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Abstract
The observation that T cells can recognize and specifically eliminate cancer cells has spurred interest
in the development of efficient methods to generate large numbers of T cells with specificity for
tumor antigens that can be harnessed for use in cancer therapy. Recent studies have demonstrated
that during encounter with tumor antigen, the signals delivered to T cells by professional antigen
presenting cells can affect T cell programming and their subsequent therapeutic efficacy. This has
stimulated efforts to develop artificial antigen presenting cells that allow optimal control over the
signals provided to T cells. In this review, we will discuss the advantages and disadvantages of
cellular and acellular artificial antigen presenting cell systems and their use in T cell adoptive
immunotherapy for cancer.
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Introduction
T cells provide protective immunity to pathogens, and it is increasingly apparent that T cells
specific for antigens expressed on malignant cells can be isolated or engineered from cancer
patients, and used to treat established malignancy 1-3. Efforts to amplify the T cell response to
tumors in patients have focused primarily on two approaches - in vitro isolation, expansion
and adoptive transfer of tumor-reactive T cells and immunization of the patient to elicit or
expand tumor-specific T cells in vivo 4-6. Recent work has shown that the signals that T cells
receive from antigen presenting cells (APC) during and after their initial encounter with tumor
antigens can influence their programming and subsequent therapeutic efficacy 7. The inability
to regulate exactly the signals and interactions provided by naturally occurring APC has spurred
interest in the use of artificial antigen presenting cells (AAPC) to provide greater control over
T cell signaling and facilitate the generation of optimally effective T cells for adoptive
immunotherapy.

Effective adoptive T cell immunotherapy of cancer requires the isolation or enrichment of T
cells specific for tumor-associated antigens (TAA), and their expansion in vitro or in vivo after
transfer to numbers sufficient to mediate a therapeutic effect. Expanded T cells must migrate
to tumor sites, mediate effector functions that induce tumor cell death, and ideally establish a
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reservoir of long-lived memory T cells to provide immune surveillance and prevent relapse.
AAPC have been shown to be particularly useful for deriving and expanding T cells for
immunotherapy, and one can envision that AAPC systems could be employed to induce desired
migration, effector function, and programming of cells to establish durable T cell memory.
Here, we review advances in AAPC development that could be exploited to facilitate adoptive
T cell therapy of cancer.

Current Approaches For Isolation of Tumor-Reactive T Cells
Naturally occurring CD8+ T cells specific for peptide epitopes in TAA are with the notable
exception of malignant melanoma and some EBV-associated malignancies, present at low
frequency and their isolation and expansion from the blood or from tumor infiltrates is
cumbersome and fraught with technical difficulties. The most successful efforts in cancer
immunotherapy have isolated melanoma-reactive T cells from infiltrates of surgically resected
tumor samples where such T cells are locally enriched 2,8. Culturing tumor explants in high
doses of interleukin 2 (IL-2) alone can result in the outgrowth of tumor-reactive T cells that
presumably have received a T cell receptor (TCR) signal from antigen expressed by the tumor
cells in the culture 8. This approach is constrained by the requirement for surgically excised
tumor, which is not always readily available. Other groups have focused on isolating T cells
from the peripheral blood of cancer patients using autologous dendritic cells prepared from
monocytes and pulsed with tumor antigen(s) as APC 9. This approach is also often
unsuccessful, and depending on the tumor antigen and the mode of antigen delivery to the APC,
can yield T cells that express a TCR with low avidity for the TAA and are unable to recognize
tumor cells. A novel alternative approach involves the use of MHC-streptamers, which are
multimerized MHC/peptide complexes that reversibly bind in an antigen-specific manner to
TCRs, and allowing magnetic bead for flow sorting isolation and enrichment of even rare T
cells specific for a defined antigen 10. This strategy has many potential advantages including
the ability to incorporate other phenotypic markers during cell selection that may be indicative
of function, capacity for in vivo persistence, and/or migration. However, MHC streptamers are
only available for a few TAA, and this methodology has so far been largely used for isolating
T cells specific for viral antigens for immunotherapy in immunodeficient stem cell transplant
patients.

