Zaklady imunohematologie



Imunohematologie

Imunologie aplikovana na krevni bunky (erytrocyty,
granulocyty, lymfocyty, trombocyty)

Nauka o antigenech, protilatkach, imunitnich reakcich
Multioborova veda, klinicky vyuzivna pfi priprave a
podani transfuze a u nékterych jinych stavu

Resi specifickou imunologickou problematiku /patologie
hemolytického onemocnéeni novorozence a autoimunitni
hemolytické anemie

Uplatnéeni v transplantologii (hematopoeticke bb., solidni
organy)



Imunita

Obecna definice: odolnost proti nemocem/antigenim

Zajistuje ji systém bunék, tkani a molekul, tzv. imunitni

systém

Jeho funkce: prevence a eradikace infekci, rozpoznani a

odpoved na cizi tkane a nové antigeny, obrana proti

tumorum

Dva typy: imunita pfirozena (inicialni protekce proti

infekcim) a imunita ziskana (pomalejsi, ale vice efektivni
obrana proti infekci)



Prirozena/nespecificka/naivni

« Stale pfitomna u hostitele, brani vstupu antigenu do
organizmu a rychle je eliminuje

— Neporusena bariéra epitelu, jeho enzymy a
nepatogenni flora

— Humoralni slozky (plazmatické = komplement,
cytokiny, interferony)

— Bunéecne slozky (fagocyty, NK lymfocyty)

» Efektem je uniformni typ reakce

* Tyto mechanizmy reaguji s nekterymi mikroby, ale ne s
neinfekCnimi antigeny



Ziskana/specificka/adaptivni

« Stimuluji ji antigeny, které byly invazivni a jiz vstoupily do tkani

— Bunky-lymfocyty exprimuji specificke receptory, které
rozpoznavaji cizorode substance

— Ma dvé specializované funkce

« Humoralni slozku: protilatky tvorené B lymfocyty
eliminuji mikroby z extracelularnich tekutin

* Bunécnou (celularni) slozku: T lymfocyty CD4+ a
CD8+ eliminuji mikroby z bunek

» Lymfocyty pusobi spolu s nespecifickymi mechanizmy
(protilatky se navazou na mikroby, to vede k jejich snadng;jSi

fagocytoze)
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Specificka imunita

Startuje rozpoznanim antigenu v lymfatickych organech

Proliferace a klonalni expanze (rychla proliferace bunek
se stejnou antigenni specifitou) B lymfocytu zajisti
rychlou protilatkovou odpoved

Imunitni systém rozliSi nejméné bilion ruznych Ag
Klony lymfocytu se lisi jinym receptorem pro Ag
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Imunitni odpoved primarni (naivni lymfocyty) x
sekundarni (pamétoveé lymfocyty)
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Figure 1-8 Phases of adaptive Inmune responses. Adaptive immune responses consist of sequential phases: recogni-
tion of antigen by specific lymphocytes, activation of lymphocytes (consisting of their proliferation and differentiation into effec-
tor cells), and the effector phase (elimination of antigen). The response declines as antigen is eliminated and most of the
antigen-stimulated lymphocytes die by apoptosis. The antigen-specific cells that survive are responsible for memory. The dura-
tion of each phase may vary in different immune responses. The y-axis represents an arbitrary measure of the magnitude of
the response. These principles apply to humoral immunity (mediated by B lymphocytes) and cell-mediated immunity (medi-
ated by T lymphocytes).
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Bunky v imunitni reakci

Lymfocyty
« Exprimuji specifické receptory pro antigeny (BCR, TCR)
« Jsou to povrchové membranove proteiny (CD znaky)

— U B ly jsou to membranove Ig = protilatky. Reaguiji se solubilnimi
Ag a s ruznymi povrchovymi Ag, na které se navazuiji

— U T ly jsou receptory pro proteinové Ag: Ty g pe CD4+,
T CD8+, T

cytolytic reg/suppressor

« Pameétove lymfocyty prezivaji v klidu, po dalsim kontaktu
s puvodnim antigenem navodi sekundarni odpovéd



Imunohematologie = protilatkovy typ
specificke imunitni odpovedi

Protilatky /imunoglobuliny

« produkty B lymfocytu

« pfitomné na membrané lymfocytu jako antigenni
receptory BCR nebo rozpustené jako proteiny v krvi a v
mukoznich tekutinach

