
cells

Review

Depleting Tumor Cells Expressing Immune Checkpoint
Ligands—A New Approach to Combat Cancer

Fabrizio Marcucci * and Cristiano Rumio

����������
�������

Citation: Marcucci, F.; Rumio, C.

Depleting Tumor Cells Expressing

Immune Checkpoint Ligands—A

New Approach

to Combat Cancer. Cells 2021, 10, 872.

https://doi.org/10.3390/cells10040872

Academic Editor: Alessandro Poggi

Received: 11 February 2021

Accepted: 8 April 2021

Published: 12 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Department of Pharmacological and Biomolecular Sciences, University of Milan, Via Trentacoste 2,
20134 Milan, Italy; cristiano.rumio@unimi.it
* Correspondence: fabmarcu@gmail.com

Abstract: Antibodies against inhibitory immune checkpoint molecules (ICPMs), referred to as
immune checkpoint inhibitors (ICIs), have gained a prominent place in cancer therapy. Several ICIs
in clinical use have been engineered to be devoid of effector functions because of the fear that ICIs
with preserved effector functions could deplete immune cells, thereby curtailing antitumor immune
responses. ICPM ligands (ICPMLs), however, are often overexpressed on a sizeable fraction of tumor
cells of many tumor types and these tumor cells display an aggressive phenotype with changes
typical of tumor cells undergoing an epithelial-mesenchymal transition. Moreover, immune cells
expressing ICPMLs are often endowed with immunosuppressive or immune-deviated functionalities.
Taken together, these observations suggest that compounds with the potential of depleting cells
expressing ICPMLs may become useful tools for tumor therapy. In this article, we summarize the
current state of the art of these compounds, including avelumab, which is the only ICI targeting an
ICPML with preserved effector functions that has gained approval so far. We also discuss approaches
allowing to obtain compounds with enhanced tumor cell-depleting potential compared to native
antibodies. Eventually, we propose treatment protocols that may be applied in order to optimize the
therapeutic efficacy of compounds that deplete cells expressing ICPMLs.

Keywords: immune checkpoint; epithelial-mesenchymal transition; overexpression; ADC; bispecific;
CAR T cells; effector functions; oncolytic virus; combination therapy

1. Introduction

Immune checkpoint molecules (ICPMs) modulate innate or adaptive immune re-
sponses [1–4]. From a functional point of view, they can be divided into two broad classes:
ICPMs that costimulate [4] and ICPMs that inhibit immune responses [1–3]. ICPMs form
ligand-receptor pairs, with the receptors being predominantly expressed on immune cells
and the ligands being predominantly expressed on antigen-presenting cells (APC), tumor
cells or other cell types [5]. This distinction, however, is not absolute since ICPM receptors
can be expressed also on tumor cells, while ICPM ligands (ICPMLs) can be expressed also
on immune cells. For the purpose of this article and for the sake of clarity, we will refer to
ICPMLs whenever these molecules are expressed on tumor cells and can serve as potential
targets for cell-depleting compounds. Engagement of the receptor by the ligand gives rise
to an inhibitory or stimulatory (costimulatory) signal to the immune cell. The number of
ICPMs is constantly increasing as new molecules falling within one of the two functional
classes are discovered.

From a molecular point of view, ICPMs belong to several families. Most ICPMs
belong to the B7/CD28 or the tumor necrosis factor (TNF) superfamilies. The B7/CD28
family itself can be divided into three groups on the basis of phylogenetic analyses [3].
Group I includes B7-1 (CD80), B7-2 (CD86), CD28, cytotoxic T-lymphocyte antigen 4
(CTLA-4, CD152), inducible T-cell costimulatory (ICOS, CD278), and ICOS-ligand (ICOS-L,
CD275). Group II includes programmed cell death protein 1 (PD-1, CD279), PD-ligand
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1 (PD-L1, CD274), PD-L2 (CD273). Group III consists of B7-H3 (CD276), B7-H4, and
human endogenous retrovirus-H long terminal repeat-associating protein 2 (HHLA2),
transmembrane and immunoglobulin domain containing 2 (TMIGD2, CD28H). CD70
and CD137 ligand (CD137L) are members of the TNF superfamily (TNFSF7 and TNFSF9,
respectively). CD40 is a member of the TNFR superfamily (TNFRSF5). CD47 and CD155
are members of the immunoglobulin (Ig) superfamily. Galectin-9 is an S-type lectin.

ICPMs play important roles in all types of immune responses, including those oc-
curring during tumorigenesis. In fact, it is this role that has raised most interest from
a therapeutic point of view because of the possibility to interfere with the activity of in-
hibitory checkpoints or exert agonistic activity on costimulatory immune checkpoints [5,6]
and, by so doing, stimulating antitumor immune responses with the aim of delaying tumor
progression or, optimally, leading to tumor eradication. As a result, several monoclonal
antibodies (mAb) against inhibitory ICPMs, generally referred to as immune checkpoint
inhibitors (ICIs), have received regulatory approval and have yielded favorable thera-
peutic effects in a significant fraction of patients affected by several tumor types [5,7,8].
Interestingly, tumor cells often express ICPMLs on a sizeable fraction of tumor cells and
overexpress them compared to normal cells [9]. This behavior suggests the possibility of
targeting these ICPMLs for therapeutic purposes.

In this article we summarize the role of tumor cell-associated ICPMLs in tumor biology
as well as the approaches that are being pursued in order to obtain compounds that deplete
tumor cells expressing ICPMLs. We will not address here neither the effects of ICPMs on
antitumor immune responses nor the clinical results obtained so far with ICIs. There are
excellent reviews that cover these aspects, several of which are cited throughout this article.

