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Abstract. Caveolae‑mediated endocytosis regulates cell 
adhesion and growth in an anchorage‑dependent manner. 
Studies of the endocytic function of caveolae have suggested 
a wide‑ranging list of cargoes, including a number of recep-
tors and extracellular proteins, ligands and nutrients from 
the extracellular matrix. Disruption of the processes of 
caveolae‑mediated endocytosis mediated by signaling proteins 
is critical to cellular integrity. Caveolin‑1 and dynamin‑2 
are the 2 major proteins associated with endocytotic func-
tion. Mechanistically, dynamin‑2 has a co‑equal role with 
caveolin‑1 in terms of caveolae‑derived endosome formation. 
Recent studies have revealed the pathological outcomes asso-
ciated with the dysregulation of caveolin‑1 and dynamin‑2 
expression. Increased expression levels of the gene for 
caveolin, Cav‑1, resulting in augmented cellular metastasis 
and invasion, have been demonstrated in various types of 
cancer, and overexpression of the gene for dynamin‑2, DNM2, 
has been associated with tumorigenesis in cervical, pancre-
atic and lung cancer. An increased expression of Cav‑1 and 
DNM2 is known to be associated with the invasive behavior of 
cancer cells, and with cancer progression. Furthermore, it has 
been previously demonstrated that, in caveolar assembly and 
caveolae mediated endocytosis, Cav‑1 interacts directly with 
DNM2 during the processes. Altered expression of the 2 genes 
is critical for the normal function of the cell. The expression 
patterns of Cav‑1 and DNM2 have been previously examined 
in bladder cancer cell lines, and were each demonstrated to 
be overexpressed. In the present study, the expression levels 
of these 2 genes in bladder cancer samples were quantified. 

The gene expression levels of Cav‑1 and DNM2 were identi-
fied to be increased 8.88‑ and 8.62‑fold, respectively, in tumors 
compared with the normal controls. Furthermore, high‑grade 
tumors exhibited significantly increased expression levels 
of Cav‑1 and DNM2 (both P<0.0001) compared with the 
low‑grade tumors. In addition, compared with normal control 
samples, the expression of the 2 genes in tumor samples was 
observed to be highly significant (P<0.0001), with a marked 
positive correlation identified for the tumors (Pearson's corre-
lation coefficient, r=0.80 for the tumor samples vs. r=0.32 in 
the normal control samples). Taken together, the results of the 
present study demonstrated that the overexpression of Cav‑1 
and DNM2 genes, and a determination of their correlation 
coefficients, may be a potential risk factor for bladder cancer, 
in addition to other clinical factors.

Introduction

Caveolae are small bulb‑like invaginations (50‑80  nm in 
diameter) in the plasma membrane, with a diverse array 
of signal transduction functions  (1‑3). Functioning as a 
signal‑transducing platform, caveolae are actively involved in 
the transcellular transport of ligands and receptor molecules, 
forming a specialized transporting system that maintains 
the lipid content of plasma membranes via transcytosis (4). 
Caveolae have been implicated as crucial entities for cell‑cell 
communication via the endocytosis of signaling molecules, in 
addition to their role as signaling platforms where membrane 
receptors, including G‑protein‑coupled receptors, reside. 
Disrupted signaling through key caveolar proteins results 
in various pathologies, including cardiomuscular diseases, 
lipodystrophy, and, most importantly, cancer  (5). Caveolar 
proteins exert their dynamic role in maintaining cell growth, 
cell protection and overall cell function  (6). Caveolae 
consist of complexes comprising different transmembrane 
proteins, including caveolin, cavin, dynamin‑2, EH‑domain 
containing 2 protein and protein kinase C and casein kinase 
substrate in neurons protein 2, among which caveolins are the 
core functional proteins (7). Cavins and caveolins (1‑3) are 
the fundamental proteins that mediate caveolar organization. 
Caveolins provide a signaling platform for the coordination 
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and interaction of different growth factor receptors, protein 
kinases and various intracellular signaling molecules  (8). 
Dynamin‑2, the product of the dynamin 2 (DNM2) gene, is 
a GTPase that directly interacts with caveolin‑1, the product 
of the caveolin‑1 (Cav‑1) gene, mediating membrane scission, 
leading to endosome formation (9). Caveolin‑1 and dynamin‑2 
are the key regulators of clathrin‑independent endocytosis (10).

