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Dithranol hatasa human keratinocitak citokin expresszigjara*
The effect of dithranol
on the cytokine expression of human keratinocytes

FARKAS ARPAD DR.', KEMENY LAJOS DR.', SZONY BARNABAS JOZSEF DR,
BATA ZSUZSANNA DR.!, KISS MARIA DR, PIVARCSI ANDOR DR.', DOBOZY ATTILA DR.'

OSSZEFOGLALAS

A pikkelysomor kezelésében haszndlatos dithranol hatds-
mechanizmusa teljesen ma sem isniert. A betegség pato-
mechanizmusdéhan az interleukin-8 és a- interleukin-10
fontos scerepet jatszik. A szerzék azt vizsgdltdk, hogy mi-
ként befolydsolja a dithranol az interleukin-8 és az inter-
leukin-10 termelést. valamint az interleukin-10 receptor
kifejezodést humdn keratinocitdkon. Munkdjuk sordn hu-
mdn keratinocita (HaCaT) sejtekbdl 0,1-1 nglml dithranol
kezelés utdn 2 és 4 ordval az ésszes RNS-t izoldltdk. Az
RNS reverz transzkripciojat (RT) kévetden polimerd:
lancreakciot hajtottak végre a ¢cDNS-en interleukin-8, in-
terleukin-10 és interleukin-10 receptor specifikus primer
pdrokkal. Immunhisztokémiai vizsgdlatokho: a HaCaT
sejteket humdn interleukin-10 receptorellenes antitesttel

. inkubdltdk. Eredményeik szerint HaCaT sejtekben a dith-
ranol kezelés nem viltoztatta meg a- igen magas interleu-
kin-8 mRNS-szintet, mig az interleukin-10 termelése PCR
technikdval nem volt kinutathaté. Az interleukin-10 re-
ceptor esetében a dithranol koncentrdciéjiiél fiiggden az
mRNS emelkedését taldlidk, amit immunhisztokémiai vizs-
gdlat segitségével fehérjeszinten is igazoltak. Mivel az in-
terleukin-10 receptor a pikkelysoméros 1ézié keratinocitd-
inak felszinén csékkent mennyiséghen van jelen, a dithra-
nol okozta receptormennyiség-novekedés része lehet a te-
rdpids hatdsnak.

Kulcsszavak:
interleukin-8 - interleukin-10
- interleukin-10 receptor - pikkelysomor
- - dithranol - citokinek

SUMMARY

Dithranol is highly effective in the treatment of psoriasis,
however its mode of action is still not well known. Since in-
terlenkin-8 and interleukin-10 are involved in the pathoge-
nesis of psoriasis, the aim of our study was to investigate the
effect of dithranol on interleukin-8, interleukin-10 mRNA
production and interleukin-10 receptor expression of kerati-
nocytes. Cultured HaCaT cells were treated with 0.1-1
nglmi dithranol for 30 minutes. After 2 and 4 howrs total
cellular RNA isolated from HaCaT cells was reverse transc-
ribed (RT) to DNA which was subjected to polymerase cha-
in reaction (PCR) with specific primer pairs for interleukin-
8, interleukin-10 and interleukin-10 receptor. For immuno-
histochemistry culuured HaCaT cells were stained with a
monoclonal antibody against the human interleukin-10 re-
ceptor. Our results showed that dithranol treatment did not
change the highly elevated level of interleukin-8 mRNA of
HaCaT cells and interleukin-10 mRNA signal with RT-PCR
could not be detected in HaCaT cells. Depending on the
concentration dithranol increased the mRNA production of
interleukin-10 receptors in HaCaT cells. This dithranol in-
duced interleukin-10 receptor upregulation was also obser-
ved on the protein level using imnunohistochemistry in a
dose dependent way. Since the interleukin-10 receptor exp-
ression of keratinocytes in psoriatic lesional skin is downre-
gulated, the dithranol induced upregulation of the receptor
might be involved in the therapeutic action of the drug.

Key words:
interleukin-8 - interleukin-10
- interleukin-10 receptor - psoriasis
- dithranol - cytokines

A pikkelysomorre jellemz6 gyulladds és epidermdlis pro-
liferici6 1éwrejottében a stimuldlé hatdsoknak és a gitlé
mechanizmusok elégtelenségének jelentGsége van. Az in-
terleukin-8 (IL-8) egy gyulladdskeltS citokin, melyet sz4-

* Prof. dr. Schneider Imre 70. sziiletésnapja tiszteletére késziilt koz-
lemény
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mos sejttipus termel a bdrben, specifikus receptora (IL-
8R) a keratinocitik felszinén is jelen van (19). A betegség
patogenezisében fontos szerepe van az interleukin-8 (IL-
8) (46, 47) és receptora (44) megviltozott szabdlyozisi-
nak. Munkacsoportunk koribbi eredményei azt mutattik,
hogy a kiilonb6z6 antipsoriatikus hatdsd szerek gitoljdk
az IL-8 keratinocitikhoz kotédését (19, 24, 32) és befo-



lydsoljdk az IL-8 gén, valamint az IL-8R expresszidjit is
(30, 44). A p53 mennyisége alacsonyabb a pikkelyséma-
ros plakkokban, szintje emelkedik az antipsoriatikus hata-
st tacrolimus (FK—506) hatdsara (30).

A gyulladdscsokkent§ citokinek szerepérdl még keveset
tudunk. Az interleukin-10 (IL-10) a gyulladdsos folyama-
tokat gétolja, Termelését elGszor a T-helper, (Th,) sejtek-
ben irtdk le. hatisa a T-helper, (Th,) limfocitdk tipusos ci-
tokin vilaszdnak csokkentése (12). Ujabb eredmények
szerint az IL-10 szubkutdn alkalmazdsa antipsoriatikus
hatdsii, mely arra utal, hogy a pikkelysdmdros léziéban
relativ IL-10 hidny 4ll fenn (1).

Az IL-10 hatdsdt sejtfelszini receptor segitségével fejti
ki (IL-10R). Az utébbi évek kutatdsai tisztdztik az IL-10R
jelenlétét humdn keratinocitdkon, és csokkent kifejezodé-
sét a pikkelysomords 1€ziéban (34). Tovabbi vizsgdlatok
igazoltik, hogy epidermilis sejtek felszfnén az IL-10R ki-
fejezGdést noveli az antipsoriatikus hatdsd D3-vitamin, a
calcipotriol (31) €s steroid (34) kezelés. A pikkelys6moros
beteg kezelésében hasznélatos dithranol hatismechaniz-
mus ma sem ismert teljesen (23).

A spontdn transzformdlt humén keratinocita sejtvonal
(HaCaT). mely differencidlédds szempontjdb6l hasonlé a
normdl keratinocitikhoz elfogadott modell a hiperprolife-
rativ borbetegségek in vitro tanulményozdsdiban (5, 41).

Jelen munkdnkban azt vizsgéltuk, hogyan befolydsolja a
dithranol a HaCaT sejtek IL-8 és IL-10 termelését, vala-
mint az IL-10 receptor kifejez6dését.

Moédszerek

Sejtkultiira
A spontin transzformdlt humin HaCaT keratinocita sejtvonalat (a
sejteként koszonet dr. N. E. Fusenignek, Heidelberg, Németorszig)
10%-0s borjiszérum albuminnal (FCS), 100 U/ml penicillinnel é&s
100 pg/ml streptomycinnel kiegészitett (Gibco, Németorszdg) Dul-
becco modified Eagle mediumban (DMEM) (Gibco, Németorszdg)
inkubdltuk 37 °C-on, 5% CO2-t tartalmazé, 100%-os relativ piratar-
talmi termosztitban.

Az IL-10 termelés vizsgdlatdhoz pozitiv kontrollként a BCBL-1
sejtvonalat haszndltuk (16) (a sejtekért koszonet dr. Gdspir Gdbor-
nak).

Dithranol kezelés

A szubkonfluens HaCaT sejteket foszfdt puffer (PBS) (Gibco, Német-
orszdig) mosds utin 30 percig 0,1-1 pg/ml koncentrici6ji dithranolt
(Hermal Chemie, Reinbek, Németorszig) tartalmazé 0,5% FCS tartal-
mi DMEM oldatban 37 °C-on, 5% CO2-t tartalmazé, 100%-os rela-
tiv piratartalmi termosztitban inkubdltuk. A dithranolt kézvetleniil
felhaszndlds eltt acetonban oldottuk fel. Kontrollnak acetonnal kezelt
és kezeletleniil hagyott HaCaT sejteket haszniltunk.

RNS-izoldlds és scemikvantitativ rever:z transzkriptdz-polimerdz
ldncreakcié (RT-PCR)

A dithranol kezelt HaCaT sejteket PBS-mosés utin 10% FCS tartal-
mi DMEM oldatban 37 °C-on, 5% CO2-t tartalmazé, 100%-os rela-
tiv pdratartalmii termosztditban 75 cm’-es tenyészté (Costar) edé-
nyekben 2 és 4 6rin 4t inkubdlwk. Dithranol kezelt HaCaT sejtje-
inkb6l és a kezeletlen BCBL-1 sejtekbd] a TRIzol (Sigma) protokoll
szerint az dsszes RNS-t kivontuk. Az RNS min&ségét 1%-os formal-
dehid-agar6z gélen etidiumbromid jelenlétében ellenGriztiik. Az
RNS koncentriciot spektrofotométer segitségével hatdroztuk meg.
Az oligo dT15 primerek segitségével végrehajtott reverz transzkrip-
ciét (RT) kovetSen polimerdz lincreakcidval (PCR) vizsgiltuk az
IL-8, IL-10 és IL-10R mRNS-szintet.

56

Primerek, szekvencidik

IL-8 sense

5" ATG ACT TCC AAG CTG GCC GTG GCT 3’
IL-8 anti-sense

5'TCTCAG CCCTCTTCAAAAACTTCT

IL-10 sense

5'ATG CACAGC TCAGCACTG CTCTGT 3°

IL-10 anti-sense

5°CTTAAAGTCCTC CAGCAAGGACTCCTTTAAS

IL-10R sense

5'ATG TGG GTG GCACTGACCTGTTCT 3’
IL-10 anti-sense

5'AGG GGG ATG CTACTC CATTTG TTG 3’

A PCR reakciét a kévetkezképpen végeztiik:

35 ciklus: 94 °C 60 misodperc, 59 °C 90 mdsodperc és 72 °C 90
misodperc az IL-8 esetében, 35 ciklus: 94 °C 60 mdsodperc, 60 °C
60 mdsodperc és 72 °C 60 misodperc az IL-10 esetében, és 35 cik-
lus: 94 °C 60 misodperc, 59 °C 45 mdsodperc és 72 °C 75 misod-
perc az IL-10R esetében. A PCR termékeket agar6z gélen etidiumb-
romid jelenléiében ultraibolya fény alatr tettiik Jdthatéva. Minden
minta esetében pirhuzamos B-aktin PCR reakeidt hajtottunk végre,
igy tudtuk mennyiségileg is dsszehasonlitani a PCR reakciékban ka-
pott termékeket (szemikvantitativ RT-PCR).

Immunhisztokémia

Az IL-10 receptorellenes antitestet (R & D Systems) és az egér
1gG1-t (DAKOj 0,1% Triton X-100-at és 0,5% borjiszérum albu-
mint tartalmazé foszfdt pufferben higitva 1 pg/ml koncentriciéban
haszndltuk. A specidlis tirgylemezeken (NUNC slide chambers) te-
nyésztett HaCaT sejteket 2%-os paraformaldehidben fixdlwk 20
percig 4 °C-on, majd 0,1% Triton X~-100-at tartalmazé foszfit puf-
ferrel (TBST) mostuk. A tirgylemezeket 30 percig 4°C-on humdn
1gG-vel inkubdltuk, hogy a sejtfelszini Fc receptorokat blokkoljuk.
Ezutdn mintdinkat az els6dleges antitestekkel (monoklondlis, humin
IL-10 receptorellenes) és a megfelels kontroll antitestekkel (egér
12G1) végzett éjszakdn &t tarté 4 °C-on torténd inkubilds utdn a bio-
tinnal konjugdlt mdsodlagos antitestekkel 1 6rin &t inkubdluk. A
DAKO Strept ABC komplex kitjével (DAKO A/S, Dinia) streptavi-
din-biotin peroxidizt adtunk a rendszerhez, peroxidiz szubsztrit-
ként 3-amino-9-etilkarbazolt (AEC, Sigma) haszndltunk, majd a
metszeteket hematoxilinnel festetriik.

Eredmények

RT-PCR

Az IL-8 mRNS-szint nem véltozott 2 €s 4 6rdval a dithra-
nol kezelést kovetGen a kezeletlen és az acetonos kontrol-
lokhoz viszonyitva (1. dbra).

A HaCaT sejtek IL-10 termelésének vizsgalatdhoz pozi-
tiv kontrollként a BCBL-1 sejtvonalat haszndltuk. Ered-
ményeink szerint HaCaT sejtek nem termelnek IL-10-et.
Mintdinkban csak a kis mennyiségben jelen levé genomi
IL-10 DNS-t detektiltuk, ami méretben kiilonbdzott az
RNS jelenléte esetén virt termékt6l (2. dbra).

Az IL-10 receptor mRNS-szintek a kontrollokhoz ké-
pest a dithranol kezelt mintdinkban mér 2 6ra miilva a
koncentréci6filigg6 médon szignifikdns emelkedést mutat-
tak (3. dbra).

