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INTRODUCTION 
 

Bladder cancer is one of the most common type of 

cancers globally, with average 430,000 newly 

diagnosed cases annually [1]. Among them, more than 

80% of bladder cancer cases are pathologically 

diagnosed as the urothelial bladder carcinoma (UBC) 

type [2], and others tumor types include squamous-cell 

carcinoma, adenocarcinoma, etc. Based on the tumor 

invasion pattern, bladder cancer can be also classified 

into muscle-invasive bladder cancer (MIBC) and non-

muscle-invasive bladder cancer (NMIBC) [3]. And the 

prognosis of MIBC patients are much worse compared 

with NMIBC patients, due to the high risk of cancer 

metastasis. For MIBC patients, the most utilized 

therapy contains radical cystectomy combined with 

chemoradiotherapy [4–6], and transurethral resection 

followed by intravesical chemotherapy is often selected 

as a standard-of-care (SoC) for NMIBC patients [7– 

9]. Platinum-based neoadjuvant chemotherapy has  

also been gradually considered as a SoC due to the 

improvement of patients’ overall survival [10–12].  
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ABSTRACT 
 

Background: Bladder cancer is one of the most common type of cancers globally, and the majority of cases 
belong to urothelial bladder carcinoma (UBC) type. Current researches have demonstrated that multiple 
genomic abnormalities are related to the sensitivity of cisplatin-based chemotherapy in bladder cancer 
patients. Previous findings have indicated a controversial role of Ubiquitin Carboxy-Terminal Hydrolase L1 
(UCHL1) in malignancy, so we aimed to further explore the role of UCHL1 in UBC. 
Methods: UBC cell lines and The Cancer Genome Atlas (TCGA) in-silico datasets were utilized to investigate 
UCHL1 expression pattern and functional as well as prognostic impacts in UBC cancer cell line models and 
patients. UCHL1 overexpression and silencing vectors and subsequent immunoprecipitation/ubiquitination 
experiments in combination of cellular functional assays were conducted to explore UCHL1-PKM2 interaction 
axis and its significance in UBC malignancy.  
Results: UCHL1 was significantly up-regulated in UBC cancer cells and UCHL1 high-expression was associated 
with higher pathology/clinical grade and significantly inferior overall prognosis of UBC patients. UCHL1 
interacted with PKM2 and enhanced PKM2 protein level through inhibition of PKM2 protein degradation via 
ubiquitination process. UCHL1-PKM2 interaction significantly promoted UBC cellular proliferation, metastasis 
and invasion activities.  
Conclusion: UCHL1-PKM2 interaction played an interesting role in UBC tumor cell proliferation, migration and 
metastasis. Our study suggests PKM2-targeted treatment might have a potential value in metastatic malignancy 
therapy development in the future. 

mailto:ymh0925@fjmu.edu.cn
https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/


www.aging-us.com 10594 AGING 

Over the past decades, researches have reported 

multiple genomic characteristics which are related to the 

sensitivity of cisplatin-based chemotherapy in bladder 

cancer patients. For example, recurrent somatic mutations 

of ERCC2, ATM, RB1 and FANCC have all been 

considered to have a predictive value in chemotherapy 

response evaluation for MIBC patients [13, 14]. Besides, 

other molecular studies also indicated that bladder cancer 

cells can be classified by transcriptional signatures which 

are reflective of tumor cell differentiation degree. For 

instance, KRT5/KRT14 fingerprints are associated with 

basal-type tumors while FOXA1/GATA3 fingerprints are 

associated with luminal-type tumors [15, 16]. Based on 

the previous achievements, it will be of significant value 

to further delineate the heterogeneity of bladder cancer in 

order to enhance bladder cancer treatment response and 

patients’ survival.  

 

Ubiquitin Carboxy-Terminal Hydrolase L1 (UCHL1) 

belongs to the UCH family of deubiquitinases (DUBs) 

which are responsible for ubiquitin isopeptide bond 

elimination from target proteins. Current understanding 

of UCHL1’s role is in debate, and previous study suggests 

that UCHL1 regulates estrogen receptor (ER) and trans-

forming growth factor beta (TGF-β) pathways, and 

UCHL1 dysregulation is associated with development 

of breast cancer aggressiveness [17]. Therefore, in this 

study, we aim to further explore the impact of UCHL1 

expression on UBC malignancy. 

