
Disorders of the BRAIN, disorders of the MIND 

Diagnosis 

Biomarkers 

Neurobiology of brain disorders 

Neurodegenerative versus neuropsychiatric disorders 



 The main criteria for diagnosis is the colloquium  with the patient 
 
 

Video 1: HD 
 

Video 2: SZ 
 

Video 3: OCD 
 

There are some additional tests to assess movement and cognition. 
 

Other tests: imaging, CSF/ Blood molecular analysis, genetics 



Disorders of the BRAIN, disorders of the MIND 

Neurological versus neuropsychiatric disorders 
Social and cultural consideration 



Biomarker: 
a naturally occurring molecule, gene, or characteristic by 
which a particular pathological or physiological process, 

disease, etc. can be identified. 
 

Imaging 
Genes 

  miRNA 
 
 



IMAGING 



Computed tomography 

Computed Tomography (CT) uses X-rays to produce a  

picture of a section of the body/brain. 

The image is then reconstructed by a computer 



Magnetic resonance Imaging 

angiography 

Magnetic resonance Imaging relies on the ability of a magnet to establish a field that  

polarize the protons of the water molecules. When the protons get back to their  rest state 

They emit  a radiation with a certain frequency which is detected by the two poles of the  

Magnet. It is detected as high frequency from the closer pole and lower frequency by 

The more distant pole. This allow the correct localization of  the protons and therefore of 

The water molecules. Because of the different distribution of the Water in different medium  

it is possible to use this property to pull out brain maps (of fibers or vessels) in the brain. 

In particular it is possible to see the contrast between soft and hard tissues. This can be  

helped with the use of contrast agents. 

 



• Magnetic Resonance Imaging (MRI) 

– Advantages of MRI over CT 

• More detail 

• Does not require X-irradiation 

• Brain slice image in any angle 

– Uses information on how hydrogen atoms respond in 
the brain to perturbations of a strong magnetic field 
– signals mapped by computer 

 



• Functional Brain Imaging 

– Positron emission tomography (PET) 

– Functional MRI (fMRI)   

– Basic Principles 

• Detect changes in regional blood flow and metabolism 
within the brain 

• Active neurons demand more glucose and oxygen, more 
blood to active regions, techniques detect changes in 
blood flow 



Positron emission tomography (PET) is a nuclear medical imaging technique that  

produces a three-dimensional image or picture of functional processes in the body.  Small  

amounts of  radioactive (radiopharmaceutical or radiotracers) material are injected  

(or inhaled or swallowed) and they emit gamma rays which are detected by the system.  

Three-dimensional images of tracer concentration within the body are then constructed  

by computer analysis. In modern scanners, three dimensional imaging is often  

accomplished with the aid of a  CT X-ray scan performed on the patient during the same  

session, in the same machine. 

If the biologically active molecule chosen for PET is FDG, an analogue of glucose, the  

concentrations of tracer imaged then give tissue metabolic activity, in terms of regional  

glucose uptake. Use of this tracer to explore the possibility of cancer metastasis, but it can  

also be used for visualizing neuronal activity, or for visualizing the distribution of a receptor. 

The tracer is chemically incorporated into a biologically active molecule. There is a waiting  

period while the active molecule becomes concentrated in tissues of interest; then the  

subject is placed in the imaging scanner. The molecule most commonly used for this  

purpose is fluorodeoxyglucose (FDG), a sugar, for which the waiting period is typically  

an hour. During the scan a record of tissue concentration is made as the tracer decays. 

Schema of a PET acquisition process 

Positron emission tomography 
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Positron Emission Tomography in Schizophrenia:  
A New Perspective 

 

Distribution of D2Rs in human brain (transaxial PET image using 11C-FLB 457).  

Colors represent amount of dopamine binding, with red as high and blue as low.  

High bindings are found in striatum, intermediate bindings in thalamus, and low  

bindings in cortex. (Reprinted with permission of (50).)  



fMRI measures changes in the neuronal activity in the brain. Increased neuronal activity  

Is accompanied by an increase in oxygen and the vascular system increase the amount of  

Oxygenated/dehoxygenated  hemoglobin. Because dehoxyemoglobin causes a decrease  

Of the MR signal, the areas with increased activity will show a higher signal.  

This mechanism is referred as BOLD (blood-oxygen-level dependent).   

 

Functional Magnetic Resonance Imaging 





Effects of treatment in OCD (fMRI) 



PET scan in a patient with panic disorder (left) shows a  

reduced density of BDZ receptors in the brain 



 Fluorodeoxyglucose positron emission tomography/MRI fusion image in very mild Alzheimer's disease  

(MMSE 28) showing severe impairment of posterior cingulate glucose metabolism (compared with the  

normal high activity in that structure under cognitive resting conditions). Hippocampal atrophy and  

associated metabolic impairment is also evident. 

