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The Hippo signaling pathway regulates cellular proliferation and survival, thus exerting profound effects on normal cell
fate and tumorigenesis. We previously showed that the pivotal effector of this pathway, YAP, is amplified in tumors and
promotes epithelial-to-mesenchymal transition (EMT) and malignant transformation. Here, we report that overexpression
of TAZ, a paralog of YAP, in human mammary epithelial cells promotes EMT and, in particular, some invasive structures in
3D cultures. TAZ also leads to cell migration and anchorage-independent growth in soft agar. Furthermore, we identified
amphiregulin (AREG), an epidermal growth factor receptor (EGFR) ligand, as a target of TAZ. We show that AREG functions
in a non-cell-autonomous manner to mediate EGF-independent growth and malignant behavior of mammary epithelial
cells. In addition, ablation of TEAD binding completely abolishes the TAZ-induced phenotype. Last, analysis of breast
cancer patient samples reveals a positive correlation between TAZ and AREG in vivo. In summary, TAZ-dependent
secretion of AREG indicates that activation of the EGFR signaling is an important non-cell-autonomous effector of the
Hippo pathway, and TAZ as well as its targets may play significant roles in breast tumorigenesis and metastasis.

Introduction

The Hippo signaling pathway regulates cellular proliferation and
survival, thus exerting profound effects on normal cell fate and
tumorigenesis.'® The key downstream effectors of the Hippo
pathway, YAP (Yes-associated protein) and TAZ (transcriptional
co-activator with PDZ-binding motif), are tightly regulated by
a number of upstream molecules, such as Mstl/2, Latsl/2 and
RASSF family proteins. Inactivation of YAP/TAZ by the Hippo
pathway via cytoplasmic sequestration from 14-3-3 binding is
well known.*> In addition, a novel Hippo pathway-independent
restriction of YAP/TAZ by angiomotin and their ubiquitin-
mediated degradation have been recently reported,®® adding
another layer to the complexity of YAP/TAZ regulation. We
previously identified by array comparative genomic hybridization
(aCGH) that YAP, the pivotal effector of the Hippo pathway, is
amplified in mouse and human breast cancers.” Overexpression
of YAP induces epithelial-to-mesenchymal transition (EMT),
which has been recently shown to play multiple roles in tumor
metastasis.'”!! Furthermore, we have shown that overexpression
of YAP led to suppression of apoptosis, growth factor-indepen-
dent proliferation and anchorage-independent growth in soft
agar.” Comprehensive survey of the most common solid cancer
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types revealed widespread and frequent YAP overexpression in
lung, ovarian, pancreatic, colorectal, hepatocellular and prostate
carcinomas.’'

TAZ, also known as WWTRI1 for WW domain containing
transcription regulator 1, was first identified in a cDNA screen
for 14-3-3-binding proteins.'? The TAZ gene was mapped to
chromosome 3q24."” Human TAZ shares 45% amino acid iden-
tity with YAP and also contains the WW domain, coiled-coil
region and PDZ-binding motif. Therefore, TAZ is regarded as
a paralog of YAP, and both can function as transcriptional co-
activators.'? Conceivably, some overlapping functions have been
reported for TAZ and YAP. For example, both TAZ and YAP
interact with and activate the TEAD/TEF-1 family transcription
1418 Tn addition, a recent study reported that TAZ and
YAP are nuclear relays of mechanical signals exerted by extracel-
lular matrix (ECM) rigidity and cell shape, and thus serve as sen-
sors and mediators of mechanical cues instructed by the cellular

factors.

microenvironment.”

