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A method for high level and stable gene transfer in lymphocytes

Field of the invention;

The invention includes methods and technologies for gene transfer and methods and
technologies for immunotherapy.

Background of the invention:

Genetically modified cells and tissues are increasingly being utilized in diagnostic and
therapeutic applications in living organisms. Genetic modification is performed e.g. by
introducing one or several tfransgenes to endow cells with novel properties, or by introducing
one or several modifiers of genes in order to modulate or delete distinct properties and
functions. An impressive example for the therapeutic utility of such gene-modified cells is the
use of engineered T cells that are modified by gene-transfer to express a T-cell receptor
(TCR) or synthetic chimeric antigen receptor (CAR) that recognize a molecule expressed by
a tumor cell and thus confer anti-tumor specificity. There is compelling evidence for the anti-
tumor function and curative potential of such engineered TCR- and CAR-modified T cells
from both pre-clinical tumor models and clinical trials in patients with advanced chemo- and
radiotherapy-refractory malignancies (Hudecek Blood 2010; Hudecek Cancer Immunol Res
2013; Hudecek Cancer Immunol Res 2015; Hudecek Leukemia 2015; Kalos Science Trans!

Med 2011; Grupp N Engl J Med 2013; Davila Science Trans! Med 2014; Maude N Engl J
Med 2014).

The most commeonly used strategy to accomplish gene-transfer into T cells is the use of viral
delivery systems, e.g. retroviral, lentiviral, adenoviral vectors. Viral delivery systems have
been used to stably integrate transgenes including TCRs and CARs into human T
lymphocytes and enabled the manufacture of tumor-reactive TCR-/CAR T lymphocytes for
pre-clinical and clinical applications. For instance, in particular, engineered T cells equipped

with a synthetic chimeric antigen receptor (CAR) specific for CD19 have demonstrated

remarkable efficacy against B-cell malignancies in pilot studiesRefs.1-3 In al clinical trials
reported to date that showed efficacy of CD19-CAR T-cell therapy, integrating lentiviral (LV)
or gamma-retroviral (RV) vectors were employed to accomplish CAR gene transfer and
expression. However, there are multiple conceptual, technical and strategic disadvantages
associated with the use of viral gene-transfer vectors, including an undesired potential for
transgene silencing over time, the preferential integration into transcriptionally active sites of
the genome with associated undesired activation of other genes (e.g. oncogenes) and
genotoxicity; as well as the expense and cumbersome effort of manufacturing, storing and

handling integrating viruses — the latter of which have precluded their more widespread use
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for the manufacture of gene-modified T cells in therapeutic applications. Thus, there are
persistent concerns associated with viral vectors regarding safety, as weli as cost and scale

of vector production required for establishing CAR T cell therapy on a global ievel.

An alternative strategy to accomplish stable gene-transfer is the transposon technology.
Transposons, or transposable elements (TEs), are genetic elements with the capability to
stably integrate into host cell genomes, a process that is called transposition (lvics Mobile
DNA 2010). TEs were already postulated in the 1950s by Barbara McClintock in genetic
studies with maize, but the first functional models for transposition have been described for
bacterial TEs at the end of the 1970s (Shapiro PNAS 1979). Meanwhile it is clear that TEs
are present in the genome of every organism, and genomic sequencing has revealed that
approximately 45% of the human genome is transposon derived (International Human
Genome Sequencing Consortium Nafure 2001). However, as opposed to invertebrates,
where functional (or autonomous) TEs have been identified, humans and most higher
vertebrates do not contain functional TEs. It has been hypothesized that evolutionary
selective pressure against the mutagenic potential of TEs has led to their functional

inactivation millions of years ago during evolution.

Autonomous TEs comprise DNA that encodes a transposase enzyme located in between two
inveried terminal repeat sequences (ITRs), which are recognized by the transposase enzyme
encoded in between the [TRs and which can catalyze the transposition of the TE into any
double stranded DNA sequence. There are two different classes of transposons: class |1, or
retrotransposons, that mobilize via an RNA intermediate and a "copy-and-paste” mechanism,
and class i, or DNA transposons, that mobilize via excision-integration, or a "cut-and-paste”
mechanism (lvics Nat Methods 2009). Bacterial, lower eukaryotic (e.g. yeast) and
invertebrate transposons appear io be largely species specific, and cannot be used for
efficient transposition of DNA in vertebrate cells. Only after a first active transposon had been
artificially reconstructed by sequence shuffling of inactive TEs from fish, which was therefore
called "Sleeping Beauty" (lvics Cell 1997), did it become possible to successfully achieve
DNA integration by transposition into vertebrate cells, including human cells. Sfeeping
Beauty is a class |l DNA transposon belonging to the Tcl/marine rfamily of transposons (Ni
Genomics Proteomics 2008). In the meantime, additional functional transposons have been
identified or reconstructed from different species, including Drosophila, frog and even human
genomes, that all have been shown to allow DNA transposition into vertebrate and also
human host cell genomes. Each of these transposons have advantages and disadvantages

that are related to transposition efficiency, stability of expression, genetic payload capacity,
etc.



Summary:
The method disclosed herein describes a novel technology offering unparalleled efficiency,

flexibility, utility and speed for the stable integration of transgenes into lymphocytes and other
mammalian cells. The novel method is based on the use of an mMRNA-encoded transposase
(e.g. sleeping beauty transposase) in combination with a minicircle DNA-encoded
transposable element. The novel method enables higher gene-transfer rates and is at the
same time less toxic than the conventional approach, which is the use of plasmid DNA-

encoded transposase in combination with a plasmid DNA-encoded transposable element.

The following effects will contribute to the higher gene-transfer rates achieved by the

minicircles according to the disclosure:
e the longer half-life of minicircles as compared to plasmids,
e the easier migration of minicircles through cytoplasm and into the nucleus as
compared to plasmids,
e the easier mobilization of the transposon from small supercoiled MCs compared to

large circular plasmids.

According to the disclosure, these effects are not limited to minicircles but also apply to any
other DNA encoding a transposable element containing an expression cassette for a
transgene, provided that such DNA has a smaller size than a conventional plasmid which is
suitable as a donor plasmid for transposable elements. Thus, according to the disclosure,
any DNA encoding a transposable element containing an expression cassette for a
transgene can also be used, provided that the DNA encoding the transposable element is a

DNA encoding the transposable element as defined below.

Due to the higher gene-transfer rates achieved according to the disclosure, the
implementation of the methods and uses of the disclosure under good manufacturing
practice (GMP) will be facilitated. For instance, when the disclosure is used to generate CAR
T cells, CD3/CD28 stimulation can be used to activate T cells prior to transfection, and unlike
state of the art methods, the present disclosure does not require the use of feeder cells to

expand the CAR T cells to achieve therapeutically relevant doses of the CAR T cells.

According to the disclosure, the lower amounts of transfected minicircle DNA (as compared
to plasmid DNA) contribute to the reduction in toxicity achieved by the minicircles. Again, this

effect is not limited to minicircles but also applies to any other DNA encoding a transposable



element containing an expression cassette for a transgene, provided that such DNA has a
smaller size than a conventional plasmid which is suitable as a donor plasmid for
transposable elements. Thus, according to the disclosure, any DNA encoding a transposable
element containing an expression cassette for a transgene can also be used, provided that
the DNA encoding the transposable element is a DNA encoding the transposable element as

defined below.

A further advantage of the disclosure is that due to the lack of antibiotic resistance genes in
minicircles, horizontal gene transfer of the antibiotic resistance genes to host bacteria and

unintended integration of the antibiotic resistance genes into the host genome is excluded.

According to the disclosure, it was found that mRNA can be used as a source of the
transposase. This finding was unexpected, because it was not known whether mRNA, which
is short-lived, would be a suitable source to supply sufficient amounts of the transposase for
the disclosure. According to the disclosure, the use of mMRNA as a source of the transposase
has two advantages: Firstly, because the transposase supplied by the mRNA is short-lived,
there is a lower risk that already integrated transposons are re-mobilized. Secondly, the
supply of the transposase as mRNA eliminates the risk of unintentional integration of a
transposase expression cassette into the host genome, which could lead to uncontrollable,

continuous transposition of genomically integrated transposons.

The present disclosure is also advantageous in that it provides a close-to-random integration
profile of the transposons carrying the transgene, without preference for highly expressed or
cancer related genes. Additionally, when using the disclosure, a significantly higher
proportion of transgene integrations occurs in genomic safe harbors compared to LV
integrations, close to the perfect score expected for random integration. Accordingly, the
disclosure can be used to manufacture recombinant mammalian cells such as lymphocytes
(e.g. CAR T cells) using virus-free transposition. The superior safety profile, high level stable
transposition rate and ease-of-handling of the vectors of the disclosure make the disclosure a
preferred gene-transfer strategy, e.g. in advanced cellular and gene-therapy.

Applications of the disclosure include but are not limited to the stable integration of a
transgene encoding an immune receptor (e.g. a T-cell receptor or synthetic chimeric antigen
receptor) into human T lymphocytes, with the immune receptor conferring specificity for a
molecule expressed by a tumor cell. The transposase mMRNA and transposon minicircle DNA
may be introduced into lymphocytes by methods including but not limited to electrotransfer

such as electroporation and nucleofection.



In one aspect, the present disclosure refers to an in vitro use of
a combination of a minicircle DNA encoding a transposable element and
a source of a transposase
to stably integrate the transposable element into the genome of a mammalian cell,
wherein the source of the transposase is an mMRNA encoding the transposase or wherein the
source of the transposase is a transposase polypeptide, and

wherein the mammalian cell is a human lymphocyte.

In another aspect, the present disclosure refers to an in vitro use of a combination of:

a DNA encoding a transposable element containing an expression cassette for a
transgene and

a source of a transposase
to stably integrate the transposable element into the genome of a mammalian cell,
wherein the DNA encoding the transposable element lacks an origin of replication and/or
lacks an antibiotic resistance gene,
wherein the source of the transposase is an mRNA encoding the transposase or wherein the
source of the transposase is a transposase polypeptide,

and wherein the mammalian cell is a human lymphocyte.

In another aspect, the present disclosure refers to an in vitro method for obtaining a
recombinant mammalian cell containing a stably integrated transposable element, the
method comprising:
introducing a combination of a minicircle DNA encoding the transposable element
and a nucleic acid encoding a transposase into a mammalian cell,
thereby obtaining the recombinant mammalian cell, wherein the nucleic acid encoding the
transposase is an mMRNA encoding the transposase; and/or the transposase is SB100X and
is optionally delivered as a polypeptide,

and wherein the mammalian cell is a human lymphocyte.

In another aspect, the present disclosure refers to an in vitro method for obtaining a
recombinant mammalian cell containing a stably integrated transposable element, the
method comprising:

introducing a combination of:
4a



a DNA encoding a transposable element containing an expression cassette
for a transgene and
a nucleic acid encoding a transposase
into a mammalian cell,
thereby obtaining the recombinant mammalian cell,
wherein the DNA encoding the transposable element lacks an origin of replication and/or
lacks an antibiotic resistance gene,
wherein the nucleic acid encoding the transposase is an mRNA encoding the transposase,

and wherein the mammalian cell is a human lymphocyte.

In another aspect, the present disclosure refers to a composition comprising a minicircle
DNA encoding a transposable element and a nucleic acid encoding the transposase, wherein
the nucleic acid encoding the transposase is as defined herein; and wherein the

transposable element is as defined herein.
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Brief Description of the Drawings

Figure 1. Minicircle DNA and SB100X mRNA.

(A) Schematic representation of minicircle (MC) DNA production. MC-DNA elements are
generated by a site specific intramolecular recombination from a parental plasmid mediated
by PhiC31 integrase. The Parental Plasmid DNA contains several engineered [-Scel
restriction sites that ultimately lead to the digestion of the bacterial backbone but not the MC-
DNA. The MC-DNA contains exclusively the transgene and its promotor but no longer carries

the bacterial origin of replication or the antibiotic resistance markers.

(B) Schematic representation of MC vectors prepared from parental conventional plasmids
through site specific intramolecular recombination. MCs contain exclusively the transgene
and its promotor, but no bacterial origin of replication and antibiotic resistance genes. EF1,
elongation factor-1 alpha promotor; CMV, cytomegalovirus promotor; ORI, bacterial origin of
replication; AntibioR, antibiotic resistance gene; LIR, left inverted repeat; RIR, right inverted
repeat; open circle = recombination site.

(C) Restriction digest and analysis of purified MC DNAs by gel electrophoresis. 250 ng of
MC-GFP, MC-CD19 CAR or MC-SB100X was digested with Pmel or Pacl and analyzed by
ge! electrophoresis on a 0.8% agarose gel. Lane M: 1kbp DNA ladder (PlasmidFactory);
Lane 1: Pacl digested MC-GFP; Lane 2. Pmel digested MC-CD19 CAR; Lane 3: Pmel
digested MC-SB100X.

(D) Analysis of in vitro transcribed SB100X mRNA by gei electrophoresis. The ARCA capped
SB100X mRNA migrates as a distinct single band at about 1400 bp on the denaturing
agarose gel. Lane M: RNA marker (FlashGel, L.onza); Lane 1: SB100X mRNA.

Figure 2. Titration of SB100X mRNA for maximal transposition from MC-DNA.

(A) Protocol for SB-mediated reprogramming of T lymphocytes. Activation of T cells with anti-
CD3/anit-CD28 microbeads for about 36 hours, co-transfection of transposase (as plasmid-
DNA, MC-DNA or mRNA) and transposon donor (as plasmid-DNA or MC-DNA) using a 4D-
nucleofector system. Serial flow cytometric analyses to determine the percentage of
transgene-positive T cells. In a typical experiment, the transposon contained a transgene
encoding a CD19-specific CAR. Here, transgene-positive T cells were enriched using a
tEGFR transduction marker contained within the transgene cassette and expanded by
antigen-specific stimulation with CD19+ EBV-transformed B cells (TM-LCL) for 7 days prior
to functional testing.
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(B) Flow cytometric analysis of tEGFR expression on day 14, in CD8+ T-cell lines that were
nucleofected with the indicated ratios of mMRNA SB100X and MC-CD19 CAR (mRNA-MC}),
plasmids (P-P) or MC-DNAs (MC-MC). Amounts used for nucleofection of 2x10e6 T cells: P-
P: 1ug of SB100X DNA + tug of pT2; MC-MC: equimolar amounts as P-P; mRNA-MC: same
amount of MC as MC-MC (equimolar to P-P), multiple of mRNA. Mock = nucleofection was

performed in solution that contained no transposase and no transposon.

(C) Comparison of tEGFR expression after transfection with different ratios of SB100X
mRNA and MC-CD19 CAR, P-P or MC-MC on day 14 post-transfection. Data represent the
mean values = SD for three independent experiments. Statistical analysis was performed
using Student £ test, *p<0.01, **p<0.001, indicate statistically significant differences between
data.

(D) Viability and expansion of gene-modified CD8+ T cells. At 48-hours post-transfection, 7-
AAD staining was performed to determine the percentage of viable T cells (dot piots and left
diagram). The yield of CAR-modified T cells was calculated from the absolute number and
the percentage of EGFRt+ T cells obtained by day 14 after transfection (right diagram). Data

shown are mean values + SD,

Figure 3. Transposition with SB100X mRNA from MC-DNA improves genes transfer rate and

target cell viability compared to transposition with/from conventional plasmid-DNA.

(A) Percentage of tEGFR positive T cells after transfection with plasmids (P-P), minicircle
DNAs (MC-MC, equimolar) or SB100X mRNA and MC-CD19 CAR (MRNA-MC, 4:1 ratio)
assessed by flow cytometry on day 14 post-transfection.

(B), (C) Comparison of the tEGFR or GFP expression and cell viability after transfection with
P-P, MC-MC or mRNA-MC. tEGFR or GFP expression and cell viability were assessed by
flow cytometry analysis. Mean values = SD for six (B) or three (C) independent experiments
are shown. Statistical analysis was performed using Student t test. *p<0.01, **p<0.001,

*+n<0.001 indicate statistically significant differences between data.

