RANTES PEPTI DE AND FRAGVENTS AND COVPOSI TI ONS COVPRI SI NG | T FOR TREATMENT
OF | NFLAMVRh odii7b€ present invention relates to derivativesp@QGEQMéﬁﬁ and
their uses. 5 The protein known as RANTES was originally clone y Schal
T.J. et al., (J. Imunol. 141 1018-1025 (1988)) in Krensky's | aboratory at
Stanford University School of Medicine. 17 term RANTES i s derived from

t he phrase 10 "Raised on activatio ormal T-cell derived and
secreted” (relevant letters underlined). Its expression is inducible by
antigen stinulation or nmutagen activation of T-cells. The proteinis a
menber” of the chenokine superfamly (Schall T.J., -Cytokine 3 165-183
(1991); 15 Oppenheim J.J. et al., Ann. Rev. Inmmunol. 9 617-48
(1991)). The pure protein was first identified in 1992 in platelets
(Kaneyoshi et al., J. Exp. Med. 176 587-592 (1992)). It is a potent
attractor for eosinophils, [errloT-cellg, andgl SO fg.; nonocytes. It has a
«© ~ o~ ~N

P

27 ATGAAGGTCTCCGCGGCACGCCTCGCTETCATCCTCATTGCTACTGCCCTCTCCGCTCCT
M KV S AARLAV ILTIA AT ATLTGCUH ASTP

87 GCATCTGCCTCCCCATATTCCTCGGACACCACACCCTGCTGCTTTGCCTACATTGCCCGC
A S A S PY S S DTTUPOCCT FA ATYTIA AR

147 CCACTGCCCCGTGCCCACATCAAGGAGTATTTCTACACCAGTGGCAAGTGCTCCAACCCA

P L P RAHTIIKETYT FVYTSGI KO CS SN
AV V FVTRIKNIRIUGQVYVCANTZPTETIKI KW
V R E Y INSULIEMS S *»

207 GCAGTCGTCTTTGTCACCCGAAAGAACCGCCAAGTGTGTGCCAACCCAGAGAAGAAATGG

267 GTTCGGGAGTACATCAACTCTTTGGAGATGAGCTAGG 303
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20 si xty-eight am no acid sequence. A receptor for RANTES has recently
been clonegydégi@ess). L. et al., J. Exp. Med. 177 1421-7 (199336'1‘@%}0%061'(-’
et al., Cell 72 415-25 (1993)) - and this has been shown to 25 I nd
chemokines in the rank order of potency of MP-I[err]>RANTES. The
present invention provides pol ypeptides mhigrégqe ant agoni sts of RANTES
and/or of MP-1[err]. 30 Despite the consid e interest in cytokines
generally and the work di scussed above on RANTES and RANTES receptors in
particular, prior to the present invention there has been no discl osure .of
t he above antagoni sts or 35 of the possible utilities of such

ant agoni st s. 2 According to the present invention there is provided a
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pol ypepti de havi ng substantial am no acid sequence honol ogy with RANTES and
functi oni ngweepRe@Nt agoni st to RANTES and/or MP-1[err] in %&o@g one
or nore of the followng: (a) the chenptaxis of THP-1 cells in resp Le to
RANTES and/or in response to MP-I[err]; (b) the nobilisation of calcium

lons in THP-1 cells 10 due to the presence of RANTES and/ or
due to the presence of MP-1[err]; and&/:)n t he bi ndi ng of RANTES and/or of
M P-1a to receptors of THP-1 cells. 15 The pol ypepti des provided by the

present invention are useful in fm@'& gar acterising RANTES and its
effects - for exanple in studying SWnduced chenotaxi s, nobilisation

of calciumions and receptor binding. They are also useful in the

characterisation of the binding of %O RANTES to i tsg!r)q]ece tors.  They
o A e IS LT R o
7 to ), rted between the Pvull and the

Clal sites of pT7-5. Unique restriction sites for
ereation of fusion proteins (after filling in 5 ends) are:
Frame O : EcoRl
Frame 1 : Ndel, Smal, Clal
Frame 2 : BamHI, Sall, HindIIT
SaclI Site of original polylinker removed by deletion.
Note the additional Xbal site upstream of start codon.

CGATTCGAACTTCTCGATTCGAACTTCTGATAGACTTCG.

malaargﬂel

CCACAACGGTTTCCOTOTAGAAATAATTTTGTTYAACTTTAAGAAGGAGATATAGAT §1G GOT AGA ATT]
. : rbs Ndel

BeoRI

arg ala arg gy ser ser arg val asp leu gln pro s leu e te asp...

cac aoc daa aea 1do Tor AdA 61C G4 e cAG 00C AAG O ATC ATC daT .. 22072
Smal BamHI Xbal Sall Psil HindIIx Clax
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are believed to be useful in the treatment of various 25 di seases, as
w || be discussed later. A preferred polypeptide of the presepi)gponeiaki on
acts as an W%HdMSst to RANTES and/or to MP-1[err] due to the presence of
one or nore N-term nal am no acids (which are 30 not present at the
correspondi ng position in RANTES and which ,c therefore be regarded as
additional N-termnal amino acids relati ve[tzrhhose present at the
N-term nus of RANTES). These N-term nal am no acids are preferably
naturally occurring (L-) am no acids (which can be 35 i ncor porated by
usi ng r.econbi nant DNA techni ques or by 3 peptide fusion techniques).
However non-naturally occurring amno acids (e.g. D-amno acids) nay be
used. These may be incorporated by using chem cal synthesis techniques.

FIG. 4

CC Chemokines induce chemotaxis
in THP-1 celis.

12

T

-~ MCP-1
Mip-1a
-4 RANTES

10

1

T
L 1 1

Chemotaxis index
[e)]

o k - , ¢ omd ol § o
105 104 102 102 10 10° 10' 102 103
[Chemokine] {(nM)

EC,, (M)
MCP -1 1
MiP-1a 0.2
RANTES 0.68
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5 There may be only one such additional am no acid, in which case it may be
Leuci ne or Mtwoposires for exanple. Such pol ypeptides can be prﬂ%&ﬁgﬂﬁyﬂ
any suitable techniques (e.g. by using gene cloning techni ques,

chem cal synthesis, etc.). I n one enbodi nent of the present invention
they are prepared by providing a |arger Vygfptide conprising a desired
sequence and then using enzynmatic cleavagg t o' produce a pol ypepti de

consi sting of the desired sequence. 15 The pol ypepti des of the present

i nvention may conprise nore than one additional N-term nal am no acids e.g.
they may include up to five, up to t upe£o0 twenty additional am no
aci ds. I n some cases over twenty ZSF:rCSad tional N-term nal am no acids
may be present. Again, any suitable techniques can be used to prepare such
pol ypepti des. 25 The various aspects of the present invention will now
be

Inhibition of Chemokine induced Chemotaxis
by Met-Rantes (GR 231774)

100

response (%)
S 8
™

H
o

20

10¢ t0* 102 10" 10° 10' 10*¢ 10°

{Met-RANTES] (nM)
[Agonist] = 5 x EC,,
IC,, (nM)
o Mip-ta 0.49
® RANTES 8.18
O MCP-1 T
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di scussed in further detail below. The present inventors have discovered
that using an E 4 expression systemi ntended to express RAPHEsvsiosa 30
fogmcorres ?ﬁ‘r?&‘ o mature human RANTES (i.e. with the signal sequence
renmoved) a pol ypeptide was expressed i n whi ch an additional N-term nal

met hi oni ne was present (this was not cleaved fia t he remai ni ng sequence by
endogenous E. coli proteases). It was surpriss g]ly found 35 that the
presence of this additional amno acid 4 substantially changed

the characteristics of the polypeptide relative to those of RANTES.
The nethionyl ated pol ypeptide (referred to herein as nethionylated
RANTES or Met-RANTES) was found to act asFlG) ?gant agoni st of RANTES and
of MP-I[err] in various assays and was n to have any
substantial agoni st

CC Chemokines induce Calcium
flux in THP-1 celis.

400 SR BRI SN SR f ngmrmﬂnrrrr'
300 -

L
200

@ RANTES| _

Calcium flux (nM)

100
O Mip-1a |
0 purstod opesuel gt 411
102 10" 10° 10' 16* 10° 10*
[Chemokine] (nM)
EC,, (nM)
Mip-1c 4.6
RANTES 13.21
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éctivity. It should be appreciated that in many cases where N- 10

t er m nal n&t(fy’@ ation occurs in E. coli, it nakes |ittl e pefydudsorsst
di fference 8Iypeptide's properties or results in it nmerely having

reduced levels of its previous biological activity. It was therefore
totally unexpected that N-term nal nethionzVaTion would in the 15 case
of the present invention actually restl’'t®’in antagonistic activity. In

order to determ ne whether or not this effect was limted to the present of
an N-term nal nethionine, 20 anot her pol ypepti de was produced, in which
the N-term nal nethionine was replaced with an N-term nal Leucine. Again,
this was found to act as an antagoni st of RANTES, as was a further

pol ypeptide in which the N-term nal naz?' i was replaced with an
N-termnal Qutamne. 25 In a preferre UE;Lnﬁhe pol ypepti de of the
present invention has the sequence: .

