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ABSTRACT
Previously, it has been reported that HN1 is involved in cytoplasmic retention and degradation of androgen receptor in an AKT dependent
manner. As HN1 is a hormone inducible gene, and has been shown that it is upregulated in various cancers, we studied the importance of HN1
function inb-catenin signaling in prostate cancer cell line, PC-3 andmammary cancer cell lineMDA-MB231. Here, we demonstrated that HN1
physically associates with GSK3b/b-catenin destruction complex and abundantly localizes to cytoplasm, especially when the GSK3b is
phosphorylated on S9 residue. Further, ectopic HN1 expression results an increase in the b-catenin degradation leading to loss of E-cadherin
interaction, concurrently contributing to actin re-organization, colony formation and migration in cancer cell lines. Thus, we report that HN1
is an essential factor for b-catenin turnover and signaling, augments cell growth and migration in prostate cancer cells. J. Cell. Biochem. 116:
170–178, 2015. © 2014 Wiley Periodicals, Inc.
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b-Catenin is a multifunctional protein that is involved in
many cellular processes in oncogenic signaling. Its

accumulation is associated with cellular growth with its well-
characterized transcriptional function [Novak and Dedhar, 1999;
Moon et al., 2002]. In cellular growth processes, two important
transcriptional targets of b-catenin are described as c-myc and cyclin
D1 previously [He et al., 1998; Shtutman et al., 1999]. Furthermore,
b-Catenin exhibits important roles in the cytoplasm interacting with
Cadherin and actin cytoskeleton in plasma membrane [Ben-Ze0ev
et al., 2000; Nelson and Nusse, 2004] through actin fibers and/or
microtubules during cell division [Ozawa et al., 1989; Dietrich et al.,
2002; Kaplan et al., 2004; Bahmanyar et al., 2008]. As, the b-Catenin
protein level is tightly controlled by ubiquitination-dependent
proteasomal degradation [Barth et al., 1999; Berx and Van, 2001],
in the absence of inhibitory signaling, such as Wnt or PI3K/AKT, free
b-catenin is phosphorylated by glycogen synthase kinase 3b (GSK3b)
destruction complex, which is mainly composed of GSK3b, APC, and
Axin, and rapidly targeted for proteosome machinery [Woodgett,
2001, 2003]. Consistently, it was also reported that GSK3b inhibition
via phosphorylation at the Serine 9 site increases b-catenin
accumulation [Delcommenne et al., 1998; Sharma et al., 2002].

Further, it is believed that uncontrolled cell cycle progression is
directly influenced by alterations in b-catenin, as the expression of a
stabilized mutant b-catenin in a non-transformed cell line confers
only a minor anchorage-independent growth advantage in soft agar
assays [Barth et al., 1999]. These findings suggest that there are
additional negative effects of b-catenin during cellular trans-
formation apart from augmenting the development of aggressive
cancer phenotype. Therefore, identification of novel regulators of b-
catenin parallel to its transcriptional function is essential for
improving our understanding of b-catenin-mediated signaling and
downstream events in cancer progression. Since, cytoplasmic
membrane-localized b-catenin interacts with E-cadherin and estab-
lishes a functional bridge between adherent junctions and the actin
cytoskeleton, the molecules that are involved in the regulation of b-
catenin level and signaling might be novel therapeutic targets to
control the cancer cell migration and invasion.

