;KbNNeSe”,6T.Av ARTI FI Cl AL PEPTI DES HAVI NG SURFACE ACTIVITY AND THE USE
" THEREOF | N THE PREPARATI ON OF RFACTANT The presgpt ynyeati on
provi des new artificial peptid ‘mgmmmwmf ace activity. In particular,
the invention provides SP-C anal'o'ques wnich, once conbined with suitable
lipids) are particularly effective Pi® educing surface tension at the
air-1iqui dwonbgictace. 5 Thus, the peptides of the inventgcweromyrodde used in
conbination with lipids, and optionally in conbination with SP-B or an
active anal ogue thereof or a substitute of SP-B, for preparing artificial
surfactants useful in the treatnment of respiratory distress_syndrone (RDS),
ot her surfaddBRIFKIAL RERTIDES, HAf X SUBFACE AC L BY AND LHE (i seases

such as pne i [ ti hma i pirati and

al so ot her f];l ]MMMUM of
the inventi %ERFAPgiﬁﬁ'iary surfactant reduces surface tension at the
air-liquid of the alveolar lining, preventing the lungs from
col l apsing at end expiration. Surfactant deficiency is a common di sorder in
premature infants and causes respiratory distress syndrone (RDS), which can
be effectively Theapesketit! ihveakisrdlprovideschentartifidiabgleptidesonnvimigmal | ungs
(Fujiwara, T. and 20 Robertson B. (1992) In: Robertson, B., van Gol de,

L.M G and BatrémteimgtivBy. (ledpirtfellemnshy iSuehtiohaptaviden8MVE enalar Bi ol ogy
to dinical' Practice Ansterdam El sevier, pp. 561-592). The nain

constit uent |uss whdsh, smceacemiingd epithashigaslaliwighogghopagicasiych as

1, 2-di pal mtaqyl -sn-gl ycerq- 3- phgsphochqline (DPPO., .. 2 4 UL 2003
E)ggsghat hdé::gé?t’é’_érﬁg'lr ' mﬁ_n?l_r e Fybﬁl?ﬁr?:fbti ?lﬁfrlf‘é‘é‘ldg‘rﬁAtebq]aﬁFeLnE \Lz,hang C
-B a - e rophil.i,c_sur an [oteins - A an -, iC

are Gtype (CaZI-l'ldJeSpe& &nt e%%'f‘?%gé’ﬂoggel SRV TREOE L 1R ou%f_f‘nt 1'Jt%8§acl _
primarily i nddfigidsdn %v%ﬁfel?gfa% R © io%ra?lggﬁ/ BB Bindelon BGtH'ERdR n the

surfactant preparations 0 the organic ent extraction procedures
enpl oyed. SRyBaAn@tR-4nsRpslkl tHér8oPt ¥ Absititute 218 RIB e Frebbagigant mass,
but are still able to exercise dramatic inprovenents on 10 surface
activity, comHical sarfactents psefiiriapdieatreattachCof seediratdry distadss ( 1987)
Eur. J. Biochem 168, 255-262; Takahashi, A., Nenoto, T. and Fujiwara, T. (
1994) Acta Paedirgme (RIPS),3®thén 3s@ugrtamhagficiereipsand sysbiriction,
structures of SP-B and SP-C and a tertiary structure of SP-C in solution
have bé@n déieddisdnepuimgrany gyseaspsp SUCt oA o PEE RO | RFORChIHS,

pol ypepti de cQgi ns of 79 .anm no acitds connected with an t'hnt ecgichai n

di sul phi de B?Y'GFe( EFEYRHT} o8PId ‘%’P.SY(“fG%)e A BAPCAEERET . U s A

S ocnonst P AR eIl 00 Tl

chain
di sul phi de bri dggsciangduald bead idviHtigphi pat hic helices a@mﬁmlﬂmone

pol ar and one unpol ar face tnroug ich SP-B may interact W¢H"two lipid
bi | ayer s andPhithagatshesnrfatiarnt osdupeDSutifioe (tAALRITS SN thdl aftlighid (1995)
FEBS Lett. 362, 328-332). SP-Cis a |ipoprotein conposed of 35 amno acid
resi duds witimtarfags @fhehiec adlvdolaai rihisRne @revestidgeshe- smngrohfesson, J.
et al. ( 1994) Biochem stry 33, 6015-6023). The helix is conposed nostly of
val yl - r esi du%ll%ﬁﬁingsater%\é%@é@lﬁaﬁl@-l SpriagsanhyiaficieRcn isedt @mmPhar al | el
with the Iipéid ag%l chai ns éVanden ussche, et al. §_ 1992) 2 .24 J UL
2003 Eur. JUSEFGEhef BEEmadye. %g‘f‘.tsTﬁdeﬁaﬁﬁsFBy eRIERITY 2 S TG ent 1 y

| i nked to cy I esd S _in pOSiLiians I h er nj part of
t he peptide %Szﬁérl&q%ét fﬁﬂsﬁetwkélfﬁ %i‘éggf E’rﬁggﬁg‘?\l&t k&akggd%géi&%ﬁjg} A 87,
2985-2989) . JRErakbWonGON 0§t V c d 11195%:1%3’ I gl g ne and
| ysi ne, at posﬁai ons 11%58_ Zdj Eﬂgtgéi Ee{r%/ixrfé%t ggggtg V\(IIFt%ﬁ t e’pega?%@%l y

char gegh headRgbettenoB.t [Eod2PiM: RS ASEn, HUSvdNCGoRsd,NL. MG, ragadity.
The rigidity of the |ipid-peptide interaction may be decreased towards the
C-term nal Batenburg, B. (eds) Pulmonary Surfactant: From Molecular Biology

to Clinical Practice Amsterdam, Elsevier, pp. 561-592). The main

constituents of these surfactant preparations are phospholipids

such as 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC),
|



~end; since it contains snall or hydrophobic residues only, naki ngzh%O Lh%s
part potentially nore nobile in a phospholipid bilayer. SP-Cis t u’& t 2003
i nfluence the thickness and fluidity of the surrounding lipids via the
extrenely stable poly-valyl helix (Johansson, J. and Curstedt, T. (1997)
Eur. J. Bi h®m#r62244, 675-693) State of the art 15 Si ncepcutHogeioant
preparations obtained fromanimal tissue present sone drawbacks, |ike their
availability in limted anbunts and the possibilities that they contain
infectious agents and induce inmmunol ogical reactions) attenpts have been
nmade to creapboaphatifglgly-csuek adP@ht andiothassbrdraphebig causfestant T.

1997) Eur. 20 J. Biochem 24 675- 693, _Jaohapsson, .J. .et, al. 996) Acta
Paedi atr. 85PT@#MHAE) a’j’duéuz$?§}3f?’bﬁi1 %@ﬁﬁhe e ?Y%%“&ﬁdsﬂﬁgﬂhﬁ)bi c
proteins. Previous kpyh e trat.ed that eth co 5P, t fold
like the nat P%}%teb%%\tl\g T I e g e e A
optimal surf age@bldid LkcliAhanss thoudht oo ot ErikfRly BrodhMhole. 307,
535-541), and t% refore do not interact properly withthe surfactant

l'i pi ds. sConsgafeeidel Ysystem| hatd cn&n&lipnabegiedudednoh thedshirfeetate 3
native peptide and do not interact properly with the surfactant |ipids. To
ci rcunvent t breparatidresmdisevier aheabrgamics shiventbertractida tprocediifes t he
sequence, for instance by replacing all helical Val residues in native SP-C
with Leu, wheotpleyedngly favour a 5 helical conformation. The corresponding
t ransnmenbr anous anal ogue, SP-C(Ley) showed good spreadjng at an air-liquid
i nterface when cBhtf Wi EpRRt eF‘)l(leg’G%h.’%'? é)g(ogl/%j/ aijcf SHB%@\F%PF t he
maxi mum surf ace tegs%on Valt‘ﬁg q)gri 19 cglc;l.i C éurfale coml;reessi Q (OYm~) was
si gni ficantl Y"MPh&F tHan Stha?of WafVetd SUTPacCaitP PY REE™ ut't her nor e
not possd bl e epak i od.d- i 1.X1; | regtions
han” abaut 28 aor o Ay Ap PR O sy MR B e (SRt 2t ¢
(NiI'sson, G cetarl (148D98ukUU. Biodlaghenss 2556526 1 3% kah@sher s have