 

MATERIALS AND METHODS 
 

UBC clinical samples 

 

In general, 36 pairs of matched-samples of UBC  

tumor and adjacent normal tissues were collected 

respectively at the clinical center. The informed consent 

from patients have been obtained. UBC tumor RNA-seq 

datasets and corresponding patients’ clinical data were 

retrieved in platform TCGA. The study was approved by 

the Ethics Committee of the Fujian Medical University 

Union Hospital and informed consent from each patient 

was required for study enrollment. Pathological diagnosis 

for all patients were confirmed by two independent 

pathologists based on sample HE staining and immuno-

histochemistry assay results. The inclusion criteria: 

patients pathologically diagnosed as UBC. 

 

Cell culture, vectors and transfection 

 

UBC cancer cell lines UM-UC-3, SW780, T24, J82, BIU-

87, 5637 (ATCC, Manassas, VA, USA) were acquired 

from the Fujian Medical University Union Hospital. All 

types of tumor cell lines were cultured utilizing RPMI-

1640 medium (Gibco, Langley, OK, USA) combined with 

10% fetal bovine serum (Gibco, Langley, OK, USA). All 

cells were cultured at 37°C with 5% CO2 incubator 

environment. Vector transfection was conducted using 

Lipofectamine 3000 Reagent (Invitrogen, Waltham, MA, 

USA), and transient transfection was constructed. 

 
RNA isolation and real time PCR 

 
Total RNA was firstly extracted by TRIzol reagent 

(#R0016, Beyotime, Beijing, China) and was subse-

quently used for RT utilizing primers and the 5 × All-

In-One kit (Abcam, Cambridge, UK). Afterwards, RNAs 

were quantified SYBR Green Master Mix. GAPDH was 

utilized as an endogenous control, all primers used in 

this study are listed as follows.  

 
UCHL1:  

Forward 5′-GAAGCAGACCATCGGAAACTCC-3′, 

Reverse 5′-GGACAGCTTCTCCGTTTCAGAC-3′; 

PKM2:  

Forward 5′-ATGGCTGACACATTCCTGGAGC-3′, 

Reverse 5′-CCTTCAACGTCTCCACTGATCG-3′; 

E-Cadherin:  

Forward 5′-GCCTCCTGAAAAGAGAGTGGAAG-3′, 

Reverse 5′-TGGCAGTGTCTCTCCAAATCCG-3′; 

N-Cadherin:  

Forward 5′-CCTCCAGAGTTTACTGCCATGAC-3′, 

Reverse 5′-GTAGGATCTCCGCCACTGATTC-3′; 

Vimentin:  

Forward 5′-AGGCAAAGCAGGAGTCCACTGA-3′, 

Reverse 5′-ATCTGGCGTTCCAGGGACTCAT-3′; 

GAPDH:  

Forward 5′-GTCCATGCCATCACTGCCAC-3′, 

Reverse 5′-AAGGCTGTGGGCAAGGTCAT-3′. 

 
Colony formation assay 

 
For colony formation assay, UBC cells from each 

treatment group were placed into 6-well plates with 

density of 1 × 103 cells per well. Then tumor cells were 

cultured for the next week for colony formation. The 

formed cellular colonies were subsequently quantified 

by crystal violet staining method. 

 

Wound healing experiment 

 

Firstly, UBC tumor cells were transferred into plates 

(#354721, Corning, Inc., Corning, NY, USA) for 48 h, 

and scratch was then created by sterilized pipet tip. 

After purification with D-Hanks, samples were sub-

sequently cultured in medium with 1% FBS. Images 
were respectively examined by digital camera at 0 and 

48 hours after wound creation (triple randomly selected 

fields were imaged for each experimental group). 
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Transwell assays 

 

Cell invasion experiments were conducted utilizing 

Transwell chamber (Millipore, Burlington, MA, USA). 

Culture medium combined with 10% FBS was placed 

into the bottom chambers (#3268, Corning Inc., Corning, 

NY, USA), and each group of cells were firstly placed 

in culture medium and then placed into the top chamber. 

