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ABSTRACT

Filamin A interacting protein 1-like (FILIP1L) expression, which is decreased in
various cancers, may inhibit carcinogenesis. In this study, we evaluated the effects of
FILIP1L on oncogenic behavior and prognosis in colorectal cancer. siRNA-mediated
FILIP1L knockdown enhanced tumor cell migration and invasion and inhibited
apoptosis and cell cycle arrest in COLO205 cells. pcDNA-myc vector-mediated FILIP1L
overexpression suppressed tumor cell migration and invasion and induced apoptosis and
cell cycle arrest in HCT116 cells. FILIP1L knockdown enhanced angiogenesis by increasing
VEGF-A and HIF-1a levels and decreasing angiostatin level. FILIP1L overexpression
suppressed angiogenesis by decreasing VEGF-A and -D | level and increasing angiostatin
and endostatin levels. Phosphorylated B-catenin levels decreased and phosphorylated
Akt and GSK-3B levels increased following FILIP1L knockdown. FILIP1L overexpression
had the opposite effects. FILIP1L expression was associated with reductions in tumor
size, cell differentiation, lymphovascular invasion, stage, invasion depth and lymph node
metastasis, and with longer overall survival. Mean Ki-67 labeling indexes and microvessel
density values were lower in FILIP1L-positive tumors than in FILIP1L-negative tumors.
These results indicate that FILIP1L suppresses tumor progression by inhibiting cell

proliferation and angiogenesis in colorectal cancer.

INTRODUCTION

Colorectal cancer is a leading cause of cancer-related
morbidity and mortality worldwide. Despite recent
advances in treatment, overall survival remains poor in
advanced colorectal cancer patients [1-3]. Metastasis is a
major cause of death in patients with a variety of cancers.
Metastasis is a complex process resulting from multiple
alterations in proto-oncogenes and tumor suppressor genes
that promote growth, differentiation, migration, invasion,
cell survival, and angiogenesis in cancer cells [4—6]. A better
understanding of the pathobiology underlying colorectal
cancer metastasis may aid in predicting cancer progression
and provide new molecular targets for cancer therapy.

Treatment with angiogenic inhibitors up-regulated
Filamin A interacting protein 1-like (FILIPIL) in a
microarray study examining gene expression profiles
in human umbilical vein endothelial cells (HUVECs)
[7, 8]. FILIP1L may play a role in cytoskeletal remodeling

and regulate cell polarity and motility [9—11]. FILIP1L
expression in endothelial cells also inhibits cell
proliferation and migration and increases apoptosis [12].
Targeted expression of truncated mutant FILIP1L decreases
tumor volume by inhibiting tumor neovascularization
and inducing apoptosis and necrosis in both human
malignant melanoma tumor xenograft models and serous
cystadenocarcinoma cells [12, 13]. In addition, FILIP1L
mRNA and protein levels are down-regulated in various
human cancers, including ovarian, prostate, breast, lung,
pancreatic, and colorectal cancers [14—18]. These data
indicate that FILIPIL may act as a tumor suppressor
gene by decreasing cell proliferation, migration, and
angiogenesis and increasing apoptosis [7—18]. Although
FILIP1L may be a promising molecular target for cancer
treatment, whether FILIP1L suppresses tumor progression
in colorectal cancer remains unknown.

To evaluate whether FILIP1L affects growth and
metastasis in colorectal cancer, we examined FILIP1L
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expression in human colorectal cancer tissues and its
association with clinicopathological features, including
overall survival.

RESULTS

FILIP1L expression in human colorectal cancer
cell lines

FILIP1L protein levels were examined by Western
blotting in various human colorectal cancer cell lines,
including SW480, DLD1, DKO1, HCT116, HT29, and
COLO205 cells. Among these, FILIP1L protein levels
were highest in COLO205 cells and lowest in HCT116
cells (Figure 1A). siRNA-mediated FILIP1L knockdown
decreased protein levels in COLO205 cells, and pcDNAG6-
myc-FILIP1L vector transfection increased protein levels
in HCT116 cells (Figure 1B).

FILIP1L inhibits migration and invasion in
human colorectal cancer cells

FILIPIL siRNA transfection reduced wound gap
sizes in plated COLO205 cells compared to scramble
siRNA-transfected cells after 48 h (P 0.008).
Conversely, wound gap sizes increased in pcDNAG6-
myc-FILIP1L-transfected HCT116 cells compared to
empty-pcDNA6-myc-transfected cells after 24 and 48 h
(P =0.033 and 0.030, respectively; Figure 2A). Similarly,
FILIP1L siRNA transfection in COLO205 cells increased
(P =0.049), while pcDNA6-myc-FILIP1L transfection in
HCT116 cells decreased (P = 0.004), numbers of invading
cells compared to scramble siRNA transfection and empty-
pcDNAG6-myc transfection, respectively (Figure 2B).
MMP-2 and -9 levels increased in COLO205 cells after
FILIP1L knockdown (P = 0.047 and 0.045, respectively).
In HCT116 cells overexpressing FILIP1L, MMP-2 level
decreased, but MMP-9 level did not change (P = 0.001
and 0.545, respectively; Figure 2C).