However, there also exist structural and characteristic differ-
ences between TAZ and YAP, which are likely responsible for some
distinct functions performed by either protein. For example, YAP
contains an SH3-binding motif and a proline-rich region at its N
terminus, both contributing to its binding to Yes, whereas TAZ
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lacks these domains as well as the ability to bind Yes. It is known
that TAZ interacts with a wide variety of DNA-binding tran-
scription factors, such as RUNX-2,202 TTF-1,% polyomavirus T
antigens,” TBX5* and Pax3.” Interestingly, TAZ, but not YAP,
has been reported as a critical transcriptional modulator of mes-
enchymal stem cell differentiation.?! It plays a molecular rheostat
role by fine-tuning the balance between osteoblast and adipo-
cyte development through co-activation of the Runx2-dependent
gene transcription and repression of the PPARy-dependent gene
transcription.”’ A recent study also found that TAZ binds hetero-
meric Smad2/3—4 to maintain self-renewal of human embryonic
26 Tn addition, TAZ has been recently reported to be
involved in the cancer stem cell (CSC) property of breast cancer
and glioma.?”?® Of note, although TAZ is proposed to play an
important role in cell transformation, tumorigenesis and metas-

stem cells.

tasis, the elusive underlying mechanisms are yet to be unraveled.

In the present study, we further investigated the transform-
ing role of TAZ in cell-based three-dimensional (3D) cultures.
More importantly, we identified amphiregulin (AREG), an
epidermal growth factor receptor (EGFR) ligand, as a target of
TAZ. We specifically showed that AREG may function in a non-
cell-autonomous manner to mediate EGF-independent growth
and malignant behavior of mammary epithelial cells. Last, we
observed a striking correlation between TAZ and AREG in
breast cancer patients. In summary, TAZ-dependent secretion of
AREG and the resultant activation of EGFR signaling may be an
important non-cell-autonomous effector of the Hippo pathway,
with implications on the regulation of both physiological and
malignant cell behaviors.

Results

TAZ induces malignant cell behaviors. YAP/TAZ is known to
be inhibited by the upstream Hippo pathway component Lats1/2
via phosphorylation of the serine residue in HXRXXS motifs.*
Therefore, we first tested the effect of aberrant TAZ activation
due to serine to alanine mutations at four HXRXXS motifs
(TAZ**) on the behavior of human non-transformed mammary
epithelial MCF10A cells. Overexpression of TAZ** induced mor-
phological alterations of the MCF10A cells from cobblestone-like
epithelial phenotype to fibroblast-like mesenchymal phenotype,
typically known as the epithelial-to-mesenchymal transition
(EMT) (Fig. S1A). To confirm that the observed morphologi-
cal alterations were indeed an EMT process, we analyzed the
expression of epithelial and mesenchymal markers in the vector
control and TAZ*A-overexpressing cells. As expected, there was
a dramatic decrease of the epithelial markers [e.g., E-cadherin
(CDH1) and P-cadherin (CDH3)] and an increase of the mes-
enchymal markers [e.g., fibronectin-1, plasminogen activator
inhibitor-1 (PAIl) and vimentin] as revealed by immunoblot
(Fig. S1B). 3D epithelial culture systems are a valuable tool for
modeling cancer genes and pathways in a structurally appro-
priate context.”? We thus performed 3D cultures of the vector
control and TAZ*A-transduced MCF10A cells. To our great
interest, we observed enlarged multi-acini formation accompa-
nied by a unique phenotype of striking invasive projections in the
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TAZ%A cells in as early as four days (Fig. 1A, top). To further test
whether TAZ can induce growth factor-independent prolifera-
tion of MCF10A cells, we performed 3D cultures in the absence
of epithelial growth factor (EGF). Interestingly, we found that
TAZ*A but not vector control cells were capable of forming acini
and projections under EGF deprivation (Fig. 1A, bottom). To
dissect the effects of TAZ activation from S-A mutation at the
various HXRXXS motifs, we created individual mutations, i.e.,
S66A, S89A, S117A and S311A, at each motif and examined their
effects on MCF10A cells. As a result, we observed that overex-
pression of wild-type (wt) and each individual S-A mutant TAZ
induced EMT (Fig. S2), and immunoblot confirmed the changes
of the epithelial and mesenchymal markers (Fig. 1B). However,
in 3D cultures, wt-TAZ, TAZ%* and TAZS'"7 promoted the
acinar formation similar to control cells, whereas TAZ%* pro-
duced enlarged multi-acini, and TAZ3""* induced projection for-
mation without obviously enlarged acinar formation (Fig. 1C).
To further examine the ability of various TAZ mutants to induce
cell migration, we performed the Transwell cell migration assay.
All of the TAZ mutations as well as weTAZ were capable of
significantly increasing the migratory ability of MCF10A cells,
but at different efficiency, with the strongest effect observed for
TAZ%* and TAZ** (Fig. 1D). Discrepancies were also observed
in the soft agar colony formation. Although significant difference
in the anchorage-independent growth was observed for TAZS¢6A-
or TAZS"-transduced cells compared with the vector control
(p < 0.05), TAZS®*, TAZS"* and TAZ** much more strikingly
increased the cell growth in soft agar (p < 0.001, Fig. 1E). Our
results indicated that modification of the serine site in each indi-
vidual HXRXXS motif plays a distinct role in the TAZ-induced
cell migration and cellular transformation.

