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Purpose of review

The clinical activity of new immunotherapies in cancer, such as anti-Programmed cell death 1 (PD-1)/
Programmed death-ligand 1, has revealed the importance of the patient’s immune system in controlling
tumor development. As in infectious diseases, dendritic cells (DCs) are critical for inducing immune
responses in cancer. Unfortunately, autologous DC-based vaccines have not yet demonstrated their clinical
benefit. Here, we review recent research using allogeneic DCs as alternatives to autologous DCs to

develop innovative therapeutic cancer vaccines.

Recent findings

A novel approach using an allogeneic plasmacytoid dendritic cell (PDC) line as an antigen presentation
platform showed great potency when used to prime and expand antitumor-specific CD8+ T cells in vitro
and in vivo in a humanized mouse model. This PDC platform, named PDCxvac, was first evaluated in the
treatment of melanoma with encouraging results and is currently being evaluated in the treatment of lung
cancer in combination with anti-PD-1 immunotherapy.

Summary

Therapeutic cancer vaccines are of particular interest because they aim to help patients, to mount effective
antitumor responses, especially those who insufficiently respond to immune checkpoint inhibitors. The use of
an allogeneic plasmacytoid DC-based platform such as PDCxvac could greatly potentiate the efficacy of

these new immunotherapies.
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During the last ten years, we have witnessed a revo-
lution in the treatment of cancer thanks to the effec-
tiveness of immune checkpoint inhibitors (ICls), i.e.,
monoclonal antibodies that counter the immune
system inhibition induced by cancer cells [1] (see also
https://www.cancerresearch.org/scientists/immuno-
oncology-landscape/pd-1-pd-11-landscape). This rev-
olution concerns both the impressive clinical efficacy
of these products in some patients and the nature of
their mechanisms of action. Indeed, some ICIs have
replaced chemotherapy drugs as the standard of care,
and for a significant number of cancers, such as lung
cancer, they are used in combination with other first-
line treatments [2™"]. ICIs do not directly induce
tumor cell lysis, but rather they act through the
patient’s own immune system by enhancing the
activity of antitumor-specific and cytotoxic CD8+
T cells (ASTCs). As a matter of fact, ASTCs are most
likely the key effectors in the mechanisms of action of

1040-8746 Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

ICIs due to their ability to recognize and specifically
lyse cancer cells expressing tumor antigens, such as
tumor-shared antigens or neoantigens. Thus, the
expression of immune checkpoints in the tumor
microenvironment, the expression of immunogenic
tumor antigens by cancer cells, and the presence of
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KEY POINTS

e The low number of patients responding to immune
checkpoint inhibitors could be due to weak preexisting
antitumor immunity

Therapeutic cancer vaccines can overcome this
limitation by priming and boosting antitumor
immunity

Due fo their key role in orchestrating the immune
response, dendritic cells represent the target of all
strategies for developing therapeutic cancer
vaccines

Allogeneic dendritic cells are considered to be an
alternative source of dendritic cells, guaranteeing the
homogeneity of drug product manufacturing and
clinical trial management

The allogeneic plasmacytoid dendritic cell line
PDCxline is a unique and potent tool for the
development of innovative therapeutic cancer vaccines,
which could be suitable for many cancers.

tumor-infiltrating CD8+ T cells are associated with
the clinical efficacy of ICIs in numerous cancers
[3,4,5].

Unfortunately, too many cancer patients
remain refractory to ICI treatment, probably
because of a low or inappropriate preexisting anti-
tumor immunity. In this context, the efficient
activation of functional antitumor T cells in asso-
ciation with ICI treatment is crucial to improve
patient outcomes, and therapeutic cancer vaccines
represent a promising option to achieve this goal

[6].

Therapeutic cancer vaccines

Therapeutic cancer vaccines aim to activate patients’
ASTCs or overcome tumor-induced tolerance thanks
to dendritic cells (DCs). DCs are professional antigen-
presenting cells (APCs), mandatory to efficiently trig-
ger the differentiation, activity, specificity, and lytic
potency of ASTCs. DCs are both sentinels and stim-
ulators of our immune system; they patrol the body
for tumor antigens and reach the lymph nodes where
immune responses take place.

