10

11

12

13

14

15

16

17

bioRxiv preprint doi: https://doi.org/10.1101/2023.08.11.552992; this version posted August 13, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Synergistic effects of inhibitors targeting PI3K and Aurora Kinase A in preclinical

inflammatory breast cancer models

Nadia Al Ali, Jacob Kment, Stephanie Young and Andrew W.B. Craig*

Department of Biomedical and Molecular Sciences, Queen’s University, Kingston, Ontario,
Canada; Division of Cancer Biology & Genetics, Queen’s Cancer Research Institute, Kingston,

Ontario, Canada

*Correspondence: andrew.craig@gqueensu.ca


https://doi.org/10.1101/2023.08.11.552992
http://creativecommons.org/licenses/by-nc-nd/4.0/

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

bioRxiv preprint doi: https://doi.org/10.1101/2023.08.11.552992; this version posted August 13, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

Abstract

Background: Inflammatory breast cancer (IBC) is an aggressive clinical subtype of breast cancer
often diagnosed in young women. Lymph node and distant metastases are frequently detected at
diagnosis of IBC, and improvements in systemic therapies are needed. For IBC that lack hormone
or HER2 expression, no targeted therapies are available. Since the phosphatidyl inositol 3 kinase
(P13K) pathway is frequently deregulated in IBC, some studies have tested the pan PI3K inhibitor
Buparlisib (BKM120). Although the SUM149 IBC cell line was resistant to Buparlisib, a
functional genomic screen showed that silencing of Aurora kinase A (AURKA\) sensitized cells to
killing by Buparlisib. In this study, we tested whether combination treatments of PI3K and

AURKA inhibitors act synergistically to kill IBC cells and tumors.

Methods: SUM149 cells were treated with increasing doses of PI3K inhibitor Buparlisib
(BKM120) and AURKA inhibitor Alisertib as monotherapies or combination therapies. Effects on
target pathways, cytotoxicity, cell cycle, soft agar colony growth and cell migration were analyzed.
The individual and combined treatments were also tested in a mammary orthotopic SUM149 tumor

xenograft model to measure effects on tumor growth and metastasis

Results: The SUM149 IBC cell line treated with Buparlisib showed reduced PI3K/AKT activation
but no significant skewing of cell cycle progression. Parallel studies of Alisertib treatment showed
that AURKA inhibition led to a significant block in G2/M transition in SUM149 cells. In
cytotoxicity assays, Buparlisib and Alisertib combination treatments were highly synergistic
compared to monotherapy controls. Evidence of synergy between Buparlisib and Alisertib also

extended to soft agar colony growth and wound healing motility in SUM149 cells. The
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combination of Buparlisib and Alisertib also reduced IBC tumor growth in mammary orthotopic

xenograft assays and reduced spontaneous metastases development in lung tissue.

Conclusions: Although SUM149 IBC cells were relatively resistant to killing by the PI3K
inhibitor Buparlisib, our study showed that co-targeting the mitotic kinase AURKA with Alisertib

synergized to limit IBC cell growth and motility, as well as IBC tumor growth and metastasis.

Key words: Inflammatory Breast Cancer, Targeted therapy, Combination therapy, PI3K inhibitor,

Aurora Kinase A inhibitor
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Background

Inflammatory breast cancer (IBC) is an aggressive clinical subtype of breast cancer that often
presents as breast swelling and redness of the breast’s skin (1, 2). IBC is frequently diagnosed in
young women and often at later stages, with metastases to lymph nodes or distant sites (1). IBC
represents 6% of all breast cancer cases worldwide (3). When categorized by molecular subtypes,
12% of IBC tumors are triple-negative (lacking ER/PR/HER2) breast cancers (TNBC). TNBC
have high metastatic capabilities and worse prognosis compared to other subtypes with more

options for targeted therapies (1).