synt hesi sed bi oactive polyl eucine SP-C anal ogues of different |engths
(Takei, T. elNemhotolSr. aA86Fufimelra, Fhale04Buldta PQedibiH0JAp5B6, 6M3t he

| atter studies neither self oligonerisation nor problens in producing

sanpl es of hitdi8)I The drimacemndaseemdayestropbrtesdof $PfB erghSPpGndat i ons
deal with the problem of providing peptidic anal ogues of natural surfactant
pepti des) gi @i%u&rm%lé?t% f SHIG i renutien) havehsendeisgmingddsee

publ i cat| 1225, EP 733 645 in.the nane of kyo

Fanabe. L8 softbs SToBHLs FAMERSI e LroriRBHSAL PRt CRATTF Genty a
di ffer {10 e DRt A6 PERLLAR L £I9A ] gl U5 SEOUENCE01 NG NHEED! na

part. Scripps Research 1nstl e patent applica and W92

22315 di scl ogeyusktdtanal2aneq1599) tgoa! Naknakédll S¥Aropdabi g7andss.
hydrophilic am no aclid residues. Anpbng others, a peptide alternating

Leuci ne and 12089e Jasithises, (KL.4) Cugstdddaj med. aglerdsrnfaliet Kl . (198un. J.

Bi ochem 229, 465-72, 1995, disclose 4 pepti des of different |engths
cor r espondi n@Bipoheimastiyt 30y 6l 7- @9 2d9r Bavh SRofMbmedidywivaid peptihdes deri ved
from porcine SP-C and bacteriorhodopsin. Johansson J. et al., Biochem J.
307, 538041, inbEEhadns chuskehidey RFIEERC apeht Atdsashafow | RBPhipBHIEhe
native porcine.SP-C hy. the substitution of sone am po agi ds. ‘W®&9/ 04326 in
the name of GRS R beﬁlase%%a%wn ORC GHBRIAT Thed WWOLER TIEE i n the

Cont ai ni ng art i 1l AREEGRRR win TRATRARTER ARRPuRRT TR TR Rl o
natural SP-C ar&: e B6edeR¥oh Vi Sef a1 DpRSds) rhRY 181t 1962! B4aNE59)
SP-C is a lipoprotein composed of 35 amino acid residues with an
25 o-helical domain between residues 9-34 (Johansson, J. et al.
(1994) Biochemistry 33, 6015-6023). The helix is composed mostly
of valyl-residues and is embedded in a lipid bilayer and oriented in

parallel with the lipid acyl chains (Vandenbussche, et al. (1992)
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It has now been found that SP-C anal ogue peptides which conbi n& & R¥L 2003
‘following features: i) substitution of Val residues with 15 other neutral
and hydrophobi c residues; ii) substitution of Cys residues with Ser
residues; iii) replacenment of sonme of the neutral amino acid residues with
bul ky or powenosws dues, show particularly favourabl e pr@peEbbsgosh OF
surface tension reduction. In particular it has been found that the latter
feature, in virtue of the 20 positive charges conferred by the polar
residues or the steric hindrance conferred by the bul ky substituents, allow
to avoi d sel £l donBirehemon208 201-8(R8) r BrHEitoy! agFoWRY aLHect, the
i nvention provides SP-C anal ogues , having the, follown eneral, faornmula (1),
usi ng the IC2)508'ﬁ lepgly; ks -%%gﬁgeangd'aggiues in positions 5 and 6 in the H
Fed | PZZPVHL X=B) NG XbB) n(-%:B) i n; { jyno acid
sel ected fro@%%réngﬁaé%a%oo(rgﬁpseté%{%@@uga%,w&%ll,'q?\l?éok %5$$’e13§1|1he); Bis
an anino aci ¢ 3@l estiedyfs am ghe HIERIDIBINS TPl BRFoOEofXdtiveRi BBsitlbery . W F.
Y, Q N, Zis an amno acid selected fromthe group consisting of 5S) C, F
where Ses or chusgédstedicdes ar@plih®nand Yiyslodsedt ivasi€ioher 10r ahti a2est er
bonds with acyl groups containing 12-22 carbon atons |inked. a is an

i nt eger frompbssiblgdinteractawitnthgeredatmlyl charged lifead granpsnofegize from 1
to 21dis an integer fromO to 20ai sOor 1fjsOor 1nis O or 115 msOor 1 with
the conditi ohipid-membprane, thus igcreagingpitn(sBBlik XTBEngidisy ofséeience
havi ng a maxi 0 of 22 amno acids, preferahly from 10 to 22. Preferred

2
pepti des of IbcPr‘a%H’f‘d’t(q? Ipteractipe mavy| ﬁ@resaé&ae ds {hp C-terminal
FA PSSPVHLKRXq. BXq,. BXg, BXGALL M. b 3, PSSP 5BX5BXq ., GALL |
FG PSSPVILKROIIXE PEAE RRr o TapIRG PELRR R R ATT b e |
G PSSPYSLKRXh|Egr CAbLM B TSk {18 b8 HED 66D sbhBlipid £ifRkkr{ 895E iaving B

= Lys or Phe and " X = Leu, Il'e or NNe are prefer According to
preferred emMibdughntts infleRhicdaheothifloneds andlfidify 6f thaveutddenidahgow ng
sequences, respectively: FG PSSPVHLKRLLI LKLLLLKI LLLKLGALLMGL [ SP-C (LKS)]
FG PSSPVHLKRUigitdk kil hleKextire (il MEa bleSPelp-¢allkbhE]lix5(Johansson, J. and

FA PSSPVHLKRLLI LKLLLLLI LLLI LGALLMA. [ SP-C ( LKS) 2

FG PSSPVHLKRIGw1sted . KI.| (1997] @wn. Mo Bioshen. (3445) §75-693)

FA PSSPVHLKRLLI LLLLLLL] KLLI LGALLMA. [ SP- C ( LKS) 4]

FG PSSPVHLKRLLI Lﬁg&m LLMGL [SP-C (LFS)] In a nore preferred

enbodi t ofq.the invention, the Ser 10 .residues are covalently |linked with
2oyl gr btips CHRESISHING: (a2 SRAT AR08 COMRITe R Py BR TR (ESH B Crmy be
prepared by %@;‘E i 0 f ! 1 echnri V, ipal

synt hetic netho ggg?gbggg{gf ﬁ%g%heg%%@?ﬁ%?gﬁ%é%Q%%eﬁjggﬁ oe e%ﬂgttﬁgl ., "The
peptides”, vQlossiDiliNerdetiat Rhe§s.cohdBim i%em&agya%tgneé-ana%auh@e

synt hesi s", Interscience Publisher) 1996; Barany & Merrifield, "The

pepti des; Andmymusioldyiothedastiodispl atfginpteolhave, beleaptrands, tédcateatec Press,
1980. Sai d techniques include peptide synthesis in solid phase, in

sol ution, or camificial sunfattants (domamssang Jreahdd€urstedani. dd@Bi7hdEwon

thereof. S- or O, acylated peptides are preferab:Jy sgnt hesi zed by treat nent
of the R8n-acd d?tléahﬁ%t?dég WENn698y | Jetranysate Un 8 a@l-tﬂ‘??@br/%%féeti c

acid as described |n Ypusetfi-Sal akdeh et al . BiochemJ 1999), 343, 557-562.

