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CD19-SPECIFIC CHIMERIC ANTIGEN RECEPTOR T-CELL THERAPY
FIELD OF THE INVENTION

The present invention refers to the medical field. Particularly, the present invention refers to a
CD19-specific chimeric antigen receptor (CAR) T-cell therapy based on a new scFv and to its

use for treating CD19+ malignancies.
STATE OF THE ART

Genetically modifying autologous T cells to express CARs, thus redirecting them to eliminate
tumor cells, is a revolutionary therapeutic modality for cancer treatment and, in particular, for

CD19+ B-cell malignancies.

CARs are composed of an extracellular region responsible for binding to a particular antigen
and an intracellular region that promotes T cell cytotoxic activity and proliferation. CAR
binding to the selected antigen is usually mediated by a single chain variable fragment (scFv)
of a monoclonal antibody. The scFv-derived region results in a medium-high affinity and
MHC-independent interaction of the CAR with its ligand. As a second-generation CAR, this
scFv is combined with an intracellular co-stimulatory domain (usually CD28 or 4-1BB) and a

pro-activator cytotoxic domain (CD3z).

After initial disappointing results with first-generation CARs, the most recent clinical trials
with second generation anti-CD19 CAR T cells have shown remarkable results in patients
with chronic lymphocytic leukemia, non-Hodgkin’s lymphoma and acute lymphoid leukemia
(ALL). Several academic groups, including the University of Pennsylvania, Memorial Sloan
Kettering Cancer Center, National Cancer Institute and the Fred Hutchinson Cancer Research
Center, pioneered these seminal studies using slightly different CAR constructs that are
currently under evaluation in a number of international multi-center clinical trials. Two of
these CAR products (tisagenlecleucel and axicabtagene ciloleucel) based on the scFv derived
of the monoclonal antibody named FMCG63 clone were recently approved by the US Food and
Drug Administration and European Medicine Agency for clinical use. Regarding efficacy,
response rates range from 50 to 85%, depending on the type of B-cell malignancy and CAR
construct, with quite remarkable disease-free and overall survival. In terms of safety, patients
who respond to therapy usually develop persistent B-cell aplasia and transitory cytokine

release syndrome which could be severe in a small proportion of patients.
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Despite these striking results, this therapeutic approach is only available in a handful of

centers and it is uncertain when and at what cost this could be available elsewhere.

Thus, the present invention is focused on developing a new CD19-specific chimeric antigen
receptor T-cell therapy based on a new scFv different from monoclonal antibody named

FMC63 clone for the treatment of CD19+ malignancies.
DESCRIPTION OF THE INVENTION
Brief description of the invention

As explained above, the present invention refers to a CD19-specific chimeric antigen receptor

(CAR) T-cell therapy and its use for treating CD 19+ malignancies.

According to the results provided in the present invention (see Example 1), CART-cells of
the invention are highly cytotoxic against CD19+ cells in vitro, inducing secretion of pro-
inflammatory cytokines and CART-cell proliferation. /n vivo, the CART cells of the
invention are able to fully control disease progression in an NSG xenograph B-ALL mouse
model. Based on the preclinical data, it can be concluded that the CART-cells of the

invention are clearly functional against CD19+ cells.

On the other hand, the present invention shows (see Example 2) the production of 28 CAR
T-cell products in the context of a phase I clinical trial for CD19+ B-cell malignancies. The
system includes CD4-CD8 cell selection, lentiviral transduction and T-cell expansion using
IL-7/IL-15. 27 out of 28 CAR T-cell products manufactured met the full list of specifications
and were considered valid products. Lx vivo cell expansion lasted an average of 8.5 days and
had a mean transduction rate of 30.6%+13.44. All products obtained presented cytotoxic
activity against CD19+ cells and were proficient in the secretion of pro-inflammatory
cytokines. Expansion kinetics was slower in patient’s cells compared to healthy donor’s cells.
However, product potency was comparable. CAR T-cell subset phenotype was highly
variable among patients and largely determined by the initial product. Tcm and Tem were the
predominant T-cell phenotypes obtained. 38.7% of CAR T-cells obtained presented a Tn or
Tcewm phenotype, in average, which are the subsets capable of establishing a long-lasting T-cell
memory in patients. An in-depth analysis to identify individual factors contributing to the
optimal T-cell phenotype revealed that ex vivo cell expansion leads to reduced numbers of
Tn, Tscm and Terr cells, while Tem cells increase, both due to cell expansion and CAR-

expression. Overall, these results show a feasible system for producing clinical-grade CAR T-
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cells for heavily pre-treated patients, and that the obtained products meet the current quality
standards of the field. Reduced ex vivo expansion may yield CAR T-cell products with

increased persistence in vivo.

Finally, it is of utmost importance to consider that the administration of the CAR T-cells of
the invention has been evaluated and results confirming that the therapy is safe and effective

have been obtained (see Example 3).

So, the first embodiment of the present invention refers to an antibody, F(ab")2, Fab, scFab or
scFv (hereinafter antibody, F(ab")2, Fab, scFab or scFv of the invention) comprising a light
chain variable region (VL) and a heavy chain variable region (VH), wherein said VH
comprises HCDR1, HCDR2 and HCDR3 polypeptides and VL comprises LCDR1, LCDR2
and LCDR3 polypeptides, and wherein HCDRI1 consists of the sequence SEQ ID NO: 1,
HCDR2 consists of the sequence SEQ ID NO: 2, HCDR3 consists of the sequence SEQ ID
NO: 3, LCDRI consists of the sequence SEQ ID NO: 4, LCDR2 consists of the sequence
SEQ ID NO: 5 and LCDR3 consists of the sequence SEQ ID NO: 6.

Particularly, the complementarity-determining region (CDR) sequences are as follows:
HCDRI1 (SEQ ID NO: 1): FAFSSYWMNWV

HCDR2 (SEQ ID NO: 2): GQIYPGDGDT

HCDR3 (SEQ ID NO: 3): RKRITAVIT

LCDRI1 (SEQ ID NO: 4): RASESVDNFGNSFMH

LCDR2 (SEQ ID NO: 5): IYIASNLES

LCDRS3 (SEQ ID NO: 6): HQNNEDPLTF

In a preferred embodiment, the antibody, F(ab')2, Fab, scFab or scFv of the invention
comprises a light chain variable region (VL domain) and a heavy chain variable region (VH
domain), wherein the VL domain consists of SEQ ID NO: 7 and the VH domain consists of
SEQ ID NO: 8.

Particularly, the VL and VH sequences are as follows:

VL (SEQ ID NO: 7)
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TGNIVLTQSPASLAVSLGQRATISCRASESVDNFG
NSFMHWYQQKSGQPPRLLIYIASNLESGVPARFSGSGSRTDFTLTIDPVEADDAATYY
CHONNEDPLTFGAGTKLELK

Note: CDRs are underlined.

VH (SEQ ID NO: 8)

HSQIQLQQSGAELVRPGSSVKISCKASGFAFSSYWMNWVKQRPGQGLEWIGOIYP
GDGDTKYNVKFRGKATLTADESSSTAYIQLTSLTSEDSGVYFCARKRITAVITTVFD
VWGAGTTVTVSS

Note: CDRs are underlined.

The second embodiment of the present invention refers to a CAR (hereinafter CAR of the
invention) comprising a scFv which in turn comprises a VL. domain, a VH domain and a
spacer, wherein the VL. domain consists of SEQ ID NO: 7 and the VH domain consists of
SEQ ID NO: 8.

In a preferred embodiment, the CAR of the invention further comprises a transmembrane

domain, a costimulatory signalling domain and/or an intracellular signalling domain.

In a preferred embodiment, the hinge and transmembrane domain consists of CD8a of SEQ
ID NO: 9, the costimulatory signalling domain consists of 4-1BB of SEQ ID NO: 10 and the
intracellular signalling domain consists of CD38 of SEQ ID NO: 11.

Particularly, the CD8a, 4-1BB and CD38 sequences are as follows:

CD8a (SEQ ID NO: 9)

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCG
VLLLSLVITLYC

4-1BB (SEQ ID NO: 10)

KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

CD33 (SEQ ID NO: 11)

RVKFSRSA
DAPAYQQGOQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRRKNPQEGLYNEL
QKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
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In a preferred embodiment, the CAR of the invention comprises SEQ ID NO: 12.

Particularly, the sequence of the CAR of the invention is as follows:

CAR (SEQ ID NO: 12)

[VL + spacer + VH + CD8a + 4-1BB + CD39]

TGNIVLTQSPASLAVSLGQRATISCRASESVDNFG
NSFMHWYQQKSGQPPRLLIYIASNLESGVPARFSGSGSRTDFTLTIDPVEADDAATYY
CHONNEDPLTFGAGTKLELK

GGGGSGGGGSGGGGSGGGGS

HSQIQLQQSGAELVRPGSSVKISCKASGFAFSSYWMNWVKQRPGQGLEWIGOIYP
GDGDTKYNVKFRGKATLTADESSSTAYIQLTSLTSEDSGVYFCARKRITAVITTVFD
VWGAGTTVTVSS

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCG
VLLLSLVITLYC

KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

RVKFSRSA
DAPAYQQGOQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRRKNPQEGLYNEL
QKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

Note: CDRs are underlined.

The third embodiment of the present invention refers to a nucleic acid encoding the CAR of

the invention, preferably a nucleic acid comprising SEQ ID NO: 13.

Particularly, the sequence of the nucleic acid encoding the CAR of the invention is as

follows:

Lentivirus vector (SEQ ID NO: 13)

[EF1A promoter + CD8 peptide leader + VL + spacer + VH + CD8a + 4-1BB + CD36]

CGCCTTTTTCCGGAGGGTGGGGGAGAACCGTATATAAGTGCAGTAGTCCGTGAA

CGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTGCCGTGTGTGGT
TCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTC
CACCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGG
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GAGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGG
CCTGGCCTGGGCGCTGGGGCCGCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTG
TCTCGCTGCTTTCGATAAGTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGCGA
CGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGATCTGCACACTGG
TATTTCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTCCCAGCGCACA
TGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGGGTAG
TCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCC
CGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCAGTTGCGTGAGCGGAAAGAT
GGCCGCTTCCCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCGCTCGG
GAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCCTTTCCGTCCTCAG
CCGTCGCTTCATGTGACTCCACTGAGTACCGGGCGCCGTCCAGGCACCTCGATTA
GTTCTCGTGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCG
ATGGAGTTTCCCCACACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCAC
TTGATGTAATTCTCCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTC
AAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCATGA

GCCTCATCCCGAATG GCT CTG CCT GTC ACT GGA CTG CTG CTG TCA CTG GGG
CTG CTG CTG CAC GCC GCA AGA CCA

ACC GGT AAC ATC GTG CTG ACT CAG AGC CCA GCA TCC CTG GCC GTC TCA
CTG GGA CAG CGG GCT ACC ATC AGC TGC AGA GCA AGC GAG TCC GTG GAC
AAC TTC GGA AAT TCC TTT ATG CAC TGG TAC CAG CAG AAG TCT GGC CAG
CCC CCT CGA CTG CTG ATC TAT ATT GCC TCT AAC CTG GAG AGT GGC GTG
CCA GCT AGG TTC TCT GGC AGT GGG TCA CGC ACA GACTTT ACC CTG ACA
ATT GAT CCC GTC GAA GCC GAC GAT GCC GCT ACC TAC TAT TGC CAC CAG
AAC AAC GAG GAC CCA CTG ACT TTC GGA GCA GGG ACA AAA CTG GAA CTG
AAG

GGTGGAGGCGGGAGC GGAGGAGGCGGGTCG GGAGGAGGAGGATCG
GGTGGCGGAG GCTCA

CAT TCT CAG ATT CAG CTG CAG CAG TCAGGG GCA GAG CTG GTG CGG CCA
GGG TCC TCA GTC AAG ATT AGT TGT AAG GCT TCA GGC TTT GCT TTC AGC
TCC TAC TGG ATG AAC TGG GTG AAA CAG CGA CCA GGA CAG GGA CTG GAG
TGG ATC GGA CAG ATC TAC CCC GGA GAC GGC GAT ACA AAG TAT AAT GTC
AAATTT CGG GGC AAG GCC ACC CTG ACA GCT GAC GAG TCT AGT TCA ACC
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GCC TAC ATC CAG CTG ACT TCA CTG ACC AGC GAA GAT TCC GGC GTG TAT
TTC TGC GCT CGA AAG CGG ATC ACT GCA GTC ATT ACC ACA GTG TTT GAC
GTG TGG GGG GCA GGA ACT ACC GTG ACC GTC AGC TCC

ACA ACT ACG CCG GCG CCG AGA CCA CCT ACA CCT GCA CCA ACT ATT GCC
TCT CAG CCA CTG AGT CTG CGC CCC GAG GCA TGT CGA CCT GCC GCT GGC
GGG GCT GTG CAC ACC AGG GGC CTA GAC TTC GCC TGC GAT ATC TATATT
TGG GCT CCA CTG GCA GGA ACC TGT GGC GTG CTG CTG CTG TCT CTG GTC
ATC ACA CTG TAC TGC

AAA AGA GGC AGG AAG AAA CTG CTG TAT ATT TTC AAG CAG CCC TTT ATG
AGA CCT GTG CAG ACA ACT CAG GAG GAA GAC GGG TGC AGC TGT AGGTTC
CCT GAG GAA GAG GAA GGA GGC TGT GAG CTG

CGC GTGAAA TTT TCT CGG AGT GCA GAT GCC CCA GCT TAC CAG CAG GGC
CAG AAC CAG CTG TAT AAC GAG CTG AAT CTG GGG CGG AGA GAG GAA TAC
GAC GTG CTG GAT AAG AGG CGC GGG CGA GAT CCA GAA ATG GGA GGA
AAA CCC CAG CGA CGG AAG AAC CCT CAG GAG GGA CTG TAC AAT GAA CTG
CAG AAG GAC AAA ATG GCA GAG GCC TAT TCC GAA ATC GGG ATG AAA GGA
GAA AGA AGG CGC GGC AAG GGG CAT GAT GGC CTG TAT CAG GGA CTG TCA
ACC GCA ACA AAA GAT ACT TAT GAT GCT CTG CAC ATG CAG GCT CTG CCC
CCGCGGTAA

The fourth embodiment of the present invention refers to a cell comprising the CAR of the
invention or the nucleic acid encoding the CAR of the invention (hereinafter CAR cells of the

invention).