Driver mutations of IBC remain unclear, however a study profiling somatic mutations in IBC
tumors revealed high heterogeneity and high mutational burden compared to non-IBC breast
tumors (4). The three most frequent pathways altered in IBC were PI3K/AKT, RassMAPK, and
cell cycle pathways (4). The Phosphoinositide 3’ kinase (PI3K) pathway regulates cell growth,
survival, metabolism, motility, and angiogenesis (5). Considerable efforts have been underway to
target aberrant PI3K activity in breast cancer with direct PI3K inhibitors, or inhibitors of effectors
AKT and mTOR kinases (5, 6). Limited responses to monotherapies and acquired drug resistance

must be overcome to optimize treatments targeting the PI3K pathway (5, 7).

A recent study investigating resistance mechanisms in IBC and non-1BC models treated with pan
PI3K inhibitor Buparlisib reported that gene silencing of several protein kinases, from a kinome-
wide screen, overcame resistance in breast cancer cell lines (8). The authors validated MEK1 &

PIBK synthetic lethality across breast cancer models with both gene silencing and
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Selumetinib/Buparlisib combination treatments in cell lines and brain metastatic mouse models
(8). Another gene silencing hit that sensitized SUM149 IBC cells to killing by Buparlisib was
Aurora Kinase A (AURKA), but this synthetic lethal interaction was not validated (8). AURKA is
a nuclear serine/threonine kinase that is activated in G2 phase of the cell cycle and regulates cell
division (9). Specifically, AURKA regulates centrosome maturation, entry to mitosis and assembly
of the mitotic spindle (10). AURKA overexpression and gene amplification occurs in multiple
cancers with links to poor prognosis and increased genomic instability (11). Alisertib (ALS) is an
orally available AURKA inhibitor (12), and is one of several AURKA inhibitors to be tested in
early phase clinical trials for several cancer types, including hormone receptor-positive breast

cancer (9, 13).

In this study, we investigate whether combination treatments of PI3K and AURKA inhibitors can
limit IBC cell growth, viability and motility in 2D and 3D cell culture models. Buparlisib and
Alisertib were also tested as both monotherapies and in combination in mammary orthotopic
SUM149 tumor xenograft models. In most of the above assays, the combination of Buparlisib and
Alisertib showed synergistic effects in limiting the IBC cell/colony growth and motility, and tumor

growth in vivo.
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94  Methods

95 IBC cell line and media

96 The human SUM149PT cell line was isolated from an IBC tumor and purchased from a
97  commercial source (BIOIVT). SUM149 cells were cultured in Ham’s F-12 media supplemented
98  with antibiotic-antimycotic (1%), and 5% fetal bovine serum (FBS). SUM149 cells were routinely

99 tested for mycoplasma contamination and were confirmed mycoplasma free.

100

101  Drug preparations

102  Buparlisib and Alisertib were purchased from Med Chem Express (MCE), and solubilized in
103  dimethyl sulfoxide (DMSO) for in vitro assays. For in vivo studies, Buparlisib and Alisertibe were

104  solubilized stepwise in 10% DMSO, 40% PEG300, 5% Tween-80 and 45% sterile saline.

105

106  Cell synchronization, lysates and immunoblotting

107  For testing effects of inhibitors on PISBK/AKT pathway, lysates were prepared from subconfluent
108  SUM149 cells treated with a vehicle control (DMSO), Buparlisib (5 uM), Alisertib (5 uM) or a
109  combination of both drugs at the same concentration for 1 hour. To measure the effects of the
110  inhibitors on pAURKA/AURKA protein levels, we performed a double thymidine block and
111  release to synchronize SUM149 cells prior to preparing cell lysates. Briefly, subconfluent