After synt heslll’%e ﬁtf‘p,dé)gfiéﬁ?r%ﬁé‘)’zé“?%%yﬁ’i%ti%y f‘i"degz’bésre""ng

bi ochemi cal | meoﬁtﬁgﬁ%fﬁhlsy characterised, as reported in the follow ng
es’.

section "Exa e‘activity of the peptides of the invention in

' educing surface HreRRhIwdk RECAemGstpiRd {HhtCOIIHRRII 8D-M hlyldf ds and

fold like the native peptide into an «-helical conformation

25 necessary for optimal surface activity (Johansson, J. et al. (1995)
Biochem. J. 307, 535-541), and therefore do not interact properly
with the surfactant lipids.

Consequently, synthetic SP-C analogues do not fold like the
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_phosphol i pi ds) SP-B, anal ogues of SP-B or substitutes of SP-B, z,' WL 2003
particul ar) the peptides have been conbi ned with DPPC -

(1, 2di pal m t oyl - sn-gl ycer o- 3- phosphochol i ne) / PG (phosphati dyl gl ycerol )/ PA
(palmtic acid) with or without SP-B, an active anal ogue 5 thereof and

pol ynyxi ns.wd@btmrédsul ts of pul sating-bubble surface acti yif¥pdoRfhd Cl early
show that the synthetic peptides according to the present invention
strongly decrease m ni mum and maxi num surface tension during cyclic surface

conpression (ymin and ~ym- ) to 10 val ues conparable with thogaieC obt ai ned
usi ng surfacPahive PeptfAatnfaflo sarl daterachPrapsrly Srthithspsyriactagt i ve

| thereof to the mixt eptide / Iipids-phasphalipid
par 1§ cul ar | y PR AP EPERA'S L PEAGIEr 80Y4 o} 68 BB s BFRF1 BF91G1 y f ound
that pol ins. in 15 0anti ey y i t bt f SP-B
and thei 1 aulEioR addiRane. fnncRs PR Y BRaliSe IHFERE, 7

Accordi ng t ova|Seeade#SReRhtivENSPLEVWItH 28y r@Micﬂ?%t?qﬁ%iS’t hebe gurfactant
conprising one or nore peptides of formula (), in adm xture with |ipids
and/ or mhosphelicpl dscarfdrmpitiomnal The20 cGfreBpoadingt | tandetdémbrineus her eof

or polynmyxins. Suitable |ipids/phospholipids nay be selected fromthe group
consi sting ofnphegphatSRHI(Eho) | sleewédr gbedalspye@big #G aPAair-liquid

triacyl glycerols, sphingonyelin. In an even nore preferred enbodj nent of

t he i nventi oifptexfaaarwhaen apembinedr withe dﬁPBﬂFﬁ"ﬁ'gP-‘f ht6&28¢9)ddwi/ W AR ch

pal mtoyl chains are O-covalently |jnked to the Ser residues should be
Used. 11 has HEBESToFobiE T REETIT: FUERSR ECRPIOR FRSS OHE REFicSurtace

di pal mtoyl ated form of ;the reference. .pepti de.(.SP-C(Leu xhi Di 1.

i Gher . sut t aCBTERRIT e, U OB RS Bigaer dhaf el T BrieE i at oo
lipidreservai & } respepd

non- pal oy t oyl S o ABETT(Gas JaELHAES D ASIORMD PEsiRc TRRPBE e e

sanpl es cont ahRit(geS Y dfighépabntémirhéibad thaeabbde.20 heg (AL provabips bel ow
1.5 MYmand the filns very stable) as the surface tension increased by
| ess than 0. SusNto fertdetior ®dinpeptte coligdrants Hihiskseny di umt. alOn(1A98)
contrary, the ~ymin for the non-pal mtoylated peptide was approx. 5 nmV m
and the fil mEulerk Bioshes.abde h&d%rmhebg/mwecﬁ)éﬁhegm@ leiogrtigri ng at
| ow surface 10_tensions,_ Nbreover, after ubph%se depl etion for sanples

[

thaE)I cont a:cnpr?éﬂf’b‘ﬁmﬁ t?ﬂ%}%%&‘}bﬁ &, diffegenp PPS?_‘% dTekgbhTne&drakero -
sLable Sh{ acsoberimy v Losh a1, ST L L0 GRS 0
more than 10 r@iﬁ‘?&s’sﬂ? oligoite '5111‘%&Spﬁd;tﬁgﬁféo{r?&irgHu%ir%édﬁaﬁ{aﬁ‘lgkrofm"t erial
equi val ent to nore than honol ayers.  The I nproved surface dctivity of

di pal m t oyl atrfaghpgptdi casceMisaibs wétenmepottat.ed by pul sating bubbl e
surfactoneter. In addition, the presence of acyl groups was found to

further reduce t Baffeesrdenmyblicatiaisn ddalgeriel sthd hpsotblendi oy provalinger y
inportant, as during preparation of artificial surfactants, peptide

ol i goneri sat iraptidic deadngtios od nadunasarfaptaspapeptidas ogiving anhumbess at
hi gher concentrations than 20 ng/m (N Isson et al. Eur J Bi ochem 1998,

255, 1180124)0f differenhsaBitiensuimengatioseapublcatiopar OBy #1 %2%gESol ut i ons
mxtur e A THE et PLRE, S7RERarp P neBens) TSE Srried, e sea or
admi ni stered &ﬁg&&’&é‘ a%%lgé@ése%?%itﬁrgﬁ%q’—&f, whid! rirgnéer?eral differ from
the native peptide regarding the sequence of the N-terminal part.
Scripps Research Institute patent applications WO89 06657
25 and WO92 22315 disclose SP-B analogues having alternating
hydrophobic and hydrophilic amino acid residues. Among others, a
peptide alternating Leucine and lysine residues (KL4) is claimed.

Clercx A. et al., Eur. J. Biochem 229, 465-72, 1995, disclose
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for surfactant deficiency. The synthetic surfactant will be pr ef er abla/
adm ni stered endotracheal |y or via aerosol. The latter formof & JuL 2003

adm nistration will require the conbination of small particles of
surfactant wwth 5 suitable inert propellant. Qher forns of adm nistration,
| i ke nebul iwabiargzor spraying of stable solutions/ suspepgfgpsofis
surfactant are also included within the scope of the invention. According
to a further aspect, the invention provides the use of the described

Cages of aduPEPORCRBnARAP Ry Israi B e Sevedty %91&&1%26 i oB) at e
pul onary di g%@%% SHCR 451 I H R ROBENI LA ThoshOne &S K

aspiration s ndrome~an I'Seases such as serous O i's nedia

(glue ear). TuPi&adnNadddignsurfactant agent will be used) pref erably upon
15 endotrachea adn% nql soygatl on, in the treatnent of respiratory distress

syndrome whi ch fyeRaR8sdy Jafefteélt S BibeehUUe 307 ,a585:4 [Theod o) Lsdlege exanpl es
illustrate the invention in nore details. Exanpl e 1 20 Peptl de synthesis
and purigi casynthetic yeptivpsetinft diffeC, ir&iRr Oid KAXiveFporcihg SBEC dynthesi sed by
use of stepw se solid phase technology and the terthbutyl oxycarbonyl

cheni stry (Kenbstisution, of(chss)arwmmacmtév B| ochem 57, 957-989) in an

A enr ot ool T or 88 D DADIR e e e 6t Lo ﬁ%éw%éa%&%ﬁ Rt S
fl i de/ 10: 1: 0C.
Protect ng. oLbE A Adc LOZh, @@i‘%@?gﬂ e%vsao litrila Bpieriod
extract | on nit b iei, CHlElo NS e ERAR VERSHIEONEN e L ot o

