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Proc Natl Acad Sci USA 96: 2538-2542 (1999) 



RHDs of TonEBP and NFB 

Nat Struct Biol 9: 90-94 (2002) 



TonEBP haplo-deficiency in TonEBP+/Δ mice (+/Δ)  

compared to their wild type littermates (+/+) 

unpublished 



(unpublished) 

 Reduced inflammation in TonEBP (+/Δ) mice 



Phenotypes in TonEBP haplo-deficient mice 

Published: 

1. Rheumatoid athritis. Arthr Rheum 2011 

2. Atherosclerosis. Front Physiol 2013 

3. Diabetic retinopathy. Exp Eye Res 2014 

4. Seizure. Cell Death Diff 2014 

Unpublished: 

1. Diabetic nephropathy 

2. Hepatocellular carcinoma 

3. Blood Pressure  



SNPs in the TonEBP gene display association with  

 - blood pressure (Am J Hum Genet 2014) 

 - eGFR (biomarker of diabetic nephropathy) (unpublished) 

 - inflammation (unpublished) 

 - atherosclerosis (unpublished)  

 - other phenotypes (unpublished) 

TonEBP gene 

 - 16q22.1 

 - 180 kbp 

 - 80 SNPs 



Working Model: 

Causative variant and phenotypes 

TonEBP gene 

c. variant 

TonEBP ↑ > NFκB ↑ 

 atherosclerosis  

 rheumatoid arthritis 

 hepatocellular carcinoma 

 diabetic nephropathy 

16q.22.1 



(J Exp Med 2012) 

TLR4 > TonEBP ↑ > pro-inflammatory gene expression ↑ 



TonEBP binds to the κB site of the TNFα promoter without 

DNA interaction 
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TonEBP interacts with p65 subunit of NF-κB 

In COS-7 cells 

In MEF cells 
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TonEBP interacts with p65 via respective RHD’s 
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RHD: Rel Homology Domain 

IPT: Immunoglobulin-Plexin-Transcription  
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 TonEBP stimulates NF-κB transactivation  

independent of TonE regulation 

(unpublished) 
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Reduced NF-κB transactivation by the protein product of 

the TonEBP Δ allele 

Proc Natl Acad Sci USA 101: 10673-8 (2004) 
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Reduced NF-κB transactivation by the protein product of 

the TonEBP Δ allele 
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The TonEBP Δ protein is unable to recruit  

the co-activator p300 to p65 
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 Myeloid-specific TonEBP deficiency attenuates LPS-

induced macrophage activation and septic shock 
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TonEBP stimulates LPS-induced NF-κB transcriptional 

activity by enhancing p300 recruitment 

Summary 

1. TonEBP interacts with NFB subunit p65 via RHD-RHD interaction and 

stimulates NFB action. 

 

2. TonEBP binds to κB element through the interaction with p65. 

 

3. TonEBP is required for LPS-induced NF-B enhanceosome assembly. 

 

4. TonEBP promotes NFκB-induced septic shock. 

Inflammatory 
stimulus 

B element 

p65 p50 

CBP/p300 TonEBP 

iNOS, TNFα, MCP-1…  



Experimental rheumatoid arthritis (RA) in mice 

 anti-type II collagen antibodies 

 RA induced by activation of innate immune system 

Arthritis Rheum 63: 1843-1852 (2011) 



Decrease in arthritis severity in TonEBP+/Δ mice 

FF: forefoot 

HF: hind foot 

Arthritis Rheum 63: 1843-1852 (2011) 



Genomewide TonEBP haploinsufficiency inhibits 

atherosclerotic lesion formation  

Frontiers Physiol 3: 313 (2012) 



Oncogene 29, 4989–5005 (2010). 

Inflammation and hepatocellular carcinoma 
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(unpublished) 

Reduced hepatocellular carcinoma  

in TonEBP haplo-deficiency 
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Reduced hepatocellular carcinoma in TonEBP haplo-deficiency: effects of 

high fat diet 



Working Model: 

Causative variant and phenotypes 

TonEBP gene 

c. variant 

TonEBP ↑ > NFκB ↑ 

 atherosclerosis 

 rheumatoid arthritis 

 hepatocellular carcinoma 

 diabetic nephropathy 

16q.22.1 



Diabetic nephropathy 

- Leading cause of life-threatening ESRD (end-stage renal 

disease): ~55% 

- In 2007 in US, 24 million have diabetes > 180,000 ESRD 

caused by diabetic nephropathy (22,000 in Korea) 

- Develops over the course of > 20 years after onset of DM 

- 1/3 of DM patients develop diabetic nephropathy: strong 

genetic component (family history) 

- No therapy 

- No risk assessment 



Diabetes 55:1450 – 1456 (2006) 

Derriford Hospital, Plymouth, U.K. 

