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(57) Abstract

Pharmaceutical composition for the prevention or treatment of diseases or conditions associated with induction of the cytokine cascade
by lipopolysaccharide (LPS), the composition comprising a heparin-binding protein (HBP) which, in glycosylated form, has an apparent
molecular weight of 28 kD (as determined by SDS-PAGE under reducing conditions), the protein being produced in the azurophil granules
of polymorphonuclear leukocytes, together with a pharmaceutically acceptable carrier or diluent. The heparin-binding protein is produced
in host cells containing a DNA sequence encoding N-terminally extended HBP or encoding HBP preceded by and fused to a DNA sequence
encoding another protein, Also disclosed is a process wherein the culture medium contains a sulphated polysaccharide.
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6. Use according to any one of the preceding clains, wherein t¥e
hepari n-bi nding protein is porcine HBP. 30 7. Use according to any one of
t he preceding clains, wherein the HBP has the am no acid sequence shown in
t he Sequence Listing as SEQ ID NO 2 or an anal ogue or peptide fragnent

t hereof capable of binding the lipid A portion of LPS. 35 8. Use according

to any one of the preceding clains, wherein the

2 peptide fragnment

capabl e of binding the lipid A portion of LPS is a peptide fragnent at
| east conprising amno acid residues 20-53 of SEQID NGO 2. 5 9. Use -
according to any one of the preceding clains, wherein the nedi cament

contains HBP in an amount of from about 10 ny to about 1 g per

unit dosage

form 10. A nethod for the prevention or treatnent of diseases or 10

condi ti ons

associated wth
or dissenminated intravascul ar coagul ati on,
adm ni stering,
of a heparin-binding protein

to a patient

sepsi s,

gram negati ve

i'n need of such treatnent,

sepsi s,
t he met'hod conpri sing

septic chok,

an effective anount
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(HBP) which, in glycosylated form has an apparent nol ecul ar 15 wei ght

of 28 kD WA:95#8%49 ni ned by SDS- PAGE under reduci ng conditi OPCI/PKOS@IRY ot ei N
bei ng produced in the azurophil granules of polynorphonucl ear | eukocytes.
11. A method according to claim 10, wherein the heparin-binding 20

protein i s human HegBlrinlBinddngBire@eim 6P theNtrdamértabsbdsisMapgei n t he HBP
has the am no aciposéd$dsnNEdr S phepdtratiéh.Sequence Listing as SEQ I D NO 1,

or an anal ogue or peptide fragnent thereof capable of 25 bi ndi ng t he
lipid A portion of LPS. 13. A nethod according to claim 13, wherein the
peptide frfFHBHP €BpABVENZIONi nding the Iipid A portion of LPS is a peptide
fragnent at |east conprising amno acid residues 20-53, in 30 particul ar
am no acid gesidues 2?-42 of SEQID NO 1. 14. A nmethod according to claim
10, wher ei MRRPRERSPFniBVRAEAGIp FSLGYES £ RharmpreuBical. compesisdon
accor, ding tecomprisiig, awggpaFanLMQH%gd;ﬁdﬁar@mﬂg Al &@Queﬁ_sgeéh.oweﬂ n
t he Seque istin S . j or _an anal ogue or. peptlde ,

f r agment ?ﬁ%fééoikgggﬁpg R b&ﬁﬁﬁﬁﬁthé’fl i%?’h‘?%tb%??i ﬁ“&iedLF‘QP bacterial

endotoxin.
_BACKGROUND OF THE INVENTION

Septic shock resulting from a systemic response to serious
infection has been increasing in incidence over the last 50

10 years and is currently the commonest cause of death in
intensive care units in the US. The reasons for this increase
and high incidence of septic shock are believed to be the
increased use of invasive devices such aé intravascular
catheters, increased use of cytotoxic and immunosuppresive

15 drugs, increased longevity of patients liable to develop sepsis
and an increase in infections caused by antibiotic-resistant
organisms.

Disorders associated with sepsis are bacteremia (also known as
septicemia) characterized by positive blood cultures; sepsis
20 characterized by a systemic response to the infection in the
form of tachypnea, tachycardia, hyperthermia or hypothermia;
sepsis syndrome in which there is clinical evidence of sepsis
and signs of altered organ perfusion in the form of an
abnormally increased lactate level, oliguria or acutely altered
25 mental status; early septic shock in which there is clinical
evidence of sepsis syndrome as well as hypotension lasting for
less than one hour and responsive to conventional therapy; and
refractory septic shock in which there is clinical evidence of
sepsis syndrome and hypotension lasting for more than one hour
30 despite conventional therapy.



16. A method according to claim 15, wherein the peptide fragnment 5
capabl e of binding the |ipi-d A portion of LPSis a peptlde fragnent at

| east coWPIS@BMY ani no acid residues 20-53 of SEQ I D NO 2P ngWWB!hod
according to claim10, wherein the effective anount 10 of HBP is in
the range of 0.1-100 ng/kg body weight, preferably 0.5-50 ng/kg body
wei ght, nore preferably 1-25 ng/ kg body weight. 18. A nethod according to
any one ofKmdwn medﬂaﬂdrsvb@:rsépsimeinﬁeracﬂmia conpléxrmanmed to form

appl i cat i 01{' B%pé\/\*;%r K nQﬂPcL lélfi-fe} AR %ft'ifa‘i‘: a8 algité OF ﬁ?écéf@

pr oduci ng t cel’l s contal ning seguence enco
are cul tur@d ARINTYUilenid-c the t abdopinal rﬁ?d’im)oonﬂéﬁ- nindtiasgrpiaf cthe

pol ysa_ccha%&skm@l%amtmﬂ Yrid-Heldatiidr<S palctetei a0 whkiBR i3Nd ¢demon
resultin P is recovered fromthe culture

to clainr1%PUSRer & t FERSHSIhat 4§ ZSend°§8P‘§'§accz]ﬁFﬁﬁWF?ghepﬁFPW‘ 2188 A
process acripopolysaccharidé?, abbreviated stophdlPs) puelzamEwns i ithe

[ ' | 21,
o0 O S D€ Sl oo’ el BEREE3 S1EH hRke' B LARAL,
wher ei n t Hehédoselease sOf drrour nBIOS e UkartoR e oFN R )rmtmbermﬂpxncbded

by an N interleukin-6, interleukin-8 and platelet-activating factor
10 (PAF) from macrophages and other cells. After release of TNFc.
interleukin-1 and PAF, arachidonic acid is metabolized to fora
leukotrienes, thromboxane A, and prostaglandins. Interleukin-1
and interleukin-6 activate T-cells to produce interferon-y,
interleukin-2, interleukin-4 and gramulpgytéfmonocyte'colony-
15 stimulating factor. Neutrophil leukocytes may be activated
directly by_most of these mediators. Neutrophil-induced damage
may thus occur during degranulatidn by the release of oxygen
free radicals and lysosomal enzymés, during aggregation at the
infectious or inflammatory site.

20 While potentially capable of triggering the cytokine cascade,
the presence of endotoxin or other sepsis mediators at
infectious or inflammatory foci need nbt_in itself lead to
sepsis, as the cytbkine cascade has certain inherent safeguards
against uncontrolled activation of the cytokine cascade. Thus,

25 prostaglandim may inhibit the release of cytokines from
macrophages, and macrophages may be able to suppress T cells.
Clinical symptoms of sep51s would appear to occur when too much
endotoxin or other mediators have been released or when the
mediators capable of interfering with the cytokine cascade are

30 not present, e.g. when the immune system is attenuated. For a
more detailed description of the progression of septic
disorders and the mediators involved therein, vide R.C. Bone,
"The Pathogenesis 6f Sepsis", Ann. Int. Med. 115, 1991, pp.
457-469. |

rocess according



35 term nal extension. 4 24. A process according to claim 23, wherein
the DNA segiheRsaessnNcoding N-ternminally extended HBP i ncl udepcamRéneuence
enhcodi ng a protease cl eavage site | ocated between DNA sequence encodi ng the
N-term nal extension and the DNA 5 sequ%nce encodi ng mat ure HBP. 5
Accordingly, the present invention relates”to a pharnaceutical conposition

nduct ton of e CoytaRticE’ AERh (Fartaiitiftafh GREBIALNY, AX3AEEDIN [0
conposi ti on gramriegapive haepsis basi npreypbedt am dmg@nsie hseaych for
gl ycosyl at edef - dpeliefc 2R RRRA CEpdBl ECBiFarcHmBtacting thel a5oteheial npd
by SDS- PAGE under’ reducing conditions),, the prote|in_being produced in the
azurophi | grigthal efIgst§nefpidiifdtiedrine Racherialt §88-hdungnops, papers
phar maceut s GRdpor@.C ae R P40 £f Lednit etheragettddal 1OftEF haF betghf dosed oof
bind to LPS’ir‘i\'éfa‘lf_lérf\éugf§6| égmgltnig{:'ered immunoglobulin. The treatment,
however, requires IgG derived from the plasma of donors
screened for naturally occurring high levels of antibodies to
core LPS or from very large pools of donors (>1000). Monoclonal
10 antibodies against LPS which have also been suggested for the
treatment of bacteremia (e.g. WO88/03211) have shown little or
no effect, probably because they do not inhibit the cytokine

cascade induced by LPS.

The covalent structure of two closely related proteins isolated
15 from peripheral neutrophil leukocytes of human and porcine
origin have recently been determined (cf. H. Flodgaard et al.,
Eur. J. Biochem. 197, 1991, pp. 535-547; J. Pohl et al., FEBS
Lett. 272, 1990, p. 200 ff.). Both proteins show a high simila-
rity to neutrophil elastase, but owing to selective mutations
20 of the active serine 195 and histidine 57 (chymotrypsin number-
ing (B.S. Hartley, "Homologies in Serine Proteinases", Phil.
Trans. Roy. Soc. Series 257, 1970, p. 77 f£f.)) the proteins
lack protease activity. The proteins have been named human
heparin-binding protein (hHBP) and porcine heparin-binding
25 protein (pHBP), respectively, owing to their high affinity for
heparin; Schafer et al. (W.M. Schafer et al., Infect. Immun.
53, 1986, p. 651 ff.) have named the protein cationic
antimicrobial protein (CAP37) due to its antimicrobial
activity. The protein has also been shown to be chemotactic for
30 monocytes over the range 1.3 x 10° M - 10% M (H.A. Pereira et
al., J. ¢lin.Invest. 85, 1990, p.1468 ££f.), consistent with the
results apparent from Flodgaard et al., op. cit..

Furthermore, HBP has been shown to mediate detachment and
contraction of endothelial cells and fibroblasts when added to
35 such cells grown in monolayer culture. HBP also stimulates



Proc. Natl. Acad. Sci. USA 90, 1993, pp. 4733-4737, where this ability is
Iinked g tibacterial effect of the protein. It is g §Wh5 at the
bacter|0|8 ect of HBP is reduced at pH 7 (i.e. phy5|o ogl ca

Furt hernore, septic conditions 15 are not caused by the gran}negatlve
bacteria as such, but by the endotoxin réleased fron1dead bacterlal cells

activating the CD14 rece r nocyt es, thereb uc n t oki n
cascade. IT°VRE¥EFtﬁ%F¥+§?g §§a HBFQ? PREORALNY, 5&5%

fergaard of

no i nport aaed morn&@gamt n@nt LetikeeptéecB261lcoBdjt 1082, bn311|6I ff()ont ext,

it should

be noted that LPS binding in itself is not indicative of any

ability to neutralize the cytoki ne cascade-inducing effects of endotoxin,

as evi dencéxomy thiee azvrophil gwramwltess @ai prateddi itk psheny Sirstt 120 or

no effect

| mun. I nfect. 21, 2 he prlor |s ed efforts at
conbat i nd %%Rﬁ?ccébhﬁﬂtﬁéﬁ§°ﬁ §énc8ﬁ§eﬁ§F&t %ﬁéi@ IrE o RRRI%i Bt n

ﬁ&éﬁhéfsaﬁ%o SEldErZQ\?\ﬁBIth %&Q?:lu%'éla% Mhoi@'@@khnap and

the circulgl]pnpebcsemsity DA dRd SSE£. JUSAS &J.ggmaseﬂ pn %@1@3/ﬂ190;87c1@.

U0 P s St R0 . ST el A0E, SDobhebe AR B

t hese eff cantihiborobial pnoperhlesahaweches@ $emgr$qdﬂonwncampnmmlll et

general ly
be effecti

10

15

20

25

vae 5Ie&g¥§d #ﬁ%géé o§50|i§gbat nggggdgko in. HBP may, however,

ve at infetfious Sités after

The presence of hHBP in the neutrophll leucocytes and the fact
that 89% of CAP37 (which is identical to hHBP) is released when
the leucocytes are phagocytosin§ Staph. aureus (H.A. Pereira et
al., op. cit.) indicate that a function of hHBP could be its
involvement in the inflammatory process since the protein is
apparently released from activated neutrophiis. Pereira et al.,
op. cit., suggested a function of CAP37 to be at the site of
inflammation where it could speéifically attract monocytes and
thus be one of the factors responsible for the influx of mono-
cytes in the second wave of inflammation. @stergaard and
Flodgaard, op. cgcit., suggést that, in addition to being
important'for the recruitment of monocytes, HBP might play a
key role in the mechanism of neutrophil as well as monocyte
extravasation.

The structure of HBP appears from WO 89/08666 and H. Flodgaard
et al., op. cit. HBP has otherwise been termed CAP37 (cf. WO
91/00907) and azurocidin (cf. C.G. Wilde et al., J. Biol. Chem.
265, 1990, p. 2038).

- SUMMARY OF THE INVENTION

It has not previously been'suggested that HBP may be used in

30

the treatment of diseases or conditions caused by the presence

of bacterial endotoxin at sites of infection or injury.