fromthe resin By d I(’)rorre ane uor acet1c aci v/ v)

fol | owegh by "cé‘xtrﬁIrYale‘ééaﬁéﬁEéoﬁt Jﬁﬁhcrtaéet@spty@eO@Xﬁéaﬁialwsﬁ éegkésol ved
at a 5 concentration of 100 in chloroforimnmethanol 1:1 (v/v)

cont ai ni ng SY%eplitedApy adquyﬁt of | O mg was applied on a SephadexLH 60col um
(40 x lcm) in the same sol vent(Curstedt T. etal. (1987) Eur.J. Biochem
168, 255-262). Fr Reiscrimd 2 Ed 1invyemd | I ect edand absorbencies ~ at 214 and
10 280 nm were neasured. ldentification and quantitation were performed by
am no aci d anal y& fiasFgewabgeeat fQ}Hldtqli’é‘tpﬁF’rq:l palegye; @éppdym Wity about 5

d d, di | d d ~ hi d
Vel ont o comERE e f%@&lb%?falﬂ@reég@é\ %%9%?0310?3?%4 dﬁﬁ%%@?eﬁ? o
i d P
bopt] 4o s Y%"éiﬁlporme AL (RRRpke Tedidllde: i SUNRRERR BF EFK | e
chl ori de/ net Q@Qﬁuejs HifhV ¥} rteé’llcll\%‘ﬁleqiu p%‘%é?‘?‘%ﬁ? % 'é'?Lt%eOMEﬁ 21C 18

colum using a near gradient o runni ng |nto 60%
(aqueous) 20 amidwanakid. i%ﬂi’ﬁ@ssorw&ﬁ% batgeows) wilaanalesfiids, Théhovexamd e 2
Bi ochem cal characterisation The purity of the peptide was checked by
sodi undodecy Imutichdady ((SDS)rauik ymopytdes der getfackaehsophoedactiohPAGE) 25
(Phast-system Pharmaci a, Sweden) and by reversed phase hi gh performance
|i quid chronmResgicasay it mdg)eenlfgu@gl that] @eckﬂttnmfeamurca in vietwe @f 4deent of
60 %aqueous nmethanol, / 0.1 % é\nd |sopropanoI/ 3 % TFA (Gust.af sson,
M et afd ( BFFIVE charges son efre S pajer strsidugp) ecuther stedses were
determned b Matrix-assiste N i0 tinme-of .flight
( MALDI - TOF) i sréﬁs%tcf’&‘ﬁeertng htyL 8‘??69 t\%‘F’ﬁEﬁ’g”;LmT(/&?)a"@éﬁ #%t ed with
5 vasoactive g%?qﬁ epti de (M 3326 8). Peptide secondary structure
was i nvesti ga(%1 uéllllﬁéhgllqr cul ar dichroism (CD) spectroscopy (Jasco-720
Jasco, JalognéI Aiptsetol isWdibaddorain@io W tibst bkhbourtRt fareltidn PEbvRREct r a
wer e recorde

SP-C analogues having the following general formula (I), using the

25 one-letter amino acid code:
FeGAPZZPVHLKR(X B) (X, B)a(X B)uX,GALLMGL (I)
wherein:
X is an amino acid selected from the group consisting of

5



from260 to 184 nmWth a scan speed of 20 nmmn and a 10 resol ution of 2
"data points/nm The residual nolar ellipticy was cal cul ated andl4eddbr 3 ed
in kdeg x cnR2/dnol. Molar ellipticities at 208 and 222 nmwere utilised for
estimating the content of helical structure (Barrow, C J. et al. (1992) J.
Mol . Biol. W080/478375- 1093) . Secondary structure investi gatir@pseddss SP- C( LKS)
using CD 15 spectroscopy showed a spectrumtypical for a-helical peptides
and an a-helical content of approximtely 75 % was estimated fromthe 208
nm and 222 n mﬁ‘lm The, secondary structure remai ned stable foll ow ng
stepwi se di | dvilod MIEHRRBISUGHIS) 12 9% TFE provided that the peptide was
solubilized in ngat TEE._ 20 SDS-PAGE qQ P LKS) showed tngl e band

S lar Co nati vE SP. Oy IREREE BEE B SRR N TARS BUATE (formsHief o2

forms ol | gONgRyS,ithikeS ¥ 9t pl ¢ @ryexperience with SPC(Leu)/lipid

m xtures, which axe difficult’tbé Solubilize in higher concentrations than
20 my/ M (NI ssog, G istamlam{nd®988id Eelected fl?&deHECEﬂml omsidiidy b24.), it
WAs possible to nnake a SP C(LKS)/Ilipid mxture with a ﬁ)i pid concentration
of 80 ngdnl a&hdCaFpehypeper de/Cypresidaes arefortiditallyl Ainked Heaegibe o8
Preparation of peptide/lipid mxtures DPPC, PG and PA were all purchased
from Si gma CHbif-€sterchondstwitbuaey] sroupsTeentaiping 12428 seanboa Ripms

chl oroforrﬂmit flcaqragl 5 98:2 (v/v), were mxed in the proportions DPPC. PG PA
68:22:9 (w w'h DPPC/ PG 7:3 (W w). Surfactant preparations were prepared
by addi ng SP-C(LKS) al.agne or SP—(;E)LKS%\éa % SP-B, to each of the lipid

m xtures, at tot Al pol?p"‘érbﬁﬂfle@)eri TR) ?gt rati os of 0-0.05. The m xtures

were evaporated ynder jitk 0 & pended in 150 nmol /1 NaCl or in
10 mmol /1 Hepes buffer1 pé;l—l gggéégggg%l#lnli ﬁg%ﬁo mmol /1 NaCl and 2.0 nmol /1

Cad 2, ab |ipid eoncenisrah iRfspedifrd@ r t8@1my/ M . Repeated freezing and
sonication (50 W 48 kHz) were perforned until honbgeneous suspensi ons were
achi eved. I n sond caseis dlénfdgealfremspen0ons 15 were i ncubated at 45C for
1 h. Surfactant preparations suspended in 1SO nrnol/1 NaCl have a pH of
3.5-5.5. The | ower pH-ad@est 3.5-4.5 were observed in preparations
containing SP-B. ,Since native SP-B is purified using acidified organic
sol vent's (Cursteélt, T.isQ ogll ( 1987) Eur. J. 20 8iochem 168, 255-262)
smal | amounts of acid remain in the preparations. Near physiological pH
was obt ai ned by %spenﬁ@rﬁhe surfactant preparation in Hepes buffer pH
6.9, copgaining 140 rngod)lo} NaCl and 2 mmol /1 Cadl 2 (Table 1). Conpared to
t he correspondi ng preparations in unbuffered saline there were no 25
changes of y-~ex gfitY#he heitibREC PG 7:3 (ww) was used as the lipid
m xture. However when PA was Included in the |ipid nixture both ~ym and
ym n increased at the highes @H (Tables 1 and 2). 13 WO 00147623 O a~ N
~HMOO~N+ ~~Vv ~~~daa~-U~~a-.~.,~z2~+~~~H """ Ob~A bA
~.bOO~~ b~Uf2ea ~,a~~a vec o0+ UO-~

cal part

- (X,B),(X,B)a(X_B)mXq is a sequence having a maximum
20 of 22 amino acids, preferably from 10 to 22.

Preferred peptides of Formula (I} have the following sequences:

(Ia) FGIPSSPVHLKRX4BX4BX4BXGALLMGL

(Ib) FGIPSSPVHLKRX5BX5BX4GALLMGL

{Ic) FGIPSSPVHLKRX4BX11GALLMGL
25 (Id) FGIPSSPVHLKRXgBX7GALLMGL

(Ie} FGIPSSPVHLKRX11BX4GALLMGL

Among the sequences (Ia) - (Ie), those having B = Lys or Phe

and X = Leu, Ile or Nle are preferred.