Then after 48 h of cells incubating at 37°C, cotton swab 

was used to remove those cells failed to migrate through 

the pores. Afterwards, Transwell chambers were fixed 

for 30 min using 4% paraformaldehyde, and were 

stained using 1% crystal violet (#C0775, Sigma-Aldrich, 

St. Louis, MO, USA) for 20 min. Finally, bottom 

chamber cells were quantified utilizing inverted phase-

contrast microscope. 

 

Immunoprecipitation 

 

For immunoprecipitation experiments, the abs were firstly 

treated with 30 μL of magnetic beads under rotation for 

1.5 hours. Then GLB+ lysis buffer in combination of 

protease inhibitor agents were utilized for cell lysates 

extraction of each treatment group. Subsequently, cell 

lysates combined with antibody-conjugated beads were 

placed for 4°C overnight. Subsequently, the samples were 

cleaned 4 times using GLB+ lysis buffer. Afterwards, the 

sample proteins were resuspended and 6 × SDS-PAGE 

loading buffer was used for boiling 15 min. The boiled 

sample was put on ice for 2 min and was transferred  

to subsequent electrophoresis.  

 

Ubiquitination assay 

 

Each experimental group of cells with 1 × 105 density 

was firstly placed onto cell culture dishes. After 24 hours, 

10 μM MG132 treatment was added with the cells for 

additional 12 hours. Cell samples were then cleaned 

twice by cold PBS and were then lysed using 10 ml  

of lysis buffer. Then 50 μl of Ni-NTA agarose beads 

(QIAGEN, Venlo, The Netherlands, Cat No. 30210) 

were added into cell samples, before sonication of the 

treated cell samples was performed. Cell samples were 

subsequently cultured for additional 4 hours at 4°C. 

Then, 15 ml of lysis buffer and wash buffer B were 

sequentially applied to purify samples. Afterwards, 

beads were eluted by adding 40 μl of elution buffer  

and samples were treated for another 15 min before 

centrifuge under 9000 rpm for 3 min. Finally, samples 

were boiled and transferred for following Western blot 

assay. 

 

Immunofluorescence 

 

The experimental group of cells were firstly incubated 

using 4% paraformaldehyde and then treated with 5% 

BSA (#MB4219-3, meilunbio, Dalian, China) for blocking. 

The cell samples were then incubated with corresponding 

primary antibodies at 4°C overnight and incubated with 

secondary antibodies (ab150077, Abcam, Cambridge, 

UK) at 37°C for 1.5 hours. Subsequently, the cell samples 

were stained with DAPI for 15 min and examined by 

confocal microscope (Ultra-View Vox, Perkin-Elmer, 

Waltham, MA, USA). The relative staining intensity was 

quantified using Image J software. 

 

Western blotting 

 

The proteins were initially lysed using radio-immuno-

precipitation assay (RIPA) lysis buffer containing a 

protein phosphatase inhibitor (#MB12707, meilunbio, 

Dalian, China). The Bicinchoninic acid (BCA) method 

was employed to measure protein concentration, and an 

equal amount of protein was used in each group for  

10% SDS-PAGE (sodium dodecyl sulfate–polyacrylamide  

gel electrophoresis). The proteins were then transferred  

to a PVDF (polyvinylidene difluoride) membrane. The 

membrane was blocked using TBST containing 5% 

non-fat milk for 2 hours. Subsequently, the membranes 

were incubated with primary antibodies overnight at 4°C, 

followed by secondary antibodies for 2 hours at room 

temperature. Finally, the target genes were detected 

using an enhanced chemiluminescence detection kit 

(Thermo Fisher, Waltham, MA, USA), and the bands 

were analyzed using ImageJ software. All antibodies 

used in this study are listed as follows. Anti-human 

UCHL1 Rabbit Monoclonal antibody (TA591048, 

TrueRAB, Inc., Rockville, MD, USA); Anti-human PKM2 

Mouse Monoclonal Antibody (CF190266, TrueMAB,  

Inc., Rockville, MD, USA); Anti-human GAPDH Mouse 

Monoclonal Antibody (TA802519S, TrueMAB, Inc.); 

Anti-human Ki-67 Rat Monoclonal Antibody (TA801577, 

TrueMAB, Inc.); Anti-human PCNA Mouse Monoclonal 

Antibody (CF800894, TrueMAB, Inc.); Anti-human  

E-Cadherin Rabbit Monoclonal Antibody (TA592133, 

TrueRAB, Inc.); Anti-human N-Cadherin Mouse 

Monoclonal Anti-body (TA503933, TrueMAB, Inc.); 