112 SUM149 cells were treated with thymidine at a final concentration of 2 mM for 19 hours.
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113  Following a rinse with PBS, cells were allowed to recover for 9 hours in fresh medium prior to a
114  second round of thymidine (2 mM) treatment for 16 hours at 37 °C. Cells were released from G1/S
115  block by washing with prewarmed PBS and incubated in fresh media for 5 hours before adding
116  DMSO, Buparlisib (5 uM), Alisertib (5 uM) or a combination of both drugs. Cells were collected
117 at0, 5, 8, 10, and 12 hours of treatment for flow cytometry analysis of cell cycle by DNA content
118 following DAPI staining (CytoFLEX, Beckmann). Cell lysates were analyzed by immunoblotting
119  with pan AURKA and phospho-AURKA (pAURKA) antibodies (CST). For both methods, cells
120  were lysed on ice with supplemented RIPA buffer (50 mM Tris, 5 mM EDTA, 150 mM NacCl, 1%
121  NP-40, 0.5% Sodium Deoxycholate, 0.1% SDS, 10 pg/mL aprotinin, 10 pg/mL leupeptin, 1 mM
122 NazV04,100 uM phenylmethylsulfonyl fluoride, 50 mM NaF) and centrifuged at 3000 x g for 15
123 minat 4°C. Supernatants were collected and proteins concentrations were measured with Bradford
124  assay. An amount of 100 pl sample was resolved by sodium dodecyl sulfate polyacrylamide gel
125  electrophoresis (SDS-PAGE) sample loading buffer and electrophoresed on 10% SDS-PAGE gel
126  after thermal denaturation at 95°C for 5 min. Samples were transferred onto P\VDF membrane at
127 25 mA for 15 min at RT (TurboBlot, BioRad). After blocking, the membranes were probed with
128 indicated primary antibodies from CST overnight at 4°C: pan AKT (1:1000), phosphoS274-AKT
129  (1:1000), pan AURKA (1:1000), and phosphoT288-AURKA (1:1000), all primary antibodies
130  were anti-rabbit except for the loading control B-actin, anti-mouse. After washing, fluorophore-
131  conjugated secondary antibodies (Goat anti-Rabbit 1gG (H+L) Dylight™ 800 4X PEG and Goat
132  anti Mouse IgG (H+L) Dylight™ 680 secondary antibodies from Invitrogen, Thermofisher) were
133  incubated for 1 hour at room temperature prior to detection and quantification using an Odyssey

134  CLx scanner (LI-COR).
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135  Cell cycle analysis

136  SUM149 cells (10°) were incubated with drugs for 48 hours at Buparlisib or Alisertib 5 pM, and
137  same for combination. At the end of the 48 hours, cells were treated according to the Abcam
138  protocol. Cells were harvested and washed in PBS, then fixed in 70% cold ethanol by adding drop
139  wise to pellet while on vortex. Cooled at 4°C and centrifuged and the supernatants were discarded
140  carefully. Treated with ribonuclease and PI respectively then cell cycle distribution was analyzed
141 by flow cytometry (FACS Aria Ill, BD). Analysis was done using the Flow Jo flow cytometry

142 analysis software.

143 Cell viability assay

144  SUM-149 cells were seeded at 1 x 10* cells per well in a 96-well plate overnight prior to addition
145  of vehicle (DMSO), Buparlisib or Alisertib alone (0.1, 1 or 10 uM), or in combinations at the
146  different doses. Alamar Blue 10% was added to each well and incubated for 4 hours under standard
147  conditions of 37 °C and 5% CO2 in a humidified atmosphere and absorbance at 570 nm (600 nm
148  reference wavelength) using a plate reading spectrometer at 48 hours. All analyses were performed
149  using graphing and statistic packages in GraphPad Prism was used for calculations and statistics.
150  SynergyFinder Bliss model was also used to calculate and present the interaction between
151  Buparlisib and Alisertib in vitro with a dose matrix test. Graphs and statistics were produced by

152  the SynergyFinder application (14).

153

154  Soft agar assay
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155  SUMZ149 cells were plated at low density in 6-well plates and cultured for 21 days in low melt agar
156  with media + drugs (Buparlisib 2.5 uM, Alisertib 5 uM and combination of 2.5 + 5 uM) changed
157  every 2 days depending on half-life of each drug. At the end of the culture days, the colonies were
158  stained with 5 % crystal violet for 1 hour then washed. The images of the colonies were captured
159  using QCapture pro software attached to a camera on a dissection microscope. Each assay was
160  performed in triplicate, plates were maintained at 37C under 5% CO2 for three weeks. Colonies

161  greater or equal to 100 um in diameter were counted, as described previously (15).

