1 i 1 REPLACED SHEETS
SG NOVEL CHEMOTACTI C FACTES w01 H0°
Thi s i nvent ion relates to a novel chenptactic factor, to the

purification and characterisation of this factor from nat ural sources, and
to the ° preparation of this factor as a synthetic or reconbinant
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NOVEL CHEMOTACTIC FACTOR

10 This invention relates to a novel chemotactic fa_ctpr, to the
purification and characterisation of this factor from natural sQurces, and to the
preparation of this factor as a synthetic or recombinant product. - The
invention further extends to analogues of the novel chemotactic factor, as well
as to mutants, fragments and derivatives thereof. The .invention also extends

15 to antibodies to this factor (both polyclonal and monoclonal), to
pharmaceutical compositions comprising the factor or the antibodies thereto,
and to the therapeutic or diagnostic use of the factor or the antibodies thereto.

Leukocyte recruitment is vital for most inflammatory and

20 immunologically-mediated responses. Chemotactic factors (CFs) released
Jocally_mediate directed migration of leukocytes and thus play an important

rc;le; ;n the accumulation of these cells. Numerous CFs have been described
including - activated complement components (C5a, C3b), products of the
activated coagulation eascade (kinins, thrombin, fibrino-peptides), bacterial and

25 viral products, products of platelets, fibroblasts and neutrophils as well as the
low molecular weight mediators leukotriene B4 and platelet activating factor

(PAF) (reviews 1,2).

The delayed-type hypersensitivity (DTH) reaction is a widely studied
30 example of cellnlar immunity. It is characterised by accumulation, over 4-48
hr, of leukocytes at the site of intradermally-injected antigen in a sensitised

subject. Polymorphonuclear leukocytes (PMNs) and monocytes are dominant



and to the therapeutic or diagnostic use of the factor or the antibodies
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and acting in particular micro-environments (3). Furthermore, the leukocyte
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composition of the inflammatory infiltrate depends on the temporal stage of
the lesion and the nature of the stimulus. Thus activated lymphocytes may
10 produce factors which are distinct from those derived from monocytes. Ward
ei.al. (4) and Altman.(S) originally described the induction of CF ;vh.cn antigen
was added to sensitised lymphocytes and the activity was attributed to a 12.5
kD protein (called lymphocyte-derived CF:LDCF). LDCEF appears at the site
of antigen challenge i)rior to macrophage influx (6) and has been extracted
15  from DTH lesions (7). Miura etal. (8) showed that activated Lyt 1+2-T
lymphocytes from murine spleen were pnmanly responsible for the production
of a macrophage CF but this factor has not been characterised and its
relationship to the recently-described interleukin 8 family of monocyte-derived
CFs (reviews 3,9) is unknown.
20
_ It has been previously proposed that fibrin, formed as a consequence
of activated cell-fmediated immunity (CMI), may enmesh infiltrating
macrophages and maintain them at the inflammatory site (10). The generation
of procoagulant by hﬁnian monocytes reacting with microbial antigens is a
25 close in vitro correlate of DTH reactions in man (11) and parallels the capacity
of different mouse strains to develop DTH (12). Studies suggest that fibrin
deposition at extravascular sites is mediated by macrophage procoagulant
activity induced by an apparently unique T-cell derived product, macrophage
procoagulant inducing factor (MPIF; 13-15).
30
Preliminary studies describing the characterisation of murine MPIF

indicated activity associated with two heparin-binding peptides (a and g) with



in the |l esion. The devel opnent of the reaction is considered to be due to
t he I ntegrated rel ease of nunerous cytokines which not only control
bl pod f| ow and vascul ar perneability but al so determ ne the
conposition of the inflammatory infiltrate. It has been suggested
that there may be a selective 5 advangage in having a variety of
factors (as evidenced by the nunber of CFs with activity towards,
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15 biological functions of MPIF.

It has now been discovered that MPIF is distinct from a chemotactic
cytokine contained in the MPIF preparation previously described, and in one
aspect the present invention relates to the purification and characterisation of

20 this chemotactic factor.
- Proteases appear to play a central role in chemotaxis. They are
implicated in- the generation of chemotactic factors derived from extracts of
DTH reactions from ' guineapig skin (25,26), and serine proteases are
25 apparently important in chemotaxis of neutrophils and macrophages (27,28),
particularly along a substratum (29). It has been suggested that proteases
bound to macrophages may cleave lymphocyte-derived CF precursor resulting
in its activation (30). It has also been shown that chemotaxis of neutrophils in
response to complement fragrhents or bacterial factors involves activation of a
30 cell-bound serine esterase which apparently exists as a proenzyme and which is
activated by chemotaxis. Heparin inhibits some types of chemotaxis and may

act by suppressing the protease activity (31).



activity induced by an apparently unique T-cell derived product, nmacrophage
procoagul ant inducing factor (MPIF; 13-15). 30
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rem ni scent of those described for skin reactive factor, a poorly

characterised factor (17) distinct from pacrophgage mgration
i nhi bition factor- (Nie) peptde of this mmtmﬁas%&dm STER: 35 chemofagtic

when i nj ect edpl'&reﬁi Qﬁ‘-ﬁrﬁ.l ftkisnto H&eﬁ‘ﬁderstood, however, that the present invention
10 extends to all analogues, mutants, fragments, derivatives, and functional
homologues of CP-10 and to CP-10 molecules from all mammals such as from

mice, humans and livestock animals. Use, therefore, of the tc:n::a "CP-10" is

meant to encompass all such forms of the molecule including single or multiple

amino acid deletions, substitutions and insertions and/or any single or multiple

15 deletions, substimtit;ns and/or insertions of associated molecules such as
carbohydrates, lipids or other peptides. All CP-10 molecules and derivatives,

mutants, fragments and/or functional homologues thereof may be prepared by

recombinant or chemical synthesis or may be naturally occurring.

20 _ The purification of CP-10 from a MPIF preparation, and in particular
the purification of murine CP-10 from a murine MPIF preparation, is
describéd in detail herein. In general terms, a solution containing the
chemotactic factor may be pmﬁed by chromatography and affinity procedures
and the desired compound isolated and, if required, fragments or derivatives

25 prepared therefrom. . The chemotactic peptide of this aspect of the invention
may be purified from any solution containing the peptide, including cell-
extracts, pre-purified cell extract, cell supernatant or culture filtrate of
stimulated lymphoid cells or other mammalian cells or of permanent cell lines.
The purification proce'dures used may in general be selected from ion

30 exchange chromatography, hydrophobic interaction chromatography, gel
filtration chromatography, reversed phase chromatography or affinity
chromatography employing heparin, Cu**, Zn?* or antibodies to CP-10, or any
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results, also confirmed by in vitro experinents, indicated that a

chenot acti c activity was associated with MPIF[err] (16), ther,\eby
suggesting multiple 15 bi ol ogi cal functions of MPIF. o

It has now been discovered that MPIF is di gti nct froma chenotactic
cytokine contained in the MPIF preparationpreviously described, and in one
aspect the present Lnvention.relates to the,purificatio
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pr ot eases ar %{i apparently inportant in chenotaxis of neutrophils and
macr ophages ?9 , 28), particularly along a substratum (29). It has
been s@ggested that proteases : bound to macrophages may cl eave

| ynphocyt e-derived CF precursor resulting. Inits activation (30).
It has al so been shoWrterminal cseanenssi analysis coft thenintact; CP-10 moleculg, ande
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chenot axi s and may act _hy sclf?ﬁr essing the &rotﬁeﬁse activify (31).
with new data obtained by A sequencing, the length amino aci
10 sequence of murine CP-10 has been determined to be:

Pro-Ser-Glu-Leu-Glu-Lys-Ala-Leu-Ser-Asn-Leu-Ile-Asp-Val-Tyr-His-Asn-Tyr-
Ser-Asn-lie-Gin-Gly-Asn-His-His-Ala-Leu-Tyr-Lys-Asn-Asp-Phe-Lys-Lys-Met-
Val-Thr-Thr-Glu-Cys-Pro-Gin-Phe-Val-Gin-Asn-Ile-Asn-lle-Glu-Asn-Leu-Phe-
15 Arg-Glu-Leu-Asp-Ile-Asn-Ser-Asp-Asn-Ala-Ile-Asn-Phe-Glu-Glu-Phe-Leu-Ala-
Met-Val-lle-Lys-Val-Gly-Val-Ala-Ser-His-Lys-Asp-Ser-His-Lys-Glu

The calculated molecular weight of full length murine CP-10 has
been determined to be 10,163D and the isoelectric point has been determined
20 to be approx. 5.5. |

No apparent amino acid sequence similarity is apparent with other

CFs, interleukins, CSFs,_' interferons or tumor necrosis factors. Approx. 50%

- amino acid sequence similarity of CP-10 with two human calcium-binding

25 proteins (CaBPs) recenﬂy identified in cells of myeloid origin and variously
referred to as the cystic fibrosis (C.F.) antigen (19), MRP-8 or P8 and, MRP14

or P14 (20,21) respéctively, is evident (see Figl and Australian Patent
Application No. 79309/87). The full length sequence of murine CP-10 reveals

69.6% homology with MRPS at the cDNA level and 54.8% homology at the

30 amino acid level (Fig.1a). These proteins are members of a family of highly
conserved CaBPs of low molecular weight (all approx. 10 kD) including S-100

a and B proteins, calcyclin and intestinal CaBP (review 22). None of the S-
100-related proteins contains a signal sequence but a conserved hydrophobic

domain present in the N terminus of all the proteins (including CP-10) may



- 4 - Accordi ngly, one aspect of the present invention is
directed to a nmanmmalian pepti de having chenotactic properties, and
havi ng an apparent nol ecul ar wei ght of approxi mately 10 kD. The

pepti de of the present invention has chenmptactic activity for
neut r ophi | s, nonocyt es/ macr ophages and/ or other mammalian cells and al so
has 5 apparent proteolytic activity whibch appears to play a role in
Ieukocyte chenot axi s. The peptide of this invention is referred

to herei n aMmmaa@m intemnal signalcrequence. 1gttle is krown abeut, Sk furgion of
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15 32p_jabelled oligonucleotide probes complementary to the mRNA of CP-10

were chemically synthesised based on the amino acid sequences of:

1. Tle®? - Tyr®
. 2. Ty® - Met®
20 3. GIn® - Asn® (See Fig.1)

Posiii-.\;e clones reacting with all 3 probes were identified from a ¢cDNA library -
from activated spleen cells from A/J mice in the vector Agt 10 by in siu
plaque hybridisation. _Re-screening. at low plaque density with probe 3 (probe

25 No.3 corresponds to the 'hinge" or variant region) allowed selection of 2
positive clones. Probes 1 and 2 are prepared according to amino acid
sequences in the highly conserved xjegions of CP-10 and CFa/MRPS8 in the N-
terminal portion of the molecules. Results indicate that the cDNA library
contains sequences coding for the murine equivalent of CFa/MRP8 in the N-

30 termiral region of the molecule which are similar to those coding for CP-10.
In addition, sequences coding for the "hinge" regions of CFa/MRP8 (probe 4)
and CP-10 (probe 3) indicate that the proteins have distinct differences.



containing the peptide, including cell-extracts, pre-purified cell extract,
cel l supernatant or culture filtrate of stinmulated |ynphoid cells or
ot her mammal i an cells or of permanent cell lines. The purification
procedures used may in general- be sel ected fromion exchange

chr omat ogr aphy, hydrophobic interaction 30 chronmat ography, gel filtration
chromat ogr aphy, reversed phase chronat ogr dphy or affinity

chr omat ogr aphy enmpl oyi ng hepar.i n, err Zn[err] or antibadies to CP-10,
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Pr o- Ser - G u- heparp ,inhikitsyvia ¢ cbingling |tey, %ﬂ'io A%, by, interacting s with,, argell
membrane component essential for chemotaxis. It is suggested that CP-10 has
proteolytic activity and that this activity plays a role in leukocyte chemotaxis.

10
Because of its chemotactic activity, CP-10 or its analogu.es., or CP-10-
derived peptides with chemotactic activity may be useful if administered locally
(e.g. around a tumor, site of infection) to attract neutrophils . and/or
monocytes to the site, particularly in mmuno-oompromxsed patients (i.e. those
15 with severe combined immunodeficiencies, AIDS, tumors, burns etc.) or any

patient who is allergic to skin test antigens (Type IV hypersensitivity).

In additibn, CP-10 rﬁay contribute to inflammatory pathology in

various conditions including those with strong involvement of T-cells. These

20 include, for example, infection (bacterial, parasitic, fungal, viral), malignancy,
kidney_and other transplants, skin disorders (e.g. atopic dermatitis, psoriasis),
gramidomatous disease (e.g. sarcoidosis), lung diseases (e.g. idiopathic
pulmonary fibrosis, ARDS, asthma), autoimmune diseases characterised by

chronic inflammation- (e.g. rheumatoid arthritis, SLE, diabetes), myocardial

25 infarction (CP-10 may contribute to the reperfusion damage associated with
release of inflammatory mediators from neutrophils), and thrombosis

{neutrophil products may be involved in recanalisation of blocked vessels).

Accordingly, CP-10 or analogues, mutants, fragments or derivatives of
30 CP-10 may be used to alter the inflammatory capacity or metabolism of

mammalian cells. Similarly, these compounds or antibodies or antagonists
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peptides thereof may be used in patients who are immunocompromised - such

as those with AIDS, or those undergoing immunosuppressive therapy, to attract

phagocytes to, and to activate phagocytes at sites of infection such as the

pneumocystis - infected lung.

15 '

In addition, as a number of chronic inflammatory conditions are

characterised by a localised high concentration of phagocytic cells, the
administration of antibodies against CP-10 may inhibit inflammation and
therefore provide the basis for their therapeutic use. This would apply to such

20 conditions as autoimmune diseases such as rheumatoid arthritis, systemic lupus
erythamatosis, coeliac disease, multiple sclerosis, Guillian Barre syndrome,
autoimmune thyroiditis, rejecting grafts, tumours, etc. In general, monoclonal
antibodies or non-functional analogues or antagonists of CP-10 may be used in
diseases cufrently treated using steroid therapy.

Occupancy of receptors of chemoattractants on phagocytes initiates
cellular responses that are essential for normal host defence and wound
healing. Intracellular signals generated by chemoattractant receptor occupancy
are capable of regulating gene expression, such as of the oncogenes co-fos and

30 cmyc, to produce distinct modulatory signals. All chemoattractants known to
date interact initially with a receptor molecule on the cell surface which

initiates these events. Non-functional analogues or antagonists of CP-10 may



6 - function as an internal signal sequence. Little is known about
the function of MRP8 and 14; both are expressed in circulating
neut r ophi | s and nonocyt es but not in normal tissue nacrophages
(21,23). In chronic inflanmmatory condi tions such as rheunmatoid
arthritis however, macrophages in affected 5 ti ssues express both NMRP8
and 14 whereas in acute inflamatory |esigns only MRP14 i s
expressed (21). The proteins are also present in high levels in
serum from gysiiress Ehrfoni6 isflnhiAiLE by Aahibitifg TPV fegkptor \BIH8ing d Biddingr e
i solated fromcul tures, of stinulated human nononucl ear cells as part of a
conpl ex usi A GPNRD @i ite cressptayavvmtd hbenthevtrigger for Hbge ¢eliulge; Xespenses
protein hashuhﬁﬁﬁgghggﬁya@@d their true biological function is unknown

y a

al t hough nal ogy’ with cal nodulin they may be involved in
intracel lul ar signalling. CP-10 of the present invention
has al so been shown_to be a uni que chenotacti¢c factor .on the basis

of thé followi ng fdmiseln adystheraspast @f thecpresent inventionothere e pravided a
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1. | | e[ fraginent or derivative thereof, orZan antibodywhessto]in associdtidnewith a
pharmaceutically acceptable carrier or diluent. The active component of such

a pharmaceutical composition may of course either be derived from natural
10 sources. or be prepared by synthét‘ic or recombinant DNA _ techniques.

Antibodies may be prepared by known techniques as described in greater

detail hereinafter. '

Cystic fibrosis (C.F.) is the most common lethal genetic syndrome
15 among white children and is also the cause of much of the chronic progressive
pulmonary disease encountered in children. Early features of lung disease in
CF. are of an inflammatory nature and are non-infective. The majority of

cells infiltratiﬁg the lung are PMNs and many appear to be dead or |
degenerating. C.UF. antiéen comprises about 20% of the total cytoplasmic
20 protein of neutrophils and is responsible for calcium binding to yield the
typical turbidity characteristic of C.F. Saliva. CF. antigen (MRPS, 14) is also
present in inflammatory macrophages. The function of these proteins is
unclear although they may be involved in the killing of pathogens. CP-10 may

be involved in recruitment and activation of PMNs in the lung in CF.

25
Furthermore, it has been suggested that the inflammatory lung
disease, critical in patients with cystic fibrosis, may be mediated by proteases. .
These patients have low levels of serum protease inhibitors (indicating binding
with active proteases) and tissue damage similar to that believed to occur in
30 luings of patients with emphysema by proteolytic enzymes, is proposed (33).

