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The Molecular Basis of Cisplatin  
Resistance in Bladder Cancer Cells 
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1. Introduction  

Bladder cancer is one of the most common cancers among men and women, with men being 
twice as likely affected from the disease (Jemal et al., 2005). The most common type of 
bladder cancer is transitional cell carcinoma (TCC), which is derived from the urothelium 
and constitutes more than 90 % of all bladder cancers (Bischoff & Clark, 2009). Cisplatin-
based combination therapy is the standard therapy for the treatment of advanced or 
metastatic bladder cancers (Cohen et al., 2006, Kaufman, 2006). However, the outcome of 
patients with metastatic bladder cancer remains poor, as tumors become resistant to 
cisplatin therapy. It is still not entirely known, which factors influence the response of 
bladder cancers to the drug and how this cancer acquires cisplatin resistance. Cisplatin is a 
neutral planar complex (Figure 1A). 
 

 

 

Fig. 1. A: The chemical structure of cisplatin. B: After entering the cells, cisplatin is 
transformed to a positively charged molecule that reacts with DNA C: Cisplatin induced 
lesions. Cisplatin preferably binds to the nucleophilic N7 position of the purine bases 
guanine or adenine, leading to different types of lesions  including monoadducts, 
intrastrand crosslinks, interstrand crosslinks and DNA-protein crosslinks 
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After entering the cell, it is activated through a series of aquation reactions, in which the 
chloro ligands are replaced by water molecules (Figure 1B). The resulting positively charged 
molecule can react with nucleophilic sites on macromolecules, leading to DNA, RNA and 
protein adducts. It preferably binds to the nucleophilic N7 position of the purine bases 
guanine or adenine, which leads to different types of lesions (Figure 1C) (Jamieson & 
Lippard, 1999). In a first reaction, cisplatin binds to DNA, leading to monoadducts, which in 
a second reaction lead to the formation of DNA crosslinks. The most frequently observed 
cisplatin DNA lesions are DNA intrastrand crosslinks between adjacent guanines (65 % of 
all lesions) or intrastrand crosslinks between guanine and adenine (25 %). Interstrand 
crosslinks between two guanines on the opposite strands of DNA account for less than 5% 
of all cisplatin-induced lesions. It is still unknown, which of the various DNA lesions 
ultimately results in cell death (Chu, 1994, Jordan & Carmo-Fonseca, 2000, Kartalou & 
Essigmann, 2001).  
The efficacy of cisplatin in cancer chemotherapy, however, is limited by resistance. While 
cancers of the bladder, lung and ovary respond initially in 50 % or more of cases, they will 
almost inevitably relapse with drug-resistant disease. The mechanisms of cisplatin resistance 
have been studied in numerous cell culture models of cisplatin sensitive and resistant cancer 
cells lines. It has been shown that a cancer cell can develop cisplatin resistance through 
different mechanisms (Figure 2). Cisplatin resistance can be due to (i) changes in drug 
transport, leading to reduced cellular cisplatin accumulation, (ii) increased drug 
detoxification, also resulting in reduced cellular cisplatin accumulation, (iii) changes in 
DNA repair mechanisms including nucleotide excision repair, interstrand crosslink repair 
and mismatch repair, (iv) changes in DNA tolerance mechanisms, and finally (v) alterations 
in the apoptotic cell death pathways (Köberle et al., 2010, Rabik & Dolan, 2007, Siddik, 2003). 
In this chapter we describe and discuss the contribution of these mechanisms for the 
development of cisplatin resistance in bladder cancer cells in vitro and compare the 
preclinical findings to data obtained in clinical studies. A better understanding of the 
molecular basis of cisplatin resistance may lead to new anticancer strategies that will 
sensitize unresponsive bladder cancers to cisplatin-based chemotherapy.  
 

 

Fig. 2. Mechanisms of resistance towards cisplatin include: Reduced drug accumulation due 
to changes in drug uptake, efflux or detoxification. Alterations in DNA repair such as 
increased removal of the damage by nucleotide excision repair (NER) or interstrand 
crosslink repair (ICL repair) as well as decreased mismatch repair (MMR). Enhanced 
translesion synthesis (TLS) to tolerate unrepaired cisplatin lesions. Alterations in apoptosis 
pathways: changes in expression levels of pro- and anti-apoptotic proteins. 
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2. Intracellular drug accumulation as a determinant of cellular cisplatin 
sensitivity 

2.1 Cellular uptake and efflux of cisplatin 

Reduced intracellular cisplatin accumulation has been associated with cisplatin resistance in 
numerous cancer cell lines (Siddik, 2003). A correlation between intracellular cisplatin 
accumulation and cisplatin resistance was observed in a series of seven bladder cancer cell 
lines displaying different sensitivities to cisplatin (Koga et al., 2000). Similarly, using a bladder 
cancer cell line and its cisplatin-resistant subline, we found reduced accumulation of cisplatin 
in the resistant subline when compared to its parental cells (Köberle et al., 1996). Reduced 
accumulation may result from changes in drug transport or increased drug detoxification. 
Even though the exact mechanism by which cisplatin is taken up by the cells is not fully 
understood, both passive diffusion and active transport appear to be involved. For active 
transport the copper transporter 1 (Ctr1), which controls intracellular copper homeostasis, 
seems to play an important role (Kuo et al., 2007, Safaei, 2006). It has been reported that loss of 
Ctr1 lead to cisplatin resistance in various cell lines (Holzer et al., 2006, Ishida et al., 2002, Song 
et al., 2004). However, no data as to Ctr1 expression in bladder cancer cell lines or tumor tissue 
have been reported to date. Therefore, no conclusion about the importance of uptake for 
cisplatin response can be drawn for bladder cancer cells (Table 1). 
Increased efflux of cisplatin from the cell may also lead to resistance. Efflux pumps such as 

MRP1/2 (multidrug resistance associated protein) and p-glycoprotein/multidrug resistance 

1 (MDR1) are implicated as efflux pumps for cisplatin (Taniguchi et al., 1996, Yeh et al., 

2005). Tada and co-workers investigated the relationship between expression of p-

glycoprotein expression or MRP1/2 and drug sensitivity in 47 clinical samples of bladder 

cancer. They showed that expression of p-glycoprotein and MRP1/2 was higher in samples 

of recurrent tumors than in untreated primary tumors (Tada et al., 2002), indicating that 

increased efflux can contribute to the development of drug resistance and poor clinical 

outcome in bladder cancers (Table 1). 

2.2 Detoxification of cisplatin by intracellular thiol molecules 

Cisplatin resistance can be the result of increased inactivation of the drug by intracellular 
thiol-containing molecules such as glutathione and metallothionein. Glutathione is a 
tripeptide that plays an important role for the detoxification of xenobiotic substances by 
scavenging free radicals. Cisplatin can be conjugated with glutathione, which will inhibit its 
binding to DNA and other cellular molecules. This reaction is catalyzed by the glutathione-
S-transferase (GST) (Mannervik, 1987). Extensive studies about the role of the glutathione 
system for cisplatin resistance have been carried out in cell lines and in cancer tissue. A 
correlation between expression of the glutathione system and cisplatin resistance has been 
reported for ovarian, cervical and lung cancer cell lines (Jansen et al., 2002, Meijer et al., 
1992, Mellish et al., 1993). Attempts to correlate expression of the glutathione system with 
cisplatin resistance in bladder cancer cell lines showed inconsistent findings. Bedford and 
co-workers investigated the expression of the glutatione system in different bladder cancer 
cells lines and reported higher levels of glutathione and GST in the less sensitive cells 
(Bedford et al., 1987). Similarly, using a model system of a bladder cancer cell line and two 
derived sublines with acquired cisplatin resistance, Kotoh and co-workers observed an 
increased glutathione content and elevated GST activity in the sublines (Kotoh et al., 1997). 
Buthionine sulphoximine (BSO), which depletes glutathione, or indomethacin, which blocks 
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GST, significantly decreased the cisplatin resistance in T24 bladder cancer cells, which is yet 
another indication that the glutathione-based detoxification system is involved in cisplatin 
resistance in bladder cancer cells (Byun et al., 2005). However, no correlation between 
glutathione content and resistance to cisplatin was observed in a study by Koga and co-
workers (Koga et al., 2000). In this study, the expression of GST was also not significantly 
related to cisplatin resistance. In another study with bladder cancer cells, which were either 
sensitive or progressively resistant to cisplatin, it was observed that expression of GST was 
increased in the cisplatin resistant cells, however, the increase in glutathione contents did 
not reach statistical significance (Hour et al., 2000). In conclusion, bladder cancer cells may 
gain cisplatin resistance through up-regulation of GST, while glutathione contents seems to 
play a less important role for the development of cisplatin resistance. 
Metallothioneins (MT) belong to a family of low molecular weight, thiol-rich proteins that 
play a role in metal homeostasis and detoxification (Kagi & Schaffer, 1988). MTs can bind to 
cisplatin, leading to the inactivation of the drug. For numerous cancer cell lines (derived 
from prostate, lung, ovary and cervical cancer), a correlation between MT expression and 
cisplatin resistance has been observed (Kasahara et al., 1991, Kondo et al., 1995, Mellish et 
al., 1993, Surowiak et al., 2007). For bladder cancer cell lines cisplatin resistance, was also 
correlated with increased levels of MT (Siegsmund et al., 1999, Singh et al., 1995). A role of 
MT for cisplatin resistance in bladder cancer has been proposed by Satoh and co-workers 
(Satoh et al., 1994). The authors investigated the effect of modulation of the MT levels for the 
antitumor activity of cisplatin in nude mice inoculated with human bladder cancer cells. 
While increasing MT levels reduced the antitumor activity of cisplatin, decreased levels of 
MT diminished the resistance to the drug (Satoh et al., 1994). Using a different bladder 
tumor model in mice, it was also suggested that MT might play a role for acquired 
resistance towards cisplatin (Saga et al., 2004). The clinical relevance of MT levels for 
cisplatin chemotherapy in bladder cancers has been investigated in a number of studies. In 
an investigation involving 118 patients with bladder cancer, it was observed that 
overexpression of MT was associated with a poorer outcome from cisplatin-based 
chemotherapy (Siu et al., 1998). Similarly, for intrinsic cisplatin resistance of urinary tract 
TCCs, an involvement of MT has been suggested (Kotoh et al., 1994), and MT 
overexpression was proposed to be a mechanism for cisplatin resistance in bladder cancer 
tissue (Wood et al., 1993). In line with this observations are more recent studies, which also 
reported that high levels of MT expression in bladder cancer tissue were correlated with 
poor survival after cisplatin chemotherapy (Hinkel et al., 2008, Wülfing et al., 2007). Taken 
together, the data indicate that high levels of MT in bladder cancers might be a major 
problem for effective cisplatin-based chemotherapy. In our opinion, expression of MT is one 
of the main cellular factors for both intrinsic and acquired cisplatin resistance in bladder 
cancers (Table 1).  

3. DNA repair and cisplatin resistance 

The contribution of DNA repair for cisplatin resistance has been investigated for many 

years. In model systems of tumor cell lines and sublines with acquired cisplatin resistance, 

increased removal of cisplatin induced lesions has been observed in the sublines. For 

example, ovarian cancer cells with acquired resistance towards cisplatin show an increased 

removal of cisplatin induced lesions in comparison with their cisplatin sensitive 

counterparts (Johnson et al., 1994a, Johnson et al., 1994b, Parker et al., 1991). Similarly, colon  
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Table 1. Mechanisms of cisplatin resistance in bladder cancers: preclinical findings and 
clinical evidence (Table adapted from Köberle et al., 2010) 

carcinoma cell lines with acquired cisplatin resistance showed a higher extent of removal of 
DNA platination compared to the parental cells (Oldenburg et al., 1994), indicating that the 
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acquired resistance to cisplatin might be related to the increased DNA repair capacity. In 
contrast, when we investigated DNA damage removal in a bladder cancer cell line with 
acquired cisplatin resistance, we observed no enhanced repair compared to the parental cell 
line, suggesting that this bladder cancer cell line did not acquire resistance to cisplatin by 
increasing the DNA repair capacity (Köberle et al., 1996). However, when we compared 
bladder cancer cell lines with cisplatin sensitive testis tumor cells, we observed that bladder 
cancer cells are proficient in removing cisplatin damage from the DNA, while testis tumor 
cells were repair deficient (Köberle et al., 1997), supporting the hypothesis that susceptibility 
to cisplatin might be related to the repair capacity.  

