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The ether à go-go1 (Eag1) channel is overexpressed in a variety of cancers. However, the expression and function of Eag1 in
liposarcoma are poorly understood. In the present study, the mRNA expression of Eag1 in different adipose tissue samples was
examined by real-time PCR. Then, the protein expression of Eag1 in 131 different adipose tissues from 109 patients was detected
by immunohistochemistry. Next, the associations between Eag1 expression and clinicopathological features of liposarcoma were
analyzed. In addition, the effects of Eag1 on liposarcoma cell proliferation and cycle were evaluated by CCK-8, colony formation,
xenograft mouse model, and flow cytometry, respectively. Finally, the activation of p38 mitogen-activated protein kinase (MAPK)
was detected by Western blot analysis to explain the detailed mechanisms of oncogenic potential of Eag1 in liposarcoma. It
was found that Eag1 was aberrantly expressed in over 67% liposarcomas, with a higher frequency than in lipoma, hyperplasia,
inflammation, and normal adipose tissues. However, Eag1 expression was not correlated with clinicopathological features of
liposarcoma. Eag1 inhibitor imipramine or Eag1-shRNA significantly suppressed the proliferation of liposarcoma cells in vitro and in
vivo, accompanying with accumulation of cells in the G1 phase.These results suggest that Eag1 plays an important role in regulating
the proliferation and cell cycle of liposarcoma cells and might be a potential therapeutic target for liposarcoma.

1. Introduction

Liposarcoma is a malignant tumor that arises in fat cells, first
described by Virchow [1]. Liposarcoma is the most common
soft tissue sarcoma in adults with the peak prevalence
between 40 and 60 years of age and accounts for up to 20% of
all soft tissue sarcomas [2, 3]. Liposarcoma occurs in almost
any part of the body, mainly in the trunk, the limbs, and
the abdominal cavity. Usually, lumps with painless and slow
growing are the initial symptoms. Unfortunately, tumors in
the abdomen can grow to be quite large before they are found.
Soft tissue liposarcomas have been categorized into four
distinct histological subtypes: well differentiated, myxoid,
pleomorphic, and round cell [2, 4]. While well differentiated
tumors have a favorable outcome with a 5-year survival rate

of 75–100%, round cell and pleomorphic liposarcomas have
the worst prognosis with 0–20% survival rate at 5 years [5].

In recent years, the functional role of voltage-gated K+
channels (Kv channels) in tumorigenesis has been an area of
intense investigation [6]. Several Kv channels, especially Eag1
(Kv10.1, KCNH1) channels, are crucially implicated in tumor
growth, progression, and metastasis [7–9]. Eag1 is a central
nervous system- (CNS-) localized channel that is found ecto-
pically expressed in several tumors [10, 11]. In addition, sup-
pression of Eag1 expression in several cancer cell lines causes
a significant reduction of cell proliferation, while ectopic
expression of Eag1 induces aggressive tumors in immunedefi-
cient mice [12–14]. Collectively, these data support the onco-
genic potential of Eag1 [13, 15]. However, up to now only one
study has examined the expression of Eag1 in liposarcoma but

Hindawi Publishing Corporation
BioMed Research International
Volume 2014, Article ID 345678, 12 pages
http://dx.doi.org/10.1155/2014/345678

http://dx.doi.org/10.1155/2014/345678


2 BioMed Research International

did not investigate the role of Eag1 in detail [16]. Therefore,
in this study, we first detect the expression of Eag1 in differ-
ent adipose tissues diseases and analyze the association
between Eag1 expression and clinicopathological features of
liposarcoma. Next we examined the effects of an Eag1 inhi-
bitor or Eag1 siRNA on liposarcoma cell proliferation, colony
formation, tumor growth, and cell cycle in vitro and in vivo.
Finally, we investigated signaling mechanism by which Eag1
promotes liposarcoma cell growth and cycle.

