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Abstract

The central role of HER2 as the disease driver and HER3 as its essential partner has made them
rational targets for the treatment of HER2-amplifed breast cancers, and there is considerable
interest in developing highly effective treatment regimens for this disease that consist of targeted
therapies alone. Much of these efforts are focused on dual targeting approaches, particularly dual
targeting of the HER2-HER3 tumor driver complex itself, or vertical combinations that target
downstream PI3K or Akt in addition to HER2. There is also potential in lateral combinations
based on evidence implicating cross-talk with other membrane receptor systems, particularly
integrins, and such lateral combinations can potentially involve either HER2 or HER3. We
established a preclinical model of targeting HER3 using doxycycline-inducible shRNA and
determined the efficacy of a p1 integrin inhibitor in combination with targeting HER3. We report
that targeting HER3 and B1 integrin provides a particularly effective combination therapy
approach for HER2-amplified cancers, surpassing the combination of HER2 and B1 integrin
targeting, and evading some of the safety concerns associated with direct HER2-targeting. This
further validates HER3 as a major hub mediating the tumorigenic functions of HER2 and
identifies it as a high value target for lateral combination therapy strategies.
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Introduction

Abnormalities in human epidermal growth factor (HER) family signaling are a common
attribute of many human cancers. This is most directly evident in cancers wherein these
receptors are found to be constitutively activated through genomic alterations such as is seen
in subsets of breast cancers with amplification and overexpression of HER2 [1, 2]. These
receptors function to regulate cell behavior in response to the extracellular environment. The
principal extracellular determinant of their activities is their specific ligands, and the HER
family of receptors is activated by a large family of ligands [2]. However, when
mutationally activated or genomically amplified and overexpressed, these receptors can
signal constitutively, in defiance of their requisite extracellular signals, leading to
uncontrolled cellular behavior typical of the malignant state [2]. As such, the inhibition of
overactive signaling using selective inhibitors provides a rational basis for the treatment of
these cancers. However, these receptors must coordinate their signaling activities with other
receptor systems, and cross-talk between receptor families is increasingly being recognized
as a means for signal integration. Although the aberrant activation of growth factor receptor
signaling through mutation or overexpression in cancers may relieve them of their
requirement for extracellular ligand stimulation, it does not necessarily liberate them from
their cross-talk obligations, and this dependency on other signaling systems provides yet
additional opportunities for more effective cancer therapies through co-targeting strategies.
One important such parallel signaling pathway is integrin signaling.

Integrins are involved in the regulation of many cellular processes including adhesion to
matrix, migration, proliferation, and survival. These processes are of paramount importance
to the phenotype of cancer cells and an extensive body of evidence links a variety of integrin
complexes with the biology of specific types of cancers [3,4]. Although integrins are not
themselves oncogenes, their control over processes critical for tumor initiation and
progression makes them attractive targets for cancer therapies and a number of integrin-
targeting agents are in development for the treatment of cancer [5]. The ligation of integrin
receptors to their extracellular ligands affects growth and proliferation through the
regulation of a number of intracellular signaling pathways including the Ras-MAPK and
PI3K-Akt signaling pathways [6]. These pathways are also regulated by growth factor
receptors, and there is mounting evidence that the proliferative phenotype of many cancers
is dependent on the coordinate regulation of these pathways by integrins as well as growth
factor receptors [7, 8]. However, the mechanism of cross-talk between growth factor
receptors and integrins remains poorly defined. The importance of this cross-talk is most
evident in cancers driven by growth factor receptor oncogenes, with particularly compelling
evidence in HER2-driven models of cancer. Mouse genetic models reveal that B4 integrin is
essential for initiation of tumorigenesis induced by overexpression of HER2, and 1 integrin
is essential for the progression of these tumors [9, 10]. The important role of these integrins
in the biology of HER2-driven breast cancers makes a compelling case for combined
targeting of HER2 and integrins in the treatment of HER2-amplified breast cancers.

