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JMJD8 is a positive regulator of 
TNF-induced NF-κB signaling
Kok Siong Yeo, Ming Cheang Tan, Wan Ying Wong, Sheng Wei Loh, Yi Lyn Lam, Chin Leng Tan, 
Yat-Yuen Lim & Chee-Kwee Ea†

TNF-induced signaling mediates pleiotropic biological consequences including inflammation, immunity, 
cell proliferation and apoptosis. Misregulation of TNF signaling has been attributed as a major cause 
of chronic inflammatory diseases and cancer. Jumonji domain-containing protein 8 (JMJD8) belongs to 
the JmjC family. However, only part of the family members has been described as hydroxylase enzymes 
that function as histone demethylases. Here, we report that JMJD8 positively regulates TNF-induced 
NF-κB signaling. Silencing the expression of JMJD8 using RNA interference (RNAi) greatly suppresses 
TNF-induced expression of several NF-κB-dependent genes. Furthermore, knockdown of JMJD8 
expression reduces RIP ubiquitination, IKK kinase activity, delays IκBα degradation and subsequently 
blocks nuclear translocation of p65. In addition, JMJD8 deficiency enhances TNF-induced apoptosis. 
Taken together, these findings indicate that JMJD8 functions as a positive regulator of TNF-induced 
NF-κB signaling.

The tumor necrosis factor (TNF) superfamily consists of 19 ligands and 29 receptors with diverse physiological 
functions1. Among the family members, TNFα  and TNFR1 are the most well characterized ligand and receptor. 
As a pleiotropic pro-inflammation cytokine, TNFα  regulates many biological processes namely inflammation, 
immunity, cell proliferation and apoptosis2,3. Stimulating cells with TNFα  activates NF-κ B and MAP kinases 
including ERK, p38 and JNK. In the TNFR1 signaling, engagement of TNFα  with TNFR1 leads to the recruit-
ment of the TNFR1-associated death domain (TRADD) protein. TRADD subsequently serves as a platform for 
the recruitment of FAS-associated death domain (FADD) protein, TNF receptor-associated factor 2 (TRAF2) 
protein and the death domain kinase RIP1. While association of FADD with TRADD triggers the apoptosis pro-
gram, binding of TRAF2 and RIP1 to TRADD activates NF-κ B and JNK4,5.

NF-κ B consists of five members including p65 (RelA), RelB, cRel, p50/p105 (NF-κ B1) and p52/p100 
(NF-κ B2), which can form either homo- or heterodimers6,7. In resting cells, NF-κ B is sequestered in the cyto-
plasm and bound to its inhibitor, Iκ B family members. Upon stimulation, Iκ B is phosphorylated by an upstream 
kinase complex consists of IKKα , IKKβ  and NEMO which leads to its degradation via the ubiquitin-proteasome 
pathway. Free NF-κ B is then translocated into the nucleus to activate its target genes6–8. Although the activ-
ity of NF-κ B is primarily regulated by its translocation into the nucleus, post-translational modifications of the 
NF-κ B protein have distinct functional significances in regulating the activity of NF-κ B protein. Recently, many 
post-translational modifications such as acetylation, phosphorylation, ubiquitination and methylation of the 
NF-κ B members have been shown to regulate the NF-κ B activities9–11. For example, previous studies showed 
that methylation of p65 at lysine 37 (K37) by a methytransferase, SET9 modulates its function10, while acetylation 
of p65 at K218 and K221 inhibits Iκ B binding and enhances DNA binding12, and acetylation of p65 at K122 and 
K123 inhibits its transcriptional activation activity13. These post-translational modifications are reversible. To 
date, only one group has reported that p65 is regulated by demethylase, namely FBXL1114,15. However, it is unclear 
whether NF-κ B activity is also regulated by other demethylases.

