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ANOTACIJA

Cilveka genoma atSifréSana un jaunu receptoru atklasana ir veicinajusi petfjumus
par receptoru fiziologisko lomu organisma, ka ari jaunu arstniecibas lidzeklu, kas
selektivi darbotos uz noteiktu mérkobjektu un neskartu citas organisma funkcijas,
izstradasanu.

Melanokortinu receptori (MKR) un to ligandi jau kopS piecu cilveku MKR
klong&Sanas 1992.-1993.g. ir ieguvusi nozimigu vietu jaunu zalu radiSanas projektos.
Tomer jaunu zalu izstradasana ir ilgs process, kas aiznem vidg&ji 12-15 gadus, kuru laika
notiek daudzi biologisko procesu fundamentalie pétijumi, un tajos iegltie jaunie
rezultati var butiski izmainit zalu radiSanas strat€giju. Ta ir noticis arT melanokortinu
(MK) pétijumos.

Sakotngji MKR saistija tikai ar pigmentacijas regul€Sanu organisma. Pirmais
sintétiskais o-melanocit-stimul&josa hormona (0-MSH) analogs ar aizvietotam
aminoskabém a-MSH molekula — Nle4—Dphe7—MSH jeb NDP-MSH, jeb melanotans I
(MTI) tiek kliniski parbaudits ka pigmentaciju veicinoSs medikaments.

Tomeér velakie MKR pétijumi ir veltiti ne tik daudz pigmentacijas procesiem, cik
adas v€za, aptaukoSanas problémas, iekaisuma procesu un seksualo trauc€jumu
noverSanai. Jaunakie analogi melanotans II (MTII) un PT-141 tiek pétiti kliniskajos
petijumos ka erekcijas trauc€jumu novérSanas Iidzekli. Savukart iekaisuma procesu
pétijumos priekSplana izvirzijuSies MKR 3. apaks$tipa (MKR3) selektivu ligandu
mekl&jumi. AptaukoSanas arsteéSanai tiek mekleti MKR4 agonisti.

Organisma Siinas nedarbojas izol€ti. Tas vienlaicigi sanem dazadus autokrinos un
parakrinos signalus un atbild ar Stinai raksturigam, specifiskam reakcijam. Ekspreséto
receptoru kopums uz Siinas membranas ir mainigs, daudzi receptori sadarbojas sava
starpa, citi atrodas reciprokas attiecibas. Tomeér Iidz $im ir loti maz informacijas par
vienas gimenes receptoru ligandu sp&ju saistities pie cita apakstipa vai pat citas saimes
receptoriem.

Sakotngji jaunu receptoru ligandu skrinings notiek modelos in vitro. Tapéc paral€li
jaunu zalu Iidzeklu mekl€jumiem tiek péetitas dazadas Stnu linijas, lai noskaidrotu
kadus receptorus Siinas eksprese, ka arT katras Siinu linijas Ipatnibas un piemérotibu

petijumu merkiem.



Darba mérkis:
Izmantojot §tinu modelus in vitro, atklat jaunus MKR ligandus sintétisko
MSHI11-13 analogu un citu ar G protelnu saistito receptoru ligandu vidi, un noteikt

MKR agonistu ietekmi uz MKR ekspresiju dazadas Stinu Iinijas.

Darba uzdevumi:
1. Noskaidrot MKR lokalizacijas 1patnibas pelu melanomas S§tinu Iinija B16-F1, kura
dabigi eksprese¢ MKR pirmo apakStipu (MKR1) un produc€ pigmentu melaninu. Petit

a-MSH un ta sintétiska analoga NDP-MSH saistiSanas kinétiku pie receptoriem.

2. Izmantojot pelu makrofagu Siinu Itniju RAW264.7, kura dabigi ekspres¢ MKR1 un
MKR3, izpétit a-MSH un ta C gala fragmenta MSH11-13 ietekmi uz MKR blivumu So
Siinu membranas norma, ka ar1 stimul&jot Stinas ar iekaisumu izraisosam vielam —

baktériju lipopolisaharidiem (LPS) un interferonu y (IFNy).

3. Noteikt MKR1 lokalizacijas ilgumu no cilvéku adas izol€tu primaro fibroblastu
Stinds in vitro un o-melanocitstimulgjosa hormona (a-MSH) ietekmi uz cikliska

adenozinmonofosfata (cCAMF) limeni ilgstosi Stinu barotnés kultivétam Stinam.

4. Petit citu ar G proteinu saistito receptoru ligandu - P vielas (SP) antagonista spantida
I un « opiatreceptoru agonistu dinorfinu - sp&ju saistities ar cilveku MKR in vitro , ka

ar1 noteikt MKR lomu spantida I pretiekaisuma darbiba.

5. Petit  sint€tisko MSHI11-13 linearo un ciklisko analogu saistiSanos ar MKR.
Ligandu-receptoru saistiSanas procesa izveértét peptidu stereouzbiives lomu, peptidu
cAMF stimulacijas sp&ju un salidzinat MSH11-13 peptidu pretiekaisuma darbibu,
izmantojot slapekla oksida (NO) veidoSanas testu makrofagu S$tinu Iinija RAW264.7,

kura reagg uz iekaisuma agentu kairinajumu ar pastiprinatu NO sintézi.

Iegiitie rezultati liecina, ka atklati jauni MKR ligandi. Tie ir MK struktiirai
neradniecigi peptidi - P vielas receptoru ligands spantids I un x opiatreceptoru ligandi
dinorfini, kas saistas pie MKR in vitro. Izmantojot MKR neselektivo antagonistu

HS024, pieradita MKR loma spantida I pretiekaisuma darbiba.



Atklats, ka dinorfini saistas pie MKR 1patn&ja veida: A1-17 ar lidzigu afinitati
pie receptoru pariem MKR1 un MKR3, MKR4 un MKRS5; A2-17 ar lidzigu afinitati
pie MKR1 un MKR4, MKR3 un MKRS5. A2-11 saistas ar izteikti augstaku afinitati un
selektivitati pie MKRI1 neka pie pargjiem MKR, bet gandriz nemaz nesaistas pie
MKRS. A1-13 saistas Iidzigi pilnai molekulai A1-17 pie MKR1-4, bet pie MKRS5 ar 10
reizes augstaku afinitati neka dinorfins A1-17. Sada veida saisti$anas pazimes atskiras
no o—MSH saistiSanas veida.

Petljumi ar melanomas Stnu Iniju B16-F1 parada, ka no eksperimentiem ar
transfekt€tam COS-7 un COS-1 Siinam adoptéta radioliganda NDP-MSH metode ir
piemérota art MKR dabigi ekspresgjoso Stnu pétijumos. MKR ekspresija dabigas pelu
Sunu ltnijas — B16-F1, RAW264.7 un cilvéku adas fibroblastos — ir mainiga un atkariga
no stimulacijas ar dazadiem agentiem. LPS un IFNy paaugstina MKR skaitu $tinas
membranas un stimulé NO sintézi, kas liecina par iekaisuma procesu aktivéSanu. o—
MSH un ta C gala fragments MSH11-13 darbojas preteji LPS un IFNy, samazinot
MKR blivumu makrofagu Stnas un inhib&ot NO sint€zi, tad€jadi uzradot
pretiekaisuma darbibu in vitro. Stinu barotngs kultivétas no cilveku adas izolétas
primaras fibroblastu Stinas 6 pasazu laika zaude MKR uz Siinu virsmas, ka ari cAMF
producésanas sp€ju ka atbildes reakciju uz o—MSH stimulaciju.

MSHI11-13 un ta analogi nesaistas pie MKR un nestimulé cAMP sintézi, tomer
tie inhibeé NO parprodukciju, kas liecina par So peptidu pretiekaisuma darbibu.
Analogu struktiiras Tpatnibas: MSH11-13 un linearajam analogam H-Lys-Pro-Val-NH,
(IT) abas amino grupas ir brivas,

cikliskajiem analogiem Ac-Lys-Pro-Val (III) un Ac-Lys-Pro-DVal (IV)
I I I I
ir brivas a-amino grupas, bet atSkiriga Val konfiguraciju (IV ar DVal), ciklopeptidiem

c(Lys-Val) (V) un c(Lys-DVal) (VI) g-amino grupas ir brivas, bet L un DVal ieklauti
cikla. Peptidu NO inhibicijas sp€ja sarindojas: a-MSH > Ac-MSH11-13 (I) = H-
MSHI11-13 (1) >IV>1I >V = VL.

Secinajumi

Stinu Iiniju raksturo$anas pétijumi apliecina, ka cilvéku adas fibroblasti in vitro
atri zaude MKR uz Siinu virsmas. Dabigas Stnu linijas - pelu melanomas $tinu Iinija
B16-F1 un pelu makrofagu Stnu linija RAW264.7 ilgstosi eksprese MKR uz $tnu
virsmas. Tomér MKR agonistu ietekmé B16-F1 Stinas novéro So receptoru blivuma

samazinasanos.



Peptidu struktiiras-aktivitates pétijumi lauj secinat, ka cikliskie MSHI11-13
analogi vajak neka linearie MSH11-13 peptidi inhibé iekaisuma agentu izraisito NO
parprodukciju Sunas. Sintetisko MSH11-13 analogu sérija visbrivaka konfiguracija ir
lineariem peptidiem, kuri attiecigi uzrada lielaku NO inhibicijas efektu. Cikliskiem
peptidiem ar 13-loceklu cikliem (IIT un IV) ir ierobezota kustibas briviba, bet peptidi V
un VI ir nekustigi 6-loceklu diketopiperazina gredzeni. MSH11-13 analogs ar DVal
(IIT) uzrada Cetras reizes spécigaku NO parprodukcijas inhibiciju neka analogs ar LVal
(IV), kas norada uz streoizomérijas lomu un lauj ieteikt kimikiem sintez&t jaunus
analogus ar D-aminoskabém peptidu struktiira, lai uzlabotu to pretiekaisuma darbibu.
Atklatas struktiiras determinantes var€tu izmantot ar1 nepeptidu organisko vielu
sintézei, lai iegiitu jaunus pretiekaisuma Iidzeklus.

Eksperimentali parbaudot iepriek§ teorétiski izteikto hipot€zi par iesp&jamu
DTrp-Nle-NH; un DTrp-Arg-NH, motivu saturo$o peptidu saistiSanos pie MKR, tika
atklati jauni MKR ligandi SP un opiatreceptoru ligandu vidi — spantids I un dinorfini.
Sie dati apliecina ar G proteinu saistito receptoru ligandu izraisito signalkaskazu
savstarp&ju mijiedarbibu, kas, ja Sos ligandus pétitu klinika, var€tu izpausties ka

medikamentu blaknes.
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1. IEVADS

Melanokortinu receptori (MKR) un to ligandi jau kops cilvéku receptoru klonéSanas
1992.-1993.g. ieguvusi nozimigu vietu gan biologisko procesu fundamentalajos
petijumos, gan farmaceitisko firmu finansétajos jaunu zalu radiSanas projektos. Tomer
jaunu zalu izstradaSana ir ilgs process, kas aiznem vidgji 12-15 gadus, kuru laika notiek
daudzi pétijumi, un tajos iegiitie jaunie rezultati var biitiski izmainit zalu radiSanas
stratégiju. Ta ir noticis arT melanokortinu p&tijumu jomas. Sakotn&ji MKR saistija tikai
ar pigmentacijas reguléSanu organisma. Pirmais sint€tiskais o-melanocit-stimul&josa
hormona (a-MSH) analogs ar aizvietotam aminoskabém a-MSH molekula — Nle*-
Dphe’-MSH jeb NDP-MSH, jeb melanotans I (MTI) tiek kliniski parbaudits ka
pigmentaciju veicino$s medikaments (Hadley and Dorr, 2006). Tomér vélakie MKR
petijumi ir veltiti ne tik daudz pigmentacijas procesiem, cik adas véza, aptaukoSanas
problémas, iekaisuma procesu un seksualo traucjumu novérSanai. Jaunakie analogi
melanotans II (MTII) un PT-141 tiek pétiti kliniski ka erekcijas trauc€jumu noverSanas
lidzekli (Hadley and Dorr, 2006).

Sakotngji liela méroga vielu skriningu veic modelos in vitro, izmantojot dazadas
Stunu kultdras. Toméer, ka liecina ped€ja laika petfjumi, katra Siinu linija vel ir par maz
izpétita génu ekspresijas un signalcelu zina. Ta, pieméram, MKR tikai nesen tika atklati
uz imiinas sistémas Stnam. Tad ilgu laiku uzskatija, ka tas ekspresé tikai MKR pirmo
apakstipu (MKRI1), un tas var izmantot §1 receptora pétijumiem, bet tagad iegiti dati
par art MKR tresa apaksStipa (MKR3) lokalizaciju uz imunas sist€émas Sunam (Catania
et al., 2004). Lidz ar to iegitie dati japarskata, jo vairs nav iesp&jams apgalvot, ka
MKR1 ir atbildigs par MKR ligandu pretiekaisuma darbibu un jamekl€ 1pasi selektivi
MKRI1 agonisti. PriekSplana izvirzijuSies MKR3 selektivu ligandu mekl&jumi. V&l
vairak, mainas pat klasiskie priekSstati par ar G proteinu saistito receptoru
funkcion&sanu. Lidz 2005.g. valdija uzskats, ka $1s gimenes receptori piesaista ligandus
ka monomeéri. Tomér jaunakas publikacijas liecina, ka Stinu membranas veidojas
receptoru dimeri vai pat oligoméri (Mandrika et al., 2005). Nav pat vél zinams, ko tas
mainis jaunu receptoru ligandu pétijumos, kadas jaunas hipotézes tiks izvirzitas.

Stinu darbibu, biokimiskos procesus un pielagosanos argjas vides apstakliem
ietekmé metabolisma iesaistitas vielas un dazadi kairinataji, kas regul€ $tinu vairoSanos,

diferenciaciju, apoptozi vai nekrozi. Jo labak bius raksturotas Siinu linijas, jo labak in
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vitro iegiitie rezultati atbildis in vivo rezultatiem. Tapéc tiek pétitas vairakas dazadu
S@nu linijas, lai noskaidrotu katras linijas ipatnibas. Saja darba tika pétitas pelu
melanomas, makrofagu un cilvéku adas fibroblastu Stnas, lai noskaidrotu MKR

ekspresijas Tpatnibas un kinétiku, kada notiek ligandu saistiSanas pie receptoriem.

Organisma Stinas nedarbojas izoléti. Tas vienlaicigi sanem dazadus autokrinos un
parakrinos signalus un atbild ar Stinai raksturigam, specifiskam reakcijam. Ekspreséto
receptoru kopums uz S$iinas membranas ir mainigs, daudzi receptori sadarbojas sava
starpa, citi atrodas reciprokas attiecibas. Lidz Sim ir Joti maz informacijas par vienas
gimenes receptoru ligandu sp&ju saistities pie cita apakStipa vai pat citas saimes
receptoriem. Saja darba tika parbaudita iespéjama P vielas antagonistu saisti§anas ar
MKRs. Fiziologiski P viela darbojas pret&ji melanokortiniem, bet tas antagonistiem
iekaisuma testos ir novérota melanokortiniem dalgji lidziga farmakologiska aktivitate.
Ar1 melanokortini, kuru darbibu iepriekS attiecindja tikai uz to saistiSanos ar
specifiskiem MKR, spgj ietekmé&t arT citas — nemelanokortinergiskas sist€mas, kas
savukart piedalas sapju un psihoemocionala stavokla regulacija. Vielu darbibas
mehanismi biezi vien ir atSkirigi, kaut arT farmakologiskie efekti ir lidzigi.
Melanokortinu mijiedarbibu ar opiatu receptoru signalceliem apstiprinaja fakts, ka
MKR antagonists HS014 uzrada analgétisku darbibu, stimulgjot opiatu receptorus. Saja
darba tika pétita opiatu receptoru ligandu dinorfinu sp&ja saistities ar MKRs, un tika
atklats, ka tieSam starp dinorfiniem un to fragmentiem ir peptidi ar MKR ligandu
potencialu.

Melanokortini veidojas no liela priekSte€a — proopiomelanokortina (POMK), bet
talakais MSH peptidu metabolisms $tinas nav 1idz galam noskaidrots. Lai gan
MSHI11-13 endogéna izcelsme nav pieradita un MSH11-13 pat nesaistas ar MKR,
tripeptids MSH11-13 tiek pétits paraléli MKR ligandiem ka pretiekaisuma viela. Saja
pétijuma, izvert§jot MSHI11-13 linearo un ciklisko analogu darbibu, tika noskaidrota

peptidu stereouzbiives loma to pretiekaisuma darbiba.

Darba mérkis:
Izmantojot §iinu modelus in vitro, atklat jaunus MKR ligandus sintétisko
MSH11-13 analogu un citu ar G proteinu saistito receptoru ligandu vidd, un noteikt

MKR agonistu ietekmi uz MKR ekspresiju dazadas Stinu Iinijas.
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Darba uzdevumi:
1. Noskaidrot MKR lokalizacijas 1patnibas pelu melanomas Stinu Iinija B16-F1, kura
dabigi eksprese¢ MKR pirmo apakStipu (MKR1) un produc€ pigmentu melaninu. P&tit

a-MSH un ta sintétiska analoga NDP-MSH saistiSanas kinétiku pie receptoriem.

2. Izmantojot pelu makrofagu Siinu Itniju RAW264.7, kura dabigi ekspres¢ MKR1 un
MKR3, izpétit a-MSH un ta C gala fragmenta MSH11-13 ietekmi uz MKR blivumu So
Siinu membranas norma, ka ar1 stimul&jot Stinas ar iekaisumu izraisosam vielam —

baktériju lipopolisaharidiem (LPS) un interferonu y (IFNy).

3. Noteikt MKR1 lokalizacijas ilgumu no cilvéku adas izol€tu primaro fibroblastu §tinu
membranas in vitro un o-melanocitstimul&josa hormona (a-MSH) ietekmi uz cikliska

adenozinmonofosfata (cCAMF) limeni ilgstosi Stinu barotnés kultivétam Sinam.

4. Petit citu ar G proteinu saistito receptoru ligandu - P vielas (SP) antagonista spantida
I un « opiatreceptoru agonistu dinorfinu - sp&ju saistities ar cilveku MKR in vitro , ka

ar1 noteikt MKR lomu spantida I pretiekaisuma darbiba.

5. Petit  sint€tisko MSHI11-13 linearo un ciklisko analogu saistiSanos ar MKR.
Ligandu-receptoru saistiSanas procesa izveértét peptidu stereouzbiives lomu, peptidu
cAMF stimulacijas sp&ju un salidzinat MSH11-13 peptidu pretiekaisuma darbibu,
izmantojot slapekla oksida (NO) veidoSanas testu makrofagu $tinu Iinija RAW264.7,

kura reagg uz iekaisuma agentu kairinajumu ar pastiprinatu NO sintézi.
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2. MATERIALI UN METODES

2.1. Reagenti

Visi reagenti, iznemot pétamos peptidus un $iinu audz&Sanas barotnes, tika pirkti

no Sigma/Aldrich parstavniecibas Latvija NotaBene. Radioaktivie ligandi ['*J]NDP-

MSH un [SH]CAMF tika sanemti no Amersham Bioscience (Zviedrija). Visi Stnu

audz€Sanai nepiecieSamie reagenti un barotnes tika pirkti no Life Technologies,

Zviedrija.

