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Background: Virus-specific T cells (VSTs) are an attractive cell therapy platform for the
delivery of tumor-targeted transgenic receptors. However, manufacturing with
conventional methods may require several weeks and intensive handling. Here we
evaluated the feasibility and timelines when combining IFN-g cytokine capture (CC) with
retroviral transduction for the generation of T cell receptor (TCR) and CD8ab (TCR8)
transgenic VSTs to simultaneously target several viral and tumor antigens in a
single product.

Methods: Healthy donor peripheral blood mononuclear cells were stimulated with
cytomegalovirus (CMV) and Epstein-Barr-Virus (EBV) peptide mixtures derived from
immunogenic viral proteins, followed by CC bead selection. After 3 days in culture, cells
were transduced with a retroviral vector encoding four genes (a survivin-specific abTCR
and CD8ab). TCR8-transgenic or control VSTs were expanded and characterized for their
phenotype, specificity and anti-viral and anti-tumor functions.

Results: CC selected cells were efficiently transduced with TCR8. Average fold
expansion was 269-fold in 10 days, and cells contained a high proportion of CD8+ T
central memory cells. TCR8+ VSTs simultaneously expressed native anti-viral and
transgenic anti-survivin TCRs on their cell surface. Both control and TCR8+ VSTs
produced cytokines to and killed viral targets, while tumor targets were only recognized
and killed by TCR8+ VSTs.

Conclusions: IFN-g cytokine capture selects and activates CMV and EBV-specific
memory precursor CD8+ T cells that can be efficiently gene-modified by retroviral
transduction and rapidly ex vivo expanded. Our multi-specific T cells are polyfunctional
and recognize and kill viral and leukemic targets expressing the cognate antigens.
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INTRODUCTION

Adoptive transfer of virus specific T cells (VSTs) rapidly restores
antiviral immunity and prevents or treats viral infections after
allogeneic hematopoietic stem cell transplantation (HSCT) (1).
VSTs are both safe and effective when manufactured from the
original stem cell donor or from unrelated partially HLA matched
third party healthy donors (1, 2), setting the stage for their use as a
cellular therapy platform for the delivery of engineered receptors
targeting tumor-associated antigens (recently reviewed in (3)).
Indeed, leukemia targeted chimeric antigen receptors (CARs) such
as CD19-CARs in B-cell acute lymphoblastic leukemia (B-ALL) or
T cell receptors (TCRs) targeting Wilms Tumor 1 (WT1) or the
minor histocompatibility antigen HA-1H in acute myeloid
leukemia (AML) have been expressed in VSTs and infused to
patients post-transplant (4–9). Safety and some efficacy was
demonstrated with CD19-CAR-modified VSTs produced from
the stem cell donor (4–6), while feasibility and efficacy with TCR-
modified VSTs was variable among studies (7, 8).

Manufacturing of engineered VSTs is challenging and operator
intensive. Certain steps are performed in open systems such as
flow cytometry-based sorting (7), or require knowledge of the
targeted epitope such as streptamer-selection (8). Other processes
require live Epstein Barr Virus (EBV) for the generation of
autologous lymphoblastoid cell lines (4–6), several types of viral
vectors for the transduction of antigen presenting cells and
transduction of VSTs (3, 6), and prolonged ex vivo culture over
several weeks (4–7).

For broader applicability of such multi-antigen targeted
therapies, the complexity of the production processes needs to
be reduced (recently reviewed in (10)). Here, we investigated at
small scale if Interferon-g (IFN-g) cytokine capture (CC) selected
virus-specific memory T cells from healthy donors are sufficiently
enriched and activated to directly proceed to retroviral
transduction introducing an HLA-A*02:01 restricted survivin
targeted TCR (11) in combination with CD8ab (TCR8) to
redirect VSTs to a broad tumor-associated antigen (12, 13). We
have previously demonstrated that the incorporation of CD8ab as
a transgene restores anti-viral activity of TCR transgenic VSTs,
and redirects CD4+ T cells to the class I restricted cognate antigen
(12, 13). CC is attractive because it is compatible with fully closed
production of VSTs independently of donor HLA and can select T
cells with diverse TCR repertoires recognizing various
immunogenic epitopes (14–16). Now we show that enrichment
and activation of anti-viral memory T cells by CC followed by
retroviral transduction reduces manufacturing time by 7-10 days,
reduces the overall complexity of the process, and yields cells with
simultaneous anti-viral and anti-tumor activity.
MATERIALS AND METHODS

Cell Lines
BV173 and K562 cell lines were obtained from the German Cell
Culture Collection (DSMZ) or the American Type Culture
Collection (ATCC), respectively, and maintained in complete
Frontiers in Immunology | www.frontiersin.org 2
RPMI 1640 media (Hyclone, Thermo Scientific) supplemented
with 10% or 20% fetal bovine serum (FBS, Hyclone), 1%
penicillin-streptomycin (Gibco) and 1% glutamax (Gibco) (13).
293T cells (ATCC) were maintained in complete IMDM media
(Hyclone) containing 10% FBS, 1% penicillin-streptomycin, and
1% glutamax.

Healthy Donor Buffy Coats
Buffy coats from CMV seropositive de-identified healthy human
volunteers were procured from the Gulf Coast Regional Blood
Center (Houston, TX, USA). HLA-A2 status was determined by
FACS analysis and HLA-A2 positive donors were selected for
the experiments.

Generation of Retroviral Vectors and
Supernatant
The design of the retroviral vector encoding the survivin-specific
(s24) TCR and CD8ab has been described previously
(Figure 1A) (11–13). Retroviral supernatant was prepared by
transient co-transfection of 293T cells with RD114 and Pegpam
plasmids and the SFG vector containing the genes of
interest (11).

