OBNOVNE BUNECNE POPULACE

Hierarchicka struktura vyvoje tkani
B koZni epitel

sttevni epitel

krvetvorné systémy

zarodecne populace

KMENOVE PLEOPOTENTNI BUNKY? (v kostni dfeni — potencial vytvatet rtizné
bunécne typy)

KMENOVE MULTIPOTENTNI BUNKY (schopné sebeobnovy, zasoba ve tkanich)
PROGENITOROVE BUNKY (transit-amplifying,vice diferencované, ¢aste¢né
schopne de€lent)

ZRALE TERMINALNE DIFERENCOVANE BUNKY (nedélici se klidové butiky,
v G, fazi, umiraji apoptozou)

Je nutne, aby byla dodrzovana prisna rovnovaha poctu a typl bunck v jednotlivych
kompartmentech.

Rovnovaha mezi proliferaci, diferenciaci a apoptozou (mezibunécne interakce,
stimulacni a inhibicni signaly, diferenciacni faktory, viabilitni faktory atd.)



Linie kmenovych bunék v dospé€lé tkani a normalni obnova tkani

4. FALLING LEAVES
APOPTOSIS

3. LEAVES very many
DIFFERENTIATED TISSUE CELLS

2. BRANCHES many
PROGENITOR CELLS,
TRANSIT- AMPLIFYING CELLS

1. TRUNK few
STEM CELLS

LOSS OF POTENTIAL/ GAIN OF DIFFERENTIATED FUNCTION

Fig. 1. Stem cell lineages in adult tissues and normal tissue renewal. In analogy to the structure of a tree with a very small trunk. normal tissue stem
cells represent a very small proportion of the tissue cells and do not normally proliferate. The differentiating progeny of the tissue-determined stem
cells is represented by the branches. which represent lineages of cells eventually giving rise to the terminally differentiated functional parenchymal cells.
represented by the leaves. For deciduous trees, loss of the leaves at the end of the year (falling off or apoptosis) occurs in cycles, whereas in animal
tissues there is a continuous production and loss of cells. Cancer results when the rate of proliferation increases and the rate of cell loss remains the
same or when the rate of proliferation stays the same and/or the rate of loss decreases.




Definice kmenové bunky
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Figure 22-4. Molecular Biology of the Cell, 4th Edition.
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Figure 22-7. Molecular Biology of the Cell, 4th Edition.




SYMETRICKE A ASYMETRICKE DELENI

SYMMETRIC DIVISION

EMBRYONAL
STEM CELLS

LOGARITHMIC
EXPANSION

ASYMMETRIC — GERMINAL AND

DIVISION O+, AWPLIFYING SOMATIC
b (O CELLS STEM CELLS

+Ox_

LINEAR EXPANSION

Fig. 2. Symmetric and asymmetric division. When cells divide symmetrically, each daughter cell 1s identical and retains the potential of the parental
cell. When cells divide asvmmetricallv. one of the daughter cells remains a stem cell, whereas the other begins the process of determination [310.311].
In adult tissues. the progeny of the tissue stem cells undergoing differentiation (determination) retain the capacity to proliferate (transit-amplifving cells)
and comprise the major source of cells for normal tissue renewal.




Predpokladana diferenciacni draha kmenove bunky kostni diené

I PLEOPOTENT LONG-TERM STEM CELL (very rare)

|' .3 (CD34-, c-Kit+, Scal+)

MULTI/PLURIPOTENT SHORT TERM
‘\ STEM CELL (CD34+, c-Kit+, Scal+)

— _,_\

| MULTIPLURIPOTENT PROGENITOR
CELL (CD4lo)
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Fig 9. Hematopoietic Cell Lineage. Suggested differentiation pathway of bone marrow stem cells in the hematopoietic pathway. The multi/pluripotent
stem cell 15 a reserve stem cell and normally proliferates very rarely. The expansion of the cell lineage 1s accomplished by transit amplifying cells that

expand into nine different cell lineages. The number of multi/pluripotent stem cells may be very low, whereas the number of various differentiated cell
types 1s very high.
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Multi/pluripotentni nejprimitivnéjSi hematopoeticka bunka je klidovad kmenova bunka
reagujici na stres. Z ni vznika vétSina proliferujicich bunék v kostni dieni (preg nitory)

Zrale dif. bunky — erytrocyty (rbc) — bez jadra, polymorfonuklearni b. — inaktivovane jadro
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Normalni a narusena kontrola produkce z kmenové bunky
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Figure 23-14. Molecular Biology of the Cell, 4th Edition.
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Zmeny v poctu bunék je tieba interpretovat jako zmeny

bunécne kinetiky —sledovani zmén v &ase.

