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Cancer immunotherapy, currently a subject of much interest
in oncology, has in fact featured in medical literature for
centuries. Physicians throughout history noted the coincidence
between acute infection and tumour regression, and even
used localized infection as rudimentary immunotherapy (1).
Whilst today’s clinicians still seek to utilize the body’s natural
defence mechanisms to treat cancer, we have become more
aware of the challenges involved in immunotherapy. The
immune system operates in a state of delicate balance—
immune activation must be optimized to detect foreign
pathogens whilst avoiding autoimmune attacks on the body’s
own tissues. Cancer cells pose a problem for this self/non-
self paradigm due to their origin from host tissue. Cancer
recognition relies on both sufficient presentation of altered
self-antigens by tumour cells, and the detection of such
antigens by the immune system. At steady state, such antigens
may go undetected as stringent checkpoint mechanisms
exist to prevent indiscriminate immune activation. Major
checkpoint proteins include cytotoxic T lymphocyte antigen
(CTLA-4) and programmed cell death-1 (PD-1), both of
which inhibit antigen specific T cell activation. During acute
infection, these checkpoints are bypassed and immune cell
activation proceeds. This, perhaps, represents the source
of historical correlations between infection and regressing
tumours—the heightened state of surveillance shifts the
balance in favour of a particular antigen being recognized as
non-self, thereby enhancing the ability of the immune system
to detect cancer.

In the above interplay between the immune system and
cancer, tumour cells themselves may play active roles in
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immune evasion. One strategy adopted for this purpose is
the induction of immune checkpoint pathway molecules,
such as CTLA-4 and PD-1, by cancer cells in order to block
immune activation (2). The discovery of this mechanism,
and the realization that targeting inhibitory checkpoint (IC)
pathways could significantly inhibit tumour metastasis, led
to the award of the 2018 Nobel Prize in Physiology and
Medicine to James P. Allison and Tasuku Honjo. Successful
clinical trials have also been carried out using monoclonal
antibodies against CTLA-4 and PD-1 (3). However,
despite the successes of IC inhibitors in immunotherapy,
the technology is not universally safe and efficacious.
Only a segment of patients respond to IC inhibitor
therapy, and adverse consequences have been documented;
haematological toxicity resulting from anti-CTLA-1/PD-1
is frequently reported, and immunotherapy-related death
occurs in up to 2% of patients (4,5).

In this report, Kudo-Saito er /. (6) in 2018 discuss
IC inhibitor therapy failure and present an alternative
therapeutic strategy distinct from immune checkpoint
pathways (Figure 1). IC inhibitors fail in the clinic for
a number of reasons, including tumour heterogeneity,
clonal selection for resistance and, most significantly,
immune exhaustion. The latter frequently results from
age-related immune deterioration; accumulated exposure
to inflammatory stimuli with age promotes bone marrow
dysfunction and immunosenescence, which may occur even
in the absence of cancer. Previous work by this group has
identified a key player in immune dysfunction—the secreted
glycoprotein follistatin-like 1 (FSTL1). FSTLI1, acting
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Figure 1 Schematic of FSTL1-induced metastasis and immune evasion. FSTL1 is a potential therapeutic target to prevent tumour immune

evasion, especially when IC inhibitor treatment fails. FSTLI, follistatin-like 1; IC, inhibitory checkpoint; MSCs, mesenchymal stem cells;

mADbs, monoclonal antibodies.

through its receptor DIP2A, directly increases tumour cell
invasion potential, and also indirectly supports oncogenesis
by stimulating the selective expansion of immunosuppressive
mesenchymal stem cells (MSCs) that induce immune
tolerance (7). This new study investigates the effects of
targeting FSTL1 using monoclonal antibodies (mAbs)
on anti-tumour immunity. A panel of anti-FSTL1 mAbs
developed in-house was evaluated for anti-cancer properties.
Treatment with these antibodies significantly reduced i vivo
tumour growth and metastasis; intra-peritoneal injection of
anti-FSTL1 increased the number of anti-tumor cytotoxic
CD8" T cells, decreased tumour mass, decreased tumour
dissemination to bone marrow, and increased overall survival
in mice. The anti-metastatic activity induced by anti-
FSTLI mAbs in lung metastasis models was superior to that
produced by IC inhibitors when anti-FSTLI1 therapy was
administered on its own; when given in combination with IC
inhibitors, anti-FSTLI1 synergistically enhanced anti-tumour
activity in multiple carcinoma models of tumor growth and
metastasis. Notably, blocking FSTLLI effectively suppressed
tumour growth even in aged mice. This finding is significant
as it provide a means of mitigating the increased risk of
cancer hyperprogression following IC inhibitor therapy in
elderly patients (8).

The effects of anti-FSTLI therapy on reducing metastasis
must be stressed. Metastatic dissemination of tumour cells to
vital organs is the leading cause of cancer-related death (9).
Solid tumours predominantly metastasize to the lungs,
liver, and bones. Bone metastasis is a major contributor to
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mortality, and is often accompanied by symptoms such as
severe pain, pathologic fractures, and hypercalcemia which
drastically affect patients’ quality of life (10). In an earlier
publication, the authors reported that tumour cells expressing
the epithelial-to-mesenchymal marker SNAIL frequently
metastasize to bone. Bone tropism in these cells is mediated
by FSTLI, whose role in stimulating epithelial cell migration
during wound repair (11) is hijacked to promote cancer
cell invasion (12). As metastatic colonization is a multi-step
process involving invasion of the bone microenvironment,
immune evasion, and adaptation to the local niche,
understanding the factors affecting bone tropism is essential
to developing therapeutics against metastatic disease. Kudo-
Saito et al. have performed just that, revealing the key role
played by FSTL1 in bone tropism in their previous study, and
highlighting here how FSTL1 may be therapeutically targeted
to induce anti-cancer immunity where IC inhibitor treatment
has failed. Whilst this technology is still unproven in clinical
trials, it offers us another glimpse into the latent power of the
immune system that we have yet to effectively deploy against
cancer. The ancient art of immunotherapy is here to stay.
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