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The epidermal growth factor receptor (EGFR) is frequently expressed in triple-negative breast cancer (TNBC) and is a marker of
poor prognosis in this patient population. Because activating mutations in this kinase are very rare events in breast cancer,
we screened breast tumor gene expression profiles to examine the distribution of EGFR ligand expression. Of the six known
EGFR ligands, transforming growth factor alpha (TGFa) was expressed more highly in triple-negative breast tumors than in
tumors of other subtypes. TGFa is synthesized as a transmembrane precursor requiring tumor necrosis factor alpha converting
enzyme (TACE)/ADAM17-dependent proteolytic release to activate its receptor. In our study, we show that an inhibitor of this
proteolytic release blocks invasion, migration and colony formation by several TNBC cell lines. Each of the effects of the drug
was reversed upon expression of a soluble TGFa mutant that does not require TACE activity, implicating this growth factor as
a key metalloproteinase substrate for these phenotypes. Together, these data demonstrate that TACE-dependent TGFa shed-
ding is a key process driving EGFR activation and subsequent proliferation and invasion in TNBC cell lines.

Breast tumors are classified based on the expression of estro-
gen receptor (ERa), progesterone receptor (PR) and the over-
expression/amplification status of HER2/ERBB2. Cancers
lacking expression of these three proteins have been referred
to as “triple-negative breast cancer” (TNBC), and are associ-
ated with a poor prognosis. TNBC is a heterogeneous disease,
although about 80% of all TNBCs are associated with a
“basal” pattern of gene expression." TNBCs are not sensitive
to targeted therapeutics used for HER2-positive (trastuzumab
and lapatinib) and ERa-positive (tamoxifen and aromatase
inhibitors) tumors.> A better understanding of the biology of
this disease will be essential to improve clinical outcomes.
The epidermal growth factor receptor (EGFR) participates in
the control of cell survival, differentiation and proliferation of
the mammary gland, and plays a key role in tumorigenesis of
this tissue.” The ligands for the EGFR include epidermal growth
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factor (EGF), transforming growth factor alpha (TGFa),
amphiregulin, betacellulin, heparin-binding EGF (HB-EGF) and
epiregulin.* Each of these ligands is produced as a type I trans-
membrane precursor protein requiring proteolytic release of the
mature growth factor (ectodomain shedding), which can then
bind to and activate EGFR.”> Metalloproteinases, such as mem-
bers of the matrix metalloprotease (MMP) or “a disintegrin and
metalloprotease” (ADAM) family, are responsible for this shed-
dase activity and therefore control EGFR ligand bioavailability.®

EGFR is overexpressed in more than half (54%) of triple-
negative breast tumors and is associated with poor clinical out-
come.” Mutations in EGFR are frequent events in tumors of
some tissues, e.g., non-small cell lung cancer % however, they
are very rare in breast cancer.” "' Accordingly, if EGFR activity
plays a role in TNBC, it is likely that ligand-driven activation
of this receptor is necessary. In agreement with this, there is a
correlation between high EGFR activation and high
ADAMI17/TACE levels.'”> We have previously demonstrated
that TACE-dependent EGFR ligand shedding is an important
proliferative signal in breast cancer and that the expression of
its ligand, TGFa, is associated with poor prognosis."

Given the invasive nature of triple-negative tumors and
their distinct pattern of local and metastatic spread, our study
examines the distribution of EGFR ligand expression in these
tumors and evaluates the requirement for TACE-dependent
EGFR ligand shedding for the motility and invasion of
TNBC cells, as well as to their ability to form colonies in
three-dimensional (3D) culture.

Material and Methods

Cell culture

A panel of four basal-like breast cancer cell lines was cultured
as follows: HCC70 in RPMI 1640 (Cellgro, Manassas, VA)
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What’s new?