Tvorba terminalné diferencovanych bunék z casnych bunécénych prekurzort — 4-8
dni1 (3-6 mitotickych déleni)

Setrvani v periferni krvi — 10 h (neutrofilni leukocyty), 10 dnti (trombocyty), vice
nez 100 dnt (erytrocyty).

Schopnost produkce kmenovych bunék — kazdy den vznika asi 3x 10!! funkénich
bunck — muze se zvysit az 10x.

Anemie - snizena produkce erytrocyti

Polycytemie — zvySena produkce erytrocytl

Kvantitativni poruchy se mohou tykat riiznych trovni diferenciace erytrocytii
Trombocytopenie a trombocytemie — poruchy produkce trombocytll jsou nasledkem
poruchy tvorby nebo ploidie megakaryocytl

Neutropenie — poruchy granulocytarniho systému. Periferni neutropenie mohou byt
zpusobeny zrychlenym odbouravanim bunék, poruchou v jejich produkei nebo
zménou jejich distribuce.

Neutrofilni leukocytozy — podminény nadprodukei nebo presunem mezi
kompartmenty (CML — priklad klonaln€ podminéné leukocytozy).

Lymfopenie a lymfocytozy —poruchy lymfocytiu (CLL).

Pancytopenie — kvantitativni porucha nékolika bun. systemi

Aplasticka anemie — snizeni hemopoetickych bunék v kostni dieni



Vytvofeni kultivacnich systému pro klonalni vyvoj hemopoetickych bunék
umoznilo odhalit proteiny, které reguluji bunécnou viabilitu, rist a diferenciaci
ruznych hemopoetickych linii a take odhalovat molekularni zaklady normalniho a
abnormalniho vyvoje krvetvornych tkani.

Tyto regulatory zahrnuji cytokiny zvane faktory stimulujici rust kolonii (CSF) a
interleukiny. Rtzné cytokiny indukuji viabilitu, mnozeni a diferenciaci a
hemopoé€za je kontrolovana siti interakei cytokint.

Tato multigenova sit’ zahrnuje pozitivni regulatory jako jsou CSF a IL a
negativni regulatory jako TGF beta a TNF-alfa.

Sit’ cytokint, ktera vznikla béhem evoluce umoznuje znacnou flexibilitu
zavisejici na tom, ktera cast sitc je aktivovana a na okamzitém zesileni odpoveédi
na prislusny stimul.

CSF a IL indukuji bunécnou viabilitu inhibici programovane bunécné smrti -
apoptozy. Ta je t¢z regulovana geny jako pS3, c-myc a bel-2 a suprese nebo
indukce tohoto programu miize vyustit v podporu nebo supresi nadoru.
Cytokiny, ktere reguluji normalni hemopoézu mohou kontrolovat abnormalni rust
jistych typu leukemickych bun€k a potlacovat malignitu indukei diferenciace.
Geneticke abnormality, z nichz vznika malignita jsou tak obchazeny a jejich
ucinek anulovan indukci diferenciace a apoptozy.

Hemopoetické cytokiny objevené In Vitro jsou aktivai In VIVO a jsou klinicky
vyuzivany.



The early acting growth factor which

maximises host defense
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LEUKEMIE A LYMFOMY

nekontrolovana klonalni proliferace a expanze hemopoetickych bunck, ktere ztratily
schopnost normalné diferencovat do zralych krevnich bunck.

Mechanismy iniciace a progrese leukémii souviseji se zménami v normalnim
homeostatickém mechanismu, ktery reguluje produkci krevnich bunck.

Vznika na rtiznych arovnich vyvoje hemopoetickych bunck.

Zékladni typy: lymfoidni a myeloidni, mnohdy tézko definovatelne

Preleukemicke stavy

vyjadiuji jen ¢ast plného leuk. fenotypu" bud’ expanzi riustu (myeloproliferacni
syndromy) nebo diferenciacni blok (myelodysplasie).

» MYELOPROLIFERACNI SYNDROM - expanze riistu

Chronicke leukemie (CLL, CML)

» MYELODYSPLASIE - porucha diferenciace

Myelodysplasticky syndrom

malé pocty cirkulujicich zralych bunék, asynchronie zrani jadra a cytoplasmy.
Chromosomalni abnormality: delece dlouhych ramen 5 a 7 chromosomu
Progrese do

» AKUTNI LEUKEMIE - porucha proliferace i diferenciace

cirkulujici nediferencovane lymfoidni (ALL) nebo myeloidni blastoveé bunky (AML)



Heterogenni onemocnéni s odliSnymi epidemiologickymi, histologickymi,
cytologickymi, imunologickymi a genetickymi charakteristikami.

Lisi se projevy, stupném malignity a odpovédi na lécbu.

