WD 2008/ 044109PCT/ 1112007/ 002841 RECONSTI TUTED SURFACTANTS HAVI NG

| MPROVED PROPERTI ES The present invention is directed to a
reconstit yygdygpifigrtant conprising a lipid carrier, ang.g 2007/002841
conbi nati on o? a particul ar pol ypeptide anal ogue of the naPl ve
surfactant protein SP-C with a particul ar pol ypeptide anal ogue of the
native surf o LAk SE LL A
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treatnent or prophylaxis of RDS and ot her respiratory disorders.
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prot ei n-cont ai ni ng surfactant conplex that prevents the lungs from
col | apsi ng amalague ehthehatxeisusfactant drotegn SR-Cavitard pastigili@xpdlypeptide
conposed primarily of lipid and contains 15 m nor anounts of various
protei ns. Anaimnebthef nalia)sarfactaet prateinf SPHBs conpl ex results in
mal function of the |ung. This syndronme is called Respiratory Distress
Syndronm8 (RDS) aR& invedlpfiois nlssr tirectedtettéenpharfmateutical compositions
Sai d syndrgﬁre i ? effect] velg treated with nodified natural surfactant
20 prepar at1EST ARG 12 diequpe Jer dRe iEgatmeardor prophylads afr RPS ppd other
avai l abl e nodi.fi.ed surfactant preparations are, for exanple,

Curosurf, AEFRIAIRTY aﬁﬁﬁf@%{ﬁci ne lung, Infasurf, extracted form calf
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surfactant hydrophobic proteins B an

the drawbasksaced of i fidsach al@taltnywvmbw)&hﬁsr%h@ﬂpg% rheHRHEP by the
such as the conplication of the production and sterilization

presence of a protein-containing surfactant complex that prevents the lungs

from collapsing at the end of expiration.
Lung surfactant complex is composed. primarily of lipid and contains
15 minor amounts of various proteins. An absence of adequate levels of this
complex results in malfunction of the lung. This syndrome is called
Respiratory Distress Syndrome (RDS) and it commonly affects preterm
infants.
Said syndrome is effectively treated with modified natural surfactant
20 preparations extracted from animal lungs.

Commercially available modified surfactant preparations are, for
example, Curosurf, derived from porcine lung, Infasurf, extracted form calf
lung lavage and Survanta, a chemically modified natural bovine lung extract.

The main constituents of these surfactant preparations are

25 phospholipids, such as 1,2-dipalmitoyl-sn-glycero-3-phosphocholine
commonly known as dipalmitoyl-phosphatidylcholine (DPPC),



5 processes and possi bl e induction of immune reactions, synthetic
surfactants m m cking the conposition of the nodified natural

sur f act antwohewsesdieen devel oped. Said synthetic surfactmgfiiig2@s82830Wn
as reconstituted surfactants. However the devel opnent of clinically
active reconstituted surfactants 10 has“turned out to be conplicated

since the natiwve hydrophobi roteins.are 0 big t.a synthesize, .
structural Pso%%%pé?(glgﬁ ogr(g ngpﬁbﬁérf?%taatfrgd(%&mblc E{rottellnﬁ ér BB? 90
replace sajé-naLiye rophobi ¢ proteins, some synthetic pol ypeptides
partially corresponding to their sequences and anal ogs thereof have

been proposed ifythg Bé WradbackEdofkife fRIfRXMPbrFrafhRS SfomnNaMfhaid
89/ 06657, WD 92/ 22315, WD 98/49191, WD 95/32992, US 6, 660, 833, EP

413, 957 andsMWRQ1648918s the corﬂ‘gi&m&ntﬁ;% tii SgtodRRHoRY Fnletstérilization
pol ypepti des which are anal ogs of the native protein SP-C wherein: i)

cystei ng r pmodisess iandqusEsiblonnductivh 6f inavendeenctior, ayathdie Hafactants
residues; i1i) the Val residues of the 'center region' of 20 SP-C have
been subst mimiakingvthé aomheoesitientofatheambdifiett ophwial surtsstahteshavd beead
fromthe group consisting of Leu, Ile and norleucine (nL); iii) sone
of the neutie¥elongiinoSatd dsppdedist syrfadientscemficer kp@ynoras ofegmstityigde
been replaced with bul ky or polar residues selected fromthe group
consi sti ngSfagasts-Try “phe, Tyr, and Ornithine. 25Said artificial
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nodi fication 0O I'n co at | eas

modi fication of|nt BRjepHo GePldcebfid native hyﬂfbp‘ﬁ%bi@?rcﬁéir@, Hmd l@?ﬁﬂfeﬂ‘ét

presented at the Paediatric Acadeny Sociéety Annual neeting held in

San Franci pegpeptides phrtidtyNatrespotif tatizisssgivensds andlehbiganhefeof

exam ne the activity of a synthetic surfactant constituted of the

SP- C- m mi ch&ke Gden phiglosed ia henphiet bt &dd mes ifduex&ple wisdlosed in WO
phenyl al ani ne instead of cysteine in positions 4 and 5, and the

SP- Bni th ¢  BBAIGOBT7, M¥WeV2i22346c YQi 9842491 hWQ\BH/B2882, UiS 6660833, ER
animal studies, the 10 treatnent with reconstituted surfactants gives
rise to pobi3 9 EBYWQAWMEIand grade of alveol ar patency at the
end of expiratig and_ a ventilatjon is.required with a positive end

expiratory pr esd O0(Ftaa3) djsclonegerynthetic pé#ﬁﬁnwmc@gar&?neipw of
(Johanasontne aeth pRTRREE G Hneseifoh sy tins Farfies BLaosRaf A e hovey
econsti t upaan e SHF BedilFs A, W& iekiles of BN eion of
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selected from the group consisting of Leu, lle and norleucine (nl); iii) some
of the neutral amino acid present in the ‘center region’ of SP-C have been
replaced with bulky or polar residues selected from the group consisting of
Lys, Try, Phe, Tyr, and Ornithine.
25 Said artificial polypeptides are characterized in that they are able of
folding like the native protein SP-C and, hence, interacting properly with the
surfactant lipids and do not give rise to self-oligomerisation.

WO 00/76535 generically concerns with pulmonary surfactant



Al'l the aforenentioned docunents are silent about the problemof the
al veol ar patency at the end of expiration and the effect of the

di scl osed wgpkppapat i ons thereof. Therefore thgfcer/ihﬁm%dzhil an
unnmet need for a reconstituted surfactant with i nproved properties in
terms of lung conpliance. In pardicular, there is a need for a

reconstituted surfactant preparation which is able of guaranteein
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in particular” capacity to efficaciously maintarn alveolar 5 patency
at the endcastiextedr et thn SR-Ch@lithic SRUCT Bigatviens idyatidie ButlsfdaePsP-C
In particular it has been found that, in a nodel of RDS wherein the
i mmat ur e neith rhenylenineciastzhd oficyftemeofreposisionsrd aatiafit and the SP-B-
preparations w thout applying PEEP, a conbination of said particular
anal ogues mfmichdindibt ei ns SP-C and SP-B acts on the |ung gas vol unes
which is an index of 10 the al veol ar pa_ltencY_ at the end of )

expi ration. Suviewsven: apeerdingerthenavailable litgyatuse e yeanimal sludies, the
directed to a reconstituted surfactant conprising a lipid carrier,

and a thnbireaiMal Wih egpistitéiedsurpatops iy e raR P RARE 18RI ORE olymes
UL ot a8 0L SO (RPIhd BafBSLAY 6 Bhafl WSl de oL el Bs. oL
Vet o0 JBEEF S bBgug SRR RUSL | PEL IR iegre
(EShchcs U5 1 S ARG, EOARCEMICI SN SSYGHES YRR nanra
FeCel f | pf SgpRAdrh#3X@BKENEREH St a3 PHysIol 2003, 95, 2055-2063; Davis AJ
15 et al Am J Respir Crit Care Med 1998; 157, 553-559). The available
reconstituted surfactant preparations are indeed not able of formirIg a stable
phospholipidic film in the alveocli at the end of expiration.
All the aforementioned documents are silent about the problem of the
alveolar patency at the end of expiration and the effect of the disclosed
20  preparations thereof.
Therefore there is still an unmet need for a reconstituted surfactant
with improved properties in terms of lung compliance.
In particular, there is a need for a reconstituted surfactant preparation
which is able of guaranteeing alveolar stability, and hence maintaining
25 alveolar patency at the end of expiration without requiring ventilation with
PEEP.

It has now been found, and it is the object of the present invention,

that particular analogues of the native SP-C protein, and preferably the



wherein: 25Xis an am no acid residue independently selected fromthe
group consisting of I, L, and nL; is an am no acid residue
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In particular it has been found that, in a model of RDS wherein the
immature newborn were treated with exogenous surfactant preparations
without applying PEEP, a combination of said particular analogues of the
proteins SP-C and SP-B acts on the lung gas volumes which is an index of

10 the alveolar patency at the end of expiration.

