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In vivo Effect of NSC-95397 as a DUSP14 Inhibitor
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Dual-specificity phosphatases (DUSPs) as a heterogene-

ous group of protein phosphatases belong to a subclass of

PTP (protein tyrosine phosphatase) family and dephosphor-

ylate both phosphotyrosine and phosphoserine/phospho-

threonine residues.1 DUSPs play as major modulators of

critical signal transduction pathways that are deregulated in

many diseases. Particularly, mitogen-activated protein kinase

phosphatases (MKPs) have function as negative regulators

of mitogen-activated protein kinase (MAPK)-mediated signal-

ing in many cellular processes.2,3 DUSP14 also known as

MKP6 was first identified through a yeast two-hybrid

system to identify novel proteins that interact with the T-cell

costimulatory factor CD28. DUSP14 is expressed ubiquit-

ously, but elevated expression has been observed in certain

types of cells and tissues.4 DUSP14 is one of 19 atypical

DUSPs that contain the consensus DUSP C-terminal cata-

lytic domain but lack the N-terminal CH2 (Cdc25 homology

2) domain.

The MAPK subfamily, including the c-Jun N-terminal

kinase (JNK), extracellular signal-regulated kinases (ERK),

and p38, has a diverse crucial role that regulates prolife-

ration, cell survival and death, differentiation, development,

immune function, gene expression, and other intracellular

events.5,6 Several PTPs are able to function as oncoproteins

or tumor suppressors by dephosphorylating specific MAPKs

and modifying the pathway.7 DUSP14 dephosphorylates and

inactivates MAPKs.8 

NSC-95397 (2,3-bis-[2-hydroxyethylsulfanyl]-[1,4]naph-

thoquinone) was originally reported to inhibit Cdc25 family

of DUSPs, including Cdc25A, B, and C and VH1-related

dual-specificity phosphatase or PTP1B.9 In recent experi-

ments, we showed that NSC-95397 effectively and specifi-

cally down-regulates DUSP14 phosphatase activity in

vitro.10 In this study, we show that NSC-95397 regulates

MAPK signaling in vivo through inhibition of DUSP14.

We first examined whether the inhibitory function of

NSC-95397 on DUSP14 regulates the phosphorylation of

MAPKs. It has been reported that DUSP14 can dephosphor-

ylate phospho-ERK, JNK, and p38 in vitro.8 However, in T-

cells expressing the catalytically inactive mutant DUSP14

(C111S), only the phosphorylation of ERK and JNK increas-

ed whereas that of p38 remains unchanged, suggesting that

ERK and JNK are the valid targets of DUSP14 in vivo.8 In

this study, we used JNK as a substrate for DUSP14 since

DUSP14 dephosphorylates active phospho-JNK both in

vitro and in vivo. After incubation of recombinant phospho-

JNK with DUSP14 in the presence of various concentrations

of NSC-95397, samples were examined by immunoblotting

with phospho-JNK and JNK antibodies (Fig. 1). NSC-95397

prevents in vitro JNK dephosphorylation by DUSP14.

To investigate whether NSC-95397 negatively regulates

DUSP14 phosphatase activity in vivo, HEK 293 cells were

transiently transfected with FLAG-tagged DUSP14 WT or

catalytically inactive mutant (D80A) expression plasmid.

Transfected HEK 293 cells were pretreated with 0-100 μM

NSC-95397 for 3 h before cells were lysed with PTP lysis

buffer. DUSP14 was immunoprecipitated from cell lysates

using anti-FLAG M2-agarose. Phosphatase activity of

immunoprecipitated DUSP14 was then determined using 3-

O-methylfluorescein phosphate (OMFP) as a substrate as

described previously.11 As shown in Figure 2, NSC-95397

inhibits DUSP14 phosphatase activity in vivo. The results

indicate that NSC-95397 effectively penetrates the cells and

inhibits DUSP14 activity.

