
  

Marcatori  LiquoraliMarcatori  Liquorali
nella sindrome Post-polionella sindrome Post-polio

Gianluigi ZanussoGianluigi Zanusso

Sezione di Neurologia Clinica, Sezione di Neurologia Clinica, 
Dipartimento di NeuroscienzeDipartimento di Neuroscienze

Università di VeronaUniversità di Verona

Poliomielite e sindrome post-polio:Poliomielite e sindrome post-polio:
nuove frontiere terapeutichenuove frontiere terapeutiche

Malcesine, Palazzo dei Capitani, 25 Settembre 2010Malcesine, Palazzo dei Capitani, 25 Settembre 2010



  

The Cerebrospinal FluidThe Cerebrospinal Fluid

Macro-circulationMacro-circulation Micro-circulationMicro-circulation



  

CSF and Nervous Tissue CSF and Nervous Tissue 
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Infectious, Inflammatory or Autoimmune Disorders Infectious, Inflammatory or Autoimmune Disorders 

Effect of Blood Brain Barrier damageEffect of Blood Brain Barrier damage
Immune-cellsImmune-cells
Oligoclonal bandsOligoclonal bands

  Neurodegenerative DisordersNeurodegenerative Disorders

No Blood Brain Barrier DamageNo Blood Brain Barrier Damage
Absence of Oligoclonal bandsAbsence of Oligoclonal bands
Detection of Neuronal or Glial Dysfunction/ActivationDetection of Neuronal or Glial Dysfunction/Activation
(S-100, NSE, GFAP, proteina 14-3-3, etc.)(S-100, NSE, GFAP, proteina 14-3-3, etc.)

CSF standardCSF standard



  

  Search for Directly involved BiomarkersSearch for Directly involved Biomarkers
Proteins which are directly involved in the Proteins which are directly involved in the 

neurodegenerative process neurodegenerative process 

Strategies for Biomarker Detection in the CSFStrategies for Biomarker Detection in the CSF
in Neurological Disordersin Neurological Disorders

Inflammation

Neurotoxicity

PathogensPathogens
Amyloidogenic ProteinsAmyloidogenic Proteins

(A(Aββ, PrP, Tau, , PrP, Tau, αα-syn)-syn)

CSF

Search for surrogate biomarkers or BystandersSearch for surrogate biomarkers or Bystanders
Proteins which are indirectly involved in the Proteins which are indirectly involved in the 
neurodegenerative processneurodegenerative process



  

CSF andCSF and
Post-Polio SyndromePost-Polio Syndrome



  

Stable PolioStable Polio Early DiseaseEarly Disease Late DiseaseLate Disease

NeuronalNeuronal
DamageDamage

Persistence of PoliovirusPersistence of Poliovirus

ReinnervationReinnervation
Giant Motor UnitsGiant Motor Units

Dysfunction of enlarged Dysfunction of enlarged 
  Motor UnitsMotor Units

Deregulation of Inflammatory Deregulation of Inflammatory 
and Immune response and Immune response 

Degenerative process Degenerative process Alteration of regulatory mechanisms Alteration of regulatory mechanisms 
of enlarged motor units of enlarged motor units 

Hypothesized Mechanisms leading to Motorneuron Dysfunction Hypothesized Mechanisms leading to Motorneuron Dysfunction 

Postpolio SyndromePostpolio Syndrome

CSF ?CSF ?



  

Protein    / =Protein    / =
Detection of Oligoclonal bandsDetection of Oligoclonal bands
Detection of Mononuclear cellsDetection of Mononuclear cells

CSF StandardCSF Standard

Standard CSF in Post-Polio SyndromeStandard CSF in Post-Polio Syndrome

Exclusion of Exclusion of 
  otherother

DiagnosesDiagnoses
SuspectedSuspected

PPSPPS

Poliovirus GenomicSequencesPoliovirus GenomicSequences



  

Detection of Oligoclonal Bands Detection of Oligoclonal Bands 

ProsPros

ConsCons



  

Proinflammatory Cytokine Expression in CSF Mononuclear cells from PPS patientsProinflammatory Cytokine Expression in CSF Mononuclear cells from PPS patients

CSFCSF BloodBloodAfter IvIg treatment
(From Gonzales et al. J Neuroimmunol 2004)(From Gonzales et al. J Neuroimmunol 2004)

Detection of Cytokines and Mononuclear cellsDetection of Cytokines and Mononuclear cells



  

ConsCons

ProsPros

Search for Poliovirus Genomic SequencesSearch for Poliovirus Genomic Sequences



  

CSF Collection from Normal and Affected Subjects

Gel Matching AnalysisGel Matching Analysis

Reference Reference 
MapMap

Comparative Analysis, Statistic Evaluation  Comparative Analysis, Statistic Evaluation  

Spot Excision and Spot Excision and 
Tryptic DigestionTryptic Digestion

Mass Spectrometry
 Analysis

Bioinformatics Data Base
 Search and Protein Identification

Identification of Disease Specific Protein Biomarkers  Identification of Disease Specific Protein Biomarkers  
through Proteomic Profilethrough Proteomic Profile



  

> 2.4> 2.4

> 5.3> 5.3 > 4.2> 4.2

< 2.3< 2.3



  

  Expression of a chronic inflammatory CNS damage, possibly related to an Expression of a chronic inflammatory CNS damage, possibly related to an 
autoimmune mechanism or a viral persistenceautoimmune mechanism or a viral persistence

  These proteins plays a role in the pathophysiologyThese proteins plays a role in the pathophysiology

