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1. INTRODUCTION

Breast tumors are frequently detected through physical palpation as a rigid mass residing
within the soft normal mammary tissue. The presence of a fibrotic focus in breast tumors is
associated with a 10-50-fold increase in tissue stiffness and correlates with distant metastasis and
poor outcome. Recent studies indicate that increasing tissue rigidity promotes breast cancer
progression, however the underlying molecular mechanism is largely unknown. Breast cancer
stem cells have both long-term self-renewal capacity and the ability to initiate tumors. In this
proposal, we hypothesize that tissue rigidity regulates breast cancer stem cell properties and
function, therefore assisting breast tumor development and promoting chemoresistance.
Therefore, the proposed research aims to determine the impact of matrix stiffness on breast
cancer stem cell function and to understand the molecular mechanism underlying this regulation.
Given the critical role of breast cancer stem cells in breast tumor progression and
chemoresistance, our research could lead to novel therapeutics targeting the
mechanotransduction pathway to eradicate breast cancer stem cells and overcome
chemoresistance.

2. KEYWORDS
breast cancer stem cell, matrix stiffness, Epithelial-Mesenchymal Transition, Invasion,
metastasis

3. ACCOMPLISHMENTS
* What were the major goals of the project?

* What was accomplished under these goals?
Task 1. Determine the impact of matrix stiffness on breast cancer stem cell function, Months 1-
18:

1. Determine the role of matrix stiffness on regulating breast cancer stem cell properties in 3D
mammary culture.

a. Establish the 3D hydrogel culture systems for harvesting large numbers of cells for FACS
analysis(Dr. Engler’s group).

As reported in the 2014 annual report, Dr. Engler’s group has successfully developed the
methods to produce two types of hydrogels on which to culture mammary epithelial cells, one
with static properties as proposed (polyacrlyamide) and also one with dynamic properties that
could remodel with time (hyaluronic acid); the dynamically stiffening material better mirrors the
temporal nature of tumor stiffening. Both systems can fully mimic the physiological ranges of
tissue rigidities from normal mammary gland (~150Pa) to human breast cancer (~5000Pa). In
both systems, matrix stiffness can be accurately defined independently of biochemical factors,
such as concentration of ECM proteins and growth factors.

The first system is the 3D PA-Matrigel overlay culture system, where matrix stiffness (or
substrate elasticity) is defined by a polyacrylamide (PA) base with calibrated elastic moduli
ranging between the ~150 Pascal (Pa) of normal mammary glands and the ~5700 Pa of breast



tumor tissues (1, 2). We found that this 3D PA-Matrigel culture system allows the formation of
polarized mammary ductal acini in the compliant “soft” matrix, while rigid matrix stiffness
induced an EMT-like phenotype including loss of epithelial polarity, and degradation of
basement membrane, and loosening of cell-cell adhesion (Fig. 6D), consistent with previous
publications (1).

One significant
problem with model systems
that rely on polyacrylamide
and/or matrigel to recapitulate
the mammary niche is that
they present constant niche
properties to mammary cells,
which is not the case with
cancer. Mammary acini do not
develop in a niche with tumor-
like stiffness, e.g. 500-5000
Pa. Rather this stiffening
occurs after tissue maturation
and mammary acini formation.
Thus in parallel with the grant

activities, the Yang and Engler Figure 1. (A) Stiffness shown before and after additional UV
labs . have al_so pursued crosslinking step of the indicated amount of time. (B) Images of
creating dynamic hydrogels | acini pre- and post-stiffening to the indicated stiffness value and
that stiffen on demand to pose | after 3 additional days in culture. Numbers indicate the percentage
the similar question as Paszek | of acini having normal aspect ratios, as determined in panel (C).
et al but in a more biomimetic | ***P<0.001.

niche: “Does the mature
mammary acinar structure desensitize mammary epithelial cells to changes in matrix stiffness?”
As described in the 2014 progress report, to accomplish this, we substituted a previously
developed hyaluronic acid (HA) hydrogel that was modified with a UV-sensitive methacrylate to
permit “on demand” free radical polymerization (3). When MCF10A cells were allowed to
mature in HA hydrogels with a single round of crosslinking, cells on stiffer matrices (3000, and
5000 Pa) underwent EMT whereas those on soft (100 Pa) did not (Figure 1).