Recent improvements in gene transduction technologies have allowed the generation of tumor-
reactive T cells by engineering polyclonal T cells to express a TAA-specific TCR or chimeric
antigen receptor to impart them with tumor specificity, rather than using techniques that require
antigen presentation for enrichment of a desired T cell. However, an important issue to consider
in the design of TCR gene transfer for clinical applications is that the introduced TCR α or β
chains can mispair with endogenous TCR chains and result in autoreactive specificities and
toxicity as recently demonstrated in a murine study 11.

All of the current techniques described above to isolate or engineer tumor-reactive T cells for
adoptive therapy have limitations, and this has led to the exploration of AAPC, both for the
initial activation of antigen-specific T cells and for their subsequent expansion. The
development of AAPC has potential advantages in that these systems can theoretically be
designed to optimize and precisely control the delivery of signals required for T cell activation
and expansion, including interactions between MHC/peptide complexes and the TCR, and
adhesion, costimulatory and cytokine signals. Much of this work has focused on in vitro
isolation and expansion of T cells for adoptive therapy, although recent work suggests that
AAPC may have applications in vivo for priming or boosting antigen-specific T cell responses.
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Cell-Based Artificial APC Systems
Cellular AAPC have been derived from primary or transformed human or xenogeneic cells
that are engineered using retroviral or lentiviral transduction to introduce molecules that
provide the necessary TCR, costimulatory, and adhesion events required for immune synapse
formation. This strategy can allow stringent control of the delivery of the many positive and
negative signals to T cells during their interaction with APC (Figure 1), and cytokines can be
introduced into the culture media or produced by transfected AAPC to promote T cell
proliferation. One major concern is that cellular AAPC can also present deleterious or negative
regulatory signals, although siRNA and zinc finger nucleases could be used to knock down
negative regulatory signals and further amplify the T cell stimulatory capacity of AAPC. An
advantage of cellular AAPC is that once generated, the cell lines can be qualified and banked
and provide a long-term readily accessible source of reagent to use for T cell generation or
expansion, without the need to prepare autologous APC or feeder cells that are often required
with other T cell culture methods 12.

Allogeneic AAPC
K562 cells are a human erythroleukemia cell line that was derived from a patient with CML
in blast crisis, and have been developed as AAPC for both non-specific and specific activation
and expansion of human T cells (Figure 2). K562 do not express endogenous HLA A, B or DR
molecules, which limits their ability to induce allogeneic T cell proliferation, but do express
ICAM-1 and LFA-3 needed to form an effective immune synapse 12-14. When transduced with
the human Fc receptors CD32 and CD64, K562 cells can bind and present αCD3 and αCD28
monoclonal antibodies, allowing them to induce non-specific proliferation of T cells 14,15. This
approach could be used to expand polyclonal T cells selected by other means for antigen
specificity, thus generating an antigen-specific T cell product for immunotherapy 10,16,17. The
T cell proliferation induced with K562 AAPC is robust despite their expression of the negative
regulatory molecules, PD-L1, PDL2 and B7-H3. K562 cells have been transduced with a
variety of costimulatory molecules to further augment signaling, including CD40, CD40L,
CD70, CD80, CD83, CD86, ICOSL, GITRL, 4-1BBL and OX40L, which has facilitated
dissection of the contributions of each of these molecules to T cell proliferation, and their
potential utility in ex vivo CD8+ T cell expansion 13,18. For example, CD8+ T cells stimulated
with K562 cells coated with αCD3 mAb and transduced to express 4-1BBL proliferated better
and maintained better viability in culture compared to those stimulated with K562 coated with
αCD3/αCD28 or αCD3/αCD28 beads 15. K562 cells also express surface IL-15Rα and secrete
IL-15, which might contribute to their ability to maintain viability of CD8+ T cells in long term
culture, compared to bead-based APCs 18.

