
ImmuneImmune  system system 

pathologypathology  

V. ŽampachováV. Žampachová  

I. ÚP LF MUI. ÚP LF MU  



Physiologic functionPhysiologic function  

ProtectionProtection  + + defencedefence  againstagainst  externalexternal  andand//oror  
internalinternal  noxaenoxae  

 DefenceDefence  againstagainst  infectioninfection  inclincl. . toxictoxic  productsproducts  

 AutotoleranceAutotolerance  againstagainst  bodybody--ownown  antigenesantigenes  

 ImmunologicImmunologic  internalinternal  controlcontrol  ((removalremoval  ofof  oldold, , 
defectivedefective, , somesome  mutatedmutated  cellscells))  

  

FailureFailure  possiblepossible  duedue  to to inadequateinadequate  immuneimmune  
functionfunction  andand//oror  tootoo  violentviolent  ((eventevent. . evasiveevasive) ) 
noxaenoxae  



Disorders of the immune systemDisorders of the immune system  

ExaggeratedExaggerated  immuneimmune  reactionreaction    

 HypersensitivityHypersensitivity  reactionsreactions    

 AutoimmuneAutoimmune  disordersdisorders    

  

TransplantationTransplantation  immunopathologyimmunopathology  

  

DefectiveDefective  immuneimmune  reactionreaction  

 ImmunodeficiencyImmunodeficiency  ((primaryprimary, , secondarysecondary))  

  



HypersensitivityHypersensitivity  



HypersensitivityHypersensitivity  reactionsreactions  

 sensitisationsensitisation  ((previousprevious  expositionexposition  to to anan  antigen) + antigen) + repeatedrepeated  exposureexposure  → → 

possiblepossible  pathologicpathologic  ((excessiveexcessive) response: hypersensitivity ) response: hypersensitivity ––  imbalanceimbalance  

betweenbetween  effectoreffector  mechanismsmechanisms  ofof  immuneimmune  responsesresponses  and and controlcontrol  

(+(+limitinglimiting) ) mechanismsmechanisms    

 antigensantigens  exogenousexogenous  ((chemicalschemicals, , organicorganic  substancessubstances  inclincl. . microorganismsmicroorganisms, , 

…); …); endogenousendogenous  ((autoimmuneautoimmune  diseasesdiseases))  

 associationassociation  withwith  inheritance inheritance ofof  particularparticular  susceptibility susceptibility genesgenes  (HLA, non(HLA, non--

HLA)HLA)  

 abnormalabnormal  ––  excessiveexcessive//misdirectedmisdirected//poorlypoorly  controlledcontrolled  reactionreaction  to to 

commoncommon  not not harmfulharmful  antigenesantigenes  andand//oror  selfself  antigenesantigenes  

 samesame  effectoreffector  mechanismsmechanisms  as in as in normalnormal  immuneimmune  reactionreaction  



Classification according to the immunologic 
mechanism (→ mode of tissue injury and 
disease, manifestations) + time of response 

Commonly multiple mechanisms in any one 
disease 

 Antibody-mediated allergies are immediate and 
subacute hypersensitivities 

 The most important cellThe most important cell--mediated allergic mediated allergic 
condition is delayed hypersensitivitycondition is delayed hypersensitivity  

HypersensitivityHypersensitivity  



HypersensitivityHypersensitivity  reactionsreactions  

ImmediateImmediate  (type I) (type I) hypersensitivityhypersensitivity  
 Rapid Rapid immunologicimmunologic  reactionreaction  occurringoccurring  withinwithin  minutesminutes  

afterafter  thethe  combinationcombination  ofof  anan  antigen antigen withwith  IgEIgE  boundbound  

to mast to mast cellscells  in in individualsindividuals  previouslypreviously  sensitizedsensitized  to to thethe  

antigen („antigen („allergenallergen“). “).   

 SystemicSystemic  disorderdisorder  oror  locallocal  reactionreaction. .   

 AnaphylaxisAnaphylaxis; ; allergiesallergies; ; bronchialbronchial  asthmaasthma  ((atopicatopic  formsforms))  

 VascularVascular  dilatationdilatation, , edemaedema, , smoothsmooth  musclemuscle  

contractioncontraction, , mucusmucus  productionproduction, , tissuetissue  injuryinjury, , 

inflammationinflammation 

  



Immediate (type I) hypersensitivityImmediate (type I) hypersensitivity  

 Anaphylaxis: Anaphylaxis: systemic reaction mostly after systemic reaction mostly after 
injection of an antigen into a sensitized injection of an antigen into a sensitized 
individual. In minutes → shock (may be fatal).individual. In minutes → shock (may be fatal).  

 Causes: foreign proteins, polysaccharides, drugs Causes: foreign proteins, polysaccharides, drugs 
(penicillin), food (nuts, shellfish), insect toxins(penicillin), food (nuts, shellfish), insect toxins  

 Starts with itching, hives, and skin erythema Starts with itching, hives, and skin erythema   

 Contraction of bronchioles → respiratory Contraction of bronchioles → respiratory 
distress. Laryngeal edema → hoarseness distress. Laryngeal edema → hoarseness   

 Vomiting, abdominal cramps, diarrhea Vomiting, abdominal cramps, diarrhea   

 Vascular shock, widespread edema Vascular shock, widespread edema   



Immediate (type I) hypersensitivityImmediate (type I) hypersensitivity  

 Local reactions: diverse, according to the entry of Local reactions: diverse, according to the entry of 

the allergen. Localized cutaneous swellings (skin the allergen. Localized cutaneous swellings (skin 

allergy, hives); allergy, hives);   

          nasal and conjunctival discharge (allergic rhinitis nasal and conjunctival discharge (allergic rhinitis 

and conjunctivitis); and conjunctivitis);   

      hay fever; bronchial asthma; hay fever; bronchial asthma;   

      allergic gastroenteritis (food allergy).allergic gastroenteritis (food allergy).  



Immediate (type I) hypersensitivityImmediate (type I) hypersensitivity  

 TheThe  immediateimmediate  oror  initialinitial  reactionreaction: : IgEIgE  

productionproduction  +T+THH2 response → 2 response → releaserelease  ofof  

preformedpreformed  mediatorsmediators  ofof  mast mast cellscells  (histamin, (histamin, 

etcetc.)→ .)→ vasodilationvasodilation, , vascularvascular  leakageleakage, , edemaedema, , 

smoothsmooth  musclemuscle  spasmspasm  oror  glandularglandular  secretionssecretions    

((mucusmucus  productionproduction)) 

 EvidentEvident  withinwithin  5 5 --  30 30 minutesminutes  afterafter  exposureexposure  to to 

anan  allergenallergen, , usuallyusually  ↓ in 60 ↓ in 60 minutesminutes    



Immediate (type I) hypersensitivityImmediate (type I) hypersensitivity  

 LateLate--phasephase  reactionreaction  ((e.ge.g., ., allergicallergic  rhinitis rhinitis andand  

bronchialbronchial  asthmaasthma) in 2 ) in 2 --  24 24 hourshours  laterlater    

 WithoutWithout  additionaladditional  exposureexposure  to antigen, to antigen, 

inflammatoryinflammatory  reactionreaction  sustainedsustained  by by reactivereactive  cellscells  

recruitedrecruited  by by sensitisedsensitised  TT--cellscells, , maymay  last last forfor  

severalseveral  daysdays. .   