FILIP1L promotes apoptosis and cell cycle arrest
in human colorectal cancer cells

We then used flow cytometry to evaluate the impact
of FILIPIL on apoptosis and cell cycle distribution.
Apoptosis rates decreased after transfection with FILIP1L
siRNA compared to transfection with scramble siRNA in
COLO205 cells (15.4 vs. 7.1%, P = 0.014). In addition,
apoptosis rates increased after overexpression of FILIP1L
in HCT116 cells (7.2 vs. 10.3%, P = 0.047; Figure 3A).
FILIP1L overexpression increased sub-G1 phase arrest in
HCT116 cells, and FILIP1L knockdown decreased cell
cycle arrest in COLO205 cells (Figure 3B).

Next, we measured FILIPIL knockdown- and
overexpression-induced changes in caspase levels. Cleaved
caspase-3 and -7 levels decreased in COLO205 cells after

FILIP1L knockdown (P = 0.022 and 0.012, respectively).
In contrast, cleaved caspase-3, -9, and -7 levels increased
in HCT116 cells after FILIP1L overexpression (P = 0.005,
0.023, and 0.012, respectively; Figure 3C).

FILIP1L inhibits angiogenesis in human
colorectal cancer cells

To evaluate the effects of FILIP1L on angiogenesis
in HUVECs, we performed Matrigel invasion and tube
formation assays using conditioned medium (CM) from
human colorectal cancer cells transfected with either
FILIP1L siRNA or pcDNA6-myc vector. Treatment with
CM from FILIPIL siRNA-transfected COLO205 cells
increased invasion in HUVECs compared to treatment with
CM from scramble siRNA-transfected cells (P = 0.049). In
contrast, treatment with CM from pcDNA6-myc-FILIP1L-
transfected HCT116 cells decreased invasion in HUVECs
compared to CM from empty-pcDNA6-myc-transfected
cells (P = 0.004; Figure 4A). CM from FILIP1L siRNA-
transfected COLO205 cells also increased endothelial tube
formation in HUVECs compared to CM from scramble
siRNA-transfected cells (P = 0.046). In contrast, treatment
with CM from pcDNA6-myc-FILIP1L-transfected cells
decreased tube formation in HUVECs compared to CM
from empty-pcDNA6-myc-transfected cells (P = 0.003;
Figure 4B). FILIP1L knockdown increased levels of the
angiogenic inducers VEGF-A and HIF-1a in COLO205
cells (P =0.020 and 0.026, respectively), while FILIP1L
overexpression decreased VEGF-A and -D levels in
HCT116 cells (P = 0.026 and 0.034, respectively).
Moreover, FILIP1L knockdown decreased level of the
angiogenic inhibitor angiostatin in COLO205 cells
(P = 0.009), while FILIP1L overexpression increased
levels of both angiostatin and endostatin in HCT116 cells
(P=0.017 and 0.027, respectively; Figure 4C).

FILIP1L alters oncogenic signaling pathway
activity in human colorectal cancer cells

To examine whether FILIP1L activates oncogenic
signaling pathways in human colorectal cancer cells, we
measured phosphorylated B-catenin, Akt, and GSK-3
protein levels, using Western blotting. FILIPIL
knockdown decreased phosphorylated fB-catenin and
increased phosphorylated Akt and GSK-3p levels
in COLO205 cells (P = 0.047, 0.049, and 0.001,
respectively). In contrast, FILIP1L overexpression
increased phosphorylated P-catenin and decreased
phosphorylated Akt and GSK-3 levels in HCT116 cells
(P =10.026, 0.003, and 0.008, respectively; Figure 5).

FILIP1L was associated with clinicopathological
parameters in human colorectal cancer

To determine the prognostic value of FILIPIL in
human colorectal cancer, we examined associations between
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Figure 1: FILIP1L protein levels in human colorectal cancer cells. (A). Endogenous FILIP1L protein levels were measured in
various human colorectal cancer cell lines using Western blots. GAPDH was used as a loading control. Graphical representations of band
intensities quantified using the Multi-Gauge Ver3.0 gel analysis software are shown. (B). Knockdown and overexpression of FILIP1L
protein was performed using FILIP1L siRNA and pcDNA6-myc-FILIP1L, respectively. SS, scramble siRNA; FS, FILIP1L siRNA; EV,
empty-pcDNA6-myc vector; FV, pcDNA6-myc-FILIP1L vector.
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Figure 2: FILIP1L inhibits migration and invasion in human colorectal cancer cells. (A) The impact of FILIP1L on colorectal
cancer cell migration. Wound healing assays were performed using FILIP1L siRNA- or pcDNA6-myc vector-transfected cells; graphs of
cell migration display relative healing distances (mean + SE, n = 3; *P < 0.05). (B) The impact of FILIP1L on colorectal cancer cell
invasion. The invasion assay was performed using FILIP1L siRNA- or pcDNA6-myc vector-transfected cells. Stained invading cells were
counted and are shown for each group (mean + SE, n = 6; *P < 0.05). (C) The impact of FILIP1L on MMP-2 and -9 levels in colorectal
cancer cells. Graphs show the mean + SE (*P < 0.05). SS, scramble siRNA; FS, FILIP1L siRNA; EV, empty-pcDNA6-myc vector; FV,
pcDNA6-myc-FILIP1L vector.