————
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20 __. R f"ced G@nferr] - Asn[err] (See Fig.1)

Pos T et Zas 78 acting with altl 3 probes were identified froma cDNA
l'i br u II Fmactivated spleen cells fromA/J mce in the vector
[err] tu pl aque hybr i1 i sation. Re-screening at |ow

pl aque density with probe 3 (probe 25 .3 corresponds to the "hinge"

or_variant region) aAE@di‘ﬁ%qg‘i%' ﬁcﬁhﬁn@mhezproteolytic a&ﬂ&ﬂytét\/ei’ciﬂ?ﬁ_ﬁéra agees
1 and 2 are prepared accordihg to amno acid Sequences in fhe

hi ghl y conserintetvertipmrizy &P-UB- bp analogiies/ MRIEP11R onhefi\the active sitet of theal
portion of the noplecules. sul ts_indi t hat the.c ' 1|

contai ns seqtgﬁé%aéetﬁ iSfP&CEErPMS%P}‘ﬁ@{“gﬁu?@‘We%‘?“‘%?%%FE %yi?{f‘he‘hﬁ
30 ter m ngdtiveadieomagfbd ?@ssiﬁlé.e CTHeSe Wehgénta ntays biuseful ! fot Giily @o cdizd

for CP-10. n addition,_ sequences coding for the "hinge" regians

of Cra/%RPs (ipflgpunagjon and tissue gamage. ipinflanypatary Gonditionse bk alsor igeCystic
protei ns hav | Si ' ces.
7 ) %6’110,%,{5 @?’?‘?g&%ﬁ%l es showed that in vivo skin reactions

elicited with guinea pig skin reactive factor (probably related to
CP-10) was suppressed by serine protease inhibitors and inpljcated
i nvol venent of pr ot effytreadly; desqiped, ahave, the present: ipyention; extengsy to

reactions (32)naI6RRED G, Fridniédy #la GErivaives bf€P16L0Suitable analogues
10 include chemically modified CP-10-like peptides, and the term "analogues” is
used herein to include any functional chemical equivalent of CP-10 or
fragments thereof which has CP-10-like properties and activit):: - Analogues
contemplated herein include, but are not limited to modifications to side
chains, incorporation of non-natural amino acids and/or their derivatives
15 during peptide synthésis, and the use of cross-linkers or other conformational
constraints during synthesis. Suitable mutants include, for example, mutants of
the murine CP-10 sequence set out above or the human or other mammalian
equivalent thereof, in which single or multiple amino acids are added or
deleted or replaced by different amino acids. Fragments of CP-10 include, for
20 example, fragments of the murine CP-10 sequence. set out above or the human
or other mammalian equivalent thereof, comprising at least 10 and preferably
at least 20 consecutive amino acids. Particularly preferred fragments are those
based on or corresponding to the amino acid "hinge" or "variant" region of the
murine CP-lb sequence between amino acids Pro® and Arg®. Derivatives of
Al CP-10 include, for exaiﬁple, derivatives of the murine CP-10 sequence set out
above or the human or other mammalian equivalent thereof, wherein amino

and/or hydroxyl functions are glycosylated.

The present invention further extends to homo- and hetero-dimers of

30 CP-10 wherein the two CP-10 moieties or one CP-10 moiety and a
heterologous peptide are bound together, for example through an
intermolecular S-S bridge or by non-covalent binding. Once again, the CP-10



5 by heparin and heparin fragments with high affinity for antithronbin
[, Al t hough CP-10 is a heparin-binding protein, it is not yet

known whet her heparin inhibits via direct binding to CP-10 or by
interacting with a cell _ menbr ane conponent essential for
chenotaxis. It is suggested that CP-10 has proteolytic activity and

that this activity plays a role in | eukogyte chenmotaxis. 10

Because of its chenotactic activity, CP-10 or its anal ogues, or CP-10-
derived peplrmmie&y may) fohermnply, ibe murine Cy-lﬁa;aahﬂguhefsct]ueﬁceasbn outs alsoved

| ocal I'y around a tuno site fection) to attract

neut r ophi | soéﬁHFd}“rgan Or othghREgM arggqﬂy@?gqtttgere&jﬂ icularly in

I mmuno- conproni sed patients (i.e. those 15 wi th severe conbi ned

i mmunodefi ci encies, AIDS, tunors, burns etc.) or any patient who is

allergic to ski n teﬁe@resgndnvqmqmakwdx;qmisstenmtibodiey)hoth polyclonal and

I'n addi tion, ntribute to pnfla or, at hol o [

vari ods cond‘i“?‘i‘ gnﬁaruﬁr gléer\ﬁpk 1pr sﬂ?"%‘: lﬁg&ng WQFF%Y% gqsq@eppsthe

These 20 nﬁﬂﬁm , t tar , off al ,
el i gnancy, Wﬂey d%giﬁg with A0l A"well aspcgflgli%%xﬂtﬁ of ' CPI

viral), ther transpl ants di sorders
(e.g. atopi dOdeInrparticular, in ¢hisaaspegt the inventiog rinclutiesrsuciu antibedies direeteyl

o e LR S bty o
i nf | amat i Ong af@a Siad Qhéydobrd,ﬁ tépeggﬁ; ; pes %&reoffyqfh%r Qﬂﬁﬁodﬁés

i nfarction (CP-10 nmay ontrlbutetothe I on damage associated wth
rel eale of iméay alsmiber dincottidatothe fanalogues; maytantss )fragments roro disgvatives of
(neutrophil Co}%:g%uct@ % Be | nvoI ved in recanalisation of blocked vessels).
Accordingly, § nutants, fragments or derivatives of 30
CP-10 may be used to alter the mflamratory capacity or netabolism of

Such antibodies or antagonists may be used to alter the chemotactic

activity of CP-10, to alter the proteolytic activity of CP-10, to purify CP-10 by

15 - affinity chromatography, or they may be used as diagnostic reagents to detect

CP-10 in body fluids such as urine, blood, serum, plasma, in cultures of
mammalian cells, or in tissue sections.

The chemotactic factor CP-10 of this invention, or analogues,

20 mutants, fragments or derivatives thereof, as described herein may be

synthesised by solid phase peptide synthesis or other known chemical

techniques for peptide synthesis. Alternatively, '"recombinant" CP-10 or

mutants, frag;inents or -derivatives may be prepared by use of the recombinant

DNA techniques which are now well known and widely used. Both chemical

25 synthesis and preparation by recombinant DNA techniques provide means

whereby analogues, mutants, fragments and derivatives can be readily

prepared, as well as CP-10 itself. Preparation of these compounds by
recombinant DNA techniques will usually comprise the steps of:

30 () isolating a DNA coding for the desired compound or a fragment

thereof from a cDNA or a genomic DNA library of murine or human



manmal i an cells. Simlarly, these conpounds or antibodi es or antagonists
8 thereto, particularly antibodies to the chenotactic domain of
CP-10, nmay be useful anti-inflammuatory agents.

Since CP-10 is associated with del ayed-typg hypersensitivity reactions 5
and is responsible for simlar histopathol %;y when injected intradermally

I t_ has pot ent.} e | lications. .FLrst. .a conposition
conprising an Eégdnt#@oéga§g%ﬁ‘d&?n§l§ °§d§$‘?ﬁ“§?'g¥ S %5151 Shehe

under goi ng a del ayedDNAe hypersensitivity reaction, for exanple
one with a contact allergy to heavy metal s, such as gold, or to
agents such as poison ivy. Secondly, a non- 10 functi onal antagoni st
may be used f t hi S i PSSRin A=Y SNt : i des

t her eof may beeB)used iln patientggh.l &h%%gﬂ@m%‘uﬁgg%%ag%e&rﬁmgggﬁ%’ as
those wbth AIDS, or those undergoing i nmunosuppressive therapy, to attract

phagocytes to, yand to activat hagac S, at, sites. of infectiqn such as the
pneunocysti s (©); ec%ea“tltem g%lgo%gamgi%ybnd vector infp 3 ygfFipieit bosy 4 nunber

of chronic inflammtory conditions are characterised by a |ocalised
hi gh concentration of phagocytic cells, the adm ni stration of

anti bodi es agédnst Orelectingishe mansformieds hestfromountransformed hosts by culturing

under conditions under which only the transformed host survives,

10
(e) culturing the transformed host under conditions which allow
expression of the heterologous polypeptide, and o

® - isolating the desired compound, mutant, fragment or derivative
15 thereof, '

and, if required, derivatizing the obtained compound, mutant or fragment
thereof.

20 Purification of murine CP-10 from a murine MPIF preparation, and
techniques for production of recombinant CP-10 are described above. CP-10
of human or other mammalian origin may be identified by techniques which
are well known in the art.

25 For example, by purification of stimulated human lymphoid cells or
of cell lines of culture supernatants or other human cells to homogeneity using
procedures ;imilar to those described using open and high performance liquid |
chromatography or by affinity of human CP-10 to antibodies to murine CP-10
which may cross-react with the human equivalent. Confirmation of amino acid

30 . sequence by N-terminal sequence analysis of the intact molecule and of
fragments thereof may be carried out as described for murine CP-10.

Alternatively, positive clones may be identified from human ¢cDNA libraries on



therefore provide the basis for their therapeutic use. This would apply to

such 20 ‘condi tions as autoi mune di seases such as rheumatoid arthritis,
system c | upus eryt hamat osi s, coeliac disease, nultiple sclerosis,
Qui'l lian Barre syndrone, aut oi nmune thyroiditis, rejecting grafts,
tumours, etc. In general, nonoclonal 13 antibodi es or non-functional
anal ogues or antagonists of CP-10 nmay be' used in di seases

currently treet dusissiofghybridisaton hwithppligogucleotide probes preparegt dfipan dhe of
receptors of _chenoaitractants on tes .initiat . .«cel | ul ar
responses th’é’t“%?%@&@ﬁ?ﬂ‘é?%% paﬁﬁ{?\%ﬁﬁ h%%?r(g}e’é éﬁc’g'%a?\lam\?oﬁﬁl seeqh'én@e of
heal i ng. | nt grRcaldvel ahiggegnadgiofieheqiined by mieieaOR-20t & tdeseibed Merein.

occupancy are capabl e of reqgul ati ng gene expression, such as_of the-
oncogenes coPreparaHenaef human §R-10; bypresomianants DNA: tegbaiquasopsing; BN s .

Al'l chgnoatt : . Lhteract initially with a
recep_t%r nol fergﬁ gﬂ%lf]pﬁ}gwgézﬁhegulﬁdgggﬁéﬁo{'& Initiat eg t hese

events. Non-functional anal ogues or antagonists of CP-10 may
9 suppress chronic, inflammation hy inhibiting CP-10_receptor

bi nding. Binding Compargtivertesing ofithe chemasatic agtiviey pé fulh dength Jgurineor
the cellular cpefP ARG peptide cortedpbididited” B ™HiBgé Sregion of CP-10 (CP-10,55)
has revealed that the smaller peptide has similar chemotactic potency to full
10 CP-10.

Accordingly a further aspect of the invention relates to a chemotactic
peptide of amino acid sequence Pro-Gln-Phe-Val-Gin-Asn-Ile-Asn-lle-Glu-Asn-
Leu-Phe-Arg(-Tyr) and derivatives, functional homologues, mutants or

15 substitutions thereof. This peptide has chemotactic activity for neutrophils,

monocytes/macrophages or other mammalian cells.

The following Examples and aocdmpanying drawings illustrate the
steps and procedures used in the purification and characterisation of murine
20 CP-10 in accordance with this invention. In the drawings:
Fig.1 " isa comparison of amino acid sequences of CP-10 and various S-100
proteins. '

25 Alignment of the amino acid sequences (single letter amino acid
code) was achieved by introducing a minimal number of short gaps into
individual sequences. Conserved regions between at least three of the S-100
proteins are boxed. Regions of absolute similarity are shaded. Regions typical
for calcium binding domains of S-100 proteins (position 19-32 and 62-73) and

30 the N-terminus are highly conserved in all S-100 proteins (22).
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5 Thus, in a further aspect of the present invention, there

Is provided a - phar maceuti cal conposition conprising CP-10, or an
anal ogue, nutant, fragnent or derivative thereof, having the
fufctiionality of CP-10 or an anti body 1 thereto, in association with
a pharmaceutically acceptable carrier or diluent. The active

coyponent of FRUCA aiPhaddmpatddCat 15O EREnRbAGA ATRY n0éle6O8¢ Seqedrdesrofbfall 10
derived from natural sources or be&%repared by synthetic or reconbi nant DNA
t echni ques. lesgtihoririre (Ry10andMMBP8d by known techni ques as described in

greater detail hereinafter. Cystic fibrosis (C.F.) is
t he nost conmmon | ethal genetic syndrone 15 anong white children and is
al so the cauFigdf mshbwefa CHRIEHPLC profilegrfeSBilde pul monary di sease

encountered in childgen. Early fggtures of lun

di
of an Pnflammatory feRRird rRRlesthreslk i gen{\ai%n - agrf:?lg,ce&p‘atec? anid

cel s infiltrglgg Nﬁ%*ahdafﬂﬁf% HIPCal CPél S0 ¢nikEd batch
degeneratl ngb > a%??%ﬁgéginprgeses about % of the t ot alh@fi’t oplasm c 20

protein of nWL@phs |deseribled snr&teymﬁs‘h,b’i.é.lf &2.taBSiang applied to xeversgdt he -

ol o " olyeed FPEICT S B e VEDMVEC Sobiundt el S b

proteins is fractions werE |a8sHyed! fol ehéotdiic dttivithe Atsopbarted at2tdhemki | 1ing of
pat hogens. CP-10 may be involved in recr uitnent and activation of

PMNs i10 t he Kynapd nh@nma@@ activity of peak fractions in @4 #e (ighter bpxes)and,@ofo

suggested th e.l nf di sease, critical in patients
with cystic i&ﬁﬁaﬁﬁ %&HH%O%%‘%& by proteases.

Fig3  shows a size exclusion HPLC profile of CP-10.
A preparation of CP-10, purified on reversed phase HPLC (C;-

15 HPLC, step 3.2.3) was subjected to gel filtration HPLC on a TSK G3000SW
column and tested for chemotactic activity as described in step 3.2.4." Aliquots
of fractions (0.5%) are used at 1:2 (darker boxes) and 1:4 (lighter boxes)
dilution. Reference proteins chromatographed under the same conditions
provide a m.wt. calibration curve; 1: OVA (44 kD), 2: soybean trypsin

20 inhibitor (20.1 kD), 3: cytochrome C (12.4 kD), 4: aprotinin (6.5 kD).

Figd-- shows C;-RP-HPLC profiles of CP-10.
Homogeneous CP-10 obtained by rechrorhatography of material with
chemotactic activity from S.E. HPLC (Fig2) on analytical C-RP-HPLC (*) is
25 injected onto ﬁiaobéré CB-RP-HI.’LC.' Peaks A and B are collected manually
and each subjected to chemotaxis assay (step 1). Hatched bars represent
chemotactic activity of peaks A and B.

Fig.5 shows gel electrophoresis of CP-10.

30 Aliquots of CP-10-pre;.Jarations, which were homogeneous as judged
by HPLC on an Aquapore RP300 HPLC column (step 3.2.6) were subjected to
Tricine-SDS PAGE on a 16.5% polyacrylamide gel under reducing conditions



These patients have |ow | evel s of serum protease inhibitors (indicating

bi ndi ng W th active proteases) and tissue danage simlar to that
beljeved to occur in 30 | ungs of patients with enphysema by proteolytic
enzynmes, i s proposed (33).

10 Accordingly, in vieysof the proteolytic activity of
CP--10, therapeutic I ntervention by CP- 10, by anal ogues of CP-10 or

of the acti 9%Slatﬂe Cgtbé’thanol) as d@&&’iﬁé}f‘{%})y BRefbbh6rddisotRd @irtieli it ors
or by antlb dies to 10 or to th active site may be possible.

These reagefios 1faly #e9Uséfand gnbtwerﬂ gilverstained giccosling to Hghkeshefen @andand
ti ssue dama ! I@ anmat ory conditions, but also in cystic
fibrosis an 66 As broadly descri bed above, the

present i nvent ion EKE@TG SurleOrepresents mowitad Gshss gr aft two EERYNRiHes 1B8d
derivatives of CP-10 havgqnﬁ the functionality of -10. Suitable

anal o§ues i délngions cofemalesulgr right Wprgiﬂpkeﬁﬁépfl%g klana’hamama)

caui val ont S CP-10 Bt Gl Rt WRBRS LS, £23 (GUREMAL D) ang,

properties FE6adhh¥iX BCP-&O?ixﬁﬂ'iéaSas described iipiitbpﬁ’ﬁl.la&edi hed S.261 ahesis-
but are not limted to nodifications to side

6, dilutions of molecular weight marker peptides (2.4-17.2 kD, Pharmacia).

10 Flg6 is a graphic illustration of the microbore RP-HPLC separation of
peptides of Cmi-CP-10 derived from digestion with trypsin. - -
g7 shows the partial amino acid sequence of murine CP-10 obtained by
chemical sequencing and the various peptides used in obtaining this sequence.
15
Fig.8 shows the C; RP-HPLC of CP-10 and titration of chemotactic
activity.
Chemotactic protein eluting from SE-HPLC was applied to a C; Aquapore
HPLC cartridge and eluted with a gradient of CH,CN (—). Homogenous CP-
20 10 was collected manually according to the absorbance at 214 nm- (-) and
diluted serially for chemotaxis assays using murine neutrophils. Mean values
(o) ‘6f. a représentative experiment are shown (inset to the figure).
Chemotactic activity of 5% EAMS (©) is given for comparison.