2. Mechanisms Underlying the Overexpression of ICPMLs on Tumor Cells

Overexpression of ICPMLs on tumor cells can be the result of different stimuli, ei-
ther cell-autonomous stimuli or stimuli from the tumor microenvironment (TME). The
mechanisms underlying the overexpression of ICPMLs on tumor cells have been most
thoroughly investigated for PD-L1 and have been reviewed recently [9]. As regards tumor
cell-autonomous stimuli, overexpression of PD-L1 can be the result of intrachromosomal
or extrachromosomal events. Copy number alterations in chromosomal region 9p24.1 that
encompasses the loci for PD-L1 and PD-L2, inversions, deletions, translocations, generation
of chimeric fusion transcripts, and disruption or mutation of the 3′-untranslated region of
the PD-L1 gene are intrachromosomal events that can lead to PD-L1 overexpression [10–12].
Tumor cell-autonomous, extrachromosomal events are receptor-activating mutations or
receptor overexpression [13], gain-of-function or loss-of-function mutations affecting intra-
cellular signaling molecules [14,15], activation or overexpression of transcription factors
(e.g., hypoxia-inducible factor-α, signal transducer and activator of transcription (STAT) 3,
MYC) [16–18]. More recently, also epigenetic mechanisms have been reported to induce
or contribute to the overexpression of tumor cell-associated PD-L1 [19,20]. Tumor cell-
exogenous stimuli that can lead to the overexpression of PD-L1 are cytokines (e.g., inter-
feron (IFN)-γ, tumor necrosis factor (TNF)-α) [21,22] and various other stimuli from the
TME like hypoxia or pseudohypoxia [18,23], antitumor drugs (chemotherapeutics, targeted
therapeutics) [24] or metabolites (e.g., lactate) [25]. While the mechanisms leading to the
overexpression of other tumor cell-associated ICPMLs have been much less investigated,
they appear to be similar to those for PD-L1. Thus, hypoxia or pseudohypoxia lead to
the overexpression of B7-H4 [26], CD70 [27], CD47 [28]. Antitumor drugs lead to the
overexpression of CD70 and B7-H3 [29,30]. Activation of the Ras-Raf-MEK-extracellular
signal-regulated kinase pathway leads to overexpression of CD155 and CD137 [31,32],
Hedgehog signaling to overexpression of CD155 [32], the Janus kinase 2-STAT3 pathway
to overexpression of fibrinogen-like protein 1 (FGL1) [33]. While the stimuli that induce
overexpression of ICPMLs on tumor cells appear to be similar, in some instances subtle dif-
ferences in the intracellular signaling pathways regulating the expression of two different
ICPMLs have been observed [34], suggesting that these differences may explain the differ-
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ent patterns of expression that have been observed between different tumor cell-associated
ICPMLs (see Section 3).

3. The Consequences of the Expression of ICPMLs on the Biology of Tumor Cells

In addition to transmitting signals to other cells (mostly immune cells) upon en-
gagement of their cognate receptors [3,8,35,36] tumor cell-associated ICPMLs also exert
cell-autonomous functions. Thus, their expression is associated with changes whereby
tumor cells acquire enhanced capabilities to migrate, invade and metastasize to distant
organs, undergo faster growth and metabolic alterations [37,38], acquire tumor-initiating
potential [28,29,39] as well as resistance to antitumor drugs and apoptosis [9]. Collectively,
these changes, when they are accompanied by the expression of specific transcription fac-
tors and molecular modifications [40] are referred to as tumor cell epithelial-mesenchymal
transition (EMT) [41,42]. Indeed, the causal relationship between ICPML expression on
tumor cells and EMT has been shown in several instances with a variety of technical
approaches (e.g., siRNA, CRISPR/Cas) [43–47]. Expression of ICPMLs on tumor cells can
be both a consequence [48], as well as a cause of tumor cell EMT [43,44,49–51], suggesting
the existence of a positive feedback loop between the expression of ICPMLs and EMT [9].
Interestingly, tumor cell EMT can also have immunosuppressive effects [52] and it has
recently been shown that loss of the epithelial marker E-cadherin, a hallmark of EMT,
reduces responsiveness to ICIs in a mouse melanoma model [53].

As regards individual ICPMLs, the following have been reported to be associated
with tumor cell EMT: PD-1 [54,55] PD-L1 [54–57], PD-L2 [54,55], B7-H3 [55], B7-H4 [43,58],
CTLA-4 [54,55], OX40 [54], CD47 [59–61], CD137 ligand [62], CD155 [44], FGL1 [46], T-cell
immunoglobulin and mucin-domain containing-3 (TIM-3) [55,63] and B- and T-lymphocyte
attenuator (BTLA, CD272) [55]. Other ICPMLs, while not having been formally associated
with EMT (e.g., CD70, galectin-9), are expressed by tumor cells displaying EMT-related
functionalities [64–67].

The data discussed so far suggest the existence of a close association between ex-
pression of ICPMLs on tumor cells and EMT and raise the question as to whether this
association is absolute. In fact, data show that the association of an ICPML (PD-L1) and
EMT on tumor cells is not coincident [39]. Moreover, as already mentioned, tumor cell-
associated PD-L1 expression can be induced by intrachromosomal events. In these cases,
PD-L1 overexpression is independent of tumor cell EMT [10,12,68], but it cannot be ex-
cluded that it may contribute to the induction of tumor cell EMT. The observation that
genomic amplification targeting PD-L1 and PD-L2 is enriched in triple-negative breast
cancer (TNBC), a cancer type with a predominantly mesenchymal phenotype suggests that
this may, indeed, be the case [69].

Moreover, the lack of coincidence between ICPML expression and tumor cell EMT
may also be the consequence of EMT plasticity, whereby tumor cells undergoing EMT cover
a whole spectrum of phenotypes spanning from a fully epithelial to a fully mesenchymal
one [70]. This suggests the possibility, for example, that an individual ICPML on tumor
cells may be expressed at EMT initiation, when epithelial markers still predominate over
mesenchymal markers. Moreover, heterogeneity of EMT marker expression is paralleled by
the heterogeneity of ICPML expression [71]. Such heterogeneity applies both to individual
ICPMLs, with ICPML-negative and -positive tumor cells coexisting within the same tu-
mor [72], as well as to different ICPMLs showing non-overlapping or partially overlapping
expression within the same tumor cell population. As regards the heterogeneous expression
of different ICPMLs, it has been reported, for example, that a fraction of PD-L1-negative
melanomas expressed high levels of CD155 and this was associated with a poor response to
anti-PD-1/anti-CTLA4 therapy [73]. Moreover, expression of B7-H4 was prevalent among
immune-cold TNBCs, and correlated inversely with that of PD-L1 [74,75]. In hepatocellular
carcinoma tissues, FGL1 and PD-L1 had distinct distribution and relationships with each
other [76]. Expression of Herpes virus entry mediator (HVEM) was found to be broader
than that of PD-L1 on cells of melanoma metastases from 116 patients [77]. Moreover, in
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some situations, administration of an anti-ICPM antibody (anti-PD-1) has been shown to
lead to the upregulation of an ICPML (TIM-3) [78].

4. Why Non-Depleting Antibodies Have Been Used against Inhibitory ICPMLs

Given the points discussed so far and, in particular, the close association between
tumor cell expression of ICPML and an aggressive phenotype, it is somehow surprising
to note that most of the ICIs against ICPMLs that are in current clinical use, have been
selected so to be devoid of cell-depleting activity.

