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Nékteré moznosti modulace

Metabolicka preména kyseliny arachidonové:
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Zkratky:
ETYA = 5,8,11,14 -eicosatetraynoic acid
ESC = esculetin
NDGA = nordihydroguaiaretic acid
FLAP = 5-lipoxygenase activating protein
9-HE = 9-hydroxyellipticin
HETEs = hydroxyeicosatetraenoic acids
HPETESs = hydroperoxyeicosatetraenoic acids
EETs =

epoxyeicosatrienoic acids
SKF525A = proadifen
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SKF525A, NIDIEA
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Dobovy kontext
od 40.- 80. leta 20. stol.

(Nevada, USA)

Radiobilogicky vyzkum
predevsim pro vojenske ucely.

Duasledky:

Utlumeni a_poSkozeni krvetvorby
(intenzivné proliferujicich populaci)
imunitnich funkci a celého organismu.
Vznik nadorud véetné leukémii atd. ,smrt.

Jestlize dojde k celotélovému vystaveni ionizujicimu zafeni, dochazi k rozvoji tzv. RADIACNIHO SYNDROMU
provazeného devastujicimi u€inky na organismus



The early acting growth factor which
maximises host defense
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Formy nemoci'z ozareni (mys)

davce ozareni

na druhu a celkové , kondici“ organismu.

Forma nemoci z ozareni

Davka

Hlavni oblasti postizeni

Dfefiova (ma smysl 1)

Strevni

5-10 Gy

Kmenové burnky K.D.
Epitely, zejména streva

Centralné nervova

100 Gy

viz vyse v€etné C.N.S.

zvladnuti této formy rozhoduje o preziti organismu

1) vysledky uplatnitelné v radioterapii nadoru
2) objev kmenové bunky krvetvorby

3) radiaci utlumena krvetvorba -

pro studium req. schopnosti savéiho org.




Stresor (v)

poskozeni navozujici podnét

protektivni terapeutick)’z;,-;,;;gﬁ

,rezim ovlivnéni® - (moznosti modulace)




Experimental Hematology 21:138-142 (1993) Experimental
© 1993 International Society for Experimental Hematology He?neatolog;a

The effect of nordihydroguaiaretic acid,

an inhibitor of prostaglandin and leukotriene
biosynthesis, on hematopoiesis of gamma-
irradiated mice

Alois Kozubik, Jitina Hofmanova, Jitina Hola, Jaromira Netikova
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Indices Non- Exp. Days after irradiation
irrad. group
control S 10 14 21
Granulocytes ~ 595.8+52.9 C 406.4+51.8 971.5£130.8 601.1+82.2 1300.4£131.2
NDGA 717.7*+64.0 f 1597.8&176.0*f 575.7£37.5 1486.4+187.9 Pe rife rn I’
Lymphocytes 3184.2+239.4 (& 787.5+81.8 830.8+140.0 1575.2+141.6 1831.6+244.9
— NDGA 935.9483.5 1025.9+113.0 1617.6+105.5 2121.3+268.1 krev

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  2.2960+0.1500* W 3.4919+0.2023** f

Numbers of granulocytes and lymphocytes, and bone marrow cellularity measured at selected postirradiational intervals in control (C) and experi- N &
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. Efe kty d a I S I C h
*p<0.05; **p<0.01 as compared with control (C) mice
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Innivitory
cyklooxygenaz (INDO) stimuluji (+)
a lipoxygenaz (ESUL) inhibuiji (=)

(% OF CONTROL)

granulopodzu ()@
[
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Figure 3. Percentage changes (related to 1009, of irradiated
control) of peripheral blood granulocvtes (@, Q) and INT. J. RADIAT. BIOL., 1994, voL. 65, no. 3, 369-377
lymphocytes (M, [J) in selected intervals after 5-Gy
irradiation of mice. One hour before irradiation, mice

were injected ip. with indomethacin (0-3 mg/mouse, Effects of drugs inhibiting prostaglandin or leukotriene

Clo'“fd S‘ymDOlSJ or:esewcin (Wi mgjmouse, open syl biosynthesis on postirradiation haematopoiesis in mouse
bols). Control mic®were injected with the vehicle. Ten

mice from two independent experiments per point were A. KOZUBIK*, J. HOFMANOVA, M. POSPISIL, J. NETIKOVA, J. HOLA
used (mean £ SEM). Statistical significance: x, p<0-05; and A. LOJEK
and xx, p{().()] as compared with control. ( Received 21 May 1993; revised 31 August 1995; accapied 15 Oclober 1993)
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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 injected with 1ndomethacin

(INDO, 0-025mg/mouse and dose) or esculetin
(EST 2 . Mg /mousc Sc),

doses (a total of six injections were administered). Con-
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
controls.

