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~ present’ i nvent ion relates to peptides having | rBEPLAGED SHEETEatI ISBJ
‘activity, and to use of these pepti des as s‘geutlc age
soGeton  ReaphoRy 1 pgRd E}

Tunour ‘necrosis factor (TNF) was first identij4®
the serum of Bacillus Cal nmette-Guerin t r eaqild@laimse wimagéd cd sswbaged .....
haenorraghi c regression. of certain tranbpl [anDeshiddgyO: mﬁﬁd‘h@qmgd

cytolytic activity on . several transforned %ﬁfbﬁéd1 Jriﬁb gﬁEIT
tp&P% 258; to'paged .......

et al, 10 PNAS 72, 3666 - 3670: Hel son et al
shown to be a prinmagpy ?E-Qbéhern.h@eﬁ{‘ﬁon r&PiHes ogy dﬁéteﬂal@éonw_ﬁ@ock

731-732). TNF, a product of NEBTROBEEM FHEEGph:

(Tracey et al 1986, Sclence 234, 470:474 In.a i on
pat hol ogi cal BPREEPRhid sEAEuLAELNGRCLITE ra?n?of% 7€ hD tt%%7%nses
agai nst peptides as therapeutic agents.

5 Tumour necrosis factor (TNF) was first identified as

a factor found in the serum of Bacillus Calmette-Guerin
treated mice which caused haemorraghic regression of
certain transplanted tumours and had cytolytic activity on
several transformed cell lines in vitro (Carswell et al,

10 ©PNAS 72, 3666 - 3670; Helson et al, 1975, Nature 258,
731-732). TNF, a product of activated macrophages, has
subsequently been shown to be a primary mediator in the
pathology of endotoxic shock (Tracey et al 1986, Science
234, 470-474). 1In addition to its pathological effects

15 TNF also has a central role in host defenses against
viral, bacterial and parasitic pathogens.

" The cellular targets of TNF important in host defence
include neutrophils, eosinophils, monocyte/macrophages and
lymphocytes. Within this context TNF is a major mediator

20 of neutrophil activation. TNF stimulates enhanced |
phagocytosis (Shalaby et al 1985, J.Immunol., 135,
2069-2073), enhanced production of superoxide anions
(Teujiimoto et al, 1986, Biochem. Biophys. Res. Commun.,
137, 1094-1100), release of lysozyme and hydrogen peroxide

25 and causes neutrophil.degranulation (Klebanoff et al,
1986, J.Immunol., 136, 4220-4225). ©Neutrophils also show
enhanced microbicidal and tumouricidal activity when.
stimulated by TNF (Shalaby et al, 1985, J.Immunol., 135,
2069-2073; Djeu et al, 1986, J.Immunol., 137, 2980-2984;

30 ‘Blanchard et al, 1989, J.Leuk. Biol., 45, 538-545). It
has been hypothesized that the cytostatic effect of INF is
mediated by high local concentrations of hydrogen peroxide
'produced by neutrophils (Shau 1386, J.Immunol., 141,
234-240).

35 TNF pretreatment enhances the response of neutrophils



viral, bacterial and parasitic pathogens. The cel lular targets of

TNF i nportant in host defence I ncl ude neutrophils, eosinophils, _
.nmonocyt e/ macr ophages and | ynphocytes. Wthin this context TNF is a najor
medi ator 20 of neutrophil activation. TNF stinulates enhanced _
phagocytosi s (Shal aby et al 1985, J.Inmunol_., 135, 2069- 2073), enhanced
producti on of superoxi de ani ons (Teuj i“ﬁﬁto et al, 1986, Bi ochem

Bi ophys. Res. Commun. 137, 1094-1100), rel ease of - | ysozyme and hydrogen
per oxi de 25 u I n t al,
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has been hypoth W@uB? OSt 8§FPéSr offSRECRRE medi at ed by
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(Shau 1986, J.jJuping F§§}9F51°ﬁ'ﬁ%_%%%bleﬂgnt rechEbp£e5§e@ﬁ§ent

enhances t he response 0
(Berger et al 1988 Blood 71, 151-158). Further TNF

causes neutrophil emigration into skin (Cybulsky et al
1988, J. Immunol. 140, 3144-3149). |
10 Neutrophil function is known to be depressed in a
number of -viral, bacterial and parasitic infections
(Abramson and Mills, 1988, Rev; Infect. Dis., 10, 326-341;
Ferrante et al, 1989, Immunol. Letts., 22, 301-6).
'Depressed neutrophil funcfion has, for example, been
15 described in Acquired Immune Deficiency Syndrome (Thorsen
et al, 1989, AIDS, 3, 651-653; Ellis et al, 1988, J.
Infect. Dis., 158, 1268-1276; Murphy et al, 1988, J.
.Infect. Dis., 158, 627-630). Clearly TNF, which appears
to play an important role in neutrophil activation both

20 in vitro and in vivo as described above, given exogenously
has the potential to overcome these neutrophil defects.
The administration of TNF or indeed overproduction of TNF
is, however, associated with severe side effects and the

- manifestation of pathology such as thrombocytopaenia, '

25 lymphocytopaenia, hepatotoxicity, renal impairment and
hypertension.

The present inventors have ldentlfled novel peptides
derived from the primary amino acid sequence of human TNF
vwhich stimulate neutrophil activity. These peptides have

30 indicated that the region. of amino acids 54 to 94 of human
TNF has previously undiscovered neutrophil stimﬁlating
activity. This observation has important clinical _
applications as treatment with such peptides would be |

_expected to restore depressed or aberrant néutrophil
35 activity, but would not be expected to cause the severe



- 2- to N-fornyl-L-nethionyl-L-Ieucyl-L-phenyl al ani ne (F-met - | eu- phe)
and phorbol nyristate acetate through specific receptofs (Ferrante et al
1988, Int. Arch. Allergy Appl. Immunol., 86, 82-91). Neutrophils 5
accunul at-e at sites of inflammation, caused in part by the i ncreased
expression of conplement receptors by TNF (Berger et al 1988, Blood 71,
151-158). Further TNF causes neutrophid3-em gration into skin (Cybul sky
et al 1988, J. Imunol. 140, 3144-3149). 10 Neutrophi|l function is
known to be depressed in a nunber of-viral, bacterial and parasitic

i nfections inls affmr tan @swodiateth sg tIRdhe |tifaxapeudis usE) oRAhS41;

Ferrante ‘et alyp38%nF m@@ulé_etts 22, 301-6). Depressed neutrophi l
function has, for exanple, heen 15 descri bed in Acqylred | mmune Defi ci ency

Syndr ome (Thor sen AcGardinglyggdn & B4rsy FPRYSINeCpEeSSIt FnVergon 5.
| nf ect . , Sk 136 8nl 27 Gepideh hasiinay anl 8ol acid sequence

- 5 substantially corresponding to amino acids 54 to 94 of
Figure 1 or a part thereof, the peptide being
characterized in that the peptide is capable of e11c1t1ng
superoxide production by neutrophils and of priming
neutrophils for an enhanced resplratcry burst followxng

10 treatment with .
N-formyl-L-methionyl-L-leucyl-L-phenylalanine.

~ In a preferred embodiment of the present invention
the peptide has an amino.acid sequence substantially
corresponding to amino acids 54 to 94 of Figure 1.

15 In a preferred embodiment of the present invention
the peptide has an amino acid sequence substantially
corresponding to amino acids 63 to 83 of Figure 1.

In another preferred embodiment of the present
invention the peptide has an amino acid sequence |

- 20 substantially corresponding to amino acids 54 to 68 of
Figure 1.

In yet another preferred embodiment of the present
invention the peptide has an amino acid sequence
substantially corresponding to amino acids 73 to 94 of

25 Figure 1. '

' in yet a further preferred embodiment of the present
invention, the peptide has amino acid sequence
substantially corresponding to amino acids 70 to 80 of

_Figure 1. '

30 As will be appreciated by those skilled in the art
from the description which follows the present inventors
have demonstrated that the region of human TNF from amino
acid 54 to amino acid 94 plays an important functional

- role in the stimulation of neutrophils. Further, the

35 present inventors have produced 4 peptides namely peptides
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18795-17605), the person skilled in the art will be able
to design non-peptide structures which, in 3 dimensional

terms mimic the peptides of the present invention.
believed that these non-peptide structures will alsoc mimic

10 the physiological effects of the peptides of the present
invention. It is intended that such non-peptide
structures are included within the scope of the present
invention. Changes to the TNF molecule in these regions
using e.g. site directed"mutaginesis would also be

15 expected to affect neutrophil activation. A schematic
representation of the three dimensional structure of TNFx

" is shown in Figure 4.

It is

Accordingly in a second aspect the present invention

consists in a compound the three dimensional structure of
20 which substantially corresponds to the'three dimensional
structure of the peptide of the first aspect of the
present invention, the compound being characterized in
that the EQmpound is capable of eliciting superoxide
production by neutrophils and of priming neutrophils for

25 an enhanced respiratory burst following treatment with
N-formyl-L-methionyl-L-leucyl-L-phenylalanine.

In a preferred embodiment of this aspect of the
present invention the compound has a three dimensional

' structure substantially corresponding to the three
30 dimensional structure of amino acids 63 to 83 of Figure 1.
- In another preferred embodiment of this aspect of the
present invention the compound has a three dimensional

structure substantially corresponding to the three

dimensional structure of amino acids 54 to 68 of Figure 1.
35 In yet another preferred embodiment of this aspect of
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si de effects associated wth the t herapeutic use of the whol e TNF

nol ecul e. - Accordingly, in a first -aspect the present invention
‘consists in a peptide which primes neutrophils for 5 superoxide production
and an enhanced respiratory burst followng treatnent with

N-fornyl - L- et hi onyl - L-1 eucyl - L- phenyl a4 ani ne, wherein the peptide is
of the general formula:- 10 X[err]-Xerr]-Xerr]-Xerr]-Xerr] in
whi ch x1 is null or Al-A2-A3-A4- A5- A6- A7 in which Al is Leu, |le,
Val or Met the present Ahvientlom the ,cdnigiounid Hias BS three A3 is

/I&gf] Arg or H éa.merk%mnalétrucﬁ%"é %u%s%:a%tﬂf‘ly c'&fresn&ldlnga‘%d Hd N o

three drmens;onal structure of amino acids 73 to 94 of
Figure 1. .

5 In yet a further preferred embodiment of the aspect
of the present invention the compound has a three
dimensional structure substantially corresponding to the
three dimensional structure of amino acids 70 to 80 of
Figure 1.

10 . In a further aspect, the present invention consists
in a method of treating a subject having depressed
neutrophil function, the method comprising administering
to the subject a therapeutic amount of the peptide of the
first aspect of the present invention. '

15 In a preferred embodiment of the third aspect of the
present invention the subject is suffering from acgquired
immune deficiency syndrome. y

Peptide 308, through slective effects on neutrophil
degranulation may be administered to individuals suffering

20 from inflammatory syndromes e.g. rheumatoid arthritis,
adult respiratory distress syndrome.

In order that the nature of the present invention may
be more clearly understood, preferred forms thereof will
now be described with- reference to the follow;ng examples,

25 and Figures in which:=- _

Figure 1 shows the amino acid sequence of human TNF;
Figure 2 shows the effects of peptides 304 (O).,
308 ((J) and 309 (A ) on the £MLP induced human
neutrophil response. Peptides were used at
30 ].00;.rg/l06 'in the 20 min pre-incubation step,
Figure 3 shows the kinetics-of_the chemiluminescence
- response elicited by Peptide 395 (e—e ; 395 (50ug) +
fMLP; B—3¥ ; 3395 (50ng); &—+4 HBSS + fMLP; O—0O
HBSS):; and
35 '~ Figure 4 is a representation of the TNFa monomer

i




20 X2 is null or A8-A9-Al0 in which A8 is Pro or Nerr]-al kylam no

acid - A9 is Ser or Thr A10 is Thr or Ser X3
is All-A12-Al13- A14- A15- A16-A17-A18 25 in which Al is Hs, Lys or Arg
Al2 is Val, Ile, Leu or Mt Al3 is Leu, Ile, Val or Mt
Al4 is Ile, Leu, Val or Mt Al5 is Thr or Ser 30 )
Al6 is H s, Lys or Arg Al7 =6-Thr or Ser , - Al8
is 16, Leu, Val or Mt X4_is nul | or A19- A20- A21 in which Al19 is
?if or Thr 35 showing théxgggf%ié%gbfL¥%eO%eEE§qphil stimulating

peptides.