Immunhisztokémia

A humidn IL-10 receptorra specifikus monoklondlis anti-
testtel pozitiv festést kaptunk a kezeletlen HaCaT kerati-
nocitik felszinén. Technikai kontrolljaink esetén igen
gyenge diffiz citoplazma festést littunk, ami arra utal,
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A kezeletlen HaCaT sejtekhez viszonyitott mRNS szint
1 . dbl'(l emelkedés a dithranol kezelt sejtekben denzitometrias

. mérés utan. (2h)
Dithranol kezelt HaCaT sejtek

IL-8 mRNS-szint vizsgdlata RT-PCR médszeriel iy :
1. sdv: molekulasily marker, 2. sdv: pozitiv kontroll, Bg 2
3. sav: aceton kezelt sejtek 4h, 4. sdv: 1 pg/ml dithranol E% 15
kezelt sejtek 4h, 5. sav: 0,5 pg/ml dithranol kezelt SIEG
sejtek 4h, 6. sdv: 0,1 pg/ml dithranol kezelt sejtek 4h, G : o
7. sdv: aceton kezelt sejtek 2h, 8. sav: 1 pg/ml dithranol 'y 05 0.25 01
kezelt sejtek 2h, 9. sav: 0,5 pg/ml dithranol kezelt Dithranol koncentracié pg/ml

sejtek 2h, 0. sdv: 0,1 ng/ml dithranol kezelt sejtek 2h
A kezeletlen HaCaT sejtekhez viszonyitott mRNS szint
emelkedés a dithranol kezelt sejtekben denzitometrids

c mérés utan. (4h)
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2. dbra . P
Dithranol kezelt HaCaT sejtek 05 025 o

o

Dithranol koncentracié pg/ml

IL-10 mRNS-szint vizsgdlata RT-PCR mddszerrel
1. sdv: molekulasily marker, 2. sdv: pozitiv kontroll
(BCBL-1 sejtvonal), 3. sdv: aceton kezelt sejtek 4h,

4. sav: 1 ng/ml dithranol kezelt sejtek 4h, 5. sav: 0,5 ng/ml
dithranol kezelt sejtek 4h, 6. sdv: 0,1 pg/ml dithranol
kezelt sejtek 4h, 7. sav: aceton kezelt sejtek 2h,

8. sav: 1 ng/ml dithranol kezelt sejtek 2h, 9. sdv: 0,5 pg/ml
dithranol kezelt sejtek 2h, /0. sdv: 0,1 pg/ml dithranol
kezelt sejtek 2h
A nyil: genomi IL-10 DNS-r6l késziilt PCR-termék
B nyil: IL-10 mRNS-rél késziilt RT-PCR-termék

3. dbra
(A) Dithranol kezelt HaCaT sejtek
IL-10 receptor mRNS-szint vizsgdlata RT-PCR médszerrel
1. sav: molekulasily marker, 2. sdv: kezeletlen kontroll
4h, 3. sav: aceton kezelt sejtek 4h, 4. sé@v: 0,5 pg/ml
dithranol kezelt sejtek 4h, 5. sdv: 0,25 pg/ml dithranol
kezelt sejtek 4h, 6. sdv: 0,1 pg/ml dithranol kezelt
sejtek 4h, 7. sdv: kezeletlen kontroll 2h, 8. sdv: aceton
kezelt sejtek 2h, 9. sdv: 0,5 pg/ml dithranol kezelt sejtek
2h, 10. sdv: 0,25 pg/ml dithranol kezelt sejtek 2h, /1. sav:
0,1 pug/ml dithranol kezelt sejtek 2h
(B) A kezeletlen HaCaT sejtekhez viszonyitott
mRNS-szint emelkedés a dithranol kezelt sejtekben
denzitometrids mérés utan (2h)
(C) A kezeletlen HaCaT sejtekhez viszonyitott
mRNS-szint emelkedés a dithranol kezelt sejtekben
denzitometrids mérés utdn (4h)

hogy festésiink specifikus volt. Erdekes megfigyelés,
hogy a koldnidk széli részén elhelyezkeds sejtek erdsebb
festést mutattak. Specifikus festddést sejtjeinkben cito-
plazmatikus festédést is megfigyeltiink (4. dbra). A hu-
mdn IL-10 receptorra specifikus monoklondlis antitesttel
dithranol kezelt HaCaT sejtek immunhisztokémiai vizs-
gdlatdt is elvégeztiik. A sejtfelszinen a kezeletlen és csak
aceton kezelt 'ko.ntrc:llc’)khoz viszonyitva az }L'IO TeCeP- Az IL-8 specifikus receptora segitségével fejti ki hatdsdt
tor fokozott kifejezddése volt megfigyelhetS. Ez a foko- (1 gR) amelynek a kifejez6dését az interleukin-1 (IL-
zott expresszié koncentriciofiiggének bizonyult (5. db- 1) és tumor nekrézis faktor-alfa (TNF-ot) fokozza (20,
ra). 21). Pikkelys6moros 1éziés b6rben az IL-8 mRNS 10-
szer nagyobb mennyiségben van jelen a betegség 4ltal

Megbeszélés nem érintett borteriilethez képest (44). Munkacsoportunk

kordbbi eredményei arra utalnak, hogy kiilé6nboz6 anti-

Pikkelysomoros 1ézi6s bdrben az IL-8-termelés és IL-8  psoriatikus hatdsd szerek koziil a cyclosporin, a calcitriol,
receptor kifejez6dés keratinocitdk esetében fokozott (6, a calcipotriol és a dithranol az IL-8 keratinocitikhoz va-
32). Az IL-8 kemotaktikus hatdssal rendelkezik neutrofi- 16 kot6dését gdtolja (19, 24, 32) mig a tacrolimus
lekre (29), T limfocitdkra (26), bazofilekre (27) és kera-  (FK-506) az IL-8 gén kifejez6dését és az IL-8R expre-
tinocitdkra (33). Fokozza a keratinocita proliferdciét  szidjit befolydsolja (30, 44). Egy mdsik igen fontos cito-
(49) és e sejtek HLA-DR kifejez6dését indukadlja (25). kin, az IL-10 a gyulladdsos folyamatokat gdtolja (1).
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4. dbra
(A) A humdn IL-10 receptorra specifikus monoklondlis
antitesttel pozitiv festést kaptunk a kezeletlen HaCaT
keratinocitdk felszinén
(B) Technikai kontrolljaink esetén igen gyenge diffiiz
citoplazma festést lattunk, ami arra utal, hogy festésiink
specifikus volt.

Termelését el6szor a T-helper2 (Th2) sejtekben irtdk le,
hatdsa a T-helperl (Th1) limfocitdk tipusos citokin vila-
szdnak csokkentése (12).

A Th2 sejteken kiviil monocitdk/makrofigok, B-sejtek,
eozinofilek és hizdsejtek képesek IL-10 termelésre (7, 28,
36, 45). Az emberi bdrben a legjelentGsebb a makrofdgok
szerepe az IL-10 elédllitdsaban (17). Keratinocitdk IL-10
termelésével kapcsolatban ellentmonddsos irodalmi ada-
tok allnak rendelkezésre (10, 13, 15, 37, 38, 40, 48). Ered-
ményeink azt mutattdk, hogy a HaCaT sejtek nem termel-
nek IL-10-et. Az IL-10 gdtolja a monocitdk/makrofdgok
(7, 8, 11), dendritikus sejtek (35), Langerhans sejtek (4,
9), és a keratinocitdk (2) gyulladdskeltd citokin termelését
és antigén prezentdloképességét, valamint a keratinocita
kultirdkban az interferon-g (IFNg) kivdltotta HLA-DR
expressziot, és kismértékben csokkenti a keratinocitdk no-
vekedési titemét (34). Az IL-10 hatdsat specifikus recepto-
rdn keresztiil fejti ki, amely szerkezeti hasonlésdgot mutat
az IFNg receptorral (14). Kordbbi tanulményok igazoltdk,
hogy pikkelysomoros 1éziéban az IL-10 receptor kifejez6-
dése csokkent (34).

A dithranol egy igen hatdsos szer a pikkelysomor keze-
lésében, hatdsmechanizmusdt azonban még ma sem is-
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5. dbra

A humadn IL-10 receptorra specifikus monoklondlis
antitesttel dithranol kezelt HaCaT sejtek
immunhisztokémiai vizsgdlatdt is elvégeztiik.

A sejtfelszinen az IL-10 receptor fokozott Kifejezédése
volt megfigyelhetd. Ez a fokozott expresszié
koncentricidfiiggének bizonyult
(A) 0,1 pg/ml dithranol kezelt HaCaT sejtek
(B) 0,25 pg/ml dithranol kezelt HaCaT sejtek

merjiik teljesen. A dithranol gdtolja a polimorfonukledris
sejtek (neutrofilek) mikodését (43), és befolydsolja az
arachidonsav metabolizmust (3, 42). Kozvetlen gétl6 ha-
tdssal bir a keratinocita proliferdciéra (39). Epidermdlis
sejtek bizonyos sejtfelszini receptorainak kifejez6dését is
befolydsolja (18, 22).

Eredményeink szerint a dithranol a HaCaT keratinoci-
tdk IL-8 termelését nem befolydsolja. Tovdbbi vizsgdlata-
ink azt mutattdk, hogy a HaCaT sejtek nem termelnek IL-
10-et. Azonban a humén HaCaT keratinocitdk rendelkez-
nek IL-10 receptorral, és ezen sejtek in vitro dithranol ke-
zelése az IL-10 receptor kifejez6désének fokozdsét ered-
ményezi. Feltételezhetd, hogy a dithranol antipsoriatikus
hatdsdnak része IL-10 receptor moduldldsa, melynek a
pikkelysomor jovébeni terdpidjdban jelentds szerepe le-
het.

Koszonetnyilvanitas

A munka az OTKA T-32496 és az ETT-T 05073/99 timogatdsival
késziilt.
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Abstract. Objective: Dithranol is highly effective in the
treatment of psoriasis, however its mode of action is still not
well known. Since interleukin-8 and interleukin-10 are in-
volved in the pathogenesis of psoriasis, the aim of our study
was to investigate the effect of dithranol on interleukin-8,
interleukin-10 mRNA production and interleukin-10 re-
ceptor expression of the HaCaT keratinocyte cell line which
is commonly used in experiments examining the effects of
therapeutic drugs on keratinocytes.

Materials and Methods: Cultured HaCaT cells were treated
with 0.1-0.5 pg/ml dithranol for 30 minutes. After 2 and 4 h
total cellular RNA isolated from HaCaT cells was reverse
transcribed (RT) to ¢cDNA which was subjected to poly-
merase chain reaction (PCR) with specific primer pairs for
interleukin-8, interleukin-10 and interleukin-10 receptor. For
immunohistochemistry cultured HaCaT cells were stained
with a monoclonal antibody against the human interleukin-
10 receptor.

Results: Our results showed that dithranol treatment did not
change the highly elevated level of interleukin-8 mRNA of
HaCaT cells. Interleukin-10 mRNA signal with RT-PCR
could not be detected in HaCaT cells. Depending on the con-
centration dithranol increased the mRNA production of
interleukin-10 receptors in HaCaT cells. This dithranol in-
duced dose dependent upregulation of IL-10 receptors in
HaCaT cells was also observed on the protein level using
immunohistochemistry.

Conclusions: Since the interleukin-10 receptor expression of
keratinocytes in psoriatic lesional skin is downregulated, the
dithranol induced upregulation of the receptor in our model
system might help to reveal the therapeutic action of the
drug.

Key words: Interleukin-8 — Interleukin-10 — Interleukin-10
receptor — Psoriasis — Dithranol
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Introduction

Psoriasis a common skin disease is characterized by inflam-
mation and abnormal epidermal proliferation. The highly
elevated amounts of stimulatory signals and the failure of
inhibitory mechanisms may cause these pathologic features.
IL-8 a proinflammatory cytokine is produced by several cell
types of the skin and receptors for IL-8 are also present on
keratinocytes [1]. An altered regulation for interleukin-8
(IL-8) [2, 3] and its type I receptor (IL-8RA) [4] could be
demonstrated in psoriasis. The IL-8/IL8R system is involved
in the accumulation of inflammatory cells in psoriatic lesions
and in keratinocyte proliferation [5]. Several antipsoriatic
compounds inhibit the IL-8 binding to cultured keratinocytes
[1, 6, 7] and affect the IL-8 gene and IL-8 receptor expres-
sion [4, 8].

On the other hand, the antioncogene p53 is expressed at
low levels in psoriatic plaques and can be significantly in-
duced by the antipsoriatic drug tacrolimus (FK-506) [8].
There is only limited knowledge about the role of anti-
inflammatory cytokines in psoriasis. Interleukin-10 (IL-10) a
negative modulator of inflammatory processes was firstly
described as cytokine synthesis inhibitory factor (CSIF) [9].
Recent studies showed that subcutaneous injection of IL-10
has clinical efficiency in psoriasis [10]. The effects of IL-10
are mediated by specific receptors (IL-10R).We could earlier
show the presence and functionality of the IL-10 receptor in
human keratinocytes, its dramatic decreased expression in
psoriatic epidermis [11] and the possibility of raising IL-10
receptor transcript levels by the treatment of epidermal cells
with antipsoriatic compounds such as vitamin D3, calcipo-
triol [12] and steroids [11]. Dithranol is highly effective in
the treatment of psoriasis, however its mode of action is still
not well known [13].

The HaCaT cell line is widely used in experiments
examining the effects of therapeutic drugs on keratinocyte
physiology and studying keratinocyte proliferation and dif-
ferentation [14-17].
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In the present report we studied the IL-10 production of
human HaCaT keratinocytes [18] and the effect of dithranol
on the expression of IL-8 and IL-10 receptor genes in human
HaCaT keratinocytes.

Materials and methods
Cell culture

The spontaneously transformed human epidermal cell line HaCaT
(kindly provided by Dr. N.E. Fusenig, Heidelberg, Germany) was cul-
tured in Dulbecco’s Modification of Eagle’s Medium (DMEM) (Gibco,
Germany) containing 10% fetal calf serum (FCS) (Gibco, Germany).
The cells were maintained at 37°C in a humid 5% CO, atmosphere
incubator.

As a positive control for the IL-10 RT-PCR studies the BCBL-1 cell
line (kindly provided by Dr. G. Gaspér, Szeged, Hungary) [19] was used.

Dithranol treatment

The subconfluent cells were washed with Phosphate Buffered Saline
(PBS) (Gibco, Germany) under sterile conditions and were incubated
for 30 min at 37°C in a humid 5% CO, atmosphere incubator with
increasing concentrations of dithranol (0.1-0.5 pg/ml) (Hermal Che-
mie, Reinbek, Germany) in DMEM containing 0.5% FCS. Dithranol
was always freshly dissolved in acetone and used immediately. Control
cells were treated with the solvent (acetone) only or left untreated.

RNA extraction and semi-quantitative reverse transcriptase-
polymerase chain reaction (RT-PCR)

Dithranol treated cells were then washed with PBS and were incubated
in DMEM containing 10% FCS for 2 and 4 h at 37°C in a humid 5%
CO, atmosphere incubator before isolating total cellular RNA ac-
cording to the TRIzol® (Sigma) protocol. The quality of the RNA was
tested in 1% formaldehyde-agarose gel stained with ethidium bromide
(EtBr). The RNA concentration was measured using a spectrophoto-
meter. After reverse transcription (RT) with oligo (dT),s primers, semi-
quantitative polymerase chain reaction (PCR) was performed with dilu-
tions of our primary RT reaction products (1:1; 1:2; 1:4; 1:8) to deter-
mine IL-8 and IL-10R mRNA levels. For our IL-10 mRNA studies we
have performed qualitative RT-PCR without diluting the primary RT
product.

