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PND-1186 FAK inhibitor selectively promotes

tumor cell apoptosis in three-dimensional
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Tumor cells can grow in an anchorage-independent manner. This is mediated in part through survival signals that bypass
normal growth restraints controlled by integrin cell surface receptors. Focal adhesion kinase (FAK) is a cytoplasmic
protein-tyrosine kinase that associates with integrins and modulates various cellular processes including growth, survival
and migration. As increased FAK expression and tyrosine phosphorylation are associated with tumor progression,
inhibitors of FAK are being tested for anti-tumor effects. Here, we analyze PND-1186, a substituted pyridine reversible
inhibitor of FAK activity with a 50% inhibitory concentration (IC, ) of 1.5 nM in vitro. PND-1186 has an IC, of ~100 nM
in breast carcinoma cells as determined by anti-phospho-specific immunoblotting to FAK Tyr-397. PND-1186 did not
alter c-Src or p130Cas tyrosine phosphorylation in adherent cells, yet functioned to restrain cell movement. Notably,
1.0 uM PND-1186 (>5-fold above IC ) had limited effects on cell proliferation. However, under non-adherent conditions
as spheroids and as colonies in soft agar, 0.1 LM PND-1186 blocked FAK and p130Cas tyrosine phosphorylation, promoted
caspase-3 activation, and triggered cell apoptosis. PND-1186 inhibited 4T1 breast carcinoma subcutaneous tumor growth
correlated with elevated tumor cell apoptosis and caspase 3 activation. Addition of PND-1186 to the drinking water of
mice was well tolerated and inhibited ascites- and peritoneal membrane-associated ovarian carcinoma tumor growth
associated with the inhibition of FAK Tyr-397 phosphorylation. Our results with low-level PND-1186 treatment support
the conclusion that FAK activity selectively promotes tumor cell survival in three-dimensional environments.

Introduction

Focal adhesion kinase (FAK) is a cytoplasmic protein-tyrosine
kinase that associates with both integrins and growth fac-
tor receptors in the control of cell motility and survival."?
Integrin binding to extracellular matrix promotes FAK activa-
tion connected to the regulation of various downstream signal-
ing pathways involved in cell shape changes and motility.® In
many tumors and transformed cell lines, FAK expression and
tyrosine phosphorylation are elevated.*® Knockdown of FAK

within tumor cells or mouse tumor models where FAK expres-
sion is inactivated have shown that FAK is important for breast
carcinoma tumor progression.”’! Importantly, studies where
FAK activity was inhibited through either a dominant-negative
FAK protein fragment or comparisons of tumor cells expressing
kinase-inactive FAK show that FAK activity is needed for breast
carcinoma metastasis.'>'? As FAK is connected to multiple cell
surface receptors and downstream signaling pathways, pharma-
cological inhibition of FAK activity may affect multiple aspects
of tumor progression.'*
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Figure 1. Properties of PND-1186 and selective FAK inhibition. (A) PND-1186 is comprised of 2,4-diamino-pyridine-based scaffold. For the partial
PND-1186 structure presented, X is a bond or (C,-C,)alkyl comprising 0-1 heteroatom selected from the group consisting of N, O, S(O) and S(0),, where-
in the (C-C)alkyl is substituted with 0-1 hydroxy, halo, (C,-C )alkoxy, (C,-C,)alkylamino or (C,-C,),dialkylamino groups. R' and R* are 5-12 membered
monocyclic, bicyclic or polycyclic, aromatic or partially aromatic rings. R® is a trifluoromethyl, halo, nitro or cyano; salt, tautomer, solvate, hydrate, or a
prodrug thereof. ELISA-based IC_; inhibition of recombinant FAK kinase activity was 1.5 nM and cellular inhibition was determined by anti-phospho-
specific Tyr-397 FAK immunoblotting. PND-1186 is water-soluble, exhibits favorable microsome stability, is highly protein bound in plasma (97%),
exhibits dose proportionality in bioavailability and high level oral administration (p.o) is not toxic to mice. (B) Relative inhibition of various kinases
with 0.1 or 1.0 uM PND-1186 addition as performed by the Millipore Kinase Profiler Service. Values are percent activity, greater than 50% inhibition is
highlighted in grey. At 0.1 uM, PND-1186 showed high selectivity for FAK and Flt3 inhibition.

ATP-competitive small molecule inhibitors to FAK have been
developed by Novartis (TAE-226)" and Pfizer (PF-573,228,
PF-562,271).1%" Additionally, compounds (such as Y15) have
been identified that block access to the major FAK tyrosine-397
autophosphorylation and Src-family kinase binding to FAK.'®
TAE-226, which is also a high affinity inhibitor of insulin-like
growth factor receptor signaling,"” can prevent tumor cell growth
in vitro and in vivo.">"?' Y15 promotes cell apoptosis and also
inhibits tumor growth at concentrations that are 10-100-fold
above the 50% inhibitory concentration (IC,) for FAK inhi-
bition."®** In contrast, PF-573,228 and PF-562,271 are highly
selective for FAK and the related Pyk2 kinase,'®" yet do not
block cell proliferation or promote tumor cell apoptosis in vitro
at 10-fold levels above the IC, for FAK. Thus, FAK activity does
not appear essential for cell proliferation.” However, PF-562,271
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prevents growth of subcutaneous human tumor xenografts,
and this is associated with decreased microvascular density and
increased tumor apoptosis.”” Although PF-562,271 blocks endo-
thelial cell branching in chicken chorioallantoic membrane and
mouse aortic ring angiogenesis assays,”* it remains unclear
whether these actions are connected to the mechanism(s) associ-
ated with PF-562,271-induced tumor cell apoptosis.

Herein, we present the characterization of a new highly-
specific small molecule inhibitor to FAK. PND-1186 has an IC, |
of 1.5 nM to recombinant FAK and ~0.1 UM in breast carcinoma
cells as determined by anti-phospho-specific immunoblotting
to FAK Tyr-397. Surprisingly, PND-1186 concentrations up to
1.0 uM did not inhibit p130Cas (130 kDa Crk-associated sub-
strate) or c-Src tyrosine phosphorylation within adherent cells,
and had limited effects on cell growth in two-dimensional
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Figure 2. PND-1186 inhibitory effects differ from Dasatinib (Src inhibition). Effect of PND-1186 on
FAK, c-Src and p130Cas tyrosine phosphorylation. 4T1 cells were seeded at 70% confluency on
tissue culture plates coated with 10 pg/ml fibronectin. Cells were treated with vehicle (DMSO)

or increasing (A) PND-1186 or (B) Dasatinib (LC Labs Inc.) addition for 1 h. Shown is total FAK,
p130Cas, Src or actin levels in cell lysates. Phospho-specific immunoblotting was performed in
parallel for changes in FAK or Src activity (pY397 FAK or pY416 Src) and p130Cas tyrosine phos-
phorylation (pY249 p130Cas). (C) Time course of FAK pY397 phosphorylation in 4T1 cells after 1 h
treatment (PND-1186, 1 uM) followed by PBS wash. Protein lysates were made at indicated times