Priklad aplikace inhibitoru
metabolismu AA v
»terapeutickém rezimu*

NSAIDs lze tedy pouzit jak
k prevenci, tak pfi upraveé
poskozeni

INT. J. RADIAT. BIOL., 1994, voL. 65, No. 3, 369-377

Effects of drugs inhibiting prostaglandin or leukotriene

biosynthesis on postirradiation haematopoiesis in mouse
A. KOZUBIK*, J. HOFMANOVA, M. POSPI3IL, J. NETIKOVA, J. HOLA
and A. LOJEK

( Received 21 May 1993; revised 31 August 1993; accepted 15 October 1993)
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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 ([J, dotted lines). Experi-
mental animals were treated with indomethacin
(0-3 mg/mouse; @ thick  lines) or  esculetin
(0-15mg/mouse; O thin lines) 1h 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. 65, 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 Octaber 1993)

Dilci shrnuti:
MOZNE MECHANISMY

(Indomethacin, Esculetin)

Radiorezistence
kmenovych a
prekurzorovych
bunék neni
ovlivnéna !

Efekty inhibitorll mohou byt tedy zplsobeny zasahy do biosyntézy eikosanoidu a jejich

regulaénimi uc€inky na krvetvorbu
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Hmotnost slezity (mg)
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Dosazeni dynamické rovnovahy v systému po
podnétech rozdilné intenzity
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Viz ,negativni zpetna vazba®



Nékteré moznosti modulace

Metabolicka preména kyseliny arachidonové:
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Zkratky:
ETYA = 5,8,11,14 -eicosatetraynoic acid
ESC = esculetin
NDGA = nordihydroguaiaretic acid
FLAP = 5-lipoxygenase activating protein
9-HE = 9-hydroxyellipticin
HETEs = hydroxyeicosatetraenoic acids
HPETESs = hydroperoxyeicosatetraenoic acids
EETs =

epoxyeicosatrienoic acids
SKF525A = proadifen
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CELKOVE PRODUKTY
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i ey 20ehLTH, Hlavni drahy biosyntézy eikosanoidu
"""""""" %% i (metabolity hlavnich os barevné):
. LXA,
dhk PGD? RN dinor PGF,
dhk LXA, P tetranor PGF,a
3 (;“,;',‘:;fgég COX (purpurova)
e g e~ 5-LOX (oranzova),
tetranor PGD, 15-LOX (zelena),
- 12-LOX (2luta),
P - : v CYP epoxygenase (Gervena),
N — = 1 200h PGF,0t CYP w-hydroxylase (svétle modra),
X 18cooh LTB, and nonenzymatic oxidation (ceda)
LTB, e LXA, & LXB,
12epi LTB,
AGeLTB, . ' HXA, XA,
+ . HXB, :a——:m,
LTA,
12-HpETE
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5-HETE
LTDs—= Al1t-LTD4

12-0x0ETE

J Lipid Res. 2009 June: 50(6): 1015-1038.

LTE; —Y= Al1-LTE,
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Genomické alipidomické studie:
zmeény v biosyntéze eikosanoid
u makrofaga RAW264.7

(jako reakce na Kdo,-Lipid A stimulaci)
VysSi intenzita cervené t
ukazuje zvysSené hladiny,

Vy$$i intenzita zelené  JJ
ukazuje snizené hladiny,

Seda — nezménéné hladiny

J Lipid Res. 2009 June; 50(6): 1015-1038.
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Figure 4. The early and late phases of PGE; biosynthesis in a model cell. Treating a resting cell, such as a serum-starved murine NIH 3T3 cell, with an appropriate stimulus
leads to an early phase burst of PG synthesis involving cPLA;, and constitutively expressed PGHS-1. In certain cells and with certain agonists, a second or late phase of
prostanoid synthesis, involving primarily PGHS-2 and one or more sPLA,s, occurs. cPLA,, is involved in the increase in sPLA, activity in the late phase, and products
formed via PGHS-1 promote the induction of PGHS-2 gene expression. Depending on the cell type and the stimulus (and thus the length of time the rate of PGHS-2 gene
transcription is elevated), PGHS-2 protein levels can continue to increase for up to ~24 h or can begin to decrease after 2-3 h, at which time PGE; synthesis stops. PGHS-1

does not appear to function in PG synthesis in the late phase.