Primer sequences:

IL-8 sense

5’ ATG ACT TCC AAG CTG GCC GTG GCT 3*
IL-8 anti-sense

5'TCT CAG CCCTCTTCA AAAACTTCTC 3

IL-10 sense

5" ATG CACAGCTCA GCA CTG CTCTGT 3/

IL-10 anti-sense

5" CTTAAA GTC CTC CAG CAA GGACTCCTTTAA Y

IL-10R sense

5’ ATG TGG GTG GCA CTG ACCTGT TCT 3’
IL-10R anti-sense

5’ AGG GGG ATG CTA CTC CAT TTG TTG 3’

P-actin sense

5’ AGA GAT GGC CACGGCTGCTT 3’
B-actin anti-sense

5’ ATT TGC GGT GGA CGA TGG AG 3'
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The following cycling times and temperatures were used to amplify
IL-8, IL-10, IL-10R and B-actin transcripts: 35 cycles of 94 °C for 60 s,
59°C for 90 s and 72 °C for 90 s for IL-8, 35 cycles of 94 °C for 60 s,
60°C for 60 s and 72 °C for 60 s for IL-10, 35 cycles of 94 °C for 60 s,
59°C for 45 s and 72 °C for 75 s for IL-10R and 20 cycles of 94 °C for
60 s, 55°C for 120 s and 72 °C for 105 s for f-actin. After PCR ampli-
fication the products were visualized by EtBr-stained agarose gel
electrophoresis. Band intensities were monitored by densitometric scan-
ning, standardized against S-actin signals from parallel reactions (semi-
quantitative RT-PCR).

The identity of the RT-PCR products in the case of IL-8, IL-10 and
B-actin were confirmed by cloning and sequencing. The identity of the
IL-10 receptor RT-PCR product was confirmed by direct sequencing.

Immunohistochemistry

Both anti-IL-10 receptor monoclonal antibody (R&D Systems), and
mouse IgG, (DAKO) were diluted to a working concentration of 1 pg/ml
in Tris-buffered saline (Sigma), containing 0.1% Triton X-100 (Sigma)
and 0.5% bovine serum albumin. HaCaT cells cultured on 8.6 cm?
uncoated culture slides were fixed in 2% paraformaldehyde for 20 min
at 4°C, and washed in Tris-buffered saline, containing 0.1% Triton X-
100 (TBST). Slides were then incubated for 30 min at 4 °C with human
IgG (0.5 mg/ml, heat aggregated at 65°C for 20 min.) (Jackson Im-
munoResearch Lab. Inc, West Baltimore Pike, USA) in order to block
cell surface Fc receptors. Excess liquid was eliminated without wash-
ing, and the slides were incubated overnight at 4°C with anti-IL-10
receptor monoclonal antibody and negative control reagent (mouse
IgG,), respectively. The antigen-antibody reaction was revealed by
using a StreptABComplex Duet (mouse and rabbit) Reagent Set
(DAKO). Briefly, the slides were incubated for 1 h at room temperature
with the biotin-labeled second antibody (goat anti-mouse/rabbit Ig).
After washing, avidin-HRP was added and the incubation was per-
formed in similar conditions as described for the second antibody. The
peroxidase was developed with 3-amino-9-ethyl-carbazol (AEC Sig-
ma). Finally, the slides were washed in tap water, counterstained with
hematoxylin, rewashed and mounted in DAKO Glycergel® aqeous
mounting medium (DAKO).

Results
RT-PCR

The expression of the IL-8, IL-10 and IL-10 receptor
(IL-10R) gene was studied in HaCaT cells using semi-quan-
titative RT-PCR. A housekeeping gene f-actin was used as an
internal control. The B-actin RT-PCR signals were constant in
all our samples (Fig. 1). The IL-8 mRNA levels did not
change after 2 or 4 h of dithranol treatment compared to the
untreated or acetone treated cells when RT-PCR was carried
out with several dilutions of our primary RT reaction pro-
ducts (1:1; 1:2; 1:4; 1:8) (Fig. 2). To study the IL-10
production of HaCaT cells we used the BCBL-1 cell line
(kindly provided by G. Gaspar) as a positive control. We
could not demonstrate the IL-10 production of HaCaT cells.
We could only detect the small amount of genomic DNA in
our RNA samples differing in size from the product orig-
inating from the IL-10 mRNA (Fig. 3). The IL-10R mRNA
levels were significantly elevated already after 2 h in the
dithranol treated cells compared to the controls when RT-
PCR was carried out with several dilutions of our primary RT
reaction products (1:1; 1:2; 1:4; 1:8). When the primary RT
product was used at the dilution of 1:8 we could not dectect
any PCR signal. The induction of the IL-10R gene was dose
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Fig. 1. RT-PCR analysis of B-aktin expression in HaCaT cells treated
with dithranol. Lane 1: untreated control 2 h, lane 2: acetone treated
cells 2 h, lane 3: 0,1 pg/ml dithranol treated cells 2 h, lane 4: 0,25 pg/ml
dithranol treated cells 2 h, lane 5: 0,5 pg/ml dithranol treated cells 2 h,
lane 6: untreated control 4 h, lane 7: acetone treated cells 4 h, lane 8:
0,1 pg/ml dithranol treated cells 4 h, lane 9: 0,25 pg/ml dithranol treated
cells 4 h, lane 10: 0,5 pg/ml dithranol treated cells 4 h
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Fig. 2. RT-PCR analysis of IL-8 expression in HaCaT cells treated with
dithranol. Lane 1: untreated control 2 h, lane 2: acetone treated cells 2 h,
lane 3: 0,1 pg/ml dithranol treated cells 2 h, lane 4: 0,25 pg/ml dithra-
nol treated cells 2 h, lane 5: 0,5 pg/ml dithranol treated cells 2 h,
lane 6: untreated control 4 h, lane 7: acetone treated cells 4 h, lane 8:
0,1 pg/ml dithranol treated cells 4 h, lane 9: 0,25 pg/ml dithranol
treated cells 4 h, lane 10: 0,5 pg/ml dithranol treated cells 4 h. Arrow
(1): undiluted primary RT product RT-PCR, Arrow (2): RT-PCR with
1:2 dilution of primary RT product, Arrow (3): RT-PCR with 1:4 dilu-
tion of primary RT product, Arrow (4): RT-PCR with 1:8 dilution of
primary RT product.

Fig.3. RT-PCR analysis of IL-10 expression in HaCaT cells treated
with dithranol. Lane 1: molecular weight marker, lane 2: positive con-
trol, (BCBL-1 cell line), lane 3: untreated control 2 h, lane 4: acetone
treated cells 2 h, lane 5: 0,1 pg/ml dithranol treated cells 2 h, lane 6:
0,5 pg/ml dithranol treated cells 2 h, lane 7: untreated control 4 h, lane
8: acetone treated cells 4 h, lane 9: 0,1 pg/ml dithranol treated cells 4 h,
lane 10: 0,5 pg/ml dithranol treated cells 4 h. Arrow A: PCR product
from genomic IL-10 DNA in the RNA samples. Arrow B: RT-PCR
product from IL-10 mRNA.

dependent reaching its maximum at 0,25 pg/ml dithranol
concentration (Fig. 4).

Immunohistochemistry

Untreated cultured HaCaT cells were stained with a mono-
clonal antibody against human IL-10 receptor. Relative to the
isotype control the antibody clearly stained the cells. A clear
membrane localisation was apparent and interestingly it
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Fig. 4. (A) RT-PCR analysis of IL-10R expression in HaCaT cells treat-
ed with dithranol. Lane 1: untreated control 2 h, lane 2: acetone treated
cells 2 h, lane 3: 0,1 pg/ml dithranol treated cells 2 h, lane 4: 0,25 pg/ml
dithranol treated cells 2 h, lane 5: 0,5 pg/ml dithranol treated cells 2 h,
lane 6: untreated control 4 h, lane 7: acetone treated cells 4 h, lane 8: 0,1
pg/ml dithranol treated cells 4 h, lane 9: 0,25 pg/ml dithranol treated
cells 4 h, lane 10: 0,5 pg/ml dithranol treated cells 4 h. Arrow (1): un-
diluted primary RT product RT-PCR, Arrow (2): RT-PCR with 1:2 dilu-
tion of primary RT product, Arrow (3): RT-PCR with 1:4 dilution of
primary RT product. (B) Integrated peak areas after densitometric sig-
nals plotted as “fold induction” in comparison to unterated cells after
2 h (undiluted primary RT product RT-PCR). (C) Integrated peak areas
after densitometric signals plotted as “fold induction” in comparison to
unterated cells after 4 h (undiluted primary RT product RT-PCR).

seemed that cells localised at the edges of the colonies
showed stronger expression. Beside the membrane staining
there was some cytoplasmic staining as well (Fig. 5). We have
also performed immunocytochemistry on cultured HaCaT
cells that were treated with dithranol. At all concentrations
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Fig. 5. Immunocytochemistry with a monoclonal antibody against
human IL-10 receptor on cultured HaCaT cells. (A) HaCaT cells with
clear membrane localization of the human IL-10 receptor. (B) Isatype
control.

tested (0.1-0.5 pg/ml) the dithranol clearly had a cytostatic
effect on the cells, that was apparent by the size of the cell
colonies relative to the untreated control cultures. With the
monoclonal antibody staining there was a slight indication
for enhanced expression of IL-10 receptor, predominantly on
the cell membrane in the dithranol treated cultures, and this
difference seemed to depend on the concentration (Fig. 6).

Discussion

In psoriatic lesional skin the genes for proinflammatory fac-
tors as the IL8/IL-8 receptor system are overexpressed [7].
IL-8 is chemotactic for neutrophils [20], T lymphocytes [21],
basophils [22] and keratinocytes [23], it stimulates neutro-
phil degradation and oxidative burst activity [24]. It pro-
motes keratinocyte proliferation [25] and induces HLA-DR
expression in keratinocytes [26]. The effects of IL-8 on kera-
tinocytes are mediated through specific receptors, which
may be upregulated by interleukin-1 (IL-1) and tumor necro-
sis factor alpha (TNF-a) [27, 28]. In lesional psoriatic epi-
dermis, IL-8 receptor specific mRNA level was found to be
10-fold higher compared with the uninvolved skin [18]. Our
earlier results showed that several antipsoriatic compounds
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Fig. 6. Immunocytochemistry with a monoclonal antibody against
human IL-10 receptor on cultured HaCaT cells that were treated with
dithranol. (A} 0,1 pg/ml dithranol treated HaCaT cells. (B) 0,25 pg/ml
dithranol treated HaCaT cells.

as cyclosporine, calcitriol, calcipotriol and dithranol have
inhibitory effects on IL-8 binding to cultured keratinocytes
[1, 6, 7]. The IL8/IL8R system can be downregulated when
epidermal cells are treated with the antipsoriatic drug tacro-
limus (FK-506) in vitro [4, 8].

Another cytokine IL-10 has gained increasing impor-
tance as a negative modulator of inflammatory processes
[10]. IL-10 was firstly described in T-helper, (Th,) cells and
characterized by its ability to inhibit the typical cytokine re-
sponse of T-helper, (Th,) lymphocytes [9]. Besides Th, cells
monocytes/macrophages, B cells, eosinophils and mast cells
are able to produce IL-10 [29-32]. In human skin macro-
phages are the main source of IL-19 [33]. The IL-10 syn-
thesis of keratinocytes is controversally discussed in the
literature [34—40]. Our present studies suggest that HaCaT
cells are not capable of producing IL-10.

IL-10 suppresses proinflammatory cytokine production
and antigen-presenting capacity of monocytes/macrophages
[29, 41, 42], dendritic cells [43], Langerhans cells [44, 45]
and keratinocytes [46].

We found earlier that in cultured keratinocytes IFN-y
induced HLA-DR expression is inhibited by IL-10. It has a
moderate but statistically significant and dose dependent
inhibitory effect on the keratinocyte growth rate [11].
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The effect of IL-10 is mediated through its specific re-
ceptor (IL-10R), which shares structural homologies with the
interferon-gamma (IFN-y) receptor [47]. Previous studies
showed that IL-10R expression is decreased in psoriatic epi-
dermis [11].

Dithranol is a highly effective antipsoriatic compound. Its
mode of action is still not completely understood. Dithranol
inhibits polymorphonuclear leukocyte (PMN) function [48]
and modulates the arachidinoc acid metabolism [49, 50]. It
has a direct inhibitory effect on keratinocyte proliferation
[51]. 1t is also capable of modulating cell surface receptors of
epidermal cells [52, 53].

Our results show that dithranol does not act by regulating
the IL-8 production of human cultured HaCaT keratinocytes.
We could show that HaCaT cells are not capable of producing
IL-10.

In the present work we could demonstrate that HaCaT
keratinocytes have IL-10 receptors and these cells in vitro
respond to the treatment with the antipsoriatic drug dithranol
by the induction of the IL-10 receptor gene.

Since the IL-10 receptor gene is downregulated in psori-
atic epidermis [11] the pharmacological modulation of the
receptor in our model system [14—17] may be an important
target in the future for the therapy of psoriasis.

Acknowledgements. This work was supported by the following grants:
OTKA T030749, MKM 1271, ETT 073 99, OTKA T032494, OTKA
T032498, ETT 412 05 Marta Sz¢&ll's work was supported by the Janos
Bolyai Foundation of the Hungarian Academy of Sciences.

References

[1] Kemeny L, Kenderessy AS, Olasz E, Michel G, Ruzicka T, Farkas
B et al. The interleukin-8 receptor: a potential target for anti-
psoriatic therapy? Eur J Pharmacol 1994; 258: 269-72.

[2] Sticherling M, Sautier W, Schroder JM, Christophers E. Inter-
leukin-8 plays its role at local level in psoriasis vulgaris. Acta
Derm Venereol 1999; 79: 4-8.

[3] Sticherling M, Bornscheuer E, Schroder JM, Christophers E.
Localization of neutrophil-activating peptide-1/interleukin-8-im-
munoreactivity in normal and psoriatic skin. J Invest Dermatol
1991; 96: 26-30.

{4] Schulz BS, Michel G, Wagner S, Suss R, Beetz A, Peter RU et al.
Increased expression of epidermal IL-8 receptor in psoriasis.
Down-regulation by FK-506 in vitro. J Immunol 1993; 51:
4399-406.

[S} Kemeny L, Michel G, Dobozy A, Ruzicka T. Cytokine system as
potential target for antipsoriatic therapy. Exp Dermatol 1994; 3:
1-8.

