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Background: Recently, it has been reported that establishment of sister chromatid cohesion
N-acetyltransferase 1 (ESCO1) is involved in tumorigenesis. However, its role in prostate cancer remains
unclear. In the present study, the association between ESCOI expression and the prognosis of prostate
cancer was investigated, and the potential molecular mechanisms underlying its actions in tumor progression
were also examined.

Methods: Immunohistochemical analysis was performed to detect the expression of ESCO1 in benign
prostatic hyperplasia (BPH), human prostate cancer, and metastasis tissue samples, and the association
between the establishment of ESCOL1 expression and the prognosis of prostate cancer was investigated. The
effect of ESCO1 expression on the viability, migration, and invasion of prostate cancer cells iz vitro was
analyzed, along with the effect of ESCO1 silencing on the growth of prostate tumors in vivo.

Results: The results demonstrated an increase in the expression of ESCO1 in prostate cancer tissue when
compared with BPH, and it was significantly associated with tumor malignancy and poor patient survival.
Additionally, knockdown of ESCO1 significantly inhibited the viability and migration of prostate cancer cell.
Furthermore, we found that knockdown of ESCOL significantly inhibited tumor growth in vive. Pathway
analysis identified that the silencing of ESCOL1 significantly decreased the phosphorylation levels of protein
kinase B.

Conclusions: The results of the present study indicate that ESCO1 plays a vital role in the progression
of human prostate cancer; furthermore, ESCO1 may potentially serve as a prognostic marker and a novel

therapeutic target for this disease.
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Introduction

Prostate cancer is one of the most common types of
malignant tumor among adult males in Western societies (1).
In China, although the incidence of prostate cancer is lower
compared with that in Western countries, it has increased
in recent years, particularly in metropolitan areas (2). With
the aging of the Chinese population, prostate cancer is
becoming a serious public health issue in China. Current
treatments for prostate cancer usually exhibit variable
efficiencies and eventually lead to drug-resistance and
metastasis. Thus, further studies investigating the molecular
mechanism underlying prostate cancer progression through
the identification of essential molecules involved in this
process are warranted. This will facilitate the development
of more effective strategies to treat patients with prostate
cancer.

Establishment of sister chromatid cohesion
N-acetyltransferase 1 (ESCO1) is an acetyltransferase
essential for the establishment of sister chromatid cohesion
(3-6). Sister chromatid cohesion serves a vital role in mitosis
and is essential for the maintenance of genome integrity by
regulating correct chromosome segregation (7). Defects in
this process may lead to tumorigenesis or aneuploidy (8).
As cohesion is also essential for recombinational repair, the
dysfunction of ESCO1 may result in a high proportion of
improperly repaired chromosomes (9). These phenomena
are all associated with tumorigenesis. Therefore, ESCO1
may be of importance in the development and progression
of cancer.

Certain major endometrial cancer histotypes are
characterized by aneuploidy and chromosome instability
(10,11). Price et al. (10) sequenced 21 candidate chromosome
instability genes to search for nucleotide variants and
identify non-synonymous somatic mutations in ESCOL.
This suggests that ESCO1 is essential for endometrial
cancer development. ESCOI, and another DNA repair
gene, DNA polymerase iota, have been proposed as
susceptibility genes for transmembrane protease serine
2 (TMPRSS2)-ETS transcription factor (ERG) fusion-
positive prostate cancer (11). These studies suggest the
critical role ESCO1 may have in tumor development and
progression. However, the function of ESCO1 in prostate
cancer remains unclear.

To investigate the role of ESCOL1 in prostate cancer
progression, its expression was analyzed in benign prostatic
hyperplasia (BPH) and prostate cancer tissue samples, and
its association with the pathological behavior of prostate
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cancer cells i vitro and in vivo was examined. To the best of
our knowledge, the present study is the first to investigate
the role of ESCOL in prostate cancer progression and the
possible underlying molecular mechanisms of its action.