Vyskytuji v détském 1 dospélem véku

Je nutna klasifikace — riizne systémy, dalezité pro prognozu a lecbu
Imunofenotyp je soubor povrchovych znakti — CD antigenti charakteristicky
pro urcity typ bunck periferni krve a kostni drené.

Stanoveni imunohistochemicke a imunocytochemicke — fezy tkani, natéry —
antigeny se znazornuji protilatkou vizualizovanou zpravidla enzymatickou
reakci. Umoznuje soucasné stanoveni morfologie bun€k a vySetieni tkani
Imunofluorescence - v bunécnych suspenzich — krev, kostni dren, vypotky,
mozkomisni mok, suspenze ze solidnich tkani.

Umoznuje detekovat zkoumane antigeny pomoci specifickych fluorescencné
znacenych protilatek (fluorochromy, imunofluerescence, prime nebo neprime
znaceni). Rychla metoda, siroke spektrum protilatek.

Tzv. kokteily protilatek — jednim fluorochromem znaceno vice protilatek,
Kombinace vice protilatek proti riznym epitoptim jednoho antigenu
Stanoveni - fluorescencni mikroskopie a prutokova cytometrie



P. Klener:
Klinicka onkologie
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Becton Dickinson Instruments (BD) - since 1974 Bb has been the leading provider

-recent models of innovative technology in flow cytometry

High performance, high speed cell sorter
FACSDiva (Vantage)

. Flow sorting instrufnent
benchtop system capable of both cell analysis for the research laborat@ry

and sorting fully integrated multiparameter system,
wide range of research and clinical applications

It has combined benchtop
easy-of-use

with the flexibility and performance
of high-end flow cytometers

BD LSR - the first 6-Color Benchtop
Research Flow Cytometer

Building on the easy-of-use standard set by the

FACSCalibur, the BD LSR offers

software instrument Control,

push button fluids, L

and fine-adjust c aborator
ytokinctiky
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BASICS of FLOW CYTOMETRY

Represent:

FLUIDS
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Institute of Biophysics, Brno
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Cells in single file
flow through

where they scatter light
and emit fluorescence

The speed of flowing cells
Optimum for immunophenotyping: 1000 cells/s
Optimum for DNA analysis: 200-300 cells/s

Purdue University Cytometry Laboratories



INTERACTION OF LIGHT WITH THE CELL

Fluorescence is emitted, and light scattered, in all directions.

THE AMOUNT OF LIGHT SCATTERED
AT LARGE ANGLES (15 - 150°)
INCREASES WITH CELLS’

INTERNAL GRANULARITY

AND SURFACE ROUGHNESS

INCIDENT LIGHT BEAM

ﬁ

THE AMOUNT OF FLUORESCENCE
EMITTED MUST BE LESS THAN

THE AMOUNT OF LIGHT ABSORBED,
AND

IS GENERALLY PROPORTIONAL
TO THE AMOUNT(S) OF INTRINSIC AND/OR

EXTRINSIC FLUORESCENT MATERIAL(S) IN
OR ON A CELL

EXTINCTION, I. E., THE LIGHT LOSS
FROM THE INCIDENT BEAM,
REPRESENTS THE SUM

OF LIGHT ABSORBED AND LIGH
SCATTERED

BY THE CELL

THE AMOUNT OF LIGHT
SCATTERED AT SMALL ANGLES
(0.5 - 5°) GIVES A ROUGH MEASURE
OF CELL SIZE

but is affected by other factors,
such as refractive index



How Forward Angle Light Scatter is collected

The intensity of forward scatter is proportional to the
Size

Shape

Optical homogenity

of cells (or other particles)

When a laser light source is used

The amount of light scattered in the Forward direction B elead
(along the same axis

That the laser light is traveling) in the forward scatter channel

Purdue University Cytometry
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How 90 Degree (side) Light Scatter

is collected

The intensity of side scatter is proportional to the
Size

Shape

Optical homogenity

of cells (or other particles)

Laser

~ I ”
> » . i FALS Sensor
[

When a laser light source is used

the amount of light scattered to the side O COERED

(perpendicular to the axis in the side or 90

that the laser light is traveling) scatter channel

90LS Sensor

Purdue University Cytometry Laboratories



Light Scatter Gating
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CELLULAR ANTIGENS
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CHRONICKA LYMFATICKA LEUKEMIE (CLL)

Lymfoproliferativni onemocnéni — klonalni proliferace lymfocytii na urcite
urovni maturacniho procesu s postupnou akumulaci nefunkcénich lymfocyta v
lymfaticke tkani (slezina, uzliny, jatra, kostni dien) 1 periferni krvi

B-CLL - nejcastéjSi forma, zastava mezi pre-B a zralymi B-lymfocyty

T-CLL — meng Casta, v etiologii infekce retrovirem HTVL-1, horsi progndza a
odpoveéd’ na 1ecbu

PROLYMFOCYTARNI LEUKEMIE (PLL)

CHRONICKA MYELOIDNI LEUKEMIE (CML)

je klonalni myeloproliferativni onemocnéni pluripotentni progenitorove bunky.
Zahrnuje myeloidni, erytroidni, megakaryocyt, B- nékdy T-lymfoidni elementy,
ale ne fibroblasty kostni dien¢ (KD). Nemoc je siln¢ heterogenni, ma 2 az 3
fazovy prubch, nejcastéji u osob nad 50 let.