[6] Kemeny L, Ruzicka T, Dobozy A, Michel G. Role of interleukin-
8 receptor in skin. Int Arch Allergy Immunol 1994; 104: 317-22,

[7] Michel G, Kemeny L, Homey B, Ruzicka T. FK506 in the treat-
ment of inflammatory skin disease: promises and perspectives.
Immunol Today 1996; 17: 106-8.

[8] Michel G, Auer H, Kemeny L, Bocking A, Ruzicka T. Antionco-

gene P53 and mitogenic cytokine interleukin-8 aberrantly expres-

sed in psoriatic skin are inversely regulated by the antipsoriatic

drug tacrolimus (FK506). Biochem Pharmacol 1996; 51:

1315-20.

Fiorentino DF, Bond MW, Mosmann TR. Two types of mouse T

helper cell. IV. Th2 clones secrete a factor that inhibits cytokine

production by Thl clones. J Exp Med 1989; 170: 2081-95.

[10] Asadullah K, Sterry W, Stephanek K, Jasulaitis D, Leupold M,
Audring H et al. IL-10 is a key cytokine in psoriasis. Proof of
principle by IL-10 therapy: a new therapeutic approach. J Clin
Invest 1998; 101: 783-94.

9

—

A Farkasetal.  Inflamm. res.

[11] Michel G, Mirmohammadsadegh A, Olasz E, Jarzebska-Deussen
B, Muschen A, Kemeny L et al. Demonstration and functional ana-
lysis of IL-10 receptors in human epidermal cells: decreased
expression in psoriatic skin, down-modulation by IL-8, and up-
regulation by an antipsoriatic glucocorticosteroid in normal cul-
tured keratinocytes. J Immunol 1997; 159: 6291-7.

[12] Michel G, Gailis A, Jarzebska-Deussen B, Muschen A, Mirmo-
hammadsadegh A, Ruzicka T. 1,25-(OH)2-vitamin D3 and cal-
cipotriol induce IL-10 receptor gene expression in human epider-
mal cells. Inflamm Res 1997; 46: 32-4.

[13} Kemeny L, Ruzicka T, Braun-Falco O. Dithranol: a review of the
mechanism of action in the treatment of psoriasis vulgaris. Skin
Pharmacol 1990; 3: 1-20.

[14] Garach-Jehoshua O, Ravid A, Liberman UA, Koren R. 1,25-Dihy-
droxyvitamin D3 increases the growth-promoting activity of
autocrine epidermal growth factor receptor ligands in keratino-
cytes. Endocrinology 1999; 140: 713-21.

[15] Lehmann B. HaCaT cell line as a mode} system for vitamin D3
metabolism in human skin. J Invest Dermatol 1997; 108: 78-82.

[16] Paramio JM, Lain S, Segrelles C, Lane EB, Jorcano JL. Differen-
tial expression and functionally co-operative roles for the re-
tinoblastoma family of proteins in epidermal differentiation.
Oncogene 1998; 17: 949-57.

[17] Paramio JM, Casanova ML, Segrelles C, Mittnacht S, Lane EB,
Jorcano JL. Modulation of cell proliferation by cytokeratins K10
and K16. Mol Cell Biol 1999; 19: 3086-94.

[18] Boukamp P, Petrussevska RT, Breitkreutz D, Hornung J, Markham
A, Fusenig NE. Normal keratinization in a spontaneously im-
mortalized aneuploid human keratinocyte cell line. J Cell Biol
1988; 106: 761-71.

[19] Jones KD, Aoki Y, Chang Y, Moore PS, Yarchoan R, Tosato G.
Involvement of interleukin-10 (IL-10) and viral IL-6 in the spon-
taneous growth of Kaposi’s sarcoma herpesvirus-associated in-
fected primary effusion lymphoma cells. Blood 1999; 94: 2871-9.

[20] Matsushima K, Oppenheim JJ. Interleukin 8 and MCAF: novel
inflammatory cytokines inducible by IL 1 and TNF. Cytokine
1989; 1: 2-13.

[21] Larsen CG, Anderson AO, Appella E, Oppenheim JJ, Matsushima
K. The neutrophil-activating protein (NAP-1) is also chemotactic
for T lymphocytes. Science 1989; 243: 1464-6.

[22] Leonard EJ, Skeel A, Yoshimura T, Noer K, Kutvirt S, Van Epps D.
Leukocyte specificity and binding of human neutrophil at-
tractant/activation protein-1. J Immunol (1990) 15; 144: 1323-30.

[23] Michel G, Kemeny L, Peter RU, Beetz A, Ried C, Arenberger P et
al. Interleukin-8 receptor-mediated chemotaxis of normal human
epidermal cells. FEBS Lett 1992; 305: 241-3.

[24] Thelen M, Peveri P, Kernen P, von Tscharner V, Walz A, Baggiolini
M. Mechanism of neutrophil activation by NAF, a novel mono-
cyte-derived peptide agonist. FASEB J 1988; 2: 2702-6.

[25] Tuschil A, Lam C, Haslberger A, Lindley I. Interleukin-8 sti-
mulates calcium transients and promotes epidermal cell prolifera-
tion. J Invest Dermatol 1992; 99: 294-8.

[26] Kenderessy AS, Kemeny L, Ruzicka T, Dobozy A. Interleukin-8
induces the expression of the major histocompatibility complex II
(MHC-II) antigen on human keratinocytes. Exp Dermatol 1992; 1:
112 (abstract).

[27] Kemeny L, Kenderessy SzA, Michel G, Ruzicka T, Dobozy A.
Identification of specific receptors for interleukin-8 on human
epidermal cells. (abstract) Exp Dermatol 1992; 1: 98.

[28] Kemeny L, Kenderessy SzA, Michel G et al. IL-1 and TNF in-
duced up-regulation of IL-8 receptors on human epidermal cells.
Cytokine 1992; 4: 410 (abstract).

[29] de Waal Malefyt R, Abrams J, Bennett B, Figdor CG, de Vries JE.
Interleukin 10(IL-10) inhibits cytokine synthesis by human mono-
cytes: an autoregulatory role of IL-10 produced by monocytes. J
Exp Med 1991; 174: 1209-20.

[30] Lin TJ, Befus AD. Differential regulation of mast cell function by
IL-10 and stem cell factor. J Immunol 1997; 159: 4015-23.

[31] Nakajima H, Gleich GJ, Kita H. Constitutive production of IL-4
and IL-10 and stimulated production of IL-8 by normal peripheral
blood eosinophils. J Immunol 1996; 156: 4859-66.



Vol. 50, 2001

{[32] Spits H, de Waal Malefyt R. Functional characterization of human
IL-10. Int Arch Allergy Immunol 1992; 99: 8-15.

[33] Kang K, Hammerberg C, Meunier L, Cooper KD. CD1 1b+ macro-
phages that infiltrate human epidermis after in vivo ultraviolet
exposure potently produce IL-10 and represent the major secre-
tory source of epidermal IL-10 protein. J Immunol 1994; 153:
5256-64.

[34] Ried C, Michel G, Beetz A, Kemeny L, Ruzicka T. Lack of induc-
tion of IL-10 in human keratinocytes by inflammatory citokines
and UVB. J Invest Dermatol 1994; 103: 433 (abstract).

[35] Grewe M, Gyufko K, Krutmann J. 1995. Interleukin-10 produc-
tion by cultured human keratinocytes: regulation by ultraviolet B
and ultraviolet A1 radiation. J Invest Dermatol 1995; 104: 3-6.

[36] Teunissen MB, Koomen CW, Jansen J, de Waal Malefyt R, Schmitt
E, Van den Wijngaard RM. In contrast to their murine counter-
parts, normal human keratinocytes and human epidermoid cell
lines A431 and HaCaT fail to express IL-10 mRNA and protein.
Clin Exp Immunol 1997; 107: 213-23.

[37] Jackson M, Thomson KE, Laker R, Norval M, Hunter JA, Mc-
Kenzie RC. Lack of induction of IL-10 expression in human kera-
tinocytes. J Invest Dermatol 1996; 106: 1329-31.

[38] Redondo P, Garcia-Foncillas J, Okroujnov I, Bandres E. Alpha-
MSH regulates interleukin-10 expression by human keratinocytes.
Arch Dermatol Res 1998; 290: 425-8.

[39] Enk CD, Sredni D, Blauvelt A, Katz SI. Induction of IL-10 gene
expression in human keratinocytes by UVB exposure in vivo and
in vitro. J Immunol 1995; 154: 4851-6.

[40] Nickoloff BJ, Fivenson DP, Kunkel SL, Strieter RM, Turka LA.
Keratinocyte interleukin-10 expression is upregulated in tape-
stripped skin, poison ivy dermatitis, and Sezary syndrome, but not
in psoriatic plaques. Clin Immuno! Immunopathol 1994; 73: 63-8.

[41] de Waal Malefyt R, Haanen J, Spits H, Roncarolo MG, te Velde A,
Figdor C et al. Interleukin 10 (IL-10) and viral IL-10 strongly
reduce antigen-specific human T cell proliferation by diminishing
the antigen-presenting capacity of monocytes via downregulation
of class Il major histocompatibility complex expression. J Exp
Med 1991; 174: 915-24.

[42] Fiorentino DF, A Zlotnik, TR Mosmann, M Howard, A O’Garra.
IL-10 inhibits cytokine production by activated macrophages. J
Immunol 1991; 147: 3815-22.

Dithranol on the IL-10 receptor expression of HaCaT keratinocytes 49

[43] Mitra RS, Judge TA, Nestle FO, Turka LA, Nickoloff BJ. Psoriatic
skin-derived dendritic cell function is inhibited by exogenous IL-
10. Differential modulation of B7-1 (CD80) and B7-2 (CD86)
expression. J Immunol 1995; 154: 2668-77.

[44] Beissert S, Hosoi J, Grabbe S, Asahina A, Granstein RD. IL-10
inhibits tumor antigen presentation by epidermal antigen-present-
ing cells. J Immunol 1995; 154: 1280-6.

[45] Enk AH, Angeloni VL, Udey MC, Katz SI. Inhibition of Langer-
hans cell antigen-presenting function by IL-10. A role for IL-10 in
induction of tolerance. J Immunol 1993; 151: 2390--8.

[46] Becherel PA, Le Goff L, Ktorza S, Ouaaz F, Mencia-Huerta JM,
Dugas B. 1995. Interleukin-10 inhibits IgE-mediated nitric oxide
synthase induction and cytokine synthesis in normal human kera-
tinocytes. Eur J Immunol 1995; 25: 2992-5.

[47] Ho AS, LiuY, Khan TA, Hsu DH, Bazan JF, Moore KW. A recep-
tor for interleukin 10 is related to interferon receptors. Proc Natl
Acad Sci USA 1993; 90: 11267-71.

[48] Schroder JM, Kosfeld U, Christophers E. Multifunctional inhibi-
tion by anthralin in nonstimulated and chemotactic factor stimu-
lated human neutrophils. J Invest Dermatol 1985; 85: 30-4.

{49] Bedord CJ, Young JM, Wagner BM. Anthralin inhibition of mouse
epidermal arachidonic acid lipoxygenase in vitro. J Invest Derma-
tol 1983; 81: 566-71.

[50] Schroder JM. Anthralin (1,8-dihydroxyanthrone) is a potent inhi-
bitor of leukotriene production and LTB4-omega oxidation by
human neutrophils. J Invest Dermatol 1986; 87: 624-9.

[51] Reichert U, Jacques Y, Grangeret M, Schmidt R. Antirespiratory
and antiproliferative activity of anthralin in cultured human kera-
tinocytes. J Invest Dermatol 1985; 84: 130-4.

[52] Kemeny L, Gross E, Arenberger F, Ruzicka T. Dithranol-induced
down-regulation of 12(S)-hydroxyeicosatetracnoic acid [12(S)-
HETE] receptors in a human epidermal cell line. Arch Dermatol
Res 1991; 283: 333-6.

[53] Kemeny L, Michel G, Arenberger P, Ruzicka T. Down-regulation
of epidermal growth factor receptors by dithranol. Acta Derm
Venereol 1993; 73: 37-40.



IL.



Clin Exp Immunol 2002; 127:176-182

CD3'CDS6" NK T cells are significantly decreased in the peripheral blood
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SUMMARY

Psoriasis is a chronic, inflammatory, hyperproliferative skin disease, in which autoimmunity plays a great
role. Natural killer T cells (NK T cells), are suggested to be involved in the pathogenesis of different
autoimmune diseases. To examine the involvement of CD3*CD56* NK T cells in the pathogenesis of
psoriasis, we investigated the lymphocyte subpopulations obtained from blood samples of psoriatic
patients before and after treatment, and of healthy controls, using two-colour flow cytometry. We found
no significant differences between total T cells, total B cells, T helper cells, T cytotoxic cells and NK
cells in patients with psoriasis before and after treatment and in controls. Increased percentage of
memory T cells and decreased percentage of naive T cells was detected in psoriatic patients compared
to controls, but these changes were not statistically significant. The CD3*CDS56" cells of psoriatic patients
were significantly decreased relative to controls. The percentage of CD3*CD56* cells increased after
different antipsoriatic therapies, but remained significantly lower than those found in controls.
CD3*CD56* cells of healthy controls were capable of rapid activation, while in psoriatic patients acti-
vated NK T cells were almost absent. The decrease in the number of CD3*CD56* cells may represent
an intrinsic characteristic feature of patients with psoriasis, which is supported by the fact that after
treatment NK T cells do not reach the values found in controls. In conclusion our results suggest that
CD3*CD56* NK T cells could be actively involved in the development of Th1 mediated autoimmune

diseases.

Keywords CD3'CD56* NK T cells autoimmunity psoriasis

INTRODUCTION

Although the pathogenesis of psoriasis is not yet clear, there are
characteristic fcatures of the disease which suggest an immuno-
logical mediated process. Several direct and indirect evidences
suggest that T cells play a crucial role in the pathogenesis of
psoriasis [1-7]. The presence of T helper cells, that secrete type 1
cytokines (IFN-y 1L-2, TNF-a). was demonstrated in psoriatic
skin lesions [8-13]. A type 1 differentiation bias was also observed
in circulating blood T cells of psoriatic patients [14]. The existence
of an imbalance between Th1 and Th2 cells in psoriasis was sup-
ported further by findings which demonstrated that IL-10 was
decreased in psoriatic lesions [15]. Moreover, during antipsoriatic
therapy an increase in 1L-10 mRNA expression was observed in
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peripheral blood mononuclear cells [16]. IL-10 therapy given
either intralesionally or subcutaneously resulted in marked reduc-
tion of psoriatic lesions [16,17]. These data suggest that psoriasis
is an inflammatory Thl mediated autoimmune disordcr, but the
triggering autoantigens are still not identified.

