Bunééna a molekularni fyziologie lipidt
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Zmeny cytokinetiky epitelialnich bunek kolonu
indukovaneé nutricnimi faktory in vitro
Interakce endogennich regulatoru a
lipidovych slozek vyzivy, molekularni
mechanizmy
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Nerovnovaha mezi prijmem a vydejem energie ve vztahu
k obezité a chronickym onemocnénim
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Genetické polymorfismy posouvaji rovnovahu mezi pifijmem a vydejem energie. Vyssi prijem energie,
nizky pomé&r nenasycené/nasycene tuky, inzulinova resistence, a sedavy Zivotni styl jsou rizikovymi
faktory vedoucimi k obezité a chronickym onemocnénim (srdecni choroby, diabetes a nadory). To je
vyvazovano fyz. aktivitou a dietou bohatou na cela zrna, ovoce, zeleninu, soju atd., kterd snizuje riziko
téchto chorob. (Trujillo E., J Amer Diet Assoc., 106, 2006)
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PRICINY VZNIKU KARDIOVASKULARNICH A NADOROVYCH ONEMOCNENI
GENETICKE +FAKTORY ZIVOTNIHO STYLU

TABAK a VYZIVA (podileji se aZ na 2/3 imrti a jsou nejvic ovlivnitelné)
Tucna jidla (zvySené riziko), ovoce a zelenina (prevence)




Strategie minimalizace rizika vzniku onemocnéni

FYZICKA AKTIVITA, RELAXACE, ,MiR NA DUSI¥,
OMEZENI STRESU,
ZADNE KOURENI, SPRAVNA VYZIVA




a Incidence rates of colorectal cancer
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Figure 3. Bioactive food compeonents can influence genetic and epigenetic events associated with a host of disease processes.

Trujillo E., J Amer Diet Assoc., 106, 2006




OMICS ve vztahu k VYiiVG (farmakogenomika, nutrigenomika)
Faktory vyzivy pfispivaji riznymi zpusoby k vyslednému fenotypu
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Using the “omics” of nutrition to identify how dietary factors contribute to establishing a phenotype.

Trujillo E., J Amer Diet Assoc., 106, 2006
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hraje roli v mnoha typech onemocnéni vCetné nadorovych a to radou
riznych mechanizmd.

Je prokazano, ze vysoky prijem kalorii a tvorba tukovych zasob je rizikovym
faktorem.

Prijem, absorpce a metabolismus velkého mnozstvi potravy vyzaduje
oxidativni metabolismus a produkuje vice reaktivnich kyslikovych radikalu,
které poskozuji DNA a maji dalsi negativni dopady na metabolismus.

Ukazalo se, Ze pfijem tuku, zejména zivocisSnych zvySuje riziko
kardiovaskularnich a nadorovych onemocneni. Epidemiol. studie
predpokladaji pozitivni korelaci mezi prijmem tukd a nadory prsu, kolonu a
prostaty.

Navzdory dlouhé historie studii tukt a nadort, zUstava fada protikladu.
Ukazuje se, Ze nejen kvantita, ale i kvalita hraje duleZitou roli a Zze se zde
uplatnuiji i tuky rostlinné a rybi olej,

zejmeéna vysoce nenasycené mastné kyseliny (PUFAs) tfid n-3, n-6, olivovy
olej atd.




LIPIDOVE SLOZKY VYZIVY

VICE, NEZLI JEN ZDROJ ENERGIE!!!!

€ strukturalni a regulacni uloha

€ dopad na fyziologické funkce organizmu
» Ucinky na imunitni systéem

» regulace proliferace, diferenciace a apoptézy

» uloha v karcinogenezi

(etiologie nadoru tlustého stfeva, prostaty, prsu)
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Zmény membranovych fosfolipidu pfimo ovlivauji
syntézu lipidovych mediatoru typu eikosanoidu, PAF a
sekundarnich prenaSecu diacylglycerolu a ceramidu. ety e stached 0
Lipidové mediatory ovliviiuji produkci a funkci cytokin(.

To ma dulezity dopad na radu imunitnich a

bunécnych funkci vCetné proliferace, diferenciace a apoptozy

Tnglveerde cture showing

Imbalance v lipidovem metabolismu hraje roli u mnoha zavaznych
onemocneni

» Vysoka hladina cholesterolu je spojena s kardiovaskularnimi
chorobami, ktere jsou nejCastéjsi pricinou umrti v populaci.

» Lipidy produkované bunkami imunitniho systému jsou zahrnuty
v zanetlivych onemocnenich jako je revmatoidni artritida, sepse, astma,
zanétlivé onemocnéni streva.

» Lipidy hraji ulohu take v psychickych a neurodegenerativnich
onemocnenich (deprese, schizofrenie, Alzheimerova choroba)

» Lipidy ovlivnuji poCatek a rozvoj nadorovych onemocneni




Relativni procento ruznych mastnych kyselin v potravé a zmény

zpusobéné prumyslovym zpracovanim potravin
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Fig. 1. Hypothetical scheme of fat. fatty acid (w6, w3, trans and total) intake (as percentage of calories from fat) and intake of vitamins E and © {mg/d).
[ata were extrapolated from cross-sectional analyses of contemporary hunter-gatherer populations and from longitudinal observations and their putative
changes during the preceding 100 years [75].




VYSOCE NENASYCENE MASTNE KYSELINY (VNMK)
(Polyunsaturated fatty acids - PUFAs) - mastné kyseliny s 2 i vice dvojnymi
vazbami. Esencialni prekurzorove kyseliny rady n-6 a n-3
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Puvod n-3 and n-6 nenasycenych mastnych kyselin, biosyntéza
eikosanoidu z kys. arachidonové a eikosapentaenové
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MAMMALIAN METABQOLISM
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Dulezity je pomér n-3: n-6 VNMK!!!

Kys. linolova (18:2, w-6)

kyselina arachidonova (AA, 20:4), rostlinneé oleje

zdroj eikosanoidu (prostaglandiny, leukotrieny) vyznam u
ruznych nadoru.