2. Materials and Methods

2.1. Sample Collection. A total of 131 formalin-fixed, paraffin-
embedded specimens, including 80 liposarcomas from 65
patients, 19 lipomas from 17 patients, 15 hyperplasia of adi-
pose tissues from 10 patients, 8 panniculitis from 8 patients,
and 9 normal adipose tissues from 9 patients, were acquired
from the affiliated Southeast Hospital of Xiamen University
between January 2010 and June 2013, with complete clini-
copathologic parameters. Confirmed healthy human brain
obtained from biopsy and skeletal muscle from patients who
underwent orthopedic surgery were used as a positive and
negative control, respectively [14, 16]. All the specimens were
obtained after obtaining written informed consent according
to a protocol approved by the Institutional Review Board of
the affiliated Southeast Hospital of Xiamen University.

2.2. PCR. GenomicDNAand total RNAwere extracted using
TRIzol reagent (Invitrogen, Rockville, MD, USA) according
to themanufacturer’s protocol. Twomicrograms of RNAwere
subjected to reverse transcription. Sequences of forward and
reverse primers, amplified fragment sizes, and annealing tem-
peratureswere as follows: Eag1, 5-GCTTTTGAGAACGTG
GAT GAG-3, 5-CGA AGA TGG TGG CAT AGA GAA-
3, 475 bp, 56∘C. glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), 5-GCC TCA AGA TCA GCA AT-3, 5-AGG
TCC ACC ACT GAC ACG TT-3, 310 bp, 56∘C. Quantitative
RT-PCR was performed using an ABI Prism 7,000 sequence
detector (Applied Biosystems) and the results were analyzed
by the relative standard curve method (User Bulletin #2 of
ABI Prism 7,700 Sequence Detection Systems, Applied Bio-
systems).

2.3. Immunohistochemical Staining. The tissue slide was
baked in a dry oven at 60∘C for 2 h to remove the coated
paraffin.The samples were demineralized with an equal parts
mixture of 20% sodium citrate and 45% formic acid. The
slide was immersed twice in xylene for 3min, hydrated with
100%, 95%, 70%, and 50% ethanol, and rinsed with cold tap
water for 5min. After dewaxing and blocking endogenous
peroxidases, the sections were treated at 100∘C in EDTA
(1mM, pH 8.0) for antigen retrieval and then incubated with
Eag1 polyclonal antibody (ab86204, Abcam, Cambridge,MA,
1 : 300) overnight at 4∘C.The slides werewashedwith PBS and
incubated with horseradish peroxidase conjugated goat anti-
rabbit IgG at room temperature for 1 h. Diaminobenzidine
(DAB, ZhongshanBiotechnology, Beijing, China)was used to
visualize the tissue slide and the sections were counterstained
with haematoxylin. Samples were defined as positive when

more than 10%of the cells stained positivewithEag1 antibody.
Eag1 staining was classified as 0 (less than 10% of the tumor
cells show staining), 1+ (faint staining inmore than 10% of the
cells), 2+ (moderate staining in more than 10% tumor cells),
and 3+ (strong staining in more than 10% of the cells) and
the immunohistochemical score was evaluated as negative
(0), positive (1), and strongly positive (2 and 3) as described
previously [17].

2.4. Cell Culture and Drugs. Human liposarcoma cell line
SW-872 (HTB-92), 93T449 (CRL-3043), and human embry-
onic kidney cell line 293 (HEK293) were purchased from
the American Type Culture Collection (ATCC, Rockville,
MD, USA). SW-872 cells were cultured in MEM (minimum
essential medium) media (Gibco, Rockville, MD, USA), sup-
plemented with 10% (v/v) fetal bovine serum (FBS) (Gibco),
100 IU/mL penicillin, and 100 𝜇g/mL streptomycin in a
humidified atmosphere of 5% CO

2
at 37∘C. 93T449 and

HEK293 cells were cultured in RPMI-1640 medium (Gibco),
supplemented with 10% FBS, 100U/mL penicillin, and
100 𝜇g/mL streptomycin in a humidified atmosphere of 5%
CO
2
at 37∘C. All cells were subcultured every 3-4 days. Imi-

pramine was purchased from Sigma (St. Louis, MO, USA),
dissolved in distilled water as 1mM stock solution and stored
at −20∘C.

