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ARTICLE INFO ABSTRACT

Keywords: Thrombospondins (TSPs) have numerous different roles in cancer, regulating the behavior of cancer cells and

TSP-1 non-neoplastic cells, and defining the responses of tumor cells to environmental changes, thorough their ability

Chemotherapy to orchestrate cellular and molecular interactions in the tumor microenvironment (TME). As a result of these
Antiangiogenic low-dose metronomic chemo- . . - . . .
th activities, TSPs can also control drug delivery and activity, tumor response and resistance to therapies, with
era . . . . . . .
Immtﬁfotherapy different outcomes depending on the nature of TSP-interacting cell types, receptors, and ligands, in a highly
Biomarkers context-dependent manner. This review, focusing primarily on TSP-1, discusses the effects of TSPs on tumor

response to chemotherapy, antiangiogenic, low-dose metronomic chemotherapy, immunotherapy, and radio-
therapy, by analyzing TSP activity on different cell compartments — tumor cells, vascular endothelial cells and
immune cells. We review evidence of the value of TSPs, specifically TSP-1 and TSP-2, as biomarkers of prognosis
and tumor response to therapy. Finally, we examine possible approaches to develop TSP-based compounds as

Tumor microenvironment

therapeutic tools to potentiate the efficacy of anticancer therapy.

1. Introduction

The composition, mechanical properties and biological activities of
the TME have a profound impact on different aspects of cancer pro-
gression, including response to therapy and drug activity. Factors
influencing tumor cell-TME interactions, and particularly thrombo-
spondins (TSPs) [1,2], can therefore affect not only the tumor’s malig-
nant behavior, but also the overall response of cancers to different
therapeutic approaches.

In mammals, TSPs are a five-member family of matricellular glyco-
protein, expressed by embryonic and adult cells following precise spatio-
temporal regulation and are typically secreted and associated with the
extracellular matrix. The homotrimeric TSP-1 and TSP-2, forming sub-
group A, have similar structural and functional properties. Structurally,
they are composed of a globular N-terminal domain, an oligomerization
domain, a von Willebrand Factor type C/ pro-collagen domain, three
type 1 repeats (properdin/thrombospondin repeats), three type 2 re-
peats (EGF-like), the type 3 repeats, calcium-binding domain and the C-
terminal globular region. The pentameric TSP-3, TSP-4 and TSP-5/
COMP, belonging to subgroup B, lack the pro-collagen and type 1
repeat domains and have a less developed N-terminal region. The
modular structure enables TSPs to interact with a large variety of

ligands, including growth factors, cell receptors, extracellular matrix
components and proteases, making them pleiotropic. Depending on the
local cellular and molecular environment, the activity of TSPs is highly
context-dependent, determined by the presence of different ligands, cell
receptors, soluble factors and proteases that ultimately control domain
availability and activity [3].

TSPs function by interacting with multiple cell receptors, recognized
by different TSP domains. TSP-1, the most studied member of the TSP
family, interacts with the ubiquitous receptor CD47 (also known as
integrin-associated protein), the fatty acid transporter CD36, several p1
and B3 integrins, the calreticulin/low-density lipoprotein receptor
related protein 1 (LRP1) complex, and the neuronal receptor a23-1.

TSPs take part in a range of physiological and pathological processes
including cancer. TSP-1 controls different phases of tumor development
and malignant progression by directly modulating cancer cell behavior
but also acting on the structural and functional properties of the TME.
TSP-1-mediated modulation of the recruitment and activity of tumor-
infiltrating cells such as endothelial cells, fibroblasts, and immune
cells ultimately promotes or inhibits tumor progression, angiogenesis,
matrix organization and immune response.

