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CharactersCharacters andand castcast

Tγδ+

Non-specific, innate Specific, 
adaptive



ComponentsComponents ofof immunityimmunity

innate adaptive

cellular neutrophils T lymphocytes
monocytes-
macrophages, 
DC, NK cells

humoral complement antibodies
acute phase (B lymphocytes)
proteins (CRP,MBL..)



DifferencesDifferences betweenbetween innateinnate andand
adaptiveadaptive immunityimmunity

innateinnate adaptiveadaptive
phylogeneticphylogenetic olderolder youngeryounger
reactionreaction//speedspeed minutesminutes hourshours--daysdays

immunimmun. . memorymemory nono yesyes

AgAg receptorreceptor sharedshared structuresstructures
indirectindirect ––opsoninesopsonines; ; 
allall cellscells identicallyidentically
equippedequipped

IgIg, TCR,, TCR,
diverse diverse 
repertoirerepertoire, , clonesclones



•• typestypes ofof antibodiesantibodies: : whywhy andand whenwhen theythey
are are importantimportant

•• molecularmolecular basis basis ofof immuneimmune memorymemory
•• whatwhat cancan I I learnlearn fromfrom serologyserology in in infantsinfants
•• howhow do I do I findfind outout whichwhich lymphocyteslymphocytes are  are  

(mono)(mono)clonalclonal
•• whatwhat are CD3 are CD3 etcetc.? .? whichwhich otherother CDsCDs do I do I 

needneed to to memorizememorize
•• howhow do do thethe antibodiesantibodies improveimprove in in thethe

nodesnodes
•• weaponsweapons ofof thethe immuneimmune killerskillers
•• whatwhat happenshappens to T to T andand B B lymphocyteslymphocytes

duringduring EBV EBV infectioninfection
•• whywhy isis HaemophilusHaemophilus influenzaeinfluenzae

dangerousdangerous to to nativenative AmericanAmerican kidskids??
•• ……
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AntibodyAntibody ((immunoglobulinimmunoglobulin) ) 
structurestructure

κκ
λλ
αα,,γγ,,
δδ,,εε,,
µµ

variable part
(Ag binding)

constant part
(function)



AntibodyAntibody functionsfunctions
•neutralizing

•opsonization

•complement activation

•sensitizing for NK cell 
killing (ADCC), or for 
granulocyte activation

•mast cell sensitizing

IgGIgG, , IgAIgA

IgGIgG

IgMIgM, IgG3 >G1>G2,, IgG3 >G1>G2,IgAIgA

IgGIgG

IgEIgE



IsotypesIsotypes



IgIg isotypesisotypes, , factsfacts
Iso
type

Mol 
mass

Serum
conc Localization T (1/2)biol Function

(kDa) (g/l) (days)

IgG 155 8-18
serum, intersticial
fluid 21

opsonization; neutralization; 
crosses placenta; secondaryí
response

IgA 160-
350 0.9-3.5 serum, mucosae, 

tears, saliva 6 mucosal defense, opsonization

IgM 900 0.9-2.5 serum, B-cell surface 6 complement activation; primary
response; Ag receptor

IgD 180 0.1 3 Ag receptor

IgE 190 3x10-4 2 anti-parasite defense

serum, B-cell surface

serum, intersticial
fluid



IgIg afterafter birthbirth, , physiologicalphysiological
infantsinfants

% of adult values

maternal IgG
(trans-
placental)

gestation age (wks)
birth

age (yrs)



FcRnFcRn: : neonatalneonatal FcRFcR

transport across placenta
extends T1/2

Beta-2-microglobulin
FcRn



AntibodyAntibody responseresponse



PrimaryPrimary antigenicantigenic sinsin
A  C  EF A  D  E  GABCD



B cell receptorB cell receptor



T Cell ReceptorT Cell Receptor



NK NK cellscells: no : no specificspecific
antigen receptorantigen receptor



CD CD nomenclaturenomenclature
CD3 = T lineage
CD4 = T helpers*
CD8 = cytotoxic T*
CD19 = B lineage
CD10 = immature lymphoid cells*
CD34 = progenitors*

*also other cells
CD40/CD40L



AdaptiveAdaptive immunityimmunity::

B B lympholymphoT T lympholympho
AgAg reactreact withwith::

IgIgTCRTCR

IgMIgM: : firstfirst isotypeisotype afterafter primaryprimary infectioninfection

MM
DD GG AA

EE

[[structurestructure, , functionfunction]]

IgGIgG: : mainmain isotypeisotype ofof longlong--lastinglasting defense, defense, 
crossescrosses placentaplacenta
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Antigen Antigen specifityspecifity -- clonalclonal theorytheory



ImmunoreceptorImmunoreceptor gene gene 
rearrangementrearrangement

V D J



GenesGenes forfor variousvarious chainschains....

