , . 4 100 , . . . 105 .
S T ¥ R YV SV L T ¥ L HQDWUL NG K

human IgG1 >
R EEQYNSTYRVVY SV LTVLHQDMWLNSGTE KTETYTKTCTKVSNTEKATLSFP —
RS S CVYLLVYRTTLTRVYTRGECWSQSFPLSYLHLTETLTLATRSGE

m
<}
=+
alk

gcccccatcgagaaaaccat ctccaaagecaaagggeagecccgagaaccacaggtgtacaccctgeccecatcecgggatgagetgaccaagaaccaggtcagectgacctgee
1265
cgggggtagetettttggtagaggttteggt tteccgteggggetet tggtgtecacatgtgggacgggggtagggecctactegactggttettggtecagteggactggacgg

120 125 130 135 140 145 150 155
A P AL E; KT S K A K GWQIPE E RQN Y T L 2 R S RDIEG TEINQWS L T C

human 1gG1 >

PRSI T S S o e e G e o 8 o B T e N e B B LA e B B S B e B e A T s (e —
A GM S F VM

tggtcaaaggcttctatcccagegacatcgecgtggagtgggagagcaatgggcagecggagaacaactacaagaccacgecteecgtgetggactecgacggetecttettect
R b L s L L e s s e st s s s
accagtttccgaagatagggtcgetgtageggecacctcaccetectegttaccegteggectettgttgatgttetggtgeggagggecacgacctgaggetgecgaggaagaagga

160 165 170 175 180 185 190
L VK GGF Y P S DI AV EWE S NGQPENWNYIKTT®PPV L DS D G S F F L

human TgG1 >

ORI GE R Y R STD E AV EW BTSN QTP E TN N KT e M DS pl el s R R —
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#2739 pBullet-Lk-BW431-26-scFv-hIgG1Fc-CD4 (no stim a all).dna (Circular / 2062 bp)

aactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgtagctgecgatttccagaagaagaagaaggaggatgTgaactgectgag
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- The End -