35 septic phenonena have mani f ested t hensel ves, that is at post-

endot oxem ents. is at present assumed that HBP may e

benefi ci al&gfg\#@ﬁ not onI y by binding specifically and wt h‘Wﬁbﬂ% ty
to Lipid A (the toxic portion of LPS) thereby inhibiting continued

i nduction of the cytokine cascade, but 5 al5so0 by protecting nonocytes from

apoptosis resulting fromstress injury caused by the rel ease of oxygen free
radi cal s andAegevdingdys r bhepprgeenteinyengionctielapas| 0 appheyrmageutical

rﬁgggfrgggs)caﬁ Béi*eltefé gy bega ti:r‘i‘i‘rféiﬁcit Q:rgeshamr%@cn@ﬁf nsf ld'ilsivﬁqaé',é"éldor
s mgrate to, sites_o i nf ect.i on _wher
phagocyt ose ?‘HP@?:F?'B S 3PP b"i"@%ﬂl%d‘rﬂp‘?ﬁ‘ﬂﬁ% %J‘g’ﬁ SHER i‘lﬁfcﬁaﬁga e by
ZB?F}[ ;);(/ i (r;f HBPpapqlln%éGOcBarﬁuéatnpshe dednﬁdmmmmpt hepai‘lhn-
& e e en o s
ability to° Egﬁ’aé%% r#oger%&hn(zg%ﬁ \f\%ﬂi{\gﬁﬂ’hagﬂﬁo?iyép ggg?fggl argﬁ‘é hdd San
Fur t her nor e, appanestsmobeculnglyebghﬁ oft 28 ikhe(hs etenrineddby SDS-PAGE
i rreversibly, d
terper at ur &) “P4EF o Eucthg LBRAEL ighs,, (Y Fhonath Benly Brihdcol i e
HBP. azurophil granules of polymorphonuclear leukocytes, together

with a pharmaceutically acceptable carrier or diluent.

10 HBP has been found to bind to LPS, cf. H.A. Pereira et al.,
Proc. Natl. Acad. Sci. USA 90, 1993, pp. 4733-4737, where this
ability is linked to the antibacterial effect of the protein.
It is reported that the bactericidal effect of HBP is reduced
at pH 7 (i.e. physiological pH). Furthermore, septic conditions

15 are not caused by the gram-negative bacteria as such, but by
the endotoxin released from dead bacterial cells activating the
CD14 receptor on monocytes, thereby inducing the cytokine
cascade. It would therefore seeﬁ that the antibacterial effect
of HBP is of no importance for the treatment of septic

20 conditions. In this context, it should be noted that LPS
binding in itself is not indicative of any ability to
neutralize the cytokine cascade-inducing effects of endotoxin,
as evidenced by the fact that antibodies raised against LPS
have little or no effect in this respect, cf. E.Th. Rietschel

25 and M. Schlaak, Immun.Infect. 21, 1993, pp. 25-36.

While the prior published efforts at combating septic
conditions have concentrated on neutralizing endotoxin in the
circulation of sepsis patients (e.g. as suggested in WO
93/19087 in which CAP37 (i.e. HBP) 1is suggested for the
30 treatment of endotoxemia by binding to and providing clearance
of LPS from the circulation), most of these efforts have been
in vain i.a. because sepsis patients do not generally have
elevated levels of circulating endotoxin. HBP may, however, be
effective at local inflammatory or infectious sites after
35 septic phenomena have manifested themselves, that is at post-



20 I n anot her aspect, the invention relates to a nethod for the prevention
or treatwgs,ﬁ%' di seases or conditions associated with i n%ﬁ'}d let he

cyt oki ne cascadé by LPS, the nethod conprising adm nistering, to a patient
in need of such treatnment, an effective amount of a heparin-binding protein

25 (HBP) which, in glycosytated form ha® an apparent nol ecul ar wei ght of
the protein .

28 kD d 1 ned by SDS- P under reduci.ng conditions)

boi ng pr odEBBHEPKOBAE SYSRDRNI TE cho A B2 asensn RaRORSHo kAR HEP! BakoRyeES.
In a furthitsasemeficiak efifent inot ol (blq bdntilliaguspfeaﬁ.facaﬂly and with t
h i n- bi pelj ' P) . ch, S .form an en
tol ecut ar HEoBnpREidsY, S LB, (R oL BRRFLOR| B "oy (e RRREEY
condi ti onsjnhihétjpngt slonttigiued pinductionnofhehe uepbhkingr masamsief but
pol ynor pBogyebedly | grbea¥teng finocyted PRULAC 4l Iodi S YTt ng Obrbll® |

prevention or treatpent of diseases "or conditions "assocli ated Wt n
of the cytBkFAES IRIGER FAMSeE DIDERG redessscrRIpPrYRenFIYee radisalenandThe

HBP may suéybkinés Offrmﬁﬂﬂa’qbcyt‘hs)a[] (&Cyl ar newErdpli 10T Ci ienodytes -
In part'CQEQEroéﬁggggr hé_B%r no¥8%ﬂg1bod&h% defence mechanisms against

injury and infections.

10 Monocytes migrate to sites of injury or infection where they
phagocytose infectious microorganisms and harmful substances

such as endotoxin. HBP may also stimﬁlate the phagocytic effect !

of monocytes. The ability of HBP to mobilise monocytes would
appear to be dependent on its ability to bind LPS in a manner
15 which has not yet been clarified.

Furthermore, it has surprisingly_been established that HBP
binds irreversibly to LPS ét 37-45°C (i.e. normal to
hyperthermic body temperature). This, too, may have an effect
on the neutralization of LPs'by HBP.

20 In another aSpect, the invention relates to a method for the
prevention or treatment of diseases or conditions associated
with induction of the cytoki'ne cascade by LPS, the method
cbmpfising administering, to a patient in need of such
treatﬁent, an effective amount of a heparin-binding protein

25 (HBP) which, in glycosylated form, has an apparent molecular
weight of 28 kD (as determined by _SDS-PAGE under reducing
conditions), the protein being produced in the azurophil
granules of polymorphonuclear ieukocytes.

In a further aspect, the invention relates to the use of a
30 heparin-binding protein (HBP) which, in glycosylated form, has
an apparent molecular weight of 28 kD (as determined by SDS-
PAGE under reducing conditions), the protein being produced in
the azurophillgranules of polymorphonuclear 1leukocytes, for



am no aci d sequence shown in the Sequence Listing as SEQID NO |, or
porcine H he am no acid sequence shown in the Seque }.Sl ] as
SEQ I D Noligo%&égf unctional anal ogue or 10 peptide fragmn?&ﬁé@%ﬁq
capable of binding the lipid A portion of LPS. Exanples of such functional
anal ogues include derivatives of the nativé@ protein obtained by addition of

one or nore am no acid, residues to either or both the G or N termnal end
of the nati VRRRREAGFRring L3t Pediranent dRe Shendreventiamenties erertest

at either Ordi@édﬂs@@dso@f édswdﬂaiwe PaSi6tDatee! eith Ooin@B€t26nMO6E a8hE0
acid residues_at. either o}tey Eggs of the natlve protein or at one or
d

nore sites V&X?‘I?]ﬁ ?ﬁ 3%??.%3 fjuence, I nsertion of one or nore

am no acid residues at one or nore sites in the nati ve am no 20 acid

sequence. %*f%ﬁ‘?%ﬁgéﬁ#ﬁ?#"é‘?"Bﬁﬁn?ﬁ?ﬁg@.lf’ﬁc' ude peptide fragnents of

HBP, in particu ragnents h™a Sim Ity as native HBP to reduce
the LPS-induced cytokine cascade from human nononucl ear cells. An exanple

of such a §rﬂ9émﬁépcﬁ99b5%ﬂfabt1?g(ﬂé‘gof hﬁaﬁuh&lﬂaﬁ p’iﬁt P2t i¥u1le?S Hiand® 8r

peptide fragnment, conprisin acid residues - arti cuI ar am no
‘aci d resi duROTBLNS, BT &HH DINCPATEACHARK MWS |Jt§ué§mga(3‘ ey the

NG 2. A DNAa&@nwnﬁelan@@dfu@xdéBl%ﬂm bénpraearsuinfanddeListihy la)s SEQ 1D
et ) ! shed AT JELIEGS o S RS RURRA AL s BB 000 o85O B
Sequence Listing as SEQ ID NO:2, or a functional analogue or
10 peptide fragment thereof capable of binding the l1ipid A portion
of LPS. Examples of such functional analogues include
derivatives of the native protein obtained by addition of one
or more amino acid residues to either or both the C- or N-
terminal end of the native protein, substitution of one or more
15 amino acid residues at either or both ends of the native
protein, deletion of one or more amino acid residues at either
or both ends of the native pr&tein or at one or more sites
within the amino acid sequence, or insertion of one or more
-amino acid residues at one or more sites in the native amino
20 acid sequence. The term is specifically intended to include
peptide fragments of HBP, in particular fragments with a
similar ability as native HBP to reduce the LPS-induced
cytokine cascade from human mononuclear cells. An example of
such a fragment capable of binding the lipid A proteion of LPS
25 is a peptide fragment comprising amino acid residues 20-53, in
particular amino acid residues 26-42 of SEQ ID NO:1 or amino
acid residues 20-53 of SEQ ID NO:2.

A DNA sequence encoding HBP may be prepared synthetically by
established standard methods, e.g. the phosphoamidite method
30 described by S.L. Beaucage and M.H. Caruthers, Tetrahedron
Letters 22, 1981, pp. 1859-186%9, or the method described by
Matthes et al., EMBO Journal 3, 1984, pp. 801-805. According to
the phosphoamidite method, oligonucleotides are synthesized,



Letters 22, 1981, pp. 1859:- 1869, or the nethod described by Matthes et al.

EMBO Jo 1984, pp. 801-805. According to the phosphoan dite nethod,
ol i gonu%@%%’?iyég are synt hesi zed, 8 e.g. in an aut omat PET/BKAS00121

synt hesi zer, purified, annealed, |igated and cloned in suitable vectors.
The DNA sequence nay al so be of genonmic 8r cDNA origin, for instance

obt ai ned by preparing a genom c or cDNA |i brary and 5 screening for DNA
sequences ¢l ndMf ofNalautamafsic ONAHBSYnBYhasgbeeti zpuohfied hg annediesd c

ol i gonucl epid#ted £ Scldhed Con laitati & hystegear d techni ques (cf. Sanbrook
et al., Mlecular Coning: A Laboratory Manual, 2nd Ed., Cold Spring

Harbor, 1989). The DNA sequence may al so be prepared by 10 pol ynerase chain
reaction u%hengDerseizuenpm malys aXs besbingentmidessr i BONAI brigifh, 68202
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ntroduced.” Thus, the vector an aut ono replicati
I nt accordance with standard techniques (cf. Sambrook et al.,

-Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring
Harbor, 1989). The DNA sequénce may also be prepared by

10 polymerase chain reaction using specific primers, for instance
as described in US 4,683,202 or R.K. Saiki et al. , Science 239,
1988, pp. 487-491. : ‘

The DNA sequence is then inserted into a recombinant expression
vector which may be any vector which may conveniently be

15 subjected to recombinant DNA procedures. The choice of vector
w111 often depend on the host cell into which it is to be
introduced. Thus, the vector may be an autonomously replicating
vector, i.e. a vector which exists. as an extrachromosomal
entity, the replication of which is independent of chromosomal

20 replication, e.g. a plasmid. Alternatively, the vector may be
one which, when introduced into a host cell, is integrated into
the host cell genome and replicated together with - the
chromosome(s) into which it has been integrated.

In the vector, the DNA sequence encoding HBP should be operably
25 connected to a suitable promoter sequence. The promoter may be
any DNA sequence which shows transcriptional activity in the
host cell of choice and may'be derived from genes encoding
proteins either homologous or'heterologous to the host cell.
Examples of suitable promoters for directing the transcriptior
30 of the DNA encoding HBP in mammalian cells are the SV 4¢
promoter (Subramani et al., Mol. Cell Biol. 1, 1981, pp. 854-
864), the MT-1 (metallothionein gene) promoter (Palmiter et
al., Science 222, 1983, pp. 809-814) or the adenovirus 2 major

late promoter. A suitable promoter for use in insect cells is
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vector, i.e. a vector which exists as an extrachronosomal entity, the
replication of which is independent of chronosomal 20 replication,
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pronot ers frd?ure,m.stNey Wikt i198@ane SX( Hhtez'élm éUSaf, 599, 311) or ADH2 4c
(Russell et al., Nature 304, 1983, pp. 652-654) promoters.

10 Suitable promoters for use in filamentous fungus host cells
are, for instance, the ADH3 promoter (McKnight et al., The EMBO
J. 4, 1985, pp. 2093-2099) or the tpiA promoter.

The DNA sequence encoding HBP may also be operably connected to
a suitable terminator, such as the human growth hormone

15 terminator (Palmiter et al., op. cit.) or (for fungal hosts)
the TPI1 (Alber and Kawasaki, op. cit.) or ADH3 (McKnight et
al., op. cit.) promoters. The vector may further comprise
elements such as polyadenylation signals (e.g. from SV 40 or
the adenovirus 5 Elb region), transcriptional enhancer

20 sequences (e.g. the SV 40 enhancer) and translational enhancer
sequences (e.g. the ones encoding adenovirus VA RNAs).

The recombinant expression vector may further comprise a DNA
sequence enabling the vector to replicate in the host cell in
guestion. An examples of such a sequence (when the host cell is
25 a mammalian cell) is the SV 40 origin of replication. The
vector may also comprise a selectable marker, e.g. a gene the
product of which complements a defect in the host cell, such as
the gene coding for dihydrofolate reductase (DHFR) or one which
confers resistance to a drug, e.g. neomycin or hygromycin.

30 The procedures used to ligate the DNA sequences coding for HBP,
the promoter and the terminator, respectively, and to insert
them into suitable vectors containing the information necessary
for replication, are well known to persons skilled in the art
(cf., for instance, Sambrook et al., op.cit.).
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Fedflswiansh dgﬁqmémht inaedgt ekaufmaph@ndohaxp) JsuMblasBiol .
159, 1982, pp. 601-621; Southern and Berg, J. Mol. Appl. Genet.
1, 1982, pp. 327-341; Loyter et al., Proc. Natl. Acad. Sci. USA
79, 1982, pp. 422-426; Wigler et al., Cell 14, 1978, p. 725;
Corsaro and Pearson, Somatic Cell netics 7, 1981, p. 603,

Graham and van der Eb, Virology 52, 1973, p. 456; and Neumann
et al., EMBO J. 1, 1982, pp. 841-845.