As a result of these activities on tumor cells and the TME, TSPs play a
critical role in tumor response to therapies with different, even opposite
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outcomes depending on the particular therapies, tumor types, and pre-
vailing molecular pathways involved in each specific setting. On the
other hand, different antineoplastic therapies can affect the expression
of TSPs by tumor and non-neoplastic cells and, in turn, altered pro-
duction of TSP-1 may be a fundamental part of the mechanism of action
of the therapeutic agents. A typical example is the antiangiogenic ac-
tivity of low-dose metronomic (LDM) chemotherapy (see 2.2), mediated
in large part by upregulation of TSP-1 [4] or the anti-proliferative and
anti-invasive activity of the VEGFR inhibitor apatinib [5], mediated by
down-regulation of TSP-1 in glioma cells.

This review aims at providing an overview of how TSPs are involved
in tumor response or resistance to anticancer therapies, focusing on their
activity on cancer and TME cells, and discussing their potential as bio-
markers of tumor response to therapy. The main focus is on TSP-1, since
little is known about the roles of the other TSPs in cancer therapy or as
potential biomarkers of tumor response.

2. TSP-1 as a mediator of tumor response to therapy

TSPs can influence the tumor response to therapies in many ways,
with various outcomes, and by acting directly on the tumor cells or
through the control of the structure, composition, and functional prop-
erties of the TME. We review evidence of how TSP-1 affects tumor
response to drugs, focusing on its actions on the cancer cells, the tumor
vasculature and the immune system (Fig. 1).

2.1. Action on tumor cells

Direct action of TSP-1 on tumor cells can have either a positive or a
negative impact on tumor response to therapies.

Positive effects of TSP-1 on the efficacy of therapy. Several studies have
pointed to a chemosensitizing activity of TSP-1. Low levels of TSP-1
have been associated with reduced chemotherapy sensitivity in
various cancer cell lines [6-8]. Downregulation of TSP-1 expression
caused by the drug resistance-associated gene txrl promoted resistance
to paclitaxel or docetaxel by reducing drug-induced tumor cell
apoptosis, while exogenous TSP-1 and a CD47 agonist peptide sensitized
cells to taxane cytotoxicity [6]. Transcriptional down-regulation of
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TSP-1 by the txrl gene inhibited drug-induced apoptosis in gastric
cancer cells, promoting resistance to oxaliplatin [9].

TSP-1 upregulation by chemotherapeutic agents can make the tumor
more sensitive to subsequent treatments. Upregulation of TSP-1 by 5-
fluorouracil (5-FU) pre-treatment enhanced cisplatin’s efficacy by
increasing apoptosis in head and neck squamous cell carcinomas [10].
Similarly, TSP-1 increased after low-dose cisplatin treatment, and
reversed paclitaxel resistance in nasopharyngeal carcinoma [11].

TSPs can also control the response to therapy by affecting cellular
senescence. In colorectal and breast cancer models of chemotherapy-
induced senescence, TSP-1 was secreted by the senescent cells and
prevented senescence escape, maintaining the proliferative arrest of
tumor cells. The effect was mediated by TSP-1 interaction with CD47,
and loss of CD47 expression induced by p21wafl downregulation and
Myec activation led to senescence escape of a subpopulation of more
aggressive cancer cells [12].

Recent studies have shown that TSP-1 can also modulate drug effects
by altering the metabolic balance. TSP-1 enhanced the antiproliferative
effect of gemcitabine in intrahepatic cholangiocarcinoma in in vitro and
in vivo models through an alteration of lipid metabolism, mainly asso-
ciated with reduced CD36-mediated intake of oleic acid and reduced
levels of ATP and ROS in the tumor cells [13].

In an orthotopic model of breast cancer, the increment of TSP-1
expression and downregulation of CD47 after inhibition of the chap-
eron protein GRP78 prevented resistance to anti-estrogen therapy,
associated with increased macrophage infiltrate [14,15].