In the past year, we have also continued to develop an understanding of how dynamic
matrix changes influence EMT. Previously we showed that a subset of MECs (~25-35%), when
grown into acini, were resistant to matrix stiffening, which would occur during tumorigenesis.
This is unlike what one observes with static and stiff matrices, where few cells fail to undergo
stiffness-mediated EMT. In this most recent year, we have asked two additional questions: (1)
what is the sensitivity of cells to the range of dynamic stiffening from no change to a 30-fold
stiffening, and (2) is this response cell autonomous?

When single cells are plated on substrates, previous work from Paszek et al (1) identified
changes in cells between 400 to 600 Pascals (Pa) of stiffness. As shown in Figure X, when we
stiffen the matrix to 1000 Pa, we still see the majority of cells remaining as acini. Only after



3000 Pa do we see most
cells respond. Important
with our observations in
year 1, we still see 25-
35% of acini not
responding to stiffness.
That begged the second

question: IS this
response cell
autonomous? To

answer this question, we
replated acini and EMT
cells from stiffened
matrices onto a second
matrix that was either
soft, stiff, or stiffened
from soft to stiff. When
replating acini if sensing
was intrinsic to a cell, it
would no longer care
about  stiffness and
remain as an acinus.
Conversely EMT cells
would undergo EMT
independent of stiffness
after it was first
induced. However, we
did not observe this
behavior and the
majority of cells
appeared to follow the
signaling of their local
environment (Figure 2).
These results suggest

that mechanosensing is very transient. It also suggests that the population of non-responding

Figure 2. (A) Schematic of replating experiment, indicating the
initial percentages of cells remaining as acini or undergoing EMT.
Images of cells from the (B) acini and (D) EMT fractions of the
primary culture that were separated and replated into the indicated
conditions are shown. The percent of cells maintaining aciniar
morphology for each condition are also shown for cells originating
from (C) acinar and (E) EMT cells.

cells changes based on local signaling.

b. Use Anchorage-independent mammosphere assay to determine the impact of matrix stiffness

on breast CSC mammosphere forming ability (Dr. Yang’s group).

As described in the 2014 report, we have completed this subaim and found that
increasing matrix stiffness significantly increases the mammosphere formation ability in breast

cancer cells.

c. Use FACS analysis of ALDEFLUOR and CSC cell surface markers to test the impact of

matrix stiffness on breast CSC properties (Dr. Yang’s group).




As reported in the 2014 report, we found that CSC cell surface markers CD44 and CD24
and ALDEFLUOR assay were not sufficient to identify cancer stem cell markers in MCF10A
cells cultured in vitro. Published literatures show that different cancer stem cells can be enriched
with very diverse members of molecular markers and it is unclear whether any of these markers
play a biological role in regulating cancer stem cell function. Therefore, we decided to focus
more on using functional assays (including mammosphere formation described in Task 1b above
and tumor initiation assay in vivo described below) to characterize cancer stem cells, instead of
relying on molecular markers.

2. Determine whether rigid matrix stiffness promotes tumor initiation efficiency in vivo.

For unknown reasons, the USAMRMC Animal Care and Use Review Office (ACURO) did not
review our animal protocol submitted in Jan. 2013 until Sept. 2014. After we resubmitted the
updated protocol in Sept. 2014 with two follow-up reminders, we finally received animal
protocol approval on Dec. 8, 2014. Therefore, we started performing the proposed animal
experiments only in the past 6 months. Due to our fast progress in Aim 2, we spent more efforts
and resources in Aim 2 to perform in vitro experiments in the past year.

a. Establish mammary implantation models and determine the proper dose of BAPN treatment
on matrix stiffness in vivo, (Dr. Yang’s group).
Towards this goal, we have implanted EPH4Ras cells in the mammary fat pads and
treated half of the mice daily with B-aminopropionitrile (BAPN), a non-reversible LOX inhibitor
(4, 5), to inhibit collagen crosslinking. We tested

various dose used and the delivery routes (orally | Auo B control BAPN
through drinking water vs. intraperitoneal &zgz '

injection). In collaboration with Dr. Robert Sah at ?g,m '