V experimentalnich systémech ¢asto podpurny ucinek pro
vznik a rozvoj nadoru

Kys. alfa-linolenova (18:3, w-3)

kys. eikosapentaenova (20:5) a dokosahexaenova (22:6)
z rybich a nékterych rostl. oleju (pupalka, len, rakytnik)
V experimentalnich systemech Casto inhibicni ucinek pro
vznik a rozvoj nadoru




stné kyseliny s kratkym rfetézcem— BUTYRAT

» produkovan anaerobni mikrobialni fermentaci
viakniny ve streve

» zdroj energie pro normalni kolonocyty

» vyznamny pro udrzeni homeostazy ve strevni tkani
regulaci exprese genu spojenych s regulaci proliferace,
diferenciace a apoptozy (microarray analyza — zmeny
exprese 19 400 genu), exportni protein MCT1

» butyrat sodny (NaBt) snizuje proliferaci a indukuje
diferenciaci a apoptézu neoplastickych kolonocytu in vitro
a in vivo

Prevence NADORU TLUSTEHO STREVA




» Vyzkum interakce VNMK s environmentalnimi
polutanty (rozpustnost v tucich, aktivace metabolismu
lipidu a jejich uloha v pusobeni polutantu - cytokinetika,
transdukce signalu, mezibunécna komunikace)

» Vyzkum interakce VNMK s vybranymi farmaky
(mechanismy pusobeni NSAID-nesteroidnich antiflogistik,
mechanismy a modulace ucinku cytostatik - terapeutické
aplikace)



Slozky lipidového metabolismu
v bunéénych signalizacich
(napf. cytokiny)

Mediatory a modulatory
signalni

, jaderné receptory

Oxidativni membranove transkripéni faktory
metabolismus fOSfOlipidy NFkB PPAR AP-1...

K membranova
Transdukce signalu = fluidita
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Lianne Friesen and Nicholas Woolridge

Phospholipids Phospholipids
Llacking omega-3 containing omega-3
fatty acids fatty acids

Dietary omega-3
fatty acids incorporate
into cell membranes

Modulation of Signalling
bicactive lipid molecules
mediators (cytokines, etc.)

Alteraed membrane

Omega-3 Fatty protein activity

acid-derived
signalling molecules #
Signalling molecules

Modified
protein
expression

Figure 2: Cell membrane showing cmega-3 fatty acids incorpo-
rated into the phospholipid bilayer. Omega-3 fatty acids can

maodify gene and protein expression, modulate membrane
protein activity and act as a reservoir for bioactive molecules.




ZMENY BIOFYZIKALNICH VLASTNOSTI
BUNECNYCH MEMBRAN

» provazeji procesy diferenciace a apoptézy savéich bunék

» pozorovany rozdily u

 nadorovych a normalnich bunek

« nadorovych bunék senzitivnich a rezistentnich
k cytostatikam

P souviseji do znacné miry s modulacemi ve slozeni,
strukture, symetrii a metabolismu bunécnych lipidu.




Detekce techto zmen
a jejich korelace s dalsimi parametry
odrazejicimi diferenciaci a apoptozu
prispiva k objasneni

» posloupnosti a regulace jednotlivych
kroku téchto déju

 rozdill mezi normalnimi a nadorovymi
bunkami

* pricin rezistence nadorovych bunek k
terapii




€ kontinualné se obnovujici bunééné
populace

€ fada zasadnich fyziologickych funkci

€ dynamicka rovnovaha mezi
prirustkem bunék na bazi krypty
(proliferace) a ubytkem (apoptoza-
anoikis) na povrchu

€ regulace endogennimi faktory
(hormones and cytokines), ale rovnéz
slozkami diety pritomnymi v lumen
stfeva
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Linie lidskych epitelialnich bunék kolonu

FHC HT-29 HCT-116

normalni diferencujici nediferencujici
fetalni strevo neinvazivni invazivni
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Znaky diferenciace indukované butyratem

ALKALINE PHOSPHATASE EXPRESE KARCINOEMBRYONALNIHO
ANTIGENU

m E-CADHERIN PROTEIN
/// F-ACTIN (Stress fibers)
.@ L/

Growth inhibition
Proliferated &

cell arrest in G1-phase of the cell '
TIME OF BUTYRATE TREATMENT




INTERACTIONS OF DIETARY FACTORS AND ENDOGENOUS REGULATORS SUPPOSED TO AFFECT
CYTOKINETICS OF COLONIC EPITHELIAL CELLS

GUT-LUMEN I I

DIETARY PUFAs DIETARY

(n-3, n-6) FIBRE
APOPTOTIC l ? l
2

g ?| | ElIcOSANOIDS €| BUTYRATE
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Ligand Receptor

TNF-a TNFR1, TNFR2
Fas ligand (Fasl) Fas (CD95, APO-1)
TRAIL DR4, DR5, DcR1, DcR2

(TNF-related apoptosis-inducing ligand)

Vyzkum zameéren na

» ulohu v regulaci bunecné smrti epitelialnich strevnich
bunek a

» priciny rezistence nadorovych bunek

Aplikace v nadorovée terapii
Zvyseni citlivosti bunek zasahy do signalnich drah nebo
kombinaci s dal&imi faktory Cl.......:

NDiofyxikaln oskow ﬂ“cn BhNO




potentiation effects @ @ @ PUFAs ?
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CYTOKINETIKA

Detekce proliferace- regulace bunécného cyklu
a zapojenych proteind,

diferenciace -bunécna morfologie, aktivita
specifickych enzymu, exprese specifickych
proteinu

apoptozy -detekce charakteristickych zmén na
urovni jadra, mitochondrii, membran,
cytoskeletu, exprese regulaénich proteinu,
Stépeni specifickych enzymu a substratu

ZMENY LIPIDOVEHO METABOLISMU A VLASTNOSTi BUNECNYCH MEMBRAN
-zmeny spektra MK v bun. lipidech, ,lipid packing” v membranach, akumulace
triglyceridu, detekce kardiolipinu, membranovy potencial

