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Abstract

Background—Adoptive Immunotherapy using chimeric antigen receptor (CAR) engineered T
cells specific for CD19 has shown promising results for the treatment of B cell lymphomas and
leukemia. This therapy involves the transduction of autologous T cells with a viral vector and the
subsequent cell expansion. Here, we describe a new, simplified method to produce anti-CD19-
CART cells.

Methods—T cells were isolated from peripheral blood mononuclear cell (PBMC) with anti-CD3/
anti-CD28 paramagnetic beads. After 2 days, the T cells were added to culture bags pre-treated
with RetroNectin and loaded with the retroviral anti-CD19 CAR vector. The cells, beads and
vector were incubated for 24 hours and then a second transduction was performed. No
spinoculation was used. Cells were then expanded for an additional 9 days.

Results—The method was validated using 2 PBMC products from a patient with B-CLL and one
PBMC product from a healthy subject. The 2 PBMC products from the B-CLL patient contained
11.4% and 12.9% T cells. The manufacture process led to final products highly enriched in T cells
with a mean CD3+ cell content of 98%, a mean expansion of 10.6 fold and a mean transduction
efficiency of 68%. Similar results were obtained from the PBMCs of the first 4 ALL patients
treated at our institution.

Discussion—We developed a simplified semi-closed system for the initial selection, activation,
transduction and expansion of T cells using anti-CD3/anti-CD28 beads and bags, to produce
autologous anti-CD19 CAR transduced T cells to support an ongoing clinical trial.
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Introduction

Cancer is the leading cause of disease related death in U.S. pediatric patients [1] and acute
lymphoblastic leukemia (ALL) represents the most common pediatric malignancy. Although
disease-free survival rates are high, approximately 20% of patients dies of their underlying
disease, making ALL the leading cause of cancer death in childhood [2]. For those who
relapse, long-term prognosis is poor. Even when a second remission is achieved, long-term
disease-free survival rates below 50% are expected [3]. New treatment approaches are
therefore needed.

Adoptive immunotherapy is considered an attractive way to treat cancer [4-10] and genetic
modification of T cells with genes encoding tumor specific chimeric antigen receptors
(CARS) represents a novel strategy to obtain large quantities of tumor-reactive T cells to be
used for the treatment of adult [11-13] and pediatric cancer patients [14].

CD19 has been chosen as a target for CAR T cells because it is universally expressed on
ALL tumor cells, and not expressed on pluripotent hematopoietic stem cells [15-17]. Anti-
CD19-CAR T cells are under investigation in several institutions using different viral
constructs and various manufacturing processes and have shown promising clinical results
[18-21].

For the production of CAR engineered T cells, procedures and techniques enabling ex vivo
gene modifications of cells followed by expansion to clinically relevant cell numbers are of
key importance. For this purpose cell culture systems have been developed in compliance of
good manufacture practice criteria (GMP). Current manufacturing processes rely on the use
of recombinant human fibronectin fragment CH296 (RetroNectin®) that has demonstrated
to improve transduction efficiency bringing together retroviral particles and cells. This has
often been paired with spinoculation, a procedure that promotes gene transfer by pre-loading
the retroviral vector stocks on the RetroNectin by a 2-hour centrifugation, followed by a
second centrifugation of target cells. Some of the processes use bags and are semi-closed,
but others use plates and flasks and are open, presenting a large risk of contamination and
spilling of vector.

In the present study we describe the process that has been developed in our institution for
the production of therapeutic doses of autologous anti-CD19-CAR T cells to support phase |
clinical trial for the treatment of B cell malignancies in pediatric patients, using a replication
defective MSGV1-based retroviral vector (MSGV-FMC63-28z) encoding a chimeric
receptor containing the signaling domains of CD28 and CD3-zeta. The goal of this study
was to test the level of the transduction efficiency we could achieve using tissue culture bags
as vessel for transduction and cell expansion process, avoiding spinoculation. We made use
of GMP paramagnetic beads coated with anti-CD3 and anti-CD28 to isolate CD3+ cells
from peripheral blood mononuclear cell products (PBMCs) collected by apheresis and at the
same time stimulate sufficient CD3+ cell proliferation to facilitate transduction and
subsequent expansion. The process described allowed us to generate anti-CD19-CAR T cells
using a semi-closed system without the spinoculation step maintaining acceptable
transduction efficiency.

