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Abstract

Despite the significant progress in the field of cancer therapeutics, the incidence of pancreatic
cancer (PC) has continuously increased. One possible mechanism for this increasing burden is
impaired drug delivery and drug resistance resulting from a unique tumor microenvironment and
genetic mutations. Apratoxins are potent anticancer agents and cotranslational translocation
inhibitors with potential therapeutic applications to treat cancers with active secretory pathways.
Here, we developed apratoxin S10 (Apra S10) as an anti-pancreatic cancer agent which potently
inhibited the growth of both established and patient-derived primary pancreatic cancer cells. We
validated its mechanism of action on pancreatic cancer cells by demonstrating the downregulation
of multiple receptor tyrosine kinases and inhibition of growth factor and cytokine secretion. Apra
S10 also inhibited a number of cytokines from stromal cells, suggesting that Apra S10 not only
inhibited pancreatic cancer cell secretion, but also reduced the level of factors secreted by other
cell types active within the tumor microenvironment. As Apra S10 tissue distribution indicated its
high enrichment in pancreas tissue, an orthotopic pancreatic patient-derived xenograft mouse
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model that closely mimics the human pancreatic tumor microenvironment was for the first time
used in apratoxin studies. Apra S10 showed promising antitumor effect in this pancreatic cancer
model and this effect was mediated through anti-proliferation effects.
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Introduction

Pancreatic cancer (PC) is associated with a dismal 5-year survival (8%) and it is projected to
surpass colorectal cancer to become the second leading cause of cancer-related deaths in the
United States by 2030. [1, 2] The current standard pancreatic cancer treatment is
chemotherapy with or without radiation, which provides minimal survival benefit. The first-
line therapy, gemcitabine or FOLFIRINOX treatment, only increased patients’ survival by a
few months.[3] The combination therapy of gemicitabine and a targeted therapeutic agent,
erlotinib, although approved by FDA, was not widely used on patients due to limited clinical
utility and intolerable toxicity.[4] One explanation for the poor therapeutic outcome in PC is
the desmoplastic response in the tumor microenvironment which does not allow for
therapeutic penetration. The tumor microenvironment is characterized by altered
extracellular matrix production, poor vasculatures, and hyper-active fibroblasts.[5, 6] This
strong stromal component found throughout the PC tumor microenvironment may serve as a
mechanical barrier for PC evasion of the immune response and diminished anticancer drug
delivery and efficacy.[7, 8] Efforts have been made to overcome this barrier by enhancing
drug delivery or increasing intratumoral drug concentration. Examples include targeting
non-tumor components within the desmoplastic tumor microenvironment,[7] increasing
local drug concentrations in pancreas through intra-arterial chemotherapy,[9, 10] and
targeted drug delivery (e.g. albumin-bound (nab)-paclitaxel and nanotechnology-based drug
delivery).[11-13] In addition to drug delivery enhancement, other efforts are focusing on
altering the tissue distribution pattern of small molecule anticancer agents by structural
modifications, aimed at improving their distribution in the pancreas.[14] For example, a
difluoro-analogue of curcumin has enhanced bioavailability and pancreatic enrichment than
the parent compound.[14] Another possible explanation for the unfavorable clinical response
of pancreatic cancer therapies is due to the intrinsic resistance of pancreatic cancer cells,
driven by abnormal signaling pathways as well as secretion of soluble growth factors from
the stroma that stimulate pancreatic cancer growth.[5, 15] Given the challenges and the
rising incidence of PC, there is an urgent necessity to develop novel therapeutic strategies to
enhance local drug concentration and increase drug efficacy.