Allelic exclusion



B B lymphocyteslymphocytes -- developmentdevelopment



GerminalGerminal center center closeclose--upup

nemůžu najít obrázek





Somatic Somatic hypermutationhypermutation
mutation in variable loci Ig genes
in germinal centers
together with isotype switch

AID (aktivation induced deaminase)



ThymusThymus--independent (TI) independent (TI) antigensantigens
Type 1:Type 1: mitogenicmitogenic potentialpotential (e.g.(e.g.: : lipopolysacharidelipopolysacharide))

Type 2:Type 2: -- repetitiverepetitive structuresstructures ((oftenoften
polysaccharidespolysaccharides))

-- no help: no help: IgMIgM onlyonly
-- mostlymostly createdcreated by B1 by B1 cellscells oror by by marginalmarginal

zoneszones
-- childrenchildren underunder 2 2 yrsyrs: : weakweak responseresponse



T cell T cell developmentdevelopment



T T lymphocytelymphocyte subpopulationssubpopulations

CD 8 - Tc, cytotoxic lymphocytes

CD4 - Th - helpers, Treg- regulatory
[attacked by HIV]

Normal frequency in blood: CD4/CD8 cca 2
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CytotoxicCytotoxic T T lymphocytelymphocyte



NK a NK a TcTc cellscells: : granulesgranules

perforin granzymes
granulysin



CytotoxicCytotoxic T T lymphocytelymphocyte: : otherother
mechanismsmechanisms

Fas ligand

cytokines interferon γ
TNF α
TNF β



ThTh cellscells as as effectoreffector



IfIf macrophagesmacrophages cannotcannot eateat itit....



RegulatoryRegulatory role role ofof CD4+ CD4+ cellscells

Th0

Th3
Th1 Th2

Treg

IFN-γ
LF
IL-2

IL-4, -5, -6
IL-10
TGF-β
IL-13

IFN- γ
IL-12

IL-4

humoral immunity

ThTh--helpershelpers RegulatoryRegulatory TT

cellular immunity



AllergyAllergy::
possiblepossible role role ofof

T[T[regreg] ] cellscells
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InnateInnate--likelike lymphocyteslymphocytes

limited repertoir
specific function and
localization
mostly autonomous

Tγδ
B1
NKT



••Diversity stems from Diversity stems from 
rearrangements of genesrearrangements of genes
••All lymphocytes arise from All lymphocytes arise from 
bone marrow precursorsbone marrow precursors
••AutoreactiveAutoreactive lymphocytes  dielymphocytes  die
••NonNon--productive and productive and areactiveareactive
lymphocytes dielymphocytes die

••Somatic Somatic hypermutationhypermutation of B lymphocytes leads to the of B lymphocytes leads to the 
selection of the best selection of the best IgIg
••Main T lymphocyte subsets are Th (CD4+) and Main T lymphocyte subsets are Th (CD4+) and TcTc (CD8+)(CD8+)
••ThTh comprise of Th1 and Th2, related are Th3 and Tr1 with comprise of Th1 and Th2, related are Th3 and Tr1 with 
regulatory functionregulatory function
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B B andand T T lymphocytelymphocyte disordersdisorders
- lymphopenia: 

decreased production
inborn errors (T, B, T and B)
malnutrition
TB and other infections

increased destruction
steroids, radiation, chemotherapy
AIDS (T)

losses (gut, chylothorax,..) (T and B)



B B andand T T lymphocytelymphocyte disordersdisorders
- lymphocytosis: 

normal absolute counts vary throughout age
virus infections
other infections (mycoplasma, syphilis, ..)
dif. dg.: clonal proliferations (incl. leukemias)



B B andand T T lymphocytelymphocyte disordersdisorders
- functional defects: 

antibody deficiency
IgA

hereditary mutation CD40/CD40L

polymorphism of V(D)J in some ethnic groups



EBV, EBV, EpsteinEpstein--BarrBarr virusvirus
••95% 95% worldworld populationpopulation

••PrimoinfectionPrimoinfection::

••infantsinfants, , preschoolpreschool kidskids: : mostlymostly asymptomaticasymptomatic oror
indistinguishableindistinguishable fromfrom otherother infectionsinfections
••adolescence (adolescence (rarelyrarely atat differentdifferent ageage): ): infinf. . mononucleosismononucleosis



LifeLife cyclecycle, EBV, EBV



InfectiousInfectious mononucleosismononucleosis: : clinicsclinics

+fever
splenomegaly up to 50% patients
hepatomegaly (10%)
elevated transaminases, LDH
petechiae na patře
eye-lid oedemas
exanthemas (up to 15%)
(typically no stomachache)



Severe EBV Severe EBV complicationscomplications
Severe lymphoproliferations

virus-associated hemophagocytic syndrome
familiar hemofagocytic lymfohistiocytosis
X-linked lymphoproliferation

malignities: nasofaryngeal carcinoma
endemic Burkitt lymphoma
other malignancies (Hodgkin, ...)



BurkittBurkitt lymphomalymphoma



perforinperforin deficiencydeficiency



ImunodeficienciesImunodeficiencies: not : not justjust losseslosses
AutoimmuneAutoimmune lymphoproliferativelymphoproliferative syndromesyndrome

Tγδ+

hyperhyper--IgIg
splenomegalysplenomegaly
lymphadenopathylymphadenopathy
autoimmunityautoimmunity
increasedincreased CD3+TCRCD3+TCRαβαβ+CD4+CD4--CD8CD8-- cellscells
risk risk ofof lymphomaslymphomas



GeneticGenetic causescauses ofof ALPSALPS



ALPS3: ALPS3: thethe clueclue
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