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Transitional cell carcinoma of the urinary bladder is one of the common diseases that 
causes morbidity and mortality worldwide.  In Malaysia, bladder cancer is in the 10 most 
frequent cancer occurred among males.  Since most of the current urinary bladder cancer 
cell lines were established from populations in western countries while significant 
genotypic variations have been reported among various populations, this project aimed at 
establishing the first continuous cell line for providing an ideal cancer cell model for 
Malaysian population and nearby countries acquires significance. The urinary bladder 
cancer cells were isolated from bladder cancer tissues obtained from a Malay patient. The 
obtained cells were cultured continuously over 30 passages. This cell line was 
characterized by observing its morphology, growth characteristics, presence of 
cytokeratin 7 and desmin markers, expression of Ki-67, VEGF as well as p21 proteins. 
The authenticity of the obtained cells was investigated using Short Tandem Repeat (STR) 
analysis and contamination by Mycoplasma was ascertained. Results revealed that this 
newly established cell line (USM-BC-1) has been well characterized as an ideal cancer 
cell model which may prove useful in cancer research towards developing future 
diagnostic and therapeutic targets, taking into consideration the genotypic variations 
among Asian population. 
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INTRODUCTION 

Being one of the significant causes of morbidity and mortality worldwide [1], transitional 
cell carcinoma of the urinary bladder has been ranked in the 10 most frequent cancer 
observed among Malaysian males [2].  Pertinently, tumor cell lines are valuable resource 
materials in cancer research, drug discovery and other works in biomedicine [3-5]. Since 
the first establishment of human urinary bladder cancer cell lines in 1970, more than 50 
human urinary bladder cell lines have been reported [6]. Majority of the bladder cancer 
cell lines were established a few decades ago among Caucasian populations [7]. A review 
of the American type culture collection (ATCC) database shows that the human urinary 
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bladder cancer cell lines deposited from Asian populations remain sparse. Since those 
cell lines were old and perhaps established in the different environmental condition from 
the current highly industrialized world as well as differences in neoplastic cells behavior 
attributable to ethnicity have been reported [7], it is found pertinent to establish new 
human urinary bladder carcinoma cell lines in Malaysia.  The establishment of this new 
cell line would prove useful in investigating the genetic and epigenetic aspects that 
trigger the progression of urinary bladder cancer in Malaysia as well as in other Asian 
populations in nearby countries.   

This project utilized a tissue sample obtained from a Malay patient who underwent a 
radical cystoprostatectomy for urinary bladder cancer at the Hospital Raja Perempuan 
Zainab Kota Bharu, Kelantan to establish the first ever human urinary bladder carcinoma 
cell line (USM-BC-1) in Malaysia. 

MATERIALS AND METHODS 

Cell culture 
Fresh tissue specimen of third stage urinary bladder cancer (about 1cm3) was sampled 
from a male patient aged 70 years old. The specimen was brought to the laboratory in a 
sterile falcon tube (50 cm3) filled with RPMI-1640 medium (15 cm3, Thermo scientific, 
USA) that contained fungizone and penicillin-streptomycin (1%), (Invitrogen, 
California). The tube was kept at 4°C prior to processing at about 18 hours later.  After 
removing the non-tumor as well as necrotic tumor tissues using sterile opthalmological 
tweezers, the tumor tissue was minced into small pieces in a sterile petri dish followed by 
isolation and purification using cancer cell isolation and purification kit (Panomics, USA) 
following the prescribed protocol.  The obtained cell line was cultured in a 25 cm2 flask 
that contained RPMI-1640 medium and fetal bovine serum (FBS, 10%, Thermo 
Scientific, USA) followed by incubation  at 37°C with the presence of CO2  gas (5%).  In 
this research, the RPMI-1640 medium added with penicillin-Streptomycin (1%) and FBS 
(10%) was referred as the complete medium. For sustaining the growth of the cells, the 
complete medium in the flask was changed at every three days interval until confluenced 
growth was achieved. Upon confluenced growth, the cells were washed for three times 
using sterile phosphate buffer solution (PBS, Bio-rad, USA) prior to the addition of one 
mL of trypsin-EDTA (0.25%, Invitrogen, California) solution for enabling the subsequent 
subculturing process at the ratio of 1:2 to 1:4.  For further use, the viability of the cells 
grown was maintained by preserving them in cryovials that contained FBS (90%) and 
dimethyl sulfoxide (DMSO, 10%) and kept at -180°C.  The newly established USM-BC-
1 cell line was characterized by investigating the growth characteristics (population 
doubling time, attachment and plating efficiencies of the cell line), presence of 
cytokeratin 7 and desmin markers, expression of Ki-67, vascular endothelial growth 
factor (VEGF), p21 protein, Short Tandem Repeat (STR) analysis and contamination by 
Mycoplasma. 