Properties of PND-1186 and selectiv-
ity of FAK inhibition. PND-1186 has
a  2,4-diamino-pyridine
structure (Fig. 1). Using the recombinant
FAK kinase domain as a glutathione-S-
transferase (GST) fusion protein in an in
vitro kinase assay (Suppl. Fig. 1), PND-
1186 inhibited FAK activity with 1C |
of 1.5 nM. The selectivity of PND-1186

was evaluated using the Millipore Kinase

primary ring

Profiler Service. In this screen with recom-
binant protein kinases, 0.1 uM PND-1186
displayed specificity for FAK as well as
Fle3 (FMS-like tyrosine kinase 3) kinase
inhibition. At a higher PND-1186 levels
(1 uM), FAK and Flt3 had negligible
activity and other kinases including ACK1
Cdc42-associated  tyrosine
kinase 1), Aurora-A, CDK2 (cyclin-
dependent kinase 2)/cyclin A, insulin
receptor (IR), Lck (lymphocyte-specific

(activated

protein tyrosine kinase) and TrkA (tropo-
myosin-related kinase A) were inhibited
greater than 50% (Fig. 1). Flt3 expression
is found in cells of hematopoietic origin
and is not detectably expressed in 4T1,
MDA-MB-231 or IDS8 cells used herein.
PND-1186 inhibition of FAK is
distinct from effects of Src PTK inhibi-
tors. FAK acts as both a signaling kinase
and cell adhesion-associated scaffold within
tumor cells to coordinate the positional
recruitment and phosphorylation of vari-
ous cytoskeletal-associated proteins such

after PBS wash.

as p130Cas and paxillin."® Increased FAK
autophosphorylation at Y397 is a marker of

culture. However, PND-1186 inhibited breast carcinoma cell
motility in a dose-dependent fashion.

A hallmark of cancer is the ability to grow in an anchorage-
independent manner. We show that 0.1 UM PND-1186 is suffi-
cient to trigger 4T1 breast carcinoma and ID8 ovarian carcinoma
cell apoptosis when grown under suspended, spheroid or soft-agar
conditions. This was associated with the inhibition of both FAK
and p130Cas tyrosine phosphorylation, supporting the hypothesis
that a FAK-p130Cas survival pathway facilitates 3D cell growth.
PND-1186 inhibits 4T1 subcutaneous tumor growth and is asso-
ciated with increased tumor cell apoptosis. Similarly, low-dose
drinking water administration of PND-1186 inhibited ID8 ovar-
ian ascites-associated tumor burden without murine weight loss or
morbidity. Our results support the notion that FAK activity plays a
novel role in promoting 3D cell survival.

Results
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FAK activation. Integrin-mediated Y397
FAK phosphorylation can promote Src-family tyrosine kinase
binding to FAK and can lead to FAK-mediated c-Src activation.?
As both FAK and c-Src can phosphorylate common downstream
targets such as pl130Cas,” it remains undetermined whether
the effects of FAK and/or c-Src inhibition will yield differential
results on downstream target phosphorylation events.

In murine 4T1 breast carcinoma cells, we previously showed
that FAK promotes an invasive and metastatic cell phenotype.”®
Increasing concentrations of PND-1186 (0.1 to 1.0 uM) added
to 4T1 cells inhibited FAK Tyr-397 phosphorylation (pY397)
and resulted in elevated levels of total FAK protein within 1 h
(Fig. 2A). Similar results were obtained by PND-1186 addition
to human MD-MBA-231 breast carcinoma cells and murine ID8
ovarian carcinoma cells (data not shown). The cellular IC for
FAK pY397 inhibition was determined as ~0.1 uM PND-1186
by densitometry analyses and maximal reduction of FAK pY397
phosphorylation was ~80% (Fig. 2A). These results are consis-
tent with PF-573,228 inhibition of FAK in A431 epithelial carci-
noma cells'® and residual levels of FAK Y397 phosphorylation in
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cells or another Src inhibitor such as
4-amino-5-(4-methylphenyl)-7-(z-butyl)
pyrazolo[3,4-d]-pyrimidine or com-
monly known as PP1 (data not shown).
Taken together, these results show that
PND-1186 potently inhibits FAK phos-
phorylation in a reversible manner and
that Src pY416 and p130Cas pY249 phos-
phorylation are dependent on Src but not
FAK activity in adherent 4T1 cells.
PND-1186 inhibits 4T1 breast carci-
noma motility in vitro. FAK expression
is elevated in invasive humans cancers*
and FAK signaling promotes directional
cell movement.?? To assess if PND-1186
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would inhibit 4T1 cell migration, time
lapse wound healing assays were performed
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in the presence of DMSO (dimethyl
sulfoxide, control) or 1 uM PND-1186
(Fig. 3A and Suppl. Videos 1 and 2)
for 22 h. PND-1186 prevented 4T1 cell
movement and this was associated with
the lack of protrusion formation and the
infrequency of 4T1 edge cell separation
from the collective monolayer. No evi-
dence of 4T1 cell detachment or death
was observed with 1 uM PND-1186 over
22 h and notably, cells were visualized

1.0

undergoing cell division in the presence of

(1 pM)

PND-1186 (uM)

1.0 uM PND-1186 (Suppl. Video-2).

Quantitation of several wound regions
over 22 h revealed that DMSO-treated

PND-1186 did not affect cell binding to fibronectin.

Figure 3. PND-1186 restrains 4T1 breast carcinoma motility. Confluent monolayer of 4T1 cells
were wounded and photographed for 22 h via time lapse microscopy in the presence of vehicle
(DMSO) or 1 tM PND-1186. (A) Representative images from wound assay at 0, 11 and 22 h are
shown, scale bar is 250 um. (B) Quantification of time-lapse images from one representative
experiment in triplicate. Percent wound closure was determined using Image J and results are To
mean +/- SD. (C) Cells were pretreated (1 h) with vehicle or the indicated concentrations of
PND-1186 then plated on fibronectin-coated MilliCell transwells and allowed to migrate for 4 h in
the presence of drug. 10% FBS was used as a chemo-attractant. Results are percent of DMSO con-
trol (+/-SD, standard deviation) performed in triplicate (*p < 0.05 vs. DMSO control using ANOVA).