Apratoxins are a family of potent anticancer and antiangiogenic agents which significantly
retarded tumor growth in a HCT116 (human colon cancer) subcutaneous tumor mouse
model.[16-20] The potent activity of apratoxins is associated with their ability to
downregulate both receptor tyrosine kinases (RTKs) and their ligands including vascular
endothelial growth factor A (VEGF-A) and interleukin 6 (IL-6), mediated through blocking
one stage of secretory pathways, cotranslational translocation, at the level of Sec61.[18, 20—
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22]. This unusual mechanism of action of apratoxins suggested their potential therapeutic
use against cancers with active secretive pathways such as pancreatic cancer. The pancreas is
a major secretory organ and the majority of pancreatic exocrine tumors are adenocarcinomas
that arise from ductal epithelium.[23, 24] We hypothesized that apratoxins possess high
affinity to pancreatic tissue due to the fact that the secretory machinery in pancreas is the
natural target of apratoxins.

We recently reported the design, synthesis and in vitro characterization of a novel apratoxin
analogue, apratoxin S10 (Apra S10) as a potential therapeutic antitumor agent (Fig. 1). [20]
Compared with other apratoxins, Apra S10 is superior in achieving a balance of stability,
potency and synthetic yield.[20] To evaluate its efficacy as a pancreatic cancer agent, it is
crucial to apply an effective tumor model system which mimics the unique tumor
microenvironment. To overcome this major obstacle, we used an orthotopic pancreatic
patient-derived xenografts (PDX) model that preserves the stromal component of native
pancreatic tumor, results in frequent clinically similar metastases, and induces muscle
wasting characteristic of the cancer cachexia syndrome.[25] The orthotopic model also
better recapitulates the human disease as compared to a flank model because the tumor
becomes part of the portal venous system. This is an important concept because the active
secretory profile of tumor will have a first pass flow through the liver rather than the lungs
creating signaling pathways that mimics the human disease in a way that the flank model
does not recapitulate. Our studies using several in vitro and in vivo models indicated that
Apra S10 exerts promising efficacies to combat pancreatic cancer.

Primary patient derived pancreatic cancer cell lines EC46 and EC68, isolated as previously
described[26] and PANC-1 cells were cultured in DMEM/F-12K (1:1 mixture) medium
supplemented with 10% fetal bovine serum. Tumor associated stromal cells TAS-G13,
isolated as previously described[27] were also cultured in DMEM/F-12K media. All cells
were maintained at 37 °C humidified air and 5% CO,.

Cell Viability Assay (MTT)

PANC-1, EC46 or EC68 cells were seeded in a 96-well clear bottom plate at cell densities of
5000 cells per well. Cells were allowed to attach overnight, followed by treatment with
various concentrations of the Apra S10, erlotinib or solvent control (EtOH). After 48 h of
incubation, cell viability was measured using MTT according to the manufacturer’s
instructions (Promega, Madison, WI). Nonlinear regression analysis was carried out using
GraphPad Prism software for Gl gg and 1Csq value calculations.

Total synthesis of Apra S10

Apra S10 was synthesized as previously described.[20]
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Immunoblot analysis

PANC-1 and EC46 cells were seeded at 200,000/well in 6-well clear bottom plates and
allowed to attach overnight. Cells were treated with Apra S10 or solvent control (EtOH)
after replacing with fresh media. Whole cell lysates were collected 24 h post treatment using
PhosphoSafe buffer (EMD Chemicals, Inc, Gibbstown, NJ). Protein concentrations were
measured with the BCA Protein Assay kit (Thermo Fisher Scientific, Rockford, IL). Lysates
containing equal amounts of protein were separated by SDS polyacrylamide gel
electrophoresis (4-12%), transferred to polyvinylidene difluoride membranes, probed with
primary and secondary antibodies, and detected with the SuperSignal West Femto Maximum
Sensitivity Substrate (Thermo Fisher Scientific). Anti-EGFR, Met, IGF-1Rp, p-actin and
secondary anti-mouse and rabbit antibodies were from Cell Signaling Technology, Inc
(Danvers, MA).