Alternatively, fungal cells (including yeast cells) may be used
as host cells. Examples of suitable yeast cells include cells
of Saccharomyces spp. or Schizosaccharomyces spp., in
particular strains of Saccharomyces cerevisiae. Examples of
other fungal cells are cells of filamentous fungi, e.g.
Aspergillus spp. or Neurospora spp., in particular strains of
Aspergillus oryzae or Aspergillus niger. The use of Aspergillus

spp. for the expression of proteins is described in, e.g., EP
238 023.

The medium used to éulture:the cells may be any conventional
medium suitable for growing mammalién'cells, such as a serum-
containing or serum-free medium containing appropriate
supplements, or a suitable medium for growing insect, yeast or
fungal cells. Suitable media are available from commercial
suppiiers or may be prepared according to published recipes
(e.g. in catalogues of the American Type Culture Collection).

The HBP produced by the cells may then be recovered from the

culture medium by conventional procedures including separating

(

L]
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t he gene coding for dihydrofolate reductase (DHFR) or one which confers
resistance_to._a drug, e.g. neonycin or hygronycin. 30 The prog sed
to ligate Wﬁe"wgsequences coding for HBP, the pronoter an(fqrﬁ&gs%%lﬂ
term nator, respectively, and to insert theminto suitable vectors
containing the informati on necessary for r@glication, are well known to
persons skilled in the art (cf., for instance, Sanbrook et al., op.cit.).
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cel | s. Exanpberi®ficatilcablsy mvatidaty oef | chironstogeaphecCobocedares]Ce.GRL
1650), BHK (e.%ie ATCC CRL 1&32 éTCC 1%)qor .(#HOée. . ATCC . CCL 63{},&
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sequences i nfti&euced in the 10 cells are described in e.g. Kaufnman and
Sharp, J. M. Biol. 159, 1982, pp. 601-621; Southern and Berg, J. Mol.

Appl. Cenet. 1, 1982, pp, 327-341, Loé[’er et al., Proc._ Natl. Acad. Sci.
USA 79, 1982Itphasssprppisinglydreen found dhat particplaply gopd yields of

HBP are obtained when HBP is expressed as pro-HBP. Accordingly,

in a specific embodiment, the present invention relates to a
10 process for producing HBP, wherein host cells containing a DNA

sequence encoding mature HBP preceded by an N-terminal

extension are cultured in a suitable culture medium under

conditions permitting expression of HBP, and the resulting HBP

is recovered from the culture medium. as N-terminally extended
15 HBP.

The N-terminal extension may be a sequence of from about 5 to
about 25 amino acid residues, in particular from about 8 to
about 15 amino acid residues. The nature of the amino acid
residues in the N-terminal sequence is not believed to be

20 critical. The N-terminal extension may suitably be the
propeptide of HBP with the amino acid sequence Gly-Ser-Ser-Pro-
Leu-Asp.

In order to facilitate production of mature HBP, it is
generally preferred that the DNA sequence encoding N-terminally

25 extended HBP includes a DNA sequence encoding a protease
cleavage site located between the DNA sequence encoding the N-
terminal extension and the DNA sequence encoding mature HBP.
Examples of suitable protease cleavage sites are an
enterokinase cleavage site with the amino acid sequence (Asp), -

30 Lys or a Factor Xa cleavage site with the amino acid sequence
Ile-Glu-Gly-Arg.

After recovery from the culture medium, the N-terminally
extended HBP may advantageously be cleaved with a suitable



Corsaro and Pearson, Somatic Cell Genetics 7, 1981, p. 603, 15 G aham and
van der Eb, V'rology 52, 1973, p. 456; and hbunann et al., EMBOJ. 1, 1982,
pp. 841WMS528%9 ornatively, fungal cells (including yeastPCEPKINOOMM he
used as host cells. Exanples of suitable yeast cells include cells of
Saccharomyces spp. or Schi zosaccharonycag spp., in 20 particul ar strains of
Saccharomyces cerevisiae. Exanples of other fungal cells are cells of
filament oprdtease ng prsducei Inaimarsmp.(amd Nectavpdr HBPp. Examgies | @f ar

strains of ARy :\%mg%/zaazee Un S 4 c#géjsozg %‘étor”}?a use of Aspergillus

spp. for £he express proteins I's descri EP 25 238 023.
The nmediumused to culture the cells may be any conventlonal medi um '

sui tabl e iffe HEWE NGB RISEAN £ | BrodHENngS HBPS MrE £808LPABL Y irflfect
serumfree _nedium conta|n| ropriate suppl enents, or a sulta e
medi um f oCeGSui Ry I nRRk ﬁgslﬁw% F BERECBNLLA: ABPe thid £ames
avai | ablse theonmcetisersayl sumbmsw ﬁ’ﬁ;nbﬁeﬂtedam‘ﬂtnct‘a)rthwao@J.rus
ol | ot oMFEerte BB DR AR P han &8 o radP o Be WEHTL MO om ¢ ne
cul ture nedi um by conventi onal procedures i ncl udi ng-separating
- It has furthermore been found advantageous to produce HBP in
the presence of heparin or another sulphated polysaccharide in
order to avoid binding of HBP to lipopolysaccharide present in
10 the culture medium. Accordingly, in a specific embodiment, the
present invention relates to a process for producing HBP, ‘
wherein host cells containing a DNA sequence encoding HBP are
cultured in a suitable culture medium containing a sulphated
polysaccharide under conditions permitting expression of HBP,
15 and the resulting HBP is recovered from the culture medium. The
HBP will bind to the sulphated'polysaccharide present in the
culture medium and should subsequently be released from the
polysaccharide under suitable conditions, e.g. by eluting HBP
with a salt such as sodium chloride.:

20 The sulphated polysaccharide is preferably heparin although
other sulphated polysaccharides such as heparan sulphate,
" dextran sulphate, dermatan sulphate, pentosan polysulphate or
protamine sulphate may also be-'employed. The sulphated
polysaccharide is preferably immobilized on an inert carrier to
25 facilitate the separation of HBP bound to the polysaccharide
from the culture medium. The inert carrier may, for instance,
be agarose (e.g. Sepharose).

In this embodiment, too, the DNA sequence encoding mature HBP
may be preceded by an N-terminal extension as described above.

30 In a further embodiment, the present invention relates to a
process for producing HBP, wherein host cells containing a DNA
sequence encoding mature HBP preceded by and fused to a DNA
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N-term nal extension may suitably be the propeptide of HBP with the am no

acid sequence Gy-Ser-Ser-Pro- Leu-Asp. In order to facilitate production
of mature HBPn thisSembodiment, too, it may be an advantage to introduce a

DNA sequence encoding a protease cleavage site, as described
10 above, located between the N-terminal extension and the mature
HBP.

In the pharmaceutical composition the HBP may be formulated by
any of the established methods of formulating pharmaceutical
compositions, e.g. as described in Remington's Pharmaceutical
15 Sciences, 1985. The composition may typically be in a form
suited for local or systemic injection or infusion and may, as
such, be formulated with sterilé water or an isotonic saline or
glucose solution. The compositions may be sterilized by
conventional sterilization techniques which are well known in
20 the art. The resulting aqueous solutions may be packaged for
use or filtered under aseptic conditions and lyophilized, the
lyophilized preparation being combined with the sterile aqueous
solution prior to administration. The composition may contain
pharmaceutically acceptable auxiliary substances as required to
25 approximate physiological conditions, such as buffering agents,
tonicity adjusting agents and the like, for instance sodium
acetate, sodium lactate, sodium chloride, potassium chloride,
calcium chloride, etc. The concentration of HBP may vary
widely, i.e. from less than about 0.5%, such as from 1%, to as
30 much as 15-20% by weight. A unit dosage of the composition may
typically contain from about 10 mg to about 1 g of HBP.

The pharmaceutical composition of the invention is contemplated
to be advantageous to use for therapeutic applications such as
treatment of sepsis, septic shock, disseminated intravascular
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10 The composition of the invention may additionally comprise an
antimicrobial agent to treat the causative bacterial infection.
Examples of suitable antimicrobial agents are beta-lactam ‘
antibiotics (e.g. penicillin), aminoglycosides, tetracyclines,
bacitracin, polymyxin, sulfonamides, nitrofurans, nalidixic

15 acid, etc. For systemic application, the composition may also
contain heparin or another sulfated glucosaminoglycan as an’
anticoagulant agent since it has surprisingly been found that
heparin does not inhibit the aBility of HBP to bind to LPS.
Apart from acting as an anticoagulant, the presence of heparin

20 may also lead to a longer plasma half-life of HBP as it
prevents HBP bind to glucosaminoglycans on the vascular
endothelium.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further illustrated in the foliowing
25 examples with reference to the appended drawings, wherein

Fig. 1 shows the DNA sequence and derived amino acid sequence
of a 901 bp EcoRI-Xbal fragment of plasmid pKFN-1783, encoding
hHBP;

Fig. 2 shows the DNA sequence and derived amino acid sequence
30 of a 772 bp BamHI-HindIII fragment inserted into plasmid
pSX221, encoding hHBP;
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Production of Human Heparin Binding Protein from yeast strain
KFN-1775.

10 General methods.

Standard DNA techniques were carried out as described
(Sambrook, J., Fritch, E.F., and Maniatis, T. (1989) Molecular
Cloning: A Laboratory Manual, 2nd edn., Cold Spring Harbor
Laboratory ©Press, Cold Spring Harbor, NY). Synthetic

15 oligonucleotides were prepared on an automatic DNA synthesizer
(380B, Applied Biosystems) using commercially available
reagents. DNA sequence determinations were performed by the
dideoxy chain~-termination technique ( Sanger, F., Micklen, Ss.,
and Coulson, A.R., Proc. Natl. Acad. Sci. USA 74 (1977) 5463-

20 5467). Polymerase chain reactions ( PCR) were performed on a
DNA Thermal Cycler ( Perkin Elmer Cetus).

N-terminal amino acid sequence analysis was obtained by
automated Edman degradation using an Applied Biosystems 477A
gas-phase sequencer. Analysis by on-line reverse phase HPLC was
25 performed for the detection and gquantitation of the liberated
PTH amino acids from each seguencer cycle.
1 ul (106 pfu) of a human bone marrow cDNA library (Clontech,
Palo Alto, CA, U.S.A.) was used as a template in a PCR reaction
containing 100 pmole each of the primers NOR-3176
30 (GTTGGAATTCAT(A/T/C)CA(A/G)AA(T/C)CA(A/G)GGN(A/C)G) and NOR-
3174 ( CA(T/C)TG(A/G)TC(T/C)TCNGGNGT), where N is a mixture of
all four nucleotides. The 5'!' part of forward primer NOR-3176
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cycle: 94° for 1 min, 50° for 2 min, and 72° for 3 min. After 35

10 cycles a final cycle was performed in which the 72° step was
maintained for 10 min. The PCR product, a 420 bp fragment, was
isolated by electrophoresis on a 1 % agarose gel. ‘

Similarly primers NOR-3173 (ACNCCNGA(A/G)GA(T/C)CA(A/G)TG) and
NOR-3175 (GGTTTCTAGATTATCCCGG (A/G)TT(A/G)TTNA(A/G)NACNCC) were
15 used with the same cDNA template as described above in a PCR
reaction. Forward primer NOR-3173 is complementary to NOR-2174
and reverse primer NOR~3175 corfesponds to amino acid residues
215-221 in the amino acid sequence of HBP followed by a stop
codon and an Xbal site. The PCR reaction was performed as
20 described above and the product, a 232 bp fragment was isolated
by agarose gel electrophoresis.
The two PCR fragments described above were joined by overlay
extension PCR [Horton, R. M., Hunt, H. D., Ho, S. N., Pullen,
J. K., and Pease, L. R. (1989) Gene 77, 61~68] using NOR-3176

25 and NOR-3175 as end primers. The resulting 635 bp fragment was
isolated and then digested with EcoRI and XbaI giving a 621 bp
fragment, which was ligated to the 2.8 kb EcoRI-Xbal fragment
from plasmid pTZ19R (Mead, D.A., Szczesna-Skorupa, E. and
Kemper, B., Prot. Engin. 1 (1986) 67-74).

30 The ligation mixture was used to transform a competent E. coli
strain (r’, m') selecting for ampicillin resistance. DNA sequen-
cing showed that plasmid pKFN-1726 from one of the resulting
colonies encoded the expected hHBP,, ,,; amino acid sequence.
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adj usting agents and the like, for instan sodi um acetate, sodium |l actate,
sodi um chl ori de, potassiumchloride, calci'Umchloride, etc. The

concentrati :HBP. LOel B @ aqf 1 e a b . 29
as from 1% (ﬁlgcge{nsl%opggigh‘igggl\&g%%&%gje%eght‘.9{%&1&u%igtttlgogggeg%ﬁafhgéa Ul
conposi ti on nesrksing 329 bpnfrpgmendmwasoutsalrted t andbysed] ag slesmribeathe
phar maceut i gglezonposi tion of the invention is contenplated to be

advant ageous to use for therapeutic applications such as treatnent of

sepsi s, septic shock, dissen nated intravascul ar 14 coagul ation or

E/E”i ngococcahdmiHtedinirml parithdifc HPBdwaBoieplahedpassanid 7 ¢ dvp oA gmen trelyy
e partic useful .for | oc pplLi LQn_at ;sj [ of | i.an.
I nfecti onLg( ?Aéy uisrimtgné:hgbﬁamen #Ngag%?é?%kgi %%edé%éfgb‘%gtéﬁ&%r%%t%&érs
nonocyt es 5MHIG206 (GCTCAGACATTLCASAAGAGAATCGT TGFOGAUNSGARGHECAAG® and MHT -
internalize ﬁgﬁot ' ,ﬁ;&.pj é&@r@p@)t eri A dai | S qhg}—@? fs
0.1-100 ng/Kg bod V\dag:l ght |d§(§lttédpres.ent cbnt@lrrepl ajtjed ﬁt/%ﬂgeacgﬁi t abl e,oé’ e
dependent oddentinalerteythe Nirteighdial opngeding part of the humane HBP
gene, and the 5' part of MHJ-206 is identical to the C-terminal

10 part of the hybrid yeast leader gene described earlier {Thim,
L., Norris, K., Norris, F., Nielsen, P. F., Bjern, S. E.,
Christensen, and Petersen, J. (1993) FEBS Lett. 318, 345-352].

