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ABSTRACT

Angiosarcoma is a rare malignant mesenchymal tumor with poor prognosis. We
aimed to identify malignancy-associated miRNAs and their target genes, and explore
biological functions of miRNA and its target in angiosarcoma. By miRNA microarrays
and reverse transcription polymerase chain reaction, we identified 1 up-regulated
miRNA (miR-222-3p) and 3 down-regulated miRNAs (miR-497-5p, miR-378-3p and
miR-483-5p) in human angiosarcomas compared with human capillary hemangiomas.
The intermediate-conductance calcium activated potassium channel KCa3.1 was one
of the putative target genes of miR-497-5p, and marked up-regulation of KCa3.1
was detected in angiosarcoma biopsy specimens by immunohistochemistry. The
inverse correlation of miR-497-5p and KCa3.1 also was observed in the ISO-HAS
angiosarcoma cell line at the mRNA and protein levels. The direct targeting of KCa3.1
by miR-497-5p was evidenced by reduced luciferase activity due to complementary
binding of miR-497-5p to KCa3.1 mRNA 3’ untranslated region. For the functional
role of miR-497-5p/KCa3.1 pair, we showed that application of TRAM-34, a specific
KCa3.1 channel blocker, or transfection of ISO-HAS cells with KCa3.1 siRNA or miR-
497-5p mimics inhibited cell proliferation, cell cycle progression, and invasion by
down-regulating cell-cycle related proteins including cyclin D1, surviving and P53 and
down-regulating matrix metallopeptidase 9. In an in vivo angiosarcoma xenograft
model, TRAM-34 or miR-497-5p mimics both inhibited tumor growth. In conclusion,
the tumor suppressor miR-497-5p down-regulates KCa3.1 expression and contributes
to the inhibition of angiosarcoma malignancy development. The miR-497-5p or KCa3.1
might be potential new targets for angiosarcoma treatment.

INTRODUCTION is poor despite all therapies including radical surgery,

adjuvant radiotherapy, and chemotherapy. More than

Angiosarcoma is a malignant neoplasm 50% patients die within the first year after diagnosis

characterized by infiltrating anaplastic cells derived from [1]. It is necessary to understanding the mechanism of
vascular endothelial cells. The prognosis of angiosarcoma angiosarcoma development to evaluate treatments.
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Researchers have been working on the genetic
aberrations of angiosarcoma to provide insight into the
mechanism of tumorigenesis and find effective targets
for angiosarcoma molecular therapy. Recurrent driver
mutations have been identified in the PTPRB or PLCG1
gene in 38% angiosarcoma patients, including primary
and secondary tumors, which reinforce therapeutic
efforts to target angiogenesis signaling in angiosarcoma
[2]. Secondary angiosarcoma after irradiation or chronic
lymphedema may be genetically different from primary
angiosarcoma, evidenced by high level of C-MYC
amplification [3]. Yang JM, et al provides evidence that
disruption of Ink4a/Arf genes in FVB mice is associated
with spontaneous angiosarcoma formation by activation of
the IkkB/NF-kB/IL-6/Stat3 pathway [4].

A class of small RNA molecules known as
microRNAs (miRNAs or miRs), can negatively regulate
gene expression by binding to the 3'-untranslated region
(3’-UTR) of target mRNA molecules [5, 6], causing a
variety of crucial regulatory functions related to cell
growth, development, and differentiation, and are
associated with a wide variety of human diseases including
cancers [7]. However, limited studies are available about
miRNA expression in angiosarcoma. A comprehensive
database was developed that contains miRNA expression
profiles for 22 types of human sarcomas including
angiosarcoma, and 41 miRNAs were identified and
exhibited a proximal location in a cluster on chromosome
19 in angiosarcoma compared with adjacent normal tissue
[8]. After reverse transcription polymerase chain reaction
(RT-PCR) validation, it was proposed that miR-515-3p
and miR-517c¢ were tissue specific and potentially may be
diagnostic markers for angiosarcoma [8], but the alteration
of miRNA expression associated with angiosarcoma
malignancy has not been reported.

Potassium channels regulate cancer cell behavior
including proliferation and migration, and are associated
with channelopathies of cancer. Cancer therapeutic
studies that target potassium channels are at an early stage
and mostly focused on ether a-go-go (EAG) channels [9].
The KCa3.1, which is a member of the calcium activated
potassium channel family, was identified in some cancers
including prostate, breast, pancreatic, and endometrial
cancers, and is involved in cancer cell proliferation
and invasion [10-16]. However, the expression of
KCa3.1 has not been identified in any soft tissue
sarcomas. The KCa3.1 mRNA is up-regulated in human
umbilical endothelial cells in the presence of vascular
endothelial growth factor or basic fibroblast growth
factor, and required for endothelial cell proliferation and
angiogenesis in vivo [17, 18]. Up-regulated KCa3.1 also
was observed in human endothelial cells of mesenteric
arteries from colonic adenocarcinoma patients compared
with that in noncancer patients, indicating that KCa3.1
has an altered functional state and possible role in tumor
angiogenesis [19].

We wonder whether KCa3.1 and its regulatory
miRNAs are expressed and function in angiosarcoma.
The purpose of this study was to provide important insight
into the molecular alterations relevant to angiosarcoma
development and identify potential therapeutic strategies.

RESULTS

MicroRNA expression profiles in human
angiosarcomas and capillary hemangiomas

Expression of miRNA was examined in 5 human
angiosarcoma and 5 human capillary hemangioma samples
using miRNA array. By comparing miRNA expression
profiles, we observed that 45 miRNAs were differentially
expressed. Among them, 22 of the 45 miRNAs were
up-regulated and 23 miRNAs were down-regulated in
angiosarcoma compared with capillary hemangioma
(signal intensity > 300, fold of difference > 2, Figure 1A).
Among them, 5 selected tumor relevant miRNAs (miR-
378-3p, miR-483-5p and miR-497-5p, miR-222-3p
and miR-126-3p) were validated with semiquantitative
RT-PCR in all 27 angiosarcoma and 15 hemangioma
samples. We identified 3 significantly down-regulated
miRNAs (miR-378-3p, miR-483-5p and miR-497-5p) and
1 up-regulated miRNA (miR-222-3p) (Figure 1B), which
had > 2-fold differences of expression levels between
angiosarcoma and hemangioma (Figure 1B).