Mycoplasma contamination test 
Contamination by Mycoplasma would alter the cellular metabolism, morphology of cells, 
genetics and protein expression, signal transduction and proliferation characteristics of 
cells [8] hence, for practical application it is crucial to ensure that our newly established 
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cell line was free of such contamination. For this, the commercially available 
Mycoplasma species PCR kit (Gene Proof, Czech Republic) was used following the 
standard manufacturer protocol. The kit enabled qualitative detection of various 
Mycoplasma species namely Acholeplasma  axanthum, Mycoplasma alvi, Mycoplasma 
arginini, Mycoplasma buccale, Mycoplasma cavipharyngis, Mycoplasma cloacale,  
Mycoplasma  fastidiosum, Mycoplasma fermentans,  Mycoplasma  genitalium,  
Mycoplasma hominis,  Mycoplasma salivarium, Mycoplasma pulmonis, Mycoplasma 
orale, Mycoplasma penetrans, Mycoplasma pirum, Mycoplasma pneumoniae, 
Ureaplasma  diversum, Ureaplasma  parvum, Ureaplasma  urealyticum and 
Acholeplasma sp.  The PCR results were analyzed using gel electrophoresis (2% agarose 
gel) and the presence of a specific band of 270 bp would indicate positive detection of 
Mycoplasma species. 
 

Growth Characteristic 

Population doubling time (PDT) 
An initial concentration of about 1.5×104 cells was added in each of the 24-well plate that 
contained complete medium followed by the incubation at 37°C with the presence of CO2  

gas (5%) for about 24 hours. Firstly, cells in three of the 24-wells were trypsinized and 
the number of cells in 20 µL of the cell suspension stained with the equal volume of 
trypan blue solution in each well was counted using a hemocytometer. Under light 
microscope, the viable and dead cells appeared transparence and blue, respectively. The 
same procedure was repeated with the remaining wells every day over the span of the 
next 7 days. The overall growth of viable cells throughout the observation period of eight 
days was plotted and the PDT was determined. The PDT was determined from the slope 
at the linear stage of the mid exponential phase, from the following formula; PDT= 

   where PDT is the population doubling time, ln is the natural log of the number, 

N is the final cell number, No is the initial cell number and t is the time interval between 
No and N. 

Attachment and plating efficiencies 
For evaluating the attachment efficiency of the cells cultured, seeding cells (3.5 x 104) 
were added to a T-75 flask containing 10 mL of complete medium.  After 12 hours of 
incubation, the medium was aspirated, while the attached cells in the flask were rinsed 
with PBS, trypsinized and counted. This procedure was conducted in triplicates and the 
mean values were calculated. On the other hand, the plating efficiency of the cells 
cultured was determined by seeding about 100 cells into a T-75 culture flask that 
contained 10 mL of complete medium and incubated for 10 days for allowing the cells to 
grow into colonies.  Upon completion, the medium was aspirated, while the attached cells 
were rinsed using PBS, fixed using 95% ethanol and stained with Harris Hematoxylin 
dye. The number of colonies that made up of ≥50 cells remained in the flask were 
counted.    

