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Commentary
The success of immune checkpoint inhibition strategies against
CTLA-4 and PD-1 in the treatment of cancer has led to the search for
other inhibitory molecules that might be possible therapeutic targets.
The inhibitory protein tyrosine phosphatase, SHP-1, is one such
candidate molecule. This cytosolic phosphatase is widely expressed on
hematopoietic cells, and negatively regulates antigen-dependent
activation of T cells. In our recent study we used a unique SHP-1null
mouse model to demonstrate that ablation of SHP-1 improved the
ability of T cells to control both solid and diffuse tumors. In addition,
we found that the absence of SHP-1 in limited numbers of certain
other hematopoietic cells, including CD11b+ CD11c+ dendritic cells
and Ly6C+ macrophages was associated both with improved tumor
control, and with severe and fatal lung pathology.
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Introduction
As an increasing variety of tumor immunotherapy approaches are
successfully translated into the clinic, the search continues for ever
more ingenious manipulations of the immune system in order to
improve treatment outcomes. To date, immunotherapy approaches can
be broadly classified into two types; antibody-mediated checkpoint
inhibition, in which the patient’s immune system is manipulated on a
global level to alleviate tumor-induced immune suppression [1,2]; and
adoptive cell transfer, where either the patient’s own tumor-specific T
cells are extracted, expanded and/or modified ex-vivo before being
reinfused [3,4], or chimeric antigen receptor T cells (CAR-T cells) are
engineered for tumor specificity and infused into patients [5,6]. As
SRC-homology domain-containing protein tyrosine phosphatase 1
(SHP-1) is a cytosolic protein, it cannot be inhibited by antibodies in
the same way as anti-cytotoxic T-lymphocyte associated protein 4
(CTLA-4) and programmed death receptor-1 (PD-1), which are both
cell surface proteins. Instead, approaches such as those using CRISPR/
Cas9 to abrogate gene expression must be used [7], making modifying
SHP-1 a “bolt-on” modification such as those being used in so-called
“armored CAR” T cells [8]. Therefore, therapies targeting SHP-1 span
both checkpoint inhibition and adoptive cell transfer approaches [9].
SHP-1 is an appealing modification for checkpoint inhibition as
SHP-1 acts as a downstream negative regulator of antigen-specific
TCR-mediated T cell activation. SHP-1 is known to bind to inhibitoryreceptor superfamily (IRS) containing immunoreceptor tyrosine-based
inhibitory
motif
(ITIM)-containing
leukocyte-associated
immunoglobulin receptor-1 (LAIR-1) [10]. There is strong evidence
for similar interactions with other modulatory proteins such as Lck
[11], and Zap70 [12]. PD-1 and CTLA-4, respectively, possesses ITIMs
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and cytosolic tyrosines that could be acted upon by SHP-1, however,
direct interaction between SHP-1 and these checkpoint inhibitors
remains to be convincingly demonstrated [13-15]. More detail on the
molecular basis of SHP-1 inhibition as an anti-cancer strategy may be
found in our recent review [9].
We created a unique strain of SHP-1null mouse which survived into
adulthood following genetic deletion of the interleukin-1 receptor-1,
which ameliorated myeloid-driven autoimmune disease associated
with the SHP-1 deficient “motheaten” mouse [16-18]. Using these mice
as donors of naïve T cells, we first prevented colonization of the lungs
by intravenously administered B16 melanoma cells. The protection
offered by SHP-1null CD8 T cells was striking; therefore, we applied the
same cells to a solid subcutaneous tumor model, again using B16
melanoma. Again, SHP-1null T cells afforded significant control of
tumor growth. Analysis of tumor infiltrating T cells in the solid tumors
indicated that higher numbers of T cells were found in tumors treated
with SHP-1null T cells compared with WT T cells, despite equivalent
numbers of T cells being transferred. Taken together with our previous
studies demonstrating increased T cell expansion following TCR
engagement in SHP-1null cells [19,20], this suggests that increased
proliferation of T cells lacking SHP-1 following identical antigen
stimulation is the mechanism behind the improved control of tumor
growth. Despite significant control of tumor growth, we observed an
unexpected level of morbidity and mortality amongst the animals
treated with SHP-1null cells. This mortality was due to severe lung
fibrosis, hemorrhage and leukocyte infiltration; all features of the
original motheaten mouse. Somehow, we had transplanted motheaten
pathology into the tumor bearing hosts. Analysis of the transferred T
cells indicated that the SHP-1null cells behaved uniquely following CD8
enrichment using commercially available magnetic sorting kits,
allowing a contaminating population of CD8 negative T cells to remain
even after treatment with magnetic beads designed to remove all nonCD8 hematopoietic lineages. This contaminating population was rich
in mature dendritic cells, but also included other lineages, such as
macrophages. Since much of the pathology of the motheaten mouse is
due to myeloid, rather than lymphoid lineages, the unexpected
presence of contaminating cells bearing myeloid markers such as
CD11b and CD11c is therefore a potential explanation for the
observation of motheaten pathology [16,21]. Additional sorting of
donor cells based on positive selection of CD8+ populations resulted in
a pure CD8+ fraction that did not cause any pathology in host animals.
However, it also did not offer the same degree of therapeutic effect on
solid tumors. It was apparent that the small number of contaminating
cells had anti-tumor, as well as pathological effects. Since this
population was largely comprised of dendritic cells, it is not
unreasonable to surmise that these SHP-1null dendritic cells were
activating endogenous immune cells, and thereby augmenting the anti-
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tumor effects provided by SHP-1null T cells alone. Another possibility is
that they act as a feeder population for the transferred SHP-1null T
cells, sustaining their expansion and survival via cytokine secretion
and antigen presentation. The fact that these cells escaped capture by
anti-CD11b and anti-CD11c magnetic beads, while still staining
positively for these markers by flow cytometry, raises further questions
about the nature of these cells, and how they might differ from
conventional dendritic cells and macrophages.

