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ABSTRACT
Lessons learned over decades on the use of gene and cell therapies have found clinical applicability in the
field of cancer immunotherapy. On December 16th, 2016 a symposium was held in Pamplona (Spain) to
analyze and discuss the critical points for the clinical success of adoptive cell transfer strategies in cancer
immunotherapy. Cellular immunotherapy is being currently exploited for the development of new cancer
vaccines using ex vivo manipulated dendritic cells or to enhance the number of effector cells, transferring
reinvigorated NK cells or T cells. In this meeting report, we summarize the main topics covered and
provide an overview of the field of cellular immunotherapy.
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Introduction

Novel findings in cancer immunology are being translated to
the clinic at an unprecedented pace. Therefore, it is necessary
to create new educational instruments to train and build net-
works between researchers and clinicians. On December 16th,
2016 a symposium was held in Pamplona (Spain) as a preamble
to the closing ceremony of the second edition of the University
degree in Immuno-Oncology organized by the University of
Navarra. This course trained 60 oncologists and hematologists
in the advances in cancer immunology/immunotherapy and
was taught by leading experts in the field.

Renzo Canneta (Former Vice President Global R&D Oncol-
ogy Policy, Bristol-Myers Squibb Company) gave a lecture in
the closing ceremony providing his personal clinical-develop-
ment views on the key milestones that have resulted in the can-
cer immunotherapy revolution with the development of
monoclonal antibodies (mAbs) against CTLA-4 and PD-1.1,2

In his view, the next step will be the combination of different
immunotherapy strategies, a paradigm that has been material-
ized in the first approval of a combined treatment with ipilimu-
mab and nivolumab for metastatic melanoma.3 This revolution
has been possible due to the contributions of different stake-
holders and collaboration rather than competition is needed to
materialize complex immunotherapy strategies such as cellular
immunotherapies as routine clinical practice.

Understanding and exploiting cytotoxicity

Most cancer immunotherapies rely on the induction of cyto-
toxic cells that recognize and kill tumor cells. The first talk was
devoted to further mechanistically understand this critical pro-
cess. Salvatore Valitutti (University of Toulouse, Toulouse,

France) focused his lecture on the lytic synapse formed by cyto-
toxic T lymphocytes (CTLs) and target cells illustrating the
power of live microscopy techniques to unravel the mecha-
nisms of heterotopic interactions in immunity. He showed that
lytic granule secretion is independent of CTL polarization
against target cells4 and that tumor cells can exhibit resistance
to CTL killing at the immune synapse. His group has published
evidence that melanoma cells need longer interaction times
with CTLs and multiple interactions with CTLs to be lysed.5,6

This resistance mechanism involves two interesting phenom-
ena: less intake of granzyme B into the cytoplasm of tumor cells
and the ability of melanoma cells to polarize late endosomal
lysosomal (LLE) vesicles toward interacting CTLs. Moreover,
this group’s experimentation showed that the proteases in these
vesicles were able to degrade the perforin directionally secreted
by CTLs. This is the first evidence that proteases such as cathe-
psins released from LLE vesicles are able to degrade proteins at
the lytic synapse. These proteins could be cytolytic proteins but
also proteins involved in cell-to-cell adhesion.7 This immune-
escape mechanism originally identified in melanoma cells
might also be present other tumor types. Indeed, target cells
expressing high CD63 as a surrogate marker for a high content
of LLE vesicles exhibit more pronounced resistance to CTL
killing. Therefore, overcoming this resistance mechanism can
potentially be a new target to enhance the efficacy of immuno-
therapies based on CTL activity.

Induction of immunogenic cell death (ICD) is a way to
induce T-lymphocyte-mediated cytotoxicity in cancer immu-
notherapy. Lionel Apetoh (INSERM, Dijon, France) presented
new data providing a rational for the combination of ICD-pro-
moting chemotherapy agents with mAb blocking the PD-1/
PD-L1 pathway. ICD is characterized by the presence of calreti-
culin (CRT) on the plasma membrane and the release of ATP
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and HMGB1 by the dying tumor cells. Thus, those drugs that
induce ICD contribute to the activation of antitumor immune
responses.8 However, Apetoh showed that tumor treatment in
a colon cancer mouse model with a combination of 5-FU and
oxaliplatin, that promotes ICD, induced PD-L1 expression on
the surface of cancer cells. IFNg produced by CD8C T lympho-
cytes infiltrating the tumors was the driver molecule in the
upregulation of PD-L1. Moreover, such ICD-inducing chemo-
therapy favors the presence of PD1CTim3C CD8C T lympho-
cytes in the tumor microenvironment. This population of
tumor-infiltrating lymphocytes (TILs) is able to produce IFNg
and on the cell surface expresses CD107a, a well-known marker
of degranulation, at early time points following ICD-inducing
chemotherapy. Importantly, this population becomes dysfunc-
tional after 12 d. The combination of ICD-inducing chemo-
therapies and the blockade of PD-L1 or PD-1 by mAbs
restored the production of IFNg by TILs and enhanced the
overall antitumor effect.