Immunocytochemistry 
To confirm the epithelial phenotype and urothelial origin, the USM-BC-1 was 
characterized using immunocytochemistry technique by evaluating the presence of 
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cytokeratin 7, while the absence of desmin antibody would verify the absence of 
fibroblast. Prior to employing the immunocytochemistry technique, the cells were 
cultured in a four-well camber slide until they became confluenced followed by the 
fixation process using cold methanol (about 4°C) and kept at constant temperature of 4°C 
for 20 minutes. The immunocytochemistry technique was performed using a commercial 
kit i.e. LSAB+system-HRP (Dako, Denmark), as per protocol prescribed by the 
manufacturer.  

Western blot 
Western blot technique was performed to study the expression of Ki-67, VEGF and p21 
proteins of the newly established USM-BC-1 cell line. Firstly, crude proteins were 
extracted using radioimmunoprecipitation assay buffer (RIPA, Amresco, USA), kept at 
constant temperature of 4°C overnight followed by performing the SDS-PAGE technique 
for separating the different sizes of proteins. Upon completion, the expressions of the 
desired proteins namely Ki-67, VEGF and p21 proteins were studied. The SDS-PAGE 
and western blot techniques were performed the following methods prescribed by Walker 
(1996). Three primary antibodies viz. mouse monoclonal Ki-67, mouse monoclonal 
VEGF and mouse monoclonal p21 (Santa Cruz, USA) were used at dilution factors of 
1:1000, 1:1000 and 1:500 respectively. Horseradish peroxidase (HRP)-conjugated goat 
anti-mouse IgG (Santa Cruz, USA) was used as the secondary antibody at a 1:2000 
dilution. Antibody binding was detected using Immobilon Western Chemiluminescent 
HRP Substrate (MILLIPORE, USA). 

STR analysis 
Since this research involved the establishment of a new cell line derived from a donor’s 
bladder cancer tissues through many stages of subculturing that may acquire cross-
contaminations, it was found pertinent to ensure the authenticity of the obtained cell line 
via STR analysis. Prior to the STR analysis, the DNA content in both the USM-BC-1 and 
donor’s cancer tissues was extracted using the DNeasy Blood and Tissue kit (Qiagen, 
Germany) following the manufacturer’s protocol. Upon completion, the extracted DNA 
was transferred into a sterile eppendorf tube and stored at -20°C prior to further analysis. 
For studying the polymorphism of the STR, several well-studied loci that included 
D8S1179, D21S11, D7S820, CSF1PO, D3S1358, TH01, D13S317, D16S539, D2S1338, 
D19S433, vWA, TPOX, D18S51, D5S818, FGA and sex chromosome Amelogenin were 
chosen. The sequencing process of STR was outsourced to Jabatan Kimia Malaysia, 
Johor branch. The STR profile obtained was analyzed using GeneMapper software 
(version 3.2) and the observed polymorphisms were recorded. 
 
RESULTS  
Cell Culture 
The urinary bladder cancer tissue used in this study survived over 15 passages. The cells 
of the newly established cell line demonstrated spindle-shaped morphology with clearly 
defined margins (Figure 1) and exhibited good viability when re-cultured from 
cryopreserved stocks. PCR assay was performed to detect the presence of Mycoplasma 
sp. and our result revealed that such contamination was not detected (Figure 2).  
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Growth Characteristic 
It was found that the newly established USM-BC-1 cell line had 44.8 hours of PDT as 
well as 67 % and 2 % of attachment efficiency and plating efficiency, respectively (Table 
1) and the growth curve of USM-BC-1 is presented in Figure 3. 

Immunocytochemistry 
Our finding reveals that the USM-BC-1 was positively stained (brown) for cytokeratin 7 
(Figure 4) while negatively stained (blue) for desmin (Figure 5). These results confirmed 
that the cells were of epithelial origin and neither fibroblast nor smooth muscle cells were 
present in the USM-BC-1 cell line. 

Western blot 
Our study on the Ki-67 (345 kDa), VEGF (42 kDa) and p21 (21 kDa) indicated that those 
proteins were expressed in our USM-BC-1 cell line although the levels of expression 
varied; antigen Ki-67 being highly expressed while the expression of VEGF and p21 
remained low (Figure 6-8). 

