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Abstract: Mutation-activated Kras in cancer cells is a well-known challenging treatment-resistant factor that plays
a critical role in treatment resistance. Human colorectal cancer (CRC) has four major Kras mutations; Kras®°
(34.2%), Kras®'?' (21%), Kras®P (20%) and Kras®*?¢ (8.4%). Here, we report that while FL118 (a novel inhibitor of
survivin, Mcl-1, XIAP, clAP2 and MdmX) exhibits high efficacy to kill CRC cells and eliminate CRC tumors, CRC cells/
tumors with different Kras mutation subtypes in the defined p53/APC genetic statuses exhibit different sensitivity to
FL118 treatment. Using CRC cell lines, SW620 (Kras®'?, mutant p53, mutant APC), DLD-1 (Kras®*P, wild type p53,
mutant APC) and SNU-C2B (Kras®?°, mutant p53, wild type APC), we demonstrated that silencing of Kras®'?' and
Kras®?" using Kras-specific shRNA significantly increased CRC cell IC,, while silencing of Kras®'*® decreased the
CRC cell IC_. This finding suggests that both Kras®?' and Kras®'*" are required for showing higher FL118 efficacy,
while the presence of Kras®**° could somehow decrease FL118 efficacy under the defined p53/APC genetic status.
Consistent with this notion, silencing of Kras®'?' in SW620 cells decreased FL118-induced apoptosis, while silenc-
ing of Kras®3P in DLD-1 cells increased the FL118-induced apoptosis. Furthermore, forced expression of Kras®'?
in SW620 cells increased FL118-induced apoptosis, while forced expression of Kras®3® in DLD-1 cells decreased
FL118-induced apoptosis. Additionally, FL118 induced differential reactive oxygen species (ROS) production in
SW620, DLD-1 and SNU-C2B cells. Our in vivo studies in animal models further confirmed that SW620 tumors are
the most sensitive tumor to FL118 treatment; SNU-C2B tumors are the second most sensitive tumor to FL118 treat-
ment; and the DLD-1 tumors are the least sensitive tumor. These findings would be useful for predicting FL118 sen-
sitivity to patients’ CRC tumors with the defined Kras mutation subtypes under the defined p53/APC genetic status.
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known that mutation of Kras is involved in can-
cer initiation, progression, metastasis, relapse
and treatment resistance. Mutant Kras is a
well-known, and challenging treatment resis-

Introduction

Colorectal cancer (CRC) is the second most
common cause of cancer death in the United

States [1]. CRC arises through the accumula-
tion of genetic changes in key oncogenes (e.g.
Kras) and tumor suppressor genes (e.g. APC,
TP53) over time and is a common and hetero-
geneous disease [2-4]. From a therapeutic
point of view, we can use the status of certain
key gene mutations (e.g. Kras) as biomarkers
for cancer patient stratification for personal-
ized cancer treatment (precision medicine) if a
targeted drug is available. In this regard, it is

tant factor. Development of inhibitors target-
ing mutant Kras is an important and active
research area, although the effort to find
effective mutant Kras inhibitors remains a chal-
lenge. Nevertheless, recent studies indicate
that Kras mutant-specific inhibition holds prom-
ise [5]. The best demonstrated example is the
Kras®2¢ inhibitor [6]. In principle, it is possible
to develop Kras®?? or Kras®sP-specific inhibi-
tors through a similar Kras®2¢ strategic
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approach [5]. However, for some Kras mutation
such as Kras®?', the approach used for the
development of the Kras®2¢ inhibitor is unlikely
to be possible [5]. One potential reason for this
is that KRAS%2C is an exception, because all
other mutations at residues 12, 13 and 61
decreased the affinity for the Ras-binding
domain (RBD) of RAF, with an effect ranging
from twofold for G12A, G13D and Q61L to sev-
enfold for G12V [5]. Additionally, many drugs
such as the monoclonal antibody panitumum-
ab, which targets the epidermal growth factor
receptor (EGFR), needs the presence of wild
type (WT) Kras for showing effective anti-meta-
static CRC [7, 8]. Together, Kras mutation is a
challenging issue because CRC has a high
mutation rate in Kras (40-44.7%) [2, 9]. The
major Kras mutations in CRC patients’ tumors
include: Kras®?P mutations are about 34.2%;
Kras®2V mutations are about 21%; and Kras®:P
mutations are about 20%, while KRAS®2C
mutations are only about 8.4% [9]. Therefore,
the inhibition of mutation-activated Kras is cur-
rently still a challenging issue in the clinic.

We have characterized a novel small molecule
drug (named FL118) that shows excellent effi-
cacy in eliminating human CRC xenograft
tumors in animal models [10-12]. FL118
was identified through high throughput screen-
ing of small chemical compound libraries using
the survivin gene as a biomarker and target, fol-
lowed by hit-to-lead analyses [10]. FL118 is
structurally similar to irinotecan and topotecan,
two FDA-approved topoisomerase 1 (Topl)
inhibitors used for cancer treatment in the clin-
ic. However, FL118 can be highly efficacious to
eliminate Topl-negative xenograft tumors in
animal models [12], suggesting that FL118
does not require Topl as a major therapeutic
target for its antitumor activity. FL118 only
weakly inhibits Topl activity at micromolar (uM)
levels; this is in sharp contrast to its strong
inhibition of cancer cell growth at and below
nanomolar (nM) levels [10]. Consistently, our
studies show that FL118 selectively inhibits
the expression of multiple downstream cancer-
associated oncogenic proteins (i.e., survivin,
Mcl-1, XIAP, clAP2 and/or MdmX) in various
cancer types [10, 13, 14]. It is known that
irinotecan (CPT-11), SN-38 (irinotecan active
metabolite), and topotecan are substrates for
the efflux pump ABC transporter proteins
ABCG2/BCRP [15-19] and Pgp/MDR1 [20-24];
in contrast, FL118 is not a substrate of ABCG2
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[25-27] or Pgp [26-28], and can bypass treat-
ment resistance resulting from the expression
of ABCG2 and/or P-gp [25-28]. This may par-
tially contribute to the highly effective elimina-
tion of xenograft tumors by FL118 after tumors
acquired irinotecan and topotecan resistance
[28]. Furthermore, while FL118 possesses
superior antitumor activity, FL118 exhibits a
favorable toxicity profile, with a wide therapeu-
tic window via intravenous routes (iv) [11] or
oral administration [29]. For example, the
mouse maximum tolerated dose (MTD)-
calculated low, middle (MTD) and high doses of
FL118 in toxicity studies using beagle dogs
indicated that only at the high dose, a few of
the 39 hematopoietic and chemical parame-
ters tested slightly changed without other
FL118-related clinical observations including
dog behavior, food consumption and body
weights [29]. Furthermore, our studies also
revealed that FL118 treatment of CRC cells
can induce a switching of Mdm2-mediated
ubiquitination and degradation of p53 (onco-
genic signaling) to Mdm2-mediated ubiquitina-
tion and degradation of the oncogenic protein
MdmX (apoptotic signaling), and thus, inducing
CRC cell senescence and cell Kkilling [13].
Additionally, FL118 was found to overcome the
cisplatin resistance tumor cells by modulating
the epithelial-to-mesenchymal transition (EMT)
phenotype markers and decreasing resistance-
associated proteins, ERCC1 and P-gp [30] and
to inhibit-cancer stem cell markers (ABCG2,
ALDH1A1, Oct4) [31].