TGF« in triple-negative breast cancer

While expression of the Epidermal Growth Factor Receptor (EGFR) has been frequently associated with basal-like and triple-
negative breast cancer, the mechanism by which it is activated remains unclear. In this study, Giricz and colleagues implicate
TGF-alpha as the most strongly up-regulated ligand for the EGFR receptor in such tumors and demonstrate that TACE-
dependent proteolytic shedding of TGF-alpha makes an important contribution to the invasion and growth of triple-negative
breast cancer cell lines. The data suggest that blocking TGF-alpha/EGFR signaling using inhibitors of either TACE or EGFR may
have clinical utility in patients whose tumors are dependent on this autocrine loop.

with 10% fetal bovine serum (FBS; Hyclone, Logan, UT);
MDA-MB-468 in L-15 (Hyclone, Logan, UT) with 10% FBS;
MDA-MB-231 in Dulbecco’s modified eagle medium
(DMEM) (Cellgro, Manassas, VA) with 10% FBS and T4-2
in H14 medium (DMEM/F12 supplemented with 5 pg/ml
prolactin, 250 ng/ml insulin, 1.4 X 10~° M hydrocortisone,
2.6 ng/ml sodium selenite, 10 pig/ml transferrin and 10~ ° M
B-estradiol as previously described.'"* The HCC70, MDA-
MB-468 and MDA-MB-231 cell lines were obtained from
American type culture collection (ATCC) (Manassas, VA),
which validates their correct identity. The identity of the T4-
2 cell line (which is available from Sigma, St. Louis, MO) was
further confirmed by detecting the specific mutation in codon
179 of p53 previously reported for this cell line.'” The metal-
loproteinase inhibitor, TAPI-2 (Calbiochem, La Jolla, CA),
was used at 20 pM. INCB3619 was a generous gift from
Incyte Corporation (Wilmington, DE) and was used at con-
centrations up to 10 uM. For all experiments, a negative
vehicle control consisting of an equivalent volume of ethanol
was used. Breast cancer cell lines were stably infected with
pBM-IRES-Puro retroviruses containing a C-terminal TGFa
truncation mutant consisting of amino acids 1-98, which
lacks the transmembrane and cytosolic domains as we have
previously described'® or an empty vector control. Suppres-
sion of TGFa expression was achieved by lentiviral infection
with two independent pGIPZ constructs with the following
sequences (shTGFA1 CCATGGATTCCAGGCTATA and
shTGFA2 GAGATGATGTCTTATTTAT) or a nonsilencing
control (CTCGCTTGGGCGAGAGTAA).

Three-dimensional laminin-rich extracellular matrix cul-
tures'® were prepared by trypsinization of cells from tissue
culture plastic, seeding of single cells on top of a thin layer of
growth factor-reduced Matrigel (BD Biosciences, San Jose,
CA) and the addition of a medium containing 5% Matrigel.
The cell lines were seeded at the following densities: T4-2:
1.0 X 10* cells per cm* MDA-MB-468 and HCC70: 2.1 X
10* cells per cm® and MDA-MB-231: 1.6 X 10* cells per
cm®. All 3D cell cultures were performed in HI4 medium
with 1% FBS, with the exception of T4-2, which cultured in
H14 medium without serum, and were maintained with
media changes every second day.

Expression studies
TGFA gene expression was assessed in the NKI-295 dataset
consisting of the microarray profiles of 295 primary breast

tumors.'”” Raw data are available from the NCBI Gene
Expression Omnibus (Accession number: GSE2845). Tumors
were assigned to molecular subtypes based on their gene
expression profiles and those matching to the basal-like,
HER2-overexpressing, luminal A and luminal B subtypes
were analyzed for TGFA gene expression. Samples matching
to the “normal-like” subtype were excluded from the analysis
as these are believed to be substantially contaminated by nor-
mal tissue. Statistical significance was evaluated using the
Kruskal-Wallis test with Dunn’s post-test. The expression of
this family of ligands, the four ERBB receptors and the two
ligand-releasing proteases was also evaluated in a panel of
luminal and basal-like cell lines.'® Raw data are available
from ArrayExpress (#E-TABM-244). Antibodies used for
Western blot analysis were against phospho-EGEFR, total
EGFR, phospho-MAPK and Total MAPK (Cell Signaling
Technology, Danvers, MA).

Monolayer wound healing assay

Cells were grown to confluence in 12-well plates (BD Falcon,
San Jose, CA) and scraped with a sterile micropipette tip.
The wound was marked and imaged immediately after scrap-
ing and again 24 hr later. The area of the wound was meas-
ured at the 0 and 24 hr time points and results are presented
as percentage wound closure at 24 hr. Recombinant TGFa (1
ng/ml) was added in rescue experiments to confirm the spec-
ificity of the shRNA phenotype.