STR analysis 
The STR profile for USM-BC-1 cell line was found to be similar with that of the donor’s 
urinary bladder cancer tissue sampled in this study, indicating 96% of similarity (Table 
2). It was found that the sequence of STR differed at one locus (D2S1338) in which allele 
19 was evidently replaced by allele 26. 

DISCUSSION 
It is pertinent to mention here that the establishment of human urinary bladder cancer cell 
lines is of importance in investigating the possibility of producing monoclonal antibodies 
[10], cytogenetic changes [4], identification and isolation of oncogenes [11] as well as 
developing effective anti-cancer drugs [3] hence, requiring the use of reliable established 
cell lines. It has been indicated in the ATCC database that most of the currently used 
human urinary bladder cancer cell lines were established from Caucasian populations 
while its use has been generalized over various populations throughout the world [12-14] 
although neoplastic cells behavior attributable to differences in ethnicities has been 
reported [7]. Furthermore, review of the literature reveals that the majority of the 
currently used human urinary bladder cancer cell lines were established within the last 
three to four decades [15], perhaps in environmental conditions that were different from 
the current highly industrialized world [7] as well as insufficiently characterized [16]. 
Therefore, in this context the establishment of the USM-BC-1 cell line for studying the 
various aspects of cancer acquires significance. 
 
In this study, it was found that the cancer cells in the newly established USM-BC-1 cell 
line were of spindle-shaped in morphology with clearly defined margins, which was in 
concurrence with the morphology of the previously reported established cell lines of 
human urinary bladder cancer [7, 17]. However, being cancerous, observing phenotypic 
instability that includes morphological changes is common in cultured cell lines [16, 18] 
which ranged from small round morphology [19], spindle-shaped morphology [17], to 
heterogeneity of polygonal and spindled-shaped morphology [16]. 
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Similar studies that involved establishing new cancer cell lines indicated that PDT ranged 
between 20-90 hours [7, 16, 19, 20] although specific standard for assigning the 
efficiency of the PDT remains lacking. The variations in PDT maybe attributable to 
various factors that include the types of media, nutrients, pH, temperature, dissolved 
oxygen concentration and environmental conditions [21]. Moreover, for optimum 
utilization of the newly established cancer cell lines, Langdon (2004) suggested that the 
attachment efficiency of such cell lines should not be lower than 60%. While 
considerably higher percentages of plating efficiency for the well established cancer cell 
lines have been reported in the ATCC database, many previous studies attempted at 
establishing new cancer cell lines reported lower percentages of plating efficiency that 
ranged between 0 - 4% [16, 20, 22-24], signifying the needs for using larger amount of 
seeding cells for optimum analysis. In this study, the PDT, attachment efficiency as well 
as plating efficiency were 44.8 hours, 67% and 2% respectively, fell well within the 
prescribed values. Therefore, the USM-BC-1 cell line established in this study proves to 
be useful. 
 
It has been shown that morphology of the transitional cell carcinoma (TCC) of urinary 
bladder is composed of epithelial cells [25]. The fact that cytokeratin 7 has been widely 
used as one of the reliable markers in differential diagnosis of carcinoma of epithelial 
origin [26, 27], its detection for ascertaining the identity of the urinary bladder TCC in 
the newly established USM-BC-1 cell line acquires significance. In this study, 
cytokeratin 7 was found to be positively stained in the newly established USM-BC-1 cell 
line, indicating the possible presence of urinary  bladder TCC. However, since the 
morphology of the cells in the USM-BC-1 cell line was found to be spindle-like in shape 
which was similar to the morphology of fibroblast, the detection of desmin was deemed 
necessary for confirming the identity of the cells. Desmin has been reported as one of the 
potential markers for detecting the presence of fibroblast and muscle cells [28]. Our 
results revealed that desmin was negatively stained in the USM-BC-1 cell line, a positive 
indication for the presence of urinary bladder TCC alone.  
 