Generation of Gene Modified Virus-
Specific T Cells Using IFN-g Cytokine
Capture and Retroviral Transduction
PBMCs were isolated from buffy coats using density gradient
centrifugation by Lymphoprep (Accurate Chemical and
Scientific Corporation), resuspended in T cell complete media
(1:1 mixture of RPMI 1640 and Click’s media, Hyclone,
supplemented with 10% FBS, Hyclone, 1% penicillin-
streptomycin, 1% glutamax) and rested overnight at 37°C (107

PBMCs per 2 ml in complete media/well in 24-well plate). After
incubation, PBMCs were stimulated with a mixture of CMV and
EBV pepmixes (CMV pp65, CMV IE1, EBV LMP2, EBV BZLF1,
EBV EBNA, 1 mg/ml, all from JPT Technologies) and HLA-
A*02:01 restricted immunodominant peptides (CMV pp65
derived NLV: NLVPMVATV, immediate early EBV BRLF1-
derived YVL: YVLDHLIVV, early EBV BMLF1-derived GLC, 1
mg/ml, all from Genemed Synthesis) for 6 h at 37°C. The
combination of pepmixes and peptides was chosen based on
antigen expression patterns of CMV and EBV infection in the
post-transplant period (1). IFN-g secreting cells were isolated
using the IFN-g secretion assay-cell enrichment kit (Miltenyi
Biotech, #130-054-202) according to the manufacturer’s
recommendations (Figure 1B). IFN-g secreting cells were
plated in complete media with IL7 (10 ng/mL, R&D Systems),
IL15 (10 ng/mL, R&D Systems) and IL21 (30 ng/mL, R&D
Systems), and the irradiated IFN-g-negative fraction (30 Gy)
was used as a feeder layer (0.02-0.5 x106 IFN-g captured cells per
0.5 x106 feeder cells per well in 24-well plate). After 3 days, IFN-g
cytokine captured VSTs were harvested and transduced with
retroviral supernatant encoding the survivin-specific abTCR and
CD8ab (TCR8, Figure 1A) on retronectin coated plates or
exposed to retronectin coated plates without viral particles (for
non-transduced VSTs). VSTs were expanded for 5-7 days in the
April 2022 | Volume 13 | Article 830021
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presence of cytokines IL7 (10 ng/mL, R&D Systems), IL15 (10
ng/mL, R&D Systems) and IL21 (30 ng/mL, R&D Systems). A
second stimulation (S2) was performed to evaluate the further
expansion potential of the engineered VSTs. S2 was performed
with CMV/EBV pepmix/peptide and HLA-A*02:01 restricted
survivin peptide LMLGEFLKL (the cognate antigen of the
transgenic TCR, Genemed synthesis) pulsed irradiated (40 Gy)
autologous activated T cells (previously activated on OKT3/anti-
CD28 coated plates) and irradiated (100 Gy) K562cs cells (K562
cells engineered to express CD80, CD83, CD86, 41BBL and
CD32) at a ratio of 1:1:5 (Figure 1B) in G-Rex gas permeable
culture devices (WilsonWolf, Saint Paul, USA) as previously
described (17).

Immunophenotyping
For evaluation of cell surface marker expression, cells were
stained with FITC-, phycoerythrin (PE-), allophycocyanin
(APC), V450-, PerCP, APC-AF750 or Krome orange-
conjugated antibodies (Abs) against CD4, CD8, CD45RO,
CD62L, CCR7, CD45RA, CD56, TCRgd, CD271, CD19, 7-
AAD (BD Biosciences), murine TCRb constant region
(ebiosciences), NLV pentamer (Proimmune) or survivin LML
dextramer (Immudex) for 30 min at 4°C. The degranulation
assay was performed as described previously (13). Briefly, VSTs
(106) were treated with golgi-plug/brefeldin A (Invitrogen) and
CD107a/b VioBlue (BD Biosciences) followed by appropriate
Frontiers in Immunology | www.frontiersin.org 3
stimulations: CMV/EBV specific viral pepmixes or single peptide
(pp65, IE1, LMP2, BZLF1, EBNA1, GLC, 1 mg/ml), survivin-
specific LML peptide, viral pepmixes/peptide plus LML peptide,
PMA (25 ng/ml)/Ionomycin (1 mg/ml) or control Influenza
matrix protein GIL (GILGFVFTL, Genemed synthesis) peptide
(negative control) for 4 h at 37°C. Intracellular staining (ICS) was
performed using anti-human IFN-g-FITC and TNF-a-PE (BD
Biosciences) antibodies. The samples were acquired on a FACS
Canto with BD FACSDiva software, and analysis was performed
using FlowJo software (Tree Star Inc.).

IFN-g ELISpot
For quantification of IFN-g producing cells by ELISpot, VSTs
(105 per well) were plated in triplicates and stimulated with
individual pepmixes/peptides (1 µg/ml) or cell lines (BV173 or
K562) at 1:1 ratio (105 cells per well) or media alone. Plates were
incubated at 37°C/5% CO2 over-night and developed. Spot
Forming Units (SFUs) were enumerated by ZellNet.