2.2. Petamie peptidi
Petamie peptidi (1.tabula) tika nopirkti no Francija, Saxon Biochemicals GMBH

Vicija un Bachem Sveice. MSH11-13 analogi tika sanemti no Dr. Helga Suli-Vargha

(Peptidu kimijas grupa Eotvos Universitate, Ungarija). Peptidi tika $kidinati 0.9% NaCl

$kiduma un uzglabati — 20 C°. Eksperimentos vielu atSkaidijumi tika veikti ar metodei

atbilstosu buferSkidumu.

1. tabula. Promocijas darba pétito peptidu struktaras

Nr. | Peptida kods Aminoskabju sekvence
1. a-MSH Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-
Lys-Pro-Val-NH,
2. | NDP-MSH Ac-Ser-Tyr-Ser-Nle-Glu-His-p-Phe-Arg-Trp-Gly-
Lys-Pro-Val-NH,
3. | MSHI11-13 Ac- Lys-Pro-Val-NH,
4. SP »HN-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-
Met-NH,
5. | Spantids-I DArg-Pro-Lys-Pro-GIn-DTrp-Phe-DTrp-Leu-Leu-
NH,
6. | a-neo-endorfins »HN-Tyr-Gly-Gly-Phe-Leu-Arg-Lys-Tyr-OH
Dinorfini (D)
7. D-A1-17 »HN-Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-
Lys-Leu-Lys-Trp-Asp-Asn-Gln-OH
8. D-A2-17 »HN-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys-
Leu-Lys-Trp-Asp-Asn-Gln-OH
0. D-A2-11 »HN-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys-
Leu-OH
10. | D-A1-13 »HNTyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-
Lys-Leu-Lys-OH
11. | D-A1-6 »HN- Tyr-Gly-Gly-Phe-Leu-Arg-OH
12. | Dinorfins B (D-B) »HN-Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Gln-Phe-
Lys-Val-Val-Thr-OH
13. | Met-enkefalins »HN- Tyr-Gly-Gly-Phe-Met-OH
14. | Leu-enkefalins »HN-Tyr-Gly-Gly-Phe-Leu-OH
MSH11-13 analogu
kodi
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15. |1 Lys-Pro-Val-NH,
16. | II Ac- Lys-Pro-Val-NH,
III Ac-Lys-Pro-Val

I I

17. | IV Ac-Lys-Pro-DVal
I I

18. |V c(Lys-Val)
19. | VI c(Lys-DVal)

2.3. Siinu linijas

No ATCC Siinu bankas ASV nopirktas dabigi MKR ekspresgjosas Iinijas: pelu
makrofagu Siinu Iinija RAW264.7 (ATCC TIB-71), pelu melanomas $iinu Iinija B16-F1
(ATCC CRL-6323) un MKR neekspresgjosa Stnu linija COS-7 (ATCC CRL-1651).

Cilveku primaro fibroblastu Sunas tika sanemtas no Vacijas Sunu bankas Cell Systems,

St. Katharinen.

2.4. Sunu kultiras
Katra Stinu Iinija tika kultivéta barotn€s saskana ar Stnu liniju sertifikatu. COS-7,

B16-F1 un cilvéku fibroblastu Stinu kultivéSanai tika izmantota Dulbecco’s barotne ar
10%  liellopu embrija seruma piedevu (FBS) un antibiotikam 1%
penicilins/streptomicins, pretsénu preparatu — 0.5% amfotericinu. RAW264.7 Siinas tika
audzetas barotn€ RPMI-1640 ar 10% FBS un 1% antibiotiku piedevu.
Siinu audzesana notika $tinu inkubatora 37° C temperatiira, 5% CO, atmosfera. Siinas
tika audzetas barotnés, kamér tas par 80% aizpildija audzeSanas plates (parasti sterilas
100 mm petri plates). Tad Stinas tika tripsiniz€tas ar 0.25% tripsina/EDTA Skidumu, ar
pipeti savaktas, parnestas centrifugéSanas stobrinos, centrifugétas 2000 rpm 5 min. P&c
centrifugéSanas virsgjais slanis tika noliets un izmantotas nogulsng&jusas Stnas. Tad
Stnas tika resuspend@tas barotné vai eksperimentam piemé&rota buferSkiduma un
saskaititas. Stinu skaitianai tikai izmantots mikroskops un hemacitometrs.
B16-F1, RAW264.7 un primaras fibroblastu Siinas dabigi eksprese MKR, tapéc tas tulit
péc konfluences (vismaz 80% plates aizpildijums) sasniegSanas tika izmantotas
attiecigiem eksperimentiem.

2.4.1. Siinu transfektéSana

COS-7 Sunas neekspres€e MKR, tapéc tas tika transfektetas ar pétamo receptoru
DNS attiecigos ekspresijas vektoros, izmantojot lipofektina reagentu. Transfekcija tika

veikta péc lipofektina raZotaja instrukcijas.
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2.5. MKR DNS ekspresijas vektori

MKR1 un MKR5 proteinam atbilstosas DNS tika klonétas pRc/CMV ekspresijas
vektora (l.att€ls, Invitrogen), MKR3 un MKR4 atbilstosas DNS tika kloné&tas
pCMV/neo ekspresijas vektora (2.att€ls) un tika sanemtas ka davana no prof. Ira Gantz,

Miciganas universitate, ASV.
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2. att. pCMV/neo vektors (Origene katalogs)

2.6. Ligandu-receptoru saistiSanas noteikSana

Radioligandu—receptoru saistiSanas metode tika veikta, izmantojot $iinu monoslani
96 laucinu platés, ka aprakstits lietratiira (Schioth et al., 1995). Stinas tika sadalitas pa
100000 katra laucina 50 pl—os buferSkiduma, kas bija pagatavots no MEM (Minimum
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essential medium) ar 0.2% liellopu seruma albumina, 1 mM 1,10-fenantrolina, 0.5
mg/L leupeptina, 200 mg/L bacitracina un 25 mM HEPES piedevam, pH 7.4. Stinas
tika inkubétas ar ieziméto ligandu ['*JINDP-MSH, kur¥ tika pievienots 0.2 nM
koncentracija, petot konkurences Iiknes, bet, p€tot piesatinajuma liknes lidz parakuma
piesatinajuma koncentracijai, — 15 nM. Nespecifiska saistiSanas tika noteikta ar NDP-
MSH 1 pM koncentracija. Petamas vielas tika pievienotas dazadas koncentracijas. Péc
ieziméta liganda un pétamo peptidu pievienoSanas Sunas tika inkubétas 2 stundas CO,
M NaOH skiduma. Izskidinato Siinu radioaktivitate tika skaitita ar Wallac-Wizard
gamma skaifitaju, un iegutie dati analizéti ar datorprogrammu GraphPad Prism.
Aprekinot receptoru skaitu uz 1 Stnu, tika piegemts, ka viena NDP-MSH molekula
saistas ar vienu receptora molekulu. Eksperimenti tika veikti ar 2-3 paral€liem

mérfjjumiem un atkartoti 3—4 reizes.

2.7. Slapekla oksida limena méerijumi

Pelu makrofagu Stinas RAW?264.7 tika audz&tas un pavairotas $tinu barotné
RPMI-1640. Eksperimentam Sunas tika sadalitas pa 500 000 Sunu katra laucina 96
laucinu platé. Atbilstosi eksperimenta planam dala S$inu netika stimul&tas, un tas
izmantoja kontrolei, citas tika stimultas ar bakteriju lipopolisaharidiem (LPS) (no
Escherichia coli) un interferonu y (IFN-y) dazadas koncentracijas, ka arl ar
endotoksiniem (LPS 100 ng/ml + IFN- y 5 darbibas vienibas/ml) kopa ar a-MSH un
citiem pétijjuma lietotiem peptidiem dazadas koncentracijas. Péc 16 stundu inkubacijas
Stnu inkubatora 50 pl no Stinu barotnes katra laucina tika parnesti uz citu 96-laucinu
plati, un 50 pl barotnes tika pievienots Griesa reagents (Green ef al., 1982). Péc 10 min
izveidojies krasojums atbilda NO metabolita nitrita koncentracijai. ST krasojuma
absorbcija tika mérita pie vilnu garuma 540 nm ar Novo Biolabs mikroplasu lasitaju
(Molecular Devices). Nitritu koncentracija tika izrékinata péc lidzigos apstak]os iegiitas
NaNO, standartliknes. Eksperimenti tika veikti ar 2-3 paral€liem meérjjumiem un

atkartoti 3—4 reizes.
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2.8. cAMF lIimena meérijumi

Stinas péc tripsiniz&$anas un centrifugéSanas inkubé 30 min 37° C tdens vanna
DMEM barotné bez FBS, pievienojot 0.5 mM 3-izobutil-1-metilksantinu (IBMX), lai
inhibétu fosfodiesterazes aktivitati un sintez€jusies cCAMF saglabatos. Péc §1s apstrades
Stinas sadala pa 50000 katra 96-laucinu plates laucina. Barotni nocentrifugé un nolej,
vielas dazadas koncentracijas. Siinas inkubé 20 min $inu inkubatora, tad nocentrifugge,
un cAMF ekstrahé ar 4.4 M HCIO, . Pec 5 min skabi neitralizé ar 5 M KOH/1 M TRIS
buferi un centrifugé. cAMF koncentracija $iinu lizatos tika mérita ar cAMF saistiSanas
proteina metodi (Nordstedt and Fredholm, 1990). cAMF saistiSanas proteins tika ieguts
no liellopu virsnierém. cAMF koncentraciju paraugos izrékinaja péc cAMF
standartliknes, kura tika ieglita, merot zinamas koncentracijas cAMF paraugus.

Eksperimenti tika atkartoti 3—4 reizes.

2.9. Datu apstrade

Datu apkopoSana un statistiskaja analiz€ tika izmantotas programmas Microsoft
Excel 2000 for Windows un GraphPad Prism 3.00. Rezultatu ticamiba noteikta ar one—
way ANOVA ar sekojoSu parametrisko Bonferroni multiplas salidzinasanas testu un
Student’s t-testu (2-tailed t test). Rezultati tika aprékinati ka vid€jais = vidgja
kvadratiska kltida (S.E.M) un uzskatiti par ticamiem, ja p vertiba Iidzinas vai ir mazaka

par 0.05.
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3. REZULTATI
3.1. o-MSH un ta analoga [Nle*, D-Phe]a-MSH MKR saisti$anas

kinétikas raksturojums pelu melanomas Siinu B16-F1 Iinija

Piesatindjuma likne iezimétajam peptidam ['*JINDP-MSH tika iegita, nemot
peptidu liela parakuma, lai péc iesp€jas visi receptori tiktu piesatinati. Par
piesatinajumu liecina ieziméta liganda mérijumi, kas parada, ka tikai 6—7% radioaktivas
iezimes ir piesaistijuSies Siinu paraugiem (3A. att€ls), bet par€ja briva, nesaistita
iezimes dala ir pec §tnu nocentrifug€Sanas atdalita no saistitas.
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3. att. Ieziméta liganda NDP-MSH piesatinajuma (A) un konkurences (B) liknes dazada
Siinu inkubéSanas laika.

Attela 3A augseja Iikne atspogulo kopgjo saistiSanos, apaksgja likne - nespecifisko saistiSanos.
Starpiba starp Siem mérjjumiem ir specifika saistiSanas. NDP-MSH saistiSanas %-os pie $iinu

membranam ir att€lota ka dala no eksperimenta izmantotas iezimes daudzuma. Att€la 3B.
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NDP-MSH saistiSanas pie receptoriem liknes p&c 0.5 h (rombi), pec 1 h (apli), pec 2 h (trijstiiri)

un péc 4 h (kvadrati). Eksperimenti tika atkartoti 3 reizes un paraugi mériti dublikatos.

Nespecifiska saistiSanas tika noteikta, noblokg&jot receptorus ar 1 uM NDP-MSH.
Ka redzams 3A attela, laika gaita pieaug NDP-MSH saistiSanas pie receptoriem un péc
2 stundam sasniedz plato. 3B. attéla ir paraditas NDP-MSH konkurences ar ['*J]NDP-
MSH liknes, kuras tika iegiitas, inkub€jot Stnas ar peptidiem 0.5; 1; 2 un 4 stundas. Ka
redzam, ir nov€rojama no Siinu inkub&Sanas laika atkariga neieziméta peptida
konkurence. Tomer visas Iikn€s ir redzams, ka, neatkarigi no inkubg&Sanas laika, sakot
no 10 nM, NDP-MSH izraisa pilnigu iezimes izspieSanu no saistiSanas vietam.

Pagarinot inkubacijas laiku (2. tabula), novéro NDP-MSH inhibicijas konstantes

(Kj) nelielu pieaugumu. Tomer atSkiribas nav statistiski ticamas.

2. tabula. NDP-MSH inhibicijas konstantes (K;)

Peptidi 0.5h lh 2h 4h
Ki (nM) Ki (nM) Ki (nM) Ki (nM)
NDP-MSH 0.046 +£0.038 | 0.051+£0.033 | 0.060+0.008 | 0.102+0.02

Eksperimenti tika atkartoti tris reizes, katru paraugu nemot dublikatos.

Inkubgjot Stinas 1 stundu ar o-MSH un NDP-MSH 1 uM koncentracija, tika
panakta receptoru skaita samazinasanas uz Stnu virsmas (down-regulation) (4. attels).
Receptoru proteina koncentracija samazinajas laika intervala lidz 24 h, tad palika
nemainiga Iidz 48 h. Apméram 20% no receptoru limena saglabajas uz Sinam un nebija

paklauti receptoru internalizacijai vai desensitizacijai.
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4. att. Aprekinata MKR1 koncentracija péc Stinu stimulacijas ar MSH peptidiem
pirms ieziméta liganda pievienoSanas inkubacijas videi.

Receptoru koncentracijas izmainas laika gaita NDP-MSH ietekmg attélotas Ikn€ ar aplu
simboliem, a—MSH — ar kvadratiem.

Eksperimenti atkartoti 3 reizes, katrs mérijums veikts dublikatos.

Attela redzamas vidgjas vertibas + S.E.M.

Netika noveérotas ticamas atSkiribas abu peptidu darbiba.

Dazados  laika intervalos iegiitas konkurences liknes uz Sunam péc to
preinkubacijas ar ao-MSH (5A. att€ls) un NDP-MSH (5B. att€ls) arT parada receptoru
skaita samazinasanos (down-regulation) vai iekliiSanu Stinas citozola. Liknes slipums,
ko nosaka, aprékinot Hilla koeficientu, netika izmainits. Tomér péc 24 un 48 h
konkurences Iiknes var€ja noverot tikai ar augstakam peptidu koncentracijam. Art laika
intervala starp 24 un 48 stundam tika novérota konkurence, jo likne ir nobidita pa labi

uz augstako koncentraciju pusi.
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5. att. o—MSH (A) un NDP-MSH (B) konkurence ar ieziméto NDP-MSH (ordinata)
dazados $iinu preinkubacijas ar peptidiem laika intervalos. Sinas tika inkub&tas noteiktu
laiku ar peptidiem pirms ieziméta ['**JINDP-MSH pievieno$anas. Apzim&jumi: 48 h rombi, 24
h trijsturi, 2 h kvadrati un 1 h apli. Eksperimenti tika atkartoti 3 reizes, nemot katru paraugu

dublikatos.

3.2. P vielas antagonista spantida I saistiSanas pie MKR
Ar MKR DNS transfektetas COS—7 Sunas tika izmantotas, lai raksturotu P vielas
un tas antagonista spantida I saistiSanos pie MKR. Atklajas, ka P viela nesaistas pie
MKR, bet spantidam I tika noverota saistiSanas pie visiem MKR subtipiem (3. tabula).
Spantids I saistas ar izteiktu selektivitati pret MKR1, tacu pie citiem MKR tas saistas ar

lidzigam afinitatem.
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3. tabula. a-MSH, spantida I and P vielas K; vértibas (vidéjais + S.E.M)

Ligands MKR1 MKR3 MKR4 MKRS
Ki (nM) Ki (nM) Ki (nM) Ki (nM)
a-MSH 0.132+0.043 | 142+1.25 760 + 39 4054 + 142

Spantids I | 1236 =470 19929 + 1435 | 22848 + 194 17825 £ 1523

P viela n.s. n.s. n.s. n.s.

n.s. — nav saistiSanas Eksperimenti tika atkartoti tris reizes ar paraugu dublikatiem.

Spantida I konkurences liknes tika salidzinatas ar a-MSH (6. attéls). Ka redzam:s,
abi peptidi izkonkur€ja iezimi no saistiSanas vietam pilnigi. Nespecifiska saistiSanas

tika novérota aptuveni 10%.

0 T T T T T T 1 0 T T T T T .

2 1 0 1 2 3 4 5 6 -1 0 1 2 3 4 5
alfa MSH konc. log (nM) Spantida | konc. log (nM)

6. att. a—MSH un spantida I konkurence ar ieziméto NDP-MSH par saistiSanos pie
MKR.
Apzim&jumi: MKRI1 -apli, MKR3 — kvadrati, MKR4 trijstiiri un MKRS — rombi.

Eksperimentos novérotais dazada limena iezimes saistiSanas maksimums pie
dazadiem MKR ir izskaidrojams ar dazadu Stnu transfekcijas ar receptoru DNS
efektivitati. Tomeér tas neietekmé atbilstoSu vielu afinitates mérjjumus. Par to liecina

kontroles mé&rfjjumi ar o—MSH un aprékinata o—MSH afinitate.
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3.3. Spantida I ietekme uz NO veidosanos RAW264.7 Stinu linija

Lai izraisitu NO parprodukciju, RAW264.7 Siinas tika vienlaicigi stimulétas ar
LPS 100 ng/ml un IFNy 5 U/ml. P&c 16 stundam tika novérota izteikta NO Iimena
stimulacija salidzinajuma ar kontroles §tinam (7. att€ls). NO Itmenis tika aprékinats pec
NaNO; standartliknes.

Spantids I un a-MSH tika pievienots $tinu paraugu barotnei vienlaicigi ar LPS un
IFNYy, ka ar1 vieni pasi bez endotokstniem 16 stundas pirms NO mérijjumiem. Kontroles
Sinam ne a-MSH, ne spantids I neuzradija nekadu ietekmi uz bazalo NO Iimeni (dati
att. nav paraditi). 7. att€la redzams, ka spantids I inhibé NO produkciju augstakas
koncentracijas ka o-MSH, tomér efektivitates zina abi peptidi darbojas lidzigi — NO

ITmenis tiek samazinats apméram par 60%. Tacu netiek sasniegts kontroles NO Itmenis.
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7. att. Spatida I un o—-MSH izraisita NO parprodukcijas inhibicija makrofagu Stinu
Iinija. Apzim&umi: o—MSH - apli, spantids I - kvadrati, a-MSH + HS024 100 nM —
rombi, spantids I + HS024 100 nM — trijstliri uz augsSu, spantids I + HS024 1 uM — trijsturi
uz leju. LPS 100 ng/ml un IFNy 5 U/ml tika pievienoti vienlaicigi §tinu barotnei ar
petamam vielam dazadas koncentracijas 16 h pirms NO mériSanas. Uz ordinatas paraditais
nitrita ITmenis aprekinats uz 1 $tnu. Eksperimenti atkartoti 3 reizes, un paraugi meriti

dublikatos.