« neutralizuji a eliminuji antigeny z krve a z lumen
mukoznich organu

* nepusobi uvnitf bunék
* rozeznavaji jen urcité typy mikrobialnich molekul
(proteiny, sacharidy, lipidy) x T lymfo (proteiny)
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Protilatky / imunoglobuliny

2 funkce: rozpoznani Ag + sekrece Ab

B receptor imunoglobulinu rozeznava tvar antigenu nebo
jednoduché chemické skupiny antigenu

B receptor tvori domeény (3-dimenzni tvar), fopt b poigen
kterymi se klony lymfocytua [iSi N

Dva typy fetézcu: typ L (lehké) a typ H (t€zké)
Lehke retézce: kappa, lambda
Tézké retézce: mi,delta, gamma, alfa, epsilon




Immunoglobulins (1.e., antibodies)

variable regions

(antigen-binding sites)

constant region

(effector function)

Fig 1.17 © 2001 Garland Science

Fig 1.16 © 2001 Garland Science



Struktura protilatky

4 polypeptidoveé retezce protilatky H2L2
Kazdy obsahuje dva identické H a identické L retezce
Tvori tvar pismene Y, vzajemne spojené L a H retezce

Dva fragmenty Fab + jeden fragment Fc, mezi nimi
flexibilni pantova oblast

Variabilni Cast obsahuje oblast (paratop) pro vazbu
antigenu




Struktura protilatky

Monomery IgG,IgD,IgE = dveé vazebna mista pro Ag
Dimer IgA = Ctyri vazebna mista pro Ag
Pentamer IgM (hexamer) = deset (dvanact) mist pro Ag

e =
I
+ Pentamer
+ 5-10% of serum : .
antibodies Disulfde * Dimer Jchain
+ Fix complement bend + 10-16% of serum
in blood, lymoh antibodies
¢ In
cells00 RITEN A J chain + In secretions

+ Agglutinates microbes; * Mucosal protection
first Ab produced in + Half-lfe = 6 days Secrelory component

response o infection
+ Half-life = 5 days




Fragment antigen binding = Fab

Fragment crystallizable = Fc

The ag binding specificity
of the Fab and F(ab’), is
exactly like that of the
whole molecule.
However, other properties
of the Ig molecule are lost.
For example?

Prime (‘) because
F(ab’), is more
than just 2 Fab

§ Immunobiology, 6/e. (© Garland Science 2005)



Afinita: Sila reakce mezi 1 antigenni determinantou a 1 vazebnym
mistem Ab

Avidita: sila vazby mezi multivalentnimi Abs a Ag s ruznymi
antigennimi determinantami

Specifita: schopnost Ab reagovat s jen 1 antigenni determinantou
Cross-reakce: schopnost protilatky reagovat s vice antigennimi
determinantami

L I
K = 104 106 1010

eq
AlTimity Avidity Avidity




Typy protilatek dle zpusobu vyroby

« Polyklonalni Abs (lidské): pochazeji z ruznych
bunécénych linii lymfocytl, rozeznavaji ruzné typy stejné
specifickych epitopu

 Monoklonalni Abs: identickeé protilatky produkované
jednim klonem lymfocytu,

rozeznavaji jeden

d Immunize mouse

urcity epitop
T O@O®O O
| Fuse to Torm Hynriclomas

@

Clones rnake mono-clonal



Antigeny

Cizi substance navozujici imunitni odpoved
Cizi oblasti = antigenni determinanty (epitopy)
Jeden antigen muze mit ruzné epitopy

Ne vSechny oblasti antigenu jsou cizorodeé =

Antigeny v imunohematologii
— HLA (histokompatibilni,transplantacni) antigeny
— Krevni skupiny erytrocytu



* Antibodies recognize and react with antigenic
determinants or epitopes.

