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Abstract
A texaphyrin–oxaliplatin conjugate, oxaliTEX, was designed to test the concept that a platinum
analog can overcome defects in drug accumulation and p53-dependent DNA damage response in a
tumor model expressing multifactorial mechanisms of cisplatin resistance. Cytotoxic studies
resulted in a resistance factor of only 1.2, which essentially indicated complete reversal of
resistance in 2780CP cells expressing a factor of 22 with cisplatin. Unlike cisplatin, oxaliTEX
accumulated and formed DNA adducts, stabilized and activated p53 at similar levels in both
sensitive and resistant cells, and induced apoptosis in both models. The ability and importance of a
designer drug, such as oxaliTEX, to overcome cisplatin resistance by targeting two dominant
resistance mechanisms is discussed.

Introduction
Cisplatin and carboplatin (Fig. 1) are two of the most important antitumor agents in the
clinic. They have demonstrated significant activities against several cancers and are critical
components of front line therapeutic regimens in medical oncology.1 These drugs are
curative against testicular cancer, but their clinical utility against other cancers remains
limited by intrinsic or acquired resistance, which in the case of NSCLC, mesothelioma, and
ovarian cancer is reflected in low 5-year survival rates of only 5–20%.2 The biochemical and
pharmacologic mechanisms of platinum resistance (e.g., decreased drug uptake, increased
glutathione levels, and increased DNA adduct repair) are well established.1 These
mechanisms co-exist with molecular mechanisms of resistance and present treatment-
limiting barriers to the effective application of these two platinum agents in the clinic.

Among molecular mechanisms inducing cisplatin or carboplatin resistance, the most
formidable involves loss of function of the tumor suppressor p53, often through missense
gene mutation.3,4 However, over a half of advanced cancers (e.g., ovarian cancer, NSCLC
and mesothelioma) that retain wild-type p53 are also resistant to cisplatin, and this is
ascribed to loss of p53 regulation.3–5 Data from our group has established that Pt analogs,
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such as DAP [1,2-diaminocyclohexane-diacetato-dichloro-Pt(IV)], can restore stabilization
and activation of wild-type p53 and effectively circumvent the molecular mechanism of
resistance.5 This has led us to propose that oxaliplatin (Fig. 1), which contains the same
diaminocyclohexane (DACH) ligand found in DAP, should also activate p53 function in
resistant cells.

Unfortunately, restoring p53 function solves only part of the problem associated with
clinical Pt resistance. Among the most important of the biochemical/pharmacologic
mechanisms of resistance is reduced drug accumulation. However, finding an effective
means to overcome resistance that occurs as a result of diminished Pt drug accumulation has
proved elusive. Approaches that have been tested to address this limitation include
conjugation to carrier molecules, such as folate, poly-(ethyleneglycol) (PEG), porphyrins,
peptides, and nanoparticles.6–13 While in selected cases increased delivery of a Pt drug was
achieved, the drug in question did not circumvent other mechanisms of resistance (including
diminished p53 function). For an effective strategy, therefore, it is necessary not just to
deliver the increased Pt payload to resistant tumor cells, but the Pt drug must have the
properties needed to also overcome multifactorial mechanisms of resistance, particularly
those associated with reduced p53 function, thereby restoring its dominant apoptotic
activity.

Texaphyrins are unique tumor-localizing agents that are ideally suited for creating Pt
conjugates.14 Motexafin gadolinium (1, MGd, cf. Fig. 1) has been extensively studied as a
water soluble gadolinium(III) texaphyrin complex, and its ability to localize within
cancerous lesions in vivo makes it an attractive choice for the design of conjugates to deliver
a Pt payload.15–17 Herein, we report the design, synthesis, and biological evaluation of a
novel texaphyrin–oxaliplatin like conjugate, and demonstrate as proof-of-principle that this
conjugate is capable of overcoming both pharmacologic and molecular mechanisms
associated with cisplatin resistance.