In a preferred embodiment, the cell is a T-cell (hereinafter CART cells of the invention) or a

NK-cell.

The fifth embodiment of the present invention refers to a pharmaceutical composition
(hereinafter pharmaceutical composition of the invention) comprising a plurality of cells of

the invention and, optionally, a pharmaceutically acceptable carrier or excipient.

The sixth embodiment of the present invention refers to the cells or the pharmaceutical
composition of the invention, for use as a medicament, preferably in the treatment of CD19+
malignancies, more preferably in the treatment of acute lymphoblastic leukaemia, non-

Hodgkin’s lymphoma or chronic lymphocytic leukaemia or any CD19+ disorder.



10

15

20

25

30

WO 2022/234134 8 PCT/EP2022/062374

Alternatively, this sixth embodiment refers to a method for treating CD19+ malignancies,
more preferably acute lymphoblastic leukaemia, non-Hodgkin's lymphoma or chronic
lymphocytic leukaemia or any CD19+ disorder, which comprises the administration of a

therapeutically effective dose of the cells or the pharmaceutical composition of the invention.

In a preferred embodiment, a fractionated administration of the cell composition of the
invention, particularly a progressive dose fractionation, was carried out. Progressive dose
fractionation means that patients received at least two, preferably at least three fractions of
the composition of the invention, wherein the percentage of cells administered is
progressively increased in each consecutive fraction. In a preferred embodiment, the
progressive dose fractionation comprises a first fraction (around 10%) on day 0, followed by

the second (around 30%) and third (around 60%) fraction.

Thus, the first patients received a single intra-venous infusion of the composition of the
invention, but, as a proof of concept of the progressive dose fractionation, the following
patients received the first fraction (around 10%) on day O, followed by the second (around
30%) and third (around 60%) fraction. The second fraction was preferably administered 24—
48 hours after the first fraction, and the third fraction was preferably administered 24-48

hours after the second fraction, only if the patient had no signs or symptoms of CRS.

The reason for this progressive fractionated administration proposal was avoiding toxicity,

since three cases of fatal toxicity were detected.

In a preferred embodiment, the total dose of the cell composition of the invention depend on
the specific patient to be treated (as explained in the Examples). Typical doses are 0.1-5 x 10°
cells/Kg, preferably 0.5-5 x 10° cells/Kg, more preferably 1-5 x 10° cells/Kg. Preferably, the

total dose is fractionated in three fractions as explained above.
For the purpose of the present invention the following terms are defined:

e The term "comprising" means including, but not limited to, whatever follows the
word "comprising". Thus, the use of the term "comprising" indicates that the listed
elements are required or mandatory, but that other elements are optional and may or
may not be present.

e By "consisting of” it is meant including, and limited to, whatever follows the
expression “consisting of”. Thus, the expression "consisting of” indicates that the

listed elements are required or mandatory, and that no other elements may be present.
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“Pharmaceutically acceptable excipient or carrier” refers to a compound that may
optionally be included in the compositions of the invention and that causes no
significant adverse toxicological effects to the patient.

By “therapeutically effective dose” of a composition of the invention is intended an
amount that, when administered as described herein, brings about a positive
therapeutic response in a subject suffering from a CD19+ malignancy. The exact
amount required will vary from subject to subject, depending on the age, the general
condition of the subject, the severity of the condition being treated, the mode of
administration, etc. An appropriate “effective” amount in any individual case may be
determined by one of ordinary skill in the art using routine experimentation, based
upon the information provided herein.

“Fab” are antibody fragments with a size of around 50 KDa are the antigen-binding
domains of an antibody molecule, containing one constant and one variable domain of
each of the heavy and the light chains. The fragments which contain disulfide bridge
thiols are called “Fab’ fragments”, whereas those lacking the thiol functional group
are termed “Fab fragments”. To produce “Fab” fragments, two different methods can
be employed. The primary method is via enzymatic/chemical cleavage of the whole
antibody, in which the whole antibody is cleaved by enzyme (such as papain, pepsin,
and ficin) to form “F(ab”)2” fragments, followed by the reduction of those fragments
to yield “Fab” fragments. An alternative method is through the recombinant synthesis
of “F(ab’)2” antibody fragments, followed by chemical reduction of these fragments
to yield Fab units. A “F(ab')2” fragment, which retains a small part of the Fc hinge
region, has two antigen binding regions that may increase the affinity to antigen.
Reduction of “F(ab")2” fragments produces two monovalent Fab' fragments, which
have a free sulthydryl group that is useful for conjugation with other molecules.
Although the utilization of enzymatic/chemical cleavage methods to generate “Fab”
fragments is convenient and efficient, it requires a large quantity of monoclonal
antibody as starting material. A single chain “Fab” fragment (scFab) can lead to
improved function and production of “Fab” fragments. According to some studies,
“scFab” fragments show superior antigen-binding ability compared to “Fab” and
compensate for some of the disadvantages of the soluble Fab production in E. coli.
The term “single-chain variable fragment” or “scFv” refers to a fusion protein

comprising the variable domains of the heavy chain (VH) and light chain (VL) of an
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antibody linked to one another with a peptide linker. The term also includes a
disulfide stabilized Fv (dsFv). Methods of stabilizing scFvs with disulfide bonds are
disclosed in Reiter et al., 1996. Nat Biotechnol. 14(10):1239-45.

e The expression “progressive dose fractionation” means that patients received at least
two, preferably at least three fractions of the composition of the invention, wherein
the percentage of cells administered is progressively increased in each consecutive
fraction. In a preferred embodiment, the progressive dose fractionation comprises a
first fraction (around 10%) on day O, followed by the second (around 30%) and third

(around 60%) fraction.

Description of the figures

Figure 1. In vitro anti-tumor activity of the CAR of the invention. (A) Cytotoxicity assay
of CARTI19 cells vs NALMG6 cells. Percent target surviving cells, relative to untreated, is
shown (Mean of 3 experiments + SEM). Panels on the right show representative flow
cytometry plots at E:T ratio=1:8 (B) CARI19 T cell proliferation in vitro measured by CFSE
assay. Panels on the left show representative flow cytometry images. Panel on the right shows
quantification of Proliferation Index (PI). Mean of 3 experiments £+ SEM is shown. (C)
Cytokine production (IFNy, TNFa and IL-10) of CART19 cells in co-culture with NALM6
cells, measured by ELISA. Mean of 3 experiments £ SEM is shown. (*) indicates statistical

significance, p<0.05. n.s. indicates not statistically significant.

Figure 2. In vivo anti-tumor activity of the CAR of the invention. (A) Upper panel shows
a timeline of experimental design. Lower panels show bio-luminiscent images showing
disease progression at different days. Animals indicated by (#) were sacrificed at day 16 due
to advanced disease progression. The rest of the animals were sacrificed at day 17. (B)
Detection of tumor (CD19+) cells in the bone marrow of mice shown in (a) (Mean+SD). (C)

Detection of tumor (CD19+) cells in blood.

Figure 3. Comparison of antitumor activity of the CART cells of the invention with
FMC63-based CART cells. Upper panel shows a timeline of experimental design (*/m,
bioluminescent image; *BI, blood sample). Lower panels show bioluminescence images

showing disease progression at different days.

Figure 4. Expansion of the CAR cells of the invention in CliniMACS Prodigy. (A)

Expansion kinetics of CAR cells of the invention (Total cell number). Gray points indicate
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individual products. Black triangles indicate Mean+SD and adjusting curve. (B) Expansion
kinetics of CAR19+ cells (red) and total cell number (black). Mean+SD is represented. (C)
Expansion kinetics of CAR cells of the invention (Total cell number) comparing healthy
controls and different types of disease. Mean+SEM is represented. (D) Percentage of CD3
and CARI19 positive cells as determined by flow cytometry. Mean+SD is also indicated.
Panels on the right show flow cytometry representative image corresponding to CAR19 and
CD3 staining in CAR cells of the invention (final products) and Control T cells
(Untransduced).

Figure 5. Cell potency of the CAR cells of the invention. (A) Cytotoxicity assay after 4h of
CAR cells of the invention co-culture with NALMG6 cells, at the indicated ratios. Mean+SD of
all 27 CAR T cell products is indicated. (#) Dashed line indicates minimum of CAR cells of
the invention cytotoxicity level for a product to be considered valid. (B) IFNy, TNFo and
GranzymeB levels measured in the supernatants of the cytotoxicity assays. E:T ratio O
indicates no target cells. (*) indicates statistical significance, p<0.05. (C) Comparison of
CAR cells of the invention cytotoxic potential after 4h of co-culture with NALMG6 cells, at

2

the indicated ratios. Mean+SD is shown. “n.s.” indicates not statistically significant (Non-
parametric test). (D) Comparison of IFNy, TNFo and GranzymeB levels measured in the
supernatants of the cytotoxicity assay at E:T ratio 1:1. “HD” indicates Healthy donors. “n.s.”
indicates not statistically significant (Parametric test applied to IFNy and TNFa and non-

parametric test applied to GranzymeB).

Figure 6. Subset characterization of the CAR cells of the invention. (A) CD4/CDS8 ratio of
apheresis products, after CD4-CD8 cell selection and of the final product. (B) CD4/CD8 ratio
variation during cell expansion. Left panel corresponds to products with an initial ratio < 1.
Right panel corresponds to products with an initial ratio > 1. (C) CARI19 transduction
efficiency in CD4 and CDS8 cells. MeantSD is shown. (D) Percentage of T-cell
subpopulations within initial (CD4-CD8 cell selection) and final products (CAR- and CAR+
cells). (E) Differences in MFI for CD45RA and CCR?7 in initial and final products. Lower
panel shows paired analysis for CCR7 MFIL. (*) indicates statistical significance, p<0.05. n.s.

indicates not statistically significant.

Figure 7. Clinical outcome of patients with Acute Lymphoblastic Leukaemia. (A-D)
Progression-free survival (A), overall survival (B), in vivo survival of CAR cells of the

invention, as measured by persistence of B cell aplasia (C), and procedure-related mortality
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(D) of patients with acute lymphoblastic leukaemia belonging to the modified full analysis set

(n = 38) according to type of administration (cohorts 1 and 2 versus cohort 3).
Detailed description of the invention

The present invention is illustrated by means of the Examples set below without the intention

of limiting its scope of protection.

EXAMPLES

Example 1. DEVELOPMENT OF THE ANTI-CD19 CAR OF THE INVENTION
Example 1.1. Material and methods

Example 1.1.1. Donors, cell lines and anti-CD19 monoclonal antibody

All protocols were approved by the corresponding Institutional Review Board. Healthy donor
blood buffy-coats were obtained from the local reference blood bank (Banc de Sang i Teixits,
Barcelona). NALM6, HL60, K562 and 300. 19 cell lines were purchased from the American
Type Culture Collection (ATCC). These four cell lines were cultured in RPMI media + 10%
FBS + antibiotics. HEK293T cell line was also purchased from the ATCC (#CRL-11268) and
cultured in DMEM+10%FBS-+antibiotics. All cell lines were grown at 37°C and 5% CO:.
300.19-hCD19 stable transfected cells were produced using pUNOI1-CD19 cDNA
(InvivoGen, San Diego, CA).

The murine anti-CD19 monoclonal antibody of the invention was generated at Department of

Immunology (Hospital Clinic de Barcelona) and its anti-CD 19 specificity was confirmed.
Example 1.1.2. CAR19 cloning and lentivirus production

The sequence corresponding to the VL and VH regions of the antibody of the invention was
extracted from hybridoma cells using Mouse Ig-Primer Set (Novagen, Cat. N. 69831-3). The
complete CAR19 sequence (including signal peptide, antibody scFv, CD8 hinge and
transmembrane regions, 4-1BB and CD3z) was synthesized by GeneScript and cloned into
the 3" generation lentiviral vector pCCL (kindly provided by Dr. Luigi Naldini; San Raffaele
Hospital, Milan), under the control of EFla promoter.

