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Abstract

Cisplatin is a chemotherapy drug that is used to treat different types of cancer, including testicular cancer, germ
cell cancer, bladder cancer, cervical cancer, small cell and non-small cell lung cancer, head and neck cancer and
others. Its chief dose-limiting side effect is nephrotoxicity, which evolves slowly and predictably after initial and repeated
exposure. Organic cation transporter-2 is responsible for cisplatin uptake in the kidney. In this article we will underline
the use of antidepressant as a new approach for protective interventions of cisplatin-induced nephrotoxicity through the
interference of cisplatin uptake by Organic Cation Transporter-2 to improve the therapeutic index of cisplatin and to treat
depression which occurs in cancer patients together after considering the risk of side effects and interactions.
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Introduction

Cisplatin (CP) is an inorganic platinum-based chemotherapeutic
agent that is widely used in the treatment of a variety of solid organ
cancers [1]. The main dose-limiting side effect of CP is nephrotoxicity
[2]. After a single dose of CP (50-100 mg/m?), approximately one-
third of the patients develop nephrotoxicity [3]. The CP chief dose-
limiting nephrotoxic side effect requires a reduction of the dose or
discontinuation of treatment [4]. Inflammation, endoplasmic reticulum
stress and oxidative stress contribute to CP-induced kidney toxicity. In
turn, CP disturbs the oxidant/antioxidant balance and its nephropathy
is closely associated with an increase in lipid peroxidation which
consequences from an increased quantity of reactive oxygen species in
kidney or a decrease of natural cell antioxidant capacity [5-7].

Amifostine is approved by the U.S. Food and Drug Administration
for use in reducing progressive nephrotoxicity of repeated CP dosing
in patients with advanced ovarian cancer [8]. Amifostine may derive
its protective effects by providing a thiol group to normal versus
malignant cells [9]. Unfortunately, even with amifostine, renal toxicity
still occurs. This has prompted the development of more effective
preventive strategies. These strategies can be organized according to
putative mechanisms (A) reduced renal CP uptake or activation, (B)
administration of anti-oxidants compounds, (C) administration of anti-
apoptotic compounds and (D) administration of anti-inflammatory
compounds. Renal toxicity from CP derives from the uptake and
activation of platinum within the proximal tubule cell. Therefore,
maneuvers which differentially reduce CP uptake, or activated by the
kidney relative to tumor cells, should reduce nephrotoxicity without
reducing anti-tumor responses [10].

The organic cation transporters (OCTs) have been implicated in
CP uptake [11]. Cisplatin-induced tubular cell injury may be related
to basolateral OCT [12]. Three isoforms of OCTs are expressed in renal
proximal tubules, mainly on the basolateral side [13]. Moreover, it has
been demonstrated that OCT2 is the critical OCT responsible for CP
uptake in the kidney and that CP uptake is increased by OCT2 over
expression in Human Embryonic Kidney (HEK293) cells, which is
associated with increased cellular sensitivity to CP toxicity [14]. OCT2
is most vigorously expressed in the kidney and is also expressed in the
small intestine, lung, skin, placenta, brain and choroid plexus [15,16].

In the human kidney OCT?2 is expressed in all three segments of
proximal tubules and in small intestine, which localized mainly to the
basolateral membrane of epithelial cells and to the luminal membrane
of epithelial cells in trachea and bronchi [15,17,18]. OCT2 is expressed
on the apical ventricular membrane epithelial cells of the choroid
plexus in the brain. Furthermore, in the basolateral membrane of the
distal tubule in the kidney. OCT2 mediates uptake from the blood to
the proximal tubular cells during the renal secretion of organic cations.
Interestingly, OCT2 plays an important role on the pharmacological,
pharmacokinetic and toxicological properties of therapeutics. In
addition, OCT2 transports monoamine neurotransmitters [19],
thereby participating in the regulation of intracellular and interstitial
concentrations of monoamine neurotransmitters and cationic drugs.

Cisplatin-induced nephrotoxicity is a gender dependent; greater
intensity of damage in male than female [20]. Gender differences of CP-
induced nephrotoxicity may be related to CP uptake by organic cation
transporter-2 (OCT2); CP uptake wasincreased by OCT2 overexpression
in male rats and was associated with increased cellular sensitivity to
CP toxicity [21,22]. Cimetidine, an OCT2 substrate, diminished CP
uptake and cytotoxicity in vitro [23] and CP-induced nephrotoxicity
in vivo [24]. Inhibition of OCT2 plays a role to the overall therapeutic
effects in clinical practice. A recent study demonstrated involvement
of OCT?2 inhibition in potential mechanisms of antidepressant action.
This study tested nine antidepressant agent includes selective serotonin
reuptake inhibitors (fluoxetine, sertraline and paroxetine), tricyclic
antidepressants (amitriptyline, imipramine, desipramine), monoamine
oxidase inhibitor (moclobemide) and serotonin-norepinephrine
reuptake inhibitor (venlafaxine) [25]. All of the nine antidepressant
compounds displayed moderate inhibitory effects on OCT2-mediated
metformin, norepinephrine and/or serotonin uptake; Sertraline
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and desipramine tended to inhibit OCT2 activity via a competitive
mechanism [25]. Moreover, a recent study concluded that Sertraline
seems to have a protective effect on CP ototoxicity and could be used to
treat the depression that occurred in cancer patients together [26]. In
addition, a study demonstrated that mirtazapine prevent biochemical
and histological changes of lethal CP induced nephrotoxicity and that
the protective effects originate from its own antioxidant activity [27].

Depression is a comorbid disabling syndrome that affects
approximately 15% to 25% of cancer patients [28]. Antidepressants
are frequently prescribed concurrently with anti-cancer drugs and
may have synergistic, additive or antagonistic effects. The drug-drug
interaction between antidepressants and platinum anti-cancer agents
requires detailed estimation for optimization of patient care [29]. The
effect of antidepressants on platinum cytotoxicity is both cell type and
drug dependent. Mostly additive effects were recognized; desipramine
and fluoxetine caused the greatest effects, with CP in general being
most sensitive to their presence [29]. Moreover, antidepressants are
effective in the treatment of depression or depressive symptoms (sub-
clinic depression) in patients with cancer. However, further studies with
larger samples are required in order to confirm this conclusion [30].
Interestingly, a recent study provides strong evidence that lung cancer
patients taking antidepressants have a significantly prolonged survival
[31]. Finally, we suggest research is needed to evaluate potential effect
of antidepressants on CP-induced nephrotoxicity through interference
of CP uptake by OCT?2 to represent ideal renal protective compounds to
improve the therapeutic index of CP and treat depression which occurs
in cancer patients together after considering the risk of side effects and
interactions.
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