In fact, ICI antibodies of IgG1 isotype are able, in addition to inhibit the interaction
with the cognate ICPM, to induce cytotoxic or phagocytic effects (antibody-dependent cellu-
lar cytotoxicity (ADCC), antibody-dependent cellular phagocytosis (ADCP), complement-
dependent cytotoxicity (CDC)) on cells expressing the targeted antigen. As to currently
used antibodies, the anti-PD-L1 mAb atezolizumab has an aglycosylated Fc region devoid
of effector functions, and the anti-PD-L1 mAb durvalumab is of IgG1 isotype with three
mutations in the Fc domain resulting in greatly reduced ADCC and CDC [79]. A notable
exception to this picture is the anti-PD-L1 mAb avelumab, which will be discussed later.
The reason as to why several clinically approved ICIs have been selected to be devoid
of effector functions is due to the fact that ICPMLs can be expressed not only on tumor
cells, but also on cells of the innate and adaptive immune system and that their depletion
through ADCC, CDC or ADCP might lead to undesired immunosuppressive effects. In
fact, taking a closer look to ICPML-expressing immune cells, one may reach the conclusion
that their depletion may not be necessarily of harm, because in many instances such cells
have immunosuppressive effects. In the following, we will briefly discuss this knowledge
which has been obtained mainly for PD-L1.

Tumor-associated dendritic cells (DCs) upregulate PD-L1 in response to T-cell derived
inflammatory cytokines like IFN-γ [80], while M1 macrophages do so in response to
another inflammatory cytokine, interleukin (IL)-1β [81]. PD-L1+ DCs can lead to functional
inactivation of T cells upon interaction with PD-1 [82]. Similarly, other PD-L1+ antigen-
presenting cells like macrophages can induce anergy in T cells upon interaction with PD-
1 [83], explaining why expression of PD-L1 on immune cells, rather than tumor cells, has
been found in some studies to correlate with a favorable response to anti-PD-1 therapy [84].
Additionally, B7-H4 is expressed on immunosuppressive tumor-associated macrophages
(TAM) [85]. Moreover, upon PD-1/PD-L1 interaction, macrophages can produce increased
levels of immunosuppressive cytokines like IL-10, but reduced levels of inflammatory
cytokines like IL-6 [83,86]. Additionally, tumor-infiltrating T cells can express PD-L1
upon activation and this PD-L1 is important for T-cell survival [87]. Ligation of T cell-
associated PD-L1 can have immunosuppressive effects by promoting M2 polarization of
macrophages, reducing the production of inflammatory cytokines and inducing an anergic
phenotype or apoptosis in T-cells [88,89]. PD-L1 expression has also been documented on
non-tumor cells of the TME that may play tumor-promoting and immunosuppressive roles
like cancer-associated fibroblasts (CAF) [90]. Eventually, mice lacking CD155 on both tumor-
infiltrating myeloid cells as well as tumor cells showed greater reduction of tumor growth
and metastasis compared to mice lacking CD155 only on tumor cells [91]. Importantly, the
immunosuppressive effects of ICPMLs may be context-dependent as has been shown for
PD-L1, with tumor-associated PD-L1 playing a predominantly immunosuppressive role
in some tumor types, and PD-L1 expressed on tumor-associated immune cells playing a
predominantly immunosuppressive role in other tumor types [92,93]).

So far, we have listed several downsides related to ICPML expression on immune
cells. There are, however, some observations suggesting that the expression of PD-L1 on
immune cells may contribute to antitumor effects of the immune response. Thus, some
tumors were shown to induce expression of PD-L1 on natural killer (NK) cells and this
led to enhanced NK-cell function. These PD-L1-positive NK cells could be activated with
an anti-PD-L1 antibody to perform increased antitumor activity [94]. Depletion of PD-
L1-expressing NK cells led to the suppression of this antitumor mechanism. Still another
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possibility to be considered is that depletion of ICPML+ immunosuppressive cells triggers
direct tumor-promoting effects of the immune system like those that may occur during
hyperprogressive disease observed during ICI therapy [95–97].

5. Does Target Cell Depletion Contribute to the Therapeutic Activity of Some of the
Approved ICIs?

There are several observations suggesting that currently used ICIs may exert their
activity not only by inhibiting the transmission of inhibitory signals in immune cells.
Thus, it has been shown that increasing tumoral PD-L1 expression may be predictive
of a favorable response to PD-1 inhibition [98]. This observation is somehow at odds
with the assumption that inhibition of the interaction between ICPML-ICPM receptor
pairs interrupts only the transmission of a negative signal to immune cells. In fact, in
this case the degree of inhibition should depend on the level of expression of the ICPM
receptor on immune cells and its degree of occupancy by the anti-PD-1 ICI, while being
relatively independent of the level of tumor cell-associated ICPML expression (in this
case PD-L1). Rather, it suggests that inhibition of the interaction may also interrupt the
transmission of a signal towards tumor cells, perhaps a signal that promotes EMT in tumor
cells. However, if this would be the only mode of action of ICIs, then the association
between tumoral PD-L1 expression and therapeutic efficacy should be absolute, and this
is not the case. In fact, patients with low or (apparently) negative PD-L1 expression may
respond to treatment [99] and, vice versa, not every patient with demonstrable tumoral
PD-L1 expression responds to treatment [100]. Altogether, these results suggest that the
therapeutic outcome following treatment with ICIs may be the result of two, possibly
overlapping, activities: first, inhibition of the transmission of negative signals to immune
cells; second, inhibition of the transmission of positive signals to tumor cells. At present,
however, it is unclear to what extent the interruption of such positive signaling in tumor
cells contributes to the therapeutic activity of ICIs currently used in the clinics.

These considerations, however, suggest that the use of a therapeutic compound that
depletes ICPML+ tumor cells and ICPML+ immunosuppressive immune cells, might have
some advantages compared to presently used ICIs. In fact, some preclinical studies in a
mouse model have confirmed this assumption for anti-PD-L1 antibodies [101].

As briefly mentioned before, one ICI in current clinical use, the anti-PD-L1 avelumab,
has preserved effector functions and, therefore, the potential of depleting PD-L1+ target
cells. In fact, avelumab is an IgG1 mAb that promotes ADCC on PD-L1-positive cells of
different tumor types both in vitro as well as in vivo [102–104]. In the clinics, avelumab
has yielded durable responses in advanced Merkel cell carcinoma patients with an adverse
event profile comparable to other ICIs [105]. On the basis of our current knowledge,
however, it is fair to say that we do not know to what extent the preserved effector
functions of avelumab play a role in the overall therapeutic efficacy of this ICI.