VEGF-A AlphaLISA

PANC-1 (5000 cells/well) and EC46 (10,000 cells/well) were seeded in a 96-well clear
bottom plate and allowed to attach overnight. Cells were treated with various concentrations
of Apra S10 or solvent control (EtOH) after replacing with fresh media. Culture supernatants
were collected after 12 h incubation for detection of VEGF-A using AlphaLISA kit
(PerkinElmer, Waltham, MA) following the manufacturer’s instruction. Briefly, acceptor
bead and anti-VEGF-A antibody were incubated with the supernatants for 60 min followed
by incubation with donor beads for an additional 30 min. Signal was detected using Envision
(PerkinElmer) and VEGF-A secretion levels are reported relative to solvent control with
normalization to cell viability at 12 h measured by MTT assay.

Partial secretome profiling

EC68 (5000 cells/well) and TAS-G13 (5000 cells/well) were seeded in 96-well clear bottom
plates and allowed to attach overnight. Medium was replaced with serum free media and
cells were allowed to grow an additional 24 h following which cells were treated in triplicate
with Apra S10 (10 nM, 1 nM and 100 pM) and EtOH control. Culture supernatants from
triplicate wells for each concentration were combined following 12 h incubation with drug
or solvent. Supernatants were stored at —20 °C until Luminex assay was performed using
EMD MILLIPLEX® human cytokine/chemokine magnetic bead panel assay kit (EMD
Millipore, Billerica, MA) following manufacturers protocol. Assay was carried out in
triplicate, validated using quality control samples provided in the kit and cytokine levels
measured using a standard curve for human cytokine provided in the kit. Data was analyzed
using Milliplex Analyst software and shown as % secretion relative to solvent control.

Tissue distribution and plasma and tissue collection

Four- to ten- week old NOD-SCID IL2 receptor gamma chain knockout (NSG) female mice
from Jackson Laboratory (Bar Harbor, ME) were randomly distributed into two
administration groups: 1 mg/kg Apra S10 treatment group (36 mice) and sham group (4
mice). Mice in treatment group were further randomly assigned into twelve administration
subgroups (3 mice per group): sacrificed at six different time points following i.v. or i.p.
administration. Apra S10 was formulated in 10% EtOH, 5% Tween-80, 85% saline solution
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(100 pL/20 g mice) for i.v. injection and formulated in DMSO (25 pL/20 g mice) for i.p.
injection.

Pancreas, liver, lung, salivary glands, spleen, kidney, brain and whole blood were collected
at 10 minutes, 1, 3, 8, 24, and 48 hours after a single i.v. or i.p. administration of 1 mg/kg
Apra S10. Blood samples were centrifuged at 15,000 g for 90 seconds to collect the plasma.
Plasma and tissue samples were snap frozen in liquid nitrogen and stored at =80 °C until
analysis.

Sample preparation

Tissues were thawed on ice and three volumes of PBS buffer was added. Tissues were
homogenized on ice and centrifuged for 5 min (16,000 g, 4 °C) to collect tissue
homogenates. Plasma or tissue homogenates (50 uL) were transferred into Eppendorf tubes
followed by addition of 150 pL of 0.067 ug/mL harmine in 1:1 acetonitrile/methanol into
each. Each ample was mixed and centrifuged at 10,000 g for 5 min at 4 °C. The supernatant
was collected and evaporated to dryness under nitrogen. Compounds were reconstituted with
50 pL of acetonitrile and the obtained solution was filtered through nylon membrane
containing centrifuge tubes (Corning) and subjected to LC-MS/MS analysis.

LC-MS/MS analysis

A volume of 10 uL of the reconstituted solution was injected into the LC-MS system. LC-
MS was done on a 3200 QTRAP (Applied Biosystems) equipped with a Shimadzu (Kyoto,
Japan) UFLC System [column, Onyx Monolithic C18 (3.0 x 100 mm), Phenomenex
(Torrance, CA); solvent, water (solvent A) acetonitrile (solvent B); flow rate, 0.5 mL/min;
detection by electrospray ionization (ESI)-MS in positive ion mode using multiple reaction
monitoring (MRM) scan)]. A stepwise gradient elution was used starting at 50% B, then
increasing to 60% B at 2 min and maintained at this condition for 6 min, then further
increasing to 80% B in 5 min. MS parameters were optimized before analysis by using
direct syringe infusion. The retention times (%, min; MRM ion pair) of the analytes and
internal standard were as follows: harmine (3.11; 213.1— 170.1), Apra S10 (11.4; 842.5—
446.1). Compound-dependent parameters used were as follows: Apra S10, declustering
potential (DP) 51 V, entrance potential (EP) 12 V, collision energy (CE) 41V, collision cell
exit potential (CXP) 22V, collision cell entrance potential (CEP) 36 V; and harmine, DP 46
V,EP 4V,CE 35V, CXP 4V, CEP 15 V. Source gas parameters used were as follows:
curtain gas, 15 psi; collision gas low, ion spray voltage 4200 V; temperature, 600 °C; ion
source gas 1, 50 psi; ion source gas 2, 60 psi.