2.5. Preparation of Adenoviral shRNA Vectors. The oligonu-
cleotides targeting human Eag1 were designed and selected
as the template: AGC CATCTTGGTCCC TTA TAA, which
shared no homology with other coding sequences in human
by BLAST analysis. A ring sequence of 9 base pairs (TTC
AAG ACG) existed between the sense and antisense strands.
The shRNA was synthesised by Sangon Biotech (Shanghai,
China). Plasmid pGeneSil-1 was purchased from GeneSil
Biotechnology (Wuhan, China), which contained the human
U6 promoter inserted between BamHI and HindIII sites.
The shRNA cassette was subcloned into pAdTrack vector
between HindIII and XbaI sites. The recombinant plasmid
was linearized by digestionwith restriction endonuclease and
subsequently cotransformed into E. coli BJ5183 cells with
an adenoviral backbone plasmid pAdEasy-1. Recombinant
plasmids were selected for kanamycin resistance and trans-
fected intoHEK293 cells. A recombinant adenovirus express-
ing shRNA against Eag (Ad5-Eag1-shRNA) was generated.
The recombinant adenovirus control (Ad5-Control-shRNA),
which carried a sequence of CTA GGT GTT CTA GTC TGG
ACT and did not target any known human genes, was gen-
erated as control. All viruses were propagated and purified
on a CsCl gradient using standard methods. Functional titer
(plaque forming units) was determined with a plaque assay
on HEK293 cells according to the method developed by
Quantum Biotechnology.

2.6. Adenovirus Infection. Human liposarcoma cells (1 × 105)
in serum-free media were infected with Ad5-Eag1-shRNA
or Ad5-Control-shRNA at 5 MOI (multiplicity of infection,
calculated as PFU/cell numbers) in a humidified atmosphere
of 5% CO

2
at 37∘C. Virus containing medium was removed
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8 h later and replaced with fresh MEM medium containing
10% (v/v) FBS. Cells were incubated for another 48 h.

2.7. Cell Proliferation Assay. Cell proliferation was analyzed
by using Cell Counting Assay Kit-8 (CCK-8) (Dojindo
Molecular Technologies, Gaithersburg,MD) according to the
manufacturer’s protocol. Briefly, 5 × 103 cells were starved in
serum-free medium for 12 h and then the cells were infected
with vectors or exposed to 20𝜇M imipramine. After 96 h,
the cells were harvested. Ten microliters of CCK-8 solution
was added to each well, the cells were incubated for 1 h,
and the absorbance (A) at 490 nm was measured by using
spectrophotometer (Bio-Rad, Richmond, CA). Experiments
were performed at least three times with representative data
presented.

2.8. Colony Formation Assay. For colony formation assay,
cells were seeded at 300 per 60 mm dish in triplicate
and cultured to 2 weeks. The assay was stopped when the
colonies are clearly visible even without looking under the
microscope. Cell colonies were fixed and stained with 0.25%
crystal violet in 50% ethanol for 20 to 30min and then air
dried and counted.The colony formation ratio was calculated
according to the following formula: colony formation ratio
(%) = (colony number/seeded cell number) × 100%.

2.9. Tumorigenicity Assay in NudeMice. Thymus-null BALB/
c nude mice (female, 4–6 weeks old) were obtained from the
Animal Center of Chinese Academy of Medical Sciences. All
animal procedures were performed according to approved
protocols and in accordance with recommendations for the
proper use and care of laboratory animals. Liposarcoma
xenografts were established in nude mice as described previ-
ously [18, 19]. The liposarcoma-bearing mice were randomly
divided into 3 groups (𝑛 = 6). Group 1 received intratumor
injection with Ad5-Eag1-shRNA (10 MOI) every 3 days (6
injections totally). Group 2 received intratumor injections
of Ad5-Control-shRNA (10 MOI) every 3 days (6 injections
totally). Group 3 received normal saline injection as controls.
Tumor growth was measured using caliper, and tumor vol-
ume (mm3) was determinedwith formula 𝑎𝑏2/2, where 𝑎was
the length and 𝑏 was the width of the tumor.

2.10. Flow Cytometry Analysis. The cells were collected and
washed twice with cold PBS following the infection with
shRNA for 48 h, and then cell pellets were resuspended at 1 ×
106 cells/mL and fixed in 70% cold ethanol overnight at 4∘C.A
fluorochrome solution containing 50 𝜇g/mL PI, 3.4mmol/L
sodium citrate, 20 𝜇g/mL RNase A, and 1% Triton X-100 was
added and the mixture was incubated in the dark at room
temperature for 30min. The distribution of the cell cycle
was measured using flow cytometry (FCM; Partec, Münster,
Germany). FCManalysis was performed using the Cell Quest
software (Beckton Dickinson, Franklin Lakes, NJ, USA).

