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IN THE SPOTLIGHT

Hit Parade for Adoptive Cell Transfer Therapy:
The Best T Cells for Superior Clinical Responses
Daniel E. Speiser
Summary: Adoptive cell transfer (ACT) of T cells has great clinical potential, but the numerous variables of this
therapy make choices difﬁcult. A new study takes advantage of a novel technology for characterizing the T-cell
responses of patients. If applied systematically, this approach may identify biomedical correlates of protection,
thereby supporting treatment optimization. Cancer Discov; 3(4); 379–81. ©2013 AACR.
See related article by Ma et al., p. 418 (5).

T cells play a central role in immunity against infectious
diseases and cancer. In the 1970s and 1980s, identiﬁcation
of the principles of antigen-speciﬁc T-cell reactivity led to the
discovery of the T-cell receptor (TCR) and its cognate antigen,
peptide presented by MHC (HLA in humans). This receptor–
ligand pair guides cellular antigen speciﬁcity of the immune
system. In infectious diseases, many studies have shown that
speciﬁc T-cell activation correlates with improved clinical
outcome. More recently, evidence has accumulated that T
cells also help control many different types of tumors, at least
in subpopulations of patients with cancer.
As one example, large numbers of patients with leukemia have beneﬁted from the graft-versus-leukemia effect
induced and maintained by donor T cells after allogeneic
hematopoietic stem cell transplantation. Transfer of T cells
for patients with solid tumors is less advanced (1); nevertheless, adoptive cell transfer (ACT) therapy may be successful
in selected patients with advanced metastatic melanoma,
with about 50% to 70% of patients experiencing objective
clinical responses after transfer of in vitro expanded T cells
derived from autologous tumor-inﬁ ltrating lymphocytes
(TIL). Up to 20% of patients even have complete and durable regression of metastatic disease (2). ACT may also show
clinical beneﬁt in patients with synovial cell sarcomas and
some leukemias (3). However, the reasons for treatment
success and failure remain largely unknown. In addition,
only a minority of patients qualify for ACT, in part due to
the lack of TILs or the fact that patients do not tolerate the
toxicities associated with preconditioning and interleukin
(IL)-2 therapy after ACT (3). What else can be offered for
future patients?
During the 1980s, several laboratories generated and analyzed so-called TCR transgenic mice, in which most T cells
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express a single TCR type. Use of these mice allowed demonstration of the basic immunologic principles of T-cell maturation and differentiation. Moreover, these animals serve as
a unique source of donor T cells that can be used to study
virtually any property of antigen-speciﬁc T cells relevant
for immunity upon adoptive transfer in recipient mice with
infections or tumors. T cells from TCR transgenic mice can
often mediate disease control, suggesting that large numbers of monoclonal T cells expressing optimally selected
TCRs may be of great help for patients. Clinical application
has become possible thanks to the cloning of human TCRs
speciﬁc for tumor antigens and technologies for the insertion of TCR-α and -β chain genes into human lymphocytes.
For about 10 years, researchers have run clinical trials of
ACT with genetically engineered (TCR-transfected) T cells
for patients with cancer, many of whom have experienced
clinical responses (4). However, despite continued progress,
most patients have disease recurrence, calling for treatment
improvements.
Clinical trials of ACT therapy are usually complemented
with translational research studies. One can readily assess
the cellular and molecular properties of the patients before
and during treatment. Novel laboratory techniques provide
promising tools to intensify the search for correlates of protection (Fig. 1). A new step in this direction was taken in a
study published in this issue of Cancer Discovery by Ma and
colleagues (5), who analyzed T cells from 3 representative
patients selected from a trial of 14 patients with melanoma
who underwent ACT therapy with lymphocytes transfected
with the high-afﬁnity Melan-A/MART-1–speciﬁc TCR “F5”
(4). Three patients had initial transient tumor responses followed by disease progression within 6 months. The authors
used multidimensional and multiplexed T-cell immune
monitoring assays to longitudinally characterize the T cells
of the patients. Ma and colleagues (5) focused primarily on
functional properties, based on previous observations that
phenotypic markers alone may not be sufﬁcient. Indeed, the
T cells from the 3 patients showed strong functional differences despite the observation that the transferred T cells had
similar persistence and phenotypes (5). Interestingly, Ma and
colleagues (5) found 2 waves of CD8+ T-cell responses after
ACT, a ﬁrst wave with preferential granzyme B production
that diminished sharply within the ﬁrst 30 days after ACT
and a second wave dominated by IFN-γ and TNF-α–positive
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Adoptive T-cell therapy
Correlates of protection

treatment parameters correlating with clinical
outcome. Comprehensive studies may include
characterization of the clinical parameters
of the patient, his/her biologic properties,
and the T cells used for transfer, combined
with systematic assessment during and after
therapy. The results provide the rationales
for future therapy optimization. CR, complete
response; mAb, monoclonal antibody; PD,
progressive disease; PR, partial response;
SD, stable disease.