Two main cancer vaccine strategies have been
tested so farin humans, both involving DCs - directly
and indirectly [7,8",9",10™,11,12"]. The first one
consists of the direct injection of a source of tumor
antigens (protein, peptide, Ribonucleic acid, or Deox-
yribonucleic acid) along with an adjuvant and/or a
vector (virus or lipoprotein vesicle), which can recruit
or target the patient’s own DCs in vivo, so that they
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take up antigens, process them, and present them in
order to activate ASTCs [10™]. However, the efficacy
of these approaches may be affected when the func-
tionality of patient’s DCs is compromised by their
disease, their previous therapies, and by the fact that
nonprofessional APCs can interfere with the stimu-
lation or inhibition of effector CD8-+ T cells. Thus far,
only oncolytic viral therapy has shown significant
clinical benefits, improved in combination with ICls,
for melanoma patients [13,14].

The administration of autologous DCs generated
from patients’ own monocytes or stem cells repre-
sents the second approach. The DCs obtained afterin
vitro culture generally displayed a conventional mye-
loid DC (MDC) phenotype, and are incubated with a
source of tumor antigens before administration to
patients [8*%,11,12"]. The advantage of this approach
is to allow the control of DC loading and activation
steps. However, a dedicated manufacturing is
required for each patient, which raised issues in terms
of reproducibility and feasibility, specifically in
regard to patient’s condition. Finally, the in vitro
manufacturing often leads to suboptimal DCs. At
present, the objective response rate of DC-based can-
cer vaccines remains below 15% [7,11]. Only one DC-
like cell product (Provenge) has been approved by the
Food and Drug Administration for the treatment of
advanced prostate cancer, although it still demon-
strates little clinical benefit [15].

There is an urgent need to develop new innova-
tive approaches using potent DC products to effi-
ciently boost patients’ antitumor responses. These
products should be easy to manufacture to guaran-
tee consistency in the immunological activity for
the benefit of patients. Although autologous DCs
are still being studied, allogeneic DC-based vaccines
are currently the subject of intense research to
achieve this goal [8"%,11,12"].

Allogeneic myeloid dendritic cell-based
cancer vaccines

Off-the-shelf allogeneic DC-based platforms are
indeed more attractive than autologous vaccines tai-
lored to each patient in all aforementioned aspects.

In addition, the allogeneic response due to the
expression of mismatched Human leucocyte anti-
gen (HLA) on allogeneic MDCs was expected to
boost the stimulation of ASTCs activated by the
classical tumor peptide presentation via shared
HLA class I molecules on MDCs.

Most of the time, allogeneic MDCs were prelim-
inarily loaded with tumor cell lysates or fused with
tumor cells as a source of tumor antigens and admin-
istered to partially HLA class I-matched patients
(Table 1) [16-20]. Interestingly, the MDCs
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generated from a myeloid-like DC-derived cell line
were also used to treat acute myeloid leukemia
patients [21]. Other approaches were established
to inject unloaded allogeneic MDCs directly into
patients’ tumors [22].

Despite possible humoral and cellular allogeneic
responses, the current clinical experience showed
that allogeneic DC-based vaccines were safe and
well-tolerated. Indeed, reported adverse events were
low grade, transitory, and manageable (Table 1).

Unfortunately, to date, most of these approaches
have not been successful or have not yet provided a
significant clinical benefit in humans (Table 1).
Moreover, concerning the immunogenicity of these
platforms in vitro and in vivo, few data are available
making their potential optimization difficult.

