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Abstract: Recent studies have shown that altered expression p21 is shown to associate with tumorigenesis and
tumor progression. To investigate the clinicopathological significance and prognostic value of p21 in bladder cancer
(BCa). A total of 48 patients with BCa were included in this study. The correlation between p21 expression and clini-
copathologic features and survival was studied. Also, a meta-analysis was performed to investigate the relationship
between the p21 and BCa survival. Low p21 expression was detected both in tumor tissues compared with adjacent
normal tissues. The expression of p21 was closely associated with advanced pathologic TNM stage (P = 0.001)
and tumor grade (P = 0.013). Moreover, patients with low p21 expression had shorter recurrence-free survival (P =
0.016) and overall survival rates (P = 0.039). Multivariate Cox regression analysis revealed that p21 low expression
was an independent prognostic factor for recurrence free survival (P = 0.03). Additionally, our meta-analysis. The
available outcome data from six articles were examined. A meta-analysis of the HR indicated a significantly poor
overall survival (0OS, HR: 1.75, 95% CI: 1.38-2.21), recurrence free survival (RFS, HR: 1.83, 95% Cl: 1.57-2.15),
progression free survival (PFS, HR: 2.02, 95% CI: 1.48-2.75), and cancer specific survival (CSS, HR: 1.89, 95%
Cl: 1.53-2.33) in patients with low expression levels of p21. Our present results indicated that low p21 expression
predicated tumor recurrence and poor prognosis in bladder cancer.
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Introduction identification of BCa specific disease-related
biomarkers that can predict the clinical out-
Bladder cancer is the fourth most common come is of great importance and urgently
cancer worldwide [1] and is the most common needed.

genitourinary malignancy in China [2]. Con-
temporarily, radical cystectomy with pelvic lym-

phadenectomy and urinary diversion remains

Using immunohistochemistry, recent studies
has revealed that p21 was expressed in a vari-

the mainstay of treatment for muscle-invasive
diseases, while transurethral resection of the
bladder in combination with intravesical che-
motherapy or immunotherapy is considered as
the standard treatment for nonmuscle-invasive
bladder cancer (NMIBC) [3, 4]. Several clinico-
pathological factors, such as tumor-node-
metastasis (TNM), pathological stage and
grade of the tumor, tumor multiplicity, tumor
size are demonstrated to predict prognosis of
BCa. So far, effective predictive tools or nomo-
grams are absent for bladder cancer after sur-
gical procedures, thus more studies are need-
ed to better evaluate the existing predictors
and discover the promising ones. Therefore,

ety of human malignancies, and is correlated
with tumor progression and a poor prognosis in
various carcinomas [5, 6]. Altered tumor sup-
pressor gene p2l1 has been reported to be
associated with BCa progression. Our previous
studies have shown that dsRNAs transfection
[7] and miRNAs complementary to p21 promot-
er [8] both have anti-tumor activity by activating
p21 expression in BCa cell lines.

Although evidence exists that p21 is an impor-
tant factor implicated in clinicopathological fea-
tures and predicated the prognosis of BCa
[9-21], however, as a matter of contradictory
results as well as the small sample size in soli-
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tary study, the prognostic significance of p21
expression for survival in patients with BCa still
remains controversial. A study on p21 in BCa
reported that positive p21 expression tended
to indicate worse survival outcomes, but the
difference was not statistically significant [27].
Moreover, two other recent studies on a panel
of tumor markers demonstrated that p21
expression was not an independent prognostic
factor for patients with BCa [12]. Whether dis-
crepancy in these data was due to limited sam-
ple sizes or genuine heterogeneity is still
unknown. To address this controversial issue,
first, a cohort of a carried out to validate the
association between p21 and clinicopathologi-
cal parameters as well as the significance of
p21 expression in the prediction of clinical out-
comes in BCa, then a meta-analysis was per-
formed to investigate the prognostic value of
p21 in BCa.

