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Abstract

Cisplatin is one of the most widely applied antineoplastic agents used to treat different types of 
solid tumours. However, its use is limited by serious side- effects including nephrotoxicity. Cisplatin 
accumulates in proximal tubule and forms nephrotoxins that causes proximal cell injury and thereby 
leads to nephrotoxicity. Cisplatin enters these proximal cells by organic transporter molecules (OCT). 
Genetic polymorphism of these molecules and other membrane transport proteins that regulate cisplatin 
accumulation may influence cisplatin- related nephrotoxic outcome. Variations of DNA repair enzymes, 
e.g., ERCC1, eIF3, MMS 19L, and metabolic enzymes involved in platinum detoxification, e.g., GSTT1, 
GSTM1 may also have important role in the generation of nephrotoxicity. Polymorphisms of these 
genes can be used as predictive tools for such adverse- events in an individual. Thus chemotherapy 
can be modulated accordingly without compromising with antineoplastic activities of cisplatin.

Conversion of cisplatin to nephrotoxin starts with the formation 
of platinum- glutathione conjugates (Pt- GSH) with the activity of 
GSH- transferase. This conjugate is then transported out of the cell 
[7] probably by the action of efflux pump protein [1]. It is then 
metabolized on cell surface through γ- glutamyl transpeptidase 
(GGT) expressed on the surface of the proximal tubular cells to 
form platinum- cysteinyl- glycine conjugate, then to platinum- 
cysteine conjugate by another cell surface protein aminopeptidase N. 
Platinum- cysteine conjugate then enters the cell and converted to 
highly reactive thiol with the activity of cysteine S-conjugate β-lyase, 
an intracellular enzyme [3,7]. Reactive thiol then interacts with the 
essential intracellular proteins which cause toxicity [7]. 

Nephrotoxins cause proximal cell injury, which leads to 
nephrotoxicity involving multiple pathways. While higher doses of 
cisplatin induce necrosis, a lower concentration induces apoptotic 
death of these cells [9]. Both nuclear and mitochondrial DNA damage, 
oxidative stress (caused due to increased free- radical production and 
decreased antioxidant production), inhibition of protein synthesis, 
mitochondrial dysfunction, a series of inflammatory changes, 
fibrogenesis etc. are the probable mechanism of renal cell injury 
[3,10].

Considerable inter- individual differences exist in platinum 
drug- related toxicity. While some individuals undergoing treatment 
may show toxic effect for a particular regimen, others may not, and 
also the grade of toxicity can vary from mild to severe. In general 
several factors may be responsible for differential treatment outcome 
for the same medication. They can be categorized as physiological 
factors like age, sex, disease state, circadian rhythm, health status, or 
environmental factors like exposure to carcinogens, tobacco smoke, 
alcohol, co-medication or dietary constituents etc., and genetic 
factors [11]. Ethnicity may also account for drug-response variability 
[12]. While effects of non- genetic factors on drug response may be 
transient, effects of genetic factors may be stable as they generally 
lead to permanent changes in proteins those are involved in drug 

Introduction
Cis- diamminedichloroplatinum (cisplatin) is one of the most 

commonly used present day chemotherapeutic agents. It is used 
to treat a wide range of cancers including head and neck, lung, 
gastrointestinal tract, ovarian and genitourinary cancers. However, 
dose- limiting toxicity is often associated with cisplatin. It is known 
that cisplatin works more effectively with dose escalation, but 
significant risk for nephrotoxicity is often associated with higher 
doses [1].

Recovery of renal function occurs over a period of 2-4 weeks, 
although lack of recovery can also take place [2]. Kidney accumulates 
cisplatin in much higher concentration in comparison to other 
organs and is the major route of its excretion [3]. Five times higher 
cisplatin concentration was observed in proximal tubular epithelial 
cells in comparison to serum [4]. Highest accumulation of cisplatin 
occurs in S3 segment of proximal tubule followed by the distal 
collecting tubule and the S1 segment of proximal tubule [5]. Cisplatin 
nephrotoxicity may be presented in various ways of which the most 
serious presentation is acute kidney injury, which occurs in 20-30% of 
patients despite hyperhydration and forced Diuresis [6]. 

Cisplatin forms DNA cross- links in rapidly dividing tumour cells 
leading to apoptosis. At the same time it kills other normally dividing 
cells also and exerts toxic effects. Since proximal tubular cells are 
non- dividing it is proposed that cisplatin nephrotoxicity takes place 
by different mechanism not by forming DNA- adducts [7] rather by 
formation of nephrotoxins.