In this study, we report that while FL118 exhib-
ited good CRC cell killing and anti-CRC tumor
activity, CRC cells and tumors with different
Kras mutation subtypes exhibit different sensi-
tivity in response to FL118 treatment in their
defined p53/APC genetic status. Given that
human cancer with Kras mutations is well
known to be a challenging issue in the clinic,
the finding reported in this study would impact
on FL118 clinical application for CRC patients
whose tumors have the distinct Kras gene
mutation subtypes with defined p53/APC
genetic statuses.

Materials and methods

Cells, cell culture and cultural reagents

CRC cell lines, SW620 (Kras®'?', mutant p53,
mutant APC), DLD-1 (Kras®®®, wild type p53,
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mutant APC) and SNU-C2B (Kras®?®, mutant
p53, wild type APC) were purchased from ATCC
and cultured in the RPMI-1640 cell culture
medium, which was supplemented with 10%
fetal bovine serum, 100 U/ml penicillin, and
0.1 pg/mL streptomycin. Cells were cultured in
a 5% CO, incubator at 37°C. Cells were pas-
saged every 3-5 days with a new cell culture
medium. pBabe-puro, pBabe-puro-Kras®*?' and
pBabe-puro-Kras®3P plasmids were purchased
from Addgene. Kras antibodies were purchased
from Cell Signaling (Beverly, MA, USA). GAPDH
antibodies were purchased from Santa Cruz
(Santa Cruz, CA).

FL118 drug treatment for in vitro and in vivo
experiments

FL118 was synthesized in house with a purity >
99%. For cell cultural studies, FL118 was first
dissolved in DMSO at 1 mM and stored in ali-
quots at -80°C. FL118 stock solution was fur-
ther diluted in DMSO to form a diluted stock
solution with a dilution factor of 1000 x as final
concentration with culture medium to the indi-
cated final concentrations before use. For in
vivo studies, the finally formulated FL118 sus-
pension used in this study concerns FL118
(0.1-0.5 mg/mL) and hydroxypropyl-B-cyclo-
dextrin (0.1-0.5%, w/v) in saline containing
2.5% propylene glycol (PG) and 2% hydroxypro-
pyl methylcellulose (HPMC, 44779, Alfa Aesar).
The FL118 formulation process was described
in detail in the published patents [32-34]. The
vehicle solution contains the corresponding
concentration of hydroxypropyl-B-cyclodextrin
(0.1-0.5%) in saline containing 2.5% PG and 2%
HPMC without FL118. Such finally formulated
FL118 suspension was orally administered
weekly x 4 as its schedule.

Lentiviral shRNA infection and lentiviral par-
ticle preparation

Lentiviral vectors encoding scramble control
shRNA (shC) and Kras-specific ShRNA (shKras),
respectively, were obtained from our Institute’s
shRNA Core Resource, which owns various
shRNA libraries in collaboration with Open
Biosystems. Lentiviral shRNA constructs pack-
aged as pseudo-type viral particles were pre-
pared as described in our previous studies [10].
Lentiviral particles collected from the package
HEK293T cells were used to infect target CRC
cells with appropriate amounts of lentiviral par-
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ticles in the complete cell culture medium over-
night. The medium was then replaced with a
new complete cell culture medium containing 5
pug/ml puromycin (Sigma) at 48 h post-infec-
tion. A part of the puromycin resistant cells
from each of the shKrasl (V2LHS_203252),
shKras2 (V2LHS_169384) and shKras3
(V2LHS_202204) was used to evaluate the
mutant Kras silencing using Western blots, and
the rest of the pooled cells were subsequently
used for the planned experiments.

Forced expression and plasmid transfection

Relevant CRC cells were transfected wi-
th pBabe-puro, pBabe-puro-KRAS®*?V and/or
pBabe-puro-KRASE®C, respectively, using Lipo-
fectamine 2000 transfection reagent (Invi-
trogen) according to the manufacturer’s instruc-
tions. Stable cell clones were selected using
appropriate G418 for up to 5 days. The select-
ed cell population was used for the planned
experiments.

Western blot analysis

Cells were seeded in 100 mm plates at 5 x 10°
cells per well. FL118 and vehicle control
(DMSO) were added to the cells 24 h after plat-
ing, at 100 nM concentration. After 0-72 h of
compound exposure, cells were collected and
processed for total protein extraction and SDS-
PAGE Western blotting was performed as previ-
ously described [35].

Cell proliferation MTT assay

Cell growth/viability was assessed using stan-
dard MTT assay described in our previous stud-
ies [36]. Briefly, Cancer cells were plated at a
density of 1-2 x 10* cells per well in 96-well
plates and incubated overnight in a 5% CO,
atmosphere at 37°C. The following day, cells
were treated with 0-200 (or 0-500) nM FL118
concentrations prepared by serial dilutions.
After 72 h of drug treatment, 20 yL MTT solu-
tion (5 mg/ml in PBS) was added to each
well and incubated for 4 h at 37°C. The
formed formazan crystals were dissolved in
100 pyL DMSO with constant shaking. Absor-
bance of the solution was measured using a
micro plate Reader (VersaMax, Molecular
Devices) at 570 nm. The IC_ value was gener-
ated from the log dose-response curves for
cells using the Graphpad Prism version 9 for
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Windows (Graphpad Software, La Jolla, CA,
USA).

