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Abstract

Cancer therapies trigger diverse cellular responses, ranging from apoptotic death to the acquisition
of persistent therapy-refractory states such as senescence. Tipping the balance towards apoptosis
could improve treatment outcomes regardless of therapeutic agent or malignancy. We found

that inhibition of mitochondrial protein BCL-XL increased the propensity of cancer cells to

die following treatment with a broad array of oncology drugs, including mitotic inhibitors

and chemotherapy. Functional precision oncology and OMIC analyses suggested that BCL-xL
inhibition redirected the outcome of p53 transcriptional response from senescence to apoptosis
which likely occurred via caspase-dependent down-modulation of p21 and downstream cytostatic
proteins. Consequently, the addition of BCL-2/xL inhibitor strongly improved melanoma response
to senescence-inducing drug targeting mitotic kinase AURKA in mice and patient-derived
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organoids. This study uncovers crosstalk between mitochondrial apoptotic pathway and cell cycle
regulation that can be targeted to augment therapeutic efficacy in cancers with wild-type p53.
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INTRODUCTION

Metastatic melanomas are treated with immune checkpoint inhibitors and therapies
targeting the oncogenic MAPK pathway. However, many tumors are intrinsically resistant
or acquire resistance to standard-of-care therapies' =3, underscoring the need for novel
treatment options. The development of new therapies for melanoma is challenged by

the relative resistance of melanocytes to apoptosis, a characteristic attributed to the high
expression of pro-survival mitochondrial proteins BCL-2 and BCL-xL4®. Pro-survival
BCL-2 proteins prevent mitochondrial outer membrane permeabilization (MOMP) and
subsequent apoptosis®. It has been suggested that high BCL-2/xL expression protects
melanocytes following damaging UV exposure to ensure uninterrupted melanin production.
However, it also enables melanomas to escape cell death under various cancer treatments,
including traditional chemotherapy’.

Damaged tumor cells that escape therapy-induced death are likely to become senescent.
Cellular senescence is a type of stress response characterized by stable cell cycle arrest and
increased secretion of immune modulators, growth factors, and other molecules, a phenotype
known as the senescence-associated secretory phenotype (SASP)8. While therapy-induced
senescence can limit tumor growth by inhibiting malignant cell proliferation © and
promoting immune surveillance of the tumor%11 it does not permanently eliminate

cancer cells; this creates a significant risk of tumor relapse. Furthermore, senescent cells
can negatively impact the long-term outcome of patients by promoting proliferation and
invasiveness of neighboring non-senescent cells2-14, Jeading to chemotherapy resistance!®,
and giving rise to stem-like cells responsible for post-therapy tumor recurrence?®.
Additionally, the senescent-like stress response induced by Wnt5A in melanoma cells has
been linked with melanoma invasionl’. These factors provide a strong rationale to develop
strategies for redirecting cancer therapy response from senescence to apoptosis.

Senescent cells can be uniquely vulnerable to certain drugs termed senolytics18-20, A

dual inhibitor of BCL-2 and BCL-xL, navitoclax (ABT263), exhibits senolytic activity

in several cell types21:22, It is currently in late-stage clinical development for the

treatment of myelofibrosis and Phase I-11 clinical trials in solid malignancies, including

a study of navitoclax in combination with BRAFV690E and MEK inhibitors in melanoma
(NCT01989585). Considering the implication of BCL2/xL in melanocytes’ resistance to
apoptosis and senescent cell survival, we hypothesized that inhibition of BCL2/xL in
melanoma cells undergoing therapy would promote apoptosis and limit senescence, resulting
in improved treatment outcomes. To test this hypothesis, we examined the ability of
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navitoclax to enhance melanoma response to a variety of existing and emerging oncology
agents, including senescence-inducing drugs.

We have previously demonstrated that a small molecule inhibitor of Aurora Kinase A
(AURKA) alisertib induces senescence in melanoma cells?3:24, In preclinical studies,
alisertib inhibited growth of melanoma patient-derived xenografts (PDXs) and mouse
tumors, but did not cause tumor regression?3-26, Alisertib has been evaluated in several
Phase I-111 clinical trials where it demonstrated an acceptable safety profile2’-31 and

an evidence of anti-tumor activity, although it mainly induced disease stabilization in
patients with solid tumors32:33, Here we used alisertib as a prototypical senescence-inducing
drug to test whether BCL2/xL inhibition with navitoclax can convert a senescence-type
response into apoptosis. Molecular mechanisms governing this fate switch were interrogated
using genomic, transcriptomic, and proteomic profiling of cells and tumors treated

with senescence-inducing therapy in the absence or presence of BCL-2/xL inhibition.
Furthermore, we employed aggressive mouse melanomas and a diverse set of melanoma
patient-derived organoids to determine whether the senescence-to-apoptosis fate switch on a
cellular level can lead to an improved therapeutic outcome.

BCL-2/xL inhibition promoted cell death in response to select oncology agents

We hypothesized that inhibition of pro-survival BCL-2 family proteins would promote
therapy-induced cell death and limit therapy-induced senescence. To test this, human
melanoma cells were treated with various drugs, including chemotherapeutics and kinase
inhibitors, in the absence or presence of BCL2/xL inhibitor navitoclax (hereafter referred
to as BCL.i). Following 24h treatment, the percentages of dead and senescent cells

were quantified using propidium iodide and SA-B-galactosidase assay, respectively (Fig.
1A). BCLi alone induced modest cell death response (2.1%, Table S1, Fig. 1B, select
representative data are shown in Fig. 1C). In the absence of BCLI, only 3 out of 43

tested treatments induced >4.2% cell death (double the percentage induced by BCL.i alone).
Notably, 15 out of 43 treatments induced >4.2% cell death in the presence of BCLi. These
drugs were termed “BCLi-enhanced” (Fig. 1D). Surprisingly, the percentages of senescent
cells remaining after drug treatment were minimally affected by BCL.i addition (Fig. 1E).
However, “BCLi-enhanced” drugs were more potent inducers of senescence compared to
“unaffected” drugs (Fig. 1F). This data suggest that BCL.i did not selectively kill senescent
cells but rather increased the likelihood of cells dying during treatment with senescence-
inducing drugs.

We noted that many “BCLi-enhanced” drugs belonged to a category of mitotic kinase
inhibitors (Fig. 1G). In fact, all tested mitotic kinase inhibitors were enhanced by BCLi,
suggesting that the enhancement by BCLi could be broadly applicable to this class of drugs,
including agents potentially emerging in the future. Among the mitotic kinase inhibitors

we tested, Aurora kinase A inhibitor alisertib (hereafter AURKAI) was the most clinically
advanced (phase Il-111 trials). Therefore, we chose this drug for further validation and
mechanistic studies reasoning that this work could provide a basis for a subsequent clinical
study. Four human and mouse melanoma cell lines were treated with AURKAI in the
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absence or presence of BCLi. The cell numbers were moderately reduced by single-agent
AURKAI. In contrast, cultures treated with AURKAI and BCLi combination displayed up to
90% cell reduction (Fig. 1H, I).

Enhancing effects of BCLi was reproduced with other drugs. Based on the enrichment of
mitotic inhibitors and chemotherapy among “BCLi-enhanced” drugs, we postulated that
BCLi would enhance an FDA-approved anti-mitotic chemotherapy drug paclitaxel. Indeed,
nearly all cells were eliminated by combined paclitaxel and BCL.i treatment, while about
50% of cells survived after paclitaxel monotherapy (Fig. 1J).

BCLIi navitoclax is a broad-acting inhibitor targeting BCL-2 and BCL-xL. To identify
protein that inhibited drug-induced melanoma cell death, we used specific inhibitors of
BCL2 and BCL-xL. We also used an inhibitor of MCL1, a pro-survival BCL-2 family
protein not targeted by BCLi. The BCL-xL inhibitor was more effective at enhancing
AURKAII response than BCL-2 and MCL1 inhibitors (Fig. 1K, L). The data pattern was
minimally affected when numbers of cells remaining after each tested combination was
normalized to single-agent treatment with corresponding BCL-2 family inhibitor (Fig. S1).
These data implicate BCL-xL as the primary inhibitor of cell death response to AURKA..

To validate that the anti-tumor activity of AURKAI and BCLi combination was not an
off-target effect of tested dugs, we used RNAI to deplete endogenous AURKA and BCL-xL
in melanoma cells. Western blot showed effective knockdown (KD) for both proteins (Fig.
1M, N). In agreement with drug studies, AURKA-KD cells were more sensitive to BCL-xL
inhibition, and BCL-xL-KD cells were more sensitive to AURKA inhibition, compare to
corresponding non-KD cells (Fig. 1M, N).

Combined AURKAI and BCLi treatment induced apoptosis associated with mitochondrial
depolarization and caspase activation

To define the mechanism whereby BCLi augmented drug response, we analysed apoptosis
and proliferation in alisertib and navitoclax-treated A375 melanoma cells using PARP
cleavage and BrdU incorporation assay. Single agent therapies with BCLi and AURKAI
induced PARP cleavage in a small percent of cells. In contrast, combined administration

of BCLi and AURKAI prominently increased percentages of cells with PARP cleavage,
indicating apoptosis (Fig. 2A, top panel, Fig. 2B, left panel). Remaining populations of

live cells identified by lack of PARP cleavage and intact DNA content displayed reduced
percentages of BRDU+ cells which were similar to that in single-agent AURKAI-treated
cells (Fig. 2A, bottom panels, Fig. 2B, right panel). These data indicate that BCLi promoted
apoptosis, but not cell cycle arrest. We confirmed the induction of apoptosis by AURKAI
and BCLi combination using an Annexin V binding assay (Fig. 2C, D). In accordance with
cell cycle arrest and senescence induction, melanoma cells treated with AURKA.i displayed
decreased expression of mitosis marker phospho-histone H3 (Fig. 2E), increased expression
of senescence-associated p-galactosidase (Fig. 2F), and secreted higher levels of I1L6 and
IL8 (Fig. 2G), which are common markers of senescence-associated secretory phenotype.
Notably, a few cells remaining after treatment with combination therapy displayed similar
rates of senescence to AURKAIi-treated cells based on SA-p-gal staining and phospho-H3
(Fig. 2E, F). Altogether these data suggest that the majority of cells treated with single-agent
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AURKAI survived and underwent senescence, while the addition of BCLi to AURKAI
increased the proportion of cells that died from apoptosis.