PDCxvac, a plasmacytoid dendritic cells-
based cancer vaccine

Among DC populations, plasmacytoid dendritic
cells (PDCs) are of great interest [23], because they
are potent type 1 Inteferon (IFN) producers, and can
induce strong cytotoxic T lymphocyte (CTL)
responses after antigen presentation [24] in both
antiviral [25%,26] and antitumoral responses [27"].
Interestingly, the presence of a PDC subset (OX40-+)
was recently found to favor the antitumor immunity
in head and neck carcinoma [28%]. However, despite
their high immunostimulatory capacity, few labo-
ratories have studied PDCs as a potential cancer
vaccine, because of the paucity of PDCs in the blood
and the difficulty of producing them in large quan-
tities in vitro, and in a reproducible manner [29].
Only two clinical trials have been carried out
using autologous PDCs; one in metastatic mela-
noma and the other in castration-resistant prostate
cancer. In the melanoma trial, favorable effects were
observed: systemic [FNa signature after each vacci-
nation, vaccine-induced in vitro expansion of high-
affinity ASTC clones, and increased overall survival
[30]. In the prostate cancer trial, the vaccine con-
sisted of PDCs, MDCs, or both. Interestingly, [FN~y-
producing ASTCs increased postvaccination and
were correlated with nonprogressive disease. These
favorable immune and clinical responses were
observed with the three treatments [31].
Nevertheless, obtaining sufficient quantities of
activated PDCs from patients remains difficult. Allo-
geneic PDC-based approaches could circumvent the
drawbacks due to these autologous strategies.
Being pioneers in the identification of the leu-
kemic counterpart of normal PDCs [32,33], we
developed for research and development [34,35]
first, and later for clinical applications [36"], the first
human HLA-Ax02:01-positive PDC line isolated
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from the tumor of a patient having PDC leukemia.
This cell line displayed most of the features of nor-
mal PDCs: expression of BDCA2, BDCA4, Toll-like
receptor (TLR)7, and TLR9; antigen processing;
TRAIL and cytokine responses following TLR9 or
TLR7 activation, including type I interferon secre-
tion [34,37-40]. However, the PDC line seemed to
display a more undifferentiated state than normal
PDCs, similarly to other PDC lines described since
[41,42]. The PDC line developed for clinical appli-
cations was named 'PDCxline’. Unlike MDCs or
normal PDCs, PDCxline cells do not express Pro-
grammed death-ligand 1 (PD-L1) or PD-L2 (Plumas
J., unpublished data).

Importantly, PDCxline cells have potent antigen-
presentation activity. Indeed, when PDCxline cells
were loaded in vitro with HLA-Ax02:01-restricted
peptides, they could prime and expand HLA class I-
matched antigen-specific CD8+ T cells. Encouraged
by these preliminary results, a new cancer vaccine
platform was developed with PDCxline cells.

Robust proof of concept with the PDCxvac
platform

The PDCxvac platform consists of irradiated
PDCxline cellsloaded in vitro with the HLA-restricted
peptides derived from the antigens of interest.

In vitro proof of concept

The PDCxline cells loaded with different types of
tumor antigens (shared antigens or neoantigens) were
able to prime healthy donor’s naive CD8+ T cells or to
boost patient’s antitumor CD8+ T cells, leading in
both cases to the efficient expansion of ASTCs [43—-435].
Expanded ASTCs were highly specific and functional
in terms of IFNy secretion and cytotoxic activity
against cancer cells. Tumor peptide-loaded PDCxline
cells were even more potent than MDCs at activating
and expanding ASTCs [43]. PDCxline cells could also
prime naive CD8" T cells derived from cord blood
(Plumas J., unpublished data).

Moreover, we have recently demonstrated that
the PDCsxline transduced with genes encoding
whole viral or tumoral proteins can efficiently pro-
cess the transduced antigens and stably present
antigen-derived peptides to specific CD8+ T cells
in the context of the different HLA molecules
expressed by PDCxline cells [46"]. The transduction
of constructs encoding polyepitopes led to a multi-
specific CD8+ T-cell response, thereby diversifying
the nature of cytotoxic effectors to potentiate the
vaccine effect. In addition, retroviral engineering
enabled the expression of other functional HLA
molecules of interest such as HLA-A%24:02, which
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is strongly represented in the Asian population, but
is not expressed by PDCxline cells. The easy addition
of new HLA class I molecules using retroviral engi-
neering could thus broaden the population of
patients benefiting from the PDCsxvac vaccine plat-
form [46"].