(D) Stability of tEGFR surface expression over 28 days in culture with IL-2 assessed by flow
cytometry analysis after transfection with P-P, MC-MC or mRNA-MC.

(E) Expansion of T celis within two weeks after transfection with P-P, MC-MC or mRNA-MC.
The number of CD8+ T cell number was determined with counting by trypan blue exclusion
staining. The total number of cells {left graph) or number of genetically modified celis (right

graph) is shown. Data represent the mean values £ SD for three independent experiments.
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Figure 4. Comparison of in vitro effector function of CD19 CAR expressing T cells produced

with lentiviral transduction or transposon systems

(A) A representative flow cytometry dot plot of tEGFR expression for CD8+ and CD4+ T

cells after tEGFR enrichment and specific expansion with feeder cells.

(B) Specific cytotoxicity of CD19 CAR expressing CD8+ T cells generated with lentiviral
transduction (LV) or transposon systems (P-P, MC-MC or mRNA-MC) against CD19+
expressing and control tumor cell lines. Lysis percentage values are normalized to that of
the mock control T cell line. Cytotoxicity data against K562/CD19 from three independent
experiments (E: T=10:1) were normalized (cytolytic activity by mock cells} and analyzed by
One-way ANOVA.

(C) Cytokine release assay of supernatants obtained 24 hours after co-culture with CD19+
expressing tumor cell lines. Data represents the mean values = SD IFN-y or IL-2 preduction
of CD8+ and CD4+ T cells from three independent experiments and were analyzed by One-
way ANOVA.

(D) Proliferation of CD19 CAR T cells 72 hours after stimulation with CD19 expressing target
cell lines and without addition of exogenous cytokines was assessed by CFSE dye dilution.
For analysis, triplicate wells were pooled and the proliferation of live (TAAD", CD8+ or CD4+
T cells analyzed. The index of cell division was calculated for three independent experiments
and the data were analyzed by One-way ANOVA.

(E) Replicate of the experiment shown in Figure 4D: Proliferation of CD19-CAR T cells within
72 hours after stimulation with K562/CD19+ target cells assessed by CFSE dye dilution. No
exogenous cytokines were added to the assay medium. For analysis, triplicate welis were
pooled and the proliferation of live (TAAD-) T cells analyzed. The index of cell proliferation
(i.e. average number of cell divisions) was calculated from data obtained in n=3 independent
experiments using FlowJo software, and data analyzed by one-way ANOVA (**p<0.001).

Figure 5. In vivo tumor reactivity of CD19 CAR T cells modified through transposition with
SB100XmRNA and MC-CD19 CAR

(A) Upper panel: NSG mice were inoculated with Raji-ffluc cells and seven days later treated
with 10x10° of CD19 CAR T cells (CD8+ and CD4+ T celis, 5x10° each), unmodified control
T cells or left untreated. Cohorts of mice were analyzed by bioluminescence imaging. The
dashed line marks the day of T cell transfer. Bioluminescence images from day 7 (the day of
T cell transfer) day 10 (3 days after T cell transfer) and day 14 (7 days after T cell transfer}

are shown. Lower panel: NSG mice were inoculated with Raji-filuc/eGFP cells and 7 days

7
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later treated with 5x106 CD19-CAR T cells (1:1 ratio of CD8+ and CD4+ T cells, 2.5x106
each), unmodified control T celis or left unfreated. CD19-CAR T cells were generated by
transfection with SB100X mRNA and CD19-CAR MC (4:1 ratio). Bioluminescence images
were obtained on day 7 (before T cell infusion, upper row) and on day 14 (7 days after T cell
infusion, lower row). Data are representative for results obtained in at least 2 independent
experiments with T cells prepared from different donors.

(B) Left panel: Mean values of bioluminescence signals obtained from regions of interest
encompassing the entire body of each mouse are plotted for each treatment group at each
time point. The data were obtained from the mice shown in the upper panel of Figure 5A.
Right-hand panel: Mean values of bioluminescence signals obtained from regions of interest
encompassing the entire body of each mouse are plotted for each treatment group at each
time point. The data were obtained from the mice shown in the lower panel of Figure 5A. The
bold dashed line marks the day of T cell infusion. Data are representative for results obtained

in at least 2 independent experiments with T cells prepared from different donors.

(C) Left panel: Kaplan-Meier analyses of survival of mice treated with T cells expressing
CD19 CAR compared to mice that had received contro!l T cells or no T cells (untreated).
Right-hand panel: Kaplan-Meier analysis of survival in groups of mice treated with CD19-
CAR T cells that had been prepared by SB transposition (SB100X mRNA and CD19-CAR
MC) (n=5) and LV transduction (n=5), control T cells (n=3), or that had received no treatment
(n=2). Data are representative for results obtained in at least 2 independent experiments with
T cells prepared from different donors.

(D) Frequency of human T cells in the peripheral blood and bone marrow of mice treated with
CD19-CAR T cells. Blood samples were obtained 3, 7 and 14 days after T cell transfer (i.e.

day 10, 14, 21 after tumor inoculation}, and bone marrow harvest upon termination of the
experiment. Representative flow cytometry dot plots show CD8% and CD4* T cells (gated on

live 7-AAD- CD45% cells). Data are representative for results obtained in at least 2

independent experiments with T cells prepared from different donors.

(E) Frequency of CD45% fiLuc/eGFP* Raiji cells in the bone marrow of NSG mice obtained
on day 18 {(control/untreated mice) and day 35 (CD19-CAR group) of the experiment.
Horizontal bars indicate mean values. Data are representative for results obtained in at least

2 independent experiments with T cells prepared from different donors.

Figure 6. Determination of transgene copy number of T cells modified with SB100XmRNA
and MC-CD19 CAR using splinkerette PCR (spPCR).
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(A) A representative agarose gel loaded with 3 i of PCR product for each of the spPCR
reactions. Genomic DNA of CAR+ T cell clones obtained through limiting dilution cloning was
amplified with specific primers for fransposon left inverted terminal repeats using spPCR as
previously decribed. Lane M: 100 bp DNA ladder (NEB); Clone 1-10: Input genomic DNA
from 10 CAR T cell clones; MC: input genomic DNA from samples transfected with MC-CD19
CAR alone, without the SB100X mRNA; Mock: input genomic DNA from
nucleofected/untransfected T cells; NDC: no DNA control.

(B) Summarized data from n=10 different CD8+ CAR T cell clones, genetically modified
through SB100X transposition with SB100X mRNA and MC-CD19 CAR (4:1 ratio). Shown is
the mean copy number per T cells with SD.

(C) Gene copy number of CD4 (n=10) and CD8% (n=9) CD19-CAR T cell clones, modified

with SB100X mRNA and MC CD19-CAR (4:1 ratio). The experiment shown for CD8* CD19-
CART cell clones is a replicate of the experiment shown in (B).

Figure 7. Insertion site properties and safety assessment of SB and LV in human T cells.

{A) Comparison of LV and SB insertion frequencies in gene-associated features of the
human genome. Fold-enrichment of SB and LV insertion sites over the random expected
frequency are plotted. The dashed line stands for fold enrichment of 1 over the insertion
frequency expected by random chance in the categories on the x-axis. TSS and TES:
transcriptional start and end sites, respectively.

(B) Correlation between genomic insertion site frequencies and transcriptional status of the
genes. Genes of activated T cells were clustered into 10 groups of equal size based on their
growing expressional levels (from left to right). The dashed line marks the expected random
insertion frequencies normalized to 1. The trend line for SB (black) was fitted using linear
settings. Exponential setting was used to fit the trend line for the first 9 data points of LV
dataset (R-squared value shown). The increase of insertion frequencies in the group of most
active genes does not follow the exponential trend.

(C) Integration frequencies of SB and LV in genomic safe harbors of T cells. Genomic safe
harbors are regions of the human chromosomes that concurrently meet the foliowing 5
criteria of the x-axis: not ultraconserved, more than 300 kb away from miRNA genes, more
than 50 kb away from transcriptional start sites (TSS), more than 300 kb away from genes
involved in cancer and outside transcription units. Left diagram shows the percentage of SB,
LV and random insertions fulfilling each criterion. Right diagram shows percentage of
insertions fulfilling ali 5 criteria.
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Figure 8. Transposition of eGFP using MC and plasmid-encoded SB transposase and
transposon.

(A) CD8* T cells were transfected with 1 pg each of conventional plasmids encoding eGFP
and SB100X (P-P) or corresponding equimolar amounts of MCs (MC-MC). eGFP expression
was assessed by flow cytometry. Data represent mean values * SD of three independent
experiments, p<0.001.

(B) Stability of eGFP expression was assessed by flow cytometry out to day 28 after
transfection. Mean values + SD for data obtained in three independent experiments are
shown.

(C) Viability of T cells 48 hours post-transfection was assessed by 7-AAD staining and flow
cytometric analysis. Data represent mean values + SD of three independent experiments.
Statistical analysis was performed using Student's t test, p<0.05.

Figure 9. MC SB transposition in CD4% T cells.

CD4* T cells were transfected with 1 pg each of conventional plasmids encoding a CD19-
CAR transposon and SB100X transposase (P-P) or corresponding MCs (MC-MC, using
equimolar amounts of DNA) (n=3). A representative flow cytometry dot plot of EGFRt
expression on day 14 is shown (gated on live, i.e. 7-AAD-negative cells).

Figure 10. MC SB transposition in CD8" naive and memory T cell subsets.

CD8* naive (CD45RA*RO-62L*, T), central memory (CD45RA-RO*62L*, Tep) and

effector memory (CD45RA-RO*62L*, Tpp) T cells were purified and transfected with

SB100X mRNA and CD19-CAR MC. Flow cytometry dot plots show EGFRt expression on
day 14 after transfection (gating on live, i.e. 7-AAD-negative cells).

Figure 11. Nucleotide composition of chromosomal DNA around SB and LV insertion sites in
T cells.

Each data point represents the average TA-content of 5 nucleotide bins in the chromosomal
DNA around SB and LV insertions sites in T cells. Depicted are analysis windows of 20 kbp
(A, B) and 2.6 kbp (C, D). The random dataset depicts the TA content around 10.000
computationally generated arbitrary loci of the human chromosomes.
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Figure 12. Base composition of SB target sites on human T cell chromosomes.

The 58 nucleotide long nucleotide frequency matrix was represented in a table, with “V'-
numbers indicating consecutive nucleotides. The triangle marks the insertion site. The table
indicates the relative frequency (percentage) of the four nucleotides A, C, G and T for each
nucleotide.

Figure 13. Representation of SB and LV insertion sites in transcriptionally active and
repressed chromatin of T cells.

Chromosomal regions covered by RNA polymerase Il (Polll), or possessing specific histone
modifications (listed on the x-axis) were determined from available datasets obtained on
activated human T cells. Fold changes in the representation of integration sites in the ChIP-

Seq peaks compared to random control {(dashed line) are shown on the y-axis.

Figure 14. Flow cytometric analysis of EGFRt expression on day 14 post transfection. Gene-
transfer was performed into (A) non-activated T cells that received SB100X mRNA and
CD19-CAR MC or (B) non-activated mock-transfected T cells.

Figure 15. Flow cytometric analysis of EGFRt expression on day 14 post transfection. (A)
Gene-transfer was performed into non-activated T cells that received SB100X mRNA and
CD19-CAR MC and were expanded using CD19" EBV-LCL. (B) Cytolytic activity against

CD19" target cells was analyzed in a standard 4-hour cytotoxicity assay.

Figure 16. Flow cytometric analysis of EGFRt expression on day 14 post transfection. (A)
Gene-transfer was performed into non-activated T cells that received SB100X mRNA and
CD19-CAR MC and after transfection were maintained in T-cell medium without antigen-
dependent expansion. (B) Cytolytic activity against CD19" target cells was analyzed in a
standard 4-hour cytotoxicity assay.

Figure 17. Flow cytometric analysis of EGFRt expression on day 14 post transfection. Gene-
transfer was performed into non-activated (A) CD4" T cells and (B) non-activated CD8" T
cells that received SB100X MC and CD19-CAR MC (1:1 ratio) (left dot plots) or were mock-
transfected (right dot plots). (C) Cytolytic activity of CD8" CD19 CAR T cells against CD19"

target cells was analyzed in a standard 4-hour cytotoxicity assay.

Figure 18. Flow cytometric analysis of EGFRt expression on day 14 post transfection. Gene-
transfer was performed in CD8" T cells that were electroporated with SB100X MC and CD19-

CAR MC (1:1 ratio) using the Agile Pulse MAX System.
11
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Figure 19. Titration of SB100X and CD19-CAR MC DNA and correlation with resulting
CD19-CAR transposon copy number. (A-B) Flow cytometric analysis of EGFRt expression
on day 14 post-transfection, in CD8" T cells that were transfected with titrated amounts of
SB100X-encoding MC and CD19-CAR-encoding MC. (A) Flow cytometry dot plots of one
representative experiment. (B) Percentage of EGFRt™ T cells (left diagram) and mean
fluorescence intensity after staining for the EGFRt marker (right diagram). Data represent
mean values * SD of n=2 independent experiments with T celis from different donors. {C)
Polyclonal EGFRt" CD8" T cells were FACS-purified and genomic DNA isolated for
transposon copy number analysis by droplet digital PCR. Data show the average transposon
copy number and represent mean values + SD of n=2 independent experiments with T cells
from different donors.

Figure 20. (A) Flow cytometric analysis of EGFRt expression in Vy8V02 yd T cells on day ¢
after transfection of SB100X MC and CD19-CAR MC. (B) Flow cytometric analysis of EGFRt
expression in Vy9V3a2 yd T cells after stimulation with CD19+ EBV-LCL. (C) Cytolytic activity
of CD19-CAR modified and mock-transduced Vyov52 yd T cells against CD19" target cells
was analyzed in a standard 4-hour cytotoxicity assay. (D) Cytokine secretion by CD19-CAR
modified and mock-transduced VyoVa2 yv& T cells after stimulation with CD18" target cells

was analyzed by ELISA in supernatant removed after a 20-hour co-cuiture.
Figure 21. Flow cytometric analysis of EGFRt expression on day 9 afier transfection of

SB100X MC and CD19-CAR MC into bulk PBMC. EGFRt expression on Vy8Vd2 yd T cells
(CD3+ Vy9Vd2+), NKT cells (CD3+, CD56+), and NK cells (CD3-, CD56+).

Detailed Description of the invention:

To date, technologies for the transposition and stable integration of transgenes into the
genome of mammalian cells using plasmid DNA-encoded transposase and plasmid DNA-
encoded transposon (TE) have been disclosed in the prior art. More specifically,
technologies for the transposition and stable integration of transgenes encoding tumor-
reactive TCRs and CARs into the genome of human T lymphocytes using plasmid DNA-
encoded transposase and plasmid DNA-encoded transposon have been disclosed in the
prior art.
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In human T lymphocytes, the use of plasmid DNA-encoded transposase and plasmid DNA-
encoded transposon (TE) (introduced into the T lymphocyte by various methods including
electrotransfer) has resulted in very low levels of stable gene transfer (typically <10%)
(Huang Mol Therapy 2008; Field PLoS1 2013), a high level of toxicity associated with the
introduction of the genetic material into the T celis, necessitating further selection procedures
(mechanical, e.g. beads-based or FACS sorting and/or biological, e.g. antigen-dependent
stimulation) and ex vivo expansion (typically several weeks) {Singh /mmunol Rev 2014} in
order to obtain quantities of gene-modified T cells sufficient for their intended therapeutic
use. Most notably, however, the use of CAR-modified T lymphocytes in which the gene
transfer was performed with plasmid DNA-encoded transposase and plasmid DNA-encoded
CAR transposon displayed inferior (compared to CAR T cells gene-modified through lentiviral
or retroviral gene transfer) or even lacking therapeutic efficacy in pre-clinical and clinical
applications.

