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STK899704 inhibits stemness of cancer stem cells and
migration via the FAK-MEK-ERK pathway in HT29 cells
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Colon cancer is one of the most lethal and common
malignancies worldwide. STK899704, a novel synthetic agent,
has been reported to exhibit anticancer effects towards
numerous cancer cells. However, the effect of STK899704 on
the biological properties of colon cancer, including cancer cell
migration and cancer stem cells (CSCs), remains unknown.
Here, we examined the inhibitory effect of STK899704 on cell
migration and CSC stemness. In the wound healing assay,
STK899704 significantly inhibited the motility of colon cancer
cells. Furthermore, STK899704 downregulated the mRNA
expression levels of the cell migration mediator focal adhesion
kinase (FAK). STK899704 also suppressed mitogen-activated
protein kinase kinase and extracellular signal-regulated kinase,
which are downstream signaling molecules of FAK. Addi-
tionally, STK899704 inhibited stemness gene expression and
sphere formation in colon cancer stem cells. These results
suggest that STK899704 can be used to treat human colon
cancer. [BMB Reports 2018; 51(11): 596-601]

INTRODUCTION

Colon cancer is the second most common cause of
cancer-related deaths, with over 1 million people diagnosed
annually. The mortality rate associated with colon cancer
increased from 490,000 in 1990 to approximately 715,000 in
2010 (1, 2). The lifespan risk of progressing colon cancer is
5.1% (3, 4) and more than 65% of cases occur in developed
countries (5). Subsets of cancer cells such as cancer stem cells
(CSCs) are important in cancer recurrence and metastasis.
CSCs were first identified in acute myelogenous leukemia (6)
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as a rare subpopulation with high tumor-initiation capacity in
bulk tumors (7). CSCs possess the capacities for differentiation
into different cell types and self-renewal, as observed in
normal adult stem cells (8). As a result, CSCs are thought to
play an important role in cancer aggressiveness (9).
Additionally, CSCs are associated with metastatic spread from
the primary tumor and are known to be resistant to different
anti-cancer therapies (10). Current therapies eliminate the bulk
of differentiated cancer cells, but fail to kill CSCs, which are
conserved by individual resistance strategies (11). Surviving
CSCs generate new tumors and initiate metastasis, resulting in
disease recurrence. Therefore, studies of CSCs may facilitate
the development of therapeutic strategies to improve survival
rates. Microtubules are associated with the transport of
vesicles, development of cell shape, cell signaling, and
microtubule polymerization, which are involved in cell
motility (12). Several drugs targeting microtubule dynamics
were shown to have anticancer effects (13). Recent studies
identified a new synthetic compound, ethyl{2-methyl-3-[2-
(naphtho[2,1-B] furan-2-ylcarbonyl) carbo hydrazonoyl] -1H-
indol-1-yl} acetate (named as STK899704; PubChem CID:
5455708), which was generated as a microtubule-depolymerizing
agent (14), but its effects on colon cancer cells and colon CSCs
are unknown.

In the present study, we investigated the effects of
STK899704 on the migration of colon cancer cells and
properties of colon CSCs. Our data shows that STK899704
treatment can reduce the migration ability of colon cancer
cells by inhibiting migration-related molecules and suppressing
the expression of stemness markers in colon CSCs, suggesting
that it can be used as a novel strategy for treating colon cancer.

RESULTS

Cytotoxicity of STK899704 on colon cancer cells and normal
colon cells

The previous studies revealed that STK899704 has anticancer
effect on lung cancer, cervical cancer and skin cancer (14).
First, we investigated the cytotoxic effect of STK899704 at
various concentrations (0.1-0.4 uM) against numerous cell
lines by performing an MTS assay. As shown in Fig. 1B and
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Fig. 1. Effects of STK899704 on cell viability of HT29 colon
cancer cells. (A) Structure of STK899704. (B) Viability of HT29
and CCD18-Co cells treated with STK899704 was assessed using
an MTS assay. (C) Microscopic images of HT29 cells and
CCD18-Co cells treated with STK899704 for 24 h.

Supplemental Fig. 1, the cell viability of HT29 cells was not
affected by treatment with STK899704 for up to 96 h. In the
normal colon fibroblast cell line CCD-18Co, cell viability was
maintained at over 90% after 24 h of treatment with
STK899704. These data indicate that STK899704 was not toxic
to normal colon cells and colon cancer cells. Next, we
conducted phase-contrast microscopy to evaluate the changes
in cellular morphology and found that the cell density of HT29
cells and CCD-18Co were not decreased (Fig. 1C). Thus, we
used non-cytotoxic concentrations of STK899704 (0.1-0.4 uM)
in subsequent experiments.

