
ChapterAmyloidosis

Amyloidosisisaconditionthatcausesanabnormalproteincalledamyloidto
buildupinyourbody.Amyloiddepositscaneventuallydamageorgansand
causethem tofail.Thisconditionisrare,butitcanbeserious.

Organsthatamyloidosiscanaffectincludethe:

 heart

 kidneys

 intestines

 joints

 liver

 nerves

 skin

 softtissues

Sometimes,amyloidcollectsthroughoutyourbody.Thisiscalledsystemic,or

body-wide,amyloidosis.

Mostformsofamyloidosisaren’tpreventable.However,youcanmanage

symptomswithtreatment. 

Whatarethesymptoms?

Initsearlystages,amyloidosismightnotcausesymptoms.Whenitbecomes

moresevere,whichsymptomsyouhavedependontheorganororgansthat

areaffected.

Ifyourheartisaffected,youmayexperience:
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 shortnessofbreath

 fast,slow,orirregularheartrate

 chestpain

 lowbloodpressure,whichcouldcauselightheadedness

Ifyourkidneysareaffected,youmayexperienceswellinginyourlegsdueto

fluidbuildup(edema)or foamyurine from excessprotein.

Ifyourliverisaffected,youmayexperiencepainandswellingintheupperpart

ofyourabdomen.Ifyourgastrointestinaltractisaffected,youmayexperience:

 nausea

 diarrhea

 constipation

 appetiteloss

 weightloss

 feelingoffullnessrightaftereating

Ifyournervesareaffected,youmayexperience:

 pain,numbness,andtinglinginyourhands,feet,andlowerlegs

 dizzinesswhenstandingup

 nausea

 diarrhea

 inabilitytofeelcoldorheat
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Typesandcauses

Yourbonemarrownormallyproducesthebloodcellsyourbodyusesto

transportoxygentoyourtissues,fightinfections,andhelpyourbloodclot.

Inonetypeofamyloidosis,infection-fightingwhitebloodcells(plasmacells)

inthebonemarrowproduceanabnormalproteincalledamyloid.Thisprotein

foldsandclumps,andisharderforthebodytobreakdown.

Ingeneral,amyloidosisiscausedbyabuildupofamyloidinyourorgans.How

theamyloidgetstheredependsonwhichtypeoftheconditionyouhave:

Lightchain(AL)amyloidosis: Thisisthemostcommontype.Ithappenswhen

abnormalamyloidproteinscalledlightchainsbuildupinorganslikeyour

heart,kidneys,liver,andskin.Thistypeusedtobecalledprimaryamyloidosis.

Autoimmune(AA)amyloidosis: Youcangetthistypeafteraninfectionlike

tuberculosis,oradiseasethatcausesinflammationsuchasrheumatoid

arthritisorinflammatoryboweldisease.About halfofpeople withAA

amyloidosishave rheumatoidarthritis.AAamyloidosismainlyaffectsyour

kidneys.Sometimesitalsocandamageyourintestines,liver,orheart.This

typeusedtobecalledsecondaryamyloidosis.

Dialysis-relatedamyloidosis: Thistypeaffectspeoplewhoareondialysisfora

longperiodoftimeasaresultofkidneyproblems.Theamyloiddepositsin

thejointsandtendons,causingpainandstiffness.

Hereditary(familial)amyloidosis: This raretype iscausedbyamutationina

genethatrunsinfamilies.Hereditaryamyloidosiscanaffectthenerves,heart,

liver,andkidneys.

Senileamyloidosis: Thistypeaffectstheheart

Pathophysiology
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 Amyloid isanabnormalinsoluble extracellular protein thatdepositsin
thedifferenttissuesandcausesorganicdysfunctionandawidevarietyof
clinicalsyndromes.

 Theseabnormal amyloids arederivedfrom misfoldingandaggregation
ofnormallysoluble proteins.

 Amyloid depositioncandisrupttissuestructureofinvolvedorganand
consequentlyleadstoorganfailure.

SystemicAmyloidosis

 Insystemicamyloidosis, amyloid graduallyaccumulates
and amyloid depositioniswidespreadintheviscera, bloodvessel walls,
anddifferent connectivetissues.