We further examined whether NSC-95397 inhibited DUSP14

activity against endogenous JNK in cells. HEK 293 cells

were transfected with FLAG-tagged DUSP14 WT or cataly-

tically inactive mutant (D80A) expression plasmid, pre-

treated with NSC-95397 for 3 h, and then stimulated with

H2O2 to phosphorylate JNK. The levels of phospho-JNK

were determined using immunoblotting analysis. As shown

Figure 3(a), DUSP14 WT-mediated dephosphorylation of

JNK was significantly inhibited by NSC-95397, whereas

DUSP14 (D80A) mutant showed no effect on phosphor-

ylated JNK levels. The results suggest that NSC-95397

effectively inhibits DUSP14 to protect endogenous phospho-

JNK.

Figure 1. NSC-95397 down-regulates JNK inhibition mediated by
DUSP14 in vitro. DUSP14 (1 µg) was pre-mixed with NSC-95397
(0, 10, 50, or 100 µM) and then incubated with active JNK. JNK
phosphorylation level was determined by immunoblotting analysis.
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We next investigated whether NSC-95397 potentiates the

kinase activity of JNK by inhibiting DUSP14 in vivo. HEK

293 cells were transfected with FLAG-DUSP14 and then

pretreated with NSC-95397 prior to stimulation with H2O2.

Cell lysates were immunoprecipitated with anti-JNK poly-

clonal antibody and then JNK kinase activities were deter-

mined by in vitro kinase assays using GST-c-Jun as a

substrate (Fig. 3(b)). These results indicate that NSC-95397

protects JNK kinase activity by inhibiting DUSP14 in vivo.

In conclusion, this study suggests that NSC-95397 speci-

fically inhibits dephosphorylation of JNK catalyzed by

DUSP14. In CD28 signaling for induction of interleukin-2

(IL-2), DUSP14 expression is increased apparently in T cells

stimulated by CD28.8 This enhanced DUSP14 decreases IL-

2 production. In addition, IL-2 production is decreased by

negative regulation of CD28 signaling through inactivation

of JNK in T cells, suggesting that DUSP14 acts as a negative-

feedback regulator in T cell proliferation. Thus, the results

obtained in this study provide pharmacological evidence that

NSC-95397 might be applied to the development of novel

therapeutics for immune diseases related to DUSP14-

mediated T-cell inactivation.

Experimental Section

Reagents and Antibodies. Anti-phospho-JNK (specific

for phospho-Thr183 and phospho-Tyr185) and His anti-

bodies were purchased from Cell Signaling Technology

(Danvers, MA). Anti-JNK antibody was from Santa Cruz

Biotechnology (Santa Cruz, CA). Active JNK protein was

from Upstate Biotechnology (Lake Placid, NY). NSC-95397

was from Sigma-Aldrich (St. Louis, MO). Anti-FLAG M2

antibody and anti-FLAG M2-agarose beads were from

Sigma-Aldrich (St. Louis, MO). 

Cell Culture and Transfection. Human embryonic kidney

(HEK) 293 cells were maintained at 37 oC in Dulbecco’s

modified Eagle’s medium (DMEM, Invitrogen, Carlsbad,

CA) supplemented with 10% fetal bovine serum (FBS,

Invitrogen, Carlsbad, CA) and penicillin/streptomycin in the

presence of 5% CO2. For transient transfection, 1.4 × 106

cells were plated in each 60-mm cell culture plate, grown

overnight, and transfected with DNA using LipofectAMINE

(Invitrogen).

Plasmid Constructions. FLAG-tagged DUSP14 wild-

type and DUSP14 (D80A) mutant were constructed in

pcDNA3.1 plasmid (Invitrogen, Carlsbad, CA). His-tagged

DUSP14 WT was constructed in pET-28a (+) plasmid

(Novagen, Darmstadt, Germany) for protein expression in E.

coli. GST-c-Jun (1-79) was constructed in pGEX 6p-1

plasmid (Amersham Biosciences, Little Chalfont, UK) for in

vitro kinase assays.