The established USM-BC-1 cell line was further characterized by evaluating the 
expression of three important biomarkers for cancer namely Ki-67, VEGF and p21 
proteins. Our result revealed that the Ki-67 protein was highly expressed while the 
expression of VEGF and p21 proteins remained low in the USM-BC-1 cell line. It has 
been reported in previous studies that in cancer cells, high expression of Ki-67 protein is 
common [29, 30] since this protein is responsible for proliferation of cancer cells [31], 
correlating with higher grade of cancer and poor prognosis [29, 32]. In addition, the 
expression of VEGF protein that plays an important role in angiogenesis, a factor 
responsible for sustaining the growth of cancer has been reported to be expressed in many 
cancer cells by previous researchers [33-35]. However, in our newly established USM-
BC-1 cell line such expression was evidently low, indicating the possible role of other 
angiostimulatory proteins such as as midkine, tissue factor (TF), hepatocyte growth factor 
(HGF) and angiogenic fragments of hyaluronic acid in promoting angiogenesis [36-38]. 
This aspect deserves further study. Being a cell cycle regulator gene, p21 is usually 
expressed in non-cancerous cells and its alteration or loss of expression would lead to 
unregulated cell growth and formation of cancer cells [39]. Therefore, it appears that the 
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cancer biomarkers selected in this study further confirm the characterization of the USM-
BC-1 as cancer cell line, which may have an applied value for further research. 
 
It has been widely reported that cross-contamination and misidentification of the 
established cell lines would lead to scientific misrepresentation and possibly erroneous 
interpretation of results [40]. Alarmingly, 18% of the 252 cell lines submitted to the 
German Cell Line Bank [41] as well as 36% of the cell lines submitted to the National 
Testing Services were found to be cross-contaminated [42]. Therefore, it has been 
cautioned by many researchers [40, 43-45] that the authentication of the newly 
established cell lines is of great importance and many techniques such as enzyme 
polymorphisms [46], karyotyping [47], HLA typing [48], immunophenotypic and 
immunocytochemical analysis [27] and DNA fingerprinting [49] have been suggested. 
However, due to the lack of standard references, the application of such techniques for 
authentication purposes maybe limited. In addition, alteration of the DNA fingerprinting 
profiles for cancer cell lines over a period of time has been reported, restricting its use as 
stable identifiers for a particular cell line [43]. The fact that the standard references are 
available for STR analysis, the technique has acquired considerable popularity worldwide 
as a means for authentication of the newly established cell lines [40]. In this study, it was 
found that the STR profile of the USM-BC-1 cell line performed at the 15th passage 
demonstrated 96% similarity with the sampled donor’s urinary bladder cancer tissue; the 
difference being allele 19 at D2S1338 locus was evidently replaced by allele 26. For 
ensuring the practical value of the newly established cell line for research purposes, it has 
been suggested that the STR profile needs to be 80% similar to that of the donor’s tissue 
[40, 50]. Variations in the STR profiles of established cell lines when compared with the 
tissues of the donors maybe attributable to genetic instability of cancer cells [7] probably 
due to the loss of heterozygosity and microsatellite instability [51, 52]. Since the STR 
profile for the newly established USM-BC-1 cell line was found to be 96% similar to the 
donor’s tissue, fell well within the prescribed range of similarity, the USM-BC-1 cell line 
proved to be authentic. 

CONCLUSION 
In conclusion, the newly established and well-characterized USM-BC-1 cell line would 
provide an ideal in vitro model for Malaysian population that may serve as a valuable 
tool for developing future diagnostic and therapeutic targets. This present study utilized a 
specimen of urinary bladder cancer tissue obtained from a Malay patient using a single 
medium of RPMI-1640. Here, the limitations are; the establishment of such cell line may 
not be representing the genetic variations that maybe present among the different races in 
Malaysia namely Malays, Chinese, Indians and others, as well as the efficiency of 
establishing the USM-BC-1 cell line may not be comparable with other cell lines since 
only one medium was used for culturing. Therefore, further researches involving a larger 
number of samples obtained from various races in Malaysia, the use of various media for 
culturing, as well as investigation on the single nucleotide polymorphisms between the 
newly established cell line with the available cell lines in the market, merit further 
research. Having said that, the USM-BC-1 cell line established in this study for urinary 
bladder cancer research would still be considered useful since this was the first attempt at 
establishing such cell line in Malaysia.  
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FIGURE/TABLE CAPTION  