In addition to avelumab, other anti-ICPML mAbs with preserved effector functions
are at various stages of preclinical or clinical development. These include antibodies against
CD40 [106], CD47 [107,108], PD-L1 [109], CD70 [110] and B7-H4 [111]. Also in these cases,
for all the more reason, it is presently impossible to estimate the contribution of the effector
functions to the (potential) therapeutic efficacy of these antibodies.

6. Improving the Efficacy of Depleting Compounds by Enhancing the Expression of
Tumor Cell-Associated ICPMLs

While data on the therapeutic efficacy of ICIs with preserved effector functions are
still limited, available data on the anti-PD-L1 mAb avelumab suggest that their efficacy
may not drastically increase compared to ICIs devoid of such functions. If this will be
confirmed in future studies with the same or other antibodies, then one is led to ask if there
are possibilities to improve the efficacy of mAbs endowed with cell-depleting potential.
Available knowledge suggest that this goal may be achieved by means of two, non-mutually
exclusive possibilities: first, enhancing the expression of tumor cell-associated ICPMLs;
second, endowing antibodies with enhanced cell-depleting potential compared to native
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antibodies. In this section we address the first of these two possibilities. Given the non-
coincident expression of different ICPMLs on tumor cells, the following discussion may not
automatically apply to all tumor cell-associated ICPMLs. For this purpose, parallel studies,
investigating several ICPMLs at the same time would be required. To our knowledge, these
studies are not yet available.

The first and best-known class of molecules that upregulate the expression of tumor
cell-associated ICPMLs are cytokines. IFN-γ stands out as the best known [81,102,112],
but also other inflammatory cytokines like TNF-α, IL-6 and IL-1β have been shown to
upregulate ICPMLs [113]. It is to note, however, that not all ICPMLs are upregulated by the
same set of cytokines. B7-H4, for example, is upregulated in tumor cells by immunosup-
pressive cytokines like TGF-β1 or IL-10, but not by inflammatory cytokines like IFN-γ or
TNF-α [114,115]. The systemic administration of cytokines, however, is precluded because
of their toxicity and/or immunosuppressive effects, but approaches for the targeted deliv-
ery of these cytokines to the TME have been described [116,117] and may be investigated
also for their potential to upregulate individual ICPMLs.

A second class of molecules to be considered for the upregulation of ICPMLs are,
intriguingly, ICIs themselves. Thus, it has recently been reported that melanoma pa-
tients treated with anti-PD-1 antibodies greatly upregulate the expression of tumor- and
macrophage-associated PD-L1 within days of commencing treatment [118]. Such upregula-
tion may be, at least in part, the consequence of increased IFN-γ production in response to
the anti-PD-1 antibody [119]. This suggests the possibility to pursue a two-step approach.
First, treating patients with an ICI. Subsequently, when expression of the targeted tumor
cell-associated ICPML has reached its zenith, using a second, depleting compound in order
to target the largest possible number of tumor cells.

Not surprisingly, also chemotherapeutic drugs, a notorious stimulus for EMT induc-
tion [120], have been found to increase tumor cell-associated PD-L1 expression. This has
been observed in preclinical models [121] and in metastatic CRC patients who received
neoadjuvant chemotherapy [20]. CD155 is another ICPML that has been shown to in-
crease in response to some, but not other chemotherapeutics [122,123]. It should be noted,
however, that there are also reports claiming that tumor cell-associated PD-L1 expression
decreases after (neoadjuvant) chemotherapy [124]. The reasons for these discrepancies
are unclear.

Still another approach to enhance the expression of tumor cell-associated ICPMLs is
to act on intracellular signaling pathways that are involved in their positive or negative
regulation. Thus, tumor cell-associated PD-L1 expression was increased upon inhibition of
cyclin-dependent kinases (CDK) 4/6 by blocking ubiquitination-mediated PD-L1 degrada-
tion [125]. Treatment of tumor-bearing mice with the CDK4/6 inhibitor palbociclib and an
anti-PD-1 antibody resulted in improved survival compared with either treatment alone.
These favorable effects, however, could be due, at least in part, also to other antitumor
immunity-promoting effects that have been observed with CDK4/6 inhibitors such as
increased production of type III interferons and enhanced tumor antigen presentation [126].
These results show that increasing tumor cell-associated PD-L1 expression improves ther-
apy with an ICI, but suggest that such an approach may be useful also in view of depleting
ICPML+ tumor cells. Additionally, nutlin-3, a small molecule cis-imidazoline analog that
blocks the interaction between mouse double minute 2 homolog and p53, was found to
increase tumor cell expression of the ICPMLs B7-H3 and PD-L1 [34]. Inhibition of the MEK
pathway with trametinib enhanced the expression of B7-H3 in non-small cell lung cancer
(NSCLC) and bladder cancer cells [30].

Targeting epigenetic mechanisms like DNA methylation, histone deacetylation or
expression of the enhancer of zeste homolog 2 (EZH2) is another approach for upregulating
ICPML expression. An article already referred to [20] has shown that decitabine, an in-
hibitor of DNA methyltransferase 1 (DNMT1) induced, as expected, DNA hypomethylation,
which led to increased PD-L1 expression as well as increased expression of immune-related
genes and tumor infiltration of T cells [20]. Increased expression of PD-L1 as a result of
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DNA hypomethylation has also been observed by others [127]. The clinically approved
histone deacetylase inhibitor panobinostat increased IFN-γ-induced expression of PD-L1
in multiple myeloma cells [128]. Inhibition of the neddylation pathway with pevonedi-
stat (MLN4924) increased the expression of tumor cell PD-L1 both by increasing PD-L1
mRNA levels as well as by blocking PD-L1 degradation [129]. While these observations
refer only to PD-L1 it is reasonable to predict that similar results will be observed also for
other ICPMLs.