Apoptosis assays-Annexin V,/propidium iodide
(Pl) staining and flow cytometry

Cell apoptosis was analyzed using Alexa Fluor
488 (or 647) Annexin V/Dead Cell Apoptosis
Kit (Invitrogen, Grand Island, NY) through
Annexin V-FITC/PI double staining and then
quantitated by flow cytometry as previously
described [10]. Briefly, CRC cells were manipu-
lated with three conditions: (1) CRC cells
were directly treated with the corresponding
amount of vehicle (DMSO, control) and FL118
(100 nM), respectively; (2) CRC cells were first
infected with scramble shRNA (control) and
Kras-specific ShRNA, respectively, to get mixed
stable infectants by treating the infected cell
populations with puromycin for up to 5 days
and then treated with vehicle and FL118,
respectively; and (3) CRC cells were first trans-
fected with empty vectors (control) and corre-
sponding mutant Kras expression vector,
respectively, to get mixed stable transfectants
by treating the transfected cell populations
with G418 for up to 5 days and then treated
with vehicle and FL118, respectively, for 48 h.
Cells were then collected, washed with PBS,
and resuspended in 1 x Annexin-binding buffer
up to 1 x 10° cells/mL. Subsequently, 5 pL
Alexa Fluor 488 Annexin V and 1 uL 100 ug/
ml Pl were added to 100 uL of the cell suspen-
sion. After 15 min incubation in the dark at
room temperature, 400 pl of 1 x binding buffer
were added to each tube. The resultant sam-
ples were immediately analyzed by flow cytom-
etry. In both cases, fluorescence parameters
were gated using unstained control cells and
10,000 cells were counted for each sample.
The data were analyzed using WinList 3D (ver-
sion 7.1) and the histogram was plotted using
Excel 2010.

Analysis of reactive oxygen species (ROS)

Intracellular reactive oxygen species (ROS)
were measured by two methods. One is the use
of flow cytometric analysis. Briefly, after treat-
ing with FL118, cells were loaded with 20 yM
Dichloro-dihydro-fluorescein diacetate (H,DCF-
DA) (Invitrogen) and incubated at 37°C for 30
min in the dark. The samples were then imme-
diately assayed with the FL1 channel by flow
cytometry. Alternatively, ROS production from
CRC cells in various conditions were analyzed
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using the DCFDA/H2DCFDA-Cellular ROS
Assay Kit (ab113851, abcam), Briefly, exponen-
tially growing DLD-1 and SNU-C2B cells were
seeded (~25 K cells/well) using phenol-red
complete cell culture media in a dark 96-well
microplate with clear-bottom and cells were
allowed to attach overnight. Next day, cells
were first washed with 1 x Buffer (provided in
the kit) and then stained with 100 pL of 25 uM
DCFDA in 1 x Buffer for 45-55 min at 37°C in
the 5% CO, incubator. Cells were then washed
one more time with 1 x Buffer before treat-
ment with FL118 at the concentration of 10 nM
and 100 nM in duplicates for 2, 4, 6, 12, 24
and 48 h with the complete cell culture medium
at 37°C in the 5% CO, incubator. In parallel,
cells treated with 50 uM Tert-Butyl Hydrogen
peroxide (TBHP) in the same time points and
condition served as the positive control (pro-
vided in the kit). Fluorescence signal was
detected at Ex/Em at 485/535 over time. The
ROS level, proportional to fluorescence signal
was normalized to ROS levels from the vehicle-
treated negative control at each time point
using the formula: FL118-treated ROS produc-
tion fluorescence intensity divided by the cor-
responding vehicle-treated ROS production flu-
orescence intensity. Then the resultant number
x 100%.

Ras pull down assay

CRC cells were treated with FL118 for O, 12,
24, 48 and 72 h. Ras GTP levels were deter-
mined by a Ras activation assay kit (Thermo-
Fisher Scientific) according to the manufactur-
er’'s instructions. Cell lysates (1 mg) were incu-
bated with 10 pg Raf-1-Ras-Binding Domain
(RBD) for 45 min at 4°C on a rotating wheel
and centrifuged for 15 s at 14,000 x g to pellet
agarose beads. After discarding the superna-
tant, agarose beads were washed three times
with 500 L of lysis buffer and the pellets were
resuspended in 2 x Laemmli sample buffers
containing DTT, boiled for 5 min, and centri-
fuged at 14,000 x g. The pull-down Ras-GTP
was subjected to separation on 12% SDS-
PAGE, pulled-down KRAS was revealed by
immunoblot analysis with Kras and total Ras
antibodies.

Human CRC xenograft tumor animal models

The in vivo experimental human CRC xenograft
tumor animal model studies (Animal protocol:
1192M) were approved by the Institutional
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Animal Care and Use Committee (IACUC) at
Roswell Park Comprehensive Cancer Center. All
in vivo studies used female severe combined
immunodeficiency (SCID) mice with an age of
8-12 weeks (body weight > 20 g), which were
purchased from the Division of Laboratory
Animal Resources (DLAR), Roswell Park
Comprehensive Cancer Center. The detailed
methods for the human tumor animal model
studies were described in detail previously [10].
Briefly, three types of human CRC cell line-
established xenograft tumor models (SW620,
DLD-1, SNU-C2B) were used. These human
CRC xenograft tumors were maintained on
SCID mice. Experimental human CRC tumor
animal models were established from the cor-
responding tumors isolated from the CRC
tumor-maintaining SCID mice. A piece of non-
necrotic tumor tissues (30-40 mg) isolated
from the maintaining mice were subcutan-
eously transplanted on the left and/or right
flank area of SCID mice. Upon the human CRC
xenograft tumors were grown to 150-250 mm3
(defined as day O for treatment) after 7 to 14
days CRC tumor transplantation, mice were
randomly divided into the planned groups (5
mice per group) for oral FL118 treatment using
the weekly x 4 schedule. Tumor length (L) and
width (W) were measured using digital vernier
calipers for 2-3 times per week until the end of
experiments. The tumor volume (v) was calcu-
lated using the formula: v = 0.5 (L x W?). Then
the tumor size was divided by the day O tumor
size as percentage tumor size versus day O. The
mean tumor volume +* standard deviation (SD)
at each time point was derived from 5 mice in
each group. The tumor curves were made using
Microsoft Excel.

Statistics analysis

Data were evaluated using the Student’s t-test
and GraphPad Prism version 9. P < 0.05 was
considered as statistically significant. Data are
presented as means + SD as indicated. For all
graphs: *P < 0.05; **P < 0.01; ***P < 0.001.

