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Title: Assessment of Gene and Protein Expression leading to Neurodegenerative 

Changes in Brains of Down Syndrome, Alzheimer’s Disease and Creutzfeldt-Jacob 

Disease Patients using Differential Display and Proteomics 
 

Abstract 

Neurodegenerative diseases create many problems for the individuals who have it, for 

their families and for society in general. Much has happened in recent years to improve 

the well-being of the individuals with neurodegenerative diseases and their place in 

society, and more still needs to be done. Lots of scientific efforts have tried to explain the 

pathological mechanism and find specific therapy for neurodegenerative diseases. In fact, 

an explosion of scientific and clinical knowledge about the most prevalent 

neurodegenerative disease, Alzheimer's disease (AD), now provides a basis for selecting 

targets for treatment aimed at slowing progression of dementia or delaying the onset of or 

preventing AD. Furthermore, extensive studies have focused to elucidate DS 

pathogenesis since Down Syndrome (DS) is the most frequent genetic cause of mental 

retardation and shows closely AD-related neuropathological changes. Compared to other 

neurodegenerative diseases, the population of human prion diseases is very small. 

However, understanding of prion pathological mechanism has become a central issue for 

public health because of exponential increasing of the incidence of 'new variant' 

Creutzfeldt-Jakob disease (vCJD) in the United Kingdom.  

 

To investigate the abnormally expressed genes and proteins leading neurodeganerative 

diseases and to extend our understanding of the pathological mechanism in 

neurodegenerative diseases, we assessed gene and protein expression in brains of patients 

with DS, AD and CJD using differential display and proteomics. 

 

Through this assessment, we were able to find obviously that deranged mRNA levels of 

phospholipid transfer protein (PLTP I), cyclin D2 and NADH in DS and AD brain and 

altered protein expression levels of beta-soluble N-ethylmaleimide-sensitive factor 

attachment protein (SNAP), gamma-SNAP, synaptotagmin I (SYT I), voltage-dependent 

anion-selective channel protein (VDAC) 1, VDAC 2 and molecular chaperone proteins. 

Furthermore, we found that p25 (truncated form of cdk5 activator p35) is actually down-

regulated in DS and AD brain using western blot analysis. Unlike in adult DS brain, 

protein levels of VDAC 1, VDAC 2, molecular chaperones did not change in fetal DS 

brain whereas T-complex protein 1 (TCP-1) was altered. Furthermore, expression levels 

of proteins involving in cholinergic, monoaminergic and serotoninergic systems in fetal 

DS brain were comparable to those of controls.     

In CJD brain, eighty proteins were identified and quantified using proteomics. Amongst 

them, we found that dysregulated expressions of antioxidant protein 2, heat shock protein 

(HSP) 70 families, gamma enolase, SYT I, carbonic anhydrase II (CA II), NADH-

ubiquinone oxidoreductase 75 kDa subunit, fructose-bisphosphate aldolase C, 

dehydropyrimidinase related protein-2 (DRP-2), aconitate hydratase, protein disufide 

isomerase (PDI), glutamine synthetase, alpha enolase, phosphoglycerate mutase and 

phosphoglycerate kinase I. Western bolt analysis revealed that p25 protein is also down-



regulated in CJD brain, however p35 was increased.  Moreover, we investigated that two 

more antioxidant proteins, peroxiredoxin (Prx) I and Prx II in CJD brain at protein level 

using western blot. Prx I protein level showed a decrease whereas Prx II was not changed. 

Interestingly, we found that PDI protein expression was up-regulated in CJD brain and 

PDI could convert PrPC into proteinase K resistance species.   

 

Our assessment of gene and protein expression showed that many of genes and proteins 

were dysregulated in brains of patients with DS, AD and CJD. These findings implicated 

that many of cellular functions were disrupted in DS, AD and CJD brain, i.e., deranged 

cellular defence mechanism (altered expression of molecular chaperones and antioxidant 

proteins), disrupted energy metabolism (decreased levels of NADH mRNA and NADH-

ubiquinone oxidoreductase 75 kDa subunit protein), abnormal cell cycle (deranged cyclin 

D2 and p25 proteins), and changed metabolic flux (dysregulated VDAC 1 and VDAC 2 

proteins), and these abnormalities consequently caused neuronal loss (decreased protein 

expression of NSE, beta-SNAP, gamma-SNAP and SYT I) and reactive gliosis (increased 

CA II and GFAP proteins) leading neurodegeneration. Furthermore, up-regulated PDI 

protein expression in CJD brain and effect of PDI on PrP
C
 conversion process into 

proteinase K resistance species suggested the possibility that PDI may be target protein in 

CJD therapy.  

 

Our findings might be helpful to extend our understanding of complex neuropathological 

mechanism at molecular level and the finding of PDI as a potential therapeutic target 

protein for CJD may shed light on the development of new medicine for curing CJD. 

 