Anti-human Vimentin Rabbit Polyclonal antibody 

(TA383237, TrueRAB, Inc.); Anti-human mTOR Mouse 

Monoclonal Antibody (66888-1-Ig, Proteintech Group, 

Inc., Rosemont, IL, USA); Anti-human GLUT1 Rabbit 

Monoclonal Antibody (21829-1-AP, Proteintech Group, 

Inc.); Anti-human GLUT1 Mouse Monoclonal Antibody 

(CY5360, Abways, Shanghai, China); Anti-HA Mouse 

Monoclonal antibody (M180-3, MBL, Woburn, MA, 

USA); Anti-FLAG® M2 Mouse Monoclonal antibody 

(F1804 Sigma-Aldrich); Normal Mouse IgG Polyclonal 

Antibody (12-371, Millipore); Anti-human 4EBP1 

Mouse Monoclonal Antibody (60246-1-Ig, Proteintech 
Group, Inc.); Anti-human S6K Rabbit Monoclonal 

Antibody (14485-1-AP, Proteintech Group, Inc.); Anti-

human Phospho-4E-BP1 (Thr70) Polyclonal Antibody 
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(AY0690, Abways); Anti-human Phospho-S6K (Ser424) 

Polyclonal Antibody (CY6407, Abways). 

 

Statistical analysis 

 

Statistical analysis was conducted utilizing GraphPad 

Prism 7. Student’s t-tests were applied to analyze 

statistical differences for numerical data comparison 

between two experimental groups, and one-way 

ANOVA method was applied to investigate significant 

differences among multiple groups. Differences were 

considered statistically significant at p < 0.05. 

Mean ± standard deviation was used to represent data. 

 

RESULTS 
 

UCHL1 upregulation is characteristic in UBC 

cancer tissue and correlated with inferior prognosis 

 

In this research, a total of 36 matched UBC tumor and 

adjacent normal tissue sample pairs were used for 

mRNA and protein level detection. As the results shown 

in Figure 1A–1C, the majority of UBC tumor tissues 

exhibited significantly increased expression of UCHL1 

mRNA and protein level. Subsequent IHC assay also 

indicated consistent UCHL1 elevation in tumor tissues 

(Figure 1D, 1E). Next, in order to explore the impact of 

UCHL1 expression on UBC patients’ disease stage and 

prognosis, in silico analysis on public TCGA platform 

UBC tumor mRNA-seq datasets were subsequently 

performed. UBC tumor tissue mRNA sequencing and 

corresponding clinical stage and prognostic datasets 

were acquired. UBC patients were further divided into 

UCHL1-high and UCHL1-low subgroup based on 

UCHL1 level. As shown in Figure 1F–1L, we 

demonstrated that subgroup of patients with advanced N 

stages (N1-N3), M stage (M1), T stage (T3-T4) 

exhibited significantly elevated UCHL1 expression 

level. Additionally, patients with advanced pathologic 

stages, lymph-vascular invasion, and histologic stages 

exhibited significantly increased tumor UCHL1 

expression level. As for the prognosis analysis, the 

results shown in Figure 1M–1O suggested that patients 

with high tumor UCHL1 expression level exhibited 

notably inferior prognostic factors, including overall 

survival, disease specific survival and progression free 

survival.  

 

UCHL1 modulation significantly impacts UBC 

tumor cell malignancy  

 

Then, to further explore the impact on the malignancy 

of UBC cancer cells, several UBC cell lines were 

utilized and UCHL1 mRNA and protein level were 

respectively examined. Results shown in Figure 2A,  

2B suggested that UCHL1 was significantly upregulated  

in several UBC cell lines. To further modulate UCHL1 

expression, UCHL1-specific shRNAs and overexpression 

vectors were designed and validated in T24/UM- 

UC-3/J82 cell line models (Figure 2C, 2D). Then 

cellular proliferation CCK8 in combination of colony 

formation assays were conducted and results indicated 

that UBC cells treated with UCHL1-specific shRNAs 

significantly suppressed tumor cell proliferation and 

colony formation. In contrast, UCHL1 overexpression 

significantly enhanced tumor cell expansion (Figure  

2E–2I). Subsequent experiments also suggested that 

UCHL1 overexpression significantly enhanced Ki67 

and PCNA protein and mRNA level, and vice versa 

(Figure 2J, 2K).  
 

