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ANSWERS

5diagnostictechniquesusedinpathology,relevantillustrationsandexamples

required. 

1.HISTOPATHOLOGY

Histopathologicalexamination oftissuesstartswith surgery,biopsy,or

autopsy.Thetissueisremovedfrom thebodyorplant,andthen...often

followingexpertdissectioninthefreshstate...placedinafixativewhich

stabilizesthetissuestopreventdecay.Themostcommonfixativeisformalin

(10%neutralbufferedformaldehydeinwater).

Preparationofhistology

Thetissueisthenpreparedforviewingunderamicroscopeusingeither

chemicalfixationorfrozensection. 

Ifalargesampleisprovidede.g.fromasurgicalprocedurethenapathologist

looksatthetissuesampleandselectsthepartmostlikelytoyieldauseful

andaccuratediagnosis-thispartisremovedforexaminationinaprocess

commonlyknownasgrossingorcutup.Largersamplesarecuttocorrectly

situate theiranatomicalstructures in the cassette.Certain specimens

(especiallybiopsies)canundergoagarpre-embeddingtoassurecorrecttissue



orientationincassette&thenintheblock&thenonthediagnosticmicroscopy

slide.Thisisthenplacedintoaplasticcassetteformostoftherestofthe

process. 

PROCESSING:

 

Waterisremovedfrom thesampleinsuccessivestagesbytheuseof

increasingconcentrationsofalcohol. Xyleneisusedinthelastdehydration

phaseinsteadofalcohol-thisisbecausethewaxusedinthenextstageis

solubleinxylenewhereitisnotinalcoholallowingwaxtopermeate(infiltrate)

thespecimen.Thisprocessisgenerallyautomatedanddoneovernight.The

waxinfiltrated specimen isthen transferred toan individualspecimen

embedding(usuallymetal)container.Finally,moltenwaxisintroducedaround

thespecimeninthecontainerandcooledtosolidificationsoastoembeditin

thewaxblock.Thisprocessisneededtoprovideaproperlyorientedsample

sturdyenoughforobtainingathinmicrotomesection(s)fortheslide. 

Oncethewaxembeddedblockisfinished,sectionswillbecutfrom itand

usuallyplacedtofloatonawaterbathsurfacewhichspreadsthesectionout.

Thisisusuallydonebyhandandisaskilledjob(histotechnologist)withthe

labpersonnelmakingchoicesaboutwhichpartsofthespecimenmicrotome

waxribbontoplaceonslides.Anumberofslideswillusuallybepreparedfrom

differentlevelsthroughouttheblock.Afterthisthethinsectionmountedslide

isstainedandaprotectivecoverslipismountedonit.Forcommonstains,an



automaticprocessisnormallyused;butrarelyusedstainsareoftendoneby

hand.

Examples:Studyofhumantissues.

 

2.IMMUNOHISTOCHEMISTRY

Immunohistochemistry (IHC) is the most common application of

immunostaining.Itinvolvestheprocessofselectivelyidentifyingantigen

 (proteins)incellsofatissuesectionbyexploitingtheprincipleofantibodies

bindingspecificallytoantigensinbiologicaltissues.IHCtakesitsnamefrom

theroots"immuno",inreferencetoantibodiesusedintheprocedure,and

"histo",meaningtissue(comparetoimmunocytochemistry).AlbertCoons

 conceptualizedandfirstimplementedtheprocedurein1941. 

Visualisinganantibody-antigeninteractioncanbeaccomplishedinanumber

ofways,mainlyeitherofthefollowing: 

 Chromogenicimmunohistochemistry (CIH),whereinanantibodyis

conjugatedtoanenzyme,suchasperoxidase(thecombinationbeing

termedimmunoperoxidase),thatcancatalyseacolour-producing

reaction.

 Immunofluorescence,wheretheantibodyistaggedtoafluorophore,

suchasfluoresceinorrhodamine.