Results
Conjugate design

We have recently reported the synthesis of a texaphyrin–platinum conjugate (2, cisTEX, cf.
Fig. 1) that produced equivalent levels of intracellular Pt and DNA–Pt adducts in both
sensitive A2780 and isogenic multifactorial-resistant 2780CP cells upon exposure to
conjugate 2.18,19 This conjugate was designed to form qualitatively identical adducts to
those induced by cisplatin or carboplatin.18 Consequently, it displayed potent cytotoxicity in
the A2780 human ovarian tumor model. However, its activity in the ~20-fold resistant cell
line was improved by only a modest amount (i.e., a reduction in the resistance factor to ~10-
fold).19 Thus, cisTEX is able to overcome the pharmacologic transport-related mechanism
of resistance but is unable to modulate the molecular mechanisms of resistance. On the other
hand, we have demonstrated that the DACH-containing analog DAP was potently effective
at circumventing molecular mechanisms of resistance, although in this latter case residual
resistance from defects in drug uptake remained.20 This has led us to consider that
combining both approaches might be particularly effective. Specifically, we postulated that
incorporation of a DACH–platinum within our conjugate design would provide a
texaphyrin–platinum congener (3, oxaliTEX, cf. Fig. 1) that would release the DACH–Pt
moiety within the cell and circumvent both pharmacologic and molecular mechanisms of
resistance. The present study was designed to test this hypothesis.
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Cytotoxicity, comparison of resistance factors, and reactivity with plasma proteins
Proof-of-principle insights into whether a particular conjugate design has the potential to
circumvent cisplatin resistance may be garnered from the relative activities of the conjugate
in a sensitive/resistant pair of intimately related cell lines. Therefore, we compared the
activity of conjugate 3 in the A2780 human ovarian cancer model and its ostensibly isogenic
cisplatin-resistant 2780CP model.

Cytotoxic studies were conducted following exposure of tumor cells to the Pt agents, and the
activity of conjugate 3 (oxaliTEX) in inhibiting cell proliferation was compared to that of
conjugate 2 (cisTEX), oxaliplatin, and cisplatin. Typical dose–response curves are shown
for conjugates 2 and 3 in Fig. 2. The two curves for conjugate 2 in A2780 and 2780CP
models are substantially separated, with the curve for 2780CP cells shifted to higher
concentrations, which is an indication of resistance to this particular conjugate in the case of
these resistant tumor cells. In contrast, the dose–response curves for conjugate 3 in the two
models are almost superimposable. This finding is taken as evidence that this newly
designed conjugate is equi-effective against both sensitive and resistant tumor cells and a
strong indication that it can fully circumvent resistance in 2780CP cells.

The IC50 values generated from these curves are presented in Table 1. This table also
includes values for oxaliplatin and cisplatin for the sake of comparison, together with
associated resistance factors in the 2780CP cell line relative to parent A2780 cell line.
Conjugate 3 (IC50 = 0.55 ± 0.06 μM) provided a dose potency in the A2780 cell line that
was nearly 3-fold greater than conjugate 2 (IC50 = 1.63 ± 0.2 μM). The FDA-approved
platinum complexes oxaliplatin and cisplatin provided IC50 values of 0.15 ± 0.05 and 0.33 ±
0.02, respectively. Against 2780CP cells, oxaliTEX (3) and oxaliplatin maintained their
potent activities, with IC50 values of 0.65 ± 0.09 and 0.30 ± 0.05 μM, respectively. In
contrast, our first generation conjugate 2 and cisplatin produced significantly greater IC50
values of 17.0 ± 1.5 and 7.3 ± 0.2 μM, respectively, values that reflect a 11- to 26-fold
lower potency relative to conjugate 3.