Of considerable interest in the biology of HER2-amplified breast cancers is the role of its
signaling partner HER3. Although HER3 itself is kinase-inactive, it plays a critical role in
HER?2 signaling by recognizing the presence of ligands and initiating ligand-induced

Breast Cancer Res Treat. Author manuscript; available in PMC 2017 February 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Campbell et al.

Methods

Cell culture

Page 3

dimerization with HER2, by functioning as an allosteric activator of the HER2 kinase
domain and by mediating the downstream activation of PI3K [11-13]. The functions of
HER3 are essential for HER2-driven tumorigenesis and HER2-driven tumors will not
develop or will not grow in the absence of HER3 expression [14-16]. Furthermore, the
dynamic nature of HER3 signaling underlies resistance to HER2 inhibitors in these cancers.
The inhibition of HER2 in HER2-amplified cancer cells results in a compensatory
upregulation of HER3 expression and signaling that substantially increases HER2-HER3
signaling throughput, undermining the efficacy of HERZ2 inhibitors [17-19]. In effect, HER3
functions as the dynamic regulator of HER2-HERS3 signaling output in HER2-amplified
cancers. Considering the critical regulatory role of HER3 in HER2-amplified cancers, it is
plausible that HER3 mediates the cross-talk with integrin signaling in this subtype of
cancers.

We have been studying the interplay of HER2 and integrins in HER2-amplified breast
cancers. We have shown that dual treatment of SKBR3 and BT474 cells with HER2-
inhibitory antibodies in combination with a 1 integrin inhibitory antibody lead to enhanced
cytostasis [20]. Furthermore, we reported that lapatinib resistance in these cancer cells is
associated with an upregulation of p1 integrin and co-treatment with an inhibitor of 1
integrin can overcome lapatinib resistance [21]. Considering that HER3 is a key regulator of
the HER2-HERS3 tumor driver in HER2-amplified cancers, we sought to determine whether
HERS3 can be as good, or perhaps even a better co-target for 1 integrin. In the current body
of work, we report the effects of targeting both 1 integrin and HER3 in HER2-amplified
cancers and find a significant benefit to this co-targeting approach.

SKBR3 and HCC1569 cells were obtained from the American Type Tissue Collection
(ATCC). HCC1569 M1 cells are a subclone of HCC1569 that were obtained after passage of
HCC1569 cells in the mammary fat pad of nude mice and subsequent transfer and re-
establishment of tumor cell growth in tissue culture dishes. Both SKBR3 and HCC1569 M1
cell lines were maintained at 37 °C and 5 % COZ2. SKBR3 cells were grown in
DMEM:Ham’s F-12 media, HCC1569 M1 cells were grown in RPMI 1640 with 10 mM
Hepes, and both were supplemented with 10 % tetracycline-free heat inactivated fetal bovine
serum (Gemini Bio Products), 1X Penicillin and streptomycin, and 2 mmol/l .-glutamine
(Invitrogen).

Modified 3D laminin-rich extracellular matrix (IrECM) cell culture

We used a modified three-dimensional IrECM culture technique that more closely resembles
the in vivo tumor environment compared to 2D cell culture on plastic dishes [22]. Briefly,
dishes were pre-coated with 100 % growth factor-reduced basement membrane extract
(matrigel; Trevigen, MD, #3433-005-01). Cells were maintained in media conditioned with
5 % matrigel and layered on top of a base layer of prepared matrigel. Using this method,
cells are not completely embedded in matrigel but float on top of it allowing spheroid
structures to form.
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Western blotting

Cells were lysed in RIPA buffer supplemented with leupeptin, aprotinin,
phenylmethylsulfonyl fluoride, sodium vanadate, and a phosphatase inhibitor cocktail
(Roche 04906845001). Lysates were quantified using the Pierce BCA assay
(ThermoFisherScientific). 50ug of protein lysate was separated on 4-12 % Bis-Tri gels (Life
Technology, Noverx) and samples were transferred to nitrocellulose membranes and
immunoblotted with the following antibodies. HER3 (Santa Cruz sc81455), phospho-HER3
(Cell Signaling 4791), AKT (BD 610837), phospho-AKT (Cell Signaling 9271), B1 Integrin
(BD 610467), and B-Actin (Sigma A5441).

