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OF IgE FIELD OF THE I NVENTION This invention relates to small peptides,
particularly to N-fornyl- nethionyl peptides, having downregul ating
activity ofoegssand to nethods for treating indications? ?’Ba $ROEP438 f r om
| gE- nedi at ed responses. Mdre 5 particularly, the peptides can be used to
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cl asses of antibody occurring in 10 man and has been known for over three -
decades that it is the inmunoglobulin responsible for allergic reactions.
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on the cekl ?Fp;p | and 25
subsequent r ase% tﬁg?ggtﬁé%e%g':%%uot #e&%ké:tg%écgggeégﬁg&%gtlaéﬁ with the

i medi at e phaﬁ’Eh‘éﬁﬁW@PF’éF@t@oﬁesq;éﬁgeeu%se products of mast cell
degranul ati on cause activation of inflammatory cells and further induces a

lowaffinjty FCORI | aI so known as CD23. FcaRI| can be found
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Immunoglobulin E {IgE) is one of five classes of antibody occurring in

10 man and has been known for over three decades that it is the
immunoglobulin responsible for allergic reactions. IgE is produced and

secreted by B cells upon allergen invasion. Howcvér, IgE constitutes only a
small fraction of the total antiBody in human serum (SO-SOOng/ mi
compared to 10mg/ml of IgG) and thus, is not present in sufficient amount
15 to directly neutralize antigens. Instead, its action is amplified through
target cellular receptors and elicits a wide range of cellular responses to
antigens, culminating in inflammation, itching, coughing, lacrimation,
bronchoconstriction, mucus secretion, vomiting and diarrhea, all symptoms
commonly associated with allergic disorders.
20 .,
Immediate hypersensitivity reactions are triggered through the high-

_ afﬁmty IgE receptors (Fc,RI) found on mast cells and basoph:ls Allergen ' j
bmdmg to the Fe.RI-bound IgE causes cross- hnkmg of receptor molecules "
on the cell membrane, which triggers degranulation of the cell and

25 subsequent release of histamines and other mediators associated with the
immediate phase of the allergic response. These products of mast cell
degranulation cause activation of inflasmmatory cells and further induces a
low-affinity IgE receptor, Fc,RIl, also known as CD23. Fc,RIl can be found



2 on activated B cells, various inflammatory cells (macrophages,
cosi nophils, platelets, natural killer cells), T cells, follicular

dendritic ce+ 2ﬁDC) Langerhans cells and epithelial ognisoanissséhe bone
marrow and ¥ (DeI espesse et al., Adv. Imure. 49:149-190, 1991;

Del espesse et al. | munoi . Rev. 125:78-97, 1992). On the surface of B
cells, FcERII pl ays a role in | gE-dependent antigen presentation to T
cells and also in the cross- linldng of B cells. On FDCs, Fc.RIIl is

expressed in |arge anbunts and is therefore inplicated in the.recruitnent
of Bcells to the germnal centers of secondary follicles in the |ynph
nodes and spl een. When expressed on 10 inflamatory cells, it is thought to
be responsi bl enfastivatgdBegie ndivus inflaratatory cali¢ (madcropbagesuedsinophils,
phagocytosis of_.i _ %ﬂgh 2 I I (sFccRi1)
can also initf telg%g{r}r%tr‘% ?%}f%ceﬁ%%%@@%ﬁ?ép{ ses’ by triggering
the growth an@adgdrhamsamnsmdcﬁpxwhalmeﬂwf ther kongf mpfragwmandiymits T cel | s and
basophi | s. (()15%1%; &é‘é"ét'aﬁt%ﬂrfzmﬁzcﬂ h&Q-‘l@boléQlE éﬁ&ééﬁa@' asma cells

i nvol ves a éx signaling cascade of eytokines and surface nol ecul es,

t hought to5 t é’ﬁ@upP‘aEG" ST 897 n 1997 &y thermirface of Bresllss FaRY playaray

follicles in the i ygMAepdhdRbaititbnSites@iationt!{d R el BhLElb 88 ti Erogssent i al
in order to provide the 20 physical interaction of Bcells with T cells and

mast cel|s t hiinking of &rellscGnFHCs, FriRiisexpepspetinlaser, RPrBRts 2dSe surface
.mol ecul es ar e thdéfrd ingidtddGRABe rédruaiitnt 6Bl dells Wi derh@bdlREnteypef 2 cell's

Lt anti ont |y c#HEeercnis Bip bwpt otk adll GBTr AR ORPEVERTFS, 1 obi Li ng

in B cell 1act mmmmtorirbdlsautxsmmﬁ&bihsmlsibk R:edg%epemienous cyt oi dnes,
such as IL-4 tivale o switch to
d?g; PRQ% %Qg‘sf"gs Fro ?‘ﬁnélpr es

| gE production’ nadl I on ion on B cells
and i nfl ammat m@%ﬁ#ﬁolpbb\FCMGF&Rmmhhom@huwrdmda@ﬂ stinul ation

and soluble g rn@%ﬂe& ahiine #Qo%é@ ﬁﬁ' @r@gé@%ﬁ M&%ﬁ%d differentiation of

precursors of plasma cells, T cells and basophils.

L€

15
Differentiation of B cells into IgE-secreting plasma cells involves a

complex signaling cascade of cytokines and surface molecules, thought to
take place mainly in the germinal centers of secondary follicles in the lymph
nodes and spleen. Surface molecules are essential in order to provide the

20 physical interaction of B cells with T cells and mast cells that is required for
triggering IgE production. These surface molecules are CD40 ligand (CD40-
L) and Fc,RII. When T helper type 2 cells (Th;) are activated upon exposure
to antigen-presenting cells (APCs), they transiently express CD40L. CD40L
interacts with CD40 on B cells, resulting in B cell activation. The activated

25 Thaz cells secrete various cytokines, such as IL-4 and IL-13, which act on
the activated B cells to switch to IgE production. IL-4 in addition
upregulates Fc,RII expression on B cells and inflammatory cells, providing a

- further source of contact stimulation and soluble growth factor.



3 Mast cells and basophils also secrete IL-4 and express CD40OL and can

t hus induce |IgE synthesis by B cells upon physical interaction with B

cells int nce of IL-4, in a simlar manner as Thg. t is

i kely th‘gﬁo% synthesi s can al so take place in the sﬁlﬁ%ﬂhﬁﬁgd and gut, »
in viewof 5 the tissue distribution of the various types of cells involved
in IgE production. Upregul ation of |IgE synthesis and rescue of gerninal
center B cells fromapoptosis is nediated by the cross-linking of B cell
menbr ane- bound 10 I gE and conpl enent geceptor 2 (CR2), also called CD21,
by sFceRIl. CR2 is a highly glycosyl ated nenbrane protein found on B cells,
FDCs, and sone T cells and basophils. sFc=RI|l can participate in the

positive feedbackmastesly ld vdsopBils 516 sB&StSILY ahdl leggi@ts 0®H4OB2nAN B cells to

enhance I gE sypthesjs || e S0, pr.o ing the survival .of |gEccommtted B
col T 00® 1 57" saR thhs it I SEBr SR BR T Cls b R GPL A toh MG
Si tuations. celfeiii the priesanvaaf Lo, if uesitrilar abdriieg @s TRY pélts [tishidglyns Wi t h an

early phase . r tion i nvol vi apkd activation of t_cells i rway
macr ophages,th%fﬁ%ﬁ ré‘h?%%aflael%? 8I¢3ﬁe%3’F§f°®hrwsragﬁ%se%’§emp‘P5‘f’ﬁfl amat ory
medi at or § 206h¢ Hssuaidistrithitionadthevariaisaypesof atlls ipplobtedliefglict i vati ng factor,
oxygen free_ﬁr&?@tﬁﬂls, .neur opepti des, and.cytokines. These can induce

n of the

constrictio ai rway snooth nuscle, mucous secretion, and
vasodi | ation. Inflanmation .of the airways causes increased m crovascul ar

| eakage, : :aadi ngubeeg@hmngfﬁﬁhégg ahatreséi&ﬁfgkfmcen}é& IBleenat Rg of
ai rway wa and narr.owi ng.o e ai . n.resuljt. I|n. e
| at e- phase %é’&’tf‘??ﬂ’??s‘ﬁésr ?‘gﬂ‘@ﬁﬁ %ﬂ’&dﬁ%ﬁé@@/’é.ﬂggﬁ%ﬂm Hheyedi he airways
to est alﬁb: S l[g?aﬁdﬂﬁ&ﬁb!bniéﬂb'@ed&ﬁd tor 1% (CR2NEdl$®CalleSLTID2 I &yl ﬁ-*cimnlamd is- |
eosi nophils, .l cytes, ,and .nonocytes, .and recruit i s.dependent on 30
cyt oki nes sﬁéﬂégg Yf?g%‘ﬁ%‘ﬁﬂ merabrang ?‘M@-ﬂgﬁgﬁ %’ Wssf‘??rﬁ? ing factor
(GVC- SF) . Chiesreilk iand basopliilsa sSFERNTd2A participateini the glositive fgpelback 0

control of IgE synthesis by triggering CR2 on B cells to enhance IgE -

synthesis while also promoting the survival of IgE-committed B cells.

