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Molecular targeting drugs —present status and future development
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Abstract

Development of molecular targeting drugs is a recent highlight in cancer therapeutic
field. One can look for ‘drugable’ target(s) from many molecular targets specific in malig-
nant characteristics of human cancers. Drugs targeting various malignancy ~linked mole-
cules such as EGF receptor and its family proteins. Ber—abl, CD20, Ras and others are
now approved or under clinical trials against cancer patients. These molecular targeting
drugs will provide a novel and useful therapeutic strategy, but, at the same time, we have
many problems to overcome. We should continue our further efforts to answer following
problems : @ How therapeutic efficacy of molecular targeting drugs could be determined
in patients in evidence—based manner ? ; @ What is promising molecular target for devel-
opment of drug ? ; @ How combination therapy of molecular targeting drug with other
cytotoxic drugs should be designed ?

Key words: molecular targets, molecular targeting drugs, EGF receptor family, tyro-

sine kinase inhibitors, tumor angiogenesis
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Cisplatin Resistance and Transcription Factors
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Abstract: Cisplatin is one of the most potent and widely used anti-cancer agents in the treatment of various solid tumors.
However, the development of resistance to cisplatin is a major obstacle in clinical treatment. Several mechanisms are
thought to be involved in cisplatin resistance, including decreased intracellular drug accurnulation, increased levels of
cellular thiols, increased nucleotide excision-repair activity and decreased mismatch-repair activity. In general, the
molecules responsible for each mechanism are upregulated in cisplatin-resistant cells; this indicates that the transcription
factors activated in response to cisplatin might play crucial roles in drug resistance. It is known that the tumor-suppressor
proteins p53 and p73, and the oncoprotein ¢-Mye, which function as transcription factors, influence cellular sensitivity to
cisplatin. So far, we have identified several transcription factors involved in cisplatin resistance, including Y-box binding
protein-1 (YB-1), CCAAT-binding transcription factor 2 (CTF2), activating transcription factor 4 (ATF4), zinc-finger
factor 143 (ZNF143) and mitochondrial transcription factor A (mtTFA). Two of these—YB-1 and ZNF143—lack the
high-mobility group (HMG) domain and can bind preferentially to cisplatin-modified DNA in addition to HMG domain
proteins or DNA repair proteins, indicating that these transcription factors may also participate in DNA repair. In this
review, we summarize the mechanisms of cisplatin resistance and focus on transcription factors involved in the genomic

response to cisplatin.

Key Words: ATF4, cisplatin, ¢-Myc, CTF2, mtTFA, p53/p73, YB-1, ZNF 143,

INTRODUCTION

cis-diamminedichloroplatinum (II) {cisplatin) plays a
crucial role in the treatment of many solid tumors. The
mechanisms of cisplatin-induced cytotoxic activity are not
completely understood; however, the therapeutic effect of
cisplatin is believed to result from the formation of covalent
adducts with DNA [1, 2]. Cisplatin has been shown to cause
the formation of intrastrand cross-links between adjacent
purines in genomic DNA. The major cisplatin cross-links are
intrastrand 1, 2-d(GpG) and d(ApG); DNA damage signals
then induce apoptosis in various solid tumor cells [1, 2].
Cisplatin treatment induces not only DNA damaging stress,
but also oxidative and endoplasmic reticulum (ER) stresses
[3, 4]. This, along with the other available evidence,
demonstrates the highly complex nature of cellular
sensitivity to cisplatin. Of the induced genomic responses,
anti-apoptotic defenses are activated simultaneously with
apoptotic signaling [5]. The major limitation to clinical
treatment is the development of cisplatin resistance by
tumors through these mechanisms, which include efflux and
detoxification of cisplatin, and DNA repair. Other genes that
are differentially expressed in association with acquired

cisplatin resistance have been identified, including
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cytochrome oxidase 1, ribosomal protein $28, elongation
factor 1o, c-enolase, stathmin and HSP70 [6]. Understand-
ing the molecular basis of cisplatin-induced genomic
responses in cisplatin resistance is therefore important for
determining clinical strategies.

Many genes have been identified that affect cancer cells
during programmed cell death following various genotoxic
stresses. The activation of the typical tumor-suppressor
proteins p53 and p73 can result in cell-cycle arrest, DNA
repair or apoptosis [7, 8]. Loss of p53 function confers
resistance to cisplatin in various human cancer cell lines [9],
whereas overexpression of p73 is associated with cisplatin
resistance [10]. Recently, it has been shown that codon 72
polymorphic variants of p53 display altered mitochondrial
translocation and apoptotic potential [11]. Furthermore,
mutations in the p53 gene have been widely detected in
various human cancer cells, indicating that p53 might be
critical in determining drug sensitivity [12]. However, it is
not clear how many:transcription factors play significant
roles in cisplatin-induced stress responses and drug
sensitivity. We believe that transcription factors for genes

.involved in cisplatin resistance are often activated by DNA

damage; therefore, identification and characterization of
cisplatin-induced transcription factors might provide a
shortcut to deciphering cisplatin sensitivity and resistance in

clinical treatment.

