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In treating cancer with clinically approved chemotherapies, the high systemic toxicity and lack of selectivity for malignant
cells often resultin an overall poor response rate. One pharmacological approach to improve patient response is to design
targeted therapies that exploit the cancer milieu by reductively activating prodrugs, which results in the selective release
of the free drug in the tumor tissue. Previously, we characterized prodrugs of seco-CBI-indole, (CBI-indole,) designed to
be activated in hypoxic tumor microenvironments, wherein the tumor maintains higher concentrations of “reducing”
nucleophiles capable of preferentially releasing the free drug by nucleophilic attack on a weak N-O bond. Of these
prodrugs, BocNHO-CBI-indole, (BocNHO) surpassed the efficacy of the free drug, CBl-indole,, when examined in vivo
in the murine L1210 leukemia model and demonstrated reduced toxicity suggesting a targeted or sustained release in
vivo. Herein, we further examine the biological activity of the BocNHO prodrug in murine breast cancer, as well as human
prostate and lung cancer cell lines, in vitro. Notably, BocNHO manifests potent antiproliferative and cytotoxic activity in
all three tumor cell lines. However, in comparison to the activity observed in the murine cancer cell line, the human cancer
cell lines were less sensitive, especially at early timepoints for cytotoxicity. Based on these findings, BocNHO was tested
in a more clinically relevant orthotopic lung tumor model, revealing significant efficacy and reduced toxicity compared
with the free drug. The data suggests that this pharmacological approach to designing targeted therapies is amenable

to human solid tumors.

Introduction

The naturally occurring antitumor agents CC-1065 and duo-
carmycin SA are the parent members of a class of exquisitely
potent compounds that manifests picomolar (pM) IC, values
for their ability to selectively alkylate duplex DNA and induce
cell death."'® Mechanistically, this selective DNA alkylation is
achieved through the forced adoption of a helical conformation
upon binding to the minor-groove AT-rich regions of DNA,
which disrupts the stabilizing vinylogous amide and activates the
cyclopropane for nucleophilic attack.”?® These natural products
are not clinically viable due to either severe adverse events, includ-
ing lethal hepatotoxicity and extreme myelotoxicity, or a lack of
in vivo activity."?"** As a result of the high systemic toxicity and
reduced selectivity of this class of compounds, a new strategy
has emerged to develop prodrugs that selectively release the free
drug in the tumor. This strategy, known as in situ activation,
seeks to design systems where an intrinsically reactive species is
formed from a comparatively stable precursor at or near the site of
action, thereby selectively activating a compound in the presence
of its molecular target.?? The hypoxic tumor microenvironment
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is ideal for designing prodrugs that can be reductively activated
without the requirement of enzymatic release. Previously, we
utilized reductive activation, as a mechanism of in situ activa-
tion, to design and characterize analogs of the duocarmycins and
CC-1065.24»

BocNHO-CBI-indole, (BocNHO) is a reductively activated
phenol prodrug from the CC-1065 and duocarmycin class of
compounds.** BocNHO was not designed for reversible or enzy-
matic activation but rather for irreversible reductive activation
by cleavage of a weak N-O bond by way of reducing nucleo-
philes. The premise was to utilize the high reducing capacity
of the hypoxic tumor microenvironment (i.e., thiols) to activate
the prodrug, making the cancer cells and surrounding stroma
more sensitive to the prodrug treatment. The BocNHO prodrug
was tested for antiproliferative activity in vitro, and it revealed
equal potency to the parent compound, seco-CBI-indole, (CBI-
indole,), against a panel of cancer cell lines indicating release
of the free drug.** When examined in vivo, BocNHO revealed
improved efficacy and reduced toxicity, which was attributed to
a controlled or selective release of the free drug to the tumor.
However, the model used in this in vivo study, as well as in
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several others examining this class of compounds, was a mouse
leukemia model (L1210).