Production of human TNF peptides tested for
neutrophils stimulatory activity. -

5 .The following peptides were synthesised and are
described using the I.U.P.A.C. one-letter code
abbreviations for amino acid residues with the TNF
sequence region indicated in brackets.
peptide 275

10 AXPWYEPTIYZL (111-120)
peptide 301 - .
VRSSSRT

peptide 302 .
LRDNQLVVPSEG L_Y L I (43-58)

15 peptide 303
LSAIKSPCQRETPEGRZA (94-109)
peptide 304 _ :
LFKGQGCPSTHVLLTHTISRI (63-83)
peptide 305
20 LSAEINRPDYLDFAESGQ QYV (132-150)
' peptide 306 |
VAHVVANPQAEGQ QL (13-26)
peptide 307
. AEGQLQVWLIL NRRANALLANG (22-40)
'25 peptide 308 |
GLYLIYSQVLFEKGOQG (54-68)
peptide 309
HVLLTHTISRIAVSYQTERVNLL (73-94)
peptide 323 : : '
30 TISRIAVSYQT (79=89) _
These péptides were synthesised using the following

o

SDKPVAHVYVZA (1-18)

general protocol.
All peptides were synthesised using the
_ Fmoc-polyamide method of solid phase peptide synthesis
35 (Atherton et al, 1978, J. Chem. Soc. Chem. Commun., 13,
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A21 is Ile, Leu, Val or Met X5 is null or

A22- A23- A24- A25- A26- A27- A28- A29- A30- A31- A32 in which A22 is Ala or
dy 5 A23 is Val, Ile, Leu or Met A24 is Ser or
Thr A25 is Tyr, Phe, Trp or H's A26 is GQu or
Asp A27 is Thr or Ser 10 ~ A28 is Lys, Arg or His
A29 is Val, Ile, Leu or Mt 230 is Asn or Adn

A3l is Leu, lle, Val or Met A32 is Leu, Ile, Val or Met 15
with the provi ul

X4 is nullo the% 5 |s The solié 2%'{1? 1'[Déjérééf";eirgerbdggsr#t)r?c#}x ‘J lchf Jﬁ1e
present nm%hr¢wma@rnmlde<29¢% 8- mges@cgubm s@mt& wifth 20 X5 is
null. It is fauhper ;ejxﬁ‘é yEshé adSeid W as tH fihcWonAlkds Thr,

ﬁ'1|7 sHs df ARer Y AtASSLSS et alPUof? 35 APV ke, Idod g0 18 Hs,
5 6584-6585).

The carboxy terminal amino ac;d is attached to the
solld support by a DCC/DMAP-medlated symmetrical-anhydride
esterification.

All Fmoc-groups are removed by piperidine/DMF wash

10 and peptide'bonds_are formed either via pentafluorophenyl
active esters or directly by BOP/NMM/HOBt (Castro's
reagent) excépt for certain amino acids as specified in
Table 1.

Side chain protection chosen for the amino acids are

15 removed concomitantly during cleavage with the exception
of Acm on cysteine which is left on after synthesis

TABLE 1 .
Amino acid Protectina.aroup -~ Coupling Method
Arg Mtr or Pmc Either
20 Asp OBut . _ Either
Cys Acm (permanent) Either
Glu OBut Either
His : Boc OPfp only
_ . Lys Boc _ Either
25 Ser But - BOP only
Thr But BOP only
Tyr But Either
Asn none . OPfp only
Gln none OPfp only
30 Cleavage and Purification

Peptide 302. Peptide is cleaved from the resin with
95% TFA and 5% thioanisole (1.5 h) and purified on reverse
phase C4 column. (Buffer A - 0.1% aqueous TFA, Buffer B -
80% ACN 20% 2a) : |
35 - Peptide 304. Peptide is cleaved from the resin with

—
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Al8 is Ile, or A8 is Pro, A9 is Ser, A10 is Thr, All is His, Al2 is
Val, A13 i's Leu, Al4 is Ile, Al5 is Thr, 25 Al6 is H's, A117 is Thr and Al8

is Ile. I n anot her preferred enbodi ment of the present
invention X1 is Al- A2- A3- A4- A5- A6- A7, X2 is A8-A9-A10, X4 is
A19- A20- A21 and X5 is null. It is further preferred that Al is Leu, A2
Is Phe, A3 is Lys, dis 30 dy, ASis dn, A6 is Ay, A7 is Cys, AB is
Pro, A9 is Ser, A10 is Thr, Al is H's R is Val, Al3 is Leu, Al4
is Leu, Al5 is Thr, Al6 is H's, AL7 is Thr, Al8 is Ile, Al19.is Ser, A20
s Arg and A21 bgyl f’}g(and 5% phed /s ﬁrjorahar R I
present 35 |nvent| f’are n
- 5 - s A8%-P0Rump. (Bffexs A | Aéﬁ Aggeﬂslé R§}:A§’2 £8F ’Ps‘ 80%

ACN 20% A).

Peptide 308. Peptide is cleaved from the resin with
5 95% TFA and 5% water (1.5 h) and purified on reverse phase
~ C4 column. (Buffer A - 0.1% aqueous TFA, Buffer B - 80%
ACN 20% a). _
Peptide 309. Peptide is cleaved from the resin with
95% TFA and 5% thioanisole and purified on reverse phase
10 C4 column. (Buffer A - 0.1% aqueoﬁs TFA, Buffer B - 80%
| ACN 20% 2). o
In addition, the following synthetic fragments of
peptide 309 were synthesized. - These peptides had the
following amino acid sequence with the TNF sequence region
15 indicated in brackets.
Peotide 393
"LTHTISRIA (76-84).
Peptide 394
S RIAVSYQT K VNLDL (81-94).
20 Peptide 395 '
PSTHVLLTHTTI (70-80).
Peptide 396
AVSYQTEKVNLL (84-94).
Effect of TNF peptides on neutrophil functwon

25 Chemiluminesence assay. i
This assay examined the effect of TNF peptides on

priming for a neutrophil F-met-leu-phe response as
described by Ferrante et al, 1988, (Int. Arch. Allergy
Appl. Immunol, 86, 82-91). Purified human neutrophils

30 were pretreated with peptide for 20 minutes before the
addition of f-met-leu-phe. The lucigenin dependent
chemiluminescence response, which reflects superoxide
production, was then measured. The results obtained are
set out in Table 2 and are expressed as mV of lucigenin

35 dependent chemiluminescence and represent the maximal cell
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further preferred that Al is H's, Al2 is Val, Al3 is Leu, Al4 is Leu,
Al5 is*Thr, Al16 is His, Al7 is Thr, A18 is lle, Al19 is Ser, A20 is Arg,
A21 is Ile, A22 is Ala, 5 A23 is Val, A24 is Val, A25 is Ser, A26 is Tyr,
A27 is AQu, A28 is Lys, A29.is Val, A30 is Asa, A31 is Leu and - A32 is
Leu. In a second aspect the presentgLnvention consists in a
peptide which prinmes neutrophils for superoxide 10 production and an
enhanced respiratory burst foll ow ng treatment with

N-f or nyl - L- net BEbSaylity- btajhed. phenyl al ani ne, wherein the peptide is
of the general fehMHk@ition, the effects of tide 304, 308 and 309
Y1-Y2- Y3- Y4- Y5- Y6- Y7 Y8- Y9 Y10- Y11 Y12- Y13- Y14- %1% in Which Y17is Ay
or Ala are shoyp grapRicatly|inoFigareos - Met Y3 is Tyr

or Phe or Trp or H $his experiment xvéslﬁepeutea MehOpeﬁv’aideg Bee, 308
Y5 is lle o oL Trp or Hs

o] al i
Y7 is Ser o ﬁHd 50¥ Qﬁe resuggs %btfﬁnsg aé S ow 1n Tagfe ¥9 is Vi
or Ile or Leu or MeThe experiment wa¥18lse tendnct@é{ugxnglpeptl&es 2893,

YII is Phe or 3yg, 05gdrpn@'38kS of these peptides only peptide 395 was
able to stimulate the neutrophil respiratory burst
(Table 4). The effect of peptide 395 was dose dependent
10 as shown by the results of 3 eiperiments (Table 5). The
kinetics of the chemiluminescence response elicited by
peptide 395 is shown in Figure 3. Peptide 395 displays
improved solubility over peptide 308. '

A



Y12 is Lys-or Arg or Hs Y13 is Ay or Al a

Y14 is Asnm or Gn Y15 is Ay or Ala 30 - As will be
appreci ated by those skilled in the art fromthe description which
follows the present inventors have denonstrated that the region of
human TNF from am no acid 54 to an1nolﬁ0|d 94 plays an inportant
functi onal role in the stimlation of *Héutrophils. « Further, the 35
present inventors have produced 5 peptides namely peptides
- 6 - Substhkggeasheet - 1 June 1998 304, 308, 309, 395, 419 (as
referred to herern) which have neut r gpni 1 Zing|atin? activity. _
Armed with t RPREARor mati on aRBRGRRRTER&CR B9 cebldldi nates of the
crystalline structure of TBF at.2. 6 A 10 100 - 500

275 1.02 - 0.98 0.69 0.43 0.80

301 0.34 0.93 0.74 0.55 1.10

302° ' 0.37 0.16 0.18  0.29

303 0.37 0.23 0.17 0.22

304 . 0.37 0.18 0.43 2.56. 2.76

305 - 0.37 0.27 0.36 0.24

306 0.37 0.27 0.35 0.23

2307 0.37 0.35 0.37 0.42

323 0.37 0.23 0.17 0.47

308 . 0.37 0.51 4.80 49.52

309 0.37 0.38 0.98 13.44

Results are expressed as mV of lucigenin dependent
chemiluminescence and respresent peak of response i.e. the
maximal cell activity attained.

TABLE 3
Peptide Peptide concentration
(yg/l()6 cells)

0 10 100
304 - 0.04 0.36 0.64
304 + fMLP 0.71  0.51 6.97
308 0.04 1.00 11.76
308 + £MLP ~ 0.42 2.74 28.56
309 . 0.04 0.31 0.69
309 + fMLP 0.42 2.46 12.84
'\\ |

This Sheet Hgg '

W



5 as disclosed by Eck and Sprang, 1989 (J. .Biol. Chem, 264:

18795-17605), the person skilted in the art wll be able to design

non- pepti de structures which, i-n 3 di nensi onal terms mmc the peptides
of the préesent invention. It is bel i eved t hat these non-peptide
structures wll also mmc 10 the physiological effects of the peptides of
t he present invention. It is intended 4imat such non-peptide

structures are included within the scope of .the present i nvention.
Changes to the TNF nDIecuIe in these reglons US|ng eg site directed
mut agenesi s t-1eilN-L Yo mpagrisons) ©F 1309 i stubpelptlidest omti on. A
schemati c 1t tgﬂféy@ﬁgg Hr a8 dlnenslonal structure of TNF[err]
is shown'in Figure 5. ccordingly in a third aspect the present

i nvention consists in a conpound the three dinmensional structure of 20
whi ch subst ant¥z#dtymenar r esponds to the t hr echdinliARiigesktence gwwyct ure of

t he peptide of tdyaJ 53 éyaesecond aspects of t he present |nvent|on

t he COI’TpOUI']d bel Zetd TT trat—tte L,Ullpuunu s L,apam e of
eliciting supd production by neut o8 | s and of prinng
neutrophil s fc30925 an enhanced respiratory gouipst follow ng treatnment with
N-fornyl-L-ney%%Pnyl L- | eucyl - L- phenylalanlne In a further

aspect, the present invention conS|sts i%r 34 met hod of treating a

subj ect havi ng@%depr essed 0.33

385 ' 5.32
396 : 0.70

Table 5§ Effect of 395 on neutrophil respiratory burst

Treatment Chemiluminescence (mV)
' Exp; 1 Exp. 2 Exp. 3

Diluent : 0.58 0.68 0.38
fMLP 1.53 3.53 1.96
lpg 395 3.25 0.89  0.03
ipg 395 + fMLP - 3.36  4.55 0.29
10pg 395 ' ' 4.92 "3.97 0.64
10pg 395 +fMLP | 7.31 9.10 2.34
50ug 385 | 8.01 10.81

50pg 395 + fMLP . 12.58  22.09

100ug 395 2.36 19.14 5.26
100ug 395 + fMLP 5.29 18.10 10.59
100xg 309 5.98 6.68 1.24

100pg 309 + £MLP 27.44 22.77 6.69
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neutrophil function, the nmethod conprising admnistering 30 to the subject
a therapeutic amount of the peptide of the first aspect of the present

i nventi.on. In a preferred enbodi nent of this aspect of the
present invention the subject is suffering fromacquired I mune
deficiency syndrone. 35 Peptide 308, through selective effects on
neut r ophi | -12= 7 - Substitute sheet - .1
June 1998 degranul ati on nay be admi nistered to individuals suffering
frominflammtory syndrones e.g. rheumatoid arthritis, adult respiratory

di stress syndrBfifect on Supetoxigde| Fommatntomeci ated by those skilled in the

art 5 that a nunbegnof o FRdifi G21HEPEIdEY B BHE I03 i fGl+dleide Of the
present invention w {hout deleterl O€S|}/ &Ifectl n the i ol chrll cal

activity of th€°E%$F+ﬂ% wqﬁlgxﬁg&n e cytochrome reduction assay,
' according to the procedure of Ferrante, 1989 (Infection

5 and Immunity), 57: 2115-2122). The results, expressed as
n moles of 02/5x105 cells as set out in Table 6.

TABLE 6
Peptide ' . Peptide. concentration
(rg/5 % 10° cells)

10 . 0 10 100
308 : 0.270 2.78  4.892
308 + £MLP | 2.757 5.00 6.729

15 309 0.270 0.62 2.30
309 + fMLP 2.757 3.87 5.14

Effect of TNF peptides on neutrophil random migration

20 Migtation_of cells is an important property by which

cells reach infection sites. Their accumulation at these

sites is also dependent on the capacity of inflammatory

‘mediators to inhibit their migration 'out of the sites.