Although the factors that induce the imbalance between
Th1 and Th2 cells in psoriasis are unknown, a possible role could
be attributed to natural killer T cells (NK T cells) [18]. NK T
cells are a heterogeneous T cell population characterized by the
co-expression of off or y5 TCRs and various NK receptors, includ-
ing CD16, CD56, CD161, CD9%, CD158a and CD158b [19-21)].
NK T cells have the ability to rapidly secrete large amounts
of cytokines following activation [22-24]. NK T cell clones
secrete type 1, type 2 or both types of cytokines, which could
influence the differentiation of ThO cells towards Thl or Th2
cells [25,26). CD3*CDS6" cells represent one of the NK T cell
populations.

The number of CD3*CD56* NK T cells has been shown to be
significantly decreased in the peripheral blood of patients with

© 2002 Blackwell Science
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rheumatoid arthritis, another Th1 mediated autoimmune disease
[27).

In the present study we determined the number of
CD3*'CD56* NK T cells in the peripheral blood of patients with
psoriasis (before and after treatment) and in healthy controls.
Other lymphocyte subpopulations (total T cells, T helper cells, T
cytotoxic cells, T memory cells, T naive cells, B lymphocytes and
NK cells) were also analysed and compared in psoriatic patients
and healthy volunteers.

Our results show that CD3*CD56* NK T cells are significantly
decreased in the peripheral blood of patients with psoriasis rela-
tive to the healthy controls. This finding is discussed in relation
with the development of a type 1 immunc response in psoriasis.

PATIENTS AND METHODS

Fatients’ profile

Peripheral blood samples of 15 paticnts with psoriasis (one
erythrodermic, two guttate type and 12 chronic plaque psoriasis)
were obtained with informed consent for use in this study. The
Ethical Committee of the University of Szeged, Hungary
approved this investigation. Blood samples were collected before
and after treatment from all patients. The patients’ characteri-
stics are presented in Tablel. Therapeutic modalities included
monotherapy and combined therapeutic regimens (Table2). The
second blood sample was taken at the time when the applied
treatment regimen had been completed. At this time the major-
ity of patients was symptom-free or had minimal skin changes
(PASI < 4).

The control group consisted of 12 healthy hospital employees
(scven females and five males), aged 37-08 + 7-21ycars with
informed consent for use in the study. In the control group
nobody took any medication and nobody suffered from any
known acute or chronic disease.

Reagents

Anti-CD3 FITC, anti-CD3 PE (clone UCHT1), anti-CD19 PE
(clone HD37), anti-CD4 FITC (clone MT310), anti-CD8 PE, anti-
CD8 FITC (clone DK 25). anti-CD25 FITC (clone ACT-1) and
isotype-matched labelled mouse immunoglobulins were obtained
from DAKO (Copenhagen, Denmark), anti-CD56 FITC (clone
NKH-1), anti-CD45RA PE (clone F8-11-13) werc obtained from
Scrotec (Oxford, UK). anti-CD4 FITC (clone SK3), anti-CD56
PE (MY31) from Becton-Dickinson (San Jose, CA. USA) and
anti-CD45RO FITC (clone UCHL1) was obtained from
Immunotech (Beckman Coulter, Fullerton, CA, USA).

Table 1. Patient profile

Sex (male:female) 12:3+

Age (years) 4235 £ 14-32 (20-67)%
Age of onset (years) 257 £ 10-38% (9-45)
Disease duration (years) 167 £9:21 (3-37)
Psoriasis type (chronic: eruptive) 13:2

PASI score 1877 £12:25 (6-54)
Family history (positive: negative) 6:9

*Number of patients; tmean + s.d.; frange.

Immunostaining and flow cytometry

Peripheral blood, anticoagulated with EDTA, was collected. Each
blood sample (50 41) was stained with two monoclonal antibodies,
one conjugated with FITC and the other with PE (104l from
each) at room temperature, in the dark for 20min Erythrocytes
were lysed with FACS Lysing Solution (Becton Dickinson San
Jose, CA, USA). After two washes with PBS the cells were resus-
pended in PBS for immediate analyses or were fixed with 2%
paraformaldehyde for overnight storage before analyses. Two-
colour flow cytometry was performed by using a FACSCalibur
cytometer and the data were analysed using Cell Quest software
(Becton Dickinson, San Jose, CA. USA). In each stain 30000
events were acquired.

Isolation and stimulation of T cells from peripheral blood

Mononuclear cells (PBMC) were isolated from peripheral venous
blood samples of psoriatic patients and healthy controls by
Ficoll-Hypaque density gradient centrifugation (Biotech Inc,
Piscataway, NJ, USA). PBMC were recovered at the interface and
washed in PBS supplemented with 2% fetal calf serum (FCS). T
cells were isolated by positive selection using uniform magnetiz-
able polystyrene beads coated with monoclonal antibodics spe-
cific for CD3 (Dynabeads M-450 CD3 from Dynal, Oslo, Norway)
and a magnetic particle separator (Dynal MPC, from Dynal, Oslo,
Norway) following the protocol provided by the manufacturer.
Briefly, PBMC were incubated with CD3 monoclonal antibody
coated magnetic beads (bcad:cell ratio 5:1, Dynabeads concen-
tration L x 10”/ml) for 6 h in RPMI 1640 culture medium supple-
mented with 10% FCS, at 37°C in a humid 5% CO,incubator.
After the incubation time Dynabeads were detached from the
cells by pipetting the cell suspension 10 times through an auto-
mated pipette. The beads werc than removed from the cell sus-
pension using a Dynal MPC. The beads attached to the tube wall
while the cells remained in the suspension. This isolation proce-
dure through the CD3 binding results in stimulation of the CD3*
cells [28]. The isolated and stimulated cells were then analysed by
two-colour flow cytometry, using monoclonal antibodics for

Table 2. Treatment regimens used in the study

Treatment Number of patients

Dithranolt

PUVA®*

Dithranol + PUVA$

Dithranol + narrowband ultraviolet B (311 nm)§
Re-PUVAY

- )

tDithranol treatment was used in slowly increasing concentrations
starting with 0-5% up to 8% depending on the induced erythema. *Oral
8-methoxypsoralen + UVA (four times a week) was administered from 1
Jiem? up 5J/cm® depending on the induced erythema. }Dithranol treat-
ment with slowly increasing concentrations starting with 0-5% up to 8%
was combined with oral 8-methoxypsoralen + UVA (four times a week)
from 1J/cm® up 5J/cm® depending on the induced erythema. §Dithranol
treatment with slowly increasing concentrations starting with (-5% up to
8% was combined with narrowband ultraviolet B from 0-2J/cm? up to
22Jfen?? (five times a week) depending on the induced erythema. §Oral
acitretin (0-5 mg/kg body wt) + oral 8-methoxypsoralen + UVA (four times
a week) from 1J/cm® up SJ/cm? was administered depending on the
induced erythema.
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detection of CD56, CD25, CD4 and CD8. After 6h of anti-CD3
antibody stimulation, the CD3 antigen was transiently down-reg-
ulated. By growing the cells for further 24 h in culture medium
the CD3 antigen was reexpressed on the cell surface, and could
be detected using FITC conjugated CD3 antibodies. Vitality of
isolated cells was tested by trypan blue exclusion.

Statistical analysis

Statistical analysis of the data was made by ANOVA, Pearson
correlation test and Spearman’s rank order correlation test. For
significant ANOVA values, groups were compared by Tukey’s
post hoc test for multiple comparisons with unequal cell size. A
probability level of 0-05 was accepted as indicating significant
differences.

RESULTS

Analyses of lymphocyte subsets

The lymphocyte subsets in patients with psoriasis before treat-
ment and in healthy controls were analysed. The percentage of
CD3*'CD56* NK T cells was significantly decreased in the periph-
eral blood of patients with psoriasis before treatment compared
with healthy controls (1-79 £ 1-07% in patients versus 522 +
1-74% in controls, P <0-0001) (Table 3). Representative flow cyto-
metric analyses show CD3*CD56* NK T cells in a patient before
treatment (0,78%) (Fig. 1b) versus in a healthy control (6:28%)
(Fig. 1a). The absolute number of circulating CD3*CD56* NK T
cells was also significantly lower in psoriatic patients before treat-
ment than the values found in healthy controls (29-43 + 17-12 ul
in psoriasis before treatment versus 120-15 £ 45-35 ul in controls,
P < 0-0001). Memory T cclls (CD3'CD45RO") represented a
larger (35-36 + 9-38% in patients versus 27-21 + 7-34% in controls)
and naive T cells (CD3*CD45RA*) a smaller population (37-71
8:3d% in patients versus 45-00 £ 7-19%) in the peripheral blood
of patients relative to controls; however, these differences did not
reach statistical significance. Similarly, a slight but statistically not
significant increase in the proportion of helper CD4+ T helper
cells was observed in patients with psoriasis (44-52 + 9-05% in
patients versus 38-97 £ 5:66% in controls P > 0-05). There was no
difference in the percentages of B lymphocytes, conventional NK
cells (CD3CD56*), total T cells and T cytotoxic CD8* cells
between the two groups (Table3).

Table 3. Percentage of lymphocyte subsets (mean t s.d.) in peripheral
blood of patients with psoriasis before treatment, after treatment and of
healthy controls

Comparing the lymphocyte subsets of patients with psoriasis
before and after treatment, the only lymphocyte population in
which changes were statistically significant was the NK T
(CD3*CD56%) subset. Both the percentage and the absolute cell
number of NK T cells were significantly increased in the periph-
eral blood of patients with psoriasis after treatment (2-68 + 1-04%,
2943 £ 17-12 4l versus 179 £ 1-07%, 58-95 + 31:56 i, P < 0:001),
but did not reach the values found in healthy controls (Table 3).
A representative flow cytometric analysis shows the comparison
of CD3*CD56* NK T cells in a patient before treatment (0-78%)
(Fig. 1b) versus in a patient after treatment (3-04%) (Fig. 1c).
We found no statistically significant changes in the other lym-
phocyte subsets (Table3). The antipsoriatic treatments used in
this study had no effect on the number of memory and naive T
cells (Table 3).

After treatment the absolute cell number of CD3'*CD56* NK
T cells remained significantly decreased in patients with psoriasis
compared to healthy controls (58:95 £ 31-56 ul in patients after
treatment versus 120-15 +45-35 ul in controls, P < 0-001). The same
was observed when the percentage of NK T cells among lym-
phocytes was analysed in peripheral blood samples (2-68  1-04%
in patients versus 522 + 1:74% in controls, P < 0:001) (Table 3).
Representative flow cytometric analyses show CD3*CD56* NK T
cells in a patient after treatment (3-04%) (Fig. 1c) versus in a
healthy control (628%) (Fig. 1a). Memory T cells remained ele-
vated (35-13 £ 9-87% in patients versus 27-21 +7-34% in controls)
and naive T cells were decreased in the psoriasis group compared
to healthy controls (37-90 £ 8:60% in patients versus 4500 +
7-19% in controls) (Table 3), without reaching statistical signifi-
cance. Similarly, the number of T helper cells showed a slight, sta-
tistically not significant elevation in treated patients compared to
controls (42:54 £ 8-22% in patients versus 38-97 + 5-66% in con-
trols P > 0-05) (Table 3). No difference between the two groups
was found regarding B lymphocytes, NK cells, total T cells and
cytotoxic T cells (Table3).

CD3*CD56* NK T cells and patients’ profile

To determine whether the number or the percentage of
CD3*CD56* NK T cells in patients with psoriasis shows any cor-
relation with age, PASI score and disease duration the appropi-
ate correlation test has been applied. The analysis of the possible
correlation of NKT cells with age was also performed in healthy
controls. Statistical analyses of our data showed a slight. but
significant direct correlation between NK T cells and the age of
controls (r, = +0-39). In contrast in psoriatic patients a slight,
but statistically significant inverse correlation (r, = -0-31) was
detected (data not shown). We observed that patients with a long-
term history of frequent relapses, who did not respond well to
treatment, had the lowest NKT cell counts. In these patients the

Healthy recovery of NK T cells following therapy was slower and gener-
Psoriasis before  Psoriasis after  controls ally poor. However, CD3*CD56* cells showed no correlation with
treatment (%)  treatment (%) (%) PASI score and disease duration (data not shown).
gg::g. ﬁ;g i 2:.9’ 7210; : gi? .112(7)3 : :;; Stimulation of pfripifeml blood T cells with anti-CD3
CD3'CD4’ 4452 + 905 4254£822 3897566  monoclonal antibodies
CD3'CD8’ 2712 £ 821 2639 + 7-18 2895 + 7-43 To examine the activation status of CD3*CD56* NK T cells, we
CD3'CDs6° 1-79 + 107 2.68 + 1-04 522+ 174 separated T cells from the peripheral blood of healthy controls
CD3-CD56* 10-20  5-69 1247+ 698 1030+ 47 and of patients with psoriasis. These T cells were stimulated for
CD3'CD45RA’ 37711834 3790+ 860 45001719 6h using anti-CD3 monoclonal antibodies, and then flow cyto-
CD3+CD45RO" 3536 £ 938 3513£987 27211734 metric analysis was performed. On the FSC/SSC dot-plot of sep-
arated and stimulated T cells obtained from healthy controls a
© 2002 Blackwell Science Ltd, Clinical and Experi) 11 logy, 127:176-182
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Fig. 1. Representative dot-plot diagrams of peripheral blood cells stained with PE conjugated anti-CD3 monoclonal antibodies and PE
conjugated anti-CDS56 monoclonal antibodies. CD3'CDS56* NK T cells in a healthy control (a), in a patient with psoriasis before treatment
(b) and in the same patient after treatment (c) are in the upper-right quadrants of each dot-plot diagrams. CD3*CD56" NK T cells are sig-
nificantly decreased in the peripheral blood of patients with psoriasis (b, 0:78%), the percentage of these cells increases after therapy (c.
3:04% ), but remains significantly lower than in healthy controls (a, 6-28%).

distinct cell population was recognized, which was not present as
a distinct population on the dot-plot of unstimulated CD3" T cells
(Fig. 2). These cells showed a marked granulated pattern. Analy-
sis of stimulated T cells was performed by using two gates: R1 for
these granulated cells and R2 for the other cells. All the granu-
lated cells (gate R1) expressed the surface molecule CD56, but
only a minority of the other cells (gate R2) expressed this mole-
cule (Fig. 3). Thus the granulated cells were NK T (CD3*CD56%)
cells. More than half of NK T cells (gate R1) expressed the CD4
marker (71-25%), while very few of the less granulated
CD3'CD56" NK T cells (gate R2) were CD4" (0-58%) (Fig. 3).
The CD8 molecule was expressed by more than half of the less
granulated CD3*CD56" NK T cells (gate R2) and by about one-
third of the granulated NK T cells (gate R1) (Fig. 4). The low
affinity receptor for IL-2, an early activation marker for T cells,
was detected with an anti-CD25 FITC labelled monoclonal anti-
body. Almost all the granulated NK T cells (gate R1) expressed
CD25 molecules (93:2%), indicating that they were activated
cells. Among the less granulated cell population (gate R2) only
59:65% of the cells expressed the low affinity IL-2 receptor (data
not shown). After analysing the separated and stimulated T cells
collected from patients with psoriasis we found that CD56" T cells
with marked granulated pattern were almost absent. Scattered
CD56" T cells were present between the cells with normal gran-
ulation pattern, characteristic for lymphocytes (data not shown).
These findings are in concordance with the low levels of
CD3'CD56" NK T cells that were detected in the peripheral blood
samples of patients with psoriasis by flow cytometric analyses of
unseparated cells.