Results

Colorectal cancer (CRC) cells with different
Kras mutation subtypes in the defined p53/
APC genetic status exhibit distinct sensitivity
behaviors to FL118-inhibited cell growth

Our previous limited study indicated that intra-
peritoneal (ip) administration of FL118 at its
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maximum tolerated dose (MTD) effectively
eliminates the Kras®?-mutant SW620 CRC
tumors in animal models [10, 11]. Given the
multiple unique features of FL118 and based
on mutation-activated Kras being a well-
known challenging treatment resistant factor,
we thought to study whether different Kras
mutation subtypes could have different behav-
iors to FL118 treatment in the presence and
absence of mutant Kras, respectively. We first
employed a lentiviral Kras shRNA (shKras)
approach to silence Kras®?' in SW620 and
Kras®®P in DLD1 CRC cells. The silencing
effects of three distinct Kras shRNA (shKras,
Figure 1E) were verified by Western Blots
(Figure 1A, 1B). In the current study, the differ-
ent three shKras-mixed pool lentiviral par-
ticles (Figure 1E) were used for the infection of
CRC cells. We then used MTT assay to deter-
mine FL118 sensitivity in both SW620 and
DLD1 cells in three distinct conditions (no in-
fection, control scramble shRNA infection and
Kras shRNA infection) treated with a series of
FL118 concentrations. Then the IC_ was cal-
culated from the cell inhibition curve using
SigmaPlot software. The obtained results
revealed that SW620 CRC cells carrying
Kras®?' mutations are more sensitive to
FL118 than DLD1 CRC cells carrying Kras®3P
mutations (0.015 nM Figure 1C bar 1 versus
2.31 nM Figure 1D bar 1). Interestingly, after
silencing of Kras®?" expression in SW620
cells, the sensitivity of FL118 to inhibit SW620
cell growth was significantly decreased (IC,,
increased from 0.017 nM to 1.19 nM, Figure
1C bar 2 versus bar 3). In contrast, silencing of
Kras®3P expression in DLD1 cells, slightly
increased the sensitivity of FL118 to inhibit
DLD1 cell growth (IC_  decreased from 2.42 nM
to 1.52 nM, Figure 1D bar 2 versus bar 3). This
data suggests that different Kras mutation
subtypes in CRC cells may differentially affect
FL118 sensitivity to CRC cell growth.

CRC cells with different Kras mutation sub-
types in the defined p53/APC genetic status
exhibit distinct sensitivity behaviors to FL118-
induced apoptosis

Next, we determined whether the differential
sensitivity of SW620 cells harboring Kras®'?"
mutation versus DLD-1 cells harboring
Kras®3P mutation to FL118-inhibited CRC cell
growth is also accompanied with FL118-
induced differential apoptosis. We performed
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E  Kras shRNA Hairpin Sequence Color Codes: sense loop antisense

shKrasl1 (V2LHS_203252)
GGCTATATTTACATGCTACTATAGTGAAGCCACAGATGTATAGTAGCATGTAAATATAGCC

shKras2 (V2LHS_169384)
GCCTATGGTCCTAGTAGGAAATAGTGAAGCCACAGATGTATTTCCTACTAGGACCATAGGC

shKras3 (V2LHS_202204)
GCATACTAGTACAAGTGGTAATAGTGAAGCCACAGATGTATTACCACTTGTACTAGTATGC

Figure 1. Silencing of Kras with Kras-specific shRNA (shKras) in colorec-
tal cancer (CRC) cells differentially modulates FL118 sensitivity to inhibit
CRC cell growth: (A, B) Validation of Kras®2" (A) and Kras®3’ (B) silencing
in SW620 (A) and DLD-1 (B) cells using Western blots. Cells were infected
with lentiviral particles containing scramble control shRNA (shC, Lane 2) or
shKras (Lane 3) or without infection (Lane 1), respectively. Through puro-
mycin selection, cells were then determined for Kras®?' and Kras®*® ex-
pression with Kras antibody. GAPDH is the internal control. (C, D) CRC cells
sensitivity to FL118 treatment with and without mutant Kras silencing. IC_,
in individual condition was shown. IC calculation: SW620 (C) and DLD-1 (D)
cells infected with shC (lane 2), shKras (lane 3) lentiviral particles or without
infection (lane 1) were seeded in 96 well plates overnight, respectively. Cells
were then treated with a series of FL118 concentrations in triplicates for 3
days, followed by MTT assays to determine cell growth and viability curves.
FL118 IC,, values were then calculated from the comprehensive MTT data.
(E) The DNA sequence information of the five individual Kras shRNA in lenti-
viral vectors was shown.

of these cells was used to vali-
date the forced expression
status of mutant Kras as
shown in Figure 2A (SW620
cells) and Figure 2B (DLD-1
cells). Annexin V and PI stain-
ing followed by flow cytometry
analysis revealed that silenc-
ing of Kras®?' using Kras
shRNA decreases FL118 rela-
tive ability to induce apopto-
sis, while overexpression of
Kras®'?¥ increases the relative
ability of FL118 to induce
apoptosis (Figure 2C). In con-
trast, silencing of Kras®sP
using Kras shRNA increased
FL118 relative ability to
induce apoptosis, while over-
expression of Kras®3P de-
creased the relative ability of
FL118 to induce apoptosis
(Figure 2D). These results
revealed the same concept
that CRC cells with different
Kras mutation subtypes in
the defined p53/APC gene-
tic status could differentially
respond to FL118 treatment.

FL118 took advantage of
mutation-activated Kras-
mediated production of reac-
tive oxygen species (ROS) to
kill CRC cells as an additional
mechanism

Next, we studied the role of
mutant Kras in FL118-induc-
ed CRC cell ROS production
and cell Killing. It has been

Annexin V-FITC/PI flow cytometry to determine
CRC cell apoptosis in the situations of (1)
SW620 or DLD-1 cells without transfection
treated with DMSO vehicle (Figure 2C, 2D, top
panel left); (2) SW620 or DLD-1 cells transfect-
ed Scram shRNA and treated with DMSO and
FL118, respectively (Figure 2C, 2D, top panel
right and middle panel left); (3) SW620 or
DLD-1 cells transfected Kras shRNA and treat-
ed with FL118 (Figure 2C, 2D, middle panel
right); and (4) SW620 or DLD-1 cells with exog-
enously overexpressed vector or mutant Kras
treated with DMSO or FL118, respectively
(Figure 2C, 2D, bottom panel) as shown. A part
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reported that Kras®?' (K-ras V12) predomi-
nantly signals through activation of the p38/
PDPK1/PKCd/p47°"*/NOX1 cascade and pro-
motes ROS formation in CRC cells [37]. In this
regard, we found that FL118 appears to take
advantage of the activated Kras-mediated ROS
formation pathway to increase ROS production
to Kill cancer cells, which appears to be an early
onset event (see Figure 4 below). Specifically,
in the presence of Kras®?' mutation, FL118
treatment strikingly increases ROS production
in CRC cells (Figure 3A upper panel). In con-
trast, silencing of Kras®?' in CRC cells signifi-
cantly diminished ROS production induced by