Co-Culture Assay and Cytokine Detection
To determine the anti-tumor function, VSTs and BV173 cells
were co-cultured at E:T ratio of 1:5 without exogenous cytokines.
Supernatants from co-cultures were harvested after 24 h and
were stored at -80°C for cytokine analysis. After 3 days, residual
VSTs and tumor cells were enumerated using CountBright Beads
(Life Technologies) and FACS analysis. Cytokines were
A

B

C

FIGURE 1 | Generation of TCR8 transgenic VSTs by IFN-g cytokine capture and retroviral transduction. (A) Schematic of the retroviral vector containing the survivin-
specific TCR with murine constant regions (mCa, mCb), CD8ab and a truncated selectable marker (DCD271). (B) Steps involved in the production of transgenic
VSTs using IFN-g CC, retroviral transduction and cell expansion. S1: first stimulation, S2: second stimulation (optional). (C) Total yield of IFN-g captured cells from
5x107 PBMCs after immunomagnetic separation, n=8 donors, mean ± SD.
April 2022 | Volume 13 | Article 830021
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quantified in supernatants using the MILLIPLEX Human CD8+
T-cells Magnetic Beads Panel (EMD Millipore) and a Luminex
200 instrument (Luminex).

51Chromium Release Assay
In vitro short-term cytotoxicity of VSTs was assessed using a
standard 51Cr-release assay as described previously (13). Briefly,
autologous activated T cells (targets) were pulsed with the
indicated peptides or pepmixes (1 mg/ml) and labeled with
51Cr for 1 h. VSTs and target cells were incubated at various
ratios for 4 h. For controls, target cells were incubated in media
alone or with 1% triton-X 100 (Sigma-Aldrich) to measure the
spontaneous and the maximum release, respectively. The mean
percentage of specific lysis of triplicate wells was calculated as
follows: [(test counts – spontaneous counts)/(maximum counts
− spontaneous counts)] x100%.

Statistical Analysis
Descriptive statistics was used to summarize the data.
Comparison between groups was made using student’s t-test or
One-Way ANOVA whichever was appropriate. GraphPad prism
6 (GraphPad software, Inc., La Jolla, CA) or higher was used
for statistical analysis. P values <0.05 were considered
statistically significant.
RESULTS

Rapid Generation of Transgenic VSTs by
IFN-g Cytokine Capture and Retroviral
Transduction
To rapidly generate genetically engineered TCR8+ VSTs from
healthy donors, we used the IFN-g cytokine capture selection
system to enrich for CMV and EBV-specific memory T cells
upon peptide stimulation of peripheral blood mononuclear cells,
followed by retroviral transduction. The scheme of the retroviral
vector (Figure 1A) and the cell isolation, transduction and
expansion process (Figure 1B) is shown in Figure 1 and is
fully Good Manufacturing Practice (GMP) laboratory
compatible. The average yield of IFN-g secreting VSTs from
50x106 PBMCs was 0.15x106 (range 3.13x104 – 2.2x106, n=8,
Figure 1C). VSTs isolated by IFN-g CC were sufficiently
activated by the isolation to directly proceed to retroviral
transduction on day 3 (TCR8+ vs NT VSTs, %mTCR+ cells;
66±9% vs 0.8±0.4%, p<0.0001, mean±SD, n=8) (Figure 2A).
TCR8+ VSTs efficiently bound the survivin-specific dextramer
compared to non-transduced (NT) VSTs (TCR8+ vs NT VSTs,
%mTCR+Dex+; 42±7% vs 0.3±0.4%, p<0.0001, mean±SD, n=8,
Figure 2A). Both, TCR8+ and NT VST lines were enriched in
NLV+ cells (TCR8+ vs NT VSTs; 18±15.8% vs 28±27%, mean
±SD, p=ns, n=5), based on NLV-pentamer staining that is used
to detect CMV specific cells within the product (Figure 2B).
Non-transduced and TCR8+ VSTs expanded well with
comparable fold expansions after first (S1) (NT: 294±267-fold,
TCR8+: 269±285-fold) and second (S2) (NT: 6284±6646-fold,
Frontiers in Immunology | www.frontiersin.org 4
TCR8+: 5877±6682-fold) stimulation respectively (mean±SD,
n=5, Figure 2C). Phenotypically, both NT and TCR8+ VSTs
consisted predominantly of CD3+CD8+ T cells (NT: 95±3%,
TCR8+: 93±3%, mean±SD, n=8) with low percentages of CD3+
CD4+ T cells (NT: 3±3%, TCR8+: 1±1%, mean±SD, n=8)
(Figure 2D). We found a complete absence of NK cells (CD3-
CD56+) and TCRgd+ T cells in our products. However, TCR8+
VSTs contained slightly increased frequencies of CD3+CD56+
activated T cells as compared to NT VSTs (NT vs TCR8+: 0±0 vs
10±10%, p=ns, n=8) (Figure 2E). The memory subset
distribution in the CD3+CD8+ compartment revealed high
proportions of central memory T cells (TCM) in both, NT and
TCR8+ VSTs (NT vs TCR8+, naïve (TN) 1.9±1.9% vs 2.5±2.7%,
TCM; 75±18% vs 81±12%, effector memory (TEM) 22±18% vs 16±
11%, terminally differentiated (TEMRA) 0.8±1.2% vs 0.7±0.9%,
p=ns, n=6) (Figure 2F). Thus, we show that the combination of
IFN-g capture and retroviral transduction can rapidly generate
engineered T cell products with simultaneous anti-viral and anti-
tumor specificities that are highly enriched in CD8+ TCM cells.

