[bookmark: _GoBack]What is the etiology and prognosis of each of the diseases in the table below? 

Hemophilia A 
Etiology
· Mutation in gene F8 of factor VIII (deficiency in coagulation factor VIII) (x-linked recessive)
· Intron1 or Intron 22 inversion
Prognosis 
· Bleeding into joints cause joint complications 
· Without treatment, death before adulthood 
· With treatment, life expectancy 10 years less than healthy adults (depends on severity)

Hemophilia B 
Etiology 
· Mutation in gene F9 of factor IX (deficiency in coagulation factor IX) (x-linked recessive) 
Prognosis
· Bleeding into joints cause joint complications 
· Without treatment, death before adulthood 
· With treatment, life expectancy 10 years less than healthy adults (depends on severity)

 Hemophilia B Leyden 
Etiology
· Mutation in F9 gene promoter region  
Prognosis 
· Severity decreases after puberty, androgens can bind to drive factor 9 transcription 

Thrombophilia
Etiology 
· Decrease in level or function of anticoagulant factors: protein C, S, antithrombin 
· OR increase in level of function of procoagulant factors: V Leiden, Prothrombin 20210
Prognosis 
· Treatment not needed in patient has low relative risk mutation, long life expectancy 
· If patient has had thrombus before, more likely to experience episodes of venous thrombosis  maybe sudden death or long term complications 

Atherosclerosis 
Etiology 
· Endothelium becomes damaged by high blood pressure, smoking or high cholesterol 
· Damaged endothelium allows cholesterol, white blood cells to build-up as plaque on arterial wall, creating potential blockage  increase risk of cardiovascular diseases 
Prognosis 
· If left untreated, patient will progress from stable angina to unstable angina and a myocardial infarction which may result in death
· Poor prognosis for males, increased age 

Cardiomyopathies 
Etiology 
· Mutations in structural / functional cardiomyocyte proteins 
· Complex, can arise due to environmental factors 
Prognosis 
· May cause sudden cardiac death 
· Lead to heart failure: inability to pump blood (dilated heart, stiff heart, right heart failure) 

Channelopathies (LQTS)
Etiology
· Mutations in proteins for cardiac ion channels
· LQT1 = KCNQ1 mutation, LQT2 = KCNH2 mutation, LQT3 = SCN5A mutation 
Prognosis
· Extended QT interval (time it takes for heart to contract and refill with blood) 
· Increased chance of arrhythmia, may cause sudden death (5-35% have sudden death) 

Familial Retinoblastoma 
Etiology 
· Loss of 1 Rb tumor suppressor gene 
· Causing bilateral tumor (both eyes) 
Prognosis 
· Usually found in young children, may be surgically removed
· Recurrence possible 

Sporadic Retinoblastoma 
Etiology 
· Loss of 2 (both) Rb tumor genes 
· Causing unilateral tumor (one eye) 
Prognosis 
· Usually found early, may be surgically removed 
· Very rare recurrence

Chronic Myelogenous Leukemia 
Etiology 
· Translocation (9;22) creates Philadelphia chromosome with BCR-ABL mutation 
Prognosis
· Progresses slowly, so many survive 5+ years (high number of blast cells is less favorable)
· Treatment w/ tyrosine kinase inhibitors, resistance may develop, lowering life expectancy 

Acute Myelogenous Leukemia 
Etiology 
· Idiopathic (spontaneous/unknown)
· Proliferation of immature hematopoetic cells due to somatic mutation 
Prognosis
· Progresses rapidly
· Most children survive (curable in 50-60%), most adults do not survive but depends on age 

Cervical Cancer 
Etiology 
· HPV infection (high risk strains 16 & 18) integration of HPV genome into host chromosome
· Complex (exact etiology is unknown) 
Prognosis 
· Once progressed to carcinoma, cells will spread without treatment, treatment extends life
· High survivability when caught early (5 year survival 91%) 

Alzheimer’s Disease 
Etiology 
· Accumulation of amyloid plaques and neurofibrillary tangles due to mutations (complex)
Prognosis 
· Symptoms worsen over time, eventually fatal (patients live 4-8 years after diagnosis)

ALS
Etiology 
· Arises from loss of neurons in corticospinal tract and motor unit (anterior horn cell) 
Prognosis
· Progressive with no cure (80% death within 2-5 years, 10% live over 10 years)
· May aspirate food into lungs at late stages due to bulbar weakness or pneumonia

