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Vesicular trafficking regulators are new players in breast cancer progression: Role of
TOM1L1 in ERBB2-dependent invasion
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ABSTRACT
ERBB2 (v-erb-b2 avian erythroblastic leukemia viral oncogene homolog 2) amplification is associated with
invasive breast cancer. We discovered that TOM1L1 (target of myb1-like 1) and ERBB2 co-amplification defines
a novel mechanism involved in breast cancer metastatic progression. Upregulation of the vesicular trafficking
protein TOM1L1 enhances plasma membrane delivery of membrane-type 1 matrix metalloprotease
(MT1-MMP) for efficient extracellular matrix degradation and tumor cell dissemination.

KEYWORDS
Breast cancer; metastasis;
tumor cell signaling; tyrosine
kinase; vesicular trafficking

The v-erb-b2 avian erythroblastic leukemia viral oncogene
homolog 2 gene (ERBB2) encodes a receptor tyrosine kinase
(TK) of the epidermal growth factor receptor family and is
amplified or overexpressed in approximately 20% of human
breast tumors. Aberrant ERBB2 levels at the plasma membrane
result in constitutive TK activity that promotes cell transforma-
tion, leading to invasive breast carcinoma.1 ERBB2 is now con-
sidered an important therapeutic target in this cancer and several
inhibitors have been developed for the clinic. For example, the
anti-ERRB2 antibody trastuzumab (Herceptin�) shows a signifi-
cant clinical response and is now used as a first-line treatment in
ERBB2C breast cancer. However, patients frequently develop
tumor resistance and there is a clear need to better understand
how ERBB2 drives metastatic progression in order to improve
ERBB2-based therapy. The invasive properties of breast tumor
cells are strongly coupled to their ability to induce extracellular
matrix proteolysis for cell dissemination. Mechanistically, this
process involves the secretion of matrix metalloproteases
(MMPs). Specifically, the membrane-type 1 MMP (MT1-MMP)
plays a key role in rupturing the basal extracellular matrix
(ECM), allowing cell migration through type I collagen-rich
interstitial tissues.2 Interestingly, MT1-MMP function is tightly
regulated through its delivery from the trans-Golgi network to
specialized F-actin-enriched plasma membrane domains called
invadopodia that contact the ECM and mediate its proteolytic
degradation.2 Whether this mechanism contributes to ERBB2-
invasive carcinoma remains largely unknown.

Target of myb1-like 1 protein (TOM1L1) was originally
identified as a novel SRC substrate and signaling protein of the
adaptor family by Stein et al. and by our laboratory.3,4

TOM1L1 negatively regulates TK-induced cell proliferation
and transformation.4,5 Moreover, it contains N-terminal
VPS27/HRS/STAM (VHS) and GGA and TOM1 (GAT)

homology domains that are found in many vesicular trafficking
proteins. Surprisingly, our collaborators Orsetti et al. found
that TOM1L1 (locus 17q22) is co-amplified with ERBB2 (locus
17q12) in breast cancer,6 suggesting an unexpected protumoral
function of TOM1L1 in ERBB2C tumors.