 InfiltrationInfiltration  ofof  tissuestissues  withwith  eosinophilseosinophils, , 

neutrophilsneutrophils, , basophilsbasophils, , monocytesmonocytes, , andand  CD4+ T CD4+ T 

cellscells; ; tissuetissue  destructiondestruction  ((mucosalmucosal  epithelialepithelial  cell cell 

damagedamage  by major basic protein MBP, by major basic protein MBP, etcetc.). .).   



Allergic rhinitis 

Hyperemia + edema, mucus hyperproduction, reactive cells 



Allergic rhinitis 

Reactive infiltrate with eosinophils, mast cells, neutrophils, lymphocytes 



Bronchial asthma 

Smooth muscle and mucus glands hypertrophy, mucus hyperproduction, reactive infiltrate 



AtopyAtopy  
 GeneticallyGenetically  determineddetermined  susceptibility to susceptibility to 

immediateimmediate  hypersensitivityhypersensitivity  reactionsreactions..  

 AtopyAtopy::  predispositionpredisposition  to to developdevelop  localizedlocalized  
immediateimmediate  hypersensitivityhypersensitivity  reactionsreactions  to a variety to a variety ofof  
inhaledinhaled  andand  ingestedingested  allergensallergens. .   

 ↑ ↑ serumserum  IgEIgE  levelslevels, ↑ IL, ↑ IL--44––producingproducing  TH2 TH2 cellscells  

 Positive Positive familyfamily  historyhistory  ofof  allergyallergy  in 50% in 50% ofof  atopicatopic  
individualsindividuals. .   

 AtopicAtopic  eczemaeczema, , allergicallergic  rhinitis, rhinitis, asthmaasthma  (+ (+ secondarysecondary  
hyperhyper--responsivenessresponsiveness  ofof  bronchialbronchial  mucosamucosa  to nonto non--
specificspecific  irritantsirritants, , e.ge.g. . coldcold, , tobaccotobacco  smokesmoke,… ,… 
secondarysecondary  neuralneural  triggeringtriggering.) .)   

  



AntibodyAntibody--mediated (type II) hypersensitivitymediated (type II) hypersensitivity  
  

 Onset usually slow (1–3 hours) after 
antigen exposure  

 ProductionProduction  ofof  IgGIgG, , IgMIgM  → → bindingbinding  to antigen to antigen 
on on targettarget  cell cell oror  tissuetissue  → → phagocytosisphagocytosis  oror  lysislysis  
ofof  targettarget  cell (by cell (by activatedactivated  complementcomplement, , etcetc.); .); 
recruitmentrecruitment  ofof  leukocytesleukocytes    

 InflammationInflammation  

 In In somesome  diseasesdiseases  functionalfunctional  problemsproblems  withoutwithout  
cell cell oror  tissuetissue  injuryinjury  (type V hypersensitivity (type V hypersensitivity ––  
Graves‘ Graves‘ diseasedisease))  



AntibodyAntibody--mediatedmediated  (type II) (type II) 

hypersensitivityhypersensitivity  
 TransfusionTransfusion  reactionsreactions: : preformedpreformed  antibodyantibody  in in thethe  hosthost  

 HemolyticHemolytic  diseasedisease  ofof  thethe  newbornnewborn  ((fetalfetal  

erythroblastosiserythroblastosis):):  IgGIgG  fromfrom  thethe  mothermother  crosscross  thethe  

placenta → placenta → destructiondestruction  ofof  fetalfetal  redred  cellscells  

 Part Part ofof  drugdrug  reactionsreactions: : drugdrug  attachingattaching  to to thethe  cell cell surfacesurface  

proteinsproteins, AB x , AB x drugdrug--membranemembrane  protein protein complexcomplex  

 AutoimmuneAutoimmune  bloodblood  cellscells  destructiondestruction  → → anemiaanemia, , 

purpura (purpura (bleedingbleeding))  



AntibodyAntibody--mediated (type II) mediated (type II) 

hypersensitivityhypersensitivity  

InflammationInflammation  

 PemphigusPemphigus  vulgarisvulgaris: : TargetTarget  pproteinsroteins  in in intercellularintercellular  

junctionsjunctions  ofof  epidermalepidermal  cellscells  ((epidermalepidermal  cadherincadherin) → ) → 

antibodyantibody--mediatedmediated  activationactivation  ofof  proteasesproteases, , disruptiondisruption  ofof  

intercellularintercellular  adhesionsadhesions  → skin → skin vesiclesvesicles  ((bullaebullae))  

 VasculitisVasculitis  causedcaused  by ANCA: by ANCA: → → neutrophilneutrophil  

degranulationdegranulation  and and inflammationinflammation  → → vasculitisvasculitis  ((seesee  thethe  

specialspecial  lecturelecture  on on vasculitisvasculitis))  



Pemphigus vulgaris 



Pemphigus vulgaris – acantholytic bulla 

 



AntibodyAntibody--mediatedmediated  (type II) (type II) 

hypersensitivityhypersensitivity  

 GoodpastureGoodpasture  syndrome: syndrome: targettarget  protein in protein in basementbasement  
membranesmembranes  ofof  kidneykidney  glomeruliglomeruli  andand  lunglung  alveolialveoli  → → 
nephritisnephritis, , lunglung  hemorrhagehemorrhage  

 AcuteAcute  rheumaticrheumatic  feverfever: : StreptococcalStreptococcal  cell cell wallwall  antigen; antigen; 
antibodyantibody  crosscross--reactionreaction  → → myocarditismyocarditis, arthritis, arthritis  

 InsulinInsulin--resistantresistant  prepre/diabetes: /diabetes: Insulin receptor as Insulin receptor as targettarget  

 AcuteAcute  vascularvascular  rejectionrejection  in organ in organ graftsgrafts  



AntibodyAntibody--mediatedmediated  (type II) (type II) 

hypersensitivityhypersensitivity  

CellularCellular  dysfunctiondysfunction  ––  metabolismmetabolism  affectedaffected  

 GravesGraves  diseasedisease  ((hyperthyroidismhyperthyroidism): ): targettarget  TSH TSH 

receptor → receptor → antibodyantibody--mediatedmediated  stimulationstimulation  ofof  

TSH TSH receptorsreceptors  → → hyperthyroidismhyperthyroidism  



HypersensitivityHypersensitivity  reactionsreactions  

ImmuneImmune  complexcomplex––mediatedmediated  (type III) (type III) hypersensitivityhypersensitivity  

Antigens widely distributed through the body or blood → → 

stimulationstimulation, production of IgG, circulating/local 

antigen-antibody complexes. 

