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Supplementary information S1: MicroRNAs and long non-coding RNAs in the 

regulation of HSFs  

 

 

Non-coding RNAs (ncRNAs) have been shown to be actively involved in the regulation 

of HSF1 and the heat shock stress response 1. For example, different microRNAs 

(miRNAs) can bind in the 3´untranslated regions (3’-UTRs) of HSF1 and HSF2 

regulating their expression under different conditions 2 3 4 5 6 (see Figure). Other key 

regulators of HSFs in human cells are the long non-coding RNAs (lncRNA). The 

lncRNA HSR1 (heat shock RNA-1), is up-regulated during the HSR and plays an 

essential role in HSF1 trimerization and subsequent DNA binding activity7,8. HSF2 is 

indirectly regulated by the lncRNA TUG1 (taurine upregulated gene 1), which is highly 

expressed in endothelial cells from glioma tissue and is associated with regulating 
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blood-tumor barrier permeability 6. The activation of HSF1 also regulates the 

expression of different ncRNAs involved in global suppression of transcription, 

translational processes and protein aggregation 9. Upon heat shock, HSF1 induces 

the expression of a class of lncRNAs known as Satellite III transcripts (Sat3) that 

accumulate at the site of transcription to form nuclear stress bodies (nSBs) 10-12 and 

are known to co-localize with several RNA binding proteins and transcription factors 

such as HSF1 11,13,14. Although knockdown of Sat3 transcripts does not affect HSF1 

recruitment to the nSB-like structures, Sat3 transcripts are essential for recruitment of 

other transcriptional regulators to the nSBs contributing to the heat-induced 

transcriptional silencing 15. Transcription of the lncRNA satellite 2 (Sat2) is also 

strongly up-regulated in the presence of heat shock in a HSF1 dependent manner 16 

and is involved in tumor progression 16. HSF1 also binds HSE present upstream of 

different human miRNA (hsa-miR) genes and activates their expression under thermal 

stress 17. However, whether HSF2 plays a role in regulating these non-coding RNAs 

is currently unknown. Interestingly, some HSF1 regulated hsa-miRs have inhibitory 

effects on huntingtin protein and are significantly depleted in Huntington’s disease 18 

perhaps due to HSF1 depletion 19. These studies demonstrate an integrated model of 

ncRNAs and HSF activity.  
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