In more recent work, K562 have been transduced with HLA-A*0201 and HLA-DR*0401 to
allow presentation of exogenously loaded peptide antigens, or endogenously processed
antigens introduced by transfection 13,18,19. Preliminary studies have shown that CD8+ T cells
specific for HLA-A*0201-restricted epitopes from Mart-1 and influenza matrix protein (FMP)
could be generated after stimulation of CD8+ T cells with K562 cells transduced with HLA-
A*0201, CD80, CD83 and Mart-1- or FMP-expressing minigenes 20. K562 cells transduced
to express a truncated CD19 molecule have also been used to expand CD8+ T cells that were
modified to express a CD19 chimeric antigen receptor that consists of a single chain Fv (scFv)
specific for CD19 linked to T cell receptor signaling molecules. The K562 AAPC were more
effective in inducing T cell growth than an OKT3-based rapid expansion protocol that used
large numbers of CD19+ LCL and PBMC as feeder cells, which may indicate the need to have
control over the signal strength delivered to T cells 21.

Other allogeneic tumor cell lines have also been transduced with HLA and costimulatory
molecules, or with cytokines such as GM-CSF or IL-12, and investigated as AAPC to present
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uncharacterized TAA 22,23. This approach has been investigated in detail as a strategy for
vaccination in murine models to correct deficiencies in TAA presentation by tumor cells or to
amplify cross presentation of TAA by DC, and has been reviewed in detail elsewhere 22-26.

Xenogeneic AAPC
One of the earliest cell based AAPC systems used Drosophila melanogaster cells that were
transduced to stably express murine or human MHC and costimulatory molecules, exogenously
loaded with peptide TAA, and used to induce proliferation of murine and human cells 27-29.
Drosophila based AAPC do not process and present endogenous antigens on the introduced
MHC molecules, which limits their use for studies in which processing of antigen is required
such as the expansion of uncharacterized TAA-reactive T cells for adoptive immunotherapy
27,28. However, the inability of Drosophila cells to process endogenous antigens protects
against the induction of xenoreactivity. The Drosophila AAPC system was used to derive and
expand melanoma-reactive T cells for a clinical study of adoptive T cell therapy in melanoma
patients 29. Drosophila-derived artificial APC transduced with HLA-A*0201 and pulsed with
a tyrosinase peptide were used to expand tyrosinase specific CD8+ T cells to up to 5×108 cells
for infusion into melanoma patients. Modest clinical responses and no evidence of clinically
significant xenoreactivity were noted 29. However, there are significant drawbacks with
Drosophila APCs, particularly their inability to survive in culture at 37°C and to stimulate
CD8+ T cell proliferation in the absence of PBMC feeder support 28,29.

Murine NIH/3T3 fibroblasts transduced to express MHC and costimulatory molecules have
been used to study T cell-APC interactions in mice and humans, and appear to be more
promising candidates than Drosophila AAPC for expanding human CD8+ T cells for adoptive
immunotherapy 14,30. Unlike Drosophila AAPC, NIH/3T3 cells present endogenously
processed antigens, and can therefore stimulate CD8+ T cell responses to both exogenously
loaded and transfected antigen 14,30-32. NIH/3T3 have been transduced with a gene encoding
a viral or tumor antigen and with human HLA-A2, CD80, ICAM-1, and LFA-3, and these
AAPC successfully stimulated T cells specific for influenza, CMV, and for the hTERT and
WT1 TAA. Moreover, TAA-reactive CD8+ T cells expanded ∼1 × 105 fold after five in vitro
stimulations with NIH/3T3 AAPC 14,31,32. Similarly, NIH/3T3 AAPC that were transduced
to express CD80, 4-1BBL and cell surface PSMA were effective in expanding human T cells
transduced to express a PSMA-specific chimeric antigen receptor, and the resulting T cells
were effective in treating PSMA-positive tumors in a humanized mouse model 33. In
comparative studies NIH/3T3 were more efficient than Drosophila AAPC, and as efficient as
autologous adherent PBMC and EBV-transformed B cells for CD8+ T cell expansion, without
the requirement for adding feeder cells to the culture system 31. To broaden applicability, NIH/
3T3 cells have been transduced to express a number of human HLA molecules to provide a
panel of AAPC that can be used to derive T cells for immunotherapy depending on the HLA
type of the patient 31,34.