PrimaryAmyloidosis(AL)

 Primary(AL)amyloidosis) isthemostcommontypeofamyloidosis.

 Itresultsfrom aggregationanddepositionof
monoclonal immunoglobulin(Ig) lightchains thatareusuallyproduced
by plasmacell clones.

 Changeinthe secondarystructure or tertiarystructure ofa
monoclonal lightchain resultsinabnormalfoldingofthe lightchain that
abnormallyform amyloid fibrils.

 Thistypeofamyloidosismostfrequentlyinvolvethe kidney (nephrotic
syndrome)andthe heart.

 In primary(AL)amyloidosis survivalratedependson:

 Typeoforganinvolvement(amyloid heartdiseaseisthemain
prognosticfactor)

 Theseverityofdifferentorganinvolvement

 Hematological responsetotreatment

 Themedian survival ofpatientswith ALamyloidosis isapproximately
3.8years.

SecondaryAmyloidosis(AA)

 Secondaryamyloidosis occursasareactiontoanexistingillness.

 Secondaryamyloidosis isassociatedwithchronic inflammation (such
as tuberculosis or rheumatoidarthritis).

 Secondaryorreactiveamyloidosis(AA) comprisesapproximately45%
ofthesystemicamyloidoses.
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 Pathogenesis of secondaryamyloidosis ismultifactorial,including:

 Primarystructure ofthe precursor protein

 Acutephaseresponse

 Nonfibril proteins (amyloid Pcomponent, apo
E, GAGs, proteoglycans and basementmembrane proteins)

 Receptors

 Lipidmetabolism

 Proteases

HereditaryAmyloidosis

 Hereditaryamyloidosisisan autosomal dominant disorder.

 Itcanhaveaheterogeneousnatureofpresentationandcanbe
complicatedbysignificantdisabilityandmortality.

 Inherited variant proteins causetheproductionanddeposition
of amyloid fibrils.

 Hereditaryamyloidosisisduetoamyloidogenic mutations andthe
subsequentdepositionof amyloids whichinclude:

 Transthyretin(TTR) (mostcommon inherited mutation)

 Fibrinogen

 ApolipoproteinA1

 ApolipoproteinA2

 Lysozyme

 Gelsolin genes

Organ-specificAmyloidosis

 Inthistypeofamyloidosis, amyloid depositionoccursonlyintheorgan
oforiginortissueof precursor protein.

 Neurodegenerativedisorders,suchas Parkinson'sdisease, Alzheimer's
disease,and Huntington'sdisease,mayoccurinlocalizedamyloidosis.

 Localizedamyloidosescandevelopduetothedeposition
of intracellular and/or extracellular amyloid.
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 Huntington'sdisease: intracellular protein deposition

 Parkinson'sdisease: intracellular protein deposition

 Alzheimer'sdisease: intracellular (Tauprotein fibrils)
and extracellular (amyloid βfibrils)deposition
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Glycogenstoragediseases

Whatisglycogenandglycogenstoragedisease(GSD)?

Thebody’scellsneedasteadysupplyoffuelinordertofunctiontherightway.
Thisfuelisasimplesugarcalledglucose.Glucosecomesfrom breaking
downthefoodweeat.Thebodyusesasmuchglucoseasitneedstofunction
andstorestheresttouselater.

Beforeitcanbestored,thebodymustcombinethesimpleglucoseunitsinto
anew,complexsugarcalledglycogen.Theglycogenisthenstoredintheliver
andmusclecells.Whenthebodyneedsextrafuel,itbreaksdownthe
glycogenstoredintheliverbackintotheglucoseunitsthecellscanuse.
Specialproteinscalledenzymeshelpbothmakeandbreakdowntheglycogen
inaprocesscalledglycogenmetabolism.

Sometimesapersonisbornmissinganenzymeneededforthisprocessorit
maynotworkright.Thenthebodyisnotabletostoreorbreakdownthe
glycogenasitshould.Thiscanleadtoverylowbloodglucoselevelsduring
periodsoffasting.Themusclesandorgansneedacertainlevelofglucosein
thebloodtoworkproperly.