Ascites models, like the L1210 model, have identified drugs
active against leukemia and lymphoma; yet, they are not predic-

tive of activity for solid tumors.?*?8

Traditional drug discovery
programs frequently screen experimental therapies against a panel
of human ectopic tumor models implanted subcutaneously (s.c.)
in immunodeficient mice, even though s.c. xenografts are not
reflective of the orthotopic tumor site.? It is well established that
the organ environment can overwhelmingly dictate how tumors
behave with regard to metastasis, enzymes, neovascularization,
differentiation and the expression of genes.’** The biological
influence of the tumor microenvironment can affect the ability
to evaluate experimental therapies. Indeed, significant evidence
exists demonstrating the same tumor cell line has an improved
response to chemotherapy when the cells are implanted subcutane-
ously compared with orthotopic implantation of cells.** Thus, for
proper evaluation of novel therapies, it is critical to implant cancer
cells in the appropriate environment. Furthermore, in a clinical
setting, patients are often being treated for advanced metastatic
disease, while s.c. xenograft models are treated within 1-14 d of
tumor inoculation and rarely develop metastases.”> Thus, ortho-
topic tumor models are more clinically relevant for assessing drug
efficacy, as they more accurately represent the clinical growth
characteristics of primary tumor and metastatic disease.***** To
further advance BocNHO as a clinical candidate, we examined
this novel prodrug for activity against breast, prostate and lung
solid tumor cell lines in a series of in vitro experiments and then
selected one type of cancer for an in vivo orthotopic tumor effi-
cacy study. Herein, we reveal the potent anti-cancer properties of
the BocNHO prodrug against solid tumor cell lines in vitro and
demonstrate superior in vivo efficacy in an aggressive orthotopic
non-small cell lung cancer model.

Results

BocNHO prodrug manifests potent antiproliferative activity in
mouse and human cancer cell lines comparable to CBI-indole,.
The human prostate PC3-MM2 (Fig. 1A), mouse breast EMT6
(Fig. 1B) and human lung A549 (Fig. 1C) cancer cell lines were
screened using dose response over time (24, 48 and 72 h) to
determine IC, | potency. Both BocNHO and CBI-indole, have
similar potency values at all time-points ranging from 1-30 nM
at 24 h to 280-980 pM at 72 h. Interestingly, at 72 h, cell prolif-
eration is nearly 100% inhibited in all three cell lines following
treatment. The A549 cell line appears to be the most sensitive to
these compounds followed by EMT6 and PC3-MM2. Table 1
lists the individual IC, values for the BocNHO and CBl-indole,
compounds for each cell line at the different timepoints. The
structures of BocNHO and CBI-indole, are shown in Figure 1D.
Since a major goal of these studies was to conduct an in vivo
efficacy study and with an understanding that most drugs are
significantly cleared from mice in 24 h or less, we focused all sub-
sequent studies to characterize BocNHO on the 24-h timepoint.

Cytotoxic effects of BocNHO and CBl-indole,. To deter-
mine if BocNHO has cytotoxic activity comparable to its potent
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antiproliferation properties (Fig. 1), both compounds were exam-
ined in the trypan blue assay. In agreement with the potent antip-
roliferation that was observed at 1-30 nM with these compounds,
significant cytotoxicity is observed at similar concentrations in a
dose-dependent trend (Fig. 2A—C, left panels). Moreover, when
total cells are counted and compared with cell numbers at the
start of dosing (time zero, t,), significant antiproliferative activ-
ity is observed at doses as low as 50-500 pM depending on cell
type (Fig. 2A-C, right panels). This data further supports the
accuracy of the IC,  values generated in Figure 1 across all three
cancer cell lines.

BocNHO and CBl-indole, induce apoptosis in breast, pros-
tate and lung cancer cell lines. To determine whether these cells
are dying of necrosis or programmed cell death, cancer cells were
labeled with Annexin V and propidium iodide (PI). Cells positive
for PI alone indicate death by necrosis, cells positive for Annexin
V alone indicate early-stage apoptosis and cells positive for both
indicate late-stage apoptosis. PC3-MM2 cells reveal little indi-
cation of apoptosis (Fig. 3A); while EMT6 cells demonstrate a
dose-dependent increase in early- and late-stage apoptotic cells
(Fig. 3B). The percent cytotoxicity, mostly apoptosis, corresponds
nicely to the viability data of both cell lines in Figure 2A and B
(left panels). BocNHO and CBl-indole, both elicit early- and
late-stage apoptosis in A549 cells that appear to peak at 10 nM
and then diminish with increasing dosage (Fig. 3C). No signifi-
cant necrosis is observed following treatment with these com-
pounds, suggesting most of the cells are dying by programmed
cell death that is likely induced by cell cycle arrest.