Transwell invasion assay

For the transwell invasion assay, cell culture inserts (8-pm
pore, 12-well format; BD Falcon, San Jose, CA) were coated
with 100 pl dilute Matrigel (0.5 mg protein/ml) in serum-
free medium, which was allowed to solidify overnight in a
humidified cell culture incubator and was rehydrated with
warm serum-free medium for 3 hr before the experiments.
Cells were grown to 75% confluence and then starved for 24
hr in growth medium containing 0.1% FBS. A total of 1.0 X
10° cells were seeded in 1 ml serum-free medium in the
upper chamber and the lower chamber was filled with 1 ml
of growth medium with 10% FBS as a chemoattractant. The
cultures were maintained for the following time periods that
were empirically determined for each cell line because of
inherent differences in relative invasive ability: MDA-MB-
231: 5 hr; T4-2: 24 hr and MDA-MB-468 and HCC70: 48 hr.
Invaded cells were fixed and visualized by staining with 0.2%
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crystal violet and counted using a 4X objective in each of
three randomly chosen fields. Each experiment was per-
formed in duplicate.

Statistics

All data analysis was performed using GraphPad Prism ver-
sion 5.03. The nonparametric Kruskal-Wallis test was used
to test differences between median cross-sectional area of col-
onies in 3D culture. Student’s t-test was used for all other
comparisons.

Results

EGFR expression has been associated with TNBC, but it
remains unclear which EGFR ligand(s) are important for
receptor activation in this disease. We examined the expres-
sion of six EGFR ligands—amphiregulin, betacellulin, EGF,
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epiregulin, HB-EGF and TGFa—in the NKI-295 gene expres-
sion dataset,'’” which includes 46 basal-like tumors. When
compared to the other tumor subtypes (Fig. 1a), there was a
very strong enrichment of TGFa expression in basal-like
tumors (p < 0.01 versus the ERBB2 subtype and p < 0.001
versus the luminal subtypes). HB-EGF was higher in basal-
like tumors than in either of the luminal subtypes (p <
0.001), but was not significantly different from the levels
found in the ERBB2 subtype. In all cases, the magnitude of
the median expression differences between the basal-like
tumors and the other subtypes was much greater for TGFa
than for HB-EGF. Accordingly, we investigated the role of
TGFa in the pathobiology of basal-like/TNBC.

To select suitable cell line models, we examined the
expression of all of the ERBB family of receptors and ligands,
as well as the proteases responsible for ligand mobilization in
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Figure 1. Distribution of EGFR ligand expression in breast cancer subtypes. (a) The gene expression profiles of each EGFR ligand were eval-
uated in luminal A (n = 88), luminal B (n = 81), ERBB2-overexpressing (n = 49) and basal-like (n = 46) breast tumors. The most signifi-
cantly elevated ligand in basal-like tumors was TGFa. (b) Heatmap of microarray analysis of the relative expression levels of ERBB
receptors, ligands and ligand-shedding proteases in ten basal-like and 13 luminal breast cancer cell lines. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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a panel of ten basal-like and 13 luminal breast cancer cell
lines grown in 3D culture.'® The TACE/ADAMI7 protease
was highly expressed in the basal-like cell lines (Fig. 1b).
Consistent with the tumor data (Fig. 1a), the majority of the
basal-like cell lines expressed TGFa (Fig. 1b). A minority of
the basal-like cell lines expressed HB-EGF and epiregulin.
We selected four TGFo-expressing basal-like cell lines
(MDA-MB-231, MDA-MB-468, HCC70 and T4-2) for our
experiments, which were broadly representative of the
observed expression patterns. Each of these cell lines lacks
expression of ER, PR and ERBB2.

TGFa is one of many signaling proteins requiring
metalloproteinase-dependent shedding for activity. To specifi-
cally evaluate the role of TGFa among all sheddase sub-
strates, we expressed a soluble mutant of TGFa lacking the
transmembrane and cytosolic domains (Fig. 2a, TGFaATM)
in this panel of TNBC cell lines. Because TGFaATM lacks a
membrane anchor, it is efficiently secreted without requiring
proteolytic shedding.'’ Each of these cell lines expresses
endogenous full-length TGFa (Fig. 2b and Refs. 13, 18 and
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Figure 2. A soluble TGFa mutant allows specific activation of EGFR
signaling when cleavage of other TACE substrates is suppressed.
(@) Schematic representation of full-length TGFa and the ATM trun-
cation mutant used in our study. SP: signal peptide; Pro: propep-
tide; EGF-like: EGFR-binding signaling domain; TM: transmembrane
domain. (b) Inhibition of TACE activity reduces TGFa shedding in
control MDA-MB-231 cells (p < 0.01), whereas cells expressing the
soluble TGFa mutant are largely resistant to TAPI-2. (c) Western
blot analysis of activated and total EGFR levels in MDA-MB-231
cells expressing the soluble TGFa mutant and the parental cell line
control, treated with 20 pM TAPI-2 or vehicle control.

