Genetic Diseases

· All mendelian disorders result fro expressed mutations in single genes of large effect, most of which are autosomal recessive (usually enzymatic proteins, also exist receptors, transport proteins, inhibitors)

· Enzyme Defects – defect/absence leads to specific block in metabolism (accumulation of metabolites, decreased amt of end product, failure to inactivate a tissue damaging substance, different metabolites formed due to shunting into a different pathway)

· LYSOSOMAL STORAGE DISEASE (grouped by enzyme defect) – accumulation of macromolecules usually in neurons and phagocytes of spleen, liver, bone marrow, which causes enlargement of organs and the eventual destruction of the parenchyma leads to fibrosis/organ failure

· Most are autosomal recessive except for Fabry disease and Hunter syndrome, both of which are X linked. 

· Mucopolysaccharides – ubiquitous distribution to maintain integrity of the ECM.  Composed of GAG (what to measure for Dx!).  The GAG contain: dermatan sulfate (heart, blood vessels and skin), heparin sulfate (arteries, lung and cell membrane), keratin sulfate (cartilage, cornea and disk), chondroitin sulfate and hyaluronic acid.  Degradation of GAG is by lysosomal hydrolases.  

· All have similar Sx:  they are usually progressive disorders, involve multiple organs, organomegaly, dysostosis multiplex, abnormal facies.  Most usually have course facial features, clouding of the cornea, joint stiffness and mental retardation.

· Hurler syndrome: 

· Caused by a deficiency of alpha-L-isouronidase which causes the accumulation of GAGs (heparin and dermatan sulfate), causing coarse facial features, early corneal clouding, cardiac insufficiency (accumulation of GAG in histiocytes), stiff/deformed joints, hepatosplenomegaly (resp distress), and deafness

· Hunter syndrome:

· X LINKED! (Not autosomal recessive!)

· Caused by a deficiency of iduronate sulfatase causing the build up of heparin and dermatan sulfate, causing Sx similar to those of Hurler syndrome, but with slower progression and there is no corneal clouding!

· Sphingolipidoses – 

· Neimann-Picks Disease -   

· Type I A-  Most common.  Deficiency of sphingomyelinase resulting in an accumulation of sphingomyelin, which is in cell membranes

· Sx: neurological impairment, hypotonia, failure to thrive, hepatosplenomegaly

· Macular cherry red spot

· Histo: foamy Mo in many tissues, esp liver, lung, spleen, kidney, BM

· Type IB – Longer survival and no CNS involvement

· Type IIC – Most common.  Defect in NPC1 gene that encodes a protein involved in cellular trafficking of exogenous cholesterol and therefore have a lysosomal accumulation of unesterified cholesterol (everywhere! Incl neurons)

· Sx: show regression, have ataxia, supranuclear palsy (can’t look up)

· Can present as hydrops fetalis and giant cell hepatitis

· Gangliosidoses – GM are part of the cell membrane, especially neurons

· GM1 Type I – infantile due to deficient B-galactosidase (no activity - GM accumulate in neurons)

· Progressive neurologic deterioration, lose motor skills, seizures and death (<2 yo)

· Coarse facial features, hepatosplenomegaly and dysostosis multiplex

· Macular cherry spot

· In other tissues have role in degradation of mucopolysaccharides, therefore has Sx of neurolipodosis and mucopolysaccharidoses

· GM2 – tay-Sach’s disease, Sandhoff’s disease and GM2 activatior deficiency ganglioside.  

· a subunit – tay sach’s disease

· B subunit – sandhoff’s disease

· GM2 activator – activator deficiency disease

· GM2 gangliosides accumulate in neurons and retina
· Macular cherry spot and progressive neurodegenerative disease

· Sulfatidoses – 

· Metachromatic Leukodystrophy – from deficient arylsulfatase A, leading to an accumulation of cerebroside sulfate in white matter of brain, peripheral nerves and liver and kidney, causing the breakdown of myelin sheaths (neurodegerative)

· Severe late infantile form – onset in 2nd year of life – regression of motor skills, rigidity, convulsions

· Cerebrosides – Gaucher Disease – defect in glucocerebrosidase resulting in a loss of white matter due to demyelination.  

· Result is incompletely metabolized substrate stored in Mo with a fibrillary, crumpled paper appearance in the cytoplasm with an eccentrically placed nucleus – Gaucher cell.  Positive stain in PAS

· Type I – Chronic non-neuropathic  form with reduced levels of glucocerebrosidase – Bone disease (osteopenia, lytic, lesions and crisis – interference with vascularity). Hepatosplenomegaly, absence of neurologic disease
· Type II – Acute neuronopathic form characterized by primary neurologic disease with absent glucocerebrosidase activity. Have early death and hepatosplenomegaly

· Type III – subacute with later onset and reduced levels of glucocerebrosidase
· Defects in Carbohydrate metabolism

· Galactosemia – Deficiency in Galactose-1-P uridyltransferase

· After first ingesting milk, have vomiting, failure to thrive, diarrhea and liver dysfunction (possible jaundice), cataracts, increased susceptibility to infection esp E Coli, Nonspecific alterations in CNS

· Glycogen storage diseases – Cells most affected – muscle (provide ATP forming lactate) and liver (maintain blood glucose during starvation).  Should be considered in any child presenting with hepatosplenomegaly, failure to thrive, fasting hypoglycemia, excessive fat in buttocks and face and low serum transaminase

· Hepatic form (type I) – VonGierke’s disease – defect in glu-6-Ptase.  same Sx as above and also short. And muscles are normal!  Glycogen accumulates in the hepatocytes.