Example:BrdU,cytokeratins



3.MOLECULARAUTOPSY

Molecularautopsy or postmortem moleculartesting isasetofmolecular

techniquesusedinforensicmedicinetoattempttodeterminethecauseof

deathinunexplainedcases,inparticularsuddenunexplaineddeaths(for

examplesuddencardiacdeath).About30%ofsuddencardiacdeathsinyoung

peoplearenotexplainedafterfullconventionalautopsy,andareclassifiedas

suddenunexplaineddeaths.TheuseofapanelofgeneticmarkersforlongQT

syndrome,catecholaminergicpolymorphicventriculartachycardiaandcardiac

channelmiopathieselucidatedaround40to45%ofthecases

METHODS: Whenatraditionalmedicalautopsyisnotabletodeterminethe

suddencauseofdeath,molecularautopsymayhelpprovideanalternative

insightthroughtheuseofDeoxyribonucleicacid(DNA)sequencing.Itlooksat

thingsfromacellularlevelinsteadofonlywhatthehumaneyecansee. 

Thefirststepinperformingamolecularautopsyistoobtainasampleofblood

ortissuefromtheindividualafterdeathhasoccurred.DNAisthenextracted

from thebloodsampleinordertoundergoaprocessofgeneticsequencing.

Then,theDNAsequenceiscarefullyanalyzedtodetectanygenemutations

thatmaybeacauseofsuddendeath.Initially,molecularautopsyfocusedon

thedirectDNAsequencingoffourgenes.However,recentadvancementsin

sequencingtechnologieshavemadeitpossibletoscreenalargenumberof

genesatoncefromasmallsampleofDNAthroughwhole-exomesequencing

(WES)inwhichthecodingregionsofall22,000genesaresequenced.This



potentiallyallowsthedetectionofgeneticvariantsofgenesrelatedtoall

majordiseases

 

4.MICROBIOLOGICALEXAM

Microbiologicalexaminationplaysanimportantroleinthediagnosisand

controlofinfectiousdisease.Assuchexaminationidentifiesmicro-organisms

likelytobeinvolvedinthediseaseandtheirsusceptibilitytochemotherapeutic

agents,case-specificantimicrobialregimenscanbemadebasedontheresults.

However, results obtained with improper collection, poor technique,

inappropriatetransportandinadequatemanagementofthespecimenmay

contributetomisdiagnosisandinappropriateantimicrobialtherapy.

CollectionofSpecimen

Clinicalmaterialformicrobiologicaltestingshouldbecollectedfrom asite

representativeoftheactivediseaseprocess.Sitesofinflammationthatare

free ofcontaminating micro-flora are optimal.Since large numbersof

micro-organisms reside in the human body,specimens often may be

contaminatedwithindigenousmicro-organismsthatarenotinvolvedinthe

infection.Toreducethisrisk,anycontactwithsurroundingtissuesandfluids

during collection mustbe avoided orminimized .In addition,avoid

contaminationofspecimenswithanymicro-organismscolonizing thehospital

environmentandassociatedhealthcareworkers.



EXAMPLE:Ahomogenizedsampleoffood 

 

CELLADAPTATIONPRECEDESCELLDEATH 

TheearlypathologistsMorgagniandBichatemphasizedtheimportanceof

organsandtissuesastheseatofdisease.Virchowlaterfocusedonindividual

cellsastheprimarycauseofabnormalfunctionandstructureassociatedwith

diseases.Beforewecaninterpretlesionsofsickcells,itisessentialthatwe

understandnormalcellstructureandfunction.Thecellcanbevisualized

simplistically as a membrane-enclosed compartment,subdivided into

numeroussmallercompartments(organelles)bymembranes(Fig.1-1).This

vast interconnecting system of membrane-bound spaces is termed

the cytocavitary network.The function of these organelles is largely

determinedbythetypeandquantityofspecificenzymesassociatedwitheach

membraneandinthecytoplasmicmatrix.



Fig.1-1Cellstructureandtheorganizationoforganelles,cytoskeleton,and

membraneenhancements.(FromMcCanceK,HuetherS: Pathophysiology:the

biologicbasisfordiseaseinadultsandchildren, ed5,StLouis,2006,Mosby.)