TGF« in triple-negative breast cancer

19). This system allowed us to suppress the shedding of
endogenous TGFa as well as other known and unknown
TACE/MMP substrates and restore the function of soluble
TGFa in this background to determine the specific contribu-
tion of this growth factor to the phenotypes under investiga-
tion. Analysis of soluble TGFa by enzyme linked
immunosorbent assay (ELISA) in conditioned medium of
MDA-MB-231 cells indicates that TGFa shedding is reduced
by the TACE/MMP inhibitor, TAPI-2, in the vector control
cell line, whereas the elevated levels of TGFa in the
TGFaATM cell line are mostly insensitive to TACE inhibi-
tion (Fig. 2b).

We then analyzed EGFR activation in these cell lines in
the presence and absence of TAPI-2, an inhibitor of TACE
and some other metalloproteinases. As expected, phosphoryl-
ated EGFR levels were reduced in the control cell line after
addition of TAPI-2, whereas this drug had no effect on the
cell line secreting the soluble TGFa mutant (Fig. 2¢), indicat-
ing that activity of TACE or a TACE-like protease is required
for EGFR activity in this cell line.

We evaluated the impact of TAPI-2 treatment on tumor
cell motility using a scratch assay and observed a significant
suppression of tumor cell motility in three TNBC cell lines.
In contrast, breast cancer cells expressing the soluble TGFa
mutant efficiently migrated to fill the wound in the presence
of TAPI-2. Representative experimental data for T4-2 cells
are shown in Figure 34, and quantitative data for all cell lines
are shown in Figure 3b. The HCC70 cell line, which we used
in other experiments in our study, does not form the conflu-
ent monolayers necessary for performing this assay. To con-
firm the contribution of TGFa to this phenotype, we
suppressed endogenous TGFa expression in the parental
MDA-MB-231 cell line using two independent shRNAs (Fig.
3c). MDA-MB-231 cell lines with TGFa suppression had a
significant reduction in cell motility, which was rescued by
addition of recombinant TGFa (Fig. 3d). These data indicate
that, among all TACE substrates, TGFa plays a key role in
the motility of these TNBC cell lines.

To evaluate a more physiologically relevant mode of tumor
cell migration, we next tested the ability of these cell lines to
migrate through Boyden chambers coated with a layer of
extracellular matrix proteins. Treatment with TAPI-2 reduced
invasion in four TNBC cell lines by 70-88% (Fig. 4a). Restora-
tion of TGFa using the secreted mutant was sufficient to over-
come the effect of the protease inhibitor. Finally, we examined
the effect of TAPI-2 on colony formation in 3D extracellular
matrix culture, a commonly used surrogate for the malignant
phenotype.'®*® As with the previous examples, inhibition of
TACE significantly reduced colony growth in 3D culture and
this was reversed when the soluble TGFa mutant was
expressed (Fig. 4b). The contribution of endogenous TGFa
expression to these phenotypes in the parental MDA-MB-231
cell line was confirmed using shRNA (Figs4c and 4d).

The data thus far are consistent with a model in which
TGFa expression is upregulated in basal-like cancer and

Int. J. Cancer: 133, 2587-2595 (2013) © 2013 UICC
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Figure 3. A soluble TGFa mutant rescues the motility suppression induced by TACE/MMP inhibition. (@) Wound healing motility assay show-
ing that TAPI-2 efficiently prevents migration of T4-2 cells over a 24-hr period. This impaired motility was completely overcome by expres-
sion of the soluble TGFa mutant. Dashed lines indicate the position of the boundaries of the scratched wound at 0 hr. (b) Quantification of
the wound healing motility assay for all cell lines in the presence and absence of TAPI-2 (*p < 0.05, **p < 0.01 and ***p < 0.001). Solu-
ble TGFa rescues motility in all cases. HCC70 does not form confluent monolayers and was not included in this experiment. (c) gRT-PCR
analysis of MDA-MB-231 cells stably infected with independent shRNAs against TGFA. (d) shRNA against TGFa suppresses motility in the
wound healing assay, and the phenotype is rescued by addition of soluble recombinant TGFa.