Advances toward a new generation of cancer vaccines

Jolanda de Vries (Radboud University Medical Center, Nijme-
gen, The Netherlands) introduced one of the most important
applications of cellular therapies against cancer: antitumor vac-
cines based on dendritic cells (DCs). DC-based vaccines aim at
priming tumor-specific T cells but clinical research in recent
years has highlighted important limitations that must be over-
come by the next generation of such vaccines. For instance, the
limited migration to lymph nodes of DCs injected subcutane-
ously can be bypassed by direct injection into the lymph nodes.9

To make the most of coming generations of DC vaccines, we
must consider the nature of the antigens carried by the DC
(shared antigens, neoantigens, embryonic antigens, viral antigens,
etc) and the functional subsets of DCs. DCs can be generated by
culturing bone marrow progenitors present in blood, they may
be derived from purified monocytes or they can be directly iso-
lated from the blood of patients. Jolanda de Vries focused on
this last approach. By taking advantage of immunomagnetic
selection, her group has performed clinical trials with two natu-
rally occurring DC populations: plasmacytoid DCs and conven-
tional myeloid DCs. A clinical trial with plasmacytoid DCs
showed some clinical benefit for advanced melanoma patients.
Plasmacytoid DCs were matured with commercially available
tick-borne encephalitis virus vaccine (FSME) and as early as 4 h
following intranodal injection, IFN type I mRNA was detected
in peripheral blood of these pDC-vaccinated patients. Further-
more, CD8C T cell responses against the antigen loaded on
pDCs (gp100) were observed,10 both in peripheral blood as well
as in T cell cultures from DTH skin challenged sites.

In a subsequent clinical trial, myeloid DCs were purified
based on their BDCA-1 marker. DCs were cultured with GM-
CSF and loaded with gp100 peptides. In a minority of the mela-
noma patients, specific CD8C T cell responses were observed,
correlating with increased progression-free survival (PFS), and
objective clinical responses.11 Interestingly, it was observed that
the presence of CD1cCCD14C cells in the vaccine impaired
effectiveness. This double positive population corresponded to
a monocyte/macrophage-like cell that expressed high levels of
PD-L1 and impaired T-cell proliferation in vitro in an antigen-

specific manner. Interestingly, higher percentages of these cells
were present in advanced melanoma patients than in patients
in earlier stages of the disease.12 Overall, Jolanda de Vries’ data
showed that vaccination with circulating DCs is feasible. Future
directions have to include cooperative vaccination with distinct
DC subsets to simultaneously promote CD4C and CD8C T cell
responses and will include BDCA-3 DC that are reported to be
specialized in cross-priming.13

Making the most of adoptive cell therapies for cancer

Adoptive T-cell transfer was pioneered in its clinical develop-
ment using TILs for the treatment of metastatic melanoma by
the group of Steve Rosenberg. While TIL-based therapy contin-
ues to undergo improvements, the field has been revolutionized
by the advent of lymphocytes transfected with transgenic T cell
receptors (TCRs) and with chimeric antigen receptors (CARs).
Several talks in this meeting were devoted to understanding the
recent advances in the field of adoptive transfer of T lympho-
cytes. Several lines of evidence suggest that TIL-based therapy
can be more successful if the infused lymphocytes recognize
tumor-specific mutant antigens (neoantigens). Alena Gros
(Surgery Branch, National Cancer Institute (NCI), National
Institutes of Health, Bethesda, Maryland, USA) presented a
non-invasive strategy to identify and isolate neoantigen-reac-
tive T cells. This group had demonstrated that CD8C and
PD-1C identify patient-specific tumor-reactive T cells, includ-
ing those recognizing neoantigens in cancer melanoma
patients.14 In an attempt to develop T cell-based therapies spe-
cifically targeting neoantigens, they described a novel personal-
ized screening approach to identify neoantigen-specific
lymphocytes in peripheral blood. Tumor-reactive T cells were
prospectively identified in circulating CD8CPD1C lymphocyte
subsets in three out of the four melanoma patients evaluated.
The methodology involves identification of neoantigens by per-
forming tumor whole exome sequencing, and co-culture of cir-
culating in vitro—expanded CD8CPD1C cells with autologous
DCs transfected with tandem minigene (TMG) constructs con-
taining mutated gene sequences. Subsequently, the TMG-reac-
tive T cells were enriched by selecting activated CD137C cells
and co-culturing with DCs pulsed with each of the mutated 25-
mers peptides encoded by the corresponding TMG. Tumor
reactivity was demonstrated by autologous tumor recognition
of the selected peripheral T cells and by gene-engineered lym-
phocytes expressing their cloned neoantigen-specific TCRs.15