Inducible HER3 shRNA

A two vector system was used to create both the SKBR3 and HCC1569 M1 inducible HER3
knockdown stable cell lines. In the first step, SKBR3 and HCC1569 M1 lines stably
expressing the tet operon repressor protein (TetR) were generated. The pcDNAG6/TR Tet
repressor plasmid (Invitrogen #V1025-20) containing the blasticidin resistance gene and a
gene encoding the TetR protein was transfected into SKBR3 cells using Lipofectamine 2000
(Invitrogen). The pLenti6/TR Tet repressor construct containing the Blasticidin resistance
gene and the TetR gene (Invitrogen #K4965-00) was used to make lentivirus and infect
HCC1569 M1 cells. Briefly, a 10-cm tissue culture (TC) plate was coated with 0.1 % gelatin
and allowed to dry overnight. Lentiviral producing 293FT cells (Invitrogen #R700-07) were
transfected with a total of 39 ug DNA and 40 ul of Lipofectamine 2000 using the rapid
reverse transfection protocol (15 ug, TetR construct and 3rd generation lentiviral packaging
plasmids (15 ug pLP1, 6 ug pLP2, 3 ug pLP/pVSV-G)). Briefly, 5 ml of media was added to
the TC dish followed by the Lipofectamine 2000:DNA complexes, and lastly 5.5 x 10°
293FT cells suspended in 5 ml of media were added in a drop wise fashion. The TC plate
was placed at 37°C overnight and media was changed at 24 h intervals and virus was
harvested at 48 and 72 h pooled and filtered through a 0.45-um filter (Millipore). For
lentiviral infection, HCC1569 M1 cells were seeded into 6-well plates and infected the
following day at ~70 % confluence. 2 ml of fresh lentivirus was mixed with 8 ug/ml final
concentration of hexadimethrine bromide (Sequabrene Sigma S 2667) and added to one well
of the 6-well plate. Cells were spin inoculated for 45 min at 1800 rpm in an Eppendorf 5800
centrifuge and then returned to the incubator. Spin inoculation was repeated 2 more times
over 48 h and cells were allowed to recover in regular media overnight. The next day cells
were split into 10-cm dishes and selection for blasticidin resistance was started 72—-96-h
post-inoculation (5 ug/ml). Both SKBR3 and HCC1569 M1 cells were selected for
blasticidin resistance and subclones were tested for TetR expression with Western blotting
(MoBiTec (TET)). The clone with the highest TetR protein expression for each cell line was
used. In the second step, an inducible HER3 knockdown shRNA cell line was created.
HER3 targeting shRNA complementary sequences shown below were cloned into the
pSuperior.neo vector (Oligoengine #VEC-IND-0012) using Bglll and HindlIl sites.

(5-CCCAAGAGGATGTCAACGGTTATTCAAGAGA
TAACCGTTGACATCCTCTTTTTTTAAGAGGG-3).

(5-CCCTCTTAAAAAAAGAGGATGTCAACGGTTA
TCTCTTGAATAACCGTTGACATCCTCTTGGG -3').
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Retrovirus was made using phoenix amphotropic cells (ATCC CRL-3213). Briefly, we used
the rapid reverse transfection protocol to transfect 15 ug of the pSuperior HER3 shRNA
construct or scramble shRNA with 50 ul Lipofectamine 2000 into the phoenix cells and
harvested retrovirus at 48 and 72-h post-transfection. 2 ml of filtered retrovirus plus 8 ug/ml
sequabrene was used to spin infect both the SKBR3/TR and HCC1569M1/TR cells. G418
selection (400 ug/ml) was started 48—72-h post-infection, cells were subcloned, and clones
were tested for induction of HER3 knockdown after treatment with doxycycline (dox) for 72
h (HCC1569 M1 cells) or 168 h (SKBR3 cells).

Bl Integrin inhibitory antibodies

AIlIB2 (Aragen) is a rat monoclonal 1gG1 antibody that has been shown to functionally
inhibit integrin p1 (CD29) [23-25]. AlIB2 was added to IrECM SKBR3 cell culture at
150ug/ml or injected into the intraperitoneal cavity of mice according to the timeline
described below.