3.1 Nucleotide excision repair 

Cisplatin-induced GpG and GpA DNA intrastrand crosslinks are repaired by nucleotide 

excision repair (NER). NER is a multistep mechanism, which deals with bulky helix-

distorting lesions such as UV-induced cyclobutane pyrimidine dimers and 6-4 

photoproducts, and DNA lesions induced by many chemotherapeutic drugs (Gillet & 

Schärer, 2006, Shuck et al., 2008, Wood et al., 2000). The repair of the lesions begins with 

recognition of the damage and incision on both sides of the lesion, followed by DNA 

synthesis to replace the excised fragment. The core incision reaction requires the protein 

factors XPA, RPA, XPC-HR23B, TFIIH, ERCC1-XPF and XPG (Aboussekhra et al., 1995). It is 

possible to carry out the core NER reaction in a cell free system using cellular protein 

extracts (Shivji et al., 1999, Shivji et al., 2005). Using this system, it could be confirmed that 

the increased removal of cisplatin lesions, which has been observed in cisplatin resistant 

ovarian cancer cells, is in fact due to enhanced NER (Ferry et al., 2000). We found that 

cellular protein extracts of a bladder cancer cell line were proficient for NER (Köberle et al., 

1999). Furthermore, the core NER proteins are expressed to a similar extent in bladder 

cancer cell lines compared to normal non-cancerous cells (Köberle et al., 1999, Welsh et al., 

2004). The removal of cisplatin induced DNA platination, which we previously observed in 

bladder cancer cell lines (Köberle et al., 1997), is therefore, at least in part, due to NER 

proficiency in these cells. 

Conclusive evidence for functionally increased NER in cisplatin-resistant cancers, however, 

has not yet been presented. This is due to the lack of methods to easily and reliably measure 

NER activities in tissue samples. For example, even in protein extracts prepared from cell 

lines, a significant variability in NER capacity is observed. Even more, in protein extracts 

prepared from biopsies of human ovarian carcinoma, Jones and co-workers found that the 

NER capacity varied significantly by as much as ten-fold (Jones et al., 1994). This could be 

due to either inter-individual variations or to technical problems to obtain active extracts 

from tissue material. Therefore, as measuring NER capacity in tissue samples is a 

challenging task, a different approach is to investigate the expression of NER factors on the 

mRNA or protein level and attempt to correlate these with response to chemotherapy. In 

these studies, special emphasis was given to ERCC1, the first human DNA repair gene 

cloned (Westerveld et al., 1984). In preclinical studies, a correlation between ERCC1 

expression and cisplatin resistance has been presented (Li et al., 1998, Li et al., 2000, Metzger 

et al., 1998). By demonstrating that down-regulation of ERCC1 by siRNA sensitized bladder 

cancer cell lines to cisplatin, we could confirm the importance of ERCC1 for cisplatin 

resistance in bladder cancer cells (Usanova et al., 2010). 
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In cancer tissues, ERCC1 mRNA or protein levels show an inverse correlation with the 
response to platinum therapy or overall survival. High ERCC1 mRNA levels are associated 
with resistance to cisplatin-based chemotherapy in ovarian, cervical, gastric, colorectal, head 
and neck, esophageal and lung cancer (Dabholkar et al., 1992, Dabholkar et al., 1994, 
Gossage & Madhusudan, 2007, Handra-Luca et al., 2007, Jun et al., 2008, Kim et al., 2008, 
Metzger et al., 1998, Olaussen et al., 2006, Weberpals et al., 2009). Based on these findings, it 
was suggested that ERCC1 can be used as a predictive and prognostic marker for the 
outcome of cisplatin-based chemotherapy. For patients with advanced bladder cancer, a 
significantly higher survival rate was reported when ERCC1 levels in the tumor tissue were 
low (Bellmunt et al., 2007). However, in another study, no significant difference in overall 
survival between bladder cancer patients with ERCC1 negative tumors and ERCC1 positive 
tumors was observed (Kim et al., 2010). On the other hand, the authors reported that 
progression free survival was longer in patients with ERCC1 negative bladder cancers 
compared to ERCC1 positive cancers (Kim et al., 2010). Based on these conflicting results, it 
is difficult to conclude that ERCC1 expression in bladder cancer negatively contributes to 
the clinical outcome. Furthermore, even though ERCC1 positive tumors would be expected 
to have a high NER capacity, and ERCC1 negative tumors would be expected to have low 
NER capacity, these conclusions must be drawn with caution, as functional NER assays for 
tissue material are still missing. It therefore remains speculative whether altered ERCC1 
levels have an impact on NER in tumor tissue. Therefore, the question about the 
contribution of enhanced NER for cisplatin resistance in cancers, especially in bladder 
cancers, remains to be solved (Table 1).  

3.2 Interstrand crosslink repair 

Besides intrastrand adducts, cisplatin induces interstrand crosslinks (ICLs), which are 
removed by ICL repair, a process less understood than NER (McHugh et al., 2001). Repair of 
ICLs is a challenging problem for cells. In bacteria and lower eukaryotes, NER and 
homologous recombination are involved in ICL repair (Cole, 1973, Jachymczyk et al., 1981). In 
mammalian cells, these both pathways may also operate (De Silva et al., 2000). Besides that, 
mammalian cells have additional pathways of ICL repair involving DNA polymerases that can 
bypass the lesion (Sarkar et al., 2006, Shen et al., 2006, Zheng et al., 2005). A contribution of 
increased ICL repair for acquired resistance to cisplatin has been described for ovarian cancer 
cells in culture (Zhen et al., 1992). It also seems to play a role for clinical cisplatin resistance, as 
in paired tumor samples obtained prior to treatment and at relapse following platinum 
chemotherapy, increased repair of cisplatin ICLs in cells of relapsed ovarian cancer was 
observed (Wynne et al., 2007). We found that bladder cancer cell lines, which are relatively 
resistant to cisplatin, are proficient in repairing ICLs (Usanova et al., 2010). Biochemical and 
cell biological data implicate that ERCC1 is not only involved in NER, but also in ICL repair 
(Kuraoka et al., 2000, Niedernhofer et al., 2004, Sijbers et al., 1996). Our own experiments 
revealed that down-regulation of ERCC1 by siRNA affected ICL repair in the bladder cancer 
cell lines and rendered the cells more sensitive to cisplatin supporting the notion about the 
importance of ICL repair for cisplatin resistance in cancer cells. However, to date there is no 
information as to ICL repair in bladder cancer tissue (Table 1). 

3.3 Translesion synthesis (TLS) 

As described in 3.1 and 3.2, cisplatin damage is removed by NER and ICL repair. However, 

some lesions may remain. A mechanism, by which cells can tolerate unrepaired DNA 
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lesions, is translesion synthesis (TLS). TLS is carried out by a group of specialized DNA 

polymerases, which are capable of bypassing unrepaired DNA lesions. For mammalian cells 

pol ┟ (POLH), pol ┡ (POLI), pol ┢ (POLK), REV1 and pol ┞ (REV3 and REV7) are the main 

TLS polymerases, which have been shown to possess different substrate specificity. 

Depending on the type of damage, different combinations of TLS polymerases act in concert 

to bypass the DNA lesions (Shachar et al., 2009). Cisplatin GpG intrastrand crosslinks seem 

to be bypassed by pol ┟ and pol  ┞ (Alt et al., 2007, Shachar et al., 2009). For pol ┢ conflicting 

results have been reported. While an in vitro assay suggests that pol ┢ is unable to bypass a 

GpG intrastrand crosslink, in vivo TLS assays implicated pol ┢ in combination with pol ┟ for 

TLS across cisplatin GpG intrastrand crosslinks (Ohashi et al., 2000, Shachar et al., 2009). The 

importance of TLS in the tolerance towards cisplatin has been shown in cell lines deficient in 

TLS polymerase activity (Cruet-Hennequart et al., 2008, Cruet-Hennequart et al., 2009, 

Albertella et al., 2005a, Roos et al., 2009, Wittschieben et al., 2006). Similarly, TLS 

polymerases may play a role for cisplatin resistance in tumor samples (Albertella et al., 

2005b, Ceppi et al., 2009, Wang et al., 2009). However, no data have been reported as to the 

expression of TLS polymerases in bladder cancer cell lines and tumor specimens. We 

therefore can neither include nor exclude TLS polymerases as a factor determining efficacy 

of cisplatin therapy in the clinic (Table 1). 

3.4 DNA mismatch repair (MMR) 

Mismatch repair (MMR) is the pathway that removes mispaired nucleotides or 

insertion/deletion loops, which arise during DNA replication or as a result of damage to 

DNA. MMR consists of following steps: (1) recognition of the mismatch, (2) identification 

and excision of the mispairs or looped intermediates, and (3) resynthesis of the excised 

strand (Kunkel & Erie, 2005). In early investigations it has been observed that loss of MMR 

led to resistance to cisplatin and other platinating agents (Aebi et al., 1996, Fink et al., 1996). 

A possible explanation for the association of absence of a repair mechanism with increased 

drug resistance was the observation that MMR proteins can bind to cisplatin damage 

possibly leading to futile repair and therefore increased drug lethality. The mismatch repair 

complex MutS (which is a heterodimer containing MSH2 and MSH6) binds to cisplatin 

DNA lesions in vitro (Duckett et al., 1996, Mello et al., 1996). Binding of MutS to cisplatin 

crosslinks could start the MMR process by recruiting the mismatch repair complex MutL 

(consisting of MLH1 and PMS2). It is assumed that lethal intermediates arise by the attempt 

of the MMR machinery to remove cisplatin lesions, and these lethal intermediates might set 

off a futile MMR cycle, similar to what has been reported for methylating agents (Dunkern 

et al., 2001). An alternative model suggests that binding of the MMR complex to cisplatin 

DNA damage might cause direct activation of the DNA damage response (DDR). A third 

model is based on the finding that TLS polymerases can bypass of 1,2-intrastrand crosslinks 

(Alt et al., 2007, Shachar et al., 2009). Since TLS polymerases are error prone causing mis-

incorporation of bases, mismatches will be generated that are recognised by the MutS 

complex. This in turn causes a futile repair cycle that triggers DDR. New data suggest that 

mitochondrial pro-death signaling involving cytochrome c and caspases-9 and -3 is required 

for the execution of MMR protein-mediated induction of cell death by cisplatin (Topping et 

al., 2009). The importance of MMR for cisplatin resistance has been investigated in a number 

of cancer cell lines, however, with conflicting results. On the one hand it was observed that 
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MMR deficient cell lines were more tolerant to cisplatin (Bignami et al., 2003, Fink et al., 

1996, Papouli et al., 2004). This was explained by the hypothesis that cisplatin lesions are not 

processed into lethal intermediates. In other studies, however, it was shown that defective 

MMR is only a minor contributor for the cisplatin resistance phenotype or is not involved at 

all ( Branch et al., 2000, Claij & te Riele, 2004, Massey et al., 2003). We found that the MMR 

protein MSH2 was expressed at lower levels in bladder cancer cells compared to cisplatin 

sensitive testis tumor cells. However, no difference was observed in the expression level of 

the MMR proteins hMLH1 and PMS2 in this model system of cisplatin resistant and 

sensitive cell lines. Even more, no difference in the levels of MSH2, MLH1 and PMS2 was 

observed in parental RT112 bladder cancer cells and the subline with acquired cisplatin 

resistance (Köberle, unpublished results), suggesting that MMR may not be of importance 

for cisplatin resistance in our model system.  
The clinical relevance of loss of MMR for cisplatin chemotherapy has been investigated in 
a number of clinical studies, and it was concluded that MMR deficiency is associated with 
chemotherapy resistance in ovarian and testicular germ cell tumors (Gifford et al., 2004, 
Helleman et al., 2006, Wei et al., 2002). In 115 patients with bladder cancers, the 
expression pattern of hMSH2 protein was investigated and a reduced expression of 
hMSH2 was significantly more frequent in high grade tumors (Jin et al., 1999). Similarly, 
Catto and co-workers reported that reduced expression of hMLH1 and hMSH2 was seen 
more commonly in muscle invasive and high grade bladder cancer (Catto et al., 2003). In 
contrast, in a set of 130 urothelial carcinomas of the bladder, hMSH2 and hMSH6 negative 
tumors were found to have a favorable impact on overall patient survival (Mylona et al., 
2008). In a number of studies, the degree of microsatellite instability (MSI) was 
investigated in different cancer tissues, such as colorectal-, ovarian- and gastric carcinoma 
(Dietmaier et al., 1997, Ichikawa et al., 1999, Ottini et al., 1997). MSI is the result from 
inactivating mutations in MMR genes and suggests MMR deficiency (Parsons et al., 1993, 
Strand et al., 1993). However, MSI has been observed only infrequently in bladder cancer 
tissues (Bonnal et al., 2000, Gonzalez-Zulueta et al., 1993, Hartmann et al., 2002). 
Furthermore, reduced expression of hMLH1 and hMSH2 was not correlated with MSI in 
bladder cancer (Catto et al., 2003). Based on these conflicting data, a conclusion as to 
whether MMR impacts the development of cisplatin resistance in bladder cancer in the 
clinic cannot be drawn to date (Table 1).  

