1.Co jsou lipidy, bun ace za Ucasti lipidu

2.Metody stanoveni lipidu (chromatografické analyzy, enzymové aktivity,
inhibitory, vizualizace lipidu)

3.Fyziologicky/patofyziologicky/toxikologicky vyznam lipidu, interpretace
dat z lipidomickych analyz (ic¢ast v diferenciaci, zmény lipidomu
v karcinogenezi, lipidomické zmény po expozici cizorodymi latkami)



Genomics ‘Tabolomics

Structural lipids,
storage, cell signaling

- phospholipids,

triglycerides, PIPs Lipid mediators (PIPs, AA,
- sphingolipids (SLs) _, Sls, FAs, PGs,...):
- fatty acids (FAs) - intracellular signaling
- eicosanoids (PGs,..) - auto/paracrine signaling

- sterols (bile
acids, cholesterol,
steroid hormones)




BRSEPARACE
NALYZA

FOSFOLIPIDY - chemické slozeni v bunecn
stanoveni fosfolipidu (TLC, HPTLC, HPLC/
stanoveni hladin a fosfolipazovych akfivit,
(akumulace v lipidnich dropletech) - flurome
FOSFATIDYLINOSITOLFOSFATY (PIPs) - intracelularni
koncentrace (HPLC)

SFINGOLIPIDY (SL) - koncentrace SL v bunkach, extracelularnim
prostoru, v plasmé; enzymy metabolismu SL (genova exprese,
proteiny, enzymove aktivity) - RT-PCR, Western blotting, ICC, THC
barveni, HPLC/MS, 6C/MS

MASTNE KYSELINY - chemické slozeni mastnych kyselin (6C/MS);
exprese geni metabolismu FAs; EICOSANOIDY (prostaglandiny,
leukotrieny, ..) stanoveni hladin, stanoveni enzym. aktivit LOX,

COX, CYP PG syntdz - HPLC/MS

STEROLY (cholesterol, zluove kyseliny, steroidni hormony a jejich
metaboll'ry) - stanoveni hladin (HPLC), komplemem'ar'm stanoveni
genové exprese, proteini a enzymovych aktivit enzymi metabolismu
sterold..)



Lipidové bunéc¢né membrany

"Cell membranes are not just homogenous mixtures of lipids and
proteins; they are membrane domains with specific lipid and protein
compositions r‘egula‘ring vesicular traffic, cell polarity and cell

signaling pathways.™ (Bieberich, Chemistry and Physics of LIpIdS 2018)

NN SV aVYLTMENLN

Ruzné faze v lipidové membrané:

- "liquid ordered phase™ (Lo) = lipidové rafty, velmi dynamicke,
obohacené o cholesterol a sfingolipidy (SM, GSLs), které jsou
asociovdny s raft. proteiny: ceramid a lysosfingolipidy indukuji
srustdani rafttu do vétsich domén; toto srustani ("coalescence™)
pravdépodobné indukovano enzymaticky (SM konverze na ceramid
sfingomyelinazami, hydrolyza GSLs glykosidazami):

- “liquid disordered phase" (Ld); pritomnost nenasycenych fosfolipidu
podporuje Ld; zde pritomny, ,izolovdny" neraftové proteiny.

e
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GLYCE

Ptdins

l choline

PtdinsP,

Ptd cholin

sl

% PL-D

ow

Ptd

PL-C \fast @ /(

arachidonic aci

v
prostaglandins
and others

ni lipidy

ylinositol -

a fosfolipéza C
ipdza D
fosfatidylcholin-

fosfolipidi:

_ hladiny DAG, PIPs..;

- produkci mastnych kys.
a metabolitd mastnych
kys. (AA, prostaglandind,
leukotrient aj.)



SFING O v icy

Funkce DAG:
(aktivace PKC,
proliferac¢ni signaly aj.)
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Rizné funkce ceramidu Sphingomyelin
v rliznych typech bunék
(aktivace fosfatdz, apoptotické
signdly, funkce v membrandch)



Fyziologické a patofyziologické role SLs
("S1P/Cer rheostat")

Stress stimuli [' Migration][Haematopoietic or endothelial \|

* Invasion || secreted S1P (through SPN52 activity) )
Filopodia EpoM- _HDL-S1P>

formation A (_k})
S1PR1-5 TSPNSZ e Insulin )
&@MP fg * Growth
Plasma ‘x,_ facto rs )

tivation of protein
ases (ERK1/2, Akt):
h-S1P-S1P receptors,

membrane| PP1C %) (EZ"IH KDOEHH liferation, cell survival,
> (BAX — Klnase gration, ...
ks
(t Baj'.““PPz@C “—”j@ (RHO) / l
(BCL-2) EZI in
Mitochondrion *if
; -
- _ | (ERK) -
= Palmitate JAK ess stimuli:
l F STAT r, dhCer, ...:

optosis, cell cycle arrest,
tophagy leading to cell
ath, senescence,...

