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ABSTRACT

Recent studies revealed that the histone demethylase KDM2B regulates the epithelial markers
E-Cadherin and ZO-1, the RhoA/B/C-small-GTPases and actin cytoskeleton organization, in DU-145
prostate- and HCT-116 colon-tumor cells. Here we addressed the role of KDM2B in the activation of
Focal Adhesion Kinase (FAK)-signaling and its involvement in regulating tumor cell motility. We used RT-
PCR for gene transcriptional analysis, Western blotting for the assessment of protein expression and
activity and wound-healing assay for the study of cell migration. KDM2B overexpression or silencing
controls the activity of FAK in DU-145 prostate- and HCT-116 colon-tumor cells without affecting gene
transcription and protein expression of this kinase. Upon KDM2B overexpression in DU-145 cells,
significantly enhanced migration was observed, which was abolished in cells pretreated by the specific
phosphoinositide-3 kinase (PI3 K) inhibitor LY294002, implying involvement of FAK/PI3 K signaling in the
migration process. In line with this, the p85-PI3 K-subunit was downregulated upon knockdown of
KDM2B in DU-145 cells, while the opposite effect became evident in KDM2B-overexpressing cells. These
results revealed a novel functional role of KDM2B in regulating the activation of the FAK/PI3 K signaling
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in prostate cancer cells that participates in the control of cell motility.

Introduction

The epigenetic factor KDM2B is a novel oncogene that func-
tions as a lysine-specific demethylase."* The oncogenic func-
tion of KDM2B is based on its co-operation with Polycomb
Repressor Complex-2 (PRC-2) that promotes the immortali-
zation of primary mouse embryonic fibroblasts (MEFs).>’
The basic fibroblast growth factor (bFGF) regulates KDM2B
expression in various human tumors,® governing several
tumor features including migration, invasiveness, angiogen-
esis and actin cytoskeleton organization.” Specifically,
KDM2B was previously shown to control cell migration in
HUVECs,® ovarian cancer cells,® cervical cancer cells,” and
DU-145 prostate cancer cells,'® while it regulated angiogenesis
in HUVECs.® In DU-145 prostate cancer cells, the regulation
of cell migration by KDM2B involved actin cytoskeleton
reorganization, Rho GTPase signaling and the cell-cell adhe-
sion molecules E-cadherin and ZO-1." Similarly, in HCT-116
colon tumor cells, KDM2B activated actin-based signaling,
including Rho-GTPases and Racl, as well as the EMT markers
E-cadherin, ZO-1, and N-cadherin.'" Since the growth and
motility of various tumor cells are regulated by signaling
cascades, including the FAK/PI3 K/Racl pathway,”"” we
addressed in the present study the possible involvement of
this signaling pathway in the KDM2B actions in tumor cells
and its impact on cell migration. We provide strong evidence

that KDM2B activates FAK and PI3 K that control the migra-
tion potential of prostate cancer cells.

Materials and methods

RPMI 1640 medium, RPMI w/o phenol red Opti-Mem I medium,
penicillin/streptomycin for cell culture, Trypsin, puromycin,
SuperScript II Reverse Transcriptase, Trizol reagent for RNA
extraction and dNTPs were purchased from Invitrogen/Life
Technologies (Carlsbad, CA, USA). Fetal Bovine Serum (FBS)
was purchased from Bioline (Bioline Reagents Limited, London,
UK). Primers for RT-PCR were purchased from Eurofins MWG
Operon (Ebersberg, Germany). p85PI3 K, pFAK and AKT anti-
bodies were purchased from Cell Signaling Technology (Danvers,
MA, USA). PI3 K antibody was purchased from Santa Cruz
Biotechnology Inc (Santa Cruz, CA, USA). FAK antibody was
purchased from BD Transduction Laboratories, Biosciences
(USA). KAPA SYBR Green/ROX qPCR Master Mix was pur-
chased from Fermentas (Maryland, USA). Anti-KDM2B antibody,
Goat anti-rabbit IgG Peroxidase Conjugated, Goat anti-mouse
IgG Peroxidase Conjugated, and ECL Immobilon western-
Chemiluminescent HRP Substrate were purchased from
Millipore Corporation (Billerica, MA, USA). Albumin Fraction
V (BSA) and Dimethyl Sulfoxide DMSO (for cell culture) were
purchased from PanReac Applichem, ITW Reagents (Gatersleben,
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Germany). LY294002 hydrochloride was purchased from Sigma-
Aldrich and FAK inhibitor II (Cat#324878) was purchased from
CalbioChemM. All other chemicals were obtained from usual
commercial sources at the purest grade available.

