


A Strong ATF4/Integrated Stress Response Signal in  Human Clear Cell Renal Cell Carcinoma vs. Normal Kidney



What is ATF4?  A transcription factor that is involved in the Integrated Stress
Response (ISR).  

The integrated stress response (ISR) is an elaborate signaling pathway present in eukaryotic cells 

which is activated in response to a range of physiological changes and

 different pathological conditions.  

Such stresses commonly include cell extrinsic factors such

 as hypoxia, amino acid deprivation, glucose deprivation, and viral infection. The ISR can also be
activated by oncogene activation...
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ATF4 has multiple roles 
in cognition, aging, & 

mitochondria



ATF4 is involved in Tumor Progression
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Expression of  Early ccRCC markers in γ-HIF1α-M3-43 TRACK kidneys
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ATF4 Target Genes are Also Highly Expressed in TRACK Mouse Kidneys vs. Wt Kidneys



Metabolic isotope tracing demonstrates that ATF4 controls GSH (glutathione)
 biosynthesis through the mitochondrial one-carbon metabolism pathway.





We next explored the effects of ATF4 in the normal kidney 
and in our murine model of ccRCC by  

knocking out ATF4 specifically in proximal tubule cells
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Verification of ATF4 deletion in proximal

 tubules and TRACK genotypes.

We then crossed ggt/CreER;ATF4fl/fl mice with TRACK mice to assess how loss of
ATF4 in kidney proximal tubule cells influenced the TRACK Tumorigenic Phenotype 

Staining for ATF4 in Proximal Tubules



Genome-wide mRNA-seq of Wt, TRACK, and Ggt/creER;ATF4ko 

(GCERAΔT) kidney cortices 



Genome-Wide Proteomics Data

 from Kidney Cortices of the Mice
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Conclusions
1) More ATF4/Integrated Stress Response (ISR) Gene Expression Occurs in 

Human ccRCC than in Normal Kidney and in Human ccRCC High ISR 
Transcript Levels are Correlated with a Worse Prognosis

2) This ATF4/ISR phenotype is Recapitulated in our TRACK Murine ccRCC 
Model in which the Early Tumorigenic Phenotype is Generated by a 
Constitutively Active HIF1alpha

3) Specific Knockout of ATF4 in Proximal Tubules of Mice Results in Major 
Changes in Transporters of Amino Acids and other Metabolites 

4) In the TRACK ccRCC Model the Lipid 
    Phenotype is Reduced, mRNAs in  Fatty 
    Acid Metabolism, & some Transcripts 
    associated with ccRCC are reduced when
    ATF4 is also Knocked out in Kidney Tubules. 
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