Induction of S phase and G /G, cell cycle arrest following
treatment with BocNHO and CBl-indole,. DNA alkylation
and subsequent cell cycle arrest is the mechanism of action for
this class of compounds, which results in antiproliferative activ-
ity and cytotoxicity by way of programmed cell death. Thus, the
effects on cell cycle of the BocNHO prodrug were compared
with those of the parent molecule, CBI-indole,, across all three
solid tumor cell lines. The mouse EMTG6 breast cancer cells dem-
onstrate S phase arrest at 50 pM then subsequently shift to G /G,
cell cycle arrest at concentrations starting as low as 500 pM
(Fig. 4B). As the dose increases, approximately the same percent-
age of cells are arrested in G /G ; however, there is an increase
in the sub-G, population of cells, which is a marker of apopto-
sis and corresponds to the data in Figure 3B. Interestingly, the
human prostate PC3-MM2 and lung A549 cells display a dif-
ferent pattern of cell cycle arrest. At low doses (50-500 pM),
both cell lines demonstrate a significant increase in S phase arrest
compared with EMTG6 cells (Fig. 4A and C). However, at higher
doses (10 nM—1 wM), G /G, arrest is more prominent with an
increase in the sub-G population.

Acute exposure (washout) of BocNHO and CBl-indole,
maintains pharmacological activity over 72 h. Prior to conduct-
ing an in vivo efficacy study, a pilot pharmacokinetic study was
performed in mice to determine the plasma half-life and clear-
ance of the BocNHO prodrug. In these studies, a majority of
BocNHO was cleared from the mouse by 6 h following intra-
peritoneal administration (data not shown). All previous in vitro
studies, described above, characterizing the BocNHO prodrug
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Figure 1. Antiproliferative effects of BocNHO and CBl-indole, in prostate, breast and lung cancer cell lines. Prostate PC3-MM2 (A), breast EMT6 (B) and
lung A549 (C) cells were treated with vehicle (o), BocNHO (®) and CBI-indole, (M) for 24,48 and 72 h. The BocNHO prodrug manifests equipotency
compared with the parent molecule, CBl-indole,, indicating free release of the active drug. Potency and efficacy increase in a dose- and time-
dependent manner across all three cell lines. The structures of BocNHO and CBl-indole, are shown in (D).

were performed at = 24 h continuous exposure. Therefore, to
address the issue of a 6-h exposure time in an in vivo efficacy
study, in vitro washout experiments were performed following
6 h exposure of the BocNHO or CBI-indole, compounds to
mimic in vivo drug exposure. For these studies, the A549 cell
line was used since this lung cancer cell line was selected for the
in vivo efficacy study; it was more sensitive in the aforementioned

www.landesbioscience.com

experiments compared with the PC3-MM2 cell line, and ahuman
tumor model was more desirable than a mouse tumor model.
Treatment of A549 cells for 6 h with these two compounds, fol-
lowed by drug washout, significantly decreases cell viability at
24 h that decreases further at 72 h (Fig. 5A). Remarkably, a 6-h
BocNHO treatment followed by washout produces nearly identi-
cal cell viability results to those following continuous exposure
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Table 1. Anti-proliferative IC,  values

24h 48 h
BocNHO CBl-indole, BocNHO CBl-indole,
PC3-MM2 2.571E-08 2.061E-08 8.543E-10 1.529E-09
EMT6 1.65E-09 2.585E-09 8.507E-10 8.217E-10
A549 1.548E-09 1.385E-09 7.905E-10 6.132E-10

72h
BocNHO CBl-indole,
5.855E-10 9.832E-10
4.27E10 6.596E-10
3.807E-10 2.837E-10

Prostate (PC3-MM2), breast (EMT6) and lung (A549) solid tumor cell lines were examined over a 72-h time-course for antiproliferative activity following
treatment with the BocNHO prodrug or the parent molecule, CBI-indole,. IC, values are reported as log [drug] (Molar) for each timepoint.
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Figure 2. Trypan blue cytotoxicity of BocNHO and CBl-indole, in prostate, breast and lung cancer
cell lines. PC3-MM2 (A), EMT6 (B) and A549 (C) cells were treated with vehicle, BocNHO and CBI-
indole, at the indicated doses for 24 h. Significant cytotoxic effects in EMT6 and A549 cell lines

