Imunologicky vyvoj ditéte




Imunitni system

Terminologie a definice
Evoluce
Prehled vySetieni

Onemocnéni imunitniho systému
— Imunodeficity

— Autoimunita

— (Alergie)

— (Malignity)

— (Transplanta¢ni imunologie)




Pojmy a definice

» Komplexni system bunck a molekul se
specielnimi tlohami v obrané€ proti infekci

* 2 hlavni typy
— Nespecificka imunita (vrozena) — stejny charakter a
rozsah uCinku pi1 opakovane expozici stejnému
podnétu
— Specificka imunita (adaptivni, ziskana) — lepsi
ucinnost pi1 opakované expozici




Urovne obrany

* Baricry
— KozZni a slizni¢ni kryt (enzymy, pH, hlen,
fasinky) — antimikrobialni vlastnosti, inhibice
hromadéni a/nebo penetrace mikrobu

* Vrozena imunitni odpoved’

» Ziskana imunitni odpoved




Antigen - Ag

=molekula rozpoznavana receptory na
lymfocytech (TCR, BCR)

Vazebné misto (600-1700 A)

— R rozpozna pouze antigenni epitop

Antigeny vyvolavajici imunitni reakci =
Imunogeny

Neimunni Ag = hapteny (potfebuji navazanou
molekulu nebo adjuvans)




Vyvoj imunitniho systému

 Embryo: pluripotentni hematopoeticka kmenova
bunka ve Zloutkovem vaku (3.tyden gestace),
migrace do jater (5.tyden), rozsev kmenovych bb
embryonalni cirkulaci (kostni dien, tymus, slezina,

LU, 8.-11.tyden)

Primarni lymfatické organy: tymus, KD
(1.trimestr gestace)

Sekundarni lymfatické organy: slezina, LU,
tonsily, Peyerske plaky, lamina propria)

— Mista dalsi diferenciace




Vyvoj T-bunék

e Thymus osidlen prekurzory T-bb z fetalnich jater (pro-T
bb), vyvoj TCR (ndahodn¢ rekombinace genii — zdroj

enormni rozmanitosti TCR)

* Po nastupu exprese TCR — rozvoj procesu selekce
— Pozitivni selekce — interakce nezralych tymocytu s nizkou

expresi TCR s MHC na epitelu (CD4 — HLA 11, CD8 — HLA ) —
selekce bun€k schopnych interakce s cizorodym Ag

prezentovanym s vlastnim MHC

— Negativni selekce — tymocyty s vysokou expresi TCR
reagujiciho s vlastnimi peptidy prezentovanymi s HLA I nebo II

na thymovych makrofazich — indukce apoptozy — delece
autoreaktivnich klonu

» Migrace Tbb do sek. Lymfatickych organu




Vyvoj B-bun¢k

 Kmen. Bunky z fetalnich jater migruji do dien¢
(7.tyden)
* Antigen-independentni vyvoj (prestavba Ig
genu) do 14.tydne — zrala (virgin) B burnka
e Antigen-dependentni vyvoj — po stimulaci Ag
prostfednictvim Ag receptoru (sIg)
— Diferenciace na pamétove bb (pro urCity Ag) a
plazmatickée bb (sekrece Ag-specifickych Ig=protilatek)
— Ig1zotypy : M,G,A,D,E




Imunoglobuliny

[gG+M = jediné Ag vazajici Ig, hlavni obrana
prot1 infekci

[gM-1intravaskularni, IgG — vSechny tekutiny
IgA — ochrana sliz. Povrchu (sekrety)

IgE — obrana proti parazitim, mediator casné¢ho
typu alergickée reakce

Materske IgG transplacentarné od 12.tydne
gestace, do narozeni postupné materska hladina




Mechanizmy diferenciace

 Interakce lymfocytu s povrchovych molekul
bun¢k mikroprostredi a proteinu
produkovanych zuCastnénymi b

* Mezinarodni nazvoslovi diferenciacnich
Ag:
Clusters of differentiation (CD)