To explore the biological functions of the
differentially expressed miRNAs, the potential targets
were evaluated by 3 prediction methods including
PicTar, miRDB and miRanda. The genes detected by all
3 independent tools were considered the potential targets
of corresponding miRNAs. There were 4 differentially
expressed miRNAs predicted to target 2336 mRNAs. We
noticed that quite a few potassium channels including
KCa3.1 were potential targets of the 4 miRNAs (voltage-
dependent potassium channel complex, Figure 1C).
We inferred the functions of potential miRNA targets
from Gene Ontology (GO) term enrichment, including
molecular function, cellular component, and biological
process. Some significant GO terms were related to cell
proliferation or migration. Other GO categories such
as regulation of gene expression, protein modification
process, and transcription also were significantly enriched
(Figure 1C).

miR-497-5p regulates KCa3.1 expression in
angiosarcoma cells

Among the target genes predicted by bioinformatic
software, quite a few potassium channels are listed, and
KCa3.1, a potential target gene of miR497-5p, showed
highest mRNA expression in human angiosarcoma
tissue in our preliminary RT-PCR experiment. By
immunohistochemistry, we observed that KCa3.1 was
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strongly and diffusely expressed in the cytoplasm and
membrane of 27 human angiosarcoma samples (93%)
(Figure 2A, strongly positive, n = 25; moderately positive,
n = 2). In contrast, no or very weak staining of KCa3.1
was observed in human capillary hemangioma (Figure 2B;
weakly positive, n = 11; negative, n = 4) and vascular
endothelial cells of the peritumoral tissue (data not shown).
Using 2-level immunohistochemistry grading system,
we found that KCa3.1 was highly expressed in human
angiosarcoma samples, but not or weakly expressed in
human capillary hemangioma samples (Figure 2C).

To determine whether mir-497-5p directly targets
KCa3.1 in angiosarcoma, we first studied the expression
of miR497-5p and KCa3.1 in tumor cell lines and primary
endothelial cells, including ISO-HAS angiosarcoma
cells, human hemangioma endothelial cells (WHVECs),
human microvascular endothelial cells (hMVECs), and
human umbilical vein endothelial cells (hVECs). We
observed that expression of miR-497-5p was significantly
down-regulated in human ISO-HAS cells compared with
HVECs, hMVECs, or hVECs (Figure 2D, left panel).
In contrast, much higher expression of KCa3.1 at both
protein and mRNA levels were observed in ISO-HAS
cells by immunohistochemistry and RT-PCR (Figure 2B;
Figure 2D, right panel). Using whole cell patch clamp,
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KCa3.1 current was measured. TRAM-34, a specific
blocker of KCa3.1 current, inhibited the outward currents
at different concentration (0.2, 1, 5, 10 and 20 puM) in
cultured ISO-HAS cells clamped at different voltage
potentials from —80 to 80 mV (Figure 2E). KCa3.1 current
was measured as the difference between the currents
before and after application of TRAM-34. Current density
of KCa3.1 channel gradually decreased with the increase
of TRAM-34 concentration (n = 5, Figure 2F).

Luciferase reporter assay was performed to verify
whether KCa3.1 is the direct target of miR-497-5p.
Ectopic expression of miR-497-5p in 293T cells
significantly inhibited luciferase activity in the cells
transfected with the 3’-UTR KCa3.1 reporter vector,
but it did not change luciferase activity in cells
transfected with the 3'-UTR Mut KCa3.1 reporter vector
(Figure 3A-3C). These results suggested that miR-497-
Sp was bound complementarily to 3-UTR KCa3.1,
and thus inhibited luciferase activity. This finding
was confirmed by the down-regulated expression of
KCa3.1 at mRNA and protein levels in ISO-HAS cells
transfected with miR-497-5p mimics (Figure 3D-3F).
Therefore, we suggested that miR-497-5p negatively
regulated the gene expression of KCa3.1 by targeting
KCa3.1 mRNA for cleavage.
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Figure 1: miRNA expression in angiosarcoma and capillary hemangioma and functional annotation of the screened
miRNAs. (A) miRNA expression profiles in 5 angiosarcoma and 5 capillary hemangioma formalin-fixed, paraffin-embedded samples
by microarray. (B) Five miRNAs are shown according to the relative expression levels by microarray compared with the semiquantitative
reverse transcription polymerase chain reaction in 27 angiosarcoma and 15 capillary hemangioma samples. The (log 2)-fold change values
are shown on the y-axis. Values are reported as mean + SE in triplicate (P < .01; unpaired ¢ test). (C) Functional annotations of 4 miRNAs
exhibiting similar patterns of dysregulation. Y axis represents the numbers of miRNA-targeted genes that are associated with putative

functions.
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Inhibition of KCa3.1 suppressed ISO-HAS cell
proliferation in vitro

To investigate whether KCa3.1 is involved in
angiosarcoma development, we examined the functional
role of KCa3.1 in ISO-HAS cell growth. In our study,
TRAM-34(0,0.2, 1, 5, 10, or 20 uM) was added to culture
dishes that were seeded with the same numbers of ISO-
HAS cells [20]. After 24 hours, CCK8 assay showed that
TRAM-34 decreased ISO-HAS cell number in a dose-
dependent manner, and the 5 uM is the concentration
starting to show significance of inhibition (Figure 4A).
A similar inhibitory effect was observed when KCa3.1
mRNA was specifically knocked down using siRNA
against KCa3.1 (Figure 4B). The protein level of KCa3.1
in cells transfected with the sSiRNA was 54% + 6% of that
in the cells transfected with nonsilencing RNA (control)
(Figure 4C). These results support the hypothesis that

Control 0.2 MTRAM-34 1uMTRAM-34

51 MTRAM-34 10 » M TRAM-34

20 # M TRAM-34

KCa3.1 channel is important for angiosarcoma cell growth
in culture.

To analyze whether the suppression of ISO-HAS
cell proliferation is due to the inhibition of cell cycle
progression, the cells treated with TRAM-34 or transfected
with KCa3.1 siRNA were examined by flow cytometry. In
the presence of TRAM-34 (> 5 uM) the percentage of ISO-
HAS cells in the G0/G1 phase was significantly increased,
but in the S phase was markedly reduced (Figure 4D,
4E). The changes of cell cycle state in the presence of
TRAM-34 were concentration dependent. Cells transfected
with KCa3.1 siRNA also showed cell cycle arrest at GO/
G1 phase (Figure 4F, 4G). Cell cycle-related proteins
including cyclinD1, survivin and P53 were downregulated
in the presence of 5 UM TRAM-34 (Figure 4H). All above
data suggested that block of KCa3.1 channel resulted in
cell cycle arrest via down-regulating cell cycle-related
proteins.

b

H

final staining score
P

T T
capillary hemangioma angiosarcoma

w)

Relative expression of miR-497-5p
The expression of KCa3.1 mRNA

F
—e— Control
—A— (.21 M TRAM-34
~¥- 1 uMTRAM-34
—4 5uMTRAM-34
40 == 108 M TRAM-34

-~ 20 ¥ MTRAM-34
—o— Wash out

Current density(pA/pF)

Voltage (mV)

Figure 2: Expression of miR-497-5p and KCa3.1 in angiosarcoma specimens, cell lines, and cultured endothelial cells
of varied origin. (A, B) Immunohistochemical staining of KCa3.1 in human capillary hemangioma and angiosarcoma (A) and hHVECs
and ISO-HAS cells (B). (C) Statistic difference of KCa3.1 expression in human hemangioma and angiosarcoma tissues was demonstrated.
(D) mRNA expression levels of miR-497-5p (left) and KCa3.1 (right) in ISO-HAS cells, hHVECs, hAMVECs, and hVECs by semiquantitative
reverse transcription polymerase chain reaction. U6 RNA and GAPDH mRNA were used as normalization controls for miR-497-5p and
KCa3.1. Each data point was obtained in triplicate. Data are reported as mean + SD. (*P < .01; unpaired ¢ test). (E, F) Outward currents of
ISO-HAS cells were recorded at different voltage steps from —80 to +80 mV in the presence of different concentration of TRAM-34 (0.2,
1, 5, 10 and 20 uM) (E). Its I/V curve was plotted (F). Abbreviations: hHVECs, human hemangioma endothelial cells; hMVECs, human
microvascular endothelial cells; hVECs, human vascular endothelial cells; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Inhibition of KCa3.1 suppressed ISO-HAS cell
invasion in vitro