4. DNA damage response and apoptosis pathways in cisplatin resistance 

It is known that cisplatin treatment induces apoptosis in cells, thereby killing the cells (Chu, 

1994). The apoptotic pathways, which are induced following cisplatin treatment, were 

extensively studied, hence not yet fully understood. Cisplatin-induced apoptosis may be 

triggered through the extrinsic death receptor pathway, which is mediated through the JNK 

signaling cascade. Alternatively, the intrinsic mitochondrial pathway may be induced, 

mediated through p53 and anti- or pro-apoptotic members of the Bcl-2 family proteins 

(Brozovic et al., 2004, Pabla et al., 2008, Siddik, 2003). Decreased expression or loss of pro-

apoptotic proteins may result in cisplatin resistance, similarly may increased expression of 

anti-apoptotic proteins lead to cisplatin resistance (Brozovic & Osmak, 2007). The 

contribution of these mechanisms for preclinical and clinical cisplatin resistance of bladder 

cancer cells will be discussed in the following section. 
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4.1 p53 and cisplatin resistance of bladder cancer cells 

The tumor suppressor protein p53 is activated in cancer cells after treatment with 
chemotherapeutic drugs and has a central role for the induction of apoptosis. The influence 
of the p53 status for cisplatin resistance has been studied in numerous cancer cell lines, 
however, with contradictory results. While no correlation between cisplatin resistance and 
p53 status was observed in testis and ovarian cancer cell lines (Burger et al., 1997, De Feudis 
et al., 1997), other studies using breast, lung, colon, kidney, ovarian, leukaemia, melanoma 
and prostate cancer cell lines showed that p53 mutated cell lines were more resistant to 
cisplatin compared to p53 wild-type cell lines (Branch et al., 2000, O'Connor et al., 1997). 
Contradictory results about the importance of p53 status for cisplatin resistance are also 
reported for bladder cancer cells. Comparing the cisplatin sensitivity in bladder cancer cell 
lines with different p53 status revealed that p53 wild type bladder cancer cells were more 
susceptible to cisplatin, while mutant cell lines were resistant (Kawasaki et al., 1996, 
Konstantakou et al., 2009). In line with these findings, it was also shown that cisplatin 
resistance in bladder cancer cells was enhanced by overexpression of mutant p53 protein 
(Miyake et al., 1999). Our own studies revealed that cisplatin resistant bladder cancer cell 
lines were mutated for p53, while cisplatin sensitive testis tumor cells showed functional 
p53 activity after cisplatin treatment (unpublished results). Contrary to these observations, 
Chang and co-workers investigated the effect of p53 mutations for drug sensitivity and 
found that bladder cancer cell lines expressing various human mutated p53 proteins 
displayed enhanced cisplatin sensitivity (Chang & Lai, 2001). Even more, when cisplatin 
sensitivity was measured in a series using 89 bladder cancer cell lines with different p53 
status, it was found that p53 heterozygous cells were most susceptible to cisplatin (Chang & 
Lai, 2000). Altogether, we therefore conclude that, at least in bladder cancer cell lines, p53 
mutations do not always lead to the development of cisplatin resistance.  
In a number of studies it has been investigated whether the p53 status can be a predictor for 

the response to platinum-based chemotherapy in the clinic. Gadducci and co-workers 

reported that ovarian cancer patients with tumors harbouring p53 mutations experience a 

lower chance to achieve a complete response following cisplatin therapy, while patients 

with wild-type p53 tumors have a good chance to respond (Gadducci et al., 2002). In bladder 

cancers, mutations in the p53 gene are a frequent event (Esrig et al., 1994). However, there 

are conflicting results whether the p53 status can be used to predict the responsiveness to 

cisplatin treatment in bladder cancers (Nishiyama et al., 2008). On the one hand, it was 

shown that in a cohort of patients with TCC only the patients with altered p53 in the tumor 

would benefit from adjuvant cisplatin chemotherapy (Cote et al., 1997). On the other hand, 

p53 immunoreactivity could not be used to predict tumor response and patient survival in a 

cohort of 83 patients (Qureshi et al., 1999). Similarly, no clear conclusion as to whether p53 

wild type was related to increased resistance or increased responsiveness could be drawn by 

Watanabe and co-workers in a study investigating 75 tumor specimens (Watanabe et al., 

2004). Therefore, it cannot be concluded to date that the p53 status influences cisplatin 

responsiveness in bladder cancers (Table 1). 

4.2 Anti-apoptotic proteins and cisplatin resistance 

Cisplatin resistance has been associated with the expression of a number of anti-apoptotic 
proteins, both in cell cultures and in clinical samples. Expression of the anti-apoptotic 
proteins Bcl-2 and Bcl-xL resulted in cisplatin resistance in ovarian cancer cell lines (Yang et 
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al., 2004). In bladder cancer cell lines, which were resistant to cisplatin and etoposide, 
Chresta and co-workers also observed high levels of Bcl-2 (Chresta et al., 1996). In addition, 
levels of the pro-apoptotic protein Bax were very low in the three bladder cancer cell lines 
under investigation (Chresta et al., 1996). We also observed low endogenous levels of Bax in 
cisplatin resistant bladder cancer cells compared to cisplatin sensitive testis tumor cell lines 
(unpublished observations). Furthermore, cisplatin treatment lead to translocation of Bax to 
the mitochondrial membrane in testis tumor cells, which was not observed in bladder cancer 
cell lines (unpublished observations). An association between cisplatin resistance, Bcl-2 
expression and Bax translocation has also been proposed by Cho and co-workers who 
observed in cisplatin resistant bladder cancer sublines that Bcl-2 was up-regulated, which 
resulted in inhibition of Bax translocation to the mitochondrial membrane and reduced cell 
death (Cho et al., 2006). To elucidate the role of Bcl-2 for cisplatin resistance in bladder 
cancer cells, Miake and co-workers transfected the human bladder transitional cell 
carcinoma line KoTTC-1 with an expression plasmid for Bcl-2 and observed that 
overexpression conferred resistance to cisplatin (Miyake et al., 1998). Stably expressing Bcl-2 
cells were then injected  subcutaneously into nude mice to determine whether the Bcl-2 
status can affect the efficacy of cisplatin treatment. Using this tumor cell implantation 
model, the authors could show that mice with tumors expressing Bcl-2 have an inferior 
prognosis compared to mice with tumors with no detectable Bcl-2 protein (Miyake et al., 
1998). Altogether, the data suggest that Bcl-2 might  be one of the factors influencing 
cisplatin resistance in bladder cancer cells. In proof of principle experiments, Bcl-2 levels in 
bladder cancer cells were decreased using Bcl-2 antisense oligonucleotides. These studies 
revealed that down-regulation of Bcl-2 expression resulted in a significant increase in 
toxicity of cisplatin in various bladder cancer cell lines (Bolenz et al., 2007, Hong et al., 2002), 
supporting the notion that expression of Bcl-2 may be associated with cisplatin resistance in 
bladder cancer cells (Table 1). 
Expression levels of the anti-apoptotic factors Bcl-2 and Bcl-xL were determined in tumor 
samples from a diverse range of tissue to investigate for a possible involvement in clinical 
resistance, however, with contradictory results. While in ovarian carcinoma patients, 
expression of Bcl-xL was correlated with a decreased response to platinum chemotherapy 
(Williams et al., 2005), no association between response and Bcl-2 expression was observed 
in breast cancer patients (Parton et al., 2002). For bladder cancers, the clinical relevance of 
Bcl-2 expression for cisplatin resistance has been shown by Cooke and co-workers. The 
authors observed in a cohort of 51 patients with bladder cell carcinoma who received neo-
adjuvant cisplatin chemotherapy that patients with Bcl-2 negative tumors had a significantly 
better prognosis (Cooke et al., 2000). An improved survival of patients with Bcl-2 negative 
tumors was also observed in a cohort of 89 patients with invasive bladder cancers who 
received cisplatin-based chemotherapy (Kong et al., 1998). In conclusion, expression of the 
anti-apoptotic factor Bcl-2 appears to affect the efficacy of cisplatin therapy for bladder 
cancers and might be used as a prognostic marker to predict the response to treatment. 
The inhibitor of apoptosis (IAP) gene family encodes proteins, which have been reported to 
play an important role in cellular drug resistance. These proteins have been shown to be 
endogenous inhibitors of caspases, thus resulting in inhibition of cell death. Survivin, one of 
the members of the IAP family, is activated by cisplatin, which in part protects cells from 
cisplatin-induced apoptosis (Belyanskaya et al., 2005). An associated between survivin levels 
and cisplatin resistance has been reported for a number of cell lines derived from various 
cancer tissues including thyroid, lung and colon (Tirro et al., 2006) (Belyanskaya et al., 2005, 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

276 

Hopkins-Donaldson et al., 2006, Pani et al., 2007). Bladder cancer cell lines showed a high 
expression of survivin compared to non-cancerous uro-epithelial cells (Yang et al., 2010).  
In clinical studies it has been investigated whether survivin might serve as a prognostic 
marker to predict clinical outcome. In tumor material of 30 patients with advanced bladder 
cancer, survivin expression has been identified as a marker for poor clinical outcome (Als et 
al., 2007). Similarly, Shariat and co-workers identified survivin as an independent predictor 
for recurrence of the disease in a cohort of 726 patients (Shariat et al., 2009). 
The X-linked inhibitor of apoptosis (XIAP) is another member of the family of IAP proteins. 
Preclinical studies indicate that XIAP expression may be associated with cisplatin resistance. 
In ovarian carcinoma cell lines, for example, enhanced expression of XIAP was connected to 
the acquisition of cisplatin resistance (Mansouri et al., 2003). Bilim and co-workers reported 
considerable levels of XIAP in a panel of 4 bladder cancer cell lines, which are known to be 
cisplatin resistant (Bilim et al., 2003). The clinical relevance of XIAP for the efficacy of 
cisplatin treatment has been studied in a number of studies. Parton and co-workers found 
no association between XIAP expression and response to chemotherapy in ovarian cancer 
tissue (Parton et al., 2002). An inverse correlation between XIAP expression in the cancer 
tissue and pathological response was observed for patients with advanced bladder cancer 
(Pinho et al., 2009). The correlation, however, was not statistically significant. This study 
also demonstrated that bladder cancer patients with high levels of XIAP-associated factor 1 
protein (XAF1) in the cancer tissue had a better prognosis after cisplatin based 
chemotherapy (Pinho et al., 2009). XAF1 inhibits the anti-caspase activity of XIAP, therefore 
antagonizing the anti-apoptotic action (Liston et al., 2001). Most likely, this resulted in 
increased sensitivity towards cisplatin. Another study investigated the expression of XIAP 
in bladder tumor specimens of 108 patients and found that XIAP was expressed at 
significantly higher levels in tumors compared to normal urothelium (Bilim et al., 2003). 
Unfortunately, it was not investigated, whether XIAP positivity was correlated with clinical 
response to cisplatin. However, it was suggested that XIAP upregulation might play a role 
in early TCC carcinogenesis (Bilim et al., 2003). 
Altogether, information about expression of factors involved in cisplatin-induced apoptotic 
cell death pathways and its relation to cisplatin resistance is still emerging (Table 1). More 
information about the clinical relevance of apoptosis-related factors for the clinical outcome 
is needed, as this may identify new targets for pharmacological intervention.  