15
. Activation of IgE production can lead to two different situations.
Acute inflammation due to allergen exposure begins with an early phase
reaction involving rapid activation of mast cells, airway macrophages, and
bronchial epithelial cells which release proinflammatory mediators
20 including histamines, eicosanoids, platelet-activating factor, oxygen free
radicals, neuropeptideé, and cytokines. These can induce constriction of the
. airway smooth muscle, mucous secretion, and vasodilation. Inflammation
- of the airways causes increased microvascular leakage, leading to plasma
exudation into the airways. Thickening of airway walls and narrowing of the

25 atrway lumen result.

In the late-phase reaction, peripheral blood cells are recruited into
the airways to establish a chronic-type of inflammation. Such cells include
eosinophils, lymphocytes, and monocytes, and recruitment is dependent on

30 cytokines such as IL-5 and granulocyte-macrohage colony-stimulating
factor (GMC-SF). Chemokines such as RANTES and eotaxin also appear to

STl



WO 01/ 05420 PCT/ US00/ 19496 4 enhance recruitnent of eosinophils. At the
site of inflammation, these cells are activated and their survival is

i ncreased Wy yRdiged apoptosis, mediated by factors suclporastiissssE. 5
Treatnments for asthma have traditionally been based on the severity and
persi stence of the disorder. For acute, intermttent synptons, treatnents
have general ly invol ved bronchodil ators. Bronchodilators include

¢ 3- adrener gi ¢ agoni sts, methyl xant hi nes, and anticholinergic drugs. These
agents can inprove airway obstruction ig asthma patients but they 10 do not
appear to be effective in reducing airway inflanmation or bronchi al
hyperreactivity. In nore recent years, |eukotriene inhibitors have becone
avai | abl e f orenhaset reemtitméntdf edsinophiisieitahe sits ofiitdlameation, thesescells e

generated from ar Ldoni i ugh th - |l poxyaen . hC
pat hway and ﬁgsggﬁ%%égg%ggh%%ggﬂg o%%%§EE§§a§ ﬁ%r‘ﬁﬁgfgggggﬂgﬁgggﬁgtrictive
properties. Tiyfaetospsuch aeGMI-8K- r eact i ng substance of anaphyl axi s
("SRS-AA) al so induce mgration, adhesion and aggregation of various white
bl ood cells to blood vessels and increase capillary pernmeability,
cul minati Mg in i nfEsatEepisior agidwaa hav wadifionallhbers kased on thg Sg¥eTH¥ oduct i on,
?}J_%zl)l liary ﬂ%@ﬁd&?&%ﬁdn@@ofﬂﬁ%i@?ﬁ@ﬁ%ﬂ&éﬁf@, ﬁieizﬂi@te&@s&ﬁﬁﬂﬁné;f Leut«ﬁ.t riene D4
, in particular, appear o bhe primari]y. ~responsible for i's
activity in aff‘?mtsal?‘ﬁi’eéi’g’ malivlia r@géﬁ%%ﬁ”’? *@ﬁ“@?‘?’k‘?}ﬂrsai rway snhooth
muscl e cel | s.intladk Btadradagici dgohists, fethylxbRibiyds, ahe kaGichol@itegic dugs.r el eased
during | gE- ieat eden BSt ce I d%%anul aﬁ_iél%. 25 ukot rt'% ege ip_i Qi tors
consi st of twotypEE " Ghe TRaT® G ELY 'Yt AR RIFERRBE Fi¥nes by
i nhi bitin® thde zattappeantodie diectipoinxpdnaing aifway@hflamwistivln ordroechiak ed f or
the synt hesi ri e : 141 placks the
SyRlrrb BV ' More 306k YoLYCleulBitene GARIBRbH VR Becinl

LTD4 receptor “0n snooth nuscl e ce eutinis rirst of the SLO
i nhi bi tors t reyeileble éomszeasment olmnildip enodeedte msthiras tLenkotripes3gef | r st LTD4

receptor ant ggaedatéd komhFaRERANAId ibhh Bl BlipofyiehadtSmetabolic

pathway and have long been known to possess powerful

(D

15 bronchoconstrictive properties. These so-called slow-reacting substance of
anaphylaxis (“SRS-A”) also induce migration, adhesion and aggregation of
various white blood cells to blood vessels and increase capillary
permeability, culminating in interstitial edema, leukocyte chemotaxis,
mucus production, mucocilliary dysfunction, and bronchos’paism in the

20 lungs. Leukotriene D4 (LTD4), in particular, appears to be primarily
responsible for this activity in airways and acts through a specific receptor
on airway smooth muscle cells. Leukotrines, including cysteinyl

leukotrienes, are released during IgE-mediated mast cell degranulation.

25 Leukotriene inhibitors consist of two types: one that blocks the
synthesis of leukotrienes by inhibiting the activity of 5-lipoxygenase (5-LO),
which is required for the synthesis of leukotriene, and another that
competitively blocks the LTD4 receptor on smooth muscle cells. Zileutin is
the first of the 5-LO inhibitors that have become available. Zafirlukast is the

30 first LTDa receptor antagonist to be approved, while others such as

monelukast and pranlukast are currently undergoing clinical trials. These



nonel ukast and pranl ukast are currently undergoing clinical trials. These
WO 01/ 05420 PCT/ USQO 194% 5 |eukotriene inhibitors have so far been used
for treat myysmsfem | d persistent asthma but have not yeeT/AS@n4eE0ved
effective for nore severe fornms of asthma. 5 Antiinflammuatory agents are =
currently enployed for treating nore severe and persistent forns of

ast hma. Agents categorized as antiinflanmatory agents incl ude
theophylline, corticosteroids, cronmolyn sodium and nedocrom | sodium
Corticosteroids, in particular, appear 30 be nore effective in decreasing
bronchi al hyperreactivity and severe 10 exacerbations. They act by
suppressi ng eosinophil recruitnment by. inhibiting cytoldne and chenoki ne
producti on,  knkomienedshibjtorsishvei sodar beenpisedifer véateentnofrilds. - They al so act
to abrogate aj e n her ef.ore, inhaled
corticoster o?%%é%qﬁgmﬁ%g?h%%%ﬁn%é%aﬁrr?gﬁge %:(r%v%g Tk esse\‘/’\ngrteh chronic
ast hma. | nhafosasobrsthaeast er oi ds i ncl ude 15 becl onet hasone, fl uni soli de,
trianci nol one, fluticasone, and budesonide. For chronic. asthma,
(32-agonists are ineffective, except in that they can tenporarily inprove
br onchi al S obst r uc¥tHRlaremasory agentsare chEghtie pplrgd fer trea$ingdRerene bot h

i nhal ed cort igvesd &idDpelsistdml fhrondofactinng. AZndgedtesdrized akovwever, potenti al

side effect sﬁ%ﬁ@.ﬁgorti @tero%ﬁgc%ﬂgﬁ%%}_@@ghar 'g%%%lﬁi s0 can 3i@ﬁi asi s,
dysphoni a, a i3 d%f’t'?‘/‘ chm , thinning
of skin, ostm@omﬁpegéamﬂ@ﬁmmwﬁtmmics,'ifipa:ﬁadl_iir;éppear td be S uncl ear .
at the preseﬁrmétéﬂ.;gﬁvé %&é%&ﬂé?%ﬁ};ﬁ Qcﬁ\{ig;%:?&&év\ézee versus "toxic

S. n addi

doses of these corticosterol ; 1on argeting the downstream
events of0 t hexacgrBatipemalheiact hatsnayessingifesinephil recrujywent by st r at egi es are
bei ng devel opgthififs EytbRitk!ahd dnebRiiRrolthétdn, 4F willdsitySindyahpesi s. The

central . position, gE plays_in_the conplex network | éading fo allergic
reactions s.RRPBEASiS ¢heosmoplilsThey alsoact to aprpegte aiwar et t o bl ock | gE
bi ndi ng to rseagidiseaad theréfor iritiled (Urtivsdtéroids are the most common - -

treatment for patients with chronic asthma. Inhaled corticosteroids include

-

15 beclomethasone, flunisolide, triamcinolone, fluticasone, and budesonide.
For chronic asthma, P2-agonists are ineffective, except in that they can
temporarily improve bronchial obstruction. Thus, optimal treatment may be

to combine both inhaled corticosteroids and long-acting pBz2-agonists.
However, potential side effects of corticosteroids include oropharyngeal
20 candidiasis, dysphonia, adrenal suppression, growth retardation in
children, thinning of skin, osteoporosis, glaucoma, and cataracts. In
addition, it is unclear at the present time, the relatiohship between

“effective” versus “toxic” doses of these corticosteroids.