Cytotherapy. Author manuscript; available in PMC 2014 August 22.
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Materials and Methods

Construction and GMP production of the MSGV-FMC63-28z recombinant retroviral vector

The MSVG-FMC63-28z recombinant retroviral vector was prepared and cryopreserved
following GMP conditions in the Surgery Branch, NCI, NIH Vector Production Facility
(SBVPF). The construction and production of the MSGV-FMC63-28z vector has been
described elsewhere by Kochenderfer et al. [22]. These studies were approved by an NIH
institutional review board.

Culture media

T cell initiation medium—AIM V medium (Gibco, Grand Island, NY), supplemented
with 5% heat-inactivated human AB Serum (Valley Biomedical, Winchester, VA), 1%
Gluta-Max (Gibco, Grand Island, NY), 40 IU/mL IL-2 (Novartis Vaccines and Diagnostics,
Inc. Emeryville, CA).

T cell expansion medium—AIM V medium (Gibco, Grand Island, NY), supplemented
with 5% heat-inactivated human AB Serum (Valley Biomedical, Winchester, VA), 1%
Gluta-Max (Gibco, Grand Island, NY), 300 1U/mL IL-2 (Novartis Vaccines and
Diagnostics, Inc. Emeryville, CA).

Generation of clinical grade anti-CD19-CAR transduced T cells

The process was optimized using PBMC products collected by apheresis from healthy
subjects. The final process for the manufacture of clinical grade anti-CD19-CAR T cells was
validated using a PBMC product from one healthy subject (VR1) and two PBMC products
from a patient with B-CLL (VR2 and VR3). Clinical anti-CD19-CAR T cell products were
generated to treat four ALL patients enrolled in the phase | clinical study NCT01593696
sponsored by the NCI.

On day 0, fresh PBMC products collected by apheresis were enriched for CD3+ cells using
anti-CD3 and anti-CD28 antibodies bound to paramagnetic beads (Dynabeads ClinExVivo
CD3/CD28, Invitrogen, Camarillo, CA) at a ratio of 3:1 (beads:cells). The enrichment was
performed using cells diluted to a total nucleated cells (TNC) concentration of 20-30x108/ml
in PermaL.ife bags made of FEP (OriGen Biomedical, Austin, TX). The cells and beads were
co-incubated for 2 hours at room temperature and CD3+ cell enrichment performed using
Dynal ClinExVIVO MPC magnet (Invitrogen, Camarillo, CA). Cells in the CD3+ fraction
were resuspended in initiation media at a concentration of 1x108 cells/ml in PermaL.ife bags
(OriGen Biomedical, Austin, TX).

On day 1, clinical grade RetroNectin (Takara Bio Division, Shiga, Japan) was reconstituted
in sterile water at 1 mg/ml and used to coat PermaL.ife bags (OriGen Biomedical, Austin,
TX) at a concentration of 2 pg/cm? in a solution of 10 pg/ml in PBS (Lonza, Walkerville,
MD). The coated bags were incubated overnight at 4°C. On day 2, the RetroNectin solution
was aspirated from bags and same volume of blocking solution, consisting of 2.5% human
serum albumin (HSA) (Baxter, Westlake Village, CA) in PBS, was added to each bag and
incubated at room temperature (RT) for 30 minutes. The blocking solution was aspirated and
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each bag washed with a solution of 2.5% HEPES (Lonza, Walkerville, MD) diluted in
Hank’s balanced salt solution (HBSS) (Lonza, Walkerville, MD).

