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Chapter 5

ABSTRACT

Background

HER2-driven breast cancer is correlated with poor prognosis, especially during its later
stages. Numerous studies have shown the importance of the integrin a331 during the
initiation and progression of breast cancer, however its role in this disease is complex
and often opposite during different stages and in different types of tumors. In this study
we aim to elucidate the role of integrin a3B1 in a genetically engineered mouse model
of HER2-driven mammary tumorigenesis.

Methods

To investigate the role of a3p1 in HER2-driven tumorigenesis in vivo we generated
a HER2-driven MMTV-cNeu mouse model of mammary tumorigenesis with targeted
deletion of Itga3 (Itga3 KO mice). We have further used several established triple-
negative and HER2-overexpressing human mammary carcinoma cell lines and
generated ITGA3-knockout cells to investigate the role of a3B1 in vitro. Invasion of
cells was assessed using Matrigel and Matrigel/collagen | coated transwell assays under
static or interstitial fluid flow conditions. The role of a331 in initial adhesion to laminin
and collagen was assessed using adhesion assays and immunofluorescence.

Results

Tumor onset in mice was independent of the presence of a3B31. In contrast, the
depletion of a3B1 reduced the survival of mice and increased tumor growth and
vascularization. Furthermore, ltga3 KO mice were significantly more likely to develop
lung metastases and had an increased metastatic burden compared to WT mice. /n
vitro, the deletion of ITGA3 caused a significant increase in cellular invasion of HER2-
overexpressing SKBR3, AU565 and BT474 cells, but not of triple-negative MDA-MB-
231. This invasion suppressing function of a3B1 in HER2-driven cells depended on the
composition of the extracellular matrix and the interstitial fluid flow.

Conclusion

Downregulation of a3B1 in a HER2-driven mouse model and in HER2-overexpressing
human mammary carcinoma cells promotes progression and invasiveness of tumors.
The invasion suppressive role of a331 was not observed in triple-negative mammary
carcinoma cells, illustrating the tumor type specific and complex function of a3p1 in
breast cancer.
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INTRODUCTION

Gene amplification and/or overexpression of a member of the epidermal growth factor
receptor family, epidermal growth factor receptor 2 (HER2), is observed in around
20% of invasive breast cancers [1]. Initial studies of transgenic mice expressing an
activated Neu (i.e. the rat homolog of HER2) under the transcriptional control of the
mouse mammary tumor virus (MMTV) promoter provided direct evidence that HER2
acts as a mammary oncogene [2,3]. The phosphorylation of the intracellular tyrosine
kinase domain of HER2 results in activation of PI3K/AKT and MAPK/ERK pathways,
leading to increased cell proliferation and survival [4,5]. Despite numerous studies
and medical advances, HER2-overexpression and activation remain linked with poor
prognosis due to their correlation with shorter disease-free intervals and an increased
risk of metastasis [6,7]. Therefore, there is a need to better understand HER2-driven
breast cancer, especially at its late stages.

Integrins, a family of transmembrane glycoproteins consisting of 18 a- and 8 B-subunits
that form 24 distinct heterodimeric receptors, play an important role in cancer
progression. Integrins are primarily involved in cell-matrix adhesion and serve as
mechanochemical transducers that generate biochemical signals [8,9]. Over recent
years it has become clear that the function of integrins within both, tumor cells and
tumor environment, is highly complex, which is reflected by the fact that they often
play opposing roles in initiation and progression of different tumor types [10]. This
is especially prominent for integrin a3$1, a laminin-332 and -511-binding integrin
that is expressed mostly in epithelia of kidneys, lungs, intestine, skin, bladder and
stomach. Among others, a3B31 can be found in cell-cell contacts and focal adhesions
(FAs), dynamic protein adhesion complexes that form mechanical links between the
extracellular matrix and the actomyosin cytoskeleton [11]. The regulation of FAs
and consequent reorganization of the associated actin cytoskeleton are important
determinants for cell migration. The presence of a3f31 has been associated with
promotion and suppression of different stages and diverse types of tumors through
its interactions with integrin associated proteins (such as tetraspanin CD151), changes
in cell adhesion and/or migration, or via the induction of a3p31-mediated signaling
[12]. Independent studies looking for correlations between a331 and breast cancer in
selections of human tumor samples reported all possible outcomes - lack of correlation
[13], positive correlation with tumor progression and angiogenesis [14] and correlation
between the downregulation of a331 and increased invasiveness, resulting in reduced
survival [15-17]. This illustrates that there is a need to investigate its clinical significance
in relation to the phenotypical and histological variants of specific types of tumors.
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Integrin a3f1 was shown to be essential for initiation, proliferation and invasiveness of
basal tumors that are adherent to the pre-existing or newly deposited laminin matrix
[18,19]. Furthermore, its role in promoting HER2-negative breast cancer in vivo and in
vitro in human breast cancer cell line MDA-MB-231 has been demonstrated in several
studies [19-21]. However, the role of a3B371 in HER2-driven mammary tumorigenesis
has not been properly addressed yet. In this study, we investigated the impact of the
a3f1 deletion in a mouse model of HER2-driven tumorigenesis in vivo and in human
mammary carcinoma cell lines in vitro. With this, we aim to add to the understanding
of the complex function of a331 as a breast cancer marker and therefore to its clinical
potential.

RESULTS

Integrin a3B1 is not needed for the onset of HER2-driven mammary
tumorigenesis

To investigate the role of integrin a3p1 in HER2-mediated mammary tumorigenesis and
tumor progression in vivo, we employed the widely used breast cancer mouse model,
MMTV-cNeu, designed to promote development of mammary tumors as a result of
overexpression of HER2/Neu oncogene under the transcriptional control of the mouse
mammary tumor virus (MMTV) promoter [2]. Additionally, mice harbored the MMTV-Cre
transgene in the presence (MMTV-Cre; MMTV-cNeu; /tga3"™ mice, i.e. Itga3 KO mice) or
absence of floxed /tga3 alleles (MMTV-Cre; MMTV-cNeu mice, i.e. ltga3 WT mice).