4T1 cells showed 89% wound closure
whereas PND-1186-treated cells had only
40% closure (Fig. 3B).
validate  the
Millicell
ity assays were performed with mem-
coated with fibronectin and
serum added as a chemotaxis stimulus

wound  assay

results, chamber  motil-

branes

the presence of PND-1186 may reflect FAK phosphorylation in
trans by other protein-tyrosine kinases.?®

PND-1186 inhibition of FAK was reversible as washout
experiments showed that FAK pY397 phosphorylation fully
recovered within 60 min (Fig. 2C). Surprisingly, PND-1186
addition to 1 pM did not affect c-Src activity as determined by
phosphos-specific antibody reactivity to Src Tyr-416 (pY416) or
p130Cas Tyr-249 (pY249) phosphorylation in adherent 4T1 cells
(Fig. 2A). In contrast, when dasatinib (BMS-354825) was added
to 4T1 cells (inhibiting both Abelson murine leukemia viral
oncogene homolog 1, Abland Src-family kinases), both Src pY416
and p130Cas pY249 were reduced in a dose-dependent manner
(Fig. 2B). Notably, dasatinib did not affect FAK pY397 levels
(Fig. 2B) and similar results were obtained using MD-MBA-231

www.landesbioscience.com

(Fig. 3C). Addition of PND-1186 to the
Millicell motility assay prevented 4T1 cell
movement in a dose-dependent fashion with ~50-60% maximal
inhibition at 0.4 uM PND-1186 addition for 4 h. Importantly,
PND-1186 did not affect 4T'1 cell adhesion to fibronectin, as did
dasatinib addition at sub-micromolar levels (data not shown).
These results support the importance of FAK activity in promot-
ing 4T1 cell motility.

Nanomolar PND-1186 levels promote 4T1 apoptosis in
suspended but not adherent conditions. At 1 pM, the TAE-
226 FAK inhibitor prevents glioma cell proliferation in vitro,”"
yet the PF-573,228 FAK inhibitor does not block fibroblast or
prostate carcinoma cell growth at 1 UM or 10-fold levels above
the IC, for FAK." Thus, FAK activity may not be tightly asso-
ciated with the regulation of cell proliferation. To determine
effects on 4T1 cells, increasing concentrations (0.1 to 1.0 uM)

Cancer Biology & Therapy 767
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Figure 4. Selective 4T1 cell apoptosis in suspension at low PND-1186 levels. (A) 4T1 cells were plated under adherent (tissue culture-treated plate) and
non-adherent conditions (poly-HEMA-coated plate). Cells were treated with DMSO or the indicated concentrations of PND-1186, harvested after 24, 48
and 72 h, and enumerated. Values are means (+/-SD) performed in triplicate (*p < 0.05; ***p < 0.0001 using ANOVA). (B) Cell cycle analysis as deter-
mined by propidium iodide (Pl) staining and flow cytometry of 4T1 cells treated with PND-1186 for 72 h. Relative DNA content is indicated. Adherent
cells treated with 1 uM PND-1186 show a slight increased in S and G,/M phase cells. No significant differences were observed with suspended cells.
Analyses are representative of two independent experiments. (C) PND-1186 promotes caspase-3 cleavage only in suspension. Lysates from adherent
or suspended 4T1 cells treated for 24 h with DMSO or the indicated amount of PND-1186 were analyzed by immunoblotting with antibodies to

pY397 FAK, total FAK, cleaved caspase 3 and GAPDH. (D) Flow cytometry was used to determine the percentage of annexin V-positive staining from
adherent or suspended 4T1 cells treated for 24 h with DMSO or the indicated amount of PND-1186. Average values +/- SD were determined by tripli-

cate analyses (*p < 0.05; ***p < 0.0001 using ANOVA).
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of PND-1186 were added to adherent or suspended 4T1 cells and
total cell numbers were enumerated after 24, 48 and 72 h (Fig.
4A). In adherent cells, no differences were observed at 24 or 48 h.
However at 72 h, 1.0 uM PND-1186-treated cells were decreased
in number and propidium iodide (PI) staining combined with
flow cytometry analyses revealed a slight accumulation in the
S and G,/M phases of the cell cycle compared to DMSO con-
trol (Fig. 4B). In suspended 4T1 cells, all concentrations of
PND-1186 reduced cell numbers at 48 h and this difference was
significant (p < 0.001) for 0.1 puM PND-1186 at 72 h compared
to DMSO (Fig. 4A). Interestingly, Pl staining analyses of 1.0 uM
PND-1186 treated cells in suspension did not reveal cell cycle
differences (Fig. 4B). However, there was an accumulation
of sub-diploid (IN) cells as detected by PI staining which is a
marker of apoptosis in other cell types.? These results show that
PND-1186 has limited effects on cell cycle progression and
effects on total cell numbers may be associated with cell death.
To determine if PND-1186 is triggering suspended 4T'1 cell
apoptosis, lysates of adherent and suspended 4T1 cells treated
with PND-1186 for 24 h and were analyzed by immunoblot-
ting (Fig. 4C). PND-1186 at 0.1 uM was sufficient to inhibit
FAK pY397 phosphorylation in adherent and suspended cells.
Notably, the detection of cleaved caspase 3 was increased 0
in PND-1186-treated suspended cells (maximal at 0.4 uM) DMSO 01 02 04 06 10
but was not detectable in PND-1186 treated adherent cells PND-1186 uM
(Fig. 4C). Caspase 3 cleavage is associated with caspase 3 acti- C PND-1186 (24 h)
vation and is an initiator of cell apoptosis.**As an independent > -~ 9 v oo
verification of 4T1 cell apoptosis in suspension upon addition TO o oo o~ EM
of PND-1186, cells were treated for 24 h and-analyzed- for 100|dp = = — - |EI?<97
annexin V binding by flow cytometry (Fig. 4D). In adherent
conditions, only low levels of annexin V-positive cells were
detected and this did not increase upon PND-1186 addition 100—|- - - - - |§f§3§as
up to 1.0 uM. In contrast, suspended 4T'1 control cells exhib-
ited elevated annexin V staining and this was further increased

5 0
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PND-1186 addition (Fig. 4D). Taken together, the triggering of —
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PND-1186 addition suggests that FAK activity may be essential so-l - e er W e - | Src
for the survival of cells under anchorage-independent condi-
tions. In contrast, the resistance of adherent 4T1 cells to high 3?-|- ------l actin
PND-1186 levels supports the notion that FAK activity is not 4T1 Spheroid Lysates

essential for adhesion-associated cell survival.
PND-1186 inhibition of FAK and pl130Cas tyrosine
phosphorylation under spheroid growth conditions. It has been

Figure 5. PND-1186 inhibits 4T1 spheroid growth and FAK-p130Cas
phosphorylation in suspension. (A) Representative phase-contrast

JERE e . images of control non-adherent 4T1 spheroids (DMSO) and 4T1 spher-
oidsinvitro mimicsaspectsof solid tumors compared tocellsgrown | oids in the presence of the indicated amount of PND-1186 for

2D monolayers.”® As PND-1186 selectively promotes 4T1 cell 72 h. Scale bar is 100 um. (B) Spheroid size at 72 h (n = 40) was deter-

apoptosis under suspended cell conditions (Fig. 4), 4T1 cells were mined by area calculations using Image J from phase contrast images.
. [ * KK i

culturedas3Dspheroidsandincreasingconcentrationsof PND-1186 | Average values (+/-SD) are shown (**p < 0.0001 using ANOVA). (C) As