Calibration curves for Apra S10 in each biological matrix were generated by least-square
linear regression analysis of the analyte peak area and internal standard peak area ratio
against the nominal concentration of the standard solutions. All calculations were done using
Analyst 1.6.2 software (Applied Biosystems) in Quantitate Mode.

PK parameter analysis

Apra S10 concentration-time data were fitted using noncompartmental analysis in
Phoenix™ 64 WinNonlin® (Pharsight, Certara). PK parameters including elimination rate
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constant (ke), half-life (t1/2), peak concentration (Cpax), time to peak concentration (Tmax),
area under the concentration-time curve (AUC;), area under the concentration-time curve to
infinity (AUC), clearance (CL/F), volume of distribution (V,/F), and mean residence time
(MRT) were estimated and listed in Table 2. Linear trapezoidal rule was used for AUC;
calculation, AUC infinity was extrapolated as the sum of AUC; and the last quantifiable
concentration (Cy,qt) divided by terminal slope on log scale (A;). CL was computed as dose
divide by AUC and MRT was calculated as the area under the first moment curve (AUMC)
divide by AUC. Tissue to plasma partition coefficients (Kp) were calculated using tissue
concentrations divided by average plasma concentration at the corresponding time point.

Simulation study

Simulation was also conducted in Phoenix where 0.25 mg/kg Apra S10 was administered
i.p. with dosing intervals of 24 hours and 48 hours respectively. Simulation of two dosing
interval of Apra S10 was derived from single dose PK experiment. The predicted
concentration-time profiles are shown in Fig. 4. The dashed horizontal line (red) indicates a
concentration of 40 ng/mL Apra S10, the minimum effective concentration. Steady state
pancreas concentration is expected to achieve after four doses of Apra S10 if it is dosed
every day or after two doses of Apra S10 if it is dosed every other day.

In vivo efficacy study of Apra S10 in orthotopic PDX mouse model

The PDX model was established as previously described. [25, 28] In brief, a human PC
specimen was collected at the time of operation from a patient with surgically resected
pancreatic ductal adenocarcinoma as verified by pathology, cut into 3 x 3mm cubes, and
then implanted into the right flank of female NSG mice. PDXs were grown to 2.0 cm before
passage into next generation of mice to allow for expansion of tumor for future studies.

NSG mice were orthotopically implanted with the second generation PDX tumor. Mice were
then randomized into vehicle and Apra S10 treatment groups at post-operative day 45 when
the tumors reached palpable sizes, a diameter of 3-4 mm. Mice were injected
intraperitoneally (i.p.) with 0.25 mg/kg Apra S10 or DMSO control every other day until the
endpoint. Tumor dimensions were measured using calipers every three to five days and
tumor volumes were calculated using the formula Il (D-1)%/6, where diameter (D) is the
average diameter calculated using calipers and the LOGIQ e Vet model ultrasound (General
Electric, Fairfield, CT).

