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2. ABSTRACT

Recombinant human (TNF)-related apoptosis-inducing ligand (Apo2L/TRAIL)
ligand and agonistic mAbs have shown remarkable promise as an anticancer
agent. However, TRAIL signaling also activates survival signaling that can
compromise its efficacy, and TRAIL resistance is now recognized as a
common and unfortunate out come. Constitutive activation of the canonical
and non-canonical NF-kB pathways is frequent in Multiple Myeloma (MM) and
can compromise sensitivity to TRAIL. Aurora A and B are frequently
overexpressed in human cancers including multiple myeloma and have been
implicated in oncogenic transformation, including development of
chromosomal instability and derangement of multiple tumor suppressor and
oncoprotein regulated pathways. Because Aurora kinases may play an
important function in regulating the activation of NF-xB-directed gene
expression and NF-kB plays an important role in MM cell survival,
tumorigenesis and drug resistance, the aim of this study was to investigated
whether the pharmacological blockade of Aurora kinases sensitizes MM cells
to TRAIL.

We demonstrate that targeting Aurora A and B kinases with selective pan-
Aurora kinase inhibitors (pan-AKIls) strikingly enhances TRAIL-induced
cytotoxicity in TRAIL-sensitive and -resistant MM cell lines, as well as patient-
derived MM cells through a caspase-dependent mechanism. Furthermore we
demonstrate that Aurora kinases physically and functionally interact with the
key regulators of canonical and non-canonical NF-kB pathways IkB Kinase [3
(IKKB) and IKKa to activate NF-xB in MM, and the pharmacological blockade

of Aurora kinase activity induces TRAIL sensitization because it abrogates
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TRAIL-induced activation of NF-kB. We specifically found that TRAIL induces
prosurvival signaling by increasing the phosphorylation state of both Aurora
and IKK kinases and their physical interactions, and the blockade of Aurora
kinase activity by pan-AKls disrupts TRAIL-induced survival signaling by
effectively reducing Aurora-IKK kinase interactions and NF-kB activation. Pan-
AKls consistently blocked TRAIL induction of the antiapoptotic NF-kB target
genes A1/Bfl-1, Mcl-1, cellular inhibitor-of apoptosis protein 1 (clAP1), clAP2,
and/or X-chromosome-linked inhibitor-of-apoptosis protein (XIAP), all
important targets for TRAIL sensitization in MM cells. In summary, these
results identify a novel interaction between Aurora and IKK kinases and show
that these pathways can cooperate to promote TRAIL resistance in MM
through NF-kB activation. Finally, combining pan-AKls with TRAIL in vivo
showed dramatic efficacy in a multidrug-resistant human myeloma xenograft
model. These findings suggest that combining Aurora kinase inhibitors with

TRAIL may have therapeutic benefit in MM.
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4. INTRODUCTION

Multiple myeloma (MM) is a malignancy of plasma cells that accumulate in the
bone marrow (BM). Although novel drugs such as bortezomib and thalidomide
have extended the overall survival of MM patients they often do not achieve
lasting cures, providing an impetus to search for novel therapeutic modalities’.
TRAIL (also known as Apo2L) is a member of the TNF family of death
receptor ligands and has significant potential for use in cancer therapy
because of its potent ability to selectively kill cancer cells while sparing normal
cells’. A variety of preclinical data demonstrated that TRAIL exerts a
remarkable antitumor activity both in vitro and in vivo®®.

Despite these promising data, TRAIL resistance, both inherent and acquired,
is now recognized as a common and unfortunate outcome, and Phase 1/2
clinical trials have demonstrated a good toxicity profile for TRAIL but limited
evidence of antitumor activity*.

Resistance to TRAIL-mediated apoptosis can occur through multiple
mechanisms including increased expression of TRAIL decoy receptors,
overexpression of intracellular inhibitory proteins, and activation of mitogenic
and prosurvial signals®®. Strategies have been developed to bypass TRAIL
resistance in diverse preclinical models and are based on the combination of

TRAIL and numerous conventional and investigational anticancer agents®*®
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The Aurora kinases A, B, and C are highly conserved serine/threonine
kinases that play essential and distinct roles in mitosis'?. Both Aurora A and B
are frequently overexpressed in human cancers and have been implicated in

oncogenic transformation including development of chromosomal instability



and derangement of multiple tumor suppressor and oncoprotein regulated
pathways'?"®. In this preclinical study we demonstrate, both in vitro and in
vivo, a potent and specific antimyeloma activity of the combination of pan-
Aurora Kinase inhibitors (pan-AKls) with TRAIL and elucidate the multiple
molecular mechanisms, most of them converging on NF-kB pathway, by
which Aurora Kinase inhibition increases the therapeutic effect of TRAIL in
MM cells. We propose a novel mechanism linking Aurora and IKK signaling in
MM and suggest that the targeted disruption of this interaction can be an

effective approach to increase TRAIL sensitivity in MM.



5. MATERIALS AND METHODS

Study approval

Approval for the study was obtained from the Institutional Review Board of the
Department of Clinical Sciences, University of Parma. Approval for studies on
human tissue samples was obtained from informed consent of all patients and
healthy donors in accordance with the Declaration of Helsinki protocol. All
procedures involving animal models were performed in accordance with
national and international laws and policies. The experimental protocol was
approved by the University of Parma Ethics Committee and by the ltalian

Ministry of Health.

Reagents

Human recombinant KillerTRAIL™ was purchased from Alexis, San Diego,
CA. Pan-Aurora kinases inhibitor MK-0457 was provided by Merck & Co.
(Rahway, NJ). Pan-Aurora kinases inhibitor PHA-680632 was kindly provided

by dr. Jurgen Moll from Nerviano Medical Sciences, Nerviano, ltaly. For in
vitro experiments pan-AKls were dissolved in dimethyl sulfoxide (DMSO) (100
mM stock solution) and stored at -20°C until use. Recombinant human
interleukin 6 (rhIL-6) and Insulin-like growth factor 1 (IGF-1) were obtained
from Endogen (Woburn, MA). Dexamethasone (DEX) from Sigma-Aldrich (St
Louis, MO) was dissolved in absolute ethanol and used at the final
concentration of 2uM. The peptide control Cbz-Phe-Ala-fluoromethyl ketone
(Z-FA-FMK), the selective caspase-9 inhibitor Cbz-Leu-Glu(Ome)-His-
Asp(Ome)-fluoromethyl ketone (Z-LEHD-FMK), the selective caspase-8
inhibitor Cbz-lle-Glu(Ome)-Thr-Asp(Ome)-fluoromethyl ketone (Z-IETD-FMK)

and the pancaspase inhibitor Cbz-Val-Ala-Asp(Ome)-fluoromethyl ketone (Z-
8



VAD-FMK) were from Alexis (San Diego, CA, USA). All caspase inhibitors
were dissolved in dimethyl sulfoxide (DMSO), stocked in aliquots at -20°C,
and used at the final concentration of 30uM. The IkB kinase (IKKp) inhibitor
PS-1145 was purchased from Sigma-Aldrich (St. Louis, MO) and used at the
final concentration of 5uM. The NF-kB inhibitory peptide SN50 and its mutant
control peptide SN50M was obtained from Enzo Life Sciences (Plymouth

Meeting, PA) and were used at the final concentration of 10uM.

Cell cultures

Human Myeloma cell lines (HMCLs) RPMI 8226, OPM-2, U266 and JJN3
were purchased from DSM (Braunschweig, Germany). The multi drug
resistant RPMI 8226/R5 cell line was established by continuous exposure of
8226 parental cells to increasing concentrations of R115777 for over 6
months'®. The purification of myeloma cells was performed using a MACS
separator (Miltenyi Biotec, Germany) with magnetic microbeads coupled to
CD138 monoclonal antibody according to the manufacturer’s protocol. Only
cell populations with purity greater than 95% monitored by flow cytometry
analysis with anti-CD138-PC5 antibodies were used for experiments.
Peripheral blood mononuclear cells (PBMCs) from healthy subjects and
primary bone marrow stromal cells (BMSCs) from MM patients were obtained
by Ficoll-Hypaque density sedimentation. BMSCs were obtained after 2-4
weeks of culture of adherent cells in a-MEM medium supplemented with 15%
FCS and 2mM glutamine. Both HMCLs (2.0x10° cells/mL) and fresh purified
MM (2.5x10° cells/mL) cells were seeded in fresh RPMI 1640 medium

(GIBCO-BRL, Grand Island, NY), supplemented with 10% fetal calf serum,



2mM L-glutamine, penicillin G (100 U/mL), streptomycin (100mg/mL) (GIBCO-
BRL) and pretreated for 3 hours with Pan-AKIs or vehicle and then incubated
with TRAIL at the range of concentration described in the text for further 24-48
hours. Similarly HMCLs were incubated in presence of IL-6 (20ng/mL) or IGF-
1 (50ng/mL) and treated with MK-0457 or PHA-680632 and/or TRAIL with the
same experimental design.

To determine Pan-AKIs/TRAIL Combination index (Cl), HMCLs were treated
sequentially with escalating doses of MK-0457 (15-2000 ng/mL; 0.032-4.3
uM) or PHA-0680632 (15-2000 ng/mL; 0.03-4 uM) for 3 hours, and
subsequently with TRAIL (0.5-50 ng/mL) alone or in combination with pan-
AKls at a fixed ratio of 25:1 for MK-0457:TRAIL and 50:1 for PHA-
680632:TRAIL (in combination with pan-AKIs TRAIL was used at 0.6, 1.2, 2.4,
4.8, 9.6, 19.2 ng/mL). After 24 hours, apoptosis was measured by annexin-V
binding. CI plots were then generated using Chou-Talalay method. Cl values
lesser than 1.0 indicates synergism; Cl value equal 1.0 indicates additive
effect; Cl more than 1.0 indicates antagonistic effect.

Co-culture system between MM cells and adherent BMSCs (ratio 5:1) was
performed in RPMI-1640 medium at 10% FCS in the presence or absence of
Pan-AKIs and/or TRAIL for 24-48 hours. After the treatments the cells were
detached with EDTA 0.05% (Sigma-Aldrich), stained with anti-CD38/CD138-
PCS5 (Beckman Coulter, Miami, F, USA) and the apoptotic MM cells were

determined by flow cytometry as CD38/CD138" annexin-V" cells.
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Apoptosis assays, siRNA transfections, molecular and statistical
analysis

Cytofluorimetric analysis was performed to evaluate the percentage of
apoptotic cells by Sub-G1 DNA content, Mitochondrial Transmembrane
Potential (AWm) and Annexin V-FITC/PI or Annexin V-PE/7-AAD staining was

performed by Flow cytometry assay to evaluate cell cycle™.

ELISA
The DNA-binding activity of NF-xB subunits was quantified by the TransAm
NFxB family ELISA kit according to the manufacturer's protocols (Active Motif,

Rixensart, Belgium).

siRNA transfections

Prior to electroporation, cells were washed twice with serum-free Opti-MEM
(Gibco BRL Paisley, United Kingdom) and resuspended to a final
concentration of 24x10° cells/mL in Opti-MEM (Gibco BRL). Subsequently, 0.4
mL of cells suspension was mixed either with 1 nmol of a smart pool small
interfering double-stranded RNAs (siRNA) against non-specific control
(001206), or Aurora A (003545), or Aurora B (003326), or Mcl-1 (004501), or
lkB-a. (4765) (all obtained from Dharmacon Tech, Lafayette, Co), or 10 ug of
siRNA against IKKa or IKK@ or A1/Bfl-1 or clAP1 or clAP2 or XIAP or Bcl-xL
or Bcl-2 (from Sigma-Aldrich, St. Louis, MO) and electroporated in a 0.4-cm
cuvette using the Gene Pulser electroporation apparatus (Bio-Rad
Laboratories Inc., Herculex, California, USA) using a single-pulse protocol

(voltage 250 V and Capacitance 1050 uF). HMCLs were harvested for
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Immunoblotting to monitor knockdown protein levels by siRNA forty-eight

hours after siRNA transfection.