TRENDS in Biochemical Sciences Vol.33 No.1
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Model: mitochondrial ROS signaling
dictates biological outcomes.

o : : .~ 1 Direct damage to
S_treg, — mediatory, AA, Eikosanoidy aj. | DNA/protein/lipids
Signaling events
Senescence,
death
Adaptive
genas

Proliferation/
differentiation

ROS
levels
oo e A, ++ L o
“Stress”
TiBES

Figure 4. Mitochondrial ROS levels are crucial for biological outcomes. Low levels
of mitochondrial ROS production are required for cellular processes such as
proliferation and differentiation. An induction in ROS production will lead to
adaptive programs including the transcriptional upregulation of antioxidant genes.
Even higher levels of ROS will signal the initiation of senescence and apoptosis.
MNon-signaling, irreversible damage to cellular components is only observed under
the highest levels of cellular ROS.

NDGA: dualni inhibitor

mediatoru PGs, LTs

(po ozareni produkovanych
ve velkych mnoZstvich)

Obdobné samotna AA:
Zdroj lipidovych peroxidu,
ROS....

Trends Biochem Sci. 2010 Apr
27. [Epub ahead of print]
Mitochondrial reactive oxygen
species regulate cellular
signaling and dictate biological
outcomes.

Hamanaka RB, Chandel NS
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240 Journal of Leukocyte Biology Volume 62, August 1997

5-Lipoxygenase inhibitors potentiate effects of TGF-B; on the
differentiation of human leukemia HL-60 cells

Alois Kozubik,* Jifina Hofmanova,* Ladislav Dusek,t and Eva Musilova*

*Institute of Biophysics, Academy of Sciences of the Czech Republic; and T Department of Environmental Studies,
Masaryk University, Brno, Czech Republic

MEMBRANE PHOSPHOLIPIDS Posileni pFirozenych regulétorlﬁ]
diferenciace a apoptézy (TGF)
pomoci raznych inhibitoru
premény AA nadorovych

] ] Leukemickych bunék

ARACHIDONIC ACID

( Indomethacin
P450 - MONOOXYGENASE

SYSTEM
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1 . 3 D, v O e
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L

Fig. 1. Formation of arachidonic acid metabolites by lipoxygenases. cyclooxygenases. and P450-monooxygenase system and mechanism of action
of specific inhibitors of selected metabolic pathways. HPETEs, hydroperoxy acids: HETEs, monohydroxy acids; EETs, epoxy-eicosatrienoic acids:
FLAP, 5-lipoxygenase-activating protein.
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Fig. 2. Chemiluminescence response of HL-60 cells treated for 48 h with 5-LPO inhibitor MK-886 [1 or 5 uM MK(1) or MK(5)]. TGF-B; (400
pM) or with combination MK/TGF-B;. Values are expressed as percentage of controls, which are represented as follows. (A) Experiment 1, intact

Fig. 3. Chemiluminescence response of HL-60 cells treated for 48 h with 5-LPO inhibitors, i.c. esculetin (12.5 pM), MK-886 [5 pM: MK(5)].

cells (determination after 48 h of incubation); (B) Experiment 2, cells pretreated with DMSO for 48 h (determination after 96 h of incubation). TGF-p) (400 PM'V' or “"!‘ their combinations. Val“_"“ are expressed g l"'m‘f"m{ﬂ' "f' nn‘ﬂml,\. “]‘i"?‘ ‘f"’ "'l‘"'»“r““‘d_l’,‘ ('(‘lls‘pn'*llrral(’d f"f 48 h
*Certain points within the vertical line are significantly different (MannWhitney test: P = 0.01). The character of the differences is described vith RA lr_\) RS0 (B). All daisipese oblalnedAafter 4 h,“{ Iml“.hmmfl' *Gertain !mmL\ ithinheweriital e e s,gnlhcml!l{ diret
in text. Symbols are as follows: filled diamonds, TGF-B): open triangles, MK(1): asterisks, MK(5): filled circles, MK(1)/TGF-;; filled squares, (MannWhitney test; P = 0.01). The character of the differences is described in the text. Symbols are as follows: filled diamonds. TGF-B); open