TSP-1 can also potentiate the tumor response to radiotherapy. In a
human melanoma xenograft model, TSP-1 administered before radio-
therapy potentiated the antineoplastic effect. This radiopotentiating
activity was ascribed to a combination of various mechanisms on tumor
and endothelial cells, including reduction in the fraction of radiation-
resistant hypoxic tumor cells, antiangiogenic activity, and promotion
of radiation-induced apoptosis of tumor endothelial cells [16]. Resto-
ration of TSP-1 expression, suppressed in Myc-amplified medulloblas-
toma cells, increased the sensitivity to radiotherapy and to the
DNA-damaging drug etoposide, via AKT signaling, and this activity
was recapitulated by the peptidomimetic ABT-898 [17].

Negative effects of TSP-1 on the efficacy of therapy. TSP-1 can
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Fig. 1. Schematic representation of how TSP-1 activities on the tumor and TME compartments affect response to therapy. (*) TSP-1/CD47 blockade induces

radiosensitization of tumors but protection of normal tissues from radiotoxicity.
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negatively influence the response of tumors to antineoplastic therapies,
protecting the cells from drug-induced apoptosis. TSP-1 has a protective
role against camptothecin- and doxorubicin-induced apoptosis of thy-
roid carcinoma cells, through interaction with CD47 [18,19]. The two
drugs repress TSP-1 synthesis, concomitantly with induction of
apoptosis, in a manner dependent on de novo ceramide synthesis and
activation of the JNK/ATF-2 pathway [18]. The TSP-1/CD47 interaction
blocks JNK phosphorylation, protecting cancer cells from
doxorubicin-induced apoptosis, while CD47 blockade boosts JNK acti-
vation and sensitizes thyroid carcinoma cells to doxorubicin [19].

Elevated secretion of TSP-1 was associated with resistance to pacli-
taxel, cisplatin and 5-flurouracil in mesenchymal-like, highly invasive
melanoma cells [20]. TSP-1 has been implicated in the resistance of
melanoma cells to a BRAF inhibitor [20] and in non-small cell lung
cancer resistance to an EGFR inhibitor, though regulation of focal
adhesion signaling in the tumor cells [21].

TSP-1 was identified as a key factor responsible for the platelet-
induced increase in colon carcinoma cell survival after treatment with
paclitaxel [22].

TSP-1’s direct action on the tumor cells can also negatively affect
their response to immunotherapies (see also 2.3). Inhibition of TSP-1
expression and the resulting reduction of TGF-p activation have been
associated with upregulation of tumor expression of PD-L1, lymphocyte
infiltration and response to immune checkpoint inhibitors in osteosar-
coma [23,24].

The TSP-1/CDA47 axis is involved in the complex regulation of cell
and tissue response to genotoxic stresses induced by radiotherapy and
DNA-damaging drugs. Blockade of CD47 has a protective effect on
normal tissues (described in 2.4) but sensitizing activity on tumors.
Strategies to block TSP-1/CD47 signaling promote the antineoplastic
efficacy of radiotherapy while protecting normal tissues [25]. The
antineoplastic activity has been associated with increased recruitment
and activation of CD8" T cells to the tumor site [26,27].

2.2. Action on angiogenesis and the tumor vasculature

TSP-1 is a potent endogenous inhibitor of angiogenesis and modu-
lator of endothelial cell behavior and survival. It affects tumor angio-
genesis, vessel perfusion, blood pressure, and remodeling of the tumor
vascular network. It is therefore unsurprising that the profound effects of
TSPs on the tumor vascular compartment can have a major impact on
drug activity.

In line with the antiangiogenic activity of TSP-1, upregulation of
TSP-1 synthesis at both the transcriptional and transductional levels has
been identified as a major mechanism for the antiangiogenic activity of
LDM chemotherapy [4,28]. Bocci et al. demonstrated that TSP-1 was
responsible for the particular sensitivity of endothelial cells to low-dose
continuous treatment with chemotherapeutic agents [4]. Several LDM
cytotoxic drugs including paclitaxel, epothilone B, cyclophosphamide
and vinblastine increased TSP-1 expression, independently of their
mechanism of action [4].