Troels Holz Borch, from the laboratory of Inge Marie Svane
(Herlev University Hospital, Herlev, Denmark) provided an
overview of the European experience in cancer treatment with
TILs. Adoptive cell transfer of autologous TILs in patients with
metastatic melanoma has shown promising responses, resulting
in prolonged survivals. However, such clinical success is being
overshadowed by the complexity of TIL production and the
severe treatment-associated toxicities. Preconditioning by stan-
dard lymphodepleting chemotherapy before TIL infusion and
IL-2 administration after cell transfer have been shown to
induce higher persistence and proliferation of the infused
cells.16,17 Both interventions are currently necessary for the
achievement of durable clinical responses but are the principal
causes of the treatment-related toxicities.
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Borch showed data from a phase I/II trial of adoptive cell
transfer based on TIL infusion before lymphodepleting chemo-
therapy and followed by a reduced regimen of IL-2 administra-
tion in patients with advanced melanoma. Treatment resulted
in long-lasting clinical responses with a persistence of tumor-
reactive lymphocytes (<2%) over one year, mild treatment-
related toxicities and an objective response rate of 42%. How-
ever, only 24 out of the initial 33 patients were eligible for treat-
ment with ex vivo cultured TILs.18 In addition, it was suggested
that treatment with an anti-CTLA4 antibody or other check-
point inhibitors before adoptive transfer of TILs might be bene-
ficial to increase tumor infiltration and efficacy. This important
issue needs to be addressed in the future.19

Ongoing research from the Danish group intends to
improve TIL efficacy. Low-dose IFNg pretreatment of the
tumor cells is proposed to selectively enhance TIL responses to
tumor-associated antigens by means of increasing the density
of peptide-MHC complexes.20 A second strategy to improve
TIL efficacy is based on the transient transfection of TILs with
CXCR2 mRNA to improve TILs migration toward tumor-
secreted chemokines, since infiltration into tumors seems to be
a limiting factor,.21

Patient-specific minor histocompatibility antigens, possibly
expressed by the tumor and its associated stroma, remain an
interesting target. Nevertheless, treatment of solid tumors with
non-myeloablative allogeneic hematopoietic stem cell trans-
plantation (Allo-HSCT) in combination with adoptive T-cell
therapy has not achieved in solid tumors the same success as in
hematologic neoplasias. Alloreactivity of T cells from donors
has been the cause of the toxicity and graft versus host disease
(GVHD) effects found upon treatment with such therapy.22

Anna Mondino (San Raffaele Scientific Institute, Italy) focused
on avoiding this fatal outcome while potentiating the graft-vs.-
tumor (GVT) effect, which is the principal cause of Allo-HSCT
success.22 In her experiments, male mice bearing a spontaneous
prostate adenocarcinoma model (TRAMP) were immunized
with the tumor-specific vaccine (DCs pulsed with the

tumor-specific peptide SV40-Tag), following Allo-HSCT and T
lymphocyte infusion derived from syngeneic female
donors.23,24 The HY-mismatch permits the recognition by
donor T-cells of minor histocompatibility antigens (H), which
are encoded in the Y chromosome of the recipient mice. Such
H-specific T cell responses were instrumental in promoting the
recognition of the tumor associated SV-40 T large antigen
(Tag) in transgenic TRAMP mice and to prompt tumor-spe-
cific lymphocytes to reject tumors and prevent relapse.23

Importantly, this allogenic T cell transfer strategy in combina-
tion with a tumor vaccine potentiated the generation of
IFNg-producing lymphocytes specific for both, H- and SV40-T
antigens. This was observed not only in lymphoid tissue but
also in the tumor microenvironment.23,24 As a logical next step,
autologous T cells were TCR-gene engineered to accomplish
similar functions. Mondino’s team transduced TRAMP-derived
lymphocytes with a retrovirus encoding a TCRs specific for a
SV-40 large T antigen and a HY antigen-derived peptide (Uty).
TRAMP mice were thus preconditioned and transplanted with
T-depleted autologous HSCT, and treated with adoptive T-cell
transfer based on autologous Tag- and Uty-specific T lympho-
cytes followed by a tumor vaccination.25 In this setting, only
the combination of TCR-transduced T lymphocytes led to anti-
tumor synergistic effects. In these phenomena, TNFa was iden-
tified to be a key mediator. Inspired by these findings, the
authors showed that the infusion of the TNFa derivate (NGR-
TNFa) mimicked the antitumor role of the H-specific T lym-
phocyte and greatly improved efficacy of T cells redirected to
tumor antigens.26 Thus, dual tumor/tumor-stroma targeting
strategies might reveal themselves to be useful to enhance the
efficacy of ACT against solid tumors.