Among the caveolin proteins, caveolin‑1 (molecular mass, 
~21 kDa) is known to be a key protein of the caveolae complex 
that has an important role in maintaining cell metabolism, 
anchorage‑dependent growth, motility and signaling, and 
the cellular microenvironment (11). In fulfilling these crucial 
roles in cell growth and maintenance, the altered expression 
and function of caveolin‑1 is associated with oncogenic cell 
transformation, cell metastasis, invasion and tumorigenesis. 
Enhanced expression of Cav‑1 promotes tumor growth and 
invasion, resulting in the metastasis of human breast cancer 
cells (12). Knockdown of Cav‑1 was demonstrated to inhibit 
tumor growth and metastasis (13). Dynamin‑2 (molecular mass 
~100 kDa) is a GTPase that is actively involved in membrane 
fission during the endocytosis of cell‑surface receptors and 
signaling molecules. The endosomes, also termed ‘caveosomes’, 
thus formed are continually recycled to the cell surface (14). 
This mechanism of protein expression on the cell membrane 
is disrupted in cancer cells. Dynamin‑2 protein dysfunction 
results in the dysregulation of endosome recycling, causing an 
imbalanced expression of regulatory growth factor receptors, 
including epidermal growth factor receptor, on the cell surface, 
promoting aberrant cell growth, invasion and proliferation (15). 
Overexpression of Cav‑1 and DNM2 has been demonstrated to 
be involved in cell lines of various types of cancer, including 
pancreatic, colon, lung, breast and prostate cancer (13,16‑22).

Bladder cancer is the ninth most common cancer worldwide. 
Of all incident cases of different types of cancer in the Pakistani 
population during the year 2012 (n=148,041), the incidence 
rate of bladder cancer in the male population was 3,020, which 
was increased compared with that in the female population 
(n=946) (23). In muscle‑invasive bladder cancers, 58 genetic 
mutations have been demonstrated to be causative factors for 
cancer progression in the bladder, and these are associated with 
low survival rates (24). There are a number of genetic alterations 
associated with bladder cancer progression. Overexpression, and 
genetic mutation, of several different genes that are critical in 
cell cycle regulation, apoptosis, signal transduction and angio-
genesis have been identified, among which mutants of tumor 
protein (p53), fibroblast growth factor 3, Janus kinase/signal 
transducers and activator of transcription, hypoxia‑inducible 
factor, retinoblastoma protein 1, HRas proto‑oncogene, GTPase 
(also known as transforming protein p21), tuberous sclerosis 1, 
telomerase reverse transcriptase, and ubiquitin carboxyl‑terminal 
hydrolase BAP1 have been identified and studied  (24‑26). 
Furthermore, numerous other previously identified genetic 
alterations are associated with a poor prognostic outcome, 
and these are currently undergoing validation (27). Regulatory 
genes that are involved in cell cycle regulation and apoptosis 
have been validated as combined prognostic markers for bladder 
cancer, although these are under investigation for use as single 
markers associated with urothelial carcinoma (28). However, 
genes/proteins that are involved in cell surface communication 
with the extracellular environment, cell‑to‑cell communication, 

endocytosis, and exocytosis are far more susceptible to cancer 
development compared with intercellular proteins, particularly 
caveolar proteins (29). The upregulation of caveolar proteins 
has been demonstrated for various different types of cancer, 
whereas only a few cancer types have been associated with their 
downregulation (30,31). Despite the contradictory roles identi-
fied for caveolin‑1 in different types of cancer, overexpression 
of Cav‑1 has been described for the majority of human cancer 
types. Previous studies investigating the overall clinical value 
of Cav‑1, and its association with tumor aggressiveness, size, 
stage, grade and differentiation, suggest that it may serve as 
a good candidate prognostic marker for a majority of cancer 
types, including bladder cancer (32,33). By contrast, the gene 
expression of DNM2, and its association with cancer progres-
sion, has yet to be fully investigated. However, the identification 
and validation of the prognostic panel of disease markers for 
bladder cancer is required. A number of studies have explored 
the expression profiling of bladder cancer in humans, in which 
genome coding sequences were decoded for evaluating genetic 
alterations associated with the disease, and subsequently, 
the prognostic marker panel could be selected. However, one 
disadvantage in terms of ensuring its reproducibility is that this 
widely applied approach is highly expensive (34‑36).