 DepositionDeposition  ofof  antigenantigen--antibodyantibody  complexescomplexes  ((vesselvessel  wallwall)→ )→ 

complementcomplement  activationactivation  → → recruitmentrecruitment  ofof  leukocytesleukocytes  → → 

releaserelease  ofof  enzymesenzymes  and and otherother  toxictoxic  moleculesmolecules    

  



ImmuneImmune  complexcomplex––mediatedmediated  (type (type 

III) III) hypersensitivityhypersensitivity  
MorphologyMorphology::    

 acuteacute  necrotizingnecrotizing  vasculitisvasculitis: : necrosisnecrosis  ofof  thethe  

vesselvessel  wallwall  + + neutrophilicneutrophilic  infiltrationinfiltration. .   

 necroticnecrotic  tissuetissue  + + depositsdeposits  ofof  immuneimmune  

complexescomplexes, , complementcomplement, , andand  plasma protein → plasma protein → 

eosinophiliceosinophilic  depositsdeposits  --  fibrinoidfibrinoid  necrosisnecrosis    



ImmuneImmune  complexcomplex––mediatedmediated  (type (type 

III) III) hypersensitivityhypersensitivity  

  
 SystemicSystemic  lupus lupus nnuclearuclear  antigensantigens; ; nephritisnephritis, skin , skin lesionslesions, , 

arthritis, arthritis, othersothers  

 AcuteAcute  ((poststreptococcalpoststreptococcal) ) glomerulonephritisglomerulonephritis  

streptococcalstreptococcal  cell cell wallwall  antigen(s); antigen(s); maymay  bebe  „„plantedplanted“ in “ in 

glomerularglomerular  basementbasement  membranemembrane; ; formationformation  ofof  locallocal  IC IC 

→ → nephritisnephritis  

 ChronicChronic  immuneimmune  complexcomplex  nephritisnephritis  ((persistentpersistent  antigen antigen exposureexposure, , 

abnormalabnormal  immuneimmune  response response inclincl. . locallocal  factorsfactors))  

 SomeSome  formsforms  ofof  vasculitisvasculitis  



PolyarteriitisPolyarteriitis  nodosanodosa  --  acuteacute  



PolyarteriitisPolyarteriitis  nodosanodosa  --  healinghealing  



HypersensitivityHypersensitivity  reactionsreactions  

T cellT cell––mediatedmediated  (type IV) (type IV) hypersensitivityhypersensitivity    
 InitiatedInitiated  by antigenby antigen--activatedactivated  ((sensitizedsensitized  by by primaryprimary  exposureexposure) T ) T 

lymphocyteslymphocytes, , includingincluding  CD4+ CD4+ andand  CD8+ T CD8+ T cellscells. .   

 CD4+ CD4+ cytokinescytokines  → → inflammatoryinflammatory  reactionreaction  in a in a fewfew  daysdays  ((approxapprox. . 
3).3).  

 PossiblePossible  cause cause ofof  chronicchronic  inflammatoryinflammatory  diseasedisease, , inclincl. . 
autoimmuneautoimmune  diseasesdiseases. .   

 CD8+ CD8+ cellscells  maymay  alsoalso  bebe  involvedinvolved. . espesp. . followingfollowing  viralviral  infectionsinfections, ,   



  

T cellT cell––mediatedmediated  (type IV) (type IV) 

hypersensitivityhypersensitivity    

    

 PerivascularPerivascular  cellularcellular  infiltratesinfiltrates  (T(T--cellscells, , macrophagesmacrophages, , 
eosinophilseosinophils  possiblepossible); ); edemaedema; ; granulomagranuloma  formationformation; cell ; cell 
destructiondestruction  

  

 ContactContact  dermatitis; type I diabetes; multiple dermatitis; type I diabetes; multiple sclerosissclerosis; ; 
rheumatoidrheumatoid  arthritis; arthritis; inflammatoryinflammatory  bowelbowel  diseasedisease  (i.(i.ee. . 
Crohn Crohn diseasedisease); ); tuberculosistuberculosis      



DelayedDelayed--type type hypersensitivityhypersensitivity  

 PerivascularPerivascular  infiltrationinfiltration  
by T by T cellscells  andand  
mononuclearmononuclear  
phagocytesphagocytes. .   

 ImmunohistochemistryImmunohistochemistry: : 
predominantlypredominantly  
perivascularperivascular  cellularcellular  
infiltrateinfiltrate  CD4+. CD4+.   

 

 

from Robbin‘s Pathologic Basis of 
Disease  

  

  



  

T cellT cell––mediatedmediated  (type IV) (type IV) 

hypersensitivityhypersensitivity    

    

 ContactContact  dermatitis:dermatitis:  

 InductionInduction  phasephase: : sensitisingsensitising  smallsmall  exogenousexogenous  moleculesmolecules  
((chemicalschemicals, , etcetc.) .) ––  immunogenicimmunogenic  + + intrinsicintrinsic  protein protein 
carriercarrier  → → boundbound  by antigenby antigen--presentingpresenting  Langerhans Langerhans 
cellscells  → → inductioninduction  ofof  TT--cellscells  

 ElicitationElicitation  phasephase  uponupon  rere--exposureexposure, , effectoreffector  TT--cellscells  
migratemigrate  intointo  skin skin ––  inflammationinflammation  withwith  blistersblisters  ––  
vesicularvesicular  dermatitisdermatitis  

 PatchPatch  testingtesting  response response afterafter  approxapprox. 3 . 3 daysdays  



T cellT cell––mediatedmediated  (type IV) (type IV) 

hypersensitivityhypersensitivity    

   Type 1 diabetes Type 1 diabetes mellitusmellitus: : antigensantigens  ofof  pancreaticpancreatic  

isletislet  β β cellscells; ; insulitisinsulitis  ((chronicchronic  inflammationinflammation  in in 

isletsislets), ), destructiondestruction  ofof  β β cellscells; diabetes; diabetes  

 Multiple Multiple sclerosissclerosis: : protein protein antigensantigens  in CNS in CNS 

myelin; myelin; demyelinationdemyelination  in CNS in CNS withwith  perivascularperivascular  

inflammationinflammation; ; paralysisparalysis, , ocularocular  lesionslesions, , etcetc..  



T cellT cell––mediatedmediated  (type IV) (type IV) 

hypersensitivityhypersensitivity    

  
 RheumatoidRheumatoid  arthritis: arthritis: cchronichronic  arthritis arthritis withwith  

inflammationinflammation, , destructiondestruction  ofof  articulararticular  cartilagecartilage  

andand  bonebone  

 Crohn Crohn diseasedisease: : unknownunknown  antigen; role antigen; role forfor  

commensalcommensal  bacteriabacteria; ; chronicchronic  intestinalintestinal  

inflammationinflammation, , obstructionobstruction  



1 fibrinoid necrosis 

2 palisading histiocytes 

RheumatRheumatoidoid  nodnoduleuless  

1 

2 



GranulomatousGranulomatous  inflammationinflammation  
  

  

 PersistentPersistent  oror  nondegradablenondegradable  antigensantigens  ((tbtb  bacillibacilli, …) , …)   

 InfiltrateInfiltrate  dominateddominated  by by macrophagesmacrophages  in 2in 2--3 3 weeksweeks. .   