In vivo proof of concept

To demonstrate the potency of the PDCxvac plat-
form in terms of inducing a specific T-cell response
in vivo, we developed preclinical mouse models by
using immunodeficient mice engrafted either with
human mononuclear cells to set up an experienced
human immune system or with human stem cells to
develop a more naive human immune system,
avoiding xenogeneic reactions and graft-versus-host
diseases. The injection of viral or melanoma pep-
tide-loaded PDCxline cells into mononuclear cell-
humanized mice led to an efficient expansion of
ASTCs [43], even greater than the expansions
observed in the studies using MDCs in similar mouse
models [47,48].

Innovative therapeutic cancer vaccines Plumas

Using Non-Obese Diabetic/severe combined
immunodeficiency disease/IL-2Ry™! (NOG) mice
humanized with HLA-Ax02:01+ stem cells, we also
recently demonstrated the priming and expansion of
ASTCs in the blood and spleen of animals. Strikingly,
after four weekly administrations of PDCxvac prod-
uct, huge numbers of tumor peptide-specific T cells
were found in the blood and spleen of animals (see
Fig. 1, whichisrepresentative of unpublished results).

Finally, the vaccinations of human-tumor-bearing
humanized mice with peptide-loaded PDCxline led to
tumor growth inhibition, and to the recruitment of
antitumor CD8+ T cells to the tumor site [43].

The PDCxvac platform in humans

The robust proof of concept data obtained in vitro
and in vivo led to the development of PDCxvac as an
innovative platform for cancer vaccines, as illus-
trated in Fig. 2. For cancer treatment, PDCxline cells
are loaded in vitro with HLA-A%02:01-restricted pep-
tides derived from the tumor antigens expressed by
the cancer to be treated. Loaded PDCxline cells are

PDC*vac administration
:> DO D7 D14 D21 D28
(HLA-A2+) cD3s: Humanized Blood Blood
NOG mice Spleen
. Tumor Ag-specific ,
Multimer staining
Blood Spleen Tumor Ag-
DO D28 D28 " specific T-cells
A 10° 10 10%
2’ 1074 1051 3
e =3 1w'g
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g IE 10°4 ,«% w’-] % 1
% re Y ".f 102‘] £ m?!
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Priming and expansion of the antitumor response induced by PDCxvac in a humanized NOG mouse model.

Humanized cp34 NOG mice were immunized with tumor peptide-loaded PDCxvac. At baseline (DO) and after four

immunizations at weekly intervals (D28), the blood and the spleen were collected, and the percentage of tumor-specific CD8+

T cells was measured using multimer staining and flow cytometry. Ag, antigen.
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Flow chart of offthe-self allogenic dendritic cell vaccine product. CTL, cytotoxic T lymphocytes.

then irradiated to stop their proliferation whereas
keeping their functionality, before long-term stor-
age in liquid nitrogen. When needed, the product is
thawed and injected into HLA-Ax02:01-compatible
patients in order to prime and boost ASTC
responses. PDCxvac is thus a versatile and off-the-
shelf platform ready to be used for different cancers.

Two clinical trials have been conducted thus far
with PDCxvac products: one for melanoma
(PDCsmel, NCT01863108) and one for non small-
cell lung cancer (NSCLC; PDC«lung, NCT03970746).
This approach was also investigated at the preclinical
level for the treatment of other cancers by targeting
neoantigens (PDCsneo). PDCxvac was classified by
the European Medicines Agency as an Advanced-
Therapy Medicinal Product, precisely a Somatic-Cell
Therapy Medicinal Product.

