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Potent and selective PTP1B inhibition by a
platinum(II) complex: possible implications for a
new antitumor strategy†
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Showing anti-proliferation activity against MCF7 cells better than

cisplatin, a platinum(II) complex, [PtL(DMSO)Cl], was found to

potently and selectively inhibit protein tyrosine phosphatase 1B

(PTP1B), a putative target for anticancer agents, suggesting a new

possible anticancer strategy based on platinum drugs.

In the past few decades, Pt-based anticancer drugs such as
cisplatin, carboplatin and oxaliplatin have been vital for the
chemotherapy of various malignant tumors.1 However, their
clinical success is limited due to their severe side effects and
intrinsic or acquired resistance to the treatment,2 leading to the
development of improved Pt-based anticancer drugs.3

Though damaging DNA is a widely accepted anticancer
mechanism for most Pt(II) drugs, the exploration of new Pt(II) drugs
has uncovered the possibility of novel anticancer mechanisms.
Specifically, enzyme inhibition was a recently disclosed significant
and alternative mechanism for Pt-based anticancer therapeutics.4

For example, Pt complexes were found to be the potent inhibitors
for a variety of proteinases associated with tumour development and
progression, such as matrix metalloproteinases, glutathione
S-transferase, histone deacetylase, mammalian topoisomerases,
human thioredoxin reductase 1 and cysteine proteases, etc.5–8

Hence, Pt-based anti-proliferation of cancer cells can be realized
by their interactions with various cellular targets, which offers
us an immense space to develop Pt-based anticancer drugs.

Protein tyrosine phosphatases (PTPs), a superfamily of
enzymes, can participate in the regulation of the intracellular

signal transduction pathway by hydrolytically removing the
phosphate groups from proteins.9 Dysregulated activities of
PTPs are related to the pathogenesis of a number of human
diseases such as cancer, diabetes and autoimmune diseases.10

Recently, several PTPs (such as PTP1B, T-cell PTP (TCPTP), and
Src homology phosphatase 1 (SHP-1)) were demonstrated to be
overexpressed in breast, colorectal, lung, pancreatic, and gastric
cancer tissues, suggesting that excessive PTPs may promote
tumour development and progression.11 Thus, PTPs are attractive
candidates for the development of targeted therapies for multiple
cancer types.12 Our recent research has shown that some copper
and vanadium complexes could penetrate the cell membrane and
selectively interact with their target PTPs, resulting in the enhanced
phosphorylation of the related substrates and influencing cellular
metabolism.13

Inspired by these previous studies, we wondered whether
the anticancer activity of Pt complexes could be realized by the
inhibition of PTPs? The answer is positive. Herein, we describe
a simple Pt(II) complex (1) possessing an obviously higher anti-
proliferation activity than cisplatin against MCF7 cells. Remarkably,
the anti-proliferation activity of 1 is probably attributed to its potent
inhibition against PTP1B activity, thereby affecting the transduction
pathway.

The synthetic route of 1 ([PtL(DMSO)Cl], DMSO = dimethyl
sulfoxide and HL = 5-chlorosalicylideneaniline) is shown in
Scheme S1 (ESI†). Its structure was characterized by elemental
analysis, IR spectra, ESI-MS and X-ray crystallography methods
(Fig. S1, S2 and Tables S1, S2, ESI†). As depicted in Fig. 1, 1
adopts the typical square-planar geometry of Pt(II) complexes,
where N and O of the chelating Schiff base ligand, S of DMSO
and Cl� coordinate towards the platinum(II) center.

Using cisplatin as the control, the anticancer potential of 1
was tested on MCF7 cells. As shown in Fig. 2, after MCF7 cells
were incubated with 1 for 48 h, the cell viability dramatically
decreased from about 73% to 17% with the increase of the
concentration of 1 from 0.1 to 10 mM. In contrast, a similar
treatment using cisplatin alone caused a decrease from 90% to
50%. Note that the IC50 values of 1 and cisplatin were 0.32 and
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9.56 mM, respectively. The value of 0.32 mM was also obviously
smaller than those for the reported similar Pt(II) complexes
(Table S3, ESI†).14 Overall, 1 exhibited efficient anti-proliferation
effect in both dose- and time-dependent manners (Fig. S3, ESI†).

The effect of 1 on the apoptosis of MCF7 cells was also
investigated using cisplatin as the control. As shown in Fig. 3,
the percentages of cells in early and late apoptosis induced by 1
at the concentrations of 1, 5 and 10 mM were 34, 46 and 53%
respectively, suggesting a dose-dependent apoptosis-inducing
manner. A concentration of 10 mM of 1 reduces the amount of
viable MCF7 cells to 44% by the induction of both early and late
apoptosis, while the same concentrations of cisplatin and
ligand had insignificant effects within the chosen exposure
time (Fig. S4, ESI†), demonstrating that the apoptosis-inducing
potency of 1 exceeded that of cisplatin for MCF7 cells.