Itisessentialtohaveaclearunderstandingofthestructureandfunctionof

thecomponentsofnormalcellsandhowtheyareinterrelatedinanormally

functioningcell.Cellmembranesandorganellesserveastargetsforinjuryby

microbes,harmfulenvironmentalagents,andavarietyofgenetic,metabolic,

andtoxicologicdiseasesdiscussedingreaterdetailinthePathologyofOrgan

Systemschaptersofthisbook.

CellMembranes



Cellmembranesareafluidphospholipidbilayerpenetratedbynumerous

specific proteins (Fig.1-2).The two main biologic functions ofthese

membranesare(l)toserveasselectivebarriersand(2)toformastructural

basefortheenzymesand receptorsthatdeterminecellfunction.Cell

membranesformtheboundariesofmanyorganellesandseparatethemfrom

thecytosol.

Fig.1-2Fluidmosaicmodelofcellmembranestructure.Thelipidbilayer

providesthebasicstructureandservesasarelativelyimpermeablebarrierto

mostwater-solublemolecules.(FromMcCanceK,HuetherS: Pathophysiology:

thebiologicbasisfordiseaseinadultsandchildren, ed4,StLouis,2002,

Mosby.)

Theplasmamembraneisthecell’sfirstcontactwithinjuriousagents.

Microvilliandciliaarespecializedareasoftheplasmamembraneandare

often specificallyaltered in disease(seeFig.1-1).Plasma membranes



separatetheinteriorofthecellfrom externalsurfaces,neighboringcells,or

surroundingmatrix.Surfaceproteins,suchasfibronectin,playarolein

cell-to-cellandcell-to-ECM interactions.Transmembraneproteinsembedded

inthephospholipidbilayerserveinavarietyofstructural,transport,and

enzymatic functions essentialto cellviability (Fig.1-3).Itis these

transmembraneproteinsthatareoftenusedbyinfectiousmicrobestoenteror

usecellsystemsduringtheirlifecycles,thusinitiatingaprocessthatoften

resultsininjurytothehostcell.

Fig.1-3Functionsoftransmembraneproteins.A varietyoffunctionsare

performedbydifferenttypesofcellmembranesasshown.(FromMcCanceK,

HuetherS: Pathophysiology:thebiologicbasisfordiseaseinadultsand

children, ed5,StLouis,2006,Mosby.)

Cytosol



Thecytosolisthewaterygelinwhichthecell’sorganellesandinclusionsare

dispersed.Manychemicalreactionsoccurinthecytosolmediatedby“free”

enzymesormacromolecularcomplexessuchasproteasomes.Thecytosolisa

highlyorganizedmicrotrabecularnetwork.

Mitochondria

Mitochondria(singular=mitochondrion)arethe“powerhouses”ofhighly

specializedeukaryoticcells.Theyarethesiteoffattyacidoxidation,thecitric

acidcycle,andoxidativephosphorylation.Transferofelectronsfromreduced

cytochrome oxidase to molecularoxygen isthe finaland criticalstep

culminatinginthesecatabolicpathways.Importantstructuralcomponentsofa

mitochondrionaretheoutermembrane,outercompartment,innermembrane,

innercompartment(matrix),cristae,andmitochondrialDNA.Damageto

mitochondriaresultsindiminishedadenosinetriphosphate(ATP)production

andifdamageisunchecked,celldeath(seeFig.1-6).

Nucleus

Thenucleusisthatportionofthecellresponsibleforstorageandtransmission

ofgeneticinformation(seeFig.1-1).ChainsofDNA,complexedtoprotein,are

chromatin.Areasofuncoiledchromatin(euchromatin)areactiveinthe

generationofmessengerRNA(mRNA)forproteinsynthesis.Highlycoiled

chromatin(heterochromatin)isinactiveintranscription.Theouternuclear

membraneiscontinuouswiththatoftheroughendoplasmicreticulum(RER).