TNBC, and is liberated by TACE or a TACE-like protease to
activate the EGFR pathway leading to increased migration,
proliferation and invasion. To further confirm the key regula-
tory role of proteolytic growth factor shedding, we evaluated
the activity of a more specific TACE inhibitor, INCB3619. As
we found earlier with the more broad-spectrum inhibitor,
INCB3619 suppressed shedding of TGFa (Fig. 5a), attenu-
ated MAPK pathway activation (Fig. 5b) and suppressed the

Int. J. Cancer: 133, 2587-2595 (2013) © 2013 UICC

growth of T4-2 cell colonies in 3D culture (Fig. 5¢). Finally,
to confirm the central role of the TGFa receptor in these
phenotypes, we inhibited EGFR with gefitinib (Iressa) and
found that this blocked motility, invasion and migration
(Figs. 6a—-6c—left panels). In contrast to the previous experi-
ments in which the soluble TGFa mutant overcame the effect
of the TAPI-2 (Figs. 3b, 4a and 4b), expression of this
mutant did not rescue motility, invasion and colony
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Figure 4. A soluble TGFa mutant rescues the suppression of both
invasion through extracellular matrix and growth in 3D culture
induced by TACE/MMP inhibition. (a) Quantification of relative
invasion through Matrigel-coated 8-um pore Boyden chambers for
four TNBC cell lines. TAPI-2 suppresses invasion in all cases, and
this is rescued by expression of the soluble TGFa mutant. (b)
Quantification of relative colony size for four TNBC cell lines grown
in 3D culture. Each point represents the relative cross-sectional
area of a single colony and each bar represents the median for
that condition. TAPI-2 strongly suppresses colony formation, and
this is rescued by expression of the soluble TGFa mutant. Suppres-
sion of TGFa expression in MDA-MB-231 cells blocks (c) invasion
through extracellular matrix and (d) colony growth in 3D culture.
(*p < 0.05, **p < 0.01 and ***p < 0.001).

formation in the presence of gefitinib (Figs. 6a-6c—right
panels). These data demonstrate that EGFR activation down-
stream of TGFa shedding is essential for these phenotypes.

Discussion

TAPI-2, which inhibits a number of metalloproteases includ-
ing TACE/ADAM17, exerted a strong antimigratory effect
on the four TNBC cell lines in our study. This finding is con-
sistent with the well-established role of metalloproteases in
mediating invasion by degrading a variety of extracellular

TGF« in triple-negative breast cancer
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Figure 5. Validation of the role of proteolytic growth factor shed-
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dose-dependent reduction in TGFa shedding in T4-2 cells. (b)
INCB3619 causes a dose-dependent reduction in MAPK activity in
T4-2 cells. () INCB3619 suppresses the growth of T4-2 cells in 3D
culture.

matrix proteins.”’ Colony formation by each of the cell lines
in 3D culture was also strongly suppressed by TAPI-2. The
effects on cell proliferation are consistent with our previous
work'? and with a recent study from McGowan et al., which
examined the effect of a different TACE inhibitor on the pro-
liferation of TNBC cells."” Importantly, all of the phenotypes
suppressed by TAPI-2 in our study were reversed upon resto-
ration of a single TACE substrate, TGFa. Thus, even in a
context with a significant suppression of cleavage of many
ADAM and MMP target proteins, a functional TGFa is suffi-
cient to drive key aspects of the pathobiology of triple-
negative breast cell lines. This is consistent with the upregula-
tion of TGFa we observed in these tumors (Fig. 1a) and with
the association between high levels of TGFa and reduced
survival we noted in a previous report."?

Although the protease inhibitors used in our study do not
discriminate between ADAMI10 and ADAMI17/TACE, they
do demonstrate that activity of a TACE-like protease is
essential for the phenotypes investigated. We have previously
reported that siRNA-mediated suppression of TACE-
ADAM17 reduces the shedding of TGFa to below the thresh-
old of detection of a sensitive ELISA assay.'> Taking these

Int. J. Cancer: 133, 2587-2595 (2013) © 2013 UICC
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Figure 6. Inhibition of the epidermal growth factor receptor blocks cell migration, invasion and colony growth in 3D culture and is not res-
cued by the soluble TGFa mutant. Quantification of (a) cell migration, (b) invasion through extracellular matrix and (c) colony growth in 3D
culture in the presence of gefitinib (Iressa) or a vehicle control in the control cell lines (left panels) and cell lines expressing the soluble

TGFa mutant (right panels).

prior data with studies showing that ES cells deficient in
ADAM17 but not ADAMI0 have a defect in TGFa process-
ing”® and the demonstration that TACE* and TGFa**
knockout mice share similar phenotypes, we consider it most
likely that TACE/ADAMI17 is the key sheddase for TGFa
but we cannot exclude the possibility that ADAMI10 or other
proteases may contribute under some circumstances.