ZMENY OXIDATIVNIHO METABOLISMU
- produkce reaktivnich metabolitu kysliku (ROS) a dusiku, lipidova peroxidace,
ucinky antioxidantu

Vyuziti modernich metod pritokové cytometrie, fluorescenéni mikroskopie,
fluorimetrie, spektroskopie, metod molekularni biologie...




kys. arachidonova, kys. linolova, a-linolenova, kys. dokosahexaenova, kys.
eikosapentaenova, kys. olejova
butyrat (NaBt)
rizného slozeni
TNFa, anti-Fas, TRAIL
indomethacin, (refecoxib,....), LOX (baicalein, NDGA)

- PUFA n-6 a n-3 s rodinou TNF

- PUFA a butyrat

- rodina TNF a butyrat

- rodina TNF a inhibitory metabolismu AA v podminkach diferenciace NaBt

- Cytokinetika (proliferace a bun. cyklu, diferenciace, apoptéza — anoikis)

- Proteiny spojené s regulaci téchto procesl

- Proteiny signalni transdukce

- Adheze a interakce bunka-bunka a bunka-ECM (testy agregace bunék, migrace bunék, invaze
bunék — wound healing assay, exprese specif. kadherind, integrint a konexint, CD44, Matrigel???)

- Oxidativni metabolismus (produkce ROS, NO, lipidova peroxidace, zmény GSH), ucinky antioxidant
- Lipidovy metabolismus a zmény biofyzikalnich vlastnosti membran (akumulace triglyceridu, detekce
kardiolipinu, ,lipid packing“ v membranach, membranovy potencial, fluidita membran, obsah
fosfolipidi a mastnych kyselin v membranach, produkce lipidovych metabolitu...... )
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TNF-2 modulates the differentiation induced by butyrate in the
HT-29 human colon adenocarcinoma cell line
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1. Introdluction

Tumour necrosis fctor-alpha (THNF-3) has a crucial
rok in immrume and inflammatory processes, as well as
in the pathogenssis of many human and animal diseases
[1,2]. It is synthessed by macrophages and other cellsin
reapanas 1o hacterial toxing, inflammatory products and
ather invasive stimuli [3]. Pralonged production of
THF-2 & associated with cancer and chronic infections.
It has besn suggested that gut with active injury {e.g. in
Crohn's  discase or wleemtive colits) comaims an
increased number of TWF-a-sccreting cells [4]. In
extracts of colorectal tumour tssues resected  from
human patients Mumata and associates [5] have detec-
ted endogenos THF-x at levels higher than those in the
corresponding normal colorectal tissues, Thus, THEF-x
may play a significant rok in the modulation of

* Corresponding author. Tel MR AAIRITIER, fx + 405
41211093
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differentiation and proliferation of colonocyies during
cancer progression. In addition, TNF-x is a drug under
imvestigation For the treatment of cancer [6].

An important factor which maintains the balanos
hetween praliferation, differentiation and apoptosis of
imestinal epithelial cells in the erypt is butyrale, a
d-carhon Fatty acid, which & Formed in the gasiro-
intestinal tract of mammak as a result of anacwohic
hacterial Fermemation of fibre [T]. It has been shown 1o
inhihit the growth and stimulate the dilferemintion of
mormal and carcinoma colomic celk, both in wive and i
vipre [89] a1 concentrations of approximately 3 mM
[10].

In this study, we wed an & vitre model — the HT-2%
cell line, which is particularly attractive sinee it is one of
the cell lines of intestinal origin which reversibly
displays structumml and functional Teatures of matune
imtestinal epithehial cells [11]. HT-29 cell under normeal
culture conditions display an undilfereniated pheno-
typz, but they can express an ‘emerocyle-like' differ-
entiated phenotype in eipomse 10 variows nducers of

Differentiation (2004) 72:23-31
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The effects of TNF-» and inhibitors of arachidonic acid metaholism on
human colon HT-29 cells depend on differentiation status
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Abstract The level of differentiation could influence
sensitivity of colonic epithelial cells to various stimuli.
In our study. the effects of TNF-x inhibitors of
arachidonic acid (AA)} metabolism (baicalein, BA;
indomethacin, INDQ; niflumic acid, NA: nordihydro-
guaiaretic acid. NDGA), and/or their combinations on
undifferentiated or sodium butyrate (MaBt)-differen-
tiated human colon adenocarcinoma HT-29 cells were
compared. NaBt-treated cells became growth arrested
(blocked in Gy /Gy phase of the cell cyele). and showed
down-regulated Bel-xy and up-regulated Bak proteins
and increased expression of cyclooxygenase-2 (COX-2)
and S-lipoxygenase (5-LOX). These cells were more
perceptive to anti-proliferative and apoptotic effects of
TNF-z. Both inhibitors of LOX (BA and NDGA}) and
COX (INDO and NA) in higher concentrations
modulated cell cycle changes accompanying NaBt-
induced differentiation and induced various level of cell
death in undifferentiated and differentiated cells. Most
important is our finding that TNF-x action on
proliferation and cell death can be potentiated by co-
treatment of cells with AA metabolism inhibitors, and
that these effects were more significant in undifferen-
tiated cells. TNF-x and INDO  co-treatment
associated with accumulation of cells in Gy /G, cell
cycle phase, increased reactive oxygen species produc-
tion, and elevated caspase-3 activity. These results
indicate the role of differentiation status in the
sensitivity of HT-29 cells to the anti-proliferative and pro-
apoptotic effects of TNF-z, AA metabolism inhibitors,
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and their combinations, and imply promising possibility
for novel anti-cancer strategies.