. spheroids, PND-1186 promotes FAK and p130Cas dephosphorylation.
(0.1-1.0 uM) were added for 72 h to determine effects on spher- Adherent (Ad) untreated 4T1, suspended control (DMSO, 0) or PND-

oid size (Fig. 5A and B). At 0.1 UM PND-1186, there was a 1186 treated 4T1 cell lysates were analyzed by immunoblotting with
~3-fold reduction in average spheroid size and maximal effects | antibodies to pY397 FAK, FAK, pY249 p130Cas, pY410 p310Cas, p130Cas,
were observed at 0.2 UM PND-1186. To date, no other FAK | PY4165rc, Srcand actin.

inhibitor has shown maximal inhibition of a biological response

hypothesized that growing tumor cells as 3D multi-cellular spher-

at sub-micromolar levels.
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Figure 6. PND-1186 inhibition of 4T1 colony number and size in soft agar is associated with increased apoptosis. 4T1 cells were embedded in 0.3%
agar. Vehicle (DMSO) or the indicated concentrations of PND-1186 were added and after 10 d, colonies were imaged by phase contrast microscopy

(n =ten images per condition). (A) Representative images of 4T1 colonies are shown, scale bar is T mm. (B) Average colonies per field and (C) average
colony size after 10 d were calculated using Image J. Colony areas were determined from at least 200 colonies per condition. (D) Representative phase
contrast images of soft agar 4T1 colony morphology after 48 h. Scale bar is 100 um. (E) Apoptosis was quantified by visual inspection of at least 200
cells and was defined as the appearance of membrane blebbing or cell shrinkage. Ten fields per condition were observed and bars are means (+/-SD)
from one experiment performed in triplicate. Significant difference between groups and DMSO control was determined by ANOVA (*p < 0.05;

**p < 0.001; ***p < 0.0001).

To determine specificity of PND-1186 FAK inhibition in 1 and 2). However, 0.1 uM PND-1186 potently inhibited FAK
4T1 spheroids, immunoblotting was performed (Fig. 5C). The pY397, p130Cas pY249 and p130Cas pY410 phosphorylation in
total level of FAK pY397 phosphorylation was reduced under 3D 4T1 spheroids (Fig. 5C, lanes 3). Increasing PND-1186 addi-
spheroid compared to adherent 4T1 conditions. No differences  tion resulted in elevated total FAK levels, no change in p130Cas
were found for p130Cas pY249 or p130Cas pY410 phosphoryla-  expression, and sustained inhibition of FAK and p130Cas tyro-
tion in adherent versus 3D spheroid conditions (Fig. 5C, lanes sine phosphorylation (Fig. 5C). There was no change in either
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Figure 7. PND-1186 inhibits 4T1 subcutaneous tumor growth by induction of apoptosis. One million mCherry-labeled 4T1 cells were injected subcu-
taneously using BALB/c mice. After 8 d, mice received vehicle, 30 mg/kg PND-1186, or 100 mg/kg PND-1186 twice a day (b.i.d.). Tumors were harvested
after 5 d of treatment. (A) Representative OV-100 fluorescent images of mCherry-labeled 4T1 tumors in situ. Necrotic cores are visible in 100 mg/kg
PND-1186 treated tumors. Scale bar is 1 cm. (B) Effect of PND-1186 on final tumor weight. Values are means (+/-SD). (C) Quantification of average
fluorescent TUNEL staining intensity (+/-SD) in medial tumor sections (n = 10 per group) as determined using Image J. For (B and C), significant differ-
ences between vehicle and PND-1186 treatment groups was determined using ANOVA (*p < 0.05; **p < 0.001). (D) Representative images of TUNEL-
stained tumor sections (whole tumor section is outlined in red). Scale bar is 0.2 mm. (E) Evaluation of cell-associated (Hoechst DNA staining, blue) and
cleaved caspase-3 staining in control or 100 mg/kg PND-1186-treated tumors. Scale bar is 0.1 mm.

www.landesbioscience.com Cancer Biology & Therapy 771



120 - T

100 4

80-

604

Cell Number
(% of DMSO control)

0 Ll Ll \J L

24 48 72 96

vy

ID8- Suspended C
(15 Days)

Viable Cells (x10°)

DMSO 0.1
PND-118A (1M

04 1.0

E
ID8 Ascites Tumor Cells

mouse C1 cz €3 C4 C5 Cs6 C7 Cs

100- [ == - - e - - — | FAK
5% Sucrose
mouse P1 P2 P3 P4 PS5 P6 P7 P8

o[ 0 00 00 BB B [pveor

FAK

5% Sucrose + 0.5 mg/ml PND-1186

100-

G

Brightfield

dsRed
5% 5% Sucrose
Sucrose + 0.5 mg/ml
PND-1186

A ID8 Ovarian Carcinoma (suspended in vitro)

5% Sucrose 5% Sucrose

+ 0.5 mg/ml
PND-1186

FAK Ratio (pY397/FAK)

Peritoneal tumor number

- DMSO

& 0.1 M PND-1186
—- 0.4 uM PND-1186
4 1.0 uM PND-1186

C57BI6 - ID8 IP-injected

14-
1.2 4
1.0 4
0.8 ~
0.6 -
0.4 -

0.2 4

120 144 168 Time (h)

70 -
60 -
50 -
40 -

30
* %Kk

=

5% 5% Sucrose

Sucrose +0.5m I
F'Nﬂ-‘lm

20+
10 -

Ascites-associated cells (10°%) O

0

k%

&

30 -
25
20 -
15 4
104
g

5% 5% Sucrose
Sucrose +0.5 mg/ml
PND-1186

0-

5% 5% Sucrose
Sucrose + 0.5 mg/ml
PND-1186

Src pY416 or Src expression levels in adherent, spheroid or PND-
1186-treated spheroid 4T1 cells (Fig. 5C). Importantly, the
inhibition of p130Cas phosphorylation by PND-1186 in 4T1
spheroids differs from the lack of PND-1186 effects on 4T1
cells as a two-dimensional (2D) monolayer (Fig. 2A). As FAK
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Figure 8. PND-1186 inhibits ovarian
carcinoma tumor growth. (A and B) ID8
cells were plated under non-adherent
conditions (poly-HEMA-coated plate) in
the presence of DMSO or the indicated
amounts of PND-1186 and enumer-
ated from 24-168 h as indicated. (B)
Viable cell numbers were determined
by trypan blue exclusion and count-
ing using a Vi-Cell analyzer after 15 d.
(C) Representative images of C57BI6
mice injected (intraperitoneal, IP) with
dsRed-labeled ID8 cells after 46 d
provided 5% sucrose (control) or