Specificka cytogeneticka abnormalita - Philadelphia (Ph) chromozom.
Molekularni marker ber-abl zfizovany gen, translokace t(9;22)

V minulosti byla prognoza pacientii s CML velmi Spatna (stf. doba preziti 3
roky). Nyni se prognoza zlepsila diky vcasne diagnoze, zlepSujici se terapii a
podpurne lecbe.

[Lécba hydroxyureou a busulfanem podporovana [FN a autologni transpl. KD. Nyni je
stt. doba preZiti asi 60-65 mesictl.

S [FNalfa 20-25% pacientti preziva. Vedlejsi ucinky - horecka, nechutenstvi, svalove
bolesti, dlouhodobgjsi - ztrata vahy, deprese, nespavost atd.



Charakteriky ruznych typt leukemii 1lustruji vztah ke stadiu
zastavy diferenciace.

Typicke geneticke zmény ovlivnujici jak proliferaci (aktivované
kinazy) tak apoptozu (Bcl-2)

Table 2

Some gene rearrangements mn leukenuas and lymphomas
Leukemia/lymphoma Gene rearrangement Gene activated

CML 1922 ber/abl Tyrosine phosphorylase
AML t8:21 IL-3R Tyrosine kinase
APL t15:17 PML/RAR«w Retinoie acid receptor, blocks diff.
ALL t12:22 TEL/MN1 Transcription factors
t9-12 TEL/abl Tyrosine phosphorylase
Burkitt's (B-cell) t8:14 gG/my c-mye (transcription)
B-cell lymphoma t14/18 gG/bel? 2. blocks apotosis
CLL 7 blocks apotosis

Listed are only a few of the many gene rearrangements found in leukemias and lymphomas. These rearrangements frequently result in translocation of

a promoter and a structural gene, resulting in activation of expression of the rearranged gene. The two major classes are those that activate kinases and
cause proliferation, and those that activate genes (such as bel-2), that block apoptosis. Examples of how these gene rearrangements are mamfested in
lenkemias and lymphomas are presented in Figs. 10 and 11.
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Obr. 2.17 Ph chromozom je produktem translokace t(9;22)(q34;q11). Na Ph chromozomu vznikéa fuzni gen BCR/abl,
ktery se vyznamné podili na maligni transformaci hematopoetickych prekurzoru.

Z. Adam, J. Vorlicek, J. Koptikova:
Obecna onkologie a podpurna 1écba




CHRONICKA MYELOIDNI LEUKEMIE

Obr. 47.6. Kostni dreri nemocnéeho

P. Klener:
Klinicka onkologie




CHRONICKA LYMFATICKA LEUKEMIE (CLL)

Obr: 47.7. A — obvodovd krev u CLL; B — kostni dreri u nemocného s CLL

P. Klener:
Klinicka onkologie



AKUTNI LEUKEMIE

Akutni lymfoblasticke leukemie (ALL) — akumulace nezralych
lymfoidnich bunék v KD

prevazné u déti — asi 80% vsSech leukemii détskeho véku a asi 25% vSech
détskych nadorli. Prognoza je relativné€ ptizniva.

U dospélych starSiho veku asi 20% vSech akutnich leukemii — mené prizniva
prognoza.

Dva zakladni typy — B-ALL nebo T-ALL

Akutni myeloidni leukemie (AML) — nejéast&jsi leukemické
onemocneni dospélych — az 85% AL u osob starSich 20 let. Prognoza se v
poslednich letech zlepsila.

NON-HODGKINSKE LYMFOMY (maligni lymfomy, NHL)
Vznikaji nadorovou transformaci bunék lymfoidnich tkani.

Klasifikace obtizna, n€kdy neni rozdil mezi leukemii a lymfomem jasny.
U déti asi 12% u dospélych 3-4% vsSech zhoubnych nadort



Acute lymphoblastic leukemia

100%

Q0%

10 1" 12
Chromosomes

7 hyperdiploid (=30 chromosomes) acute lymphoblastic leukemia without concomitant structural

chromosome changes. The most frequent polysomues are those of chromosomes 21 (most often tetrasony

ALL — rada subtypu liSicich se v
odpovedi k terapii a riziku relapsu v
zavislosti na diagnostickem karyotypu.
POLYSOMIE

25-30% - vice nez 50 chromozomil
(hyperdiploidie) bez dalSich struktur.
karyotypovych abnormalit

6,14, 4 18 17 and 10.

