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Abstract: Poly (ADP-ribose) polymerase (PARP) has recently emerged as a central mediator in cancer resistance
against numerous anticancer agents to include chemotherapeutic agents such as microtubule targeting agents
and DNA damaging agents. Here, we describe AMXI-5001, a novel, highly potent dual PARP1/2 and microtubule
polymerization inhibitor with favorable metabolic stability, oral bioavailability, and pharmacokinetic properties. The
potency and selectivity of AMXI-5001 were determined by biochemical assays. Anticancer activity either as a single-
agent or in combination with other antitumor agents was evaluated in vitro. In vivo antitumor activity as a single-
agent was assessed in a triple-negative breast cancer (TNBC) model. AMXI-5001 demonstrates comparable IC50
inhibition against PARP and microtubule polymerization as clinical PARP inhibitors (Olaparib, Rucaparib, Niraparib,
and Talazoparib) and the potent polymerization inhibitor (Vinblastine), respectively. In vitro, AMXI-5001 exhibited
selective antitumor cytotoxicity across a wide variety of human cancer cells with much lower IC50s than existing
clinical PARP1/2 inhibitors. AMXI-5001 is highly active in both BRCA mutated and wild type cancers. AMXI-5001 is
orally bioavailable. AMXI-5001 elicited a remarkable In vivo preclinical anti-tumor activity in a BRCA mutated TNBC
model. Oral administration of AMXI-5001 induced complete regression of established tumors, including exceedingly
large tumors. AMXI-5001 resulted in superior anti-tumor effects compared to either single agent (PARP or micro-
tubule) inhibitor or combination with both agents. AMXI-5001 will enter clinical trial testing soon and represents a
promising, novel first in class dual PARP1/2 and microtubule polymerization inhibitor that delivers continuous and
synchronous one-two punch cancer therapy with one molecule.
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Introduction loping more effective and tolerable therapies to

treat most cancers remains an unmet medical

According to American Cancer Society Cancer
Facts and Figures from 2019, cancer is the sec-
ond leading cause of death in the United States
[1]. Despite the introduction of many novel
therapeutics including immunotherapy, biolo-
gic, and targeted therapies, most patients with
metastatic cancer benefit from any given thera-
py for a limited time only. This limited benefit is
primarily due to intolerable side effects and
resistance (primary or acquired) to standard
therapies used in treating advanced cancers.
Causes underlying the resistance include tumor
mediated factors, interference from the tumor
or immune environment, and epigenetic fac-
tors. Thus, advanced cancers continue to be
serious, life-threatening, and incurable. Deve-

need.

Synthetic lethality is an emerging strategy in
cancer treatment that seeks to exploit the onco-
genic features of tumor cells rather than over-
come them. Synthetic lethality occurs when
essential and overlapping molecular pathways
that control cellular functions are simultane-
ously inhibited [2-4]. Exploiting synthetic lethal-
ity may result in greater effects than inhibiting
each pathway alone.

PARP and microtubules are attractive targets
for many anti-cancer drugs. Microtubules play
critical roles in cell structure, function, and pro-
cesses including transport, migration and mito-
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sis. Microtubule targeting agents (MTAs) inhibit
the function of cellular microtubules by promot-
ing polymerization and depolymerization. PA-
RP1 and PARP2 proteins are involved with
repairing single-strand DNA breaks that lead to
toxic double-stranded breaks if not repaired
prior to replication [2, 5-7]. Drugs that inhibit
the PARP proteins cause multiple double-str-
anded breaks that lead to cell death.

A synergistic role of PARP and microtubule tar-
geting agents is emerging in cancer therapy.
Simultaneous targeting of PARP and microtu-
bule polymerization may result in an amplified
and prolonged DNA damage, an enhanced sen-
sitization of cancers, and a broad anti-tumor
efficacy with reduced risk for both cancer drug
resistance and dose limiting peripheral neurop-
athy associated with microtubule targeting
agents [8-13].

Emerging evidence suggests that microtubule
targeting agents may exert a potentiating effect
on PARP inhibitor-induced DNA damage [13].
Recent studies demonstrate that MTAs inter-
fere with the trafficking of proteins critical for
the double-strand DNA damage repair to in-
clude ATM, ATR, DNA-PK, Rad50, Mrel1l, p95/
NBS1, p53, 53BP1, and p63 [13]. By im-
pairing the trafficking of these critical double-
stranded DNA damage repair proteins, MTAs
may synergize with DNA damaging agents and
the PARP inhibitors, which inhibit the alterna-
tive DNA repair pathway (base excision or sin-
gle-strand repair), thereby resulting in prolong-
ed DNA damage and enhanced cytotoxicity.

PARP inhibitors may enhance the anti-tumor
activity of MTAs. In keeping, following microtu-
bule inhibition by MTAs, PARP1 is auto-ribosyl-
ated and thus stimulated. Subsequently, the
stimulated PARP interacts with and stabilizes
important mitotic checkpoint proteins such as
E3 ubiquitin ligase (CHFR), and thus leads to
inhibition of cell cycle progression to M phase
in replicating cancer cells [10, 12]. Conse-
quently, cancer cell avoidance of mitotic catas-
trophe induced by MTAs implicates an impor-
tant role of PARP activity in cancer cell resis-
tance to these drugs. There are currently at
least seven PARP inhibitors at various stages of
clinical development [2, 14]. In addition to
blocking PARP catalytic action, certain PARP
inhibitors induce trapping of PARP proteins on
DNA, thus generating toxic DNA-adducts [2].
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These toxic DNA-adducts interfere with replica-
tion, causing cell death preferentially in cancer
cells, which grow faster than non-cancerous
cells.

Recent studies show that sustained DNA dam-
age occurs with the combination of MTAs with
either DNA damaging agents or radiation [15,
16]. This finding provides a likely explanation
for why combinations involving a MTA and a
DNA damaging agent have emerged “empiri-
cally” as active combinations in the majority of
cancers. Moreover, The DNA damage repair in-
hibitors, such as PARP inhibitors, may sensitize
cancers to MTAs as significantly increased
apoptosis has been shown in cancer cells resis-
tant to MTAs with combination treatment of a
PARP inhibitor and a MTA.

These combined results suggest that MTAs
may synergize with PARP inhibition in both DNA-
double-strand break repair proficient and de-
fective cancers, owing to their exacerbation of
the DNA damage phenotype [13]. Given this
supportive evidence, PARP inhibitors have been
proposed to kill cancer cells resistant to MTAs
in combinatorial regimens with MTAs [10, 12].

MTA-induced peripheral neuropathy is a major
dose limiting toxicity for which no therapy is
approved. A role for PARP inhibition in sensory
neurotransmission has been established [8].
Recent reports demonstrate that PARP inhibi-
tion protects against microtubule targeting ag-
ent-induced painful neuropathy in rats [9], and
thus supports that PARP inhibition may repre-
sent a novel therapeutic approach for this dose
limiting toxicity associated with microtubule
targeting agents.

Collectively, these findings suggest that simul-
taneous inhibition of PARP and microtubules
may confer a broad and potent anti-tumor effi-
cacy with reduced risk for MTA-induced dose
limiting toxicity and cancer drug resistance.
Accordingly, synchronous inhibition of PARP
and microtubules may result in a synthetically
lethal anti-cancer therapeutic strategy by en-
suring a synchronous ‘one-two punch’ cancer
therapy.

Here, we report the characteristics of a novel
dual PARP1/2 and Microtubule Polymerization
inhibitor, AMXI-5001. AMXI-5001 exhibits many
of the biochemical and cytotoxic profiles found
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with either or both the clinically approved PA-
RP1/2 inhibitors such as Olaparib, Rucaparib,
and Niraparib, and Talazoparib, and the micro-
tubule inhibitors polymerization inhibitors such
as Vinblastine, Vincristine and Colchicine. How-
ever, AMXI-5001 is able to achieve antitumor
cell responses and elicit DNA repair biomarkers
at much lower concentrations than all current
clinical PARP1/2 inhibitors, an effect consis-
tent with its dual target inhibition and enhanced
biochemical potency. Moreover, the favorable
metabolic stability, oral bioavailability, and ph-
armacokinetic properties of AMXI-5001 sug-
gest that it is a useful addition to existing tar-
geted agents in oncology.

Results

AMXI-5001 potently and selectively inhibits
PARP1 and PARP2

AMXI-5001 was engineered using a medicinal
chemistry approach, to generate novel bifunc-
tional drug-like small molecules that synchro-
nously inhibit the catalytic activity of PARP1
and microtubule polymerization (Figure 1A)
(manuscript in preparation).

The inhibitory effect of the AMXI-5001 com-
pound towards PARP1 was determined using a
commercially available microplate assay kit
(Universal Colorimetric PARP Assay from Tre-
vigen, Inc., Gaithersburg, MD). Clinically app-
roved PAPR inhibitors (Olaparib, Talazoparib,
Niraparib, or Rucaparib) were used as a posi-
tive control for PARP inhibition. Since AMXI-
5001 structure also comprises a microtubule
targeting moiety, Paclitaxel was used as a neg-
ative control for PARP inhibition. As shown in
Figure 1A and 1B, AMXI-5001 inhibited PARP1
enzymatic activity with a very low IC50 of ~5
nmol/L. In a side-by-side comparison, we found
that AMXI-5001 has comparable IC50 inhibi-
tion profile against PARP1 to other clinically
approved PARP inhibitors to include Olaparib,
Talazoparib, Rucaparib, and Niraparib (Figure
1B, 1C and Table S1). In contrast, Paclitaxel did
not affect PARP1 enzymatic activity (Figure 1C).
AMXI-5001 was originally synthesized as a free
base form. Subsequently and in an attempt to
improve AMXI-5001 solubility, its hydrochloride
salt form was identified and selected. As shown
in Figure 1B, both the free base and HCL salt
forms of the compound have equivalent effect
against PARP1 enzymatic activity.
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Most PARP1 inhibitors are known to also inhibit
the homologous enzyme PARP2 due to the
sequence similarity of PARP1 and -2 catalytic
domains [17]. We found that AMXI-5001 inhib-
ited PARP2 to a similar extent than the clinically
approved PARP inhibitors Olaparib and Tala-
zoparib, with IC50 of 0.05, 0.03, and 0.09
nmol/L, respectively (Figure 1D; Table S2).

PARP1 and 2 are nuclear enzymes that synthe-
size PAR chains on target proteins as a form of
posttranslational modification. To assess the
ability of AMXI-5001 to inhibit intracellular PA-
RP activity, we exposed MDA-MB-436 breast
cancer cells to the alkylating agent methyl
methanesulfonate (MMS) to induce PAR syn-
thesis and examined the ability of AMXI-5001
to inhibit PAR formation both by the validated
HT PARP in vivo Pharmacodynamic ELISA Assay
(Trevigen, Inc., Gaithersburg, MD), and by west-
ern blotting analysis. The clinically approved
PARP inhibitors Olaparib and Talazoparib were
used as positive controls for cellular PAR syn-
thesis inhibition.

Using the HT PARP In Vivo Pharmacodynamic
Assay, we found that AMXI-5001 inhibited intra-
cellular PAR formation with an IC50 of 7 nmol/L
(Figure 1E; Table S3). AMXI-5001 was compa-
rable to Olaparib and modestly less potent than
Talazoparib, which inhibited the cellular PAR
formation with IC50s of 8, and 3 nmol/L,
respectively (Figure 1E and Table S3). The
effect of AMXI-5001 on the cellular PAR levels,
and thus PARP activity, was also assessed by
standard western blotting procedures (as de-
scribed in the experimental section). As shown
in Figure 1F, AMXI-5001 profoundly inhibited
cellular PAR levels in an equivalent manner as
the clinically approved PARPi (Olaparib and
Talazoparib) (Figure 1F). In contrast treatment
with MTA (Paclitaxel and Vinblastine) had no
effect on the cellular PAR levels (Not shown).

In agreement with our HT PARP in vivo pharma-
codynamic assay results, quantification of the
PAR protein bands densities also showed that
AMXI-5001 inhibited intracellular PAR forma-
tion with a very low IC50 of 10 nmol/L (Eigure
S1 and Table S4). In the western blot analysis,
Talazoparib, inhibited the cellular PAR forma-
tion with 1IC50s 3 nmol/L (Figure S1 and Table
S4).

The main mechanisms by which PARP inhibitors
exert their cytotoxicity are accumulation of
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Figure 1. AMXI-5001 is a potent PARP1/2 inhibitor. (A) Structure of AMXI-50021 HCI. (B-D) The inhibitory action of the
test compounds towards PARP1 (B, C) and PARP2 (D) was determined using a commercially available microplate
assay (Universal Colorimetric PARP Assay from Trevigen, Inc) for PARP1 and (BPS BIOSCIENCE INC) for PARP2. To
determine the IC50 value for the inhibitors, the compounds were tested using increasing concentrations of the test
compounds and the average absorbance of each inhibitor concentration was plotted against the log of the concen-
tration of inhibitor using the GraphPad Prism 6 program. Subsequently, the IC50s for the PARP1 or PARP2 inhibition
were determined after non-linear fit using GraphPad Prism. The inhibitory effects of both the free base form (AMXI-
5001-FB) and the HCI salt form (AMXI-5001-HCI) of AMXI-5001 were evaluated. DMSO was used as a negative
control. Clinically approved PARP inhibitors Olaparib, Talazoparib, Niraparib, or Rucaparib were used as a positive
control for PARP1 inhibition. Paclitaxel was also used as a negative control. (E) AMXI-5001 reduced PAR levels in situ
in MDA-MB-436 human breast cancer cells: Cells were grown for 24 hr in media with or without varying concentra-
tions of AMXI-5001, Olaparib, or Talazoparib. Cell lysates were prepared and the PAR levels were assessed by HT
PARP In Vivo Pharmacodynamic Assay. The normalized ratio of pg PAR/ug total protein for cells treated with increas-
ing doses of test compounds (AMXI-5001, Olaparib, or Talazoparib) over normalized ratio for DMSO Control-treated
cells, were plotted against the compound concentrations using non-linear fit using GraphPad Prism. (F) AMXI-5001
profoundly inhibited the PAR levels in situ in MDA-MB-436 human breast cancer cells. Cells were grown for 4 hr in
media with or without varying concentrations of AMXI-5001, Olaparib, or Talazoparib. Cell lysates were analyzed by
western blot with an anti-PAR or anti-actin antibodies. AMXI-5001 inhibited cellular PAR expression in a comparable
manner as the clinically approved PARPi. DMSO-treated (DMSO CTL) or untreated cells (Untreated CTL) cells were
used as negative controls. (G) AMXI-5001 treatment induced a strong and dose dependent chromatin binding of
both PARP1, and to a lesser extent PARP2: MDA-MB-436 cell lines were co-treated for 3 hr with 0.01% MMS and
vehicle controls or increasing doses of AMXI-5001. Subsequently, cell lysates were prepared and fractionated into
nuclear-soluble and chromatin-bound fractions then analyzed by western blot with an anti-PARP1 or anti-PARP2.
Anti-H3 and anti TOP1 antibodies were used as control loading for chromatin- bound or soluble nuclear fractions,
respectively.

unrepaired single-strand breaks (SSBs) result-
ing from catalytic PARP inhibition, and PARP

cells (Ovcar-8) (Figure S2). Similar results were
also obtained in other cancer cells of various

trapping at the replication fork. Most PARPis
trap PARP1- and PARP2-DNA complexes at DNA
damage sites that arise spontaneously and/or
are produced by DNA damaging agents [18].
Different PARPis may vary in their specificity for
PARP enzymes and PARP trapping activity.

To examine whether AMXI-5001 induces trap-
ping of PARP-DNA complexes at DNA damage
sites, we fractionated cell lysates into nuclear-
soluble and chromatin-bound fractions. Cell
lysates were prepared from human cancer cells
(MDA-MB-436 or Ovcar-8) treated with vehicle
controls or increasing doses of AMXI-5001 or
PARPis. Clinically approved PAPRis, (Olaparib,
Talazoparib, Niraparib, and Rucaparib) were
used as positive controls for PARP-DNA com-
plexes trapping. To increase base damage, we
co-treated the cultured cells with low dose of
the classic alkylating agent MMS (0.01%).
Under drug-free conditions, most PARP1 was in
the nuclear-soluble fraction (Figures 1F and S2,
S3, S4 and S5). AMXI-5001 increased PARP1-
and PARP2-chromatin binding (Figures 1F and
S2,S3, S4 and S5). Notably, increasing the con-
centration of AMXI-5001 greatly induced PA-
RP1 accumulation in the chromatin-bound frac-
tion both in the breast cancer cells (MDA-
MB-436) (Figure 1G) and in the ovarian cancer
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origins (Not shown). Under these conditions,
PAR levels were also reduced by AMXI-5001
with similar potency as the clinical PARPis
(Olaparib and Talazoparib) (Figures S3A and
S3B). Moreover, In human cancer cells, AMXI-
5001 induced chromatin binding of both PARP1
and PARP2 in the presence of the DNA damag-
ing agent MMS (0.01%) (Figures 1G and S3 and
S4). In a side-by-side comparison, we found
that AMXI-5001 induces a dose dependent cel-
lular PARP1 and PARP-2 trapping to DNA to a
similar extent than Talazoparib in cells treated
with MMS (Figures S4 and S5). However, AMXI-
5001 produced substantially more potent
PARP1 trapping than all the other clinical
PARPis (Olaparib, Niraparib and Rucaparib)
(Figures S4 and S5). At concentrations greater
than 0.01 mM, both AMXI-5001 and Talazoparib
resulted in a strong PARP1-DNA complex trap-
ping with an approximatively 10 fold greater
potency than Olaparib, albeit, AMXI-5001 was
slightly more effective than Talazoparib (Figures
S4, S5 and S6). In contrast, Niraparib and Ru-
caparib were only slightly more or less effec-
tive, respectively, in PARP1-DNA complex trap-
ping when compared to Olaparib (Figures S5
and S6A). In keeping with our results in the
PARP catalytic activity inhibition studies, both
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the free base and HCI salt forms of AMXI-5001
exhibited equipotent cellular PARP1-DNA com-

plex trapping (Figure S7).

AMXI-5001 binds to the catalytic domain of hu-
man PARP1: Co-crystal structure of AMXI-5001
in complex with human PARP1

PARP1 is a polypeptide whose activation re-
quires binding as a homodimeric protein to a
nicked DNA. This polypeptide possesses a hi-
ghly conserved organization consisting of three
main domains: a N-terminal DNA-binding do-
main which acts a DNA nick sensor, a central
portion designated as the automodification do-
main (AMD) and which contains regions for
dimerization and for modulating interactions
with DNA and with proteins, and a C-terminal
region, representing the most conserved part
of the enzyme, and capable of catalyzing poly
ADP-ribose (PAR) synthesis and of binding to
target proteins [19]. In turn, this active site, also
known as cat PARP, can be divided into an
acceptor (adenosine) site and a donor (NIC)
site. The acceptor site is occupied by the ADP
moiety of PAR and the donor by NAD+. In the
donor site, three subsites are described: a NIC-
ribose (NI) binding site, a phosphate (PH) bind-
ing site and an adenine-ribose (AD) site [19].