STK899704 inhibited migration of HT29 adherent cells

To investigate the anti-migration effects of STK899704 on
HT29 cells, we performed a wound healing assay and
acquired microscopic images of HT29 cells following 48 h
treatment with 0.1-0.4 uM STK899704 treatment. We found
that STK899704 treatment reduced the migration of HT29
colon cancer cells into the wounded area (Fig. 2A). Cell
motility was enhanced by degradation of the extracellular
matrix. Matrix metalloproteinase-2 (MMP-2) and MMP-9
degrade the extracellular matrix and facilitate cell migration
(15). Therefore, we investigated the effect of STK899704 on
the expression and activity of MMP-2 and MMP-9 by
performing gPCR and zymography assays. STK899704
reduced MMP-2 and MMP-9 mRNA expression (Fig. 2B) and
secretion (Fig. 2C) in HT29 colon cancer cells. Recent studies
showed that aggregated tubulin can induce anti-migration
effects by blocking microtubule assembly (16). We
investigated the effects of STK899704 on microtubule
polymerization by immunofluorescence microscopy. The
o-tubulin network showed a normal organization in HT29
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Fig. 2. Inhibitory effect of STK899704 on migration ability of
HT29 cells. (A) HT29 cells were treated for 48 h with STK899704
and cell migration ability was assessed using a wound healing
assay. (B) mRNA expression level of MMP-9 and MMP-2 were
detected by gPCR in STK899704-treated HT29 cells. (C) Gelatin
zymography was performed using the conditioned media of HT29
cells treated with STK899704 and gelatinolytic activity of MMP-9
and MMP-2 were detected. (D) HT29 cells were treated with
STK899704 for 24 h. After incubation, the cells were stained with
an o-tubulin  antibody. Cellular microtubules were visualized
under a fluorescence microscope. *P < 0.05 and **P < 0.01.
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cells without STK899704 treatment, while STK899704
treatment resulted in microtubule depolymerization (Fig. 2D).
Taken together, these data suggest that STK899704 reduces the
migration capacity of HT29 colon cancer cells.

STK899704 inhibited expression of FAK, MEK, and ERK

Focal adhesion kinase (FAK) is a critical regulator of cancer
cell behavior, cell migration, and adhesion. Recent studies
suggested that phosphorylation of FAK controls tumor cell
adhesion by inducing focal adhesion turnover in colon cancer
cells (17). To determine whether STK899704 impedes wound
healing through FAK pathway inhibition, we examined the
mRNA expression level of FAK by qPCR. FAK expression was
decreased in STK899704-treated HT29 cells (Fig. 3A). To
further evaluate the regulation of FAK activation by
STK899704, we measured FAK phosphorylation levels in
immunoblot assays. As shown in Fig. 3B and C, FAK
phosphorylation was downregulated in HT29 cells treated
with STK899704. FAK is linked to the mitogen-activated
protein kinase pathway (17). Therefore, we conducted a
western blotting assay to determine the effect of STK899704
on mitogen-activated protein kinase kinase (MEK) and
extracellular signal-regulated kinase (ERK) protein expression
levels in HT29 cells. Fig. 3B and C show that phosphorylated
MEK and ERK expression were decreased following
STK899704 treatment. Our results suggest that STK899704
inhibited the migration of HT29 cells by downregulating MEK
and ERK phosphorylation because of decreased phosphory-
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Fig. 3. Inhibitory effect of STK899704 on the expression of FAK,
MEK, and ERK and effects on the migration ability of STK899704
and PD98059. (A) Expression of FAK mRNA was analyzed by
gPCR. (B) Protein expression levels of p-FAK, p-MEK, and p-ERK
were detected by western blot analysis. HT29 cells were treated
with the indicated concentration of STK899704 for 24 h. (C) Bar
graph represents proteins of p-FAK, p-MEK, and p-ERK. (D) HT29
cells were pretreated with 10 uM PD98059 in the absence or
presence of 0.4 uM STK899704 and cell migration ability was
assessed using a wound healing assay. *P < 0.05 and **P < 0.01.

lation of FAK. Next, to confirm that STK899704 inhibited this
pathway in HT29 colon cancer cells, we treated the cells with
an ERK inhibitor (PD98059). As shown in Fig. 3D, the ERK
inhibitor (PD98059) inhibited wound closure. Furthermore,
co-treatment with STK899704 and ERK inhibitor (PD98059)
decreased cell motility also decreased. These results demon-
strate that STK899704 decrease the migration ability of HT29
cells through FAK expression.