Identification of AREG as a non-cell-autonomous effector of
TAZ. Normal cells require mitogenic growth signals to prolifer-
ate, whereas tumor cells often generate their own proliferative
signals through the secretion of growth factors or the activa-
tion of growth factor receptors.?® To investigate the mechanism
underlying TAZ-induced, EGF-independent cell proliferation,
we performed a mixing experiment using CherryRed-tagged
cells co-cultured with cells transduced by GFP-labeled vector
control or TAZ** (Fig. 2A). As expected, in the absence of EGF,
only MCFI0A cells overexpressing GFP-TAZ*A, but not the
CherryRed vector cells, formed acini in 3D cultures. However,
to our great interest, acinar formation of CherryRed cells was
also observed in the co-culture with TAZ** cells. This finding
strongly suggested a paracrine or non-cell-autonomous effect
from TAZ*A, i.e., some growth factor(s) might have been secreted
into the media and promote the CherryRed vector cell prolifera-
tion. To confirm that TAZ induced secretion of growth factor(s),
we performed the conditioned media experiments. Media from
either the vector control or TAZ*A-transduced MCF10A in 3D
cultures was collected and applied onto the parental MCF10A
cells. Conditioned media from TAZ*-transduced, but not vec-
tor, cells induced acinar formation (Fig. 2B), indicating that
there must be some secreted growth factors exclusively induced
by TAZ*A. Next, to identify the putative factor(s) secreted by
TAZ%A-expressing MCF10A cells, we applied conditioned media
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Figure 1. TAZ induces malignant cell behavior. (A) Top: 3D cultures of vector control and TAZ**-transduced MCF10A cells in the presence of EGF on
day 4 and day 8. (Scale bar, 100 wm). Bottom: 3D cultures of vector control and TAZ**-transduced MCF10A cells in the absence of EGF on day 4 and

day 8. (Scale bar, 100 um) (B) Expression of wild-type (wt) and mutant TAZ results in the loss of epithelial markers and gain of mesenchymal markers.
Immunoblot reveals an increase in E-cadherin (CDH1) and P-cadherin (CDH3) as well as a decrease in fibronectin-1 (FN1) and plasminogen activator
inhibitor-1 (PAI). Flag antibody detects the ectopic expression of TAZ. B-actin was used as a loading control. (C) Overexpressing wt and mutant TAZ

as well as control vector in presence of EGF in MCF10A 3D culture . (Scale bar, 100 um) (D) TAZ mutations promote cell migration. Control and mutant
TAZ-transduced MCF10A cells were plated onto 8-pum Transwell filters and allowed to migrate for 24 h. Data are the mean number of migrated cells per
x 20 field of four fields from each of the triplicate wells. Error bars equal + SD of three independent experiments. (E) Effect of TAZ on anchorage-inde-
pendent growth in soft agar. Vector control and mutant TAZ-transduced MCF10A cells were plated in soft-agar assays and allowed to grow for 21 d.
Data are mean number of colonies per 6-well plate culture of 5 x 10* cells. Error bars equal + SD of three independent experiments.

