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Title of doctoral thesis: Synthedlst K dz20{agylceramidesind evaluation of their
effects on barrier properties of skin lipid membranes

The main objetive of this work was to synthesize and study human acylceramides (acylCer,
ceramides of the EO type) with the focus on the relationships between the acylCer
concentration , structure of their polar head, their ability to form lamellar phases and
permeability of model lipid membranes. Another objective was to synthesize ceralnide
phosphates for the study of their signaling role in skin barrier and an analoguagifagde

GM1 with shorter acyl chain as a standard for analysis of these lipids.

Ceramides (Cer) belong to the family of sphingolipids. They are the central molecules in
sphingolipid metabolism, they participate on cell regulatory processes and the fiomait
human skin lipid barrier. The main skin barrier is situated irstregum corneun{SC), which

is the uppermost layer of skin. The purpose of SC is to maintain homeostasis of the inner
environment and to prevent the penetration of exogenous substsnallergens and
bacteria to the organism.

AcylCer are composed of sphingoid base, which is acylated byfulrg’ 3 o0 x on/ 0
SAa0SNRATASR o0& -Hydroxy drobp AcylCeOdreRhe llofigesh Gedoccurring in

the skin and they are essenti@lr the proper function of the skin. Their complete deficit is

lethal due to immense water loss through the skin. Healthy skin barrier contains
approximately 9% of acylCer (of all Cer). Disturbances in the acylCer levels (mostly
decreased levels) were fodnin several severe skin diseases, such as atopic dermatitis,
psoriasis of lamellar ichthyosis.

Due to commercial unavailability of acylCer, we needed to develop and optimize their
complete synthesis. The starting compound for this synthesis wdmdiiohexadecanoic

acid. This acid served as a precursor for the preparation both the phosphonium salt and
aldehyde, two reactants for Wittig reaction, which was a key step in this synthesis that



enabled the preparation of the ultrbbng chain. Resulting 32C utsated acid was
converted to succinimidyl ester, which increased its solubility and simultaneously served as
a protecting group during its acylation with linoleic acid. Linoleic acid was attached to the
ultra-long hydroxyl acid using Yamaguchi esterifarat reaction. In the last step,
succinimidyl ester of the acid reacted with sphingoid base resulting in the desired acylCer.
12-step synthesis with overall 11% yield (in tens of milligrams), and 7% (in gram amounts)
was developed.

Next, Cerl-phosphatesand modified gangliosides were synthesized. Tgrthosphates
were synthesized using interphase phosphorylation with P@RClbllowed by the
hydrolysis of methyl groups to obtain two Eephosphates based on sphingosine and
dihydrosphingosine ithe overall yields 34% and 45%. These compounds will be used for
the study of their role ircell signalizatiorduring the formation of skin barrieand their
behavior in lipid membrane<sanglioside GM1 with shorter acyl chain was prepared as a
standard for gangtiside quantification. Natural ganglioside GM1 was used as a starting
compound. It was enzymatically deacylated and then acylated again with an acid with
shorter chain to obtain the product in 40% ovénraéld.

The prepared acylCer were used for the pregieom of model lipid membranes mimicking

the skin lipid barrier. Two series of the membranes were prepgragimple and complex
model. The simple model was composed of one acylCer (Cer EOS)/one Cer (Cer NS)/
lignoceric acid/cholesterol with addition ofhaclesteryl sulfate. Using -bay powder
diffraction we studied the concentration of Cer EOS necessary for the formation of the long
periodicity phase (essential for the proper barrier function of the skin). It was found, that
this phase appears at 10% cont@tion of Cer EOS and coexists with the short periodicity
phase. At 30% Cer EOS, the short periodicity phase disappeared. Though in permeability
experiments, this model showed to be too simple and the addition of acylCer to the
membrane led to increas@ ithe permeability to model compounds.

To obtain results relevant to vivofindings, the simple model was substituted by more
complex model that contained different acylCer (or their mixture), mixture of Cer, mixture
of fatty acids, cholesterol and an @dition of cholesteryl sulfate. Experiments with complex
model were focused on the comparison of different structures of acylCer polar head. The
permeability of all membranes of the complex model containing acylCer was decreased
compared to control (withouaicylCer), which correlates much better with the experiments
using human skin. Howeversry powder diffraction measurements showed that only the
most complex membrane with the mixture of acylCer forms the long periodicity phase.
These results for the 8t time describe the relationships between the acylCer structure and



their behavior in lipid membranes. In the future, this model will be used in preparation of
the models of lipid barrier in skin diseases and to study compounds with potential ability to
regenerate impaired skin barrier.