In-frame fusion of the hybrid leader gene and the 379 bp PCR
fragment encoding the N-terminal part of HBP was obtained by

15 overlay extension PCR [Horton, R. M., Hunt, H. D., Ho, S. N.,
Pullen, J. K., and Pease, L. R. (1989) Gene 77, 61-68]. The
product was digested with EcoRI énd PstI and isolated as a 572
bp fragment.

The 572 bp EcoRI-PstI fragment and the 329 bp PstI-Xbal
20 fragment described above were ligated to the 2.8 kb EcoRI-Xbal

fragment from plasmid pTZ19R (Mead, D.A., Szczesna-Skorupa, E.

and Kemper, B., Prot. Engin. 1 (1986) 67-74). The ligation

mixture was used to transform a competent E. coli strain (r’,

m') selecting for ampicillin resistance. Plasmid pKFN-1780 from
25 one of the resulting colonies was selcted for further use.

Plasmid pKFN-1780 was digested with EcoRI and XbaI. The

resulting 901 bp fragment was ligated to the 9.5 kb NcoI-Xbal

fragment from pMT636 and the 1.4 kb NcoI-EcoRI fragment from

pMT636. Plasmid pMT636 is described in International Patent
30 application No. WO 89/01968.

pMT636 is an E. coli - S. cerevisiae shuttle vector containing
the Schizosaccharomyces pombe TPI gene (POT) (Russell, P.R.,
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20

synthetic yeast signal-leader gene.
One plasmid pKFN-1783 was selected for further use.

The expression cassette of plasmid pKFN-1783 contains the
following sequence:
TPI, - signal-leader - HBP - TPI,

The DNA sequence of the 901 bp EcoRI-Xbal fragment from pKFN-
1783 is shown in Fig. 1.

Yeast transformation: S. cerevisiae strain MT663 (E2-7B XE11-36
a/a, Atpi/Atpi, pep 4-3/pep 4-3) was grown on YPGalL (1% Bacto
yeast extract, 2% Bacto peptone, 2% galactose, 1% lactate) to
an O0.D. at 600 nm of 0.6.

100 ml of culture was harvested by centrifugation, washed with
10 ml of water, recentrifugated and resuspended in 10 ml of a
solution containing 1.2 M sorbitol, 25 mM Na,EDTA pH = 8.0 and

6.7 mg/ml dithiotreitol. The suspension was incubated at 30°C

25

30

for 15 minutes, centrifuged and the cells resuspended in 10 ml
of a solution containing 1.2 M sorbitol, 10 mM Na,EDTA, 0.1 M
sodium citrate, pH = 5.8, and 2 mg Novozym® 234. The'suspension
was incubated at 30°C for 30 minutes, the cells collected by
centrifugation, washed in 10 ml of 1.2 M sorbitol and 10 ml of
CAS (1.2 M sorbitol,10 mM CaCl,, 10 mM Tris HC1l (Tris = Tris(hy-
droxymethyl)aminomethane) pH = 7.5) and resuspended in 2 ml of
CAS. For transformation, 0.1 ml of CAS-resuspended cells were
mixed with approx. 1 ug of plasmid pKFN-1783 and left at room



15 Fig. 3 is a graph show ng cytokine levels in blood nononucl ear cells

treated with 10 [err] HSA or varying levels of HBP in the p Eﬁﬁﬂ@ﬁ, 10
ng/ m LPS;WQr?anE{“& 4 is a graph show ng cytokine | evels ian 00 oftzs

nmononucl ear 5 cells treated with 10 [err] HSA or varying levels of HBP in
the presence of 100 ng/nm LPS. Exanple 1 Pt®duction of Human Heparin
Binding Protein fromyeast strain KFEN-1775. 10 CGeneral nethods._ Standard
DNA t echni qutemperatuser foF & MNWeaSyr i beBl ( S&nf205k PoLyethylenpe glycol

and Mani atisgode, (2888M Malcagy!l &b @Mowaey,, Arbaker ardisy HAANURH 2n7. 8finwas
Col d Spring Harbor Laborator Pres &pld Spri :grbon, “WQ-
Synt heti ¢ 153611F‘§0ﬁﬁél ddis TRER ZFgBa &F h g‘ﬁrgﬁ?ﬁ B BIBESS, 3 h KPR
(380B, ApglledmﬁeﬁsyﬁtenB)Theingixbunercﬁablycenhtiﬁbtedreagéntthetmpellet
sequence term natiqn r erfo y.th i ai e, NghhHoN
t echni que % §5ﬁ5§??n§9§ %ﬁcérgnﬁisé?ggﬂg &%U?sgnggggifgbprgg% kg?l?bgéa8f7
Sci. USA 74 ¥MOCaflpAct wymuegucing)ymadstnerpatedcatt38nS fopcRk) haure-
performed onpp. DNAJBREIBL (US| Gheh ESRKL{LEYER ah@ thie pellet resuspended
in 0.5 ml of 1.2 M sorbitol. Then, 6 ml of top agar (the SC
medium of Sherman et al., (Methods in Yeast Genetics, Cold
10 Spring Harbor Laboratory (1982)) containing 1.2 M sorbitol plus
2.5% agar) at 52°C was added and the suspension poured on top

of plates containing the same agar-sclidified, sorbitol

containing medium.

Transformant colonies were picked after 3 days at 30°C, reiso-
15 lated and used to start liquid cultures. One such transformant
KFN-1775 was selected for further characterization.

Fermentation: Yeast strain KFN-i??S was grown on YPD medium (
1% yeast extract, 2% peptone ( from Difco Laboratories), and 3%
glucose). A 1 liter culture of the strain was shaken at 30°C to

20 an optical density at 650 nm of 24. After centrifugation the
supernatant was isolated.

HBP was purified from the supernatant substantially as

described in WO B89/08666. Amino acid sequence analysis of

residues 1-20 showed identity of the N-terminal sequence to SEQ
25 ID NO: 1.

Example 2

In order to express HBP (as proform) in insect cells using the
Baculovirus system the following PCR primers were made



N-term nal am no acid sequence analysis was obtained by automated Edman

degradatw&r;sﬁscd pg an Appl i ed Bi osystens 477A gas-phase se?&é@w‘gé{(’o&ﬁgal ysi s

by on-line‘réverse phase HPLC was 25 perfornmed for the de

gquantitation of the |liberated PTH am no acids from each sequencer cycle. 1
[err] of a human bone marrow cDNA |ibrar30(d ontech, Palo Alto, CA U S. A)
was used as_a te late in a PCR reaction contalnlng 100 pnol e each of the

primers Ncﬁi*?sﬁ’% 3 ?GFW@‘F%AF?P% f@ gpﬁag gg
d NOR- 3174 ( CA(T/.C T T GF | |
?gur nucl eotld((as gI'he )gﬁ Egﬁ g S&Z eT§f?é['TG G Gfrft FGR gn

EcoRl site and the 3' p o?responds to an1no ‘acid residues no. 18-23 and
reverse prinmer NOR 2174 corresponds to am no acid residues no. 149-154 in

the am n ¢+ d uegeg Pebipl a I
Svendsen,g Ig@%.z,égﬂorrgen%ﬁ AR Sg s gggnge%l | e dcc %GT 98 ;e%GAS e
Bi ochem 197, 535-547].. The PCR reactlon was perforned |n a [err] volune

usi ng a comer ci al kit ( GeneAnp, Perkin Elnmer Cetus) and the foll ow ng
cycle: lFHMﬁJfgbs co és oL]afg m%I 51te,n%hLer%Lglgffiﬂnégdéﬁtégdzgie
prepro part of the human cDNA (Morgan, J.G. et al. (1991),
J.Immun., 147 (3210-3214)) followed by the first 20 nucleotides

10 from the beginning of the mature part of the gene on pKFN1780.

MHJ 2089 is complementary to the last 8 codons from the coding '
part of the HBP gene on DpKFN1780 plus two extra codons
according to the cDNA sequence cited above. It ends in a Hind
III site. |

15 PCR was performed using the two primers and pKFN1780 as-
template following the scheme:

3 cycles 95°C 60 sec, 50°C 120 sec, 72°C 120 sec
12 cycles 95°C 30 sec, 65°C 60 sec, 72°C 90 sec

The PCR product, a 760 bp fragment, was isolated by

20 electrophoresis on a 1% agarose gel, cut with BamHI and
HindIII, and inserted into pSX221 cut with the same two
enxymes. (pSX221 is a derivative of pUC19 (Yannisch-Perron, C.
et al. (1985) GENE 33, 103-119). The cloned DNA was verified by
sequencing and the BamHI-HindIII fragment (shown in Fig. 2) was

25 cut out, isolated, and inserted into pBlueBacIII (Invitrogen
Corporation) for expression in insect cells. The resulting
plasmid was termed pSX556. '

In order to generate a recombinant baculovirus expressing HBP
the MAXBAC kit from Invitrogen Corp. (Saﬁ Diego, CA) was used
30-and all manipulations were done according to the included
Baculovirus Expression System Manual (version 1.5.5). Briefly,



10 cycles a final cycle was perfornmed in which the [err] step"was

mai nt ai ne mn. The PCR product, a 420 bp fragnent, \@g? d by
el ectrophg?vé | &%‘% a l %agarose gel. Simlarly priners NOR- i
(ACNCCNGA(A/ G GA(T/IC) CA(AN G TG and NOR- 3175

( GGTTTCTAGATTATCCCGG( A/ G TT(A G TTNA(A/ G NAENCC) were 15 used with the sane

cDNA tenpl ate as described above in a PCR reactjion. Forward prinmer NOR-3173
i s conpl enentakg Q¥ NORDSaYizgAd ARG ONR| AR NORKIL BF CB$§§§ﬁ0|’f{ﬁrel oco~
am no aci d resafsesced§- Adkd nsrye inBatt agellsequenge 10f I Mol iavwesd byma

stop codon apgd an Xb site. The PCR reaction was. perjorned 2 SCLL bed
above and t 1?)‘??)%{;(??#}1% Tasuihing a‘é‘ﬁ%‘ﬁ‘?r?vaiu?%ﬁ?%giﬁ b‘}%g%?%%%gﬁgﬁ SELE
el ect rophor e3i dayghe FreshP@Rroleagyners sofleSFOi el lsboim hePe mmoiplates were
overl ay extensi ESR’ r Rg t Rari . . |
K., and Pe%s{e]l?f€& %%9){'9gte}ﬁe 1}% rg?‘ﬁ %g']t E$i n; rl\lldwg-SSI%?JBi\hZ%liﬂrxl% % %rﬁ%
as end primepveriaidy witht In§i3WaNPIe agARhriNART| SOPRLEFea iV 1i8h medium
di gested wi t; ¢oR50aNgg XRE! GigaINg Aféed kP Hagsnest preBuged esetobgoingnt o
the 2.8 kb EcORI - Xbal fra nt,g,r%inﬂal m.d ZlQR& ad Q A. .
Szczesna- SkRIRHEUCE VeLRY -1g¢l yb%%’[e.lrEﬁ’ e ©P %%58%}‘ 6%5%4) tozinifgt
i ?at lon m X3 ure Wmlluswatﬁé t conthdning cemget eellls.. caAlficext r & ndagsr] the .
selecting for anpicillin resista . DNA se - Ci S t .nl '
PKFN- 17261{%‘6‘?7?%%%9%‘?‘[‘{'“% vaZlrt :bﬁ@ R PEE LEted Y hgeﬁ'ieg i%%%%d t%efér ]ni?f'jR
ami no aci d sespebien with forward and reverse primers flanking the site of
recombination in the virus DNA. After evaluation of the PCR
products on agarose gel the corresponding most pure recombinant
virus was subjected to another round of plague purification to
15 ensure that the final recombinant virus stock was free of
wildtype virus. The production of recombinant HBP was performed
in insect cells (SF9 and SF21) adapted to growth in serum-free
SF900~-ITI medium (Gibco BRL/Life-Technologies). Typically,
spinner cultures of 5 1 or a fermentor of 10 1, both types with
20 a cell density of 1 x 10%/ml, were infected with a MOI of 1 and
the medium was harvested 3 days post infection. Purification of
HBP was carried out as described in WO 89/08666.

'Examgle 3

HBP without proregion:

25 An oligonucleotide linker (see below) was made covering the
first 99 bp of the sequence shown in Fig. 2 (from BamHI to Eag
I) excluding the part covering the proregion (from 73 to 87,
italics) and this was substituted for the original BamHI-Eag I
in pSX556 giving rise to pSX559. This construction is expected
30 to produce mature HBP when expressed in the Baculovirus system.

The linker consists of four oligonucleotides annealed pairwise
to give the two following duplexes:



17 Plasmid pKFN-1726 was digested with Pstl and Xbal and the resulting 329
bp.fragng&g | sol ated and used as described later. The hal part
of HPB vvas_glso 3t ed as a 379 bp fragnent by 5 PCR using tﬁgh‘é)g{?@om
tenpl ate as descri bed above and prinmers MHI-206 '
( GCTGAGAGAT TGGAGAAGAGAATCGT TGBCGGECCCGAAGEGAG)  andvHI- 200
(CGECTTCCACCGTGECGITCTG) . The 3' part of MHI-206 is identical to the
N—tern1naIM@ﬁ%5€§ABWB§7ﬁ60f the humane HBP gene, and the 5' part of MHJ-206
hs |d?gthcsb—?ﬂTthCéhTGAdtOGGCi@AQRGTCQTGGbcChBbr|d yeaft leagengenF ]
escri bed ear L sen err],
S. E., Christe seﬁ&ggﬁgE?éFﬁFggéébgTcg?@@%?eﬁﬁggGggFr 18, 345-352] .
In-frane fusion of the hybrid | eader gene and the 379 bp PCR fragnent

encodi ng t ﬁh?? art of HBP was obt ai ned by 15 overl ay extension
PCR [ FbrtoﬂﬁN%? ﬁ( 568 Ho, S. N, Pullen, J. K, and Pease, L. R

(1989) cﬁn%'79-T@@T@GFTG¢HGT§GBGGQGTGGECGAgegsstﬂGEWGﬁgcRP and Pst| and

ol ated as a 572 bp-éncesERecatbechtinterbeeBbTREhabLagERE-5Ad { he 329
bp Pstl-Xbal 20 fragnent descri bed above were ligated to the 8 kb

EcoRl - Xbal
- Example 4

Expression of HBP derivative with a bovine enterokinase

cleavage site placed between the propeptide and mature HBP. !.