onto a cytokine antibody array representing 41 growth factors and
cytokines.”® TAZ*A media revealed five distinctively enriched
proteins: amphiregulin (AREG), insulin-like growth factor
binding protein-6 (IGFBP-6), macrophage colony-stimulating
factor-receptor (M-CSE-R), platelet-derived growth factor-AA
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(PDGF-AA) and vascular endothelial growth factor (VEGF)
(Fig. 2C). To distinguish the specific TAZ-induced factor(s)
from by-products of MCF10A proliferation, we analyzed mRNA
level under EGF deprivation by real-time qRT-PCR. It was
found that only AREG mRNA was significantly induced in the
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Figure 2. Identification of AREG as a non-cell-autonomous effector of TAZ. (A) Non-cell-autonomous effect of TAZ. CherryRed-tagged vector and GFP-
tagged TAZ*A-transduced MCF10A cells were co-cultured in 3D 8 d without EGF. Representative light and fluorescence images are shown. (Scale bar,
100 m) (B) TAZ** conditioned media induces EGF-independent growth of parental MCF10A cells in 3D cultures. Representative phase contrast im-
ages are shown. (Scale bar, 100 um) (C) Secreted growth factor screen. Human growth factor antibody array analysis was performed using conditioned
media (day 12) from vector- (top) or TAZ**A-transduced (bottom) MCF10A cells. The membrane was printed with antibodies for 41 growth factors and
receptors, with four positive and four negative controls in the upper left corner. Five proteins were exclusively enriched in TAZ** conditioned medium
(rectangles). (D) Induced AREG mRNA in TAZ**-transduced cells in the absence of EGF, as detected by qRT-PCR. GAPDH was used as an internal control.
Data represent mean =+ SD of three independent experiments. (E) Induction of AREG by wild-type and mutant TAZ in the absence of EGF, as revealed
by immunoblot. B-actin was used as a loading control. (F) Activation of the EGFR signaling induced by overexpression of wild-type and mutant TAZ.

TAZ%A cells (p < 0.001, Fig. 2D). AREG thus constituted the
primary candidate for a TAZ-induced secreted factor involved in
cellular proliferation. We further confirmed by immunoblot that
AREG was also induced by wt-TAZ and other TAZ mutants,
particularly S89A (Fig. 2E). Finally, since AREG is an EGFR
ligand,?*3 we asked whether the EGFR signaling pathway was
indeed activated by TAZ. Immunoblot revealed an increase of
phospho-EGFR as well as the activation of down stream PI3K/
AKT and MAPK pathways by wt- and mutant TAZ (Fig. 2F).
In summary, we identified AREG as a secreted growth factor
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induced by TAZ, and it aberrantly activated the EGFR signaling
pathway.

AREG mediates the effect of TAZ on growth factor-inde-
pendent growth. To further validate AREG as the secreted fac-
tor responsible for TAZ-induced EGF-independent MCF10A
cell proliferation and phenotype change, we first tested whether
neutralizing antibody against AREG could suppress TAZ-
mediated 3D acinar formation. Anti-AREG neutralizing anti-
body (1 pg ml"') suppressed TAZ-induced acinar formation by
~80%, whereas control IgG antibody had no effect (Fig. 3A).
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Figure 3. AREG mediates the effect of TAZ. (A) AREG-neutralizing antibody blocks TAZ%#° and TAZ**-induced EGF-independent 3D growth. Vector
control and TAZ-expressing cells were cultured in 3D assay in the absence of EGF for 12 d, together with a neutralizing antibody against AREG. Normal
goat IgG is used as a control. Representative images are shown. (Scale bar, 100 um) (B) Efficient knockdown of AREG by shRNA in vector control or
TAZ%%°" and TAZ**-transduced MCF10A cells, as revealed by immnoblot. B-actin was used as a loading control. (C) Knockdown of AREG abolishes the
3D phenotype induced by TAZ*%* and TAZ** in absence of EGF (Scale bar, 100 um). (D) Knockdown of AREG reduces the TAZ%%°A- and TAZ***-induced