Synthetic or Exosomal Artificial APC Systems
The concept of utilizing AAPC for in vitro T cell expansion stemmed from the initial
observation that T cells could be induced to proliferate independently of cognate antigen by
stimulation with mitogenic αCD3 to provide a TCR signal, and αCD28 to provide
costimulation. CD8+ T cell proliferation induced by αCD3 and αCD28 required stabilization
of the Fc portion of each mAb, either by Fc receptors or by immobilization onto solid phase
surfaces, such as tissue culture plates. Although robust proliferation could be achieved after
culture of T cells with αCD3 and αCD28 coated plates, the interaction between T cell and the
synthetic surface did not closely mimic the events occurring in a natural immune synapse,
which was a perceived disadvantage when compared with cell based AAPC systems. However,
efforts to improve the dynamics of acellular systems have included the development of bead-
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based AAPC, and the incorporation of ligands into liposomes and supported planar membrane
structures 35-38.

Polystyrene beads as artificial APC for non-specific T cell expansion
The development of mono-disperse spherical polymer beads to which protein could be non-
specifically bound heralded a new era in AAPC technology 37. Polystyrene beads between 5-6
μm in diameter, manufactured under stringent conditions that resulted in uniformity of size
and composition, were found to be the optimal size for stimulation of T cells compared to those
of smaller dimensions; and once coated with αCD3 allowed the delivery of an antigen-
independent signal to polyclonal T cells in a format considered to more closely approximate
an immune synapse than solid phase planar systems. In addition to stimulation of the TCR
signaling pathway through CD3, costimulatory or inhibitory signals can be provided by
covalently binding agonistic or antagonistic ligands and/or antibodies to the beads (Figure 3A).
Latex beads can be manufactured to allow delivery of defined signals, enabling excellent
control of delivered signals compared to cell-based AAPC 39,40. This approach has successfully
been exploited in multiple studies to investigate the signals involved in the T cell response to
TCR ligation and to expand T cells for in vitro and in vivo use in patients 41,42.

Clinical studies of adoptive immunotherapy have used αCD3/αCD28 paramagnetic bead-based
AAPC to expand autologous CD3+ T cells, which were then infused into individuals with non-
Hodgkin's lymphoma or CML after autologous CD34+ selected hematopoietic stem cell
transplantation (HSCT) 43,44. The beads were efficiently removed by magnetic depletion
before infusion. Robust in vitro T cell expansion was observed and although antitumor
responses were noted in both studies, it was difficult to determine the contribution of the infused
T cells because the patients also received cytotoxic conditioning. CD3+ T cells from an
allogeneic stem cell transplant donor have also been expanded with αCD3/αCD28 beads and
infused in doses of 1 × 106 – 1 × 108 CD3+ cells/kg to post transplant patients that had relapsed
with hematologic malignancies after allogeneic transplant 45. The CD4:CD8 T cell ratio
remained constant during the expansion and a mean of 113 +/- 26.3 fold expansion was
achieved during a 12 day culture. Clinical responses were encouraging but could not be directly
ascribed to the activated donor leukocyte infusions (DLI) as all patients also received
conventional DLI and many received chemotherapy prior to DLI.

An interesting clinical application utilized αCD3/αCD28 beads for expanding T cells from
leukapheresis products prepared from multiple myeloma patients shortly after immunization
against Streptococcus pneumoniae, followed by infusion of the expanded cells early after
autologous HSCT 46,47. The procedure resulted in rapid CD4+ and CD8+ T cell recovery after
HSCT and augmented specific immunity to pneumococcal antigen. However, significant
toxicity was noted as cell infusion early after HSCT resulted in a syndrome similar to
autologous graft versus host disease, with more extensive tissue injury appearing with earlier
T cell infusion 46,47. It is possible that the autoimmunity was due to T cell infusion in a
lymphopenic setting, although a contribution of the bead expansion to altering the threshold
for T cell signaling to self-antigen could not be excluded.

