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Lymphocyte activation gene-3 (LAG-3, CD223)
in plasmacytoid dendritic cells (pDCs):
a molecular target for the restoration
of active antitumor immunity
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We have recently reported that lymphocyte activation gene-3 (LAG-3,CD223) mediates the alternative, IFNa-
deficient activation of plasmacytoid dendritic cells (pDCs) at tumor sites. Our findings define a novel tumor-driven
strategy that promotes immunosuppression by pDCs, and we have provided more detailed information regarding the
immunomodulatory role of of LAG-3. The translational relevance of our results for the treatment of tumors and
autoimmune diseases is discussed herein.

The formation of a permissive micro-
environment is a hallmark of cancer and a
required step by which tumor cells disable
specific immunity. A complex network of
mechanisms is responsible for establishing
a tolerogenic state, in which different
immunosuppressive cells are actively
induced/recruited by tumors. This phe-
nomenon has been largely documented
for melanoma, which represents the para-
digm of tumor immune evasion despite its
intrinsic immunogenicity.

Antigen-presenting cells (APCs) initi-
ate antitumor immune responses. Among
the APCs, plasmacytoid dendritic cells
(pDCs) are emerging as important regula-
tors of tumor immunity due to their
intrinsic capacity for bridging the innate
and adaptive immune responses (see
Fig. 1A). pDCs boost antitumor T cells
by antigen cross-presentation and favor an
adaptive response via the production of a
large amount of Type I interferons
(IFNs).! However, a common trait of
tumor-associated pDCs is their impaired
IFN« release, which is associated with

their immunosuppressive and tolerogenic
functions.? Indeed, pDCs at tumor sites,
including those found in melanoma, are
associated with a poor clinical outcome.’
While the complete activation of pDCs is
achieved by pathogens through toll-like
receptors  (TLRs), the signals/receptors
that may be responsible for pDC activa-
tion in the pathogen—free inflammatory
tumor environment are unknown. We
have recently reported that human pDCs
comprise a LAG-3" subset that accumu-
lates in melanoma-invaded lymph nodes
(LNs) and displays a partially activated
phenotype.” Lymphocyte activated gene 3
(LAG-3) is a CD4-related co-stimulatory
receptor that binds to major histocompati-
bility complex class II (MHC-II) mole-
cules. Our in wvitro experiments have
demonstrated that HLA-DR* melanoma
cells interact with LAG-3 and induce the
TLR-independent activation of pDCs,
which is characterized by limited IFNa
and enhanced interleukin 6 (IL-6) pro-
duction. pDCs activated via the alterna-
tive LAG-3 signaling pathway induce
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regulatory T cells (Tregs) and stimulate
monocytes to release chemokine (C-C)
motif ligand 2 (CCL2), which plays a cru-
cial role in the recruitment of myeloid-
derived suppressor cells (MDSCs) to
tumor sites. Our data clearly showed that
the LAG-3-mediated maturation pathway
of pDCs also occurs i vivo. An ex vivo
analysis of the cytokine profile of tumor-
associated LAG-3" pDCs revealed IL-6
enrichment and IFNa deficiency. LAG-
3t pDCs in melanoma-invaded LN stain
positively for IL-6 and preferentially local-
ize near HLA-DR' melanoma cells. LN
areas with LAG-3" pDCs display high
densities of M2-polarized macrophages.
Thus, through this alternative activation,
LAG-3" pDCs promote immunosuppres-
sion at tumor sites (see Fig. 1B).

Our results suggest that therapeutic
strategies aimed at restoring active antitu-
mor immunity should consider the need
for establishing fully functioning pDCs in
the tumor context. The re-acquisition of
high levels of IFNa via the use of TLR
agonists as a monotherapy has been shown
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Figure 1 (See previous page). Role of LAG-3 in pDCs and its translational relevance in melanoma and psoriasis. (A) Under normal conditions, upon
activation, plasmacytoid dendritic cells (pDCs) upregulate T cell co-stimulatory molecules (such as CD86 and CD40) and increase MHC-Il and TRAIL
expression; activated pDCs secrete pro-inflammatory and anti-viral cytokines, such as Type | interferons (IFNa/B), and promote B- and DC-cell differentia-
tion/activation, T helper cell type 1 (Th1) response, and natural killer (NK) cell and CD8™ T cell cytotoxic activities. (B) In melanoma-invaded lymph nodes
(LNs), MHC-Il molecules on melanoma cells bind to lymphocyte activated gene 3 (LAG-3) expressed on the surface of pDCs, resulting in the tolerogenic
activation of pDCs. Low levels of IFNa and high levels of interleukin 6 (IL-6) induce monocytes to produce chemokine (C-C) motif ligand 2 (CCL2) with
subsequent myeloid derived suppressor cell (MDSC) accumulation and regulatory T cell (Treg) expansion. (C) In melanoma lesions, the antagonistic anti-
LAG-3 mAb blocks the negative signals mediated by LAG-3 in exhausted T cells and limits the suppressor functions of Tregs. The same mAb blocks the
interaction between pDCs expressing LAG-3 and melanoma cells expressing its ligand (MHC-II), allowing for pDC activation and IFNa production while
limiting the frequencies of MDSCs and Tregs with subsequent T-cell expansion. Clinical-grade LAG-3lg (IMP321) promotes DC maturation and CD8"
T-cell induction/expansion. (D) In psoriatic lesions, the agonist anti-LAG-3 mAb can trigger LAG-3-mediated signaling in pDCs, thus diminishing IFNa pro-
duction and consequently hampering the activation of dermal dendritic cells (DDCs) and the development of pathogenic Th1 responses. The cytotoxic
anti-LAG-3 mAb depletes autoreactive LAG-3" T cells.

