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METHODS OF ASSESSING POTENCY OF VIRAL VECTORS
CROSS REFERENCE TO RELATED APPLICATION

[0001]  This is an international application under the Patent Cooperation Treaty, which
claims the benefit of U.S. Provisional Application Serial No. 62/618,295, filed January 17,
2018 and German Application 102018100967.4, filed January 17, 2018, the contents of

which are herein incorporated by reference in their entirety.
BACKGROUND
[0002] 1. Field

[0003] The present disclosure relates to T cells transduced with a viral vector at a
volumetric concentration for cancer immunotherapy and methods thereof. In an aspect, the
present disclosure relates to the assessment of optimal lentiviral vector concentrations for
transducing T cells. In another aspect, the present disclosure further provides for T cell

populations produced by methods described herein.
[0004] 2. Background

[0005] A challenge in the delivery of a gene by a viral vector or a virus for therapeutic
purposes is the preparation and accurate quantification of clinical dosage forms. The
production of viral vaccines, recombinant proteins using viral vectors and viral antigens all
require virus quantification to continually adapt and monitor the process in order to optimize

production yields and respond to the ever-changing demands and applications.

[0006]  Virus titer determination or virus quantification involves counting the number of
viruses in a specific volume to determine the virus concentration. Traditional methods
include viral plaque assays, which determine the number of plaque forming units (pfu) in a
virus sample and the Tissue Culture Infective Dose (TCIDso) or Fluorescence Active
Infectious Dose (FAIDso) which measures the infectious virus titer. This TCIDso assay
quantifies the amount of virus required to kill 50% of infected hosts or to produce a
cytopathic effect in 50% of inoculated tissue culture cells. The traditional methods are
generally slow and labor-intensive, and suffer from limitations including a high degree of

inter-assay variability.
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[0007] Enzyme-Linked Immunosorbent Assay (ELISA) is a more modern variation of a
protein assay that utilizes a specific antibody linked to an enzyme to detect the presence of
an unknown amount of antigen (i.e. virus) in a sample. The antibody-antigen binding event
is detected and/or quantified through the enzyme's ability to convert a reagent to a
detectable signal that can be used to calculate the concentration of the antigen in the
sample. The plate assays of the virus titer determination that are based on
immunofluorescence detection using an ELISA are developed, however they are used to

quantify proteins from virus samples and not to quantify infectious viruses.

[0008] Flow cytometry or FACS (fluorescence-activated cell sorter) assays have been
used to measure the number of infected cells in cell cultures infected at relatively high
multiplicities of infection (MOI). For example, U.S. Pat. No. 6,248,514 describe the use of
flow cytometry to analyze cells infected using specified ranges of viral particle
concentration and adsorption time yields. U.S. Pat. No. 7,476,507 describe FACS-based
methods for the determination of the viral titer of a culture of host animal host cells infected
with a circovirus. However, for many applications, the cost, size and complexity of the flow

cytometry instruments prevent wider use.

[0009] Methods of evaluating retroviral vector titers can generally be divided into
functional and non-functional titration methods. Non-functional titration methods may
include p24 antigen ELISA, assessment of reverse transcriptase (RT) activity, and
determination of genomic RNA concentration in vector preparations by semi-quantitative
northern blotting, dot blot analysis, or RT-qPCR. Sometimes these techniques overestimate
the functional vector titer and suffer from certain disadvantages. For example, p24 protein
pool quantified may include a variable amount of free p24 and p24 of non-functional vector
particles. Similarly, RNA titers may assess defective particles, whereas the RT-assay may
demonstrate RT activity. More accurate functional titers may be determined by transduction
of cells following limiting dilution of vector and subsequent evaluation of reporter protein
activity, e.g., B-galactosidase positive cells, or by assessment of the number of colony
forming units following antibiotic selection. More widespread and straightforward
techniques to quantify functional vector titers may use eGFP fluorescence and
fluorescence-activated cell sorting (FACS). However, FACS analysis of transgene
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expression may be restricted to fluorescent reporter proteins and may not discriminate

between cells with single or multiple integrations.

[0010] US20170166866 describes a method of transducing a primary T lymphocyte,
including contacting a primary T lymphocyte with a viral vector, e.g., lentiviral vector,
containing a nucleic acid at a multiplicity of infection (MOI) of 1.5 to 2.5 and a compound
that is an inhibitor of the innate immune system, so that the nucleic acid is transduced into
T lymphocyte.

[0011] US20170023570 describes a high throughput method of quantitating infectious
viral particles in a sample. This method of virus quantification includes the steps of: 1)
providing a sample containing a virus; 2) preparing serial dilutions of the sample; 3)
infecting host cells with the virus and incubating the culture; 4) reacting an antigen
expressed by the virus in infected cells with an antibody labelled with a fluorescent tag; 5)
determining the number of infected cells; and 6) determining the virus titer in the sample. A
need remains to develop better methods for assessing optimal viral concentrations for viral

transduction in manufacturing T cells for immunotherapy.

[0012]  There is a need in the field for accurate methods of quantifying viral particles in
manufacturing T cell products.