The HN1 gene encodes a small, 154-aa protein in humans, and no
functional domains or motifs were identified in its primary structure.
Further, the HN1-encoded protein has no identified homolog other
than HN1L; it only shares 30% identity. Hence, HN1 is ubiquitously
expressed in vertebrates and is evolutionarily conserved [Zhou et al.,
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2004; Varisli et al., 2011], siRNA-mediated depletion of HN1 in both
melanoma and prostate cells results in delayed G1/S-phase
transition and increases the p21, cyclin D1, and cyclin B1 levels,
suggesting that HN1 significantly contributes to the cell cycle
regulation [Laughlin et al., 2009; Varisli et al., 2011]. Moreover, gene
expression analysis and in vivo studies demonstrated that HN1
mRNA also increases during wound healing and retina regeneration
[Zujovic et al., 2005; Goto et al., 2006], and the cells ectopically
overexpressing HN1 heal wounds faster than controls [Varisli
et al., 2012]. In our previous studies, we showed that HN1 involves in
the regulation of GSK3b phosphorylations via downregulating the
PI3K/AKT signaling. Therefore, the cellular level of HN1 influences
b-catenin stability and the transactivation of b-catenin targets in
prostate cells [Varisli et al., 2011], thus, we suggest that HN1 is an
important regulator of GSK3b-dependent interactions of b-catenin
and E-cadherin and, furthermore, downregulates the Epidermal
Growth Factor Receptor (EGFR)-mediated signaling in prostate
cancer cell line PC-3 that remains to be studied in detail.

In this study, we demonstrate that HN1 is a novel interaction
partner of the inactive GSK3b/b-catenin/APC complex, but not of the
active complex. HN1 contributes to ubiquitin-dependent proteasomal
degradation of b-catenin, subsequently the turnover via facilitating
the GSK3b phosphorylation. Accordingly, overexpression of HN1
decreases the E-cadherin interaction of b-catenin; contrary its
depletion remarkably stabilizes the b-catenin level and its
interaction with E-cadherin. Furthermore, we also found that
increased HN1 expression augments colony formation in both
control and EGFRi-treated cells. Overall, our data suggest that HN1
functions as a downstream regulator of EGFR-dependent colony
formation. In addition to its regulatory role in cell cycle
progression, HN1 also contributes to cell migration through
controlling the stability of b-catenin interaction with E-cadherin
in adherent junctions. Increased HN1 expression might result with
the loss of these interactions that leads to the increased migration,
eventually cancer progression.

MATERIALS AND METHODS

CELL CULTURE AND PROPAGATION
PC-3 and MDA-MB231 cells were obtained from American Type
Culture Collection (ATCC Manassas), and propagated as recommen-
ded in DMEM/F12medium supplementedwith 5% fetal bovine serum
(FBS), L-glutamine (2mM), penicillin (100U/ml), and streptomycin
(100mg/ml) in humidified atmosphere with 5% CO2 at 37°C.

CONSTRUCT, siRNA, AND ANTIBODIES
The full-length open reading frame of human HN1 cDNA was used
for the construction of pcDNA4-HN1 wild type (154 aa), as described
previously [Varisli et al., 2011, 2012]. Antibodies for HN1were either
produced as described previously [Varisli et al., 2011] or purchased
from Sigma (Europe) and GeneTex (Irvine, CA). b-Catenin,
pGSK3b(S9), pGSK3b(Y216), E-cadherin, TCF-4, APC, ubiquitin, and
non-specific IgG antibodies were purchased from Santa Cruz, Inc.
(Bergheim, Germany). Alexafluor 488 and 594 conjugated secondary
antibodies were also purchased from Invitrogen (Carlsbad, CA).

Control or HN1 specific siRNAs [Varisli et al., 2011] were purchased
from Santa Cruz, Inc.

TRANSFECTIONS
All plasmid (pcDNA4-GFP-HN1, pcDNA4-HMor pcDNA4-HM-HN1)
and siRNA (scrambled or HN1) transfections were performed using
Fugene HD transfection reagent (Promega, UK), as we described
previously [Varisli et al., 2011, 2012]. During the silencing
experiments, siRNA transfections significantly reduced HN1 ex-
pression (70–80% depletion) for 72 h, which agrees with previous
results [Varisli et al., 2011, 2012].