Lai parbauditu, vai Sis spantida I efekts notiek ar MKR starpniecibu, 15 min pirms
peptidu pievienoSanas Stunam tika pielikts HS024 konstanta 100 nM un 1 pM

koncentracija. Tika noverots, ka HS024 noblokéja o-MSH iedarbibu jau koncentracija
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100 nM, tacu, lai panaktu lidzigu efektu ar spantidu I, vajadz€ja Stinam pievienot
HS024 desmit reizes lielaka koncentracija (1 uM).

Sinu dzivotspé€ja tika noteikta, lai kontrol€tu $tinu skaita samazinaSanos, kas varétu
kludaini tikt pienemta par vielu NO Itmena samazinasanas efektu. Rezultati (dati nav

paraditi) liecina, ka dzivo Siinu skaits neatSkiras kontroles un eksperimenta Stinam.

3.4. Dinorfinu saistiSanas pie melanokortinu receptoriem

Veiktie eksperimenti liecina, ka enkefalini, neoendorfins, dinorfins—B un dinorfins—
A1-6 nekonkure ar [mJ INDP-MSH par saistiSanos ar MKR (4. tabula). Citi dinorfini
saistfjas ar saméra zemu afinitati. Lai gan visi dinorfini uzradija zemu afinitati pret
MKR, dinorfinu saistiSanas veida tika novérota likumsakariba — Iidziga saistiSanas pie
diviem receptoru apakstipiem. Dinorfins A1-17 saistijas ar lidzigu afinitati pie pariem
MKR1 un MKR3, MKR4 un MKRS. Dinorfins A2-17 uzradija lidzigas afinitates,
saistoties pie MKR1 un MKR4, bet loti zemu afinitati pret MKR3 un MKRS5. V&l 1saks
dinorfina A fragments 2—11 saistfjas ar izteikti augstaku afinitati un selektivitati pie
MKRI1 neka pie paréjiem MKR. Pie tam A2-11 gandriz nemaz nesaistijas pie MKRS.
Dinorfins A1-13 saistijas lidzigi pilnai molekulai (A1-17) pie MKR1-4, uzradot pat
apméram 10 reizes augstaku afinitati pret MKRS ka pilna dinorfina A molekula. Sada

veida saistiSanas pazimes atSkiras no melanokortiniem, pieméram, o—MSH.

4. tabula. Dinorfinu saistiSanas afinitates pie melanokortinu receptoriem

(vid&ja K; = S.E.M)
MKR1 MKR3 MKR4 MKRS5

Peptids | (M) grpm (M)  gpm (M) gepm |(@M)  SEMm
0-neo-
endorfins 100000 >100000 >100000 >100000

D-B 100000 >100000 >100000 >100000
D-A(1-17) 6860 P81 6296 414 70779  B605 [179290 |64612
D-A(2-17) 2339 886 40065  [30357 5990 [143 60638  [39362
D-A(2-11) 6944 567  [>100000 114285 780 [300000
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D-A(1-13) 9353 603 8782 308  [70352 3425 |14236 2741
D-A(1-6) >100000 >100000 >100000 >100000

Met-

enkefalins n. n. n. n.
Leu-
enkefalins n. n. n. n.

o-MSH 0.210 0.08 P22 3.4 432 176 5400 377

D- dinorfins; n —nesaistas

3.5. Cilveka adas primaro fibroblastu MKR1 ekspresijas un cAMF
veidoSanas pétijumi
Primaro fibroblastu Siinas tika audzetas lidz konfluences saniegSanai, tad

izmantotas radioligandu saistiSanas testa. Ka pozitivas kontroles tika izmantotas

o-MSH saistiSanas Iiknes (8.attels).

0,007
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0,005
0,004

0,003

NDP-MSH (n\M)

0,002

0,001

0 T T T T T 1
-3 -2 -1 (0] 1 2 3
MSH konc. log (nM)

8. att. a-MSH saistiSanas pie MKR fibroblastu Sinu membranas.

MerTjumi veikti p&c pirmas konfluences sasniegSanas (apli), pec 3 $iinu parsé€sanas reizém
(kvadrati) un p&c 6 parsésanas reizém (trijstiiri).

Eksperimenti atkartoti tr1s reizes, katrs mérijums veikts ar triplikatiem.

Tika atrasts, ka o-MSH konkurences liknes ir raksturigas Sim peptidam un
aprekinata K; vertiba 0.12+0.034 nM atbilst agrak public€tajai a-MSH afinitatei pret

MKRI1 (Schioth et al., 1996). Tomer iegiitie rezultati, veicot radioligandu saistiSanas

testu atkartoti, liecina, ka p&c vairakkartigas Stinu pavairoSanas un parséSanas laika
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gaita maksliga barotné ziid fibroblastu sp&ja ekspresét MKRI1. Par to liecina saistiSanas
liknes pazeminasanas péc 3 parséSanas reiz€m un pec seSam pasazam tuvoSanas 0
stavoklim (8. attéls). Lai parliecinatos par Stinu atbildétsp&ju uz hormonu stimulaciju,
péc sestas parsésanas reizes §iinu barotnei tika pievienots a-MSH 1072 M, 10° M un
10° M koncentracija. Tomér, ka redzams 9. att., radioaktiva iezime [125 JINDP-MSH
joprojam neieziméja MKR uz fibroblastu membranam. Ka pozitiva kontrole tika
izmantota pirma fibroblastu pasaza un ka negativa nespecifiska NDP-MSH saistiSanas

pie pirmas pasazas Sinam, kad specifiska saistiSanas bija noblok&ta ar 10 uM a-MSH.
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9. att. MKR lokalizacija cilvéka fibroblastu Siinas péc stimulacijas ar o-MSH.
Eksperimenti atkartoti tr1s reizes ar dublikatiem.

* p <0.05 vs nespecifiskas saistiSanas kontrolei, ANOVA

cpm — radioaktivitates mervieniba (counts per minute)

Lai parliecinatos par receptoru funkcionalitati, tika mérits cAMF Iimenis
fibroblastu Stinas péc vairakkartéjas konfluences sasniegSanas un Stinu parséSanas. Ka
redzams 10. att€la, a-MSH stimulé cAMF veidoSanos no peptida koncentracijas
atkariga veida. a-MSH efekts sasniedz maksimumu 1 pM koncentracija. Lidzigi ka
radioligandu-receptoru saistiSanas testa, péc seSam pasazam netika noveérota o-MSH

sp&ja stimulét cAMF produkciju primarajas fibroblastu $iinas.
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10. att. a-MSH cAMF veidosanas stimulacija fibroblastu Stinu kultiira péc 1. pasazas
(kvadrati), pec 3.pasazas (trijstiiri) un péc 6.pasazas (apli).
Eksperimenti atkartoti tris reizes, un paraugi nemti triplikatos.

3.6. a-MSH11-13 analogu saistiSanas pie MKR

Lai izslegtu Stunu liniju specifisku atbildi uz MSH C gala tripeptida un ta analogu
saistiSanas sp&ju pie MKR, tika izmantotas dazadas Stinas — ar cilveku MKR DNS
transfektetas insektu Stinas Sf9 un dabigas Sinu Iinijas, kuras eksprese MKR1 un
MKR3 (RAW264.7), ka ar1 pelu melanomas Siinas B16-F1, kuras eksprese¢ MKRI1.
Kontrolei izmantotais a-MSH uzradija atbilstoSas afinitates pret visiem MKR (5.
tabula). MKR uz RAW?254.7 §tinu membranam ir maz, apméram 200-300 saistiSanas
vietu/Siina, B16-F1 Stnas ekspresé vairak — 30004000 saistiSanas vietu/Siina, bet
transfektetas Sf9 Sunas eksprese MKR vél vairak — 100000-200000 saistiSanas
vietu/Stina. Receptoru skaits uz vienas $tinas membranas tiek aprékinats, pemot véra pie
vienas Sinas piesaistito NDP-MSH molekulu skaitu. Atbilstosi radioliganda NDP—
MSH saistiSanas Itkném tiek aprékinata NDP-MSH molara koncentracija, kas dod
maksimalo specifisko saistiSanos. Talak tiek izmantota konstante — Avogadro skaitlis,
kas nosaka 1 mola esoSo molekulu skaitu. Piepemot, ka viena NDP-MSH molekula
saistas pie viena receptora, un saskaitot eksperimenta nemtas Sinas, tiek aprékinats
piesaistito NDP-MSH molekulu skaits, kas atbilst saistiSanas vietu jeb receptoru
skaitam uz vienu Stinu.

Tika atklats, ka MSH11-13 un ta analogi nesaistas ne pie vienam S$iinam, t.i.

nekonkuré ar ['*JINDP-MSH (5. tabula) pat 10 mM koncentracija.
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5. tabula. Peptidu saistiSanas inhibicijas konstantes K; (nM) pie melanokortinu

receptoriem dazadas Stunu linijas

Peptids S19 S19 S19 S19 RAW264. | B16-F1
MKR1 | MKR3 | MKR4 | MKRS |7
a-MSH 0.33 26x3.4 702121 | 6034t74 | 0.36x0.09 | 0.21x0.1
+0.04
Lys-Pro-Val-NH, (I) n. n. n. n. n. n.
Ac-Lys-Pro-Val-NH, | n. n. n. n. n. n.
I
Ac-Lys-Pro-Val (IIT) n. n. n. n. n. n.
I I
Ac-Lys-Pro-DVal n. n. n. n. n. n.
(IV)
I 1
DKLL (V) n. n. n. n. n. n.
DKLD (VI) n. n. n. n. n. n.

n=4, neatkarigie eksperimenti, paraugi nemti dublikatos

n. — nesaistas

3.7. MSH11-13 un ta analogu ietekme uz cAMF producésanos B16-F1
un RAW264.7 Stinas

MSH peptidiem ir raksturiga sp€ja stimulét cAMF sintézi Stunas. Petot MSH

fragmentu 11-13 un ta cikliskos, ka ar1 linearos analogus, tika noskaidrots, ka vienigi

cikliskais MSH11-13 analogs ar DVal uzradija tendenci stimulét cAMF veidoSanos

(11.attels). Visi analogi, iznemot ciklo(Ac-Lys-Pro-DVal), neuzradija ietekmi uz cAMF

sintézi pat Iidz 100 uM koncentracijai. Ciklo(Ac-Lys-Pro-DVal) saka stimulét cAMF

sint€zi koncentracija 1 pM. Tomer tas art 100 uM koncentracija nesasniedza ao—MSH
efektu. Aprekinatas ECsg vertibas bija— a-MSH 121 + 23 pM un ciklo(Ac-Lys-Pro-
DVal) 947.7 £ 128 nM. Ta ka parbaudito vielu efekti neatskiras abas Stinu linijas, tad

tika secinats, ka noveérotais MSH11-13 analoga efekts nav specifisks kadai konkrétai

Sunu Iinijai.
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11. att. cAMF veidosanas stimulacija B16-F1 un RAW264.7 Siinas péc peptidu

o—~MSH (H), MSH11-13 (A), MSH11-13 analogu: II (¢), III (®),IV (A), V (O) un VI
(O) pievienosanas Siinu barotnei.

Katrs punkts atbilst vidéjam lielumam no Cetriem neatkarigiem mérijjumiem.

3.8. Slapekla oksida veidosanas RAW264.7 Stinas

Slapekla oksida (NO) limenis tika mérits un aprékinats péc ta metabolita nitrita
Itmena. Nitrita akumulacija RAW264.7 Stnu barotné ir paradita 12. attela.
Noveérojumi liecina, ka 16 h makrofagu stimulacija ar LPS/IFNy (attiecigi 100 ng/ml
un 5 U/ml) izraisija iev€rojamu nitrita limepa pieaugumu salidzinajuma ar

nestimulétam $tinam. Kontroles nestimul&tas $iinas producg loti maz NO.

32



a-MSH un MSHI11-13 gan acetiléta, gan neacetiléta forma inhib&ja LPS/ IFNy
izraisito nitrita Itmena pieaugumu, kas atbilst NO parprodukcijai. Aprekinatas ICsg
vertibas bija atbilstoSi 25 + 10 pM, 80 + 16 pM, 64 21 pM. Inhibicijas maksimala
atbilde visiem trijiem peptidiem bija 60%. Ar §tnu dzivotspgjas testu, iekrasojot Siinas
ar tripanzilo un saskaitot Stinas ar mikroskopa palidzibu, tika parbaudits, ka NO
producéSanas samazinaSanu neizraisa dzivo Stunu skaita samazinaSanas. Tatad LPS/
IFNy stimulacija neietekméja Stinu dzivotsp€ju, bet paaugstinaja NO producésanos.
Parbauditie MSH11-13 analogi bija mazak aktivi. Sie peptidi uzradija NO inhibicijas
sp&ju ar ICsp veértibam 18.4 = 8.77 nM (III), 4.6 + 1.23 nM (IV), 155 £ 67 nM (V) un
238 + 87 nM (VI). Tomér koncentracija 100 uM visi MSH11-13 analogi — Iidzigi ka
pilna hormona molekula — inhib&a 60% no endotoksinu efekta. Neviens peptids

nenormalizg&ja NO parprodukciju pilnigi.

RAW264.7

0,45

o
e w ©°
w O n
\ \ \

Nitrita konc. fmoles/16 st

o o

L9 v

[6)] N [6)]
\ \ \

o
—
|

0,05
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12. att. Peptidu ietekme uz NO limeni RAW264.7 Siinu linija péc 16 h stimulacijas ar LPS
(100 ng/ml) kopa ar IFNy (5 U/ml).
o—MSH (H), MSH11-13 (¢), MSH11-13 analogi: II (A), III (@), IV (A), V (O) un VI ( (O).
Kontroles $iinas tika inkub&tas ar (¥), un bez LPS/ IFN—y (V).
NO Itmenis mérits péc nitrita standartliknes. Uz ordinatas atlikts vid&jais mérijums no tris
neatkarigiem eksperimentiem = S.E.M.
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3.9. t-MSH un MSH11-13 ietekme uz MKR1 ekspresiju makrofagu
Sunu linija RAW264.7

legiitie rezultati liecina, ka miera stavoklt RAW264.7 Siinas ekspresé nelielu MK

receptoru skaitu, kas sasniedz 300-500 saistiSanas vietas uz Stinu (13. att€ls).
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13. att. «-MSH un MSH11-13 ietekme uz MKR skaitu ar IFNy un LPS
stimulétas Sunas. Kontroles $iinas stimulétas ar PBS buferi. Att. 13A. IFNy mérvieniba uz
abscisas ir darbibas vienibas/ml, 13B. LPS ng/ml, 13C o-MSH nM un 13.D. MSH11-13 nM.
Att.C un D IFNy koncentracija ir 5 U/ml un LPS 100 ng/ml.

Rezultati att€loti ka vidgjais merijums + S.E.M no tris neatkarigiem eksperimentiem.

* P < 0.05 salidzinajuma ar kontroli

# P< 0.05 salidzinajuma ar IFN-y un LPS datiem

IFNy koncentracijas 1 un 5 U/ml pastiprina MKR1 ekspresiju uz Sinu
membranam Iidz 1000-1500 saistiSanas vietam uz Stnu. LPS 50 un 100 ng/ml
koncentracija palielina MKR1 skaitu uz Stnu attiecigi lidz 800 un 1000. Ka liecina

aprékini, IFNy ietekme izpauZas speécigak neka LPS. Pievienojot Stnu barotnei
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vienlaikus IFNy 5 U/ml + LPS 100 ng/ml, abu endotoksinu efekti nesummgjas, bet
saglabajas IFNy raksturigais efekts.

a-MSH un ta C gala tripeptids no 1 nM Iidz 1 puM koncentracija neietekmégja receptoru
skaitu uz $tinu miera stavokli 16 stundu laika (dati nav paraditi), bet stimul€tajas Stnas
atkariba no koncentracijas inhib€ MKR pieaugumu. Ka redzams 13. attéla,

a-MSH 10 nM koncentracija normalizé receptoru skaitu uz Stunu, kamér MSH C gala
tripeptids (MSH11-13) Sadu efektu uzrada 100 reizes lielaka koncentracija — 1 puM.
Turklat a-MSH statistiski ticamas atSkiribas uzrada jau 1 nM koncentracija, bet ta C
gala tripeptids — 100 nM koncentracija. Ne LPS, ne IFNy pasi nekonkuré ar iezim&to
ligandu NDP-MSH par saistiSanas vietam pie MKR1, un konkurences liknes neveidojas
(dati nav paraditi).

14. attela paraditas NDP-MSH piesatinajuma liknes, kuram aug$eja likne
atspogulo totalo saistiSanos, bet apaks€ja — nespecifisko saistiSanos. Starpiba starp §Tm
Itkn€m ir specifiska saistiSanas pie receptoriem. Specifisko saistiSanos var piesatinat,
tapec ta sasniedz plato stavokli, bet nespecifiska saistiSanas (ka redzams no apaksgjas
liknes) pieaug lineari, palielinoties ieziméta liganda koncentracijai, un nav piesatinama,
jo nav atkariga no receptoru skaita. Nespecifiska saistiSanas tika noteikta ar 1 pM
neieziméta NDP-MSH. Siinu barotnei pievienotais LPS (100 ng/ml) kopa ar IFNy (5
darbibas vienibas/ml) palielinaja starpibu starp totalas un nespecifiskas saistiSanas
likném, t.i., palielindja specifisko saistiSanos, sasniedzot specifiskas saistiSanas plato
stavokli ap 0.6-0.7 nM limeni. Kontroles $iinas receptoru skaits ir mazaks, un tie tiek
piesatinati, jau sakot no 0.15 nM (14.B att.). Talak NDP-MSH specifiska saistiSanas
nepieauga. Tomér receptoru skaita izmainas neietekmé&ja radioaktiva liganda NDP-
MSH afinitati. Abos gadijumos NDP-MSH disociacijas konstante bija Kq=0.12+0.03
nM, saistoties ar MKRI1. Nespecifiska saistiSanas NDP-MSH kontroles Stinam un
stimuletam S$tnam nebija izmainita. Nespecifiska saistiSanas, palielinot NDP-MSH

koncentraciju, pakapeniski pieauga no 0 1idz 0.1 nM.
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14. att. NDP-MSH piesatinajuma liknes RAW264.7 Siinas.
14.A. péc 16 h §unu stimulacijas ar IFNy 5 U/ml + LPS 100 ng/ml.
14.B. NDP-MSH piesatinajuma kontroles liknes. Nespecifiska saistiSanas noteikta ar 1 pM

neiezim€ta NDP-MSH pievienoSanu $iinu barotnei.
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4. DISKUSIJA

4.1. NDP-MSH un 0—MSH saistiSanas kinétika pie MKR

Receptoru-ligandu saistiSanas pétijjumiem ir liela nozime zalu farmakologisko
darbibas mehanismu izskaidrosana, jo lielaka dala vielu neskérso §tinas membranu, bet
savu darbibu veic, iedarbojoties uz $iinas membranas receptoriem.