Key words  colon cancer + tumor necrosis factor -
sodium butyrate - arachidonic acid metabolism -
cytokinetics - cell differentiation

Introduction

Healthy colonic epithelium is an excellent example of a
tissue that maintains equilibrium between proliferation,
differentiation. and apoptosis of epithelial cells in the
intestinal crypt. The human colon adenocarcinoma cell
line HT-2% represents a suitable fn vire model for
investigation of these cytokinetic parameters. These
cells display an  undifferentiated  phenotype  under
normal culture conditions and can express an “enter-
ocyte-like” differentiated phenotype as an answer to
various inducers of differentiation (Siavoshian et al.,
1997} such as sodium butyrate (NaBt). Butyrate. a four-
carbon  shortchain fatty acid. is the product of
anagrobic bacterial fermentation of dietary fibre within
the colon (Wolin, 1981y It appears that butyrate
inhibits the growth and stimulates the differentiation
of colon cancer cells both in vive and @ viere (Mclntyre
et al. 1991; Hague et al. 1996). Moreover, butyrate is
often used as a therapeutic agent (Velazgquez et al.. 1997).

During the individual stages of cell differentiation
many significant changes occur, including changes in
sensitivity to different stimuli such as cyioloxic agents,
inducers of apoptosis, or inhibitors of proliferation. The
results from our laboratory showed that human
myzloid leukemia HL-60 cells became resistant to death
receptor-mediated apoptosis during their differentiation
(Vondracek et al.. 2000a).

One of the important inducers of both necrotic and
apoptotic forms of cell death (Laster et al., 1988) is the

23 §15.00/0




TNFa zvysuje apoptozu bunek HT-29, ale
potlaCuje diferenciaci indukovanou NaBt
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Determination of cell apoptosis
(DAPI staining and fluorescence microscopy)
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Determination of cell differentiation
(alkaline phoshatase activity)
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Determination of cell differentiation
(F-actin content - stained with FITC-labelled phalloidin)
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Pusobenim NaBt (navozeni diferenciace)
se bunky stavaji citlivejsi

k antiproliferacnim a apoptickym ucinkum
TNFa a inhibitoru metabolismu AA
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PUFA (kys. arachidonova 20:4, n-6 a
kys. dokosahexaenova 22:3, n-3)
moduluji citlivost bunek HT-29 k
pusobeni NaBt a induktoru apoptozy z
rodiny TNF
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summary Baccgrosmd Dysregu-
lation of the balance between cell
growth and death in the colonic
epithelium is associated with can-
cer promotion. Understanding how
cell death in this self-renewing tis-
sue is regulated and how it is in-
fluenced by interaction of specific
dietary components, especially fat
and fibre, could lead to improved
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Abbraviations

AA arachidonicacid
CHX cycloheximide
CL cardiolipin

DAL 4.&-diamidino-2-pheny -indole PUFAs

DHA docosahexaencic acid
[DHE-123  dihydrorhodamine

IGINAL CONTRIBUTIO

Interaction of polyunsaturated fatty acids
and sodium butyrate during apoptosis
in HT-29 human colon adenocarcinoma cells

treatment and prevention strate-
gies for cancer. Aim of the study
The effects of two types of palyun-
saturated fatty acids ( PUFAs) -
arachidonic (AA, 20:4, n-6) or do-
cosahexaencic (DHA, 22:6, n-3) -
on the response of human colon
adenocarcinoma HT-29 cells to
sodium butyrate (NaBt) were in-
vestigated. Methods The parame-
ters reflecting cell proliferation
and cell death were studied to-
gether with coddative response, mi-
tochondrial membrane potential
(MMFP) and changes of sclected
regulatory molecules associated
with cell cycle (p275#! and
pREFMAEL and apoptosis (cas-
East-i. caspase-9, poly (ADP-ri-
ose) polymerase - PARF, Bel-2,
Bax, Bak, Mcl-1). Results We
demonstrated that pre-treatment
with either AA or DHA attenuated
cell cycle arrest caused by MaBt
which is associated with modula-
tion of p275E, but not p2l s mee
Emtcin expression. On the other
and, PUFAs sensitised HT-29 cells

to NaBt-induced apoptosis, An in-
creased amount of flcating cells
and cells in the subG,/G, popula-
tion was associated with increased
reactive oy gen species produc-
tion, lipid peroxidation, decrease
of MMF, activation of caspase-3
and -&, PARP cleavage, and de-
crease in the expression of anti-
apoplotic Mcl-1 protein. The ob-
served effects were modulated by
the addition of a protein synthesis
inhibitar, copcloheximide, and par-
tially reversed by the anticeddant
Trolox., Comclusions PUFAs may
have beneficial effects in the colon
enhancing apoptosis induced by
MaBt. Alteration of cell membrane
IiFid composition and potentiation
of oxidative processes acoompa-
nied by changes in mitochondria
followed by stimulation of apop-
totic cascade components play a
role in these effects.

Keywords colon cancer - diet -
lyunsaturated fatty acids -
utyrabe - apoptosis

FCM flow cytometry

FCS foetal calf serum

MMP mitochondrial membrane potential
MaBt sodium butyrate

PARF poly{ ADP-ribose ) polymerase

FL phospholipids

polyunsaturated fatty acids

ROS reaclive oxygen species

TBARs

thiobarbituric acid reactive substances

Avallable online at www.sclencadirect.com

:'ﬁr'

ELSEVIER

-qu-unl@plnlnr-

Comeer Laners 218 005 3343

NCER

e ——
woww cbevier comdbcmacanla

Polyunsaturated fatty acids sensitize human colon adenocarcinoma
HT-29 cells to death receptor-mediated apoptosis

Jigina Hofmanovd™, Alena Vaculovid, Alois Kozubik

Labaraary af Cytolizedes, lnsdue of Bloplysies, Acadany of Schences af the ©aeck Republic, Kradlovapolikd 135,
CE6I2 68 Brwo, Coeck Republic
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Abetract