On day 2 retroviral supernatant was rapidly thawed and added to each bag at the final
volume that was half of the one specified by the manufacturer for each culture bag. In
addition, a RetroNectin coated bag was filled with expansion media and used as negative
untransduced control (UT CNTR bag). The bags were then incubated for 2 hours at 37°C,
5% CO». At the end of the incubation time, activated CD3+ cells in expansion media were
mixed 1:1 (v/v) with the clinical grade vector contained in the RetroNectin coated bags; at
this point IL-2 concentration was raised to 300 1U/ml. The cultures were placed back to the
incubator and left for at least 24 hours. A second transduction was performed on day 3 using
newly coated bags as previously described. An untransduced control was processed in
parallel; the cells were treated the same except for the lack of exposure to the viral vector.

On day 4, the transduction was stopped; transduced and untransduced cells were counted,
transferred in a new culture bag and resuspended in fresh T cell expansion medium at a
concentration of 0.4x106 cells/ml. The cultures were maintained until day 11+2 and fed
every other day with fresh expansion media to maintain cell concentration at 0.4x108
cells/ml.

On day 7 quality controls were performed, transduction efficiency was evaluated and in
process mycoplasma assessed.

On day 11+2, cells were harvested. The anti-CD3/anti-CD28 paramagnetic beads were
removed using the Dynal ClinExVIVO MPC magnet (Invitrogen, Camarillo, CA), washed,
concentrated and quality control assessment was performed. The cells were packaged for
fresh infusion at a concentration of 2.5x108 cells/mL in infusion media which contained
plasmalyte A (Baxter, Deerfield, IL) plus 4% HSA (Baxter, Westlake Village, CA). Leftover
cells were cryopreserved according to our internal procedures and used for post-thaw
stability testing.

Flow cytometry analysis

On day 7, 9 and on final harvest the expression of anti-CD19-CAR T cell was evaluated by
flow cytometry using a Protein L assay. Biotinylated Protein L was purchased from Thermo
Scientific (Rockford, IL), reconstituted in sterile water at a stock concentration of 50ng/l,
and stored at 4°C. 5 pg was used to label 1x108 cells. The cells and Protein L were
incubated for 30 minutes at 4°C in the dark. The Protein L final concentration was
determined using titration experiments performed during assay development. Excess
reagents were removed by washing the tubes twice using cold FACS buffer. After 20
minutes 30 pl of a solution of PE-labeled Streptavidin (BD Biosciences, San Jose, CA), pre-
diluted 1:120 in PBS, was added to each tube.

7-AAD (Immunotech, Marseille, FR) was used to determine viability, and the final product
was characterized for expression of CD3, CD8 (Invitrogen, Camarillo, CA), CD4, and CD19
(BD Biosciences, San Jose, CA). The untransduced control cells were assessed in the same
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way. Stained cells were acquired with a BD FacsCanto Il (BD Biosciences, San Jose, CA)
and analyzed with FlowJo (Treestar Inc, Ashland, OR).

Quality control analysis and PCR for testing replication competent retrovirus (RCR)

The final product was evaluated for sterility, endotoxin and mycoplasma following standard
operation procedures optimized and validated in our institution according to regulatory
agencies standards. For RCR-PCR 1% of final product was centrifuged and resulting pellet
frozen at -80°C. Total DNA was extracted using Qiagen-QlAamp DNA Blood Midi Kit
(Qiagen, Valencia, CA); content and purity of the extracted DNA were evaluated by
NanoDrop Spectrophotometer. 500 ng of DNA was used for each PCR reaction, using the
following primers (IDT, Coralville, 1A): hActin FWD: 5- ACA CTG TGC CCA TCT ACG
AGG -3 hActin REV: 5- AGG GGC CGG ACT CGT CAT ACT -3 GALV FWD: 5- ACC
ACA GGC GAC AGACTT TT -3 GALV REV: 5- TGA GAC AGC CTCTCT TTT AGT
CCT -3.

As negative control DEPC water was used and a GALV plasmid from Lofstrand (Rockville,
MD) as positive control.

