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Background: Activation of TAK1 is an essential step in TNF- and IL-1-induced NF-�B activation pathways.
Results: DUSP14 dephosphorylates TAK1 at Thr-187 and negatively regulates TNF- and IL-1-induced NF-�B activation.
Conclusion: DUSP14 is a negative regulator of TNF- and IL-1-induced NF-�B activation.
Significance:Our study reveals a new post-translational regulatorymechanism ofNF-�B activation triggered by the proinflam-
matory cytokines.

The transcription factor NF-�B is critically involved in the
inflammatory response triggered by the proinflammatory cyto-
kines TNF and IL-1. Various studies have demonstrated that
activation of TAK1 (TGF-�-activated kinase 1) is an essential
step in TNF- and IL-1-induced NF-�B activation pathways. In
this study, we identified a member of the dual-specificity phos-
phatase family, DUSP14, as a negative regulator of TNF- and
IL-1-triggered NF-�B activation by expression screens. We
found that DUSP14 interacted with TAK1 and that this interac-
tion was enhanced by TNF or IL-1 stimulation. Overexpression
ofDUSP14 dephosphorylatedTAK1 at Thr-187, a residue in the
activation loop critically involved in TAK1 activation. Knock-
down of DUSP14 increased basal as well as TNF- and IL-1-in-
duced TAK1 phosphorylation at Thr-187. Overexpression of
DUSP14, but not its phosphatase-deficient mutant, inhibited
TNF- and IL-1-induced as well as TAK1-mediated NF-�B acti-
vation, whereas knockdown of DUSP14 had opposite effects.
These findings suggest that DUSP14 negatively regulates TNF-
or IL-1-induced NF-�B activation by dephosphorylating TAK1
at Thr-187. Our study reveals a new post-translational regula-
torymechanismofNF-�Bactivation triggeredby theproinflam-
matory cytokines.

The transcription factorNF-�Bplays critical roles in cell pro-
liferation, inflammation, anti-apoptosis, and innate immunity
(1, 2). In unstimulated cells, NF-�B is sequestered in the cyto-
plasm by its inhibitory proteins, which are members of the I�B
family. Stimulation of various cell surface receptors, including
receptors for proinflammatory cytokines such as TNF and IL-1,
Toll-like receptors, and G protein-coupled receptors, results in
phosphorylation and subsequently rapid ubiquitination and
degradation of I�B proteins. Degradation of the I�B proteins

liberates NF-�B and allows its translocation to the nucleus,
where it controls the expression of downstream target genes (2,
3).
TAK1 (TGF-�-activated kinase 1) is a member of the MAP-

KKK family, which is activated not only by TGF-� but also by
the proinflammatory cytokines TNF and IL-1. Upon TNF and
IL-1 stimulation, TAK1 phosphorylates and activates the I�B
kinase (IKK)2 kinase complex, leading to phosphorylation of
I�B� and activation of NF-�B (4–6). Genetic studies using
TAK1-deficient cells have demonstrated that TAK1 is an indis-
pensable signaling intermediate in the TNF and IL-1 signaling
pathways (6–8). In the proinflammatory signaling pathways,
TAK1 is activated through ligand-dependent assembly of a
TAK1 signaling complex containing TNF receptor-associated
factor (TRAF) and TAK1-binding proteins TAB1–TAB3
(8–14).
The kinase activation loop of TAK1 contains phosphoryla-

tion sites at Thr-184, Thr-187, and Ser-192 (6, 15). Among the
phosphorylation sites in the TAK1 activation loop, it has been
demonstrated that phosphorylation at Thr-187 correlates with
activation of TAK1 (15, 16), and stimulation by proinflamma-
tory cytokines increases phosphorylation of TAK1 within the
activation loop. The catalytic activity of TAK1 is required for
this phosphorylation, suggesting that TAK1 autophosphory-
lates its activation loop (8, 15, 16). TAK1 is activated in a tran-
sient manner. Both TNF and IL-1 activate TAK1 within 1–2
min, and the activation peaks at 3–5 min and declines to the
basal level within 15–30 min after stimulation (5–8).
Reversible protein phosphorylation, mediated by a plethora