 ActivatedActivated  macrophagesmacrophages  transformtransform  intointo  epitheliumepithelium--likelike  cellscells  
epithelioidepithelioid  cellscells. .   

 GranulomaGranuloma: : microscopicmicroscopic  aggregationaggregation  ofof  epithelioidepithelioid  cellscells  
usuallyusually  surroundedsurrounded  by a by a layerlayer  ofof  lymphocyteslymphocytes..  

 GranulomatousGranulomatous  inflammationinflammation    typicallytypically  associatedassociated  withwith  
strongstrong  TT--cell cell activationactivation  withwith  cytokinecytokine  productionproduction    



CellCell--mediatedmediated  cytotoxicity cytotoxicity   

 ReactionsReactions  ofof  CD8+ T CD8+ T cellscells::  

 CD8+ TCD8+ T--LyLy  killkill  antigenantigen--bearingbearing  targettarget  cellscells..  

 ImportantImportant  componentcomponent  ofof  many T cellmany T cell––mediatedmediated  diseasesdiseases  (type 1 (type 1 
diabetes). diabetes).   

 TT--LyLy  directeddirected  againstagainst  cell cell surfacesurface  histocompatibilityhistocompatibility  antigensantigens: :   

          importantimportant  role role in in graftgraft  rejectionrejection. .   

 ReactionsReactions  againstagainst  virusesviruses: virus: virus--infectedinfected  cell cell killingkilling  → → 
eliminationelimination  ofof  thethe  infectioninfection  + cell + cell damagedamage  ((viralviral  hepatitis). hepatitis).   

 TumorTumor--associatedassociated  antigensantigens  presentedpresented  on on thethe  cell cell surfacesurface, T, T--LyLy  
involvedinvolved  in tumor in tumor rejectionrejection    



AUTOIMMUNITYAUTOIMMUNITY  

 NormNorm: a: abilitybility  of immune system to differentiate of immune system to differentiate 

between self and nonbetween self and non--self antigensself antigens  

 PathologyPathology: i: immunemmune  system response against self system response against self 

antigensantigens  

  



AutoimmuneAutoimmune  diseasesdiseases  
 AutoimmunityAutoimmunity  arisesarises  fromfrom  a a combinationcombination  ofof  thethe  inheritance inheritance ofof  

susceptibility susceptibility genesgenes  ((contributecontribute  to to thethe  breakdownbreakdown  ofof  selfself--tolerance)tolerance), , 
andand  environmentalenvironmental  triggerstriggers, (, (infectionsinfections, , tissuetissue  damagedamage), ), promotingpromoting  
thethe  activationactivation  ofof  selfself--reactivereactive  lymphocyteslymphocytes..    

 AutoantibodiesAutoantibodies  (AA) in (AA) in clinicallyclinically  normalnormal  peoplepeople..  

 PhysiologicPhysiologic  AA in AA in removalremoval  ofof  breakdownbreakdown  productsproducts  
afterafter  tissuetissue  damagedamage  ((antigenantigen--antibody complex removed antibody complex removed 
by macrophagesby macrophages))  

 ImbalanceImbalance  betweenbetween  controlcontrol  mechanismsmechanisms  ((normallynormally  
preventingpreventing  pathologicpathologic  selfself--reactivityreactivity) ) andand  pathwayspathways  
leadingleading  to to thethe  generationgeneration  andand  activationactivation  ofof  pathogenicpathogenic  
effectoreffector  lymphocyteslymphocytes. .   

    



AutoimmuneAutoimmune  diseasesdiseases  

 PathologicPathologic  autoimmunityautoimmunity::  presence presence ofof  immuneimmune  

reactionreaction  specificspecific  forfor  selfself--antigen antigen   

 + + primaryprimary  pathogenicpathogenic, not , not secondarysecondary  to to tissuetissue  

damagedamage  

 + absence + absence ofof  otherother  causecause  

 evev. . similarsimilar  to to experimentalexperimental  modelsmodels  ofof  AI.AI.  

 CommonlyCommonly  uncertainuncertain  „„purepure“ “ autoimmunityautoimmunity  ––  

term term immuneimmune--mediatedmediated  inflammatoryinflammatory  diseasesdiseases  



AutoimmuneAutoimmune  diseasesdiseases  
Changes  in  selfChanges  in  self--antigensantigens,  that  make  them  look  ,  that  make  them  look  

like nonlike non--self  to  the  immune  systemself  to  the  immune  system  

prolongatedprolongated  expressionexpression/persistence od /persistence od antigenesantigenes  

normallynormally  clearedcleared  outout  

posttranslationalposttranslational  transformationtransformation  ofof  antigenesantigenes  ––  

„„neoantigenesneoantigenes“ not “ not recognizedrecognized  

  

  

  



FactorsFactors  influencinginfluencing  autoimmuneautoimmune  diseasedisease  

Internal triggering Internal triggering 

factorsfactors  

 genotype / HLAgenotype / HLA  

 cytokinescytokines  

 apoptosis genesapoptosis genes  

 hormones hormones   

ExternalExternal  triggeringtriggering  

factorsfactors  

   infectionsinfections  

   UVUV  

   drugsdrugs  

   chemicalschemicals  ((includingincluding  

foodfood))  

   stressstress  



AutoimmuneAutoimmune  diseasesdiseases  

 Most Most autoimmuneautoimmune  diseasesdiseases: : complexcomplex  multigenicmultigenic  disordersdisorders    

 Many Many autoimmuneautoimmune  diseasesdiseases  associatedassociated  withwith  infectionsinfections, , 

clinicalclinical  flareflare--upsups  oftenoften  precededpreceded  by by infectiousinfectious  

prodromesprodromes  ((stimulationstimulation  ofof  lymphocyteslymphocytes  by by preexistingpreexisting  

innateinnate  immuneimmune  reactionreaction))  

 Many infectious diseases similar to autoimmune disease 

in pathology (Lyme disease) 

  

       



Breakdown of toleranceBreakdown of tolerance  

    

((BypassBypass  ofof  helperhelper  TT  cellcell  tolerancetolerance  

  ImbalanceImbalance  ofof  suppressorsuppressor--helperhelper  TT  cellcell  functionfunction  

  GeneGenetticic  fafacctorstors  

  PolyclonalPolyclonal  lymphocytelymphocyte  activationactivation  ))  



AutoimmuneAutoimmune  diseasesdiseases  

 ProgressiveProgressive  tendencytendency  ((evev. . sporadicsporadic  relapsesrelapses  andand  
remissionsremissions) )   

 EpitopeEpitope  spreadingspreading: : tissuetissue  damagedamage  → → selfself--antigen antigen 
releaserelease  + + epitopesepitopes  exposureexposure  ((antigensantigens  normallynormally  
concealedconcealed  fromfrom  thethe  immuneimmune  systemsystem) → ) → continualcontinual  
activationactivation  ofof  lymphocyteslymphocytes  recognizingrecognizing  previouslypreviously  
hiddenhidden  epitopesepitopes; ;   