Am J Transl Res 2021;13(7):7458-7474
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Figure 2. CRC cells with different Kras mutation subtypes exhibited differential sensitivity to FL118-induced apopto-
sis: (A, B) Validation of Kras®?' (A) and Kras®®° (B) overexpression in SW620 (A) and DLD-1 (B) cells, respectively.
Cells were transfected with control expression vector (Control vector, Lane 2) or corresponding mutant Kras expres-
sion vectors (Lane 3) or without transfection (Lane 1), respectively. Through G418 selection, cells were then deter-
mined for Kras®?¥ and Kras®**P expression with Kras antibody, respectively. GAPDH is the internal control. (C) FL118
affects apoptosis of SW620 cells with Kras®?¥ mutation in the defined p53/APC genetic status. SW620 cells with-
out infection (top panel left) or infected with lentiviral scramble shRNA (Scram shRNA, top panel right and middle
panel left) and Kras-specific ShRNA (Kras shRNA, middle panel right), respectively. Alternatively, SW620 cells were
transfected with empty vector (bottom panel left) and Kras®2” expression vector (bottom panel right) respectively.
After selection with puromycin (top panel right and middle panel) or with G418 (bottom panel), cells were treated
with vehicle (DMSO control, left panel) and FL118 for 48 h (right panel), respectively, as shown. Cells with and with-
out FL118 treatment were undergoing the process of Annexin V and Pl staining, followed by flow cytometry analysis.
Results from an example experiment are shown. (D) FL118 affects apoptosis of DLD-1 cells with Kras®3? mutation
in the defined p53/APC genetic status. DLD-1 cells without infection (top panel left) or infected with lentiviral Scram
shRNA (top panel right and middle panel left) and Kras shRNA (middle panel right), respectively. Alternatively, DLD-1
cells were transfected with empty vector (bottom panel left) or transfected with Kras®3P expression vector (bottom
panel right) respectively. After selection with puromycin (top panel right and middle panel) or with G418 (bottom
panel), cells were treated with vehicle (DMSO control, left panel) and FL118 for 48 h (right panel), respectively, as
shown. DLD-1 cells with and without FL118 treatment were undergoing the process of Annexin V and PI staining,
followed by flow cytometry analysis. Results from an example experiment are shown. Of note, cells transfected with
Kras shRNA without FL118 treatment is about 5% apoptosis and cells transfected with Kras®'?¥ expression vector
treated with DMSO is similar to non-transfected cells treated with DMSO. For simplifying the presentation, these

controls were omitted.

FL118 treatment (Figure 3A lower panel). This
observation suggests that FL118-mediated
production of ROS is Kras®?' status-depen-
dent. Consistent with this observation, our
Ras-GTP pull-down assay revealed that treat-
ment of SW620 cells with FL118 does not
inhibit Ras-GTP activity over time (Figure 3B).
Next, we determined whether the Kras®'?' sta-
tus-dependent production of ROS stimulated
by FL118 treatment (Figure 3A) is accompa-
nied by apoptosis induction in CRC cells and
whether the apoptosis is also Kras®?' status-
dependent. Our study revealed that silencing
of Kras®?" significantly diminishes apoptosis
determined by Annexin V staining, while forced
expression of Kras®'?' significantly increases
apoptosis (Figure 3C). Importantly, in the pres-
ence of the ROS scavenger/inhibitor N-
acetyl-L-cysteine (NAC, 10 mM), the apoptosis
level was significantly diminished upon FL118
treatment (Figure 3C), suggesting that the
increased ROS production is at least partially
involved in FL118-mediated apoptosis induc-
tion (see our discussion in the “Discussion”
section).

In order to confirm that the FL118-induced ROS
production is an early onset strategy for FL118
to kill CRC cells, we performed a more detailed
time course of FL118 treatment in DLD-1 and
SNU-C2B CRC cells for up to 48 h. As shown in
Figure 4, similar to the case in SW620 cells
(i.e., FL118 promoted ROS production to Kill

7465

CRC cells, Figure 3), after FL118 treatment of
DLD-1 or SNU-C2B cells, ROS production was
significantly increased as short as with 2 h
FL118 treatment, and ROS reached a peak
production at 4 h (Figure 4). Interestingly, after
24 h and 48 h treatment, ROS production
from CRC cells came back to the vehicle control
level or close to the vehicle control (Figure 4).
This result confirmed that promotion of ROS
production by FL118 treatment is an early
event for FL118 to kill CRC cells. This finding is
in contrast to the previous finding that FL118-
induced inhibition of survivin, Mcl-1, XIAP and
clAP2 is a sustained event [10, 38, 39]. Thus, in
addition to the mechanisms found in our previ-
ous studies, FL118-induced ROS production
would be an additional mechanism for FL118
to kill cancer cells.

Distinct antitumor activity of FL118 on CRC tu-
mors possessing different Kras mutation sub-
types in the defined p53/APC genetic status

SW620 cells have the Kras®?'¥ mutation, while
DLD-1 cells have the Kras®®® mutation. Based
on our finding presented in Figures 1-4, we
expect that while both cell line-established
xenograft tumors could be sensitive to FL118
treatment, SW620 xenograft tumors should be
more sensitive than DLD-1 xenograft tumors to
FL118 treatment. Consistent with this expec-
tation, we found that (1) SW620 tumors are
highly sensitive to FL118 treatment and can

Am J Transl Res 2021;13(7):7458-7474
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Figure 3. Kras-mediated ROS production plays an important role in FL118-induced apoptosis in SW620 cells: A. SW620 cells were genetically manipulated as
shown. The intracellular ROS were measured via flow cytometry. Briefly, after treating with and without FL118 (100 nM) for 12 h, the genetically manipulated SW620
cells were loaded with 20 uM Dichloro-dihydro-fluorescein diacetate (H,DCF-DA) and incubated at 37 °C for 30 min in the dark. The samples were then immediately
determined for ROS production using flow cytometry. A typical example result is shown. Y axis is the setting internal control-normalized cell counts and X axis is
the ROS production level reflected by H2DCF-DA-released fluorescence intensity. B. FL118 effects on Ras-GTP activity. Ras-GTP pull-down assay was performed as
described in the Materials and Methods to determine the effect of FL118 on Ras-GTP activity over time. C. The genetically engineered SW620 cells as shown were
treated with and without FL118 at 100 nM in the presence and absence of the ROS inhibitor N-acetyl-L-cysteine (NAC, 10 mM) for 72 h. Apoptotic cells were deter-
mined by Annexin V labeling. The data are the mean + SD derived from two independent experiments.
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Figure 4. FL118-induced ROS production in DLD-
1 and SNU-C2B CRC cells: ROS production in CRC
cells were determined using the DCFDA/H2DCFDA-
Cellular ROS Assay Kit (ab113851, Abcam) through
measuring the fluorescence intensity in the black 96-
well plate with clear-bottom. The detailed procedure
is described in the “Materials and Methods” section.
A. ROS production in DLD-1 cells after treatment with
vehicle (DMSO, control) and FL118 (10, 100 nM), re-
spectively, over a time course of 2 h, 4 h, 6 h, 12 h,
24 h and 48 h. B. ROS production in SNU-C2B cells
after treatment with vehicle (DMSO, control) and
FL118 (10, 100 nM), respectively, over a time course
of 2 h,4 h,6h, 12 h, 24 h and 48 h. The data are
the mean + SD derived from two independent experi-
ments.