10 Insect cells infected with a baculovirus vector encoding HBP
(signal-propeptide-mature HBP) are not able to cleave off the
propeptide. Insect cells infected with virus encoding HBP
without propeptide-(signal;sequgnce fused directly to mature
HBP sequence) produce the mature form, but in very low amounts.

15 In order to increase the yield of mature HBP a baculovirus
vector encoding a HBP derivative with a bovine enterokinase
cleavage site (Asp,~Lys) inserted between the propeptide and
mature HBP was generated, making it possible to obtain mature
HBP by in vitro processing of the produced extended form of

20 HBP:

A cDNA fragment encoding signal-Gly-Ser-Ser-Pro-Leu-Leu-Asp-
Asp;-Lys-mature HBP was generated by'PCR.with Pfu polymerase and
the primers PBRa 241 S
(CCGGGGATCCGATGACCCGGCTGACAGTCCTGGCCCTGCTGGCTGGTCTGCTGGCGTCCT

25 CGAGGGCCGGCTCCAGCccCCTTTTGGACGACGACGACAAGATCGTTGGCGGC)athBRa
246 (CCGGGGATCCAACTAGGCTGGCCCCGGTCCCGG). The PCR product was
digested with BamHI and cloned into the pVL1393 transfer vector
(Invitrogen, San Diego, CA). Generation of recombinant
baculovirus and production of protein was done as described in

30 Example 2 (however, in this case presumed recombinant plaques
were identified by their occlusion-negative phenotype).



fragnent fromplasm d pTZ19R (Mead, D. A, Szczesna- Skorupa, E. and Kenper,
B., Prot. GBQkHgess (1986) 67-74). The Ilgatlon m xture was gghEdR/eo121
transform a conmpetent E. coli strain (r, [err] selecting for anmpicillin
resi stance. Plasm d pKFN- 1780 from 25 one of the resulting col onies was
selcted for further use. Plasmd pKFN—17802%as digested wi th EcoRl and
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DNA sequenc&for hu HPElcgr a%lge&’i'sgqtgglgngdsyﬂ} hf% 1Y drile 0.9%

signal -1 ead
NaCl was added to the culture. The culture was incubated at

10 27°C for 3 days.

To isolate the heparin-Sepharose beads from the insect cell
culture the 400 ml fermentation medium was aliquoted into 8 50
ml tubes and centrifuged in a Sorvall Instruments TECHNOSPIN R

15 centrifuge at 300 rpm for 3 min. The supernatants with cells
were sucked away and the pelleted heparin-Sepharose beads were
separated from the remainder of contaminating cells by
resuspension in 30 ml sterile NaCl added to each tube followed
by centrifugation at 300 rpm. The entire procedure repeated

20 twice. The beads were finally washed in 20 ml sterile 0.5 M
NaCl added to each tube. The beads were then collected in one
50 ml tube in a small volumne of 0.5 M sterile NaCl (20-30 ml)
and transferred to a sterile glass filter funnel. The beads
were allowed to drain and the rHBP was finally eluted from the

25 beads with 30 ml sterile 3 M NaCl. The HBP was purified from
the 3 M NaCl eluate according to the method describéd in wWo
89/08666.

Two hundred microgram purified HBP containing the prosequence
and the enterokinase cleavage site between the prosequence and
30 the mature protein was dissolved in 50 mM Na-acetate buffer
containing 25 mM CaCl,, pH 5.1. Four hundred units enterokinase
from Biozyme Laboratories Limited GB Batch 18x2 Code EK3 was
added in a volumne of 1.2 microliters and the mixture was
incubated for 1 h at 37°C. HBP was finally purified from the
35 incubation mixture by RP HPLC according to the method described
in WO 89/08666. An aliquot of the purified HBP (1 nmol) was



One plasm d pKFN-1783 was selected for further use. 10 The expression
cassette of plasm d pKFN 1783 contains the foll ow ng sequence: [err] The
DNA seqt)@ﬁé’é’g@r"the 901 bp EcoRI-Xbal fragment from pKFN-P m&’#‘@lé own in
Fig. 1. 15 Yeast transformation: S. cerevisiae strain MI663 (E2-7B XE11- 36
[err], Atpi/Atpi, pep 4-3/pep 4-3) was @own on YPGL (1% Bacto yeast
extract, 2% Bacto peptone, 2% gal actose, 1%l actate) to an O D. at 600 nm
of 0.6. 10subjected te Neterminal veedquenpingewhichughowed thedhdiheninair0
10 m of "Bdffence Fddetnad %@%ma«a@%@ naplgtgkt%gmeh% Ofhe
cont ai ni ng, 1 sorbitol, 25 nmM Na2EDTA : .
d|th|otrelkﬁﬂlcQFkﬁ%LE&%%stQﬁ %b%aYﬂiﬁbﬂﬁﬁdsBFCFEFfPlfor 15 n1nutes

centrifuged and the cells resuspended in 10 ml of a solution containing 1.2

I\/IsorbltolE 10 Na2EDTA, 0.1 M 25 sodiumcitrate, pH = 5.8, and 2 ny
[err] 234. ension was incubated at [err] for 30 mnutes, the cells

col l ected by centrlfugatlon washed i n 10 m of 1.2 Msorbitol and 10 nl of
. - [ t

or

transf or 1

[err] of plasnld pKFN—1783 and Ieft at room
An alternative strategy for the generation of mature HBP was
the usage of factor X, for in vitro cleavage of the produced
material. The factor X, recognition/cleavage site is Ile-Glu-

10 Gly-Arg. By T.J. Gardella et al. (J. Biol.Chem., 26, 15854- ‘

15859, 1990) it has been reported that the placement of three
small amino acids (Gly-Gly-Ser) just N-terminal to the factor
X, recognition site perhaps minimized possible steric hindrance
effects and thereby the efficiency of factor X, cleavage could
15 be increased. In order to generate cDNA fragments encoding
signal-propeptideéile-Glu-Gly-Afg-mature HBP and signal-
propeptide-Gly-Gly-Ser-Ile-Glu-Gly-Arg-mature HBP,
respectively, the two primers PBRa 249
-(CCGGGGATCCGATGACCCGGCTGACAGTCCTGGCCCTGCTGGCTGGTCTGCTGGCGTCCT
20 CGAGGGCCGGCTCCAGCCCCCTTTTGGACATCGAGGGTAGGATCGTTGGCGGC)
and PBRa 250
(CCGGGGATCCGATGACCCGGCTGACAGTCCTGGCCCTGCTGGCTGGTCTGCTGGCGTCCT
CGAGGGCCGGCTCCAGCCCCCTTTTGGACGGTGGTTCCATCGAGGGTAGGATCGTTGGCGGC)
were synthesized. Together with primer PBRa 246 (Example 4)
25 these two primers were used in PCR reactions with Pfu
polymerase. The two fragments were .digested with BamHI and
inserted into pVL1393. Generation of recombinant baculoviruses
and production of proteins were done as described in Example 4.

Example 6

30 Peripheral blood mononuclear cells (BMNC) were prepared from
healthy adult blood donors (Blood Bank, Rigshospitalet) by



19 tenperature for 15 minutes. 1 m of (20% pol yet hyl ene glycol 4000, 20 nM
[err], 10 MM Tris HO, pH = 7.5) was added and ' e

| ef t for Q$%$gﬁ@$ 30 mnutes at roomtenperature. The nixta%gﬁﬂgkﬁ%ﬁﬁ
centrifuged and the pellet 5 resuspended in 0.1 m of SOS (1.2 Msorbitol,

33%v/v YPD, 6.7 mMJ[err], 14 [err] leucin®d® and incubated at [err] for 2
hours. The suspension was then centrifuged and the pellet resuspended in

0.5 nl of 1.cemkxbfuvationThef, Gifrase t gptdgorguliatedc Ruf fin Foxher naR

(etl 93'2)5 ‘(: g/ﬁ: e nb xié!gﬂ I\/fN 3 tof&)sl@' qllo]lea§9fl éh hbi[&laoexi;abgﬁaheey BMNCs
|
t he suspenS|%ﬁr%ogP€ﬁ16ﬁu? ger %% |n£ the B r%ga?ggbg?ﬂPflgﬁ

sorbltol(xnuﬁpapﬂuyﬂsdcharxaéaﬂimsnmmn aninnbss nareQmﬁdaxLaﬁonatBrdegs

at [err], SO:- I uj d re

transforrra%eﬁ?ﬁﬁ?i?%%é s frééjf %O%'% ernq %elrjl z% ; FH B Spbitco),
Fer ment at i oruflmhsaomemn:mmn m&qm ,glom/vpumf:fng prateinideyduative of
extract, Z%ﬁmgéﬁlin e en L bsféﬂsxfriﬁéezt@w B icaSEn ; ﬁeﬂm&kgr

culture of t rain to 20 an tical densft
nm of 24. Affbmake@@wm‘gﬁ@tbﬂnt% na%?ntlmb?'gb%?e&ﬂere cafriea out

in RPMI-1640 (BRL-Gibco, Roskilde, Denmark) containing 3%

10 normal human serum (NHS), heat inactivated at 56°C for 30 min
and supplemented with 0.8 mM glutamine, penicillin/streptomycin
(BRL-Gibco, Denmark) 20 IE/ml each. After incubation, the cells
were harvested and supernatants were immediately frozen at -
20°C; the cell pellets were quickly frozen on liquid nitrogen

15 and kept at -80°C for no more than 1 week before RNA was
extracted.

IL-l¢, IL-18, IL-2, IL-6, IFN7, TNFax and TNFS were measured by
a double-sandwish ELISA using ﬁqnospecific polyclonal rabbit
antibodies to purified recombinant cytokines (M.B.Hansen et
20 al., Immunol. Lett. 30, 1991, p. 156). Immuno-Maxisorp plates
(Nunc, Roskilde, Denmark) were coated with protein-A affinity-
purified IgG. Non-attached sites were blocked with 5% human
serum albumin in phosphate-buffered saline (PBS). Samples were
diluted in PBS supplemented with 2% normal rabbit serum (Dako,
25 Glostrup, Denmark), EDTA 10 mM, aprotinin 2,000 KIE/ml and 5 mM
DL-dithiothreitol. The assays were calibrated with
international standards of the respective cytokines (National
Institute for Biological Standards and Controls, Potters Bar,
Hertfordshire, UK). Biotinylated polyclonal rabbit antibodies
30 were used as detecting antibodies along with streptavidin-
peroxidase (Kirkegaard and Perry La., Gaithersburg, MD).
Development was carried out with 1,2-phenylenediamine
dihydrochloride and measured at 492 nm. The inter-assay
coefficient of variation for the concentration range between 8
35 pg/ml and 1 ng/ml were less than 15%. The sensitivity limit of
these ELISAs were 8-10 pg/ml.



HBP was purified from t he supernat ant substantially as described in WO

89/ 08666 A no aci d sequence anal ysis of residues 1-20 s i tity of
the N-t eV Y gequence to SEQ 25 IDNO 1. Exanple 2 In g%ser"’gg’gkpress
HBP (as proform in insect cells using the Bacul ovirus systemthe follow ng
PCR priners were nmade 20 MHJ 2087: 5'26\AA AAG GAT CCA CCA TGA CCC G&C
TGA CAG TCC TGG CCC TGC TGG CTG GIC TGC TGG CGTI CCT CGA GGG CCG GCT CCA GCC
CCC TTT TGha(BMNCs werecthawed end Azsated witbHhumpdn:serume bywiscin TCC
TAG GCT Gl 68 AF 48l Hndl T A0 GerwlSy ds M ERCImcades ber 2

BanHl S|te the initiation codon and the prepro part of human cDNA
(Mbrgan, JOG2 K9/Bi, 2189 pl 3nd20,p9/Bl7 imihe ?Z-'ﬁﬁﬁnqeblq’%vx?e‘?i %‘}dt:h%o
first 20 rwg}nbtmss téspeotivakybegi nning of ‘the mature part of the gene
on pKFN1780.. MHJ 2089 is conplenentary to the |ast 8 codons from the coding
part of the HBP gene on pKFN1780 plus two extra codons according to the
cDNA seqfcThe xéeswltsare shawrends the apgiended Figs. 3 and 4. It appears

from the figures that the release of cytokines from the BMNCs
is s:.gnlflcantly reduced in the presence of HBP.