IMMUNOBLOTTING AND IMMUNOPRECIPITATION (IP)
Lysates were prepared, and 0.5mg of protein lysate was used for each
immunoprecipitation experiment. Following 1 h pre-clearance of
lysates using 40ml IP matrix (Santa Cruz, Inc.), lysates were divided
into two tubes and incubated for 4 h using either a ubiquitin specific
antibody or non-specific IgG. Then, 40ml of IP matrix was added to
the lysate-antibody complex and incubated overnight to collect
complexes. Next the samples werewashed two times using RIPA, and
the precipitates were denatured in 25ml Laemmli buffer at 95°C for
5min. Then, the immunoblotting procedure was performed as
described previously [Varisli et al., 2011, 2012]. Cytosolic and non-
cytosolic (nuclearþmembrane) protein lysates were prepared using
as previously described [Varisli et al., 2012].

F-ACTIN AND IMMUNOFLUORESCENCE (IF) LABELING
Alexafluor 488-conjugated phalloidin (Invitrogen) was used to label
F-actin using immunofluorescence microscopy. IF labeling was
performed as described previously [Varisli et al., 2011, 2012]. Finally,
the cells were mounted onto slides with 30% glycerol in PBS
supplementedwith 0.5mg/mlDAPI andanalyzed immediatelyusing a
DMILfluorescentmicroscope (Leica, Germany). Imageswere captured
using 5.5 MPix digital camera, and processed with image software.

ANALYSIS OF b-CATENIN PROTEIN STABILITY
The cells were transfected with empty vector (pcDNA4-HM) or HN1-
expressing plasmid (pcDNA4-HM-HN1) for 24 h. After transfections,
cells were treated with MG132 (10mM, Sigma) or vehicle (DMSO) for
an additional 24 h. Then, cell lysates were prepared and subjected to
immunoblot analyses using anti-HN1, -b-catenin, and -b-actin
antibodies. Cytosolic proteins were separated from membrane and
nuclear compartments using low salt (50mM HEPES pH: 7.4, 10mM
KCl, 1mM EDTA, 1mM EGTA) and high salt (50mM HEPES pH: 7.4,
400mM KCl, 1mM EDTA, 1mM EGTA, and % 0.5 Triton X-100)
extraction method respectively. To study the protein turnover,
cyclohexamide (10mM) treatments were performed for the indicated
time points.

COLONY FORMATION ASSAY
Colony formation was performed as described previously [Korkmaz
et al., 2005; Varisli et al., 2012] and the area covered on each plate by
the colonies was measured using colony counter software [Wouters
et al., 2010]. The software thresholds were adjusted to count colonies
that were �2mm2, and the graphs were constructed using the
obtained values.
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SCRATCH ASSAY
PC-3 and MDA-MB231 cells were transfected with empty vector
(pcDNA4-HM) or HN1-expressing plasmid (pcDNA4-HM-HN1) for
24 h. After transfections, plates were scratched using 1ml pipette tip
(end was cut) and inhibitor was added. Then, the scratches were
visualized at every 24 h as indicated time points. Three images were
taken from each scratch and the experiments were replicated three
times to draw graphs.

RESULTS

HN1 PLAYS A ROLE IN THE REGULATION OF GSK3b
PHOSPHORYLATION AND b-CATENIN TURNOVER
GSK3b is a constitutively active Serin/Threonin kinase that
phosphorylates b-catenin to facilitate its degradation. However,
the activity of GSK3b can be suppressed by phosphorylation at Serine
9 by multiple pathways, including EGFR. This inhibitory phosphor-

ylation of GSK3b promotes the accumulation of b-catenin upon
activation of the PI3K-Akt signaling axis. In our previous studies, we
have shown that the activity of AKT is downregulated in HN1 over-
expressing cells [Varisli et al., 2011, 2012]. Therefore, here, we
examined the role of HN1 onto GSK3b phosphorylations and
function, subsequently the altered b-catenin level in prostate cancer
cell line, PC-3. We observed that b-catenin level was decreased by
HN1 overexpression, and this was blocked significantly by MG132
treatment (Fig. 1A). Since, ubiquitin dependent proteosomal
degradation of b-catenin is mainly controlled by phosphorylation,
we investigated the GSK3b inhibition using specific inhibitor
SB216763 and found that inhibitor-mediated GSK3b inhibition
resulted b-catenin accumulation in nuclear and cytosolic extracts
while the HN1 level was remarkably decreased (Fig. 1B). When we
investigated the S33 phosphorylation of b-catenin, we observed that
it was increased in HN1 transfected cells in comparison to vector
controls (Fig 1C). To understand whether the decrease in b-catenin