SUMMARY OF THE INVENTION

The present invention is directed to a reconstituted surfactant
comprising a lipid carrier, and a combination of a particular polypeptide
analogue of the native surfactant protein SP-C with a particular polypeptide

16 analogue of the native surfactant protein SP-B.

In particular the invention is directed to a reconstituted surfactant
comprising:

a) a lipid carrier;

b) a polypeptide of at least 20 amino acid residues and no more than

20 40 amino acid residues having the sequence represented by the

general formula (i)

FeGalfPngSPVH LKRXaBXb(BXc)nGALLnQpGpr (I)

wherein:
25 X is an amino acid residue independently selected
from the group consisting of I, L, and nL;
B is an amino acid residue independently selected

from the group consisting of K, R, H, W, F, Y, and



Cf ALCRALI KRI QADI PKGGROLPOLVCRLVLOCSf (1'1) 20wherein: Ais an am no
acid residue independently selected fromthe group consisting of W
and L; aind S @n amno acid residue i ndependent
fromthe 3?’86%””88‘%%% sting of M I, L and nL; 25tis an gﬁ%ﬁgﬁdg%‘%gﬂ
resi due i ndependently selected fromthé group consisting of R and T,
preferably R, and fis an int eggr having a value of 0 or 1. The
invention also includes the phPnaceutically acceptable salts of WO
2008/ 044109PCT/ 182007/ 002841 6_sai. d | ypeptides .and their bl ocked N-
and/ or C-terninug derivatives/'S 8P W’ﬁ& %Lg’é;%ft&ﬁi‘ﬂ any ARHARFPEIAINING
afdREe

The invention is al so directedst ' Lti o
thereof and to their use for Sgé&pﬁcggﬂhy axi's aﬁ%f%faltyfglg)ﬁ%ﬁonogt%ms.

respiratory 5 distress syndrpﬁﬁké(lﬁ[.}?}h@ﬁﬁeogﬁﬂéggagaﬁiés?é%dnd;

di sorders. The invention 1s turther to the use of the
pol ypepy i des of general fornuifaf bininbd@cid 881eRfRPRbA theyrelip @onsisting
reconstituted surfactant to i nprove the alveol ar patency at the end
of expiration. Finally, the igy&hbi MositiReddss tie selflostoborl, thand nlL;
prophyl axis and/or 10 treatnent of respiratory distress syndrone
(RDS) and ot her aespiratory disandeeger havithgrethlueg aonmprisesckfom 1 fo 8;
adm nistering to a patient in need of such treatnent a

t herapeutical ly effective anoimanohtegarchavisgia vabt samfpaisednfrom 1 to
conprising a lipid carrier, a Bol ypeptide of general formula (1), and
a pol ypeptide of general formiPa (11). 15FI GURES Figure 1

shows t he sequence of human protein SP-C. The s residues are
pal mit¥lated i nCnative SP-C. 'SRYIETSr BAVRE & “§é@|@%‘?ﬁfﬁ%ﬁ{yrﬁﬁﬁﬂed
protei n SP-B.

from 3.t0 8;
e, f,gandp are integers having a value of 0 or 1;
n is an integer having a value comprised from 0 to 3;
and
15 with the condition that the XaBXu(BXc)n is @ sequence having a

maximum of 22 amino acids. \

c) a polypeptide represented by the general formula (l1):

CiALCRALIKRIQAQIPKGGROLPQLVCRLVL®CSS (1)
20 wherein:
A is an amino acid residue independently selected from the group
consisting of W and L;
Q is an amino acid residue independently selected from the group
consisting of M, |, L and nL;
25 (O] is an amino acid residue independently selected from the group
consisting of R and T, preferably R; and
f is an integer having a value of 0 or 1.

The invention also includes the pharmaceutically acceptable salts of



Figure 3 shows the results in terns of lung gas volumes (m/kg).
20Figure 4 shows the results in terns of tidal volunes (m/kg) as a

function afobijgiRiAbessure. DEFI NI TI ONS The respi

function after Iin vivo treatnent with the exogenous surﬁ:@%‘%glmzs“
preparations is carried out by maasurl tvvo pararret ers: 25i) the
tidal volume which is, an inde i ance . i
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carrier to I
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added. Fhedisetas skhﬂfcﬁn@%RDSQrandTBtmﬁ réspiratbty @isetdgrigosphol i pi ds and
5 optionally furt | i pid conmponents, for exanple neutral I|ipids

such as tri acyl Dhe deveattion fis darthat tdiregtediso ahed/ nse adfothes pehypeptides of
The term "pol ypepti de anal ogues of the native surfactant protein
SP-C', i ncheneral formpenpt(iifider hei poeparation nof ac recarediietede surfaotant Ho
conpared to the native proteins, one or nore am no acids are m ssing
or 10 haveim@ﬁertbﬁlaé‘t%ﬂaantﬁWratdﬁﬁ@dj‘ddlflQi@lfaélénl ong as the

pol ypepti des, |n_ a mxture with a lipid carrjer, show gru nona
surfactant actikipaly. the '”Ve”ﬂ?é‘ pervides @ Msthed der dhal @9@@'%‘1‘5 @Re/or

aci hvgé@ug Balret Y it Pl dlstiens: g &Rb Eﬁﬁ'sg forapiragny
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protei n whegg ﬁ%fn‘gthaur!tPldNae"‘arFleSb 88Rpebhal! ¥f gje?@ré’lswrmtﬁlaa([ and a

presentation Otaken romthe ‘California NanoSystens Institu

website. | pély gabhd@e,qg@n@m;hgﬁnb@e@;)subsequent ly disclosed in the
RCSB Proteln ta Bank In Waring AJ et al J Peptide Res 2005,

66, 3645374, noFKSWRE& nmation about its structure and activity was
reported. Figure 1 shows the sequence of human protein SP-C. The Cys
residues are palmitoylated in native SP-C.
Figure 2 shows the sequence of human protein SP-B.
Figure 3 shows the results in terms of lung gas volumes (ml/kg).
20 Figure 4 shows the results in terms of tidal volumes (mi/kg) as a
function of time/pressure.
DEFINITIONS
The respiratory function after in vivo treatment with the exogenous
surfactant preparations is carried out by measuring two parameters:
25 - i) the tidal volume which is an index of the lung compliance and
i} the lung gas volume which is an index of the alveolar air expansion

or patency at the end of expiration, and hence of the capability of forming a

stable phospholipidic film in the alveoli at the end of expiration.



The term "variants" neans pol ypepti des anal ogues of the Mni-B 25
pepti de having an am no acid sequence in which one or nore am no

aci ds haveygegpiapd aced by other ami no acids, so | ong Qs ERR7002841
peptides, in a mxture with a lipid car_%i er, retain the activity of

M ni-B. The ami no acid sequences are shbwn according to the

- 3200 028 8.cod ' [ '
het Q whi oh car rHDCOHESFRbaPRR AR g fan ey “Erans bR sl danbomeshd e
. e e e et _ .
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woul d be expected by summ ng theit” respective individus .
ef fectiveness iTh@ EHrieMipabadarrier” medid éhmiﬁm@%ﬁ%%gpﬁmww@s and

identified herein are in the natural L-configuration and the
sequenc®s opiotalfyi ddrther dipid acempepents g doacexampleg neatratl dipdés such as

abbrevi ations for am no acid residues as shown in the follow ng 10
Tabl e of Chiacykgiyeatels drecTiaBlymaiis GORRESPONBENCE AM NO ACI DSYMBOL
One-letterThree-letter 15 GycineGdy L-prolinePPro L-isoleucinellle
L- 1 euci neLLeu LTh§ rtesinnenalypeplide -aalegies ady tha -nativet spHastant pprotein
SP-C7, includes polypeptides having an aminoc acid sequence in which,
compared to the native proteins, one or more amino acids are missing or
10 have been replaced by other amino acids, so long as the polypeptides, in a
mixture with a lipid carrier, show pulmonary surfactant activity.
The term “polypeptide analogues of the native surfactant protein
SP-B”, includes peptides having an amino acid sequence in which, compared
to the native proteins, one or more amino acids are missing so long as the
15 pdlypeptides, in a mixture with a lipid carrier, show pulmonary surfactant
~ activity.
The term “mini-B” means a 34-residue polypeptide based on the
N-terminal residues 8-25 and C-terminal residues 63-78 of the native SP-B
protein whose structure was first generically disclosed in a presentation
20 taken from the California NanoSystems Institute website. Its full sequence
has been subsequently disclosed in the RCSB Protein Data Bank.
In Waring AJ et al J Peptide Res 2005, 66, 364-374, more information
about its structure and activity was reported.
The term “variants”™ means polypeptides analogues of the Mini-B
25 peptide having an amino acid sequence in which one or more amino acids
have been replaced by other amino acids, so long as the peptides, in a

mixture with a lipid carrier, retain the activity of Mini-B.