Inhibition of RANTES induced Calcium flux in THP-1
cells by Met-RANTES

100 T nnumr;Tan—rnnm—TTnmrﬂWﬂmr

response (%)

- . A
o Ltuumt rovesd ovyeond ossoo .;1umL_LLun£’
102 10" 10° t0' 10° 10° 10¢

[Met-RANTES] (nM)

RANTES at 5 x EC ., concentration
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(i) MSPYSSDT TPCCFAYI AR PLPRAHI KEY FYTSGKCSNP AVVFVTRKNR QVCANPEKKW

VREYI NSLEM S (sonetines referred to 30 herein as " «ﬁéﬂ&&?n)
¢ii) LSPYS¥BP PEEFAYI AR PLPRAHI KEY FYTSGKCSNP AVWFVTRKNR Cgﬁk 1
VREY! NSLEM S (sometinmes referred to herein as "Leu-RANTES') 35 (i)

QSPYSSDT TPCCFAYI AR PLPRAHI KEY FYTSGKCSNP AV& -FKNR QVCANPEKKW VREY| NSLEM
S (sonetines referred to 5 herei ®Mfas! "d n- RANTES") or has a
sequence which is substantially honol ogous with any of the above sequences.
The pol ypeptide may be in a glycosylated or unglycosylated form 10 The
term "substantially honol ogous” when used herein includes am no acid

sequences having at |east 40% 50%
FIG. 8

Competion of '*I-RANTES binding to THP-1 cells by

Met-RANTES (GR 231774)
BRI UL ERETI By e R mm e e
100 [ i
o .
5 80 -
£ - .
o - -
32 i .
60 |- i

40 Lo Cod v ool v o 1
10° 10° 10" 10° 10' 10 10° 10°

[Met-RANTES] (nM)

IC;, = 25 +/- 1.2 nM (n = 4 experiments)

['*IJRANTES at 0.4 nM
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éO%; 70% 80% 90% 95% or 99% sequence honol ogy with the given sequence

(in order of preference). This termcan 15 i ncl ude, but j t | imted
£0, anino g@?gvggﬁhences having from1 to 20, from1 to 10 d%ﬁﬁﬁﬁﬁpfkgg 5
single amno acid deletions, insertions or substitutions relative to a
gi ven sequence - provided that the reiﬂltﬂnt pol ypepti de acts as an

ant agoni st to RANTES or 20 to MP {e r]. The pol ypeptide nmay be in
substantially pure form It may be isolated fromnaturally occurring

pol ypeptides. 25 It should be noted that it is well known in the art

that certain amno acids can be replaced with others resulting .in no
substanti al change in the properties of a polypeptide. Such possibilities
are within the scope of the present invention. 30 It should al so be noted
that deletions or insertions of ami no acids can often be nmade which do not
substantially change the properties of a pol ypepti de. The present

FIG. S

Antagonism of RANTES induced chemotaxis by
Leu-RANTES

5
x 4
)
©
£
0
5 3
‘(g
O
=
L 2
O

1

0.1 1 10 100 1000

[Leu-RANTES] nM
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4

i nvention includes such deletions or insertions (which 35 may -"be, for

exanple u 20 or 50% of the |length of 6 the specific antagonists
sequence QYégﬂ}gg%ve). The present invention al so i ncl udeRCHFBYYA861; S

scope fusion proteins in which the polypeptides of the present

invention are fused to another noiety. Thi be done, +« for exanple,
for the purpose of labelling or for a nedﬂé/ﬁaf pur pose. The pr esent
inventors have denonstrated that a polypeptide of the present

i nvention can act as an 10 antagoni st to the effects of RANTES or of
M P-1[err] in chenmpotaxis, calciumnobilisation and receptor binding in
THP-1 cells (a nmonocytic cell line). These cells are avail able from ATCC

(American Tissue Culture Collection) and act as a good nodel system for

FIG. 10

Antagonism of RANTES induced chemotaxis of
THP-1 cells by Glutamine-RANTES (Q-RANTES)

Chemotaxis index

102 10 100 101 102 103

[Q-RANTES] (nM)
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v Q‘..."‘
15 because they show cal ci um responses and chenotactic res%gses to
1. The

RANTES and gl éerr] as well as other chenokines such as
pol ypept i de WO o act as an antagoni st of RANTES or of M PCTAGBS5#285n
chenot axis, cal cium nobilisation and receptor binding in these ells. 20
MP-1[err] was originally identified a rt of a Macrophage I‘fl arrmatory
Pol ypepti de fraction (which was split f}fa M P-3[err] and [err]) (haru, -

et al., J Biochem 99: 885-894 (1988). Sippel, PFet al., J €rmunol
142:1582- 1590 (1989)). | T7ShROMOTERDt actic acti gAwTREWar ds *T-cel | s 25
and nonocyt es. It hasmalSO-DEE to be apotent T nhibitor of stem
cell proliferation. Based BP¥AL(3Ede EBAL (PR i FINRIH&RSS3ved t hat t he
pol ypeptides of the present-inventic 3 rhedQf Lt INQW(&@) i n bl ocking
the effects of RANTESCHAHIZTESMP s ReTeX8oR(348)0f use in

f Q Posgdh | Nnvention is in
bl ocki ng the effects of RANTES and/or MP-1[err] i fre—TecTui t ntent and/ or
activation of pro-inflammplory cells. The preseN

BSMAT (3043)

FIORI

PET23D/L-RANTES BSMAI(984)

3834 bp

BSPHI (956)

ALWNI (3275) PSTI (1864)

BSPHI (1964) BSMAT (1730)

+2 M X X XK W P R L S P Y S § D T T
1 CATGAAAAAA AAATGGCCAA GGCTGTCCCC GTACTCCTCC GACACCACCC
GTACTTTTTT TTTACCGGTT CCGACAGGGG CATGAGGAGG CTGTGGTGGG

42 P C C F A Y I A R P L P R A H I K
51 CGTGCTGCTT TGCCTACATT GCCCGCCCAC TGCCCCGTGC CCACATCAAG
GCACGACGAA ACGGATGTAA CGGGCGGGTG ACGGGGCACG GGTGTAGTTC

+2 BE Y F Y T S G K €C S N P A V V¥ F V
101 GAGTATTTCT ACACCAGTGG CAAGTGCTCC AACCCAGCAG TCGTCTTTGT
CTCATAAAGA TGTGGTCACC GTTCACGAGG TTGGGTCGTC AGCAGAAACA

+2 T R K N R Q V €C A N P E K K W V
151 CACCCGAAAG AACCGCCAAG TGTGTGCCAA CCCAGAGAAG AAATGGGTTC
GTGGGCTTTC TTGGCGGTTC ACACACGGTT GGGTCTCTTC TTTACCCAAG

+2 R E Y I N § L E M 5 =
HINDIII NOTI XHOI

. — — S — o —— A —— o ——— -

201 GGGAGTACAT CAACTCTTTG Gacagkagpw cd?T&gc ¢clecacTce
CCCTCATGTA GTTGAGAAAC CTCT échA§T 'PCGHACAC 'CCGCGTGAGC

FIG.11 < .,
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. . .
35 i nvention may therefore be of utility in the treatnent of 7

di seases such ‘as asthma, allergic rhinitis, atopic dermatitis,

at heroma/ at heroschl eosis and rheumatoid arthritis. 5 In addition to

t he pol ypepti des di scussed above, the present invention also covers DNA

sequences coding for such polypeptides (wjych my be in isolated or
reconbi nant forn), vectors incorporating such sequences and host cells

i ncorporating such vectors which are 10 wabl e of expressing the
pol ypepti des of the present invention. The pol'ypeptides of the present
I nvention can be produced by expression from prokaryotic or eukaryotic host

cells, 15 uti¥isiy poliypepspgeophaedy aBNAleagedi 8% SAHENGRid
Appropriate technséingencll ChehSEoercdith SRIREPKaSS aé!in’ctioning as an
5 antagonist to RANTES or to MIP-1a in one or more of the

following:

(a} the chemotaxis of THP-1 cells in response to
RANTES or to MIP-ia;

10 (b) the mobilisation of calcium ions in THP-1 cells
due to the presence of RANTES or due to the
presence of MIP-la; and

(¢) the binding of RANTES to receptors of THP-1
cells;

15

wherein the polypeptide acts as an antagonist to RANTES
or to MIP-lor due to the presence of one or more N-
terminal amino acids.

20 4. A polypeptide according to claim 1 wherein said one
or more N-terminal amino acide are N-terminal to the
sequence SPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP
AVVFVTRKNR QVCANPEKKW VREYINSLEM S.

25 3. A ‘polypeptide according to claim 1 eor claim 2
wherein sald one or more N-terminal amino acids comprise
or consist of a methionine, a leucine, or a glutamine.

4. A polypeptide according to claim 3 wherein mald
k 1)} methionine, leucine or glutamine im at the N-terminus of
the polypeptides.

5. A polypeptide according to any preceding oclaim,
wherein the polypeptide has the seguance:
35 (1) MSPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP AVVFVTRKNR

A

I



3

e - a0 TS A AR WU TrY OO JJIUU44bD A 4

(19895 Mol ecul ar C oning: A Laboratory Manual, Cold Spring Harbor,

Laboratory Press,

abo USA. Alternatively, they nmay be produced by covalently
nmodi'f yi ng RANTES. 20 This can be done, for exanple, by nethionylating
RNATES as its N-term nus. The present invention will now be described by

way of exanple only, with reference to the acconpanying draw ng, 25

wherein: FIGJURE 1 shows a nucl eoti de sequel‘?&e of a RANTES codi ng sequence
whi ch was cloned in E. ' oget.he. i he ,am no, aci d sequencge coded
for by 30 thi@an%uc‘r"g i d “ﬂ?@g FI EBpreBingg, & ﬁﬁﬁgoftc’

plasmi d pCBA-M FI GURIREZSSRoRs AMepRANTES"dsri d pT7-7. 35 8

10

15

20

25

30

35

|

WM

{ii) LSPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP AVVFVTRKNR
QVCANPEKKW VREYINSLEM S (sometimes referred to
herein as "Leu-RANTES®)

(111)Q8PYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP AVVFVTRKNR
QVCANPEKKW VREYINSLEM S (sometimes referred to
herein as "Gln-RANTES")

or has a sequence which is substantially homologous with
any of the above sequences.