3 Fig9  illustrates the chemotactic response of murine and human cells to
CP-10 and a derived peptide, CP-10,,.5s.

Homogeneous CP-10 obtairied from Cy;-RP.HPLC (step 3.2.6) and synthetic

CP-10,,.5; were diluted 10fold between 107 and 10" M into RPMI 1640

containing 0.1% BSA and tested for chemoattractant activity. Murine PMN

30 (Panel A), human PMN (Panel B) and murine mononuclear cells or a murine

monocytoid cell line, WEHI 265 (Panel C) were used as effector cells. The

chemotactic response to native CP-10 (—e—) and CP-10 .4 (-—-O-) was



chai ns, incorporation of non-natural am no acids and/or their derivatives

15 during peptide synthesis, and the use of cross-linkers or other
conf or mat i onal constraints during synthesis. Suitable nutants
i ncl ude, for exanple, nmutants of thFé muri ne CP-10 sequence set out

above or the human or other manmalian equi val ent thereof, in which

single or mult Cl e r arepl 7

different am ng&Jgga\g{H qgrgﬁ'n&ﬁ E]afC?ig:Pgtclj‘Bﬂl nc U(?e or 2&&%& AéXZn(%fgd W

fragments of tEMbBermeEE:,X() shqmddnmmahunnb miacrophaged werbuwested for their

or other manmal i an equiv fS Rere f co rising at least 10 and

~preferably responsg 1@ &3 BAY c(atl ¥€)anino acids. Particularly

~ preferred frag@ggi@ 2Bt OSRrexpression fossftpm Gh EXOCEHARIHGER Cedpbssion
am no acid n "variant” regl on of muri he CP-10 Sequence

bet ween am no aci ds Ptsyn{temr] and Arglerr]. Der| vatives of 25 CP-10

i ncl ude, for exanple, derivatives of the nurine CP-10 sequence set out

above or the human or other mamralian equival ent thereof, wherein am no

and/ or hydroxyl functions are glycosyl aEggAMPLE 1 The present

I nvention further extends to hono- and hetero-dinmers of 30 CP-10

wherein the two CP-lO noi eties or one CP-10 noiety and a

het er ol ogous p re boun for exanple t hrough an

i nt er nol ecul ar P@"gaé ?&)ﬁ-%%ﬁﬁhént bi ndi ng. Once again, the CP-10
10 '

Aliquots of chromatography fractions without organic sélvenns are diluted
directly with RPMI 1640 (Gibco, Grand Is, NY) before assay.-To remove
organic solvent prior to assé.y, fractions (5-100 wl) are freeze-dried in the
presence of 2 pg of albumin (Calbiochem; S x crystalline) and reconstituted to

15 the original volume with RPMI 1640. Samples to be stored before testing are
kept at -70 °C, preferably in the solvent used for elution.

CP-10 associated MPIF activity is measured as described by J. Ryan and C,
Geczy, (16). Chemotaxis of mouse polymorphonuclear leukocytes (PMN) is
20 measured as described by Falk et al. (34) Briefly, PMN are obtained from the
peritoneal cavity 1 day after ip injection with thioglycollate broth. Chemotaxis
is assayed in a 48 - well microchemotaxis chamber (Neuro Probe Inc,,
Bethesda, MD). The upper wells contain cells (2.5 x 10*) in 50 11 RPMI 1610
containing 5% heated (56 °C, 30 min) fetal calf serum (FCS) or 0.1% bovine
25 serum albumin (BSA; Calbiochem)_. The lower wells contain separated
fractions diluted in RPMI 1640 with 5% FCS or 0.1% BSA. The upper and
lower chambers are separated with a PVP-free polycarbonate membrane
(Nucleopore, 5 pm; Neuroprobe). The chamber is incubated for 1.5-2 br at
37 °C after which the filter is removed, air dried and stained. Migrating cells
30 are quantitated over 5 microscope fields (x40 objective) using Image Analysis
' (Wild-Leitz, Lane Cove, Australia).



noi ety may, for exanple, be nurine CP-10 having the sequence set out above
or the human or other mammal i an equi val ent thereof. The
present invention also extends to antibodi es, both polyclonal and 5

nonocl onal , or fragments thereof or specific binding noieties based on the
structure of innunoglobulin reacting with iP 10 as well as antagoni sts of
CP-- In particular, in this asp% t the invention includes such
ant i bodi es di g sequence set out
above or to tﬁéﬁﬁgﬁgﬁm§FM§Fﬁé?ﬂmytmﬁﬁj%ﬁ&#@ﬁﬂ?éﬁ”%ﬁJ vélent thereof, or to
pepti de epitopes thereof. The antibodies 10 may al so be directed to the

anal ogues, nutants, fragnments or derivatives of - 10.as_descri bed
above. Spleen ‘cells from )8 mmige are dspl é%edo%n%ﬁ%’iﬁﬁ 2%2%& Py

alter the che bgﬁfn G t|c

activity of tOCBﬂcr:aqava{ﬁééPg%g&a,cﬁo}%R hﬁ&aﬁnge ograp QJ:IY

1ElhﬁiyngZu2ﬁ urr?zr,ltgmﬁggod tegr asrn?aﬂ'mﬁbﬁI(iJrlezyanfaﬁa QM
205 sups usted t6 0.1 g fmL DNGSe 4t i ¢ -

" manmal i an cel PEOT &0 sforage at 5 tants are adj

- factor CP-10 E%E - Or
~derivatives t reo@qas Med ]ﬁg{rhgillénmpr’rg%%ﬁq{yde M?h%ts)li?g byﬁ

- solid phase p2@{Sigma)yanc025smM phehyhnéthylmlpd:lwgrl flabride (PMSFt&ghm)ques
for peptide synthesis. Alternatively, "reconbinant” CP-10 or

10 Batches of 5-6 1 supernatant are concentrated to 150-200 ml and dialysed
against 0.05 M NaCl in buffer A (0.02 M Tris -HC}, 0.01% Tween-20, 0.25 mM
PMSF, pH: 6.5) using a spiral ultrafiltration cartridge (mol. weight cut off: |
10,000D, Amicon Scientific, Australia).

15 Step 3. Isolation and Purification of CP10

The concentrated supernatant is centrifuged at 10,000 g, 4 °C for 30 min and

20 loaded at a flow rate of 18 m/h, 4 °C (peristaltic Minipuls 3-pump, Gilson) -
onto a column (16 x 160 mm) of Heparin Sepharose 6B (Pharmacia)
equilibrated in buffer A. The column is washed with 0.05 M NaCl and with 0.2
M NaCl in buffer A until the absorbance at 280 nm (UV-detector 115, Gilson)
reaches background levels and bound material is eluted with a NaCl gradient

25 (total vol, 100 ml) of 0.2-IM NaCl in buffer B (0.02 M Tris-HC], pH: 6.8) at a
flow rate of 7 m/h. Fractions of 2.5 ml are collected and aliquots of individual
fractions assayed at 5% and 2.5% (v/v) for bioactivity. CP-10 associated with
macrophage procoagulant inducing factor (MPIF) elutes in two peaks between
0.6 and 0.9 M NaCl (14,16).

Step 3.2. High performance liquid chromatography (HPLC)



nutants, fragnments or derivatives may be prepared by use of the reconbinant
DNA techni ques which are now well known and wi dely used. Both chem cal 25
synt hesi s and preparation by reconbi nant t echni ques provi de means

whér eby anal ogues rrut ants, fragrrents and rivatives can be readily

prepared, as 0 | t iog af thes o

r econbi nant Eﬁﬁ &?% ﬁ‘gﬁﬁﬁlﬁ?o? gﬁn{iﬁ%n%? gﬁsgt&([gi? gH&?BQ d (a)
i solating a [l\iﬂlé‘roﬁit_mh mtcisw'anmé Absﬂtbuﬂéh Detéctbf af IﬁEWaters 490

t her eof froma CDNA or a genomic DNA Library of murine or

12 rogramxmaé:lq: wistyvayslengtin D sestor andigy q4$°no’102c1?réﬁ$lea|¢<§lle¢t°f
synthesising glich PLC and HPL® e aratios. Unleﬁsb?)thermsb%%ﬁ,orat' ng
the-DNA into an approprlaeexpressmnv ctor, - (c)-

transfefring samplebtwereddadigdontd calatms b}nusmg aneHPiuGepumlpomtd one of the
((:8|) turi n36| ee Iurll'gsoivrclzae ttlirn%g %ff %g?-ﬂ’ﬂesstysge;rg 2; Qﬁﬁfeofomédmg Céame so¥vent line

is used to pump equilibration buffer through the HPLC system until the

absorbance reaches the baseline level of the solvent in use.

10

15 Suspensions of iminodiacetic acid (IDAA) immobilized on TSK-HW 65F gel

- particles (Pierce, Rockford, IL, USA) are incubated with solution, of Img/ml
ZnCl, or 1 mg/ml CuS0, for 30 min at r/t and fines are removed from the gel
slurry as described by the manufacturers (Fractogel TSK catalog, E. Merck,
F.R.G.). Gel-bound chelates of zinc and copper in H,0 are packed at constant

20 flow (3 ml/min) into individual glass columns (10 x 100 mm; Waters Advanced
purification -1 glass columns, Millipore/Waters, Lane Cove, Australia) and the
columns are washed subsequently with each 200 ml H,0 and 2 M NaCl in
buffer B at 3ml/min.

25 212, Cu**-affini

The pooled fractions of Step 3.1. are adjusted to 2M NaCl and pumped at a
flow rate of 3 mi/min orio a Zn+ +-and a Cu+ +-affinity column in sequence
(equilibrated at 2M NaCl in buffer B), beginning with the Zu+ +- affinity
column. When the absorbance at 280 nm reaches baseline levels, the columns
are disconnected and bound material eluted separately with a ternary gradient
of 0.1 M to 1.0 M NaCl and 0.00 M to 0.05 M imidazole in Buffer B at a flow
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at 1.5 ml/min onto a Bakerbond Wide-Pore CBX HPLC column (4.6 x 250
mm, JT. Baker, Phillipsburg N.J., USA) equilibrated with 0.05 M NaCl in 002
M Tris-HCI, pH 6.5. Bound proteins are eluted with a 0.05-0.5 M gradient of
NaCl in 0.02 M Tris-HCl pH 6 5-7.0.

The absorbance of the eluate is monitored at 280 nm and 1 min fractions
collected automatically. Aliquots assayed at 5% and 10% (v/v) revealed
bioactivity between 0.25 and 0.35 M NaCl.

Step 3.2.3. Reversed-phase HPLC on butyl wide pore silica

Pooled material from step 3.2.2. (having specific activity) is adjusted to 01%
TFA and loaded onto a Bakerbond C4-wide pore HPLC column (4.6 x 250
mm), equilibrated in 80% Solvent C and 20% solvent D; solvenit C is 0.1%
TFA in water and solvent D is 80% acetonitrile, 0.1% TFA in water. After 5
min at this solvent composition proteins are eluted with a three-step gradient
of solvent D in'solvent C ranging from 20% to 40% D in 10 min followed by
40% to 50% D in 20 min and 50% to 100% D in 20 min. Aliquots (0.5%) of
individual 1 min fractions are assayed for chemotactic activity and reveal peak
activity eluting with 49.4% solvent D (39.5% acetonitrile) as part of a complex
peak -eluting with 52% solvent D (41.6% acetonitrile). The absorbance profile

and chemotactic activity of relevant fractions is shown in Figure 2.



- 13 - : the basis of hybridisation with oligonucl eotide probes
prepared fromthe nurine CP- 10 sequence, particularly according to
the am no acid sequence of the novel "hinge" regi on sequence of nurine
CP-10 as described herein. Preparation of human CP-10 - by reconbi nant
DNA techni ques using DNA from such positi2® clones is described 5 above.
Conmparative testing of the chemptactic activity of full length murine CP-10
and a pept i dStep3.2ek Sizeiexchnsion HRLChi nge" regi on of CP-10 (CP-10[err]) has
reveal ed that the snmaller peptide has simlar chenotactic potency to
full CP-10. 10 Accordingly a further aspect of the invention

rel ates to apeiiefiictiohs of B 3.4S. are coRdentrtited t@(SO(hl$&§mng'€Speed Vac"
Pro- @ n- Phe-Val -d n- Asn-11e-Asn- 1| e-d u-Asn- Leu- Phe- Ar g( Tﬁ{) and

anal ogues, dEPRERATHOS (Savantdi alivsted sad08e @§§t°n!'ﬁ]'tl%rrﬂ %%’O’I[Fﬁ' HyWekar
;Eﬂ\?io yh?\(;lr neﬁ#%ﬁlﬁoﬁ@?b%@%@%@%%h@bes o) r frami’a%r?l :
cells. onto a TSKG 3000 SW high performance gel filtration column (7.5 x 300 mm,
LKB) equilibrated with 40% acetonitrile, 0.1% TFA in water at 0.5 ml/min.
Fractions are collected manually according to the absorbance profile of the
eluate at 214 nm and 0.5% aliquots of individual fractions diluted to 50, 25
10 and 10% are tested for chemotactic activity. :
As shown in Figure 3 CP-10 is eluted with an apparent molecular weight of
10.3 kD, when compared to standard molecular weight markers aprotinin (6.5
kD), cytochrome C (12.4 kD), soybean trypsin inhibitor (20.1 kD) and
15 ovalbumin (44 kD).

Step 3.2.5. Reversed-phase HPLC on octadecyl wide-pore silica

As an alternative to the separation on size exclusion HPLC (3.2.4.) pooled

20 material from step 3.2.3. is diluted 4 x with aqueous 0.1% TFA and loaded
onto a Bakerbond C,;-wide pore HPLC column (4.6 x 100 mm; JT. Baker),
equi.lif.)rated at 1 ml/min in 68% solvent C and 32% solvent D. A two ste;i
gradient of solvent D in solvent C is applied 10 min after loading the sample,
starting with 32-59% D in 10 min followed by 59%-70% D in 30 min. CP10

25 elutes with 49.7% acetonitrile in 0.1% aqueous TFA (62.1% solvent D), with a
purity of approximately 90% as judged by SDS-Tricine PAGE (35) and
silverstaining (36).

Step 3.2.6. Reversed-phase HPLC on octyl wide-pore silica
3

Analytical and microbore reversed-phase C; HPLC is performed on Aquapore
RP300 Cartridges (4.6 x 100 mm and 2.1 x 100 mm, 7 pm silica, Applied



The foll ow ng Exanpl es and acconpanying drawings illustrate the steps and
procedures used in the purification and characterisation of murine CP-10 in
accordance with this invention. In the draw ngs: 20 Fig. 1is a
conparison of am no acid sequences of CP-10 and various S-100 proteins.
Alignment of the ami no acid sequences (single letter amno acid code) was
achi eved by introducing a mninmal nunber of short gaps into.individual

séquences. 2BiEHREGHY Fbst@ITRYS PEIUSA) edjuilitiagdd ih106%0dolvdir & 100 _
proteins are boxed. Regions of absolute simlarity are shaded. Regions

typical for dieparatiopsofi GR1Qifemn stepod-24. or 3.2.51ax¢ diteted; hiold with solyent € 32
and 62- 73) anghq 133abh i litiTe 381 Hj8Rdns"RA6E 1ok ddime injectdr! onto i

proteins (22).
Fig.1A is a G4Pha ¢Hafidgd, t he am no acid and nucl eoti de sequences of full
| engt h Srruri ne CP-10 and hNVRPS.
The flow rate for loading a sample onto the analytical cartridge is 1.5 ml/min
and onto the microbore cartridge is 0.15 ml/min. A gradient of 1%/min
acetonitrile in solvent C over 60 min is started 5 min after the last injection.
The flow rate on the analytical cartridge is kept at 1 ml/min, on the microbore
10 cartridge at 0.1 ml/min and eluting material is collected mamfally according to
the absorbance at 214 nm. i T
Fig. 4 shows that CP-10 elutes as a symmetrical peak with retention times of
47.7 min and 49.2 min (equivalent to 47.5% acetonitrile) from the analytical
15 and the microbore C;-HPLC cartridges respectively. This preparation has
chemotactic activity in the range 1072-10"5M.

Analysis on silverstained (36) SDS-Tricine PAGE under reducing conditions
(5% p-mercaptoethanol) of CP-10 purified in steps 3.2.5. and 3.2. 6. reveals a

20 predominant band at 10kD (more than 95%) and a minor band at 65 kD.
Material purified in steps 3.2.4. and 3.2.6. reveal the same predominant band
at 10-KD and a minor band of 14 kD as shown in Fig. S.

25 of Con A stimulated murine spleen cells

Step 3.3.1. Cation exchange HPLC on Poly (Aspartic Acid) - Silica

The crude supernatant of step 1 is centrifuged at 10,000g, 4 °C for 30 min and
30 proteins are separated on a column (10 x 300 mm, Advanced Purification-1

glass column, Millipore/Waters) of Poly CAT A (polyaspani;: acid) silica (Poly

LC, Columbia, M.D., USA). The column is packed using a sharry of the silica



Fig.2 shows a C4-RP-HPLC profile of CP-10. 5 Con A

stinul ated spleen cell supernatant was concentrated and purified by
cation exchange, Cu[err] affinity and Cu[err] Pol yCat A mi xed bat ch

MPLC as described in steps 3.1, 3.3.1, 3.2.1, 3.3.2 and applied to

rever sed- phase HPLC on a Baker bo®d C[err]-WP HPLC columm. Aliquots
of.,1 mn fractions were ass%ed for chenotactic activity.
Absor bance aP3tdles, {1520 um diameiery Prrmaaretsize)dot100% ysopropasil undect i ons

in 0.1% (li g%ggtagpﬁga) &Cgbéﬁtgﬂ&m& o‘? H(fiar ker boxes) aliquots is shown.