are noted at doses starting at 50 pM [(B), left] and 500 pM [(C), left], respectively, while a limited
cytotoxic effect is seen in PC3-MM2 cells at doses < 1 M [panel (A), left]. Moreover, pronounced
antiproliferative effects are noted at doses as low as 500 pM in all three cell lines [(A-C), right]. * and
** represent significant unpaired t-test p values of < 0.05 and < 0.01, respectively, as compared with
vehicle-treated cells.
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at 24 h (Fig. 2C, left panel). Moreover,
the BocNHO prodrug appears to have
superior efficacy at 10-40 nM follow-
ing 72-h washout treatment compared
with CBl-indole, (Fig. 5A, right panel).
In similar experiments, antiproliferative
activity was assessed by determining the
total number of cells following treatment
compared with the number of cells at t,.
Six-hour exposure of BocNHO demon-
strates a nearly 100% antiproliferative
response at concentrations = 10 nM (24
and 72 h), while CBl-indole, has little
response at 10 nM suggesting supe-
rior efficacy of the BocNHO prodrug
(Fig. 5B). The induction of apoptosis
was examined following a 6-h drug
treatment with washout in A549 cells,
revealing a significant increase in late-
stage apoptosis and, to a lesser extent,
early-stage apoptosis in these experi-
ments (Fig. 5C). The 72-h washout
results are comparable to the 24-h con-
tinuous exposure results (Fig. 3B) in
terms of response but require higher
concentrations (10 nM vs. 40 nM) to
achieve the response. In the cell cycle
arrest washout experiments, a similar
tendency is observed with an S phase
arrest at 10 nM and G /G, arrest occur-
ring at 40 nM (Fig. 5D) in compari-
son to the 24-h continuous exposure
(Fig. 4C). Intriguingly, while other
experiments demonstrate an increase in
activity over time (Fig. 5A-C), the cell
cycle arrest studies are nearly identical
at both 24 and 72 h following washout
(Fig. 5D).

In vivo therapeutic efficacy of
BocNHO and CBl-indole, in an ortho-
topic lung tumor model. To determine
the efficacy of the BocNHO prodrug,
mice were orthotopically inoculated
with A549 cells expressing luciferase.
Mice were assigned to one of nine treat-
ment groups: 60, 100, 250 or 500 pg/kg
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BocNHO, 60, 100, 250 or 500 pg/kg CBl-indole, or vehicle
(DMSO). Treatment was initiated on day 4, and mice were ini-
tially scheduled to receive a total of six doses (study days 4, 8,
12, 16, 20 and 24). However, following the third dose (day 12),
gross toxicity was observed, and the mice either were euthanized
or died from toxicity in all treatment groups except 60 pg/kg
BocNHO and vehicle. Subsequently, the fourth dose (day 16)
was withheld and two more doses were administered at days 21
and 25 to the remaining animals in the study. Table 2 depicts the
number of surviving animals in the 60 wg/kg BocNHO, 60 g/
kg CBIl-indole, and vehicle groups at the completion of the study
on day 32. In the BocNHO treatment group, 70% of the ani-
mals survived the study compared with 0% in the CBI-indole,
group at the 60 pg/kg dose, demonstrating reduced toxicity of
the BocNHO prodrug. With regard to efficacy, biolumines-
cence imaging at days 20 and 32 revealed a statistically signifi-
cant reduction in the percent change in total tumor burden in
mice treated with BocNHO compared with vehicle-treated mice
(Fig. 6B). Representative images demonstrating the reduction in
total tumor burden of mice treated with BocNHO or vehicle are
shown in Figure 6A. While BocNHO appears to be less toxic
than its CBI-indole, counterpart, a statistically significant reduc-
tion in body weight was observed as early as day 5 in mice treated

with BocNHO compared with vehicle (Fig. 6C).
Discussion

The CC-1065 and duocarmycin SA class of compounds is a group
of natural products that has been extensively examined as very
potent cytotoxic agents that selectively alkylate N3 in AT-rich
regions of the DNA minor groove resulting in cell death.?” These
natural products are not suitable for clinical use in cancer therapy
due to their general toxicity and lack of selectivity for cancer cells.
To overcome these pitfalls, novel analogs with reduced toxicity
have been designed and have reached clinical trials, demonstrat-
ing the potential of this synthetic approach for the treatment of
cancer.**> However, these newer analogs all failed in clinical tri-
#3-46 Subsequently, a new approach
of designing prodrugs that selectively release free drug in the

als due to severe myelotoxicity.