Polystyrene beads as artificial APC for antigen-specific T cell expansion
Bead-based AAPC have been endowed with antigen specificity by coating the bead with MHC-
peptide single chain construct dimers or tetramers (Figure 3B). Such antigen-specific beads
were used successfully to stimulate murine ova-specific CD8+ T cells and tumor-reactive T
cells specific for the melanoma antigen TRP-2 48,49. A similar approach was used to expand
human HA-1-specific CD8+ T cells and to generate IL-13Rα2-specific CD8+ T cells to target
glioma cells 40,50,51. An improvement that circumvents the need to coat the bead with
preformed MHC-peptide single chain dimers is to bind dimeric HLA-A2-immunoglobulin
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fusion molecules to the bead, which can then be loaded exogenously with peptide antigen. This
strategy was combined with bound αCD28 to provide costimulation and effectively expanded
antigen-specific T cells ex vivo 52. Human Mart-1-specific CD8+ T cells expanded using this
approach were adoptively transferred to NOD/SCID mice with melanoma xenografts and
exhibited equivalent antitumor activity as T cells expanded using peptide-pulsed MoDC 53.
HLA-Ig AAPC also generated a higher percentage of polyfunctional influenza virus-specific
T cells compared with T cells derived by stimulation with autologous MoDC 54. This data is
encouraging in view of the observation that the induction of polyfunctional T cells correlates
with effective immunization 55,56, but the mechanisms responsible for programming of
polyfunctional responses require additional study, and it is uncertain whether such T cells
derived by AAPC stimulation will be more effective for adoptive immunotherapy of cancer.

Limitations of polystyrene beads as artificial APC
Bead-based AAPC can provide good control of signal delivery, but the approach has several
limitations. The interactions between T cells and beads are not identical to those between T
cells and a natural APC or cell based AAPC, and signals provided by surface-bound antibodies
are not identical to those provided by natural ligands presented in a lipid bilayer. Spherical
beads are also incapable of the dynamic remodeling that is established at the immune synapse
between professional APC and T cells. The expansion and viability of T cells can also be a
problem with bead-based culture systems. Early studies found that CD8+ T cells expanded
with αCD3/αCD28 beads less well than their CD4+ counterparts, and the viability of CD8+ T
cells was poor after long periods of in vitro culture 18,57. Substitution of 4-1BBL costimulation
for αCD28 resulted in a marked improvement in the expansion and survival of CD8+ T cells,
which illustrates the need for a better understanding of the signaling requirements needed to
program T cells for survival after adoptive therapy 18. In the case of antigen-specific beads,
HLA-Ig molecules are not currently available for all HLA alleles, although a panel of beads
coated with HLA molecules present at high frequency in a given population could be
constructed and enable coverage of a large percentage of the population with an ‘off the shelf’
antigen-specific artificial APC system 58. Another limitation is that antigens presented by latex
beads are not processed and presented to a responding T cell, mandating that the target TAA
must be known and provided in a processed form. The incorporation of additional signaling
molecules requires purification of recombinant protein and linking the protein to the bead,
which is often more difficult than transfecting cell-based AAPC. Control of local release of
cytokines is also difficult in bead-based AAPC systems, although efforts have been made to
overcome this limitation by manufacturing poly(lactide-co-glycolide) (PLGA) beads
incorporating encapsulated cytokine delivery systems 59,60. Despite these limitations, bead
based AAPC are being evaluated for expanding T cells for adoptive therapy and analysis of
the persistence and function of such T cells in vivo will assist in improving this methodology
for future clinical applications.

Lipid Vesicles and Exosomes
The importance of mobility of molecules that participate in an immune synapse between a
natural APC and a T cell has been recognized as a critical component in efficient TCR signaling,
and antigen presentation by exosomes, liposomes and other lipid preparations might represent
a means to recapitulate this in an artificial setting.