In the present invention, the inventors have used for the first time mRNA-encoded
transposase (SB100X) in combination with a minicircle DNA-encoded transposon (encoding
eGFP or a CD19-specific CAR) to accomplish gene transfer into human T lymphocytes. With
this method, the inventors accomplished very high levels of stable TE integration (>50%),
long-term stable transgene expression (stable at the same level for at least 4 weeks), at
significantly lower toxicity to the T lymphocyte compared to the use of plasmid DNA-encoded
transposase (SB100X) and plasmid DNA-encoded transposon (encoding eGFP or a CD19-
specific CAR).

Because of the higher gene transfer rate and lower toxicity with the novel approach of the
invention, the ex vivo culture time can be significantly reduced to obtain therapeutic numbers,
and/or the overall yield of gene-modified T lymphocytes in a given time significantly
increased, even enabling their direct therapeutic use without further selection or expansion

procedures.

Our invention describes for the first time the use of a minicircie DNA-encoded transposon
(TE) in combination with mRNA-encoded transposase to accomplish stable integration of a
TE into the genome of a mammalian cell.

More specifically, the present invention describes for the first time the use of a minicircle

DNA-encoded transposon (TE) in combination with mRNA-encoded transposase fo

accomplish stable integration of a TE into the genome of a lymphocyte.
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Further, the present invention describes for the first time the use of a minicircle DNA-
encoded transposon (TE) in combination with any potential source of transposase (including
but not limited to mRNA, plasmid-DNA, minicircle-DNA, linear DNA, a polypeptide) to deliver
a transgene into a lymphocyte.

Further, with regard to the preferred embodiment of the invention, the present invention
describes for the first time the use of minicircle DNA-encoded transposon containing the
genetic information for a tumor-reactive TCR or CAR in combination with mRNA-encoded
sleeping beauty transposase $SB100X to derive tumor-reactive human T lymphocytes for use
in immunotherapy of cancer.

Further, the present invention describes an enabling technological advance given the
significantly higher stable gene transfer rates and significantly reduced toxicity accomplished
with the use of minicircle DNA-encoded transposon {TE) in combination with mRNA-encoded
transposase compared to the established conventional method of using plasmid DNA-

encoded transposase and plasmid DNA-encoded transposon (TE) in lymphocytes.

QOur finding, that stable gene transfer can be accomplished with the use of a minicircle DNA-
encoded transposon (TE) in combination with mRNA-encoded transposase is novel and has
not been disclosed in the prior art; and unexpected, as mRNA is known to be short lived and

rapidly degrades after insertion into the nucleus or cytoplasm of T lymphocytes and other
mammalian cells.

It could thus neither be anticipated nor expected that mRNA as source for transposase would
be suitable and sufficient to enable transposition from minicircle DNA, nor could it be
anticipated or expected that the use of mMRNA as source for transposase would result in even
higher transposition rates compared to conventional, established methods that use plasmid-

DNA encoded fransposase and plasmid-DNA encoded transposons.

As used herein, the term “minicircle DNA” refers to vectors which are supercoiled DNA
molecules that lack a bacterial origin of replication and an antibiotic resistance gene.
Therefore they are primarily composed of a eukaryotic expression cassette (see, for
instance, F. Jia et al. Nature methods, Vol.7, no.3, p.197-199, March 2010).

As used herein, “genomic safe harbors” are regions of the human chromosomes that
concurrently meet the following 5 criteria: not ultraconserved, more than 300 kb away from
miRNA genes, more than 50 kb away from transcriptional start sites (TSS), more than 300 kb
away from genes involved in cancer and outside transcription units.
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As used herein, an “ultraconserved” genomic chromosomal region is a non-coding intragenic

or intergenic region that is completely conserved in the human, mouse and rat genomes.

Preferred Embodiments:

The preferred embodiment of the invention is the use of mRNA-encoded SB100X
transposase and a minicircle DNA-encoded CAR transposon to generate tumor-reactive

CAR-modified T lymphocytes for adoptive cancer immunotherapy.

In a useful embodiment, this CAR is specific for CD19, CD20, CD22, CD33, CD44v6,
CD123, CD135, EpCAM, EGFR, EGFRvariants, GD2, ROR1, ROR2, CD269, CD319, CD38,
CD138 or any other surface molecule expressed on a tumor celi, a diseased cell, or a normal
cell.

In another useful embodiment, the minicircle DNA may encode an a/b or g/d T-cell
receptor, a cytokine, a suicide gene, a transduction marker, or any other naturally occurring
or synthetic molecule desirable to be introduced into a cell.

In another useful embodiment, the modified cell is a CD8+ killer T cell, a CD4+ helper
T cell, a naive T cell, a memory T cell, a central memory T celis, an effector memory T cell, a
memory stem T cell, an invariant T cell, an NKT cell, a cytokine induced killer T cell, a g/d T
cell, a B lymphocyte, a natural killer cell, a monocyte, a macrophage, a dendritic cell, a
granulocyte, or any other mammalian cell type desirable to be used for genetic modification.

In a useful embodiment the mRNA and DNA minicircle are introduced into the cell by
electrotransfer, such as electroporation, nucleofection; chemotransfer with substances such
as lipofectamin, fugene, calcium phosphate; nanoparticles, or any other conceivable method
suitable to transfer material into a cell.

In a useful embodiment, the transposase mediating transposition of the transposable
element into the genome is Sleeping Beauty, PiggyBac, Frog Prince, Himarl, Passport,
Minos, hAT, Tol1, Tol2, AciDs, PIF, Harbinger, Harbinger3-DR, and Hsmar1, and any of their

respective derivatives with equal, lower and/or higher transposition activity.

In another useful embodiment of the invention, the SB100X transposase itself may be
delivered as minicircle-DNA, linear DNA, a polypeptide or any other source suitable for
accomplishing transposition of a minicircle-DNA encoded TE.

Particularly preferred embodiments of the invention are as defined in the following
items:
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1.

10.
1.
12.

13.

14.

Use of
a combination of a minicircle DNA encoding a transposable element and
a source of a transposase

to stably integrate the transposable element into the genome of a mammailian ceil.

The use according to item 1, wherein the source of the transposase is a nucleic acid encoding
the transposase.

The use according fo item 2, wherein the nucleic acid encoding the transposase is an mRNA
encoding the transposase, a plasmid DNA encoding the transposase, a minicircle DNA
encoding the transposase, or a linear DNA encoding the fransposase.

The use according to item 3, wherein the nucleic acid encoding the transposase is an mRNA
encoding the transposase.

The use according to item 3, wherein the nucleic acid encoding the transposase is a minicircle
DNA encoding the transposase.

The use according to item 5, wherein the minicircle DNA encoding the transposase and the
minicircle DNA encoding the transposable element is the same minicircle DNA.

The use according to item 1, wherein the source of the transposase is a transposase
polypeptide.

The use according to any one of the preceding items, wherein the transposase is SB100X.

The use according to any one of the preceding items, wherein the mammalian cell is a
mammalian lymphocyte.

The use according to item 9, wherein the mammalian lymphocyte is a human lymphocyte.

The use according to item 9 or 10, wherein the lymphocyte is a T lymphocyte.

The use according to any one of items 1 to 8, wherein the mammalian cell is a CD8+ killer T
cell, a CD4+ helper T cell, a naive T cell, a memory T cell, a central memory T cell, an effector
memory T cell, a memory stem T cell, an invariant T cell, an NKT cell, a cytokine induced killer
T cell, a g/d T cell, a B lymphocyte, a natural kifler cell, a monocyte, a macrophage, a dendritic
cell, or a granulocyte.

The use according to any one of the preceding items, wherein the mammalian cell is a CD8+
killer T cell or a CD4+ helper T cell.

The use according to any one of the preceding items, wherein the fransposable element
contains the genetic information for the expression of a T-cell receptor or chimeric antigen

receptor, and wherein the mammalian cell is a human T lymphocyte.
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15.

16.

17.

18.

18.

20.

21.

22.

23.

24,

25.

The use according to item 14, wherein the T-cell receptor or chimeric antigen receptor is tumor-
reactive, and wherein the human T lymphocyte obtained by the use is a tumor-reactive human
T lymphocyte suitable for use in the adoptive immunotherapy of cancer.
The use according fo item 14 or 15, wherein the transposable element contains the genetic
information for a chimeric antigen receptor.
The use according to item 16, wherein the chimeric antigen receptor is specific for CD19, CD20,
CD22, CD33, CD44v6, CD123, CD135, EpCAM, EGFR, an EGFR variant, GD2, ROR1, ROR2,
CD269, CD319, CD38, or CD138.
The use according to any one of the preceding items, wherein the minicircle DNA encoding the
transposable element encodes an a/b or g/d T-cell receptor, a cytokine, a suicide gene, or a
transduction marker.
The use according to any of the preceding items, wherein the use is an in vitro use.
The use according to any one of items 2-6 or 8-19, wherein the nucleic acid encoding the
transposase and the DNA minicircle encoding the transposable element are introduced into the
cell by electrotransfer, such as electroporation, nucleofection; chemotransfer, caicium
phosphate; or nanoparticles.
The use according to any one of items 2-7 or 9-20, wherein the transposase mediating
transposition of the transposable element into the genome is Sleeping Beauty, PiggyBac, Frog
Prince, Himarl, Passport, Minos, hAT, Tol1, Tol2, AciDs, PIF, Harbinger, Harbinger3-DR, and
Hsmar1, or a derivative thereof having transposition activity.
Use of a combination of:

a DNA encoding a transposable element containing an expression cassette for a
transgene and

a source of a transposase

to stably integrate the transposable element into the genome of a mammalian cell,

wherein the DNA encoding the transposable element lacks an origin of replication and/or lacks
an antibiotic resistance gene.

The use according to item 22, wherein the DNA encoding the transposable element lacks an
origin of replication.
The use according to item 22, wherein the DNA encoding the transposable element lacks an
antibiotic resistance gene.
The use according to any one of items 22 to 24, wherein the DNA encoding the transposable
element lacks an origin of replication and lacks an antibiotic resistance gene.
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26.

27.

28.

29.

30.

31.

The use according to any one of items 22 to 25, wherein the DNA encoding the transposable
element is obtainabie by deleting said origin of replication andfor said antibiotic resistance gene
from a plasmid selected from the group consisting of:
pT;
pT2;
a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT;
a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT2;
and
any other plasmid which is suitable as a donor plasmid for transposable elements.
Use of a combination of;

a DNA encoding a transposable element containing an expression cassette for a
transgene and

a source of a fransposase

to stably integrate the transposable element into the genome of a mammalian cell,

wherein the DNA encoding the transposable element is obtainable by shortening a plasmid by
at least one base pair, and wherein the plasmid is selected from the group consisting of:

pT;

pT2;

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT;

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT2;
and

any other plasmid which is suitable as a donor plasmid for transposable elements.

The use according to any one of items 22 to 27, wherein the total length of said DNA encoding
the fransposable element is not more than 3.0 kb, preferably not more than 2.0 kb greater than
the length of said expression cassette.
The use according to any one of items 22 to 28, wherein the total length of said DNA encoding
the transposable element is not more than 1.5 kb greater than the length of said expression
cassetle.
The use according to any one of items 22 fo 29, wherein the total length of said DNA encoding
the transposable element is not more than 1.0 kb greater than the length of said expression
cassette.
The use according to any one of items 22 to 30, wherein the DNA encoding the transposable
element is a minicircle DNA as used in any one of items 1 to 21.
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32,

33.

34,
35.

36.

37.

38.
39.

40.

41.
42.

43.

44,
45,

46.

The use according to any one of items 22 to 31, wherein the transgene is a T-cell receptor or
chimeric antigen receptor as defined in any one of items 14 to 17, and wherein the mammalian
cell is a human T lymphocyte.
The use according to any one of items 22 to 31, wherein the transgene is an a/b or g/d T-cell
receptor, a cytokine, a suicide gene, or a transduction marker.
The use according to any one of items 22 to 33, wherein the use is an in vitro use.
The use according to any one of items 22 to 34, wherein the source of the transposase is as
defined in any one of items 2-6, 8 or 21.
The use according to any one of items 22 to 31 and 33 to 35, wherein the mammalian cell is as
defined in any one of items 9 to 14.
The use according to any one of the preceding items, wherein the mammalian cell is a primary
cell, preferably a primary human cell.
The use according to any one of the preceding items, wherein the use is a non-viral use.
A method for obfaining a recombinant mammalian cell containing a stably integrated
transposable element, the method comprising:

introducing a combination of a minicircle DNA encoding the transposable element and a

nucleic acid encoding a transposase into a mammalian cell,
thereby obtaining the recombinant mammalian cell.

The method according to item 39, wherein the nucleic acid encoding the transposase is as
defined in any one of items 3-6, 8 or 21.

The method according to any one of the preceding items, wherein the transposase is SB100X.
The method according to any one of the preceding items, wherein the mammalian cell is a
mammalian lymphocyte.

The method according to item 42, wherein the mammalian lymphocyte is a human lymphocyte.
The method according to item 42 or 43, wherein the lymphocyte is a T lymphocyte.

The method according to any one of items 39 to 41, wherein the mammalian cell is a CD8+
killer T cell, a CD4+ helper T cell, a naive T cell, a memory T cell, a central memory T cell, an
effector memory T cell, a memory stem T cell, an invariant T celi, an NKT cell, a cytokine
induced killer T cell, a g/d T cell, a B lymphocyte, a natural killer cell, a monocyte, a
macrophage, a dendritic cell, or a granulocyte.

The method according to any one of the preceding items, wherein the mammalian celf is a
CD8+ killer T cell or a CD4+ helper T cell.
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47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

The method according to any one of the preceding items, wherein the transposable element
contains the genetic information for the expression of a T-cell receptor or chimeric antigen
receptor, and wherein the mammalian cell is a human T lymphocyte.
The method according to item 47, wherein the T-celi receptor or chimeric antigen receptor is
tumor-reactive, and wherein the human T lymphocyte obtained by the method is a tumor-
reactive human T lymphocyte suitable for use in the adoptive immunotherapy of cancer.
The method according to item 47 or 48, wherein the fransposable element contains the genetic
information for a chimeric antigen receptor.
The method according to item 49, wherein the chimeric antigen receptor is specific for CD19,
CD20, CD22, CD33, CD44v6, CD123, CD135, EpCAM, EGFR, an EGFR variant, GD2, ROR1,
ROR2, CD269, CD319, CD38, or CD138.
The method according to any one of the preceding items, wherein the minicircle DNA encoding
the transposable element encodes an a/b or g/d T-cell receptor, a cytokine, a suicide gene, or a
transduction marker.
The method according to any of the preceding items, wherein the method is an in vitro method.
The method according to any one of the preceding items, wherein the nucleic acid encoding the
transposase and the DNA minicircle encoding the transposable element are introduced into the
cell by electrotransfer, such as electroporation, nucleofection; chemotransfer, caicium
phosphate; or nanopariicles.
The method according to any one of items 39-41 or 43-53, wherein the transpcsase mediating
transposition of the transposable element into the genome is Sleeping Beauty, PiggyBac, Frog
Prince, Himarl, Passport, Minos, hAT, Tol1, Tol2, AciDs, PIF, Harbinger, Harbinger3-DR, and
Hsmar1, or a derivative thereof having transposition activity.
The method or use of any one of the preceding items, wherein the combination of the minicircle
DNA encoding the transposable element and the nucleic acid encoding the transposase are
introduced together into the mammalian cell.
The method or use of item 54, wherein the minicircle DNA encoding the transposable element
and the nucleic acid encoding the transposase are the same minicircle DNA.
The method according to any of the preceding items, wherein the nucleic acid encoding the
transposase and the minicircle DNA encoding the transposable element are introduced into the
mammalian cell in a molar ratio of 1:1 or more, preferably in a molar ratio of 2.1 to 10:1, more
preferably in @ molar ratio of 3:1 to 9:1, stil more preferably in a molar ratio of 4:1 to 8:1.
A method for obtaining a recombinant mammalian cell containing a stably integrated
fransposable element, the method comprising:
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introducing a combination of:

a DNA encoding a transposable element containing an expression cassette for
a transgene and

a nucleic acid encoding a transposase
into a mammalian cell,
thereby obtaining the recombinant mammalian cell,

wherein the DNA encoding the transposable element lacks an origin of replication and/or lacks
an antibiotic resistance gene.