To shed some light on the molecular mecha-
nism of action of AMXI-5001, we performed co-
crystal structure studies of AMXI-5001 in com-
plex with Human PARP1 protein using Charles
River's structural biology platform support
Charles River’'s structural biology platform.
Briefly, Screening for crystallization conditions
was carried out with AMXI-5001 compound to
obtain crystals suitable for X-ray data collec-
tion. Subsequently X-ray data was collected
and structure solved and refined to 2.5 A. AMXI-
5001 was clearly bound in the active site with
the interactions of the Human PARP1 active
site residues with the ligand highlighted in
Figure S8. Of particular note were the interac-
tions of Asp 770 and Arg 878 with the amide
tail and the stacking interactions of Tyr907 and
Tyr896 with the aromatic moieties of the ligand.
It should be noted that The Structure Solution
had 2 molecules in the asymmetric unit. The
solution clearly showed one copy of ligand for
each molecule of PARP1 in the asymmetric
unit. Moreover, the two molecules in the asym-
metric unit have been independently fitted and
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refined resulting in slight conformational differ-
ences (Not shown).

AMXI-5001 is a week tankyrase inhibitor

The PARP protein superfamily, particularly
PARP1 and PARP2, has wide-ranging roles in
cellular processes such as DNA repair, opening
of the chromatin and transcription of various
genes. Recent reports highlighting the role of
another family member, tankyrase 1 (TNKSZ1;
also known as PARP5A and ARTD5), in the con-
trol of oncogenic WNT signaling have fueled
interest in the development of additional inhibi-
tors to target this enzyme class [20, 21].
Tankyrase function is also implicated in other
processes such as the regulation of telomere
length, lung fibrogenesis and myelination, sug-
gesting that tankyrase inhibitors could have
broad clinical utility.

The effect of AMXI-5001 towards TNKS1 was
determined using a commercially available Tan-
kyrase 1 colorimetric activity assay (BPS BIO-
SCIENCE INC). XAV939 a small molecule inhibi-
tor of TNKS1, and Olaparib were used as con-
trols for TNK1 inhibition. AMXI-5001 exhibited
only a weak inhibition of TNKS1 activity when
compared to XAV939 (Figure S9 and Table S5).
Olaparib also demonstrated a weak TNKS1
inhibitory activity compared to XAV939, albeit
stronger than AMXI-5001. AMXI-5001 inhibited
TNKS1 activity with an IC50 value >800-fold
lower than its corresponding IC50 towards
either PARP1 or PARP2 enzymes.

AMXI-5001 is a potent tubulin polymerization
inhibitor

Microtubules have pivotal roles in fundamental
cellular processes, such as mitosis, cell divi-
sion, intracellular transport and cell migration
[22, 23]. They are highly dynamic filaments
assembled from af-tubulin heterodimers [24-
27]. MTAs interact with tubulin and alter one or
more of the three characteristic phases of
polymerization, namely nucleation, growth and
steady state equilibrium.

To evaluate the direct effect of AMXI-5001 on
tubulin polymerization, we used a standard cell
free fluorescence-based tubulin polymerization
assay, which generates a polymerization curve
representing the three phases of microtubule
formation. Vinblastine was used as a positive

Am J Cancer Res 2020;10(8):2649-2676
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control for tubulin polymerization inhibition,
and Paclitaxel was used as a positive control
for tubulin polymerization enhancement.

As shown in Figure 2A, AMXI-5001 inhibited
tubulin polymerization in a dose-dependent
manner, thereby indicating that AMXI-5001
inhibited the polymerization of tubulin in a di-
rect manner. Both AMXI-5001 and Vinblastine
reduced the nucleation phase, and decreased
the Vmax and polymer in comparable fashion
(Figure 2). The Vmax value was decreased by
4.9, 4.2, and 2.1 fold in the presence of AMXI-
5001 at 10 uM, 5 uM and 0.5 pM, respectively,
as compared to DMSO control (CTL) (Table S6).
The Vmax value was decreased by 5.3 fold in
the presence of Vinblastine. Conversely, the
addition of paclitaxel at 5 yM final concentra-
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Figure 2. AMXI-5001 is a potent microtubule polymerization
inhibitor. Tubulin polymerization assay using the fluorescence-
based tubulin polymerization assay (BKO11P). A. Tubulin was
incubated alone (Control), with Paclitaxel or Vinblastine. Each
condition was tested in duplicate. Polymerization was mea-
sured by excitation at 360 nm and emission at 460 nm. The
three Phases of tubulin polymerization are marked for the con-
trol (DMSO and Water) polymerization curve; |: nucleation, Il
growth, lll: steady state equilibrium. Data were plotted using
the GraphPad Prism 6 program. B. AMXI-5001 and Vinblastine
reduced the nucleation phase, and decreased the Vmax in
dose dependent manner. Tubulin was incubated alone (DMSO
Control), or in the presence of inhibitors (AMXI-5001 or Vinblas-
tine), at increasing doses ranging from 0.16 yM to 5 uM. Each
condition was tested in duplicate. C. Equipotent microtubule
polymerization inhibition between free base (FB) and HCI- salt
forms of AMXI-5001. Tubulin was incubated alone (DMSO Con-
trol), or in the presence of inhibitors either free base form or
HCI salt form of AMXI-5001 at increasing doses ranging from
0.3125 uM to 10 uM. Each condition was tested in duplicate.

tion eliminated the nucleation phase, enhanced
the Vmax by 4 fold and increased the maximum
fluorescence of the reaction.

To measure the compound’s IC50, we conduct-
ed the standard BKO11P Tubulin polymeriza-
tion assay in presence of increasing doses of
either AMXI-5001 or Vinblastine (Figure 2B).
The Vmax were determined as described in the
experimental section. The Vmax of the DMSO
control was set to 100% polymerization. The
percentages of compounds Vmax over DMSO
control Vmax were plotted against the com-
pound concentrations, and IC50s were deter-

mined (Figure S10).

The Vmax value was decreased in dose depen-
dent manner in presence of either AMXI-5001
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or Vinblastine (Figure 2B). AMXI-5001 inhibited
tubulin polymerization with an IC50 compara-
ble to Vinblastine (Table S7).

As shown in Figures 2C, S11 and Table S8, both
the salt and free base forms of AMXI-5001
strongly inhibited tubulin polymerization with
an equipotent inhibitory activity and an IC50 of
0.92 uM and 0.86 pM, respectively. Paclitaxel
induced a marked (~2 fold) increase in the
polymerized (P) tubulin fraction as compared to
DMSO control (Figure 2C). In contrast, Olaparib
had no effect on tubulin polymerization (Figure
2C).

Since AMXI-5001 has an inhibitory effect on
microtubule dynamics in vitro, in cell free assay,
we sought to determine its influence on the
dynamics of cellular microtubules in dividing
A549 cells as described in the experimental
section. Paclitaxel was used as a positive con-
trol for tubulin polymerization enhancement;
and Vinblastine was used as a positive control
for tubulin polymerization inhibition. Medium
alone (untreated) or medium with 0.1% DMSO
were used as negative controls. AMXI-5001
depolymerized microtubules in a dose-depen-
dent manner and in comparable manner as
Vinblastine (Figures 3 and S12). When treated
with 0.05 uM AMXI-5001, the polymerization of
microtubules was moderately inhibited (Figures
3 and S12). However, when cells were treated
with 0.5 uM AMXI-5001, the microtubules po-
lymerization was significantly inhibited; More-
over, when cells were treated with 5 yM AMXI-
5001 (Figures 3 and S12), almost all microtu-
bules were depolymerized compared with the
control group. Analysis of Paclitaxel-treated ce-
lIs showed the formation of thickened microtu-
bule bundles that encircled the nucleus (Fi-
gures 3 and S12), consistent with a tubulin
polymerization enhancement and increased
microtubule polymers mass. Given that, AMXI-
5001 is a dual PARP and microtubule inhibitor,
we investigated cellular microtubule dynamics
in cells treated with clinical PARP inhibitors
Olaparib and Talazoparib (Figures 3 and S12),
and showed that PARP inhibition does not
affect the status of cellular microtubule polym-
erization compared to controls.

In vitro, the equilibrium between the dimeric
and polymeric forms of tubulin can be altered
by different effecters and microtubule targeting
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agents (MTA) which alter the stability of tubulin
dimers or the polymerization process. Three
unique binding sites for MTAs are known and
are responsible for the interactions and phar-
macologic effect of paclitaxel, vinblastine and
colchicine [28-30]. Paclitaxel, which preferably
binds to polymeric tubulin as opposed to its
dimeric form. Paclitaxel, a classic type of micro-
tubule-stabilizing agent, binds at the inner sur-
face of the B -subunit known as the Taxane
-binding domain. Vinblastine and colchicine are
microtubule destabilizing agents, which prefer
to bind to dimeric tubulin. Vinblastine binds to
the B-tubulin subunit at a distinct region known
as the Vinca alkaloid -binding domain, while col-
chicine binds to the B-subunit at the interface
with a-monomer of the same tubulin molecule.

The Competitive MS binding assay was con-
ducted to characterize the binding site of AMXI-
5001 on tubulin. Tubulin was incubated with
colchicine, vinblastine and paclitaxel. Both col-
chicine- and vinblastine-tubulin binding studies
were examined in the absence of GTP without
preincubation. Paclitaxel-tubulin binding stud-
ies were performed after pre-incubation of
tubulin with GTP for 1 h. Nocodazole, vincristine
and docetaxel are well-known competitors for
colchicine, vinblastine and paclitaxel, respec-
tively, binding to tubulin. As shown in Figure
S13A-C, the MS competitive binding assay
demonstrated that Nocodazole, vincristine and
docetaxel effectively competed for the colchi-
cine-, vinblastine- and paclitaxel-tubulin bind-
ing sites, respectively, indicating that competi-
tive displacement of the known ligand can be
quantified and identified using this assay. The
MS competitive binding method was further
employed to determine the binding site of
AMXI-5001 (Figure S13A-C) on tubulin. AMXI-
5001 is a novel dual PARP and anti-tubulin
agent that potently inhibits tubulin polymeriza-
tion as demonstrated above. AMXI-5001 micro-
tubule targeting moiety is a benzimidazole
known to interact with Colchicine binding site
on tubulin. Varying concentrations of AMXI-
5001were used to compete with colchicine-,
vinblastine- and paclitaxel-tubulin  binding.
Figure S13A-C show that AMXI-5001 competed
specifically with colchicine-tubulin binding, but
not to the Vinca alkaloid or paclitaxel sites, sug-
gesting that AMXI-5001 binds to the colchicine-
binding site on tubulin. AMXI-5001 competitive
binding was less potent than that of Nocodazole
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0.5 uM 5 uM
AMXI-5001

0.5 uM
Vinblastine

Paclitaxel

Control
DMSO

Control
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Olaparib

0.5uM SuM
Talazoparib

Figure 3. Comparaison of the anti-microtubule effect for AMXI-5001 versus standard microtubule targeting agents
and PARP inhibitors. A549 cells were treated with either AMXI-5001, Vinblastine, Paclitaxel, Olaparib or Talazoparib
at 0.05 uM, 0.5 uM, or 5 pM for 24 h. 0.1% DMSO or PARP inhibitors (Olaparib and Talazoparib) were used as a
negative control. Vinblastine was used as a positive control for tubulin polymerization inhibition. Paclitaxel was used
as a positive control for tubulin polymerization enhancement. Samples were then prepared as in the “Experimental”
section, and the status of microtubules was observed using a Zeiss Axiolmager 2 microscope; 63x objective, DAPI
and RFP channels. Microtubule filaments are stained in red, and cell nuclei are stained in blue. AMXI-5001 inhibited
the polymerization of microtubules in comparable manner as Vinblastine. PARP inhibitors does not affect the status
of cellular microtubule polymerization when compared to controls.
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(Figure S13A). Vinca alkaloid. These results
indicate that AMXI-5001 specifically binds only
to the colchicine-binding site, but not to Vinca
alkaloid - or Taxane sites.

The effect of the AMXI-5001 treatment on the
tubulin polymerization in situ were evaluated
using the cell-based intracellular tubulin polym-
erization assay. Both AMXI-5001 and Vinbla-
stine treatments resulted in a significant de-
crease in polymerized (P) tubulin, and thus
microtubule assembly, compared with the neg-
ative control DMSO-treated cells (Figure S14).
Conversely, Paclitaxel induced a marked (~2
fold) increase in the polymerized (P) tubulin
fraction as compared to DMSO control. The
density of the (P) tubulin protein band was
decreased in dose dependent manner in
presence of either AMXI-5001 or Vinblastine
(Figures S14, S15). Both AMXI-5001 and Vin-
blastine strongly inhibited in situ tubulin polym-
erization with an IC50 of 0.67 mM and 0.17
mM, respectively (Figure S14 and Table S9).

Furthermore, treatment with AMXI-5001, or
with Paclitaxel resulted in a significant decrease
in the cellular levels of total tubulin protein
expression, as compared to DMSO treatment
(Figure S16). The density of the total tubulin
protein band was decreased in dose depen-
dent manner in presence of AMXI-5001 or
Paclitaxel (Figure S16). In contrast vinblastine
and the benzimidazoles (Nocodazole, Fluben-
dazole, or Mebendazole) induced only a very
modest inhibition of the cellular total tubulin
protein expression. AMXI-5001 and Paclitaxel
strongly inhibited in situ tubulin polymerization
with an IC50 of 0.26 mM and 0.02 mM, respec-
tively (Figure S17 and Table S10). IC50s for
Vinblastine or Colchicine site- bonding benz-
imidazoles (Nocodazole, Flubendazole, and
Mebendazole) could not be determined. These
data confirm that AMXI-5001 engages the
microtubule target inside the cells leading to
microtubule destabilization. These findings al-
so suggest that the levels of total alpha/beta-
tubulin could be a potential simple and reliable
pharmacodynamic marker of AMXI-5001-in-
duced microtubule polymerization inhibition. in
keeping, a previous study has reported a de-
crease in total a alpha/beta-tubulin levels in
PBMCs from patients treated with ixabepilone
(@ microtubule polymerization stabilizer) [31].
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AMXI-5001 has no significant off target effect

The potential for AMXI-5001 to inhibit off target
Kinases was assessed in a panel of 156 recom-
binant human kinase activity and binding
assays including cytoplasmic and receptor tyro-
sine kinases, serine/threonine kinases and
lipid kinases. The kinase profiling assays were
performed using Life Technologies’ Select-
Screen® Profiling Service, (Thermo Fisher Sci-
entific, Madison, WI), with a broad coverage of
the human kinome. AMXI-5001 was tested at 8
UM in triplicate against each kinase and the
mean % inhibition values was determined. At
the concentration of 8 mM, AMXI-5001 did not
have any significant inhibitory effects on most
of the kinases tested (Data not shown).

Furthermore, AMXI-5001 was also profiled in
radioligand binding assays as part of in vitro
compound selection to detect potential off-tar-
get activity. AMXI-5001 was evaluated at a con-
centration of 10 uM against 38 targets in a
binding screening assay that included primary
molecular targets, transmembrane and soluble
receptors, ion channels, and monoamine trans-
porters. No receptors or enzymes were inhibit-
ed 250% (Data not shown).

AMXI-5001 targets tumor cells with or without
defects in homologous recombination

The objective of this study was to evaluate the
cell growth inhibitory activity of AMXI-5001 as
well as clinical PARPis (Olaparib, Tlazoparib,
Niraparib and Rucaparib), and MTAs (Paclitaxel
and Vinblastine) in a panel of 110 cancer cell
lines using the Cell Titer Glo assay. The panel
included a wide variety of cancer cell lines of
various origins, with proficient DNA damage
response genes (BRCA-1 or BRCA-2) or defec-
tive for BRCA-1 or BRCA-2 expression or
expressing mutant forms of the two genes.

Following a 3 days treatment, AMXI-5001 re-
sulted in a robust cytotoxicity in a wide variety
of human cancer cell lines (110 lines) of various
origins, with very low IC50s and a potency that
is far superior than all clinical PARPis. AMXI-
5001 potency was 20, to >10000-fold more
than that of the clinical PARPis. Importantly,
AMXI-5001 was highly active in both BRCA1/2-
deficient cancer cells (Homologous recombina-
tion (HR) deficient) and BRCA1/2 wild type can-
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cer cells (HR proficient) (Table S11). Cell lines
with BRCA1/2 mutations or low expression of
homologous recombination repair (HRR) genes/
proteins were more sensitive (IC50 ranging
from 18 nM to 26 nM) (Table S11) to cell growth
inhibitory activity by AMXI-5001, as compared
to HR proficient cancer lines (IC50 ranging from
4 nM to >5000 nM) (Table S11). In contrast,
clinic PARP inhibitors were mostly inactive in
HR proficient cancers and only modestly active
in HR deficient cancers (Table S11).

On account of the different doubling time
between the various tested cancer cell lines,
we have also assessed AMXI-5001 anti-growth
potency in a 6 days treatment cell viability
assay. 6 days drug exposure, resulted in a dra-
matic increase in the apparent drug potency as
reflected by a decreased IC50 in the majority of
the tested lines, as compared 3 days drug
exposure (Table S12).

Moreover, AMXI-5001 inhibited colony forma-
tion in a various cell lines, including ovarian,
non-small cell lung, and prostate. AMXI-5001
inhibited colony formation with stronger poten-
cy (5 to 200-fold greater) than all the clinical
PARPis or standard chemotherapy carboplatin,
as determined by a decreased IC50, in all the
tested lines (Figures S18, S19 and S20 and
Tables S13, S14 and S15).

One of the hallmarks of aggressive tumor cells
is an ability to migrate and to invade surround-
ing tissue. The ability of AMXI-5001 to inhibit
cell migration which may be an important pro-
cess in tumor metastasis, was tested using in
vitro scratch assay that assess cell migration
by recovery of the scratch wound in A549 lung
cancer cells. AMXI-5001 effectively inhibited
scratch wound recovery in A549 cells as com-
pared to control-treated cells (Figures S21,
S22). Importantly, AMXI-5001 demonstrated
greater cell migration inhibition than both the
clinical PARPis, Olaparaib and Talazoparib.
AMXI-5001 showed a comparable inhibitory
effect to MTAs, against scratch wound recovery
(Figures S21, S22). However, Clinical MTAs
inhibitory effect was largely due to a significant
cell death induction by these agents (Figures
S21, S22).

The effect of AMXI-5001 on cell-cycle progres-
sion in dividing MDA-MB-436, OVCAR8 and
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A549 cells, was evaluated following 24 Hrs
treatment with medium alone (untreated CTL)
or medium containing either 0.1% DMSO (DM-
SO CTL), or increasing concentrations of AMXI-
5001. Clinical MTAs (Paclitaxel and Vinblastine)
were used as positive controls for cell cycle
arrest. Cell cycle analyses revealed that similar
to Vinblastine, AMXI-5001 induced a concen-
tration dependent cell cycle arrest in G2/M
phase in all three tested cancer cells (Figures
S23, S24 and S25). 5 mM Paclitaxel also
induced G2/M cell cycle arrest in all three test-
ed cancer cells (Figures S24 and S25). Fur-
thermore, dose-response analysis of AMXI-
5001 effect on the cell cycle, showed that low
(equal or lower than 2 mM) concentrations in-
duced cell cycle arrest chiefly at G2/M phase,
while increasingly higher (greater than 2 mM)
concentrations caused arrest at late, mid or
early S phase in addition to G2M phase arrest
(Figures S24 and S25). In contrast, drug-
induced S-phase arrest was not observed with
either the low and high Vinblastine concentra-
tions, or with a high concentration (5 mM) of
Paclitaxel (Figures S24 and S25). Cell cycle
arrest in S-phase with high doses of AMXI-
5001, implies that the treated cells are unable
to duplicate their DNA due to a significant DNA
damage induced by AMXI-5001 potent and
simultaneous PARP and microtubule polymer-
ization inhibition in situ.