BRIEF SUMMARY

[0013] In an aspect, the disclosure provides for methods of transducing T cells for

immunotherapy, comprising:

(a) obtaining T cells from at least one donor, patient, or individual;

(b) activating the T cells with an anti-CD3 antibody and/or an anti-CD28 antibody;

(c) transducing the activated T cells with a viral vector; and

(d) expanding the transduced T cells. In an aspect, the T cells are expanded for about
1 day to about 20 days, about 3 to about 10 days, about 4 to about 8 days, or about

4 to about 6 days.
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[0014] In an aspect, the present disclosure relates to a method of transducing T cells for

immunotherapy, for example, by:

(a) obtaining T cells from at least one donor, patient, or individual;

(b) activating the T cells with an anti-CD3 antibody and an anti-CD28 antibody

(c) transducing the activated T cells with a viral vector at a plurality of volumetric
concentrations;

(d) expanding the transduced T cells;

(e) measuring a quantity of the expanded T cells that express the transgene and/or a
copy number of integrated transgene in each of the expanded T cells at the plurality
of volumetric concentrations of the viral vector;

(f) identifying the volumetric concentration that yields a maximum average of the
quantity of the expanded T cells that express the transgene and/or a maximum
average of the copy number of the integrated transgene without exceeding five
copies of the integrated transgene in each of the expanded T cells from the plurality
of healthy donors, and

(g) transducing T cells obtained from a patient with the viral vector at the identified

volumetric concentration for the immunotherapy.

[0015] In another aspect, the present disclosure relates to a method of treating a patient
or individual in need thereof, including administering to the patient T cells transduced with a
viral vector at a volumetric concentration, in which the T cells are obtained from the patient,
and the volumetric concentration is determined by

(a) obtaining T cells from a plurality of healthy donors,

(b) activating the T cells obtained from step (a) with an anti-CD3 antibody and an anti-
CD28 antibody, transducing the activated T cells with a viral vector at a plurality of
volumetric concentrations,

(c) expanding the transduced T cells obtained from step (b,

(dy measuring a quantity of the expanded T cells that express the transgene and/or a
copy number of integrated transgene in each of the expanded T cells obtained from

step (c) at the plurality of volumetric concentrations,



WO 2019/143772 PCT/US2019/013939

(e) identifying the volumetric concentration that yields a maximum average of the
quantity of the expanded T cells that express the transgene and/or a maximum
average of the copy number of the integrated transgene without exceeding five
copies of the integrated transgene measured by step (d), and

(f) transducing the T cells obtained from the patient with the viral vector at the
volumetric concentration identified by step (e).

[0016] In another aspect, the present disclosure relates to T cells transduced with a viral
vector at a volumetric concentration for immunotherapy, in which the T cells are obtained
from a patient, and the volumetric concentration is determined by

(a) obtaining T cells from a plurality of healthy donors,

(b) activating the T cells obtained from step (a) with an anti-CD3 antibody and an anti-
CD28 antibody, transducing the activated T cells with a viral vector at a plurality of
volumetric concentrations,

(c) expanding the transduced T cells obtained from step (b),

(d) measuring a quantity of the expanded T cells that express the transgene and/or a
copy number of integrated transgene in each of the expanded T cells obtained from
step (c) at the plurality of volumetric concentrations,

(e) identifying the volumetric concentration that yields a maximum average of the
quantity of the expanded T cells that express the transgene and/or a maximum
average of the copy number of the integrated transgene without exceeding five
copies of the integrated transgene measured by step (d), and

(f) transducing the T cells obtained from the patient with the viral vector at the
volumetric concentration identified by step (e).

[0017] In another aspect, the viral vector is a retroviral vector expressing a T cell
receptor (TCR).

[0018] In yet another aspect, the viral vector is a lentiviral vector expressing a TCR.

[0019] In an aspect, the T cells are expanded for about 1 day to about 20 days, about 2
day to about 15 days, about 2 days to about 12 days, about 3 to about 10 days, about 4 to
about 8 days, about 4 to about 6 days, about 4 to about 5 days, at least about 3 days, at
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least about 4 days, at least about 5 days, at least about 6 days, no more than about 4 days,

no more than about 5 days, or no more than about 6 days.

[0020] In an aspect, the plurality of volumetric concentrations is from about 0.01 pl to
about 1 ml per 0.5 ml of a transduction mixture, about 0.01 pl to about 1 ml per 1.0 ml of a
transduction mixture, about 0.01 pl to about 1 ml per 2.5 ml of transduction mixture, and

about 0.01 pl to about 1 ml per 5 ml of transduction mixture.

[0021]  In another aspect, the transduction mixture may contain a cell concentration of
from about 0.1 x 108 cells/ml to about 1.0 x 108 cells/ml, from about 0.5 x 10° cells/ml to
about 1.0 x 10° cells/ml, from about 1.0 x 108 cells/ml to about 1.0 x 107 cells/ml, from
about 5.0 x 10° cells/ml to about 1.0 x 107 cells/ml, from about 1.0 x 107 cells/ml to about

1.0 x 108 cells/ml, or from about 5.0 x 107 cells/ml to about 1.0 x 108 cells/ml.

[0022] In another aspect, methods described herein include identifying the volumetric
concentration that yield a maximum average of the quantity of the expanded T cells that

express the transgene in the expanded T cells from the plurality of healthy donors.

[0023] In yet another aspect, the method includes identifying the volumetric
concentration that yields a maximum average of the copy number of the integrated
transgene without exceeding five copies of the integrated transgene in each of the

expanded T cells from the plurality of healthy donors.

[0024] In an aspect, the identified volumetric concentration is from about 1 ul to about
50 ul per 0.5 ml of a transduction mixture, about 5 pl to about 15 pl per 0.5 ml of a

transduction mixture, and about 8 pl to about 12 pl per 0.5 ml of a transduction mixture.

