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PTPN2 as a promoter of colon carcinoma via reduction of inflammasome activation

Marianne R. Spalinger and Michael Scharl

"Department for Gastroenterology and Hepatology, University Hospital Zurich, and University of Zurich, Zurich, Switzerland

ABSTRACT

We have recently demonstrated that macrophage-specific loss of Protein tyrosine phosphatase non-
receptor type 2 (PTPN2) promotes inflammasome activation, resulting in protection from colorectal
cancer. Here we place these findings in context with the role of inflammasomes in colorectal carcinoma,
and with a recent study indicating that PTPN2-silencing promotes anti-cancer inmunotherapy.

Protein tyrosine phosphatase non-receptor type 2 (PTPN2)
is a ubiquitously expressed tyrosine phosphatase that
regulates several pro-inflammatory pathways, including
Interferon (IFN)-y- induced Janus kinase (JAK)-signal-
transducer and activator of transcription (STAT) signaling
and mitogen activated protein kinase (MAPK) pathways, as
well as growth factor signaling, such as signaling cascades
downstream of epidermal growth factor receptor (EGFR)
and vascular endothelial growth factor (VEGFR) (reviewed
in'). The importance of PTPN2 in regulating inflammatory
pathways is highlighted by the fact that PTPN2 dysfunction,
as observed in individuals carrying genetic PTPN2 variants,
promotes the risk to develop inflammatory disorders includ-
ing Rheumatoid arthritis, type-I-diabetes, and inflammatory
bowel disease (IBD)." Further, full-body deletion of Ptpn2
in mice results in severe systemic inflammation with pro-
nounced colitis, leading to death few weeks after birth.?
Over the past years, our group investigated the tissue-spe-
cific contribution of PTPN2 to this severe phenotype. In a
recent study using mice with a myeloid cell-specific deletion
of Ptpn2 (Ptpn2-LysMCre mice), we found that Ptpn2
expression in macrophages/monocytes is important to con-
trol intestinal inflammation, but at the same time promotes
the development of colitis-associated tumors.’

One major pathway affected upon deletion of Ptpn2 in mac-
rophages is the activation of inflammasomes (Fig. 1). Inflam-
masomes are multi-protein complexes that form upon presence
of danger-associated molecular patterns (DAMPS) in the cyto-
sol and mediate activation of the protease caspase-1, which, in
turn, mediates the cleavage of pro-interleukin (IL)-18 and
pro-IL18 to their active forms. Once activated, IL-18 has
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potent pro-inflammatory properties, including recruitment of
pro-inflammatory phagocytes and promotion of T helper (Th)
17 cell differentiation.* IL-18 on the other hand promotes the
induction of IFN-y producing cells, including Th1 cells, CD8+
cytotoxic T cells, and natural killer (NK) cells.” Notably, these
cells are importantly involved in promoting anti-cancer
immunity.

The role of inflammasomes in the development of intestinal
inflammation and colorectal cancer is still controversial and
several reports with contradictory results have been published.
In colitis-associated cancer, inflammation is an important
driver of tumorigenesis, hence inflammation-promoting fac-
tors, such as deregulated, enhanced inflammasome activation
can promote tumor development. However, as pointed out
above, inflammasome activation is also important for the
recruitment of immune cells and can thereby promote anti-
cancer immune responses.

Inflammasome activation is a highly regulated process, and
several regulatory steps prevent inadequate inflammasome
assembly/activation. Upon activation, inflammasome receptors
recruit the adaptor molecule apoptosis-associated speck like
protein containing a caspase recruitment domain (ASC), which
in turn stabilizes the inflammasome complex, and forms large
cytosolic, multimeric complexes, which mediate caspase-1
cleavage. In order to stabilize these complexes, ASC needs to be
phosphorylated, a mechanism that is driven by c-Jun N-termi-
nal kinase (JNK) and spleen tyrosine kinase (Syk).6 In our
study, we demonstrated that JNK activity is elevated in Ptpn2-
deficient macrophages, resulting in elevated ASC phosphoryla-
tion, subsequently promoting exacerbated inflammasome activ-
ity and IL-18/IL-18 secretion. Inhibition of IL-18 demonstrated
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Figure 1. Loss of PTPN2 promotes anti-cancer immunity. PTPN2-depletion in different cell types involved in CRC development results in changes in anti-cancer immunity.

PTPN2: Protein tyrosine phosphatase non-receptor type 2, IFN: Interferon.

that exacerbated IL-18 production drives elevated intestinal
inflammation in mice lacking Ptpn2 in the myeloid compart-
ment. Of interest, however, increased IL-18 levels at the same
time conferred protection from tumor development.

This is of great interest, since in colitis-associated tumors, it
is generally accepted that inflammation is a main driver of
tumor development. Nevertheless, inflammation also results in
the recruitment/expansion of anti-tumor immune cells. IL-18
is importantly involved in recruiting immune cells into tissues,
and promotes the differentiation of pro-inflammatory (M1)
macrophages, as opposed to anti-inflammatory (M2) macro-
phages that have been associated with suppression of anti-
tumor immune responses.”

It is noteworthy that in our study, besides highly elevated
levels of the inflammasome product IL-15, we also observed
increased levels of IFN-y in the inflamed intestine and in
tumor tissue of Ptpn2-LysMCre mice, potentially induced
via elevated production of IL-18 from PTPN2-deficient
macrophages. IL-18 induces IFN-y production from NK
and T cells, and it has been shown that IFN-y-signaling is
important to confer susceptibility to immune cell mediated
cancer cell depletion.® Hence, elevated IFN-y production
might confer an additional mechanism how loss of Ptpn2
results in less tumor development (Fig. 1). In a recent study
to identify targets that might enhance immune checkpoint
inhibitor treatment, Manguso et al showed that deletion of
PTPN2 in cancer cells promotes the response to checkpoint
inhibitors.® Of note, this effect was dependent on intact
IFN-y signaling within the cancer cells. PTPN2 is an
important intracellular regulator of IFN-y-induced signal-
ing, and its depletion therefore increases the response of
cancer cells to IFN-y. On the other hand, our work demon-
strates that loss of PTPN2 in non-cancer cells promoted

IFN-y production, hence PTPN2 might further act as a
tumor suppressor in an indirect manner (Fig. 1).

Summarized, our work, together with other recent publica-
tions, demonstrates the important immune-regulatory role of
PTPN?2 on one hand, but also its important role in suppressing
anti-cancer immune responses.
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