5. Strategies for overcoming cisplatin resistance 

As cisplatin resistance influences the clinical outcome, strategies are needed to circumvent 
the resistance phenotype. In a number of preclinical studies, modulators of cisplatin 
resistance were specifically targeted, and it was investigated whether this would influence 
cisplatin sensitivity. For example, the glutathione system may be modulated by glutathione 
depletion or GST blocking agents. Using these approaches, Buyn and co-workers could 
significantly enhance the cisplatin toxicity in bladder cancer cell lines (Byun et al., 2005). 
Similarly, inhibition of DNA repair has the potential to enhance the cytotoxicity of 
anticancer agents, as preclinical studies have confirmed that modulation of repair pathways 
can enhance the sensitivity to DNA damaging agents (Damia & D'Incalci, 2007, Ding et al., 
2006). We found that siRNA-mediated down-regulation of the repair factor ERCC1-XFP 
decreased the repair of cisplatin-induced ICLs in bladder cancer cells and subsequently 
resulted in reduced cisplatin resistance (Usanova et al., 2010). In a number of studies, the 
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effect of down-regulation of anti-apoptotic proteins for cisplatin resistance was studied. 
Down-regulation of Bcl-2 and Bcl-xL with antisense oligonucleotides enhanced the cisplatin 
sensitivity in four human bladder cancer cell lines (Bolenz et al., 2007). Antisense 
oligonucleotides against Bcl-2 were also used by Schaaf and co-workers who also observed 
an synergistic effect on cisplatin sensitivity (Schaaf et al., 2004). These findings show that 
reducing anti-apoptotic proteins positively influences cisplatin efficacy in bladder cancer 
cell lines and imply that targeting these factors may be a new therapeutic strategy for the 
treatment of bladder cancer. 

6. Novel therapeutic strategies for bladder cancer treatment 

Gemcitabine (2´,2´-difluorodeoxycytidine) is a deoxycytidine analogue, which can inhibit 
the ribonucleotide reductase or may be incorporated into DNA as a false base. Both 
mechanisms result in inhibition of DNA synthesis thereby leading to induction of apoptosis 
(Mini et al., 2006). Gemcitabine is used either as a single agent or in combination with other 
chemotherapeutic drugs for the treatment of cancer. For patients with locally advanced and 
metastatic bladder cancer, combination treatment of cisplatin or carboplatin and 
gemcitabine is the current standard chemotherapy regimen (von der Maase et al., 2005). 
Even though drug resistance is a major clinical problem, the resistance phenotype of bladder 
cancer cells to gemcitabine has not been investigated in great detail. An increase in 
expression of the anti-apoptotic protein clusterin has been described as a mechanism for 
acquired gemcitabine resistance in bladder cancer cells  (Muramaki et al., 2009). Knock-
down of clusterin sensitized gemcitabine-resistant bladder cancer cells indicating clinical 
significance (Muramaki et al., 2009). Gemcitabine resistance in bladder cancer cells might 
differ from cisplatin resistance as gemcitabine has been used for the treatment of cisplatin-
refractory metastatic bladder cancer (Soga et al., 2010). The beneficial effect of gemcitabine 
for the treatment of cisplatin-refractory urothelial carcinoma, however, was not observed in 
the study of Lin and co-workers who reported that gemcitabine and ifosfamide showed 
insufficient clinical activity in patients with cisplatin-refractory bladder cancer (Lin et al., 
2007). More promising approaches to increase the activity of cisplatin plus gemcitabine for 
treating metastatic bladder cancer have been reported in a number of recent studies. 
Addition of vitamin D3 increased the antitumor activity of cisplatin plus gemcitabine in 
bladder cancer cells and enhanced the antitumor activity in a xenograft model (Ma et al., 
2010). The antibody Bevacizumab, which is directed against vascular endothelial growth 
factor (VEGF), has been shown to have a beneficial effect on cisplatin plus gemcitabine in 
patients with metastatic bladder cancer (Hahn et al., 2011). More clinical trials combining 
novel agents with cisplatin and gemcitabine, however, are needed to improve the treatment 
of bladder cancers.  

7. Conclusion 

Cisplatin-based combination therapy is the standard therapy for the treatment of advanced 
or metastatic cancer of the bladder. However, the efficacy of cisplatin is limited by intrinsic 
or acquired resistance to the drug. Mechanisms determining cisplatin resistance include 
drug transport, detoxification, DNA repair and expression of pro- and anti-apoptotic 
proteins. The clinical significance of these mechanisms for bladder cancers is not yet fully 
understood and still evolving.  A better understanding about resistance mechanisms in 
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bladder cancers is essential for developing therapeutic strategies aimed at circumventing 
cisplatin resistance for improving cancer therapy. 

8. References 

Aboussekhra, A.; Biggerstaff, M.; Shivji, M. K. K.; Vilpo, J. A.; Moncollin, V.; Podust, V.  N.; 
Protic', M.;Hübscher, U.; Egly, J.-M. & Wood, R. D. (1995). Mammalian DNA 
nucleotide excision repair  reconstituted with purified protein components. Cell, 
Vol. 80, pp. 859-868. 

Aebi, S.; Kurdihaidar, B.; Gordon, R.; Cenni, B.; Zheng, H.; Fink, D.; Christen, R. D.; Boland, 
C. R.; Koi, M.; Fishel, R. &  Howell, S. B. (1996). Loss of DNA mismatch repair in 
acquired-resistance to cisplatin. Cancer Res, Vol. 56, pp. 3087-3090. 

Albertella, M. R.; Green, C. M.; Lehmann, A. R. & O'Connor, M. J. (2005a). A role for 
polymerase eta in the cellular tolerance to cisplatin-induced damage. Cancer Res, 
Vol. 65, pp. 9799-9806. 

Albertella, M. R.; Lau, A. & O'Connor, M. J. (2005b). The overexpression of specialized DNA 
polymerases in cancer. DNA Repair (Amst), Vol. 4, pp. 583-593. 

Als, A. B.; Dyrskjot, L.; von der Maase, H.; Koed, K.; Mansilla, F.; Toldbod, H. E.; Jensen, J. 
L.; Ulhoi, B. P.; Sengelov, L.; Jensen, K. M. & Orntoft, T. F. (2007). Emmprin and 
survivin predict response and survival following cisplatin-containing 
chemotherapy in patients with advanced bladder cancer. Clin Cancer Res, Vol. 13, 
pp. 4407-4414. 

Alt, A.; Lammens, K.; Chiocchini, C.; Lammens, A.; Pieck, J. C.; Kuch, D.; Hopfner, K. P. & 
Carell, T. (2007).  Bypass of DNA lesions generated during anticancer treatment 
with cisplatin by DNA polymerase eta. Science, Vol. 318, pp. 967-970. 

Bedford, P.; Walker, M. C.; Sharma, H. L.; Perera, A.; McAuliffe, C. A.; Masters, J. R. W. & 
Hill, B. T. (1987).  Factors influencing the sensitivity of two human bladder 
carcinoma cell lines to cis-diamminedichloro-platinum(II). Chem-Biol Interactions, 
Vol. 61, pp. 1-15. 

Bellmunt, J.; Paz-Ares, L.; Cuello, M.; Cecere, F. L.; Albiol, S.; Guillem, V.; Gallardo, E.; 
Charles, J.; Mendez, P.; de la Cruz, J. J.; et al. (2007). Gene expression of ERCC1 as a 
novel prognostic marker in advanced bladder cancer  patients receiving cisplatin-
based chemotherapy. Annals of Oncology, Vol. 18, pp. 522-528. 

Belyanskaya, L. L.; Hopkins-Donaldson, S.; Kurtz, S.; Simoes-Wust, A. P.; Yousefi, S.; Simon, 
H. U.; Stahel, R. & Zangemeister-Wittke, U. (2005). Cisplatin activates Akt in small 
cell lung cancer cells and attenuates apoptosis by survivin upregulation. Int J 
Cancer, Vol. 117, pp. 755-763. 

Bignami, M.; Casorelli, I. & Karran, P. (2003). Mismatch repair and response to DNA-
damaging antitumour therapies. Eur J Cancer, Vol. 39, pp. 2142-2149. 

Bilim, V.; Kasahara, T.; Hara, N.; Takahashi, K. & Tomita, Y. (2003). Role of XIAP in the 
malignant phenotype of transitional cell cancer (TCC) and therapeutic activity of 
XIAP antisense oligonucleotides against multidrug-resistant TCC in vitro. Int J 
Cancer, Vol. 103, pp. 29-37. 

Bischoff, C. J. & Clark, P. E. (2009). Bladder cancer. Curr Opin Oncol, Vol. 21, pp. 272-277. 
Bolenz, C.; Becker, A.; Trojan, L.; Schaaf, A.; Cao, Y.; Weiss, C.; Alken, P. & Michel, M. S. 

(2007). Optimizing chemotherapy for transitional cell carcinoma by application of 
bcl-2 and bcl-xL antisense  oligodeoxynucleotides. Urol Oncol, Vol. 25, pp. 476-482. 

www.intechopen.com



 
The Molecular Basis of Cisplatin Resistance in Bladder Cancer Cells 

 

279 

Bonnal, C.; Ravery, V.; Toublanc, M.; Bertrand, G.; Boccon-Gibod, L.; Henin, D. & 
Grandchamp, B. (2000). Absence of microsatellite instability in transitional cell 
carcinoma of the bladder. Urology, Vol. 55, pp. 287-291. 

Branch, P.; Masson, M.; Aquilina, G.; Bignami, M. & Karran, P. (2000). Spontaneous 
development of drug resistance: mismatch repair and p53 defects in resistance to 
cisplatin in human tumor cells. Oncogene, Vol. 19, pp. 3138-3145. 

Brozovic, A.; Fritz, G.; Christmann, M.; Zisowsky, J.; Jaehde, U.; Osmak, M. & Kaina, B. 
(2004). Long-term activation of SAPK/JNK, p38 kinase and fas-L expression by 
cisplatin is attenuated in human carcinoma cells that  acquired drug resistance. Int J 
Cancer, Vol. 112, pp. 974-985. 

Brozovic, A. & Osmak, M. (2007). Activation of mitogen-activated protein kinases by 
cisplatin and their role in  cisplatin-resistance. Cancer Letters, Vol. 251, pp. 1-16. 

Burger, H.; Nooter, K.; Boersma, A. W.; Kortland, C. J. & Stoter, G. (1997). Lack of correlation 
between cisplatin-induced apoptosis, p53 status and expression of Bcl-2 family 
proteins in testicular germ cell tumour cell lines. Int J Cancer, Vol. 73, pp. 592-599. 

Byun, S.-S.; Kim, S. W.; Choi, H.; Lee, C. & Lee, E. (2005). Augmentation of cisplatin 
sensitivity in cisplatin-resistant human bladder cancer cells by modulating 
glutathione concentrations and glutathione- related enzyme activities. Brit J Urol, 
Vol. 95, pp. 1086-1090. 

Catto, J. W.; Xinarianos, G.; Burton, J. L.; Meuth, M. & Hamdy, F. C. (2003). Differential 
expression of hMLH1 and hMSH2 is related to bladder cancer grade, stage and 
prognosis but not microsatellite instability. Int J Cancer, Vol. 105, pp. 484-490. 

Ceppi, P.; Novello, S.; Cambieri, A.; Longo, M.; Monica, V.; Lo Iacono, M.; Giaj-Levra, M.; 
Saviozzi, S.; Volante, M.; Papotti, M. & Scagliotti, G. (2009). Polymerase eta mRNA 
expression predicts survival of non-small cell lung cancer patients treated with 
platinum-based chemotherapy. Clin Cancer Res, Vol. 15, pp. 1039-1045. 

Chang, F. L. & Lai, M. D. (2000). The relationship between p53 status and anticancer drugs-
induced apoptosis in nine  human bladder cancer cell lines. Anticancer Res, Vol. 20, 
pp. 351-355. 

Chang, F. L. & Lai, M. D. (2001). Various forms of mutant p53 confer sensitivity to cisplatin 
and doxorubicin in bladder cancer cells. J Urol, Vol. 166, pp. 304-310. 

Cho, H. J.; Kim, J. K.; Kim, K. D.; Yoon, H. K.; Cho, M. Y.; Park, Y. P.; Jeon, J. H.; Lee, E. S.; 
Byun, S. S.; Lim, H. M. et al. (2006). Upregulation of Bcl-2 is associated with 
cisplatin-resistance via inhibition of Bax translocation in human bladder cancer 
cells. Cancer Lett, Vol. 237, pp. 56-66. 