The present inventors have examined TNF ahd peptide 304,
25 308 and 309 for their effect on the migration of

neutrophils. ' _

In these experiments neutrophils were pre-treated
with the peptide or TNF and then examined their ability to
migrate out of wells in agarose as described by Ferrante

30 et al, 1988, (Arch. Allergy Appl. Immunol. 86:82-91). The
results are.shown in Table 7. The results show that TNF
was only partially migration inhibitory at 100 units/lO6
cells. Both peptides 308 and 309 were potent migration
inhibitors, however, éeptide 304 was found to be

35 chemokinetic (it stimulated cell migration).
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achi eved by various changes, such as insertions, deletions
substittutions (e.g., sulfation,

hal ogenati on),
aci ds,

not

pepti de.

G AV, I,
N err]-al kyl anFABLECT ds

ey —al-so—be-—possible—to—add—rar+o
groups to the preafifit de of the present invaiHimitiloh eohiMeIgrehioon ages
such 20 as increased potency or extended hadf-/lifSe i
Substantially altering the overall Hg

L, M

ei t her
desami no acids) in

Db E N Q

phosphoryl ati on,

conservative or

S,

Lt

T;

bi ol ogi ca

The termpeptide is to be understood to enbr®ce

‘repl acenent
recogni sed

T

10

107, &8

and

nitration,
non-conservative (e.g., Wam no

t he pepti de sequence where such changes do

substantially altering the overal |-38-0l ogi cal
By conservative substitutions the intended 15

K R H

activity of t he
conbi nati ons are: -

F, YW H and P,

%ivo, .
9y of the peptide.

+OUS

wi t hout

Eur opean Pept i 3@4*Synposi um edt.

references theggan),
and/ or ﬁ@?

V.

formu

, Subcut aneous,

or peptide mnetics,

art (see for exanple:
G Jung-l8% Bayeh
as well as salts angl pharmggeuti cal
_ ations which render the bioactive
particul arly s#Pfable for oral, topi cal, nas

as the case mayv be,

&e

spr ay,

Yfkpt i de horkPO

. e. pseu eptides, g
%@9 46

oceedi ngs of the 20th

3% pp. 289=8BF and

preyes at i ons

ptide(s)

ocul

0
O%Elnnnary,

10 *Peptide 304 was found to stimulate (chemokinetic)
Chemotactic properties of TNF and peptides
The chemotactic properties of TNF and peptides 304,
308 and 309 were examined using the following method:
3ml of molten 2% agarose was mixed with 3ml of

15

20

25

30

35

2x concentrated medium 199 containing foetal calf
serum (10%) and poured into Petri dishes. .Sets of 3
wells of 2.5mm diameter, each 3mm apart, were cut in
the agarose. 5p1 of neutrophils (2 x 10°
cells) were added to the inner well, with chemotactic
agent or control medium added to the outer wells.
Migration at various time intervals was then measured.
The results of these experiments are shown in Table 8.

TABRLE 8

Agent¥* Migration distance (mm) at

1.5h ' 2.5h
None Agent | None Agent

fMLP 0.50- 1.46 0.66 2.45

TNF 0.50 0.48 0.66 0.69

304 0.48 0.47 ' 0.68 0.72

308 0.50 0.66 0.63 1.41

309 0.50 0.53 0.63 0.68
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delivery. Such salts, fornulations, anino acid repl acenents and

pseuddpeptide structures may be necessary and desirable to enhance the
~stability, fornulation, 35 deliverability (e.g., slow release, prodrugs),
or to - 8 - Substitute sheet - 1 June
1998 | nprove the econony of production, and they are accept abl e,
provi ded they do not negatively affect the requi red biol ogical activity
of the peptide. Apart from substitutions, three particular forns of
5 peptide mnetic and/ or anal ogue structures, of partlcular rel evance
when desi gnating bi oactive peptides, which™ iﬁ to bind to a receptor

whil e risking the degradation by pr ot ei nases and pepti dases |n t he

bl ood, tissues,ang, ¢pgl éﬁism&s £BY QQI”ﬁQE'Q@&QdSM'éfCﬂiU 7i keuspr at ed
by 10 the follomnng exanple |rs e inversion of bacggong
of elther peptide 30 : peptide 308 and peptide 309 or

103 U/ml of TNFa
M__M__—WMM
5 The conditions of measuring degranulation were as

described by Ferrante A, 1989, (Infect and Immunity 57,
3110-3115). In these studies 100pl of neutrophils ‘
(107/ml) were incubated for 20min at 37 ©c after which
10yl of cytochalasin B was added. After 10 min

10 incubation the volume of cell suspension was made up to
1 ml with Hanks Balanced Salt Solution (HBSS). The
cell-free supernatants were collected and analysed for
enzyme levels after a further incubation at 37°C.
B-Glucuronidase activity was measured

15 fluorimetrically by using
4-methylumbelliferyl-g-D-glucuronide as substrate. This
involved incubating 50yl of 2.5 mM substrate in 0.1 ¥
citric acid -sodium phoSphate buffer, pH 4.5, at 37°%
for 3 h. The reaction was stopped by adding 1.5 ml

20 of 0.2 M glycine-sodium hydroxlde buffer, pH 10.7 and the
fluorescence of the liberated 4-methylumbelliferone was
quantitated by using excitation and emission wavelengths
of 336 and 446 nm, respectively. Vitamin B,, binding

‘ protein was measured using 57Co--vitamin 312' This '

25 assay is based on the principle that the binding protein
binds to the 57
radiocactive vitamin Bl2 does not bind to charcocal. The

Co-Vitamin B12 and as a result the

resultant radioactivity in the supernatant can then be
equated to the concentration of vitamin Blz-binding
30 protein in the sample. The results of these experiments

are set out in Table 9 A and B.
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chiral centres | eading to D-amino acid residue structures may,

particularly at the N-term nus, |ead to enhanced stability for
proteol yti cal degradation while not i mpairing activity. An exanple is
given in the paper 15 "Tritriated D-ala[err]-Peptide T Binding", Smth,
CS e - al, Drug Devel opnment Res. 15, pp. 371-379 (1988). Secondl vy,
cyclic structure for stability, such as-M5+0 C I nterchain imdes and

| actames (Ede et al in Smith and = R vier (Eds) "Peptides: Chemstry and
Bi ol ogy", E&C. N cide L 226 and sgget& or

bi ndi ng may“ffEe-enfrarcedHy—orarig—Cty

Is given in "Confirmationally restricted .
US pat. 4 +4 19 Gal.dst e n I j y he
introductioﬁég%régg%g%oﬁé%ﬁyFéﬁggghe %grsﬁPﬁ?%gié?'?% %%ﬁ%%e%%%’bonds to
repl ace pepBP8eCBoRAS fMLE. (dnethat prehange of €MtoBD and  NH noieti es
may both gr@atly enhance stability and potency. An exanple of the
latter type Is given in the paper 'Biologically active retrol nverse
‘anal ogues of 30 thynopentin", Sisto Ahﬁéﬁl%ﬁu¥9p¢$%%%w¥e%?%§eahﬁ)Nhrsharl
G R (eds.)TrPeptmedes, Chemi stry, StrueEkpteland Bikpl opy",Exp. Escopxpleiden

(1990), p.722-773. The peptides of the invention can be .
synt hesi zed™ by variouos et hods—wnch—are—kmowr—mprimcrpte—manety by
HBSS  3.63 1.84 2.72.  6.23
HBSS + fMLP 23.62 41.41  40.19 27.54
304 : 3.63  3.14 2052 9.82
304 + fMLP . 26.95 36.43  35.34 = 36.65
Control peptide . - - - 13.41.
‘Control peptide + £MLP - - - 35.69
308 . 0.8 0.65 2.76 0.72
308 + £MLP 17.57 28.86 17.86 18.20
B.

_ . Vitamin 312 Binding Protein .
Treatment o Exp. 1 Exp. 2 Exp. 3 'Exp. 4
HBSS ' 9.21 9.27 9.67 4.80
HBSS + fMLP | 28.85 27.91  45.31 27.33
304 11.40 10.82 13.06 = 8.42
304 + £MLP _ 43.76 -  35.60 59.15 37.12
Control peptide - - ) - - 7.49

~ Control peptide + fMLP - - - 38.62
308 | o 2.00 2.08 5.70 2.25
308 + fMLP - 35.81 . 27.59 26.55 21.51
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35 chemical coupling nethods (cf. Winsch, E.: "Methoden der

-9 - “organi schen Cheme", Volune 15, Band 1 + 2, Synthese von
Peptiden, Thieme Verlag, Stuttgart (1974), and Barrany, G ;

Merrifield, R B: "The Peptides", eds. E. &Goss, J. Meienhofer., Volume
2, Chapter 1, pp. 1-284, Academic 5 Press (1980)), or by enzymatic
coupl i ng net hods (cf. Wdner, F., Johansen, J.T., Carlsberg Res.
Commun. , Vol une 44, pp. 37-46 (1979), ape-Kull mann, W: "Enzymatic
Peptide Synthesis", CRC Press Inc., Boca Raton, Florida (1987), and

Wdner, F., Johansen, J.T. in "Synthetic 10 Peptides in Biology and
Medi ci ne:, eds., Al Thaleffgcts of PENFarpeptides \ont issrimulatiqmp.of9- 86,
El sevier, Amstged@fbphil1985p)rabrPybareOMDEOGEi AN K 5 SHNEM L2 806n

[ f thi s, advant ageous, for the process desi gn and
enzymatic HE% ggition, cﬁemokghesgs gng chemotaxisraere investfgated.

"As can be seen from'the results set out above only
5  peptides 304, 308 and 309 were found to prime human
neutrophils for the respiratory burst associated with
f-met-leu-phe treatment, i.e. in a manner anélogous to
that of TNFaz . Together these peptides comprise the
primary amino acids sequence region of amino acids 54 to
10 94 of human TNFx . Peptide 308 is a particularly potent
primer of neutrophils in this assay. '
It is to be noted, however, that peptide 323 which
has a sequence which corresponds to amino acids 79 to 89
of human TNF was not fbund to:be capable of priming
15 neutrophils for the respiratory burst associated with
f-met-leu-phe treatment. The reason for the lack of .
neutrophil stimulating activity of this peptide has not as
Yet been ellucidated, however, one hypothesis for the lack
of activity of this peptide may be that peptide 323 does
20 not include the amino acid residues which bind to the TNF
receptor on the neutrophils.
Peptides 308 and 309 have also been found to be
potent inhibitors of neutrophil migration whilst peptide
304 has been found to be chemckinetic. ' Peptide 308 has
25 also been found tp'bé strongly chemotactic.
The effects of TNF peptides 304 and 308 on
degranulation of neutrophils (Table 9) showed that peptide
308 decreased the release of the contents of both the
specific and the azurophilic granules as measured by the
30 release of Vitamin B,, binding protein and
B-glucuronidase release respectively. This effect of
peptide 308 was still apﬁarent following stimulation with
fMLP. In contrast, peptide 304 had no effect on
neutrophil degranulation in the absence of fMLP. 1In the
35 presence of fMLP peptide 304 enhanbed'release from
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econony. 15 It is intended that such nodifications to the peptide

of the present invention which do not result in a decrease in

bi ol ogical activity are within the scope of the present i nvention.

Moreover, the three-di nensional structure and 20 function of the

bi ol ogically active peptides can be- Si ated by ot her conpounds, sone

not even peptidic in nature, but which mMiTic the activity of such

pepti des. Thi s fleld of science is summarised in a review by

Goodman, M. (16801 £ (Sytdrsics ap@qa@sm@gﬁ%ﬁ{u 2y sinulations in
[ osI_Um publ i shed in

pepti de research. Pr oc létlﬁﬁcArrer i can
Pept i des- Chemi stry,t ﬁ%%%%l%?%%@kl@é% viterthg axt and
Marshal |, G RtHublnstearodsSe@viations and A \mddlfqeartqwméqd BY Adwse

Skl||ed in thg I Mt dI$C| sur_e_ of. Jcation, it
will: posozlflt)}f %3%6%?;1 ucejps”b b Hh iR RRsS J‘(‘i:e E%Fd%
havi ng t he %aﬁ@-q}mﬂ@edﬂmw rom m]tﬁt \pEinis e spepel ¢ the of the
present i nVentlrﬁﬁént-E.lﬁzseas HHEd19N Ade SHUdal aife pre atnrt;u g#r melit

S

eptide mmcs" wll react vvlth anti bo |es 35 ral an the estlde
01E) fhe pr esentaq%é?ﬁr&*% to be considered in all re%pects as p

illustrative and not restrictive.

—

\
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- 40 - woglngggg al so be ca_ '-Q"{E:-;,of str mul at i ng rracrophageBCInﬂl/JDt/ooow

neutrofhils. It is intended that such "peptide ninics" are included

wi fhi n§t he scope of ﬁ“ﬂlﬁm "I tion. Accordingly, in a fifth
aspect gt he present im ’mmgts in_a conpound thg—<three- el
structure of hi¢ stmbkars asr a pha ﬁncophore to tl'ﬁﬁﬁﬁﬂ g%W%g%

di mensi onal structure of the peptide of the first aspect E_DI-0GAH

i nvention, the co End bei ng characterized in that i reacts Wi t h
antrbodres rarsedggg MRSt the 10 pepti de of the first aspect of the present
i nvention and. mhpteptliaecna’pmngdamsncapabde séquence asuhgtantiaphiiges

and/ or: neutrq ' r [ her eg.~Can
found in - " CRiredpopaing so)BREnfCpeLds’ SURES, 90 BECEIBAPANY BorcaNpREe
p 485 in Snrﬁheaﬁeervhere@5d§pe"PeptreeSlSCEeBﬁB g¢yof priming

neutrophils for a superoxide production and an enhanced
respiratory burst following treatment with
N-formyl-L-methionyl-L-leucyl-L-phenylalanine.