STK899704 suppressed the properties of HT29 CSCs
STK899704, a newly identified synthetic compound, has effect
on various cancer cells (14), but the potential effects of
STK899704 against colon CSCs are not understood. Thus, we
investigated whether STK899704 would affect the CSC
properties of HT29 and SW620 cells. As shown in Fig. 4A,
STK899704 decreased the expression levels of stemness-
related genes, such as Nanog, Oct4, Sox2, and Bmil, which
were evaluated by gqPCR. Based on our results, we further
investigated other CSC properties of HT29 and SW620 cells.
We induced floating spheroid bodies (18) and examined the
spheroid body of CSC. The results showed that STK899704
reduced the diameter and number of spheroid bodies with
diameters of 50 um or more for HT29 and SW620 CSCs (Fig.
4B-D). Additionally, STK899704 decreased the number of cells
expressing CD133 and CD44, which are used as markers of
CSCs in numerous cancers (Fig. 4E, F). Our findings indicate
that STK899704 inhibited the expression of stemness genes in
CSCs, suggesting that STK899704 suppresses the self-renewal
properties of CSCs.
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Fig. 4. Inhibitory effect of STK899704 on CSC properties of HT29
and SW620 cells. (A) qPCR assays were conducted to determine
the expression level of stemness genes. (B) After CSCs of HT29
and SW620 cells were treated with STK899704, spheroids were
observed under a microscope. (C) The average diameters of
spheroids were measured. (D) Spheroid bodies of HT29 and
SW620 CSCs with a diameter of = 50 um were determined. (E,
F) FACS analysis of HT29 and SW620 CSCs stained with CD133
and CD44 antibody. *P < 0.05 and **P < 0.01.

DISCUSSION

CSCs have been identified in numerous solid tumors,
including breast and melanoma cancers, and were implicated
in tumor initiation, metastatic spread, and resistance to
anti-cancer therapies (19). Conventional anti-cancer therapies
regulate differentiated cancer cells, but not CSCs, and thus
alternative strategies are needed to inhibit CSC differentiation
and cancer progression. Therefore, novel anti-cancer therapies
may facilitate the removal of CSCs.

The compound STK899704 is a novel agent with
microtubule-depolymerization activity that binds to tubulin
and inhibits its polymerization (14). First, STK899704 did not
exhibit cytotoxic effects towards HT29 cells for up to 96 h
(Supplemental Fig. 1). We did not focus on the cytotoxicity or
apoptotic effect of STK899704. Because we focused on the
migration of cancer cells and stemness of CSCs, we selected a
treatment time of 24 h. Our results demonstrated that
STK899704 exerted anti-CSC and anti-migration effects in
human colon cancer cell lines. The potential effect of
microtubule inhibition on cell migration has been investigated
through experiments in which treatment with drugs known to
interrupt microtubule assembly inhibited cell movement,
suggesting cell motility effects via microtubules (20).

In addition to FAK-MEK-ERK signaling, cancer cells use
many other mechanisms of migration, such as the PI3K/AKT
pathway (21), Notch pathway (22), etc. However, we focused
on the FAK-MEK-ERK pathway, which is a strong pathway
related to the migration of various cancer cells (23). FAK is
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associated with cell adhesion, proliferation, motility, cancer
process and migration (24). Several studies reported hyper-
phosphorylation, overexpression, and/or increased activity of
FAK in numerous human cancers, including astrocytoma,
sarcomas, and carcinomas of the colon, liver, and breast (17).
Additionally, enhanced FAK activity was found to be
associated with metastasis and poorer clinical outcomes (25).
This study showed that STK899704 inhibited FAK mRNA
expression and phosphorylation of FAK, but not the total FAK
protein level (Fig. 3). FAK activates the ERK/mitogen-activated
protein kinase cascade (26); thus, we evaluated the
relationship between FAK, MEK, and ERK using GIANT and
GeneMANIA, and found that the these genes are involved in
various pathways, including the actin cytoskeleton regulation
pathway (Supplemental Fig. 2).

CD133 and CD44 are glycoproteins and are the most
commonly used markers for isolating CSCs including colon
cancer, liver cancer, and ovarian cancer (27-30). Our study
confirmed that the number of CD133™ and CD44 ™ cells were
decreased in STK899704-treated colon CSCs. Additionally,
STK899704-treated colon CSCs showed decreased expression
of stemness genes and diameter of spheres in colon CSCs (Fig.
4). These results suggest that STK899704 inhibited the
self-renewal properties of colon CSCs. Thus, STK899704
suppressed the CSC properties and migratory behavior of
colon cancer cells. Taken together, these data suggest that
STK899704 is an efficient therapeutic agent for treating colon
cancer.

