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Easy to understand description of the project (half page, e.g. for the website) 

Obesity is a chronic and complex disease of excessive fat deposits that can put the patients at high risk 

for developing metabolic complications such as type 2 diabetes, heart disease and cancer. Excessive 

accumulation of lipids in the liver also causes non-alcoholic fatty liver disease (NAFLD) which can progress 

further into non-alcoholic steatohepatitis (NASH) and liver fibrosis and eventually liver cancer when left 

untreated. The recently FDA approved Resmetirom is the only medication that exists for anti-NASH 

treatment in the market, which shows only around 30% efficacy for NASH resolution with frequent side 

effects (Harrison et al, N Engl J Med 2024), indicating that patients are in need of better medications that 

require a much better understanding of molecular mechanisms that underlie the development of NAFLD 

and NASH/ liver fibrosis.  

Recently we identified hepatic TSC22D4 as a critical controller of diabetic hyperglycemia and insulin 

resistance (Ekim Üstünel et al, Nat Comm 2016). Obese patients with NAFLD and NASH have elevated 

TSC22D4 expression, positively correlating with liver disease progression (Wolff et al, Mol Met 2022). Our 

functional studies with TSC22D4 hepatocyte specific (TSC22D4hepKO) knockout mice indicated that 

TSC22D4 has a causal role in excessive lipid accumulation, inflammation, apoptosis in the liver causing 

NAFLD and NASH-related pathologies by impairing mitochondrial function (Wolff et al, Mol Met 2022).  

Unlike defined functions of TSC22D4 above, we know very little of its upstream regulators. Hence, we 

aimed to elucidate the intricate regulatory mechanism for controlling TSC22D4 function that will be helpful 

in the potential development of a novel therapeutic approach for the treatment of NAFLD/NASH. 
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Objectives and Results // Extensive description of the project 

This project aims to understand exact upstream regulators of TSC22D4 protein, a critical controller of 

insulin resistance, diabetic hyperglycemia, hepatic steatosis as well as hepatic stellate cell activation. 

Apart from its TSC box at its C-terminus, which contains a leucine-zipper motif, TSC22D4 does not have 

a defined secondary structure, hence falls into the category of intrinsically disordered proteins. Proteins 

with intrinsically disordered regions (IDR) undergo multiple post-translational modifications (PTM) that 

render them flexible to assume different folding states and interact with distinct signaling proteins 

(Wright and Dyson, Nat Rev Mol Cell Biol 2015; Holehouse and Kragelund, Nat Rev Mol Cell Biol 2023). 

Indeed, by LC-MS/MS we identified 16 different novel phosphorylation sites on TSC22D4, which 

respond to intracellular and extracellular cues (Demir et al, biorxiv, 2021).  Our preliminary data show 

that lack of phosphorylation on T252/S254/S258 residues abolishes all other phosphorylation events on 

TSC22D4. Hence in this project, we aimed to understand the regulation of TSC22D4 T252/S254/S258 

phosphorylation and its function in controlling metabolic homeostasis in the liver. 

- Achieved Milestones compared with original plan: 

1.Generate Adenoviruses (WP-1): We achieved this milestone i.e. performed the necessary cloning 

and generated adenoviruses from scratch to overexpress TSC22D4-WT, phospho-defective -

T252A/S254A/S258A and phospho-mimetic T252D/S254D/S258D alleles in cultured cells. 

2.Mass spec analysis for TSC22D4 interactome (WP-1): We succesfully performed a pilot 

interactome study in which we found both novel and known interaction partners (TSC22D1 and 

TSC22D3) of TSC22D4 (Table 1 – top 10 candidates specifically enriched in Flag-TSC22D4 

immunoprecipitates).  We will repeat this experiment by necessary number of replicates 

to be able to do statistical analysis on identified targets and do pathway enrcihment, 

which is in progress.  

3.Generate p-specific antibodies (WP-2): To study the regulation of TSC22D4 

phosphorylation we succesfully generated monoclonal phospho- specific antibodies that 

detect p-TSC22D4 specifically on T252/S254/S258 (Fig. 1).  

 

 

 

 

4. In vitro kinome screen to identify the TSC22D4 kinase(s) 

(WP-2): We successfully performed in vitro kinome screen to test 

~750 kinases and identified DYRK2/4 and GSK3beta as potential 

kinases for TSC22D4 T252/S254/S258 phosphorylation, which 

we also validated using their inhibitors EHT5372 and LiCl, 

respectively (Fig. 2). Since DYRK2/4 kinases are implicated in 

cancer cell proliferation and apoptosis, we tested whether 

TSC22D4 also controls these functions. Our cell proliferation 

assays showed that TSC22D4 knockdown in Hepa 1-6 and C26 

cells substantially impaired cell proliferation (Fig. 3 and C26 data 

not shown).  

 

 

 

Fig.1 Fig.2  

Fig. 3 

Table 1. 
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To study apoptosis, we challenged the cells with thapsigargin to induce 

endoplasmic reticulum (ER) stress. Interestingly, thapsigargin 

treatment blunted TSC22D4 phosphorylation (Fig. 4) and TSC22D4 

deficiency exacerbated thapsigargin-induced ER stress, promoting 

apoptotic signaling as we observed by ATF6 and cleaved 

Caspase3/cleaved PARP blots, respectively (Fig. 5), which we further 

validated by cell viability and apoptosis assays (Fig. 6 and 7).  