The invasiveness of the ISO-HAS cells was
examined by invasion assay. TRAM-34 (= 5 uM) or
clotrimazole (5 pM), another specific blocker of KCa3.1,
inhibited ISO-HAS cell invasion through the matrix
gel and membrane pores by 80% (Figure SA—5C). No
significant inhibition of cell invasion was observed in the
negative control or experimental groups treated with low
concentrations of TRAM-34 (0.2 or 1 pM). In addition,
Western blot showed that TRAM-34 or clotrimazole
suppressed expression of MMP9, a metastasis associated
protein (Figure 5C). A decreased MMP9 activity was
observed in gelatin zymography in the presence of
5 uM TRAM-34 (Figure 5D). Thus, we propose that the
KCa3.1 promoted ISO-HAS cell invasion, which might
be associated with the down-regulation of MMP9 protein.

miR-497 inhibits ISO-HAS cell proliferation and
invasion in vitro by down-regulation of KCa3.1

We observed that miR-497-5p targeted KCa3.1,
and KCa3.1 played an important role in controlling

A KCa3.l 3'UTR  WT
hsa-miR-497-5p

KCa3.1 3'UTR MUT

B KCa3.1 3'UTR WT

z 5

ot
%

o
o

Activity

0.4

Relative Luciferase

0.2
0.0-

Vehicle NC

O
m

97-5p

-

The expression of KCa3.1 mRNA

NC  miR-497 mimic

Relative expression of mi

miR-497-5p mimics

NC

Relative Luciferase

ISO-HAS cell proliferation and invasion. We explored
whether manipulation of miR-497-5p expression can
alter tumor cell behavior. After transfecting ISO-HAS
cells with miR-497-5p mimics, expression of KCa3.1
was significantly inhibited, and CCKS assay revealed
that the proliferation of ISO-HAS cells overexpressed
with miR-497-5p was mildly suppressed by around
20% (Figure 6A). Flow cytometry showed that up-
regulation of miR-497-5p retained 10% more ISO-
HAS cells in GO/G1 phase and reduced the cell
numbers in S phase (Figure 6B). For invasion assay,
ISO-HAS cells transfected with miR-497-5p mimics
exhibited markedly decreased expression of KCa3.1
and decreased invasive ability by reducing migrated
cells for more than 70% (Figure 6C). By application
of 500 nM of 1-EBIO, an KCa3.1 channel activator, the
inhibition of miR-497-5p mimics on cell proliferation,
cell cycle, and cell invasion were partially restored
by up-regulating KCa3.1 expression (Figure 6A—6C).
A decreased MMP9 activity was observed by gelatin
zymography in cells transfected with miR-497-5p
mimics (Figure 6F). Therefore, miR-497-5p showed
antiproliferative and anti-invasive effects, probably
mediated through targeting KCa3.1.
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Figure 3: MiR-497-5p targeted KCa3.1 in ISO-HAS cells. (A) The wild type and mutant complementary sequences of the KCa3.1
mRNA 3'-UTR are shown with the miR-497-5p sequence. (B, C) Luciferase assay was performed in 293T cells transfected with plasmid
containing 3’-UTR KCa3.1 constructs and empty vehicles or non-targeting miR-497-5p (NC) or miR-497-5p mimics (B) or transfected
with plasmid containing 3'-UTR Mut KCa3.1 constructs and empty vehicles or non-targeting miR-497-5p (NC) or miR-497-5p mimics (C).
Values are the mean + SE obtained from 3 independent experiments (*P < .01; unpaired ¢ test). (D) MiR-497-5p expression in ISO-HAS
cells transfected with miR-497-5p mimics. (E, F) Down-regulated KCa3.1 in mRNA (E) and protein levels (F) were observed in ISO-HAS
cells transfected with miR-497-5p mimics by semiquantitative reverse transcription polymerase chain reaction and Western blot. Values
are reported as mean + SE obtained from 3 independent experiments (¥*P < .01 versus control). Abbreviations: GAPDH, glyceraldehyde

3-phosphate dehydrogenase; NC, negative control.
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Blocking KCa3.1 channels or up-regulating
miR-497-5p suppressed development of tumors
in nude mice

To confirm that KCa3.1 is important for tumor
development, we used a BALB/c xenograft mouse
model in which mice were inoculated with 5 x 10° ISO-
HAS cells treated with or without KCa3.1 inhibitors
TRAM-34 (30 puM). Mice were killed at 35 days after
injection. All control mice developed visible tumors,
with mean tumor weight and volume 2.10 = 0.1 g and
1931 £ 137 mm® (n = 4), but only 40% mice (n = 5) in
the treated group developed angiosarcoma tumors, with
mean tumor weight and volume 0.44 + 0.28 g and 702 +
101 mm? (Figure 7A—7C). Similarly, mice inoculated with
miR-497-5p transfected cells were killed after 25 days,
and xenografted tumors showed markedly decreased
weight and size (Figure 7D—7F). The dissected tumors in
TRAM-34 and miR-497-5p group showed a significantly
decreased KCa3.1 expression as compared with the
control group (Figure 7G, 7H). These results suggest that

A 0.5 B
0 E
S S
wi w
2 3
® °©
2 v
[} 3}
o o
GO-Gl1 32.9% 35.6% 37.8% 40.9% 45.1%  68.8%
S 65.5% 61.1% 60.8% 58.9% 53.7%  28.3%
3
e
S
H
=
£
=
=
3
o
F G
G0-G1 36.0% 46.2%
S 60.6% 52.6% 801
E 3
: 5 604
g S
H T 401
] =
E £
= =
= = 201
S 8

0.6

e
IS

e
N

0.0

m

G0-G1

S

KCa3.1 played an important role in the development of
mouse angiosarcoma tumor xenograft in vivo.

DISCUSSION

Advancements in treatment options and
improvements in angiosarcoma patient survival have
been limited. Targeting the altered expression of genes
or miRNAs may be promising therapeutic strategies for
angiosarcoma. In the present investigation, we showed
that miR-497-5p targeted KCa3.1 in angiosarcoma
cells, showing an important role in angiosarcoma cell
proliferation and invasion in vitro and tumor formation
in vivo.