Huntington’s Disease
Etiology 
· CAG repeat expansion of HTT gene (>40 repeats) 
Prognosis  
· Progressive and fatal usually 15-20 yrs after onset) 
· Progressively worsening chorea, memory 

Prions 
Etiology 
· Mutation in the PrP gene BUT also there are cases where patients have eaten contaminated beef and so the contaminated beef (PrPs ) would be the cause of the disease
Prognosis
· Severe mental decline (dementia) and loss of motor control 
· Live 1-5 years after diagnosis 

Several of the diseases covered this semester are complex diseases. 
For each of the 3 diseases listed below provide 3 environmental (not genetic) risk factors. 

Thrombophilia
· Obesity 
· Immobilization / pregnancy / long-haul travel 
· Spinal cord injury, stroke 
Atherosclerosis 
· Hypertension
· Cigarette smoking 
· Hyperlipidemia 
Cardiomyopathies 
· Alcohol use 
· High blood pressure / hypertension 
Channelopathies 
· Medications / medical conditions 
· Electrolyte abnormalities 
Chronic Myelogenous Leukemia 
· Exposure to radiation 
· Smoking
· Chemotherapy 
Acute Myelogenous Leukemia 
· Exposure to benzene 
· Smoking 
Cervical Cancer 
· HPV infection (sexual activity) 
· Multi-parity (having more than 2 kids) 
· Prolonged use of oral contraceptives 

For each disease listed below, provide 1 morphological change that is critical in a diagnosis of the disease and indicate where this morphological change occurs. 
You can assume some of these changes are observed during an autopsy.

Hemophilia 
· Muscle wasting 
· Occurs in legs 
Atherosclerosis 
· Atheromatous plaque
· Occurs in arteries (bifurcations, branch sites, curves)
Cardiomyopathies: Dilated cardiomyopathy 
· Enlargement of all chambers of the heart 
· Occurs in heart
Cardiomyopathies: Hypertrophic cardiomyopathy 
· Thickened left ventricle wall 
· Occurs in heart 
Cardiomyopathies: Restrictive cardiomyopathy 
· Rigid or stiff ventricular wall 
· Occurs in heart
Chronic Myelogenous Leukemia 
· Increased myeloid cells of varying maturity 
· Occurs in peripheral blood 
Acute Myelogenous Leukemia 
· > 20 % blasts in peripheral blood, found in bone marrow 
· occurs in bone marrow and peripheral blood 
Cervical Cancer 
· Carcinoma / dysplasia 
· Cervical transformation zone 
Alzheimer’s Disease 
· Amyloid beta plaques and neurofibrillary tangles 
· Occurs in the brain 
ALS 
· Loss of neurons in corticospinal tract and anterior horn
· Occurs in spinal cord 
(s) or (f) CJD
· Vacuolization (brain) 
GSS
· PrP plaques (brain)
Kuru
· Kuru plaque (brain) 
Fatal Insomnia 
· Neuronal loss/gliosis of thalamus (brain) 

For each of the diseases listed in the table below give 2 characteristic symptoms. 

Hemophilia A 
· Prolonged bleeding 
· Bruising 
Deep Vein Thrombosis
· Pain, swelling, erythema in leg 
· Discoloration / bruising 
Pulmonary Embolism 
· Shortness of breath
· Chest pain
Atherosclerosis (myocardial infarction) 
· Chest pain 
· Sudden death
Cardiomyopathies 
· Sudden death
Channelopathies 
· Fainting 
· Seizures 
Chronic Myelogenous Leukemia 
· Loss of weight without trying 
· Night sweats 
Acute Myelogenous Leukemia 
· Bone pain 
· Lethargy and fatigue 
Cervical Cancer 
· Spotting or light bleeding between or following periods
· Unexplained, persistent pelvic/back pain 
Human Papilloma Virus
· Genital warts
· Easy infection 
Alzheimer’s Disease 
· Dementia 
· Personality changes 
ALS
· Weakness or spasticity 
· Difficulty breathing
Huntington’s Disease 
· Involuntary jerking or writhing (chorea) 
· Muscle rigidity (dystonia) 
CJD
· Personality changes 
· Anxiety / depression 
GSS
· Progressive ataxia, clumsiness, unsteadiness 
· Dysarthria (slurred speech)
Kuru
· Difficulty swallowing 
· Arm and leg pain 
Fatal Insomnia 
· Difficulty falling asleep 
· Cognitive decline (ataxia) 

 
The following are some of the drugs used in the treatment of the various pathologies/diseases you have learned about this semester. For each drug in the table below indicate which patient/disease the drug is used for and its mechanism of action. 