IFN-g Capture TCR8+ VSTs React Against
the Targeted Viral and Tumor Antigens
Next, we assessed antigen specific function of NT and TCR8+
VSTs by IFN-g ELISPOT and intracellular cytokine staining
(ICS). As expected, TCR8+ but not NT VSTs produced IFN-g
in response to the cognate survivin peptide (LML) or the HLA-
A*02:01+survivin+ leukemia cell line BV173, targeted by the
transgenic TCR (IFN-g SFCs NT vs TCR8+ VSTs; LML: 7.0±3.7
vs 577±268, p=0.003; BV173: 71.5±122 vs 925±246 p<0.0001,
n=6, mean±SD) (Figure 3A, top left). Importantly, both NT and
TCR8+ VSTs showed comparable anti-viral reactivities against
CMV (pp65 and IE1 pepmix) and EBV (LMP2, EBNA1 and
BZLF1 pepmixes, GLC and YVL peptides) antigens, while a small
but significant reduction in NLV reactivity was observed with
TCR8+ VSTs (Figure 3A). These results were corroborated by
ICS where we found similar degranulation (CD107a/b), IFN-g
and TNF-a levels in NT and TCR8+ VSTs in response to viral
antigens (Figure 3B). Again, the survivin derived LML peptide
was only recognized by TCR8+ but not NT VSTs. Thus, IFN-g
capture TCR8+ VSTs are specific for and reactive against both
the targeted tumor and viral antigens, and anti-viral reactivities
are not altered by the transduction and forced expression
of TCR8.

IFN-g capture TCR8+ VSTs Kill Viral and
Tumor Targets in vitro
We next evaluated the cytotoxicity of NT and TCR8+ VSTs in
co-cultures and in a 4-hour 51Chromium-release assay. When we
co-cultured NT or TCR8+ VSTs with HLA-A*02:01+survivin+
BV173 leukemia cells, we observed significant killing of target
cells by TCR8+ but not NT VSTs (residual tumor cell count NT
vs TCR8+: 2.3±0.6x106 vs 0.04±0.07x106, p=0.0004, mean±SD,
n=6) (Figure 4A, left). No difference in the VST counts at the
end of the co-cultures was seen (Figure 4A, right). We also
analyzed cytokine secretion and lytic granules present in the co-
April 2022 | Volume 13 | Article 830021
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A
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FIGURE 2 | Phenotypic characterization and fold expansion of TCR8+ VSTs. (A) Representative FACS plots (left) and summary (right) of transduction efficiencies
(mTCRb, CD271) and transgenic TCR specificity [LML dextramer (Dex)]. NT: non-transduced. NT vs TCR8+, mean ± SD, ****p <0.0001, n=8 in both.
(B) Representative FACS plots (left) and summary (right) of CMV-specific T cells in NT and TCR8+ VSTs. NT vs TCR8+, mean ± SD, n=5, p=ns. Dot color indicates
individual donors. (C) Fold expansion of NT (open circles) and TCR8+ (blue circles) VSTs after first (S1) and second (S2) stimulation. (D) Distribution of CD4+ and
CD8+ T cells, representative FACS plots (left) and summary (right) (gated on total live cells), mean ± SD, n=5. (E) Analysis of NK cells (CD56+CD3-), activated T cells
(CD56+CD3+), or TCRgd T cells (TCRgd+CD3+) in NT and TCR8+ VSTs. Representative FACS plots (left) and summary (right) (gated on total live cells), mean ± SD,
n=5. (F) Representative FACS plot (top) and summary (bottom) (gated on live CD3+CD8+ T cells) of memory phenotype of VSTs: naïve (TN), central memory (TCM),
effector memory (TEM) and terminally differentiated (TEMRA) subsets characterized in NT and TCR8+ VSTs based on CD45RO and CD62L staining, n=5, mean ± SD.
ns, not significant.
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culture supernatant 24 hours after tumor challenge. TCR8+
VSTs produced significant amounts of TH1 cytokines including
IFN-g, TNF-a and IL-10 (NT vs TCR8+ VSTs: IFN-g; 0.9±1.0 vs
8.1±4.0 ng/ml, p=0.017, TNF-a; 0.02±0.01 vs 1.2±0.9 ng/ml,
p=0.017, IL-10; 0.3±0.2 vs 2.8±2.1 ng/ml, p=0.028, mean±SD,
n=6) and cytolytic granules (GZMB NT vs TCR8+: 2.7±1.5 vs
6.8±4.0 ng/ml, p=0.02, mean±SD, n=6) (Figure 4B). We
Frontiers in Immunology | www.frontiersin.org 6
detected GZMA and perforin release into the supernatant of
NT VSTs even though no cytotoxicity was observed. In a
4-hour 51Chromium-release cytotoxicity assay, we found that
activated autologous T cells pulsed with viral peptides were
efficiently lysed by both, NT and TCR8+ VSTs at various E:T
ratios, while un-pulsed targets were not killed (Figure 4C, mean
±SD, n=3 donors, each plated in technical triplicates). HLA-
A