AMXI-5001 effect on cellular checkpoint, regu-
latory, and signaling proteins

To better understand the mechanisms by which
S and G2/M arrest are regulated in response to
AMXI-5001, western blot analyses were per-
formed on cell lysates to assess the status of
various checkpoint-related proteins. Cells were
incubated with AMXI-5001 at various concen-
trations that causes cell cycle arrest after a 24
h incubation. In MDA-MB-436 cells and A549
cells, AMXI-5001 treatment resulted in modula-
tion of its direct targets as shown by decreased
levels of PAR and total tubulin (Eigure S26A). In
addition, AMXI-5001 treatment increased pho-
sphorylation of cell cycle checkpoint kinases
CHK1and CHK2 atser296Chk1 and thr68Chk2
sites, respectively, indicating activation of th-
ese kinases (Figure S26A, S26B). Clinical PARPiI
(Olaparib and Talazoparib) also activated both
CHK1 and CHK2, whereas clinical MTAs
(Vinblastine and Paclitaxel) had no effect on
either of these kinases (Figure S26B). CHK1 is
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implicated in several checkpoints of the cell
cycle acting as a key player in the signal trans-
duction pathway activated in response to either
or both DNA damage and mitotic spindle dam-
age. CHK2 is primarily involved in cell cycle
checkpoints in response to DNA double-strand
breaks (DSBs). Furthermore, AMXI-5001 indu-
ced modulation of the phosphorylation levels of
serine 10 in histone H3 (pH3) in a dose depen-
dent manner (Figure S26A, S26C, S26D). There
was no significant overall change in total H3
protein expression (Figure S26A). At low doses
(less than 1 mM), AMXI-5001 resulted in an
increase in the pH3 level, suggesting a cell
cycle arrest in prometaphase (G2/M phase)
(Figure S26A, S26D). However, treatment with
higher AMXI-5001 concentrations (>1 mM) trig-
gers loss of pH3 signal (Figure S26A, S26D).
Clinical PARPis (Olaparib and Talazoparib)
induced inhibition of cellular PAR but had no
significant effect on pH3 level (Figure S26D).
Cell treatment with clinical MTAs (Vinblastine
and Paclitaxel) resulted in decreased tubulin
levels and increased pH3 levels (Figure S26C),
suggesting that AMXI-5001-induced pH3 mod-
ulation is principally due to its anti-microtubule
activity. AMXI-5001-induced pH3 loss at higher
concentration, could be attributed to either or
both enhanced rates of apoptosis and signifi-
cant increase in DNA damage and cell cycle
arrest at S phase, as demonstrated by increa-
sed expression of p21, a growth arrest and a
proapoptotic protein (Eigure S26E). In keeping,
AMXI-5001 also induced an enhanced expres-
sion of rH2AX, a marker for double strand DNA

damage (Figure S26F).

Previous studies demonstrated a role for PARP
activity in cancer cell resistance to clinical
MTAs [12]. These studies showed that microtu-
bule inhibition by MTAs results in stimulation of
cellular PARP1 activity. Subsequently, the acti-
vated PARP stabilizes important mitotic check-
point proteins such as E3 ubiquitin ligase
(CHFR), and thus lead to inhibition of cell cycle
progression to M phase in the replicating can-
cer cells [12]. Consequently, cancer cells avoid
mitotic catastrophe induced by MTAs. Our
results showed that treatment with AMX-5001,
a dual PARP and microtubule polymerization
inhibitor, results in decreased expression of
CHFR protein in cancer cells (Eigure S26F).
These results are exciting as they indicate that
AMXI-5001dual mechanism of action may over-
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ride the potential for cancer cells resistance to
microtubule damage through its synchronous
inhibition of both PARP and microtubule polym-
erization in the same cells. In agreement with
these findings, AMXI-5001 also resulted in acti-
vation of Cyclin A-associated kinases, CDK1
and CDK2, as indicated by decreased phos-
phorylation of CDK1 at Tyr15 site (an inhibitory
site), and increased phosphorylation of CDK2
at Tyr160 site (an activating site) (Figure S26A,
S26B). CDK1 and CDK2, participate in regulat-
ing cellular progression into mitosis. CDK2
drives the progression of cells into the S- and
M-phases of the cell cycle. Cdkl is a central
regulator that drives cells through G2 phase
and mitosis. Activation of CDK1/2 with AMXI-
5001, suggests that the AMXI-5001-treated
cancer cells may progress to the irreversible M
phase before the AMXI-5001-induced damage
of mitotic spindle and/or DNA is resolved, and
thus resulting in an enhanced cancer cell
death. In agreement with this, previous investi-
gations reported that cancer cells sensitivity to
MTAs requires CDK1/2 kinase activity [32, 33].

Treatment with chemotherapies including
MTAs, DNA-damaging agents, and PARPis are
known to result in neoantigen expression in
various human cancers. The chemotherapy-
induced neoantigen expression may increase
cancer cells immunogenicity and thus prime
cancers to respond to immunotherapy. We
sought to assess the effect of AMXI-5001 treat-
ment on some predicted immunomodulatory
neoantigen expression in various cancer cell
lines including. Our results showed that AMXI-
5001 treatment induced a concentration-de-
pendent increase protein expression of either
or both the natural killer (NK) cells activating
antigens DR4 and CD155, and the T regula-
tory cells immunomodulatory antigen PDL-L1
(Figure S27A-C). In contrast, neither clinical
PARPis (Olaparib ad Talazoparib) or Paclitaxel
had any significant effect on the protein expres-
sion of these antigens as assessed in MDA-
MB-436 breast cancer cells (Figure S27C).
However, Vinblastine, a microtubule polymer-
ization inhibitor, resulted in increased expres-
sion of both DR4 and PDL1 in a similar manner
as AMXI-5001 (Figure S27C). These results
suggest that the increased expression of death
receptors and PD-L1 is chiefly associated with
its inhibitory effect on the microtubule po-
lymerization.
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Our aforementioned findings are interesting as
they suggest potential synergy of AMXI-5001 in
combination with the immunotherapy to include
the immune checkpoint PD1/PDL-1 inhibitors.
In addition, AMXI-5001-induced expression of
NK activating antigens (DR4/5 and CD155) is
exciting as it indicates a potential for AMXI-
5001 to illicit a NK driven anti-tumor response.
Furthermore, death receptors including DR4/5
can selective trigger apoptosis in cancer cells
through interaction with TNF-related apoptosis-
inducing ligand (TRAIL) on NK cells. In keeping,
AMXI-5001 demonstrated synergistic cytotox-
icity, in vitro, when combined with TRAIL in vari-
ous cancer cells (Figure S28; Table S16). In con-
trast, there was no significant synergy in combi-
nation of TRAIL with other clinical PARP inhibi-
tors (Olaparib and Talazoparib).

Moreover, increased expression of CD155
(necl-5) on cancer cells, may induced NK and T
cell-mediated anti-tumor immunity through its
interaction with CD226 on these immune cells.
Previous studies have shown that tumor cells
with higher CD155 expression are more sus-
ceptible to CD226-induced killing [34, 35]. In
addition, CD155-CD226 interaction can medi-
ate the inhibition of CD155-positive tumor
metastasis by NK [36]. Cell surface expression
for both DR4/5 and PD-L1 antigens is required
for binding to their respective ligands/recep-
tors on the target cells and thus exerting their
full effect. Flow cytometry analysis demonstrat-
ed a marked increase in cell surface expres-
sion of both Death receptors DR4 and DR5, as
well as PD-L1, in A549 cells following either 24
Hr or 48 Hr treatment with AMXI-5001 (Figures
S29 and S30). The abovementioned increase
in cell surface expression for these antigens
was demonstrated by the conspicuous shift to
the right (increase) in fluorescence intensity for
cells treated with AMXI-5001 (1 mM or 5 mM)
compared to vehicle treated controls (Figures
S29 and S30).

Synergistic anticancer activity of AMXI-5001
with approved anticancer therapies in vitro

To evaluate the potential synergistic effect of
AMXI-5001 when combined with some select-
ed clinically approved anticancer therapies to
include DNA damaging chemotherapies (Gem-
citabine, Cisplatin or Etoposide) or Topoiso-
merase inhibitor (Topotecan) or PI3K inhibitor
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(Idelalisib). Our results showed that a 1/10
ratio combination of AMXI-5001 with the afore-
mentioned anticancer therapies resulted in
more potent anti-proliferative effect in MDA-
MB-436 cell line than either single agents
alone (Figure S31 and Table S17). Moreover,
AMXI-5001 demonstrated stronger synergy
when combined with Gemcitabine or Topotecan
(Figure S31 and Table S17).

Metabolism and PK properties of AMXI-5001

Currently, there are no approved orally bioavail-
able microtubule targeting agent. One of the
objectives of our dual PARP and microtubule
inhibitor discovery program was to develop an
orally bioavailable dual PARP and microtubule
inhibitor and to improve metabolic stability, PK
properties and oral bioavailability over existing
PARP1/2 inhibitors. In vitro metabolism studies
of AMXI-5001 in hepatocytes from rats, dogs,
cynomolgus monkeys, and humans demon-
strated that AMXI-5001 had excellent liver sta-
bility; The half-life of AMXI-5001 (2 pM) during
incubation with hepatocytes (500,000 cells/
mL) from Sprague-Dawley rats, beagle dogs,
cynomolgus monkeys, or humans was estimat-
ed to be 217 min, 812 min, 185 min, and 417
min, respectively. After incubation 1 yM con-
centration for 120 min at 37°C, the percentage
of AMXI-5001 remaining was 63.6%, 85.4%,
64.1%, and 78.5% for rat, dog, monkey, and
human hepatocytes, respectively (Not shown).
These data suggest AMXI-5001 will have
human clearance approximately similar to that
of the animal species.

AMXI-5001 has been given orally to rats and
dogs at various dose levels (manuscript in
preparation). AMXI-5001 was absorbed and
bioavailable in all species tested. In rats and
dogs, exposure increased with the increase in
dose level, supporting the use of these species
in the toxicity studies of AMXI-5001. A variety of
formulations were tested, eventually leading to
selection of 10% TPGS (D-a-tocopherol polye-
thylene glycol-1000-succinate; Vitamin E) in
0.01 N HCI, pH 2.1-2.3, because of its suitable
toxicity profile and ability to deliver adequate
AMXI-5001 systemic exposure. AMXI-5001 de-
monstrated an absolute bioavailability in rats
and dogs of 31% and 64%, respectively with
this formulation, and PK properties that would
predict a human half-life that is sufficient to
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support a regimen of twice daily administration
(manuscript in preparation).

In vitro studies assessing the potential for inhi-
bition of human cytochrome P450 enzymes
(CYPA50s) showed that AMXI-5001 did not
inhibit any of the major human hepatic CYP450
enzymes CYP1A2, CYP2B6, CYP2D6, and CYP-
3A4/5. There was weak (and not time-depen-
dent) inhibition of CYP2C9, and CYP2C19 (Data
not shown).

Overall, AMXI-5001 demonstrated excellent
metabolic stability, oral bioavailability and PK
properties.

Anti-tumor effect of AMXI-5001 oral adminis-
tration in xenograft tumor models

AMXI-5001 pharmacokinetic assessment: To
support the in vivo primary pharmacodynamic
studies in xenograft models, pharmacokinetic
parameters of AMXI-5001 were determined in
female BALB/C mice. AMXI-5001 free base or
hydrochloride salt forms were formulated either
as N-methyl-pyrrolidine/carboxymethylcellulo-
se (NMP/CMC) suspension or in 10% D-o-
tocopherol polyethylene glycol-1000-succinate;
Vitamin E (TPGS) suspension, respectively and
administered orally. AMXI-5001 was absorbed
and bioavailable in this strain of mice, enabling
its testing in murine xenograft models with oral
dosing (Table S18).

Initial 5-day study in MDA-MB-436 xenografts

AMXI-5001 (HCI salt form) was formulated in
10% TPGS and administered orally to female
athymic nude mice bearing established MDA-
MB-436 xenograft tumors, an aggressive basal
breast carcinoma cell line cell line that harbors
BRCA1 deletion and is BRCA1 deficient. When
tumors reached average volume of 350 mm3,
AMXI-5001 suspension was administered oral-
ly at doses of 12.5, 25, or 50 mg/kg/dose BID
for 5 days. Five days of twice per day (BID) oral
administration of AMXI-5001 caused a rapid
and marked tumor growth inhibition at doses of
25 and 50 mg/kg/dose BID, and clear tumor
regression at 50 mg/kg/dose BID compared to
the vehicle group (Figure S32A).

Moreover, plasma and tumor tissue bioanaly-
ses revealed a dose dependent increase in
AMXI-5001 plasma concentration and a corre-
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sponding dose dependent increase in AMXI-
5001 tumor concentration (Figure S32B).
However, there was no significant changes in
AMXI-5001 concentration in either plasma or
tumor tissues between tissues harvested after
4th and 10th repeat oral dose (Figure S32B).
These results suggest that there is no signifi-
cant increase in the accumulation of AMXI-
5001 in either blood or tumor tissue with repeat
treatment.

Western Blot analyses of tumor lysates showed
that AMXI-5001 modulates its targets in vivo in
a dose dependent manner (Figure S33).
Particularly, AMXI-5001 inhibition of its targets
was more evident at 25 and 50 mg/kg BID
doses as indicated by a noticeable decrease in
polymeric adenosine diphosphate (ADP) ribose
(PAR) expression, a surrogate marker for PARP
activity, and in total tubulin expression, a sur-
rogate marked for microtubule polymerization
inhibition (Figure S33). This provides support
for the hypothesis that the anti-tumor efficacy
of AMXI-5001 potentially results from inhibition
of both PARP and microtubule polymerization.
In general, there was a good correlation bet-
ween increases in plasma and tumor drug con-
centrations and increased inhibition of either or
both of these AMXI-5001 targets at the doses
tested.

Confirmatory 31-day study in MDA-MB-436
xenografts

The efficacy of AMXI-5001 seen in the 5-day
study was confirmed in this subsequent study
of a longer dosing duration. MDA-MB-436 xeno-
grafts tumors were established by inoculation
of female athymic nude mice with 3.5 x 10°
MDA-MB-436 cells subcutaneously in the third
mammary fat. When the tumors reached
approximately 100 mm?3, mice were random-
ized to five treatment groups (8 animals per
group): 1) Vehicle control, oral; 2) 10 mg/kg PO
BID AMXI-5001 on 5-day ON/2-day OFF cycles,
oral; 3) 50 mg/kg PO BID AMXI-5001 on 5-day
ON/2-day OFF cycles, oral; 4) 50 mg/kg BID
Olaparib on 5-day ON/2-day OFF cycles, oral; 5)
1 mg/kg vinblastine once weekly (Q1W), intra-
peritoneally. All animals were treated over a
31-day dosing period. Tumor size for each ani-
mal was measured twice a week (Figure 4A).

AMXI-5001 exhibited significant, dose-depen-
dent tumor growth inhibition. In addition to
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tumor growth inhibition, AMXI-5001 also exhib-
ited clear tumor regression in this model. For
the 50-mg/kg AMXI-5001 group, all tumors
experienced a complete regression. By Day 31
of the dosing schedule, tumors were either too
small to be accurately measured or non-palpa-
ble. Comparison to Olaparib revealed that the
anti-tumor growth effect observed with AMXI-
5001 at a dose of either 10 or 50 mg/kg/dose
BID was superior to Olaparib at a dose of 50
mg/kg/dose BID. In contrast to AMXI-5001,
Olaparib did not exhibit any tumor regression
activity in this model and vinblastine given at a
dose of 1 mg/kg QIW showed no significant
effect on tumor growth in this model (Figure
4A).

Animals treated with AMXI-5001 doses of 10
and 50 mg/kg/dose BID on 5-day ON/2-day
OFF cycles for 31 days, did not display any
physical symptoms of compound-related toxici-
ty, nor did Olaparib and vinblastine treated ani-
mals. There was no significant effect on the
body weight during the entire course of treat-
ment in any group (Figure 4B).

In order to assess treatment related histologi-
cal changes, paraffin sections of harvested
tumors taken at the end of treatment were
stained with hematoxylin-eosin (H&E). H&E
staining revealed dramatic hemorrhagic tumor
necrosis in tumors treated with AMXI-5001 at
50 mg/kg dose (Figure 4C). The harvested
tumors from the mice treated with AMXI-5001
at 50 mg/kg were nonpalpable by the end of
the treatment. Tumor sections from this group
showed a few remaining xenograft cancer cells
dispersed through extensive fibrosis, which
were surrounded by skin, skeletal muscle and
fat from the host animal. At higher magnifica-
tion a photograph of these tumors showed a
significant treatment effect with evidence of
necrosis and hemorrhage, with hemosiderin
filled macrophage accumulation, cholesterol
granuloma, chronic inflammation and fibrosis
(Figure 4C). The tumors from mice treated with
AMXI-5001 at 10 mg/kg also showed reduced
density of xenograft cells with areas of necro-
sis, inflammation, and fibrosis. Tumor sections
from vehicle-treated, Olaparib-treated or vin-
blastine-treated mice, contained mostly vital
tumor cells without any fibrosis (Figure 4C).

At the end of the study, tumors were resected
and processed for analysis of microtubule fila-
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ment formation. Sections from paraffin embed-
ded tumors were stained with an antibody
specific to alpha/beta-tubulin, and visualized
by fluorescent microscopy. Cell nuclei were
stained with 4’,6-diamidino-2-phenylindole (DA-
Pl). Repeat oral dose of AMXI-5001 at either 10
mg/kg or 50 mg/kg BID resulted in a striking
dose dependent inhibition of microtubule fila-
ment formation in MDA-MB-436 cells derived
tumors (Figure S34). Vinblastine treatment also
induced a marked inhibition of microtubule fila-
ment in MDA-MB-436 tumors. Conversely,
repeat oral treatment with Olaparib at 50 mg/
kg BID dose showed no effect on tumor cells
microtubule filaments formation.

Pharmacodynamic parameters for AMXI-5001
treatment, were also determined using lysate
prepared with xenograft tumor specimens from
each group in this study. For PARP inhibition,
PAR levels were evaluated, and for microtubule
destabilization, total alpha/beta tubulin expres-
sion levels were assessed by western blot anal-
yses with their specific corresponding antibod-
ies. AMXI-5001 treatment at either 10 or 50
mg/kg inhibited dramatically, and in a dose
dependent manner, PAR expression in MDA-
MB-436 derived tumors (Figure S35). AMXI-
5001 treatment also resulted in a significant
and dose dependent decrease in the expres-
sion levels of total alpha/beta-tubulin in MDA-
MB-436 derived tumors (Figure S35). Olaparib
treatment resulted in a significant inhibition of
PAR expression but had no effect on tubulin
expression in MDA-MB-436 derived tumors. In
contrast, vinblastine treatment showed no
effect on levels of PAR or total tubulin expres-
sion in MDA-MB-436 derived tumors (Figure
S35). Consistent with PARP inhibition effect,
both AMXI-5001 treatment and Olaparib treat-
ment resulted in a conspicuous inhibition of the
tumor protein expression of the cell cycle
checkpoint protein (CHFR), as compared to
vehicle control treatment (Figure S35).