Acute lymphoblastic leukenua (ALL) 1s a heterogeneous
disease characterized by the accumulation of immature lym-
phoid cells in the bone marrow. Subtypes of the disease dif-
fer markedly in their response to therapy and subsequent risk
of relapse. not least depending on the diagnostic karyotype
which is today used routinely for accurate risk assessment
and therapy tailoring [22]. The most common cytogenetic
subgroup of childhood ALL (2 s defined by the pres-

ence of more than 50 chromosomes (massive hyperdiploidy)
in the leukemic cells. mostly without concomitant structural
karyotypic abnormalities; this cytogenetic feature is associ-
ated with a good prognosis given state-of-the-art treatment



AML - gen. zmény vedouci ke konstitutivni aktivaci receptoru pro IL-3 — aktivace
tyrosin kinaz a proliferace.
Aktivace IL-3 receptoru podporuje rist vSech typli myeloidni fady
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Fig. 10. Constitutive activation of the IL-3 receptor causes myelogenous leukemia. IT.-3 is active in the proliferation and differentiation of all cells i the
myeloid series, mcluding polymophonuclear leukocytes, monocyies, megakarocyies (platelets), and ervthrocytes. Thus, constitutive activation of the IL-3
receptor results i an increase in the precursors of all of these cell types, a charactenistic of acute myelogenous leukemia. Modified from [316].




B-lymfomy, Burkittuv lymfom
Translokace a aktivace imunoglobulinového (Ig) promotoru spojena s aktivaci genli
c-myc (podpora proliferace) a Bcl-2 (blok apoptozy)

Rychly nartist nezralych B bunck, které neumiraji
Geneticka zména v kmenoveé buniice, ale riist nadoru je urcen stadiem maturace, kde
dojde k aktivaci Ig promotoru.

PLURIPOTENT BONE MARROW STEM CELL
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e PLF\SM& CELL
lg PROMOTER -
ACTIVATED IN B-CELLS
Myc - proliferation \O
Bcl-2 - immortalization

Fig. 11. Actvation of immunoglobulin promoeter linked to oncogene (c-Myc) and/or apoptosis blocking gene (Bel-2) produces B-cell cancer mn transgenic
mouse model of Burkitt's lymphoma. B-cell lymphomas occur when the immunoglobulin gene promoter 1s linked to an oncogene (c-Myc) and/or a gene
that codes for the apoptosis blocker, Bel-2. Although the Ig-promoter/oncogene translocation 1s present in every cell in the animal, the promoter 1s only
activated m B-cells, so that other cells m the lymphocytic lineage are not affected.
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Obr. 2.15 Typ hematoonkologického onemocnéni, které se bude vyvijet, zavisi na vyvojovém stadiu lymfoidni prekur-
zorove bunky zasazeneé maligni transformaci.
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Obr. 47.4. Schéma lymfoidni diferenciace s vyjddrenim vztahu k riznym lymfoproliferacnim onemocnénim.
Tato onemocnéni mohou vznikat maligni transformact lymfocytu v kterémkoliv stadiu jeho postupného vy-
zrdvani. Fenotyp bunék v patologické populaci se podobd fenotypu jejich normdlnich protéjskii. ALL — akut-
ni lymfoblastickd leukémie; PLL — prolymfocytdrni leukémie; HCL — trichoceluldrni leukémie; CLL — chro-

nickd lymfatickd leukémie; NHL — nehodgkinsky lymfom; HCD — choroba z téZkych retézcii; LL —

lymfocy-

tdrni lymfom; Smlg — povrchovy imunoglobulin; TdT — termindlni deoxynukleotidyltransferdza; CIg — cyto-
plazmaticky imunoglobulin; cALLA — spolecny leukemicky antigen
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Fig. 12, Growth fractions, morphology, and clinical course of three selected lenkemias. In acute myelogenous leukemia, the tumor cells are arrested in
an active growth phase: cells that divide and do not enter Gy, bur pass directly mto the next cell cycle. Few, if any. differentiated cells are seen; the
tumeor 1s made up of blast cells. The growth fraction 1s very high, the expansion of cells 1s essentially exponential, and the time to death, 1f the disease
is not treated. is within a few months. In chronic myelogenous leukemia. the arrest 1s at the level of the transit-amplifying cells. The number of cycling
cells 15 much smaller, and a much higher proportion of the tumor cells undergoes differentiation so that many cells at vanous stages of differentiation
are seem. The growth fraction is small, and the time to death 1s years. In chronic lymphocytic leukemia, maturation arrest occurs m small non-dividing
cells. The functional change 1s a lack of cell death. The vast majority of the cells are in Gy, so that the growth fraction is vanishing small. and the time
to death 15 decades. Modified from [317].