Ss

A

n
o

COL0205 ]
815 *
X
~ *
2 10
8
a 9
2| g 5
Nl 8
<o
HCT116 ss | Fs | EV I FV
COLO205 HCT116
B COL0205 HCT116
=3 M1 M2 M3 M4 =) M1 M2 M3 Ma
Sub G1 5.1 o SubG1 6.6
GO0/G1 58.6 G0/G1 51.5
2 S 15.4 ] S 15.2
ss = Gam 212 EV & G2IM 240
=l o]
S M1 M2 M3 g % M1 M2 M3 M4
SubG1 3.7 SubG1 11.5
GO0/G1 55.8 G0/G1  50.5
£ S 16.3 £ s 15.3
FS E G2/M 244 Fv E G2/m  20.7
=l -
DNA contents (PI)
www.impactjournals.com/oncotarget 72232 Oncotarget



C COLO205 HCT116
§Ss FS EV FV
CC3 | -
c
cco [ ]
7]
5
CC7 | we N B |
o
]
FILIPAL [w 2
GAPDH

Figure 3: FILIP1L promotes apoptosis and cell cycle arrest in human colorectal cancer cells. Flow cytometric analyses
and Western blotting were performed to evaluate the impact of FILIP1L on apoptosis and cell cycle distribution. (A) FILIP1L promotes
apoptosis (mean + SE, n=3; *P <0.05). (B) FILIP1L promotes cell cycle arrest. (C) The impact of FILIP1L on cleaved caspase-3 (CC3), -9
(CC9) and -7 (CC7) levels. Graphs show the mean + SE (*P < 0.05). SS, scrambled siRNA; FS, FILIP1L siRNA; EV, empty-pcDNA6-myc

vector; FV, pcDNA6-myc-FILIP
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Figure 4: FILIP1L inhibits angiogenesis in human colorectal cancer cells. Matrigel invasion and tube formation assays using
conditioned medium from human colorectal cancer cells transfected with either FILIP1L siRNA or pcDNA6-myc vector were performed
to evaluate the effects of FILIP1L on angiogenesis in human umbilical vein endothelial cells (HUVECs). (A) Invasion of HUVECs
(mean + SE, n=3; *P <0.05). (B) Tube formation in HUVECs (mean + SE, n =3; *P <0.05). (C) The impact of FILIP1L on VEGF-A, -D,
HIF-1a, angiostatin, and endostatin levels. Graphs show the mean + SE (¥*P < 0.05). SS, scramble siRNA; FS, FILIP1L siRNA; EV, empty-

1L vector.
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FILIP1L levels in formalin-fixed, paraffin-embedded tissue
sections obtained from 354 colorectal cancer patients and
clinicopathological data. Immunohistochemical FILIPI1L
protein staining was primarily cytoplasmic in normal and
colorectal cancer cells (Figure 6A—6D). FILIP1L levels
were lower in colorectal cancer cells than in normal
colorectal epithelial cells (Figure 6E, 6F). Furthermore,
higher FILIP1L levels were associated with reductions in
tumor size, cell differentiation, lymphovascular invasion,
cancer stage, depth of invasion, and lymph node metastasis
(P =0.019, < 0.001, 0.001, < 0.001, 0.005, and 0.002,
respectively; Table 1). Moreover, patients with FILIP1L-
positive tumors had longer overall survival than patients
with FILIP1L-negative tumors (P < 0.001; Figure 7).
To evaluate potential prognostic variables in colorectal
cancer patients, multivariate analysis using the Cox
proportional hazard model was performed. Age, tumor size,
lymphovascular invasion, perineural invasion, and cancer
stage were associated with survival. Negative FILIP1L
expression was independently associated with poor overall
survival after adjustment for several covariates, such as
age, sex, tumor size, lymphovascular invasion, perineural
invasion, and cancer stage (HR: 1.62; 95% CI: 1.07-2.46;
P =0.023; Table 2).

Associations between FILIP1L expression and
apoptosis, cell proliferation, and angiogenesis in
human colorectal cancer

TUNEL assays and immunohistochemical staining
of Ki-67 and CD34 were used to assess apoptosis, cell
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proliferation, and angiogenesis in all tumor cell samples.
Apoptosis indexes (Al) in the 354 tumor samples ranged
from 1.7 to 30.0, with a mean of 8.6 + 5.9. Al did not differ
depending on FILIP1L expression (P = 0.725). Ki-67
labeling indexes (KI) in the 354 tumor samples ranged
from 21.9 to 89.3, with a mean of 59.4 + 17.4. The mean
KI value of 50.2 + 13.1 in FILIP1L-positive tumors was
lower than that in FILIP1L-negative tumors (P = 0.001).
Microvessel density values (MVD) in the 354 tumor
samples ranged from 14.0 to 151.0, with a mean of
65.6 + 27.6. The mean MVD value of 58.3 = 19.2 in
FILIP1L-positive tumors was lower than that in FILIP1L-
negative tumors (P = 0.020; Table 3).

DISCUSSION

The anti-proliferative and pro-apoptotic effects of
FILIP1L have recently been identified [7-13]. Moreover,
FILIP1L expression is decreased in various cancer tissues
[14-18], suggesting that FILIPIL suppresses cancer
development and progression.