I‘II site. 15 PCR was perforned using the two prinmers and pKFN1780 as

tenpl ate foll ow the schene: 3 cycles [err] 60 sec, [err]. 120 sec,

[err] 120 ?&?Wycl es [err] 30 sec, [err] 60 sec, | K®POA:. The
PCR product, a 760 bp fragnent, was isolated by 20 el ectrophoresis on a 1%
agarose gel, cut with BanH and Hindl 11, & inserted into pSX221 cut with

the same two enxynes. (pSX221 is a derivative of pUCL9 (Yannisch-Perron, C.
et al. (1985) GENE 33, 103-119). The CcISHENCEOIASTING verified by sequencing

and the BanH -H ndlI | fragment (shown in Fig. 2) was 25 cut out, isolated,
and i nsertedl W&WP&I nvitrogen Corporation) for expression in
i nsect cel | s smd was ternmed pSX556. In order to generate

expressing HBP t he MAXBAC kit from I nvitrogen
qq Q'Hfsl?l l,omani pul ati ons were done accordi ng
to the included Bacu RGR> fé& stem Manual (version 1.5.5).

c

Briefly, 21 1 [er 5‘ Wﬁg‘,& MNPV DNA and 3 [err] of pSX556 were

co- transfected i nt o(BFPoinfses g (2 x 106 ceIIs in 60 mMm
(F) POSTAL CODE (ZIP): 2880
(G) TELEPHONE: +45 4444 8888
(H) TELEFAX: +45 4449 3256
(I) TELEX: 37304

a reconbi nant bagyl
Corp. (San Di ego{;ilj

(ii) TITLE OF INVENTION: Heparin-Binding Protein for the Treatment of
Sepsis

(iii) NUMBER OF SEQUENCES: 2

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
{B) COMPUTER: IEM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EFO)

(2) INFORMATION FOR SEQ ID NO: 1:
(1) SBEQUENCE CHARACTERISTICS:
(A) LENGTH: 221 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOIOGY: linear
(ii) MOLECULE TYPE: protein
{(vi) ORIGINAL SOURCE:
(A) ORGANISM: human
(xi) SBEQUENCE DESCRIPTION: SEQ ID NO: 1:

IleValGlyGlyAregsAlaArgProArgGlnPhePromeI.euAla
1 10 15

SerIleGlnAsnGlnGlyArgstPheCysGlyGlyAlaIeuIleHz.s
20 30

Ala Arg Phe Val Met Thr Ala Ala Ser Cys Phe Gln Ser Gln Asn Pro
35 40 45

Gly Val Ser Thr Val Val Leu Gly Ala Tyr Asp leu Arg Arg Arg Glu
50 55 60



di shes). The resulting culture supernatant was collected after 7 days.
Fresh nonol ayers of SF9 cells in 100 mmplates were 5 infected with virus
super nat Wi95@8%42ar i ous dilutions and then overlaid with 1.
containing conplete TNMFH nmediumw th 150 [err] X-gal. After 8 days 6
presuned reconbi nant plaques were identi2fgsied by their blue collar and used
toinfect a 6 well plate containing SF9 cells. After 5 days the 10
correspondi ng virus DNA was purified and subjected to a PCR reaction wth
forward and r éhmgr €In |Sernisngs Gin dhki Fhe See Idiet SermSer detn8émn @lucksn Gly he virus

DNA. After evauation of the P@R products on agdPose gel

t he

cor B@spondi ng

nost pure recombinant virus was subjected to another. round of plaque
purification tBYr1AsRFrar@n Gin ASRclaY Asp Wc%ﬂﬁﬁﬁﬁ%%sﬁ@t%k%s free
of wildtype virus. The prod82tion of reconbi?nt HBP was perf® ned in

(G beo BRL/Li APSTERRRAC ﬁ%ﬁ%&%g%iﬁﬁ%

fermentor of 10 1, both es with 20 a density of 1

&

Sg@oge%l medi um

[err], were

i ect i on Purd h%’fﬁ waﬁ%’tp%%aa%ﬁo@ ngﬁg’ a}fﬁé &80/ 08666

Exanple 3 HBP wt hout proregl on: 25 An ol i gonucl eotide 1 nker (see bel ow)
was rmade covergRosé@1hi Lt s&° dp @lfy APS IBR0SEN A8y $HRPrd ArG! Phe Faf frOM

BanH to Eag 130 140

AsxVal'I‘hrVal'IhrProGluAspGlnCysAngroAsnAanales

145 150 155 160

Thr Gly Val Ieu Thr Arg Arg Gly Gly Ile Cys Asn Gly Asp Gly Gly
165 170 _ 175

ThrProI.euValesGluGleruAlaH:.sGlyValAlaSermeSer
180 185 . S 190

ImclyPrOCysGlyArgGlyProAspmemeMArgVal_AlaIm
195 200 _ 205

Phe Arg Asp Trp Ile Asp Gly Val Leu Asn Asn Pro Gly
210 | 215 220
(2) INFORVATION FOR SEQ ID NO: 2: |
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 219 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOIOGY: linear
(ii) MOLECULE TYPE: protein

(vi) ORIGINAL SOURCE: :
(A) ORGANISM: porcine
(xi) SEQUENCE DESCRIPI‘ION: SEQ ID NO: 2:

Ile Val Gly Gly Arg Arg Ala Gln Pro Gln Glu Phe Pro Phe leu Ala
10 15

SerIleGlnDysGlnGlyArgProIheCysAlaGlyAlaI.euValHls
30

ProArgPheValIeu'IhrAlaAlaSa:'CysPthrgGlyLysAsnSer
35 40



I} excluding the part covering the proregion (from73 to 87, italics) and
this was i ed for the original BanH -Eag | in pSX556pgek h$€ to
pSX559. Tﬁ?§§%%%§%ruction is expected 30 to produce mature ﬂng5%%$f§
expressed in the Bacul ovirus system The |linker consists of four

ol i gonucl eoti des anneal ed pairwi se to gi v€%he two following dupl exes:

22 MHI2568/ LWN5746: [er Exannl e 4 Expression_of HBR derivativ iLth a
bovi ne ent er oki ¥é%%ié&%é§5‘§§t§abl ﬁﬁﬁébﬁe iR O%ngﬁﬂéﬁéﬁ%Lﬁature
HBP. 10 Insect cel I¥infected with & acul ovirus vector encodi ng HBP

(si gnal - propept ige- Bh a G f i de.

I nsect cells i n(?f_g’ct%%t ﬁﬁﬂ\gl rus%g%co |§€é§é§ W tE%?egr%]ﬁ%%tg?ggeﬁFg gnal
sequence fused directly to nmature HBP sequence) produce the mature form
but i very | OWagE0NY Srg Kin! AP 8 AdOAGI Va2 008, LG 1hCkth b RikASy HEP a
bacul ovi rus vecto enc%ﬁ?ng agd1BP deri v%%‘i;]ve wg h a bovi ne ent eygnk)igﬁ%se

cl eavage site (Asp4-Lys) inserted between the propeptide and nature HBP was

gener at ed,. maki pui A1aPAEG iTBLETHIO PR ISt VAR AIAELeu Val Pro Leu Pro Pro Gln
100 105 110

Asx Ala Thr Val Glu Ala Gly Thr Asn Cys Gln Val Ala Gly Trp Gly
115 _ 120 125

Thr Gln Arg Leu Arg Arg Ieu Phe Ser Arg Phe Pro Arg Val leu Asx
130 135 140

Val Thr Val Thr Ser Asn Pro Cys Ieu Pro Arg Asp Met Cys Ile Gly
145 150 155 160

Val Phe Ser Arg Arg Gly Arg Ile Ser Gln Gly Asp Arg Gly Thr Pro
165 170 175

Ieu Val Cys Asn Gly Ieu Ala Gln Gly Val Ala Ser Phe Leu Arg Arg
180 185 190

Arg Phe Arg Arg Ser Ser Gly Phe Phe Thr Arg Val Ala Ieu Fhe Arg
195 200 205

Asn Trp Ile Asp Ser Val leu Asn Asn Pro Pro
. 210 215



HBP by in vitro proceésing of the produced extended form of 20 HBP: A cDNA ’
fragnment encodi ng signal -d y- Ser-Ser-Pro-Leu-Leu-Asp- [err] HBP was

generatmbWWe and the primers PBRPCRDKISH0121
( CCGGGGATCCGAT GAQAGTCCTee.. GCTGGCTGGTCTGCTGECGICCT 25
CGAGGGECCGECT :L'\"uuﬁl M | | ACGACANGATCGT TGGCCIEQ)mg@F@B@ %BEEN
(CCEEGGATCCAACTAeei ”WMiH\T ! The PCR product] wa ﬁEﬂﬂ&EB L
BarmHl and cl oned i @8 transfer vector (‘A t+eger—sah “ PgO,
CA). Generatjon of reconbi nant bacul ovirus and production of protein was
done as de<@fPed in 30 Exanple 2 (however, in this case presuned

reconbi nant pl aques were identified by their occlusion-negative phenotype).
23 I n order . 8 N- e SF9
ol 1 or i BRCARES NG chapBAtch B REtel U e oh Ry hba il

and resuspénddgeases semprondisirnge %SQ@%ﬁQﬁkWétﬂ ninduetsion neift |'@¢¢ city
of i nfectéipfokPhe 1ca?£e§deebys 158 bﬁy&hb&ﬁa‘f&ﬁ@ t(rmsssf erdrpdl démpodiidn

Bel I co spi'nhner  flask (#1965 N fresh SFO00I | nedlun1mas added to a
final volSeMPEiSING ma FhﬁaPF snglnaparkw%%mar JEBR)CL- wBich, in

glycosylated form, has an_apparent molecular weight of 28 kD
(as determined by SDS-PAGE under redﬁcing conditions), the
protein being produced in the azurophil granules of

polymorphonuclear leukocytes, together with a pharmaceutically
10 acceptable carrier or diluent.

2. A composition according to claim 1, wherein the heparin-
binding protein is human HBP.

3. A composition according to claim 2, wherein the HBP has the
amino acid sequence shown in the Sequence Listing as SEQ ID

15 NO:1, or an analogue or peptide fragment thereof capable of
binding the lipid A portion of LPS.

4. A composition according. to claim 3, wherein the peptide

‘fragment capable of binding the lipid A portion of LPS is a

peptide fragmént at least comprising amino acid residues 20-53,
20 in particular amino acid residues 26-42 of SEQ ID NO:1.

5. A composition'according to claim 1, wherein the heparin-'
binding protein is porcine HBP.

6. A composition according to claim 5, wherein the HBP has the
amino acid sequence shown in the Sequence Listing as SEQ ID

25 NO:2 or an analogue or peptide fragment thereof capable of
binding the lipid A portion of LPS.

7. A composition according to claim 6, wherein the peptide
fragment capable of binding the lipid A portion of LPS is a

* [ L M s *



i sol ate the heparin-Se romthe insect cell culture the 400 1

Phar maci a), which had_been ﬁu %&hﬁ:ﬁ%di” 25 mM sterile 0.9% NaCl, was added
to the culywydansdde cﬂ}i‘iﬁﬁ ﬁﬁ ﬁ lkated at 10 [err] for 3 pdayiskosho121
fermentation medi um wa E 0 8 50 m tubes and cehtryid SHEET HASBEEN
Sorvall Instrunments TECHNOSPIN R 15 centri*hge at 300 rpmfor 3 m Bg
supernatants _w,th C% | s wer.e stlrj ked ta\/vac}éman.d by herﬁoe.l | et ed,
beads were spei?atrlaqeé H[ETHS SFraé oMt ’?‘ﬂ’ﬁ? nagmt b
resuspensi oref (KD ¥P NA=2il e NaC added to each tube foll owed by
centrifugation at 300 rpm The entire procedure repeated 20 tw ce. The
beads were finally washed in 20 ml sterile 0.5 M NaC added to each tube.
The beads wére? RORTEgCENLISR]) FOBROSIEipn AGFETAANY ERaPNY\OF HRIBE -5 M
steril e NaClednaidling )HBPdiAr anshabuat of Frdrerabeay| aosmgi kbeavouweal .g
The beads re allgwed to drain and the rHBP was finally eluted fromthe 25
beads wit Cﬂflfﬂurgt%er P NN . The HBP was purified fromthe 3 M Nadl

el uate according to the nmethod described in WO 89/08666. Two hundred

m crogram pyrifje P .cq I piRg guenc entg e i

cl eavage si tbre' b t%ﬁgﬁo&e%ﬁogégug%geg{\tg&gb ?ﬁe%rrr%?%%ntg%gtro ei E\ﬁ\%aeg@%% or
di ssol ved i eB@lithidns asstostiatiad wdthcdnductiiop of whe Gyiokine cascade by
hundred uni 5pEntgP it dABADHYRdMMIAN1RP, LEdd GhtFeRainh e

Code EK3 was . ) ..
of such treatment, an effective amount of a heparin-binding

10 protein (HBP) which, in glycosylated form, has an apparent
molecular weight of 28 kD (as determined by SDS-PAGE under
reducing conditions), the protein being produced in the
azurophil granules of polymorphonuclear leukocytes.

10. A method according to claim 9 for the prevention or
15 treatment of gram-negative sepsis, septic shock or disseminated
intravascular coagulation.

11. A method according to claim 9 for the treatment of
Meningococcal menigitis.

12. A method according to claim 9, wherein the heparin-binding
20 protein is human HBP.

13. A method according to claim 12, wherein the HBP has the
amino acid sequence shown in the Sequence Listing as SEQ ID
NO:1, or an analogue or peptide fragment thereof capable of
binding the lipid A portion of LPS.

25 14. A method according to claim 13, wherein the peptide
fragment capable of binding the lipid A portion of LPS is a
peptide fragment at least comprising amino acid residues 20-53,
in particular amino acid residues 26-42 of SEQ ID NO:1.

AN O R



added in a volume of i 2 nicroliters and the mixture was incubated for 1 h'

[err]. HBP was meEmw deefir om t he 35 i ncubation m xture by RP
HPLC ac o0 @5/2894% o th bed_ in WO 89/ 08666. AnPai‘IDmMmf t he
purified HBP (1 nnol Jected to N-ter rﬂﬁégﬁ i-ch
showed that the main sequence representgzthe correnF |ng
with an Ile indicating that the cl eavage was succes|sful .

Expr essi ons5Qf aAHRBtdea! ae&batasnwgn tb aikamt 9, LRerbifl eaéaﬁepaﬁﬁ-shﬁﬁ‘iﬂg
‘bet ween the propeptide _an re HBP An alternative strategy f

gener at i offt 8£ &gtdﬁepﬁﬁslﬂﬁé e usage of factor Xa for in V|tro c!eavage
of the produced material. The factor Xa recognition/cleavage siteis

- - 158
15550, 1080y A Bethedladedra i’ €n Tt 15 L unekBin WA HEE s Bhen,
aci ds (G pminp- s&riad jsequencer shawn ta thhe f Sequeriter Liistdngyris i SBQSIDe
per haps 5rrNal-m zeﬂ- p@ﬁsahhﬁoaher it méwfa@effggﬁ&hé m;gzﬂ{ eg%?%lgfe of

efficienc act or &err | eava coul d | NnCr ease rto

gener at e ébﬂﬂlpgaﬁhﬁn &Péﬁcédpﬁﬁ and signal -

17. A method according ‘to claim 16, wherein the peptide

fragment capable of binding the lipid A portion of LPS is a

peptide fragment at least comprising amino acid residues 20-53
10 of SEQ ID NO:2. '

18. A method according to claim 9, wherein the effective amount
of HBP is in the range of 0.1-100 mg/kg body weight, preferably
0.5-50 mg/kg body weight, more preferably 1-25 mg/kg body
weight.