Materials and methods
Sample collection

Forty-eight BCa and adjacent normal tissue
samples (collected post-operatively from Nov
2010 to Feb 2014) from cystectomy were
acquired in this study from the Department of
Urology in Tongji Hospital of Huazhong Univer-
sity of Science and Technology (Wuhan, China).
All the diagnoses were based on pathological
history. The tissues were obtained before che-
motherapy and radiation therapy. Upon remov-
al of the surgical specimen, each sample was
immediately frozen in liquid nitrogen and tored
at -80°C prior to RNA isolation and gRT-PCR
analysis.

RNA extraction and gRT-PCR

Total RNA was isolated from the frozen tissue
sample with TRIzol (Invitrogen) according to the
manufacturer’s instructions. First-strand com-
plementary DNA (cDNA) was synthesised from
2 pg of the total RNA using an oligo-dT primer
and superscript |1l reverse transcriptase
(Invitrogen). Then, quantification of the most
up-regulated or down-regulated miRNAs was
performed by qRT-PCR using SYBR Premix Ex
Tagq on MX3000 instrument. The U6 primers
were obtained from GeneCopoeia. PCR was
performed in a real-time PCR system as fol-
lows: 95°C for 10 min, followed by 40 cycles of
95°C for 10 sec, 60°C for 20 sec and 72°C for

5000

30 sec, and then 95°C for 1 min and 60°C for
1 min. All experiments were done in triplicate.
The expression level values were normalized to
those of the small nuclear RNA U6 as a control.
Relative fold-changes of miRNA expression
were calculated using the AACT method, and
the values were expressed as 224CT,

Immunohistochemistry

5 mm-thick paraffin-embedded tissue sections
were prepared and then deparaffinized in
xylene and rehydrated in series of ethanol.
Endogenous peroxidase activity was blocked
with 3% hydrogen peroxide for 10 min at room
temperature. Antigen retrieval was executed in
0.01 M sodium citrate buffer (pH 6.0) at 95°C
for 45 min. After incubated in 5% bovine serum
albumin (BSA) in phosphate-buffered saline
(PBS) for 10 min, the tissue sections were incu-
bated with the primary anti-p21 antibody (Cell
Signaling Technology, USA) at a dilution of
1:300 overnight at 48°C. The sections were
incubated with the secondary antibody for 20
min at room temperature and subjected to
incubation with Envision Dual Labeled Polymer
kit (BioGenex, San Ramon, CA) according to the
manufacturer’s instructions. The sections were
then counterstained with hematoxylin. Tissue
sections of lung squamous carcinoma were
used as positive controls and tissue sections
incubated with PBS to substitute the primary
antibody were used as negative controls.

Western blot analysis

Whole-cell lysates, cytoplasmic and nuclear
fractions were prepared. Protein were separat-
ed by 10% SDS/PAGE and transferred onto
PVDF membranes (Millipore, USA). Membranes
were incubated with appropriate antibodies for
1 h at room temperature or overnight at 4C fol-
lowed by incubation with a secondary antibody.
The following antibodies were used: anti-p21
(Cell Signaling Technology, USA) at 1:1000 dilu-
tion; anti-GAPDH, anti-Lamin B (Boster, China)
at 1:500 dilution.

Follow-up

The length of follow-up was calculated from the
date of surgery to the date of event or last clini-
cal follow-up. The spectrum of clinical follow-up
included a history, physical examination, and
routine biochemical profile.
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Figure 1. p21 expression is down-regulated in bladder cancer. gRT-PCR (A), immunohistochemistry (B) and Western-
blot (C) detected low p21 expression in bladder cancer compared with adjacent normal tissues.

tive RFS, OS and the p21
expression level measured by

gRT-PCR, and the resulting

Parameter No. of case p21 expression p-value o ;

Age (years) curves we_re divided into two
> 65 29 0.63+0.28 0.56 c!asse_s (high anql low expres-
<65 19 0.67+0.21 sion in comparison to ’Fhe

mean level of p21 expression

Gender as the threshold). We select-
Male 28 0.65+0.22 0.94 ed the median value of p21
Female 20 0.64:0.28 relative expression as the

