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NSC-87877 Inhibits Du이-specificity Phosphatase 23 (DUSP23) that Regulates ERK
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Phosphorylation and dephosphorylation of proteins comprise 
important regulatory pathways that are involved in the control 
of cell growth, differentiation adhesion and death.1,2,3 This 
process requires the combined action of protein kinases and 
phosphatases. Protein phosphatases are generally divided into 
two classes: protein serine/threonine phosphatase and tyrosine 
specific phosphatase. The sequencing of the human genome 
has revealed 107 protein tyrosine phosphatases (PTPs).4 The 
dual-specificity phosphatases (DUSPs) are subclass of the PTP 
superfamily and can dephosphorylate both phosphotyrosine 
and phosphoserine/phosphothreonine residues within the same 
protein. DU SPs can be grouped into six subgroups on the basis 
of sequence similarity that include slingshots, phosphatases of 
regenerating liver (PRLs), Cdc14 phosphatases, phosphatase 
and tensin homologues deleted on chromosome 10 (PTENs), 
myotubularins, mitogen-activated protein kinase phosphatases 
(MKPs) and atypical DUSPs.5 MKPs eXiibit distinct substrate 
specificities for various mitogen-activated protein kinases 
(MAPKs), different tissue distribution, subcellular localization, 
and different modes of inducibility of their expressions by 
extracellular stimuli.6,7,8,9 The three major groups of MAPK 
that are expressed in mammals are p38, extracellular signal 
regulated kinase (ERK), c-Jun N-terminal kinase (JNK). MAPKs 
are key signaling enzymes that regulate proliferation, cell survival 
and death, differentiation, development, immune function, 
gene expression, and other signaling cascades.

Growing data presented that modulation of PTP enzymatic 
activities could have a role in regulating disease susceptibility.10 
Therefore, chemical compounds that regulate the activities of 
PTP may constitute a therapeutic approach for the treatment 
of diseases such as cancer, diabetes, and inflammation.

NSC-87877 was originally identified as a potent inhibitor 
of Src homology region 2 (SH2) domain-containing phosphatase 1 
(SHP-1) and SHP-2 PTPs.6 Fig. 1 shows the structure of 
NSC-87877. We used NSC-87877 to identify more phosphatases 
that are targets of NSC-87877. The phosphatase inhibition 
screening led to the discovery of several phosphatases that

Figure 1. Chemical structure of NSC-87877.

were effectively inhibited by NSC-87877.11,12,13,14 In this 
report, we show that DSUP23 is another target of NSC-87877. 
NSC-87877 inhibited DUSP23 with the inhibitory concen
tration 50 (IC50) about 11.25 士 0.12 gM. When DUSP23 was 
treated with various concentrations of NSC-87877, DUSP23 
inhibitory activity of NSC-87877 was dose-dependent (Fig. 
2A). Analysis of the mode of inhibition indicated a com
petitive inhibition with K of 11.21 gM (Fig. 2B), suggesting 
that NSC-87877 binds to the catalytic cleft of DUSP23.

Next we asked whether the inhibitory action of NSC-87877 
on DUSP23 influences the phosphorylation level of DUSP23 
substrates. The MAPK substrates for DUSP23 remains to be 
clarified as two independent reports presented conflicting 
data.15,16 To make clear substrate specificity of DUSP23, we

Figure 2. Inhibitory effect of NSC-87877 in DUSP23 and kinetic 
analysis of DUSP23 inhibition by NSC-87877 (A) DUSP23 was 
incubated with various concentrations of NSC-87877 at 37 oC for 30 
min. Fluorescence emission from the product was measured with a 
multiwell plate reader as described in Experimental section. (B) 
Lineweaver-Burk plot of DUSP23 was generated from the reciprocal 
data.
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Figune 3. DUSP23 specifically dephosphorylates and inhibits ERK, 
and NSC-87877 inhibits the action of DUSP23 on ERK (A) Active 
recombinant MAPKs (p38, ERK, or JNK) were incubated in vitro 
with or without recombinant DUSP23 that was purified from bacteria 
at 37 oC for 30 min. Dephosphorylation levels of MAPKs were deter
mined by Western blotting analysis using anti-phospho-MAPK 
antibodies. (B) DUSP23 and phospho-ERK were incubated with 
NSC-87877 (0, 50, or 100 卩M) and the Western blotting analysis 
was performed as described in Experimental section. (C) DUSP23 
(1 pg) was pre-mixed with various NSC-87877 concentrations as 
indicated and then incubated with active ERK. ERK activities were 
determined by kinase assays using GST-Elk as a substrate. Samples 
were resolved by SDS-PAGE and subjected to autoradiography.

performed in vitro dephosphorylation assays with the active 
recombinant MAPKs that were phosphorylated in the activation 
loops. As shown in Fig. 3A, DUSP23 effectively dephospho
rylated the active phosphorylated ERK and the dephosphory
lation of ERK by DUSP23 was blocked in the presence of 
NSC- 87877. In contrast, dephosphorylation of p38 and JNK 
by DSUP23 was not observed (Fig. 3A). These data suggest 
that both p38 and JNK are not direct targets of DUSP23.