Jumonji domain-containing (JMJD) proteins were first reported by Takeuchi’s group16. There are more 
than 30 protein members identified in mammals that contain Jumonji C (JmjC) domain17. Most of the JmjC 
domain-containing proteins are hydroxylase enzymes that function as demethylases18. Many proteins in this 
family have been shown to be involved in cell development, differentiation and proliferation through regulating 
various signaling pathways. On the other hand, deregulation of JMJD proteins can lead to various human malig-
nancies16,19. For example, JMJD2C (also known as GASC1) is upregulated in squamous cell carcinoma20 and it 
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regulates cell proliferation21. JmjC family members classified as histone demethylases usually contain known 
histone-binding domains such as PHD and Tudor domains19. However, to date, only part of the family members 
function as histone demethylase19 and the function of many JMJD proteins are not known.

Jumonji domain-containing protein 8 (JMJD8) is a JmjC domain-only protein that contains a JmjC domain at 
74–269 amino acid residues with no other recognizable protein domains. Here, we examine the role of JMJD8 in 
TNF signaling and demonstrate that JMJD8 is a positive regulator for TNF-induced NF-κ B signaling.

Results
JMJD8 is required for TNF-induced NF-κB-dependent gene expression. Our previous finding that 
methylation of p65 protein regulates its transcriptional activity10 prompted us to evaluate whether demethylases 
are also involved in TNF-induced NF-κ B signaling. We did RNAi screening of a group of Jumonji domain-contain-
ing proteins and found that the JMJD8, a JmjC domain-only protein may be involved in regulating TNF-induced 
NF-κB signaling (Data not shown). To verify our observation, we compared the TNF-induced transcription kinet-
ics of a few well-known NF-κ B-dependent genes between control and JMJD8 knockdown HEK293T cells. As 
shown in Fig. 1a, the TNF-induced NF-κ B transcriptional activity was almost completely abrogated in JMJD8 
knockdown cells compared to the control cells. The effect of JMJD8 knockdown on TNF-induced NF-κ B signaling 
was further supported by a NF-κ B luciferase reporter assay (see Supplementary Fig. S1a).

To ensure that the NF-κ B activation defect observed in the JMJD8 knockdown cells is not due to an off-target 
effect, we tested a second siRNA oligo that targets an alternative site of the JMJD8 transcript. The knockdown 
of JMJD8 by each siRNA oligo was verified by immunoblotting with a JMJD8 specific antibody (Fig. 1b, lower 
panel). In line with the previous observation, transfection of both siRNA oligos specific for JMJD8 into HEK293T 
cells not only resulted in a decrease of JMJD8 protein level but also led to a significant reduction of TNF-induced 
expression of IL8 and TNFα transcripts (Fig. 1b, upper panel). The same effect was observed with JMJD8 knock-
down in HONE1 (Nasopharyngeal carcinoma cells), HaCat (Immortalized human keratinocytes) and U2OS 
(Osteosarcoma cells) cell lines indicating that the observed defects in NF-κ B activation caused by JMJD8 knock-
down is not cell-type specific (see Supplementary Fig. S2). In addition, we attempted to rescue the defective 
TNF-induced NF-κ B activation by reconstituting the JMJD8 knockdown HEK293T cells with a siRNA-resistant 
JMJD8 transcript. We demonstrated that transient over-expression of the siRNA-resistant JMJD8 in JMJD8 
knockdown HEK293T cells leads to significant recovery of both IL8 and TNFα expression in a dose-dependent 
manner albeit less pronounced in IL8 suggesting that JMJD8 is indeed a positive regulator of TNF-induced 
NF-κ B signaling (Fig. 1c). Surprisingly, we did not see any enhanced NF-κ B activation when JMJD8 was tran-
siently over-expressed in 293T-luc cells, with or without TNFα  stimulation (see Supplementary Fig. S1b).

To determine whether the observed defect in NF-κ B activation caused by JMJD8 knockdown is specific to 
TNF-induced NF-κ B signaling, we infected the control and JMJD8 knockdown HEK293T cells with and without 
Sendai virus. Surprisingly, JMJD8 knockdown markedly suppressed IFNβ  induction by Sendai virus infection 
(Fig. 1d). This observation suggests that JMJD8 may be involved in other pathways and may not be specifically 
restricted to TNF-induced NF-κ B signaling.

