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Abstract. Bladder cancer is the most common tumor of the 
urinary tract. Tyrosine 3-monooxygenase/tryptophan 5-mono-
oxygenase activation protein zeta (YWHAZ), a gene encoding 
the 14-3-3ζ protein, has been observed to be frequently ampli-
fied in bladder cancer. However, the role of 14-3-3ζ in various 
types of cancer is controversial. With reproduction of The 
Cancer Genome Atlas database, we searched the correlation 
of YWHAZ expression with survival outcomes of multiple 
cancers in silico. Our results revealed that only in bladder 
cancer was there a positive survival trend with YWHAZ 
overexpression. To study its role in bladder cancer, YWHAZ 
was successfully downregulated by lentivirus in 5637 and 
T24 cells. MTT and colony-formation assays showed that 
YWHAZ downregulation increased cell proliferation. Wound 
healing and Transwell assays showed that YWHAZ down-
regulation enhanced cell migration and invasiveness. FACS 
analysis showed that YWHAZ induced cell cycle arrest, but 
not apoptosis. A xenograft tumor model revealed that YWHAZ 
knockdown enhanced tumor growth. Gene set enrichment 
analysis confirmed that the cell cycle pathway plays a vital role 
in the function of the YWHAZ gene. In conclusion, knockdown 
of YWHAZ promoted both in vitro and in vivo tumorigenesis 
in bladder cancer and may be a novel biomarker for bladder 
cancer deserving further study.

Introduction

Bladder cancer remains one of the most commonly diag-
nosed urological malignancies worldwide (1). Approximately 
one-fourth of patients present with muscle-invasive bladder 
cancer (MIBC) at diagnosis. The outcomes for MIBC are poor 

and progress in regards to the treatment of bladder cancer has 
been stagnant for decades (2). Recently, The Cancer Genome 
Atlas (TCGA) project revealed the whole genomic characteris-
tics of bladder cancer based on next generation sequencing (3). 
This provided new insight into the understanding of the 
molecular features of bladder cancer.

YWHAZ, a gene that encodes 14-3-3ζ, has been demonstrated 
to be overexpressed in some MIBC patients (4). 14-3-3 proteins 
are a family of conserved regulatory molecules that bind to phos-
phorylate serine or threonine residue on their target molecules. 
Through 14-3-3 protein's binding ability, it regulates critical 
proteins in a variety of cell processes. To date, seven different 
isoforms (β, γ, ε, σ, η, τ and ζ) have been identified (5). The role 
of 14-3-3ζ in cancer remains controversial. The overexpression 
of 14-3-3ζ is generally associated with malignant biological 
behavior and worse survival outcomes in many other tumor 
types, such as prostate, lung and breast cancer (6-8). However, 
in other cancer types such as squamous cell carcinoma of the 
tongue, 14-3-3ζ silencing also retards tumor growth (9).

In our previous study, we revealed that the amplification 
of YWHAZ, along with TP53 or CDKN2A loss predicted 
better survival (10). This finding demonstrated that YWHAZ 
may play an antitumor effect in bladder cancer development. 
Therefore, in the present study, we aimed to investigate the 
function of YWHAZ by downregulation of its expression both 
in vitro and in vivo, and its related pathway was also explored 
in silico through gene set enrichment analysis (GSEA).

Materials and methods

Data mining and analysis in the TCGA database. An in silico 
reproduction using the TCGA database was performed in the 
present study, as previously described  (11-13). The TCGA 
bladder cancer (provisional), pan lung cancer (provisional), inva-
sive breast cancer (provisional) and prostate adenocarcinoma 
(provisional) was respectively chosen on the cBioPortal online 
platform (www.cbioportal.org). Cases with YWHAZ alteration 
were queried. The 'Survival' function was used to plot Kaplan-
Meier curves for overall survival and disease-free survival.