Fig.3 shows Sl ze excl usion € of CP-10. A
preparation of CP- 10, purlfled on reversed phase HPLC ((Jerr] RP- 15

HPLC, 3.23) b I trat PLC TSK GBOOOSW
Colum’ ann © EoF et Rataaunty F CPl038e columpn s cQRUBrRisepich OB Toisq.
Al i quotss pHG6.5 @t 3f mAGhirPAsd Gaskéd withahisBaffat aﬁe@ldgﬁ@%ﬂ{ g{}?gﬁé gaﬂﬂ g ér 4

(l'ighter boxes) dilution. Reference protelns

t he sane condntil ¢he absorbance g8® nmireachas baselunel Jeelst i on curve; 1: OVA (44

kD), 2: soybean trypsin 20 i nhi bitor (20.1 kD), 3: cytochronme C (12.4

kD), 4: aprotinin (6.5 kD). Fig.4- shows C[err]-RP-HPLC profiles

of CP-10.  Bound material is elmbmgmm%ﬂg iehe &f /0.5 phy
ctivi ‘M'Ngﬁ?ﬁgm

of materi al chenotactic a romS. E. HPLC ( ) on

t
anal yti cal cﬁ% P}hﬁ»ﬁ G"P’)“Oi wirpgnd the |ab§@&>taaqe mmtoredraml%aenn
err JipRP- HP o t each
gjbj e!:lt ed to chemo aX| s ass %m."éslglic?'.ﬁf n Bgﬁlﬁ%'ﬁflggté}?foactmty.

chenotactic activity of peaks A and B.

Material eluting in the range from 0.17-0.33 M NaCl was pooled fc-)r.ﬁxrther
purification.

15 Step 332, Mixed mode HPLC on IDAA-Cu** TSK/Poly Cat A-Silica

The pooled material from step 3.3.1. is adjusted to 2 M NaCl and
separated on ]DAA-Cu+ + affinity HPLC as described in 2.2.2. Proteins
_eluting with 0.02 M imidazole/0.1 M NaCl are collected manually and diluted
20 fourfold with buffer B for mixed mode HPLC.

" "A 10 x 100 mm Advanced purification 1- glass column
(Millipore/ Waters) is packed under constant flow with a 1:1 mixture of IDAA-
Cu**TSK65F and Poly Cat A-silica in 3 M sodium acetate as packing solvent.
25 The column is equilibrated at 2.25 ml/min with buffer B and the sample is
loaded at this flow rate following the procedure described in 3.2.1.1.

The column is washed with 0.6 M NaCl in buffer B (5 min at 2.25
mi/min), buffer B (5 min at 2.5 ml/min), 0.02 M imidazole/0.06 M NaCl in
30 buffer B (10 min at 2.5 ml/min) and buifer B (10 min at 2.5 mi/min). Bound
material is eluted with a binary gradient of 0.06 -1.0 M NaCl and 0.0-0.05 M

imidazole over 40 min at a flow rate of 2.5 ml/min. Fractions are collected



Fig. 5 shows gel el ectrophoresis of CP-10. 30
.CP-10 preparations, which were honbgeneous as judged
Aquapore RP300 HPLC colum (step 3.2.6) were subjected to

Al'i quots of
by HPLC on an

Trici ne-SDS PAGE on a 16.5% pol yacryl am de gel under reducing conditions
15 (5% [err]-nercaptoethanol) as 2Bescri bed (35). El ectrophoresis
was carried out for 18 h at 90 V and gels were_silverstained

accor di ng t GVEBLRURRS: ard aliguots assayedraty 2/5% apd§% for CP-10-associated  The

Fi gure reprqﬁggkftﬁ,i runt ed photographs of two gels; |anes 1-3,
c

5

di lutions of nole ar wei ght marker proteins (14.4 - 90.0 kD, Phannacia);

|l ane 1, CP-10 purified as described in steps 3.1-3.2.3, 3.2.5

(CLerrl, TP HPLO) Bilin cping i ciangt Bof M GoB AL kSt setp i "
wei ghts mar kqua@ﬂoﬁozdﬁﬁ}xﬁ%aéoﬁ_?v&é%jgﬁ’%gf . 9 TFA & chronfdthx%phy'o% a

graphic illustration of the m crobor separation o
pepti des of A-BRA-HRIC (tepd.2.89d from di gestion with trypsin.

Fig.7 shows the partial amno acid sequence of nurine CP-10 obtained by

Step 3.4. Cyanogen bromide cleavage and peptide mapping on RP - HPLC

10 Homogeneous CP-IO, obtained as manually collected fracﬁom from
Step 3.2.6 - (approx. 2.5pg) in 48% acetonitrile in buffer C, 0.02% Tween 20
is lyophylized to near dryness (10pl) and resuspended to 100pl with 70%
formic acid. Cyanogen bromide (2.5mg) is added under nitrogen, the tube
sealed and incubated in the dark at 25 °C for 20h. The peptide mixture is

15 diluted 50 fold with H,0 and injected in 1 ml portions onto an Aquapore
RP300 cartridge (2.1 x 100mm, ABI), equilibrated at 0.5ml/min with 100%
solvent C. Elution of peptides is achieved at 0.1ml/min as described in step
3.2.6 and peptides are collected manually according to the absorbz;nce at 214

nm.
20
Step 3.5, Trypsin digestion and peptide mapping on RP HPLC
Step 3.5.1. Preparation of murine S-carboxymethyl-CP-10 (Cm-CP-10)

CP-10 (5vg) in 120 ul 35% aqueous acetonitrile containing 0.1% (v/v-)
trifluoroacetic acid (F;AcOH; 99% pure, Pierce Chemical Co., Rockford 111,
USA) and 0.02% Tween 20 (Pierce) is concentrated to approximately 10 pl by
centrifugal centrifugation (Savant, Ind. Hickville, NY), diluted to 160 pl with
30 7.5 M guanidine.HCI (Sequenal grade, Pierce) containing 0.2 M Tris.HCI
buffer, pH 8.5, 0.002 M EDTA and 0.02% (v/v) Tween 20 and then reduced
with dithiothreitol (Calbiochem La Jolla, Ca. USA; 0.015 M) at 40 °C for 4.5



chem cal sequencing and the various peptides used in obtaining this

sequence. 15 Fig.8 shovxs the (Jerr] RP-HPLC of CP-10.and
titration of chenotactic activity. Chenot acti c
protein eluting from SE- HPLC was applied to a CJerr] Aquapore HPLC

cartridge and eluted with a gradient of @ err]CN (-). Honpbgenous CP-

10 was col | ual | acc r.di t.he ahsoqr bance. t 214 nm nd
di'l uted serﬁh‘&@‘y F%{? @’ga@fgd‘ﬂg?ﬁg ﬂ&?‘feﬁ‘éa}? (PEsH grsadg:'\tg.ﬁ(

val ues BucHs; Svm&érl@nd A SVRLSh iriGoR XS l\%&i tid fhishP¥and ine@batich t he
flgure) Chermtactlc activity of 5% EA (O is given for

conpar i son. contimued for3g min ag 23 Tﬁtmébé:daﬂhe%mﬁsdlﬂl addisiongfr i ne

- 10ferr) . 25 M bP 2 mgreaproethonol, Gy GRG0 T AerdCkbie ﬁ’%@ﬁﬁﬁn&% ep

ool ey e F
for chenpat tPrRCEdiHe Rreviopslyd éﬁﬁ%}'ﬁiﬂ@@n et at(@gﬂeﬁ?q;\%m el PWN ( Panel
B) and nuring fra€dén g@i gxg) Qr?cgm'ﬂ-!& 5. (?2% (rév) ﬁﬁﬂ%ﬁ%&&':ﬁ Piedn bhNE

VWEH 265 (Pane re us or cel enotactic

response to amd them difated t6-1 mi veid 16P(%0v) NHJHCO, @on)ammg 0.02% (viv)
16

Tween 20) prior to enzymatic digestion.
10

Step 3.5.2. Trypsin digestion : - -

Cm-CP-10 (4 pg) in 1 ml of 1% (w/v) NH,HCO,, pH 7.8 containing 0.001 M
CaCl, and 0.02% (v/v) Tween 20 is digested with 0.5 pg trypsin (treated with

15 tosylphenylethylchioro-methane; Worthington Biochemical Co. NJ, USA) for
16 hrs at 37°C.

Step 3.53. Purification of polypeptides by high-performance liquid
chromatographv instrumentation
20
Peptide mixtures resulting from trypsin digestion are fractionated by
reverséd-phase HPLC on a Hewlett-Packard liquid chromatograph (model
1090A)-fitted with a diode-array detector (model 1040A) as described (37)
employing a low-pH (F; AcOH, pH2.1) mobile phase and a gradient of
25 acetonitrile.

Reversed-phase fractionation of these digests, however, results in a
complex pattern of peptide-containing peaks (Fig. 6). All of the peptide
fractions from the first dimension RP-HPLC are subjected to a second

30 chromatographic step using the same chromatographic support and acetonitrile
gradient but a different mobile phase (e.g., unbuffered sodium chloride or 20
mM sodium phosphate, pH 7.0). For some peptides a third chromatographic



conpared to the chenotactic activity of 5% EAMS (panel AX) or 10[err]M
FMLP (panel CX). In addition, nurine macrophages were tested for their

response to CP-10 [err] (panel C, --.--). Fig.10 shows
over expression of nCP10 in E coli using p@gX expression 5
system EXAMPLE 1 _ Step

1. Measur emegiepds Ricedalry Yetoreld homogeneotd PGﬁﬂaé ifsoRité® Tal e larky
fractions w thout organiC solvents are dilufed directly with RPM
1640 (G bco, sitaation,|an OINS-hypemilkecalvamy and rodifferentcorganic solvest dmeitiharsd) vent
prior to assgy% fr :(‘% ons (5-100 [err]) are freeze-dried in the

o Gy

presence of um n (Cal biochem 5 x crystalline) and reconstituted

to 15 the original .volune with RPM 1640. Sanples to be stored before
testi ng are kept at -70 C, preferably in the solvent used for
el uti om. uppast used fonthe-puxification of (R0 @ad derivedcr i bed

by J. Ryan a . . . S .

pol yror phonu F'gg(rieﬁ gu%%%wgg%ﬁ@l@of@ %E?rs@fs J(r) é‘grg%ﬁglees%lra%%%r’by Fal k
et al. (34) Beiylsiliva pRikedimtocbstainless steelvélamn 100 x 2.1 niivliid; Biewnlesvity 1
day after ip_injection with thioglycollate broth. Chenotaxis S
assayed in alfboralgries, Spnta,Clasitp » chanber (Neuro Probe Inc.,

Bet hesda, MD). The upper wells contain cells (2.5 x 10[err]) in 50 [err]
RPM 1610 containing 5% heated (56 C, 30 mn) fetal calf serum

(FCS) 16r 0. 181w 3iSve Beptide nomendaaiieuni n ( BSA; Cal bi ochen). The | ower

wel | s -.cont ai n separ at ed

The following prefixes are used to denote the origin of various peptides: T,
Trypsin, CN, Cyanogen bromide. Peptides are numbered in the order of their
positions in the final sequence.

15

Automated Edman degx'adaﬁon of protein and peptides is performed using
Applied Biosystems sequencers (models 470A and 477A) equipped with on-line
20 phenylthiohydantion (Pth) amino acid analyzer (model 120A). Total Pth-amino
' acid derivatives from the sequencer are injected onto the liquid chromatograph
using & modified sample transfer device as described (38). Polybrene (39) is’

used as a carrier.

25 Partial amino-acid sequence of CP-10 and trypsin and cyanogen bromide-
derived peptides is given in Fig. 7.

Step 4. Demonstration of proteolytic activity of CP10

30 Step 4.1, Degradation of QOvalbumin by=I-CP10



fractions diluted in RPM 1640 with 5% FCS or 0.1% BSA. The upper and

| ower chanbers are separated with a PVP-free pol ycarbonate nenbrane

(Nucl eopore, 5 [err]; Neuroprobe). The chanber is incubated for 1.5-2 hr at
37°C after which the filter is renobved, aijc dried and stained. Mgrating
cells 30 are quantitated over 5 m croScope fields (x40 objective)

using | mage ASay 411 Rad_lmggmadﬂw ytz, Lane Cove, Australia).
17 Step 2. Preparation of ft CP10- cont ai ni ng super nat ant
Spleen cells from QS-m ce are |soI ated and cultured for 24 hr W|th
Sephar ose- bound vaI rmaci a,
Austral i a) angf %%Seceqrpo%eneous ﬁsaP%?F}y Fél E?%gcﬂ‘&?“g%“&gﬁ ®ed earlier
by CJ. Ryan wmnﬁxoﬁmmdpméd&) Enzymobeadd:‘ B@RddOAﬁﬁt%l €as ]
super na antsl\ﬁ%%ﬁgq ste .1 [err]/m e, O. = %gﬁz&L?PSHrgﬁNa e
( Boehr i figer eRp ist moglified as 8lia), O. 01% Tween-
(Sigma) and 0.25 nmM phenyl net hyI sul phonyl fluoride (PMSF, Signma).
A preparation of CP10, purified to apparent homogeneity as described in Steps
3.1 to 3.2.6. and with a mass of approximately 2 pg is iodinated with 1 m Gj
NaI'® (Amersham Australia) using 0.05/0.1 ml of the Enzymobead

10 Radioiodination Reagent (single reaction vial; Bio Rad).

The RP-HPLC purified peptide is freeze dried in a "Speed-Vac" (;o;cenn'ator,
reconstituted into 0.05 ml of 60% acetonitrile in Solvent C and adjusted to-0.2
M sodium phosphate buffer, pH 7.2 in a total volume of 0.1 ml. Enzymobeads
15 and Na'?] are added and the reaction is started with 0.025 ml B-D-glucose
(1% in 0.2 M phosphate buffer, pH 7.2). After 15 min the mixture is
transferred to a conditioned (as instructed by the manufacturer) 5 ml-C,WP-
SPE cartridge (J T.Baker) and washed with 25 ml of Solvent C. Bound
material is eluted with 3 x 0.8 ml of 60% acetonitrile in Solvent C and injected
20 in 1 mi-aliquots onto an equilibrated (100% Solvent C) Bakerbond Cis-WP
HPLC column (4.6 x 100 mm J T Baker). Bound material is eluted with a
gradient of 1%/min acetonitrile in solvent C over 60 min., and fractions are
collected every minute into tubes (Nunc immunotubes, Medos, Victoria, .
Australia) containing 10 pg ovalbumin (OVA) and then freeze dried. Aliquots
25 (0.01 ml) of individual fractions are counted in a y-counter (LKB) and
analysed by SDS-Tricine PAGE and autoradiography to confirm the molecular
weight of the radiolabelled protein. ZI-CP10 is sbred in aliquots of approx. 4
x 10° cpm in the presence of 0. 01 mg OVA in 0.15 M NaCl, 0.02 M Tris pH:
7.2 (TBS) at -80°C.
30



10 Bat ches of 5-61 supernatant are concentrated to 150-200 m and

di al ysed against 0.05 MNaCl in buffer A (0.02 MTris -HCl, 0.01%
Tween-20, 0.25 niM PMSF, pH. 6.5) using a spiral ultrafiltration
cartridge (nmol. weight cut off: 10, 000D, Am con Scientific,
Australia). 15 Step 3. Isolation an@7Purification of CP10

Step 3.1. Heparin-Sepharose affinity chromat ogra The

concent r at ed &ulnd¢ Asnessrpentoof proteejytic 8%,@1&”] C for 30 mn and
20 | oaded at a flow rate of 18 rrlh 4[err]C (peristaltic Mnipuls
3-punp, Gl son) onto a colum (16 x 160 nmm) of Heparin Sepharose

6B (Phar maci dadioiodinatede@P10 irbthwt présence of bealbimifiis analysed forsprst lgch\ﬂ' th
0.05 M NaCl and wi e, Auntjl the absor ance
at 280 nm ( U\RHY &{yoé).Ei{Q’L%qngl# nmne'r}"g&%a SHyerstpiring Mthd | evel s and

Doun B | gy it Bt of ok F Sk 3t s ©

of 7 m h. Fr4@ »360ehm2 LKB) isgpexf mmwasddsmbbchjnspapt&ZQJ‘ i ndi vi dual
fractions assayed at 5% and 2.5% (v/v) for bioactivity. CP-10 associ ated
W th macr ophage procoagul ant inducing factor (MPIF) elutes in two

peaks bet weerprior to injectibrPoRtdtth@- §§MPLC Bdn aligffot of =1-CP10 Pldpprax. -

Hi gh perfornance | iquid chronmatogr
0° cpm equiv. to 1.5% of the total preparation, step 4.1.1.), is adjusted to

10 40% acetonitrile in solvent C. One half of this sample is mjected onto the
HPLC column after 2 h at r/t, the eluate is collected manually according to

the absorbance at 214 nm and radioactivity of the load and individual fractions
quantitated in a y-counter.

15 Gel sample buffer, (0.05 ml/0.05 M Tris, 4% SDS, 12% [w/v] glycerol, 0.002%
bromophenol blue, pH 6.8) is added to the second half of the sample and to
individual fractions and the volume is reduced to 0.05 m! in a Speed-Vac
concentrator. The samples are adjusted to 5% B-mercaptoethanol and

incubated for 1 h at 56 °C prior to electrophoresis according to Schagger and
20 von Jagow (35).

Molecular weight marker proteins (14.4 - 90.0 kD, 2.6 - 17.2 kD; Pharmacia)
and OVA (subjected to S.E. HPLC under the same conditions as described
above) are loaded in parallel lanes onto the same gel. After electrophoresis

25 the gel is silverstained and autoradiographed for 55 h using a Kodak X-
Omatfilm, |

Analysis on S.E. HPLC reveals three peaks with apparent molecular weights of
I:15KD, I1:12.5kD, I1I:11.5kD containing 1:22.8%, 11:21.5% and I11:6.8% of the
30 injected radioactivity. No absorbance is seen in the elution position of
ovalbumin. Analysis of peak I on SDS-Tricine PAGE shows a single band at 44
kD by silverstain and a single band at 10 kD by autoradiography. Peak II and



18 Nonnetal lic "Waters 650 Advanced Protein Purification Systens”

equi pped either wwth a Waters 484 Tunabl e Absorbance Detector or a
Waters 490 * Progranmmabl e Mul tiwavel ength Detector.and a G |son 202
Fraction Col | ector _are used for all MPLC and HPLC separati ons.