Nucleus @ —| AKT)
N
- F Cer biology /P biology
@19 @%E“C) * Apoptosis * Proliferation

* Cell cycle arrest | | » I sulin acti * Survival
* Histone acetylation)\ | * Senescence etabolic * Migration
* Transcription * Differentiation hanges * Angiogenesis

(Hannun, Obeid, Nature Rev 2018, 19, 175-191)



Fyziologické a patofyziologické role GSLs

Gb3

OO@Ce
A Tumor-suppressing function Tumor-enhancing function
Gb3 |synthase GM3 GD3

LacCer O-@<TOY™"Y am (‘ »@ ot c;mo.-_. GT3

GM2/GD2/GAZ

synthase GM2/GD2/GA2
L GME L GD2 "-\.f fh 58
aA2 Dai»o-
GM1/GD1b/GAT
synthase GM1/GD1b/GA1
il GM1 GD1b v synthase
S ' ne e
L
GD1a GT1b
O-series a-series b-series
CTe>: ceramide, @ :Glucose, () : Galactose, [ | : N-acetylgalactosamine, @ : Sialic acid

6D3 and 6D2 enhance the malignant properties of cancer cells such as cell proliferation,
invasion, migration, and metastasis; GM3, 6M2 and 6M1 often suppress malignant
properties (Furukawa et al., Cancer Sci, 2019, 110, 1544-1551).



S PIDU

Tenkovrstva ¢
Fosfolipidy od
Sfingolipidy -

LC):
pinova analyza;

analyzu individual.
lipidi (zde 2. krokem je metoda LC/MS)

LC/MS:
Stanoveni jednotlivych fosfolipidi
- analyza celého vzorku (lyzatu bunék, liposomi apod.);

separace jednotlivych trid na kolonce SPE + analyza
LC/MS

- izolace HPTLC + analyza LC/MS:;




IDU (vybér mobilnich fdzi)

— 1| Proé stanovujeme fosfolipidy:

'''' =1~ - slozeni bunéénych membran

- sloZeni fosfolipidi v liposomech
(=medicinské nanonosice léciv)

I I I - stanoveni enzymovych aktivit

(PI-PLC, PC-PLC, PLD)

o2 | an Priklad stanoveni PC-PLC:
AR T - bunky znaceny [14C] cholinem a
e [3H] kyselinou myristovou
(inkorporace do PC)

Lo Phss phacsdy ke rine LS ]

s _ - extrakce lipidi (CHCl;:MeOH)
i U S ... = separace TLC
o e % - popP. spray s barvickou

(primulin)
- separace TLC v 2. mobilni fazi
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Sheath gas
.

>
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Typ

PIDU

jiné vlastnosti):

m/z: 701.8, 3.C34:2 m/z: 703.8, 3C34:1 61339
d18:1/C16:1 7% d18:1/C16:0 96% d1g:1/c24:0
d18:2/C16:0 85% d16:1/C18:0 4% | 918:1/C24:1
d16:1/C18:1 7% | m/z: 729.8, $C36:2
7 d18:1/C18:1 32%

e 70 ' | m/z: 705.8, £€34:0 d18:2/C18:0 53%
@ 60 d18:0/C16:0 100% 313:0?:15:2 2%
3] 16:1/C20:1 4%
& 50 d18:1/c22 d19:1/C17:1 7%
z
2 40 m/z: 731.8,
< g d18:1/C18:0 ¥C36:1
= 731.8 d d18:1/C18:0 81%
2 2 | | d16:1/C20:0 19%
2 10| 6758 l... | |- |‘.,'
= ™\, 689.8 (| 717.8 || g T38H |t 8asd
E T T PR L N P WY L NP WO A WYL Y .

m/z 700 750 800 850



Serine +
Palmitoyl-CoA

SPT

|

CerS5 (C16) & 6 (C14 & 16)

/ 4| CerS1(C18)

CHy(CH,);

O OH

3-Ketosphinganine

Reductase

—

———

Cers4 (C20 + zﬂ CerS2 (C22,24)

OH OH
A
N
Sphinganine (d18:0)

SphK

Sphinganine 1-P
(d18:0-P)

(d18:1-P)