The amino acid sequences are shown according to the three-letter



L- al ani neAAl a L-1ysineKLys L-arginineRArg 25 L-gl utam neQd u

L- net hi oni neMvet L-seri neSSer

L- val i neVal

)

2008/ 0441(@89&%&%&9@7/ 002841 9 L-aspargi neNAsn L-aspart]j¢. aci dbisn

L-gl utam c aci

n L-histidineHH s 5 L-threoni nel Thr

L- phenyl al ani neFPhe L-nor-1| euci nenLeu & orni t hi neOrn DETAI LED

Th resent invention is direct
hicﬁ (Parries the free amino group at ?he ?ec}t

DESCRI PTI ON OF THE | NVENTI ON 10
reconst i t ugde Withrthergmino acid w

10

15

20

25

to a
end

(amino terminus) and the amino acid which carries the free carboxyl group at

the right end (carboxy terminus).

The term “synergistic’ means that the effectiveness of the two

polypeptides is more than would be expected by summing their respective

individual effectiveness in a given assay.

All the amino acid residues identified herein are in the natural

L-configuration and the sequences identified herein are reported according to

standard abbreviations for amino acid residues as shown in the following

Table of Correspondence.

TABLE OF CORRESPONDENCE

AMINO ACID

Glycine
L-proline
L-isoleucine
L-leucine
L-tyrosine
l.-cysteine
L-tryptophan
L-alanine
L-lysine
{ -arginine
L-glutamine
L-methionine
L-serine

l-valine

Cne-letter
G
P

< ® 2T O X A P S O <

SYMBOL

Three-letter
Gly
Pro
le
Leu
Tyr
Cys
Trp
Ala
Lys
Arg
Glu
Met
Ser
Val



conprising a lipid carrier and a conbination of particular

pol ypepti de anal ogues of the native surfactant protein SP-C with
particul ar l,de anal ogues of the native surfact i
SP-B i ncl uﬁ?%éy”?ﬁie)‘t" ni - B peptide and variants thereof ?ﬂ%g%ﬁ’uﬁ@l&%u

i ndeed found that, in a nodel of RDS wh@rein the i mmature newborn
were treated with exogenous surfactant preparations wthout applying
PEEP, a cohktispa9e of a pol ypeptide oN general fornmula (1)ASwith a
pol ypeptide of general formula (I1) positively acts on the ] ung
conpl i ancel-35P&HF 8CELI ar, the conbi naﬁi on of the two poly i des
was found to ,act 20 i.n a synergistic y on the lung gas vaglunes
which is a 'quﬁ"éQ'ccﬁc'?he al veol ar pat \tlavﬁcy at the end of ex&glpati on.
Sai d resul L_Iﬂg{ﬁa‘ﬂgtrat es that the recopstituted surfactant t he

i nvention Is eto stabilise the phospholipid filmin the alveoli
at the gnd gf &Rhsation in a better wgy than reconstitutedry,

conpri si ng onry an anal ogue of 25 the protein SP-C or an anal ogue of
the protei p.sHRtalanine Moreover, thepclai med reconstitut gehe
surfactant preparation turned out to inprove the respiratory function
as expressechdyletibimet i dal vol umes to an extent conparable arLeaven
slightly better than that achieved after WD

2008/ 044100REhIthBiz007/ 002841 10 adm nistration of a nodi fi ddrmat ur al
surfactant. Advant a%eousl , the anal ogue of the native protein SP-C
is a pol ypepti dBEFAILED B C@U’H@MQgFa&'HE INENTE@Nand no nore than
40 am no acid residues, having the sequence represented by the

gener allOf or mul aT#) P!Se?r%'(keIW‘F’?@@SPVHL&RR&Wb(‘BX@wG&EEM{qﬂ | yurfactant
wherein: Xis an _am no aci.d residue i ndeperbdenttl sel ect e frorp t het.
group consFeMPR§ING q1laq_|g gﬁglqﬂ_?nd a combination of particular polypeptide

analogues of the native surfactant protein SP-C with particular polypeptide
analogues of the native surfactant protein SP-B including the Mini-B peptide
and variants thereof.

15 We have indeed found that, in a model of RDS wherein the immature
newborn were treated with exogenous surfactant preparations without
applying PEEP, a combination of a polypeptide of general formula (1), with a
polypeptide of general formula (ll) positively acts on the lung compliance.

In particular, the combination of the two polypeptides was found to act

20 in a synergistic way on the lung gas volumes which is an index of the
alveolar patency at the end of expiration.

Said result demonstrates that the reconstituted surfactant of the
invention is able to stabiiiée the phospholipid film in the alveoli at the eﬁd of
expiration in a better way than reconstituted comprising only an analogue of

25 the protein SP-C or an analogue of the protein SP-B.

Moreover, the claimed reconstituted surfactant preparation turned out
to improve the respiratory function as expressed by the tidal volumes to an

extent comparable or even slightly better than that achieved after



10Bis an am no acid residue independently selected fromthe group
consisting of K, RR H W F, Y, and On; is optionally substituted

w th acyl taining 12-22 car bon atons, prefer

at ons, 15I‘?§%§§ﬁ]?gg{1he side chain via an ester bond, |%Tﬁ3%§wﬁ@g'§m d
resi due sel ect ed fromthe group consi stliOng of Mor its oxidized on
the sul fur atom and nL; ais an integer having a val ue

conpri sed ﬁﬂﬁ?’rﬁ"itf‘é‘go%mmpg'ftﬁﬁ’ R#UER] U Mg a val ue conprised from

1to 19; is an hav a vaI e |nd et\ dent sel ctegﬂ;

o 8 e 1/ g AdveaeePhly e el D e Bhtive oproising i
conarti on:fvn'fa@?’epﬂé fgestbee .eag“'gros ﬂﬁgﬁﬁgﬁﬁaﬁh"% ng mesd Yiih 4P amino
5008 0a4108BEESIsElsR, Py SR §Eshchk tepReskhted By e Hhal Hhhnuia ()

pol ypepgi de of general fornmula (1) consists of at |east 30 and not
nore than 35 am no acids, nore preferably not nore than 33 am no
<(51|C|) ds. 5In particplElFBBheRVIRKRXIDG(RRLYGARLIesLpf generall) formla

wherein;
X is an amino acid residue independently selected
from the group consisting of |, L, and nL,;
10 B is an amino acid residue independently selected
from the group consisting of K, R, H, W, F, Y, and
Ormn;
S is optionally substituted with acyl groups containing
12-22 carbon atoms, preferably 16 carbon atoms,
15 linked to the side chain via an ester bond;
0 is an amino acid residue selected from the group
consisting of M or its oxidized on the sulfur atom, |,
L, and nL;
a is an integer having a vé!ue comprised from 1 to 8
20 b is an integer having a value comprised from 1 to
19,
c is an integer having a value independently selected
from 3 to 8;
e f,gand p are integers having a value of 0 or 1,
25 n is an integer having a value comprised from 0 to 3;
and

with the condition that the X.BXo(BXc)n is a sequence having a

maximum of 22 amino acids, preferably comprised between 10 and 22 amino



consi st of 30 or 33 or 35 am no acids. Preferably, the
pol ypepti de anal ogue of the SP-C protein is represented by the

general f ) in which e and n are 0, and g is
10|fPfSSP3&|§Eb§’é’%§§JGALL@@Lp(| a) wherein X, B and 0 aEPeCTé%g"‘%%’P?ZF%‘gd
above; ais from1l to 8, preferably fromll to 3; nore preferably 1;
bis from1l to 19, preferably from5 to 15; nore preferably 14; 15f
and p are @cigls. 1. More preferably, the polypeptide anal ogue of

t he SP-C tein i ted by th f I b), i i ch
(TSl | PeoVLRSSRIBAT PePaEN g5 S ciarer el fermitia B) tensiste,d 4 lasg
as defi ned,gbove:; s 0,0r , Even nore pr.eferably, the
pol ypept 1 dB0C3 BgbanEFe tn 3B emine,aite. rH0IC pPRELAHIE Pk b than 33
general formila QLQ%) 25 | PSSPVHLKRLKLUI LLLLI LLLI LGALLOpGpLp(| ¢)
wherein: iS as defi ned above WD 2008/ 044109PCT/1112007/002841