In brief, cisplatin enters the cell by both active transport and 
passive diffusion; however, transport- mediated uptake is the major 
intake mechanism in renal cells [3]. Two different membrane 
transporters have been identified which mediate in renal uptake 
of cisplatin, e.g., organic cation transporter 2 (OCT2) and copper 
transporter (Ctr1). Both OCT2 and Ctr1 are highly expressed in 
kidney and transport cisplatin in basolateral to apical direction [2,8]. 
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transport, drug disposition, and thus can be considered as major 
source of individual variability in drug response [11]. It is estimated 
that genetic variations may be responsible for 20-95% of the variability 
in therapeutic response and toxic effects [13]. Therefore, identifying 
genetic polymorphisms associated with adverse- drug reactions will 
significantly contribute to improve present day chemotherapeutic 
management. 

Genetic Polymorphisms and Nephrotoxicity 
Genetic polymorphisms of transporters

Members of solute carrier (SLC) super family play important role 
in absorption and excretion of drugs and xenobiotics in intestine, 
liver and kidney [14]. The SLC22 subfamily has three organic cation 
exporters OCT1, OCT2 and OCT3. These exporters are involved in 
the translocation of exo- and endogenous compounds across the 
epithelial membrane and help in detoxification of a wide range of 
xenobiotics [15]. While OCT1, encoded by SLC22A1 is the main 
isoform in the liver, OCT2 (SLC22A2) is the main OCT in kidney, 
and OCT3 (SLC22A3) is expressed widely, especially in the placenta 
[3]. OCT2 are expressed primarily on the basolateral membrane of 
the proximal tubule epithelium in the kidney [16]. Fillipsky et al. 
[17] found that the cisplatin- induced DNA damage in kidneys is 
dependent on OCT- mediated renal tubular transport. It was observed 
that patients having A270S (rs316019) variant for OCT2 displayed 
protection from nephrotoxicity in patients treated with cisplatin [17]. 
This variation is caused by a G>A substitution at the 808 position of 
the SLC22A2 gene [16]. Iwata et al. [18] found that 808G>T single 
nucleotide polymorphism (SNP) in OCT2 ameliorated cisplatin 
induced nephrotoxicity without altering disposition. Thus OCT2 
genetic variants(s) may influence cisplatin- related nephrotoxic 
outcome. Cisplatin has not been established as a substrate for OCT1 
or OCT3 [16]. 

In kidney while cisplatin is taken up by OCT, it is secreted into the 
lumen via other transporters situated at the brush border membrane 
of renal proximal tubule including multidrug and toxin extrusion 
1 (MATE1) [16], a mammalian orthologue of the MATE family 
conferring multidrug resistance in bacteria [19]. MATE1 is encoded 
by SLC47A [18,20]. However, merely a few studies have been carried 
out to find a link between its polymorphisms and nephrotoxicity 
risk. Iwata et al. [18] reported no link between rs2289669 G>A 
polymorphism of MATE1 and cisplatin- related toxicity. For other 
multidrug and toxin extrusion transporter, MATE- 2, encoded by 
SLC47A2 and its two additional isoforms, MATE 2-K and MATE 
2-B, cisplatin- induced toxicity is not established in the literature [16].

Other groups of membrane- transport proteins include copper 
transporter proteins (CTRs) those are responsible for maintenance 
of cellular level of copper [16]. CTR1, encoded by SLC31A1 mediates 
the initial influx of cisplatin [21]. One genetic variant of CTR1, rs 
10981694A>C, was found to be associated with cisplatin induced 
severe toxicity in non- small cell lung cancer (NSCLC) [22]. 

Transporters like P-type ATPases, e.g., ATP7A and ATP 7B are 
involved in removal of Cu2+ from the cells and have been shown to 
modulate accumulation of cisplatin into cells [23,24]. Fukushima-
Uesaka et al. [25] assumed from their experiments in Japanese lung 

cancer patients that polymorphisms of ATP7A may influence the 
onset of various platinum drug- related toxicities.

Further, genetic variants of ATP binding cassette family proteins 
or ABC transporters may be determinant of overall toxicity in 
NSCLC patients receiving irinotecan plus cisplatin chemotherapy 
[26]. Other ABC proteins, e.g., ABCC4 which probably contributes in 
platinum excretion, and ABCC5, which promotes efflux of platinum 
compounds [16], can be molecule of interest in cislatin- related 
toxicity studies. 

Considering the important role of above transporters related in 
cisplatin accumulation, it seems that their genetic variants can be 
important candidates for association studies with cisplatin- related 
nephrotoxicity. 