tumor by enzymatic activation or conjugation to tumor-specific
antibodies has been examined to further reduce toxicity.>*
Previously, we revealed our approach to improving the tumor
selectivity of this class of compounds by designing prodrugs that
take advantage of tumor-specific reducing nucleophiles to release
the free drug via reductive activation.’** The purpose of these
studies was to examine the activity of the BocNHO prodrug,
designed to undergo non-enzymatic reductive activation, against
human and murine solid tumor cell lines, as well as determine its
efficacy in a clinically relevant human orthotopic tumor model.
In solid tumor cell lines, the BocNHO prodrug manifested
potent antiproliferative activity that was comparable to CBI-
indole,, indicating free-release of the parent molecule. In trypan
blue cell viability studies, cytotoxicity was observed across all
three cell lines which corresponded to the induction of apopto-
sis, suggesting the mechanism of action was programmed cell
death. Supporting this data, when total cells were examined as
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Figure 3. Induction of apoptosis in prostate, breast and lung cancer
cell lines treated with BocNHO and CBl-indole,. PC3-MM2 (A), EMT6 (B)
and A549 (C) cells were treated with vehicle, BocNHO and CBI-indole,
for 24 h. Bar graphs represent flow cytometry data that identifies cells
undergoing necrosis (black), early-stage apoptosis (medium gray) and
late-stage apoptosis (light gray) by measuring the populations of An-
nexin V and propidium iodide positive cells as a percent of the parent
population. Significant apoptosis is observed in both the EMT6 (B) and
A549 (C) cells following treatment with BocNHO and CBI-indole, with
minimal necrosis, indicating programed cell death. PC3-MM2 (A) cells
are less sensitive to the induction of apoptosis with both compounds.
*and ** represent significant unpaired t-test p values of < 0.05 and

< 0.01, respectively, as compared with vehicle-treated cells.

another indication of antiproliferation compared with total cells
at t,, pronounced antiproliferation was observed across all three
cell lines. The EMTG6 cells were the most sensitive, with nearly
100% of the cells non-proliferative at concentrations > 40 nM
(Fig. 2, right panels). However, with regard to the human can-
cer cell lines, a percentage of the cells were still proliferating
at all concentrations, as the total number of cells was greater
than at t. In similar studies, A549 cells treated for 6 h followed
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Figure 4. Cell cycle arrest in prostate, breast and lung cancer cell lines
treated with BocNHO and CBI-indole,. PC3-MM2 (A), EMT6 (B) and
A549 (C) cells were treated with vehicle, BocNHO and CBI-indole, for
24 h. Bar graphs represent cell cycle arrest data that identifies cells in
G,/M (light gray), S (medium gray), G /G, (black) and sub-G, (striped)
phases. PC3-MM2 and A549 cell lines demonstrate a dose-dependent
shift from the G,/M and G /G, phases to S phase arrest at doses of < 500
pM; however, at concentrations > 10 nM, there is vast GO/G1 arrestin
both cell lines with a subtle increase in the sub-G_ percentage of A549
and PC3-MM2 cells. In EMT6 cells, a dose-dependent increase in G,/M
arrest is observed along with a significant increase in the sub-G, popu-
lation. * and ** represent significant unpaired t-test p values of < 0.05
and < 0.01, respectively, as compared with vehicle-treated cells.

by washout of BocNHO or CBl-indole, revealed some signifi-
cant differences to the studies performed under continuous drug
exposure. Surprisingly, 100% antiproliferation was achieved
with 10 nM BocNHO compared with 40 nM CBI-indole, dem-
onstrating a 4-fold increase in potency of BocNHO (Fig. 5B).
A similar trend was observed in the drug washout apoptosis
assays examining the mechanism of cell death, wherein 40 nM
BocNHO was more potent at inducing apoptosis than an
equivalent dose of CBl-indole, at 24 h (Fig. 5C). Conversely,
in continuous exposure studies, there was little difference in the
response observed between the two compounds (Fig. 2C). This
trend continued at the 72-h timepoint, in which BocNHO was
more potent in induction of apoptosis at 10 and 40 nM com-
pared with CBl-indole,. This data highlighted important phar-
macological differences between BocNHO and CBl-indole,, in
that BocNHO was more effective at a shorter duration of expo-
sure (Fig. 5B and C).