UCSD Bioengineering, Dr. Albert Chen in his g0

group has adapted the equipment and analysis 57 ontrol BAPN

software to measure and analyze the elastic | . M W T cadherin

modulus of tumor samples by unconfined
compression testing (6). Our preliminary data
showed that the equilibrium elastic modulus of the Cerl
EPH4Ras tumor samples was in average 800Pa and
that BAPN treatment reduced the elastic modulus
of EPH4Ras tumor samples by 40% without BAPN
obvious toxicity (Fig.3A). To further evaluate
whether BAPN reduces fibrillar collagen in tumors,
we used two-photon-excited Second-Harmonic | Figure 3. BAPN treatment reduces matrix
Generation (SHG) microscopy to image and | stiffness, fibrillar collagen and EMT
quantify fibrillar collagen curvature ratio (7) in | Phenotypes in breast tumor xenografts. A)
unstained tumor sections and confirmed the effect | BAPN treatment reduced equilibrium

of BAPN (Fig. 3B). Furthermore, BAPN treatment | Modulus calculated between 5% and 15%
resulted in more epithelial tumors with higher E- Zgﬁ:c?rme%”r?dag;;ggiséh?)ﬁsb';:ﬁa'rmag'ng
gadherir_l expre_ss_ion_ (Fig. 3C). We found thgt collagen in primary tumors upon BAPN
intraperitoneal injection at a dose of 100 _mg_/k_g_ iN" | treatment. C) BAPN treatment resulted in
100 ul PBS resulted in the best LOX inhibition | more epithelial tumors with higher E-
cadherin expression. Tumor cells were
labeled with GFP.




with less side effects. Therefore, we have successfully established the condition for BAPN
treatment in vivo.

Task 2. Determine the mechanotransduction pathways that regulate cancer stem cell in response
to matrix stiffness.

Although we initially planned to pursue this aim in the 2" and 3™ year of the funding
cycle, we have made very interesting observations on the role of matrix stiffness in regulating
epithelial-mesenchymal transition (EMT) via activating the EMT-inducing transcription factor
Twistl soon after starting this project. Given that the EMT program has been tightly linked to
giving rise to breast cancer stem cell properties (8, 9), we have pursued this mechanistic aim
immediately ahead of schedule and with much more emphasis given the critical role of EMT in
breast cancer progression.

1. Determine the role of known mechanosensing pathways in regulating cancer stem cell
function.
a. Test whether B1 integrin and its downstream kinases are requried for transmitting matrix
stiffness to CSC regulation in the 3D PA-Matrigel assays (Dr. Engler and Dr. Yang’s group).
As described in our 2014 report, we have completed this subaim last year and found that
induction of EMT is regulated by mechanical force in a p1 integrin-dependent manner.

2. Test the involvement of Epithelial-Mesenchymal Transition in regulating breast cancer stem

cell in response to

matrix stiffness (Dr. A B shControl shTwist#3 shTwist#5

Yang’s group and Dr. s

Adam’s group). 2
a. Use shRNA lentivirus to

knock down individual &

genes in human breast s

cancer cell lines and C 5 ) )

teSt their effeCtS on B shTwist3 M shTwist5  shControl shControl ShTwistis Sthg-lcsatﬁ\Serin

CSC  properties in 100% 2 Foronectin

response to rigid matrix £ a0 S

stiffness, Months 24-28 g::i I -

(Dr. Yang’s group). 2

We have completed this g

aim and published the § 2% T £

results ahead of 2% 8

SChedUIE. Modulus 150 Pa 5700 Pa

Figure 4. Twistl is required for rigid matrix stiffness-induced EMT

To understand whether phe_notype. A)_Western blot analysis_shows the knockdown level of
EMT-inducing TW|stl_ by two mdependent ShRNAS in !EPI—_|4Ra§ cells. B-C)
transcription factors plays Knock!ng down Twistl _bl_ocked I_EI\/!T-Ilke invasion and recued
functional roles in the spheroids fgrmatlon in rigid matrix in EPH4Ras ceIIs_. D) _

. Immunostaining of EPH4Ras cells shows that knocking down Twistl

mechanosensing response, prevented loosing of adherent junctions as evident by E-cadherin
we have tested whether | (green) membrane localization.
knocking down individual