Following this pioneering study, the upregulation of TSP-1 produc-
tion as part of the antiangiogenic activity of low-dose chronic chemo-
therapy, as opposed to the maximum tolerated dose (MTD), has been
described in different tumor types and for different chemotherapeutics,
in a number of preclinical tumor models, including prostate cancer [4,
29], melanoma and lung carcinoma — where TSP-1 increased both in
tumors and perivascular stroma cells — [30], ovarian carcinoma [31],
breast cancer [32], and pancreatic cancer [31,33]. The role of TSP-1 in
the antiangiogenic and antitumor efficacy of LDM chemotherapy was
supported by the lack of activity of low-dose cyclophosphamide in mice
and tumor cells lacking TSP-1 [30], or in tumor models where LDM
cyclophosphamide failed to increase TSP-1 synthesis [34]. These find-
ings led to the proposed use of circulating TSP-1 as a clinical biomarker
to monitor patients’ response to LDM chemotherapy (see section 3).

Besides chemotherapy, increased production of TSP-1 has been
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implicated in the antiangiogenic activity of other compounds, such as
ceramide analogs [28], dexrazoxane [35], and quercetin [36].

TSP-1 can act on tumor responses to therapies also through its ability
to cause tumor vessel remodeling and normalization, favoring drug
delivery, hence treatment efficacy. This has been reported with different
antiangiogenic domains of TSP-1. The type 1 repeats domain normalized
the vasculature of ovarian cancer models and improved the uptake and
activity of chemotherapeutics [37]. ABT-510 peptide, a mimetic of this
domain, potentiated the distribution of cisplatin and paclitaxel in
epithelial ovarian cancer [38]. Similarly, another antiangiogenic
domain of TSP-1, the type 3 repeats, caused structural and functional
remodeling of the tumor vasculature, increasing the distribution and
efficacy of paclitaxel and cisplatin in a model of ovarian cancer [39].
Drug delivery in tumors is also affected by TSP-1’s ability to induce
vasoconstriction and affect vascular perfusion by inhibiting NO
signaling via CD47 [40].

2.3. Action on the immune compartment

TSP-1 has diverse roles in regulating both the innate and adaptive
immune response. Multiple activities have been reported on T lym-
phocytes and cells of the innate response, such as macrophages,
myeloid-derived suppressor cells, NK cells, dendritic cells and neutro-
phils, mainly mediated by its interaction with CD47 [41]. These activ-
ities can affect the tumor response to therapies.

TSP-1 induces tolerogenic signals in dendritic cells, and its depletion
induces the cytotoxic T lymphocyte response, promoting antitumor ac-
tivity and improving the effect of a Neu-DNA vaccine in murine tumor
models [42].

TSP-1 has been recently identified as a component of the supramo-
lecular attack particles released by cytotoxic T lymphocytes and NK
cells, contributing to their cytotoxic activity [43,44]. However, TSP-1
impairs anti-tumor adaptive immune responses mostly by engaging
CD47 and by activating TGF-p, a potent immunosuppressive and
pro-metastatic cytokine, associated with reduced response to
immunotherapy.

TSP-1 secreted by tumor cells induces an immunosuppressive TME in
melanoma, while TSP-1 knockdown in cancer cells stimulates the
accumulation of CD8" T cells and reduced Treg enrichment [45].
Silencing TSP-1 enhanced anti-PD-1 immunotherapy efficacy in a triple
negative breast cancer mouse model, by increasing lymphocyte infil-
tration and PD-1 expression on CD8" tumor infiltrating lymphocytes
[24]. The efficacy of immune checkpoint blockade was also boosted by
antisense targeting of CD47 [27] or when TSP-1 was inhibited by ori-
donin, a diterpenoid derivative which can downregulate TSP-1 expres-
sion in tumor cells [45]. The co-delivery in liposomes of oridonin with
anti-CTLA-4 or anti-PD-1 antibodies enhanced the melanoma response
to immunotherapy, by relieving tumor-derived immunosuppression and
activating cytotoxic T cells [45].