Each PCR reaction was set up as follows: 25 pl of HotStarTag Master Mix (2X) (Qiagen,
Valencia, CA), 5 pl of each primer from a 10X working solution at 4 uM and brought to the
final volume of reaction of 50 pl with DEPC water.

The reaction was run on a DNA Engine (BioRad, Hercules, CA) with the following
program: a) 95° C for 15/, b) 94° C for 1, c) 70° C for 30”7, d) 72° C for 1, repeat from b) to
d) 30 times and final 72° C for 5’. PCR product was run on electrophoresis gel.

Cytotoxicity assays

Anti-CD19-CAR T cells were incubated at various effector-to-target (E:T) ratios with
5000 51Cr labeled targets in 96-well plates. Targets were labeled by incubating them with
100 uCi of 21Cr (Perkin Elmer, Boston, MA) at 37° C for 1 hour then washed three times
with media immediately prior to mixing with effector cells. K562 cells stably transfected
with CD19 (K562-CD19) served as a positive control while K562 cells stably transfected
with nerve growth factor receptor (NGFR) served as a CD19 negative control. Each E: T
ratio for each effector and target pair and all controls were performed in triplicate.
Spontaneous >1Cr release was determined by incubating labeled targets alone while
maximum °1Cr release was determined by adding 100 uL of 0.1 N HCI to labeled targets.
After 4 hours of incubation at 37° C, 25 pL of supernatant from each well was transferred to
corresponding 96-well LumaPlates-96 (Perkin-Elmer, Boston, MA). 51Cr activity in the
supernatant was determined using a Top Count Reader (Packard, Location). Percent
Cytotoxicity was defined by the formula: % Cytotoxicity = [(experimental release) —
(spontaneous release)] + [(maximum release) — (spontaneous release)] x 100.
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Results

Initial selection and activation of CD3+ cells

We performed 3 validation runs after completing the process optimization phase. The
validation was performed using one PBMC product collected by apheresis from one healthy
subject (VR1) and two separate PBMC collections from one patient with B-CLL (VR2 and
VR3). The validation study is summarized in Fig. 1.

During our pre-validation studies, we tested two different methods to activate the T cells:
OKT3 (30ng/ml) and anti-CD3/anti-CD28 paramagnetic beads. We decided to use the anti-
CD3/anti-CD28 paramagnetic beads due to their capability for enriching the culture with
CD3+ cells, avoiding the need for an intermediate selection step. The enrichment process
debulked the PBMC product of CD19+ blasts typical of the patient population to be enrolled
in the clinical study. Moreover, the total fold expansion was much higher in the culture
treated with the anti-CD3/anti-CD28 beads than with OKT3 (data not shown).
Characteristics of the initial PBMC products are shown in Table 1. As shown, the CD3+
content in both apheresis products from the patient with B-CLL was less than that of the
product from the healthy donor (11.4% and 12.9% for the patient products VR2 and VR3
and 49.6% for healthy subject VR1) whereas the CD19+ content in the patient’s samples
was more than 6-fold greater than the basal level of the healthy donor (80.7% for patient
product VR3 and 12.9% for the healthy subject product VR1).

T-cells transduction and expansion

Ondays 2 and 3, T cells were transduced with anti-CD19-CAR vector. During preclinical
development, we tested several conditions to optimize the transduction steps while moving
the process from open plates to bags and removing the spinoculation step with its inherent
risk of bag or plate breakage. We obtained similar results to spinoculation by incubating T
cells in bags with retroviral vector in solution for 24 hours at 37°C, 5% CO, and >90%
humidity (data not shown). We therefore elected to use the latter method of T cell
transduction.

