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Regulation of NF-κB signaling by ASK1 through interaction with NIK
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Figure 1. ASK1 represses NIK-dependent NF-κB transcriptional acti-
vity. BOSC 23 cells were transfected with the pNF-κB luciferase re-
porter and pcDNA-NIK and pcDNA-ASK1, as indicated. Immunoblot
controls are provided for the expression of ASK1 proteins in co- 
transfected cells (bottom panel).
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Figure 2. NIK interacts with ASK1. (A) Overexpressed NIK and ASK1
proteins bind directly. HA-tagged ASK1 and FLAG-NIK were tran-
siently co-transfected into BOSC 23 cells, and the lysates were immuno-
precipitated with appropriate antibodies. Samples were subjected to 
Western blotting analysis using appropriate antibodies. The expression
of transfected plasmids were indicated in the same lysates. IP, immuno-
precipitation; IB, immunoblot. (B) NIK binds to the C-terminal domain
of ASK1. BOSC 23 cells were transiently co-transfected with FLAG-
tagged NIK and HA-tagged ASK1 wild-type or mutant expression 
plasmids. Transfected cells were extracted and immunoprecipitated 
with an anti-HA antibody. The interaction was detected by Western 
blotting with an anti-FLAG antibody.

Apoptosis signal-regulating kinase 1 (ASK1) is mitogen- 
activated protein kinase kinase kinase 5 (MAP3K5) that acti-
vates the MAP2K-JNK/p38 signal cascades.1 Overexpressed 
ASK1 has been reported to induce apoptosis.2 ASK1 is a serine/ 
threonine kinase that regulates Fas and tumor necrosis factor-α 
(TNF-α) pathways.3 ASK1 is activated by various stresses such 
as oxidative stress, endoplasmic reticulum (ER) stress, calcium 
influx, TNF-α, and lipopolysaccharide (LPS).4,5 Nuclear factor 
κ-B (NF-κB) inducing kinase (NIK) is another member of the 
MAP3K family, which plays a critical role in constitutive acti-
vation of NF-κB. NIK phosphorylates and activates inhibitor 
of NF-κB kinase (IKK)-α/β. Activated IKK-α/β lead to phos-
phorylation and degradation of inhibitor of NF-κB-α (IκB-α) 
followed by NF-κB activation.6,7 NIK contributes to the cell sur-
vival and transformation.8 Other MAP3Ks, including MEKK3 
and TAK1 have been known to activate NF-κB with cellular 
mechanisms.9-13 In addition, ASK1 has been reported to nega-
tively regulate IL-1-induced NF-κB activity through disrup-
tion of TRAF6-TAK1 interaction.2

To investigate whether ASK1 regulates NIK-dependent NF- 
κB transactivation activity, BOSC 23 cells were transiently 
co-transfected with different concentration of the HA-tagged 
ASK1 (0.05 ~ 1.0 µg), NF-κB-Luc reporter, and NIK expre-
ssion plasmids (Fig. 1). NIK has been shown to promote the 
activities of NF-κB promoters studied with luciferase reporter 

plasmids.9,10 We examined the effect of ASK1 on NF-κB pro-
moter-luciferase reporter activity in BOSC 23 cells. Whereas 
expression of NIK alone strongly stimulated NF-κB activity, 
co-expression of ASK1 apparently reduced NIK-mediated 
NF-κB transactivation activity in a dose-dependent manner.

We then investigated whether ASK1 associates with NIK in 
cells. Full-length HA-tagged ASK1 and FLAG-tagged NIK 
were overexpressed in BOSC 23 cells. ASK1 was immuno-
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Figure 3. ASK1 represses NIK-dependent transactivation via ASK1 kinase activity-dependent pathway. (A) The catalytic domain of ASK1 
controls NIK-dependent transactivation. BOSC 23 cells were transfected with wild-type or mutant (K709R) ASK1 and NF-κB luciferase 
activity was measured (left panel). Wild-type and mutant ASK1 proteins bind to NIK. Overexpressed proteins were immunoprecipitated with 
anti-FLAG antibody, and bound proteins were detected via immunoblotting analysis using an anti-HA antibody (right panel). (B) ASK1 has 
kinase activity to C-terminal of NIK protein. BOSC 23 cells were transfected with FLAG-ASK1. Cell lysates were immunoprecipitated with 
anti-FLAG M2-agarose. NIK phosphorylation was performed with the immunoprecipitated protein in the presence of [32P]ATP. The kinase 
assay performed in the absence or presence of GST-MKK6 and truncated GST-NIKs (N; 1-623 amino acids or C; 624-947 amino acids). The 
radioactivity of individual GST-NIK mutants was determined from the phosphorimager.

