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Introduction

In tumours treatment, targeted therapies offer the opportunity to design therapeutic

combinations by exploiting the different mechanisms of action of the drugs used. However,

an increase in toxicity is also often observed alongside the therapeutic synergisms. For

example, combination of immune checkpoint inhibitors (ICIs) with angiogenesis inhibitors

(AGIs) shows synergistic antitumour effects, but also a higher risk of cardiovascular adverse

events than treatments with ICIs alone (1). As well, combining ICIs with DNA damage

repair inhibitors (DDRIs) in the treatment of urologic cancers greatly increases the risk of

toxicity and side effects (2). In pediatric patients affected by primary CNS or PNS tumours,

MEK inhibitor (MEKI) (trametinib)- induced cardiotoxicity combined with the

prothrombotic properties of an immunomodulatory agent (lenalidomide) was observed

to lead to significant thromboembolic events, requiring termination of this combination

regimen (3). In patients affected by endometrial cancer, the combined use of a tyrosine

kinase inhibitor (TKI), lenvatinib, and the ICI pembrolizumab raised concern for the long-

term toxicity management (4). Therefore, an important goal of drug combining is, in

addition to the increase in therapeutic efficacy, the limited increase in toxicity.

To this end, it would be desirable not to deviate too much from the approach, i.e. the

study of the tumour microenvironment (TME), which led to the identification of immune

checkpoints as targets of therapy. Starting from the study of the interactions between

tumour cells and TME, it was possible to identify specific pro-tumour cellular circuits and

molecules: surface proteins expressed, on the one hand, by neoplastic cells and, on the

other, by immune response effector cells. Targeting these proteins by blocking antibodies

(immune checkpoint inhibitors: ICIs) meant blocking an interaction limited to two specific

cell types (although undesirable effects, such as autoimmune reactions, were then observed

and were due to the existence of other cells, belonging to the immune system, which

interact through the same checkpoints: PD-1/PD-L1, CTLA-4/B7, etc.). ICIs are therefore
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drugs with an appreciable selectivity for tumours. In some types of

tumours, ICIs do not work satisfactorily and therefore synergistic

treatments are sought. But the introduction of drugs, such as MEKI

or TKI, whose targets belong to many intracellular pathways, leads

to loss of selectivity for tumours and can indiscriminately target

different normal cell types, thus producing high toxicity.

Instead, remaining anchored to the study of TME may allow the

identification of other circuits and molecules, which are particularly

relevant in tumours biology and much less for the homeostasis of

most healthy cellular compartments. Drugs that target these

circuits/molecules, alone or in combination with ICIs, can show a

therapeutic potential, according to a design aimed at selectively

targeting the tumour/TME interaction while preserving healthy

cells and tissues of our body from damage.
BAG3-targeting tools in
combined therapies

The old and still current concept that tumours are wounds that

do not heal (5) leads us to recognise the process that, together with

the immunosuppressive features, characterizes TME: the

inflammatory reaction (6, 7). Circuits and molecules that

participate in the inflammatory process are highly relevant in

TME. They play pro-tumour roles, through the production of

some cytokines and growth factors, and through the deposition of

collagen, which favours the tumour process in more ways than one:

it stimulates the growth and the metabolism of neoplastic cells

through the activation of the discoidin domain receptor 1 (DDR1)–

NF-kB–p62–NRF2 signalling; creates excessive fibrosis, which in
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turn causes defective vasculature and hypoxia, resulting in the

selection of apoptosis- resistant tumour clones; and hinders the

penetration of anticancer effector cells (CTLs, etc.) (6–8). These

circuits and molecules may therefore represent targets for

acceptably selective anticancer therapies, which may affect healthy

tissues only limitedly to inflammatory responses.

Among molecules that participate in inflammation, there are

alarmins, or DAMPs (Damage- Associated Molecular Patterns),

that include high mobility group proteins, heat shock proteins,

various nucleotides/metabolites, and other factors. These are

molecules that normally reside inside the cell, but are released to

the extracellular space following cell death or, actively, upon cell

exposure to a wide range of stressful stimuli. Outside the cell,

alarmins play a different role than they do inside the cell: they

trigger the activation of macrophages and other cells, leading to the

release of cytokines, ROS and other mediators that foment

inflammation (9). In growing tumours, neoplastic cells are

exposed to metabolic, hypoxic, genetic and mechanical stresses.

Therefore, DAMPs release is not unexpected.

Among alarmins, one came to our attention for the pro-

tumour role shown in pancreatic adenocarcinoma (PDAC):

BAG3 protein. This is expressed in PDAC cells, regulating cell

survival, autophagy and other functions, and is also actively

released (10). Interacting with its receptor (BAG3R) on tumour-

associated macrophages (TAMs) and fibroblasts (CAFs), BAG3

stimulates the release of pro-tumour cytokines and collagen

deposition (10–12). Administration of anti-BAG3 monoclonal

antibodies (mAbs) to pancreatic cancer-bearing animals abated

desmoplasia and induced infiltration of CD8+ T lymphocytes and

dendritic cells into the tumour nest (10–13) (Figure 1). The effect
FIGURE 1

TME modulation by BAG3. BAG3 is released by PDAC cells and binds to its receptor on TAMs and CAFs, leading to their activation and to the release
of pro-tumour cytokines and collagen. Created with BioRender.com.
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on the decrease in tumour growth and metastatic spread was

significant, even if partial. But, most importantly, no toxicity was

observed with administration of anti-BAG3 mAb to healthy

animals, since BAG3 is not secreted by healthy cells and is not

found in healthy tissues (10, 13). This crucial feature candidates

BAG3-targeted treatment as an ideal strategy for a combination

therapy (14, 15). Indeed, experiments in several animal models

showed that the combination of an anti-BAG3 mAb with an anti-

PD-1 or anti-SIRPa mAb suppresses PDAC growth by more than

70% (11, 16).
Conclusions

In our opinion, there is adequate evidence (10–16) that the

BAG3/BAG3R axis is a pro-tumour circuit whose interruption

harms the tumour process, but not the homeostasis of healthy

cells in the body. This is therefore an example of how studying

the TME-tumour interaction can highlight potential targets for

non- or low- toxic therapeutic tools. These latter, alone or

in combination with other drugs, can help address the

multiple resistance mechanism present in primary and/or

metastatic or recurrent tumours, preserving the patient from

limiting toxicities.
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