59, The method according to item 58, wherein the DNA encoding the transposable element lacks
an origin of replication.

60. The method according to item 58 or 59, wherein the DNA encoding the transposable element
tacks an antibiotic resistance gene.

61. The method according to any one of items 58 to 60, wherein the DNA encoding the
transposable element lacks an origin of replication and lacks an antibiotic resistance gene.

62. The method according fo any one of items 58 to 61, wherein the DNA encoding the
fransposable element is obtainable by deleting said origin of replication and/or said antibiotic
resistance gene from a plasmid selected from the group consisting of:
pT;

P2,

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT;

a plasmid having a DNA sequence which is at least 90% identical fo the DNA sequence of pT2;
and

any other plasmid which is suitable as a donor plasmid for transposable elements.

63. A method for obtaining a recombinant mammalian cell containing a stably integrated
transposable element, the method comprising:

introducing a combination of.

a DNA encoding a transposable element containing an expression cassette for
a transgene and

a nucleic acid encoding a transposase
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64.

65.

66.

67.

68.

69.

70.
71.

72.

into @ mammalian cell,
thereby obtaining the recombinant mammalian cell,

wherein the DNA encoding the transposable element is obtainable by shortening a plasmid by
at least one base pair, and wherein the plasmid is selected from the group consisting of:

pT;

pT2;

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT;

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT2;
and

any other plasmid which is suitable as a donor plasmid for fransposable elements.

The method according to any one of items 58 to 63, wherein the total length of said DNA
encoding the transposable element is not more than 3.0 kb, preferably not more than 2.0 kb
greater than the length of said expression cassette.

The method according to any one of items 58 to 64, wherein the total length of said DNA
encoding the transposable element is not more than 1.5 kb greater than the length of said
expression cassette.

The method according to any one of items 58 to 65, wherein the total length of said DNA
encoding the transposable element is not more than 1.0 kb greater than the length of said
expression cassette.

The method according to any one of items 58 to 66, wherein the DNA encoding the
transposable element is a minicircle DNA as used in any one of items 1 to 21.

The method according to any one of items 58 to 67, wherein the transgene is a T-celi receptor
or chimeric antigen receptor as defined in any one of items 14 to 17, and wherein the
mammalian cell is a human T lymphocyte.

The method according to any one of items 58 to 67, wherein the transgene is an a/b or g/d T-
cell receptor, a cytokine, a suicide gene, or a transduction marker.

The method according to any one of items 58 to 69, wherein the method is an in vifro method.
The method according to any one of items 58 to 70, wherein the nucleic acid encoding the
transposase is as defined in item 40.

The method according to any one of items 58 to 67 and 69 to 71, wherein the mammalian cell is
as defined in any one of items 9 to 14.
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73.

74.

75.

76.

7.

78.

79.

80.

81.

PCT/EP2016/072524

The method according to any one of the preceding items, wherein the mammalian cell is a
primary cell, preferably a primary human cell.
The method according to any one of the preceding items, wherein the method is & non-viral
method.
The method according to any one of the preceding items, wherein said combination is
introduced by introducing

the DNA or minicircle DNA encoding the transposable element and

the nucleic acid encoding the transposase

simultaneously.

The method according to item 75, wherein
said DNA or minicircle DNA encoding the transposable element and
said nucleic acid encoding the fransposase

is the same DNA minicircle.

The method according to any one of items 39 to 54 and 56 to 74, wherein said combination is
introduced by introducing

said nucleic acid encoding the fransposase

and said DNA or minicircle DNA encoding the transposable element
sequentially.

The method according to any one of items 39 to 54 and 56 to 74, wherein said combination is
introduced by introducing

said DNA or minicircle DNA encoding the transposable element

and said nucleic acid encoding the transposase

sequentially.

The method or use according to any one of the preceding items, wherein the minicircle DNA
encoding the transposable element is a linearized DNA or a circular DNA.

The method or use according to any one of the preceding items, wherein the source of the
fransposase, or the nucleic acid encoding the transposase, is a minicircle DNA encoding the
fransposase, which is a linearized minicircle DNA or a circular minicircle DNA.

The method according to any of the preceding items, wherein the nucleic acid encoding the
fransposase and the DNA or minicircle DNA encoding the transposable element are introduced

into the mammalian cell in a weight ratio of 1:1 or more, preferably in a weight ratio of 21 to
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82.

83.

84.

85.

86.

87.

88.

10:1, more preferably in a weight ratio of 3:1 to 9:1, still more preferably in a weight ratio of 4:1
to 8:1.

A recombinant mammalian cell obtainable by the method according to any one of the preceding
items.

A recombinant human T-cell containing at least one copy of a transposable element containing
an expression cassette for a fransgene.

The recombinant cell of item 82 or 83, wherein the copy number of the transposable element in
said cell is at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8,
at least 9 or at least 10.

The recombinant cell of item 82 or 83, wherein the copy number of the transposable element in
said cell is at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9 or at least
10.

The recombinant cell according to any one of the preceding items, wherein 0% to 5% of the
copies of the transposable element in the chromosomal genome of the recombinant cell are
integrated in genomic chromosomal regions which satisfy all of the following criteria:

i} not ultraconserved,

iy more than 300 kb away from miRNA genes,

(

(

(iii) more than 50 kb away from transcriptional start sites,

(iv) more than 300 kb away from genes involved in cancer, and
(

v} outside franscription units.

The recombinant cell according o any one of the preceding items, wherein at least 5% of the
copies of the transposable element in the chromosomal genome of the recombinant cell are
integrated in genomic chromosomal regions which satisfy all of the following criteria:

(i) not ultraconserved,

(ii} more than 300 kb away from miRNA genes,

(i) more than 50 kb away from transcriptional start sites,

(iv) more than 300 kb away from genes involved in cancer, and

{v} outside transcription units.

The recombinant cell according to any one of the preceding items, wherein at least 10% of the
copies of the transposable element in the chromosomal genome of the recombinant cell are
integrated in genomic chromosomal regions which satisfy all of the foliowing criteria:

(i not ultraconserved,

(ii) more than 300 kb away from miRNA genes,
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89.

90.

91.

92.

93.

(iify more than 50 kb away from transcriptional start sites,

(iv) more than 300 kb away from genes involved in cancer, and

(v) outside franscription units.

The recombinant cell according to any one of the preceding items, wherein at least 15% of the
copies of the transposable element in the chromosomal genome of the recombinant cell are
integrated in genomic chromosomal regions which satisfy all of the following criteria:

(i} not ultraconserved,

(ii} more than 300 kb away from miRNA genes,

(iii) more than 50 kb away from transcriptional start sites,

(iv) more than 300 kb away from genes involved in cancer, and

(v) outside transcription units.

The recombinant cell according to any one of the preceding items, wherein at least 20% of the
copies of the transposable element in the chromosomal genome of the recombinant cell are
integrated in genomic chromosomal regions which satisfy all of the following criteria:

(i) not ultraconserved,

(i) more than 300 kb away from miRNA genes,

{iii} more than 50 kb away from transcriptional start sites,

{iv) more than 300 kb away from genes involved in cancer, and

(v} outside transcription units.

The recombinant cell according to any one of the preceding items, wherein at least 40% of the
copies of the transposable element in the chromosomal genome of the recombinant cell are
integrated in genomic chromosomal regions which satisfy the following criterion:

{v) outside transcription units.

The recombinant cell according to any one of the preceding items, wherein at least one,
preferably all copies of the transposable element in the chromosomal genome of the
recombinant cell are integrated in genomic chromosomal regions which satisty at least any one
of the following criteria:

(i} not ultraconserved,

(i) more than 300 kb away from miRNA genes,

(iif) more than 50 kb away from transcriptional start sites,

(iv) more than 300 kb away from genes involved in cancer, and

{v} outside transcription units.

The recombinant cell according to any one of the preceding items, wherein at least one,

preferably all copies of the transposable element in the chromosomal genome of the
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recombinant cell are integrated in genomic chromosomal regions which satisfy at least any two
of the following criteria:

(i} not ultraconserved,

(ii) more than 300 kb away from miRNA genes,

(iii} more than 50 kb away from transcriptional start sites,

(iv) more than 300 kb away from genes invoived in cancer, and

(v) outside transcription units.

94. The recombinant cell according to any one of the preceding items, wherein at least one,
preferably all copies of the transposable element in the chromosomal genome of the
recombinant cell are integrated in genomic chromosomal regions which satisfy at least any
three of the following criteria:

(i) not ultraconserved,

(ii) more than 300 kb away from miRNA genes,

(iii) more than 50 kb away from transcriptional start sites,

(iv} more than 300 kb away from genes involved in cancer, and
(v) outside transcription units.

95. The recombinant cell according to any one of the preceding items, wherein at least one,
preferably all copies of the transposable element in the chromosomal genome of the
recombinant cell are integrated in genomic chromosomal regions which satisfy at least any four
of the following criteria:

(i} not ultraconserved,

(ii) more than 300 kb away from miRNA genes,

(i} more than 50 kb away from transcriptional start sites,

(iv) more than 300 kb away from genes involved in cancer, and
(v) outside transcription units.

96. The recombinant cell according to any one of the preceding items, wherein the copy number of
the transposable element in the chromosomal genome of the recombinant cell is at feast 1, at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9 or at least 10.

97. The recombinant cell according to any one of items 81 to 94, wherein the copy number of
fransient copies of the transposable element in the recombinant cell is at least 1, at least 2, at
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9 or at least 10.

98. A recombinant cell according to any of the preceding items, for use in medicine.

99. A recombinant cell according to any of items 82 to 97, for use in the treatment of cancer.
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100. The recombinant cell according to any of items 98 or 99 for the use according to any of
items 97 or 98, wherein the use is a use in immunotherapy.

101. The recombinant cell according to item 100 for the use according to item 100, wherein
the use in immunotherapy is a use for the treatment of an autoimmune disease.

102. The recombinant cell according to item 100 for the use according to item 100, wherein

the use in immunotherapy is a use for the treatment of an infectious disease.

103. The recombinant cell according to item 102 for the use according to item 102, wherein
the infectious disease is a bacterial infection, a viral infection or a fungal infection.

104. The recombinant cell according to any one of items 98 to 103 for the use according to
any one of items 98 to 103, wherein the recombinant cell is a T cell.

105. A recombinant cell according to any of items 82 fo 97, for use in gene therapy.

108. A composition comprising a minicircle DNA encoding a transposable element and a

nucleic acid encoding the transposase.

107. The composition according to item 106, wherein the nucleic acid encoding the
transposase is as defined in any one of items 3-6, 8 or 21.

108. The composition according to item 106 or 107, wherein the transposable element is as
defined in any one of items 14-18.

109. The use or method according to any one of items 1-18, 20-33, 35-51, 53-69, or 71-81,
wherein the use or method is an in vivo use or an in vivo method.

110. The use or method according to item 109, wherein the use or method is a use in gene
therapy or a method for gene therapy.

The present invention is exemplified by the following non-limiting examples:

Examples:

Example 1: Preparation of CAR-modified human CD8+ and CD4+ T celis using sleeping
beauty-mediated transposition with mRNA-encoded hyperactive sleeping beauty

transposase 100X (SB100X) and minicircle DNA-encoded eGFP or CD19-CAR transgenes.

Materials and methods:

Human subjects
Blood samples were obtained from heaithy donors who provided written informed consent to

participate in research protocols approved by the Institutional Review Board of the University
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of Wiirzburg (Universitatsklinikum Wirzburg, UKW). Peripheral blood mononuclear cells
(PBMC) were isolated by centrifugation over Ficoll-Hypaque (Sigma, St.Louis, MO).

Cell lines

293T celis (ATCC: CRL-11268, American Type Cutture Collection, Manassas, VA) were cultured
in Dulbecco’s modified Eagle’s medium supplemented with 10% fetal calf serum and 100 U/ml
penicillin/streptomycin. K562 (ATCC: CCL-243), K562/RORA1, K562/CD19, Raji (ATCC: CCL-86),
JeKo-1 (ATCC: CRL-3008), and JeKo-1-ffluc cells were cultured in RPMI 1640 medium
supplemented with 10% fetal calf serum and 100 U/ml penicillin/streptomycin (all cell culture
media and supplements: GIBCO, Carlsbad, CA).

Immunophenotyping

PBMC and T cell lines were stained with one or more of the following conjugated mAb: CD3,
CD4, CD8, CD25, CD45, CD45RA, CD45RO, CD62L, CD69 and matched isotype controls
(BD Biosciences, San Jose, CA). Transduced T cell lines were stained with biotin-conjugated

anti-EGFR antibody (ImClone Systems incorporated, Branchburg, NJ) and streptavidin-PE
(BD Biosciences, San Jose, CA) Ref. 27 Staining with 7-AAD (BD Biosciences) was

performed for live/dead cell discrimination as directed by the manufacturer. Flow analyses
were done on a FACSCanto, sort-purifications on a FACSAvriall (Becton Dickinson, Frankiin
Lakes, NJ) and data analyzed using FiowJo software (Treestar, Ashland, OR).

Lentiviral vector construction, preparation of lentivirus, and generation of CAR-T cells

The construction of epHIV7 lentiviral vectors containing CD19-specific CARs with a short
spacer and a 4-1BB costimulatory domain has been described (Hudecek Clin Cancer Res
2013). All CAR constructs encoded a truncated epidermal growth factor receptor (EGFRY;
also known as tEGFR) sequence (Wang Blood 2011) downstream of the CAR. The genes
were linked by a T2A ribosomal skip element.

CAR/EGERt and ffluc/leGFP-encoding lentivirus supernatants were produced in 293T cells
co-transfected with each of the lentiviral vector plasmids and the packaging vectors pCHGP-
2, pCMV-Rev2 and pCMV-G using Calphos transfection reagent (Clontech, Mountain View,
CA). Medium was changed 16 h after transfection, and lentivirus collected after 24, 48 and
72 h. CAR-T cells were generated as described (Hudecek Clin Cancer Res 2013). In brief,
CD8+ bulk T cells, CD8+ Toy and CD4+ bulk T cells were sorted from PBMC of healthy
donors, activated with anti-CD3/CD28 beads (Life Technologies), and transduced with
lentiviral supernatant. Lentiviral transduction was performed on day 1 by spinoculation, and T
cells propagated in RPMI-1640 with 10% human serum, glutamin, 100 UW/mL penicilin-
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streptomycin and 50 U/mL IL-2. Trypan blue staining was performed to quantify viable T
cells. After expansion, EGFRt’ T cells were enriched and stimulated with irradiated B-LCL.

Transposon vector construction

The transposon vector pT2/HB (Addgen #26557) was obtained from Addgene. To derive a
transposon vector encoding enhanced green fluorescent protein (pT2/HB:eGFP), a codon
optimized gene encoding a Hindlll restriction site, an EF1/HTLV hybrid promotor, a Nhel
restriction site upstream of a Kozak sequence and a sequence encoding enhanced GFP
(eGFP) followed by a Stop codon, as well as Notl and BamHI restriction sites was
synthesized and subcloned into pT2/HB using the Hindlll and BamHl sites using commercial
vendors (GeneArt, Regensburg). To derive a transposon vector encoding a CD19-specific
CAR (pT2/HB:CD19-CAR), the CD19-CAR_tEGFR gene described above (Section: lentiviral
vector construction) was obtained from the lentiviral vector by restriction digest and
subcloned into pT2/HB:eGFP using the Nhel and Notl restriction sites to replace the eGFP
transgene. The vector encoding hyperactive sleeping beauty 100X (SB100X) transposase
was obtained from Addgene (Addgene#34879: pCMV(CAT)T7-SB100).

Preparation of DNA minicircles and SB100X mRNA

DNA mincircles were produced by Plasmid Factory (Bielefeld) using a proprietary protocol: i)
pT2/HB:eGFP - MC-GFP; ii) pT2/HB:CD19-CAR > MC-CD19 CAR,; and iii) pPCMV(CAT)T7-
SB100 -> MC-SB100X. Minicircles were purified by affinity chromatography. SB100X mRNA
was produced by in vitro transcription (IVT) using standard protocols at EUFETS (ldar-

Oberstein), or produced in-house using the mMessage mMachine kit (Ambion).