6. A DNA or RNA sequence coding for a polypeptide
according to any preceding claim.

7. A vector comprising a sequence according to claim 6.

8. A host cell comprising a vector according to claim
7.

9. A polypeptide according to any of claims 1 to 5 for
uge in t%xerapy or diagnosis in respect of a human or non-
human animal.

10. A polypeptide according to any of ¢laims L to § for
use in the treatment of a disease by inhibiting or
reducing inflammation mediated by RANTES or MIP-l«.

11. A polypeptide according to claim 10 for use in the
treatment of asthma, allergic xhinitis, atopic
dermatitis, atheroma/atheroschleocsis or rheumatoid
arthritis.
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9 . . . . . .
FI GURE 4 shows that vari ous chenoki nes can i nduce chenptaxis in THP-1

cells. FIGURE 6 shows that Met-RANTES can inhibit MP-1[err] 5 and
RANTES i nduced chenptaxis in THP-1 celis. FI GQURE 6 shows that vari ous
chenpki nes can i nduce calciumflux in THP-1 cells. 10 Fl GURE 7

shows that Met-RANTES can inhibit a RANTES induced calciumresponse in
THP-1 cells. FIGURE 8 shows conpetitive bindBng of Met-RANTES wi t h RANTES
to CCKRL receptors. - 15 FIGQURE _ 9 shows that Leu-RANTES can _act as an
ant agoni st to RANEES- i Adeddodh&est PXPducERgUREPCIYREBhELS nagc ey dLnANRES

can act as an 20 any of ciaimgoni Yo 19 BAMPESsimgueRdsLhe MRl AWk cell

- FIGURE 11 5hous g, ¥3GLOF o PEIZAP S 3 WHpress Bld Wiypaiethe FUE 20

5 13. A polypeptide substantially as hereinbefore
described with reference to the accompanying examples.
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9 (é) Cl oni na of Human RANTES codi na sequence by PCR Human RA

g QAP 25ET
cloned froma h one nar r%% tech) b Y
Briefly, total nserts 1n rrow brary were

 RTMP LT
I rst
anpl i fi edmﬁ@nﬁ Aﬁim”@mowytﬁmm&ﬁﬁﬁkh%ﬁﬂmw@m&ﬁOMﬁ L (PCT)

[err] ICG.‘.,LIUTF L,UP1aILalIIIF € rJ Wpl age -st-otk é“"}.ll uo), 3-Otriv—-

pH 8. 3, 5‘@56\%&'{3‘39 PW%HS 2mv dNE< 11y Insgrugtiopal Boblieapipn Numbgr i n WO 96/17935

El mer -{Ce {WG%C&VKlﬂEZ, A6H&CH Prds rward

5" GAT[L CGACTCCT and [err] !rever<ivo$dl;%i°{’§b% &f%é%\ 699

for 30 cycles of 95C 2 min, 55C 2 mi n and m

t her re) G Jupapoms AR b | e FFEEGR! |40 PRig ﬁg{%g; B BY, CA
Lle@ﬁ LT

a 2nd i@ fferfibionsFlink Datd: [erfmaqéys@ﬁmyv contmsrnm LV, MD, MG,
speci fiic primers ( RANT , NZ, Ble IR @O, RU, 5D, SE,

and RANTES- 2 5' CCTAGCTCATCTCCAAAGAG anti %‘m &féﬁa&%@%ﬁ? S, UZ, VN, European

ubl i s|H&¥ Priority Data: , GB, GR, IE, IT, LU,
p 9424835.8 8 December 1994 (08.12.94) GB MC NL, PT, SE), OAPI patent (BF BJ, CF, CG, CI, CM,
05123196 16 June 1995 (16.06.95) GB GA, GN, ML, MR, NE, SN, TD, TG), ARIPO patent (KE,

LS, MW, SD, §Z, UG).

(71) Applicant (for ail designated States except US): GLAXO
GROUP LIMITED {GB/GB}; Glaxo House, Berkeley Av- | Published
enue, Greenford, Middiesex UB6 ONN (GB). Without international search report and to be republished
' receipt of that report.

(72) Inventors; and .

(75) Inventors/Applicants (for US only: WELLS, Timothy, Nigel, @ /A 2 4 A 3SR )
Carl [GB/CH}; Glaxo Institute for Molecular Biology S.A., !
14, Chemin de Aulx, CH-1228 Plan-les-Ouates (CH). A
PROUDFOOT, Amanda, Elizabeth, Innes [GB/CHJ; Glaxo @ I /47 gL -+ iéﬁﬁ-@ xel
Institute for Molecular Biology S.A., 14, chemin de Aulx, - i '
CH-1228 Plan-les-Ouates (CH).

(74) Agents: WHITE, Martin, Paul et al.; Kilbum & Strode, 30 John
Street, London WCIN 2DD (GB).

(54) Title: RANTES PEPTIDE AND FRAGMENTS AND COMPOSITIONS COMPRISING IT FOR TREATMENT OF INFLAMMA-
TION

(57) Abstract

Modifications to RANTES can result in the modified polypeptide acting as 8 RANTES or MIP.la antagonist. Such antagonists can
be used in therapy to reduce inflammation. They are also useful in studying the properties of RANTES or of MIP-la.




RANTES sequence (Schall T.J. et al., (J. Imunol. 141 20 1018- 1025

(1988)) fgf g@ﬁﬁ% les of 95C 2 min, 55C 2 min and 72C 2 m npcrigBosig@eiCt S
were visudl® 3% Nu- Sieve (FMC) agarose gels stained with [err]

et hi di um brom de and bands migrating at the predicted size of RANTES cDNA
(278bp) were gel purified by standard nethods 25 (Sanbrook J. et al.,

(1989) Mol ecul ar ' - @gg%ﬁé#“ggﬂﬁﬁbﬂ d _Spring Harbor
Laboratory Press, %%-m@ﬁ?? Ngghwg'ﬂcmﬂéﬁww
sequential treatnment with T4 pol ynucl eoti de ki nase (New Engl and Bi ol abs)
according to t gsgg ug i i r [ o o ls o] lRFﬁ&%FE
of [err] for 1 h@%g .%géﬁeéﬁ?ﬁpg§§Pn§Flﬁ§§%l%% é?%%%ﬁéﬁﬁé% égd err| of
E. coli DNA pol ysdhddaix|uassy fragment (New Engl and Bi ol abs) were added

and the ingubation continued for a further 30 mn at 37C The reaction

m xture was then heat . ..
The protein known as RANTES was originally cloned by

Schall T.J. et al., (J. Immunol. 141 1018-1025 (1988)) in
Krensky’s laboratory at Stanford University School of
Medicine. The term RANTES is derived from the phrase
10 "Raised on activation, pormal T-cell derived and
secreted" (relevant letters underlined). Its expression
is inducible by antigen stimulation or mutagen actiwvation
of T-cells. The protein is a member of the chemokine
superfamily (Schall T.J., Cytokine 3 165-183 (1991);
1s Oppenheim, J.J. et al., Ann. Rev. Immunol. 9 617-48
{1991)). The pure protein was first identified in 1992
in platelets (Kameyoshi et al., J. Exp. Med. 176 587-592
(1992} ). It is a potent attractor £for eosinophils,
CD4*CD45SRO* T-cells, and also for monocytes. It has a
20 sixty-eight amino acid sequence.

A receptor for RANTES has recently been cloned (Gao, J.L.
et al., J. Exp. Med. 177 1421-7 (1893); Neote, K., et
al., Cell 72 415-25 (1993)) - and this has been shown to

25 bind chemckines in the rank order of potency of
MIP-la>RANTES.

The present invention provides polypeptides which are
antagonists of RANTES and/or of MIP-la.
30
Despite the considerable interest in cytokines generally
and the work discussed above on RANTES and RANTES
receptors in particular, prior to the present invention
there has been no disclosure of the above antagonists or
35 of the possible utilities of such antagonists.