The proliferative and apopiotic response to THF-o and ant-Fas antbody (CH-1 1) m haman colon adenocarcinoma HT-29
cell was modulbted by pretreatment with arachidonic (AA, 2004, 0 —6) or dooosahesae moic (DHA, 22:6, 0 —3) fatty acuds,
which alone increased reacive oxygen species production and Epid peroddston, and decreased the Sphase of the cell cycle.
The higher amouni of floating cells, sub A, popubtion and apopiotic cells detected m pre-treated cells was potentiatked by
cychheximide. The effects of CH-11 were associated with activaion of caspase-8, -9, and -3, cleavage of paly(ADP
ribose palymerase- PARP, and decreased miwchomdral membrane potentizl (MMP) but these paramekers were mal

significantly changed afier PUFA pretreatment.
0 2004 Fleevier Ineland Lid. All nights reserved.
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Supplementation of cell culiures in vitro of focding
animak with s =3 or s — 6 polyunsatusmted Faity scids
(PUEASY led o an incresse of these PUFAS ozl
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fary aceds; RO, mamive cayges speces; TRARs ducbarbunan:
acid reoave subemsces; TMBE. e dodrbodon e abyl eser
pemblorme
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membrane phosphelipids [1.2] and may  influence
membrane propenics [3). Moneover, PUFAs and their
metabolites, cicosanoids, are considenad as imporian
mediatons and modulatos of the intracellular network
of signals 4], hey change oxidative melabolism [5)
and may have a direct effect on gene expression when
activating the specific nuclear receptons and transcrip-
tion factors [6.7]. Cenain PUFAs (espocially n—3
types) were meporled o improve mmune e gical
reaponse [8), preven proliferstion and initiate apop-
tosis [9], kill mmer cells in vite [10], and inhili
tumor growih in experimental animals [11]).

The imeraction of PUFAs from dictary fat with
nmatuwally eocurring endogenous factons fegulating the
cylokinetics is supposed particwardy i the colon
where epithelial cells are i direct contact with
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TRAIL and docosahexaenoic acid cooperate to induce
HT-29 colon cancer cell death
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Abstract

The resistance of some cancer cells to TRAIL-induced apoptosis is a major obstacle in successful clinical application of this
cviokine. Combination treatment with agents capable of sensitising the cells o TRAIL effects is beneficial for new cancer
treatment strategies. Docosahexagnoic acid (DHA) is under intense investigation for its ability w0 affect cancer cell growth and
apoptosis. We demonstrated a modulation of TRAIL-induced apoptosis of HT-29 human colon cancer cells by DHA on the
molecular (pro-caspase-3, -8, Bid, PARP cleavage) and cellular (cell viability and adhesion) level. To conclude, TRAIL and
DHA were shown o cooperate in the induction of colon cancer cell apoptosis.

@ 2005 Elsevier Ireland Lid, All rights reserved.

Keywards: TRAIL; DHA:; Cell death; Colon; Cancer

1. Introduction

The tumour necrosis factor (TNF)-related apopto
sis-inducing ligand (TRAIL), a member of TNF
family. is particularly interesting for its unigue
properties to induce cancer cell death while sparing
maost normal cells. This implies its use as a promising

Abbreviations: DHA, docosshexaenoic acid; FLIP, FLICE
inhibitory proteing MMP, mitochondrial membrane potential;
PARF, polyADPribose polymerase; ROS, mactive oxygen
species; THNF, twmour necrosiz factor; TRAIL, THF-related
apoptosis-inducing ligand,

* Comesponding author, Tel: +420 541517182; fax: +420
5412112493,
E-mail address: komubik@ibpez (A, Kozubik).

anti-cancer agent [1.2]. Cross-linking of the TRAIL
death receptors DR4 (TRAIL-R1, APO-2) and DR5
(TRAIL-E2, TRICK, Killer) results in activation of
caspase-8 at the level of the death-inducing signaling
complex (DISC) [3.4]. The apical caspase processing
is followed by activation of executionery caspases,
e.g. caspase-3, cleavage of death substrates like
poly(ADP-ribose) polymerase (PARP), and apoptotic
cell death [5].

In colon cancer cells, the TRAIL-induced signal
transduction pathway remains poorly defined. There is
increasing evidence that a number of cancers includ
ing some colon cancer cells are resistant to the effects
of TRAIL [6,7]. Sensitivity toward TRAIL-induced
apoptosis can be modulated at differem levels

03M-IEI5% - s front matter € 2005 Elsevier Ireland Lid, All rights reserved.
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Ethanol acts as a potent agent sensitizing colon cancer cells to the
TRAIL-induced apoptosis
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Abstract  Identification of mechanisms of modulation of the
TMF-related apoptosis-inducing ligand (TR AIL)induced apop-
tosis is important for its potential use in anticancer therapy.
Ethanol can induce cell death in vitro and in vive by different
signalling pathways. 1ts effect in combination with death ligands
is unknown, We investigated how ethanol modolates the ofeces
of TRALL in eolon cancer cells. After combined TRAIL and
cthanol treatment, a potentiation of caspase-8, <9, -3 activation,
a proapoptotic Bid protein cleavage, a decrease of mitochondrial
membrane potential. a complete poly(ADP)ribose polyvmerase
cleavage, and disappearance of antiapoptotic Mcl-1 protein were
demonstrated. Ethanol acts as a potent agent sensitizing colon
cancer cells o TRAIL-induced apoptosis.

B 2iHM Federation of European Biochemical Socictics. Published
by Elsevier BV, Al rights reserved.