Organs were procured at endpoint, tumor tissue was placed in formalin and then embedded
in paraffin. Subsequently, 5 micron paraffin sections were obtained and underwent TUNEL
staining for apoptosis and Ki-67 staining for proliferation. All studies were carried out under
the protocol approved by the Institutional Animal Care and Use Committee (IACUC) at the
University of Florida.
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Apra S10 inhibits proliferation of both established and primary pancreatic cancer cells at
low nanomolar concentrations

To evaluate Apra S10’s activity in pancreatic cancer, we first obtained established pancreatic
cancer cells, PANC-1(KRAS, G12D; 7P53, 273H)[29], which are frequently used as in vitro
models for studies of exocrine pancreatic cancer. Apra S10 potently inhibited the
proliferation of PANC-1 at low nanomolar Glgg range, while the FDA approved EGFR
inhibitor for pancreatic cancer treatment, erlotinib, showed thousands fold less activity
(Table 1). PANC-1 cells have been passaged and cultured in vitro in a two-dimensional
monolayer for several decades, which can lead to genetic mutations and morphological
changes and may not accurately represent pancreatic cancer.[29, 30] The disconnection
between preclinical results and clinical outcomes may be in part due to the poor
representation of this disease in preclinical models. PC is a heterogeneous disease with
different genetic variations leading to different phenotypes within the disease. The Trevino
group has established a method to expand primary human pancreatic cancer cell lines from a
PDX mouse model which allowed us to test Apra S10 on adenocarcinoma cells, that have
not been cultured in vitro on a plastic surface for years, to more closely mimic native cancer
cells.[26] Apra S10 was tested on two of these primary pancreatic cell lines EC46 (KRAS,
G12V; TP53, WT) and EC68 (KRAS, G12D; TP53, R248W). The growth of both EC46 and
EC68 cells were inhibited by Apra S10 with Glsgs of 0.32 and 0.35 nM, respectively (Table
1). In contrast, erlotinib only showed activity in the micromolar range (Table 1).

Apra S10 potently downregulated various RTKs and inhibited the secretion of VEGF-A at
low nanomolar to subnanomolar concentrations (Fig. 2a, b). We subsequently profiled 41
secreted factors to establish a substrate selectivity profile in primary PC cells (EC68) as well
as tumor associated stromal cells (TAS-G13). The results suggested that not all factors are
inhibited to equal extent and several are unchanged or possibly increased (Fig. 2c—e),
arguing against nonselective cytotoxicity without substrate specificity supposedly displayed
by apratoxin A.[22] Since stromal cells secret factors that stimulate pancreatic cancer cell
growth,[15] our finding that Apra S10 inhibits their secretion is considered as one potential
mechanism by which Apra S10 could overcome drug resistance.

Tissue distribution study demonstrated high enrichment of Apra S10 in the pancreas

With the encouraging results of Apra S10’s activity against pancreatic cancer in vitro, we
then aimed to investigate whether Apra S10 has high distribution in the pancreas. We
performed a tissue distribution and pharmacokinetic study of Apra S10 in NSG mice. Both
intraperitoneal (i.p.) and intravenous (i.v.) injection routes were performed, considering both
routes have been used in previous apratoxins in vivo studies.[19, 31, 32] Tissues and plasma
were collected at six time points following a single i.v. or i.p. administration of Apra S10 at
1 mg/kg. Concentrations of Apra S10 in tissues and plasma were quantified using liquid
chromatography tandem mass spectrometry (LCMS/MS). Pancreas has the highest peak
concentrations of Apra S10 in both administration routes, followed by salivary glands,
spleen, liver, lung, kidney and brain (Fig. 3a). The non-compartmental pharmacokinetic
analysis was utilized to obtain the steady-state pharmacokinetic parameters of each
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individual’s concentration-time profile (Table 2). The tissue: plasma partition coefficients
(Kp), a good indicator of the extent of tissue distribution, was calculated to determine
pancreas as the major distribution organ (Fig. 3b, ¢). Both i.p. and i.v. administration have
similar distribution profiles across organs and similar time course concentrations in each
organ as seen in Fig. 3, meaning that regardless of the route given, the drug will accumulate
in the pancreas. This also allows us to compare our results to other studies using either
administration route.

