
INTRA AND EXTRACELLULAR 
PROTEIN ACCUMULATION 



- PROTEIN FOLDING 

- ABOUT 30% NEWLY SYNTHESIZED PROTEINS DEGRADED BY PROTASOME DUE TO FOLDING 
ERRORS 

- ER ENDOWED WITH QUALITY CONTROL SYSTEMS 

ER STRESS   

• hyperstimulation of protein synthesis (plasmacells,  cells) 

• viral infections 

• ischemia, hypoxia, hypoglycemia, redox stress, altered Ca2+ homeostasis 

• conformational defects 

 

 

ACCUMULATION OF ALTERED PROTEIN IN THE ER LEADS TO  

 

•Unfolded Protein Response (UPR; reduced protein synthesis, increased chaperonine 

levels) 

 

•Endoplasmic reticulum associated protein degradation (ERAD; degradation of 

misfolded proteins ) 

ENODPLASMIC RETICULUM (ER) STRESS 



Regulation of protein 
folding in the ER 

ER misfolded proteins 
 
1.  recognition 
(multichaperon complex; 
HSP40 and HSP70) 
2.  cytosol export 
3.  ubiquitylation and 
proteasome-dependent 
degradation 

Hirsch et al., 2009 



Hetz et al., 2013 

UPR 



ERAD:  ubiquitin-proteasome pathway 

1 Ub  

2  Ub conjugating enzyme 

3 Ub protein ligase 

4 



ERAD:  autophagy 

Senft & Ronai, 2015 



 

MISFOLDED PROTEIN FATE 

 

-   Proteasomal/autophagic degradation   restored cell homeostasis    

 

-   Undegradable aggregates  

 

 cannot enter the proteasome 

 

 proteasome ‘poisoning’ 

 

 inhibition of autophagy 



Human diseases linked to ER stress - 1 
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Human diseases linked to ER stress - 2 
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AMYLOIDOSIS 

EXTRACELLULAR AMORPHOUS DEPOSITION OF INSOLUBLE  

FIBRILS (amyloid substance; Rudolf Virchow, 1854) 

 

RESULT: ALTERED CELL FUNCTION 

 

DUE TO ABNORMAL PROTEIN FOLDING WITH SPECIFIC  

CHARACTERISTICS: 

 

•eosinophilic/Congo red positive β-pleated sheet structure  

•non-branching fibrils (7.5-10 nm) 

•undegradable 

Amyloid composition 
 
• Specific amyloid protein ~ 90% 

 

• P component of SAP ~ 15% 

 

• Glycosaminoglycans 





Amyloidosis liver 
A, A section stained with Congo red reveals 
pink-red deposits of amyloid in the walls of 
blood vessels and along sinusoids.  
B, Note the birefringence of the deposits 
when observed by polarizing microscope 
(Robbins, 2010) 

Structure of amyloid. A, An amyloid fiber 
schematically showing four fibrils (there can be as 
many as six in each fiber) wound around one 
another with regularly spaced binding of the Congo 
red dye. B, Congo red staining shows apple-green 
birefringence under polarized light, a diagnostic 
feature of amyloid. C, Electron micrograph of 
7.5- to 10-nm amyloid fibrils (Robbins, 2010) 



AMYLOIDOSIS: HEART 



Perfetto et al., 2010 
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Serum amyloid P component scintigraphy 

(A) Serial anterior whole-body scintigraphs in a patient with AL 
amyloidosis (multiple myeloma) treated with oral melphalan and 
corticosteroids:  
- left: baseline scan showed extensive amyloid deposits in the liver 
and spleen obscuring the signal from the kidneys;  
follow-up scintigraphy 6 months later (right) showed complete 
regression of amyloid from the liver and marked regression from 
the spleen with a reciprocal increase in the blood-pool signal. 
 
 
 
 
(B) Serial posterior whole-body 123I-labeled serum amyloid P 
component scintigraphy in a 19-year-old man with sustained 
remission from juvenile rheumatoid arthritis.  
Median serum amyloid A values were <10 mg/l during this 2-year 
interval. 
Left: baseline scan showed extensive amyloid deposits in liver, 
spleen, and kidneys that had regressed very prominently in the 
liver at follow-up (right).  
The patient had not voided before the baseline scan, which shows 
radioactive degradation products in the urinary bladder. 

Multiple myeloma 

Rheumatoid arthritis 