2.11. Western Blot Analysis. 5-6 × 107 cells were collected
and lysed in ice-cold lysis buffer containing 50mmol/L Tris-
Cl (pH 7.5), 150mmol/L NaCl, 0.2mmol/L EDTA, 1mmol/L
PMSF, and 1% (v/v) Nonidet-P40 for 30min. The lysates

were centrifuged at 13,200 rpm for 10min at 4∘C and the
supernatants were collected. 25 𝜇g proteins were resolved by
a 12% SDS-PAGE and blotted on nitrocellulose membranes
(Bio-Rad). Membranes were blocked with 10% (w/v) nonfat
milk powder at room temperature for 1 h and then incu-
bated with antibodies against Eag1 (Abcam), p38 MAPK,
phospho-p38 MAPK, and GAPDH (Cell Signaling Technol-
ogy, Danvers, MA) overnight at 4∘C, followed by incubation
with horseradish peroxidase-conjugated goat anti-rabbit or
anti-mouse secondary antibody (Santa Cruz Biotechnology,
CA, USA) for 1 h at room temperature. Finally, the mem-
branes were developed with chemiluminescent detection kit
(Zhongshan Biotechnology). Experiments were performed at
least three times with representative data presented.

2.12. Statistical Analysis. All data were presented as mean ±
standard deviation (SD). Statistical significance was deter-
mined using analysis of variance (ANOVA) or 𝜒2-test using
the SPSS18.0 program. 𝑃 < 0.05was considered as significant
difference.

3. Results

3.1. Eag1 Is FrequentlyAberrantly Expressed inHumanLiposar-
coma Specimens. First, we compared the mRNA expression
level of Eag1 in different adipose tissue samples by real-
time PCR. There was a clear increase in Eag1 mRNA level
in liposarcoma samples (𝑛 = 3), compared to other tissues
(𝑛 = 3) (Figure 1(a)). Next, Eag1 polyclonal antibody was
employed for immunohistochemical staining. Positive Eag1
staining was detected in 54/80 (67.5%) liposarcoma, 8/19
(42.1%) lipoma, 6/15 (40.0%) hyperplasia of adipose tissues,
and 2/8 panniculitis (25.0%), but negative Eag1 staining was
detected in 9 normal adipose tissues (Table 1). The positive
signal was detected mainly in the cytoplasm, consistent with
previous reports [11, 16]. As a positive control Eag1 staining
was detected in a normal human brain sample, negative
staining for Eag1 was observed in a skeletal muscle tissue.The
representative images of Eag1 staining are shown in Figure
1(b). Statistical analysis indicated that positive expression of
Eag1 in human liposarcoma was significantly different from
that in other adipose tissues diseases (𝑃 < 0.05, Table 1).

3.2. Clinical Parameters of Liposarcoma Specimens and Eag1
Expression. The clinical parameters of 80 liposarcoma speci-
mens are shown in Table 2.Thirty-three (41.2%)males and 47
(58.8%) females with mean age of 47.98 ± 14.56 years (range
7–79 years) were enrolled in this study. Twenty-one (26.2%)
tumors originated in the limbs, 23 (28.8%) in the trunk, 21
(26.2%) in the abdominal cavity, and 15 (18.8%) in other sites.
Histologically, the most common subtype was well differenti-
ated liposarcoma (32.5%), followed bymyxoid (27.5%), round
cell (23.7%), and pleomorphic liposarcoma (16.3%). Forty-
eight patients were low-grade liposarcoma (60.0%) and 32
patients were high-grade liposarcoma (40.0%). There were
61 (76.3%) primary liposarcomas and 19 (23.7%) recidivating
liposarcomas. Statistical analysis revealed that Eag1 expres-
sion is not dependent on age, gender, site, histology, grade,
and type in 80 liposarcoma specimens (Table 2).
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Figure 1: The expression of Eag1 in different adipose tissues diseases samples. (a) Real-time PCR reveals increased Eag1 expression in
liposarcoma. The mRNA expression level is normalized with GAPDH and the value in normal adipose tissues is set as 1 for the calibration.
∗∗∗