DNA is accepted to be a typical target for many Pt(II)-based
anticancer drugs, and their interactions are usually studied
using UV-Vis spectroscopy.15 As shown in Fig. 4, with increasing
amounts of calf thymus DNA (CT-DNA), the absorption spectra
of 1 at 285 nm exhibited a maximum hypochromism of 18.8%
(�DA/A), obviously lower than classical DNA intercalators, such
as [Ru(bpy)2(dppz)]2+ showing hypochromism of 40.1%.15 This
result possibly implies a kind of weak 1-DNA intercalative

interaction. The binding constant (Kb) was 2.17 � 104 M�1,
also much lower than that of [Ru(bpy)2(dppz)]2+ (5.0 � 106 M�1)
and some reported Pt(II) complexes with a potent anticancer
activity (Table S3, ESI†).16

In addition to UV-vis spectroscopy, the DNA-binding property
of 1 was also studied using circular dichroism (CD) spectroscopy
and compared with that of cisplatin. As shown in Fig. S5 (ESI†),
the characteristic positive and negative bands for CT-DNA
appeared at 277 and 246 nm, respectively. In the presence of
1, the intensities of both bands show moderate enhancement
without band shifts. By contrast, in the presence of cisplatin, the
intensities show an increase at low cisplatin/DNA ratios (rb) but
an obvious decrease at the highest ratios (rb = 1) with visible
red-shifts (ca. 8 and 2 nm for positive and negative bands,
respectively). The results indicate that the binding of 1-DNA is
weaker than that of cisplatin–DNA.

Since guanine-N7 is the preferred binding site in DNA for
many Pt(II) complexes,17 we monitored the reactivity of both 1
and cisplatin with mononucleotides 50-GMP through UV-vis

Fig. 1 The crystal structure of 1; thermal ellipsoids are given at the 30%
probability level.

Fig. 2 Cell viability after incubation with varying concentrations of HL
(blue), cisplatin (red), and 1 (green) for 48 h.

Fig. 3 The percentage of intact, early apoptotic, late apoptotic, and
necrotic cells in flow cytometric analysis of MCF7 cells after incubation
with 1 (1, 5, and 10 mM), HL (10 mM) and cisplatin (10 mM) for 24 h.

Fig. 4 Absorption spectra of 1 (20 mM) in the absence and in the presence
of CT-DNA (0–140 mM) in Tris–HCl–NaCl buffer (pH 7.2); inset: plot of
CDNA/(ea � ef) vs. CDNA for absorption titration of CT-DNA with 1.
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and 1H NMR spectroscopy. These spectra show that GMP-cisplatin
binding is obviously stronger than the GMP-1 interaction (see
Fig. S6 and S7 (ESI†), and corresponding discussion in the ESI†
for details).

In brief, the above studies reveal that the binding of 1 to
DNA may be weaker than that of cisplatin, which is inconsistent
with the higher antiproliferation activity of 1 over cisplatin. We
speculate that 1 might interact with other cellular targets apart
from DNA.

It is found that PTP1B is overexpressed in MCF7 cells, which
may promote tumour development and progression.18 So the
inhibitory activity of 1 on recombinant PTP1B was evaluated
with three other PTPs as a comparison. As shown in Fig. 5, the
IC50 values of 1 inhibiting PTP1B, TCPTP, SHP-1, and hemato-
poietic protein tyrosine phosphatase (HePTP) are 0.25, 4.51, 4.65,
and 31.6 mM, respectively. Specifically, 1 shows much stronger
potency against PTP1B than that against TCPTP, SHP-1 (ca.
18-fold) and HePTP (ca. 126-fold). Hence, 1 is a potent and
selective PTP1B inhibitor. Considering that the inhibition of
cisplatin against PTP1B (IC50 = 1.45 mM) was less than 1 (Fig. S8,
ESI†) and the HL ligand itself did not show obvious inhibition
activity against four PTPs even at 100 mM, we speculate that the
anti-proliferation and apoptosis induction of 1 on MCF7 cells
may be associated with its potent inhibition against PTP1B.

To identify the possible inhibition mode of 1 on the PTP1B
activity, an enzyme kinetics experiment was performed. The
lines in the Lineweaver–Burk plots converge on the x-axis left to
y-axis which reveals a non-competitive inhibition mechanism
(Fig. S9, ESI†), suggesting that 1 may bind to PTP1B at an
allosteric site.