15 19. Use of a heparin-bindiné protein (HBP) which, in
glycosylated form, has an apparent molecular weight of 28 kD
(as determined by SDS-PAGE under'reducing conditions), the
protein being produced in the azufophil granules of
polymorphonuclear leukocytes, for manufacturing a medicament

20 for for the prevention or treatment of diseases or conditions
associated with induction of the cytokine cascade by LPS.

20. Use according to claim 19 for the prevention or treatment
of gram-negative sepsis, septic shock or disseminated
intravascular coagulation.

25 21. Use according to claim 19 for the treatment of
Meningococcal menigitis. '

22. Use according to claim 19, wherein the heparin-binding
protein is human HBP.

R R



HBP,
PCT/DK95/00121
CCT 20

synt hesi zed: WTTWC%WWS'?&A%?

P
were used i acP@Rseguencenshawnhhiff thpoSggquense. Likbingoasr 8§RedDsN@ede or

di gested wi Lh %gﬁb?agd or"BEbtede! BERoRYhE 3eHerEBRCLAPLBNCOb ! RIANENGARNE

bacul ovi ruses an uct | prot efns were done as described in EXanpl e
4. Exanpl e SlagdPérpﬁh‘&F-aP BEo&®Spononucl ear cells (BWNC) were prepared
fromhealthy adult blood donors (Bl ood Bank, Ri gshospi taI et) by 25

centrifugation of citrate anticoagyl ated buff coats err oned
ol o, NorBagd: Dises ARERHEN rER: lagm meriefprn: 1B et 1481 AeapRRnt
for 1 h beapableadd thimding thpopdpishckhabirtidopl RS LESco.Is H5pepSide

(b f ooy 200" 2h85h&Re B*1bakt MupridiiY SRIAEM A OPedibllE] 265 T Min

particular amino acid residues 26-42 of SEQ ID NO:1.

25. Use according to claim 19, wherein the heparin-binding
10 protein is porcine HBP.

26. Use according to claim 25, wherein the HBP has the amino
acid sequence shown in the Sequence Listing as SEQ ID NO:2, or
an analogue or peptide fragment thereof capable of binding the
lipid A portion of LPS.

15 27. Use according to claim 26, ‘wherein the peptide fragment
capable of binding the lipid@ A portion of LPS is a peptide
fragment at least comprising amino acid residues 20-53 of SEQ
ID NO:2, '

28. Use according to claim 19, wherein the medicament contains
20 HBP in an amount of from about 10 mg to about 1 g per unit

dosage form.

29. A process for producing HBP, wherein host cells containing
a DNA sequence encoding mature HBP preceded by an N-terminal
extension are cultured in a suitable culture medium under

25 conditions permitting expression of HBP, and the resulting HBP
is recovered from the culture medium as N-terminally extended
HBP.

30. A process according to claim 29, wherein the DNA sequence

encoding N-terminally extended HBP includes a DNA sequence
30 encoding a protease cleavage site located between the DNA

AR )RR AN



final concentration 20 [err] or purified protein derivative of tuberculin

( PPD) (%@t r um Thi HtseBee eeBagen, Denmar k), fi nal _concentration 25
[err]. T ]ﬁﬁéﬁ%atlo dout in RPM - 16 P Lki | de,

Denmar k) cont ai ni ng
[err] for 30 min and suppl erren ed with @48 nM gl ut pni ne REPLACED

penicillin/streptonycin (BRL-G bco, Denmark) 20 |E/ nl —eact—After

uman serum (NHS) | THERSHERRHAS \BEERd at

i ncubat i orFequr?é“teelqr’é"’(ﬁé-l"Q ﬁ&Pv@sFGHm&ﬁélsﬁﬁﬁiaﬁﬁ%am angethe |DN?edi|e&m§rgce

frozen at endoirlg ndturee!HBmWE! | ets were qui ckly: frozen on liquid nitrogen
15 and kept at [err] for no nore than 1 week before RNA was extracted.

[err] were measured by a doubl e-sandwi sh ELI SA usi ng nonospecific

pidt@adansen

pol ycl onal31r.abA1| tpradessodaesordingr itfo edladmordo nawheﬁtmklfl@é

| at Nunc,
eRE)silol gla c&enrrar \A/elféetl'c%a%n dé’?t?%ﬁogjr'%%el nc}!\eg?ugﬁl £yt Ie;s)gf:“%ﬁp es no'

Non- at t & & ds isess1enge: Askedy@i-t h 5% human serum al bunin in

phosphat e-buf fered saline (PBS). Sanples were diluted in PBS suppl enent ed
wi th 2% ngormal _rabbit serum gDako 25 d ostrup, Denmark), EDTA 10 nM

aprotini n32-008 BHOGASSINACS

FRADE. £ hedpAPei1Q . Wherpdn theaproteasee

cal i brat e(d:leawdde Isittﬁ i@ ia0 Falctdradacleadade 8 itRS RATH \thet WndHd @S ia

(Nat|onal
Hert f ords

10

15

20

25

t| r i.cal Standards and Controls, Potters Bar,
h| r "G%) 91 ()G[%I%‘n@llg'q'&f'gpol ycI onal rabbit antibodies

33. A process according to claim 29, wherein the N-~terminal
extension is the propeptide of HBP with the amino acid sequence
Gly~-Ser-Ser-Pro-Leu~Leu-Asp.

34. A process according to claim 29, wherein the host cells are
insect cells. '

35. A process according to claim 30, wherein the N-terminally
extended HBP is cleaved with a suitable protease to produce
mature HBP.

36. A process for producing HBP, wherein host cells containing
a DNA sequence encoding HBP are cultured in a suitable culture
medium containing a sulphated polysaccharide under conditions
permitting expression of HBP, and the resulting HBP is
recovered from the culture medium.

37. A process according to claim 36, wherein the sulphated
polysaccharide is heparin.

38. A process according to claim 36, wherein the sulphated
polysaccharide is immobilized on an inert carrier.

39. A process according to claim 38, wherein the inert carrier
is agarose. ' '

* C L M S * .
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30 were used as det ecfyitflectlisigRGMBEcedl ONg W th streptavi din- peroxi dase

(Ki r kegaar qyg5ghe8gs 1 Y urg, MD). Devel opnent v@EHpKePdiRLd
out wth 1, 2- phenyl HBH“ | ydrochl ori de and neasured at 492 nm

The inter-assay coeffi
between 8 35 pg/m and 1 ng/m were |ess tHan 15% The se
t hese ELI SAs

human serum é&gu% r%’ﬁl‘?(zceg%{) u?l?goﬁ?ui%ﬂﬁg r rﬁN’NgrS?HVEL gﬂ’f‘l B

ion for the concentr§

NS| @SH

anount s of Ocanf.e!m] a DPNPersdquente (eneoding nmaherer §§§’nmem‘edle@i o dQ0N-

ng/ m LPS,

r esphsh !ela*teﬁs;{gﬁ results are shown in the appended Figs. 3
and 4. It appears romt e

igures that the release of cytokines fromthe

BMNCs is significantly reduced in the presence of HBP. 27 SEQUENCE

LI STI NG (1)
5

10

15

SENERALrbESBVAELEMding to claim 40, wherein the DNA sequence
encoding N-terminally extended HBP includes a DNA seguence
encoding a protease cleavage site located between DNA sequence
encoding the N-terminal extension and the DNA sequence encoding
mature HBP.

42. A process for producing HBP, wherein host cells containing
a DNA sequence encoding mature HBP preceded by and fused to a
DNA sequence encoding another protein are cultured in a
suitable culture medium under conditions permitting expression
of a fusion protein of HBP and the other protein, and the
resulting fusion protein is recovered from the culture medium.

43. A process according to claim 42, wherein a DNA segquence
encoding a protease cleavage si‘i:e is located between the DNA
sequence encoding the other protein and the DNA segquence
encoding mature HBP.

R O 0 o



Eﬁrr] 2t8_[err] 29 [err]]c 4 30 1. A pharnmaceutical conposition f or

e prevention or treatnment o | seases or conditions assoc ]
induction ‘B’P’P’ﬁ%"‘%yt oki ne cascade by |i popol ysacchari de (LPE%%WH‘
conposition 5 conprising a heparin-binding protein (HBP) which, in

gl ycosyl ated form has an apparent nol ecul ar wei ght of 28 kD (as determ ned
by SDS- PAGE under reducing conditions), the protein being produced in
the azurophil granules of polynorphonucl ear | eukocytes, together with a
pharmaceutically 10 acceptable carrier or1I%I uent .

GAATTCCATTCAAGAATAGTTCAAACAAGAAGATTACAAACTATCAATTT
CATACACAATATAAACGACCAAAAGAATGAAGGCTGTTTTCTTGGTTTTG
M K A V F L V L

TCCTTGATCGGATTCTGCTGGGCCCAACCAGTCACTGGCGATGAATCATC
S L I 6 F C W A Q P V T G D E S 8

TGTTGAGATTCCGGAAGAGTCTCTGATCATCGCTGAAAACACCACTTTGG
v E I P E E 8§ L I I A E NT T L

CTAACGTCGCCATGGCTGAGAGATTGGAGAAGAGAATCGTTGGCGGCCGG
ANV A M A ERULEI KU RTIUV G G R

AAGGCGAGGCCCCGCCAGTTCCCGTTCCTGGCCTCCATTCAGAATCAGGG
K AR PROQVF P F LA S I QNUQG

GCGGCACTTCTGCGGGGGTGCCCTGATCCATGCCCGCTTCGTGATGACCG
R H P C G G A L I HAIRV FV MT

CGGCCAGCTGCTTCCAAAGCCAGAACCCTGGGGTTAGCACCGTGGTGCTG
A A S C F Q S Q N P GV s TV V L

GGTGCCTATGACCTGAGGCGGCGGGAGAGGCAGTCCCGCCAGACGTTTTC
G A Y D LRURIREIRGQSZRUGQTF s

CATCAGCAGCATGAGCGAGAACGGCTACGACCCCCAGCAGAACCTGAACG
I 8S S M S EN G Y D P Q Q N L N

ACCTGATGCTGCTTCAGCTGGACCGTGAGGCCAACCTCACCAGCAGCGTG
D L M L L Q L DREANULTS S V

ACGATACTGCCACTGCCTCTGCAGAACGCCACGGTGGAAGCCGGCACCAG
T I L P L P L Q N A T V E A G T R

ATGCCAGGTGGCCGGCTGGGGGAGCCAGCGCAGTGGGGGGCGTCTCTCCC
C Q V A G W E S Q R S G 66 R L s

GTTTTCCCAGGTTCGTCAACGTGACTGTGACCCCCGAGGACCAGTGTCGC
R F P R F V NV T VT PEDOQCR

CCCAACAACGTGTGCACCGGTGTGCTCACCCGCCGCGGTGGCATCTGCAA
P NNV CTG VLT RI RGG I CN

TGGGGACGGGGGCACCCCCCTCGTCTGCGAGGGCCTGGCCCACGGCGTGG
¢ D G G T PL V C E G L A HG YV

Fig. 1a



2. A conposition according to claim1l1, wherein the heparin- binding protein
is human HBP. 3. A conposition according to claim 2, wherei has
t he am no- eiga'zgéﬁuence shown in the Sequence Listing as SE%‘*%%? r1l, or
an anal ogue or peptide fragnent thereof capable of binding the lipid A
portion of LPS. 4. A conposition according to claim 3, wherein the peptide
fragnment capable of binding the lipid A porti 02!% LPS is a peptide
fragnent at |east conprising am no acid residue 0-53, 20 in particular
am no acid residues 26-42 of SEQID NO 1. 5. A conposition according to
claim1l, wherein the heparin- binding protein is porcine HBP. 6. A
conposi tion accepdipgridcedbicaccHIeTectddAsddRTmT TR ceceri d
sequence shown pn ghegpSeguemncegli ptigg & REQEJ DESONOR @& am apal ogue or
peptide fragnent 't hereof capable of binding the lipid A portion of LPS. 7.
A conposi tion agPetdzeFCrTCCEAGRCEGCATOGAMEGUIGT TIMMANIANTCEEREATA apabl e of
binding the |ipig AaporLti®n Bf DPSWisIa DIIGI1V 1H1IN NI1BP 1E111111111
31 peptide fragnment at |east conprising am no acid residues 20-53

ATCTAGA

Fig. 1b



of SEQ ID NO 2. 8. A pharnmaceutical conposition according to any of clains
1-7, containing HBP in an anount of from about 10 ng to abouyt er

uni t dosaggv‘??ﬁ???”& A nmethod for the prevention or treat mwﬂﬁ@gﬂses
or conditions associated with induction of the cytokine cascade by LPS, the
met hod conprising adm nistering, to a pgl nt in need of such treatnent, an
effective anount of a heparin-binding 1 [ﬁotei n (HBP) which, in

gl ycosyl ated form has an apparent nol ecul ar wei ght of 28 kD (as determ ned
by SDS- PAGE under reducing conditions), the protein being produced in the
azurophil granul es ofqgol ynor phonucl ear lygukocytes. 10. A neggpod accordi ng
to claim9 for ghaprevention or, 15 treatnment of gram negative sepsis, .
septic shock @EaftERQATMAHREdEHTEACASTUCTGCECETECREE0TGETETCETERIGITLTCG
according to claim9 fr ¢ hgg t geatmrest @f kenngbcoBcat nenili ths.S125 A
met hod according to cl@igRd), sdipietice txe heparin-binding 20 protein is
human HBP. 13. A nethpg according to claigh 12, wherein the HBP has the

am no acid sequence shown in the Sequence.Listing§ag® SEQ ID NO 1, or an-
anal ogue or pPRECECEGECPOIARSTCAICTTRRIIGCARAINCT TORCHERT ERECAGELECRCEHAS | on

of LPS. 25 14r Ane¢hadl agca® ditng I o | & mVi3G wler Bi nKt h® pBptPdeR Q
Pro —> Mature protein —>