Cell cultures, lentiviral and retroviral packaging, and
transduction

The cell lines DU-145 and HCT-116 were cultured as pre-
viously described.'’ Lentiviral and retroviral packaging and
transduction in both cell lines were performed as described
previously.'” The wounded area was photographed in specific
time points (to and t,4) using a LEICA inverted microscope
(LEICA DMIRE2) with a 10x objective lens and was photo-
graphed with a LEICA DC 300 F digital camera. Wound
width was measured using Image J Analysis Software and
expressed as a percentage of the initial wound width.

Protein extraction and western blotting

Protein extraction and Western blotting of lentiviral or retro-
viral transduced cells were performed as previously
described.’® Abs used were anti-tubulin (1:20, clone 1A2;
Sigma-Aldrich), anti-FAK (1:1000, F15020, BD Transduction
Laboratories, Biosciences), anti-PI3 Kp85 (1:1000, #4228, Cell
Signaling Technology), anti-pAKT (1:1000, #9271, Cell
Signaling Technology), anti-PI3 K (1:100, sc-377064, Santa
Cruz Biotechnology), anti-pFAK (1:1000, #8556, Cell
Signaling Technology), anti-JHDM1B (KDM2B) (1:1000.
09-864, Millipore). Anti-mouse and anti-rabbit horseradish
peroxidase-conjugated secondary antibodies were obtained
from Millipore Corporation (1:10000, Billerica, MA, USA).

RNA isolation, cDNA synthesis, and real-time PCR

cDNA synthesis and real-time PCR were performed as
described previously.'” The following primers were used (5'-
3’ orientation):

Actin, forward CGGCATCGTCACCAACTG;

Actin, reverse GGCACACGCAGCTCATTG;

FAK, forward TGGGCGGAAAGAAATCCTGC;

FAK, reverse GGCTTGACACCCTCGTTGTA;

PI3 K, forward CCCGATGCGGTTAGAGCCG;

PI3 K, reverse TGCCGATAGCAAAACCAATTTG;

KDM2B, forward TCTACGAGATCGAGGACAGGA;

KDM2B reverse ACCAGCACATCTCATAGTAGAAGG.

Nondirectional migration: wound-healing assay

Nondirectional migration assay was performed as described
previously.'” The cells were cultured in the presence or
absence of PI3 K inhibitor, LY294002.

MTT proliferation assay

DU-145 cells were grown in microplates (96 wells, flat bottom),
5000 cells per well, in a final volume of 100 pl culture medium per
well, according to the media needs of the cells (RPMI 1640, RPMI
w/o phenol red Opti-Mem I medium supplemented with 1%

penicillin/streptomycin and 10% heat-inactivated fetal bovine
serum), in a humidified atmosphere containing 5% CO, at 37°C.
The incubation period of the cell cultures was from 24 to 72
h. After the preferred incubation period, 10 pl of the MTT reagent
(final concentration 0.5 mg/ml) was added to each well, in a final
volume of 100 u culture RPMI w/o phenol red Opti-Mem
I medium per well. The microplate was incubated for 4 h in
a humidified atmosphere. Before measurement, the MTT-
medium solution was aspirated and 100 pl of DMSO was added
in each well. The absorbance of the samples was estimated using
a microplate (ELISA) reader. The wavelength to measure the
absorbance of the formazan product was 550 nm and the reference
wavelength was 655 nm. Each cell clone was done in fifth-plicate
and at least 3 times.

Replicates and statistical analysis

All experiments were performed in three independent replica-
tions. The data are presented as means * standard deviation
(SD). All data were tested for significance using unpaired
Student t-test. Only results with P values of 0.05 or less were
considered statistically significant [n.s non statistical signifi-
cance, *(p < 0.05), **(p < 0.01), **(p < 0.001)].