Chresta, C. M.; Masters, J. R. & Hickman, J. A. (1996). Hypersensitivity of human testicular 
tumors to etoposide-induced apoptosis is associated with functional p53 and a high 
Bax:Bcl-2 ratio. Cancer Res, Vol. 56, pp. 1834- 1841. 

Chu, G. (1994). Cellular-responses to cisplatin - the roles of DNA-binding proteins and 
DNA-repair. J Biol Chem, Vol. 269, pp. 787-790. 

Claij, N. & te Riele, H. (2004). Msh2 deficiency does not contribute to cisplatin resistance in 
mouse embryonic stem cells. Oncogene, Vol. 23, pp. 260-266. 

Cohen, S. M.; Goel, A.; Phillips, J.; Ennis, R. D. & Grossbard, M. L. (2006). The role of 
perioperative chemotherapy in the treatment of urothelial cancer. Oncologist, Vol. 
11, pp. 630-640. 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

280 

Cole, R. S. (1973). Repair of DNA containing interstrand crosslinks in Escherichia coli: 
sequential excision and recombination. Proc Natl Acad Sci USA, Vol. 70, pp. 1064-
1068. 

Cooke, P. W.; James, N. D.; Ganesan, R.; Burton, A.; Young, L. S. & Wallace, D. M. (2000). 
Bcl-2 expression  identifies patients with advanced bladder cancer treated by 
radiotherapy who benefit from neoadjuvant chemotherapy. BJU Int, Vol. 85, pp. 
829-835. 

Cote, R. J.; Esrig, D.; Groshen, S.; Jones, P. A. & Skinner, D. G. (1997). p53 and treatment of 
bladder cancer. Nature, Vol. 385, pp. 123-125. 

Cruet-Hennequart, S.; Glynn, M. T.; Murillo, L. S.; Coyne, S. & Carty, M. P. (2008). Enhanced 
DNA-PK-mediated RPA2  hyperphosphorylation in DNA polymerase eta-deficient 
human cells treated with cisplatin and oxaliplatin. DNA Repair (Amst), Vol. 7, pp- 
582-596. 

Cruet-Hennequart, S.; Villalan, S.; Kaczmarczyk, A.; O'Meara, E.; Sokol, A. M. & Carty, M. P. 
(2009). Characterization of the effects of cisplatin and carboplatin on cell cycle 
progression and DNA damage response activation in DNA polymerase eta-
deficient human cells. Cell Cycle, Vol. 8, pp. 3039-3050. 

Dabholkar, M.; Bostick-Bruton, F.; Weber, C.; Bohr, V. A.; Egwuagu, C. & Reed, E. (1992). 
ERCC1 and ERCC2 expression in malignant tissues from ovarian cancer patients. J 
Natl Cancer Inst, Vol. 84, pp. 1512-1517. 

Dabholkar, M.; Vionnet, J.; Bostick-Bruton, F.; Yu, J. J. & Reed, E. (1994). Messenger RNA 
levels of XPAC and ERCC1 in ovarian cancer tissue correlate with response to 
platinum-based chemotherapy. J Clin Invest, Vol. 94, pp. 703-708. 

Damia, G. & D'Incalci, M. (2007). Targeting DNA repair as a promising approach in cancer 
therapy. Eur J Cancer, Vol. 43, pp. 1791-1801. 

De Feudis, P.; Debernardis, D.; Beccaglia, P.; Valenti, M.; Graniela, S. E.; Arzani, D.; 
Stanzione, S.; D'Incalci, M.; Russo, P. & Broggini, M. (1997). DDP-induced 
cytotoxicity is not influenced by p53 in nine human ovarian cancer cell lines with 
different p53 status. Br J Cancer, Vol. 76, pp. 474-479. 

De Silva, I. U.; McHugh, P. J.; Clingen, P. H. & Hartley, J. A. (2000). Defining the roles of 
nucleotide excision repair and recombination in the repair of DNA interstrand 
cross-links in mammalian cells. Mol Cell Biol, Vol. 20, pp. 7980-7990. 

Dietmaier, W.; Wallinger, S.; Bocker, T.; Kullmann, F.; Fishel, R. & Ruschoff, J. (1997). 
Diagnostic microsatellite instability: definition and correlation with mismatch 
repair protein expression. Cancer Res, Vol. 57, pp. 4749-4756. 

Ding, J.; Miao, Z.-H.; Meng, L.-H. & Geng, M.-Y. (2006). Emerging cancer therapeutic 
opportunities target DNA  repair systems. Trends Pharmacol Scl, Vol. 27, pp. 338-
344. 

Duckett, D. R.; Drummond, J. T.; Murchie, A. I. H.; Reardon, J. T.; Sancar, A.; Lilley, D. M. & 
Modrich, P. (1996). Human MutS-alpha recognizes damaged DNA-base pairs 
containing O-6-methylguanine, O-4-methylthymine, or the cisplatin-d(GpG) 
adduct. Proc Natl Acad Sci U S A, Vol. 93, pp. 6443-6447. 

Dunkern, T. R.; Fritz, G. & Kaina, B. (2001). Cisplatin-induced apoptosis in 43-3B and 27-1 
cells defective in  nucleotide excision repair. Mutat Res, Vol. 486, pp. 249-258. 

www.intechopen.com



 
The Molecular Basis of Cisplatin Resistance in Bladder Cancer Cells 

 

281 

Esrig, D.; Elmajian, D.; Groshen, S.; Freeman, J. A.; Stein, J. P.; Chen, S. C.; Nichols, P. W.; 
Skinner, D. G.; Jones, P. A. & Cote, R. J. (1994). Accumulation of nuclear p53 and 
tumor progression in bladder cancer. N Engl J Med, Vol. 331, pp. 1259-1264. 

Ferry, K. V.; Hamilton, T. C. & Johnson, S. W. (2000). Increased nucleotide excision repair in 
cisplatin-resistant ovarian cancer cells: role of ERCC1-XPF. Biochem Pharmacol, Vol. 
60, pp. 1305-1313. 

Fink, D.; Nebel, S.; Aebi, S.; Zheng, H.; Cenni, B.; Nehme, A.; Christen, R. D. & Howell, S. B. 
(1996). The role of DNA mismatch repair in platinum drug-resistance. Cancer Res, 
Vol. 56, pp. 4881-4886. 

Gadducci, A.; Cosio, S.; Muraca, S. & Genazzani, A. R. (2002). Molecular mechanisms of 
apoptosis and chemosensitivity to platinum and paclitaxel in ovarian cancer: 
biological data and clinical implications. Eur J Gynaecol Oncol, Vol. 23, pp. 390-396. 

Gifford, G.; Paul, J.; Vasey, P. A.; Kaye, S. B. & Brown, R. (2004). The acquisition of hMLH1 
methylation in plasma DNA after chemotherapy predicts poor survival for ovarian 
cancer patients. Clin Cancer Res, Vol. 10, pp.  4420-4426. 

Gillet, L. C. & Schärer, O. D. (2006). Molecular mechanisms of mammalian global genome 
nucleotide excision repair. Chem Rev, Vol. 106, pp. 253-276. 

Gonzalez-Zulueta, M.; Ruppert, J. M.; Tokino, K.; Tsai, Y. C.; Spruck, C. H.; 3rd, Miyao, N.; 
Nichols, P. W.; Hermann, G. G.; Horn, T.; Steven, K. & et al. (1993). Microsatellite 
instability in bladder cancer. Cancer Res, Vol. 53, pp.  5620-5623. 

Gossage, L. & Madhusudan, S. (2007). Current status of excision repair cross 
complementation-group 1  (ERCC1) in cancer. Cancer Treatment Reviews, Vol. 33, pp. 
565-577. 

Hahn, N. M.; Stadler, W. M.; Zon, R. T.; Waterhouse, D.; Picus, J.; Nattam, S.; Johnson, C. S.; 
Perkins, S. M.; Waddell, M. J. & Sweeney, C. J. (2011). Phase II trial of cisplatin, 
gemcitabine, and bevacizumab as first-line therapy for metastatic urothelial 
carcinoma: Hoosier Oncology Group GU 04-75. J Clin Oncol, Vol.  29, pp. 1525-1530. 

Handra-Luca, A.; Hernandez, J.; Mountzios, G.; Taranchon, E.; Lacau-St-Guily, J.; Soria, J.-C. 
& Fouret, P. (2007). Excision repair cross complementation group 1 
immunohistochemical expression predicts objective response  and cancer-specific 
survival in patients treated by cisplatin-based induction chemotherapy for locally  
advanced head and neck squamous cell carcinoma. Clin Cancer Res, Vol. 13, pp. 
38553859. 

Hartmann, A.; Zanardo, L.; Bocker-Edmonston, T.; Blaszyk, H.; Dietmaier, W.; Stoehr, R.; 
Cheville, J. C.; Junker, K.; Wieland, W.; Knuechel, R.; et al. (2002). Frequent 
microsatellite instability in sporadic tumors of the upper urinary tract. Cancer Res, 
Vol. 62, pp. 6796-6802. 

Helleman, J.; van Staveren, I. L.; Dinjens, W. N. M.; van Kuijk, P. F.; Ritstier, K.; Ewing, P. C.; 
van cer Burg, M. E. L.; Stoter, G. & Berns, E. M. J. J. (2006). Mismatch repair and 
treatment resistance in ovarian cancer. BMC Cancer, Vol. 6, pp. 201. 

Hinkel, A.; Schmidtchen, S.; Palisaar, R. J.; Noldus, J. & Pannek, J. (2008). Identification of 
bladder cancer patients at risk for recurrence or progression: an 
immunohistochemical study based on the expression of metallothionein. J Toxicol 
Environ Health A, Vol. 71, pp. 954-959. 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

282 

Holzer, A. K.; Manorek, G. H. & Howell, S. B. (2006). Contribution of the major copper 
influx transporter CTR1 to the cellular accumulation of cisplatin, carboplatin, and 
oxaliplatin. Mol Pharmacol, Vol. 70, pp. 1390-1394. 

Hong, J. H.; Lee, E.; Hong, J.; Shin, Y. J. & Ahn, H. (2002). Antisense Bcl2 oligonucleotide in 
cisplatin-resistant bladder cancer cell lines. BJU Int, Vol. 90, pp. 113-117. 

Hopkins-Donaldson, S.; Belyanskaya, L. L.; Simoes-Wust, A. P.; Sigrist, B.; Kurtz, S.; 
Zangemeister-Wittke, U. &  Stahel, R. (2006). p53-induced apoptosis occurs in the 
absence of p14(ARF) in malignant pleural  mesothelioma. Neoplasia, Vol. 8, pp. 551-
559. 

Hour, T. C.; Chen, J.; Huang, C. Y.; Guan, J. Y.; Lu, S. H.; Hsieh, C. Y. & Pu, Y. S. (2000). 
Characterization of  chemoresistance mechanisms in a series of cisplatin-resistant 
transitional carcinoma cell lines.  Anticancer  Res, Vol. 20, pp. 3221-3225. 

Ichikawa, Y.; Lemon, S. J.; Wang, S.; Franklin, B.; Watson, P.; Knezetic, J. A.; Bewtra, C. & 
Lynch, H. T. (1999).  Microsatellite instability and expression of MLH1 and MSH2 
in normal and malignant endometrial  and ovarian epithelium in hereditary 
nonpolyposis colorectal cancer family members. Cancer Genet  Cytogenet, Vol. 112, 
pp. 2-8. 

Ishida, S.; Lee, J.; Thiele, D. J. & Herskowitz, I. (2002). Uptake of the anticancer drug cisplatin 
mediated by the  copper transporter Ctr1 in yeast and mammals. Proc Natl Acad Sci, 
Vol. 99, pp. 14298-14302. 

Jachymczyk, W. J.; von Borstel, R. C.; Mowat, M. R. & Hastings, P. J. (1981). Repair of 
interstrand cross-links in  DNA of Saccharomyces cerevisiae requires two systems 
for DNA repair: the RAD3 system and the  RAD51 system. Mol Gen Genet, Vol. 182, 
pp. 196-205. 

Jamieson, E. R. & Lippard, S. J. (1999). Structure, recognition and processing of cisplatin-
DNA adducts. Chem  Rev, Vol. 99, pp. 2467-2498. 

Jansen, B. A. J.; Brouwer, J. & Reedijk, J. (2002). Glutathione induces cellular resistance 
against cationic dinuclear  platinum anticancer drugs. J Inorg Biochem, Vol. 89, pp. 
197-202. 