Lipid vesicles comprised of cholesterol and phosphatidylcholine have been used primarily in
vitro as tools to study molecular interactions at cell membrane surfaces and have not yet been
aggressively explored as AAPC for deriving T cells for adoptive immunotherapy 61. However,
the concept that an engineered lipid surface could improve immune synapse formation is
attractive, and recent studies have begun to evaluate such reagents as AAPC.
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Immunosomes are comprised of virus-like particles (VLPs) that have budded from lipid rafts
of HEK293 cells infected with Moloney murine leukemia virus 62. By modifying the scFv of
OKT3 and T cell costimulatory ligands with GPI anchors to allow localization to lipid raft-
based VLPs, and transducing them into HEK293, immunosomes were obtained that
nonspecifically stimulated T cells in vitro 62. Antigen-specific T cells could be induced by
substituting the OKT3 scFv with H2Kb and a minigene encoding a peptide antigen. Despite
the cumbersome nature of the engineering to produce these AAPC, it highlights a new approach
to generating better immune synapse formation. Other studies have approached this problem
by using GM1 liposomes bound with cholera toxin B and neutravidin to anchor αCD3, αCD28,
and LFA-1 to stimulate T cell responses in vitro 63. In comparisons with αCD3/αCD28 beads,
they were found to be similarly effective; however, the use of cholera toxin B may limit the
clinical application of this approach 63.

Exosomes are vesicles secreted from cellular endosomes that present antigen with HLA class
I and II molecules, and provide costimulatory, and adhesion signals to T cells 64. Exosomes
derived from dendritic cells were used as an artificial acellular vaccine for murine mastocytoma
and mammary carcinoma, and induced anti-tumor immune responses in vivo, despite
exhibiting relatively weak T cell stimulation in vitro 64. Tumor-derived exosomes also appear
to induce more efficient T cell stimulation in vivo than in vitro, suggesting that cross-priming
by endogenous professional APCs might be required for optimal T cell stimulation 64,65. The
requirement for cross-priming to induce CD8+ T cell proliferation by tumor derived exosomes
suggests this approach may not be the optimal AAPC preparation for in vitro expansion of T
cells for adoptive immunotherapy 14. Whether this limitation also applies to DC-derived
exosomes remains to be determined, although the generation of sufficient autologous DC to
prepare exosomes remains a barrier to broad utility of DC based products.

AAPC for Inducing or Expanding Tumor-reactive T Cells In Vivo
Eliciting effective tumor-reactive T cell responses in humans by vaccination has proven
challenging, despite using highly specialized professional APC preparations, viral vectors, and
gene modified tumor cells to present or deliver tumor antigens 66. This at least in part reflects
the difficulty circumventing self-tolerance mechanisms that prevent the activation of T cells
to TAA, which are often normal self-proteins. Conceptually, AAPC systems could be useful
to overcome this problem, but critical insights into how to apply such an approach are presently
lacking. A more immediate application of AAPC for which a strong rationale and some data
currently exists, is to use AAPC to boost T cell responses that are established by adoptive T
cell transfer 67.

Autologous AAPC to elicit and expand antigen-specific T cells in vivo
T cells that were transduced to express foreign marker genes such as hygromycin or neomycin
phosphotransferase, or the HSV viral thymidine kinase (HSV-TK) suicide gene, and then
adoptively transferred to humans induced potent CD8+ T cell responses to the introduced
transgene products, demonstrating that transferred T cells have potent APC capacity in humans
68-70. This clinical observation was followed up by murine and clinical studies in which T cells
were modified to express melanoma antigens and used as a vaccine, which demonstrated the
induction of T cell immunity to a self-antigen and antitumor efficacy 71,72.

The potential use of T cells as APC (T-APC) to boost the level of adoptively transferred T cells
in vivo was recently shown in nonhuman primates. In this work, a CD8+ T cell response to a
cytomegalovirus antigen was established by adoptive transfer of a virus-specific T cell clone,
and the response was then boosted to a higher level in vivo by a single intravenous infusion of
autologous T-APC pulsed with the CMV peptide 73. These findings suggest that T cells, which
express MHC and costimulatory molecules and traffic widely in vivo when administered
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intravenously, and are easy to obtain and transduce, are themselves a promising AAPC 68.
Current studies in nonhuman primates are focused on optimizing the use of T-APC for boosting
transferred T cell immunity, and could enable the use of much lower antigen-specific T cell
doses for immunotherapy.