Apra S10 had significant anti-tumor effect in a pancreatic patient-derived xenograft (PDX)
mouse model

After confirming that Apra S10 has a favorable tissue distribution in pancreas, we were
prompted to test its efficacy in a pancreatic PDX model. A simulation study was first
conducted to identify an appropriate in vivo dose and a dosing schedule of Apra S10 aimed
at achieving an effective intratumoral concentration in pancreatic cancer. The in vitro studies
suggested the concentrations of Apra S10 required to achieve the maximal response are
around 50 nM (40 ng/mL) (Fig. 1). Simulation results demonstrated that, in order to achieve
a stabilized concentration above 40 ng/mL in pancreas over time, every-other-day dosing
with Apra S10 at 0.25 mg/kg is sufficient (Fig. 4). We next evaluated Apra S10 in a PDX
mouse model using the optimized dose and dosing schedule above. Apra S10 significantly
retarded tumor growth in this PDX mouse model (Fig. 5a; Fig. 6) without causing weight
loss (Fig. 5b).

Apra S10 reduced proliferation of PDX tumors in vivo

To determine the mechanism by which Apra S10 was decreasing the tumor growth, we
measured both proliferation and apoptosis. Staining of the tumors for Ki-67, a marker of
cellular proliferation, showed a significant difference between vehicle and Apra S10 treated
mice (Fig. 7). Apra S10 caused more than a 50% decrease in the number of cells undergoing
proliferation at the time of euthanasia. Using a TUNEL stain to detect apoptotic cells, no
difference was found between Apra S10 and vehicle groups in the number of cells
undergoing apoptosis at the time of euthanasia (Fig. 7).

Discussion

Apratoxins are potent cytotoxic agents derived from marine cyanobacteria.[16, 32-36]
Apratoxin A was the first compound discovered in apratoxin family which possesses broad-
spectrum differential in vitro activities.[17] Its cytotoxicity is due to potent inhibition of
cotranslational translocation[21] at the level of the Sec61 translocon,[22, 31] leading to both
downregulation of various receptor tyrosine kinases and reduced growth factor secretion.[21]
Although apratoxin A showed potent antitumor activities in vivo, it caused intolerable
toxicity which limited its therapeutic use.[16, 31] The toxicity of apratoxin A is possibly
associated with its accumulation in normal pancreas which lead to pancreas atrophy.[31] In
order to improving therapeutic index of apratoxin A, our group has spent considerable
efforts on a medicinal chemistry campaign, which led to apratoxins S4, S8-10, possessing
potent in vitro as well as in vivo anticancer activities and enhanced in vitro stability.[18-20]
Apratoxins S4 and S8 were evaluated in a colon cancer xenograft mice model and both
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analogues significantly retarded tumor growth at 0.25 mg/kg of daily dosing.[18, 19] Apra
S10 is the newest analogue we discovered, which is considered one of the lead candidates of
the apratoxin family in terms of potency, stability, and synthetic accessibility. [20]

Here, we have characterized Apra S10 as a novel drug for the treatment of pancreatic cancer
in preclinical models. Growth of both established pancreatic cancer cell line and new
primary pancreatic cancer cell lines was effectively inhibited by Apra S10 at nano- to sub-
nanomolar concentrations, suggesting Apra S10’s therapeutic effectiveness across the
genetic heterogeneity seen in PC. Tissue distribution data demonstrated that Apra S10
reaches the highest concentrations in the pancreas across the time points with only the
salivary gland concentrations coming close to the pancreas drug concentrations. Thus, our
data support that apratoxins distribute to organs with exocrine function which is consistent
with their mechanism of action of secretory pathway inhibition and Sec61 blockage.[21, 22,
31] The pancreatic enrichment is ideal for obtaining therapeutic intratumoral concentrations
while maintaining lower concentrations in other organs reducing the toxic side effects of the
drug, making it an ideal drug to target diseases of the pancreas. Due to the high
bioavailability and half-life in the pancreas, dosing with 0.25 mg/kg every other day (instead
of daily) was sufficient to maintain an effective local concentration, potentially further
reducing undesirable side effects. To our knowledge, this is the first study of apratoxins in an
orthotopic PDX model which allowed us to test apratoxins in a more natural environment.
Using a PDX model does require the use of immunodeficient mice such as the NSG mice
used in these experiments. Although this model lacks an adaptive immune system, it has an
intact innate immune system which maintains important immune signaling profiles from the
tumor. In the orthotopic PDX preclinical model, Apra S10 inhibited tumor growth and the
effect was associated with reduced cellular proliferation in the tumor. We have not yet
elucidated the exact mechanism by which Apra S10 is causing this inhibition in proliferation
rather than an increase in apoptosis, but we speculate the decrease in proliferation may be
the result of the protective microenvironment in the orthotopic PDX model or that apoptosis
would require higher Apra S10 concentrations, indicating that the cytotoxic and cell growth
effects can be separated. In conclusion, our findings suggest Apra S10 could be a useful
adjunct to current cytotoxic therapies for pancreatic cancer.
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Fig. 1.
Structure of Apra S10 (a) and the effects of Apra S10 on cell growth of EC68, EC46