25 In addition to targeting the downstream events of the IgE signaling
pathway, some new therapeutic strategies are being developed to directly
intervene with IgE and its synthesis. The central position IgE plays in the
complex network leading to allergic reactions suggests that therapy targeted

- to eliminate IgE or to block IgE binding to receptors would in effect, prevent

30 allergic responses altogether. Although still in its early stages, some

success has been shown by the use of monoclonal antibodies directed



30 allergic responses altogether. Although still inits early stages, sone
success has been shown by the use of nonoclonal antibodies directed RIFI WO
01/ 05420 P%,ﬁ%gél%% 6 against IgE. Fahy et al. (Am pérruSswmwigs Crit.
Care Med., : 8-1834, ..-1997) have reported that a humani zed mnuri ne
nonocl onal anti body developed against |1gE reduced free |IgE and was
successful in blocking both the early and | ate phase responses to allergen
stinmulation. Anti-lIgE 5 antibodies that target a region of |gE necessary
for binding to FcsRI not only blocks binding of IgE to its receptor, but
al so prevents mast cell degranul ati on and anaphyl axi s i nduced by the
cross-linking of IgE bound to FcERI on basophils and mast cells. Two such
anti-| IgE ant ia{geﬂisesgmrmhyeum.emmly.baépagaifﬂde%aa@mmwm,al N

| mmunol . 158: ;1445 0,1997;. Cone.et. al .. J. in. lnyest. 99:879-887,
1997). So farl,]gdg?ﬁgﬁvea eﬁ’g%tfd at#%ﬂﬁ'@@’ﬁeég%%ec?ﬁf‘?%l\??%@q ﬁagerum and al so
| ower the | ewisivelopéd hg-st Igh redaedghid IgE aswdgepsssuiceessfidan Hledkingpethdent
responses ma | chtgulmpting g 15
The treat man%‘%@t% ﬁ%??%;%‘gg%ghg%%%o%t%h%ﬁ‘g%%%t Jraég‘i events, which
resul t fr&m |laptibadies\that target piregion|of Ig aeceseany forbigding tatficeRinptdmie| op
treatments t RgbaDshhak s Idh di@é/fécéﬂéo?,mtdagomvfﬂtsqﬁaét@nﬁed' at ed

responses. Chenotactic peptides_such as N-forinyl-nethionyl-Ileucyl-

pheny! al ani nelegrrRiation 374 Anspivlads infduced by ithe cragslinging of Isfdougd| | 20
degr anul at i oRo(Hc[Hil chBERopRIls ankPinas® cel) Twb, sulR antidedGntibd8ies-ard Ne pepti des

of the present invention do e ate IgE leyels and therefore can be used
to nodul ate £HERH teFi?gWé‘g&ﬁg‘anre %M%@F"&Umg?g’%ﬂ“ﬂ% | NVENTI ON
25 The priesent997nCensd etralp UoClinl davertt 9ma394887, 19971 iSodan they appearad
I ndi cations resul tiJ from | gE-nedi at ed regponses ,usjin r gaceut i cal
conposi ti ons r(?%ﬁ?%kﬁ%’i’ °f %&éﬁi‘f‘ﬁﬁf‘ﬁnﬁﬁ%%%c@%b%e}vgﬁBF?%—&S“M for nyl -
basophils, suggesting that IgE-dependent responses may be altered by
modulating the levels of circulating IgE. '

15 The treatments to date typically have focused on downstream events,
which result from IgE activation. It would therefore be desirabie to develop
treatments that modulate IgE levels in order to treat IgE-mediated
responses. Chemotactic peptides such as N-formyl-methionyl-leucyl-
phenylalanine and pepstatin have been reported to inhibit mast cell

20 degranulation (Inflammation, Vol. 5, No. 1, pp. 13-16, 1981). The peptides
of the present invention downregulate IgE levels and therefore can be used

to modulate a variety of IgE-mediated responses.

SUMMARY OF THE INVENTION
25 The present invention provides methods for treating a variety of
indications resulting from IgE-mediated responses using pharmaceutical
compositions containing in a suitable pharmacological carrier a N-formyl-
methionyl-leucyl (“f-Met-Leu”) peptide having IgE-downregulation activity.
Particularly useful pépﬁdes are those having the formula f~-Met-Leu-X where
30 Xis selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-



met hi onyl -1 eucyl ("f-Met-Leu") peptide having |IgE-downregul ation activity.
Particularly useful peptides are those having the formula f-Mt-Leu-X where
30 X is selyasémBador om t he group consisting of Tyr, Tyr-PhreruBhasidse and Phe
WO 01/ 05420 PCT/ US00/ 19496 7 Tyr. The peptides of the present invention -
can be used to replace corticosteroids in any application in which
corticosteroids are used. In accord with the present invention, a nethod
for treating an IgE- 5 nedi ated response in a mammal conpri ses

admini stering to the manmal an | gE dowdregul ati ng effective amount of a
peptide having the formula f- Met-Leu-X where X is selected fromthe group
consisting of Tyr, Tyr-Phe, .. Phe-Phe, and Phe-Tyr. The i nvention al so
provi des a nemodﬂfe(#q’&f}%?fet&ﬁlpéﬁeﬁﬁ%ﬂﬁ?%ﬁ%n)éﬁd’ﬁﬁgt%fﬁ’l%‘?}l ubl e receptors
for 1gE. The emtiboderoil¥iniangapplcatiunsinarhicl coftivokiefoifgbteewseda | gE recept or
downr egul ati ng effective anount of a peptide having the fornula
f-Met-Leu-X where X is selected fromthe group consisting of Tyr, Tyr-Phe,
Phe- Phe and Phe- Tyn.acddrdWith thevmeséntrinfamtiohea mpatheod m's:'atingtdndéE# or

| nhi biting | e é‘ﬁ%d%k%sewa%&?ﬂ%ﬁ% ?e?sr%tﬁn_?ﬁﬁﬁﬁg%l ng %g%{ I ve anount

adm ni steri ng to the patlent an
of a peptide ﬁa@ﬁ@wegulemﬁﬁpqwmoueéefxpmeehmeﬂseﬂoeem@d fromthe

group consi Stiragrf-xTere Js sBerealthiin tk0gB1p SAtisRhg of 1y, ThOPRECOT D W th

anot her enbodi ment i pvention provides a nmethod for downregul ating
- CD40L express?lanPhel'?Fédﬁlé corrprl ses admnistering to a.patient a CD40L
downregul ati ng effective anmount of a peptide having 25 the forrrul a

f-Met - Leu- X where |sslec edfr m'the gr onsi St . Tyr - Phe,
‘Phe- Phe- @nd Phe- T)}?g‘ %3??%“ pr leafs%r r’%%}ﬁgtr%goq' °Wnr§f§"ﬂa€'g§ ﬁle pr esent
i nvention, pdeduadand mlbmptqrs Byr IgBnThe methadepmiprises eduiinistepingt he.
present invengigo phﬁent a IgE receptor downregulatmg eﬁ'ecuve amount of a peptide

havmg the formula {-Met-Leu-X where X is selected from the group -

cons1st1ng of Tyr, Tyr-Phe, Phe-Phe and Phe—Tyr

15
The invention further provxdes a method for mlnbmng IgE secretion
by plasma cells. The method comprises admnnstenng to the patxent an IgE
secretion inhibiting effective amount of a pept:de havmg the formula f-Met-
Leu-X where X is selected ﬁ'orn the group cons1stmg of Tyr Tyr-Phe, Phe-
20 Phe and Phe-Tyr.

In accord with another embodiment, the t'_.nventien provides a.method
for downregulating CD40L expreesion. The method eomprises admiﬁietering
to a patient a CD40L downreguleting effective amount of a peptide having

25 the formula f-Met-Leu-X where X is selected from the group consxstmg of
Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.

In certain preferred embodiments of the pr.esent invention, patients
can benefit by administering the peptide of the present invention in
30 combination with a second active ingredient. Paﬁicula.rly useful other

active ingredients for such combination in accord with the present

. namr



30 conbination with a second active ingredient. Particularly useful other
active ingredients for such conbination in accord with the present o' |F |
WO 01/ 0542Q,0ahé4elS00/ 19496 8 invention are, for exanpl ePCHEBINEIRot ri enes,
beta2 agonists, corticosteroids, and the |like. :BRI EF DESCRI PTI ON OF
DRAWNGS 5 FIG 1 is a |log dose response curve illustrating the effects of
various dosages of HK-X on OVA-specific serumIgE levels in acute
asthmatic mce. FIG 2 shows |lung sections fromacute asthmatic m ce

adm nistered with 50 pg of HK-X. LinitedBcellular infiltrates were present
in (A and (B) 10 and |limted nucus accunulation in (C. FIG 3 shows |ung
sections fromacute asthmatic nice adninistered with 10 ji.g of %X. Very
few cel | s wer EIWVEREER RE6 doF SHamPle: RRtiSUKREReneR) befRe asi§tsy g?f’éﬁ?‘ s
limted to thgngwwd Aake of airway epithelial cell layer (Q. 15 FIG 4
shows | ung sections fromacute asthmatic mce admnistered with 1 pg of
HK- X. Therapeutic effect dim shed, with an increase in cellular

infiltrates (BRIEBRDESCRIPEOMNOFIDRAWINGSecretion into airways (B) and (C).