Tumor diameter (cm) optimum cut-off score.
<3 26 0.69+0.47 0.11
>3 22 0.58+0.48 Meta-analysis

Tumor multiplicity H . 0
Single 33 0.68+0.26 0.093 azard ratios (HRs) and 95%

) confidence intervals (Cls) we-
Multiple 15 0.56+0.17 . .
re used to estimate the im-

Stage 0.001 pact of p21 expression on
Ta 21 0.77£0.27 RFS, 0S, CSS and PFS. A com-
T1 19 0.57£0.15 bined HR > 1 implied a worse
T2-4 8 0.48£0.11 survival, and it was consid-

Grade 0.013 ered statistically significant if
G1 32 0.70+0.27 95% CI for the combined HR
G2/G3 16 0.52+0.10 did not overlap 1. We perform-

ed the meta-analysis by using
the Review Manager Software
Survival analysis (RevMan 5.1, Cochrane Collaboration, Oxford,

For survival analysis, we used the Kaplan-Meier
method to analysis the correlation between
variables and cancer-specific survival, and the
log-rank test to compare survival curves. We
used the Cox regression model to do the uni-
variable and multivariable survival analysis.
Kaplan-Meier survival analysis was used to
analysis the association between postopera-

5001

UK).
Results

p21 expression is down-regulated in bladder
cancer

The expression of p21 in 48 cases of BCa tis-
sues and adjacent normal tissues was exam-
ined by qRT-PCR (Figure 1A), immunohisto-
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Figure 2. Kaplan-Meier estimates of overall survival (A) and recurrence free survival (B) in the cohort patients with
bladder cancer.

Table 2. Univariate and multivariate analysis of the recurrence free survival and overall survival ac-
cording to clinicopathological factors and p21 expression in all patients with bladder cancer (n=48)

. o Univariate analysis Multivariate analysis
Variables (and stratification)
HR (95% Cl) p-value HR (95% Cl) p-value
RFS
Age (> 65 years vs. < 65 years) 1.13 (0.57-2.25) 0.73 / /
Sex (male vs. female) 1.08 (0.58-2.02) 0.81 / /
Tumor size (> 3 cm vs. < 3cm) 2.76 (0.70-10.84) 0.15 / /
Tumor multiplicity (multiple vs. single) 1.92 (0.90-4.11) 0.09 / /
Stage (T2-4 vs. Ta-1) 5.36(2.12-13.56) <0.001  5.01(1.57-15.98) 0.007
Grade (G2-3 vs. G1) 5.01(1.98-12.68) <0.001 3.45(1.36-8.73) 0.009
p21 expression (low vs. high) 3.50 (1.28-9.57) 0.01 3.06 (1.13-8.26) 0.03
0S
Age (> 65 years vs. < 65 years) 1.20 (0.68-2.10) 0.53 / /
Sex (male vs. female) 1.05 (0.47-2.31) 0.91 / /
Tumor size (> 3 cm vs. < 3cm) 2.63(0.69-10.01) 0.16 / /
Tumor multiplicity (multiple vs. single) 1.66 (0.77-3.54) 0.19 / /
Stage (T2-4 vs. Ta-1) 7.47 (1.67-33.38) 0.008 4.84 (1.24-18.85) 0.02
Grade (G2-3 vs. G1) 10.18 (2.62-39.61) <0.001  9.52 (1.60-56.52) 0.01
p21 expression (low vs. high) 4.60 (1.08-19.63) 0.04 4.08 (0.88-18.97) 0.07

RFS, recurrence free survival; OS, overall survival; HR, hazard ratio; 95% Cl, 95% confidence interval.

chemical analysis (Figure 1B), and western blot 0.49), tumor diameter (P = 0.21), or tumor mul-
analysis (Figure 1C). A significant difference tiplicity (P = 0.12).