B

FIGURE 3 | TCR8+ VSTs are multi-antigen specific for survivin and viral (CMV and EBV) antigens. (A) NT or TCR8+ VSTs after S1 were stimulated with viral (CMV
and EBV) pepmixes/peptides, survivin peptide, or leukemia cell lines (BV173: HLA-A2*02:01+survivin+ or K562: HLA-A2-) for 24 h and IFN-g spot forming cells (SFC)
were measured by ELISPOT, n=6, mean ± SD: NT vs TCR8+, LML peptide: **p=0.003, BV173: ****p<0.0001, NLV peptide: *p=0.035, pp65, IE1, LMP2, BZLF,
EBNA1, GLC peptide, YVL peptide: mean ± SD, p=ns, n=6. (B) NT or TCR8+ VSTs were stimulated with viral pepmixes, LML peptide, viral pepmixes plus LML
peptide, PMA/Ionomycin (25 ng/ml) or irrelevant influenza GIL peptide (negative control) for 4 h and stained for degranulation (CD107a/b) and intracellular IFN-g and
TNF-a followed by FACS analysis. The percentage of cells expressing CD107a/b+/IFNg+ (top left), CD107a/b+/TNFa+ (top middle) and (CD107a/b+/IFNg+/TNFa+
(polyfunctional, top right) are shown. Dots, mean ± SD, n=3 donors. Representative FACS plots are shown on the bottom (gated on total live cells, then gated on
CD107a/b+ cells) for NT (left) and TCR8 (right). ns, not significant.
April 2022 | Volume 13 | Article 830021
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A*02:01+survivin+ BV173 leukemia cells were only killed by
TCR8+ but not NT VSTs. Donor heterogeneity with regards to
CMV and/or EBV reactivity was high, as illustrated in
Figure 4D. For example, anti-viral specificity from donor #9
Frontiers in Immunology | www.frontiersin.org 7
was almost exclusively directed against EBV and not against
CMV, while the other two evaluated donors showed
simultaneous responses against both viruses. The anti-leukemic
activity conferred by the transgenic TCR was much more
A

B

D

C

FIGURE 4 | TCR8+ VSTs are cytotoxic in vitro against the cognate viral and tumor targets. (A) Co-culture of NT or TCR8+ VSTs with BV173 leukemia cells (HLA-
A2*02:01+survivin+); E:T ratio 1:5. Residual BV173 cells (left) or VSTs (right) quantified by FACS on day 3, NT vs TCR8+, mean ± SD, Tumor cells: ***p=0.0004;
VSTs: p=ns; n=6. (B) Cytokine quantification in supernatants after 24 hours of coculture, NT vs TCR8+, mean ± SD, IFN-g, TNF-a, Granzyme (Gzm) B, GM-CSF, IL-
10 and IL-4: *p<0.05, n=6. (C) Percent specific lysis of peptide/pepmix pulsed or unpulsed activated autologous T cells or BV173 cells by NT or TCR8+ VSTs in a 4-
hour 51Cr-release assay at E:T ratios of 40:1, 20:1, 10:1, 5:1, mean ± SD, n=4. (D) Summary of percent specific lysis at E:T 10:1 ratio depicting individual donors
(colored dots). NT vs TCR8+, mean ± SD, NLV peptide, CMV pooled, EBV pooled: p=ns; BV173 cells: *p=0.01, n=3, paired t-test. ns, not significant.
April 2022 | Volume 13 | Article 830021
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consistent across donors. Thus, we demonstrate that TCR8+
VSTs generated with our approach are cytotoxic and functional
against both viral and tumor targets.
DISCUSSION

Here we present an approach for the rapid generation of engineered
human T cells with simultaneous anti-viral and anti-tumor activity
(Figure 5). With the IFN-g cytokine capture system we efficiently
enriched and activated anti-viral memory CD8+ T cells that were
directly amenable for retroviral transduction, significantly reducing
the complexity of manufacturing compared to previously
established processes. Transgenic co-expression of the CD8ab co-
receptor with the tumor targeted TCR ensured sufficient co-receptor
availability for both endogenous anti-viral and transgenic anti-
tumor TCRs. T cells generated with our approach efficiently
recognized and killed both viral and tumor targets.

Our approach has significant advantages over other established
processes for the production of engineered VSTs and allows
considering moving to a semi-automated closed process. The
most important advantages are that (1) no live virus is necessary
for the production of lymphoblastoid cell lines, (2) viral antigen
presentation and T cell activation is achieved with peptide pulsing of
peripheral blood mononuclear cells and no additional generation of
antigen presenting cells is necessary, (3) a one-step procedure is
sufficient for T cell selection and activation that allows to directly
proceed to gene-modification after a short culture period, (4)
selection is performed with magnetic columns and does not
require flow cytometry-based sorting, and importantly (5) the
approach significantly reduces manufacturing time as well as the
number of manipulations needed for product generation. IFN-g
captured VSTs can be potentially modified using non-viral gene
delivery systems such as transposons or CRISPR/Cas9, that are
more versatile and cost-effective (18). In addition, we plan to upscale
the approach and reduce the need for open manufacturing steps.
For example, cytokine capture as well as gene modification and cell
expansion could be adapted to the capabilities of an automated
FIGURE 5 | Schematic overview of transgenic virus-specific T cell manufacturing and
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closed manufacturing platform such as for example the CliniMACS
Prodigy system (16, 19).

Nevertheless, we also identified some disadvantages, which
include in our hands (1) the almost exclusive enrichment for
CD8+ T cells, and (2) a high donor variability in T cell yield after
the CC selection procedure. In fact, virus-specific CD4+ T cells play
a key role in the development of long-lasting antiviral immunity by
potentiating cytotoxic CD8+ T cell responses, by providing help to
B cells for efficient and long-lasting antibody responses, and by
direct cytotoxic effects (20–22). Upon adoptive transfer of VSTs to
immunocompromised patients after HSCT, the CD4+ T cell
compartment was instrumental for the development of long-
lasting viral control (23). The lack of CD4+ T cell enrichment in
our study may be due to the fact that our stimulation with the viral
pepmixes was performed over 6 hours only, compared to previous
literature where the stimulation lasted 16 hours (14, 24), a factor
that needs to be evaluated in the future. The high variability in viral
antigen-specific cell frequency is consistent with previous
observations (14, 16, 24) and confirms the fact that circulating
anti-viral memory T cell frequency varies over a broad range in
different individuals.