Keywords: TN F-related apoptosis-inducing ligand; Ethanol;
Colon; Cancer

1. Introduction

Ethanol (C:HsOH, ethyl alcohol) has been frequently used
and generally accepted as a solubilizing agent for a number of
different reagents used in laboratory experiments with cell
cultures. However, previous reports have demonstrated a role
of ethanol in the apoptotic death of many cell types [1-4].
Apoptosis has also been shown to occur in both experimental
and clinical alcoholic liver disease, but the signalling pathways
remain not fully understood (5], In addition to the effects of
ethanol itself, it is also necessary to consider its interference
with other factors, such as endogenous apoptotic regulators.
TMF-related apoptosis-inducing ligand (TRAIL), a member of
the tumour necrosis factor (TNF) family, is particularly in-
teresting for its unique ability to induce cancer cell death while
sparing most normal cells, which implies its use as a potent
anti-cancer agent [6]. Cross-linking of TRAIL death receptors
DR4 (TRAIL-RI, APO-2) and DRS (TRAIL-R2, TRICK,

" Corresponding author, Fax: +420-5-4121 1293,
E-mail address: korubikigibpocr (AL Kombik),

Abbreviations: DR, death receptor; FLIP, F) inhibitory protein;
MMP, mitochondrial membrane potential; PARP, polvl ADFiribose
polymerase; ROS, reactive oxygen spedes; TMF, tumour necrosis
factor; TRAIL, TNF-related apoptosisinducing ligand

Killer) results in activation of caspase-8 at the level of the
death-inducing signal ling complex (DISC). Activated caspase=
8 then initiates the apoptosis executing caspase cascade [7.8].

However, in many cancer cell types, resistance to TRAIL
was developed. We investigated the modulation of HT-29
human colon adenocarcinoma cell sensitivity to TRAIL by
ethanol. Our results demonstrated a strong potentiation of
TRAIL-induced apoptosis in the presence of ethanol and
suggested some of the possible mechanisms involved in the
interference of these two agents.

2. Materials and methods

24, Cultur e conditions

Human colon adenocardnoma HT-29 cells (ATCOC, Rockville, MD,
USA) were cultured in Me Coy's SA medium {Sigma, Germany) with
gentamycin (50 mgl; Sigma) and 100G foetal calf serum |
Systems, Germary) at 37 °C in % C0: and 95%% humidity.
tached cells (24 h after seeding) were treated with TRAIL (human
Killer TRAIL, 100 ng/ml) and ethanol (4%%) alone or in combination
for 4 ar 24 h in the medium with 3% of n the experiments using
ethanol (0. 1-6%) alone, the cells were treated for 48 h.

22 Stable transfections

S5FV.neo plismids (LTR promoter, Neo resistance, EcoRI cloning
site) [9] with or without (controls) Bel-2 (kindly provided by Stanley
Korsmeyer) were stably introduced into HT-29 cells by transfection
using Tfx™ reapent (Promega, Czech Republic) according to the
manufacturer's instructions, The clones were then selected with G418
{025 mgml, Genetica, Crech Republic). Two stable dones and one
control clone with an empty vector were used in the experiments and
treated as described above. After 4 h, poly(ADFribose polymerase
(PARP) and pro-caspase-§ cleavage as well as Bel-2 protein level were
examined using immunoblotting.

2.3 Cell viability assay
Cell viahility was determined microscopically by eosin (0L15%) dye
exclusion assay from a total number of 100 cells,

2.4. Fluorescence microscopy

The cells treated as deseribed above were stained with 4,6-diamidino-
Zophenyl-mdole {DAPL Fluka, Buche, Switzerland) solution {1 pg
AP ml ethanol) at room temperature in the dark for 30 min, They
were then mounted in Mowiol 488 (Calliochem, San Diego, CA,
LSA ) and the pereentage of apoptotie cells (with chromatin condan-
sation and fragmentation) was determined wsing a Auorescence mi-
croscope (Olympus [X70, Prague, Czech Republic).

25 Detection of mitockondriad membrane potential
The cells were incubated (20 min) in Hanks' balanced salt solution
(HBSS) with 100 nM of tetramethylrhodamine ethyl ester perchlorate

0014579332 2.00 @ 2004 Federation of European Biochemical Societies. Published by Elevier BY. All rights reserved.
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The Effects of Parenteral Lipid Emulsions on Cancer and

Normal Human Colon Epithelial Cells in vitro

]

J. HOFMANOVA!, 7Z. ZADAK’. R. HYSPLER”. . MIKESKA®, P. ZDANSKY

Summary

the °h Republic,
, Teaching Hospital,

Differences in lipid metabolism of tumor and normal tissues suggest a distinct response to available lipid compounds. In

this study, the in vitro effects of five types of commercial parenteral lipid emulsions were investigated on human cell

lines derived from normal fetal colon (FHC) or colon adenocarcinoma (HT-2!

Changes of the cellular lipid fatty acid

content, cell oxidative response, and the cell growth and death rates were evaluated after 48 h. No effects of any type of

emulsions were detected on cell proliferation and viability

“ompared to the controls, supplementation with lipid

emulsions resulted in a multiple increase of linoleic and linolenic acids in total cell lipids, but the content of

arachidonic, eicosapentaenoic, and docosahexaenoic acids decreased particularly in HT-29 cells. The concentration of

emulsions which did not affected HT-29 cells increased the percentage of floating and subGy/G, FHC cells probably

due to their higher reactive oxygen species production and lipid peroxidation. Co-treatment of cells with antioxidant

Trolox reduced the observed effects. Our results imply that lipid emulsions can differently affect the response of colon

cells of distinet origin

Key words

Fat emulsion ® Reactive oxygen ® Lipid peroxidation ® Apoptosis ® Tumor cells

Introduction

Lipids in artificial nutrition play an important
role in metabolic reactions and mmunity of crtically 11l
patients (Adolph 1999). Recently. 1t has become clear
that besides direct nutritional effects, lipids play
numerous structural and regulatory roles which may have
an important impact on physiological functions in the
organism. Different types of fatty acids may influence
cell membrane fluidity, receptor mobility and functions,