In multiple myeloma, Runx2 deficient osteoblasts created an
immunosuppressive microenvironment through TSP-1-induced activa-
tion of TGF-p, resulting in tumor resistance to the proteasome inhibitor
bortezomib. In this model, SRI31277, an antagonist of TSP-1-mediated
TGF-p activation, restored drug sensitivity, preventing TGF-f immuno-
suppression, reducing the activation of immunosuppressive myeloid-
derived suppressor cells, and restoring the activity of cytotoxic T cells
[46].

TSP-1 binding to CD47 has negative effects on CD8" T cells, as it
limits antigen-dependent T cell activation, induces T cell apoptosis and
promotes regulatory T cell differentiation [47-50], thus potentially
impairing the efficacy of immunotherapies. CD47 and TSP-1 expression
in the TME correlate with a weak response to the immune checkpoint
inhibitor anti-PD1 in melanoma patients [51]. In a syngeneic model of
melanoma, targeting the CD47 signaling pathway potentiated the
response to anti-PD1 therapy and inhibition of tumor growth [51].

These findings point to CD47 as a potential target to boost
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immunotherapy. However, CD47 is an ubiquitous receptor expressed in
various cell types, and its general targeting by antibodies can cause
adverse events, such as hematological toxicity. The orthosteric antago-
nist TAX2 — a cyclic peptide that binds the C-terminal domain of TSP-1 —
has been developed to selectively disrupt the TSP-1/CD47 interaction. In
ovarian carcinoma xenografts, TAX2 activated anti-tumor immunity by
increasing tumor-infiltrating lymphocytes, and synergized with immune
checkpoint inhibition, supporting the value of targeting the TSP-1/CD47
interaction to increase the efficacy of immunotherapy [52].

2.4. Action on normal tissues

Besides the tumor cell compartment and the TME, TSPs can also
affect the response to drugs of cells in normal tissues, modulating the
adverse effects of drugs. For instance, TSP-2 prevented cardiomyocyte
apoptosis and matrix disruption caused by doxorubicin, exerting pro-
tective activity against doxorubicin-induced cardiomyopathy [53]. In a
breast cancer model, autophagy triggered by systemic suppression of
CD47 protected cardiac tissue from doxorubicin toxicity [54].

TSP-1 and CD47 limit cell recovery from stresses, including radiation
injury. Soft tissues in mice lacking TSP-1 (but not TSP-2) or CD47 were
resistant to radiation damage [55]. CD47 blockade protects
non-neoplastic cells (vascular endothelial cells, stem cells and immune
cells) against radiotherapy-induced genotoxic and oxidative damage
[25,55]. This can be mediated by different mechanisms, including in-
hibition of NO cytoprotective signaling [55], activation of autophagy
[56], metabolic regulation in favor of anabolic repair pathways,
including DNA damage repair [57], more efficient DNA double-strand
break repair [58], and through activity on stem cell renewal [59].

3. TSPs as biomarkers of response to therapy

TSP expression is increased by several chemotherapeutics, adminis-
tered as LDM (described in 2.2) but also in standard MTD regimens [10,
11,18,60], through regulation of transcription factor activation [61,62]
or through epigenetic mechanisms, such as TSP-1 promoter hyper-
methylation [63,64].

There is mounting evidence of the potential of both tumor- and
stroma- derived TSPs as biomarkers able to predict treatment response, a
still unmet need in the clinical management of cancer patients. TSPs,
particularly TSP-1 and TSP-2, have been identified as indicators of
pharmacological response in several types of tumor and in different
types of target therapy and chemotherapy regimens.