Transmission electron microscopy (TEM) was used to examine the morphological features
of melanoma cells treated with BCLi and AURKAI. Combination treatment, but not single-
agent treatments, induced several apoptosis hallmarks, including cell shrinkage, blebbing,
nuclear fragmentation, chromatin condensation, and the appearance of membrane-bound
apoptotic bodies (Fig. S2A). We also noted altered mitochondrial morphology in combo-
treated cells, where mitochondria appeared smaller and had disrupted and poorly-defined
cristae (Fig. S2B). These changes are consistent with the mitochondrial fragmentation and
cristae remodeling that occur during the mitochondrial outer membrane permeabilization
(MOMP), a part of the intrinsic apoptotic pathway34-35.

Mitochondrial depolarization is another critical step of intrinsic apoptosis. We used the
potential-sensitive fluorescent probe JC-1 to analyze the mitochondrial membrane potential
(AY ) modulation after treatment. JC-1 forms aggregates in healthy polarized mitochondria
that emit red fluorescence. In cells with depolarized mitochondria, JC-1 remains diffused
within the cytoplasm and emits green fluorescence. Cells treated with BCLi and AURKAI
combined exhibited a lower red/green fluorescence ratio than single-agent and vehicle-
treated cells, indicating mitochondrial depolarization (Fig. 2H).

MOMP and depolarization trigger the release of mitochondrial contents that activates
caspases, which are proteases that cleave cellular proteins during programmed cell death3°.
AURKAI and BCL. treatment increased cleavage of executioner caspase 3 in A375 and
Hs294T melanoma cells (Fig. 2J). Combination-treated cells also exhibited cleavage of
PARP, which is a substrate of caspases and a marker of apoptotic cell death (Fig. 21).

To determine whether caspase activation was required for cell death, we used caspase
inhibitor Z-VAD-FMK. Inhibition of caspases rescued cells treated with AURKAI and
BCLi combination (Fig. 2J). Furthermore, Z-VAD-FMK abrogated caspase 3 cleavage

in combination-treated cells (Fig. 2K), underscoring the role of caspases in BCLi- and
AURKAI-mediated apoptosis.

BCLi and AURKAI combination treatment killed melanoma organoids with wild type p53

To test AURKAI and BCLi combination using the functional precision oncology approach,
we established 19 Patient-Derived Organoids (PDOs) using the fine-needle aspiration (FNA)
technique developed by our group36-38. Tumor cells withdrawn by FNA were cultured in

a 3D matrix until tumor spheroids formed (Fig. 3A). Remarkable histological similarity

was observed between PDOs and matched patient tumors (Fig. 3B). We routinely test
cancer-related mutations in clinical specimens we use to generate PDOs using targeted
DNA sequencing 3940, Based on this information, our PDO cohort included tumors with
BRAF V600E (42%), mutations in NRAS (15%), and 7P53 (31%), and contained tumors
from patients relapsed on BRAF and immunotherapy (Table S2), which is consistent with
melanoma genetic and treatment landscape.

To measure therapeutic response in PDOs, we used two bioprobes: Calcein AM (live cells
emit green fluorescence) and Propidium lodide (dead cells emit red fluorescence). Fig.
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3C shows representative images of BCLi- and AURKAI-treated organoids from 19 tested
models. We quantified the live/dead ratio as the ratio of cumulative green and red fluorescent
signals for each imaged organoid. Representative results for one model are shown in Fig.
3D, and complete results are in Fig. S3A. Combined alisertib and navitoclax treatment
significantly reduced live/dead ratios in the majority of the tested PDOs (Fig. S3A). In order
to quantitatively compare AURKAI and BCL. treatment responses across tested models, we
calculated the % viability inhibition using the formula: (live/dead ratio in combo)/(live/dead
ratio in vehicle)*100. A cut-off value of 50% inhibition was used to stratify PDOs into
combo-sensitive (13 models) and combo-resistant (6 models) (Fig. 3E).

To uncover potential genetic biomarkers of response to AURKAI and BCLi combination
therapy, we compared genetic alterations in combo-sensitive and -resistant models (Table
S2, Fig. S4A). Strikingly, 7P53 mutations were strong predictors of resistance (p<0.001).
All combo-sensitive PDOs retained wild-type 7253, and all combo-resistant PDOs had
TP53 mutations (Fig. 3F). A similar pattern was observed for paclitaxel and BCLIi
combination treatment, where PDOs with wild-type 7P53responded well, while PDOs with
mutant 7P53 were resistant (Fig. 3G, Fig. S4B). We also found that responsive PDOs had a
higher prevalence of CDK4 mutations; however, their predictive power was lower compared
to 7P53 mutations (Fig. S4A, Table S2).

We further studied the 7P53 mutations in combination-resistant PDOs. Each PDO had 1-3
“loss-of-function” type mutations, such as deletions, insertions, and gains of a premature
stop codon (Fig. 3H, Table S3). Notably, all PDOs had at least one mutation within the DNA
binding domain essential for p53’s role as a transcription factor. This pattern indicates that
the transcriptional activity of p53 is important for cell death induced by BCL.i addition.

Combination treatment with AURKAI and BCLi blocked melanoma progression in vivo
without severe toxicities

We used an aggressive B16-F10 murine melanoma model to test AURKAI and BCL.i therapy
in vivo. While single-agent treatments had minimal effect on tumor growth, the combination
of AURKAI and BCLi effectively blocked tumor progression (Fig. 4A—C). Histologically,
tumors from BCLi-treated mice were similar to control tumors and contained necrotic

areas consistent with an aggressive growth. Tumors from AURKAI- and combination-treated
mice had a distinct phenotype characterized by high-grade pleomorphism and enlarged cell
size consistent with senescence (Fig. 4D). Lamins are key structural components of the
nuclear lamina, a filament meshwork within the nuclear membrane essential for maintaining
nuclear shape and integrity#. Senescent cells are reported to display decrease in Lamin

B1 or uneven distribution of lanims along the nuclear rim along with abnormal nuclear
morphology 4244, Further confirming senescence, we observed an increased proportion

of cells with disrupted Lamin B1 nuclear outlines in AURKAI and combination-treated
tumors (Fig. 4E). Notably, tumors in alisertib and combination groups displayed similar
proliferation rates based on Ki67 staining (Fig. 4D), suggesting that improved efficacy

of AURKAI in combination with BCLi was not due to enhanced proliferation arrest, but
increased cell death. Accordingly, we observed an increase of cleaved caspase 3 staining

in combination therapy group compared to single-agent treatments, although the overall
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percentage of apoptotic cells was relatively low (Fig. S5A). This could be due to the prompt
clearance of apoptotic cells within the tumor microenvironment.

We also tested whether AURKAI and BCL.i treatment induced toxicities in mice. Mice in

all treatment displayed similar body weight that was not significantly impacted during the
course of treatment indicating lack of severe gastrointestinal toxicities (Fig. 4F). In addition,
serum levels of liver enzymes AST and ALT were within the normal range in mice treated
with AURKAI and BCLi combination (Fig. 4G). Thrombocytopenia is a common side
effect of BCLi navitoclax observed in clinic#>46, Therefore, we performed blood count in
non-tumor bearing mice treated with AURKAI and BCL.i single therapies and combined.
There was a numerical decrease in platelets in BCLi and combination groups that was not
significant compared to vehicle, but significant compared to AURKAI only group (Fig. 4H,
left panel). There was no significant difference in platelets between combo and BCLi-only
groups, indicating that while BCL.i affects platelets, addition of AURKAI to BCLi does not
further exacerbate this effect. White and red blood cell counts were not significantly affected
in any of the treatment groups (Fig. 4H, middle and right panel). Finally, we did not detect
significant changes in bone marrow composition (Fig. 41, J, K, Fig. S5B), indicating the lack
of severe myelotoxicities. To validate lack of toxicities in human non-malignant cells, we
obtained skin fibroblasts from 3 human donors and treated them with AURKAI and BCLi.
No significant impact on cell numbers was detected after 24hrs of treatment (Fig. S5C, D).

AURKAI treatment activated the p53 transcriptional program

To gain further insight into the mechanism of the anti-tumor activity of dual AURKAI and
BCL.i treatment, we performed RNA sequencing of tumors shown in Fig. 4A. Despite

a dramatic difference in size, tumors from single-agent AURKAI and AURKAI-BCLi
combination-treated mice exhibited highly similar transcriptomes as they clustered together
on a heat map of differentially expressed genes (DEGs, Fig. 5A). Out of 50601 tested
transcripts, there were 546 DEGs modulated by AURKAI and 677 DEGs modulated

by combo. Of note, 378 DEGs overlapped between these treatments, which constituted

a statistically significant overlap based on Fisher’s exact test (p<0.0001). Furthermore,
principal component analysis (PCA) indicated similarity of AURKAI- and combination-
treated tumors, which clustered together on a PCA plot (Fig. 5B). Kyoto Encyclopedia

of Genes and Genomes (KEGG) analysis revealed an enrichment of DEGs related to p53
pathways in combo and AURKAI treatments with a similar pattern of mMRNA modulation
(Fig. 5C, D). These data demonstrate similar induction of the p53 transcriptional response
by AURKAI and AURKAI-BCLi combination treatments. Western blot analysis of p53
protein expression confirmed this conclusion (Fig. 5E).