Methods
Patients and samples

The present study was performed in accordance with a
protocol approved by the Ethics Committee of the Air
Force General Hospital (Beijing, China). Written informed
consent was received from all patients. Prostate cancer
tissue samples from 114 patients (mean age, 64 years;
range, 43-85 years) who were hospitalized between January
2002 and January 2012 were collected from the Air Force
General Hospital. None of these patients had received
any preoperative therapy. A total of 8 metastatic cancer
and 6 BPH tissue samples, serving as controls, were also
obtained. Patient clinicopathological data are presented
in Table 1. Clinical follow-up data were last updated in
2012. The median follow-up time was 68.9 months (range,
1-120 months). The 114 samples were all obtained at the
time of radical prostatectomy from patients with clinically
localized prostate cancer. The 8 metastatic samples were
obtained from distinct tissues, including from the lymph
nodes, bones, and lungs. None of these patients had
previously undergone surgery, anti-androgenic therapy, or
other treatments. Tumors were graded using the Gleason
scoring system (12) and the tumor-node-metastasis (TINM)
grading system (13). The pathological diagnoses were
determined by two experienced urological pathologists who
were blinded to the clinical information of patients.

Immunobhistochemical analysis

Immunohistochemical analysis was performed to detect
the expression of ESCO1 in BPH, human prostate cancer,
and metastasis tissue samples. Formalin-fixed paraffin-
embedded tissue was cut into 4-pm-thick sections.
Following deparaffinization, citrate buffer was applied
for antigen retrieval (20 min, 98 °C), and 3% H,O, was
used to quench endogenous peroxidase activity at room
temperature for 5 min. The sections were rinsed with
PBS and incubated with 10% normal goat serum (Beijing
Zhongshan Jingiao Biotechnology Co., Ltd., Beijing, China)
at room temperature for 10 min. Subsequently, sections
were washed with PBS and incubated overnight at 4 °C
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Table 1 Clinicopathological characteristics of patients with prostate

cancer and their association with ESCO1 expression

ESCO1 expression

Parameter P value
High Low

Age, years 0.311
<60 9 1
>60 54 40

Lymph node metastasis 0.012*
Absence 44 46
Presence 19 5

Surgical margin status 0.872
Absence 55 44
Presence 8 7

Seminal vesicle invasion 0.822
Absence 56 46
Presence 7 5

PSA, ng/mL 0.001*
<10 4 5
10-20 35 1
>20 24 35

TNM stage 0.026*
I 28 33
I 23 16
M 5 1
Y 7 1

Gleason score <0.001*
<7 1 10
7 (3+4) 1 19
7 (4+3) 2 12
>7 59 10

Biochemical recurrence <0.001*
Absence 15 8
Presence 48 43

*, indicates a statistically significant result. ESCO1, establishment
of sister chromatid cohesion N-acetyltransferase 1; PSA,

prostate-specific antigen.
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with anti-ESCO1 antibody (catalog no., H00114799-B01P,
MaxPab, USA; dilution, 1:200). Following incubation with
a horseradish peroxidase (HRP)-conjugated rabbit anti-
mouse IgG secondary antibody at room temperature (Beijing
Zhongshan Jinqgiao Biotechnology Co., Ltd.; catalog no.
ZM-0468; dilution, 1:50) for 1 h, 3,3’-diaminobenzidine
(Beijing Zhongshan Jingiao Biotechnology Co., Ltd.)
was used for signal visualization. For expression intensity
analysis, staining was scored as follows: 0, no staining; 1,
weak; 2, medium; and 3, strong. Limited by the number
of negative patients (only 7), samples scored of 0 or 1
were considered the low expression, while scored of 2 or 3
were considered as high expression. A microscope (Leica
DM4000B/M; Leica Microsystems, Inc., Buffalo Grove, IL,
USA; magnification, x200) was used to record the results.