The above results lead us to suggest that conjugate 3 may have a role to play in overcoming
the resistance observed in cisplatin resistant wild type p53 ovarian cancer. Although
conjugate 3 displays lower potency (higher IC50) than oxaliplatin in the A2780 and 2780CP
cell lines, this does not negate its clinical potential. This key point is underscored by
carboplatin, which has substantially lower potency than cisplatin (1.6 vs. 0.31 μM in A2780
human ovarian cancer cell line),19 but nevertheless enjoys widespread clinical use.21 The
fact that conjugate 3 also overcomes resistance pathways makes it attractive for further
study.

A better understanding of relative activity of complexes against resistant cells can be
garnered from the resistance factor, which is a ratio of IC50 of an agent in sensitive and
resistant cells (Table 1). As expected, 2780CP cells demonstrated 22.1-fold resistance to
cisplatin22 and a lower 10.4-fold cross-resistance to conjugate 2. In contrast, 2780CP cells
were only 2-fold resistant to oxaliplatin, but were almost devoid of cross-resistance to
conjugate 3 (cross-resistance factor, 1.2). This is consistent with essentially complete
circumvention of resistance.

The high potencies of conjugate 3 in the A2780 and 2780CP cell lines, as shown in Table 1,
is consistent with the design expectation that the conjugate is labile and rapidly converts to a
reactive product that is able to interact covalently with cellular macromolecules, including
DNA. Based on the underlying chemistry this conversion was expected to involve release of
a free DACH–Pt aquo species. To determine the activation rate of conjugate 3 relative to
cisplatin and oxaliplatin, samples of fetal bovine serum (FBS) were incubated with the Pt-
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based agents and the amount of free (unbound) Pt was determined over time. It is presumed
that the irreversible reaction of platinum with FBS results in inactivation of the platinum
drug. The half-life (t1/2) of the initial logarithmic decay phase was determined by linear
regression analyses (Fig. 3). Cisplatin and oxaliplatin reacted rapidly with serum proteins,
and this corresponded to an accelerated decrease in free Pt (t1/2 = 5.1–5.3 hours). Conjugate
3 did become activated but its binding to proteins was comparatively slower (t1/2 = 8.3
hours). However, conjugate was found to react more quickly than the clinically approved
agent carboplatin (t1/2 = 36–45 hours) and conjugate 2 (t1/2 = 16 hours).19,23

Intracellular platinum uptake and DNA–Pt lesion quantification
Cisplatin resistance is multifactorial and is reflective of a variety of biochemical
pharmacologic mechanisms, including reductions in cellular uptake and retention, decreased
DNA adduct formation and a greater tolerance for DNA damage.24–27 The minimal
resistance factor obtained for conjugate 3 reflects an ability to overcome most forms of
resistance present in the 2780CP model. To gain insights into the basis of this high activity
against resistant cells, the intracellular uptake of 3 was analyzed, along with that of the
control complexes oxaliplatin and cisplatin. The decrease (>50%) in cisplatin uptake in
2780CP cells relative to A2780 cells was readily apparent and statistically significant, as
was the reduced accumulation of oxaliplatin in resistant cells (Fig. 4). Such findings are
consistent with the reported 2-fold reduction in uptake seen in resistant cells exposed to
platinum anticancer agents.28 Interestingly, no difference in uptake was observed for
conjugate 3 between A2780 and 2780CP tumor cells. Relative to oxaliplatin, conjugate 3
demonstrated a ≥2- and ≥4-fold increase in platinum uptake for the A2780 and 2780CP cell
lies, respectively. Additionally, it is notable that conjugate 3 also demonstrated a ≥2-fold
higher uptake than cisplatin in 2780CP cells.