In each experiment controls staining of separated and stimu-
lated T cells was performed after 24 h of culture in medium alone,
using FITC conjugated anti-CD3 antibodies. The percentage of
separated cells that expressed the surface molecule CD3 was
95-98% (data not shown). The vitality of separated and stimu-
lated cells was tested using trypan blue, and was always above
95%.

DISCUSSION

NK T cells are phenotypically and functionally diverse [28]. Ini-
tially, NK T cells were described as cells that express an invariant
TCR Valphal4 in mouse and Valpha24 in humans [29]. Recently
NK T cells expressing diverse TCRs have been also recognized
[22,23,30]. The CD3"'CDS56" cells represent one of these NK T cell
subpopulations.

Our results show that the number of CD3°CD56" NK T cells
is significantly decreased in the peripheral blood of patients with
psoriasis and that the percentage of these cells increases after
different therapies used in psoriasis, but remains significantly
lower than those found in healthy controls. The full relevance of
this finding is still speculative. The decrease in the number of
CD3*CD56" cells may represent an intrinsic characteristic feature
of patients with psoriasis. This hypothesis is supported by the fact
that NK T cells do not reach the values found in healthy controls,
s0 it is possible that the percentage of this cell population is per-
manently decreased in the peripheral blood of patients with pso-
riasis. Another possible cause that leads to decreased number of
NK T cells may be represented by the early activation of these
cells by antigens involved in the relapse of the disease, followed
by apoptosis [31]. Since we did not study NK T cells in the skin
we could not exclude that the decrease in NK T cells in the peri-
pheral blood might come from the differential homing of NK T
cells to the skin lesions. Further studies are needed to elucidate
the direct role of NK T cells in the skin of patients with psoriasis.

In our study we found that CD3'CD56" NK T cells were
capable of rapid activation. After stimulation of CD3" T cells one
population of activated NK T cells appeared. NK T cells are able
to recognize non-peptide antigens [32]. In vivo administration of
synthetic ceramide induces the secretion of both type 1 and type
2 cytokines [24], but repeated doses polarize NK T cells towards
Th2 cytokine synthesis [33,34]. Thus IL-4 produced by the NK T
cells plays a major role in promoting the differentiation of Th0
cells into Th2 cells [34,35]. Although the precise role of NK T cells

© 2002 Blackwell Science Ltd, Clinical and Experimental Immunology, 127:176-182
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Fig. 2. Light scatter analysis (FSC versus SSC) of unstimulated peripher-
ial blood CD3* T cells (a) and of separated and stimulated CD3* T cells
(b). Peripheral venous blood sample was obtained from a healthy control.
Cell separation and stimulation was performed using magnetic beads
coated with anti-CD3 monoclonal antibodies. After stimulation of the
CD3" T cells a distinct population of granulated cells appeared (R1).

is not yet elucidated, they can be a regulatory cell type playing a
pivotal role in the development of peripheral tolerance and in the
modulation of immune responses by inducing a shift in early acti-
vation and consequently in the cytokine secretion of classical T
cells [36,37]. Psoriasis is an autoimmune disease in which type 1
cytokine secretion pattern can be demonstrated in T cells derived
from lesional skin and from peripheral blood [8,14]. It is possible
that this feature is a consequence of an inefficient type 2 response,
because of lack of NK T cells. This issue might be clarified by
comparing the IL-4 producing capacity of CD3*CD56" NK T cells
from psoriatic patients with that from healty controls. However,
the study of the cytokine production in psoriasis on a per cell basis
was beyond the scope of our present work. Our results are the
first clear-cut evidence showing that low NK T cell counts are a
characteristic of psoriasis patients.These findings raised the ques-
tion of whether NK T cell deficiency might result in the missing
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Fig. 3. Phenotypic analyses of separated and stimulated CD3" T cells. T
cells were stained with PE conjugated anti-CD56 and FITC conjugated
anti-CD4. The expression of CD56 and CD4 surface molecules on granu-
lated CD3" T cells, gate R1 in Fig. 2b and on the less granulated CD3" T
cells, gate R2 in Fig. 2a are shown. All the granulated CD3* T cells express
the surface molecule CD56 (b, upper left and right quadrants), but of the
less granulated CD3" T cells only a minor population express this mole-
cule (a, upper left and right quadrants). 71-25% of granulated CD3'CD56
cells express the CD4 marker (b, upper right quadrant), at the same time
very few (0-58%) of the less granulated T cells express both CD56 and
CD4 on the surface (a, upper right quadrant).

contraregulatory signals needed for the development of a normal
immune response upon antigen stimulation, and favours exces-
sive activation of Th1 cells. Type 2 cytokines are also important
in the development of tolerance [38]; thus deficit in these
cytokines can favour the development of autoimmunity.
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Fig. 4. Phenotypic analyses of separated and stimulated CD3" T cells. T
cells were stained with PE conjugated anti-CD56 and FITC conjugated
anti-CD8. The expression of CD56 and CD4 surface molecules on granu-
lated CD3" T cells, gate R1 in Fig. 2b and on the less granulated CD3" T
cells, gate R2 in Fig. 2a are shown. 24-4% of granulated CD3'CD56" cells
express the CD8 marker (b, upper right quadrant), at the same time
11:72% of the less granulated T cells express both CD56 and CD8 on the
surface (a, upper right quadrant).

The dysfunction of NK T cells correlates with the pathogen-
esis of other T cell-mediated autoimmune diseases [39,40]. In
Ipr/lpr mice, in which a spontaneous autoimmune syndrome
resembling human systemic lupus erythematosus occurs, NK T
cells disappear from the periphery by the time the autoimmune
disease develops. Selective experimental depletion of NK T cells
from the peripheral blood results in early onset and exacerbation
of the autoimmune phenomena [39]. The selective reduction of

NK T cells has been also detected in non-obese diabetic mice
[40,41]. Studies in humans have showed that decreased number
of NK T cells are present in the peripheral blood of patients with
rheumatoid arthritis, systemic sclerosis and insulin-dependent
diabetes mellitus [27,42,43].

Other lymphocyte populations were also investigated. We
found no significant differences between total T cells, total B cells,
T helper cells, T cytotoxic cells and NK cells in patients with pso-
riasis and healthy controls. These results are in concordance with
observations of other authors and highlight further the signifi-
cance of CD3"CD56" NK T cells in the pathogenesis of psoriasis
[44-46].

We found increased percentage of memory T cells and
decreased percentage of naive T cells. However, these changes
were not statistically significant, they might be related to the
chronic activation of the immune system in patients with psoria-
sis. Increased numbers of memory T cells have been found in
lesional skin and in the synovial tissue of patients with psoriatic
arthritis [38,47]. It is interesting that the treatments used in this
study had no effect on memory and naive T cells. It is possible
that the persistence of the increased number of memory T cells
is one of the factors that contribute to the relapses observed in
psoriasis, but these assumptions are still speculative and need
further investigations.

In conclusion, our results suggest that CD3'CD56" NK T cells
have a role in the pathogenesis of psoriasis and that reduced NK
T cells can be of importance in the development of psoriasis, a
Thl mediated autoimmune disease.
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Summary

It is well known from clinical practice that repeated treatment with dithranol leads to the
development of tolerance to the drug. In the present study we investigated the characteristics and
mechanism of dithranol tolerance. The mouse ear was pretreated with a low dose of dithranol or
croton oil, or on previously sensitised animals by the application of dinitrofluorobenzole (DNFB).
24 hours later irritative dermatitis was elicited by painting the mouse ear with high dose of
dithranol, croton oil oil DNFB, and the dermatitis was characterised by measurement of the ear
thickness. It was shown that low-dose dithranol significantly suppressed dithranol-induced oedema,
whereas it had no effect on croton oil or DNFB-induced dermatitis, suggesting that dithranol-
induced tolerance is rather specific. Tolerance to dithranol could not be induced by pretreatment of
the mouse ear with a low dose of croton oil or DNFB. Mild stripping of the mouse ear also inhibited
the inflammatory effect of dithranol applied 24 hours later. Superoxide dismutase (SOD) treatment
abolished the tolerance-inducing effect of low-dose dithranol or stripping. These results suggest that
superoxide anion radicals are involved not only in the inflammatory effect of the drug, but also in

the induction of dithranol tolerance.
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Introduction

Dithranol is one of the most effective local treatment of psoriasis, but its use is hampered by its

side-effects of irritancy and staining.! In clinical practice, treatment with dithranol is started at low
concentration in order to prevent severe perilesional inflammation. The concentration of the drug is
then slowly increased every 2-3 days until mild perilesional irritancy is observed, suggesting that the
therapeutically effective concentration has been reached. However, after such an “optimal”
concentration has been found, repeated treatment with the same concentration results within several
days in a decline of both the irritative but also the antipsoriatic effect. Therefore, to see further
improvement, the concentration of dithranol should again be increased. This results that, in addition
to the irritative and staining side-effects of the drug, the adaptation of the skin to dithranol further
complicates its therapeutic use.

The antipsoriatic and inflammatory actions of the drug are related probably to its redox

activity, leading to the production of oxygen radicals;2-3 however the mechanism of the increased
tolerance of the skin to dithranol during repeated treatment is not known. The increased tolerance of
the skin during the repeated application of dithranol was first proved experimentally by Brandt and
Mustakallo. They presumed that continuous depletion of the inflammatory mediators of the skin
resulted in the observed decreased inflammatory effect of the drug.4 In contrast, Lawrence and
Schuster hypothesised that this phenomenon might be caused by an active adaptive mechanism,? as
they found that tape stripping (removing the stratum cormeum with an adhesive tape) and
application of a very low dose of anthralin also induced tolerance of the skin to the drug. We earlier
studied the effects of repeated dithranol treatment on ear thickness in mice. It was suggested that an
active adaptation process is responsible for the increased tolerance observed after low-dose

dithranol treatment.l Parslew and Friedmann recently demonstrated that pretreatment of human skin

with a subirritant concentration of dithranol induced a clear adaptive response, which proved to be

rather specific as it had no effect on croton oil-induced inflammation.6 Although these human
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studies revealed the adaptive response of the skin to dithranol, the underlying mechanisms could not

be elucidated.

In the present study, we investigated the characteristics and mechanism of tolerance to
dithranol in a mouse ear oedema model. Our results suggest that the dithranol-induced increased
tolerance to the drug is an active process, and oxygen radicals might be responsible for the induction

of this adaptive response.



Materials and methods

Animals
The animals used were inbred 8-12-week-old male CFLP mice (25-35 g). They were caged in

groups of 10 and fed on standard mouse pellets and water ad libitum.

Dithranol pretreatment in dithranol, croton oil and DNFB dermatitis

Groups of mice were treated by applying 20 pl 0.025% dithranol (Hermal, Reinbek, Germany) or
acetone to the mouse ear. 24 hours later 20 pl 0.5% dithranol, 5% croton oil (Sigma, St. Louis,
USA) or 0.15% DNFB (Sigma, St. Louis, USA) in previously DNFB-sensitised animals was applied
to the mouse ear. Dithranol, croton oil and DNFB were dissolved in acetone. To achieve the DNFB
sensitisation, the abdominal skin of the animals was shaved and 10 pl 0.2% DNFB dissolved in

acetone was dropped onto the skin once daily for 2 days. The allergic contact dermatitis was elicited

3 days later.

DNEFB pretreatment in dithranol and croton oil dermatitis

Groups of mice were treated with by applying 20 pl 0.05% DNFB or acetone onto the mouse ear on
previously sensizitised animals. For DNFB sensitisation, 10 pl 0.1% DNFB was dropped to the
shaved abdominal skin of the animals. In each DNFB and acetone-pretreated mouse group, 20 pl

0.5% dithranol or 5% croton oil was applied 24 hours later to the mouse ear to generate irritative

dermatitis.

Croton oil pretreatment in dithranol, croton oil and DNFB dermatitis
The mouse ear was treated with 20 ul 0.5% croton oil or acetone,. 24 hours later 20 pl 0.5%
dithranol, 5% croton oil or 0.15% DNFB (in previously DNFB-sensitised animals) was applied to

the mouse ear. The DNFB sensitisation procedure was the same as described above.



SOD and dithranol pretreatment in dithranol dermatitis

Two mouse groups received 0.1 ml (20 mg kg™!) Superoxide dismutase (SOD, Griinenthal GmbH,
Germany) or physiological sodium chloride solution intraperitoneally. One hour later, 20 pul 0.025%
dithranol or acetone was applied to the mouse ear. Twenty-four hours after the dithranol or acetone

treatment, inflammation was induced in the mouse ear with 0.5% dithranol.

The effect of tape stripping in dithranol dermatitis
Both ears of the mice were covered with adhesive tape, which was removed and applied again 5
times (stripping). One, 2 or 7 days later, 0.5% dithranol was applied to the mouse ear. Other groups

of mice received 0.1 ml (20 mg kg') SOD intraperitoneally before stripping

Measurement of mouse ear oedema
The extent of oedema induced by the skin irritants was characterised by measuring the mouse ear

thickness with dial gauge.

Statistical analysis
Data are presented as the mean + S.D. Student’s t-tests were used for analyses comparing the

different groups, with statistical significance considered if P < 0.05.



Results

Effects of dithranol pretreatment on dithranol, croton oil and DNFB-induced mouse ear oedema
The ear thicknesses of 0.025% dithranol or acetone pretreated mice were not significantly different
24 hours after application (19.3 + 0.7x102 mm and 18.9 + 0.7x10? mm, respectively, p>0.05;
n=30).