130 150 170

TTCCCGTTC&TGGCCTCCA&TCAGAATCAGGGGCGGCACTTCTGCGGGGGTGCCCTGATC
F P F L A S I QN Q GRHFCGGATILTI

190 210 230

CATGCCCGCTTCGTGATGACCGCGGCCAGCTGCTTCCAAAGCCAGAACCCTGGGGTTAGé
H A RF VM T A A S CJF Q $S Q NP G Vv s

250 270 ° 290

ACCGTGGTGCTGGGTGCCTATGACCTGAGGCGGCGGGAGAGGCAGTCCCGCCAGACGTT%
T V vV L, G A Y DL RIRIREUZRUGQS SUZ ROQTF

310 330 350

TCCATCAGCAGCATGAGCGAGAACGGCTACGACCCCCAGCAGAACCTGAACGACCTGATG
S I s S M S ENGTYDTPOQONTLNTDTELM

370 390 410

CTGCTTCAGCTGGACCGTGAGGCCAACCTCACCAGCAGCGTGACGATACTGCCACTGCCT
L L QL D R EANULTSSUV TTIULPUL P

430 450 470

CTGCAGAACGCCACGGTGGAAGCCGGCACCAGATGCCAGGTGEGCCGGCTGGGGGAGCCAG
L Q N A TV E A G T RCQ V A G W G S Q

490 510 530

CGCAGTGGGEEGCGTCTCTCCCG T T TTCCCAGGTTCGTCAACGTGACTGTGACCCCCGAG
R S GG RLSRTPFT PRTFTVNTYVTTVTZP E

Fig. 2a



fragnent capable of binding the lipid A portion of LPS is a peptide

f ragnent ag” g%ﬁﬁgonpr|5|ng am no acid residues 20-53, in particular am no
acid residues f SEQ ID NO 1. 32 15. A nethod accor BFVREIHOMRL; m
9, wherein the heparin-binding protein is porcine HBP. 16. A nethod
according to claim15, wherein the HBP has the am no acid sequence shown in
the Sequence Listing as SEQID 5 NO 2, or an anal ogue or peptide fragnment

t her eof capable of binding the lipid A portion of LPS. 17. A nethod
according to claim 16, wherein the pepti4}(6fragm3nt capabl e of binding the
lipid A portion of LPS is a peptide fragnent at |east conprising amno acid
resi dues 20-53 10 of SEQ ID NO 2. 18. A nethod according to claim?9,
wherein the effective amount of HBP is in the range of 0.1-100 ng/ kg body
wei ght, preferably 0.5-50 rrg/kg body wei ght, nore preferably 1-25 ng/kg

body weight. 15 19. SBRe a hepari nding protein @9P) which,

in glycosylateg fgéﬁ hga aamwégﬁasnt nol ecul ar VWHéﬁ&?CGCCGCGGTGECATCTGC

det erm ned by Eg gg rﬁgﬁﬁ@ﬁﬁ ?ﬁgsb R R G G I C
630 650

AATGGGGACGGGGGCACCCCCCTCGTCTGCGAGGGCCTGGCCCACGGCGTGGCCTCCTTT
N G D GGG TP L V CEGL A HGV A S F

670 690 710

TCCCTGGGGCCCTGTCGCCGAGGCCCTGACTTCTTCACCCGAGTGGCGCTCTTCCGAGAC
s L ¢ P C GR G PDF F TRV A L F R D

730 750 770
HindIII
TGGAmCGATGGCGTTTTAAACAATCCGGGACCGGGGCCAGCCTAGGAAGCTT
W I D GV L NNUPGUPGU?P a

Fig. 2b



protein being produced in the azurophil granules of

pol ynor phonucl ear | eukocytes, for manufacturing a nedicanment 20 for for the
prevention or treatnment of diseases or conditions associated with induction
of the cytWO%@8Mscade by LPS. 20. Use according to clai m BSTRKSOAR21
prevention or treatnent of gram negative sepsis, septic shock or

di ssem nated intravascul ar coagul ation. 25 21. Use according to claim19
for the treatnment of Meningococcal nenigitis., 22. Use according to claim
19, wherein the heparin-binding proteinis ﬁl&n HBP. 33 23. Use
according to claim 22, wherein the HBP has the am no acid sequence shown in
the Sequence Listing a$ SEQ ID NO 1, or an anal ogle or peptide fragnent

t hereof capable of bingling the |ipids A portion of]LPS. 5 24. Use according
to claim 23, wherein t 1e-§epti e fragmentocapal e| of bigding the lipid A
portion of LPS is a peptide frggnenyg at Igéast npri si ng am no acid

resi dues 20-53, in paryi Iarﬂ no_aci d _resi ?&s 26-420f SEQ I D NO 1. 25.
Use according to claimi18 wh in e h&pari i hdi ng

S
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% A i
2 AN 2§
S s &
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120
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10 protein is porcine HBP. 26. Use according to claim?25, wherein the HBP
has the am no acid sequence shown in the Sequence Listing as SEQ I D NO 2,
or an anal ogue or peptide fragnment thereof capable of binding the lipid A
portion ofwoPS289%% 27. Use according to claim 26, wherein tRCTPNISO2I
fragnent capable of binding the lipid A portion of LPS is a peptide
fragnent at |east conprising am no acid residues 20-53 of SEQ ID NGO 2. 28.
Use according to claim19, wherein the di cament contains 20 HBP in an

anount of from about 10 ng to about 1 ﬁ unit dosage form 29. A process
for producing HBP, wherein host cells containing a DNA sequence encodi ng
mat ure HBP preceded Qy amrNtermmmal—extenstomrgre cultured in a suitable

cul ture nedi um under |25 conditions_permtting ejpression of HBP, and the
resulting HBP is recqvefed fEmt he cul fure dijum as %erm nal Iy extended
HBP. 30. A process acco,gdi ng o clai m 29, whe&&eijn the sequence encodi ng
N-term nal |y extended HBP i ncl udes a sequenge 30 eQ:odi ng a protease
cl eavage site | ocated Hel wveelllt helNA & X

ASANNNNNNNNN

HBP 20 ug/ml

TOMMMMNNNNNNNN

HBP 2 ug/ml

AR Tt
BR\NNNNNNNNNNNNNN\Y

HBP 0.2 ug/mi
MNC treatment

|
I

LPS 100 ng/ml

HSA 100 ug/ml

1
1

HSA 10 ug/mi




34 se‘duence encodi ng t =pn and t he DNA sR3jiBKes& £h8dd hg
mature HBP. 31. A procH '

3 30, wherein the p ease
cleavage site is an enteroRrmT = site with the am no gz\t@mgﬁ
sequence (Asp)4-Lys. 32. A process accordipg to claim30, wherein the

prot ease cleavage site is a Factor Xa cleavage site wwth the amno acid
sequence lle-Gu-Ady-Arg. 33. A process according to claim29, wherein the
N-term nal XQagpsension is the propeptide of HBP with the am no acid
sequence G y-Ser-Ser-Pro-Leu-Leu-Asp. 34, A process accordi,ng to claim 29,
wher ei n t he thos$e cef| geBFEl?ngéE%hEEI pgoteyn AHﬁPicé’Sécgm&Pdqu@’cP&y&Iagﬁau
30, wherein tifort,t ehasnalany EppatieatdetollBBullarcl @aygitw bf a28ui kBbl das
protease to produce .mature HBR. 3 process for, pr.oduci ng ,HBP er ej
host cells cor#g:ieﬁfnﬁﬂeg D%X sg&ﬁe%@é’é‘ené%eﬁg ﬁl?lgu%?‘@gculctoglpsglf)ﬁyg' the
sui t abl eScul t proteddi urbeiont ai produeedul phat ddepol yzamwadisrl degoareles of
condi tions 20 JaatithhReueXBLESSh . 304 thed espltiAgtiBR i Sor
recover ed fror%%t %’gb%%h ulrle rgr%di um%ﬁ§§F:y§:§gr ocess according to cl {fi m%6, a
wherei n the siesHgaBgnSoIfPraddrtrPERVeRt iRt QY ntreatment Of sepsis, gram-

negative sepsis, septic shock, or disseminated intravascular

coagulation.
10
2. Use according to claim 1, wherein the medicament is useful
for local application at sites of inflammation or infection.

3. Use according to any one of claims 1 or 2, wherein the
15 heparin-binding protein is human HBP.

4. Use according to any one of the preceding claims, wherein the
HBP has the amino acid sequence shown in the Sequence Listing
as SEQ ID NO:1, or an analogue or peptide fragment thereof
20 capable of binding the lipid A portion of LPS.

5. Use according to any one of the preceding claims, wherein the

peptide fragment capable of binding the lipid A portion of

LPS is a peptide fragment at least comprising amino acid

25 residues 20-53, in particular amino acid residues 26-42 of
SEQ ID NO:1.

6. Use according to any one of the preceding claims, wherein the
heparin-binding protein is porcine HBP.

30
7. Use according to any one of the preceding claims, wherein the
HBP has the amino acid sequence shown in the Sequence Listing
as SEQ ID NO:2 or an analogue or peptide fragment thereof
capable of binding the lipid A portion of LPS.
35

8. Use according to any one of the preceding claims, wherein the

4301.204-WO, NK, MSL/LSDu 20.05.96
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38. A"proc'ess accordi ng to cl 3R s@edish®atanh phat ed
pol ysaccharide is i mobilized |paTanteinatipnal R . A prP(?S'\cl?/Dnggc/coo?&l ng
to claim38, wherein the inert carrier is agarose. 35 40. pbc 4336

according to claim 36, wherein tne host cells contain a DNA sequence
encodi ng mature HBP preceded by an N ternmfnal extension. 41. A process
according to claim40, wherein the DNA sequence 5 encoding N-termnally

extended HBP ipgbuides ﬁr%é@%ﬁﬁ&ﬁlé%?d'ﬁl%ﬁn@ Oérfélsflﬁi&axa%rﬁﬂlb% of
| ocat ed between DNA sequence, enco Ing the N-termnal extensjon and rP‘TDPx
t

sequence encodi?y At (7 e PABP1AE2. ?@%‘F%’Lte 3t dreasito doeTR $8 ﬁﬁ‘éP@l

cel I s cont ai ni rgsildues DYAseefesece encrdeng mature HBP preceded by and
fused to a DNA sequence encodi ng another protein are cultured in a suitable
cul ture nmedi um under conditions permtting expression of a fusion protein
of HBP and theUsehaccprding ntoaarmytdma roefs tihiel pgetading plaimsn ngelr&iabvlﬁraad
fromthe cul t Yes{TRidHR Jdohtddnd CEPSaRCERo N doE O£ELR Thdar Wae

DNA sequence enco |ng a protease c eava e site Is |ocated between the
about g per unit dosage form.

10. A method for the prevention or treatment of diseases or

10 conditions associated with sepsis, gram-negative sepsis,

septic chok, or disseminated intravascular coagulation, the

method comprising administering, to a patient in need of such

treatment, an effective amount of a heparin-binding protein

(HBP) which, in glycosylated form, has an apparent molecular

15 weight of 28 kD (as determined by SDS-PAGE under reducing

conditions), the protein being produced in the azurophil
granules of polymorphonuclear leukocytes.

11. A method according to claim 10, wherein the heparin-binding
20 protein is human HBP.

12. A method according to claim 12, wherein the HBP has the
amino acid sequence shown in the Sequence Listing as SEQ ID
NO:1, or an analogue or peptide fragment thereof capable of

25 binding the lipid A portion of LPS.

13. A method according to claim 13, wherein the peptide fragment
capable of binding the 1lipid A portion of LPS is a peptide
fragment at least comprising amino acid residues 20-53, in

30 particular amino acid residues 26-42 of SEQ ID NO:1.

14. A method according to claim 10, wherein the heparin-binding
protein is porcine HBP.

35 15. A method according to claim 14, wherein the HBP has the
amino acid sequence shown in the Sequence Listing as SEQ ID
4301.204-WO, NK, MSL/LSDu 20.05.96
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sequence encodi ng the ot her prolmeswédish beteNAfisgquence engGMWM@LﬂEN
HBP. PCT Internationat Application 22 0% 1986

NO:2, or an analogue or peptide fragment thereof capable of
binding the lipid A portion of LPS.

16. A method according to claim 15, wherein the peptide fragment

5 capable of binding the lipid A portion of LPS is a peptide
fragment at least comprising amino acid residues 20-53 of SEQ
ID NO:2.

17. A method according to claim 10, wherein the effective amount

10 of HBP is in the range of 0.1-100 mg/kg body weight,

preferably 0.5-50 mg/kg body weight, more preferably 1-25
mg/kg body weight.

18. A method according to any one, of claims 10-17, wherein the
15 HBP is used for local application at the site of inflammation

or infection.

19. A process for producing HBP, wherein host cells containing a

DNA sequence encoding HBP are cultured in a suitable culture

20 medium containing a sulphated polysaccharide under conditions

permitting expression of HBP, and the resulting HBP is
recovered from the culture medium.

20. A process according to claim 19, wherein the sulphated
25 polysaccharide is heparin.

21. A process according to claim 19, wherein the sulphated
polysaccharide is immobilized on an inert carrier.

30 22. A process according to claim 21, wherein the inert carrier
is agarose.

23. A process according to claim 19, wherein the host cells
contain a DNA sequence encoding mature HBP preceded by an N-
35 terminal extension.

4301.204-WO, NK, MSL/LSDu _ 20.05.96

SHEET This is the replacement sheet
) O ) vue: & 8 OCT 1995




Tre Swedish Patont Office PCT/DK95/00121
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24. A process according to claim 23, wherein the DNA sequence
encoding N-terminally extended HBP includes a DNA sequence
encoding a protease cleavage site located between DNA
sequence encoding the N-terminal extension and the DNA

5 sequence encoding mature HBP.

4301.204-WO, NK, MSL/LSDu 20.05.96
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