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Stem cell biology mee
systems biology
Ingo Roeder'* and Freddy Radtke?

Attractor
,»Cilovy*
pohyb

Fig. 1. Attractor concept for thhe description of cellular states and
different levels of wvariability. (A0 .5 three-dimensional illustration of
an attractor landscape. The valleys represent stable stationary states (1.€. poucpment 136, 5252520 2003
attractors) generated by a hvpothetical regulatory netwwork. Depending
orn the particular configuratiomn of the Nmnetvwork (e.g. different parameter
wvalues, such as tramnscription or decay rates), a different number and/or
different qualities of attractors are possible. (B-D) Selected attractor
configurations (i.e. cross-sections of the given landscape) wwith
corresponding variance components. (B) 2 simngle attractor,
characterised by a small degree of potential fluctuations i lHHular
characteristics wwithinm the attractor ("microheterogeneity”’).

accessible attractors. This configuration allowws for heterogenieity wwithin
attractors and for otential exchange betwvwween the attractors
Cmacroheterogeneity ). (D) Two separated attractors. Cells are trapped
iNn one of the twwo possible attractors and canmnnmnot exchange betwvween
them. Howvwewver, a third level of heterogeneity (illustrated by the blue
arroww) corresponds to potential chanmnges imn the attractor landscape
itself. This can be achieved by changes in the configuration (e.g. the
parameter values) of the netwvwork, even without chanmnging the
structure/tTopology of the Nmnetwwork.
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Spolupusobeni
Jregulatoru rustu”
rozdilné chemické povahy

na proliferaci
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Efekty inhibitoru
metabolismu AA

vyznam rovnovahy
v prisunu prekursorovych PUFAs
a
v produkci jednotlivych jejich metabolitu
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positive effect on cell proliferation—an example
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Negative effect on cell proliferation—an example
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Negativni uCinek PGEZ2 na proliferaci k. bunek + Indomethacin
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Zpetné vazby
Negativni zp. Vazba

na systémové urovni

(tkane a organismus)



BIOLOGICAL MEDIATORS
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Arachidonic acid: metabolic pathways and its
possible modulations

abbreviations:
ETYA = 58,11,14 -eicosatetraynoic acid ESC
MEMBRANE PHOSPHOLIPIDS = esculetin NDGA =

nordihydroguaiaretic acid
FLAP = 5-lipoxygenase activating protein 9-

INDOMETHACIN — ETYA HE = 9-hydroxyellipticin HETEs =
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néktera
OBECNA VYCHODISKA.,

DULEZITA PRO POSTIZENi CHOVANIi A SMEROVANiI BUNECNYCH
POPULACI, Z NICHZ LZE VYCHAZET, MOHOU BYT TATO:

swes wrs

proliferace) a jejich ubytkem (napf. smrti apoptézou) je podminkou pro zachovani

homeostazy na tkanové urovni.

Proto zmény Vv _intenzité proliferace, diferenciace a apoptdézy po pusobeni jakychkoli

podnétll, jez mohou tyto procesy ovlivnit, Ize chapat jako integralni ukazatele

poruseni této homeostazy.

Vhodny zpusob detekce téch zmén, které vedou k trvalejSimu poruseni rovnovahy
mezi produkci a ubytkem bunék muze celkové odrazet nejen poruchy, které jsou
zakladem tzv. proliferativnich chorob (nadorovych onemocnéni), ale byt i ukazatelem

procesu vedoucich k obnové porusené rovnovahy.

Parametry, jimiz |ze postihnout tyto tendence, by proto mély byt predmétem zajmu

nejen teoreticky orientovanych pracovniki, ale i laboratofi zabyvajicich se ucinky

Skodlivych latek vnéjsiho prostiedi, Slechtitelskych
orientovanych laboratofi.

a zejména klinicky




Experimental Hematology 21:138-142 (1993)
© 1993 Intemational Society for Experimental Hematology

The effect of nordihydroguaiaretic acid,
an inhibitor of prostaglandin and leukotriene
biosynthesis, on hematopoiesis of gamma-

irradiated mice

Experimental
Hematology

Alois Kozubik, Jitina Hofmanov4, Jitina Hola, Jaromira Netikové
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Fig. 1. Numbers of endogenous macroscopic spleen colonies
ESC) in mice irradiated with a dose of 5 Gy 1 hour after i.p.

injection of various doses (U.ULS to U./5 mg) Ol NDGA.
respective groups comprised 20 to 30 animals.
* p<0.05, ** p<0.01 as compared with control (C) mice

GM-CFC / FEMUR x 10°

NDGA( mg')

Fig. 2. Dynamics of the postirradiation recovery of GM-CFC
in mice irradiated with a dose of 5 Gy 1 hour after i.p. injec-
tion of various doses (0.015 to 0.3 mg) of NDGA.