𝑃 < 0.001. (b) Eag1 immunostaining in a human brain specimen (positive control, (A)), 67.5% liposarcoma (B), 42.1% lipoma (C), 40.0%
hyperplasia of adipose tissues (D), 25.0% panniculitis (E), and no positive Eag1 staining in 9 normal adipose tissues (F) and 3 skeletal muscle
tissues (negative control, (G)). Images are captured using an OLYMPUS light microscope equipped with a CCD color camera at a 200x
magnification.
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Table 1: The expression of Eag1 in different adipose tissues diseases.

Histology Number of tumors (%) Eag1 expression (%) 𝜒
2 value 𝑃

Liposarcoma 80 (61.1%) 54 (67.5%)
Lipoma 19 (14.5%) 8 (42.1%) 4.23 0.04
Hyperplasia of adipose tissues 15 (11.5%) 6 (40.0%) 4.11 0.043
Panniculitis (inflammation) 8 (6.1%) 2 (25.0%) 5.68 0.017
Normal adipose tissues 9 (6.9%) 0 (0.0%) 15.448 <0.001
Total 131 70 (53.4%)

Table 2: Clinical Parameters of liposarcoma specimens and Eag1 expression.

Clinical parameters of samples Number of tumors (%) Eag1 expression (%) 𝜒
2 value 𝑃

Sex 0.382 0.536
Male 33 (41.2%) 21 (63.6%)
Female 47 (58.8%) 33 (70.2%)

Age (year) 0.166 0.983
≤30 4 (5.0%) 3 (75.0%)
30–39 25 (31.3%) 17 (68.0%)
40–60 34 (42.5%) 23 (67.6%)
>60 17 (21.2%) 11 (64.7%)

Site 0.735 0.865
Limbs 21 (26.2%) 13 (61.9%)
Trunk 23 (28.8%) 15 (65.2%)
Abdominal cavity 21 (26.2%) 15 (71.4%)
Other 15 (18.8%) 11 (73.3%)

Histology 1.19 0.755
Well differentiated 26 (32.5%) 19 (73.1%)
Myxoid 22 (27.5%) 15 (68.2%)
Pleomorphic 13 (16.3%) 9 (69.2%)
Round cell 19 (23.7%) 11 (57.9%)

Grade 1.605 0.205
Low-grade 48 (60.0%) 35 (72.9%)
High-grade 32 (40.0%) 19 (59.4%)

Type 0.214 0.644
Primary 61 (76.3%) 42 (68.9%)
Recurrence 19 (23.7%) 12 (63.2%)

Total 80 54 (67.5%)

3.3. The Correlation of Liposarcoma Histology with Eag1
Expression. Histological subtype based on morphologic
appearance of the tumor is the most important prognostic
factor for survival. Previous studies have shown that well
differentiated liposarcoma and myxoid have favorable prog-
nosis while poorly differentiated liposarcomas have a poor
prognosis [20]. To investigate the correlation between Eag1
expression level and liposarcoma histology and/or clinical
outcome, we analyzed Eag1 expression level using the score
system (staining intensities of 1+ were considered as low
Eag1 expression and 2-3+ were considered as high Eag1
expression); Eag1 expression in different liposarcoma histo-
logical subtypes was shown in Figure 2. High Eag1 expression
was detected in 23 cases (42.6% of the positive expression
cases), while the other 31 cases (57.4%) showed low Eag1
expression. There was a clear difference in Eag1 expression
levels between well differentiated liposarcoma (21.1%) and

pleomorphic/round cell liposarcoma. Meanwhile the high
expression rate of Eag1 in myxoid liposarcoma (40.0%)
was lower than in pleomorphic and round cell liposarcoma
(66.7% and 63.6%, resp.), but the difference was not statisti-
cally significant (Table 3).