VSTs are an interesting cell therapy platform for the
development of allogeneic off-the shelf engineered T cell
therapies. Several academic clinical trials have demonstrated safety
and efficacy in controlling viral infections in immunocompromised
patients after solid organ transplant or allogeneic HSCT with the
infusion of third-party donor derived banked VSTs in partially HLA
matched settings (25–30). Third party VST cell therapy is now on
the way to commercialization. Because VSTs express a viral antigen
restricted TCR repertoire, they did not produce significant graft-
versus host disease in infused patients across studies. However, in
vivo persistence was shorter when compared to VSTs derived from
HLA matched donors [recently reviewed in (3)] indicating
significant rejection by host T or NK cells. Recently, additional
engineering strategies have been developed to confer resistance to
rejection to the gene-modified VSTs (31, 32) which further
enhances potential future applicability as a more general cell
therapy platform.
functional evaluation.
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In summary, we show that manufacturing of gene-engineered
VSTs can be simplified and shortened by combining IFN-g cytokine
capture and retroviral transduction. Our process is scalable,
amenable to the use of non-viral gene delivery systems, and yields
highly multifunctional T cells with both anti-viral and anti-tumor
activity. Clinical translation of our approach can be envisioned in a
clinical trial with the goal to prevent or treat viral infection and
malignant relapse in patients after allogeneic stem cell transplant.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors upon reasonable request.
ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.
Frontiers in Immunology | www.frontiersin.org 9
AUTHOR CONTRIBUTIONS

GB designed research, performed experiments, analyzed, and
interpreted results and wrote the manuscript. CA designed
research, supervised the entire study, analyzed and interpreted
results and wrote the manuscript. Both authors contributed to
the article and approved the submitted version.
FUNDING

The work was supported by a Leukemia & Lymphoma Society
Translational Research Program Grant (6490-16), the Lausanne
University Hospital (CHUV) and the University of Lausanne,
Switzerland, all to CA.
ACKNOWLEDGMENTS

We thank members of the Center for Cell and Gene Therapy at
Baylor College of Medicine and the Ludwig Lausanne Branch at the
University of Lausanne for helpful discussions and suggestions. We
thank Cynthia Perez for critical reading of the manuscript.
REFERENCES

1. Bollard CM, Heslop HE. T Cells for Viral Infections After Allogeneic
Hematopoietic Stem Cell Transplant. Blood (2016) 127(26):3331–40. doi:
10.1182/blood-2016-01-628982

2. O'Reilly RJ, Prockop S, Hasan A, Doubrovina E. Therapeutic Advantages
Provided by Banked Virus-Specific T-Cells of Defined HLA-Restriction. Bone
Marrow Transplant (2019) 54(Suppl 2):759–64. doi: 10.1038/s41409-019-
0614-1

3. Perez C, Gruber I, Arber C. Off-The-Shelf Allogeneic T Cell Therapies for
Cancer: Opportunities and Challenges Using Naturally Occuring “Universal”
Donor T Cells. Front Immunol (2020) 11:583716. doi: 10.3389/
fimmu.2020.583716

4. Cruz CR, Micklethwaite KP, Savoldo B, Ramos CA, Lam S, Ku S, et al.
Infusion of Donor-Derived CD19-Redirected Virus-Specific T Cells for B-Cell
Malignancies Relapsed After Allogeneic Stem Cell Transplant: A Phase 1
Study. Blood (2013) 122(17):2965–73. doi: 10.1182/blood-2013-06-506741

5. Rossig C, Pule M, Altvater B, Saiagh S, Wright G, Ghorashian S, et al.
Vaccination to Improve the Persistence of CD19CAR Gene-Modified T Cells
in Relapsed Pediatric Acute Lymphoblastic Leukemia. Leukemia (2017) 31
(5):1087–95. doi: 10.1038/leu.2017.39

6. Lapteva N, Gilbert M, Diaconu I, Rollins LA, Al-Sabbagh M, Naik S, et al. T-
Cell Receptor Stimulation Enhances the Expansion and Function of CD19
Chimeric Antigen Receptor-Expressing T Cells. Clin Cancer Res (2019) 25
(24):7340–50. doi: 10.1158/1078-0432.CCR-18-3199

7. Chapuis AG, Egan DN, Bar M, Schmitt TM, McAfee MS, Paulson KG, et al. T
Cell Receptor Gene Therapy Targeting WT1 Prevents Acute Myeloid
Leukemia Relapse Post-Transplant. Nat Med (2019) 25(7):1064–72. doi:
10.1038/s41591-019-0472-9

8. van Balen P, Jedema I, van Loenen MM, de Boer R, van Egmond HM,
Hagedoorn RS, et al. HA-1h T-Cell Receptor Gene Transfer to Redirect Virus-
Specific T Cells for Treatment of Hematological Malignancies After
Allogeneic Stem Cell Transplantation: A Phase 1 Clinical Study. Front
Immunol (2020) 11:1804. doi: 10.3389/fimmu.2020.01804

9. Campillo-Davo D, Anguille S, Lion E. Trial Watch: Adoptive TCR-
Engineered T-Cell Immunotherapy for Acute Myeloid Leukemia. Cancers
(Basel) (2021) 13(18). doi: 10.3390/cancers13184519
10. Abou-El-Enein M, Elsallab M, Feldman SA, Fesnak AD, Heslop HE, Marks P,
et al. Scalable Manufacturing of CAR T Cells for Cancer Immunotherapy.
Blood Cancer Discov (2021) 2(5):408–22. doi: 10.1158/2643-3230.BCD-21-
0084