 These These epitopesepitopes  not not expressedexpressed  normallynormally  ––  no no 
lymphocyticlymphocytic  tolerance tolerance   
  



Mechanisms of tissue injuryMechanisms of tissue injury  

 AutoAuto--antibodies circulating in blood or at site of antibodies circulating in blood or at site of 
tissuetissue injuryinjury  

 AutoreactiveAutoreactive  B and TB and T cells in blood and at site cells in blood and at site 
of tissueof tissue injuryinjury  

 Hypersensitivity reactions occurring at sites of Hypersensitivity reactions occurring at sites of 
tissue injurytissue injury  

 HistologyHistology::  chronic inflammationchronic inflammation  

 Pathway for apoptosisPathway for apoptosis  

  



AutoimmuneAutoimmune  diseasesdiseases  

 DifferentDifferent  autoimmuneautoimmune  diseasesdiseases  show show substantialsubstantial  

clinicalclinical, , pathologicpathologic, , andand  serologicserologic  overlapsoverlaps..  

 PrecisePrecise  phenotypicphenotypic  classificationclassification  oftenoften  

problematicproblematic..  

  



AutoimmuneAutoimmune  diseasesdiseases  

 DISEASES MEDIATED BY ANTIBODIES AND DISEASES MEDIATED BY ANTIBODIES AND 
IMMUNE COMPLEXES IMMUNE COMPLEXES   

    OrganOrgan--specificspecific  autoimmuneautoimmune  diseasesdiseases    ((examplesexamples))  

            AutoimmuneAutoimmune  hemolytichemolytic  anemiaanemia  
    AutoimmuneAutoimmune  thrombocytopeniathrombocytopenia  
    GravesGraves  diseasedisease  
    GoodpastureGoodpasture  syndromesyndrome  
  
SystemicSystemic  autoimmuneautoimmune  diseasesdiseases      

              SystemicSystemic  lupus lupus erythematosuserythematosus  (SLE)(SLE)  
  
  
  
  



AutoimmuneAutoimmune  diseasesdiseases  

DISEASES MEDIATED BY TDISEASES MEDIATED BY T--CELLSCELLS  

OrganOrgan--specificspecific  autoimmuneautoimmune  diseasesdiseases      

            Type 1 diabetes Type 1 diabetes mellitusmellitus  
    Multiple Multiple sclerosissclerosis  
  
SystemicSystemic  autoimmuneautoimmune  diseasesdiseases    

            RheumatoidRheumatoid  arthritis RA (+ arthritis RA (+ possiblepossible  role role ofof  antibodiesantibodies))  
    SystemicSystemic  sclerosissclerosis          (+ (+ possiblepossible  role role ofof  antibodiesantibodies) )   
    SjogrenSjogren  syndrome    (+ syndrome    (+ possiblepossible  role role ofof  antibodiesantibodies) )   
  
    DiseasesDiseases  causedcaused  by by autoimmunityautoimmunity  oror  by by reactionsreactions  to to 
microbialmicrobial  antigensantigens    

              InflammatoryInflammatory  bowelbowel  diseasedisease  (Crohn (Crohn diseasedisease, , ulcerativeulcerative  colitiscolitis))  
      
  
  



Incidence of autoimmune diseasesIncidence of autoimmune diseases  

 RA                 1RA                 1--3%3%  

 SjögrenSjögren´́s sy  1/20 000s sy  1/20 000  

 Vasculitis     1/100 000Vasculitis     1/100 000  

  

  
     Prevalence of  autoimmune diseases Prevalence of  autoimmune diseases   

  

      55--77% of  population% of  population  



DiagnosisDiagnosis  

clinicalclinical  picturepicture  

laboratorylaboratory  

autoantibodiesautoantibodies  

autoreactiveautoreactive  lymphocyteslymphocytes  

autoantigensautoantigens  

relatedrelated  genesgenes  



SYSTEMIC LUPUSSYSTEMIC LUPUS  

ERYTHEMATOSUS (SLE)ERYTHEMATOSUS (SLE)  

 Chronic systemic autoimmune diseaseChronic systemic autoimmune disease  

 Cause unknownCause unknown  

 LossLoss  ofof  normalnormal  selfself--tolerancetolerance  

 Affects almost any organ(s)Affects almost any organ(s)  

 Characterized by chronic inflammationCharacterized by chronic inflammation  

 AutoAuto--antibodies formed against variety of selfantibodies formed against variety of self antigensantigens  

 Immune circulating complexes deposit Immune circulating complexes deposit iin tissuesn tissues  

  

  

  



SLESLE  
 TheThe  coursecourse  ofof  thethe  diseasedisease  isis  variablevariable  andand  unpredictableunpredictable. .   

 RareRare  acuteacute  casescases  resultresult  in in deathdeath  withinwithin  weeksweeks  to to 

monthsmonths. .   

 AppropriateAppropriate  therapytherapy: : flareflare--upsups  andand  remissionsremissions,  ,  yearsyears  oror  

eveneven  decadesdecades. .   

 TheThe  most most commoncommon  causescauses  ofof  deathdeath  are are renalrenal  failurefailure  andand  

intercurrentintercurrent  infectionsinfections. .   



SLE SLE ––  typicaltypical  casecase  

youngyoung  womanwoman  withwith  somesome  ofof  thethe  followingfollowing  featuresfeatures: :   

 a butterfly a butterfly rashrash  overover  thethe  faceface, ,   

 feverfever, ,   

 painpain  butbut  no deformity in no deformity in oneone  oror  more more peripheralperipheral  jointsjoints  

((feetfeet, , anklesankles, , kneesknees, , hipships, , fingersfingers, , wristswrists, , elbowselbows, , 

shouldersshoulders), ),   

 pleuriticpleuritic  chestchest  painpain  

 photosensitivityphotosensitivity    



SLESLE  

COPY 



SLESLE  

 Acute necrotizing vasculitis involving capillaries, small Acute necrotizing vasculitis involving capillaries, small 

arteries and arterioles may be present in any tissue. arteries and arterioles may be present in any tissue.   

 Arteritis with fibrinoid deposits in the vessel walls. Arteritis with fibrinoid deposits in the vessel walls.   

 Chronic stages: fibrous thickening of vessels with Chronic stages: fibrous thickening of vessels with 

luminal narrowing.luminal narrowing.  



  serous  membranes (common)  

   pleuritis 

   

  respiratory disease 

   pneumonitis 

   progressive interstitial fibrosis 

   

  

Selected SLE manifestations 



         CNS disease 

   life threatening complication 

   - vasculitis leading to hemorrhage 

      infarction 

   - thromboembolic complications 

  cardiac manifestations 

   pericarditis (most common finding) 

   Libman-Sacks endocarditis 

   - sterile vegetative growths on valves 



SLE pericarditis 



Libman-Sacks endocarditis of  the 

mitral 

 (From Robbins Basic Pathology, 2003）  



Libman-Sacks endocarditis in SLE (non-
infectious endocarditis)  



  Joint disease > 90% SLE patients have polyarthralgia  

   - inflammatory synovitis +/- joint destruction (as 

in RA) 

   

     Renal disease 

   ~ 75% have glomerulonephritis, variable morphology 

possible  

    

  



Lupus nephritis. (From Robbins Basic Pathology, 2003）  



Immunofluorescence with anti-IgG mesangial and capillary wall deposits of IgG. 