At the completion of transduction on day 4, the cells were evaluated for total nucleated cell
number and viability by manual count and trypan blue exclusion. Based on the TNC count,
T cells were maintained at 0.4x108 TNC/ml in T-cell expansion medium until day 13. On
day 7 and every other day up to the day of harvest the culture was evaluated for TNC count
and viability by manual count and trypan blue exclusion and transduction efficiency (Fig. 2).
The cumulative fold TNC expansion of each of the 3 samples was comparable and similar to
the expansion of the UT CNTR. There was a slight increase at the end of the culture period
in the quantity of TNCs in patient sample VR3 compared with the healthy subject’s sample
(VR1) (Panel A). In contrast, the viability of cells from the healthy subject was greater than
that of the patient’s cells early in the culture period but not at the end of the process.
Towards the end of the process the viability of the healthy subject cells, VR1, decreased
slightly, whereas that of the patient cells remained stable or increased (Panel B). The
transduction efficiency for all the samples ranged from 50% to 80% through the cell
expansion phase, and was similar for healthy subject and patient cells (Panel C). The
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average transduction efficiency was approximately 60% and remained quite stable through
the cell expansion process (Panel D).

Final product characterization

The final products showed a mean fold increase of 10.6 (Supplemental Table 1), a viability
of 70.4% and a transduction efficiency of 68.4%. Therefore, our release criterion for the
viability was set at 60%. All three final products were highly pure, since for all samples
>95% of the cells expressed CD3 (Table 1). Finally, to test whether B-CLL tumor cells can
persist through the manufacturing process, we evaluated the final products from 1 patient
and 1 healthy subject for the presence of CD19+ cells and did not find a significant quantity
of CD19+ cells in either product (Table 1). Bacterial and fungal cultures performed on all 3
final products showed no growth and PCR analysis of the products for mycoplasma was
negative. In addition, analysis of the products for replication competent retrovirus (RCR) by
PCR, using the GaLV envelope as target sequence was negative (Fig. 3).

In vitro cytotoxicity studies of anti-CD19-CAR T cells

To test the functionality of the final product we performed cytotoxic T lymphocyte (CTL)
assays against the CD19+ ALL cell lines, NALM6, REH, SEM, and KOPN8. CD19-CAR T
cells generated from two separate manufacturing runs of the B-CLL patient (VR2 and VR3)
were incubated for 4 hours with 51Cr labeled targets. K562 cells stably transfected with the
CD19 antigen or the nerve growth factor receptor (NGFR) served as positive and negative
controls, respectively. Manufactured anti-CD19-CAR T cells were able to kill their targets
in a CD19-specific manner (Fig. 4, Panel A and C). More impressively, very high levels of
cytotoxicity were appreciated even at very low effector-to-target (E:T) ratios. In contrast, the
corresponding untransduced controls demonstrated little cytotoxicity (Figure 4, Panel B and
D). Therefore, anti-CD19-CAR T cells generated from patient apheresis have the potential
for significant and specific in vivo lysis of ALL blasts.

Stability of the final product

To test the stability of the final products, we determined cell recovery, viability and
transduction efficiency in both fresh and cryopreserved products. Final fresh products were
evaluated after 3 hours (T=3) of storage at room temperature at a concentration of 2.5x10%
TNC/mL in infusion medium, compared to the moment of the final suspension of the
product in infusion medium (T=0) (Figure 5). All products were stable in terms of number
(Panel A), (TNC at T=0 was set as 100%), viability (Panel B) and transduction efficiency
(Panel C).

Final cryopreserved products were evaluated immediately after thawing from storage under
liquid nitrogen and resuspending in infusion medium (T=0), and after 3 hours of room
temperature storage (T=3). The TNC recovery at T=0 was similar to the precryopreservation
TNC, but after 3 hours of post-thaw storage cell loss was significant (approximately 20%)
(Figure 6, Panel A). In contrast, viability was stable after 3 hours, with only a slight
decrease from T=0 (80% at T=0 vs. 70% at T=3) (Panel B). It is noteworthy that the
transduction efficiency increased after thawing and remained stable after 3 hours of post-
thaw storage at room temperature (Panel C).
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Clinical product characterization

Finally, to prove the robustness of our method, we monitored fold expansion, viability and
transduction efficiency of four clinical products derived from as many ALL patients. Cells
were processed as described; harvest was performed on Day 11 of culture. The four final
products showed a median fold increase of 21 (Supplemental Figure 1), a viability of 87.5%
and a transduction efficiency of 39.6%. All four final products were highly pure, since for
all samples =95% of the cells expressed CD3. In addition, to test whether tumor cells can
persist through the manufacturing process, we evaluated the final products for the presence
of CD19+ cells and did not find a significant quantity of CD19+ cells in the products
(<0.5%). Bacterial and fungal cultures performed showed no growth and mycoplasma
testing was negative. In addition, analysis of the products for replication competent
retrovirus (RCR) by PCR, using the GaLV envelope as target sequence was negative.