10 inactivated at 70[err]C for 30 nmin and then extracted once with Tris-HO ~
pH 8.0 s%h? phenol /chl oroform (1:1 v/v). DNA was precipitated by
addi tion 5?err 3M sodi um acetate pH 5.5, [err] glycogeﬁhﬁgﬁﬂﬁmmﬂv

(Boehringer) and 5 [err] ethanol at -20[err]C The DNA was
recovered by centrifugation at 10, 000 x g2for 20 mn at 4[err] C and washed
"with 70% et hanol. The final pellet was resuspended in sterile water at a

concentrati on OAC¢Qngi§9rtPIthﬁ)presdﬁu”ﬁnvanhxbﬁxfh@r@dustp&b&ﬂﬁhdM@ﬁ

I ted t 50 a e tre ted Bl uescri pt
et SsmSQYféﬁr begesad gﬁi"fﬂ or FEDEERACRARCPARL RS, ERgnse

(400, 000 uni t s/HPMOLleEEW oarubsﬁummlcmznem amsatnmgoha[ser ItbC

Li gation producgﬁNTgse A8 i h
pH 8. 0/ 1rg\/| EDTA]Q[; @Eenéffctﬁi'gr g%%nﬁi gf(%?%écat:fé\c/i\bgs esc;ElEb'(e%IQpr evi 53‘?
C %fﬂ%

Li gati on Tprodu Pt ecipitated by the addition of [err] 3M sodi um
acetate pH 5.5, [err] glycogen (20ng/ M) and [err] ethanol for 15 mn at
- 70C. DNA was (a) the chemotaxis of THP-1 cells in response to
RANTES and/or in response to MIP-la;

(b) the mobilisation of" calc1um ions in THP-1 cells
- 10 ' - due to the presence of RANTES and/or due to the

presence of MIP-la; and
(c) the- binding of RANTES and/or ‘of MIP-la to (

'receptors of THP 1 cells

15 The polypeptides provided by the present invention are

- useful in further characterising RANTES and its. effects -

for example in studylng RANTES induced chemotaxis,

mobilisation of - calclum ions and receptor binding. They

are also useful ‘in the. characterlsatlon of the binding of

20 RANTES to its receptors. They ‘are useful in studying
MIP-la for corresponding reasons.

Additionally, the polypeptldes of the present invention
are belleved to' be useful: in the treatment of various
25 diseases, as will be discussed later

A preferred polypeptide of the present invention acts as
an antagonist to RANTES and/or to MIP-la due to the
presence of one or more N-terminal amino acids (which are

30 not present at the corresponding'position in RANTES and
' which can therefore be regarded as additional N-terminal

- amino acids relative to those present at the N-terminus
of RANTES). These N-terminal amino acids are preferably
naturally occurring (L-) amino acids (which can be

35 incorporated by using recombinant DNA techniques or by



20 recovered by centrifugation as described above and resuspended
in [err] ofyoYehddse Water. [err] of resuspended ligation [FCMEBIsH2861VENE
then electroporated into electroconpetent E. coli strain XL-1 blue [err]
using a Bio Rad Gene pul ser according to the manufacturers 2S

I nstructions. Following electroporation, 3 1m of LB nmedi um was added
and cells were grown at 37[err]C for 1 h. After this time, [err] aliquots
of the cul ture nepePRider efupianed teshnigmesy|-at es HOWANHSN ni pon-Rafyurally

ampi ci I lin and grgueyuppi H9" ah¥nB 8kidsC (e.d.NB-dndd RAEN' iy 8 &S,
were then picked Into sm ~of LB,nedlun1conta|nlngf*gér] of .ampicillin and
grown overni ght afn8$eeMAYC P&ARFOTPIFELERaSH d prasRigalygynthesis
(mni-preps) werecébpAignds.from 3m of each culture using a [err]
m ni - prep QNA purification system (Pronmega) according to 11
There may be only one such additional amino acid, in
which case it may be Leucine or Methionine, for example.
Such polypeptides can be prepared by any suitable
techniques (e.g. by using gene cloning techniques,
10 chemical synthesis, etc.). In one embodiment of the
present invention they are prepared by providing a larger
polypeptide comprising a desired sequence and then using
enzymatic cleavage to produce a polypeptide consisting of
the desired sequence.
15
The polypeptides of the present invention may comprise
more than one additional N-terminal amino acids e.g. they
may include up to five, up to ten or up to twenty
additional amino acids. In some cases over twenty
20 additional N-terminal amino acids may be present.

Again, any suitable technigues can be used to prepare
such polypeptides.

25 The various aspects of the present inventicn will now be
discussed in further detail below.

The present inventors have discovered that using an E.
coli expression system intended to express RANTES in a
30 form corresponding to mature human RANTES (i.e. with the
signal sequence removed) a polypeptide was expressed in
which an additional N-terminal methionine was present
(this was not cleaved from the remaining sequence by
endogenous E. coli proteases). It was surprisingly found
35 that the presence of this additional amino acid



the manufacturers instructions. [err] aliquots of mni- prep‘ DNA was t hen
di gest e striction enzynes Hindlll and EcoRl (bot ﬂ%*‘ﬁ Engl and
Bi ol abs) ﬁne@hpégng to the manufacturers' instructions i nhléé"ila daction
volune of [err] Reaction products were anal ysed on 1% agarose gels
containing [err] ethidiumbromde. Mni-pregp DNAs which vyielded an

insert size of approxinmately 280 bp were then subjected to DNA sequence'
anal ysi s usi ng stibsuahtiAaldy nechaageldSecpha"lasehérJS@etﬂsticsaC(uﬁ di thet o

t he manuf act ur cti p | lo£SK- Lhg vec was
prepared as fo%rﬁ\xgéﬁ:[tl&é 9€§&§)S I%c?u %gélflefg p‘z%*sﬁﬂg was d'li‘gésted
in a reaction mtlhmrmla[t@d] pplzpﬁpm.dw[eﬁme]fermd WPt h o®imi t 8sof
EcoRV (New Eng| FORPFEE NSk tied NEAEEYY Aedd! foind | BStELELLENS.

After 2 h t he |gested' vect or_was treated wth_ [err], of calf 1ntestinal
al kal i neSphosplfd AREIRNIFH 1 RANTER ARG ierfIX ol ol (YRFRPUSOARPAY EL

37[err] C Theindasiais0NnBxt B6an@ast@0 have i BIBA | \sabedahhaeat ag6nabt
68[err]Cfor 15 rgn %ndthen _

It should be appreciated that in many cases where N-

10 terminal methionylation occurs in  E. coli, it makes
little or no difference to a polypeptide’s properties or
results in it merely having -reduced 1levels of its ‘
previous biological activity. It.was-therefore totally

. unexpected that N-terminal methionylation would in the

15 -case of the present invention actually result in

'antagonistic activity.

In order to determine whether .or not this effect was
limited to the present of an. N-terminal methionine,
20 ~another polypeptide was. produeed, in which the N-terminal
methionine 'w_as replaced with an N-terminal Leucine.
Again, this was found to act as an antagonist of RANTES,
as was a further polypeptide in which the N-terminal
methionine was replaced with an N-terminal Glutamine.

25 : S :
In a preferred form, the polypeptide of the present
invention has the sequence:
(i) MSPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP AVVFVTRKNR
QVCANPEKKW VREYINSLEM. S (sometimes referred to

30 . herein as "Met-RANTES")

(ii) LSPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP AVVFVTRKNR
QVCANPEKKW VREYINSLEM: S (sometimes referred to
herein as "Leu-RANTES")

35



extracted once with Tris-Hd pH 8.0 saturated phenol/ chloroform (1:1 v/v).

Plasm d cipitated by addition of [err] 3M sodi um 5.5
and [erri:)Ngf angpgseat -20[err] C The DNA was recovgégsﬂszoyz%%
centrifugation at 10,000 x g for 20 mn at 4C, washed with 70% et hanol. The
final pellet was resuspended in sterile waters at a concentration of

50ng/ M . Sequencing reveal ed that all clones obtained were 30 I denti cal
to the published sgquence except for a single base change at nucl eotide 22
in the PCR sequence which would result in an Arg to Pro change in the
proposed signal sequence of the RANTES propepti de. 12 This is
illustrated in Fi §ili) QBERYSSDUTETCFAGIAR PLPRAFEREY EYTECHCENPAVEEFNTRENR

together with the corrggpRRPERIMANIREY REIEM U Cosomet imes referred to
5 herein as "Gln-RANTES")

or has a sequence which is substantially homologous with
any of the above sequences. The polypeptide may be in a
glycosylated or unglycosylated form.
10
The term ‘"substantially homologous* when used herein
includes aminc acid sequences having at least 40%, 50%,
60%, 70%, 80%, 90%, 95% or 99% sequence homology with the
given sequence (in order of preference}. This term can
1s include, but is not limited to, amino acid sequences
having from 1 to 20, from 1 to 10 or from 1 to 5 single
amino acid deletions, insertions or substitutions

relative to a given sequence - provided that the
resultant polypeptide acts as an antagonist to RANTES or
20 to MIP-la.

The polypeptide may be in substantially pure form. It
may be isolated from naturally occurring polypeptides.

25 It should be noted that it is well known in the art that
certain amino acids can be replaced with others resulting
.in no substantial change in the properties of a
polypeptide. Such possibilities are within the scope of
the present invention.