Purification of the six-His-tagged Proteins. PTP ex-

pression plasmids were constructed in pET-28a (+) and

transformed into BL21 (DE3)-RIL E. coli. Recombinant

proteins were induced with 1 mM isopropyl-β-D-thio-

galactopyranoside at 20 oC for 16 h. Cells were harvested

and then lysed by sonication in 50 mM Tris-HCl (pH 8.0),

300 mM NaCl, 20 mM imidazole, 1% NP-40, 1 mM

phenylmethylsulphonyl fluoride (PMSF). The lysates were

clarified at 13,000 rpm for 30 min at 4 oC. The supernatant

was applied by gravity flow to a column of Ni-NTA resin

Figure 2. NSC-95397 inhibits the in vivo activity of DUSP14 in a
dose-dependent manner. Transfected HEK 293 cells were
pretreated with NSC-95397 (0, 10, 50, or 100 µM) and DUSP14
activity was determined by the immune complex DUSP14 assay as
described in Experimental Section. The relative DUSP14 activity
is shown.

Figure 3. NSC-95397 inhibits the action of DUSP14 on JNK in
vivo. (a) Transfected HEK 293 cells were pretreated with various
concentrations of NSC-95397 (0, 10, 50, or 100 µM) for 3 h and
then stimulated with H2O2 (1 mM, 1 h). Cell lysates were analyzed
by immunoblotting with appropriate antibodies. (b) After trans-
fection, HEK 293 cells were pretreated with various concentra-
tions of NSC-95397 (0, 10, 50, or 100 µM) for 3 h and then
stimulated with H2O2 (1 mM, 1 h). Immunoprecipitation and in

vitro kinase assay were processed as in Experimental section.
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(PEPTRON, Daejon, Korea). The resin was washed with 20

mM Tris-HCl (pH 8.0), 300 mM NaCl, and 20 mM

imidazole and then eluted with 20 mM Tris-HCl (pH 8.0),

300 mM NaCl, and 250 mM imidazole. The eluted proteins

were dialyzed overnight against 20 mM Tris-HCl, 150 mM

NaCl, 20% glycerol, and 0.5 mM PMSF before storage at

−80 oC.

Dephosphorylation Assays with Active Phosphorylated

JNK. The six-His-tagged DUSP14 (1 μg) was combined

with active phosphorylated JNK (10 ng) in PTP assay buffer

(30 mM Tris–HCl (pH 7.0), 75 mM NaCl, 1 mM EDTA, 0.1

mM DTT, 0.33% BSA) and incubated for 30 min at 37 oC in

a 30 μL reaction volume. To determine whether NSC-95397

inhibits the DUSP14 effect on JNK in vitro, 100 nM of

DUSP14 was mixed with 10 ng of active phosphorylated

JNK and various concentrations of NSC-95397 (0, 10, 50, or

100 μM) in a 30 μL reaction volume and incubated for 30

min at 37 oC. The products of dephosphorylation reactions

were subjected to SDS-PAGE and then immunoblotted with

an anti-phospho-JNK antibody. 

In vitro Kinase Assays. The six-His-tagged DUSP14 (1

μg) was pre-mixed with various concentrations of NSC-

95397 (0, 10, 50, or 100 μM) in PTP assay buffer for 15 min

at 37 oC and then further incubated in the presence of active

phosphorylated JNK (10 ng) for 15 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 μM ATP/0.3 μCi [γ-32P]ATP and 1 μg

of GST-c-Jun as a substrate. After 30 min at room temper-

ature, reactions were terminated by the addition of SDS-

PAGE sample buffer and the products of the kinase reactions

were separated by SDS-PAGE. The gels were dried and

exposed to X-ray film.

Immune Complex Kinase Assays. For the immune

complex kinase assays, HEK 293 cells were pretreated with

NSC-95397 (0-100 μM, 3 h) and then stimulated with H2O2

(1 mM, 1 h). Cell extracts were clarified by centrifugation,

and the supernatants were immunoprecipitated with an anti-

JNK antibody. The immune complexes were then resuspend-

ed in kinase reaction buffer (20 mM Tris-HCl (pH 7.5), 20

mM MgCl2, 1 mM DTT) containing 20 μM ATP and 0.3

μCi of [γ-32P]ATP with 1 μg of GST-c-Jun for 30 min at

room temperature. The products of the kinase reactions were

separated by SDS-PAGE. The gels were dried and exposed

to X-ray film.
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