We then investigated the effect of AREG knockdown with two
independent lentiviral shRNA constructs in MCFI0A cells.
Efficient knockdown of AREG was confirmed by immunoblot
(Fig. 3B). As expected, in the AREG-knockdown cells, signifi-
cantly reduced acinar formation was observed compared with
control cells in the EGF-deprivation condition (Fig. 3C). Last,
knockdown of AREG also partially reduced the TAZA- and
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TAZ*A-induced cell migration (Fig. 3D). Taken together, these
results support the functional importance of AREG in TAZ-
induced EGF-independent growth and malignant phenotype
observed in 3D cultures.

Induction of AREG by TAZ is mediated through TEAD.
The TEAD transcription factor family has been suggested
as a major mediator of the Hippo pathway function through
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index > 0, Fig. 5A, bottom). For the AREG variable,
stratification was based on intensity score, i.e., < = 1
(low, Fig. 5B, top) and intensity score > 1 (high, Fig.
5B, bottom). Following these criteria, we had 269
total observations, with 107 high-TAZ and 129 low-
TAZ (with 33 TMA not available) as well as 123
high-AREG and 117 low-AREG scores. We then

asked the question whether there existed any corre-

lation between TAZ and AREG in clinical samples.
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Intriguingly, there was a significant positive correla-
tion between TAZ and AREG in the breast cancer
patient samples (p = 0.0147). This recapitulation of
the correlation between TAZ and AREG in patient
samples strongly corroborated our previous in vitro
findings and may have implications in practical
application.

Discussion

In the present study, we report that TAZ induces
EMT and increases cell migration and cellular
transformation, which is consistent with the pre-
vious reports.*** Importantly, we have identified
amphiregulin (AREG), an EGEFR ligand, as a tar-

get of TAZ. In addition, we specifically showed

Figure 4. Induction of AREG by TAZ is mediated through TEAD. (A) S51A abolishes
TAZ%**-induced EMT of MCF10A cells. Epithelial and mesenchymal markers were de-
tected by immunoblot. B-actin was used as a loading control. (B) Induction of AREG by
TAZ%*°M s inhibited by S51A as revealed by immnoblot. 3-actin was used as a loading
control. (C) S51A abolishes the 3D phenotype induced by TAZ*¥* both in the presence
(top) and absence (bottom) of EGF. Representative phase contrast images are shown.

that AREG may function in a non-cell-autonomous
manner to mediate EGF-independent growth and
malignant behavior of mammary epithelial cells. It
is of interest to note that we have previously discov-
ered AREG as a non-cell-autonomous component of

(Scale bar, 100 .m)

the Hippo pathway induced by YAP.?' Due to their

interacting with YAP and TAZ."!8 To test whether TAZ induced
AREG through TEAD, we made a single S-A mutation at the
51st amino acid of TAZ, which disrupts the TEAD binding, as
well as double mutations of S51A and S89A on TAZ.'®* We found
that disruption of the TAZ-TEAD binding abrogated TAZ%-
induced EMT (Fig. 4A). Additionally, induction of AREG
by TAZ was also significantly reduced by the S51A mutation
(Fig. 4B), manifesting again an important role of TEAD in the
transforming capability of TAZ. Last, we performed 3D culture
experiments in the presence and absence of EGF. Very strikingly,
the S51A mutation completely abolished the TAZ¥*-induced
enlarged multi-acini formation both in the presence and absence
of EGF (Fig. 4C, top and bottom), demonstrating once again an
indispensable role of TEAD in the oncogenic function of TAZ.
TAZ and AREG are positively correlated in breast can-
cer patient samples. To investigate the regulation of TAZ and
AREG in vivo, we analyzed tissue microarrays (TMAs) of
breast cancer patients by immunohistrochemistry staining. We
observed staining of TAZ in both cytoplasm and nucleus, with
stronger nuclear staining concurrent with higher TAZ expression
level (data not shown). We thus focused on the nuclear staining
of TAZ. For the AREG variable, cytoplasmic intensity score was
used. Further, these variables were stratified into low (TAZ mul-
tiplication index = 0, Fig. 5A, top) and high (TAZ multiplication
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structural similarities, overlapping targets between
YAP and TAZ are expected and have been reported, e.g., con-
nective tissue growth factor (CTGF) is a direct target of both
YAP and TAZ."*%3¢ Indeed, compared with the effect of YAP,”!
AREG is induced at an even higher level by TAZ (Fig. 2D).
Furthermore, the effect of TAZ on EGF-independent growth
of MCF10A cells manifested as eatly as four days and exhib-
ited unique formation of striking invasive projections (Fig. 1A).
Conceivably, although targeting a same molecule, YAP and
TAZ may still function at different strength and elicit distinct
outcomes.