Cell culture. Two MIBC cell lines, T24 and 5637, were 
purchased from the American Type Culture Collection (ATCC; 
Manassas, VA, USA). The cells were cultured in RPMI-1640 
medium (Life Technologies; Thermo Fisher Scientific, Inc., 
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Waltham, MA, USA) containing 10% fetal bovine serum (FBS), 
100 U/ml penicillin and 0.1 mg/ml streptomycin. The cells 
were maintained in an atmosphere of 5% CO2 at 37˚C.

RNA extraction and real-time quantitative PCR (qPCR). Total 
cellular RNA was extracted using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.) according to the manufacturer's 
instructions. Reverse transcription of RNA was carried out 
using a M-MLV Reverse Transcription kit (Promega, Madison, 
WI, USA) according to the manufacturer's instructions. The 
relative expression level of YWHAZ was determined by the 
real-time quantitative PCR using SYBR Premix Ex Taq II 
(Takara, Tokyo, Japan). The primer was synthesized by 
Shanghai Genechem Co., Ltd. (Shanghai, China) for YWHAZ 
(forward primer, AGCCATTGCTGAACTTGATACA and 
reverse primer, AATTTTCCCCTCCTTCTCCTG); and refer-
ence gene (GAPDH) (forward primer, TGACTTCAACAGC 
GACACCCA and reverse primer, CACCCTGTTGCTGTAG 
CCAAA). The 2-ΔΔCt method was used to calculate the relative 
expression ratio of YWHAZ.

Lentiviral RNA interference. Lentivirus encoding YWHAZ 
shRNA was generated by Shanghai Genechem Co., Ltd. 
Lentivirus expressing scramble shRNA were used as 
negative control (NC). Cells were plated in 12-well plates 
(1x105 cells/well), transduced with 5 MOI lentiviral particles 
[using 8  µg/ml hexadimethrine bromide (Sigma-Aldrich; 
Merck KGaA, Darmstadt, Germany)] and incubated at 37˚C 
with 5% CO2. Suppression of YWHAZ in stable cells was 
confirmed by qPCR.

Cell proliferation assay. Cell viability in each group was 
measured by using MTT assay. The cells were seeded into 
96-well plates at a density of 2x104 cells/well, cultured over-
night and treated as mentioned above. Next, 10 µl of 5 mg/ml 
MTT was added to each well. After 4 h of further incubation, 
dimethyl sulfoxide (DMSO) was added to solve the formazan, 
then the optical density at 490 nm of each well was measured 
with a microplate reader. Cell proliferation ability was 
analyzed daily for 5 consecutive days.

Colony-formation assay. A total of 10 ml complete medium 
containing 200 cells were added to each well of a 6-well 
plate. The plates were incubated at 37˚C in 5% CO2 for 2 
weeks. Next, the cells were washed with phosphate-buffered 
saline (PBS) solution and fixed by 4% paraformaldehyde, and 
then were stained with Giemsa for 10 min. Colonies containing 
at least 50 cells were counted under a microscope (XDS-100; 
Carl Zeiss, Göttingen, Germany).

Cell migration and invasion assays. Migration and inva-
sive abilities were assessed using a cell invasion assay 
kit (Chemicon International, Inc., Temecula, CA, USA). 
Cells (5x104 cells/well) were cultured in the upper chamber of 
the 8.0-µm pore-size cell culture inserts that were either coated 
or uncoated with Matrigel for migration and invasive assays, 
respectively. The insets were then placed in a 24-well plate 
filled with medium with 5% FBS. The cells that penetrated 
to the underside of the surfaces of the inserts were fixed and 
stained with the Diff-Quick method (Thermo Fisher Scientific, 

Inc.) and were counted under the microscope (XDS-100; 
Carl Zeiss). The mean cell number of three high power fields at 
x100 magnification for each condition was calculated. Assays 
were repeated at least three times.