Bladder cancer, based on its metastatic ability to spread to 
other parts of the body, is divided into 4 stages (stages I‑IV) 
according to the tumor‑node‑metastasis  (TNM) staging 
system (37). Physiologically, bladder tumors are essentially 
categorized into 2  grades: Low‑grade papillary urothelial 
carcinoma and high‑grade papillary urothelial carcinoma, 
according to the World Health Organization/International 
Society of Urological Pathology classification system, published 
in  2004  (38). Previous studies have demonstrated altered 
expression levels of Cav‑1 and DNM2 in bladder cancer cell 
lines (33,39‑41). Therefore, the present study aimed to investi-
gate the degree of correlation of gene expression in comparing 
between the Cav‑1 and DNM2 genes in bladder cancer tumor 
samples, specifically with respect to the progressiveness of 
the tumors. The results obtained revealed that the significant 
correlation between the overexpression of Cav‑1 and DNM2 
in bladder tumors was critical for cancer development, and for 
tumor stage and grade progression. The overexpression of these 
2 genes could be considered clinically relevant and may prove 
as candidate risk factors for bladder cancer progression.

Materials and methods

Tumor sampling. The present study was approved by the Ethical 
Review Board of COMSATS University Islamabad (Islamabad, 
Pakistan; approval no. CIIT/Bio/ERB/18/76). Samples were 
collected between July,  2015  and March 2017. Tumor and 
normal tissue samples were excised from patients with bladder 
cancer post‑surgery, following transurethral resection of 
bladder tumor (TURBT) surgery. Signed written consent was 
obtained from all the patients involved in the present study 
(n=66; male=47; female=19). The patients' age ranged between 
30 and 65 years and the median age was 43 years. The histo-
pathological histories of the patients were confirmed by the 
Pathology Laboratory, Pakistan Institute of Medical Science 
(PIMS) (Islamabad, Pakistan) and Shifa International Hospital 
(Islamabad, Pakistan). Paired samples of tumors with their 
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adjacent normal tissues were obtained. Normal tissue samples 
were used as controls. The tumor staging and grading was 
assessed by the team of urologists at Pathology Laboratory, 
Department of Urology, PIMS. The TNM system of staging 
was applied for evaluation of the tumor stage. The revised 
guidelines by National Comprehensive Cancer Network 
(NCCN) Clinical Practice Guidelines in Oncology (NCCN 
Guidelines®) for Bladder Cancer and American Society of 
Clinical Oncology (ACSO) 2015‑2018 were followed during 
grading and staging of tumor samples (42).

Reverse transcription quantitative polymerase chain reaction 
(RT‑qPCR). Tissues extracted from the patients were stored in 
RNAlater® (Ambion; Thermo Fisher Scientific, Inc.) at 4˚C in 
a refrigerator. RNA extraction was performed using TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.) reagent according 
to the manufacturer's protocol  (43). Subsequently, cDNA 
synthesis was performed, followed by RNA quantification. The 
minimum concentration of RNA used in these experiments 
was 1‑2 µg for cDNA synthesis. Thermo Scientific RevertAid 
First Strand cDNA Synthesis kit was used for cDNA synthesis 
(Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocols. The PrimerQuest tool (Integrated DNA 
Technologies, Inc.) was used to design the primers, which 
were subsequently altered manually to meet the required 
specifications for RT‑qPCR. The forward primer for Cav‑1 
(NM_001753.4) was designed to span exon 2 and the junction 
with exon 3, and the reverse primer was selected from exon 
3, whereas the primer set for DNM2 (NM_001005360.2) was 
designed based on the intron flanking exons 6 and 7 (Table I). 
Tubulin 3 was used as an endogenous marker for evaluating 
changes in the expression levels of Cav‑1 and DNM2. In silico 
PCR (University of California Santa Cruz) was performed to 
ensure amplification of the 2 target genes. RT‑qPCR using the 
Applied Biosystems™ StepOnePlus™ RealTime PCR system 
(Applied Biosystems, Inc.; Thermo Fisher Scientific, Inc.) was 
performed for the Cav‑1 and DNM2 genes under standard 
conditions, as specified by the protocol. The concentration of 
cDNA was rounded up to 2 µg/µl for each sample, and the total 
volume per reaction was adjusted to 25 µl with SYBR™ Green 
Master mix (Maxima Syber Green/ROX qPCR Master mix; 
Thermo Fisher Scientific, Inc.). The RT‑qPCR conditions 
consisted of an initial incubation at 95˚C for 10 min, followed 
by 40 cycles of denaturation at 95˚C for 30 sec, an annealing 
with primer at 57˚C for 30 sec and extension at 72˚C for 30 sec. 
Final extension was performed at 72˚C for 10 min.