20 FIG 5 shows | ti -1 ' m ekl snedusi th
ei t her salsne (A UI?)I?}'agﬁiaclﬁéaf%%%gb%w@ég%oﬁg&%ﬁs se%:r etl or'llswas
detected in t Hesages wbiK-X on OVA-SpedifiG serumsigRdeels in adute ssthmatismise. t he

i mmuni zation and treatnment 25 regine used in establishing a chronic asthma
"mouse nodel. FIG 7 is a histogramillustrating the granul gma nunber in

lungs of chronic E&tRnshovs npg sccugnsdromp sty asthmetip prevadpmigersds g
shows the hi s&ahotyp®bs RO NIiMites Lok mAlaEs bWebs phsseht R(A) and (B)

10 and limited mucus accumulation in (C).

FIG. 3 shows lung sections from acute asthmatic mice administered
with 10 pg of HK-X. Very few cells were associated with the airway (A) and
(B) and mucus was limited to the surface of airway epithelial cell layer (C).

15
FIG. 4 shows lung sections from acute asthmatic mice administered
with 1 pg of HK-X. Therapeutic effect dimished, with an increase in cellular
infiltrates (A), and increase in mucus secretion into airways (B) and (C).
20 FIG. 5 shows lung sections from OVA-immunized mice challenged

with either saline (A) or vehicle (0.05% DMSO) (B). No mucus secretion was
detected in the airways (C).

FIG. 6 is a schematic illustration of the immunization and treatment
25 regime usedin establishing a chronic asthma mouse model.

FIG. 7 is a histogram illustrating the granuloma number in lungs of
chronic asthmatic mice..



m ce.imuni zed weekly with OVA for 6 nonths and treated with either HK- X
or saline. (A) shows lung histology of control mce, (B) shows histol ogy of
HK- X—treat%d’ﬂo 0 and (C) shows histol ogy of OVA-chal | epgeosdoidaod
untreated mce. . FIG 9 shows light mcrographs of chronic asthmatic -
nmouse |ung tissue accurrul ation of collagen fibrils. (A) shows a |ung
section of a control- nouse adm nistered with saline, (B) shows a |ung
section of a nouse 10 treated with HK-X, and (C) shows a |lung section of an
OVA-i mmuni zed but untreated nouse. I BI G 10 shows |lung sections of mce
chronically OVA-i muni zed and treated with saline. 15 FIG 11 shows |ung
sections of mce chronically OVA-i muni zed and treated with vehicle (0.5%

DVMBO). FIG 12 is KEHGhBshowsihs histalegy eftohnepic pathmaticdnpe pissweafrgmi n chroni ¢
20 asthma. FI ﬁce%&dﬁnﬁed‘%&ﬂﬁm d)‘J/A ‘ﬁﬁ-td flohfs dieerbiRauanr sk HRICUS

containing cells in the air chronic asthmatic mce after various

treatments. 2%5°FpainesH §h%1‘”"rﬂ“§’tgc;§?t8]rﬁgi’ of EPﬁtf%tl?‘ﬁ@ (Bhehews Bistaloggrofy ar  ous

treat ments queo&eamafktﬂceaﬂm (@) ¢howp Ristologyf bfl OVAICRSIérpetituit! ungs of

chronic assthrratlc c[i” FIG 15 is a schematic illustration of the

i muni zat ivon HHEE ﬁ"‘é%\t ment protocol wth HK-X and dexamet hasone in an

acute asthmatic - nouse nodel. R F] WO 01/05420 PCT/US00/19496 10 FIG 16

is a histogram co r ] NI j on of
EB! b ob DB hfitberaphs b@u&%&@h@@%ﬁ hitly

dexanet hasone and
tissue accumulation of collagen fibrils. (A) shows a lung section of a control

- mouse administered with saline, (B} shows a lung section of a mouse
10 treated with HK-X, and (C) shows a lung section of an OVA-immunized but

untreated mouse.

FIG. 10 shows lung sections of mice chronically OVA-immunized and
treated with saline.

15
FIG. 11 shows lung sections of mice chronically OVA-immunized and

treated with vehicle (0.5% DMSO).

FIG. 12 is a histogram illustrating the histomorphometry in chronic
20 asthma.

FIG. 13 is a histogram illustrating the frequency of mucus containing

cells in the airways of chronic asthmatic mice after various treatments.

25 FIG. 14 is a histogram illustrating the effects of various treatments -
on eosinophil and neutrophil infiltrates in the lungs of chronic asthmatic

mice.

FIG. 15 is a schematic illustration of the immunization and
30 treatment protocol with HK-X and dexamethasone in an acute asthmatic

mouse model.

. )



5 FIG 17 is a schematic illustration of the inmunization and treatnent
protocol with HK -X and a control peptide in an acute asthnmatic nouse
model . 10 QRgdilos2® DESCRI PTI ON OF THE | NVENTI ON | n accor cORfusm/touss pr esent
fFnvention, certain small peptides having the fornmula f-Met-Leu-X where X
Is selected fromthe group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe- Tyr
have been found to have surprising activity for downregulating the |evels
of IgE. As a result, such peptides are 15 useful for treatnent of a variety
of indications resulting fromIgE nedi at¥d responses. The peptides of the
present invention can be used to replace «corticosteroids in any
application in which corticosteroids are used. Preferred peptides, in
accord with. the present invention, reduce 20 blood IgE |Ievels and bl ock

| gE activation of krlmpimﬁystmt@@h oaﬁipafﬂgtheiéﬂ@!sﬁil'mmk meahages, g
nonocyt es, eosi nQp TNF, i ke ued mast

cel | degranul &9 "Sgﬁ& ?ngf’f-ﬁngﬂ'é ngr}g%gﬁé @Q?X ¢s, and

ot her cytokines also decrease, or cease entirely in preferred enbodinents

foll owi ng treat n'eni,{ds\n %7?18 egcthleg‘%_ c%{luétr% rgﬁge w g_,{ ansl n accord with

preferred enbodi ne present 1 nventi on, al so can
reduce the i nftrdaltmamthIM|%mm¢acmgdmnmeménmmmc into
inflammatory tj$sd§S0adtyMPhocyt es, eosinophils, and neutrophils do 30 not
exhi bit chenptaxis in response to preferred peptides of the present

I nvention. As a consequence, the chenotactic adhesion, mgration and WO
01/ 05420 PCT/USQQO 19496 11 aggregati on of Iynphocytes, eosi nophil s and

neut r ophi | LQE%F | %%%&ﬂ$l ] ' lgnificantly reduced, as is
vascul ar |o1 r “ﬁ"ﬁs’ét‘%g %?ﬂg% ?ﬁgﬁﬁgﬁlﬂ . Further, preferred
conpounds of t he_ plresettd mithethtippesent xivielhtibn eertainx smiallypeptdes baglingr gans
such as heart ’t.hl: %o\(-ﬁ{ulgﬁﬂlelt-li@gé{ Wﬁere X is selected from the group consisting of
Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr have been found to have surprising
? : activity for downregulating the levels of IgE. As a result, such peptides are

_)-.

1S  useful for treatment of a variety of indications resulting from IgE mediated
responses. The peptides of the present invention can be used to replace
corticosteroids in any application in which corticosteroids are used.

Preferred peptides, in accord with: the present invention, reduce
20 blood IgE levels and block IgE activation of lymphacytes such as, for
example, macrophages, monocytes, eosinophils, neutrophils, TNF, and the
Like.