We tested the functional significance of p53 activation using p53 knockdown and knockout
(Fig. 5F). Loss of endogenous p53 rescued cells from AURKAI and BCLi-induced death
(Fig. 5G, H, I). Similarly, SK-Mel28 melanoma cells expressing mutated 7P53were
resistant to AURKAI and BCL.i treatment (Fig. 5J). Altogether, these data demonstrate that
AURKAI-mediated activation of p53 is required for BCLi-mediated apoptosis but is not
sufficient to induce apoptosis on its own.
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Network analysis identified p53-regulated cell cycle inhibitor p21 as an important hub
connecting proteins differentially affected by AURKAI and AURKAI and BCLi combination

Our data so far demonstrated that AURKAI activated p53 transcriptional program, which led
to senescence in the absence of BCLi and to apoptosis when BCLi was added. Therefore,
we hypothesized that BCLi modulated p53 response on a post-transcriptional level. We
employed a reverse-phase protein array (RPPA) detecting 447 proteins involved in the
regulation of cell cycle, apoptosis, and other cancer-relevant processes to identify proteins
significantly modulated by either AURKAI, BCLi, or combination treatments (Fig. 6A).

In contrast to the transcriptomic data, cells treated with AURKAI and BCLi combination
displayed distinct proteome compared to AURKAI-treated cells, as indicated by the PCA
(Fig. 6B).

To identify key proteome reprogramming events associated with a senescence-to-apoptosis
fate switch, we constructed networks from proteins affected by BCLi, AURKAI, or
combination treatment (Fig. 6C). The networks modulated by BCLi, and AURKA. single-
agent treatments were relatively simple due to the limited number of proteins affected by
these conditions (Fig. 6C, top panels). In contrast, proteins differentially modulated by
AURKAI-BCLI dual treatment compared to vehicle treatment formed a complex network
comprising five sub-networks (modules). The most integral protein in the AURKAI-BCLI-
regulated network was p53, which was also the main hub of the largest central module that
connected four distal modules. This module was enriched with GO annotations relevant to
stress and apoptosis. Distal modules were enriched for surface receptor signaling, energy
and metabolism, DNA repair, DNA damage, and apoptosis annotations (Fig. 6C, middle
panel). Finally, a network of proteins differentially expressed in cells treated with AURKAI
only and AURKAIi+BCLi combination was enriched for GO terms related to cell division
and apoptosis, reflecting the distinct cellular responses induced by these treatments. The
algorithm also identified a module enriched with proteins involved in a cellular component
assembly that may reflect distinct cytoskeleton changes in senescent and apoptotic cells
(Fig. 6C, bottom panel). Connectivity analysis was performed to identify most influential
proteins within the networks (Fig. 6D). This analysis identified several proteins, including
p21, FN1, ERBB2, AKT1, and ESR1. We chose to focus on p21, a key mediator of
p53-induced cell cycle arrest and senescence, which was the most connected protein in the
network (Fig. 6D).

Post-transcriptional regulation of p53 target genes determines therapeutic cell fate

In silico network modeling identified p21 as an influencer of proteome differences between
senescence- and apoptosis-committed cells, therefore we performed a series of functional
assays to validate its role in cell fate regulation. Western blot analysis showed that p21
protein was induced by AURKAI but downregulated after the addition of BCLi (Fig. 7A).
Of note, addition of BCL-xL.i, but not BCL-2i or MCL.i also abrogated AURKAIi-mediated
p21 induction, which aligned with the ability of these agents to improve AURKAI efficacy
(Fig. 1K). In contrast to protein levels, p21 mRNA levels were comparable in AURKAI
and combination-treated cells (Fig. 7B), indicating that p21 downregulation occurred

on a post-transcriptional level. To determine whether p21 downregulation resulted from
decreased protein stability, we used cycloheximide to block protein synthesis. We found
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that p21 degradation was accelerated by the BCLi and AURKAIi and BCLi combination
treatment (Fig. 7C). Of note, there were no statistically significant differences in p21
degradation in the presence of proteasome inhibitor MG132 (Fig. 7C, right lanes, Fig.
S6A), suggesting that non-proteasomal mechanisms regulate p21 protein stability. It has
been reported that p21 is a target for proteolytic cleavage by activated caspases 47-50. Since
caspases were activated by the AURKAI and BCLi combination therapy (Fig. 2J), we tested
whether caspase activity was important for BCLi-mediated downregulation of p21 protein.
Co-treatment with pan-caspase inhibitor Z-VAD-FMK abrogated p21 downregulation in
AURKAI and BCLi-treated cells (Fig. 7D), indicating that BCLi-mediated p21 degradation
is likely to be caspase-dependent.

To test whether p21 downregulation enabled apoptotic response to AURKAI, we knocked
down endogenous p21 in melanoma cells using siRNA (Fig. 7E). AURKA.-treated p21-
knockdown (p21-KD) cells displayed an increased rate of cell death (Fig. 7F) and PARP
cleavage (Fig. 7G) compared to wild-type cells. Accordingly, fewer p21-KD cells remained
after treatment with AURKAI compared to control p21 wild type cells (Fig. 7H). Similarly,
p21-knockout HCT116 cells cells displayed more cell death after AURKAI compared to
p21 wild-type cells (Fig. S6B). Interestingly, the total numbers of cells following AURKA.I
treatment were comparable in p21 wild type and KO cells (Fig. S6C), which was likely due
to the failure of p21-KO cells to undergo cell cycle arrest upon AURKAI treatment (Fig.
S6D). Fig. S6E illustrates the loss of p21 protein in p21 KO cells.

Since cell cycle arrest is a main function of p21, we tested if the arrested state itself
protected cells from therapy-induced apoptosis. The serum withdrawal approach was used

to induce p21-independent cell cycle arrest. Cells cultured in serum-free conditions were
resistant to cell death induced by BCLi-AURKAI co-treatment (Fig. 71), despite the evidence
of caspase activation (Fig. 7J). This data indicates that BCLi-mediated downregulation of
p21 may facilitate cell death by preventing cell cycle arrest.

Finally, we investigated downstream effectors of p53-dependent apoptosis enabled by

p21 degradation. p53-regulated pro-apoptotic mitochondrial protein BAX was induced on
protein and mRNA levels in AURKAI and AURKAI/BCLi-treated cells (Fig. 7K, L). Down
modulation of BAX using RNAI abrogated AURKAI/BCLi-induced cell death (Fig. 7M).
These findings were confirmed using isogenic BAX wild-type and knockout HCT116

cells (Fig. S6F, G). BAX induces apoptosis by assembling into oligomers that delineate
pores to permeabilize the mitochondrial outer membrane (MOM)®1. BAK is a homolog of
BAX with similar function, therefore we predicted that BAK loss will limit AURKAI and
BCLi-mediated apoptosis, similar to BAX loss. Indeed, melanoma cells transfected with
BAK siRNA were less sensitive to AURKAI and BCLi combination then control siRNA-
expressing cells (Fig. 70, P). We also tested the involvement of another pro-apoptotic p53
target PUMA. PUMA mRNA was induced by AURKAI treatment without notable changes
to the protein expression (Fig. S6H, I). Knockdown and knockout of PUMA gene BBC3had
minimal effect of cell viability upon AURKAI and BCL.i treatment (Fig. S6J-0). Based on
these data, we concluded that BAX and BAK mediate p53-dependent apoptosis induced by
AURKAI and BCL.i treatment.
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DISCUSSION

The ideal outcome of cancer therapy is a complete response where cancer cells are
permanently eliminated from the body. However, cancer cells can often survive treatment
by adopting cell-cycle arrest or senescence fates, which limit therapeutic benefit and
worsen a patient’s long-term prognosis. Identifying key drivers of therapeutic fate choice
can improve our ability to eliminate tumors and is an unmet clinical need. Our study
demonstrated that inhibition of the pro-survival mitochondrial protein BCL-xL can direct
cancer cells towards adopting an apoptotic cell fate upon drug treatment by modulating
the output of p53 transcriptional response. These findings reveal a rational strategy to use
pharmacological inhibitors of BCL-XL to promote apoptosis during cancer treatment. \We
have demonstrated the efficacy of this approach by combining BCLi with an emerging
cancer therapeutic alisertib (AURKAI) that induces melanoma cell senescence when used
as a monotherapy. The combination displayed superior anti-tumor activity /n vivo without
major toxicities to normal organs. We confirmed the translational potential of alisertib
and navitoclax combination using a functional precision oncology approach®2. To this
end, a “preclinical trial” of AURKAI and BCLi combination was conducted with nineteen
melanoma patient-derived organoids. These models recapitulate the biology and therapeutic
response of patients’ tumors>3-60.

By testing the combination of AURKAI and BCL.i on a set of genetically diverse melanoma
PDOs, we were able to uncover the dependence of apoptotic response on the presence

of wild-type transcriptionally-competent p53. All TP53 wild-type PDOs were sensitive to
AURKAI and BCL.i treatment regardless of their BRAF mutational status and treatment
history, while all mutated tumors were resistant, implicating p53 mutational status as a
biomarker for patient selection. Notably, melanoma tumors often retain wild-type p53 (about
80%) 61, suggesting that most melanoma patients could benefit from the AURKAI and

BCLi combination. We also found colon cancer cells to be sensitive to AURKAI and BCLI
combination. These data suggest that therapeutically combining AURKAI and BCLi may
benefit patients with various cancer types.

