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Abstract: Argonaute 2 proteins (Ago2) have been demonstrated to be widely expressed and involved in post-tran-
scriptional gene silencing and play key roles in carcinogenesis. However, its expression profile and prognostic val-
ue in urothelial carcinoma of the bladder (UCB) have not been investigated. Methods: Real-time quantitative PCR
(qRT-PCR) and Western blot were used to explore Ago2 expression in UCBs and normal bladder tissues. Moreover
immunohistochemistry (ICH) was used to detect the expression of Ago2 in UCBs. Spearman’s rank correlation,
Kaplan-Meier plots and Cox proportional hazards regression model were used to analyze the data. Results: Up-
regulated expression of Ago2 mRNA and protein was observed in the majority of UCBs by qRT-PCR and Western blot
when compared with their paired normal bladder tissues. Clinic pathological analysis was showed a significant cor-
relation existed between the higher expression of Ago2 protein with the Histological grade, lymph node metastasis
and Distant metastasis (P<0.05); Survival analysis by Kaplan-Meier survival curve and log-rank test demonstrated
that elevated Ago2 expression in cancer tissue predicted poorer overall survival (OS) compared with group in lower
expression (62.2% VS 86.3%, P<0.05). Notably, multivariate analyses by Cox’s proportional hazard model revealed
that expression of Ago2 was an independent prognostic factor in UCB. Conclusions: These results suggest that the
aberrant expression of Ago2 in human UCB is possibly involved with tumorigenesis and development, and the Ago2
protein could act as a potential biomarker for prognosis assessment of bladder cancer. Further studies on the cel-
lular functions of Ago2 need to address these issues.
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Introduction medical intervention seems vital in decreasing
mortality and promoting total quality of life,
novel molecular markers about bladder cancer
that can help individually evaluate risk of patient
outcome and predict the prognosis are urgently
required, as well as the prediction of therapy

effect and advocating personalized treatment.

Bladder cancer is the second most common
urologic cancer with relatively high morbidity
and mortality [1]. Urothelial carcinoma of the
bladder (UCB) is the most common histological
subtype of bladder cancer. Overall, 70% of
bladder tumors present as noninvasive urothe-

lial carcinoma, and the remainder present as
muscle-invasive disease [2]. Early diagnosis
and prompt intervention of bladder cancer is
crucial important. Unfortunately, up to 40% of
patients present with muscle-invasive disease,
and approximately 25% will harbor lymph node
metastases at time of cystectomy and the prog-
nosis of bladder cancer patients with locally
advanced or lymph node metastasis only have
a median survival of approximately 12 months
[3, 4]. So it is clear that early diagnosis and

Argonaute protein is the core protein in RNA-
induced silencing complex (RISC), tethers
mMiRNA to the 3’UTR of the target mRNAs, which
results in mRNA degradation or translational
repression known as RNA interference (RNAI)
[5]. These proteins bind different classes of
small noncoding RNAs, including microRNAs
(miRNAs), small interfering RNAs (siRNAs) and
PIWI interacting RNAs (piRNAs), then small
RNAs guide Argonaute proteins to their specific
target through sequence complementarity,
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Table 1. Correlation between Argonaute 2 expression and clinicopatho-
logical characteristics of urothelial carcinoma of the bladder patients

Argonaute 2 expression

Parameters Group Total - P value
Low High

Gender Male 66 32(48.5) 24(51.5) 0.351
Female 40 19 (47.5) 21(52.5)

Age (years) <62 55 26(47.3) 29(52.7) 0.822
>62 51 23(45.1) 28(54.9)

Histological grade Low grade 39 25(64.1) 14(35.6) 0.005
High grade 67 24 (35.8) 43 (64.2)

Tumor size (cm) <3.5cm 62 34(54.8) 28(45.2) 0.470
>3.5cm 44 21 (47.7) 23(52.3)

Tumor stage <T1 65 35(53.9) 30(46.2) 0.319
>T1 41 18(43.9) 23(56.1)

Lymph nodes metastasis No 90 43 (47.8) 47 (52.2) 0.009
Yes 16 2(12.5) 14 (87.5)

Distant metastasis No 95 44 (46.3) 51(53.7) 0.018
Yes 11 1(0.91) 10 (90.1)

Tumor multiplicity Unifocal 51 24 (47.1) 27 (52.9) 0.869
Multifocal 55 25 (45.4) 30 (54.5)

and protein expression
by Real-time quantita-
tive PCR (qRT-PCR) and
Western blot and investi-
gate the expression of
the human Ago2 pro-
teins by Immunohistoc-
hemistry (IHC) and iden-
tify their potential roles
in tumor occurrence,
development and prog-
nosis for patients with
bladder cancer.