3.4. Eag1 Blockage Reduces the Proliferation of Liposarcoma
Cells. To characterize the oncogenic role of Eag1 in liposar-
coma, we first inhibited Eag1 expression by Eag1 shRNA. As
shown in Figure 3(a), Eag1 protein expression was effectively
suppressed by Ad5-Eag1-shRNA. Next the effect of Eag1
knockdown on cell proliferation was determined by CCK-8
assay. The results revealed that the proliferation of SW-872
and 93T449 cells was inhibited by 39% and 31%, respectively,
after Ad5-Eag1-shRNA infection. To confirm the oncogenic
role of Eag1, we treated liposarcoma cells with imipramine, a
nonspecific blocker of Eag1 activity. The results showed that
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 2: Immunohistochemical staining of Eag1 in different liposarcoma samples. Examples of high expression levels of Eag1 in myxoid
liposarcoma (a), pleomorphic liposarcoma (b), round cell liposarcoma (c), and well differentiated liposarcoma (d). Low expression levels of
Eag1 are shown in myxoid liposarcoma (e), pleomorphic liposarcoma (f), round cell liposarcoma (g), and well differentiated liposarcoma (h).
Magnification: 40x.
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Figure 3: Eag1 blockage inhibits the proliferation and tumorigenicity of liposarcoma cells. (a) Western blot analysis of Eag1 protein levels in
liposarcoma cells treated with Eag1 shRNA. Densitometric analysis of the bolts with GAPDH as loading control. The results are expressed as
mean ± SD (𝑛 = 3). (b)The proliferation of liposarcoma cells is determined by CCK-8 assay after treatment with imipramine or Eag1 shRNA.
The proliferation of liposarcoma cells is significantly reduced after treatment with imipramine or Eag1 shRNA. Data are presented as mean ±
SD (𝑛 = 6). (c) The tumorigenicity of liposarcoma cells is determined by colony formation assay. The tumorigenicity of liposarcoma cells is
significantly reduced after treatment with 20 𝜇M imipramine or Eag1 shRNA. Data are presented as mean ± SD (𝑛 = 3). ∗∗𝑃 < 0.01.

the proliferation of SW-872 and 93T449 cells was inhibited
by 28% and 22%, respectively, after the treatment with 20 𝜇M
imipramine (Figure 3(b)). Similar results were obtained from
the colony formation experiment (Figure 3(c)). Collectively,
these results suggest that Eag1 promotes the proliferation of
liposarcoma cells in vitro.

3.5. Eag1 Silencing Inhibits Liposarcoma Growth In Vivo.
To investigate the in vivo role of Eag1 in liposarcoma, we
made a xenograft model of liposarcoma using nude mice
and treated the xenografts by intratumor injection of Ad5-
Eag1-shRNA, Ad5-Control-shRNA, or saline (Figure 4(a)).
The results showed that the tumor volume was significantly
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Figure 4: Ad5-Eag1-shRNA inhibits liposarcoma growth in vivo. (a) Cartoon representation of the experiment with liposarcoma xenograft
tumors and Ad5-Eag1-shRNA treatment. Xenograft tumors are established by subcutaneous injection of 1 × 105 liposarcoma cells. After two
weeks, the tumors grow to visible size. Ad5-Eag1-shRNA treatment is given by intratumor injection every third day (blue arrows). Mice in
the control group are injected with saline or Ad5-Control-shRNA. (b) The length and width of tumors are measured every third day after
inoculation and the volume of tumor is calculated. After 15 days, the tumor volume growth curve is drafted. ∗∗𝑃 < 0.01 versus saline or
Ad5-Control-shRNA group.

Table 3: Tumour histology and dichotomised Eag1 expression.

Low Eag1 expression (%) High Eag1 expression (%) 𝜒
2 value 𝑃

Histology
Well differentiated 15 (78.9%) 4 (21.1%)
Myxoid 9 (60.0%) 6 (40.0%) 1.449 0.229
Pleomorphic 3 (33.3%) 6 (66.7%) 5.535 0.035
Round cell 4 (36.3%) 7 (63.6%) 5.44 0.047

Total 31 (57.4%) 23 (42.6%)

smaller in Ad5-Eag1-shRNA injected animals than in saline
or Ad5-Control-shRNA injected animals at each evaluating
time point (Figure 4(b)). These in vivo data confirm our in
vitro results and suggest the oncogenic role of Eag1 in lipo-
sarcoma.