The malignant cell behaviors we observed with ectopic
TAZ expression are consistent with previous reports.*** In par-
ticular, moderate effects resulting from TAZ%®* and TAZS'"7
(Fig. 1C-E) may suggest these HXRXXS motifs as less impor-
tant than the sites of 89 and 311. This is understandable, because
TAZS* is reported to be significantly resistant to the inhibitory
phosphorylation by Lats2.* Although TAZ%!""* is only partially
resistant to the phosphorylation by Lats2, it also prevents the
ubiquitination and proteasomal degradation of the protein,®*’
and therefore exerted a strong effect. In particular, TAZS!A
seems to be mostly responsible for the striking invasive projec-
tion structure in 3D cultures (Fig. 1C), suggesting that various
HXRXXS motifs may be involved in the regulation of different
aspects of the TAZ function.
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Figure 5. Positive correlation between TAZ and AREG in breast cancer patients. (A) Example of IHC staining of low (top) and high (bottom) TAZ expres-
sion in breast cancer TMAs. Arrows: positive TAZ staining. Low (left) and high (right) resolutions are presented. (B) Example of IHC staining of low (top)
and high (bottom) AREG expression in breast cancer TMAs. Arrows: positive AREG staining. Low (left) and high (right) resolutions are presented.

It has been reported that TAZ- and TAZ** increased cell
proliferation through alteration of cell cycle.* However, such an
effect was not observed by us in 2D cultures by the MTT assay
(data not shown) or by some other groups.?”? Still, we observed
TAZ-induced enlarged multi-acini in 3D cultures, especially in
the absence of EGF and as early as 4 days, which might result
from stimulated proliferation. The invasive structures observed
in 3D cultures as well as the increased anchorage-independent
growth in soft agar indicated, for some, transforming capacity
of TAZ. Although we showed in this study another overlapping
effect of YAP and TAZ, future work may emphasize on their spe-
cific functions. For example, the YAP-null mice die at embryonic
day 8.5,%® whereas TAZ-null mice are viable,” ' clearly pointing
to some separable functions of YAP and TAZ. Since YAP and
TAZ do not bind to DNA directly, but rather interact with tran-
scription factors, their differential functions may depend on the
utilization of distinct DNA-binding partners or might be guided
by YAP and TAZ themselves.! Indeed, TAZ, but not YAP, has
been recently reported to play a critical role in conferring can-
cer stem cell (CSC)-related traits on breast cancer®® and glioma
cells.?”” Interestingly, it has been reported that amphiregulin
mediated self-renewal in immortalized mouse mammary epithe-
lial cells with stem cell characteristics.* It will be of great interest
to further test whether AREG contributes to the TAZ-induced
breast cancer stem cell properties.

