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Imunologie - Stanoveni statusu imunitniho systemu

* Vrozené nebo ziskané imunodeficience
- monitorovani HIV positivnich pacientu a stanoveni efektivity
terapie
- monitorovani efektivity imunosupresivni terapie u
transplantovanych pacientu

* Monitorovani autoimunitnich onemocnéni a efektivity terapie

Hematologie

« Diagnoza malignich onemocneni (hematopoetickych
neoplasmat)

« Stanoveni funkCnich vlastnosti trombocytu




Metodologicke pristupy

« Imunofenotypizace

Stanoveni zastoupeni jednotlivych subpopulaci leukocytu (obecné
krevnich elementu v krvi nebo kostni dreni)

* Funkcni testy
- Aktivace lymfocytu

Zmeéna exprese vybranych povrchovych markru (vétSinou receptory
nezbytné pro funkci daného lymfocytu)

Indukce proliferace (stanoveni bunécného cyklu)
Produkce cytokinu
Stanoveni cytotoxicity NK bunék a cytotoxickych lymfocytu

- Aktivace fagocytt (mikrobicidni aktivita)
Produkce volnych radikalu fagocyty
Fagocytarni aktivita

- Stanoveni funkénich vlastnosti trombocytu




Imunofenotypizace

- Stanoveni zastoupeni jednotlivych subpopulaci leukocytu (obecné
krevnich elementu v krvi nebo kostni dreni) na zakladé exprese
vybranych povrchovych antigenu pripadné v kombinaci s
intracelularni produkci cytokint a expresi intracelularnich antigenu

« Na zaklade rozptylu svetla jsou bunecné populace rozdeleny podle
velikosti a granularity

« Specifické monoklonalni protilatky oznacené raznymi fluorochromy
proti kombinaci vybranych antigent umoznujici rozdéleni populaci




CD Antigeny

» Systém oznaceni povrchovych molekul leukocytu
 Vetsina ma alternativni nazvy vztahujici se K jejich
funkci nebo strukture

* Dodnes definovany CD1 az CD339

* Nektera CD jsou skupinami pribuznych molekul, a

jednotlivée molekuly se oznacuji pismeny (napr.
CDo62L, CD62P, CD62E)

« Zdroj informaci o CD nomeklature — ucebnice
imunologie, www napr. PROW
www.Ncbi.nIm.nih.gov/prow/




Exprese vybranych povrchovych znaku
béhem vyvoje B lymfocytu

Vyvojové
stadium

Exprese vybranych
povrchovych znaku

Kmenova bunka

CD34

Casny pro-B lymf.

CD34: CD45R; IL-7R;
CD10; CD19; CD38

Pozdni pro-B CD45R; IL-7R;

| m]E’ CD10: CD19: CD38:
ymt. CD20: CD40
CD45R; IL-7R;

Velky pre-B lymf.

CD19; CD38; CD20; CD25}

(rec. IL-2); CD40

Maly pre-B lymf.

CD45R; CD19; CD38;
CD20; CD40

Vyvojové Exprese vybranych
stadium povrchovych znaku
Nezraly CD45R; CD19; CD20;
B lymf. CD40

Zraly naivni | CD45R; CD19; CD20;
B lymf. CD21; CD40
Lvmfoblast CD45R; CD19; CD20;
y CD21; CD40
Pamétova | CD45R; CD19; CD20;
bunka CD21; CD40
Plasmaticka CD135;
bunka CD38




Nezralé CD3-(en v cytoplasmé)4-8-
dvakrat-negativni tymocyty

A detailed analysis of thymocytes shows a
number of discrete subsets that differ in
their expression of CD4 and CD8
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Figure 7-31 Immunobiology, 6/e. (© Garland Science 2005)




Mozné rozdeéleni jednotlivych subpopulaci lymfocytu
podle exprese vybranych povrchovych antigenu

Lymphocytes in Blood
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Vybrané povrchové molekuly charakteristické pro ruzné typy
leukocytu (“markery” jednotlivych typu)

Bunécny typ

Charakteristické povrchové molekuly

Leukocyty (vsechny)

CD53, CD45, CD43

Hematopoetickeé prekurz.