2. A peptide as claimed in claim 1 in which the peptide
has an amino acid sequence substantially corresponding to
amino acids 52 to 94 of Fib. 1. _

3. A peptide as claimed in claim 1 in which the peptide
has an amino acid sequence substantially corresponding to
amino acids 54 to 68 of Figure '1l.

4. A peptide as claimed in claim 1 in which the peptide
has an amino acid sequence substantially corresponding to
amino acids 73 to 94 of Figure 1.

5. A peptide as claimed in claim 1 in which the peptide
has an amino acid sequence substantially corresponding to
amino acids 70 to 80 of Figure 1.

6. A compound having a three dimensional structure which
substantially corresponds to the three dimensional structure
of the peptide as claimed in any one of claims 1 to 5, in

which the compound is capable of priming neutrophils for a
respiratory burst following treatment with
N-formyl—L-methionyl-L-leucyl-L-phenylalanine.

7. A method of treating a subject having depressed
neutrophil function the method comprising administering to
the subject an effective therapeutic amount of the peptide
as claimed in any one of claims 1 to 5.

8. Method as claimed in claim 7 in which the subject is
suffering from acquired immune deficiency sydrome.

S. A method as claimed in claim 7 in which the subject is
suffering from cancer.

10. A method of treating a subject suffering from an
inflammatory syndrome comprising administering to the

This Sheet Has Been Re;ilaced




fo9gom Lei den (1991). In order that pag/AedL0008

T il oo
it reference to t e,"

5 gures in which * Figure 1 shows the affi aéi—'lééﬁ‘? BBER
of huma@ TNF; F| gure 2 shows the ®%ects of pefjt| engséAé grr])
308 ([efr]) and 309 ([err]) on the fMP |nduced human ° neutropk

. Pept 0 5
b eri nokbat 1 orP s e EFFecs T Ut diely Rt e, peene B4
chemi | ufi nesceﬂcannEd mezqicam 3e-| icited by Pept| de 395 ( [err] ; 395 (50nm)
P, [erf] a %g)claa.[n%d lin cl 1."0 M-Rr hlb[cqf "dhe HBSS) ; 30

Fi gure ﬁ shows sti mJI at1on super oxi uctlon peptide 419; and
Figure 5 is a irefd s Roa @Yflﬁrqf??e tH\IFII Wﬂa’%ﬁ?r%r?e’%thrlt%(ﬂﬁ ffitdte

posi ti 0n of thediEuatiy |disdtiradatdyitirome pept i des.
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211 - Bas .Production of human TNF pept| des tested for tr

stinula '9!/1%%% vity. The fol | owi ng peptides vvereri%ti‘ﬁ ﬁgg)"g@f and
aré escribed using the I.U P. A’‘C. one-letter code 5 abbreviations for
am no agi-d residues with the TNF sequence region indicated in brackets.

Pepti deg275 AKPWYEPI YL (111-120) Peptide 301 10 VRS S SR
TPSDgKPVAHVVA(llS) Pepti de 302 LRDNQLVVPSEGL

Y LI 358). plde303 LSAIKSPCQRETPEGA(94-109)15
Peptlde 304 LFKGQGCPSTHVLLTHTI SRI (63-83) Pept i de
305 ?.SAEINRPD DFAESGQV (132-150)
t
i
FIG. 1

VRSSSRTPSDIVKPVAHVVANP20QAEGQLQWLN30RRANALLANG40
VELRDNQLVVS0PSEGLYLIYS60QVLFKGQGCP70STHVLLTHTIA0
SRIAVSYQTK9C0VNLLSAIKSPIWOCQRETPEGARIINAKPWYEPIYL 120

GGVFQLEKGD!30RLSAEINRPDI40YL DFAESGQVIS0YFGIIAL1S?



" Coeptl ge aokCHAUGbge | § o

HVLLTHTI SRI AVSYQTKVNLL

Q

)

VSYQT(79-89) 30 Peptide 393
A (76-84). 94 SRI AVSYQTKVNLL
L

THT I (70-80).

FIG. 2
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5 Pep 'am@&@

peptld s were synthesised using the follow ng

AVSYQTKVNLLL (84-94). S Pci ,0§6HT|
KGQGCys (Acm PSTHVLLTHT AYBN?

general protocol.
Al'l peftides were synthesised using the 10 Fnoc-pol yam de nethod of solid
phase pgeptide synthesis (Atherton et al, 1978, J. Chem Soc. Chem
Commun.k, 13,
L 3/4
:
FIG. 3

CHEMILUMINESCENCE(mV)

1 | I
9 4 6 8 10 12 14 16 18 20
TIME(minutes)

FEES T B



-13 = 3 537-539). The solid resin used was PepSyn \ hayv a
pol ydi ng MQ!BSW am de gel on ki esel guhr support with ﬂ&/mbf’)bob&

4- hydr okymnet hyl phenoxyacetic acid as the functionalised | i nker
(Athertpn et al, 1975, J. Am Chem Soc., 97, 5 6584-6585). The
carboxy§terminal amino acid is a#tdched to the solid support by a
DCC/ DV¥P- nedi at ed synmetri cal - anhydri de esterification. Al

formed i ther via pentafl uorophenyl active ,esters or directly by
BOP/ NMM HOBt (Castro's r & except T°Or ‘certain am no acids as
specififd in Table 1. /f/ Si\ge chain protection chosen for the
am no gids are 15 renoved[concom tan{ly during cleavage with the
exceptipon of Acmon cyslteine whichjlis left on. after synthesis

TABLE 1I¥ Am no acid Pr ot ecfii ng group Coupl i ng Met hod

BT TR

|78

.



Arg - Mr or Pnc Ei t her 20 Asp OBut

Ei t hey- Cys Acm ( per manent) Ei t her Au

OBut _ Ei t her Hi s Boc OPf p
only Lys Boc Ei ther 25 Ser

But - BOP only ABSTh"ﬁACT But

BOP only : Tyr Ei t her _ Asn
none none

OPfp only 30 d eava&#ﬁ%“““fsuyﬁ%ﬂNG PEP“D'I::% tide 302. Pepti de
Is cleaved fromthe resin with 95% TFA and 5% t hi oanisole (1.5 h) and
purified on reverse phase C4 columm. (Buffer A - 0.1% aqueous TFA,

Buf fer BThe pre%@%lmmw/@ngwggs peptldpﬁrﬁamblesgﬁ stimyating aeuraphilgy ednf r om
the resin with

particular, the peptides prime neutrophils for a respiratory burst following treatment
with N-formyl-L-methionyl-L-leucyl-L-phenylalanine. The peptides have an amino
acid sequence substantially corresponding to amino acids 54 to 94 of Figure 1 or
a part thereof. These peptides may also be used in the treatment of a subject

having depressed neutrophil function.



- 14 = 95% TFA and 5% phenol (5 h) and purified on reverse phase
C4 colum. (B ueous TFA, Buffer B - 80% ACN 20% A) .

- Peptide 308. mmm‘ung"mﬂﬂed fromthe resin with 5 95% TFA and 5%

water (1.5 h) &nd¢pu¥ifM ed on reverse phase smﬁehtgty shdet - 1B iQist1 996 1%

aqueous TFA, Buffer B - 80% ACN 20% A) . PertTT eptide is
cleaved fromthe resin with 95% TFA and 5%t “Rmﬂ\ 5&%- i fied on

reverse phas’F—;{} CA-colum._ (Buffer fg- 0.1% agugdts TFA, Bufferi B - 80%
ACN 20% A) . | THIS SRHEEH] HAS BEEN ‘19 AUG 1996
EPLACED

SLAIMS

1. A peptide having amino acids séquence substantially
corresponding to aminc acids S4 to 94 of Figure 1, or a
- part thereof, wherein the peptide is capable of priming
neutrophils for a superoxide production and an enhanced
i‘esp:‘.ra.tary burst following treatment with N-formyl-L-
methionyl-L-leucyl-L-phenylalanine.

2. A peptide as claimed .in claim 1 in vb.ich the peptide
has an amino acid sequence substantially corresponding to
amino acids 54 to 94 of Figure 1.

3. A peptide as claimed in claim 1 in which the peptide —
has an amino acid sequence substantially corresponding to
amino acids 54 to 68 of Figure 1. '

4. A peptide as claimed in claim 1 in which the pcpt;i.dc .
has an amino acid sequence substantially corresponding to
amino acids 73 to 94 of Figure 1.

5. A peptide as claimed in claim 1 in which the peptide’
has an amino acid sequence substantially corresponding to-
amino acids 70 to 80 of Figure 1.

6. A compound having a three dimensional structure
which substantially corresponds to the three dimensiocnal
structure of the peptide as claimed in any one of claims
1 to §, in which the compound is capable of priming
neutrophils for a respiratory burst following treatment
with N-formyl-L-methionyl-L-leucyl-L-phenylalanine.

7. A pharmaceutical formulation comprising a peptide as
claimed in any one of claims 1 to S and any acceptable
pharmaceutical carrier or diluent.

This Sheet Has Been Re|ilaced )




“assay.

1988,

neutrophils 30f alcu Wi t h peptide for
addition of f- @l‘*ﬁ FEAg

response,
results obtained are set out in Table 2 and 4

l'uci genin 35 dependent cheni|um nescence and r§

Ef fect of TN trophi| function. 25 Cheni | uni nese
mm’ m Hﬂl Eﬂm ned the effect of TNF peptldes on
for a neutrop ck- e response as d

Arch.. Allergy Appl | munol ,SuGtTREP

IUC|gen|n depend
whi ch_ref| @é E@pero I de pgoductlc

8. A peptide as claimed in any one-
a compound as claimed in claim 6 for use in medicine.

9. Use of a peptide as claimed in any one of claims 1
to 5 or a compound as claimed in claim 6 in the
preparation of an agent for the treatment or prophylaxis
of diseases characterised by depressed neutrophil
function.

10. Use as claimed in ‘claim 9 in which'fhe subject is
suffering from either. acquzred.immune.deflclency syndrome
or cancer.

-

11. Use of a peptide as claimed in claim 3 in the
preparation of an agent for the treatment of a subject
suffering from an Lnflammatory syndrome.

1‘“"

12. Use as claimed in cleim 14 iﬁ which the inflammatory
syndrome the subj ect is- suf.ferz.ng from is rheumatoiad

arthritis or adult gesp;ratory dietress syndrome.

is Sheet Has Been Reﬂlaced

TR

nce
prim ng



- 15 - activity attained. In addi W%A@%Ngﬁl%% d 33
pepti de 304, 308 and 309 are shown graphi cal ﬁ‘r‘“l’?“@fhr d page

expefiment was repeated with peptides 304, 3 laim(sR09: pagqg%tgmgg

obtai ned as shown in Table 3. . The, ex e%ﬁg@gﬁ@% ARG ,,,
using peptides 393, 394, 395 and 396." Of t{hé B {LF eptgtde-s9

was able to stinulate the neutrophil respijratory burst i?z é,)
The effect of peptide 395 was dose dependent |1GyaPs G RECEIPT.D IQ£ lLis o
3 experinments (§ddecePfectBhassocianedi withf

elicited by ?,?,i} e i 18031811

I mproved sol ubi | over peptl 309.
Accordingly, in a first aspect the present invention

consists in a peptide which primes neutrophils for
5 superoxide production and an enhanced respiratory burst
following treatment with N-formyl-L-methionyl-L-leucyl-L-
phenylalanine, wherein the peptide is of the general
" formula:-

ponse
in Figure 3. Peptlde 395 di spl ays

X1 is null or Al-A2-A3-A4-A5-A6-A7
in which Al is Leu, Ile, Val or Met
* A2 is Phe, Tyr, Trp or His
15 A3 is Lys, Arg or His
A4 is Gly or Ala
AS is Gln or Asn
A6 is Gly or Ala
A7 is Cys
20 X2 is null or A8-A9-Al0
in which A8 is Pro or Na-alkylamino acid
A9 is Ser or Thr
Al0 is Thr or Ser
X3 is Al1-212-213-A14-A15-A16-A17-A18
25 in which All is His, Lys or Arg
Al2 is Val, Ile, Leu or Met
Al3 is Leu, Ile, Val or Met
Al4 is Ile, Leu, Val or Met
AlS is Thr or Ser
30 Al6 is His, Lys or Arg
Al7 is Thr or Ser
Al8 is 16, Leu, Val or Met
X4 is null or A19-A20-A21
in which Al9 is Ser or Thr

35 A20 is Arg, Lys or His 01 JUN 19987
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- 16 - Substitute sheet - 1 June 1998 TABLE 2 Pepti de

Concentration [err]g/10[err] cells) 0 1 10

100, 500 275 1.02 0.99 0. 69 0.43 0. 80

301 0.34 0.93 0.74 0. 55 .10 30 .37

0.16 -+ 0.18  0.29 303 0.37 2 (. o3 Subsytyts shegs -1 Jyne 1998
©0.37 0.18 0.43 2.56 2.76 305 0. 37 0. 27