5 In particular embodiments the polypeptides of general formula (I)
consist of 30 or 33 or 35 amino acids.
Preferably, the polypeptide analogue of the SP-C protein is

represented by the general formula (la) in which e and nare 0, and gis 1

10 P SSPVHLKRX.BXyGALLQGplLp (la)
wherein
X, B and Q are as defined above;
a IS from 1 to 8, preferably from 1 to 3; more preferably 1;
b is from 1 to 19, preferably from 5 to 15; more preferably 14;
15 fand pare O or 1.
More preferably, the polypepiide analogue of the SP-C protein is

represented by the general formula (ib) in which fis 1

IPSSPVHLKRXaBXsGALLOpGpl.p (ib)
20 | wherein:
X, B, Q, a and b are as defined above;
pisOor1.
Even more préferably, the polypeptide analogue of the SP-C protein is
represented by the general formula (lc)
25
IPSSPVHLKRLKLLLLLLLLILLLILGALLQGplp (lc)
wherein:

0 is as defined above



12 is 0 or 1 Exanples of polypeptides of fornula (Ic) are reported
bel ow. | PSSPVHLKRLKLLLLLLLLI LLLI LGALLME(1d) (SEQ I D: 1)
51 PSSPVHL KRGk ds koL | LLLI LGALLI GL(1€) (SEQ I D: 2)

| PSSPVHLKRLKLLLLLLLLI LLLI LGALLLG.(1f) (SEQ ID: 3)

| PSSPVHLKRLKLLLLLLLLI LLLI LGALLNLGL(1g) &EQ 1D: 4)

| PSSPVHLKRLKLLLLLLLL) LLLI HGALL(l h) (SEQ I D:5) The

pol ypeptide (IdP has'S aI so referred to in the prior art as 10

SP- C33. r, ef e . P I [ lepspt i de
selected fromt a 6%?)0 eyﬁ)’g%i%ggg"ﬂ‘ggi(ﬁcglﬁ?ﬁerg?%g%l ae (le),
(rf), (lg) and (Ih). In a preferred enbodi ment of the

i nvention, the polypeptide of general formula (1) is the pol ypeptide
(11) her el naf t efpsabeiiiaeRi R 61 S IGBBILGARIMGLS Advankpeseasird) the
anal ogue of the native protein SP-B consists of two portions
correspgndi ng t gesEPVINLKRIRLDBLLIESLdURSA-1281and to {Ibg (SBQI®:2)
C-termnal part of the native SP-B protein (referred to as Mni-B
peptide) or a vérsspPVHIHCREKELLLLLLLILLLILGArigGhdvant af8o&HG |Dtdje
anal ogue of the native protein SP-B is a 20 pol ypeptide represented

PCT/IB2007/002841

by the foll owi ng’@Sﬁ’M—ﬂlKRthﬂLhLI(H.lLI)_LLILGALLnLGL (Ig) (SEQ D 4)
Cf ALCRALI KRI QA\D| PKGGRO.P%VCRLVL@SI wher ei
ani no aci d resi (RSSEPMHHBEKELER-kHELY |elen5| sting 6’(‘) Wﬁ@a%s)_

is an am no aci d reS| due i ndeE)endent I y sel ecte m t he

consi sting of MIhe pplypgptidg{ld) fas) begn alse nr(S’?%rcF?g el aﬂ% %‘E‘? feBfteds

fromt h1e grS()!g%BCSOnSI sting of R WO 2008/ 044109PCT/ 1B2007/ 002841

Most preferably, the SP-C analogue is a polypeptide selected from the
group of polypeptides having the formulae (le), (If), (Ig) and (lh).

In a preferred embodiment of the invention, the polypeptide of general
formula (1) is the polypeptide (If) hereinafter referred to as SP-C33(Leu)3.

15 Advantageously, the analogue of the native protein SP-B consists of

two pprtions corresponding to the N —terminal residues 8-25 and to the 63-78
C-terminal part of the native SP-B protein (referred to as Mini-B peptide) or a
variant thereof,

More advantageously, the analogue of the native protein SP-B is a

20 polypeptide represented by the following general formula (II):

Ci{ALCRALIKRIQAQIPKGGRQLPQLVCRLVLOCSs (1)
wherein:
A is an amino acid residue selected form the group consisting of W
25 and L;
Q is an amino acid residue independently selected from the group
consisting of M, |, L, and nL;

® is an amino acid residue selected from the group consisting of R



13 and T, preferably R and fis an integer having a value of 0 or 1.
In a particul ar enbodi rent of the invention, the SP-B anal ogue is a

pol ypepti Lesented by the fornula (11a) 5
CW.CRAL Kgf%Z@IQBMNLPQ_VCRLVLRCS (11a) (SEQ 1D:6)  "CMIPRANGHHer
embodi ments of the invention the SP-B &dal ogue is sel ected fromthose

havi ng the follow ng fornul ae 10CLLCRALI KRI QAM PKGGRMLPQLVCRLVLRCS
(11b) (SEQ 1117) CAPERALRTRIeraRly Rkarsk | PQ VCRLVLRCS (11c) (SEQ 1D: 8)

CLLCRALI KRI QALI PKGERLLPQLVCRLVLRCS (11d EQ.I1D:. 9 |
preferred embodi nefit ?"t'%gﬁ{) ﬁ@&?&@é"%‘iﬁgf%(llbg, (11c) gng (11d)

It rarmol ocul ar 968 GRURyREeEpRSRE BE (B, IR IRE TP Baloqug s e
| Pup” s P
4 ana 27, PP el M s Y8V e (11a) has been

referreg in the art to as oxidized Mni-B (ox Mni-B). The
pol ypeptide (11c) is hereinafter referred to as Mni-B(Lieu) and its

20 disul fide |CWKETRALIKREBANMKP GG RM(PEVCRLYLRCEIPAiSH®@IDIsjes of
general formulae (1) and (11) may be prepared according to synthetic
nmet hods or recdnbianattiert ecibuodimeatsvedfl tikeroweention himepSR-En wldldgesl isn
the art. An excellent summary of the many techni ques avail able may be
found 25 iselgcteld Borvihode daying the falowing faoiulae Phase Pepti de

Synt hesis", WH. Freeman Co., San Francisco, 1969, and J. Meienhofer,
Hor monal Proteins and Peptides”, Vol.2, p. 46, Academ c Press (New

AT i fpgbhwgi?{‘?@fﬁnﬁﬁpéégﬁm%ﬁ%F?LV&QSSEG|b§‘i§%?:dﬁ5:7 nd K.
CWLCRALIKRIQALIPKGGRLLPQLVCRLVLRCS (llc) (SEQ 1D:8)
CLLCRALIKRIQALIPKGGRLLPQLVCRLVLRCS (iid) (SEQ ID:9)

In a preferred embodiment, the polypeptides (ll1a), (iib), (llc) and (l1d)
may be in the form of disulfide linked molecule wherein the intramolecular

15 disulfide linkage is between the two Cys residues in position 1 and 33 and/or
between the two Cys residues in position 4 and 27.

The disulfide linked polypeptide (lla) has been referred in the art to as
oxidized Mini-B {ox Mini-B).

The polypeptide (lIc) is hereinafter referred to as Mini-B(Lleu) and its

20  disulfide linked form as ox Mini-B(Leu).

The polypeptides of general formulae (l) and (i) may be prepared
according to synthetic methods or recombinant techniques well known to the
person skilled in the art.

An excellent summary of the many techniques available may be found

25 in J.M. Steward and J.D. Young, "Solid Phase Peptide Synthesis", W.H.
Freeman Co., San Francisco, 1968, and J. Meienhofer, Hormonal Proteins
and Peptides", Vol.2, p. 46, Academic Press (New York), 1983 for solid
phase peptide synthesis, and E. Schroder and K. Kubke, "The Peptides”, Vol.



WO 2008/ 044109PCT/ 1 B2007/ 002841 14 1, Academ c Press (New York), 1965
for classical solution synthesis. The pol ypeptides of the invention

can al so Re,plshanigd using the solid-phase synthetic t Bl )
initially desé’rig‘édﬁby Merrifield, in J. Am Chem Soc%tégg: 2?040925-“21154
(1963). Ot her pol ypeptide synthesis tethni ques may be found, for 5

SHEPAI P L
th killed in th t. . . i at t i

oo T n® suciantidescel e invention, 587 4SS ks BRaRRRHERHbYC, SHRPghte
J.F.W MOQie, Protective i ' ' .
Press, Neﬁy?ﬁ?‘?éfcr%?%%@\g‘)"ga%p&e* ctn’g’)eebSa'rrp“'(é f@%lﬁ@mﬁzﬁ‘%gﬁ ?‘ﬁ;%% Y

general f %@ég1 %M@e@%{)h?ﬁhef @g@gg%@ggg@be& tberﬁia%eg%ap%ecfbaﬁa,or@ﬁd

in WO 00/ € po general formula (11) may be

prepar BN ) fBibad demypirRe Sihtnasisndohd Wilepl& $ons, 2d
Pept i dnggéé&%g: 916%}? %%kﬁa 374.9 15The iﬁtnventmn al so incl udgs t he

phar maceutggal{97@cse MeAALirsaihes refecemsy woekd kdesnab thesesaliled in the
formulae (I') and (11) and their blocked N- and/or C-term nus

derivativest. e.g via acetylation and am dati on.