[0025] In an aspect, the patient or individual in need thereof is a cancer patient. In
another aspect, the cancer to be treated is selected from the group consisting of
hepatocellular carcinoma (HCC), colorectal carcinoma (CRC), glioblastoma (GB), gastric
cancer (GC), esophageal cancer, non-small cell lung cancer (NSCLC), pancreatic cancer
(PC), renal cell carcinoma (RCC), benign prostate hyperplasia (BPH), prostate cancer
(PCA), ovarian cancer (OC), melanoma, breast cancer, chronic lymphocytic leukemia
(CLL), Merkel cell carcinoma (MCC), small cell lung cancer (SCLC), Non-Hodgkin
lymphoma (NHL), acute myeloid leukemia (AML), gallbladder cancer and
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cholangiocarcinoma (GBC, CCC), urinary bladder cancer (UBC), acute lymphoblastic

leukemia (ALL), and uterine cancer (UEC).

[0026] In an aspect, the T cells are obtained from the plurality of healthy donors,

patients, or individuals.

[0027] In another aspect, the T cells obtained from the plurality of healthy donors,

patients, or individuals and the patient are CD8* T cells and/or CD4* T cells.

[0028] The disclosure provides for T Cell populations having characteristics described
herein. In another aspect, the disclosure further provides for T cell populations produced

by methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 shows similar copy number of integrated viral vector (lentivirus (LV)-R73)
(solid lines) and quantity (% of MHC Dextramer (Dex)+) of T cells that express the
transgene (R7P1D5 TCR) (dotted lines) in T cells obtained from a healthy donor # 6 in
engineering (Eng Run) and GMP (GMP Run) batches when aligned based on volumetric

concentrations.

[0030] FIG. 2 shows different copy number of integrated viral vector (LV-R73) (solid
lines) and quantity (% of Dex+) of T cells that express the transgene (R7P1D5 TCR)
(dotted lines) in T cells obtained from a healthy donor # 6 in engineering (Eng Run) and
GMP (GMP Run) batches when aligned based on multiplicities of infection (MOI).

[0031]  FIG. 3 shows similar copy number of integrated viral vector (LV-R73) (solid lines)
and quantity (% of Dex+) of T cells that express the transgene (R7P1D5 TCR) (dotted
lines) in T cells obtained from a healthy donor # 7 in engineering (Eng Run) and GMP

(GMP Run) batches when aligned based on volumetric concentrations.

[0032] FIG. 4 shows different copy number of integrated viral vector (LV-R73) (solid
lines) and quantity (% of Dex+) of T cells that express the transgene (R7P1D5 TCR)
(dotted lines) in T cells obtained from a healthy donor # 7 in engineering (Eng Run) and
GMP (GMP Run) batches when aligned based on multiplicities of infection (MOI).
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[0033] FIG. 5 shows similar copy number of integrated viral vector (LV-R73) (solid lines)
and quantity (% of Dex+) of T cells that express the transgene (R7P1D5 TCR) (dotted
lines) in T cells obtained from a healthy donor # 9 in engineering (Eng Run) and GMP

(GMP Run) batches when aligned based on volumetric concentrations.

[0034] FIG. 6 shows different copy number of integrated viral vector (LV-R73) (solid
lines) and quantity (% of Dex+) of T cells that express the transgene (R7P1D5 TCR)
(dotted lines) in T cells obtained from a healthy donor # 9 in engineering (Eng Run) and
GMP (GMP Run) batches when aligned based on multiplicities of infection (MOI).

[0035] FIG. 7 shows quantity (% Dex+ of CD3+CD8+ cells) of T cells that express the
transgene (R7P1D5 TCR) in T cells obtained from 10 healthy donors transduced with viral

vector at three selected volumetric concentrations to select the optimal virus volume.

[0036] FIG. 8 shows copy numbers of integrated viral vector (LV-R73) in T cells
obtained from 10 healthy donors transduced with viral vector at three selected volumetric

concentrations to select the optimal virus volume.

[0037] FIG. 9illustrates a method in accordance with one embodiment of the present

disclosure.

DETAILED DESCRIPTION

[0038] The disclosure provides for T cells transduced with a viral vector at a volumetric
concentration and methods thereof. In an aspect, the present disclosure provides for the
assessment of optimal lentiviral vector concentrations for transducing T cells.

[0039] The present disclosure further provides for T cell populations produced by

methods described herein.

[0040] In an aspect, the present disclosure comprises a method of transducing T cells

comprising:

(a) obtaining T cells from at least one donor, patient, or individual;
(b) activating the T cells with an anti-CD3 antibody and/or an anti-CD28 antibody;

(c) transducing the activated T cells with a viral vector; and
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(d) expanding the transduced T cells.

[0041]  In another aspect, the present disclosure comprises a method of transducing T

cells comprising:

(a) obtaining T cells from at least one donor, patient, or individual;
(b) activating the T cells with an anti-CD3 antibody and/or an anti-CD28 antibody;
(c) transducing the activated T cells with a viral vector; and

(d) optionally expanding the transduced T cells;

(e) optionally measuring a quantity of the expanded T cells that express the transgene
and/or a copy number of integrated transgene in each of the T cells at the plurality of
volumetric concentrations; and

(f) optionally identifying the volumetric concentration that yields a maximum average of
the quantity of the expanded T cells that express the transgene and/or a maximum
average of the copy number of the integrated transgene without exceeding five
copies of the integrated transgene in each of the expanded T cells from the plurality
of healthy donors, and

(g) transducing T cells obtained from a patient with the viral vector at the identified

volumetric concentration for the immunotherapy.