The in vivo role of TAZ in tumorigenesis and metastasis has
been reported. For example, the Hong group analyzed 126 breast
cancer samples by immunohistochemistry.** They found that 27
(21.4%) samples overexpressed TAZ, and most (21 samples) of
the TAZ-expressing cancers were of invasive (infiltrating) ductal
carcinoma (IDC). In the present study, we analyzed 269 breast
cancer patient samples by immunohistochemistry and had a
comparable TAZ overexpression rate of 39%. More importantly,
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we identified a striking positive correlation between TAZ and
AREG in those patients. To our knowledge, this is the first report
of a TAZ-correlated target in patient samples. Of particular note,
AREG can be secreted into the patient blood system, and its
detection could be noninvasive and quite simple. In conclusion,
we identified here AREG as an important non-cell-autonomous
target of TAZ in mediating its oncogenic roles both in vitro and
in vivo. Our work may shed light on more effective treatment of
carcinomas, especially their metastasis, and provide a quick and
easy biomarker for cancer diagnosis and prognosis.

Materials and Methods

Cell culture, transfection and transduction. MCF10A cells
were cultured as described.”” Transfection was performed using
X-tremeGENE 9 DNA Transfection Reagent following the
manufacturer’s protocol (Roche). Packaging of retrovirus and
lentivirus, cell transduction and drug selection were performed
following standard protocols. For knockdown experiments,
shRNA hairpins targeting human AREG were obtained from the
RNAi Consortium (The Broad Institute). The target sequences
are listed (in the 5'-3' direction): sh Non-taret-Ctrl: CCG GCA
ACA AGA TGA AGA GCA CCA ACT CGA GTT GGT GCT
CTT CAT CTT GTT GTT TTT; shAREG/A9: CCG GCA
CTG CCA AGT CAT AGC CAT AC TCG AGT ATG GCT
ATG ACT TGG CAG TGT TTT TG and shAREG/GI12: CCG
GGA ACG AAA GAA ACT TCG ACA ACT CGA GTT GTC
GAAGTTTCT TTCGTTCTTTTTG.

Plasmid construction and mutagenesis. The human 7AZ
ORF was obtained from Dr. Yue Xiong (University of North
Carolina at Chapel Hill School of Medicine, Chapel Hill). PCR-
based mutagenesis was performed with complementary primers
containing the desired mutation site (synthesized by IDT) using
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Expand High Fidelity PCR System (Roche) and cloned into
pBABE-puro vector as a Flag-tagged BamHI-EcoRI fragment.
Mutant constructs were confirmed by DNA sequencing. pBABE-
GFP and pBABE-GFP- TAZ** were constructed, respectively,
by inserting the GFP ¢cDNA or N-terminal-tagged-GFP-TAZ**
sequence into the pBABE vector.

Antibodies and immunoblot analysis. TAZ, total Ak,
pS473-Ake, total Erk1/2 (P44/42 MAPK) and pT201/Y204-
Erk1/2 (P44/42 MAPK) antibodies were purchased from Cell
Signaling Technology; B-actin antibody from Upstate; amphi-
regulin antibody from R&D Systems; fibronectin and Flag
(M2) antibodies from Sigma-Aldrich; E-cadherin (CDHI),
P-cadherin (CDH3), Vimentin, PAI1 and total EGFR antibod-
ies from BD Biosciences; pY1086-EGFR from Invitrogen. For
protein extraction, cells were washed with phosphate-buffered
saline and collected with IP buffer: 20 mM TRIS-HCI (pH 8.0),
150 mM NaCl, 20% glycerol, 0.5% NP-40, plus 1x Complete™
EDTA-free Protease Inhibitor Cocktail (Roche) or 1x Halt™
EDTA-free Protease and Phosphotase Inhibitor (Thermo
Scientific). Cell lysate was cleared by centrifugation at 14,000
rpm for 20 min at 4°C. Lysate was loaded onto 4-15% MINI-
PROTEAN TGX gel (Bio-Rad) with 4X SDS sample buffer.
For immunoblot, proteins were transferred onto Immobilon-P
membrane (Millipore), detected by various antibodies and
visualized with ECL Plus western blotting detection reagents
(GE Healthcare).