Type 1 diabetes 



Nephropathy:  

three consecutive protein excretion >0.5 gm/day over 12 months 



Higher TonEBP activity in PBMC (peripheral blood mononulcear cells) 



Type 1 DM 

TonEBP activity in 

Mϕ 

Nephropathy  Normal renal function 

Hypothesis 



TonEBP 

in monocyte/macrophage 

macrophage activation 

in diabetes 

renal inflammation 

progression of CKD 
- glomerular sclerosis, interstitial fibrosis 

Hypothesis 

NFκB 
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Diabetes-induced macrophage activation is 

reduced in TonEBP deficient mice (1) 

Peritoneal macrophages 
unpublished 



Diabetes-induced macrophage activation is 

reduced in TonEBP deficient mice (2) 
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unpublished 



TonEBP 

in monocyte/macrophage 

macrophage activation 

in diabetes 

renal inflammation 

progression of CKD 
- glomerular sclerosis, interstitial fibrosis 

Hypothesis 

NFκB, migration 



Mouse model of type 1 diabetic nephropathy 

4 Types of Animal Groups 

① eNOS(+/+), TonEBP(+/+) 

② eNOS(+/+), TonEBP(+/) 

③ eNOS(-/-), TonEBP(+/+)    

④ eNOS(-/-), TonEBP(+/) 

 

Induction of Type I DM  

After 4-5h fasting, injecting with 50 mg/Kg/day of Streptozotocin (#S0130)                

in 0.01M citrate buffer 50 mg/Kg/day for four consecutive days 

(VH : equivalent amount of cold citrate buffer) 

 

Duration : 7 weeks 

Birth 

7 week 7 weeks 

Injection of 50 mg/kg/day STZ 

Sacrifice 



Renal TonEBP expression 7 weeks after STZ administration 

A 

B 

(+/+) (+/Δ) 

eNOS (+/+) 

eNOS (-/-) 

(unpublished) 



Body weight and blood glucose 

  

(unpublished) 



Parameters of renal function 
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(unpublished) 
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 5 inflammatory markers for renal function decline 
 IL-6, IL-8, MCP-1, IP-10, MIP-1δ 

Background 



Reduced renal inflammation in TonEBP insufficiency (1) 

(unpublished) 



Reduced IL-6 signaling in STAT3 phosphorylation in TonEBP insufficiency 

p-STAT3 

Veh STZ Veh STZ Veh STZ Veh STZ 

STAT3 

(+/+) (+/Δ) (+/+) (+/Δ) 

eNOS (+/+) eNOS (-/-) 

(+/+) (+/Δ) 

eNOS (+/+) 

(+/+) (+/Δ) 

eNOS (-/-) 

STZ 

VH 

(unpublished) 



Redued renal inflammation in TonEBP insufficiency (2) 

 

(unpublished) 



Reduced renal inflammation in TonEBP insufficiency (3) 

D E 

(unpublished) 



TonEBP 

in monocyte/macrophage 

macrophage activation 

in diabetes 

renal inflammation 

progression of CKD 
- glomerular sclerosis, interstitial fibrosis 

Hypothesis 

NFκB 



Reduced glomerular injury in TonEBP insufficiency 
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Reduced interstitial fibrosis in TonEBP insufficiency 
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 Reduced TGF-β expression in TonEBP insufficiency 
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variations in TonEBP expression/activity in macrophage 

variations in macrophage phenotype: 

pro-inflammatory vs. anti-inflammatory 

in diabetes 

variations in renal inflammation 

sequence variants in TonEBP gene 

variations in diabetic nephropathy 

Model 

atherosclerosis, rheumatoid arthritis, hepatocellular carcinoma 



Working Model: 

Causative variant and phenotypes 

TonEBP gene 

c. variant 

TonEBP ↑ > NFκB ↑ 

 atherosclerosis  

 rheumatoid arthritis 

 hepatocellular carcinoma 

 diabetic nephropathy 

16q.22.1 



11 loci associated with blood pressure traits from 

GWAS of 87,736 Caucasians 

Am J Hum Genetic 94: 349-60, 2014 



Reduced SBP and elevated renin  

in TonEBP haplo-deficiency (TonEBP+/Δ) 

(unpublished) 