. Continued mast cell degranulation and its release of leukotrienes,

25 histamines, and other cytokines also decrease, or cease entirely in preferred
embodiments, following treatment with peptides of the present invention.
In accord with preferred embodiments of the present invention, the peptides
also can reduce the infiltration of eosinophils, basophils and neutrophils
into inflammatory tissues.. Lymphocytes, eosinophils, and neutrophils do

30 not exhibit chemotaxis in response to preferred peptides of the present

invention. As a consequence, the chemotactic adhesion, migration and



The peptides of this invention can be prepared by conventional small
peptide chem stry techni ques. The peptides when used for adm nistration
are prepar ¢bumeey aseptic conditions with a pharnaceut i eeriogosassdept abl e

carrier or diluent. 10 The pharmaceutical conpositions may conveniently be-

presented in

unit dosage form and prepared for each type .of indication

resulting from |gE-nediated responses that is. to be treated. The
conpositions may be prepared by any of the methods well known in the art
of pharmacy. 15 Methods typically includklthe step of bringing the active
ingredients of the invention into association with a carrier that
constitutes one or npre_ accessory ingredients. For,_exanple, doses of the
phar maceut i cal 28 eEA5ER; o bEpRhagyies: sesterhys aad asutneghils enthersitedini ect, type
of indication inflahtndtionds eipnificadtiy pedudetifas 3aiabilbt pérnicability @t the

admi ni stration,_used. sages. Of, active peptide e treating acute
| gE- medi at ed r‘é’gﬁ?ﬁéaeus" _ngi%.-?%u# ge f ?‘Sgﬁ’ff%g‘i“&’%ggegb“pwﬁa" ‘gv D nore
preferably 1 texhilfit ©0@cxicity togiitabbrganpisatie as bdadpegandtange from about 1

to 100 pg/

of body wei ght,

nost preferably 10 to 20 }tg/ kg: Dosages of active peptide when treating

chroni c | gE- medi at ddeReppaesef.

venttpmecaty bmpgpareddy copgenidonal stoglla day,

mor e pr ef er abl Yeplide @hdRi Y Cte Birkigued\DRle PiRiRL Wikn 408 SSuhdngfadoRom about
|

‘1 to 1000 g/ kg of bod

e preferably fromabout 1 to 100 g/ kg

wei_ght , r ¢
and nost pref e?’&lﬂr'ip%%g‘i‘ﬁd offSegue dons with# pRasmacepiicallyacirteRlFed f r om
once a day to ewdeyordditnehturs depending on the KIN |1 WD 01/05420
PCT/US00/ 19496 12 severity of the condition. For acute conditions, it is
~preferred To adm nister the peptide every 4-6 hours. For nmintenance, it
may be preferred t @hepiharmacaudicabermpasitionsgnay eenyvenigntype fresetydadnl y, from

about 0.18 t 0 lﬁ’hp H&sage form and prepared for each type of indication resulting from

15

20

30

IgE-mediated responses that is to be treated. The compositions may be

prepared by any of the methods well known in the art of pharmacy. : *

Methods typically include the step of bringing the active ingredients of the
invention into association with a carrier that constitutes one or more

accessory ingredients.

For example, doses of the pharmaceutical compositions will vary
depending upon the subject, type of indication to be treated, and upon the
particular route of administration used. Dosages of active peptide when
treating acute IgE-mediated responses can range from 0.1 to 100,000 pg/kg
a day, more preferably 1 to 10,000 pg/kg. Most preferred dosages range
from about 1 to 100 pg/kg of body weight, more preferably from about 1 to
20 pg/kg and most preferably 10 to 20 ug/kg. Dosages of active peptide
when treating chronic IgE-mediated responses can range from 0.1 to
100,000 pg/kg a day, more preferably 1 to 10,000 pug/kg. Most preferred
dosages range from about 1 to 1000 pg/kg of body weight, more preferably
from about 1 to 100 pg/kg and most preferably 50-70 pg/kg. Doses are
typically administered from once a day to every 4-6 hours depending on the

nore preferably fromabout 1 to 25 20 g/ kg and

j
- N |



16 ng of peptide are adm nistered per day, depending upon the route of 5
adm nistration and the severity of the condition. Desired tinme intervals
for deliveyyemkaoul tiple doses of a particular conposit iPEHUSAHING

determ ned by one of ordinary skill ‘in the art enploying no nore than
routi ne experinmentation. 10 Routes of adm nistration. include oral,
parenteral, rectal. intravaginal, topical, nasal, ophthal mc, direct

injection, etc. In a preferred enbodinent, the peptides of this invention
are adninistered to the patient in an I1E downregul ating effective anmount.
An exenpl ary pharmaceutical conposition is an |IgE nodul ating effective
anount of a peptide in accqrd 15 with the present. invention that provides

an | gE downr e§EVeRtY phtherqondition. [Karniacufq condinang,itds preferred 19 tal Iy
accept abl e cakné péptidehewetyes-6 hqursr FeE pliintenddae, iaagpbabrdeted td er” as used
herein, and descr. bed re fully below _ipcl.udes one or e conpatible
solid or Ii quiagm%tefi(’f‘ﬁg?nc&iqrﬁgx‘iesa ik eﬁf%ﬁ%‘ﬂy'a%?’ﬁga%é’%gﬁg]tge%ofqﬁat are
sui tabl e for aémhgbbpemidecre admanisteredh pearday, Hepersimgrapon ke tduee pi esent

i nvention, -th . € . LeL . t N O ' ' '

i ngr odi oni > natEPSREarioa Bhithe sttty GRS cRSoRBn THARE e LG, AR1LS
i nvention ar e deleny abmltiple fases oftapastiopler Fermppation Tae besletarmingd by

modul at i ng- ef {,5¢ bf YRAiRAPWRI inl thelRHBLmARYRFI o] tHAAGroREigeeNt
pharmaceuti cal conpositions, which produces an |gE downregul ati ng effect
on the parti cSFRFURHNAPPRoNn being treated. Various concentrations may be
used in preparing conpositions incorporating the sane ingredient to

provi de f vari ations i he .age .of .the, patjent to be treated, the
severity 3@ the co 8???82?%5 ﬁ?%ﬁ'l'%fﬂ“ °rf"11é’af?§5rta?re'ﬁft ind the 30 nade
of adm ni st r ainwavagii@l 0opdaY 20sECTHIIBAGNILOd®DECt idjéctivre etar i @prefersed al so be
conpatible. T "Cﬁﬁﬂﬂ%BB " FEILY=TCR .ﬁjﬂm-gggg .
conmponent s of?tt%agﬁgfhaceu ipg$°%%%%05|t|3h§ﬁ%re capa ggkggigéﬁﬁg
commi ngl ed wi ihan Ighdpnrrgyigtingetigetivermennts din examelaty pharmaceutical

composition is an IgE modulating effective amount of a peptide in accord

15 with the present invention that provides an IgE downregulating effect,
typically included in a pharmaceutically acceptable carrier.

The term “pharmaceutically acceptable carrier” as used herein, and
described more fully below, includes one or more compatible solid or liquid
20 filler diluents or encapsulating substances that are suitable for
administration to a human or other animal. In the present invention, the
term “carrier” thus denotes an organic or inorganic ingredient, natural or
synthetic, with which the molecules of the invention are combined to
facilitate application. The term “IgE modulating-effective amount” is that
25 amount of the present pharmaceutical compositions, which produces an
IgE downregulating effect on the particular condition being treated. Various
concentrations may be used in preparing compositions incorporating the
same ingredient to provide for variations in the age of the patient to be
treated, the severity of the condition, the duration of the treatment and the

30 mode of administration.



and with each other, in a manner such that does not substantially inpair 5
the desired pharmaceutical efficacy. The small peptides of the invention
are typi calomasiaoni stered per se (neat). However, theyPGTiS(849496

adm nistered in the formof a pharmaceutically acceptable salt. Such .
pharmaceutically acceptable salts 10 include, but are not limted to, those
prepared. fromthe follow ng acids: hydrochloric, hydrobromc, sulfuric,
nitric, phosphoric, nmaleic, acetic, salicylic, p-toluene-sulfonic,
tartaric, citric, nethanesul phonic, ford®c, nalonic, succinic,

napht hal ene- 2- sul foni ¢, and benzenesul phonic. Al so, pharmaceutically

acceptabl e salts cgn be prepared as aIkaL#ne tal or 15 al kaline earth
salts, such as. sotFUTATFOERSERISHPScomprEPlsm e team srorppRAbIea a8 H%84 i ¢ aci d
group. Thus, h&eimesenithanttedonponplie\of des phiaal deraduil alpositionpasd t i ons,
for nedical use Ich.conprise i des t he, inyention t.ogether with
one or nore pﬁaéjraﬁaec%ﬁelmc%? Voa :%%f)&é% e aﬁ{p@&dgstoxg}ee%rfs%dn ‘ge&tt)’f’f’bnal ly
any ot her t heampwithi each gherdirea manngd sidtethad npes not sutstantizliydmpaitose

sui table for gyl 4 Q{gygﬁi |, topical, nasal, ophthalmc or
parenteralé)ad?nfe?#egltrr aﬁl%fm:fq}ﬁ cof #gh may be wused as routes of

adm ni stration using the materials of the present . invention.

