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Lysosomal Storage Diseases

-Lysosomes contain hydrolytic enzymes which breakdown sphingolipids or 

Lysosomal enzyme deficiency leads to accumulation of partially degraded insoluble metabolites within the lysosomes.  Accumulation especially affects the CNS, and will present as mental retardation, failure to thrive, hepatomegaly [due to storage within the liver], also cirrhosis.

-Autosomal recessive disorders

-More than one disease, each due to functional absence of a specific lysomal enzyme
Pathogenesis of Lysosomal Storage Diseases

-pathogenesis entails some type of enzyme deficiency with excessive accumulation of metabolites within lysosomes/within the body.  The most common types of lysosomal storage diseases are Tay-Sachs Disease, Niemann-Pick Disease and Gaucher Disease.

Tay-Sachs Disease (GM2 Gangliosidosis)

-Accumulation of gangliosides in the brain

-Deficiency of catabolic lysosomal enzyme Hexosaminidase alpha subunit necessary for degradation of gangliosides GM2.

-Storage principally within neurons, axon cylinders of nerves and glial cells of CNS

-Swollen, foamy cells.  Cells are foamy due to presence of lipids that appear foamy during tissue fixation.

3 gene system of hexosaminidase A activity with respective diseases
-alpha & beta subunits of the enzyme form an active enzyme complex, which acts on GM2 gangliosides.  If there is a deficiency, there is an accumulation in gangliosides.

-EM: whorled configuration within lysosomes, ganglion cells appear as large neurons with lipid vacuolation, swollen cells,

-Most common among Ashkenazi Jews (1 in 30 heterozygous carrier)

-clinical features: Mental retardation, blindness, severe neurologic dysfunctions
-Death within 2-3 yrs

Niemann-Pick Disease [similar pathology]

-Group of three disorders 

-Category 1: type A and B with deficiency of acid sphingomyelinase leading to accumulation of sphingomyelin

-Category 2: type C or Niemann-Pick disease due to mutation in NPC1 protein  [important in intracellular processing and transport of LDL derived cholesterol.]
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Niemann-Pick Disease: Pathogenesis

-Sphingomyelinase deficiency ( obstruction of breakdown of sphingomyelin into ceramide and phosphorylcholine ( excess sphingomyelin in neurons and phagocytic cells( swelling of these cells with particles of sphingomyelin (vacuolar or foamy appearance of cells)

-Spleen, liver, lungs, bone marrow, lymph nodes are particularly affected along with enlargement of neurons with vacuolation

Niemann-Pick Disease

-Foamy appearance of hepatocytes due to lipid deposition

-Massive visceromegaly and neurological defects

-Death within first 3 yrs

Gaucher Disease

-Due to mutation in gene encoding glucocerebrosidase (which cleaves the glucose residue from ceramide)

-Accumulation of glucocerebrosides in mononuclear phagocytic cells in liver, spleen and bone marrow (Gaucher cells)

-EM: shows elongated & distended lysosomes

Malignant Tumors of Infancy/Childhood

-Ddx:  polycystic kidney disease and Wilms tumor

-clinical presentation: child presents with abdominal mass, proturberant abdomen,

Neuroblastoma

-Most common solid tumor of childhood after CNS neoplasms

-15% of all childhood cancer deaths

-Children < 5 yrs
-Can regress or mature spontaneously

-Origin: neural crest cells.  VMA test is used to detect neuroblastoma. [vanilil mandilic acid (sp?)]

-Can arise anywhere in the sympathetic nervous system from head to the pelvis, but most commonly in the abdomen-adrenal glands and paravertebral autonomic ganglia.  Most commonly found in the pelvis and abdomen.

Neuroblastoma: Morphology

-Small nodules to large tumors

-May infiltrate the renal vein and IVC

-Gray white soft friable mass with usual degenerative changes
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-One of the small round blue cell tumors  [Ddx: neuroblastoma, neurosarcoma]

-Homer-Wright pseudorosettes
-Neuron specific enolase

-EM: cytoplasmic secretory granules secreting catecholamines
-[What other condition has high catecholamines? As well as persistent or intermittent HTN and headaches?  Pheochromocytoma]  

Pheochromocytoma = a usually benign, vascular tumor of the adrenal medulla.  Cardinal symptoms (HTN, HA) reflect increased epinephrine and norepinephrine.