162

163  Wound healing migration assay

164  SUM149 cells were seeded at a density of 3.0 x 10° cells per well in 96-well culture plates
165  overnight so that the cells would attach. A single wound was made on each well for each cell line
166 by scratching the attached cells using ESSEN Bioscience Wound Maker 96. The plates were
167  washed with PBS to remove cellular debris from the scraped surface. Drugs were added to
168  SUM149 cells (Buparlisib 1 uM, Alisertib 1 uM and combination 1+1 uM). Cells were incubated
169 in Incucyte Zoom (Sartorius) for 24 hours and the images of the cells were taken immediately and

170  every 2 hours using Incucyte Zoom with a 10X objective.

171 Mammary orthotopic IBC tumor xenograft model

172  Mammary orthotopic tumor xenograft assays were performed using SUM149 cell model and
173  Rag2:IL2Ryc ™ recipient female mice, lacking natural killer, B, and T cells. Animals were

174  housed in a specific pathogen-free facility (Queen’s University Animal Care Services), with
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175  ventilated cages and sterilized food and water supply. All procedures with mice were approved by
176  the Queen’s University Animal Care Committee. Cells were grown to 70-85% confluence before
177  trypsinization and counting. For xenografting, 5 x 10° SUM149 cells (transduced with WPI-
178  Luciferase) were injected into the right thoracic mammary fat pads of the
179  Rag2 :IL2Ryc™ female mice in a volume of 100 ul containing 50% Matrigel using a hypodermic
180  syringe. Tumours were screened to have average initiating size. Mice were grouped into 4 groups
181  each with 6 individuals. One group received vehicle, the other two, one received Buparlisib and
182  the other Alisertib, and the last received the combination. Drugs and doses were based on previous
183  conducted studies (25 mg/kg) per each drug and per combination. Treatment started on day 10 post
184 injection for a (5+2) regimen, at end points 5 weeks, mice were Killed, and primary tumor mass
185 recorded. Several tissues were removed for detection of metastases, which were primarily
186  observed in the lungs. The primary tumors and lungs from each mouse were used for histological
187 analysis. For lung inflation, use a 3mL syringe with a 22g needle, this time held parallel to the
188 trachea, insert the needle into the trachea and inject 10% formalin with rate of flow no greater than

189  ~200 pL/second until the lungs have fully inflated. Once the lungs are inflated, formalin will
190  backflow out of the trachea. Samples were fixed in formalin and embedded in paraffin, and 5 um

191  sections were stained with hematoxylin and eosin.

192  Statistical Analysis

193  Statistical analyses were performed in GraphPad Prism (version 9.4.1, GraphPad Software). * =p

194 <0.05, ** =p <0.01, ***=p<0.001, ****=p<0.0001, ns=p>=0.05.

195

10
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196  Results

197  Cell cycle block by AURKA inhibitor but not PI3K inhibitor in SUM149 IBC cells

198 In a previous pharmacogenomics screening study, the cytotoxicity of pan-PI3K inhibitor
199  Buparlisib in SUM149 IBC cells was significantly improved by silencing the Aurka gene (8). Here,
200  we investigated whether pharmacological inhibition of AURKA using Alisertib would phenocopy
201  the sensitizing effects to killing of IBC cells by Buparlisib. First, we tested the effects of Alisertib
202  (ALS) and Buparlisib (BKM120) treatments alone or in combination (combo) on the PI3K
203  pathway as indicated by phosphorylation of AKT (Fig. 1A). At a dose of 5 uM for each drug,
204  treatments of SUM149 cells for 1 hour with Buparlisib alone, or in combination with Alisertib, led
205 to greatly reduced AKT phosphorylation (pAKT) visualized by immunoblotting (Fig. 1A). As
206  expected, Alisertib treatment alone did not alter AKT phosphorylation compared to DMSO vehicle
207  control (Fig. 1A). Several experiments were analyzed by densitometry, and showed a significant
208  reduction in relative levels of pAKT in Buparlisib and combo treatment groups (Fig. 1B). To
209 investigate the effects of Alisertib treatments on AURKA activation, we attempted to measure
210  phosphorylation of AURKA (pAURKA) in lysates from asynchronously growing SUM149 cells
211 and failed to observe sufficient pAURKA signal (data not shown). However, using a double
212  thymidine block to synchronize SUM149 cells in G1 phase, we released the cells for various time
213  points to assess cell cycle status by DNA content analyzed by flow cytometry. We observed a high
214  percentage of SUM149 cells in G2/M phase between 5 and 8 hours post release (Supplementary
215  Figure 1). We used the double thymiding block and 7 hour release of SUM149 cells for testing
216  effects of Alisertib on pAURKA, and observed a strong reduction compared to vehicle control

217  (Fig. 1C/D). Buparlisib treatments did not impair pAURKA, but it was impaired in combination

11
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218 treatments with Alisertib (Fig. 1C/D). Thus, both inhibitors act on their target pathways in
219  SUM149 cells and are compatible in combination treatments.