eliminate tumor under FL118 MTD. Specifical-
ly, FL118 could eliminate tumor at 10 mg/kg
(MTD), 5 mg/kg and 3.75 mg/kg (Figure 5A),
while exhibiting only a temporary animal body
weight loss within 20% at the FL118 MTD level
(Figure 5B). This suggests no serious FL118-
induced toxicity in animals; and (2) DLD-1 xeno-
graft tumor is indeed much less sensitive to
FL118 treatment even at the FL118 MTD (10
mg/kg) and with the same schedule of weekly
x 4 times for oral administration (Figure 5C).
This is consistent with the finding shown in
Figure 1.

In order to confirm the concept that CRC xeno-
graft tumors with distinct Kras mutation sub-
types have differential sensitivity to FL118
treatment, we further used the SNU-C2B CRC
cells and SNU-C2B cell-established xenograft
tumors to alternatively perform in vitro and in
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vivo studies. In contrast to the SW620 cells
having the Kras®?' mutation, and DLD-1 cells
having the Kras®s® mutation, the SNU-C2B
cells have the Kras®?® mutation. Intriguingly,
our in vitro studies revealed that similar to the
case of SW620 (Figure 1A, 1C), silencing of
Kras®?P expression in SNU-C2B cells increas-
ed FL118 IC,, from 0.82 nM to 3.6 nM (Figure
6A, 6C). However, forced expression of
Kras®1?P in SNU-C2B cells did not change the
IC,, of FL118 to inhibit the SNU-C2B cell
growth (Figure 6B, 6D). These findings made us
expect that SNU-C2B cell-established xeno-
graft tumors should be less sensitive to FL118
treatment than SW620 tumors but should be
more sensitive to FL118 treatment than DLD-1
xenograft tumors. Consistent with this expecta-
tion, the SNU-C2B-derived xenograft tumor
indeed exhibited less sensitivity to FL118 treat-
ment than SW620-established tumors, while
exhibiting more sensitivity to FL118 treatment
than DLD-1-established xenograft tumors (com-
pare Figure 6E to Figure 5 and 5C).

In order to further confirm the overall conclu-
sion derived from both in vitro molecular level
studies and in vivo CRC tumor animal model
studies (Figures 1-6), we alternatively re-per-
formed the three CRC cell lines (SW620, DLD-1,
SNU-C2B) for growth inhibition by FL118 to
determine their sensitivity to FL118-induced
growth inhibition. The data derived from this
straightforward experiment is consistent with
other data shown in our other studies (Figures
1-6). Thatis, SW620 is more sensitive to FL118
treatment than DLD-1 and SNU-C2B cells
(Figure 7).

Discussion

Kras mutation in cancer is a serious issue,
especially in CRC and pancreatic ductal adeno-
carcinoma (PDAC) tumors (see below). Our
recent studies demonstrated that bladder can-
cer cells with mutant Kras (mKras) are more
sensitive to FL118 treatment in comparison
with bladder cancer cells with wild type Kras
[39]. In this study, we demonstrated that while
FL118 exhibited excellent anti-CRC activity for
CRC cells and CRC tumors with different Kras
mutation subtypes, CRC tumors with different
Kras mutation subtypes in the defined p53/
APC genetic status exhibited distinct sensitivity
behaviors in response to FL118 treatment.
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Figure 5. Antitumor activity of FL118 for CRC SW620 (Kras®?V) and DLD-1 (Kras®'®P)-established tumors: (A) Anti-
tumor curves of SW620-derived xenograft tumors after FL118 treatment. Establishment of xenografts from cancer
cells were described in our previous study [10]. Establishment of human tumor mouse models: Experimental Severe
combined immunodeficiency (SCID) mice were subcutaneously implanted with SW620 tumors at the left or right
flank area of the SCID mice. Treatment was initiated 7 days after subcutaneous tumor implantation (designated day
0), at which tumor size was about 100-200 mm?. FL118 was orally administered from day O at MTD (10 mg/kg) and
sub-MTD doses in a weekly x 4 schedule as shown (arrowed). Each curve is the mean + SD derived from five indi-
vidual tumors (5 mice per group). (B) Mouse body weight change curves. Each curve is the mean + SD derived from
five individual body weights (5 mice per group) to reflect the potential toxicity of FL118. Individual color curve label-
ing is put at the bottom (A, B). (C) Antitumor curves of DLD-1-derived xenograft tumors after FL118 treatment. Ex-
perimental human tumor mouse model establishment is the same as described in (A). Treatment was initiated 7-14
days after subcutaneous tumor implantation, which depended on tumor growing size (designated day 0), at which
tumor size was about 100-200 mm?3. FL118 was orally administered from day O at 10 mg/kg (MTD) in a weekly x 4
schedule as shown (arrowed). Each curve is the mean + SD derived from five individual tumors (5 mice per group).

