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DEGENERATIVE DISEASES OF THE NERVOUS SYSTEM, GENETICALLY DETERMINED

Dr. M.G. Norman

There are many degenerative diseases of nervous system which are transmitted genetically as:

autosomal
dominant

AD

autosomal
recessive

AR

sex‑linked
recessive

XR

Age of onset of symptoms:

anytime from early infancy to third and fourth decade of life.

Course of disease:

in any one family tends to be the same ‑

in one family course (i.e. age of onset, rapidity of degeneration) may differ from same disease in another family.

Classification ‑
often anatomically ‑ i.e. basal ganglia degenerations, cerebellar degenerations

Pathology
‑
of each disease is more or less specific, but there is nothing in the pathology per se to indicate that it is inherited.

Diagnosis
‑
often clinical picture is characteristic

‑
morphology ‑ biopsy, autopsy

‑
enzyme analysis ‑ serum, white blood cells, fibroblasts

‑
DNA analysis ‑ affected and carrier status

‑
antenatal diagnosis

* Inherited metabolic disease
‑
genetic, progressive, largely neurologic with demonstrable or presumed inborn error of metabolism.

"Storage diseases"
‑ An old term ‑ neurons were bloated, looked stuffed

full of something, as if storing it.  Then chemists analysed what the pathologists saw and diseases were named by the chemical nature of the stored material.  Then people measured activity of missing enzyme, which led to the "storage".  Now known which organelle the missing enzyme is in. ‑ In many cases, can now assign to specific chromosome the site of the mutant gene.  All are failures in degradation of a normal metabolite which accumulate in normal amounts.* Tay‑Sachs disease ‑ GM2 gangliosidosis.

1881 ‑ Tay:

Symmetrical changes in the region of the yellow spot in each eye of an infant.

1887 ‑Sachs:

On arrested cerebral development with special reference to its cortical development.

Clinical picture:  "amaurotic family idiocy"

  progressive infantile encephalopathy with dementia,

  seizures, hyperacusis, macular cherry‑red spot, 
 




  usually death by 1‑2 years

Pathology:
Abnormally swollen neurons distended with foamy PAS positive and fat positive material.  Neuronal loss and gliosis.  Eventual loss of myelin as neurons die and their axons disappear.

Chemistry:
GM2 ganglioside stored.  Since GM2 is found only in brain, storage is only in brain.  Liver, spleen not involved.

Electron microscopy:  MCB's (membranous cytoplasmic bodies).

Enzyme:
hexosaminidase

Organelle:
lysosome, where degradative function occurs.  (hence term "lysosomal storage disease")

Classic clinical form of "Tay‑Sachs disease" occurs in infancy, chiefly in Ashkenazy Jews.

BUT
at least 14 other clinical variants, with probably 2 more asymptomatic or nearly asymptomatic variants with no particular racial predilection.

This is because there are at least 3 isoenzymes, 3 gene loci, 2 kinds of subunits, 1 activator protein.

                              



 hexosaminidase A (alpha‑beta)n

 gene locus ‑ chromosome 15


hexosaminidase B (beta‑beta)n

 gene locus ‑ chromosome 5

hexosaminidase S (alpha‑alpha)n

    
Classic Tay‑Sachs ‑   Locus mutation     loss of hexosaminidase A,S

Lipids
 ‑
hydrocarbons, soluble in organic solvents, not in water ‑ major proportion of all living membranes, principal storage substance in mammals

1.
Free fatty acids   CH3(CH2)n ‑ COOH

2.
Glycerides
a)
Neutral glycerides ‑ esters of fatty acids to glycerol

b)
Phosphoglycerides  ‑ have an ester phosphate in C1 position

cephalins ‑
phosphatidyl serine

     "       ethanolamine

lecithin      ‑
phosphatidyl choline.

aldehyde in C2 position ‑ PLASMALOGEN

3.
Sterols
commonest lipid in body is cholesterol

cholesterol has structural and storage function.

