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CX3CL1 at the crossroad of EGF signals
Relevance for the progression of ERBB2* breast carcinoma
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Inflammatory mediators can play a dual role in oncogenesis and tumor progression. CX3CL1, a chemokine previously
implicated in natural killer cell- and CD8* T cell-mediated antitumor immune responses, has now been identified as a
promoter of ERBB2-expressing breast carcinomas as it cross-activates members of the epidermal growth factor receptor

family.

One hallmark of cancer is the robust
proliferative potential of malignant cells,
stemming from mutations in genes that
control cell cycle progression and apop-
tosis.! However, the development of clini-
cally relevant neoplasms is not only the
result of genetic alterations in transformed
cells, but also of their interactions with the
local microenvironment. In this context, a
prominent role is played by chemokines, a
family of inflammatory proteins secreted
by most, if not all, malignant and stromal
cells.

Chemokines can exert pro- and anti-
tumor effects, via both cell-intrinsic and
Thus, che-

mokines not only regulate the survival,

cell-extrinsic mechanisms.

proliferative potential, and metastatic atti-
tude of malignant cells, but also modu-
late angiogenesis and provide cues for the
recruitment of mesenchymal and immune
cells to the tumor bed. Such an hetero-
geneous panel of biological functions is
often reflected by paradoxical, context-
dependent effects.” Models of spontane-
ous carcinogenesis are therefore needed to
study the effects of distinct chemokines
on the biology of specific tumors.
Although most chemokines are nor-
mally secreted in the extracellular space,

chemokine (C-X3-C motif) ligand 1
(CX3CL1, also known as fractalkine or
neurotactin) is produced as a membrane-
anchored precursor that can be cleaved
by ADAM family metalloproteases in
an inducible or constitutive manner.
Membrane-tethered CX3CL1 and its
receptor, CX3CR1 (a G protein-coupled
receptor), function as adhesion molecules
in vitro, in physiological flow conditions,
whereas the shed form of CX3CLI acts as
a soluble chemoattractant for CX3CR1*
cells.? Transgenic mice expressing the
wild-type CX3CL1 precursor or an oblig-
atory soluble CX3CLI mutant revealed
that membrane-tethered and soluble
CX3CL1 have specific functions in vivo.*
On one hand, the CX3CL1/CX3CR1
signaling axis transduces pro-survival,
proliferative, and metastatic signals, thus
favoring tumor progression. On the other
hand, CX3CL1/CX3CR1 mediate anti-
tumor effects by enhancing natural killer
(NK) cell- and CD8* T lymphocyte-medi-
ated tumor-specific immune responses.>
Moreover, we have recently demonstrated
that CX3CL1 can promote the progres-
sion of breast carcinoma by operating in
concert with members of the epidermal
growth factor receptor (EGFR) family.”
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CX3CLLI is a transcriptional target of
p53.% Given its capacity to prime anti-
tumor immune responses, one could
hypothesize that CX3CL1 operates as
a cell-extrinsic tumor suppressor down-
stream of p53. In support of this view, 3
independent in silico studies (GEOprofile
Database GSE3744, GDS3324; EMBL-
EBI Database GEODI10780) showed
that CX3CL1 is downregulated in pri-
mary human breast cancers as compared
with healthy breast tissue. CX3CL1
is also downregulated in spontaneous
breast tumors that arise in MMT V-neu
mice (which overexpress the rat ERBB2
ortholog, neu, in the mammary gland).
Surprisingly, the transgenic re-expression
of CX3CL1 in MMT V-neu breast tumors
neither favors disease regression nor
affects tumor growth, but rather promotes
the onset of new oncogenic lesions in non-
transduced mammary glands.”