Ar G proteinu saistitiem receptoriem, pie kuriem pieder MKR, tiek piedévéta liela
nozime farmacija, jo loti daudzas endogénas vielas iedarbojas uz Siem receptoriem,
pieméram, neiromediatori — noradrenalins, dopamins, serotonins, y—aminosviestskabe
u.c., hormoni — adrenalins, P viela, melanokortini, opiati u.c. Endogéno vielu aizstaj&ji
un antagonisti tiek mekl&ti, izmantojot attiecigu ligandu—receptoru saistiSanas testus.
B16-F1 Sitnu linija nav vieniga melanomas linija, uz kuras atklati MKR. Ir
zinamas daudzas pelu un cilvéku melanomas $tnu Iinijas. Starp cilvéku un pelu
melanomas $iinam daZreiz noverotas ligandu saistiSanas atSkiribas, galvenokart tas ir
atSkiribas starp ligandu receptoru disociacijas konstantéem un MKR skaitu uz vienu
Stunu. Petijumi liecina, ka cilvéku melanomas Stinas ekspresé apméram 10 reizes mazak
MKR ka pelu melanomas Siinas (Siegrist et al., 1988; Siegrist et al., 1989; Eberle et al.,
1991; Salazar-Onfray et al., 2002). Tomér cilveku melanomas Stinam ir augstaka
endogéno ligandu afinitate salidzinajuma ar pelu melanomas Stnam (Wong and
Minchin, 1996). Ilgstosi iedarbojoties uz $iinu ar augstam agonistu koncentracijam, var
panakt receptoru skaita samazinaSanos (down-regulation) un nejutibu pret receptoru
stimulaciju (Siegrist et al., 1994). Lidz Sim izmainas ligandu saistiSanas kinétika pie
B16-F1 Stnu MKR péc ilgstosas Stinu stimulacijas nebija aprakstita. Tomer $adiem
petijumiem ir biitiska nozime zalu mekl&jumos, jo tad, kad Siinu linijas tiek izmantotas
jaunu vielu skriningam, ir jazina liganda-receptoru saistiSanas kiné€tikas konstantes,
inkub&Sanas ilgums, asociacijas/disociacijas konstantes, iesp&ama receptoru
internalizacija un tamlidzigi jautajumi. Misu eksperimentu rezultati paradija, ka
specifiskas/nespecifiskas NDP-MSH saistisanas pie MKR1 attieciba ir 50:1. Lidzigi
rezultati ir aprakstiti, petot cilveku melanomas Siinas (Eberle et al., 1991). Aprékinatas
a-MSH un NDP-MSH saistiSanas inhibicijas konstantes B16-F1 §tinas bija lidzigas 2 h
inkubacijas laika aprékinatajam konstantém, izmantojot COS &iinas (Afrikas zalo

pértiku nieru Stinu Iinija) (Schioth et al., 1995). 2 h inkubacijas laiks ka optimals laiks
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liganda saskarsmei ar receptoru tika atrasts ar COS-1 un COS-7 $tinu Iinijam (Schioth
et al., 1995). Velak §1 metode bez zinatniska pamatojuma empiriski tika pielietota art
dabigi MKR ekspres€josam Stinam. Planojot eksperimentus, més némam vera literattira
aprakstito faktu (Eberle, 1988), ka ne tikai parbaudama viela, bet pati iezime, ja ta ir
agonists, var izmainit receptoru skaitu uz Stnu. Ta ka uz cilvéeku melanomas S$tinam
MKR skaits nav liels, receptoru skaita zudums var€tu radit situaciju, kad pat NDP-
MSH neuzraditu saistiSanos (Sawyer et al., 1980; Eberle, 1988). Miisu dati liecina, ka
NDP-MSH un o-MSH saistiSanos pie MKR1 uz B16-F1 $iinam raksturo 1€na asociacija
un disociacija, ka arl receptoru skaita samazinaSanas péc ilgstoSas membranu
inkubacijas ar So hormona piedevu Stnu barotne. MKR1 internalizacija agonistu
ietekme ir jau aprakstita (Wong and Minchin, 1996). Autori atklaja, ka NDP-MSH kopa
ar receptoru tiek nogadats lizosomas un degrad€ts. Receptoru internalizaciju pavada
Stinas virspuses receptoru skaita samazinasanas. 96 h laika netika novérota receptoru
atgrieSanas no citoplazmas Stinu membrana un 48 h péc receptoru stimulacijas ar NDP-
MSH bija samazinats MKR mRNA limenis. Autori (Wong and Minchin, 1996) uzskata,
ka NDP-MSH inhibé receptoru rinkojumu (turnover). Miisu pétijumi konkréti ar
B16-F1 $iinu Iiniju apstiprina faktu, ka MKR1 Iimenis ir samazinats péc ilgstosas Stinu
stimulacijas gan ar NDP-MSH, gan ar a-MSH. Tomér apméram 14-20% receptoru ir
rezistenti, un, ka liecina miisu mérijumi, tie paliek uz §inu membranas péc 24 h un

48 h. Astondesmitajos gados tika uzskatits, ka MKR uz cilveku melanomas $iinam nav
paklauti internalizacijai (Siegrist et al., 1989), tomér turpmakajos petijjumos, izmantojot
imunohistokimijas metodi, tika paradita So receptoru internalizacija WM266-4 Stinu
lIinjja un cilveku melanomas pécoperacijas materiala (Xia et al., 1996; Xia et al.,
1995). Miisu pétijumi apliecina, ka Tpasi svarigi ir izprast jebkura liganda saistiSanas
kin€tikas mehanismus. Pielagojot esosas radioligandu saistiSanas metodes jaunam Stinu
linijam, tas var izmantot jaunu sint&tisko un dabas vielu pétfjumos. Stinu linijas, kas
ekspres€ receptorus, kuru ligandi ir dabigie peptidu hormoni, uz stimulaciju reagé
dazadi — gan ar receptoru ekspresijas palielinaSanu, gan nomakSanu. Zinatniskaja
literattira (Siegrist et al.,1994) ir aprakstits, ka - atkariba no $tinu tipa un fiziologiskiem
apstakliem - Siinds notiek gan receptoru skaita palielinasanas (up-regulation), gan
samazinaSanas. Dazadas cilvéku un grauz€ju melanomas Stinu linijas péc to stimulacijas
ar augstu a-MSH koncentraciju var uzradit MKR1 koncentracijas gan pieaugumu, gan

samazinasanos attieciba pret totalo Siinas proteinu daudzumu. Kopuma var secinat, ka
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no eksperimentiem ar MKR DNS transfektétam COS Siinam adoptéta radioligandu

saistiSanas metode ir pieméerojama ar1 B16-F1 Stnu linijai.

4.2. Cilveku adas primaro fibroblastu MKRI1 raksturojums

Nesen tika pieradita MKR1 ekspresija cilvéku fibroblastos (Bohm et al., 1999), kuri
tika iegiiti no jaundzimuSo zé€nu dzimumlocekla priekSadinas. MKR1 tika atrasts ar1
dermalas papillas Stinas, matu folikulos un saistaudu fibroblastos (Bohm et al., 1999;
Catania et al., 2004; Bohm and Luger, 2004). Apgrieztas transkriptazes polimerazes
reakcija (Reverse transcriptase polymerase chain reaction - RT-PCR) no visiem
klonétajiem MKR apakStipiem tika pieradita tikai MKRI1 ekspresija fibroblastos un
atklats, ka a-MSH modulé adas kolagéna ekspresiju (Bohm and Luger, 2004), uzrada
antifibrogénu efektu (Bohm et al., 2006) un inhibé audzg&ju nekrozes faktora o (TNFa)
signalus (Hill er al., 2006). Neonatalas priekSadinas Sunas tika paradita MKRI1
imunoreaktivitate un NDP-MSH saistiSanas vietas (Bohm and Luger, 2004). Tomér péc
30 pasazam in vitro barotn€s MKRI1 ekspresija samazinajas un $tinu membranas pat
nebija atrodama (Bohm and Luger, 2004). Mé&s radioligandu saistiSanas eksperimentos
atklajam vel atraku — péc 6 pasazam - membranu receptoru zudumu uz pieaugusu
cilveku adas primarajiem fibroblastiem. Iesp&jams, cilvéka vai dzivnieka, no kura adas
tiek pemtas Stnas, vecumam arl ir nozime primaro Stnu kultivéSana maksligas
barotnés. Ar imunokimijas metodém tika pieradits, ka MKR1 saglabajas atseviskas
fibroblastu Stinas citoplazma (Bohm et al., 2004), kur tos nesasniedz iezimétais peptids.
Receptoru internalizacija jau ieprieks bija paradita melanomas Stnas (Xia et al., 1995).
Mes noteicam, ka cAMF stimulacija fibroblastos ir novérojama tik ilgi, kamér Siinas
eksprese¢ MKR1 uz savas membranas. Tas liecina, ka Stinu citoplazma esoSie receptori
nav funkcionali aktivi. Dazadi augSanas hormoni un faktori modulé receptoru
ekspresiju un signalmolekulu izdaliSanos. Ir atklats, ka fibroblastos notieck POMK
SkelSana, un endogéni veidojas AKTH, a-MSH un B-endorfins (Schiller et al., 2001;
Bohm and Luger, 2004), kuri varétu kalpot ka autokrini/parakrini receptoru ekspresijas
modulatori. Tomér miisu eksperimenta fibroblastiem pievienotais o-MSH nespé€ja
atjaunot So Stinu funkcionalitati, kura péc seSam parséSanas reiz€m bija zudusi. Tas, ka
primaram Stnam ir vajadziga endogéna Stinu sadarbiba audos, ir apliecinats ar1 citos
eksperimentos. Transgénam pelém, kuram ir MKR1 deficits, nenovéroja nekadus adas

bojajumus, kaut gan normaliem dzivniekiem visas adas Siinas tiek ekspresets MKR1, un
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MKRI ir pieradita svariga loma adas funkciong$ana (Robbins et al.,1993). Sis
noverojums lauj izteikt hipotezi, ka organismam piemit pasarst€Sanas sp€ja un vienu
bojatu signalcelu vietd pastiprinds citu signalcelu darbiba. Arpus organisma 3inu
kultiras nesanem citu $tnu palidzibu, un visu signalmolekulu komplektu maksligas

barotnes nenodroSina.

4.3. Spantida I saistiSanas pie MKR1 un ietekme uz NO limeni

Veicot liela méroga vielu kombinatorialo biblioteku skriningu, tika atklats, ka
mazaka peptida struktira, kura stimulé vardes adas pigmentaciju ar MKRI
starpniecibu, ir aminoskabju k&dite DTrp-Nle-NH, un DTrp-Arg-NH; (Quillan, 1995).
Tika skrinétas lielas peptidu struktiiru datu bazes, lai atrastu peptidus, kuri satur Sadu
motivu. Teoréetiski tika atrasts, ka P vielas, neirotenzina, endotelina sintétiskie analogi
un Vel citi peptidi varétu but MKR ligandi (Quillan and Sadee, 1996). Tomer ligandu-
receptoru saistiSanas visiem minétajiem peptidiem netika eksperimentali parbaudita.

P vielas antagonists spantids I, kuram ar1 tika paredz€ta sp&ja saistities ar MKR,
uzrada melanokortiniem lidzigu pretiekaisuma darbibu (Annuziata et al., 2001). Tapéc
més savos pétijumos ieklavam spantidu I un P vielu. P vielai ar melanokortiniem ir
lidzigas atraSanas vietas uz imiinas sist€mas Sinam (Neumann-Andersen et al., 2001;
Wikberg et al., 2000; van Hagen et al., 1999; Bae et al., 2002). Spantids I tika sintezets
jau 1984. gada (Folkers et al., 1984). Velak sintezetie, strukturali [idzigie spantids II un
III bija mazak neirotoksiski neka spantids I (Hakanson et al., 1991; Folkers et al.,
1993). Tomer spantids I joprojam tiek izmantots ka laboratorijas viela, lai analizétu P
vielas darbibas mehanismus. Bez tam spantids I atbrivo histaminu un ir izmantojams
petijumos par dzivnieku elpoSanas trauc€jumiem (Telgkamp er al., 2002). Ieprieks
publicétajos pigmentacijas testos spantids I inhib&a o-MSH stimuléto pigmentu
dispersiju vardes melanoforos ar inhibicijas koncentraciju (ICsp) 483 + 189 nM
(Quillan and Sadee, 1996), bet neietekmé&ja cAMF limeni. P viela neietekmé&ja a-MSH
efektus pat 100 uM koncentracija (Quillani and Sadee, 1996). Misu eksperimentos P
viela nesaistijas pie MKR, savukart spantids I, kaut ar zemu afinitati, tomer saistijas pie
visiem MKR ar izteiktu selektivitati pret MKR1. Sie rezultati apliecina teorétiskas
ligandu-receptoru mijiedarbibas paredzéSanas modelu lietderibu jaunu ligandu
mekl&§jumos. Turpmakajos petijumos més noteicam MKR lomu spantida 1

pretiekaisuma darbiba. Tika paradits, ka spantids I lidzigi o-MSH spgj inhibét LPS-
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izraisito NO parprodukciju RAW264.7 makrofagu Stinu Iinija. Neselektivs MKR
antagonists HS024 spgja antagonizet spantida I efektus. Tomér spantida I darbibas
pétijuma bija vajadziga 10 reizes lielaka HS024 koncentracija, lai panaktu ar a-MSH
lidzigu NO produkcijas nomakSanas inhibiciju. Tadgjadi tika paradita MKR loma
spantida I pretiekaisuma darbibas mehanisma. Sie atkldjumi apliecina atskirigu

receptoru gimenu (melanokortinu un neirokininu) sadarbibas sp&ju (cross-talk).

4.4. Dinorfinu saistiSanas pie MKR raksturojums

Endogénos opiatus parstav enkefalini, endorfini un dinorfini (Akil et al., 1984).
Ar opiatreceptoriem nesaistitas dinorfinu saistiSanas vietas ir atklatas dazados audos,
bet $1s saistiSanas vietas nav identificétas ka konkréti receptori. 1997.gada tika paradita
dinorfinu sp€ja inhibet 0o—~MSH izraisito cAMF stimulaciju ar cilveku MKR génu DNS
transfektetas §anas (Quillan and Sadee, 1996). Sis atkljums iniciéja miisu p&tijumus
par dinorfinu saistiSanos pie MKR. Bez tam MKR sadarbiba ar opiat—ergisko sistému ir
al., 2001, Klusa et al., 2001; Catania et al., 2004). Petijuma rezultati liecina par
ipatn€ju dinorfinu saistiSanas pie MKR veidu. Dinorfini saistijas pie MKR ar zemu
afinitati (K; = pM), kas ir pretruna ar agrak public€to dinorfinu sp&ju inhibét cAMF
Iimeni ar ICsp 40-150 nM (Quillan and Sadee, 1996). Tomér atklajums, ka dinorfini,
kas ir strukturali no melanokortiniem loti atSkirigi peptidi, sp€j saistities ar MKR, ir
nozimigs, jo patologiskas situacijas audos lokalais dinorfinu limenis ir augsts un
saistiSanas pie citas saimes receptoriem ir reala (Przewlocki and Przewlocka, 2001).
Svarigs secinajums ir ari tas, ka dinorfinu struktiiru var uzskatit par modelsavienojumu,

uz kura pamata veidot jaunas peptidu struktiiras ar mérki atrast jaunus MKR ligandus.

4.5. MSH11-13 un ta analogu ietekme uz MKR mediétajiem

procesiem Siinas

4.5.1. MSH11-13 ietekme uz MKRI1 lokalizaciju makrofagu Sinu membranas
1989. gada tika publicéts pétijums (Kameyama et al, 1989) par adas

pastiprinatas pigmentacijas c€loni (pastiprinata pigmentacija dazreiz veidojas ka

iekaisuma sekas). Saja pétijuma pirmo reizi tika piemingta IFNy spé&ja kopa ar a-MSH
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(bet ne atseviski) stimulét melanina sint€zi JB/MS melanomas $iinas un vienlaikus
stimulét MK receptoru ekspresiju melanocitos. Ar $adu a-MSH potenc€joso darbibu
tika skaidrots IFNy efekts uz pigmentu sintézi peciekaisuma perioda. Par MSH11-13
specigo pretiekaisuma darbibu ir daudz publikaciju (Catania et al., 2004; Mandrika et
al., 200: Cone, 2006). Tomér joprojam nav atrasti receptori, uz kuriem MSHI11-13
darbojas. Lidz $im vél nav atklats §1 tripeptida primarais mérkobjekts $iinas membrana.
Eksperimentos ar pelu makrofagu Siinu Iiniju RAW264.7 péc to stimulacijas ar
endotoksiniem més pirmo reizi paradijam MSHI11-13 netieSo saisttbu ar MKR-
ergiskiem procesiem, par ko liecina atklata tripeptida sp&ja regulét MK receptoru skaitu
uz Stunu. Tomer bija vajadziga apméram 100 reizu lielaka MSH11-13 koncentracija, lai
iegitu efektu, kadu dod o-MSH $aja iekaisuma modeli. Saja darba pétitajam vielam
a-MSH un ta C gala fragmentam ir kopigas un atSkirigas TpaSibas. Iespgjams,
makrofagu $iina eksisté atgriezeniskas saites mehanisms, kuru regulé signalmolekulu
ItTmenu izmainas, kas notiek Stinas iekSpusé. Ir zinams, ka dabigie MSH peptidi stimulé
cAMF veidoSanos $uinas, kas talak parnes signalu Stunas iekSpus€. Tomér MSH11-13
nestimulé cAMF veidoSanos (Mandrika et al., 2001), tapéc iesp&jams, ka MSHI11-13
gadijuma tiek iesaistitas citas signalmolekulas, pieméram, NO, jo ieprieksgjos
pétijumos tika paradita MSHI1-13  NO parmérigas produc€Sanas inhibicijas sp€ja
(Mandrika et al., 2001; Wikberg et al., 2000).

Ka bija sagaidams, LPS un IFNy ir MKRI1 sveSas struktiiras molekulas un pie

MKR nesaistas — to pieradija konkurences eksperimenti ar ieziméto NDP-MSH.
LPS un IFNy darbojas uz Sunu, saistoties attiecigi pie saviem Stnas membranas
receptoriem. Endotoksini LPS un IFNy nekonkuré un ar1 alostériski nesaistas pie
MKRI. Par to liecina iegiitie dati, kas parada, ka NDP-MSH afinitate netika ietekméta.
Tomér ar LPS un IFNy stimulétiem makrofagiem piesatinajuma Iiknes paradija
aptuveni tris reizes augstaku NDP-MSH specifisko saistiSanos, tas pierada, ka uz
stimulétam Stunam ir lielaks receptoru skaits neka uz kontroles Stnam.

Pec §1 pétijuma var secinat, ka MKR ekspresija uz RAW264.7 Stinam ir
dinamiska un mainas atkariba no ta, vai Sunas ir miera vai stimulétd stavokli.
Iekaisuma modelt MKR1 skaits Siinu membranas pieaug. IFNy spécigak neka LPS
izraisa MKR1 ekspresijas pieaugumu. Savukart o-MSH un MSHI11-13 spgj regulét
MKR ekspresiju makrofagu Iinija RAW?264.7, lielakas koncentracijas pat normalizgjot

receptoru skaitu uz Stnu.
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Iesp€jams, ka MKR skaita pieaugums iekaisuma apstaklos veicina Stinas
aizsargmehanismu ieslégSanos, sekundaro signalmolekulu atbrivoSanos un makrofagu

atbildétsp&ju uz MKR ligandu stimulaciju.