Wound healing assay. When the cells reached 95% confluence 
in 6-well plates after transfection, a 200-µl pipette tip was 
used to draw a wound with the same width. After washing 
and removing the cell debris, the cells were cultured using 
a serum-free medium under standard conditions. The same 
area of the gap was taken at x100 magnifications using a 
microscope equipped with a digital camera (Olympus Corp., 
Centre Valley, PA, USA) at 0, 4, 8 and 24 h after scratching, 
and the scratch width was quantified using ImageJ software 
(http://rsbweb.nih.gov/ij/). The migration rate was calculated 
as the difference between the initial width and the width at the 
different time-points.

Cell cycle assay. Cells were plated in 25-cm2 flasks and 
incubated overnight. The cells were then collected and fixed 
in pre-cold 70% ethanol for 1.5 h at 4˚C. After fixation, the 
cells were washed in PBS again and centrifuged for 5 min at 
1,000 rpm. The PBS was discarded and propidium iodide (PI) 
was added to a final concentration of 50  µg/ml in dark 
at 4˚C for 30 min. Flow cytometric analysis was performed 
on the FACSCalibur flow cytometer (Becton-Dickinson; 
BD Biosciences, San  Jose, CA, USA). The cell cycle was 
analyzed using CellQuest software (BD Biosciences).

Cell apoptosis assay. The cells were plated in 25-cm2 flasks 
and were incubated overnight. The cells were then collected 
and adjusted with staining buffer at a density of 106 cells/ml. 
After incubation with 5 µl of Annexin V-FITC and 10 µl of PI 
in dark for 15 min, the cells were analyzed by flow cytom-
etry (Becton-Dickinson). Apoptotic cells were recognized as 
having a high Annexin V fluorescence signal with a low PI 
signal. The percentages of apoptotic cells were calculated by 
data from FACS analysis.

Bladder cancer xenograft model. Twelve male BALB/c nude 
mice at 6 weeks of age, weighing 18-22 g, were obtain from 
SLAC Laboratory Animal Co., Ltd. (Shanghai, China) and 
were bred in a special pathogen-free (SPF) grade laboratory in 
Fudan University. The mice were housed 5-10/cage, in a 12:12-h 
light:dark cycle environment, with ad libitum access to food 
and water. Mice were randomly divided into 2 groups (T24; 
treatment vs. control). A total of 107 cancer cells resuspended 
in 100 ml of PBS were injected subcutaneously at the left 
axilla of each mouse. Tumors became perceptible at ~5 mm in 
diameter on day 7. Thereafter, intratumoral injection of 50 µl 
of the lentivirus at 108 U/ml or control (PBS) with the same 
volume was administered. All mice were sacrificed on day 35 
and the tumors were extracted. The tumor size was calculated 
with the following formula: Volume = length x width2/2. All 
experimental protocols were approved by the Institutional 
Review Board of the Department of Laboratory Animal 
Science of Fudan University (Shanghai, China).

Immunohistological analysis and assessment of Ki-67. Firstly, 
2-µm unstained xenograft tumor sections from formalin-fixed 
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paraffin embedded  (FFPE) tissue were deparaffinized in 
xylene and rehydrated through graded alcohols. After antigen 
retrieval, the sections were stained with primary antibody, 
Ki-67 (dilution 1:200; 28-9; Abcam), followed by antibody 
localization using the Dako EnVision+ System-HRP labelled 
polymer (Dako; Agilent Technologies, Inc., Santa Clara, CA, 
USA). Staining was visualized by a 5-min incubation with 
diaminobenzidine.

The staining patterns were assessed by two independent 
pathologists using standard light microscopy (XDS-100; 
Carl Zeiss). Positive staining was considered when >10% of 
tumor cells showed reactivity. Stain intensity and the 
percentage of tumor cells stained were categorized as 
<25%, 25-50%, >50-75% and >75% according to the number 
of positive tumor cells stained.

GSEA of TCGA data. To investigate the YWHAZ overexpres-
sion and the cancer-related pathway, GSEA was performed 
using TCGA bladder cancer (provisional) level 3 RNASeq V2 
datasets. This analytical technique is designed to test a 
priori defined gene sets for association with phenotypes (14). 