Fig. 1. HN1 regulatesb-catenin level bydirect association.A: Proteosome inhibitorMG132 restores theb-catenin level but notE-cadherin inHN1overexpressed cells. Endogenous
HN1 expression can also be seen in PC-3 cells. B: SB216763-mediated GSK3b inhibition resulted both loss of HN1 expression and nuclear b-catenin accumulation in nuclear and
cytosolic extracts. C:b-catenin(S33) increased in HN1 transfected cells in comparison to vector controls. D: Ectopic HN1 expression facilitates ubiquitination ofb-catenin, which is
demonstrated byb-catenin-specific ubiquitin immunoprecipitation-immunoblot analyze. Further, E: HN1 (red) and pGSK3b(S9) (green) co-localize within cytoplasm as speckles in
PC-3 cells. HN1 specific IPs evidence that the HN1 interacts with F GSK3b(S9) but not with (Y216), G, H, and I:b-catenin as well as APC reciprocal immunoprecipitations also confirm
these associations. TCF4 and IgGs from precipitations were also labeled, and shown for comparison. Western blots were performed three times, and IPs twice. J: The GFP-HN1
expressed cells exhibit lower levels of b-catenin expression than untransfected PC-3 cells. b-catenin was labeled using Alexafluor 594 and the DAPI was used for nuclear staining.
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expression level is predominantly related to inhibition of protein
synthesis or proteasomal degradation, we treated the cells with
Cycloheximide (CHX) and MG132 in vector or HN1 transfected PC-3
cells respectively (Supplementary Fig. S1). The results showed that b-
catenin level was decreased during overexpression of HN1, and this
was blocked by MG132 treatment significantly in concordance with
previous findings (Fig. 1B and Supplementary Fig. S1). Also, the CHX
treatment decreased the b-catenin level regardless of HN1; the data
suggested that the HN1 influence on b-catenin level is not post-
transcriptional but proteasomal degradation dependent. Further,
when lysates from vector- or HN1-transfected PC-3 cells were
subjected to immunoprecipitation-immunoblot analyses using b-
catenin and ubiquitin antibodies, it was observed that the b-catenin
ubiquitination was higher in HN1 expressing cells than vector
controls (Fig. 1D). This data demonstrated that the degradation of b-
catenin was ubiquitination-dependent via increased S33 phosphor-
ylation and this is mediated by HN1 through suppressing the
inhibitory S9 phosphorylation of GSK3b perhaps leading to its
activation in PC-3 prostate cancer cells.

To investigate the putative co-localizations of HN1 and
pGSK3b(S9), their sub-cellular localizations were examined in PC-3
cells by immunofluorescence microscopy. We found that HN1
co-localized with pGSK3b(S9) (Fig. 1E). To assess whether this could
be due to a physical association of both proteins, GSK3b was
also immunoprecipitated using phospho-specific antibodies for
pGSKb(S9) and (Y216) at native conditions, and followed by
immunoblot analysis for HN1. The results demonstrated that HN1
predominantly interacted with inactive pGSK3b(S9) rather than the
active form of pGSK3b(Y216) (Fig. 1F), suggesting that HN1 maintains
the activated state of the GSK3b, which is a major kinase of the
cytoplasmic APC/b-catenin/Axin complex. Hence, HN1 also asso-
ciates physically with b-catenin, we also investigated the HN1
interactions with other components of the complex such as APC
(Fig. 1G). Furthermore, the reciprocal IPs were also performed using

anti-HN1 antibody, and all interactions were validated once more
(Fig. 1H,I). Furthermore, we observed that the cells exhibited lower
levels of b-catenin expression/distribution when the PC-3 cells were
transfected with GFP-HN1 than untransfected PC-3 cells (Fig. 1J).
Thus, the co-localization and immunoprecipitation data support that
HN1 physically associates with GSK3b/b-catenin/APC, and the HN1
level is an important balancing factor for stabilization of the complex.
Increased HN1 expression advances the degradation of b-catenin,
which consequently represses the function of the GSK3b/b-catenin/
APC complex.