HER2-mediated tumor onset and tumor number were not affected by the absence
of integrin a3. First palpable tumors could be detected at day 126 in Itga3 WT
and at day 133 in Itga3 KO group (Fig. 1a). On average, Itga3 WT and KO mice had
developed 5.3 and 4.6 palpable tumors, respectively, when they were sacrificed at
the defined humane endpoint (Fig. 1b). Histological analysis of the tumors revealed
that mice developed two types of mammary adenocarcinomas, i.e. solid and cystic/
hemorrhagic tumors (Supplementary fig. 1a), which were equally represented in
both groups (Supplementary fig. 1b). The absence of a3 protein expression in the
tumors of Itga3 KO group was confirmed by western blot analysis (Fig. 1c). Furthermore,
immunohistochemistry showed high levels of expression of HER2/Neu (Fig. 1d),
confirming their origin from cells driven by the expression of this oncogene. Tumors also
showed high levels of E-cadherin, B-catenin, Plet1 and keratin 18, which in combination
with the absence of basal markers integrin 34, Laminin-332 and keratin 5 indicates
their luminal origin [22-24]. Abundant collagen | was observed in tumor stroma. No
differences in the distribution and/or expression of these markers could be observed
between tumors isolated from ltga3 WT or Itga3 KO mice (Fig. 1e). Together, these data
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show that a3 does not play an obvious role in initial development and characteristics
of HER2-dependent tumors in vivo.
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Figure 1: Integrin a3p1 is not needed for the onset of HER2-driven mammary tumorigenesis. (a

Kaplan-Meier plots of tumor-free survival in ltga3 KO and WT mice show that first palpable tumors cou\d
be detected at comparable age in both genotypes. (b) The number of tumors, measured macroscopically
over time, was similar between ltga3 KO and WT mice (n=17). (c) The western blot of four randomly
selected, representative tumors isolated from Itga3 KO and WT mice shows clear deletion of a3 in ltga3
KO mice. (d) Representative images of immunohistochemical staining for HER2/Neu in Itga3 KO and WT
tumors show its strong expression, which was observed in all the analyzed tumors. (e) Representative
images of immunofluorescent staining show the absence of basal markers B4, keratin 5 and laminin-332,
which is also a main ligand for integrin a331. E-cadherin, B-catenin, Plet1, collagen | and keratin 18 were

strongly expressed in all tumors. No difference was observed between ltga3 KO and WT mice. Scale bar:
200 pm.
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The absence of integrin a3 promotes HER2-dependent tumor growth
and metastases formation
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Figure 2: The absence of integrin a3 promotes HER2-dependent tumor growth and vascularization.
(a) Survival Kaplan-Meier plots comparing ltga3 KO and WT mice. The median age when half of the mice
per group needed to be sacrificed was 180 days for Itga3 KO mice and a month later (212 days) for Itga3
WT mice (n=17). (b) ltga3 KO mice developed significantly bigger tumors from the age of 21 weeks on (n=17;
unpaired t test, *P<0.05, **P<0.005). (c) No difference in the number of proliferating Ki67-positive tumor
cells was observed between Itga3 KO and WT mice. Left: Ki67-positive cells were counted in five fields of
randomly selected tumors from 8 mice per genotype (unpaired t test, P=0.7168). Right: representative
tumor images of immunohistochemical staining for Ki67. (d-e) Plots showing the fitted linear regression
of average tumor sizes during (d) first and (e) last three weeks of tumor growth per mouse. The slopes of
trend lines are significantly different during first weeks of tumorigenesis, showing an increased growth
rate in Itga3 KO mice. Such difference is not observed during the last three weeks of tumor growth before
mice were sacrificed (n=17, unpaired t test, *P<0.05). (f) Vascularity of tumors, quantified as integrated
density of CD31 stained samples (left), was increased in Itga3 KO mice. Five fields of randomly selected
tumors from 9 WT and 10 KO mice were analyzed (unpaired t test, P=0.0176). Right: representative tumor
images of immunohistochemical staining for CD31.
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Despite the similar tumor onset in both groups, the survival of ltga3 KO mice was reduced
compared to the WT group (Fig. 2a). In line with this, tumor volume was significantly
increased in the absence of a3 (Fig. 2b). Interestingly, analysis of Ki67-positive cells in
solid areas of Itga3 KO and WT tumors, isolated at the time the mice had to be sacrificed,
showed no significant differences in the number of proliferating cells (Fig. 2c). Similarly,
there were no differences in the number of apoptotic cells between Itga3 WT and ltga3
KO mice, as detected by cleaved Caspase-3 staining in solid and cystic adenocarcinomas
(Supplementary fig. 1c). To investigate whether the differences in tumor volume between
ltga3 KO and WT mice originated from different growth rates during the first weeks of
tumor formation (i.e. in the early stages of oncogenesis), we determined the slopes of
trend lines of average tumor size per mouse for both, Itga3 KO and WT groups, during the
first 3 weeks after tumors were detected (Figure 1d) and the last 3 weeks before individual
mouse had to be sacrificed (Fig. 1e). Comparison of the slopes of the growth trend lines
showed that Itga3 KO compared to WT tumors exhibited faster volumetric growth at the
onset of tumorigenesis, whereas their growth rate during the last 3 weeks before the
final time point was comparable. This could explain the differences in tumor volume, yet
similar cell proliferation and apoptosis of the analyzed ltga3 KO and WT tumors at the
time of sacrifice. Furthermore, histological analysis of blood vessel density in solid tumors,
determined by measuring CD31 positive areas, showed an increased vascularization of
ltga3 KO compared to WT tumors (Fig. 2f), which could offer a further explanation for
the larger tumors in the ltga3 KO mice.