Cell migration and invasion play crucial roles in
various physiological processes, including embryonic
development, angiogenesis, tissue repair, and immune
response, all of which are deregulated in cancer cells
[19, 20]. Here, we found that FILIPIL knockdown
enhanced, while FILIP1L overexpression suppressed,
human colorectal tumor cell migration and invasion. MMP
family proteolytic enzymes are critical for extracellular
matrix remodeling, and degradation of the extracellular
matrix is considered a prerequisite for cancer invasion
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Figure 5: The impact of FILIP1L on intracellular signaling pathways in human colorectal cancer cells. FILIP1L
knockdown increased levels of phosphorylated Akt and GSK-3f and decreased level of phosphorylated -catenin. In contrast, FILIP1L
overexpression decreased levels of phosphorylated Akt and GSK-3f and increased level of phosphorylated B-catenin. Graphs show the
mean + SE (*P < 0.05). SS, scramble siRNA; FS, FILIP1L siRNA; EV, empty-pcDNA6-myc vector; FV, pcDNA6-myc-FILIP1L vector.
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and metastasis [21, 22]. In a previous study using ovarian
cancer cell lines and ovarian orthotopic tumor models,
FILIP1L decreased MMP-3, -7, and -9 levels and inhibited
cancer cell migration and invasion both in vitro and in vivo
[16]. Here, MMP-2 and -9 levels increased after FILIP1L
knockdown, and MMP-2, but not MMP-9, level decreased
after FILIP1L overexpression.

Apoptotic cell death results in the orderly and
efficient removal of damaged cells, and deregulation of
apoptosis contributes to development, progression, and
treatment resistance in cancer [23, 24]. Here, apoptosis
was inhibited and cell cycle progression increased after
FILIP1L knockdown in human colorectal cancer cells. In
contrast, both apoptosis and cell cycle arrest increased after
FILIP1L overexpression. Additionally, levels of cleaved
caspase-3, -7, and -9, the main enzymes in the apoptotic
signaling pathway, decreased after FILIP1L knockdown
and increased following FILIP1L overexpression. These
results suggest that FILIP1L inhibits invasiveness and

oncogenesis in human colorectal cancer cells by inhibiting
cell migration and invasion and promoting apoptosis and
cell cycle arrest.

Angiogenesis is an integral component of
progression and metastasis in many cancers, including
colorectal cancer [25, 26]. Moreover, tumor angiogenesis
as quantified by MVD is a significant negative
prognostic factor in human colorectal cancer [27].
A previous study found that FILIPIL protein levels
were up-regulated in endothelial cells treated with an
angiogenic inhibitor [12]. In addition, administration of
truncated mutant FILIP1L inhibited growth in human
malignant melanoma tumor xenografts and serous
cystadenocarcinoma cells by suppressing angiogenesis
[12, 13]. We therefore performed in vitro assays to assess
the impact of FILIP1L expression on angiogenesis in
human colorectal cancer cells. FILIPIL knockdown
increased angiogenesis and VEGF-A and HIF-1a levels
and decreased angiostatin level. In contrast, FILIPIL

Figure 6: Representative images of immunohistochemical staining of FILIP1L. (A) (x100) and (B) (x400), Strong FILIP1L
expression was observed in the cytoplasm of normal colorectal epithelial cells. (C—F) FILIP1L expression in colorectal cancer tissues. (C)
(x100) and (D) (x400), A score of 3 indicated strong immunostaining intensity for FILIP1L. (E) (x100), A score of 2 indicated moderate
immunostaining intensity for FILIP1L. (F) (x100) A score of 1 indicated weak immunostaining intensity for FILIP1L.

www.impactjournals.com/oncotarget

Oncotarget



Table 1: Association between FILIP1L expression and clinicopathological parameters in human

colorectal cancer patients

FILIPIL
Parameters Total Negative Positive P-value
(n=354) (n=186) (n=168)

Age (years) 0.650
<69.8 135 73 62
>69.8 219 113 106

Sex 0.247
Male 210 105 105
Female 144 81 63

Tumor size (cm) 0.019
<49 194 91 103
>49 160 95 65

Histologic type <0.001
Differentiated 313 152 161
Undifferentiated 41 34 7

Lymphovascular invasion 0.001
Negative 250 117 133
Positive 104 69 35

Perineural invasion 0.071
Negative 247 122 125
Positive 107 64 43

Stage <0.001
/11 182 79 103
v 172 107 65

Depth of invasion (T) 0.005
T1/T2 78 30 48
T3/T4 276 156 120

Lymph node metastasis (N) 0.002
NO 189 85 104
NI1-3 165 101 64

Distant metastasis (M) 0.452
MO 309 160 149
M1 45 26 19

FILIP1L, Filamin A interacting protein 1-like.

Overall survival rates (%)
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Figure 7: Kaplan-Meier survival curve showing the association between overall survival and positive (solid line) or
negative (dotted line) FILIP1L expression.
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Table 2: Cox multivariate regression of the association between FILIP1L expression and survival
in colorectal cancer patients adjusted for clinicopathological parameters

Covariate HR (95% CI) P-value

FILIPIL expression

Positive 1.00

Negative 1.62 1.07-2.46 0.023
Age

<69.8 1.00

>69.8 1.82 1.19-2.79 0.006
Sex

Male 1.00

Female 0.70 0.47-1.05 0.083
Tumor size

<49 1.00

>49 1.49 1.07-2.46 0.047
Lymphovascular invasion

Negative 1.00

Positive 1.62 1.18-2.81 0.023
Stage

/11 1.00

v 1.87 1.19-2.93 0.006
Perineural invasion

Negative 1.00

Positive 1.93 1.27-2.93 0.002

FILIP1L, Filamin A interacting protein 1-like; HR, Hazard ratio; CI, Confidence.