Our drug screening data demonstrated that BCLi can enhance activity of several other drugs,
including all mitotic kinase inhibitors we tested. These findings match well with our current
knowledge that prolonged mitotic inhibition activates p53 as a part of mitotic surveillance
pathway regulated by USP28 and p53BP162-66_ Cells arrested in mitosis have two mutually
exclusive cell fates: cell death from mitotic catastrophe or mitotic slippage where cells
escape from mitosis and return to interphase in a tetraploid state57:68, The fate choice is
determined by the balance of pro-survival and pro-apoptotic BCL-2 family proteins®9.70,
Accordingly, a synergistic activity of anti-mitotic drugs and BCL-xL has been reported in
various cancer cell types’1:72,

P53 is a stress-induced transcription factor that transactivates genes regulating apoptosis,
cell cycle and other cellular processes’3. Several studies showed that activation of p53
promotes death in senescent cells2>74, Intriguingly, our RNAseq data revealed that the p53
transcriptional program was activated equally in alisertib-treated cells and cells treated with
alisertib and navitoclax combined. These findings indicate that p53 activation itself is not
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a decisive factor of therapeutic fate. Indeed, it is well documented that activation of p53

can lead to either cell death or survival via cell cycle arrest and damage repair’®. However,
our knowledge of how cell fate upon p53 activation is determined remains limited. A recent
study showed that mitochondrial apoptotic priming determines whether cells undergo cell
cycle arrest or apoptosis upon p53 re-expression’8, implicating mitochondrial polarization as
a major player in the regulation of p53 response. In agreement with these findings, we show
that targeting pro-survival BCL-2 family proteins, which increase mitochondrial apoptotic
priming, triggers cell death in the context of AURKAI-mediated p53 activation.

Cell cycle arrest and apoptosis are mutually exclusive cellular processes. The outstanding
question is, what are the mechanisms that abrogate pro-survival cell cycle arrest processes
when mitochondrial outer membrane potential drops below the critical threshold? Our study
implicates p21 protein stability as a critical factor. P21 is a p53-regulated inhibitor of

cell cycle kinases. Our data suggest that p21 protein is rapidly degraded in AURKAIi+BCLi-
treated cells in a caspase-dependent manner, and this leads to apoptosis induction. Thus,
p21-regulated processes may counteract apoptosis processes even after caspase activation
has occurred. This intriguing idea aligns well with the view that caspase activity and caspase
substrate cleavage can occur without cell death. In fact, non-apoptotic caspase activity has
been implicated in regulation of many cellular processes, including development, innate
immune response, tissue regeneration, cell-fate determination, stem-cell differentiation, and
neural activation’’-82, In contrast to p21, BAX, a pro-apoptotic target of p5383-85, is spared
by BCL.i treatment. BAX oligomerizes to form pores in the mitochondrial outer membrane
leading to MOMP and caspase activation. In the context of AURKAI and BCLi treatment,
BAX-dependent apoptosis coincided with degradation of p21, implicating the balance of
these factors in melanoma therapeutic fate regulation.

Based on experimental findings, we proposed a working model where alisertib, paclitaxel,
and other cancer drugs activate p53 transcriptional programs in melanoma cells. Due to the
high activity of BCL-xL, which inhibits the pro-apoptotic p53 effector BAX, p53 activation
translates into a p21-mediated cytostatic response. Inhibition of BCL-xL permits BAX-
mediated MOMP, resulting in caspase-mediated cleavage of p21 that restricts protective
senescence-initiating processes during apoptosis. Our findings argue for using BCL-xL
inhibitors to augment therapeutic responses in p53 wild-type cancers.

Limitations of the study

RPPA analysis comparing proteins in senescence- and apoptosis-committed cells is limited
to a few hundred proteins. This limited our ability to assess the full extent of p21-associated
network. Therefore, while the data we collected provides an insight into cell fate regulation
in the context of cancer therapy, more work needs to be done to dissect the exact mechanism
of how p21 activity counteracts cells death.
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STAR Methods
RESOURCE AVAILABILITY

Lead contact—Further information and requests for resources and reagents
should be directed to and will be fulfilled by the lead contact, Anna Vilgelm
(anna.vilgelm@osumc.com).

Materials availability—Patient-derived organoids generated in this study will be shared
by a lead contact upon request pending an execution of an MTA.

Data and code availability

1 Access to the original data. RNA-seq data have been deposited at GEO
and are publicly available as of the date of publication. Accession number
is GSE212127. RPPA proteomics data have been deposited to BioStudies.
Accession humber is S-BSST919.

2. Access to the original code. This paper does not report original code.

3. Access to any additional information. Any additional information required to
reanalyze the data reported in this paper is available from the lead contact upon
request.

EXPERIMENTAL MODEL AND SUBJECT DETAILS

Cell lines—Human melanoma cells A375, Hs294T, Sk-Mel5, B16F10, Sk-Mel28 were
purchased from the American Type Culture Collection. Colorectal HCT116 cells with p53
KO were provided by Alexander Zaika (University of Miami). HCT116 cell lines with wild
type or knockout of BAX and PUMA were provided by Bert Vogelstein (John Hopkins
University). The HCT116 wild type and p21 knockout (p21~/~) cell lines were purchased
from Horizon Discovery (HD R02-035). Cells were cultured in Dulbecco’s modified
Eagle’s medium/F12 medium supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin-streptomycin (Gibco) at 37°C. Cell lines have not been authenticated.

Patient-derived organoids and fibroblasts—~Patient-derived organoids were
generated using fine —needle aspiration (FNA) from patient-derived xenografts generated
previously2°:3940_ Briefly, to establish PDX tumors in mice, frozen fragments of tumor
tissue cryopreserved in liquid nitrogen with 10% DMSO were thawed at room temperature
and washed ones with sterile PBS. Small incision was made in the betadine-disinfected
skin on the back of a nude mouse and a piece of tumor tissue of 1-2 mm in diameter

was placed subcutaneously into the incision. Wounds were closed using surgical clips.
Mice were monitored until the tumors reached approximately 10 mm in diameter. FNAs
were performed on PDX tumors using a 25-gauge needle as described previously [36].
Detailed protocol for PDO generation, growth, passaging, and cryopreservation can be found
here [37, 38]. Organoids were cultured in complete media containing DMEM-F12 (Gibco),
15% FBS (Gibco), 1X B27-supplement (Gibco), and 5% Matrigel (Corning) in ultra-low
attachment plates at 37°C. Growth of organoids was typically observed after 1-2 weeks

in culture. Sex of PDOs is indicated in the Table S2. Human skin biopsies were obtained
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from CTCL patients under IRB #2020C0056. Sex, age, treatment, or any other patient and
disease related information was not collected. To obtain human fibroblasts, skin biopsies
were enzymatically digested with liberase TL (Roche Cat#05401020001) for 90 minutes
and dissociated cells were filtered through a 70 uM cell strainer. The resulting cells were
plated in tissue culture-treated 6-well plates. After about one week in culture, media was
removed and attached fibroblasts were collected by trypsinization. Fibroblasts were cultured
in standard cell culture conditions in Dulbecco’s modified Eagle’s medium/F12 medium
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin (Gibco).

Mice—All animal procedures were approved by the IACUC at Vanderbilt and OSU.
Patient-derived xenografts (PDX) had been generated previously3® [31, 65]. Tumors
were propagated by serial passaging in 6-10 week old female NSG mice (NOD-SCID
IL2Rgammanull) and 6-10 week old female nude mice (Foxnlnu) and used to generate
PDOs. To assess AURKAI and BCL.i treatment efficacy in vivo, 6-10 week old female
C57BI/6 mice were injected subcutaneously with 50,000 B16F10 cells. Treatment was
initiated when tumors were palpable. Mice were euthanized if tumors exceeded 15 mm in
diameter or became perforated.

METHOD DETAILS

Cell viability and senescence-associated (SA) B-galactosidase assays—Cells
were seeded at 0.2x10° - 0.3x10 cells per well in flat-bottom 6-well plates and allowed

to attach overnight prior to treatment ad treated as described in figure legends. For crystal
violet staining, cells were fixed with 100% methanol (Sigma) for 10 minutes and stained
with 1% (w/v) crystal violet (Sigma) for 15 minutes, followed by at least three washes with
water. The crystal violet stain was visualized using phase-contrast microscopy. Cells were
counted with ImageJ software. For graphical presentation, cell counts from each experiment
were shown as percentages relevant to a control sample (no drug, control siRNA, wild

type, etc.). Histochemical staining of cells for Senescence-associated (SA) p-galactosidase
activity was performed using a kit (BD) according to the manufacture’s protocol.

Flow Cytometry—Apoptosis, DNA Damage, and Cell Proliferation Kit (BD) measured
BrdU incorporation and PARP cleavage. Cells were pulsed with 50 mM of BrdU during the
final 5 hours of culture and processed according to the manufacture’s protocol. Annexin V
staining was performed using the FITC Annexin V Apoptosis Detection Kit (BD). A375
cells were plated at 0.2x10 - 0.3x10 cells/well in 6-well flat-bottom plates cells and

treated with drugs the following day. Experiments were performed in triplicate. Results were
analyzed using FlowJo software. For bone marrow analysis, femurs were flushed with PBS,
and cell suspensions were stained with fluorescent antibodies. Data were acquired using
Cytek Aurora spectral flow cytometer and analyzed in OMIQ.