JMJD8 deficiency reduces TNF-induced IκBα degradation and p65 translocation. To dissect 
the role of JMJD8 in the TNF pathway, we first investigated the degradation of Iκ Bα  and the nuclear trans-
location of NF-κ B, which are the two biochemical hallmarks of NF-κ B activation. HEK293T cells were trans-
fected with control or JMJD8-targeting siRNA oligos and treated with TNFα  at the indicated time points. The 
cells were harvested and fractionated into cytoplasmic and nuclear fractions. TNF-induced degradation of Iκ Bα  
peaked at 30 minutes followed by a resynthesis of Iκ Bα  at 90 minutes in the control cells (Fig. 2a upper panel). 
We found that Iκ Bα  degradation was reduced or delayed in the JMJD8-deficient cells and no resynthesis of Iκ Bα  
was observed. Consistent with impaired Iκ Bα  degradation, we observed a significant reduction of TNF-induced 
p65 nuclear translocation in JMJD8-deficient cells (Fig. 2a, lower panel). To further confirm this observation, 
we performed an immunofluorescence assay to visualize the p65 subcellular localization in control and JMJD8 
knockdown HEK293T cells with and without TNFα  stimulation. Consistently, we noticed a complete blockage of 
p65 translocation into the nuclear of JMJD8 knockdown cells (Fig. 2b), indicating that JMJD8 is required for both 
Iκ Bα  degradation and the release of NF-κ B into nucleus.

JMJD8 is essential for IKK kinase activation. The observed defect in Iκ Bα  degradation in JMJD8 
knockdown cells suggests that JMJD8 may regulate the upstream signal transduction of TNF pathway. Iκ Bα  
phosphorylation by IKK complexes is a prerequisite step for Iκ Bα  degradation7. Therefore, we investigated the 
activation of IKK in the presence or absence of JMJD8. We treated the control and JMJD8 knockdown HEK293T 
cells with TNFα  at indicated time points and measured the IKK kinase activity with an in vitro IKK kinase assay. 
IKK kinase activity was detected as early as 5 minutes post-TNF stimulation and peaked at 10 minutes (Fig. 3a, 
lower panel). In the absence of JMJD8, TNF-induced IKK activation was significantly reduced as measured by the 
in vitro IKK kinase assay as well as the immunoblotting of p-Iκ Bα  in the total cell extracts (Fig. 3a, upper panel). 
This result suggests that JMJD8 is required for TNF-induced activation of IKK.

In parallel to the activation of NF-κ B, TNF also activates the MAPK pathways, including ERK, JNK and 
p38 pathways22. To examine whether TNF-induced MAPK pathways are affected in JMJD8 knockdown cells, we 
checked the activation status of MAPKs in response to TNF stimulation. Unexpectedly, activation of MAP kinases 
was also reduced in JMJD8 knockdown cells (Fig. 3b). There was a significant reduction of the phosphorylation 
of JNK1/2 (p-JNK1/2), ERK1/2 (p-ERK1/2) and p38 (p-p38) in JMJD8 knockdown cells compared to the control 
cells. These results suggest that JMJD8 is required for the activation of MAPKs in response to TNF stimulation.
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JMJD8 is required for IKK activation and RIP1 ubiquitination. Phosphorylation of IKK at Serine 
177 and Serine 181 in the activation loop of IKKβ  (Serine 176 and Serine 180 in IKKα ) is required for its kinase 
activity23. To investigate the phosphorylation status of IKK, we therefore treated control and JMJD8-deficient cells 