was observed in p21 expression between BCa o )

and normal samples (P < 0.05). Association between p21 expression and sur-

vival in the full cohort
Associations between p21 expression, patient

and tumor characteristics The association between p21 expression and

patient survival was investigated using Kaplan-
Next, we associated p21 expression with clini- Meier analysis and Log-rank test with single-
copathological data from the patients (Table 1) factor analysis for the follow-up data from the
and found that p21 expression was associated 48 BCa patents. We used the median of rela-
with tumor grade and stage (P =0.013 and P = tive p21 expression as the cut-off value and
0.001, respectively), but not associated with divided them into high and low p21 expression
other data, such as age (P = 0.72), gender (P = groups. The median overall survival (0S) after
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A Study HR (95% CI) HR (95% CI) in Table 2, using univariate
Chatterjee,2004 1.41(0.93,2.13) F-— and multivariate Cox regres-
Current study 460 [1.08,19.61) — . .
del Muro, 2004 188 [0.94,3.75) — sion analysis, the parameters
Galmozzi, 2006 1.92[0.90,4.11) B e
Lopez-Beltran, 2004 6.01[1.43,25.20) - SUCh as tumor grades (G2&3)'
Stein,1998 1.72[1.19,2.48) - TNM stage (T2-4), and low
Total (95% CI) 1.75[1.38, 2.21] L 2 p21 expression were Signiﬁ'
Lot‘alevems_w Chi= 572, di= 5 P =033 = 13% — ) , ‘ cantly associated with poor
eterogeneity. Chi*=5.72, df= =0.33);P= + } + 4 )

ot 0.05 0.2 5 20 <
WG R 2 SAIAPSUILIY Favours low expression  Favours high expression Z;SBE:I)D (‘)tOS‘i InBa COhli).rt Of
a patients. multivari-

B _Study HR (95% €D HR (85% €D ate Coxpre ressior)ml analysis
Behnsawy,2011 2.04[1.22,3.42) g ysIS,
Chatterjee, 2004 2.04 [1.24, 3.35] — only tumor grade and TNM
Current study 3.50[1.28,9.57] - H o
ol Mur0,2004 2,60 [1.28. 6.1 stages were |dent|f|ed. to be
Lotan,2013 1.57[0.92, 2.67) I independent prognostic fac-
Olsson,2012 1.18[0.79, 1.76] T for 0S < 0.0 .
Shariat 2003 258 [1.07, 6.22] —_— tors for (P .05), while,
Stein, 1998 2.21[1.44,3.39] — i s
i ey . p'2.1 expression wa§ not sig

nificant. Together this showed
Total (95% CI) 1.83[1.57, 2.15] L 4

that p21 together with tumor

Total events

Heterogeneity: Chi*= 8.4, df= 8 (P = 0.31); = 15% b= o i o grade and TNM stages were
Testfor overall effect Z=7.50 (P < 0.00001) Favours low expression Favours high expression Strong|y associated With RFS
C Study HR (95% CI) HR (95% CI) However, other variables
Liukkonen,2000 3.45(1.36, 8.73) including age, sex, tumor size
Olsson,2012 1.41[0.83,2.39 T T
Olsson 2013 193 Eo.rr, 4.35} S I and tumor multiplicity seemed
Shariat, 2003 4070112, 14.79) PSR to show a general trend, with
Shariat, 2004 218[1.31,3.61] ——

subtle differences in survival
Total (95% CI) 2.02[1.48, 2.75] < without significance
Total events )

Heterogeneity: Chi*= 4.28, df= 4 (P = 0.37), F=7% '0,02 UT1 1-0 50-

Tastfor overall effect: Z= 4.45 (P « 0.00001) Favours low expression Favours high expression Meta—analysis Of prognostic