The modes of invasion employed by individual tumor
cells can be broadly classified into protease-dependent and
protease-independent mechanisms.*® Proteases with roles in
invasion include metalloproteinases, serine proteases and
cathepsins, which can clear a path for migration through the
extracellular matrix. In protease-independent migration, the

Int. ). Cancer: 133, 2587-2595 (2013) © 2013 UICC

cancer cells move through the existing matrix in an amoe-
boid fashion. Our results indicate that TGFa can induce the
invasion of TNBC cells in the absence of MMP-dependent
proteolysis; however, whether this migratory mechanism is
fully protease-independent or whether cathepsins or serine
proteases make a contribution remains to be resolved. Our
data do indicate that constraining EGFR ligand mobilization
rather than simple suppression of extracellular matrix degra-
dation may make a significant contribution to the widely
observed effects of MMP inhibitors on tumor cell invasion.

It is now well recognized that the suite of activities orches-
trated by MMP and ADAM proteases extends far beyond the
degradation of extracellular matrix proteins and includes roles
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in cell migration, bone remodeling, angiogenesis, cell prolifera-
tion, signal transduction and inflammation.”® Consequently,
suppression of MMP activity with broad-spectrum inhibitors
necessarily affects many pathways and cellular processes. Our
experiments, using a TGFa mutant that does not require met-
alloproteinase activity to be functional, emphasize the impor-
tant role that metalloproteinase-dependent EGFR activation
plays in controlling key features of TNBC cell behavior.
Because of their broad specificities, the use of inhibitors to
assess the requirement for MMP activity for biological func-
tions may be difficult to interpret. However, the experimental
restoration of individual MMP-insensitive substrates in the
presence of an inhibitor, as we have done here, may provide a
valuable approach to identifying key substrates for these
important enzymes. This may be particularly valuable as the
number of reported MMP substrates is continually growing,
yet many of those identified in biochemical assays are not nec-
essarily physiological substrates in vivo.*®

Previous clinical studies of small-molecule EGFR inhibi-
tors in unselected breast cancer patients have been generally
negative.”””*® Clinical trials of EGFR inhibition in TNBC are
ongoing. The EGFR blocking antibody, Cetuximab, has led to
improved response rates in small numbers of TNBC patients
when added to various other chemotherapies,” indicating a
dependence on EGFR signaling in some tumors of this dis-
ease subtype. It is notable that higher levels of TGFa have
been associated with cetuximab resistance in colorectal can-
cer,” suggesting that approaches to limit TGFa production
(e.g., by TACE inhibition) may improve responses to this
EGEFR inhibitor.

Phase I trials of a TACE inhibitor, INCB7839, demon-
strated that it had in vivo activity and led to disease stabiliza-
tion in a subgroup of patients with trastuzumab-refractory
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breast cancer.’’ A subsequent trial in women with HER2-
positive cancer showed that adding INCB7839 to trastuzu-
mab improved clinical response rate and time to progres-
sion.”> Although the clinical development of this compound
has been discontinued for HER2+ patients, the fact that it
has been shown to be well tolerated and to effectively inhibit
TACE in vivo suggests that it may have some utility in treat-
ing tumors dependent on TACE-driven processes if these can
be identified using appropriate biomarkers. In an alternative
approach, which will likely provide more specificity than
small-molecule inhibitors, Yamamoto et al. have recently
described an approach using bispecific (TACE and CD3)
antibodies to promote T-cell-mediated killing of TACE-
expressing cancer cells.”

In conclusion, our study suggests that TGFa is the domi-
nant EGFR ligand in TNBC and that it makes an important
contribution to tumor cell proliferation and invasion, which
are key features of the pathobiology of this disease. These
data suggest that blocking TGFoa/EGFR signaling using
inhibitors of either TACE or EGFR may have clinical utility
in patients whose tumors are dependent on this autocrine
loop.
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