In a previous study that profiled miRNA expression
of angiosarcoma, miR-515-3p and miR-517c were
proposed as diagnostic markers by comparing miRNA
expression of angiosarcoma with normal tissues adjacent
to tumors and other sarcomas [8]. In the present study,
we compared miRNA expression profiles between human
angiosarcomas and capillary hemangiomas using miRNA
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Figure 4: KCa3.1 blockade or knockdown suppressed ISO-HAS cell growth in vitro. (A-C) CCKS8 assays were performed
in ISO-HAS cells after different concentration of TRAM-34 (A) or KCa3.1 siRNA (B) was introduced into the flasks for 24 hours.
Transfection of KCa3.1 siRNA suppressed KCa3.1 protein expression for 45% around (C). (D—G) Cell cycle analysis of ISO-HAS cells
was performed after cells were treated with different concentration of TRAM-34 (D, E) or transfected with KCa3.1 siRNA (F, G) for
24 hours. (H) Expression of cell cycle related proteins including cyclinD1, surviving and P53 were suppressed in cells treated with 5 pM
of TRAM-34. All values are reported as mean + SE obtained from 3 independent experiments (*P < .01; unpaired 7 test). Abbreviations:
TRAM-34, 1-[(2-chlorophenyl) diphenyl-methyl]-1H-pyrazole; NC, negative control.

www.impactjournals.com/oncotarget

58153

Oncotarget



arrays and semiquantitative RT-PCR, and 4 differentially
expressed miRNAs might be more relevant to
angiosarcoma development. Among these miRNAs, miR-
497 is down-regulated in breast, gastric, and colorectal
cancer and promotes cell proliferation and invasion by up-
regulating raf-1/Cend1, EIF4E, and insulin growth factor 1
receptor in breast, gastric, and colorectal cancer [21-23].
In breast cancer, miR-497 expression pattern is negatively
correlated with pathologic stage, lymphatic metastasis,
tumor size, and HER-2 amplification; therefore, miR-497
may be a new prognostic marker for breast cancer [22]. We
observed that miR-497-5p (previously known as miR-497)
was down-regulated in angiosarcoma. In addition, forced
expression of miR-497-5p suppressed angiosarcoma cell
proliferation, blocked cell cycle progression, and reduced
cell invasion (Figure 6). This suggests that miR-497-5p is
a suppressor of angiosarcoma, as reported in other cancers.

We predicted and confirmed that KCa3.1 is a
novel target of miR497-5p (Figure 3). It is known that

elevated intracellular calcium activates KCa3.1 and
maintains a negative membrane potential, which helps to
sustain calcium entry into the cell and modulate calcium
signaling processes [24]. Sustained calcium entry due to
activation of KCa3.1 is important for the production of
inflammatory chemokines by inflammatory cells [25, 26]
and proliferation of lymphocytes and fibroblasts [26]. In
addition, KCa3.1 is overexpressed in a variety of human
tumor cell lines and human biopsy samples including
glioblastoma [30-32], pancreatic cancer [12], prostate
cancer [33], endometrial cancer [16] and breast cancer
[15, 34]. KCa3.1 channels contribute to tumor cell
proliferation by promoting cell cycle transition from G0/
Gl to S phase [10, 12-16]. In this study, we showed that
KCa3.1 was up-regulated in human biopsies and a cell line
of angiosarcoma (Figure 2). Consistent with findings in
other cancer cells, suppression of KCa3.1 by application
of TRAM-34 or siRNA transfection or up-regulating miR-
497-5p strongly inhibited angiosarcoma cell proliferation
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Figure 5: KCa3.1 blockade or knockdown suppressed ISO-HAS invasion in vitro. (A, B) Marked decrease of the numbers
of invaded cells was observed in the wells treated with 5 or 10 pM TRAM-34. (C, D) The ISO-HAS cells treated with 5 uM clotrimazole
or 5 uM TRAM-34 showed significantly decreased matrix metallopeptidase 9 (MMP9) expression and activity by Western blot and gelatin
zymography. Values are reported as mean + SE from 3 independent experiments (*P < .01; versus control).
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by down-regulating cyclinD1, survivin and P53 and
retaining cells in GO/G1 phase (Figure 4). Membrane
potential change is important for G1/S phase and G2/M
phase transitions, and hyperpolarization is required for S
phase initiation [35]. Therefore, a reasonable explanation
for the fact that KCa3.1 promotes angiosarcoma cell
proliferation is that up-regulated KCa3.1 hyperpolarizes
the membrane potential and induces more cells entering
into S phase.

In addition to the functional role in cell
proliferation, miR-497-5p/KCa3.1 also is important
for cell invasion. The KCa3.1 channels are involved
in regulating glioblastoma cell migration in vitro in

response to CXCL12 [36] and bradykinin [37]. The
importance of KCa3.1 for glioblastoma invasion has
been further supported by the observations that KCa3.1
channel inhibition with TRAM-34 reduced glioblastoma
infiltration in the brain parenchyma in response to
tumor-released factors [11]. In this study, we showed
that KCa3.1 is important for angiosarcoma cell invasion
because inhibiting KCa3.1 channel with TRAM-34 or up-
regulating miR-497-5p reduced the cell migration through
a matrix gel (Figure 5). Such inhibition on angiosarcoma
cell invasion may be due to decreased protein expression
of MMP9 and reduced hydrolysis of extracellular matrix
(Figure 5). However, the other 2 mechanisms (cell volume
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Figure 6: miR-497-5p inhibited ISO-HAS cell proliferation and invasion by down-regulation of KCa3.1. (A) Ectopic
miR-497-5p expression altered ISO-HAS cell proliferation, which was partially reversed by application of 1-EBIO. (B) 1-EBIO partially
restored the percentage of cells in M phase after miR-497-5p mimics induced G1 phase arrest. (C, D) The invasion assay showed that
miR-497-5p inhibited ISO-HAS cell invasion, but this effect was reversed by restoration of KCa3.1 with 1-EBIO. (E) Western blot assays
showed that 1-EBIO induced up-regulation of KCa3.1 channels which has been suppressed by miR-497-5p, Values are reported as mean +
SE (*P <.01; versus control). (F) Gelatin zymography showed that a decreased MMP9 activity in miR-497-5p mimic transfected ISO-HAS

cells. Abbreviations: 1-EBIO, 1-ethyl-2-benzimidazolinone.
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regulation or control of the calcium influx) through which
KCa3.1 contributes to glioblastoma cell migration also
may apply to angiosarcoma cell migration [38].

We have suggested that miR-497-5p targeted KCa3.1
and exhibited a tumor suppressive effect by inhibiting
angiosarcoma cell proliferation and invasion. We observed
that inducing miR-497-5p mimics into angiosarcoma cells
resulted in strong inhibition of cell invasion, but only mild
reduction of cell proliferation, which is different from
the inhibitory effects of TRAM-34 on proliferation and
invasion of angiosarcoma cells. A possible explanation for
this observation is that KCa3.1 channels might be regulated
by other molecules or signal pathways that have not yet
been identified, or miR-497-5p may have other targets
that are involved in tumor malignancy. However, in the
in vivo experiment, miR-497-5p strongly inhibited tumor

development similar to TRAM-34, possibly because miR-
497-5p may have restricted tumor development by strongly
inhibiting tumor cell invasion to the surrounding tissue and
decreasing cell proliferation.