[0042] In yet another aspect, the present disclosure comprises a method of transducing
T cells comprising:

(a) obtaining T cells from at least one donor, patient, or individual;

(b) activating the T cells with an anti-CD3 antibody and/or an anti-CD28 antibody;

(c) transducing the activated T cells with a viral vector; and

(d) expanding the transduced T cells;

(e) measuring a quantity of the expanded T cells that express the transgene and/or a
copy number of integrated transgene in each of the T cells at the plurality of
volumetric concentrations; and

(f) identifying the volumetric concentration that yields a maximum average of the
quantity of the expanded T cells that express the transgene and/or a maximum

average of the copy number of the integrated transgene without exceeding five
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copies of the integrated transgene in each of the expanded T cells from the plurality
of healthy donors, and
(g) transducing T cells obtained from a patient with the viral vector at the identified

volumetric concentration for the immunotherapy.

[0043] In an aspect, the T cells are obtained from a plurality of healthy donors, patients,
or individuals. In another aspect, the T cells are obtained from one or more, two or more,
three or more, four or more, five or more, ten or more, or 20 or more healthy donors,
patients, or individuals. In an aspect, the T cells are autologous to the patient or individual.

In another aspect, the T cells are allogenic to the patient or individual.

[0044] In another aspect, the viral vector is a retroviral vector expressing a T cell
receptor (TCR).

[0045] In an aspect, the plurality of volumetric concentrations are from about 0.01 pl per
about 108 cells to about 1 ml per about 108 cells; from about 0.01 pl per about 2 x 10° cells
to about 1 ml per about 2 x 108 cells; from about 0.01 pl per about 5 x 108 cells to about 1
ml per about 5 x 10° cells; from about 0.01 pl per about 107 cells to about 1 ml per about
107 cells; from about 1 pl per about 107 cells to about 500 pl per about 107 cells; from about
5 ul per about 107 cells to about 150 ul per about 107 cells; or from about 8 pl per about 107

cells to about 12 pl per about 107 cells.

[0046] As used herein, the term “about" is defined as £5% of the recited value.

[0047]  The term “volumetric concentration” used herein refers to volume, e.g., ml and pl,
of virus used per volume, e.g., ml and pl, of transduction mixture (media or diluent). The
volume of transduction mixture may be determined by the cell concentration during
transduction. For example, if cell concentration during transduction is fixed at 2.0 x 10°
cells/ml, then 2.0 x 108 transduced cells may be in a fixed volume of 1.0 ml of transduction
mixture or 1.0 x 108 transduced cells may be in a fixed volume of 0.5 ml of transduction

mixture.

[0048] In another aspect, methods described herein include identifying the volumetric

concentration that yields a maximum average of the quantity of the expanded T cells that
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express the transgene in the expanded T cells from the plurality of healthy donors, e.g.,

measuring % of cells positive for the transgene expression.

[0049] In yet another aspect, the method includes identifying the volumetric
concentration that does not exceed the maximum average copy number of 5 copies of the
integrated transgene in the expanded T cells from the plurality of healthy donors.

[0050] In an aspect, the patient or individual is a cancer patient. In another aspect, a
cancer described herein is selected from the group consisting of hepatocellular carcinoma
(HCC), colorectal carcinoma (CRC), glioblastoma (GB), gastric cancer (GC), esophageal
cancer, non-small cell lung cancer (NSCLC), pancreatic cancer (PC), renal cell carcinoma
(RCC), benign prostate hyperplasia (BPH), prostate cancer (PCA), ovarian cancer (OC),
melanoma, breast cancer, chronic lymphocytic leukemia (CLL), Merkel cell carcinoma
(MCC), small cell lung cancer (SCLC), Non-Hodgkin lymphoma (NHL), acute myeloid
leukemia (AML), gallbladder cancer and cholangiocarcinoma (GBC, CCC), urinary bladder

cancer (UBC), acute lymphoblastic leukemia (ALL), and uterine cancer (UEC).

[0051]  The disclosure further provides for vectors. In an aspect, a “vector” is capable of

9 i

transferring gene sequences to target cells. Typically, “vector construct,” “expression
vector,” and “gene transfer vector,” meaning any nucleic acid construct capable of directing
the expression of a gene of interest and which can transfer gene sequences to target cells.

Thus, the term includes cloning and expression vectors, as well as integrating vectors.

[0052] Retroviral vectors have been designed based on various members of the
Retroviridae including Foamyvirus, Human Immunodeficiency Virus (HIV-1), Simian
Immunodeficiency Virus (SIV), Bovine Immunodeficiency Virus, Feline Immunodeficiency
Virus, Equine Infectious Anemia Virus (EIAV), Murine Leukemia Virus (MLV), Bovine
Leukemia Virus, Rous Sarcoma Virus (RSV), Spleen Necrosis Virus (SNV), and Mouse
Mammary Tumor Virus. Commonly used platforms may include Foamyvirus-derived and
HIV-1 derived lentiviral vectors, and gammaretroviral vectors derived from MLV. The
tropism of a retrovirus can be altered by incorporating foreign envelope proteins, expanding
the potential target population of target cells. For example, incorporation of vesicular

stomatitis virus G glycoprotein (VSV-G) envelope protein may broaden the tropism and
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allow gene transfer into a broad variety of cells in vitro, e.g., CD34+ stem cells, and in vivo,
e.g., brain, muscle, and liver. Incorporation of Baculovirus GP64 and hepatitis C E1 and E2
pseudotyping envelope proteins may enhance hepatic transduction and incorporation of
RD114 pseudotyping envelope protein may favor transduction in lymphohematopoietic
cells. Lentiviral vectors can transduce or infect non-dividing cells and typically produce high
viral titers. Selection of a lentiviral or a gammaretroviral gene transfer system depends on
the target tissue. These vectors may be comprised of cis-acting long terminal repeats with
packaging capacity for up to 6-10 kb of foreign sequence. The minimum cis-acting LTRs
are sufficient for replication and packaging of the vectors, which are then used to integrate
the therapeutic gene into the target cell to provide permanent transgene expression.