CerS3 (> C24)
T

(LC/MS/MS

Sphingosine 1-P

Hexadec (an/en)al
+ Ethanolamine-P

SphK Sphingosine

(d18:1)

d18:.0
C16:0
DHSM

d18:0
C16:0
DHCerP

d18:0
Cc18:0
DHSM

d18:0
C18:0
DHCerP

d18:.0
C20:0
DHSM

d18:0
C20:0
DHCerP

d18:0
C22:0

d18:0
C22:0
DHCerP

d18:0
C24:1
DHSM

d18:0
C24:1
DHCerP

d18:0

d18:0

d18:0

C24:0
DHCerP

d18:0
C26:1
DHCerP

d18:0
C26:0
DHCerP

Ceramidases

Dihydroceramide desaturases (DES1,2 for 4,5-double bond; DES2 for 4-hydroxyl- t18:0, not shown)

d18:1

d18:1
C18:0

d18:1
C20:0

d18:1
C20:0

d18:1

d18:1
C22:0

d18:1
C24:1

d18:1
C241

d18:1

d18:1 d18:1

C24:0

C26:1

SM

SM Cer1P GlcCer GalCer LacCer Sulfatide

O o o O 00 00

Lipid backbone
Sphingoid base (dx:y)
Fatty acyl chain (cx:y)

Key: (DH)Cer
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OVEHO

Metabolic Labels Concentration  Duration

a wﬂv%%w%ﬁﬁhwm Serine- 1-4h

SPT| oy o I 0.1-2mM

NHa| SPT- tsotopically Labeled Fatty acids Fatty Acld- 3h
‘ labeled Serine 0.1 mM
V\/\AAN\E£<\
Cers R 0.5-2 uMm Smin — 4h

| 17C dihydrosphingosine | A

.

o B T
—

DeS h/"\!/\f\/vvv:k_) 0.5 M 2-6h
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Sl q \/\/\g)‘ o CERK10uM |o0.5h
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LIPIDU

Fluorescent

I Lysenin-GFP Ceramide Ab ‘Click’-Ceramides . e g 2
e - lipidni fluoresc.

—

ﬁp RF :- j ___; ﬂﬂ} '@ analoga SLs

/ - proteiny vazajici
SMm SMase CER Azido-CE se specificky na SL
0009000000 mammﬂ-sm

Shiga toxin-Gb3,

[ 200

%&% l; HH;HHHHHI“H”H cholera toxin-6M1)
OOQLOOO

s 4% CBP X-GFP - protilatky proti
SLs (pr. Cer Ab)
.‘- T z:’_t r
'E—L@BP_Y_GFP - fluoresc. sondy
@3 vazajici se na lipid.
&N\ cepcrp  Mafty (C-laurdan)

W
£

|

CBP Z-GFP




Vizualizacel@
Mito-ID™ Red anx A1-GFP

1=
o
=
=
o
=
k.

VyuzZiti jevu, Ze annexin Al se vaze specificky na ceramid
(Canals, Chem Phys Lipids, 2019)




MASTN

NASYCENE MAST

(,SFA™):

- maselna (4:0)

- laurova (12:0) icka derivatizace

- myristova (14:0) icka nebo

- palmitova (16:0)

- stearova (16:0) i (methylaci) /MS>

NENASYCENE MASTNE KYSELINY
("MUFA", PUFA"):
olejova (18:1)

linolova (18:2, priklad n-6 kyseliny) HPLC [fluarimetricka detekce
linolenova (18:3) neb @
arachidonova (20:4)

eikosapentaenova (20:5)
dokosahexaenova (22:6)



DERIVA ELIN

Derivatizace v HP h divodu:

e zvySeni citlivosti ne
e zvySeni rozliSeni ne
e zamezeni nezadouc

Zpusoby derivatizace:

e Predkolonova derivatizace (pre-column chromatography);
chemicka reakce probiha pred kolonou

e Postkolonova derivatizace (post-column chromatography);
chemicka reakce probiha za kolonou

e Derivatizace na koloné€; chemicka reakce probiha primo v koloné
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Arachidonic acid

Lipoxygenases | Cyclooxygenase
P450s
Y
LT EETs PGs
HPETEs HETEs TxA;
HETEs o alcohols PGI,
Lipoxins «-1 alcohols

Hepoxilins



KYSELINA ARAC

- o COOH — — COOH P N S e COOH
i, S T incarizuj
20:4 arachidonova kyselina LOX !_l”l"_";“_-"'?-”ﬁ‘:i
L o cyklooxygenasova I cyklizujici e
2 aktivita COX L driha
(inhibice aspirinem) OOH
_ . ! COOH
P _ cook prostaglandiny /’“HJWW —* leukotricny
il I:|' rHPL‘ rnx}'-l Osaleirscn-
C m / kysclina LTA
)] — b
‘\f }: U / neh HOO
= W*E-W EDUH
0, LTC
12-hydroperoxy-ikosatetracn-
. kyseling
B .-'w nEko
‘ COOH MO
— B
M e e R T e T e T el
D_-_ &
L 15-hydroperoxy-ikosatetraen-
O0OH ky=eling