220 Since both PI3K and AURKA pathways can impact cell growth and cell cycle, we tested
221 the effects of vehicle control, Alisertib or Buparlisib alone (5 uM), or in combination, on
222  asynchronously growing SUM149 cells treated for 48 hours. Using propidium iodide (PI) staining
223  of permeabilized cells from each treatment group, we analyzed the cell cycle profiles using flow
224  cytometry. We observed a significant increase in percentage of SUM149 cells in G2/M with
225  Alisertib treatment compared to the control and Buparlisib treatments (Fig. 1E). A similar block
226  in G2/M was observed in combination treatments (Fig. 1E), and analysis of several experiments
227  revealed that the G2/M block by Alisertib and combo were significant (Fig. 1F). These results
228  showed that Alisertib treatments triggered a cell cycle arrest in SUM149 cells, distinct from the
229  limited effects of Buparlisib alone on cell cycle.

230

231  Buparlisib and Alisertib treatments caused synergistic killing of IBC cells

232  Using Alamar Blue as a metabolic indicator of SUM149 cell viability, we next performed dose
233  response analyses with Buparlisib (BKM120) and Alisertib (ALS) treatments for 48 hours.
234  Consistent with the relative resistance of SUM149 cells to Buparlisib, only a modest dose-
235  dependent reduction in cell viability was observed with ~70% viable cells at 10 uM dose (Fig. 2A).
236 A similar dose-dependent reduction in SUM149 cell viability was observed with Alisertib (Fig.
237  2A). Next, we examined combinations of Buparlisib and Alisertib at each dose, and tested for
238  synergistic effects by calculating the Bliss synergy score (15). We detected a robust synergy score
239  0of 36.117 for Buparlisib and Alisertib combination treatments on IBC SUM149 cells (Fig. 2B). At

240  several doses of Alisertib and Buparlisib, the reduction in cell viability with the combination was

12
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241  significantly greater than either drug alone (Fig. 2C, Supplementary Fig. 2). Overall, these results
242  demonstrated that pharmacological inhibition of AURKA can sensitize SUM149 IBC cells to

243  killing by PI3K inhibitor Buparlisib, and this warranted further investigation in IBC models.

244

245  Buparlisib and Alisertib treatments caused synergistic reduction of anchorage-independent
246  growth and cell migration of IBC cells

247  Anchorage-independent growth of cancer cells has been used to test effects of genes or drugs on
248  the transformed phenotype and resistance to anoikis. Here, SUM149 cells were seeded in soft agar
249  and treated with vehicle control, Alisertib (5 uM) or Buparlisib (2.5 uM) alone, or in combination
250  for 21 days (media was supplemented with drugs every 2 days). At endpoint, the colonies were
251  stained with Crystal Violet and imaging revealed overt differences in some treatment groups
252  compared to control (Fig. 3A). Alisertib treatments reduced colonies compared to controls,
253  whereas Buparlisib treatments had no effect (Fig. 3B). Importantly, the reduction in colonies was
254  greatest in the combination treatments, showing strong synergistic effects of Alisertib and
255  Buparlisib in this relatively long term assay of IBC cell growth.

256 Next, we tested the effects of Alisertib and Buparlisib treatments on SUM 149 cell motility
257  using wound healing assays. The cells were seeded at confluence in a 96-well plate, and a scratch
258  wound was created prior to applying drug treatments or vehicle control. Phase-contrast images
259  were captured every 2 hours for 24 hours. Representative images of the wound area at time 0 or
260 24 hours show that SUM149 cells completely close the wound area with control, but less so with
261  Alisertib, Buparlisib or combination treatments (Fig. 4A). Quantification of the percentage wound

262  confluence was calculated for each treatment group, and showed reduced motility with Alisertib

13
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263  or Buparlisib alone compared to control (Fig. 4B). Importantly, the wound healing migration was
264  reduced most significantly by the combination treatments (Fig. 4B). In summary, these results
265  demonstrated that the combination of Alisertib and Buparlisib significantly impaired cell migration

266  in SUM149 cells in vitro, and this may help restrain the metastatic properties of IBC in vivo.