[0053] In certain embodiments, the vector is a lentiviral vector. A lentiviral vector, as
used herein, is a vector which comprises at least one component part derivable from a
lentivirus. A detailed list of lentiviruses may be found in Coffin et al. (1997) “Retroviruses”
Cold Spring Harbour Laboratory Press Eds: J M Coffin, S M Hughes, H E Varmus pp 758-
763). Lentiviral vectors can be produced by methods. See, e.g., U.S. Pat. Nos. 5,994,136;
6,165,782; and 6,428,953, the contents each of which are incorporated by reference in their
entireties. Preferably, the lentiviral vector is an integrase deficient lentiviral vector (IDLV).
See, e.g., U.S. Patent Publication 2009/0117617, the content of which is incorporated by
references in its entirety. IDLVs may be produced as described, for example using
lentivirus vectors that include one or more mutations in the native lentivirus integrase gene,
for instance, as disclosed in Leavitt et al. (1996) J. Virol. 70(2):721-728; Philippe et al.
(2006) Proc. Natl Acad. Sci USA 103(47): 17684-17689; and WO 06/010834, the contents
each of which are incorporated by reference in their entireties. In certain embodiments, the
IDLV is an HIV lentiviral vector comprising a mutation at position 64 of the integrase protein
(D64V), as described in Leavitt et al. (1996) J. Virol. 70(2):721-728, the content of which is

incorporated by reference in its entirety.

[0054] In gene therapy applications, it may be desirable that the gene therapy vector be
delivered with a high degree of specificity to a particular tissue type. Accordingly, a viral
vector can be modified to have specificity for a given cell type by expressing a ligand as a
fusion protein with a viral coat protein on the outer surface of the virus. The ligand is
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chosen to have affinity for a receptor known to be present on the cell type of interest. For
example, Han et al., Proc. Natl. Acad. Sci. USA 92:9747-9751 (1995), the content of which
is incorporated by reference in its entirety, reported that Moloney murine leukemia virus can
be modified to express human heregulin fused to gp70, and the recombinant virus infects
certain human breast cancer cells expressing human epidermal growth factor receptor.
This principle can be extended to other virus-target cell pairs, in which the target cell
expresses a receptor and the virus expresses a fusion protein comprising a ligand for the
cell-surface receptor. For example, filamentous phage can be engineered to display
antibody fragments (e.g., FAB or Fv) having specific binding affinity for virtually any chosen
cellular receptor. Although the above description applies primarily to viral vectors, the same
principles can be applied to non-viral vectors. Such vectors can be engineered to contain

specific uptake sequences which favor uptake by specific target cells.

[0055]  Gene therapy vectors can be delivered in vivo by administration to an individual
patient, typically by systemic administration (e.g., intravenous, intraperitoneal,
intramuscular, subdermal, or intracranial infusion) or topical application, as described
below. Alternatively, vectors can be delivered to cells ex vivo, such as cells explanted from
an individual patient (e.g., lymphocytes, bone marrow aspirates, tissue biopsy) or universal
donor hematopoietic stem cells, followed by re-implantation of the cells into a patient,

usually after selection for cells which have incorporated the vector.

[0056]  Suitable cells include, but are not limited to, eukaryotic and prokaryotic cells
and/or cell lines. Non-limiting examples of such cells or cell lines generated from such cells
include COS, CHO (e.g., CHO-S, CHO-K1, CHO-DG44, CHO-DUXB11, CHO-DUKX,
CHOK18V), VERO, MDCK, WI38, V79, B14AF28-G3, BHK, HaK, NS0, SP2/0-Ag14, HelLa,
HEK293 (e.g., HEK293-F, HEK293-H, HEK293-T), and perC6 cells, as well as insect cells
such as Spodoptera fugiperda (Sf), or fungal cells such as Saccharomyces, Pichia and
Schizosaccharomyces. In certain embodiments, the cell line is a CHO-K1, MDCK or
HEK293 cell line. Additionally, primary cells may be isolated and used ex vivo for
reintroduction into the subject to be treated following treatment with the nucleases (e.qg.,
ZFNs or TALENS) or nuclease systems (e.g., CRISPR/Cas). Suitable primary cells include
peripheral blood mononuclear cells (PBMC), and other blood cell subsets such as, but not
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limited to, T-lymphocytes such as CD4+ T cells or CD8+ T cells. Suitable cells also include
stem cells such as, by way of example, embryonic stem cells, induced pluripotent stem

cells, hematopoietic stem cells (CD34+), neuronal stem cells and mesenchymal stem cells.
Vectors suitable for introduction of transgenes into immune cells (e.g., T cells) include non-

integrating lentivirus vectors.