(From Robbins Basic Pathology, 2003）  



SLESLE  
 SkinSkin..  CharacteristicCharacteristic  erythemaerythema  affectingaffecting  thethe  facialfacial  

„butterfly“ area („butterfly“ area (bridgebridge  ofof  thethe  nose nose andand  cheekscheeks) in ) in 

approximatelyapproximately  50% 50% ofof  patientspatients, , similarsimilar  rashrash  on on thethe  

extremitiesextremities  andand  trunk. trunk.   

 UrticariaUrticaria, , bullaebullae, , maculopapularmaculopapular  lesionslesions, , ulcerationsulcerations  

   ExposureExposure  to to sunlightsunlight  startsstarts  oror  worsensworsens  thethe  

erythemaerythema. .   



Clinical features of SLEClinical features of SLE  

  

 

http://www.archrheumatol.net/atlas/img07.htm
http://www.archrheumatol.net/atlas/img08b.htm


ChronicChronic  discoiddiscoid  lupuslupus  

 Skin Skin manifestationsmanifestations  maymay  mimicmimic  SLE, SLE, butbut  systemicsystemic  

manifestationsmanifestations  rarerare..  

 LaterLater  maymay  bebe  progressionprogression  intointo  systemicsystemic  SLE in a SLE in a 

minority minority ofof  patientspatients  

 Skin Skin plaquesplaques  withwith  varyingvarying  degreesdegrees  ofof  edemaedema, , erythemaerythema, , 

scalinessscaliness, , follicularfollicular  pluggingplugging, , andand  skin skin atrophyatrophy  

surroundedsurrounded  by by anan  elevatedelevated  erythematouserythematous  borderborder. .   



Rheumatoid Rheumatoid aarthritisrthritis  

 Systemic autoimmune diseaseSystemic autoimmune disease  ((jointsjoints, skin, , skin, bloodblood  
vesselsvessels, , heartheart, , lungslungs, , musclesmuscles))  

 Etiology Etiology unknownunknown, , combinationcombination  ofof  gen. gen. predispositionpredisposition, , 
environmentenvironment  ((triggertrigger), ), autoimmunityautoimmunity  

 Rheumatoid factor (RF)Rheumatoid factor (RF)  ––  AA to a part AA to a part ofof  IgGIgG, in 80%, in 80%  

  

  

  



Rheumatoid Rheumatoid aarthritisrthritis  

 Chronic Chronic nonpurulentnonpurulent  proliferativeproliferative  inflammation of inflammation of 

synovial jointssynovial joints  

 Proliferation of synovial lining cellsProliferation of synovial lining cells, , oedemaoedema, fibrin , fibrin 

depositiondeposition  → → pannuspannus  ((synovialsynovial  cellscells  + + granulationgranulation  

tissuetissue  + + inflammatoryinflammatory  cellscells) →) →  

 Erosion of Erosion of articulararticular  cartilage and adjacentcartilage and adjacent bonebone  

((osteoclastsosteoclasts) →) →  

 FibrousFibrous  ankylosisankylosis  → bony → bony ankylosisankylosis  



Rheumatoid Rheumatoid aarthritisrthritis  

 VariableVariable  coursecourse, , usualusual  start in start in handshands  oror  otherother  smallsmall  

jointsjoints..  

 Arthritis + Arthritis + morningmorning  stiffnessstiffness  

 WorseningWorsening  limitationlimitation  ofof  motionmotion  

 RheumatoidRheumatoid  nodulesnodules  in in organsorgans  oror  tissuestissues  ––  skin, skin, lungslungs  

(!x ca), (!x ca), myocardiummyocardium,…,…  

  



  

RA 



IgGIgG44--relatedrelated  diseasedisease    

 IgG4IgG4--associatedassociated  systemicsystemic  sclerosingsclerosing  diseasedisease  

 CombinationCombination  ofof  variablevariable  immuneimmune--mediatedmediated  disordersdisorders  

 Type 1 Type 1 autoimmuneautoimmune  pancreatitispancreatitis  

 SclerosingSclerosing  sialoadenitissialoadenitis  ((mimickingmimicking  tumor)tumor)  

 Orbital Orbital diseasedisease  ––  pseudotumorpseudotumor  ––  eyeeye  protrusionprotrusion  

 RetroperitonealRetroperitoneal  fibrosisfibrosis  

 IgG4 IgG4 relatedrelated  sclerosingsclerosing  cholangitischolangitis  

 NephritisNephritis  

 OthersOthers  

  



IgG4IgG4--relatedrelated  diseasedisease    

 More More commonlycommonly  middlemiddle--agedaged  andand  olderolder  menmen    

 DenseDense  lymphoplasmocyticlymphoplasmocytic  infiltrateinfiltrate, predominance , predominance ofof  
IgG4+ plasma IgG4+ plasma cellscells  ––  biopticbioptic  diagnosisdiagnosis  

 CommonlyCommonly  elevatedelevated  serumserum  IgG4 IgG4 levelslevels  

 GoodGood  response to response to corticosteroidscorticosteroids    



SjögrenSjögren  syndrome syndrome   
 chronicchronic  diseasedisease  characterizedcharacterized  by by drydry  eyeseyes  

((keratoconjunctivitiskeratoconjunctivitis  siccasicca) ) andand  drydry  mouthmouth  ((xerostomiaxerostomia) ) 

duedue  to to destructiondestruction  ofof  thethe  lacrimallacrimal  andand  salivarysalivary  glandsglands. .   

 More More oftenoften  in in associationassociation  withwith  anotheranother  autoimmuneautoimmune  

diseasedisease  ((secondarysecondary  formform). ). AssociatedAssociated  rheumatoidrheumatoid  

arthritis most arthritis most commoncommon, , possiblepossible  SLE, SLE, thyroiditisthyroiditis    

 PossiblePossible  vaginalvaginal  drynessdryness  



SjögrenSjögren  syndrome syndrome   

 WomenWomen  betweenbetween  thethe  agesages  ofof  50 50 andand  60. 60.   

 KeratoconjunctivitisKeratoconjunctivitis  → → blurringblurring  ofof  vision, vision, burningburning, , andand  
itchingitching    

 XerostomiaXerostomia  → → difficultydifficulty  in in swallowingswallowing  solid solid foodsfoods,  ,  
decreasedecrease  in in thethe  abilityability  to taste, to taste, crackscracks  andand  fissuresfissures  in in thethe  
mouthmouth, ,   

 Emergence Emergence ofof  a dominant B cell a dominant B cell cloneclone  → → developmentdevelopment  
ofof  a a marginalmarginal  zonezone  lymphomalymphoma  (in (in thethe  settingsetting  ofof  chronicchronic  
lymphocyticlymphocytic  inflammationinflammation). 5% ). 5% ofof  SjögrenSjögren  patientspatients  
developdevelop  lymphomalymphoma, incidence 40x , incidence 40x greatergreater  thanthan  normalnormal. .   