The prepared acylCer were also used as standards for the quantification of acylCer in
biological material. Using HPTLC, we were able to prove that the prepared acylCer occur in
skin. We also improved their quantitative apsis and found that identical standards are
necessary for their proper quantification. Using incorrect standards may lead to errors
reaching up to hundreds percent. AcylCer were also used for quantification of lipids in
reconstructed skin with filaggrin kickdown as a model of atopic dermatitis. It was found

GKFG LISNREAA2YS LINPEATFTSNIG2NI I OGAGlI SR NBO
increase skin barrier function and normalize the composition of free fatty acids.

To conclude, an efficient, scalabdmd reliable synthesis of human ultlang Cer was
developed. The synthesized acylCer were used for the preparation of model lipid
membranes simulating healthy or impaired skin, which opens new possibilitiesvifo
evaluation of potential drugs forhe treatment of severe skin diseases, such as atopic
dermatitis or psoriasis. These acylCer were also used to improve quantitative analysis of
lipids in skin samples.
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3.1.1.Epidermis
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1. Stratum basalec 2SS 2SRAYt @GNBRIDlI o6dzyS1 LInjA ok 1T+ fy
kodzy 6y S BENRE (P2NDS y20e0K odzy S o

2. Stratum spinosumid @2 njflp KNI SP odzyS1> 1GSNB as Lkaidd
1SN 2SS LRI 2NROI(iStye @S e OONOK ONREG Ot OK

3. Stratum granulosungjevrstvalco njk R 6dzy S = lefk&atah@linl I 6 Nyt O
OGLINB{ dzNJ 2NJ | SiN$ i y @20 (i O &z @RIGK dizLItze NJ2 & G dzLJy S
RAFTSNBYyOdz2N | 2RdzYNNJ} 2N®

4. Stratum lucidunty t & f S Rtog@rcoindunt 2S5 G2 GSy 1t ONBRGOI I |
LInjS &t O &a WON SLIARSNXYA&ED (hoab KIEDB IONIINA St
keratinu.
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5. Stratum cormneumc Y S2a4 ONODKY S20N GONBE GOl SLIARSN)NAA:
2RdzYnStsS I LXYS TNRK2JF(IStS oylpbveckll 2N &S
2 R dztdduBrNisjonctun

The Structure of
the Epidermis

Stratum corneum

Stratum lucidum

Stratum granulosum

Stratum spinosum

Stratum basale

Basement membrane

Dermis

hoNJTS1 Mo { O&RSTEnER &g 52 iz4 OBBusehitdnisEiBla@entaiege S LA R
2014'. Wikiversity Journal of Medicidg(2).doi: 10.15347/wjm/2014.010SSN20018762

3.2. Stratum corneum (SC)
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3.2.2.Ceramidy (Cer)
/ SNJ LJ G4 nN R2 NRRAYyE& &TSAWPR20KA LIAINRAS at SAAEKN 23 g N NS
A Yyl 06 NASNRDS Tdzy {08 140S 2112 adal@SoyN (IFYS:

3221. ¢e Lk OSNI YARA
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R2ailySYS &S yI LhnjAiof AGBOKiR2N t NAIISY e RISt Y 2 (OST dztA
d1dzLAydz fALIARADATSWIZARY M| ot RISSNo aff @y I28Ay 0
dihydrosfingosin (dS), -Bydroxysfingosin (H) a &2 dz6 | a4y 2a A LInNfNt AO y SLJ
AaFTAYIA2ARYN o0+1S asS 6GeénYA KeéRNREERBRIR2XBKEY a1 dzLJ
njSG ST &SY/dwn t NAYH NYN | YAY2&] dzLIA Y lnasyicéor & FA y 32
ObOKERNRERT 2 Ol yIRMR NP D@ fy25bl2y 2.dz | &8 4 StEMyRAdE SOvh 0 @ 5
{/ LRKeéeodzeS 2R mMc R2 oc/ o.pdokdkyseligMldolovcnOS oé i
69 h03I LippNishl Resdbstitdovanou kyselinov-QlacylCerf’ ! LINjSRy 2a iz 2 @t y' i

FT2NXYI yi1 @028t 20N 1 20/yNOK HENIoBEBDIG BRINSY By NP
aroku201£+ & diONE Yo 2t A AFAYI2ARYNOK o6+T N | | Oétféx
LINjNaf dzOyS LI RGnNNRE /SNE yFLNnN{fFIR /SN ! { 28§

hydroxylovanou kyselinou a Cer EOH je odvozenK®6RNR E@ & FAy I32aAydzZ 1 G SNJ
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Ceramidy s nesubstituovanym acylem (N)
sfingosin (S)

HW
HO. NH Cer NS (Cer 2)

ON\NVVVWA

dihydrosfingosin (dS)

HW
HO_ Ay Cer NdS (Cer 10)

ON\NVVVWA

OH OH
HO..