3.6. Eag1 Silencing Inhibits Cell Cycle Progression of Liposar-
coma Cells. To determine how Eag1 knockdown inhibits
liposarcoma growth, we analyzed DNA contents of SW-872
and 93T449 cells by flow cytometry. As shown in Figure 5,
Ad5-Eag1-shRNA led to accumulation of cells in the G1 phase
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Figure 5: The effects of Eag1 silencing on the progression of cell cycle. Cells were infected with shRNA for 48 h. (a) Eag1 silence induced
a significant increase in SW-872 cells arrested in the G1 phase (𝑃 < 0.01, 𝑛 = 3) and a decrease in cells arrested in the G2 phase, while it
demonstrated no effect on the S phases of the cell cycle. Representative images of negative control, Ad5-Control-shRNA, andAd5-Eag1-shRNA
group. (b) Similar results were obtained from 93T449 cells.

(𝑛 = 3,𝑃 < 0.01) and reduction of cells in the G2 phase, while
it demonstrated no effect on the S phases of the cell cycle in
two liposarcoma cell lines. The results suggested that Eag1 is
important for the cell cycle of SW-872 and 93T449 cells which
are consistent with conclusions reported by others that Eag1
is necessary for progression through the G1 phase and G0/G1
transition of the cell cycle [21].

3.7. Eag1 Silencing Reduces p38MAPKActivity in Liposarcoma
Cells. To explore the molecular mechanism underlying the
oncogenic role of Eag1 in liposarcoma, we focused on p38
MAPK pathway because Eag1 has been shown to activate
p38 MAPK pathway [22], which is frequently activated in a
variety of tumors [23]. Western blot analysis showed that the
level of phospho-p38 MAPK was lower in Ad5-Eag1-shRNA
infected SW-872 and 93T449 cells than in negative control
cells (Figure 6). Taken together, these data indicate that Eag1
knockdown may inhibit the activation of p38 MAPK which
then promotes growth and cell cycle arrest in liposarcoma
cells.

4. Discussion

Although surgery and radiation therapy could achieve good
results for liposarcoma, it is difficult for complete surgical
removal of liposarcoma within the abdomen. Moreover,
distant metastasis remains a therapeutic dilemma limiting
the survival of liposarcoma patients [24]. Therefore, there is
an urgent need to identify novel targets for the diagnosis,
prognosis, and therapy of liposarcoma.

Based on histological findings and cytological aberra-
tions, liposarcomas are classified into four subtypes: well
differentiated, myxoid, pleomorphic, and round cell. Subtype
is the most important determinant of clinical outcome and
different subtypes have clearly different effects on survival
analysis [25]. Some clinical criteria, such as gender, age,
location, histology, and size, can be used to estimate patient
outcome [26]. However, a significant variability in predictive
value exists among different clinical laboratories and hos-
pitals with regard to the assessment of liposarcoma histo-
logical subtype. Recently, the alteration in gene expression



10 BioMed Research International

GAPDH

Ad
5

-c
on

tro
l-s

hR
N

A

Ad
5

-E
ag

1-
sh

RN
A

Ad
5

-c
on

tro
l-s

hR
N

A

Ad
5

-E
ag

1-
sh

RN
A

SW-872 93T449

43kDa

40kDa

35kDa

Phospho-p38MAPK

P38MAPK

(a)

Re
la

tiv
e p

ro
te

in
ex

pr
es

sio
n

1.0

0.5

0.0 Re
la

tiv
e p

ro
te

in
ex

pr
es

sio
n

1.0

0.5

0.0

Ad5-control-shRNA
Ad5-Eag1-shRNA

Ad5-control-shRNA
Ad5-Eag1-shRNA

Ph
os

ph
o-

Ph
os

ph
o-

∗∗∗∗∗∗∗∗∗∗∗∗

p3
8

M
A

PK

p3
8

M
A

PK

p3
8

M
A

PK

p3
8

M
A

PK

(b)

Figure 6: Eag1 regulates p38 MAPK activity in liposarcoma cells. Cells were infected with shRNA for 48 h. (a) Western blot analysis of
phosphorylated p38MAPK level in Ad5-Eag1-shRNA group and negative control group. (b) Densitometric analysis of the blots with GAPDH
as loading control. Data are expressed as mean ± SD (𝑛 = 3). ∗∗∗𝑃 < 0.001.

is proposed to be crucial to malignant transformation and
development of malignant phenotype in liposarcomas [27].