How does the re-expression of CX3CL1
increase tumor multiplicicy in MMTV-
neu mice? One possibility is that increased
levels of CX3CL1 in the tumor microen-
vironment boost the metastatic potential
of neoplastic cells, which then colonize
other mammary glands. CX3CL1 stimu-
lates the migratory capacity of CX3CR1*
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Figure 1. CX3CL1 stimulates the progression of breast carcinoma. In mammary epithelial cells, chemokine (C-X3-C motif) ligand 1 (CX3CL1) favors

the activation of epidermal growth factor receptor (EGFR) family members by stimulating the cleavage of membrane-tethered EGF precursors by
ADAM matrix metalloproteinases (MMPs). This appears to activate the extracellular signal-regulated kinase (ERK) signaling cascade downstream of
the CX3CL1 receptor (CX3CR1) in untransformed and neoplastic ERBB2* cells. Although CX3CL1 is not needed for the development and physiological
functions of the mammary gland, the CX3CL1-induced transactivation of EGFR plays a major role in the progression of early ERBB2* breast carcinomas.
This cell-intrinsic tumor-promoting activity of CX3CL1 might be associated with qualitative and/or quantitative changes in the strength, frequency

or breadth of ERK-conveyed signals in transformed cells. However, established carcinomas become independent of this cross-activation circuit for

breast cancer cells in vitro, upregulates
SNAI2 (previously known as SLUG), and
causes the intracellular delocalization of
E-cadherin through the canonical per-
tussis toxin (PTX)-sensitive, CX3CRI1-
dependent  pathway. Although these
results suggest that CX3CL1 stimulate
the epithelial-mesenchymal transition and
invasiveness in vitro, CX3CL1 does not
seem to promote metastatic dissemina-
tion in vivo, as we found no tumor cells
in sentinel lymph nodes nor we were able
to document an infiltration of the basal
lamina in the novel tumors forming in
CX3CLI-transduced MMT V-neu mice.
MMTV-neu mice normally develop
focal adenocarcinomas, while multifo-
cal lesions arise after long latency peri-
ods. Thus, CX3CLl might accelerate
the expansion of pre-neoplastic lesions,
hence increasing tumor multiplicity. The
intratumoral injection of a CX3CLI-
encoding virus induces a systemic increase
in CX3CL1 levels. However, even though
inflammation has been described as a
mechanism

cell-extrinsic to promote
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observed no dif-
ferences in the inflammatory infiltrate

tumorigenesis,! we

associated with CX3CL1 expression in
pre-neoplastic or established lesions. In
contrast, we found that CX3CL1 pro-
motes the activation of the EGFR by
stimulating the matrix metalloproteinase
(MMP)-dependent  shedding of mem-
brane-tethered EGF precursors. Thus,
CX3CL1 induces the activation of both
EGFR and extracellular signal-regulated
kinases (ERKs) in (pre-) neoplastic cells
spontaneously arising in MMTV-neu
mice, in a PTX-insensitive manner.

The bidirectional crosstalk between
structurally distinct receptor classes (such
as G protein-coupled receptor and tyro-
sine kinase receptors) had previously been
described in the context of cancer,!? yet
the relevance of this functional interac-
tion remains poorly defined. To address
this issues, we developed neu-dependent
and -independent models of spontane-
ous breast cancer on CX3CL1-deficient
or -proficient genetic backgrounds. We
observed that approximately 30% of
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MMT V-neu/Cx3cll~"-

develop tumors by 15 mo of age, and those

mice do not
that do so manifest a significant delay in
tumor onset and a significant reduction in
tumor burden as compared with control
animals. In contrast, the lack of CX3CL1
did not affect tumor onset and tumor bur-
den in a neu-independent breast cancer
model MMTV-PyMT mice).

The results implicate CX3CLI in
the development of spontaneous murine
EGFR-dependent breast carcinomas (Fig.
1). CX3CL1 is not involved in tumor
initiation, which is presumably due to
new mutations, but promotes the pro-
gression of small (pre-)neoplastic lesions
by cross-activating the EGFR-ERK sig-
naling axis. The direct activation of this
mitogenic pathway by the polyomavirus
middle T antigen (PyMT) might explain
why breast carcinomas arising in MMTV-
PyMT mice grow similarly on CX3CLI-
deficient and CX3CL1-proficient genetic
backgrounds.

Our study raises several questions.
First, it will be important to understand
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why the upregulation of CX3CL1 in the
tumor microenvironment can have such
(i.e.,
and
accelerated tumor progression upon the

diverse functional consequences

tumor rejection by the immune®

activation of cancer cell-intrinsic signal-
ing cascades’). CX3CL1-mediated antitu-
mor immune responses have mainly been
documented in xenograft tumor models.
In this setting, the inoculation of cancer
cells may per se trigger some extent of
inflammation. Conversely, autochthonous
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