30
It should also be noted that deletions or insertions of
amino acids can often be made which do not substantially
change the properties of a polypeptide. The present
invention includes such deletions or insertions (which -

35 ‘may be, for example up to 10, 20 or 50% of the length of



(b) Preparation of an expression vect or for methionyl at ed RANTES
(a RANTES ant agoni st) The construct containing the gene for RANTES was

PCR d WO2§&™3%e prinmers 10 PCT/GB95/02861
5TTAATAATTAAATCGATTCATATG TCC. CCA. TAT. TCC. TCG. GAC. AC-3' where the two
underlined sections are a Cal and an |, restriction site, respectively

(the Ndel site including part of an initiation nethi oni ne codon) and 15

5' - TACTGATAT, TQM%I' Q;ﬁ.éé T
cl eaved V\nthééléal at the 5 ggan 6@1@%‘_@%} gk end e p‘I asr#%e pCha- M
. which is 20 Presegﬁoeqﬁ"ﬁﬁtﬁpg alsgadnclades edkddniiits Mrdpeafusiomhe

Targe fragmeprovasniheisl eruedhw the S 61 Hdds T&‘@ﬂ &hd N1
the sma [ Xbal fragment from eflrst

| igation was, carr ed out u

i gost ot o SHPPRERSR FFaFERRA 19 AMTRESZS BORE U, e SRS aay (b dasre,
fragmemt, tof@b exampledufera thestgugdoss mbEarliife Yeg Mosheggyt g NTNf
gene was rep&g&gglgxltagbggé the secreted farm of human

The . present inventors have .-.d_em'ons'trated- that a
polypeptide of the present invention can act as an

.10 antagonist to the effects of RANTES or of MIP-la in = -
chemotaxis, calcium mobilisation and receptor binding in
THP-1 cells (a monocytic cell line). . These cells are ‘

available from ATCC (American Tissue Culture Collection)
and act as a ‘good model system for studying RANTES
15 - because .-they show calciim responses and chemotactic
responses to  RANTES and MIP-la, as well as other
chemokines such as MCP-1. -The polypeptide can-also act
" as . an antagonist of RANTES or of MIP-1a in ‘chemotaxis,
calcium mobilisation and receptor binding in these cells.

20 MIP-la was originally identified as Part of a Macrophage -
Inflaminatory Polypeptide fraction (which was split into
MIP-la and. -f8). (Obaru, K et al.,  J-Biochem 99:885-894

(1988). = -sSippel, PF et al., J Immunol 142:1582-1590
(1989)). It shows chemotactic activity towards T-cells B

25 - and monocytes. . It has ‘also been shown to bea potent
' ‘inhibitor of stem cell proliferation. . . ' -

Based upon these observations it is believed that the
polypeptides of the present—invention can be of utility

30.  in blocking the effects of RANTES and/or MIP-la and can -
therefore be of use in therapy. A preferred use of the
polypeptides of the present invention is in blocking the
effects of RANTES and/or MIP-la in the recruitment and/or.
activation of .p'ro-inflanunatory .cells. The present

35 - invention may therefore be of utility in the treatment of



RANTES starting with an initiating nethionine. (The secreted form of

human RANTES not include the first twenty three am no pray¢iosebssine
am no aciﬁﬁ%@&%gﬁce shown in Fig 1. It includes the renmaining am no acids

shown in Fig 1 and begins with the amino acids SPY...). 35 13 This
Ndel / Sal | fragnment was then renoved fromthis vector and put into the t7
expression plasmd pT7-7, which is shown in Fig 3.. This fragnent contains
the gene of integesbaBkds 8Q6hbpasf abbhmapatgllergibutrhdhieid, atopic

O e e B o Al SR ALRL o ORIVl LB GhlED s
The pT7 type expaeshrdnisgector is discussed by Studier FW Rosenberg AH et
~al., in Meth Enzynol, 185, 60-89,

5 In addition to the polypeptides discussed above, the
present invention also covers DNA sequences coding for
such polypeptides (which may be in isolated or
recombinant form), vectors incorporating such seguences
and host cells incorporating such vectors which are

10 capable of expressing the polypeptides of the present

invention.

The polypeptides of the present invention can be produced
by expression from prokaryotic or eukaryotic host cells,

15 utilising an appropriate DNA coding  sequence.
Appropriate techniques are disclosed in Sambrock et al.,
(1989) Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor, Laboratory Press, USA. Alternatively,
they may be produced by covalently modifying RANTES.

20 This can be done, for example, by methionylating RNATES
as its N-terminus.

The present invention will now be described by way of
example only, with reference to the accompanying drawing,
25 wherein:

FIGURE 1 shows a nuclectide sequence of a RANTES

coding sequence which was cloned in E. coli,

together with the amino acid sequence coded for by
30 this nucleotide sequence. '

FIGURE 2 shows a map of plasmid pCBA-M.

FIGURE 3 shows a map of plasmid pT7-7.
35



(1990). The construct was then transfornmed into E. coli BL21 (DE3) strain

(F- onp h§g err] containing the LysS gene on plasmd %ACYC184 Chang and -

Cbhen 96R1D Bact 134, 1141, 1978). The expre55|on hU|res t he -
T7 polynerase to be |nduced in order for protein expression to take place.
The T7 polynerase is induced in the cell& by the addition of |IPTG

(i sopropylthio- gal actoside) to the nedium 20 25 30 35 14 (c) _
Denonstration th&IGURR -RASHEORS §has viardeus Q#ﬂﬂ@&%ﬂ%ﬁnﬂﬁst&ndncelV|t|es

() Chenotaxis as%ﬁémotaxls in THP-1 cells.

FIGURE 5 shows that Met-RANTES can inhibit MIP-la
5 | _ and RANTES induced chemotaxis in THP-l“cells.

'FIGURE 6 shows that varlous chemoklnes can induce —
calc1um flux 1n THP 1 cells

10 'FIGURE 7 shows that Met RANTES can inhibit a RANTES
- 1nduced calcium response in THP-1 cells. —-

FIGURE 8 shows compet:.t:we blnd:.ng of Met-RANTES
with RANTES to CCKRl receptors

15 . _ _
FIGURE g shows that Leu-RANTES can act as an
antagonlst to RANTES lnduced chsmotaxzs. '
, FIGURE 10 shows that Gln RANTES can act as an
20 antagonlst to RANTES 1nduced chemotaxls .-

FIGURE 11 shows the vector PET23D/L-RANTES.

SUBSTITUTE SHEET (RULE 26) B



In vitro chenotaxis was carried out using 96 well 5 chanbers (Neuro
Probe MB %gﬁé&% g:abl n John, MD 20818, USA) according to pCHieB9IsS02861
manuf act ur structlons Chenotaxis induced by the CC chenokines,
RANTES, M P-l[err] and MCP-1 was assayed using the human nonocytic
cell-line, THP-1. 4x1(err] THP-1 cells in 200 [err] RPM 1640 10

medi um (G bco) containing 2% i nactivated fetal calf serumwere incubated
in each well of t@&ﬁggr chanber. 370 [err] of RPM 1640 nmedi um (wi thout
FCS) containing t chepovattrac ant . €. chermkl ne

appropriate dilut {8hs &hens ne ks

i nhibition of chepgmaxi mtms Wéﬂeﬁ?tﬁf&mvﬁshhﬁﬁh abna ﬁfa&&b&nm‘rn
and Mt RANTES vieSDMhad SR,  JERGRERARE RS ads Y Arlefie é‘e%i
i ncubated Bor |h ﬁnséi‘{:srththadbcnﬁ%n[am}w Tiberaryd wenensd rermampd
chanbers. i noubat HErBy SGTRE rEribhes iR SRS He ?%%#Z?%ﬁ@%si %éte
upper wel | s whi chimeae 109} reaction containing 2pl of phage stock (10°
pfus), 10mM Tris-HCl pH 8.3, 50mM KC1l, 1.S5mM MgCl,, 0.2mM
dNTPs, 2.5 units AMPLITAG (Perkin Elmer-Cetus) and 1uM of
10 each primer (AGT11PCR-1 (forward primer) 5’
GATTGGTGGCGACGACTCCT and AGT11PCR-2 (reverse primer)} 5’
CAACTGGTAATGGTAGCGAC) for 30 cycles of 95°C 2 min, 55°C
2 min and 72°C 5 min in a Techne PHC-2 thermal cycler.
One tenth of the reaction mixture was then subjected to
15 a 2nd round of PCR in a 100ul reaction now containing 1uM
each of specific primers {RANTES-1 57
CCATGAAGGTCTCCGCGGCAC sense and RANTES-2 5
CCTAGCTCATCTCCAAAGAG antisense) based on the published
RANTES sequence (Schall T.J. et al., (J. Immunol. 141
20 1018-1025 (1988)) for 30 cycles of 95°C 2 min, 55°C 2 min
and 72°C 2 min. PCR products were visualised on 3% Nu-
Sieve (FMC) agarose gels stained with 0.5ag/ml ethidium
bromide and bands migrating at the predicted size of
RANTES cDNA (278bp) were gel purified by standard methods
25 (Sambrock J. et al., (1989) Molecular Cloning - A
Laboratory Manual, Cold Spring Harbor, Laboratory Press,
USA). Gel purified DNA was then rendered blunt-ended by
sequential treatment with T4 polynucleotide kinase (New
England Biolabs) according to the manufacturers’
30 instructions, in a total volume of 50ul for-1 h at 37°C.
After this time, 2.5ul of 2.5mM dNTPs and 1ul of E. coli
DNA polymerase I Klenow fragment (New England Biclabs) -
were added and the incubation continued for a further 30
min at 37°C. The reaction mixture was then heat




wi ped dry. The unit was centrifuged for 10 min at 1800 rpmto harvest the
cells i ttom chanber, and the 25 super nat ant
7 PETICHY 1

aspi rat . he cells in the bottom chanbers were neasured using the Cell-
Titer [err] Non-Radioactive Cell Proliferation Assay (Pronega, Madison,
USA) which nonitors the conversion of teggazoliumblue into its formazan

product. 100 [err] of a 10% solution 30 of the Dye in RPM 1640 nedi um

TSI gt L S OB Wil L

under -5% CO2. 100 [err] of Solubilisation so n-wWas
vel |, and t he ¥bsRr BEAScHCd Pt 8500 saturrted phenal Achlorafiormx (letotitre

plate reader (Whreculma Waw 9e§c1§§tac Pﬂ{%tﬁﬁﬁotp@f 10p11 3" B8adGr Y LS
are shown in Flg 4 and Flg | ciu
_ | etate pH 5 /.Ll glycogen (ZOmg/ml) {Boehringer) and
5 250ul ethanol at -20°C. The DNA was recovered by
centrifugation at 10,000 x g for 20 min -at 4°C and washed
with 70% ethanol. The final pellet was resuspended in
~sterile water at a concentration of 10ng/ul.