PHYSIOLOGICAL RESEARCH
7 of Sciences of the Czech Republic, Prague, Czech Republic

signal transduction as well as eicosanoid synthesis and

kine production and functions
Calder 2001. Hong et

a potent mnpact on a wide variety of cellular

rammatikos ef al.
). Lipid mediators

responses including cell growth, differentiation and
Rudolph et al. :
Certain polyunsaturated fatty acids (PUFAs) were found

s (Maziere er al

to inhibit tumor growth and cancer cachexia (Tisdale and
Dhesi 1990, Petrik et al. 2
lipids by tumor cells made them more sensitive to
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Response of normal and colon cancer epithelial

cells to TNF-family apoptotic inducers
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Abstract, We compared the response of normal (FHC) and
cancer (HT-29) human colon epithelial cells to the important
apoptotic inducers TNF-, anti-Fas antibody and TNF-related
apoptosis inducing ligand (TRAIL). The two cell lines did

not respond to TNF-o (13 ng/ml), expressed a limited
sensitivity to anti-Fas antibody (200 ng/ml) and a different
response to TRAIL (100 ngiml). We studied apoptosis with
regard to the changes at the receptor level (DR, DcR and
FLIP) and at the level of mitochondria (Bid protein cleavage,
Apo27 protein expression and ¢ se-9 activation), Two
different approaches were used to se 2e the cells to TRAIL-

heximide, CHX) and in on of the pro-survival MEK/ERK
pathway (U0126). While the two cell lines were markedly
sensitized to all three TNF family members by CHX, a
differant degree of response (especially for TRAIL) was
obtained when inhibiton of the MEK/ERK pathway was
achieved. TRAIL-induced apoptosis was significantly
enhanced by UD126 co-treatment in the HT-29 cells, but not in
the FHC cells. The mast significant differences between the
HT-29 and FHC cells co-treated with TRAIL and U0125
were demonstrated with regard o the involvement of the
mitochondrial apoptotic pathway, suggesting its importance
i the regulation of cell sensitivity to the TRAIL-induced
apoptosis.

Introduction

The suppression of apoptosis of colon epithelial cells may
cause cellular transformation and favour progression at every
stage of the adenoma-carcinoma seqguence (1), Cytokines of

the tumour necrosis factor (TNF) family have been identified
as important inducers of apoptosis, but their role in regulating
epithelial cell tumover 1s not fully understood (2), Their effect
on colon cancer cells and the associated molecular and
cellular mechanisms have yet to be elucidated (3). TNF-c,
Fas ligand and TNF-related apoptosis inducing ligand
(TRAIL) induce apoptosis by binding to their respective
death receptors (DRs) possessing intracellular death domains
which recruit certain adaptor molecules to form the death-
inducing signalling complex [DISC) activating the apoptotic
caspase cascade (4). Through caspase-8 activation, subsequent

activation of effector caspases (type I cells, extrinsic pathway
or by transferring a signal w mitochondria (type 11 cells,
intrinsic pathway) mediated by cleavage of the Bid protein (5)
Changes in mitochondria are associated with the activity of
pro- and anti-apoptotic proteins of the Bel-2 protein family

and start events leading to the activation of caspase-9, effector
caspases, death-substrate cleavage and finally cell death (6).
In spite of the fact that TNF-«, anti-Fas and TRAIL ecan
generale potent antitumour activity in vive and in vitro (7.8),
many cancer cells are resistant to this type of DR-mediated
killing. Moreover, the therapeutic use of the TNF-o/TNFR or
Fas/FasL system in cancer treatment has been hampered by
severe side effects. In contrast to TNF-u and FasL, TRAIL
induces apoptosis in a wide variety of transformed cell lines,
but seems to have little or no cytotoxic effect on most nnrmal
cells in vitre and in vive. The induction of apoptesis is
mediated by the interaction of TRAIL with the two death
receptors DR4 and DRS, and the mechanism seems to be
rather different from that of TNF-u or FasL (9). Due to the
selective effects of TRAIL on cancer cells and its ability to

induce apoptosis irrespective of p33 status, it may be a safer

Correspondence to: Dr Alois Kozubik, Institute of Biophysics,
Academy of Sciences of the Czech Republic, CZ-612 65 Brno,
Krilovopolski 135, Crech Republic

E-mail: kozubik@ibp.cz
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Key words: apoptosis, TNF-reluted apoptosis mducing ligand,
TNF-a,anti-Fas, colon

therapeutic altermative to the other two cytokines (1071
spite of an increase in sensitivity to TRAIL-induced apoptosis
during adenoma to colon carcinoma transition being detected
(11), many types of cancer cells become resistant to TRAIL
(12). Some cells seem to be protected from TRAIL-induced
apoptosis by their expression of decoy receptors (DcR1 and
DeR2), which do not transduce gpoptotic signals, as well as at
the level of certain molecules involved in intracellular
signalling pathways (13).

In the present study, two different approaches were used
in order to sensitize the colon cells to the apoptotic effects of
TNF-ur, Fas antibody (anti-Fas) and TRAIL. The cell response

FEBE Letters S80 (20 G565 6569

Different modulation of TRAIL-induced apoptosis by inhibition
of pro-survival pathways in TR AIL-sensitive and TRAIL-resistant
colon cancer cells
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Absiract  Epithdial edls can be manipuated to undergo apop-
tisis depembing on the balanee between pro-suryival amd apopto-
tic signals, We showed that TRAIL-induced apoptosis may be
differentially regulated by inhibitors of MEK ERK (L01248) or
PUAK/ALE (TVHE00Y) pathway in TRAT] csensitive (HT-249)
and TRAIL-resistant (SW620) bumuan epithelial colm cancer
cells, L0125 or LY2%002 significantly enhanced TRAIL-in-
duced apoptosis in FIT-29 cells, but not in SWEID colls. We re-
port a different regulation of the level of an anti-apoptotic Mel-1
protein under MEK/ERK or PI3K/AKT pathway inhilition and
sugpest the mechunis=ms involved, A speciol atfention was poid
to the role of the ERK 12, Akt amd glycogen svothase kinase 3f.
© 2006 Federation of Earopean Biodwmical Societes. Pub-
lished by Elsevicr BV, All rights rescrvad,
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1. Introduction

The wmeur necrosis fctor {TNFl-related apoptosis-ind ue-
ing ligand (TRAIL), a member of TNF family, is paticularly
interesting for its unique properties 1o nduce death of cancer
cells (including colon) whele sparing most normal cells [1]. This
implies its 1se as a promising anti-cancer agent [2]. TRAIL in-
duces apoplosis via interacting with its cognate ‘death’ recep-
tors, DR4 and DRS, which in turn resuls in formation of
the death-inducing signalling complen (DISC), and caspase-8
processing [34]. CaspaseR activation can then result in the
activation of two distinet pathways: a nitochondrialindepen-
dent pathway (in type T cells) leading 1o dired caspase-3 acti-
valion and subsequent cleavage of dea'h subsirates, andlor a
mitochondrial-dependent pathway (in type 1T cells) involving
activation of the pro-apoptotic arm of the Bel-2 fanily, and
the mitochendrial release of apoptogenic factors [3] TRAIL

was shown o induce apeplosis in different colon cancer cell

*Correspondng author, Fax +420 5 41211293,
E-mail adidress komuhik@ibp oz (A, Komhik).