The reduction in platinum uptake in resistant cells generally translates into reduced Pt-
adducts formed with DNA.29 This, however, is not always the case and is not seen with
every platinum drug. Because this correlation is not certain, the Pt–DNA adducts formed by
conjugate 3, as well as the Pt control complexes oxaliplatin and cisplatin, were quantified in
both the A2780 and 2780CP cell lines. With cisplatin and oxaliplatin, a statistically
significant 50% reduction in Pt–DNA adducts was seen in the 2780CP cells (Fig. 5). This is
considered to reflect the corresponding differences in drug uptake noted in Fig. 4, and is
fully consistent with what was expected for these known agents. Also in accord with
expectations with oxaliplatin,30 the observed adduct levels of conjugate 3 in A2780 cells
were lower than those seen for cisplatin, even though the uptake of these two platinum
species is comparable (see Fig. 4). This is attributed to the differences in Pt coordination
provided by the two species in question. Finally, and in contrast to cisplatin and oxaliplatin,
the adduct levels provided by conjugate 3 were not reduced in resistant cells (Fig. 5).

It is evident from an inspection of Fig. 5 and Table 1 that adduct levels may not reflect the
potency of the molecule. This is clearly demonstrated by the fact that oxaliplatin adducts are
formed at a lower level than those of cisplatin in sensitive A2780 cells, and yet, oxaliplatin
is the more potent drug. To generalize this finding and expand it to conjugate 3 in both
sensitive and resistant cells, the DNA damage tolerance ratio was calculated. This tolerance
is determined from the level of adducts in Fig. 5 and extrapolating to the IC50 concentration;
that is, the level of adducts required to kill 50% of tumor cells. The DNA damage tolerance
data in Fig. 6 demonstrate that resistant 2780CP cells require 10-fold greater adduct levels as
compared to A2780 cells for equivalent antiproliferative activity. As reported prevously,19

cisplatin resistant 2780CP cells were capable of similarly tolerating ca. 10-fold the number
of Pt–DNA lesions formed by conjugate 2. Conjugate 3 or oxaliplatin, on the other hand,
induced cytotoxicity in the 2780CP model at substantially lower adduct levels.
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FACS analysis
Apoptosis is a desirable endpoint for antitumor agents in cancer chemotherapy. To
determine whether such a feature was inherent to conjugate 3, and also to ascertain the
underlying basis for its antiproliferative activity in Table 1, we conducted apoptotic studies
using FACS analysis to detect Annexin V-positive cells. We included the parent drug
oxaliplatin as a positive control and MGd (1) as a model for the Pt-free conjugating
texaphyrin moiety present in conjugate 3. A2780 and 2780CP cells were exposed to these
agents for 24, 72, and 120 hours and the fraction of apoptotic cells determined. The findings
are presented in Fig. 7. The data in Fig. 7A demonstrate that the 14–16% of drug-induced
apoptotic A2780 cells at 24 hours were not significantly different from controls (12%). No
gross changes were observed at 72 and 120 hours in Annexin V-positive control cells or
those treated with MGd (1). In contrast, the level of apoptotic cells following exposure to
conjugate 3 and oxaliplatin increased 2- to 4-fold with time at 72 (~40%) and 120 (55–60%)
hours. Similar temporal profiles for apoptosis were observed with the cisplatin-resistant
2780CP model. Such findings are consistent with the notion that 3 is capable of inducing a
similar degree of apoptosis in both A2780 and 2780CP cell lines. Moreover, conjugate 3 is
capable of inducing apoptosis to the same extent as oxaliplatin. Finally, the observed
apoptosis is attributable to the Pt-bearing conjugate as a whole and not to the texaphyrin
carrier.

Western blot
Facile apoptosis following DNA damage, as observed with conjugate 3 and oxaliplatin in
Fig. 7, can occur in a p53-dependent or an independent manner. Both A2780 and 2780CP
models have wild-type p53 function, but only in A2780 cells can p53 be induced and
activated by cisplatin through post-translational modification events via, e.g., Ser-15
phosphorylation.22,31 To investigate the effect of conjugate 3 and oxaliplatin on p53
induction and Ser-15 phosphorylation, A2780 and 2780CP cells were exposed to these
agents at concentrations equal to 2.5× and/or 5× the IC50 values for 6-, 12-, and 24 hours. At
these time points, cells were collected, washed with cold PBS, and cell lysates prepared for
subsequent analysis by Western blotting. Equal protein loading was confirmed by β-actin
immunoblots. The protein bands in immunoblots were quantified by densitometry and the
data presented in Fig. 8. Induction of p53 in A2780 cells increased 2-fold (relative to basal
p53 levels) upon exposure to 3 and oxaliplatin and peaked after 12 hours of exposure (Fig.
8A and C). A corresponding increase in Ser-15-p53 over the time course was also evident.
The exposure of cisplatin resistant 2780CP cells to these two Pt-complexes led to similar
increases in p53 and Ser-15-p53, with total p53 increasing progressively to over 2-fold at 24
hours (Fig. 8B and D).