0.5 mg/ml PND-1186 in 5% sucrose

ad libitum as drinking water for 30 d.
(D) Ascites was collected, peritoneal
cavity washed with saline and total

cell numbers enumerated from ID8
IP-injected mice. (E) Evaluation of FAK
phosphorylation in ascites-associated
cells as determined by anti-FAK
followed by phospho-specific anti-FAK
pY397 immunoblotting. (F) Ratio of
pY397 phosphorylated FAK to total FAK
levels in ascites cells as determined by
densitometry using Image J (n = 8 per
group). (G) Representative brightfield
and fluorescent images of peritoneal
tissue from C57BI6 mice IP-injected with
dsRed-labeled ID8 cells after

46 d provided 5% sucrose (control) or
0.5 mg/ml PND-1186. Arrow indicates
dsRed-positive tumor nodules in
control mice. (H) Peritoneal-associated
tumors were quantified by counting

(n =8 per group). Values are means
(+/-SD) performed in triplicate and
significance was determined by ANOVA
(*p < 0.05; **p < 0.001, ***p < 0.0001
versus control). Box-and-whisker
diagrams show the distribution of the
data: square, mean; bottom line, 25"
percentile; middle line, median; top line,
75% percentile; and whiskers, 5™ or 95t
percentiles.

interactions with p130Cas have been
shown to promote cell survival,?%
and PND-1186 inhibitory effects on
downstream targets of FAK are selec-
tively revealed when cells are cul-
tured under anchorage-independent
or 3D conditions, our results support
the hypothesis that FAK phosphory-
lation of targets such as p130Cas may
facilitate the survival of 4T1 cells in
3D conditions.

PND-1186 decreases soft agar colony number and size at
nanomolar concentrations. It can be argued that anchorage-
independent 3D spheroids do not fully recapitulate the archi-
tecture of nascent growing breast tumors that have some type
of provisional scaffold. Thus, 4T1 cells were grown as colonies

Cancer Biology & Therapy
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in soft agar and the effects of PND-1186 addition evaluated
(Fig. 6). By 10 d, PND-1186 addition inhibited both the total
number and size of 4T'1 soft agar colonies in a dose-dependent
manner (Fig. 6A-C). Similar results were obtained when
PND-1186 was added 4 d after the establishment of 4T1 cells
in soft agar (Suppl. Fig. 2). At 0.2 uM PND-1186, 4T1 soft
agar colony size was inhibited 77% (Fig. 6C) and this corre-
sponded to increased 4T1 cell apoptosis (>50%) as determined
by membrane blebbing and cell shrinkage (Fig. 6D and E).
Taken together, our results support the hypothesis that PND-
1186 does not work as a general cytotoxic drug, but selec-
tively and potently interferes with the survival of cells in a 3D
environment.

PND-1186 inhibits 4T1 subcutaneous tumor growth by
induction of apoptosis. To determine the sensitivity of 4T1
tumor growth to PND-1186 administration, mCherry fluores-
cently-labeled 4T1 cells were grown subcutaneously in BALB/c
mice (Fig. 7). After allowing 8 d for primary tumor establish-
ment, vehicle or PND-1186 at 30 mg/kg or at 100 mg/kg was
administered every 12 h (twice-daily, b.i.d.) for 5 d after which
time, mCherry 4T1 tumors were visualized in situ followed by
extraction and weighing (Fig. 7A and B). Whereas vehicle-treated
4T1 tumors were brightly fluorescent, generally multi-lobed and
had become invasive to the surrounding tissues, tumors in mice
treated with 100 mg/kg PND-1186 contained dark non-fluores-
cent centers, were generally rounded-and were loosely adherent
to sub-dermal tissues (Fig. 7A). 100 mg/kg PND-1186treat-
ment significantly reduced final 4T'1 tumor weight 2-fold (n = 8,
p < 0.05) whereas 30 mg/kg PND-1186 slightly reduced final
tumor weight but was not significantly different compared to
control (n = 8, p > 0.05). To determine if the loss of mCherry
fluorescence in the center of 100 mg/kg PND-1186 tumors was
associated with increased cell apoptosis, medial sections were
analyzed by TUNEL (Fig. 7C and D) staining. Both 30 and
100 mg/kg administration of PND-1186 significantly increased
tumor TUNEL staining compared to vehicle-treated controls
(Fig. 7D). As elevated cleaved caspase-3 staining was also found
in the tumors of PND-1186-treated mice (Fig. 7E), these results
parallel our in vitro analyses and show that PND-1186 promotes
apoptosis of 4T1 cells in 3D conditions resulting in the inhibi-
tion of tumor growth in vivo.

PND-1186 inhibits ovarian carcinoma tumor growth in
vivo. During ovarian carcinoma tumor cell progression, cells can
dissociate from the primary tumor and grow as multi-cellular
spheroids within the peritoneal space.> As PND-1186 selectively
promotes 4T'1 breast carcinoma apoptosis in 3D environments,
PND-1186 effects on murine ID8 ovarian carcinoma cell growth
were evaluated in vitro and in vivo (Fig. 8). In suspended cell
culture as spheroids, 0.1, 0.4 and 1.0 pM PND-1186 significantly
inhibited ID8 cell number at 72 h (Fig. 8A) and resulted in a
dramatic reduction in viable cells after 15 d (Fig. 8B). To deter-
mine if low levels of PND-1186 could affect ID8 growth in vivo,
dsRed fluorescently-labeled ID8 cells were intraperitoneally-
injected into C57BI6 mice and after 11 d, mice were provided
5% sucrose (control) or 0.5 mg/ml PND-1186 in 5% sucrose in
lieu of drinking water on an ad libitum basis. No adverse effects
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and no body weight loss were noted with PND-1186 adminis-
tration. After 30 treatment days, mice with PND-1186 in the
drinking water did not exhibit swollen abdomens as did con-
trol mice (Fig. 8C). This corresponded with a lower number of
ascites-associated cells (Fig. 8D) and the >2-fold inhibition of
FAK pY397 by 0.5 mg/ml PND-1186 administration compared
to 5% sucrose controls (Fig. 8E and F). In addition to inhibit
ing ascites-associated ID8 spheroid growth, PND-1186-treated
mice showed significantly fewer tumor nodules within the peri-
toneal space as detected by in vivo dsRed fluorescence imaging
(Fig. 8G and H). These results show that low level PND-1186
administration inhibits the growth of ovarian carcinoma cells in
vitro and in vivo. The selective effects on PND-1186 in promot-
ing apoptosis of cells in three dimensional environments points
to a novel role for FAK activity in generating anchorage-indepen-
dent survival signals.