Cytokine antibody array. Media collected from the three-
dimensional culture of TAZ** MCF10A cells was applied onto
RayBio Human Cytokine Antibody Array (RayBiotech) and
assayed following the manufacturer’s protocol.

Real-time RT-PCR. For RNA preparation and qRT-PCR,
RNA was extracted using the Trizol reagent (Invitrogen). cDNA
synthesis was performed using the First-Strand cDNA Synthesis
Kit (GE Healthcare) and quantitative real-time RT-PCR was per-
formed using Power SYBR Green PCR Master Mix (Invitrogen).
Sequences of the qPCR primer pairs (in the 5-3" direction) are as
follows: GAPDH-F: GGT GAA GGT CGG AGT CAA CGG;
GAPDH-R: GAG GTC AAT GAA GGG GTC ATT G; TAZ-
F: AGT ACC CTG AGC CAG CAG AA; TAZ-R: GAT TCT
CTG AAG CCG CAG TT; AREG-F: GGG AGT GAG ATT
TCC CCT GT; AREG-R: AGC CAG GTA TTT GTG GTT
CG; PDGF-AA-F: CCA TGC CAC TAA GCA TGT GC;
PDGF-AA-R: GGA ATC TCG TAA ATG ACC G; IGFBP-6-F:
CAG AGA CCA ACA GAG GAA TGC; IGFBP-6-R: CTC GGT
AGA CCT CAG TCT GG; VEGF-F: CTA CCT CCA CCA
TGC CAA GT; VEGF-R: GCA GTA GCT GCG CTG ATA
GA; M-CSF-R-F: GGA AGG TGA TGT CCA TCA GC; and
M-CSF-R-R: CCA GCT CTG CAG GCA CCA G. All mea-
surements were performed in triplicate and standardized to the

levels of GAPDH.
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Three-dimensional morphogenesis assay. Cells were cultured
in Growth Factor Reduced BD Matrigel™ Matrix Basement
Membrane (BD Biosciences) in Nunc Lab-Tek II Chamber Slide
(Thermo Scientific) as described.” In the mixing culture experi-
ment, CherryRed-labeled MCF10A cells were co-cultured with
GFP-labeled vector control or TAZ%* MCF10A cells at a ratio of
1:1. In the experiment using conditioned media, media from vec-
tor control or TAZ™* cells was collected and applied onto paren-
tal MCF10A cells. In neutralizing antibody experiment, normal
goat IgG (Santa Cruz) and AREG antibody were applied into
culture media at 1 g ml?. Cell lines were assayed in three inde-
pendent experiments.

Transwell migration assay. Transwell cell migration assay
was performed as previously described.’

Soft agar assay. 5 x 10 cells were added to 1.5 ml of growth
medium with 0.4% agar and layered onto 2 ml of 0.5% agar
beds in six-well plates. Cells were fed with 1 ml of medium with
0.4% agar every seven days for three weeks, after which colonies
were stained with 0.02% iodonitrotetrazolium chloride (Sigma-
Aldrich) and photographed. Colonies larger than 50 wm in
diameter were counted as positive for growth. Assays were con-
ducted in triplicate in three independent experiments.

Immunohistochemistry of clinical TMA. Tissue micro-
arrays (TMA) of breast cancer patients at RPCI was analyzed
with informed consent. Anti-human TAZ antibody from Cell
Signaling and anti-human AREG antibody from Proteintech
were used for the immunohistochemistry. Cell nuclei were coun-
terstained with Hematoxylin. Each sample on TMAs was read
and scored at three microscopic observations by a pathologist
at two independent readings. TAZ nuclear index was obtained
through multiplication of scores. Correlation between TAZ and
AREG was analyzed by Chi-square test.

Statistical analysis. Statistical analysis of data was performed
using the SPSS statistics software package (SPSS, IL). All results
are expressed as mean + SD. *, p < 0.05; **, p < 0.001; ***, p <
0.0001.
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