Phar maceutically acceptable salts include for exanple, salts of
hydrochl ori ¢ adiphropdate prateciive gratipsr for luseripaaush synibeges »ike found
reconstituted surfactant of the invention may he prepared by.nm.xing a
sol ution dn the aboyertekisraowellps 'B&I-@-MP@@%‘%Pr%}@ﬁ@Y%ﬁ"PHP%ﬂ]ﬂbrWrﬁc

and (I1) and |ipids_and by subsequent|y dryi the m xture, otherw se
Fahomisin dioBym Sk Nty P NP (L67y  dr yi no.

L??efé%ly, th(?: af)l eyti%Eeﬁjﬁr)Ly et ral f r%i%y z{:g: gggrﬁep &Brepared

pol ]}/pepti des ?f ‘g{&f@ﬁ&eﬂ it p%PFi?eﬁlpég%ngeﬁ? m%q _rgg%_ng{ﬁ%ut ed

f rt e e R L S SR A A f e oot

or mul ae (é%ri}%fggﬂrhalafQ@@%ﬁ%@ﬁé&%@éé&%@%’ Qﬁa%hétﬁoﬁale@bnéa iho

the *recon sur _ vary. Advantageously eac
pol ypepti dﬂ/d?% Rﬁe%?%%pﬁdé RBs 2MOBNEECAFMI7Red bet ween 0.5 and 10%
e welight o

based on t the surfactant (W w), preferably between 1 and
5% nogg pref erphd ymhaitiresalsd inolddasethe pharmaceutically acceptable salts the
polypeptides of general formulae (1) and (1) and their blocked N- and/or
C-terminus derivatives, e.g via acetylation and amidation.
Pharmaceutically acceptable salts include for example, salts of
hydrochloric acid, acetic acid, and trifluoroacetic acid.
20 The reconstituted surfactant of the invention may be prepared by
mixing a solution or a suspension of the polypeptides of general formula (I)
and (1) and lipids and by subsequently drying the mixture, otherwise they
may be prepared by lyophilisation or spray-drying.
Preferably, the polypeptides of general formula (I} and the
25 polypeptides of general formula (I} are present in the reconstituted
surfactants of the invention in a fixed amount and quantitative ratio as a fixed
combination.

The proportion of the polypeptides of general formuiae (1) and (l1)



5In a preferred enbodi nent, the reconstituted surfactant conprises
from1l to 3%by weight of the polypeptide (I1f), from1l to 3% by

wei ght of hewpelypeptide (Ha), preferably in the oxi dIP%QHBIQQ{/mZSH
I n anot her preferred enbodi nent the reconstituted surfactant

conprises from1 to 3% by weight of th#&d polypeptlde (10, from1l to 3%
by 10 melght of the pol ypept

tltdeq( rz?cé%ieferably ‘P‘ thﬁa oxoﬂslz %Iach
fﬁ(r)rsn hol i reaﬂ?ﬁfag‘rﬁeﬂggg?z Ei?d in naturricep Eetor 9&% tlaﬁg .
felpodielpe Rt LA Y Pdﬁ%%‘b%‘&t?’&ﬂ"&%l gt b igite 85 8k 10%
di pal m h h

el toy of %oe?ﬂsﬁn%s‘%’f@ﬂ? ok 1 SHEBF bt vy prefsrably, betwean 1 and 5%
15 (PG, s%g%gﬂéf?wag{v@@% R g tidyl gl Ycerol (POPG and

di pal m t oyl' pos ycer ol O her phosphol i pi ds

whi ch aan be ad Haétﬁ‘l%%’llr'éﬁ)’eﬁi%aln@é@t Rhésﬁt@hbﬂuﬂtécﬂloﬁjﬁé&ténﬁ Bbinprises
phosphati dyl et hanol am nes (PE), phosphat I dyl serines and

sphi ngonyefrbmst (S8R byOleight bRite polypeptad i), frmh 1 1ha% by weiglrofitee
may conprise further conponents, for exanple neutral Iipids such as

triacyl gl yselypeptidé (=), patfeyablgiio shaodidwedfootrest er ol .

Advant ageously the reconstituted surfactant according to t he

i nvention conprinsea®theo postepedieemibodinent | thei dTEtQa’tnﬁtIBHedprSé‘ﬁé\C&EBﬁy
92 to 98% nore 25 preferabl)/ 94 to 96% and 1 to 10%by wei g/f
the sum of C%Pﬁsﬁ%étqfﬂlésto B Mr‘dﬁlg)ht?fttbemlyﬁﬁﬁt@ep 'Qﬁ é?%let%% by
6% one of the enbodi vent
reconsiQtuW@tﬂ"'étﬂW'&%P&ﬂﬁpe(P@ﬁ'ﬁr(ﬁg §3F§83%3%Bf 'ﬂéﬁﬁiﬂx’ ;e nbi d carrier,
2% by wei ght of ept.i 200 44

gene)r/al :‘grrrul aA@YE;) %Qﬁgo% @’%ﬁ?'ah%arﬂg §é%8r'% g hgggﬁ’g@ﬁggﬁé’[ &r@
f I I |

ormul a ( Fgrbtﬁlb%%dnollnl Br?%upaqr ﬁﬁﬂbﬂ?ﬁg@ﬁgﬁ%{?m ﬁﬂ%‘f)alrétﬂﬁr% C%f'@ﬂarﬁﬁﬂey

consists o e pre m xture of DPPC and a
I S bR AR SR SLER i e hcspRR e )
from 80: 204h9 S4nftdyloleoylphosphatidyicholine (POPC), and phosphatidylglycerols

15 (PG), such as palmitoyloleoylphosphatidylglycerol (POPG) and
dipalmitoylposphatidylglycerol (DPPG).

Other phdspholipids which can be advantageously used are
phosphatidylinositols (P, phosphatidylethanolamines (PE),
phosphatidylserines and sphingomyelins (SM).

20 In a particular embodiment, the lipid carrier may comprise further
components, for example neutral lipids such as triacylglycerols, free fatty
acids and/or cholesterol.,

Advantageously the reconstituted surfactant according to the invention
comprise 90 to 99% by weight of a lipid carrier, preferably 92 to 98%, more

25 preferably 94 to 96%, and 1 to 10% by weight of the sum of both peptides,
preferably 2 to 8%, more preferably 4 to 6%.

in one of the embodiments of the invention the reconstituted surfactant

comprises 96% by weight of a lipid carrier, 2% by weight of a polypeptide of



The wei ght ratio between DPPC and POPG ranges preferably from 75:25
to 65:35, and is nore preferably 68:31. In the case of DPPC. POPG POPC

m xt ures, wheawphpsphol i pids are preferably used in 10 r9kdo $,0S
of 60:20:20 or 68:15:16. I n anot her enbodi nent, ?Eg li BJ{I@EMQ
carrier may consist of DPPC, DPPG and thol esterol. In a preferred

enbodi nrent of the invention, th tituted f
from 1 to a7yl fpemgia (IbAngiRs OavEIy BLBRANRERIe1S GRIRIAROTRS D

(la), fromlto 5%b i ght of ope o he pal ypepti des pof gener.al
formula (I1) aﬁ'a g rﬁl@{%ﬁﬂgroﬁnﬁﬂﬁ@“ﬁ {S@dp‘?lﬂyg:a\%é? hf’nﬁ’at&&s jts of
68: 31. The. adm ni strat i ft ec It ut ct o)
t het anentﬂwppgﬁg'gﬁri AP 5ut pfq{ggabﬁsénn%‘ra %nom%ﬁ%&t h@dp?r%%% s%?‘ltll e%
in e art 1 i it i I I P frHS)
A e e e e s e P A R
phar mgeutpEpl ﬁ\o\ﬁ’%%ﬂétrbﬂﬁ raRGRY! Fbm%s:B&ol 55:608 bréfeFasly Frirh B0t 20to
of the invention. Sald conpositions are advantageously adm nistered
in the forgp.@h a solution, dispersion, suspension or dry powder.
Preferably said conpositions conprise the 25 reconstituted surfactant
di ssol ved or susieendashti ratio beiwedrl ®RRC vad ROP Gemrgyesnprafarandy ifuom
Preferably said pharnaceutical conpositions are supplied as

suspensi or78:@5a tbuf8&66¢d pnysiis| agooal psaferaidy adifedlis bol the orase of
singl e-use WO 2008/ 044109PCT/ 1B2007/ 002841 17 gl ass vi al s.