0. 36 0. 24 306 0. 37 0. 27 0. 35 0.23

A2l is Ile, Leu, Val or Met
X5 is null or A22-A23-A24-A25-A26~-A27-A28-A29~-A30-
A31-A32
in which A22 is Ala or Gly
5 A23 is Vval, Ile, Leu or Met
A24 is Ser or Thr
A25 is Tyr, Phe, Trp or His
A26 is Glu or Asp
A27 is Thr or Ser
10 A28 is Lys, Arg or His
A29 is Vval, Ile, Leu or Met
A30 is Asn or Gln
A3l is Leu, Ile, Val or Met
A32 is Leu, Ile, Val or Met
15 with the proviso that:
if X2 is null then X1 is null
if X4 is null then X5 is null.
In a preferred embodiment of the present
invention X1 is null, X2 is A8-A9-2A10, X4 is null and
20 X5 is null. It is further preferred that A8 is Pro,
A9 is Ser, Al0 is Thr, All is His, Al2 is Val, A13 is
Leu, Al4 is Leu, AlS is Thr, Al6 is His, Al7 is Thr and
Al8 is Ile, or A8 is Pro, A9 is Ser, AlQ is Thr, All is
His, Al2 is val, Al3 is Leu, Al4 is Ile, AlS5 is Thr,
25 Al6é is His, Al7 is Thr and Al8 is Ile.
In another preferred embodiment of the present
invention X1 is Al-A2-A3-2A4-AS5-A6-A7, X2 is A8-A9-A10,
X4 is Al19-220-221 and X5 is null. It is further
preferred that Al is Leu, A2 is Phe, A3 is Lys, A4 is
30 Gly, AS is Gln, A6 is Gly, A7 is Cys, A8 is Pro, A9 is
Ser, Al0 is Thr, All is His Al2 is Val, Al3 is Leu, Al4
is Leu, AlS is Thr, Al6 is His, Al7 is Thr, Al8 is Ile,
Al9 is Ser, A20 is Arg and A2l is Ile.
In yet another preferred embodiment of the present
35 invention X1 and X2 are null, X4 is Al19-A20-A21 and X6

M‘-—.M—"‘-
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307
0.17
0. 38

cheni | uni nescence and respresent peak of
activity attained. TABLE 3

0.47 308

0.98

cortcentrati on

0 0 10
0.04 1.00
28. 56 309
0.42  2.46
5
10
15
20
25
30
35

0. 37 0.35

100 304

further prefilliell itia AlL is ®

0. 37

0. 37

0.42 323

) 0.91 4. 80
13. 44 Results are expressed as mV of

Pepti de

49. 5

0.37 . 0.23
2 309 0. 37

| uci geni n dependent

I espOngghdtithite bREet X! JiiHe $998
ept i de

([err]g/lO[err] ceIIs)
04 36
0.64 304 + fM.As 322-523-524-325—52s-a\2711-528-@291-A30-A31-0367 I'=3d6'

Leu, AM gls Leu, AlS is Thr, 16 is
is Ile, Al9 is Ser, A20 is Arg, A2l is Ile, A22 is Ala,
A23 is Vval, A24 is Vval, A2S5 is Ser, A26 is Tyr, A27 is
Glu, A28 is Lys, A29 is Val, A30 is Asa, A3l is Leu and
A32 is Leu.
' In a second aspect the present invention consists
in a peptide which primes neutrophils for superoxide
production’and an enhanced respiratory -burst following
treatment with N-formyl-L-methionyl-L-leucyl-L-
phenylalanine, wherein the peptide is of the general

formula:

is, Al2 is val,44d13 ia 74

His, A17 1 FheO0%rs FMP

Y1-Y2-Y3-74-Y5-Y6-Y7-Y8-Y9-Y10-Y11-Y12-Y13-Y14-Y15

in which Y1
Y2
¥3
Y4
Y5
Y6
Y7
¥8
Y9
Y10
Y11
Y12
Y13
Y14
Y1S

is
is
is
is
is
is
is
is
is

is
is
is
is
is
is

Gly or
Leu or
Tyxr or
Leu or
Ile ox
T™yr or
Ser or
Gln or
Vval or

Leu or
Phe or’

Ala
Ile or Val
Phe or Trp
Ile oxr Val
Leu or Val
Phe or Txp
Thr
Asn
Ile or Leu

Lys or Arg or His
Gly or Ala

Asn or Gln

Gly or Ala

As will be appreciated by those skilled in the art

from the description which follows the present inventors.
have demonstrated that the region of human TNF from amino
acid 54 to amino acid 94 plays an important functional
role in the stimulation of neutrophils.
present inventors have produced 5 peptides namely peptides

or Met
or His
or Met
or Met
or His

or Met

Val or Ile or Met
Tyr or Trp or His

Further, the
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- 17 -

0.58 309
0.31-

Substitute sheet - 1 June 1998 Tabl e 4 Compari sons of
309 and its subpeptides on neutrophil respiratory burst Tr eat nent
Chem | um nescence (nV) (100 ug peptlde) Di | uent

10

15

20

25

30

35

4. g 0 393 Substitute sheet 1 June 1998

304, 308, 309, 395, 419 (as referred to herein) which have
neutrophil stimulating activity.

Armed with this information and with the aid of
co-oxrdinates of the crystalline structure of INF at 2.6 ) {
as disclosed by Eck and Sprang, 1989 (J. Biol. Chem., 264:
18795-17605), the person skilled in the art will be able
to design non-peptide structures which, in 3 dimensional

" terms mimic the peptides of the present invention. 1It'is

believed that these non-peptide structures will also mimic
the physiological effects of the peptides of the present
invention. It is intended that such non-peptide
structures are included within the scope of the present
invention. Changes to the TNF molecule in these regions
using eg. site directed mutagenesis would alsc be expected
to affect neutrophil activation. A schematic
representation of the three dimensional structure of TNFax
is shown in Figure 5.

Accordingly in a third aspect the present invention
consists in a compound the three dimensional structure of
which substantially corresponds to the three dimensional
structure of the peptide of the first or second aspects of
the present invention, the compound being characterized in
that the compound is capable of eliciting superoxide
production by neutrophils and of priming neutrophils for
an enhanced respiratory burst following treatment with
N-formyl-L-methionyl-L-leucyl-L-phenylalanine.

In a further aspect, the present invention consists
in a method of treating a subject having depressed
neutrophil function, the method comprising administering
to the subject a therapeutic amount of the peptide of the
first aspect of the present invention. '

In a preferred embodiment of this aspect of the
present invention the subject is suffering from acquired
immune deficiency syndrome.

Peptide 308, through selective effects on neutrophil
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394 0. 33 395 5.32

396 0.70 Table 5 Ef fect of 395 on
neutrophil respiratory burst Treatnent
Chem | um nescence (nV)

Exp. *3 Di | uent ' “7- SUbStmbte6§%%t 4 duggp‘f?\{al?

1.53 3.53 1.96 I[err]g 395 3.25 0. 89
0.03 I[err]g 395 + fM.P

4.92 3. 97 degrampAatism mayy bgggdmﬁ.m;pteredAf 1'25 indivigugis sui'r
2.34 50[err]g 3%rom inflammatory syndrofhedle.g. rlﬁtﬂlhtﬂﬁeat}:g.rms# fNLP
12.58 22.09 adult respiratory distress syndrome.
It will be appreciated by those skilled in the art
5 that a number of modifications may be made to the peptide
of the present invention without deleteriously effecting
the biological activity of the peptide. This may be
achieved by various changes, such as insertions, deletions
and substitutions (e.g., sulfation, phosphorylation,

10 nitration, halogenation), either conservative or
non-conservative (e.g., W-amino acids, desamino acids) in
the peptide sequence where such changes do not
substantially altering the overall biological activity of
the peptide. By conservative substitutions the intended

15 combinations are:-

G, A; V,I,L, M D,E; N,Q; S, 7T; K, R, H;
F, ¥, W, H; and P, Nx-alkylamino acids.

It may also be possible to add various groups to the
peptide of the present invention to confer advantages such

20 as increased potency or extended half-life in vivo,
without substantially altering the overall biological
activity of the peptide. . .

The term peptide is to be understood to embrace
peptide bond replacements and/or peptide mimetics, i.e.

25 pseudopeptides, as recognised in the art (see for example:
Proceedings of the 20th European Peptide Symposium, edt.
G. Jung. E. Bayer, pp. 289-336, and references therein),
as well as salts and pharmaceutical preparations and/or
formulations which render the bioactive peptide(s)

30 particularly suitable for oral, topical, nasal spray,
ocular pulmonary, I.V., subcutaneocus, as the case may be,
delivery. Such salts, formulations, amino acid
replacements and pseudopeptide structures may be necessary
and desirable to enhance the stability, formulation,

35 deliverability (e.g., slow release, prodrugs), or to

395
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100[err]g 395 2.36 19.14  5.26 -100[err]g 395 +

f MLP 5.29 18. 10 10.59 100[err]g 309

5.98 6. 68 1.24 100[err]g 309 + fMP 27. 44 22. 77
6. 69 " - 18 - EifecHect PURREOrO9S
Format i on The effect of peptides§308 an§9?88 on superoxigg
forrmati on was exam ned by the cytochrone reduction assay, according to

the procedure of Ferrante, 1989 (Infection 5 and Immunity), 57:
2115-2122). ThémPESUPt $hecREPRVE(OASProdncHiPRs BRACFRRY|ABR10[err] cells
as set out in TabcepBable,TpBbiziled they do not negatively affect the

required biological activity of the peptide.
Apart from substitutions, three particular forms of
5 peptide mimetic and/or analogue structures of particular
relevance when designating biocactive peptides, which have
to bind to a receptor while risking the degradation by
‘proteinases and peptidases in the blood, tissues and
elsewhere, may be mént;oned specifically, illustrated by

10 the following examples: Firstly,; the inversion of backbone
chiral centres leading to D-amino acid residue structures
may, particularly at the N-terminus, lead to enhanced
stability for proteolytical degradation while not
impairing -activity. An example is given in the paper

15 "Tritriated D-alal-Peptide T Binding", Smith, C.S. et
al, Drug Development Res. 15, pp. 371-379 (1988).
Secondly, cyclic structure for stability, such as N to C
interchain imides and lactames (Ede et al in Smith and
Rivier (Eds)'“Peptides: Chemistry and Biology", Escom,

20 Leiden (1991), p268-270), and sometimes also receptor
binding may be enhanced by forming cyclic analogues. An
example of this is given in "Confirmationally restricted
thymopentin-like compounds", U.S. pat. 4,457,489 (1985),
Goldstein, G. et al. Finally, the introduction of

25 ketomethylene, methylsulfide or retroinverse bonds to
replace peptide bonds, i.e. the interchange of the CO and
NH moieties may both greatly enhance stability and
potency. An example of the latter type is given in the
paper "Biologically active retroinverse analogues of

30 thymopentin", Sisto A. et al in Rivier, J.E. and Marshall,
G.R. (eds.) "Peptides, Chemistry, Structure and Biology".
Escom, Leiden (1990), p.722-773.

The peptides of the invention can be synthesized by
various methods which are known in principle, namely by

35 chemical coupling methods (cf. Wunsch, E.: "Methoden der




Pepti de Pepti de concentration

([err]g/5 x 10[err] cells) 10 0 10
10Q 308 0. 270 2.78 4.892 308 +
f MLP 2. 757 5. 00 6.729 0

0.270  0.62 2.30 309 ¥ fmp 2" Subbtitutd Shpes - 1 Jupe 1998
5.14 20 Mgration of cells is an inportant property by which
cells reach infection sites. Their accunul ati on at these sites is

al so dependent anganischamGhepis” i Vialameatls,y Band dedi 2o Synthesehivan
their mgratiorp idfénS,t m;féuteesxerugf,me@%%; (1972, 0 lahd Ba vty @5
i
Me

neutroph 15, - merrt SHAE R N e FeRsicRRn (el SRS eat od
with the peptide. Meidshofar!hdtolumend n@hagten Lbipp .t 1284, Acadpmiie out
oy app SO Y U8 Y RS Wi melilits (D
(cf. Widmer, F., Johansen, J.T., Carlsberg Res. Commun.,
Volume 44, pp. 37-46 (1979), and Kullmann, W.: "Enzymatic
Peptide Synthesis”, CRC Press Inc., Boca Raton, Florida
(1987), and Widmer, F., Johansen, J.T. in "Synthetic

10 Peptides in Biology and Medicine:, eds., Alitalo, K.,
Partanen, P., Vatieri, A., pp. 79-86, Elsevier, Amsterdam
(1985)), or by a combination of chemical and enzymatic
methods if this is advantageous for the process design and
economy . |

15 It is intended that such modifications to the peptide
of the present invention which do not result in a decrease
in biological activity are within the scope of the present
invention.

Moreover, the three-dimensional structure and

20 function of the biologically active peptides can be
simulated by other compounds, some not even peptidic in
nature, but which mimic the activity of such peptides.
This field of science is summarised in a review by '
Goodman, M. (1990). (Synthesis, spectroscopy and computer

25 simulations in peptide research. Proc. 1llth American
Peptide Symposium published in Peptides-Chemistry,
Structure and Biology pp 3-29. Ed Rivier, J.E. and
Marshall, G.R. Publisher ESCOM.)