Whenthebodyismissinganenzymeorhasaflawedenzymeandisnotable
touseglycogentherightway,itleadstoaconditioncalledglycogenstorage
disease(GSD).Manydifferentenzymesareusedbythebodytoprocess
glycogen.And,asaresult,thereareseveraltypesofGSD.
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Howcommonarethey?

Aglycogenstoragedisorderoccursinaboutonein20,000to25,000babies.
ThemostcommontypesofGSDaretypesI,II,III,andIV,withtypeIbeingthe
mostcommon.Itisbelievedthatnearly90%ofallpatientswithGSDhave
typesIthroughIV.About25%ofpatientswithGSDarethoughttohavetypeI.
However,GSDtypesVIandIXcanhaveverymildsymptomsandmaybe
underdiagnosed.

MostofthesevereformsofGSDarediagnosedinbabiesandchildren.Some
ofthemildertypesmightnotbefounduntilthepersonisanadult.

Whatarethesymptomsofglycogenstoragedisease(GSD)?

SymptomsvarybasedonthetypeofGSD.SomeGSDsaffectmostlytheliver.
TheseincludeTypes0,I,III,IV,VIandIX.However,theymaysometimeshave
overlappingsymptomsaffectingmuscleandheart.Thesetypes(exceptfor
GSDtype0)maycausethelivertobecomeenlarged.An enlargedliver is
linkedtolowbloodglucoselevelsbecauseexcessglycogenisstoredinthe
liverinsteadofbeingreleasedasglucoseinthebloodstream.Symptomsof
lowbloodglucose,or hypoglycemia,includesweating,tremor,drowsiness,
confusionandsometimesseizures.SomeGSDs,suchastypesVandVII,
mostlyaffecttheskeletalmuscles.Muscleweaknessandmusclecrampsare
themostcommonsymptomsofthesetypes.

Othersymptomsthatmayoccurinclude:

 Tiredness.
 Veryslowgrowth.
 Obesity(beingveryoverweight).
 Problemswithbleedingandbloodclotting.
 Kidneyproblems.
 Lowresistancetoinfections.
 Breathingproblems.
 Heartproblems.
 Mouthsores.
 Gout.

WhatcausesGSDs?

GSDsoccurwhenthereisaproblem withthegenethathastheinstructions
formakingtheenzymethatismissingornotworkingright.Thegeneis
passeddownfrom parentstochildren.Inmostcases,inordertohavethe
GSD,achildmustgetabadgenefrom bothparents.Justbecauseboth
parentshavethegenedoesnotalwaysmeantheywillbothpassitontotheir
children.

Howaretypesofglycogenstoragediseases(GSDs)detected?
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Therearefoursymptomsthatmightcausethedoctortosuspectatypeof
GSDthataffectstheliver.

Theseinclude:

 Alowbloodglucoselevel.
 Anenlargedliver.
 Lagginggrowth.
 Abnormalbloodtests.

BecauseGSDscanruninfamilies,athoroughmedicalhistorycanalsogive
thedoctorafirstclue.Heorshemaysuggestsometeststhatmightinclude:

 Bloodtests–Tofindoutyourbloodglucoselevelandtoseehowyour
liver,kidneysandmusclesareworking.

 Abdominalultrasound –Toseeifyourliverisenlarged.
 Tissuebiopsy –Testingasampleoftissuefrom amuscleoryourliver

tomeasurethelevelofglycogenorenzymespresent.
 Genetesting–Tolookforproblemswiththegenesfordifferent

enzymes.Genetestingcanconfirm aGSD.

WhatarethetypesofGSD?

EachtypeofGSDcentersonacertainenzymeorsetofenzymesinvolvedin
glycogenstorageorbreakdown.Thereareatleast13typesofglycogen
storagedisease.Doctorsknowmoreaboutsometypesthanothers.GSD
mostlyaffectstheliverandthemuscles.Sometypescauseproblemsinother
areasofthebodyaswell.TypesofGSDandthepartsofthebodytheyaffect
themostinclude:

Type0(Lewis'disease)–Affectedtissue;Liver

Affectedenzyme;Hepaticglycogensynthase.