Generation of GFP- and CAR-expressing T cells through SB transposition

CD8+ bulk T cells, CD8+ Tcm and/or CD4+ bulk T cells were sorted from PBMC of healthy
donors, activated with anti-CD3/CD28 beads (Life Technologies), and nucleofected in a 4D
nucleofector device according to the manufacturer's instructions (Lonza, Koln) in
nucleofection buffer/supplement containing plasmid DNA, minicircle DNA and/or mRNA
using a protocol optimized for activated human T lymphocytes. T cells were maintained and
propagated in T-cell medium (RPMY/10% human serum/glutamin/pen-strep). Phenotypic
analysis was performed at regular intervals following nucleofection to determine the
proportion of T cells expressing the introduced transgene. Cell counting with trypan blue
staining was performed to determine the number of viable cells in the cefl culture at distinct

time point after nucleofection and during expansion.
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Cytotoxicity, cytokine secretion, and CFSE proliferation assays

Target cells stably expressing firefly luciferase were incubated in triplicate at 5x10° celis/well
with effector T celis at various effector to target (E:T) ratios. After a four-hour incubation
luciferin substrate was added to the co-culture and the decrease in luminescence signal in

wells that contained target cells and T cells, compared to target cells alone, measured using
a luminometer (Tecan). Specific lysis was calculated using the standard formula Ref. 31 For

analysis of cytokine secretion, 50x103 T celis were plated in triplicate wells with target cells
at a ratio of 1.1 (K562/CD64), 2:1 (Raji), or 4:1 {K562/CD19 and K562), and IFN-y, TNF-q,
and IL.-2 measured by multiplex cytokine immunoassay (Luminex) or ELISA (Biolegend) in

supernatant removed after a 24-hour incubation. For analysis of proliferation, 50x103T cells
were labeled with 0.2 M carboxyfluorescein succinimidyt ester (CFSE, Invitrogen), washed
and plated in triplicate wells with target cells at a ratio of 2:1 {Raji) or 4:1 (K562/CD19,
K562/ROR1 and K562) in CTL medium without exogenous cytokines. After 72 h of
incubation, cells were labeled with anti-CD3 or anti-CD4 or anti-CD8 mAb and 7-AAD to
exclude dead cells from analysis. Samples were analyzed by flow cytometry and cell division
of live T cells assessed by CFSE dilution. The proliferation index was calculated using
FlowJo software.

Adoptive transfer of T cells in NOD/SCID/yc” (NSG) mice
The UKW Institutional Animal Care and Use Committee approved all mouse experiments.

Six- to eight-week old female NSG mice were obtained from the Charles River Laboratory or

bred in-house. Six- to eight-week old female NSG mice were inoculated with 5x109 firefly

luciferase expressing Raji tumor cells by tail vein injection on day 0. On day 7, groups of n=5
mice received i.v. injections of 5x108 CAR-modified or unmodified control T cells (containing

equal proportions of CD8%1 and CD4* T cells). Bioluminescence imaging was performed to
determine tumor burden and distribution, and Kaplan-Meier analyses done to measure
survival.

Copy number determination of fransposon insertions in T cell clones

T cell clones were prepared by limiting dilution at least one month post-transfection with
SB100X mRNA and CD19-CAR MC and their genomic DNA digested with FspBl and Dpnl
restriction enzymes. Two-step nested PCR was performed (details: see below) and the PCR-
product analyzed by gel electrophoresis.

More particularly, genomic DNA was isolated from EGFRt™ T cell clones at least one month
post-transfection of SB100X mRNA and MC transposon. 1 ug of DNA per clone was digested

with FspBi (Thermo)} and Dpnl (NEB). The latter digest was applied to fragment parental MC,
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which could otherwise disturb the copy number determination. The digested DNA was
column purified, and eluted in 20 pl. 5 pi was ligated with 50 pmol of FspBIl overhang-specific
linkers overnight at 16°C. Linkers were created by annealing the 100-100 pmot of the
oligonucleotides L(+) and L(-)FspBl in 10 mMTris-Ci pH8, 50 mM NaCl, 0.6mM EDTA. 1 pl of
the ligation reaction was used as the template for the first PCR reaction with the primers
Linker (specific for the ligated linker) and T-Bal-rev (specific for the 5’ terminal inverted
repeat of the transposons) using following conditions: 94°C 3 min; 10 cycles of: 94°C 30 s,
ramp to 63°C (1°C/s), 30 s, 72°C 1 min; 25 cycles of: 94°C 30 s, ramp to 61°C (1°C/s) 30 s,
72°C 1 min; 72°C 10 min. 1 p! of 100-times diluted PCR reaction was used in the nested
PCR with the primers Nested and T-Bal with these conditions: 94°C 3 min; 10 cycies of: 94°C
30 s, ramp to 65°C (1°Cfs), 30 s, 72 °C 1 min; 25 cycles of: 94°C 30 s, ramp to 63°C (1°C/s)
30 s, 72°C 1 min; 72°C 10 min. 5 wl of the nested PCR reaction was loaded on a 1% agarose

gel to visualize the bands, which correspond to the insertion sites with flanking genomic
DNA.

Construction of the SB insertion library and sequencing
Genomic DNA was isolated from CD8+ CAR T celt lines of n=3 donors, sheared using an
ultra-solicitor and the genomic region around each integration site amplified by three-step
PCR (details: see below). The final PCR product was run on a 1% agarose gel, the 200-500
bp smear purified and sequenced (llluminaHiSeq, BeckmanCoulter Genomics).
More particularly, genomic DNA of CD8* EGFRt" T cells of three donors were isolated at least
one month post-transfection. 2 ug DNA was sheared with a Covaris M220 ultra-solicitor
device to an average fragment size of 600 bp in Screw-Cap microTUBEs in 50 ui, using the
following settings: peak incident power 50W, duty factor 20%, cycles per burst 200, treatment
28 s. 1.2 ug of the sheared DNA was blunted and 5'-phosphorylated using the NEBNext End
Repair Module (NEB), and 3'- A-tailed with NEBNext dA-Tailing Module (NEB) following the
recommendations of the manufacturer. The DNA was purified with the Clean and
Concentrator Kit (Zymo) and eluted in 8 ul 10mM Tris pH8 (EB) for ligation with 50 pmol of T-
linker (see below) with T4 ligase (NEB) in 20 pl volume, at 16°C, overnight. T-linkers were
created by annealing the 100-100 pmol of the oligonucleotides Linker_TruSeq_T+ and
Linker_TruSeq_T- in 10 mMTris-C! pH8, 50 mM NaCl, 0.5 mM EDTA. After heat-inactivation,
figation products enclosing fragments of non-integrated transposon donor plasmid DNA were
digested with Dpnl (NEB) in 50 ul for 3 hours and the DNA was column-purified and eluted in
20 ul EB. 6 pl eluate was used for the PCR | with 25 pmol of the primers specific for the linker
and for the transposon inverted repeat: Linker and T-Bal-Long, respectively, with the
conditions: 98°C 30 s; 10 cycles of: 98°C 10 s, 72 °C 30 s; 15 cycles of: 98°C 10 s, ramp to
62°C (1°C/s) 30 s, 72°C 30 s, 72°C 5 min. All PCR reactions were performed with NEBNext
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High-Fidelity 2x PCR Master Mix (for PCR primer sequences see table below). The PCR was
column purified eluted in 20 pl EB and 10 i used for PCR Il with the primers: Nested and
LAM-SB-50, with the following program: 98°C 30 s; 12 cycles of: 98°C 10 s, ramp to 65°C
(1°C/s) 30s, 72°C 30 s, 72°C 5 min. One third of the column-purified PCR 1l was used for PCR
[} with the primers PE-nest-ind-N and SB-20-bc-ill-N (where N is the number of the Hiumina
TrueSeq indexes for barcoding the samples of different T-cell donors just to track them after
llumina sequencing) for barcoding the samples of different T cell donors, using the following
PCR program: 98°C 30 s; 12 cycles of: 98°C 10 s, ramp to 64°C (1°C/s} 30 s, 72°C 30 s, 72°C
5 min. The final PCR products were separated on a 1% agarose gel and the smears of 200-
500 bp were gel-isolated and purified. The libraries were sequenced on an lllumina HiSeq
instrument at Beckman Coulter Genomics on a rapid flow-cell using single-end 100 nuclectide
sequencing setup.
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Primer name

Sequence

L(+) GTAATACGACTCACTATAGGGCTCCGCTTAAGGGAC
(SEQ ID NC: 1)

L(-)FspBI TAGTCCCTTAAGCGGAG-AMINO (SEQ ID NO: 2)

Nested AGGGCTCCGCTTAAGGGAC (SEQ ID NO: 3)

Linker GTAATACGACTCACTATAGGGC (SEQ ID NO: 4)

T_Bal rev GAATTGTGATACAGTGAATTATAAGTG (SEQ ID NO: 5)

T_Bal CTTGTGTCATGCACAAAGTAGATGTCC (SEQ ID NO: 6)
CTTGTGTCATGCACAAAGTAGATGTCCTAACTGACT

T _Bal long (SEQ ID NO: 7)

LAM_SB_50 AGTTTTAATGACTCCAACTTAAGTG (SEQ ID NO: 8)
AATGATACGGCGACCACCGAGATCTACACTCTTTCCCT
ACACGACGCTCTTCCGATCT-TRUSEQ-ILLUMINA-

SB20h-bc-ill-N

INDEX-CTTAAGTGTATGTAAACTTCCGACT (SEQ ID NO:

9)

PE-nest-ind1-N

CAAGCAGAAGACGGCATACGAGAT-REVERSE-
COMPLEMENT-OF-TRUSEQ-ILLUMINA-INDEX-
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT (SEQ

ID NO: 10)

Linker_TruSeq_T+

GTAATACGACTCACTATAGGGCTCCGCTTAAGGGACTC

AGACGTGTGCTCTTCCGATCT (SEQ ID NO: 11)

Linker_TruSeq_T-

GATCGGAAGAGCACACG-AMINO (SEQ ID NO: 12)
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PE_NEST_INDG CAAGCAGAAGACGGCATACGAGATATTGGCGTGACTGGAGTTC

AGACGTGTGCTCTTCCGATCT (SEQIDNO: 13)

PE_NEST_IND? CAAGCAGAAGACGGCATACGAGATAGTCTGGTGACTGGAGTTC

AGACGTGTGCTCTTCCGATCT (SEQ ID NO: 14)

PE_NEST_IND8 CAAGCAGAAGACGGCATACGAGATICAAGTGTGACTGGAGTTC

AGACGTGTGCTCTTCCGATCT (SEQ ID NO: 15)

Bioinformatic analysis

Reads were allocated to each donor using barcodes, trimmed using the Shortread tool in R

softwareRef. 51 and the remaining sequences quality-trimmed as soon as 2 of 5 nucleotides

had a phred score less than 20. The resulting reads were uniquely mapped to the hg19

human genome assembly with BowtieRef- 52 Any SB insertion site was considered valid if
there were at least 10 independent reads supporting it. Nucleotide compositions of SB

insertion sites were calculated and plotted using the SeqlLogo tool in R software.

We used BEDtools v2.17.0Ref. 53 for annotating the insertion sites or a set of computationally
generated 10.000 random genomic positions in annotated human genomic features
(http://genome.ucsc.edu). The set of cancer-related genes was obtained from
http://www.bushmanlab.org/links/geneiistsRef. 39, The category non-genic was created by
subtracting the coordinates of all annotated transcripts from the chromosome lengths of the
hg19 genome assembly. For relating insertion site frequencies of SB and HIV to gene

expression levels, the inventors used published gene expression data of activated human T

BED files of ChiP-Seq data obtained on activated human T cells were retrieved from
http:h’dir.nhlbi.nih.gow’papers/lmi/epigenomeslhgtce!l.aspxRef- 54 and the MACS ChlP-Seq
peak-calling aIgorithmRef- 53 “macs14 -t *.bed -g hs --nomodel --nolambda --space=30".

Genomic coordinates of ultraconserved elements were obtainedRef- 56 and all human miRNA
genes downloaded (http://www.mirbase.org/ftp.shtml). The ‘genomic safe harbor’ coordinates
were obtained by intersecting all coordinates of all safe harbor subcategories for the hg19

human genome assembly.
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Statistics

Statistical analyses were performed using Prism software {GraphPad). Results with p<0.05

were considered significant.

Results

Transposition using MC-encoded transposase and transposon enables high level stable gene

transfer and reduces toxicity associated with DNA transfection

MCs were prepared from a set of parental pT2 transposon donor vectors expressing an

optimized CD19-CAR in cis with an EGFRt transduction marker Ref. 728 o1 e GFP, and from a
plasmid encoding hyperactive SB100X fransposase (Fig.1B). Then, transfections were
performed into CD8" T cells of healthy donors and compared transposition rate and stability of
transgene expression that could be accomplished when transposon and transposase were
delivered as MCs (MC-MC) or plasmids (P-P). In all experiments, equal amounts of
transposon and transposase vector, and equimolar amounts of MCs and their corresponding
plasmids were transfected. Significantly higher transposition rates were found in T cells that
were modified with the MC combination at all analyzed time points after transfection. On day
14, the mean percentage of CAR-modified (i.e. EGFRt") T cells was 49.8% with MCs but only
12.8% with plasmids, and thus on average 4.4-fold higher after transfection of MC- rather than
plasmid-encoded SB100X transposase and CAR transposon (n=7, p<0,0001). The
percentage of EGFRt” T cells remained stable after day 14 and even moderately increased
over time in resting T cells, potentially due to intrinsic signaling of the CD19-CAR* (Fig.3B). T
cells that were selected for EGFRt and expanded with CD19" feeder cells showed stable
transgene expression over multiple expansion cycles and for at least another 6 weeks in
culture. Similar data on transposition efficacy were obtained with eGFP in CD8" T cells (Fig.
8A, B), and with both CD19-CAR and eGFP in CD4" T cells from multiple donors, confirming
the present observation that MCs are superior to conventional plasmids in mediating
transposition (Fig.9).

The rapid manufacture of therapeutically relevant numbers of gene-modified T cells by SB
transposition has been limited by severe toxicity following electrotransfection of plasmid DNA.
The inventors found that, in addition to mediating superior transposition, MCs were also less
toxic to T cells. The percentage of viable T cells 48 hours after transfection was on average
1.4-old (CD19-CAR) and 3.2-fold (eGFP) higher in CD8" T cells modified with MCs compared
to plasmids (both: n=3, p<0.05) (Fig. 2D; Fig. 3B; Fig. 8C). The higher transposition rate and
lower toxicity of MCs translated into an approx. 6-fold higher yield of CD19-CAR T cells that
could be obtained within 14 days of culture, even without antigen-dependent expansion (n=4,

p<0,05) (Fig.3E). Collectively, these data demonstrate that the use of MCs as transposon and
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transposase donor vectors is feasible, highly efficient and superior to plasmid DNA in

mediating transposition in human T cells.

Transposition from MCs using mRNA-encoded SB {fransposase

Next, it was investigated whether providing SB100X as mRNA instead of MC DNA was
sufficient for accomplishing transposition from MC transposon donor vectors. Titration
experiments were performed to determine the optimal ratio of SB100X mRNA and MC (1:1,
2:1, 4.1, 8:1), and analyzed EGFRt expression by flow cytometry on day 14 post-transfection.
Superior transposition rates were found with the mRNA-MC combination compared to
plasmids at all ratios (Fig.2B, C). The highest transposition rate was achieved when SB100X
mRNA and CD19-CAR MC were used at a 4:1 ratio, which yielded a 3.7-fold higher gene
transfer rate than the plasmid combination {P-P) (n=3; p<0,001), and no substantial difference
compared to the MC combination (Fig.2B, C). A further increase in the amount of SB100X
mRNA (8:1 ratio} resulted in a decline of transposition efficacy, potentially due to an

overproduction inhibition effect Ref. 34 Also the use of SB100X mRNA in combination with MC
transposons was associated with a significantly higher proportion of viable T cells 48 hours
post-transfection compared to plasmids (1.4-fold higher; n=3; p<0.05). This again translated
into a substantiaily higher yield of gene-modified T celis at the end of a 14-day cuiture period
{mean 3.6-fold higher; n=4) (Fig.3B). Importantly, the transposition rate that the inventors
accomplished with the optimal SB100X mRNA and CD19-CAR MC combination (4:1 ratio)
was similarly high in purified naive, central memory and effector memory CD8" T cells (Fig.
10), indicating that this gene transfer strategy would not introduce a bias into which of these
phenotypically and functionally distinct subsets was modified with the CD19-CAR in a bulk
CD8" T celi population. Collectively, these data demonstrate that providing SB100X as
relatively short-lived mRNA is sufficient to accomplish transposition from MC transposon
donor vectors, with superior levels of stable gene transfer and enhanced T cell viability

compared to plasmids.