Moreover, to examine the impact of UCHL1 

modulation on tumor migration and invasion, wound 

healing assays in combination of Transwell/invasion 

assays were subsequently performed. As shown in 

Figure 3A–3D, UBC tumor cells with UCHL1 shRNAs 

treatment exhibited significantly suppressed relative 

migration ratio, compared with control group. In 

contrast, cell group with UCHL1 overexpression 

demonstrated significantly enhanced cellular migration 

ratio. Consistently, UCHL1 shRNAs treatment signifi-

cantly impaired tumor cell migration and invasion  

in Transwell/cellular invasion experiments (Figure 

3E–3H). Further molecular studies indicated that 

UCHL1 shRNAs treatment remarkably reversed tumor 

cellular EMT process, which promoted the expression 

of E-cadherin while reducing the expression level  

of N-cadherin and vimentin, thus UCHL1 silencing 

reducing the migrative capability of UBC tumor  

cells through inhibition of mesenchymal phenotypic 

transition (Figure 3I, 3J). 

 
UCHL1 regulates UBC tumor cell malignant 

phenotype through interaction with PKM2  

 
Next, we intended to further discover the underlying 

mechanism of UCHL1 regulatory function. GST pull-

down assay followed by IP-MS technique was used  

to detect potential UCHL1 interacting protein targets in 

UBC cell line lysate samples. As shown in Figure  

4A, 4B, multiple target proteins were identified with 

potential UCHL1-interacting capabilities. Our attention 

focused on PKM2 as its regulatory role in multiple 

malignant diseases was identified in previous research 

[18]. Then Co-IP method was further applied and  

results indicated PKM2 protein can be detected  

in UCHL1-immunoprecipitated T24/J82 cell lysate 

samples, and vice versa. In addition, immunofluorescent 

colocalization assay further provided evidences for 

UCHL1-PKM2 interaction (Figure 4C). To understand 

the protein interaction detail of UCHL1-PKM2, we 

designed His-tagged vector of UCHL1 wildtype and 
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Figure 1. The expression levels of UCHL1 are frequently up-regulated in UBC tissues and is positively associated with 
advanced clinical stage and poor outcomes in UBC patients. (A, B) WB detection of UCHL1 protein expression pattern in 36 

matched sample pairs of UBC tumor and adjacent normal tissues. (C) PCR detection of UCHL1 mRNA expression pattern in 36 matched 
sample pairs of UBC tumor and adjacent normal tissues. (D, E) IHC method detection and IHC score comparison of UCHL1 protein 
expression pattern in normal adjacent tissues and UBC tumor tissues (n = 3). (F, G) UCHL1 mRNA expression comparison between UBC 
patient subgroups with different N-T stages. (H–L) UCHL1 mRNA expression comparison between UBC patient subgroups with different 
pathological stages, M stages, lympho-vascular invasion status and histologic grade. (M–O) Kaplan-Meier analysis on the correlation of 
UCHL1 expression level with UBC patients’ prognostic endpoints including overall survival, disease-specific survival and progression free 
survival. 
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UCHL1 C90S mutated vectors and transfected them 

into HEK-293T cell model respectively. As a result,  

for HEK-293T cell group transfected with wildtype 

His-UCHL1, significantly increased PKM2 level was 

detected, while for cell group transfected with mutated 

UCHL1 vector, no significant alteration of PKM2 

protein level was identified (Figure 4D). Furthermore, 

wildtype/mutated UCHL1 overexpression vectors, in

 

 
 

Figure 2. UCHL1 promotes the proliferation capacity of UBC cells in vitro. (A, B) WB and qRT-PCR tests on the UCHL1 protein and 

mRNA in several UBC cell lines including UM-UC-3, SW780, T24, J82, BIU-87 and 5637 (n = 3). (C, D) Design and WB/qRT-PRC functional 
validation assay of UCHL1-specific shRNAs and overexpression vectors (n = 3). (E–G) CCK8 proliferation assay to examine the impact of 
UCHL1 silencing or overexpression on the proliferative abilities of UBC cell lines including T24, J82 and UM-UC-3 (n = 3). (H, I) Colony 
formation assay to investigate the influences of UCHL1 silencing or overexpression on the proliferation of UBC cell lines (n = 3). (J, K) Ki67 
and PCNA detection by WB and qRT-PCR method in UBC cell lines which were respectively treated by UCHL1-specific shRNAs or 
overexpression vectors (n = 3).  
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combination of UCHL1 specific shRNAs were sub-