(primary pancreatic cancer cells) and PANC-1 (exocrine pancreatic cancer cells) using an
MTT assay at 48 hours (b).
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Fig. 2.
In vitro activity of Apra S10 in PC cells and tumor associated stromal (TAS-G13) cells.

Effects on (a) RTKSs (24 h) and (b) VEGF-A secretion (12 h) in PANC-1 and EC46 cells. (c)
Effects of on secretion of 41 cytokines/ growth factors in primary cancer EC68 cells (top),
tumor associated stromal TAS-G13 cells (bottom). Several affected factors are displayed in
(d) for PC and (e) for stromal cells (average of triplicates).
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Fig. 3.

Cc?ncentrations of Apra S10 in plasma and tissues following a single i.v. or i.p.
administration of 1 mg/kg Apra S10 to mice (a). Solid lines indicate i.v. tissue distribution
profiles. Dashed lines indicate i.p. profiles. Numbers represent the average of three mice in
each group, with error bars indicating SD. Tissue distribution histogram of i.v. (b) and i.p.
(c) administration. Kp: tissue:plasma partition coefficients. Numbers represent the average of
three mice in each group, with error bars indicating SD.
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Simulation for Apra S10 doses to achieve a concentration above 40 ng/mL. The dosing
intervals considered were (a) daily, (b) every other day. The dashed horizontal lines (red)
represent the minimum effective concentration, 40 ng/mL.
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Fig. 5.

(@) Tumor volume over the course of treatment, plotted as mean with standard error. P-
values were calculated using a repeated measures two-way ANOVA and Sidak’s multiple
comparisons test for each individual time points. (b) tumor free body weight upon
euthanasia of mice. P-values were calculated using a student’s t-test and plotted as mean
with standard error. *P < 0.05, **P < 0.01, ***P < 0.001.
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Day 25

Day 34

Volume: 275 mm" "Volume: 160 mm°

Fig. 6.

Uﬁrasound images of a representative control DMSO treated mouse on the left with area and
volume at Day 25 (top left) and Day 34 (bottom left) as shown. Representative ultrasound
images of an Apra S10 treated mouse on the right with area and volume at Day 25 (top right)
and Day 34 (bottom right) as shown. Scale in centimeters on right side of each ultrasound
image.
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Fig. 7.

Regpresentative images of tumors stained for Ki-67 brown of (a) control mouse and (b) Apra
S10 treated mouse. (d) The average number of positive cells per HPF calculated using
ImageJ. Representative images of tumors with TUNEL staining brown of (d) control mouse
and (e) Apra S10 treated mouse. (f) The average number of positive cells per HPF by
manual calculation. Scale bars represent 200 pm. Error bars represent SD. HPF High
powered field; *** P-value < 0.001
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Table 1.

G150 (nM) of Apra S10 and IC50 (nM) of a clinically approved receptor tyrosine kinase (EGFR) inhibitor on
both established and new patient derived pancreatic cancer cell lines

Compounds ApraS10(nM) erlotinib hydrochloride (nM)

EC68 0.35 8960
EC46 0.32 2410
PANC-1 2.75 13100
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