of protein kinases and phosphatases, is an important regulatory
mechanism in a wide variety of biological processes such as cell
development, differentiation, and transformation in higher
eukaryotes (17). Previous studies suggest that phosphorylation
and dephosphorylation are critically involved in regulation of
several key components of the TNF- or IL-1-triggered NF-�B
signaling pathways (17, 18).
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Dual-specificity phosphatases are a heterogeneous group of
protein phosphatases that participate in the regulation of diver-
gent biological and pathological processes. This group of phos-
phatases can remove phosphate groups from critical phospho-
threonine, phosphoserine, and phosphotyrosine residues on
kinases, which generally leads to their deactivation. The phos-
phate-binding pocket of the DUSP family is formed by a loop
containing the active-site motif HCXXGXXRS(T), where X is a
variable residue, and catalysis is initiated by a conserved cys-
teine (19).
DUSP14 is amember of theDUSP family; it is 198 amino acid

residues in length and is composed of a single catalytic phos-
phatase domain. The phosphate-binding loop in DUSP14 is
composed of the sequence H110CAAGVSR117, in which cys-
teine 111 is the catalytic site. Previous studies suggest that con-
version of cysteine 111 to serine (C111S) abrogates the ability of
DUSP14 to dephosphorylate its substrates (19, 20).
In this study, we identified DUSP14 as an inhibitor of TNF-

and IL-1-induced NF-�B activation pathways by expression
screens. We also found that DUSP14 dephosphorylated TAK1
at Thr-187 within its kinase activation loop. Our findings sug-
gest that DUSP14 acts as a TAK1 phosphatase to negatively
regulate TNF- and IL-1-induced NF-�B activation.

EXPERIMENTAL PROCEDURES

Antibodies and Reagents—Recombinant TNF-� and IL-1�
(R&D Systems); horseradish peroxidase-conjugated anti-
mouse IgG and anti-rabbit IgG (Thermo Fisher Scientific);
mousemonoclonal antibodies against FLAG (Sigma), HA (Ori-
Gene), �-actin (Sigma), and Thr-187-phosphorylated TAK1,
phospho-I�B�, phospho-IKK�/�, and phospho-TBK1 (Cell
Signaling); and rabbit polyclonal antibody against DUSP14
(Abcam)were purchased from the indicated companies.Mouse

antisera against TAK1 and I�B�were raised against the respec-
tive recombinant human full-length proteins.
Cell Culture and Transfection—The 293 andHeLa cells were

cultured in DMEM supplemented with 10% fetal bovine serum
(HyClone). Transfection of 293 cells was carried out by the
standard calcium phosphate precipitation method.
Constructs—NF-�B- and IFN-� promoter-luciferase re-

porter plasmids and mammalian expression plasmids for HA-
tagged TAK1, TAB1–TAB3, IKK�/�/�, TRAF2, and TRAF6
were described previously (21). Mammalian expression plas-
mid for FLAG-tagged DUSP14 was constructed by standard
molecular biology techniques. Mammalian expression plasmid
for FLAG-taggedDUSP14(C111S)was constructed by standard
site-directed mutagenesis.
Expression Cloning—The cDNA expression clones encoding

3000 mouse proteins were obtained from OriGene. The clones
were transfected together with the NF-�B-luciferase reporter
plasmid into 293 cells. Sixteen hours after transfection, cells
were treated with TNF (10 ng/ml) or IL-1 (10 ng/ml) or left
untreated for 8 h. The clones that inhibited TNF- or IL-1-trig-
gered NF-�B activation were identified for further study.
Luciferase Reporter Assays—The 293 or HeLa cells (1 � 105)

were seeded on 24-well plates and transfected 16 h later. In
these experiments, empty control plasmid was added to ensure
that the same amount of total DNA was transfected into each
well. To normalize for transfection efficiency, 0.05 �g of
pRL-TK Renilla luciferase reporter plasmid was added to each
transfection. Luciferase assays were performed using a Dual-
Luciferase assay kit (Promega). Firefly luciferase activities were
normalized basal on Renilla luciferase activities.
Co-immunoprecipitation and Immunoblot Analysis—For