KEGG gene sets (v6.0) and phenotype label files were created 
and loaded into GSEA software (v2.0.13; Broad Institute, 
Cambridge, MA, USA). Cases with YWHAZ mRNA expres-
sion were queried on the cBioPortal online platform. The 
phenotype label was YWHAZ overexpression vs. YWHAZ 
normal expression based on the cBioPortal platform. The 
number of permutations was set to 1,000. A ranked-list metric 
was generated by calculating the signal-to-noise ratio, which 
is based on the difference of means scaled according to the 
standard deviation.

Statistical analysis. Statistical analysis was performed using 
IBM SPSS version 20.0 (IBM SPSS, Armonk, NY, USA). Data 
are shown as means ± SD. The difference between two groups 
was analyzed using the Student's t-test. P<0.05 was considered 
to indicate a statistically significant difference.

Results

YWHAZ amplification indicates a better survival trend in 
bladder cancer. Since YWHAZ amplification is commonly 

Figure 1. Reproduction of TCGA database using cBioPortal shows that the association with YWHAZ amplification had (A) relatively worse survival outcomes 
among breast, lung and prostate cancer, but (B) a better survival trend in bladder cancers. (C) YWHAZ amplification was the dominant gene alteration found 
among breast, bladder, prostate and lung cancer. TCGA, The Cancer Genome Atlas; OS, overall survival; DFS, disease-free survival.
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observed in many types of cancer, such as breast, lung and 
prostate cancer, we therefore investigated its correlation with 
survival outcomes among these types of cancer. Amplification 
was determined using algorithm GISTIC value as ≥2 according 
to the TCGA definition. Amplification was found in 35/442 
(7%) patients with prostate cancer, 47/1,144 (4%) patients with 
lung cancer, 180/1,080 (17%) patients with breast cancer and 
69/408 (17%) patients with bladder cancer (Fig. 1C). A worse 
survival trend among breast, lung and prostate cancer both in 
overall survival and disease-free survival was noted (Fig. 1A). 
Of note, lung cancer patients with YWHAZ amplification had 
significantly worse disease-free survival compared with those 
without YWHAZ amplification (P=0.009). Similarly, the overall 
survival defects in prostate cancer patients with YWHAZ 
amplification also reached statistical significance (P<0.001). 
In bladder cancer, there was a better survival trend for patients 
with YWHAZ amplification. Specifically, the significance for 
overall survival was marginal (P=0.08) (Fig. 1B).

Downregulation of YWHAZ enhances bladder cancer cell 
proliferation and colony number. Next, we investigated the 
effect of YWHAZ on bladder cancer cell growth, and we infected 
T24 and 5637  cells with Lenti-YWHAZ (knockdown, KD 
group) or Lenti-NC (negative control, NC group). Transfection 
of  5637 and T24  cells with Lenti-YWHAZ significantly 

inhibited YWHAZ gene expression (P<0.05) (Fig. 2A and B). 
Fluorescence was observed using fluorescence microscope 96 h 
after infection with the indicated lentivirus (Fig. 2C and D). 
MTT assay demonstrated that the proliferation ability of 
the  T24 and 5637  cells infected with Lenti-YWHAZ was 
markedly enhanced compared with the the Lenti-NC-infected 
group 3  days after infection  (Fig.  2E). Colony-formation 
assay showed that the colony numbers of the T24 (136±3 vs. 
33±3; P<0.01) and 5637 (94±5 vs. 42±4; P<0.01) cells infected 
with Lenti-YWHAZ were significantly higher compared with 
these values in the Lenti-NC-infected group (Fig. 2F and G). 
Therefore, it is suggested that knockdown of YWHAZ enhances 
bladder cancer cell proliferation.