In the cell cycle arrest studies, continuous exposure stud-
ies at 24 h demonstrated similar effects on S phase and G/
G, arrest with both compounds. However, in washout studies
(Fig. 5D), the BocNHO prodrug manifested increased potency
for S phase arrest (10 nM) and G/ G, arrest (40 nM) compared
with CBl-indole, (40 nM and 1 WM, respectively). This data
further supported the increased potency of the BocNHO pro-
drug observed in the other drug washout studies (Fig. 5B and C),
suggesting BocNHO required a shorter duration of exposure to
produce equivalent efficacy compared with the parent molecule,
CBl-indole,.

In vivo efficacy of BocNHO was examined in comparison to
CBl-indole, in an aggressive orthotopic lung tumor model using
the A549 non-small cell lung cancer line. Upon inoculation of
tumor cells into the left lung of mice, these cells disseminated to
the right lung and pleural cavity, and the mice became moribund
in 30-35 d. Following administration of 60 pg/kg BocNHO
prodrug, significant antitumor activity was observed at day 20
(Fig. 6B). In addition to reduced tumor burden, no metastases
were observed in treated animals (Fig. 6A, top panel) compared
with vehicle-treated animals as evidenced by the biolumines-
cence signal specific to tumor burden outside the pleural cavity
(Fig. 6A, bottom panel). In addition to the pronounced in vivo
efficacy observed in this study, a decrease in body weight was
revealed for the BocNHO-treated mice compared with vehicle
control mice (Fig. 6C). It is unclear if this drop in body weight
was a result of drug toxicity or if increased tumor burden in con-
trol mice had an impact on body weight. In in vitro drug wash-
out studies (Fig. 5), significant activity was observed 72 h after
a single 6 h treatment. Future studies should focus on extending
this time course following a single treatment to determine the
optimal dosing schedule in vitro, as well as testing lower doses of
the BochNHO in vivo.

From these studies, it is clear that prodrugs of this class of com-
pound, given their exquisite potency, only need to reach a specific
cellular concentration and duration of exposure to exert their cyto-
toxic mechanism of action. The studies described herein provide
further evidence supporting the approach of developing prodrugs
that are selectively activated to release potent chemotherapies by
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Figure 5. Drug washout studies of lung
cancer cells treated with BocNHO and CBI-
indole,. Following treatment of A549 cells
for 6 h with vehicle, BocNHO and CBI-in-
dole,, the cells were rinsed and incubated in
drug-free media for the remainder of the 24-
[(A-D), left)] or 72-h timepoint [(A-D), right].
Cytotoxicity was determined by trypan blue
assay (panel A) and reveals a dose-depen-
dent increase in cytotoxicity that is more
pronounced with time in the absence of con-
tinuous drug treatment. The antiproliferative
effects of these two drugs also remain intact
over time, as total cell counts remain at t;
levels for both timepoints at concentrations
> 10 nM (B). Bar graphs depict the percent-
age of cells undergoing necrosis (black),
early-stage apoptosis (medium gray) and
late-stage apoptosis (light gray) following
drug washout treatment (C). Of note, in-
creasing apoptosis and necrosis is observed
over time with both drugs, demonstrating
continuous treatment is not necessary for
continued drug response. Cell cycle arrest
bar graphs represent flow cytometry data
that identifies cells in G,/M (light gray), S
(medium gray), G /G, (black) and sub-G,
(striped) phases (panel D). Consistent with
the 24-h continuous exposure data, S phase
arrest is observed at lower doses (10 nM
BocNHO and 40 nM CBI-indole,), while G /G,
arrest is observed at higher doses (> 40 nM
BocNHO and 1 pM CBI-indole,). * and ** rep-
resent significant unpaired t-test p values of
< 0.05 and < 0.01, respectively, as compared
with vehicle-treated cells.

exploiting the tumor microenvironment.
However, it is important to note that
prodrugs designed to be released inside
tumor-specific microenvironments should
be tested for in vivo activity in models
that have tumors in their relevant organ
environment to improve the clinical rel-
evance of these studies.

Materials and Methods

Cell culture. PC3-MM2 human prostate
cancer cell line was obtained from MD
Anderson Cancer Center and cultured
in MEM Eagle media (Sigma Aldrich,
M4655) with 10% FBS, MEM vitamins,
non-essential amino acids and penicillin/
streptomycin (100 IU/mL/100 mg/mL).
A549 human lung cancer cell line was
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obtained from American Type Culture Collection (ATCC) and  transfected cells were selected using 5 pg/mL puromycin. EMT6
cultured in F-12K media (ATCC, 30-2004) with 10% FBS and  murine breast cancer cell line was obtained from ATCC and cul-
penicillin/streptomycin (100 IU/mL/100 mg/mL). For theinvivo  tured in Waymouth’s MB media (Gibco, -11220-035) with 15%
efficacy study, A549 cells were subsequently transfected using a  FBS and penicillin/streptomycin (100 IU/mL/100 mg/mL). All
lentivirus containing a FUW-mcherry-luc2 construct. Positively  three cell lines were maintained at 37°C with 5% CO,,.
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Table 2. Number of surviving animals following treatment with BocNHO
and CBI-indole,