MATERIALS AND METHODS

Cell culture

The HT29 colon cancer cell line was purchased from the
American Type Culture Collection (Manassas, VA, USA) and
the CCD-18Co normal colon fibroblast cell line was purchased
from the Korean Cell Line Bank (Seoul, Korea). The colon
cancer cell line was cultured in Dulbecco’s modified Eagle’s
medium (DMEM; HyClone, Logan, UT, USA) and the
CCD18-Co cell line was cultured in RPMI-1640 medium
(WelGENE, Daegu, Korea) supplemented with 10% heat-
inactivated fetal bovine serum (HyClone) at 37°C in a 5% CO,
incubator.

Sphere formation assay

HT29 cells were seeded (5,000 cells/ml) in ultra-low
attachment plates (Corning, Inc., Corning, NY, USA) in tumor
sphere medium consisting of DMEM/F12 medium, B27
supplement (1:50), 10% fetal bovine serum, 10 ng/ml
epidermal growth factor (Calbiochem, San Diego, CA, USA),
and 10 ng/ml basic fibroblast growth factor (Sigma-Aldrich, St.
Louis, MO, USA) at 37°C in a 5% CO; incubator. Every 2-3
days, fibroblast growth factor and epidermal growth factor
were added. After 14 days of culture, tumor sphere formation
was observed, and the number of tumor spheres formed
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(diameter > 50 um) was counted under a microscope.

Reagents

STK899704 was synthesized at the Korea Research Institute of
Bioscience and Biotechnology, and both the detailed synthetic
procedure and characterization data were reported previously
(14). Its chemical structure is shown in Fig. TA.

Cell viability assays

Cell viability was assessed by the MTS (3-[4,5-dimethylthiazol-2-
ylI-5{3-carboxy methoxyphenyl]-2-{4-sulfophenyl]-2H-tetrazolium)
assay, which measures mitochondrial respiratory function.
HT29 cells (3 x 10" cells/ml) were seeded into 96-well plates,
incubated overnight, and treated with various concentrations
of STK899704 for 24 h. Cell viability was calculated by
assessing MTS metabolism, as previously reported (31). Briefly,
media samples (100 pl) were removed and incubated with 100
ul of MTS-PMS (phenazine methosulfate) solution for 1 h at
37°C. The optical absorbance of the samples was measured at
492 nm using an enzyme-linked immunosorbent assay reader
(Apollo LB 9110, Berthold Technologies GmbH &Co. KG, Bad
Wildbad, Germany).

Gelatin zymography

HT29 cells (1 x 10° cells/well) were seeded into a 24-well
plate and incubated overnight. Next, the cells were treated
with various concentrations of STK899704 for 24 h. The
culture supernatant was collected and loaded into a 10%
sodium dodecy! sulfate (SDS)-polyacrylamide gel containing
0.1% gelatin under non-denaturing conditions to detect
MMP-9 and MMP-2. Electrophoresis was performed at a
constant 110 V for 100 min. Gels were washed once with
2.5% Triton X-100 for 20 min and twice with distilled water
for 10 min at 25°C, then incubated in zymography reaction
buffer at 37°C for 18 h. The gels were stained with Coomassie
brilliant blue R-250 (Sigma) for 1 h in a solution of 10% acetic
acid and 10% methanol and then destained for 1 h.

Wound healing assay

To evaluate cell motility, HT29 cells (1 x 10> cells/well) were
seeded into 24-well plates and incubated overnight at 37°C in
a 5% CO; incubator. Wounds were made using 200-ul pipette
tips. Cells were washed twice with Hank’s balanced salt
solution to remove floating cells and fresh medium was added.
Cells migrating from the edge of the wound were
photographed in five random fields of view at 0 and 48 h after
wounding.

Flow cytometry

Antibodies against CD133 and CD44 were purchased from
Miltenyi  Biotec (Bergisch Gladbach, Germany). The
expression profiles of CD133 and CD44 in cultured cells were
analyzed by flow cytometry. Briefly, HT29 cells were cultured
as spheroid bodies. CSCs were dissociated with Accutase™
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(Sigma) and stained with the CD133 and CD44 antibodies at
37°C for 15 min. Populations of CD133™ cells and CD44"
cells were sorted by flow cytometry and the data were
analyzed using Cell Quest software (BD Biosciences, Franklin
Lakes, NJ, USA).