Collectively, the aforementioned results, indi-
cate that AMXI-5001 modulates in a dose
dependent manner, both its intended targets
in vivo in tumors. These results also suggest
that antitumor activity of AMXI-5001 might be
attributed to its dual mechanism of action
through its synchronous inhibition of both PARP
and microtubule polymerization in the tumor
cells.
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Figure 4. A. Effect of AMXI-5001 on MDA-MB-436 Xenograft Growth and Body Weight in Female Athymic Nude
Mice (31-Day Dosing). A. MDA-MB-436 xenografts tumors were established by inoculation of female athymic nude
mice with 3.5 x 10° MDA-MB-436 cells subcutaneously in the third mammary fat. When the tumors reached ap-
proximately ~100 mm?3, mice were randomized to five treatment groups (8 animals per group): 1) Vehicle control
administered BID orally on 5 day ON and 2 day OFF cycles, or AMXI-5001 administered at 2) 10 and 3) 50 mg/
kg orally BID on 5 day ON and 2 day OFF cycles, or 4) Olaparib at 50 mg/k BID on 5 day ON and 2 day OFF cycles,
or 5) vinblastine at IP 1 mg/kg once a week. All animals were treated over a 31 day dosing period. Tumor size for
each animal was measured twice a week. B. Body weights were recorded twice a week for animals in each group. C.
Histologic therapy response. Histological analysis using H&E staining at low (10 x) and high (20 x) magnifications of
representative paraffin embedded MDA-MB-436 xenograft tumor sections form mice treated with: vehicle control,
AMXI-5001 at 10 mg/kg or 50 mg/kg BID, Olaparib at 50 mg/kg BID 5 day on 2 day off cycles, vinblastine at 1 mg/
kg once a week. All treatments were administered over 31 days dosing period.

Complete regression of established large tu-
mors (600-1300 mm?3) in MDA-MB-436 xeno-

control group with tumor sizes of 554-1318
mm? received AMXI-5001 at a dose of 50 mg/

grafts with single agent AMXI-5001 treatment

Based on the anti-tumor efficacy in the above
study in MDA-MB-436 xenografts when tumors
were staged at 100-150 mm? before initiation
of dosing, the anti-tumor effect of AMXI-5001
was tested in larger, more well-established
tumors (Figure 5A).

At the end of the 31-day dosing period of the
above described study, 5 out of 8 mice from the
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kg/dose BID on 5-day ON/2-day OFF cycles, 2
mice from the vinblastine group, and 1 mouse
from the control group (tumor size 458-953
mm?3) received vehicle control on the same
schedule. Remarkably, all large tumors treated
with AMXI-5001 exhibited gradual and approxi-
matively complete tumor regression starting in
the first week of treatment initiation (Figure
5A). Notably, following AMXI-5001 treatment,
there was no sign of tumor recurrence 2 weeks
after mice stopped treatment (Figure 5A).
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Figure 5. Effect of AMXI-5001 on Large MDA-MB-436 Xenograft Growth and Body Weight in Female Athymic Nude
Mice. A. AMXI-5001 causes uniformly growth inhibition and complete regression without recurrence of large MDA-
MB-436 mammary fat xenograft tumors in all treated mice. Five mice bearing large tumors (Tumor size ranging from
~554 to ~1318 mm?) in each group. B. Body weights were recorded twice a week for animals in each group. No sig-
nificant effect on the body weight during the entire course of treatment with AMXI-5001 at 50 mg/kg as compared

to vehicle control treated group was observed.

Conversely, in the new vehicle treated group,
tumors continued to grow rapidly and the mice
were terminated, less than three weeks after
vehicle treatment was initiated, because of
excessive tumor growth and the consequent
poor animal health. There was no significant
effect on the body weight during the entire
course of treatment with AMXI-5001 at 50 mg/
kg/dose BID as compared to vehicle control
treated group (Figure 5B).

Superior antitumor effect of AMXI-5001 com-
pared to combination therapy of single-agent
PARP and microtubule inhibitors in MDA-
MB-436 xenograft model

The objective of this study was to compare the
in vivo anti-tumor efficacy of AMXI-5001 treat-
ment to either single agent Olaparib (a clinical
PARP inhibitor), or single agent paclitaxel (a
potent clinical microtubule polymerization in-
hibitor), and to combination therapy of Olaparib
and paclitaxel in MDA-MB-436 Xenograft mo-
del. Olaparib and paclitaxel were administered
at clinically relevant doses and schedules.

MDA-MB-436 xenografts tumors were estab-
lished by inoculation of female athymic nude
mice with 3.5 x 10®° MDA-MB-436 cells subcu-
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taneously. Mice were randomized when the
tumors reached approximately an average of
220 mm? prior to dosing (Figure 6).

AMXI-5001 induced complete or near-complete
tumor regression in all treated animals, and
this effect was superior to either single agent
Olaparib or paclitaxel, or combination treat-
ment with both agents (Figure 6A). In this tumor
model, single agent paclitaxel treatment dis-
played weak anti-tumor activity, whereas treat-
ment with single agent Olaparib induced a clear
but modest inhibition of the tumor growth.
Combination therapy of Olaparib and paclitaxel
resulted in a greater tumor growth inhibition
than either of these single agents alone. How-
ever, the combination therapy of Olaparib and
paclitaxel failed to induce tumor regression and
the tumors continued to grow, albeit, at slower
rate than the vehicle treated or single agent
(Olaparib or paclitaxel) treated tumors. AMXI-
5001 was much more effective in this model
than the combination of single agent Olaparib
with single agent paclitaxel.

Animals treated with AMXI-5001, single agent
Olaparib, or combination treatment of Olaparib
with paclitaxel did not show any notable treat-
ment-related toxicity (Figure 6B). However, 3
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Figure 6. Effect of AMXI-5001, Olaparib, Paclitaxel, and Olaparib/Paclitaxel on MDA-MB-436 Xenograft Growth and
Body Weight in Female Athymic Nude Mice (56-Day Dosing). MDA-MB-436 xenografts tumors were established by
inoculation of female athymic nude mice with 3.5 x 10° MDA-MB-436 cells subcutaneously in the third mammary
fat. When the tumor size average reached approximately ~200 mm?3, mice were randomized to five treatment groups
(8 animals/group): vehicle control, administered BID orally on 5 day ON and 2 day OFF cycles, AMXI-5001 (50 mg/
kg) orally BID on 5 day ON and 2 day OFF cycles, Olaparib (50 mg/kg) BID on 5 day ON and 2 day OFF cycles, pacli-
taxel IV (30 mg/kg) once a week, or a combination therapy of Olaparib (50 mg/kg PO BID 5 day ON 2 day OFF) with
paclitaxel (30 mg/kg) IV once per week. A. Tumor size for each animal was measured twice a week. B. Body weights
were recorded twice a week for animals in each group.

out of 8 mice in the single-agent paclitaxel cer as well as our ability to molecularly charac-
group showed lethargy, lack of response to terize cancers [37-39].
external stimuli, loss of consciousness, and
labored respiration within a few minutes after Over the past 50 years, chemotherapy, to in-
first intravenous (IV) administration of paclitax- clude microtubule targeting agents (MTAs), and
el (30 mg/kg). The 3 affected animals in this DNA damaging agents (DDAs), has been and
group were euthanized. Nevertheless, all re- remains the standard of care in cancer treat-
maining 5 animals in the single agent paclitaxel ment. Despite all the recent advances in tar-
treated group did not show any notable treat- geted cancer therapy, these chemotherapeutic
ment-related toxicity for the duration of treat- agents are still the most potent agents to kill
ment. There were no significant treatment-re- cancer cells owing to their ability to target criti-
lated effects on body weight during the entire cal mechanisms for cancer cells proliferation,
course of treatment with any of the treatment DNA repair, mitosis, migration, and cytoskele-
modalities as compared to the vehicle control ton. Unfortunately, the dose limiting toxicity
treatment. along with drug resistance, remain the most
significant barriers to delivering curative doses
Discussion for cancer with these agents.
Standard treatment available to most patients Preclinical studies have demonstrated that
with advanced cancers is inadequate with most PARP inhibitors act synergistically with other
approved therapies for advanced cancers hav- chemotherapy agents, including platinum com-
ing response rates < 20-30% and modest sur- pounds and microtubule targeting agents. How-
vival benefits. The ineffectiveness of standard ever, due to limited dosing schedule options for
therapies for advanced cancers has a number chemotherapy agents, combination of single
of causes, including that cancers are quite het- agent PARP inhibitors with chemotherapy do
erogeneous, especially at the molecular level. not allow for a synchronous and continuous
There are ongoing advances in our understand- effect of these mutually reinforcing treatments.
ing of the genetic and molecular drivers of can- Accordingly, synchronous delivery of both PARP
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inhibition and chemotherapy may result in a
synthetically lethal anti-cancer therapeutic
strategy, and is therefore a desirable profile for
a small molecule dual-inhibitor. In addition, syn-
chronous delivery of both PARP inhibition and
chemotherapy with one drug, could theoreti-
cally accentuate the efficacy of these mutually
reinforcing therapies at lower doses, thereby
decreasing off-target side effects and, conse-
quently, increasing the therapeutic indices of
either therapy.

Here we describe a novel and first in class
small-molecule dual PARP and microtubule po-
lymerization inhibitor AMXI-5001. AMXI-5001
was designed to inhibit PARP and the microtu-
bule polymerization synchronously and thus
sensitize cancer cells to spindle damage result-
ing in suppression of mitotic checkpoints and
cell death. Microtubule inhibition may also sen-
sitize cancer cells to PARP inhibition by impair-
ing the trafficking of critical DNA repair pro-
teins, and resulting in prolonged DNA damage
and enhanced cell death.

In vitro, AMXI-5001 inhibits with high potency
both PARP and tubulin polymerization. AMXI-
5001 shows comparable IC50 inhibition pro-
files against PARP1/2 and microtubule polym-
erizationasclinical PARPinhibitors (Olaparib, Ru-
caparib, Niraparib, and Talazoparib) and the
potent polymerization inhibitor (vinblastine),
respectively. AMXI-5001 resulted in a robust
cytotoxicity across a wide variety of human can-
cer cell lines (110 lines) of various origins, with
very low IC50s (low nanomolar concentrations)
and a potency that is far superior than all cur-
rently approved PARP inhibitors (Olaparib,
Rucaparib, Niraparib, and Talazoparib). Impor-
tantly, AMXI-5001 was highly active in both
BRCA mutated and thus homologous recombi-
nation deficient and BRCA wild type and HR
proficient cancer cells. In contrast, the clinic
PARPis which were mostly inactive in HR profi-
cient cancers and modestly active in HR defi-
cient cancers when used at micromolar con-
centrations. AMXI-5001 potency was 20, to
>10000-fold more than that of the clinical
PARPis. Cell lines with BRCA1/2 mutations or
low expression of homologous recombination
repair (HRR) genes/proteins were more sensi-
tive (IC50 ranging from 18 nM to 26 nM) (Figure
S7) to cell growth inhibitory activity by AMXI-
5001, as compared to HR proficient cancer
lines (IC50 ranging from 4 nM to >5000 nM).
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Furthermore, AMXI-5001 treatment results in
PARP1 and PARP2 trapping to chromatin in
human cancer cells lines. AMXI-5001 is a very
potent PARP-DNA complexes trapper, far supe-
rior (~10 fold greater) than most of the clinically
approved PARP inhibitors (Olaparib, Rucaparib,
Niraparib, and veliparib) and comparable in
potency to Talazoparib (the most potent clinical
PARP inhibitor). The PARP-DNA complexes trap-
ping process may interfere with DNA replica-
tion, causing cell death preferentially in cancer
cells, which grow faster than non-cancerous
cells. Preclinical studies have demonstrated
that PARPi trapping ability contributes signifi-
cantly to their monotherapy activity in vitro and
potentiate their synergistic activity with chemo-
therapy including DNA damaging agents in vivo
[40].

Also, AMXI-5001 demonstrated strong anti-
tubulin polymerization activity, with a compara-
ble potency and IC50 to Vinblastine, an FDA
approved and a clinically-used potent microtu-
bule destabilizer compound. Noteworthy, throu-
gh its simultaneous PARP and microtubule
polymerization inhibition, AMXI 5001 may miti-
gate the peripheral neuropathy commonly
associated with MTAs. MTAs-induced peripher-
al neuropathy is a major dose limiting toxicity
for which no therapy is approved. Recent
reports demonstrated that PARP inhibition pro-
tects against microtubule targeting agent-
induced painful neuropathy in rats [9], and thus
support that PARP inhibition may represent a
novel therapeutic approach for the dose limit-
ing toxicity associated with MTAs. Additionally,
unlike the standard MTAs used in cancer treat-
ment, AMXI-5001 is a non-taxane and non-vin-
ca alkaloid microtubule inhibitor. AMXI-5001
targets the colchicine-binding motif on tubulin,
and thus inhibits its polymerization into micro-
tubules. Microtubule inhibitors that target the
colchicine binding site are emerging as promis-
ing anticancer with reduced risk for dose limit-
ing neuropathy. Therefore, AMXI-5001 has a
potential to lowering the risk of neuropathy
commonly associated with the microtubule
inhibition.

AMXI-5001 demonstrated a remarkable In vivo
preclinical anti-tumor activity in BRCA mutated
triple negative breast cancer (TNBC) model, a
cancer with currently no effective therapy. Oral
administration of single agent AMXI-5001 in-
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duced complete regression of established tu-
mors, including exceedingly large tumors (Fi-
gures 4-6). Most importantly, none of the AMXI-
5001 treated mice had tumor re-growth until
the end of the study, two weeks after AMXI-
5001 dosing stopped. Furthermore, AMXI-
5001 resulted in superior anti-tumor effects
when compared to either single agent (PARP
inhibitor (Olaparib) or microtubule targeting
agent (Paclitaxel or Vinblastine)) or combina-
tion treatment with both agents which were
given at clinically relevant doses (Figures 4A,
6A). Importantly, the AMXI-5001 anti-tumor
effect was achieved with tolerable toxicity, evi-
dence of PARP and microtubule inhibition in
vivo in tumors and favorable PK properties that
allow twice-a-day oral dosing in human patients.

AMXI-5001 is the first in class small-molecule
inhibitor reported to date that offers a continu-
ous and synchronous PARP and microtubule
polymerization inhibitions, and thus results in
synthetic lethality, particularly in cancer cells
vulnerable to DNA damage. The discovery and
characterization of AMXI-5001 as an orally bio-
available dual PARP and microtubule polymer-
ization inhibitor, provides a welcome addition to
the oncology field and we believe the pharma-
cological properties of AMXI-5001 warrant fur-
ther investigation, and its advancement into
clinical studies in cancer patients.

Materials and methods
Drugs and cell lines

Synthesis of AMXI-5001 is described else-
where (patent). Olaparib, rucaparib, and velipa-
rib, Paclitaxel, Vincristine, Colchicine, Noco-
dazole, Mebendazole, docetaxel and Carbo-
platin were obtained from Selleck Chemicals,
LLC. Olaparib was obtained from LC laborato-
ries, LLC Talazoparib (BMN-673) and Rucaparib
were obtained from MedChemExpress, Inc. Cell
Titer Glo reagent was purchased from Promega.
Human TRAIL antibodies were obtained from
R&D systems. The colorimetric Universal PARP
Assay, HT PARP In Vivo Pharmacodynamic As-
say Il, and Anti-PAR antibody from BPS Trevigen
Inc. Tubulin polymerization assay (BKO11P) and
Anti-alpha/beta tubulin antibody were obtained
from Cytoskeleton, Inc. PD-L1, DR4 antibodies
and all other antibodies used in this study were
purchased from Cell signaling Technology, Inc.

All cell lines were obtained from American Type
Culture Collection and maintained as exponen-
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tially growing monolayers according to the sup-
plier's instructions.

PARP enzyme assays

The inhibitory action of the test compounds
towards PARP1 was determined using a com-
mercially available microplate assay kit (Uni-
versal Colorimetric PARP Assay from Trevigen,
Inc., Gaithersburg, MD) and in accordance with
the instructions provided by the manufacturer.
Briefly, stock solutions of the various test com-
pounds were made in dimethyl sulfoxide
(DMSO). For the assay, each strip well was filled
with 10 pL of the inhibitor solution, 20 uL of
diluted PARP1 enzyme (providing 0.5 Unit/well),
and 25 pL of PARP Cocktail (consisting of bioti-
nylated NAD, activated DNA in Tris-Cl pH 8.0,
and EDTA). The strip wells were incubated at
room temperature for 60 min, and then washed
4 times with phosphate buffered saline (PBS:
Na,HPO,, NaH,PO,, and NaCl) and 0.1% Triton
X-100, and 2 times with PBS. Then, 50 pL of
diluted Strep-HRP (blocking solution) was
added to each well, and the strips were further
incubated at room temperature for 60 min.
After washing the wells 2 times each with PBS
and with 0.1% Triton X-100, and 2 times with
PBS they were mixed with 50 pL of TACS-
Sapphire™ colorimetric substrate, and allowed
to stand in the dark for 15 min. After stopping
the reaction by adding 50 uL of 0.2 N hydro-
chloric acid (HCI) to each well, the absorbance
was measured at 450 nm. Parallel experiments
were conducted by substituting the test solu-
tion with an equivalent volume of DMSO to ver-
ify the effect of the vehicle on the enzyme activ-
ity. All the assays were conducted in at least
two separate occasions, each time in dupli-
cates Subsequently, the IC50s for the PARP1
inhibition were determined after non-linear fit
using GraphPad Prism. The results of these
studies are reported in yM. DMSO was used as
a negative control. Clinically approved PAPR
inhibitors (olaparib, talazoparib, niraparib, or
rucaparib) were used as a positive control for
PARP inhibition. In some instances, paclitaxel
was also used as a negative control.

PARP2 inhibition assay

The inhibitory action of the test compounds
towards PARP2 was determined using a com-
mercially available microplate assay kit (BPS
BIOSCIENCE INC., San Diego, CA) and in accor-
dance with the instructions provided by the
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manufacturer. Subsequently, the IC50s for the
PARP2 inhibition were determined after non-
linear fit using GraphPad Prism.