Neuroblastoma

-clinical features: abdominal mass, fever, wt loss, hepatomegaly, ascites, bone pain

-Hemorrhagic lesions

-Partial encapsulation

-Pressure/compression of aorta and renal artery

-Small cells embedded in finely fibrillar matrix

Retinoblastoma

-Most common malignant eye tumor of childhood
-May occur as a congenital tumor, multifocal or bilateral

-Spontaneous regression possible

-Other primary tumors may be present concurrently

-Familial types more likely to develop multiple tumors, osteosarcoma and other soft tissue tumors

-Neuroepithelial cell origin in posterior retina 

-Nodular mass with satellite seeding

-Small round cells with large hyperchromatic nuclei and scant cytoplasm

-Flexner-Wintersteiner rosettes: clusters of cuboidal or short columnar cells arranged around a central lumen.  These are rosettes [and not pseudorosettes] because they are arranged around the central lumen.

-Distant mets to CNS, skull, distal bones or lymph nodes.

-Median age at presentation: 2 yrs

-clinical features: poor vision, strabismus, white hue to pupil (cat’s eye reflex), pain and tenderness in eye

-Germ line mutation in the RB1 gene

-Fatal tumor but enucleation, chemo. and radiation therapy improve survival considerably.

-Poorly cohesive tumor in retina adjacent to the optic nerve
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Case 1

A 25 year old woman of Scandinavian descent comes with her boyfriend to the clinic. She is seeking your help for chronic neck pain. She tells you that they are planning to have a baby in the near future. Currently, she is feeling fine except for recurring eczematous rash on her arms and thighs. 

-She had to be on a special diet while growing up to prevent seizure and MR.

-For the last five years she has abandoned the diet and is feeling fine except for occasional mousy odor to the urine.  You recommend that she consult her doctor and consider going back on the diet BEFORE she conceives because………..

-The underlying defect in this disease is the deficiency of ------------- enzyme




Answer:  Phenylketonuria [PKU]; phenylalanine hydroxylase

Environmental Diseases

Dose response curves can be used to assess acute chemical toxicity.  When toxicants are absorbed and metabolized, products can be more toxic, or less toxic, or become conjugated.  The result can be excessive accumulation.

Injury Produced by Ionizing Radiation

· Electro magnetic waves (x rays and gamma rays)

· High energy neutrons and charged particles (alpha and beta particles and protons)

· Target: DNA in the living cell. Ionizing radiation displace electrons from molecules and atoms, cause ionization and alter the cell.

· There are two theories regarding the underlying mechanism of ionizing radiation: Direct Target theory: direct damage of DNA
· Indirect Target theory: damage by formation of free radicals
· Roentgen (R) - unit of X or gamma radiation that ionizes a specific volume of air

· Radiation absorbed dose (rad) and grays (Gy) units of energy absorbed by target tissue from gamma and X rays. 1 rad is the dose that results in absorption of 100 erg of energy per gm of tissue

· Rem : dose of radiation that produces biologic effect equivalent to 1 rad of x- or gamma rays

· Curie: disintegrations per sec of a spontaneously disintegrating radionuclide

· Linear Energy Transfer: energy loss per unit of distance traveled as electron volts per micrometer
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Mechanism of tissue injury with radiation

· Direct high energy injury of macromolecules e.g. DNA [especially], RNA or proteins

· Indirectly by causing electrolysis of water, leading to formation of oxygen free radicals which can cause cell injury, cell death or DNA mutations

Alterations in DNA at molecular level

· Formation of pyrimidine dimers, cross links, single strand or double strand breaks

· Unrepaired DNA damage cells are induced to undergo apoptosis by activation of TP53 gene.

· Deletions, breaks, translocations and fragmentation of chromosomes of the surviving cells.  [i.e. leads to chromosomal changes]

· Polyploidy, aneuploidy with disorderly mitotic spindle

Alterations in DNA at cellular level

· NUCLEAR CHANGES:

· Nuclear swelling, condensation & clumping of chromatin

· Breakage of nuclear membrane

· Apoptosis

· Formation of giant cells with pleomorphic nuclei

· Pyknosis and lysis

Alterations in DNA at cellular level

· CYTOPLASMIC CHANGES:

· Cytoplasmic swelling

· Distortion of mitochondria

· Degeneration of endoplasmic reticulum

· Break of plasma membrane

· Overall appearance- cellular pleomorphism, giant cell formation, nuclear changes and mitotic figures (hence post radiation cells resemble cancer cells)
Pleomorphism = the assumption of various distinct forms.