Transfection—Transfections were performed in A375 and Hs294T cells using
Lipofectamine RNAi Max (Thermofisher) according to the manufacturer’s protocol. We
used siRNA targeting p53 (Santa Cruz Biotechnology), BAX (Cell Signaling), PUMA (Cell
Signaling), AURKA (Cell Signaling), p21 (Cell Signaling), Bak (Cell Signaling), BCL-xL
(Thermo Fisher), and control non-targeting siRNA (Cell Signaling).
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Western blot—Cell lysates were prepared by washing cells once with cold PBS followed
by lysis with RIPA buffer (Sigma-Aldrich) supplemented with protease inhibitors (Sigma-
Aldrich). Protein concentrations in lysates were determined using Bradford Protein Assay
reagent (Bio-Rad) according to the manufacturer’s protocol. All primary antibodies (caspase
3, cleaved-caspase3, cleaved-PARP, p21, BAX, Bak, BCLxI, HSP90, and B-actin) were
purchased from Cell Signaling except for p53, which was from Sana Cruz Biotechnology.
All primary antibodies were hybridized overnight at 4°C at 1:500 dilutions except for
housekeeping proteins p-actin, p-tubulin, and HSP90, which were used at 1:2000 dilution.
Secondary antibodies (Cell Signaling) were used at a dilution of 1:10,000 for 2 hours at
room temperature. Densitometry analysis was performed using ImageJ.

Immunohistochemcal and immunofluorescent tissue staining and electron
Microscopy—Organoids and patient tumors were submitted to Translational Pathology
Shared Resource (Vanderbilt) and Comparative Pathology and Digital Imaging Shared
Resource (OSU) for H&E and Ki67 staining. Slides were evaluated in a blind

manner by a dermatopathologist, who provided pathology comments and estimation

of necrosis area and KI67 positivity. For IF staining, FFPE tissues were sectioned

at 5um thickness, deparaffinized in xylenes, rehydrated, and antigen retrieval was
performed using either 1xTarget Retrieval pH 6.0 (Dako) or 1x EDTA Decloaker pH

8.4 (Biocare Medical) in a pressure cooker for 2 minutes at 110°C. Sections were

then permeabilized for 20 minutes in 1X Tris-Buffered Saline+0.01%Tween-20 (TBST).
Blocking solution (1xTBS+0.3%TritonX100+10%Donkey Serum+5%BSA) was applied
followed by endogenous peroxidase quenching with 3% H,0, before the addition of
primary Cleaved Caspase-3 antibodies (1:400, Cell Signaling 9661S). Slides receiving anti-
mouse antibodies were also blocked with ReadyProbes Mouse on Mouse 1gG Blocking
Solution prior to addition of Lamin B1 (1:1000, Cell Signaling), After washing in TBST,
AlexaFluor-conjugated secondary antibodies were added (anti-rabbit 594 and anti-rat
594, Invitrogen). Nuclei were counterstained with Hoescht (1:15000, Invitrogen 33342)
and slides mounted with SlowFade Gold antifade mountant (Invitrogen). For electron
microscopy, A375 cells were treated with experimental drugs for 16 hours. Fixation,
dehydration, embedding, sectioning, and staining were done by the cell imaging shared
resource at Vanderbilt using a standardized protocol. Imaging was performed on the
Philips/FEI T-12 transmission electron microscope.

Fluorescent viability assay in PDOs—An equal number of PDOs were seeded in an
ultra-low attachment 96 well plate. Drugs or drug vehicles (DMSQ) were added to culture
wells in triplicate, and PDOs were incubated for 72 hours. After 48 hours of drug dosing,
propidium iodide was added to the wells at a final concentration of 50 pg/ml. After 24
additional hours of culturing, Hoechst 33342 and Calcein AM (Thermo Fisher Scientific)
were added at a final concentration of 10 pg/ml and 5uM, respectively. Organoids were
incubated in standard cell culture conditions at 37C with 5% CO2 for an additional two
hours. Images were taken on an inverted fluorescent microscope (EVOS™ M7000, Thermo
Fisher). The live/dead ratios were calculated by quantification of images in Image J. RGB
images were split into three channels. Live cells were evaluated in the Green Channel, and
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dead cells were evaluated in the Red Channel based on fluorescence intensity in the organoid
region. Organoid regions were identified in a trans channel image.

QUANTIFICATION AND STATISTICAL ANALYSIS

RNA sequencing data generation and analysis—Targeted DNA sequencing was
described previously3940, RNAseq data was generated by OSUCCC GSR using ribo-
depleted total transcriptome library generation approach. Input RNA quality and quantity
was assessed using the Agilent 2100 Bioanalyzer RNA Nanochip (Agilent Technologies,
Santa Clara, CA) and Qubit Fluorometer (Thermo Fisher), respectively. The RNA integrity
number (RIN) values for all samples exceeded the minimum requirement of 3 and the

RNA concentrations were equal or greater than 100ng/uL. Ribo-depleted total transcriptome
libraries were generated with NEBNext Ultra Il Directional RNA Library Prep Kit for
Illumina (NEB #E7760) and NEBNext rRNA Depletion Kit (NEB #E7405) with an input
amount of 100 ng total RNA per sample. Library fragmentation profile and amount was
assessed by the Agilent Bioanalyzer HS DNA chip and Qubit Fluorometer, respectively.
Libraries were pooled and sequenced on an lllumina NovaSeq SP flowcell in paired-end
100 bp format (lllumina, San Diego, CA) to a minimum read yield ~70 million paired reads
(equivalent to ~35 million clusters).

Individual FASTQ files were trimmed for adapter sequences and filtered for a minimum
quality score of Q20 using AdapterRemoval v2.2.0. Preliminary alignment using HISAT?2
v2.0.6 was performed to a composite reference of rRNA, mtDNA, and PhiX bacteriophage
sequences obtained from NCBI RefSeq. Reads aligning to these references were excluded
in downstream analyses. Primary alignment was performed against the mouse genome
reference GRCm38p4 using HISAT2. Gene expression values for genes described by the
GENCODE Gene Transfer Format (GTF) release M14 (mouse) were quantified using the
featureCounts tool of the Subread package v1.5.1 58 in stranded mode.

RNAseq data were normalized on log2 scale. To identify genes differentially expressed
between treatment groups (DEGS), the log2 fold change between the average normalized
expression in compared groups were calculated for each transcript and compared using Wald
test. P-values were adjusted for multiple comparison using Benjamini-Hochberg method.
Gene was considered a DEG if adjusted p-value < 0.05. To construct a heatmap, normalized
counts of genes differentially expressed in vehicle and combo samples were uploaded into
ClustVis web portal 87, Individual genes were organized in rows, and treatment conditions
in columns. Rows were centered; unit variance scaling was applied to rows. Both rows

and columns were clustered using correlation distance and average linkage. For PCA,

unit variance scaling was applied to rows; SVD with imputation was used to calculate
principal components. X and Y axis show principal component 1 and principal component
2. Heatmap showing expression of p53 target genes heatmap was constructed using
Morpheus using their standard configuration (https://software.broadinstitute.org/morpheus).
No clustering was performed. A relative color scheme was chosed that uses the minimum
and maximum values in each row to convert values to colors. RNAseq pathways were
analyzed using DAVID online computational platform 88, List of DEGs associated with
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AURKAI and Combination treatments were uploaded into DAVID and processed using
Functional Annotation Clustering tool and GOTERM_BP_DIRECT annotation category.

Proteomics analysis and construction of protein networks—~For the analysis of
cell proteome, A375 cell pellets were submitted to MD Anderson Cancer Center RPPA core
for lysis and analysis of 447 proteins using reverse phase protein array (RPPA) technology
89 We analyzed three biological replicates for each treatment condition. Normalized linear
(Normlinear) expression data from RPPA analysis was then used to calculate PCA, plot

the heat map, and identify proteins differentially-expressed between treatment group. To
construct PCA plots and heatmaps, expression data was uploaded to ClustVis web portal.
Individual proteins were organized in rows, and treatment conditions in columns. For PCA,
unit variance scaling was applied to rows; SVD with imputation was used to calculate
principal components. X and Y axis show principal component 1 and principal component 2.
For heatmap, rows were centered; unit variance scaling was applied to rows. Both rows and
columns were clustered using correlation distance and average linkage.

Protein expression between treatment groups was compared in GraphPadPrism using
multiple unpaired t-test with individual variances computed for each protein. Two-stage
step-up method was used to identify differentially expressed proteins and the FDR threshold
was set at 10%. For each comparison, a list of proteins that passed the FDR threshold

was uploaded to OmicsNet and network analysis of one list of molecules was performed
using the “Proteins” option. STRING database of known and predicted protein-protein
interactions was selected for network creation and Streiner Forest (PCSF) network tool was
applied to simplify the network by identifying subnetwork enriched with input values. The
networks were visualized in 2D. WalkTrap algorithm was used to identify modules within
the networks and GO:BP database was used for pathway enrichment analysis.