Plasmids and transfections

Lentivirus infection of MM cells: pLenti-CMV-RFP-2A-Puro-Blank (control),
pLenti-GlII-CMV-hMCL1-RFP-2A-Puro, pLenti-GllI-CMV-hBCL2A1-RFP-2A-
Puro Lentiviral Vectors and Lentiviral Packaging Mix were from Applied
Biological Materials Inc. (Vancouver, BC, Canada). Lentiviral particles were
produced by cotransfection of each lentiviral vector with the Lentiviral
Packaging Mix into 293T cell line according to the manufacturer's protocols.
RPMI 8226/R5 cells were infected by the lentiviral particles obtained and the
transfection efficiency was assessed by flow cytometry. Briefly, RPMI 8226/R5
cells were infected for 18 hours at 37°C. After infection, the medium
containing lentivirtal particles was replaced with fresh medium; infected cells
were expanded in complete medium without drug selection for 3 days after
which the medium was replaced with selection medium containing 0.6 ug/mL
puromycin. After cell growth was stable, the cells were used in the

experiments described.

Electroporation of plasmids: RPMI 8226/R5 and JJN3 cells were
electroporated with 10 pg of plLenti-CMV-GFP-2A-Puro-Blank Lentiviral
Control Vector or with pLenti-GllI-CMV-hBCL2-GFP-2A-Puro Lentiviral Vector
or pLenti-1lI-CMV-hBCL2L1-GFP-2A-Puro Lentiviral Vector or pLenti-Glll-
CMV-hMCL1-GFP-2A-Puro Lentiviral Vector (Applied Biological Materials

Inc.). All lentviral expression vectors co-expressed GFP to monitor the
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transfection by flow cytometry. After electroporation cells were expanded in
complete medium for 3 days after which the medium was replaced with
selection medium containing 0.6 pg/mL puromycin for selection of stable
transfected pools. Up to 95% of GFP-positive cells were obtained. HMCLs
stably transfected were continuously cultured under puromycin selection. After

cell growth was stable, the cells were used in the experiments described.

Western blot and Antibodies

Proteins from whole cell lysates and nuclear fractions were quantified by
Bradford assay and separated by SDS-PAGE and analyzed by Western
blotting with the indicated antibodies below.The interaction between Aurora A
or Aurora B and IKKa or IKKp was evaluated by coimmunoprecipitation
analysis by using ExactaCruz kits (Santa Cruz Biotechnology, Santa Cruz,
CA) as per manufacturer’s instructions. For immunoprecipitation, the following
antibodies were used: mouse monoclonal IKKa (B-8), mouse monoclonal
IKKB (H-4), mouse monoclonal ARK-1 (35C1) and mouse monoclonal ARK-2
(13E8A7) all provided by Santa Cruz Biotechnology. For immunoblotting, the
following antibodies were used: rabbit monoclonal anti-Aurora A/AIK, rabbit
polyclonal anti-Aurora B/AIM1, rabbit monoclonal anti-phospho Aurora A
(Thr288)/ Aurora B (Thr232)/ Aurora C (Thr198), rabbit polyclonal anti-PARP,
rabbit polyclonal anti-Cleaved PARP, rabbit polyclonal anti-Bid, rabbit
polyclonal anti-Cleaved Caspase-8, rabbit polyclonal anti-Cleaved Caspase-9,
rabbit polyclonal anti-Cleaved Caspase-3, rabbit monoclonal anti-NF-kB p65,
rabbit polyclonal anti-NF-kB1 p105/p50, rabbit polyclonal anti-NF-xB2

p100/p52, rabbit polyclonal anti-c-Rel, rabbit polyclonal anti-RelB (C1E4),
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mouse monoclonal anti-Histone H2B (53H3), rabbit polyclonal anti-IKKa,
rabbit polyclonal anti-IKKp (L570), rabbit monoclonal anti-pospho-IKKao/p
(ser176/180) (16A6), mouse monoclonal anti-lkB-a (L35A5), mouse
monoclonal anti-lkB-a (112B2), rabbit polyclonal anti-p-lkB-o (ser32), rabbit
polyclonal phospho-NF-kB2 p100 (Ser866/870), rabbit polyclonal anti-Mcl-1,
rabbit polyclonal anti-A1/Bfl-1, rabbit polyclonal anti-Bcl-xL, rabbit polyclonal
anti-clAP1, rabbit monoclonal anti-clAP2 (58C7), rabbit polyclonal anti-XIAP
all provided by Cell Signaling Technology; mouse monoclonal anti-Lamin A/C
(JoL3), mouse monoclonal anti-f Tubulin (D-10) and goat polyclonal anti-
human actin all provided by Santa Cruz Biotechnology; mouse monoclonal
anti-Bcl-2 clone 124 (Upstate Biotechnology, Lake Placid, NY); goat anti-
mouse IgG (H+L)-HRP conjugated (Bio-Rad); goat anti-rabbit IgG (H+L)-HRP
conjugated (Bio-Rad); donkey anti-goat IgG (H+L)-HRP conjugated (Santa

Cruz Biotechnology).

Animal studies, Histology and Immunohistochemistry

Five-week-old nonobese diabetic (NOD) severe combined immunodeficiency
(SCID) NOD.CB17-Prkdcscid/dJ (NOD-SCID) mice were obtained from the
JACKSON LABORATORY (Bar Harbour, ME) and maintained under the same
specific pathogen-free conditions. NOD-SCID mice were subcutaneously
inoculated in the left flank with 1.0x10” RPMI 8226/R5 cells in 200uL of PBS.
NOD-SCID mice (n=5) injected with PBS alone were used as negative
controls. When tumors reached volumes of 250 mm?, approximately 5-6
weeks after MM cell injection, mice were randomly assigned (10/group) to

receive vehicle or drugs at various doses. Mice were treated with daily doses
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of pan-AKiIs for 11 days and two doses of TRAIL on the third and sixth day.
Mice were evaluated for weight loss, tumor mass and overall appearance
every 2 days. Tumor size was in 2 dimensions using calipers, and tumor
volume was calculated using the following formula: Volume = 0.5 x a x b?,
where “a@” and “b” are the long and short diameter of the tumor, respectively.
At different time point of drug treatment or when tumors reached 2 cm®,
animals were killed by CO, euthanasia. Tumors were explanted 6-8 hours
after the last drug administration. Immediately after euthanasia necropsies
were performed and subcutaneous neoplasia (xenotransplantation) were
collected, photographed and measured. Splanchnic organs from thoracic,
peritoneal and cranial cavities as well as the right femur were also collected.
The tumour masses were submitted in part to Western blotting analysis, in
part to morphological and immunohistochemical studies. Histomorphological
investigations were performed on organs of splanchnic cavities as well as
bone marrow collected from femur. To prepare lysates, tumor tissue was
homogenized in lysis buffer and then processed as described above. For
immunohistochemical studies, xenograft tumors were fixed overnight in
paraformaldahyde followed by dehydration in graded ethanols.

Both Pan-AKIs were formulated in 30% PEG300, 70% 50 mM sodium
phosphate buffer pH3.3 (Sigma, St Louis, MO) and 50 mg/Kg of the two
inhibitors were administered by intraperitoneal injection. TRAIL was prepared
in PBS and administered at 300 ug/mouse by intraperitoneal injection. In Pan-
AKls plus TRAIL-treated mice, MK-0457 or PHA-680632 were administered 6
hours before TRAIL. Controls received a daily intraperitoneal injection of 30%

PEG300, 70% 50 mM sodium phosphate buffer vehicle and/or PBS.
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Necropsies were performed on all subjetcs and specimens of neoplasia,
splanchnic organs and femur bone marrow were collected and formalin-fixed.
5 um thick sections were obtained from samples and hematoxylin and eosin
(H&E) stained to evaluate the morphology of neoplastic cells. The expression
of Caspase-3 was determined with immunohistochemical staining using the
Kit of Cell Signaling Technology (Signal Stain Cleaved Caspase-3 IHC #
8120) according to manufacturer's protocols. Immunohistochemical staining of
phospho-Histone H3 was performed using rabbit polyclonal Phospho-Histone

H3 (ser10) #9701 from Cell Signaling Technology.

Statistical analysis

The Chou-Talalay method and Calcusyn software were used to assess
synergistic or additive or antagonist effects of combined therapies. The
median effective dose (EDsy, dose producing 50% of cytotoxicity) was
estimated using Median Effect Equation of Chou. For multiple comparisons a
statistical analysis was performed using analysis of variance for repeated
measurements followed by a Tukey-Kramer or Dunnet post-tests using JMP
version 7.0 statistical software (SAS Institute, Cary, NC). Survival curves were
derived by the Kaplan-Meier method and compared using the log-rank test,
and P values for the log rank statistic were adjusted for multiple testing by the

Bonferroni method (6 groups, 15 pairwise comparisons) using JMP software.
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6. RESULTS

6.1 Blockade of Aurora kinase activity enhances the cytotoxic effect of
TRAIL on MM cells

We first analyzed the pharmacologic interactions between pan-AKls (MK-0457
or PHA-680632) and TRAIL using a fixed-ratio experimental design on
HMCLs displaying different degrees of sensitivity to TRAIL (Table 1). We
found that the combined treatment of pan-AKls plus TRAIL resulted in the
synergistic induction of apoptosis in TRAIL-sensitive MM cells (Figure 1Ai);
moreover, pretreatment with pan-AKIls significantly enhanced TRAIL-induced
cell death in highly TRAIL-resistant JIN3 cells (Figure 1Aii); apoptotic cell
death of the drug-treated HMCLs was evaluated by either sub-G1 or Annexin
V/PI analysis (Figure 1B representative data).

Neither IL-6 (20 ng/mL) nor IGF-1 (50 ng/mL) blocked pan-AKIs/TRAIL-
triggered apoptosis in HMCLs (Figure 1C). Furthermore, exogenous IL-6
conferred resistance to TRAIL-mediated apoptosis in RPMI 8226 and OPM-2,
but pretreatment with pan-AKls was able to restore TRAIL sensitivity in both
HMCLs (Figure 1C).

Furthermore, consistent with previous studies we found that adherence of MM
cells to bone marrow stromal cells (BMSCs) significantly increased their
resistance to TRAIL-induced cell death as compared to exogenous IL-6
17 (Figure 1C); however, pan-AKls were able to completely or almost
completely reverse the BMSCs-mediated TRAIL resistance in RPMI 8226/R5
and OPM-2 (Figure 1C); whereas in RPMI 8226 and U266 HMCLs that
previously has been reported to strongly increase the caspase-8 inhibitor FLIP

when cocultured with BMSCs'®, pan-AKls partially (but significantly) overcame
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stroma-mediated TRAIL resistance when TRAIL was utilized at 4-fold higher
concentrations (9.6 or 19.2 ng/mL, respectively) than those utilized in absence
of stroma (Figure 1C). Similarly to HMCLs, we found that the treatment with
pan-AKls significantly enhanced apoptosis of fresh purified MM cells induced
by TRAIL (P < .05 n = 5) (Figure 1Di and 1Dii). The characteristics of these
patients are summarized in Table 2.