Specifically, we found that after the silencing of ment. Consistently, SW620 cells with the
Kras®?2V in SW620 cells (Kras®?', mutant p53, silenced Kras®?' mutation subtype in the
mutant APC) and Kras®?2° in SNU-C2B cells defined p53/APC genetic status showed
(Kras®2®, mutant p53, wild type APC) using decreased FL118-induced apoptosis (Figure
Kras-specific shRNA, these mutant Kras- 2C, middle panel). In contrast, DLD-1 cells with
silenced SW620 cells or SNU-C2B cells the silenced Kras®*3® mutation subtype in the
increased FL118 IC,  (Figures 1A, 1B, 6A and defined p53/APC genetic status showed
6B; i.e., decrease sensitivity to FL118). This increased FL118-induced apoptosis (Figure
observation suggests that such Kras mutation 2D, middle panel). Alternative studies obtained
subtypes (Kras®'?’, Kras®?P) in the defined the same notion. Specifically, after we overex-
p53/APC genetic status are required to main- pressed Kras®'?'in SW620 cells, such Kras®2?V-
tain higher sensitivity of CRC cells to FL118 overexpressed SW620 cells increased FL118-
treatment. In contrast, when we silenced induced apoptosis (Figure 2C, bottom panel).
Kras®P in DLD-1 cells (Kras®®P, wild type p53, In contrast, after we overexpressed Kras®3P in
mutant APC) using Kras-specific shRNA, we DLD-1 cells, such Kras®3P-overexpressed
found that the Kras®®P subtype-silencing cells DLD-1 cells decreased FL118-induced apopto-
decreased FL118 IC,  (Figure 1B, 1D). This sis (Figure 2D, bottom panel). Here we would
observation suggests that the presence of the like to emphasize that while our data clearly
Kras®3P subtype mutation in the defined p53/ suggested that different Kras mutation sub-
APC genetic status somehow decreases the types exhibited distinct sensitivity to FL118
sensitivity of DLD-1 CRC cells to FL118 treat- treatment, the defined p53/APC genetic status
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Figure 6. Antitumor activity of FL118 in CRC Kras®'?® SNU-C2B cells (in vitro) and the cell-established tumors (in
vivo): (A) Validation of Kras®?P silencing in SNU-C2B using Western blots. A part of the SNU-C2B cells without lenti-
viral particle infection, with control scramble shRNA (shC) and with Kras-specific shRNA lentiviral particles (shKras),
respectively, as shown were processed by Western blots. (B) Validation of the forced expression of Kras®?® using
Western blots. A part of the SNU-C2B cells without transfection, with control expression vector transfection (vector)
and with Kras®?? expression vector transfection, respectively, as shown were analyzed with Western blots. GAPDH
in (A and B) is the internal control. (C) The other part of the SNU-C2B cells manipulated as described in (A) were
seeded in 96-well plates overnight, and then treated with a series of FL118 concentrations in triplicates for 3 days,
followed by MTT assays to determine cell growth/viability curves. FL118 IC, values were then calculated from the
MTT data and presented in (C). (D) The other part of the SNU-C2B cells manipulated as described in (B) were seeded
in 96-well plates overnight, and then treated with a series of FL118 concentrations in triplicates for 3 days, followed
by MTT assays to determine cell growth/viability curves. FL118 IC, values were then calculated from the MTT data
and presented in (D). (E) Antitumor potential of FL118 in SNU-C2B-established xenografts: Tumor models were set
up as in the Figure 5A legend. FL118 was orally administered via weekly x 4 (arrows) at a dose of 10 mg/kg (MTD)
in the defined formulation. The tumor growth curve over time is the mean + SD derived from five mice.

ing CRC cell line sensitivity to FL118 treatment,
especially in the case of TP53/p53 genetic sta-
tus (see the next paragraph below for more
information). This possibility could not be ruled
ICsq out in our studies since the three CRC cell lines
that were used have distinct p53/APC genetic
status.
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Here we would like to emphasize that the
underlying molecular mechanism for CRC cells
with the distinct Kras gene status (i.e., different
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Figure 7. Sensitivity of the CRC cell lines, SW620,
DLD-1 and SNU-C2B to FL118 treatment in terms
of cell growth inhibition. Subconfluent SW620 cells,
DLD-1 cells and SNU-C2B cells in 96-well plates were
treated with and without FL118 in a series of concen-
trations for 72 h as shown. Cell growth was then ana-
lyzed using MTT assay. The data is the mean derived
from 3 independent MTT determinations plotted in
log scale.

may also affect the corresponding Kras muta-
tion subtypes and thus affect the correspond-
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mutation subtypes or wild type) that shows dis-
tinct sensitivity to FL118 treatment needs fur-
ther investigation. However, the status of the
differential three key gene/protein mutation
status in CRC cells (Kras, TP53/p53, APC) may
provide a partial explanation. That is, SW620
cells have Kras®?' together with double p53
and APC mutations; SNU-C2B CRC cells have
Kras®?® together with mutant p53 and wild
type APC; and DLD-1 cells have Kras®V
together with wild type p53 and mutant APC.
Whether the mutant or wild type status of p53
and APC may affect CRC cells with distinct Kras

Am J Transl Res 2021;13(7):7458-7474
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mutation subtypes would need further investi-
gation, our previous studies indicate that CRC
cells without a functional p53 are more sensi-
tive to FL118 treatment than CRC cells with
wild-type p53 (wtp53) [13]. A recent research
article published in Nature demonstrated that
loss of a functional p53 increases mutant Kras
dosage acquisition [40]. In this regard, loss of
functional p53 can result from point mutation,
microdeletion or homocopolymer [41], which is
collectively called mutant p53. Significantly,
consistent with the finding that loss of function-
al p53 increases mutant Kras dosage acquisi-
tion in PDAC [40], Kras mutation is associat-
ed with p53 mutation in PDAC [42, 43]; and
mutant Kras and mutant p53 can cooperate
in the establishment of PDAC [42]. Although
mutant Kras and mutant p53 are not as clo-
sely associated in CRC as they are in PDAC,
mutation-activated oncogenic Kras is shown to
be a driver of CRC invasion and metastases
[44], and the multiple combination approach is
an effective way to reverse mutant Kras-
mediated apoptosis resistance [45]. Further-
more, most if not all the current available anti-
cancer drugs exhibit better antitumor efficacy
if tumors show no mutations in Kras and p53.
For example, it was shown that lack of muta-
tions in Kras, Nras, Braf and p53 (TP53)
improves the outcome of elderly metastatic
CRC patients treated with cetuximab, oxa-
liplatin and uracil/ftorafur [46]. In this regard,
FL118 may fill in an unmet need and specifi-
cally target tumors with mutations in both
Kras and p53 genes. Nevertheless, studies of
mutant Kras and mutant p53 relationship may
provide some explanation for the finding re-
ported in this study. Given that the mutation
rate of p53 in CRC is at a range of 60-70% [2]
and in PDAC is at a range of 50-70% [41-43],
while the mutation rate of Kras in CRC is at a
range of 40-44.7% [2, 9] and in PDAC is at a
range of 70-90% [42, 43], the findings reported
in this study would be useful for predicting
FL118 sensitivity to patients’ CRC tumors with
the defined Kras mutation subtype status
together with the genetic status of TP53/p53
(mutant versus wild type). Additionally, as we
mentioned in the “Introduction” section,
there are four major types of Kras mutation:
Kras®?P mutations (~34.2%), Kras®?’ muta-
tions (~21%), Kras®3° mutations (~20%,) and
KRASS12¢ mutations (~8.4%) [9]. Our studies in
this report have covered the first 3 types. In
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turn, the sensitivity of CRC tumor with KRAS®12¢
mutation to FL118 treatment would be a valu-
able thing to know. In this regard, the CRC cell
line SW1463 has the Kras®'?¢ mutation with
p53/APC double mutations. Our previous stud-
ies indicated that at the dose of FL118 MTD,
FL118 showed similar or little less sensitive
efficacy in SW1463-established tumors [12] in
comparison with the SNU-C2B tumor data
shown in this study (Figure 6E).