HT PARP in vivo pharmacodynamic assay

The HT PARP In Vivo Pharmacodynamic Assay
(Trevigen, Inc. #4520-096-K) is a high-through-
put, chemiluminescent ELISA designed to qu-
antify poly (ADP-ribose) (PAR) in cellular
extracts. The assay employs a two-site sand-
wich technique in which two different anti-PAR
antibodies are used to capture and detect the
target analyte. This assay is useful for measur-
ing PAR in extracts from peripheral blood mono-
nuclear cells (PBMC), cultured cells, and tis-
sues. Additionally, this assay can be used to
monitor the efficacy of PARPi or anti-cancer
drugs on cellular PAR formation and cancer cell
cytotoxicity. The inhibitory effect of AMXI-5001
on cellular PAR formation was quantified with
this HT PARP In Vivo Pharmacodynamic Assay
in accordance with the instructions provided by
the manufacturer. Each ELISA plate contains
serial dilutions of purified PAR standard used to
plot the PAR standard curve. The net mean RLU
(Relative Light Units) values of the PAR stan-
dards were calculated by subtracting the back-
ground (without PAR) from the RLU values, then
plotted as a function of the corresponding PAR
values (pg/ml). The PAR standard curve was
plotted using the GraphPad Prism 6 program
(GraphPad Software Inc., San Diego, CA).
Typically, the linear dynamic range for the PAR
standard curve is from 10 to 1000 pg/ml. The
net RLU values for each cell lysate sample was
calculated by subtracting the background from
the RLU values. Subsequently, the PAR levels in
each sample was determined using the PAR
standard curve. The PAR level of DMSO-treated
control was set to 100% PAR level. The percent-
ages of test compounds-treated samples over
DMSO-treated control PAR levels were plotted
against the compound concentrations. Sub-
sequently, the IC50s for the cellular PAR forma-
tion inhibitors were determined after non-linear
fit using GraphPad Prism.

Cellular PAR western blot assay

The effect of AMXI-5001 on the cellular PAR
levels was also assessed by standard western
blotting procedures. Briefly, cancer cells were
cultured overnight in 6 wells plates, followed by
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incubation with vehicle control or test com-
pound for 24 h. The cells were then washed
and cell lysates were prepared for western blot-
ting as described below. Protein concentration
in each cell lysate was quantified using BCA
method. Immunoblotting was subsequently
performed using standard procedures. A total
of 10 ug of protein was resolved by SDS-PAGE,
transferred to polyvinylidene difluoride (PVDF)
membranes, and probed with Anti-PAR (Tre-
vigen, MD) and secondary antibodies (Jaskson
ImmunoResearch Inc). Clinically approved
PARPI (olaparib, talazoparib, or rucaparib) were
used as a positive control for PAR inhibition and
y H2AX induction. B-actin (Cell Signaling Te-
chnology, MA) was used as the loading control.

Cellular PARP-DNA trapping assays

To assess the PARP trapping ability of AMXI-
5001, standard cellular trapping assays were
performed as previously described [18]. Briefly,
cancer cells were cultured overnight in 6 wells
plates, followed by cotreatment with alkylating
agent methyl methanesulfonate (MMS) and
vehicle control, or cotreatment with alkylating
agents and varying concentrations of the test
PARPi for 1 or 3 hr. Cells were then washed and
collected by trypsinization. Subsequently chro-
matin fractions were prepared using Thermo
Scientific subcellular protein fractionation kits
(#PI178840) per manufacturer protocol. Sam-
ples were normalized for protein concentration
and analyzed by immunoblotting by anti-PARP1,
anti-TOP1, and anti-H3. Clinically approved
PARPI (olaparib, talazoparib, or rucaparib) were
used as a positive control for PARP-DNA trap-
ping. To quantify the PARPi-induced PARP1-
DNA trapping in human cancer cells, densitom-
etry was performed on immunoblots. DNA-
bound PARP1 levels were normalized to total
cellular PARP1 levels (chromatin-bound PARP1+
Unbound PARP1). Each experiment was con-
ducted at least three independent times.
Representative results are depicted in the
result section below.

Crystal structure of AMXI-5001 in complex with
human PARP1

The crystal structure of AMXI-5001 compound
in complex with Human PARP1 protein was de-
termined using Charles River’s structural bio-
logy platform support Charles River’s structu-
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ral biology platform (Report ATLAS-AMXI-5001-
PRE-CLIN PHARM-PARP1 structure AMXI-
5001). Briefly, PARP1 (residues 611-1011) was
cloned into pET24 and expressed in E.coli
(BL21DE3), then PARP1 protein was purified.
Subsequently, crystallization studies were con-
ducted. The formed co-crystal of the PARP pro-
tein complexed with AMXI-5001 was collected
and analyzed examined by Synchrotron X-ray
diffraction analysis. X-ray data was collected
and processed using AUTOPROC to a resolution
of 2.43 A and the structure solved by molecular
replacement using PHASER using the PDB
structure 5WRZ as a search model. The model
was then rebuilt in COOT and refined using
REFMAC and anisotropic B factors. The ligand
dictionary was prepared using ACEDRG and
modelled into the protein active site and fur-
ther rounds of TLS and isotropic B factor refine-
ment and placement of solvent molecules car-
ried out.

Tankyrase 1 activity assay

The effect of AMXI-5001 towards TNKS1 was
determined using a commercially available Tan-
kyrase 1 colorimetric activity assay (#80573,
BPS BIOSCIENCE INC) in accordance with the
instructions provided by the manufacturer.

In vitro tubulin polymerization assay

An in vitro fluorescence-based tubulin polymer-
ization assay kit (#BKO11, Cytoskeleton, Inc)
was used according to the manufacturer’s pro-
tocol for monitoring the time-dependent polym-
erization of tubulin to microtubules. The reac-
tion mixture, containing porcine brain tubulin,
fluorescent reporter and GTP in presence or
absence of test compounds, was prepared.
Tubulin polymerization was followed by moni-
toring fluorescence enhancement due to the
incorporation of a fluorescent reporter into
microtubules as polymerization proceeded. Flu-
orescence emission (excitation at 360 nm and
elimination at 460 nm wavelength) was mea-
sured for one hour and 45 minutes at one min
intervals in a Biotek Synergy Plate Reader.
Under the conditions described above, approxi-
mately 45% of the tubulin is polymerized, leav-
ing flexibility for detecting enhancers and inhibi-
tors of polymerization. DMSO was used as a
negative control. Paclitaxel was used as a posi-
tive control for tubulin polymerization enhance-
ment. Vinblastine was used as a positive con-
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trol for tubulin polymerization inhibition. The
incorporation of the fluorescent reporter into
microtubules as polymerization proceeded was
measured. The fluorescence absorbance, at
360 nm excitation and 460 nm elimination
wavelengths, was plotted against the reaction
time using the GraphPad Prism 6 program
(GraphPad Software Inc., San Diego, CA). The
Vmax were determined after non-linear fit using
GraphPad Prism. The Vmax of DMSO control
was set to 100% polymerization The Vmax of
the DMSO control was set to 100% polymeriza-
tion. The percentages of compounds Vmax over
DMSO control Vmax were plotted against the
compound concentrations. Subsequently, The
IC50s for the tubulin polymerization inhibitors
were determined after non-linear fit using
GraphPad Prism.

Cellular microtubule polymerization
Immunocytochemistry assay

The effects of drugs on cellular microtubules
were observed using an immunocytochemistry
assay with the anti-alpha/beta tubulin: (ATNO2:
sheep polyclonal, Cytoskeleton) as previously
described [41].

Competitive MS binding assay

To determine the binding site of AMXI-5001 on
tubulin, competitive MS binding assay was con-
ducted as previously described [42] but with
slightly different conditions for Colchicine, vin-
blastine and paclitaxel binding. This assay was
used to assess the tubulin binding of Colchicine,
Vinblastine and Paclitaxel and to identify which
of these three binding sites that AMXI-5001
binds. The method involves a very simple step
of separating the unbound ligand from macro-
molecules using ultrafiltration. The unbound
ligand in the flow through fraction can be accu-
rately determined using highly sensitive and
specific HPLC-MS/MS method. Briefly, Noco-
dazole Colchicine, and Vinblastine were incu-
bated with tubulin in the incubation buffer at
37°C for 1 h. Paclitaxel was incubated with per-
formed tubulin in the incubation buffer at 37°C
for 1 hr. Performed tubulin was prepared by
incubating tubulin with GTP in the incubation
buffer at 37°C for 1 hr. Varying concentrations
of Nocodazole, vincristine and Docetaxel were
used to compete with Colchicine-, Vinblastine-
and Paclitaxel-tubulin binding, respectively.
After incubation, reaction samples were centri-
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fuged in an Ultracel-30 microconcentrators.
The flow through (unbound ligands) was col-
lected and analyzed by HPLC MS/MS, as
described below. Varying concentrations of
AMXI-5001 were examined to individually com-
pete with colchicine-, vinblastine- and paclitax-
el-tubulin binding. The ability of the competitor
or AMXI-5001 to inhibit the binding of ligands
was expressed as a percentage of unbound
ligand control in the absence of any com-
petitor.

Tubulin protein expression assay

The effect of AMXI-5001 on the levels of total
tubulin was evaluated by western blot analysis
as described above. Briefly, MDA-MB-436 br-
east cancer cells were seeded into 6-well plates
and cultured until attached (~5 hours), then
changed to serum-free medium and cultured
overnight. Cells were treated in 1% FBS medi-
um for 24 hrs with either control DMSO (0.1%)
or varying concentrations of test drugs. Treated
cells were then lyzed in M-PER buffer in wells,
scrapped cells off wells. and rocked at 4°C for
10 minutes. The cell lysates were centrifuged
at 14 kg, 4°C, 10 minutes and supernatants
were harvested. The total protein concentra-
tion was assessed by BCA quantification meth-
od. 6 ug of each of these lysates was added to
4x sample buffer, in 3:1 mixture ratio, and
boiled at 95-100° for 10 minutes, cooled down
and centrifuged for 10 seconds. Subsequently,
the sample were loaded on SDS-PAGE gels, and
western blots were probed with antibodies spe-
cific for total alpha/beta-tubulin or GAPDH as
described above. The densities of the detected
tubulin and actin protein bands were quantified
with Imagel) software (NIH). For each sample,
the tubulin band density was normalized to the
GAPDH band density. Normalized band density
of DMSO control was set to 100% density. The
percentages of compounds band density over
DMSO control band density were plotted aga-
inst the compound concentrations. Subse-
quently, The IC50s for the tubulin polymeriza-
tion inhibition were determined after non-linear
fit using GraphPad Prism. DMSO was used as a
negative control. Paclitaxel was used as a posi-
tive control for tubulin polymerization enhance-
ment. Vinblastine was used as a positive con-
trol for tubulin polymerization inhibition. Ben-
zimidazoles (Nocodazole, Flubendazole, and
Mebendazole) were used as controls for Co-
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Ichicine-site binding tubulin polymerization
inhibitors.

In vitro kinase inhibition assays

The potential for AMXI-5001 to inhibit off target
kinases was assessed in a panel of 156 re-
combinant human kinase activity and binding
assays including cytoplasmic and receptor tyro-
sine kinases, serine/threonine kinases and
lipid kinases. The kinase profiling assays were
performed using Life Technologies’ Select-
Screen® Profiling Service, (Thermo Fisher
Scientific, Madison, WI), with a broad coverage
of the human kinome. The kinase activity
assays measure peptide phosphorylation (Z'-
LYTE®) or ADP production (Adapta®) while the
kinase binding assays monitor displacement of
ATP site-binding probes (LanthaScreen®). The
ATP concentrations used in the activity assays
were within 2-fold of the experimentally deter-
mined apparent Michaelis constant (K %)
value for each kinase while the competitive
binding tracer concentrations used in the bind-
ing assays were within 3-fold of the experimen-
tally determined dissociation constant (K ) val-
ues. AMXI-5001 was tested at 8 pM in tripli-
cate against each kinase and the mean % inhi-
bition values are reported. For selected kinas-
es, 10-point inhibitor titrations were carried out
using the same kinase assays as used in the
single point tests in order to determine the
inhibitor concentration providing 50% inhibition
(IC50). Details regarding the kinase proteins
used and the assay protocols are on file and
also available online (thermofisher.com).

Cell titer Glo assay

Antiproliferative activity of AMXI-5001 was
evaluated in a panel of 110 cancer cell lines of
various origins, either proficient or defective for
BRCA-1 or BRCA-2 expression or expressing
mutant forms of the two genes. Proliferation
was assessed after cells were exposed for 3
days or 6 days with AMXI-5001 doses ranging
from 8 nM to 5 uM. Briefly, 5000 or 1000 cells
(In 3 days or 6 days exposure, respectively)
were cultured in a 96-well plate and incubated
at 37°C and 5% CO, prior to adding serial dilu-
tions of AMXI-5001. Cells were then incubated
for 3-6 days at 37°C and 5% CO,. Cell viability
was assessed by Cell Titer Glo assay. The num-
ber of living cells was determined by reading
the plate on a GloMax Luminametor. Cell growth
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was expressed as percentage growth with res-
pect to vehicle (DMSO control) treated cells.
The concentration required to inhibit cell growth
by 50% (IC50) was determined after non-linear
fit using GraphPad Prism. DMSO treated cells
were used as a vehicle control. MTAs (Paclita-
xel and Vinblastine) as well as clinical PARPis
(Olaparib, Talazoparib, Niraparib, and Rucapa-
rib) were used as comparative controls.

Clonogenic assay

The effect of AMXI-5001 on cell viability was
also evaluated using colony formation assay in
cells lines of ovarian, non-small cell lung can-
cer, and prostate origin. In brief, cell lines were
incubated in 0.1% (v/v) DMSO (vehicle control)
or 0.008, 0.04, 0.2, 1, 5 mM AMXI-5001 at
37°C until > 50 colonies have formed (6-28
days). Seeding cell density was determined
from preliminary experiments and is defined as
seeding density producing linear cell growth
after cell incubation in 0.1% (v/v) DMSO (vehi-
cle control). Cell viability was determined using
the colony formation assay by counting Crystal
Violet-stained colonies using ImageJ software.
IC50 values were defined as the AMXI-5001
concentrations producing 50% cell viability
when compared to vehicle control cells (100%
cell viability). Clinical PARPis (Olaparib, Talazo-
parib, Niraparib, and Rucaparib) were used as
comparative controls.

Wound healing assay/scratch assay

The ability of AMXI-5001 to inhibit cell migra-
tion was tested using in vitro scratch assay that
assess cell migration by recovery of the scratch
wound in A549 lung cancer cells grew into
monolayer. Briefly, A549 lung cancer cells were
seeded onto 12-well plates. When the cell con-
fluence reached about 80% and above, scratch
wounds were made by scraping the cell layer
across each culture plate using the tip of 200 pl
pipette. After wounding, the debris was re-
moved by washing the cells with PBS. Wounded
cultures were incubated in culture medium
alone (Untreated control), or medium contain-
ing 0.1% (v/v) DMSO (DMSO control) or 0.04,
0.2, 1 mM AMXI-5001 at 37°C for 24 hr. Sub-
sequently, 3 fields (40 A~) were randomly pick-
ed from each scratch wound and visualized by
microscopy to assess cell migration ability.
Clinical PARPis (Olaparib and Talazoparib) and
clinical MTAs (Paclitaxel and Vinblastine) were
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used as positive controls for cell migration
inhibition.

Cell cycle analysis

The effect of AMXI-5001 on cell-cycle progres-
sion in dividing MDA-MB-436, OVCAR8 and
A549 cells, was evaluated. Briefly, the cells
were grown in T75 flasks and treated with 0.1%
DMSO (vehicle control), Vinblastine, or AMXI-
5001 at varying concentrations for 24 Hr. After
incubation, the cells were trypsinized, washed
with PBS and fixed. After fixation, the cells were
centrifuged, washed with once with PBS and
stained with propidium iodide. Finally, the distri-
butions of treated cells at different phases of
cell cycle (G1, S, G2/M) were analyzed using
flow cytometry. The percentage of cells in each
mitotic phase pre- and post-treatment with
AMXI-5001 for 24 Hr was determined. MTAs
(Paclitaxel and Vinblastine) were used as posi-
tive controls for cell cycle arrest.

Western blot analysis of cellular checkpoint
and signaling proteins

To better understand the mechanisms by which
AMXI-5001 regulates the cell cycle arrest in
cancer cells, standard western analysis was
performed on cell lysates to assess the status
of various checkpoint-related proteins and cell
signaling proteins (Figure 3). Briefly, cancer
cells were cultured overnight in 6 wells plates in
serum free medium, followed by incubation
with vehicle control or test compound for 24 h.
The cells were then washed and cell lysates
were prepared for western blotting as described
below. Protein concentration in each cell lysate
was quantified using BCA method. Immunoblo-
tting was subsequently performed using stan-
dard procedures. a total of 10 ug of protein was
resolved by SDS-PAGE, transferred to polyvi-
nylidene difluoride (PVDF) membranes, and
probed with checkpoint proteins corresponding
antibodies, and secondary antibodies. Clinically
approved PARPI (Olaparib, Talazoparib) or MTAs
(Paclitaxel, Vinblastine) were used as controls.
B-actin and GAPDH (Cell Signaling Technology)
were used as the loading control.

Flow cytometry analysis-cell surface marker
staining

A549 cells were cultured overnight in 200 mm
culture dishes, followed by incubation with vehi-
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cle control or AMXI-5001 at 1 mM or 5 mM for
either 24 hr or 48 hr then harvested by trypsin-
ization, as described below in method section.
For PDL1 and death receptors (DR4 and DRD)
cell surface staining, harvested cells were
washed with PBS, and stained with respective
antibodies in cell staining buffer and processed
for flow cytometry analysis. (BD FACS Calibur).
BD CellQuest Pro software (Franklin Lakes, NJ)
was used for flow cytometric data analysis.

Pharmacokinetic evaluations of AMXI-5001 in
mice

The objective of these studies was to deter-
mine pharmacokinetic and bioavailability pro-
file following a single dose oral administration
of either free base form or HCI salt forms of
AMXI-500 in BALB/c mice. The In-Life proce-
dures for these studies were conducted using
Explora Bioloabs contract research services
(San Diego, CA). The in vitro bioanalyses of the
plasma samples were performed using Inte-
grated Analytical Solutions contract research
services (Berkeley, CA). Briefly, AMXI-5001 free
base and HCI salt form were formulated either
as NMP/CMC suspension or in 10% TPGS sus-
pension, respectively and administered orally
to female BALB/c mice. The formulations proto-
cols used for the PK studies are described
below. The bioavailability for AMXI-5001 free
base form was assessed following a single oral
dose administration at either 50 or 100 mg/kg
per mouse. The bioavailability for AMXI-5001
HCL form was assessed following a single oral
dose administration at 50 mg/kg per mouse.
Blood samples were collected at pre-dose, 0.5,
1, 2, 4, 8 and 24 hours after AMXI-5001 single
dose oral administration. For each mouse, one-
two time points were assigned. Each group had
3 blood samples per time point. The first blood
collection was survival bleed and the second
blood collection was terminal. Blood samples
were collected into tubes containing K2EDTA
anticoagulant and stored on wet ice until centri-
fuged and processed for plasma. Plasmas were
stored at -80°C until analysis. The peak con-
centration (Cmax), the time to maximum con-
centration (Tmax), the half-life, and the AUC
were determined from composite mean plasma
concentration-time data. All doses and plasma
concentrations of AMXI-5001 were presented
as free base.
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Plasma samples were analyzed by high perfor-
mance liquid chromatography (HPLC) in con-
junction with a triple quadrupole mass spec-
trometer that used electrospray ionization in
tandem with positive ionization (MS/MS). The
lower limit of quantitation (LLOQ) was 5 ng/ml.
The quantitative range of the assay was 5 to
10000 ng/ml.