Statistical analysis—Continuous variables were expressed as mean with standard
deviation. Statistical methods and tests were indicated in the figure legends. Welch’s t-test,
one-way, two-way, or repeated-measures ANOVA were used to compare two samples and
multiple samples, respectively. All tests were two-tailed, p values < 0.05 were considered
statistically significant, and p values were adjusted for multiple comparisons. The statistical
analyses were performed using STATA, version 16 (StataCorp LLC), R 3.6.0, and GraphPad
Prism.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. BCL-2/xL inhibition promoted cell death in responseto a variety of oncology agents.
(A) Schematic of the drug screen design. (B) Percentages of dead Pl-positive cells in cells

treated for 24h with indicated drugs in the presence or absence of BCLi navitoclax. Median
values from 6 quantified images are shown per each condition. N=6. (C) Representative
microscopy images from the library screen shown in B. Numbers in the top left corners
indicate the percentages of apoptotic cells. Scale bar 275um. (D) Identification of drug
screen hits. Drugs that, combined with BCLi, induced at least double the percentage of

cell death induced by BCL.i alone (indicated by the punctate line) were designated as
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“BCLi-enhanced.”, and all others as “Unaffected.” Statistics using 2-way ANOVA with
Sidak’s multiple comparison test. (E) Pairwise comparison of the percentages of senescent
cells with and without BCL.i addition. Statistical analysis using paired t-test. (F) Comparison
of the percentages of senescent cells induced by BCLi-enhanced and unaffected drugs with
and without BCL.. Statistics as in D. (G) Drug categories enriched in BCLi-enhanced and
unaffected drug groups. (H) Representative images of crystal violet-stained melanoma cells
treated with 1uM navitoclax (BCLi), 1uM alisertib (AURKAI), or both drugs combined

for 24 h. Scale bar 200 um. (1) Cell count from the experiment in H. Data is shown

as percentages of cells relative to vehicle control. Statistical comparisons using one-way
ANOVA with Dunnett’s post-test. N=3. (J) Representative images of crystal violet-stained
A375 cells after 24h treatment with vehicle, 1uM navitoclax (BCLi), 1uM paclitaxel, or
both drugs combined for 24 h. Scale bar 50um. Cell quantification relative to vehicle-treated
cells is shown on right. Statistical comparisons using one-way ANOVA with Tukey’s test.
N=9 random fields from 3 individual wells (3 images/well). (K) Representative images of
crystal violet-stained A375 cells after 24h treatment with 1uM navitoclax (BCL-2/xLi),
1uM venetoclax (BCL-2i), 1uM A-1155463 (BCL-xLi), 1uM A-1210477 (MCL-1i) in

the presence or absence of 1uM alisertib (AURKAI). Scale bar 150um. (L) Relative cell
numbers from the experiment in K. Data are presented in percentages relative to untreated
cells (\ehicle/-) with statistical analysis using 2-way ANOVA with Sidak’s post-test.
Experiment was repeated three times with consistent results. (M) Left: representative images
of crystal violet-stained Hs294T cells transfected with AURKA or non-targeting siRNA

and treated with 1uM navitoclax (BCL-2/xLi) for 24h. Scale bar 275um. Experiment was
performed with three biological replicates. Middle: quantification from 6 random fields per
condition and one-way ANOVA statistical analysis with Sidak’s post-test. Right: efficiency
of target knockdown determined by western. (N) Same as M, except BCL-xL-targeting
SiRNA was used and cells were treated with 1uM alisertib (AURKAI) for 24h. All panels:
Ns P > 0.05, * P< 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. When applicable,
p-values were adjusted for multiple comparisons. See also Fig. S1.
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Figure 2. Treatment combining AURKAIi and BCLi induced apoptosis associated with

mitochondrial depolarization and caspase activation.
(A) Representative flow cytometry plots from PARP cleavag

A375 cells were treated with vehicle, 1uM navitoclax (BCLi
both drugs combined for 24 hours and pulsed with BrdU for

e and BrdU incorporation assay.
), 1uM alisertib (AURKAI) or
5 hours. BRDU+ cells were

gated on live cells (cells with cleaved PARP and with sub-G1 DNA content were gated out).
(B) Statistical comparison of the percentages of BRDU+ cells and cells with cleaved PARP
from A. Statistics by one-way ANOVA with Tukey’s adjustments. N=3. (C) Representative
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results of Annexin V/PI staining detecting cells in early (bottom right quadrants) and late
(top right quadrants) apoptosis. (D) Quantification of experiment in C. Data are presented
as mean * standard deviation for three replicates, 2-way ANOVA with Dunnett’s post-test.
(E) Representative results of the senescence-associated (SA) p-galactosidase activity in cells
treated as in A for 48 hours. Scale bar 150um. (F) Quantification of SA-B-Gal positive

cells from E, 9 fields from 3 biological replicates. Experiment was repeated two times

with consistent results. Statistical analysis using one-way ANOVA with Tukey’s post-test.
(G) ELISA of secreted IL-6 and IL-8 in the conditioned media from A375 cells treated

with vehicle or 1uM AURKA:I alisertib for 24h. (H) Representative results of JC1 staining.
JC1 aggregates (red) and monomeric JC1 (green) indicate healthy polarized mitochondria
and dysfunctional depolarized mitochondria, respectively. Scale bar 150um. Quantified data
and one-way ANOVA is shown on the right. N=3. (1) Western blot of indicated apoptotic
proteins in A375 and Hs294t cells treated as in A for 24 hrs. Three independent experiments
were performed with consistent results. (J) Crystal violet staining of A375 cells treated as
described in A for 24 hrs in the presence or absence of pan-caspase inhibitor Z-VAD-FMK
(20pug/ml). Scale bar 200 um. Cell count is shown on the right. N=3. Statistics by ANOVA
with Tukey/s post-test. (K) Western blot of cleaved and total caspase 3 in A375 cells treated
as in K. Two independent experiments were performed. All panels: Ns - P > 0.05, * - P<
0.05, ** - P <£0.01, *** - P <0.001, **** - P < 0.0001. P-values were adjusted for multiple
comparisons. See also Fig. S2.
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Figure 3. Combined AURKAI and BCLi treatment induced cell death in melanoma PDOs with
wild-type p53.

(A) Schematic of the protocol for PDO generation using the fine-needle aspiration
technique. (B) H&E staining of indicated PDOs and corresponding original tumor samples.
Scale bar 50um. (C) Representative images of PDOs from 19 distinct melanoma patients
treated with vehicle, 1uM navitoclax (BCLi), 1uM alisertib (AURKAI), or both drugs
combined for 72 hrs and stained with calcein-AM (live cells), propidium iodide (PI, dead
cells), and Hoechst 33342 (DNA dye). Scale bar 50um. (D) Quantification of the ratios of
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green/red (live/dead) fluorescent signal in individual organoids for PDO2552 (top left panels
in C). See Fig. S1 for data from other 18 PDO models. N=1-40. Statistics using one-way
ANOVA with Tukey’s post-test. (E) Stratification of PDOs into sensitive to AURKAI and
BCLi co-treatment (combo-sensitive, blue bars) and combo-resistant (red bars) based on
data from C. Punctate line indicates a sensitivity cut-off defined as 50% viability inhibition
after combo treatment compared to vehicle control. (F) Association of TP53 mutational
status and response to alisertib/navitoclax combination based on combo-induced viability
inhibition shown in E. Correlation was queried using a two-sample t-test. Blue and red
colors of data points represent combo-sensitive and combo-resistant PDOs. See Fig. S2 for
response correlation with other genetic markers. (G) Same as C, except PDOs were treated
with 0.1uM paclitaxel instead of alisertib. Scale bar 50uM. Blue and red text indicates TP53
mutational status. (H) Schematic representation of the location and types of TP53 mutations
present in 19 PDOs used in C. PDOs identified by a unique arrowhead shape while mutation
type is color-coded. All panels: Ns - P > 0.05, * - P< 0.05, ** - P < 0.01, *** - P < 0.001,
**** - P <0.0001. P-values were adjusted for multiple comparisons. See also Fig. S3, 4.
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BCLi blocked melanoma progression in vivo

(A) The growth of B16F10 melanoma tumors. Mice were treated with 100 mg/kg navitoclax
(BCLI), 25 mg/kg of alisertib (AURKA.I), a combination of both drugs (same doses), or drug
vehicles for 11 days by daily oral gavage. Data are presented as means = SEM. N=5 mice
per group. Statistical analysis using 2-way ANOVA. Main treatment effects compared to
vehicle control were analyzed using Dunnett’s test. (B) Representative images of tumors in
A. Scale bar 8mm. (C) Tumor weight from the experiment in A. Statistics using ANOVA
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with Dunnett’s test. N=3-5 mice. (D) Representative images of Ki67 IHC in tumors shown
in A. Inserts indicate the percentages of Ki67+ cells across the slides determined by a
dermatopathologist. (E) Immunofluorescence (IF) staining of Lamin B1 in B16F10 tumors
shown in A. Arrows indicate representative cells with disrupted Lamin B1 nuclear border.
Scale bar 25 pm. Statistical analysis using ANOVA with Dunnett’s test. (F) Body weight
changes during the treatment. Statistical analysis as in A. (G) Serum levels of AST and
ALT in mice shown in A. Data are presented as individual data points, means + SEM.
Statistical analysis using 1-way ANOVA with Tukey’s post-test. N=3-5 mice. (H) Blood
counts of platelet, white and red blood cells (WBC and RBC). Statistical analysis was
performed using ANOVA with Dunnett’s post-test. (1) Effect of indicated treatments on
bone marrow cell populations in mice shown in A analyzed by spectral cytometry and
UMAP dimension reduction algorithm. Samples were concatenated based on treatment. (J)
Main bone marrow cell populations were identified based on marker expression indicated
in parenthesis and projected on two UMAP dimensions shown by overlay plots. (K) Bone
marrow composition in mice from the indicated treatment group. Statistical analysis using
2-way ANOVA. Main treatment effects compared to vehicle control were analyzed using
Dunnett’s multiple comparisons test. All panels: Ns - P > 0.05, * - P< 0.05, ** - P < 0.01,
*** . P <0.001, **** - P <0.0001. P-values were adjusted for multiple comparisons. See
also Fig. Sb5.
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Figure 5. AURKAI activated the p53 transcriptional program.
(A) RNAseq of tumors shown in Fig. 4A. The heat map of genes modulated by either

combined AURKAI and BCL.i treatment or corresponding individual treatments. N=3. Rows
are centered; unit variance scaling is applied to rows. Both rows and columns are clustered
using correlation distance and average linkage. (B) Results of the principal component
analysis of gene expression data sin A. (C) Top 10 KEGG pathways enriched within

the genes differentially expressed after combo (top panel) and alisertib (bottom panel)
treatments. Log10-transformed Benjamini-adjusted p-values were plotted. (D) The heat map

Cell Rep. Author manuscript; available in PMC 2023 March 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bharti et al.