Table 3: Associations between FILIP1L expression and apoptosis, proliferation, and angiogenesis

in human colorectal cancer

FILIP1L expression
Parameters (Mean + SD) Total (n = 354) P-value
Negative (n = 186) Positive (n = 168)
Al 8.6+59 82+5.0 83+6.8 0.725
KI 59.4+174 66.1+174 50.2+13.1 0.001
MVD 65.6+27.6 74.0 +£33.8 58.3+19.2 0.020

FILIP1L, Filamin A interacting protein 1-like; SD, Standard deviation; Al, Apoptotic index; KI, Ki-67 labeling index; MVD,

Microvessel density.

overexpression decreased angiogenesis and VEGF-A
and -D levels and increased angiostatin and endostatin
levels. These results indicate that FILIPIL inhibits
angiogenesis, at least in part, by inhibiting the activity
of angiogenic inducers and promoting the activity of
angiogenic inhibitors in human colorectal cancer.

Next, we examined whether FILIP1L affects the
activation of intracellular signaling pathways involved in
oncogenic processes, including apoptosis, proliferation,

and angiogenesis, in colorectal cancer cells. FILIP1L
knockdown increased level of phosphorylated Akt
and GSK-3B and decreased levels of phosphorylated
B-catenin. In contrast, FILIPIL overexpression
increased phosphorylated B-catenin level and decreased
phosphorylated Akt and GSK-3f levels. A previous study
showed that FILIP1L inhibited cancer cell invasion and
metastasis by blocking WNT/B-catenin signaling pathway
activity [16]. GSK-3f, which mediates Akt signaling and
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prevents B-catenin phosphorylation and degradation, is
aberrantly activated in many types of cancer [28, 29].
In addition, Akt/GSK-3p/B-catenin signaling pathway
activity promotes cell motility, cell survival, angiogenesis,
and carcinogenesis in colorectal cancer [30, 31]. These
results indicate that FILIP1L may suppress tumor growth
by inactivating the Akt/GSK-3f/B-catenin signaling
pathway in colorectal cancer.

We also evaluated FILIP1L expression in colorectal
cancer patient samples and examined associations
between FILIPIL expression and patient prognoses.
FILIP1L expression, which was lower in colorectal cancer
tissues than in normal colorectal mucosa, was associated
with reductions in tumor size, cell differentiation,
lymphovascular invasion, cancer stage, invasion depth,
and lymph node metastasis, and with longer overall
survival. In addition, negative FILIPIL expression
was independently associated with poor survival in
multivariate analysis. These results suggest that FILIP1L
may play a key role in colorectal carcinogenesis and serve
as a useful indicator of prognosis in colorectal cancer
patients.

Finally, we evaluated associations between
FILIP1L expression and human colorectal cancer cell
apoptosis, proliferation, and angiogenesis to confirm
our in vitro results. The mean KI and MVD values were
lower in FILIP1L-positive tumors than in FILIP1L-
negative tumors. However, Al did not differ depending
on FILIP1L expression. A previous study demonstrated
that targeted expression of truncated mutant FILIP1L
inhibited tumor growth by suppressing cell proliferation
and angiogenesis in an ovarian cancer xenograft model
[13]. These results confirm that FILIP1L inhibits tumor
cell progression and angiogenesis in vivo as well as
in vitro.

Taken together, our results indicate that FILIP1L
inhibits progression in colorectal cancer by inhibiting
tumor cell proliferation and angiogenesis.

MATERIALS AND METHODS

Cell culture

The SW480, DLD1, DKO1, HCT116, HT29, and
COLO205 human colorectal carcinoma cell lines were
cultured in DMEM (Gibco, Grand Island, NY, USA)
supplemented with 10% (v/v) fetal bovine serum (FBS;
Gibco) and 1% (v/v) penicillin/streptomycin. HUVECs
were purchased from Lonza (Walkersville, MD, USA)
and maintained in EBM™-2 medium supplemented with
EGM™-2 Single Quotes™ kit (Lonza). All cells were
maintained at 37°C in a humidified incubator (Sanyo,
Panasonic Healthcare Company, Wood Dale, IL, USA)
with 5% CO,. To obtain CM for tube formation and
Matrigel invasion assays, transfected cells were incubated
in serum free medium for 1 day.

Gene transfection

FILIP1L siRNA (CAGUCAUCAAUGGUCAGUU-
dTdT) and scrambled siRNA were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, USA) and Qiagen
(MD, USA), respectively. FILIPILAC103 (amino acid
1-790) cDNA was cloned into the pcDNA6-myc vector
(Invitrogen, Carlsbad, CA, USA) as described previously
[12]. After cleavage with restriction endonuclease and
identification, the FILIPIL constructs were verified
by DNA sequencing. COLO205 and HCTI116 cells
were seeded evenly, grown to 50-80% confluency,
then transiently transfected with FILIP1L siRNA and
constructs using Lipofectamine 2000 transfection reagent
(Invitrogen) according to the manufacturer’s instructions.