MC transposition confers potent anti-tumor functions of CD19-CAR T cells jn vitro and jn vivo
Next, the function of T cells that were CAR-modified by SB transposition from MCs and

plasmids was analyzed, and their potency was compared to T cells that were modified with
the same CD19-CAR construct by LV transduction. Sets of CAR-modified and control
untransduced CD8" and CD4" T cell lines were prepared from n=3 donors, and CAR-
expressing T cells were enriched to >90% purity using the EGFRt marker (Fig.4A). First,
cytolytic activity was evaluated using K562 cells stably expressing CD19, and Raji and JeKo-1
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lymphoma as target cells. The various CD8" CD19-CAR T cell lines modified by mRNA-MC,
MC-MC and P-P transposition conferred similarly potent and specific lysis, at levels that were
equivalent fo that observed with CAR T cells generated by LV transduction (Fig.4B).
Quantitative cytokine analysis after co-culture with CD19" lymphoma also showed comparable
production of IFN-y and IL-2 in all CD8" and CD4" CD19-CAR T cell lines (Fig.4C). Further,
similarly productive proliferation (23 cell divisions in 72 hours) was found in all CD8" and CD4"
CD19-CAR T cell lines by CFSE dilution, regardless whether they had been gene-modified by
SB transposition or LV transduction (Fig.4D, E).

Next, anti-tumor efficacy was analyzed in a systemic CD19" lymphoma xenograft model
(NSG/Raji-fflLuc), and the analysis was focused on CAR T cells that were modified with
SB100X mRNA and CD19-CAR MC, as this would be the most relevant combination for
clinical translation. The experiments confirmed a potent anti-tumor effect that was mediated
by a single dose of SB-modified CD8" and CD4" CD19-CAR T cells, resulting in rapid
lymphoma eradication in all treated mice (n=5 or n=4, respectively), whereas mice receiving
control T cells showed progressive, deleterious lymphoma (Fig.5A, B). SB-modified CAR T
cells could be detected in the peripheral blood at the peak of response and persisted in the
bone marrow of all mice after lymphoma clearance (Fig.5D). Complete lymphoma eradication
from bone marrow was confirmed by flow cytometry (Fig.5E). Kaplan-Meier analysis showed
survival of the entire SB CD19-CAR ireatment group at the end of the observation period,
equivalent to mice that had been treated with LV-transduced CD19-CAR T cells for
comparison (Fig.5C). Collectively, these data demonstrate that CD19-CAR T cells generated
through SB transposition from MC transposon donor vectors are highly potent in vitro and in
vivo and mediate equally effective anti-tumor responses as CD19-CAR T cells generated by
LV transduction.

Transposon insertion site analysis reveals a close-te-random genomic integration patiern

To address issues related to safety, genomic DNA for gene copy number and insertion site
analyses was prepared from T cells that had been modified with SB100X mRNA and CD19-
CAR MC. An average of n=5 (range 3-8 and 3-11, respectively) CD19-CAR transposon
copies in CD8" T cell clones, and n=6 (range 3-12) transposon copies in CD4™ T cell clones
obtained by limiting dilution was found (Fig. 6B, C). Then an insertion site library from
polyclonal CD8" CD19-CAR T cells was constructed for massive parallel sequencing on the
lumina MySeq platform. 26,834 unique insertion sites of the MC-derived CAR transposon

were mapped and characterized. A database of LV integration sites in human CD4" T cells

served as a reference and for comparison Ref. 35 Analysis of nuclectide frequencies in a 20-
kbp window around the transposon insertion sites revealed that transposition from the MC

had occurred into regions with close to random nucleotide frequency, while LV insertions
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were biased towards GC-rich chromosomal segments (Fig. 11 A, B). However, in a smalier,
1.5-kbp window around the insertion sites, both vector systems exhibited a preference for
AT-rich DNA (Fig. 11 C, D). The palindromic ATATATAT motif was detected, which contains
the TA dinucleotide target sequence of SB adjacent to all of the present MC-derived

transposons, similarly to what has been found for transposons mobilized from conventional

donor plasmidsRef. % (Fig.12).

Then it was analyzed whether there was a preference of CD19-CAR transposon insertions
into distinct sites of the genome, e.g. exons and introns, genes and cancer related genes. It
was found that transpositions from MCs had occurred with only a modest, yet statistically
significant (p<0.001) bias towards genic categories; however, in all evaluated categories this
preference was substantially smaller than what was found for LV integrations (Fig.7A).
Importantly, transposon insertions showed only 1.15-fold enrichment in genes and 1.29-fold
enrichment in cancer-related genes relative to the expected random frequency, whereas there
was a 2.11-fold and 2.64-fold enrichment of L.V-associated insertions in these categories,
respectively (p<0.01 and p<0.05). Concordantly, CD19-CAR transposons were also inserted
into non-genic regions in a close to random manner (0.89-fold compared to random), while LV
transgenes were found to be underrepresented in these regions (0.23-fold compared to
random) (Fig.7A).

Further, it was determined whether there was an association between intragenic transposon

insertion frequency and gene expression level. Available transcriptome profiles for activated

human T cellsRef. ¥ were used, genes were clustered according to their expression levels
into ten groups of equal size and transposon and LV insertions in each group were counted.
The data show that MC-derived transposons were integrated into both low and highly-
expressed genes in a close to random manner, and only displayed a minute preference for
highly-expressed genes (Fig.7B). In contrast, LV showed a strong preference for integration
into highly-expressed genes, and there was an exponential correlation between insertion
frequency and expression level of the respective gene (R? 0.976) (Fig.7B). The inventors also
found a strong enrichment of LV insertions in chromosome regions with H3K36- and H3K79-
trimethylation and RNA polymerase |l tags, all of them being chromatin marks for highly-
expressed genes. LV insertions were underrepresented in transcriptionally-inactive and
heterochromatic chromosomal segments, signified by H4K20-, H3K27-, and H3KO-
trimethylation (Fig.13). In contrast, transposon insertions showed only a slight affinity towards
markers of active transcription and equally favored integrating into transcriptionally-silenced
chromatin domains (Fig.13). Coliectively, these data show that SB transposons mobilized

from MCs display a near-random integration pattern in the genome of human T cells, and in

38



WO 2017/050884 PCT/EP2016/072524

contrast to LVs do not have a preference for highly expressed or transcriplionally active
genes.

CD19-CAR transposons mobilized from MCs are effectively integrated into genomic safe

harbors

Ideally, transposition would occur into genomic regions where insertion of the CAR transgene

would not compromise the transcriptional integrity of the gene-modified T cell. Thus, criteria

were applied that have been established to define such genomic safe harbors (GSH)Ref. 8.
to our insertion site library of MC-modified CD19-CAR T cells, and compared them to the LV
insertion site dataset. Computer-generated random positions in the genome map to GSHs at
a frequency of 28%. It was found that 20.8% of CD19-CAR transposon insertion sites but only
3% of the LV integration sites satisfied all of the 5 GSH criteria (Fig.7C). In particular, a
significantly higher proportion of transposon insertion sites compared to LV was located >300
kbp outside of cancer related genes (59% vs. 38%) and outside of genes (48% vs. 12%)

which constitute the two paramount criteria (Fig.7C). In the present analysis, none of the SB

fransposon and LV insertions occurred in known oncogenesRef- ¥ and no insertion occurred
in ultra-conserved genomic regions which constitute only a minor fraction of the genome. In
summary, the inventors demonstrated that functional recombinant mammalian cells such as
CAR T cells can be generated by transposition such as SB-mediated transposition from MC

DNA. MC-derived transposons possess a highly favorable genomic integration profile.

Thus, according to the invention, the enhanced transposition strategy of the invention

provides a safety advantage over known viral gene transfer such as LV-based gene transfer.

Example 2: Sleeping Beauty-mediated transposition with mRNA-encoded hyperactive
Sieeping Beauty transposase 100X (SB100X)} and minicircle DNA-encoded CD19-CAR
transgenes in non-activated T cells

Materials and methods:

Human subjects
Peripheral blood was obtained from healthy donors after written informed consent to

participate in research protocols approved by the Institutional Review Board of the University
of Wiirzburg.
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Consiruction of transposon and lentiviral vectors

A cassette with EF1/HTLV hybrid promotor, Kozak and eGFP sequence followed by a Stop
codon was synthesized (GeneArt} and subcloned into the pT2/HB transposon donor vector
(Addgene, #26557). Then, eGFP was replaced with a gene encoding a CD19-CAR (FMC63
targeting domain, IgG4-Fc Hinge spacer, CD3zeta and 4-1BB costimulation) in cis with a T2A

element and truncated epidermal growth factor receptor (EGFRY), derived from the previously

described lentiviral vector epHIV7 Ref. 27, 28 The pCMV(CAT)T7-SB100X vector was
obtained from Addgene (#34879).

Preparation of minicircle DNA and SB100X mRNA

MCs encoding eGFP and CD19-CAR_EGFRt transposons, and SB100X were generated
from parental pT2 plasmids by PlasmidFactory (Bielefeld) using site-specific recombination
and purified by affinity chromatography. Poly{A)-tailed ARCA-capped SB100X mRNA was
produced in-house using the mMessage mMachine kit (Ambion), or at EUFETS (ldar-
Cberstein).

Generation and in vitro analysis of gene-modified T-cells

Peripheral blood mononuclear cells were obtained from peripheral biood of by centrifugation
over Ficoll-Hypaque. CD8" and CD4" T-cells were purified from PBMC by negative isolation
using immunomagnetic beads (Miltenyi). Transfection of SB100X transposase mRNA and
CD19-CAR-encoding MC (weight ratio: 4:1) was performed either immediately after isolation
or after overnight culture in RPMI-1640 with 10% human serum, glutamin, 100 U/mL penicillin-
streptomycin (T-cell medium) and 50 U/mL [L-2. Transfections were performed into 1x10° T-
cells on a 4D-Nucleofector according to the manufacturer’s instructions (Lonza). Following
transfection, T-ceils were propagated in T-cell medium supplemented with 50 U/mL IL-2.
Trypan blue staining was performed to quantify viable T-cells. T-cells were stained with the
following conjugated mAbs: CD3, CD4, CD8, CD45RA, CD45R0O, CD62L; and 7-AAD for
live/dead cell discrimination (BD Biosciences). CAR" (i.e. EGFRt") T-cells were detected by
staining with biotin-conjugated anti-EGFR antibody (ImClone Systems Inc.) and streptavidin-
PE. Flow analyses were done on a FACSCanto (BD)} and data analyzed using FlowJo
software (Treestar). In some experiments, T cells were expanded with irradiated CD19"
feeder cells for 7 days prior to functional testing, and functional analysis performed as

described Ref. 29-31.
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Cytotoxicity, cytokine secretion, and CFSE proliferation assays

Target cells expressing firefly luciferase were incubated in triplicate at 5x1 0° celisiwell with
effector T-cells at various effector to target (E:T) ratios. After a 4-hour incubation luciferin
substrate was added to the co-culture and the decrease in luminescence signal in wells that
contained target cells and T-cells was measured using a luminometer (Tecan) and compared
to target celis alone. Specific lysis was calculated using the standard formula. For analysis of
cytokine secretion, 50x10° T-cells were plated in triplicate wells with target cells at a ratio of
2:1 (Raji and Jeko-1), or 4:1 (K562/CD19 and K562), and IFN-y and iL-2 production measured
by ELISA (Biolegend) in supernatant removed after a 24-hour incubation. For analysis of
proliferation, 50x10° T-cells were labeled with 0.2 pM carboxyfluorescein succinimidyl ester
(CFSE, Thermo), washed and plated in triplicate wells with target cells at a ratio of 4:1
(K562/CD19 and K562) in medium without exogenous cytokines. After 72-hour incubation,
cells were labeled with anti-CD8/CD4 mAb and 7-AAD to exclude dead cells from analysis.
Samples were analyzed by flow cytometry and division of live T-cells assessed by CFSE

dilution. The proliferation index was calculated using FlowJo software.

Results:

CD8* T cells were isolated from PBMC and transfected with SB100X-encoding mRNA and
CD19-CAR-encoding MC (weight ratio 4:1). Following transfection, T cells were rested
overnight in T-celi medium in the presence of recombinant IL-2 (50U/mi). T cells were then
stimulated with irradiated CD19" Raji lymphoma cells (effector:target ratio = 1:7) and
expanded. Control T cells were mock-transfected, rested overnight in the presence of
recombinant IL-2 (50U/mi) and then stimulated with anti-CD3/anti-CD28 beads (Dynal) and
expanded. Flow cytometric analysis of EGFRt expression was performed on day 14 after
transfection and showed a high rate of stable gene-transfer into T-cells that were transfected
with SB100X mRNA and CD19-CAR MC (Figure 14A), but not mock-transduced T cells
(Figure 14B). Functional analyses confirmed high-level specific cytolytic activity, cytokine
secretion (IFN-g, IL-2, TNF-a), and specific productive proliferation of CD19-CAR T cells.

In another experiment, CD8" T cells were stimulated following transfection with irradiated
CD19* TM EBV-LCL (Epstein-Barr Virus-transformed lymphoblastoid cell lines) instead of
Raji lymphoma cells (effector:target ratio = 1:7) and expanded. Flow cytometric analysis of
EGFRt expression on day 14 after nucleofection showed a high rate of stable CD19-CAR
gene-transfer (Figure 15A). Functional analyses confirmed that CD19-CAR T cells conferred
high-level specific cytolytic activity against CD19" target celis (Figure 15B), produced

cytokines and underwent productive proliferation after stimulation with CD19" target celis.
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In another experiment, CD8" T cells were maintained following transfection in T-cell medium
that had been supplemented with 50U/mL IL-2. Flow cytometric analysis of EGFRt
expression performed on day 14 after nucleofection showed a high rate of stable CD19-CAR
gene-transfer (Figure 16A). Functional analyses confirmed high-level specific cytolytic activity
(Figure 16B), cytokine secretion (IFN-g, IL-2, TNF-a), and specific productive proliferation of
CD19-CAR T cells after stimulation with CD19" target cells.

Example 3. Sleeping Beauty-mediated transposition with minicircle DNA-encoded
hyperactive Sleeping Beauty transposase 100X (SB100X) and minicircle DNA-encoded

CD19-CAR transgenes in non-activated T cells

Materials and methods:

Human subjects
Peripheral biood was obtained from healthy donors after written informed consent to

participate in research protocols approved by the Institutional Review Board of the University
of Wiirzburg.

Construction of fransposon and lentiviral vectors

A cassette with EF1/HTLV hybrid promotor, Kozak and eGFP sequence followed by a Stop
codon was synthesized (GeneArt) and subcloned into the pT2/HB transposon donor vector
(Addgene, #26557). Then, eGFP was replaced with a gene encoding a CD19-CAR (FMC63
targeting domain, 1gG4-Fc Hinge spacer, CD3zeta and 4-1BB costimulation) in cis with a T2A
element and truncated epidermal growth factor receptor (EGFRY), derived from the previously

described lentiviral vector epHIv7 Ref. 27, 28. The pCMV(CAT)T7-SB100X vector was
obtained from Addgene (#34879).