transient transfection and co-immunoprecipitation experi-

FIGURE 1. Identification of DUSP14 as a negative regulator of TNF- and IL-1-induced NF-�B activation. A, DUSP14 inhibits TNF- and IL-1-induced NF-�B
activation. We screened 3000 individual mouse cDNA clones using reporter assays in 293 cells for their ability to regulate TNF- or IL-1-induced NF-�B activation.
A fraction of the data are shown. Clone 103C09 encodes DUSP14. B, overexpression of DUSP14 inhibits TNF- and IL-1-induced NF-�B activation in a dose-de-
pendent manner. The 293 cells (1 � 105) were transfected with NF-�B-luciferase reporter plasmid (20 ng) and increased amounts of DUSP14 expression plasmid.
Sixteen hours after transfection, cells were left untreated or treated with TNF (10 ng/ml) or IL-1 (10 ng/ml) for 8 h before luciferase assays were performed. Graphs show
means � S.D. (n � 3). C, DUSP14, but not DUSP14(C111S), inhibits TNF- and IL-1-induced NF-�B activation in both 293 and HeLa cells. Experiments were performed as
described for B. Graphs show means � S.D. (n � 3). D, DUSP14 has no effect on SeV-induced activation of NF-�B and the IFN-� promoter. The 293 cells (1 � 105) were
transfected with the indicated reporter and DUSP14 expression plasmids for 16 h. The cells were then infected with SeV (multiplicity of infection�0.1) or left untreated
for 8 h before luciferase assays. Graphs show means � S.D. (n � 3). Rel. Luc. Act., relative luciferase activity; Con, control.
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ments, 293 cells (1 � 106) were transfected for 24 h. The trans-
fected cells were lysed in 1 ml of lysis buffer (20 mM Tris (pH
7.5), 150mMNaCl, 1%Triton, 1mMEDTA, 10�g/ml aprotinin,
10 �g/ml leupeptin, and 1 mM phenylmethylsulfonyl fluoride).
For each immunoprecipitation, a 0.9-ml aliquot of lysate was
incubated with 0.5 �g of the indicated antibody and 25 �l of a
1:1 slurry ofGammaBindGPlus-Sepharose (AmershamBiosci-
ences) for 4 h. The Sepharose beads were washed three times
with 1 ml of lysis buffer containing 500 mM NaCl. The precipi-
tates were analyzed by standard immunoblot analysis.
For endogenous immunoprecipitation experiments, 293

cells (5� 107) were stimulated with TNF (10 ng/ml) or IL-1 (10
ng/ml) for the indicated times or left untreated. The subsequent
procedures were carried out as described above.
RNAi Experiments—Double-stranded oligonucleotides corre-

sponding to the target sequences were cloned into the pSUPER.
retro RNAi plasmid (Oligoengine). The following sequences were
targeted forhumanDUSP14mRNA:1) 5�-CCATTGAGATCCC-
TAATTT-3�; 2) 5�-CCATTGGACTGTACTTTGA-3; and 3)
5�-GATTTCCGAGGGAGACATA-3.

RNAi-transduced Stable HeLa Cells—The 293 cells were
transfected with two packaging plasmids (pGag-Pol and
pVSV-G) and the GFP control RNAi or DUSP14 RNAi plasmid
at a ratio of 3:1:3 by the standard calcium phosphate precipita-
tionmethod.Cellswerewashed 12h after transfection, andnew
medium without antibiotics was added. After 48 h, the recom-
binant virus-containingmediumwas filtered and used to infect
HeLa cells in the presence of Polybrene (4 �g/ml). After 24 h,
themediumwas replaced with completemedium. The infected
HeLa cells were selected using puromycin (0.5 �g/ml) before
additional experiments were performed.

RESULTS

Identification ofDUSP14as aNegative Regulator of TNF- and
IL-1-induced NF-�B Activation—TNF and IL-1 are critically
involved in inflammation by activating the transcription factor
NF-�B. To better understand how TNF- and IL-1-induced
NF-�B activation pathways are regulated at themolecular level,
we screened a mouse cDNA library containing 3000 individual
expression clones usingNF-�B reporter assays. In the screening