HN1 CONTROLS b-CATENIN/E-CADHERIN INTERACTION AT THE
PROTEIN LEVEL
It is well known that sub-cellular b-catenin also localizes to
membrane, and is a major component of adherent junctions
interacting to E-cadherin [Nelson and Nusse, 2004]. Therefore, we
examined the effect of HN1 expression onto b-catenin and E-
cadherin interaction, and found that this association was signifi-
cantly reduced when the HN1was overexpressed in cells comparison
to controls (Fig. 2A). However, subsequent immunoblot analysis for
TCF4, the sole nuclear partner of b-catenin did not result significant
change in its interaction (Fig. 2A). In concordance, we found that
there is a considerable increase in b-catenin and E-cadherin
interaction in HN1 depleted cells comparison to controls (Fig. 2B).
Overall, our data suggest that HN1 facilitates the ubiquitin-mediated
degradation of cytoplasmic b-catenin, which shuttles between
adherent junctions and the b-catenin destruction complex.

As, the depletion or overexpression of HN1 remarkably alters the
physical association of E-cadherin and b-catenin and the b-catenin
is a key molecule for the attachment of the actin cytoskeleton to
the plasma membrane at adherent junctions, we further examined
the role of HN1 in organization of the actin cytoskeleton. We labeled
the F-actin in control (scrambled siRNA) or HN1 depleted cells with
Alexafluor 488-conjugated phalloidin, and observed that the HN1-

Fig. 2. HN1 influences b-catenin interaction with E-cadherin negatively. A: Ectopic HN1 expression suppresses the b-catenin interaction with E-cadherin in PC-3 cells,
whereas it does not appear to influence the interaction between b-catenin and TCF-4. B: The HN1 depletion using siRNA increases the b-catenin–E-cadherin interaction in
contrast to ectopic expression data. IPs and blots were performed twice in each experiment following ectopic expressions or knockdowns.
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depleted cells exhibited more amorphous and multi-foci nuclei in
comparison to controls, as reported previously (arrows, Fig. 3)
[Varisli et al., 2011]. Moreover, F-actin prominently accumulated at
the plasma membrane in these cells comparison to controls. In
contrast, HN1 overexpression resulted in disrupted F-actin distri-
bution that was characterized by shorter stress fibers (Fig. 3)
characterized by a reduction in b-catenin expression level due to its
increased degradation as aforementioned above (Fig. 1). Thus, the b-
catenin level is important for cytoskeletal organization of actin, and
is facilitated by HN1 level in PC-3 cells.

HN1 CONTRIBUTES TO TUMOR GROWTH AND SYNERGIZES WITH
EGFR SIGNALING
The loss of E-cadherin expression is a common event in several
cancers, and decreases the interaction with b-catenin that promotes
more aggressive cancer phenotypes. We investigated whether HN1
expression might affect in vitro tumor formation in the presence of
EGFRi or the absence of EGF. Consistent with our previous studies
[Varisli et al., 2012], we found that the overexpression of HN1
resulted with a significant increase in colony formation in PC-3 cells
(P< 0.05) that was suppressed by EGFRi treatment. However, HN1
overexpression partially restored the capacity for colony formation
(Figs. 4A and B), whereas its depletion decreased the number of

colonies formed by both control and EGF-treated cells (Figs. 4C and
D). Interestingly, in our further studies with GSK3b inhibitor
SB216763, we found that HN1-mediated migration of PC-3 cells
were suppressed when using 5mM inhibitor (Figs. 5A and B) whereas
the migration with HN1 expression was not effected in MDA-MB231
cells (Figs. 5C and D). The results were obtained from scratch assay
for validating the cellular migration. Since the EGFR-mediated AKT
activation leads to GSK3b inhibition via S9 phosphorylation, and
the EGFRi treatment decreases colony formations that is augmented
by HN1, therefore, we suggest that the GSK3bi-mediated inhibition
of migration might be consequent to decreased HN1 expression in
PC-3 cells (Fig. 1B) but not in EGFR negative MDA-MB231 cells.
Taken together, the data indicate that the increased expression of
HN1 synergizes with EGF signaling to augment colony formation in
PC-3 cells. Therefore, HN1 might play an important role in the EGF-
dependent carcinogenesis in prostate cells.