Discussion

Increased expression and phosphorylation of FAK is associated
with tumor progression and malignancy." For this reason, and
because of the known cell migration promoting properties of
FAK, there has been considerable interest in developing inhibitors
for clinical use.® TAE-226 inhibits FAK and other kinases which
complicates interpretations of the mechanism(s) of action.”
However, PF-562,271 has high specificity for FAK and the
related Pyk2 kinase and can prevent human xenograft growth in
immuno-compromised mice."” This may occur through increased
apoptosis of vascular cells within tumors or via the suppression of
stromal angiogenesis.!”?*%4

Herein, we present the characterization of a new 2,4-diamino-
pyridine-based reversible small molecule inhibitor to FAK. PND-
1186 hasan IC, of 1.5 nM to recombinant FAK and exhibits high
specificity to FAK in vitro at 0.1 UM as determined by Millipore
KinaseProfiler analyses (Fig. 1). In 2D monolayer cell culture,
0.1 uM PND-1186 potently inhibits FAK pY397 phosphoryla-
tion without affects on p130Cas or ¢-Src tyrosine phosphoryla-
tion (Fig. 2). In contrast, the Abl/Src inhibitor desatinib blocks
p130Cas and Src tyrosine phosphorylation events without effects
on FAK. As anticipated, PND-1186 prevents cell motility (Fig. 3)
and time-lapse microscopic imaging revealed that 4T1 breast
cancer cells continued to undergo cell division in the presence
of 1.0 uM PND-1186 (see Suppl. Videos 1 and 2). Importantly,
0.1 uM PND-1186 was sufficient to promote 4T1 breast car-
cinoma and ID8 ovarian carcinoma cell apoptosis when cells
were grown under suspended, spheroid or soft-agar conditions
(Figs. 4—6 and 8). This was associated with the inhibition of
both FAK and p130Cas but not Src tyrosine phosphorylation
(Fig. 5), supporting the hypothesis that a selective FAK-p130Cas
survival pathway facilitates 3D tumor cell growth.

A connection between FAK signaling and cell survival was
first noted using antisense knockdown or micro-injection of anti-
bodies to FAK*** and has been attributed to loss of integrin-
associated survival signals.*® To this end, FAK has been linked
to matrix survival signaling through the activation of a variety
of downstream pathways.”> However, adhesion-dependent roles
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for FAK in promoting cell survival may be distinct from the role
of FAK in promoting 3D cell survival in tumor cells. Notably,
2D adherent 4T1 or ID8,% cell cultures did not demonstrate a
dependency on FAK activity for survival as the same cells did
under 3D conditions (Fig. 4). In our studies, FAK inhibition
was validated by pY397 blot and by assessment of FAK substrate
sites on p130Cas. FAK activity was blocked at similar concen-
trations among cells grown in 2D or 3D conditions. Although
recent studies have implicated a kinase-independent survival role
for FAK in p53 tumor suppressor inhibition,*® ID8 cells possess
intact p53 and 4T1 cells are p53-null, yet both cells exhibit sensi-
tivity to low level PND-1186 treatment in undergoing apoptosis.
Thus, our results support the notion that PND-1186 inhibition
of FAK affects p53-independent pathways within 3D-cultured
cells.

One key difference between 2D and 3D conditions was
pl30Cas tyrosine phosphorylation. PND-1186 inhibited
p130Cas phosphorylation in 3D conditions but not 2D culture
conditions. This suggests that interaction with a rigid substrate
can either stabilize phosphorylated pl130Cas or facilitate its
phosphorylation by an alternative tyrosine kinases such as Src
as previously shown for force-dependent signaling.® Although
our findings with regard to a specific FAK-p130Cas signaling
connection in 3D remain correlative, p130Cas phosphorylation
promotes apoptosis resistance of cells in suspension’’ and the
survival of tumor cells in 3D.#* Mechanistically, FAK Y397
phosphorylation is also important in facilitating inside-out inte-
grin activation.” Thus, in 3D spheroids, FAK activity may facili-
tate integrin interactions with adhesion molecules on neighboring
tumor cells, thus promoting cell survival signaling. Such a role is
also consistent with the multiple linkages between p130Cas and
proteins affecting cytoskeletal actin remodeling.”” These interac-
tions would be expected to suppress pro-death signals by ligating
integrins and suppressing of caspase 3 activation.** Interestingly,
PND-1186 inhibition of p130Cas tyrosine phosphorylation and
increased 4T'1 tumor cell apoptosis was independent of effects on
Akt phosphorylation-activation.”” The survival pathway poten-
tially downstream of p130Cas tyrosine phosphorylation remains
under investigation.

Our analyses have also extended in vitro observations to 4T1
and ID8 tumor growth inhibition associated with increased
cell apoprosis (Figs. 7 and 8). Interestingly, we did not observe
effects on tumor vascularity in the subcutaneous 4T1 tumors
(unpublished observations). One might argue that aggressive
4T1 tumor growth, which secretes many inflammatory and
angiogenic growth factors, could be sufficient to override anti-
angiogenic effects of FAK inhibition. However, PND-1186
inhibitory effects on ID8 ovarian tumor growth in situ as peri-
toneal ascites is likely also mediated through an angiogenesis-
independent effect. Thus, although FAK inhibition may influ-
ence angiogenesis, our data collectively indicate that such activ-
ity may not be essential for inhibition of tumor growth in vivo.
Rather, the induction of apoptosis among cells growing in a 3D
environment appeared key.

Our results also raise the possibility that FAK activation may
provide a selective advantage to tumor cells growing in a 3D
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microenvironment. As hepatocellular carcinoma growth in 3D
was associated with increased FAK levels,* and increased FAK

expression is linked to tumor progression,**

FAK signaling may
facilitate cell growth in 3D environments typically seen in malig-
nancy. As our preclinical studies show that PND-1186 has low
intrinsic toxicity to mice and is efficacious at low concentrations
administered ad libitum in promoting tumor apoptosis, there is
significant merit for testing PND-1186 as an anti-cancer therapy

in the clinic.
Materials and Methods

Chemical synthesis. PND-1186 was identified through high-
throughput kinase activity screens and conventional medicinal
chemistry approaches. The structure will be published elsewhere
(Koenig M, manuscript in preparation). PND-1186 was synthe-
sized and prepared as a HCI salt as described in a patent appli-
cation.”” For in vivo assays, PND-1186 was dissolved in water
(solubility = 22 mg/ml).

Baculovirus FAK catalytic domain and in vitro kinase
assays. The FAK catalytic domain region (411-686) was gen-
erated by polymerase chain reaction using the primers 5-CGA
TCG AAT TCT CGA CCA GGG ATT ATG AGA TTC
A-3', 5“TAG CTG TCG ACT TAC TGC ACC TTC TCC
TCC TCC AGG-3', cloned into pGEX4T as a fusion with
GST, and moyed into the pAcG2T baculovirus expression vec-
tor (Pharmingen, Baculogold). Virus clones were identified by
plaque assays and amplified. For protein expression, SF9 cells
were transduced-at a multiplicity of infection of 2-5 pfu/cell and
cultured at 27°C for 48 h. Glutathione agarose affinity chroma-
tography were used to purify GST-FAK (411-686) followed by
size fractionation using hiload 16/60 Superdex chromatography
(GE Healthcare). Protein was concentrated and stored frozen in
50 mM Tris pH 8.0, 150 mM NaCl, 1 mM Na orthovanadate,
0.5 mM EDTA, 0.5 mM EGTA, 0.1% B-mercaptoethanol and
20% glycerol. Purity was estimated at >90% by SDS-PAGE.
GST-FAK in vitro kinase activity was measured and compared to
His-tagged FAK 411-686 (Millipore) using the K-LISA screen-
ing kit (Calbiochem) and poly(Glu:Tyr) (4:1) copolymer (P0275,
Sigma) as a substrate immobilized on microtiter plates. IC, val-
ues were determined with various concentrations of test com-
pounds in a buffer containing 50 uM ATP and 10 mM MnClL,
50 mM HEPES (pH 7.5), 25 mM NaCl, 0.01% BSA and 0.1
mM Na orthovanadate for 5 min at room temperature. Serial
diluted compounds at ¥2-Log concentrations (starting at 1 WM)
were tested in triplicate. Substrate phosphorylation was measured
using horseradish peroxidase-conjugated anti-pIyr antibodies
(PY20, Santa Cruz Biotechnology) with spetrophotometic color