Gene expression analysis. The relative expression levels of 
Cav‑1 and DNM2 were calculated using the 2‑ΔΔCq

 method (44). 
Using TUBB3 as the control reference gene  (45), relative 
differences in gene expression were obtained in terms of 
the fold increase in expression. To obtain the expression data, 
the Cq values of the Cav‑1 and DNM2 genes were normalized 
against the Cq value for endogenous TUBB3.

Statistical analysis. Statistical analyses were performed 
using GraphPad Prism 6 (GraphPad Software, Inc.) 
and OriginPro  2017 (OriginLab Corporation) software. 
Contingencies of the patients' data were determined using 
Fisher's exact two‑tailed test, and the correlation between the 
gene expression patterns was assessed using Pearson's correla-
tion coefficient test. Depending on the experiment, the statistical 
significance of the resulting data was determined using either 
the Wilcoxon test or one way analysis of variance followed by 
the Tukey's honest significant difference post‑hoc test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Tumor histopathology. Tumor staging was evaluated by the 
Pathology Laboratory of PIMS, according to the TNM system 
but incorporating the revisions of the NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines®) for Bladder 
Cancer and ACSO 2015‑2018 (42). Distribution of the tumor 
grade and stage data by sex and age groups was statistically 
analyzed (Table II). In October 2017, The Cancer Genome 
Atlas (TCGA) published the prevalence and incidence rates 
of bladder cancer (https://cancergenome.nih.gov/newsev-
ents/newsannouncements/bladder‑cancer_2017), which was 
increased in the male population compared with females, and, 
in terms of underlying causes, smoking was demonstrated to be 
the major factor in that study (46). A comprehensive molecular 
characterization study was also performed by TCGA research 
network, which described the genetic alterations associated 
with bladder cancer (24). In the present study, a significant 
difference was identified in terms of the pathology between 
the sexes in the different age groups (P=0.0024; Table II). A 
number of different diseases were identified in patients from 
both age groups, but their associations with bladder cancer 
were not statistically significant. Conversely, the risk factors 
of active smoking (P=0.0135) and passive smoking (P=0.0316) 
were identified to be significantly associated with bladder 
cancer (Table III).

Table I. Primer sequence used for reverse transcription quantitative polymerase chain reaction analysis.

Transcript	 Forward primer	 Reverse primer	 Length, bp	 Primer location GRCh38.p12

Cav‑1	 GACGTGGTCAAGAT	 GACGAAATACTGGT	 120	 (Chr7: 116526678..116526689//
(NM_001753.4)	 TGACTTGA	 TTTACCG		  116558946‑116558956) 
				    (Chr7: 116559032‑116559053)
DNM2	 GCATGGGCACGCCA	 GCTGCTGTCCCTGG	 119	 (Chr19: 10783083‑10783102)
(NM_001005360.2)	 CATCTG	 AGAAGGAG		  (Chr19: 10786623‑10786644)

Cav‑1, caveolin‑1; DNM2, dynamin‑2; chr, chromosome.

https://www.spandidos-publications.com/10.3892/ol.2019.10310
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Cav‑1 and DNM2 expression. In the tumor samples, the 
expression levels of Cav‑1 and DNM2 were experimentally 
analyzed using RT‑qPCR. The expression of Cav‑1 in the tumor 
samples was increased by 8.88‑fold overall compared with the 
normal tissues. Similarly, the expression level of DNM2 was 
also increased by 8.6‑fold compared with the normal adja-
cent, or control, tissues (P<0.001). As demonstrated in Fig. 1, 
boxplots of normalized (mean ± standard error of the mean) 
gene expression of Cav‑1 and DNM2 revealed a significant 
increase in gene expression in tumor tissues compared with 
the adjacent normal tissue. Previous studies also demonstrated 
increased expression levels of Cav‑1 and DNM2 in different 

cancer cell lines  (39,41). The genes exhibited enhanced 
expression levels in bladder tumor samples concomitantly 
with the progression of cancer. A significant difference in 
expression levels was observed comparing between low‑ and 
high‑grade tumors (P<0.0001; Fig. 2). A similar trend was 

Figure 1. Comparison of Cav‑1 and DNM2 expression in tumor and adjacent 
normal bladder tissues using the Wilcoxon test. ****P<0.0001. Cav‑1, 
caveolin‑1; DNM2, dynamin‑2.

Figure 2. Comparison of Cav‑1 and DNM2 expression in low‑ and high‑grade 
tumor tissues using the Wilcoxon test. ****P<0.0001. Cav‑1, caveolin‑1; 
DNM2, dynamin‑2.