· Vascular changes: vasodilation, endothelial cell swelling and vacuolation, dissolution of the wall, wall necrosis, vessel rupture and thrombosis.  [radiation vasculitis is a complication of radiation therapy]

· Endothelial cell proliferation, medial thickening with narrowing of vascular lumina.   This gives rise to decreased movement leading to distal necrosis due to distal tissue sloughing, or the patient may present with hypertension.

· Interstitial fibrosis leading to scarring and contractions.
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Tissue sensitivity to irradiation

· High radiosensitivity: labile cells e.g. bone marrow, intestines, testes, skin.  Recall that the labile cells have high turnover rates and are very radiosensitive.

· Moderately radiosensitive: stable cells e.g. liver, kidneys and endocrine organs.

· Radioresistant tissues: permanent cells e.g. adult neurons 

Effects on Organ Systems

· Hematopoietic and lymphoid systems :

· Acute lymphopenia with destruction of both circulating and tissue lymphocytes

· Lymph node and spleen shrinkage

· Acute granulocytopenia [i.e. “granulocyte poverty” or decrease in WBC’s].  Consequently, this leads to an increase in infections.

· Platelet depletion

· Marrow damage and anemia

· Malignant transformation of the cells

· Atrophy of skin

· Narrowing of blood vessels and inflammation

· Fibrosis

· Teratogenic effect on the fetus in utero

Effects of Total Body Irradiation

· < 0.5 gray administered dose- no effects

· 0.5 to 2: acute radiation syndrome with fatigue, nausea and vomiting

· 2-6 gray: bone marrow suppression, leukopenia, thrombocytopenia

· 3-10Gray: g I radiation syndrome with diarrhea, fluid and electrolyte disturbances

· >10 Gray convulsions, delirium and coma

Late Effects of Irradiation

· Skin: chronic radiation dermatitis, increased pigmentation, depigmentation, epidermal atrophy, telangiectasia [i.e. new vessel formation], dermal fibrosis, alopecia

· Lungs: interstitial fibrosis

· Bone marrow: aplastic anemia

· Salivary gland: atrophy and fibrosis (dry mouth)

· Testes: infertility

· Soft tissues: arterial hyalinization and luminal narrowing with ischemia and fibrosis.
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Effects of Exposure to Ionizing Radiation

· Thymus gland atrophy

· Compare with normal thymus on right

· Depletion of lymphocytes

· Acute vascular injury

· Fibrinoid necrosis

· Edema

· Chronic vascular effects

· Subintimal fibrosis leading to luminal obstruction

· Chronic radiation dermatitis

· Epidermal atrophy

· Dermal fibrosis
· Telangiectasia of the subcutaneous blood vessels

· Mediastinal fibrosis

· Thickened pericardium

· Secondary to radiation for Ca lung

· Radiation Fibrosis of Breast post irradiation

· Remaining tumor cells are also seen

Radiation Induced Cancers

· Skin cancer in radiologists

· Leukemia and lymphoma in pts treated with whole body irradiation

· Thyroid cancer for thymic irradiation

· Osteosarcoma of jaw in radium dial painters

· Lung cancer in uranium miners

Lead Poisoning****

· Acute lead poisoning is not common

· Chronic lead poisoning more common 

· Usual presentation:

· In adults: abdominal colic, fatigue, headache
· In children: same symptoms as above + encephalopathy.

Sources of Lead Exposure

· Occupational

· Spray painting

· Foundry work

· Lead mining and lead extracting

· Battery burning
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· Non Occupational

· Water (old pipes)

· Paint dust**

· House dust

· Urban soil**

· Newsprint

· Automotive exhaust (not as common anymore)

· Absorption through GI tract or lungs

· Children have lower intake but absorb 50% of what they are exposed to

· Average urban adult intake of lead: 100-150 micrograms of lead (source water and food) but only 10% absorbed

· Older houses with lead paint carry higher risk**

· Racial disparity in blood lead levels due to socio-economic factors

· After absorption 80-85% of the lead is taken up by bones and developing teeth, 5-10% by blood and the rest by soft tissues

· In children, excess lead alters the remodeling of calcified cartilage and primary bone trabeculae in the epiphyses ( increased bone density [due to deposition in bone]

· Radiodense lead lines on X-ray

· In gums- lead line due to hyperpigmentation of gums adjacent to teeth.