[0057] In conventional manufacturing of T cells, quantity of viral vector to be used is
oftentimes based on the titer of the viral batch determined on a cell line like 293T. Using
this titer, virus is tested over a range of multiplicity of infection (MOI), which, when referring
to a group of cells inoculated with virus particles, is the ratio of the number of virus particles
to the number of target cells present in a defined space. The highest multiplicities of
infection (MOI) value in the linear range may be selected as the optimal multiplicities of
infection (MOI). However, this method may allow wide room for variation due to the use of a
tumor cell line, e.g., 293T, for determination of titer and a titer dependent variable
multiplicities of infection (MOI). Embodiments of the present disclosure may include
methods for determining optimal virus volume used in manufacturing and assessing the
potency of different viral vector batches. For example, rather than using cell lines, e.g.,
293T cells, primary human T cells from healthy donors may be used by following the same
T cell manufacturing process in small-scale, e.g., 1-2 million cells in a well of 24 well G-Rex
(2 cm?), mid-scale may have, e.g., 5 million cells in a well of 6 well G-Rex (10 cm?), or
large-scale may have 50 million cells in a G-Rex 100 (100 cm?). Good Manufacturing
Process (GMP) scale may start with 250-400 million cells in 5-8 G-Rex100. The read outs
obtained from different scales may be directly relevant to clinical manufacturing.

[0058]  As such, methods of the present disclosure may be more robust than
conventional methods using cell lines derived titers and multiplicities of infection (MOI) and
may reduce variation when multiple lentiviral vector batches are required for the

manufacturing of the same T cell product

[0059] An “exogenous” molecule is a molecule that is not normally present in a cell, but
can be introduced into a cell by one or more genetic, biochemical or other methods.

“Normal presence in the cell” is determined with respect to the particular developmental
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stage and environmental conditions of the cell. Thus, for example, a molecule that is
present only during embryonic development of muscle is an exogenous molecule with
respect to an adult muscle cell. Similarly, a molecule induced by heat shock is an
exogenous molecule with respect to a non-heat-shocked cell. An exogenous molecule can
comprise, for example, a functioning version of a malfunctioning endogenous molecule or a

malfunctioning version of a normally-functioning endogenous molecule.

[0060] An exogenous molecule can be, among other things, a small molecule, such as
is generated by a combinatorial chemistry process, or a macromolecule such as a protein,
nucleic acid, carbohydrate, lipid, glycoprotein, lipoprotein, polysaccharide, any modified
derivative of the above molecules, or any complex comprising one or more of the above
molecules. Nucleic acids include DNA and RNA, can be single- or double-stranded, can be
linear, branched or circular, and can be of any length. Nucleic acids include those capable
of forming duplexes, as well as triplex-forming nucleic acids. See, for example, U.S. Pat.
Nos. 5,176,996 and 5,422,251. Proteins include, but are not limited to, DNA-binding
proteins, transcription factors, chromatin remodeling factors, methylated DNA binding
proteins, polymerases, methylases, demethylases, acetylases, deacetylases, kinases,
phosphatases, integrases, recombinases, ligases, topoisomerases, gyrases and helicases.

[0061]  An exogenous molecule can be the same type of molecule as an endogenous
molecule, e.g., an exogenous protein or nucleic acid. For example, an exogenous nucleic
acid can comprise an infecting viral genome, a plasmid or episome introduced into a cell, or
a chromosome that is not normally present in the cell. Methods for the introduction of
exogenous molecules into cells are known to those of skill in the art and include, but are
not limited to, lipid-mediated transfer (i.e., liposomes, including neutral and cationic lipids),
electroporation, direct injection, cell fusion, particle bombardment, calcium phosphate co-
precipitation, DEAE-dextran-mediated transfer and viral vector-mediated transfer.

[0062] In contrast, an “endogenous” molecule is one that is normally present in a
particular cell at a particular developmental stage under particular environmental
conditions. For example, an endogenous nucleic acid can comprise a chromosome, the

genome of a mitochondrion, chloroplast or other organelle, or a naturally-occurring
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episomal nucleic acid. Additional endogenous molecules can include proteins, for example,

transcription factors and enzymes.

[0063] A “gene,” for the purposes of the present disclosure, includes a DNA region
encoding a gene product (see infra), as well as all DNA regions which regulate the
production of the gene product, whether or not such regulatory sequences are adjacent to
coding and/or transcribed sequences. Accordingly, a gene includes, but is not necessarily
limited to, promoter sequences, terminators, translational regulatory sequences such as
ribosome binding sites and internal ribosome entry sites, enhancers, silencers, insulators,

boundary elements, replication origins, matrix attachment sites and locus control regions.

[0064] “Gene expression” refers to the conversion of the information, contained in a
gene, into a gene product. A gene product can be the direct transcriptional product of a
gene (e.g., mRNA, tRNA, rRNA, antisense RNA, ribozyme, structural RNA or any other
type of RNA) or a protein produced by translation of a mRNA. Gene products also include
RNAs which are modified by processes such as capping, polyadenylation, methylation, and
editing, and proteins modified by, for example, methylation, acetylation, phosphorylation,
ubiquitination, ADP-ribosylation, myristilation, and glycosylation.

[0065] “Modulation” of gene expression refers to a change in the activity of a gene.
Modulation of expression can include, but is not limited to, gene activation and gene
repression. Modulation may also be complete, i.e., wherein gene expression is totally
inactivated or is activated to wild-type levels or beyond; or it may be partial, wherein gene
expression is partially reduced, or partially activated to some fraction of wildtype levels.

[0066] The terms “nucleic acid,” “polynucleotide,” and “oligonucleotide” are used
interchangeably and refer to a deoxyribonucleotide or ribonucleotide polymer, in linear or
circular conformation, and in either single- or double-stranded form. For the purposes of the
present disclosure, these terms are not to be construed as limiting with respect to the
length of a polymer. The terms can encompass known analogues of natural nucleotides, as
well as nucleotides that are modified in the base, sugar and/or phosphate moieties (e.g.,
phosphorothioate backbones). In general, an analogue of a particular nucleotide has the

same base-pairing specificity; i.e., an analogue of A will base-pair with T.
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[0067] The terms “polypeptide,” “peptide” and “protein” are used interchangeably to refer
to a polymer of amino acid residues. The term also applies to amino acid polymers in which
one or more amino acids are chemical analogues or modified derivatives of a

corresponding naturally-occurring amino acids.