10 Blunt-ended PCR product (10ng) was ligated to S50ng of
EcoRV digested, alkaline phosghatase ‘treated pBluescr:.pt
II SK- plasmid (Stratagene) in a 20ul volume using 2ul of ‘
T4 DNA ligase (400,000 units/ml) (New England Biolabs)
for at least 16 h at 15°C. :'Ligatibn' products were
15 diluted to 100ul with 1 x TE (10mM Tris-HCl pH 8.0/1mM
' EDTA) and phenol/chloroform ‘extracted as described
previously. Ligation products' were precipitated by the
addition of 10ul 3M sodium acetate pH 5.5, 1lul glycogen
(20mg/ml) and 250ul ethanol f£or 15 min at -70°C. DNA was
recovered by centrifugation as described above and
resuspended in 10ul of sterile wate-r. 5ul of resuspended
ligation products were then electroporated into
electrocompetent E. coli strain XL-1 blue (40ul) using a
Bio Rad Gene pulser according to the manufacturers’
?'5 instructions. Following electroporation, 1iml of LB
medium was added and cells were grown at 37°C for 1 h.
After this time, 100xl aliquots of the culture medium
were plated on LB plates =é<_:t1t°aining '100ug/ml of
ampicillin and grown up for 16 h at 37°C. = Individual
bacterial colonies were then p:.cked into Sml of LB medium
containing 100pg/ml of amp:.c:.ll:.n and grown overnight at
37°C. Small scale plasmid DNA preparations (mini-preps)
were then made from 3ml of each culture using a WIZARD
mini-prep DNA purification system (Promega) according to

20

30



The cal cium flux induced by the chenoki nes RANTES and 5 MP-I[err] was
rreasured according to Tsien RY., Pozzan T., and Rink T J., &?ﬁg&ml

"Cal ci um h3¥@8&1783% s in intact | ynphocyt es: cytoplasnmc free calcium
nonitored with a new, intracellularly trapped fluorescent indicator"”, J
Cel |l Biology 94) but using Fura-2/AM (Fl uka) jijnstead of 10 Qui n2 as the
fluorescent indicator. THP-1 cells were harvested at |ess than 106/m to

ensure that they wifet mdhdficraenentimdtAiasions. Teuladliquete of m:.n:L-
resuspended in Krebs-Ri r soI i on .cont g 2% _Fura-2/ AM and
ﬁ?e g"‘\ﬁhc

ing/ M BSA, at a &&fEen RS oft el F5SEEdcrgon engymes
37[err] C for 30 mMHIAAIIIhe adlds eBooRAf |(lb@|th ffbez CNews Engtahdr vBibEabsy

centrifugation and res d in,Krebs Rl er sol ution ept_on jce.

1 m aliquots weré& 5@& detbﬁ }}Teerr'ﬁf“f Paiiae p“:cﬂsat{]zg;ﬁqns T @

chenoki nes ®ere a«tdsad:tmurt reluekel ofusPebsi Reaouin productst werengnalysédd

study the inhi b| t t

added to the cells du?‘ %ﬁ?@zgﬁwgﬁgﬁgkkxgﬂﬁ gfggg?er r i@ fggvarylﬁﬁ'{&e

concentrati on. Mini-prep DNAs which y:.elded an insert size
approximately 280 bp were then subjected to DNA sequence
analysis using T3 and T7 primers and Sequenase (USB)

10 according to the manufacturers’ instructions.

The pBluescript II SK- cloning vector was prepared as
follows: 20ug of CsCl gradient purified plasmid was
digested in a reaction wvolume of 100ul of 2 h at 37°C

is with 200 units of EcoRV (New England Biolabs) according
to the manufacturers’ instructioms. After 2 h, the
digested vector was treated with 10ul of calf intestinal
alkaline phosphatase {20 units/ml) (Boehringer) for a
further 30 min at 37°C. The reaction mixture was

20 inactivated by heating at 68°C for 15 min and then
extracted once with Tris-HCl pH 8.0 saturated phenol/
chloroform (1:1 v/v). Plasmid DNA was precipitated by
addition of 10ul 3M sodium acetate pH 5.5 and 250ul
ethanol at -20°C. The DNA was <recovered by

25 centrifugation at 10,000 x g for 20 min at 4°C, washed
with 70% ethanol. The final pellet was resuspended in
sterile water at a concentration of SOng/ml.

Sequencing revealed that all clcnes obtained were

30 identical to the published seguence except for a single
base change at nucleotide 22 in the PCR sequence which
would result in an Arg to Pro change in the proposed
signal sequence of the RANTES propeptide.



The results are shown in Fig 6 and Fig 7. 25 (i) Receptor Binding °
Assay Theofds ition assay was carried out in 96 well

- filter-plates | 1'i pore, MADV N6500) which had been pret #ﬁ&&ﬁgﬂﬂnz h

wi th 50 nmM HEPES buffer, pH 7.2 containing 1 mM[err] 5 mM[err] and 0.5%

BSA, 30 (binding buffer). The assay wgs perforned using either THP-l
cells or COS cells expressing the reconbinant CC- CKRL receptor (Neote,

D Gregori o, Malnde ¥ i HoluistPacedarth sspali, vhefe ché1%88 cMalagul ar ar’

cl oning, functional expressiop,, Si g characteristics o

C- C chenoki ne riRFpRRee qne 2-54553’&25 t@%‘: 8T \withithe cogrgspogdiggp.
Med. 177 1421- 7a‘ﬁﬂ;9&3a&1dwgﬂé contained [err] cells in a volune of 150
Al of binding buffer containing 0.4 nM[err] or 0.4 [err] (new

s (b) Preparation of an  expresgion vector for

The construct containing the gene for RANTES was PCR’d
using the primers |

10 STTAATTAATTAAATCGATTCATATG.TCC.CCA. TAT.TCC.TCG.GAC.AC-3"

where the two underlined sections are a Clal and an Ndel ‘
restriction site, respectively .(the Ndel site including
- part of an initiation methionine codon) and
15 . o
S§-TACTGATATAAATCTAGACTAGCTCATCTCCAAAGAGTTG-3'

This fragment was then cleaved with Clal at the 5’ end
and Xbal at the 3’ end. The plasmid pCba-M, which is
shown in Fig 2, :was then cleaved with Xbal/Sall. The
- large fragment was the cleaved with Sall and Clal. Then
a three-way ligation was carried out using the small
Sall/Xbal fragment from the first digest, the Sall/Clal
fragment from the second digest, and the PCR fragment, to
produce a construct similar to pCha-M where the mTNF gene

20

25

was replaced by . that for the secreted form of human
RANTES starting with an initiating methionine. (The
gsecreted form of human RANTES does not include the first
twenty three amino acids of the amino acid sequence shown
in Fig 1. It includes the remaining amino acids shown in
Fig 1 and begins with the amino acids SPY...).

30

35



Engl and Nucl ear, NEX 277) and varying concentrations of 5 conpeti ng
Met - RANTESyo ogip70ad'Ssays were perfornmed in triplicate. AfPCHGBISNPBE

i ncubati on a? hferr]c the cells were washed 4 tines with 200 [err] ice

col d binding buffer containing 0.5 M Nad which was renoved by aspiration.
The filters were dried, 3.5 nm Utim Gold &intillation 10 fluid added
(Packard) and counted on a Beckman LS5000 counter. The results are shown in
Fig 8. (d) Prepaitxts dNdedf/Sadil- EsNgmentavas thérrrambved rﬁam &thib— RAnEES)

" two Steps. Fi AR palt (RELCERED s Rupdiion SRR, PrY0F i T

within the first si‘y:smal &8 @igpn3and 'rhisodmasmmqmmns cthen geneesofit

ei ther end of thg | |n th
based E. coli expr essi on v?ct orcegé BBP(I\gglagen %@?“ria&m Bﬁt fatdr
i ntroduced5at t h@Xperimenss t(mtgénslaﬁadahggm sFhew &hsorgm@vala

Hi ndl Il conpat ablsg ewer baRarahatbei2l @Mc@érté'@;l%ﬁés) had no effect on
the expression levels.

10 The pT7 type expression vector is discussed by Studier
FW, Rosenberg AH et al., in Meth Enzymol, 185, 60-89,
(1990) . The construct was then transformed into E. coli
BL21 (DE3) strain (F-ompT, hsd sz (rg”, mp~) containing
the LysS gene on plasmid pACYCl84 (Chang and Cohen, J.

15 Bact, 134, 1141, 1978). The expression vector requires
the T7 polymerase to be induced in order for protein
expression to take place. The T7 polymerase is induced
in the cells by the addition of IPTG (isopropylthio-
galactoside) to the medium.