Western blot

Following gene transfection, cells were collected
and lysed in ice-cold RIPA extraction solution (Thermo,
Rockford, IL, USA). Cell proteins were separated by
8-15% SDS-PAGE and transferred to PVDF membranes
using a Mini Trans-Blot Cell and System (Bio-Rad,
Hercules, CA). The membranes were blocked with nonfat
milk and incubated overnight with primary antibodies
diluted in TBST at 4°C. The following primary antibodies
were used: FILIP1L, angiostatin, endostatin, and matrix
metalloproteinases (MMP)-2 and -9 (Abcam, Cambridge,
UK); phospho-Akt (Ser473), Akt, phospho-B-catenin
(Ser33/37/Thr41), B-catenin, phospho-glycogen synthase
kinase 3 beta (GSK-3p) (Ser9), GSK-3f3, cleaved
caspase-3, -7, -9, and hypoxia-inducible factor-1a (HIF-
la) (Cell Signaling, Danvers, MA, USA); and vascular
endothelial growth factor (VEGF)-A and -D, and GAPDH
(Santa Cruz Biotechnology). The membranes were
developed using an ECL reagent (Amersham, Arlington
Heights, IL, USA). Immunoblots were quantified using
Multi-Gauge software (ver 3.0, Fujifilm, Tokyo, Japan).

Wound healing and transwell invasion assays

Cell migration was evaluated with a wound healing
assay using Culture-Inserts (Ibidi, Regensburg, Germany).
Transfected COLO205 and HCT116 cells were plated into
Culture-Inserts and a wound gap was created by removing
inserts after 24 h of incubation. Wounded monolayers
were photographed at 0 and 72 h post-wounding under
an inverted microscope. Wound closure was normalized
to 1 cm at three random sites. Cell invasiveness was
determined using the transwell invasion assay. Transfected
COLO205 and HCT116 cells were plated into transwell
upper chambers coated with gelatin. 400 pL of 0.2%
BSA medium containing fibronectin (10 pg/mL) as a
chemoattractant was added to the lower chamber. After
24 h of incubation, invaded cells that had reached
the bottom surface were fixed with 70% ethanol and
stained with Hemacolor® Rapid staining solution (Merck
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Millipore, Darmstadt, Germany). Cells remaining in the
upper chambers were removed with a cotton swab. Cells
on the bottom surface were stained and counted under a
light microscope.

Flow cytometric analysis of apoptosis

A FACSCalibur flow cytometer (Becton Dickinson, San
Jose, CA, USA) was used to analyze numbers of apoptotic
cells with sub-G1 DNA and annexin-V staining. Sub-Gl
DNA content proportions were determined using propidium
iodide (PI) staining. Cells were fixed in 1 U/mL of RNase A
(DNase free) and 10 pg/mL of propidium iodide (Sigma, St.
Louis, MO. USA) overnight in the dark at room temperature.
For annexin-V staining, living cells were rinsed in phosphate-
buffered saline (PBS) and incubated with 7-AAD and annexin
V-APC (BD Biosciences, San Diego, CA, USA).

In vitro endothelial tube formation and matrigel
invasion assays

The in vitro endothelial tube formation assay
was performed using Geltrex™ reduced growth factor
basement membrane matrix (Invitrogen). Briefly, HUVECs
suspended in CM were plated on a culture plate coated
with Geltrex™ matrix and incubated at 37°C in a 5% CO,
atmosphere overnight. Each culture was photographed
at x 100 magnification using a camera connected to an
inverted microscope. The WIMtube image analysis platform
(WIMASIS GmbH, Munich, Germany) was used to quantify
total tube length. Matrigel invasion assays were performed
using transwell filter chambers (8-uM pores, Corning
Inc., NY, USA). HUVECs suspended in EGM®-2 MV
Single Quotes® media were inoculated into upper transwell
chambers coated with Matrigel (BD Bioscience). The lower
chamber was filled with prepared CM. Invaded HUVECs on
the bottom surfaces of the upper chambers were stained with
Hemacolor® Rapid staining solution (Merck Millipore), and
cells remaining in the upper chambers were removed with
a cotton swab. Stained cells were observed under a light
microscope and counted in 5 selected fields.

Patients and tissue samples

354 paraffin-embedded advanced CRC specimens
were selected from patients undergoing surgery for
colorectal cancer at the Chonnam National University
Hwasun Hospital (Jeonnam, Korea) between July 2004 and
June 2006. None of the patients had received preoperative
radiotherapy or chemotherapy. The Institutional Review
Board of the Chonnam National University Hwasun
Hospital (CNUHH-2016-117) approved sample use.
Tumor-node-metastasis (TNM) stages were assigned using
the American Joint Committee on Cancer (AJCC) criteria
[32]. Overall survival was calculated from the date of the
initial surgery until the follow-up on December 31, 2012.