Induction of p53 and its functional activation are separate events. It was therefore necessary
to assess p53 function by monitoring the transcriptional activation of p21 as a downstream
target of p53. Both conjugate 3 and oxaliplaitin induced p21, which increased in a time-
dependent manner to 3- to 5-fold above controls by 24 hours (Fig. 9). Such a finding
supports the conclusion that the p53–p21 pathway is similarly upregulated by conjugate 3
and oxaliplatin and that this occurs in both the Pt-sensitive A2780 and Pt-resistant 2780CP
cell lines.

Discussion
While active in several cancer types and included in front line therapy by oncologists,
platinum anticancer agents display acquired resistance in many cancers, which limits their
clinical utility. The cause of this resistance is multifactorial and includes both pharmacologic
mechanisms (e.g., decreased drug uptake, increased glutathione, and increased DNA adduct
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repair) and molecular mechanisms of resistance (e.g., loss of p53 function, increase in
survivin, and increase in Bcl2).1,3,4 In this study, we have focused on two major cisplatin
resistance mechanisms, reduced drug uptake and attenuated wild-type p53 function.
Specifically, we sought to target these mechanisms via a novel platinum drug design. With
this goal in mind, we designed conjugate 3 (oxaliTEX). As detailed below, this new agent
not only circumvents these two mechanisms, it also demonstrates antiproliferative activity in
a multifactorial-resistant in vitro tumor model (the Pt-resistant 2780CP ovarian cancer cell
line) that makes the cells in question as responsive as the corresponding Pt-sensitive parental
(A2780) cell line to this DNA-damaging agent.

The design of oxaliTEX was based on literature data and our earlier studies involving
conjugate 2. The focus on targeting the tumor suppressor p53 derived from an appreciation
that cisplatin has a greater curative rate in ovarian cancer when p53 is present in its wild-
type state than in the mutant form.3,4 Paradoxically, about a half of advanced ovarian
cancers that harbor wild-type p53 are resistant, primarily as a result of failure of upstream
DNA damage signaling to stabilize and activate the p53. Furthermore, in these resistant
cancers, the presence of wild-type p53 can lead to a “gain-of-resistance” phenotype, where
the resistance is greater than those with mutant p53.3,4 Thus, loss of function of wild-type
p53 is one of the most formidable molecular mechanism of resistance. However, we have
reported that a panel of resistant ovarian tumor models respond to DACH-based platinum
drug (e.g., DAP) through distinctly different DNA damage signaling processes that serve to
restore p53 function and cellular apoptotic activity.20,32,33 Such a restoration of activity was
considered likely to hold in the case of DACH-based oxaliplatin, and was specifically
confirmed in the present study using the resistant 2780CP cell line.

Unfortunately, circumvention of resistance by DAP or oxaliplatin is not complete and at
least a 2-fold level of resistance remains in the test 2780CP cell line, as seen with oxaliplatin
in the present study. This residual resistance is ascribed to resistant cells displaying reduced
accumulation of DAP or oxaliplatin.20,34 On the other hand, we have previously
demonstrated in an independent study with conjugate 2, which has a cisplatin-like
diammine-Pt configuration around the Pt(II) center, that Pt accumulation in 2780CP cells
was not diminished, and that this translated into a concomitant 2-fold reduction in cross-
resistance.19 Collectively, these previous investigations provided support for the hypothesis
that conjugating texaphyrin with a DACH–Pt structure, such as that present in DAP and
oxaliplatin, would serve to circumvent both pharmacologic and molecular mechanisms of
resistance. Our present study, involving the new conjugate 3 (oxaliTEX) provides proof-of-
principle support that this goal can be accomplished in vitro.