20
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SEnes encoding N-term nal- variants of human RANTES were 25 then created
y inserting oligonucleotides encoding the variants ime to the
RANTES c¥ 9%’ 9é’équence For this purpose, the truncated Rkﬁl’%g

pET23d was digested with Sacl, followed by T4 DNA pol ynerase to reane t he
protruding 3' overhang left by Sacl and th&n 30. a second digestion with
Ncol. Qdigonucleotides encoding the pepti de sequence NKKKMPRLSPYSSDTTP
were then clonéd)i nRamenst --7-_ a1 oMet -RANTES cjdpe ideed T2sht

RANTES constru caf 4 gescrlbed for the pT7 7 construct . 35
SUBSTI TUTE SHEE -; PETZ3d/ RANTES Ncol pET23d/ RANTES
Sacl /T4 5° C (i) Chemotaxis assay (C TcC TTT 3' |

In vitro chemotaxls was carrled out. using 96 well

5 chambers (Neuro Probe MB series, . Cabln John, MD 20818,
| ‘USA) according to the .manpgagturers instructions.
Chemotaxis induced by the CC chemokines, RANTES,

MIP-1a and MCP-1 was assayed using the human monocytic
cell-line, THP-1. 4x10° THP-1 cells in 200 ul RPMI 1640
10 medlum (Gibco) contalnlng 2% inactivated fetal calf serum
' were incubated in each well of . the upper chamber.
370 pl of REMI_164O medium (w1thpu;_FCS)_conta1n1ng the ‘
chemoattractant (i.e. the chemokine) in appropriate
o dilutions was placed in the lower chamber. For the
15 inhibition of chemotaxis, the chemoattractant was kept at
' a constant concentration of 5x  the ECg;;, determined
prev10usly for each chemoklne,_and Met -RANTES was added
at varylng concentrations. The chambers were incubated
for 1ih at 37°C under 5% CO,. The medium was removed from
20 the upper chamber and feplaced with PBS containing 20 mM
EDTA, and the chambers incubated for 30 min at 4°C. The
PBS was removed from the upper wells which were then
wiped dry. The unit was centrifuged for 10 min at 1800
rpm to harvest the cells in the bottom chamber, and the
25 supernatant removed by aspiration. The cells in the
bottom chambers were measured using the-Cell Titer 96™
Non-Radicactive Cell Proliferation Assay (Promega,
Madison, USA) which monitors the conversion of terazolium
blue into its formazan product. 100 pl of a 10% solution
30 of the Dye in RPMI 1640 medium was added to each well,
and the chamber incubated overnight at 37°C under 5% CO,.
100 pl of Solubilisation solution was then added to each
well, and the absorbance read at 590 nm after 4 h in a
Thermomax microtitre plate reader (Molecular Devices,
35 Palo Alto, CAa).
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3" GGTAC G ACG AAA 5" 5 L- RANTES ol i gonucl eot i des
S CAT GGCTGTCCCCGTACT CCTCCGACACCACCCCGTG 3" o, JGBISN2861
TTTTTTTTTA CAGGGGCATGAGGAGCCTGTGGTGEGGTGECAC 10 e
pET23d/ L- RANTES construct is shown in Figure 11 and is one of a series of
expression vectors, which can be used to gengbfate RANTES with different

am no acids at the -1 position. These T7 expression vectors encode proteins
with N-termnal sEe@eresslos akeKPRRWR- RANTES. 4 xandyFbg 35 either L, I,
Q E or Gfor exanple. C eavage with endo- Arg-C will yield different

X- RANTES pr ot ei ns, 18_Purification of Leu-RANTES was carried out as
fol l ows: 4g E. coftitefrleawReFhidke suspended in 15 ml 50 mM Tris- HO

buffer, pH 7.6, cDhéaicalrduh it bhahbeai 1ot , tioe NihSmokinbs N RANTHS 6kl |
0.1 nNIpheqylnethiﬁy &OQ L Rgggﬁkg gggording to Tsien R Y., Pozzan T.,
and Rink T J., ((1982) "Calcium homeostasis in intact
lymphocytes: cytoplasmic free calcium monitored with a
new, intracellularly trapped fluorescent indicator", J
Cell Biology 94) but using Fura-2/aM (Fluka) instead of
10 Quin2 as the fluorescent indicator. THP-1 cells were
harvested at less than 10%/ml to ensure that they were in
the exponential phase. The cells were resuspended in
Krebs-Ringer solution containing 0.2% Fura-2/AM and
1mg/ml BSA, at a concentration of 10°/ml, and incubated
15 at 37°C for 30 min in the absence of light. The cells
were harvested by centrifugation and resuspended in
Krebs-Ringer solution and kept on ice. 1 ml aliquots
were incubated at 37°C for 2 min prior to use. The
chemokines were added to the cell suspension under
20 stirring. To study the inhibition by Met-RANTES,
aliquots of the antagonist were added to the cells during
the 2 min incubation at 37°C at varying concentration.
The results are shown in Fig 6 and Fig 7.

25 (iii) Receptor Binding Assay
The cdhpetition assay was carried out in 96 well
multiscreen filter-plates (Millipore, MADV N6500) which
had been pretreated for 2 h with 50 mM HEPES buffer, pH
7.2 containing 1 mM CaCl,, 5 mM MgCl,, and 0.5% BSA,

30 (binding buffer). The assay was performed using either
THP-1 cells or COS cells expressing the recombinant CC-
CKR1 receptor (Neote, K., DiGregorio, Mak, J.Y., Horuk,
R., and Schall, T.J., (19893) Molecular cloning,
functional expression, and signalling characteristics of

35 a C-C chemokine receptor, Cell 72 415-425; Gao, J.L., et

- pme -
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DNase (0.02 ng/m ). Cells were broken by three passages through a French

Pressure cell. with 1 mn sonication on ice after each pass ﬂ The
resul ti nB'os%f #35on was centrifuged for 60 mn at 10 000 x P Yiets
were 10 dissolved in 2 m 100 mM Tris-HCl buffer, pH 8. 0

containing 6 M Guanidine-HO and 1 nmMdithiothreitol. The sol ution was
heated for 60 mn at 60[err]C to ensure nbnonerisation, cooled to room

tenmperature anglgeld- E‘QFteMgQ Ooflp %glfr-ﬂeﬁg?@ )16/ @chiougﬁ ggﬂhggﬂéat ed

in 15 t he fractions cont ai_ni _ng

r econbi nant RAI"lﬁa S %%%%rdé% e16valymeeRE r 84t ukdd o &?‘-@S\kpﬁe budferon to
384 n 100 mV Fontalididefof.ar aH 1829 Mig-ord adindt hnifM 18R] AAReEs (new

gl ut at hi one an uced t i one and, stirred . overni |
Thi's 20 %aela?%ﬁgﬂearw fiﬂa.m VEEYIRG CORFERFIREIR aﬁffer
pH 4.5, and theoamdtlmr_l;tawet#mmeSP%/ msaymrmweqel I @:ﬁ:fﬁoadnedl t br sarre

buffer. — The prf %‘i#éc‘f@re ﬂé‘é:edsl?ym‘i‘n' '191%?:%& %9' a ﬂc ¢né Mb1ES

the same buffer. ‘actTons cont ai
were washed 4 times with 200 ul ice cold bzndlng buffer

containing 0.5 M NaCl which was removed by aspiration.
The filters were dried, 3.5 ml Ultima Gold Scintillation

10 fluid added (Packard) and counted on a Beckman LS5000
counter. The results are shown in Fig 8.

(d) B ration _Leu-R _(also  ' 2y her
L- and demonstratio antagoni
15 : _ T
The L-RANTES expression vector was made in two steps.
First BCR was used to truncate the gene for human RANTES
within the first cysteine codon and introduce unique
restriction sites at either end of the gene. This PCR
20 product was cloned into the T7 based E. coli expression
vector pET23d (Novagen) using a Sacl site introduced at
the 5’ end of the gene and a BsmAI site designed to yield
a HindIII compatable overhang at the 3’ end of the gene.
Genes encoding N-terminal variants of human RANTES were
25 then created by inserting oligonucleotides encoding the
variants immediately 5’ to the RANTES coding sequence.
For this purpose, the truncated RANTES clonein pET23d was
'digeSted with SacI, followed by T4 DNA polymerase to
remove the protruding 3’ overhang left by SacI and then
30 a second digestion;with Necol. Oligonucleotides encoding
the peptide sequence MKKKWPRLSPYSSDTTP were then cloned
into the digested vector. Expression of the pET23d/L-
RANTES construct was carried out as described for the
pT7-7 construct.
35
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25 protein were dialysed against 3 x 5 liter 1% acetic acid and

| yophi | i segigekfr93¢ove the KKKWPR hexapeptide fromthe fusi @cTmepsse28s1 t he
l.yophi | i sed powder was dissolved in water, and 30 adjusted to 1 ng/ m
50 MM Tris-HCO buffer, pH8.0. To 2 ms of this solution, 20 Jerr]
Endoprot ei nase Arg C(Boehringer Mannhein) we® added and the sol ution

I ncubated for 2 h at 37[err]C The digested protein was separated from
the starting mat e?$'§23@{/m$§$s§c9ﬁase 35 HPET2 34/ RANEESS2eB4AT4- Cerr]

(10x250 nmm) col unm equil i brated 19 in 0.1 %¢redbupppagetic acid. The
proteins were eluted with a gradient of 22.5-45% acetonitrile in 0.1 %

trifluoroacetic avi d(,'"'G'F§Sphi | i sed and stored atG-%%?Mé 5 The
ant agoni st activities on RANTES i nduced chenotaxis of THP-1 cells was

tested as qescr bod {0hek gy ML RANIES: s

5'CATGAAAAAAAAATGGCCAAGGCTGTCCCCGTACTCCTCCGACACCACCCCGTG
3 TTTTTTTTTACCGGTTCCCGACAGGGGCATGAGGAGGCTGTGGTGGGGCAC

10 The pET23d/L-RANTES construct is shown in PFigure 11 and
is one of a series of expression vectors, which can be
used to generate RANTES with different amino acids at the
-1 position. These T7 expression vectors encode proteins

X with N-terminal sequences of MKKKWPR-X-RANTES. X may be

15 either L, I, Q, E or G for example. C(leavage with endo-

Arg-C will yield different X-RANTES proteins.