Antibody A

Antlgenic determinania
A onantigen

Antigens:
components
of coll wall

Copyright 8 2004 Pearson Education, [ne., publishing as Benjamin Cumniinws Flgure 17.3




Krevni skupiny

* Antigeny erytrocytu = krevni skupiny
- zajist'uji transport vody, urey, iontu
- jsou receptory pro mikroorganizmy
- maji adhesivni funkce
- jsou enzymaticky aktivni
- udrzuji morfologické a strukturalni vlastnosti
erys
* Antigenicita dle

— Typu a hustoty antigenu na erys
— Rozpustnosti antigenu v plazme
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Krevni skupiny

Obvykle velké molekuly, slozené sloucCeniny (proteiny,
polysacharidy, lipidy, NK)

VétSi molekuly a komplexy molekul = lepSi imunogeny

Imunogenicita zavisi na stupni cizorodosti, strukturalni
stabilité molekuly, dostateCném pocCtu Ag determinant,
dobé expozice Ag, zpusobu podani

Autoantigeny vznikaji pri selhani autotolerance

Hapten = mala molekula neimunogenni, spojuje se s
vetsim nosicem



Hapten Carrier Complete
molecules molecule antigen

Conpasriahp e 20000 Pearson Edaeation, Tne, publishing as Bengmin Cunnmings Flglll‘ﬁ 17.4




Membrana erytrocytu

* Vné dvojvrstva fosfolipidu (zeta potencial + bikonkavni
tvar) — na ni antigenni struktury/krevni skupiny

« Stfed membranové proteiny (vertikalni sily)

« Uvnitr cytoskeletalni proteiny (horizontalni sily)

Carbohydrates
(Oligosaccharides)

Cholesterol Glycolipid

Hydrophilic s
polar head e 0000¢ 99000
|.

Hydrophobic — = ( { _ /
tail
o0 (Il)(l)(lxlﬁ '

Phospholipid Glycoprotein




0
Red Cell Membrane Structure

m Lipid Bilayer: polar heads (circles)
outward, apolar fatty acid chains face
inward

m Band 3 complex (A): tetramer
transmembrane protein with a tail
monomer for cytoplasmic domain

m  Ankyrin-1 binds spectrin B-chain & | 5.
protein 4.2

m  Glycophorin A receptor — erythroid ST Actin
specific marker RL—

m The Rh complex (B): Rh protein (Rh), /A
Rh-associated glycoprotein (RhAG),
CD47, and the Landsteiner-Wiener Tropomyosin
glycoprotein (LW)

m CDA47 interacts with protein 4.2 and Rh protein to contact ankyrin-1

m  Junctional Complex (C): protein 4.1R, spectrin, actin, dematin (4.9),
tropomyosin, and B-adducin (not shown).

m  Spectrin (D): a2B2 tetramer which forms a dense network lining the inner
surface of the lipid bilayer. The a- and B-chains are anti-parallel; dimers
associate side-by-side & head-to-head -> N-terminal of a-chains to C-
terminal of B-chains

".,

B-Spectrin |

N-ter ci-Spectrin




Komplementovy system

Komplex proteinu v plazmé a proteiny vazané na
povrchu ruznych bunék

Prevazne proteolytické enzymy

— enzymaticka kaskada pri aktivaci

— aktivovane proteiny stepi dalsi slozky komplementu
— vznika velky pocet efektorovych molekul

Funkce v obranyschopnosti
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Figure 2-11 Pathways of complement activation. The activation of the complement system may be initiated by three
distinct pathways, all of which lead to the production of C3b (the early steps). C3b initiates the: late steps of complement
dactivation, culminating in the production of numerous peptides and polymerized C9 (which forms the “membrane attack
complex,” so called because it creates holes in plasma membranes). The principal functions of proteins produced at differ-
ent steps are shown. The activation, functions, and regulation of the complement system are discussed in much more detail




Aktivace komplementu

Mikrobialni nebo protilatkami navazanymi na antigenech
3 aktivacni cesty: klasicka/protilatkova

lektinova

alternativni
Odlisné spousteci mechanizmy aktivace

V imunohematologii aktivace protilatkami: 7molekula IgM
stacCi pro vazbu C1q, ale pro stejnou vazbu musi byt
2 molekuly I1gG



Pentameric IgM molecules bind to laG molecules bind to anti
antigens on the bacterial surface gta molecu = gens
and adopt 'staple' form on the bacterial surface

> 4 ::ﬁlelagﬁr’ form 7
i ; ‘staple’ form ~\-
of IgM "\ ‘f

&
L - & L -
= = = =
- e . N\
C1q binds to one bound IgM C1q binds to at least two IgG
molecule molecules