Unl ess otherw se stated, 5 sarrpl es w@Be | oaded onto colums by using an
HRLC punp agﬂ one f t.he four solvent lines of the HPLC system
After sanpl 15%1‘@ HBHE‘H’ff’eb%‘!ﬂS\FéﬁgmBlfﬁ@n 67 - 2.6 kpDbysilugrstainiagyonly minor

equi | i brati ogufd e I sor bance
reaches the basel | ne {cﬁvaﬁ%ﬁ?hgﬂ%@Zﬁ?}l??a@% nott%gbjecmdsﬁo 5

Zi nc-, coppesxchisiomie¢veat bandsatangirgpfrom 90 - 14.5 kd Shﬁpa?praddmilnad?rban&rxﬁt i on

of Zn[err] d Cu errL aff'nltﬁ/ rredlumpressure liquid
chr omat ogr ap £ay Suspensi ons of im nodiacetic acid

(1 DAA)s i nmobi | i zed on TSK- H\N65F gel particles (Pierce, Rockford,
IL, WUSA) are incubated with solution, of Ing/m ZnCl[err] or 1
mg/ M CuSO[ @u?nmmoaoofmutomdmgmphmdf this daneansing enHoeferf GSfﬁuor&cagnin

ER Q) cobbed (B IRlmeme S Fransisoc Calatdie By

const ant Data System for the integration of peaks reveals 18.7% of the radioactivity

(gaussian integration of peak area) in the migration position of CP10 and

10 11.7% in the migration of OVA. The predominant radioactivity (52.5%) is
associated with bands ranging from 30 to 14.4 KD, .
The distribution of radioactive bands is similar in the lane loaded with peak II
from the S.E. HPLC: 13.1% and 6% of the radioactivity is associated with the

15 positions of CP-10 and OVA respectively, while the major portion is
distributed over the molecular weight range from 30-14.4 kD. Although there is
a discrepancy between the elution position of proteins on S.E. HPLC and the
band pattern on SDS-Tricine PAGE, these results indicate degradation of
OVA in the presence of ®I-CP-10.

20

'EXAMPLE 2

1. . Method of chemotaxis measurement.
Triplicate samples (in RPMI 1640 and 0.1% serum albumin) to be tested are

25 pipetted into the low wells of a Neuro Probe 48 well micro-chemotaxis
chamber (Neuro Probe Inc. MD, USA) in a total vol. of approx. 25pl. Wells
are covered with a Nuclepore PC membrane (PVP free, SuM) and upper
chambers filled with cell suspension (1-1.5x10° cells in 50pl RPMI 1640
containing 0.1% albumin). Chambers are incubated for various times

30 depending on the cells béing tested (90 min. for neutrophils, 3hr for

' macrophages) at 37 °C in an atmosphere of 5% CO, in air. Membranes are

removed and wiped free of excess cells on the "cell" side of the membrane.



20 ~flow (3 mM/nmin) into individual glass colums (10 x 100 nm Waters

Advanced purification -1 glass colums, MIIlipore/\Waters, Lane

Cove, Australia) and the colums are washed subsequently with each
200 M Herr]0 and 2 M Nad in buffer Bat 3m/nmin. 25 Step
3.2.1.2. Cu[err]-affinity MPLC 2%e pooledfractlons of Step 3.1.

are adjusted 2M lowrate of 3 M/mn orto
a Zn+ J+ and a greir\lg&?ql iR |”P$’g‘g89ﬂﬂ?ﬁ Strined, agﬂ:cXVnght s stain ?reﬁepmaéﬂaﬁae at
2M NaQl in b e {dbeti6n fidds"add b 160 W
When t he absg?%g\ag?dat 28011&%m rey\?hes baséﬁfl:\bgs?evg é'% eﬁ\omn%a
are di sconneca éhindﬂmelboﬂndmcepma.tnmtmcudoﬂep(écllstwh;chvl:)aﬂei_)mll\%ratedaﬁu‘o?gh .

[ zole in
%L? ? |eren}3 at athFI %%%g 09 t111e membrax?e Q/IreNglcxjant?t%(tjec? by measuring the totz{l@e aarea 19
rate of5 3. 25 pdr $ milcro 169 isiAk AnCRhASS ASAKRK ¥t N Wife gglot s of
I ndi vi dsual fraé.t I ons tsgg?égidat 50}0 %nd 2.5% for ygl oggt Ivity. r@%ﬁ‘l’:élgssom at ed
chenpt acti ¢ auimber of gells wgtatec}IS fioldstiscoGuted manfiallyi (The\dHefhatattien at a

buffer compos] il Wis fstéa M b8 Ffe¥is OllltyglesNax(rjlodsQ nlggér];gfxages and

neutrophils; human neutrophils and mononuclear cells.

10 2. Preparation of CP-10 peptide.

' A synthetic peptide of the sequence proline-glutamine-phenylalanine-valine-
glutamine-asparagine-isolencine-asparagine-isoleucine-glutamic acid- _
asparagine-leucine-phenylananine-arginine-tyrosine comprising the unique
"hinge" region of CP-10 from amino acids Pro*-Arg™ was prepared by standard

15 techniques. A C-terminal tyrosine was added so that it could be used as a
radioiodinated tracer.

Amino acid code -P2QFVQNINIENLFRSY

20 3. Preparation of CP-10 and CP-10,, s Test Solution.
Purified CP-10 and CP-10,,.;; were stored in 35% acetonitrile/0.1% TFA in

water and were diluted to 0.1% BSA in RPMI 1640 to yield 10-fold dilutions
between 108 10"B3M.

25 4, Preparation of murine macrophages.
Murine macrophages are elicited by ip injection of thioglycollate broth 3 days
before harvesting by peritoneal lavage and cells are tested in chemotaxis assays
as outlined above. Alternatively, a murine monocytoid cell line, WEHI 265,

grown in continuous cell culture can be used as effector cells.
30



5 Step 3.2.2. Hi gh resolution cation exchange HPLC Pool ed
fractions fromstep 3.2.1.2. are diluted four fold with Heror]0 and | 0aded
at 1.5 m/mn onto a Bakerbond Wde-Pore CBX HPLC colum (4.6 x 250 10

mm JT. Baker, Phillipsburg NJ., USA) equiljbrated with 0.05 MNaCl in 0.0
2 M Tris-HCl, pH 6.5. Bound protei nVare eluted with a 0.05-0.5 M
gradi ent of ' Tri S-

absor bance of ?‘n e e F‘E‘aﬁ%‘r #é]‘egrﬁ 842 t ﬁ%ﬂaﬁ?ygl&gﬁ?ﬁqgﬁgﬁf? H“ﬁ“ﬁ?sam Fgﬁ y‘i%

col | ected aut opatifieal ¢P~105Aﬂcﬂwm4%%w%nféa&%mw%@g/ inlo Spraprieed
bi oactivity between 0.25 and 0.35 NaCl . Step 3.2.3.

Rever sed- phaseDawley satsp imall seetionspfeskin from treaperd rats weggrepoygdadnda| from
tep 3.2.2. (hayi: €] ity fs adi on . TFA and
Toaed onto o DUBeBREIGGANd Ydninaipoiiet il ba b witn  TEL A1

equi | i brated i HaeplotogylienEofinand 20% sol vent D; solvent Cis 0.1%

TFA in water and solvent Dis 80% acetonitrile, 0.1% TFA in water. After 5
mn at this solvent conposition proteins are eluted with a three-step

gradi ent 25 of solvent D in solvent ﬁ%sqmmg from20%to 40% D in 10
mn foll owed by 40%to 50% D in mn and 50%to 100% D in 20
mn. Aliquots Bifestpnahurine cells. individual 1 min fractions are assayed for

chenotactic activit rev eak . Activity eluti.ng w 49. 4%
sol vent D (39.5% acéﬁ‘gﬂﬁt‘\gﬁ'} gﬁ"’%@“ﬁér‘?"’ﬁ’f‘”ﬁ“&%ﬁl%ﬁ?"s néudkbprit o 10140 swidh
10 peak activity at 10"®M (Figure 8). -

CP-10,,.5s was chemotactic for mouse neutrophils to 10"2M with peak
activity at 101M.

15 Full length CP-10 was found to be chemotactic for murine macrophages
to 10"3M with peak activity between 101-102M. CP-10,,.;; was chemotactic
for murine macrophages with peak activity at 10"'M.

Effect on human cells.
20 Full length CP-10 was found to be chemotactic to human blood
neutrophils to at least a concentration of 103M. Peak activity was at 10!M.
CP-10,,.ss was chemotactic for human blood nctitrophils to at least a
concentration of 10*M. Peak activity was at 10"M.

25
Full length CP-10 was found to be chemotactic for human peripheral
blood mononuciear cells to at least a concentration of 10*M. Peak activity
was.not determined.
30 CP-10,,.5s was.found to be chemotactic for human peripheral blood

mononuclear cells to a concentration of at least 10'M. Peak activity was not



peak eluting with 52% sol vent D (41.6% acetonitrile). The absorbance

profile 30 and chenotactic activity of relevant fractions is shown in
Figure 2. 20

Step 3.2.4. Size exclusion HPLC Pe fractions of step 3.23. are
concentrated to 50 [err], using a "Speed Va Concentr at or

(Savant), adjus i tril % _ _
injected via a %ﬁ‘g"%‘?ﬁg t‘%hcg%%?ﬂfgo %ﬁh& cffkt‘gﬁ @Qgﬂ %Aand GgA}O‘ﬂ'ﬁ
onto a TSKG 3006n Bvihidryhnd @hdwse @8 ds §Bdwh ith Figireodl) col um (7.5 x 300 mm
LKB) equilibrated with 40% acetonitrile, 0.1% FA|n water at 0.5 m/mn.

"Fractions are collected manual ly accordl ng to the absorbance profile of the

35'20° * Ana TRsfiifadth drioh Rl crhW il diipfine e ol vt o 10, B

in Figures3 CP-10 ismbmmeqummmmn Ghalemgﬂenm}?gg.la.oﬂ‘he mCP10
10. 3 kD, when c red to st ndard ecul ar ht parkers apyrotinin (6.5
kD),- cytochro wag der) ggp Q%gBquB‘rA(Wﬁt Pﬁ%“ﬁ

library prepared using cells from A/J mice.

The mCP10 cDNA isolate is a Agt10 recombinant with a 430bp EcoRI
10~ insert. The insert was subcloned in both orientations irito the 2.7kb vector
pUCI119 to yield recombinants 10/pUC119 (mCP10 cDNA 3’ t0.5’ with respect
to universal sequencing primer) and 12/pUC 119 (mCP10 ¢cDNA 5’ to 3’ with
respect to universal sequencing primer). The DNA sequence of mCP-10 was
determined on both strands. '
15 _
The cDNA sequence of CP-10 is given (Fig.1a) together with human
MRPS8 for comparison. These proteins show 69.6% homology at the DNA
level. The full length amino acid sequénce of CP-10 is given as

20 PSELEKALSNYLIDVYHNYSN?’IQGNHHALYXK®N
DFKKMVTTE®CPQFVQONINFPENLFRELDINSDN®
AINFEEF'LAMVIKVGVA¥®SHKDSHKE#®

The amino acid sequence deduced from the cDNA sequence is in full
25 agreement with sequence prol-lys’ obtained by amino acid sequencing of the
N-terminal, trypic and cyanogen bromide peptide fragments derived from
purified CP-10. Sequence val”-glu® representing the C-terminal end of the
molecule is new data obtained by cDNA sequencing.

30 Thus CP-10 is an 88 amino acid protein with a calculated mass of
10,163D. Isoelectric point as determined by computer analysis of amino acid

sequence was 5.5. In addition to the amino acid sequence differences between



15 oval bum n (44 kD). Step 3.2.5. Reversed-phase HPLC on
oct adecyl wi de-pore silica As an alternative to the separation
on size exclusion HPLC (3.2.4.) pooled 20 material fromstep 3.2.3. is
di-luted 4 x wth aqueous 0. 1% TFA and | oad ﬁ' onto a Bakerbond
Cerr]-wide pore HPLC colum (4.6 x 100 m‘r‘? JT. Baker),

Sy 4,0 U S Ot R e b 4 -

sanpl e, 10 segqticiidd Bewilehihis™ ah8 WD whehCcompartd|widwehe RS %ntigo D i n
30 mn. CP10 25, elutes with 49. 7% acetonitrile in 0.1% aqueous TFA

(62. 1% sol ventacid) seqxepge:y purity of approximately 90% as judged by
SDS- Tri ci ne PAGE (35) and - silverstaining (36). Step

3.2.6. Reversed-phase HPLC on octyl w de-pore silica 30
Anal yti &al andn@Pdiobor e reveASeH™pHae € &P) DS KE per f or med on

Aguapor e 300 Cartrjd ( .1 x 100 mm 7 [err]
MRP8 has an additional 4 amino acids (12 base pairs) not present in CP-10.
(see Fig.1a).

10 Vascular and dermatological changes in rat skin.

Examination of microscopic sections of rat skin following administration
of full length CP-10 or peptide corresponding to CP-10,,.55 revealed
accumulation of neutrophils and increased vascular permeability revealing the
potent chemotactic activity of these peptides. Native CP-10 induced a

15 response over 24hr ﬁi& comprised neutrophils and mononuclear cells and
was similar to that of a delayed-type hypersensitivity reaction. CP-104,.5
induced a shorter-lived response which was optimal after 6-8hr indicating
differences in the abilities of these agents to attract phagocytic cells in viva

20 EXAMPLE 3
Expression of Recombinant CP-10

CP-10 has been overexpressed in E.coli using the pGEX expression
system (40). Two different CP-10 overexpression constructs have been
25 produced: pCP12 contéins the CP-10 coding region cloned into the Bam HI
site of pGEX-2T; pCP10 contains a Factor Xa cleavage site followed by the
CP-10 coding region cloned into the Eco RI site of pGEX-IN. Both constructs
have been verified by double-stranded DNA sequencing.

30 The level of CP-10 overexpression in this system has been evaluated by
purifying fusion proteins from crude cell-free lysates by affinity
chromatography on i mmobilised glutathione and analysed using SDS-PAGE in



21 ' Bi osystens, Foster City, CA, USA) equilibrated in 100% sol vent

C. Preparations of CP10 fromstep 3.2.4. or 3.2.5. are diluted 4
fold with solvent C and loaded in nultiple 1 m injections via the
"Rhéodyne injector onto the HPLC cgétri dge. 5 The flow rate
for |oading a sanple onto the anal yti cal rtridge is 1.5 mM/mn

d onto th ' ; i.dgee.i . L. ' f. . 1% mi
et oni {11 oo el SR gloRule aufferBhd (Ghupdte Pilac ik BT

injection. AMRADTGergdration dtimired)! Rigareal§ shows expression @f thésekRigiomt 1

m/mn, on the m crobore 10 cartridge at 0.1 m/mn and el uting
material is POIPES BNl 1y according to ‘the absorbance at 214
m. : Fig. 4 shows that CP-10 elutes as a symretrical peak with
retention times of 47.7 min and 49.2 mn (equivalent to 47.5%

acetonbtrile) frokanechd: anal affinityl purified GSTéxpressed fronb pGEXFIN;r | - HPLC

cartridges respectively. Thi r epatat | .chenotactic activity
in the range 10[eh"}e-é0[err]’%‘ﬁty uﬁe&%'ﬁ-ﬁ%—%@l%ﬁxsyq pENeexRrgsseds)
SDS- Tri ci ne PAGE under redugbopgpe®igitions (5%

[err]-mercaptoethanol) of CP-10 puritfied in steps 3.2.5. and 3.2. 6.
reveals a 20 paneddii nanaffinisyopurified KES T espressedchfroft WGEXER ni nor band

Same_predom nant BT atily e G EmEtg s piein e steds nown
in Figo 5. from pCP12. "
It is estimated that the yield of the two GST/CP-10 fusion proteins is ~ Spg/ml
culture. The GST/CP-10 fusion protein containing the thrombin ;le:avage site
has been suocessfu]iy cleaved with thrombin to release r-CP-10 and will be
purified from cleavage products by methods similar to those described above.




st ep 3.3. Alternative nmethod of purifying CP10 from concentrated

supernat ants 25

of Con .A stinulated nurine spleen cells .

3.3.1. Cation exchange HPLC on Poly (Aspartic Acid)- Silica

crrude supernatant of step 1 is centrifuged at 10, 000g,
and 30 proteins are separated on a col3m (10 x 300 mm Advanced
glass colum, MIIlipore/Waters) of Poly CAT A
LC, Colunmbia, MD., USA). The

Purification-1

(pol yaspart i cRESEBENOESa (Pol y

colum is packed using a slurry of the silica

22 particles (15-20 [err] diameter, 30 nmpore size) in 100%
i sopropanol uhder Snyderman RQPikteaMLfAaw Revikamunbbd: 25751984 3. 2. 1. 1.

For chromat oggaphy_of CP1l0 the col umm

, i th O s,
pHB. 5 at 3 m #m n RyanwSshdfaipo h ‘?‘WIJI §a§ﬁ>§'r86é$§§1eﬂd'8§dit ngoo?Zt hMeT;:;rpl e

3.
4
5
6.
1
8

9.

10.
11.
12.
13.
14,
13.
16.
17.
18.
19.
20.
21,
22,
23.
24,
25.
26.

27.

28.