sequently transfected into UBC cell line groups. And 

results shown in Figure 4E, 4F indicated that UCHL1 

shRNAs transfection significantly suppressed PKM2 

level, while wildtype UCHL1 overexpression vector 

transfection promoted PKM2 expression. And such 

effects were diminished when mutated UCHL1 vectors 

were transfected. Interestingly, when detecting the 

 

 
 

Figure 3. UCHL1 promotes the motility capacity of UBC cells in vitro. (A–D) Wound healing assay to investigate the influences of 

UCHL1 expression modulation on UBC tumor cell motility. Relative migration ratio of each cell group was statistically compared in bar 
charts (n = 3). (E–H) Transwell and cellular invasion assay to detect the impact of UCHL1 modulation on UBC tumor cell migration and 
invasion capabilities. Relative number of migrated or invaded cells of each group was statistically compared in bar charts (n = 3). (I, J) 
WB/qRT-PCR quantification of EMT biomarkers (E-cadherin, N-cadherin, Vimentin) in UBC cell groups transfected with UCHL1 shRNAs or 
overexpression vectors (n = 3). 
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mRNA level change of PKM2 regulated by UCHL1,  

we found that UCHL1 shRNAs and overexpression 

vector transfection significantly modulated UCHL1 

mRNAs, while had no significant impact on PKM2 

mRNA expression level (Figure 4G). The above results 

indicated that potential post-transcriptional regulatory 

function on PKM2 protein expression existed for 

UCHL1. 

UCHL1 promotes UBC cellular malignancy  

by inhibiting PKM2 protein degradation via 

ubiquitination pathway  

 

To test the role of ubiquitination process in the 

regulation of PKM2 protein. UBC cell line groups 

transfected with UCHL1 overexpression or shRNAs 

were treated with or without MG132. As shown in 

 

 
 

Figure 4. UCHL1 interacts with PKM2 and upregulates the PKM2 protein level. (A) Coomassie blue staining experiment on anti-

UCHL1-immunoprecipitated cell protein samples, and Co-IP-MS assay was performed on samples immunoprecipitated by anti-UCHL1 
antibody to investigate potential UCHL1 interacting protein targets. (B) Co-IP assay to confirm the protein-protein interaction of UCHL1 and 
PKM2 in T24 and J82 cell line models. (C) Immunofluorescence co-localization assay to confirm the protein interaction of UCHL1 and PKM2 
in T24 and J82 cell line models. (D) Evaluation of UCHL1 regulatory role on PKM2 by exogenously transfection of His-tagged UCHL1 and His-
tagged loss-of-function UCHL1 C90S mutated vector into HEK-293T cells. (E, F) Explore the impact of UCHL1 silencing or overexpression on 
PKM2 expression in UBC cancer cell line models by transfection of UCHL1-specific shRNAs or overexpression vectors. (G) PCR detection  
of PKM2 mRNA level modulated by UCHL1 in different UBC cell line groups respectively transfected with UCHL1-specific shRNAs or 
overexpression vectors (n = 3). 
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Figure 5A, for UM-UC-3 cell group transfected with 

UCHL1 overexpression vectors, PKM2 protein level 

was significantly raised, while MG132 treatment further 

promoted PKM2 protein level. In contrast, for J82 and 

T24 cell groups treated with UCHL1 shRNAs, addition 

of MG132 treatment reversed the PKM2 suppression 

effects caused by UCHL1 silencing (Figure 5B, 5C). 