Phar maceut i cal conmRSdrhAlPPSptERE bR tHY RGP MdqFpichinyt AnifsRAtpef3ei NVENt i ON
may al so contain one or %afgha[)rmg;ut,i cally accgﬁéabl e carriers, which
may include eRERi ERPVEVSy 2% P AP PIYREEd PN ¥ OE2 | ong  term st orage),
emul sifiers, phadiaegudcdyt=cceftablelsahi Sgclnpkirniacettitdll; accpprablrsaltsi ves,

sol vent s, , di spersjio di oati.n ntibacteri .ant i.fungal agents,
oot on o Wha Bk Pal B e 1680 0thop 8 BHdpdfed Rt eysBARRLHHTS 200
medi a and agdmtdsodtderipHydnelkromi¢, sulfurc nitiic, phiosplaorise sndleic, ageht, known in t he

art. Except |ngehal pASnake-GMBURNRRR B xﬂegfan@%ﬁ?%oxjﬁé, M 01/ 05420
PCT/ US00/ 19496 14 inconpatible wth the peptide o s invention, its use
in phar mac eytPalgpic, succinic, naphthalene-2-sulfonic, and benzenesulphonic. Also, :

- pharmaceutically acceptable salts can be prepared as alkaline metal or -
15 alkaline earth salts, such as sodium, potassium or calcium salts of the
carboxylic acid group. Thus, the present invention provides pharmaceutical

compositions, for medical use, which comprise peptides of the invention

together with one or more pharmaceutically acceptable carriers thereof and
optionally any other therapeutic ingredients.

20 | o |

The compositions include those suitable for oral, rectal, intravaginal,

topical, nasal, ophthalmic or parenteral administration, all of which may be
used as routes of administration using the materials of the present
invention. Pharmaceutical compositions cbntaining peptides of the present

25 invention may also contain one or more pharmaceutically acceptable .
carriers, which may include excipients such as stabilizers (to promote long
term storage), emulsifiers, binding agents, thickening agents, salts,
preservatives, solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absdrption delaying agents, and the like.

30 The use of such media and agents for pharmaceutical active substances is

well known in the art. Except insofar as any conventional media or agent is

o



preparations is contenpl ated herein. Supplenentary active ingredients can
al so be incorporated into the conpositions of the present invention 5
Conpositions suitable for oral admnistration are typlcalﬁé& as an
irnhal at i on VE@PYEH® nebul e, syrup or tablet. Conpositions su a e for

t opi cal adn1n|strat|on typlcally are prepared as a cream an oi ntnent, or a
solution. For treating an acute |gE-nedi ated response, the concentrations
of the peptide active ingredient in such conpositions is typically |ess
than 10 1000 g/m, nore preferable | ess fran 500 g/m, and nost preferably
from about 200 to 400 g/m . For treating a chronic IgE medi ated response,
the concentrations of the peptide active ingredient in such conpositions

is typically |1ﬁ&ﬁn}5ahime3ntﬁufx8b ﬂiﬁh’@f@ﬁ@frﬁéﬁﬂzﬁdsaﬁalﬁ pRardacé@ioal , and
nost preferably from about q dﬁgg%l i 03|t|ons of.. t he present
Mvent i on sui EXBTAESPETS P irareEe ni SRPIRBH¥eRF 58 PFELERIRTT f or
exanpl e, as aaisstd icorporathd iretbithe compbsitionssf thApreseamivenabna typ| cal
aerosol conposition for treating acute |gE-nediated responses consists of

about 0.1 to 100 gg of microcrystalline 20 peptide suspended in a mxture
of trichl obo- nonof Campesitiohs saitalld forrah hdmindstidticay anesypigally praperes ei c

acid, per dosgsaf Hﬁéﬁugﬁ%fsfd’sép ln%buf@:r@*ﬁtp &Aitabief ré&h}ﬂééﬁbhé Qﬁ‘ltmgtférde In

the conposition is 1 t : preferabl e 1§ g per dose
of the aer osolmlé‘s#rﬁ?éﬁ“ﬂ%mﬂﬁyplé%ﬂ@f@ar&dtaﬁﬁ “é'a%ma%? G%Fl%rfﬁ’&l tion

for treating GBRMABNC F@Edmﬁgah%u%lgﬂiﬁﬁaﬂ%eﬁﬁﬁﬁdesﬁﬁ: &fncéﬁ@ﬁﬁoz@s 1to

1000 g of mcr ﬁa%gtcg meggﬁaedq suspended in a m xtur 3

trichloro-non 9 H¥ ikeal (ﬁoﬂpﬁmﬁﬁf%ﬁg’“@V Ssdhafc acid,

per dose. 16 nOOO pg¢inkrmablecpreferable lessfthan c-:»ooqngx/z&l ainkilrﬁesnr;ﬁafarsiﬂyu n the

conposition ig 1t ref erabl to .70 gg per dose of

t he aerosol czﬁ?ﬁbgg?"ll]tg%ogfﬂr@dlﬁﬁnh Et‘fﬁaug ?&)Hff’f%ﬁgconm sts of

t he desired quesHonsy, the CpMOwwMWeWm%h :
compositions is typically less than 3 mg/ml, more preferable less than 2

mg/ml, and most preferably from about 1 to 1.5 mg/ml.
15 ' '

Compositions of the present invention suitable for inhalation
administration rhéy be presented, for example, as aerosols or inhalation
solutions. An example of a typical aerosol composition for treating acute
IgE-mediated responses consists of about 0.1 to 100 pg of microcrystalline

20 peptide suspended in a mixture of trichloro-monofluoromethane and
dichlorodifluoromethane plus oleic acid, per dose. A more preferable
amount of microcrystalline peptide .in the éomposition is 1to 50 ug; and
most preferable is 10 to 20 pg per dose of the aerosol cornposmon An
example of a typu:al aerosol composmon for treating chronic IgE-mediated

25 responses consists of about 0.1 to 1000 pg of microcrystalline peptide
suspended in a mixture of trichloro-monofluoromethane and
dichlorodifluoromethane plus oleic acid, per dose. A more preferable
amount of microcrystalline peptide in the composition is 1 to 100 pg, and
most preferable is 50 to 70 pg per dose of the aerosol composition. An

30 example of a typical solution consists of the desired quantity of peptide



di ssol ved or suspended in sterile saline (optionally about 5 %v/v

di nmet hyl sul foxi de ("DMSO') for solubility), benzai konium chloride, and

sul furic acydlfebieadj ust pH). 5 Conpositions of the presegtusmuedsi on
~suitable for oral admnistration also may be presented as discrete units -
such as capsul es, cachets,.tablets or |ozenges, each containing a
predeterm ned anmount of the peptide of the invention depending on the type
of IgE nedi ated response to be treated, or which may be contained in

| i posones or as a suspension in 10 an aglfeous |iquor or non-aqueous |iquid
such as a syrup, an elixir, or an enulsion. An exanple of a tabl et
formul ati on base includes corn starch, |actose and nagnesium stearate as

i nactive i ngr elivssied or Aaspsusiegiin stirile saling (prignallnabaut 8% Base i ncl udes

citric acid, Camefdylshifd¥Re (fdME0Or) BYsadBifity), benyaikeniiRh eRkiaet4hd cel | ul ose,

saccharin, sodi Dben oate.'sgﬁ#un10|trate 15 and purified water.

Conposi tions SUREGRE (R adinstRilr 2l administration conveniently conprise

a sterile agqueous preparation of the nolecule of the invention, which is

preferably_isotonig with.the ood of .t.he r.ecipient.. This aqueous 20

preparati oR may be&fm:c'fl ﬁﬁflgf‘séapghcec%rrcaelnr%jmfeguﬁﬁg%m%tf?l%%r usi ng those

sui t abl e di spedsiimgtretionpeiscimay e presenteddsslisqetedinity sugbrassap$ilessteri | e

i njectable pr i flaidife By Qldduin® B 81,
BMAL, QDB 18 ep,eeﬁ%fz%ﬁf e gg:}rg&éééﬁﬁkﬁe& P0f e

suspension in a non-toxic parenterally-acce I'l'uent or solvent, for
exanpl e as a PSPuds effhe invention deprRding on thapmspf {sfemediatend gasPERSARI cl es 25

and sol vents tpaateatitlf ob ¥hiiPayed cdhtaid@t @I lipoBbMeLbr &s & @ukpéridibraad 1 sot oni ¢
sodi um chl.oride solutigon. In aﬁlgeous 'S$| ut,jons, up to aboglt .10 % v/v DVSO

or TrappsdP c&R 98eoRLHIY9 FrAoRr AFHFOUS Bavid SUeh a5 TEHR: FLFEFR L

5 an pl so,
steril e, fixednmisien.mAxy elzempinofentabistfbrinyuletigyt byedneldas samvsatchor -
suspendi ng nedi For | S..nur -nu I, flxed (!!§ e 30
enpl oyed i ncl g%#gn%' ?@n‘?%%%&%sﬁ%?g%r%d%@gé?g (‘j":ehseh él'.nmg [ ?‘grql)fgf atty
acids (such avrupl fofmulatiod base inaludes) citriztacyd, sologiog dyanflayeriggagenta t he -
preparati on Ohyhloxlpropyimethylcellulose, saccharin, sodium benzoate, sodium citrate

15 and purified water.