To produce lentiviral particles for pre-clinical studies, HEK293T cells were transfected with
our transfer vector (pCCL-EF1a-CAR19) together with packaging plasmids pMDLg/pRRE
(Addgene, #12251), pRSV-Rev (Addgene, #12253) and envelope plasmid pMD2.G
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(Addgene, #12259), using linear polyethylenimine MW 25000 (PEI) (Polysciences, Cat. N.
23966-1). Briefly, 6x10° HEK293T cells were plated 24h before transfection in 10cm-dishes.
At the time of transfection 14ug of total DNA (6.9ug transfer vector, 3.41ug pMDLg/pRRE,
1.7ug pRSV-Rev and 2ug pMD2.G) was diluted in serum-free DMEM. 35ug of PEI was
added to the mix and incubated 20min at room temperature. After incubation, DNA-PEI
complexes were added on to the cells cultured in 7ml complete DMEM media. Media was
replaced 4h later. Viral supernatants were collected 48h later and clarified by centrifugation
and filtration using a 045um filter. Viral supernatants were concentrated using
ultracentrifugation at 26,000rpm for 2h30min. Virus-containing pellets were resuspended in

complete XVivol5 media and stored at -80°C until use.
Example 1.1.2. Lentivirus titration

The number of transducing units (TU/ml) was determined by limiting dilution method.
Briefly, HEK293T cells were seeded 24h before transduction. Then, 1:10 dilutions of the
viral supernatant were prepared and added on top of the cells in complete DMEM media +
Sug/ml Polybrene. Cells were trypsinyzed 48h later and labeled with APC-conjugated
AffiniPureF(ab’); Fragment Goat anti-mouse IgG (Jackson Immunoresearch. Cat. N. 115-
136-072) before being analyzed by flow cytometry. Dilution corresponding to 2-20% of

positive cells was used to calculate viral titer.
Example 1.1.3. T-cell transduction and culture conditions

Healthy donor PBMCs were obtained from buffy-coats by density-gradient centrifugation
(Ficoll) after donation consented following instruction of FEthics Committee. While
monocytes were eliminated by conventional plate adhesion, the remaining cells were cultured
in X-VIVO 15 Cell Medium (Cultek, #BE02-060Q), 5% AB human serum (Sigma, Cat. N.
H4522), penicillin-streptomycin (100 ug/ml) and IL-2 (50 IU/ml; Miltenyi Biotec). Cells
were then activated and expanded for 24h using beads conjugated with CD3 and CD28 MAbs
(Dynabeads, Gibco, #11131D) and transduced 24h later with the lentivirus by overnight
incubation in the presence of polybrene (Santa Cruz, #sc-134220) at 8ug/ml. A period of cell
expansion of 6-8 days was necessary before conducting experiments. Three different cell
transductions using three different PBMC donors were used to conduct the experiments in

triplicate.
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Example 1.1.4. Flow cytometry

The following MAbs against human proteins, all from BD Biosciences, were used: CD3-
FITC, CD4-BV421, CD8-APC, CD19-PE, and CD33-PE. 7-AAD was used as a viability
marker (ThermoFisher, #A1310). CAR19 expression was detected with an APC-conjugated
AffiniPureF(ab’),-fragment goat-anti-mouse IgG (Jackson Immunoresearch. Cat. N. 115-136-
072). Samples were run through the fluorescence-activated cell sorting flow cytometer BD

FACSCanto II (BD Biosciences) and data were analyzed using the BD FACSDiva Software.
Example 1.1.5. In vitro assays of anti-tumor efficacy

CARTI19 or untransduced T (UT) cells were co-cultured for 16h, unless otherwise indicated,
with tumor target cell lines (NALM6 or HL60) or primary B-ALL tumor cells, at different
effector to target (E:T) ratios, maintaining a fixed number of target cells. Then, cells were
transferred to TruCOUNT tubes (BD, Cat. N. 340334) and incubated with MAbs against
human CD4, CD8, CD19 (or CD33) and 7-AAD. Cytotoxicity was determined by calculating
the number of surviving target cells (identified as 7-AAD negative/CD19 or CD33 positive
cells, for NALM6 and HL60 target cells, respectively). Acquisition was stopped after a fixed
number of beads was acquired and absolute cell numbers were calculated, allowing
comparison between different E:T ratios. Co-culture supernatants were analyzed for cytokine
production (IFNy, TNFa and IL-10) by ELISA, following manufacturer’s instructions (BD

OptEIA). All experiments were run in triplicate.

CAR cell proliferation in response to CD19 antigen was measured using CFSE assay. Briefly,
CAR cells were labeled with 1uM CFSE, washed and cultured with or without proliferating
stimuli (IL-2 50U/ml, NALM6 or K562 cells). NALM6 or K562 were added at an E:T ratio =
1:1. Assay was stopped after 96h and cells were stained with anti-CD4 and anti-CD8. CFSE
staining was measured in CD4+ and CD8+ cells, and proliferating index (PI) was calculated

(PI=Sum of number of cells in different generations / calculated number of original cells).
Example 1.1.6. In vivo xenograft model of anti-tumor efficacy and safety

Animal studies were approved by CEEA-UB, the competent ethics committee for animal

experimentation.

Three-month old NOD.Cg-Prkdc*® I12rd™""/Sz] (NSG) mice were infused intravenously

(tail vein) with NALMS6 tumor cells (1 x 10° cells/mice) expressing green-fluorescent protein
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(GFP) and luciferase. Mice were then randomly allocated to either CAR cells (10 x
10%mice), UT cells (10 x 10° cells/mice) or vehicle.

CAR or UT cells were infused three days after the infusion of NALM6. Tumor growth was
evaluated weekly by bioluminiscence imaging (Hamamatsu detector) after the intravenous
administration of D-luciferin. Mice were sacrificed at days 16-17 and tumor burden was

measured in blood and bone marrow samples by flow cytometry.
Example 1.1.7. Patient-scale CAR cell production

Leukocytapheresis from healthy donors were obtained in the Apheresis Unit at the Hospital
Clinic de Barcelona with informed consent and approved by Ethics Committee of our
hospital. Apheresis procedures were performed using the Amicus device (Fresenius Kabi,
Lake Zurich, IL). A minimum of 1 x 10® T cells diluted in 50ml of plasma was required.
Cells were cultured in the CliniMACS Prodigy® system (Miltenyi Biotec) using TexMACS®
media supplemented with 3% Human AB serum and with IL-7, IL-15 (Miltenyi Biotec #170-
076-111 and #170-076-114, respectively). For T cell activation, TransACT GMP Grade
(Miltenyi Biotec, Cat. N. 170-076-156) was used.

Example 1.2. Results
Example 1.2.1. Validation of anti-hCD19 monoclonal antibody of the invention

Anti-hCD19 monoclonal antibody of the invention reacts against the mouse lymphoma cell
line 300.19 transfected with hCDI19, but not with untransfected cells. Anti-hCD19
monoclonal antibody of the invention also reacts with a subset of human peripheral blood
cells, as expected. Anti-hCD19 monoclonal antibody reacts with B-cell lines Raji and Daudi,
while no reactivity is observed when T, myeloid or NK cell lines are used, consistent with the
pattern of CD19 expression. Furthermore, we show that pre-incubation of Daudi cells with
the anti-CD19 FMC63 antibody, blocks the binding of the monoclonal antibody, confirming
its specificity for CD19. Finally, a band of around 100KDa was precipitated from Daudi cells
using anti-hCD19 monoclonal antibody, consistent with the expected molecular weight of
CDI19. All this data together indicates that the monoclonal antibody of the invention is a
highly sensitive and specific antibody for human CD19 protein.
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Example 1.2.2. In vitro evaluation of CAR efficacy

ScFv of anti-CD19 antibody of the invention was cloned in frame with the rest of the CAR
signaling domains in a lentiviral vector (pCCL). For evaluation of CAR19 efficacy, PBMCs
isolated from buffy coats were activated using CD3 and CD28 dynabeads and subsequently
transduced using CARI19-containing lentivirus. After an expansion period, expression of
CAR19 on T cells was confirmed by Flow Cytometry. The percentage of CAR cells varied

between 20 to 56% depending on the experiment.

Cytotoxicity of CAR cells was measured by the in vifro eradication of the CD19 positive
NALMBS6 cell line. For this purpose, we developed a flow cytometry-based assay to quantify
the number of viable, CD19+ cells (see Material and methods section). NALMG6 cells were
almost completely eliminated after 16h of co-culture even after very low E:T ratios (1
effector cell for every 8 target cells). We also observed a minor cytotoxic effect of
untransduced (UT) cells due to alloreactivity (Figure 1A). Target cell specificity was also
tested by measuring survival of a CD19 negative HL60 cell line in co-culture with CAR cells.
As expected, no CAR-mediated killing was appreciated in this case. The cytotoxicity of CAR
cells was also tested against primary B-ALL cells, demonstrating similar efficacy. All this
data together indicate that our CAR cells exhibit a potent and specific cytotoxic effect against

CD19 positive cells in vitro.

To better characterize CAR cell response upon CDI19 binding, cell proliferation was
measured by using a standard CFSE assay at 96h time-point. Antigen binding should be able
to promote CAR cell expansion in order to eliminate a tumor in vivo. As shown in Figure 1B,
CAR cells proliferated in contact with the CD19+ NALMBS6 cell line and in response to IL-2
(to a minor extent). No proliferation was observed in the absence of stimulus or in contact
with a CD19 negative cell line (K562), confirming that cell proliferation was mediated by
CD19 recognition.

Finally, CAR cell production of cytokines was measured in the supernatant of effector-target
cell co-cultures after 16h and analyzed using an ELISA assay. Cytokine levels from co-
cultures using CAR or UT cells were compared (Figure 1C). While UT cells did not show
an increase in IFNy and TNFa, CAR cells showed a significant increase in these two pro-
inflammatory cytokines. As expected, a very minor and not significant increase in the anti-

inflammatory cytokine IL-10 was observed.
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Example 1.2.3. Comparison of cytotoxic activity of CAR cells if the invention to other

CART19 constructs

To investigate how CAR cells, which contain the scFv from the antibody of the invention,
perform compared to other CARTI19 cells currently in use for the treatment of CD19+
malignancies, we cloned the scFv of the FMC63 antibody in our vector. The rest of the CAR
construct remained the same, so we could directly compare efficiency of both scFv
fragments. For these analyses, we transduced PBMCs with a lentivirus containing each one of
the CAR constructs. CAR19 protein expression was confirmed by Western Blot. Cytotoxic
activity of the antibody of the invention and FMC63 CART cells was then compared in vitro.
No significant difference in cytotoxic potency between both CARs, indicating that scFv of
the antibody of the invention is equally capable of binding to CD19 and triggering a cytotoxic

response.
Example 1.2.4. In vivo evaluation of CAR efficacy

In order to evaluate the efficacy of the CARTI19 cells in vivo, we performed a xenograft

experiment in NSG mice.

Mice were randomly allocated to the administration of vehicle (A), UT cells (B), CAR cells
(C), NALM6 cells (D), NALMG6 plus UT cells (E), and NALM6 plus CAR cells (F). Mice
corresponding to groups D, E and F were inoculated with NALM6-Luc+GFP+ (CD19+) cells
through their tail vein on day 1. On day 4, mice belonging to groups B, C, E and F were
infused with either UT cells or CAR cells.

As shown in Figure 2A, disease progression was clearly observed during a period of 2 weeks
following NALMG6 cell infusion in NALM6 group (5 out of 6 animals progressed) and
NALMO6 + UT cells group (4 out of 4 animals progressed). However, no disease was detected
in any of the mice belonging to the NALM6 + CAR group (0 out of 6 mice progressed). The
experiment was completed, and the animals sacrificed at days 16-17, when the animals
belonging to the NALMO6 group started to show evident signs of disease. To confirm
bioluminescent imaging data, bone marrow and blood cells were processed for flow
cytometry. Anti-human CD19 staining confirmed the presence of tumor cells in NALM6 and
NALMSG6 + UT groups, while no significant percentages of tumor cells were detected in the

other groups (Fig 2B-2C) compared to control.
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Also Figure 3 shows and comparison of antitumor activity of the CART cells of the
invention with FMC63-based CART cells. Upper panel shows a timeline of experimental
design (*Im, bioluminescent image; *BI, blood sample). Lower panels show bioluminescence

images showing disease progression at different days.
Example 1.2.5. Large-scale CAR19 lentivirus production

Having demonstrated the efficacy and specificity of CAR cells in vivo and in vitro, we

proceeded to set up and standardize the conditions for patient-scale CAR cell production.