Further CHX chase experiment also indicated that 

UCHL1 silencing significantly enhanced the PKM2 

protein degradation velocity in T24 and J82 cell line 

models (Figure 5D–5G). Meanwhile, wildtype UCHL1 

overexpression vector transfection remarkably delayed 

 

 
 

Figure 5. UCHL1 upregulates the expression of PKM2 in UBC cells via de-ubiquitination modulation. (A–C) WB assay on protein 

samples from UBC cell line groups respectively transfected with UCHL1 overexpression vector or shRNAs, in combination with or without 
MG132, in order to explore the impact of UCHL1 modulation on PKM2. (D–I) CHX chase experiment to detect PKM2 protein level 
degradation in UBC cell lines treated with UCHL1 shRNAs or UCHL1 wildtype/mutated overexpression vectors (n = 3). (J, K) PKM2 
ubiquitination level detection using CO-IP method in UBC cell line groups treated with UCHL1 shRNAs or UCHL1 wildtype/mutated 
overexpression vectors. (L) PKM2 ubiquitination level detection using CO-IP method in HEK-293T cell line groups exogenously transfected 
with escalating dosage of His-tagged UCHL1 vectors, in combination of Flag-tagged PKM2 vectors and HA-tagged ubiquitin. (M) PKM2 
ubiquitination level detection using CO-IP method in HEK-293T cell line groups exogenously transfected with His-tagged wildtype or 
mutated UCHL1 vectors, or control vectors, in combination of Flag-tagged PKM2 vectors. 
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the PKM2 protein degradation and raised its expression 

level, and mutated vectors didn’t exert same impact  

on PKM2 proteins (Figure 5H, 5I). Subsequently, 

immunoprecipitation method was further used to detect 

PKM2 ubiquitination level regulated by UCHL1, and 

the results indicated that UCHL1 silencing by shRNAs 

transfection significantly elevated the ubiquitination of 

PKM2 protein, detected by WB method in PKM2 

immunoprecipitated samples (Figure 5J). In comparison, 

wildtype UCHL1 overexpression vector treatment 

reduced PKM2 ubiquitination, and mutated UCHL1 

vector transfection exerted no significant influences on 

PKM2 poly-ubiquitin levels (Figure 5K). Additionally, 

HEK-293T cell model was also used for exogenously 

transfection of escalating dosage of His-tagged UCHL1 

wildtype vectors, in combination of HA-tagged ubiquitin 

and Flag-tagged PKM2 vectors. Results indicated that 

HA-Ubiquitin level was decreased dose-dependently  

in cell groups transfected with His-UCHL1 vectors 

(Figure 5L). In contrast, when mutated His-tagged 

UCHL1 vectors were transfected in combination of 

Flag-tagged PKM2 vectors, no significant change of 

Flag-PKM2-Ub level was detected (Figure 5M). 

 
To further confirm our findings, PKM2 specific 

siRNAs and overexpression vectors were utilized and 

tested their modulative effects on PKM2 expression in 

UBC tumor cell line models (Figure 6A, 6B). Then 

PKM2 overexpression vectors/siRNAs were transfected 

into T24 and J82 cells with or without UCHL1 

shRNAs to explore PKM2 regulation on UBC tumor 

cellular proliferation. As shown in Figure 6C–6F, 

CCK8 assay and colony formation assay results 

showed that UCHL1 shRNAs treatment remarkably 

reduced tumor cell proliferation, while concomitant 

transfection of PKM2 overexpression vectors reversed 

the effects of UCHL1 shRNAs, and vice versa. 

Subsequently, we detected the impact of PKM2 

modulation on cellular mobility using Transwell and 

wound healing assay. Transwell results shown in 

Figure 6G–6I and Figure 6A–6C combined with 

wound healing assay results shown in Figure 6J, 6K 

and Figure 6D, 6E both suggested that UCHL1 

silencing significantly reduced tumor cell migration 

and invasion capabilities, while concomitant treatment 

with PKM2 overexpression vector completely reversed 

such effects. Similarly, combinatory PKM2 siRNAs 

treatment also reversed the promotive influences on 

tumor migration and invasion provided by UCHL1 

overexpression vector transfection alone. Following 

molecular study on EMT and cellular proliferation 

gene biomarkers also suggested that PKM2 siRNA 

concomitant treatment can totally abrogate the impact 

of UCHL1 overexpression vector on UBC tumor cells 

towards more proliferative, mesenchymal phenotype, 

which is characterized by reduced E-cadherin and 

increased N-cadherin, Vimentin, Ki67 and PCNA 

(Figure 6L, 6M). 