Jemal, A.; Murray, T.; Ward, E.; Samuels, A.; Tiwari, R. C.; Ghafoor, A.; Feuer, E. J. & Thun, 
M. J. (2005). Cancer  statistics, 2005. CA Cancer J Clin, Vol. 55, pp. 10-30. 

Jin, T. X.; Furihata, M.; Yamasaki, I.; Kamada, M.; Liang, S. B.; Ohtsuki, Y. & Shuin, T. (1999). 
Human mismatch  repair gene (hMSH2) product expression in relation to 
recurrence of transitional cell carcinoma of the  urinary bladder. Cancer, Vol. 85, pp. 
478-484. 

Johnson, S. W.; Perez, R. P.; Godwin, A. K.; Yeung, A. T.; Handel, L. M.; Ozols, R. F. & 
Hamilton, T. C. (1994a).  Role of platinum-DNA adduct formation and removal in 
cisplatin resistance in human ovarian cancer  cell lines. Biochem Pharmacol, Vol. 47, 
pp. 689-697. 

Johnson, S. W.; Swiggard, P. A.; Handel, L. M.; Brennan, J. M.; Godwin, A. K.; Ozols, R. F. & 
Hamilton, T. C.  (1994b). Relationship between platinum-DNA adduct formation 
and removal and cisplatin cytotoxicity in  cisplatin-sensitive and cisplatin-resistant 
human ovarian-cancer cells. Cancer Res, Vol.  54, pp. 5911-5916. 

Jones, S. L.; Hickson, I. D.; Harris, A. L. & Harnett, P. R. (1994). Repair of cisplatin-DNA 
adducts by protein  extracts from human ovarian-carcinoma. Int J Cancer, Vol. 59, 
pp. 388-393. 

www.intechopen.com



 
The Molecular Basis of Cisplatin Resistance in Bladder Cancer Cells 

 

283 

Jordan, P. & Carmo-Fonseca, M. (2000). Molecular mechanisms involved in cisplatin 
cytotoxicity. Cell Mol Life  Sci, Vol. 57, pp. 1229-1235. 

Jun, H. J.; Ahn, M. J.; Kim, H. S.; Sy, S. Y.; Han, J.; Lee, S. K.; Ahn, Y. C.; Jeong, H.-S.; Son, Y.-
I.; Baek, J. H. &  Park, K. (2008). ERCC1 expression as a predictive marker of 
squamous cell carcinoma of the head and  neck treated with cisplatin-based 
concurrent chemotherapy. Br J Cancer, Vol. 99, pp. 167-172. 

Kagi, J. H. & Schaffer, A. (1988). Biochemistry of metallothionein. Biochemistry, Vol. 27, pp. 
8509-8515. 

Kartalou, M. & Essigmann, J. M. (2001). Recognition of cisplatin adducts by cellular proteins. 
Mutat Res, Vol.  478, pp. 1-21. 

Kasahara, K.; Fujiwara, Y.; Nishio, K.; Ohmori, T.; Sugimoto, Y.; Komiya, K.; Matsuda, T. & 
Saijo, N. (1991).   Metallothionein content correlates with the sensitivity of human 
small cell lung cancer cell lines to cisplatin.  Cancer Res, Vol. 51, pp. 3237-3242. 

Kaufman, D. S. (2006). Challenges in the treatment of bladder cancer. Ann Oncol, Vol. 17 
Suppl 5, pp. 106-112. 

Kawasaki, T.; Tomita, Y.; Bilim, V.; Takeda, M.; Takahashi, K. & Kumanishi, T. (1996). 
Abrogation of apoptosis  induced by DNA-damaging agents in human bladder-
cancer cell lines with p21/WAF1/CIP1 and/or  p53 gene alterations. Int J Cancer, 
Vol. 68, pp. 501-505. 

Kim, K. H.; Do, I. G.; Kim, H. S.; Chang, M. H.; Kim, H. S.; Jun, H. J.; Uhm, J.; Yi, S. Y.; Lim 
do, H.; Ji, S. H.; et al.  (2010). Excision repair cross-complementation group 1 
(ERCC1) expression in advanced urothelial carcinoma  patients receiving cisplatin-
based chemotherapy. Apmis, Vol. 118, pp. 941-948. 

Kim, M. K.; Cho, K.-J.; Kwon, G. Y.; Park, S.-I.; Kim, Y. H.; Kim, J. H.; Song, H.-Y.; Shin, J. H.; 
Jung, H. Y.; Lee, G. H.; et  al. (2008). Patients with ERCC1-negative locally advanced 
esophageal cancers may benefit  from  preoperative chemotherapy. Clin Cancer Res, 
Vol. 14, pp. 4225-4231. 

Köberle, B.; Grimaldi, K. A.; Sunters, A.; Hartley, J. A.; Kelland, L. R. & Masters, J. R. (1997). 
DNA repair  capacity  and cisplatin sensitivity of human testis tumour cells. Int J 
Cancer, Vol. 70, pp. 551-555. 

Köberle, B.; Masters, J. R.; Hartley, J. A. & Wood, R. D. (1999). Defective repair of cisplatin-
induced DNA  damage  caused by reduced XPA protein in testicular germ cell 
tumours. Curr Biol, Vol. 9, pp. 273-276. 

Köberle, B.; Payne, J.; Grimaldi, K. A.; Hartley, J. A. & Masters, J. R. W. (1996). DNA-repair 
in cisplatin-sensitive and  resistant human cell-lines measured in specific genes by 
quantitative polymerase chain- reaction. Biochem  Pharmacol, Vol. 52, pp. 1729-1734. 

Köberle, B.; Tomicic, M.; Usanova, S. & Kaina, B. (2010). Cisplatin resistance: preclinical 
findings and clinical  implications BBA Reviews on Cancer, Vol. 1806, pp. 172-182. 

Koga, H.; Kotoh, S.; Nakashima, M.; Yokomizo, A.; Tanaka, M. & Naito, S. (2000). 
Accumulation of intracellular  platinum is correlated with intrinsic cisplatin 
resistance in human bladder cancer cell lines. Int J Oncol,  Vol. 16, pp. 1003-1007. 

Kondo, Y.; Kuo, S.-M.; Watkins, S. C. & Lazo, J. S. (1995). Metallothionein localization and 
cisplatin resistance in  human hormone-independent prostatic tumor cell lines. 
Cancer Res, Vol. 1995, pp. 474-477. 

Kong, G.; Shin, K. Y.; Oh, Y. H.; Lee, J. J.; Park, H. Y.; Woo, Y. N. & Lee, J. D. (1998). Bcl-2 
and p53 expressions in  invasive bladder cancers. Acta Oncol, Vol. 37, pp. 715-720. 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

284 

Konstantakou, E. G.; Voutsinas, G. E.; Karkoulis, P. K.; Aravantinos, G.; Margaritis, L. H. 
and Stravopodis, D. J.  (2009). Human bladder cancer cells undergo cisplatin-
induced apoptosis that is associated with p53- dependent and p53-independent 
responses. Int J Oncol, Vol. 35, pp. 401-416. 

Kotoh, S.; Naito, S.; Sakamoto, N.; Goto, K. & Kumazawa, J. (1994). Metallothionein 
expression is correlated  with cisplatin resistance in transitional cell carcinoma of 
the urinary tract. J Urology, Vol. 152, pp. 1267- 1270. 

Kotoh, S.; Naito, S.; Yokomizo, A.; Kohno, K.; Kuwano, M. & Kumazawa, J. (1997). 
Enhanced expression of  gamma-glutamylcysteine synthetase and glutathione S-
transferase genes in cisplatin-resistant bladder  cancer cells with multidrug 
resistance phenotype. J Urol, Vol. 157, pp. 1054-1058. 

Kunkel, T. A. & Erie, D. A. (2005). DNA mismatch repair. Annu Rev Biochem, Vol. 74, pp. 
681-710. 

Kuo, M. T.; Chen, H. H. W.; Song, I.-S.; Savaraj, N. & Ishikawa, T. (2007). The roles of copper 
transporters in  cisplatin resistance. Cancer Metastasis Rev, Vol. 26, pp. 71-83. 

Kuraoka, I.; Kobertz, W. R.; Ariza, R. R.; Biggerstaff, M.; Essigmann, J. M. & Wood, R. D. 
(2000). Repair of an  interstrand DNA crosslink initiated by ERCC1-XPF 
repair/recombination nuclease. J Biol Chem, Vol.  275, pp. 26632-26636. 

Li, Q.; Gardner, K.; Zhang, L.; Tsang, B.; Bostick-Bruton, F. & Reed, E. (1998). Cisplatin 
induction of ERCC-1  mRNA expression in A2780/CP70 human ovarian cancer 
cells. J Biol Chem, Vol. 273, pp. 23419-23425. 

Li, Q.; Yu, J. J.; Mu, C.; Yunmbam, M. K.; Slavsky, D.; Cross, C. L.; Bostick-Bruton, F. & Reed, 
E. (2000). Association  between the level of ERCC-1 expression and the repair of 
cisplatin-induced DNA damage  in human  ovarian cancer cells. Anticancer Res, Vol. 
20, pp. 645-652. 

Lin, C. C.; Hsu, C. H.; Huang, C. Y.; Keng, H. Y.; Tsai, Y. C.; Huang, K. H.; Cheng, A. L. & 
Pu, Y. S. (2007).  Gemcitabine  and ifosfamide as a second-line treatment for 
cisplatin-refractory metastatic urothelial carcinoma: a phase II  study. Anticancer 
Drugs, Vol. 18, pp. 487-491. 

Liston, P.; Fong, W. G.; Kelly, N. L.; Toji, S.; Miyazaki, T.; Conte, D.; Tamai, K.; Craig, C. G.; 
McBurney, M. W. &  Korneluk, R. G. (2001). Identification of XAF1 as an antagonist 
of XIAP anti-Caspase activity. Nat  Cell Biol,  Vol. 3, pp. 128-133. 

Ma, Y.; Yu, W. D.; Trump, D. L. & Johnson, C. S. (2010). 1,25D3 enhances antitumor activity 
of gemcitabine and  cisplatin in human bladder cancer models. Cancer, Vol.  116, 
pp. 3294-3303. 

Mannervik, B. (1987). The enzymes of glutathione metabolism: an overview. Biochem Soc 
Trans, Vol. 15, pp. 717- 718. 

Mansouri, A.; Zhang, Q.; Ridgway, L. D.; Tian, L. & Claret, F. X. (2003). Cisplatin resistance 
in an ovarian  carcinoma  is associated with a defect in programmed cell death 
control through XIAP regulation.  Oncol Res, Vol. 13,  pp. 399-404. 

Massey, A.; Offman, J.; Macpherson, P. & Karran, P. (2003). DNA mismatch repair and 
acquired cisplatin  resistance  in E. coli and human ovarian carcinoma cells. DNA 
Repair (Amst), Vol. 2, pp. 73-89. 

McHugh, P. J.; Spanswick, V. J. & Hartley, J. A. (2001). Repair of DNA interstrand crosslinks: 
molecular  mechanisms and clinical relevance. The Lancet Oncology, Vol. 2, pp. 483-
490. 

www.intechopen.com



 
The Molecular Basis of Cisplatin Resistance in Bladder Cancer Cells 

 

285 

Meijer, C.; Mulder, N. H.; Timmer-Bosscha, H.; Sluiter, W. J.; Meersma, G. J. & de Vries, E. 
G. E. (1992).  Relationship of cellular glutathione to the cytotoxicity and resistance 
of seven platinum compounds.  Cancer Res, Vol. 52, pp. 6885-6889. 

Mellish, K. J.; Kelland, L. R. & Harrap, K. R. (1993). In vitro drug chemosensitivity of human 
cervical squamous  cell carcinoma cell lines with intrinsic and acquired resistance 
to cisplatin. Br J Cancer, Vol. 68, pp. 240- 250. 

Mello, J. A.; Acharya, S.; Fishel, R. & Essigmann, J. M. (1996). The mismatch-repair protein 
hMSH2 binds  selectively  to DNA-adducts of the anticancer drug cisplatin. Chem 
Biol, Vol. 3, pp. 579-589. 