After the mouse ear had been pretreated with 0.025% dithranol for 24 hours, the 0.5%
dithranol-induced ear thickness was 40% less than that in the acetone treated group. Dithranol
pretreatment (0.025%) of the mouse ear did not influence the 5% croton oil or 0.15%
DNFB-induced ear oedema: there was no any significant difference between the ear thicknesses in
the dithranol or acetone pretreated mice (Fig. 1). Intraperitoneal SOD pretreatment 1 hour before the

application of 0.025% dithranol eliminated the induction of dithranol tolerance (Table 1).

Effects of DNFB pretreatment on dithranol and croton oil induced mouse ear oedema

After 0.1% DNFB senzitization, the ear thicknesses of 0.05% DNFB or acetone pretreated mice
were not significantly different 24 hours after application (19.2 + 0.9x10> mm and 19.1 + 0.8x107
mm, respectively, p>0.05; n=30). 0.05% DNFB pretreatment of the mouse ear for 24 hours did not

influence the 0.5% dithranol or 5% croton oil-induced ear oedema (Fig. 2).

Effects of croton oil pretreatment on dithranol, croton oil and DNFB-induced mouse ear oedema

The ear thicknesses of 0.5% croton oil or acetone pretreated mice is not significantly different 24
hours after application (19.4 + 0.8x10” mm and 19.1 + 0.7x10 mm, respectively, p>0.05; n=30).
0.5% croton oil pretreatment of the mouse ear for 24 hours did not influence the 0.5% dithranol, 5%
croton oil or 0.15% DNFB-induced ear oedema: there was no significant difference in ear thickness

between the croton oil or acetone-pretreated mice (Fig. 3).



Effects of tape stripping on 0.5% dithranol-induced ear oedema

The extent of ear oedema in the animals pretreated with dithranol directly after stripping did not
differ from that in the control group. When dithranol was applied 24 hours after stripping the change
in oedema was significantly less than that in the control group. Two days after stripping, the
increase in ear thickness was still less than that in the control group, but stripping did not influence
the inflammation induced by dithranol applied 7 days later (Table 2). Intraperitoneal SOD
pretreatment 1 hour before stripping eliminated the inhibitory effect of stripping on the ear thickness
change observed 24 hours later (Table 3). SOD pretreatment did not affect the inflammatory effect

of dithranol applied 48 hours after stripping.



Discussion

In the present study we could model the tolerance inducing effect of dithranol in mice. Our results
indicate that pretreatment of the mouse ear with low-dose dithranol concentrations significantly
decreases the oedema-inducing effect of higher dithranol concentrations applied later, but does not
effect the extent of croton oil or DNFB dermatitis. This suggests that this type of tolerance is
specific for dithranol dermatitis. When the mice were pretreated with SOD 1 hour before low-dose

dithranol pretreatment, the tolerance inducing effect disappeared. As SOD is responsible for the

elimination of superoxide anion radicals,” it is very likely that free oxygen radicals are involved in
the induction of dithranol tolerance. We demonstrated that tape stripping induced a tolerance to
dithranol similar to that following low-dose dithranol pretreatment on the mouse ear, and this

tolerance could be reduced with an SOD injection 1 hour before stripping. Since SOD cannot

penetrate the plasma membrane, it exerts its effect on the extracellular space;8 it is probable that
superoxide radicals generated extracellularly are responsible for the tolerance induction.
It is known from clinical practice that repeated treatment with dithranol leads to a tolerance

to the drug in the skin. Brandt and Mustakallo presumed that this tolerance is due to the continuous

depletion of the inflammatory mediators.4 Our results suggest that, even after treatment of the
mouse ear with croton oil in higher concentrations, the quantity of inflammatory mediators
remaining in the skin is still sufficient to evoke inflammation. We presume that the dithranol
induced tolerance of the skin is caused by an an active adaptive mechanism. The superoxide anion
radicals which are generated extracellularly on the autooxidation of dithranol may be involved in
triggering this adaptive mechanism, which defends the organism from the toxic action of free
radicals.

The studies of Lawrence and Schuster indicated that tape stripping moderates the

inflammatory effect of dithranol applied 24 hours later, wheras it has no effect on the irritation

induced by dithranol applied immediately after stripping.d They supposed that stripping triggers an
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unknown adaptive mechanism. Our indirect results suggest that superoxide anion radicals generated

in the skin during tape stripping induce adaptive mechanisms. In the studies by Juhlin? and Misch et
al.10 UV irradiation was found to moderate the erythema-generating effect of dithranol applied 24

hours later. They supposed that UV irradiation induced increased autooxidation of dithranol resulted

the less inflammatory effect of the drug. However, it is well known that UV irradiation induces free

radical production in the skin.11,12 We suggest that the inhibitory effect of UV irradiation on
dithranol dermatitis is also connected with the adaptive mechanism triggered by superoxide anion
radicals.

The adaptive adaptive mechanism that eliminates free radicals generated during repeated
treatment with dithranol is not fully known. Our results indicate that the adaptive response might be

triggered by the extracellularly localised superoxide anion radicals. Earlier we have shown that in
dithranol induced inflammation free radicals played an important rolel3. Free radicals have been

shown to induce the activity of antioxidant enzymes14, we suppose that one of the extracellular

antioxidant enzymes might be responsible for the observed adaptive mechanism induced by

dithranol or tape stripping. The extracellular SOD and thioredoxinreductasel3 are the two important

extracellular antioxidant enzymes. The activity of the extracellular SOD is very low and probably

protects only the endothelial cells8, it is unlikely that this enzyme would be responsible for the

observed protective effect. The intensity of dithranol inflammation is higher in nonlesional skin than

in the lesions!6, and indeed dithranol-induced inflammation occurrs characteristically only in the

perilesional area. It has been shown that the activity of thioredoxinreductase is much higher in

psoriatic plaques compared to nonlesional skinl7, suggesting that thioredoxinreductase might be

responsible for the induction of dithranol tolerance.



References

1 Kemeny L, Ruzicka T, Braun-Falco O Dithranol: a review of the mechanism of action in the

treatment of psoriasis vulgaris. Skin Pharmacol 1990; 3: 1-20.

11

2 Muller K Antipsoriatic anthrones: aspects of oxygen radical formation, challenges and prospects.

Gen Pharmacol 1996; 27: 1325-35.

3 Muller K Antipsoriatic and proinflammatory action of anthralin. Implications for the role of

oxygen radicals. Biochem Pharmacol 1997; 53: 1215-21.

4 Brandt H, Mustakallio KK Irritation and staining by dithranol (anthralin) and related compounds.

II. Cumulative irritancy and staining during repeated chamber testing. Acta Derm Venereol 1983;

63: 237-40.

5 Lawrence CM, Shuster S Mechanism of anthralin inflammation. 2. Effect of pretreatment with

glucocorticoids, anthralin and removal of stratum corneum. Br J Dermatol 1985; 113: 117-22.

6 Parslew R, Friedmann PS The irritancy of anthralin is inhibited by repeat applications of a

subirritant concentration. Br J Dermatol 1999; 141: 469-74.

7 Fridovich I Superoxide dismutases. Annu Rev Biochem 1975; 44:147-59. 147-59.

8 Fridovich I Superoxide radical: an endogenous toxicant. Annu Rev Pharmacol Toxicol 1983;

23:239-57. 239-57.



12
9 Juhlin L Factors influencing anthralin erythema. Br J Dermatol 1981; 105 Suppl 20:87-91. 87-91.

10 Misch K, Davies M, Greaves M, Coutts A Pharmacological studies of anthralin erythema. Br J

Dermatol 1981; 105 Suppl 20:82-6. 82-6.

11 Jurkiewicz BA, Buettner GR EPR detection of free radicals in UV-irradiated skin: mouse versus

human. Photochem Photobiol 1996; 64: 918-22.

12 Yasui H, Sakurai H Chemiluminescent detection and imaging of reactive oxygen species in live

mouse skin exposed to UVA. Biochem Biophys Res Commun 2000; 269: 131-6.

13 Kemeny L, Csato M, Dobozy A Pharmacological studies on dithranol-induced irritative

dermatitis in mice. Arch Dermatol Res 1989; 281: 362-5.

14 Kohen R Skin antioxidants: their role in aging and in oxidative stress - new approaches for their

evaluation. Biomed Pharmacother 1999; 53:181-92.

15 Schallreuter KU, Wood JM The role of thioredoxin reductase in the reduction of free radicals at

the surface of the epidermis. Biochem Biophys Res Commun 1986; 136: 630-7.

16 Paramsothy Y, Lawrence CM Time course and intensity of anthralin inflammation on involved

and uninvolved psoriatic skin. Br J Dermatol 1987; 116: 517-9.

17 Schallreuter KU, Pittelkow MR Anthralin inhibits elevated levels of thioredoxin reductase in

psoriasis. A new mode of action for this drug. Arch Dermatol 1987; 123: 1494-8.



Table 1.

Effect of SOD plus 0.025% dithranol pretreatment on 0.5% dithranol-induced mouse ear oedema

13

Control Dithranol SOD+Dithranol SOD
Increase in mouse ear thickness
(x 102 mm) 18.9 11.2 18.2 19.1
+ SD 1.34 1.52 1.48 1.46
p 0.001 ns ns

Values represent mean + SD, n=20, Student’s unpaired t test
p: significance compared to the control

ns: non-significant

SD: standard deviance

SOD: Superoxide dismutase
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Table 2.

Effect of tape stripping on 0.5% dithranol-induced mouse ear oedema

Days after tape stripping
Control 0 1 2 7
Mouse ear thickness
(x 10? mm) 18.9 19.2 11.3 14.5 19.1
+SD 0.82 1.34 1.55 1.42 1.27
p ns 0.001 0.05 ns

Values represent mean + SD, n=20, Student’s unpaired t test
p: significance compared to the control
ns: non-significant

SD: standard deviance



Table 3.

15

Effect of SOD plus tape stripping (TS) pretreatment on 0.5% dithranol-induced mouse ear oedema

Control TS SOD+TS SOD
Increase in mouse ear thickness
(x 10 mm) 19.2 129 18.8 19.3
+ SD 1.44 1231 1.63 1552
p 0.001 ns ns

Values represent mean + SD, n=20, Student’s unpaired t test
p: significance compared to the control

ns: non-significant

SD: standard deviance

SOD: Superoxide dismutase
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Fig. 1.

Effects of dithranol pretreatment on dithranol, croton oil and DNFB-induced mouse ear oedema
0.5% dithranol, 5% croton oil or 0.15% DNFB-induced ear oedema after 0.025% dithranol or
acetone pretreatment for 24 hours. (Values represent mean + SD, n=20, *p <0.05 significant

differences between the dithranol or acetone pretreated groups, Student’s unpaired t test)
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Fig. 2.

Effects of DNFB pretreatment on dithranol and croton oil induced mouse ear oedema

0.5% dithranol or 5% croton oil-induced ear oedema after 0.05% DNFB or acetone pretreatment for
24 hours. (Values represent mean + SD, n=20, p >0.05 no significant differences between the DNFB

or acetone pretreated groups, Student’s unpaired t test)
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Fig. 3.

Effects of croton oil pretreatment on dithranol, croton oil and DNFB-induced mouse ear oedema
0.5% dithranol, 5% croton oil or 0.15% DNFB-induced ear oedema after 0.5% croton oil or acetone
pretreatment for 24 hours. (Values represent mean + SD, n=20, p >0.05 no significant differences

between the croton oil or acetone pretreated groups, Student’s unpaired t test)
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ABSTRACT Alcohol abuse can precipitate the hyperproliferative skin disease psoriasis vulgaris.
The mechanism by which alcohol affects this disease is still elusive. So far there are no reports
describing the effects of metabolites relevant to alcohol metabolism on the growth of human
keratinocytes. In the present study we examined the effect of ethanol and acetone, which exceeds its
normal endogenous level in the blood of heavy drinkers, on the proliferation of human
immortalized keratinocytes (HaCaT cells), which are commonly used as a model to study psoriasis.
HaCaT cells were incubated for 48 and 72 hours in the presence of different ethanol (2.1375 uM-
1,71 mM) and acetone (6,81 uM-1,36 mM) concentrations and the number of viable cells was
determined by the MTT assay. The effect of ethanol and acetone on the IL-8 mRNA production and
on mRNA levels of genes characteristic for proliferating keratinocytes such as a5 integrin,
keratinocyte growth factor receptor and cyclin D1 was studied by RT-PCR. Our data showed that
both ethanol and acetone induced the proliferating potential of HaCaT cells. The maximum increase
was observed at 4,275 uM ethanol and at 13,6 uM acetone concentration. The a5 integrin,
keratinocyte growth factor receptor and cyclin D1 mRNA levels were higher compared to the
controls already 0.5 hours after ethanol treatment and 2 hours after acetone treatment of the cells.
Ethanol and acetone did not alter the IL-8 production of HaCaT cells. Our results suggest that
ethanol and also acetone enhances the proliferation of human immortalized keratinocytes. The
stimulatory effect of ethanol and acetone used in physiologically relevant concentrations on human

keratinocytes may be one of the reasons why psoriasis can be precipitated by alcohol misuse.



Introduction

Psoriasis is a common genetically determined skin disorder characterized by epidermal
hyperproliferation and inflammation. Genetic predisposition is essential but exogenous inducing
factors are required to precipitate the disease. (1) It is a well known phenomenon that increased
alcohol consumption leads to an exacerbation or treatment unresponsiveness in psoriasis. (2-8) The
mechanism by which alcohol affects psoriasis is still elusive.

Numerous studies indicate that acetone exceeds its normal endogenous level in the blood of heavy
drinkers (9-12). So far there are no reports about the possible effects of acetone on psoriasis.

The pathologic features observed in psoriasis are partly caused by the highly elevated amounts of
stimulatory signals. In psoriasis the regulation for interleukin-8 (IL-8) (13;14) and its type I receptor
(IL-8RA) (15) is altered. IL-8 is chemotactic for neutrophils (16), T lymphocytes (17) and
keratinocytes (18). It promotes the proliferation (19) and induces human leukocyte antigen-DR
(HLA-DR) expression of keratinocytes (20). Several antipsoriatic compounds have inhibitory
effects on IL-8 binding to cultured keratinocytes (21).

The epidermal hyperplasia in psoriasis is characterized by an increased percentage of normally
quiescent basal keratinocytes in the proliferative phases of cell cycle. (22) Progression to the cell
cycle is regulated by cyclin dependent kinases, which are activated by specifically binding to
cyclins. (23;24) Keratinocytes express cyclin D1 when they traverse from GO into cell cycle prior to
G1. (25) Cyclin D1 is associated with epithelial hyperproliferation (26) and is overexpressed in
psoriasis. (27;28) Furthermore there is increasing evidence of the therapeutic role of cyclin
inhibitors in psoriasis. (29;30)

In addition to cell cycle regulation molecules soluble mitogens such as growth factors and their

receptors regulate cell growth.