To produce enough lentiviral supernatant to complete the clinical trial, we scaled-up our virus
production method and conducted the entire process inside a clean room facility following
GMP guidelines, although lentiviral supernatant was considered to be an intermediate reagent
in terms of drug agency approval. Each lot consisted of 4L of unconcentrated virus and the
production time/lot was 12 days. HEK293T was used as packaging cell line. Before starting
production, HEK293T master cell bank and working cell bank was prepared, so all lots were
produced using HEK293T from the same passage. For each production, we first expanded
HEK293T in T175 flasks for 2 passages (expanding from 80x10° cells to a minimum of
2829x10° cells). Cells were then transferred to four 10-layer CellStacks cell culture chambers
(Corning) and one 1-layer CellStack to control for cell proliferation. Plasmid transfection was
carried out the next day using 3.86mg of PEI, 763ug Transfer vector, 377ug pMDLg/pRRE,
188ug pRSV-Rev and 221ug pMD2.G per liter. Viral supernatants were collected 2 days later
and clarified using a 0.45um PVDF membrane. 4L of viral supernatant were finally
concentrated and diafiltered using KrosFlo Research II7 Tangential Flow Filtration System®
(Spectrum Labs) and S00kD mPES hollow fibers. 2L of PBS was used as diafiltration buffer.
Each lot was concentrated to 100ml, aliquoted in 10ml bags and kept at -80°C until use.
Smaller aliquots were also kept for viral titer determination, sterility and purity analyses. For
protocol validation, 3 viral lots were produced and analyzed. The results of analyses
performed on these 3 lots are shown in Table 1. Viral titer of frozen-concentrated virus
ranged between 1.1- 2.2x10*TU/ml. Quality control testing indicated that all three lots were
negative for bacterial-fungal growth, mycoplasma or replication-competent lentivirus (RCL).

Virus identity was also confirmed by PCR amplification of principal virus components.
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Example 1.2.6. CAR cell production

CAR cells were produced using CliniMACS Prodigy (Miltenyi). Apheresis products were
subjected to CD4 and CD8 positive selection and 100x10° T-cells were then cultured and
activated using anti-CD3 and anti-CD28 antibodies. 24h after activation, cells were
transduced with CAR19 lentivirus at a MOI=10. Cells were cultured in media containing IL-
7 and IL-15 until the desired cell number was reached (typically 8-9 days). The product was
collected in NaCl 0.9% + 0.5% HSA. To test the consistency and robustness of our
production method, we conducted three procedures using apheresis products from three
different healthy donors. Our goal was to reach a minimum of 35x10° CAR cells and > 20%

transduction efficiency.

The expansion time varied between 8 and 11 days. Run was allowed to proceed to day 11 to
test Prodigy’s T cell expansion capacity but the rest of the runs were stopped earlier (day 9
and day 8 respectively) since the minimum number of cells required was already reached. A
mean of 3780 x 10° total cells were obtained, and the percentage of transduction averaged
35.8% at the time the cell expansion was terminated. Therefore, the acceptance criteria were
reached in all three procedures. A full list of the quality tests conducted on the final products
and the acceptance criteria that were defined for each of them is provided in Table 2. As
shown in the same table, all CAR products obtained met the acceptance criteria established

for all parameters regarding purity, safety and potency.
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EXAMPLE 2. CAR T-CELL PRODUCTION

Example 2.1. Material and Methods

Example 2.1.1. Patients and samples

At the time of submitting this manuscript, 28 products from 27 patients enrolled in phase I

clinical trial for CD19+ B-cell malignancies have been produced. Among the 27 patients, 22
had ALL (14 adult and 8 pediatric patients), 4 had NHL and 1 CLL. All patients included in

5

the clinical trial had relapsed of their disease. Patients’ pretreatment regimens are

summarized in Table 3.

Table 3
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Abbreviations: ALL, acute lymphoblastic leukemia; DLBCL, diffuse large B-cell lymphoma; PMLBCL, primary
mediastinal large B-cell lymphoma; CLL, chronic lymphocytic leukemia; DLI, donor lymphocyte infusion; HCT,
hematopoietic cell transplantation; FCR, fludarabina + cyclophosphamide + rituximab; BR, bendamustina +
rituximab; FLAG-Ida, fludarabina + cytarabine + idarubicin + G-CSF; PETHEMA, Spanish Program of
Treatments in Hematology, SEHOP, Spanish Society of Pediatric Hematology & Oncology; GRAAL, Group for
Research on Adult Acute Lymphoblastic Leukemia

Adult patients were subjected to leukocytapheresis at the Apheresis Unit, Hospital Clinic, and
pediatric patients at the Apheresis Unit of Hospital Sant Joan de Déu/BST, after signing an
informed consent. Apheresis procedures were performed using Amicus device (Fresenius
Kabi, Lake Zurich, IL). A minimum of 1 x 10® total T-cells diluted in 50ml of plasma were
required. This study has been approved by the Research Ethics Comitee (Celm) of Hospital
Clinic. HCB/2017/0001. Clinical trial: CART19-BE-01. Eudra: 2016-002972-29.

Example 2.1.2. Production of CAR cells of the invention

Apheresis products were connected to ClintMACS Prodigy® system (Miltenyi Biotec) tubing
set. Erythrocytes and platelets were removed by density gradient centrifugation in the
Centricult unit. The remaining cells were selected using CD4 and CDS8 coated magnetic
beads. Selected cells were eluted in the “Reapplication Bag”. After selection, 1x10® T-cells
(from reapplication bag) were used to initiate cell culture. The remaining cells were
cryopreserved in bags and vials to be used as control cells for product quality assays and as a
backup in case of production failure. Cells were cultured using TexMACS® media
supplemented with 3% human AB serum (obtained from the blood bank. BST) and with 155
IU/mL IL-7 and 290 IU/mL IL-15 (Miltenyi Biotec #170-076-111 and #170-076-114,
respectively). Cells were immediately activated using TransACT GMP Grade (Miltenyi
Biotec, Cat. N. 170-076-156) and transduced 24h later using CAR19-containing lentivirus at
MOI=10. A cell culture wash was programmed 48h after transduction. The cells were then
maintained in culture with increasing shaking until the desired cell number was reached
(typically 7-10 days after cell culture initiation). Cells were finally eluted in 100ml 0.9%
NaCl + 1%HSA, aliquoted according to the desired dose of CAR cells of the invention and

cryopreserved until infusion.

The aim was to achieve 2 doses of CAR cells of the invention cells/patient. The planned
target cell dose varied depending on the patient’s disease. Typically, 1x10° CAR cells of the
invention (cells/kg) for patients with ALL and CLL, and 5x10° of CAR cells of the invention
(cells/kg) for NHL patients.
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Example 2.1.3. Monoclonal antibodies

CAR19 expression was detected with an APC-conjugated AffiniPureF(ab’),;-fragment goat-
anti-mouse IgG (Jackson ImmunoResearch Laboratories, 115-136-072). The product
composition comprising the CAR cells of the invention was determined by flow cytometry
using staining with the following antibodies (all from BD): CD45-APC, CD3-BV421, CD4-
FITC, CD8-PerCPCy5.5, CD19-PECy7, CD16-PE, CD56-PE.

For the T cell subset characterization experiments, CAR+ cells were detected using a CD19-
Fc recombinant protein chimera (R&D, Cat. N. 9269-CD-050) and a secondary antibody
FITC-Goat F(ab); anti-human IgG (Life Technologies, Cat. N. H10101C). This staining was
combined with the following monoclonal antibodies (all from BD): CD3-BV421, CDS8-
APC.Cy7, CD45RA-PECy7, CD45RO-APC, CCR7-PerCPCy5.5, CD28-BV510 and CD95-
PE (or CD27-PE). T cell subpopulations were defined as follows: Tn: CD45RA+, CCR7+;
Tsem: CD45RA+, CCR7+,CD95+ Tem: CD45RA-, CCR7+; Tem: CD45RA-, CCR7- and
Terr: CD45RA+, CCR7-.

For intracellular cytokine measurement, the following antibodies were used, all from BD:
CD3-BV450, CD8-APC H7, CD4-BV500, IFNy-PerCP.Cy5.5, TNFa-PE.

For repeated challenges experiment, the antibodies used were the following, all from BD:
CD3-APC, CD4-BV510, CD8-APC.Cy7, CD19-PE.

For flow cytometry analyses, cells were acquired using a FACS Canto II, BD and

subsequently analyzed using FlowJo Software.

Example 2.1.4. Product quality controls

Product potency assay was performed by flow cytometry. Real-time PCR was used to
measure number of copies/cell and to assess the presence of replication-competent lentivirus
(RCL) in the final product. Product sterility, absence of mycoplasma, endotoxin and
adventitious virus was determined by a certified laboratory. Adventitious virus included the
determination of HIV virus presence among others. Since conventional HIV detection
methods detect also the presence of the lentiviral transgene used to transduce the cells, an
alternative PCR assay based on the detection of Env gene was used to discriminate between

HIV infection and lentiviral transduction.

Example 2.1.5. Cytokine measurement

Cytokine level was measured using Milliplex MAP Human Cytokine/Chemokine Magnetic
Bead panels (Millipore). A 10-plex kit for [FNy, IL-10, IL-1B, IL-6, TNFa, IL-12(P40), IL-
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17, IL-2, IL-4 and IP-10, a 3-plex kit for IL-8, IL-15 and MIP1A (Cat N. HCYTOMAG-60K)
and a 1-plex kit for GranzymeB (Cat. N. HCDSMAG-15K) were used. The assay was
performed following manufacturer’s instructions. Samples were run in a Luminex 200
system.

Alternatively, intracellular cytokine production (IFNy and TNFa) was measured by flow
cytometry. Briefly, cells were first labeled for extracellular markers CD4, CD8 and CD3 and
incubated 15min. Cells were then fixed using 1X BD lysing solution (Cat. N. 349202) and
incubated for an additional 15min. After 2 washes, cells were permeabilized using FACS
buffer + 0.1% saponin, and incubated for 15min. Cells were then incubated with anti-IFNy

and anti-TNFa, for 30min at 4°C. After that, cells were washed in PBS and analyzed.

Example 2.1.6. Small-scale T cell expansions

0.5x10° T-cells were cultured with X-Vivo 15 Cell Medium (Cultek, Cat. N. BE02-060Q),
5% AB human serum (Sigma, Cat. N. H4522), penicillin-streptomycin (100 pg/ml) and the
indicated cytokine: 50 IU/ml IL-2 (Miltenyi Biotec) or 155 IU/mL IL-7 and 290 IU/mL IL-15
(Miltenyi Biotec). Cytokines were added to the media every 48h. 24h after thawing cells were
activated with Dynabeads Human T-Activator CD3/CD28 (Gibco, Cat. N. 11131D)
according to the manufacturer’s instructions. Cells were transduced after an additional 24h
with a MOI of 10 and then expanded for 11 days at a concentration of 0.5 x10° to 1.5x10° T-

cells/ml.

Example 2.1.7. T-cell expansion after repeated challenges with target cells

To analyze T-cell proliferation capacity after antigen encounter, we seeded a co-culture of
CAR-T cells and NALMG6 cells at 1:1 ratio (250.000 cells each). After 4 days of incubation,
an aliquot of the culture was taken and analyzed to determine T-cell number. Cells were
labeled with CD3, CD4, CD8 and CD19, and then 20ul of beads (CountBright, Cat. N.
(C36950, Invitrogen) was added to the sample to determine absolute cell number. This process

was repeated 3 times.

Example 2.1.8. Statistics

Statistical significance was assessed using SPSS software. Unpaired T-test was used unless
otherwise specified. U-Mann Whitney was used for comparison of variables with non-normal

distributions. Statistical significance was considered when p value <0.05.
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Example 2.2. Results

Example 2.2.1. CAR T-cell expansion

28 apheresis products were obtained from 27 patients included in the clinical trial. For one
patient, the apheresis product was obtained twice due to CAR cells of the invention
production failure (T10 and T13 products belong to the same patient). Description of
apheresis products is presented in Table 4. Patients’ apheresis products were subjected to

CD4+ and CD8+ magnetic selection using the CliniMACS Prodigy system. In all cases

26

PCT/EP2022/062374

except for one (Patient T27), the minimum number of T-cells (100x10°) was obtained (Table

4). In Patient T27, cell culture was initiated with 50x10° cells.

Table 4
Pat. D Digoass Aphwresis products CO4-CDE selection
WHC {x 10% Lymph {x40%) CO34 %)" GO (%) e ER Total cell number {21 U‘E}

T Aot ALl [ B40 ZAB0 1250 1070 it
T L, e 1EE 32 51 1A D R
Tod Padiatne ALL 459 S50 4988 2287 e 1,580
T4 ML 404 85 1250 BE B0 458
T FIHL 7.7 4.23 I 1240 1550 R0
TE B alL 2684 %18 28,80 HLEG 1620 v
TG Bl BEL 4.1 R 28,00 440 S48 1 H00
o i 288 el 3] 1970 &80 1050 1§ BED
TG Padiatio ALL 48T 224 2EED 1180 BAD jE
Tiw A BLL, T e 15,30 T8 .40 o
T4 Akt AL i e TR 780 .40 et
Tip Farliatio 81 B4 Bt 220 {70 UES 15
T3 Bt BLL 125 84 FEA0 240 1500 P
T4 BBl 522 rat 3850 1780 B8 250
Tik Bchit AL 258 148 2o g70 1450 1060
T Padiatic ALL 108 vy vl 480 s 4
4T At AL BEE 28z g TA 19 1A
T Fadain AL 108 .20 TEBG TED 250
TH# A ALl i s T80 20,50 TEL
T Padiatric ALL 450 220 18,680 o A
T At all BAET 398 2140 18R 50
T fh B0 YERE 2RI 1,20 ] e H
T Akt AL ekze e BED 25,78 1B
T26 Pagiaic ALl [SX:2 354 1.0 & 200
TET Aot sl A3 G0 A80 B0 B
T Aot AL 205 148 TRED PEAD a7
a2 At AL 223 i) YA 2740 er e
Ta4 ki a7 .54 THEG a7 G

Results of cell expansion in CliniMACS Prodigy for the 27 products are presented in Figure
4A-B. Cells were expanded for an average of 8.5 days, range 7 to 10. Average total cell

*9% of cells over WBC

number obtained in the final product was 2548x10°, range 600x10° to 5200x10° In one

patient where cell culture was started with 50x10° cells, the final product also met acceptance
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criteria. In this particular case, cell culture was maintained for 13 days, finally obtaining
3300x10° cells. When compared to healthy donors (used in 3 previous validation runs),
patient cells seem to expand more slowly, even if the number of runs performed with healthy

donors is limited (Figure 4C).
Products were analyzed in terms of appearance, quantity, identity, purity, safety and potency.