Immunohistochemistry and evaluation of
FILIP1L expression

Sections were deparaffinized in xylene and
rehydrated with graded ethanol solution (100-70%).
Antigen retrieval was performed by boiling in citrate
buffer (pH 6.0, Dako, Carpentaria, CA, USA), and
endogenous peroxidase activity was blocked with
peroxidase-blocking solution (Dako). Non-specific
reactivity was blocked with DAKO® Protein Block
Serum-Free solution (Dako). Sections were incubated
with primary anti-FILIP1L (Abcam), -Ki-67 (Dakopatts,
Glostrup, Denmark), and -CD34 (Abcam) antibodies.
Bound antibody was visualized with the DakoReal™
Envision HRP/DAB detection system (Dako). Nuclear
counterstaining was performed with hematoxylin
(Sigma-Aldrich, St. Louis, MO. USA). Stained tissues
were viewed and photographed under a light microscope.
Immunohistochemical staining was assessed by two
independent pathologists without knowledge of patient
clinical outcome data. FILIP1L staining intensity was
scored as follows: 0, no staining; 1, weak; 2, moderate; 3,
strong. Percentage of cells stained was also scored
(1: 0%—25%; 2: 26%—50%; 3: 51%—75%; 4: > 75%).
The final score for ecach sample was calculated
by multiplying the staining intensity score by the
percentage score. Final scores for the 354 tumor samples
ranged from 0.0 to 12.0 with a mean of 7.5. The mean
final score value for each sample served as the cut-off
point for categorization of the 354 tumor samples into
positive and negative expression groups; samples with
a final score > 8 were designated positive for FILIP1L
expression.

Assessment of apoptosis and tumor cell
proliferation

Tumor cell apoptosis was detected using the
terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling (TUNEL) technology system (Promega,
Madison, MA, USA) according to the manufacturer’s
instructions. Briefly, the tissues were deparaffinized,
rehydrated through a graded alcohol series, and incubated
in permeabilization solution. Labeling was performed
by adding the terminal deoxynucleotide transferase
enzyme (TdT) reaction mix to tissue sections mounted on
slides. After washing, the slides were incubated with the
enzyme substrate 3,3-diaminobenzidine (DAB) for color
development, which was used to localize labeled cells.
The Al was calculated as the number of TUNEL-positive
cells per 1000 tumor cell nuclei. Tumor cell proliferation
was visualized by immunostaining with the Ki-67
antibody. Nuclei immunostained with Ki-67 antibody were
considered positive. KI was defined as the number of Ki-
67-positive nuclei per 1000 tumor cell nuclei.
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Assessment of microvessel density

MVD was measured by quantifying the average
number of CD34-positive vessels. Stained slides were
examined under low-power light microscopy, and
locations with the highest density of stained vessels were
identified as ‘hot spots’. Three ‘hot spots’ per case were
then counted under higher magnification (x200).

Statistical analysis

Statistical Package for the Social Sciences (SPSS)
version 20.0 software (IBM Corporation, Armonk,
NY, USA) was used to conduct statistical analyses.
A ? test was used to analyze the association between
FILIP1L expression and clinicopathological parameters.
Survival rates were calculated using the Kaplan-Meier
method, and the statistical significance of differences was
examined using the log-rank test. Multivariate analysis
was conducted using Cox proportional hazards regression
model. Student’s ¢ tests were used for comparisons
between two groups. Each experiment was repeated at
least three times. P < 0.05 was considered statistically
significant.

ACKNOWLEDGMENTS AND FUNDING

This study was supported by a grant from the
Korean Association for the Study of Intestinal Diseases
(KASID) for 2015, Republic of Korea. We thank professor
Sun-Seog Kweon from the Department of Preventive
Medicine, Chonnam National University Medical School
for assisting with statistical analyses.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

REFERENCES

1. Garborg K. Colorectal Cancer Screening. Surg Clin North
Am. 2015; 95:979-989.

2. Park SH, Song CW, Kim YB, Kim YS, Chun HR, Lee JH,
Seol WJ, Yoon HS, Lee MK, Bhang CS, Park JH, Park JY,
Do BH, et al. Clinicopathological characteristics of colon
cancer diagnosed at primary health care institutions. Intest
Res. 2014; 12:131-138.

3. Lee CK.
newly diagnosed colorectal

of
in community

Clinicopathological  characteristics
cancers

gastroenterology practice. Intest Res. 2014; 12: 87-89.

4. Turajlic S, Swanton C. Metastasis as an evolutionary
process. Science. 2016; 352:169—-175.

5. Brabek J, Mierke CT, Rosel D, Vesely P, Fabry B. The role
of the tissue microenvironment in the regulation of cancer
cell motility and invasion. Cell Commun Signal. 2010; 8:22.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kim ER, Kim YH. Clinical application of genetics in
management of colorectal cancer. Intest Res. 2014;
12:184-193.

Mazzanti CM, Tandle A, Lorang D, Costouros N,
Roberts D, Bevilacqua G, Libutti SK. Early genetic
mechanisms underlying the inhibitory effects of endostatin
and fumagillin on human endothelial cells. Genome Res.
2004; 14:1585-1593.

Tandle AT, Mazzanti C, Alexander HR, Roberts DD,
Libutti SK. Endothelial monocyte activating polypeptide-
II induced gene expression changes in endothelial cells.
Cytokine. 2005; 30:347-358.

Kwon M. Epithelial-to-mesenchymal transition and cancer
stem cells: emerging targets for novel cancer therapy.
Cancer Gene Ther. 2014; 21:179-180.

Hu Y, Mivechi NF. Promotion of heat shock factor Hsfl
degradation via adaptor protein filamin A-interacting protein
1-like (FILIP-1L). J Biol Chem. 2011; 286:31397-31408.

Lu H, Hallstrom TC. Sensitivity to TOP2 targeting
chemotherapeutics is regulated by Octl and FILIP1L. PLoS
One. 2012; 7:¢42921.

Kwon M, Hanna E, Lorang D, He M, Quick JS, Adem A,
Stevenson C, Chung JY, Hewitt SM, Zudaire E, Esposito D,
Cuttitta F, Libutti SK. Functional characterization of filamin
a interacting protein 1-like, a novel candidate for antivascular
cancer therapy. Cancer Res. 2008; 68:7332-7341.