4.5.2. MSH11-13 un ta analogu stereouzbiives loma

Stinu intracelularo signalcelu krustofands un daudzpusiga melanokortinu
biologiska aktivitate liek uzdot jautajumu — vai vienmer melanokortinu novérotie efekti
ir MKR stimulacijas sekas? V@sturiski pirma viela, kas raisija Saubas, bija
MSH11-13. Pirmkart, Sis tripeptids nesaistas ar MKR un neietekmé cAMF Iimeni.
Otrkart, Mugridge et al. (1991) zipoja, ka o-MSH un MSHI11-13 inhibé iezimeéta
interleikina IL-1p saistiSanos pie pirma tipa citokinu receptoriem un pat pielava domu,
ka abi peptidi var€tu biit endogénie IL-1 antagonisti. Saméra neskaidra ir aina par
MSH11-13 ietekmi uz cAMF sintézi $iinas, jo pelu mikroglijas $iinu 1inija N9 un sénés
Candida albicans ir aprakstita MSH11-13 sp€ja paaugstinat cAMF Iimeni (Delgado
et al., 1998; Cutuli et al., 2000), tacu pé€tijumos ar transfektétam Stinam un dabigi
ekspreséjoSam MKR1 melanomas $tinam tas nav paradits.

Petijumos ar B16-F1 un RAW264.7 stinam mes atklajam, ka vienigi MSH11-13
analogs cikliskais peptids ciklo(Ac-Lys-Pro-DVal) — kaut gan nesaistijas pie MKR —
tomér uzradija tendenci stimulét cAMF veidoSanos. Art agrak ir konstatéts, ka zemas
afinitates vielas spgj stimulét cAMF sintézi. Piemérs ir RO27-3325 un P21, kuri
uzradija Joti zemu afinitati pret MKR, bet stimul§ja cAMF veidoSanos ar ECs
apméram 1 nM koncentracija (Wikberg et al., 2000). Tomér Saja gadijuma ari cAMF
stimulacija notika pM koncentracija. Lidzigi N9 un Candida albicans novérota
MSH11-13 spgja stimulét cAMF produkciju tika aprakstita tikai augsta koncentracija
1-10 uM (Delgado et al., 1998: Cutuli et al., 2000).

Linearie MSH11-13 analogi ar DVal® ir aprakstiti ka aktivaki pretiekaisuma
peptidi par L formas peptidiem (Watanabe et al., 1993). ArTt Watanabe et al. pétijumos
ciklo(Ac-Lys-Pro-DVal) bija izteikti iedarbigaks par linearo peptidu ar LVal. Misu
eksperimentos tika parbaudita MSH11-13 un ta analogu ietekme uz NO veidoSanos
pelu makrofagu Iinija RAW264.7. NO sintéze iekaisuma modeli ir atkariga no iNOS
aktivitates. Nestimul€tie makrofagi sintez€ maz NO, savukart LPS/IFNy izraisija 50-
kartigu NO sintézes pieaugumu. Tik augsts NO Itmenis ir noverots patofiziologiskos

stavoklos ka iekaisums vai sepse un var biit bistams saimnieka organismam (Szabo et
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al., 1995: Nathan et al., 1994). Dalgja NO Iimena samazinasana saglabatu NO patogénu
nonavésanas spéju, bet nekaitetu saimnieka organismam. Mé€s atklajam, ka MSH11-13
un ta analogi samazina NO parprodukciju apméram par 60% un to darbiba izpauzas
stereostruktiiras nozime, jo peptidi ar D aminoskabém (DVal) bija aktivaki par LVal
saturoSiem peptidiem. Cikliskie peptidi uzradija zemaku NO Iimena inhibicijas sp&ju ka
linearais MSH11-13. N gala acetilgrupai nebija ietekmes uz MSHI11-13 darbibu.
Secindjums ir, ka NO parprodukcijas inhibicija ar MSH11-13 un ta analogiem nav
saistita ar MKR receptoriem un cAMF signalceliem.

Art agrak literatiira (Wikberg et al., 2000; Mandrika et al., 2001) tika izteikta
hipotéze par MKR neatkarigiem signalparneses celiem MSH11-13 darbiba.
MSH peptidu pretickaisuma darbiba tiek pétita kopS pagajusa gadsimta
astondesmitajiem gadiem. Tomér 1sti noskaidrots to pretiekaisuma darbibas mehanisms
nav. Ir pieradijumi par NF-kB ka atslégas posma lomu, kur§ ir noteicosais citokinu un
iINOS ekspresijas regulators (Manna and Aggarwal, 1998).

Visu So pétfjumu rezultata var secinat, ka MKR ligandiem ir tik liela loma adas
biologijas fundamentalajos pétijumos, ka ari zalu potenciala kliniskaja dermatologija,
ka MSH11-13 un ta analogi tiek pétiti paral€li citiem MK mimétikiem pat nezinot pie
kadiem receptoriem MSH11-13 saistas (Bohm et al., 2006). Tom&r musu atklajums par
MSH11-13 sp&ju regulet MKR1 ekspresiju ar LPS un IFNy stimulétiem makrofagiem
pielauj MSH11-13 vél neatklatu mijiedarbibu ar MKR.

To, ka liganda atbilstiba receptora receptoru saistiSanas vietai (binding pocket) ir loti
neprognoz&jama, apstiprina jaunakie MSH11-13 analogu pétijjumi, kuros tomér tika
atklats MKR saistiSanas motivs MSH peptida C gala. Izradijas, ka ar Tyr-atlikumu
pagarinatais MSH11-13 (tetrapeptids) uzradija MKRI1 saistiSanas sp&ju (Schioth et al.,
2006). Sie pétijumi sasaucas ar $eit aprakstitajiem atklajumiem par MK neradniecigas
struktiiras peptidu spantida I un dinorfinu sp&ju saistities ar MKR, kas liecina, ka MKR
vidus fragments nebiit nav vieniga MKR saistiSanas vietai atbilsto§a aminoskabju

struktura.
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5. SECINAJUMI

1. No eksperimentiem ar transfektetam COS Siinam adoptéta radiolioganda NDP-MSH
saistiSanas metode ir piemérojama dabigi MKR ekspres€josam pelu $iinu Iinijam
B16-F1 un RAW264.7, ka ar primarajiem cilvéku adas fibroblastiem. P&c ilgstoSas
(Iidz 48 h) pelu melanomas stinu Iinijas B16-F1 stimulacijas ar MKR agonistiem NDP-
MSH un o—MSH, novero MKR skaita samazinasanos uz Sinu membranam, tacu 14-

20% MKR saglabajas intakti.

2. Bakteriju lipopolisaharidi (LPS) un interferons y (IFNy) paaugstina MKR skaitu uz
pelu makrofagu Stinu RAW?264.7 virsmas un izraisa NO parprodukciju, kas liecina par
iekaisuma procesu aktivéSanu. o—MSH un ta C gala fragments MSH11-13 uzrada
pretiekaisuma darbibu in vitro, jo inhib& LPS un IFNy efektu, samazinot MKR blivumu

un NO Iimeni Sunas.

3. Maksligas Stinu barotnés kultivétas no cilvéku adas izolétas primaras fibroblastu

Stnas 6 pasazu laika zaudé MKR uz Siinu virsmas, ka ari cAMF veidoSanas spé&ju.

4. MK struktiirai neradniecigi peptidi - P vielas receptoru antagonists spantids I un x
opiatreceptoru ligandi dinorfini — saistas pie MKR in vitro. Spantids I saistas pie MKR
ar zemu afinitati un selektivitati pret 1. apakStipu. Pieradita MKR loma spantida I
pretiekaisuma darbiba, jo MKR antagonists HS024 blokg& spantida I NO parprodukcijas
inhibiciju. Atklats, ka dinorfini saistas pie MKR 1patngja veida ar lidzigu afinitati pie
MKR pariem. Sie dati apliecina MKR, SP un « opiatreceptoru ligandu savstarp&ju

mijiedarbibu, kas kliniski varétu izpausties ka So vielu blaknes.

5. MSHI11-13 un ta sintétiskie analogi nesaistas ar MKR un nestimulé cAMF
veidoSanos in vitro, tatu inhib€é NO parprodukciju pelu makrofagu Stnu Iinija
RAW?264.7. Atklatas struktoras-aktivitates determinantes, kas nosaka MSH11-13
analogu NO parprodukcijas inhibicijas efektivitati: linearie peptidi ir aktivaki par
cikliskajiem un peptidi ar DVal struktiira ir aktivaki par LVal saturoSiem peptidiem..
Peptidu NO produkcijas inhibicijas sp€ja sarindojas: a-MSH > Ac-MSH11-13 (I) = H-
MSH11-13 (II) > IV > III > V = VI. Atklatas struktiiras determinantes varetu izmantot

ar1 nepeptidu organisko vielu sintézei, lai iegiitu jaunus pretiekaisuma lidzeklus.
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ABSTRACT

Discovery of human genomic code and following cloning of new receptor genes
significantly promoted fundamental studies on the receptor physiological roles as well
as stimulated development of new drugs which selectively influence corresponding cell
target without side effects on other signaling pathways.

Since cloning of five melanocortin receptor (MCR) in years 1992-1993, studies on
the MCRs and their ligands are included in many fundamental research projects as well
as in projects financed by pharmaceutical companies aimed to the target-based drug
discovery. However, development of a new drug is long process, in average taking 12—
15 years, and during this period new hypothesizes appear, and applied science may
influence a novel drug development strategies.

Initially the physiological role of MCRs was described as regulation of
pigmentation therefore the first synthetic analog of natural hormone a-melanocyte—
stimulating hormone (a-MSH) — Nle*-DPhe’-MSH or NDP-MSH, or melanotan I
(MTI) in clinics was tested as pigmentation—stimulating drug. However, the latest
studies on the MCRs are aimed to the treatment of melanoma, obesity, inflammation
and sexual disorders. Novel MSH analogs melanotan II (MTII) and PT-141 in clinics
are tested as drugs to treat sexual disorders whereas the MCR subtype 3 (MCR3)
selective agonists are supposed to be anti-inflammatory agents, and MCR4 agonists to
be anti-obesity drugs.

In organism cells co-operate. They receive different autocrine and paracrine stimuli
and respond with the cell-characteristic responses. One of them is expression of the
different receptor proteins. As a role, a pool of expressed receptors on cell membranes
are changing, and different receptors could be in reciprocal or co-operative
relationships. However, there still is too little information about cross binding of the
ligands of different receptor families. It is suggested that ligands belonging to one
receptor family might bind to the receptors of another receptor family as well.

Initially the screening of the novel ligands is carried out by using test-systems in
vitro. Therefore, in parallel with intensive synthetic work a different cell lines are tested
for the suitability to serve as corresponding receptor donors or for the characterization

of cell intrasignalling pathways.

53



The goal of this study:

To discover new MCR ligands between MSH11-13 analogues and ligands of other
G protein coupled receptors by using cell test—systems in vitro as well as to study in-
depth the influence of MCR agonists on the MCR expression in different cell lines.

Tasks:
1. To clarify peculiarities of localization of MCR on mouse melanoma cell line B16-F1
which naturally expresses MCRI1 subtype and produces pigment melanin. To study
kinetics of the a-MSH and NDP-MSH binding to the MCRs.
2. To study MCR expression in mouse macrophage cell line RAW?264.7 in resting cells
and stimulated with bacterial lipopolysaccharides (LPS) and interferon—y (IFN- v) as
well as to determine the influence of a-MSH and its C terminal tripeptide MSH11-13
on the receptor density on the cells.
3. To study duration of the MCR localization on human primary skin fibroblast cells
and the cell generation of cAMP in long—term cultures.
4. To examine binding of substance P and x opiate receptor ligands to the MCRs in
vitro as well as to prove melanocortin—ergic component in the substance P antagonists’
Spantide I anti—inflammatory action.
5. To find essential structure-activity determinants for the anti—-inflammatory activity of
MSHI11-13 linear and cyclic analogs. To evaluate the capacity of MSH11-13 and its
analogs to bind to MCRs, to stimulate cCAMP and to regulate a production of nitric
oxide (NO) in RAW264.7 cells that respond to inflammatory stimuli with the
overproduction of NO.
The obtained results show that new MCRs ligands between peptides with structure
non-relative to melanocortins are discovered, namely, Spantide I and dynorphins A. By
using nonselective MCRs antagonist HS024 the MCR-ergic mechanism of anti—
inflammatory action of Spantide I was proved.

Dynorphins bind to MCRs in peculiar manner: A1-17 with similar affinity to
MCR1 and MCR3, MCR4 and MCRS5; A2-17 with similar affinity to MCR1 and
MCR4, MCR3 and MCR5; A2-11 shows higher affinity and selectivity to MCR1
whereas almost does not bind to MCRS. A1-13 resembles full dynorphine A molecule
binding to MCR1-4 but binds to MCRS with 10—fold higher affinity as A1-17. Such
binding pattern is different from that of o—MSH.
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Studies on the mouse melanoma cell line B16-F1 show that from COS cells
adopted NDP-MSH radioligand binding assay is suitable for naturally MCRs
expressing cells. MCR expression on mice B16-F1, RAW264.7 and human skin
fibroblast cells are changing and depends on cell culturing environment as well as cell
stimulation with different agents. LPS and IFNy increase number of the MCRs
simultaneously with NO overproduction in RAW264.7 cell line. The NO
overproduction is taken as sign of inflammation. o—-MSH and MSH11-13 act as anti—
inflammatory agents and decrease NO production simultaneously with the down
regulation of MCRs expression.

Human fibroblast cultures loose MCR1 on the cell surface after 6 passages. The
binding studies revealed localization of MCR1 on cell membranes during 1-3 passages.

MSH11-13 and its analogues inhibit NO overproduction. However, they do not
bind to MCRs and do not stimulate cAMP production. Structural determinants for
MSH11-13 and its linear analog H-Lys-Pro-Val-NH, (II) were free amino groups. Cyclic
analogs

Ac-Lys-Pro-Val (IIl) and Ac-Lys-Pro-DVal (IV) have free o—amino groups but
| S | | N |
different Val configuration (L and D). The cyclopeptides c(Lys-Val) (V) and c(Lys-

DVal) (VI) have free e-amino groups whereas L un DVal is inside the cycle. The
potency order of these peptides to inhibit NO overproduction is following: a-MSH >
Ac-MSH11-13 (I) = H-MSH11-13 (II) > IV > I >V = VL

The obtained data allowed us to conclude that during 6 passages human
fibroblasts loose MCR on their surface, whereas mice cell lines B16-F1 and RAW264.7
maintain MCR in long-term. However, MCR agonists down regulate MCRs on B16-F1
cells. We have discovered the role of cyclization and streoizomerization in the anti—
inflammatory action of MSH11-13 analogues. Linear peptides have the most flexible
configuration and show the most pronounced NO inhibition. Stereo selectivity is
demonstrated as ability of peptide IV (with DVal) four times stronger than peptide III
to inhibit NO overproduction. On the basis of structure determinants a design of non—
peptide substances with anti—inflammatory drug properties may be recommended.

The discovery of novel MCRs ligands between opiate and substance P receptor
ligands confirms the hypothesis of possible G protein coupled receptor cross-talk that in
clinics might cause side effects of novel drugs designed on the basis of the ligands of

these receptors.
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ABBREVIATIONS

ACTH adrenocortikotropin
o—MSH ao—melanocyte—stimulating hormone

B-LPH B-lipotropin

cAMP cyclic adenosine monophosphate
GABA y—amino butyric acid

GDP guanozine monophosphate
IFN vy interferon y

IBMX 3—isobutyl-1-metilxantine
IkappaB inhibitory kappaB protein
iINOS inducible nitric oxide synthase
1Csg inhibitory concentration 50
IL-10 interleukin- 10

K; inhibition constant

LPH lipotropin

LPS bacterial lipopolysaccharide
NED naftiletilendiamine

MC melanocortins

MCR melanocortin receptor

MTI melanotan I

MTII melanotan II

POMC proopiomelanocortin

PKA proteinkinase A

SP substance P

™ transmembrane domain
U/ml units per ml
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1. INTRODUCTION

Since five melanocortin receptor (MCR) cloning in years 1992—-1993, studies on the
MCRs and their ligands are included in many fundamental research projects as well as
in projects of pharmaceutical companies aimed to the target-based drug discovery.
However, development of a new drug is long process, in average taking 12—15 years,
and during this period new hypothesizes appear, and novel drug development strategies
may influence applied science.

Initially the physiological role of MCRs was described as regulation of
pigmentation therefore the first synthetic analog of natural hormone a-melanocyte—
stimulating hormone (a-MSH) — Nle-DPhe-MSH or NDP-MSH, or melanotan I (MTI)
in clinics was tested as pigmentation—stimulating drug.

However, the latest studies on the MCRs are aimed to the treatment of melanoma,
obesity, inflammation and sexual disorders. Novel MSH analogs melanotan I (MTII)
and PT-141 in clinics are tested as drugs to treat sexual disorders whereas the MCR
subtype 3 (MCR3) selective agonists are supposed to be anti-inflammatory agents,
MCR4 agonists — antiobesity drugs (Hadley and Dorr, 2006).

Initially the screening of the novel ligands is carried out by using test-systems in
vitro. Therefore, in parallel with intensive synthetic work a different cell lines are tested
for their suitability to serve as corresponding receptor donors or for the characterization
of cell intrasignalling pathways. Few years ago MCR subtype 1 (MCRI1) was
discovered in cells of immune system, and then followed search for the MCR1 selective
ligands. Recently MCR subtype 3 (MCR3) was also discovered in cells of immune
system and direction of target-oriented compound screening changed. Nowadays
MCRS3 is supposed to be the main MCR responsible for the anti-inflammatory action of
MCR agonists (Catania et al., 2004). Thus, strategy of the drug development is changed
in parallel with the fundamental discoveries. Moreover, classical knowledge about G
protein coupled receptors is changed. Until year 2005 it was generally accepted that
receptors of this family bind ligands as monomers. However, the latest publications
show receptor dimers or oligomers (Mandrika et al., 2005). Nowadays is impossible to
predict what these discoveries will add to the new drug design theory.

Cell functions, biochemical reactions and adaptive possibilities to the changing

environment are influenced by different stimuli that regulate cell differention, apoptosis
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or death. As better will be characterized cell lines, as better results obtained in vivo will
correspond to the data obtained in tests in vitro. Therefore different cell lines are
studied simultaneously with a new compound synthesis to find characteristic features of
each cell. In this doctoral work mouse melanoma, mouse macrophage cell lines and
human fibroblasts were studied in—depth to clarify peculiarities of the expressed MCRs
and kinetics how ligands bind to these receptors.

In organism cells co-operate. They receive different autocrine and paracrine stimuli
and respond with the cell-characteristic responses. One of them is expression of the
different receptor proteins. As a role, a pool of expressed receptors on cell membranes
are changing as well as different receptors could be in reciprocal or co-operative
relationships. However, there still is too little information about cross binding of the
ligands of different receptor families. It is suggested that ligands belonging to one
receptor family might bind to the receptors of another receptor family as well.