to be inefficient in promoting enduring
antitumor activity.” Thus, the develop-
ment of novel approaches for subverting
the immunosuppressive activities of pDCs
in tumors is mandatory. Our data indicate
that LAG-3 is a molecule that can be tar-
geted to counteract the tumor-driven
inhibitory functions of pDCs. An antago-
nist monoclonal antibody (mAb) that
prevents LAG-3-mediated signal transduc-
tion in pDGCs, given in combination with
TLR agonists, may effectively modify the
immunological functions of pDCs to pro-
mote protective antitumor immunity (see
Fig. 1C). This is a testable hypothesis as
anti-LAG-3
mAbs are currently available for clinical
use. Indeed, LAG-3 plays complex immu-
nological roles and is a negative co-stimu-
latory molecule that is expressed by

antagonistic, humanized

exhausted or chronically stimulated T
cells, such as those found at tumor sites.®
LAG-3 also defines Tregs with enhanced
suppressive functions that accumulate in
melanoma-invaded LNs where it func-
tions as selective marker for human Treg
type 1 cells.”® With the aim of reverting
exhaustion and possibly limiting Treg func-
tions, clinical trials using anti-LAG-3 mAbs
with or without anti-PD1 mAbs are cur-
rently underway, and patients with solid
and hematologic cancers are being recruited

(NCT02061761; NCT01968109). For
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toring that includes assessments of the phe-
notypes of both the
circulating and tumor-infiltrating pDCs, if
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present, can indeed be useful to further
delineate the roles of pDCs in tumor
immunity.

LAG-3 expressed by pDCs may
become a target for the treatment of auto-
immune diseases, and agonist anti-LAG-3
mAbs, although not yet available, may
have a clinical impact on the treatment of
psoriasis. In psoriasis, the production of
I[FNa by pDCs is the initial event in the
innate cascade driving pathologic inflam-
mation.” The LAG-3-mediated activation
of pDCs may represent an efficient strat-
egy for limiting IFNo and promoting
immunosuppression in the local environ-
ment. An additional therapeutic approach
may rely on the active depletion of LAG-
3" pathogen-activated T cells by anti-
LAG-3-specific  mAbs endowed with
antibody-dependent  cell  cytotoxicity
(ADCC)-related functions (see Fig. 1D).
Humanized cytotoxic anti-LAG-3 mAbs
have recently been developed, and a Phase
I study of healthy subjects and patients
with psoriasis will soon be underway
(NCT02195349).

The immunomodulatory functions of
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plexity. LAG-3 also exists as a soluble
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monomer that is shed from the cell sur-
faces of activated T cells or secreted as
an alternatively spliced protein isoform.
Taking advantage of a soluble recombi-
nant LAG-3 fusion protein (LAG-3Ig),
we and others have shown that the
LAG-3-mediated triggering of MHC-II
molecules induces the maturation pro-
cess in immature DCs as well as the
production of chemokines that target
the DCs to LNs (see Fig. 1C).'° Clini-
cal-grade LAG-3Ig, known as IMP321,
is currently in use in different clinical
trials and has encouraging
results, both at low doses as a vaccine

shown

adjuvant to cancer antigens and at high
doses as a systemic APC activator to
further chemotherapy-induced
immunogenic  tumor  cell  death
(NCT00354263; NCT00365937; NCT
00349934).

In conclusion,

boost

our results reveal
novel immunological functions of LAG-
3 and suggest that the manipulation of
LAG-3-mediated signaling to target dif-
ferent immune cell subsets, including
pDCs, shows promise as an effective
tool for either restoring immune func-
tions in patients with melanoma (see
Fig. 1C) or correcting aberrant immune
activation in patients affected by auto-
immune skin diseases, such as psoriasis

(see Fig. 1D).
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