Figure 1. JMJD8 positively regulates NF-κB. (a) HEK293T cells transfected with control and JMJD8 targeting 
siRNA oligos were treated with and without 10 ng/ml of TNFα  for 0, 0.5, 2, 6 and 12 hours. The expression of 
TNFα, IL8, CCL5 and IκBα were measured by RT-qPCR (n =  4). (b) HEK293T cells transfected with control, 
JMJD8a and JMJD8b siRNA oligos were treated with and without 10 ng/ml of TNFα  for 2 hours, the expression 
of TNFα and IL8 were measured by RT-qPCR. The knockdown expression of JMJD8 by each siRNA oligo 
was verified by immunobloting with a JMJD8 specific antibody (n =  4). (c) JMJD8 knockdown HEK293T 
cells reconstituted with JMJD8 were treated with TNFα  for 2 hours and the expression of TNFα and IL8 were 
measured by RT-qPCR. The transient expression of ectopic JMJD8 was verified by immunobloting with a 
JMJD8 specific antibody (n =  4). (d) Control and JMJD8 knockdown HEK293T cells were infected with Sendai 
virus (150 HAU/ml) and the levels of IFNβ were measured by RT-qPCR (n =  4). Data represent the means ±  SD. 
(*p >  0.05, **p >  0.01). Full-length blots are presented in Supplementary Fig. S3.
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Figure 2. JMJD8 deficiency reduces TNF-induced IκBα degradation and p65 translocation. (a) Control 
and JMJD8 knockdown HEK293T cells were treated with 10 ng/ml of TNFα  for 0, 5, 15, 30, 45, 60 and 
90 minutes. Cytoplasmic and nuclear fractions were prepared and immunoblotted for Iκ Bα  and p65. HSP90α  
and Lamin A/C were used as cytoplasmic and nuclear loading controls respectively. Relative intensity of bands 
were quantified using the Image Lab (BioRad)/ImageJ software, were normalized to HSP90α  or Lamin A/C, 
and shown in relative to 0 minute of siControl (n =  3). (b) Control and JMJD8 knockdown HEK293T cells were 
treated with 10 ng/ml of TNFα  for 30 minutes. P65 localization was visualized with an immunofluorescence 
assay. Images were acquired with an Olympus IX71 fluorescence microscope. Scale bar: 20 μ m. (n =  3). Data 
represent means ±  SD. (*p >  0.05). Full-length blots are presented in Supplementary Fig. S4.
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with TNFα  at indicated time points and measured the amount of p-IKK. Consistent with the IKK kinase assay, 
p-IKK was significantly lesser in JMJD8 knockdown cells (Fig. 4a).

RIP1 ubiquitination is another key event that is essential for TNF-induced NF-κ B signaling24,25. To examine 
whether RIP1 ubiquitination is affected in JMJD8-deficient cells, we pulled down the TNFR1 receptor complex 
from control and JMJD8 knockdown HEK293T cells that was treated with and without GST-TNFα  and exam-
ined the RIP1 ubiquitination by immunoblotting with specific antibody against RIP1. Interestingly, we noticed 
a significant reduction of RIP1 ubiquitination in JMJD8 knockdown cells (Fig. 4b) suggesting that JMJD8 may 
regulate the upstream components of TNF-induced NF-κ B signaling. However, no interaction between RIP1 and 
JMJD8 was detected with a co-immunoprecipitation assay (see Supplementary Fig. S12).

JMJD8 deficiency favors cells towards TNF-induced apoptosis. TNFα  is a pleiotropic cytokine 
which can lead to two distinct cell fates which are the pro-survival path, mainly through the activation of 
pro-survival genes by NF-κ B, or pro-apoptotic path through the signaling cascade of caspases activation4. 
We hypothesized that the defects in pro-survival path will favor the cells towards pro-apoptotic pathway. To 
investigate this speculation, we treated control and JMJD8 knockdown HEK293T cells with and without 
TNFα  and examined apoptosis by immunoblotting total cell lysates with specific antibodies against caspase 3, 
cleaved-caspase 3, caspase 8 and PARP. TNF-only treatment induced a moderate level of apoptosis in control 
cells. Apoptosis was further enhanced in the presence of both TNF and cyclohexamide (CHX) as evidenced by 
the presence of cleaved PARP, reduced level of pro-caspase 3 and 8, and increased level of cleaved-caspase 3 and 