11. Arber C, Feng X, Abhyankar H, Romero E, Wu MF, Heslop HE, et al.
Survivin-Specific T Cell Receptor Targets Tumor But Not T Cells. J Clin Invest
(2015) 125(1):157–68. doi: 10.1172/JCI75876

12. Rath JA, Bajwa G, Carreres B, Hoyer E, Gruber I, Martinez-Paniagua MA,
et al. Single-Cell Transcriptomics Identifies Multiple Pathways Underlying
Antitumor Function of TCR- and CD8alphabeta-Engineered Human CD4(+)
T Cells. Sci Adv (2020) 6(27):eaaz7809. doi: 10.1126/sciadv.aaz7809

13. Bajwa G, Lanz I, Cardenas M, Brenner MK, Arber C. Transgenic
CD8alphabeta Co-Receptor Rescues Endogenous TCR Function in TCR-
Transgenic Virus-Specific T Cells. J Immunother Cancer (2020) 8(2):e001487.
doi: 10.1136/jitc-2020-001487

14. Feuchtinger T, Opherk K, Bethge WA, Topp MS, Schuster FR, Weissinger
EM, et al. Adoptive Transfer of Pp65-Specific T Cells for the Treatment of
Chemorefractory Cytomegalovirus Disease or Reactivation After
Haploidentical and Matched Unrelated Stem Cell Transplantation. Blood
(2010) 116(20):4360–7. doi: 10.1182/blood-2010-01-262089

15. Priesner C, Esser R, Tischer S, Marburger M, Aleksandrova K, Maecker-
Kolhoff B, et al. Comparative Analysis of Clinical-Scale IFN-Gamma-Positive
T-Cell Enrichment Using Partially and Fully Integrated Platforms. Front
Immunol (2016) 7:393. doi: 10.3389/fimmu.2016.00393

16. Kim N, Nam YS, Im KI, Lim JY, Jeon YW, Song Y, et al. Robust Production of
Cytomegalovirus Pp65-Specific T Cells Using a Fully Automated IFN-Gamma
Cytokine Capture System. Transfus Med Hemother (2018) 45(1):13–22. doi:
10.1159/000479238

17. Ngo MC, Ando J, Leen AM, Ennamuri S, Lapteva N, Vera JF, et al.
Complementation of Antigen-Presenting Cells to Generate T Lymphocytes
With Broad Target Specificity. J Immunother (2014) 37(4):193–203. doi:
10.1097/CJI.0000000000000014

18. Irving M, Lanitis E, Migliorini D, Ivics Z, Guedan S. Choosing the Right Tool
for Genetic Engineering: Clinical Lessons From Chimeric Antigen Receptor-T
Cells. Hum Gene Ther (2021) 32(19-20):1044–58. doi: 10.1089/hum.2021.173

19. Joedicke JJ, Grosskinsky U, Gerlach K, Kunkele A, Hopken UE, Rehm A.
Accelerating Clinical-Scale Production of BCMA CAR T Cells With Defined
April 2022 | Volume 13 | Article 830021

https://doi.org/10.1182/blood-2016-01-628982
https://doi.org/10.1038/s41409-019-0614-1
https://doi.org/10.1038/s41409-019-0614-1
https://doi.org/10.3389/fimmu.2020.583716
https://doi.org/10.3389/fimmu.2020.583716
https://doi.org/10.1182/blood-2013-06-506741
https://doi.org/10.1038/leu.2017.39
https://doi.org/10.1158/1078-0432.CCR-18-3199
https://doi.org/10.1038/s41591-019-0472-9
https://doi.org/10.3389/fimmu.2020.01804
https://doi.org/10.3390/cancers13184519
https://doi.org/10.1158/2643-3230.BCD-21-0084
https://doi.org/10.1158/2643-3230.BCD-21-0084
https://doi.org/10.1172/JCI75876
https://doi.org/10.1126/sciadv.aaz7809
https://doi.org/10.1136/jitc-2020-001487
https://doi.org/10.1182/blood-2010-01-262089
https://doi.org/10.3389/fimmu.2016.00393
https://doi.org/10.1159/000479238
https://doi.org/10.1097/CJI.0000000000000014
https://doi.org/10.1089/hum.2021.173
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Bajwa and Arber Rapid Transgenic VSTs for Leukemia
Maturation Stages. Mol Ther Methods Clin Dev (2022) 24:181–98. doi:
10.1016/j.omtm.2021.12.005

20. Novy P, Quigley M, Huang X, Yang Y. CD4 T Cells are Required for CD8 T
Cell Survival During Both Primary and Memory Recall Responses. J Immunol
(2007) 179(12):8243–51. doi: 10.4049/jimmunol.179.12.8243

21. Pourgheysari B, Piper KP, McLarnon A, Arrazi J, Bruton R, Clark F, et al.
Early Reconstitution of Effector Memory CD4+ CMV-Specific T Cells
Protects Against CMV Reactivation Following Allogeneic SCT. Bone
Marrow Transplant (2009) 43(11):853–61. doi: 10.1038/bmt.2008.403

22. Swain SL, McKinstry KK, Strutt TM. Expanding Roles for CD4(+) T Cells in
Immunity to Viruses. Nat Rev Immunol (2012) 12(2):136–48. doi: 10.1038/
nri3152

23. Walter EA, Greenberg PD, Gilbert MJ, Finch RJ, Watanabe KS, Thomas ED,
et al. Reconstitution of Cellular Immunity Against Cytomegalovirus in
Recipients of Allogeneic Bone Marrow by Transfer of T-Cell Clones From
the Donor. N Engl J Med (1995) 333(16):1038–44. doi: 10.1056/
NEJM199510193331603