· Excretion of lead by kidneys hence renal damage possibility

Anemia and basophilic stippling of erythrocytes are also very characteristic of lead poisoning.

Health Effects of Exposure to Lead 

May present with headaches, memory loss, wrist drop, foot drop, abdominal pain

Metabolic Effects of Lead

· Pathogenesis: Lead has high affinity for sulfhydryl groups and disrupts enzymes involved in heme synthesis( hypochromic anemia

· Na-K pump alteration in RBCs with shortened RBC survival and hemolytic anemia

· Competes with Ca++ for storage in bone

· Abnormal nerve transmission and brain development

· Renal membrane damage

Lead Exposure: Morphological Changes

· Blood: Zinc protoporphyrin production in lieu of heme synthesis leading to elevated levels of free erythrocyte protoporphyrin, basophilic stippling
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· Brain: reduced IQ, learning disabilities, psychomotor retardation, blindness, psychoses, seizures, coma. Pathological changes: brain edema, demyelination of cerebral and cerebellar white matter, cortical neuronal necrosis and diffuse astrocytic proliferation. In adults- peripheral demyelinating neuropathy (wrist drop and foot drop secondary to involvement of extensor muscles of the wrist and fingers and peroneal muscles.

· G I tract: lead in the colon, abdominal pain

· Kidneys: proximal tubular damage, interstitial fibrosis, renal failure, gout

Case:  A recently divorced young woman brings in her child to see you.  The child presents with abdominal pain; the child does not want to go to school.  Initially it is assumed to be a psychological problem [i.e. related to the divorce].  However, you learn that they are living in an older house, and the child has been eating paint chips.  The psychological problems are secondary here.  You need to investigate the child for lead levels.  Take CBC also.

Alcohol Abuse  [included for completeness]

· Approx. 1-2 million chronic alcoholics or persons with alcohol abuse

· 80% of all major traffic accidents and 50% of accident related deaths involve alcohol

· Factors affecting acute effects : amount of alcohol consumed, rate of intake, rate of absorption (faster on an empty stomach), rate of metabolism 150mg/kg/hr or one can of beer, one glass of wine or one shot of hard liquor/hr

Acute Effects of Alcohol

· Inebriation with euphoria, reckless behaviour, changed pattern of thinking, slurred speech and motor in-coordination

· Acute gastritis, nausea and vomiting

· Stupor, coma, aspiration of vomitus

· Death

Alcohol: Metabolism

· Metabolism of ethanol: 

· Consumption( absorbed unaltered in stomach and small intestine( distributed to all tissues and body fluids in direct proportion to blood level. 10% excreted unchanged in breath, urine and sweat. Exhaled amount is proportional to blood levels.

· Biotransformation to acetaldehyde by alcohol dehydrogenase in the liver and gastric mucosa. There are slow & rapid “acetylaters”.  Based on genetic susceptibility, some are unable to convert acetaldehyde to acetic acid.
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· If levels are high: cytochrome P-450 and catalase in liver also convert alcohol into acetaldehyde

· Acetaldehyde converted to acetic acid

· Malnutrition and vitamin deficiencies

· Excess NADH leads to acidosis, reduces excretion of uric acid, decreases gluconeogenesis and inhibits fatty acid oxidation (leading to fatty liver)

Alcohol: Chronic Effects

· Liver: fatty liver, alcoholic hepatitis, cirrhosis

· G I tract: gastritis, reflux esophagitis, gastric ulcer, varices, severe and fatal bleeding, Mallory Weiss syndrome.  [ROH can induce wretching and vomiting leading to esophageal tear and hemoptysis]

· CNS: thiamine deficiency leading to peripheral neuropathy and Wernicke-Korsakoff syndrome ( confusion, paralysis of extraocular muscles, ataxia, inability to form new memories or retrieve old ones with confabulation, coma, death).

Wernicke’s encephalitis is characterized by headaches and meningeal symptoms, whereas Korsakoff’s syndrome presents with confusion and paralysis, confusion, early memory loss, decreased retrieval of memory, and confabulation: meaning that they present a great story, but it does not make any sense.