precipitated by anti-HA antibody from cell lysates and NIK in 
the immunoprecipitates was detected with anti-FLAG antibody 
(Fig. 2A, left panel). To test if NIK could bring down ASK1 in 
a reciprocal manner, we performed co-immunoprecipitation 
assays with expressed HA-ASK1 and FLAG-NIK proteins and 
found HA-ASK1 in the immunoprecipitated FLAG-NIK com-
plex (Fig. 2A, right panel).

To identify the region of ASK1 responsible for interaction 
with NIK, we constructed a series of deletion mutant ASK1 
proteins consisting of the kinase domain (ASKK, residues 649- 
940), the C-terminal domain (ASKC, residues 941-1375). These 
deletion mutant constructs were used in protein binding assay. 
Expression plasmids of HA-tagged ASK1 wild-type or mutants 
were co-transfected with FLAG-NIK into BOSC 23 cells. Total 
cell lysates were immunoprecipitated using anti-HA antibody 
and the resulting immunoprecipitates were analyzed by immuno-
blotting with an anti- FLAG antibody (Fig. 2B). Immunoblot 
data revealed that the C-terminal domain of ASK1 physically 
associates with NIK.

Since ASK1 interacts with and inhibits NIK, we investigated 
whether the kinase activity of ASK1 could regulate the trans-
criptional activity of NIK in the cells. Human ASK1 consists 
of 1375 amino acids and has a kinase domain in the middle of 
protein. BOSC 23 cells were transfected with HA-tagged ASK1 
wild-type or catalytically inactive mutant (K709R) expression 
plasmid.1 The inhibitory effect of ASK1 on NIK-induced NF-κB 
signaling was determined by NF-κB-luciferase reporter assays. 
While NIK activated NF-κB-dependent reporter activity and 
was repressed by wild-type ASK1, the inactive mutant (K709R) 
of ASK1 had no effect on the NF-κB transactivation activity 
(Fig. 3A). These results indicate that ASK1 kinase activity is 
necessary for regulation in NIK-mediated NF-κB transacti-
vation activity. We then examined whether ASK1 could phos-
phorylate NIK. FLAG-ASK1 was transiently transfected into 
BOSC 23 cells and immunoprecipitated with anti-FLAG anti-

body. ASK1 kinase activities were determined by in vitro kinase 
assays using deletion mutants of GST-NIK as substrates (Fig. 
3B). The C-terminal regulatory domain (residues 624 - 947) of 
NIK was phosphorylated by ASK1, but the N-terminal domain 
(residues 1 - 623) was not. NIK has protein binding domain in 
the C-terminal region, which binds to TRAF proteins and induces 
NF-κB activation by a pathway mediated by NIK. The N-ter-
minal domain contains a negative-regulatory domain (NRD), 
which is composed of a basic region (BR) and a proline-rich 
repeat (PRR) motif.8 Taken together, these results suggest that 
ASK1 regulates NIK through protein phosphorylation.

In summary, we first identified that ASK1 directly interacts 
with NIK and influences cellular signal cascade for NIK-medi-
ated NF-κB activity via kinase activity. On the basis of our 
findings, we propose that proteins involved in cell survival and 
death signaling may communicate each other to determine the 
cell fate.