Materials and methods
Patients and specimens

For gRT-PCR and Wes-
tern blot analysis, we
collected 10 paired fre-
sh UCBs and normal tis-

which typically leads to silencing of the target.
Few reports indicated that these proteins can
also partially responsible for a series of biologi-
cal processes such as differentiation, cell pro-
liferation and apoptosis [6, 7]. Recent structur-
al analysis of the Argonaute protein has
revealed a third functionally important domain
which located between the former two domains,
called the MID domain which can bind the char-
acteristic 5 phosphates of small RNAs, then
anchors these small RNAs onto the Argonaute
protein [8]. The study demonstrated that the
new domain may be have a key role in some
protein-protein interactions [9]. Based on
sequence similarities, the mammalian Argon-
aute protein family has been separated into the
Ago and Piwi subfamilies, and the Ago subfam-
ily consists of Agol, Ago2, Ago3 and Ago4 [10].
But researches identified that Argonaute 2 pro-
tein (Ago2) is the only one with the slicer activity
and is highly specialized member of the Ago
family with a crucial function within RNA-
induced silencing complex (RISC) in the regula-
tion of miRNA homeostasis [11]. Recent data
from several studies have showed that Ago2 is
a potential factor related to tumorigenesis in
liver cancer, gastric cancer and renal cancer
study [12-14]. But there have been no reports
about Ago2 in bladder cancer and the role of
Ago2 in bladder cancer is still unknown. In the
present study, we examined both Ago2 mRNA
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sue samples from pati-
ent’s who underwent su-
rgery between Januray 2012 and December
2012. In addition, a cohort of 106 formalin
fixed, paraffin embedded tissues of UCBs diag-
nosed between January 2007 and December
2009 at the Department of Urology, Shanghai
Tenth People’s Hospital of Tongji University
(Shanghai, China) was retrieved. The cases
selected were based on distinctive pathologic
diagnosis of UCBs, undergoing transurethral
resection, partial cystectomy and radical cys-
tectomy without preoperative chemotherapy or
radiotherapy. The disease stage of each patient
was classified or reclassified according to the
2002 AJCC staging system [15]. The patients
were totally 66 men and 40 women, whose age
range from 32 to 79 years (median: 61 years).
Clinical-pathological characteristics in our
study are presented in Table 1. All patients
were followed up until September 2012 with a
median observation time of 36 months.

Patients were only included in the study if they
had provided written consent to participate in
the study after receiving oral and written infor-
mation regarding its course and purpose.
Approval for the study was received from the
Ethics Committee of the host institution.

Real-time quantitative PCR

Total RNA was isolated tissue using TRIZOL
reagent according to the manufacturer’s proto-
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col (Invitrogen). RNA was reverse transcribed
using SuperScript First Strand cDNA System
(Invitrogen) according to the manufacturer’s
instructions. The Ago2 sense primer was
5-AAGGCTGCTCTAACCCTCTTG-3’, and the anti-
sense primer was 5-ACGCTGTTGCTGACACA-
TC-3'. For the GAPDH gene, the sense primer
was 5-TGCACCACCAACTGCTTAGC-3’, and the
antisense primer was 5-GGCATGGACTGTGGT-
CATGAG-3'. The PCR amplification were per-
formed for 40 cycles of 94°C for 30 s, 60°C for
30s,and 72°Cfor30s,0naApplied Biosystems
7900HT (Applied Biosystems) with 1.0 pl of
cDNA and SYBR Green Real-time PCR Master
Mix (Takara). Data was collected and analyzed
by SDS2.3 Software (Applied Biosystems). The
expression level of each candidate gene was
internally normalized against that of the GAPDH.
The relative quantitative value was expressed
by the 2*2*method. Each experiment was per-
formed in triplicates and repeated three times.