TSP-1 has been proposed as a biomarker in LDM chemotherapy
regimens [4]. Upregulation of TSP-1 after LDM chemotherapeutics has
been confirmed in a number of in vivo preclinical models (see 2.2),
leading to clinical studies to validate TSP-1 as a potential biomarker of
response to LDM chemotherapy [65]. Several phase II clinical trials have
confirmed the rise of plasma TSP-1 levels in patients treated with LDM
chemotherapy, independently of drug’s specific mechanism of action. In
many cases, TSP-1 upregulation was associated with downregulation of
proangiogenic factors, suggesting a transition from a pro-angiogenic to
an anti-angiogenic status [65]. For instance, TSP-1 increased and VEGF
decreased in the plasma of metastatic colorectal cancer patients
receiving continuous infusion of irinotecan, with the largest effects seen
with the lowest doses of the drug [66]. TSP-1 was also increased in
patients with gastrointestinal cancer treated with metronomic UFT (a
combination of a 5-FU prodrug and uracil) and cyclophosphamide plus
celecoxib. TSP-1 levels were higher in patients with stable disease than
in those with progressive disease, consistent with the role of TSP-1 in the
efficacy of LDM chemotherapy [67]. Similarly, plasma levels of TSP-1
were significantly higher in responders than non-responder prostate
cancer patients receiving oral LDM vinorelbine and dexamethasone
[68]. TSP-1 was also upregulated in children with acute lymphoid leu-
kemia given maintenance therapy with LDM chemotherapy [69].

However, some studies did not confirm the value of TSP-1 as a
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biomarker of response to LDM chemotherapy. TSP-1 levels were not
increased in advanced non-small cell lung cancer patients treated with
metronomic oral vinorelbine and presenting evidence of disease stabi-
lization [70]. Similarly, no correlation was found between TSP-1 levels
and clinical outcome in ovarian cancer patients treated with bev-
acizumab plus LDM cyclophosphamide in a phase II trial [71].

Besides LDM chemotherapy, TSP-1 and TSP-2 have been identified as
markers of response to other therapies. Several studies suggested TSP-1
as a taxane specific target and marker of sensitivity to taxanes. Docetaxel
increased TSP-1 expression in head and neck squamous cell carcinoma
cells in vitro [60]. High tumor expression of TSP-1 significantly corre-
lated with treatment outcome in lung adenocarcinoma patients
receiving a first-line docetaxel-gemcitabine regimen [7]. This study also
indicated that, in line with the role for TSP-1 downregulation in
TXR1-mediated resistance to taxane-based chemotherapy, disease con-
trol rate, time to tumor progression and overall survival were signifi-
cantly better in patients with low TXR/high TSP-1 tumor mRNA
expression then patients with high TXR/low TSP-1 [7].

Elevated expression of TSP1 in tumors and plasma was associated
with gemcitabine sensitivity in PDX models of intrahepatic chol-
angiocarcinoma, related to TSP-1 inhibition of CD36-mediated oleic
acid intake. In intrahepatic cholangiocarcinoma patients TSP-1 levels
could predict the response to gemcitabine [13].

Plasma TSP-1 was elevated and associated with resistance to the
EGFR tyrosine kinase inhibitor osimertinib in patients with non-small
cell lung cancer [21].

Plasma levels of TSP-2 were higher in patients with pancreatic ductal
adenocarcinoma (PDAC) than in healthy controls or patients with
pancreatitis [72]. Analysis in preclinical orthotopic models of
PDAC-PDX demonstrated the stromal origin of TSP-2 and showed that its
plasma levels directly paralleled tumor response to gemcitabine plus
Nab-paclitaxel, pointing to TSP-2 as a potential biomarker for early
detection of PDAC and to monitor response to therapies [72].