Abbreviations CELR, cytokeratin 18, DR, death receptor; ERE, ex-
tracellular simal-regulated kinase; FLIP, FLICE inhibitory protein;
GSE, glycogen synthase kinase; MMP, mitochondrial membrane
potential, PIZE, phosphatidylinosito]l 3-kinas; PEC, protein kinase C;
PARP, palyADPiribose polimerase; TRAIL, TNF-melated apoptosis-
inducing ligand; THF, tumour necrosis Facter

lines. Interesingly, during colorecial carcinogenesis, a marked
increase in sensitivity Lo the apoplotic efects of TRAIL, asso-
claled with progression [rom bemgn Lo mahgnant lumour Lype
has been reported [6]). For this study, we have used the human
colen adenccarcinoma cell line HT-29, which we previously
charscterizec as Lype T wils [7], and SW620 cells, which are
resistant o TRAIL-induced apoptosis, as models for colon
CANCCT,

Failure to undergo apoplosis in response 10 TRAIL treat-
ment may esull in twmeur resistance, Sensitivity  lowards
TRAIL-medated apoptosis can be modulated at different lev-
elsin the TRAIL signalling pathway. Protein kinase-mediated
signalling has been deseribed as an effective way of directing
DE. signals [8], In contrast o regulation by inhibitory proteins
or TRAIL teceptors, phosphorylation-sased signalling may
woewn without requirement of newly synihesiced proteis, This
could be especially effective under conditions when DR re-
sponses need Lo be rapidly modulated.

Besides its potential to sdlectively kKill timour cells, the phys-
iological role of TRAIL seems Lo be more complex, The ability
of TRAIL o promate survival and proliBration of nor-cancer
cells has been reported [9). Furthermore, in certain tumour
cells, simultmeous or consecutive TRAIL-induced activation
of apoptetic and pro-survival pathways has been demon-
strated [10]. The balance between these pathways is therefore
very important in determining the cell fte. Therefore, further
studies are necessary o examine the interadion between
TRAIL-induced apoptotic pathways and pro-survivel path-
ways in order Lo predict the effectiveness of TRAIL iv cancer
therapy.

The mitogen-activated protein kinases (MAPES) are serine—
thwernine kisases that are activated by phos phocylation in -
sponse 10 a variety of extracellular stimuli [11]. MAPE: play a
central rolein the ransduction of signa’s for growth and dil-
ferentiation and also act as important nodulators of various
apoplosis-inducing signals, The extracellular signal-regulated
kinases (FREK 2] adivated by MEK L2, phosphorylate and
modulate the function of many regulatory proteins. The pro-
tective effect of ERKIZ on DR-inducal apoplosis kas also
been reporied [8].

PIIESAKL = a major signalling pathway which mediates pro-
liferative sigals in the inwestinal epithelial cells in pitro and
in vivo [12]. T addition, this pathway is an important tegulator
of cell differen tiation and apoptosis [13]. Promotion of cell sur-
vival by the sctivation of this pathway occurs by inhibition of
pro-apoptotic or the indsction of sumvival signals [14,13).
PIIK -mediated activation of Akt also results in inhibition of

M014-5793332.00 & 2006 Federation of Ewopean Biochemical Societies. Publizhed by Elsevier BY. All rights reserved.
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Fig. 3. PARP, pro-caspase-8 and cFLIP| cleavage. Mcl-1 protein
level, phosphorylated and total ERK1/2 levels, and phosphorylated
GSK3p in HT-29 cells pre-treated with U0L126 (10 pM, 45 min) and
then treated with TRAIL (100 ng/ml, 4 h), detectad by Western
blotting. Results are representative of four mdependent experiments.
An equal loading was verified using p-actin antibody.
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Fig. 4. PARP and pro-caspase-8 cleavage, Mcl-1 protein level,
phosphorylated and total ERK1/2, Akt, and GSK3p levels in HT-29
cells pre-treated with LY 294002 (50 uM. 60 min) and then treated with
TRAIL (100 ng/ml, 4 k), detected by Western blotting. Resulis are
representative of four independent experiments. An equal loading was
verifizd using f-actin antibody.




HOFMANOVA er al: DR-MEDIATED APOPTOSIS IN CANCER AND NORMAL COLON CELLS
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vage of PARP and f-actin quantification in HT-29 and FHC cells treated with TRAIL (100 ng/ml), CHX (5 gg/ml), U0126 (10 M) or their
4 h, detected by Western bloiting. The results are representative of three independent experiments. (B) Expression of mitochodrial APO2.7
itive cells) after 24h treatment of HT-29 and FHC cells with TRAIL (100 ng/ml), CHX (5 gg/ml). U0126 (10 M) or their combination;
1). versus untreated control; §. P<0.05 (3. P<0.01) versus TRAIL alone; #, between HT-29 and FHC cells.




nbornl:or
vtbklnetlky

Q

-.n-uofyzlknlqjl _#stov nvé‘h BANO










Pratokova
(flow) cytometrie:

jedna z hlavnich
pouzivanych
metodologii

aboratory
ytokinectics

Institute of Biophysics, Brno
Academy of Sciences

Czech Republic