Safety and immunological responses in
melanoma

A first-in-human phase I/II clinical trial was con-
ducted in metastatic melanoma patients to evaluate
the safety of the PDCxvac platform (PDCsmel) in
monotherapy, and its ability to elicit antitumor
immune responses [36"]. Nine patients with meta-
static stage IV melanoma were treated with PDCxmel
after two or more lines of therapies. Up to 60 million
PDCxline cells were loaded with four melanoma
antigens (Melan-A, MAGE-A3, gp100, Tyrosinase),
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irradiated, and
weekly intervals.
The vaccine was well-tolerated, and no serious
vaccine-induced side effects were recorded. Signs of
clinical activity were observed, including four patients
having a stable disease according to Immune-related
Response Criteria and two patients with vitiligo lesions
[367]. Four patients were still alive one year after starting
PDCsmel administration. Strikingly, a significant
increase in the frequency of circulating antitumor-spe-
cific T lymphocytes was observed in two patients, along
with a switch from naive to memory phenotype,
thereby demonstrating the priming of ASTCs in
humans. Interestingly, no allogeneic reactions were
observed at either humoral or cellular levels, enabling
more than three injections of the cancer vaccine in
order to better stimulate the immune response [36"].
In addition, using melanoma patient mononu-
clear cells, we remarkably observed much better spe-
cific T-cell expansion in vitro with the combination
of peptide-loaded PDCxline and anti-Programmed
cell death 1 (PD-1) antibodies, indicating synergistic
effects of both products and giving preclinical evi-
dence of the benefit of the combination in humans.

injected subcutaneously at

Clinical activity in lung cancer

We then adapted the PDCxvac platform to a more
prevalent cancer, i.e., NSCLC. The candidate vac-
cine named ‘PDCxlung’ consists of the PDCxline
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cells expanded in large volume in bioreactor and
loaded with peptides from six tumor antigens
expressed in lung cancer: MAGE-A3, MAGE-A4,
Multi-MAGE, Survivin, NY-ESO-I, and MUCI.

The final drug product (DP) is stored frozen for a
long time in a ready-to-use formulation. Given its
stability during storage, the DP is very attractive for
bench-to-bedside transfer, because it has only to be
thawed at room temperature and drawn through a
syringe before being injected into patients.

In this ongoing, open-label, dose-escalation
phase I/II study (NCT03970746), we are assessing
the safety, tolerability, immunogenicity, and pre-
liminary clinical activity of PDCxlung alone, or in
combination with anti-PD-1 treatment (pembroli-
zumab). The patients are treated six times at weekly
intervals through both subcutaneous and intrave-
nous routes with a low or high dose of PDCxlung.
Our target product profile is the treatment of
patients with NSCLC displaying a PD-L1 tumor
proportion score equal to or greater than 50% in
combination with pembrolizumab. The first evalu-
ation of clinical activity is expected in early 2023.

The need to improve the proportion of patients
responding to ICIs has revitalized the development
of cancer vaccines able to boost the insufficient
antitumor immunity of nonresponders. The devel-
opment of off-the-shelf allogeneic DC-based cancer
vaccines such as PDCxvac, in combination with
IClIs, clearly represents a great opportunity to obtain
innovative treatments avoiding the reproducibility
issues inherent to the use of autologous products.
The clinical activity of the PDCxlung medicinal
product in association with ICIs is currently being
evaluated in lung cancer patients, and preliminary
clinical an immunological activities of PDCxvac in
combination with ICIs will be available soon.

Acknowledgements

I am grateful to the team members of the R&D depart-
ments of Etablissement Francais du Sang at Grenoble
and PDCxline Pharma. I specifically thank Laurence
Chaperot, Karine Laulagnier, and Marie Genin for their
critical reading. I also thank Dalil Hannani and Trans-
Cure bioServices for conducting the experiments using the
NOG mouse model.

Financial support and sponsorship

The research results cited in this review were partly
funded by Proof-of-concept CLARA, EFS APR 2010-
2011, Ligue contre le Cancer (Comite de la Savoie),
Fondation SILAB, a Senior Marie Curie Research

1040-8746 Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc.

Innovative therapeutic cancer vaccines Plumas

Fellowship (J.P.) of the European Union Framework 7
(FP7-PEOPLE-2009-1EF, proposal number 251033 —
Acronym: PDC Therapy), by Etablissement Frangais
du Sang (EFS APR GenAdopt), and by PDCxline Pharma.

Conflicts of interest

J.P. is the Chief Scientific Officer and Co-founder of
PDCxline Pharma.