Cells and transfection

Human prostate cancer cell lines PC3 and Dul45 (American
Type Culture Collection, Manassas, VA, USA) were cultured
in RPMI-1640 medium (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Hangzhou Sijiqing Biological Engineering
Materials Co., Ltd., Hangzhou, China), and incubated at
37 °C with 5% CO,. Short hairpin (sh)RNA-targeting
ESCO1 (5'-CGATAAGAATTCAGAAACAGA-3") was
inserted into a pUCTP vector 3D Medicines Co., Ltd.,
Shanghai, China; http://www.3dmedcare.com/) and packaged
into lentiviruses. PC3 and DU145 cells were transfected
with 8 pg/mL Polybrene (Rongbai, Shanghai, China). All
procedures were performed according to the manufacturer’s
protocol (3D Medicines Co., Ltd.).

Cell viability assay

Following culture for 24 h in 100 pL complete medium
(RPMI-1640 with 10% FBS) in a 96-well plate, PC3 and
Dul45 cells (4x10°) were transfected with shRNA lentivirus
for 72 h at 37 °C. Subsequently, 20 pLL. M'TS (Cell Titer
96° Aqueous One Solution Cell Proliferation Assay;
Promega Corporation, Madison, WI, USA) was added to
each well, and the cells were incubated at 37 °C for 4 h.
The absorbance was examined using an ELISA reader at
a wavelength of 490 nm according to the protocol of the
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MTS manufacturer. The experiments were performed at
least twice in triplicate.

Cell migration and invasion assays

Cell migratory and invasive abilities were determined using
a Transwell assay (Corning Incorporated, Corning, NY,
USA) with a pore size of 8 pm 72 h following infection. For
the cell migration assay, 1x10° cells in 100 pL. medium were
seeded into the upper chamber. After 24 h of incubation
at 37 °C, cells in the upper chamber were removed. The
cells that traversed the membrane were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet.
For the cell invasion assay, 1x10° cells were seeded into
the upper compartment of the Transwell inserts in serum-
free RPMI-1640 medium. After 24 h of incubation at
37 °C, the non-invading cells were removed from the top of
the Matrigel. Invasive cells at the bottom were fixed in 4%
paraformaldehyde and stained with 0.1% crystal violet. For
quantification, cells in six random fields were counted under a
light microscope. Each experiment was repeated in triplicate.

Cell cycle analysis

Control and lentiviral shRNA-infected cells were
harvested with trypsin-EDTA (Beijing Solarbio Science &
Technology Co., Ltd., Beijing, China) 72 h after infection
(4 °C, 12,000x g, 5 min), washed with PBS, and then fixed
with 70% ethanol. Centrifuged pellets were resuspended
in 100 pL hypotonic citric buffer (192 mmol/L. Na,HPO,
and 4 mmol/L citric acid), incubated for 30 min at room
temperature, centrifuged again (4 °C, 12,000x g, 5 min),
and suspended in propidium iodide (PI)/RNase/PBS
(100 pg/mL PI and 10 pg/mL RNase A) overnight at 4 °C.
Cell cycle analysis was performed using the FACSCalibur™
system (BD Biosciences, San Jose, CA, USA) and BD
FACStation software® 2007 (BD Biosciences), according to
the manufacturer’s protocol.

Western blot analysis

After 74 h of infection, cells from the control and lentiviral
shRNA infection groups were resuspended in 1X SDS
loading buffer with protease inhibitors (Guduobio,
Shanghai, China) and lysed. The bicinchoninic acid method
was used for protein determination. PMSF was used for
protein extraction. The lysates (20 pg/lane) were analyzed
using 12% SDS-PAGE and transferred to nitrocellulose
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membranes. Non-fat milk (5%) was used for blocking for
10 min at room temperature. Antibodies directed against
GAPDH (cat. no., M20028; Abmart, Shanghai, China;
dilution, 1:200), protein kinase B (Akt), and phosphorylated
Akt (cat. nos. sc-24500 and sc 7985-R, respectively; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA; dilution,
1:1,000) were used and incubated overnight at 4 °C for
immunoblotting, followed by HRP-conjugated secondary
anti-mouse (catalog no. 170-6516; dilution, 1:100; Bio-
Rad Laboratories, Inc., Hercules, CA, USA) or anti-
rabbit antibody (catalog no. SSA018; dilution, 1:150; Sino
Biological, Inc., Beijing, China) which were incubated at
room temperature for 1 h. Visualization and analysis were
performed by using a chemiluminescence detection system
(Pierce; Thermo Fisher Scientific, Inc.) and quantified
relative to GAPDH in Image] (v2.1.4.7, National Institutes
of Health, Bethesda, MD, USA).