In contrast, no significant cytotoxicity in PBMCs from 3 healthy volunteers was
observed after pan-AKIs/TRAIL treatment (Figure 1Diii).

Finally, the functional knock-out of Aurora-A and -B gene expression by small
interfering (si)RNAs recapitulated the ability of pan-AKIs to sensitize HMCLs
to TRAIL (Figure 1E and representative data Figure 1F), thereby confirming
the significant role of these kinases in mediating TRAIL sensitization.

Taken together these data indicate that the combination of pan-AKIs/TRAIL

triggers significant antitumor activity even against MM cells in the BM milieu.

6.2 Combined exposure to pan-AKls and TRAIL induces caspase
dependent MM cell apoptosis

To determine whether pan-AKIs/TRAIL-induced cytotoxicity is mediated via
activation of caspase and PARP degradation, HMCLs were treated with pan-
AKls and/or TRAIL for 24 h and caspase activation and PARP fragmentation
were analyzed by Western blotting. Treatment of pan-AKls strongly
potentiated the TRAIL-induced cleavage/activation of caspase-8, -9, and -3
and PARP fragmentation in all HMCLs (Figure 2A). Consistent with these
finding we found that the combined treatment induced a robust

cleavage/activation of Bid, a substrate of active caspase-8, which is a key
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protein involved in the cross-talk between the intrinsic and extrinsic apoptotic
pathways in all tested HMCLs (Figure 2A).

To further investigate which caspases were responsible for pan-AKIs/TRAIL-
induced apoptosis we used a peptide inhibitor approach: HMCLs were
cultured with pan-AKls and/or TRAIL in the presence of caspase-8 (Z-IETD-
FMK), caspase-9 (Z-LEHD-FMK), or pancaspase (Z-VAD-FMK) inhibitors.
Either Z-IETD-FMK or Z-LEHD-FMK inhibitors significantly reduced pan-
AKIs/TRAIL-induced cytotoxicity in all tested HMCLs except for OPM-2
HMCLs in which only Z-IETD-FMK but not Z-LEHD-FMK significantly affected
pan-AKIs/TRAIL-induced cell death. Moreover, the pancaspase inhibitor Z-
VAD-FMK protected MM cells from pan-AKls and/or TRAIL-induced
apoptosis, confirming that caspase activity was indispensable for the two

drugs-induced cell death (Figure 2B).

6.3 Pan-AKIls disable TRAIL-directed survival pathways by targeting NF-
kB

RPMI 8226/R5 cells are insensitive to a diverse group of clinically relevant
antitumor agents, including Bortezomib, Melphalan, Doxorubicin, Etoposide,
and their multidrug-resistant phenotype, and resistance does not correlate
with K-Ras prenylation, farnesyl transferase activity, Ras mutation status,
increased expression of P-glycoprotein, or elevated expression of heat shock
proteins'. Therefore, we focused our molecular analyses on RPMI 8226/R5
and its parental RPMI 8226 with the aim to identify resistance mechanisms
that are clinically relevant and the potential targets of the combination pan-

AKIs/TRAIL.
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Because nuclear factor-kB (NF-xB) plays an important role in MM cell
survival, tumorigenesis, and drug resistance'’, and Aurora-A may play an
important function in regulating the activation of NF-xB-directed gene
expression'®, we investigated whether the combination of pan-Aurora kinase
inhibitors/TRAIL could induce apoptosis by interfering with NF-xB pathway in
HMCLs with different NF-xB profile'®?° (Table 1).

In agreement with previous studies demonstrating that TRAIL induces
prosurvival signal by activating NF-kB*>®, we found that TRAIL increased
nuclear localization and DNA binding activities of p65, p50, p52, and RelB
(Figure 3Ai and ii), suggesting that both canonical and non-canonical NF-kB
pathways were activated by TRAIL in MM cells. Furthermore, the blockade of
Aurora kinase activity reduced the basal and/or TRAIL-mediated activation of
both canonical and non-canonical NF-xB in all tested HMCLs (Figure 3Ai and
Aii).

Because in NF-kB signaling cascades, IkB Kinase a (IKKa) and IKKf are key
molecules that predominantly mediate non-canonical and canonical pathways,
respectively, we examined whether pan-AKls and/or TRAIL-treatment could
affect their expression levels and/or phosphorylation/activation status.

We found that both the pan-AKls partially, but significantly (P < .05), reduced
the basal amounts of active/phosphorylated IKKao/p in all HMCLs except for
OPM2, which showed low basal IKKa/p activity (Figure 3B and C) and low
NF-kB  index'®® (Table1); TRAIL strongly increased the
phosphorylation/activation of IKKa/p in RPMI 8226 and OPM-2, whereas in
RPMI 8226/R5, U266 and JJN3 HMCLs, which have elevated constitutive

IKKs activity, this increment was less evident (Figure 3B and C). Moreover,
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pretreatment with pan-AKls significantly reduced the amounts of
active/phosphorylated IKKa/p of TRAIL-treated HMCLs (Figure 3B and C);
notably, the reduced phosphorylation of IKKa/f in pan-AKIs/TRAIL-treated
MM cells correlated with their decreased protein expression in all HMCLs
except for OPM-2 (Figure 3B); Consistent with these data we found that basal
and/or TRAIL-induced phosphorylation of NF-kB2/p100 and IkB-a, the two
downstream direct targets of IKKa and IKKp that are involved in the activation
of non-canonical and canonical pathways respectively, were diminished in
HMCLs treated with pan-AKIs (Figure 3B), indicating that pan-AKls act
through the inhibition of TRAIL-induced NF-xB activation in MM cells;
accordingly, chemical and/or genetic disruption of IKKo/f functions, or
pretreatment with NF-«xB inhibitor SN50, significantly enhanced TRAIL
sensitivity of MM cells (Figure 3D and 3E).

Because pan-AKIs promote IkB-a accumulation by reducing its
phosphorylation and its subsequent degradation (Figure 3Fi and 3Fii)'®, we
examined whether its silencing affects the MM cells' responses to pan-AKls
and/or TRAIL. Consistently, siRNA knockdown of endogenous NF-kB inhibitor
IkB-a disabled pan-AKls-triggered IkB-o accumulation/ p65/NF-xB inhibition
(Figure 3FIl and 3Fiii), and protected MM cells from pan-AKIls/TRAIL-induced
apoptosis (Figure 3G), therefore arguing that inhibition of NF-kB activity by
pan-AKIs contributes functionally to TRAIL sensitization of MM cells.

These data suggest that NF-xB is an important constituent of cell survival
pathways for MM and confers protection against TRAIL-induced apoptosis,

and agents inhibiting NF-xB are potent sensitizers of TRAIL in MM?'.
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To determine which Aurora was required for IKKa and [IKKpR
phosphorylation/activation, and to rule out the possibility that the pan-AKls
effects was because of the inhibition of other kinases, we repressed Aurora A
or B by siRNA.

Notably, the RPMI 8226 knockdown of Aurora A increased the protein level of
Aurora B and the amounts of phosphorylated IKKo/p, IkB-a, and NF-kB2,
whereas knockdown of Aurora B decreased the phosphorylation of IKKo/f,
lkB-a, and NF-xkB2 (Figure 3H); in RPMI 8226/R5 we found that the
repression of either Aurora A or Aurora B resulted in
decreased phosphorylation of IKKa/p, lkB-a, and NF-kB2 (Figure 3H).

Taken together these knockdown experiments indicate that both Aurora A and
Aurora B may be involved in the phosphorylation of IKKa and IKKB in MM

cells.

6.4 Aurora kinases physically and functionally interact with IKK kinases
to activate NF-xB in MM

A previous study has demonstrated that Aurora A activates NF-xB via IkB-a
phosphorylation18, a downstream target of IKKpB, and we found in our
experiments that the blockade of Aurora kinase activity, either with pan-AKls
or siRNA suppression, affects IKKo/fg phosphorylation. Therefore, we next
investigated, by co-immunoprecipitation/Western blot analysis, whether there
were physical interactions between Aurora and IKK kinases.

As depicted in Figure 4A reciprocal immunoprecipitations (IP) using antibodies
directed against IKKa, IKKB, Aurora A, or Aurora B from lysates of untreated
RPMI 8226/R5 showed association of Aurora A with IKKa and 8, and Aurora
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B primarily with IKKa; TRAIL significantly enhanced the association of both
Aurora A and B with IKKB, and Aurora B with IKKa, but pretreatment with
pan-AKIls completely abolished these TRAIL-induced increments (Figure 4A).
To determine whether the TRAIL-induced activating interactions between
Aurora and IKK kinases correlated with Aurora kinases activation, we
analyzed Aurora A (Thr288) and Aurora B (Thr232) phosphorylation22 by
Western blot and densitometric analysis; we found that TRAIL also increased
the amounts of phosphorylated Aurora A and B in MM cells, and these

phosphorylations were abolished in the presence of pan-AKls (Figure 4B).

6.5 Aurora kinases activity is important for TRAIL-induced Aurora-IKK
kinases interactions

Finally, to determine whether TRAIL-induced Aurora-IKK kinases interactions
also depends on IKK activity, we selectively inhibited IKK activity in MM cells
by using PS-1145, a specific small molecule inhibitor of IKK; because PS-
1145 is highly selective for IKKf, with more than 1000-fold greater inhibitory
activity for IKKp than for 30 other cellular kinases, including IKKa®, we
evaluated its effects on TRAIL-induced IKKp phosphorylation/activation and
IKKp-Aurora kinases interactions. PS-1145 markedly diminished the basal
and TRAIL-mediated phosphorylation of IKKfin MM cells (Figure 5A) but
failed in reducing TRAIL-induced IKKp-Aurora kinases interactions (Figure
5B); conversely pan-AKls, that prevented TRAIL-induced
phosphorylation/activation of Aurora kinases, completely abrogated TRAIL-
induced Aurora-IKK kinases interactions (Figure 5B). Because we found that

PS-1145 treatment alone also increased IKKB-Aurora kinases interactions
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(Figure 5B), we asked whether this IKKf inhibitor was able to modulate
Aurora kinases activity; as expected we found that PS-1145 significantly
increased the activity of both Aurora A and B in MM cells (Figure 5C).
Moreover, consistent with the biological significance of targeting Aurora-IKK
interactions for enhancing TRAIL sensitivity in MM cells, PS-1145, that was
unable to negatively affect TRAIL-induced Aurora-IKK interactions, resulted
ineffective in sensitizing MM cells to TRAIL (Figure 5D).

In summary, these data strongly suggest that Aurora kinases activity is
relevant for TRAIL-induced Aurora-IKK kinases interactions and support a
model in which both Aurora A and B, activated by TRAIL, can physically and
functionally interact with IKKs to activate the canonical and non-canonical NF-
kB pathways. The blockade of Aurora kinase activity by pan-AKls can
effectively reduce the TRAIL-induced NF-«B transcriptional activation because

of disrupted AURORA-IKK kinases interactions (Figure SE).

6.6 Combined exposure to Pan-AKls and TRAIL negatively modulates
the expression of NF-kB anti-apoptotic target genes

We next analyzed the effects of treatment with pan-aurora inhibitors and/or
TRAIL on the levels of A1/Bfl-1, Mcl-1, clAP1, clAP2, and XIAP that are well-
characterized transcriptional targets of NF-kB.

Treatment for 24 h with TRAIL increased the protein levels of A1/Bfl-1 in all
tested HMCLs, and Mcl-1 in RPMI 8226/R5 and, to a lesser extent, in U266
and JUN3 HMCLs (Figure 6A); pretreatment with pan-AKls prevented TRAIL

induction of A1/Bfl-1 and Mcl-1 (Figure 6A) and significantly enhanced
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mitochondrial depolarization induced by TRAIL alone in all tested HMCLs
Figure 6B).