Clinicalfeatures

 Seizurescanoccur
 Fatigueandmusclecrampsafterexertion
 Mildgrowthretardationinsomecases

Investigation

Bloodtest;

a. Liverfunctiontest;monitoringforhepaticfailure
b. Aniongapcalculation;ifglucoselow,thismayindicatelacticacidaemia
c. Urate
d. Creatinineclearance
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e. Creatininekinase
f. Fullbloodcount

Urinetest

Mycoglobinuriaafterexercisefoundin50%ofpeoplewithMcArdle’s
diseases

Imagining

a) Abdominalultrasoundscan;hepatomegaly
b) Echocardiography;tolookforcardiacinvolvementincertaintypesofGSD

Pre-nataldiagnosis

a. Geneticcounselling
b. Referraltogeneticistforpossibleprenatalinvestigation(amnioticfluid

analysis)anddiagnosis

TypeI(vonGierke’sdisease)Affectedenzyme:glucose-6-phosphate

Affectedtissue:LiverandKidney

Clinicalfeatures;

 Largequantitiesofglycogenareformedandstoredinhepatocytes,renal
andintestinalmucosacells.Theliverandkidneysbecomeenlarged

 Abnormalitiesoflipidsmayleadtoxanthomaformation
 Uricacidisoftenelevatedandmaycausesclinical

gout,galactose,fructose,andglycerolaremetabolisedtolactate.The
elevatedbloodlactatelevelscausemetabolicacidosis.

Treatment.

a. Bloodlossmayrequireoraliron
b. Raiseduricacidlevelsmayrequireallopurinol
c. Treatmentofhyperuricaemiaandpyelenephritisprotectrenalfunction
d. Diaoxidetomaintainbloodglucosehasbeendisappointing
e. Livertransplantationforprimarydiseasesorforhepatocellularcarcinoma

seemseffective

TypeII(Pompe’sdisease)Muscles,heart,liver,nervoussystem,blood
vessels.

Causes

Thedeficiencyofthelysosomalenzymealpha-1,4-glucosidase(acid
maltase)leadstotheaccumulationofglycogeninmanytissue

Clinicalfeatures
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a) Theclinicalspectrum iscontinuousandbroad,withpresentationin
infants,children,andadults

b) Intheinfantileform,accumulationofglycogenincardiacmuscleleadsto
cardiacfailure.

c) Accumulationmayalsoccurintheliver,whichresultsinhepatomegaly
andelevationofhepaticenzymes.

d) Glycogenaccumulationinmuscleandperipheralnervescauseshypotonia
andweakness

e) Glycogendepositioninbloodvesselsmayresultinintracranialaneurysms

Treatment

a. Enzymereplacementtherapy(Alglucosidasealfa)
b. Diettherapymayprovidetemporaryimprovementbutdoesnotafterthe

diseasescourse;high-protein,low-carbohydratedietmaybeneficial.
c. Physiotherapyandoccupationaltherapymayberequired
d. Geneticcounsellingandprenataldiagnosis;chronicvillussamplingand

amniocentesiscanbeusedtodetermineenzymeactivityinafetus
e. Genetherapyremainsapotentiallyeffectiveforthefuture

TypeIII(Forbes-coridisease)– Affectedtissue;Liver,muscles,

Affectedenzymes;Glycogendebranchingenzyme,depositionof
abnormalglycogenstructure

Clinicalfeatures

a) About15%affectedliveronly,hypoglycemia,poor
growth,heptatomegaly,moderateprogressivemyopathy.

b) Symptomscanregresswithage
c) Afewcasesoflivercirrhosisandhepatocellularcarcinomahavebeen

report

Treatment

AswithtypeI,alsoproteinsupplementformuscledisorder

TypeIV(Andersen’sdisease)–Affectedtissues;Liver,brain,heart,
muscle,skin,nervoussystem

Affectedenzyme;Glycogenbranchingenzyme,abnormallystructured
glycogenforms

Clinicalfeatures

Hepatomegaly,failuretothrive,
cirrhosis,splenomegaly,jaundice,hypotonia,lumbarlordosis