The analysis of the organs of mice at the final time point showed the presence of
metastases only in lungs, which is common in MMTV-cNeu mice [25]. Pulmonary
metastasis occurred in both, ltga3 KO and WT mice, but while metastases were detected
only in 40% of the Itga3 WT mice, nearly all the Itga3 KO mice had pulmonary lesions (Fig.
3a). Furthermore, the Itga3 KO mice had a significantly higher number of metastases (Fig.
3b), which, despite the comparable average size of metastases between both groups (Fig.
30), resulted in significantly increased metastatic burden in ltga3 KO, compared to WT
mice (Fig. 3d). HER2/Neu positive lung metastases could be observed within blood vessels
(bloodborne metastases) or escaping the vasculature and invading the surrounding lung
parenchyma (invasive metastatic lesions). Both types of metastases could be detected
in Itga3 WT and KO mice (Fig. 3e). A moderate increase in the percentage of invasive
lesions out of their total number was observed in the Itga3 KO mice (Fig. 3f). Importantly,
invasive metastatic lesions were detected in 37,5% of metastasis-bearing Itga3 WT mice,
whereas in the ltga3 KO mice this number raised to 70% (Fig. 3g). In order to investigate
whether the absence of a3 promotes tumor progression and invasiveness through
changes in the downstream signaling of HER2, we have analyzed primary tumors and
metastases for the activation of protein kinase B (pAkt), the mitogen activated protein
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kinase 1 and 2 (pErk1/2) and eukaryotic translation initiation factor 4E-binding protein
1 (p4E-BP1), a downstream target of mTOR signaling pathway [5]. No differences were
observed between ltga3 WT and KO mice (Supplementary fig. 2), suggesting that major
alterations in MAPK and Phosphoinaositide 3-kinase (PI3K) signaling do not lie at the basis
of the metastasis-promoting effect of the absence of a3f31. Together, these findings
demonstrate that the absence of a3 promotes tumor growth and vascularization and
strongly increases the invasive and metastatic potential of HER2-driven breast cancer,
resulting in reduced overall survival of Itga3 KO mice.
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Figure 3: The absence of integrin a3 increases invasiveness of HER2-driven tumors. (a) Significantly
more Itga3 KO compared to WT mice developed lung metastasis (chi-square (Fisher's exact) test). (b) The
number of metastasis, counted in H&E stained sections of lungs, was significantly increased in Itga3 KO
mice (unpaired t test, P=0.0119). (c) Metastases were of similar sizes in Itga3 KO and WT mice (unpaired t
test, P=0.2222). (d) ltga3 KO compared to WT mice had significantly larger total metastatic burden, i.e. total
metastatic area in lungs (chi-square test). (€) Representative images of invasive and bloodborne metastasis
in lungs of ltga3 KO and WT mice, stained for HER2/Neu. (f) The percentage of bloodborne and invasive
out of total pulmonary metastases shows small increase in the number of invasive metastases in ltga3
KO mice. (g) The percentage of invasive metastasis-bearing mice per genotype out of the total number of
metastases-bearing mice. Alimost twice as many ltga3 KO as WT mice displayed invasive metastases.
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Reduced expression of a3 is associated with increased invasiveness of
HER2+, but not of triple-negative human mammary carcinoma cells
Next, we investigated whether reduced expression of a3 increases the invasiveness of
human mammary carcinoma cells. The surface expression of a3 was analyzed in three
established human HER2+ (SKBR3, AU565 and BT474) and three triple-negative (MDA-MB-
231, BT-20 and Hs 578T) mammary carcinoma cell lines using flow cytometry. The surface
levels of a3 were reproducibly lower in all three HER2+ cell lines (Fig. 4a), which was
confirmed by western blot analysis of total cell lysates (Supplementary fig. 3a). Thisis in
line with previous observations of the a3 protein levels in MDA-MB-231 and SKBR3 cells
[20] and suggests that downregulation of a331 integrin is associated with HER2-driven
mammary tumorigenesis and tumor progression. Available RNA sequencing data from
a panel of HER2+ and triple-negative-enriched breast cancer cell lines [26] also showed
a negative correlation between ERBB2 and ITGA3 expression (Fig. 4b), although no such
clear correlation could be observed in larger and more diverse breast cancer cell line
panel [27,28], indicating that the regulation of a331 expression could be breast cancer
cell type-dependent (Supplementary fig. 3b). In line with this, luminal-like breast cancer
cell lines form a clear cluster of low ITGA3 expression in both datasets (Supplementary
fig. 3c and 3d). Interestingly, both datasets showed relatively low ITGA3 expression in
several HER2+ cell lines despite ITGA3 gene amplification (Fig. 4¢, Supplementary fig.
3e). Together, these data indicate that HER2-driven, luminal-like breast cancer cells exhibit
lower ITGA3 expression than triple-negative breast cancer cells.

To assess whether a3fB1 influences the invasive potential of HER-driven human
mammary carcinoma cells, we generated SKBR3, AU565 and BT474 ITGA3 KO cell lines
by CRISPR/Cas9 technology (Fig. 5a). No difference in HER2-levels or downstream Akt
signaling was observed between ITGA3 WT and KO cells (Supplementary fig. 4a).
For comparison, we have also deleted a3 in triple-negative MDA-MB-231 cells (Fig.
5a). Cell invasion was assessed in Transwell chambers with membranes coated with
a mixture of Matrigel and Collagen I, which was abundantly present around primary
tumors in our in vivo model (Fig. 1e), and using 10% FCS as chemoattractant. To mimic
high interstitial fluid flow in tumors, caused by angiogenesis and increased vascular
permeability, pressure was applied to the tumor cells by an overlying column of serum-
free medium in the upper chamber [29]. To control for the flow rates in the different
experiments we measured the volume of the medium that has passed through the
gel and membrane (Supplementary fig. 4b). As shown in figure 5b, there were no
significant differences in the number of invading cells for triple-negative MDA-MB-231
ITGA3 KO and WT cells. In contrast and consistent with in vivo observations, all HER2+
cell lines exhibited a significantly higher invasion in the absence of a3 (Fig. 5b). Together,
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these data suggest that the absence of a3 promotes migration of HER2+, but not triple-
negative carcinoma cells in an environment with interstitial fluid pressure.
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Figure 4: Decreased ITGA3 expression in HER2+, compared to triple-negative human carcinoma
cells. (a) Flow cytometry histograms of signal intensity for a3 (left) and HER2 (right) staining of six human
mammary carcinoma cell lines shows lower surface expression of a3 in HER2+ cells. 50%10° cells were
analyzed per experiment; representative graphs of 3 independent experiments. (b) Scatter plot of ITGA3
and ERBB2 expression for HER2+ and triple-negative-enriched breast cancer panel [26] shows negative
correlation between ITGA3 and ERBB2 expression (Spearman'’s rho -0.46, P=0.01, n=30). (c) Scatter plot
of ITGA3 gene copy number estimates against ITGA3 expression for HER2+ and triple-negative-enriched
breast cancer panel [26]. Despite ITGA3 amplification in several HER2+ cell lines, their expression of ITGA3
remains relatively low.

The invasion suppressing function of a3 in HER2+ cells depends on

the extracellular matrix composition and the interstitial fluid flow

We further investigated whether the microenvironment, such as interstitial fluid flow
and extracellular matrix composition, plays a role in the increased invasive potential
of HER2+ carcinoma cells lacking a3. First, we allowed cells to invade through the
membrane, coated with a mixture of Matrigel and collagen | in the absence of fluid flow.
Under these conditions the deletion of a3 in MDA-MB-231 cells significantly impaired
their invasive potential, which is in line with previous reports [20,21]. In contrast, all
three HER2-driven carcinoma cell lines exhibited very low invasive potential, with no
obvious differences between the ITGA3 KO and WT cells (Fig. 5¢). Next, we assessed
the role of collagen | in extracellular matrix by performing the invasion assays under
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interstitial fluid flow, but with membranes, coated only with Matrigel. As before, the
flow rates through the coated membranes were similar for the different cell lines
(Supplementary fig. 4c). However, different from that observed with membrane
coated with a collagen-Matrigel mixture, no significant differences in cell invasion were
observed between the ITGA3 KO and WT HER+ cells (Fig. 5d). Therefore, the increased
invasive potential of ITGA3 KO HER2+ carcinoma cells strongly depends on the presence
of the interstitial fluid flow and a collagen I-rich extracellular matrix.