Using RNAI strategies we found that the knockdown of either A1/Bfl-1 or Mcl-1
significantly increased TRAIL-induced apoptosis in the majority of HMCLs
analyzed (Figure 6C and representative data in Figure 6D), whereas retroviral
overexpression of either A1/Bfl-1 or Mcl-1 protected MM (RPMI 8226/R5) cells
from TRAIL and pan-AKIs/TRAIL-induced apoptosis (Figure 6E) arguing that
both A1/Bfl-1 and Mcl-1 are important targets for TRAIL sensitization in MM
cells; in RPMI 8226, OPM-2 and JIN3 HMCLs Mcl-1 knockdown produced a
large amount of background apoptosis (over 65%) already evident 6 h after
transfection that masked the citotoxic effect of TRAIL (data not shown),
therefore confirming its pivotal role in controling MM cell survival and
apoptosis®*

Furthermore, pan-AKls either as single agents or in combination with TRAIL
did not significantly affect Bcl-xL and Bcl-2 protein expression in MM cells
(Figure 7A), suggesting that these inhibitors do not act through the modulation
of these antiapoptotic Bcl-2 proteins; accordingly, NF-kB inhibitor SN50 did
not reduce Bcl-xL and Bcl-2 levels in MM cells®®, and the siRNA knockdown of
endogenous Bcl-xL or Bcl-2 did not significantly increase TRAIL-induced
apoptosis in HMCLs (Figure 7B and 7C); moreover, overexpression of either
Bcl-2 or Bel-xL in MM cells failed to protect them from TRAIL* and pan-
AKIs/TRAIL-induced apoptosis (Figure 7D).

Consistent with our findings that pan-AKls potentiate TRAIL-induced
apoptosis through NF-kB inhibition we found that the treatment with pan-AKls

significantly reduced the basal and/or TRAIL-induced protein levels of X-
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chromosome-linked inhibitor-of-apoptosis protein (XIAP), cellular inhibitor-of-
apoptosis protein 1 (clAP1) and/or clAP2, a well known NF-xB target genes
that have been demonstrated to play a pivotal role in inhibiting death receptor
and mitochondrial signaling®?° (Figure 8A). Moreover, the siRNA knockdown
of XIAP (in all the tested HMCLs) and clAP1 or clAP2 (in RPMI 8226 and
JJUN3 respectively) significantly increased TRAIL-induced apoptosis, thereby
confirming that IAPs can be important targets for TRAIL sensitization in MM

cells (Figure 8B).

6.7 Pan-AKls combined with TRAIL cause regression of multidrug-
resistant tumors in vivo

To assess the in vivo efficacy of combining TRAIL and pan-AKls, we tested
these compounds using mouse tumor human plasmacytoma xenograft model
in which the multidrug-resistant RPMI 8226/R5 cells (1.0 x 10" cells per
mouse) were injected subcutaneously into NOD-SCID mice. When the tumors
reached approximately 250 mm?®, mice bearing RPMI 8226/R5 tumors were
randomized (n = 10/group) to receive vehicle or MK-0457 or PHA-680632 at
50 mg/kg or TRAIL (300 ug/per mouse) or MK-0457/TRAIL or PHA-
680632/TRAIL. Both pan-AKls and TRAIL were administered by
intraperitoneal injection. Mice were treated with daily doses of pan-AKIs for 11
days, and 2 doses of TRAIL. Treatment of RPMI 8226/R5 MM-tumor-bearing
mice with pan-AKls significantly (P < .01) reduced MM-tumor growth as
compared to control, while TRAIL had minimal effect on the growth of tumors,

which increased as in control mice (Figure 7Ai). When pan-AKls were

26



combined with TRAIL, there was a significant (P < .001) reduction in tumor
growth relative to either treatment alone (Figure 9Ai).

Furthermore, as depicted in Figure 9Aii, the combination of pan-AKIs/TRAIL
significantly (P = .0015, after Bonferroni correction) prolonged survival
compared with treatment with either drug alone (mean survival time of MK-
0457/TRAIL: 90 days, 95% confidence interval (Cl) = 29-102 days; PHA-
680632/TRAIL: 94.5 days, 95% CI = 71-103 days; MK-0457: 33.5 days, 95%
Cl = 14-42 days; PHA-680632: 29.5 days, 95% CI = 15-40 days; TRAIL: 17.5
days, 95% CIl = 13-19; untreated: 14 days, 95% Cl = 12-16 days) and was
well tolerated without significant weight loss (data not shown). We next
investigated the in vivo effects of the drug combination on proliferation and
apoptosis; whole tumor-cell tissues from mice treated for 6 days (n = 3/group)
were subjected to histopathologic examination and immunohistochemical
staining to assess in vivo phosphorylation of histone H3 on Ser10 (phospho-
H3), a proliferation marker whose phosphorylation during mitosis has been
previously used to demonstrate inhibition of Aurora kinase activity*®, and
cleaved caspase-3. Tumor tissues from pan-AKls treatments resulted in
profound phospho-histone H3 inhibition compared with tumor tissues from
vehicle control or TRAIL-treated animals (Figure 9B), thereby confirming that
either MK-0457 or PHA-680632 were acting through Aurora inhibition in tumor
cells, and the growth retardation observed in pan-AKls-treated mice. Either
pan-AKls or TRAIL alone slightly increase caspase-3 cleavage/activation
compared with tumors from control cohorts. However, the combination pan-
AKIs/TRAIL dramatically increased caspase-3 cleavage/activation in tumors

(Figure 9C).
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Evidence for tumor reduction was demonstrated by pan-AKIls/TRAIL-induced
nearly complete disappearance of tumor cell mass accompanied by
substantial fibrosis (Figure 9C).

Finally, histopathological and immunohistochemical findings were additionally
confirmed by parallel Western blot analysis of tumor lysates that revealed a
stronger activation of caspase-3 and PARP fragmentation in tumors from pan-
AKIs/TRAIL-treated mice as compared with either treatment alone (Figure
D).

Taken together these findings suggest that combining pan-AKls with TRAIL
induces both cytostatic and cytotoxic responses in vivo resulting in regression

of tumors, prolongs survival in vivo and is well tolerated in vivo.

28



7. DISCUSSION

Recombinant human TRAIL ligand and agonistic mAbs have shown
remarkable promise as an anticancer agent*?'. However, TRAIL signaling
also activates survival signaling that can compromise its efficacy®®. In the
present study we demonstrate that pan-AKls disrupt TRAIL-induced survival
signaling by effectively reducing TRAIL-mediated activation of both canonical
and non-canonical NF-xB pathways and by blocking TRAIL-induction of the
anti-apoptotic NF-xB target genes A1/Bfl-1 and/or Mcl-1 in MM cells.

NF-kB plays a crucial role in the pathogenesis of various cancers®'>?

, and it
has been recently shown that the relationship between canonical and non-
canonical NF-xB activity and genetic abnormalities in MM?*** suggesting the
biologic significance of both NF-kB pathways in MM pathogenesis.
Furthermore, canonical and non-canonical pathways show much interplay,
overlap and cross-talk®®; previous reports have shown that specific IKKB
inhibitors have modest anti-MM activity in vitro and in vivo because they
specifically inhibit canonical NF-kB signaling but do not block total NF-kB
activity36; yet, IKKpB inhibitors may activate non-canonical pathway in MM
cells, and vice versa, the down-regulation of IKKaa may enhance
phosphorylation of IKKf, suggesting the existence of compensatory cross-talk
between canonical and non-canonical pathways>®.

Consistent with previous findings reporting that IKKf can antagonize Aurora-A
signaling by promoting its degradation in the ubiquitin-proteasome pathwaySg,
we demonstrated that IKKp inhibitors increased the activation of both Aurora

A and B and their physical interactions with IKKf, and were ineffective in

sensitizing MM cells to TRAIL. Moreover, we found that simultaneous
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inhibition of both IKKB and IKKa by specific inhibitors and/or siRNA
approaches or by pan-AKIls that disrupt NF-xB signaling by abrogating TRAIL-
induced Aurora-IKK kinases interactions and activation, was more effective in
sensitizing MM cells to TRAIL than inhibition of either kinase alone, thus
suggesting that strategies that target both canonical and non-canonical NF-xB
pathways may enhance the anti-myeloma effects of TRAIL®.

Furthermore, in our experiments we demonstrated that the siRNA-mediated
depletion of either Aurora A or Aurora B affected the
phosphorylation/activation of both IKKa and IKKg in MM, thus suggesting the
need of targeting both Aurora A and B because the inhibition of either kinase
alone may be insufficient to block NF-xB activity in MM cells.

All together these findings reveal additional complexity in the signaling
network regulating NF-xB pathway and suggest the existence of possible
reciprocal regulatory roles between IKK and Aurora kinases.

Given that mutations affecting NF-kB inducing kinase (NIK) levels (NIK,
TRAF2, TRAF3, clAP1, and clAP2) frequently occur in HMCLs and primary
MM patient samples'®?° (Table 1), and NIK accumulation activates NF-kB

signaling through a NIK-mediated activation/phosphorylation of IKK'%,

we
speculate that the NIK-triggered activation of IKK may interfere with and
reduce the inhibitory effects exerted by pan-AKIs on the basal IKK activity of
MM cells. This could explain the partial IKK inhibition observed in the majority
of pan-AKls-treated HMCLs; however, in all tested HMCLs, irrespective of

their NF-kB profile and NIK levels'®?, TRAIL enhanced the basal

phosphorylation/activation state of Aurora and IKK kinases, their physical
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interactions and NF-kB activation, and the pharmacological blockade of
aurora kinases abrogated TRAIL-induced NF-xB survival signaling by
effectively reducing Aurora-IKK kinases phosphorylation/activation and
interactions, suggesting that these kinases can cooperate to promote TRAIL
resistance in MM mainly through NF-kB activation; consistently, Aurora B has

been previously reported to be involved in cancer cells’ resistance to
TRAIL*,

Previous studies have shown that TRAIL can activate both NF-kB and the
Ras/Raf/MEK/ERK mitogen-activated protein kinase (MAPK) cascade

signaling pathway35,6,4z,43

and that Aurora A can be a downstream target of
ERK*. The results of these studies, together with our findings of TRAIL-
induced activation of both Aurora and IKK kinases, define an important role for
Aurora kinases in connecting MAPK signaling to NF-«xB activity.

We also found that pan-AKIls blocked TRAIL-induction of the anti-apoptotic
NF-xB target genes A1/Bfl-1 and/or Mcl-1 and demonstrated that either
A1/Bfl-1 or Mcl-1 can exert significant protection against TRAIL, thereby
indicating that both these antiapoptotic molecules can be critical mediators of
TRAIL resistance in MM cells. A1/Bfl-1 and Mcl-1 have been reported to
interact with and antagonize the activity of pro-apoptotic Bcl-2 family members
apoptotic proteins including Bim and Bid*. Bim can physically interact with
both DR4 and DR5 TRAIL receptors and contribute to the activation of both
extrinsic and intrinsic apoptotic pathways15. In addition, as compared with
TRAIL treatment alone, co-treatment with pan-AKls and TRAIL significantly
decreased the protein levels of caspase-8 inhibitors clAP1/2%® and caspases-
3, -7, and -9 inhibitor XIAP?®.
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For our in vitro and in vivo experiments, we used two potent and selective
small-molecule inhibitors of Aurora A and B kinases, VX-680/MK0457"%¢ and
the preclinical candidate PHA-680632'>*", which has been reported to have
both in vitro and in vivo similar activity against the Aurora kinases of its close
analog PHA-739358, currently in Phase Il clinical trials'?. In this study, both
drugs exhibited similar antitumor activities as single agents or in combination
with TRAIL. Furthermore, Aurora kinase inhibitors have recently been studied
as potential novel therapeutic targets in solid and hematological

malignancies'?'348-%0

and few of them are currently undergoing Phase | and Il
clinical trials as both monotherapy and combination therapy in relapsed or
refractory MM>"%2,

Finally, the clinical observation that TRAIL monotherapy can be associated
with limited efficacy and resistance, coupled with our present preclinical in
vitro and in vivo findings demonstrated that TRAIL together with pan-AKls
trigger a more potent anti-MM effect in vitro and in vivo without increased
toxicity, provide the framework for testing pan-AKls and TRAIL combination
therapy in clinical trials aimed to improve patients outcome in MM.