The pharmacokinetic modeling was performed
using PK Solver software (Version 2.0) and the
following PK parameters were reported: Cmax:
Maximum (peak) plasma concentration DN-
Cmax: Dose-normalized Cmax; Tmax: Time at
Cmax; AUC: Area under the concentration-time
curve; DN-AUC: Dose-normalized AUC; T1/2:
Terminal half-life; and VF: Apparent volume of
distribution. The PK parameters were deter-
mined based on a Non-Compartmental PK
model Analysis of Plasma Data after Extra-
vascular Input.

Pharmacodynamic evaluations of AMXI-5001
in mice bearing MDA-MB-436 tumors

The primary objective of this study was to deter-
mine the relationship between AMXI-5001
dose, plasma concentration, tumor concentra-
tion and inhibition of PARP and microtubule
polymerization In vivo in MDA-MB-436 Xeno-
graft Tumors. The In-Life procedures for this
study were conducted using Explora Bioloabs
contract research services (San Diego, CA). The
in vitro bioanalyses of the plasma samples
were performed using Integrated Analytical
Solutions contract research services (Berkeley,
CA). Briefly, AMXI-5001 HCL salt form was for-
mulated in 10% TPGS suspension, as described
below and administered orally to female athy-
mic nude mice bearing established MDA-
MB-436 Xenograft Tumors (When tumors reach
average volume of 500 mm3). AMXI-5001 sus-
pension was administered orally BID at 6.25, or
12.5, or 25 mg/kg per mouse for 5 days. At 3 hr
post the 4th and 10th dose, n=3 mice per
group, or each AMXI-5001-dose and the vehicle
control group, were euthanized and blood col-
lected in EDTA tubes for plasma processing. At
necropsy the tumor tissues from all groups, as
well as stomach, small intestine, large intes-
tine, caecum, kidneys, and liver from the vehi-
cle control group and the group treated with
AMXI-5001 at 50 mg/kg BID, were individually
collected, placed into cryotubes and flash fro-
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zen in liquid nitrogen. The frozen plasma and
tissue samples were kept at -80°C until bio-
analysis for AMXI-5001 concentration. Plasma
samples were analyzed by high performance
liquid chromatography (HPLLC) in conjunction
with a triple quadrupole mass spectrometer
that used electrospray ionization in tandem
with positive ionization (MS/MS). The lower
limit of quantitation (LLOQ) was 5 ng/ml. The
quantitative range of the assay was 5 to 10000
ng/mil.

In vivo xenograft models

In the present studies, the MDA-MB-436 (triple
negative human breast carcinoma with BRCA1
mutation) was utilized to explore the efficacy
and potency of AMXI-5001 with regard to tumor
growth inhibition and regression in vivo. The
In-Life procedures for these studies were con-
ducted using the Explora Biolabs contract
research services (San Diego, CA). The stan-
dard experimental design for these studies
involved twice daily (BID) daily oral administra-
tion (PO) of AMXI-5001, following a 5-day ON
and 2-day OFF cycles, beginning when the
established solid tumors were staged (~100
-150 mm3 for most xenografts, ~700 mm? and
up to 1500 mm? for xenograft regression stud-
ies). Throughout the dosing period of 10-60
days, tumor size and body weight were mea-
sured twice weekly.

At the end of the study, tumors were resected
and processed for analysis of microtubule fila-
ment formation. Sections from paraffin embed-
ded tumors were stained with an antibody spe-
cific to for alpha/beta-tubulin, and visualized by
fluorescent microscopy.

In order to assess treatment related histologi-
cal changes, paraffin sections of harvested
tumors taken at the end of treatment were also
stained with hematoxylin-eosin (H&E) and ana-
lyzed by a certified pathologist.

Pharmacodynamic parameters for AMXI-5001
treatment, were also determined using lysate
prepared with xenograft tumor specimens from
each group in this study. For poly {adenosine
diphosphate (ADP)}-ribose polymerase (PARP)
inhibition (PARPi), Poly (ADP-ribose) (PAR) levels
were evaluated, and for microtubule destabili-
zation, total alpha/beta tubulin expression lev-
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els were assessed by Western blot analyses
with their specific corresponding antibodies.
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Table S1. PARP1 Activity Inhibition

AMXI-5001 HCL AMXI-5001 FB Olaparib  Talazoparib  Niraparib  Rucaparib  Paclitaxel

IC50 uM 0.0053 0.0050 0.0022 0.0010 0.0047 0.0016 NA

The inhibitory action of the test compounds towards PARP1 was determined using a commercially available microplate assay
(Universal Colorimetric PARP Assay from Trevigen, Inc., Gaithersburg, MD). To determine the IC50 value for the inhibitors, the
compounds were tested using increasing concentrations of the test compounds and the average absorbance of each inhibitor
concentration was plotted against the log of the concentration of inhibitor using the GraphPad Prism 6 program (GraphPad
Software Inc., San Diego, CA). Subsequently, the IC50s for the PARP1 inhibition were determined after non-linear fit using
GraphPad Prism. The inhibitory effects of both the free base form (AMXI-5001 Free-base [FB]) and the HCI salt form (AMXI-
5001 HCI) of AMXI-5001 were evaluated. DMSO was used as a negative control. Clinically approved PAPR inhibitors Olaparib
(Figure 1A), Talazoparib (Figure 1A), Niraparib (Figure 1B), or Rucaparib (Figure 1B) were used as a positive control for PARP1
inhibition. Paclitaxel (Figure 1B) was also used as a negative control. (NA = Not Active).

Table S2. PARP2 Activity Inhibition

AMXI-5001  Olaparib  Talazoparib
IC50 uM 0.00005 0.00003 0.00009

The inhibitory action of the test compounds towards
PARP2 was determined using a commercially available
microplate assay kit (BPS BIOSCIENCE INC., San Diego,
CA). To determine the IC50 value for the inhibitors, the
compounds were tested using increasing concentra-
tions of the test compounds and the normalized average
absorbance of each inhibitor concentration was plotted
against the log of the concentration of inhibitor using
the GraphPad Prism 6 program (GraphPad Software
Inc., San Diego, CA). Subsequently, the IC50s for the
PARP2 inhibition were determined after non-linear fit
using GraphPad Prism. DMSO was used as a negative
control. Clinically approved PAPR inhibitors, Olaparib and
Talazoparib, were used as a positive control for PARP1
inhibition.

Table S3. Cellular PARP Activity Inhibition

AMXI-5001 Olaparib  Talazoparib
IC50 uM 0.007 0.008 0.003

HT PARP In Vivo Pharmacodynamic Assay: The normal-
ized ratio of pg PAR/ug total protein for cells treated

with increasing doses of test compounds (AMXI-5001,
Olaparib or Talazoparib) over normalized ratio for DMSO
Control-treated cells, were plotted against the compound
concentrations, and IC50s were determined using non-
linear fit using GraphPad Prism.
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Figure S1. Cellular PAR Inhibition. Western Blot Assay: AMXI-5001 strongly inhibited PAR levels in situ in MDA-
MB-436 human breast cancer cells. Cells were grown for 26 hr in media with or without varying concentrations of
AMXI-5001 or Talazoparib. Cell lysates were analyzed by western blot with an anti-PAR or anti-GAPDH antibodies.
Both AMXI-5001 and Talazoparib treatment resulted in a dramatic and dose dependent decrease in PAR expression
in situ, when compared to the negative control DMSO-treatment (DMSO CTL) or untreated control (Untreated CTL).

Table S4. Cellular PAR Inhibition

AMXI-5001 Talazoparib
IC50 uM 0.007 0.003

Western blot analysis: Cells were grown for 26 hr in me-
dia with or without varying concentrations of AMXI-5001
or Talazoparib. Cell lysates were analyzed by western blot
with an anti-PAR or anti-GAPDH antibodies. The percent-
ages of the normalized cellular PAR bands densities of
test compounds over DMSO control, were plotted against
the compound concentrations using non-linear fit using
GraphPad Prism, and IC50s were determined. Talazopar-
ib was used as positive control for cellular PAR inhibition.
AMXI-5001 and Talazoparib inhibited the cellular PAR
expression in dose dependent manner.
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Figure S2. PARP1-DNA Complex Trapping by AMXI-5001 in Ovcar-8 Ovarian Cancer Cells. Ovcar8 cell lines were co-
treated for 1 hr with 0.01% MMS and vehicle controls or increasing doses of AMXI-5001 or Olaparib. Subsequently,
cell lysates were prepared and fractionated into nuclear-soluble and chromatin-bound fractions then analyzed by
western blot with an anti-PARP1. Anti-H3 and anti TOP1 antibodies were used as markers for chromatin- bound or
soluble nuclear fractions, respectively. AMXI-5001 treatment induced a strong and dose dependent chromatin bind-
ing of both PARP1. AMXI-5001 is a superior PARP1-DNA complex trapper than Olaparib.
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Figure S3. Concurrent Cellular PARP Activity Inhibition and PARP1-DNA Complex Trapping. Western Blot Assay:
MDA-MB-436 cells were co-treated for 3 hr with 0.01% MMS and vehicle controls or 5 uM of AMXI-5001, or 5 uM
Olaparib, or 5 uM Talazoparib. Subsequently, cell lysates were prepared and (A) fractionated into nuclear-soluble
and chromatin-bound fractions then analyzed by western blot with an anti-PARP1 or anti-PARP2. Anti-H3 and anti
TOP1 antibodies were used as markers for chromatin- bound or soluble nuclear fractions, respectively; (B) Total cell
lysates were analyzed by western blot with an anti-PAR or anti-GAPDH antibodies. AMXI-5001 induced equipotent
inhibition of the PAR formation in situ when compared to Olaparib and Talazoparib. Simultaneously, AMXI-5001
induced a potent PARP1-chromatin binding in a fashion comparable to Talazoparib but more potent than Olaparib.
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Figure S4. PARP1- and PARP2- DNA Complex Trapping by AMXI-5001 in MDA-MB-436 Breast Cancer Cells. MDA-
MB-436 cell lines were co-treated for 3 hr with 0.01% MMS and vehicle controls or increasing doses of AMXI-5001.
Subsequently, cell lysates were prepared and fractionated into nuclear-soluble and chromatin-bound fractions then
analyzed by western blot with an anti-PARP1 or anti-PARP2. Anti-H3 and anti TOP1 antibodies were used as markers
for chromatin- bound or soluble nuclear fractions, respectively. AMXI-5001 treatment induced a strong and dose
dependent chromatin binding of both PARP1, and to a lesser extent PARP2, in the presence of 0.01% MMS. AMXI-
5001 induced a PARP1/2-DNA complex trapping in an equipotent manner as Talazoparib, but more potent than
Olaparib. Accordingly, AMXI-5001 treatment resulted in a dose dependent decrease of soluble level of PARP1 in the
soluble nuclear protein fraction.
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Figure S5. PARP1-DNA Complex Trapping by AMXI-5001 in MDA-MB-436 Breast Cancer Cells. MDA-MB-436 cell
lines were co-treated for 1 hr with 0.01% MMS and vehicle controls or increasing doses of AMXI-5001 or clinical
PARPis (Olaparib, Talazoparib, Niraparib, or Rucaparib). Subsequently, cell lysates were prepared and fractionated
into nuclear-soluble and chromatin-bound fractions then analyzed by western blot with an anti-PARP1. Anti-H3 and
anti TOP1 antibodies were used as markers for chromatin- bound or soluble nuclear fractions, respectively. AMXI-
5001 treatment induced a strong and dose dependent chromatin binding of PARP1, in the presence of 0.01% MMS.
AMXI-5001 induced a PARP1/2-DNA complex trapping to a similar extent as Talazoparib, but more potent than all
the other clinical PARPis (Olaparib, Niraparib, and Rucaparib).
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Figure S6. PARP1-DNA Complex Trapping by AMXI-5001 in MDA-MB-436 Breast Cancer Cells. MDA-MB-436 cell
lines were co-treated for 1 hr with 0.01% MMS and vehicle controls or increasing doses of AMXI-5001 or clinical
PARPis (Olaparib, Talazoparib, Niraparib, or Rucaparib). Subsequently, cell lysates were prepared and fractionated
into nuclear-soluble and chromatin-bound fractions then analyzed by western blot with an anti-PARP1 (Figure S5).
The PARP1 protein bands were quantified with ImageJ software (NIH). For each compound and for each concentra-
tion, the band density of total PARP1 (chromatin-bound PARP1 + Unbound-PARP1 in soluble nuclear fraction) was
set to 100% intensity. The percentages of chromatin-bound PARP1 band density over total PARP1 band density
were calculated and plotted using GraphPad Prism. AMXI-5001 treatment induced a strong and dose dependent
chromatin binding of PARP1, in the presence of 0.01% MMS. AMXI-5001 induced a PARP1-DNA complex trapping
to a similar extent as Talazoparib, but more potent than all the other clinical PARPis (Olaparib, Niraparib, and Ruca-
parib). Accordingly, AMXI-5001 treatment resulted in a dose dependent decrease of soluble level of PARP1 in the
soluble nuclear protein fraction.
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Figure S7. Equipotent PARP1-DNA Complex Trapping Potency Between Free Base (FB) and HCI- salt Forms of AMXI-
5001 in MDA-MB-436 Breast Cancer Cells. MDA-MB-436 cell lines were co-treated for 3 hr with 0.01% MMS and
vehicle controls or increasing doses of free base form of AMXI-5001 (AMXI-5001 FB) or its hydrochloride salt form
(AMXI-5001 HCI). Here two different batches of AMXI-5001 HCI were tested B#1 and B#2. Subsequently, cell lysates
were prepared and fractionated into nuclear-soluble and chromatin-bound fractions then analyzed by western blot
with an anti-PARP1. Anti-H3 and anti TOP1 antibodies were used as markers for chromatin- bound or soluble nuclear
fractions, respectively. Both the free base and HCI salt forms of AMXI-5001 induced an equipotent and strong dose
dependent chromatin binding of PARP1, in the presence of 0.01% MMS. Also, both the free base and HCI salt forms
of AMXI-5001 resulted in a dose dependent decrease of unbound PARP1 levels in the soluble nuclear protein frac-
tion.

Figure S8. AMXI-5001 Binds to the Active Site of Human PARP1. AMXI-5001 (C in green ball and stick representa-
tion) in complex with PARP1 (chain B ice blue) showing some binding site interactions and with electrostatic surface
representation of compound binding site.
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Figure S9. TNKS1 Activity Inhibition. The effect of AMXI-5001 towards TNKS1 was determined using a commercially
available Tankyrase 1 colorimetric activity assay (#80573, BPS BIOSCIENCE INC). To determine the IC50 value for
the inhibitors, the compounds were tested using increasing concentrations of the test compounds and the normal-
ized average absorbance of each inhibitor concentration was plotted against the log of the concentration of inhibitor
using the GraphPad Prism 6 program (GraphPad Software Inc., San Diego, CA). Subsequently, The IC50s for the
TNKS1 inhibition were determined after non-linear fit using GraphPad Prism. Untreated DMSO control was set as
100% TNKS1 activity. XAV939, a small molecule inhibitor of TNKS1, and Olaparib were used as controls for TNK1
inhibition.

Table S5. TNKS1 Activity Inhibition

AMXI-5001 Olaparib XAV939
IC50 uM 4.721 0.492 0.004

The effect of AMXI-5001 towards TNKS1 was determined
using a commercially available Tankyrase 1 colorimetric
activity assay (#8057 3, BPS BIOSCIENCE INC). To deter-
mine the IC50 value for the inhibitors, the compounds
were tested using increasing concentrations of the test
compounds and the normalized average absorbance

of each inhibitor concentration was plotted against the
log of the concentration of inhibitor using the GraphPad
Prism 6 program (GraphPad Software Inc., San Diego,
CA). Subsequently, the IC50s for the TNKS1 inhibition
were determined after non-linear fit using GraphPad
Prism. Untreated DMSO control was set as 100% TNKS1
activity. XAV939, a small molecule inhibitor of TNKS1,
and Olaparib were used as controls for TNK1 inhibition.
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Table S6. Dose-dependent Tubulin Polymerization inhibition by AMXI-5001 and Vinblastine
Water DMSO  AMXI-5001 AMXI-5001 AMXI-5001 Vinblastine Paxlitaxel

CTL CTL (0.5 uM) (5 uM) (10 pM) (5 uM) (5 uM)
FLmax 31983 32158 22474 11236 9532 8907 35724
Tmax (minutes) 84 72 105 105 105 105 20
Vmax (FI max/Tmax) 380.8 446.6 214.0 107.0 90.8 84.8 1786.2
Vmax Fold change vs. DMSO CTL 1.2 1.0 21 4.2 4.9 5.3 4.0

(Fold Decrease) (Fold Decrease) (Fold Decrease) (Fold Decrease) (Fold Increase)

Standard Tubulin polymerization reactions alone (DMSO CTL) and in the presence of inhibitors (AMXI-5001 or Vinblastine), at increasing doses ranging from 0.16 uM to
5 pM. The Vmax value was decreased in dose dependent manner in presence of AMXI-5001 and Vinblastine. FLmax= Maximum reached fluorescence of the reaction.
Tmax = Time to achieve FLmax.
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Figure S10. AMXI-5001 and Vinblastine inhibited tubulin polymerization in dose dependent manner. The Vmax were
determined as described above (experimental). The Vmax of DMSO control was set to 100% polymerization. The
percentages of compounds Vmax over DMSO control Vmax were plotted against the compound concentrations, and
IC50s were determined. Data were plotted using the GraphPad Prism 6 program. Both AMXI-5001 and Vinblastine
decreased the Vmax in dose dependent manner.

Table S7. Tubulin polymerization inhibition
AMXI-5001 Vinblastine

IC50 uM 0.99 0.75

The Vmax percentages for compounds (AMXI-5001

or Vinblastine) over DMSO control Vmax, were plotted

against the compounds (Eigure S9) The Polymerized

tubulin densities concentrations, and IC50s were deter-
mined using non-linear fit using GraphPad Prism.
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Figure S11. Equipotent microtubule polymerization inhibition between free base (FB) and HCI- salt forms of AMXI-
5001. The Vmax were determined as described above (experimental). The Vmax of DMSO control was set to 100%
polymerization. The percentages of compounds Vmax over DMSO control Vmax were plotted against the compound
concentrations, and IC50s were determined. Data were plotted using the GraphPad Prism 6 program. The inhibi-
tory effects of both the free base form (AMXI-5001-FB) and the HCL salt form (AMXI-5001-HCL) of AMXI-5001 were
evaluated.