Page 32

shows relative mRNA expression of genes within the KEGG p53 signaling pathway across.
“Row max” corresponds to the highest expression value of a protein in this row across all
tested samples. “Row min” is expression in the sample with lowest expression value. (E)
Western blot analysis of p53 protein in melanoma cells treated with vehicle, 1uM navitoclax
(BCLI), 1uM alisertib (AURKAI) or combination for 24 hrs. Three independent experiments
were performed with consistent results. (F) Western blot shows the efficiency of p53
knockdown/knockout. (G) Representative images and quantificationof crystal violet-stained
Hs294T melanoma cells transfected with p53 siRNA or non-targeting siRNA and treated

as described in E. Scale bar 200um. N=3. Statistical analysis using one-way ANOVA with
Sidak’s post- test. Two independent experiments were performed with consistent results.
(H) Same as G, except A375 cells were used. () Representative images and quantification
of crystal violet-stained HCT-116 wild-type and p53-null cells treated as in E. Scale bar
200um. Statistical analysis as in G. (J) Representative images and quantification of Sk-
Mel-28 cells with mutated 7P53treated as in E. Scale bar 200um. Statistical analysis using
one-way ANOVA with Dunnett’s test. (All panels) Ns - P > 0.05, * - P< 0.05, ** - P < 0.01,
*** . P <0.001, **** - P <0.0001. P-values were adjusted for multiple comparisons.

Cell Rep. Author manuscript; available in PMC 2023 March 21.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Bharti et al.

D

,ﬁ\ IZIT = DNA metabolic process B cell cycle
— .
s _ —_ _ ———a ? )
— ° !
— p21 e o o o
1 — e L
e ——— . ..%T.bpsp -
— = ==
— e o & QOYYWHAZ
- 3N O - N = 0 N =T - W I2 ‘ o g PR
%= 0 5 8 o & ¢ € ¢ $ 3 3 ® pPARP1 RBT , o
g @mp £ s o 2 E & g § § o ‘ o 21
B 8 s22 385k & oP2!,
S 5 0 6 < 2 2 . o
o APOA1 ¢
cD74
® - AKT2
RPS6KA1 BIRC3
o i CIITA
Principal component analysis
20
oS %( 1 i \ (is;K:’»B 4
Combo.1 R (J D2 I\ /
10 {combo2 @ ‘e ° ® %. N 0% e 0 /. "
P Co:bo.s BCLi1  pgcLi3® p21 ® - ‘ 0S40 40. ris -
= M g
N Foxo swsmﬂéogm?. 2
s O s e it @ ¢
= el .u: e. .Vemcle.z _— 3. ... BAX
N Vehicle.1 $
(3 AURKA3 @ ATXND o & 4 QQYK*PA% 5 TUBA4A %
o -101 AURKAI2 HUWE1 ‘ ° % e MAPK14 é °
Qe o, .
AURKAI1 MFN‘ & P o® EGF o @arP -
L4 MARC ¢ i\ be XN @SEG238
-20 1 * o ° PTPNAT® - \%.ET S
! ! ! : ¢ . ! 4 CTNNB1.‘. e@wtF -
-20 -10 0 10 20 ‘ ©® RPS6KB1 s ® e
PC1 (39.7%) Combovs ' °* \ Eiioq
Vehicle \ [ 2
. . (] p53 dule “Resp to st lapoptosis” °
BCLi vs Veh AURKAI vs Veh Bl EGFR module “Surface r .
p21 1 GSK3p module “Energy reserve/metaboli pop ¢
SLC25A11 [ RAD23A module “DNA repair” °
= B Foxo3 le “DNA d. pop
SET ]
" .
L ¢ L]
e AP2K1e ° e
ERBB2® A{”“ "/
) T ¢ BRAF, @ °
Combo vs Veh Combo vs AURKi R o P21' ]
: o @GASP3, °
RAD Combo vs AURKAI pe PARP1
ERBB2 . [ ] sr;sm' =
v L
Il p21 module “Cell division/phosphorylation”

c BCLi vs Vehicle

Page 33

AURKAI vs Vehicle

.SSKB

[ AKT1 module “Apoptosis” .
Bl FN1 module “Cellular component assembly”

>

Figure 6. The addition of BCLi caused extensive proteomeremodeling in AURKAi-treated cells.
Reverse phase proteomic analysis (RPPA) of A375 melanoma cells treated with vehicle,

1uM navitoclax (BCLi), 1uM alisertib (AURKAI) or both drugs for 24 hrs. (A) Heat

map shows proteins significantly modulated by AURKAI and BCL.i treatment. N=3.

Rows are centered; unit variance scaling is applied to rows. Rows and columns are
clustered using correlation distance and average linkage. (B) Principal component analysis
of protein expression data shown in A. (C) Protein networks constructed based on data

in A. Circles represent individual proteins differentially expressed in pairwise-compared
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groups. Connecting lines represent known/validated protein-protein interactions. The size
of individual circles reflects how many connections this protein has with other network
proteins. Colors indicate distinct modules (groups of interconnected proteins), and legends
indicate GO annotations enriched within this module. (D) Relative connectivity of top five
most connected proteins within the networks shown in C.
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Figure 7. Differential modulation of p53 targetsregulated cellular responseto AURKAI and

BCLi therapy.
(A) Western blot of p21 in A375

melanoma cells treated with 1uM navitoclax (BCL-2/

xLi), 1uM venetoclax (BCL-2i), 1uM A-1155463 (BCL-xLi), 1uM A-1210477 (MCL-1i)
in the presence or absence of 1uM alisertib (AURKAI) for 24hrs. Experiment was repeated
three times with consistent results. (B) Real-time PCR of relative CDKN1A (p21) mRNA

expression in A375 cells after 24
alisertib (AURKAI), or combinat

hrs of treatment with vehicle, 1uM navitoclax (BCLi), 1uM
ion of both drugs. The experiment was repeated three times
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with 2 replicates each. Statistical comparison using one-way ANOVA with Tukey’s post-
test. (C) Western blot analysis of p21 degradation. A375 melanoma cells were treated as in
B for 16hrs followed by the addition of Cycloheximide (150ug/ml) £ MG-132 (1uM). Cell
lysates were collected at indicated time points (0.25h — 4h). P21 bands from 3 independent
experiments were quantified using densitometry and normalized to corresponding actin
bands and plotted on the graph below. The square root transformation was used to correct
for heteroscedasticity. Statistical analysis using 2-way ANOVA with Tukey’s post-test. (D)
Western blot in A375 cells treated as in B for 24hrs in the absence or presence of pan-
caspase inhibitor Z-VAD-FMK (20 ug/ml). Three independent experiments were performed
with consistent results. (E) Western blot analysis of p21 knockdown. (F) Representative
images of Hs294T cells transfected with p21-targeting or non-targeting siRNA, treated with
vehicle or 1uM alisertib (AURKAI) for 24hrs, and stained with Hoechst and PI. Scale bar
50um. Experiment was performed with 3 biological replicates. Right: data quantification
from 6 random fields (n=6) and statistics by 2-way ANOVA with Sidak’s post-test. (G)
Western blot analysis of cleaved PARP in Hs294T cells treated as in F. (H) Cristal violet
staining in Hs294T cells treated as in F. Statistical analysis as in F. (I) Representative
images and quantification of crystal violet-stained A375 cells treated as in B for 24hrs

in serum-containing (+ serum, control culture condition) and serum-free (- serum, cell
cycle-arresting conditions) media. Scale bar 200um. Statistical comparisons using one-way
ANOVA with Sidak’s post-test. N=3 biological replicates. (J) Western blot analysis of
cleaved caspase 3 in A375 cells treated as described in I. Experiment was repeated twice
with consistent results. (K) Western blot of BAX protein expression in A375 cells treated
with vehicle, 1pM navitoclax (BCLi), 1uM alisertib (AURKAI), or their combination for
16hrs. Three independent experiments were performed with consistent results. (L) Real-time
PCR analysis of BAX mRNA in A375 cells treated as in B for 24hrs. Experiment was
repeated two times with two replicates each. Statistical analysis using one-way ANOVA
with Tukey’s post-test. N=4. (M) Representative images of crystal violet-stained A375
cells transfected with non-targeting and BAX-targeting siRNA. Scale bar 150pm. Two
independent experiments were performed with consistent results. Right: quantified cell
numbers and statistical comparison using one-way ANOVA with Sidak’s post-test. N=6. (N)
Western blot for BAX siRNA efficiency. (O-P) Same as M and N, except BAK-specific
SiRNA was used. All panels: Ns - P > 0.05, * - P< 0.05, ** - P £0.01, *** - P < 0.001, ****
- P <0.0001. P-values were adjusted for multiple comparisons. See also Fig. S6.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Antibodies

Aurora A (D3E4Q) Rabbit mAb Cell signaling 14475
Bcl-xL (54H6) Rabbit mAb Cell signaling 2764
p-Histone H3 (S10) Rabbit Cell signaling 9701S
Caspase-3 Rabbit Cell signaling 9662S
Cleaved Caspase-3 Rabbit Cell signaling 9661S
PARP Rabbit Cell signaling 95425
CD45 BD Biosciences 564279
CD3 BD Biosciences 563024
CD4 BD Biosciences 741050
CD8 Biolegend 100725
B220 Biolegend 103209
NK1.1 Biolegend 108714
FoxP3 Biolegend 126404
CD69 Invitrogen 11-0691-85
PD-1 Biolegend 135228
Ki67 Invitrogen 58-5698-82
CD11b Biolegend 101267
CD11c BD Biosciences 749040
GR1 Biolegend 108426
Ly6C Biolegend 128036
I-A/l-E Biolegend 107622
F4/80 Invitrogen 17-4801-80
CCR5 Invitrogen 46-1951-82
CD103 BD Biosciences 564322
PD-L1 BD Biosciences 740614
Viability Invitrogen 50-112-9035
KLRG1 BD Biosciences 746353
CD80 BD Biosciences 741956
Fixable Viability Dye eFluor™ 780 Invitrogen 50-112-9035
Anti-p53 Antibody (DO-1) Santacruz Biotechnology SC-126
Bax Rabbit Antibody Cell signaling 2772S