- Compositions suitable for parenteral administration cbnvenicntly
compﬁsé a sterile a&;ueous preparation of the molecule of the invention,
which is preferably isotonic with the blood of the recipient. This_' aqueous

20 preparation may be fdrmuiated according to known methods i.xsing those
suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectaible solution or
suspension in a non-toxic parentefailly—acceptable diluent or solvent, for
example as a solution in 1,3-butane diol. Among the acceptable vehicles

25 and solvents that may be employed are watér, Ringer"s ‘solution and isotonic
sodium chloride solution. In aQucotis solutions, up to about 10 % v/v
DMSO or Trappsol can be used to maintain solubility of some peptides.
Also, sterile, fixed oils may be convénﬁonally empioyed as a solvent or
suspending medium. For this purpose, a number of fixed oils can be

30 employed including synthetic mono- or diglycerides. In addition, fatty acids

{such as oleic acid or neutral fatty acids) can be used in the preparation of




WD 01/ 05420 PCT/ US00/ 19496 16 M ssing upon filing WO 01/05420

PCT/ US00/ 19496 17 A protocol for adm nistration of oval bumn (OVA) as a
nodel al | er gspos3&28 been devel oped to i nduce acute all er gescTRS06719%96C

pul nonary disease in normal Bal b/C nmid€. The protocol involves
intraperitoneal (i.p.) immnization of mce with 100 g of oval bumi n (OVA)
in alum adjuvant on 5 days 1 and 14, and single intranasal (i.n.) doses of
50 to 100 )Ig of OVAin normal saline on days 14, 25, 26, and 27. Control
m ce receive alum al one by i Missingupexfilimns, and nornml saline al one by
i.n. admnistrations. On day 28, OVA-imunized mce display a disease
strikingly simlar to allergen-induced human asthnma. This ani nal nodel has
been used for the 10 evaluation of drug efficacy in allergic acute

pul monary di sease. The Muse Mdel for Late Phase Chronic All ergen-Specific
Pul mronary Di sease The protocol for adm nistration of oval bumn (O/A) as a
nodel allergen to induce |ate-phase chronic allergen-specific pul nonary

di sease in 15 normal Bal b/C mce includes intraperitoneal (i.p.)

i mruni zation of mce wth 100 g of oval bumin (OVA) in alum adjuvant on
days | and 14, and single intranasal (i.n.) doses of 50 to 100 g of OVA in
normal saline on days 14, 25, 26, and 27 and then weekly thereafter for up
to 6 nonths. Control mce receive alumalone by i.p. injections, and
normal saline alone 20 by i.n. adm nistrations. On day 28, OVA-imuni zed
mce display a disease . strikingly simlar to allergen-induced hunan
asthma. This animal -nodel is also useful for the evaluation of drug
efficacy in chronic allergic pul nobnary disease. 25 Materials and Met hods
Speci al Reagents: Crystalline OVA was obtained from Pierce Chem Co.
(Rockford, IL) and al um num potassium sulfate (alum from Sigma



Chemcal, St. Louis, MO The OVA (500ug/m) was m xed with equal volunes
of 10% (wt/vol.) alumin distilled water. The m xture was adjusted 30 to pH
6.5 with é%}% and incubated for 60 mn at room t enperaiso®49si ri i O
01/ 05420 00/ 19496 18 The material was centrifuged at 750 g for 5 -
mn; the pellet was resuspended to the original volune in distilled water
and used within 1 hr. |nmunization Protocol: the immnization protocol
consisted of 5 intraperitoneal adm nistration of 100 g OVA in alumon day .1
followed by intraperitoneal admnistra7 on of 100 pg OVA in al um conbi ned
with intranasal admnistration of 100 pg OVA in saline on day 14. On days
25, 26, and 27 the mce were chall enged with intranasal 100 pg in

saline). For acufPratacphigr pdmipisgatien °‘E?Yélb&1ﬂnﬂdp¥%$é’é‘tﬂell1 F88% on day
28 and 10 | ungs beeidéadopedab @M&@cﬁt@&ﬂéf@ﬁi—b Peciicstiiffonaly 8i8eadIi8 | MTuni zed

weekly thereafter p to nont hs. . A ses ELIS tocol for serum
| gE: 1 mmul on TRt %%Ili’l/gé?‘cﬁlﬁ}ee%mf%% Qﬁ’i%mﬁ?@ﬁﬁbqfﬁa é?ﬁ were coated with
OVA sol ution mmﬁﬁzarﬁ\ﬁh&ﬂ&dneé)wﬁarmmﬁdwfﬁﬂm (OHABmGalﬁin ddjGvantenni ght and
bl ocked with 0.1% gs f.or hr_at roomterrp ture (RT). | test sera
vere dil uPed 966 le‘{‘r gsﬁégéfnﬁﬁnlaé?” 1)} doge ntf’a?l%rq)i*?ﬁ;‘gf&@%casei n
prior to i ncubﬁhabsalmetoln days 16025,626, (zinalt 295 Conﬂ-opnﬁédfevze:vselumbaﬁpl e known
to contain | n gg! S %Aé] h I

uni mmuni zed %15 2 \Elflép @ u‘gg |_nasg'g%%gl°gl§s?§3 as con r lj‘ ﬁg %mrum

sanpl es were28n@é{bamaumedmecem1amlezaabsqa@emnmmm@te for 2 hours and

washed 6X w TaﬁezP%m&ma%&l Sithnfl. | THiS dnirtAGRSHLA hYs BBLA BO&l 1ot Stheep,
anti nouse Ig B| otin (Binding Site cat # PB 284, |ot # 026917) was added

for 2 hrl@t R‘Ial‘éﬁfdmiﬂ dresflicacy,in alefgicAcy tSRURPARTY AiSPRS: OPD,  Urea and
peroxi de solution were added for 30 mn at RT. The reaction was stopped

wth 2. 5 M Sl’ﬂhf 'Mouse %dcejl for%t\é%agg %glro%tzc ﬁl?e%eGn?zgpeczﬁc Pulmonary Disease
The protocol for administration of ovalbumin (OVA) as a model
allergen to induce late-phase chronic allergen-specific pulmonary disease in
15 normal Balb/C mice includes intraperitoneal (i.p.) immunization of mice
with 100 pg of ovalbumin (OVA) in alum adjuvant on days I and 14, and
single intranasal (i.n.) doses of 50 to 100 ug of OVA in normal saline on
days 14, 25, 26, and 27 and then weekly thereafter for up to 6 months.
Control mice receive alum alone by i.p. injections, and normal saline alone
20 by i.n. administrations. On day 28, OVA-immunized mice display a disease.
- strikingly similar to allergen-induced human asthma. This animal model is
also useful for the evaluation of drug efficacy in chronic allergic pulmonary

- disease.

25 Materials and Methods
' - Special Reagents: Crystalline OVA was obtained from Pierce Chem.
Co. (Rockford, IL) and aluminum potassium sulfate (alum) from Sigma
Chemical, St. Louis, MO. The OVA (500ug/ml) was mixed with equal
volumes of 10% (wt/vol.} alum in distilled water. The mixture was adjusted

30 to pH 6.5 with 10 N NaOH and incubated for 60 min at room temperature. .




nm All sanples were run in duplicate. Inter and intra sanple variation of
positive controls was | ess than 10% of the neans. 30 Lung Hi stol ogy: The

| ung and traézgﬁ‘%‘ﬂ@ere renoved and fixed in 10% neutral bpdggseaaosder malin.
Y nbedded in paraffin and cut WO 01/ 05420 PCTI US00/ 19496

The tissues _
19 into 7 msections. After deparaffm zation and-hydration, the sections
were stained with eosinophil staining solution and counterstained with

met hyl ene bl ue. Al dan blue, toluidine blue, and periodic acid Schiff stains
identified nucus within the airway. Tissu®s were exam ned by light 5

m croscopy. Bronchoal veol ar Lavage (BAL): The left lung was tied off at the
mai nst em bronchus. The right lung was ravaged with 0.4 m of normal saline
three tines, drke mhterfal wiad cpoifegkd FHZSQ gicaalS min; tha paberwasaestSpabdedr mi ned
usi ng a henocyt . el by centrifugation
and the cells tﬁﬁggtg gfnﬁgg&gh%g&)% g%%‘?#%%ﬁ&)%%ﬁgg’éhded. The cells
were placed on a mcroscope slide and stained with an eosinophil staining

sol ution (eosin w ybElibY SI'Brofddd® thE HBERIISAoR) protfoeot EotsNiT BoNEL I C

