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NSC-87877 Inhibits Cell Growth by Suppressing ERK Signaling
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Reversible phosphorylation of proteins on tyrosine residues
is controlled through the actions of protein tyrosine kinases
(PTKs) and protein tyrosine phosphatases (PTPs)."* Phospho-
rylation and dephosphorylation of proteins is a key event in
signalings that are involved in the control of cell growth, di-
fferentiation, adhesion, and death.” PTPs can be grouped into
four classes: the classical receptor PTPs (RPTPs), the classical
non-receptor PTP (nrPTPs), the dual-specificity phosphatases
(DUSPs) and the low Mr PTPs.’

The mitogen-activated protein kinases (MAPKs) are key
signal-transducing enzymes that regulate proliferation, cell sur-
vival and death, differentiation, development, immune function,
gene expression, and other intracellular events.” In mammals,
MAPKSs comprise three major groups, which are classified on
the basis of sequence similarity, differential activation by ago-
nists, and substrate specificity. These are the c-Jun N-terminal
kinases (JNKs), the p38 MAPKSs, and the extracellular signal-
regulated kinases (ERKs).8 Of those three MAPK groups, JNK
and p38 are involved in cell death whereas ERK induces cell
growth.9 All of them are activated by hydrogen peroxide (H,O»).
Phosphorylation of the threonine and tyrosine residues in an
activation loop of the MAPKSs results in activation. Thus, de-
phosphorylation of the MAPKs within the activation loop is
important for their control. This could be achieved by serine/
threonine phosphatases, tyrosine phosphatases, or dual-speci-
ficity phosphatases.

Numerous studies have presented that modulation of PTP
enzymatic activities is critical in regulating disease suscepti-
bility."’ Therefore, chemical compounds that regulate the acti-
vities of PTP could ultimately lead to the development of novel
therapeutics for the treatment of diseases such as cancer, di-
abetes, obesity, and inflammation.

8-Hydroxy-7-(6-sulfonaphthalen-2-yl)diazenyl-quinoline-
S-sulfonic acid (NSC-87877) is known as a potent PTP inhibitor
with selectivity for Src homology region 2 (SH2) domain-con-
taining phosphatases 2 (SHP-2) and SHP-1. SHP proteins are
characterized by containing two SH2 N-terminal domains and
a C-terminal protein tyrosine phosphatase domain. SHP-2 is a
ubiquitous PTP which plays important biological functions in
response to various growth factors, hormones, or cytokines. In
particular, SHP-2 is involved in activation of ERK1/2 by epi-
dermal growth factor (EGF). "' SHP-2 plays important biological
functions in disease pathways such as leukemia, diabetes, neuro-
degeneration, and cancer. "

Using in vitro phosphatase assays, we have previously found
that DUSP3, DUSP14, DUSP23, DUSP26, ACPI1, Cdc25A

and Cdc25B are inhibited by NSC-87877."*" PTPs that are
inhibited by NSC-87877 and their specificity for MAPKSs were
listed in Table 1. Since those NSC-87877 targets are involved
in either cell growth or apoptosis, it is of interest to investigate
whether cells survive or die when cells are treated with NSC-
87877. To evaluate an effect of NSC-87877 on cell growth, we
analyzed cell growth using the CCK-8 assay. NCI-H460 cells
(human lung cancer cells) were preincubated with or without
NSC-87877, and then treated with H,O, to activate MAPKSs.
NCI-H460 cell growth was decreased by NSC-87877 (Fig. 1).
These data suggest that NSC-87877 might either enhance cell
death or inhibit cell growth.