6
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t~d" Chd' d"d" O~ b rding t8 preferred sailbaierits; peptides Bf fortula (Ia) -

(If) have the following sequences, respectively:
FGIPSSPVHLKRLLILKLLLLKILLLKLGALLMGL [SP-C (LKS)]
FGIPSSPVHLKRLLILLKLLLLIKLLILGALLMGL [SP-C (LKS)1]

5 FGIPSSPVHLKRLLILKLLLLLILLLILGALLMGL [SP-C (LKS)2]
FGIPSSPVHLKRLLILLLLLKLILLLILGALLMGL [SP-C (LKS}3]
FGIPSSPVHLKRLLILLLLLLLIKLLILGALLMGL [SP-C (LKS)4]
FGIPSSPVHLKRLLILFLLLLFILLLFLGALLMGL [SP-C (LFS)]

In a more preferred embodiment of the invention, the Ser

10 residues are covalently linked with acyl groups containing 12-22
carbon atoms.

Peptides of formula (I) may be prepared by synthetic methods
or recombinant techniques.

Conventional synthetic methods are described, for instance,

15 in Schroeder et al., "The peptides", vol. 1, Academic Press, 1965;

Bodanszky et al.,, "Peptide synthesis", Interscience Publisher,

1996; Baramy & Merrifield, "The peptides; Analysis, Synthesis,

Biology", vol. 2, chapter 1, Academic Press, 1980. Said techniques

include peptide synthesis in solid phase, in solution, organic

20 chemistry synthetic methods, or any combination thereof.

S- or O- acylated peptides are preferably synthesized by
treatment of the non-acylated peptides with acyl chloride in neat
trifluoroacetic acid as described in Yousefi-Salakdeh et al.
Biochem J 1999, 343, 557-562. After synthesis and purification,

25 the synthetic peptides were biochemically and biophysically
characterised, as reported in the following section "Examples".

The activity of the peptides of the invention in reducing

surface tension has been evaluated in combination with lipids and
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CT/ EPOO/ %hosphohplds, SP-B, analogues of SP-B or substitutes of SP-B. In

particular, the peptides have been combined with DPPC (1,2-

dipalmitoyl-sn-glycero-3-phosphocholine)/PG (phosphatidylglyce-

rol)/PA (palmitic acid) with or without SP-B, an active analogue
5 thereof and polymyxins.

The results of pulsating-bubble surface activity tests clearly
show that the synthetic peptides according to the present
invention strongly decrease minimum and maximum surface
tension during cyclic surface compression (ymin and yYmax ) to

10 values comparable with those obtained using surfactants from
natural sources.

The addition of SP-B or active analogue thereof to the mixture
peptide/lipids-phospholipids gave particularly favourable results.
Furthermore it has been surprisingly found that polymyxins, in

15 particular polymyxin B, act as substituents of SP-B and their
addition gave comparable results to those achieved with SP-B.

According to a second aspect, the invention provides a
synthetic surfactant comprising one or more peptides of formula
(I), in admixture with lipids and/or phospholipids and optionally

20 SP-B, an active derivative thereof or polymyxins. Suitable
lipids/phospholipids may be selected from the group consisting of
phosphatidylcholines (preferably DPPC) PG, PA, triacylglycerols,
sphingomyelin.

In an even more preferred embodiment of the invention,

25 surfactant mixtures containing the peptide in which palmitoyl
chains are O-covalently linked to the Ser residues should be used.
It has been found that surfactant mixtures containing a

dipalmitoylated form of the reference peptide (SP-C(Leu)) exhibit

8



1 d"m~ r--~‘N,-.ai ~! od ~~~~"~M 11 11 1 mw, acvr mm, -~M

“-aVi ~NN~MOL® O~y ~1d- d d- Ni 11Ul ,..i 1111 N4 JUpAB 16v M
M-d t~iN wll11.~i”" M" MIn'~NM~ p~ Ntb ~dOUU ~ ~G G, LI
LAC-Ar*a P1 N 1.INM\wa_ U ammmc~0 IS ExamQ e 4. Preparation of

phosphol i pivopi/4t623r es wit h SP- C(LKS) and pol ynyxi n B. DPPErgapgohfea wer e
purchased from Sigma Chemcal Co (St 5 Louis, M) . The phospholi pids,
di ssolved in chl orof orm met hanol 98:2 (v/v), were mxed in the proportions

Cotal pol ypeftPuel SIS GLABIION, &g 1BCGAS80 e TRE hex i Eetrer o
d ni (O 10

ol 1 Hepes Aapr Bred DRER, HCA P RORGEEed o MAEFP MG A, 10 5

or in the sapg fudfelqiie MM ”&i&g@éﬁ’éﬁpﬁb&m& BsBné gni cal

Co) St Louis, M). Repeated -?Jraéem g and soni cation (gég}%%iggﬁ%%] wer e

perforned untubHleNBERBENUEL $HE PSABLNIS cHRtLindsHi 3Nesf dIpglhitoplated
phosphol i pid 15 concentration for both preparations was 10 ng/m . Addition

of PxB d&cr easpdidegttheyymin avat peiow dnd mpt/imednd tht dilmsoeryistgbleas
obt ai ned (Table 3). 16
as the surface tension increased by less than 0.5 mN/m within 10
min at constant bubble volume. On the contrary, the ymin for the
non-palmitoylated peptide was approx. 5 mN/m and the films were
less stable as observed by frequent bubble clicking at low surface
10 tensions. Moreover, after subphase depletion for samples that
contain non-palmitoylated peptide, the ability to reach near zero
stable surface tension was lost after a few adsorption steps,
whereas with the dipalmitoylated peptide the film quality did not
deteriorate even after more than 10 expansion steps and the
15 incorporation of reservoir material equivalent to more than two
monolayers. The improved surface activity of dipalmitoylated
peptides was also demonstrated by pulsating bubble
surfactometer. In addition, the presence of acyl groups was found
to further reduce the tendency to form oligomers. This finding is
20 very important, as during preparation of artificial surfactants,
peptide oligomerisation has been found to hinder preparation of
the mixtures at higher concentrations than 20 mg/ml! (Nilsson et
al. Eur J Biochem 1998, 255, 116-124),
The synthetic surfactant may be prepared by mixing solutions
25 or suspensions of peptides and lipids and by subsequently drying
the mixture.
At the occurrence, the dry mixture may be suspended,

dispersed or administered as such to subjects in need of treatment

9
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for surfactant deficiency.

The synthetic surfactant will be preferably administered
endotracheally or via aerosol. The latter form of administration will
require the combination of small particles of surfactant with

5 suitable inert propellant. Other forms of administration, like
nebulization or spraying of stable solutions/suspensions of
surfactant are also included within the scope of the invention.

According to a further aspect, the invention provides the use
of the described peptides for the preparation of a surfactant agent

10 to be used in all cases of adult or neonatal surfactant deficiency or
dysfunction, related pulmonary diseases such as pneumonia,
bronchitis, asthma, meconium aspiration syndrome and also other
diseases such as serous otitis media (glue ear).

Typically, the surfactant agent will be used, preferably upon

15 endotracheal administration, in the treatment of respiratory
distress syndrome which frequently affects premature infants.