In this article, we describe the main mechanisms of
cisplatin-induced apoptosis and cisplatin resistance, and
discuss' the transcription factors involved in resistance to

© 2005 Bentham Science Publishers Ltd.
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cisplatin: p§3/p73, c-Myc, YB-1, CTF2, ATF4, ZNF143 and
mtTFA. Additionally, we refer to the potential responses of
some other transcription factors, including octamer
transcription factor Octl and the zinc-finger protein Spl, to
anti-cancer agents.

CISPLATIN-INDUCED APOPTOSIS

DNA is the primary target of cisplatin in cancer cells and
one of the major cytotoxicities of cisplatin is thought to be
caused by the formation of cisplatin—DNA adducts. Cisplatin
binds preferentially to the N7 atom of guanine residues,
especially in regions of two or more consecutive guanines.
Thus, the major cisplatin cross-links are intrastrand 1, 2-
d(GpG) and d(ApG), whereas the minor cross-links include
intrastrand 1, 3-d(GpNpG), as shown in Fig. (1) [1, 2].
Intrastrand I, 2-d(GpG) and d(ApG) provide the strongest
basis for cisplatin-induced cytotoxicity, Cisplatin is
hydrolyzed and equilibrium is maintained between cisplatin
(the CI-CI species; (NH;),PtCly), the charged species (the
H,0-Cl species; [(NH;)PtCI(H,0)]"), and the neutral
species {the OH-CI species; (NH;),PtCI{OH)) in physiologi-
cal conditions of intracellular pH and chloride concentration.

Charged species under low CI” and/or low pH conditions,

such as the H,0-Cl and H;0O-H,0 species, are more reactive
than the CI-Cl species because of their nucleophilic
properties (Fig. (2)). Thus, intracetlular ClI” and pH levels
could modulate the cytotoxicity of cisplatin [13].

Cisplatin can induce two major distinct apoptotic path-
ways via various stress signalings: the first is p53-dependent
mitochondrial apoptosis, which begins with translocation of
the p53-induced Bax from the cytoso! to the mitochondria,
followed by cytochrome ¢ release and activation of caspase-9
and -3 [14]; the second is the Fas/Fas ligand-dependent
caspase-8-induced apoptotic cascade {15].
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Mitogen-activated protein kinase (MAPK) signaling
pathways, including the extracellular signal-regulated kinase
(ERK), p38 and c-Jun N-terminal kinase (JNK) pathways,
play important roles in cellular responses to stress condi-
tions, including various anti-cancer agents [16]. The ERK
signaling pathway is involved in the regulation of cell
growth, differentiation, proliferation and survival. By con-
trast, the p38 and INK signaling pathways are stress depen-
dent and have apoptotic regulatory functions. Cisplatin-
induced activation of ERK signaling could contribute to
resistance to cisplatin {17]; conversely, induction of the
JNK/p38 signaling pathway in response to cisplatin induced
apoptosis via Fas ligand induction in ovarian cancer cells
[15]). However, Wang ¢! al. have shown that ERK activation
plays an important role in the cisplatin-induced apoptosis of
Hela cells [3]. These results suggest that such differential
effects of MAPK signals in response to drug-induction could
reflect cell-type specificity. The functions of the JNK
signaling pathway in apoptosis induced by cisplatin also
remain unclear, as does ERK signaling [15, 18]. Further
investigation is necessary to probe the exact cisplatin-
induced mechanisms of these signaling pathways.

Initially, DNA damage signals induced by cisplatin can
activate so-called sensor kinases. It was reported that
cisplatin induces the phosphatidylinositol 3-kinase {PI3K)/
AKT signaling pathway to mediate p2] expression, suggest-
ing that it might be involved in cell-cycle regulation;
however, inhibition of the PI3K/AKT pathway had no
influence on sensitivity to cisplatin [19]. However, it was
recently reported that AKT phosphorylates the X-linked ~
inhibitor of apoptosis protein (XIAP) and is involved in
cisplatin resistance [20]. Moreover, cisplatin could phos-
phorylate p53 at serine 15 and induce p53 downstream genes
via activation of ataxia telangiectasia mutated and Rad3-
related protein (ATR) kinase [21]. ATR signaling has also
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Fig. (1). Schematic diagram of cisplatin-DNA adducts.

Intrastrand 1, 2-d{GpG) and d(ApG) are the major cisplatin cross-links (35-90% of total lesions), whereas the minor cross-links is intrastrand
1, 3-d{GpNpG). The major lesions provide the strongest basis for cisplatin-induced cytotoxicity.