 
DISCUSSION 

 
In this study, we reported for the first time that  

UCHL1 upregulation is characteristic in UBC cancer 

cells and it plays an oncogenic role in the tumor 

progression and invasion. Consistently, previous 

researches have indicated that UCHL1 has promotive 

effects in carcinogenesis. For example, high expression 

of UCHL1 was noted in Burkitt’s lymphoma and 

chronic lymphocytic lymphoma cell lines [19, 20]. And 

aberrant UCHL1 expression enhances lymphomagenesis 

through AKT pathway, by inhibition antagonistic 

enzyme PHLPP1 mediated by UCHL1’s DUB  

activity [21]. In addition, another study on lung cancer 

suggested that UCHL1 expression is significantly 

upregulated in non-small-cell-lung cancer cells and it 

notably enhanced tumor invasion and metastasis in both 

in vitro and in vivo models through activation of AKT 

pathway [22]. However, in contrast, other researchers 

have reported the opposite observations. For instance,  

in nasopharyngeal carcinoma, UCHL1 enhances p53 

signaling pathway and serves as a tumor suppressor 

which is often silenced during carcinogenesis [23]. 

Besides, UCHL1 has also been shown to have tumor 

suppressive effects in prostate cancer and breast  

cancer in other studies [24, 25]. Therefore, based on the 

above findings, the regulatory role of UCHL1 in cancer 

pathogenesis and progression is highly complex and 

tumor-type dependent, and more detailed studies will be 

needed to further decipher the controversial role of 

UCHL1. 

 
Furthermore, our study demonstrated for the first time 

that UCHL1 interacted with PKM2 to exert its oncogenic 

activity. Pyruvate kinase M2 (PKM2), is a member of 

PKM gene family which encodes pyruvate kinase (PK) 

and functions as a rate-limiting enzyme for cellular 

glycolysis [26]. In comparison of constituently high-

level expression of PKM1, the expression of PKM2  

is complexly regulated, in order to adapt to various 

cellular physiological states [27]. Current researches 

have confirmed that dimeric PKM2 assists tumor cells 

to get energy under hypoxic conditions [28], which 

enhances tumor proliferation. Besides, PKM2 in 

nucleus can reduce CDH1 gene encoding E-cadherin, 

and facilitating EMT and tumor cell invasion [29, 30]. 

The results of our study also confirmed the above 

evidences and further expanded the regulatory network 

of PKM2. Furthermore, other studies indicated that 

dimeric PKM2 also regulates glycolysis process of 

tumor associated macrophages (TAMs) in tumor 

microenvironment (TME), and mediates the transition 
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Figure 6. UCHL1 affects proliferation and migration capacity of UBC cells through PKM2 regulation. (A, B) Design and 

functional validation of PKM2 specific siRNA and overexpression vectors in UBC cancer cell line (T24 and UM-UC-3) via WB/PCR method.  
(C–E) CCK8 assay on UBC cell line groups respectively transfected with UCHL1 shRNA/overexpression vector in combination of PKM2 
overexpression/siRNAs (n = 3). (F) Colony formation assay on UBC cell line groups respectively transfected with UCHL1 shRNAs/ 
overexpression vector alone or in combination of PKM2 siRNA/overexpression vectors (n = 3). (G–I) Transwell and cellular invasion assay on 
UBC cell line groups transfected with UCHL1 shRNAs/overexpression alone or in combination with PKM2 siRNAs/overexpression vectors (n 
= 3). (J, K) Wound healing experiments on UBC cell line groups transfected with UCHL1 shRNAs/overexpression vector alone or in 
combination of PKM2 overexpression/siRNAs (n = 3). (L, M) WB investigation on EMT biomarkers and proliferation biomarkers in UBC cell 
line groups transfected UCHL1 shRNAs/overexpression vector alone or in combination of PKM2 overexpression/siRNAs. 
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of TAM1 to TAM2 subtype, which promotes various 

tumor metastasis and invasion [31, 32]. These results 

broaden the modulative roles of PKM2 in both tumor 

cellular metabolism and anti-tumor immunity regulation. 

 

CONCLUSIONS 
 

In summary, our study for the first time demonstrated 

UCHL1 high-expression as a characteristic in UBC 

tumor cells, and UCHL1-PKM2 interaction played  

an interesting role in UBC tumor cell proliferation, 

migration and metastasis. Our study suggested PKM2-

targeted treatment might have a potential value in 

metastatic malignancy therapy development in the 

future. 
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