A 2000

—-e—Vehicle

-0-DT97 (10mg/kg BW)
~e-BTZ (0.5mg/kg IV)
-0-DT97 + BTZ

g

o

1 5 10 15 20
Days from Start of Treatment

Tumor Volume, mm?3

— Vehicle

E ---- DT97 (10mg/kg BW)
IA— —~-BTZ (0.5mg/kg IV)
....... DT97 + BTZ

100 1

80 L=

60

40

20

Survival Fraction, %

1 10 15 20 25
Days from Start of Treatment

Figure 9: Effect of DT97 and bortezomib on tumor growth and overall survival. (A) Effect of DT97 on growth of MM tumors
in vivo. Subcutaneous tumors were generated after injection of myeloma cells. Mice were randomly distributed into four groups (7/group)
and received intravenous injection of vehicle (PBS containing 10% DMSO); bortezomib (0.5 mg/kg in PBS, 10% DMSO), DT97 (10 mg/
ml diluted in PBS) or both DT97 and Bortezomib. Vehicle or bortezomib was administered on days 1, 4, 8 and 11. Mice were euthanized
when tumors reached 2 cm?®, became ulcerated or elicited neurologic or musculoskeletal complications that limited mobility and feeding.
Survival and tumor growth were evaluated from the first day of treatment. Shown is the average of replicate measurements. (B) Effect of
DT97 on OS. Kaplan-Meier survival curves comparison of NOD.SCID mice after subcutaneous injection of parental myeloma cells treated
with vehicle, DT97, bortezomib or both.

Figure 10: PIK3C isoform expression in normal, MGUS, SMM and MM patients. The relative expression of each PI3K p110
isoform was determined using dataset GDS4968 in which bone marrow PCs were isolated from patients with monoclonal gammopathy of
undetermined significance (MGUS), smoldering multiple myeloma (MM), or MM. The median-centered average of expression is indicated
with the dashed line.
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DISCUSSION

Despite  the introduction of PIs and
immunomodulatory agents into the clinic, MM remains
incurable. While most patients initially respond to PlIs,
drug resistance emerges and represents the primary factor
for treatment failure. Despite the availability of numerous
salvage regimens, once drug resistance has emerged,
median survival is less than one year. Only ~25% of
MM patients respond to bortezomib or carfilzomib
when administered as monotherapy, leaving substantial
room for improvement. Each PI3K isoform fulfill a
unique role in cancer and has prompted development
of isoform-selective inhibitors. The lack of efficacy of
idelalisib in MM, as well as in acute myeloid leukemia
and myeloproliferative neoplasms, is attributed to a
highly variable p110-6 active site and a high degree of
conformational flexibility that leads to poor inhibitor
binding. Structures of p110-d in complex with a broad
panel of isoform- and pan-selective PI3K inhibitors
revealed that selectivity toward p110-6 can be achieved
by exploiting the sequence diversity and conformational
flexibility of the pl10-6 active site [11, 30-32].
We used these observations to rationalize the design of a
selective p110-0 inhibitor with greatly improved potencies
to treat MM. An important downstream effector of PI3K

is the Ser/Thr protein kinase AKT, which is activated by
phosphorylation of Thr308 and Ser473. DT97 treatment
of MM cells reduced AKT phosphorylation at both sites.
Previously, AKT phosphorylation was shown to be a major
determinant of bortezomib sensitivity [33]. In related
studies, bortezomib treatment downregulated phospho-
AKT levels in drug sensitive hepatocellular carcinoma
cells (HCC) but no alterations of phospho-AKT were
observed in drug resistant HCC cells. We speculate that
DT97 reduces AKT phosphorylation to overcome drug
resistance. Future studies will further investigate the role
of DT97 in AKT signaling in MM tumor cells.