,_-"_"__-_-__'."‘“'l_

= = = =
N

Binding of C1q to Ig activates C1r, which cleaves and
activates the serine protease C1s




Pusobeni komplementu na erytrocyty

* Velké mnozstvi = intravaskularni hemolyza erytrocytu

« Malé mnozstvi = extravaskularni hemolyza v RES =
fagocytdza erytrocytu

napr. pozdni HTR, HON, warm AlIHA .....fagocytoza

napr. akutni HTR pri ABO neshode, cold AlIHA.....i.v.lyza
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Komplementove inhibiCni mechanizmy

Regulace na urovni:
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Imunologicka tolerance,
autoimunita

Imunologicka tolerance: intaktni imunitni system rozezna
vlastni tkane od cizich

Vlastni antigeny toleruje = lymfocyty na né nereaguji

Selhani zabezpefovacich mechanizmu vede k poruse
autotolerance, ke vzniku autoimunitnich onemocnéni



Autoimunita

Reakce proti vlastnim antigenim v dusledku selhani
fyziologické regulace imunitnich procesu = selhani
regulacnich procesl lymfocytl — unikaji kontrole
Nadmeérna produkce protilatek nebo cytotoxickych
lymfocytu vede k poSkozeni tkani

Dédicna dispozice (MHC geny i non-HLA geny) +
spousteci faktory z okoli (infekce, zanéty)

U 1-2% jedincu je manifestni porucha autoimunity
Ruzné organoveé projevy — revmatoidni artritida, lupus
erytematodes, autoimunni hemolyticka anemie
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Laboratorni techniky
pouzivané v imunohematologii



Cil: detekce imunnich komplexu Ag+Ab

« Aglutinacni reakce (antigen = partikule ery, trc, leu)

* Vzacne jiné metody ( ELISA, imunofluorescence, PCR,
FCM, chipove..)

« RuUzné aglutinacni techniky - testy skliCkove,
zkumavkoveé, pevna faze, sloupcova aglutinace v gelu

« Testy pri teploté 20-23°C (RT), 4°C, 37°C



Pasivni /pfima aglutinace kvalitativni
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Zeta potencial — elektronegativni pole brani
autoagregaci erytrocytu

Mechanism of Red Cell Agglutination

Negative Charge
due to lonic Cloud

Sialic acids IgM



Antigen-antibody complexes are held together by non-covalent forces
(therefore, antigen binding by antibody is reversible)

: Attraction between ® 0O
Clechostaicliorees opposite charges —NH, 00C—
Hydrogen shared S e (T e =3
Hydrogen bonds between electronegative "y_ I;J, g_ £
atoms (N,0)

Fluctuations in electron

Van der Waals forces clouds around molecules
oppositely polarize

neighboring atoms

Hydrophobic groups interact
unfavorably with water and
Hydrophobic forces tend to pack together to

exclude water molecules.
The attraction also involves
van der Waals forces

Fig 3.9 © 2001 Garland Science



Aglutinace

Pouziti pri vysetreni krevnich skupin, pfi vysetreni
protilatek proti erytrocytum, v pfedtransfuznich testech
Prima a neprima (vyzaduje pomoc) aglutinace

Vliv komplementu na vysledek reakce/ hemolyza —
falesne negativni vysledek- prevence antikoagulaci

Anti-A | Anti-B |Anti-AB A cells

B cells | O cells
.i"" ke _’ ) o -H.".'."' b e m
ol * G 5#’ | 20 |
= '\f-...‘ : .
I »
B - I %

3008




Aglutinace prima

« 1. faze senzibilizace
Vytvoreni slabé vazby mezi Ag a Ab zavisi na

— lzotypu Ig (IgM, IgG, vzacneé IgA)

— Teplote (klinicky vyznam 37°C, pri vyssi teplote
disociace molekul Ab z vazby, pri nizsi teplote
prodlouzeni inkubace)

— lontové sile prostredi (obsah iontu Na a Cl =
izotonicky roztok PBS, neutralizujici efekt. Pfi pouziti
LISS rychlejSi vznik imunnich komplexu)