Treatment
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Livertransplant

TypeV(McArdle’sdisease)–Affectedtissue;Skeletalmuscles

Causes;Myphosphorlyasedeficiency

Clinicalfeatures

a. Clinicalfindingsmaybeabsentonphysicalexamination,muscle
strengthandreflexesmaybenormal

b. Inlateradultlife,persistentproximalweaknessandmusclewastingmay
bepresent

c. Thefatalinfantileform presentswithhypotoniaandreducedreflexes.
d. Ischaemicforearm test;traditionaltestbutitispainfulandnon-ischaemic

exercisetestarepreferred

Treatment

a) Nospecifictreatmentexists.
b) Avoidstrenuous(anaerobicorsustained)exercise,includingliftinfor

pushing
c) Acarbohydraterichdietdidbenefitpatients

TypeVI(Hers’diseases)–Affectedtissues;Liver,bloodcells

Affectedenzyme;Liverphosphorylase

Clinicalfeatures

a. MostcommonvariantsisX-linkedthereforeusuallyaffectedonlymales
b. Hepatomegaly,hypoglycaemia,growthretardation,hyperlipidaemia

Treatment

Cardiactransplantationnforerarecardiacform,mayneedfrequentfeeding
toavoidhypoglycemia

Prognosis

Usallynormallifespan

TypeVII(Tarui’sdisease)Affectedtissue;Skeletalmuscle

Causes;Phosphofructokinase(PFK)deficiency

Clinicalfeatures

Exerciseintolerance,musclecramping,exertionalmyopathy,compensated
haemolysisandmyoglobinuria.

II PharmD - Pathophysiology



NotesymptomscanbesimilartoMcArdle’sGlycogenstoragediseases
butmoresevere

Treatment

a) Nospecifictreatmentexists
b) Thereisevidencethatahighproteindietmayimprovemusclefunction

andslowprogressionofthedisease
c) Vigorousexerciseshouldbeavoidedasitcausesmyoglobinuria

TypeIX-Liver

a. GSDtypeIXisadisorderinwhichbodycannotbreakdownglycogen
peoplewithGSDIXaredeficientinanenzymecalledphosphorylase
kinase(PhK).AdeficiencyinPhKcausesglycogentoaccumulatein
varioustissuesincludingliver,muscle,redbloodcells,andsometimesin
heart

b. Phosphorylasekinase(Phk)speceficproteinkinasewhichactivates
glycogenphosphorylasetoreleasglucose-1--phosphate from glycogen

Symptoms

PeoplewithGSDIXdevelopenlargedliverandmayhavelowbloodsugar,due
toinabilitytobreakdownglycogen

Diagnosis

a) Bloodprofiling
b) Biopsyofliver

Treatment

Itcanbepreventedbymaintaininghighcarbohydrate(starchfoods)diet,
adequateamountsofproteinindietandavoidingdelayedintakeoffoods.
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

Howisglycogenstoragedisease(GSD)treated?

TreatmentvariesdependingonthetypeofGSD.FortypesofGSDthatinvolve
theliver,treatmentisaimedatkeepingtherightlevelofglucoseintheblood.
Thisisoftenenoughtomaintainthecellsfuelneedsandpreventlong-term
complicationsassociatedwithpoorlycontrolledGSD.Treatmentconsistsof
takingregulardosesofuncookedcornstarchand/ornutritionsupplements.
Cornstarchisacomplexcarbohydratethatisdifficultforthebodytodigest;
thereforeitmaintainsnormalbloodsugarlevelsforalongerperiodoftime
thanmostcarbohydratesinfood.Eatingmanysmallmealsthatarelowin
sugarcanhelpkeepbloodsugarlevelsnormalwhilepreventingexcess
glycogenstorageintheliver.

Carbohydratesolutionsmaybegivencontinuouslyduringthenighttoprevent
adropinbloodglucoselevelduringsleep,butthiscarriesmoreriskofsevere
hypoglycemiacomparedtousinguncookedcornstarcharoundtheclock.

TypeIVGSDswithprogressiveliverdiseasemayhavetobeconsideredfor
livertransplantationafterathoroughevaluation.

Canglycogenstoragedisease(GSD)beprevented?

GSDsarehandeddownfrom parentstochildrenthroughtheirgenes.
Therefore,theycannotbeprevented.Parentscanfindoutthroughgenetic
testingiftheycarryageneforaGSD.Bothparentsmustaveageneforthe
sametypeofGSDforachildtoinheritthedisorder.
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