Metzger, R.; Leichman, C. G.; Danenberg, K. D.; Danenberg, P. V.; Lenz, H. J.; Hayashi, K.; 
Groshen, S.;  Salonga,  D.; Cohen, H.; Laine, L.; et al. (1998). ERCC1 mRNA levels 
complement thymidylate synthase  mRNA  levels in predicting response and 
survival for gastric cancer patients receiving combination  cisplatin  and 
fluorouracil chemotherapy. J Clin Oncol, Vol. 16, pp. 309-316. 

Mini, E.; Nobili, S.; Caciagli, B.; Landini, I. & Mazzei, T. (2006). Cellular pharmacology of 
gemcitabine. Ann Oncol, Vol. 17  Suppl 5, v7-12. 

Miyake, H.; Hanada, N.; Nakamura, H.; Kagawa, S.; Fujiwara, T.; Hara, I.; Eto, H.; Gohji, K.; 
Arakawa, S.;  Kamidono,  S. & Saya, H. (1998). Overexpression of Bcl-2 in bladder 
cancer cells inhibits apoptosis  induced by cisplatin  and adenoviral-mediated p53 
gene transfer. Oncogene, Vol. 16, pp. 933-943. 

Miyake, H.; Hara, I.; Yamanaka, K.; Arakawa, S. & Kamidono, S. (1999). Synergistic 
enhancement of resistance to  cisplatin in human bladder cancer cells by 
overexpression of mutant-type p53 and Bcl-2. J Urol, Vol.  162, pp. 2176-2181. 

Muramaki, M.; So, A.; Hayashi, N.; Sowery, R.; Miyake, H.; Fujisawa, M. & Gleave, M. E. 
(2009). Chemosensitization of  gemcitabine-resistant human bladder cancer cell line 
both in vitro and in vivo using antisense oligonucleotide  targeting the anti-
apoptotic gene, clusterin. BJU Int, Vol. 103, pp. 384- 390. 

Mylona, E.; Zarogiannos, A.; Nomikos, A.; Giannopoulou, I.; Nikolaou, I.; Zervas, A. & 
Nakopoulou, L. (2008).  Prognostic value of microsatellite instability determined by 
immunohistochemical staining of hMSH2  and hMSH6 in urothelial carcinoma of 
the bladder. Apmis, Vol. 116, 59-65. 

Niedernhofer, L. J.; Odijk, H.; Budzowska, M.; van Drunen, E.; Maas, A.; Theil, A. F.; de Wit, 
J.; Jaspers, N. G.;  Beverloo, H. B.; Hoeijmakers, J. H. & Kanaar, R. (2004). The 
structure-specific endonuclease Ercc1-Xpf is  required to resolve DNA interstrand 
cross-link-induced double-strand breaks. Mol Cell Biol, Vol. 24, pp. 5776- 5787. 

Nishiyama, H.; Watanabe, J. & Ogawa, O. (2008). p53 and chemosensitivity in bladder 
cancer. Int J Clin Oncol,  Vol. 13, pp. 282-286. 

O'Connor, P. M.; Jackman, J.; Bae, I.; Myers, T. G.; Fan, S.; Mutoh, M.; Scudiero, D. A.; 
Monks, A.; Sausville, E. A.;  Weinstein, J. N.; et al. (1997). Characterization of the 
p53 tumor suppressor pathway in cell lines of  the National Cancer Institute 
anticancer drug screen and correlations with the growth-inhibitory  potency of  123 
anticancer agents. Cancer Res, Vol. 57, pp. 4285-4300. 

Ohashi, E.; Ogi, T.; Kusumoto, R.; Iwai, S.; Masutani, C.; Hanaoka, F. & Ohmori, H. (2000). 
Error-prone bypass of  certain DNA lesions by the human DNA polymerase kappa. 
Genes Dev, Vol. 14, pp. 1589-1594. 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

286 

Olaussen, K. A.; Dunant, A.; Fouret, P.; Brambilla, E.; Andre, F.; Haddad, V.; Taranchon, E.; 
Filipits, M.; Pirker, R.;  Popper, H. H.; et al. (2006). DNA repair by ERCC1 in non-
small-cell lung cancer and cisplatin- based  adjuvant chemotherapy. N Engl J Med, 
Vol. 355, pp. 983-991. 

Oldenburg, J.; Begg, A. C.; van Vugt, M. J.; Ruevekamp, M.; Schornagel, J. H.; Pinedo, H. M. 
& Los, G. (1994).  Characterization of resistance mechanisms to cis-
diamminedichloroplatinum(II) in three sublines of  the CC531 colon 
adenocarcinoma cell line in vitro. Cancer Res, Vol. 54, pp. 487-493. 

Ottini, L.; Palli, D.; Falchetti, M.; D'Amico, C.; Amorosi, A.; Saieva, C.; Calzolari, A.; Cimoli, 
F.; Tatarelli, C.; De  Marchis, L.; et al. (1997). Microsatellite instability in gastric 
cancer is associated with tumor location  and family history in a high-risk 
population from Tuscany. Cancer Res, Vol. 57, pp. 4523-4529. 

Pabla, N.; Huang, S.; Mi, Q.-S.; Daniel, R. & Dong, Z. (2008). ATR-Chk2 signaling in p53 
activation and DNA  damage response during cisplatin-induced apoptosis. J Biol 
Chem, Vol. 283, pp. 6572-6583. 

Pani, E.; Stojic, L.; El-Shemerly, M.; Jiricny, J. & Ferrari, S. (2007). Mismatch repair status and 
the response of  human cells to cisplatin. Cell Cycle, Vol. 6, pp. 1796-1802. 

Papouli, E.; Cejka, P. & Jiricny, J. (2004). Dependence of the cytotoxicity of DNA-damaging 
agents on the  micmatch  repair status of human cells. Cancer Res, Vol. 64, pp. 3391-
3394. 

Parker, R. J.; Eastman, A.; Bostick-Bruton, F. & Reed, E. (1991). Acquired cisplatin resistance 
in human ovarian  cancer cells is associated with enhanced repair of cisplatin-DNA 
lesions and reduced drug  accumulation. J Clin Invest, Vol. 87, pp. 772-777. 

Parsons, R.; Li, G. M.; Longley, M. J.; Fang, W. H.; Papadopoulos, N.; Jen, J.; Delachapelle, 
A.; Kinzler, K. W.;  Vogelstein, B. & Modrich, P. (1993). Hypermutability and 
mismatch repair deficiency in rer+ tumor- cells. Cell, Vol. 75, pp. 1227-1236. 

Parton, M.; Krajewski, S.; Smith, I.; Krajewska, M.; Archer, C.; Naito, M.; Ahern, R.; Reed, J. 
& Dowsett, M.  (2002).  Coordinate expression of apoptosis-associated proteins in 
human breast cancer before and during  chemotherapy. Clin Cancer Res, Vol 8, pp. 
2100-2108. 

Pinho, M. B.; Costas, F.; Sellos, J.; Dienstmann, R.; Andrade, P. B.; Herchenhorn, D.; Peixoto, 
F. A.; Santos, V. O.;  Small, I. A.; Guimaraes, D. P. & Ferreira, C. G. (2009). XAF1 
mRNA expression improves progression- free and overall survival for patients 
with advanced bladder cancer treated with neoadjuvant  chemotherapy. Urol Oncol. 
Vol. 27, pp. 382-390. 

Qureshi, K. N.; Griffiths, T. R.; Robinson, M. C.; Marsh, C.; Roberts, J. T.; Hall, R. R.; Lunec, J. 
& Neal, D. E.  (1999).  TP53 accumulation predicts improved survival in patients 
resistant to systemic cisplatin-based  chemotherapy for muscle-invasive bladder 
cancer. Clin Cancer Res, Vol. 5, pp. 3500-3507. 

Rabik, C. A. & Dolan, M. E. (2007). Molecular mechanisms of resistance and toxicity 
associated with platinating  agents. Cancer Treat Rev, Vol. 33, pp. 9-23. 

Roos, W. P.; Tsaalbi-Shtylik, A.; Tsaryk, R.; Guvercin, F.; de Wind, N. & Kaina, B. (2009). The 
translesion  polymerase  Rev3L in the tolerance of alkylating anticancer drugs. Mol 
Pharmacol, Vol. 76, pp. 927-934. 

Safaei, R. (2006). Role of copper transporters in the uptake and efflux of platinum containing 
drugs. Cancer  Letters, Vol. 234, pp. 34-39. 

www.intechopen.com



 
The Molecular Basis of Cisplatin Resistance in Bladder Cancer Cells 

 

287 

Saga, Y.; Hashimoto, H.; Yachiku, S.; Iwata, T. & Tokumitsu, M. (2004). Reversal of acquired 
cisplatin resistance by  modulation of metallothionein in transplanted murine 
tumors. Int J Urol, Vol. 11, pp. 407-415. 

Sarkar, S.; A.A.; D.; H.D.; U. & McHugh, P. J. (2006). DNA interstrand crosslink repair 
during G1 involves  nucleotide  excision repair and DNA polymerase ┞. The EMBO 
J, Vol. 25, pp. 1285-1294. 

Satoh, M.; Cherian, M. G.; Imura, N. & Shimizu, H. (1994). Modulation of resistance to 
anticancer drugs by  inhibition of metallothionein synthesis. Cancer Res, Vol. 54, pp. 
5255-5257. 

Schaaf, A.; Sagi, S.; Langbein, S.; Trojan, L.; Alken, P. & Michel, M. S. (2004). Cytotoxicity of 
cisplatin in bladder  cancer is significantly enhanced by application of bcl-2 
antisense oligonucleotides. Urol Oncol, Vol. 22,  pp. 188-192. 

Shachar, S.; Ziv, O.; Avkin, S.; Adar, S.; Wittschieben, J.; Reissner, T.; Chaney, S.; Friedberg, 
E. C.; Wang, Z.;  Carell, T.; et al. (2009). Two-polymerase mechanisms dictate error-
free and error-prone translesion  DNA synthesis in mammals. Embo J, Vol. 28, pp. 
383-393. 

Shariat, S. F.; Karakiewicz, P. I.; Godoy, G.; Karam, J. A.; Ashfaq, R.; Fradet, Y.; Isbarn, H.; 
Montorsi, F.; Jeldres, C.;  Bastian, P. J.; et al. (2009). Survivin as a prognostic marker 
for urothelial carcinoma of the bladder: a  multicenter external validation study. 
Clin Cancer Res, Vol. 15, pp. 7012-7019. 

Shen, X.; Jun, S.; O"Neal, L. E.; Sonoda, E.; Bemark, M.; Sale, J. E. & Li, L. (2006). REV3 and 
REV1 play major  roles in recombination-independent repair of DNA interstrand 
cross-links mediated by  monoubiquitinated  proliferating cell nuclear antigen 
(PCNA). J Biol Chem, Vol. 281, pp. 13869-13872. 

Shivji, M. K.; Moggs, J. G.; Kuraoka, I.; & Wood, R. D. (1999). Dual-incision assays for 
nucleotide excision repair  using DNA with a lesion at a specific site. In DNA Repair 
Protocols: Eukaryotic Systems, D. S. Henderson, ed.  (Totowa, NJ, Humana Press), pp. 
373-392. 

Shivji, M. K.; Moggs, J. G.; Kuraoka, I. & Wood, R. D. (2005). Assaying for the dual incisions 
of nucleotide  excision  repair using DNA with a lesion at a specific site. In DNA 
Repair Protocols: Eukaryotic Systems, Second Edition,  D. S. Henderson, ed. (Totowa, NJ, 
Humana Press), pp. 435-456. 

Shuck, S. C.; Short, E. A. & Turchi, J. J. (2008). Eukaryotic nucleotide excision repair: from 
understanding  mechanisms to influencing biology. Cell Research, Vol. 18, pp. 64-72. 

Siddik, Z. H. (2003). Cisplatin: mode of action and molecular basis of resistance. Oncogene, 
Vol. 22, pp. 7265- 7279. 

Siegsmund, M. J.; Marx, C.; Seemann, O.; Schummer, B.; Steidler, A.; Toktomambetova, L.; 
Kohrmann, K. U.;  Rassweiler, J. & Alken, P. (1999). Cisplatin-resistant bladder 
carcinoma cells: enhanced expression of  metallothioneins. Urol Res, Vol. 27, pp. 
157-163. 

Sijbers, A. M.; de Laat, W. L.; Ariza, R. R.; Biggerstaff, M.; Wei, Y.-F.; Moggs, J. G.; Carter, K. 
C.; Shell, B. K.;  Evans, E.; de Jong, M. C.; et al. (1996). Xeroderma pigmentosum 
group F caused by a defect in a  structure- specific DNA repair endonuclease. Cell, 
Vol. 86, pp. 811-822. 