Here we examined binding of substance P (SP) and its antagonist Spantide I to the
MCRs. It is known that SP in inflammation tests acts contrary to MSH peptides
whereas SP antagonists show similar to MCs anti-inflammatory effects. Also,
melanocortins may influence non-melanocortin-ergic systems that participate in the
regulation of pain and psychoemotional status. Mechanisms of action of different
compounds could be different but pharmacological effect is similar. The interaction
between MCRs and opiate receptors was confirmed by found HS014 (antagonist of
MCR3 and MCR4) analgesic activity via opiate receptors. Here we report dynorphine
binding to the MCRs.

MCs are formed during bioprocessing of a large precursor proopiomelanocortin
(POMK) molecule. However, further metabolism of MSH peptides is not fully
understood. Although MSH11-13 endogenous existence is not proved, this tripeptide in
parallel with whole molecule a-MSH is studied as anti-inflammatory, anti-fungal, anti-
fever pro-drug. With goal to find more active substances, the MSH11-13 analogues are
synthesized and tested. Here we studied linear and cyclic MSH11-13 analogues to find
structural determinants, important for the small peptide anti-inflammatory action.

The goal of this study:

To discover new MCR ligands between MSH11-13 analogues and ligands of other
G protein coupled receptors by using cell test—systems in vitro as well as to study in-

depth the influence of MCR agonists on the MCR expression in different cell lines.
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Tasks:
1. To clarify peculiarities of localization of MCR on mouse melanoma cell line B16-F1

which naturally expresses MCRI1 subtype and produces pigment melanin. To study

kinetics of the a-MSH and NDP-MSH binding to the MCRs.

2. To study MCR expression in mouse macrophage cell line RAW?264.7 in resting cells
and stimulated with bacterial lipopolysaccharides (LPS) and interferon—y (IFN- vy) as
well as to determine the influence of a-MSH and its C terminal tripeptide MSH11-13

on the receptor density on the cells.

3. To study duration of the MCR localization on human primary skin fibroblast cells

and the cell generation of cAMP in long—term cultures.

4. To examine binding of substance P and x opiate receptor ligands to the MCRs in
vitro as well as to prove melanocortin—ergic component in the substance P antagonists’

Spantide I anti-inflammatory action.

5. To find essential structure-activity determinants for the anti—-inflammatory activity of
MSHI11-13 linear and cyclic analogs. To evaluate the capacity of MSH11-13 and its
analogs to bind to MCRs, to stimulate cCAMP and to regulate a production of nitric
oxide (NO) in RAW264.7 cells that respond to inflammatory stimuli with the

overproduction of NO.
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2. MATERIALS AND METHODS

2.1. Reagents

All reagents, except peptides and cell culturing reagents were bought from

Sigma/Aldrich representative in Latvia — NotaBene. Radiolabelled ligands ['*J]NDP-
MSH and [3H]CAMP were bought from Amersham Bioscience (Sweden). All cell

culturing reagents were obtained from Life Technologies, Sweden.

2.2. Studied peptides (table 1)

Peptides were bought from Neosystem France, Saxon Biochemicals GMBH

Germany and Bachem Switzerland. MSHI11-13 analogues were gift from Dr. Helga

Suli-Vargha (Peptide chemistry group Eotvos University, Hungary). Peptides were

dissolved in 0.9% NaCl, aliquoted and kept until use at — 20 C’.

Table 1. Structures of the studied peptides

No. | Peptide Sequence of amino acids
1. a-MSH Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-
Pro-Val-NH,
2. NDP-MSH Ac-Ser-Tyr-Ser-Nle-Glu-His-D-Phe-Arg-Trp-Gly-Lys-
Pro-Val-NH,
3. MSHI11-13 Ac- Lys-Pro-Val-NH,
4. SP oHN-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-
Met-NH,
5. Spantide-I DArg-Pro-Lys-Pro-Gln-DTrp-Phe-DTrp-Leu-Leu-NH,
6. a-neo-endorphin oHN-Tyr-Gly-Gly-Phe-Leu-Arg-Lys-Tyr-OH
Dynorphins
7. D-Al1-17 oHN-Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys-
Leu-Lys-Trp-Asp-Asn-Gln-OH
8. D-A2-17 oHN-Gly-Gly-Phe-Leu-Arg-Arg-lle-Arg-Pro-Lys-Leu-
Lys-Trp-Asp-Asn-Gln-OH
9. D-A2-11 »HN-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys-Leu-
OH
10. | D-A1-13 2HNTyr-Gly-Gly-Phe-Leu-Arg-Arg-Ile-Arg-Pro-Lys-
Leu-Lys-OH
11. | D-Al-6 oHN- Tyr-Gly-Gly-Phe-Leu-Arg-OH
12. | Dynorphin B (D-B) oHN-Tyr-Gly-Gly-Phe-Leu-Arg-Arg-Gln-Phe-Lys-
Val-Val-Thr-OH
13. | Met-enkephalin oHN- Tyr-Gly-Gly-Phe-Met-OH
14. | Leu-enkephalin oHN-Tyr-Gly-Gly-Phe-Leu-OH
MSH11-13 analogues
15. |1 Lys-Pro-Val-NH,
16. | II Ac- Lys-Pro-Val-NH,
I Ac-Lys-Pro-Val
I I
17. | IV Ac-Lys-Pro-DVal
I I
18. |V c(Lys-Val)
19. | VI c(Lys-DVal)
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2.3.Cell lines
Cell lines were bought from ATCC cell bank in USA. Registration codes:

RAW264.7 - ATCC TIB-71, COS-7 — ATCC CRL-1651, B16-F1 — ATCC CRL-6323.
Human dermal fibroblasts (HDFs) cells were purchased from Cell Systems, St.

Katharinen, Germany.

2.4. Cell culturing

Each cell line was grown in cell cultures according to the cell growing certificate.
COS-7, B16-F1 and human fibroblasts were cultivated in  Dulbecco’s medium
supplemented with 10% fetal bovine serum (FBS) and antibiotic/antifungal mix 1%
penicilline/streptomycine, 0.5% amfotericine. RAW?264.7 cells were cultivated in
RPMI-1640 medium with 10% FBS and 1% antibiotics. Cells were cultivated in cell
incubator at temperature 37° C’ 5% CO, atmosphere until 80% confluence was reached.
Then cells were harvested, counted and used in experiments. B16-F1, RAW264.7 and
primary human fibroblasts express MCRs therefore they were used in experiments after

harvesting.

2.4.1. Cell transfection

COS-7 cells do not express naturally MCRs therefore they were transfected with
corresponding receptor DNA constructs in expression vectors. Briefly, in Ependorph
tube were mixed 70 pl of OptiMEM medium, 20 pl Lipofectin reagent, and 1 pg
plasmid DNA for 1 million cells. Mixture was incubated at room temperature 1 min.
To COS-7 cell monolayer OptiMEM medium was added and drop by drop prepared
mixture. Then cells were grown 5-24 h, OptiMEM medium changed to the appropriate
cell growth medium for next 48 h. After that cells were harvested, counted and used in

experiments.

2.5. MCR DNA constructs

MCRI1 and MCRS5 DNA were cloned into pRc/CMV expression vector (Fig.1.,
Invitrogen), MCR3 and MCR4 DNA cloned into pCMV/neo expression vector (Fig. 2)
were gift from Prof. Ira Gantz, University of Michigan, USA.

63



Coding Region 3 Uniranslated Region
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Fig. 1. pRc/CMYV expression vector (Invitrogen catalog)
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Fig.2. pCMV/neo vector (Origene catalog)

2.6. Ligand-receptor binding

Assays of peptide binding to human MCs receptors were performed using

7o -MSH (in text called ['2°TINDP-MSH ) radioligand binding as

[12°1)[Nle* D-Phe
described earlier (Schitth et al., 1996). Cells were taken from growing plates, washed
with binding buffer (Minimum Essential Medium with Earle's salts, pH 7.0, 0.2%
bovine serum albumin, ImM 1,10-phenanthroline, 0.5 mg per liter leupeptin and 200

mg per liter bacitracin) and then distributed into 96-well binding plates — 50 000 cells

per well. The cells were then incubated for 2 h at 37° C with binding buffer containing
in each well constant concentration 0.2 nM of labelled NDP-MSH and unlabelled
ligand. After the incubation plates were put on ice and the cells were washed with ice-
cold binding buffer and detached from the plates with 0.1 M NaOH. After that the

amount of bound radioactivity was counted with 1450 Microbeta Trilux (Wallac,
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Finland) liquid scintillation and luminescence counter and data analyzed with the

GraphPad Prism.

2.7. Measurement of nitric oxide (NO) production

RAW 264.7 cells were grown in until confluence. Before experiment cells were
scraped off from Petri dishes, centrifuged and resuspended in RPMI 1640 medium
without Phenol red supplemented with 2 mM L-glutamate. Cells were seeded in 96 well
plates at a density 500,000 per well and incubated in the above mentioned medium with
combination of LPS ( from Escherichia coli) 100 ng/ml and IFNy 5 units per ml and
peptides of interest for 16 h at 37° C in the cell incubator. As control were used cells
exposed to LPS + IFNy (without drug) and unstimulated cells. After 16 h nitrite
release was determined by mixing 50 pl of culture medium with 50 ul of Griess reagent
(Green et al., 1982). After 10 min absorbance was measured at 540 nm with Novo
Biolabs kinetic microplate reader (Molecular Devices).

2.8. Measurement of cAMP generation.

Cells were harvested and pre-incubated for 30 min at 37° C in DMEM without FBS
containing 0.5 mM 3-isobutyl-1-methylxantine (IBMX). After pre-incubation the cells
were distributed 50 000 cells/well into 96-well microtiter plates, centrifuged and
supernatant was discarded. Then to the cell monolayer appropriate concentrations of
peptide of interest in 0.05 ml of the DMEM + IBMX were added. The cells were
incubated for 20 min in the cell incubator. The cAMP was extracted by adding 4.4 M
perchloric acid to achieve a final concentration of 0.4 M. After 5 min extracts were
neutralized with SM KOH/1 M TRIS and centrifuged. The cAMP concentration in the
supernatant was measured by using a bovine adrenal binding protein binding assay as
described (Nordstedt and Fredholm 1990) and cAMP concentration in the samples was

calculated according to standard curve obtained in the same way.

2.9. Statistical analysis
Data analysis was performed using computer programs Microsoft Excel 2000 for

Windows and GraphPad Prism 3.00. Statistical analysis was performed using one—way
ANOVA followed by Bonferroni multiple comparisons test; Student’s t-test (2-tailed t
test). Results were calculated as the mean + S.E.M. Significance of the obtained results

was reached if p value was less than 0.05.
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3. RESULTS
3.1. Characterization of binding kinetics of a-MSH and its analog

[Nle4, DPhe7]a-MSH in mouse melanoma cell line B16-F1

Constant concentration of [1251]—NDP—MSH 0.2 nM was incubated different time
with B16-F1 cells distributed 100000 cell per well. As shown in Fig.3A the percent of

[125I]NDP-MSH specifically bound to MCRI located on B16-F1 cells in % of total

binding during 4 h is about 7-10 %. It means that hot was used in superfluous amount

that allows the [1251]NDP—MSH to saturate the receptors. Non specific binding was
detected by blocking receptors with high (1 uM) concentration of cold NDP-MSH, and

it was negligible. Binding of the [ 2 T]NDP-MSH to B16-F1 cells increased with time

and almost reached the plateau at about 2 h. In this experiment maximal incubation

time was 4 hours, and it gave approximately the same [IZSI]NDP—MSH binding as after
2 h. The results of the competition binding assay carried out with constant
concentration of labeled and varying concentrations of the cold NDP-MSH added
simultaneously to cells after the samples’ incubation 0.5, 1, 2 and 4 h did not show
significant K differences but variations between independently performed studies were

bigger after 0.5 and 1 h incubation time than after 2 or 4 h (Table 2).

Table 2. Inhibition constants of NDP-MSH obtained after different incubation

time in three independent experiments carried out in duplicates

Peptide 0.5h lh 2h 4h
Ki (nM) Ki (nM) Ki (nM) Ki (nM)
NDP-MSH 0.046 +£0.038 | 0.051 £0.033 | 0.060 +0.008 | 0.102 £0.02
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Fig.3. Binding of ['*I]NDP-MSH at constant concentration 0.2 nM at different
incubation time to B16-F1 mouse melanoma cells distributed 100000 cells/per well.
A. Bl non specific binding curve detected by blocking MC1 receptors with NDP-MSH at 1uM
concentration, @ total binding curve of [125 IINDP-MSH to MCRI1 receptors

B. Competition binding curves obtained after simultaneously added ['*IINDP-MSH and
unlabeled NDP-MSH at different incubation time intervals (¢) 0.5 h, (@) 1 h, ()2 h, (A) 4 h.
Binding experiments were performed in the duplicates and repeated three times.

However, in the another set of experiments with 1 h preincubation of the B16-

F1 cells with 1 uM o-MSH or NDP-MSH in the growing media supplemented with

protease inhibitors before adding the constant concentration of the [1251]N DP-MSH (0.2

nM) at varying time, decrease of receptor number per cell was observed (Fig.4).

After 1 h preincubation time media with free unbound peptide was removed and cells
were washed with media supplemented with protease inhibitors. Varying binding
performance time was chosen to study kinetics of receptor occupancy by cold peptide,

and duration of the receptor down regulation or internalization. As control served data

after ['“IINDP-MSH binding without preincubation with unlabeled peptide.
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Calculation of the receptor protein concentration in the assay after 1, 24 and 48 h time
in the comparison with 0 h showed that the biggest decrease in the receptor level was
during 1-24 h. Down-regulation or continuous occupancy by cold peptide of the MCR1
receptors was long lasting but it was not progressing, because after 48 h receptor
protein concentration was at the same level as after 24 h. Thus, after 48 h we still did
not see receptor recovery up to the control level but noticed that same portion of

receptors is intact.

9-

0 [ [ [
0 1 24 48
Preincubation time (Hours)

Fig.4. Decrease of MC1R concentration obtained in the binding assay performed
after preincubation of the B16-F1 cells with NDP-MSH 1uM (®) and o-MSH 1puM

(M). Each point represents mean £ S.E.M in pM of three independent experiments performed
in the duplicates.

Time-effect relations were also observed in the comparative competition assay

(Fig.5A). It was shown that after 0.5 h bound ['*IINDP-MSH concentration was only

1/3 from bound after 2-4 hours but maximal bound concentration in the experiments
with incubation time 2 and 4 hours differ insignificantly. Starting approximately at 10
nM concentration of cold NDP-MSH complete displacement of hot was registered at all

curves obtained after the corresponding incubation time.
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Fig.5. Competition curves of a-MSH (Fig.5A ) and NDP-MSH (Fig.5B) obtained
by using a fixed concentration of 0.2 nM of the ['*1]-NDP-MSH and varying
concentrations of the non-labeled peptides after different pre-incubation time

intervals: 0 h (ll), 1 h (@),24 h (A), 48 h (). Each binding experiment was performed in
duplicate and repeated three times.

During variable preincubation time with a-MSH in the variable concentrations
(Fig.5A) down-regulation of receptors was noticed already after 1 h but competition
curve after 1 h preincubation was similar to O time curve. Contrary, after 24 h and 48 h
displacement of cold peptide by labeled NDP-MSH was observed only in the wells with
higher concentrations of the a-MSH, namely, in the wells with 10 nM up to 1 uM
concentration after 24 h preincubation and in the wells with 100 nM up to 1 uM
concentration after 48 h. It means loss of the a-MSH in the incubation samples despite

of the usage of the protease inhibitors or internalization of ligand-receptor complex.

69



It was shown in the Fig. 5B that long lasting incubation of the cells with the NDP-MSH
less influenced profile of the binding curves. There were clearly seen curves also after
24 and 48 h. It can be explained with differences in Ky values of the a-MSH (0.684 +
0.043) and NDP-MSH (0,05 £ 0.006 ), therefore, remaining concentration of NDP-

MSH in the wells of the highest concentration dilutions was sufficient to compete and

displace [IZSI]NDP-MSH from the binding sites.

3.2. Binding of SP antagonist Spantide I to MCR

In order to characterize the Spantide I and a-MSH binding to MCRs the transiently
expressed receptors on the COS-7 cells were used. K; values of peptides are compared
in Table 3.

Table 3. K; values (mean £ SEM), obtained from competition curves, for a-MSH,

Spantide I and SP (n= 3 independent experiments in duplicates)

Ligand MCRI1 MCR3 MCR4 MCR5

Ki (nM) Ki (nM) Ki (nM) Ki (nM)
a-MSH 0.132+£0.043 | 142+1.25 760 + 39 4054 + 142
Spantide I 1236 £ 470 19929 + 1435 | 22848 £ 194 17825 + 1523
SP n.b. n.b. n.b. n.b.

n.b. — no binding. Experiments were repeated three times in duplicates.

a-MSH K; values obtained from competition curves are in the agreement with our
earlier published ones (Schitth et al., 1995; Schioth et al., 1996). a-MSH binding
potency order is as usually MCRI>MCR3>MCR4>MCRS. Spantide I shows lower
affinity to all of MCRs. Obtained Spantide I K; values to all MCRs are in the
micromolar range. Spantide I almost equally binds to the all human MCRs. However,
there is a little preference of Spantide I to bind to MCRI1. Thus, Spantide I binding
potency order is comparable with o-MSH and it is following:
MCR1>MCR3=MCR4=MCRS5. SP did not bind at all to MCRs up to 100 uM
concentration used in this assay.
Competition curves of the a-MSH are presented in the Fig.6A but of the Spantide I in

the Fig. 6B. The MCRs were expressed transiently, therefore, as it can be seen from
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figure, expression levels may vary from experiment to experiment, and here obtained
receptor expression levels are not as a role in the same order in the all experiments.
However, MCR4 expression level is noticed more often to be higher than other MCRs.
As it is shown in the Fig.6 both peptides displace ['*TINDPMSH completely. For all
MCRs non-specific binding was found to be less than 10 %.
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Fig.6A. Binding of a-MSH and Fig.6B binding of Spantide I to the human MCRs
in the COS-7 cells.

COS-7 cells were transiently transfected with corresponding MCRs cDNAs:
H MCIR,® MC3R, A MC4R, ¢ MCSR.

[125 I]-NDP-MSH was used at constant concentration 0.2 nM.
Binding experiments were performed in the duplicates and repeated three times.
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3.3. Influence of Spantide I on NO production in mouse

macrophage cell line RAW264.7

RAw264.7 cells were stimulated 16 h with NO production increasing agents —
LPS of 100 ng/ml and IFN-—y of 5 U/ml (Fig. 7). Spantide I and o-MSH was added
simultaneously with endotoxins as well as alone 16 h before the NO measurements.

In control cells (without endotoxins) both peptides did not influence the basal NO
level (data not shown). As seen in Fig.7, Spantide I inhibits NO overproduction at
higher concentration as a-MSH, nevertheless, both peptides inhibit NO overproduction
approximately 60%. However, basal NO level was not reached. With goal to prove that
Spantide I acts via MCR, 15 min before the peptide adding to the cell medium, HS024
as known MCR antagonist, was added at constant 100 nM and 1 pM concentration.
HS024 blocked the effect of a-MSH at concentration of 100 nM, whereas to inhibit the
effect of Spantide I, 10—fold higher concentration (1 uM) of HS024 was needed. Cell
viability was measurement to exclude the decrease of cell number that could mislead
the interpretation of the results. Data showed that living cell number was not changed,

comparing cell numbers in the control and experimental cultures.
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Fig.7. Inhibition of NO overproduction by Spantide I and o—MSH.