Downregulation of YWHAZ enhances the migration and 
invasiveness of bladder cancer cells. To investigate whether 
the overexpression of YWHAZ has any influence on the migra-
tion ability of bladder cancer cells, wound healing assays were 
performed. Knockdown of YWHAZ significantly enhanced 
the migration rate of the bladder cancer cells in both the T24 
(0.33±0.03 vs. 0.16±0.03 at 8 h, P<0.01; 0.6±0.07 vs. 0.28±0.03 
at 24 h, P<0.01) and 5637 (0.42±0.04 vs. 0.34±0.05 at 4 h, 
P=0.03; 0.66±0.03 vs. 0.5±0.08 at 8 h, P<0.01) cells (Fig. 3). 
Of note, T24 cells with downregulated YWHAZ demonstrated 
almost doubled migration capacity compared to the respective 

Figure 2. YWHAZ downregulation increased cell proliferation and colony forming ability. (A and B) Transfection of Leni-YWHAZ (KD group) successfully 
downregulated YWHAZ expression in the 5637 and T24 bladder cancer cell lines. (C and D) Fluorescence showed that cells were successfully transfected with 
the lentivirus. (E) MTT assay showed that cell viability with OD490 value was significantly elevated in the Leni-YWHAZ (KD) groups after 3 days. Clone 
formation assay showed that a number of colonies were increased in the KD groups compared with the control groups after 14 days in the 5637 and T24 cells. 
(F) Quantitation of the colony numbers and (G) representative images of the colony formation assay in the KD and NC groups. KD, knockdown; NC, negative 
control. *P<0.05, **P<0.01.
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controls. We further performed Transwell assays to investigate 
the migration and invasive ability of the T24 bladder cancer 
cells. The result showed that the Lenti-YWHAZ group had 
significantly elevated migrated (95±3.02 vs. 80±3.94; P<0.01) 
and invasive cells (88±7.02 vs. 106±5.76; P<0.01) compared 
with the Lenti-NC infected group (Fig. 3). These results demon-
strated that YWHAZ downregulation significantly contributed 
to the migration and invasiveness of bladder cancer cells.

YWHAZ knockdown promotes cell cycle progression. To 
address the mechanisms underlying YWHAZ downregulation 
of proliferation and migration of bladder cancer cells, we further 

investigated the influence of YWHAZ knockdown on apoptosis. 
The percentage of apoptotic cells were comparable with those 
of the Lenti-NC infected group (P>0.05)  (Fig. 4A and B). 
Furthermore, the cell cycle profile was analyzed through 
flow cytometry. The distribution of cell cycle phase was 
significantly different between two groups in both the T24 and 
5637 cell lines. The percentage of cells in G1 phase infected 
with Lenti-YWHAZ were significantly lower than those of 
cells infected with Lenti-NC. An obvious decrease in the 
G1 phase (45.08±0.84 vs. 43.06±0.73%; P=0.03) and a signifi-
cant increase in G2/M (26.07±0.41 vs. 22.58±0.78%; P<0.01) 
cell populations were observed compared with the control 

Figure 3. YWHAZ downregulation enhances the migration and invasiveness of bladder cancer cells. (A) Wound healing assays showed that the migration rate 
was significantly elevated in the 5637 and T24 KD cells when compared to the NC groups. (B) Representative images of the wound healing assay in the 5637 
and T24 cells. (C) Transwell assay showed that the number of migrated cells was significantly increased in the T24 KD cells compared with the NC group and 
representative images of T24 cells are shown. (D) Transwell assay showed that the number of invaded cells was significantly increased in the T24 KD cells 
compared with the NC group and representative images of T24 cells are shown. KD, knockdown; NC, negative control. *P<0.05, **P<0.01.
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group in the 5637 cell line. Similarly, a significant decrease 
in the G1 phase (45.08±0.84 vs. 43.06±0.73%; P<0.01), while 
a significant increase in S phase (30.85±0.68 vs. 20.45±0.75%; 
P<0.001) and G2/M (36.04±0.41 vs. 32.19±1.48%; P=0.001) 
cell populations were observed compared with the control 
group in the T24 cell line  (Fig. 4C and D). These results 
demonstrated that YWHAZ knockdown significantly promoted 
G1/S transition.