Our data provide evidence for a novel functional link between Aurora and IKK
kinases, underscoring a critical role of these pathways in MM drug resistance,

and the potential therapeutic benefit of targeting Aurora kinases as a strategy

to overcome Aurora-IKK crosstalk-related resistance to TRAIL.
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10. TABLES

Table 1. TRAIL Sensitivity and NF-xB profile of HMCLs used in this
study.
NF-«xB NF-xB
HMCLs EDso of TRAIL NF-xB pathway
index mutation
OPM-2 4.7 + 0.9 ng/mL Weak canonical 9.03 —
Both canonical and
RPMI 8226 4.8 + 0.4 ng/mL . 10.44 TRAF3
non-canonical
Both canonical and
U266 55.2 + 6.8 ng/mL 10.41 TRAF3

non-canonical

Both canonical and
RPMI 8226/R5 50.2 + 7.1 ng/mL . ND
non-canonical

Both canonical and
JUN3 >1000 ng/mL _ 10.80
non-canonical

HMCLs were cultured in presence of escalating doses of TRAIL (0.6 ng/mL-
2000 ng/mL). After 24 hours cell death was measured by annexin V staining
and the median effective dose (EDso, dose producing 50% of cytotoxicity) was
estimated using Median Effect Equation of Chou. Values represent mean =+
SD of four independent experiments.

Contribution of the canonical and non-canonical NF-xB pathways in HMCLs
was estimated from steady-state levels of NF-kB subunits and/or effect of IKK
f inhibiton on nuclear localization and DNA binding activity of the NF-kB p65
and p52 subunits %, The NF-kB index was calculated using the average
expression of 10 NF-kB target genes '° (“Genes comprising the NF-kB index

19,20.

in myeloma”). NF-kB mutations were reported previously — indicates no

mutation identified, ND indicates non-detected.
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Table 2. Clinical characteristics of the MM patients

PATIENT BM PLASMA
MM PATIENT no. Age STAGE CELLS (%) STATE OF DESEASE
1 80 Il 85% DIAGNOSIS
2 59 Il 65% DIAGNOSIS
3 67 Il 60% DIAGNOSIS
4 73 Il 98% RELAPSE
5 73 Il 60% RELAPSE

Primary CD138" MM cells were isolated from BM aspiration of MM patiens at
the diagnosis or relapse and were treated in vitro with MK-0457 (0.4 uM) or

PHA-680632 (0.8 uM) and TRAIL (9.6 ng/mL) for 24 hours.
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11. FIGURE LEGENDS

Figure 1. Pan-Aurora Kinase inhibitors potentiate the TRAIL-induced cell
death in MM cells.

(A) (i) HMCLs seeded at 2.0x10° cells/mL were treated sequentially with
escalating doses of MK-0457 (15-2000 ng/mL; 0.032-4.3 uM) or PHA-680632
(15-2000 ng/mL; 0.03-4 uM) for 3 hours, and subsequently with TRAIL (0.5-50
ng/mL) alone or in combination with pan-AKls at a fixed ratio of 25:1 for MK-
0457:TRAIL and 50:1 for PHA-680632:TRAIL (in combination with pan-AKls
TRAIL was used at 0.6, 1.2, 2.4, 4.8, 9.6, 19.2 ng/mL). After 24 hours, cell
death was measured by annexin-V binding. Combination index (Cl) plots was
then generated using the Calcusyn software. Cl values lesser than 1.0
indicates synergism; Cl value equal 1.0 indicates additive effect; Cl more than
1.0 indicates antagonistic effect. (ii) JIN3 were seeded at 2.0x10° cells/mL in
the presence of DMSO (vehicle) or MK-0457 (0.4 uM) or PHA-680632 (0.8
uM) for 3 hours and then incubated with TRAIL at the concentration of 300
ng/mL. After 24 hours, apoptosis was measured by annexin-V labeling.
Values represent means + SD of 4 independent experiments. (*P< .01 versus
either treatment alone; Dunnet test. (B) RS were seeded in the presence of
DMSO (vehicle) or PHA-680632 (0.8 uM) for 3 hours and then incubated with
TRAIL at the concentration of 9.6 and 19.2 ng/mL. After 24 hours, apoptosis
was detected by measurement of sub-G1 DNA content and annexin V
binding. (C) HMCLs wew treated with Pan-AKIls for 3 hours and then were
incubated with TRAIL at the indicated doses (ng/mL) in the presence or
absence of IGF-1 (50 ng/mL), IL-6 (20 ng/mL) or BMSCs (HMCLs in direct

contact to BMSCs monolayer in a 5:1 ratio). After 24 hours HMCLs were
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harvested and apoptotic HMCLs cells were determined by flow cytometry as
CD38/CD138+ annexin-V+ cells; data represent means + SD of quadruplicate
experiments. Dexamethasone (DEX) (2uM) was used as control to monitor
the protective effects of growth factors and stromal cells. (*P< .05, **P< .005;
Tukey-Kramer HSD test). (D) (i-ii) CD138-purified plasma cells from five
patients with MM were isolated from BM and then seeded at 2.5x10° cells/mL.
Samples from #1 to #3 were pretreated with MK-0457 (0.4 uM), samples #4
and 5# with PHA-680632 (0.8 uM) and then incubated with TRAIL (9.6 ng/mL)
for 24 hours. Sample #4 was cultured in presence or absence of Bone Marrow
Stromal Cells (BMSCs). The cell death was measured by annexin-V staining.
(i) Results are expressed as the net apoptosis induction [percentage of
apoptosis in treated cells minus percentage of apoptosis in DMSO (vehicle-
treated cells)] of all 5 primary samples tested. (ii) Histogram represents the
mean percentage of apoptosis + SD (expressed as net difference between the
percentages of apoptosis in treated cells minus percentage of apoptosis in
vehicle-treated cells) of the results obtained in the 5 different patient samples.
(*P< .05 versus either treatment alone, Dunnet test). (iii) Peripheral blood
mononuclear cells (PBMCs) from 3 healthy volunteers were treated with
DMSO (vehicle) or MK-0457 (0.4 uM) or PHA-680632 (0.8 uM) for 3 hours
and then incubated with TRAIL (9.6 ng/mL). After 24 hours of treatment cell
death was then measured by annexin-V staining. (E) Transfection of Aurora A
and/or Aurora B, but not the unrelated non-specific control siRNA, led to a
decrease in Aurora kinases protein expression in HMCLs without affecting the
levels of the unrelated protein actin. 48 hours after siRNA transfection HMCLs

were treated with TRAIL at the indicated doses (ng/mL) for 48 hours and the
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percentages of annexin-V+ apoptotic cells was then measured. Values are
mean * SD of 3 independent experiments (*P< .001 versus TRAIL Non-
specific si-RNA [CONT]; Dunnet test). (F) HMCLs were transfected with non-
specific control siRNA (CONT) or with Aurora A and Aurora B siRNA. 48
hours after siRNA transfection HMCLs were treated with TRAIL at the
indicated doses (ng/mL) for 48 hours and the percentages of annexin-V+

apoptotic cells was then measured.

Figure 2. Coadministration of Pan-AKls and TRAIL activates the caspase
cascade in MM.

(A) HMCLs were treated with Pan-AKIls for 3 hours and then were incubated
with TRAIL (2.4 ng/mL in RPMI 8226 and OPM-2, 9.6 ng/mL in RPMI 8226/R5
and U266, 300 ng/mL in JUN3) for 24 hours, after which cells were lysed and
subjected to Western blot analysis to monitor the expression of PARP,
cleaved-PARP, cleaved caspase-8, Bid, truncated Bid (iBid), cleaved
caspase-9 and cleaved caspase-3; blots were subsequently reprobed for actin
expression to ensure equivalent loading and transfer of proteins. (B) HMCLs
were cultured with Pan-AKls and TRAIL at the doses indicated in panel A in
the presence or absence of 30uM caspase inhibitors for 24 hours, after which
the percentage of apoptotic cells was determined by the annexin-V method;
data represent means + SD of 3 independent experiments. (*P< .05, **P<
.005 versus Pan-AKIs/TRAIL Z-FA-FMK; Dunnet test). Z-FA-FMK indicates
peptide control; Z-IETD-FMK, selective caspase-8 inhibitor; Z-LEHD-FMK,

selective caspase-9 inhibitor; Z-VAD-FMK, pancaspase inhibitor.
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Figure 3. Pan-AKls block TRAIL-induced canonical and non-canonical
NF-xB activation in MM cells.

(A) HMCLs were treated with Pan-AKIls for 3 hours and then were incubated
with TRAIL (2.4 ng/mL in RPMI 8226 and OPM-2, 9.6 ng/mL in RPMI 8226/R5
and U266, 300 ng/mL in JUN3) and after 24 hours nuclear extracts were
prepared. (i) Nuclear extracts from RPMI 8226 and RPMI 8226/R5 were
immunoblotted against NF-kB p65, NF-xB1 p50, NF-kB2 p52, c-Rel, RelB and
laminin or histone H2B as nuclear loading control. Bands were subjected to
densitometric scanning using the TINA 2 software and the number below each
lane represents the relative amount of the indicated proteins normalized to
laminin or histone H2B expression. (ii) HMCLs nuclear extracts were tested
for DNA binding activity of the NF-xB p65, p50, p52, c-Rel and RelB subunits
using the TransAM NF-xB ELISA kit. Results were normalized to the
untreated control. Values represent mean = SD of three separate experiments
performed in triplicate. (B) HMCLs were cultured with Pan-AKIls and/or TRAIL
as previously described. Endogenous p-IKKa/f, p-NF-xB2 p100, p-lkB-a,
IKKB and IKKa from whole cell lysates were revealed by Western Blot
analysis. Anti-actin immunoblotting was performed as loading control. Bands
were subjected to densitometric scanning and p-IKKao/p, p-NF-xB2 p100 and
p-lkB-a protein expression levels were normalized to actin; the number below
each lane represent relative amount of the indicated proteins.

