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bend the membrane into a vesicle while if �LJ/Ks is small the coat detaches from the membrane. �is behaviour is 
summarized in the phase diagram reported in Fig.�7b. A reduction in the level of cholesterol in the ER membrane 
a�ects both Km

21�23 and �LJ
29, thus displacing the system in di�erent regions of the phase diagram. In particular, 

experiments show that cholesterol depletion leads to a reduced recruitment of the Sec23p component of the 
COPII complex on the ER membrane, delaying ER-to-Golgi transport29.

Discussion
Long-term lowering serum low density lipoprotein cholesterol with statin drugs is used extensively and has 
proven very e�ective to reduce the incidence of cardiovascular events. De-novo cholesterol which is the target of 
statin therapy is found in all membranes and lipid based bodies, contributing to vesicle formation and migration, 
as well as other membrane functions52. We can therefore expect that regulating the biosynthesis of cholesterol 
could change the form and function of every membrane within the cell. For this reason, statin therapies could also 

Figure 2.  Duolink In situ Staining of neuroserpin in HeLa untretaed or treated with SIM or PRA. (a) 
Hela-GFP and Hela cells were mixed 1:1 and treated with 5 �M SIM or 10 �M PRA up to 8 days, �xed in 3.7% 
paraformaldeide and incubated with the primary antibody anti-neuroserpin (Ab32901, Abcam) coniugated 
PLA probes (1:50), overnight at 4 °C. �e presence of aggregates are visualized using Duolink in Situ staining 
according to the manufacturer�s instructions. Nuclei are stained with DAPI. Images are acquired by Leica SP2 
laser scanning confocal microscope. Each red spot represents a neuroserpin aggregate. (b) �e number of spots 
per cell for each condition reported in panel a is quanti�ed as described in the methods section.



www.nature.com/scientificreports/

5SCIENTIFIC REPOrTS�������}�ã�z�y�|�|�•�������������ã���w�v�ä�w�v�y�~���•�”�‡�’�z�y�|�|�•

cause potential harm53. �e role of ER in the aggregation of misfolded proteins, such as neuroserpin, and there-
fore as a crucial determinant of cellular toxicity, is important in many neurodegenerative diseases. Our group 
recently demonstrated the presence of a phase transition towards rapid protein aggregation due to a breakdown 

Figure 3.  E�ect of rosuvastatin and betulin on neuroserpin aggregation and cholesterol level. (a) Hela-
GFP and Hela cells were mixed 1:1, treated with 0.1 �M rosuvastatin or 20 �M betulin for 8days, �xed in 3.7% 
paraformaldeide and incubated with the primary antibody anti-neuroserpin (Ab32901, Abcam) coniugated 
PLA probes (1:50), overnight at 4 °C. �e presence of aggregates are visualized using Duolink in Situ staining 
according to the manufacturer�s instructions. Nuclei are stained with DAPI. Images are acquired by Leica 
SP2 laser scanning confocal microscope. Each red spot represents a neuroserpin aggregate. �e number of 
spots per cell for each condition in the images showed in this panel is quanti�ed as described in the methods 
section. (b) Untreated or treated cells with 0.1 �M rosuvastatin or 20 �M betulin (8 days) were �xed with 3.7% 
paraformaldeide and then incubated with TNM-AMCA (1 �M) to stain cholesterol for 1 h at room temperature. 
Images were acquired by Leica SP2 laser scanning confocal microscope.

Figure 4.  Detection of cholesterol with TNM-AMCA in untreated and treated HeLa cells a�er statins 
treatments. Untreated or 5 �M SIM or 10 �M PRA treated HeLa cells for the time reported in the �gure, were 
�xed with 3.7% paraformaldeide and then incubated with TNM-AMCA (1 �M) to stain cholesterol for 1 h at 
room temperature. Images were acquired by Leica SP2 laser scanning confocal microscope.
















	Cholesterol impairment contributes to neuroserpin aggregation

	Results

	Prolonged treatment with statins enhances neuroserpin aggregation in HeLa cells. 

	Discussion




 
    
       
          application/pdf
          
             
                Cholesterol impairment contributes to neuroserpin aggregation
            
         
          
             
                srep ,  (2017). doi:10.1038/srep43669
            
         
          
             
                Costanza Giampietro
                Maria Chiara Lionetti
                Giulio Costantini
                Federico Mutti
                Stefano Zapperi
                Caterina A. M. La Porta
            
         
          doi:10.1038/srep43669
          
             
                Nature Publishing Group
            
         
          
             
                © 2017 Nature Publishing Group
            
         
      
       
          
      
       
          © 2017 The Author(s)
          10.1038/srep43669
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep43669
            
         
      
       
          
          
          
             
                doi:10.1038/srep43669
            
         
          
             
                srep ,  (2017). doi:10.1038/srep43669
            
         
          
          
      
       
       
          True
      
   