CD34, CD117, CD137

T lymfocyty

CD2, CD3, CD5, CD6, CD7, CD27, CD28, CD96, TCR

T pomocne . (Th)

CD4

T cytotoxické I. (Tc)

CD8

B lymfocyty

CD19, CD20, CD22, CD37, CD39, CD40, CD79, BCR

Pre-B lymfocyty

CD9, CD10, CD138

Plasmatické bunky

CD28, CD138

NK lymfocyty

CD2, CD11b, CD16b, CD56, CD57, Cd94, CD158

Neutrofilni granulocyty

CD11b, CD15, CD87

Monocyty

CD14, CD33, CD64, CD87, CD89

Dendritické bunky

CD83, Cd86, CD205, CD206, CD207, CD208, CD209
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Priklad urceni poctu jednotlivych subpopulaci
lymfocytu v periferni krvi pfi pouziti dvojiho

znaceni
|lzotypova | Monoklonalni protilatky stejné tridy proti
kontrola irelevatnim antigenum
CD45 VSechny leukocyty, lymfocyty silngji
CD14 Monocyty
CD3 VSechny T lymfocyty
CD19 VSechny B lymfocyty
CD4 Pomocny T lymfocyt
CDS8 Cytotoxicky T lymfocyt
CD56 NK lymfocyt




Kombinace jednotlivych protilatek

Zkumav- PE Stanoveni

ka

1 CD14 | %lymfocytu v ohraniCeni
pro lymfocyty

2 |z. kont. | Nespecificka vazba —
autofluorescence

3 CD4 | Pomocné (Th) lymfocyty

4 CD8 | Cytotoxicke (Tc) lymfocyty

5 CD19 |Celkové B- lymfocyty

6 CD56 | NK bunky




SS a FS leukocytu ziskanych z
plné krve po lyzaci erytrocytu
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Kontrola “Cistoty” lymfocytarniho ohraniCeni na
zakladée FS a SS
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CDA45 FITC (log)

Forward Scatter (linear)
R1=monocyty (CD14+)
R2=lymphocyty (CD45>monocyty)

R3=granulocyty (CD45<monocyt
Vzorek akceptovatelny pokud J yty ( yty)

- minimalné 90% fenotypové CD14- a CD45+ lymfocytu je v SS-FS ohraniceni
pro lymfocyty

- v SS-FS ohranicCeni pro lymfocyty je maximalne 15% bunek které nejsou
fenotypové lymfocyty (CD14- a CD45+)




Imunofenotypizace v programu Simulset
Krok 1 - ovéreni Cistoty lymfocytarniho gatu

PE CD14
| o LeucoGATE
Events Acquired: 15000 Data Set:[1] ,
Gated Events: 2508 ESCSSC
Mean 150 28
Gate 105 31
1690 67
User Inputs: 206 64
% Lymphs: 0.0 08; 265 10
106 10
Preparation; i
Lysed Whole Blood ALY
CD45
Lymphs Monos Grans Debris
Gate Composition (%): 97 0 3 0 97% of all lymphocytes are in the gate
Calculated 3 Part DIiff. 30 ] 61

Percent Lymph Conversion On

An automatic gate was found, a manual override gate is in use.




Imunofenotypizace v programu Simulset
Krok 2 - izotypovée kontroly

PE - monoklonalni protilatka proti irelevantnimu antigenu

Control 1gG1/lgG2 Conv
Events acquired:14000 Data set:[1] Q_Cell Type @L
Gated Events:2295 (31 NSS PE

02 NSS ++ 0

(A3 Unsiained 98

(4 NSS FITC 0
ESC 8SC
Means: 150 28
ELl FL2

Marker 76 73

Gamma-1 A

Fluorescence markers were found. Manual override markers are in effect.
m S




Imunofenotypizace v programu Simulset
Krok 3 -Stanoveni T- a B- lymfocytu

PE CD19
. . CD3/CD19 Conv
Events acquired:14000 Data set:[1] Q Cell Type )
Gated Events:2251 Q1 CD3 CD19+ 10
Q2 CD3+ CO19+ 0
Q3 CD3-CHG- 12
Q4 CD3+ CD19- 78
% : i Conv
- ESg38SC g'.'w':_-."-' ‘ Subset Name %L
Means: 148 27 HI . . Total T (CD3+) Lymphocytes 78
| EL1 FL2 : Total B (CD19+) Lymphocytes 10
Marker 76 73 PR ,;"-i'i.
Iw "_:

OEErator defined markers are in effect.