Experimental Section

Plasmids and recombinant proteins. FLAG-tagged and HA- 
tagged ASK1 wild type and ASK1 mutants (K709R, ASKK, and 
ASKC) were constructed in pcDNA3.1 plasmid (Invitrogen, 
Carlsbad, CA). FLAG-NIK was generated in pcDNA3.1 plas-
mid. GST-NIKs (residues 1 - 623 or 624 - 947) were constructed 
in pGEX 6p-1 plasmid (Amersham Biosciences, Little Chalfont, 
UK) for in vitro kinase assays.

Cell culture and transfection. BOSC 23 cells, a derivative of 
the 293T human epithelial cell line, were maintained at 37 oC 
in Dulbecco’s modified Eagle’s medium (DMEM, Invitrogen, 
Carlsbad, CA) containing a high concentration of glucose (4.5 
mg/mL), supplemented with 10% fetal bovine serum (FBS, 
Invitrogen) and penicillin/streptomycin in the presence of 5% 
CO2 atmosphere. For transient transfection, 1.4 × 106 cells were 
plated in each 60-mm cell culture plate, grown overnight, and 
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transfected with DNA using LipofectAMINE (Invitrogen).
Transfection and luciferase assay. BOSC 23 cells were tran-

sfected by LipofectAMINE with and 0.5 µg of pCMV/β-gal 
and 1 µg each of NF-κB-Luc reporter, pcDNA-NIK in the ab-
sence or presence of pcDNA-ASK1. Total amounts of DNA 
were equalized with empty plasmids. Cells were harvested and 
assayed for luciferase activity using the luciferase assay system 
(Promega, San Diego, CA) as previously described.14 The rela-
tive fold induction of luciferase activity was determined using 
an assay system (Promega) with a luminometer and normalized 
to β-galactosidase activity.

Binding assays and immunoblotting analysis. BOSC 23 cells 
were co-transfected with ASK1 and NIK expression plasmids. 
After 48 h of transfection, cells were washed twice with phos-
phate buffered saline (PBS) buffer and lysed in lysis buffer 
(0.5% NP-40, 0.5% Triton X-100, 150 mM NaCl, 20 mM Tris- 
HCl pH 8.0, 1 mM EDTA, 1% glycerol, 1 mM phenylmethyl-
sulfonyl fluoride and 1 µg/mL aprotinin) for 30 min at 4 oC, 
followed by centrifugation at 13,000 rpm for 30 min. The solu-
ble fractions were incubated with 20 µL of anti-FLAG M2- 
agarose (Sigma, St. Louis, MO) or anti-HA affinity agarose 
(Santa Cruz Biotechnology, Santa Cruz, CA) at 4 oC for 4 h with 
rotation. After binding, the beads were collected by centrifu-
gation at 5,500 rpm for 2 min and washed five times in lysis 
buffer. The bound proteins were eluted with the SDS-PAGE 
sample buffer and then separated by SDS-PAGE, followed by 
immunoblotting with anti-FLAG antibody (1:10,000 dilution; 
Sigma) or anti-HA antibody (1:1,000 dilution; Santa Cruz Bio-
technology). The protein bands were visualized by the ECL 
detection system (PIERCE, Rockford, IL, USA).

Immunoprecipitation and in vitro kinase assay. For the 
immune complex kinase assays, BOSC 23 cells were transiently 
transfected with FLAG-ASK1 expression plasmid. and lysed 
with the lysis buffer containing 0.5% NP-40, 0.5% Triton X-100, 
150 mM NaCl/20 mM Tris-HCl pH 8.0, 1 mM EDTA, 1% gly-
cerol, 1 mM phenylmethylsulfonyl fluoride and 1 µg/mL apro-
tinin. Cell lysates were subjected to centrifugation at 13,000 
rpm for 30 min at 4 oC. The soluble fraction was then subjected 
to immunoprecipitation with anti-FLAG M2-agarose by incu-
bation at 4 oC for 4 h. Immunocomplex kinase assays were 

performed as previously described.15 The immune complexes 
were then resuspended 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-NIK for 
30 min at 30 oC. MKK6, an ASK1 substrate, was used as a 
positive control. The product of kinase reactions was separated 
by SDS-PAGE. The gels were dried and exposed to film.
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