DISCUSSION

HN1 is a novel protein with putative cellular functions, which are not
fully understood yet. The knockdown of HN1 level impairs cell cycle
progression in prostate and melanoma cells [Laughlin et al., 2009;

Fig. 3. HN1 is involved in organization of the actin cytoskeleton. Intriguingly, HN1 depletion results protein accumulations, evidenced as enlargement in cells (arrows indicate
the cells with larger cytoplasm, and also with nuclei). In contrast, ectopic expression of HN1 disrupts the accumulation of F-actin fibers, and augments the formation of short,
perhaps broken F-actin fibers in cell0s cytoplasm (shown with yellow arrows in larger image).
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Varisli et al., 2011], however, HN1 mRNA level was reported to be
high in various carcinomas, while low in benign tumors of yolk sac,
gliomas, and teratomas [Varisli et al., 2011]. Whether there is a link
between the malignant potential of carcinomas and HN1 expression,
HN1-regulated turnover of b-catenin and the E-cadherin–b-catenin
interaction affecting colony formation and cellular growth in PC-3
prostate as well as MDA-MB231mammary cell lines were examined.
Here, we report that HN1 is involved in the regulation of b-catenin
turnover via facilitating an increase in suppression of GSK3b
phosphorylations leading its activation, thus influencing the b-
catenin interaction with E-cadherin in adherent junctions.
Consistently, a significant nuclear and cytosolic accumulation of
b-catenin was also observed consequent to HN1 depletion
concurrent to GSK3b inhibition when a specific inhibitor
SB216763 was used. The data suggest that there could a feedback
regulation in between GSK3b and HN1 level, in which suppression

of kinase function by inhibitor leads to a significant decrease in
HN1 level. This requires further studies.

b-Catenin level is primarily regulated via ubiquitin-dependent
proteasomal degradation upon phosphorylations on amino acid
residues S33, S37, S41, and S45 by CK1 and GSK3b [Aberle et al.,
1997; Orford et al., 1997]. In the absence of an inhibitory signal,
such as Wnt and growth factors, b-Catenin turnover is regulated
through ubiquitination by b-Trcp. As the b-Catenin localizes into
membrane abundantly, also it is observed in cytoplasmic complex
together with scaffolding proteins, such as Axin, APC, CK1, and
GSK3b [Rubinfeld et al., 1993; Siegfried et al., 1994; Ikeda et al.,
1998; Kishida et al., 1998], while the destruction complex is not
disrupted yet [Aberle et al., 1997; Amit et al., 2002]. However,
altered expression of b-catenin, which is usually stabilized in
cytoplasm has been reported in several human cancers, including
gastric, colon, hepatocellular, and esophageal tumors and prostatic

Fig. 4. HN1 contributes to colony formation in PC-3 cells. A: Ectopic HN1 expression increases the number of colonies in both control and EGFR inhibitor-treated cells
compared to vector-transfected controls. Average colony numbers are illustrated as histogram plots for comparison (P< 0.05). C–D: Additionally, HN1 depletion reduces the
number of colonies formed despite the EGF treatment. Average colony numbers are also provided as histogram plots for comparison (P< 0.05).
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intraepithelial neoplasias (PINs) [Morin, 1999; Polakis, 1999;
Gounari et al., 2002]. Hence, its localization in the adherent
junctions contradicts the finding that b-catenin is an important
factor for increasing the proliferation rate of cancer cells, the
ectopic expression studies suggest that b-catenin also restores the
impaired cell–cell contacts, which was examined in human gastric
cancer cell lines [Oyama et al., 1994]. In addition, the disrupted
interaction between E-cadherin and b-catenin in adherent
junctions promotes more invasive and aggressive cancer pheno-
types [Hajra and Fearon, 2002] was consistent with our data and
previous reports. Therefore, we suggest that increased HN1
expression suppresses inactive GSK3b level through leading to a
decrease in S9 phosphorylation that is mediated by AKT pathway
EGF-dependently [Varisli et al., 2011]. This also needs interaction
studies to be examined in detail.