OK
OK

A T R e L L




Imunofenotypizace v programu Simulset
Krok 4 - Stanoveni pomocnych T-lymfocytu

Events aédulrod:MOOO- Data set:[1]

Gated Events:22086
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E :fl -

Means: 150 28 O &
Marker 76 73 S

gperator defined markers are in effect.

COZ

PE CD4
CD3/CD4 Conv
Q_CellType %l
Q1 CD3 CD4+ -
Q2 CD3+ CD4+ i
Q3 CD3-CD4- o
Q4 CD3+ CD4- 34
Conv
Subset Name %L
-~ Total T (CD3+) Lymphocytes o

T Helper (CD3+, CD4+) Lymphocytes 43

OK
OK




Events acquired:14000 Data set:[1]
Gated Events:2105

Escssc  gf Wl %
Means: 161 28 s g
Marker 76 73 - T

Operator defined markers are in effect,

Imunofenotypizace v programu Simulset
Krok 5 - Stanoveni cytotoxickych T-lymfocytu

PE CDS8
CD3/CDs8 Conv
Q__Cell Type v/
Q1 CD3 COB+ 4
Q2 CD2+ COB+ 29
Q3 C03-CDg- 20
Q4 CD3+ CDB- 47
Conv
Subset Name el
Total T (CD3+) Lymphocytes 76 OK
T Cytotoxic (CD3+,CD8+) Lymphs 29 OK




Imunofenotypizace v programu Simulset
Krok 6 - Stanoveni NK-lymfocytu

PE CD56
S cD3/CD56 Conv
Events acquired:14000 Data set:[1] Q Call Type %
Gated Events;2077 Q1 CD3 CD56+ 12
Q2 CD3+ CD56+ 6
Q3 CD3- CD56- 12
g i Q4 CD2+ CD56- 70
alli Conv
Fscs3c o >%:_ S Subset Name %L
Means: 161 28 N f.’ Total T (CD3+) Lymphocytes 76 OK
EL1 EL2 RIS 1 Total NK ( 12 OK
Marker 76 73 gy »ﬁ (CD56+)Lymphocytes

Operator defined nwxfrkers are in effect.




Priklad panelu antigenu stanovovanych pfi
detekci plasmatickych bunek

CD138 Plasma cells

CD38 Plasma cells, Activated T-cells
CD56 Natural Killer Cells

CD45 Human Leukocytes

cKappa Cytoplasmic light chain
cLambda Cytoplasmic light chain




Vice barevna imunofenotypizace
Vizualizace jednotlivych populaci

FL4 FL4 FL4
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Tri barevna imunofenotypizace

Kombinace protilatek znacenych FITC, PE a treti
protilatkou znacenou napr. Texas Red, Per CP, ALEXA
barvy od Molecular Probes.

Stanoveni CD4 a CD8 lymfocytu

| SIDE SCATTER




CD4

Tri barevna imunofenotypizace
CD3, CD4, CDS8
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Ctyfbarevna imunofenotypizace

Antibodies labeled with FITC

Antibodies labeled with PE

Antibodies labeled with complex PE/Texas Red
Antibodies labeled with complex PE/CYS5 or PerCP