Papers of particular interest, published within the annual period of review, have
been highlighted as:

m  of special interest

mm  of outstanding interest

1. Tang J, Pearce L, O'Donnell-Tormey J, et al. Trends in the global immuno-
oncology landscape. Nat Rev Drug Discov 2018; 17:783-784.

2. Ackermann CJ, Adderley H, Ortega-Franco A, et al. First-line immune check-

mm point inhibition for advanced non-small-cell lung cancer: state of the art and
future directions. Drugs 2020; 80:1783-1797.

A complete review of the use of immune checkpoint inhibitors alone or in

combination in the first-line of treatment in nonsmall-cell lung cancer.

3. Chen P-L, Roh W, Reuben A, et al. Analysis of immune signatures in long-
itudinal tumor samples yields insight into biomarkers of response and me-
chanisms of resistance to immune checkpoint blockade. Cancer Discov
2016; 6:827-837.

4. Ji R-R, Chasalow SD, Wang L, et al. An immune-active tumor microenviron-
ment favors clinical response to ipilimumab. Cancer Immunol Immunother
2012; 61:1019-1031.

5. Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces responses
by inhibiting adaptive immune resistance. Nature 2014; 515:568-571.

6. Versteven M, Van den Bergh JMJ, Marcq E, et al. Dendritic cells and
programmed death-1 blockade: a joint venture to combat cancer. Front
Immunol 2018; 9:394.

7. Garg AD, Coulie PG, Van den Eynde BJ, et al. Integrating next-generation
dendritic cell vaccines into the current cancer immunotherapy landscape.
Trends Immunol 2017; 38:577-593.

8. Harari A, Graciotti M, Bassani-Sternberg M, et al. Antitumour dendritic cell

mm vaccination in a priming and boosting approach. Nat Rev Drug Discov 2020;
19:635-652.

An interesting review of tumor immunogenicity and the use of dendritic cell-based

vaccines in the treatment of different cancer indications.

9. Sahin U, Oehm P, Derhovanessian E, et al. An RNA vaccine drives immunity in

mm checkpoint-inhibitor-treated melanoma. Nature 2020; 585:107-112,

This article presents the first immune results of a cancer Ribonucleic acid vaccine

in checkpoint inhibitor (CTLA-4 or PD1)-experienced patients with unresectable

melanoma.

10. Saxena M, van der Burg SH, Melief CJM, et al. Therapeutic cancer vaccines.

mm Nat Rev Cancer 2021; 21:360-378.

A clear review of tumor immunity regulation and different therapeutic cancer

vaccine approaches.

11. Sprooten J, Ceusters J, Coosemans A, et al. Trial watch: dendritic cell
vaccination for cancer immunotherapy. Oncolmmunology 2019; 8:1638212.

12. Stevens D, Ingels J, Van Lint S, et al. Dendritic cell-based immunotherapy in

= lung cancer. Front Immunol 2021; 11:620374.

A state-of-the-art review of the use of dendritic cell products in the treatment of

lung cancer

13. Andtbacka RHI, Kaufman HL, Collichio F, et al. Talimogene laherparepvec
improves durable response rate in patients with advanced melanoma. JCO
2015; 33:2780-2788.

14. Ribas A, Dummer R, Puzanov |, et al. Oncolytic virotherapy promotes in-
tratumoral T cell infiltration and improves anti-PD-1 immunotherapy. Cell
2017;170:1109-1119.e10.

15. Cheever MA, Higano CS. PROVENGE (Sipuleucel-T) in prostate cancer: the
first FDA-approved therapeutic cancer vaccine. Clin Cancer Res 2011;
17:3520-3526.

16. Avigan DE, Vasir B, George DJ, et al. Phase /Il study of vaccination with
electrofused allogeneic dendritic cells/autologous tumor-derived cells in
patients with stage IV renal cell carcinoma. J Immunother 2007; 30:749-761.

17. Florcken A, Kopp J, Lessen A, van, et al. Allogeneic partially HLA-matched
dendritic cells pulsed with autologous tumor cell lysate as a vaccine in
metastatic renal cell cancer. Hum Vaccines Immunother 2013;
9:1217-1227.