E-cadherin is a large calcium-dependent glycoprotein that
contains an extracellular single-pass trans-membrane domain
with a short conserved cytoplasmic tail [Berx and Van, 2001]. It
exerts a potent invasion-suppressing effect in both tumor cell lines
and in vivo tumor models [Frixen et al., 1991; Perl et al., 1998]. The
ectopic expression of E-cadherin decreases the proliferation of
several mammary carcinoma cell lines [St Croix et al., 1998]. Poorly
differentiated tumors exhibit reduced E-cadherin expression;
consistently well-differentiated tumors exhibit higher expression
[Frixen et al., 1991; Figarella-Branger et al., 1994]. In addition to b-
catenin, HN1 also contributes to E-cadherin stability and down-
regulates its level when overexpressed (Fig. 2B). However, we could
not found any physical interaction between HN1 and E-cadherin
(data not shown). It is possible that HN1 may influence interactions
between E-cadherin and other catenin proteins. Consequently, HN1

Fig. 5. HN1 augments migration in PC-3 and MDA-MB231 cells. Ectopic HN1 expression increases the rate of migration in control but not in GSK3b inhibitor-treated cells
compared to vector-transfected A: PC-3 and C: MDA-MB231. B: and D: Average migration rates are illustrated as linear plots for comparison (P< 0.05).
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level changes interactions between cadherin and catenin proteins
and this may be important for development, cell polarity, integrity
and tissue morphology, as known functions of cadherin and catenin
proteins [Takeichi, 1991]. Since, disruption of the cadherin–catenin
complex has been found in carcinomas of different origins and
correlated with various pathologic and clinical features, such as
tumor differentiation, infiltrative growth, lymph node metastasis,
and poor prognosis [Hajra and Fearon, 2002], expression of
functional E-cadherin in cells suppresses the invasive behavior
without endogenous E-cadherin [Vleminckx et al., 1991]. Thus, the
data suggest that HN1 expression induces a decrease in both E-
cadherin and b-catenin levels, consequently the interactions,
whereas the HN1 depletion restores the levels and localizations of
both proteins, as well as the interactions (Fig. 2B). Furthermore, since
the b-catenin is an important component of the cytoskeleton and
localizes to the adherent junctions through E-cadherin interaction,
HN1-mediated expression alteration in stress fiber formation was
also examined in our studies. Then, we have evidenced that the F-
actin abundantly localizes to the membrane that is disrupted when
the HN1 is overexpressed in these cells. Likewise, HN1 depletion
results with altered nuclear morphology concurrent to elevated b-
catenin level [Varisli et al., 2011]. Thus, the loss of membrane-
localized b-catenin presumably augments the EGFR-mediated
carcinogenesis [Frixen et al., 1991; Perl et al., 1998; Varisli
et al., 2011] and contributes to disruption of cell cycle control
that needs to be verified in further studies.

Taken together, HN1 expression exerts a marked influence on b-
catenin level and F-actin organization that might be mediated through
the disrupted interaction between E-cadherin and b-catenin. Because,
the HN1 destabilizes the GSK3b/b-catenin/APC destruction complex
and associates with pGSK3b(S9) but not with pGSK3b(Y216), our data
collectively indicate that HN1 is a novel interaction partner of inactive
b-catenin complex and contributes to cytoskeleton dynamics therefore
the migration ability of the cells. Whether the effects are perhaps
mediated through the translocation of b-catenin from the plasma
membrane to the cytoplasm needs to be clarified in further studies.
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