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RIP off STAT3 to counteract tumor progression
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Signal transducer and activator of transcription 3 (STAT3) sig-
naling is often activated during cancer development and has
been linked to different hallmarks of cancer." A study con-
ducted by Caetano et al. has showed the therapeutic potential
of inhibiting the STAT3 pathway by targeting interleukin-6
(IL-6), a potent activator of STAT3, using anti-IL-6 antibodies
in the CCSP"*; LSL-Kras“"*” mouse model of lung adenocarci-
noma.” After 8 weeks of treatment there was a significant
reduction in the number of adenomas and carcinomas.
Anti-IL-6 treated tumors exhibited a reduction in cell prolifera-
tion, angiogenesis and altered immune infiltration including a
reduction in the overall number of macrophages and regulatory
T cells with a concomitant increase in cytotoxic CD8" T cells
and T helper (Thl) cells. Interestingly, treatment of lung cancer
cells in vitro with anti-IL-6 antibodies did not result in
decreased proliferation or increased cell death, suggesting that
the therapeutic effect of IL-6 blockade is not cell autonomous
but through reprogramming of the tumor microenvironment.
Increased IL-6 production in the tumor microenvironment can
result in increased serum levels of IL-6, thus activating STAT3
in distant organs. Indeed, Masri et al. have shown that in the
LSL-Kras©'?P; p53t1/Flox (KP) conditional mouse model of
lung adenocarcinoma, the serum levels of IL-6 were elevated
resulting in altered hepatic circadian homeostasis.” Livers of
tumor bearing mice showed altered metabolic parameters,
without disturbing the core circadian clock. Metabolic analyses
of the livers revealed reduced levels of oscillating lipids, NAD™,
ATP and acetyl-coA. The sterol regulatory element binding
protein (SREBP) pathway is known to regulate lipid metabo-
lism in the liver in a circadian manner. This pathway is inhib-
ited by the energy sensor AMPK. Livers from tumor-bearing
mice had elevated AMPK levels, reduced nuclear SREBP1c pro-
tein, and an increase in the levels of Il6ra, Ilirl, Tnfrsflb,
Il17ra, Stat3 and phospho-Stat3. Socs3, a prototypic Stat3 tar-
get, has been shown to regulate insulin signaling in liver and
adipose tissues. These livers showed reduced insulin-dependent
phosphorylation of AKT and decreased IRS-1 levels. Analysis
of the liver metabolome after treating KP mice with anti-IL-6
antibodies could provide further insight into the effects of sys-
temic IL-6.

Recent studies aimed to understand mechanisms involved in
cancer dedifferentiation and metastasis identified multiple non-
canonical activators of STAT3 (Fig. 1). In an attempt to
uncover novel regulators of metastasis, Chuang et al. infected
KP mice with barcoded lentiviral-Cre vectors to match primary
tumors with their metastases.* When comparing the transcrip-
tional profile of non-metastatic primary tumors and metastases,
the authors identified a glycosylphosphatidylinositol-linked cell
surface protein, Cd109, as a potential mediator of metastasis.
Silencing Cd109 reduced the phosphorylation of Stat3 and
hence impaired the metastatic potential of the lung cancer cells
in vivo. Silencing Cd109 or Stat3 did not decrease the ability of
these cells to grow in vitro or to form subcutaneous tumors,
highlighting the Cd109-Jak-Stat3 pathway as specific driver of
the metastatic process. Loss of epithelial differentiation of lung
adenocarcinoma is an indicator of highly aggressive disease
and is associated with metastases. Our study showed that recep-
tor-interacting serine/threonine protein kinase (Rip4) altered
tumor differentiation in KP mice.” Rip4 knockdown in vivo
resulted in the development of tumors that progressed toward
poorly differentiated adenocarcinoma. In contrast, overexpres-
sion of RIP4 in lung cancer cell lines reduced their invasiveness
in vitro and the number of lung colonies after tail vein injec-
tion. Analysis of the transcriptional profile of tumors express-
ing shRNA against Rip4 revealed an activation of genes related
to extracellular matrix remodeling and Stat3 signaling. Our
mechanistic analyses highlighted a bimodal inhibitory effect of
Rip4 on Stat3: first, RIP4 knockout cells showed an accelerated
STAT3 nuclear import upon stimulation with IL-6. Second,
overexpression of RIP4 promoted the nuclear export of STAT3.
This suggests that RIP4 acts primarily by altering the nuclear
localization of STAT3. Overexpression of RIP4 also reduced
the levels of lysyl oxidase (LOX), a STAT3 target that is
involved in collagen cross-linking, whereas tumors with sus-
tained Rip4 knockdown showed elevated levels of Lox and
increased collagen deposition. Comparatively, another study
aiming to identify factors responsible for multi-organ metasta-
sis of breast cancer cells demonstrated that collagen-mediated
activation of STAT3 is crucial for metastasis.’ In that study,
Gao et al. showed that tetraspanin TMA4SF1 promotes the
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Figure 1. Regulation of STAT3 activation in tumor cells: On the extracellular matrix
(ECM) side, multiple ligands bind and engage different membrane receptors. This
results in activation of JAK family members, which phosphorylate STAT3 resulting
in its dimerization, nuclear translocation and regulation of target gene transcrip-
tion. RIP4 reduces nuclear STAT3 levels and hence inhibits STAT3-mediated
responses, counteracting tumor progression.

formation of clusters of discoidin domain receptor (DDR)-1, a
collagen receptor tyrosine kinase, upon binding to collagen I°.
This further activated JAK2 in a PKCa-dependent manner
resulting in STAT3 activation. Genetic or pharmacologic inter-
ference with DDR1, TM4SF1, JAK2, PKC« or STAT3 signifi-
cantly reduced the metastatic potential of these cells. Taken
together, these and other studies reveal that STAT3 activation
is a central feature in the development of highly aggressive can-
cers, where different signaling axes can converge on STAT3
stimulation. Hence, targeting the IL-6 receptor or ligand might

not be sufficient for efficient STAT3 blockade. Future studies
aimed to discover new compounds that prevent the
phosphorylation, dimerization or nuclear localization of
STATS3 could prove to be therapeutically useful against multiple
malignancies.
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