Apoptosis and proliferation assays

Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL assay) and Ki67
nuclear antigen immunostaining were used to measure levels of apoptosis and proliferation
in cell culture, respectively. For the TUNEL assay, a commercially available kit (In Situ Cell
Death Detection kit, fluorescein; Roche, NJ) was used according to the manufacture
instructions. After fixation in 4 % paraformaldehyde, cells were permeabilized in cold 0.1 %
Triton X-100 in 0.1 % sodium citrate. Cells were then washed in PBS and incubated in
TUNEL reaction mixture at 37 °C for 1 h before mounting the slides. Ki67
immunofluorescence (IF) staining of 3D IrECM was done following previously described
protocol [22]. Briefly, samples were fixed in 1:1 methanol/acetone solution for 10 min at
—20 °C and air dried. Cells were then washed in PBS and blocked with 10 % gold serum in
IF buffer for 1 h at room temperature (RT). After samples were treated with 1:250 dilution
of goat anti-mouse 1gG Fab fragments (Life Technology, #24526), Ki67 primary antibody
(1:500; VPK451) was applied over night at 4 °C. The following day, cells were washed with
IF buffer and FITC-conjugated anti-rabbit secondary antibody (1:500, Life Technology) was
applied for an additional 1 h at RT. Cells were washed and stained with DAPI (Sigma,
#D1388) for 5 min before mounting the slides. Number of nuclei staining positive for Ki67
was determined using Zeiss microscopy with Axio-Cam HRm.

In vivo tumor studies

7-8-week-old female athymic nude mice (Taconic Farms Inc.) were used for xenograph
mouse experiments. Mice were cared for under a protocol approved by the Institutional
Animal Care and Use Committee at UCSF. Lapatinib was purchased from
(GlaxoSmithKline) and pulverized tablets were administered as a suspension in 0.5 %
hydroxypropylmethylcellulose and 0.2 % Tween 80 by oral gavage in two daily doses.
AIlIB2 was purchased from Aragen. Doxycycline was purchased from Sigma. Mice were
inoculated s.c. with 4 x 108 HCC1569TR/shHERS cells in 50 % phenol-free matrigel. When
average tumor size of the entire cohort reached ~150 mms3 mice were randomized and
treated according the one of several experimental arms or vehicle control. In the HER3-
targeting arm, mice were treated with 200 ug/ml doxycycline in drinking water. In the 1
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integrin targeting arm, mice were treated with AlIB2 at 1 mg/kg given intraperitoneally
twice per week. In the HER2-targeting arm, mice were treated with lapatinib at 50 mg/kg
twice daily by oral gavage. Mice were monitored for signs of toxicity and tumor length,
width, and diameter was measured twice weekly and tumor volumes were calculated.

Certain mice were sacrificed and tumors harvested for analysis by flash-freezing and by
fixation and paraffin embedding. Flash frozen tumor samples were processed into powder
while still frozen using a BioPulverizer (BioSpec #59012MS), and the tissue powder was
immediately lysed in RIPA buffer supplemented with leupeptin, aprotinin,
phenylmethylsulfonyl fluoride, sodium vanadate, and a phosphatase inhibitor cocktail
(Roche 04906845001) and used for gel separation and immunoblotting. For histology, tumor
samples were fixed in 10 % neutral buffered formalin and embedded in paraffin. 5-um tissue
sections were dewaxed and stained with hematoxylin and eosin (H&E) according to
standard methods. Microscopy and imaging were performed with a Zeiss microscope using
an AxioCam HRm camera.