Wolpe SD, Cerami A, Faseb J. 3: 2565, 1989

Ward PA, Remold HG, David JR, Cell Immunol. 1: 162, 1970
Altman LC, Kirchner H, Immunology 26: 393, 1974
Postlethwaite A, Snyderman R, J. Immunol. 114: 274, 1975

Cohen S, Ward P, Yoshida T, Burek CL, Cell Immunol. 9: 363, 1973
Miura K, Shimokawa Y, Honda M, Hayashi H, Cell Immunol. 75: 383,

1983. -
Westwick J, Li SW, Camp RD, Immunol. Today 10: 146, 1989
Hopper KE, Geczy CL, Davies W, J. Immunql. 126: 1052, 1981
Geczy CL, Meyer P, J. Immunol. 128: 331, 1982

Geczy CL, Farram E, et al. J. Immunol. 130: 2743, 1983

Geczy CL, Hopper K, J. Immunol. 126 :1059, 1981

Ryan J, Geczy CL, Immunol 137: 2864, 1986

Ryan J, Geczy CL, Immunol. & Cell Biol. 65 :127, 1987

Ryan J, Geczy CL, J. Immunol. 141: 2110, 1988

Bennett B, Bloom BR, Proc Natl. Acad Sci USA 59: 756, 1968
Geczy CL, Friedrich W, de Weck AL, Cell Immunol. 19: 65, 1975
Dorin JR, Novak M, et al. Nature 326: 614, 1987

Andersson KB, et al. Scand. J. Immunol. 28: 241, 1988

Odink K, Cerletti N, et al. Nature 330: 80, 1989

Kiigmann D, Hilt DC, Trends in Biochem_. Sci. 13: 437, 1988
Hogg N, Allen C, Edgeworth J, Eur. J. Immunol. 19 :1053, 1989
van Heyningen V, Hayward C, et al. Nature 315: 513, 1985
Ishida M, Honda M, Hayashi H, Immunology 35: 167, 1978
Hayashi H, Honda M, Yoshimura T, In "Macrophage Biology"
(Reichard S, Kojima M, Eds) Alan R Liss Inc, p. 231, 1985
Becker EL, Ward PA, J. Exp. Med. 125 :1021, 1967

Ward PA, Becker EL, J. Immunol. 105: 1057, 1970

Step
The

4[err]C for 30 mn

5



until the absorbance 280 nmreaches baseline |evels. Bound
material is eluted at 3 mM/mn using a gradient of 0-0.5 MNaCd in Tris-
HCl, pH 6.5-7.0 over 40 m n and the absorbance nonitored at 280 nm 10
Fractions are collected automatically every mn and assayed for

bi oactivity. Material eluting 447 the range from0.17-0.33 M NadCl
was pool ed for further purification. 15 Step 3.3.2. M xed
nmode HPLC og | D%m[sg,w TEKAdeY G R ImankAdl8gy 42: 637, 1981 The pool ed
mat er i al f(r?'(?Fn step 3. .11].>Cis adj gst% to 2 M%O and separ at ed on
| DAA- Cu+ + 38K f i rPaspledResita ABKeng A, T nlmnmnel. 12355611979 el uting
with 0.02 im ol e/ Q. are cqj l.ecte j luted 20
fourfof d witlh buregrmes YoMar ke DRgHSt Bpisioor B, TkR haalfioht v °0 20
Advanced purifi cat i13g 1bg4gl ass col um (MIlipore/Waters) is packed
under constant flowwth a 1:1 m xture of | DAA- Cu[err] TSK65F and

Poly -Cat A32 | cGetay GLNMoalarular doununel. 32: BO6KIME sol vent. 25 The
Coaded at s R IA TG HanGEs Reb s 48 13102 bed in 3 2. 1. 1.
31. Falk W, Goodwin RH, Leonard EJ, J. Immunol. Methods. 33: 239, 1980
35. Schagger H, von Jagow G, Anal Biochem 166: 368, 1987
36. Heukeshofen J, Dernick R, Electrophoresis 9: 28, 1988
37. Simpson IRJ, Moritz_ RL, Rubira MR, Van Snick J, Bibchem. 176: 107,
1988 T
38. Begg GS, Simpson RJ, In "Techniques in Protein Chemistry", Hugli TE
(Ed) Academic Press, Orlando FL., USA. 79, 1989
39. Klapper DG, Wilde CE, Capra JD, Anal. Biochem. 85: 126, 1978
40. Smith DB, Johnson KS, Gene 67: 31, 1988'




The colum is washed with 0.6 MNaCl in buffer B (5 mn at 2.25
m/mn), buffer B(5 nmnat 2.5 m/nin), 0.02 MimdaZOIW
buffer B (10 min at 2.5 m/nin) and buffer B (10 nmn at 2: m n). Bound
maferial is eluted with a binary gradient of 0.06 -1.0 M r\m“ﬂl\“ﬁm\
M i m dazole over 40 nmin at a flow36ate of 2.5 m/mi \m :

col |l ected

every mnute GheIMS: ‘quot s assayed at 2.5% and 5% for CP-10-associ at ed

bi oactivity. Proteins eluting in the range 0.24 M

NaCl /0.01 Mimdazole and 0.4 M 5 NaCl/0.02 M im dazol e were adjusted
to 0.1% TFA fbr chTbexhemossdic protein CP-10, nﬂdssmaﬂ&m(sfm:kai}i@rotem

Step 3.4. Cy n_bronm de cl evage and i de

Hormpgeneous é@v%g APRAFER mel st ‘gﬁ @f%’d‘??t?gp]ﬁgﬁgaﬁl Vmg
chemotactic activity for neutrophils, monocytes/macrophages and/or other
mammalian cells, or an analogue, mutant, fragment, derivative or functional
homologue of CP-10.

2. A product of claim 1, which is of a mouse, human, livestock animal, or

other mammalian origin.

3. A product of claim 1, which comprises or includes the amino acid
sequence:
Pro-Ser-Glu-Leu-Glu-Lys-Ala-Leu-Ser-Asn-Leu-Ile-Asp-Val-Tyr-His-Asn-Tyr-
Ser-Asn-lle-Gln-Gly-Asn-His-His-Ala-Leu-Tyr-Lys-Asn-Asp-Phe-Lys-Lys-Met- _
Val-Thr-Thr-Glu-Cys-Pro-Gln-Phe-Val-Gin-Asn-Tie-Asn-Ile-Glu-Asn-Leu-Phe-
Arg-Glu-Leu-Asp-Tle-Asn-Ser-Asp-Asn-Ala-Ile-Asn-Phe-Glu-Glu-Phe-Leu-Ala-
Met-Val-Tle-Lys-Val-Gly-Val-Ala-Ser-His-Lys-Asp-Ser-His-Lys-Glu

or an analogue, mutant, fragment, derivative, or functional homologue thereof.

4. A product of claim 1, which comprises or includes the sequence:
Pro-Gln-Phe-Val-Gln-Asn-lle-Asn-Tle-Glu-Asn-Leu-Phe-Arg(-Tyr)
or an analogue, mutant, fragment, derivative or functional homologue thereof.

- S A product which is a homo-dimer comprising two CP-10 moieties as
claimed in any of claims 1 to 4 bound together through an intermolecular S-S
bridge or by non-covalent binding,

6. A product which is a heter_o-dimer comprising a CP-10 moiety as
claimed in any of claims 1 to 4 bound to a heterologous peptide through an

intermolecular S-S bridge or by non-covalent binding '
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Step 3.2.6 - (approx. 2.5[err]) in 48% acetonitrile in w
Tween 20 I's | yophylized to near dryness (10[err]) and resuspende
to 100[err] with 70% - formc acid. Cyanogen brom'{“ﬂﬂ [

added under nitrogen, the tube seal ed and i ncubath ,’m'mm”mkt
25 [err] C for 20h. The peptide mxture i 3745 diluted 50 foll Wth H20

and injected in 1 nml portions onto an Aguapore RP300 cartridge
(Z.1 x 100m% ABIA preduct obclaimd et clhifnb mherein the, bp@%ch, CP-10 mofety 18t C.

Elution of peptides is achieved, at 0.1m/mn as descyibed .in step

3.2.6 and pé’ﬁt‘f‘ﬁld e%n“ée m*Pemsmmswee&w&fw (S’rtq(z%“"hﬁsorbance at
214 "~ nm 20 Step 3.5. Trypsin digestion and peptide.
mappi ng on RP HPLC ' Step 3.5.1. Preparation of nurine :

S- car boxymethy| - @n potibedyroriatagsnist to a product of anyChf ¢lxirpS[letorT,)oria 120

[err] 35% a %@Ha! itrile containing 0.1% (v/v)
trif I-.uoroacg%' actiatglgt err] AcOH, 99% pure, Pierce Chem cal Co., Rockford
L, USA) and 0.02% Tween 20 (Pierce) is concentrated to

approximately 10 [err]_by . centrifugal centrifugation (Savant, |nd.
Hickville, &), @ngipody of gbaime 8; whigh is 8 polyclomal snkibgdwni di ne. HCl
(Sequenal grade, Pierce) containing 0.2 MTris.HCd buffer, pH 8.5,
0. 002 M EDTA and 0.02% (v/v) Tween 20 and then reduced W th

di thi ot hrei 10l ( Guhlintibodndiacldied Bawhich isliSfiorbdld®alMntibodg0 [err] C for 4.5

11. A pharmaceutical composiﬁon comprising a product of any of:claims 1
to 7, or an antibody or antagonist of any of claims 8 to 10, in association with
a pharmaceutically acceptable carrier or diluent.

12. Use of a product of any of claims 1 to 7, or an antibody or antagonist of
any of claims 8 to 10, for the alteration of the inflammatory capacity or
metabolism of mammalian cells.

13.  Use of a product of any of claims 1 to 7, or an antibody or antagonist of
any of claims 8 to 10, in the control of inflammation and/or tissue damage in
inflammatory conditions, cystic fibrosis or emphysema.

14.  Use according to claim 13, wherein said inflammation is caused by a
delayed-type hypersensitivity reaction, or by autommune disease.

15.  Use of an antibody or anatagonist of any of claims 8 to 10, to alter the
chemotactic activity of CP-10, to alter the proteolytic activity of CP-10, to
purify CP-10 by affinity chromatography, or as a diagnostic reagent to detect
CP-10 in body fluid, mammalian cell cultures or tissue sections.



24 . h. Alkylation is achieved by the addltlom

(puriss grade, Fluka, Buchs, Switzerland; fi n 0. 05
M to the mxture and incubation conti nued fo E’Ir] C
["'errs

i # the dark. The reaction is halted by addjtion of
2- mer capt oet hanol Cm CP-10 is recovered #8om the ni xture usi ng a

rever sed- pha h- erfo ma ce liquid ch onmat

procedure prgg‘l g}? %%eéf:??rb gf‘fﬂ%’bﬂ 3tpr8ag%t3&qéim%§ﬁ) @}%n&&ﬂy

contai ni ng f pafd férin (v6ﬂich%idﬁnse§ pwlifu:&had dfa CPORYVednthining\hidterigisipgect to
Tween 20 and then djluted to 1 with 1% (wv) [err] (containing
0. 02% (v/ V) chromawgqmnmzt!prmfﬁ@n W‘@I@Wﬁatlc di gestion. 10 Step
3.5.2. Trypsin digestion CmCP-10 (4 [err]) in 1 m of 1% (wWv)
[err], pH 7.8 containing 0.001 M [err]  and 0.02% (v/v) Tween 20 is
di gest ed wit h70. 5 4 prodess of gkhim 16,rvladreih the &P1H) containing material is selected

t osyl phenyl e%&/xllc oro rret hane grtﬂﬁﬁﬁggﬁgﬁgﬁ%@ﬁégﬂweﬁ%; or

16 hrs at 37

hi gh- perforngp §§1ﬂ1ﬂé&!ﬂqymphoxd cells or othef HhaNRi A3 drbFigetiBRERt LA
lines.

18. A DNA sequence coding for a compound of claim 1.

- .
- -

19. A DNA sequence coding for a compound having or including the amino
acid sequence:
Pro-Ser-Glu-Leu-Glu-Lys-Ala-Leu-Ser-Asn-Leu-Ile-Asp-Val-Tyr-His-Asn-Tyr-
Ser-Asn-He-Gin-Gly-Asn-His-His-Ala-Leu-Tyr-Lys-Asn-Asp-Phe-Lys-Lys-Met-
Val-Thr-Thr-Glu-Cys-Pro-Gln-Phe-Val-Gin-Asn-lle-Asn-Ile-Glu-Asn-Leu-Phe-
Arg-Glu-Leu-Asp-lle-Asn-Ser-Asp-Asn-Ala-lle-Asn-Phe-Glu-Glu-Phe-Leu-Ala-
Met-Val-Ile-Lys-Val-Gly-Val-Ala-Ser-His-Lys-Asp-Ser-His-Lys-Glu

or an analogue, mutant, fragment, derivative or functional homologue thereof.

20. A DNA sequence coding for a compound having or including the amino
acid sequence:
Pro-Gln-Phe-Val-GIn-Asn-lle-Asn-Ile-Glu-Asn-Leu-Phe-Arg(-Tyr)

or an analogue, mutant, fragment, derivative or functional homologue thereof.

21. A DNA sequence having or including the CP10 nucleotide sequence as
set out in Figure 1A, a degenerate variant thereof or a fragment thereof

comprising at least 15 nucleotides.

22, A vector comprising a DNA sequence of any of claims 18 to 21,

operatively linked to an expression control sequence. = ———

laced

" i,



20 Peptide m xtures resulting fromtrm

fractionated by rever sed- phase HPLC on a Hewl ett - “
chr omat ogr aph ( nodel 1090A)-fitted with a di od¢ %@m\}mﬂm
(nmbdel 1040A) as described (37) enploying a lo ers] $AcCH,
pH2. 1) nobil e phase and a gradient of 2539 acet oni tr| | e.

Rever sed- ph efratlon | on of -t ests , results in a
conpl ex pat ﬁ E‘aE%HPEFH‘H‘S“ or ¢ ‘33”% “All of the peptide
fractions fromthe f| rst di mensi on RP- HPLC are subjected to a second 30

chr omat ograg‘rtli c step using the sane chronatographi ¢ support and

acetonitril A procegs fefl tet prsparatien of arcompanns ofeclpiade whichy. |

unbuf f er ed é@ﬂgﬁg%schl oride or 20 nmM saodi um phosphate, pH 7.0). For
sone peptid rd chromat ographic

25 step i(a) negrepatayiohadfos Dmﬁwoﬂanpebt:laimsllss fos2l,ated. In
the latter situation, an ODS- rsil colym andadlffere

organi ¢ sol vent (Bbt haﬁ@prporatmn of s@ﬂeﬁsybde‘d‘?ﬂce intosa vector of claim &2y

support used for (ne QukhGRhb U'nolt &t 6 cikfin PR shitPékctor,
(d) culturing said host cell under conditions which allow expression

of said DNA sequence, and
(e) isolating the expressed peptide.
25.  An isolated oligonucleotide for use as a probe for diagnostic or
analytical purposes, in in situ hybridisation, or as a primer in amplification of
mucleotide sequences by polymerase chain reaction (PCR) technology, having a
nucleotide sequence corresponding to a fragment of the CP10 nucloetide

sequence as set out in Figure 1A, or a degenerate variant thereof.

26. Use of an isolated oligonucleotide of claim 25, as a probe for diagnostic
or analytical purposes, in in sitw hybridisation, or as a primer in amplification
of nucleotide sequences by polymerase chain reaction (PCR) technology.

“ﬁﬁ'iiﬂTiiilﬁﬂi“ri‘mn



peptides is Brownl ee RP-300 (300 nm pore size, 7 [err] particle dianeter,
octylsilica packed into a stainless steel colum 100 x 2.1 mmi.d; Brownlee

Laboral .ories, Santa Cl ara, USA). 10 Step 3.5.4. Peptide nonencl ature
The follow ng prefixes are used to denote the origin of various peptides:

T, Trypsin, CN, Cyanogen brom de. Peptides are nunbered in the
order of their positions in the final sequence. 15 Step

3.%6. Amino acid sequence anal ysi s _ 40 - Aut omat ed Edman degradati on of _
protein and peptides is performed using Appl i ed Bi osystens
sequencers (nodels 470A and 477A) equi pped with on-line 20

phenyl t hi ohédanti on (Pth) am no acid anal yzer (nodel 120A). Total Pth-am no

acid deri 10 romthe sequencer are injected onto the liquid

chr omat ogr aph using a nodi fied sanple transfer device as descri bed
(38). Polybrene (39) is used as a carrier. 25 Parti al

am no-aci d sequence of CP- 1(INGNELICMBEMOTAGTIC\AWTEOR br om de-

derived peptides is given in Fig. 7. Step 4. Denonstration of

proteolytic activity of CP10

The chemotatic protein CP-10, in essentially pure form, having an apparent
molecular weight of approximately 10 kD and having chemotactic activity for
neutrophils, monocytes/macrophages and/or other mammalian cells, or an
analogue, mutant, fragment, derivative or functional homologue of CP-10. Amino
acid and nucleotide sequences for CP-10 are disclosed, as well as production and

use thereof.