While the findings discussed above are intrigu-
ing and lay a basis for further investigation, the
underlying mechanism by which CRC cells
with different Kras mutation subtypes exhibit-
ed distinct sensitivity behaviors in response to
FL118 treatment may involve additional mech-
anisms and require further investigation. In this
regard, our limited studies indicated that the
induction of reactive oxygen species (ROS) pro-
duction by FL118 treatment among the three
CRC cell types may only partially explain the
finding. In other words, while SW620 cells
exhibited the highest ROS production upon
FL118 treatment, DLD-1 cells produce more
ROS than those produced by SNU-C2B cells
after FL118 treatment. For example, at the 12
h time point, after FL118 (100 nM) treatment,
SW620 cells increased 140-fold ROS produc-
tion (70.6% divided by 0.5%, Figure 3A, upper
panel); DLD-1 cells increased about 5-fold
ROS production (~500% divided by 100%,
Figure 4A) and SNU-C2B cells increased less
than 4-fold ROS production (387% divided by
100%, Figure 4B), although the difference of
ROS production in DLD-1 and SNU-C2B CRC
cells are very similar after FL118 treatment.
This is consistent with our previous studies
indicating that FL118-mediated inhibition of
survivin, Mcl-1, XIAP, clAP2 and MdmX is
involved in FL118 function in terms of inhibition
of cancer cell growth and induction of cancer
cell apoptosis [10, 13, 38, 39]. Together,
FL118-induced rapid ROS production is likely
involved in early FL118 function as an addition-
al mechanism for FL118 to kill cancer cells in
addition to the mechanisms through the in-
hibition of survivin, Mcl-1, XIAP, clAP2 and
MdmX. Nevertheless, several studies revealed
that ROS plays an important role in the Kras-
induced malignant transformation [37]. It was
well characterized that oncogenic Kras®'?Y
induces activation of p38/PDPK1/PKCd/
p47P*/NOX1-dependent ROS generation [37].
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Therefore, we propose that FL118-induced
ROS overproduction at least partially plays a
role in CRC cells’ differential sensitivity to
FL118-induced cell killing. Nevertheless, one
thing that is certain in our FL118-induced ROS
production studies is that FL118-induced ROS
production is an early event. This is clearly indi-
cated in the data shown in Figure 4 for the
dynamic ROS production over time after FL118
treatment. This finding is in contrast to the
inhibition of survivin, Mcl-1, XIAP and/or clAP2
by FL118, which is relatively permanent as a
sustained event [10, 38, 39]. Nevertheless,
our in vivo studies in animal models also indi-
cated that SW620-established xenograft
tumors are the most sensitive tumor to FL118
treatment; SNU-C2B tumors are the second
most sensitive tumor to FL118 treatment; and
DLD-1 tumors are the least sensitive tumor
among the three CRC tumors with distinct Kras
mutation subtypes.

One intriguing question is whether ROS produc-
tion induced by FL118 could affect the activa-
tion/expression of survivin, Mcl-1, XIAP, clAP2
and MdmX. To answer this intriguing question,
while we do not know whether ROS can influ-
ence the activation/expression of survivin, Mcl-
1, XIAP, clAP2 and MdmX, what we indeed
know is that (1) FL118 can rapidly induce ROS
production after a 2 h FL118 treatment
and reach a peak of ROS production in a 4 h
FL118 treatment, gradually decreasing over
time (Figure 4); and (2) FL118-induced inhibi-
tion of survivin, Mcl-1, XIAP, clAP2 and MdmX
employs both transcriptional and non-tran-
scriptional mechanisms. This is cancer type-
dependent and for a defined cancer cell type, it
can employ one mechanism or another, or
employ both mechanisms. Downregulation of
survivin, Mcl-1, XIAP, clAP2 and MdmX by
FL118 can be as short as 8 hours (via a non-
transcriptional mechanism) and be as long
as a minimum time of 16-24 h (transcriptional
mechanism). Therefore, if ROS production can
have any effects on the expression/activation
of survivin, Mcl-1, XIAP, clAP2 and MdmX, a logi-
cal expectation should be a negative effect
(i.e., ROS inhibition of the expression/activation
of survivin, Mcl-1, XIAP, clAP2 and MdmX). This
expectation is consistent with the previously
reported studies which revealed that apoptosis
induced by sulindac and arsenic trioxide in
human lung cancer A549 cells is through ROS-
dependent down-regulation of survivin [47].
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Finally, the finding in this report was further
alternatively confirmed through using the three
CRC cell line (SW620, DLD-1 and SNU-C2B) to
re-determine their sensitivity to FL118-induc-
ed growth inhibition. The data shown in Figure
7 is consistent with the conclusion derived
from the in vitro molecule level studies and
the in vivo CRC tumor animal model studies
(Figures 1-6). Based on this observation, we
would like to emphasize that we have re-per-
formed a simple experiment for the data pre-
sented in Figure 7, instead of using a complex
experiment through first silencing a corre-
sponding Kras mutation subtype and then
forcing expression of it again by transfection/
infection. This is based on several consider-
ations: (1) we have performed both silencing
and overexpression of Kras mutation subtype,
respectively, in our studies and obtained a
clear conclusion. These are simple genetic
manipulations and thus the experimental out-
come is more reliable than complex genetic
manipulation-based outcomes; (2) it is known
that transfection/infection efficiency could not
reach 100% and thus many cells would only
have one genetic manipulation with or without
selection; and (3) any cells with two genetic
manipulation processes will have the interfer-
ence of those two genetic manipulations, and
as a result, the follow-up forced overexpression
of a gene will not be effective and may be con-
tinuously inhibited by the first silencing pro-
cess, or the endogenous gene would serve the
same role. When possible, use of the natural
cell to perform an experiment would help to
preclude potential issues occurring from the
complex genetic manipulation of cancer cells.

In conclusion, in this study, by using multiple in
vitro and in vivo approaches we demonstrated
that CRC cells/tumors with different Kras
mutation subtypes under the defined p53/APC
genetic status exhibited distinct sensitivity to
FL118 treatment. This is critical for cancer
patient selection and predicting tumor sensitiv-
ity to FL118 treatment during clinical trials.
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