Example 2.2.2. Product purity and transduction efficiency

The final product was characterized in terms of cell viability, percentage of CD3+ cells and

percentage of CAR+ cells. This data is summarized in Table 5.

Table 5

Por. il Collviability 0D+ %OAR+ Sty Mycoplawms  BEadotoxin Advertitioos vives  Tromsgene coplesfeell  BOL Batency

[ A0 4.7 o2 Re ] Bl Mozt =GEEFn Alserd it (et
T G Q85 s il A : By A B
T i a0 Bl A A 27
T4 i 2R Biwiils Abgerd Al ]
T E aBL : Bl Abgant s 3 414
T 96 Abmad Aot Azt ok
it S Aani 0.6 Bt Fbweriy T8
TOB 92 Abiset “H ES At Mt 214
T T Sl Facigntic B foe By
T i -

T a4 Pl =B L Qs
T o by A
T35 B [ &5
Ti4 et At ity
Tih e ; e Gtk v 14
T ot Sliarle i Bl At g 3.1
T 9 Stk GRS Al 147 3%
Tig a3 Bt Bl A {405 e
T 4 e SELVm Bheery 145 i
Tet e Slad Bl Msent 1. iEe
T2 B2 Stk w05 Bl e 2.4 A
T ar St Alosar wkB Bl Abeert .55 4,18
TR o St At w5 B Al el D8
TE By Btk g S Bl Aossnt 4 P 280
Ty - 5 =05 E o Al &3
Tan G5 & w5 EL el B Al g
T3z o7 i 38 Alsieing w15 BV i 18 B 3.3
T34 o BT Fay Starle Fment w0 BRI Aot Zas o (1

*Value below acceptance criteria

All products met acceptance criteria for cell viability and percentage of CD3+ cells (>70%
for both parameters). The lowest value detected for cell viability was 91% and 85.7% for

CD3+ cells (Figure 4D).

To analyze the percentage of CAR+ cells, we first validated our detection method based on

the use of an APC-conjugated F(ab’), anti-mouse antibody. To this end, we engineered a
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vector where CAR19 and GFP were co-expressed. The correlation between GFP+APC+ or
GFP-APC- cells was of 93.5%, thereby indicating that the detection method had a good

sensitivity and specificity.

Using this detection system, we assessed the percentage of CAR+ (CAR cells of the
invention) cells in the patients’ products. All products except one met the specification of
>20% CAR cells of the invention. In one product (T10) only 14.5% CAR cells of the
invention were detected. Consequently, this product was considered a production failure.
CAR T-cell production was repeated for this patient from a 2% apheresis (T13). This time, a
valid product could be obtained. Mean (+SD) of percentage of CAR+ cells in this series was
30.6+£13.44 (Figure 4B-4D), slightly lower than transduction efficiencies achieved in small-
scale expansions (45.3%). No significant differences in efficiency of transduction were
observed between healthy donors and patients (35.8% vs 30.6%), or among the different
diseases. Percentage of CAR+ cells over time during cell expansion was also investigated. A
high degree of variability was detected among patients, with the percentage of CAR+ cells
increasing in some patients while decreasing in others. In terms of number of cell doses
obtained per patient, considering a standard weight of 70kg for adults and 25kg for pediatric
patients, a minimum of 2 cell doses were quickly obtained (by day 7) for all ALL patients
(dose 1x10° of CAR cells of the invention; cells/kg). For NHL patients (dose 5x10° of CAR
cells of the invention; cells/kg), 2 cell doses were obtained for 3 out of 4 patients, by day 9.
Indeed, the number of cell doses obtained for ALL far exceeded the need (9 cell doses for
adult patients and 25.4 for pediatric patients), indicating that the time of ex vivo cell
expansion could be reduced if necessary, in these groups of patients. For NHL, the average
number of CAR cells of the invention doses obtained was 2.5. Only one CLL patient has been
produced so far. T-cells from this patient grew slower and required 10 days of expansion,

finally obtaining 398x10° CAR cells of the invention.

CARI19 transduction was also assessed in terms of DNA copies/cell. As shown in Table 5
CARI19 was detected in all products, within a range of 0.4 to 2.9 copies/cell (all below the
limit considered safe of <10 copies / cell). As expected, a positive correlation between
percentage of CAR+ cells and DNA copies/cell was obtained, further validating both

techniques.
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Example 2.2.3. Product potency

Cytotoxic potential was analyzed in vifro for each product before infusion. A co-culture of
the final product with NALMG6 cell line was initiated at different E:T ratios. Percentage of
alive-CD19+ cells was measured by flow cytometry after 4h. As a control, the cytotoxic
activity of non-transduced CD4+CD8+ cells from the same patient was also measured.
Products were considered valid when the CD19+ cell surviving fraction with CAR cells of
the invention, at ratio 1:1, was lower than 70%. Results are presented in Table 5 and Figure
SA. All products obtained met the specification of less than 70% CD19+ surviving fraction at
E:T ratio 1:1, indicating that all products prepared had the intrinsic capacity of eliminating

CD19+ cells.

Cytokine level was also measured in the supernatant of cytotoxicity assays. As expected,
increased levels of pro-inflammatory cytokines such as IFNy and TNFa was observed when
CAR cells of the invention were co-cultured with NALM6, compared to CAR cells of the
invention alone. The level of GranzymeB was also significantly increased (Figure 5B)

consistent with the cytotoxic activity of CAR cells of the invention.

CAR T-cells produced from patients were compared to those obtained from healthy controls
in terms of cytotoxic activity and cytokine production. As shown in Figure 5C, patients’ and
healthy donors’ CAR T-cells showed similar cytotoxic potential (even slightly higher for
patient’s cells although this was not statistically significant). Production of pro-inflammatory

cytokines (IFNy and TNFa) and GranzymeB was also comparable (Figure 5D).

Example 2.2.4. T cell subset characterization

Product composition was further analyzed in terms of CD4/CD8 ratio and Tn, Tscm, Tem, Tk
and Tem subsets. CD4/CD8 ratio was inverted (CD4/CD8 ratio < 1) in a large subset of
patients that were candidate for a CAR T-cell therapy (Figure 6A). Average CD4/CDS8 ratio
was 0.93+0.67 in the apheresis products. This ratio was not significantly altered after CD4
and CD8 cell selection in the vast majority of patients. However, a significant increase in the
proportion of CD4 cells was detected during cell expansion. CD4/CDS8 ratio increased from
0.64+0.61 after CD4-CD8 cell selection, to 1.61+1.04 in the final product. A deeper analysis
of this data revealed that in patients starting with a CD4/CD8 ratio < 1, the proportion of
CD4+ cells tended to increase during cell expansion, while in patients where a CD4/CD8
ratio > 1 was obtained after cell selection, the proportion of CD4+ cells tended to decrease

(Figure 6B). Therefore, the difference in CD4/CD8 ratio (ACD4/CD8) before and after cell
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expansion was significantly different depending on the initial ratio. The efficiency of
transduction differed between CD4+ and CD8+ subsets, as CD4 showed a significantly
higher percentage of CAR+ cells (Figure 6C).

In terms of Tn, Tscm, Tem, Te and Tem subsets, we observed a high degree of variability
among patients’ final products (Figure 6D). This high variability is exemplified by the
different level of CD45RA and CCR7 expression in samples from different patients (Figure
6E) and cannot be attributed to the different diseases. Within the CAR+ T-cells of the final
product, memory phenotypes (CM and EM) predominated in the vast majority of patients.
Average percentage and SD for each subpopulation in the CAR+ cells of the final product is
as follows: Tn: 7.71 £ 13.9, Tsem: 5.26 £ 12.0, Tem: 31.01 + 16.7, Tem: 35.11 = 17.7 and Te:
42 + 9.5, Analysis of CD4 and CD8 cells separately showed that CDS8 cells have a more Ty,
Tscm and Tem phenotype than CD4 cells. We also analyzed how these subsets varied during
ex vivo cell expansion by comparing T-cell subsets in the initial (after CD4-CD8 cell
selection) and in the final product, and if CAR expression influenced T-cell subpopulations
(CAR- v.s. CAR+ cells). As shown in Figure 6D, we observed a robust increase in the
proportion of Tem during cell expansion while Tn and Terr cells decreased. These changes in
T-cell subsets can be attributed to a decrease in CD45RA expression which is expected upon

cell activation (Figure 6E).

No statistically significant changes in the T-cell subsets were detected between CAR- and
CAR+ cells in the final product, although a further increase in Tem, and consequent decrease
in Terr cells, was observed in CAR+ cells compared to CAR- (Figure 6D). Consistently, a
small increase in CCR7 expression was also detected in CAR+ cells v.s. CAR- cells (Figure
6E). The impact of CAR expression on CCR7 was further explored in independent small-
scale expansions (see next section). The changes in expression of CD27, CD28 and CD95
were also assessed by flow cytometry. CD95 was increased during cell expansion and CD27
decreased. CD28 did not show significant changes during expansion, although presented a

higher expression in CAR+ compared to CAR- cells.

Example 2.2.5. Small-scale CAR T cell expansions

To further evaluate the impact of culture conditions or CAR expression on the proportion of
CD4/CDS8 ratio or T-cell phenotype, cell expansions from patients’ selected cells were
repeated in a small scale experiment, under different conditions. We selected 6 of the patients

(3 adult ALL and 3 NHL) from which frozen leftover cells after CD4-CDS8 cell selection
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were available. We expanded patients’ cells in 4 different conditions: (la) IL2 -
Untransduced T-cells, (1b) IL2 — CAR T-cells, (2a) IL7/IL15 — Untransduced T-cells, (2b)
IL7/IL15 — CAR T-cells. Cells expanded between 17 and 100 times over a period of 11 days.
CARI19 transduced T-cells expanded less (or slowly) compared to untransduced counterparts,
and IL2 grown cells expanded more than IL7/IL15 (in both untransduced and CARI19
conditions). Cell transduction or cytokines used did not condition CD4/CD8 ratio in a
consistent way. However, as detected previously in the products expanded using the Prodigy
system, in patients starting with CD4/CD8 ratio>1 (T04 and T34), the ratio tended to
decrease, while in patients starting with CD4/CDS8 ratio<1 (T02, T15, T22 and T34), the ratio
tended to increase. Indeed, since the expansions were maintained for longer in the small-scale
expansions than in the Prodigy system, we observed that the ratio CD4/CD8 may fluctuate in
a more or less pronounced way, but it tends to CD4/CD8=1 if the cells are cultured for longer

periods of time.

Interestingly, significant differences were found in terms of T-cell subsets depending on the
culture conditions. The cytokines used in the growth media did not provide significant
differences in terms of the different subsets in this series of patients. However, a significant
and consistent difference was appreciated in CAR19 expressing cells v.s. untransduced T-
cells for almost all subsets. CAR19 transduction resulted in a much higher percentage of Tx,
Tscm and Tewm subsets independently of the cytokine used in the culture media. By contrary,
Tewm cells were decreased in the CAR19+ cells compared to the untransduced samples. In this
case, no difference in CD45RA MFI between untransduced and CAR19+ cells was observed
that can account for the decrease in Tn and Tscm, since in both conditions, cells were
activated and proliferated ex vivo. However, we observed a significant increase in CCR7
expression in CAR19+ cells compared to untransduced cells. This increase explains a higher
percentage of Tn, Tscm and Teowm subsets and lower Tem. Increase in CCR7 expression upon 4-
1BB activation has been previously described in monocytes and also proposed for CAR T-
cells. To test if 4-1BB activation is responsible for the increase in CCR7 we observe in the
CAR+ cells, we modified our CAR construct by changing the co-stimulatory domain to
CD28. T-cells from a healthy donor were then left untransduced or transduced with the 4-
IBB- or CD28-containing CARs and expanded in vifro for 10 days. Again, we observed an
increase in CCR7 expression in the CAR-positive fraction of the cells transduced with the 4-
1BB-containing construct, compared to untransduced cells or CD28-containing CAR+ cells.

