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KRAS-Mediated CCDC6
Degradation Drives xCT
Upregulation and Ferroptosis
Evasion suggesting novel
therapeutic strategies
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Maintaining redox balance is critical during RAS-driven trans-
formation. Oncogenic RAS signaling protects cancer cells from
oxidative stress by upregulating xCT transcription via the recruit-
ment of ETS1-ATF4 complex on the xCT promoter. Recently, we
demonstrated that loss of CCDC6 enhances xCT transcription,
leading to oxidative stress tolerance and ferroptosis resistance
in in vitro cells. CCDCS6 is known to act as negative transcription
regulator of the CREB family members including ATF2 and ATF5.
Furthermore, RAS mutants increase GSK3beta expression/activ-
ity which is involved in CCDCS6 turnover.

Here, we showed that oncogenic RAS signaling induces GSK-
3beta-mediated degradation of CCDC6. Moreover, we demon-
strated that CCDC6 directly interacts with the CREB family
transcription factor ATF4 to prevent its binding to the xCT pro-
moter. Consequently, reduced CCDC6 levels unleashed ATF4
transcriptional activity on the xCT promoter, thereby sustaining
xCT expression, which in turn increased intracellular GSH and
decreased lipid peroxidation. Therefore, loss of CCDC6 contrib-
uted to ferroptosis resistance in KRAS-mutated cells. Crucially,
pharmacological inhibition of CCDC6 degradation using protea-
some inhibitor (bortezomib), GSK3b inhibitor, MEK or specific
KRAS mutant inhibitors (Sotorasib, Adagrasib, and HRS-4642)
increased CCDC6 protein levels and re-sensitized KRAS-mu-
tated cells to the ferroptotic agent sulfasalazine. Supporting our
findings, CCDC6 protein levels inversely correlated with KRAS
mutations in preclinical models and human colorectal cancer
samples.

Our investigation revealed a critical role of CCDC6 in mediat-
ing RAS-driven ferroptosis resistance, identifying the oncogenic
RAS-induced CCDCS6 turnover as a promising therapeutic target
to enhance the vulnerability of KRAS-mutated tumours to ferrop-
totic agents.

KCASH2 Loss Promotes Hedgehog
Pathway Activation and contributes
to Colorectal Tumorigenesis
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The Hedgehog (Hh) signaling pathway is a crucial regulator of
embryogenesis, self-renewal, and differentiation, and its aberrant
activation has been implicated in several malignancies, including
colorectal cancer (CRC), one of the most common cancers world-
wide. We previously identified KCASH2 as a tumor suppressor
and negative regulator of Hh signaling. Here, we investigated the
consequences of KCASH2 loss in CRC tumorigenesis.

Our results demonstrate that KCASH2 deficiency induces activa-
tion of GLI, the major Hh transcription factor. Although KCASH2
knockout (KO) mice did not spontaneously develop tumors, anal-
yses of human CRC datasets revealed marked downregulation
of KCASH2 in inflammation-associated CRC and an inverse cor-
relation with GLI1 expression. Following azoxymethane/dextran
sodium sulfate (AOM/DSS) treatment, KO mice exhibited higher
mortality, greater weight loss, colon shortening, and impaired
recovery compared with wild-type (WT) controls. These effects
were accompanied by defective type 2 immune responses, en-
hanced NF-kB activation, reduced apoptosis, and robust hyper-
activation of Hh signaling in colonic tissues.

Consistently, KCASH2-silenced cells showed impaired wound
closure after mechanical injury. Importantly, KO mice developed
larger and more numerous tumors than WT counterparts, and
molecular analyses confirmed aberrant Hh signaling in both tu-
mor and adjacent non-tumor tissues.

Together, these findings indicate that KCASH2 loss promotes
pathological Hh pathway activation, disrupts immune-mediated
tissue repair and epithelial regeneration, and accelerates CRC
progression in the context of chronic inflammation. KCASH2 thus
emerges as a critical regulator of intestinal homeostasis and a po-
tential therapeutic target in inflammation-driven CRC.