— pH prostredi (prijatelné cca 7. Pro nékteré Ab
individualni. PBS zajistuje alkalizaci. V nizSim pH
disociace Ab)

— Poctu antigennich mist /densité ( nadbytek Ag x
nadbytek Ab), pomér sérum/erys (snizeni vede k
vySSi senzitivé testu)

%@’@ A
A

Ab excess Ag excess

Equivalence — Lattice formation




« 2.faze aglutinace
Vytvoreni pevného spojeni mezi Ag a Ab

— Vznik pevnych chemickych vazeb mezi
senzibilizovanymi erys (protilatky spolehlive premosti
a vzajemne spoji erytrocyty)

— To lze ovlivnit (vzdalenosti mezi erys) centrifugaci,
proteolytickymi fermenty, koloidy, polymery, additivy
testu , chemickymi upravami diagnostickych protilatek






Aglutinace neprima

Zasadni test v imunohematologii

Hlavné pro IgG protilatky, které nejsou schopné prfime
aglutinace
Detekuje i jiné typy protilatek podle pouzitého AGH
Neprima aglutinace vyzaduje modifikovat 2. fazi a
néjakym zpusobem vizualizovat vzniklé imunni
komplexy:

1. Uprava erytrocytu pomoci enzymu

2. pouziti testu s AGH sérem (antiglobulin human)



Neprima aglutinace

1. Enzymoveé testy:

— Bromelin, ficin, papain, trypsin

 Stépi kyselinu sialovou (neuraminovou) na membrané erys,
odkryva antigenni mista a membranoveé antigeny se tak
stavaji dostupnéjsi pro protilatky

* snizuji elektronegativni povrchovy naboj erys a vzajemne je
priblizuji, umoznuji tim navazani protilatky

v prostredi s enzymem ziskava protilatka vyssSi schopnost
aglutinovat erys (nevyhoda:mohou se demaskovat nezadouci
antigeny/kryptantigen)

— Obtizna standardizace enzymovych testu
(nespecifické reakce)

— Jednofazovy (pridani enzymu do reakce) x
dvoufazovy (enzymované erys) test



Neprima aglutinace

2. AGH testy:

— Pro vysetreni protilatek v séru a navazanych na erys,
zkousku kompatibility, vysetreni nekterych krevnich
skupin

— Pouzivaji protilatky proti lidskym proteiniim
(antiglobulin = AGH sérum)

— Senzitivni technika cca (az150 molekul Ab/ery)

— Ruzné metody: testy zkumavkove, pevna faze,
sloupcova aglutinace

— Modifikace testu se zkracenim doby inkubace v LISS,
uziti PEG
— Velkeé riziko chyb a faleSnych vysledku



AGH testy

 AGH detekuje lidskeé proteiny: protilatky a komplement

« Reaktivita AGH s ruznymi lidskymi globuliny (anti-IgG,-
IgM,-1gA,-C3d..)

 AGH reaguje s navazanymi nebo volnymi protilatkami
za vzniku aglutinace
Dva typy AGH testu:

1. Primy AGH test (PAT) pro detekci protilatek
navazanych na erys

1. Neprimy AHG test (NAT) pro detekci protilatek v séru



Princip AGH reakce
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Blood sample from a patient with
immune mediated haemelytic anaemia:
antibodies are shown attached to
antigens on the RBC surface.

Recipient’s serum
is obtained,
containing
antibodies (1g's).

Domor's blood sample is
added to the tube with
Serum.

The patient’'s washed
RBCs are incubated with
antihuman antibedies
{Coombs reagent).

Paositive test result Legend

Artigens on the
red blgod cell's
surface

Y Human anti-RBC
antinody

Antinaman
antibody
(Coombs resgent)

RBCs agglutinate: antihuman
antibodies form links between
RBCs by binding to the human
antibodies on the RBCs.

Positive test result

Recipient's Ig's that target  Anti-human Ig's Agglutination of red blood

the denor's red bloed cells  (Coombs antibodies)  cells eccurs, because
form antibody-antigen are added to the human Ig's are attached to
complexes. solution. red blood cells.