That activation of wild-type p53 is sufficient to overcome multifactorial molecular
mechanisms of resistance is intriguing. Normally, wild-type p53 plays a critical role in drug-
induced apoptosis. However, this activity becomes compromised when p53 is mutated,
which leads to cisplatin/carboplatin resistance and, in the specific case of advanced ovarian
cancer for which statistics are available, a 4- to 5-fold reduction in the 5-year survival rate
compared to the wild-type p53 cancer sub-group.3,4 Advanced cancers other than ovarian
cancer (e.g., NSCLC and mesothelioma) that retain wild-type p53 also demonstrate
resistance to cisplatin,4 an observation ascribed to a number of mechanisms, including the
critical post-translational modifications of p53 to release p53 from its inhibitory interaction
with Mdm2.35,36 Based on reports from molecularly engineered mouse models,37 it appears
that activation of wild-type p53 for apoptosis is a dominant DNA-damaging effect, and is
sufficient to override the potential negative influence of other molecular defects that may co-
exist in multifactorial resistant tumor cells. The 2780CP tumor cells used as a model for Pt
resistance in ovarian cancer have been characterized as having a multifactorial cisplatin-
resistant phenotype.20 The ability of oxaliTEX to restore platinum sensitivity in this model
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highlights the potential of this agent to enhance in due course both the initial response and
the long-term cure rate in patients with cancers harboring wild-type p53.3,4

In addition to circumventing molecular mechanisms of resistance, we have demonstrated
that oxaliTEX is capable of delivering the DACH–Pt payload at similar levels in both
sensitive and resistant tumor cells. This was ascertained in the present study from
examinations of both total intracellular Pt and DNA adduct levels. The similar delivery of Pt
is likely due to the of the expanded porphyrin, texaphyrin, which has been shown to localize
selectively within tumors.14–17 That the effective delivery of Pt is due to the conjugating
texaphyrin carrier and not the DACH–Pt moiety can be inferred from the knowledge that
uptake and DNA adduct data with oxaliTEX (conjugate 3) mirror those reported by us for
cisTEX (conjugate 2), which has an alternate diamine-Pt coordination environment.19

It is further apparent from apoptotic investigations using Annexin V as a biomarker in the
present study that the texaphyrin control, MGd (1), is devoid of antiproliferative effects at
concentrations that were equivalent to those employed in the studies of oxaliTEX. This is
taken as evidence that the cellular effects are predominantly due to the Pt moiety and that
the texaphyrin is functioning primarily as a delivery vehicle. Support for this conclusion
comes from noting the close similarities between oxaliTEX and oxaliplatin in the level of
adducts formed, the phosphorylation of p53, the induction of the p53/p21 pathway, and the
extent and temporal profile of apoptosis in both sensitive and resistant tumor cells. However,
there is an apparent difference in drug potency between oxaliTEX and oxaliplatin in both the
A2780 and 2780CP cell lines. This difference likely reflects the slow release of the DACH–
Pt moiety from the conjugate, which serves to increase the time for Pt activation by ~50%.

Conclusion
The ability of oxaliTEX and oxaliplatin in the present study, and of DAP in an earlier
study,20 to activate p53 stands in direct contrast to our previous finding that cisplatin fails to
activate the p53/p21 pathway in 2780CP cells.20,31 The ability to upregulate p53 function in
resistant cells augurs well for the eventual application of 3 in treating refractory cancers that
harbor wild-type p53. The ability to enhance the uptake of a DACH–Pt payload into
resistant 2780CP ovarian cancer cells distinguishes oxaliTEX (3) from other Pt delivery
strategies, and identifies this conjugate as the first small molecule platinum complex capable
of overcoming both pharmacologic and molecular mechanisms of resistance in vitro.