FIGURE 2. Knockdown of DUSP14 enhances TNF- and IL-1-induced NF-�B activation. A, effects of DUSP14 RNAi plasmids on expression of DUSP14. Upper
panels, the 293 cells (2 � 105) were transfected with FLAG-DUSP14 (0.2 �g each), FLAG-MITA (0.05 �g), and the indicated RNAi plasmids (1 �g). Thirty-six hours
later, immunoblot analysis was performed with anti-FLAG antibody. Lower panels, the 293 cells (2 � 105) were transfected with the indicated RNAi plasmids (1
�g) for 48 h, and immunoblot analysis was then performed with the indicated antibodies. B, effects of DUSP14 RNAi plasmids on TNF- and IL-1-induced NF-�B
activation. The 293 cells (1 � 105) were transfected with the NF-�B reporter (0.01 �g) and the indicated RNAi plasmids (0.5 �g). Thirty-six hours after
transfection, cells were left untreated or treated with TNF (10 ng/ml) or IL-1 (10 ng/ml) for 8 h before luciferase assays were performed. The graph shows
means � S.D. (n � 3). C, dose-dependent effects of DUSP14 RNAi on TNF- and IL-1-induced activation of NF-�B in 293 (left panel) and HeLa (right panel) cells. The
experiments were performed as described for B. Graphs show means � S.D. (n � 3). D, effects of DUSP14 RNAi on SeV-triggered activation of NF-�B and the IFN-�
promoter. The 293 cells (1 � 105) were transfected with the indicated reporter (0.05 �g) and DUSP14 RNAi plasmids (0.5 �g) for 36 h. Cells were then infected with SeV
or left uninfected for 8 h before luciferase assays were performed. Graphs show means � S.D. (n � 3). Rel. Luc. Act., relative luciferase activity; Con, control.
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experiments, TNF- and IL-1-induced NF-�B activation was
markedly inhibited by overexpression of DUSP14 (clone
103C09) (Fig. 1A). The ability of DUSP14 to inhibit TNF- and
IL-1-induced NF-�B activation was dose-dependent in
reporter assays in 293 cells (Fig. 1B). To determine whether the
phosphatase activity of DUSP14 is required for its ability to
inhibit TNF- and IL-1-induced NF-�B signaling, we examined
the effects of the DUSP14 enzyme-inactive mutant C111S on
TNF- and IL-1-induced NF-�B activation. As shown in Fig. 1C,
DUSP14(C111S) lost the ability to inhibit TNF- and IL-1-in-
duced NF-�B activation compared with wild-type DUSP14.
Similarly, DUSP14, but not DUSP14(C111S), also inhibited

TNF- and IL-1-induced NF-�B activation in HeLa cells (Fig.
1C). In reporter assays, DUSP14 did not inhibit Sendai virus
(SeV)-induced activation of NF-�B and the IFN-� promoter
(Fig. 1D). These results suggest that DUSP14 specifically down-
regulates TNF- and IL-1-induced NF-�B activation.
Knockdown of DUSP14 Enhances TNF- and IL-1-induced

NF-�B Activation—To determine whether DUSP14 regulates
TNF- and IL-1-induced signaling under physiological condi-
tions, we investigated the effects of knockdown of DUSP14 on
TNF- and IL-1-triggered NF-�B activation. We constructed
three human RNAi plasmids that target different sites of
DUSP14 mRNA. Immunoblot analysis indicated that DUSP14

FIGURE 3. DUSP14 interacts with TAK1. A, DUSP14 interacts with TAK1 in the mammalian overexpression system. The 293 cells (2 � 106) were transfected with
the indicated expression plasmids. Twenty-four hours after transfection, co-immunoprecipitation (IP) and immunoblot analysis (IB) were performed with the
indicated antibodies (upper panels). Expression of the transfected proteins was analyzed by immunoblotting with anti-FLAG and anti-HA antibodies (lower
panels). IgH, immunoglobulin heavy chain; CS, DUSP14(C111S). B, TNF and IL-1 induce association of DUSP14 and TAK1 in untransfected cells. The 293 cells (2 �
107) were left untreated or treated with TNF (10 ng/ml) or IL-1 (10 ng/ml) for the indicated times. Co-immunoprecipitation and immunoblot analysis were
performed with the indicated antibodies. The levels of endogenous TAK1 and DUSP14 were detected by immunoblotting with mouse anti-TAK1 and rabbit
anti-DUSP14 antibodies, respectively.
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RNAi plasmid 1 markedly inhibited the expression of trans-
fected and endogenous DUSP14 in 293 cells, whereas DUSP14
RNAi plasmids 2 and 3 had weak or no marked inhibitory
effects on DUSP14 expression (Fig. 2A). In reporter assays,
knockdown of DUSP14 expression potentiated TNF- and IL-1-
inducedNF-�B activation (Fig. 2B). The degrees of potentiation
correlated with the efficiencies of knockdown of DUSP14 by
each RNAi plasmid (Fig. 2, A and B). We chose DUSP14 RNAi
plasmid 1 for additional experiments. In reporter assays,
DUSP14 RNAi potentiated TNF- and IL-1-induced NF-�B
activation in a dose-dependent manner in both 293 and HeLa
cells (Fig. 2C). However, knockdown of DUSP14 did not poten-
tiate SeV-induced activation of NF-�B or the IFN-� promoter
(Fig. 2D). Collectively, these results suggest that DUSP14 is a
negative regulator of TNF- and IL-1-inducedNF-�B activation.
DUSP14 Interacts with TAK1—To investigate the regulatory