Singh, S. V.; Xu, B. H.; Jani, J. P.; Emerson, E. O.; Backes, M. G.; Rihn, C.; Scalamogna, D.; 
Stemmler, N.; Specht, S.;  Blanock, K. & et al. (1995). Mechanism of cross-resistance 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

288 

to cisplatin in a mitomycin C-resistant  human  bladder cancer cell line. Int J Cancer, 
Vol. 61, pp. 431-436. 

Siu, L. L.; Banerjee, D.; Khurana, R. J.; Pan, X.; Pflueger, R.; Tannock, I. F. & Moore, M. J. 
(1998). The prognostic  role of p53, metallothionein, P-glycoprotein, and MIB-1 in 
muscle-invasive urothelial transitional cell  carcinoma. Clin Cancer Res, Vol. 4, pp. 
559-565. 

Soga, N.; Kise, H.; Arima, K. & Sugimura, Y. (2010). Third-line gemcitabine monotherapy for 
platinum-resistant  advanced urothelial cancer. Int J Clin Oncol, Vol. 15, pp. 376-381. 

Song, I.-S.; Savaraj, N.; Siddik, Z. H.; Liu, P.; Wei, Y.; Wu, C. J. & Kuo, M. T. (2004). Role of 
human copper  transporter  Ctr1 in the transport of platinum-based antitumor 
agents in cisplatin-sensitive and cisplatin-resistant cells.  Molec Cancer Therapeutics, 
Vol. 3, pp. 1543-1549. 

Strand, M.; Prolla, T. A.; Liskay, R. M. & Petes, T. D. (1993). Destabilization of tracts of 
simple repetitive DNA in yeast  by mutations affecting DNA mismatch repair. 
Nature, Vol. 365, pp. 274-276. 

Surowiak, P.; Materna, V.; Maciejczyk, A.; Pudelko, M.; Markwitz, E.; Spaczynski, M.; Dietel, 
M.; Zabel, M. &  Lage, H. (2007). Nuclear metallothionein expression correlates 
with cisplatin resistance of ovarian  cancer cells and poor clinical outcome. Virchows 
Arch, Vol. 450, pp. 279-285. 

Tada, Y.; Wada, M.; Migita, T.; Nagayama, J.; Hinoshita, E.; Mochida, Y.; Maehara, Y.; 
Tsuneyoshi, M.; Kuwano, M. &  Naito, S. (2002). Increased expression of multidrug 
resistance-associated proteins in bladder cancer  during clinical course and drug 
resistance to doxorubicin. Int J Cancer, Vol. 98, pp. 630- 635. 

Taniguchi, K.; Wada, M.; Kohno, K.; Nakamura, T.; Kawabe, T.; Kawakami, M.; Kagotani, 
K.; Okumura, K.;  Akiyama, S. & Kuwano, M. (1996). A human canalicular 
multispecific organic anion transporter  (cMOAT) gene is overexpressed in 
cisplatin-resistant human cancer cell lines with decreased drug  accumulation. 
Cancer Res,  Vol. 56, pp. 4124-4129. 

Tirro, E.; Consoli, M. L.; Massimino, M.; Manzella, L.; Frasca, F.; Sciacca, L.; Vicari, L.; Stassi, 
G.; Messina, L.;  Messina, A. & Vigneri, P. (2006). Altered expression of c-IAP1, 
survivin, and Smac contributes to  chemotherapy resistance in thyroid cancer cells. 
Cancer Res, Vol. 66, pp. 4263-4272. 

Topping, R. P.; Wilkinson, J. C. & Drotschmann Scarpinato, K. (2009). Mismatch repair 
protein deficiency  compromises cisplatin-induced apoptotic signaling. J Biol Chem, 
Vol. 284, pp. 14029-14039. 

Usanova, S.; Piee-Staffa, A.; Sied, U.; Thomale, J.; Schneider, A.; Kaina, B. & Köberle, B. 
(2010). Cisplatin  sensitivity  of testis tumour cells is due to deficiency in 
interstrand-crosslink repair and low ERCC1- XPF expression. Mol  Cancer, Vol. 9, 
pp. 248. 

von der Maase, H.; Sengelov, L.; Roberts, J. T.; Ricci, S.; Dogliotti, L.; Oliver, T.; Moore, M. J.; 
Zimmermann, A. &  Arning, M. (2005). Long-term survival results of a randomized 
trial comparing gemcitabine plus cisplatin, with  methotrexate, vinblastine, 
doxorubicin, plus cisplatin in patients with bladder cancer. J Clin Oncol, Vol. 23, pp.  
4602-4608. 

Wang, H.; Zhang, S. Y.; Wang, S.; Lu, J.; Wu, W.; Weng, L.; Chen, D.; Zhang, Y.; Lu, Z.; 
Yang, J.; et al. (2009).  REV3L confers chemoresistance to cisplatin in human 

www.intechopen.com



 
The Molecular Basis of Cisplatin Resistance in Bladder Cancer Cells 

 

289 

gliomas: the potential of its RNAi for synergistic  therapy. Neuro Oncol, Vol. 11, pp. 
790-802. 

Watanabe, J.; Nishiyama, H.; Okubo, K.; Takahashi, T.; Toda, Y.; Habuchi, T.; Kakehi, Y.; 
Tada, M. & Ogawa, O.  (2004). Clinical evaluation of p53 mutations in urothelial 
carcinoma by IHC and FASAY. Urology, Vol. 63, pp.  989-993. 

Weberpals, J.; Garbuio, K.; O'Brien, A.; Clark-Knowles, K.; Doucette, S.; Antoniouk, O.; 
Goss, G. &  Dimitroulakos, J. (2009). The DNA repair proteins BRCA1 and ERCC1 
as predictive markers in  sporadic  ovarian cancer. Int J Cancer, Vol. 124, pp. 806-
815. 

Wei, S. H.; Chen, C. M.; Strathdee, G.; Harnsomburana, J.; Shyu, C. R.; Rahmatpanah, F.; Shi, 
H.; Ng, S. W.;  Yan, P. S.; Nephew, K. P.; et al. (2002). Methylation microarray 
analysis of late-stage ovarian carcinomas  distinguishes progression-free survival in 
patients and identifies candidate epigenetic  markers. Clin Cancer  Res, Vol. 8, pp. 
2246-2252. 

Welsh, C.; Day, R.; McGurk, C.; Masters, J. R.; Wood, R. D. & Köberle, B. (2004). Reduced 
levels of XPA, ERCC1  and XPF DNA repair proteins in testis tumor cell lines. Int J 
Cancer, Vol. 110, pp. 352-361. 

Westerveld, A.; Hoeijmakers, J. H. J.; van Duin, M.; de Wit, J.; Odijk, H.; Pastink, A.; Wood, 
R. & Bootsma, D.  (1984). Molecular cloning of a human DNA repair gene. Nature, 
Vol. 310, pp. 425-429. 

Williams, J.; Lucas, P. C.; Griffith, K. A.; Choi, M.; Fogoros, S.; Hu, Y. Y. & Liu, J. R. (2005). 
Expression of Bcl-xL  in  ovarian carcinoma is associated with chemoresistance and 
recurrent disease. Gynecol  Oncol, Vol. 96, pp.  287-295. 

Wittschieben, J. P.; Reshmi, S. C.; Gollin, S. M. & Wood, R. D. (2006). Loss of DNA 
polymerase zeta causes  chromosomal instability in mammalian cells. Cancer Res, 
Vol. 66, pp. 134-142. 

Wood, D. P. J.; Klein, E.; Fair, W. R. & Chaganti, R. S. (1993). Metallothionein gene 
expression in bladder cancer  exposed to cisplatin. Modern Pathology, Vol. 6, pp. 33-
35. 

Wood, R. D.; Araújo, S. J.; Ariza, R. R.; Batty, D. P.; Biggerstaff, M.; Evans, E.; Gaillard, P.-H.; 
Gunz, D.; Köberle, B.;  Kuraoka, I.; et al. (2000). DNA damage recognition and 
nucleotide excision repair in mammalian  cells. Cold  Spring Harbor Sym Quant Biol, 
Vol. 65, pp. 173-182. 

Wülfing, C.; van Ahlen, H.; Eltze, E.; Piechota, H.; Hertle, L. & Schmid, K. W. (2007). 
Metallothionein in bladder  cancer: correlation of overexpression with poor 
outcome after chemotherapy. World J Urol, Vol. 25, pp.  199-205. 

Wynne, P.; Newton, C.; Ledermann, J. A.; Olaitan, A.; Mould, T. A. & Hartley, J. A. (2007). 
Enhanced repair of  DNA interstrand crosslinking in ovarian cancer cells from 
patients following treatment with platinum-based  chemotherapy. Br J Cancer, Vol. 
97, pp. 927-933. 

Yang, D.; Song, X.; Zhang, J.; Ye, L.; Wang, S.; Che, X.; Wang, J.; Zhang, Z.; Wang, L. & Shi, 
W. (2010). Therapeutic  potential of siRNA-mediated combined knockdown of the 
IAP genes (Livin, XIAP, and Survivin) on  human bladder cancer T24 cells. Acta 
Biochim Biophys Sin (Shanghai), Vol. 42, pp. 137-144. 

Yang, X.; Zheng, F.; Xing, H.; Gao, Q.; Wei, W.; Lu, Y.; Wang, S.; Zhou, J.; Hu, W. & Ma, D. 
(2004). Resistance to  chemotherapy-induced apoptosis via decreased caspase-3 

www.intechopen.com



 
Bladder Cancer – From Basic Science to Robotic Surgery 

 

290 

activity and overexpression of antiapoptotic  proteins in ovarian cancer. J Cancer 
Res Clin Oncol, Vol. 130, pp. 423-428. 

Yeh, J. J.; Hsu, N. Y.; Hsu, W. H.; Tsai, C. H.; Lin, C. C. & Liang, J. A. (2005). Comparison of 
chemotherapy  response  with P-glycoprotein, multidrug resistance-related protein-
1, and lung resistance-related  protein expression  in untreated small cell lung 
cancer. Lung, Vol. 183, pp. 177-183. 

Zhen, W.; Link, C. J.; Jr.; O'Connor, P. M.; Reed, E.; Parker, R.; Howell, S. B. & Bohr, V. A. 
(1992). Increased  gene-specific repair of cisplatin interstrand cross-links in 
cisplatin-resistant human ovarian cancer cell  lines. Mol Cell Biol, Vol. 12, pp. 3689-
3698. 

Zheng, H.; Tomschik, M.; Zlatanova, J. & Leuba, S. H. (2005). Evanescent field fluorescence 
microscopy (EFFM) for  analysis of protein/DNA interactions at the single-
molecule level. In Protein-protein interactions, a molecular cloning manual, 2nd edition, 
E. Golemis, & P. Adams, eds. (Cold Spring Harbor, NY, Cold Spring Harbor  
Laboratory Press), pp. 1-19 Chapter 20. 

www.intechopen.com



Bladder Cancer - From Basic Science to Robotic Surgery

Edited by Dr. Abdullah Canda

ISBN 978-953-307-839-7

Hard cover, 460 pages

Publisher InTech

Published online 01, February, 2012

Published in print edition February, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book is an invaluable source of knowledge on bladder cancer biology, epidemiology, biomarkers,

prognostic factors, and clinical presentation and diagnosis. It is also rich with plenty of up-to-date information,

in a well-organized and easy to use format, focusing on the treatment of bladder cancer including surgery,

chemotherapy, radiation therapy, immunotherapy, and vaccine therapy. These chapters, written by the experts

in their fields, include many interesting, demonstrative and colorful pictures, figures, illustrations and tables.

Due to its practicality, this book is recommended reading to anyone interested in bladder cancer.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Beate Köberle and Andrea Piee-Staffa (2012). The Molecular Basis of Cisplatin Resistance in Bladder Cancer

Cells, Bladder Cancer - From Basic Science to Robotic Surgery, Dr. Abdullah Canda (Ed.), ISBN: 978-953-

307-839-7, InTech, Available from: http://www.intechopen.com/books/bladder-cancer-from-basic-science-to-

robotic-surgery/the-molecular-basis-of-cisplatin-resistance-in-bladder-cancer-cells



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