EMT-inducing transcription factors blocks the EMT-like phenotype induced by rigid matrix
stiffness. There are three major families of EMT-inducing transcription factors, Twistl/2,
Snaill/2, and Zeb1/2. Based on the availability of ShRNAs against these factors, we have tested
SshRNAs again Twistl and Snail2 to date. We used two independent shRNAs to knock down
endogenous Twistl (Fig. 4A) or Snail2 expression in MCF10A and EPH4Ras cells and applied
the resulting cells to the 3D mammary acini cultures with matrix stiffness arranging from 150 Pa
to 5700 Pa. Significantly, in both cell types, knockdown of Twistl, but not Snail2, prevented the
EMT-like invasive phenotype induced by the stiff matrix stiffness of 5700Pa; instead these
mammary cells formed spheroid mammary ductal acini similar to that in the compliant matrix
stiffness of 150Pa (Fig.4B-4D). Since high stiffness alone was not sufficient to induce a
complete EMT, we further investigated whether Twist1 is also required for the induction of a full
EMT by mechanical signals in concert with the EMT-inducing biochemical signal TGF-beta(10).
Indeed, knockdown of Twistl also completely blocked induction of EMT by TGF-beta at high
matrix stiffness and rescued acinar development (data not shown). Together, these results
indicate that Twistl is a key player in a cellular mechanosensing pathway and plays an essential
role in mediating EMT in response to matrix stiffness.

We next aimed | a c MCF10A EphdRas

to understand how Lot et
Twistl is regulated by Twistt

matrix  stiffness  to
mediate EMT and
invasion. Since
Drosophila Twistl
MRNA expression is
induced by mechanical

150Pa

Relative mRNA expression

150Pa 670Pa 5700Pa

5700Pa

forces(11), we
: : B D E
examined Twistl Bt-549 MCF10DCIS _
mRNA and protein o & N Nucki
- o o o © ©
expression under | 8 8§ g %
various matrix | = Twistl "
rigidities and found no | « B-actin

35-

differences (Fig. 5A
and 5B). Surprisingly,
immunostaining

showed that Twistl Figure 5. Matrix stiffness regulates Twistl nuclear localization. (A)
was . largely gPCR analysis of MCF10A cells grown in 3D culture on PA hydrogels
cytoplasmic  on  the | \yith indicated rigidities. (B) Cell lysates from MCF10A cells grown in
compliant matrix of | 3D culture on PA hydrogels with indicated rigidities were analyzed for
150Pa and translocated | Twistl and B-actin expression. (C) Eph4Ras, MCF10A, (D) Bt-549, and
into the nucleus on the | (E) MCF10DCIS cells were cultured in 3D culture with indicated

rigid matrix of 5700Pa. | rigidities for 5 days and stained for Twistl (green) and DAPI (blue).
High stiffness-induced
nuclear translocation of Twistl was observed in human MCF10A and mouse Eph4Ras cells (Fig.
5C), and in MCF10DCIS and Bt-549 human breast cancer cells (Fig. 5D and 5E), suggesting that
nuclear translocation of Twistl is a conserved response to increasing matrix stiffness. These

5700Pa
5700Pa




results suggest that matrix stiffness could directly impinge upon the EMT program by controlling
Twistl nuclear translocation.

To understand the molecular mechanism underlying Twistl cytoplasmic retention, we
used mass spectrometry analysis to identify Twistl-binding proteins that anchor Twistl in the
cytoplasm. Ras GTPase-activating protein-binding protein 2 (G3BP2) stood out as a promising
candidate based on previous studies showing that G3BP2 regulates cytoplasmic retention of
MDM2 and IxBa(12, 13). We confirmed that both endogenously expressed Twistl co-
immunoprecipitated with endogenous G3BP2 (Fig. 6A). Previous studies identified a region of
IxBa responsible for binding to G3BP2(13). Sequence alignment of this G3BP2-interacting
region of IkBa with Twistl and MDM2 revealed a consensus G3BP2-binding motif, Q-X-X-X-
E-L-Q-[ET]-X-[KR]-[LPV] (Fig. 6B). Interestingly, this G3BP2-binding motif is highly
conserved among vertebrate Twistl proteins, but to a significantly lesser degree in Drosophila in
which Twist expression, rather than localization, is regulated by mechanical cues(11) (Fig. 6C).
Deletion of this motif (AQT mutant) in Twistl abolished its interaction with G3BP2 (Fig. 6D).
Together, these data show that G3BP2 binds to Twistl through the conserved G3BP2-binding
motif on vertebrate Twistl proteins.