The HER2-amplified SKBR3 breast cancer cells expressing doxycycline-inducible HER3
shRNA were used in 3D culture to study the effects of HER3 inhibition. Although HER3
shRNA is highly effective at eliminating HER3 expression, its effects on proliferation and
apoptosis are modest, with a 10 % induction of apoptosis and a 45 % reduction in
proliferative activity (Fig. 1a, b). Interestingly, knockdown of HER3 results in a
compensatory and significant upregulation of integrin p1 (Fig. 1c). This suggests a linkage
in the signaling pathways driven by these receptors and led us to investigate the effects of
targeting integrin p1 inhibitor alone or concomitant with knockdown of HER3 in these
tumor cells. Treatment of SKBR3 cells with the B1 integrin blocking antibody AlIB2 by
itself produces a 66 % reduction of proliferative activity and a 25 % induction of apoptotic
activity (Fig. 1a, b). The combination of HER3 knockdown and integrin B1 inhibition does
not further increase apoptotic activity over integrin f1 inhibition alone, and additive anti-
proliferative activity does not reach statistical significance in these in vitro assays (Fig. 1a,
b). Similar results were seen when wildtype HCC1569 cells were compared with HCC1569
cells wherein HER3 expression has been eliminated by CRISPR/Cas targeting of the HER3
gene (Supplementary figure S1). These data suggested to us that co-targeting HER3 and
integrin 1 may be of particular interest and have specific benefit in the treatment of HER2-
amplified cancer cells. To test this, we studied this combination approach on tumor growth
in vivo. Since SKBR3 cells are not tumorigenic in mouse models, we used HCC1569
HER2-amplified breast cancer cells as the model. These cells were similarly engineered to
express a doxycyclineinducible HER3 shRNA leading to elimination of HER3 expression
upon exposure to doxycycline (Supplementary Figure S2). Mice were inoculated with
HCC1569TR-shHER3 cells and upon the development of tumors, they were randomly
assigned to treatment arms including control, oral doxycycline in drinking water, AllB2
administered intraperitoneally, or both. Treatments were continued for a duration of 3
weeks. During this time, AIIB2 treatment had only a modest effect on tumor growth,
whereas HER3 knockdown had a more profound effect with near complete inhibition of
tumor growth (Fig. 2). However, the combined treatment produced the most profound anti-
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tumor effects with actual tumor regression, which was not observed with either treatment
alone. After cessation of drug therapies at 3 weeks, the mice were continually observed and
the re-growth of their tumors was continuously measured. The mice treated with either
HER3 knockdown or integrin B1 inhibition experienced rapid tumor re-growth, which was
similar in rate to untreated controls. However, a similar recovery of tumor growth was not
seen in mice that had been treated with the combination therapy approach (Fig. 2). Tumor
growth in these mice continued to be substantially impaired compared with controls, despite
the absence of continued treatment, indicating an anti-tumor effect of combination therapy
that persists beyond cessation of therapy. While the control and monotherapy arms had to be
terminated at days 25, 33, and 44, in compliance with our institutional guidelines for
maximum tumor size, the combination therapy arm was terminated at day 58 as there was no
evidence of continued tumor progression, having been off therapy for more than 3 weeks,
and with tumors not growing any further and their sizes well beneath the regulatory ceiling
of 1000 mm3. Looking at the efficacy of AlIB2 treatment on these tumors, it is apparent that
while this B1 integrin targeted therapy by itself has minimal anti-tumor efficacy, it enhances
the efficacy of HER3-targeting in a profound way.

Representative mice from each group were sacrificed while on treatment and their tumors
resected for immunoblotting and sectioning. This analysis confirms that the knockdown of
HER3 induced by doxycycline treatment (Fig. 3). There is also a reduction in HER3
expression seen with AlIB2 treatment that was not seen in in vitro studies and may be
unique to the in vivo growth environment. There is an apparent more effective suppression
of Akt signaling with combined HER3 and B1 integrin targeting when compared with either
one alone, although this could be due to reduced tumor cellularity in these tumors. On H&E
sections, there is reduced tumor cellularity evident during either of the treatment arms and
increased cellularity in the post-treatment period (Supplementary Figure S3).