Researchers have been looking for effective
therapies. Quite a few clinical trials have been performed
including sorafenib targeting Raf/MAPK pathway [39],
imatinib targeting BCR-ABL/VEGF pathway [40]
and some chemotherapeutic agents (doxorubicin and
taxane) [41, 42] in patients with advanced or metastatic
angiosarcoma, however, only limited effect was obtained.
The present study provided evidence that miR-497-5p
targeting KCa3.1 is strongly associated with malignancy
development of human angiosarcoma. Thus the miR-497-
Sp/KCa3.1 pair would be a new promising potential target
for the treatment of angiosarcoma.
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Figure 7: KCa3.1 blockade or miR-497-5p overexpression suppressed the development of angiosarcoma tumors in nude
mice. (A) The ISO-HAS cells (5 x 10°) treated with TRAM-34 (final concentration, 30 uM; n = 5) or dimethylsulfoxide (control; n = 4)
were injected into the flank of nude mice. Tumors from TRAM-34-treated (upper row) and control groups (lower row) were removed
and photographed 35 days after injection. (B, C) Volume and weight of xenograft tumors from both groups. (D) The miR-497-angomiR
(lower row) or nonsense miR-497-angomiR (upper row) overexpressed ISO-HAS cells (5 x 10¢) were injected into the flank of nude mice.
Tumors were removed and photographed 25 days after injection. (E, F) Volume and weight of xenograft tumors from both groups. Data are
reported as mean + SE. (*P <.01; versus control). (G, H) The dissected tumors in TRAM-34 and miR-497-5p group showed a significantly

decreased KCa3.1 expression as compared with the control groups.

www.impactjournals.com/oncotarget

58156

Oncotarget



MATERIALS AND METHODS

Patients

Tissues from angiosarcoma (27 patients) and
capillary hemangioma (15 patients) were obtained from
pathology departments at hospitals in Hubei Province,
China. All tissue samples were fixed in formalin and
embedded in paraffin. Tissue slides were independently
reviewed by 2 pathologists and diagnosed as primary
angiosarcoma. Their clinical information was shown in
Supplementary Table S1. The ethics committee of Tongji
Hospital approved this study.

Cell culture and drugs

The phenotypic angiosarcoma cell lines ISOS-1
(murine) and ISO-HAS (human) were provided by Dr.
Mikio Masuzawa (Kitasato University, Kanagawa, Japan).
Up to now, there are only two available angiosarcoma cell
lines (ISO-HAS and ASM). We were unable to obtain
the human angiosarcoma ASM cell line; therefore, the
experiments on human angiosarcoma cells were limited
to ISO-HAS cells. The ISOS-1 and ISO-HAS cells were
cultured as described previously [43]. Briefly, ISOS-1
cells were cultured in complete medium, which was high-
glucose Dulbecco modified Eagle medium (DMEM, Gibco
BRL, Gaithersburg, MD, USA) supplemented with 15%
fetal bovine serum (FBS) (Gibco, 10099-141, Australia),
and ISO-HAS cells were cultured in 50% complete
medium and 50% ISOS-1 conditioned medium. The ISOS-
1 conditioned medium was obtained after ISOS-1 cells
were cultured in complete medium for 3 to 4 days and
filtered (0.22-pm bottle top filter). Human hemangioma
endothelial cells (hHVECs), human microvascular
endothelial cells (hnMVECs), and human umbilical vein
endothelial cells (hWWECs) grew in conventional culture
media.

1-[(2-chlorophenyl)diphenyl-methyl]-1H-pyrazole
(TRAM-34), l-ethyl-2-benzimidazolinone (1-EBIO),
and clotrimazole were purchased (Sigma, St. Louis, MO,
USA), dissolved in dimethylsulfoxide (DMSO) with
a stock concentration of 10 mM, and stored at —20°C.
The KCa3.1 (ab83740) and matrix metallopeptidase 9
(MMP9, ab76003) antibodies were purchased (Abcam,
Cambridge, UK).

RNA extraction

Total RNA from formalin-fixed and paraffin-
embedded (FFPE) human angiosarcoma (n = 27) and
capillary hemangioma (n = 15) was extracted using
a kit (RecoverAll Total Nucleic Acid Isolation Kit,
Ambion, TX, USA) according to instructions from the
manufacturer. RNA from cultured cells was isolated
(Trizol reagent, Invitrogen, Carlsbad, CA, USA). RNAs

were quantified with a spectrophotometer (NanoDrop ND-
1000, Thermo Fisher Scientific, Wilmington, UK) and
qualified by electrophoresis on a denaturing agarose gel.

Microarray hybridization and data analysis

Equal amounts of RNAs were pooled, and
microarray assay and analysis (miRBase 18) were
performed by a service provider (LC Sciences, Houston,
TX, USA). Normalization was performed using a cyclic
locally weighted scatterplot smoothing (LOWESS)
regression. Differential expression was analyzed using
a 2-group ¢ test to determine the miRNAs that were
differentially expressed between the angiosarcoma and
hemangioma groups. The data with P < .05 were selected
for cluster analysis.

Semiquantitative RT-PCR

Semiquantitative RT-PCR was performed to
verify the expression levels of miRNAs and mRNAs
in human tumor tissues and cultured tumor cells. Total
RNAs (1 pg) were reverse transcribed using Moloney
Murine Leukemia Virus (M-MLV) reverse transcriptase
with oligodeoxythymine (oligo-dT) for KCa3.1 mRNAs
(gene bank accession no., NM 002250-3) or with
special stem-loop primers (5-GTCGTATCCAGTG
CAGGGTCCGAGGTATTCGCACTGGATACGACACA
AAC-3") for miR497-5p (MiRbase, MIMAT0002820).
Semiquantitative RT-PCR was performed (StepOnePlus
Real-Time PCR  Systems, Applied Biosystems
International, Inc.,Delaware, USA) using a dye (SYBR
Green, Qiagen, Shanghai, China) to amplify KCa3.l
(sense, 5'-GAGAGGCAGGCTGTTAATGC-3'; antisense,
5'-ACGTGCTTCTCTGCCTTGTT-3") and miR497-
5p (sense, 5- CCTTCAGCAGCACACTGTGG -3%
antisense, 5- CAGTGCAGGGTCCGAGGTAT -3').
The relative expression levels of miR497-5p and
KCa3.1 mRNAs were normalized to human U6 small
nuclear RNA and human glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), and expressed as mean =+
standard deviation (SD).

Western blot

Cells were washed with phosphate-buffered saline
(PBS) and lysed in extraction buffer (Thermo Fisher
Scientific Pierce, Rockford, IL, USA). Protein (25 ug)
from each sample was separated on 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred to a nitrocellulose membrane. Immune
complexes were formed by incubation of proteins with
primary antibodies overnight at 4°C. The membrane
was incubated with horseradish peroxidase-conjugated
secondary antibodies and visualized by ECL (Thermo
Pierce, Cramlington, UK). Images were captured
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(Kodak Image). The intensity of the immunoreactive band
was normalized to the intensity of B-actin band.

siRNA transfection

The siRNA against KCa3.1 (NM_002250-3)
(5-GCCGUGCGUGCAGGAUUUA-3  [sense] and
5-UAAAUCCUGCACGCACGGC-3 [antisense]) and
nonsilencing siRNA (5-UUCUCCGAACGUGUCACGU-3
[sense]; S-ACGUGACACGUUCGGAGAA -3 [antisense])
were synthesized by a service provider (GenePharma
Co., Ltd, Guangzhou, China). The ISO-HAS cells were
transfected with siRNAs using a transfection reagent
(Lipofectamine 2000, Invitrogen, Carlsbad, CA, USA)
according to the protocol from the manufacturer. The
efficiency of siRNA to knock down the target protein was
determined by Western blot.