MK(5)/TGF-B;. triangles, esculetin; asterisks, MK(5): filled circles MK(5)/TGF-B: filled squares, esculetin/TGF-B;.
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MEMBRANE PHOSPHOLIPTIDS

ARACHIDONIC ACID

P450
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The effect of inhibitors

Fig. 1. Formation of arachidonic acid metabolites by lipoxygenases, cyclooxygenases and the P430-moncoxygenase system and the mechanism of action of
specific mnhibitors of selected metabolic pathways. The effects of inhibitors on HL-60 cell differentiation induced by retincic acid or DMSO in the
experiments presented are shown schematically under the figure: (—) no effect; (+) the level of potentiation. HPETEs = hydroperoxy acids:
HETEs = monohvdroxy acids: EETs = epoxy-eicosatrienoic acids: FLAP = 5-lipoxygenase activating protein.



NEKTERE HLAVNE CILE SOUCASNEHO VYZKUMU

Poznani mechanismu pusobeni latek lipidové povahy,
zejména VNMK a jejich derivatu,
vV mezi- a vnitrobunéénych komunikacich podilejicich se

v regulaci cytokinetiky
v kontextu jejich interakci s

- fyziologickymi regulatory rustu,
- environmentalnimi polutanty
- vybranymi farmaky.

Jednim z praktickych cili je vyuzit tyto znalosti v ramci pfipravy
lipidovych nutri€nich preparati, pfipadné cytostatik.



VYUZITI ®-3 PUFA
PREVENCE TERAPIE
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samotné pouziti w-3 VNMK

EPA a DHA




neroevnoevaha

) GLOBAL GLOBAL
5 5000 CIGARETTE LUNG CANCER
CONSUMPTION ATHS
1300 caused by
4000 smoking
(estimated)

21000107z
f.] ..) J]J -J—d decreases due
towarand

depression

21

non-tobacco
related
(estimated)

14
w
8

Karcinorm
(kolorekialni)

rozvoj nadoru kolonu

lung cancer deaths per year (thousands)

1880 1920 1960 1880 1920 1960

year

2000

D

http:/icellbio.utmb.edu/micioanatomy/digestive/lntestine.hitm

(-6 VNMK)




Proti nepfiznivym u€inkum nékterych VNMK ( -6)
mohou pusobit

» produkovan anaerobni mikrobialni fermentaci  vlakniny ve
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Bunécné linie
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Predpokladané interakce tukovych slozek diety a endogennich
regulatori cytokinetiky epitelialnich bunék kolonu (exp. pfistup)
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PUFAs (AA, DHA) zvysuiji citlivost nadorovych bunék kolonu
k apoptéze indukované butyratem nebo cytokiny rodiny TNF
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patfri spolu s proteiny a sacharidy mezi
Jsou nejen vyznamnym zdrojem energie, ale kromé DNA, bilkovin a cukru
predstavuiji i

jejich mnozstvi a kvalita v potrave,
ale i frekvence pfrijmu.

Kromé (jako slozky membranovych fosfolipidu)
je neméné podstatna

mastnych kyselin v membranovych
strukturach na membranovou
a tim zejména
a dalsi membranou zprostredkované bunécné funkce.

tak hraji dilezitou ulohu v z extracel. prostoru
a funguji jako intra- i intercelularni a bunécné




1) aktivity
regulujicich expresi genu vyznamnych z hlediska
cytokinetiky

2) pusobicich na prenos signalu
rustovych faktoru, cytokinu a imunitni systém

3) vznikajicich peroxidaci lipidu.




Mocdulace cytokinetiky latkarmi tukove oovany

a zejmeéna jejich slozky vCetneé jejich metabolitu
patri mezi jak

déleni a zanik jak normalnich, tak rovnéz transformovanych
bunek

Tyto procesy napr. pomoci lipidovych
anebo pomoci NSAIDs



Biologicke ,,cile” cisplatiny
(adukty s DNA)

Novel Concepts in the Development of Platinum Antitumor Drugs Curr. Med. Chem. — Anti-Cancer Agents, 2002, Vol. 2, No. 4 3
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Fig, (2). Types of cisplatin-DNA adducts and their frequency of formation.
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Cytotoxic action and molecular basis of cisplatin
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»Dose-response’ KFivky (MTT test)