As discussed above, mouse genetic models reveal an important role for 1 integrin in the
growth and progression of HER2-driven tumors and suggests cross-talk between 1 integrin
and HER2 signaling. This suggests that targeting HER2 and B1 integrin together may be
particularly effective. Since the HER2-HER3 complex is the functionally relevant driver of
HER2-driven cancers and HER3 is the dynamic regulator of this complex, it is possible that
the functionally important cross-talk of f1 integrin is with HER3 rather than HER2. As such,
it is possible that targeting HER3 and 1 integrin may be even more beneficial than targeting
HER2 and B1 integrin. We directly compared these modes of co-targeting in mice bearing
doxycycline-inducible HCC1569TR-HER3shRNA tumor xenografts. After tumors were
established, mice were randomly assigned to 5 treatment arms and a control arm. These
included three monotherapy arms targeting HER2 (lapatinib), HER3 (doxycycline), or p1
integrin (AlIB2) and 2 dual therapy arms targeting p1 integrin with either HER2 or HERS3.
From these experiments, it is evident that dual targeting of B1 integrin and HER3 is superior
to dual targeting of 1 integrin and HER2 (Fig. 4). This is consistent with the notion that
HER3 is the link that ties f1 integrin function to HER2-driven tumorigenic growth and
suggests that dual targeting of these two receptors would be particularly advantageous in the
treatment of HER2-amplified cancers, even in the absence of direct HER2-targeting.
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Discussion

There is considerable interest and a track record of success in the treatment of HER2-
amplified breast cancers using targeted therapies. A number of HER2-targeting therapies
including HER2-targeting antibodies and tyrosine kinase inhibitors have already become
part of the clinical standard of care for the management of this disease. The efficacies of
targeted therapies available thus far remain too low for use alone, and they are
predominantly used in combination with cytotoxic chemotherapies. As such, there continues
to be much interest in developing combinations of targeted therapies with enhanced
efficacies such as to obviate the requirement for chemotherapeutics, or further enhance the
efficacies of combination therapies in the management of HER2-amplified cancers. Here we
report a highly favorable co-targeting strategy that involves targeting HER3 and B1 integrin.
This is based on considerable evidence that links HER family signaling with integrin
signaling and that links the signaling and tumorigenic functions of HER2 with HER3. The
mouse genetic models that reveal the important role of $1 integrin in the progression of
HER2-driven tumors [9] already suggest an interdependency between these two receptor
systems and a suggestion that co-targeting 1 integrin with HER2 may be more effective
than targeting HER2 alone. A relationship between 1 integrin and HER?2 is also apparent in
clinical studies that show elevated expression of f1 integrin in HER2-amplified breast
cancers compared with non-amplified cases [26]. We have been interested in the role of 1
integrin in HER2-amplified breast cancers and previously reported that HER2-amplified
cancer cells made resistant to the HERZ inhibitor lapatinib exhibit elevated expression of p1
integrin and increased FAK signaling, also consistent with cross-talk between these two
receptor systems [21]. As such, co-targeting HER2 and B1 integrin is a rational strategy for
combination therapy. The therapeutic index of such a combination therapy remains to be
defined by clinical studies; however, additional combinations with greater efficacy or wider
therapeutic index would be of interest, as there are at least theoretical concerns with co-
targeting HER2 and B1 integrin. HER2-targeted therapies have a risk for inducing cardiac
damage, a finding that is consistent with the role of HER2 in myocardial protection [27, 28].
B1 integrin is also expressed in the mycocardium where it plays an important function [29],
and conditional mouse knockout models reveal its critical role in maintaining cardiac health
[30]. Importantly, however, the functions of HER2 in mediating neuregulin signaling and
promoting cardiac development and preserving cardiac health are mediated through its co-
receptor HER4 [31-34]. The fact that the tumorigenic function of HER2 involves its partner
HER3, yet the cardiac functions of HER?2 involve its partner HER4, provides an opportunity
in HER3 as a more suitable co-target for $1 integrin in the treatment of HER2-driven
cancers. The data presented in this paper identify HER3-B1 integrin co-targeting as an
effective and alternative approach to HER2-p1 integrin targeting and yet the abundance of
evidence suggests that it would be expected to have less cardiac toxicity, providing for a
highly suitable combination therapy approach.