Table S8. Equipotent microtubule polymeriza-
tion inhibition between free base (FB) and
HCL- salt forms of AMXI-5001

AMXI-5001-HCI ~ AMXI-5001-FB
IC50 uM 0.92 0.86

The effects of the HCI salt form and the Free base form
of AMXI-5001 was compared using the fluorescence-
based tubulin polymerization assay (BKO11P) was
conducted. Tubulin was incubated alone (DMSO Control),
or in the presence of inhibitors either free base form or
HClI salt form of (AMXI-5001 at increasing doses ranging
from 0.3125 uM to 10 pmol/The Vmax percentages for
compounds (AMXI-5001 or Vinblastine) over DMSO con-
trol Vmax, were plotted against the compound concen-
trations (Figure S10), and IC50s were determined using
non-linear fit using GraphPad Prism.
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Figure S12. AMXI-5001 effect on microtubule network organization inside the cells. AMXI-5001 inhibited the polym-
erization of microtubules. A549 cells were treated with either AMXI-5001 at 0.5 pM or 5 uM for 24 h. 0.1% DMSO
was used as a negative control. Vinblastine at 5 uM was used as a positive control for tubulin polymerization inhibi-
tion. Paclitaxel 5 yM was used as a positive control for tubulin polymerization enhancement. Samples were then
prepared as in the “Experimental” section, and the status of microtubules was observed using a Zeiss Axiolmager
2 microscope; 63x objective, DAPI and RFP channels. Microtubule filaments are stained in red, and cell nuclei are
stained in blue.
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Figure S13. MS competitive binding studies. AMXI-5001 competes with colchicine (A), but not with vinblastine (B)
or paclitaxel (C) to bind to tubulin. In panel (A and B), tubulin was incubated with colchicine or vinblastine in the
absence of GTP with varying concentrations of either the test compound (AMXI-5001) or a known competitor (no-
codazole or vincristine, respectively). In panel (C), preformed microtubules were incubated with paclitaxel and 1 mM
GTP, and varying concentrations of either the test compound (AMXI-5001) or a known competitor (docetaxel). As a
no tubulin binding control, colchicine, or vinblastine, or paclitaxel were incubated in reaction buffer alone without
tubulin. Data were plotted using the GraphPad Prism 6 program.
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Figure S14. AMXI-5001 inhibited tubulin polymerization in situ in MDA-MB-436 human breast cancer cells. Cells
were grown for 24 hr in media with or without varying concentrations of AMXI-5001, Vinblastine, or Paclitaxel.
Cell lysates were fractionated into soluble and insoluble (polymerized) tubulin fractions. The two tubulin fractions
were then analyzed by western blot with an anti-o/b tubulin. AMXI-5001 and Vinblastine treatments resulted in a
significant decrease in polymerized (P) tubulin when compared to the negative control DMSO-treatment. Paclitaxel
induced a conspicuous increase in the polymerized (P) tubulin fraction as compared to DMSO control.
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Figure S15. Intracellular tubulin polymerization assay. The Polymerized tubulin densities were determined as de-
scribed above (experimental). The Polymerized tubulin densities of DMSO control was set to 100% density. The
percentages of Polymerized tubulin densities with compounds treatment over DMSO control treatment were plotted
against the compound concentrations, and IC50s were determined (Table S4). Data were plotted using the Graph-
Pad Prism 6 program. AMXI-5001 decreased the polymerized tubulin density in dose dependent manner.

Table S9. In situ Cellular Tubulin polymeriza-
tion inhibition

AMXI-5001 Vinblastine
IC50 uM 0.67 0.17
The Polymerized tubulin densities percentages for com-
pounds (AMXI-5001 or Vinblastine) over DMSO control,
were plotted against the compounds’ concentrations,
and IC50s were determined using non-linear fit using
GraphPad Prism.
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Figure S16. Total tubulin protein expression assay. AMXI-5001 reduced total tubulin protein expression in situ in
MDA-MB-436 human breast cancer cells. Cells were grown for 24 hr in media with or without varying concentrations
of AMXI-5001, Vinblastine, Paclitaxel, Nocodazole, Flubendazole, or Mebendazole. Cell lysates were analyzed by
western blot with an anti-a/b tubulin. AMXI-5001 treatment resulted in a significant and dose dependent decrease
in total tubulin protein expression in situ, when compared to the negative control DMSO-treatment.
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Figure S17. Total cellular tubulin protein expression inhibition. The percentages of the normalized total cellular tu-
bulin protein band densities of test compounds over DMSO control, were plotted against the compound concentra-
tions using non-linear fit using GraphPad Prism, and IC50s were determined (Table S5). AMXI-5001 and Paclitaxel
inhibited the cellular tubulin expression in dose dependent manner and their respective IC50 were determined. per-
centages However, Vinblastine or Colchicine site- bonding benzimidazoles (Nocodazole, Flubendazole, and Meben-
dazole) induced only a modest inhibition of total cellular tubulin expression.

Table S10. Total cellular tubulin protein ex-
pression inhibition
AMXI-5001 Paclitaxel

IC50 uM 0.26 0.02

The percentages of the normalized total cellular tubulin
protein band densities test compounds over DMSO
control, were plotted against the compounds’ concen-
trations, and IC50s were determined using non-linear

fit using GraphPad Prism. AMXI-5001 and Paclitaxel
inhibited the cellular tubulin expression in dose depen-
dent manner and their respective IC50 were determined.
percentages However, IC50s for Vinblastine or Colchicine
site- bonding benzimidazoles (Nocodazole, Flubendazole,
and Mebendazole) could not be determined.
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Table S11. Effect of AMXI-5001 on Cell Viability in a Panel of Human Cancer Cell Lines

Cell line Tumor type AMXI-5001 TALA OLA NIRA RUCA BRCA1/ .
IC50 (uM)  IC50 (uM) IC50 (M) IC50 (uM) IC50 (uM) BRCA2 mutation

HuCCT1 Cholangiocarcinoma 0.004 NR

Jurkat Acute T Cell Leukemia. 0.013 0.01 0.083

H322 Non-small lung cancer 0.023 NR NR NR NR

Calu-6 Non-small lung cancer 0.026 3.364

DU145 Prostate 0.026 NR BRCA1, BRCA2

CCRF-CEM (CCL-119)  Acute lymphoblastic leukemia 0.028 0.431 5.869 2.53 8.395 BRCA1, BRCA2

MS-1 Mesothelioma 0.028 1.885 NR 10.15 NR

HCT15 Colorectal 0.032 NR NR NR NR

OE21 Oesophageal 0.037 15.45 9.791 NR NR

U208 Osteosarcoma 0.037 NR

MES-SA Uterine sarcoma 0.044

MM1.R Myeloma 0.047

H290 Mesothelioma 0.048 0.171 7.729 5.555 NR

H1299 Non-small lung cancer 0.052 6.75 NR NR NR

SK-OV-3 Ovarian 0.053 1.053

MOLM-13 Acute lymphoblastic leukemia 0.055 0.766 NR 2.837 1.666

MvV4-1 Acute lymphoblastic leukemia 0.057 0.19 2.768 1.567 0.83

MG63 Osteosarcoma 0.059 0.448

H1975 Non-small lung cancer 0.061 6.85 NR NR NR

647-V Urothelial 0.062 0.005

H1703 Non-small lung cancer 0.063 NR NR NR NR

A-673 Ewing’s sarcoma 0.066 2.47 NR NR NR

Saos-2 Osteosarcoma 0.068

K562 Acute lymphoblastic leukemia 0.074 1.517 5.453

HCC2998 Colorectal 0.078 0.218

RPMI 8226/CCL-155 Myeloma 0.082 NR 5.248 NR NR

SK-UT-1 Uterine leiomysarcoma 0.082

KG-1 Chronic myeloid Leukemia 0.084 0.14 3.788

MOLM-14 Acute lymphoblastic leukemia 0.088 0.972 4.773 2.069 1.669

LNCAP C4-2 Prostate 0.09 1.145 NR BRCA1, BRCA2

REN Mesothelioma 0.091 3.412

Caco2 Colorectal 0.092 2.37

HT-1080 Fibrosarcoma 0.092 0.758 6.159

MiaPaca2 Pancreatic 0.1 0.59

Hela Cevical cancer 0.104 10.96

Colo201 Colorectal 0.105 NR NR NR NR

A427 Non-small lung cancer 0.105 4.135 9.294 15.17 NR

LN-18 Glioblastoma 0.106 1.283 BRCA2

BxPC3 Pancreatic 0.107

H838 Non-small lung cancer 0.114 NR NR NR NR

HOS Osteosarcoma 0.117

H69 Small Cell lung cancer 0.12 4,232 NR NR NR

OVCAR8 Ovarian 0.129 NR NR 6.06 6.965 BRCA1 (MET)

H82 Small Cell lung cancer 0.13 6.254 NR NR NR

H2052 Mesothelioma 0.13 1.895 NR 9.224 NR BRCA1

HCC2998 Colorectal 0.132 NR NR NR NR

LOX Melanoma 0.147

A204 Rhabdomyosarcoma 0.149

HL-60 Acute lymphoblastic leukemia 0.154 3.151 NR

CFPAC-1 Pancreatic 0.156 0.155 0.155

RD-ES Ewing’s sarcoma 0.16

A549 Non-small lung cancer 0.168 14.03 NR 6.237 5.906

MSTO-211H Mesothelioma 0.173 2.675 NR NR NR
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MES-SA-DX5 Uterine Sarcoma 0.176

22RV1 Prostate 0.189 BRCA2
MDA-MB-436 Breast 0.192 NR 15.13 13.84 NR BRCA1
H292 Non-small lung cancer 0.195 0.51

VcaP Prostate 0.202 NR NR NR NR

Calu3 Non-small lung 0.214 0.241 BRCA1
PANC1 Pancreatic 0.234 NR 15.3 18.48 9.993

OE33 Oesophageal 0.242

U521 Glioblastoma 0.247 8.115 46.25 18.11 33.85

HCC2935 Non-small lung cancer 0.258 3.888 NR NR NR

A2058 Melanoma 0.263 0.161 BRCA2
HCC1954 Breast 0.273 6.343 NR NR 1.578

H28 Mesothelioma 0.273 BRCA2
Colo320 Colorectal 0.274 BRCA2
H2452 Mesothelioma 0.304 16.92 16.92 NR NR

MDA-MB-231 Breast 0.307 1.705

H441 Non-small lung 0.308 BRCA2
OE19 Oesophageal 0.308

PEO1 Ovarian 0.336 NR NR NR NR BRCA2
H460 Non-small lung cancer 0.344 NR NR NR NR

HT-144 Melanoma 0.406 0.963

MCF7 Breast 0.461 25 10.12

PEO4 Ovarian 0.465 NR NR NR NR BRCA2
HCT116 Colorectal 0.49 NR NR 11.1 17.77 BRCA2
Capan-1 Pancreatic 0.496 0.336 0.336 BRCA2
HCC827 Non-small lung cancer 0.523

H2170 Non-small lung cancer 0.537 2.787 NR NR NR

H226 Mesothelioma 0.537 4.433 NR

H2030 Non-small lung cancer 0.556 7.327

EKVX Non-small lung cancer 0.667 4.794

HCC1937 Breast 0.675 NR 3.495 BRCA1
PEO23 Ovarian 0.731 NR NR NR NR

SNB-75 Glioblastoma 0.896 7.554 82.83 14.9 30.57

HCC1569 Breast 5.428 NR NR NR NR BRCA2
us7 Glioblastoma 6.169 177.8 110.8 37.39 25.4

HCC1428 Breast 17.27 NR NR NR NR BRCA2
PEO14 Ovarian NR NR NR NR NR

The effect on cell viability of increasing concentrations of AMXI-5001 or clinical PARPis (Olaparib (OLA), Talazoparib (TALA), Niraparib (NIRA), or Rucaparib (RUCA)) was
assessed in a wide panel of cancer cell of various origins. Proliferation was assessed using Cell Titer Glo assay after cells were incubated for 3 days with AMXI-5001. The
concentration required to inhibit cell growth by 50% (IC50) was determined after non-linear fit using GraphPad Prism. DMSO treated cells were used as a vehicle control.
Known BRAC1/2 mutation status is indicated. NR = Non-Responsive. (MET) = Methylated gene.
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Table S12. Effect of AMXI-5001 on Cell Viability in a Panel of
Human Cancer Cell Lines

Cell Line Name Tumor Type

AMXI-5001 BRCA1/BRCA2

IC50 (uM) mutation
MDA-MB-436  Breast (TNBC) 0.013 BRCA1
DU4475 Breast (TNBC) 0.013
Jurkat Hematologic 0.019
Calu-6 Lung (NSCLC) 0.02
RPMI-2650 Nasal 0.022
MDA-MB-157  Breast (TNBC) 0.027
MDA-MB-468  Breast (TNBC) 0.028
SKLU-1 Lung (NSCLC) 0.029
H82 Lung (SCLC) 0.033
HCC1428 Breast 0.034 BRCA2
PEO1 Ovarian 0.047 BRCA2
OE21 Oesophageal 0.049
CCRF-HSB-2 Hematologic 0.052
Capan-1 Pancreatic 0.054 BRCA2
SK-UT-1 Sarcoma 0.056
Mv4-11 Hematologic 0.056
HCC2998 Colorectal 0.057
K562 Hematologic 0.059
CCL119 Hematologic 0.059 BRCA1, BRCA2
H2170 Lung (NSCLC) 0.061
H1703 Lung (NSCLC) 0.062
H209 Lung (SCLC) 0.064
HCT-15 Colorectal 0.064
HT-144 Skin 0.064
RD-ES Sarcoma 0.065
A427 Lung (NSCLC) 0.067
H69 Lung (SCLC) 0.068
LNCAP C4-2 Prostate 0.069
KG-1 Hematologic 0.070
Hela Cervical 0.071
A673 Sarcoma 0.072
MG63 Sarcoma 0.074
MOLM-14 Hematologic 0.076
Raji Hematologic 0.076
MES-SA Sarcoma 0.077
22RV1 Prostate 0.078 BRCA2
HL-60 Hematologic 0.079
MOLM-13 Hematologic 0.083
DU145 Prostate 0.086 BRCA1, BRCA2
8226 Hematologic 0.086
H322 Lung (NSCLC) 0.087
H520 Lung (NSCLC) 0.087
MSTO-211H Mesothelioma 0.091
VCaP Prostate 0.091
H838 Lung (NSCLC) 0.092
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LOX
HT-1080
U251
Mel-201
H2058
Mel-juso
H1975
MCF7
SK-0V-3
Calu-3
Colo201
LNCAP
HCC1954
H2052
EKVX
SOAS-2
PC3TriGFP
H1299
LN-18
DLD1
OE19
MS-1
HOS
Colo357
H226
CFPAC-1
OE33
PEO4
A204
MES-SA-DX5
HuCCT1
OVCAR8
H28
Colo320
BT-20
HCC1569
A549
H2452
MDA-MB-231
H460
HCT116
SNB-75
u20s
us7
H2030
BT-549
SK-MES-1
PEO23
H292

Skin

Sarcoma
Brain
Hematologic
Lung (NSCLC)
Skin

Lung (NSCLC)
Breast
Ovarian

Lung (NSCLC)
Colorectal
Prostate
Breast
Mesothelioma
Lung (NSCLC)
Sarcoma
Prostate

Lung (NSCLC)
Brain
Colorectal
Oesophageal
Mesothelioma
Sarcoma
Colorectal
Mesothelioma
Pancreatic
Oesophageal
Ovarian
Sarcoma
Sarcoma
Cholangiocarcinoma
Ovarian
Mesothelioma
Colorectal
Breast (TNBC)
Breast

Lung (NSCLC)
Mesothelioma
Breast (TNBC)
Lung (NSCLC)
Colorectal
Brain
Sarcoma
Brain

Lung (NSCLC)
Breast (TNBC)
Lung (NSCLC)
Ovarian

Lung (NSCLC)

0.092
0.092
0.093
0.093
0.097
0.097
0.097
0.098
0.100
0.101
0.102
0.102
0.103
0.103
0.103
0.103
0.104
0.104
0.106
0.107
0.108
0.109
0.113
0.113
0.116
0.117
0.118
0.119
0.120
0.123
0.125
0.126
0.127
0.127
0.131
0.135
0.140
0.141
0.145
0.146
0.147
0.147
0.151
0.158
0.162
0.169
0.174
0.174
0.195

BRCA1

BRCA1, BRCA2

BRCA1

BRCA2

BRCA2

BRCA1 (MET)
BRCA2
BRCA2

BRCA2

BRCA2
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Panc-1 Pancreatic 0.208
Hcc2935 Lung (NSCLC) 0.225
HCC827 Lung (NSCLC) 0.236
PEO14 Ovarian 0.268
H596 Lung (NSCLC) 0.301
HCC1937 Breast 0.481 BRCA1
GS2 Brain 0.489

The effect on cell viability of increasing concentrations of AMXI-5001 was
assessed in a wide panel of cancer cell of various origins. Proliferation was
assessed after cells were incubated for 6 days with AMXI-5001 using Cell Titer
Glo assay. The concentration required to inhibit cell growth by 50% (IC50) was
determined after non-linear fit using GraphPad Prism. DMSO treated cells
were used as a vehicle control. Known BRAC1/2 mutation status is indicated.
(MET) = Methylated gene.

AMXI-5001 Carboplatin Olaparib Talazoparib
B 110,
1004 -+ AMXI-5001
00 - Carboplatin
| =l ?'?pa”b ib Figure S18. Clonogenic assay in Ovarian cancer line (OVCARS): (A)
804 s 7 Talazoparl 500 cells were seeded to 6-well plates and cultured in 5% FBS me-

dium for 3 hours. Subsequently, vehicle control (DMSO-CTL) or test
drugs (AMXI-5001, Carboplatin, Olaparib or Talazoparib) were add-
ed to wells and cultured for 14 days. Culture medium was changed
every 3-4 days. Cells were fixed and stained with crystal violet. Wells
were photographed using ProteinSimple FluorChem M. (B) For each
well, the number of Crystal Violet-stained colonies was determined
using Imagel software. IC50s were determined after non-linear fit
using GraphPad Prism. IC50 values were defined as the concentra-
tions producing 50% cell viability when compared to vehicle control
cells (100% cell viability). Clinical PARPis (Olaparib, Talazoparib) and
Carboplatin were used as controls.

Colony Formation inhibition (% Control)

0
LOG [uM]
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Figure S19. Clonogenic assay in Non-Small Lung Cancer line
(A549): (A) 500 cells were seeded to 6-well plates and cul-
tured in 5% FBS medium for 3 hours. Subsequently, vehicle
control (DMSO-CTL) or test drugs (AMXI-5001, Olaparib, Ta-
lazoparib, Niraparib, or Rucaparib) were added to wells and
cultured for 8 days. Culture medium was changed every 3-4
days. Cells were fixed and stained with crystal violet. Wells
were photographed using ProteinSimple FluorChem M. (B)
For each well, the number of Crystal Violet-stained colonies
was determined using Imagel software. IC50s were deter-
mined after non-linear fit using GraphPad Prism. IC50 val-
ues were defined as the concentrations producing 50% cell
viability when compared to vehicle control cells (100% cell
viability). Clinical PARPis (Olaparib, Talazoparib, Niraparib,
Rucaparib) were used as controls.
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Figure S20. Clonogenic assay in Prostate Cancer line (DU145): (A) 500 cells were seeded to 6-well plates and cul-
tured in 5% FBS medium for 3 hours. Subsequently, vehicle control (DMSO-CTL) or test drugs (AMXI-5001, Olapa-
rib) were added to wells and cultured for 8 days. Culture medium was changed every 3-4 days. Cells were fixed
and stained with crystal violet. Wells were photographed using ProteinSimple FluorChem M. (B) For each well, the
number of Crystal Violet-stained colonies was determined using ImageJ software. IC50s were determined after non-
linear fit using GraphPad Prism. IC50 values were defined as the concentrations producing 50% cell viability when
compared to vehicle control cells (100% cell viability). Clinical PARPi (Olaparib) was used as control.