(D) (i) siRNA silencing of IKKa and/or IKKB, but not the non-specific control
siRNA, led to a decrease in IKKa and/or IKKB protein expression without
affecting the levels of the unrelated protein actin. 48 hours after siRNA

transfection HMCLs were lysed and the silencing effect of IKKa and/or IKKf3
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siRNA at the protein level was monitored by western blot. (i) HMCLs
electroporated with IKKa or non-targeting siRNA (CONT) were treated with
IKKB inhibitors (PS-1145 at 5uM or IKKB siRNA) and then incubated with
TRAIL at the indicated doses. The cytotoxic effects of IKK inhibition were
compared to those of MK-0457. After 24 hours the percentages of annexin-V+
apoptotic cells was measured. Values are mean = SD of three independent
experiments (*P< .05, **P< .01; Tukey-Kramer test) (E) HMCLs were
pretreated with 10 uyg/mL of NF-kB inhibitory peptide SN50 or control peptide
SN50M for 3 hours followed by treatment with TRAIL (2.4 ng/mL in RPMI
8226 and OPM-2, 9.6 ng/mL in RPMI 8226/R5 and U266, 300 ng/mL in JUN3).
After 24 hours the percentages of annexin-V+ apoptotic cells was measured.
Values are mean + SD of three independent experiments (*P< .01, versus
either treatment alone; Dunnet test). (F) (i) Lysates from vehicle- and MK-
treated RPMI 8226/R5 cells were subjected to western blot analysis to monitor
the expression and phosphorylation of IkB-a; anti-actin immunoblotting was
performed as loading control. (li-iil) HMCLs were electroporated with IkB-a or
non-targeting siRNA (CONT) and 24 hours after siRNA transfection the cells
were treated with MK-0457. After 24 hours of treatment cytoplasmic and
nuclear extracts were prepared. (ii) Cytoplasmic cell lysates were
immunoblotted against IkB-a and tubulin as marker of cytoplasmic separation
as well as loading control; (iil) Nuclear extracts were tested for DNA binding
activity of the NF-xB p65 subunit using the TransAM NF-kB ELISA kit. Results
were normalized to the untreated control. Values represent mean £+ SD of
three separate experiments performed in triplicate. (iii) Transfection of 1kB-a,

but not the unrelated non-specific control siRNA, led to a decrease in IkB-a
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protein expression in HMCLs without affecting the levels of the unrelated
protein actin. 24 hours after siRNA transfection HMCLs were treated with Pan-
AKis for 3 hours and then were incubated TRAIL (2.4 ng/mL in RPMI 8226
and OPM-2, 9.6 ng/mL in RPMI 8226/R5 and U266, 300 ng/mL in JUN3) for
24 hours and the percentages of annexin-V+ apoptotic cells was measured.
Values are mean + SD of three independent experiments (*P< .01 versus
pan-AKIs/TRAIL Non-specific sSiRNA [CONT]; Dunnet test). (H) Transfection of
Aurora A or B, but not the unrelated non-specific control siRNA, led to a
decrease in Aurora kinases protein expression in RPMI 8226 and RPMI
8226/R5 without affecting the levels of the unrelated protein actin. 48 hours
after siRNA transfection cells were lysed for immunoblot analysis to monitor
the expression of Aurora A and B, p-IKKp, p-IKKa, p-lkB-a, p-NF-xB2 p100,
IKKB, IKKa and actin as loading control. Bands were subjected to
densitometric scanning and p-IKKo/p, p-NF-xB2 p100 and p-lkB-o protein
expression levels were normalized to actin; the number below each lane

represent relative amount of the indicated proteins.

Figure 4. Aurora and IKK kinases interact in MM cells.

(A) RPMI 8226/R5 were treated with PHA-680632 for 3 hours and then
incubated with TRAIL (9.6 ng/mL). After 24 hours of treatment cells were
lysed in CHAPS lysis buffer and subjected to immunoprecipitation (IP) using
mouse monoclonal IKKa (B-8) or mouse monoclonal IKKB (H-4) or mouse
monoclonal ARK-1 (35C1) (Aurora A) or mouse monoclonal ARK-2 (13E8A7)
(Aurora B) or control antibody (IgG) and immunoblotted (IB) with either Aurora

A or Aurora B or IKKa and IKKB antibodies. Bands were subjected to
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densitometric scanning and the histogram shows average quantification
results + SD of the association Aurora A/IKKa or Aurora A/IKKB or Aurora
B/IKKa or Aurora B/IKKB from three blots (*P< .01, versus untreated control
cells, Tukey-Kramer test). (B) HMCLs were cultured with Pan-AKls and/or
TRAIL as previously reported for 24 hours. Endogenous phospho-Aurora A
(Thr288) and phospho-Aurora B (Thr232) from whole cell lysates were
revealed by Western Blot analysis. Anti-actin immunoblotting was performed
as loading control. The relative amount of Phospho-Aurora A (Thr288) and
phospho-Aurora B (Thr232) was determined by densitometry and normalized
to that of actin. Histograms represent the mean + SD of the ratio Phospho-
Aurora A (Thr288)/actin or phospho-Aurora B (Thr232)/actin normalized to the

untreated control from blots of three separate experiments.

Figure 5. Aurora Kinases activity is important for Aurora-IKK
interactions in Myeloma cells.

(A) HMCLs were cultured with DMSO (vehicle) or with kB kinase (IKKB)
inhibitor PS-1145 (5uM) or with MK-0457 (0.4 uM) for three hours and then
incubated with TRAIL. After 24 hours cells were lysed and subjected to
western blot analysis to monitor the expression and phosphorylation of IKK;
anti-actin immunoblot was performed as loading control. (B) The same cell
lysates were subjected to immunoprecipitation (IP) using mouse monoclonal
IKKB (H-4) or control antibody (IgG) and immunoblotted (IB) with either IKKB
or Aurora A or Aurora B antibodies. Bands were subjected to densitometric
scanning and the histogram shows average quantification results + SD of the

association Aurora A/IKKp or Aurora B/IKKf from three blots (*P< .05, **P<
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.01, versus untreated control cells, Tukey-Kramer test). (C) RPMI 8226 and
8226/R5 cells were cultured with DMSO (vehicle) or with PS-1145 at 5uM for
24 hours. Endogenous pospho-IKKB, phospho-Aurora A (Thr288) and
phospho-Aurora B (Thr232) from whole cell lysates were revealed by Western
Blot analysis. Anti-actin immunoblotting was performed as loading control.
The relative amount of Phospho-Aurora A (Thr288) and phospho-Aurora B
(Thr232) was determined by densitometry and normalized to that of actin.
Histograms represent the mean * SD of the ratio Phospho-Aurora A
(Thr288)/actin or phospho-Aurora B (Thr232)/actin normalized to the
untreated control from blots of two blots (*P< .01, Tukey-Kramer test). (D)
HMCLs cells were cultured with DMSO (vehicle) or with PS-1145 at S5uM for 3
hours and then were incubated with TRAIL (2.4 ng/mL in RPMI 8226, 19.2
ng/mL in RPMI 8226/R5 and 300 ng/mL in JUN3) and after 24 the percentage
of cell death was determined by the annexin-V method. Values are mean +
SD of three independent experiments. (E) Model of TRAIL action; TRAIL
induces prosurvival signal in MM cells by activating both Aurora A and B
kinases leading to increased Aurora/IKK binding, IKK
phosphorylation/activation, NF-kB activation and induction of the anti-
apoptotic NF-xB target genes A1/Bfl-1, Mcl-1 and I|APs; Aurora kinases
inhibitors disable TRAIL-directed survival pathways because abrogate TRAIL-

induced Aurora-IKK kinases interactions and NF-xB activation.

Figure 6. Pan-AKls sensitize MM cells to TRAIL by inhibiting TRAIL-
induced Mcl-1 and A1/Bfl-1 experssion. (A) HMCLs were treated with MK-

0457 for 3 hours and then were incubated with TRAIL (2.4 ng/mL in RPMI
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8226 and OPM-2, 9.6 ng/mL in RPMI 8226/R5 and U266, 300 ng/mL in JUN3)
for 24 hours after which endogenous A1/Bfl-1 and Mcl-1 were revealed by
immunoblotting analysis; blots were subsequently reprobed for actin
expression to ensure equivalent loading and transfer of protein. Histograms
represent the mean value + SD of the ratio of A1/Bfl-1 or Mcl-1 to actin
normalized to the untreated control from blots of three independent
experiments (*P< .001; Tukey-Kramer test). (B) Transfection of A1/Bfl-1 or
Mcl-1, but not the unrelated non-specific control siRNA (CONT), led to a
decrease in A1/Bfl-1 or Mcl-1 protein expression in HMCLs without affecting
the levels of the unrelated protein actin (insets): 30 minutes after siRNA
transfection the cells were treated with TRAIL at the indicated doses (ng/mL)
for the indicated time. Apoptosis was measured by annexin-V staining. Values
are mean + SD of 3 independent experiments [*P< .005, **P< .001 versus
non-specific control siRNA (CONT); Dunnet test]. (C) RPMI 8226/R5 cells
were infected with an empty lentiviral vector or with lentivirus expressing
A1/Bfl-1 or Mcl-1. All lentviral expression vectors co-expressed RFP to
monitor the infection by flow cytometry. Plot represents comparable RFP
expression of RPMI 8226/R5s infected with the parental retroviral vector or
those encoding for Mcl-1 or A1/Bfl1. Whole-cell lysates of uninfected or virus-
infected RPMI 8226/R5 cells were prepared and analyzed by western blot to
confirm the overexpression of A1/Bfl-1 or Mcl-1 (inset). Pools of RPMI
8226/R5 were expanded after infection and treated with PHA-680632 (0.8 uM)
and then incubated with TRAIL at the indicated doses for 24 hours. Cell death

was measured by annexin-V staining. Values are mean * SD of 3
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independent experiments (*P< .005, versus PHA/TRAIL empty vector; Dunnet

test).

Figure 7. Pan-AKls and TRAIL combination does not act through Bcl-xL
and Bcl-2 anti-apoptotic proteins. (A) HMCLs were treated with pan-AKls
for 3 hours and then were incubated with TRAIL (2.4 ng/mL in RPMI 8226 and
OPM-2, 9.6 ng/mL in RPMI 8226/R5 and U266, 300 ng/mL in JIN3) for 24
hours after which endogenous Bcl-xL and Bcl-2 were revealed by
immunoblotting analysis; blots were subsequently reprobed for actin
expression to ensure equivalent loading and transfer of protein. (B)
Transfection of Bcl-xL, but not the unrelated non-specific control siRNA
(CONT), led to a decrease in Bcl-xL protein expression in HMCLs without
affecting the levels of the unrelated protein actin: 30 minutes after siRNA
transfection the cells were treated with TRAIL at the indicated doses (ng/mL).
After 24 hours apoptosis was measured by annexin-V staining. Values are
mean + SD of 3 independent experiments. (C) Transfection of Bcl-2, but not
the non-specific control siRNA (CONT), led to a decrease in Bcl-2 protein
expression without affecting the levels of the unrelated protein actin: 24 hours
after siRNA transfection the cells were treated with TRAIL at the indicated
doses (ng/mL). After 24 hours apoptosis was measured by annexin-V
staining. Values are mean + SD of 3 independent experiments. (D) RPMI
8226/R5 and JJUN3 were stably transfected with an empty vector or with
plasmids expressing Bcl-2 or Bcl-xL or Mcl-1. Pools of stable clones were
obtained by selection with puromycin. All expression vectors co-expressed

GFP to monitor the transfection by flow cytometry. Plot represents
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comparable GFP expression of HMCLs transfected with empty vector or those
encoding for Bcl-2 or Bel-xL or Mcl-1. Whole-cell lysates were prepared and
analyzed by western blot to confirm the overexpression of Bcl-2 or Bcl-xL or
Mcl-1 (inset). Stable pools of HMCLs expanded after electroporation and
selection were treated with MK-0457 (0.4 uM) and then incubated with TRAIL
at the indicated doses. Pool#1 and pool#2 of Bcl-2-expressing RPMI 8226/R5
cells were derived from two different transfection experiments and expressed
different amount of Bcl-2 protein. After 24 hours cell death was measured by
Annexin V-PE/7-AAD staining. Values are mean + SD of 3 independent

experiments (*P< .05, **P< .001; Tukey-Kramer test).