In this study, we targeted HER3 through an shRNA approach rather than through the use of
one of several HER3-targeting agents being developed in industry. This provides definitive
inactivation of HER3 in order to obtain the proof-of-principle evidence that we were seeking
regarding the functional interaction of HER3 and 1 integrin in these cancers. Future studies
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will determine whether HER3-targeting agents currently in clinical or preclinical studies can
recapitulate these findings in combination with this or other 1 integrin targeting agents. But
the pharmacologic inactivation of HER3 has thus far been a challenging endeavor. There are
numerous HER3-targeting agents in the developmental pipelines, but the ability of any of
these agents to induce a loss-of-function of HER3 in HER2-amplified cancers remains
contentious. Monoclonal antibodies targeting its extracellular region can interfere with its
ligand-binding or conformational activation [35—-39]. These may be of particular benefit in
disease states driven by ligand stimulation but they show decreased efficacy in cancers with
HER2 amplification where HER3 signaling is engaged through ligand-independent
mechanisms. Small molecule ATP-analog classes of inhibitors targeting its kinase domain
are ineffective at inhibiting the signaling functions of HER3 [40]. This is because unlike
most other receptor tyrosine kinases, its kinase domain is catalytically inactive and functions
predominantly as an allosteric activator in dimeric complexes [13]. Many other approaches
are underway to develop effective inhibitors of HER3 function.

B1 integrin inhibitors are currently being evaluated in preclinical and clinical studies.
Among these is 0S2966, the humanized version of AlIB2, which is currently in preclinical
development. Our study provides preclinical rationale for combining this agent with HER3
inhibitors for the treatment of patients with HER2-amplified cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Effect of targeting HER3 or 1 integrin on growth of SKBR3 cells in 3D IrECM culture. a

SKBR3 cells were grown in 3D IrECM culture according to the indicated treatment arms for
7 days. Phase contrast microscopy images were taken at 10x magnification. b Apoptotic and
proliferative activity of the cells were determined on day 7 using the Tunnel (l&ft panel) and
Ki67 (right panel) assays. Results shown are the average of three experiments with the
indicated standard error of the mean. Significance values were calculated using the unpaired
T test. ¢ SKBR3 cells grown in 3D IrECM culture were harvested on day 2 of treatment and
cell lysates used for immunoblotting as indicated. This figure depicts the fusion of image
sections from the same film with removal of extraneous lanes from the center
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Effect of targeting HER3 or 1 integrin on in vivo growth of HCC1569 tumors. Nude mice
bearing HCC1569TR-shHER3 tumor xenografts were randomly assigned to one of four
treatment arms consisting of control (n = 11), oral doxycycline (200 ug/ml) in drinking
water (n = 12), AlIB2 administered twice weekly IP (1 mg/kg) (n=12), or both (n = 12).
Treatments were terminated after three weeks and the mice were continuously monitored
thereafter in the post-treatment phase. Error bars indicated the standard error of the mean
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Fig. 3.
Effect of targeting HER3 or 1 integrin on tumor signaling in vivo. Two representative mice

from each treatment arm of Fig. 2 were sacrificed and tumor lysates were assayed by
Western blotting as indicated. The relative intensities of the HER3 and 1 integrin bands are
quantitatively shown below as an average of the two samples in each arm
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Effect of targeting 1 integrin in combination with HER2 or HER3. Nude mice bearing
HCC1569TR-shHER3 tumor xenografts were randomly assigned to control (n = 7) or one of
five treatment arms consisting of oral doxycycline (200 ug/ml) in drinking water (n = 8),
AIlIB2 administered twice weekly IP (1 mg/kg) (n = 8), daily lapatinib by oral gavage (50
mg/kg) (n = 8), or the indicated combinations (n = 8, n = 8). Treatments were terminated
after 12 days and the mice were continuously monitored thereafter in the post-treatment
phase. Error bars indicated the standard error of the mean. The increased efficacy of HER3
and B1 integrin targeting compared with HER2 and B1 integrin targeting is highly significant
(AlIB2 + dox vs AlIB2 + lapatinib; comparison at day 24, two-tailed t test p < 0.0001)
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