Interakce imunitnich bunék

 BCR (slg) — rozpoznava nativni Ag

 TCR —rozpoznava pouze zpracovany Ag

peptid prezentovany ve spojeni s molekulou
MHC

— Trida I: HLA —A,-B,-C antigeny
— Ttida II: HLA —DR,-DP,-DQ antigeny

* Presentace antigen-prezentujicimi bb
(APCs)




Struktura receptoru
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Prezentace antigenu
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Prezentace antigenu

« MHC molekuly — vaz. misto pro peptid
 HLA I: exprese na vétsin€ jadernych bb

— Prezentuji degradované bunécné peptidy vcetné
virovych v infikovanych bb

 HLA II: makrofagy, dendrit.bb, B-bb

— Peptidy z exogennich nativnich Ag (bakt.
proteinu)




Aktivace T-bunky

Costimulatory

T-cell receptors
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Gene transcription

Cytoplasm L Nucleus
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* Primarni protilatkova odpovéd’: nativni Ag do
spadove LU, zpracovan specializovanou b

(FDCs), exprimovan a prezentovan B-
bunice—vyvoj do plazmat.b., produkce Ag-

specifickych IgM (nizkoafinnich)
 Nékteré B-bb — diferencuji se na pamét ové

— Schopnost ,,switch* geny pro Ig na produkci IgG, A
nebo E

 Sekundarni protilatkova odpoved — po
opakované expozici pamét ové B-b antigenem
— Produkce vétsiho poCtu bb, somatickd mutace Ig genU
zvysuje afinitu protilatek




Postnatalni lymfopoesa
* T-b (CD3+) v pupecC. krvi je poCet vyssi nez u kojencu
— CD4:CD8 vyssi

— Schopnost odpovédi na mitogenni podnét a vyviolat Ag-
specifickou odpoved (BCQG)

 B-b
— VySsi v pup krvi, netvori celé spektrum Ig, nejdiiv IgM po
stimulaci Ag zevniho prostredi (tato schopnost 1 u nezralych)
— Celkova hladina Ig nejnizsi kolem 3.-4. mésice

— Schopnost tvorby Ig proti protein Ag od narozeni, proti polysach
od 2 let!! (konjug. Vakcina napt. HIB)

— Novorozenec nachylnéjsi ke G- infekci — nedostatek IgM
(=opsoniny)- nedokonala fagocytosa PMN

— Materske IgG — fce opsoninu pro vétsSinu G+ bakt, specifické
IgGs proti bézbym virtim staci

— Nedonosenci — min¢€ matet.IgG — ni1zS8i opsonizacni aktivita pro
vSechny typy mikroorg.




Vyvoj lymfatickych organu

Thymus — p11 narozeni 2/3 dospél¢ vahy,
nejvetsintésne pred pubertou, pak postupna
involuce

Periferni lymf tkané — dospéla velikost do 6 let
veku, vEétsi v prepub obdobi, pak involuce

Slezina postupné roste do dospélosti

Peyer plaky postupné rostou, nejveétsi béhem
adolescence




Imunodeficity




Podezreni na imunodeficienci

« Hlavni pri¢iny opakovanych infekci:
nadmérna expozice v komunité/kolektivnich
zafizenich

 Indikace imunologickeho vySetieni

— >2 systémove nebo zavazne bakt infekce

— >3 zavazné respiracni nebo bakterialni
meékkotkanove infekce /rok

— Infekce v neobvyklych lokalitach (liver, brain
abscess)

— Infekce neobvyklymi patogeny
— Neobvykle zavazn¢ infekce béznymi patogeny




Skrininkove vySetreni

Podrobna anamnéza
Fyzikalni vySetfeni

Laboratorni screening
— FBC, diff, ESR

— B-cells: IgA (G,M), 1sohemagglutinins, Ab to tetanus,
diphteria, H.Infl., S.pneumoniae

— T-cells: Abs L count, Candida intradermal skin rest (or
MXxII)