Interestingly, the number of ITGA3 WT HER2+ cells invading the Matrigel was increased
to a level comparable to that of the invading ITGA3 KO cells, which is similar in both
collagen-Matrigel and Matrigel gels under fluid flow conditions (Fig. 5b and 5d). This
finding made us wonder whether a331 contributes to adhesion of cells to collagen,
leading to faster ‘passive’ migration of ITGA3 KO cells through the collagen I-rich
extracellular matrix when fluid pressure is applied. To investigate the effect of a3
deletion on the adhesion of cells to collagen, we performed short-term adhesion assays.
HER2+ SKBR3, AU565 and BT474 and triple-negative MDA-MB-231 cells were seeded
on matrices rich in laminin-332 or collagen | and allowed to adhere for 30 min, after
which the number of adherent cells was quantified. As expected, the adhesion of all
ITGA3 KO cell lines to laminin-332-rich matrices was strongly reduced. Deletion of ITGA3
also resulted in a moderate, but significant decrease in adhesion of triple-negative
MDA-MB-231 and HER2+ SKBR3 and AU565 (but not BT474) cells to collagen | (Fig. 6a).
Furthermore, the spread area and size of FAs of ITGA3 KO SKBR3 cells was significantly
reduced compared to WT cells (Fig. 6b-e). No changes in the surface expression
of the collagen receptors a1B1 and a2f371 integrin were observed in ITGA3 KO cells
(Supplementary fig. 5a). However, IF staining of SKBR3 ITGA3 KO cells showed reduced
clustering of integrin a2 and its binding partner 31 to FAs during the first 30 min of
adhesion to collagen | (Fig. 6f). This suggests that a331 may promote adhesion and
spreading of cells on collagen by promoting the clustering of collagen-binding integrins
and thus the formation of FAs. In line with this, the invasion-suppressing effect of a3(31,
observed during the invasion of HER2+ cells through a Matrigel/collagen | mixture under
fluid flow conditions was not dependent on the adhesive activity of this integrin. No
clear differences in invasion were observed between SKBR3 and AU565 cells, treated
with a3 function-blocking antibody J143, which prevents the ligation of a331 by laminin,
and non-blocking control antibody A3-X8 [30]. As observed before, the depletion of a3
significantly increased migration of both cell lines (Fig. 6g, Supplementary fig. 5¢).

Together, our data suggest that the reduction of a3 allows HER2-drived carcinoma cells

to migrate and invade faster through highly vascularized, collagen I-rich tumor stroma,
which could be partially explained through the decreased adhesion to collagen .

145




Chapte

a integrin a3

= wrt
23 ITGA3 KO
iso control
b NO FLOW d FLOW
125
FCS FCS FCS|
collagen & matrigel collagen & matrigel matrigel

[} A e} e} ns
T 600 T 400 ¥ 600
) Js, ) @ ns ns
3 x X 3 x 3
o O 300 ©
@ 400 o 2 400 ns
k=] 5 5 s
g g 200 ns  ns o ns g
£ £ £
=200 o % 200
2 2 100 ] 2
[ Q [}
Qo Qo Qo
£ £ €
S =1 S 0
z =z z

ITGA3 WT __ITGA3 KO ITGA3 WT _ _ITGA3 KO ITGA3WT _ _ITGA3 KO

MDA-MB-231
MDA-MB-231
MDA-MB-231

]
o
]
X
2]

SKBR3
SKBR3

AU565

BT474

Figure 5: a3 reduction causes increased invasiveness of HER2+, but not triple-negative human
carcinoma cells. (a) Flow cytometry histograms of signal intensity of a3 shows successful a3 deletion
in AU565, SKBR3, BT474 and MDA-MB-231cells. (b-d) Invasion assays through gel (Matrigel-collagen
| or Matrigel only)-coated membrane. Bottom: representative images of the part of the membrane,
showing DAPI-stained nuclei of invading cells. Top: analysis of experiments, performed in duplicate
and repeated three times. (mean +SD, unpaired t test, *P<0.05, **P<0.005) (b) The reduction of a3
increases invasiveness of HER2+ carcinoma cells through the mixture of collagen | and Matrigel under
interstitial fluid flow conditions. (¢) Under static conditions HER2+ cells show strongly reduced and a3-
independent invasion. Contrary, the invasion of triple-negative MDA-MB-231 is a3-dependent. (d) The

absence of collagen | causes an increased invasion of a3WT HER2+ carcinoma cells, resulting in similar
levels of invasion between a3KO and WT cells.
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DISCUSSION

In this study we show that loss of the a331 integrin promotes HER2-driven luminal-
type of breast cancer in vivo. In this tumor model, the initial steps of the tumorigenesis
developed independently of the presence of a3(31, however, a331-depleted tumors grew
bigger, were highly vascularized and, importantly, displayed strongly increased metastatic
potential.

The studies, describing the essential role of a331 in tumor initiation, usually investigated
epithelial tumors of basal nature, i.e. originating from epithelial cells anchored to a
laminin-rich basement membrane, such as non-melanoma skin tumors and ovarian
cancers [31,32]. Similarly, a3B1 supports tumor initiation and progression in basal-type
of breast cancer [18,19,33]. Such pivotal role of a3p1 in basal-type tumors is often linked
to its ability to support oncogenic MAPK signaling upon its ligation by laminin-332 [34],
which may be crucial for proliferation and survival of tumor cells in early stages, when
cells still depend on adhesion for their proliferation. This mechanism has indeed been
observed in an in vivo mouse model of the basal type of breast cancer, in which a331
promotes proliferation and survival of tumor cells through activation of the FAK-PAK1-
ERK1/2 signaling pathway [18]. Furthermore, the ability of a337 to support and sustain
activation of signaling pathways upon its ligation to laminin might be necessary also
during the later stages of breast cancer when cells acquire additional mutations, i.e.
during epithelial-mesenchymal transition and invasion [19,33].