7. Improving the Efficacy of Anti-ICPML Compounds by Increasing Their
Cell-Depleting Potential

In this section we discuss the different approaches that are being pursued in order
to obtain anti-ICPML compounds with increased cell-depleting potential compared to
native antibodies. Table 1 gives a synthetic view of the expression of ICPMLs that will be
discussed in this section on cells of different tumor types, immune cells and, if applicable,
also on other cells of the TME. Table 2 gives a synoptic view of the different approaches
as well as examples of corresponding anti-ICPML compounds that have been described
in the literature and/or are in clinical development. Interestingly, not only antibodies
against inhibitory ICPMLs are being used for this purpose, but also antibodies against
costimulatory ICPMLs such as anti-CD40 antibodies. In fact, given that we are dealing with
cell-depleting antibodies, their specificity for inhibitory or costimulatory ICPMs is likely of
less relevance than for classical ICIs like the anti-PD-1 mAbs nivolumab or pembrolizumab.

Table 1. Expression of ICPMLs on tumor cells, immune cells and other cells of the tumor microenvironment (TME).

ICPML Tumor Type Immune Cells Other Cells of the TME References

PD-L1
On cells of many

hematologic and solid
tumor types

Inducible expression on T cells,
macrophages, DCs in response to

inflammatory cytokines

On tumor endothelial
cells, CAFs [22,80–82,87,90]

B7-H3
On cells of many

hematologic and solid
tumor types

Inducible expression on T cells, NK
cells, DCs and macrophages

On tumor endothelial
cells, CAFs [3,130–133]

B7-H4 On cells of many
tumor types

Inducible expression on monocytes,
macrophages, and myeloid DCs.

Constitutive expression on TAMs,
tumor Tregs

On tumor endothelial
cells, CAFs [3,85,134]

CD70

On cells of many
hematologic and solid

tumor types, very
frequent on RCC

On small subset of
antigen-stimulated B and T cells, and

mature DCs
On tumor endothelial

cells, CAFs [27,29,65,66,135–137]

CD155 On cells of many types
of solid tumors

Low-level expression on immune
cells, becomes up-regulated in

response to inflammatory stimuli
(LPS, cytokines). Expressed on
tumor-infiltrating myeloid cells

(macrophages, DCs).

On human vascular
endothelial cells [73,91,138]

TIM-1

O cells of many solid
tumor types, most
notably RCC and

ovarian clear
cell carcinoma

On T cells (in particular Th2), Breg
and DCs in mice. [139]

CD47 On cells of many
tumor types

Inducible (thrombospondin-1)
expression on different types of

immune cells (CD8+ T cells,
macrophages, DCs, NK cells)

Ubiquitously expressed [2,140]

Galectin-9

On cells of several
human tumors

including melanoma,
multiple myeloma,

mesothelioma

Constitutive expression on Treg,
on Th cells upon

activation, macrophages.
[64,141]

CD40 On cells of
hematologic tumors On APCs (DCs), B cells, monocytes [142,143]

Abbreviations: APC, antigen-presenting cell; Breg, regulatory B cell; CAF, cancer-associated fibroblast; DC, dendritic cell; ICPML, immune
checkpoint molecule ligand; LPS, lipopolysaccharide; NK, natural killer; PD-L1, programmed cell death protein-ligand 1; RCC, renal
cell carcinoma; TAM, tumor-associated macrophage; Th, T helper; TIM-1, T-cell immunoglobulin and mucin domain 1; TME, tumor
microenvironment; Treg, regulatory T cell.
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Table 2. Anti-ICPML compounds with enhanced target cell-depleting potential reported in the literature and/or in
clinical development.

Compound Type of Construct Preclinical or Clinical (ClinicalTrials.gov
Identifier, Phase, Comments) Development References

Antibodies with enhanced
constitutive effector functions

Anti-B7-H3
(eroblituzumab/MGA271) mAb with mutated Fc domain

Clinical: NCT01391143, phase I; NCT02381314,
phase I, plus ipilimumab; NCT02982941, phase

I in children; NCT02475213, phase I, plus
pembrolizumab; NCT02923180, phase II,

neoadjuvant in prostate cancer; NCT04129320,
NCT04634825, phase II/III, plus anti-PD-1
mAb or bispecific anti-PD-1xLAG-3 mAb.

[130]

Anti-CD70
(cusatuzumab/ARGX-110) Afucosylated mAb

Clinical: NCT03030612, NCT04264806,
NCT04241549, NCT04150887, NCT04023526,
phase I/II, plus AZA or venetoclax in MDS,
AML, CML; NCT02759250, phase I in NPC;

NCT01813539, phase I/II neoplasms.

[135,144]

ADCs

Anti-CD70 (SGN-75)
Humanized anti-CD70 mAb
linked to tubulin inhibitor

auristatin

Clinical: NCT01015911, phase I in NHL, RCC,
modest single-agent activity; NCT01677390,

phase Ib, plus everolimus in RCC.
[145,146]

Anti-CD70 (SGN-CD70A) Anti-CD70 mAb linked to
PBD dimer

Clinical: NCT02216890, phase I in NHL, RCC,
showed modest single-agent activity and high

frequency/severity of thrombocytopenia.
[147,148]

Anti-CD70 (BMS-936561/
MDX-1203)

Human anti-CD70 mAb
linked to duocarmycin

derivative
Clinical: NCT00944905, phase I in NHL, RCC. [149,150]

Anti-B7-H3 (MGC018) Humanized anti-B7-H3 mAb
linked to duocarmycin

Clinical: NCT03729596, phase I/II, plus
anti-PD-1 in several solid tumors. [151]

Anti-B7-H3 (m276) Human anti-B7-H3 mAb
linked to PBD dimer

Preclinical: It depleted both B7-H3+ tumor
cells as well as B7-H3+ tumor endothelial cells

leading to the eradication of established
tumors. Moderate expression of B7-H3 was

detected also on normal tissues.

[131]

Anti-B7-H3
Anti-B7-H3 mAb linked to

chlorin e6 for
photodynamic therapy

Preclinical [152]

Anti-B7-H4 (h1D11 TDC)

PBD linked to engineered
cysteines of an anti-B7-H4

mAb via a
protease-labile linker.

Preclinical: This ADC induced durable
regression in different mouse models of TNBC. [153]

anti-TIM-1 (CDX-014) Human anti-TIM-1 linked
to MMAE

Clinical: NCT02837991, phase I in RCC,
development now discontinued. [139]

Anti-PD-L1 (STM-108) Mab anti-glycosylated PD-L1
linked to MMAE

Preclinical: Induced bystander killing on
PD-L1- tumor cells. [154]

Anti-PD-L1 scFv-PD-L1 linked to the
maytansinoid DM1

Preclinical: Specific binding to PD-L1+ tumor
cells and antiproliferative activity in vitro. [155]

Anti-PD-L1 (atezolizumab) Atezolizumab linked
to doxorubicin

Preclinical: Induced cell killing, disruption of
tumor spheroids and induced apoptosis in a

breast cancer cell line.
[156]

Bispecific Antibodies

Anti-B7-H3xanti-CD3

Preclinical: MEK inhibitor trametinib
augmented expression of B7-H3. Combined

therapy (trametinib + bispecific mAb)
increased T cell infiltration and significantly

suppressed tumor growth.