Advant agedDBPE:PREG-EEEt Mixtuees.s tha RGP oUBBe Ae PSRtk pHash da
as phospholi pi d C(_)ntent&. is in the range of fromabout 2 to about 160
gy ?f glublrf‘&%fgﬁhfatfﬁsrohﬁ,-zﬁr%q ef 881 b8t ween 10 and 100 ng/nm, nore
preferably between 20 and 80.ny/ Saj d_conpositiaons,! t
conpri se el ect nBIanatRer ?G@?dé{ggegtg?ﬁﬂd ﬁﬁﬁf?és’f‘ﬁ%cgﬂa%ﬁg%‘?émggpe
salts, pref el agl% arl i um chl ori de. The phar naceuti cal

conposi ti offy S8%6PHI™RG to the invention are suitable for the

prophyl axi s ano|ﬁora t%%gégggt eﬂfbc{}oﬁ@@hf aherpediisté SYRET ey rishiRed

in prematurely born TesS or ot I seases related to a surfactant-

Lo oS Bain RERORCArS Wm0 PR, LSOpgopaacelaim
15 general formula (Ia), from 1 to 5% by weight of one of the polypeptides of
general formula (i) and a mixture of DPPC and POPG in a weight' ratio of
68:31.

The administration of the reconstituted surfactant of the invention is

carried out in a manner known to the person skilled in the art, preferably by
20 intratracheal installation (infusion or bolus) or by nebulisation.

The present invention also concerns pharmaceutical compositions
comprising the reconstituted surfactant of the invention. Said compositions
are advantageously administered in the form of a solution, dispersion,
suspension or dry powder. Preferably said compositions comprise the

25 reconstituted surfactant dissolved or suspended in a suitable solvent or
resuspension medium.

Preferably said pharmaceutical compositions are supplied as

suspension in a buffered physiological saline aqueous solution in single-use



They may al so be useful for the prophylaxis and/or treatnent of other
respiratory disorders such as pneunonia, bronchitis, COPD (chronic

obstructi vy piebapRe y disease), asthma, and cystic fi bpeghg@Hosedh!
as for the 15 treatnment of serous otiti?j medi a (gl ue ear). e
i

foll owi ng exanples illustrate the inve on in nore details. EXAMPLES
Example 1 -

Sl L g ARSI B S e b L AP RBLAE Sppgeniato

baced on AwSEIERER 4 PRESHOTRAL Boilanis LAY B HEth BhoiENB hout
g of crudeg Bﬂagﬁéf lo@irdtariehr QDL Biifé?&qibiy between 1018n801 (P A/l € niiRe

purified by s ecting the material to counter 25 current

di stri but ipﬁ@fe(r ) batsldig PR ANA-SUMAY/MEOEt / AcOH 4:1:4: 1 as biphasic
solvent system This purification yielded 78.9 g of SP-C33(Leu)31

W th aspurity @aie col@cHOmaiFOREEL tEP0ELIGAdIyTES, such asTdadcium,
final purification was carried out by preparative HPLC using PLRP-S
as st at i omaagngsiageand/oa sedaah salibuprefefabhpcalcBE0 chiarigspl yi ng a

| i near gradient of 25%B to 100% B in 75 minutes. The nobile phase
consi st ed of bUihfeerpharmageuticalr somposiione aeeondipgd iputheednertian Bye
TFA 5in | PA, The purified pol ypeptide was di ssolved in 90% AcOH
and passedUitabitifr the qspaiviagisatonireatneiia! respiratlopn disfiesssypgdrome

(poctate Tg ool sty i8St bR S2otee® Bt o % iadfhpt
0 an gnal ogous, annery FOLSART ATHGERARS I | SadEORARDY), ARHldin
aspiration syndrome (MAS), and bronchopulmonary dysplasia (BPD).

They may also be useful for the prophylaxis and/or treatment of other
respiratory disorders such as pneumonia, bronchitis, COPD (chronic
obstructive pulmonary disease), asthma, and cystic fibrosis as well as for the

15 treatment of serous otitis media (glue ear).

The following examples illustrate the invention in more details. -

EXAMPLES

Example 1 - Synthesis and purification of the polypeptides
SP-C33(Leu)?! and SP-C33.

20 The polypeptide SP-C33(Leu)3! was prepared by standard SPPS
(Solid Phase Peptide Synthesis) methods based on Fmoc chemistry and
consecutive TFA-cleavages.

In total 186.0 g of crude SP-C33(Leu)3' were obtained.

The polypeptide was purified by subjecting the material to counter

25 current distribution (CCD) using HzO/n-BuOH/AcOEt/AcOH 4:1:4:1 as
biphasic solvent system.

This purification yielded 78.9 g of SP-C33(Leu)3! with a purity of >
60%.



Boct - But yl oxycar bonyl 15n- BuOHn- But anol

Frnoc9- Fl uor enyl met hyl oxycar bonyl | PAl sopropyl al cohol

TEATT i T1 ugy@amghiGoaci d , Exanpl e 2 - SynthesipgraBho002841
purification of the polypeptides ox Mni-20 B(Leu) and ox-M ni -B.
The pol ypeptide ox-M ni-B(Leu) was prep@red by standard SPPS (Solid
Phase Peptide Synthesis) nethods based on Fnpc chem stry a .
consecutive TFAE/'TQ di\pl gerification was - carfid &%d@yp%ﬁe?ﬁé%%/‘fedypm!ag using

purified w eparatijve HPLC usin FA,25 s i SO

yophi 1 sapFBRCS 4 SRRy Arass, B s1o9 1R o 20 Boapgi bl oPeFlhch
t he nonocygl | C i h i fhd ng,: :

Cys33. Theﬁ%%oﬁ&cwgﬁ g’é\pl)%éf%ebmg%d{pou%:}f’f?e@ \?\Ag t &Iﬁ%\égfgl%&?—\ﬁ%hase
using a TFO,SYSEATRANHdR2b oMb, B A UPARRDRLOAAL0R PEULPEO0 T 9929¢A
_ . 19 lyophilTsation. The second di'sulfide bridge between
Cyst' apd fpyp/ was fornmed using iodine. After oxidation, the
product was purified with preparative HPLC using a 5 TFA system and

i sol ated by | yoptd |guwshieidopolybepfide was 1digédivell inhe0%s medOtd oapd yrebsed
were isolated with a purity of >89% The pol ypeptide ox M ni-B was
pr epar ed i thranglhmatolgaus paeked withERamexeioB exdhangevresax pasdtatenfamiton
a reconstituted surfactant based on ox Mni-B and SP-C33 10The

sur f act ant fusnispaafier yephilisations 5 8/e ¢= 5 H) efthafiraliypbduchas Hsbaestate.
obt ai ned by hysterectony at the gestational age of 27 days. The
experi nents wer Evgpphydertidedr WEB ISP @D ARAIPGONR @XM at or y
pressure (PEEP), As SP-C anal ogue, the pol ypeptide

referr8d to as 29973 was used 15 which was prepared according to
Exanple 1. ACN Acetonitrile
AcOEt Ethyl acetate
AcOH Acetic acid
Boc t-Butyloxycarbonyl
15 n-BuOH n-Butanol
Fmoc 9-Fluorenylmethyloxycarbonyl
IPA Isopropyl alcohol
TFA Trifluoroacetic acid

' Example 2 - Synthesis and purification of the polypeptides ox Mini-
20 B(Leu) and ox-Mini-B.
The polypeptide ox-Mini-B(Leu) was prepared by standard SPPS
(Solid Phase Peptide Synthesis) methods based on Fmoc chemistry and
consecutive TFA-cleavages.
The crude polypeptide was purified with preparative HPLC using a TFA
25 system and isolated by lyophilisation.
Air oxidation of the purified peptide yielded the monocyclic sequence
with the disulfide bond between Cys' and Cys33. The monocyclic peptide was

purified with preparative HPLC using a TFA system and isolated by



As anal ogue of the protein SP-B, oxidized Mni-B (ox Mni-B) was used
whi ch was prepared according to Exanple 2. The animals were

treated a I L, Mot h reconstituted surfactant preparaty
_ Aby bkt %ggﬂﬁﬁgﬁ'&uu&% G

containing, as lipid carrier, the phospholipid m xture

inthe ratio 68:31 ww. The phospholipi'8s were mixed with 2 or 4% w w
SPC-33, 2% w w ox Mni-B or 2% w w SPC-33 plus 2% w w ox M ni-B.