Figure 3. JMJD8 is required for TNF-induced IKK kinase activity. (a) Control and JMJD8 knockdown 
HEK293T cells were induced with 10 ng/ml of TNFα  for 0, 5, 10, 15 and 30 minutes. IKK kinase activity was 
measured with an in vitro kinase assay followed by immunoblotting using the anti-p-Iκ Bα  and anti-IKKβ  
antibodies. Relative intensity of bands were quantified using the Image Lab (BioRad)/ImageJ, were normalized 
to IKKβ , and shown in relative to 0 minute of siControl (n =  2). (b) Control and JMJD8 knockdown HEK293T 
cells were induced with 10 ng/ml of TNFα  for 0, 15, 30, 45 and 90 minutes. Total cell lysates were prepared and 
immunoblotted with the indicated antibodies (n =  2). Data represent means ±  SD. (*p >  0.05). Full-length blots 
are presented in Supplementary Figs S5–S8, respectively.
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intermediate cleaved-caspase 8 (Fig. 5). In the absence of JMJD8, TNF-only treatment induced high level of apop-
tosis that was comparable to the control cells treated with both TNF and CHX. Collectively, these results indicate 
that JMJD8 is required for the pro-survival pathway of TNF-induced NF-κ B signaling.

Discussion
To the best of our knowledge, this is the first report that demonstrates a functional role of JMJD8 in TNF-induced 
NF-κ B signaling. We show that knockdown of JMJD8 expression in HEK293T cells results in reduced 
TNF-induced NF-κ B-dependent genes expressions, Iκ Bα  degradation and p65 nuclear translocation. The 
upstream RIP1 ubiquitination, phosphorylation of IKK, IKK kinase activity, and MAP kinase activation are also 
suppressed with the depletion of JMJD8 expression. Furthermore, TNF-induced apoptosis is enhanced in the 
absence of JMJD8.

Iκ Bα  degradation is regulated by the phosphorylation of its two serine residues by IKK kinase26–28. Our results 
suggest that lesser IKK kinases are activated in JMJD8-deficient cells. Furthermore, in parallel with our in vitro 
kinase assay, we observed lesser phosphorylation of IKK in JMJD8-silenced cells (Fig. 4a). Consequently, lesser 
phosphorylation of Iκ Bα  leads to lesser Iκ Bα  degradation (Fig. 3a). In addition, TNF-induced MAPK pathways 
are defective in JMJD8-deficient cells (Fig. 3b). Moreover, TNF induced less ubiquitination of RIP1 in the absence 
of JMJD8. Co-immunoprecipitation assay suggests that RIP1 does not interact with JMJD8. Thus, we suspect that 
the defect in NF-κ B activation in JMJD8 knockdown cells lies upstream or at the level of RIP1 ubiquitination. 
Interestingly, depletion of JMJD8 also greatly suppressed Sendai virus-induced IFNβ expression which suggests 
that JMJD8 may be essential for the type I interferon pathway as well. On the contrary, overexpression of JMJD8 
however did not lead to enhanced NF-κ B activation in 293T-luc cells.

Several studies have previously reported the involvement of different methylation of p65 subunit in NF-κ B 
signaling pathway9–11,29–34. However, our reduced IKK kinase activity and p-IKK results (Figs 3a and 4a, respec-
tively) in JMJD8 knockdown cells would argue against the possibility of p65 subunit, which is downstream of 
IKK, being the regulatory target of JMJD8. On the other hand, TRAF proteins for example TRAF2, 5 and 6 