— Phagocytes: Abs N count, respiratory burst assay
— Complement: CHx,




KO, FW

Norm. pocet Ly: T-b deficit nepravdépodobny
Norm. poCet Ne: vylucuje neutropeni, LAD

Norm. pocet Tr: vylucuje Wiscott-Aldrich
syndrom

Norm. FW: chronicka bakt nebo mykoticka
infekce nepravdépodobna




Primarni poruchy tvorby protilatek

Nejcastéjsi primarni 1D
Klinika: opakované infekce enkapsulovanymi
bakteriemi nebo anamnéza nedostate¢ne odpovedi

na ATB
Selektivni deficit IgA — nejcasté)si (1/300-
1/16000), agamaglobulinemia (1/50000)

Genetické defekty Cetné, znamy jak pro B bb, tak
pro T pomocn¢ mechanizmy

Terapie:
— antibiotika + pravidelna Ig substituce (IVIG)
— Transplantace kostni dfené€ (defekt CD40 ligandy, XLP)




XLA (Bruton)

Tézky defekt vyvoje B bb, absence cirkujujicich B
bb, malé nebo zadne tonzily, nehmatne LU

Defekt v oblasti dlouh¢ho raménka X chr v genu
pro tyrosin kinasu (Btk), nutny pro radnou
maturaci

V¢étSina postizenych chlapct vporadku do 6 meés.
Pak infekce extracelularnimi pyogennimi
patogeny

Dg: skrinink, FACS, prenatalné mutacni analyza u

muzskych fett matek prenasecek (z choriovych
klki)




CVID

Hypogammaglobulinaemia with phenotypically
normal B cells

Later age at onset of infections

Equal sex distribution, less severe infections than
in XLA

In most cases no identified molecular defect
Connection to i1solated IgA deficiency

Serum Ig low, autoAb formation possible, normal
or enlarged tonsils and LN, splenomegaly, higher
rate of lymphomas




Selective IgA deficiency

— Genetic basis unknown

— Respiratory, GI, urogenital infections

— High incidence of autoimmune diseases, increased malignancies
— Ab against IgA 1n 44%(blood rpoducts highly purified)

Transient hypogammaglobulinaemia of infancy
— Extension of physiologic hypogammaglobulinaemia

IgG subclass deficiences
Hyper IgM syndrome

— Genetically heterogenious

— X-linked — T-cell defect of CD40L (inability of T-cells to
provide help necessary for switch of Ig 1sotype), recurrent
pyogenic infections from 1 year, small LN and tonsils, normal
number of B-cells, often neutropenia, susceptibility to P.carinii

— X-linked from mutations in gene for NF-kB essential modulator
(NEMO deficiency)

— AR from mutations in the gene for AID, CD40




Primary defects of cellular immunity

* Generally more severe infections, often fungi, viruses,
pneumocystis
e Thymic hypoplasia (DiGeorge syndrome)
— Dysmorphogenesis of the 3rd and 4th pharyngeal pouches in
early embryogenesis

— Parathyroid glands and often other structures (aortic arch,
heart, oesophagus, uvula..) also affected

— Often hypocalcemic seizures in neonate

— Variable degree of thymic deficiency (,,partial* syndrome)

— Therapy: HLA-1dentical sibling BMT, thymic tissue
transplants

» Defective cytokine production, T-cell activation defects




Primary combined immunodeficiences

« Severe, often opportunistic infections, death 1n early
infancy or childhood unless early BMT provided

« SCID

— Diverse mutations, absence of all adaptive immune functions

(X-linked-common cytokine receptor gamma chain 45%, AR —
ADA deficiency 15%...)