Luciferase assay

For luciferase assay, the 3'-UTR of KCa3.1
(NM_002250-3UTR) containing the miRNA-497-5p
binding sites and its corresponding mutated sequence were
cloned into pRL-TK luciferase reporter vector (Promega,
Madison, WI, USA), named 3'-UTR KCa3.1 and 3'-UTR
Mut KCa3.1 constructs. Using the transfection reagent
(Lipofectamine 2000, Invitrogen) plasmid expressing
3'-UTR KCa3.1 or 3’-UTR Mut KCa3.1 constructs and
miR-497-5p mimics (Ribo, Guangzhou, China) or non-
targeting miR-497-5p (Ribo, Guangzhou, China) or empty
vehicles were cotransfected into cultured 293T cells. Cells
treated with transfection reagent with empty vectors and
miR-497-5p mimics were the negative control. Luciferase
activity was measured after 48 h using a kit (Dual-Glo
Luciferase Assay kit, Promega). Data were presented as
the ratio of experimental (Renilla) luciferase to control
(firefly) luciferase.

Cell proliferation assay and cell cycle analysis

TRAM-34 was added (final concentration: 0, 0.2,
1, 5, 10, or 20 uM) to the ISO-HAS cell culture flasks.
Wells containing 0.1% DMSO or culture medium were
established as controls. Cell proliferation was assessed
using a kit (Cell Counting Kit-8 [CCKS8], Dojindo,
Kumamoto, Japan) according to the instructions from
the manufacturer. Cells were seeded on a 96-well plate
(Corning Inc., Corning, NY, USA) at 1 x 10%well
in volume 100 pL and cultured for 24 hours. The kit
(CCKB) reagents were added to the wells (10 pL/well).
After incubation (2 h), absorbance of the cells was read
on an automated plate reader (SmartSpec Plus, Bio-Rad
Hercules, CA, USA) at wavelength 450 nm.

The ISO-HAS cells were treated with TRAM-34
at different concentrations (0, 0.2, 1, 5, 10, or 20 mM)
for 24 hours and fixed with 75% ethanol. Cellular DNA

was labeled by propidium iodide staining of detergent-
permeabilized cells at 4°C for 30 minutes. Cell cycle status
was measured by flow cytometry (Becton Dickinson,
North Ride, NSW, Australia) and analyzed using software
(ModFit LT, version 2, Verity Software House, Topsham,
ME, USA). Cell proliferation and cell cycle were assessed
on the miR-497 mimic transfected cells with or without
subsequent addition of KCa3.1 channel activator 1-EBIO.

Invasion assay

Cells were pretreated with TRAM-34 at different
concentrations (0, 0.2, 1, 5 and 10 pM) for 8 hours or
transfected with miR-497-5p mimics with or without
subsequent addition of 500 nM 1-EBIO. Invasion assay
was performed using 8.0-nm pore size inserts (Transwell,
Corning) that were coated with matrix (Matri-gel,
Corning). A total 1.5 x 105 cells were suspended in 200 pL
serum-free medium and loaded in the upper compartment
of the insert, which was sitting in a well containing 500 uL.
culture medium supplemented with 10% FBS. After
36 hours the invaded cells on the underside of the inserts
were fixed with 1% paraformaldehyde for 5 minutes,
washed with PBS for | minute, stained with hematoxylin
for 3 minutes, and then counted. There were 2 repetitions
performed for each group.

Zymography assay

Activities of MMP -9 in ISO-HAS cells were
determined by gelatin zymography. In details, ISO-HAS
cells in serum-free medium containing 0.1% DMSO
or TRAM-34 (1, 5 or 10 uM) or cells transfected with
miR-497 mimics were seeded in 24-well plates with
a density of 2 x 10° cells/well, and incubated for 24 h.
Electrophoresis was performed on a 10% polyacrylamide/
SDS gel containing 1 mg/mL gelatin. The gel was washed
with 2.5% Triton X-100 for 1 h and incubated overnight
at 37 °C in enzyme buffer (50 mM Tris, pH 7.5, 200 mM
NaCl, 5 mM CaCl, and 0.02% Brij-35). Areas of gelatin
hydrolyzed by MMP were visualized as clear zones
against blue background.

Immunohistochemistry

Immunohistochemistry was performed on 4-pm,
formalin-fixed, paraffin-embedded sections with
anti-KCa3.1. Briefly, the slides were deparaffinized,
rehydrated, and dripped in 3% hydrogen peroxide solution
for 10 minutes. The slides were incubated with anti-
KCa3.1 (1:150 dilution) at 4°C overnight. After washing
with PBS, the slides were incubated with Polymer
Helper for 20 minutes and polyperoxidase-antihuman
immunoglobulin G for 30 minutes at room temperature.
Slides were developed with a kit (EnVision Detection Kit,
Maxim Biotect, Fuzhou China). Hematoxylin was used
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as counterstain, and the negative control was obtained
by substituting the primary antibody with PBS. Slides
were examined by 2 pathologists (Tongji Hospital, China)
blindly and independently. Immunohistochemical staining
was evaluated as multiplication of the percentage score of
positively stained tumor cells and the staining intensity
score. The intensity score was defined as: 0 (negative),
1 (weakly positive), 2 (moderately positive), and
3 (strongly positive). The percentage score was defined
as 0 (negative), 1 (< 10%), 2 (11% to 50%), 3 (51% to
80%) and 4 (> 80% positive cells). The degree of KCa3.1
staining was quantified using a 2-level grading system
as follows: < 6 indicates low expression, while 6 to 12
indicates high expression.

Electrophysiology

The whole-cell patch-clamp technique was used
[44]. Patch pipettes were made from borosilicate fiber-
containing glass (Clark Electromedical Instruments,
Reading, UK) and the tips were heat-polished, resulting
in resistance 3-4 MQ. The pipette solution contained
130 mM potassium chloride, 5 mM magnesium chloride,
1 mM calcium chloride, 10 mM 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES), and 3 mM
ethylene glycol tetraacetic acid (pH, 7.3). The external
solution contained 136 mM sodium chloride, 5.4 mM
potassium chloride, 1.0 mM magnesium chloride, 1.8 mM
calcium chloride, 0.33 mM monosodium phosphate,
10 mM glucose, and 10 mM HEPES (pH, 7.3). Whole cell
currents were recorded with an amplifier (Axoclamp 200A,
Axon Instruments, CA, USA), and currents were evoked by
applying voltage commands to a range of potentials (—80 to
+ 80 mV) in 10 mV steps from a holding potential of —80
mV. The data were digitalized (sampled at 10 kHz), stored
on a computer, and analyzed using software (pClamp,
Axon Instruments). Data were presented as mean +
standard error (SE). Statistical significance was determined
by ¢ test, and P < .05 was considered significant.