Figure 1 The USM-BC-1 cell line at time of confluency indicating spindle-shaped 
morphology cells. 
Figure 2 Electrophoresis of PCR amplification products on 2% agarose gel for 
Mycoplasma sp investigation. Absence of Mycoplasma sp. contaminated in the USM-
BC-1 cell line on gel electrophoresis (B). The presence of a 270 bp fragment would 
positively indicate contamination by Mycoplasma sp while a 603 bp fragment 
represented the internal standard. 
 
Figure  3 Growth curve of USM-BC-1 cells. 
 
Figure 4 Immunocytochemistry staining of the USM-BC-1 cell line at the 10th 
passage with cytokeratin 7. Immunopositive staining of Cytokeratin 7 for (A) USM-
BC-1 and (B) HeLa as the positive control. Immunonegative staining of cytokeratin 7 in 
negative control with the omission of primary antibody (C). 

Figure 5 Immunocytochemistry staining of the USM-BC-1 cell line at the 10th 
passage with desmin. (A) Absence of desmin in USM-BC-1 and (B) negative control 
with the omission of primary antibody while desmin was observed in in SJRH30 positive 
control.  

Figure 6 Western blot analysis of the Ki-67 protein expression. (A) Positive control 
(Hela whole cell lysate), (B) USM-BC-1 whole cell lysate and (C) Negative control. 
High expression of Ki-67 protein at 345 kDa was observed in the USM-BC-1 whole cell 
lysate (B) compared to the positive control HeLa whole cell lysate (A).   
 
Figure 7 Western blot analysis of the VEGF protein expression. (A) Negative control, 
(B) USM-BC-1 whole cell lysate and (C) Positive control. Low expression of VEGF 
protein at 42 kDa was observed in the USM-BC-1 whole cell lysate (B). 
 
Figure 8 Western blot analysis of the p21 protein expression. (A) Positive control 
(MDA-MB-231 whole cell lysate), (B) Negative control and (C) USM-BC-1 whole cell 
lysate. Low expression of p21 protein at 21 kDa was observed in the USM-BC-1 whole 
cell lysate (C). 
 
 
Table 1. Attachment efficiency and plating efficiency of USM-BC-1 cell line. 
 
Table 2. The STR profile of donor’s tumor tissue versus USM-BC-1 cell line. 
aIndicates polymorphism observed in the USM-BC-1 cell line when compared with the 
sequence of STR in the donor’s cancer tissue.  
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Figure 6 
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Figure 7 

 
 
 

                                           A             B                C 

 
Figure 8 

 
 

 
 Initial Count  Count of cells after 12 hours  Attachment efficiency                                                                                                                
  
             3.5 x 104            2.33 x 104    67 %   
 Initial Count       Count of macrocolonies after 10 days      Plating efficiency                                                                                                                                   
 
                 100                                           2                                                       2 % 
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Locus Designation Donor's Tumor Tissue USM-BC-1 
 
D8S1179 13, 15 13, 15 
D21S11 31, 31.2 31, 31.2 
D7S820 10, 11 10, 11 
CSF1PO 11, 12 11, 12 
D3S1358 16, 17 16, 17 
TH01 9.3, 10 9.3, 10 
D13S317 11, 11 11, 11 
D16S539 10, 11 10, 11 
aD2S1338 19, 19 19, 26 
D19S433 15.2, 16 15.2, 16 
vWA 15, 17 15, 17 
TPOX 9, 11 9, 11 
D18S51 17, 18 17, 18 
Amelogenin X,Y X,Y 
D5S818 10, 12 10, 12 
FGA 22, 25 22, 25 

 

Table 2 
 