Table III. Disease history and smoking habits in bladder cancer.

	 Age groups, years	
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Patient data	 ≤50	 >50	 P‑value

Sex			 
  Male	 32	 15	 0.0024b

  Female	 12	   7	
Previous disease history (%)			 
  Hypertension			 
    Male 	   3   (9.4)	 12   (80.0)	 0.3781
    Female 	   4 (33.3)	   6   (85.7)	
  Diabetes mellitus 			 
    Male 	   5 (16.0)	   7   (47.0)	 0.6668
    Female	   3 (25.0)	   5   (71.4)	
  Urinary tract infections			 
    Male	   4 (12.5)	   5   (33.3)	 0.6563
    Female	   6 (50.0)	   4   (57.1)	
Family bladder cancer
history			 
  Male 	   4 (12.5)	   5   (33.3)	 0.4909
  Female 	   0   (0.0)	   2   (29.0)	
Smoking			 
  Male	 22 (68.7)	 14   (93.3)	 0.6327
  Female	   2 (16.6)	   5   (71.4)	
  Actively smoking	 24 (55.0)	 19   (86.3)	 0.0135b

  Non‑smoking	 20 (45.4)	   3   (14.0)	
  Smoke‑free environmenta	 15 (75.0)	   0     (0.0)	 0.0316b

  Passive smoking	   5 (25.0)	   3 (100.0)

aThe percentage of patients in a smoke‑free environment of all 
non‑smoking patients. bP‑value <0.05.

Table II. Tumor stage and grade data distribution by sex and 
age.

	 Age groups, years
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Patient data	 ≤50	 >50	 P‑value

Sex			 
  Male	 32	 15	 0.0024a

  Female	 12	   7	
Histology (%)			 
  Tumor grade			 
    High	 20 (45.4)	 12 (55.0)	 0.6032
    Low	 24 (55.0)	 10 (45.4)	
  Tumor stage			 
    Stage I			 
      Male	 16 (50.0)	   4 (27.1)	 0.0235a

      Female	   1   (8.3)	   4 (57.1)	
    Stage II			 
      Male	 12 (38)	   2 (13.3)	 0.0441a

      Female	   1   (8.3)	   3 (42)	
   Stage III (%)			 
      Male	   4 (12.5)	   9 (60.0)	 0.0116a

      Female	 10 (84.0)	   0 (0.0)	

aP‑value <0.05.
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also observed with respect to the cancer stages. Alterations in 
Cav‑1 and DNM2 expression were revealed to be associated 
with the cancer stage, as indicated in Fig. 3A and B. These 
results demonstrated that the expression levels of the two 
genes increased concomitantly with the development of higher 
disease stages. However, highly significant differences in the 
expression of Cav‑1 and DNM2 were observed when stage I 
tumors were compared with stage II tumors (P<0.0001), and 
when stage II tissues were compared with stage III samples 
(P<0.0001). A similar difference was also identified when 
comparing stage I tumors with stage III tumors (P<0.0001; 
Fig 3A and B).

Correlation between Cav‑1 and DNM2. The Cav‑1 and 
DNM2 genes serve an important role in the functionality of 
clathrin‑independent endocytosis. Altered expression levels of 
the genes has been demonstrated to be associated with patho-
logical outcomes (32,47). In the present study, the expression 
of Cav‑1 was clearly correlated with the expression of DNM2 
(P<0.0001; Pearson's coefficient, r=0.8617; Fig. 4A and B). The 
segregation of DMN1/Cav‑1 correlation data into two clusters 
additionally confirmed the increased expression of the 2 

genes in high‑grade tumors compared with low‑grade tumors 
demonstrated in Fig. 2.

Discussion

Cav‑1 is a key component of caveolae in terms of their forma-
tion, arrangement and function. Together with DNM2, Cav‑1 
initiates the process of endocytosis  (32). Cav‑1 has been 
demonstrated to be a critical component of numerous types 
of cancer, including breast, lung, colorectal, cervical and 
pancreatic cancer (21,48‑50). Previous studies have presented 
accumulating evidence revealing that cancer cells are prone 
to modifying the microenvironment of the tumor, inducing 
the adjacent cells to become malignant (51‑54). In this regard, 
Cav‑1 is implicated as an important protein that affects the 
metabolic activity of cells during cancer progression (55). The 
results of the present study revealed a progressive increase in 
the expression level of Cav‑1 concomitant with the higher stages 
of bladder cancer. As the stage of bladder cancer progresses, 
cells that are cancerous maintain their survival by utilizing 
key proteins that provide them with the necessarily favorable 
environment to grow, invade and migrate via regulating the 

Figure 3. Stage‑wise comparison in the expression of (A) Cav‑1 and (B) DNM2 in tumor samples. Overall statistical significance was determined using one 
way analysis of variance followed by Tukey's post‑hoc test. ****P<0.0001. Cav‑1, caveolin‑1; DNM2, dynamin‑2.