Keratinocyte growth factor (KGF), a fibroblast-derived member of the fibroblast growth factor
(FGF) family acts on epithelial cells (31). It has a potent mitogenic activity on human keratinocytes
and is involved in the control of epithelial proliferation and differentiation (32). KGF binds to the
tyrosine kinase KGF receptor (KGFR) which is a splicing transcript variant of the fibroblast growth
factor receptor 2 (FGFR2) (33;34). An increased KGF and KGFR expression, associated with
lesional psoriatic tissue might play a role in epidermal hyperproliferation in this disease (35).
Insoluble extracellular molecules play an important role in the regulating the growth of ancorage-
dependent cells. (36-38)

Integrins are a large family of cellular surface molecules interacting with the extracellular matrix.
Keratinocyte integrins are important epidermal regulatory molecules, they are involved in adhesion,
migration, growth and differentiation (39) Fibronectin can regulate keratinocyte growth through the
fibronectin receptor (aS5P1). Alterations in expression, topography and function of integrin
receptors have been reported in lesional and also in nonlesional psoriatic keratinocytes. (40;41)
Nonlesional psoriatic skin expresses higher a5 integrin levels relative to normal keratinocytes,
which may lead to the hyperresponsiveness of psoriatic keratinocytes to proliferation signals
provided by lymphokines produced by intralesional T lymphocytes. (42)

HaCaT cells are commonly used as model system to study hyperproliferative skin diseases such as
psoriasis. (43-48)

HaCaT keratinocytes are proper candidates for studying external regulators of proliferation and
differentiation (49). Depending on the in vitro conditions HaCaT cells represent different types of
keratinocytes. In contact-inhibited, serum-starved culture these cells resemble suprabasal
nonproliferated differentiated keratinocytes, after release from contact inhibition and the addition of

serum they resemble the activated, differentiated transiently amplifying keratinocytes. (50)



In this study we investigated the effects of ethanol and acetone used in physiologically relevant
concentrations on human HaCaT keratinocytes.We found that both ethanol and acetone exerts a
proliferative effect on keratinocytes as determined by number of viable cells. In HaCaT cells
ethanol and acetone did not alter the strong IL-8 mRNA expression but upregulated the mRNA
levels of cell cycle regulation-related genes: aS integrin, KGFR and cyclin D1. These results

indicate that ethanol and acetone may have a role in precipitating psoriasis.



Materials and methods

Cell culture

The spontaneously transformed human keratinocyte cell line HaCaT (kindly provided by N.E.
Fusenig, Heidelberg, Germany) was cultured in Dulbecco’s modification of Eagle’s medium
(DMEM; Gibco, Eggstein, Germany) containing 10% fetal calf serum (FCS; Gibco), L-glutamine,
penicillin/streptomycin and fungizone (Sigma, Budapest, Hungary). The cells were maintained at

37°C in a humid 5% CO; atmosphere incubator.

Ethanol and acetone treatment

The subconfluent cultures were washed with phosphate buffered saline (PBS) under sterile
conditions and were incubated for 30 minutes at 37°C with increasing concentrations of ethanol
(2,13 uM - 1710 uM) or acetone (6,81 pM — 1360 uM) in DMEM containing 0.5% FCS. Control

cells were incubated in DMEM containing 0.5% FCS for 30 minutes.

Determination of cell viability

HaCaT cells were plated at a density of 1x104 cells/well in 96-well microtiter plates. Cells were
grown to subconfluence. After incubation with different ethanol and acetone concentrations for 30
minutes in the presence of DMEM containing 0.5% FCS cells were washed with PBS and DMEM
containing 10% FCS was added to each well. 72 hours after ethanol treatment or 48 hours after
acetone treatment HaCaT cell viability was measured by the MTT (3-4,5-dimethylthiazol-2-yl)-2,5-

diphenyl-tetrazolium bromide) assay (51)



RNA extraction and reverse transcriptase polymerase chain reaction (RT-PCR)

Cells were grown to subconfluence in 6-well plates. After different concentrations of ethanol or
acetone treatment HaCaT keratinocytes were washed with PBS and were incubated in DMEM
containing 10% FCS at 37°C in a humid 5% CO, atmosphere incubator before total cellular RNA
isolation according to the TRIzol® protocol (Gibco).

First-strand cDNA was synthesized from 0.5 pg of total RNA in 20 pl final volume (MBI
Fermentas, Vilnius, Lithuania). After reverse transcription (RT) semiquantitative polymerase chain
reaction (PCR) was performed using Taq DNA polymerase and dNTP set (MBI Fermentas, Vilnius,
Lithuania). 2 pl aliquot of the RT solution was used as a template for the p-actin, IL-8, KGFR,
cyclin D1, and oS integrin specific PCR reactions.

The following primer sequences were used: B-actin: 5’-AGA GAT GGC CAC GGC TGC TT-3’
and 5°- ATT TGC GGT GGA CGA TGG AG -3°, IL-8: 5>-ATG ACT TCC AAG CTG GCC GTG
GCT-3’ and 5°-TCT CAG CCC TCT TCA AAA ACT TCT T-3°, KGFR: 5’-AGT TTA AGC AGG
AGC ATC GCA TT-3’ and 5’-CTG TTA CCA CCA TAC AGG CGA TTA A-3’, cyclin D1: 5°-
AGG AGA ACA AAC AGA TCA-3’ and 5’-TAG GAC AGG AAG TTG TTG-3’, a5: 3°-ATT
ATC AGA GCA AGA GCC GGA TAG A-5’ and 5’-GGA GAT GAG GGA CTG TAA ACC GA-
3’ at a final concentration of 0.66 pmol/ul. The following cycling times and temperatures were used
to amplify the cDNA: B-actin (25 cycles of 94°C for 60 s, 60 °C for 60 s and 72°C for 60 s), IL-8
(35 cycles of 94°C for 60 s, 59 °C for 90 s and 72°C for 90 s), KGFR (30 cycles of 94°C for 60 s, 60
°C for 60 s and 72°C for 60 s), cyclin D1 (35 cycles of 94°C for 60 s, 60 °C for 60 s and 72°C for 60
s), a5 integrin (30 cycles of 94°C for 60 s, 60 °C for 60 s and 72°C for 60 s). After PCR

amplification products were visualized by EtBr-stained agarose gel electrophoresis.



Statistical analysis
Data are presented as the mean + SEM. Student’s t-tests were used for analyses comparing the

different groups, with statistical significance considered if P < 0.05.



Results

HaCaT cells were incubated for 48 and 72 hours in the presence of different ethanol (2.1375 pM-
1,71 mM) and acetone (6,81 pM-1,36 mM) concentrations and the number of viable cells was
determined by the MTT assay. Our data showed that both ethanol (Fig. 1) and acetone (Fig. 2)
induced the proliferating potential of HaCaT cells.

The effect of ethanol and acetone on the mRNA levels of genes characteristic for proliferating
keratinocytes such as a5 integrin, KGFR and cyclin D1 was studied by RT-PCR, o5 integrin,
KGEFR and cyclin D1 mRNA levels were higher compared to the controls already 0.5 hours after the

ethanol treatment and 2 hours after the acetone treatment of the cells. Ethanol and acetone did not
alter the IL-8 production of HaCaT cells . (Fig. 3)
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Fig. 1. Relative changes in the number of viable cells determined by the MTT assay 72 hours after
ethanol treatment. At 4,27 uM or 8,55 uM concentration ethanol significantly increased the number
of viable HaCaT cells compared to the control (0 uM ethanol). At 1710 uM concentration ethanol
proved to be toxic and significantly decreased the number of viable HaCaT cells compared to the
control (0 uM ethanol). Bars represent means of 3 independent experiments + SEM, (*p<0,05).



2 .« 6
205
s 04
E

PR
g 0,2
s o,1 :
gy

6,8 13,6 1360

Acetone concentration

Fig. 2. Relative changes in the number of viable cells determined by the MTT assay 48 hours after
acetone treatment. At 13,6 uM or 136 uM concentration acetone significantly increased the number
of viable HaCaT cells compared to the control (0 uM acetone). At 1360 uM concentration acetone
proved to be toxic and significantly decreased the number of viable HaCaT cells compared to the
control (0 uM acetone). Bars represent means of 3 independent experiments + SEM, (*p<0,05).
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Fig. 3. RT-PCR analyses of IL-8 and cell cycle regulation-related genesThe a5 integrin, cyclin D1
and KGFR mRNA levels were higher compared to the controls after 2 hours of ethanol and 0.5
hours of acetone treatment of HaCaT cells. Ethanol and acetone did not alter the IL-8 mRNA
expression of HaCaT cells



Discussion

Psoriasis is a one of the commonest inflammatory dermatoses. Genetic predisposition is
indispensable but exogenous precipitating factors are also required to trigger the disease such as
trauma, infections, drugs, stress, endocrine and metabolic factors. (1) Alcohol misuse has emerged
as and additional factor, which may be associated with psoriasis (2-8), but controversy still exists
over this topic.

Protein kinase C (PKC) isoenzymes play an important part in signal transmission regulating cellular
growth, differentation, cytokine production and adhesion molecule expression. In psoriasis down
regulation of several PKC isoenzymes occurs. In vitro studies show that ethanol can both inhibit or
enhance PKC activity, depending on the experimental conditions. (52)

Decreased cyclic AMP (cAMP) levels or an increase in the CGMP/CAMP ratio causes stimulation
of cell activity. These changes are important in the hyperproliferation associated with psoriasis. (53)
Acute ethanol exposure increases the amount of cAMP (54-57) and inhibits the accumulation of
cyclic GMP (58), thus showing an antipsoriatic effect. Chronic alcohol exposure showed opposite
effects. (59)

Extracellular lipids of the stratum corneum ere essential for the epidermal permeability barrier
function, which is an important factor in regulating epidermal DNA synthesis. (60;61) Alterations
in epidermal lipid content and metabolism have been observed in psoriasis. (62;63) Most of the
investigations indicate that ethanol enhances cholesterol synthesis, increases the activity of 3-
hydroxy-3-methyl-glutaryl coenzyme A (HMG CoA) reductase, and induces an elevation of
triglicerides, high-density lipoprotein, and cholesterol levels in serum and liver. (64-67) However

agents known to induce psoriasis generally inhibit cholesterol synthesis and lipid metabolism.



Therefore these findings make it very unlikely that effects of ethanol on psoriasis are mediated
through the above mentioned regulatory systems (1).

Some studies indicate that alcohol alters the immune system. It is known that alcoholics are more
susceptible to various infections. (68) Because streptococcal infections are trigger factors for
psoriasis this increased susceptibility may be involved in the onset and progress of the disease.
Ockenfels et al. developed a co-culture model with psoriatic keratinocytes and a T-lypmphoma cell
line (HUT-78). It was found that interleukin-6 (IL-6), transforming-growth-factor-a. (TGF-o) and
interferon-y (IFN-y) levels were elevated in the ethanol-treated psoriatic co-culture system
indicating an enhanced Th-1 type response in the presence of ethanol. (69)

Among heavy drinkers blood acetone level is elevated. It is widely accepted that blood acetone
concentration is good indicator of alcohol consumption. So far there were no reports on possible
role of blood acetone concentration in evoking psoriasis.

IL-8 is one of the several proinflammatory mediators that have been reported in lesional skin in
psoriasis. (70) The induction of the epidermal IL-8 pathway is characterized by the keratinocytic
overexpression of IL-8 and its receptor CXCR2 in psoriatic lesions. (71;72) The chemoattractive
properties of keratinocyte-derived IL-8 may contribute to the epidermal accumulation of T cells and
neutrophils in lesional skin. IL-8 is involved in the stimulation of epidermal cell growth (73)
induction of major histocompatibility complex class II expression (74) and in the upregulation of the
inducible nitric oxide synthase (75).In our study we found that ethanol and acetone did not alter the
strong IL-8 gene expression of HaCaT cells.

The hallmark of psoriasis is the high epidermal cell turnover. By binding to CDKs, cyclins initiate
the GO-G1 transition. Cyclin D1 binding with CDK4/6 starts the G1 phase.(23;24) Cyclin D1 is
associated with epithelial hyperproliferation (26) and is overexpressed in psoriasis. (27;28) Our

results showed that after ethanol and acetone treatment the ratio of HaCaT cells traversing from GO



into cell cycle prior to G1 is increased. This is similar in psoriasis where the ratio of cycling cells
compared to the total number of germinative cells is high.

Soluble mitogens such as growth factors and their receptors are important in regulating cell growth.
KGF is a paracrine mediator of epithelial cell growth. (76) KGF elicits its activity through binding
to the tyrosine kinase KGFR. (33;34) Alterations in the KGF signaling pathway might be involoved
in the epidermal hyperplasia associated with psoriasis. Increased expression of KGF and KGFR is
characteristic for lesional psoriatic tissue. (35) Our results demonstrate that KGFR expression in
HaCaT keratinocytes is upmodulated after ethanol and acetone exposure, thus suggesting an
increased KGF signaling in our model system.

Insoluble extracellular molecules also play an important role in the regulating the growth of
ancorage-dependent cells. (77)

Integrins are a large family of cellular surface molecules interacting with the extracellular matrix.
Keratinocyte integrins are important epidermal regulatory molecules, they are involved in adhesion,
migration, growth and differentation (39) Fibronectin can regulate keratinocyte growth through the
fibronectin receptor (a5B1). The expression of a5 integrin in HaCaT keratinocytes is related to an
undifferentiated, intensely proliferating state of these cells indicating that HaCaT cells are
appropriate to study external regulators of proliferation and the underlying molecular mechanisms
(50) We observed a strong expression of a5 integrin in ethanol and acetone treated HaCaT cells.
Alterations in expression, topography and function of integrin receptors have been previously
reported in lesional and also in nonlesional psoriatic keratinocytes. (40;41;78) It is known that
nonlesional psoriatic skin expresses higher a5 integrin levels relative to normal keratinocytes,
which may lead to the hyperresponsiveness of psoriatic keratinocytes to proliferation signals
provided by lymphokines produced by intralesional T lymphocytes. (42) It is possible that the effect

ethanol and acetone on a5 integrin expression of HaCaT cells increases their proliferating capacity.



In the present study we found that, at non-cytotoxic concentrations, ethanol and acetone enhances
the proliferation of HaCaT cells. Our results also indicate that the effect of ethanol and acetone is
partly mediated by genes characteristic for proliferating keratinocytes such as o5 integrin, KGFR
and cyclin D1. Our findings provide further data to understand how alcohol misuse may contribute

to exacerbating psoriasis.
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