D Study HR (95% CI) HR (95% CI) value of p21 expression in
del Muro,2004 210(1.10,4.02) bladder cancer
Lotan,2013 1.54 (0.85, 2.79) T
Shariat, 2003 5.28(0.92, 30.39] 1 .
Shariat, 2004 2.31[1.33, 4.01] ;-— Including our current study, a
TR LI R Bt total of 13 studies met the eli-
Total (85% C1) 1.89[1.53, 2.33] * gibility criteria for this meta-
Total events . .
Heterogeneity: Chi*= 251, df= 4 (P= 0.64); F=0% b0 of A% = analysis. 9, 6, 5, 5 studies
Testfor overall effect. Z= 5.93 (P < 0.00001) Favours low expression Favours high expression reported p21 expression with

RFS, OS, CSS and PFS respec-
Figure 3. Forest plots of hazard ratios for p21 relative expression in relation tively. Our pooled results
to bladder overall survival (A), recurrence-free survival (B), progression free showed that p21 expression
survival (C) and cancer specific survival (D). .. S

were statistically significant

for overall survival (OS; HR,

cystectomy for the cohort of 48 patients was 1.75; 95% Cl, 1.38-2.21; P < 0.001; Figure 3A),
39 months (ranging from 1 to 60 months). recurrence-free survival (RFS; HR, 1.83; 95%
Kaplan-Meier analysis of patient survival re- confidence interval [Cl], 1.57-2.15; P < 0.001;
vealed that low expression of p21 may point to Figure 3B), progression-free survival (PFS; HR,
highly early recurrence (HR, 3.50; 95% ClI, 1.28- 2.02; 95% Cl, 1.48-2.75; P < 0.001; Figure 3C)
9.57; P = 0.016, Figure 2B) and poor overall and cancer-specific survival (CSS; HR, 1.89;
survival (HR, 4.60; 95% CI, 1.08-19.63; P = 95% Cl, 1.53-2.33; P < 0.001; Figure 3D). For
0.039, Figure 2A) for BCa patients. p21 expression in bladder cancer, no funnel
plot asymmetry and no indication of an obvious
Univariate and multivariate analysis of RFS for publication bias (Figure 4).
and OS according to clinicopathological fac-
tors and p21 expression Discussion
Cox regression analysis was used to compare BCa is currently one of the tumors with the
p21 expression with clinicopathological fea- most rapid increase in incidence. The tradition-
tures of survival prediction (Table 2). As shown al management and prognosis of patients with
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Figure 4. Funnel plots of p21 relative expression in relation to bladder cancer overall survival (A), recurrence-free
survival (B), progression free survival (C) and cancer specific survival (D).

bladder cancer is mainly based on clinicopatho-
logical parameters. The importance of biomark-
ers has been recognized and novel biomarker
discovery efforts are now being commonly con-
ducted. Yet despite intensified interest and
investment, few novel biomarkers are used in
clinical practice [22]. Several biomarkers have
been proposed to monitor this disease, includ-
ing individual cell cycle-related protein p21
[23]. Genetic alternations could promote BCa
progression, and p21 loss-of-function mutation
is one of the most important and plays an
important role in carcinogenesis [24]. p21 is a
well-known tumor suppressor gene by inhibiting
cell proliferation, controlling cell cycle, inducing
apoptosis and senescence [25], and attenuat-
ing cell invasion and migration [26].

p21 as a tumor suppressor gene has a signifi-
cantimpact in predicting outcomes of BCa, and
altered genetic p21 is associated with poor
prognosis in BCa which indicated that p21 is
involved in the tumorgenesis of cancer progres-
sion. We validated p21 expression and con-
ducted the univariate and multivariate analysis
of the recurrence free survival and overall sur-

5004

vival according to clinicopathological factors
and p21 expression in our cohort of 48 BCa
patients, which also demonstrated these con-
clusions. Furthermore, we performed a meta-
analysis approach to demonstrate p21 as an
independent prognostic biomarker in repeated
studies, which complentary to the traditional
clinicopathologic factors in patients with BCa.
Our present study has provided a better under-
standing of the association between the altered
p21 expression and cancer progression, and
also p21 served as a useful biomarker of dis-
ease outcome for urological cancers and it is
measured objectively and affordably in clinical
practice in the future.