Nucleolus

ThenucleolusisabasicorganelleofthenucleusandiscomposedofRNA,

nucleolus-associatedchromatin,andprotein(seeFig.1-1).Itfunctionsinthe

synthesisofribosomalRNA (rRNA),essentialinproteinsynthesis.The

nucleoluscanbebasophilicoreosinophilic,anditsprominenceisasubjective

measureofthecell’ssyntheticactivity.

RoughEndoplasmicReticulum

TheRERisanetworkofintracellularmembranesstuddedwithribosomes(Fig.

1-4).RERisprominentincellsproducinglargeamountsofextracellular

protein(e.g.,reactivefibroblasts,hepatocytes,plasmacells,andpancreatic

acinarcells).TheRERisresponsibleforthebasophiliaofthecytoplasm

becauseofthenumerousribosomes,whichcontainacid(i.e.,RNA).



Fig.1-4 Membranesystems.Theroughendoplasmicreticulum andGolgi

apparatusareimportantorganellesincellularbiosynthesisofproteinsand

glycoproteinsinsertedintocellmembranesandusedinandsecretedfrom

cells.Transcription,translation,assembly,modification,andpackagingof

thesemoleculesoccurinanorderlysequencefrom thenucleustothecell

membraneasshown.Alterationsinoneormoreofthesestepscanresultin

cellinjuryandserveastheunderlyingpathogenesisofadiseaseprocess.

(FromCopsteadL,BanasikJ: Pathophysiology, ed4,StLouis,2010,Mosby.)



SmoothEndoplasmicReticulum

Smoothendoplasmicreticulum (SER)isatubularorvesicularform ofcell

membranethatlacksribosomes(seeFig.1-1).SERisthelocusofenzymes

thatmetabolizesteroids,drugs,lipids,andglycogen.Itgivesthecytoplasma

pale,finelyvacuolatedappearanceasviewedinthelightmicroscope.

GolgiComplex

TheGolgicomplexconsistsofseverallamellarstacksorflattenedsacsof

membranes,vesicles,andvacuoles(seeFig.1-4).Itfunctionsinthesynthesis

ofcomplexproteinsbytheadditionofcarbohydratemoleculesandinthe

productionofsecretoryvesiclesandlysosomes.

Lysosomes

Lysosomesaresmallmembrane-boundvesiclesladenwithhydrolyticenzymes

essentialforintracellulardigestion(seeFig.1-1).Theyarediscussedmore

completelyascomponentsofphagocyticcells.Peroxisomesaresimilarto

lysosomesbutalsoplayaroleinenergymetabolism.

Microfilaments,IntermediateFilaments,andMicrotubules

Thesestructuresarecomposedofproteinsubunitsandfunctioninthe

cytoskeletonandincellmovement(Fig.1-5).Theyhaveaprominentrolein

themitoticspindle,cilia,microvilli,neurons,myocytes,andphagocyticcells.

Manycelltypesbesidesmuscles,forexample,containactinmicrofilaments.



Fig. 1-5 Cytoskeleton.The complexity of and interrelations between

intermediate filaments,microtubules,endoplasmic reticulum,and other

cytoplasmicorganellesthatcanbeinvolvedinthepathogenesisofdiseases

areshown.(FromMcCanceKL,HuetherSE: Pathophysiology:thebiologicbasis

fordiseaseinadultsandchildren, ed5,StLouis,2006,Mosby.)

Intermediatefilamentsareabout10 nmindiameterandareimportantincell

shape and movement.Differentcelltypes have differentintermediate

filaments;forexample,cytokeratinsarefoundinepithelialcells,desminin

musclecells,andvimentinincellsofmesenchymaloriginsuchasfibroblasts.

Intermediatefilamentscanbeusefulmarkersforclassifyingundifferentiated

neoplasms.

CellularInclusions



Inclusionsincludeglycogengranules,proteinaceousvacuoles,lipiddebris,

hemosiderin,viralparticles,andcalciumgranules(discussedingreaterdetail

laterinthischapter).Someofthesearenormal,whereasothersaretheresult

ofcellinjuryandarediscussedlaterinthischapterinthesectiondealingwith

intracellularandextracellularaccumulations.