mechanisms of DUSP14 in TNF- and IL-1-induced signaling,

we examined the ability of DUSP14 to interact with known
components in the TNF- and IL-1-induced NF-�B activation
pathways. Transient transfection and co-immunoprecipitation
experiments indicated that DUSP14 interacted strongly with
TAK1 and weakly with TRAF6, but not with the other exam-
ined components in the TNF- and IL-1-induced NF-�B activa-
tion pathways, such as TAB1–TAB3 and IKK�/�/� (Fig. 3A).
Co-immunoprecipitation experiments also indicated that
DUSP14 did not interact with some other members of the
TRAF family, such as TRAF2, TRAF3, and TRAF5 (Fig. 3A).
Compared with the DUSP14-TAK1 interaction, the DUSP1-
TRAF6 interaction is much weaker. It is possible that DUSP14
interacts with TRAF6 indirectly via TAK1. The interaction
betweenDUSP14 andTAK1 does not depend on the enzymatic
activity of DUSP14 because DUSP14(C111S) was still able to
interact with TAK1 (Fig. 3A). In untransfected cells, endoge-
nous DUSP14 interacted with TAK1 weakly, and this interac-

FIGURE 4. DUSP14 dephosphorylates TAK1. A, the phosphatase activity of DUSP14 is required for its inhibitory effect on TAK1-mediated NF-�B activation. The
293 cells were transfected with the indicated plasmids, and NF-�B reporter assays were performed (upper panel). Expression of the transfected proteins was
analyzed by immunoblotting with anti-FLAG and anti-HA antibodies (lower panel). The graph shows means � S.D. (n � 3). Rel. Luc. Act., relative luciferase
activity; Con, control; CS, DUSP14(C111S). B, DUSP14 dephosphorylates TAK1 at Thr-187. The 293 cells (4 � 105) were transfected with the indicated expression
plasmids. Twenty-four hours after transfection, cells were left untreated or treated with TNF (10 ng/ml) or IL-1 (10 ng/ml) for the indicated times. Cell lysates
were analyzed by immunoblotting with anti-phospho-TAK1 (Thr-187), anti-HA, and anti-FLAG antibodies. C, the phosphatase activity of DUSP14 is required for
its ability to dephosphorylate TAK1 at Thr-187. The experiments were performed as described for B.
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tion was increased upon TNF and IL-1 stimulation (Fig. 3B).
These results suggest that DUSP14 interacts with TAK1 and
that their interaction is enhanced following TNF or IL-1
stimulation.
DUSP14 Dephosphorylates TAK1—Because DUSP14 inter-

acts with TAK1 and negatively regulates TNF- and IL-1-in-
duced NF-�B activation, we reasoned that DUSP14 functions
by dephosphorylating TAK1. Previously, it was reported that
TAB1 is an activation subunit ofTAK1by enhancing phosphor-
ylation of TAK1 at the activation loop and that overexpression
of TAB1 enables TAK1 to activate NF-�B (9–11, 15, 16). As
shown in Fig. 4A, wild-type DUSP14, but not the phosphatase-
deficient mutant DUSP14(C111S), inhibited TAK1-mediated
and TNF- and IL-1-induced NF-�B activation.

Because phosphorylation of Thr-187 in the activation loop of
TAK1 is essential for the activation of TAK1 by TNF and IL-1,
we examined whether DUSP14 dephosphorylates TAK1 at
Thr-187. When overexpressed, TAK1 was phosphorylated at
Thr-187 as detected by a phosphoamino acid-specific antibody
and its slower migration (Fig. 4B). TNF or IL-1 stimulation
further enhanced the phosphorylation of TAK1 at Thr-187.
Overexpression ofDUSP14diminished basal andTNF- or IL-1-
induced phosphorylation of TAK1 at Thr-187 (Fig. 4B). In
similar experiments, the phosphatase-deficient mutant
DUSP14(C111S) lost the ability to dephosphorylate TAK1 (Fig.
4C). These results suggest that DUSP14 dephosphorylates
TAK1 at Thr-187 and that this activity is required for its inhi-
bition of TNF- and IL-1-induced NF-�B activation.
Knockdown of DUSP14 Potentiates Basal and TNF- or IL-1-