PGG,

2GSH hydroperoxidasova
GssG aktivita
Stanoveni koncentraci PGs, LTs, HETEs;

i iy e —
|<:[ ﬂ;—fmmml stanoveni aktivi+-€0OX, LOX a CYP:
e “""/::W 6C/MS nebo analyza metaboliti AA
PGH,
/ ‘ \ ° 4 4 ° 4 °
PGE2 pgD2 TXA2 ===m pro-/protizanétlive aj. efekty
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SIGNAL TRANSDUCTION CELLULAR EVENTS
PATHWAYS

Membrane Receptors - )
: Mitogenic signal transduction

Ras, Rho, RK1/2, ERs, c-Myc)

Arachidonic Acid. R modulation
Oxygéen Species )Rb, CDKs, GADDs)

Ceon o5

Protein Kinases (E
p38, PKB/Akt, PKC
Ras, Rho), Protein

of apoptosis
, P93, Bax, Bcl-2, Casp)

n of intercellular
ation (Cx 43, Cx32)

Transcription Factors, Cell survival, proliferation,

Modulators of Gene Expression cell death, senescence,
(AhR, ERs, CAR, NF-kB, AP-1, cell differentiation,

c-Jun, c-Fos, c-Myc, p33) cancer promotion, progression



Jaky je biologicky vyznam zmeén v lipidomu?

zmeény vlastnosti plasmatickych membradn nebo jejich mikrodomén
(lipidovych rafta);

zmény v mezibunécné komunikaci a mezlbunecne interakci
(mezer'ove spoje
zmeny aktivity
(povrchovych rec
zmeény v intracel
lipidnimi signalnii

j. primo ovlivnény

)

embryogeneze,
role v karcinogenezi (SLs - prezivani a proliferace bunék, migrace,
resistence, zmény v energet. metabolismu rakovinnych bunék atd.)
infekce - GSLs = povrchové receptory

regulace prozanétlivych a protizanétlivych procest (eikosanoidy)




Lipidomick dymi latkami




Time course of effects of 25uM PCB 153
on SL metabolism in liver WB-344 cells
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- PCB 153 increased significantly the concentrations of dhSph, dhSph-1-P,
dhCer and dhSM during short-term exposure time; dhCer and dhSM
were further increased after the 24-h exposure;

- PCB 153 slightly suppressed Cer and HexCer levels during 30-min. to 3-h
exposure and it induced Cer, HexCer and LacCer after 24-h exposure.



Méreni a etabolismu




the Cer C12/0 p

- fenretinide (c

PCB 153 inhibits DES1 activity

(DES1 activity determined as production of Cer 12/0 in the cells
pretreated with artificial DES1 substrate dhCer C12/0)

% of conrol

100 -
12i0

J

16/0 1810 20/0 2410 24M total
Ceramkles

ts of PCB 153

ﬂﬁmm

120

1610 18/0 24/0 24M wlal
Dihydroceramldes



Effects of PCB 153 on expression of major enzymes
involved in Cer production

relative mRNA expression
(fold induction)

- RT-PCR analysis: the Cer increase might be linked to changes in
gene expression of major enzymes responsible for Cer production
after 6-h exposure to PCB 153



Modulation of sphingomyelinase activity by PCB 153
(the cells were pretreated with deuterated SM 16/0
for 6 h and then exposed to PCB 153 for 24 h)

- our data suggests a possible role of SMase activity in PCB-
induced increase of Cer concentrations



Summary of changes in SL biosynthetic and
remodeling pathways in WB-F344 cells
following short-term and 24-h exposure to

palmitoyl-CoA + serine
|

dhSph == dhSph-1-P

palmitoyl-CoA + serine

- induction of SMase and/or also CerSé activity after 24-h exposure

(red, increased concentrations; green decreased concentrations)



Acute inhibition of gap junction intercellular
communication (rat liver progenitor WB-F344 cells)
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Fenretinide dhCer
16/0

pgM (3 h treatment)

Inhibition of GJIC by fenretinide (DEGSI1 inhibitor) or external exposure
to dhSph (sphinganine), Sph (sphingosine) and dhCer (dihydroceramide):
external addition of dhSph, but not of dhCer, inhibited GJIC

(suggesting dhSph as a possible candidate effector in WB-F344 cells).
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Modulations of phospholipid and sphingolipid
metabolism in colon cancer epithelial cells?