ExtracellularMatrix

Althoughnotpartofthecellitself,theECM anditsintegrityinfluencescell

healthandfunction(seeChapter3andWebFigs.3-23and3-24).ECM

includesbasementmembranesandinterstitialmatricescomposedofvarious

collagens,proteoglycans,andadhesiveglycoproteinsamongavarietyofother

moleculesthatinteractwithcellsbymeansofvariousintegrinmolecules.

Basementmembraneintegrity,forexample,isessentialfortheproper

structureandfunctioningofepithelialcells.OthercomponentsoftheECM

influencehowcellsgrowanddifferentiate.

CausesofCellInjury

Causesofcellinjuryarenumerousandcanbeclassifiedinavarietyofways.

Somecauses,suchasphysicaltrauma,viruses,andtoxins,areclearly

extrinsic,whereasothers,suchasspontaneousgeneticmutations,areclearly

intrinsic.Others,suchasworkloadimbalance,nutritionalabnormalities,and

immunologicdysfunctions,canhavecomponentsofbothextrinsicandintrinsic

mechanisms.GeneralmechanismsofinjuryincludeATPdepletion(often

causedbyhypoxia),membranedamage(aresultofamyriadofcauses,



includingoxygen-derivedfreeradicals),disturbancesofcellularmetabolism,

andgeneticdamage(Fig.1-6).

Fig.1-6Cellularandbiochemicalsitesofdamageincellinjury.ATP, Adenosine

triphosphate; ROS, reactiveoxygenspecies.(FromKumarV,AbbasA,FaustoN,

etal: Robbins&Cotranpathologicbasisofdisease, ed8,Philadelphia,2009,

Saunders.)

Understandingdiseasestartswithunderstandingthecell.Untilthenineteenth

century,thedominanttheoryofdiseaseinwesternsocietieswashumoral

pathology,whereindiseasewasattributedtoamaldistributionofbodyfluids

or“humors.”Inthemid-1800s,RudolphVirchow,aGermanpathologistnow

consideredtobethefounderofmodernpathology,redefinedpathologyand

medicalsciencewithhisideaofthebodyasanorganizationofcells,each

suitedforspecificfunctions.Hetaughtthatdiseaseresultedfrominjuryto,or

dysfunctionof,specificpopulationsofcells.Therecentrapidadvancementin

medicalscienceisowedtoagreatextenttoVirchow’soriginalemphasison

cellularpathologyandmorerecentlyonmolecularpathology.



Cellscanbeinjuredthroughalargenumberofcauses(etiologicagents).

Fortunately,thetypesofresponsesofthecelltoinjuryarenotaslarge.The

responsestoinjurydependonmanyfactors,includingthetypeofagent,the

extentofinjury,thedurationofinjury,andthecelltypeaffected.Renaltubular

cellsdeprivedofadequatebloodsupply,forexample,mayexhibitonlycell

swelling,ifoxygenissoonrestored.Prolongedlackofadequatebloodsupply

(ischemia)canleadtocelldeath.Diminishedbutsublethalreductioninblood

supplymayresultincellsadaptingbydecreasingtheirmetabolicrates,which

couldleadtorecoveryorifadaptationisinadequate,eventuallydeath.

Cellsrespondtostimuliandstressorsinavarietyofwaystomaintain

homeostasis.Cellinjurytakesplacewhenacellcannolongermaintaina

steadystate.Sometypesofcellinjury,suchascellswelling,canbereversible

iftheextentanddurationofinjuryarenotexcessive.Butiftheinjuryexceeds

certainlimits,celldeathandirreversiblechangeoccur.Notallcellinjury

resultsincelldeath.Cellinjurymaybesublethalandresultinavarietyof

typesofcelldegenerationsoraccumulationsand/oradaptationsbythecellto

theinjury.Inessence,cellsortissuesrespondtoinjury(orstress)inthree

important ways: (l) adaptation,(2) degeneration or intracellular or

extracellularaccumulations,and(3)death(Fig.1-7).