Results

We first analyzed the role of KDM2B in regulating expression and
activity of FAK in DU-145 prostate- and HCT-116 colon-tumor
cells. FAK gene transcription remained unaffected upon knock-
down or overexpression of KDM2B in DU-145 cells (Figure 1(a)).
In line with this result and in accordance with our previous
observation'® the corresponding FAK-protein expression levels
were also not affected (Figure 1(b,d)). Interestingly however,
expression of phospho-FAK (pFAK), i.e. the active form of this
kinase, was significantly reduced upon knockdown of KDM2B,
while it was strongly enhanced in DU-145 cells overexpressing
KDM2B (Figure 1(c,e)). These findings imply that KDM2B con-
trols the activity of FAK without affecting expression levels of total
protein. We obtained very similar results in HCT-116 colon tumor
cells (Figure 2). Indeed, FAK-protein expression remained unaf-
fected in HCT-116 cells (Figure 2(a,c)). On the other hand, pFAK
expression was drastically reduced upon knockdown of KDM2B,
while overexpression of the demethylase enhanced pFAK expres-
sion levels (Figure 2(b,d)). Thus, we concluded that KDM2B
controls the activity of the signaling kinase FAK in various tumors.

Various reports established previously that FAK signaling
may activate PI3 K and the downstream effectors Rac1/Cdc42
(that targets actin dynamics) and the pro-survival kinases
AKT/SGKI1, representing a crucial signaling pathway regulat-
ing actin cytoskeleton architecture,'®'® cell growth'® and
migration.”**' Accordingly, we further addressed the possible
involvement of this kinase-signaling cascade in the reported
KDM2B effects on the migration potential of tumor cells.**°
We focused on DU-145 prostate cancer cells, since KDM2B
does not influence the migration potential in HCT-116 cells
due to its low expression levels as reported previously.' Initial
experiments using the FAK inhibitor II failed to provide clear
results (data not shown), most probably due to the well-
established toxicity of those molecules.”* Thus, we used the
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Figure 1. (a) RT-PCR analysis of FAK RNA extracted from DU-145 cell clone lysates. Values are normalized to B-actin and are expressed relative to those of controls
(scramble shRNA and Control), which are arbitrarily settled to 1. Each value is the mean + SD from n = 3 independent experiments, while y-axis represents the ratio
between FAK and actin genes. n.s indicates nonstatistical significance.
Detection of protein expression via western blotting. Western Blot analysis of (b) FAK and (c) pFAK protein expression in DU-145 cell clone lysates. Statistical data of
(d) FAK and (e) pFAK protein expression levels in DU-145 cell clone lysates. Each value is the mean + SD from n = 4 experiments. Data are normalized using tubulin
as immunoblot loading control. n.s. indicates nonstatistical significance, **(p < 0.01), ***(p < 0.001) indicates statistical significance.
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Figure 2. Detection of protein expression via western blotting. Western Blot analysis of (a) FAK and (b) pFAK protein expression in HCT-116 cell clone
lysates. Statistical data of (c) FAK and (d) pFAK protein expression levels in HCT-116 cell clone lysates. Each value is the mean + SD from n = 4
experiments. Data are normalized using tubulin as an immunoblot loading control. n.s. indicates nonstatistical significance, **(p < 0.01), ***(p < 0.001)

indicates statistical significance.
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specific inhibitor LY294002 targeting PI3 K. As shown in
Figure 3(a,c), the enhancement of cell migration observed in
KDM2B overexpressing cells was virtually abrogated when
cells were pretreated with the PI3 K inhibitor LY294002,
while in KDM2B-knockdown cells a significant reduction in
cell migration was observed; similarly, to what observed in the
presence of the PI3 K inhibitor LY294002, suggesting that
KDM2B silencing recapitulates the effect of PI3 K inhibition
(Figure 3(b,d)). Interestingly, the addition of LY294002 to
KDM2B-knockdown cells determined a further decrease of
cell migration, suggesting that LY294002 inhibited the resi-
dual PI3 K activity in cells upon KDM2B knockdown.