Obr. 47.2. Kostni dreit u akutnich leukémii. A — akutni myeloblastovd leukémie (M,); B — akutni myeloblas-
tovd leukémie (M>); C — akutni promyelocytdrni leukémie (M;); D — akutni lymfoblastickd leukémie
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Obr. 2.20 Dva priklady vyuziti techniky fluorescenéni in situ hybridizace (FISH).

a) Analyza amplifikace genu myc. V normalni bufice se sonda specificka pro gen myc navaZe pouze na dvé ko-
pie genu na obou chromozomech a pfi analyze FISH dava pouze dva signaly. Po amplifikaci genu se sonda
navaze také na viechny nové vzniklé kopie a pfi analyze FISH poskytuje odpovidajici pocet signalu.

b) Detekce translokace BCR/abl. PouZijeme dvé odlisné znacené sondy pro oba analyzované geny. Pfi analyze
normalni bufiky dostavame dva a dva oddélené signaly, zatimco v bunce, ve které probéhla translokace, do-
stavame smésny signal v dusledku emise fluorescence ze sond lokalizovanych v tésném sousedstvi.
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VSechny elementy krve a lymfy jsou odvozeny béhem fetalniho a dospéleho Zivota od
pluripotentni hemopoetické kmenove bunky. Nachazi se v malém poctu v kostni dieni a
vetsina z nich se aktivné nedéli.

Pokrok v 1zolaci a charakterizaci pluripotentni kmenoveé bunky pomaha k poznani s ni
souvisejicich malignit.

Lidske kmenové bunky nesou povrchovy znak CD34 a jsou schopny tvofit fadu kolonii v
semisolidnim prostiedi v odpoveéd’ na rizné specificke rustove faktory. Jiste lidske
leukemickée bunky jako chronicka myeloidni leukémie (CML) nebo akutni myeloidni
leukémie (AML), které predstavuji velmi nezralé kmenove bunky nebo prekursory
jednotlivych linii, se jen velmi obtizné kultivuji in vitro, presto, ze v pacientech rostou velmi
rychle. Chybi asi specificke faktory dodavané mikroprostredim kostni diené.

V soucasné dobé byl objeven novy tzv. steel faktor produkovany stromalnimi bunikami a
jeho receptor e-kit pritomny na fadé hemopoetickych bunék. U mySsi byly definovany dva
genetickeé lokusy regulujici vyvoj kmenové bunky - steel (SL) a white-spotting (W).

W lokus koduje c-kit onkogen, coz je Clen tfidy onkogenti pro tyrosin kinazove receptory. Je
to receptor pro produkt genu Sl majici ristoveé promocni aktivitu pro mnoho hemopoetickych
linii a vykazujici synergii s dalSimi rustovymi a diferenc. faktory jako GM-CSF, Epo a IL-7.
S| faktor je povazovan za kriticky pozitivni efektor ristu a vyvoje kmenovych bunck. Proto
je vénovana pozornost jeho roli v ristove rsgulaci u leukemii, které predstavuji primitivni
typy kmenovych bunck.



Pomérné dobre je objasnéna tloha stromatu kostni diené v regulaci normalni
krvetvorby.
Byly vytvoteny dlouhodobe kultury pro myeloerytroidni a lymfoidni vyvo;.

Rada tidajt predpoklada, Ze vzajemné kontakty bunék a specifické ucinky
extracelularni matrix pomahaji regulovat vyvoj kmenove bunky.

Ritizne typy leukeémii se mohou liSit od normalnich protéjskii tim, Zze nevyzaduji
dale blizky bunécny kontakt pro rlistovou expanzi a cirkulaci v krvi.

Pti vyvoji bunék kostni dien¢ existuje kontrola a rovnovaha, ktera limituje
celkovou bunécnost a odpoveéd’ na stresy jako zareni, krvaceni a pod. Existuji
udaje o negativnich regulatorech kmenovych 1 liniové specifickych bunék, napr.
TGF beta produkovany stromalnimi bunkami.

Pozornost vénovana tomu jak kmenove bunky a rtizne leukemie unikaji této
negativni kontrole.
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Linie vyzkumu mechanismu pusobeni retroviru indukujiciho erytroleukéemii
vedlo k odhaleni, Ze virove proteiny mohou stimulovat rast hostitelskych
bunék tim, ze puisobi jako pseudoligandy pro receptory rust. faktord.

U lidskych 1 Zivocisnych leukémii byly identifikovany geny homologni se
znamymi transkripCnimi aktivatory. Nektere hraji roli v diferenciaci hemop.
bunck, protoze jsou homologni nebo identicke s geny drive identifikovanymi
v jinych experim. systémech jako geny ovliviujici vyvoj a diferenciaci.