267

268  Reduced tumor growth and metastasis in IBC tumor-bearing mice treated with Alisertib and
269  Buparlisib

270  To extend studies of Alisertib and Buparlisib treatments to tumor growth and metastasis, we
271  performed mammary orthotopic tumor xenograft assays with SUM149 cells implanted within
272 immunocompromised female mice (Rag2”:1L2Ryc”"). When palpable tumors were detected, mice
273  were randomized into 4 different groups with 6 mice per group on day 12. The control group
274  received intraperitoneal (i.p.) injections with the vehicle used to solubilize both drugs for in vivo
275  studies. Both Alisertib (ALS) and Buparlisib (BKM120) were dosed at 25 mg/kg (i.p.; once daily)
276  as either monotherapies or combination therapy with a 5 days on and 2 days off treatment schedule
277 (5 + 2; Fig. 5A). After 35 days, the animals were culled, and tumors and tissues were harvested
278  for further processing. Significant reductions in tumor weights were observed in Alisertib and
279  combination treatment groups (Fig. 5B). Upon histological analysis of tumor tissue sections, we
280  observed necrotic areas within the tumors from the Alisertib and Buparlisib or combo treatment
281  groups (Fig. 5C; annotated by areas labeled N). Quantification of the percent necrosis area showed
282  anincreasing trend in the combination group, and thus showed the most promising control of IBC

283  tumor growth in this IBC xenograft model.

14
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We next analyzed the lung tissues from the above mammary orthotopic IBC xenograft
study to analyze treatment effects on spontaneous metastases to the lungs of these mice. We
stitched together phase contrast images of hematoxylin/eosin-stained lung tissue sections spanning
an entire lobe of the lung from all the animals. Representative images from each treatment group
showed areas with micrometastases (Fig. 6A, see high magnification inserts). Scoring of these
metastases was performed by two independent investigators, and the average numbers of
metastases were determined for each animal (Fig. 6B). Treatments with Alisertib or Buparlisib
alone reduced the frequency of lung metastases, with the fewest detected within the combination
treatment group (Fig. 6B). Together, these results support the potential benefits of treating IBC

with Alisertib and Buparlisib combination therapy to restrain both tumor growth and metastases.
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296  Discussion

297 In this study, we provide rationale and evidence that inhibiting AURKA can sensitize IBC cells
298 and tumors to killing by the pan-PI3K inhibitor Buparlisib. Our findings address the limited
299  targeted therapy options for IBC (16), and the need to identify additional pathways that provide
300 resistance to PI3K inhibitors (8). The PI3K pathway is hyperactivated in almost all breast cancer
301  types, including IBC (17),(18), including gain-of-function hot spot mutations in PIK3CA and
302  deletions of the PTEN tumor suppressor gene (19). Dysregulation in the PI3K pathway hinders the
303 action of several anticancer drugs, which led to the development of several PI3K inhibitors
304  (8),(17),(18). This study focused on the AURKA pathway as a potential co-target with the PI3K
305 pathway since Aurka gene silencing was shown to enhance killing of IBC cells by Buparlisib (8).
306 The AURKA pathway plays a crucial role in cell cycle progression, particularly during mitosis
307  (20). Cross-talk between the AURKA pathway as also been observed with other oncogenic
308  pathways (21). We chose AURKA inhibitor Alisertib to test in combination with Buparlisib since
309 it has shows some efficacy in breast cancer cell lines and modest toxicities (21). Alisertib
310 treatments disrupt key processes in mitosis, including chromosome alignment and spindle
311  bipolarity (22). This is consistent with our findings that IBC cells accumulate in G2 phase upon
312  treatments with Alisertib, and this may explain synergy with Buparlisib in killing these checkpoint

313  restricted cells.