Tumor xenograft model

BALB/c nude mice (nu/nu; 6- to 8-week-old
females) were obtained from the animal facility of Tongji
Hospital and maintained under clean conditions. Care
and handling of the animals were in accordance with the
Guidelines for Animal Care and Use Committee of Tongji
Hospital. Animals were inoculated subcutaneously in
the right flank with 5 x 10° ISO-HAS cells suspended in
200 pL PBS containing 0.1% DMSO (TRAM-34 control
group, 4 mice) or 30 uM TRAM-34 (TRAM-34 group,
5 mice), or transfected with miR-497-agomiR (miR-497-
Sp group, 4 mice) or non-targeting-miR-497-agomiR
(miR-497-5p negative control group, 4 mice). Nude mice
were sacrificed with carbon dioxide inhalation 25 or
35 days after cell inoculation. All xenograft tumors were

dissected, photographed, and weighed, and volume V was
calculated using the following formula: V= 0.5 x L x W2,
where L was length and W was width.

ACKNOWLEDGMENTS AND FUNDING

This project was supported by grants from National
Key Project of Clinical Specialty, Natural Science
Foundation of China (31271040, 81270176, 81000048,
81200106, 81302114, 81300099) and the Program for
New Century Excellent Talents (NCET-07-0321).

The authors thank Dr. Xiu Nie from Union Hospital,
Dr. Guifang Yang from Zhongnan Hospital of Wuhan
University, Dr. Zesheng Wang from Renmin Hospital of
Wuhan University, Dr. Yuchang Hu from Central Hospital
of Yichang, Dr. Junchuan Li from Renmin Hospital of
Jingzou, and Dr. Xianbin Tang from Taihe Hospital of
Shiyan for providing human angiosarcoma FFPE samples.

CONFLICTS OF INTEREST
None.
REFERENCES
. Fletcher CDM, World Health Organization. and

International Agency for Research on Cancer. WHO
classification of tumours of soft tissue and bone. (Lyon:
IARC Press). 2013.

Behjati S, Tarpey PS, Sheldon H, Martincorena I, Van
Loo P, Gundem G, Wedge DC, Ramakrishna M, Cooke SL,
Pillay N, Vollan HK, Papaemmanuil E, Koss H, et al.
Recurrent PTPRB and PLCG1 mutations in angiosarcoma.
Nat Genet. 2014; 46:376-379.

3. Manner J, Radlwimmer B, Hohenberger P, Mossinger K,
Kuffer S, Sauer C, Belharazem D, Zettl A, Coindre JM,
Hallermann C, Hartmann JT, Katenkamp D, Katenkamp K,
et al. MYC high level gene amplification is a distinctive
feature of angiosarcomas after irradiation or chronic
lymphedema. Am J Pathol. 2010; 176:34-39.

Yang JM, Kantrow S, Sai JQ, Hawkins OE, Boothby M,
Ayers GD, Young ED, Demicco EG, Lazar AJ, Lev D
and Richmond A. Tkk4a/Arf Inactivation with Activation
of the NF-kappa B/IL-6 Pathway Is Sufficient to Drive
the Development and Growth of Angiosarcoma. Cancer
Research. 2012; 72:4682-4695.

5. Ambros V. The functions of animal microRNAs. Nature.

2004; 431:350-355.

6. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism,
and function. Cell. 2004; 116:281-297.

7. Esquela-Kerscher A, Slack FJ. Oncomirs - microRNAs with
arole in cancer. Nat Rev Cancer. 2006; 6:259-269.

8. Sarver AL, Phalak R, Thayanithy V, Subramanian S.
S-MED: sarcoma microRNA expression database. Lab
Invest. 2010; 90:753-761.

www.impactjournals.com/oncotarget

58159

Oncotarget



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Huang X, Jan LY. Targeting potassium channels in cancer.
J Cell Biol. 2014; 206:151-162.

Benzaquen LR, Brugnara C, Byers HR, Gatton-Celli S,
Halperin JA. Clotrimazole inhibits cell proliferation in vitro
and in vivo. Nat Med. 1995; 1:534-540.

D’Alessandro G, Catalano M, Sciaccaluga M, Chece G,
Cipriani R, Rosito M, Grimaldi A, Lauro C, Cantore G,
Santoro A, Fioretti B, Franciolini F, Wulff H, et al. KCa3.1
channels are involved in the infiltrative behavior of
glioblastoma in vivo. Cell Death Dis. 2013; 4:773.

Jager H, Dreker T, Buck A, Giehl K, Gress T, Grissmer S.
Blockage of intermediate-conductance Ca2+-activated
K+ channels inhibit human pancreatic cancer cell growth
in vitro. Mol Pharmacol. 2004; 65:630-638.

Khalid MH, Shibata S, Hiura T. Effects of clotrimazole
on the growth, morphological -characteristics, and
cisplatin sensitivity of human glioblastoma cells in vitro. J
Neurosurg. 1999; 90:918-927.

Liu H, Li Y, Raisch KP. Clotrimazole induces a late G1 cell
cycle arrest and sensitizes glioblastoma cells to radiation
in vitro. Anticancer Drugs. 2010; 21:841-849.

Ouadid-Ahidouch H, Roudbaraki M, Delcourt P,
Ahidouch A, Joury N, Prevarskaya N. Functional and
molecular identification of intermediate-conductance
Ca(2+)-activated K(+) channels in breast cancer cells:
association with cell cycle progression. Am J Physiol Cell

Physiol. 2004; 287:C125-134.

Wang ZH, Shen B, Yao HL, Jia YC, Ren J, Feng Y],
Wang YZ. Blockage of intermediate-conductance-Ca(2+)
-activated K(+) channels inhibits progression of human
endometrial cancer. Oncogene. 2007; 26:5107-5114.
Grgic I, Eichler I, Heinau P, Si H, Brakemeier S, Hoyer J,
Kohler R. Selective blockade of the
conductance Ca2+-activated K+ channel suppresses

intermediate-
proliferation of microvascular and macrovascular
endothelial cells and angiogenesis in vivo. Arterioscler
Thromb Vasc Biol. 2005; 25:704-709.

Takahashi H, Abe M, Sugawara T, Tanaka K, Saito Y,
Fujimura S, Shibuya M, Sato Y. Clotrimazole, an imidazole
antimycotic, is a potent inhibitor of angiogenesis. Jpn J
Cancer Res. 1998; 89:445-451.

Kohler R, Degenhardt C, Kuhn M, Runkel N, Paul M,
Hoyer J. Expression and function of endothelial Ca(2+)-
activated K(+) channels in human mesenteric artery:
A single-cell reverse transcriptase-polymerase chain
reaction and electrophysiological study in situ. Circ Res.
2000; 87:496-503.

Ahn SC, Seol GH, Kim JA, Suh SH. Characteristics and
a functional implication of Ca(2+)-activated K(+) current
in mouse aortic endothelial cells. Pflugers Arch. 2004;
447:426-435.