Existuje tedy vazba mezi onkogenezi a transkripcni deregulaci.
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Model indukce hematopoetické diferenciace specifickymi transkripénimi faktory.

Transkripéni faktory jsou malo exprimovany u kmenovych bunék CD34. Pusobenim blize
nedefinovanych signalu, jako je vliv interakce ve stromatu nebo signaly rustovych faktoru, dochazi k
upregulaci specifickych tr. faktori napr. GATA-1 or PU.1. To vede k jejich autoregulaci a upregulaci
specifickych receptort pro rustové faktory, coz ma za nasledek vzestup proliferace, diferenciace a
supresi apoptozy specifickych linii. Downregulace specifickych faktori (jako je GATA-1 béhem
myeloidniho vyvoje) muze také hrat dilezitou ulohu.



V normalni bunice je rovnovaha stimulac¢nich a inhibi¢nich signali peclivé
regulovana, protoze to souvisi s regulaci bunécného cyklu, ktery je rozhodujici
pro bunécnou proliferaci a diferenciaci.

V nadorove bunce je v dusledku zmén v signdlnich drahach organizace bunééneho
cyklu narusena.

Bunka je vybavena take zpé€tnovazebnymi mechanismy, které mohou pusobit
proti neobvyklym zménam v procesu bun. déleni.

Patii k nim napt. programovana bunécna smrt - apoptoza, schopnost bunky
spachat za urCitych podminek sebevrazdu, tj. jestlize jeji zakladni komponenty
jsou poruseny nebo jestlize je jeji kontrolni system deregulovan.

Tak puisobi napt. poskozeni chromozomalni DNA. V tomto procesu se ucastni take
specificke geny napt. pS3 nebo bel-2. Mutace téchto genu pak zpusobuji poruchy
apoptozy.

Neschopnost apoptozy prispiva ke vzniku nadorll a k jejich rezistenci k terapii.



Cell Cycle Control Genes in Haematopoiesis
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Exprese genu kontrolujicich bunéény cyklus v jednotlivych stadiich
hematopoetické diferenciace a jeji vztah k funkénimu stavu.



TERAPEUTICKE ASPEKTY VYUZITI CYTOKINU

Identifikace fady protoonkogent jako rust. faktorti nebo jejich receptoru a
dulezité ucinky téchto proteiniti na hemopoetickeé bunky vedly k hledani
dysregulace rust. faktoru a jejich receptorti u leukémiui.

Biologicka terapie s vyuzitim cytokinii a riustovych faktoru predstavuje
zcela novy pristup.

Hemopoeza muze byt ovliviiovana bud’ hemopoetickymi rustovymi faktory
nebo negativnimi regulatory, které mohou zabranit poSkozeni kmenove
bunky béhem chemoterapie. Na zaklad¢ poznatkii o autokrinnich
mechanismech rustu mohou byt klidove maligni bunky uvedeny do
bunécneho cyklu svymi rlistovymi faktory, ¢imz se stanou citliveéjsi k
chemoterapii.

Védomosti o biologické terapii jsou teprve na pocatku, zvlasté pokud se
tyCe vSech aspektli propojené sité cytokinu.

Cytokiny a rustove faktory prenaseji signaly mezi hemopoetickym a
imunitnim systemem bud” samotné nebo indukci uvolinovani dalSich
cytokinil.




KONTROLA HEMOPOEZY A LECBA

P pozitivni regulace - vyuziti hemopoetickych tzv. kolonie stimulujicich
rustovych faktorti (CSF): erytropoetin, G-CSF - granulocytarni rist.
faktor, M-CSF - monocytarni rust. faktor, GM-CSF - granulocytarni-
makrofagovy rust. faktor, interleukin3 (IL-3)

P negativni regulace hemopoézy - prevence poskozeni kmenovych bunck pti
chemoterapii - TGF [3

P autokrinni rist - blokada prenosu rustovych signalti antagonisty ristovych
faktort, receptort a inhibitory dalSich stupnu prenosu signalu (inhibitory
PKC, lipidového metabolismu, “antisense” latky, atd.)

P imunomodulacni latky - ovlivnéni imunitniho systeému hostitele (IL-2,
interferon alfa a gama




Hemopoéza je regulovana vice nez 20 dobie charakterizovanymi faktory
definovanymi jako kolonie stimulujici faktory, interleukiny a cytokiny.
Neéktere z téchto faktoril jsou béZzn€ pouzivany, ale potencialni klinickeé vyuziti
neni Upln€ objasnéno. Prvni byl vyuzit erytropoetin.

Ovlivihovani pacientii cytokiny podleha zcela jinym pravidliim, nezli ptisobeni
cytotoxickymi latkami.