314 While Buparlisib has shown efficacy in killing IBC cell lines, clinical trials has shown
315 limited efficacy as monotherapy and raised concerns of toxicity profiles (20),(23),(24),(25). We
316  suggest exploring alternative, class-specific PI3K inhibitors such as Alpelisib in future studies. In

317  fact, Alpelisib has demonstrated efficacy in targeting PIK3CA-mutated cancer models and has
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318 received FDA approval for patients with advanced ER-positive breast cancer (26),(27). It will be
319 interesting to test for synergy between Alpelisib and Alisertib in both IBC and non-1BC cell and

320 tumor models in future.

321 Metastasis is a significant concern in IBC, particularly with lung involvement (28),(29). In
322 this study, we show that the combination of Alisertib and Buparlisib inhibited cell migration of
323  IBC cells in vitro, and reduced lung metastases in IBC tumor xenograft assays. We observed more
324  areas of necrosis within the tumors from mice treated with the combination of Buparlisib and
325  Alisertib. Future studies will be needed to understand if treatments impact local invasion in the
326  mammary tissue, killing of the lung-resident metastatic cells, or both. Furthermore, recent studies
327  highlight the involvement of extrinsic factors and genes controlling epithelial-mesenchymal
328  plasticity, migration, and invasion in IBC (19),(30),(31),(32). Since the siRNA screening study of
329  kinase genes that are synthetically lethal with PI3K inhibitor treatment in IBC cells (8), it would

330  be interesting to extend these studies to genome-wide screens using CRISPR/Cas9 approaches.

331 Conclusions

332  Our study provides evidence supporting efficacy of a combination therapy comprising Buparlisib
333 and Alisertib to treat IBC. By concurrently targeting two pivotal pathways, namely PI3K and
334  AURKA, our approach effectively disrupts the oncogenic addiction of IBC cells to these pathways.
335  The strong synergistic effects of Buparlisib and Alisertib may overcome resistance mechanisms to
336 either inhibitor as a monotherapy. Further testing in additional models will likely be needed to

337  advance these findings to future human clinical trials in IBC.

338

17


https://doi.org/10.1101/2023.08.11.552992
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.08.11.552992; this version posted August 13, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

339  Abbreviation List

340 IBC: Inflammatory breast cancer, ER/PR/HER2: oestrogen/progesterone/ human epidermal
341 growth factor 2 receptors, PI3K: phosphoinositide-3-kinase, AURKA: Aurora kinase A,

342  BKM120: Buparlisib, ALS: Alisertib, DMSO: Dimethyl sulfoxide.
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457  Fig. 1 On-target effects of Alisertib and Buparlisib in SUM149 cells and cell cycle disruption by
458  Alisertib. a SUM-149 cells were treated with DMSO vehicle control, Alisertib (ALS, 5 uM),

459  Buparlisib (BMK120, 5 uM), and their combination (same doses) for 1 hour. Lysates were

460  subjected to immunoblotting with phospho-AKT (pAKT) or pan-AKT (AKT) antibodies. b Bar
461  graph shows the densitometry of the pAKT/AKT ratio using ImageJ with statistical analysis in
462  GraphPad Prism (mean+ SEM for N=3 experiments; ** p<0.01 based on ANOVA with multiple
463  comparison testing). ¢ Double thymidine blocked SUM-149 cells were released for 7 hours and
464  treated with DMSO vehicle control, Buparlisib (5 uM), Alisertib (5 uM), and their combination
465  (same doses). Lysates were subjected to immunoblotting with phospho-AURKA (pAURKA) or
466  pan-AURKA (AURKA) antibodies. d Bar graph shows the densitometry of the pAKT/AKT ratio
467  using ImageJ with statistical analysis in GraphPad Prism (meant SEM for N=3 experiments). e
468  SUM-149 cells were treated with Buparlisib or Alisertib alone (5 uM) or in combination (5 uM
469  each) for 48 hours, and representative flow cytometry histograms are shown for Propidium

470 lodide-stained, permeabilized cells (DNA content). f Graph depicts the percentage of cells in G2
471  phase of the cell cycle from 3 experiments (mean £ SEM; ** p<0.01 or *** p<0.001 based on
472  ANOVA with multiple comparison testing).
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473
474 Fig. 2 Synergistic killing of IBC cells by combination treatments with Buparlisib and Alisertib. a