Patient

Figure 1. Identiﬁcation of patient and
T-cell
source
for ACT

Methods of T-cell
preparation and
expansion

Tumor
or
Blood

Preconditioning
(chemotherapy,
irradiation, mAb)

T

T-cell response following ACT

Treatment with cytokines,
vaccines, checkpoint blockade

CR, PR,
SD, PD

Clinical
outcome

T
T T
T T T
T T T
T T
T

• Analysis of cancer cells, immune and inflammatory cells, endothelial cells,
stromal cells (for frequency, phenotype, function, migration, RNA and
protein expression)
• Profiling of (whole or sorted) blood and tissue cells
• Analysis of body fluids (proteins)

T cells abundant at day 60. As observed in previous studies,
IL-2 production remained low. In contrast with their CD8+
counterparts, the TCR transgene-expressing CD4+ T cells
performed poorly, as they lacked the ability to proliferate and
carry out stable effector functions in vivo.
Together, these data raise the hypotheses that favorable
clinical outcomes may be associated with strong effector
functions of TCR transgene-positive and -negative CD8+ T
cells, with proliferative and effector functions of transgenenegative CD4+ T cells, and possibly with epitope spreading. In
turn, regulatory functions of transgene-negative CD4+ T cells
may be unfavorable. The weak functions of the transgeneexpressing CD4+ T cells suggest that such CD8− cells may not
be helpful, making it worthwhile to consider novel strategies
of limiting gene engineering of MHC class I restricted TCRs
to CD8+ T cells (6).
Studying 3 patients precluded ﬁrm identiﬁcation of correlates of protection. Future studies may include more patients
and characterize many parameters of the T cells of patients.
Moreover, parallel analyses may focus on cancer cells,
B cells, natural killer cells, inﬂammatory cells, stromal cells,
and the vasculature, as well as their associations with each
other and with clinical outcome (Fig. 1). Thus, patients may
be studied much more comprehensively than in the past,
increasing the likelihood of providing robust biomedical
evidence. The results may allow optimization of treatment
parameters such as the choice of autologous T-cell source
and preparation, the type of patient preconditioning, and
patient treatment after ACT.
Previous TIL transfer studies have shown that the number
of infused CD27+ CD8+ (memory-like) T cells, their telomere
length, and their persistence at 1 month after transfer correlated with clinical outcome of the patients with melanoma
(2). Such observations conﬁrmed that “young” T cells have
superior therapeutic potential, supporting intensive research
into the properties of T cells enabling long-term protec-
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tive immune responses. Naïve T cells have a high level of
“stemness” and protective potential, which is not surprising
as they are at the origin of all memory and effector T-cell
subsets. Using inbred TCR transgenic mice, naïve T cells
can be directly transferred from donor to recipient mice. In
humans, however, autologous naïve antigen-speciﬁc T cells
are not available in sufﬁcient numbers. Human autologous
lymphocytes need to be expanded in vitro for several weeks,
resulting in predominantly effector cell populations, with
few memory cells and no naïve cells. However, effector T
cells are short-lived and can only mediate short-term protection (3). This problem is tempered by TCR gene engineering,
which allows the generation of large numbers of tumor
antigen-speciﬁc human T cells within a few days, preserving
memory cells. Indeed, the currently applied technologies
for ACT of TCR-transfected T cells permit relatively good
persistence of transferred T cells in patients, at least over
several months, in agreement with the notion that memory
cells are superior to effector cells (4). As memory T cells are
heterogeneous and include many subsets, the search for the
most potent ones is challenging. The use of sorted so-called
stem cell–like memory T cells has shown promising results
(3). In addition, a new approach has been suggested by 2
recent studies showing the in vitro generation of induced
pluripotent stem cell–like memory cells (7) by transfection of
effector cells with the Yamanaka transcription factors Oct4,
Sox2, Klf4, and c-Myc. These advances support the continued use of autologous TILs, currently the best cell source for
ACT therapy.
Besides multifunctionality and “stemness” of T cells (8),
several further correlates of protection may be clinically
signiﬁcant. TCR afﬁnity/avidity plays a central role, as suggested more than 20 years ago by the demonstration that
low TCR avidity is sufﬁcient for in vitro proliferation or
cytotoxicity to peptide-coated target cells but not for in vivo
protection (9, 10). Mechanisms of immunologic tolerance
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are responsible for the poor natural TCR repertoire speciﬁc
for self/tumor antigens (11). Although patients may have
many tumor-speciﬁc TCRs, their afﬁnity is relatively low,
eventually too low to mediate immunity. Recently, self/
tumor-speciﬁc TCRs designed for high-afﬁnity binding to
cognate antigens have been used for clinical ACT, resulting
in improved tumor responses but also increased toxicity
(4, 12). Interestingly, high-afﬁnity TCRs may not always
be necessary, as suggested by a remarkable competence of
intermediate afﬁnity T cells (13). Even though they are less
potent than high-afﬁnity TCRs, intermediate-afﬁnity TCRs
such as those found in TILs have shown great effects in
patients. With sophisticated laboratory techniques, T cells
with suitable TCRs can be carefully selected by assessment
of their capacity to recognize naturally low levels of antigen
on tumor cells or even dendritic cells and endothelial cells
in vivo. The experimental use of artiﬁcially high synthetic
peptide concentrations or peptide analogues with enhanced
MHC binding may be misleading (9, 10, 14). Another correlate of protection is the precursor frequency of antigenspeciﬁc T cells, which must be reasonably high in vivo (15).
Finally, clonal diversity is important, as multiple different
TCRs mediate superior immunity and also prevent the outgrowth of tumor cell escape mutants. Escape may further be
avoided by mobilizing T cells speciﬁc for multiple different
tumor antigens, presented by several different HLA alleles.
Future studies may analyze all potential key parameters
(Fig. 1) in relatively large patient cohorts, broadening the
knowledge base for improving immunotherapy for patients
with cancer who often lack other treatment options. Such
studies pose considerable challenges at multiple levels (clinical, methodical, technical, logistic, data analyses, ﬁnancial,
and collaborative), which can be met with dedicated disease-orientated clinical–translational programs. Results from
comprehensive analyses will likely contribute to the identiﬁcation of fundamental disease and treatment mechanisms.
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