The following examples illustrate the invention in more

details.
Example 1
20 Peptide synthesis and purification
An analogue of SP-C, SP-C(LKS) (Fig. 1) was synthesised by
use of stepwise solid phase technology and the tert-
butyloxycarbonyl chemistry (Kent, S.B.H. (1988} Annu. Rev.
Biochem. 57, 957-989) in an Applied Biosystems 430A instrument.
25 Cleavage of the resin-peptide bond and deprotection of the side-
chains were carried out in anhydrous hydrogen
fluoride/metoxybenzene/dimethylsulfide, 10:1:1 (v/v/v) for 1.5 h

at 0°C. Protecting groups and scavengers were removed by

10



i ~ ~Mb ., .Q Oaa~-Ur Q G W cO0 MPCT/EPCO 01044 17 Exanpl e
' 5 Bi ophysi cal characterisation Surface spreading kinetics werel dBbsiied at
about 34-37 Cwith a WI helny surface bal ance (Biegler, Vienna, Austria).
Surface 5 tension was nonitored for 10 mn using a platiniumplate

connect ed tWO80/43623ai n gauge and inserted 1 mmin to a hypophemsiwad 20 nl of
150 mol /1 NaCl in a teflon trough. The suspensions were added as droplets,
totally 1 ng of lipids, onto the hypophase, 4 cmfromthe platiniumplate.
10 Ki netic ngasur nts.of.3 welight % SPr KS) . ¢ PG,. 4.3 W) ,

usi ng the Wﬁ?éﬁ%‘qﬁgf‘gﬂ%%mgho\%é adlreépyldc‘é'st%lrega&nnragqv?\#t hpgp%é?féé:a\gtensi on
of 28 mN m af, ig. spr eagl was mewh ower ing 1
wei ght %sp-gc‘(‘ﬁﬁ%@‘ﬁtﬁfhe s?"né‘”%‘?ﬁf‘d mi?gfrig (dattgenot ?ﬁ&ﬁ‘l‘n). Addi tion of
2 wei ght % SHidhldfordiethdwd/ twiftifddoacafit! Xcidhdnme) syl eadiviofolrRiveal thy or
equilibriumsurface tension (Fig. 2). No inprovenents were observed after

i ncubati on ofothalre eviapbuatiofioTht trwde pBRtifdatxaraait wahawdissobved laara resul ts
were obtained with DPPC: PG PA, 68:22:9 (Www as the lipid mxture (data
not shown). eongwmaationsoff 468 megkshbninneahloraforadanetdiamglalpul ®4v] ng
bubbl e surfactoneter (Surfactoneter International, Toronto, Canada) at 37C
during 50 % €9Rtaipirgnprésdial. ohnt pEAHAbLP 1O PEc¥asn@PRlicd Peduency of

40 cycl es pe in., Al surenment s re perfornmed for 5 min and at a lipid
concentrati oﬁeg}"aﬁ!ﬁxé‘yg&ﬁr rﬁo?u‘ﬂ?e (é\ﬁ’gs’gufecﬁ‘sadilgnéggcrsggée tHeVBUbbl e wal |
wer e neasure Ciqh I Gt i e % r e d (

cal cul ate su 1g{‘:s‘zatétag’ns’Ilf'oCnest gtl' #?}E‘%mgﬁm“ﬁ) e%{rﬁ%%n%'i (rjrlua%@’( Y%%%?Zébﬁbm e

size. 18 Fradtidhe U irhDGvdrebbbestua f @6d G tbeaciv @bt P4 SBIC(LKS) in
DPPC. PG PA, 68:22:9 (www,) produced a surface tension of less than 1 m\/' m

at m nium b@BBl enmadvare (easyreshi [demtificationf addl dquddtitasden ovees ved with
3 weight % SP-C(LKS) in 5 DPPC. PG, 7:3 (Ww) (Table 1). The surface tension
at maxi mum bpbblosmesdby ainginn-hrcidagnalysis. 40 N min both cases. Addition of
2 wei ght % SP-B gave ym--val ues of 31-33 niVmand ymin of 0-2 mN'mfor both
li pid preparatiofer apydatdonqthesparifiedepoprtdei (tapicedlyt abgEt ohttBBhd¥ wit h

2 (" 1000) "EFBE HeSped e distiucd 2 DRG] Fodh 3EVERBIANSR BT ERr ai i ons
becr easi ng t RA"NeARe ST SRRt RTagid SR o iR S 1
DPPC. PG g: 3 ¢¥h¥ioh endedichdHier e Y80 ahdhosgd efrRanssU[18 lmdi d not
reach statistical significance (Table 1). In“contrast to SP-B,
Purification of acyl peptides is performed using chromatography
over Lipidex 5000 in ethylene chloride/methanol 1:4 (v/v) followed
by reversed-phase HPLC over a C18 column using a linear gradient
of 2-propanol/0.1% TFA running into 60% (aqueous)
20 methanol/0.1% TFA or 75% (aqueous) ethanol/0.1% TFA.
Example 2
Biochemical characterisation
The purity of the peptide was checked by sodium-
dodecylsulphate (SDS) polyacrylamide gel electrophoresis (PAGE)
25 (Phast-system, Pharmacia, Sweden) and by reversed phase high
performance liquid chromatography (HPLC), using a C1g8 column
and a linear gradient of 60 % aqueous methanol /0.1 % TFA and

isopropanol/ 0.1 % TFA (Gustafsson, M. et al. (1997) Biochem. J.
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addition of 2 weight % KL4 (Cochrane, C.G and Revak, S.D. (1991) Science

' 254, 566-568) to 3 weight % SP-C(LKS) in DPPC: PG PA 68:22:9 (a wuLdi08B-not
reduce ym- which remained relatively high at 41-42 nNm 20 Exanple 6
Conpari son between m xtures containing dipalmtoylated and

non- pal m t oYP4¥¥E@23r ef erence pepti des Surfactant preparat porvsposmi®4 pr epar ed
by adding 3% w w SP C(Leu) or dipalmtoylated SP-C(Leu) to each |ipid

m xtures, made 25 of DPPC/ PG PA 6S:22:9 www. The m xtures were evapor at ed
under nitrog nﬁégz) pended in 150 nmmol /1 Nad at |ipid concentrations
of 10 nmg/m . 't K 1es in which a SP-B substituent was al so used, 1%

w w of pol ynyxin d 3 13.: ures
cont ai ni ng di pal 1r\rlll%tloy g?elg&%a_-ei(g‘f%ru_ )d%\%?]li#r%)erdz\%&t Hg%tt}&pé'??/%%g nlwg,élt exhi bi t
significant iHEREAYEHRNT CRPEEABbhKirhB-JEMiskitNd YINMABDISTOF) andn)ss n at
earlier tinme intervals. Table 4: Surface properties Surface tension of the
m Xt ures was spbtariofeetri {baserpdts 200Q, [Ribbligars uMATH apliated\ twdth t wo

m nutes of equilibration, the recordings were obtained at different

peri ods,5at 3ascacBvednisstingd peptistecdés 332ai). at a rate of 40 cycles per

m n. Surfactant regarati on Surface tension (mM\/nm) SP-C(Leu) D palm PxB
7,5 s 1 nin 5 ni Reppde( seapndazgi sHctyrs gras dnkeyfigated  singy ciggular nin v
mr '~ mn'~.nmar % %.9% 1 11 39 6,2 39 2 1 13373380401- 134
55 1 361 figish 45 3%0%%59&%*@?? (FRsR-/2 CieTatish BB THANET f ect of
surfactant t y. Q0. the .nec ' I 'gma S

eval uated i nqgi%?%lt%?l&%ngvvbg%rﬁ?ﬁg‘ggc}e_ttgg\%gfﬁ&gﬁgegﬁ%‘% i %n{éviéggg%ae%g? 35¥ﬂdays.
The ani mal s wei8 bBRCRE0I QAT ARM WAkhbLT §8hAndhdddv ®f0h0t AR MBSeANgds Via the
tracheal cannula, twice 2.5 m/kg of artificial surfactant containing DPPC,
PG andi®P- CrebtfiQtiomMdie atated powits /pal. yIiesBludlnnidlar wihpeaeyiwas gi ven
above. Total phospholipid concentration of the 20 exogenous surfactant
materi al was célcuigted anfwexpreisred sn dateg ngmed/ droght Metacelliptimities@e¢i ved no
material via the tracheal tube, and another two serving as positive control
were treated 308 Bndhd23 4e wereuslisgd dpr icstimating dheseantgat pdthgloglosur f |