Bak Rabbit Cell signaling 3814S
Puma Rabbit mAb Cell signaling 124508
p21 Waf1/Cip1 rabbit antibody Cell signaling 2947S
B-actin rabbit antibody Cell signaling 4970S
B-tubulin rabbit antibody Cell signaling 2146S
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REAGENT or RESOURCE SOURCE IDENTIFIER
HSP90 rabbit antibody Cell signaling 4874S
Anti-Lamin B1 Antibody (B-10) Santa Cruz Biotechnology SC-374015
Goat anti-Rabbit 1gG (H+L) Cross-Adsorbed Secondary Antibody, | Invitrogen A-11012
Bacterial and Virus Strains

NA

Biological Samples

NA

Chemicals, Peptides, and Recombinant Proteins

Dulbecco’s modified Eagle’s medium/F12 Gibco 11330032
GlutaMAX Gibco 35050061
Gibco™ Penicillin-Streptomycin Gibco 15-140-122
Fetal Bovine Serum Gibco 16000036
B-27™ Supplement (50X) Gibco 17504044
DMEM Gibco 11965-092
Opti-MEM Gibco 31985-070
Crystal violet Aqua solution, Inc C8126
Hoechst 33342 Invitrogen H3570
Propodium lodide Invitrogen P3566
Calcine AM Sigma 564061
Senescence B-Galactosidase Staining Kit Sigma CS0030
5-FU MedChemexpress HY-90006
Abemaciclib MedChemexpress HT-16297/CS-1229
Alisertib Adooq Bioscience A10004
Axitinib Adooq Bioscience A10103
AZD 7762 Cayman chemical company | 11491
Barasertib Selleckchem S1147

BIIB 021 Adooq Bioscience 848695-25-0
BMS-345541 Selleckchem $8044
Bortezomib Adooq Bioscience A10160
C-75 Adooq Bioscience A15331
Carboplatin Adooq Bioscience A10182
CGMO097 Novartis N/A
Choloquinine Adooq Bioscience 16445
Cisplatin Adooq Bioscience A10221
Danusertib Adooq Bioscience A10715
Dasatenib Adooq Bioscience BMS-354825
Dinacicclib Adooq Bioscience SCH 727965
Doxorubicin Adooq Bioscience A14403
Etoposide Selleckchem S1225
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REAGENT or RESOURCE SOURCE IDENTIFIER
GNE-9605 Adooq Bioscience Al14149
HDM201 Novartis N/A
KU-60019 Selleckchem S1570

LY 3295668 Selleckchem S8782
NU7441 ApeXbio A8315
Nutlin-3a Selleckchem $8059
NVP-TAE 226 Adooq Bioscience A11507
Olaparib Cayman chemical company | 10621
0SU03012 Adooq Bioscience 742112-33-0
Palbociclib LC Laboratories P-7766
PU-H71 Selleckchem S8039

R1530 Adooq Bioscience Al13111
RG7388 Roche N/A

RGF966 Adooq Bioscience A13218-10Mm-D
Ribociclib Adooq Bioscience A22303
Ruxolitinib Adooq Bioscience A11041-10Mm-D
Temozolomide, 1uM Santa Cruz Biotechnology SC-203292
Tideglusib Adooq Bioscience A11592
Vemurafenib Adooq Bioscience A10739
XMU-MP-1 Adooq Bioscience A 16228
DMSO Sigma D8418
Paclitaxel Adooq Bioscience A10689
Navitoclax MedChemexpress HY-10087
Venetoclax LC Laboratories V-3579
A1155463 Adooq Bioscience Al6112
A-1210477 Adooq Bioscience A15545

Apoptosis, DNA damage and cell proliferation kit

BD Biosciences

51-9007685AK

FITC Annexin V Apoptosis Detection Kit with Pl BD Biosciences 556547
JC-1 Mitochondrial Membrane Potential Dye Thermo Fisher 3168
Human IL-8 (CXCL8) Mini TMB ELISA Development Kit Peprotech 900-TM18
Human IL-6 Mini TMB ELISA Development Kit Peprotech 900-TM16
Z-VAD-FMK Abcam ab120487
Matrigel, Corning™ Matrigel™ Membrane Matrix Corning 354234
Calcein, AM, cell-permeant dye Thermo fisher Scientific C1430
Tumor tissue dissociation kit Miltenyi Biotech 130-096-730
FOXP3/ Transcription Factor Staining Buffer Set Invitrogen 00-5523-00
SYBR-green master mix BioRad 1725270
RNA-easy mini kit Qiagen 74104
iScript cDNA synthesis kit BioRad 1708890
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(University of Miami)

REAGENT or RESOURCE SOURCE IDENTIFIER

Lipofectamine™ RNAIMAX Transfection Reagent Invitrogen 13778-075

Dako TRS, Citrate pH 6 Agilent Technologies S236984-2

Triton™ X-100 Sigma X100

NEBNext Ultra Il Directional RNA Library Prep Kit Illumina NEB #E7760

NEBNext rRNA Depletion Kit Hlumina NEB #E7405

Ethylenediaminetetraacetic acid (EDTA) Thermo scientific J15694-AP

ACK lysing buffer KD medical RGF-3015

Phosphate Buffer saline corning 46-013-CM

Super Signal West Pico PLUS Chemiluminescent Substrate Thermo scientific 34580

Cycloheximide Sigma 01810

MG-132 Adooq A11043

Laemmli SDS sample buffer Alfa Aesar J60015

RIPA buffer Sigma R0278

Halt protease and phosphatase single use inhibitor cocktail Thermo scientific 78442

10X Tris/Glycine/SDS Buffer Bio-Rad 1610772

Tris Buffer Saline Fisher Bioreagents BP2471-1

Tween 20 Fisher Bioreagents BP 337-500

Trans Blot Turbo RTA transfer kit Biorad 170-4270

Bovine serum Albumin Fisher Bioreagents BP9706-100

Protein assay dye reagent concentrate Bio-Rad 5000006

Tween 80 Sigma P1754

Polyethylene glycol400 Alfa Aesar B21992

Saline solution Growcells MSDW-1000

Reverse Phase Protein Array (RPPA) Core Facility at MD NA
Anderson Cancer Center
(Houston, TX)

Deposited Data

RNA-seq data GEO GSE212127

RPPA data BioStudies S-BSST919

Experimental Models: Cell Lines

A375 American Type Culture CRL-1619
Collection

Hs294T American Type Culture HTB-140
Collection

Sk-Mel5 American Type Culture HTB-70
Collection

B16F10 American Type Culture CRL-6475
Collection

Sk-MeL 28 American Type Culture HTB-72
Collection

HCT-116 Control Alexander Zaika N/A
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Discovery (DAVID) software

Human Retrovirology
and Immunoinformatics
(LHRI)

REAGENT or RESOURCE SOURCE IDENTIFIER
HCT-116 P53 KO Alexander Zaika N/A
(University of Miami)
HCT-116 P21 KO Horizon Discovery HDR02-035
HCT-116 Control Bert Vogelstein (John N/A
Hopkins University)
HCT-116 BAX-KO Bert Vogelstein (John N/A
Hopkins University)
HCT-116 PUMA-KO Bert Vogelstein (John N/A
Hopkins University)
Experimental Models: Organisms/Strains
NOD. Cg-Prkdcse 12rgtml/Sz The Jackson Laboratory 005557
Nude Mice (NU/J) The Jackson Laboratory 002019
C57BL/6 mice Charles river 556
Oligonucleotides
Silencer AURKA siRNA Cell signaling 8883S
Silencer select siRNA BCL2L1 Invitrogen 4427038, ID-S196
Signal Silence® p21 Waf1/Cip1 siRNA | Cell signaling 6456S
Signal Silence® p21 Waf1/Cip1 siRNA I Cell signaling 6558S
P53 siRNA Santa Cruz Biotechnology Sc-29435
Single Silencer Bax si RNA Cell signaling 6321S
Single Silencer Bak si RNA Cell signaling 6486S
Single Silencer Control si RNA Cell signaling 6568S
Single Silencer Puma si RNA Cell signaling 12845S
Primer M Bax F 5’ TGAAGACAGGGGCCTTTTTG Sigma N/A
Primer M Bax R 5’AATTCGCCGGAGACACTCG Sigma N/A
Primer CDKN1A F 5’GTCTTGTACCCTTGTGCC Sigma N/A
Primer CDKN1A R 5’GGTAGAAATCTGTCATGCTGG Sigma N/A
Software and Algorithms
ImageJ NIH Image https://
imagej.nih.gov/ij/
index.html
Graphpad’s Prism 7.03 software GraphPad https://
www.graphpad.co
m/
The Database for Annotation, Visualization, and Integrated Laboratory of https://

david.ncifcrf.gov

Morpheus

Broad Institute

https://
software.broadinsti
tute.org/morpheus
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REAGENT or RESOURCE SOURCE IDENTIFIER
cBioPortal for Cancer Genomics version 3.6.3 Memorial Sloan Kettering https://
Cancer Center www.bioconductor.
org/packages/
devel/bioc/

vignettes/limma/
inst/doc/
usersguide.pdf

STATA,version 16 stataCorp LLC N/A

R (version3.3.0.) Bioconductor https://
www.bioconductor.
org/packages/
devel/bioc/

vignettes/limma/
inst/doc/
usersguide.pdf

OMIQ Dotmatics https://
www.omig.ai

Network creation and Streiner forest (PCSF) network tool OmicsNet https://
www.omicsnet.ca/

Heat map and principal component analysis ClustVis https://biit.cs.ut.ee/

clustvis/

Other

N/A
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