* p<0.05, ** p<0.01 as compared with control (C) mice

Aplikace NDGA
JLJerapeutickém rezimu”

a jeji davkové zavislé
ucinky na regeneraci ESC
a GM-CFC



Indices Non- Exp. Days after irradiation
irrad. group
control S 10 14

Granulocytes  595.8+52.9 C 406.4+51.8 971.5+130.8 601.1+82.2

NDGA 717.7*+64.0 1597.8+176.0% 575.7£37.5
Lymphocytes 3184.2+239.4 (€ 787.5+81.8 830.8+140.0 1575.2£141.6

NDGA 935.9+83.5 1025.9+113.0  1617.6+£105.5
Nucleated cells
per femur x 1073.0141+0.1476 C 0.8240+0.0942  1.5486+0.0657 / 1.8255+0.0778 2.4760+0.0721

NDGA 0.7577+0.0417  1.6477+0.440 .2960+0.1500* .491940.2023%

Numbers of granulocytes and lymphocytes, and bone marrow cellularity measured at selected postirradiational intervals in control (C) and experi-

mental mice treated with NDGA at a dose of 0.3 mg per mouse 1 hour before 5 Gy gamma-irradiation. At least 10 animals per group were used.

*p<0.05; **p<0.01 as compared with control (C) mice

ESC(a)

Fig. 3. Endogenous spleen
colony numbers (ESC) detected
on day 10 (A), GM-CFC numbers
in femoral marrow on day 2 (B)
and exogenous spleen colony
numbers (CFU-S) in femoral mar-
row on days 2 and 6 (C) after 5
Gy of gamma-irradiation and
experimental treatment (0.3 mg
of NDGA, 0.25 mg INDO or 0.51
mg ESCUL, i.e., isomolar doses
administered 1 hour before irra-
diation). Ten mice per group
were used for ESC and CFU-§
determination; each value for
GM-CFC represents the average
of 3 independent experiments.

* p<0.05; ** p<0.01 *** p<0.001 as
compared with control (C) mice
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Effects of drugs inhibiting prostaglandin or leukotriene
biosynthesis on postirradiation haematopoiesis in mouse

A. KOZUBIK*, J. HOFMANOVA, M. POSPISIL, J. NETIKOVA, J. HOLA
and A. LOJEK
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Priklad aplikace inhibitoru metabolismu AA
v ,protektivnim rezimu”




SURVIVING FRACTION

CFU-Sla)

T T T 1

1 2 3 L

RADIATION DOSE(Gy)

SURVIVING FRACTION

10 4 GM - CFC (b)

I T T 1

0 1 2 3 L
RADIATION DOSE (Gy)

Figure 4. Radiation survival curves of femoral marrow CFU-

S (a) or GM-CFC (b) populations. Control mice were
injected i.p. with the vehicle ([, dotted lines). Experi-
mental animals were treated with indomethacin
(0-3 mg/mouse; ® thick lines) or  esculetin
(0-15 mg/mouse; O thin lines) 1 h before irradiation
with the indicated doses. Bone marrow for transplan-
tation (CFU-S) or determination of GM-CFC was taken
1 h after irradiation. Results represent pooled data from
two independent experiments (mean+SEM). Eight to
twelve mice per point were used.

INT. J. RADIAT. BIOL., 1994, voL. 63, no. 3, 369-377

Effects of drugs inhibiting prostaglandin or leukotriene
biosynthesis on postirradiation haematopoiesis in mouse

A. KOZUBIK*, J. HOFMANOVA, M. POSPISIL, J. NETIKOVA, J. HOLA
and A. LOJEK

(Received 21 May 1993; revised 31 August 1993; accepted 15 October 1993)

Diléivshr,nutl'
(MOZNE MECHANISMY)

Radiorezistence
kmenovych a
prekurzorovych
bunék neni
oblivhéna !l

Efekty inhibitor mohou byt tedy zplisobeny zasahy do biosyntézy eikosanoidl a jejich

regulacnimi u€inky na krvetvorbu
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Figure 2. Mean+ SEM numbers of CFU-S and GM-CFC in
the femoral bone marrow of the 8-5 Gy-irradiated and
bone marrow-transplanted mouse determined on day 6
after transplantation. On days 3, 4 and 5 after trans-
plantation _mice were 1njected with 1ndomethacin
(INDO, 0-:025mg/mouse and dose) or esculetin
(EST S : mg/mousc S¢c),
doses (a total of six injections were administered). Con- INT. J. RADIAT. BOL., 1994, vOL. 65, 0. 3, 369-377
trol mice (open columns and dotted areas) were treated
in the same way with the vehicle. Two independent
experiments were performed and the data were pooled.
Twelve mice per group were used. Statistical signifi-
cance: x, p<0-05; and xx, p<0-01 as compared with A. KOZUBIK*, J. HOFMANOVA, M. POSPISIL, J. NETIKOVA, J. HOLA

and A. LOJEK
controls. { Received 21 May 1993; revised 31 August 1993; accepted 15 October 1993)