These results suggest that the FAK/PI3 K signaling is impli-
cated in cell motility of DU-145 prostate cancer cells. To further
confirm this hypothesis, we addressed the role of KDM2B on
PI3 K activity profiles in those cells. In line with the observations
for FAK, knockdown, or overexpression of KDM2B did not
significantly affect gene transcription (Figure 4(a)) and protein
expression of PI3 K (Figure 4(b,d)). However, activity of this
FAK-downstream acting kinase was significantly reduced upon
knockdown of KDM2B, as indicated by the significant decrease
of the expression level of p85 subunit of PI3 K. On the other
hand, overexpression of KDM2B enhanced the p85 subunit,
clearly implying activation of PI3 K (Figure 4(c,e)). As already
indicated for FAK activation, these findings are in line with
previous observations in DU-145 cells."
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We finally addressed the role of KDM2B in regulating
additional downstream effectors of FAK/PI3 K signaling,
focusing on the pro-survival kinase AKT. Interestingly, phos-
phorylated Akt expression profiles in KDM2B-overexpressing
or KDM2B-knockdown DU-145 cells showed only moderate,
statistically non-significant changes (Figure 5(a,b)). In addi-
tion, MTT assay, a colorimetric assay designed to assess cell
metabolic activity, revealed only a tendency to moderate
changes in short-term proliferation profiles (up to 72 h) not
reaching statistical significance in KDM2B-overexpressing or
KDM2B-knockdown DU-145 cells (Figure 5(c)).

Discussion

The present study reveals for the first time a significant role of
the epigenetic factor KDM2B in regulating FAK/PI3 K signaling.
We provide clear evidence that KDM2B activates via phosphor-
ylation both FAK and PI3 K kinases, without affecting protein
expression or transcription of the corresponding genes. This is
an interesting finding suggesting that this histone demethylase
may trigger transcriptional activation of factors that promote the
activity of signaling effectors, as this was reported for chromatin-
remodeling SWI/SNF complexes,” or natural histone acetyl-
transferase inhibitors.** Moreover, activation of this signaling
pathway contributes to the KDM2B stimulation of cell migra-
tion, since inhibition of FAK/PI3 K signaling blocks the KDM2B

100
i I Scramble shRNA without inhibitor
B shKDM28 without inhibitor
=t I Scramble shRNA « PI3K inhibitor
"] shKDM28 + PI3K inhibitor
on 75
= 5
£
;
- 50
§ o
= T -
s ]
a® 25 s
0 l ._
to t4 t7 120 124

Hours

d

Scramble shRNA Cells
Without Inhibitor

shKDM2B Cells
Without Inhibitor

taa tog

Control Cells Overexpression KDM2B Cells
+PI3K Inhibitor +PI3K Inhibitor

Scramble shRNA Cells shKDM2B Cells
+PI3K Inhibitor +PI3K Inhibitor

[1] [t]

Figure 3. In vitro scratch assay. At time = 0 h confluent untreated and pretreated with PI3 K inhibitor LY294002 DU-145 cell clones were scratched (100% area
remaining). Wound area, at the indicated time points, was expressed as a percentage of the initial wound area. The cell migration capability in DU-145 untreated cell
clones is obviously higher than pre-treated with the PI3 K inhibitor LY294002 cell clones. (c) (d) Microscopic monitoring of wound closure at the indicated times (to,
to4 hours). Arithmetic means + SD, from n = 3 independent experiments, of the percentage migrated DU-145 cells in the absence and presence of LY294002; *

(p < 0.05), **(p < 0.01), ***(p < 0.001) indicates statistical significance.
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Figure 4. (a) RT-PCR analysis of PI3 K RNA extracted from DU-145 cell clone lysates. Values are normalized to B-actin and are expressed relative to those of control
(Scramble shRNA and Control), which are arbitrarily settled to 1. Each value is the mean + SD from n = 3 independent experiments, while y-axis represents the ratio

between PI3 K and actin genes. n.s indicates nonstatistical significance.