Fig.1-7Stagesinthecellularresponsetostressandinjuriousstimuli.(From

KumarV,AbbasA,FaustoN,etal: Robbins&Cotranpathologicbasisof

disease, ed8,Philadelphia,2009,Saunders.)

Pathologically,reversiblecellinjuryisinjuryfromwhichthecellcanadaptor

recoverandthusreturntonormalornearlynormalfunction.Irreversiblecell

injuryresultsinadeadcell.Thisdistinctionseemsclear-cut,butthepointat

whichacelltransitionsfromreversiblecellinjurytoirreversiblecellinjury(i.e.,

“thepointofnoreturn”)hasbeenamajorresearchchallengeforthepastfew

decadesandremainssotoday(Fig.1-8).Thelesionsofreversibleand

irreversiblecellinjuryarediscussedingreaterdetailinsubsequentsections;

however,in summary,the cytomorphologic changes characteristic of

irreversiblecellinjuryincludethefollowing:



Fig.1-8Postulatedsequenceofeventsinreversibleandirreversibleischemic

cellinjury.Note that although reduced oxidative phosphorylation and

adenosinetriphosphate(ATP)levelshaveacentralrole,ischemiacancause

direct membrane damage. ER, Endoplasmic reticulum; CK, creatine

kinase; LDH,lactatedehydrogenase; RNP, ribonucleoprotein.(From KumarV,

AbbasA,FaustoN: Robbins& Cotranpathologicbasisofdisease, ed7,

Philadelphia,2005,Saunders.)

• Plasmamembranedamage

• Calciumentryintothecell

• Mitochondrialswellingandvacuolization

• Amorphousdensities(likelycalcium)inthemitochondria

• Lysosomalswelling



Thecausesofreversibleandirreversiblecellinjuryresultingincelldeath,cell

adaptationanddegeneration,andfinallycellularaccumulationsarenow

discussed.

OxygenDeficiency

Hypoxiaisoneofthemostcommonandimportantcausesofcellinjuryand

death(seeFig.1-8).HypoxiaisapartialreductionintheO2 concentration

suppliedtocellsortissue;acompletereductionisreferredtoasanoxia.

Oxygeniscriticallyimportantforoxidativephosphorylation,especiallyinhighly

specializedcellssuchasneurons,hepatocytes,cardiacmyocytes,andrenal

tubulecells.Hypoxiacanresultfrom inadequateoxygenationofbloodasa

resultofheartfailureorrespiratoryfailure,lossorreductionofbloodsupply

(ischemia),reducedtransportofO2 inblood(e.g.,anemiaorcarbonmonoxide

toxicity),andblockageofcellrespiratoryenzymes(cyanidetoxicosis).

PhysicalAgents

Trauma,extremesofheatandcold,radiation,andelectricalenergymay

seriouslyinjurecells.Traumamaycausedirectruptureanddeathoflarge

numbersofcells,oritmaydamagethebloodsupplytocells.Extremecold

impairsthebloodflow,andintracellularicecrystalsrupturecellmembranes.

Extremeheatdenaturesessentialcellenzymesandotherproteins.Excessive

heatcanincreasetherateofmetabolicreactionssothatsubstrates,water,

andpHchangesreachlethallevels.Electricitygeneratesgreatheatasit

passesthroughtissue.Italsoaltersconductionofnervesandmuscle.Ionizing



radiationcausesionizationofcellularwaterwithproductionofhighlyreactive

“freeradicals”thatinjurecellcomponents.Manyformsofradiationmay

damagegeneticmaterial,resultinginreproductivedeathofcellsbyapoptosis,

geneticdefectsfrommutations,andneoplasia.

InfectiousAgents

Virusesareobligateintracellularparasitesthatredirecthostcellenzyme

systemstowardsynthesisofviralproteinsandgeneticmaterialstothe

detrimentofhostcells.Cellchangesinducedbyviralagentsvaryfrom little

effecttocelldeathorneoplastictransformation.