18. Holtl L, Ramoner R, Zelle-Rieser C, et al. Allogeneic dendritic cell vaccination
against metastatic renal cell carcinoma with or without cyclophosphamide.
Cancer Immunol Immunother 2005; 54:663-670.

www.co-oncology.com 167



Cancer biology

19. Hus |, Rolinski J, Tabarkiewicz J, et al. Allogeneic dendritic cells pulsed with
tumor lysates or apoptotic bodies as immunotherapy for patients with early-
stage B-cell chronic lymphocytic leukemia. Leukemia 2005; 19:1621-1627.

20. Marten A, Renoth S, Heinicke T, et al. Allogeneic dendritic cells fused with tumor
cells: preclinical results and outcome of a clinical phase I/ll trial in patients with
metastatic renal cell carcinoma. Hum Gene Ther 2003; 14:483-494.

21. van de Loosdrecht AA, van Wetering S, Santegoets SJAM, et al. A novel
allogeneic off-the-shelf dendritic cell vaccine for postremission treatment of
elderly patients with acute myeloid leukemia. Cancer Immunol Immunother
2018; 67:1505-1518.

22. Laurell A, Lénnemark M, Brekkan E, et al. Intratumorally injected pro-inflam-
matory allogeneic dendritic cells as immune enhancers: a first-in-human study
in unfavourable risk patients with metastatic renal cell carcinoma. J Immun-
other Cancer 2017; 5:52.

23. SchettiniJ, Mukherjee P. Physiological role of plasmacytoid dendritic cells and
their potential use in cancer immunity. Clin Dev Immunol 2009;
2008:¢106321.

24. Fonteneau J-F, Gilliet M, Larsson M, et al. Activation of influenza virus—
specific CD4+ and CD8+ T cells: a new role for plasmacytoid dendritic cells
in adaptive immunity. Blood 2003; 101:3520-3526.

25. van der Sluis RM, Egedal JH, Jakobsen MR. Plasmacytoid dendritic cells as

m  cell-based therapeutics: a novel immunotherapy to treat human immunode-
ficiency virus infection? Front Cell Infect Microbiol 2020; 10:249.

An interesting review of the potential of plasmacytoid dendritic cell-based vaccine

to induce antiviral immunity in human.

26. Yun TJ, Igarashi S, Zhao H, et al. Human plasmacytoid dendritic cells mount a
distinct antiviral response to virus-infected cells. Sci Immunol 2021;
6:eabc7302.

27. Monti M, Consoli F, Vescovi R, et al. Human plasmacytoid dendritic cells and

mm cutaneous melanoma. Cells 2020; 9:417.

A complete review of the role of plasmacytoid dendritic cells in antitumor

immunology and in melanoma in particular.

28. Poropatich K, Dominguez D, Chan W-C, et al. OX40™" plasmacytoid dendritic

m  cells in the tumor microenvironment promote antitumor immunity. J Clin
Investig 2020; 130:3528-3542.

A complete review of the role of plasmacytoid dendritic cells in antitumor

immunology and in melanoma in particular.

29. Li G, ChengL, Su L. Phenotypic and functional study of human plasmacytoid
dendritic cells. Curr Protoc 2021; 1:e50.

30. Tel J, Aarntzen EHJG, Baba T, et al. Natural human plasmacytoid dendritic
cells induce antigen-specific T-cell responses in melanoma patients. Cancer
Res 2013; 73:1063-1075.

31. Westdorp H, Creemers JHA, Oort IM, van, et al. Blood-derived dendritic cell
vaccinations induce immune responses that correlate with clinical outcome in
patients with chemo-naive castration-resistant prostate cancer. J Immunother
Cancer 2019; 7:302.

32. Chaperot L, Bendriss N, Manches O, et al. Identification of a leukemic
counterpart of the plasmacytoid dendritic cells. Blood 2001;97:3210-3217.