Subcutaneous in vivo experiments

PC3 cells and lentiviral shRNA-infected cells (1x
10° cells/flank) in 100 pL. PBS/Matrigel (50:50) were
subcutaneously injected into 5 male nude mice (8 weeks old,
18-24 g), respectively. The mice were housed in a
temperature-controlled room at 25 °C with a relative
humidity of 50%=10%, which was artificially kept on a
12-h light/12-h dark schedule. Sawdust was used as bedding
and changed once every 2 days. Tap-water and pelleted rat
feed were available ad libitum. The mice were monitored
daily. The body weight and tumor diameters of each mouse
were determined weekly. Mice were sacrificed at 4 weeks
post-implantation, and tumors were excised and weighed.
All procedures were performed in accordance with the
institutional ethical requirements of the Air Force General
Hospital and approved by the Ethics Committee of Air
Force General Hospital.

Statistical analysis

The association between ESCO1 expression and prostate-
specific antigen (PSA) level, TNM stage, Gleason
score, and the nature of prostate tissue samples (benign,
malignant, or metastatic) was evaluated using the Pearson’s
%’ or two-sided Fisher’s exact test. Kaplan-Meier estimator
curves were used to analyze survival across categories of
ESCOL1 expression levels. The differences between the
patient groups were assessed using the log-rank test. Cox’s
proportional hazards regression analysis was performed to
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Figure 1 Overexpression of ESCO1 is associated with tumor malignancy, metastasis, and poor prognosis in prostate cancer (magnification,
x200). ESCOL1 staining in (A) benign prostatic hyperplasia tissue, (B) low-grade (Gleason score <7) prostate cancer, (C) high-grade (Gleason
score >7) prostate cancer, and (D) metastatic tissue samples. According to the expression of ESCOI, cases were divided into a high-
ESCOL1 group [2-3] and a low-ESCO1 group [0-1]; (E) ESCO1 expression is significantly associated with overall survival in the subset of
114 prostate tumors. The difference between the two groups was analyzed using the log-rank test (*, P=0.009). Cum, cumulative; ESCO1,

establishment of sister chromatid cohesion N-acetyltransferase 1.

test the statistical independence of ESCO1 deletions. Data
are presented as the mean = standard deviation. P<0.05 was
considered to indicate a statistically significant difference.
All statistical analyses were performed using SPSS software
(version 18.0; SPSS, Inc., Chicago, IL, USA).

Results

ESCOL1 expression is upregulated in human prostate
cancer and metastasis tissue

A total of 114 archived prostate cancer, 8 metastatic
tumor, and 6 BPH samples were analyzed for ESCO1
expression using immunohistochemical analysis. Among
the 114 prostate cancer samples, 7 (6.1%) were negative
for ESCOI1, and 43 (37.7%) were weakly, 33 (28.9%)
were moderately, and 31 (27.2%) were strongly stained.
Patients were stratified by ESCO1 expression. According
the expression level of ESCOI, cases were divided into a
low-ESCO1 group (negative/weak) and a high-ESCO1
group (moderate/strong). Thus, among the 114 prostate
cancer samples, 51 tumors (44.7%) were classified as low-
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ESCOL1 group, and 63 tumors (55.3%) were high-ESCO1
group. The association between ESCO1 expression and
clinicopathological characteristics are presented in Tuble 1.
ESCO1 was expressed at higher levels in metastatic prostate
cancer (all 8 samples exhibited marked ESCO1 expression)
compared with in localized prostate tumor and in BPH
tissue (all 6 BPH samples were negative) (Figure 14,B,C,D).
The results also demonstrated that cancer tissue samples
with a high Gleason score exhibited increased ESCOI1
expression compared with samples with a low Gleason score
(Figure 1B,C). Furthermore, there was an increased level
of ESCOL expression in the tumor compared within the
BPH tissue. These results provide the first evidence of an
association between ESCO1 expression and malignancy and
metastasis of prostate cancer.