SUBSTITUTE SHEET (RULE 26)



protein. The results are shown in Figure 9. 10 (er dPreparati_on of

A n- RANT p,ggsti nes referred to as O RANTES) an enonst

ant agoni Eﬁ]’ e procedure described in (d) above was repeatgé%&%%@
mutandis in order to prepare G n-RANTES. 15 The antagoni st activities of

A n- RANTES on RANTES i nduced chenotaxis of 18HP-1 cells was tested as

descri bed for the Met-RANTES protein. The results are shown in Figure 10.
SUBSTI TUTE SHEEPugiRfiEazdpn of2leh-RANBRESpwhgpearriled bavi ag followgast 40%
am no acid sequence honol ogy wi th RANTES and functioning as an S

antagoni st to RANTES or to MP-1[err] in one or nore of the
4g E. coli cell paste were suspended in 15 ml 50 mM Tris-

HCl buffer, pH 7.6, containing 1 mM dithiothreitol, 5 mM
S benzamidine-HCI, 0.1 mM phenylmethylsulfonyl fluoride and
DNase (0.02 mg/ml). ‘Cells were broken by three passages
through a French Pressure cell, with 1 min sonication on

ice after each passage. The resulting solution was
centrifuged for 60 min at 10 000 x g. The pellets were
10 dissolved in 2 ml 100 mM Tris-HCl buffer, pH 8;0,

containing 6 M Guanidine-HCl and 1 mM dithiothreitol.
The solution was heated for 60 min at 60°C to ensure ‘
monomerisation, cooled to room temperature and gel-
filtered on a Superdex-200 16/60 column equilibrated in

15 the same buffer. The fractions containing the
recombinant RANTES construct (16 ml) were renatured by
dropwise addition to 384 ml 100 mM Tris-HCl buffer, pH
8.0, containing 1 mM oxidised glutathione and 0.1 mM
reduced glutathione, and stirred overnight. This

20 solution was dialysed against S50 mM sodium acetate
buffer, pH 4.5, and the applied to a HlLoad SP26/10
column equilibrated in the same buffer. The proteins -
were eluted by a linear gradient of 0 - 2 M NaCl in the
same buffer. The fractions containing the renatured

25 . protein were dialysed against 3 x 5 liter 1% acetic acid
and lyophilised.

To remove the KKKWPR hexapeptide from the fusion protein,
the lyophilised powder was dissclved in water, and
30 adjusted to 1 mg/ml 50 mM Tris-HCl buffer, pH 8.0. To 2
mls of this solution, 20 ug Endoproteinase Arg
C(Boehringer Mannheim) was added and the solution
incubated for 2 h at 37°C. The digested protein was
separated from the starting material by reverse-phase
35 HPLC using a Nucleosil-Cp, (10x250 mm) column equilibrated



follomﬁng (a) the chemptaxis of THP-1 cells in response to RANTES or to
MP-1[err] (b) the nobilisation of calcium i ongey F‘Fﬂé
cell s due ?Kﬁ% em%resence of RANTES or due to the presence of QH?E err];
and (c) the binding of RANTES to receptors of THP-1 cells 15 wherein t he
pol ypeptide acts as an antagonist to RANTESI® to MP-1[err] due to the
presence of one or nore N~ term nal am no acids. 20 2. A pol ypepti de
according to claiin ©.shér eﬂ:mﬁu@roaeecp.cmcedwt'élmmwmsmm dsl utresd
N-terminal to th T TPSSFAYLAR EESHE KBY1 e FYTpGSI\P &
AVWFTRKNR Q«CANPWV%Y%@@M L 245§ po+- t% Sccordin NG to
claim 1 or clai BrHElHR¥eIceEif A &YM#M?@r#ﬁ%aﬁtmﬁcﬁ%m% c.

conprise or consist of a nethionine, a |leucine, or a glutan ne.

5 The antagonist activities on RANTES induced chemotaxis of
THP-1 cells was tested as described for the Met-RANTES
protein. '

The results are shown in Figure 9.

10
(e} Preparatij f Gln- i d to a
The procedure described in (d) above was repeated mutatis
mutandis in order to prepare Gln-RANTES.

1s

The antagonist activities of Gln-RANTES on RANTES induced
chemotaxis of THP-1 cells was tested as described for the
Met -RANTES protein. The results are shown in Figure 10.
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ein said 30 net hi oni ne,

f the polypeptifgt'

m wherei_n_the po %%%%ﬁ?%e has

| AR PLPRAHI KEY FYTSGKCSNP

LEM S20(sonet i mekhis py Reeh Replacdder ei n

4. A polypeptide according to claim
| euci ne Qyog/ioggm Ne is at the

pol ypepti de according to af

t he sequence 35 (1)
AWFVTRKNR 21 QVCANPEK

as "Met-RANTES') (ii) LSPY8SDT TPCCFAYI AR PLPRARI KEY F TRXNR
5 QVCANPSKKV VREYI NSLEM S (solbil@s referr i :
"Leu- RANTES") (iii) QSPYSSDT TPCCFAYI AR PLPRAHI XEY FYTSGKCSNP AVVF NR
QVCANPEKKW VREYL NSLEM S SO nes, referred tQ herein as
"@d n- RANTES") ob‘ has apgéméﬂﬁggWﬁ%WI?% IP'VlHBMb%cﬁEH%R%
homology with RANTES and functlonlng as an antagonist to
5 RANTES or to MIP-la in one or more of the following:

(a) the chemotaxis of THP-1 cells in response to
RANTES or to MIP-la;
(b) the mobilisation of calcium ions in THP-1 cells
10 due to the presence of RANTES or due to the
presence of MIP-lo; and
(¢} the binding of RANTES to receptors of THP-1 ‘
cells. '

15 2. A polypeptide according to claim 1 wherein the
polypeptide acts as an antagonist to RANTES or to MIP-la
due to the presence of one or more N-terminal amino
acids. | |

20 3. A polypeptide according to claim 2 wherein said one
or more N-terminal amino acids are N-terminal to the
sequence SPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP
AVVFVTRKNR QVCANPEKKW VREYINSLEM S.

25 4. A polypeptide according to claim 2 or claim 3
wherein said one or more N-terminal amino acids comprise
or consist of a methionine, a leucine, or a glutamine.

5. A polypeptide according to claim 3 wherein said
30 methionine or leucine is at the N-terminus of the
polypeptlde. :

6. A polypeptide according to any preceding claim,
wherein the polypeptide has the sequence:
35 (i) MSPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP AVVFVTRKNR

AR O O



any of the above sequences. eguence coding for a

: DNA oL RNA S
Sequence NREERH P%“‘c”’s“"‘mmﬂ“’ caim R b

according to claim?7 9 de accor ~Ag-ta..any. . of clains 1 to 5
for use in therapy or dlagn05|s In respect &1 a human or non- 25 human
animal . 10. A polypeptide according to any of clains 1 to 5 for use in the
treat nent of a di seasQVGANERKNN t i VREWGINSIEMIciShg (semetimes orefistined:d tigy

RANTES or M P-1[err]. ﬁg#ggn 4§;Mﬁ§guﬁgﬂ1@5ﬁqccordlng to claim10 for use in
t he treatnment of asthma, allergic initis atopic dermatitis,
at her onma/ at her oschl eosi s or rheumatoid arthritis. 35
(ii) LSPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP AVVFVTRKNR
5 QVCANPEKKW VREYINSLEM S {sometimes referred to
herein as "Leu-RANTES")

{1ii1i)QSPYSSDT TPCCFAYIAR PLPRAHIKEY FYTSGKCSNP AVVFVTRKNR
QVCANPEKKW VREYINSLEM S (sometimes referred to
10 herein as "Gln-RANTES")

or has a sequence which is substantially homologous with
any of the above sequences.

15 7. A DNA or RNA sequence coding for a polypeptide
according to any preceding claim.

8. A vector comprising a sequence according to claim 7.
20 9. A host cell comprising a vector according to claim
8.

10. A polypeptide according to any of claims 1 to 6 for
use in therapy or diagnosis in respect of a human or non-
25 human animal.

11. A polypeptide according to any of claims 1 to 6 for
use in the treatment of a disease by inhibiting or
reducing inflammation mediated by RANTES or MIP-la.

30
12. A polypeptide according to claim 11 for use in the
treatment of asthma, allergic rhinitis, atopic
dermatitis, atheroma/atheroschleosis or rheumatoid
arthritis.

35
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22 12. A nmethod for producin gpﬁptnde according to any of clains 1 to
.rdln to claim8 to express said

5 conpri |ngah £ it
ﬁ]‘g&'@&? . A%‘pmafb‘e substantial ly TJ/GBYS#RRGInbefore

pol ypept
described with reference cconpanyi ng exanpl es.
22

13. A method for producing a pdlypeptide according to
any of claims 1 to 6  comprising causing a host cell
according to claim 9 to express said polypeptide.

5 14. A polypeptide - substantially as hereinbefore
described with reference to the accompanying examples.
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