Western blot assay

Total proteins from tissues were lysed in lysis
buffer containing protease inhibitor. Protein
concentration was determined using a Bio-Rad
protein assay system (Bio-Rad). Equivalent
amounts of proteins were separated by SDS-
PAGE, and then transferred to polyvinylidene
difluoride membranes (Bio-Rad). After being
blocked in Tris buffered saline (TBS) containing
5% non-fat milk, the membranes were incubat-
ed with specific primary antibodies (Abcam) at
4°C for 12 hours and then with horseradish
peroxidase conjugated anti-Rabbit antibody for
2 hours at room temperature. ECL detection
reagent (Amersham LifeScience, Piscataway,
NJ) was used to demonstrate the results.

Immunohistochemistry staining

All samples were fixed in 10% formaldehyde
solution, embedded in paraffin blocks, cut in 4
um thick sections, and mounted on glass
slides. Each slide was dewaxed in xylene and
rehydrated in grade alcohol, followed by boiling
in 20 mmol/L of citrate buffer (PH 6.0) for anti-
gen retrieval. After inhibition of endogenous
peroxidase activities for 30 minutes with meth-
anol containing 0.3% H,0O,, the sections were
blocked with 2% bovine serum albumin for 30
minutes and incubated overnight at 4°C with
primary Rabbit monoclonal anti-Ago2 antibody
(Abcam). After washing thrice with PBS, the
slides were incubated with horseradish peroxi-
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dase-conjugated mouse-anti-rabbit 1gG for 30
minutes, followed by reaction with diaminoben-
zidine and counterstaining with Mayer/hema-
toxylin. Negative control was done by omission
of the primary antibody and substituting it with
nonspecific rabbit I1gG.

Evaluation of immunohistochemical staining

The evaluation of the immunohistochemical
staining was performed independently by two
authors without knowledge of the clinicopatho-
logical information. The immunoreactive scores
besides Ago2 were determined by the sum of
extension and intensity as literature reported
previously [16]. The intensity of the staining
was scored using the following scale: O, no
staining of the tumor cells; +, mild staining; ++,
moderate staining and +++, marked staining.
The area of staining was evaluated and record-
ed as a percentage: O, less than 5%; +, 5%-25%;
++, 26%-50%; 3+, 51%-75% and 4+, more than
75%. The combined scores were recorded and
graded as follows: -, O; +, 1-2; ++, 3-5; +++, 6-7.
Additionally, for statistical analysis, the -and 1+
cases were pooled into the low-expression
group, and the 2+ and 3+ cases were pooled
into the high-expression group.

Statistical analysis

Computerized statistical analyses were per-
formed using the Statistical Package for the
Social Sciences (SPSS), version 18.0. The t-test
was used to analyze the data from gRT-PCR
and Western blot in the tissues. Clinical and
histopathologic information and the results
from the ICH studies were entered into a data-
base. The significance of Ago2 expression for
tumor was analyzed by the Kaplan-Meier meth-
od, and the differences were evaluated by the
log-rank test. Multivariable recurrence-free sur-
vival analyses were performed with the Cox pro-
portional hazards model. Differences were con-
sidered significant if the P-value from a
two-tailed test was <0.05.

Results

Expression of Ago2 mRNA by qRT-PCR and
Ago2 protein expression by Western blot in
paired bladder tissues

We examined Ago2 mRNA expression in 10

paired fresh urothelial carcinoma of bladder
and normal tissue samples by qRT-PCR. It
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Figure 1. The expression of Ago2 mRNA and protein in the hu-
man UCB surgical specimens. A: The relative mRNA expression
of Ago2 was higher in UCB tissues than in matched normal
bladder tissues (P<0.05); B: The Ago2 protein expression was
higher in the UCB tissues than in matched normal bladder tis-

sues. N: normal bladder tissues; T: UCB tissues.

showed that the increasing Ago2 mRNA expres-
sion could be detected in bladder cancer sam-
ples in comparison with the normal bladder
samples (P<0.05, Figure 1A). To investigate
whether Ago2 was also elevated at the protein
level, Western blot was performed. We found
that the protein level of Ago2 in tumor samples
was significantly higher than that in normal
bladder samples (Figure 1B).