Preparation of minicircle DNA and SB100X mRNA
MCs encoding eGFP and CD19-CAR_EGFRt transposons, and SB100X were generated
from parental pT2 plasmids by PlasmidFactory (Bielefeld) using site-specific recombination

and purified by affinity chromatography.

Generation and in vitro analysis of gene-modified T-cells

Peripheral blood mononuclear cells were obtained from peripheral blood of by centrifugation
over Ficoll-Hypaque. CD8" and CD4" T-cells were purified from PBMC by negative isolation
using immunomagnetic beads (Miltenyi). Transfection of transposase and transposon donor
MC vectors was performed either immediately after isolation or after overnight cuiture in

RPMI-1640 with 10% human serum, glutamin, 100 U/mL penicillin-streptomycin and 50 U/mL
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IL-2. Transfections were performed into 1x10° T-cells on a 4D-Nucleofector according to the
manufacturers instructions (Lonza). Following nucleofection, T-cells were propagated in
RPMI-1640 with 10% human serum, glutamin, 100 U/mL penicillin-streptomycin and 50 U/mL
IL-2. Trypan blue staining was performed to quantify viable T-cells. T-cells were stained with
the following conjugated mAbs: CD3, CD4, CD8, CD45RA, CD45R0, CD62L; and 7-AAD for
live/dead cell discrimination (BD Biosciences). CAR" (i.e. EGFRt") T-cells were detected by
staining with biotin-conjugated anti-EGFR antibody (ImClone Systems Inc.) and streptavidin-
PE. Flow analyses were done on a FACSCanto (BD) and data analyzed using FlowJo
software (Treestar). In some experiments, T cells were expanded with irradiated CD19”

feeder cells for 7 days prior to functional testing, and functional analysis of CAR T-cells

performed as described Ref. 29-31.

Cylotoxicity, cytokine secretion, and CFSE proliferation assays

Target cells expressing firefly luciferase were incubated in triplicate at 5x10° cells/well with
effector T-cells at various effector to target (E:T) ratios. After a 4-hour incubation, luciferin
substrate was added to the co-culture and the decrease in luminescence signal in wells that

contained target cells and T-cells was measured using a luminometer (Tecan) and compared

to target cells alone. Specific lysis was calculated using the standard formula Ref. 2, For
analysis of cytokine secretion, 50x1 0° T-cells were plated in triplicate wells with target cells at
a ratio of 2:1 (Raji and Jeko-1), or 4.1 (K562/CD19 and K562), and IFN-y and IL-2 production
measured by ELISA (Biolegend) in supernatant removed after a 24-hour incubation. For
analysis of proliferation, 50x10° T-cells were labeled with 0.2 yM carboxyfluorescein
succinimidy! ester (CFSE, Thermo), washed and plated in triplicate wells with target cells at a
ratio of 4:1 (K562/CD19 and K562) in medium without exogenous cytokines. After 72-hour
incubation, cells were labeled with anti-CD8/CD4 mAb and 7-AAD to exclude dead cells from
analysis. Samples were analyzed by flow cytometry and division of live T-cells assessed by

CFSE dilution. The proliferation index was calcutated using FlowJo software.

Results:

CD4* and CD8' T cells were isolated from PBMC and transfected (CD4" and CD8" T cells
separately) with SB100X-encoding MC and CD19-CAR-encoding MC. Following transfection,
T celis were rested overnight in T-cell medium that was supplemented with 50 U/mL IL-2. T
cells were then stimulated with anti-CD3/anti-CD28 beads and expanded. Control T cells
were mock-transfected, rested overnight in T-cell medium that was supplemented with 50
U/mL IL-2, then stimulated with anti-CD3/anti-CD28 beads and expanded. Flow cytometric

analysis of EGFRt expression was performed on day 14 after transfection and showed a high
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rate of stable gene-transfer into T celis that were transfected with SB100X MC and CD19-
CAR MC (Figure 17A, B), but not mock-transduced T cells. In functional experiments, CD16-
CAR transduced T cells conferred specific high-level lysis of CD19+ target cells (Figure 17C}),
produced cytokines and underwent productive proliferation after stimulation with CD19"

target cells.

Example 4. Sleeping Beauty-mediated transposition with minicircle DNA-encoded
hyperactive Sleeping Beauty transposase 100X (SB100X) and minicircle DNA-encoded
CD19-CAR transgenes in T cells using a conventional electroporator

Materials and methods:

Human subjects
Peripheral blood was obtained from healthy donors after written informed consent to

participate in research protocols approved by the Institutional Review Board of the University
of Wirzburg.

Construction of transposon and lentiviral vectors

A cassette with EF1/HTLV hybrid promotor, Kozak and eGFP sequence followed by a Stop
codon was synthesized (GeneArt) and subcloned into the pT2/HB transposon donor vector
(Addgene, #26557). Then, eGFP was replaced with a gene encoding a CD19-CAR (FMC63
targeting domain, lgG4-Fc Hinge spacer, CD3zeta and 4-1BB costimulation) in cis with a T2A
element and truncated epidermal growth factor receptor (EGFRt), derived from the previously

described lentiviral vector epHIV7 Ref. 27, 28. The pCMV(CAT)T7-SB100X vector was
obtained from Addgene (#34879).

Preparation of minicircle DNA

MCs encoding eGFP and CD19-CAR_EGFRt transposons, and SB100X were generated
from parental pT2 plasmids by PlasmidFactory (Bielefeld) using site-specific recombination
and purified by affinity chromatography.

Generation and in vitro analysis of gene-modified T-cells

Peripheral blood mononuclear cells were obtained from peripheral blood of by centrifugation
over Ficoll-Hypaque. CD8" T-cells were purified from PBMC by negative isolation using
immunomagnetic beads (Miltenyi). T cells were activated with anti-CD3/anti-CD28 beads
(Dynal) for 2 days. Transfection of transposon and transposase MC vectors was performed

using the Agile Puise MAX System according to the manufacturer's instructions (BTX).
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Following electroporation, T cells were maintained in T-cell medium supplemented with
50U/ml IL-2 overnight and then stimulated with anti-CD3/anti-CD28 beads (Dynal). Trypan
blue staining was performed to quantify viable T-celis. T-celis were stained with the following
conjugated mAbs: CD3, CD4, CD8, CD45RA, CD45R0O, CD62L,; and 7-AAD for live/dead cell
discrimination (BD Biosciences). CAR" (i.e. EGFRt") T-cells were detected by staining with
biotin-conjugated anti-EGFR antibody (ImClone Systems Inc.) and streptavidin-PE. Flow
analyses were done on day 14 after electroporation on a FACSCanto (BD) and data analyzed

using FlowJo software (Treestar).

Cyflotoxicity, cylokine secretion, and CFSE proliferation assays

Target cells expressing firefly luciferase were incubated in triplicate at 5x10° cells/well with
effector T-cells at various effector to target (E:T) ratios. After a 4-hour incubation, luciferin
substrate was added to the co-culiure and the decrease in luminescence signal in wells that

contained target cells and T-cells was measured using a luminometer (Tecan) and compared

to target cells alone. Specific lysis was caicuiated using the standard formula Ref. 2 For
analysis of cytokine secretion, 50x10° T-cells were plated in triplicate wells with target cells at
a ratio of 2:1 (Raji and Jeko-1), or 4:1 (K562/CD19 and K562), and IFN-y and {L-2 production
measured by ELISA (Biolegend) in supernatant removed after a 24-hour incubation. For
analysis of proliferation, 50x10® T-cells were labeled with 0.2 pM carboxyfluorescein
succinimidyl ester (CFSE, Thermo), washed and plated in triplicate wells with target celis at a
ratio of 4:1 (K562/CD19 and K562) in medium without exogenous cytokines. After 72-hour
incubation, cells were labeled with anti-CD8/CD4 mAb and 7-AAD to exclude dead cells from
analysis. Samples were analyzed by flow cytometry and division of live T-cells assessed by
CFSE dilution. The proliferation index was calculated using FlowJo software.

Results:

CD8" T cells were isolated from PBMC. in one example, 3,5x10e6 CD8" T cells respectively
were electroporated in a 4 mm cuvette (volume: 100 L) with 4 pg of SB100X-encoding MC
and 4 ug of CD19-CAR-encoding MC (ratio 1:1). Electroporation was performed using 2
pulses, each with a 1200 V amplitude, a puise duration of 0,1 milliseconds (ms), and a pulse
interval of 0,2 ms. Following electroporation, T cells were rested overnight in T-cell medium
that had been supplemented with IL-2 (50U/ml). T cells were then stimulated with anti-
CD3/anti-CD28 beads and expanded. Control T cells were mock-transfected, rested
overnight in the presence of recombinant IL-2, and then stimulated with anti-CD3/anti-CD28
beads and expanded. Flow cytometric analysis of EGFRt expression was performed on day
14 after transfection and showed a high rate of stable gene-transfer into T cells that were

transfected with SB100X MC and CD19-CAR MC (Figure 18}, but not mock-transduced T
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cells. In functional experiments, CD19-CAR transduced T celis conferred specific high-level
lysis of CD19+ target cells, produced cytokines and underwent productive proliferation after
stimulation with CD19" target cells.

Example 5: Titration of transposon copy number in the genome of T cells after Sleeping
Beauiy-mediated transposition

Materials and methods:

Human subjects
Peripheral blood was obtained from healthy donors after written informed consent to

participate in research protocols approved by the Institutional Review Board of the University
of Wirzburg.

Construction of fransposon and lentiviral vectors

A cassette with EF1/HTLV hybrid promotor, Kozak and eGFP sequence followed by a Stop
codon was synthesized (GeneArt) and subcloned into the pT2/HB transposon donor vector
(Addgene, #26557). Then, eGFP was replaced with a gene encoding a CD19-CAR (FMC63
targeting domain, lgG4-Fc Hinge spacer, CD3zeta and 4-1BB costimulation) in cis with a T2A
element and truncated epidermal growth factor receptor (EGFRt), derived from the previously

described lentiviral vector epHIV7 Ref. 27, 28. The pCMV(CAT)T7-SB100X vector was
obtained from Addgene (#34879).

Preparation of minicircle DNA

MCs encoding eGFP and CD19-CAR_EGFRt transposons, and SB100X were generated
from parental pT2 plasmids by PlasmidFactory (Bielefeld) using site-specific recombination
and purified by affinity chromatography.

Generation and in vitro analysis of gene-modified T-ceffs

Peripheral blood mononuclear ceils were obtained from peripheral blood of by centrifugation
over Ficoll-Hypaque. CD8" and CD4" T-celis were purified from PBMC by negative isolation
using immunomagnetic beads (Miltenyi) and stimulated with anti-CD3/anti-CD28 beads
(Dynal). Transfection of transposase and transposon minicircie vectors was performed on day
2. Transfections were performed into 1x10° T-cells on a 4D-Nucleofector according to the
manufacturer's instructions (Lonza). Following nucleofection, T-cells were propagated in

RPMI-1640 with 10% human serum, glutamin, 100 U/mL penicillin-streptomycin and 50 U/mL
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IL-2. Trypan blue staining was performed to quantify viable T-cells. T-cells were stained with
the foliowing conjugated mAbs: CD3, CD4, CD8, CD45RA, CD45R0, CD62L; and 7-AAD for
live/dead cell discrimination (BD Biosciences). CAR" (i.e. EGFRt") T-cells were detected by
staining with biotin-conjugated anti-EGFR antibody (ImClone Systems inc.) and streptavidin-
PE. Flow analyses were done on a FACSCanto (BD) and data analyzed using FlowJo
software (Treestar). In some experiments, T cells were expanded with irradiated CD19*

feeder cells for 7 days prior to functional testing, and functional analysis of CAR T-cells

performed as described Ref. 29-31.

Droplet digital PCR

Prior to droplet digital PCR (ddPCR), 300 ng of samples were digested with 1 L the enzyme
Dpni (20,000 U/mL) that cleaves only methylated, non-integrated vectors in 3 pL of NEB 3.1
buffer at a final volume of 30 pL at 37 °C. Dpnl digested samples were then fragmented with
1 uL of CviQl (10,000 U/mL), adding 0.5 uL of NEB 3.1 Buffer and 3.5 pL of HyO, giving a
final volume of 35 ul. for 2 hours at 25 °C.

For droplet generation, primers (600 nM), probes (200 nM) and digested template (17 ng of
each) were added to the ready-to-used ddPCR Supermix (Bio-Rad) at the final volume of 25
pL at room temperature. 20 pL of the PCR mixture was added to a specific well in a DG8
Cartridges. Then 70 pL of Droplet Generation Oil was added to each well and incubated for 2
min at room temperature. Wells were covered and put in a QX100 Droplet Generator. After a
couple of minutes, approximately 20,000 droplets were generated per weil. 40 uL of
generated droplets were transferred into a 96-well PCR plate and sealed with a single
sealing foil in the PX1 PCR Plate Sealer (Bio-Rad).The PCR reaction was performed in a
cycler with 2 °C/sec ramp rate using following conditions: 95 °C 10 min, 84 °C 30 s, 40 cycles
of: 60 °C 60 s, 98 °C 10 min.

Fluorescence measurements for each droplet was performed by a QX100 Droplet Reader,
whereas ribonuclease P/MRP 30 subunit (RPP30) was used as the copy number reference
(2 copies per genome). Analysis was performed using QuantaSoft software. The following

Primers and oligos used for droplet digital PCR copy number analysis:

Primer name Sequence (§-->-37)
CAR-Fwd ATCTGGATGTCGGGGATCAG (SEQ ID NO: 16)
CAR-probe FAM-AGCAGCATGGTGGCGGCGCT-BH1

(SEQ ID NQO: 17)
CAR-Rev GCTTGCTCAACTCTACGTCT (SEQ ID NO: 18)
MC-Fwd CCGACCTTAATGCGCCTC (SEQ ID NO: 19)
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FAM-GCGCTGTAGCCTCACGCCCACATATGT-
MC-probe BH1 (SEQ ID NO: 20}
AGGATTAAATGTCAGGAATTGTGAA
MC-Rev (SEQ ID NO: 21)
RPP30-Fwd GGTTAACTACAGCTCCCAGC (SEQ ID NO: 22)
HEX-TGGACCTGCGAGCGGGTTCTGACC-BH1
RPP30-probe (SEQ ID NO: 23)
RPP30-Rev CTGTCTCCACAAGTCCGC (SEQ ID NO: 24)
Results:

Transfections were performed using SB100X-encoding MC and CD19-CAR-encoding MC.
We titrated the amount of SB100X MC and CD19-CAR MC vectors that were transfected into
T cells to determine the influence on gene-transfer rate and gene-copy number (i.e.
transposon copy number) in the genome of T cells. We used serial dilutions of SB100X MC
and CD19-CAR MC (2-fold serial dilutions, with SB100X MC DNA ranging from 500 ng to 31
ng, and CD19-CAR MC DNA ranging from 600 ng to 37.5 ng) (Figure 19A). On day 14 after
transfection, the percentage of gene-modified T cells was determined by flow cytometry
using the EGFRt marker (Figure 19B). We found higher gene transfer rates when higher
amounts of MC vectors were transfected, and lower gene transfer rates when lower amounts
of MC vectors were transfected (Figure 19A, B). Also, we found higher levels of MF! by flow
cytometry for expression of the EGFRt marker when higher amounts of MC vectors were
transfected, and lower levels of MFI by flow cytometry when lower amounts of MC vectors
were transfected (Figure 19A, B).

We then FACS-sorted EGFRt" T cells to a purity of >80% using a gating strategy that
included all EGFRt" T cells (low, intermediate and high EGFRt expressers), and isolated
genomic DNA for subsequent copy number analysis using ddPCR. We found a correlation
petween the amount of MC DNA vector that had been transfected and the CD19-CAR
transposon copy number, i.e. when higher amounts of MC vectors were transfected, a higher
transposon copy number was obtained, and when lower amounts of MC vectors were
transfected, a lower transposon copy number was obtained (Figure 19C). The average
transposon copy number in the genome of T cells was 11.3 when 500 ng of SB100X MC
DNA and 600 ng of CD19-CAR MC DNA vectors were transfected. The average transposon
copy number in the genome of T cells decreased to 2.8 when 31 ng of SB100X MC DNA and
37.5 ng of CD19-CAR MC DNA of MC-DNA vectors were transfected (Figure 19C).