Increased ESCO1 expression is associated with poor patient
survival

Since the TNM stage, PSA level, and other clinical
parameters are important prognostic indicators for patients
with prostate cancer, the association between ESCO1
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Table 2 Multivariate Cox-regression analyses of prognosis factors

Prognosis factors HR 95% CI P value
Age, years

<60 1

>60 1.259 0.703-2.255 0.439

Lymph node metastasis

Absence 1

Presence 1.962 0.781-4.935 0.151
Surgical margin status

Absence 1

Presence 1.186 0.497-2.831 0.700

Seminal vesicle invasion

Absence 1

Presence 1.059 0.518-2.164 0.876
PSA, ng/mL

<10 1

10-20 0.514 0.195-1.354 0.178

>20 0.924 0.541-1.579 0.773
TNM stage

| 1

Il 1.319 0.392-4.439 0.655
1] 1.283 0.342-4.815 0.712
\Y 0.647 0.125-3.362 0.605

Gleason score

<7 1

7 (3+4) 1.362 0.311-5.513 0.158
7 (4+3) 2.287 0.702-5.924 0.081
>7 2.581 0.962-6.115 0.052

Biochemical recurrence

Absence 1

Presence 1.035 0.562-1.905 0.912
ESCO1 expression

Low 1

High 2.948 1.287-6.755 0.011*

*, indicates a statistically significant result. HR, hazard ratio; ClI,
confidence interval; ESCO1, establishment of sister chromatid
cohesion N-acetyltransferase 1; PSA, prostate-specific antigen.
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expression and these clinical parameters of prostate
cancer was investigated. ESCO1 staining was found to be
significantly associated with lymph node metastasis, PSA
level, TNM stage, biochemical recurrence, and Gleason
score (Table 1). The high ESCO1 expression group
exhibited significantly decreased overall survival times
compared with the low ESCOL1 expression group (log-rank
test, P=0.009; Figure 1E). The median survival time was 29
months for patients with high ESCO1 expression and 41
months for patients with low ESCOL1 expression. Using
Cox’s proportional hazards model, the prognostic value of
the following factors was analyzed: patient age, PSA level,
lymph node metastasis, surgical margin status, seminal
vesicle invasion, Gleason score, TNM stage, biochemical
recurrence, and ESCO1 expression (Tuble 2). ESCO1 was
identified to be a strong independent predictor for patient
overall survival [hazard ratio (HR), 2.948; 95% confidence
interval (CI), 1.287-6.755; P=0.011] (Table 2). Taken
together, these results suggest that ESCO1 may be a useful
prognostic marker for patients with prostate cancer.

ESCO1 knockdown inhibits prostate cancer cell viability
and induces apoptosis of PC3 and DUI145 cells

The effect of ESCOL silencing on prostate cancer cell
viability was investigated in PC3 and DU145 cell lines
using an MTS assay. The downregulation of ESCO1 was
confirmed through western blotting, which revealed that
ESCO1-targeting shRNA decreased ESCO1 expression
by 65.8% and 54.3% in PC3 and DU145, respectively
(Figure 24,B). ESCO1 knockdown demonstrated a
significant inhibitory effect on the viability of prostate
cancer PC3 and DU145 cells (Figure 2C,D). To address the
molecular mechanism underlying this effect, the effect of
ESCOL1 knockdown was further investigated on cell cycle
progression and apoptosis of prostate cancer cells using PI
staining and flow cytometry. As presented in Figure 3, the
knockdown of ESCO1 decreased the proportion of cells
in G, phase, while increasing the proportion of sub-G,
apoptotic cells. The ESCOL1 silencing in PC3 and DU145
cells resulted in a 23.19% and 21.23% increase of apoptotic
cells, respectively, which is a significant increase compared
with the 4.66% and 5.02% increase in the control PC3 and
DU145 cells, respectively (P<0.05).