Antibodies labeled with complex APC, CY5 or CY7/

Antibodies labeled with ALEXA dyes from
Molecular Probes




Ctyf barevna imunofenotypizace
CD3, CD4, CD8, CD56




Priklad osmi barevna imunofenotypizace

8-color Antigen-Specific

Iimmunophenotyping

Ab Conjugate Laser
CD2B PerCP-Cy3.5 438
CD45RA PE-Cy7 438

833 Surface
CD8 APC-Cy7Y 633 staining
CD3 Pacific Blue 405

405

438 Intraceliular

Anti-lL-2 PE 438 staining




Priklad 17 barevna imunofenotypizace

Seventeen-colour flow cytometry:

| ~unravelling the immune system
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Figure € | Visualization of polychromatic data using hierarchical trees. The data shown in this
higrarchical tree were obtained from peripheral-blood mononuclear cells stimulated with staphylococcal
enterotoxin B (for & hours in the presence of brefeldin A). The cells were subsequently permeabilized
and stained for various cell-surface markers and intracellular cytokines. Branches of the tree segregate
based on the expression level (for example, positive versus negative or bright versus dim) of a particular
marker, and each terminal branch represents one fully gated subset. So, reading from the top, the
branch below arrow 1 represents cells that are CD3*CD4+CD11amCD27+CD45RA*CC-chemaokine
receptor 7 (CCRT)*. The frequency histogram below the tree indicates the relative proportion of cells in
each subset that express interleukin-2 (IL-2) (blue bars), interferon-y (IFN-v) (green bars) or bath (red

bars). So, the CD11a9mCD27+CD45RA*CCRT+ cell population indicated by arrow 1 expresses only IL-2,

which is consistent with a naive phenotype. Interestingly, IL-2 is expressed by a greater fraction of a
naive-like subset (CD11ad™CD27-CD45RA*CCRT+ cells), in which cells have lost expression of CD27
but not other markers (arrow 2). In contrast, high expression of IFN-yis mainly observed in
CD11ae"CD27- cells (arrow 3), a phenotype previously associated with effector memory T cells,
Graphical representations such as this offer many options for data exploration, especially when the
hierarchy can be rearranged to bring patterns into view.

Stephen P. Perfetto, Pratip K. C

hattopadhyay and Mario Roederer
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Hematologie
Pouziti imunofenoptypizace pro detekci
hematologickych onemocneni

« Stanoveni zastoupeni jednotlivych bunecnych
linii

« Stanoveni stupne diferenciace

« Stanoveni monoklonalni populace (B-lymfocyty)




Haematopoéza
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Priklad identifikace bunek myeloidnich linii
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CDA45 Human Leukocytes

CD3 Pan T Lymphocytes

CD5 Pan T Lymphocytes

CD7 Pan T Lymphocytes

CD4 T-helper Lymphocytes

CD8 T-suppressor/cytotoxic Lymphocytes

Pfiklad panelu CD [|2219 [5-cele
CD19 Pan B-cells

antigenu CD20 | Mature B-cells

stanovova n}’/Ch pF‘l FMC7 | Activated B-cells

detekci Iymfom(] CD23 | Activated B-cells

CD38 Plasma cells, activated T-cells

CD103 | T and B Lymphocytes

CD11c | T and B cells, NK cells, monocytes

CD25 Activated B-cells

CD22 B-cells

Kappa Light chains

Lambda | Light chains




Priklad panelu
CD antigenu
stanovovanych
pri detekci
leukemii

CD45

Human Leukocytes

CD5 Pan T Lymphocytes

CD10 B Lymphocytes

CD19 Pan B Lymphocytes

CD20 Mature B Lymphocytes
HLA-DR (13) Activated T and B Lymphocytes
CD34 Progenitor Cell

CD117 Progenitor Cell

CD15 Monocytes/Granulocytes

CD33 Myelocyte/Monocyte

CD56 Natural Killer Cells

CD14 Monocyte

CD13 Myelocyte/Monocyte

CDo64 Monocytes

cMPO Myeloperoxidase

c/9a B Cells

C3 Cytoplasmic CD3 T Cells

cIDT Immature Lymphocytes/thymocytes




Detekce fyziologickych funkci
leukocytu a trombocytu

Zmena povrchové exprese antigenu
(receptoru) charakteristickeho pro aktivovany
stav dane bunecnée subpopulace.