PEGylation  Patient: Hemophilia B 
Mechanism: hydrophilic polymers added to factor 9 so half-life is extended in the blood 

Tissue Factors Pathway Inhibitor  Patient: Hemophilia
Mechanism: prevent blocking of extrinsic pathway by tissue factor 

FVIIa Bypass Agent  Patient: Hemophilia
Mechanism: use high amounts of factor 7 to bypass through the inhibition of the extrinsic pathway by tissue factor

ACE901 Emicizumab  Patient: Hemophilia A
Mechanism: bispecific antibody binds to factor 9a and 10 to mimic factor 8 acitivity 

Tissue Factor Plasminogen Activator  Patient: Venous thromboembolism 
Mechanism: converts plasminogen to plasmin to break down fibrin in blood clots

Heparins  Patient: Venous thromboembolism 
Mechanism: potentiates antithrombin which inactivates clotting factors
 
Warfarin  Patient: Venous thromboembolism 
Mechanism: inhibits vitamin-k dependent synthesis of calcium dependent clotting factors 

Direct Thrombin Inhbitors (Dabigatran)  Patient: Venous thromboembolism 
Mechanism: competitive inhibitor of thrombin preventing thrombus development 

Statins  Patient: Hyperlipidemia (Altherosclerosis) 
Mechanism: reduces plasma cholesterol by inhibiting biosynthesis and increasing LDL receptors
 
Beta-Blockers  Patient: Channelopathies (LQTS) 
Mechanism: prevents arrhythmias by inhibiting adrenergic stimulation that provokes them in LQTS

Imatinib Mesylate (Gleevec)  Patient: CML
Mechanism: blocks the catalytic activity (tyrosine kinase) function of ABL or BCR ABL 
 
All Trans Retionic Acid (ATRA)  Patient: AML
Mechanism: overcome differentiation block imposed by t(15;17) PML-RARA
 
Mutant IDH Inhibiotrs  Patient: AML
Mechanism: inhibits buildup of 2HG which blocks differentiation 

Daunorubicin  Patient: AML
Mechanism: chemo, inhibits progression topoisomerase II, inhibits macromolecular biosynthesis 

Cytarabine  Patient: AML
Mechanism: chemotherapy drug, mimics cytosine deoxyribose and gets incorporated into DNA and kills the cell 
 
Gardasil  Patient: cervical cancer prevention 
Mechanism: vaccine made with recombinant technology in which proteins from virus-like particles of the L1 protein 

Ceravix  Patient: cervical cancer prevention (HPV)
Mechanism: virus-like particles of L1 protein, vaccinates against 16 & 18

Tetrabenazine  Patient: Huntington’s disease 
Mechanism: depletes brain dopamine by binding to dopamine receptors 

Creatine  Patient: Huntington’s disease 
Mechanism: supports additional energy production in neurons that are dying 

Coenzyme Q-10  Patient: Huntington’s disease
Mechanism: acts as an electron acceptor in the electron transport chain 

Trehalose Patient: Huntington’s disease 
Mechanism: induces the autophagy of aggregates 

Antisense oligonucleotide (ASO)  Patient: Huntington’s disease
Mechanism: targets single nucleotide polymorphisms on mutant huntingtin

 
For the diseases listed below, what diagnostic marker would you assess in a clinical laboratory that would be helpful for a diagnosis of the disease? 

Hemophilia A – level of factor 8, Intron 22 and Intron 1 inversion
Hemophilia B – level of factor 9 
Thrombophilia – mutations in: Protein S/C, Antithrombin, Prothrombin 20210, Factor V Leiden 
Atherosclerosis – “milky” plasma 
Channelopathies (LQTS) – LQT1: KCNQ1, LQT2: KCNH2, LQT3: SCN5A
Chronic Myelogenous Leukemia – Philadelphia chromosome (BCR-ABL mutation)  t(9;22) 
Acute Myelogenous Leukemia – >20% blasts in bone marrow 
Cervical Cancer – cell dysplasia from pap smear, HPV test positivity 
ALS – SOD1 (Familial), TDP43, FUS, C9 or f72 (Sporadic)
Huntington’s Disease – CAG repeat number of Huntingtin gene 
CJD – point mutations at codon 129 of PRNP gene
GSS – point mutations of PRNP gene 
Fatal Insomnia – mutation D178N of PRNP gene