The phosphoinositide 3-kinase-Akt signaling pathway is
essential for the regulation of various biological processes,
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Figure 2 Downregulation of ESCO1 induces inhibition of PC3 and DU145 cell apoptosis and viability. (A) Representative western blotting

and (B) quantification of results. Following transfection, the expression of ESCOL1 in PC3 and DU145 was detected using western blotting.
GAPDH was used as an internal control. Effects of ESCOL1 silencing on cell viability were analyzed iz vitro in (C) PC3 and (D) DU145 cells.
Significant inhibition of cell viability was observed in ESCO1-silenced cells compared with the control. *, P<0.05. ESCO1, establishment of

sister chromatid cohesion N-acetyltransferase 1; OD, optical density; shRNA, short hairpin RNA.

including cell proliferation, cell cycle progression,
apoptosis, and metastasis. The results of the western blot
analysis indicated a marked decrease in Akt phosphorylation
following ESCOL1 silencing (Figure 4). These results suggest
that ESCO1 knockdown may induce apoptosis in human
prostate cancer cells.

ESCO1 knockdown inbibits the migration and invasion of
prostate cancer cells in vitro

Owing to the increased ESCO1 expression observed in
metastasis tissue samples, it was hypothesized that ESCO1
might play an essential role in prostate cancer metastasis.
To evaluate the effects of ESCO1 on cell migration,
Transwell migration, and invasion assays were performed.
It was revealed that ESCOL1 silencing significantly inhibited
the migratory ability of PC3 and DU145 cells (Figure 5A,B).
In addition, cells with knocked down ESCO1 exhibited
significantly lower invasive potency compared with the
control cells (Figure 5C,D). These results suggest that
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ESCOL serves an essential role in promoting the migratory
and invasive ability of prostate cancer cells.

ESCOL1 silencing suppresses tumor growth in vivo

The aforementioned iz vitro data suggest that decreased
ESCOL1 expression contributes to the suppression of prostate
cancer cell viability and metastasis. To investigate the iz vivo
effect of ESCOL silencing on tumor growth, a subcutaneous
tumor model was established in nude mice. Tumors with
downregulated ESCO1 expression sustained a significant
tumor growth arrest compared with that of the control group
(Figure 6). Figure 64 is a representative image demonstrating
tumor growth in the control and ESCO1 knockdown sides of
a mouse. These results further support the significant effect
of ESCOL silencing on prostate cancer growth.

Discussion

Sister chromatid cohesion serves essential roles in
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Figure 4 Effects of ESCOLI silencing on the Akt signaling pathway.
Western blot analysis demonstrating that silencing of ESCO1
results in decreased Akt phosphorylation. GAPDH was used as
an internal control. ESCO1, establishment of sister chromatid
cohesion N-acetyltransferase 1; sShRNA, short hairpin RNA; AKT,
protein kinase B; p, phosphorylated.
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chromosome segregation, genome stability maintenance,
and homologous recombination repair of DNA double-
strand breaks (DSBs) (7-9). Growing evidence indicates
that mutational disruption of sister chromatid cohesion
genes is associated with human tumor development
(14-18). In glioblastoma, colorectal cancer, Ewing’s
sarcoma, myeloid diseases, acute myeloid leukemia,
and melanoma, a number of genes that regulate sister
chromatid cohesion have been identified undergoing
somatic deletions and mutations (14-16).