Figure 8. Pan-AKls sensitize MM cells to TRAIL by inhibiting TRAIL-
induced IAP proteins. (A) HMCLs were treated as described in panel A and
endogenous clAP1, clAP2, XIAP and actin proteins were revealed by
immunoblotting analysis. Bands were subjected to densitometric scanning and
histograms represent the mean value + SD of the ratio of clPA1, clAP2 or
XIAP to actin normalized to the untreated control from blots of three
independent experiments (*P< .01; *P< .001; Tukey-Kramer test). (B)
Transfection of clAP1 or clAP2 or XIAP but not the non-specific control siRNA
(CONT), led to a decrease in clAP1 or clAP2 or XIAP protein expression
without affecting the levels of the unrelated protein actin. HMCLs were
electroporated with clAP1 or clAP2 or XIAP or non-targeting siRNA (CONT).
After 24 hours HMCLs were treated with TRAIL at the indicated doses for 24
hours. Values are mean + SD of 3 independent experiments (*P< .05,

**P<.01, Tukey-Kramer test).
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Figure 9. Pan-AKls and TRAIL combination therapy has potent
antitumor activity in vivo against drug-resistant human multiple
myeloma xenograft model.

(A) (i) When tumor size reached 250 mm?®, mice were randomly assigned
(n=10/group) to receive vehicle alone, MK-0457 (50mg/kg), PHA-680632
(50mg/kg), TRAIL (300ug per mouse) or the combination MK-0457/TRAIL or
PHA-680632/TRAIL. TRAIL was administered once on days 3 and 6. Pan-
AKls were administered once on each day for 11 days. Results are tumor
volume, mean + SD mm?®, plotted against time. (P< .001 MK-0457/TRAIL or
PHA-680632/TRAIL versus either treatment alone; Dunnet test). Inset shows
tumors resected from control (vehicle) and Pan-AKIls/TRAIL-treated mice after
11 days of treatment (endpoint). (ii) Kaplan-Meier survival curve was
evaluated from the first day of treatment until death or sacrifice using JMP
version 7.0 statistical software (SAS Institute, Cary, NC). Survival was
significantly prolonged in MK-0457/TRAIL-treated animals versus control (P=
.0015 after Bonferroni correction). The black bar on the abscissa represents
the 11-day period of treatment. After six days of treatment, mice from each
treatment group (n=3/group) were humanely killed, and the tumors were
removed for assay. RPMI 8226/R5-derived tumors were analyzed by
immunohistochemical staining for (B) phospho-Histone H3 (10x, 20x, and 40x
magnification), (C) hematoxylin and eosin (H & E) and cleaved caspase-3 (4x,
10x and 20x magnification). The microphotographs shown are representative
of similar observations in 3 different mice receiving the same treatment. (D)
Tumor tissues from mice treated for six days were harvested and processed,

and lysates were analyzed by immunoblotting analysis for PARP, cleaved-
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PARP and cleaved caspase-3. Anti-actin immunoblotting was performed as

loading control.

56



Figure 1

RPMI 8226

1 \ RPMI 8226/R5

o

a4 ds ) o

% Apoptotic cells

HJIN3

CTR MK TRAIL MK+ PHA PHA+

A

% sub-G1

FLIM Progesium loaoe

% Annexin V+

o . —as TRAIL TRAIL
OPM-2 U266
o't" ot a6 as 10 a2 dﬁf'«x a6 'y
MK-0457 TRAIL 9.6 MK+TRAIL 9.6 TRAIL 19.2 MK+TRAIL 19.2
' . ¢: :
*121.9 *114.3 =1 67.4 30.8 =170
208 173 108 " 219 62.1
1w : EID’
e 917 7.46 7.43

RPMI 8226/R5

57



Figure 1

C

% CeII Death

% Cell Death

RPMI 8226 ,, @ cont
100 s
'] ]I IGF-1
75 L6
W BMSCs
, ,,m. M IJ. ,
MK TRAIL MK TRAIL MK TRAIL MK TRAIL DEX
2.4 +TRAIL 4.8 +TRAIL 9.6 +TRAIL 19.2 OTRAIL
24 4.8 9.6 19.2
W CONT
WIGF-1
-6
W BMSCs
CONTACT
CTR PHA TRAIL PHA TRAIL PHA DEX
24 +TRAIL 4.8 +TRAIL
24 4.8

58

% Cell Death

RPMI 8226/R5

160 W CONT
[ I 1
75 1 WIGF-1
50 B |
25 i BMSCs
. CONTACT
o -k Y
TRAIL9.6
+TRA||. 19 2 +TRA||.
9.6 19.2
U266 *
W CONT
WIGF-1
-6
W BMSCs
CONTACT
CTR PHA TRAIL PHA TRAIL PHA TRAIL PHA
48 +TRAIL 9.6 +TRAIL 19.2 +TRAIL
4.8 9.6 19.2




Figure 1
D.

] WSAMPLE 1 & SAMPLE 4

£ 60 “SAMPLE2 L SAMPLE 4+BMSCs g MM SAMPLE
“/SAMPLE 3 '/ SAMPLE 5 = W n=5
5 ]
g g
a 2 20 I H
3 20 H 3 o _
g 0 3 PAN-AKIs TRAIL PAN-AKIs
PAN-AKIS TRAIL PAN-AKIS +TRAIL
+TRAIL
mw | PBMCs
- W VOLUNTEER 1
S, “VOLUNTEER 2
4 ~/ VOLUNTEER 3
O s
8 - HJ Ml
ol i |
o
CTR MK-045' TRAIL MK-0457 PHA-680632 PHA-680632
+TRAIL +TRAIL
F ) CTR ) TRAIL 2.4 TRAIL 4.8 ) TRAIL 9.6
g 12] © 21.9 434 " 65.5
=7
i 14.3)
g 777
i g L8
AURORA A+B§4
siRNA ; oA
- e 128] o 12 118

W e e
Tur masa AT

p

oW e e W

s aces v aeTe

RPMI 8226

59

o
& RPMI 8226 5 &S Qé‘
%5 | 100 1 5 SONT S v 0% ¢
“ W AURKA+AURKB siRNA \Q\quy. Q? A
O S&'S qp+9§’
Q S PP P
] R s AURORA A
8 2 s s AURORA B
o o ACTIN
° CTR TRAIL2.4 TRAIL4.8 TRAIL9.6 RPMI 8226
é?‘
RPMI 8226/R5 & &
; 100 | W CONT * \Q.vv.é 0’\ v.‘e
© . : &,\ TS H
[}] QQ OQ. QQ-
QO s * . L ® ¥
p— i . ﬁ - -4- | AURORA A
o I - @ @ 7 o AURORAB
O v‘—«— - ACTIN
°\° CTR TRAIL4.8 TRAIL9.6 TRAIL19.2 | RPM' 8226’R5
CTR TRAIL 4.8 TRAIL 9.6 ) TRAIL 19.2
7.67 144 "] 356
CONT i
825 i : 15.6/
22 5 354 " 53.4
i
AURORA A+Biw s
siRNA :
L X : ¢
o 13.4 £17.8

w W e
e v v e

Y

w W W
CURPr S

RPMI 8226/R5



Figure 2 Voo SR R
NG WV » \ S \ Y SN
© T & &"\»"f’\v & és"\vﬁq’\v‘:"qy &, v”@\" v’«qs» & pé\w ,‘,\QS;,@;«Q’
S EEE FESE FTILEET TR TELELL
————— s s g =~ PARP
e — .~ cleaved-PARP

e e s cleaved-CASPASE-8

——— v — Bid

e - I t-Bid

S ——-— - BSSssssssses cleaved-CASPASE-9

e ————— | e e cleaved-CASPASE-3

RPMI 8226 RPMI 8226/R5 OPM-2 U266 JJN-3

7 RPMI 8226 7 RPMI 8226/R5 70 OPM-2

60 60 |

50 50 I
'5 40 1 40
© I | 1 [ |
@ 30 1IN, I 30 wx
Q 1 £ 1
=2 LEN 20
Do | 'L 10
L2 cR MK TRAIL MK+TRAIL R MK TRAIL MKSTRAIL PHA+TRAIL

i U266 B JIN3 i No inhibitor (Z-FA-FMK)
£, o il Caspase-8 inhibitor (Z-IETD-FMK)
-{ 1 o LI Caspase-9 inhibitor (Z-LEHD-FMK)
E s " i Pancaspase inhibitor (Z-VAD-FMK)
o, LT 30

TRl TRT e

o u v :

CTR PHA TRAIL

PHA+TRAIL

60



A

Figure 3

N4
&
A A
S5 bf°\\, o
o 4 4
o°\§78y\§’
~ - = NF-«B p65

0.22 0.14 0.39 0.07

M s NF-xB1 p50

0.93 0.64 1.10 0.62

“e w - NF-B2 p52

0.27 0.14 0.43 0.16

— e —— C-Rel
0.32 0.17 0.37 0.26

s s e« RelB
0.79 0.70 0.92 0.37

AN
. VX
oo%bv.&%?‘
% s = = NF-xB p65

0.38 0.27 0.56 0.25

44 % s NF-kB1 p50

0.39 0.22 0.65 0.36

s o ms - NF-B2 p52

0.42 0.16 0.39 0.11

0.29 0.17 0.21 0.19

Sl s e o RelB
0.61 0.40 0.74 0.38

- o am e | amin

RPMI 8226

e Histone H2B
RPMI 8226/R5

RPMI 8226

25 3
25
2

I
T ] I
'1 1 1.5
1 | 1
os Wil Nk m h m“ i 05

p65 p50 p52 c-Rel RelB

RPMI 8226/R5

I T I
! T
T ,YMM ui

p65 p50 p52 c-Rel RelB

nuclear DNA-
binding activity

OPM-2 U266

2 v ! ¥ 15 1 1 !
| T
15 4k dl . I 1 ik B I -1 1
b v | T ¥ s
o.s N—u 0.5 W—u
0 - 0 - 2 . .

p65 p50 p52 c-Rel RelB

nuclear DNA-
binding activity

p65 pS50 p52 c-Rel RelB

WCTR

« Pan-AKI

I TRAIL

“ Pan-AKI+TRAIL

JIN3

T
T
T
| . T

p65 p50 p52 c-Rel RelB

nuclear DNA-
binding activity

o

61



Figure 3

/\ QY'\V A '\’5 Aot &
43\ « R AR «
O
’éo QS’ QS’ qy\i‘& quu ¥ R q?
o
o°$~ 0°Q o°®/\ » « \&*
e L. Lk kT B Ll - --._ p-IKKo/p
0.19 0.14 0.37 0.18 0.25 0.12 0.35 0.11 0.03 0.05 0.34 0.16 0.24 0.19 0.37 0.10 0.22 0.17 0.26 0.10
. — T —— — a— - —— T - — p-NF-KBZp100
0.05 0.04 0.11 0.06 0.11 0.04 0.09 0.05 0.03 0.06 0.09 0.08 0.09 0.06 0.14 0.02 0.11 0.11 0.20 0.07
— e —— - SR O e e s e e p-lkB-a
0.28 0.20 0.45 0.25 0.24 0.16 0.39 0.21 0.09 0.09 0.26 0.17 0.40 0.26 0.60 0.24 0.27 0.23 0.28 0.16
C—— — J'lKK
HEAREEEEE === paa. mmsoliee
s co————— . — —— o——— — e ——— [\ CTIN
RPMI 8226 RPMI8226/R5 OPM-2 U266 JJN3
RPMI 8226 RPMI 8226/R5 OPM-2
325 e g 2 2. sk
g g 310 |
21: . g 15 & ; Es
| o | e |
% 1 r_r—Li 1 1 g 1 r—'_L' = % : 1 '
: . 05 L ! : 1 z
?:uul-i IJHgo NN s e N
g CTR MK PHA TRAIL MK+ PHA+ ; CTR MK PHA TRAIL MK+ PHA+ ; CTR MK PHA TRAIL MK+ PHA+
TRAIL TRAIL TRAIL TRAIL TRAIL TRAIL
U266 JIN3
é 2 o §1.s —
£1s g, 07— B
£, o N = 3 —
] : 1 8os 1 !
ST a1 T
§ ° H o . § o u
= CTR MK PHA TRAIL MK+ PHA+ x CTR MK PHA TRAIL MK+ PHA+
TRAIL TRAIL TRAIL TRAIL