Figure 4. JMJD8 is required for IKK activation and RIP1 ubiquitination. (a) Control and JMJD8 
knockdown HEK293T cells were induced with 10 ng/ml of TNFα  for 0, 2.5, 5, 7.5, 10 and 15 minutes. Total 
cell lysates were prepared and immunoblotted with the indicated antibodies. Relative intensity of bands were 
quantified using the Image Lab (BioRad)/ImageJ, were normalized to IKK or α -Tubulin, and shown in relative 
to 0 minute of siControl (n =  2). (b) Control and JMJD8 knockdown HEK293T cells were induced with 1 μg/ml  
of GST-TNFα  for 0, 5 and 10 minutes. TNFR1 complexes were pulled down with Glutathione beads and 
immunoblot for RIP1 and TNFα  (n =  10). Data represent means ±  SD. (*p >  0.05). Full-length blots are 
presented in Supplementary Figs S9 and S10, respectively.
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are adaptors for activation of various NF-κ B signaling pathways. These proteins have been implicated to act 
as essential intermediates during TNFR complex formation in TNF-induced signaling as well as during virus 
infection-dependent NF-κ B activation35,36. Furthermore, JMJD6 which is structurally highly similar to JMJD8, 
was reported to demethylate TRAF6 in response to Toll-like receptor ligands37. Therefore, it is possible that 
JMJD8 may regulate TRAF proteins similar to JMJD6 in TNF-induced signaling and antiviral response in the 
cytoplasm. Recent study by Boeckel et al. have shown that JMJD8 localized to the extranuclear region rather 
than the nuclear compartment and interact with phosphofructokinase 1, JAK1, CANX and PKM2 cytoplasmic 
proteins thus, suggesting that the substrate of JMJD8 may be different and unconventional38. These observations 
further strengthen our results that JMJD8 may regulate protein outside of nuclear which is different from typi-
cal Jumonji domain-containing proteins that target the histone. However, it remains to be determined whether 
JMJD8 possesses any demethylase enzymatic activity which should be an exciting subject for future study. There 
is some evidence beginning to show that Jumonji domain-containing proteins function without its demethylase 
enzymatic activity in the cells. For example, JMJD3 was found to act as an adaptor for PHF20 to recruit Trim26, 
an E3 ligase for K48-linked polyubiquitination and mediates PHF20 proteasomal degradation39.

Our results show that JMJD8 depletion promotes TNF-induced apoptosis (Fig. 5). In general, TNFR1 is 
able to form two distinct complexes that lead to different cell fates. While TNFR1 complex I is important for 
pro-survival, TNFR1 complex II is required for pro-apoptotic function5. Based on our results, the shift in the acti-
vation of TNFR1 complex I to II that eventually leads to enhanced apoptosis in JMJD8-deficient cells may be due 
to the failure or inability of TNFR1 complex I to form appropriately. This is further supported by the reduction of 
RIP1 ubiquitination in JMJD8-silenced cells (Fig. 4b) which is consistent with previous studies that RIP1 ubiq-
uitination is essential for TNF-induced NF-κ B signaling40–42. In contrast, non-ubiquitinated RIP1 would serve 
as pro-apoptotic signaling molecule that recruits caspase 8 to the TNFR1 complex43. As a result, the incomplete 
activation of pro-survival pathway may lead to the promotion of pro-apoptotic pathway. Together, these results 
imply that JMJD8 may be required for TNFR1 complex I formation.

In conclusion, we show that JMJD8 acts as a positive regulator in TNF-induced NF-κ B signaling. However, the 
precise mechanism of action and target of JMJD8 remain unknown. Further studies will be required to pin point 
the exact target of JMJD8 to fully elucidate its role in TNF-induced NF-κ B signaling.

Methods
Cell culture. HEK293T, HONE1, HaCat and U2OS cells were maintained in Dulbecco’s modified Eagle’s 
medium (DMEM; Gibco) supplemented with 10% (v/v) FBS, 100 IU/ml penicillin and 100 μ g/ml streptomycin 
(Gibco).