As will be recognized by those skilled in the art,

30 armed with the disclosure of this application, it will be
possible to produce peptide and non-peptide compounds
having the same three-dimensional structure as the peptide
of the present invention. These "functionally equivalent
structures" or "peptide mimics" will react with antibodies

35S raised against the peptide of the present invention and
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results are shown in Table 7. The result show that TNF was only

partially mgration inhibitory at 100 units/10[err] cells. Both
pepti des 308 and 309 were potent mgration i nhi bitors, however, peptide
304 was found to be 35 -

. : -10 - titute, shekia 1998
Substitute sheet - 1 June 1998 . 10 The euPscltugfspeptlaguEf 2
super oxi de formation was al so assessed in a |ike manner and the results
shown in Fi gure 4 In Socher et al., 1987 (PNAS: 8A: 8829-8833) a
peptide 5 havin | 8bh¥1b 0ok NerBRPLA €Ny HadRPIGES Nind oz .
I nvention is dlsg Eg de%V sef eJds iﬁb égia JNF, from
resi dues 65- 79..¥ﬁP§=BB fe Wit 1is %ﬁ%@@%@ Ekﬁﬁtﬁpiqmaqﬁ +$2ant

and is referred age included within the scope of the present 1nvention.
Accordingly, in a fifth aspect the present invention
5 consists in a compound the three-dimensional structure of
which is similar as a pharmacophore to the three-
dimensiocnal structure of the peptide of the first aspect
" of the present invention, the compound being characterized
in that it reacts with antibodies raised against the
10 peptide of the first aspect of the present invention and
that the compound is capable of activating macrophages
and/or neutrophils.

More detail regarding pharmacophores can be found in
Bolin et al. p 150, Polinsky et al. p 287, and Smith et

15 al. p 485 in Smith and Rivier (Eds) "Peptides: Chemistry
and Biology", Escom, Leiden (1991).

In order that the nature of the present invention may
be more clearly understood, preferred forms thereof will
now be described with reference to the following examples,

20 and Figures in which:-

Figure 1 shows the amino acid sequence of human TNF;

Figqure 2 shows the effects of peptides 304 (O},

308 (O ) and 309 ( &) on the £MLP induced numaxi
neutrophil response. Peptides were used at lOOpmg/IO

25 in the 20 min pre-incubation step,

Figure 3 shows the kinetics of the chemiluminescence
response elicited by Peptide 395 ( @—@ ; 335 (S50mg) +
fMLP; W— ; 395 (50mg); & HBSS + £MLP; O—O
HBSS);

30 Figure 4 shows stimulation of superoxide production
by peptide 419; and |

Figure S is a representation of the TNFaz monomer

showing the position of the neutrophil stimulating
peptides.

P’DiALHW’NT szl




herein as "peptide 462". 10 Peptide 462 was assayed for its ability

to prinme neutrophils for a respiratory burst in conparison with
peptide 419 using the protocol set out above. The results obt ai ned are
set out in Table 7. TABLE 7-15 Tre ment L |y pesc +
sem (V) HBSS 4.1 9.3 6‘2 (1n§)‘bg}ﬁ‘q§.sﬁ%gﬁ'] e 1988,
(10m) 4.8 [err] 0.7 462 (100rrg) 8 [err] 0.5 20 419 (100n)
18.6 0.5 Ef fect of TNF pepti des on neut rophil random i gratlon
Mgration of ceIIS|sa ' .

I nfection sites. &S5 gent

on the capamtyW.mdl ators to inhibit thelr mgratlon

out of the sites. g epti de
304, 308 and 309hfe'or ’E?gdriﬁsﬁé‘ e‘a’fﬁu 'ao{ngdﬁé‘:1 ﬁ%ﬁfs
In these experi rdeseribed reping §R€er1'e-tbr%-%~r%at%¥‘ etLtRE 1(FAIR peptide or

TNF and then %Xaﬂﬁﬂfévihﬁiénﬁbﬁd# tam i Heidl Sesiduds/twih elid TNV agar ose
as described by Ferrante

86:82-91). The qugﬁP;?%’}% l %gﬁ%%raé’freﬁgé"%‘lése{gguﬁfgléhgmﬂglt'TNF
gegtg.g S
‘AKPWYEPIVYL (111-120)
Beptide 301

10 VRSSSRTPSDRKPVAHTYVVA (1-18)
gegt;geagg |
LRDNQLVVEPESEGLYL I (43-58)

Peptide 303
LSAIKSPCQRETPEGA (94-109)

15 Peptide 304
LFKGQGCPSTHVLLTHTISRI (63-83)
epti
LSAEINRPDYLDFAESGAQYV (132-150)
Beptide 306 |

20 VAEVVANPQAEGQTL (13-26)

Peptide 307
AEGQLQWLNRRANALLANG (22-40)
Peptide 3' 08
GLYLIYSQVLFEKGQG (54-68)

25 peptide 309 |
EVLLTETISRIAVSYQTERKVNLL
(73-94) '

Peptide 323
TISRIAVSYQT (79-89)
30 Peptide 353
LTHTISRTIA (76-84).
Peptide 394
SRIAVSYQTRVNLTL (81-94).
Peptide 395
35 PSTHVLLTHTTI (70-80). m




was only partially mgration inhibitory at 100 units/10[err] cells.
Bot h .pepti des 308 and 309 were potent mgration 35 inhibitors, however,

pepti de 304 was found to be chenokinetic (it stimulated cell
m gration). ", -12- - St Lt oyt 1
June 1998 . TABLE 8 Tr-eat ment égbstltuté‘éh%{ ﬁnﬁ?@?ﬁ?tc?ng of
M gration - ([err]gl/10[err] cells)
0 10 100 5 TNF ND ND_
4% 304* . -16% -43% - 883%
Peptide 396
AVSYQTEKVNLL (84-94).
Peptide 419
. PSTHVLITEHTI
5 Peptide 4623

KGQGCys (Acm) PSTEVLLTET
These peptides were synthesised using the following
' general protocol.
All peptides were synthesised using the
10 Pmoc-polyamide method of solid phase peptide synthesis
(Atherton et al, 1978, J. Chem. Soc. Chem. Commun., 13,
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308 0 0 100% 309

0 . 0 100% 10 *Peptide 304 was found to stinulate

(chenoki neti c¢) Chenotactic properties of TNF and peptides

The chenotactic properties of TNF.,and peptd des 3

exani ned using the fol | owi ng met hod: e n%{'bfsmu e %%B é\'f'&mﬁé%s
m xed with 3nl of 15 2x concentrated nmedi um 199 contalnlng f oet al

cal f serum (10% and poured into Petri dishes. Sets of 3

wel l's of 2.5mm di aneter, each 3mm apart, were cut in t he agar ose.

5[err]l of neutrophils (2 x 10[err] 20 cells) were added to the inner

well, with chenot i a control nedi.um add tq the outer
wol | 5. T I0h 2 TR TR TSR A8 a5 ERPSHT 43
The results of tIRskydimethyactyl amide igain om Kiedel @ihe supbBhE Witdb

Agent * “4gffﬁj&Ebﬁ&ﬁﬁéﬁ@fbﬂéﬁgtfﬂcetxc acid as the fegc cﬂkfiked
2 5h AQE Non
f MLP 0. ggtnkez (Atellezg&pn et al, d.sgé, J. ME‘ AFhem. oc., 3_/,

5 6584-6585).

The carboxy terminal amino acid is attached to the
solid support by a DCC/D“}=-med_ated symmetrical-anhydride
esterification.

All Fmoc-groups arxe removed by piperidine/DMFT wash

10 and peptide bonds are formed either via pentafluorophenyl
active esters or directly by BOP/NMM/HOBt (Castro's
reagent) except for certain amino acids as specified in
Table 1. -

Side chain protection chosen for the aminc acids are

15 removed concomitantly during cleavage with ths exception
of 2Acm on cysteine which is left on after synthesis

TART.E 31
2mino acid Protecting grous Coupling Method
arg Mtr ox Pmc Either

20 Asp O3ut Either
Cys Acm (permanent) = Either
Glu OBut Either
Eis Boc OPfp only

. Lys Boc Either

25 Ser But : BOP only
Thr But BOP only
TYT But Either
Asn none OrPfp only
Gln _ none . OPfp only

30 Cleavage and Purjfication

Peptide 302. Peptide is cleaved from the resin with
35% TFA and 5% thioaniscle (1.5 h) and purified on reverse
phase C4 column. '(Buffe: A - 0.1% acgueous TFA, Buffer B -
80% ACN 20% A)

35 Peptide 304. Peptide is cleaved from the resin with
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TNF 0. 50 0.48 0. 66 0. 69 304

0.48. 0. 47 0. 68 0.72 308 0.50

0. 66 0.63 1.41 309 0. 50 0.53

0. 63 0.68 35 . . S

sheet” - 1 June 1998 ** To. the chenot acl?slt'ctu\/\?gfr‘e%asqa '1'?%@ of
1x10[err] M MP, of either peptide 304; peptide 308 and peptlde 309
or 10[err] U m of TNF[err]

§5% TFA and S% phencl (5 h) and purified on reverse phase
'C4 column. (Buffer A - 0.1% aguacus TFA, Buffer B - 80%
ACN 20% a).

Peptide 308. ©Deptide is cleaved from the resin with

5 8S% TFA and 5% water (1.5 h) and purified on reverse phase

C4 column. (Buffer A - 0.1% acuscus TFA, Buffer B - 80%
ACN 20% a). _

Peptide 309. Peptide is cleaved fzcm the Tes sin with
85% TFA and 5% thiocaniscle and purified on reverse phase

10 C4 cdlumn. (Buffer A'- 0.1% aguecus TFA, Bufisr B - 80%
ACN 20% a).

15
-2 F5-84).. | REPLACEMENT SHEET
Esg-igg ;ga . "
¥ $4 01 JUN 1998
20
28 Chemiluminesence assav.

This assay examined the effect of TNF peptides on
primiag for a neutrophil F-met-leu-phe response as
described by Ferrante et a2l, 1988, (Int. Axch. Allexgy

-Appl. Immunol, 86, 82-%91). 2urifisd human neutrcphils

30 were pretreated with peptide for 20 minutss before the
addicion of f-met-leu-pha. The lucigenin dependent
chemiluminescence rasponse, which reflects superoxide
procduction, was then measured. The results obtained are
set out in Table 2 and are expressad as mV of lucigenin

35 dependent chemiluminescence and resresent the maximal cell




Ef fect of TNF Peptides on Neutrophil Degranulation 5 The condi tions
of neasuring degranul ati on were as descri bed by Ferrante A, 1989,
(I'nfect and I munity 57, 3110-3115). In these studies 100[err]l| of
neut r ophil s (10[err]/ ) were incubatgd for in at 37[err]C after
whi ch 10[err]l of cytochal asin B was 1g‘§éllded. %‘{g&'t% % tIO‘] Jupeuh3®8on
the volune of cell suspension was nmade up to 1 mMm wth Hanks Bal anced
Salt Solution (HBSS). The cell-free supernatants were coll ected and
anal ysed for enzyne |l evels after a further incubation at 37 C
[err]-d ucuroni dase activity was neasured 15 fluorinmetrically by using
4-met hyl unbel | | feggivieyrattaphad oni de as substrate. This i nvol ved

i ncubating 50[err]l of_2 bs teci 1 ciirdf, achd zsQdi
phosphate buffer, pH 95" %M@f%r%ﬁ% gff@?ggr' %Mhz.’m-:'tl"h'J"eé rje%%:f?d(l)g ﬁgg 389’
st opped by addi ngce. shavn2gzapiiicr Pl im yBigre=eodi um hydroxi de buffer, pH

10.7 and the fl uoprgseaesePind e wdPOrSbEedd ol tly I pubel des ezone 308
quantitated b using ngt Ion and em _ssion vel eﬁgl%‘g;’sn of 336 and 446
nm respect i vel y2R\APni nTRE TFTRLFR ARELIREC 2Bt 2 mEaRt?ed" usi ng
[err]Co-vitamin B[erThe &kpsrifentiseay ibsbdasenduwrtedaigingcpepreidaat 388¢
bi ndi ng protein bggds.he $9€. S7EL- | De B £&& %Faé f8SUkbstH
radi oactive vi ta?ns%l'Biggr ,goes not&gi%%é%ntﬁgcoa*. e‘eﬁ- 855! Vs
. able to stimulate the neutrophil respiratory burst
(Table 4). The effect of pept;de 385 was decse dependent
10 as shown by the results of 3 experiments (Table 5). The -
kinetics of the chemiluminescence response elicited by
peptide 395 is shown in Figure 3. Peptide 395 displays
improved solubility over peptide 308.




resultant radioactivity in the supernatant can then be equated to the
concentration of vitamn B[err]-binding 30 protein in the sanple. The

results of these experinents are set out in Table 10 A and B.
- 21 - Substitute sheet - 1 June 1998 1. Ta . of
Pepti des on Neutrophil Degranul ation Neutroph?#?é\}g'f’ggypgﬁ egl) '-Jv‘\h' 1998

100[err] g/ 10[err] cells of 304, 305 or 308fM.P (in the presence of CytoB).
A [err]-glucuroni dase rel ease (% Treat nent
Exp. 1 Exp. 2 Exp. 3 Exp. '

TABLE 2
Peptide Concentration pg/ 1 cells)
0 1 10 100 500
275 1.02 0.99 0.69 0.43 0.80
301 . 0.34 0.93 0.74 0.55 1.10
302 0.37 0.i16 = 0.18 0.29
303 0.37  0.23  0.17  0.22
;04 . 0.37 0.18 0.43 2.56 2.76
305 0.37 0.27 0.36 0.24
306 0.37 0.27 0.35 0.23
307 = .37 .35 0.37 0.42
323 0.37 0.23 0.17 0.47
. 308 .37 0.91 4.80 49.52

308 0.37  0.38 0.58 13.44

Results are expressaed as mvV of lucigenin dependent
chemiluminescence and respresent peak of response i.e. the
maximal cell activity attained.