It is normally presumed that success of chemotherapy in resistant disease may require
addressing each of the many mechanisms of resistance. However, it is evident from the
present study that targeting only a few critical cellular impediments with a designer drug
may be sufficient to achieve a markedly improved therapeutic response. The fact that
texaphyrin is known to localize selectively to tumors, leads us to predict that suitably
designed conjugates, such as 3, may prove effective in treating resistant cancers. Further
tests of this paradigm, including in vivo studies to determine the ability of 3 to selectively
localize to tumor, are currently in progress.
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Fig. 1.
Various Pt(II) complexes, motexafin gadolinium (1, MGd), and texaphyrin–platinum
conjugates 2 (cisTex), and 3 (oxaliTEX).
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Fig. 2.
Cytotoxicity profiles of (A) cisTEX (2) and (B) oxaliTEX (3) with cisplatin sensitive A2780
and cisplatin resistant 2780CP. The complex was made up as a stock solution (for which the
Pt concentration was confirmed by FAAS) and serially diluted before adding to cells, which
were then incubated for 5 days at 37 °C in 5% CO2. Error bars represent the standard
deviation.
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Fig. 3.
Platination of FBS proteins with various platinum agents. Half-lives were determined by
fitting the data to an exponential decay curve between 0 and 13 h during which time the
logarithmic decay phase was linear.
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Fig. 4.
Cellular uptake of platinum drugs. Levels of intracellular platinum in A2780 and 2780CP
were determined by FAAS after a 4-hour incubation with 200 μM of the respective complex
(concentrations confirmed by FAAS). p < 0.05 by Student’s t-test for platinum uptake of
cisplatin and oxaliplatin in 2780CP vs. A2780.
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Fig. 5.
Cellular platination of DNA by oxaliTEX (3), cisplatin, and oxaliplatin. DNA adducts were
determined by FAAS after a 4-hour incubation with 200 μM of the respective complex
(concentrations confirmed by FAAS). p < 0.05 by Student’s t-test for Pt–DNA lesions by
oxaliTEX, cisplatin, and oxaliplatin in 2780CP vs. A2780.
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Fig. 6.
DNA Damage tolerance of oxaliTEX, oxaliplatin, and cisplatin. These calculated values
were determined from the ratio of DNA–Pt adducts/([complex] × IC50), with the primary
data obtained from three separate experiments.
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Fig. 7.
Percent positive Annexin V-FITC signal of (A) A2780 and (B) 2780CP cells after exposure
to oxaliTEX (3), oxaliplatin, and MGd (1).
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Fig. 8.
Induction of total and Ser-15 phosphorylated p53 protein following incubation of (A) A2780
and (B) 2780CP human ovarian cancer cells with conjugate 3 and oxaliplatin. Quantification
of fold increase in total p53 protein in (C) A2780 and (D) 2780CP.
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Fig. 9.
Transactivation of p21 protein resulting from incubation of (A) A2780 and (B) 2780CP
human ovarian cancer cells with oxaliplatin and oxaliTEX. Fold p21 protein increase in (C)
A2780 and (D) 2780CP.
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Table 1

IC50 values of platinum complexes in cisplatin sensitive A2780 ovarian and its isogenic cisplatin resistant
(2780CP) cell lines

Complex IC50 (μM) A2780 IC50 (μM) 2780CP Resistance factor

2 (cisTEX) 1.63 ± 0.2 17.0 ± 1.5a 10.4 ± 0.71

3 (oxaliTEX) 0.55 ± 0.06 0.65 ± 0.09 1.2 ± 0.18

Oxaliplatin 0.15 ± 0.05 0.30 ± 0.05a 2.0 ± 0.29

Cisplatin 0.33 ± 0.02 7.3 ± 0.2a 22.1 ± 0.76

a
p < 0.05 by Student’s t-test vs. IC50 of A2780.
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