Acellular antigen presenting systems for augmenting T cell immunity in vivo
The use of bead based AAPC systems for in vivo activation of T cells faces considerable
challenges. However, in murine studies MHC-Ig AAPC have been administered in vivo and
shown to effectively expand adoptively transferred tumor-reactive CD8+ T cells 74. Other
murine studies used beads coated with Mart-1 tetramer and αCD28 as a tumor vaccine and
found that in vivo administration could induce proliferation of naïve Mart-1-specific CD8+ T
cells 75. While no bead-related toxicity was reported after in vivo administration in mice, the
possibility of microembolic or foreign body reactions remains present, and is likely to limit
clinical applications.

Issues To Consider For AAPC Systems
Recent studies have highlighted the potential of adoptive CD8+ T cell immunotherapy in cancer
patients. However, despite encouraging initial clinical responses, lack of T cell persistence and
disease recurrence remain common problems after T cell therapy. A major focus for the field
is now on strategies to enable the transfer and establishment of durable immunity to cancer.
The human CD8+ T cell compartment contains distinct T cell subsets that appear to differ
strikingly in their capacity to persist after in vitro expansion and adoptive transfer. Experiments
in our lab in non-human primates have shown that effector T cell clones derived from TCM
cells can persist long term, revert to quiescent TCM and TEM in vivo after adoptive transfer,
self-renew and migrate to memory cell niches, whereas those derived from TEM cells rapidly
die in vivo 73. A study in a murine model demonstrated that naïve TCR transgenic T cells
activated short term in vitro also have superior survival properties and antitumor efficacy
compared with TEM 76. In this model, long term culture of any T cell subset abrogated
persistence and antitumor activity 76. Alternative less frequent subsets of T cells in both mice
and humans have been suggested to have stem cell like properties, and may provide a unique
source of T cells for immunotherapy 77,78.

AAPC systems have compelling advantages for deriving and expanding T cells of desired
specificity, including more ready development under Good Manufacturing Practice conditions,
and providing off-the-shelf reagents for clinical use. There are also disadvantages and an
optimal system has not yet been defined (Table 1). A theoretical advantage of AAPC is that
culture conditions including the choice of APC, cytokines, and/or pharmacologic modifiers
can be carefully evaluated for T cell expansion to potentially impart or retain instructional
programs that allow T cells to persist, function, and migrate in desired fashion after adoptive
transfer. Achieving this goal will require detailed analysis that not only examines the in vivo
fate of T cell products derived under different culture conditions but correlates this with gene
expression and/or epigenetic signatures. The recent success of adoptive T cell therapy in both
solid tumors and hematologic malignancies suggests that this will be an important pursuit to
improve outcome and broaden the application of this modality of cancer therapy.
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Figure 1. Ligand-receptor interactions between antigen presenting cells (APC) and T cells
Interactions that result in costimulation of T cells are depicted in black, and those that result
in inhibition of T cells are in red. Interactions depicted in blue indicate situations where the
outcome of receptor ligation on T cell function is unknown or controversial.
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Figure 2. Examples of cellular artificial APC systems
A) K562 erythroleukemia cells can be transduced with the human Fcγ receptor, CD64, to allow
Fc binding of antibodies to CD3 and CD28. Other costimulatory signals could be delivered
alone or in concert with CD28 by adding specific antibodies.
B) K562 erythroleukemia cells can be transduced with HLA-A*0201 and a TAA. Proteosomal
processing of the expressed TAA results in presentation of TAA-derived peptide antigens in
conjunction with the transduced HLA-A*0201. Costimulation can be provided by transduction
with CD80 (or other costimulatory molecules as desired).
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Figure 3. Examples of bead-based artificial APC systems
A) Antibodies to CD3 and CD28 are covalently bound to polystyrene beads to provide antigen
independent T cell stimulation. B) Antigen specificity can be imparted to polystyrene beads
by binding HLA-Ig fusion proteins, which can then be exogenously loaded with peptide
antigen.
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