In contrast with this evident pro-tumorigenic function of a331 when bound to laminin,
its laminin-independent role, such as described in our model, remains more elusive. We
observed no clear differences in activation of pro-survival and proliferation-promoting
pathways between Itga3 KO and WT mice. The downstream signaling of HER2 that
drives formation and progression of tumors therefore appears to be independent of
a31, enabling normal tumor onset and initial tumor development in ltga3 KO mice. This
finding is seemingly in contradiction with a previously reported study by Novitskaya et
al. [35], showing that a331 (in complex with CD157) supports the growth of SKBR3 and
BT474 cells in Matrigel by promoting the homodimerization and activation of HER2 via
inhibition of RhoA. However, the downregulation of a3 only affected the phosphorylation
and homodimerization of HER2, whereas Akt signaling (as we confirm in this study) and
phosphorylation of HER3, another member of epidermal growth factor receptor family,
was unperturbed. Therefore, it seems likely that in their model the majority of pro-survival
and proliferative signaling came from the dimerization of HER2 with HER3, i.e. the most
potent mitogenic signaling dimer in the family [36]. Furthermore, it has been shown that
HER?2 activates pro-metastatic RhoA and RhoC in vivo and in vitro [37].
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Figure 6: a3-mediated changes in collagen adhesion and FA formation. (a) Short-term adhesion
assays of HER- MDA-MB-231 and HER2+ BT474, AU565 and SKBR3 on laminin-rich matrix and collagen I.
Experiments were performed in triplicate and repeated three times (mean +SD, unpaired t test, *P<0.05,
**P<0.005, ***P<0.0001). (b) a3KO SKBR3 show significantly decreased cell area, (c) reduced size of
focal adhesions and (d) reduced total adhesion area per cell after 30 min of adhesion to collagen I.
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Experiments were performed three times with 30 cells analyzed per experiment (total n=90, unpaired t
test, *P<0.05, **P<0.005, ***P<0.0005). (e) Representative image of SKBR3 ITGA3 KO and WT cell, used
for quantifications (b-d), stained for actin and vinculin (scale bar: 10 pm). (f) Representative images of
SKBR3 ITGA3 KO and WT cells, allowed to adhere to collagen I-coated coverslips for 30 min and stained
for actin and integrins a3, a2 or 31. ITGA3 KO cells show reduced clustering of integrins in adhesion
complexes. Note that a3 and a2 signal was enhanced by biotin-conjugated secondary antibody, resulting
in unspecific biotin staining in the center of the cell (supplemental figure 4b) (scale bar: 10 um). (g)
Invasion assays through the mixture of collagen | and Matrigel-coated membrane. The reduction of a3
increases invasiveness of HER2+ carcinoma cells under interstitial fluid flow conditions, which cannot be
recapitulated with blocking adhesion of a3 to laminin by addition of function-blocking J143 antibody (A3-
X8: control non-blocking antibody). Left: analysis of experiments, performed in duplicate and repeated
three times. (mean +SD, unpaired t test, *P<0.05, **P<0.005) Right: representative images of the part
of the membrane, showing DAPI-stained nuclei of invading cells.

Despite the similar proliferation rate and the fact that we observed no differences in
HER2-driven signaling events between Itga3 KO and WT mice at the time when mice
were sacrificed, the absence of a331 promoted tumor growth during the early stage of
tumorigenesis. One of the obstacles that tumor cells must overcome during this stage
of tumor mass accumulation is the absence of vascularity, and consequent hypoxic
environment and lack of nutrients. It is possible that the increased angiogenesis that
we observed in Itga3 KO mice in late stage of tumorigenesis could have contributed to
differences in tumor growth rate during the first weeks of fast tumor mass accumulation,
when earlier and/or increased vessel formation would likely result in strong growth
advantage. In line with this it has been observed that the reduction of a3(31 in prostate
carcinoma cells promoted their proliferation via changes in the interaction between
tumor and stromal cells [38].

High vascularization and vascular permeability of tumors leads to interstitial fluid flow
that is increased compared to normal tissues, promoting dissemination of cells and
metastases formation [39]. Therefore, an increased angiogenesis of ltga3 KO tumors
might already (partially) explain their faster progression and increased invasion.
Furthermore, our data show that fluid flow and collagen I-rich extracellular matrices
play a crucial role in an increased invasive potential of ITGA3 KO HER2+ SKBR3, AU565
and BT474 cells. Such increased invasiveness can be partially explained by their reduced
adhesion to collagen |, an extracellular matrix component that is abundant in the
mammary tumor stroma [40-42]. In line with this, it has been shown that deletion
of the collagen receptor integrin a2f31 increases intravasation, but not extravasation
of tumor cells, which results in strongly increased metastases formation in HER2/
Neu overexpressing mouse model [43]. The reduced adhesion to collagen | that we
have observed in MDA-MB-231, SKBR3 and AU565 ITGA3 KO mammary carcinoma
cells is not due to the changes in the a231 expression, but likely due to the reduced
clustering of a2f31. Indeed, the absence of a3 affected the size and area of FAs during

149




Chapter 5

initial adhesion of SKBR3 cells to the collagen I. That the presence of a3p1 can affect
formation and/or dynamics of other adhesion complexes has long been established
[44,45]. Furthermore, clustering of integrins is connected to their increased activity
and therefore increased outside-in signaling, which, among others, leads to changes
in the actomyosin contractility [46].

However, no a3-dependent differences in adhesion to collagen | were observed in
HER2+ BT474 cells, even though they showed an increased invasiveness in collagen
I-rich matrix under flow conditions upon a3 depletion. Therefore, a3-mediated changes
in cell adhesion cannot fully explain the observed differences in the invasion potential.
One important difference between Matrigel and the mixture of collagen and Matrigel
is their degree of stiffness. The addition of collagen | to Matrigel results in an increased
stiffness, which can strongly impact invasion and migration through alterations in
mechanosensing and mechanotransduction [47,48]. Furthermore, collagen I-rich, stiff
and dense tissue is a known risk factor for developing breast carcinoma and metastases
[42,49]. In such environment Rho-driven actomyosin contractility plays an important
role in migration and invasion [42,48,50]. As already mentioned, the downregulation
of Rho by a3B1-CD151 complexes is well established [8,12], therefore it is possible that
a3 depletion promotes invasion also through increased Rho activity of cells in vivo and
in vitro.