A & B C D Twist1 To
) é kBa [EmU<ECEE  RL gk%?@ﬁ;’lfytes 5 :\_A*ypc_ directly test
MK s8p2 Mdm2 b LMo ELBEE kP ztaurus ’ mio S = 3 whether
70- Twist! @svEELRTRRWY R%ﬁggigss . G3BP2 ;
35- Twist1 Ggallus IP: anti- ) ma'[I‘IX
Niaois s e (st stiffness
gfggfanogaster Input 70~ G3BP2 reQUIateS
E F G Twistl-
G3BP2 Twist1:G3BP2PLA  Twistonly PLA G3BP2
P e e e interaction,
8 2 < we utilized
g in situ
z proximity
£ g 2 ligation
s 8 5 assay
F tsopa  5700Pa (P L A) to
. o i . i examine
Figure 6. Matrix stiffness regulates the interaction between Twistl and G3BP2 to the
control Twistl subcellular localization. (A) Endogenous Twistl from MCF10A cell . .
lysates was immunoprecipitated, analyzed by SDS-PAGE and probed for G3BP2 and Interaction
Twistl. (B) Population plot of the putative G3BP2 binding domain motif. (C) of
Alignment of the putative G3BP2 binding domain in Twistl homologs. (D) endogenous
Exogenously expressed wild-type (WT) and Q105-T112 deletion (AQT) Myc-tagged Twistl and
Twistl from 293T cell lysates were immunoprecipitated, analyzed by SDS-PAGE and G3BP2
probed for G3BP2 and Myc. (E) Eph4Ras cells in 3D culture at indicated rigidities proteins in
were stained for G3BP2 (red) and DAPI (blue) (scale bar, 50 um). (F, H) Eph4Ras 3D acinar
cells in 3D culture for 6 days (F) or 20 hours (H) at indicated rigidities were analyzed cultures of
for Twistl and G3BP2 interaction by in situ PLA assay, PLA signal (green) and DAPI Eph4Ras
(blue) (scale bar, 25 um and 15 um, respectively). (G) Quantification of PLA signal
normalized to cell number in 3D cultures described in (F) cells. PLA
' technology




directly  detects
endogenous
Twistl/G3BP2
interactions  with
high  specificity
and sensitivity in
intact acini using
antibodies against
Twistl and
G3BP2. Indeed, at
150Pa a strong
PLA signal,
indicating
Twistl/G3BP2
interaction,  was
specifically
enriched in the
cytoplasm. In
contrast, very little
PLA signal was
detected at
5700Pa, indicating
that Twistl is
released from
G3BP2 and
translocates  into
the nucleus at high
matrix rigidity
(Fig. 6F and 6G).
These experiments
demonstrate  that
matrix  stiffness
directly regulates
the interaction
between  Twistl
and G3BP2 to
control Twistl
subcellular
localization.

We  next
asked whether
G3BP2 IS
functionally
required for
Twistl
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Figure 7. Loss of G3BP2 cooperates with increasing matrix stiffness to promote Twist1l
nuclear localization and EMT. (A) Cell lysates from Eph4Ras cells expressing control or
G3BP2 shRNAs were analyzed by SDS-PAGE and probed for G3BP2 and p-actin. (B)
Eph4Ras cells expressing control or G3BP2 shRNAs were cultured in 3D culture with
indicated rigidities for 5 days and stained for Twistl (green) and DAPI (blue). (C)
Eph4Ras cells expressing control or G3BP2 shRNAs were cultured in 3D culture with
varying rigidities for 5 days and stained for E-cadherin (green), Laminin V (red) and
DAPI (blue). (D) Quantification of invasive acini in 3D culture described in (C) from 3
independent experiments (P<0.001). gPCR analysis of (E) G3BP2, (F) Snail2, (G) E-
cadherin and (H) Vimentin in Eph4Ras cells expressing control or G3BP2 shRNAs 3D
cultured under indicated matrix rigidities for 5 days (**, P<0.01; ***, P<0.001). (I)
Quantification of invasive acini of Eph4Ras cells expressing control (shCtrl#1) or G3BP2
shRNAs, together with control (shCtrl#2) or Twistl sShRNA (shTwist1#5), 3D cultured
under indicated matrix riaidities for 5 davs (*. P<0.05: **, P<0.01).




cytoplasmic retention in compliant matrices. We used shRNAs to knock down G3BP2
expression and determined the impact on Twistl localization (Fig. 7A, 7E). For both MCF10A
and Eph4Ras cells on compliant matrices, knockdown of G3BP2 resulted in nuclear
accumulation of Twistl, suggesting that G3BP2 is necessary for cytoplasmic sequestration of
Twistl in response to low matrix stiffness (Fig. 7B). These data strongly support a critical role of
G3BP2 in regulating Twistl subcellular localization in response to matrix stiffness.