Related studies also indicate that treatment of
hematologic cancer cells with proteasome inhibitors
activates Bruton tyrosine kinase (BTK) [34]. Bortezomib
co-treatment with the BTK inhibitor ibrutinib in drug-
resistant lymphoma also led to AKT inactivation [35]. The
BM microenvironment has also been proposed to promote
drug resistance and DT97 treatment effectively reduced MM
growth and enhanced the anti-myeloma effect of bortezomib
in presence of BMSCs [36]. In summary, we identified a
novel small molecule that inhibits p110-6 activity to reduce
MM growth and that holds promise for lead compound
optimization, pharmacokinetic studies and early phase
clinical trials. Combination of DT97 with existing therapies
is a rational strategy to improve MM treatment.
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Figure 11: (A) Comparison of PIK3C isoform expression in normal, WM, CLL and MM patients. The relative expression of the PIK3CD
isoform was determined using dataset GDS2643 in which B lymphocytes and PCs were isolated from normal patients or those diagnosed
with WM, CLL or MM. The median-centered average of expression is indicated with the dashed line. (B) Comparison of PIK3C isoform
expression in B lymphocytes from normal individuals and CLL patients. The relative expression of the PIK3CD isoform was determined
using dataset GDS4167 in which B lymphocytes were isolated from normal patients or those diagnosed with CLL. The dashed line indicates

the edian-centered average of expression.
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MATERIALS AND METHODS

Myeloma cell lines and patient tumor cells

MM cell lines (ATCC, Manassas, VA) were
cultured in complete RPMI-1640 medium supplemented
with fetal calf serum (Hyclone), penicillin-streptomycin,
L-glutamine, sodium pyruvate and B-mercaptoethanol
(Sigma-Aldrich, St. Louis, MO). AMCLI,
AMCL2, leukemic, lymphoma and Waldenstrom’s
macroglobulinemia cell lines were cultured as described
[37, 38]. Bortezomib and carfilzomib were from Selleck
Chemicals (Houston, TX). Human bone marrow stromal
cell line HS-5 (ATCC) was cultured in DMEM. Patient
bone marrow aspirates were obtained after Institutional
Review Board approval or from ConversantBio
(Huntsville, AL) and CDI138" cells then isolated by
microbead selection (Miltenyi Biotec, San Diego, CA).
Cells were cultured at 37°C in humidified atmosphere
containing 5% CO,.

XTT viability assay

Cells were plated, treated as indicated for 72 h
and 2, 3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide) added (Sigma-Aldrich) after
activation with N-methyl dibenzopyrazine methyl sulfate
(Sigma-Aldrich). Absorbance was measured and the effect
on myeloma viability determined as previously described
[37-39]. Assays were performed in triplicate and the mean
and standard deviation determined. Relative cell viability
(mean = SD) was calculated compared to readings from
untreated cells.

Apoptosis assay

Cells were treated as indicated and incubated for
18 h at 37°C. Cells were collected, centrifuged at 200 x g
for 5 min, supernatant discarded and the pellet was washed
with 1x buffer. Cells were then resuspended in 90 ul
of 1 x buffer and 10 pl of FITC-conjugated annexin V
(Molecular Probes®, Grand Island, NY), incubated in the
dark and analyzed using a Coulter® epics® XL-MCL.

Generation of PI-resistant cell lines

RPMI8226 cells were grown under standard
conditions and exposed to successively increased
concentrations of the PIs bortezomib, carfilzomib or
ixazomib over 6 months to generate Pl-resistant cells. As
controls, parental cells were exposed to DMSO vehicle
under the same algorithm as resistant cells.

PIK3C isoform knockdown

shRNA in pLKO.1-TCR lentiviral cloning
vectors were transfected into 293T packaging cells with
packaging and envelope vector using lipofectamine
2000 (Thermo-Fisher). Viral supernatants were used to
transduce myeloma cells. After 48 h, virus was collected
and RPMI8226 cells transduced with vectors expressing
scrambled (control) or p110-specific sShRNA. Cells were
mixed with virus and polybrene (8 pg/mL), centrifuged
at 2000 x rpm for 90 min, incubated overnight, media
changed and selected in puromycin.