induced Phosphorylation of Endogenous TAK1—To determine
whether DUSP14 plays a physiological role in dephosphorylat-
ing TAK1, we examined the effects of DUSP14 knockdown on
TAK1 phosphorylation.We found that knockdown of DUSP14

enhanced basal and TNF- or IL-1-induced phosphorylation of
endogenous TAK1 at Thr-187 in 293 cells (Fig. 5A) and HeLa
cells (Fig. 6). Knockdown of DUSP14 consistently potentiated
TNF- and IL-1-induced phosphorylation of IKK and I�B� and
degradation of I�B� in HeLa cells (Fig. 6), which are hallmarks
of TNF- and IL-1-induced downstream activation. In these
experiments, knockdown of DUSP14 had no marked effect on
TBK1 phosphorylation. These results suggest that DUSP14
specifically regulates TAK1 activation.

DISCUSSION

The transcription factor NF-�B plays critical roles in a broad
range of physiological and pathological processes such as cell
proliferation, immune regulation, inflammation, and anti-apo-
ptosis (1–3). TNF and IL-1 are two cytokines that induce
inflammation through activation of NF-�B (4, 5). Phosphor-
ylation and dephosphorylation, mediated by many protein
kinases and phosphatases, respectively, play important roles in
regulating TNF- and IL-1-triggered NF-�B activation (3, 17,
18). In this study, we identified the phosphatase DUSP14 as a

FIGURE 5. Knockdown of DUSP14 enhances phosphorylation of TAK1 at
Thr-187. The 293 cells were transfected with control or DUSP14 RNAi plasmid
for 48 h. The cells were either left untreated or treated with TNF (10 ng/ml; A)
or IL-1 (10 ng/ml; B) for the indicated times. Cell lysates were analyzed by
immunoblotting with anti-phospho-TAK1 (Thr-187), anti-TAK1, anti-DUSP14,
and anti-�-actin antibodies.

FIGURE 6. Effects of DUSP14 knockdown on phosphorylation of TAK1,
IKK�/�, and I�B� and degradation of I�B� in HeLa cells. HeLa cells stably
transduced with control or DUSP14 RNAi plasmid were either left untreated
or treated with TNF (10 ng/ml; A) or IL-1 (10 ng/ml; B) for the indicated times
and then subsequently analyzed by immunoblotting with the indicated
antibodies.
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modulator of TNF- and IL-1-induced NF-�B activation
pathways.
In the mammalian overexpression system, DUSP14 potently

inhibited TNF- and IL-1-triggered NF-�B activation. In con-
trast, knockdown of endogenous DUSP14 potentiated TNF-
and IL-1-induced NF-�B activation. These results suggest that
DUSP14 negatively regulates TNF- and IL-1-triggered NF-�B
signaling pathways.
Co-immunoprecipitation and immunoblot assays indicated

that DUSP14 interactedwith TAK1 in both overexpression and
endogenous systems. TAK1phosphorylation and activation are
essential steps in TNF- and IL-1-induced NF-�B activation
pathways (6–8). It has been demonstrated that phosphoryla-
tion of the conserved residue Thr-187 within the kinase activa-
tion loopofTAK1 is required for its activation (15, 16). Previous
studies have suggested that phosphorylation and dephosphor-
ylation are critically involved in regulation of several key com-
ponents of TNF- or IL-1-triggered NF-�B signaling pathways,
such as TAK1, IKK�, and p65 (17, 18). Previous reports have
demonstrated that protein phosphatases 6 and 2C are involved
in suppression of TNF- and IL-1-induced TAK1 activation (15,
18, 22, 23). In this study, we found that overexpression of
DUSP14 dephosphorylated TAK1 at Thr-187, whereas knock-
down of DUSP14 potentiated this phosphorylation in unstimu-
lated andTNF- or IL-1-stimulated cells. In addition, a phospha-
tase-deficient mutant of DUSP14, DUSP14(C111S), lost the
ability to dephosphorylate TAK1 or inhibit TAK1-mediated
NF-�B activation. Taken together, these findings suggest that
DUSP14 negatively regulates TNF- or IL-1-induced NF-�B
activation pathways by dephosphorylating TAK1 at Thr-187.
Our study reveals a new post-translational regulatory mecha-
nism of NF-�B activation triggered by the proinflammatory
cytokines.
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