quantitation. IC_ values were determined using the Hill-Slope

Model. Kinase SSCOICCtiVity profiling was performed by using the
KinaseProfiler service (Millipore).

Reagents and cells. Antibodies to B-actin (AC-17) were from
Sigma-Aldrich. Antibodies to Src (Src-2) were from Santa Cruz
Biotechnology. Antibodies to FAK (4.47) were from Millipore.
Site and phospho-specific antibodies to pY249 p130Cas, pY410

p130Cas, pY416 Src and anti-cleaved caspase-3 were from Cell
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Signaling Technology. Anti-pY397 FAK and TOPRO-3 were from
Invitrogen. Anti-GAPDH (glyceraldehyde-3-phosphate dehy-
drogenase) was from Chemicon, bovine plasma fibronectin was
from Sigma, and Dasatinib and PP1 were from LC Laboratories
and Calbiochem, respectively. 4T1 murine mammary carcinoma
cells and MDA-MB-231 human breast carcinoma cells were from
American Type Culture Collection. ID8 mouse ovarian carci-
noma cells were from Katherine Roby.”® Cells were cultured in
Dulbecco’s modified Eagle’s medium supplemented with 10%
fetal bovine serum (FBS), 1 mM non-essential amino acids,
2 mM glutamine, 100 U/ml penicillin and 100 pg/ml strepto-
mycin. For in vitro studies, PND-1186 was dissolved in dimethyl
sulfoxide (DMSO) and stored at -80°C until time of use. Final
experimental DMSO concentration was between 0.1%-0.2%.
The coding sequence for red fluorescent mCherry or dsRed
proteins (Clontech) were subcloned into the lentiviral expres-
sion vector (pCDH-MSCI, System Biociences) and recombinant
lentivirus was produced as described.”® Transduced 4T1 or
ID8 cells were enriched by fluorescence-activated cell sorting
(FACSAria, Becton-Dickinson) to acquire stable population of
cells.

Anchorage-dependent, spheroid and soft agar cell growth
assays. Cells (2 x 10°) were plated per 35 mm well under
adherent (tissue culture-treated) and non-adherent conditions
(poly-HEMA-coated) in six-well plates (Costar) in growth
media. Between 24 and 168 h, all cells were collected, a single
cell suspension was prepared by limited trypsin-EDTA “treat-
ment, and viable cells were enumerated by trypan blue staining
and counting (ViCell XR, Beckman). For spheroid area-deter-
mination, cells were imaged after 72 h in phase contrast using
an Olympus IX51 microscope. Area was calculated using Image
J software (version 1.43). For soft agar assays, 48-well plates
were coated with a 1:4 mix of 2% agar (EM Science) in 0.2 ml
growth media (bottom layer). 5 x 10% cells were plated per well
(in triplicate) in a mixture of 0.3% agar in 0.2 ml growth media
(top layer). After agar solidification, 0.2 ml growth media was
added containing DMSO or PND-1186 (final concentration for
0.6 ml). In separate experiments, PND-1186 was added after
4 d. After 10 d, colonies were imaged in phase contrast, enumer-
ated by counting nine fields (three fields per well), and total area
determined using Image J. For all analyses, experimental points
were performed in triplicate and were experiments were repeated
at least two times.

Immunoblotting. Protein extracts of cells were made using
lysis buffer containing 1% Triton X-100, 1% sodium deoxycho-
late, and 0.1% SDS and were separated by 4-12% SDS-PAGE
(sodium dodecyl sulfate polyacrylamide gel electrophoresis) and
sequential immunoblotting performed as described.”® Relative
expression levels and phospho-specific antibody reactivity were
measured by densitometry analyses of blots using Image J.

Cell migration assays. Serum-stimulated chemotaxis
using Millicell (12 mm diameter with 8 um pores; Millipore)
chambers were performed as described previously.” Both sides
of membrane were coated with fibronectin (10 ug/ml) and
chemotaxis was stimulated by addition of 10% FBS to the
lower chamber. Data points represent cell counts (nine fields)
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from three migration chambers from at least two independent
experiments. For scratch-wound closure motility assays, cells
were seeded onto fibronectin-coated (10 pg/ml) glass bottom
12-well plates (MatTek) and serum starved (0.5% FBS) for 16 h.
Cells were wounded with a pipette tip, washed with phosphate-
buffered salin (PBS), and replenished with 10% FBS media with
or without FAK inhibitor (1 uM). Time-lapse series was obtained
by acquiring images at 10 min intervals for up to 22 h, at 37°C
with humidity and CO, regulation using a x10 objective on an
automated stage (Olympus IX81). Cell trajectories and distance
traveled were measured by tracking nucleus position over time
using Image J.

Cell growth and apoptosis assays. For cell growth analyses,
adherent or suspended cells were treated with PND-1186 for the
indicated times, collected as a single cell suspension by limited
trypsin treatment, fixed with 70% ethanol, collected by centrifu-
gation and washed with PBS. Cell pellets were resuspended in
300 ul of PBS containing propidium iodide (PI) (10 ug/ml),
DNAse-free RNAse (100 pg/ml, Qiagen), and then incubated
at 37°C with agitation for 1 h. Samples were analyzed by flow
cytometry (FACSCalibur, Becton-Dickinson) and cell cycle
analyses were performed by ModFit LT3.2 software (Verity
software house). Hypodiploid DNA content as a measure of
cell apoptosis was detected by PI staining as described.?” For cell
apoptosis analyses, adherent or suspended cells were treated with
PND-1186 -and collected, as above, stained for phycoerythrin
(PE)=conjugated annexin V-binding and 7-amino-actinomycin
(7-AAD) reactivity (BD Pharmingen), and analyzed within
I'h by flow-cytometry. Quadrant gates were positioned based on
cell autofluorescence (negative) staurosporine-treated (positive)
controls. Apoptosis was calculated to be the percent of annexin
V-positive cells. In the soft agar assays, apoptosis was quantified
by visual inspection of at least 200 cells and was defined as the
appearance of membrane blebbing or cell shrinkage. Apoptosis
was also detected by appearance of cleaved caspase-3 antibody
reactivity in protein lysates by immunoblotting.