Reverse transcription polymerase chain reaction analysis
Total RNA was prepared from HT29 and CSCs, using
easy-BLUE™ Total RNA Extraction Kit (iNtRon Biotechnology,
Seongnam, Korea) according to the manufacturer’s instructions
(31). We synthesized cDNA from total RNA samples using
M-MuULV reverse transcriptase (New England Biolabs, Ipswich,
MA, USA). Quantitative reverse transcription polymerase
chain reaction (QPCR) was performed with Roter-Gene 6,000
series software 1.7 (Qiagen, Hilden, Germany) and the
SensiFASTTM SYBR NO-ROX Kit (BIOLINE, London, UK). We
used oligonucleotide primer sequences specific for Oct4
(5-GGT TCT CGA TAC TGG TTC GC-3’ and 5-GTG GAG
GAA GCT GAC AAC AA-3), Sox2 (5-GCT TAG CCT CGT
CGA TGA AC-3’ and 5-AAC CCC AAG ATG CAC AAC
TC-3'), Bmi1 (5'-AAA TGC TGG AGA ACT GCA AAG-3’ and
5 CTG TGG ATG AGG AGA CTG C-3'), Nanog (5'-ATG GAG
GGA AGA GGA GA-3’ and 5-GAT TTG TGG GCC TGA AGA
AA-3"), MMP-9 (5’-GCC ATT CAC GTC CTT AT-3’ and 5’-TTG
ACA GCG ACA AGA AGT GG-3'), MMP-2 (5'-CAA AGG GGT
ATC CAT CGC CA-3’ and 5-CGC CCC CAA AAC GGA CAA
AG-3'), FAK (5-AGT AAA ATC CAG CCA GCC CC-3’ and
5-GCT CAC CCA GGT CAG AGT TC-3'), and GAPDH
(5"-TGG GCT ACA CTG AGC ACC AG-3’ and 5-GGG TGT
CGT TGT AGT CA-3'). The relative gene expression differences
were calculated using threshold cycle (CT) values which were
normalized to the GAPDH gene as an internal control in the
same sample.

Western blot analysis

Cells were treated with STK899704, harvested, and lysed in
buffer containing 50 mM Tris (pH 7.4), 1.5 M sodium
chloride, 1 mM ethylenediaminetetraacetic acid, 1% NP-40,
0.25% sodium deoxycholate, 0.1% SDS, and a protease
inhibitor cocktail. Lysates were boiled at 100°C for 5 min.
Equal amounts of total proteins were resolved by 10-12%
SDS-polyacrylamide gel electrophoresis. Proteins were trans-
ferred onto polyvinylidene difluoride membranes (Millipore,
Billerica, MA, USA) and incubated overnight at 4°C with
specific primary antibodies against p-MEK [Ser217/221], p-ERK
[Thr202/Tyr204], MEK, ERK, FAK (Cell Signaling Technology,
Danvers, MA, USA), p-FAK [Y397] (Invitrogen, Carlsbad, CA,
USA), and GAPDH. Membranes were washed with Tris-
buffered saline containing 0.05% Tween 20 and incubated
with secondary antibodies (horseradish peroxidase-conjugated
anti-rabbit or anti-mouse IgG) for 1 h at room temperature.
Specific protein bands were detected with the West-Zol Plus
western blot detection system (iNtRON Biotechnology).
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Immunofluorescence

Immunofluorescence assays were performed as previously
described (32). Briefly, cells seeded onto glass coverslips and
incubated overnight at 37°C in a 5% CO, incubator, followed
by treatment with STK899704. After 24 h, the cells were
permeabilized, fixed with 100% acetone, and blocked with
0.1% (w/v) bovine serum albumin. The cells were incubated
overnight with antibodies against o-tubulin at room tempera-
ture. Following incubation, the cells were treated with
secondary anti-mouse antibodies for 1 h at room temperature.
Fluorescence images were obtained using a BX61-32FDIC
(Olympus, Tokyo, Japan) upright fluorescence microscope.

Analysis of Gene Network

GIANT (Genome-scale Integrated Analysis of gene Networks
in Tissues) was applied to perform a network analysis of the
various genes. GIANT analyzes the relationships between a set
of input genes and predicted genes. GIANT is available at
http://giant.princeton.edu/. GeneMANIA was used for gene
interaction analysis. The dataset is available at http:/www.
genemania.org.

Statistical analyses

Statistically significant differences were determined by Student’s
t-test. Data are expressed as the means + standard error of the
mean. A value of P < 0.05 was considered significant, while
P < 0.01 was considered very significant.
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