Table S13. Clonogenic assay in Ovarian cancer line (OV-
CARS)

AMXI-5001 Carboplatin  Olaparib  Talazoparib
IC50 (uM) 0.010 1.062 2.272 0.053

The effect of each test compound on cell viability was assessed using
colony formation assay in an ovarian cancer cell (OVCAR8). The number of
Crystal Violet-stained colonies in each well was determined using ImageJ
software. IC50s were determined after non-linear fit using GraphPad
Prism. IC50 values were defined as the concentrations producing 50% cell
viability when compared to vehicle control cells (100% cell viability). Clini-
cal PARPis (Olaparib, Talazoparib) and Carboplatin were used as controls.
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Table S14. Clonogenic assay in Non-Small Lung Cancer line (A549)

AMXI-5001 Olaparib Talazoparib Niraparib Rucaparib

IC50 (M) 0.0163 6.467 0.134 3.968 3.376

The effect of each test compound on cell viability was assessed using colony forma-
tion assay in a Non-Small Lung Cancer Cell (A549). The number of Crystal Violet-
stained colonies in each well was determined using ImageJ software. IC50s were
determined after non-linear fit using GraphPad Prism. IC50 values were defined as
the concentrations producing 50% cell viability when compared to vehicle control
cells (100% cell viability). Clinical PARPis (Olaparib, Talazoparib, Niraparib, Rucaparib)
were used as controls.

Table S15. Clonogenic assay in Prostate Can-
cer line (DU145)

AMXI-5001 Olaparib
IC50 (uM) 0.048 2.231

The effect of each test compound on cell viability was
assessed using colony formation assay in a Prostate Can-
cer Cell (DU145). The number of Crystal Violet-stained
colonies in each well was determined using ImageJ
software. IC50s were determined after non-linear fit
using GraphPad Prism. IC50 values were defined as the
concentrations producing 50% cell viability when com-
pared to vehicle control cells (100% cell viability). Clinical
PARPi (Olaparib) was used as control.

Untreated DMSO AMXI-5001
CTL CTL 0.04uM 0.2uM 1uM

O Hr

24 Hr

Vinblastine Paclitaxel
0.04 uM 0.2uM 1uM 0.04uM 0.2 uM 1uM
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Figure S21. Scratch Wound Assays in Lung Cancer line (A549): Inhibition of Cancer Cell Migration by AMXI-5001.
A549 lung cancer cells were seeded onto 12-well plates. Wounds were generated after cells reached confluence.
Wounded cultures were incubated for 24 Hr in culture medium alone (Untreated control), or medium containing
0.1% (v/v) DMSO (DMSO control) or 0.04, 0.2, 1 yM of AMXI-5001, or clinical PARPiIs (Olaparib and Talazoparib) or
clinical MTAs (Paclitaxel and Vinblastine). Random fields (40 A~) from each scratch wound were picked and visual-
ized by microscopy to assess cell migration ability.

Olaparib Talazoparib
0.04uM 0.2uM 1uM 0.04uM 0.2uM 1uM

B AMXI-5001
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Figure S22. Scratch Wound Assays in Lung Cancer line (A549): Inhibition of Cancer Cell Migration by AMXI-5001.
A549 lung cancer cells were seeded onto 12-well plates. Wounds were generated after cells reached confluence.
Wounded cultures were incubated for 24 Hr in culture medium alone (Untreated control), or medium containing
0.1% (v/v) DMSO (DMSO control) or 0.04, 0.2, 1 uM of AMXI-5001, or clinical PARPis (Olaparib and Talazoparib) or
clinical MTAs (Paclitaxel and Vinblastine). Random fields (40 A~) from each scratch wound were picked and visual-
ized by microscopy to assess cell migration ability. Images were analyzed using ImageJ analysis software to deter-
mine wound gap size in each well at O hr and 24 hr. treatment. Data are presented as percent of the average wound
gap size at 24 hr over the average wound gap size at O hr treatment, £ SD (N = 9 measurements).
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Figure S23. Cell cycle analysis. Cell cycle analysis after treatment with medium alone (Untreated CTL), or medium
containing DMSO (DMOS CTRL) or increasing concentrations of AMXI-5001 in MDA-MB-436, OVCARS8, and A549

cells for 24 hr. C, Cells were harvested and DNA content was analyzed by flow cytometry. The average percentages
of cells in GO/G1, S, or G2/M phase were determined and are indicated for all treatments.
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Figure S24. Cell cycle analysis. Cell cycle analysis after treatment with medium alone (Untreated CTL), or medium
containing DMSO (DMOS CTRL) or increasing concentrations of AMXI-5001 or Vinblastine, or 5 yM Paclitaxel, in
MDA-MB-436 cells for 24 hr. C, Cells was harvested and DNA content was analyzed by flow cytometry. The average
percentages of cells in GO/G1, S, or G2/M phase were determined and are indicated for all treatments.
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Figure S25. Cell cycle analysis. Cell cycle analysis after treatment with medium alone (Untreated CTL), or medium
containing DMSO (DMOS CTRL) or increasing concentrations of AMXI-5001 or Vinblastine, or 5 uM Paclitaxel, in
A549 cells for 24 hr. C, Cells were harvested and DNA content was analyzed by flow cytometry. The average percent-
ages of cells in GO/G1, S, or G2/M phase were determined and are indicated for all treatments.
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Figure S27. Western Blot Analysis of the expression of immunomodulatory antigens. After 24 hr treatment with
medium alone (Untreated CTL), or medium containing DMSO (DMOS CTRL) or of AMXI-5001 or clinical MTAs (Vin-
blastine or Paclitaxel) or Clinical PARPis (Olaparib or Talazoparib), in various cancer cell lines (MDA-MB-436, A549,
OVCARS8, PANC1, HCT116) (A) or MDA-MB-436 cells (B, C), cells were harvested and total cell lysates were prepared
and analyzed by western blot with corresponding antibodies for each indicated protein.

28



Novel dual parpl/2 and microtubule polymerization inhibitor

MDA-MB-436 (BREAST)

~= Olaparib
~+~ Olaparib+10 ng/m| TRAIL
© Olaparib+20 ng/ml TRAIL

—e— AMXI-5001 only
=== AMXI-5001+10 ng/ml TRAIL
-4+ AMXI-5001+20 ng/ml TRAIL

-2 -1 0

AMXI-5001 Log [uM]

HCT116 (COLORECTAL)

~+~ Olaparib

~=- Olaparib+10 ng/ml TRAIL

4 Olaparib+20 ng/ml TRAIL
=== Talazoparib

==~ Talazoparib+10 ng/ml TRAIL
-a- Talazoparib+20 ng/ml TRAIL
== AMXI-5001

-=- AMXI-5001+10 ng/mi TRAIL
-4 AMXI-5001+20 ng/mi TRAIL

A
1501
g
£ 1004
o
2
E
2
— 501
@
o
C
150
£
£ 100
51
&
g
4
QO 5
]
o
E
1507
[
E 100
<]
(&
e
3
o
@D
o

AMXI-5001 Log [uM]

DU145 (PROSTATE)

~+ Olaparib
~+ Olaparib+10 ng/ml TRAIL
© Olaparib+20 ng/m| TRAIL

-8 Talazoparib
=&~ Talazoparib +10 ng/ml TRAIL
+& Talazoparib+20 ng/ml TRAIL

== AMXI-5001
=~ AMXI-5001 +10 ng/ml TRAIL
~ar AMXI-5001 +20 ng/ml TRAIL

AMXI-5001 Log [uM]

30 25 20 1.5 1.0 0.5 0.0

Cell Growth (% Control)

Cell Growth (% Control)

M

Cell Growth (% Control)

1501

100

504

A549 (NSCLC)

-+ Olaparib
—— Olaparib+10 ng/m| TRAIL
@ Olaparib+20 ng/ml TRAIL

-8 Talazoparib
-4~ Talazoparib+10 ng/ml TRAIL
-9 Talazoparib+20 ng/ml TRAIL
-+ AMXI-5001
==~ AMXI-5001+10 ng/ml TRAIL
~a- AMXI-5001+20 ngiml TRAIL

3.0

150,

1001

50

25 20 -5

AMXI-5001 Log [uM]

-1.0 0.5

OVCARS (OVARY)

0.0

= AMXI-5001

=~ AMXI-5001+10 ng/m| TRAIL
-+ AMXI-5001+20 ng/ml TRAIL
<+~ Olaparib

=+ Olaparib+10 ng/ml TRAIL

© Olaparib+20 ng/ml TRAIL
-8 Talazoparib

=&~ Talazoparib+10 ng/m| TRAIL
-®- Talazoparib+20 ng/ml TRAIL

AMXI-5001 Log [uM]

0 v v - T T J
-3.0 -25 -20 15 1.0 -05 0.0

Olaparib
Olaparib+10 ng/m| TRAIL

- Olaparib+20 ng/m| TRAIL

AMXI-5001
AMXI-5001+10 ng/ml TRAIL

- AMXI-5001+20 ng/m| TRAIL

RD-ES (SARCOMA)
150
100
50
R A

AMXI-5001 Log [uM]

Figure S28. Effect of the combination of AMXI-5001 or Clinical PARPis with TRAIL on Cell Viability in a Panel of Hu-
man Cancer Cell Lines. The effect on cell viability of AMXI-5001 or clinical PARPis (Olaparib, Talazoparib) alone or
in combination with TRAIL was assessed using Cell Titer Glo assay in a panel of cancer cell (MDA-MB-436, A549,
HCT116, OVCARS8, DU145 or RD-ES). Proliferation was assessed after cells were exposed for 3 days with increasing
doses of AMXI-5001, Olaparib or Talazoparib alone or in combination with trail at 10 ng/ml or 20 ng/ml. The con-
centration required to inhibit cell growth by 50% (IC50) was determined after non-linear fit using GraphPad Prism.
DMSO treated cells were used as a vehicle control.
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Table S16. Effect of the combination of AMXI-5001 or Clinical PARPis with TRAIL on Cell Viability in a Panel of Human Cancer Cell Lines

AMXI-5001 AMXI-5001 + TRAIL AMXI-5001 + TRAIL Olaparib + TRAIL  Olaparib + TRAIL Talazoparib  Talazoparib

Cell Line Name IC50 (uM) (10 ng/ml) (20 ng/ml) Olaparib (uM) (10 ng/ml) (20 ng/ml) Talazoparib (UM) (10 ng/ml) (20 ng/ml)
IC50 (uM) IC50 (uM) IC50 (uM) IC50 (uM) IC50 (uM) IC50 (uM)

MDA-MB-436 0.222 0.043 0.040 NR NR NR
A549 0.141 0.104 0.064 NR NR NR NR NR NR
HCT116 0.352 0.092 0.096 NR NR NR NR NR NR
OVCARS8 0.146 0.062 0.055 NR NR NR NR NR NR
DU145 0.143 0.063 0.064 NR NR NR NR NR NR
RD-ES 0.076 0.059 0.054 1.634 1.231 0.996

The effect on cell viability of AMXI-5001 or clinical PARPis (Olaparib, Talazoparib) alone or in combination with TRAIL was assessed using Cell Titer Glo assay in a panel of cancer cell (MDA-MB-436, A549,
HCT116, OVCARS, DU145 or RD-ES). Proliferation was assessed after cells were exposed for 3 days with increasing doses of AMXI-5001, Olaparib or Talazoparib alone or in combination with trail at 10 ng/ml
or 20 ng/ml. The concentration required to inhibit cell growth by 50% (IC50) was determined after non-linear fit using GraphPad Prism. DMSO treated cells were used as a vehicle control. NR = Non-Respon-
sive.
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Figure S29. Flow cytometry analysis of PD-L1 cells surface expression. A549 Cell were seeded to 100 mm dishes
and cultured overnight then serum starved with (0.5% FBS medium) overnight. Subsequently, cells were treated
for 24 or 48 hours with medium containing DMSO control or AMXI-5001 (0, 1 or 5 uM) in 1% FBS medium. Subse-
quently, cells were harvested by trypsinization and stained for cell surface PD-L1 (Alexa-488 conjugated Ab) and

analyzed by flow cytometry.
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Figure S30. Flow cytometry analysis of cells surface expression of death receptors (DR4 and DR5). A549 Cell
were seeded to 100 mm dishes and cultured overnight then serum starved with (0.5% FBS medium) overnight.
Subsequently, cells were treated for 24 or 48 hours with medium containing DMSO control or AMXI-5001 (O, 1 or
5 uM) (Batch #19-26) in 1% FBS medium. Subsequently, cells were harvested by trypsinization and stained for cell
surface DR4 and DR5 (Alexa-488 conjugated Ab) and analyzed by flow cytometry.
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Figure S31. Effect of the combination of AMXI-5001
with DNA Damaging Chemotherapies or Topoisomer-
ase inhibitor, or PI3K inhibitor on Cell Viability in MDA-
MB-436 Cancer Cell Line. The effect on cell viability of
AMXI-5001 in combination with DNA damaging che-
motherapies (Gemcitabine, Cisplatin or Etoposide) or
Topoisomerase inhibitor (Topotecan) or PI3K inhibitor
(Idelalisib) was assessed using Cell Titer Glo assay
in MDA-MB-436 cell line. Proliferation was assessed
after cells were exposed for 5 days with increasing
doses of AMXI-5001, indicated anticancer agent alone
or with combination of 1/10 ratio of AMXI-5001 and
the indicated anti-cancer therapy. The concentration
required to inhibit cell growth by 50% (IC50) was de-
termined after non-linear fit using GraphPad Prism.
DMSO treated cells were used as a vehicle control.
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Table S17. Effect of the combination of AMXI-5001 with DNA
Damaging Chemotherapies or Topoisomerase inhibitor, or
PI3K inhibitor on Cell Viability in MDA-MB-436 Cancer Cell
Line

AMXI-5001 Gemcitabine AMXI-5001 + Gemcitabine

IC50 (uM) 0.023 0.008 0.0005
AMXI-5001  Topotecan AMXI-5001 + Topotecan
IC50 (uM) 0.033 0.008 0.0006
AMXI-5001 Cisplatin AMXI-5001 + Cisplatin
IC50 (uM) 0.023 0.287 0.0109
AMXI-5001 Idelalisib AMXI-5001 + Idelalisib
IC50 (uM) 0.027 0.319 0.0131
AMXI-5001  Etoposide AMXI-5001 + Etoposide
IC50 (uM) 0.020 0.085 0.0132

The effect on cell viability of AMXI-5001 in combination with DNA damaging
chemotherapies (Gemcitabine, Cisplatin or Etoposide) or Topoisomerase
inhibitor (Topotecan) or PI3K inhibitor (Idelalisib) was assessed using Cell Ti-
ter Glo assay in MDA-MB-436 cell line. Proliferation was assessed after cells
were exposed for 5 days with increasing doses of AMXI-5001, indicated
anticancer agent alone or with combination of 1/10 ratio of AMXI-5001 and
the indicated anti-cancer therapy. The concentration required to inhibit cell
growth by 50% (IC50) was determined after non-linear fit using GraphPad
Prism. DMSO treated cells were used as a vehicle control.

Table S18. Summary of PK Parameters Following Administration of a Single
Oral Dose of AMXI-5001 in BALB/C Mice

Parameter Unit AMXI-5001 AMXI5001 AMXI5001
FB (50 mg/kg) FB (100 mg/kg) HCI salt (50 mg/kg)
T1/2 h 3.74 4.29 3.28
Tmax h 1 1 1
Cmax ng/ml 5670 12233 7180
AUC Ot ng/ml*h 18207 87591 28333
AUC 0-inf_obs ng/ml*h 18527 89678 28577

Summary of PK parameters following administration of a single oral dose of AMXI-5001 in
BALB/C mice. AMXI-5001 FB and HCI salt forms were formulated either as NMP/CMC suspen-
sion or in 10% TPGS suspension, respectively and administered orally to female Balb/c mice.
The bioavailability for AMXI-5001 FB form was assessed following a single oral dose adminis-
tration at either 50 mg/kg. or 100 mg/kg per mouse. The bioavailability for AMXI-5001 HCI salt
form was assessed following a single oral dose administration of 50 mg/kg. The PK parame-
ters were determined based on a Non-Compartmental PK model Analysis of Plasma Data after
Extravascular Input.
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Figure S32. A. Relationship between Dose and Inhibition of MDA-MB-436 Triple Negative Breast Xenograft Tumor
Growth in Mice by AMXI-5001 (5-Day BID Oral Dosing). B. AMXI-5001 Dose Relationship Between Plasma and Tumor
Concentrations in MDA-MB-436 Xenograft Tumors In Vivo, following Oral BID Dosing (12.5, 25 mg/kg) BID for 2 Days
(4th dose) or 5 Days (10th dose). Blood and Tumors tissues were harvested 3 h post 4th and 10th dose.
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Figure S33. Dose-Response Relationship for Inhibition of PAR and Total Tubulin Expression by AMXI-5001 in MDA-
MB-436 Xenograft Tumors in vivo Following Oral BID Dosing for 2 Days (4th dose) or 5 Days (10th dose) with AMXI-
5001.
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Figure S34. Immunohistochemical Analysis of the in vivo Treatment Related Effect on Microtubule Network Orga-
nization Inside the MDA-MB-436-Derived Xenograft Tumor Cells. Tumors harvested at the end of the dosing period
revealed potent, dose-dependent decreases of microtubule filament. Sections from paraffin embedded tumors
were stained with an antibody specific to for alpha/beta-tubulin (red), and visualized by fluorescent microscopy
using Zeiss Axiolmager 2 microscope; 63x objective. Cell nuclei were stained with DAPI (blue). Repeat oral dose of
AMXI-5001 at either 10 mg/kg or 50 mg/kg BID resulted in a striking dose dependent inhibition of microtubule fila-
ment formation in MDA-MB-436 cells derived tumors. Vinblastine treatment (1 mg/kg once a week) also induced
a marked inhibition of microtubule filament in MDA-MB-436 tumors. Olaparib(50 mg/kg BID) showed no effect on
tumor cells microtubule filaments formation as compared to the effect of vehicle control (CTL) treatment.
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Figure S35. Western Blot Analysis of the in vivo Treatment-related Effect on PAR Total Tubulin and CHFR Expression
in Lysates from MDA-MB-436-derived Xenograft Tumor Cells. Tumors were harvested and snap frozen at the end
of the dosing period. Tumor lysates were prepared and analyzed by standard Western Blot assay with antibodies
specific to PAR, alpha/beta-tubulin, or cell cycle checkpoint protein CHFR. Repeat oral dose of AMXI-5001 at either
10 mg/kg or 50 mg/kg BID resulted in a striking dose dependent inhibition of total tubulin and CHFR protein. PAR
expression in tumor cells was also strongly inhibited by AMXI-5001 with both 10 mg/kg or 50 mg/kg dosing. Vinblas-
tine treatment (1 mg/kg once a week) showed no significant effect on PAR or tubulin expression but demonstrated
inconsistent CHFR protein expression inhibition. Olaparib (50 mg/kg BID) showed no effect on effect on tubulin
expression but induced a marked PAR and CHFR protein expression inhibition.
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