The cells were stimulated for 16 h with LPS (100 ng/ml) and IFN—y (5 U/ml) in the
presence of various concentrations of the peptides. The graph shows dose response
curves of o—MSH (@), Spantide I (H), o-MSH + HS024 100 nM (), Spantide I +
HS024 100 nM (A), Spantide I + HS024 1 pM (V).
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3.4. Binding of dynorphins to MCR

We have found that enkephalins did not bind to MCR up to 10 mM concentration and
that a-neo-endorphin, dynorphin B (D-B), dynorphin A 1-6 (D-A(1-6)) did not replace
[1251]NDP-MSH from binding sites up to 100 uM concentration (Table 4).

As it is shown in the comparison with a-MSH dynorphins (except D-B and D-A(1-6))
bind with low binding affinities to all MCR. However, there were some peculiarities
obtained, for example, that D-A(1-17) bound similarly to MCR1 and MCR3 receptor,
as well as to MCR4 and MCRS. D-A (2-17) showed similar binding affinities to
MCRI1 and MCR4, and lower affinity to MCR3 and MCRS receptors. D-A(2-11) bound
better to MCR1 than to other MC receptors, showing only negligible binding to
MCRA4. D-A(1-13) bound almost equally to MCR1, MCR3 and MCRS, showing lowest
affinity to MCR4 receptor. Such binding potency order was not familiar for MC
peptides which wusually showed the best binding affinities to MCRI1, than to
MC3>MC4>MCS5. Another peculiarity is that shorter D-A(1-6) peptide did not bind at
all to MC receptors. Shortening of the D-A(1-17) on the first amino acid Tyr, led to
decrease of affinity to MCR3 but increase to MCR4. On the other hand, shortening of
the D-A(1-17) to 13 amino acid long peptide D-A(1-13), resulted in the almost identical
to D-A(1-17) binding (except to MCRS).

Table 4. Binding affinities of peptides to MC receptors (average K; + S.E.M.)

MCRI1 MCR3 MCR4 MCR5

Peptide (KinM) |SEM | (KinM) |S.EM |(KinM) |S.EM | (KinM) | S.EM
0-neo-

endorphin >100000 >100000 >100000 >100000

D-B >100000 >100000 >100000 >100000
D-A(1-17) 6860 281 6296 414 70779 3605 179290 64612
D-A(2-17) 2339 886 40065 30357 | 5990 143 60638 39362
D-A(2-11) 6944 567 >100000 114285 2780 >300000
D-A(1-13) 9353 603 8782 308 70352 3425 14236 2741
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D-A(1-6) >100000 >100000 >100000 >100000
Met-enk. n.b. n.b. n.b. n.b.

Leu-enk. n.b. n.b. n.b. n.b.

o-MSH 0.210 0.08 22 34 432 76 5400 377

D- dynorphin; n.b. — no binding

3.5. Studies on human primary fibroblast cells: expression of MCRs
and cAMP generation

In the radioligand binding assay by using labelled ['*IINDP-MSH we obtained
characteristic for a-MSH competition curve and calculated value of a-MSH inhibition
constant (Kj) ) to be of 0.12+0.034 nM that corresponds to the a-MSH binding to the
MC-1R (Schitth et al., 1996). However, as seen from Fig.8, the a-MSH binding was
reduced during three cell passages and completely lost after six.
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Fig.8. Competition curves of a-MSH obtained on human fibroblasts cells after 1%
passage (circles), after 3" passage (squares) and after 6™ passage (triangles).
Experiments were performed in triplicates and repeated 3 times.

In the other experimental set-up HDFs after the six passages were grown in the
cell medium supplemented with o-MSH at concentrations of 10", 10 and 10° M.
Fig.8 shows that labelled NDP-MSH did not label MC receptors on the cell surfaces
neither after 6™ passage nor after o-MSH stimulation. As positive control served HDFs

after first passage and as negative control - non-specific NDP-MSH binding, obtained
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on the first passage cells by using high excess of the a-MSH (concentration of 10 pM)

for the displacement of the radioligand.
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Fig.9. Stimulation of the MC-1R expression in the human fibroblast cells by a-
MSH at varying concentrations.

Experiments were repeated 3 times in triplicates. Data are means = S.E.M.

*p <0.05 vs non-specific binding control;

cpm — counts per minute

It is known that all MC receptors are G-protein-coupled receptors whose interaction
with ligand results as a cAMP generation therefore to investigate the functional
coupling of the MC receptors on HDFs, we performed cAMP measurements in cells
stimulated with varying concentrations of a-MSH. As shown in Fig.10, a-MSH
concentration-dependently increased cAMP level as compared with non-stimulated
control cells. a-MSH reached maximum of the effect at concentration of 1 uM. In line
with the binding experiments, we did not observe a-MSH stimulation on the cAMP

generation after 6 passages of HDFs.
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Fig.10. Stimulation of the cAMP generation in the human fibroblast cells by a-
MSH at varying concentrations after 1*' passage (squares), after 3" passage
(triangles) and 6™ passage (circles).

Experiments were repeated 3 times in triplicates. Data are means = S.E.M.

3.6. Binding of a-MSH11-13 analogues to MCR

To exclude cell specific response of MSH11-13 and its analogues, the peptides
were tested for the MCR binding on different cell lines naturally expressing MCR1 as
well as on transfected with MCR receptor DNA cells. a-MSH was used as reference
drug. RAW254.7 cells express small number of MCRI, approximately 200-300
binding sites/cell, B16-F1 cells —3000-4000 binding sites/cell whereas transfected Sf9
cells — 100000-200000 binding sites/cell. The number of receptors per cell was
calculated taking into account bound NDP-MSH molecules. According to the
competition curves computer programs calculate specifically bound molar
concentration of the label. Knowing a number of molecules (Avogadro constant) in one
mole, the binding sites of NDP-MSH were calculated. It is known that one receptor
protein binds one ligand molecule. Thus receptor number per cell corresponds to the
number of binding sites per cell.

Obtained results revealed that neither MSH11-13 nor its analogues bind to the
MCRs up to concentration of 10 mM (Table 5).
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Table 5. K; values (nM) of peptide binding to the MCRs on different cell lines

Peptide S19 S19 S19 S19 RAW264. | B16-F1
MCR1 | MCR3 |MCR4 |MCR5 |7
a-MSH 0.33 26134 702421 | 603474 | 0.3620.09 | 0.21+0.1
+0.04
Lys-Pro-Val-NH, (I) n. n. n. n. n. n.
Ac-Lys-Pro-Val-NH, | n. n. n. n. n. n.
(ID
Ac-Lys-Pro-Val (IIT) n. n. n. n. n. n.
1 1
Ac-Lys-Pro-DVal n. n. n. n. n. n.
(Iv)
1 I
DKLL (V) n. n. n. n. n. n.
DKLD (VI) n. n. n. n. n. n.

n=4, independent experiments in duplicates
n. — no binding

3.7. Influence of MSH11-13 and its analogues on generation of cAMP
in B16-F1 and RAW264.7 cells

Many effects of a-MSH are known to be mediated by the stimulation of the
formation of cAMP. We therefore measured the influence of MSH11-13 analogues on
the levels of cAMP in naturally MCR1 expressing macrophage and melanoma cell
lines. Results are shown (Fig. 11). As seen o -MSH dose dependently increased cAMP
in both cell lines. In contrast, none of the MSH11-13 analogues, with the exception of
peptide IV, increased the level of cAMP, even when applied in concentration as high as
100 puM (Fig. 11). Peptide IV showed a tendency to stimulate cAMP generation starting
at concentration of 1 uM. The accumulation of cAMP seemed then to increase dose
dependently when the peptide was applied up to a concentration of 100 uM, where the
effect seemed to start reaching a plateau. As seen, the maximal response obtained was
only a fraction of that reached with a-MSH. The ECsy values calculated for peptide
cyclo(Ac-Lys-Pro-DVal) (IV) were of 948 +128 nM in the B16-F1 cells, and of 606
+132 nM in the RAW 264.7 cells. The examined substances behaved similarly in both
B16 and RAW264.7 cells, showing that the studied effects were not cell specific.

77




1B16 F1 cells

§30 =

0

T T T T T
Basic level-13  -12  -11 -10 -9 -8 -7 -6 -5 -4
Compound concentration log(M)

50~
45-
40-
35-
£30

RAW 264.7 cells

0 T T T T
Basic level-13  -12  -11  -10 -9 -8 -7 -6 -5
Compound concentration log (M)

Fig.11. Stimulation of cAMP generation in the B16—F1 and RAW264.7 cells by
o—MSH (), MSH11-13 (A), MSH11-13 analogues 11 (o), III (@®),IV (A),V
(0), VI(O).

Each point represents the mean of four independent experiments.

3.8. Influence of MSH11-13 analogues on the production of NO in
RAW264.7 cells

The production of NO was measured as its metabolite NaNO, concentration in the
cell culture supernatant. Accumulation of the nitrite in RAW264.7 cell culture
supernatant is shown in Fig. 12. As seen, 16 h stimulation by LPS/IFNy (accordingly
100 ng/ml and 5 U/ml) initiated significant increase of nitrite level in comparison with
un—stimulated cells. o-MSH and acetyIMSH11-13 as well as MSH11-13 inhibited
LPS/IFNy—caused increase of nitrite level that corresponds to the NO level. Calculated
ICsp values were: a-MSH at concentration of 25 + 10 pM, acetyIMSH11-13 of 80 + 16
pM, and MSH11-13 of 64 £ 21 pM. NO production was blocked approximately 60%
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of maximal increased level. Test on the cell viability with Trypan blue confirmed that
number of living cells were not changed. Therefore, we concluded that cell stimulation
with endotoxins LPS/ IFNy did not affect cell viability.

Synthetic MSHI11-13 analogues were less active. They inhibited NO
overproduction with following ICsy values: 18.4 + 8.77 nM (III), 4.6 £ 1.23 nM (IV),
155 £ 67 nM (V) and 238 + 87 nM (VI). However, at concentration of 100 uM all
MSH11-13 analogues — similarly as whole MSH molecule — blocked 60% of endotoxin

effect. No one peptide normalized NO level completely.

o5 RAW264.7 cells
T [ ]

20

Nitrite concentration (microM)

Im
0——=— T T T 1 | L
Control LPS+IFN  -14 -13 -12 11 -10 9 -8 -7 -6 -5 -4
Compound concentration log (M)

Fig.12. Effect of melanocortin peptides on NO production. The graph shows dose
response curves of o—MSH (A), MSH11-13 (), MSH11-13 analogues II (O), III (O), IV
(A), V (VY), VI (©). The cells were stimulated for 16 h with LPS (100 ng/ml) and IFN—y (5
U/ml) in the presence of various concentrations of the peptides. Control cells were incubated

with (@) and without LPS/ IFN—y (H). NO production was measured by determining the nitrite

levels at the end of the incubation. All values represent means + SEM of three independent
experiments performed in triplicate.

3.9. Influence of o—-MSH and MSH11-13 on expression of MCRI1 in
macrophage cell line RAW264.7

Obtained results showed that resting RAW264.7 cells express low number of
MCR, approximately 300-500 NDP-MSH binding sites per cell (Fig.13). IFNy at
concentrations of 1 and 5 U/ml increased MCR1 number up to 1000-1500 binding sites
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per cell. LPS at concentrations of 50 and 100 ng/ml increased the number of MCR up to
800-1000 binding sites per cell. Thus, IFNy influence was stronger than that of LPS.
Simultaneously added to cell cultures IFNy 5 U/ml + LPS 100 ng/ml did not showed
sum of the effects, rather prevailed effect of the IFNYy.

a-MSH and its C terminal tripeptide at concentration of 1 nM up to the 1 uM did not
influence NO production in the resting cells (data not shown) whereas in the
endotoxin—stimulated cells exerted dose—dependent NO production inhibiting effect.
As seen in Fig.13, a-MSH at concentration of 10 nM normalized the number of MCR.
MSH11-13 showed the same effect at concentration of 1 uM that is 100 times higher
concentration. Besides it, o-MSH effect was statistically significant starting from

concentration of 100 nM.

*

16007 o 16007 B
1400 -} 1400
3 1200 * 8 1200 *
S . *
£ 1000- -I- 2 1000
8 800 © 800
S B
5 600 3 600-]
o) e}
£
§ 400 'I' -I- 2 400
200 200]
0 T 0
control 0,1 1 5 control 10 50 100
IFNgamma LPS

*
1800+ o . 18007 p _}
1600 1600 .
3 1400 3 1400 #
ke °
12
51200— § 1200 {-
o o
& 1000 # 21000
2 @
5 800 5 800 #
2 6004 # 2 600
5 5
Z 400 Z 4004
200 200
0 - T T T L L 0 - T T T T 1
o) w0 e 2, o o 2, 2
o/)/} k 94 (2 OO& /k( (% 00 000
o X o X
& &
MSH MSH11-13

Fig.13. «—MSH un MSH11-13 influence on number of MCR on IFNy and LPS-stimulated
cells. 13A. IFNy added U/ml. 13B. LPS ng/ml, 13C a-MSH nM and 13.D. MSH11-13 nM.
13C and 13D IFNy 5 U/ml + LPS 100 ng/ml.Data shown as mean = S.E.M from three
independent experiments in duplicates.

e P <0.05 vs control

e #P<0.05 vs IFN-y + LPS

Neither LPS nor IFNy competed for the binding sites to the MCRs (data not shown).
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As seen from Fig.14, LPS (100 ng/ml) with IFNy (5 U/ml) increased specific
ligand, plotted as interval between total and non—specific NDP-MSH binding. Plateu
was reached at NDP-MSH concentration of 0.6-0.7 nM whereas control cells
expressed lower number of receptor per cells that were saturated at concentration of
0.15 nM (Fig.14B). Affinity of NDP-MSH was not changed, it was the same as Ky

value in both cases was of 0.12+0.03 nM. Non-specific binding was not changed by

endotoxins.

0 -
0 2 4 6 8 10 12 14 16
NDP-MSH konc. nM
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0 2 4 6 8 10 12 14 16
NDP-MSH konc. nM

Fig.14. NDP-MSH binding saturation curves on RAW264.7 cells.

14.A. 16 h cell stimulation with IFNy 5 U/ml + LPS 100 ng/ml.

14.B. NDP-MSH saturation curves without IFNy 5 U/ml + LPS 100 ng/ml. Nonspecific binding
determined by using 1 uM NDP-MSH.
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4. DISCUSSION

4.1. Kinetics of NDP-MSH and o—~MSH binding to MCR

Membrane receptor-ligand interactions play a crucial role in the trans-membrane
signaling, and, thus these receptors are important targets for the therapeutic agents.
B16-F1 cells have been often used in the experiments of MC binding and cAMP
stimulation assays as a source of MCRI1. Receptors for a-MSH have been identified and
localized in multiple murine and human melanoma cell lines. However, important
differences in the ligand binding preference and physiological responses have been
observed between the species. Such differences constitute for the different dissociation
constants (Ky) of the ligands and number of receptors per cell. Human melanoma cells
generally express approximately 10-fold lower amount of MCR molecules per cell
(Eberle et al., 1991; Salazar-Onfray et al., 2002). However, these cells posses somehow
higher affinity in comparison to murine cell lines (Wong and Minchin, 1996).

In the present study we investigated the peculiarities of the radioligand binding in
murine melanoma cell line B16 because that cell line is used in MCR related high
throughput screening assays. Thus, the appropriate binding experiment design is very
important for more efficient novel drug discovery.

Our data show that the specific/nonspecific binding ratio in these cells was about 50:1.
Similar results were obtained and reported also in the studies on human melanoma cells
(Eberle et al., 1991). The binding constants obtained by us for a-MSH and NDP-MSH
were in the line with our previous results describing simultaneous addition of the both
labeled and unlabelled ligands to the cells and incubation for 2 h (Schiéth et al., 1995).
Such binding assay was developed for another cell line — COS-1 or COS-7 cells
transfected with corresponding MCRs DNA (Schi6th et al., 1995). Later the same assay
set-up was adapted for natural cell lines. However, more detailed investigation of the
cell peculiarities was necessary to better understanding of the binding conditions and
calculated binding constants’ values. Moreover, the influence of the duration of cell
pre-incubation with unlabeled ligands on the receptor concentration and its influence on
the competition curves was not been studied before.

It has been reported that in vitro binding characteristics are influenced by the specific
activity of the labeled preparations (Eberle, 1988). Since the number of naturally

occurring MCRs on human melanoma cells is a relatively small number, for instance,
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from 147-1500 receptors per cell (Eberle, 1988), even the high specific activity ligand
as iodinated NDP-MSH, does not afford to register any binding if receptors are down-
regulated. Our data show that NDP-MSH binding to MCR in the B16-F1 cells is
characterized by the slow association and slow dissociation constants, as well as down-
regulation of the receptor concentration. These effects were observed after long lasting
stimulation of the cells with natural hormone o-MSH and its enzyme degradation
resistant analog NDP-MSH.

In the article of Wong and Minchin (1996) internalization of the MCR on murine
melanoma cells and ligand NDP-MSH degradation was described. Authors found that
NDP-MSH was rapidly internalized and translocated to the lysosomal compartment
were it was degraded. The receptor internalization was accompanied by a loss of cell
surface receptors that may be explained with assumption that whole NDP-MSH-
receptor complex undergo internalization. No recycling of the receptors was detected
up to 96 h and it was accompanied by a decrease in MCR1 mRNA levels 48 h after
treatment. However, before 48 h, transcript levels were unchanged in intact cells or
treated with peptide. Authors suggested that it was due to the NDP-MSH inhibitory
effect on receptor turnover. Our findings demonstrating the down-regulation of receptor
concentration in the binding assay confirm the theory that in B16-F1 cells MCRI1
undergo ligand-dependent internalization and that receptor level decrease is prolonged
due to long lasting contact with both investigated peptides.