Day BocNHO CBl-indole, Vehicle
0 9 9 10
11 8 7 10
20 7 0 10
32 7 0 9

Following treatment of lung-tumor-burdened mice with BocNHO or CBI-
indole,, increased survival was observed in the 60 p.g/kg BocNHO and
vehicle treatment groups compared with 60 wg/kg CBI-indole,, suggest-
ing reduced toxicity of the BocNHO prodrug (Fig. 6A).

Antiproliferative assay. CellTiter 96 AQ__  One Solution
(Promega, G3581) was used per manufacturer directions. Cells
were seeded into 96-well plates at densities of 3,500, 2,500 and
1,500 PC3-MM2 cells per well; 400, 3,000 and 2,000 A549 cells

per well; and 2,000, 1,500 and 1,000 EMT6 cells per well for
the 24-, 48- and 72-h timepoints, respectively. After a 24-h incu-
bation, the cells were treated with BocNHO or CBl-indole, for
24, 48 or 72 h. The plates were developed as instructed by the
manufacturer protocol and read on the Synergy 4 plate reader
(BioTek) at 490 nm. The data was normalized to the absorbance
of wells containing media without cells (0%) and vehicle with
cells (100%). IC, | values were calculated using GraphPad Prism
with nonlinear fit and variable slope curves. Normalized data are
presented as the mean + SEM from two independent MTS assays
(n = 2) performed in duplicate.

Trypan blue cytotoxicity. PC3-MM2, A549 and EMT6
cells were seeded at a density of 3 x 10° cells in T25 flasks and
incubated for 24 h prior to being treated for the indicated time-
points. All cells (Hoating and adherent) were collected and pel-
leted by centrifugation at 250x g at 4°C. The cells were washed
with DPBS (Gibco, 14190-144) and re-pelleted by centrifuga-

tion. Viability and total cell counts were determined

Color Scale
Min = 1.04e7
Max = 1,199

Luminescence

Radiance
(plsecfcm?/sr)

using the Vi-Cell Cell Viability Analyzer (Beckman
Coulter). The results shown are the mean + SEM
from three independent experiments (n = 3). Data
was analyzed in GraphPad Prism by unpaired t-test
to determine statistical significance.

08 Annexin V apoptosis. PC3-MM2, A549 and
EMTO6 cells were seeded at a density of 3 x 10° cells
in T25 flasks and incubated for 24 h. The cells were
treated for the indicated timepoints, and then both
the floating and adherent cells were collected for
o Annexin V and PI staining using the Annexin V
FITC Apoptosis kit (Invitrogen, PHN1018) per the
manufacturer instructions. Data for these samples
was collected using the LSRII flow cytometer (BD

Biosciences) and analyzed with FACSDiva software.

= The results shown are the mean + SEM from three

independent experiments (n = 3), with the exception
of the 1 wM dose where one outlier point existed
for each drug and was excluded (n = 2). Data was
analyzed in GraphPad Prism by unpaired ttest to
determine statistical significance.

Cell cycle. PC3-MM2, A549 and EMT6 cells
were seeded at a density of 5 x 10° cells in T75 flasks,
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then the following day, the cells were serum-starved
overnight using media containing 0.25% FBS. Just

prior to dosing the cells, the media was replaced

again with complete media. Upon treatment of the

Figure 6. In vivo efficacy of BocNHO in an orthotopic lung tumor model. Biolumines-
cence imaging, as measured in total flux (photons/second, p/s), was performed on

day 3 to establish the baseline tumor burden for each mouse. Subsequent biolumines-
cence imaging of mice treated with 60 g/kg BocNHO (@) or vehicle (l) on days 11, 20
and 32 was used to quantify percent change in tumor burden relative to the baseline
tumor burden over time (B). A statistically significant decrease in percent tumor
burden was observed at days 20 and 32 following treatment with BocNHO compared
with vehicle-treated animals. Bioluminescence images revealing decreased tumor
burden of mice treated with the BocNHO prodrug [(A), top] compared with vehicle-
treated mice [(A), bottom] are shown from day 32. As a measure of gross toxicity, body
weights of mice treated with BocNHO (@) or vehicle (M) were compared (C). As early
as day 5, a significant decrease in body weight is observed in mice treated with the
BocNHO prodrug compared with vehicle-treated mice. *Significant unpaired t-test