3.

The implications of this work for the clinical exploitation of SHP-1
inhibition for tumor immunotherapy are complex. On the one hand,
the increased proliferative capacity of SHP-1null T cells [19] makes it an
attractive modification for cells destined for adoptive transfer, as cell
number can be limiting in these strategies especially following genetic
modification, which can result in a certain amount of cell death. On
the other hand, the degree of improvement in tumor growth control
over SHP-1 sufficient T cells, although significant, might have been
expected to be more dramatic. However, our model utilised a highaffinity viral TCR, while tumor-specific TCRs are notoriously low
affinity. SHP-1 is involved in the regulation of TCR activation
thresholds [22]; therefore in a real-world low-affinity tumor specific T
cell, SHP-1 inhibition may afford a greater improvement than observed
in this model system. Improvement in the stability and duration of the
immune synapse following SHP-1 ablation, together with a decrease in
the TCR activation threshold could allow endogenous anti-tumor
TCRs to be successfully utilised therapeutically. Currently, the problem
of low-affinity tumor-specific TCRs is addressed with strategies such as
CAR T cells, however, bypassing the classic antigen presentation
pathway has potential implications for other T cell pathways, such as
homing [23]. Where an appropriate target for a CAR T cell, such as
CD19, is not available, and the tumor is not rich in the neoantigens
that favour current checkpoint inhibition strategies [24], ablation of
SHP-1 in adoptively-transferred tumor specific T cells could provide a
solution for the treatment of cancers not currently amenable to
immunotherapy.

6.

Currently, several studies and trials are focusing on the use of
pharmacological phosphatase inhibitors that target SHP-1 with varying
levels of specificity as anti-cancer agents [25-27], however, the lung
pathology observed in our study highlights some of the potential
pitfalls of global SHP-1 inhibition. Our work indicates that the cells
responsible for the pathology are not a homogenous population, and it
is therefore possible that one population is responsible for the antitumor effect, and a separate population is causing the pathology. If the
anti-tumor effects of the non-CD8 SHP-1null cells could be separated
from the pathological effects, then SHP-1 abrogation in these cells
could be a powerful, novel anti-cancer strategy.
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