— In some — lack of NK cells
— Small thymus, underdeveloped lymphoid tissues

— Early presentation with various severe infections with wasting,
persistent opportunistic infections (cave BCG), GVHD from
maternal T cells or non-irrdiated blood rpoducts

— Lymphopenia at birth
— Therapy : pediatric emergency, without BMT death before 1st
year

— Gene therapy 1n the future




Other combined immunodeficiencies

Cartilage hair hypoplasia — short limbed
dwarfism with frequent severe infections

Omenn syndrome — AR fatal condition
Detective expression of MHC antigens

Wiskott-Aldrich syndrome — X linked recessive,
atopic dermatitis, thrombocytopenic purpura with
defective plt, susceptibility to infection

Ataxia-teleangiectasia — complex syndrome with
immunologic, neurologic, endocrine, hepatic and
cutaneous abn

Hyper IgE syndrome — recurrent severe staph
abscesses, markedly high IgE




Fagocytarni systém

* Neutrophils
— Migration to sites of stimulation, phagocytosis

— Degranulation, activation of NADPH-dependent
oxidase — breakdown or clearence of pathogens,
chemotaxis

* Monocytes and macrophages

— Mo-circulating precursors, migration to tissues
(Kupffer cells, alveoli, osteoclasts)

— Ag presentation, phygocytosis, immunomodulation
through cytokine production

— Formation of multinucleated giant cells
— Ability to differenciate into dendritic cells
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Poruchy fagocytarnich funkci

* Leukocyte adhesion deficiency

— LADI (integrin CD18), LAD2, AR disorders, 1/10 million, recurrent bacterial
and fungal infections, depressed inflammatory response with marked
neutrophilia

* Chédiak-Higashi syndrome
— AR disorder, defective degranulation of neutrophils, mild bleeding diathesis,
oculocuatneous albinism, peripheral neuropathy, lymphoma-like syndrome

* Chronic granulomatous disease

Inability of Ne and Mo to kill ingested microbes, accumulation of ingested
material, formation of granulomas

Defet of the generation of oxygen metabolites

Incidence 4-5/1 million, X-linked in 2/3, 1/3 AR

Recurrent/unusual lymphadenitis, multiple osteomyelitis, hepatic abscesses,
unusual Staph infections

Onset from early infancy to adulthood
NBT test, DHR test (flow cytometry)
Therapy: supportive care + [FNgamma followed by BMT,




Leukopenie

Note developmental changes
Neutropenia: acute, chronic, drug-induced

Infections primarily from endogeneous flora and nosocomials.
Fever, soft tissue, mucous memb and skin, respiratory and GI
tract, most comonly Staph, G- bact

Therapy: thG-CSF, ATB

Immune-mediated
— Circulating antineutrophil Ab
— ANN (alloommune neonatal) — transfer ofmaternal Ab, isolated, ANI
(infancy)
Ineffective myelopoiesis (vit B12, folic acid def., malabsorption...)

Intrinsic disorders of myeloid stem cells
Cyclic neutropenia- AR, regulatory abnormality
Severe congenital neutropenia — Kostmanndisease

Schwachman-Diamond disese — AR, GI disorder + neutropenia, by 4 mo,
chondrodysplasia

GSD Ib(vonGierke)




Lymtopenie

65% of CD3 (T cells) are CD4 helper T
lymphocytes

Often no specific symptoms

Inherited causes

Acquired: AIDS (destruction of infected
CD4), other infections, therapy side effects,
immune-mediated




Komplement

» C participation in host defense

— Enhancement of virus neutralisation (early phase of
infection)

— Opsonisation (enhancement of phagocytosis),
chemotaxis for ne, Eo, Mo

— Trigger of vasoactive agents release (histamine) —
vasodilation, swelling, redness

— Induction of cytokine release by monocytes —
amplification of immune response

— Solubilisation of immune complexes

— Links innate and adaptive immune responses




Poruchy komplementu

* Primary deficiences — of all 11 components of
classical membrane attack pathway possible

— Clq (and other components) deficiency — SLE-like
syndrome

— Recurrent Neisseria infections typical

» Deficiences of C control proteins

— Properdin def — predisposition to meningococcal
infection

— Hereditary angioedema — abnormal synthesis of C1
inhibitor (5-30%), acquired form possible