62



Qv' QV' e?‘
R\ r & \ g 0\
SEFe \é\@&ié\\\ SELLs
Q& & & g 8
S & &{' i % &{’ %“l' el ~t~‘l32ql~‘l~ &
o TIKKB
— - . -~ = LIKKa
— —— | ——— . ——— ]\ g
JJN3
I CONT siRNA

% Cell Death

100
75

% Cell Death
N
wv

o

100
75
50
25

% Cell Death

o

CTR

CTR

el

CTR

TRAIL4.8 TRAIL9.6

RPMI 8226/R5

TRAIL9.6 TRAIL 19.2

J

SN50

N3

* *
T 1

"

TRAIL 300

TRAIL

SN50+
TRAIL

63

W CONT siRNA+IKKB inhib (PS-1145)
“/ IKKa SiRNA

W IKKa siRNA+IKKB inhib (PS-1145)
W IKKa siRNA+IKKB siRNA

' MK-0457

u CONT siRNA

W CONT siRNA+IKKB inhib (PS-1145)
! IKKat SIRNA

W IKKa siRNA+IKKB inhib (PS-1145)
W IKKa siRNA+IKKB siRNA

L MK-0457

u CONT siRNA
W IKKB siRNA
| IKKat SIRNA
W IKKat siRNA+IKKB siRNA
I MK-0457

& RPMI 8226

i« RPMI 8226/R5
'OPM-2

LuU266

“JIN3



Figure 3

% Cell Death

TRAIL TRAIL === ACTIN
JIN3 -
W CONT \'es
i IkB-a siRNA 1 Q'QQ-é

CTR MK TRAIL MK+ PHA PHA+
TRAIL TRAIL === ACTIN

64

Y N AR N
F & ST ST S8
. S . SESE FESE SE A
| S an - p-lkB-a ] J—— REp—— e kB-a
1. lkB-o
wemess Actin ————————— ——— TUbUliN
8226/R5 IkB-a. Cont IkB-a. Cont IkB-o. Cont siRNA
RPMI8226/R5 JJIN3 U266
i
< e L RPMI 8226/R5
S22 WiN3
o2 U266 I
- H15
2 <
& 1
Se '
2 TO05
n £ m
\g- @ 0
MK-0457 MK-0457
CONT siRNA IkB-a siRNA
RPMI 8225 RPMI 8226/R5
'*c‘-‘g o ucont \\ v 5 ucont Q;\‘;\v
S e “MBasiRNA || £ D uneasrna T 3
o 40 ’ 9 40 °¢¢
% 20 m o \(- 20 i h“ LLI h“ O\
O ° “ W kB 0 IkB-ct
° CTR MK TRAIL MK+ PHA PHA+ CTR MK TRAIL MKs PHA PHAs| DB
L TRAIL TRAIL s ACTIN TRAIL TRAIL "= ACTIN
El100 OPM- Z 56 U266 . v
& CONT Yo CONT e
3 & e sIRNA & Q§ 0 japammnn I : '@?\Q-‘\v.
o 60 60 , 42
=l m m 'G podll P mw 4-'0
gzg_m.uw THUICSARRESTE E R TR IR
IkB-a. SR IkB-a
X CTR MK TRAIL MK+ PHA PHA+ CTR MK TRAIL MK+ PHA PHA+

TRAIL TRAIL === ACTIN



65



Figure 4

RPMI 8226/R5
A Qy. \¢
’\ o o «Qy
~s° -¢° LR vx
S ¥ P¥
RN QS. IB: SRR IB:
4 ¥ AURORA A "W 1B AURORA A
i d . AURORAB ] . AURORAB
AR EN KKo P EEE KK
IP: 1IgG IKK«o IP: 1IgG IKKpB
qy'
~:~° ~é° ‘Qy \*\\*\ o
SR Qy IB: P o°Q‘?‘/3y IB:
IKK IKKf
.i' IKKEL I.“"p IKKo.
DU HESW AvRORAA W 7 W AURORAB
IP: 1gG AURORA A IP: 1gG AURORA B
4
O3 T ’l* il Co-IP AURORA A/IKK
= u Co-IP AURORA A/IKKp
E 2 M Co-IP AURORA B/IKK .
o1 u Co-IP AURORA B/IKKp
, LU u o
TRAIL  PHA+
TRAIL
g \v
Qy. 'éo &Qy. .¢° '\ .¢°\ &Qy.
v.
--’— 9”. — — -.‘- -p-Thr288 AURORA A
- - - 4. = = = p-Thr232 AURORA B
e — | 2 sz ACTIN
RPMI 8226 RPMI 8226/R5 U266 JJN3
o 2.: 1.: 1.: z.g “CTR
< 1-2 1 1 1‘2 i Pan-AKI
Sos Bl Bl ° BN Kol 0 Bl BN o5 B Rl CTRAL
& ik < Lo € ol <« . “Pan-AKI+TRAIL
85 83 s 83 s 83 s 93
£ O £ O £ O £ 0 £ O £ 0O £0 £ 0
23 B a3 23 Ag - 23 43

66



IIIIII e IKKp
N S ACtIiN

8226 8226/R5
2] )
e e
N N
C Lo & D
Q@ Q&Q‘b
- = pIKKB
- -~ p-Aurora A
= = p-AuroraB
o e Actin
8226  8226/R5
3 * 4 il
Eoy R B e
ool ol 5 ol
83 35 83 i3
E€ E8 £ E£8
a3 &3 a3 &3
8226 8226/R5

% Cell Death

B A
/Sy' ’3?
© 8 A"
\" A NN 6 9@
be«qyizq, é{'

--—-Aurora A
e ssssaaae Aurora B

gmamenameme IKKB
IP: IgG IKKB
8226

60 . rPMI 8226
“ RPMI 8226/R5
4
0 N3

o i [ M

CTR  PS-1145 TRAIL PS-1145+

TRAIL

67

i Co-IP AURORA A/IKKf
i Co-IP AURORA B/IKKf

8226 ..

il

CTR PS TRAIL PS+ MK MK+
TRAIL TRAIL

OD RATIO
= N W AWV




Figure 6

W W N
& & &
A AY ‘\ '\ » ‘)
A WV «Qy. v ;\Qy S P P L "éo
® é‘l’ st @’l‘ ® ‘glr,@yi& oo& @*"Q&Qy §+Q 00 \é’l' Qy. é’l‘ 0 @ Qy.
22" F Ty . - e e A1/Bfl1

0.09 0.17 0.41 0.13 0.52 0.18 0.62 0.22

— R -

0.40 0.61 0.74 0.75 0.26 0.23 0.43 0.24

0.16 0.12 0.26 'o.ds 0.08 0.11 0.17 0.08

-|e oo e Mcel-1
0.18 0.15 0.22 0.12 0.21 0.17 0.31 0.13

0.05 0.09 0.21 0.13

= =
0.39 0.62 0.41 0.49

e e e L mmm— Wtm—— e ACTIN
o RPMI 8226 8226/R5L e OiM-Z ULZGG s J_{N3 pa,
Ea 2 a o2 —*- 1 MK-0457
S 2 1 2 By TRAIL
80 _HH_HHO H..uhHH 0 ol B el W 0 "R L 0 e e 1 MK+TRAIL
A1/Bfl-1 Mcl-1 A1/Bfl-1 Mcl-1 A1/Bfl-1 Mcl-1 A1/Bfl-1 Mcl-1 A1/Bfl-1 Mcl-1
B “ OPM-2
80 LI RPMI 8226 ok *k
# RPMI 8225/R5 w2l [
0 60 U266 I 1N
o) N3 1 M |1
_l 40 I I
£
>
< |29 s
# il UJ ML LUUJ
TRAIL MK+TRAIL PHA+TRAIL

68



Figure 6

C

% Cell Death

% Cell Death

RPMI 8226/R5 @t‘}@ RPMI 8226
4 CONT 4\" & 4 CONT
100 ** Q' 100
i A1/BFL1-siRNA ' & ® e i A1/BFL1-siRNA qs" &
80 o ML siRNA o | 80 ‘{\q} N
60 - {—— Actin 60 O
¥ &
20 ’@‘ ,§"\ 40 B At
S W— Actin
. o i uH
0 = Mcl1 0
— Actin
CTR  TRAIL9.6 TRAIL19.2 TRAIL2.4 TRAIL4.8
v.
U266 & £ OPM-2
D o
100 - “CONT " o~ S 100 | “CONT -
4 A1/BFL1-siRNA | ! o ¥ g0  “A1/BFL1-siRNA * &
80 : ol o AuBfi1 I S
4 MCL1-siRNA il : Lo
60 - e Actin 60 : SR
1 -’
- q}q_x\:éx‘f' 2 A/BfI-1
Q" > w—— Actin
20 P 20 H
0 = Mok 0
TRAIL9.6 TRAIL19.2 o= Actin TRAIL2.4 TRAIL4.8

69

100

& 8

L CONT

JIN3

| & A1/BFL1-siRNA



Figure 6

TRAIL 9.6 TRAIL 19.2

15.4 17.5

vt T T v
10° 10' 10% 10° 10*
FL

)
23

A1/Bfl-1
siRNA

FL2-H: Propidum lodide
¥
"

2
.

10° 4—rroryy s X0 oo 13'.2 10° . R ey 27;6 10° ooy P ey 32:3
10° 10' 102 10° 10* 10° 10' 102 o 10* 10° 10' 102 10* 10t
FLI-H ANNEXIN-V-FITC FL1-H: ANNEXIN-V-FITC FL1-H: ANNEXIN-V-FITC

10* 10*

20.5 45.9 55

Mcl-1
siRNA

;. Sag

o e
10 10° 10' 107 10° 10*
FL1-H: ANNEXIN-V-FITC

o v .
10° 10’ 102 10° 10*
FL1-H: ANNEXIN-V-FITC

70



Figure 6

E

Relative number of cells

—

(o] o
o o

Po PRSP |

(2]
o
.

40

20

B 8226/R5 UNINFECTED
B 8226/R5 VECTOR
B 8226/R5 A1/Bfl-1
EE5 8226/R5 Mcl-1 Iy
& o‘ N
\

o‘\x“\‘*c'

= _.. MCI'1
e Actin

8226/R5

e Actin
8226/R5

% Cell Death

100

75

50

25

0

L UNINFECTED
L VECTOR

-/ A1/Bfl-1

I/ Mcl-1

RPMI 8226/R5

L1

r**
[ 55 | =

71

CTR

TRAIL PHA+
9.6 TRAIL
9.6

TRAIL
19.2

PHA +
TRAIL
19.2



Figure 7
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Figure 8
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