[0068] The term “sequence” refers to a nucleotide sequence of any length, which can be
DNA or RNA; can be linear, circular or branched and can be either single-stranded or
double stranded. The term “donor sequence” refers to a nucleotide sequence that is
inserted into a genome. A donor sequence can be of any length, for example between 2
and 10,000 nucleotides in length (or any integer value therebetween or there above),
preferably between about 100 and 1,000 nucleotides in length (or any integer

therebetween), more preferably between about 200 and 500 nucleotides in length.

EXAMPLES
[0069] EXAMPLE 1
[0070] Balches

[0071]  Pre-clinical (R&D), Engineering (Eng Run) and GMP (GMP Run) batches may be
three batches of lentiviral vector obtained from LENTIGEN. Engineering batch may be
similar to the GMP batch (32L each, but QC control and release specifications may be
more stringent for the GMP batch). Pre-clinical batches (not shown) may be smaller vector
batch preparations (4L) than Eng Run and GMP Run. Titers, for example, for Pre-clinical
batch, Engineering batch, and GMP batch may be 1.1x10° TU/ml, 1.9x10° TU/ml, and 8.3
x10° TU/ml, respectively.

[0072]  Similar transduction efficiency between different batches based on volumetric

concentrations

[0073] Transduction of T cells from healthy donors with a lentiviral vector expressing
R7P1D5 TCR (LV-R73) may be performed by activating T cells with immobilized anti-
CD3/anti-CD28 antibodies (Invitrogen) where the cells are cultured in TexMACS media
(Miltenyi), 5% human AB serum with IL-7 and IL-15 for expansion, provided that the
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cytokine(s) is not IL-2 alone, not IL-7 alone, not a combination of IL-2, IL-7, and IL-15, or
not a combination of IL-2 and IL-7. This procedure preserved an early T cell differentiation
phenotype (T naive/scm: CD45RA+CCR7+ or CD45RA+CCR7+CD62L+ or CD45R0O-
CCR7+ or CD45RO-CCR7+CD62L+), and the transduced cells showed proliferation
comparably to non-transduced T cells. Other cytokines, such as IL-10, IL-12, IL-21,
interferons, and TGF-B, may also be used. The transduced cells may also show
CD28+CD27+ phenotypes.

[0074]  Copy number

[0075]  Copy number refers to the quantification of the proviral vector genomes in the
extracted genomic DNA from the T cell product and their normalization by the quantity of a
reference gene of a known copy number. The most commonly used method to determine
copy number is a quantitative real-time PCR (qPCR) based on standard TagMan platform
(Applied Systems). Thus, copy number may refer to the average number of the integrated
vector sequences detected in the genomic DNA isolated from the T cell product using
quantitative PCR. Genomic DNA may be isolated from the T cells and amplified using
primer/probe assay specific for the lentiviral vector and house-keeping gene. For example,
copy number determination qPCR assay may be used to quantify lentivector integrated
genomes relative to an endogenous reference gene (Albumin). Efficacy and safety of T
cells products are determined by average copy number. Higher integration generally results
in higher transgene expression but also increases the risk of insertional mutagenesis. FDA
regulations describe an average copy number of 5 or less as a safety specification for
cellular products. Therefore, copy number may be considered as a critical parameter in
determining the potency of a LV batch and the optimal volumetric concentration for clinical

manufacturing.

[0076]  Cell concentration during transduction was fixed at about 2 x 10° cells/ml. FIGS.
1, 3, and 5 (solid lines) show primary T cells obtained from 3 healthy donors, i.e., donor 6,
donor 7, and donor 9, respectively, transduced with increasing volumetric concentrations of
lentivirus (LV)-R73, exhibit increasing and comparable copy numbers of integrated LV-R73
between engineering batches (Eng Run) and GMP batches (GMP Run) in a volumetric
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concentration (e.g., 3 fold serial dilution plotted on a log scale)-dependent manner of LV-

R73 per 1.0 ml of transduction mixture, which may contain about 2 x 108 cells.

[0077] In contrast, as shown in FIGS. 2, 4, and 6 (solid lines), significant differences in
copy numbers of integrated LV-R73 between Eng Run and GMP Run were obtained from
donor 6, donor 7, and donor 9, respectively, with increasing multiplicities of infection (MOI).

[0078]  These results show that based on volumetric concentrations comparable copy
numbers of integrated lentiviral vector were obtained between two vector manufacturing
batches of LV-R73 (Engineering batch and GMP batch).

[0079] Transgene expression

[0080] Transgene expression refers to detection of transgenic TCR on T cell surface by
flow-cytometry using specific HLA-dextramer. Results are expressed as percentage of

Dextramer+ve cells of the total CD3+CD8+ cells (% of Dex+).

[0081] T cells transduced by LV-R73 were tested for binding to a MHC HLA-A2-peptide
dextramer. The MHC Dextramer (Dex) may contain a dextran polymer backbone carrying
an optimized number of MHC and fluorochrome molecules. MHC Dextramer reagents carry
more MHC molecules and more fluorochromes than conventional MHC multimers. This
increases avidity for the specific T cell and enhances staining intensity, thereby increasing
resolution and the signal-to-noise ratio. For staining, the protocol supplied by the
manufacturer was followed. Samples were acquired on MACS Quant Analyzer (Miltenyi),

and data were analyzed by Flow Jo software.