Finally, our experiments confirmed the previously reported pro-invasive role of a3 in
MDA-MB-231 triple negative breast cancer [19-21]. Invasion assays performed in the
presence or absence of interstitial fluid flow demonstrated different invasive behaviors
of triple-negative MDA-MB-231, compared to HER2+ AU565, SKBR3 and BT474 cells
even when a3 was not deleted. Furthermore, expression analysis of two different
datasets of breast cancer cell lines suggests cancer subtype-dependent regulation of
a3 expression, with its downregulation in invasive HER2+ luminal-like carcinoma cells.
As it is increasingly evident that the existing classifications of breast cancer subtypes
often overlap and struggle to classify the heterogeneity of the disease [51], it may be
naive to expect that we can predict the function of a331 in breast cancer only by HER2
status. However, striving to understand the impact of a331 and other similar markers
under specific and defined conditions of the disease, such as HER2-overexpression,
composition of the extracellular matrix and luminal cell origin, can help us towards
its better clinical definition and consequently more efficient treatment strategies.
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CONCLUSION

This study shows that the downregulation of a331 in HER2-driven mouse model and in
HER2+ human mammary carcinoma cells promotes tumor progression and invasiveness
of the cells. It demonstrates that the collagen I-rich extracellular matrix and interstitial
fluid flow define the invasive potential of a3-depleted HER2+ cells in vitro, implying that
such environmental factors may mediate invasiveness of cells in highly vascularized
tumors in the absence of a331 and laminin-332. Importantly, the observed role of
a3B1 in HER2-driven mammary tumorigenesis was not observed in triple-negative
MDA-MB-231 cells, where the downregulation of a331 resulted in the opposite effect
on invasiveness, which clearly demonstrates the tumor type specific function of a331
in breast cancer.

MATERIALS AND METHODS

Generation of mice

According to Mouse Genome Informatics (Jackson Laboratory), the names of MMTV-
Cre; MMTV-cNeu (Itga3 WT) mice are Tg(MMTV-cre)dMam; Tg(MMTV-Erbb2)NKTMul.
MMTV-Cre; MMTV-cNeu; /itga3"1 (Itga3 KO) mice were generated by intercrossing MMTV-
Cre; MMTV-cNeu mice with ftga3 M (i.e. Itga3imisevtmison 3ccording to Mouse Genome
Informatics). Mice were bred onto an FVB/N background.

In Vivo Tumor Analysis

Mice were examined twice a week for the presence of palpable mammary tumors and
tumor sizes were measured using calipers. Mice were sacrificed when the total tumor
mass per mouse reached 4 cm?3. At the end of the in vivo experiments, full necropsies
were performed, tumor tissues and all the organs were collected, fixed in 10% neutral
formalin, embedded into paraffin blocks and subsequently sectioned and stained for
hematoxylin and eosin and/or immunohistochemistry analysis. Alternatively, tumors
were embedded in Tissue-Tek OCT (optimal cutting temperature) cryoprotectant for
immunofluorescent analysis of cryo-preserved material.

Cell culture

MDA-MB-231, SKBR3, AU565, BT-20, BT474 and Hs 578T carcinoma cell lines were
obtained from the research group of L. F. A. Wessels and were authenticated by
suppliers using Short Tandem Repeat profiling [26]. MDA-MB-231, Hs 578T, SKBR3 and
AU565 were cultured in RPMI, BT474 in Advanced DMEM F12 and BT-20 in MEM culture
medium. All cell lines were cultured with 10% heat-inactivated FCS and antibiotics. Hs
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578T were additionally cultured with 10 pg ml™ insulin. All cells were cultured at 37°C
in a humidified, 5% CO, atmosphere.

Generation of integrin a3-deficient cells

The target sgRNA against ITGA3 (exon 1; 5CGGTCGCGAGCTGCCCGCGA-3") was cloned
into pX330-U6-Chimeric_BB-CBh-hSpCas9 (a kind gift from Feng Zhang [52]); Addgene
plasmid #42230). MDA-MB231, SKBR3, AU565 and BT474 cells were transiently
transfected with this vector using lipofectamine® 2000 (Invitrogen). Lipofectamine
(20 yl mlI") and vector solution (3 pg) in Opti-MEM were mixed (1:1) and incubated for 20
min at room temperature. Cells were incubated with the transfection solution overnight.
Integrin a3-deficient cells were selected by Fluorescent activated cell sorting.

Immunohistochemistry

After deparaffinization of the samples and antigen retrieval, tumor and lung tissue
sections were consecutively stained with primary antibodies (see table 1) and biotin-
conjugated secondary antibodies, followed by incubation with streptavidin/HRP
(DakoCytomation; P0397) and detection and visualization with DAB tablets (Sigma;
D-5905). Images were taken with PL APO objectives (10x/0.25 NA, 40x/0.95 NA, and
63%/1.4 NA oil) on an Axiovert ST00/AxioCam HR color system using AxioVision 4
software (Carl Zeiss Microlmaging) or with the Aperio ScanScope (Aperio, Vista, CA,
USA), using ImageScope software version 12.0.0 (Aperio).

Immunofluorescence

Cryosections of tumors were prepared, fixed in ice-cold acetone, and blocked with
2% bovine serum albumin (BSA, Sigma) in PBS for 1h at room temperature. Tumor
samples were incubated with the indicated primary antibodies in 2% BSA in PBS for
60 min, washed in PBS three times and further incubated with secondary antibodies
diluted 1:200 for 60 min. All samples where counterstained with DAPI for 5 min at
room temperature and mounted in Vectashield (Vector Laboratories H-1000). Samples
were analyzed by Leica TCS SP5 confocal microscope with a 20x (NA 1.4) objective and
processed using ImageJ [53, 54]. SKBR3 cells were fixed with 2% paraformaldehyde for
10 min, permeabilized with 0.2% Triton-X-100 for 5 min, and blocked with PBS containing
2% BSA for 1h at room temperature. Cells were further incubated with the primary
antibodies (see table 1) for 1 h at room temperature, washed three times with PBS
and incubated with the secondary antibodies for 1 h. For integrin a3 and a2 staining,
additional incubation with biotin-conjugated antibody was performed after primary
antibody staining, which was followed by incubation with fluorophore-conjugated
streptavidin. Additionally, the nuclei were stained with DAPI and filamentous actin was
visualized using Alexa Fluor 488-conjugated phalloidin (Invitrogen). After three washing
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steps with PBS, the coverslips were mounted onto glass slides in Mowiol. Images were
obtained using a Leica TCS SP5 confocal microscope with a 63x (NA 1.4) oil objective
and processed using Image] [53, 54]. Focal adhesion size and amount were calculated
using the Analyze Particle function, after drawing a region of interest (ROI) at the cell
periphery (based on actin staining). The total cluster area was divided by the total ROI
area to define focal adhesion area per cell.