%Lef : eZ?é?Zﬁrﬁé@%ﬁ%ﬁwﬁﬁf&%ﬁém% 9%@?%9<2_§%$%ﬂ#[@aeﬁlﬁa??éﬁ' as
boxes ai a terporarorddsl siteutts JARTRRUAN ot SR CKST Yol O
Swden) et S Ro P SR s AUt ol (o PRI (R edn g,

vol unes wer e drieashéRcalvédrtent m%lﬁﬁbﬁﬁﬂé{&ﬂ?m TPRWASERENh P i the

pl et hysnograph box. The animals were ventilated with a standardized ti dal
vol ume of 8- ID8rirrkgardd22® trimumiaimas Mhiev ee@ntiarypstratottye peasdned ( PEEP) .
15 Lung-thorax conpliance was defined as the ratio between tidal volunme and
peak i nspiratsdaplerietowing sicpvdsprddvtidnasvith/ BpQ20ukgl L8 FonPBEi son
with the non-treated control animal, compliance was inproved significantly
in ani mal s t IRFRVEEILERAL Ere Poptidetwas splibilized iamaat THEpecial Iy in the

or oveRint appeStoTHGE ehpaPioi-R eRA R b Rl Rty HEMR o

simlar dose @ftive SP-C while SP-C(Leu) which lacks Lys in the helical part

forms oligomers. In contrast to our experience with SP-
C(Leu}/lipid mixtures, which are difficult to solubilize in higher
concentrations than 20 mg/ml (Nilsson, G. et al. (1998) Eur. J.
25 Biochem. 255, 116-124.), it was possible to make a SP-
C(LKS)/lipid mixture with a lipid concentration of 80 mg/ml and a

polypeptide/lipid ratio of 0.03.
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nodi fied natural surfactant (Fig. 3). Brief description of figures. 25 Fig
"1. Amino acid sequences and helical wheel presentations of SP; ¢ did2i0fs
anal ogues. The sequence of human SP-C is taken from Johansson, J. et al.
(1988) FEBS Lett. 232, 61-64 and that of SP-C(Leu) from 21 Ni | sson)
G, et al. Woawge» Eur. J. Biochem 255, 116-124). SPC(LESyEP®oIMased on the
primary structure of SP-C but all Val residues at the positions 16-28 with
t he exception of position 17 are replaced with Leu residues, Lys residues
have been introdyced 5 a& positions 17,22 and 27, and the pal mtoylated Cys
at positions 5 a —8-}—%—-repl aced vvith Ser. Fig.2. Surface spreadi ng of

t het f t f 3 ight %
SO(LkS) (1111 od eRaaRERAl §F wsptacPRERIRLIE U2, O 08 kg with

addi tion of 2 weighpcSP® RPN tvvé:%naheﬁurékaée@dfﬂdrﬂ@x il ICRé@R&1at | ons
were exanined at a concentration of 10 /'m of DPPC/ Pé 7:3 (Ww) in 1S0
mol /1 NaCl. Gbe ($edoids NyRONETIEe Qt}ildsnddbsultrdfd an\Whlbebfoy nbahaticenand each
datapoint is the nmean of three different 15 recordings. Fig. 3 In vivo

results Bung-9&& e&\x/‘dorrpmranuuxc@ i phenprapostioasbBPRG:BEvPAs683%Pat i onal
age of 27 days) ventilated w a standardi zed tidal volune of 8-10 m/ kg
and w t hout a("i/dﬁf‘ﬂv@' (—PiBP@)(Bpréﬁ §rWéW) praYdastant presnaratiqns iice i s

i nproved significant in.trea Addi t,i,0 pol j (PxB)
appears to inreRaded ﬁ% %‘?‘% bg)f Cfl;}ég)gla.?qr}q cqra bsﬁﬁqé%)t S'H?mé?ﬁé o

ey 40 my! °2?°f52>?‘*%'3“§f°f&?kﬂ%/é%85%3 T P R R R R 2
(1), accordings tg §: | 'BAd ehiRRY dkrd @9 rated under nitrogen and

FeG | PZZP~" HLKR( XaB)(XbB) N( X~B) mMXdGALLI | ~i (1) wherein: X I's an am no

aci d seliect edrdsispenided O 0D conmilfl Ne@lobr Xn LO Mnsol(haMepeeitigfer 8 is an
am no acid selected ft'ont the group consisting of K "1~', F) ~', 10~
Onithine;, Z pBI 8, 2nchrdtaining 30 omabl i Nefieandi a(bsnmolbk Gd(lo, estt er
bonds with acI\; d(iroup containing 12,22 carbon atons. a is an integer from1
to 19; b is ahpichregeentrasians oh 1®:—180c mg/ml. i Repepteds frserng @ngl - d i s
ari integer from4 to 2 i sOorl ; e(JXsOorI 20 m|300r 1,

Wt thefo F%Q\ﬁcﬁ&%‘ongWifnsgg-{‘H?} ugge peglorm 94 xmas@sa%@d s h

22.am 2 22
amimo aci de.  SsEpRORT R dCPIARL i oR SRasde 81 Hu'sBRNERS - o).
(la) FG'1%SSPV%¥§<hK3‘&ﬁ3<&dH%%4$§%IfbMX@— 3. SP-C anal ogues accordl ng to
claim1, having formula (I AVENDED SHEET 24 (1b)

FCx, PSSPVHLKRXgBXs&rfal phratidrs snighOYas iACIBU Ghi®lf ONalAihade havi ng
formula (le) (lc) FG PSSPYT ~I LKRX~BXy 1 GALLMA&. 5. Sp-C anal ogues accordi ng
to claim1) havpHgofod./muba&.(THE EWdePF@hR@SP&—&HR&gH)&GMthd ;h SP-C
anal ogues according to claim1l1, having fornula (1e) e)

FG PSS| ' VHLKRmepmt@m_mtammg SP-B. Since native SP- 1s purified using

acidified organic solvents (Curstedt, T. et al. (1987) Eur. J.
20 Biochem. 168, 255-262) small amounts of acid may remain in the
preparations. Near physiological pH was obtained by suspending
the surfactant preparation in Hepes buffer pH 6.9, containing 140
mmol/1 NaCl and 2 mmol/]l CaCly (Table 1). Compared to the
corresponding preparations in unbuffered saline there were no
25 changes of y,,, or y,;,, when DPPC/PG 7:3 (w/w) was used as the
lipid mixture. However when PA was included in the lipid mixture

both ymax and ymin increased at the higher pH (Tables 1 and 2).
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results were obtained with DPPC:PG:PA, 68:22:9 (w/w/w) as the
lipid mixture (data not shown).

20 Dynamic surface tension was recorded using a pulsating
bubble surfactometer (Surfactometer International, Toronto,
Canada) at 37°C during 50 % cyclic compression of the bubble
surface and at a frequency of 40 cycles per min. All measurements
were performed for 5 min and at a lipid concentration of 10

25 mg/ml. The pressure gradiens across the bubble wall were
measured at specific time intervals were measured and used to
calculate surface tensions at minimum (ygin) and maximum

(Ymax) bubble size.
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Science 254, 566-568) to 3 weight % SP-C(LKS) in DPPC: PG PA

68:22:9 (w/w) did not reduce y_,,, which remained relatively high
at 41-42 mN/m.
20 Example 6
Comparison between mixtures containing dipalmitoylated
and non-palmitoylated reference peptides
Surfactant preparations were prepared by adding 3% w/w SP-
C(Leu) or dipalmitoylated SP-C(Leu) to each lipid mixtures, made
25 of DPPC/PG/PA 68:22:9 w/w/w. The mixtures were evaporated
under nitrogen and resuspended in 150 mmol/l NaCl at lipid
concentrations of 10 mg/ml. In the samples in which a SP-B

substituent was also used, 1% w/w of polymyxin B was added.
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100/2. & 8 . 10% %’fé}?ﬁ_u.(r.)es) contoaﬁugl)g dlpaf)m%‘to(y)lated yéﬁb&%, Zﬁlkl)x 19 ()
without polymyxin B, exhibit significant improvement especially in
reducing ymax at 5 min and ymin at earlier time intervals.