Adoptive transfer of NK cells

Antonio Perez-Martinez (Hospital Universitario La Paz, Madrid,
Spain) focused his presentation on the ongoing efforts to
improve NK cell-based cancer treatments. According to the

Figure 1. Cellular immunotherapy strategies. Cancer immune response starts with the release of tumor-associated antigens and danger signals by dying tumor cells
(immunogenic cell death). Dendritic cells capture tumor-associated antigens and mature due to the detection of danger signals by pattern-recognition receptors. Upon
migration to the lymph node, dendritic cells are able to trigger the effector antitumor response. Cytotoxic T lymphocytes and NK cells recognize and kill the tumor cells.
Adoptive transfer of dendritic cells, T cells or NK cells are being used to boost this process.
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missing-self hypothesis, virally infected or malignant cells
decrease MHC class I expression to avoid antigen presentation.
NK cells are suppressed by autologous MHC class I molecules
and release more efficiently the cytotoxic granules when failing
to detect MHC class I. NK cytotoxic mechanisms are triggered
by the expression of stress-associated molecules, which are acti-
vatory ligands for NK receptors. These changes in target cell
phenotype tilt the balance between inhibition and activation of
NK cells toward activation and target killing. Missing self-recog-
nition is thereby exploited in allogenic bone-marrow transplanta-
tion. The KIR mismatch between adoptive-transferred
haploidentical NK cells and donors’ transformed cells induces a
graft-vs.-leukemia effect capable of eradicating the disease in
some instances. For these techniques, NK cells need to be
expanded ex vivo and activated with cytokines and feeder cells.27

Adoptive transfer of NK cells can be enhanced by combination
with substances augmenting NK cell activation and cytotoxicity,
such as TLR ligands, IL-15, or copolymers like Arabinoxylan.28,29

Hematologic malignancies are highly sensitive to NK cell-
based therapies. Antonio Perez-Martinez presented data dem-
onstrating that most leukemia cell lines and primary pediatric
leukemia cells express NK receptor ligands at different levels.
In particular, acute myeloid leukemia and acute lymphocytic
leukemia blasts express variable levels of HLA-I and ULBP4
(NKG2D ligand). Acute lymphocytic leukemia blasts are those
expressing the highest levels thus explaining their susceptibility
to NK cytotoxicity.30,31 In addition to its role in cytotoxicity,
NKG2D and its ligands seem to play a relevant role also in oste-
osarcoma, promoting tumorigenicity, and sarcosphere
formation.32

Due to the increasing importance of NKG2D in the tumor,
Antonio Perez-Martinez presented in vitro and in vivo data on
an innovative chimeric NKG2D receptor, encompassing a cyto-
plasmic CD137 activatory domain and CD3z chain. The intro-
duction of the chimeric NKG2D receptor into memory T cells
represents a new strategy to overcome osteosarcoma relapse.

Conclusions and future perspectives

mAbs targeting checkpoint inhibitors, such as CTLA-4 and
PD-1/PD-L1 have demonstrated that immunotherapy is an
effective alternative for cancer treatment. Novel antibody for-
mats and antibody combinations hold promise for the future of
cancer treatment. In parallel, cellular immunotherapies are
being developed and are seeking their niche for the treatment
of different indications (Fig. 1). Several clinical trials are ongo-
ing or planned to identify the best DC subset and the best
manufacturing procedures to boost tumor-specific immune
responses. Adoptive transfer of T-cells is achieving in some
instances excellent clinical success in spite of the technological
complexities and serious toxicities. Transfer of TILs is being
improved with different strategies, while genetic manipulation
of the lymphocytes to express transgenic TCRs or CARs is soon
expected to receive the first regulatory approvals. The lessons
learned with T lymphocytes are being transferred to the adop-
tive transfer of NK cells and new waves of DC-based cancer
vaccines are in the making. In conclusion, cellular immuno-
therapies are real candidates as techniques to expand our thera-
peutic arsenal in the near future.
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