Next, we asked whether TSC22D4 phosphorylation plays 

role in ER stress induced apoptosis. To this end, we 

employed adenoviruses and overexpressed vector control, 

WT-, phospho-defective T252A/S254A/S258A (AAA)- and 

phospho-mimetic T252D/S254D/S258D(DDD)- TSC22D4 

alleles in Hepa 1-6 cells followed by thapsigargin treatment. 

As shown in Fig. 8, we observed that p-defective TSC22D4-

T252A/S254A/S258A (AAA) allele showed impaired cell 

viability which was rescued upon overexpression of p-

mimetic T252D/S254D/S258D(DDD)- TSC22D4 mutant (Fig. 

8). Overall, these data indicate that TSC22D4 

phosphorylation contributes to cell viability under conditions 

of ER stress. Finally, we observed that fibrotic livers of mice 

challenged with fructose-palmitate-cholesterol (FPC) diet 

showed reduced TSC22D4-T252/S254/S258 

phosphorylation compared to the liver of mice on chow diet 

(Fig. 9), suggesting perhaps lack of 

TSC22D4 T252/S254/S258 

phosphorylation contributes to liver 

fibrosis progression. 

Deviations from the original outline 

and reasons for the changes: In the 

original plan, we proposed two work 

packages with 5 milestones to 

achieve. We achieved almost all 4 

milestones except the one where we 

proposed to do the functional 

experiments with TSC22D4 p-mimetic 

and p-defective alleles in primary mouse hepatocytes (WP-1). We 

had to deviate from this work package due to delays in getting an 

approval from Regierungspräsidium for the required animal 

license and started doing functional assays in Hepa 1-6 and C26 

cells, in which we saw that TSC22D4 deficiency caused impaired 

cell proliferation, which was also not feasible to study in primary 

hepatocytes.  This study is necessary to elucidate the molecular 

mechanisms underlying the progression of diabetes and particularly 

diabetes-associated liver fibrosis, against which the treatment 

options are very limited. Our data presented here also points 

towards a cancer related role for TSC22D4, suggesting perhaps it 

also plays role in progression of hepatocellular carcinoma (HCC). 

To the best of our knowledge, we are the only lab investigating TSC22D4 posttranslational modifications 

in the context of metabolic syndrome and liver fibrosis.  

 

 

 

Fig. 8 

Fig. 4 

Fig. 5  

Fig. 6 

Fig. 9 

Fig. 7 
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Publications, Talks, Poster Presentations based on the Results of this Grant [Citation or Title, Author, 

Conference] 

Posters presented by Dr. Sevgican Demir at DZD Diabetes Research School (2023) and EASD (2024). 
Titel for both posters: “Investigating the role of TSC22D4 phosphorylation in metabolic control”.  
 

 

Discussion and Outlook // Report of Success 
Please address the following points separately: 

1. short description of the results 
2. update of future perspectives 

• invention and patents (if applicable) 

• economic success after the project  

• scientific success after the project 

• planned future projects based on these results 
3. work without any results/resolution  
4. adherence to financial support and time schedule 

1. Short description of the results: In this project, we aimed to investigate the regulation and function 
of TSC22D4 phosphorylation sites T252/S254/S258, which lie within TSC22D4 intrinsically 
disordered region. To this end, we generated site- and phospho-specific TSC22D4 antibodies and 
performed an in vitro kinome screen, which revelaed DYRK2/4 and GSK3beta as potential TSC22D4 
kinases. Inhibition of both DYRK2/4 and GSK3beta using small molecule inhibitors in cultured cells 
abolised TSC22D4 phosphorylation, which we further need to confirm by knocking them down 
individiually and simultaneously. Furthermore, DYRK2/4 kinases are implicated in cancer cell 
proliferation and apoptosis, which prompted us to investigate the role of TSC22D4 in these cell 
biological functions. Interestingly, we observed that TSC22D4 deficiency rendered cells more 
suscpetiple to ER stress, inducing apoptosis and impairing cell viability. While ER stress reduced 
TSC22D4-T252/S254/S258 phosphorylation as well, overexpressing p-mimetic T252D/S254D/S258D 
allele improved cell vilability, indicating that TSC22D4 phosphorylation improves cell survival under 
conditions of ER-stress. More importantly, we observed reduced TSC22D4 phosphorylation in 
fibrotic livers of mice.  

2. Update of future perspectives: Using these preliminary data presented here, we applied to a DFG 
grant in collaboration with Prof. Seung-Hoi Koo in South Korea, which was succesful and can count 
as both a scientific and economic success as we will recruit two PhD students: one in Germany and 
one in South Korea. In this project, we will test the p-defective and p-mimetic TSC22D4 alleles in 
vivo in mouse models of liver fibrosis. Dr. Koo, on the other hand, will study TSC22D4 arginine 
methylation in liver fibrosis. Finally, we aim to test the degree of TSC22D4 phosphorylation and 
Arginine methylation in human liver biopsies obtained from patients with or without liver fibrosis 
(ChARMeD study at UKHD).   

3. Work without any results/resolution: Not applicable 

4. Adherence to work and schedule:  W e adhered to our original plan and schedule, except that 
employing primary hepatocytes was not possible to do the functional assay. Nevertheless, our 
experiments in Hepa 1-6 cells also gave us important clues on the function of TSC22D4 
phosphorylation in ER stress induced apoptosis and impaired cell viability, which we will also 
address in primary hepatocytes to validate our findings further in a more physiological setting.  

 