Reagents and antibodies. Recombinant TNFα  was purchased from Gold Biotechnology (St. Louis, MO). 
Antibodies against TNFR1 (H-271), NEMO (FL-419), IKKβ  (C-20), Iκ Bα  (C-21), p65 (C-20 and F-6), HSP90α  
(C-20), α -Tubulin (TU-02), PARP-1 (F-2), Caspase 8 (C-20), Caspase 3 (E-8), JNK (D-6 and N-18), ERK1 
(K-23), ERK2 (C-14), p38 (H-174) and c-Myc (9E10) were acquired from Santa Cruz Biotechnology; whereas, 

Figure 5. JMJD8 deficiency promotes TNF-induced apoptosis. (a) Control and JMJD8 knockdown 
HEK293T cells were treated with either 10 ng/ml of TNFα  alone or together with 5 μ g/ml of Cyclohexamide 
(CHX) for 12 hours. Total cell lysates were prepared and immunoblotted with the indicated antibodies (n =  3). 
Full-length blots are presented in Supplementary Fig. S11.
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cleaved-caspase 3 (5A1E), RIP1 (D94C12) and phosphorylated form of JNK, ERK, p38 (D3F9), IKKα /β  (16A6), 
FLAG (9A3) and Iκ Bα  were bought from Cell Signaling Technology. Anti-JMJD8 was purchased from Abnova.

Mammalian and bacterial expression vectors. Human transcript of JMJD8 was cloned into pcDNA3 
vector (Invitrogen) to generate pcDNA3-hJMJD8. To remove the siRNA targeting site, a site directed mutagenesis 
was conducted to generate silence mutations at 3 nucleotides (pcDNA3-hJMJD8-siJMJD8*). The plasmids were 
subsequently verified by automated DNA sequencing. GST-Iκ Bα  was expressed in Top10 cells and purified with 
Glutathione beads according to the manufacturer’s recommendation.

siRNA. The siRNAs for hJMJD8 were purchased from Sigma (SASI_Hs02_00305057 and SASI_
Hs01_00228274). The control siRNAs (D-001810-10-50) were purchased from Dharmacon. The siRNAs were 
transfected into HEK293T cells via calcium phosphate precipitation at a final concentration of 20 nM on the first 
and second day to enhance knockdown efficiency. Media was changed on the third day and incubated overnight 
before treating the cells with and without TNFα  for the indicated time points.

RNA isolation and qPCR. Total RNA was prepared with the Thermo Scientific GeneJET RNA Purification 
Kit according to the manufacturer’s protocol. The cDNA was synthesized from 0.5–1 μ g of RNA (DNase I-treated, 
Thermoscientific) using random hexamer (Invitrogen), dNTPs (Thermoscientific), RNase inhibitor and Moloney 
Murine Leukemia Virus (M-MuLV, MMLV) Reverse Transcriptase (NEB) according to the manufacturer’s rec-
ommendation. Generated cDNA was used for subsequent RT-qPCR assays. The RT-qPCR was carried out with 
indicated primers and KAPA SYBR FAST qPCR Master Mix (Kapa Biosystem) according to the manufacturer’s 
protocol. All data were then normalized to SDHA. The primer sequences are listed in Supplementary Table S1.

Subcellular fractionation. To examine the nuclear translocation of NF-κ B, the cells were fractionated into 
cytoplasmic and nuclear fractions. Briefly, HEK293T cells treated with or without TNFα  were washed 3 times 
with 1× PBS and lysed with a hypotonic lysis buffer (10 mM Tris, pH 7.5; 1.5 mM MgCl2; 10 mM KCl; 0.5 mM 
DTT; 0.5 mM PMSF; 1 ×  Protease Inhibitor, 0.05% NP40). The nuclear was isolated by centrifugation at 500 g, 
4 °C for 5 minutes and resuspended in a nuclear lysis buffer (25 mM Tris, pH 7.5; 420 mM NaCl; 1.5 mM MgCl2; 
0.2 mM EDTA; 25% Glycerol; 0.5 mM DTT; 0.5 mM PMSF; 1 ×  Protease Inhibitor). Debris from both cytoplasmic 
and nuclear fractions was cleared by centrifugation at max speed at 4 °C for 5 minutes.