Western Blot

Protein lysates for Western Blot analysis of tumors were obtained from FFPE
tumor tissue samples by using Qproteome FFPE Tissue Kit (Qiagen) following the
instructions of the manufacturer. Protein lysates of carcinoma cells were obtained
from subconfluent cell cultures, washed in cold PBS and lysed in RIPA buffer (20 mM
Tris-HCl (pH 7.5), 100 mM NaCl, 4 mM EDTA (pH 7.5), 1% Nonidet P-40, 0.1% SDS, 0.5%
sodium deoxycholate) supplemented with 1.5 mM Na,VO,, 15 mM NaF (Cell Signaling)
and protease inhibitor cocktail (Sigma). Lysates were cleared by centrifugation at 14.000
x g for 20 min at 4°C and eluted in sample buffer (50 mM Tris-HCI pH 6.8, 2% SDS, 10%
glycerol, 12.5 mM EDTA, 0.02% bromophenol blue) containing a final concentration of
2% B-mercaptoethanol and denatured at 95°C for 10 min. Proteins were separated by
electrophoresis using Bolt Novex 4-12% gradient Bis-Tris gels (Invitrogen), transferred to
Immobilon-P transfer membranes (Millipore Corp) and blocked for 1h in 2% BSA in TBST
buffer (10 mM Tris (pH 7.5), 150 mM NaCl, and 0.3% Tween-20). The blocked membranes
were incubated overnight at 4°C with primary antibodies (see table 1) diluted 1:1000
in TBST containing 2% BSA, after which they were washed twice with TBST and twice
with TBS buffer. Next, membranes were incubated 1 h hour at room temperature with
horseradish peroxidase-conjugated goat anti-mouse IgG or goat anti-rabbit IgG (diluted
1:5000 in 2% BSA in TBST buffer). After washing, the bound antibodies were detected
by enhanced chemiluminescence using or Clarity™ Western ECL Substrate (Bio-Rad) or
Amersham ECL Western Blotting Detection Reagent (GE Healthcare) as described by
the manufacturer. Signal intensities were quantified using Image] [53,54]).

Flow cytometry

Cells were trypsinized, washed in PBS containing 2% FCS, and incubated for 1h at 4°Cin
primary antibody (1:100) in PBS 2% FCS. Cells were next washed twice in PBS containing
2% FCS and incubated with PE-conjugated donkey anti-mouse (Biolegend #406421;
1:200 dilution) or donkey anti-rat (Biolegend # 406421; 1:200 dilution) antibody for 30
min at 4°C. After subsequent washing steps, cells were analyzed on a Becton Dickinson
FACS Calibur analyzer. For fluorescent activated cell sorting, a3-negative cell population
was obtained using a Becton Dickinson FACSAria llu cell sorter.
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Invasion assay

Transwell inserts with 8.0 pm pore polycarbonate membrane (Corning, #3422) were
coated with 150 pl of either Matrigel (Corning® Matrigel® Growth Factor Reduced
Basement Membrane Matrix, 3.3 times diluted in serum-free medium), or the mixture
of Matrigel (3.3 times diluted in serum-free medium) and freshly prepared collagen |
solution (1,05 mg ml"), containing 20000 cells, and left incubating for 1 h at 37°C. When
used, 4 pg of function blocking or control antibodies were added to the gel. Collagen |
solution was prepared by mixing 10-times concentrated PBS, TM NaOH and collagen |
(2,8 mg ml", Advanced Biomatrix #5005), after which the mixture was incubated at 4°C
for 1 h. For interstitial fluid flow conditions, transwell inserts were inserted in 24-well
plate, containing 280 pl of cell culture medium supplemented with 10% FCS. Next, 450
ul of serum-free medium was gently pipetted on top of the gel into transwell inserts.
When used, function blocking or control antibodies were added to serum-free medium
at concentration 10pg ml™'. For static conditions, transwell inserts were placed in 24-well
plate containing 650 pl of cell culture medium supplemented with 10% FCS and 150
pl of serum-free medium was pipetted into transwell insert. Cells were left to migrate
for 21 h, after which the gel was aspirated, and the upper side of membranes cleaned
with cotton swabs. Membranes were then fixed in ice-cold methanol for 10 min and
washed with PBS. Invading cells were stained with DAPI for 5 min at room temperature,
and total membranes were imaged with Zeiss Axio Observer Z1 inverted microscope,
using automated tile imaging setting on Zeiss ZEN software and 10x objective. Images
were stitched and processed with Zeiss ZEN software, and further analyzed using
Image] [53,54]. Circular ROl was selected in the central part of the membrane (115
mm?) and cells were quantified by counting DAPI-stained nuclei, using the Analyze
Particle function.

Adhesion assay

For adhesion assays, 96-well plates were coated with 3.2 ug ml" collagen I (Advanced
Biomatrix #5005) or laminin-332-rich matrix. Collagen | coating was done in PBS solution
at 37°Cfor 1 h. Laminin-332-rich matrix was obtained by growing RAG11P cells [55] to
complete confluence, after which the plates were washed with PBS and incubated with
20 mM EDTA in PBS overnight at 4°C. The RAG11P cells were then removed by pipetting
and washing with PBS and the coated plates were kept at 4°C in PBS until they were
used. Before use, coated plates were washed once with PBS and blocked with 2% BSA
in PBS for 1 h at 37°C. Carcinoma cells were trypsinized and resuspended in serum-
free cell culture medium. The cells were seeded at a density of 1x10° cells per well and
incubated for 30 min at 37°C. Nonadherent cells were washed away with PBS and the
adherent cells were fixed with 4% paraformaldehyde for 10 min at room temperature,
washed twice with H,O, stained with crystal violet for 10 min at room temperature and
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washed extensively with H,0. Dried and stained cells were resuspended in 2% SDS,
after which absorbance was measured at 595 nm on a Tecan infinite 200Pro microplate
reader using Tecan i-control software.

Antibodies

Primary antibodies used are listed in Table 1. Secondary antibodies were: goat-anti
rabbit Alexa Fluor 488, goat anti-mouse Alexa Fluor 568, goat anti-rat Texas FITC, goat
anti-rat Alexa Fluor 647 (Invitrogen), biotin-goat anti-mouse 1gG, Cy-5 streptavidin
(Zymed), PE-conjugated donkey anti-mouse antibody (Biolegend #406421), PE-
conjugated donkey anti-rat antibody (Biolegend # 406421), stabilized goat anti-mouse
HRP-conjugated and stabilized goat anti-rabbit HRP-conjugated (Pierce).

Breast cancer cell expression data analysis

We used the RNA sequencing gene expression data from Jastrzebski et al [26] and from
the Cancer Cell Line Encyclopedia [27,28]. The read counts were normalized for library
size and log-transformed. HER2 and ER status were annotated according to ATTC and
ExPASy Cellosaurus [60], which matched with the presence of ERBB2 gene amplification
and the level of ESR1 expression in the respective datasets. Cell lines were classified as
luminal, basal or post-EMT based on the annotation provided in [26]. For the cell lines
not annotated in that reference, we used the same criteria to classify them as luminal,
basal or post-EMT, that is, cell lines with high KRT5 expression were classified as basal,
and cell lines with high expression of VIM were classified as post-EMT. Gene-level copy
number estimates were obtained from segmented copy number profiles by taking the
log copy number ratio of the segment containing the start of the gene.