Xie C, Gou ML, Yi T, Deng H, Li ZY, Liu P, Qi XR,
He X, Wei Y, Zhao X. Efficient inhibition of ovarian
cancer by truncation mutant of FILIP1L gene delivered by
novel biodegradable cationic heparin-polyethyleneimine
nanogels. Hum Gene Ther. 2011; 22:1413-1422.

Burton ER, Gaffar A, Lee SJ, Adeshuko F, Whitney KD,
Chung JY, Hewitt SM, Huang GS, Goldberg GL, Libutti SK,
Kwon M. Downregulation of Filamin A interacting protein
1-like is associated with promoter methylation and induces
an invasive phenotype in ovarian cancer. Mol Cancer Res.
2011;9:1126-1138.

Kwon M, Lee SJ, Reddy S, Rybak Y, Adem A, Libutti SK.
Down-regulation of Filamin A interacting protein 1-like
Is associated with promoter methylation and an invasive
phenotype in breast, colon, lung and pancreatic cancers
[corrected]. PLoS One. 2013; 8:€82620.

Kwon M, Lee SJ, Wang Y, Rybak Y, Luna A, Reddy S,
Adem A, Beaty BT, Condeelis JS, Libutti SK. Filamin A
interacting protein 1-like inhibits WNT signaling and MMP
expression to suppress cancer cell invasion and metastasis.
Int J Cancer. 2014; 135:48-60.

Desotelle J, Truong M, Ewald J, Weeratunga P, Yang B,
Huang W, Jarrard D. CpG island hypermethylation
frequently silences FILIPIL isoform 2 expression in
prostate cancer. J Urol. 2013; 189:329-335.

Kwon M, Libutti SK. Filamin A interacting protein 1-like
as a therapeutic target in cancer. Expert Opin Ther Targets.
2014; 18:1435-1447.

www.impactjournals.com/oncotarget

72240

Oncotarget



19.

20.

21.

22.

23.

24.

25.

26.

27.

Haeger A, Wolf K, Zegers MM, Friedl P. Collective cell
migration: guidance principles and hierarchies. Trends Cell
Biol. 2015; 25:556-566.

Clark AG, Vignjevic DM. Modes of cancer cell invasion
and the role of the microenvironment. Curr Opin Cell Biol.
2015; 36:13-22.

Galliera E, Tacchini L, Corsi Romanelli MM. Matrix
metalloproteinases as biomarkers of disease: updates and
new insights. Clin Chem Lab Med. 2015; 53:349-355.

Cathcart J, Pulkoski-Gross A, Cao J. Targeting Matrix
Metalloproteinases in Cancer: Bringing New Life to Old
Ideas. Genes Dis. 2015; 2:26-34.

Kiechle FL, Zhang X. Apoptosis: biochemical aspects and
clinical implications. Clin Chim Acta. 2002; 326:27-45.
Llambi F, Green DR. Apoptosis and oncogenesis: give and
take in the BCL-2 family. Curr Opin Genet Dev. 2011;
21:12-20.

Mittal K, Ebos J, Rini B. Angiogenesis and the tumor
microenvironment: vascular endothelial growth factor and
beyond. Semin Oncol. 2014; 41:235-251.

Gomes FG, Nedel F, Alves AM, Nor JE, Tarquinio SB.
Tumor angiogenesis and lymphangiogenesis: tumor/
endothelial crosstalk and cellular/microenvironmental
signaling mechanisms. Life Sci. 2013; 92:101-107.

Gao J, Knutsen A, Arbman G, Carstensen J, Franlund B,
Sun XF. Clinical and biological significance of angiogenesis

and lymphangiogenesis in colorectal cancer. Dig Liver Dis.
2009; 41:116-122.

28.

29.

30.

31.

32.

Ding Q, Xia W, Liu JC, Yang JY, Lee DF, Xia J,
Bartholomeusz G, Li Y, Pan Y, Li Z, Bargou RC, Qin J,
Lai CC, et al. Erk associates with and primes GSK-3beta
for its inactivation resulting in upregulation of beta-catenin.
Mol Cell. 2005; 19:159-170.

Zhang B, Yang Y, Shi X, Liao W, Chen M, Cheng AS,
Yan H, Fang C, Zhang S, Xu G, Shen S, Huang S, Chen G,
et al. Proton pump inhibitor pantoprazole abrogates
adriamycin-resistant gastric cancer cell invasiveness via
suppression of Akt/GSK-beta/beta-catenin signaling and
epithelial-mesenchymal transition. Cancer Lett. 2015;
356:704-712.

Pandurangan AK. Potential targets for prevention of
colorectal cancer: a focus on PI3K/Akt/mTOR and Wnt
pathways. Asian Pac J Cancer Prev. 2013; 14:2201-2205.
Pal I, Mandal M. PI3K and Akt as molecular targets for
cancer therapy: current clinical outcomes. Acta Pharmacol
Sin. 2012; 33:1441-1458.

Greene FL. American Joint Committee on Cancer, and

American Cancer Society, AJCC cancer staging manual.
6th ed2002, New York: Springer-Verlag. xiv, 421p.

www.impactjournals.com/oncotarget

72241

Oncotarget