To test the impact of G3BP2 loss on EMT and invasion, we cultured Eph4Ras and
MCF10A cells on a gradient of PA hydrogels with elasticities ranging from 150Pa to 5700Pa in
3D culture. G3BP2 knockdown and the resulting constitutive Twistl nuclear localization
significantly increased the percentage of invasive acini at matrix rigidities ranging from 150Pa to
670Pa (Fig. 7C and 7D). Importantly, loss of G3BP2 and increasing matrix stiffness
synergistically resulted in destabilization of basement membrane, an EMT phenotype, and
invasion of cells into the surrounding ECM (Fig. 7C and 7D). The EMT phenotype was
characterized by down-regulation of E-cadherin and disruption of basement membrane as shown
by Laminin V staining (Fig. 7C). Furthermore, G3BP2 knockdown repressed expression of E-
cadherin and induced expression of Vimentin (Fig. 7G and 7H). To determine whether the EMT
phenotype resulting from G3BP2 knockdown is dependent on Twistl, we knocked down both
Twistl and G3BP2 and found that the EMT and invasive phenotype were significantly
suppressed compared to cells that were only depleted of G3BP2 (Fig. 71). Snail2, a direct
transcription target of Twist1(14), was induced upon G3BP2 knockdown, while double
knockdown of G3BP2 and Twistl blocked Snail2 induction, suggesting that the effects of
G3BP2 knockdown are dependent on Twist1(Fig. 7F). These data indicate that G3BP2 directly
impacts EMT and invasion in response to matrix stiffness and provide a mechanism by which the
Twistl-G3BP2 mechanotransduction pathway can facilitate tumor invasion. Furthermore, it
suggests that down-regulation of G3BP2 expression in tumor cells could cooperate with
increasing matrix stiffness in the tumor microenvironment to facilitate tumor invasion and
metastasis.

b. Test whether the EMT program plays a key role in tumor progression in mammary xenografts
in response to rigid v.s. compliant matrix stiffness (Dr. Yang’s group). We have conducted this
subaim ahead of schedule in the past year.

To test the role of G3BP2 in tumor progression in vivo, we employed a human xenograft
tumor model of comedo ductal carcinoma in situ, the MCF10DCIS cell line(15), which is a
derivative of MCF10A cells expressing oncogenic Ras. This xenograft model recapitulates the
development of ductal carcinoma in situ (DCIS) in human breast cancer. Concordant with our
results in Eph4Ras and MCF10A mammary epithelial cells, knockdown of G3BP2 in
conjunction with increasing matrix stiffness promoted Twistl nuclear localization and an
invasive phenotype in MCF10DCIS cells in 3D culture, indicating that the Twistl-G3BP2
mechanotransduction pathway is intact in this model (Fig. 8A, 8B). We injected these cells into
the mammary fat pads of NOD/SCID mice and allowed tumor formation for 7 weeks. There was
no significant difference in the weight of control and shG3BP2 primary mammary tumors (Fig.
8C). Immunostaining confirmed significantly lower levels of G3BP2 in tumors with G3BP2
knockdown (Fig. 8D). Interestingly, in control tumors, aSMA-positive mesenchymal cells were
largely present at the edge of the tumor; in contrast, these cells often infiltrated into the



intratumoral region in shG3BP2 tumors, a phenotype associated with DCIS to invasive ductal
carcinoma progression (Fig. 8D).

We next examined whether knockdown of G3BP2 affects tumor invasion and metastasis.
Tumors expressing G3BP2 shRNAs presented not only local invasion into the surrounding
mammary tissue, but also regional invasion into the nearby peritoneal wall, visualized as GFP
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Figure 8. Loss of G3BP2 induces tumor invasion in vivo. (A) Cell lysates from
MCF10DCIS cells expressing control or G3BP2 shRNAs were analyzed by SDS-PAGE and
probed for G3BP2 and GAPDH. (B) Quantification of invasive acini formed by
MCF10DCIS cells expressing control or G3BP2 shRNAs cultured in 3D culture with
varying rigidities for 5 days (*, P<0.05; **, P<0.01; ***, P<0.001). (C) Tumor weight of
MCF10DCIS xenograft tumors expressing control or G3BP2 shRNAs (#, not statistically
significant, T-test, n=20 tumors), (D) Tissue sections of control and shG3BP2 MCF10DCIS
xenografts stained with G3BP2 (green), aSMA (red), and DAPI (blue) and imaged by
confocal microscopy. (E) Fluorescent and brightfield images of GFP (green) labeled
MCF10DCIS xenograft tumors in situ. (F) Quantification of local (MG-