Quantitation of PI3K activity

To directly assess PI3K activity, PI3K was isolated
by immunoprecipitation using an antibody to the p85
adapter subunit and the ability of the co-precipitated
catalytic p110 subunit to convert PIP2 to PIP3 in a
kinase reaction assessed by measuring the amount of
PIP3 generated using a competitive ELISA [40, 41].
1 x 10° cells were washed thrice with 137 mM NaCl,
20 mM Tris-HCI pH 7.4, 1 mM CaCl,, 1 mM MgCl,,
0.1 mM Na orthovanadate (Sigma) (buffer A) and
lysed in 1 mL of the same supplemented with 1 mM
phenylmethylsulphonyl fluoride (PMSF) (Sigma) and 1%
nonyl phenoxylpolyethoxylethanol (NP40) (Calbiochem,
Darmstadt, Germany) for 20 min on ice. Lysates were
centrifuged at 13,000 x rpm for 10 min and supernatants
stored at —80°C. Frozen lysates were thawed and PI3K
immunoprecipitated with 5 pl anti-PI3K p85 (Cell
Signaling Technology, Danvers, MA) for 1 h at 4°C,
followed by the addition of 60 pl of a 50% slurry of Protein
A agarose beads for 1 h at 4°C. The immunoprecipitate
was collected by centrifugation at 13,000 x rpm for 10 sec,
washed 3 times in buffer A + 1% NP40, thrice with 0.1 M
Tris-HCL, pH 7.4, 5 mM LiCl, 0.1 mM Na orthovanadate
and twice with 10 mM Tris-HCL, pH 7.4, 150 mM NaCl,
5 mM ethylenediaminetetraacetic acid (EDTA), 0.1 mM
Na orthovanadate. Pellets resuspended in 110 pl of the
kinase reaction buffer containing 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) pH 7.0, 2.5 mM
MgCl,, 25 uM ATP. Reactions were incubated for 3 h at
37°C with 40 pmol PIP2 (Echelon Biosciences, Salt Lake
City, UT). Reactions were stopped with EDTA (5 mM)
and centrifuged at 13,000 x rpm at 4°C. Supernatants
were transferred to a microtitre plate for a competitive
ELISA (Echelon Biosciences) to quantify PIP3 generated.
Triplicate reactions were incubated with anti-PIP3
antibody for 1 h at room temperature. Reactions were then
transferred to plates coated with PIP3 and incubated for 1 h.
After 3 washes with TBS + 0.05% Tween20 (TBST), 100 pl
horseradish peroxidase (HRP)-conjugated antibody to
the anti-PIP3 was added and incubation continued for
1 h in the dark. Following 3 washes with TBST, 100 pl
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of tetramethyl benzidine (TMB) substrate was added
and reactions were stopped after 20 min with 100 pl
0.5 M H,SO,. Absorbance was measured (450 nm) and
PIP3 quantified using a standard curve generated with
experimental samples and plotted on a log scale.

Mouse xenograft models of myeloma

To evaluate the anti-myeloma effect of DT97
in vivo, 5-6 week old female athymic NCr (nu/nu)
mice (Charles River, Frederick, MD) were injected
subcutaneously with 2 x 10 KMS28BM cells in serum-
free medium. After tumors were detected (> 50 mm?),
mice were randomized to 4 groups (7/group). Mice
received intravenous injection of either vehicle (PBS in
10% DMSO); bortezomib (0.5 mg/kg), DT97 (10 mg/kg)
or both bortezomib and DT97. Tumor volume (TV)
measurements were made using a vernier caliper and
calculated using the formula: TV = 0.5 (a x b*) where a
is the long diameter and b the short diameter. Mice were
euthanized when tumors reached 2 cm?®, became ulcerated
or elicited neurologic or musculoskeletal complications
that limited mobility and feeding.

Biostatistical analysis

In vitro assays were performed in triplicate and data
presented are mean = S.D. of independent experiments
performed. Statistical significance of differences (SD) was
determined using the Student # and ANOVA tests with a
minimal level of significance of P < 0.05. In vivo statistical
tests were performed using the 2-tailed Student ¢ test.
Overall survival (OS) was determined using the Kaplan-
Meier method with 95% confidence intervals [42]. Results
are presented as the median OS with 95% confidence
intervals. Prism Version 5.0 software (GraphPad, La
Jolla, CA) was used for statistical analyses.

Drug synergy

The Compusyn software and program was used to
determine the effect of drug combinations and general
dose-effects and is based on the median-effect principle
and the Chou-Talalay Combination Index-Isobologram
Theorem (24-26). The Chou-Talalay method for drug
combination is based on the median-effect equation,
derived from the mass-action law principle, which
provides the common link between single entity and
multiple entities, and first order and higher order dynamics.
This general equation encompasses the Michaelis-Menten,
Hill, Henderson-Hasselbalch, and Scatchard equations.
The resulting combination index (CI) theorem of Chou-
Talalay offers quantitative definition for additive effect
(CI=1), synergism (CI < 1), and antagonism (CI > 1) in
drug combinations.

Kaplan-meier analysis

In vivo statistical tests were performed using the
2-tailed Student ¢ test. Median OS was determined using
the Kaplan-Meier method with 95% confidence intervals.
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