(Figure 6)



30 Step 4.1. Degradation of Oval bumin by[err]l-CP10

26 Step 4.1.1. Radioiodination of CP10 Because
honbgeneous CP-10 is poorly-soluble in aqueous buffers the

i odlination with protocol Enzynobeads (Bi oRad Australia) as suggested by the

5 manuf acturers is nodified as fol | ops, A preparation of
CP10, purified to apparent honngenei?gijzg? scribed in Steps 3.1
to 3.2.6. and with a nass of approxi matel y [err] is iodinated with 1 mC
Nal[err] (Amersham Australia) using 0.05/0.1 ml of the Enzynobead 10

Radi oi odi nati on Reagent (single reaction vial; Bio Rad). The

RP- HPLC purified peptide is freeze dried in a "Speed-Vac" Concentrator,
reconstituted into 0.05 nl of 60% acetonitrile in Solvent C and adjusted to
02 M sodi um phosphate buffer, pH 7.2 in a total volune of 0.1 m .
Enzynobeads s
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15 and NaJ[err]l are added and the reaction is started with 0.025
[err]-Dglucose (1%in 0.2 M phosphate buffer, pH 7.2). After 15
mn the mxture is transferred to a conditioned (as instructed by
the manufacturer) 5 m-Cerr] W- SPE cartridge (J T.Baker) and
washed with 25 m of Solvent C. Bound material is eluted with 3 x
0.8 M of 60% acetonitrile in Sol vent J'njected 20 in 1

M -aliquots onto an equilibrated (100% SOl vent C) Bakerbond C[err]-WP
HPLC colum (4.6 x 100 nmJ T Baker). Bound material is eluted with a
gradient of 1% mn acetonitrile in solvent C over 60 mn., and fractions
are collected every mnute into tubes (Nunc inmunotubes, Mdos,
Victoria, Australia) .containing 10 [err] oval bumi n (OVA) and then
freeze dried. Aliquots 25 (0.01 m) of individual fractions aspXounted
in aferr]-counter (LKB) and anal ysed by SDS-Tricine PAGE

aut or adi ography to confirmthe nol ecul ar wei ght of the Q

radi ol abel | ed protein. [err]1-CP10 is stored in aliquots of approkJ 4

x 10[err] cpmin the presence of 0. 01 ng OVAin 0.15 MNaC, 0.0&N Tris

pH: 7.2 (TBS) at -80 [err]C. 30
27 Step 4.1.2. Assessnent of protelytic activity of [errl%PlO
a
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Radi oi odi nated CP10 in the presence of oval bum n is anal ysed for

proteolytic - activity by SE. HPLC and SDS- Tri ci ne- PAGE,
silyerstaining and 5 aut or adi ogr aphy. Chronat ography and cal i bration
of the TSK 3000 SW col umm (7.5 x 300 mMm LKB) is perforned as
described in step 3.2. 4. Pri-gr injection onto the S.E. HPLC
colsumm an aliquot of [err]I-CP10 ( appg/y_? 4 x 106 cpmequiv. to
1.5% of the total preparation, step 4.171.), is adjusted to 10 40%
acetonitrile in solvent C. One half of this sanple is injected onto the
HPLC colum after 2 h at r/t, the eluate is collected nmanually acc ing to
t he absorbance at 214 nm and radi oactivity of the |oad and individ
fractions guantitated in a [err]-counter. 15 Gel sanpiy

buffer, (0.05 mM/0.05 MTris, 4% SDS, 12% [w v] glycerol, 0.002% ;<=
br onophenol blue, pH 6.8) is added to the second half of the sanpl u.and to
i ndi vidual fractions and the volunme is reduced to 0.05 ml in a Speed-Vac

concentrator. The sanples are adjusted to 5% [ ecy ] -eaer capt oet kanoleoand
incubated for 1 h at 56 C prior to el ectrophoregls cordi ng [ Sépagger |
and 20 von Jagow (35). Mol ecul ar @i mar ker ROot &ns (14.4
- 90.0 kD, 2.6 - 17.2 kD; Pharnaci a) alktl QA (subj ect&d tm SE.
HPLC under the same conditions as described m o above) ang | qaded i
parall el |anes onta the sanme gel. After el ectroghorssis Vo) %e gel {is
sil verstai ned and aut oradi ographed for 55 h using a Kodak-X-
Omatfilm - — < 9
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Anal ysis on S.E. HPLC reveals three peaks w th apparent nol ecul ar weights

of . 1:15kD, 11:12.5kD, 111:11.5kD containing 1:22.8% 11:21.5% and
[11:6.8% of the 30 i njected radioactivity. No absorbance is seen in the
el™ution position of oval bum n. Analysis of peak | on SDS-Tricine
PACGE shows a single band at 44 Kk silverstain and a single band
at 10 kD by aut or adi ography. Peak Il a
28 I1l reveal multiple bands rahging from67 - 2.6 kD by
silverstaining; only mnor bands at 44 kD are visible, the
equi val ent fraction not subjected to size excl usion reveal bands
ranging from90 - 14.5 kd with a predom nant band in the position
of oval bumn. 5. Quantitation of autoradi ography of this | ane
usi ng a Hoefer GS-300 Scanning Densi toneter (Hoefer Scientific
I nstrunents, San Francisco, Ca) and a GS-370 Data System for the
I ntegration of pepks reveals 18. 7% of the radi oactivity (gaussi an
i ntegration of pejpk ar®en) the mgreti a@ positi onaof eP10 ahd 10
11.7%in the nigrptiongof VA The prgdorfnant radi @ctg_yity  52.5% is
associated wi th bpnds wangeng from3Qtost4.4 kD. o =
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The di stribution of

peak 11

associated with the 15

radi oactive bands is simlar

in the | ane | oaded with

fromthe S.E. HPLC. 13.1% and 6% of the radioactivity is

t e major portion is
from 30-14.4 kD. Al though there is
el ution position of proteins on S E.

SDS- Tri ci ne PAGE,

positions of CP-10 and OVA respectively,
di stributed over the.nolecul ar wei ght

5?(a_and

these results indicate degradation of

presence of [err]l-CP-10. 20
EXAMPLE 2

Triplicate sanples (i n. RPM 1640 and 0. 1% serum al bum n) to be tes&

a di screpancy between the
band pattern on

Met hod of chenot axi s neasurenent.

25 pipetted into the lowwells of a Neuro Probe 48 well
m cr o- chenot axi s

i

D

I

[ N
K VG V A S

I

D

chamber (Neuro Probe Inc.

!

Y

MD, USA)

in a

OVA i

whi |l e
range

n the

_ﬂ.e

-

vol . of approx. 25[err]. Wells are covered with a Nuclep
menbrane|(PVP free, 5[err]) and upper chanbers filled with cel
suspensi pn (12. 5810[err] cef sg 50[err] RPM®1640 < < conte niag
0. 1% al bymi n)a. Charbers are ancyiated for \ari @s timesg30 & depghdi@ on
the cell$ beﬂg? t&ted (90 mih. Xor neutrophki | & 3hr fou = U =
macr ophages) 3 Cin an aghnsﬁhere of 59%FCOMerr] in &r.enbrafes & e
renoved And varpedadree of exeessocells on tdhe ‘esel | " sige of_the ngybrgpe.
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214 TTCAGAGAATTGGACATCAATAGTGACAATGCAATTAACTTCG

219 TTCAAAGAGTTGGATATCAACACT

F K B L
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L

I

L

269 CCTCATTCTGGTGATAAAGATGGGCGTGGCAGCCCACAAAAAAAGCCATG

264 CCTTGCGATGGTGATAAAAGTGGGTGTGGCATCTCACA. ...
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319 AAGAAAGCCACAAAGAGTAGCTGAGTTACTGGGCCCAGAGGCTGGG

302 AAGACAGCCACAAGGAGTAGCAGAGCTTCTGG..CCTA

369 TGGACATGTACCTGCAGAATAATAAAGTCATCAAT.ACCTCAAAAAAAAA &

. 350 TGGATATGT.

398 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGAATTC. .......

418 A..



29 OellsT rﬁeet in et hanol and stained with Wight's stain or

Coonassi e bl ue. ‘E menbranes are placed on m croscope

slides and held | n a thin layer of mcroscopic

i irersion oil. grated t jr ough t he pores of the

menbr ane are quantltat ed by rreasurl ng t / | cell area 5 per 5
tem Alternatively the

m croscope flézl ds using an | nage Anal y
nunber of cel igrated/5 fields is counted manual ly. The chenot ep
activity was tested in the followi ng cell types: nobuse macrophageg and

neut rophi |l s; humgn neutrophils and nononucl ear cells. 10 2.
Prepar ati on Q CH- 10 pepti de. Apsynt hetic peptide of the se(;uence
prol i ne-gl ut gﬁne- phenyl al ani ne-val i ne- —192 %

gl ut am ne- gspar agdi ne-i sol euci ne- aspar agf pe-i sol guci ne-gl utam c acifd-
aspar agl nef euci Je- phenyl anani ne- gr gi ni hp-tyrosfihe gonprising the juni qu
"hi nge" reghon _off CP-10 from am nq jaci dg| Pro[ er -g[err] was prédpared
standard 1%& O2—echni gques. A C-tgrjm n tyrosijne wds gdded so t hgt Med
coul d be d as |a radi oi qdi
acidcode-Plerr] @ F VQNI NI E
of CP-10 CP-JO[err] Test Sol ut
CP-10[ err] 7§“§tored in 35% ace
1

<

epar atizon

rer9&an
were diluteed. to . 1% BSAin RPM
bet ween 1(err]
: W\

CELLS MIGRATED PER'FI

Qg —48
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25 4. Preparation of nurine macrophages. Muri ne macr ophages

are elicited by ip injection of thioglycollate broth 3 days before
harvesting by peritoneal |avage and cells are tested in chenotaxis assays
as®outlined above. Alternatively, a nmurine nonocytoid cell line, WEH 265,
grown in continuous cell culture can 5? 7§¥ as effector cells. 30
30, 5. Measur enent of Vasc r d Der mat ol ogi cal Changes in Rat
Ski n. Purified CP-10 and CP-10[err] were injected subcutaneously
into Sprague- oozgamdey rats. Small sections q% skin fromtreated rats
were renoved and . | t ' S GeP) am nation after fixing
and staining with 5 JM@B%@?@&?ﬂiégﬁgbgiﬁ.ﬁg E§KF
RESULTS Ef fect on murine cells. Full length CP-10
was chenotactic for nmousje neutrophils to 10[err]Mwth
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10 peak activity at 10[err]M (Figure 8). CP-10[ err]
was chenotactic for nouse neutrophils to 10[err]Mw th peak

activity at 10[err]M 15 Full length CP-10 was found to be
chenotactic for nurine nmacrophages to 10[err]Mw th peak activity
between 10[err]-10[err]M CP-1042.55 tactic for murine
macr ophages with peak activity at 10[e _?) - Ef fect on human
cells. 20 Full length CP-10 was found to be chenptactic to hunman
bl ood neutrophils to at |east a concentration of 10[err]M Peak
activity was at 10[err]M CP-10[err] was chenotactic for
human bl ood neutrophils to at | east a concentration of 10[err]M
Peak activity was at 10[err]M 25 Full length CP-10 was
found to be chenotactic for human peri pheral bl ood nononucl ear
cells to at | east a concentration of 10[err]M Peak activity was
not determ ned. 30 CP-10[err] was found to be chenotactic for
human peri pheral bl ood nononucl ear cells to a concentration of at
| east 10[err]M Peak activity was not O (om o
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31 determ ned. (A conparison of the activities of full |ength
CP-10 and CP-10[err] on human and nouse cells is shown in Figure
9.) Determ nation of full |ength cDNA sequence of nurine CP-10 5
The cDNA sequence of nmurine CP-10 is given in Fig.la. The nCP10

cDNA was derived froma Sepharose- 60593 ﬁ in A-activated spleen cell

|'i brary prepared using cells fromA/ The nCP10 cDNA
isolate is a [err]gtl O reconbinant with a 430bp EcoRl 10 i nsert The
insert was subcloned in both orientations into the 2. 7kb vector

pUC119 to yield reconbi nants 10/ pUC119 (nCP10 cDNA 3' to 5 wth respect

to universal sequencing prinmer) and 12/ pUC 119 (nCP10 cDNA 5" to 3" wth
respect to universal sequencing priner). The DNA sequence of nCP-10 was

det erni ned on bot h0d6rpnds. 15 The cDNA sequencg—d@0CP-10 is
given (Fig.la) togethef wth hunman MRP8 for conparison.f These

prot éi ns show 69. 6% hopol ogy at the DNA I
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| evel . The full length ani no aci d sequence of CP-10 is given as 20 P
I VYHNYSNerr] |l QGNHHALYKerr] N

SELEKALSN err] L D

D FKKM VTTE[err]CP Q- VQ N IN [err] ENLFRE LD INSD N err] A-1-NF E
E¥[err] LAMVIK VGV [err]S HKD SH K E[err] The am no
aci d sequence deduced fromthe cDNA s e isin full 25 agr eenment

W th sequence pro[err]-lys[err] obtai b m no acid sequenci ng of the

N-term nal, trypic and cyanogen bron de “pepti de fragments derived from
purified CP-10. Sequence val[err]-glu[err] representing the C-term nal end
of the nol ecul e i s new data obtai ned by cDNA sequenci ng. 30

Thus CP-10 is an 88 amno acid protein with a cal cul ated mass of

10, 163D. Isoelectric point as determ ned by conputer analysis of am no acid
sequence was 5.5. In addition to the am no acid sequence differences

bet ween , 32
nCP- 10 and hI\/RPSgtﬁhe ePNAsequences g@eal an @lignnent gap in the[%
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10 sequence bhetween his[err] and |ys[err] when conpared with the MRP8 am no
aci d sequence: 5 nCP- 10 -ASHJ[err]**** Klerr] DSHKE

hVRP8 -AAH [err]K K S H E [err] ESHKE MRP8 has an
additional 4 am no acids (12 base pairs),not present in CP-10. (see
Fig.la). 10 Vascul ar and dernﬁf?b/( | changes in rat skin.

Exam nati on of m croscopic sections ‘of/r skin follow ng adm ni stration

of full length CP-10 or peptide corresponding to CP-10[err] reveal ed
accunul ati on of neutrophils and increased vascul ar perneability revealing
t he potent chenotactic activity of these peptides. Native CP-10
i nduced a 15 response over 24hr which conprised neutrophils and
nononucl ear cells and was simlar to that of a del ayed-type
hypersensitivity reaction. CP-10[err] i nduced a shorter-1lived
response which was optimal after 6-8hr indicating differences in
the abilities of these agents to attract phagocytic cells in viva 20
EXAMPLE 3 Expressi on of Reconbi nant CP-10
CP-10 has been overexpressed in E.coli using the pGEX expression

system (40). Two different CP-10 overexpression constructs have been 25

produced: @#52 co§t al20s the CP-10 coding region cloned into the BamHI
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site of pGEX-2T;, pCP1l0 contains a Factor Xa cl eavage site followed by the
CP-10 coding region cloned into the Eco Rl site of pGEX-IN Both constructs
have been verified by doubl e-stranded DNA sequenci ng. 30 The
| ewel of CP-10 overexpression in this 312 S been eval uated by
purifying fusion proteins fromcrude ¢ r | ysates by affinity

clir omat ogr aphy on i | | ised glutathione and anal ysed usi ng SDS- PACE in
33 - accordance tth the manufacturer's directions (G utagene, Trade
Mar k of AN%Déﬁo_rpor ationfimted). Figure 10 shows expression of
these fusion =3 Protiei ns as | ows: 5 | ane 1:

affinity purified x[dr essed ffrory pGEX-IN,; | ane 2:
affinity purified ~Xa-|nCP10 f pisi on\ prot & n expressed

f r om pCP10; W 4p-] lanefs: af fihixy purified GST@pressed from
pGEX- 2T; 3 llane 4 ify purified GST-T-BP10 fusion

protein expressed | f\rom pCP12. £ i
estimated that the% éod of t s proteins i sF:]ggA
“ \S
=
&
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cul ture. The GST/CP-10 fusion protein containing the thrombin cleavage site

has been successfully cleaved with thronbin to release r-CP-10 and will be
purified fromcl eavage products by nmethods simlar to those described
abeve. 34 REFERENCES: 1
Snyderman R, Pike M., Ann. Rev. Imunol._1:, 257, 1984 2. Ryan, GB, Majno
JZ- Am J. Pathol 86: 185, 1977 3. j%zg Ceram A, Faseb J. 3: 2565,
1989 4. Ward PA, Renold HG David JR; | munol . 1: 162, 1970 5. -
Altman LC, Kirchner H, I mrunol ogy 26: 393, 1974 6. Postl ethwaite A,
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1oss " Capprostmarely 10kD. The peptide of the present invention has Shemotactic activite
CLAI M5 DEFIfyf ﬁ&%ﬂ%&%ﬁc&ha&% or other mammalian cells and also has
5 apparent proteolytic activity which appears to play arole in loukocyte chemotaxis.

The peptide of this invention is referred to herein as chemotactic protein CP-

10. It is to be understood, however, that the present invention extends to all

analogues, mutants, fragments, derivatives, and functional homologues of CP-10

having the functionality of CP-10, and to CP-10 molecules from all mammals such

10 as from mice, humans and livestock animals. Use, therefore, of the term “CP-10" is

meant to encompass all such forms of the molecule including single or multiple
deletions, substitutions and/or insertions of associated ‘molecules such " as
carbohydrates, lipids or other peptides. All CP-10 molecules and analogues,
15 derivatives, mutants, fragments and/or functional homologues théreof may be
prepared by recombinant or chemical synthesis or may be naturally occurring.

The term "functionality of CP-10" as used herein refers to one or more of the
biological properties of chemotactic protein CP-10 as descnbed hereln, including but
not limited to chemotactic activity.