AGH reagencie/séra

Polyspecifické AGH (-IgG, -C3d):

« Zasadni dulezZitost: detekuje IgG protilatky navazané
(senzibilizujici) na erys i protilatky volné pfitomné v séru

« Detekuje vSechny klinicky vyznamné protilatky

Monospecificka AGH:

Anti-lgG serum: detekuje pouze protilatky IgG na erys

(Ize pouzit)

Anti-C3 serum: detekuje komplement na erys (jen pro

nektere situace)



Monospecificka AGH séra




Monospecificka AGH IgG a C3d




Hodnoceni

negativni bez rizika hemolyzy
pozitivni do redeni 30 malé riziko hemolyzy
pozitivni vyssi nez 30 velké riziko hemolyzy




IgG1 a 1gG3
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Co ovlivni senzitivitu AGH testu?

« Teplota prostredi

* lonty v prostredi

« Pomér séralerytrocytu ( 2kp séra : 1kp ery)

* Doba inkubace (pro IgG 15min pri 37°C v LISS)

« Variabilni senzitivita testu (slaby test prfi méné nez 200
molekulach navazane protilatky)

Aktualni doporuceni: AGH test s pouzitim roztoku o nizké
iontoveé sile (LISS), optimalni je pouziti metody sloupcové aglutinace v
gelovém mediu



Nevyhody AGH testu souvisi s promyvanim
erytrocytlf] (zkumavkové testy)

Vysledky falesné pozitivni Vysledky falesné negativni
Spontanni aglutinace, Chyba promyti s neutralizaci
autoprotilatky, kryptantigeny, pridaného AGH volnymi
hypercentrifugace, silikonové protilatkami, Casové prodleni,
zkumavky, volumexpandery, nedodrzeni teploty, kvalita
kontaminovany material aj. AGH, podcentrifugovani,

prozona, technické chyby

Kontrola pfidanim erytrocytu s
navazanou slabou protilatkopu
k negativnimu test = vznikne
aglutinace
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| Antibody detection |

Binding to the
Erythrocytes solid phase

Activated solid phase

Fig. 2.5 Solid phase technique for [AT. The Solid Phase Microplate method for
the IAT has the AHG bound to the well of the microplate, Antibody bound to
red cells bind to the solid phase AHG and haemagglutination is observed after
unbound globulins are washed free.

FH+ =

Fig. 2.6 Principle of the gel test. The ‘No-wash’ ID-System (gel column) for the
IAT incorporates the AHG within the gel matrix. Sensitised cells react with the
AHG on centrifugation, leaving the liquid reactants, including any unbound
globulins in the reaction chamber. Cells free from IgG and /or complement
components are centrifuged to the bottom of the microtube. No control of
negative results is necessary as no washing is required.

The sensitivity of antibody detection is, however, still affected by ¢
number of other variables. The serum to cell ratio for a LISS IAT must be
at least 40:1. The period of incubation must be sufficient to allow max-
imum uptake of antibody and depends on the binding constant of the
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Jiné typy imunohematologickych
vysetreni

Inhibice hemaglutinace/solubilni Ag

Prior to Test LA
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ELISA, RIA

Prior to Test
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Pevna faze
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Flowcytometrie
- Meéreni imunofluorescence bb. suspen . \.I “Ti“;“f T
* Individualné provadéné vysetreni Hmj

« Urceni slabé exprimovanych antigen
« Odliseni dvoji populace erys (FMH) Light

Seatter
Detector

Molekularné genetické metody

* Urceni polymorfizmu krevnich skupin pfi genotypizaci
darce/pacienta/plodu, pacienta po transfuzi apod.



* BloodChip

DNA microarray hybridization

Stanoveni genotypu: 33 ABO, 87 RhD, 9 RHCE, 8 KEL, 4 JK,
4 Fy, 9 MNS, 2DI,2 DO, 2CO




Specialni testy vimunohematologii

Elucni testy k disociaci IgG protilatky z vazby na erys

Adsorpcéni testy k prukazu protilatky/autoprotilatky, k
separaci protilatky ze smési, k prikazu imunnich
komplexu a |éku na erys, k potvrzeni slabych antigenu

Urceni tfid Ig — odliSeni Ig - disociace aglutinatu
tvorenych IgM protilatkami

Neutralizace (inhibice) protilatky prekryvajici jinou
protilatku (substance)

Stanoveni rozpustnych krevnich skupin — vyluCovatelstvi

Kombinace technik