4.
Sphingolipids
a)
SPINGOMYELIN
monohexoside ‑ ceramide + glucose

 ‑ ceramide + galactose

   including sulfated monohexoside

b) 



dihexosides  ‑ ceramide‑glucosyl‑galactose

c)
CEREBROSIDES.
trihexoside  ‑ceramide‑glu‑gal‑ gal

 



  ceramide glu‑gal‑NAc gal

d)
GANGLIOSIDES
ceramide‑gluc‑gal‑NAc gal‑gal

    + N‑acetyl neuraminic acid (NANA) 
STORAGE BY LIPID CLASS ‑ LIPIDOSES

1.
Very long chain (> C22) fatty acids and plasmalogens.

Organelle:
peroxidase (This group is also classified separately as "Peroxisomal disorders")

Enzymes:
not all known yet.

*
Gp.1
ZELLWEGER (AR)
very long chain fatty acids and plasmalogens

associated with malformation of brain, too wide and too narrow gyri

abnormal migration, glial nodules, abnormal olive, failure of myelination,  characteristic facies, cirrhosis of liver, renal cysts and other abnormalities.

Neonatal adrenoleukodystrophy

Hyperpipecolic acidemia

Infantile Refsums

Rhizomelic chondrodysplasia punctata

Gp.2
Pseudo‑Zellweger

Gp.3
ADRENOLEUKODYSTROPHY (XR)
very long chain fatty acids

heterotopic grey matter, destructive lesion of myelin.

2.*
Sphingomyelin lipidosis NIEMANN‑PICK

Type A ‑
Acute neuronopathic form (AR)

Enzyme:  sphingomyelinase.

Organelle:  lysosome

first 6 months of life, increased incidence in Jewish population

hepatosplenomegaly, generalized lymph adenopathy, failure to thrive

peripheral blood mononuclear cells vacuolated, foamy histiocytes in liver, bone marrow

by 1 year, progressive dementia, pyramidal tract signs, impaired hearing and vision, cherry red spots in 50% ‑ death by 3 years

Pathology of brain ‑ slight atrophic, cerebellar atrophy ‑ neuronal cytoplasm distended, stains + with PAS, oil red O, Sudan black B, luxol fast Blue (these last stains are for neutral fat)

Type B ‑
chronic non‑neurologic

Type C ‑
chronic neuronopathic

Type D ‑
Nova Scotia ‑ similar to C

Type E ‑
Adult non‑neuropathic

3.
Ceramide monohexoside lipidoses

A.
GAUCHER'S DISEASE (AR)

Stored:
glucosyl ceramide

Enzyme:
glucocerebrosidase ‑ measured in leukocytes, fibroblasts, spleen

Organelle:
lysosome*
Type I  Chronic Non‑neuronopathic ‑ (most common of storage disease)

usually shows up in 2nd decade with splenomegaly, hypersplenism, hepatomegaly, microcytic anemia, thrombocytopenia, thinning of cortex of long bones.  Occasional patient has neurological symptoms.

Gaucher cells have "crinkled tissue paper" look, due to presence of glucosylceramide as tubular structures in large aggregates or small bundles of twisted tubules.

These present in spleen, liver, bone marrow.

Brain usually normal, though a few have neurological symptoms.

Type II Acute Neuronopathic or Infantile type

usually by 3 months hepatosplenomegaly, feeding difficulties, failure to thrive ‑ 6 mos ‑ neurological signs ‑ death usually by 2 years.

small brain ‑ neuronal storage chiefly in basal ganglia, thalamus,

cells, anterior horn cells.

Type III Subacute Neuronopathic or Juvenile Type

heterogeneous, least common

4.
Cerebrosides

*
A.
KRABBE'S DISEASE (AR)  a leukodystrophy ‑ i.e. myelin sheath is abnormal

Stored ‑ galactocerebroside

Enzyme:  
‑galactocerebrosidase

Organelle:  
lysosome

onset 2‑3 months, failure to thrive, irritable, spastic, death by about 1 yr

Brain ‑ small, firm ‑ neurons okay, (except for transsynaptic loss in thalamus), white matter destroyed ‑ globoid (i.e. multinucleate) cells ‑ epithelioid cells around vessels, marked gliosis

can see curved tubules similar to Gaucher cells in globoid cells in brain

peripheral nerve ‑ loss of myelin

*
B.
Sulfatide lipidoses ‑ METACHROMATIC LEUKODYSTROPHY (AR)