Ani mal s r elyepPhilisgtiehe same dose of Curosurf(r) served as positive
controls and nap-treated |ittermtes as negative t £0l .
surfactant pr egg?eaﬁ?%% Wé?"h‘ "‘39%[’8’?%%?@@5’3‘ %%‘ﬁ@&ﬁ%f‘g%%‘ﬁé@%& g9
mg/ M and at irf'e standard dose of 2.5 m/Kkg. The i mmature
newborn rabbits were ventilated in parallel with a standardi zed

sequence of pe i At i i
2008/ 044109PCT%%%%%%%&%EZ%{’%?%%guag‘?s@w ArepahAnPec uslhya
for 1 mn. yAht gystbi ande WdthiedE By WepRRLfion. RIEBYIINS 1% enehedfihgl

25 cmH20 for 15 mn and further on to 20 and 15 cm H20. Finally,

pressure wasmpaLfedvergdsolater AfthcaptiBty 6iar8®hbmi n, after which the

| ungs were ventilated for additional 5 min with nitrogen 5 and then
exci sed for gasTivepolyweptide uneltinii® was prepareBbinhah anglagasisvobones and
tidal volunes expressed as m/kg were nmeasured and the results, given
as medi an val udExample Bejoviveexpenmgoiswith aiegonstitutad surfagtant based
FromFig. 3 it can be apgreci ated that aninmals treated with the 10
reconst i t upB@XMiniR @agt SBreddr ati on containing 2% w w ox M ni-B had

| ower | ung gas volunmes than ani mals that recei ved 2% w w

P- C33
(about1® m / kg TRe sp¥iRCtantprepsrations were agrawedyin OIPF%/Q%W%V Igwborn
Mni-B to SP-C33 fact ant d tgnifi t
Mo ement. 18P HE R0, P S RETFTY At abd P aRBhal 3l GL2Y oy, T

vs about 6 _pni

observed f SFP?J&%}ENSdé’(er\%Ipéﬁn%’zagmwltgP@e%p%%ﬂﬂiséF?g?flg%r %ﬁﬁlt%%ﬁratory

pepti des i E%:%mg [ an i nprovenent conparable or even slightly
better tha%r gtéggﬁm'ed after admnistration of Curosurf(r) was

observed. 20It %Ssﬂ@%ﬁlﬁéguépﬂﬁdpbﬂ?ﬁbpﬁtﬂ@ refeGlRpfradISBREIBHas used
content form2 to 4% w w did not increase |lung gas vol unes indicating

that ths suaid ivekngephfatacadrdifyetcoBresmbi ipid filmin the al veoli
at the end of expiration is due to
As analogue of the protein SP-B, oxidized Mini-B (ox Mini-B) was used
which was prepared according to Example 2.
The animals were treated at birth with reconstituted surfactant
preparations containing, as lipid carrier, the phospholipid mixture
20 DPPC:POPG in the ratio 68:31 w/w. The phospholipids were mixed with 2 or
4% wiw SPC-33, 2% w/w ox Mini-B or 2% w/w SPC-33 plus 2% w/w ox
Mini-B.
Animals receiving the same dose of Curosurf® served as positive
controls and non-treated littermates as negative controls.
25 All surfactant preparations were administered at a concentration of 80
mg/ml and at a standard dose of 2.5 ml/kg.

The immature newborn rabbits were ventilated in parallel with a

standardized sequence of peak insufflation pressures. To open up the lungs,



the addition of ox Mni-B. Said result denpnstrates that the
rﬁconﬁtltﬁégd surfactant of the 25 invention is able to stabilise
t he phosphk@d bRkMsdidd Min the alveoli at the end of expi i hids.
better way than reconstituted conprisi n(g only an anal oé)ghg?ﬂ??ldg{;ﬁ
protein SP-C or an anal ogue of the protin SP-B. Moreover, the
claimed reconstituted surfactant preparation turned

k ut = WO .
2008/ 044103§€}t1)ur95mﬁm®t2§&1 at1 36 o CMimpleBY 0% He fF'é‘spﬁ\&%E dhip repruftment
as expresse y the tidal volumes tg.an_ext 0 rabl e
ST1 ght |y TRERRAURaieSire 4t ed s 2p e G i aBp HurtfgEPr 2
natural s act . I 0 [ fac
compr 5 ngiiaﬂsi‘{%w b HaaaRy rhERoHEs et a g RE28m o0 for s
pol ypepti de. a t | f ' - £ ot
ol ypopt i dbandiegvpni S 103kt Word Varffe roPbahfidhaFy ik wih'dlirBgen
wher ei i saj gy ﬁ%'ny Led%orgad Qaiuile MaasDAirh¥Rissur factant protein SP-C
is a polypeptide of at ['east 20 am noacid residues and no nore than
40 am noaci d r gxituanghgys ReliMes seruBasevsiepias erprtsey ddenijanereab
formula (1) FeGel f Pf SQSPVHLKRXaBXb( BXOnGALLC2pGpLp(l) 1Owherein: X is
an am no agbdsiliresl ahe the dendizd givdnyas aleeitdredaluesmatrd espprbacpin Figures 3
consisting of I, L, and nL; B is an am no acid residue independently
sel ect ed fardt espgretivplyconsi sting of K W F, Y, and On; 15Sis
optionally substituted with acyl groups containing 12-22 carJaon,

From Fig. 3 it can be appreciated that animals freated with the

10 reconstituted surfactant preparation containing 2% w/w ox Mini-B had lower
lung gas volumes than animals that received 2% w/w SP-C33 (about 2 mi/kg
vs about 4 mi/kg).

Addition of 2% w/w ox Mini-B to SP-C33 surfactant produced a
significantly greater increment in lung gas volumes than either peptide alone

15 (8 mi/kg vs about 6 mi/kg).

As shown in Fig.4, a similar trend was observed for the tidal volumes
and, after administration of the peptides in combination an improvement
comparable or even slightly better than that achieved after administration of
Curosurf® was observed.

20 It has also been found that the increase of SP-C33 content form 2 to
4% wiw did not increase lung gas volumes indicating that the stabilising
effect of the phospholipid film in the alveoli at the end of expiration is due fo
the addition of ox Mini-B. | |

Said result demonstrates that the reconstituted surfactant of the

25  invention is able to stabilise the phospholipid film in the alveoli at the end of
expiration in a better way than reconstituted comprising only an analogue of
the protein SP-C or an analogue of the protein SP-B.

Moreover, the claimed reconstituted surfactant preparation turned out



atons, preferably 16 carbon atons, linked to the side chain via an
ester bond; O is an am no acid residue sel ected fron1the gr oup

consi sti ngv(pjg{,gﬂ],gqo)l ts oxidized on the sulfur atom |, pky a6 ddksa
20ai s an integer having a val ue conpri fd from1l to 8 is an i nteger
havi ng a val ue conprlsed fromlto, 1 is an integer having

2 val e | RESRAY ENRRLRLA Bl Selinhao o R HoBL AR Er AL 50,
0 to 3 25&%@‘2@%"& aitid 87 B8k GnoEBeE Qhale tﬂafegﬂﬁ@?/gdhaa‘ffe?g

maxi mum o aci ds; ern sard
anal 0g of ddifinistdtith éﬂémnﬁ@a nBtaesristaRt s a pol ypeptide of
general formula (I1):
Cf ALCRALI KRI QAQ PKGERQLPQLVCRLVLCOCSf (1'1') wher ei n: AIS an am no acid
resi due selected fromthe group consisting of Wand L; 5Qis an am no
acid residue independently selected fromthe group consisting of M
I, L, and nL; (1) is an amno acid residue selected fromthe group
consisting of R.arid T; and fis an integer having a value of 0 or 1.
102. The reconstituted surfactant according to claim1 wherein d) is
R 3. The reconstituted surfactant according to claim1l or 2
wherein, the



anal og of "the native surfactant protein-SP-C and t'he anal og of the
native surfactant protein SP-B are present in a fixed conbination.
4. The reconstituted surfactant conposition according to any one of
15 clains 1 to 3 wherein the .pol ypeptide (11) is in the form of
disul fide linked Mol ecule with the intr&hol ecul ar disulfide |inkage

bet ween th§ tm Cys residues in position 1 and 33 and/ or between the
two Cys re in position 4 and 27: 5. The reconstituted
surfactant conposition according to any one of 20clains. 1 to 3
wherein the anal og of the native surfactant protein SP-B is

oD e o o ADE SRl LU FaBheing § mise o sl =nd 2
sur 2t anteabeRAbRL 8 BhOLERBANTAALS 4R NAAD AN P

251 f Pf SSPViAuKRtashypérid On il oth e WIRRA! durthctEh@éidindse-gs defined

above; ais froml1l to 8, preferably from1l, to 3, nore preferably 1;
24 b is from | twhekin gaidfpaiptidbramaldy 6tha hativerserRcelit hadkin $8:C and
| and pare 0 or 1. 7.The reconstituted surfactant conposition ‘
accor di ng pgalypdpdide & athleast B0 aminohbid @saiueg arfd hbenoat thee 40 ahdsdaad
protein SP-Cis represented by the 5general formula (IDb)

| PSSPVHL KR¥aEXBSREY MYGhEFEMbEN MR éepeacnikd b3, the, gemeaaldobmaltagl)as

defi ned above; and B is 0 or 1.
eGelfPngSPVHLKRXaBXb(BXc)nGALLQpGpr (I)