A9

A10

Sustained exposure to high doses of
EGF ligand reduces ERBB2 stability
via HSP90-dependent mechanism
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After binding to a ligand, the epidermal growth factor receptor
(EGFR) can dimerize with other ERBB family members, particular-
ly ERBB2, activating downstream signaling pathways. However,
high concentrations of epidermal growth factor (EGF) are known
to trigger EGFR internalization and degradation. Consistent with
this, our data, using a quasi-normal, EGFR-dependent epithelial
cellular model, show that short-term exposure to high-dose EGF
reduces EGFR protein levels without affecting EGFR mRNA ex-
pression. In contrast, ERBB2 expression remained stable at both
mRNA and protein levels. Phenotypically, short-term stimulation
with high-dose EGF modestly decreased cell proliferation and
migration, while anchorage-independent growth remained un-
changed. These effects align with the reduction of EGFR, which
drives cell proliferation and migration, and unaffected ERBB2, a
key regulator of anchorage-independent growth.

To better understand the impact of chronic exposure to an EGF-
rich microenvironment, as might occur in primary tumors or
metastasis, we performed similar analyses following long-term

EGF stimulation. Notably, prolonged exposure to high-dose
EGF not only reduced EGFR but also decreased ERBB2 protein

abundance, accompanied by a significant reduction in heterod-
imers containing EGFR and ERBB2. Importantly, ERBB2 mRNA
levels remained unchanged, indicating a post-transcriptional
downregulation. Furthermore, prolonged high-dose EGF expo-
sure also decreased EGFR and ERBB2 protein abundance in cells
engineered to ectopically overexpress ERBB2, again without af-
fecting mRNA expression. Correspondingly, chronic exposure to
high EGF doses markedly suppressed proliferation, migration, as
well as anchorage-independent growth. Mechanistically, chronic
high-dose EGF exposure downregulated key regulators of ERBB2
stability and function, including HSP90 and HSP70.

Overall, our data uncover a previously unrecognized mechanism
by which prolonged high-dose EGF stimulation limits ERBB2
signaling and its associated oncogenic phenotypes, suggesting
potential implications for tumor adaptation in growth factor-rich

Guilty by association: a newly
discovered mTOR-STAT3 pathway at
the ER regulates calcium-mediated
apoptosis in triple negative breast
cancer.
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The transcription factor STAT3 exerts its anti-apoptotic/
pro-oncogenic functions via both canonical and non-canonical,
non-transcriptional activities, effected in the nucleus or the cyto-
plasm by STAT3 phosphorylated on either Tyrosine705 — nucle-
us- or Serine727 - cytoplasm. Which mechanisms orchestrate the
sub-cellular distribution of Serine phosphorylated (pS) STAT3 is
however unknown.

We have recently described pS-STAT3 ability to control Ca? re-
lease and Ca?*-mediated apoptosis at the ER in STAT3-dependent
Triple Negative Breast Cancer (TNBC) cells (Avalle et al, DOI).
Mechanistically, STAT3 interacts with the Ca? channel IP3R3 on
the outer ER membrane, triggering its proteasomal degradation.
As a consequence, Ca? secretion is strongly reduced, leading the
increased resistance to calcium-mediated apoptosis. According-
ly, STAT3 and IP3R3 protein levels are inversely correlated in the
hly aggressive human basal-like breast tumors, where STAT3
is often constitutively activated.

To elucidate the mechanisms regulating STAT3 serine phospho-
rylation at the ER, we identified described interactors known to
localize to the ER and endowed of serine-kinase activity, and
focused our attention of mTOR. We demonstrate that STAT3
and mTOR co-localize and physically interact at the ER in TNBC
cells, by confocal analysis, co-immunoprecipitation and Proxim-
ity Ligation Assay (PLA). Moreover, AlphaFold 3 modelling of an
mTOR-STAT3-IP3R3 ternary complex predicts STAT3 interact-
ing with the mTOR Armadillo region and catalytic pocket via its
amino-terminal and carboxy-terminal domains, respectively. Ac-
cordingly, pan-mTOR inhibition by Torin-1 mimics the effects of
abolishing STAT3 S-P by either STAT3 silencing or the expression
of a S-A mutation, preventing IP3R3 degradation and leading to
increased ER Ca? release and sensitizing cells to Ca?-mediated
apoptosis. These data demonstrate for the first time localized
control of STAT3 serine phosphorylation, establ g an impor-
tant correlation with mTOR that leads to enhanced apoptosis
resistance IP3R3 degradation. Dissecting the molecular de-
tails may reveal novel therapeutic targets to rupt apoptotic
resistance in STAT3-dependent TNBC cells and perhaps other
STAT3-dependent tumors.