Cytokiny maji Siroké spektrum ucinku in vivo jako je modulace imunitni
odpovédi, stimulace hemopoézy, prima regulace bunécného rustu a
diferenciace, toxicita pro nadorové bunky, ucinky na vaskularizaci nadoru
apod.

Navic nevykazuji jen primarni ucinky, ale spoustéji kaskadu sekundarnich
ucinkaii.



Erytropoetin

P stimulace erytropo€zy po chemoterapii a transplantaci KD

» u nékterych lymfoproliferacnich poruch jako jsou mnohocetné myelomy a chronicka
lymfocytarni leukémie

P u anémii spojenych s chronickym onemocnénim (naddory, AIDS)

» v programech autologniho odbéru krve

CSF (colony stimulating factors, GM-CSF, G-CSF)

» prevence a ovlivnéni myelosuprese

» intenzifikace chemoterapeutickych programi s nebo bez autologni podpory
progenitort z kostni diené (KD) nebo periferni krve

» rekonstituce krvetvorby po chemo- a radioterapii a autogenni nebo allogenni
transplantace KD

» podpora a expanze progenitort periferni krve

» stimulace hemopoézy u syndromi poruch v KD jako je cyklicka neutropenie,
aplasticka anémie

» aktivace efektorovych bunéénych funkci (AIDS, poruchy funkce leukocytit)

» zvySeni ucinnosti cytotoxickych 1€¢iv vybuzenim klidovych leukemickych bunck




Kostni dfen obsahuje asi 0.001% pravych kmenovych bunék, 10x vic
“multilineage” progenitorti a 100x vic liniové specifickych progenitort.

U dospélct cirkuluje v perif. krvi asi 5-10% poctu progenitorovych bunck v
KD. Predstavuji asi 0.1% mononuklearni frakce perif. krve. Vyvinuty metody
zvyseni cirkulujicich progenitort aplikaci specif. cytokint.

CD34+ je glykosylovany povrchovy antigen exprimovany predevsSim
kmenovymi a méné progenitorovymi bunkami.

Byla vyvinuta fada metod pro selekci bun€k s timto znakem. S vyvojem metod
In vitro kultivace Ize tyto buniky namnozit s pomoci synergického ptisobeni
kombinace cytokint (steel faktor + dalsi), pak reinfuze.



Vyuziti vysokych davek chemoterapeutik, které ucinn€ plisobi na citlive nadory
je omezeno vedlejSimi Cinky s hematologickou toxicitou.

Jednou z cest jak prekonat tyto obtize je

metoda transplantace kmenovych bunék z periferni krve (PBSC),

ktera je alternativou k transplantaci kostni difen¢ (KD) a je stale vice vyuzivana.

Vyhody:

» sbcér PBSC leukaferézou probiha mimo pacienta bez potieby anestézie a
moznosti autograftu v pripade ovlivnéni KD infiltraci nadoru, fibr6zou nebo
hypoplasii po chemo- a radioterapii

» dochazi k rychlejSimu obnoveni granulocytopoézy a megakaryocytopoczy
» redukovana mozna kontaminace transplantantu malignimi bunikami.



MYELODYSPLASTICKY SYNDROM (MDS)

je ziskana klonalni porucha kostni drené charakterizovana kvantitativnimi
i kvalitativnimi poruchami v hemopoéze (hodn¢ u starSich lidi - neni mozna
drasticka terapie)

Rada 1é¢ebnych protokoli je zamé&fena na vyuziti diferenciacénich latek k
podpoie zrani blokovanych bungék.

Existuji In vitro modely, kde je mozno pomoci retinové kyseliny, DMSO nebo
vit D3 prip. G-CSF, GM-CSF navodit diferenciaci. Avsak v praxi u pacientii
neprinaseji zadouci vysledky.

Kyselina all-trans retinova (ATRA) je nyni efektivnim Iekem pfi lecbe

akutni promyelocytarni leukéemie (APL).

Na MDS ma vsak maly Gcinek (geneticky duvod - absence translokace 15,17
dalezite pravdép. pro klinicky uc¢inek ATRA).

Rekombinantni rist. faktory jako GM-CSF a IL-3 jsou u MDS pacientli tspesné
vyuzivany ke zvyseni poctu cirkulujicich bilych krvinek a desticek.




Diferenciace myeloidnich leukemickych bunék do nemalignich
zralych makrofaguli nebo granulocytu

Figure 5. Differentiation of myeloid leukaemic cells to non-malig-
nant mature macrophages or granulocytes by normal myeloid differ-
entiation-inducing protein IL-6. (a) Leukaemic cell; (b) macrophage;
(c) colony of cells with macrophages; (d-g) stages in differentiation to
granulocytes [74].
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