p values of < 0.05.
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cells for the indicated timepoints, both the float-
ing and adherent cells were collected and pelleted
by centrifugation. The pellet was suspended in
DPBS and fixed overnight in an equal portion of ice
cold 70% ethanol. The samples were washed twice
with DPBS, suspended in a PI solution containing
80 wM PI (Invitrogen, P1304MP), 6.6 mg/L RNase
A (Fermentas, EN0531) and 0.5% (v/v) Tween-20
in DPBS and incubated in the dark for 15 min at
room temperature. Data for these samples was col-
lected using the LSRII flow cytometer and analyzed
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with FACSDiva software. The results shown are the mean + SEM
from three independent experiments (n = 3). Data was analyzed
further in GraphPad Prism by unpaired ttest to determine sta-
tistical significance.

Washout experiments. The washout experiments were per-
formed as described above; however, 6 h after the initiation of
drug treatment, the media was decanted from each flask contain-
ing cells undergoing drug treatment, the cells were rinsed and
fresh media was added to each flask. The cells were incubated in
drug-free media for the remainder of the 24- or 72-h timepoint.
The results shown are the mean + SEM from three independent
experiments (n = 3). Data was analyzed in GraphPad Prism by
unpaired t-test to determine statistical significance.

In vivo orthotopic lung tumor efficacy study of BocNHO.
Nu/nu mice (Charles River Laboratories International) were
orthotopically inoculated in the left lung with 1 x 10 A549-luc2
(expressing luciferase) cells in PBS and 25% matrigel. Briefly,
the animal was anesthetized with pentobarbital (50 mg/kg) and
placed in the lateral recumbency. Without opening the thoracic
cavity, a small incision was made over the left side of the thorax
just behind the lung. Adipose tissue was removed to expose the
lung and, using the space between ribs as the access point, the
cells (1 x 10° in a volume of 75 L) were injected into the lung.
The incision was closed using surgical staples. Bioluminescence
imaging using the IVIS Spectrum (PerkinElmer) was performed
prior to treatment to determine baseline tumor burden in all the
animals on day 3. Mice were assigned to one of nine treatment
groups (10 mice per group): 60, 100, 250 or 500 pg/kg BocNHO,
60, 100, 250 or 500 pg/kg CBl-indole, or vehicle (DMSO).
Treatment was initiated on day 4, and mice were initially sched-
uled to receive a total of six doses (days 4, 8, 12, 16, 20 and
24) by intraperitoneal administration. However, following the
third dose (day 12), gross toxicity was observed in all treatment

groups except 60 pg/kg BocNHO, 60 pg/kg CBl-indole, and

vehicle. All mice in these groups either died from drug toxicity
or were euthanized due to a moribund condition. Subsequently,
the remaining mice received two additional doses at days 21 and
25 for a total of five doses. The remaining mice on study were
sacrificed at day 32 due to control animals reaching a near-mor-
ibund condition. Throughout the study bioluminescence imag-
ing was performed on days 11, 20 and 32 to determine tumor
burden as determined by total flux. Animals were injected with
potassium salt of D-luciferin (150 mg/kg, GoldBio, LUCK-1G).
Following isofluorane-induced anesthesia, animals were imaged
in the ventral orientation 10 min post-luciferin administration.
Images were quantified using Living Image software. Region of
interest (ROI) was drawn around the entire body of each ani-
mal (excluding the tail). Data from all timepoints (days 0, 11,
20 and 32) were normalized to baseline tumor burden for each
individual animal and expressed as percent increase in tumor
burden. Tumor burden data was analyzed in GraphPad Prism by
unpaired t-test to determine statistical significance. Body weights
were collected throughout the study and considered an indicator
of drug toxicity along with clinical symptoms. All data are rep-
resented as mean + SEM. Changes in body weight were analyzed
by 2-way ANOVA using GraphPad Prism to determine statisti-
cal significance. The in vivo efficacy study was approved by the
University of Kansas Medical Center Institutional Animal Care

and Use Committee (IACUC).
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