  Candidate BiomarkersCandidate Biomarkers

  Kallikrein 6: normally expressed in neurons and oligodendrocyesKallikrein 6: normally expressed in neurons and oligodendrocyes
up-regulated after inflammatory damages. (Expression of neurite outgrowth or toxic to up-regulated after inflammatory damages. (Expression of neurite outgrowth or toxic to 
oligodendrocytes)oligodendrocytes)

  Fragments of Gelsolin: Related to an increase of caspase 3 activity and reduction of Fragments of Gelsolin: Related to an increase of caspase 3 activity and reduction of 
antiapoptotic effectantiapoptotic effect

  Hemopexin: Expressed in acute phases of CNS damageHemopexin: Expressed in acute phases of CNS damage

Interpretation Interpretation 



  

CSF Protein Markers from Neurons and Glial cellsCSF Protein Markers from Neurons and Glial cells
in Neurological Disorders in Neurological Disorders 



  

Diagnostic criteria for sporadic CJDDiagnostic criteria for sporadic CJD
 DefiniteDefinite

 Neuropathologically/immunocytochemically confirmedNeuropathologically/immunocytochemically confirmed
 ProbableProbable

 Less than 2 years progressive dementiaLess than 2 years progressive dementia
 Two of the following clinical signs:Two of the following clinical signs:

 MyoclonusMyoclonus
 Visual or cerebellar problemsVisual or cerebellar problems
 Pyramidal or Extrapyramidal featuresPyramidal or Extrapyramidal features
 Akinetic mutismAkinetic mutism

 Typical EEGTypical EEG
 OROR
 Possible andPossible and  positive 14-3-3 proteinpositive 14-3-3 protein

 PossiblePossible
 Rapidly progressive dementiaRapidly progressive dementia
 Two of the above clinical signsTwo of the above clinical signs
 Duration < 2 yearsDuration < 2 years
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14-3-3 PROTEINS14-3-3 PROTEINS

   7 isoforms of 14-3-3 proteins are recognized chracterized by a high homology and 7 isoforms of 14-3-3 proteins are recognized chracterized by a high homology and 
are encoded by distinct genes: are encoded by distinct genes: β, ε, η, γ, τ, ζ, σβ, ε, η, γ, τ, ζ, σ ; ;  α, δα, δ   are phosphorylated  are phosphorylated 
forms of forms of β, ζβ, ζ

 The dimeric homo- or hetero- forms of 14-3-3 protein represent the functionally The dimeric homo- or hetero- forms of 14-3-3 protein represent the functionally 

active protein. These are composed by two 30 kDa monomers (acidic P.I. : 4-5)active protein. These are composed by two 30 kDa monomers (acidic P.I. : 4-5)

 CytosolicCytosolic localization localization

 Highly concentrated in neurons (1% of total proteins)Highly concentrated in neurons (1% of total proteins)

 Modulate functions of several cellular proteins (kinases, phosphatases and Modulate functions of several cellular proteins (kinases, phosphatases and 

transmembrane receptors) and of several biological processes (neuronal transmembrane receptors) and of several biological processes (neuronal 

development, cellular growth, apoptosis…)development, cellular growth, apoptosis…)

 Antiapoptotic functionAntiapoptotic function



  

TAU PROTEIN TAU PROTEIN 



  

The CSF expression of both 14-3-3 protein positivity and Tau The CSF expression of both 14-3-3 protein positivity and Tau 
Protein levels allow to determine two different cell sites of Protein levels allow to determine two different cell sites of 

Neuronal DamageNeuronal Damage

 Tau protein is detected when occurs a consistent neuronal damage involving Tau protein is detected when occurs a consistent neuronal damage involving 
cytoskeletal proteins. In contrast, 14-3-3 protein is sensitive to mild toxic cytoskeletal proteins. In contrast, 14-3-3 protein is sensitive to mild toxic 
events (i.e. iatrogenic, epileptic seizures etc.)events (i.e. iatrogenic, epileptic seizures etc.)

14-3-3 Protein (Cytoplasm)14-3-3 Protein (Cytoplasm)

Tau Protein (Cytoskeleton)Tau Protein (Cytoskeleton)



  



  

Postpolio Syndrome and CSF MarkersPostpolio Syndrome and CSF Markers

PatientsPatients CSF AnalysisCSF Analysis



  

Postpolio Syndrome Postpolio Syndrome 
and CSF Markersand CSF Markers

2D-PAGE2D-PAGE
AnalysisAnalysis

DimersDimers

DimersDimers DimersDimers

DimersDimers

MonomersMonomers

MonomersMonomers MonomersMonomers

MonomersMonomersMonomersMonomers

DimersDimers

MonomersMonomers



  

  14-3-3 protein levels are increased in the CSF of patients affected with 14-3-3 protein levels are increased in the CSF of patients affected with 
PPS. This finding is more evident by 2D-PAGE analysis likely related to the PPS. This finding is more evident by 2D-PAGE analysis likely related to the 
presence of dimeric forms of 14-3-3 protein. presence of dimeric forms of 14-3-3 protein. 

  2D-PAGE analysis of 14-3-3 protein shows a pattern similar to that 2D-PAGE analysis of 14-3-3 protein shows a pattern similar to that 
observed in neurological inflammatory disorders but different from ALSobserved in neurological inflammatory disorders but different from ALS

  To provide insights about the inflammatory events occuring in PPS a To provide insights about the inflammatory events occuring in PPS a 
detailed characterization of distinct 14-3-3 protein isoforms is ongoing.detailed characterization of distinct 14-3-3 protein isoforms is ongoing.

  However, the low Tau protein levels detectd in PPS exclude an acute or However, the low Tau protein levels detectd in PPS exclude an acute or 
widespread neuronal damage.widespread neuronal damage.

Conclusions: CSF Markers in PPSConclusions: CSF Markers in PPS
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