Statistical Analysis

Statistical analysis was performed using GraphPad Prism (version 7.0c). Graphs
represent the mean and error bars standard deviation (SD) or standard error of mean
(SEM), as indicated per graph. Unpaired two-tailed t test was used for comparisons
of experimental groups with a control group, one-way ANOVA was used to compare
multiple groups across a single condition and chi-square test was used for categorical
data. The statistical test used per experiment and significant values shown are
described in appropriate figure legends. Results with P value lower than 0.05 were
considered significantly different from the null hypothesis.
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Antigen Name Type Application Dilution Source
-catenin 610154 Mouse mAb IF 1:100 BD Bioscience
actin MAB1501R | Mouse mAb WB 1:1000 Chemicon
Akt 9272 Rabbit mAb WB 1:1000 Cell Signaling
Caspase3 (cleaved 9661L Rabbit pAb IHC 1:500 Cell Signaling
Asp 175)

CD31 ab28364 Rabbit pAb IHC 1:500 Abcam
Collagen | A67P Rabbit pAb IF 1:40 Chemicon
E-cadherin 610182 Mouse mAb IF 1:100 BD Bioscience

GAPDH CB1001 Mouse mADb WB 1:1000 Calbiochem

HER2 2165S Rabbit mAb WB 1:1000 Cell signaling

1:200
Itga2 10G11 Mouse mAb FACS 1:100 [56]
Itga3 1143 Mouse mAb FACS 1100 [57]
Functional assay | 10 pg ml”
Itga3 Rabbit pAb WB 1:2000 Home made
ltga3 A3-X8 Mouse mAb | Functional assay | 10 pg ml? Kind gift of C.
Stipp [30]

ltgab GoH3 Rat mAb FACS 1:200 [58]

ltgh4 346-11A Rat mADb IF 1:100 BD Bioscience
Keratin 5 PRB-160P | Rabbit mAb IF 1:100 Covance

Keratin 18 RGES53 Mouse mAb IF 1.2 Progen

Kie7 PSX1028 Rabbit pAb IHC 1:750 Monosan

Laminin-332 R14 Rabbit pAb IF 1:400 Kind gift of M.
Aumailey
NEU sc-284 Rabbit pAb IHC 1:800 Santa cruz
pAkt (Ser473) 4060 Rabbit mAb IHC 1:10000 Cell Signaling
pAkt (Serd73) 9271 Rabbit mAb WB 1:500 Cell lisgnaling
p4E-BP1 (Thr37/47) 2855 Rabbit mAb IHC 1:1600 Cell Signaling
pErk1/2(Thr202/ 4370 Rabbit mADb IHC 1:400 Cell Signaling
Tyr204)

Plet1 33A10 Rat mAb IF 1:100 [59]
Tubulin B-5-1-2 Mouse mADb WB 1:5000 Sigma
Vinculin VIIF9 Mouse mAb IF 1:5 Kind gift of M.

Glukhova

Table 1: List of primary antibodies used, including application, dilution and source
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SUPPLEMENTARY FIGURES

Supplementary figure 1
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(a) Representative macroscopic and HE stained pictures of the two types of tumors detected: solid
tumors with a high cellularity and cystic tumors which consist of multiple large and small cysts/open
areas filled with blood. Scale bar: 100 um. (b) Quantification of solid vs cystic tumors Itga3 KO and WT
mice determined by pathological analysis of excised tumors. No significant differences between both
groups could be detected. (c) Immunohistochemical staining for cleaved-Cas3 marker of apoptosis in
representative solid (top) and cystic (bottom) tumors of Itga3 KO and WT mice. No positive staining
was observed in any of the analyzed solid tumors and comparable amount of apoptosis was detected
in cystic tumors of Itga3 KO and WT mice. Scale bar: 100 pm.
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Supplementary figure 2

a

Representative images of immunohistochemical staining of (a) primary tumors and (b) metastases of
Itga3 KO and WT mice. No differences were observed in activation of main HER2-mediated pathways,
as seen by pAkt, pErk and p4E-BP1 staining. Scale bars: 200 pum.
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Supplementary figure 3
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(a) Representative western blot (left) and quantification (right) of three separate experiments of whole
cell lysates of triple-negative MDA-MB-231, BT-20, Hs 578T and HER2+ BT474, AU565, SKBR3 mammary
carcinoma cells. HER2 overexpressing cell lines exhibit strongly reduced levels of a3 protein. (b) Scatter
plot showing lack of correlation between ITGA3 and ERBB2 expression in CCLE breast cancer panel
(Spearman’s rho -0.17, P=0.22, n=51). (c-d) Scatter plots of ITGA3 and ERBB2 expression of breast cancer
cell lines, classified as luminal-, basal- and post-EMT-like show clustering of luminal-like cell lines to low
ITGA3 expression: (c) HER2+ and triple-negative-enriched breast cancer panel [26] (n=30), (d) CCLE breast
cancer cell panel (n=51). (e) Scatter plot of ITGA3 gene copy number estimates against ITGA3 expression
for CCLE dataset. Despite ITGA3 amplification in several HER2+ cell lines, their expression of ITGA3 remains




Chapter 5

relatively low.

Supplementary figure 4
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(a) Representative western blot (left) and quantification (right) of three separate experiments of whole
cell lysates of WT and ITGA3 KO AU565 and SKBR3 mammary carcinoma cells. No differences in levels
of HER2 or in Akt signaling was observed between ITGA3 KO and WT cells. (b-c) Volume of medium,
passing the (b) mixture of collagen | and matrigel and (c) Matrigel only during the invasion assays under
interstitial flow conditions (mean + SD). No significant differences were observed (one-way ANOVA).
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Supplemental figure 5
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(@) Flow cytometry histograms of surface expression of collagen-binding integrins a1 and a2, and
laminin-binding integrin a6 in ITGA3 KO and WT mammary carcinoma cells. (b) Representative image
of SKBR3 ITGA3 WT cells, stained with biotin-conjugated secondary antibody as a background control
(scale bar: 10 pm). (c) Volume of medium, passing the mixture of collagen | and matrigel during the
invasion assays under interstitial flow conditions and with addition of a3-function blocking (J143) and
control (A3-X8) antibodies (mean + SD). No significant differences were observed (one-way ANOVA).