SystemicSystemic  sclerosissclerosis  

 chronicchronic  inflammationinflammation  thoughtthought  to to bebe  thethe  resultresult  ofof  
autoimmunityautoimmunity, ,   

 damagedamage  to to smallsmall  vesselsvessels  

 laterlater  progressiveprogressive  interstitialinterstitial  and and perivascularperivascular  fibrosisfibrosis  in in 
thethe  skin and multiple skin and multiple organsorgans    

 gastrointestinalgastrointestinal  tracttract, , kidneyskidneys, , heartheart, , musclesmuscles, , lungslungs  

((interstitialinterstitial  fibrosisfibrosis))  

 deathdeath  fromfrom  renalrenal  failurefailure, , cardiaccardiac  failurefailure, , pulmonarypulmonary  

insufficiencyinsufficiency, , oror  intestinalintestinal  malabsorptionmalabsorption    

  

 ! ! itit‘s not multiple ‘s not multiple sclerosissclerosis    (CNS (CNS demyelinatingdemyelinating  diseasedisease))  
  



Systemic sclerosisSystemic sclerosis  

 femalefemale--toto--male ratio male ratio ofof  3 : 1, 3 : 1, peakpeak  incidence 50incidence 50--6060  

 RaynaudRaynaud's 's phenomenonphenomenon: : episodicepisodic  vasoconstrictionvasoconstriction  ofof  
thethe  arteriesarteries  andand  arteriolesarterioles  ofof  thethe  extremitiesextremities  

 DysphagiaDysphagia    duedue  to to esophagealesophageal  fibrosisfibrosis  andand  itsits  resultant resultant 
hypomotilityhypomotility  



Raynaud's phenomenonRaynaud's phenomenon  



NoninfectiousNoninfectious  vasculitisvasculitis    

 commonlycommonly  in in formform  ofof::  

necrotizingnecrotizing  inflammationinflammation  ofof  thethe  wallswalls  ofof  bloodblood  

vesselsvessels  andand  showingshowing  strongstrong  evidence evidence ofof  anan  

immunologicalimmunological  pathogeneticpathogenetic  mechanismmechanism  

 TheThe  generalgeneral  term term noninfectiousnoninfectious  vasculitisvasculitis    

  

 SeeSee  thethe  lecturelecture  on on vascularvascular  diseasesdiseases  



OrganOrgan--specific autoimmune diseasesspecific autoimmune diseases  

Endocrine systemEndocrine system  

 Autoimmune (HasAutoimmune (Hashhimoto’s) thyroiditisimoto’s) thyroiditis  

 Hyperthyroidism (Graves’ disease; thyrotoxicosis)Hyperthyroidism (Graves’ disease; thyrotoxicosis)  

 Type I diabetes mellitus (insulinType I diabetes mellitus (insulin--dependent or juvenile dependent or juvenile 

diabetes)diabetes)  

 InsulinInsulin--resistant diabetesresistant diabetes  

 Autoimmune adrenal insufficiency (Addison’s disease)Autoimmune adrenal insufficiency (Addison’s disease)  

 Autoimmune oophritisAutoimmune oophritis  

 



AutoimmuneAutoimmune  diseasesdiseases  ofof  thyroidthyroid  

HashimotoHashimoto´́s thyroiditiss thyroiditis  

--  hypofunction of thyroidhypofunction of thyroid  

--  autoantibodies against thyroglobulin autoantibodies against thyroglobulin 

and microsomes of follicular cellsand microsomes of follicular cells  

    

GravesGraves--BasedowBasedow´́s diseases disease  

--  hyperfunction of thyroid, thyrotoxicosishyperfunction of thyroid, thyrotoxicosis  

--  autoantibodies against TSH receptor: LATS autoantibodies against TSH receptor: LATS 

––  long acting thyroid stimulantslong acting thyroid stimulants  



Type 1 diabetes (T1D)Type 1 diabetes (T1D)  

 Also known as Also known as   
  insulininsulin--dependent diabetes mellitus (IDDM) ordependent diabetes mellitus (IDDM) or  
  juvenilejuvenile--onset diabetesonset diabetes  

 OrganOrgan--specific autoimmune disorder (pancreatic islets)specific autoimmune disorder (pancreatic islets)  

 Hyperglycaemia results from:Hyperglycaemia results from:  
--  specific autospecific auto--destruction of insulindestruction of insulin--secreting secreting --cells in the cells in the 
islets of islets of LangerhansLangerhans  in the pancreas in the pancreas   

   EEtiologytiology  and pathogenesis of autoimmune diabetes largely and pathogenesis of autoimmune diabetes largely 
unknownunknown  

  

  



OrganOrgan--specific autoimmune diseasesspecific autoimmune diseases  

Hematopoietic system 

         Autoimmune haemolytic anemia  

         Autoimmune thrombocytopenia 

         Autoimmune neutropenia 

         Pernicious anemia 

        

 



OrganOrgan--specific autoimmune diseasesspecific autoimmune diseases  

Neuromuscular system 

       Autoimmune polyneuritis 

       Multiple sclerosis 

     

 



Multiple Multiple ssclerosisclerosis  

 autoimmune disorder, genetic (HLA etc.) + 

environmental factors (infection as  trigger), amount of 

UV/ vitamin D,   

 demyelinisation 

 plaque (active, inactive), astrocytic proliferation, gliosis 

– sclerosis 

 muscular weakness, paraesthesia, sensoric dysfunction 

(ocular), etc.  



OrganOrgan--specific autoimmune diseasesspecific autoimmune diseases  

Skin 

 Pemphigus and other bullous diseases 

 



OrganOrgan--specific autoimmune diseasesspecific autoimmune diseases  

GIT 

 ChronicChronic  ulcerativeulcerative  colitiscolitis  

 MalignantMalignant  perniciouspernicious  anaemiaanaemia  withwith  chronicchronic  

atrophicatrophic  gastritisgastritis  

 AutoimmuneAutoimmune  hepatitishepatitis,,  AIAI  pancreatitispancreatitis  

 PrimaryPrimary  biliarybiliary  cholangitischolangitis  

  

  

  



Organ transplantation 

Rejection 



Organ transplantation 

 Selection of most suitable donor and 

recipient - AB0-system most important, 

complete match necessary  

  HLA-system: match in major antigenic 

determinants 

 Ultimate goal: most possible immunologic 

tolerance 



Tolerance 

see Immunology for details 

selected mechanisms of peripheral tolerance: 

 clonal deletion (apoptosis of T cells) in long functional 

grafts 

 suppressor T cells or other host factors 

 dendritic cell from the donor surviving in the host → 

imunologic chimerism donor + recipient 

 



Rejection 
 complex immunologic process, cellular and 

humoral reaction, may be in combination 

Factors – genetic diversity, type of tissue 

(vascularisation, number of antigen presenting 

cells), host immune system activity 

(immunosuppression), graft condition 

Rejection in reaction on presence (+ 

demasking grade) of foreign antigenes. 