ESCO1 is essential to the establishment of sister
chromatid cohesion. The acetyltransferase and cohesive
activity of ESCOL1 are essential for the response to DNA
damage checkpoint and DSBs (3). ESCOI was reported to
be somatically mutated in endometrial cancer (10) and was
also proposed as a susceptibility gene for TMPRSS2-ERG
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fusion-positive prostate cancer, therefore reinforcing the samples. Thus, these results suggest that ESCO1 serves
importance of ESCO1 in human malignancy (11). However, a vital role in the progression and metastasis of prostate
the effect of ESCO1 mutation on the development of cancer.
prostate cancer and other malignancies remains unclear. Currently, clinicopathological factors, including
In the present study, it was demonstrated that ESCO1 Gleason scores, TNM stage, PSA level, and lymph node
expression is upregulated in prostate tumors. Its expression metastasis, are used to guide clinical treatment (19-21). In
was identified in all prostate cancer samples, and particularly the present study, it was revealed that ESCO1 expression
in metastatic prostate cancer. However, there was no was significantly associated with Gleason scores, TNM
detectable ESCO1 expression in BPH prostate tissue stage, PSA level, lymph node metastasis, and biochemical
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Figure 6 ESCO1 knockdown suppresses prostate cancer growth i vive. (A) Representative image of a mouse subcutaneously injected with
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mice were sacrificed, and the (B) tumors were (C) measured and (D) weighed. *, P<0.05. ESCO1, establishment of sister chromatid cohesion

N-acetyltransferase 1; shRNA, short hairpin RNA.

recurrence (Tuble 1). To determine whether ESCO1 has any
prognostic significance, Kaplan-Meier estimator survival
analysis and Cox’s regression analysis were performed.
Kaplan-Meier estimator survival analysis indicated that
patients with increased ESCO1 expression exhibited
significantly decreased overall survival times compared with
the lower ESCOL1 expression group (P=0.009). In the Cox’s
proportional hazards model, ESCO1 was proven to be a
strong independent predictor of patient overall survival (HR,
2.948; 95% CI, 1.287-6.755; P=0.011). Therefore, ESCO1
may serve as a prognostic biomarker for prostate cancer.
Furthermore, the anti-tumor effect of ESCO1 silencing
was investigated in prostate cancer cells. Cell viability
and the ability to metastasize were significantly inhibited
in vitro following silencing of ESCO1. Knockdown of
ESCOL induced Gy/G; phase arrest and promoted apoptosis
in prostate cancer cells. Additionally, using a subcutaneous
injection animal tumor model, significant inhibition of
tumor growth was observed with iz vivo ESCO1 knockdown.
The Akt signaling pathways serve essential roles
in controlling cell survival, proliferation, and tumor

© Translational Cancer Research. All rights reserved.

progression, and are frequently activated during
tumorigenesis. Activation of the Akt signaling cascades
promotes cell survival by inhibiting apoptosis (22-24). In the
present study, ESCOL1 silencing decreased the proportion
of cancer cells in the G, phase and increased pre-G,
apoptotic cells. As demonstrated in the western blotting
assay, phosphorylation of Akt was inhibited by ESCO1
knockdown. The downregulation of phosphorylated Akt
suggests that the anti-tumor effect of ESCOLI silencing on
prostate cancer may be partially mediated by its effects on
the Akt signaling pathway. Further investigation is required
to identify the mechanism underlying the tumor-promoting
role of ESCOL.

Conclusions

The results of the present study demonstrate that ESCOI1
expression is significantly increased in prostate cancer. A
statistically significant increase of ESCO1 was associated
with higher Gleason scores, late TNM stages, raised PSA
levels, frequency of biochemical recurrence and lymph
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node metastasis, and predicted a poor prognosis in prostate
cancer. In vitro, ESCO1 was associated with viability,
migration, and invasion of prostate cancer cells, whereas,
in vivo, ESCOL1 silencing significantly inhibited the growth
of prostate tumors. These results indicate that ESCO1 is a
promising prognosis biomarker and target for the treatment
of patients with prostate cancer.
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