Discussion

Adoptive immunotherapy represents a safe and promising treatment for patients with B cell
leukemia and lymphomas who fail standard therapy. There are several potential adoptive
cellular therapies that can be used to treat cancer. The specificity of polyclonal T cells can
be reassigned by gene transfer of either peptide-specific high affinity T cell receptors
(TCRs) or CARs. Promising clinical results with genetically engineered high affinity TCRs
have been achieved in melanoma patients [23], however CAR-based methods offer several
advantages over the transfer of TCRs. CARs, like monoclonal antibodies, don’t rely on
MHC molecules for the recognition of target cells, so a single receptor can be used to treat
patients with any HLA type. Moreover, one of the immune evasion strategies exhibited by
tumors is the down-regulation of MHC molecule expression and/or the deregulation of
antigen-presentation machinery, but CARs are not affected by this strategy because they
bind directly to native proteins expressed on the target cell’s surface. Finally, CARs can also
recognize non-protein antigens unlike TCRs [24].

CD19 currently represents the ideal molecule to target B cell malignancies for adoptive
immunotherapy; its expression is restrictively limited to normal and malignant B cells and
not expressed by other normal cells, including pluripotent hematopoietic stem cells [15-17].
The depletion of all CD19-expressing cells has been shown not to be a lethal condition [25].
Several clinical trials with CAR-expressing T cells targeting tumor cells including anti-
CD19-CAR have reported very promising preliminary clinical results [18-20]. This therapy
has, however, been associated with prolonged depletion of B cells [26].

Most CAR clinical trials have typically used gammaretrovirus- or lentivirus-based vectors
which stably express the CAR constructs in T cells. Gammaretroviruses have shown
acceptable efficacy for expressing CARs in T lymphocytes and have proved to be safe
[27-28].

Previous studies using retroviral anti-CD19-CAR vectors have transduced cells in open
systems using flasks, spinoculation and soluble anti-CD3 for T cell stimulation and feeder
cells for T cell expansion [29]. Other studies have used bags, spinoculation and anti-CD3/
anti-CD28 beads for T cell stimulation and expansion. Spinoculation is a procedure that
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facilitates gene transfer by cocentrifugation of target T cells with viral vector stocks, and it
has been part of processes for gene transfer to improve transduction efficiency. However, in
a GMP compliant setting, the removal of spinoculation from the manufacture process offers
several advantages, reducing time and labor, and more important possible contamination of
products due to the use of open systems or breakage of containers. The process we have
optimized and validated in the present study is able to achieve high transduction efficiencies
without the need of spinoculation, representing an advantage compared to previous
described processes. We also confirmed what has been previously showed by other groups
that the anti-CD3/anti-CD28 beads can be used to enrich PBMC apheresis products for
CD3+ cells. This T cell enrichment is able to initiate culture with a higher purity starting
material even in patients with high concentrations of circulating malignant B cells.

The results of stability testing of the final product showed that fresh products maintained
their characteristics even after 3 hours from final preparation in infusing medium. Stability
of the final products after a freeze/thaw cycle was less encouraging. Cryopreserved cells
should also be effective, but the product might have to be infused immediately after it is
thawed because after 3 hours of post-thaw room temperature storage the cell recovery and
viability were lower. This is an important point to consider if in the future CAR therapies
will be available as “off the shelf” drugs, but further testing and optimizations may be
needed.