Expression of Ago2 in UCBs as determined by
ICH analysis

By using of ICH we investigated the protein
expression of Ago2 in UCBs specimens and
specimens of normal bladder. The tumorous or
nontumorous staining was semiquantitatively
scored by the intensity and the percentage of
positive staining. ICH staining showed that the
Ago2 protein was mainly accumulated in the
cytoplasm of malignant cells. And the expres-
sion of Ago2 in UCBs was significantly higher
than in normal bladder tissues (Figure 2A).

Relationship between Ago2 expression and
UCB patients’ clinicopathologic variables

In our UCB cohort, the relationship between the
expression of Ago2 and patient clinical charac-
teristics was shown in Table 1. High expression
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of Ago2 was found to significantly correlate
with higher histological grade (P=0.005),
lymph node metastasis (P=0.009) and dis-
tant metastasis (P=0.018). No significant
difference in Ago2 expression was
observed with gender, age, tumor size,
tumor stage and tumor multiplicity
(P>0.05).

Relationship between clinicopathologic
features, Ago2 expression, and UCB
patients’ survival: univariate survival
analysis

In univariate survival analyses, cumulative
survival curves were calculated according
to the Kaplan-Meier method. Differences
in survival times were assessed using the
log-rank test. First, to confirm the repre-
sentativeness of the UCBs in our study, we
analyzed established prognostic predic-
tors of patient survival. Kaplan-Meier anal-
ysis demonstrated a significant impact of
well-known clinical pathological prognostic
parameters, such as histological grade,
lymph node status and distant metastasis
status on patient survival (P<0.05, Table 2).
Assessment of survival in UCBs patients
revealed that higher expression of Ago2 was
correlated with adverse survival of UCB patients
(P=0.009, Table 2, Figure 2B).

Independent prognostic factors for UCB: multi-
variate cox regression analysis

Since variables observed to have a prognostic
influence by univariate analysis may covariate,
the expression of Ago2 and those clinicopatho-
logical parameters that were significant in uni-
variate analysis (histological grade, lymph node
status and distant metastasis status) were fur-
ther examined in multivariate analysis. The
results showed that the expression of Ago2 was
an independent prognostic factor for overall
patient survival (relative risk: 3.273, Cl: 2.364-
5.877, P<0.001, Table 2). With regard to other
parameters, histological grade, lymph node
status and distant metastasis status were also
shown to be an independent prognostic factor
for overall survival (P<0.05, Table 2).

Discussion

MicroRNAs (miRNAs) are single-stranded RNA
molecules of 20-23 nucleotide length which
could regulate global gene expression often act

Int J Clin Exp Pathol 2014;7(1):340-347
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Figure 2. Ago2 protein expression in UBC surgical specimens and patient survival. A: ICH analysis of Ago2 protein
expression in 106 cases of UCB tissues. a: ICH expression of Ago2 in normal bladder tissues (x100). b: ICH expres-
sion of Ago2 in normal bladder tissues (x200). c: ICH expression of Ago2 in UCB tissues (x100). d: ICH expression
of Ago2 in UCB tissues (x200). B: The survival analysis of Ago2. Patients with higher Ago2 expression in tumor
tissue were closely correlated with poorer overall survival than patients with tumor with lower expression (p<0.05,
respectively).

Table 2. Prognostic factors in Cox proportional hazards model

Univariate analysis Multivariate analysis

Variable - - - -
Risk ratio 95% Cl P Risk ratio 95% ClI P
Gender 0.917 0.642-1.693 0.742
Male vs Female
Age (years) 1.478 0.789-2.254 0.273
>62 vs <62
Tumor multiplicity 0.946 0.627-1.751 0.633
Unifocal vs Multifocal
Tumor stage 3.212 2.671-4.754 0.146
>T1vs <T1
Histological grade 4.371 2.773-7.159 <0.001 2.841 1.944-4.396 <0.001
Low vs High
Lymph node 5.384 4.129-8.479 <0.001 2.463 1.609-4.175 0.018
N,,vs N,
Distant metastasis 9.272 3.778-21.314 <0.001 4,114 2.238-7.116 0.023
M, vs M,
Argonaute 2 3.887 2.765-6.429 0.009 3.273 2.364-5.877 <0.001
high vs low