Stored material sulfatide (galactocerebroside + SO4)

Enzyme:  
aryl sulfatase A

Organelle:  
lysosome

Type I

Infantile, between 1‑2 years, flaccid weakness, hypotonia, intellect, speech, coordination problems ‑ gait disturbances ‑ deteriorating course to death

Pathology ‑ brain of variable size ‑ white matter usually firm, retracted, dull greyish white ‑ may have cerebellar atrophy ‑ axonal loss and damage ‑ loss of oligodendoglia, gliosis ‑ can see granular masses in damaged white matter, peripheral nerve ‑ loss of myelin

eyes, gallbladder mucosa affected. 
Type II
Juvenile

Type III

Adult

Type IV

Multiple Sulfatase Deficiencies

5.
A.
Ceramide polyhexoside lipidoses ‑ Fabry's disease (XR) rare

Stored:
ceramide glucosyl galactosyl galactoside

Enzyme:
‑galactosidase A

Organelle:
lysosome ‑

skin telangiectasis ‑ most die around 40 years of age, due to CV and renal disease.

Pathology ‑ accumulation of glycosphingolipids in endothelial cells, epithelial cell of kidney.  Glomeruli have foamy cells, many viscera, including neurones involved.

B.
Farbers Disease (Lipogranulomatosis) ‑ ceramide accumulates

6.
Gangliosidoses


A
GM1 ganglioside

Stored GM1 ganglioside, neutral glycolipids, glycosaminoglycans, oligosaccharides ‑ all have terminal galactose

Enzyme:
GM1 ‑galactosidase A

Organelle:
lysosome

*
Type I ‑ GENERALIZED GM1 GANGLIOSIDOSIS

facies:  frontal bossing, depressed basal bridge.  Low set ears, hepatosplenomegaly ‑ cherry red spots 50%, psychomotor retardation, bony abnormalities ‑ rapid course to death.

Brain:  neuronal loss and gliosis ‑ MCB's, liver, spleen, lymph nodes, bone marrow, lung, kidney ‑ foam cells

Type II ‑ Juvenile GM1 gangliosidosis

B
GM2 GANGLIOSIDOSIS

*
Tay‑Sachs

Sandhoff

Variant AB

7. *
NEURONAL CEROID LIPOFUSCINOSIS

a group of familial cerebromacular degenerations in which ceroid and lipofuscin accumulate.

Lipofuscin accumulates normally with age and ceroid was first seen in cirrhotic rat livers.  Chemically complex and contain lipids, amino acids and an insoluble autofluorescent polymeric substance.  Probably derived from membranes of organelles.

Diagnosis by EM demonstration in lymphocytes or skin or conjunctiva of abnormal inclusions. 

Type I

Jansky‑Bielschowsky Disease (Late Infantile)

onset 2‑5 years, seizures, myoclonic jerks, ataxia, spasticity, mental deterioration

Pathology ‑ neuronal loss and gliosis

EM ‑ curvilinear bodies and some fingerprint like profiles

Type II

Batten‑Spielmeyer ‑ Vogt.  (Late Juvenile)

onset 5‑10 years ‑ decrease visual acuity ‑ blindness, mental deterioration, etc.

EM ‑ fingerprint bodies

Type III

Kufs Disease (Adult)

variable ‑ starts with choreoathetosis or myoclonus

Type IV

Pigment Variant

8.
Other Disorders Involving Lipids

Low Density Lipoprotein Deficiency (Abetalipoproteinemia or Bassen Kornzweig Syndrome)

High Density Lipoprotein Deficiency (Tangier Disease)

Refsum's disease

Wolman's disease

MUCOPOLYSACCHARIDOSES (MPS)
Mucopolysaccharidoses or glycosaminoglycans (GAG)

GAGs are large polysaccharide molecules covalently linked to protein core in skin, cartilage, bone, cornea, blood vessels, heart valves, tendons

‑ repeating dimers of an amino sugar linked to a hexuronic acid

There are seven types with several subtypes and these vary in severity ‑

all patients have
coarse facial features "gargoylism"

some degree of skeletal involvement "dysostosis multiplex"

multiple organ involvement

enzyme defects ‑ related to failure to break down dermaton sulfate (DS), heparan sulfate (HS), keratan sulfate (KS)

diagnosis:  screening urine for GAG's

apply enzyme tests to patients with + urine results.