[30]

ClinicalTrials.gov
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Table 2. Cont.

Compound Type of Construct Preclinical or Clinical (ClinicalTrials.gov
Identifier, Phase, Comments) Development References

Anti-B7-H3xanti-CD3

Preclinical: On hematological tumor cells,
redirected T cells exhibited significant

cytotoxicity, secreted more cytokines and
granzyme B and expressed higher levels of

activating marker CD69 compared to
non-redirected T cells.

[157]

Anti-B7-H3xanti-CD3

Preclinical: On cells of ENKTCL redirected T
cells killed tumor cells in vitro and suppressed

the growth of NKTCL tumors in
mouse models.

[158]

Anti-B7-H4xanti-CD3 (mAb
clone #25xOKT3)

Two constructs: one Fab
(anti-B7-H4) xscFv

(anti-CD3),one scFvxscRv

Preclinical: In a humanized mouse model of
breast cancer the bispecific Ab had strong

antitumor activity and promoted the
infiltration of CD8+ CTLs into the tumor

without any adverse effects over the long term.

[159]

Anti-CD155xanti-CD3 Preclinical [160,161]

CAR T or NK Cells

Anti-PD-L1 CAR T cells

T cells expressing
theextracellular domain of

human PD-1 or the scFv of an
anti-PD-L1

Preclinical: Induced regression of established
PDAC cancer by >80% in both xenograft and

orthotopic models.
[162]

Anti-B7-H3 CAR T cells
(376.96 mAb)

Preclinical: Control of the growth of PDAC,
ovarian cancer and neuroblastoma in xenograft

mouse models and in a syngeneic tumor
model without toxicity.

[132]

Anti-B7-H3 CAR T cells scFv from an anti-B7-H3 mAb
+ PD-1 decoy receptor.

Preclinical: Potent antitumor activity in
B7-H3+/B7-H1+ tumors in vivo. [163]

Anti-B7-H3 CAR T cells
scFv derived from the

anti-B7-H3 mAb
enoblituzumab

Preclinical: Regression of established solid
tumors in xenograft models. Efficacy

dependent upon high surface antigen density
on tumor tissues.

[164]

Anti-B7-H3 CAR NK cells
(CAR-NK-92MI)

Preclinical: Inhibition of tumor growth in
mouse xenografts of NSCLC and prolonged

survival of mice.
[165]

Anti-B7-H4 CAR T cells

Preclinical: Inhibition of growth of B7-H4+

human ovarian tumor xenografts, but lethal
toxicity was observed 6-8 weeks after therapy

due to expression of B7-H4 in ductal and
mucosal epithelial cells in normal tissues.

[166]

Anti-CD47 CAR NK cells scFv from an anti-CD47 mAb
Preclinical: Inhibition of pancreatic xenograft

tumor growth after intratumoral injection
in mice.

[167]

Anti-CD70 CAR T cells Anti-human and -mouse
CD70 CAR T cells

Preclinical: Both human and mouse anti-CAR
T cells induced regression of established GBM

in xenograft and syngeneic models.
[168]

Anti-CD70 CAR T cells Truncated CD27, the CD70
receptor, is the CD70 binder

Preclinical: Elimination of CD70-positive
HNSCC cells. [169]

Anti-CD70 CAR T cells
Truncated CD27, the CD70
receptor, was used as CD70

binder

Preclinical: Adoptively transferred anti-CD70
CAR T cells induced regression of established

murine xenografts.
[170]

Anti-CD70 CAR T cells Clinical: NCT04662294, phase I in AML,
MM, NHL N.A.

Anti-CD70 CAR T cells Clinical: NCT03125577, NCT04429438, phase
I/II in hematological B-cell malignancies. N.A.

Anti-CD70 CAR T cells
(CTX130) Anti-CD70 allogeneic T cells. Clinical: NCT04502446, phase I in relapsed or

refractory T or B cell malignancies. N.A.

ClinicalTrials.gov
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Table 2. Cont.

Compound Type of Construct Preclinical or Clinical (ClinicalTrials.gov
Identifier, Phase, Comments) Development References

Antibodies Inducing Cell
Death Independently of

Effector Functions

Anti-CD40 mAb
(dacetuzumab)

Preclinical: Dacetuzumab + anti-CD20 mAb
rituximab gave synergistic apoptotic effects on
NHL cells through distinct, but complementary

apoptotic signal transduction pathways.

[142]

Anti-CD47 (mAb AO-176)

Clinical: NCT03834948, phase I/II, alone or
with paclitaxel in solid tumors; NCT04445701,

phase I/II alone or with bortezomib in
MM.Preclinical: Induced tumor cell

phagocytosis and cytotoxicity on human tumor
cells but not normal cells.

[171]

Anti-CD47 mAb Ad22 Preclinical: Ad22 induced apoptosis of Jurkat
cells and preactivated PBMC [172]

Anti-CD47 (mAb CC2C6)

Preclinical: Soluble CC2C6 induced apoptosis
of T-ALL cells, restored phagocytosis, and

synergized with low-dose chemotherapeutics
to induce apoptosis.

[173]

Anti-CD47 (mAb B6H12.2)
Preclinical: Enhanced phagocytosis of a set of
human pancreatic CSCs and directly induced

apoptosis in the absence of macrophages.
[174]

Anti-galectin 9 (mAb P4D2)
Preclinical: Induced MM cell apoptosis,

inhibited tumor growth and reduced tumor
infiltration of M2 macrophages.

[64]

Aptamers

Anti-PD-L1
aptamer-drug conjugate Aptamer-paclitaxel conjugate

Preclinical: The anti-PD-L1 aptamer inhibited
PD-1/PD-L1 interaction and restored T-cell

function. The conjugate inhibited proliferation
of PD-L1-overexpressing TNBC cells.

[175]

Oncolytic Virus

Oncolytic virus binding
to CD155

Neuroattenuated poliovirus
strain PVSRIPO that replicates
in and kills only tumor cells

Clinical: NCT03564782, NCT03712358,
NCT02986178, NCT03043391, NCT01491893,

phase I/II in invasive breast cancer, melanoma,
GBM; NCT04479241, NCT04577807,

NCT04690699, phase II plus anti-PD-1or
-PD-L1 in GBM, melanoma or other

solid tumors.