Effects of drugs inhibiting prostaglandin or leukotriene
biosynthesis on postirradiation haematopoiesis in mouse
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Figure 3. Percentage changes (related to 1009, of irradiated
control) of peripheral blood granulocvtes (@, Q) and
lymphocytes (M, [J) in selected intervals after 5-Gy

irradiation of mice. One hour before irradiation, mice
were injected i.p. with indomethacin (0-3 mg/mouse,

closed symbols) or esculetin (0-15 mg/mouse, open sym-
bols). Control mic®were mjected with the vehicle. Ten
mice from two independent experiments per point were
used (mean £ SEM). Statistical significance: x, p<0-05;
and xx, p<0-:01 as compared with control.
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Dosazeni dynamické rovnovahy v systému po
podnétech rozdilné intenzity
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Zpetné vazby
Negativni zp. vazba
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Negativni zpé&tna vazba I_I_l_l_l_‘ s y\/\/\/

regulacni systém
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Obr. 2. Systém se zpétnou vazbOu zadang hodnota,@— regulaéni odchylka, F, — akéni
veli¢ina, Fq — poruchova veliéina., vystup systémau.



Zpetna vazba negativni:

Pusobeni na vyssich urovnich
organizace systemu



HDP

predstavuje veskerou finalni produkci v penéznich jednotkach
(celkovy objem vyrobku a sluzeb) za urcité obdobi (zpravidla 1 rok)
narodnimi vyrobnimi faktory dané zemeé ,

bez ohledu na to, ve kterém staté pusobi.

Je odrazem sumy vnéjSich a vnitfnich faktort schopnych ovlivnit ekonomiku
Nevypovida nic o “kvalité zivota”,
finalni produkce - takova produkce, ktera je vyrobena a prodana,

aby byla spotrebovana domactnostmi, statem,
pouzita jako investice nebo vyvezena jako export
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Vyvoj redlnych mezd (relace k roku 1989)
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Vysledky voleb do senatu CR 2006-2012 (%)
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Vyvoj inflace mezirocneé v %

Inflace - 2009, mira inflace a jeji vyvoj v CR
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Vyvoj HDP mezirocné v %
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Poruseni funkci
negativni zpetné vazby

obecnejsi platnost



Dusledky prevahy
pozitivni zpetne vazby



Fakta - dynamika a nékteré priginy zadluZovani
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Priklad extremne
,regulacne nevyvazeneho"
vnitrne rozporneho systemu

(oCekavanému zachovani rustu
Neodpovidaji prostredky a zdroje)
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Obr. 17. Individuélné rozdilnd Gc¢innost regulaénich funkei podmitiuje
individualné rozdilné dlspozme k onemocnénl “Nemfa.zené“

regulovand veli¢ina je ¢ nnd : 2
obvyklé hranice nez veli¢ina regulovana, ,,vyvaiené“ (podle Pospi&‘zla 1977b).
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nakladova funkce

b

Obr. 15

Nakladovd funkece cé-
vy dané délky jako
funkce jejiho poloméru

S rostoucim polomérem kle-
s& odpor proudéni (dilci na-
kladova Ifunkee T7,), ale
Stou : né-
klady (diléi nakladova

1,0

1,5
pelomér cévy

funkce P,;). Blologické Op-
timum teoreticky odpovida
minimn celkové nakladove
funkee P; poloha optima
je vSak ve skute¢nosti
hierarchicky podfizena ne-
zbytnému kompromisu me-
zi maximalnimi a klidovymi
pozadavky na cirkulacni
systém (podle Milsuma a
Roberge 1973).
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Fig. 10. Mortality of rats to the 30th day after X-irradiation with a dose of 7 Gy, divided into groups
according to Na/K ratio in the urine (mean values from 5 daily samples of urine before irradiation). The
experiment characterizes the results obtained in the spring and summer period and demonstrates the
unfavourable significance of extreme variants of the predictive parameter used (after Pospisil et al. 1971).
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Fig. 11. Mortality in groups of mice of the non-inbred strain “H” up to the 30th day after X-irradiation
with a dose of 6 Gy, divided according to class intervals of Na/K ratio in the urine (mean values from
2 daily urine samples on the 4th and st days before irradiation). Animals caged in groups of five and 25
individuals were used. The results show the U-type relation between the parameter studied and the ex-
pression of individual radiosensitivity, and demonstrate the possibility of influencing the individual reacti-
vity of animals by external environmental conditions (after Pospilil et al. 1976).
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FIGURE 1. — Schematic illustration of the various types of dependence
between the individual state of sodium regulation and the values
of cellular and metabolic functions under various experimental

conditions.



1,1 -, celkové naklady* potfebné k navozeni zmény stavu

(reakce)

3,3" - ,,celkové naklady* potiebné k utlumeni (reakce)