TSP-2 has been explored as a putative predictive biomarker of
response in other types of treatment. In a phase IV trial in patients with
metastatic renal cell carcinoma, basal serum TSP-2 was identified as a
promising predictive biomarker for response to second-line treatment
with everolimus [73]. However, in situ hybridization revealed no sig-
nificant association of stromal expression of TSP-2 with treatment
outcome and prognosis in patients with metastatic colorectal cancer
treated with bevacizumab plus leucovorin [74].

Although the expression of other TSP family members has been re-
ported to be altered in tumors, little is known about their potential value
as markers of treatment response. In a bioinformatic analysis of
expression of the five TSPs in public databases, TSP-1, TSP-2, TSP-4 and
COMP were associated with poor prognosis, and the expression of all
five TSPs correlated with macrophage and dendritic cell infiltration,
suggesting their possible value as tissue biomarkers of response to im-
munotherapies [75].

4. Conclusions and future perspectives

The complexity of TSP activity in the regulation of tumor progression
and interaction with the TME is reflected by the complex effects,
particularly of TSP-1, in tumor response to therapies.

TSP-1 has been reported to affect the tumor response to different
therapeutics, with different outcomes (Fig. 1). The intrinsic anti-
angiogenic and vascular remodeling activities of TSP-1 are generally
beneficial in cancer therapy, potentiating the activity of treatments,
improving drug distribution, and acting as a mediator of the anti-
angiogenic activity of LDM chemotherapy. TSP-1 typically has immu-
nosuppressive effects, mainly through activation of TGF-p and
interaction with CD47 on immune cells, leading to treatment resistance
in various cancers. TSP-1/CD47 blockade can restore immune system
activity and reverse resistance to immunotherapies. The direct activities
of TSP-1 on tumor cells have more heterogeneous final effect on therapy,
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mostly depending on the tumor type, the specific receptors and ligands
involved, and microenvironmental conditions.

In all cases, the activity of TSPs depends on specific interactions of
TSP domains with receptors and ligands. Therefore, efforts to develop
TSP-based therapeutic compounds to potentiate the therapeutic efficacy
of current therapies have focused on specific active sequences, selec-
tively targeting or mimicking TSP interaction with the specific receptors
or ligands.

Synthetic peptides corresponding to antiangiogenic sequences in the
type 1 repeats domain, such as ABT-510 [76] and the fusion molecule
CVX-045 [77], showed promising antiangiogenic and chemosensitizing
activity as single agents and in combination therapies in several
pre-clinical models. However, they had no clinical efficacy or showed
toxicity in clinical trials [78,79].

Other TSP-1-based approaches that could potentially improve tumor
response to drugs are inhibitors of TSP-1-mediated activation of TGF-p
[80], or compounds based on the type 3 repeats domain that improve
chemotherapy delivery and efficacy [39,81]. The recent finding of the
antineoplastic activity of gabapentin, an inhibitor of the TSP-1 neuronal
receptor a28-1, in an orthotopic model of glioblastoma offers an addi-
tional TSP-1-based therapeutic strategy applicable to brain tumors [82].

The possibility of targeting the TSP1/CD47 interaction has attracted
considerable interest. Agonist peptides have been developed that mimic
the putative CD47-binding sequence of TSP-1, such as PKT16 and
PKHBL1. PKT16 induced caspase-independent immunogenic cell death in
hematological malignancies, in a CD47-dependent manner [83]. Simi-
larly, PKHB1induced cell death in several cancers [84], but in non-small
cell lung cancer, it acted in a CD47-independent manner, triggering
endoplasmic reticulum stress [85].

Another promising approach to target the TSP-1/CD47 interaction is
offered by the TAX2 peptide, designed on the TSP-1-binding sequence of
CDA47, that has shown antineoplastic and immunostimulating activity in
different preclinical cancer models [52].

The development of compounds perturbing or mimicking TSP-1 in-
teractions with specific receptors on tumors and non-neoplastic cells
might lead to new strategies to exploit this matricellular protein for
approaches to make therapy more effective, improve drug delivery and
prevent drug resistance.
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