475  Relative cell viability of SUM149 cells was determined using Alamar blue assays at 48 hours post
476  treatments with either Buparlisib (10, 1, or 0.1 uM) or Alisertib (10, 1, and 0.1 uM), compared to
477  vehicle control (shown as 0 on the x-axis; mean + SEM). b Plot represents the Bliss synergy score
478  for combinations of Alisertib (ALS) and Buparlisib (BKM120) at multiple doses (10, 1, or 0.1
479  uM) on cell viability determined using Alamar blue at 48 hours. ¢ Bar graphs depict relative cell
480  viability at 48 hours for particular doses of Alisertib and Buparlisib at 0.1 uM (A0.1/B0.1), 1 uM
481 (Al1/Bl), and at a 10:1 ratio of Alisertib:Buparlisib (A10/B1) as measured by Alamar blue. The
482  results were obtained from three independent experiments, each performed in triplicate. The data
483  were analyzed using GraphPad Prism and SynergyFinder software (detailed in Methods; mean +
484  SEM; ** p<0.01 or *** p<0.001 or **** p<0.0001 based on ANOVA with multiple comparison
485  testing).
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Fig. 3 Synergistic effects of Buparlisib and Alisertib limiting anchorage-independent growth of
IBC cells. a SUM149 cells were subjected to soft agar colony assays in presence of vehicle control,
Alisertib (ALS, 5uM), Buparlisib (2.5 uM), or the combination at preceding doses (combo) for 21
days with drugs added fresh every 2 days. Representative micrographs of crystal violet-stained
wells are shown (scale bar indicates 100 um). b Graph depicts the scoring of average colony
numbers per treatment group from 3 independent experiments (mean = SEM; ** p<0.01 or ****
p<0.0001 based on ANOVA with multiple comparison testing).
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496

497  Fig. 4 Alisertib and Buparlisib treatments reduce IBC cell motility. a SUM149 cell motility was
498 analyzed using scratch wound assays using an 96 well plate wound maker and Incucyte Zoom
499  system (Sartorius). Treatment groups included vehicle control, Alisertib (ALS, 0.5 uM),
500 Buparlisib (BKM120, 0.5 uM), or the combination at preceding doses over 24 hours.
501 Representative images are shown for time 0 and 24 hours of the wound area mask (blue) and cell
502 mask (yellow) for each treatment group. b The graph illustrates the increase in percent wound
503 confluence rates for each treatment group (mean = SEM; * p<0.05 or **** p<0.0001 based on
504  ANOVA with multiple comparison testing). The results are representative of 3 independent
505  experiments.
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507 Fig. 5 Buparlisib and Alisertib inhibit IBC tumor growth in vivo. a A timeline of the mammary
508  orthotopic SUM149 tumor xenograft assays using female Rag2”:IL2R,.” mice. Mice were split
509 into four groups (6 mice per group) on day 12 and treated with vehicle control, Buparlisib
510 (BKM120, 25 mg/kg), Alisertib (ALS, 25 mg/kg), and combination treatment by intraperitoneal
511 injections on a 5 on and 2 off schedule. b Graph depicts tumor mass measured at endpoint (day
512 35, mean £ SEM, * p<0.05 or ** p<0.01 based on ANOVA with multiple comparison testing). ¢
513  Representative images showing H&E-stained tumor tissue sections (black freehand shape depicts
514  areas of necrosis). d The graph depicts the percentage area of necrosis within tumor cross-sections
515 by treatment group (mean + SEM).
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518 Fig. 6 Reduced IBC lung metastasis in Buparlisib and Alisertib treated mice. a Representative
519 images showing H&E-stained lung tissue sections from each treatment group. The areas within
520 the black squares are shown at higher magnification insets for each treatments group. b Graph
521  depicts the average scoring of lung metastases for each animal in the mammary orthotopic IBC
522  xenograft model for each treatment group (mean + SEM, *** p<0.001 or **** p<0.0001 based on
523  ANOVA with multiple comparison testing).
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