As expected, percentage of Tcwm cells is also higher in 4-1BB-containing CAR+ cells.
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Finally, the functionality of CAR T-cells manufactured with the Prodigy system and small-
scale expansions was also compared. For this comparison, cells from 3 patients expanded
with IL-7/IL-15 were used. The production of pro-inflammatory cytokines, cytotoxic
potential and T-cell expansion was measured after adjusting for the same percentage of
CAR+ cells. Production of IFNy and TNFa was measured after co-culture of CAR T-cells
with NALMS6 at 1:1 ratio, at 4h time-point. Level of these two cytokines was measured both
by intracellular staining and cytokines present in the media, yielding consistent results. Cells
manufactured in the Prodigy system consistently produced slightly more IFNy and TNFa
than cells manufactured in small-scale expansions. However, these differences were not
statistically significant. In terms of cytotoxic potential, cells produced with both methods
showed comparable results. Finally, T-cell expansion upon repeated challenges with fresh
target cells (NALMO) was slightly higher in cells manufactured with the Prodigy system than
with small-scale expansions, although it did not reach statistical significance. Therefore, we
conclude that cells manufactured with the Prodigy system are functionally comparable, or

even slightly more active, than those produced in small-scale expansions.

Taking all this data together, we conclude that ex vivo cell expansion causes a loss of T and
Terr, which is observed in both the Prodigy system and small-scale expansions. On the
contrary, Tcm cells are largely accumulated, both by ex vivo expansion and as a result of CAR
expression (in CARs containing 4-1BB as a co-stimulatory domain). Cells produced in

Prodigy system are functionally similar to those produced in small-scale expansions.

EXAMPLE 3. CELL THERAPY IN PATIENTS WITH CD19+
RELAPSED/REFRACTORY MALIGNANCIES

Example 3.1. Material and Methods
Example 3.1.1. Patient population

The study carried out was a single-arm, multicenter, open-label pilot study evaluating the
safety and efficacy of CAR cells of the invention in patients with R/R B-cell malignancies.
Eligible patients had to have all of the following: (i) CD19-positive B-cell malignancy,
including ALL, DLBCL, chronic lymphocytic leukemia (CLL), follicular lymphoma or
mantle-cell lymphoma; (ii) age from 2 to 80 years; (iii)) ECOG performance status 0-2; (iv)
estimated life expectancy from 3 months to 2 years; and (v) adequate venous access. Key
exclusion criteria included history of malignancy unless it had been in remission for more

than 3 years; severe renal, hepatic, pulmonary or cardiac impairment, active
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immunosuppressive therapy; HIV infection; active HBV or HCV infection; and active
infection requiring systemic therapy. Of note, neither CNS involvement nor prior alloHCT
were exclusion criteria for this trial. All patients provided written, informed consent. The
Spanish Medicines Agency (AEMPS) and Institutional Review Boards/Ethics Committees of
each study site approved the trial, which was conducted in accordance with the principles of

the Declaration of Helsinki.
Example 3.1.2. Study design, procedures and treatment

The primary endpoint was safety as determined by procedure-related mortality and grade 3-4
toxicity at day +100 and one year. Adverse events (AEs) of special interest were cytokine
release syndrome (CRS), neurotoxicity (currently known as immune effector-cell associated
neurotoxicity syndrome [ICANS]) and second neoplasia. AEs were graded according to
common terminology criteria (CTC), version 4.0. For CRS, we used a grading system.
Secondary endpoints included objective response rate as per NCCN, Lugano or IWCLL
criteria; progression-free survival (PFS), overall survival (OS), duration of response (DOR),

B-cell aplasia duration, and impact of therapy on quality of life.

Before infusion of CAR cells of the invention, patients received fludarabine at 30 mg/m?/day
plus cyclophosphamide at 300 mg/m?/day on days —6, —5, and —4. On day O, patients
received a single intravenous infusion of CAR cells of the invention at a dose of 0.5-

5 x10° cells/kg (later amended to fractionated administration, see below).

The original sample size was 10 patients (cohort 1). Five months after study initiation, a
major amendment increased the sample size to 39 patients and allowed patients with either
normal B-cell recovery within 3 months (early B-cell recovery), CD19-positive disease
relapse or CD19-positive refractory disease to receive a second dose of CAR cells of the
invention (cohort 2). Twelve months after study initiation, with 19 patients already recruited,
a second major amendment increased the sample size to a total of 54 patients (cohort 3) and
mandated the fractionated administration of CAR cells of the invention (10%, 30% and 60%
of the total dose) contingent on the lack of CRS after the first and/or second fraction, and also
the early administration of tocilizumab in patients with grade 2 CRS. This second amendment

was motivated by 3 cases of grade 5 toxicity.
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Example 3.1.3. Statistical analysis

The statistical analysis was purely descriptive, with adverse events and response rates
presented with 95% exact Clopper-Pearson confidence intervals. Procedure-related mortality
(PRM) was calculated as a cumulative incidence considering disease relapse as a competing
event. OS, PFS, DOR and persistence of B-cell aplasia, were plotted using the Kaplan-Meier
method. The impact of persistence of B-cell aplasia on PFS was evaluated using the Mantel-
Byar method. All statistical analyses were performed using SAS version 9.4 (SAS Institute,
Cary, NC) and R version 3.6 (R Foundation for Statistical Computing, Vienna, Austria).

Example 3.2. Results
Example 3.2.1. Baseline characteristics

Fifty-eight patients were enrolled in the study, but four of them never made it through the
screening phase: two patients did not comply with inclusion/exclusion criteria and two were
eventually referred for therapy with commercial products that became available at the time.
Out of the remaining 54 patients, 47 received therapy with CAR cells of the invention, 19 in
cohorts 1-2 (single dose infusion) and 28 in cohort 3 (fractionated infusion). These 47
patients (modified full analysis set [mFAS]) were diagnosed with ALL (38), DLBCL (4, one
of them a Richter’s transformation from CLL), primary mediastinal B-cell lymphoma (2),
follicular lymphoma (2) and CLL (1). Baseline characteristics of patients included in the
mFAS are shown in Table 6.
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Table 6
Cobort 3
Ciohorts T and 2 {Fractionated All
Characteristic {Single Infusion) Infusion) Patients
Acute rmphoblastic n=15 n= 3 =38
lenkemia
. o ; o o . 245 (3w
Age (v) median {mange)  20(3-35) 29 (4-67) 67)
i1
Pemale sex, n (%) 4 {27 {44 14037}
BCOG performance status y ,
4 {8 {2 5
> 1, n (%) 4{31) 522y G125
Prior regimens, median V o 4 {2
{range] 143-10) 41(2-8) 1}
Priov inotuzumab, n (%) 437 9.{39} 1334
Prioe Bistumomsb, n %) 3 020) & (26) G124
Priowr allogenele HOT, e ,
rioratopenae BLRE o 22 (96) 33(87)
(]
Biome marrow blast cell o )
W (67 7130 17145
count = 5%, n (%) ©7) 30) 745)
Won -’H0dgkm [ ne3 n=5 n=8
lymphoma
Histology:
& Diffuse large B cell 1(333) 3 (60) 4(50)
brmphoma
# Primpary medisstinal B 2 (66.6) o 3 (25)
cell lymphioms
® Follicular ymphoma 0 (0) 2 (40} 2 (25)
e . i . : 47.5
Age (v median (mage) 25 {19510 B0 {2262 (19-62
Female sex, w (%) 135 2 {325}
ECOG performance stabus | s o
o 1433 ER 4150
> 1,1 (%) {33 {6t {5t
Prior regimens, miedian 6(5-7) 6 (4-9) 6 (4-9)
{range)
Pl N v
Prior allogeneid/ 3(100) 1 20 4.(50)

autologous HCT, n (%)
HCT, hematopotetic odl transplantation; NA, not applicablefavailable.

Median age was 26 years (range, 3-67), and 17 patients (36%) were female. The data cutoff

5 date was November 5, 2019, when all infused patients had a minimum follow-up of 100 days
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or had experienced disease relapse or death. At that time, the median follow-up for survivors

was 5.48 months (range, 1.87-23.6) from infusion of CAR cells of the invention.

Out of 54 patients who proceeded to apheresis, 47 (87%) and 7 (13%) required one and two
procedures, respectively. All infused patients received fludarabine + cyclophosphamide
lymphodepletion and received CAR cells of the invention a median of 54 days (range, 34-
215) after study inclusion. The original target dose ranged from 0.5 to 5 x10° of CAR cells of
the invention (cells/kg), with the condition imposed by the AEMPS that the first patient had
to receive the minimum dose (0.5 x10° CAR cells of the invention; cells/kg). In cohort 3, one
patient received 0.4 x10° CAR cells of the invention (cells/kg) (i.e. the last fraction was
omitted) due to CRS.

Example 3.2.2. Toxicity

All adverse events (AEs) occurring from study inclusion, even before infusion of CAR cells
of the invention, were graded and reported. Grade >3 AEs were documented in 68.4% of
patients with ALL and 75% of patients with NHL at day +100, whereas serious AEs (SAEs)
were observed in 44.7% and 50% of patients with ALL and NHL, respectively (Table 7).
Procedure-related mortality (PRM) at day +100 was 7.9% (95% confidence interval [CI] 1.7-
21.4%) for patients with ALL and 0% for patients with NHL. Suspected unexpected serious
adverse reactions (SUSARs) were observed in four patients: two patients who developed
lethal CRS and one patient who died of pseudomembranous colitis while recovering from
grade 4 CRS. These three patients, belonging to cohorts 1-2, motivated the second major
amendment of the study as previously described. The fourth SUSAR was reported in a patient
with follicular lymphoma from cohort 3 who developed grade 4 toxic epidermal necrolysis

while recovering from grade 2 CRS.

Regarding AEs of special interest, CRS was reported in 55.3% (13.2% grade >3) and 87.5%
(25% grade >3) of patients with ALL and NHL, respectively. In patients with ALL, we
observed a marked reduction in the rate of grade >3 CRS after the second amendment,

dropping from 26.7% (cohort 1-2) to 4.3% (cohort 3) (Table 7).
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Table 7
Cohort 3
Cohorts 1 and 2 {Fractionated All
(Single Infusion) Infusion) Patients
Acute lymphoblastic [ _ (5 n=23 n =138
levkemia
.y ‘ 2
Grade = 3 adverse 11(73.3) 15 (65.2) féi” )
events, n (%) (68.4)
Severe adverse evenls, 8 (53.3) 9 (39.1) %7
n (%) o (44.7)
Grade > 3 CRS,n (%) 4 {26.7] i{4.3) 5{13.2)
(%)
Grade = 3 1 (6.7) 0 (0.0) 1(2:6)
malignancies, n (%)
Non-Hodgkin’s n=3 n=5 n =8
lymphoma
events, n (%)
Severe adverse evenls, 3(100) 10 4 (50)
1 (%}
Grade > 3 CRS,n (%) 1 (33.3) 1 (20) 2(25)
Gr&ﬁ@ ;: 3 I{:ANSm I 0 U}) { {G} {¥ (H}
(%) ‘ (
3 = ’* s ;
Grade = 35 0 (0) 0 (0) 0(0)

malignancies, n (%)

CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity
syndrome.
Moreover, grade >3 ICANS was only observed in 1 (2.6%) patient with ALL. The only grade
>3 second malignancy observed in the study was myelodysplasia in a 7-year-old girl
diagnosed with ALL who had already received 6 lines of therapy, including IO and alloHCT.

This patient has recently undergone a second alloHCT for this cause.

Globally speaking, the most common AEs in patients with ALL where neutropenia (97.4%),
anemia (84.2%), hypogammaglobulinemia (78.9%), thrombocytopenia (76.3%) and
lymphopenia (73.7%). Liver toxicity was also frequent, including increased AST (50%),
increased ALT (47.4%), increased GGT (39.5%) and increased alkaline phosphatase (36.8%),
mostly in patients with prior alloHCT (. Similar figures were observed in patients with NHL.
Two patients with ALL (2/38, 5%) with prior history of alloHCT and 10 therapy developed
severe hepatic sinusoidal obstruction syndrome (SOS) that resolved with conventional

supportive care.
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Example 3.2.3. Efficacy

In patients with ALL, the measurable residual disease (MRD)-negative complete response
rate (CRR) was 71.1% (95% CI 54%-85%) at day +100. All evaluable patients (i.e. excluding
those who died prematurely) developed absolute B-cell aplasia that lasted for a median of 100
days (95% CI 56-100 days). PFS was 47% (27-67%) at one year for the whole ALL cohort,
while OS was 68.6% (49-88%) at 1 year (78% for children, 65% for adults) (Figure 7). The
median DOR, considering only patients who responded to therapy by day +100, was 14.8
months. Out of 15 patients with progressive disease after infusion of CAR cells of the
invention, tumor cells expressed CD19 in 13 (87%), while 2 (13%) were CD19-negative.
There was no association between persistence of B-cell aplasia and PFS (P = 0.33, Mantel-
Byar test). Human anti-murine antibodies (HAMAs) were detected in 9/36 (25%) patients
with ALL, three of them before the infusion of CAR cells of the invention. There was no

association between the occurrence of HAMASs and loss of B-cell aplasia or disease relapse.