IARLE 3
Peptide Peptide concentration
(,z.:gr/J.G‘S cells)
0 10 100

304 0.04 0.3  0.64
304 + £fMp 0.71 0.%1 6.597
308 0.04 1.00 o 11.78
308 + £MLP 0.42 2.74 28.56
309 0.04 0.31 0.69

308 + £fMLP 0.42 2.46 12.84
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HBSS 3.63 1.84 2.72 6.23 HBSS + fMP

23. 62. 41. 41 40. 19 27.54 304 3.63
3.14 2.52. 9.82 304 + fMP 26. 95 36. 43
35.34 36. 65 Control peptide:, . _ - PR .
13.41 Control peptide + fMP - . ~ 17 = Substituté sheet- 1,lung 199§,
0.8 0. 65 2.76 0.72 308 + fMLP 17.57
28. 86 17. 86 18. 20 B. Vitamn B[err]
Bi nding Protein Treatnment Exp. 1 Exp. 2 Exp. 3
Exp. 4 HBSS 9.21 9. 27 9. 67 4. 80

e 4 omp sons o n ts subveptides on

eutrovhi espirato burst

Treatment Chemiluminescence (mv)

{100 ug peptide)

Diluent . 0.58

308 4.70

383 ' ’ 0.31

3%4 : 0.33

385 5.32°

3386 6.70

Table 5 Effect of 39S on neutroovhil respiratorv burst
Treatment Chemiluminescence (mV)

Exp. 1 Exp. 2 Exp. 3

Diluent 0.58 0.68 0.38 -

£MT.P : 1.53 3.53 1.96
lxg 395 3.25 0.89 0.03
lug 395 + £MLP . 3.36 4.55 0.29
10pg 355 4.92 3.97 0.64
10pg 395 +£MLP 7.31 9.10 2.34
50ug 395 8.01 10.81

50ug 395 + £¥LP 12.58  22.09

100ug 355 2.36 19.14  5.26
100pg 395 + £xTP 5.29 18.10 10.59
100pg 309 5.98 6.68 1.24
100yg 309 + £MLP 27.44  22.177 6.69
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HBSS + f MLP 28. 85 27.91 45. 31 27.33 304
11. 40 10. 82 13. 06 8.42 304 + fMLP 43. 76
35. 60 59. 15 37.12 Contr ol peptide -

7.49 Control peptide + fMP ", - 08
2.00 " 2.08 5. 70 2.25" 308 18w p Substitute sheet- 13@" 7008’
27. 59 26. 55 21.51 - -22- Substltute-
sheet - 1 June 1998 The effects of TNF[err] peptides on
stinmulation of neutrophil respiratory burst, degranul ation, "mgration

I nhi bition, chenokinesis and chenotaxis were investigated.
Effect on Superoxide Formatijon
The effect of peptides 308 and 309 on superoxide
formation was examined by the cytochrome reduction assay,
according to the procedure of Ferrante, 1989 (Infection
S and Immunity), 57: 2115-2122). The results, expressed as
n moles of 02/5::105 cells as sat out in Table 6. .

TABLE 6
Peptide ' Peptide concentration
’ (rg/5 = 1¢° cells)
10 : : 0 10 100
308 0.270 2.78 4.892
308 + £MLP 2.757 5.00 6.729
15 309 | 0.270 0.62  2.30
305 + £MLP 2.757 3.87 5.14

Migration of cells is an important property by which
cell each infection sites. Their accumulation at'these
sites is™also dependent on the capacity of inflammatory
mediators toN\inhibit their migration out of the sites.
The present inveéntors have examined TNF and peptide 304,

25 308 and 309 for theis
neutrophils.

In these experiments negtrophils were pre-treated
with the peptide or TNF and then examined their ability to
migrate out of wells in agarose as“described by Ferxrante

30 et al, 1988, (Axch. Allergy Appl. Immingl. 86:82-S1). The
results are. shown in Table 7. The results\

20

effect on the migration of

cells. Both peptides 308 and 309 were potent mig
inhibitors, however, peptide 304 was found to be
35 chemokinetic{it-stimulatad—call—migeaticon}~
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As can be seen fromthe results set out above only 5 peptides 304, 308 and

309 were found to prinme human neutrophils for the respiratory burst
associated with f-met-1|eu-phe treatnent, i.e. in a manner anal ogous to
that of TNF[err]. Toget her these peptjdes co b R'{ JBRY 5840
aci ds. sequence region of am no acids 541€€ 10 ngkbgﬁ“hgﬁgwe$N4}Hr .
Peptide 308 is a particularly potent primer of neutrophils in this
assay. It is to be noted, however, that peptide 323 which has

a sequence whi ch corrgspon ' hds hedBha d Don &
not found to be capab&ggofgg?léﬁi ﬁgquéﬁ%%t?gghlgﬁsg‘?%?r?ﬁgéer espl raator'g as
bur st associ at edaksohassessedein| @ulike mannencand the resubhs ($ROYReIncK
of neutrophi*iﬁﬁkguhqting activity of this peptide has not as yet
been el | uci dated, Rowever, one hxpo hesig for thg_hgg$ - §%3gctivit%.gé
this peptide may be t B8t SPEPEFARE394- dob2820(PNAR : 24P 3229 nf B Rt
resi dues whi c§ bhating sbmeTBEmilariegepdothenpeptidestobpthe spresent -
Pepti des 308 and SQs un t rigdi pitors of
neut rophi | i graé?*%%n%ﬁ%ﬁsﬁkggg%’%ﬁs*& 55118, dEeplonld Flpe189, k'
chenoki netic. PefrrgmesyscfafNIsfranssesidnesobfid?fe bEhLS (BRRFide was
chenot acti c. synthebi%edl b9CtheOprdibnieapplesardtlanddisOBefrred to
degranul ati on ofhggg&gpgg h%e I§Q£e4&91.shomed t hat peptide
10 Peptide 462 was assayed for its ability to prime

neutrophils for a respiratory burst in comparison with

peptide 419 using the protocol set out above. The results

ocbtained are set out in Table 7.

TABLE 7
15 ZTreatment Chemiluminescence mean + sem (mV)
HBSS 4.1 + 0.3
462 (1lmq) 3.1 £ 0.5
462 (10mg) 4.8 + 0.7
462 (100mg) 4.8 + 0.5

20 415 (100mgq) 18.6 * 0.5
' ect ides on neutroohi om ti
Migration of cells is an important property by'which

cells reach infection sites. Their accumulation at these
sites is also dependent on the capacity of inflammatory

25 mediators to inhibit their migration out of the sites. The

present inventors have examined TNF and peptide 304, 308

and 309 for their effect on the migration of neutrophils.
In these experiments neutrophils were pre-treated

with the peptide or TNF and then examined their ability to

30 migrate out of wells in agarose as described by Ferrante

et al, 1988, (Arch. Allergy Appl. Immunol. 86:82-91). The
results are shown in Table 7. The results show that TINF
was only partially migration inhibitory at 100 unit:s/lo6
cells. Both peptides 308 and 309 were potent migration

35 inhibitors, however, peptide 304 was found to be

chemokinetic (it stimulated cel} migration).
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308 decreased the rel ease of the contents of both the specific and the
azurophilic granules as neasured by the 30 release of Vitamn B[err]

bi ndi ng protein and [err]-glucuroni dase rel ease respectively Thi s
ef fect of peptide .308 was still apparepyg._foll i nul n wth
f MLP. 1n contrast, peptide 304 had no effect on q*“%%ﬁ?foﬁﬁﬁ? dtgluneu1 888on
in the absence of fMLP. In the 35 presence of fM.P peptide 304 enhanced
rel ease from - 23 - Substitute sheet - 1
June 1998 speC|f|c granul es but not azurophilic granules.
It will be appreciated by persons skilled in the art t hat numer ous
vari ations, and/ wm i cati ons may be made
Treatment : Inhibition of Migration
(pg/loe cells)
0 10 100
5 INT® . ND ND 4%
304+ .- -16% -43% ~-883%
308 ' 0 0 - 100%
309 , 0 0 100%

10 *Peptide 304 was found to stimulate (chemckinetic)
Chemotactic proverties of TNF and veptides
The chemotactic properties of TNF and peptides 304,

308 and 309 were examined using the following method:

3ml of molten 2% agarcse was mixed with 3ml of

is 2x concentrated medium 199 containing foetal calf
serum (10%) and poured into Petri dishes. .Sets of 3
wells of 2.5mm diameter, each 3mm apart, were cut in
the agarose. . Spl of neutrophils (2 x 105

20 cells) were added to the inner well, with chemotactic
agent or control medium added to the outer wells.
Migration at vazrious time intervals was then measured.
The results of these experiments are shown in Table 9.

TABLE 9
25 Agent* Migration distance (mm) at
' 1.5h ___2.5h
None Agent None Agent
30 fmrp 0.50 1.46 0.66 . 2.45
TNF 0.50 0.48 0.66 0.69.
304 0.48 0.47 0.68 0.72
308 0.50 0.66 0.63 1.41
309 0.50 0.53 0.63 0.68

33
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to the invention as shown in the specific enbodinents 5 w thout departing
fromthe spirit or scope of the I nvention as broadly described. The
present enbodi nents are, therefore, to be considered in all respects as

illustrative and not restrictive. L - stitute sheet .- 1 June
1998 - CLAI MB: - 1. A peptide V\/nifc(ﬁ pri ngi’%ﬁi!ﬁ‘fﬁe qts io’lune 1998
super oxi de production and an enhanced respiratory burst follow ng
treatment with N-fornyl-L-nethionyl-L-1eucyl-L-phenylal anine, 5 wherein the

peptide is of the general fornula:- .
Xerr]-Xerr]-Xerr]-Xerr]-Xerr]- in which

* To the chemotactic well was added Sml of lx10°7 MEMTP,
of eithex peptide 304; peptide 308 and peptide 309 or
103 U/ml of TNTe

£fect of Peptides on Neutroohil Degranulation
S The conditions of measuzing degranulation were as

described by Terzante A, 1988, (Infect and Immunity 57,
3110-3115). 1In these studies 100pl of nevtrophils
(107/ml) were incubated for 20min at 37 °C after which
10pl of cytcchalasin B was added. After 10 min '

10 incubation the volume of cell suspension was made up to
1 ml with Eanks Balanced Salt Solution (E3SS). Ths
cell-free supernatants were collectad and analysed for
enzyme levels after a further incubaticn at 17%.
B8-Glucuronidase activity was measured

15 fluorimetrically by using
4-methylumbelliferyl-g-D-glucurcnide as substrata. This

- involved incubating 50rl of 2.5 m¥ substrate in 0.1 X
citric acid -sodium phosphate buffer, pE 4.5, at 37%
for 3 h. ' The reaction was stopped by adding 1.5 ml -

20 of 0.2 ¥ glycine-sodium hydrcxidé buffer, 2 10.7 and the
fluorescence of the liberated 4-methylumbelliferone was
quantitated by using excitation and emission wavelengths
of 33§ and 44§ nm, respectively. Vitamin B,, binding
protein was measured using 57Co-vitamin 312: This

25 assay is based on the principle that the binding protein
binds to the >/Co-Vitamin By, and as 2 result the
radicactive wvitamin B12 doe; net bind to charcocal. The
resultaat radicactivity in the supernatant can then be
egquated to the concentration of vitazin Blz-binding

30 protein in the sample. The results of these experiments
are set out in Table 10 A and B.




X1 is null or Al-A2-A3:-A4-A5-A6-A7 10 in which Al is Leu, Ile, Val
or Met CEMENT SHEET A2 is Phe, Tyr, Trp or His A3
is Lys, e Adis Ay or Al a

A5 is d r Asn 15 A6 i4 Ay orgAla; . A7
is Oys X2 fsJUNIMG98or | AB- A9- AL0 2w ch S‘m&'t“%sﬁ‘esetpré"é‘r"e 1998
N err]-allkyl anino acid. . } A9 is Ser or Thr 20

Al0 is Thy X3 i% All- A12- A13- A14- A15- A16- A17- A18 in which
All is Hi Arg-— Al2 is Val, Ile, Leu or Met

Al3 is Leu, Ile, Val or Met 25 Al4 is lle, Leu, Val or Met

Al5 is Thr or Ser
Al7 is Thr or 338

nul I or A19- A20- A21 i n which 19 is Ser or Thr
A20 s Arg, Lﬁeugcr:olghsils were treated with 100pg/105 cells of 304,
305 or 308+fMLP (in the presence of CytcB).

Al6 is H s,
Regtides. O

NE eln

A,
B-glucurcnidasa release (%)

Treatment Exp. 1 Exa. 2 Exp. .3 . Exp.
HBSS 3.63 1.84 2.72 §.23
E3SS + £MLP 23.62. 41.41 40.19 ;?.54
304 3.63 3.14 2052 9.82
304 + £MLP . 26.95 36.43  35.34  36.65
Control peptide - - - ' 13.41
.Control peptide + £MLP - - - 35.69
308' 0.8 0.65 2.76 0.72
308 + £MLP 17.57 28.88 17.88 118.20
B.