Nejcitlivéjsi k cis-DDP Ziskana rezistence

Rada nadort A2780 A2780cis
k cis-DDP 120 — Cisplatin: 1Cgg=1.34 uM 120 - F— Cisplatin: 1C5q=24.23 uM
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Fig. 2. Time- and dose—response effects on the survival of A2780 and A2780cis cancer cell lines. The effects after 72 h exposure to cisplatin or LA-12 in a
concentration range between 0.3 pM and 256 pM were determined by MTT assay. The calculated drug concentrations inhibiting metabolic activity of cells by
50% (ICsq) and 90% (ICqq) are displayed for both derivatives. The results are expressed as mean + standard deviations (S.D.) of at least three independent
experiments; all concentrations were tested in three replicates.



Adamantylaminove Pt(ll) a Pt(IV)

priklad kom D | exy

praktického vyuziti:
latky lipofilni povahy ~ RN e

(reaxtivni s DNA)
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Rozdilny vliv cisplatiny a LA-12 na bunécny cyklus

Souvisi zmény
v proliferaci
se zmenami
v regulaci b.c.?
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Rozdilny vliv cis-DD

A

a LA-12 na bunécny cyklus

780cis
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Uginky LA-12 a cisplatiny na b. cyklus
jsou u ovariarnich nadorovych linii rozdilne.

Detekovany hladiny proteinu:

Cyklin A, B1, cdk2 (@regulace b. cyklu);
p21, Gadd45a (,,p53 target genes“@regulace b. cyklu);
Bax (apopt()za); Cdki-cyclin B

Gadd 45« (,,DNA repair®); Cdk

Mdm2 (regulace stability p53)

Gy
J.
Cdk4-cycli
Cdké-cycli

I

Cip/kip

/

Cdk2-cyclin E



Hladiny proteinu regulujicich bunéény cyklus (cyklin A, B1,
cdk2) ubunéek A2780 a A2780cis po pusobeni LA-12 a cisplatiny
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Exprese PARP a p53 (Western b.) u A2780 a A2780cis
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Fig. 8. Western blot analyses of (a) PARP (upper panel) and (b) p53 (middle panel) protein levels in A2780 (left panel) and A2780cis cells (right panel). The
cells were not exposed (untreated controls) or exposed to ICsg or ICgg concentrations of cisplatin or LA-12 and harvested at 24 h. 48 h. and 72 h of sustained drug
treatment. One representative experiment of at least three is presented. Table (¢) contains values of p53 expression quantified by densitometry (mean &+ S.D. of
at least three independent experiments). The symbols (¥) denote significant difference (p < 0.05) from untreated control; (#) denote significant difference
(p < 0.05) between equitoxic cisplatin and LA-12 effects. Equal loading is documented by detection of (d) B-actin (bottom panel).
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Kozubik et al., Biochem Pharmacol., 2005



Tyto vysledky se zarazuji mezi ty pristupy, i kdyz plné nevysvetluji
pusobeni cisplatiny a LA-12, které vyzkum platinovych cytostatik
posouvaji do novych oblasti.

ukazuiji, Ze cisplatina inhibuje rust nadorovych
bunék v koncentracich, které jsou vyznamné nizSi, nez konc. potrebné
pro inhibici syntézy DNA.
To naznacuje, ze mohou existovat i jiné mechanismy plsobeni nez
ty, které jsou primarné zalozeny na poskozeni DNA

Platinova cytostatika mohou reagovat s dalsimi bunécnymi
strukturami (komponenty) jako jsou:

RNA,

proteiny,

cytoskeletalni filamenta,
thioly- obsahujici molekuly

VYV V VY




Predpoklad:

Vzhledem ke své lipopfilicite, Ize oCekavat, ze alespon
nékteré priznivé efekty plsobeni LA-12
by mohly byt (alespon castecneé),

spojeny s interakcemi této latky se slozkami b. membran.

(anebo by mohly byt modulovany
ovlivnénim membranoveho slozeni)




LA-12 indukuje ,,upregulaci“proteinit DR5, mRNA a zvysSuje
zastoupeni DRS v lipidovych raftech

Zastoupeni DR5 a DR4 v membranach
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Vyuziti mechanismu pusobeni pt-cytostatik jinych
nez tech, které primo souvisi s poskozenim DNA

Posileni terapeutickych efekti ?
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