If N'SC-87877 enhances cell death signaling, inactivation of
PTP activity by NSC-87877 may reduce the phosphorylation
of ERKSs that are linked to cell survival or enhance the phos-
phorylation of JNK or p38 that induces cell death. To test our

Table 1
PTP MAPK specificity
DUSP3 ERK
DUSP14 ERK, JNK, p38
DUSP23 ERK
DUSP26 p38, ERK
ACP1 No activity
Cdc25A, B No activity
SHP-2 Upregulates ERK signaling
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Figure 1. Effects of NSC-87877 on the growth of NCI-H460 cell lines.
NCI-H460 cells were cultured for 3 h at various concentrations of
the NSC-87877 and then incubated with or without 0.1 mM H,O, for
16 h. Cell growth was assessed by CCK-8 cell proliferation assay
method and is expressed as a percentage of control.
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Figure 2. NSC-87877 inhibits ERK1/2 activation. NCI-H460 cells were
pretreated with various concentrations of NSC-87877 for 3 h and then
stimulated with 0.1 mM H,O,. MAPKs activation was analyzed by
Western blotting of cell lysates with antibodies to phosphorylated
MAPKs.
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Figure 3. Caspase-3 activity in NCI-H460 cells in the presence of
NSC-87877. NCI-H460 cells were pretreated with various NSC-
87877 concentrations as indicated and then incubated with or without
0.1 mM H,O, for 16 h. Caspase-3 activity was determined using the
Caspase-3 assay kit as described under “Experimental section”.

hypothesis, we examined effects of NSC-87877 on endogenous
MAPK phosphorylation. As shown in Fig. 2, NSC-87877 in-
hibits H,O,-induced ERK1/2 phosphorylation. In contrast, phos-
phorylation levels of JNK and p38 by NSC-87877 were not
changed. These results indicate that ERK phosphorylation is
involved in the growth inhibition mediated by NSC-87877.
We performed caspase-3 assays to see if NSC-87877 induces
cells to undergo apoptosis. NCI-H460 cells were pre-treated
with or without the NSC-87877 prior to H>O; treatment. Cas-
pase-3 assays with cell lysates showed that NSC-87877 treat-
ment did not induce apoptosis (Fig. 3). Thus, our results suggest
that treatment with NSC-87877 leads to cell growth inhibition
through dephosphorylation of ERKs rather than apoptosis.
In the present study, we found that NSC-87877 was effective
in ERK dephosphorylation and inhibited cell proliferation. Even
though NSC-87877 has the PTP inhibitory activity against se-
veral human PTPs in vitro, NSC-87877 seemed to be involved

Notes

with inhibition of SHP-2 in cell-based assays since SHP-2 acti-
vity is necessary for ERK activation. Since SHP-2 is an impor-
tant molecule for controlling growth factor receptor signaling
and a potential target for development of novel therapies for
SHP2-associated disease, this study provides potential pharma-
cological role of NSC-87877.

Experimental Section

Cell culture and transfection. The NSCLC cell lines NCI-
H460 (p53+/+) were maintained at 37 °C in Roswell Park Me-
morial Institute (RPMI) medium 1640 (Invitrogen, Carlsbad
California) supplemented with 10% fetal bovine serum (FBS,
Invitrogen) and penicillin/streptomycin in the presence of 5%
COa.

Reagents and antibodies. Polyclonal anti-JNK, anti-phos-
pho-JNK (Thr-183/Tyr-185), anti-p38, anti-phospho-p38 (Thr-
180/Tyr-182), anti-ERK1/2, and anti-phospho-ERK1/2 (Thr-
202/Tyr-204) antibodies were from Cell Signaling Technology
(Danvers, MA). The NSC-87877 was from Calbiochem (San
Diego, CA).

‘Western blotting analysis. Western blotting was carried out
as previously described."

Cell viability assay. Cell viability was determined using a
CCK-8 cell viability assay kit (DOJINDO Laboratories, Japan).
NCI-H460 cells (5 x 10° cells/well) were pretreated with va-
rious NSC-87877 concentrations as indicated and then incu-
bated with or without 0.1 mM H>O, for 16 h in a 96-well plate.
10 pL of cell viability assay kit solution was added to each well
of the plate. After incubation for 1 h at 37 °C in the dark, absor-
bances were measured at 450 nm using a multiwell plate reader.

Measurement of caspase-3 activity. Caspase-3 assay kit (Pep-
tron, Korea) was used for the detection of caspase-3 activity
following the manufacturer’s protocol. The subconfluent cells
in 100 mm dishes were pretreated with various NSC-87877
concentrations as indicated and then incubated with or without
0.1 mM H,O; for 16 h.
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