[0082] FIGS. 1, 3, and 5 (dotted lines) show primary T cells obtained from 3 healthy
donors, i.e., donor 6, donor 7, and donor 9, respectively, transduced with LV-R73, exhibit
increasing and comparable levels of transgene, e.g., R73 TCR, expression (% of Dex*)
between large-scale engineering batches (Eng Run) and GMP batches (GMP Run) in a
volumetric concentration (e.g., 3-fold serial dilution plotted on a log scale)-dependent
manner of LV-R73 per 1.0 ml of transduction mixture, which may contain about 2 x 108
cells.
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[0083] However, when comparing % of Dex+ cells between Eng run and GMP Run
based on multiplicities of infection (MOI) values determined by viral titers, the two batches
(Eng Run and GMP run) differed significantly, as shown in FIGS. 2, 4, and 6 (dotted lines).

[0084] These results show that, based on volumetric concentrations, two vector
manufacturing batches of LV-R73 (Engineering batch and GMP batch) produce
comparable transgene expression (% Dextramer+ve of CD3+CD8+ cells) in primary T cells

derived from healthy donors.

[0085] These results suggest that volumetric method may be more reliable than
multiplicities of infection (MOI) method that relies on the virus titers determined e.g., using
HEK293T cells, to compare the potency of different vector batches and to determine the
optimal vector volume for clinical manufacturing of the genetically modified products in

advanced stage clinical trials that require use of more than one vector batch.
[0086] Optimization of viral volumetric concentration for T cell transduction

[0087] Following broad range comparison, as shown in FIGS. 1-6, a few volumetric
concentrations are selected falling for further screening in primary T cells obtained from
multiple healthy donors. Small-, mid-, and large-scale T cell manufacturing runs were
conducted using selected volumetric concentrations, e.g., 5 pl, 7.5 pl, and 10 pl.

[0088]  Cell concentration during transduction was fixed at about 2 x 108 cells/ml.
Primary T cells obtained from 10 healthy donors were transduced with LV-R73 at
increasing viral volumetric concentrations, e.g., 5 ul, 7.5 ul, and 10 pl of LV-R73 per 0.5 ml
of transduction mixture, which may contain about 1 x 10° cells. Transgene expression and
integration copy number of viral vector, e.g., LV-R73, were determined, as described

above, at 8 days and 10 days post-transduction.

[0089] FIG. 7 shows average transgene expression (%Dex*) in transduced T cells from
10 donors (open and solid squares) increases in a volumetric concentration-dependent
manner. That is, 5 pl of LV-R73 per 0.5 ml of transduction mixture yielded the lowest
average quantity of the transduced T cells that express the transgene and 10 pl of LV-R73
per 0.5 ml of transduction mixture resulted in the highest average quantity of the

transduced T cells that express the transgene. In addition, average quantity of the
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transduced T cells that express the transgene do not change significantly from 8 days post-

transduction to 10 days post-transduction at each volumetric concentration.

[0090] FIG. 8 shows average integration copy numbers (Copy #) of viral vector, e.g., LV-
R73, in transduced T cells from 10 donors (open and solid squares) increase in a
volumetric concentration-dependent manner. That is, 5 ul of LV-R73 per 0.5 ml of
transduction mixture yielded the lowest average integration copy number of viral vector and
10 pl of LV-R73 per 0.5 ml of transduction mixture resulted in the highest average
integration copy number of viral vector. However, average integration copy number
decreases from 8 days post-transduction to 10 days post-transduction at each volumetric
concentration. These results show that, although average integration copy number
decreases at 10 days post-transduction, average quantity of the transduced T cells that

express the transgene remain comparable to that at 8 days post-transduction.

[0091]  These results show viral volumetric concentration consistently showing maximum
% HLA-Multimer+ve cells across different donors and scales without exceeding the copy
number of 5 may be selected as optimal viral volumetric concentration for clinical

manufacturing.

[0092] FIG. 9 shows a method (90) of transducing T cells for immunotherapy according
to one embodiment of the present disclosure including obtaining T cells from a plurality of
healthy donors (91), activating the T cells with an anti-CD3 antibody and an anti-CD28
antibody (92), transducing the activated T cells with a viral vector at a plurality of volumetric
concentrations (93), expanding the transduced T cells (94), e.g., for 4-6 days, measuring a
quantity of the expanded T cells that express the transgene and/or copy number of
integrated transgene in the expanded T cells at the plurality of volumetric concentrations
(95), identifying the volumetric concentration that yields a maximum average quantity of the
transduced T cells that express the transgene and/or a maximum average copy number of
integrated transgene in each of the expanded T cells from the plurality of healthy donors
(96), and transducing T cells obtained from a patient with the viral vector at the identified

volumetric concentration for the immunotherapy (97).
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[0093] Advantages of the present disclosure may include methods that can accurately
define quantity of lentiviral vector used during production of the T cell product using the
same process as used in manufacturing of the T cell product. Because there is no
relationship between virus titer and volumetric concentration, the volumetric concentration
method is advantageous over the multiplicities of infection (MOI) method that relies on the
virus titers. As such, methods of the present disclosure may be more robust than
conventional methods that use cell line-derived virus titers to obtain optimal multiplicities of
infection (MOI) and can reduce variations when multiple lentiviral vector batches are

required for the manufacturing of the same T cell product.

[0094]  All references cited in this specification are herein incorporated by reference as
though each reference was specifically and individually indicated to be incorporated by
reference. The citation of any reference is for its disclosure prior to the filing date and
should not be construed as an admission that the present disclosure is not entitled to

antedate such reference by virtue of prior invention.

-0 -