24. Rauser G, Einsele H, Sinzger C, Wernet D, Kuntz G, Assenmacher M, et al.
Rapid Generation of Combined CMV-Specific CD4+ and CD8+ T-Cell Lines
for Adoptive Transfer Into Recipients of Allogeneic Stem Cell Transplants.
Blood (2004) 103(9):3565–72. doi: 10.1182/blood-2003-09-3056

25. Haque T, Wilkie GM, Jones MM, Higgins CD, Urquhart G, Wingate P, et al.
Allogeneic Cytotoxic T-Cell Therapy for EBV-Positive Posttransplantation
Lymphoproliferative Disease: Results of a Phase 2 Multicenter Clinical Trial.
Blood (2007) 110(4):1123–31. doi: 10.1182/blood-2006-12-063008

26. Leen AM, Bollard CM, Mendizabal AM, Shpall EJ, Szabolcs P, Antin JH, et al.
Multicenter Study of Banked Third-Party Virus-Specific T Cells to Treat
Severe Viral Infections After Hematopoietic Stem Cell Transplantation. Blood
(2013) 121(26):5113–23. doi: 10.1182/blood-2013-02-486324

27. Withers B, Blyth E, Clancy LE, Yong A, Fraser C, Burgess J, et al. Long-Term
Control of Recurrent or Refractory Viral Infections After Allogeneic HSCT
With Third-Party Virus-Specific T Cells. Blood Adv (2017) 1(24):2193–205.
doi: 10.1182/bloodadvances.2017010223

28. Withers B, Clancy L, Burgess J, Simms R, Brown R, Micklethwaite K, et al.
Establishment and Operation of a Third-Party Virus-Specific T Cell Bank
Frontiers in Immunology | www.frontiersin.org 10
Within an Allogeneic Stem Cell Transplant Program. Biol Blood Marrow
Transplant (2018) 24(12):2433–42. doi: 10.1016/j.bbmt.2018.08.024

29. Tzannou I, Watanabe A, Naik S, Daum R, Kuvalekar M, Leung KS, et al.
"Mini" Bank of Only 8 Donors Supplies CMV-Directed T Cells to Diverse
Rec ip ien ts . Blood Adv (2019) 3(17) :2571–80 . doi : 10 :1182/
bloodadvances201900

30. Prockop S, Doubrovina E, Suser S, Heller G, Barker J, Dahi P, et al. Off-The-
Shelf EBV-Specific T Cell Immunotherapy for Rituximab-Refractory EBV-
Associated Lymphoma Following Transplantation. J Clin Invest (2020) 130
(2):733–47. doi: 10.1172/JCI121127

31. Quach DH, Becerra-Dominguez L, Rouce RH, Rooney CM. A Strategy to
Protect Off-the-Shelf Cell Therapy Products Using Virus-Specific T-Cells
Engineered to Eliminate Alloreactive T-Cells. J Transl Med (2019) 17(1):240.
doi: 10.1186/s12967-019-1988-y

32. Mo F, Watanabe N, McKenna MK, Hicks MJ, Srinivasan M, Gomes-Silva D,
et al. Engineered Off-the-Shelf Therapeutic T Cells Resist Host Immune
Rejection. Nat Biotechnol (2021) 39(1):56–63. doi: 10.1038/s41587-020-0601-5

Conflict of Interest: CA and GB receive licensing fees from Immatics. GB is a
current employee of Immatics. CA has patents and pending patent applications in
the field of engineered T-cell therapies. GB has pending patent applications in the
field of engineered T cell therapies.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Bajwa and Arber. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
April 2022 | Volume 13 | Article 830021

https://doi.org/10.1016/j.omtm.2021.12.005
https://doi.org/10.4049/jimmunol.179.12.8243
https://doi.org/10.1038/bmt.2008.403
https://doi.org/10.1038/nri3152
https://doi.org/10.1038/nri3152
https://doi.org/10.1056/NEJM199510193331603
https://doi.org/10.1056/NEJM199510193331603
https://doi.org/10.1182/blood-2003-09-3056
https://doi.org/10.1182/blood-2006-12-063008
https://doi.org/10.1182/blood-2013-02-486324
https://doi.org/10.1182/bloodadvances.2017010223
https://doi.org/10.1016/j.bbmt.2018.08.024
https://doi.org/10:1182/bloodadvances201900
https://doi.org/10:1182/bloodadvances201900
https://doi.org/10.1172/JCI121127
https://doi.org/10.1186/s12967-019-1988-y
https://doi.org/10.1038/s41587-020-0601-5
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Rapid Generation of TCR and CD8αβ Transgenic Virus Specific T Cells for Immunotherapy of Leukemia
	Introduction
	Materials and Methods
	Cell Lines
	Healthy Donor Buffy Coats
	Generation of Retroviral Vectors and Supernatant
	Generation of Gene Modified Virus-Specific T Cells Using IFN-&gamma; Cytokine Capture and Retroviral Transduction
	Immunophenotyping
	IFN-&gamma; ELISpot
	Co-Culture Assay and Cytokine Detection
	51Chromium Release Assay
	Statistical Analysis

	Results
	Rapid Generation of Transgenic VSTs by IFN-&gamma; Cytokine Capture and Retroviral Transduction
	IFN-&gamma; Capture TCR8+ VSTs React Against the Targeted Viral and Tumor Antigens
	IFN-&gamma; capture TCR8+ VSTs Kill Viral and Tumor Targets in vitro

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