The dose dependence of NSC-87877 on DUSP23-mediated 
ERK dephosphorylation was also examined. After treatment 
of phospho-ERK with DUSP23 in the presence of various 
concentrations of NSC-87877, the change in ERK phospho
rylation level was determined with Western blotting analysis. 
As shown in Fig. 3B, DUSP23-mediated dephosphorylation 
of ERK was inhibited by NSC-87877 in a dose-dependent 
manner. Taken together, these data suggest that DUSP23 
targets ERK and NSC-87877 treatment reduces DUSP23 

phosphatase activity.
We additionally examined the effects of DUSP23 on ERK 

activity using an in vitro kinase assays. Kinase activity of 
ERK towards GST-Elk as a substrate was decreased in the 
present of DUSP23. And NSC-87877 blocked this inhibitory 
effect (Fig. 3C). These results imply that DUSP23 specifically 
dephosphorylates and inhibits ERK and NSC-87877 inhibits 
the action of DUSP23 on ERK.

In the present study, the results of our study suggest that 
NSC-87877 is a potent competitive inhibitor of DUSP23. 
DUSP23 dephosphorylates and inactivates ERK but has no 
activity on JNK and p38. Since NSC-87877 inhibited dephos
phorylation of ERK by DUSP23, our results will provide the 
basis for developing a DUSP23-specific inhibitor that activates 
ERK signaling pathway.

Experimental Section

Antibodies. Anti-ERK, anti-phospho- JNK (specific for 
phospho-Thr183 and phospho-Tyr185), anti-phospho-p38 
(phospho-Thr180 and phospho-Tyr182), and anti-phospho- 
ERK (phospho-Thr202 and phospho-Tyr204) antibodies were 
purchased from Cell Signaling Technology (Danvers, MA). 
Anti-JNK and anti-p38 antibodies were from Santa Cruz 
Biotechnology (Santa Cruz, CA). Active JNK and active p38 
proteins were from Upstate Biotechnology (Lake Placid, 
NY). Active ERK protein was from Millipore (Bedford, MA).

Puiification of 6 x His-tagged proteins. Purification of recom
binant proteins were carried out as previously described.13

In vitro phosphatase assays and kinetic an지ysis. In vitro 
Phosphatase assays and Kinetic analysis were carried out as 
previously described.14

Western blotting an시ysis. Western blotting was carried out 
as previously described.17

Dephosphonylation assays with active phosphonylated 
MAPKs. 6 x His-tagged DUSP23 (1 pg) was combined with 
active phosphorylated p38 (10 ng), ERK (10 ng), or JNK (20 
ng) in PTP assay buffer (30 mM Tris-HCl (pH 7), 75 mM 
NaCl, 1 mMEDTA, 0.1 mMDTT, 0.33% BSA) in a total reaction 
volume of 30 pL, and incubated for 30 min at 37 oC. To determine 
whether NSC-87877 down-regulates DUSP23 effect on ERK 
in vitro, 1 pg of DUSP23 was mixed with 10 ng active phos
phorylated ERK and various NSC-87877 concentrations (0, 
50, or 100 pM) in a 30 pL reaction volume and incubated for 
30 min at 37 oC. The samples were subjected to Western 
blotting analysis to examine the phosphorylation state of 
MAPKs using the phospho-MAPK antibodies.

In vitro kinase assay. 6 x His-tagged DUSP23 (1 pg) was 
pre-mixed with various NSC-87877 concentrations (0, 50, or 
100 pM) in PTP assay buffer for 30 min at 37 oC and then 
further incubated in the presence of active phosphorylated 
ERK (10 ng) for 30 min at 37 oC. Kinase reactions were initiated 
by mixing the pre-incubated samples with kinase reaction 
buffer (20 mM Tris-HCl (pH 7.5), 20 mM MgCl2, 0.1 mM 
sodium orthovanadate, 1 mM DTT) supplemented with 20 pM 
ATP/10 pCi [y-32P]ATP and 1 pg of Elk as a substrate. After 
30 min at 30 oC, reactions were terminated by addition of 
SDS-PAGE sample buffer and the products of kinase reactions 
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were separated by SDS-PAGE for autoradiography. The gels 
were dried and exposed to X-ray film.
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