Detection of apoptosis in tumors. Fresh tumors were
snap-frozen in Optimal Cutting Temperature (OCT) com-
pound (Tissue Tek), thin sectioned (7 WM) using a cryomi-
crotome (Leica 3050S) and mounted onto glass slides. Sections
were fixed with 3% paraformaldehyde, permeabilized in PBS
containing 0.1% Triton for 3 min, and blocked with 8% goat
serum in PBS for 60 min at RT. For activated caspase-3 detec-
tion, sections were incubated with cleaved caspase-3 antibody
(1:200 diluted in 2% goat serum in PBS) for 18 h at 4°C, washed
with PBS, and incubated with fluorescein isothiocyanate con-
jugated anti-rabbit and TOPRO-3 (blue) for DNA detection.
Sections were imaged on a Nikon Eclipse C1 confocal micro-
scope with a 1.4 NA 60X oil objective, with a 30 m pinhole set-
ting, and analyzed using EZ-C1 3.50 software (Nikon). Tumor
apoptosis was also measured by terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL) staining using
the tetramethylrhodamine (TMR) kit as per the manufacturer’s
instructions (Roche). Bright field and fluorescent images of
whole tumor sections were obtained using Zeiss M2-Bio Stereo
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microscope equipped with INFINITY1-3C: digital color cam-
era and a x4 objective.

Mouse tumor studies. Six to eight week old female C57Bl6
and BALB/c mice were obtained from Harlan Laboratories
(Indianapolis, IN) and housed in pathogen-free conditions,
according to the guidelines of the Association for the Assessment
and Accreditation for Laboratory Animal Care, International.
All in vivo studies were carried out under an approved insti-
tutional experimental animal care and use protocol. Growing
tumor cells were harvested by limited trypsinization, washed
in PBS, and counted using a ViCell XR (Beckman) prior to
injection. Cell viability as measured by trypan blue exclusion
was >95%. For subcutaneous tumor growth, 1 x 10° mCherry-
labeled 4T1 cells in 100 pl PBS were injected into the hindflank
of Balb/C mice. After 8 d, mice with equal volume tumors
(as measured using vernier calipers and determined by length
x width?/2) were grouped (n = 8 per group) and PND-1186
solubilized in polyethylene glycol 400 (PEG400) in PBS (1:1)
was injected (100 pl) subcutaneously in the neck region at 30
mg/kg or 100 mg/kg every 12 h. Control animals received
PEG400:PBS injections and at 13 d, tumors were imaged
in situ using an Olympus OV100 Intravital Fluorescence
Molecular Imaging System, tumors were excised and weighed,
half was frozen in OCT, and half was solubilized in protein
lysis buffer for FAK phosphorylation analyses. For ID8 ovar-
ian carcinoma tumor growth, 0.8 mL of 1 x 107 ID8 cells, in
PBS was intraperitoneal injected into~C37Bl6 mice. “After
11 d, 0.5 mg/mL PND-1186 dissolved in 5% sucrose in water
was provided for drinking and control mice received 5% sucrose
(n = 8 per group). Administration continued ad libitum for
30 d after which mice were euthanized, ascites fluid collected,

cells obtained by centrifugation (2,000 rpm for 5 min), cell
volume measured by pipet, and then solubilized in protein lysis
buffer for immunoblotting analyses.

Statistical analyses. GraphPad Prism (v5.0a) was used to
determine significant differences between groups using one-way
analysis of variance (ANOVA) followed by the Tukey post hoc
test. Differences between pairs of data were ascertained using
an unpaired two-tailed Student’s t-test or a two-tailed Mann-
Whitney test.
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3 Supplemental Figures, 2 QuickTime movies

Video-1. Time lapse analysis of 4T1 scratch wound motility. Cells were plated onto
fibronectin-coated (10 pg/ml) MatTek glass bottom microwell dishes in the presence of 10%
FBS at 37°C with humidity and CO; regulation. After 1 h, DMSO was added and images were
collected at 10 min intervals over 23 h with a 10X objective on an automated stage (Olympus

IX81). The video is at 10 frames/sec and saved in QuickTime format.

Video-2. Time lapse analysis of 4T1 scratch wound motility with PND-1186 (1 uM). Cells
were plated onto fibronectin-coated (10 pg/ml) MatTek glass bottom microwell dishes in the
presence of 10% FBS at 37°C with humidity and CO, regulation. After 1 h, 1 yM PND-1186 in
DMSO was added and images were collected at 10 min intervals over 23 h with a 10X
objective on an automated stage (Olympus IX81). The video is at 10 frames/sec and saved in

QuickTime format.
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Supplemental Figure 1. Activity profile of recombinant GST-FAK 411-686. After
baculovirus expression, glutathione agarose binding, and size fractionation chro-
matography, the purity of GST-FAK 411-686 was >90% as visualized by SDS-
PAGE and Coomassie Blue staining. Shown is a K-LISA (Calbiochem) activity
profile of GST-FAK 411-686 and His-tagged FAK 411-686 (Millipore) measuring
the phosphorylation of poly Glu:Tyr (4:1). Average values +/- SD were determined
by triplicate analyses.
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Supplemental Figure 2. PND-1186 inhibits 4T1 growth in soft agar after colony establishment. Cells (5,000
cells/well) were embedded in 0.3% agar. After 4 days, vehicle (DMSO, control) or the indicated concentrations of
PND-1186 were added. After 10 days colonies were photographed (10 fields per condition) and the (A) colony
number and (B) colony area was determined using Image J. Areas of 70 to 100 colonies were analyzed per treat-
ment condition and bars are means (+/- SD) from one experiment performed in triplicate. Significant difference to
control was determined using ANOVA (*p< 0.05; **p < 0.001; ***p < 0.0001).
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Supplemental Figure 3. PND-1186 inhibits the growth of 4T1 cells as colonies in Matrigel. 48-well plates were
coated with a 1:4 mix of 2% agar (EM Science) in 0.2 ml growth media (bottom layer). 5000 were plated per well
(in triplicate) in a mixture of 1:1 Matrigel (BD Biosciences) in 0.2 ml growth media (top layer). After solidification at
37°C, 0.2 ml growth media was added containing DMSO or PND-1186 (final concentration for 0.6 ml). After 7 days,
colonies were imaged in phase contrast, enumerated by counting 9 fields (3 fields per well), and total area deter-
mined using Image J. Experimental points were performed in triplicate and experiments were repeated at least two
times. (A) Representative images of 4T1 colonies are shown, scale bar is 0.1 mm. (B) Average colonies per field
and (C) average colony size after 10 days. Colony areas were determined from at least 100 colonies per condition.
Bars are means (+/- SD). Significant difference to control was determined using ANOVA (*p < 0.0001).