Next, the interaction between 1 and PTP1B was investigated
by fluorescence spectroscopy. As shown in Fig. S10 and S11
(ESI†), the fluorescence intensity of PTP1B at 335 nm gradually
decreased with increasing concentration of 1 or cisplatin,
indicating the possible binding between the platinum complexes
and PTP1B. Among the three types of amino acid residues of
protein emitting fluorescence around 335 nm, Trp is more
sensitive to the conformation change of a protein than Tyr

and Phe. Therefore, such an intensity decrease may reflect the
quenching of Trp fluorescence in PTP1B. The stoichiometries
of both 1 and cisplatin binding to PTP1B were calculated to be
close to 1 : 1, and their binding constants were 1.35 � 108 and
1.86 � 107 M, respectively, revealing stronger binding strength
of 1 to PTP1B than that of cisplatin.

Besides the studies on the recombinant PTP1B inhibition
activity, the cellular efficacy of 1 selectively inhibiting PTP1B
was also assessed by examining its effects on the phosphorylation
levels of some PTP substrates using Western blotting analysis in
MCF7 cells. Previous studies have shown that PTP1B and TCPTP
could remove the phosphate from p-Src529 and p-Src418,
respectively.19 Treatment of cells with 1 led to a dose-dependent
increase in the phosphorylation level of p-Src(Y529), while no
obvious change in p-Src(Y418) was observed (Fig. 6a), which
implied the significant inhibition of PTP1B function. This can be
the result of two possible reasons: inhibition of the PTP1B activity
or/and PTP1B expression. To clarify this, we measured the total
amount of PTP1B in the presence of 1 using a PTP1B-antibody by
the Western blot assay. The results indicate that 1 scarcely changes
the PTP1B expression in cancer cells (Fig. 6b). Thus the increased
phosphorylation level of p-Src(Y529) may be attributed to the potent
and selective inhibition of 1 against cellular PTP1B activity. Apart
from the PTP1B specific substrate p-Src(Y529), the phosphorylation
levels of the other PTP1B substrates (such as p-IRS-1(Y896), p-IR/
IGF1R(pYpYpY1158/1162/1163) and p-EGFR(Y1092))20 were also dis-
tinctly improved with the increased concentration of 1. As a positive
control, cisplatin has no effect on the phosphorylation levels of
p-Src(Y529) and p-Src(Y418) even at 100 mM (Fig. S12, ESI†),

Fig. 5 Concentration-dependent inhibition of four tyrosine phosphatases
by 1; the inset shows IC50 values.

Fig. 6 (a) Effects of different concentrations of 1 on the phosphorylation
levels of several PTP substrates among MCF7. From left to right, lane 1:
control; lane 2–4: 1 (1, 10 and 50 mM); lane 5: ligand (50 mM). (b) Effects of
1, cisplatin and ligand on the level of cellular PTP1B expression among
MCF7. From left to right, lane 1: control; lane 2–4: 1 (1, 10 and 50 mM); lane
5: cisplatin (50 mM); lane 6: ligand (50 mM).
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indicating that cisplatin doesn’t distinctly inhibit the activities
of cellular PTP1B and TCPTP.

To further explain the relationship between the anticancer
potential of 1 and its inhibition against PTP1B, the cell lines
HepG2 with high PTP1B expression and A549 with low PTP1B
expression were chosen for comparison with MCF7 (Fig. S13,
ESI†). The results show that 1 efficiently inhibits the proliferation
of HepG2 cells (IC50 = 0.37 mM), similar to its effect on MCF7, but
hardly affects the proliferation of A549 cells (Fig. S14, ESI†). Such
results indicate again that the anti-proliferative ability of 1 may be
related to the potent inhibition of the PTP1B activity.

We also measured the uptakes of 1 and cisplatin by determining
the Pt contents in three cells using ICP-MS (Table S4, ESI†). The Pt
contents in MCF7, HepG2, and A549 are 26.23, 18.30, and 19.18 ng
per 106 cells, respectively. The cellular uptakes of 1 in the three cells
are comparable, indicating that there is no direct connection
between the anti-proliferation effect of 1 and its cellular uptake.
Nevertheless, the uptakes of 1 are 17-, 7-, and 11-fold stronger than
those of cisplatin for MCF7, HepG2, and A549 cells, respectively.
The higher cellular uptake may in-part account for the much higher
anti-proliferation activity of 1 than cisplatin.

In summary, we have found that Pt(II) complex 1 possesses
much higher anti-proliferation activity than cisplatin. The mecha-
nism of anti-proliferation of 1 was demonstrated to be potent
inhibition of PTP1B, which significantly influences the cellular
phosphorylation level and thus may further influence the intra-
cellular signal transduction pathway. Such a mechanism is distinctly
different from the famous DNA-damaging mechanism for cisplatin,
thereby providing a new clue for designing novel platinum-based
anticancer drugs with PTP1B as the potential targets.
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