10 wherein:

X is an amino acid residue independently selected from the group
consisting of I, L, and nL;

B is an amino acid residue independently selected from the group
consisting of K, W, F, Y and Om;

15 S is optionally substituted with acy!l groups containing 12-22 carbon

| atoms, preferably 16 carbon atomns, linked to the side chain via an

ester bond;

Q is an amino acid residue selected from the group consisting of M or

its oxidized on the sulfur atom, |, L, and ni;

20 a is an integer having a value comprised from 1 to 8;
'A b is an integer having a value comprised from 1 to 19;
c is an integer having a value independently selected from 3 to 8;

g f, g and p are integers having avalueof Qor 1; -
N is an integer having a value comprised from 0 to 3;
25 with the condition that the XaBXp(BXc)n is a sequence having a
maximum of 22 aminoacids; and
wherein said polypeptide apa_!og of the native suﬁactant protein SP-B

is a polypeptide of general formula (i1):



108. The reconstituted surfactant conposition according to claim?7 -
wherein the anal og of the native surfactant protein SP-Cis
represented by the general formula (I c)

| PSSPVHLKRLKLULLLLLI LLLI LGALLapGoLp(lc) _wherein: 15S-2is as defined
above; and pis 0 or 1. 9. The reconstit@ted surfactant conposition

b otein 9. C ?'sa'sQ&%@iﬁkﬁrﬁ?ﬁéﬁgﬁ&ﬁ%ﬁi&é&@ﬁi&ﬁcy U

201 PSSPVHLKRLK%LI%HLI LLLI LGALLMA (1 d)
| PSSPVHLKRLKLUL LULGALLIGL (le)

| PSSPVHLKRLKLLLLLL
| PSSPVHLKRLKLUfL‘\LLL%L%thH‘%‘ﬁ%SQ%)S)EIECtEd from the group consisting of W

| PSSPVHLKRLKLLLLLLLAA ELLI LGALL (1h) 2510. The reconstituted surfactant
according to claim 1, Wherein the pol ypeptide anal og of the native

surfacgant .protgi NisSkh Griiol Eﬁgpﬁédkdi@-mdédérﬂdehtlk%élb@@d—h@ﬂ 'tﬁé gré’u’}@'

t he pol ypepti de anal og of the native surfactant protein SP-B
CW.CRALI KRI QAM F' Ké&eidtirgChf MCRLIV] &6ebn(1ta) 11. The reconsti tut ed

surfactant according to claim1l wherein the pol ypeptide anal og of the
native surfactént ipraot emin@Rol irgsidue selected from the group consisting of R
| PSSPVHLKRLKLLULLLL] LLLI LGALLI _G. (If),
and T; and
f .is an integer having a value of 0 or 1.
10 2. The reconstituted surfactant accordiné to claim 1 wherein @ is R,
3. The reconstituted surfactant according.to claim 1 or 2 wherein. the
analog of the native surfeictant protein SP-C and the analog of the native
surfactant protein SP-B are present in a fixed combination.
4, The reconstituted surfa_ctant composition according to any one of
15 claims 1 to 3 wherein the polypeptide (Il) is in the form of disulfide linked
molecule with the intramolecular disulfide linkage between the two Cys
residueg in position 1 and 33 and/or between the two Cys residues in |
position 4 and 27.
5. The reconstituted surfactant corﬁ;ﬁosition according to any one of
20 claims_ 1 to 3 wherein the analog of the native surfactant protein SP-B is
represented by the general formula (lla)
CWLCRALIKRIQAMIPKGGRMLPQLVCRLVLRCS (t1a)
8. The reconstituted sgrfactant according to claim 5 wherein the analog of
the native surfactant protein SP-C is represented by the general formula (la)
25 HPISSPVHLKRXaBXsGALLQGplp ~ (la)
wherein |

X, B and Q are as defined above;

ais from 1 to 8, preferably from 1 to 3; more preferably 1;



5and the pol ypeptide anal og of the native surfactant protein SP-Bis
CWLCRALI KRI QALI PKGGRUPCOLVCRLVLRCS (11c) 12. The reconstituted ..
surfactant according to any of the preceding clains

wher ei nt hephosphol i pi dm xt ur econpri sesof di pal m t oyl

phosphati dyl chol i ne (DPPC) and a pal mi tdfyl ol eoyl phospholipid -
selected 10-from {)al m t oyl ol eoyl phosphati dyl gl ycerol (PCP%)P or a
mi xture t her eofb i FAMpA e 1 e piefsraldly frasm Ssiontdiimoia A ferably Hdpandi n

wei ght ratios rangjng from95:5 to 50:50. 13. The reconstituted
sur f act ant accd?%%n@g"trﬁ &Philm 12 wherein the phosphol i pi d
i xt [ DPPC and, POPG, ] ight. rati f. 68; 31 .1514. A,
Pt mceuttoal Pt ed i Qo AT E0s wbd AfoPiingaies g dherein

di |_aui: T h tical
compost £ 18R 81 " oTR, TuRettft rbliny P& B JEPEERAY; B, the
or disger %fe‘?t’éra%rr%‘&ﬁ?ﬂzi on or dry powder. 16. The

[

phar maceut’l cal conposi n according to claim15 in the formof 20

aqueous suspension. 17)p$ke\nnak RRGEXLEARE Siti according to
cl'aim 16 conprising the reconstituted surfag{ﬁ?gtpgi n egmc)oncent ratian

conprised bet wgerdirand 160 ng/ . 18. The pharnaceuti cal
conposition according to claim 17 wherein the 25concentration of the-
reconstituted Xy detamnd b acmaprdefipedbaioveeand0 and 80 ng/ nl .
' pisOor1. .
10 8. . The reconstituted surfactant compbsition according to claim 7 wherein
 the analog of the native surfactant protein SP-C is represented by the
Qeneral formula (Ic)
‘ IPSSPVHLKRLKLLLLLLLLILLLILGALLOpGpL, (lc)
_ wherein: | '
15 Q s asldefin'ed above; and
Jo, isOor1.
a. The reconstituted surfactant composition according to claim 8 wherein
the analog of the native surfactant protein SP-C is selected from the group
consisting of: )

20 IPSSPVHLKRLKLLLLLLLLILLLILGALLMGL  (Id)
IPSSPVHLKRLKLLLLLLLLILLLILGALLIGL (le)
[PSSPVHLKRLKLLLLLELLILLLILGALLLGL (1)
[PSSPVHLKRLKLLLLLLLLILLLILGALLRLGL  (lIg)
IPSSPVHLKRLKLLLLLLLLUILLLILGALL (th)

25 10. The reconstituted surfactant according to claim 1 wherein the

polypeptide analdg of the native surfactant protein SP-C is

IPSSPVHLKRLKLLLLLLLLILLLILGALLLGL (1),

and the polypeptide analog of the native surfactant brdtein SP-Bis



10

15

20

25

25

CWLCRAL'IKRIQAMEPKGGRMLPQLVCRLVLRCS (I1a)
11.  The reconstituted surfactant according to claim 1 wherein the
polypelptide analog of the native surfactant protein SP-C is

IPSSPVHLKRLKLLLLLLLUILLLILGALLLGL  (If),
and'the polypeptide analog of the native surfactant protein SP-B is
CWLCRALIKRIQALIPKGGRLLPQLVCRLVLRCS (llc) -

12.  The reconstituted surfactant according to any of the preceding claims
wherein  the  phospholipid mikture comprises' of  dipalmitoyl
phosphatidylcholine (DPPC) and a palmitoyl oleoyl phospholipid selected
from palmitoyl oleoyl phosphatidylglycerol (POPG) or a mixture thereof with
palmitoyl cleoyl phosphatidylcholine (POPC) in weight ratios ranging from .
95:5 to 50:55. | '
13.  The reconstituted surfactant according to claim 12 wherein thé
phésphoﬁpid mixture gomprises DPPC and POPG in éweight ratio of 68:31.
14. A pharmaceut{cal compasition comprising the reconstituted surfactant
according to any one of claims 1 to 13.
15. .The pharmaceutical composition according to claim 14 in the form of
either a so!ution,.or dispersion, or sdspension or dry powder.
16. The pharmaceutical composition according to claim 15 in the form of
agueous suspension.
17.  The pharmaceutical composition actording to claim 16 comprising the
reconstituted surfactant in a concentration comprised between 2 and 160
ma/ml.
18. The pharmaceuticai composition according to claim 17 wherein the

concentration of the reconstituted surfactant is comprised between 20 and 80

“mg/mi.