A limitation of our validation study was the unavailability of PBMCs from patients with
hematologic disease, our experience was based mainly on normal subjects and two PBMC
products from a B-CLL patient. The feasibility and consistency of the optimized procedure
was evaluated once we manufactured the first clinical products. Four anti-CD19-CAR T
cells were generated from as many ALL patients and final results were similar to validation
runs. In particular, with the exception of one technical failure, the other three showed high
transduction efficiency, high fold increase and viability. Based on these facts, we are
confident that the behavior shown by cultures in this study will be similar for other samples,
although some inter-donor variability likely will be observed.

Conclusion

We have developed a simplified semi-closed system for the initial selection, activation,
transduction and expansion of T cells, using anti-CD3/anti-CD28 beads (for selection/
activation) and bags (as vessel), to produce autologous anti-CD19-CAR-transduced T cells,
without the tedious step of spinoculation. We consider our simplified process an easy and
scalable platform that should also be effective for the production of other CAR T cells that
make use of gammaretroviral vectors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

ALL Acute Lymphoblastic Leukemia

B-CLL B-cell Chronic Lymphoblastic Leukemia

CAR Chimeric Antigen Receptor

CTL Cytotoxic T Lymphocyte

DEPC DiEthylPyroCarbonate

E:T Effector to Target

FEP Fluorinated Ethylene Propylene

GMP good manufacture practice

HBSS Hank’s Balanced Salt Solution

HSA Human Serum Albumin

IL-2 InterLeukine 2

MHC Major Histocompatibility Complex

MPC Magnetic Particles Concentrator

MSGV1 Mouse Stemcell Virus-based Gamma-retroviral Vectorl

NGFR Nerve Growth Factor Receptor

PBMC peripheral blood mononuclear cell

PBS Phosphate Buffer Solution

RCR Replication Competent Retrovirus

REV Reverse

SBVPF Surgery Branch, NCI, NIH Vector Production Facility

TCR T Cell Receptor

TNC Total Nucleated Cells

UT CNTR UnTransduced Control

VR Validation Run

7-AAD 7-AminoActinomycin D
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Figure 1.

Scheme of the manufacturing process. On day 0, the apheresis product was incubated with
anti-CD3/anti-CD28 paramagnetic Dynabeads at a ratio of beads:CD3+ cells of 3:1. The
suspension of cells and beads was then exposed to a magnet (ClinExVivo MPC) to select the
CD3+ cell fraction. The selected cells were washed and resuspended in initiation medium,
with low IL-2 concentration. After 2 days of culture the cells and beads were added to
culture bags (Permalife) that had been treated with RetroNectin and loaded with anti-CD19
CAR viral vector and incubated for at least 24 hours. The transduction step was repeated the
day after and then the cells and beads were transferred to new culture bags and were
expanded for 9 more days. At the completion of the cell expansion, the beads were removed
and discarded with the ClinExVivo MPC magnet and the cells were washed and prepared
for the infusion.

CD3/CD28 Dynabeads
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Figure 2.
Viability, expansion and transduction efficiency of cultured T cells.

Panel A) The cumulative fold expansion of T cells isolated from one healthy donor PBMCs
concentrate (VR1) and two different PBMCs concentrates from a B-CLL patient (VR2 and
VR3). The average expansion of untransduced control T cells is also shown (UT). Panel B)
The viability of cultured transduced T cells from a healthy donor (VR1) and two different
PBMCs concentrates from a B-CLL patient (VR2 and VR3). The average viability of
untransduced control T cells is also shown (UT). Panel C) The transduction efficiency on
days 7, 9, and 13 of cultured transduced T cells from a healthy donor (VR1) and two
different PBMCs concentrates from a B-CLL patient (VR2 and VR3). The transduction
efficiency of untransduced control T cells is also shown (UT), to assess the staining
specificity. Panel D) The average transduction efficiency on days 7, 9, and 13 for the three
validation runs. The transduction efficiency of untransduced control T cells is also shown
(UT), to assess the staining specificity.

Cytotherapy. Author manuscript; available in PMC 2014 August 22.