The prognostic value of the cyclin-dependent
kinase inhibitor p21 has been widely debated.
Although it is transcriptionally controlled by
p53 [27], this protein has also been shown to
be regulated in a p53-independent manner
[28]. Absence of expression of p21 plays inde-
pendent prognostic role for the tumor recur-
rence and reduced overall survival, as well as
demonstrating synergistic effects in tumors
with altered p53 expression [19, 29].

Int J Clin Exp Pathol 2015;8(5):4999-5007
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Underexpression of p21 has been associated
with poor prognostic outcome in BCa. The study
by Behnsawy et al [21] included 161 consecu-
tive patients with BCa reported high p21
expression in 78.3% of patients. Univariate and
multivariate analysis demonstrated a signifi-
cant association between lack of p21 immuno-
reactivity and poor recurrence free survival (P <
0.05). Chatterjee et al [9] reported alteration
p21 expression, which examined immunohisto-
chemically on archival radical cystectomy sam-
ples from 164 patients, in act in cooperative or
synergistic ways to promote bladder cancer
progression. Conversely, a cohort of 207
patients revealed that immunostaining for p21
did not provide any additional prognostic infor-
mation compared to established prognostic
factors [12]. Furthermore, contradictory results
showed that positive p21 expression is associ-
ated with recurrence and progression in a mul-
tivariate analysis in noninvasive cancer in situ
and that the risk increases in synergy with
altered p53 expression [17]. Additionally, ele-
vated p21/high Ki-67 expression was demon-
strated to be an independent predictor of poor
overall survival in invasive BCa [11]. It has been
proposed that progressive cancers accumulate
p21 due to impairment of the p21-induced
inhibitory pathway or mutations in the gene,
resulting in the overproduction of abnormal
genes [11]. In summary, the use of this cell
cycle-related protein as a prognostic biomarker
has been extensively studied, but it still remains
ambiguous. However, our validated patients
with low p21 expression had shorter recur-
rence-free survival and overall survival rates.
Multivariate analysis revealed that p21 low
expression was an independent prognostic fac-
tor for recurrence free survival. Moreover, in our
present meta-analysis, p21 appears to add
prognostic information, indicating that they
may contribute to more accurate management
and predication of BCa.

However, we should admit that there existed
several inherent limitations in the trials includ-
ed in our present study when interpreting our
conclusion. The major limitation is that our find-
ings are based on the limitations of the method
IHC itself. Although this is a quick, cost-efficient
and easy way to measure the expression of a
protein of interest and validate it to clinical fol-
low-up, the technique still has limitations. The
primary antibody may cross-react with other
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similar which cause false-positive staining.
Post-translational modifications may interfere
with the binding, which cause false-negative
staining. Second, here we performed a meta-
analysis between p21 expression and BCa sur-
vival. All of the eligible studies in IHC, while our
present study detected miRNAs expression
using qRT-PCR. Third, baseline heterogeneity
was observed because of methodological and
demographic differences among studies exam-
ining p21 and prognosis in BCa. The cut-off val-
ues of p21 varied greatly between the studies
may be the main reason for this heterogeneity.
For routine application of biomarkers in clinical
use, relevant cutoff values need to be defined.
While different cutoff values could be used for
the same biomarker depending on the situa-
tion. Whatever, here we used appropriate well-
motivated inclusion criteria and a comprehen-
sive and robust search strategy to conduct a
meta-analysis of HR for survival. We provide
the evidence of prognostic significant role of
p21 expression in BCa which may worth refer-
ence on the clinical follow-up.

Conclusions

In summary, cell cycle-related protein p21
improved the prediction of recurrence and sur-
vival after radical cystectomy. Such a biomark-
er may help identify patients who might benefit
from additional treatments and closer surveil-
lance after cystectomy. However, further stud-
ies are needed to validate p21 expression in
larger patient cohorts, with patients followed
prospectively and with more standardized pro-
cedures.
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