· CVS: dilated congestive cardiomyopathy, decreased HDL levels, HDL

· Pancreas: acute and chronic pancreatitis

· Fetal alcohol syndrome, carcinoma of the oral cavity, esophagus, liver, ? Breast

· Alcoholic myopathy

· Testicular atrophy, gynecomastia

· Megaloblastic anemia due to folate deficiency

Acute Alcoholic Hepatitis

· Cytoplasmic accumulation of fat and hyaline
· Associated inflammatory infiltrate

Chronic Alcoholism

· Micronodular cirrhosis

· Regenerating nodules of hepatocytes

· Fibrous tissue

Cocaine Abuse

· Cocaine: Extract from the leaves of the cocoa plant- water soluble powder

· Street drug diluted with talcum powder, lactose etc.
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· Crystallization of the pure alkaloid from cocaine HCL yields ‘crack’( more potent

· Snorted, smoked or injected subcutaneous or I.V.

Cocaine: Physical Effects

· Euphoria

· Sympathomimetic action on heart

· Facilitation of neurotransmission in CNS and adrenergic nerve endings by blocking reuptake of dopamine and epinephrine/norepinephrine respectively leading to their accumulation in the synapses( excess stimulation( tachycardia, HTN, arrhythmias.

Cocaine: Physical Effects

· Myocardial ischemia, coronary artery vasoconstriction, thrombus formation due to increased platelet aggregation and premature atherosclerosis

· Arrhythmias due to increased sympathetic activity and disruption of normal K,Ca and Na ion transport in the myocardium

Effects of Cocaine on Neurotransmitters


inhibition of reuptake of dopamine & norepinephrine in CNS & PNS
Acute Cocaine Toxicity

· Cocaine OD : sympathomimetic effects

· Tachycardia, HT, ++ sweating, agitation, dilated pupils, hallucinations

· Seizure, cardiac arrhythmias, severe HT, cerebral bleeding and cardiac arrest and sudden death

· Cerebral infarction

· Rhabdomyolysis

· Decreased blood flow to placenta leading to fetal hypoxia and spontaneous abortion, abnormal CNS development of fetus

Cocaine Abuse

· Perforation of nasal septum with snorting

· Decreased lung diffusing capacity in inhalers

· Dilated cardiomyopathy
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Deficiency States:  Kwashiorkor

Kwashiorkor is protein energy malnutrition

· Generalized edema

· Puffiness of face, arms and legs

Vitamin D deficiency

· Main function: maintenance of normal plasma levels of Ca and P

· Disease state: rickets, osteomalacia, hypocalcemic tetany

· Decreased conc. of Ca in ECF( continuous excitation of muscle and tetany 

· Inadequate substrate for renal hydroxylase(
· Deficiency of 1,25 dihydroxy vit D

· Decreased Ca & P absorption from gut with decreased serum levels

· Parathyroid activation

· Mobilization of Ca and P from bones

· Ca retention and increased phosphate excretion in urine

· Impaired mineralization

· Rachitic costochondral jn with loss of pallisading cartilage and uncalcified osteoid. There is disarray of the cartilage.
· Normal costochondral junction with orderly transition from cartilage to new bone formation

· Excess of unmineralized matrix

· Craniotabes

· Frontal bossing, squared appearance of head

· Rachitic rosary

· Pigeon breast deformity

· Harrison groove

· Lumbar lordosis and bowing of legs

Rickets

· Bowing of legs due to poorly mineralized bones

Vitamin C Deficiency  [i.e. scurvy]  

*included for completeness.  This will NOT be on the test.

· Activates prolyl and lysyl hydroxylase for hydroxylation of procollagen

· Inadequately hydroxylated collagen is poorly secreted by fibroblast and easily degradable

· Collagen most affected
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· Antioxidant properties

· Hemorrhages

· Subperiosteal hematomas

· Bleeding into joint spaces with minimal trauma

· Intra cerebral bleeds

· Cartilagenous overgrowth

· Bowing of legs

· Gingivitis

· Petechial rash, abnormal healing

· Widening of epiphyseal cartilage and projection of masses of cartilage into the adjacent bone

· Destruction of the orderly pallisades

Dr. K. said that most of the exam questions will be on skin and muscles.  Concentrate on lead poisoning from hour 2 of this lecture.  Good luck on the exams everyone!!