synergistically to repress target genes, and
their dysregulation can contribute to the initia-
tion and progression of a variety of cancers as
either a tumor suppressor or a tumor promoter.
The mature miRNA directs a RNA-induced
silencing complex (RISC) to the complementary
target genes and causes inhibition of transla-
tion and degradation of the messenger RNA
[17, 18]. Argonaute proteins are the essential
components of RISC that directly recruit miR-
NAs and function as the interface between
mMiRNAs and their mRNA targets. Mammals
have four Argonauts (Agol-4) that are involved
in the miRNA pathway and among them, Ago2
is unique, with the slicer activity that mediates
the cleavage of perfectly matched targets for
miRNAs and siRNAs [19, 20]. Previous studies
have reported the altered expression of Ago2 in
kinds of cancers such as gastric carcinoma and
hepatocellular carcinoma and renal carcinoma
[12-14].

Bladder carcinogenesis is characterized by dis-
tinct morphological, genetic and cellular events.
Development and progression of bladder can-
cer to metastasis and lethal state are believed
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to be driven by multiple genetic alterations, the
nature of which has remained poorly under-
stood. In the present study, we sought to deter-
mine whether there was any difference in Ago2
expression between UCBs and normal tissue
samples which had not been studied previous-
ly. This study demonstrated that Ago2 proteins
were up-regulated in the UCBs, and explored
available evidence of close correlation of Ago2
expression and the total patients’ survival dur-
ing a five-year follow-up survey.

To directly address the potential roles for Ago2
protein in the occurrence and development of
bladder cancer, an elaborate experiment was
conducted and a rigorous analysis was per-
formed of human Ago2 mRNA and proteins on a
bladder cancer samples. Our results revealed
that the Ago2 expression in bladder cancer tis-
sues was remarkably higher than that in normal
bladder tissues (P<0.05). Zhang's study also
indicated that the abnormal expression of
Argonaute 2 might be correlated with gastric
oncogenic event [13].

In the present study, we found the expression
level of Ago2 in cytoplasm was significantly

Int J Clin Exp Pathol 2014;7(1):340-347
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associated with histological grade (p=0.005),
lymph node metastasis (p=0.009) and distant
metastasis (p=0.018). It is suggested that
Ago2 are associated with tumor development
and progression and may promote tumor inva-
sion. We further imagined that the Ago2 pro-
teins may interfere with the activation of cellu-
lar signal transduction pathway, cell division
cycle and tumor angiogenesis to influence bio-
logical behavior of tumor, and this had just
been unraveled in the latest relevant research-
es. Recent study showed that Argonaute 1 can
promote angiogenesis, In the study, the author
combined bioinformatics in conjunction with
lab experimental validation and revealed that
let-7 and miR-103/107 are robustly induced in
vascular endothelial cells and consequently
target Argonaute 1. Subsequently, a transla-
tional desuppression pathway up-regulates
VEGF and enhances angiogenesis in vitro and
in vivo. The findings suggest a novel role of
microRNAs in gene expression and the conse-
quent angiogenesis via targeting Argonaute
protein [21].

Ultimately, A total of 106 patients histologically
proven bladder cancer with follow-up informa-
tion were conducted a systematically analysis
to confirm the relationship of the Ago2 proteins
and outcome of patient initially. Our finding
demonstrated that patients with lower expres-
sion of Argonaute 2 in tumor tissue had a bet-
ter overall survival than patients with higher
expression (P=0.009, respectively), providing
an evidence that elevated expression of Ago2
in bladder cancer might facilitate an increased
malignant and worse prognostic phenotype. It
is noteworthy that by multivariate Cox analysis
combining expression of Ago2 proteins with
other parameters, Ago2 was found as an inde-
pendent prognostic factor for patient survival
(p<0.001). The aberrant expression of Ago2
protein linked to a poor prognosis of patients
has never been investigated in bladder cancer
before.

Conclusion

In this study, we reported for the first time that
Ago2 expression was upregulated in clinical
UCB tissues, and high expression of Ago2 was
associated closely with a more malignant clini-
cal feature and poor prognosis of UCB patients.
Our results suggest that Ago2 over-expression
might be useful as a prognostic factor for UCB
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patients. Apparently, a further understanding
of the molecular mechanism by Ago2 in human
UCB would help in the discovery of novel tar-
geted agents and might also lead to the devel-
opment of new approaches for effective thera-
py of human UCB.
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