[176–178]

Abbreviations: Ab, antibody; AML, acute myeloid leukemia; AZA, azacytidine; CAR, chimeric antigen receptor; CML, chronic myeloid
leukemia; CSC, cancer stem-like cell; CTL, cytotoxic T-lymphocyte; ENKTCL, Extranodal nasal natural killer (NK)/T cell lymphoma; Fc,
fraction crystallizable, GBM, glioblastoma multiforme; HNSCC, head and neck squamous cell carcinoma; LAG-3, lymphocyte-activation
gene 3; mAb, monoclonal antibody; MDS, myelodysplastic syndrome; MM, multiple myeloma; MMAE, monomethyl auristatin E; NHL,
non-Hodgkin lymphoma; NPC, nasopharyngeal carcinoma; NSCLC, non-small cell lung cancer; PBD, pyrrolobenzodiazepine; PBMC,
peripheral blood mononuclear cells; PD-1, programmed cell death protein 1; PD-L1, PD ligand 1; RCC, renal cell carcinoma; scFv, single-
chain fragment variable; T-ALL, T-cell acute lymphoblastic leukemia; TIM-1, TIM-1, T-cell immunoglobulin and mucin domain 1; TNBC,
triple-negative breast cancer.

7.1. Antibodies with Increased Effector Functions or Direct Apoptotic Effects against ICPML+

Tumor Cells

A first approach is to increase the constitutive effector functions of antibodies, in
particular ADCC. This can be achieved by different means such as the generation of afuco-
sylated or otherwise glycoengineered antibodies [179,180] or by introducing mutations in
the Fc antibody domain [181]. Several afucosylated anti-ICPML antibodies or antibodies
with mutated Fc regions (e.g., anti-B7-H3, anti-CD70) have been described and some are
now in clinical studies [130,135,144].

ClinicalTrials.gov
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Another class of antibodies induces apoptosis of tumor cells as a direct result of antigen
engagement (in this case the ICPML), independently of their effector functions. So far, such
antibodies have been described for ICPMLs like CD40, CD47 and galectin-9 [64,142,171–174].
At present, however, the potential efficacy of these antibodies in a clinical setting is unclear
and they appear far from therapeutic use.

Antibody-drug conjugates (ADC) are composed of a mAb which is conjugated,
through a cleavable or uncleavable linker, to a cytotoxic drug. Cleavable linkers have
the potential advantage of releasing the drug after encounter of the antibody with the
target antigen and, thereby, exerting a bystander effect on antigen-negative cells. This may
represent an important advantage for ICPMLs which, in most cases, are expressed only on
a variable fraction of the tumor cell population. Several ADCs have gained regulatory ap-
proval and many others are in clinical development [182,183]. Anti-ICPML ADCs against
several ICPMs (e.g., PD-L1, CD70, B7-H3, B7-H4, TIM-1) have been reported and some are
in active clinical development while the development of some others has been discontinued
because of marginal single-agent activity or unacceptable toxicity [131,139,145–156].

7.2. Recruiting T-Cells for Depleting ICPML+ Tumor Cells

Bispecific antibodies or antibody fragments encompass two binding arms for two
different antigens [184]. The bispecific antibodies used for the present purpose comprise
one binding arm against an ICPML and a second arm that targets a molecule (e.g., CD3) ex-
pressed on T cells. Engagement of both arms brings the T cell in close proximity to the tumor
cell in order to exert cytotoxic activity. T cell-engaging bispecific antibodies against several
ICPMLs (CD47, CD155, B7-H3, B7-H4) have been described in the literature [30,157–161].

Chimeric antigen receptor (CAR) T cells are T cells engineered to express on the cell
surface an antitumor antibody or antibody fragment, in this case an anti-ICPML antibody.
These cells kill tumor cells upon antibody-driven recognition of the ICPML and subsequent
activation of the cytotoxic mechanisms of the T cell. In some cases, other kinds of cytotoxic
cells (e.g., NK cells) have been used for this purpose. As before, several CAR T cells
have now been approved, while others are in clinical development [185]. As regards
ICPMLs, CAR T cells against PD-L1 [162], B7-H3 [132,163–165], B7-H4 [166], CD47 [167],
CD70 [168–170,186] have been described and some clinical studies with anti-ICPML CAR
T cells have begun (Table 2).

7.3. Non-Antibody-Based Approaches for the Depletion of ICPML+ Tumor Cells

While antibodies have been, so far, the most popular recognition moiety for the
targeting of ICPMLs, in principle they may be replaced with other specific recognition
moieties which, however, are devoid of any constitutive effector function and rest solely on
the therapeutic efficacy of the payload that may be linked to the ICPML binder. One of these
recognition moieties are aptamers [187]. These are single-stranded oligonucleotides which
can interact with desired targets with high affinity and specificity. One potential advantage
of aptamers over antibodies is their small size and improved capacity in penetrating solid
tumor tissues [187]. Enhanced tumor penetration leads both to increased therapeutic
efficacy as well as reduced induction of drug resistance [188–190]. So far, an anti-PD-L1
aptamer conjugated to the cytotoxic drug paclitaxel has been described [175].

In one particular case, an ICPML has also been used as a target for an oncolytic virus.
This is CD155, which functions also as poliovirus receptor. The neuroattenuated poliovirus
strain PVSRIPO was engineered to replicate in and kill only tumor cells [176,177]. PVSRIP
infection and tumor cell lysis induced also an inflammatory response that involved the
recruitment of innate immune cells and, by so doing, promoted an adaptive antitumor
immune response. PVSRIP has advanced into clinical investigations, and results from
a phase I clinical trial [178] in patients with glioblastoma multiforme (GBM) have been
published and appear promising.
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8. Which Are the Most Promising ICPMLs as Targets for Cell-Depleting Compounds?