Guo ST, Jiang CC, Wang GP, Li YP, Wang CY, Guo XY,
Yang RH, Feng Y, Wang FH, Tseng HY, Thorne RF, Jin L,
Zhang XD. MicroRNA-497 targets insulin-like growth

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

factor 1 receptor and has a tumour suppressive role in
human colorectal cancer. Oncogene. 2013; 32:1910-1920.
LiD, Zhao'Y, Liu C, Chen X, Qi Y, Jiang Y, Zou C, Zhang X,
Liu S, Wang X, Zhao D, Sun Q, Zeng Z, et al. Analysis of
MiR-195 and MiR-497 expression, regulation and role in
breast cancer. Clin Cancer Res. 2011; 17:1722-1730.

Li W, Jin X, Deng X, Zhang G, Zhang B, Ma L. The putative
tumor suppressor microRNA-497 modulates gastric cancer
cell proliferation and invasion by repressing e[F4E. Biochem
Biophys Res Commun. 2014; 449:235-240.

Legrand G, Humez S, Slomianny C, Dewailly E, Vanden
Abecele F, Mariot P, Wuytack F, Prevarskaya N. Ca2+ pools
and cell growth. Evidence for sarcoendoplasmic Ca2-+-
ATPases 2B involvement in human prostate cancer cell
growth control. J Biol Chem. 2001; 276:47608—47614.

Cruse G, Duffy SM, Brightling CE, Bradding P. Functional
KCa3.1 K+ channels are required for human lung mast cell
migration. Thorax. 2006; 61:880—-885.

Ghanshani S, Wulff H, Miller MJ, Rohm H, Neben A,
Gutman GA, Cahalan MD, Chandy KG. Up-regulation
of the IKCal potassium channel during T-cell activation.
Molecular mechanism and functional consequences. J Biol
Chem. 2000; 275:37137-37149.

Kohler R, Wulff H, Eichler I, Kneifel M, Neumann D,
Knorr A, Grgic I, Kampfe D, Si H, Wibawa J, Real R,
Borner K, Brakemeier S, et al. Blockade of the intermediate-
conductance calcium-activated potassium channel as a
new therapeutic strategy for restenosis. Circulation. 2003;
108:1119-1125.

Pena TL, Chen SH, Konieczny SF, Rane SG. Ras/MEK/
ERK Up-regulation of the fibroblast KCa channel FIK is a
common mechanism for basic fibroblast growth factor and
transforming growth factor-beta suppression of myogenesis.
J Biol Chem. 2000; 275:13677-13682.

Wulff H, Knaus HG, Pennington M, Chandy KG.
K+ channel expression during B cell differentiation:
implications for immunomodulation and autoimmunity. J
Immunol. 2004; 173:776-786.

Fioretti B, Castigli E, Calzuola I, Harper AA, Franciolini F,
Catacuzzeno L. NPPB block of the
conductance Ca2+-activated K+ channel. Eur J Pharmacol.
2004; 497:1-6.

Fioretti B, Castigli E, Micheli MR, Bova R, Sciaccaluga M,
Harper A, Franciolini F, Catacuzzeno L. Expression
and modulation of the intermediate- conductance Ca2+-

intermediate-

activated K+ channel in glioblastoma GL-15 cells. Cell
Physiol Biochem. 2006; 18:47-56.

Weaver AK, Bomben VC, Sontheimer H. Expression and
function of calcium-activated potassium channels in human
glioma cells. Glia. 2006; 54:223-233.

Parihar AS, Coghlan MJ, Gopalakrishnan M, Shiech CC.
Effects of
K+ channel modulators on human prostate cancer cell
proliferation. Eur J Pharmacol. 2003; 471:157-164.

intermediate-conductance Ca2+-activated

WWW

.impactjournals.com/oncotarget

58160

Oncotarget



34.

35.

36.

37.

38.

39.

Faouzi M, Chopin V, Ahidouch A, Ouadid-Ahidouch H.
Intermediate Ca2+-sensitive K+ channels are necessary
for prolactin-induced proliferation in breast cancer cells. J
Membr Biol. 2010; 234:47-56.

Blackiston DJ, McLaughlin KA, Levin M. Bioelectric
controls of cell proliferation: ion channels, membrane
voltage and the cell cycle. Cell Cycle. 2009; 8:3527-3536.
Sciaccaluga M, Fioretti B, Catacuzzeno L, Pagani F,
Bertollini C, Rosito M, Catalano M, D’Alessandro G,
Santoro A, Cantore G, Ragozzino D, Castigli E,
Franciolini F, et al. CXCL12-induced glioblastoma cell
migration requires intermediate conductance Ca2+-
activated K+ channel activity. Am J Physiol Cell Physiol.
2010; 299:C175-184.

Cuddapah VA, Turner KL, Seifert S, Sontheimer H.
Bradykinin-induced chemotaxis of human gliomas requires
the activation of KCa3.1 and CIC-3. J Neurosci. 2013;
33:1427-1440.

Catacuzzeno L, Fioretti B, Franciolini F. Expression and
Role of the Intermediate-Conductance Calcium-Activated
Potassium Channel KCa3.1 in Glioblastoma. J Signal
Transduct. 2012; 2012:421564.

Maki RG, D’Adamo DR, Keohan ML, Saulle M,
Schuetze SM, Undevia SD, Livingston MB, Cooney MM,
Hensley ML, Mita MM, Takimoto CH, Kraft AS, Elias AD,

40.

41.

42.

43.

44.

et al. Phase II study of sorafenib in patients with metastatic
or recurrent sarcomas. J Clin Oncol. 2009; 27:3133-3140.

Chugh R, Wathen JK, Maki RG, Benjamin RS, Patel SR,
Meyers PA, Priebat DA, Reinke DK, Thomas DG,
Keohan ML, Samuels BL, Baker LH. Phase II multicenter
trial of imatinib in 10 histologic subtypes of sarcoma using
a bayesian hierarchical statistical model. J Clin Oncol.
2009; 27:3148-3153.

Fayette J, Martin E, Piperno-Neumann S, Le Cesne A,
Robert C, Bonvalot S, Ranchere D, Pouillart P, Coindre JM,
Blay JY. Angiosarcomas, a heterogeneous group of
sarcomas with specific behavior depending on primary
site: a retrospective study of 161 cases. Ann Oncol. 2007;
18:2030-2036.

Penel N, Marreaud S, Robin YM, Hohenberger P.
Angiosarcoma: state of the art and perspectives. Crit Rev
Oncol Hematol. 2011; 80:257-263.

Masuzawa M, Fujimura T, Hamada Y, Fujita Y, Hara H,
Nishiyama S, Katsuoka K, Tamauchi H, Sakurai Y.
Establishment of a human hemangiosarcoma cell line (ISO-
HAS). Int J Cancer. 1999; 81:305-308.

Duffy SM, Cruse G, Lawley WJ, Bradding P. Beta2-
adrenoceptor regulation of the K+ channel iKCal in human
mast cells. FASEB J. 2005; 19:1006—-1008.

www.impactjournals.com/oncotarget

58161

Oncotarget