Hyperacute rejection 

 Rare, within minutes or hours after transplantation. 

 Preexisting antibodies for graft endothelial cells– part 
of antibody-mediated rejection 

 Due to previous exposure of the host to foreign 
antigenes (transfusion, transplantation, pregnancy) 

 A hyperacutely rejecting kidney rapidly cyanotic, 
mottled, flaccid,  + excretion of a few drops of bloody 
urine.  

 The kidney cortex necrotic (infarction), nonfunctioning 
kidneys have to be removed. 

 Similar in other organs 



Hyperacute rejection 

 Ig binding, complement activation, endothelial 

injury + fibrin-platelet thrombi  

 Neutrophil accumulation in arterioles, glomeruli, 

and peritubular capillaries.  

 Changes diffuse and intense: thrombotic 

occlusion of the glomerular capillaries, fibrinoid 

necrosis in arterial walls 

 Ischemic necrosis of the graft 

 Necessity of cross-match test  

 



Hyperacute rejection 

 ischemic necrosis of kidney, liver 



Hyperacute rejection - glomerulitis 



Hyperacute rejection -liver 



Acute rejection 

 Within days of transplantation in the untreated 

recipient, or may appear suddenly months or 

even years later (↓ immunosuppression, other 

factors).  

 In any one patient, cellular, antibody-mediated 

immune mechanisms may predominate, or 

combine.  



Acute antibody-mediated (humoral) 

rejection (AMR) 

 Mediated by antidonor antibodies, manifestation 

mainly by damage to the blood vessels.  

 Necrotizing vasculitis with endothelial cell necrosis, 

neutrophilic/macrophagic infiltration, deposition of 

Ig, complement and fibrin, thrombosis, interstitial 

oedema possible.  

 Subacute vasculitis possible : thickening of the intima 

with proliferating fibroblasts, myocytes, foamy 

macrophages. 



Antibody-mediated (humoral) 

rejection (AMR) 
 Deposition of the complement breakdown product 

C4d in allografts - indicator of possible  humoral 

rejection. C4d produced during activation of the 

complement system 

 Affected patients treated with B cell–depleting agents, 

plasmapheresis. 

 Proliferative vascular lesions mimic arteriosclerotic 

thickening, proliferation of vascular smooth muscle 

cells – progression into chronic rejection. 

 



Acute antibody-mediated (humoral) 

rejection (AMR) 

 Vasculitis, thrombosis 

 C4d deposits - immunofluorescence 



Acute antibody-mediated (humoral) 

rejection (AMR)  

C4d immunohistochemistry – luminal intravascular positivity, myocardium 



Acute antibody-mediated (humoral) 

rejection (AMR) 

vasculitis + thrombosis 



Acute cellular rejection 
 Most common within the initial months after 

transplantation 

 Clinical and biochemical signs of organ failure common 

 Histology: CD4+ and CD8+ T lymphocytes, edema, 

mild interstitial hemorrhage possible 

 Focal tubular/ductal necrosis  

 More severe: necrotic hepatocytes, cardiomyocytes 



Acute cellular rejection 

 Endotheliitis: endothelial cells injury, T- cells 

between the endothelium and the vessel wall. 

 The recognition of cellular rejection important,  

patients respond well to immunosuppressive 

therapy.  

 Untreated ACR may lead to the graft failure 

and/or chronic rejection 

 



Acute cellular rejection (ACR) 

 Classification: organ specific indexes for 
establishing the rejection presence and activity 
(RAI – rejection activity index in liver grafts) 

 Rejection grade – mild – moderate – severe → 
therapy 

 Diff. dg. x other pathol. lesions (ATN in kidney; 
oportunistic or recurrent infections in liver, …).  

 Possible co-existence of pathol. changes (rejection 
+ infection, rejection + preservation injury, …) 



Acute cellular rejection - myocardium 

 



Acute cellular rejection - myocardium 

IHC: CD3+ T-cells infiltrate in interstitium 



Acute cellular rejection  

- endothelialitis + tubulitis + infiltrate 



Acute rejection -liver 



Chronic rejection 

 Important cause of graft failure, multifactorial 

(ac. rej. persistence, viral infections, chronic 

ischemia). 

 Patients with chronic rejection - progressive 

organ failure presentation. 

 Chronic rejection dominated by vascular 

changes, interstitial fibrosis, and tubular/ductal 

atrophy with loss of parenchyma. 



Chronic rejection 

 Vascular changes: dense, obliterative intimal 

fibrosis + macrophagic reaction („accelerated 

arteriosclerosis“)→ ischemia, loss of 

parenchymal cells, interstitial fibrosis and 

tubular/ductal atrophy, shrinkage of the 

parenchyma.  

 



Chronic rejection 

Failed atrophic renal graft, rejection vasculopathy 



Chronic rejection – ductopenic 

 liver graft – 

IHC CK7: 

duct loss 



Normal Hyperacute                    

Acute Chronic 



GVHD 

 Graft-versus-host disease: immunologically 

competent cells or their precursors transplanted 

into immunologically non-functioning 

recipients, the transferred cells recognize/attack 

alloantigens in the host  

 Direct cytotoxicity (CD8+ T-cells) + cytokines 



GVHD 
 Graft-versus-host disease – most patient with bone 

marrow transplantation, possible in organs with higher 
amount of lymph. tissue – intestine, liver 
(immunologic competent T cells + precursors  → in 
immunodeficient host)  

 precise HLA typization/match necessary 

 hyperacute few days, fever, generaliz. erythrodermia 

 acute –skin rash, mucosal ulceration, liver cholestatic 
lesions, thrombocytopenia, anaemia 

 chronic – chron. lichenoid lesions + atrophy of skin, 
mucosa, bronchiolitis obliterans, chron. hepatitis,… 



GVHD 

Copy 



GVHD 

Apoptosis of  keratinocytes 



GVHD 

 Liver cholestasis 

 Apoptosis in intestinal mucosa 



OtherOther  problemsproblems  in in 

transplantationtransplantation  

 alonealone  oror  in in combinationcombination  

 surgicalsurgical  problemsproblems  

 opportunisticopportunistic  andand  otherother  infectionsinfections  

 drugdrug  toxicitytoxicity  

 neoplasianeoplasia  



AcuteAcute  rejectionrejection  + + infectioninfection  in in 

immunodeficientimmunodeficient  hosthost  



AcuteAcute  rejectionrejection  + + infectioninfection  in in 

immunodeficientimmunodeficient  hosthost  



AcuteAcute  rejectionrejection  + + infectioninfection  in in 

immunodeficientimmunodeficient  hosthost  

Toxoplasmosis 



ImmunodeficiencyImmunodeficiency  

 NextNext  weekweek......  

  