Increasing evidence suggests that Eag1 channel is aber-
rantly expressed in many types of tumors but negatively
expressed in noncancerous matched tissues [10]. Addition-
ally, the inhibition of Eag1 expression or Eag1-mediated cur-
rents could suppress tumor cell proliferation [14, 28]. There-
fore, Eag1 has emerged as a promising target for cancer detec-
tion and therapy [15].

In the present study we examined the expression of Eag1
in liposarcoma of patients because of its restricted distribu-
tion in normal tissue and its more ubiquitous distribution
in cancer cells and its oncogenic properties. We determined
Eag1 expression in different adipose tissues diseases from
109 patients by immunohistochemistry and the data provide
evidence that Eag1 is expressed in liposarcoma with a higher
frequency compared to lipoma, hyperplasia, inflammation,
and normal adipose tissues. However, the expression of Eag1
is not correlated with any clinicopathological features of lipo-
sarcoma.The high expression rate of Eag1 is lower in well dif-
ferentiated liposarcoma specimens than in pleomorphic and
round cell liposarcoma, while round cell and pleomorphic
liposarcomas have definitely poorer prognosis than well

differentiated liposarcomas. Probably due to sample size
limitation, the high expression rate of Eag1 in myxoid, round
cell, and pleomorphic liposarcomas has no significant differ-
ence. Taken together, our data partly indicate an association
between Eag1 expression and poor prognosis of liposarcoma
patients. However, further studies with long outcome and
larger number of patients are needed to clarify the potential
of Eag1 as a prognostic marker in liposarcoma.

To establish a useful model for further studies, we tested
the role of Eag1 in two well-established liposarcoma cell lines
(SW-872 and 93T449). We observed a significant reduction
of proliferation and colony formation in two cell lines after
treatment with 20𝜇M imipramine, which is in good agree-
ment with previous studies [16, 29, 30]. However, imipramine
could pass the blood-brain barrier and have effects on
intracranial Eag1 [31]. Compared with imipramine, siRNA is
a more specific tool to investigate the role of Eag1 in cancer
progression. siRNA mediated knockdown of Eag1 results
in reduced proliferation of tumor cells without observable
nonspecific responses [12]. In our study, Eag1-shRNA could
effectively inhibit the proliferation and growth of liposarcoma
cells in vitro and in vivo. Proliferation inhibition can be a
result of cell cycle arrest, so next flow cytometry was used to
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detect the effects of Eag1-shRNA on cell cycle. It was found
that Eag1-shRNA significantly affected the cell cycle, which
increased the percentage of cells in G1.

Eag1 overexpression is known to be implicated in tumor
progression. However, the intracellular signaling pathways
downstream of Eag1 has not been fully characterized.
Although Eag1 channel is a transmembrane protein, potas-
sium permeation is not the only feature of its relevance to
tumor progression [31]. So Eag1 blockers could reduce pro-
liferation not only by inhibiting permeation, but also by
trapping Eag1 in a particular conformation [32]. We chose to
focus on p38MAPKpathway because of its critical roles in the
pathogenesis of various cancers, including liposarcoma [33].
It has been proposed recently that perinuclear localization of
Eag1 could lead to the activation of MAPK pathway, result-
ing in increased cell proliferation [15]. Moreover, new func-
tions for p38 MAPK have been elucidated in recent years
and one of these functions is the regulation of the cell cycle
and checkpoint controls [34]. Interestingly, Several K+ chan-
nels including Eag1 are often overexpressed in tumor cells
and regulate proliferation.They are needed to control specific
checkpoints in the cell cycle progression [35]. We demon-
strated that Eag1 knockdown inhibits the activation of p38
MAPK which then may induce the growth and cell cycle
arrest of liposarcoma cells. Therefore, it is possible that Eag1
overexpression induces the activation of p38 MAPK and
promotes tumorigenesis. Collectively, our data demonstrate
that Eag1 is overexpressed and plays oncogenic role in liposar-
coma. Eag1 may present a potential therapeutic target for
liposarcoma. However, further studies are needed to clarify
the potential of Eag1 as a prognostic marker in liposarcoma.
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