In summary, these data demonstrate that the amount of MC-encoded SB100X and MC-

encoded CD19-CAR that is transfected into T cells can be titrated to obtain a desired gene-
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transfer rate, a desired transgene expression level and a desired gene copy number. This is
useful to fine-tune the gene copy number (i.e. transposon copy number) to a desired number
— &.g. to lower the gene copy number to reduce the number of genomic insertions and thus
the risk for genotoxicity and insertional mutagenesis; to increase the gene copy number to
increase the level of transgene expression; to lower or increase transgene expression to
obtain optimal functional output — e.g. to lower or increase CAR expression to obtain optimal
functional output of CAR-modified T cells.

Example 8: Sleeping Beauty-mediated gene transfer into leukocyte subsets other than CD4"
helper and CD8" killer T cells using MC transposons

Materials and methods:

Human subjects
Peripheral blood was obtained from healthy donors after written informed consent to

participate in research protocols approved by the Institutional Review Board of the University
of Wiirzburg.

Construction of transposon and lentiviral vectors

A cassette with EF1/HTLV hybrid promotor, Kozak and eGFP sequence foliowed by a Stop
codon was synthesized (GeneArt) and subcloned into the pT2/HB fransposon donor vector
(Addgene, #26557). Then, eGFP was replaced with a gene encoding a CD19-CAR (FMC63
targeting domain, 1gG4-F¢ Hinge spacer, CD3zeta and 4-1BB costimulation) in ¢is with a T2A
element and truncated epidermal growth factor receptor {(EGFRt), derived from the previously

described lentiviral vector epHIV7 Ref. 27, 28. The pCMV(CAT)T7-SB100X vector was
obtained from Addgene (#34879).

Preparation of minicircle DNA
MCs encoding eGFP and CD19-CAR_EGFR! transposons, and SB100X were generated

from parental pT2 plasmids by PlasmidFactory (Bielefeld) using site-specific recombination
and purified by affinity chromatography.
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Generation and in vitro analysis of gene-modified leukocytes

Peripheral blood mononuclear cells were obtained from peripheral blood of by centrifugation
over Ficoll-Hypague and transfection of transposase and transposon minicircle vectors
performed after overnight culture in RPMI-1640 with 10% human serum, glutamin, 100 U/mL
penicillin-streptomycin and supplemented with 50 U/mL IL-2 and zoledronate to a final
concentration of 5 uM. Transfections were performed into 10x10° PBMC on a 4D-
Nucleofector according to the manufacturer's instructions (Lonza). Following nucleofection,
PBMC were propagated in RPMI-1640 with 10% human serum, glutamin, 100 U/mL penicillin-
streptomycin, 50 U/mL IL-2 and zoledronate (f.c. 5 pM). On day 9 after transfection, trypan
blue staining was performed to quantify viable cells and staining performed with the following
conjugated mAbs: Vy9Vd2, CD3, CD4, CD8, CD19, CD45RA, CD45R0O, CD56, CD62L: and
7-AAD for live/dead cell discrimination (BD Biosciences). CAR™ (i.e. EGFRt') cells were
detected by staining with biotin-conjugated anti-EGFR antibody (ImClone Systems Inc.) and
streptavidin-PE. Flow analyses were done on a FACSCanto (BD) and data analyzed using
Flowlo software (Treestar). In some experiments, T cells were isolated using

immunomagnetic beads and expanded with irradiated CD19" feeder cells prior to functional

testing, and functional analysis of CAR T-cells performed as described Ref. 29-31.

Results:

Transfection of SB100X MC and CD19-CAR MC was performed into bulk PBMC. IL-2 was
added to the culture medium to support expansion of T cell, NKT cells and NK cells.
Zoledronate was added to the culture medium to support expansion of y& (gamma delta) T
cells. Flow cytometric analysis of EGFRt expression was performed on day 9 after
transfection and showed a high rate of stable gene-transfer into Vy9vd2 y3 T celis (Figure
20A). yd T cells were then stimulated with CD19+ EBV-LCL (Epstein-Barr Virus transformed
lymphoblastoid cell lines) and propagated in T-cell medium that was supplemented with IL-2
and Zoledronate. At the end of the expansion cycle, flow cytometric analysis of EGFRt
expression was performed and showed that the percentage of CD19-CAR expressing y& T
cells had further increased (Figure 20B). Specific recognition of CD19+ target cells by CD19-
CAR modified yd T cells was confirmed in cytotoxicity assays and cytokine secretion assays
(Figure 20C, D). In another experiment, transfection of SB100X MC and CD19-CAR MC was
performed into bulk PBMC and IL-2 was added to the culture medium to support expansion
of T cell, NKT cells and NK cells, and Zoledronate was added to the culture medium to
support expansion of y0 (gamma delta) T cells. Flow cytometric analysis of EGFRt
expression was performed on day 9 after transfection and showed a high rate of stable gene-
transfer into Vyava2 y& T cells (CD3+ Vy9Vd2+), NKT cells (CD3+, CD56+), NK cells (CD3-,

CD56+), and B cells (CD3-, CD19+) (Figure 21).
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<223> nnnnnn is a reverse complement DNA sequence of a
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<400> 10
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atct 64

<210> 11
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<213> Artificial Sequence

<220>

<223> Linker_TruSeq_T+ primer
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<220>
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<400> 13
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<210> 14
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<212> DNA

<213> Artificial Sequence

<220>

<223> PE_NEST_IND7 primer

<400> 14
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<210> 15
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<220>
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<210> 16
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<400> 16
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<213> Artificial Sequence

<220>

<223> CAR-probe oligonucieotide

<220>
<221> misc_feature

<222> (1).{1)
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<223> nis FAM-A

<220>
<221> misc_feature
<222> (20)..(20}

<223> nis T-BH1

<400> 17

ngcagcatgg tggeggegen

<210> 18
<211> 20
<212> DNA

<213> Artificial Sequence

<220>

<223> CAR-Rev primer

<400> 18
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<400>

MC-Fwd primer
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<210>
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<220>

<223>
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<221>
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<220>
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<222>

<223>
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misc_feature
(27)..(27)

nis T-BH1

20

ncgctgtage ctcacgecca catatgn

65

18

27

PCT/EP2016/072524



WO 2017/050884
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<213> Artificial Sequence
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<220>

<223> RPP30-probe oligonucleotide

<220>
<221> misc_feature
<222> (1)..(1)

<223> nis HEX-T

<220>
<221> misc_feature
<222> (24)..(24)

<223> nis C-BH1

<400> 23

nggacctgeg agegagttict gacn 24

<210> 24
<211> 18
<212> DNA

<213> Artificial Sequence

<220>

<223> RPP30-Rev primer

<400> 24

ctgtctccac aagtcecge 18

67



Claims

. Anin vitro use of

a combination of a minicircle DNA encoding a transposable element and
a source of a transposase
to stably integrate the transposable element into the genome of a mammalian cell,
wherein the source of the transposase is an mRNA encoding the transposase or wherein the
source of the transposase is a transposase polypeptide, and
wherein the mammalian cell is a human lymphocyte.
. The in vitro use according to claim 1, wherein the transposase is SB100X.
. The in vitro use according to claim 1 or claim 2, wherein the transposable element contains the
genetic information for the expression of a T-cell receptor or chimeric antigen receptor, and
wherein the mammalian cell is a human T lymphocyte, preferably wherein the T-cell receptor or
chimeric antigen receptor is tumor-reactive, and wherein the human T lymphocyte obtained by
the use is a tumor-reactive human T lymphocyte suitable for use in the adoptive immunotherapy
of cancer, and/or wherein the transposable element contains the genetic information for a
chimeric antigen receptor, preferably, wherein the chimeric antigen receptor is specific for
CD19, CD20, CD22, CD33, CD44v6, CD123, CD135, EpCAM, EGFR, an EGFR variant, GD2,
ROR1, ROR2, CD269, CD319, CD38, or CD138.
. The in vitro use according to any one of claims 1 to 3, wherein
l) the minicircle DNA encoding the transposable element encodes an a/b or g/d T-cell
receptor, a cytokine, a suicide gene, or a transduction marker; and/or
1)) the nucleic acid encoding the transposase and the DNA minicircle encoding the
transposable element are introduced into the cell by electrotransfer, such as
electroporation, nucleofection; chemotransfer, calcium phosphate; or nanoparticles;
and/or
1) the transposase mediating transposition of the transposable element into the genome is
Sleeping Beauty, PiggyBac, Frog Prince, Himarl, Passport, Minos, hAT, Tol1, Tol2,
AciDs, PIF, Harbinger, Harbinger3-DR, and Hsmar1, or a derivative thereof having

transposition activity.

. An in vitro use of a combination of;

a DNA encoding a transposable element containing an expression cassette for a
transgene and
a source of a transposase

to stably integrate the transposable element into the genome of a mammalian cell,
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wherein the DNA encoding the transposable element lacks an origin of replication and/or lacks

an antibiotic resistance gene,

wherein the source of the transposase is an mRNA encoding the transposase or wherein the

source of the transposase is a transposase polypeptide,

and wherein the mammalian cell is a human lymphocyte.

. The in vitro use according to claim 5, wherein:

)

)

Vi)

the DNA encoding the transposable element is obtainable by deleting said origin of
replication and/or said antibiotic resistance gene from a plasmid selected from the
group consisting of:

pT;

pT2;

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence
of pT;

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence
of pT2; and

any other plasmid which is suitable as a donor plasmid for transposable elements;
and/or

the total length of said DNA encoding the transposable element is not more than 3.0 kb,
preferably not more than 2.0 kb greater than the length of said expression cassette;
and/or

the total length of said DNA encoding the transposable element is not more than 1.5 kb
greater than the length of said expression cassette; and/or

the total length of said DNA encoding the transposable element is not more than 1.0 kb
greater than the length of said expression cassette; and/or

the transgene is a T-cell receptor or chimeric antigen receptor as defined in claim 3,
and wherein the mammalian cell is a human T lymphocyte; and/or

the transgene is an a/b or g/d T-cell receptor, a cytokine, a suicide gene, or a
transduction marker; and/or

the use is a non-viral use.

. An in vitro method for obtaining a recombinant mammalian cell containing a stably integrated

transposable element, the method comprising:

introducing a combination of a minicircle DNA encoding the transposable element and a

nucleic acid encoding a transposase into a mammalian cell,
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10.

1.

thereby obtaining the recombinant mammalian cell, wherein the nucleic acid encoding the

transposase is an mRNA encoding the transposase; and/or the transposase is SB100X and is

optionally delivered as a polypeptide,

and wherein the mammalian cell is a human lymphocyte.

The in vitro method according to claim 7, wherein the transposable element contains the

genetic information for the expression of a T-cell receptor or chimeric antigen receptor, and

wherein the mammalian cell is a human T lymphocyte, preferably wherein the T-cell receptor or

chimeric antigen receptor is tumor-reactive, and wherein the human T lymphocyte obtained by

the method is a tumor-reactive human T lymphocyte suitable for use in the adoptive

immunotherapy of cancer.

The in vitro method according to claim 7 or claim 8, wherein the transposable element contains

the genetic information for a chimeric antigen receptor, preferably wherein the chimeric antigen

receptor is specific for CD19, CD20, CD22, CD33, CD44v6, CD123, CD135, EpCAM, EGFR, an

EGFR variant, GD2, ROR1, ROR2, CD269, CD319, CD38, or CD138.

The in vitro method according to any one of claims 7 to 9, wherein:

l) the minicircle DNA encoding the transposable element encodes an a/b or g/d T-cell
receptor, a cytokine, a suicide gene, or a transduction marker; and/or

1)) the nucleic acid encoding the transposase and the DNA minicircle encoding the
transposable element are introduced into the cell by electrotransfer, such as
electroporation, nucleofection; chemotransfer, calcium phosphate; or nanoparticles;
and/or

1) the transposase mediating transposition of the transposable element into the genome is
Sleeping Beauty, PiggyBac, Frog Prince, Himarl, Passport, Minos, hAT, Tol1, Tol2,
AciDs, PIF, Harbinger, Harbinger3-DR, and Hsmar1, or a derivative thereof having
transposition activity; and/or

V) the combination of the minicircle DNA encoding the transposable element and the
nucleic acid encoding the transposase are introduced together into the mammalian cell;
and/or

V) the nucleic acid encoding the transposase and the minicircle DNA encoding the
transposable element are introduced into the mammalian cell in a molar ratio of 1:1 or
more, preferably in a molar ratio of 2:1 to 10:1, more preferably in a molar ratio of 3:1 to
9:1, still more preferably in a molar ratio of 4:1 to 8:1.

An in vitro method for obtaining a recombinant mammalian cell containing a stably integrated

transposable element, the method comprising:
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13.

introducing a combination of:

a DNA encoding a transposable element containing an expression cassette for
a transgene and

a nucleic acid encoding a transposase
into a mammalian cell,

thereby obtaining the recombinant mammalian cell,

wherein the DNA encoding the transposable element lacks an origin of replication and/or lacks

an antibiotic resistance gene,

wherein the nucleic acid encoding the transposase is an mRNA encoding the transposase,

and wherein the mammalian cell is a human lymphocyte.

The in vitro method according to claim 11, wherein the DNA encoding the transposable element

is obtainable by deleting said origin of replication and/or said antibiotic resistance gene from a

plasmid selected from the group consisting of:

pT;

pT2;

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT;

a plasmid having a DNA sequence which is at least 90% identical to the DNA sequence of pT2;

and

any other plasmid which is suitable as a donor plasmid for transposable elements.

The in vitro method according to claim 12, wherein:

l) the total length of said DNA encoding the transposable element is not more than 3.0 kb,
preferably not more than 2.0 kb greater than the length of said expression cassette;
and/or

1) the total length of said DNA encoding the transposable element is not more than 1.5 kb
greater than the length of said expression cassette; and/or

1) the total length of said DNA encoding the transposable element is not more than 1.0 kb
greater than the length of said expression cassette; and/or

V) the DNA encoding the transposable element is a minicircle DNA as used in any one of
the preceding claims; and/or

V) the transgene is a T-cell receptor or chimeric antigen receptor as defined in any one of
claims 8 or 9, and wherein the mammalian cell is a human T lymphocyte or the
transgene is an a/b or g/d T-cell receptor, a cytokine, a suicide gene, or a transduction
marker; and/or

VI) the method is a non-viral method.
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15.

16.

17.

The in vitro method according to any one of claims 7 to 13, wherein said combination is
introduced by introducing
said nucleic acid encoding the transposase
and said DNA or minicircle DNA encoding the transposable element
simultaneously; or
said combination is introduced by introducing
said DNA or minicircle DNA encoding the transposable element; and
said nucleic acid encoding the transposase sequentially.
The in vitro method according to any one of claims 7 to 14 or the in vitro use according to any

one of claims 1 to 6, wherein:

l) the minicircle DNA encoding the transposable element is a linearized DNA or a circular
DNA; and/or
1)) the nucleic acid encoding the transposase and the DNA or minicircle DNA encoding the

transposable element are introduced into the mammalian cell in a weight ratio of 1:1 or
more, preferably in a weight ratio of 2:1 to 10:1, more preferably in a weight ratio of 3:1
to 9:1, still more preferably in a weight ratio of 4:1 to 8:1.
A composition comprising a minicircle DNA encoding a transposable element and a nucleic acid
encoding the transposase, wherein the nucleic acid encoding the transposase is as defined in
claim 1; and wherein the transposable element is as defined in claims 3 or 4.
The in vitro use of any one of claims 1 to 6, or the in vitro method of any one of claims 7 to 15,
wherein the cell is a human T lymphocyte; or
wherein the cell is a CD8+ killer T cell, a CD4+ helper T cell, a naive T cell, a memory T cell, a
central memory T cell, an effector memory T cell, a memory stem T cell, an invariant T cell, an

NKT cell, a cytokine induced killer T cell, a g/d T cell, a B lymphocyte, or a natural killer cell.

72