Table 4: Surface properties

5 Surface tension of the mixtures was obtained with a pulsating
bubble surfactometer. After two minutes of equilibration, the
recordings were obtained at different periods, at 37° C, 50%

surface compression and at a rate of 40 cycles per min.

10 Surfactant preparation Surface tension (mN/m)
SP-C{Leu) Dipalm. PxB 7,5 s 1 min 5 min
SP-C{Leu)

(weight (weight (weight Ymin Ymax Ymin Y max

Y min Y max

%) %) %)
15
1 11 39 6,2 39 2 42
1 1 3 37 3 38 0 40
1 - 1 34 1 35 1 36
1 1 0 29 o 34 0 35
Example 7
In vivo determination
The effect of surfactant therapy on the mechanical properties
of immature lungs was evaluated in 9 preterm newborn rabbits
20 with a gestational age of 27 days. The animals were

tracheotomized at birth and five of them received, via the tracheal
cannula, twice 2.5 ml/kg of artificial surfactant containing DPPC,
PG, and SP-C (LKS), with or without polymyxin B, in the

proportions given above. Total phospholipid concentration of the

20
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1096 & ()-. WOMEI2Y) - ©  10% & ()-. 10% & ()-. 10% & () - .PRABPEEABLO
1098 & ()-." 10%'&'()-. 109 & ()-. 10% & ()-. 10%'&'()-.' 7727277777i M
10% & ()-. 10%& ()-. 10%& ()-..' ) 10%& ()-. 10% & ()-

10% & () - ZZeZXZOZé%% s g‘&r@ac 0P I%aeraIg“was 40 mg/ ml. Two ammals serving

as negative control received no material via the tracheal tube, and
another two serving as positive control were treated with the same
dose of modified natural surfactant (Curosurf, Chiesi Farmaceutici
5 Spa, Parma, Italy), diluted to 40 mg/ml. One animal was treated
with a mixture of DPPC and PG in saline (same concentrations as
above) at a dose of 2.5 ml/kg. All animals were kept in body
plethysmograph boxes at a temperature of 37°C and ventilated in
parallel for 60 min with 100% oxygen, using a Servo Ventilator
10 900B (Siemens-Elema, Solna, Sweden) set at a frequency of 40 min
and 50% inspiration time, Tidal volumes were measured with a
pneumotachygraph connected to each plethysmograph box. The
animals were ventilated with a standardized tidal volume of 8-10
mi/kg and without a positive end-expiratory pressure (PEEP).
15 Lung-thorax compliance was defined as the ratio between tidal
volume and peak inspiratory pressure, and expressed as ml/cm
H20 kg.
In comparison with the non-treated control animal,
compliance was improved significantly in animals treated with the
20 artificial surfactant, especially in the animal receiving surfactant
containing polymyxin B. Notably, the improvement appears to be
superior to that seen after treatment with a similar dose of
modified natural surfactant (Fig. 3).
Brief description of figures.
25 Fig. 1. Amino acid sequences and helical wheel presentations
of SP-C and its analogues,
The sequence of human SP-C is taken from Johansson, J. et

al. (1988) FEBS Lett. 232, 61-64 and that of SP-C(Leu) from
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Nilsson, G., et al ur. J Blochem 255, 116-124). SP-
C(LKS) is based on the primary structure of SP-C but all Val
residues at the positions 16-28 with the exception of position 17
are replaced with Leu residues, Lys residues have been introduced
5 at positions 17,22 and 27, and the palmitoylated Cys at positions
5 and 6 are replaced with Ser.
Fig. 2. Surface spreading of synthetic surfactant
preparations.
Spreading kinetics of 3 weight % SP-C(LKS) (filled squares,
10 solid line) and of 3 weight % SP-C(LKS) with addition of 2 weight %
SP-B (open triangles, dotted line). All preparations were examined
at a concentration of 10 mg /ml of DPPC/PG, 7:3 (w/w) in 150
mmol/l NaCl. The recordings were obtained with a Wilhelmy
balance and each datapoint is the mean of three different
15 recordings.
Fig. 3 In vivo results
Lung-thorax compliance in 5 premature newborn rabbits
(gestational age of 27 days) ventilated with a standardized tidal
volume of 8-10 ml/kg and without a positive end-expiratory
20 pressure (PEEP). Compliance is improved significantly in treated

animals. Addition of polymyxin B (PxB) appears to increase the
effect of the artificial surfactant. The concentration of

phospholipids is the same in all surfactant preparations, i.e. 40

mg/ml.

22



10%&()- 109% & ()-. 10% & ()-. 10% & ()- )
C10% & ()-.E[F[GH K MNQ N 10%& ()-. 10% & ()-. 109% & ()-2*% JUuL 2003
10% & ()-. 10%& ()-.- PRI T[Z[[[\[_[fJ* 10%& ()-. 10%& ()-." "
10% & ()-. 10% & ()-. 109%& ()-. 10% & ()-. [a[b[c[h[i[j[k[iK 10% & ()-
10% & ()-. 10% & ()- 10% & ()-.)" 10% & ()-.k[I[n{n[p[q[r[s[nR4
10%& ()-. 1096& ()-. 10%4& ()-.' 10%& (%-. 109% & ()-.s[t[u[v[W x[y[z[rV:
10% & ()-. 10% & ()-. 10% & ()- 10%'&'( 2. 10% & ()-.
0% & ()-. 2 [[[[pT4 10% & ()-. 10%& ()-.-' 10%& ()-. 10%& ()-.-
10% & ()-.- [ [j]
1. SP-C analogues having gencral formula (I), according to ome-letter
amino acid code:
5 FoGAIPZZPVHLKR(X,B)(X,B) (X.B) XsGALLMGL (I)
wherein:
X is an amino acid selected from the group consisting of I, L, Nle
{(norleucine); .
B is an amino acid selected from the group consisting of K, W, F, Y,
10 Ornithine;
Z is S and can be 0ptioﬁally linked via ester or thio-ester bonds with
acyl group containing 12-22 carbon atoms.
a is an integer from 1 to 19;
b is an integer from 1 to 19;
15 ¢ is an integer from 1 to 21;
d 18 an integer from 0 to 20;
e isOor I}
f is0or1;

n is 0 or 1;
20 m isQorl,
with the following conditions:
- n+m>0;
- fze;
- (X,BXX,B) (X B) X is 2 sequence having a maximum of 22 amino

25 acids, preferably from 10 to 22 amino acids.
2. SP-C analogues according to claim 1, having formula (Ia):
(Ia) FGIPSSPVHLKRX¢BX4BX4BXGALLMGL
3. SP-C analogucs according to claim 1; having formula (Ib):

AMENDED SHEET
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20 10. A synthetic surfactant comprising at least one SP-C analogue of
formula (I) in admixture with lipids and phospholipids.
11. A synthetic surfactant according to claim 10, in which the mixture
lipids/phospholipids comprises DPPG, PG, PA.
12. A synthetic surfactant according to claims 10-11, further comprising
25  SP-B or an active derivative thereof or a polymyxin.
13. A synthetic surfactant according to claims 10-12, in form of solution,
dispersion, suspension, dry powder.

14.  Use of SP-C analogues of claims 1-7 for the preparation of a synthetic

AMENDED SHEET
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