YWHAZ downregulation promotes tumor growth in vivo. 
To investigate the effect of YWHAZ downregulation on 
antitumor activities in vivo, we established a T24 xenograft 
tumor model in nude mice. Assessment of tumor volume 
indicated that the YWHAZ downregulation group had 
enhanced tumor growth compared to the control group and 
the group treated with PBS (Fig. 5A and B). The xenografts 
were further evaluated by immunohistology in relation to 
the proliferation marker Ki-67. The results demonstrated 
that the percentage of Ki-67-positive cells was higher in the 

YWHAZ downregulation group than that noted in the control 
group (Fig. 5C and Table I).

YWHAZ may exert its function through the cell cycle pathway. 
GSEA was performed to determine the associations between 
YWHAZ expression and cancer-related pathways based on 

Figure 4. Effects of Lenti-YWHAZ on cell apoptosis and cell cycle distribution as determined by flow cytometric analysis. Flow cytometric analysis showed 
that Lenti-YWHAZ did not affect the apoptosis of the (A) 5637 and (B) T24 cells compared with the NC groups. Flow cytometric analysis showed the distribu-
tion of cell cycle phases in the (C) 5637 and (D) T24 cells. KD, knockdown; NC, negative control. *P<0.05, **P<0.01.

Table I. Comparison of immunoexpression of tumor marker 
Ki-67 in the YWHAZ-knockdown and control group in the 
xenograft model.

Ki-67 expression	 Lenti-YWHAZ group	 Control group
levels (%)	 (no. of tumors)	 (no. of tumors)	 P-value

<25	 0	 0	 0.02
25-50	 1	 5
>50-75	 3	 1
>75	 2	 0
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KEGG gene sets. As a result, 60/178 gene sets were found 
to be upregulated in the YWHAZ overexpression phenotype 
with 5 gene sets significant at FDR <25% and 4 gene sets 
significantly enriched at nominal P<0.01. Of the YWHAZ 
normal-expression phenotype, 118/178 gene sets were upregu-

lated with 2 gene sets significantly enriched at FDR <25% 
and 2 gene sets significantly enriched at nominal P<0.01. The 
enrichment plot of 7 upregulated gene sets is shown in Fig. 6. 
Of these, the cell cycle pathway shows the most relative corre-
lation with the smallest normal P-value 0.002 and FDR 0.102.

Figure 5. YWHAZ knockdown promotes bladder cancer tumor growth in the xenograft tumor model. (A) Representative images of tumors after 5 weeks of 
implantation. (B) Tumor volume was significance increased after 5 weeks of implantation in the T24 Lenti-YWHAZ group. (C) Representative images of 
Ki-67 staining of xenograft tumors after 5 weeks of implantation.

Figure 6. Gene expression profiling identifies pathways upregulated from the TCGA bladder cancer database (provisional). (A-G) The 7 significantly enriched 
gene sets in bladder cancer. The normalized enrichment score, the false discovery rates (FDR) and the nominal P-value score (NES) are indicated for each gene 
set. Each bar at the bottom of each panel represents a member gene of the respective pathway from plot A-G and (H) shows its relative location in the ranked 
list of genes. TCGA, The Cancer Genome Atlas.
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Discussion

In the present study, we found that YWHAZ downregula-
tion dramatically promoted tumorigenesis both in vitro and 
in vivo. This finding suggests that YWHAZ functions as a 
tumor-suppressor gene and it could be a potential biomarker 
for bladder cancer. To the best of our knowledge, scarce studies 
have focused on YWHAZ and its coding protein, 14-3-3ζ on 
bladder cancer. Thus, this study was an innovative attempt 
and these findings were also in accordance with the results of 
our previous study that YWHAZ amplification predicts better 
survival, under the background of some anti-oncogene loss 
such as TP53 and CDKN2A (10).