Genetic polymorphisms of DNA repair genes

The major DNA lesions induced by cisplatin are intrastrand DNA 
crosslinks, those are recognized by nucleotide excision repair (NER) 
pathway [27]. The excision repair cross- complementation group 1 
(ERCC1) protein, a member of NER pathway is involved in excision 
of damaged DNA along with other proteins [28,29] and thus can 
influence the sensitivity to cisplatin therapy. It can be expected that 
reduced DNA repair (NER) capacity may result in tumors that are 
more susceptible to cisplatin chemotherapy. Absence or low level of 
ERCC1 was found to be beneficial for cisplatin-based chemotherapy 
in non-small cell lung cancer [30] or testicular germ cell tumors [27]. 
It was observed that variant allele ERCC1 8092C/A was associated 
with significantly improved overall survival and progression-free 
survival in esophageal cancer patients treated with cisplatin [31]. 
Genetic variants of ERCC1 can therefore modulate DNA repair 
capacity and may influence the removal of platinum- DNA adducts. 
Khrunin et al. [32] studied patients of epithelial ovarian cancer 
treated with cisplatin based regimen. They reported a higher risk of 
nephrotoxicity in patients who were heterozygous for ERCC1 19007 
T/C and 8092 C/A genotypes. In another study Tzvetkov et al. [33] 
observed in cisplatin- treated patients that homozygous carriers of 
the 8092A allele of ERCC1 was not related to any change in estimated 
glomerular filtration rate (eGFR), while it was decreased in C allele 
carriers. Again T allele carriers of Asn118Asn of ERCC1 were found 
to be associated with decreased eGFR, not homozygous C alleles. 
They concluded that genetic polymorphisms in ERCC1 may be 
valuable predictors of cisplatin-induced nephrotoxicity. Variants of 
another DNA excision repair protein xeroderma pigmentosum group 
D (XPD), XPD Asp312Asn, XPD Lys751Gln those are associated 
with decreased lymphocyte mRNA levels were found to be linked 
with cisplatin efficacy [31]. However, neither XPD Lys751Gln nor 
ERCC1 C8092A, 19007T>C were found to influence the occurrence 
of platinum- related grade ≥2 nephrotoxicity in the study of Erculj et 
al. [34] in malignant mesothelioma patients. 

eIF3α is the largest subunit of eukaryotic translation initiation 
factor 3 (eIF3) and is over expressed in many malignancies [35]. It 
has been suggested that it is an upstream gene of nucleotide excision 
repair (NER) pathway which is involved in platinum response. Xu 
et al. [35] studied correlation between eIF3α polymorphisms and 
platinum- related toxicity in NSCLC patients from Chinese Han 
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population treated with cisplatin and carboplatin- based regimens. 
They observed that T allele of eIF3α Arg803Lys C>T polymorphism 
imparted better tolerance to nephrotoxicity. 

Zhang et al. [36] studied SNPs of nucleotide excision repair 
pathway genes for association with toxicities of platinum- based 
(cisplatin or carboplatin) chemotherapy in NSCLC patients. They 
found that MMS 19L genetic polymorphism G811A was associated 
with all grade of creatinine increase.

Genetic polymorphisms of metabolic enzymes

Glutathione S- transferases (GSTs) are phase II metabolic 
enzymes which catalyze conjugation of glutathione (GSH) to a wide 
variety of compounds rendering them more water soluble [37] and 
facilitating their excretion. Human GSTs constitute a multigene 
family and the genes are polymorphic either due to single nucleotide 
polymorphisms (SNPs) or due to deletions [38]. This family has 
seven classes among which GSTT1 and GSTM1 are known to 
have null polymorphisms or gene deletion. This polymorphism in 
homozygous condition abolishes enzymatic activity and reduces 
their detoxification properly. GST enzymes catalyze glutathione 
conjugation to platinum compounds also and may be involved in 
detoxification process of platinum drugs [39,40]. Barahmani et al. 
[39] studied GSTT1 and GSTM1 null polymorphisms as markers 
for toxicity in pediatric medulloblastoma patients. They found that 
patients with GSTM1 null genotype experienced more frequent but 
statistically insignificant toxicity compared with patients with the 
GSTM1 non- null genotype. In combined analysis it was found that 
patients with at least one null genotype had significantly higher risk 
for any ≥ 3 toxicity. Khrunin et al. [41] observed higher risk of GSTT1 
null genotype for nephrotoxicity in Yakut ovarian cancer patients 
receiving cisplatin- based chemotherapy whereas Russian ovarian 
cancer patients with ERCC1 heterozygous genotype had higher risk 
for nephrotoxicity.

Based on the above information extracted from the available 
literature, it can be concluded that the genetic signature of an 
individual may be responsible for cisplatin- based nephrotoxic 
outcome and can be exploited as predictive tool for such incidences. 
They will help in identifying individuals at- risk prior to medication, 
and in determining drug, dose and duration of the treatment 
appropriate for a particular individual. Thus drug- toxicity might 
be reduced without compromising its efficacy. Considering the 
importance of genetic polymorphisms in this area, variants of genes 
involved in other mechanisms of renal cell injury, e.g., oxidative 
stress, inflammatory changes etc. can be studied for cisplatin- and 
other platinum drug- related nephrotoxicity.
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