Metabolic reprogra metabolism is
a hallmark of cance

(Nomura D., Crava

Many of cell biologi
sphingolipids and ot growth regulation,
cell migration, adhe matory responses.
(Hannun Y.A., Obeid L.M., Nature Reviews Mol. Cell Biol. 19, 175-191,
2018)

by bioactive



Introduction: the main goals of these studies

to identify deregulation in metabolism of phosphc ipids,
sphingolipids in s elial cells, using
LC-tandem MS;

to find a link be

olism genes and
altered ratio in :

to compare lipidc atients
and ,healthy" p

to identify potential ma of colon adenocarcinoma cells



Lipidomick malni tkani
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p=0.00131 p=0.00282 p=0.00131 p=0.00040 p=0.00253 p=0.00024 p=0.00009 pP=0.00036 p=0.00386

ug of lipid/1x10%6 cells
(normalized to internal standard)

C14:0 C16:1 Cc18:1 C24:0 C24:1
Sphingomyelin

p=0.00004 p=0.00110 p=0.00004 p=0.00004 p=0.00005 p=0.00776 p=0.00524

E control
E tumor

ug of lipid/1x10°6 cells
normalized to internal standard)
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Expression gqRT-PCR analysis of genes involved in LacCer metabolism
and in LCFA-/VLCFA-sphingolipid subspecies accumulation (T/N)
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Deregulated expression of lipid metabolism genes in CRC
(total tissues, T/N ratio, Custom PCR Array)

NEU3
ST3GAL2
S1PR2

PTGES
PLA2G4B
SPHK1

SMPD4

NSMAF

GLA
AHR
CSNK1G2
SGMS1
PTGES3

ST6GALNAC6
PTGER4
ST6GALNAC3

SMPDL3B
PLPP3
GBA2
LARGE
FA2H

SMPD3

SMPD1
CYP4F12
SPTSSA
PLA2G10

DESCRIPTION

sialidase 3 (membrane sialidase)

ST3 beta-galactoside alpha-2,3-sialyltransferase 2
sphingosine-1-phosphate receptor 2
prostaglandin E synthase
phospholipase A2, group IVB (cytosolic)
sphingosine kinase 1

sphingomyelin phosphodiesterase 4, neutral membrane

(neutral sphingomyelinase-3)

neutral sphingomyelinase (N-SMase) activation associated

factor
galactosidase, alpha
aryl hydrocarbon receptor
casein kinase 1, gamma 2
sphingomyelin synthase 1
prostaglandin E synthase 3 (cytosolic)

ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-
acetylgalactosaminide alpha-2,6-sialyltransferase 6

prostaglandin E receptor 4 (subtype EP4)

ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-
acetylgalactosaminide alpha-2,6-sialyltransferase 3

sphingomyelin phosphodiesterase, acid-like 3B
phospholipid Phosphatase 3
glucosidase, beta (bile acid) 2
like-glycosyltransferase
fatty acid 2-hydroxylase

sphingomyelin phosphodiesterase 3, neutral membrane

(neutral sphingomyelinase I1)

sphingomyelin phosphodiesterase 1, acid lysosomal
cytochrome P450, family 4, subfamily F, polypeptide 12

serine palmitoyltransferase, small subunit A
phospholipase A2, group X

MEAN SD

5.02
4.91
4.46
4.39
4.38

3.22

3.10

3.08
2.64
2.31
1.92
1.86

0.80
0.64
0.60

0.60
0.53
0.53
0.50
0.47

8.35
4.19
4.91
5.28
3.38
3.88

2.18

2.60

3.12
1.52
1.76
1.21
1.21

1.55
0.93
0.51

0.53
0.32
0.32
0.19
0.50

0.36

0.39
0.32
0.30
0.21

PAIRED
t-TEST
0.0039
0.0020
0.0488
0.0250
0.0121
0.0098

0.0059

0.0163

0.0098
0.0097
0.0329
0.0431
0.0246

0.0371
0.0488
0.0195

0.0469
0.0047
0.0025
0.0002
0.0072

0.0022

0.0039
0.0039
0.0104
0.0020

HK1, SIPR2, PLPP

MS1, SMPD4,
PD1, SMPDL3B,
PD3

U3, GLA, GBA2

3GAL2,
6GALNAC3,
6GALNACG6

PTGES, PTGES3,
PLA2G4B, PLA2G10
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Concentration of prostaglandins in colon
adenocarcinoma patients vs. “healthy population”
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Concentration of eicosanoids in colon
adenocarcinoma patients vs. “healthy population™
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