33. Jacob MC, Chaperot L, Mossuz P, et al. CD4+ CD56+ lineage negative
malignancies: a new entity developed from malignant early plasmacytoid
dendritic cells. Haematologica 2003; 88:941-955.

168 www.co-oncology.com

34. Chaperot L, Blum A, Manches O, et al. Virus or TLR agonists induce TRAIL-
mediated cytotoxic activity of plasmacytoid dendritic cells. J Immunol 2006;
176:248-255.

35. Lui G, Manches O, Angel J, et al. Plasmacytoid dendritic cells capture and
cross-present viral antigens from influenza-virus exposed cells. PLOS ONE
2009; 4:e7111.

36. Charles J, Chaperot L, Hannani D, et al. An innovative plasmacytoid dendritic

m  cell line-based cancer vaccine primes and expands antitumor T-cells in
melanoma patients in a firstsin-human trial. Oncolmmunology 2020;
9:1738812.

The first demonstration of the cancer vaccine potential of a human plasmacytoid

dendritic cell line in melanoma.

37. Blum A, Chaperot L, Molens J-P, et al. Mechanisms of TRAIL-induced
apoptosis in leukemic plasmacytoid dendritic cells. Exp Hematol 20086;
34:1655-1662.

38. Di Domizio J, Blum A, Gallagher-Gambarelli M, et al. TLR7 stimulation in
human plasmacytoid dendritic cells leads to the induction of early IFN-
inducible genes in the absence of type | IFN. Blood 2009; 114:1794-1802.

39. Kim T, Pazhoor S, Bao M, et al. Aspartate-glutamate-alanine-histidine box
motif (DEAH)/RNA helicase A helicases sense microbial DNA in human
plasmacytoid dendritic cells. PNAS 2010; 107:15181-15186.

40. Zannetti C, Parroche P, Panaye M, et al. TLR9 transcriptional regulation in
response to double-stranded DNA viruses. J Immunol 2014; 193:3398-3408.

41. Maeda T, Murata K, Fukushima T, et al. A novel plasmacytoid dendritic cell line,
CAL-1, established from a patient with blastic natural killer cell ymphoma. Int J
Hematol 2005; 81:148-154.

42, Narita M, Watanabe N, Yamahira A, et al. A leukemic plasmacytoid dendritic
cell line, PMDCO5, with the ability to secrete IFN-a by stimulation via Toll-like
receptors and present antigens to naive T cells. Leuk Res 2009;
33:1224-1232.

43. Aspord C, Charles J, Leccia M-T, et al. A novel cancer vaccine strategy based
on HLA-A%0201 matched allogeneic plasmacytoid dendritic cells. PLoS ONE
2010; 5:e10458.

44. Aspord C, Leccia M-T, Salameire D, et al. HLA-Ax0201 + plasmacytoid
dendritic cells provide a cell-based immunotherapy for melanoma patients. J
Investig Dermatol 2012; 132:2395-2406.

45. Plumas J, Alvez P, Chaperot L, et al. Priming and expansion of neo-antigen
specific-T cells thanks to an off-the-shelf cell-based drug product. Ann Oncol
2017; 28:xi18—xi19.

46. Lenogue K, Walencik A, Laulagnier K, et al. Engineering a human plasma-

m  cytoid dendritic cell-based vaccine to prime and expand multispecific viral and
tumor antigen-specific T-cells. Vaccines 2021; 9:141.

An important proof of principle of the potential of a human plasmacytoid dendritic

cell line to prime and expand antitumor CD8+ T-cells, following genetic modifica-

tion, for the next generation of cancer vaccines.

47. Najima Y, Tomizawa-Murasawa M, Saito Y, et al. Induction of WT1-specific
human CD8+ T cells from human HSCs in HLA class | Tg NOD/SCID/
IL2rgKO mice. Blood 2016; 127:722-734.

48. Spranger S, Frankenberger B, Schendel DJ. NOD/scid IL-2Rg null mice: a
preclinical model system to evaluate human dendritic cell-based vaccine
strategies in vivo. J Transl Med 2012; 10:1-11.

Volume 34 o Number 2 o March 2022