20 The purification of CP-10 from a MPIF preparaﬁoxi,' “axid'iirparcicular the
'purification of murine CP-10 from a murine MPIF preparation, is desciibed in detail
herein. In general terms, a solution containing the chemotacnc factor may be
purified by chromatography and affinity procedures and the desired compound
isolated and, if required, fragments or- derivatives pr\.pared therefrom “The

25 chemotactic peptide of this aspect of the invention may be purified from any solution
containing the peptide, including cell-extracts, pre-burified_ cell ‘extract, cell
supernatant or culture filtrate of stimulated lymphoid cells or other mammalian cells
or of permanent cell lines. The purification procedires used may in general be
selected from ion exchange chromatography, “hydrophobic interaction

30 chromatography, gel filtration chromatography, reversed phase chromatography or
affinity chromatography employing heparin, Cu?*, Zn** or antibodies to CP-10, or
any. . S R
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1. . The chenmptactic protein CP-10, in essentially pure form said protein
belng of mammalian origin, having an apparent nol ecul ar wei ght of.
approxi mately 10 kD 5 and having chenotactic activity for neutrophils,
nonocyt es/ macr ophages and/ or ot her mammal i an cells, or an anal ogue,
mutant, fragnent, derivative or functional honDIogue of CP-10 having
the functionality of CP-10. 2. A Product of claim1, which is of
nouse, human or I|vestock gﬁlnal ori of ¢glaim1l,

whi ch conpr | SEPIess Fhxamigd m@mmgyﬁebxgea@ﬁi@ recept%fobm_ g. Binding
Pro-Ser-G u-beichit hySi! fedeptrShodlaNblCttid ItigfSP fiR! b elhibs AddpditdesSe"

Asn- | | e- G n- fddudisg cHemdtzis Al a- Leu- Tyr - Lys- Asn- Asp- Phe- Lys- Lys- Met - Val - Thr

Thr - G u- Cys- Pro-Qd n-Phe-Val -d n-Asn-11e-Asn-11 e-Q3 u- Asn- Leu- Phe- Arg- d u- Leu

- 15 furth th t invention, ther ided a
Asp- Ie5Asn Ser - Asp- As- Ai'an Ial e- Aserl{ EEH é)f S rPﬁg 1I_nevu Al a- Mgte\]/%Prcl)‘lqe Lys Vv
al - -d yplvan‘mmtmt@al bbmpbymoﬁs pe(m]mﬂng Q&lﬂ; Lproram nasategoe,u aputant,

nmut ant, frag L vative, or .functjong nmo ue, t-hereof. havi ng
the functi ongE ragmen for (99"!6“"8 thereof, paving ﬁ" f‘lﬁ‘&ﬂ%‘?a g‘f J(:?’% ﬁ? or apAntigedy ody ,
conprises or th&‘“ewdﬁ%s&&lﬁatﬁﬂ%ﬁﬁ%epha?rﬁaceuﬂcally acceptable carrier or diluent. The
Pro-d n- Phe-Val -d n-Asn-11e-Asn-11 e-d u- Asn- Leu- Phe- Ar% -Tyr) or _an

Al

anal ogues,  activecompenent gfgsushia pharmgsgytical GRMARQSHion 1B of HBH‘FEP Siber Per eof

havi ng the f upeilb@dnh tNatural soltbesThr BE-prepared bygbyntheﬁcpérofyéﬁfhthﬁ |DNI$ a
horo- &Pmer conprising two CP-10 noieties as claimed 25 in any of claims 1

to 4 bound t dgenniaves: hAdtibedies maytke pispated| by kapwn HPfF*dweéraso?es""bed in
non-coval ent HLod} BGail hereinafter.

Cystic fibrosis (C.F.) is the most common lethal genetic syndrome
15 among white children and is also the cause of much of the chronic progressive
"’ pulmonary disease encountered in children. Early features of lung disease in
CF. are of an inflammatory nature and are non-infective. The majority of

cells infiltratiﬁg the lung are PMNs and many appear to be dead or .
degenerating. C.F. antiéen comprises about 20% of the total cytoplasmic
20 protein of neutrophils and is responsible for calcium binding to yield the
typical turbidity characteristic of C.F. saliva. C.F. antigen (MRP8, 14) is also
present in inflammatory macrophages. The function of these proteins is
unclear although they may be involved in the killing of pathogens. CP-10 may

be involved in recruitment and activation of PMNs in the lung in CF.

25
Furthermore, it has been suggested that the inflammatory lung
disease, critical in patients with cystic fibrosis, may be mediated by proteases.
These patients have low levels of serum protease inhibitors (indicating binding
with active proteases) and tissue damage similar to that believed to occur in
30 lungs of patients with emphysema by proteolytic enzymes, is proposed (33).
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6. - A product V\/mch s a hetero d| mer corrprlsmg a CP-10 noiety as clained .
in° any of clains 1 to 4 bound to a heterol ogous peptide through an
fFnternmol ecular S-S 30 bridge or by non-coval ent bi ndi ng.

37 7. - Aproduct of claim5 or claim®6 wherein the, or each, CP-10 nvoiety
has or includes the am no acid sequence sdQ out in claim3 or claimA4. 8.
An anti body or antagonist to a product of any of clains 1 to 7, or -a
fragment thereof.  Accordimgiynin mwyobthelmbm&ummm of @PpHDydllemrzdutlc

antibody.  10:er AkANP 18! 15 Bhalbfies"Bt Cpird 8B Bifbe e BN
protease, by specific protease inhibitors or by antibodies to CP-10 or to the

active site may be possible. These reagents may be useful, not only to control
5 inflammation and tissue damage in inflammatory conditions, but also in cystic

fibrosis and emphysema.

As broadly described above, the present invention extends to

analogues, mutants, fragments and derivatives of CP-10 having the functionality of
10 (;P-1 0. Suitable analogues include chemically modified CP-10-like peptides, and the
term “analogues” is used herein to include any functional chemical equivalent of CP-
10 or fragments thereof which has CP-10-like propert_i_es_ _and_ activ_ity. Analo_gue_s___
céaféljplated herein include, but are not limited to modifications to side
chains, incorporation of non-natural amino acids and/or their derivatives
15 during peptide synthesis, and the use of cross-linkers or other conformational
constraints during synthesis. Suitable mutants include, for example, mutants of
the murine CP-10 sequence set out above or the human or other mammalian
equivalent thereof, in which single or multiple amino acids are added or
deleted or replaced by different amino acids. Fragments of CP-10 include, for
20 example, fragments of the murine CP-10 sequence. set out above or the human
or other mammalian equivalent thereof, comprising at least 10 and preferably
at least 20 consecutive amino acids. Particularly preferred fragments are those
based on or corresponding to the amino acid "hinge" or "variant" region of the
murine CP-10 sequence between amino acids Pro® and Arg™. Derivatives of
25 CP-10 include, for example, derivatives of the murine CP-10 sequence set out
above or the human or other mammalian equivalent thereof, wherein amino
and/or hydroxyl functions are glycosylated.

The present invention further extends to homo- and hetero-dimers of

30 - CP-10 wherein the two CP-10 moieties or one CP-10 moiety and a
heterologous peptide are bound together, for example through an
intermolecular S-S bridge or by non-covalent binding. Once again, the CP-10

This sdgtheerepidcenetsbest:
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11. . A pharnmaceutical conposition conprising a product of any of:clains 1
to 7, or an antibody or antagonist of any of clains 8 to 10, in association
with a pharnmaceutically acceptable carrier or diluent. - 12. -Use of a
product of any of clains 1 to 7, or an antibody or antagonist of_ any of
clains 8 to 10, for the alteration of the inflammtory capacity or '
nmet abol i sm of mammal i an cel | s. 13. Use of a product of any of clains 1
to 7, or an antibody or antagonist of any_ of clainms 8 to 10, in the control
of inflamrati on and/ or tissue damage in i M rammat ory conditions, cystic
fibrosis or enphysena. 14. Use according to claim 13, wherein sai
i nf | ammat i otthe basisof hwwsaﬁmmed@pp@cﬂglg@pm Prerares) from the B‘r‘l‘.,".m&rdc%y
aut onmune di,gease. 15. . e of an ant.i r | il oe"
claims 8 tolP§eapence, tpérqu“éuﬁx ﬁs?maﬁlﬁ_a?c‘i‘g%ﬁ?“%?taﬁ”o% tqggﬁ%éf%&g%i ter tHo
. proteol yti Cr@%hh?éb&ﬁeﬁ’ée Shmtfine (CP-20 2k B¥sceBedhebsing Frepartayion of umtapCRAY
or as a diagnostic ‘reagent to detect CP-10 in body fluid, mammal, zaﬁ cegl
cul tures or byiresombireaitDNA techniques using DNA from such positive clones is described

5 above.

Comparative testing of the chemotactic activil:y of fuil iength' murine CP-10
and a peptide corresponding to the "hinge" region of CP-10 (CP-10,,.5;) has revealed
that the smaller peptide has similar chemotactic poténcf to full CP-10. =

10 _

Accordingly a further aspect of the invention relates to a chemotactic peptide
of amino acid sequence Pro-Gln-Phe-Val-Gln-Asn-Ile-Asn-Ile-Glu-Asn-Leu-Phe-
Arg(-Tyr) and analogues, derivatives, functional homologues, miutants or fragments
thereof having the functionaliiy of CP-10. This peptide has chemotactic activity 'fé'x-' o

15 npeutrophils, monocytes/macrophages or other mammalian cells.

~ The following Examples and accompanying drawings illustrate the steps and
procedures used in the purification and charactérisation of murine CP-10 in

accordance with this invention. In the drawings: -

i1

Fig. 1is a comparison of amino acid sequences of CP-10 and various S-100 proteins.

Alignment of the amino acid sequences (single letter amino acid code) was
achieved by introducing a minimal number of short gaps into ‘individual sequénces.
25 Conserved regions between at least three of the S-100 prdfe'iﬁs are boxed. Regions
of absolute sirﬁilarity are shaded. Regions typical for calcium binding domains of S-
100 protéins (position 19-32 and 62-73) and the N-terminus are highly conserved in
all S-100 proteins (22). c
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- 38 - 16. A proecess—for—the preparation of "a"prodict "of "¢laimi1, in

essentially pure for hch conmprises purification of a CP-10 _
cont ai ni ng mat e\mm“mr“ ﬂi‘\‘ mat ogr aphy and/or affinity procedures. 5
_17. A process NRRRO. s ein the CP-10 containing material is .

sel ected from * fell extracts, pre-purified cell extracts, cell
supernatant or culture filtrate of st36mul at ed | ynphoid cells or other
manmal i an cells or of permanent cell |ines. 18. A DNA sequence
codi ng for aTHEWCHAIMSDEFANING THE INVENPIONAAREAASEROELOGWSedi ng- for a
conpound having or including the am no acid sequence:
Pro- Ser-d u- Leu-d u-Lys- Al a- Leu- Ser-Asn-Leu- 11 e-Asp-Val - Tyr-Hi s- Asn- Tyr - Ser
ASQ 5' e G n-{3y- Apfje @ mideSaddd protein 51“-&0} ?ﬁseﬁg‘éﬁﬁﬁfjppmefo%f s!{i\‘lsp%éin\@éing hr
Thr - d u- Cys- afdnial I Rﬁgm I -2 BBfoxdn -
Asp- 11| e- Asn-‘g(’a@- Asp- gﬁgﬁoﬁ\'@g P?Qﬁgsaha% e-d lﬁf}%eﬁiflg{]g?i@éﬁ%'ag?%t - %ﬁ??gys
- Val - S d andvhhvingachemotiactic lagtivity forsacuttophils; anenocytes/macroptiaggs aand/or
T T AURD enqremafiSh Ui of%n Bhalblls OB, AZERLATURAVRRISS! liNiold

homologue of CP-10 having the functionality of CP-10.

2. A product of claim 1, which is of mouse, human or livestock animal origin.
10 e
3. A product of claim 1, which comprises or includes the amino acid sequence:
Pro-Ser-Glu-Leu-Glu-Lys-Ala-Leu-Ser-Asn-Leu-Tle-Asp-Val-Tyr-His-Asn-Tyr-Ser-
Asn-Ile-Gln-Gly-Asn-His-His-Ala-Leu-Tyr-Lys-Asn-Asp-Phe-Lys-Lys-Met-Val-Thr-
ThrGlu-Cys-Pro-Gln-Phe-Val-Gln-Asn-IIe-Asn-Ilé-Glu-Asn:Leu-Phe-Arg-Glu-Leu-
15 Asp-I]e-Asn-SerAsp-Ash-Ala-lle-Asn-Phe-Glu-Glu-Phe-Leu“Alé-Met-Val-Ile-Lys-Vél-
Gly-Val-Ala-Ser-His-Lys-Asp-Ser-His-Lys-Glu or an" analbgué, mutant, fragment,
derivative, or functional homologue thereof having the functionality of CP-10.

4. A product of claim 1, which comprises or includes the sequence:
20 Pro-Gln-Phe-Val-Gln-Asn-Tle-Asn-Tle-Glu-Asn-Leu-Phie-Arg(*Tyr) or an analogues,
mutant, fragment derivative or functional homologue thereof having the functionality

S. A product which is a homo-dimer comprising two CP-10 moieties as claimed
25 in any of claims 1 to 4 bound together through an intermolecular S-S bridge or by
non-covalent binding. ' S '

6. A product which is a hetero-dimer comprising a CP'-iO."'rhbiéty‘ as claimed in
any of claims 1 to 4 bound to a heterologous peptide through an intermolecular S-S

« witead i,

30 bridge or by non-covalent binding.
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20 ,20. A DNA saiuence codi ng for a conpound having or including the.am no

aci d beaval l”!w’l "Il“mu“ml e- @ u- Asn- Leu- Phe- Ar g( - Tyr) or an

Pr o- d n- Phe- Val
anal ogues, mut ant , dyment *derivative or functional honologue thereof
havi ng the functionali ty of CP-10. 25 21. A DNA sequence having or
i ncl uding the CP10 nucl eotide sequence as,set out in Figure 1A a
degenerate variant thereof or a fragment 38er eof conprising at | east

nucl eoti des, 30 22. A vector co uence .of |

18t 21, o3 at fRpeess tof g diebg ARGty aveptst SHERR 15 48 mrirptidly ™

- 39 - forts, whithhC&dmphibds tﬁ&'iﬁédifdﬁedow i h @P-10Ctcontaihing anatetial by
chromatography and/or affinity procedures. -

5 17.  Aprocess of claim 16, wherein the CP-10 contalmng ‘material is selected from
cell extracts, pre-purified cell extracts, cell supcrnatant or cultnre filtrate of
stimulated lymphoid cells or other mammalian cells-or.of permanent:cell lines.

18. A DNA sequence coding for a compound of claim 1.
10 |
19. A DNA sequence coding for a compound having or including the amino acid
sequence: SRR
Pro-Ser-Glu-Leu-Glu-Lys-Ala-Leu-Ser-Asn-Leu-Tle-Asp-Val-Tyr-His-Asn-Tyr-Ser-
Asn-Tle-Gln-Gly-Asn-His-His-Ala-Leu-Tyr-Lys-Asn-Asp-Phe-Lys-Lys-Met-Val-Thr-
15 Mlu—Cys-Pro-Gln-Phe-Val-Gln-Asn-Ile-Asn-Ile-Glu-Asn—Leu—Phe-Arg-Glu—Leu-
Asp-lle-Asn-Ser-Asp-Asn-Ala-lle-Asn-Phe-Glu-Glu-Phe-Leu-Ala-Met-Val-He-Lys-Val-
Gly-Val-Ala-Ser-His-Lys-Asp-Ser-His-Lys-Glu or an andlogte, mitarit, fragment,
derivative, or functional homologue thereof having the functionality of CP-10.

20 20. A DNA sequence coding for a compound having or including the amino acid
sequence:
Pro-Gin-Phe-Val-Gin-Asn-Ile-Asn-Tle-Glu-Asn-Leu-Phe-Arg(-Tyr) or an analogues,
mutant, fragment derivative or functional homologue thereof having the functionality
of CP-10.

21. ADNA sequence having or including the CP10 nucleotide sequence as set out
in Figure 1A, a degenerate variant thereof or a fragment thereof comprising at least
15 nucleotides. | R

30 22. A vector comprising a DNA sequence of any of clalms 18 to 21, opcrauvcly
linked to an expression control sequence. '
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A proce prepar ation of a conpound of claim1, which
" preparation of a DNA sequence of any of clains
18 to m\ ‘“\“\‘ ““\) i ncorporation of said DNA sequence into a vector
wher e “¥ operatively |linked to an expression contr ol
sequen transform ng a host cell with said vector,
(d) cuI turing said host cell under conditions which all ow expression of

sai d DNA sequence, andsglD (e) isolating the
expressed pepti de. 25. Use of an isolated oligonucleotide having a
nucl eoti deygequen §stoe “‘fbﬁﬁg&qﬁqﬁg vE&o?og of the CP10 nucl eotide
sequence as set ou I gur egenerate variant thereof, as

a probe for diagnostic or analytical purposes, 15 inin situ hybrldlsatlon

or as a prinmer in anplification of nucleotide s nces by pol yner ase
‘chai n reac®fon (pg:goep%tqrn@pdgyparatlon ofn oompouné] 0? claim 1,"which comprises:

(a)  preparation of a DNA sequence of any. of claxms 18 to 21
S (b) incorporation of said DNA sequence into a vector where it is
| operatively linked to an expression control sequence,
(c) transforming a host cell with said vector, :
(d)  culturing said host cell under conditions which allow expfcssion of said
DNA sequence, and
10 - (e) isolating the expressed peptide.

25. Use of an isolated oligonucleotide having a nucleotide séquence
corresponding to a fragment of the CP10 nucleotide sequence as set out in Figure
1A, or a degenerate variant thereof, as a probe for dlagnostlc or analytlcal purposes,
15 in in situ hybridisation, or as a primer in amphﬁcatlon of nucleotlde sequences by'
polymerase chain reaction (PCR) technology. ' oo
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