· Type IV – Anderson’s disease – defect in amylo-1,4,6-transglucosidase.  Disease is more generalized with hepatomegaly, cardiomyopathy and muscle atrophy.  Liver will show diffuse fibrosis (accumulation of hyalinized material)

· Myopathic form (type V) – McArdle’s disease – defect in myophosphorylase.  Muscles are weak and cramp after exercise without rise in lactate levels!  Can also have renal failure and have glycogen accumulation in skeletal muscle.  

· Type II – Pompe’s disease – deficient – acid maltase (A lysosomal enzyme!).  Show classic Sx and glycogen deposits in myocardium and skeletal muscle

· Defects in structural proteins – Marfan Syndrome – defect in FBN1 gene, encoding fibrillin 1 (autosomal dominant) disrupting microfibril assembly.  Show hyperextensible joints, skeletal deformities, dislocation of lens, mitral valve prolapse, aortic dilatation, tall and scoliosis.  

· Defects in regulatory proteins involved in regulation of cell growth and differentiation

· Neurofibromatosis type I – chrom 17q11, coding for neurofibromin
· Autosomal dominant with 100% penetrance and variable expressivity.  

· Diagnostic criteria: 2 or more of the following

· 6 or more café au lait spots

· Freckling in axillary or inguinal regions

· 2 or more pigmented hamartomas of iris (lish nodules)

· 2 or more neurofibromas

· Optic glioma

· Distinctive osseous lesions

· 1st degree relative
· NF2 – chrom 22q12, coding for merlin.

· Later onset and have bilateral acoustic schwannoma, multiple meningioma and ependymomas of spinal cord

· Cytogenetic disorders involving autosomes

· Trisomy 21 – miotic nondisjunction, translocation, mosaic and maternal age has a strong influence on incidence.  Have: duodenal stenosis/atresia (double bubble), oblique palpebral fissures, mental retardation, heart defects, increased risk of leukemia, protruding tongue, gap b/w 1st and 2nd toe, over rotated ear

· Trisomy 18 – More females and have: prominent occiput, micorgnathia, low set ears, overlapping fingers, mental retardation, congenital heart defects, renal malformations (horseshoe kidney), rocker bottom feet.

· Trisomy 13 – cleft lip and palate, holoprosencephaly, microophthalmia, umbilical hernia, mental retardation, polydactyly, heart defects, renal malformations (cysts) and rockerbottom feet.

· Chrom 22q11  deletion – DiGeorge – portion of chromosome that is deleted is large accounting for large variation in phenotype

· CATCH22 – C – cardiac. A – abnormal facies. T – thymus aplasia. C – cleft palate.  H – hypocal.

· Dx – fish

· Cytogenetic disorders involving sex chrom

· Klinefelter syndrome (XXY) – Male hypogonadism, gynecomastia, elongated body with small atrophic testes and small penis and lack of secondary male characteristics. (beard, male pattern pubic/axillary hair)

· Turner’s syndrome (XO) – Females are short, with webbed neck, broad chest with wide spacing of nipples, ovarian dysgenesis, excessive nevi, cardiac defects, lymphedema of hands and feet.

· Single gene disorders with nonclassic inheritance

· Triplet repeat – Fragile X – FMR1(most abundant on neurons) gene expansion causes moderate to mild mental retardation.  Expansion is CGG and 5 to 50 repeats is normal, 50-230 is PREmutation, and abnormal is greater than 230.  Males are carriers and the expansion happens during oogenesis.  

· Features – long face, prominent forehead, large ears and prominent jaw.  Macro-orchidism, hyperextensible joints.

· Mitochondrial disease – have random division of mitochondrial DNA (heteroplasmy), each organ requires different amt of oxidative phosphorylation (threshold), and maternal inheritance.  Tissues that depend most on oxphos are CNS, cardiac and skeletal muscle, liver and kidney

· Genomic imprinting

· Prader Willi – maternal gene is imprinted, and dad has part of that chrom that is deleted.  Have maternal specific pattern of methylation and show mental retardation, short, hypotonia, obesity (b/c of hyperphagia), small hands and feet, hypogonadism

· Angelman – dad’s chrom is imprinted and mom’s chrom has segment deleted.  Deletion of the maternal gene gives rise to angelman: severe mental retardation, severe speech impairment, gait ataxia, seizures, inappropriate laugher.

· Gonadal mosaicism – mutation only in the germ line and somatic cells are normal.  Phenotypically normal parent can have more than one child affected.