1duosnue Joyny vd-HIN 1duosnue N Joyny vd-HIN

1duosnuel Joyiny vd-HIN

Tumaini et al. Page 15

BES UL UL ™ NEG ur ut = ; POS POS

CNTR CNTR L CNTR  CNTR  CNTR CNTR CNTR

Figure 3.
RCR PCR results. 500 ng of DNA from each sample were used for each PCR reaction, using

either Actin primers (Panel A) at a final concentration of 0,4 uM (FWD: 5- ACA CTG TGC
CCA TCT ACG AGG -3; REV: 5- AGG GGC CGG ACT CGT CAT ACT -3) as a positive
control or GalV primers (Panel B) at a final concentration of 0,4 pM (FWD: 5- ACC ACA
GGC GAC AGACTT TT -3; GALV REV: 5- TGA GAC AGC CTC TCT TTT AGT CCT
-3). As negative control DEPC water was used instead of DNA. As a positive control a
GALYV plasmid was used instead of the sample’s DNA. PCR products were run on
electrophoresis gel.

Cytotherapy. Author manuscript; available in PMC 2014 August 22.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Tumaini et al.

>

- NALME
1009 = KOPNB

== REH
—— SEM
-6- K562-CD19
=== K562-NGFR

ETRatio

% Cyfotoxicity

(g}

—_—— T = NALMB

1001 -=- KOPN8
—— REH
—— SEM
-e- K562-CD19
504

-8 K562-NGFR

% Cytotoxicity

E:T Ratio

Figure4.

% Cytotoxicity

o

% Cytotoxicity

~e= NALME
80 -8 KOPN3
—— REH

= SEM

s = K$62.CD19
=8~ KS62-NGFR
20
o4
N ~ N

o= NALM6

1004 -=- KOPN8

-~ REH
=~ SEM
-8~ K562-CD19

-8~ K562-NGFR
&%—

N N N N
© & K “

E:TRatio

Page 16

In vitro activity of manufactured anti-CD19-CAR T cells. Anti-CD19-CAR transduced T
cells (Panels A and C) generated from two different apheresis from the same B-cell CLL
patient, VR2 (Panel A) and VR3 (Panel C), kill CD19+ ALL cell lines (NALM6, KOPNS,
REH, SEM) and the positive control, K562-CD19, but not the CD19 negative targets, K562-
NGFR. Percent cytotoxicity is shown at various effector-to-target (E:T) ratios. In contrast,
cells prepared in similar manner but not transduced with the CAR have little non-specific
cytotoxicity (Panels B and D, VR2 and VR3 respectively).
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Figure5.
Stability of harvested anti-CD19-CAR transduced T cells after 3 hours of room temperature

storage. The average viable cells recovery (panel A), cell viability (panel B) and
transduction efficiency (panel C) of three products (VR1, VR2 and VR3) immediately after
harvest and after 3 hours of storage in infusion medium at room temperature are shown,
together with the data from the correspondent untransduced controls (UT).
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Figure®6.
Stability of harvested anti-CD19-CAR transduced T cells that had been cryopreserved and

thawed. The average viable cells recovery (panel A), cell viability (panel B) and
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uT

transduction efficiency (panel C) of three products (VR1, VR2 and VR3) immediately after
thawing and after 3 hours of storage at room temperature are shown, together with the data
from the correspondent untransduced controls (UT).
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Table 1
Characteristics of the apheresis and final anti-CD19-CAR products: one from a healthy subject and two from a
patient with B-CLL

Apheresis Products Final Products

Healthy Patient Patient Healthy Patient Patient
Donor VR2 VR3 Donor VR2 VR3
VR1(%) (%) (%)  VRL(%) (%) (%)

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

CD3+ 49.6 11.4 12.9 95.0 98.2 99.7
CD3+ CD4+ 32.1 NT 6.5 38.4 NT 66.1
CD3+ CD8+ 15.9 NT 55 43.8 31.0 31.9

CD19+ 12.9 NT 80.7 0.3 NT 0.0

CD56+ 8.2 0.9 11 0.1 NT 0.1

NT = not tested
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