Figure 4. Correlation analysis of the expression levels of Cav‑1 and DNM2 in (A) the adjacent normal bladder tissue (r=0.32; P=0.05) and (B) the tumor samples 
(r=0.80; P<0.0001). Cav‑1, caveolin‑1; DNM2, dynamin‑2.

https://www.spandidos-publications.com/10.3892/ol.2019.10310
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respective functional proteins. Increased expression levels of 
Cav‑1 in higher grades of bladder cancer enable an increased 
potential of the cells to invade and proliferate (56). Therefore, 
in the present study, the high‑grade tumors were revealed 
to have comparatively enhanced expression levels of Cav‑1 
compared with low‑grade tumors.

Altered expression of DNM2 also serves a role in cancer 
progression. DNM2 has been implicated as a therapeutic 
target for cervical cancer: In Hela cells, dynamin‑2 inhibitors 
have been demonstrated to cause decreased migration and 
invasion via decreasing the expression of matrix metallopep-
tidase 9, thereby lowering the rate of cell proliferation (57). 
Similar to Cav‑1, an increase in the expression of DNM2 
has been demonstrated to correspond to advances in the 
tumor stage (19). In the present study, the expression levels 
of DNM2 and Cav‑1 genes exhibited a marked correlation 
with the progression of bladder tumor stage. These results 
demonstrated that an increase in the expression of these 2 
genes may stimulate the tumors to proliferate, invade and 
metastasize to different adjacent organs. Cancer cells have 
their own modified microenvironment through which they 
communicate with adjacent cells for growth proliferation and 
survival (5).

Summarizing what is known concerning cancer progres-
sion, cellular communication is the hallmark of tumorigenesis. 
Interactions with signaling molecules provide a major focus 
for disrupted signaling. Cav‑1, being a key protein of the 
caveolae, is critical for cancer development, as it directly 
interacts with signaling proteins, including phosphoinositide 
3‑kinase, Src, phospholipases, extracellular signal‑regulated 
kinase, G‑proteins, endothelial nitric oxide synthase, adenylyl 
cyclase, protein kinase  C, p53 and cell division control 
protein 42 homolog, and is involved in signal transduction 
cascades  (13,58,59). Dysfunction of Cav‑1, resulting from 
the aberrant expression of the gene, triggers the activation of 
various growth‑promoting pathways (4,11). Previous studies 
have suggested overexpression of Cav‑1 to be a cause of cancer 
progression (32,60,61). Similarly, together with Cav‑1, DNM2 
also mediates effects on cancer formation and progression. 
The 2 proteins are involved in the endocytosis of a number 
of receptor proteins, ligands and signaling molecules (19,62). 
However, it has been suggested that there are several other 
interlinked signaling pathways that, in response to overexpres-
sion of Cav‑1 and DNM2, may be activated and/or deactivated, 
resulting in tumor formation (63).

Although the present study has described the genetic 
expression of the target genes, there were several limitations. 
Firstly, the samples were not obtained from stages 0a and 0is, 
the 2 preliminary stages of bladder cancer, or the final stage, 
stage IV, as patients are not subjected to TURBT at the initial 
or the last stages of disease. Consequently, all the patients 
within the study cohort were diagnosed with mid‑stage 
disease, for which TURBT surgery is available. There is an 
urgent requirement for diagnoses of bladder cancer at early 
stages. The target genes selected for the present study may 
be considered as good prognostic marker for bladder cancer. 
If bladder tumor samples from the initial to the final stages 
had been available for analysis, then the differences in expres-
sion of the target genes in the tumor samples could have been 
validated more comprehensively. Future studies will aim to 

investigate the protein expression of the target genes in bladder 
tumor samples, and to explore the functional disruptions due 
to overexpression of the target genes/proteins that may have 
caused tumor aggressiveness during cancer progression. In 
the present study, the observed association of the increased 
expression levels of Cav‑1 and DNM2 with advancing tumor 
stage could be considered as a risk factor for bladder cancer, 
which may additionally aid tumor and disease prognosis, and 
provide potentially novel treatment options.
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