In our recent study published in Nature Communications,7

we confirmed that TOM1L1 is frequently (»50%) co-amplified
with ERBB2 using a larger set of breast tumor biopsies. We also
found that TOM1L1 amplification is associated with bad prog-
nosis in patients with ERBB2C/estrogen receptor (ER)C breast
tumors because it reduces metastasis-free survival by »25%.
We then manipulated TOM1L1 levels in ERBB2C/ER2C breast
cancer cells to determine whether ERBB2 and TOM1L1 coop-
erate. Although growth and migratory properties were not
affected, TOM1L1 overexpression strongly promoted invasion
of these cells when plated on Matrigel or embedded in collagen
matrix. In vivo, TOM1L1 upregulation increased brain and leg
colonization by these tumor cells when injected into the heart
left ventricle of nude mice. Mechanistically, this novel
TOM1L1 activity involves a vesicular trafficking process that
requires TOM1L1 association, via its GAT domain, with Toll-
interacting protein (TOLLIP), another endosomal sorting pro-
tein that is upregulated in some breast cancer cell lines. We
then established a link between TOM1L1-TOLLIP signaling
and MT1-MMP–dependent invadopodia activity by showing
that TOM1L1 promotes the long-range trafficking of MT1-
MMP–positive endosomes from intracellular compartments to
invadopodia for ECM degradation. On the basis of imaging
data we propose a model where TOLLIP mediates TOM1L1
docking on RAB7C late-endosomal compartments that contain
MT1-MMP. Intriguingly, this novel TOM1L1 function requires
ERBB2 activity, possibly via a phosphorylation-dependent
mechanism. Although TOM1L1 is not tyrosine-phosphorylated
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in ERBB2-transformed cells, a phosphoproteomic analysis
revealed that ERBB2 induces TOM1L1 phosphorylation at ser-
ine 321. This is critical for interaction with TOLLIP, MT1-
MMP trafficking, and cell invasion (Fig. 1).

Vesicular trafficking proteins play a central role in cell activ-
ity by, for example, regulating cell surface receptor levels, sig-
naling, and degradation. Consequently, deregulation of this
endocytic machinery might contribute to cell transformation.1

In agreement with this notion, our work shows that TOM1L1
upregulation defines a novel mechanism involved in the meta-
static progression of ERBB2C breast cancers. A similar mecha-
nism has been recently described for the vesicular proteins
RAB4 and RAB5 in breast cancer.8 Likewise, the GAT-contain-
ing protein GGA3 is involved in the promotion of cell migra-
tion.9 Interestingly, the genes encoding these trafficking
proteins are amplified in several solid tumors7,8 (http://www.
cbioportal.org) suggesting that this could be a general mecha-
nism for deregulating trafficking activities in human cancer.
Our work also shows that TOM1L1 might exert this novel

function through the trafficking of important components
needed for extracellular matrix degradation and cell dissemina-
tion. Moreover, our in vivo results suggest additional roles for
TOM1L1 during later steps of metastasis formation, possibly
during tumor cellular extravasation and/or colonization. Addi-
tional work is needed to determine whether and how TOM1L1
exerts these metastatic functions. One important question
raised by our results concerns the apparent opposite functions
of TOM1L1 during TK signaling that may involve TOM1L1
phosphorylation on specific residues. Indeed, TOM1L1 tumor
inhibitory functions have been linked to tyrosine phosphoryla-
tion and association with clathrin for receptor endocytosis.5

Conversely, its protumoral activity is dependent on serine
phosphorylation and association with TOLLIP for MT1-MMP
plasma membrane delivery.6 Finally, these data suggest that
this signaling cascade could represent a therapeutic target in
these cancers. We have not identified the molecular motor
involved in TOM1L1-dependent MT1-MMP vesicular traffick-
ing or the Ser/Thr kinase responsible for TOM1L1 activation;

Figure 1. Mechanisms whereby ERBB2 and TOM1L1 cooperate to promote invasiveness in breast cancer. V-erb-b2 avian erythroblastic leukemia viral oncogene homolog
2 (ERBB2) induces phosphorylation of upregulated target of myb1-like 1 protein (TOM1L1) on Ser321, which promotes its association, via its GGA and TOM1 (GAT) homol-
ogy domain, with Toll-interacting protein (TOLLIP) in late-endosomal RAB7C compartments and membrane-type 1 matrix metalloprotease (MT1-MMP) trafficking to inva-
dopodia for cell invasion. The VPS27/HRS/STAM homology domain (VHS) and the C-terminal sequence (C-ter) of TOM1L1 are highlighted.
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nevertheless, inhibition of these enzymatic activities might rep-
resent an interesting strategy for improving trastuzumab-based
therapy in patients with ERBB2C breast cancer and TOM1L1
co-amplification. In conclusion, our findings highlight a novel
role for GAT-containing vesicular trafficking proteins in meta-
static induction driven by oncogenic TKs.
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