Types
MPS I‑H Hurler

DS, HS

-L iduronidase

MPS I S(V) Schie

DS, HS

‑L iduronidase

MPS H/S Hurler/Schie
DS, HS

‑L iduronidase

MPS II Hunter


DS, HS

iduronate sulfatase

MPS III A Sanfilippo

HS

Heparan‑N‑sulfatase

MPS III B      "


HS

N‑acetyl‑‑D glucosaminidase

MPS III C      "


HS

Acetyl CoA ‑D glucosaminidase‑N

acetyl transferases

MPS III D      "


HS

N‑acetyl ‑D

glucosaminidase‑6‑sulfatase

MPS IV A Morqino

KS

galactosamine‑6‑sulfate‑sulfatase

MPS IV B  "


KS

 ‑galactosidase

MPS VI Maroteaux Lamy
DS

N‑acetylgalactosamine‑4‑sulfatase

MPS VII Sly


DS

 ‑glucuronidase

*
HURLERS (AR)

skeletal changes with mental retardation

facies:  hypertelorism, flat nasal bridge, wide nostrils, thick lips, protruding tongue, widespaced teeth, cloudy cornea, short neck, progressive kyphosis, protruberant abdomen, hepatosplenomegaly, umbilical and inguinal hernias, progressive flexion contractures ‑ death from respiratory or cardiac failure

Brain ‑ boggy, fluid filled, opaque thickened leptomeninges, enlarged ventricles, atrophic cortex

ballooned neurones with displaced Nissl substance

EM ‑ zebra bodies or MCB's

MUCOLIPIDOSES (Oligosaccharidoses)
Mucolipidoses 
I
(Sialidosis, Acid neuraminidase deficiency)

Mucolipidosis 
II
(I‑cell disease)

   
III
(PseudoHurler Polydystrophy)

IV

Fucosidosis

Mannosidosis

Salla Disease

GLYCOGEN STORAGE DISEASE
There are 8 types.  Enzyme deficiency has been identified in each type

Brain affected in type II (rarely IV), muscle in II, III, IV, VII

Type II  Glycogen Storage Disease, POMPE'S disease

3 types ‑ infantile, juvenile, adult

Enzyme: ‑11H glucosidase (acid maltase)

Organelle:  lysosome

*
Pompe's disease ‑ infantile form

profound hypotonia, macroglassia, cardiomegaly, cardiac failure, death by 1 year

Brain ‑ distended neurones in anterior horn cells, dorsal root ganglia

  may have neuronal loss, gliosis

  astrocytes and other cells contain glycogen

striated muscle ‑ large pools of free glycogen, and glycogen in lysosomes

LEUKODYSTROPHIES ‑ white matter diseases

Krabbe's

Metachromatic Leukodystrophy

Alexanders

Spongy degeneration of infancy of van Bogaert and Bertrand (Caravan's)

Miscellaneous other too rare to enumerate

OTHER METABOLIC ENCEPHALOPATHIS
Associated with disorders of amino acid metabolism
Associated with metabolic acidosis
organic aciduria

congenital lactic acidosis

subacute necrotizing encephalomyelopathy (Leigh's)(AR)

usually presents in infancy with psychomotor retardation, blindness, high pitched cry, abnormal ocular movements, lethargy, vomiting, respiratory irregularities  nerve conduction ‑ acidosis, pyruvate lactate

microscopic changes like Wernicke's ‑ more widely distributed in brain ‑ cause not known ‑ ? disturbance of thiamine metabolism

Lowe's syndrome

 

Associated with hypoglycemia

galactosemia

Disorder of Copper metabolism

Menke's Disease (Kinky‑Hair Syndrome)

Wilson's Disease

Lesch‑Nyhan (XR)

OTHER UNCLASSIFIED
Neuroaxonal dystrophy

neuroaxonal swellings ubiquitous in nervous system

Hallervorden‑Spatz disease

neuroaxonal swellings globus pallidus and substantia nigra, iron deposition globus pallidus
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