_ Vitamin 812 Binding Protein
Treatment Exp. 1 Exp. 2 Exp. 3 Exp. 4
23SsS 9.21 §.27 S.57 4.80
EBSS + f£MLP 28.85 27.91 45.31 27.33
304 11.40 10.82 13.06 8.42
304 + £MLP 43.76 35.60 59.15 37.12
Contrcl peptide - ' - .- 7.43
Control peptide + £MIP - - - 38.62
308 2.00 2.08 5.70 2.25

308 + fMLP 35.81 27.59 26.55 21.51




A21 is Ile, Leu, Val or Mt X5 is null or

A22- A23- A24- A30- A31- 35 A32 -25 - Substitute
sheet.- 1 Junqd RBBIACEMENT SHEETwhi ch A22 is Ala or Ay

A23 is Val, lljef Ceu or WeT - . ' e _Thr

A25 i g Tyr, Phe, 'Iﬁﬁ MN% b 22 g@sﬁgu@ %h%t Agﬁlune 1998
A27-is Thr or |Ser A28 is Lys, Arg or H's

A29 is Val, |le‘~tes—e+——Not— A30 is Asn or @n 10

A31 is Leu, Ille, Val or Met

The effects of TNFz peptides on stimulation of
neutrophil respiratory burst, degzanulation, migration
inhibition, chemokinesis and chemotaxis were investigated.
As caa be seen“from.:he results sat out above only

S peptides 304, 308 and 309 were found to prime human
neutrophils for the respiratory burst associated with
£-met-leu-phe treatment, i.e. in a mannar analogous to
that of TNFz . Togsther these peptides comprise the
primary amino acids sequence region of amino acids 54 to

10 894 of human TNFz . Peptide 308 is 2 na_ulcula:ly potent
primer of neutrophils in this assay.
t is to be noted, however, that peptide 323 which

has a saguence which corresponds to aminc acids 79 to 89

of human TNT was not found to be capable c¢f£ priming
neutrophils for the respiratory burst associated with
f-met-leu-phe treatment. The reason for the lack of
neutrophil suzmulat-ng activity of this peptide has not as
yet been ellucidated, however, one hypcthesis for the lack
of activity of this peptide may be that peptide 323 does
20 not include the amino acid residues which bind to the,?h-
receptor on the neutrophils.

‘Peptides 308 and 309 have alsoc besn found to be
potent inhibitors of neutrophil migration whilst peptide
304 has been found to be chemok_ne.-c. Peptide 308 has

25 also been found to ‘be strongly chemotactic.

The effects of TNF peptides 304 and 308 on -
degranulation of neutrophils (Table 10) showed that peptide
308 decreasaed the releases of the contents of both the
specific and the azuxophilic granules as measured by the

30 =release of Vitamin 845 binding pzotein and
B-glucuronidase release respectively. This effect of
peptids 308 was still apparent following stimulation with
f¥L.P. In contrast, peptide 204 had no effect on
neutrophil degranulation in the abs2nce of fMLP., 1In the

35 presence of fMLP peptide 304 enhanced release from

-
[V}



A32 is Leu, Ile, Val or Met W th the proviso that: - Sif X2 is

null then X1 is null, if X4 is null then X5 is null. 15 2. A
pepti.de as clainmed in claiml in which XI is null, X2 is A8-A9-Al10, X4
and X5 are null. 3. A peptide as clgg oed "Sdﬂs"l‘i‘tﬁ?iezsﬁébt"m‘l Clund81998
Pro, . A9 is Ser, A0 is Thr, All is H's, Al2 is V Al3 is Leu, Al4
is Leu, AL5 is Thr, Al6 is HIS Al7 is Thr and A18 is 20 |Ile. 4. A
peptide as clainmed in claim 2 in which A8 is Pr o, A9 is Ser, AlO is
Thr, All is His, Al2 is Val, Al3 is Leu, Al4 is Ile, A5 is Thr, Al6 is
Hs, Al7 is Thr and Al8 is Ile. 25 5. A peptide as clained in claiml

in which X1 is - A2- A3- AA- A5- A6- A7, X2 i s A8- Al19- A20- A21
and X5 is null. sPeé%f.‘cﬁffe‘b'{Ajl BRE A4S neRFRRPRMy Af”-fﬁ ﬁ'a‘é\?\*ﬁch Al is Leu,
A2 is Phe, A3 is Lys,Inwikl Qe apsracialied By persdys siwilbed simyShe pgrrs

Pro, A9 i S - 1
L;S, A15I ?s _?_Lr ﬁﬂ- M@‘ouﬁ'w}afﬁﬂ&ﬁ%d [oz | Rodfficddfons , bélflalls

Al7 “Thr, A20
Arg and A21 is ?'IF% invenf;:.on Eﬁ)éﬂjt‘?s‘ﬂ'é 5;% él’%u ﬁ%ﬁ‘:i‘ﬁ‘%liﬂ%ﬁ%‘?ﬂerm}ﬁl ch IXi

and X2 5 without departing from the spirit or scope of the
invention as broadly described. The present embodiments
are, therefore, to be considered in all respects as
illustrative and not rastrictive.




35 are nul |l —&4—+sAt9=-A20-A2t—and X6 is A22- A23- A24- A25- A26-

A27- A28- A29 - - Substitute sheet - 1 June 1 998
8. . A peptid m jEHlI rlumalm7 in which All is Hi s, Al2 is Val, Al13
is Leu, Al4 i'ss , Al6 is Hi A Thr iS,lle

is Ser, A20 is Arg, A21 is  Ile, A22 1235 o A%%"?%”\)%F"e 21 %l"gég5
Is Ser, A26 5 is Tyr, A27 is Qu, A28 is Lys, A29 is Val, A30 is Asa,

A31 is Leu and A32 is Leu. 9. A peptide which prines neutrophlls for
super oxi de producti on and an enhanced respiratory burst follow ng
treatnent with 1CLAEMS$my| - L- et hionyl-L-1eucyl - L-phenyl al ani ne, wherein

the peptide ig,of Ahgegeids WhicK prfnes neutrophils for superoxide
production and an enhanced respiratory burst following

~ treatment with N-formyl-L-methionyl-L-leucyl-L-phenylalanine,

5 wherein the peptide is of the general formula:-

X1 is null or Al-A2-A3-A4-AS5-A6-A7
10 in which Al is Leu, Ile, Val or Met
A2 is Phe, Tyxr, Trp or His
A3 is Lys, Axg or His
A4 is Gly or Ala
A5 is Gln or aAsn

1s A6 is Gly or Ala
- A7 is Cys
X2 is null or A8-A9-Al0 :
in which A8 is Pro or Ne-alkylamino acid
A9 is Ser or Thr
20 AlQ0 is Thr or Ser
X3 is Al1-A12-A13-A14-A15-216-A17-218
in which All is'Eis, Lys or aArg

Al2 is Val, Ile, Leu or Met
Al3 is Leu, Ile, Val or Met
25 Al4 is Ile, Leu, Val or Met
AlS is Thr or Ser
Al6 is His, Lys or Axg
Al7 is Thr or Ser
Al8 is 16, Leu, Val or Met
30 X4 is null or Al19-A20-221
in which Al9 is Ser or Thr
A20 is Arg, Lys or His
A2l is Ile, Leu, Val or Met

XS is null or A22-223-A24-A25-A26-A27-A28-A29-A30-A31~
35 A32
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Y1-Y2-Y3- YA=Y5-Y6-Y7- Y8- Y9- YI0- Y11- Y12- Y13- Y14- Y15 in which Y1 is Gy

or Ala uor lle or Val or Met 15 Y3 is Tyr
or Phe or || Y4 is Leu or Ile or Val or Met

Y5 is lle or al ar Y6 | 0 | S
Y7 is.Ser or Thr Y8 is @n or “Asn Substfeuté SRQ&@H ﬁr%*alﬁ)bcg)§
e or Leu or th Y10 is Leu or Val or Ile or Met

Y11 is Phe or Tyr or Trp or His Y12 is Lys or Arg or His 25
Y13 is Ay or A @5 which Ya: 0)4 Y15 is Gy or
Al a 10. A conpound having a i ree dF%eﬁgﬁ%ggl structure which
substantial |y corresponds to theh 3kt YBhenki8nakenoosi M@kt ure of the,

peptide as clainmed in any one ofA24aissSdr or TRr9, in which the conpound

is capable of primng- neutr o f pi kat or urst follow ng

t r eat ment with N-fornyl-L- ?%#o% fi?fe%ﬁé trBhE% ?ﬁfanlne 11. A
nmet hod of treétlng a subj ect havh3§ ﬁ%psbcsen 8spneut rophi|l function the
met hod conprising admnistering A97 is Thr or Ser

A28 is Lys, Arg or His
A29 is vVal, Ile, Leu or Met
A30 is Asn or Gln
10 . A3l is.Leu, Ile, Val or Met
' A32 is Leu, Ile, Val or Met
with the prowviso that:-
if X2 is null then X1 is null,
if X4 is null then XS is null. :

1s 2. A peptide as claimed in claim 1 in which X1 is null,
X2 is A8-29-2Al10, X4 and X5 are null.

3. A peptide as claimed in claim 2 in which A8 is Pro,
AS is Ser, A10 is Thr, All is His, Al2 is Vval, Al3 is Leu,
Al4 is Leu, AlS is Thr, Als is His, Al17 is Thr and Als is

20 Ile. :

4. A peptide as claimed in claim 2 in which A8 is Pro,
A9 is Ser, Al0 is Thr, All is His, Al2 is Vval, al3 is Leu,
Al4 is Ile, AlS5 is Thr, Al6 is His, Al7 is Thr and A18 is
Ile. :

25 5. A peptide as claimed in claim 1 in which X1 is
Al-A2-A3~-A4-A5-A6-A7, X2 is A8-2A9-210, X4 is Al19-220-A21
and XS is null.

6. A peptide as claimed in claim 5 in which Al is Leu,
A2 is Phe, A3 is Lys, A4 is Gly, AS is Gln, A6 is Gly, A7

30 is Cys, A8 is Pro, A9 is Ser, Al0 is Thr, All is His al2
is val, Al3 is Leu, Al4 is Leu, AlS5 is Thr, Al6 is His,
Al7 is Thr, Al8 is Ile, Al9 is Ser, A20 is Arg and A2l is
Ile.

7. A peptide as claimed in claim 1! in which X1 and X2

35 are null, X4 is A19-220-A21 and X6 is A22-A23-A24-A25-A26-

A27-A28-A29-A30-A31-A32. [ REFLACEMENT SHEET |

01 JUN 1998




-27 - Subst+tute-sheet -1 June 1998

t herapeutic
9. - 12, Met
suffering fr

of the pepti de

deficiep
clained in cIa|n111 “in mhlch t he subj ec

t he subject an effective
as clainmed in any one of clains 1 to
claim11l in which the subject is

tlﬁ.ltelsr’hee% PUNRE FFo8

oY) syndr(y{%s
t suffering f

14.- A nethod of treating a subject suffering froman
syndronme conprising adm nistering to the

t her apeutic anoug t of
clained in cIa|n1I4 i

rom cancer .
I nfl ammat ory

subj ect an effective

arthritis or aduf2 isr¥3dirAldris dews Abdsis
Al7 is Thr, Al18 is Ile, Al9 is Ser, A20 is Arg, A2l is
Ile, A22 is Ala, A23 is Val, A24 is val, A2S is Ser, A26
is Tyxr, A27 is Glu, A28 is Lys, A29 is Val, A30 is Asa,
A3l is Leu and A32 is Leu.

9. A peptide which primes neutrophils for ‘superoxide

10

15

20

25

30

35

treatment with
N-fozmyl-L—methionyl—L-leucyl-L-phenylalanine, wherein the

peptide is of the general formula:

A EbktEe s LildTn 6L Ttk ic gt T 3 20

AlS5 is Thr, Al6 is His

‘production and an enhanced respiratory burst following

Y1-¥2-¥3-Y4-Y5-Y6-¥7-¥8-¥9-¥10-Y11-Y12-¥Y13-T14-T15

in which Y1
‘Y2
Y3
Y4
¥5
¥6
Y7
¥8
Y9
¥10
Y11
Y12
¥13
Y14
Y15

is
is
is
is
is
is
is
is
is
is
is
is
is
is
is

Gly
Leu
Tyx
Leu
Ile
Tyr
Ser
Gln
Vval

Leu or
Phe or
Lys or
Gly or
Asn or
Gly or

or
or
or
or
or
or
Qr
or
or

Ala

Ile

Phe
Ile
Leu
Phe
Thr
Asn

L=2
or
orx
or
orx

val

Trp
val
val

Tzp

or Met
or His
or Met
or Met
or His

Ile or Leu or Met

Val or Ile or Met
Tyr or Trp or His
Arg or His

Ala
Gln
Ala
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10. A compound having a three dimensional structure which
substantially corresponds to the three dimensional
structure of the peptide as claimed in any one of claims 1
to 9, in which the compound is capable of priming
neutrophils for a respiratory burst following treatment
with N-formyl-L-methionyl-L-leucyl-L-phenylalanine.

11. A method of treating a subject having depressed
neutrophil function the method comprising administering to



A

10

-27 - . Substitute sheet - 1 June 1998

the subject an effective therapeutic amount of the peptide
as claimed in any one of claims 1 to 9.

12. Method as claimed in claim 11 in which the subject is
suffering from acquired immune deficiency syndrome-. .

13. A method as claimed in claim 11 in which the subject
is suffering from cancer. '

14. A method of treating a subject suffering from an
inflammatory syndrome comprising administering to the
subject an effective therapeutic amount of peptide as
claimed in claim 3.

1S. A method as claimed in claim 14 in which the

inflammatory syndrome is rheumatoid arthritis or adult
respiratory distress syndrome.
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