Detection of protein expression via western blotting. Western Blot analysis of (b) PI-3 K and (c) p85PI3 K protein expression in DU-145 cell clone lysates. Statistical
data of (d) PI3 K and (e) p85PI3 K protein expression levels in DU-145 cell clone lysates. Each value is the mean + SD from n = 4 experiments. Data are normalized
using tubulin as immunoblot loading control. n.s. indicates nonstatistical significance, *(p < 0.05), **(p < 0.01) indicates statistical significance.

effects. These findings support previous reports suggesting that
epigenetic mechanisms regulate cellular signaling pathways in
cancer cells'®'"* that may involve actin cytoskeleton restruc-
turing genes'® or EMT"' and, thus, are crucial mediators con-
ferring cancer «cells with migratory and invasive
characteristics.'”?*! Further experiments are now required to
establish whether the KDM2B-initiated activation step targets
initially FAK phosphorylation, followed by activation of the
downstream acting PI3 K,'®*"** or whether the opposite activa-
tion cascade may as well be implicated.”

Regulation of cell migration in tumors is highly intricate and
involves the cross talk of various signaling pathways and
effectors.’**® FAK signaling represents one major pathway.
Indeed, activated FAK interacts with Src kinases and this complex
triggers through phosphorylation multiple downstream signaling
cascades that govern different cellular responses including
migration.”® The FAK/PI3 K signaling and the downstream acting

effectors Rac1/Cdc42, or the Src-Rho-ROCK signaling, are crucial
actors in governing actin redistribution and cell motility in various
tumors.'**"*""** Our findings showing the interaction of KDM2B
with this pathway manifested by the activation of FAK and down-
stream acting effectors such as PI3 K [this study] that contributes
to cell motility control, or Racl,"" suggest that FAK-signaling is
involved in the observed regulation of cell migration by KDM2B
in tumors. On the other hand, our previous studies established that
additional signaling pathways, such as the Rho/ROCK signaling
and actin redistribution that are known to control cell movement-
33374346 participate in  KDM2B-induced regulation of cell
motility.'” Taken together, our results indicate that KDM2B may
trigger various pathways, and use in parallel differential signaling
effectors, to control cell migration in tumors. Additional studies
are now needed to investigate the coordination of those parallel
mechanisms. Moreover, further analysis should elucidate whether
KDM2B elicits additional signaling machineries that may as well
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Figure 5. Western Blot analysis of pAKT protein expression in DU-145 cell clone lysates. Statistical data of (b) pAKT protein expression levels in DU-145 cell clone
lysates. Each value is the mean + SD from n = 3 experiments. Data are normalized using tubulin as an immunoblot loading control. n.s. indicates nonstatistical
significance. (c) Proliferation rate of DU-145 cells upon knockdown and overexpression of KDM2B. The graphs represent the MTT absorbance in specific time points in
scramble shRNA, shkDM2B (left panel) and control overexpression, overexpression of KDM2B (right panel) DU-145 cells; n.s indicates nonstatistical significance.

control motility, such as the Ca**-related Orail/STIMI1 signaling
cascade.****

Our present results showed that the KDM2B-governed activa-
tion of the FAK/PI3 K signaling did not significantly alter the
phosphorylation profile of AKT in DU-145 cells. Moreover, in
these cells, KDM2B knockdown or overexpression failed to sig-
nificantly affect cell proliferation. Even though this observation is
consistent with the observed Akt-unaffected activation profile, it is
rather an unexpected finding that needs further analysis. Since
previous studies reported KDM2B-governed regulation of cell
growth in various cell models (including Lung carcinomas,
T-cell lymphomas, gastric tumor cells, as well as in mouse embryo-
nic fibroblasts),**> our present observations indicate that
KDM2B either acts differentially in prostate cancer cells, control-
ling migration rather than cell proliferation, or influences cell
growth only in a long-term manner. The molecular basis of these
observations deserves further intensive examination, including
analysis in various tumors that is now in progress in our
laboratory.

To conclude, our findings uncover novel molecular targets,
namely FAK and PI3 K, which are activated by the epigenetic
factor KDM2B in prostate (and colon) cancer cells. They

further establish a crucial participation of the FAK/PI3 K
signaling pathway in regulating cell migration in prostate
cancer cells. Moreover, since KDM2B targets both Rho-
GTPases signaling and actin cytoskeleton organization'® that
similarly contribute to the control of cell motility, we assume
that this histone demethylase may govern tumor cell migra-
tion through concomitant coordination of distinct signaling
flows.
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