Subgroup analyses according to type of administration (cohort 1-2 vs. cohort 3) and age are

depicted in Table 8.
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It is important to highlight that the apparent lower response rate observed in the pediatric
population is due to the early administration of a second dose of CAR cells of the invention
before day +100 in two patients. Both patients were in MRD-negative CR by then but
received the second infusion shortly before this timepoint. If we count them both as
responders, the CRR for pediatric patients would be 72% instead of 55%, and the CRR of the

entire population would be 76% instead of 71%.

In patients with NHL, the overall response rate at day +100 was 75% (35-97%), while the
CRR was 50% (16-84%).

Example 3.2.4. Fractionated administration

The cell composition of the invention was administered to the patients. The first 15 patients
received a single intra-venous infusion of 0.5-1x10° cells’kg (adults) or 5x10° cells/kg
(children) on day 0. The following 38 patients received 1x10° cells/kg regardless of age: the
first fraction (around 10%) on day O, followed by the second (around 30%) and third (around
60%) fraction. The second fraction was administered 24-48 hours after the first, and the third
24-48 hours after the second, only if the patient had no signs or symptoms of CRS. The
reason for this proposal was three cases of fatal toxicity (two patients, aged 11 and 19, who
died of refractory CRS, and one patient, age 35, who died of pseudomembranous colitis as a

complication of grade 4 CRS.

Adverse events and response rates are presented with 95% exact Clopper-Pearson Cls. The
possible association between CRS (all grades and grade >3), tumor burden at screening (<5%
vs >5% blasts in the bone marrow (BM)) and type of administration (single dose vs
fractionated) was assessed using Fisher’s exact test. We also analyzed the impact on
progression-free survival (PFS) and overall survival (OS) of the following variables: age
(<25 vs >25 years), type of administration, tumor burden and loss of B-cell aplasia (BCA),
the latter as a time-dependent covariate. PFS/OS curves were plotted using the Kaplan-Meier
method for time-fixed covariates and the Simon-Makuch method for BCA loss. Landmark
analyses were performed to identify the most appropriate timepoint for BCA loss. Univariate
Cox regression was used to evaluate the impact of these covariates on PFS/OS, and those
with BenjaminiHochberg adjusted p values lower than 0.1 were introduced into a multivariate
Cox regression. Schonfeld residuals were used to check the proportional hazards assumption.
Fifty-three patients with R/R ALL received therapy with the cell composition of the

invention. The median age was 30 years (range, 3—08), while 24 (45%) patients were female.
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Patients received the cell composition of the invention a median of 55.5 days (range, 27-216)
after inclusion, and the median vein-to-vein time (from apheresis to infusion) was 43 days
(range, 21-190). The original target dose was infused to all except 3 (5.7%) patients who
received 0.1-0.4x10° cells’kg due to CRS. CRS was reported in 56.6% (95% CI 42.3%—
70.2%) of patients, being grade >3 in 11.3% (95% CI 4.3% to 23%) and requiring treatment
with tocilizumab and steroids in 20.7% and 11.3% of patients, respectively. Patients with
>5% lymphoblasts in the BM had a higher incidence of CRS (any grade: 82% vs 39%,
p=0.0022; grade >3: 27% vs 0%, p=0.0036) compared with those with <5% lymphoblasts.
Moreover, the incidence and severity of CRS was also associated with single dose versus
fractionated administration of the cells (any grade: 87% vs 45%, p=0.0064; grade >3: 27% vs
5%, p=0.047). Neurotoxicity was observed in 13.2% (95% CI 5.5% to 25.3%) of patients,
with one self-limited grade >3 occurrence (1.9%). No new second malignancies have been

reported apart from a previously notified case of myelodysplasia (1/53; 1.9%).

The safety profile was comparable to that of similar products, with grade >3
CRS/neurotoxicity rates lower than 5%.2 6 Moreover, both fractionated administration and
tumor burden were significantly associated with the incidence of CRS, in keeping with
similar studies. Of note, two patients enrolled in the CUP experienced grade >3 CRS with the
first fraction (0.1x10° cells/kg), but successfully recovered after treatment with tocilizumab.
Both patients had a high tumor burden (>90% blasts in the BM) at study inclusion, and yet

they could receive therapy while avoiding irreversible toxicity.

The measurable residual disease (MRD)-negative CR rate was 88.6% (95% CI 77.0% to
95.7%) at day +28% and 79.2% (95% CI 65.9% to 89.2%) at day +100. All three patients
who received less than 1x10° cells/kg due to toxicity achieved an MRD-negative CR. All
evaluable patients (n=50) developed absolute BCA that lasted for a median of 4.2 months
(95% CI 3.32 to 7.53 months). PFS was 50.9% (95% CI 38.4% to 67.4%) and 32.9% (95%
CI 20.6% to 52.6%) at one and 2 years, respectively, while the 1-year and 2-year OS were
70.2% (95% CI 58.1% to 84.8%) and 53.9% (95% CI 40.5% to 71.8%). Progressive disease
has occurred in 27 (50.9%; 95% CI 36.8 to 64.9%) patients at a median of 5.3 (range, 0.2—
23.1) months. Tumor cells expressed CD19 in 24 (89%) of these relapses, while three (11%)
were CD19-negative. The cells served as a bridge to alloHCT in three (6%) patients. Second
infusions were documented in nine patients (three more than previously reported: four due to

CD19 +relapse and five in patients with early BCA loss). These resulted in transient
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responses and brief periods of BCA, but one of these responses allowed the patient to receive

a second alloHCT.

By univariate analysis, only two variables had a potential impact on PFS: tumor burden (<5%
vs >5% lymphoblasts in the BM at screening), with a 2-year PFS of 52.5% (95% CI 36.4% to
75.7%) vs 10.7% (95% CI 2.1% to 54.4%) and an HR of 2.14 (95% CI 1.04 to 4.42) for
patients with 5% or more blasts (adjusted p=0.077). On the other hand, loss of BCA had an
HR of 4.41 (95% CI 1.59 to 12.2), adjusted p=0.0172. Both variables (tumor burden and loss
of BCA) were also confirmed in the multivariate model, with an HR of 2.05 (95% CI 1.004 to
4.17) for patients with 5% or more blasts at screening (p=0.0484) and an HR of 4.32 (95% CI
1.57 to 11.86) for patients with loss of BCA (p=0.0045). Regarding OS, none of the
covariates evaluated had sufficient impact to justify a multivariate analysis. Seeing that BCA
loss had such an impact on PFS, we performed a series of landmark analyses to identify the
most appropriate cut-off for clinical practice. We chose 3 and 6 months as potential landmark
times because the median time to BCA loss was 4.2 months in our series. According to these
analyses, the 3-month time point was the closest to statistical significance (HR 1.83; 95% CI

0.82t04.11; p=0.15.

In conclusion, both tumor burden and BCA loss appeared to have a significant impact on PFS
and could guide clinicians in the management of patients after cell infusion. The validity of

the fractionated cell administration was also confirmed.
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CLAIMS

1.

A composition which comprises a plurality of cells, wherein the cells comprise a
chimeric antigen receptor (CAR) which in turn comprises an antibody, F(ab")2, Fab,
scFab or scFv with a light chain variable region (VL) and a heavy chain variable
region (VH), wherein said VH comprises HCDR1, HCDR2 and HCDR3 polypeptides
and VL comprises LCDR1, LCDR2 and LCDR3 polypeptides, and wherein HCDR1
consists of the sequence SEQ ID NO: 1, HCDR2 consists of the sequence SEQ ID
NO: 2, HCDR3 consists of the sequence SEQ ID NO: 3, LCDRI consists of the
sequence SEQ ID NO: 4, LCDR2 consists of the sequence SEQ ID NO: 5 and
LCDR3 consists of the sequence SEQ ID NO: 6, for use in the treatment of CD19+
malignancies, characterized in that a progressive fractionated administration of the
cells is carried out wherein the percentage of cells administered is progressively
increased in each consecutive fraction administered.

A composition which comprises a plurality of cells, wherein the cells comprise a
chimeric antigen receptor (CAR) which in turn comprises an antibody, F(ab")2, Fab,
scFab or scFv with a light chain variable region (VL) and a heavy chain variable
region (VH), wherein said VH comprises HCDR1, HCDR2 and HCDR3 polypeptides
and VL comprises LCDR1, LCDR2 and LCDR3 polypeptides, and wherein HCDR1
consists of the sequence SEQ ID NO: 1, HCDR2 consists of the sequence SEQ ID
NO: 2, HCDR3 consists of the sequence SEQ ID NO: 3, LCDRI consists of the
sequence SEQ ID NO: 4, LCDR2 consists of the sequence SEQ ID NO: 5 and
LCDR3 consists of the sequence SEQ ID NO: 6, for use in the treatment of CD19+
malignancies, according to claim 1, characterized in that a fractionated administration
of the cells is carried out by administering a first fraction comprising around 10% of
the total dose on day 0, followed by a second fraction comprising around 30% of the
total dose and by a third fraction comprising around 60% of the total dose.
Composition for use, according to any of the previous claims, wherein the antibody,
F(ab")2, Fab, scFab or scFv comprises a VL. domain and a VH domain, wherein the
VL domain consists of SEQ ID NO: 7 and the VH domain consists of SEQ ID NO: 8.
Composition for use, according to any of the previous claims, wherein the CAR,
further comprises a transmembrane domain, a costimulatory signalling domain and/or

an intracellular signalling domain.
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10.

Composition for use, according to any of the previous claims, wherein the hinge and
transmembrane domain of the CAR consists of CD8a of SEQ ID NO: 9, the
costimulatory signalling domain consists of 4-1BB of SEQ ID NO: 10, and the
intracellular signalling domain consists of CD36 of SEQ ID NO: 11.

Composition for use, according to any of the previous claims, wherein the CAR
comprises the SEQ ID NO: 12.

Composition for use, according to any of the previous claims, characterized in that the
cells are T-cells or NK-cells.

Composition for use, according to any of the previous claims, characterized in that it
is a pharmaceutical composition comprising pharmaceutically acceptable carriers or
diluents.

Composition for use, according to any of the previous claims, in the treatment of
acute lymphoblastic leukaemia, non-Hodgkin’s lymphoma or chronic lymphocytic
leukaemia or any CD19+ disorder.

Composition for use, according to any of the previous claims, characterized in that the

total dose is 0.5-5 x 10° cells/Kg, preferably 1 x 10° cells/Kg.
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<110>

<120>
<130>
<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

SEQUENCE LISTING
Institut d’Investigacions Biomédiques August Pi i Sunyer (IDIBAPS)
Hospital Clinic de Barcelona
Universitat de Barcelona
CD19-SPECIFIC CHIMERIC ANTIGEN RECEPTOR T-CELL THERAPY
907 178
13
PatentIn version 3.5
1
11
PRT
Artificial sequence

Artificial sequence

1

Phe Ala Phe Ser Ser Tyr Trp Met Asn Trp Val

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5 10

2

10

PRT

Artificial sequence

Artificial sequence

2

Gly Gln Ile Tyr Pro Gly Asp Gly Asp Thr

1

<210>
<211>
<212>
<213>

<220>
<223>

5 10

3

9

PRT

Artificial sequence

Artificial sequence



<400> 3

Arg Lys Arg Ile Thr Ala Val Ile Thr
1 5

<210> 4

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> Artificial sequence

<400> 4

Arg Ala Ser Glu Ser Val Asp Asn Phe Gly Asn Ser Phe Met His
1 5 10 15

<210> 5

<211> 9

<212> PRT

<213> Artificial sequence

<220>
<223> Artificial sequence

<400> 5

Ile Tyr Ile Ala Ser Asn Leu Glu Ser
1 5

<210> 6

<211> 1o

<212> PRT

<213> Artificial sequence

<220>
<223> Artificial sequence

<400> 6
His Gln Asn Asn Glu Asp Pro Leu Thr Phe

1 5 10

<210> 7
<211> 113



<212>

PRT

Artificial sequence

Artificial sequence

<213>

<220>

<223>

<400> 7

Thr Gly Asn

1

Leu Gly Gln

Asn Phe Gly

35

Pro Pro Arg
50

Pro Ala Arg

65

Ile Asp Pro

Asn Asn Glu

Lys

<210> 8

<211> 124

<212> PRT

<213>

<220>
<223>

<400>

Ile

Arg

20

Asn

Leu

Phe

Val

Asp
100

Val

Ala

Ser

Leu

Ser

Glu

85

Pro

Leu

Thr

Phe

Ile

Gly

70

Ala

Leu

Thr

Ile

Met

Tyr

55

Ser

Asp

Thr

Artificial sequence

Artificial sequence

8

Gln

Ser

His

40

Ile

Gly

Asp

Phe

Ser

Cys

25

Trp

Ala

Ser

Ala

Gly
105

Pro

10

Arg

Tyr

Ser

Arg

Ala

90

Ala

Ala

Ala

Gln

Asn

Thr

75

Thr

Gly

Ser

Ser

Gln

Leu

60

Asp

Tyr

Thr

Leu

Glu

Lys

45

Glu

Phe

Tyr

Lys

Ala

Ser

30

Ser

Ser

Thr

Cys

Leu
110

Val

15

Val

Gly

Gly

Leu

His

95

Glu

Ser

Asp

Gln

Val

Thr

80

Gln

Leu



His

Gly

Ser

Trp

Lys

65

Ala

Phe

Val

Ser

Ser

Tyr

Ile

50

Phe

Tyr

Cys

Trp

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gln

Ser

Trp

35

Gly

Arg

Ile

Ala

Gly

115

9
69
PRT

Ile

Val

20

Met

Gln

Gly

Gln

Arg

100

Ala

Gln

Lys

Asn

Ile

Lys

Leu

85

Lys

Gly

Leu

Ile

Trp

Tyr

Ala

70

Thr

Arg

Thr

Gln

Ser

Val

Pro

55

Thr

Ser

Ile

Thr

Artificial sequence

Artificial sequence

9

Gln

Cys

Lys

40

Gly

Leu

Leu

Thr

Val
120

Ser

Lys

25

Gln

Asp

Thr

Thr

Ala

105

Thr

Gly

10

Ala

Arg

Gly

Ala

Ser

90

Val

Val

Ala

Ser

Pro

Asp

Asp

75

Glu

Ile

Ser

Glu

Gly

Gly

Thr

60

Glu

Asp

Thr

Ser

Leu

Phe

Gln

45

Lys

Ser

Ser

Thr

Val

Ala

30

Gly

Tyr

Ser

Gly

Val
110

Arg

15

Phe

Leu

Asn

Ser

Val

95

Phe

Pro

Ser

Glu

Val

Thr

80

Tyr

Asp

Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala

1

5

10

15

Ser Gln Pro Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly

20

25

30



Gly Ala Val His Thr Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr Ile
35 40 45