Injurycausedbybacterialinfectionvariesandcanresultfrom theactionof

potent toxins on specific host cells (clostridial infections,

enterotoxigenic Escherichia coli infection) or from an overwhelming or

ineffectiveinflammatoryresponsetouncontrolledbacterialreplicationin

tissue.Some bacteria,such as Lawsonia intracellularis, can result in

excessiveintestinalepithelialcellreplication.

Mycoticagentsresistdestructionbythebodythatcanleadtoprogressive,

chronicinflammatorydiseasewithlossofnormalhosttissues.Protozoal

agentsreplicateinspecifichostcells,oftenresultingindestructionofinfected

cells.Metazoanparasitescauseinflammation,distorttissue,andusehost

nutrient

 



Cellsthatareoverworkedmayadapttothedemandoreventuallybecome

exhaustedanddie.Conversely,cellsthatarenolongerstimulatedtowork

mayshrinkinsizeandwasteaway.Anexampleisthewayendocrinetissues

reacttothepresenceorabsenceofspecifictrophichormones.Musclefibers,

deprivedofworkortheirnervesupply,willatrophyandultimatelydisappear,

leavingafibrousstroma.

Chemicals,Drugs,andToxins

Chemicals,drugs,andtoxinsinfluencecellsbyamultitudeofmechanisms.

Drugsproducetheirtherapeuticeffectsbymodifyingthefunction (and

morphology)ofspecificpopulationsofcells.Mostdrugscausethesecellsto

adaptwithinatolerablerangeofhomeostasis.Chemicals,includingdrugsand

toxins,canblockorstimulatecellmembranereceptors,alterspecificenzyme

systems,produce toxic free radicals,alter cellpermeability,damage

chromosomes, modify metabolic pathways, and damage structural

componentsofcells.

ImmunologicDysfunction

Theimmunesystem mayfailtorespondtoinfectiousagentsandother

antigensasaresultofcongenitaloracquireddefectsoflymphoidtissueor

theirproducts(seeChapter5).Examplesofcongenitaldefectsarethymic

aplasiaofnudemiceandcombinedimmunodeficiencyofArabianfoals.

Affectedanimalsmaydieatanearlyagefrom infectionbyopportunistic

microorganisms.Acquiredimmunodeficiencydiseasemaybetransientand



resultsfrom damagetolymphoidtissuebyviralinfection,chemicals,and

drugs.

Theimmuneresponsedirectedtowardforeignantigens(pathogenicorganisms)

isusuallybeneficialtothehost,butsometimestheresponseismisdirected

againstantigensofhostcells.Thislargegroupofdiseasesisreferredto

as autoimmunedisease. Aninappropriateorexaggeratedresponsetocertain

antigens results in immunologic disease referred to as hypersensitivity

(allergy). Someexamplesareanaphylaxis,felineasthma,andfleaallergy

dermatitis.Theactivityoftheimmunesystemisgreatlyamplifiedbyitseffect

onserum complementandinflammation.Thesereactionsoftenleadto

seriousinjurytothekidney,skin,andjoints.

Aging

Thediminishedcapacityofagedcellsandtissuetocarryouttheirnormal

functionscanhardlybedisputed.Onecanarguethatagingissimplythe

culminationoflife’sinjuriesinflictedbychemicals,infectiousagents,work

imbalances,orpoornutrition.Weusetheagingcategoryforthoselesions

commonlyfoundinagedanimals;lesionsforwhichwehavenoother

defensiblemechanisticexplanation.Someofthelesionscommonlyfoundin

olderanimalsincludenodularhyperplasiaofparenchymalcellsintheliver,

pancreas,adrenal,spleen,andthyroid.Thereappeartobedefectsingrowth

controlofthesecellpopulations,butthecauseisunclear.Agedcellsmay

sufferalifetimeofdamagetotheirDNA,ortheremaybeaccumulationof



cellulardebristhatinterfereswithnormalcellfunctions.Onecouldarguethat

manycancersarecausedbyoldage,ratherthanbyexposuretospecific

chemicals,foods,viruses,orotherinsults.

 

 

 