So far, we have discussed a large number of ICPMLs that can serve as targets for tumor
cell-depleting compounds. At this point the question arises if there are some ICPMLs that
appear more promising than others for this purpose. An optimal ICPML target should
satisfy several criteria. First, it would be desirable to target an ICPML that is expressed on
the largest possible number of tumor cells. Second, it would be even more advantageous if
these molecules are expressed also on tumor accessory cells involved in supporting tumor
growth. Third, while it is not realistic to identify a target that is completely absent on any
type of normal cells, its expression on normal cells should be significantly lower than on
tumor cells, so to allow an acceptable therapeutic index when targeting these molecules
with cell-depleting compounds. Given these criteria, B7-H3 is certainly an interesting
target. It is expressed not only on tumor cells but, in certain tumor types [130], also on
tumor endothelial cells. In preclinical models, the use of an anti-B7-H3 ADC carrying a
cytotoxic drug that caused depletion of both tumor cells and tumor endothelial cells, led
to complete eradication of established tumors [131]. As regards its expression on tumor
cells, it has been reported that in B7-H3+ pediatric solid tumors, almost all tumor cells
were positive for this marker [164]. Eventually, moderate expression of B7-H3 on normal
tissues did not seem to entail unacceptable toxicities suggesting that the therapeutic index
was sufficiently broad [132]. Interestingly, B7-H3 has recently been shown to be expressed
highly and homogeneously on cells of a lymphoma subtype and, for this reason, has been
chosen as target for CAR T cells [158]. In fact, compared to solid tumors, hematologic
malignancies offer advantages in terms of penetration of antitumor drugs, a problem
that is particularly relevant for solid tumors and high molecular weight drugs or CAR T
cells [188,189]. Given these observations, it is perhaps not surprising to note that B7-H3
is one of the most frequently chosen ICPML for the generation of tumor cell-depleting
compounds (Table 2). CD70 is another popular ICPML target for several cell-depleting
compounds, including CAR T cells (Table 2). Additionally, CD70 is expressed on a broad
spectrum of solid tumors and hematologic malignancies [135]. While the expression of
CD70 on normal cells has been reported to be modest, a note of caution, however, comes
from results that have been reported with two anti-CD70 ADCs, which showed modest
single-agent activity and, even more importantly, in one case were also accompanied by
thrombocytopenia of high frequency and severity [146–148].

9. Conclusions and Perspectives

The therapeutic use of cell-depleting anti-ICPML compounds may have considerable
advantages compared to other tumor cell-depleting approaches, but may also be burdened
by limitations. In this final section we will discuss potential advantages and limitations as
well as propose a possible treatment schedule that may maximize the advantages of this
therapeutic approach.

A considerable advantage to be expected from using these compounds is that, as
discussed in the previous sections, ICPML-expressing tumor cells are endowed with
tumor-initiating and immunosuppressive potential, propensity to metastasize, and give
rise to drug-resistant tumor cells. Moreover, their potential to deplete also immune cells
expressing the same ICPML does not necessarily represent an inconvenience since most
of these cells are mediators of immune deviation and/or suppression. Whether depletion
of immunosuppressive cells may lead, in a way not dissimilar to what has been observed
with ICIs, to autoimmune events, is a possibility that should be considered [191].

As of today, too little data obtained in clinical studies with compounds of this class
are available to draw any conclusion. The observation that, in some circumstances, ICPML-
expressing immune cells have antitumor properties needs to be considered. At present
it appears difficult to predict when and how this could tip the balance towards immune
evasion/suppression following the administration of compounds that deplete ICMPL+

cells. In fact, such a situation may not be dissimilar to what is observed with ICIs in some
patients who respond to these therapies with accelerated tumor progression [95–97]. This,
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however, might be an acceptable price to pay if it occurs in a minority of patients while a
broader audience of patients take advantage of the therapeutic efficacy of these compounds.
Another possible limitation of compounds targeting tumor cell-associated ICPMLs is the
fact that, in most cases, they target a subpopulation of tumor cells, even if these are the
most aggressive ones. In fact, given the close association between ICPMLs and EMT, and
given the plasticity of tumor cell EMT, it is reasonable to predict that, after depletion of
ICPML+ tumor cells, ICPML- tumor cells may give rise to new ICPML+ tumor cells if the
same or similar cell-autonomous stimuli or stimuli from the TME persist [120]. In other
words, approaches aimed at depleting ICPML+ tumor cells will unlikely be conclusive after
a single treatment or a single cycle of treatments.

While the delivery of several cycles of therapy over prolonged periods of time is a
common practice in tumor therapy it is, nevertheless, desirable, to limit the number of
therapy cycles as much as possible in order to achieve clinical responses or, optimally,
tumor eradication. For this purpose, one may combine a therapy aimed at depleting
ICPML-expressing tumor cells with other therapies that target also ICPML- tumor cell
populations. The most obvious choices for such complementary therapies are cytotoxic
drugs that act on drug-sensitive tumor cells which are expected to be of predominantly
epithelial phenotype and ICPML−. Another possibility is to combine compounds targeting
different ICPMLs. In a previous section, we have discussed that ICPMLs do not necessarily
embrace the same tumor cell population(s) and the combination of compounds against
different ICPMLs may yield a broader depletion than either compound alone. Such an
approach may also be useful to contrast the compensatory upregulation of other ICPMLs
that is observed in some instances following therapy with one ICI [78,192]. Still another
possibility is to use compounds which enhance the expression of a given ICPML on tumor
cells and to administer the anti-ICPML compound at the time of greatest expression of the
ICPML. In Section 5 we have discussed several compounds having this potential.

Whether other combination therapies that are proving successful with ICIs, such as
the combination of atezolizumab and the anti-vascular endothelial growth factor mAb
bevacizumab [193,194] or the combined inhibition of PD-L1 and transforming growth
factor-β [195,196], will prove successful also when using predominantly ICPML+ cell-
depleting, rather than blocking compounds remains to be investigated.

Overall, we propose the following, four-step approach for the administration of a cell-
depleting anti-ICPML compound (Figure 1). First, determination, before administration of
the anti-IPCML compound, of the expression of the ICPML on tumor cells of the patients’
tumor tissue(s) or, even more desirably, on circulating tumor cells using a liquid biopsy
approach. Second, administration of a drug known to enhance the expression of the
targeted ICPML on tumor cells. Thereafter, renewed determination of ICPML expression
on tumor cells, followed by administration of the ICPML-targeting compound at the
time of greatest expression of the target. Administration will be repeated, according to a
similar protocol, when tumor cells re-express the targeted ICPML on a sizeable fraction of
tumor cells.

In conclusion, the possibility of using cell-depleting anti-ICPML compounds is cer-
tainly a promising avenue for obtaining new effective antitumor drugs. There is, however,
still a significant road to go in order to gain a more complete picture of their therapeutic
potential. Nevertheless, the location of these molecules at a crucial crossroad of tumor biol-
ogy, involving tumor cells themselves, but also immune cells, suggest that it is worthwhile
to explore the full potential of this approach.
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