IKK kinase Assay. To study the IKK kinase activity, the IKK complex was immunoprecipitated from 
control and JMJD8 knockdown HEK293T cells which were treated with TNFα  at the indicated time points. 
Briefly, the cells were lysed in an IPKA lysis buffer (20 mM Tris pH 7.5, 150 mM NaCl, 10% glycerol, 25 mM 
β -glycerol-phosphate, 1 mM orthovanadate, 1 mM DTT, 1 mM PMSF, 1% triton X100) and total protein level 
was quantitated using Bradford assay. Next, 500 μ g of total proteins were immunoprecipitated with an anti-IKKγ  
(sc-8330) antibody and 15 μ l of 50% slurry protein A/G beads for 1 hour at 4 °C, then washed with IPKA lysis 
buffer twice and kinase assay buffer without ATP for the third wash. The beads were incubated with 200 ng of 
GST-Iκ Bα  in 1 ×  kinase buffer (20 mM Hepes pH 7.5, 50 mM NaCl, 20 mM β -glycerol-phosphate, 10 mM MgCl2, 
1 mM orthovanadate, 200 μ M ATP) for 30 minutes at 30 °C. After the incubation, the products were analysed with 
immunoblotting using an anti- p-Iκ Bα  antibody.

TNFR1 recruitment assay. The control and JMJD8-knockdown cells were induced with 1 μ g/ml of 
GST-TNFα  for the indicated time points, washed with ice-cold 1× PBS for three times and lysed in IPKA lysis 
buffer. Next, the lysates were preclear with protein A/G beads on a rotator for 1 hour at 4 °C. TNFR1 complexes 
were pulled down with Glutathione beads and bound proteins were analyzed with immunoblotting using the 
indicated antibodies.

Immunofluorescence assay. To examine the protein localization, cells were fixed with 4% formaldehyde 
for 15 minutes and then permeabilized and blocked with 1× PBS supplemented with 5% fetal bovine serum and 
0.3% Triton X-100 for 30 minutes. Then, cells were incubated overnight with the primary antibodies according 
to manufacturer’s recommended dilution. Next, cells were washed 3 times with 1× PBS followed by 1 hour incu-
bation with specific AlexaFluor-conjugated secondary antibodies (Cell Signaling). Images were acquired with a 
Olympus IX71 fluorescent microscope with a 40x objective. Images were analysed using the cell sens standard and 
FV10-ASW viewer softwares (Olympus).

Immunoprecipitation. To examine the interaction between RIP1 and JMJD8, HEK293T cells were trans-
fected with RIP1 and JMJD8-expressing constructs. The cells were lysed in the IPKA lysis buffer and quantified 
as previously described. Five hundred microgram of total proteins were immunoprecipitated with an anti-c-Myc 
(sc-40), FLAG (8146 S) or mouse IgG antibody, and 10 μ l of 50% slurry protein A/G beads (Pierce) for overnight 
at 4 °C, then washed with the IPKA lysis buffer for 4 times. Bound proteins were analyzed with immunoblotting 
using the indicated antibodies. Thirty microgram of TCL was included as positive control.

Luciferase assay. Stable HEK293T cells carrying a luciferase reporter driven by NF-κ B enhancer found in 
immunoglobulin kappa light chain gene (293T-luc cells) were transfected with siRNA for knockdown study or 
JMJD8-expressing vector for overexpression study before treating the cells with and without TNFα  (10 ng/ml) 
for an additional 12 hours. Cells were lysed in luciferase lysis buffer (100 mM Sodium Phosphate buffer pH7.8, 
8 mM MgCl2, 1 mM DTT, 1% Triton X-100 and 15% glycerol) and the luciferase activities were measured using a 
TECAN M200 plate reader according to the manufacturer’s instructions.
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Statistical analysis. Data were analyzed with Microsoft Excel and presented as mean ±  SD. Data are repre-
sentative of two or more independent experiments. Statistical significance was assessed using two-tailed unpaired 
Student’s t-test.
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