The following terms contribute to or are associated with pathogenic mechanisms of various diseases. Give an example of a disease studied in PATH310 that the term is associated with and how it contributes to the development of the disease. 
Ones from previous years: 
· Anemia 
· - CML
· Obesity 
· - Thrombosis 
· Cerebral infarction 
· - Hemophilia? Atherosclerosis? 
· Amyloid deposition 
· -Alzheimer’s 
· Genetic anticipation 
· - Huntington’s disease 
· Endothelial dysfunction 
· - Atherosclerosis 
· Loss of heterozygosity 
· - Retinoblastoma 
· Polymerization of HbS
· - Sickle cell anemia 
· Thrombin generation 
· - thrombophilia 
· Sudden death 
· - cardiomyopathy / channelopathy (LQTS) 
· Conformational model 
· - prions 
· Chromosomal translocation 
· -CML 

In the table below, indicate why AGE is an important consideration. 

· For the treatment of an individual first diagnosed with severe hemophilia A. 
It is difficult to treat young children with intravenous injection.
· In determining the prognosis for AML and ALL 
In AML, most children survive, but more adults don’t. Whereas in ALL children are more likely to survive and adults aren’t. 
· In the development of atherosclerosis 
Age is a non-modifiable risk factor: as you age atherosclerotic plaques will inevitably form. 
· In distinguishing between sporadic and familial retinoblastoma 
Familial: more likely to occur at a young age, Sporadic: more likely to occur at an older age. 
· Timing for vaccination of HPV 
Chances of transmission peak at age of sexual activity (late teens-early 20s), so getting vaccinated before then is important for vaccination to be successful in prevention. 
· The onset of clinical symptoms and death for vCJD and sCJD 
vCJD affects a younger population than sCJD
· Channelopathy (LQTS) 
Often times the first symptoms is sudden cardiac death (<40 yrs), due to variable expressivity the disease may remain concealed for many years, up to first 40 years of life. 
· Women diagnosed with the Factor V Leyden or prothrombin G20210A mutations. 
If they are oral contraceptives or have become pregnant they are at increased risk of a thrombus. 

 
Genome wide association studies (GWASs) and next generation sequencing (NGS) have been very beneficial in identifying biomarkers and advancing our understanding of the pathogenesis of various diseases. Using thrombophilia as an example for GWASs and long QT syndromes and acute leukemia as examples for NGS, indicate how these two novel technologies have advanced the understanding of these diseases. Indicate their relevance relating to risk factors, biomarkers and treatment options. 

Thrombophilia (GWAS’s)
Risk Factors: saw that AB blood group has large Von Willebrand factors level due to glycoslylation
Biomarkers: shows elevated VWF/FVIII 
Treatment: shows risk of thrombus, now we know to use factor 8 inhibitors for treatment 

Long QT syndromes (NGS)
Risk Factors: showed that interpretation of variants is a challenge, screening of large populations isn’t ready 
Biomarkers: nothing?
Treatment: nothing? 
 
Acute Leukemia (NGS)
Risk Factors: found AML wasn’t a simple “two hit model”, where you lose two copies of tumor suppressor 
Biomarkers: metabolic enzymes IDH2 and IDH1
Treatment: less complex than other caner, lead to Darwinian model of leukemia (developed screening and biomarkers for early detection) 

Polymerase chain reaction (PCR) with DNA sequencing and Fluorescent in situ hybridization (FISH) are two laboratory tests that are extensively used in the diagnosis of many diseases. For each, give 2 examples of diseases covered in PATH310 where these two tests are critical for making a diagnosis. 

PCR 
· Huntington’s disease 
· Hemophilia A 
FISH
· AML
· CML

Why are neither of these two tests particularly useful in diagnosing channelopathies or cardiomyopathies?

PCR and FISH are molecular techniques and therefore require a biomarker to be useful. 
Cardiomyopathies, there is no reliable biomarker associated with the disease so there is nothing for the molecular techniques to measure. 
Channelopathies (like LQTS), these techniques are theoretically useful since there are mutations associated with them like LQT1 and LQT2. 
However LQTS low penetrance and variable expressivity, so you may not develop the disease phenotype.