HO NH Cer NT

O

Ceramidy s a-hydroxylovanym acylem (A)

HW
HO NH Cer AS (Cer 5)
OW

OH

HO..
HOW Cer AdS (Cer 11)
OWW\

OH

Ceramidy s w-esterifikovanym acylem (EO)

HO,_~
HOM

NH
OZ\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/OW/\/\/\/\:/\:/W
(¢]

OH

HW
HO. NH

1-O-acyl ceramidy

HO.,_~
WOW Cer 1-O-ENS

(6] O//J‘\/\/\/\/\/\/\/\/\/\/\/\

HW
V\/\/\/\/\/WO NH Cer 1-O-EAS

OH

OH fytosfingosin (P)

HW
HO. NH Cer NP (Cer 3)

OWVW

OH 6-hydroxysfingosin (H)

HW
HO NH Cer NH (Cer 8)

OWVW

OH

HW
HO NH Cer AP (Cer 6)
OW

OH
OH

HO, -~ ~
HOW Cer AH (Cer 7)
O%\W

OH

Cer EOS (Cer 1)
Cer EOP (Cer 9)
Cer EOdS

Cer EOH (Cer 4)

/ SNI yItS8T SyeOK @ tARa1S 140X
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Cer EOdS/EOS

EOdS/EOS
Cer NdS/NS
Cer
~ CerNP
Cer EOH
Cer AdS/IAS J
Cer NH |
Cer AP
Cer AH
AdS/AS
EOH
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3222 . A2aeyiasSi OSNI} YARA
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sfingosinul Na1-Ft BNROa2y 220 Yy NG dREBEEIGdzNI T & d Sy iz S
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RSKERNI (G20t yH pl IROZEYEY &N de ®20SyS yI Fedzs

KERNRE&EELRDAPR Pn LIY2ON Syl éyvydz RS&I GdzNI T &
dihydroCera6K&@ RNRE&/ SNJ yS&®8t T I GNY yIlIfSTi Syo
0]
/\)k Q
HO (o} +
NH,* CoA—S)J\/\/R

serin palmitoylCoA transferaza
(kondenzace)

éj

HO
NH,

3-ketodihydrosfingosin reduktaza
(redukce)

Dihydrosfingosin

ceramid syntaza
(acylace)

HO

Pyl
o
()
0
‘%;
>
S
[$)
T
zZ
Oé
Py

HN

?

Dihydrosfingosinové Cer /\‘/\/\KR
OH

6-Hydroxysfingosinové Cer

hoNJI T 3RargdST I OSNI YARA
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komplexZ [ @l ySK2 aé&yit ol t XRPRO YOO { e B iSRSt P8z v |
L12 injSodz2S aLISOAt YN (&Ll Sibd Bdrbsse] 2 yeatyiee S@&\ylrait dz
1t z202dz ZAOOA ASH dPewd e GdzaN Ll2dZl S 6Gé&nA LE2RR
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mezi C16C20, ELOVL3 Gg26, ELOVL4 C20 a C22, ELOVI-EZI& ELOVL6 C12, C16,

I Mmyd %t Ne@Sz oeftz2 12A0GSy2x OS 9[h+x[mMX o F ¢
1eaStAye | 9[ h+[HZ n | p LINBTSNEza NS iy ByISy | a&
ySoéf elnSaly s dINKBR® dz02 gt y N njSGi ST OS LINRPONKI GOR
G2 Oelftadle a8 2L 1dz2NON R SmabnylCoAS@hBym-B | K N/ dz2 S
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hydroxyacylCoR SK& RN®WI Sy IRI f ON NEmodk]20A NBSR/d|&iYt THIZ00

0] 0] O
+
R/\)kSCoA HOMSCOA
A 3-ketoacylCoA syntaza
(kondenzace)
0] O

3-ketoacylCoA reduktaza
(redukce)

RWSCOA
¢

RWSCOA

3-hydroxyacylCoA dehydrogenaza
(dehydratace)

SCoA

(redukce)

(0]
W
¢ 2,3-enoylCoA reduktaza
/\/\)()k

SCoA
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3.2.3.Acylceramidy (acylCer)
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n SCoA n+o SCOA

Cytochrom P450 CYP4F22
hydroxylaza (omega hydroxylace)

0]

Wﬁsom
Omega acyltransferaza CerS3
(esterifikace) / \Na:ylace
/Y\/\/ R
/\/\(\%ESCoA HN mOH

CerSS\ A/)mega acyltransferaza
(N-acylace esterifikace)
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GLC GLC
/ /

0 0 GLC
0 HO
HN HN
(@] 11OH (0] 1OH HN HN OH
\ \ 0 OH O OH O
\ \
e —_— e —_—
0 HO
o) 0 0 o]

Py

Korneocytalni lipidova obalka

O NI IOty iyS @t 1 1yS OSNI YARE

324.aS0l 0 AIpPSNSS @ OSRIVYOROHK aFAay3I2€ AL
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