Trp Ala Pro Leu Ala Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val
50 55 60

Ile Thr Leu Tyr Cys
65

<210> 10

<211> 42

<212> PRT

<213> Artificial sequence

<220>
<223> Artificial sequence

<400> 10

Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met
1 5 10 15

Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe
20 25 30

Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
35 40

<210> 11

<211> 113

<212> PRT

<213> Artificial sequence

<220>
<223> Artificial sequence

<400> 11
Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly
1 5 10 15

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr
20 25 30



Asp Val

Pro Gln
50

Lys Asp
65

Arg Arg

Ala Thr

Arg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Leu Asp Lys
35

Arg Arg Lys

Lys Met Ala

Arg Gly Lys
85

Lys Asp Thr
100

12
481
PRT

Arg

Asn

Glu

70

Gly

Tyr

Arg

Pro

55

Ala

His

Asp

Artificial sequence

Artificial sequence

12

Gly

40

Gln

Tyr

Asp

Ala

Thr Gly Asn Ile Val Leu Thr Gln

1

5

Leu Gly Gln Arg Ala Thr Ile Ser

20

Asn Phe Gly Asn Ser Phe Met His

35

40

Pro Pro Arg Leu Leu Ile Tyr Ile

50

55

Arg

Glu

Ser

Gly

Leu
105

Ser

Cys

25

Trp

Ala

Asp

Gly

Glu

Leu

90

His

Pro

10

Arg

Tyr

Ser

Pro

Leu

Ile

75

Tyr

Met

Ala

Ala

Gln

Asn

Glu Met
45

Tyr Asn

60

Gly Met

Gln Gly

Gln Ala

Ser Leu

Ser Glu

Gln Lys
45

Leu Glu
60

Gly

Glu

Lys

Leu

Leu
110

Ala

Ser

30

Ser

Ser

Gly

Leu

Gly

Ser

95

Pro

Val
15

Val

Gly

Lys

Gln

Glu

80

Thr

Pro

Ser

Asp

Gln

Gly val



Pro

65

Ile

Asn

Lys

Gly

Glu

145

Gly

Gly

Thr

Glu

Asp

225

Thr

Ala

Asp

Asn

Gly

Gly

130

Leu

Phe

Gln

Lys

Ser

210

Ser

Thr

Arg

Pro

Glu

Gly

115

Gly

Val

Ala

Gly

Tyr

195

Ser

Gly

Val

Phe

Val

Asp

100

Gly

Gly

Arg

Phe

Leu

180

Asn

Ser

Val

Phe

Ser

Glu

85

Pro

Gly

Ser

Pro

Ser

165

Glu

Val

Thr

Tyr

Asp
245

Gly

70

Ala

Leu

Ser

His

Gly

150

Ser

Trp

Lys

Ala

Phe

230

Val

Ser

Asp

Thr

Gly

Ser

135

Ser

Tyr

Ile

Phe

Tyr

215

Cys

Trp

Gly

Asp

Phe

Gly

120

Gln

Ser

Trp

Gly

Arg

200

Ile

Ala

Gly

Ser

Ala

Gly

105

Gly

Ile

Val

Met

Gln

185

Gly

Gln

Arg

Ala

Arg

Ala

90

Ala

Gly

Gln

Lys

Asn

170

Ile

Lys

Leu

Lys

Gly
250

Thr

75

Thr

Gly

Ser

Leu

Ile

155

Trp

Tyr

Ala

Thr

Arg

235

Thr

Asp

Tyr

Thr

Gly

Gln

140

Ser

Val

Pro

Thr

Ser

220

Ile

Thr

Phe

Tyr

Lys

Gly

125

Gln

Cys

Lys

Gly

Leu

205

Leu

Thr

Val

Thr

Cys

Leu

110

Gly

Ser

Lys

Gln

Asp

190

Thr

Thr

Ala

Thr

Leu

His

95

Glu

Gly

Gly

Ala

Arg

175

Gly

Ala

Ser

Val

Val
255

Thr

80

Gln

Leu

Ser

Ala

Ser

160

Pro

Asp

Asp

Glu

Ile

240

Ser



Ser

Ala

Gly

Ile

305

Val

Phe

Gly

Arg

Gln

385

Asp

Pro

Lys

Arg

Thr

Ser

Gly

290

Trp

Ile

Lys

Cys

Val

370

Asn

Val

Gln

Asp

Arg
450

Thr

Gln

275

Ala

Ala

Thr

Gln

Ser

355

Lys

Gln

Leu

Arg

Lys

435

Arg

Thr

260

Pro

Val

Pro

Leu

Pro

340

Cys

Phe

Leu

Asp

Arg

420

Met

Gly

Pro

Leu

His

Leu

Tyr

325

Phe

Arg

Ser

Tyr

Lys

405

Lys

Ala

Lys

Ala

Ser

Thr

Ala

310

Cys

Met

Phe

Arg

Asn

390

Arg

Asn

Glu

Gly

Pro

Leu

Arg

295

Gly

Lys

Arg

Pro

Ser

375

Glu

Arg

Pro

Ala

His
455

Arg

Arg

280

Gly

Thr

Arg

Pro

Glu

360

Ala

Leu

Gly

Gln

Tyr

440

Asp

Pro

265

Pro

Leu

Cys

Gly

Val

345

Glu

Asp

Asn

Arg

Glu

425

Ser

Gly

Pro

Glu

Asp

Gly

Arg

330

Gln

Glu

Ala

Leu

Asp

410

Gly

Glu

Leu

Thr

Ala

Phe

Val

315

Lys

Thr

Glu

Pro

Gly

395

Pro

Leu

Ile

Tyr

Pro

Cys

Ala

300

Leu

Lys

Thr

Gly

Ala

380

Arg

Glu

Tyr

Gly

Gln
460

Ala

Arg

285

Cys

Leu

Leu

Gln

Gly

365

Tyr

Arg

Met

Asn

Met

445

Gly

Pro

270

Pro

Asp

Leu

Leu

Glu

350

Cys

Gln

Glu

Gly

Glu

430

Lys

Leu

Thr

Ala

Ile

Ser

Tyr

335

Glu

Glu

Gln

Glu

Gly

415

Leu

Gly

Ser

Ile

Ala

Tyr

Leu

320

Ile

Asp

Leu

Gly

Tyr

400

Gln

Glu

Thr



Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro
470

465

Arg

<210> 13

<211> 2560
<212> DNA
<213>

<220>
<223>

<400> 13
cgectttttce

ttttcgcaac
tggcctcettt
cgtgattctt
ttaaggagcc
cgtgcgaatc
ttaaaatttt
gggccaagat
tgcgtcccag
acgggggtag
cgccccgecc
gccgcttccc
ggcgggtgag
tgactccact

tacgtcgtct

ggtggagact

cggagggtegg
gggtttgeceg
acgggttatg
gatcccgagc
ccttecgectc
tggtggcacc
tgatgacctg
ctgcacactg
cgcacatgtt
tctcaagctg
tgggcggceaa
ggccctgcetg

tcacccacac

gagtaccggg

ttaggttggg

gaagttaggc

Artificial sequence

Artificial sequence

gg8gagaaccg

ccagaacaca
gcccttgegt
ttcgggttgg
gtgcttgagt
ttcgcgectg
ctgcgacgct
gtatttcggt
cggcgagecsg
gccggectgc
ggctggececeg

cagggagctc

aaaggaaaag
cgccgtccag
gggagggstt

cagcttggca

475

tatataagtg
ggtaagtgcc
gccttgaatt
aagtgggtgg
tgaggcctgg
tctcgetgcet
ttttttctgg
ttttggggcc
gggcctgcga
tctggtgect
gtcggcacca
aaaatggagg
ggcctttccg
gcacctcgat
ttatgcgatg

cttgatgtaa

cagtagtccg
gtgtgtggtt
acttccacct
gagagttcga
cctgggegct
ttcgataagt
caagatagtc
gcgeseeecyg
gecgeggeceac
ggcctcgegce
gttgcgtgag
acgcggegct
tcctcagccg
tagttctcgt
gagtttcccc

ttctccttgg

480

tgaacgttct
cccgegggcc
ggctgcagta
ggccttgcegc
gggeecegecg
ctctagccat

ttgtaaatgc

acggggececg
cgagaatcgg
cgccgtgtat
cggaaagatg
cgggagageg
tcgcttcatg
gcttttggag
acactgagtg

aatttgccct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



ttttgagttt
tccatttcag
gtcactgggg
cccagcatcc
gtccgtggac
ccctcgactg
tggcagtggg
cgctacctac
actggaactg
tggcggaggc
agggtcctca
gaactgggtg
agacggcgat
gtctagttca
tttctgecgcet
aggaactacc
accaactatt
cggggctgtg
ggcaggaacc
caggaagaaa
ggaggaagac
cgtgaaattt
taacgagctg
agatccagaa

tgaactgcag

ggatcttggt
gtgtcatgag
ctgctgectgc
ctggccgtct
aacttcggaa
ctgatctata
tcacgcacag
tattgccacc
aagggtggag
tcacattctc
gtcaagatta
aaacagcgac
acaaagtata
accgcctaca
cgaaagcgga
gtgaccgtca
gcctctcage
cacaccaggg
tgtggcgtgc
ctgctgtata
gggtgcagct
tctcggagtg
aatctggggc

atgggaggaa

aaggacaaaa

tcattctcaa
cctcatcccg
acgccgcaag
cactgggaca
attcctttat
ttgcctctaa
actttaccct
agaacaacga
g8C8ELABCEE
agattcagct
gttgtaaggc
caggacaggg
atgtcaaatt
tccagctgac
tcactgcagt
gctccacaac
cactgagtct
gcctagactt
tgctgectgtc
ttttcaagca
gtaggttccc
cagatgcccc
ggagagagga

aaccccagcg

tggcagaggc

gcctcagaca
aatggctctg
accaaccggt
gcgggctacc
gcactggtac
cctggagagt
gacaattgat
ggacccactg
aggaggcgee
gcagcagtca
ttcaggcttt
actggagtgg
tcggggcaag
ttcactgacc
cattaccaca
tacgccggceg
gcgeecccgag
cgcctgcegat
tctggtcatc
gccctttatg
tgaggaagag
agcttaccag
atacgacgtg
acggaagaac

ctattccgaa

gtggttcaaa
cctgtcactg
aacatcgtgc
atcagctgca
cagcagaagt
ggcgtgccag
cccgtcgaag
actttcggag
tcgggaggag
ggggcragagc
gctttcagcect
atcggacaga
gccaccctga
agcgaagatt
gtgtttgacg
ccgagaccac
gcatgtcgac
atctatattt
acactgtact
agacctgtgc
gaaggaggct
cagggccaga

ctggataaga

cctcaggagg

atcgggatga

gtttttttct
gactgctgct
tgactcagag
gagcaagcga
ctggccagcc
ctaggttctc
ccgacgatgc
cagggacaaa
gaggatcggg
tggtgcggcec
cctactggat
tctaccccgg
cagctgacga
ccggegtgta
tgtggggesc
ctacacctgc
ctgccgetgg
gggctccact
gcaaaagagg
agacaactca
gtgagctgcg
accagctgta
ggcgegescy

gactgtacaa

aaggagaaag

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460



aaggcgegge aaggggcatg atggcctgta tcagggactg tcaaccgcaa caaaagatac 2520

ttatgatgct ctgcacatgc aggctctgecc cccgecggtaa 2560
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