 



Functional imaging of the areas activated during 
hallucinations in SZ 



Brain in Alzheimer Disease 



Scan that labels beta-Amyloid 



Circuits disruption in Huntington 



PET scans highlight the loss of dopamine storage capacity in Parkinson’s disease.  
In the scan of a disease-free brain, made with [18F]-FDOPA PET (left image), the  
red and yellow areas show the dopamine concentration in a normal putamen, a  
part of the mid-brain. Compared with that scan, a similar scan of a Parkinson’s patient  
(right image) shows a marked dopamine deficiency in the putamen. 
 



Brain B-amyloid in aging and Alzheimer disease 



Differential brain activation in Neuropsychiatric disorders 



Loss of Brain tissue in several disorders 



GENETICS 



Monogenic-polygenic disorders 
Epistasis 
Haploinsufficiency 
De novo mutations 



Genetic studies_Structure of the gene 



There is a defensive system in the cell which eliminates the  
truncated RNAs. If the system is not working (ie other mutations)  

then the mutation can manifest. 

Upper levels: 
Epigenetic 

Transcription 
Translation 

Post-translational modifications 
 



One gene, many disorders 

Is this true or it is due to inaccurate diagnosis? 
It is frequent that genes associated to specific neuropsychiatric disorders are associated to  
Other conditions (ie epilepsy) but also other disorders: obesity, cataracts.... 
Limits of samples and statistics 

This is particularly true for de novo mutations.  
Different effects are visible with different mutations of the same gene: es: the amyloid  
beta precursor protein gene APP when mutated can cause AD or cerebral amyloid angiopathy. 
AD outcomes are more likely to be caused by mutations next to the secretase cleavage site,  
While cerebral amyloid angiopathy –related mutations are most likely to occur in the beta- 
Amyloid sequence. 



There are GENE mutations and CHROMOSOMAL mutations 



This type of mutation is a change in one DNA base pair that results in the 
substitution of one amino acid for another in the protein made by a gene. 



An insertion changes the number of DNA bases in a gene by adding a piece 
of DNA. As a result, the protein made by the gene may not function 
properly. 



A deletion changes the number of DNA bases by removing a piece of DNA. 
Small deletions may remove one or a few base pairs within a gene, while 
larger deletions can remove an entire gene or several neighboring genes. The 
deleted DNA may alter the function of the resulting protein(s). 



A duplication consists of a piece of DNA that is abnormally copied one or 
more times. This type of mutation may alter the function of the resulting 
protein. 



This type of mutation occurs when the addition or loss of DNA bases changes a 
gene’s reading frame. A reading frame consists of groups of 3 bases that each 
code for one amino acid. A frameshift mutation shifts the grouping of these 
bases and changes the code for amino acids. The resulting protein is usually 
nonfunctional. Insertions, deletions, and duplications can all be frameshift 
mutations. 



Nucleotide repeats are short DNA sequences that are repeated a number of 
times in a row. For example, a trinucleotide repeat is made up of 3-base-pair 
sequences, and a tetranucleotide repeat is made up of 4-base-pair sequences. A 
repeat expansion is a mutation that increases the number of times that the short 
DNA sequence is repeated. This type of mutation can cause the resulting protein 
to function improperly. 



Different genetic studies/ mutations 
 

Heritable versus de novo mutations 
 

Restriction fragment length polymorphism/ Linkage analysis 
 
 

Sequencing: 
 

Genome-wide Association Studies- GWAS  
 

Copy-number variations 
 

Exome sequencing 
 

Meta-analysis 
 



 
Restriction fragment length polymorphism/ Linkage analysis 
 



 

Genome-wide Association Studies- GWAS 
 

Analyzes the entire genome of research group versus controls and establish the association  
Between SNPs and phenotype (ie a disease) 

 

Manhattan plot depicting several strongly associated risk loci.  
Each dot represents a SNP, with the X-axis showing genomic location and Y-axis  
showing association level (From Wikipedia) 



Exome sequencing 
Consists in the sequencing of the exons- a 1% of the entire genome 

 



META-Analysis 
 

Consists in the pulling together different studies to derive a stronger result 
 



miRNAs 



                                          miRNA as biomarkers 
 
RNA profile of a cell- interpreted appropriately, could serve to explore its functional state 
 
Noncoding RNA : miRNA are exported outside the cell packaged in 40-90nm sized vescicles 
Called exosomes, and the RNA can be picked up and translated in the recipient cell 
 
These RNA can be secreted also from neurons and they go in the CSF and even in the blood,  
far from the secreting source 
 
New tools for RNA sequencing are available to analyze the secreted RNAs 
 



Different disorders, but some common features 
No cure 

Problems for the pharma companies 

Conclusions 