We have showed that approximately 14-20 % of the MCRs were resistant to down-
regulation because after 48 h the total bound labeled concentration was close to that
after 24 h pre-incubation. Earlier Siegrist et al. (1989) showed that MCRs on human
melanoma cells do not undergo rapid internalization. Earlier, by using
immunocytochemical techniques some internalization of the MCRs in the human
WM266-4 cell line and also human solid tumor specimens were demonstrated (Xia et
al., 1996; Xia et al., 1995). Furthermore, the detailed studies of Siegrist et al. (1994)
have proven that both positive up-regulation and negative down-regulation of receptors

In summary, we have here shown that to optimize MCR binding conditions on

the naturally expressing receptors cells a balance between slow association and

dissociation of the ['*I]NDP-MSH should be found and possible down-regulation and

internalization of the receptors by long lasting contact with ligands considered.
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4.2. Characterization of human primary fibroblast cells

We investigated the functional expression of the MCRI1 on the cultured HDFs

during several cell reseeding procedures with the goal to evaluate MCR1 localization
on the cell surface. Previously, it has been discovered that MCRI1 is not confined to
epidermal melanocytes, but is detectable in many resident cells of the skin (Bohm et al.,
1999) including HDFs derived from neonatal foreskin, connective tissue sheath
fibroblasts (CTSFs) and dermal papilla cells (DPCs) of the hair follicle (Bohm and
Luger, 2004). Reverse transcriptase polymerase chain reaction (RT-PCR) analysis
using primers against all MCRs revealed that only MCRI1 is expressed in HDFs, and
that a—-MSH modulates collagen expression (Bohm and Luger, 2004), antifibrogenic
effects (Bohm et al., 2006) and inhibits tumor necrosis factor-a (TNF-a) signaling via
MCRI1 receptors on HDFs (Hill et al., 2006). In the neonatal foreskin MCRI1
immunoreactivity and high affinity binding sites for NDP-MSH were found (Bohm and
Luger, 2004). However, MCR1 fibroblast (obtained from neonatal foreskin) cell surface
immunoreactivity, as shown by flow cytometric analysis, declined in vitro and were
undetectable after 30 passages (Bohm and Luger, 2004). In the radioligand binding
assay we obtained earlier loss of the membrane receptors — after 6 passages. It could be
due to the lower sensitivity of the radioligand binding assay or dependence of MCR1
expression on skin donor age. In our experiments with adult skin specimens, MCRs
were not expressed at the cell membranes after 6" passages or at least were not
detectable. Such suggestion is supported by the immunostaining studies after 30"
passage where MCR1 immunostaining was found in the distinct fibroblastic cells
mainly in the cytoplasm (Bohm and Luger, 2004) where ligand cannot reach receptors.
Internalization of the MCR1 was also observed earlier by the studies on melanoma
specimens (Xia et al., 1995).
We found that o-MSH stimulates cAMP generation in HDFs at time interval that
corresponds to the MCR1 expression on the cell membranes. Obviously, intracellular
MC receptor proteins are not functional even if they are detectable by the
immunohistochemistry assays or proved to exist at mRNA level.

It is known that both HDFs and DPCs express MCRI and generate
proopiomelanocortin (POMC)-derived peptides (Bohm and Luger, 2004) that could

serve as such autocrine/paracrine modulators. POMC cleavage-derived peptides ACTH,
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a-MSH and B-endorphin are identified in skin cells (Bohm and Luger, 2004), and
HDFs in vitro continue to generate immunoreactive ACTH and a-MSH (Schiller et
al., 2001). However, adding of the o-MSH to the HDFs growth medium in our
experiments when MCR binding was lost, was insufficient to display MCR1 back to the
cell surface as we did not detect a-MSH binding to the HDFs after six passages as well
as did not observe cAMP generation in the response to the varying a-MSH
concentrations.
Therefore we suggest the necessity of the cellular co-operation to maintain functional
receptor proteins as it is observed in natural cell niches. Also, these findings support
earlier studies on the transgenic mice which, although had signaling-deficient MCRI,
did not show any dermal defects due to signals from other regulatory molecules
(Robbins et al., 1993).

In summary, we have shown that HDFs from adult donors skin in vitro cultures
outside their natural environment express functional MCR1 on the cell surface.
However, after six passages expression was lost and was not up-regulated by the a-

MSH stimulus.

4.3. Binding of Spantide I to MCR and influence on NO production

Nowadays different approaches are used to find sequence motifs that reliably
forecast binding of ligand to target receptors. In the end of 1990s screening of
combinatorial libraries has led to identification of the smallest structures (Quillan,
1995) known to antagonize the amphibian MCR. These structures were DTrp-Nle-NH;
and DTrp-Arg-NH,. Later on the basis of these entities data basis containing larger
peptide sequences were screened. Theoretically predicted compounds that could
interact with MCR include analogs of substance P (SP), luteinizing-hormone releasing
hormone, endothelin, neurotensin, opioid-somatostatin, p-opioid antagonists (CTAP)
and (CTOP) (Quillan and Sadee, 1996). However, binding of the all of these peptides
to MCRs in the radioligand competitive assays was not tested. Moreover, in the
radioligand binding assay mainly modified natural MC structures were studied but less
peptides distinct from MC sequences have been investigated. Therefore in this study
we paid attention to SP antagonist Spantide I as compound with predicted MCRs
binding motif as well as due to its similar to MC anti-inflammatory action (Annunziata

et al., 2000). SP and melanocortins both have receptors on immune system cells
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(Neumann-Andersen et al., 2001; Wikberg et al., 2000; van Hagen et al., 1999; Bae et
al., 2002). Here SP was used as reference drug with similar to Spantide I structure but
without the MCRs possible binding sequence. Obtained results were compared with a-
MSH binding to a single eukaryotic cell line COS-7 transiently expressing the one by
one all cloned human MCRs subtypes.
Physiological responses to SP and a-MSH are very similar: both peptides specifically
activate NF-kB, a transcription factor involved in the modulation of different cytokine
expression (Mandrika et al., 2001) , they control production of inflammatory cytokines
including interleukins (IL-6, IL-1, IL-12), and tumor necrosis factor alpha (TNF-a) by
human peripheral blood monocytes, and have autocrine regulation in macrophages.

Spantide I was described in 1984 (Folkers et al., 1984). Further structurally
related Spantide II and III were synthesized and found to be less neurotoxic as Spantide
I (Hakanson et al., 1991; Folkers et al., 1993). However, since 1984 Spantide I has
been used in many test systems to analyze multiple SP effects. Spantide I usefulness as
SP antagonist has been restricted by a relatively low potency and by its histamine-
releasing properties. Besides it in vivo in mice Spantide I treatment reduced frequency
and regularity of respiratory activity (Telgkamp et al., 2002).

In the functional tests Spantide I inhibited a-MSH stimulated pigment dispersion
in the amphibian melanophores with ICsy of 483 + 189 nM (Quillan and Sadee, 1996)
but did not affect elevated cAMP level. SP itself did not show any antagonism or
potentiation of a-MSH responses in this assay up to 100 uM concentration (Quillani
and Sadee, 1996) that is in the agreement with our binding data.

The natural MC peptides share a common core of four amino acids His’-Phe’-
Arg®-Trp’, and all peptides known to bind MCRs (except agouti, which is a large
peptide that does not show any homology with a-MSH) have elements from this core.

Here we report that 11 amino acid long peptide with completely different from MC

sequence can compete with a-MSH analog ['*IINDP-MSH for binding sites to MCRs.

In our experiments Spantide I showed a little binding preference to MCR1 and almost
identical affinities to the other MCR subtypes. SP, contrary, did not bind to MCRs. It
confirms the fact that in the alignment of peptide structure seen differences (see
Materials and methods) are essential for MCRs binding.

In these experiments we have shown that the representatives of two families of peptides

— neurokinins and melanocortins behaved similarly, they both bind to MCRs.
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Thus, we have found new MCR ligand between ligands of the other G protein coupled
receptor family.
With goal to prove MCR-ergic component in the Spantide I anti-inflammatory action
we examined Spantide I NO overproduction inhibiting effect in macrophage cell line
RAW264.7. We showed that Spantide I similarly to a-MSH inhibited LPS-induced NO
overproduction. Nonselective MCR antagonist HS024 blocked the action of Spantide I.
However, to block the effect of Spantide I 10-fold higher concentration of HS024 than
that for a-MSH was needed.

In summary, we showed that Spantide I binds to MCR and inhibits NO
overproduction via MCR. Thus, we have proved cross-talk between SP and MCR

ligands.

4.4. Peculiarities of dynorphin binding to MCR

Endogenous opiate peptides are naturally produced in the CNS and periphery. They
are classified as enkephalins, endorphins, and dynorphins. The endogenous peptides
can function both as hormones and as neuromodulators (Akil et al., 1984). It is known
that action of opioid peptides is mediated via five major categories of opioid receptors —
mu, delta, sigma, epsilon, and kappa. Dynorphins are reported to have highest affinity
to kappa receptors. They are thought to regulate pain at the spinal cord and to influence
feeding behavior. Already in 1996, Quillan and Sadee reported that dynorphins could
antagonize MCR in vitro with potencies similar for pharmacological non-opioid effects
of dynorphins in vivo. The authors showed that dynorphins antagonize human MC
receptors and an amphibian MC receptor in vitro with K4 values calculated in the cAMP
assay of 40 to 150 nM. Thus, dynorphins were found to inhibit an increase in the
cAMP generation caused by a-MSH in the cells transfected with human MCRs

subtypes.

Non-opioid binding sites for dynorphins have been demonstrated in a number of
tissues, but the identity of the these sites up to now have not been determined.
Recently Vriten et al. (2001) suggested that MC functionally interact with the opiate
system and that MCR blockade allows the analgesic effects of B-endorphin to develop.
Investigation of the involvement of the spinal cord MC system in neuropathic pain
showed that MCR4 antagonists might be promising agents in the treatment of

neuropathic pain ((Vriten et al., 2001, Klusa et al., 2001; Catania et al., 2004).
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As seen from Table 1, dynorphins have sequence similarity with enkephalins and o-
neo-endorphin but a very distinct sequence from a-MSH. a-MSH itself is a
13-amino-acid-long peptide and the same length has dynorphin A1-13 (D-A(1-13)).

We found low binding affinities of dynorphin A(1-17), dynorphin A (2-17), dynorphin
A(2-11), dynorphin A(1-13), and nonbinding of the dynorphin B, a-neo-endorphin,
enkephalins, and dynorphin A (1-6) to all subtypes of MCRs. Our binding results show
UM K; values that differ from earlier (Quillan and Sade, 1996) reported dynorphin
potency to antagonize o.-MSH-induced cAMP generation in cells transfected with MCs
receptor subtypes at the nM concentrations. Nevertheless, the novelty of this study was
discovery that D-A(1-17), D-A(2-17), D-A(2-11) and D-A(1-13) bind to MCRs. The
main conclusions are that dynorphins bind to MC receptors in an order different from
the order of endogenous MC peptide potency and that shortening of the dynorphin
sequences changes this binding pattern. The binding affinities are low, however, in the
different pathological situations when regional concentrations of the opiates are
increased, the binding to MC receptors could be realistic. Moreover, the fact that
dynorphins may bind to non-opiate binding sites opens new vistas for molecule
modeling with the aim to find structures that influence nociception but do not show the

addiction effects characteristic to opiates.

4.5. Influence of MSH11-13 and its analogues on MCR-mediated cell

responses
4.5.1. Influence of MSH11-13 on the localization of MCR1 on macrophage cell
membranes

In year 1989 Kameyama et al, described inflammation as reason for the skin
increased pigmentation, and demonstrated ability of IFNy together with a-MSH (not
alone) to stimulate melanin production in JB/MS melanoma cells as well as to

stimulate MCR expression in the melanocytes.

Anti—-inflammatory action of tripeptide MSH11-13 is described by several
authors (Catania et al., 2004; Mandrika et al., 2001; Cone, 2006). However, receptors
for MSH11-13 are not known. In the experiments with endotoxin—stimulated
macrophage cell line RAW264.7 we first have shown indirect relationship between

MSH11-13 and MCR that was revealed as ability of MSH11-13 to regulate the

88



number of MCR per cell. However, the effect of MSH11-13 was weak as 100 times
higher concentration of MSH11-13 was needed to reach the same effect as that of a-

MSH in the inflammation model in vitro.

Earlier publications showed that MSH11-13 does not stimulate cAMP
generation (Mandrika et al., 2001) therefore we suggest that MSH11-13 may influence
production of another cell signaling molecules, for example, NO. Such suggestion was
based on the earlier published data of MSH11-13 inhibition of NO overproduction in
the different inflammation models in vitro and in vivo (Mandrika et al., 2001; Wikberg

et al., 2000).

We have shown by radioligand binding assay that LPS and IFNy increased
NDP-MSH specific binding to the cells three times, thus confirming the increase of the
MCR number per cell. The described experimental set-up allows us to conclude that
expression of the MCR are changing due to the cell status — resting cells express lower
number of the MCR as endotoxin-stimulated cells. We observed that a-MSH and
MSHI11-13 regulated up-regulated MCR level and both peptides at higher

concentrations were able to normalize the number of MCR per cell.

4.5.2. The role of streoisomery in the action of MSH11-13 analogues

Evidence of overlapping of several intracellular messenger pathways has arisen
question: are all multifunctional actions of the MCs mediated via MCR or via
mechanisms distinct from MC receptors?
Historically first compound that arose this question was MSH11-13. Generally it is
accepted that C-terminal tripeptide does not bind to MCRs. It was shown also in this
particular case. We did not get competition curves from MSH11-13 and its analogues in
three cell lines tested here. Earlier Mugridge et al. (1991) reported that a-MSH and
MSH 11-13 competitively inhibit binding of IL-1p to type 1 receptors and suggested
possibility that both peptides act as an endogenous IL-1 antagonists but unfortunately
further investigation in this field has not followed.
It is not excluded that MC besides MCRs bind to other, additional receptors on the
different cells and can mediate different intracellular pathways acting via multiple

receptors.
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Unclear is also MSH11-13 possibility to stimulate cAMP generation in the different
cells. For instance, it was described that in the cultured murine microglial cell line N9
(Delgado et al., 1998) and Candida albicans (Cutuli et al., 2000) MSH11-13 induced
increase in the cAMP level. In our experiments with transfected by MCRs cDNA cells
or naturally expressing MC1 cells we did not obtain any evidence that MSH11-13 and
its analogues act via cAMP pathway. Exception was cyclo(Ac-Lys-Pro-DVal) which
did not bind to MCRs but at high concentrations stimulated cAMP accumulation in
RAW264.7 and B16-F1 cells. Already earlier such phenomena that binding capacity is
not in line with the cAMP stimulation was described for substances RO27-3325 and
P21 which with almost negligible low affinities for the MCRs stimulated cAMP with
ECsp about 1 nM concentration (Wikberg et al., 2000). However, this particular case is
different because this time ECsy of MSH11-13 cyclic analogue was at micromolar
concentration range that does not give proof of high coupling efficiency. Similar
micromolar concentration range of the MSH11-13 effect on the cAMP stimulation was
also shown in N9 cells (Delgado et al., 1998) . Significant increase in the cAMP level
was reached by MSHI11-13 at concentration 1 pM and maximum of the cAMP
stimulation was described at 10 pM concentration. Cutuli et al. (2000) also reported
cAMP stimulation in Candida albicans by MSHI11-13 only at micromolar
concentration range.

Linear MSH11-13 analogue with DVal'® substitution was reported to be more potent
than the L-form in suppressing inflammation induced by irritants after peripheral as
well as central administration in mice (Watanabe et al., 1993). Maybe similarly to
Watanabe et al. (1993) studies , cyclo(Ac-Lys-Pro-DVal) is more potent as linear LVal
form of MSH11-13 in the cAMP generation assay.

Anti-inflammatory actions of MSH peptides are targets of investigators since
early 1980s. However, the mechanisms underlying action of MC on the immune system
is not clarified yet. There are many uncertainties concerning effect mediation via MCRs
depending or MCRs non-depending intracellular signaling pathways. It is generally
believed that key factor is transcription factor NF-xkB (Mandrika et al., 2001; Wikberg
et al.,, 2000) that is present in all eucaryotic cells. NF-xB as transcription factor is
involved in the modulation of different cytokine expression and iNOS (Manna and

Aggarwal, 1998). NO production in the macrophages is iNOS dependent.
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As it was shown in our experiments that un-stimulated cells produce very little NO but
LPS/IFN-y stimulation causes approximately 50-fold increase in the nitrite
concentration calculated according to standard curve of sodium nitrite. Such excess of
NO production is seen in a variety of pathophysiological conditions, including
circulatory shock and inflammation when NO over production may also be potentially
toxic for host cells (Szabo et al., 1995: Nathan et al., 1994). Partial inhibition of NO
production by MCs may protect host cells and still maintain NO pathogen killing
activity.

We have here shown that N-acetylating did not influence MSH11-13 action but
cyclisation and substitution of LVal with DVal did. o-MSH and MSH11-13 inhibited
NO production with ICsy values at pM concentrations whereas cyclic peptides from 4.6

nM to 238 nM. As here examined short peptides did not bind or, more precisely, did

not compete with ['»

[INDP-MSH for binding sites on MCRs, we cannot interpret
structure-function relationships according to binding constants or ECsy values of
stimulation of cAMP level.

We conclude that inhibition of NO production by MSH11-13 analogues in the mouse

macrophage cell line RAW?264.7 is not due to cAMP stimulation and binding to MCRI.

Nevertheless to the MSH11-13 non binding to MCR, its pharmacological
effects are so interesting and strong that insufficient knowledge about MSH11-13 cell
targets does not decrease the role of MSH analogues as potential drug candidates
(Bohm et al., 2006). Recent discovery of new MCR binding motif in C terminal of
MSH peptides (Schioth et al., 2006) confirmed the possibility of new drug design based
on the MSHI11-13 structure. It turned out that Tyr—prolonged MSH11-13 binds to
MCR and stimulates cAMP generation (Schioth et al., 2006). These data are in
concordance with our finding that non-related MCR core fragment structures (like

Spantide I and dynorphins) may bind MCR.
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S. CONCLUSIONS

1. Adopted from transfected with MCRs DNA COS cells, radioligand binding assay is
found to be suitable also for the naturally MCRs expressing cell lines — B16-F1 and
RAW264.7, as well as primary human skin fibroblasts. MCR are down-regulated 48 h
after the stimulation by NDP-MSH and a—MSH in mouse melanoma cell line B16-F1,

however, 14-20% of receptors remain intact.

2. Bacterial lipopolysaccharides (LPS) and interferon y (IFNy) increase the number of
MCRs on cell membranes and cause nitric oxide (NO) overproduction in macrophage
cell line RAW264.7 that is taken as a sign of inflammation. o—MSH and its C terminal
tripeptide MSH11-13 show anti-inflammatory effects in vitro by inhibiting the action
of the LPS and IFNy.

3. Human skin primary fibroblast cell cultures during 6 passages loose MCRs on the

cell surface and ability to generate cAMP in response to the cell stimuli by ao—MSH.

4. Non-related to MC structure peptides: substance P (SP) antagonist Spantide I and «
opiate receptor ligands dynorphins bind to MCRs in vitro. Spantide I binds to MCRs
with selectivity to MCR1 subtype. MCR—ergic component in anti—inflammatory action
of Spantide I is proved by using MCR antagonist HS024 which partially blocks
Spantide I NO-overproduction-inhibiting action in macrophage cell line RAW?264.7.
Dynorphins bind in a peculiar manner — with similar affinities to pairs of MCRs. In

clinics such cross-binding of the ligands of different receptors might cause side effects.

5. MSHI11-13 and its analogues do not bind to MCRs and do not stimulate cAMP
generation, however, they inhibit NO overproduction in LPS—stimulated RAW?264.7
cell line. Discovered structure—activity relationships that determine the effectivity of the
inhibition of NO overproduction: linear peptides are more effective as cyclic peptides
and peptides with DVal in the structure are more effective as those with LVal. Order
of the MSH11-13 analogues potency is following: a-MSH > Ac-MSH11-13 (I) = H-
MSHI11-13 (1) >IV>1II >V = VL.

Discovered structure-activity determinants might be used for synthesis of novel

peptides and nonpeptide compounds aimed to design anti-inflammatory drugs.
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