Priklady:

- CD11Db - aktivace polymorfonuklearnich
granulocytu a monocytu

- HLA-DR - aktivace T-lymfocytu

- CD69 - aktivace lymfocytu

- CD62L - aktivace krevnich destiCek




Napr. soucasne s imunofenotypizaci v
programu Simulset jako krok C. 7 -
Stanoveni aktivace T-lymfocytu

CD3/HLA-DR Conv
Events acquired:14000 Data set:[1] Q. Cell Type — %l
Gated Events:2369 Q1 CD3- DR+ 15
- Q2 CD&+ DR+ 8
Q3 CD3-DR- 0
L Q4 CO2+DR- 68
Escssc & . Con
Means: 149 27 =i oy s %k
# Total T (CD3+) Lymphocytes 76 OK
Marker EL?IG- -E-L_-% Activated T (CD3+) Lymphoctyes 8 N/A
Operator defined markers are in effect.
Tube Name/ Subset Name/ Conv.
Consistency Ck Ck Name Percent
i _ Lymphs
Average CD3 Total 1 (CDa+) Lymphocytes 77 ~ OK
Sum of Cells T+B+NK 99 OK

Ratio T Lymph H/S CD3,CD4/CD3,CD8 Ratio 1.48 OK




Detekce fyziologickych funkci
leukocytu a trombocytu

- Produkce volnych radikalu fagocyty
(detekce chronicke granulomatézni choroby)

- Stanoveni fagocytarni aktivity
(detekce poruch fagocytovat patogeny)




Detekce fagocytarni aktivity

« Pohlceni fluorescencné znacenych castic (napfr. latexové Castice,
zymosanove castice, obarvené bakteérie)

« Opsonizace castice — porovnani s neopsonizovanou castici udava
informaci o expresy a funkénosti opsoninovych receptoru

Postup:

e Znaceni Castice fluorescencni prébou

« Opsonizace castic vybranymi opsoniny (napf. IgG, C3) nebo kompletnim
sérem daného druhu

* lzolované leukocyty jsou inkubovany dohromady s Casticemi pri teploté
fyziologicke pro dany druh
FITC-Labeled Bacteria
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J Paul Robinson 1998




Rozliseni pohlceni Castice do uzavieneho fagozému
od adherence na povrch fagocytu — aplikace
trypanové modfi (neprostupuje do Zivych bunék), ktera
ma zhaseci vlastnosti pro FITC

FITC-Labeled Bacteria

J Paul Robinson 1998




Detekce intracelularni produkce
cytokinu

- Charakterizace ruznych subpopulaci
leukocytu, které I1ze rozlisit na zakladé rozdilné
produkce cytokinu

- Charakterizace funkcnich vlastnosti bunék
odpoved na vybrany stimul




Cytokiny produkované TH1 a
TH2 lidskymi lymfocyty

Factors influencing development of Th1 and Th2 cell subtypes

IL-12

Low [Ad]

macrophage B cell APC
APC, B7-1/CD28 B7-2/CD28

N

IL-2 TNF-a INF-y IL-5 IL-4 IL-10

www.bdbiosciences.com/pharmingen/CBA/




BD Fastimmune™ Cytokine Flow Cytometry Protocol

1. Stimulate

whole 2. Lyse/Fix 3. Permeabilize4. Stain
blopd or PBMC

l | l
— 6 h ] Wash [ wash[]

V4 \ k
+ Brefeldin A = n
= 9 L —
/ Wash
Optional: cool to 18°C O/N )
o
o 5. Flow
Optional: freeze directly inO cytometry

BD FACS Lysing Solution
anti-IFNy FITC




Shrnuti prednasky priklady aplikace
prutokove cytometrie v klinicke
iImunologii a hematoloqii

Imunofenotypizace

Funkcni testy

Zmeéna exprese vybranych povrchovych markru (vétsinou receptory
nezbytné pro funkci daného lymfocytu)

Indukce proliferace (stanoveni bunecného cyklu)
Produkce cytokinu

Stanoveni cytotoxicity NK bunék a cytotoxickych lymfocytu
Produkce volnych radikalu fagocyty

Fagocytarni aktivita