However, previous studies have reported that in some 
other types of cancer, 14-3-3ζ may serve as a pro-tumor mole-
cule (6,7,15,16). Thus, in our first step, we verified the role of 
YWHAZ in three typical cancers that have been commonly 
reported before, breast, lung and prostate cancer. Our results 
in these three types of cancer showed that although some 
differences did not reach statistically significance, there 
was always a trend toward worse survival outcomes when 
YWHAZ was overexpressed. These demonstrated that 14-3-3ζ 
may function differentially in bladder cancer than in other 
types of cancer.

A previous study demonstrated that 14-3-3 protein exerts 
its function through binding ability. The structure of 14-3-3 
contains two subunits that are strongly associated with each 
other to form C-shaped dimers. In the dimers, the N-terminal 
helices of two subunits contact one another and form the floor 
of a central groove. Phosphorylated sites on target peptides 
and proteins dock directly into the groove (17). The binding 
partner decides the functions that 14-3-3 may play in multiple 
cellular process. The majority of studies have demonstrated 
that 14-3-3 could bind to multiple pro-apoptosis proteins, 
such as Bax, FOXO3 and AP-1, and thus may affect cell 
apoptosis (18,19). However, in the present study, we found that 
YWHAZ downregulation had no effects on cell apoptosis. This 
suggests that in bladder cancer 14-3-3 may not mainly function 
in cell apoptosis.

Our results indicated that both in 5637 and T24 cells, 
YWHAZ knockdown promoted cell cycle transition from G1 to 
S phase. This suggest that 14-3-3ζ may exert its antitumor 
function through blocking the cell cycle. Further in silico 
GSEA analysis also confirmed the hypothesis. Studies have 
also shown that 14-3-3 family protein could bind to CDC25 
family protein, which plays an important role in transitions 
between cell cycle phases by dephosphorylating and activating 
CDKs  (20). CDC25B and CDC25C play a major role in 
G2/M progression, whereas CDC25A assists in G1/S transi-
tion (21,22). Combining the established facts and our findings, 
we speculated that 14-3-3 could arrest cell cycle by sequestering 
the critical stage, thus exerting a tumor-suppressor function. 
One study has shown that high expression of CDC25B and low 
expression of 14-3-3σ is associated with the development and 
poor prognosis in urothelial carcinoma of bladder (23). Since 
CDC25 have varieties of isoforms, the affinity of 14-3-3ζ to 
different CDC25 isoforms remains to be explored. Moreover, 
this could explain our findings in a previous study that YWHAZ 
amplification significantly benefited survival outcomes under 
the background of CDKN2A or TP53 loss, both critical factors 

in cell cycle regulation (10). The malfunction of CDKN2A or 
TP53 causes disruption of cell cycle control and enhancement 
of proliferation. Thus, YWHAZ amplification could offset the 
cell cycle acceleration effect by the reason of critical cell cycle 
regulator disorder.

Since 14-3-3 proteins have seven isoforms, the affinity of 
their binding ability to CDC25 protein should be distinct. A 
study has shown that CDC25B has a strong interaction with 
14-3-3ζ and 14-3-3η, but poor with 14-3-3ε (24). The different 
binding ability may contribute to the contrasting role of 
different isoforms in a certain cancer type. As an instance, 
14-3-3ζ promoted tumor invasion, while 14-3-3σ serves as a 
tumor-suppressor gene in non-small cell lung cancer (16,25). 
In addition, the expression level of 14-3-3 isoforms in tissue 
may be different (26). This may explain why 14-3-3ζ plays a 
pro-tumor role in various types of cancer, but exerts antitumor 
function in bladder cancer.

In conclusion, our results indicated that YWHAZ knock-
down promoted the tumorigenesis of bladder cancer both 
in vitro and in vivo, and revealed its correlation with the cell 
cycle pathway. Importantly, our study highlighted for the first 
time that YWHAZ may be a novel beneficial prognostic factors 
in bladder cancer warranting further study.
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