Anal ysis of _ Lung: The fall ow n%gapar aneters of allergic pul npnary_ di sease
ver e neasur®d PFaprEtoaspladmipiseation pf10Q¢e OVA fa aum pn dgy, WallogFd 8y scor es
\Q/g 2 e 12 g gr ig gazinﬁrfggigwashyadxﬂﬁm&mn(dﬂqmwgsom i lahih coﬂ:\bir?@witwbd. |

: - .4, . .Scori.n em{tom+ 1o ++++ S_used,
reflecting t heHSGRY aﬁ@gv&npﬁﬁ@ Hﬁéj gbﬁ?bé"tei%h‘.layz?z"l%‘\?,\g?y%%%’ous cells
wer e esti mat ed2é)yand@vddre mice seent chglleniged mithbiatranasaldPpvA (O jag incsllins).
cont ai ni ng nu J t ikl & Shimal 'g[gg | ys (600
pmto 1,000 prcﬁ%ia%%? erss. Fen ‘#%Itgg V\ey%lgcr%ﬁ'?{é‘. | négd(ﬁr#a#%{?eﬁ%ﬁ%ﬁng
| obes. 25 ¥ Cungs temevedy Kor chrani¢ asthmatie studlies, ininsaverd immunized n t he

perivascul ar GQIRAHHFBHer $r uP'td HencHtBES adj acent to airways (neutrophils,
eosi nophi | s, _ _

Analyses
ELISA protocol for serum IgE: Immulon 2 Microtiter plates (Dynex

15 Technologies) were coated with OVA solution in 50 mM carb-bicarbonate
buffer, pH 9.6 at 4 C overnight and blocked with 0.1% casein for 2 hr at
room temperature (RT)}. All test sera were diluted 1:100 in Tris-NaCL buffer,

" pH 8.0 containing 0.1 % casein prior to incubation with OVA coated plates.

A positive serum sample known to contain IgE antibodies to OVA and

20 normal serum samples from unimmunized mice were included in each
assay as controls. The serum samples were incubated on the plates at room
temperature for 2 hours and washed 6X with PBS. Appropriately diluted
secondary antibody (sheep, antimouse IgE Biotin (Binding Site cat # PB
284, lot # 026917) was added for 2 hr at RT and the plates were washed 6X

25 with PBS. OPD, Urea and peroxide solution were added for 30 min at RT.
The reaction was stopped with 2.5 M sulfuric acid. OD was read at 490/630
nm. All samples were run in duplicate. Inter and intra sample variation of

positive controls was less than 10% of the means.

30 Lung Histology: The lung and trachea were removed and fixed in 10%

neutral buffered formalin. The tissues were embedded in paraffin and cut



nonocyt es and | ynphocytes) was approxi mated by using a scoring system
ranging fromo to ++++. A score of + indicates an inflammtory cell |ayer
~of 3 but c‘}'@ﬁﬁé an 5 cells; ++ indicates an inflanmrat orpordssadrisads of 5
cells tol +++ indicates an i nflammatory density of 10 to 20 .
cells; and ++++ |nd|cates an inflammatory density of 20 to 40 cells. ~91~
WO 01/ 05420 PCT/ USOQO 19496 20 4. Nunbers of various cell types were
gquantified by counting the nunbers per high power held (1 OX by 40X). 5.
Degree of edema was cal cul ated by usingl@ scoring systemwherein the
degree of accunul ation of fluid surrounding bl ood vessels was 5 esti nmated.
Statistical Analyses of H stonorohonetric Data: SigmaStat version 2.0 was
used to perf otm:o §tpan isettional AfieradigpaesiiinPatiéne pnd bydratonethesectionsiwetsr
significance Q%h . tHﬁ-J'iH _ ' ) tests for 10
I ndependent rreans o versi O%sé}?@q@?ﬂ%%gﬁ%%g a%rglaé)?n%was enpl oyed
for the constmsthylene Pegﬁmbﬁe tadpidinechingt rigfdiq aeid $ehill stafRAVPLE 1:

Ther apeut i ¢ - DoREHRES RRIRES wRthiAGhe Birday. MiRules W€ Ekdnlinkl( by 1ikRe | deal |y, an

experiment_whi ¢ch denonstrates that ther apeutic efficacy correlates wth
drug dosag® WPHFOSIPRY t hree distinct regions of behavior: 1) At |ow doses,
there will be no therapeut i c effect; 2) At higher dosage, therapeutic

efficacy wll bed h|r range of (hi ghest)
will not dem)nstr %’ '?8@6 ga%%(PAE. fg}ﬂ sr%ed%%fafo observed at
t he hi ghest ntn&hs@m&ngmﬂxss@heﬁahelumwm&a@dmasoakmaﬁnwnﬁdrtant source
of '”for”at'OQalﬂ{%Jh.{j%%ﬂgé =33 the 'ia BOTEA! (’:l%gecotapéaﬁﬁﬁﬁ%@l-{ﬁs when doses of

drugs that excee e optinmal thera osages are adm nistered, toxic
responsesl®s é@tnmeéb@mbemmftsnwrpﬁrqrieaﬁnawsfdh were pelletrd By ug i s

adm ni stered péhtsifiigdtion 48 Ah@ selldplacd®ingd A 10% BSA solution and
' resuspended. The cells were placed on a microscope slide and stained with

an eosinophil staining solution (eosin with methylene blue counterstain).

15 Histomorphometric Analysis of Lung: The following parameters of
allergic pulmonary disease were measured in the experiments reported
here: _ .

1. Airway plug scores were scored as previously reported (Henderson
et al. J. Exp. Med. 184:1483-1494, 1996). A scoring system from + to ++++

20 was used, reflecting the degreé of severity of mucus secretion.

2. - Total mucous cells were estimated by randomly counting the number
of epithelial cells containing mucus per 100 epithelial cells in medium to
large airways {600 pm to 1,000 pm diameters). Ten fields were counted in
diﬁerent.lung lobes. .

25 3. Cell density of infiltrating cells located either in the perivascular
compartment or in the areas adjacent to airways (neutrophils, eosinophils,
monocytes and lymphocytes) was approximated by using a scoring system
ranging from o to ++++. A score of + indicates an inflammatory cell layer of
3 but less than 5 cells; ++ indicates an inflammatory density of 5 cells to 10

30 cells; +++ indicates an inflammatory density of 10 to 20 cells; and ++++ :

indicates an inflammatory density of 20 to 40 cells.



To establish therapeutic effecti:\/'ehess of a range of doses of f-net-
Leu- Phe-Phe (HK-X) during the acute effector phase of bronchial asthma at

30 days 25%@ g‘{}g 27 induced by repeated i muni zati on Wgdrnsdddueasoses of
0.1, 1.0, B0 pg of intranasal HK-X were chosen. HK-X was WO 01/ 05420

PCT/ US00119496 21 adm nistered 30 m n before OVA-chal |l enge. Control groups
consi sted of OVA-i muni zed and OVA-chal | enged mice as well as aninmals
imunized with Alumin saline and.challenged with saline alone. Al
animals were sacrificed one day after (2@&y 28) the final OVA challenge.
Serum I gE levels 5 were determ ned and serum and | ung tissues were
collected for further analysis. To first establish the optinal dose that
will effectivety dédmmksyslofvariousgelltypeowene\aantifind by caentieg thet hna nodel ,

0.1, 1.0, 10 alfnB5%sPefBiSp Werﬂe@d{‘ﬁ(o byldoxf0 pL of saline) were inf used
into the lung 15-30 mn prior to an eni ¢ chal | enge on days 25, 26, and

27. A dose reshons®egtre/d cgrmadgs (Al Eefiéamssnsésa@m&wﬁemwfwanre 1. The

effects of vart}ibrdg%:éewacafmﬂéuxp@nﬂhi&sdre@ﬁnﬁﬁgb%dlvuslﬁlsw§§ue to 15
acute allergic cha ?!fienge are depicted in Figures 2Ato 4C. Fifty m crograns

of HK-X ad ‘intranasally to acute asthmatic m ce provided sone
degree of protection agai nst the effects of acute asthma (Figs. 2A-2C).

There was limtedgp a

inflammatory cell s | &’g‘kﬁ%ﬁm@% ur e@(,ﬁ%temcsﬁl%gyé%%wﬁh% mucus
accunul ati on 220 wmsuspdéemfozbmstaﬁsmale@ yRen Dificrangrawsrepdnalieel fempear ed
to be the nosty éﬁﬁelwog%gembﬁhq&ng%e%o Tt %§:h%été§%9fo38 show

m ni mal |nflarmat or | trate surroundi ng vessel s an ai rways. The
degree of Yucide %E‘Péﬁﬁ'ﬁa‘?ﬁ% t version 4. jor GraphbadiPrsmM™asur e 3C. The

mucus i s conf iedngslofed foh €he edﬂsiﬂ@ﬁoﬁfofw@m@nféﬁyseemﬁdwdf&e gadal s. As the
dose of HK-X decreased 10 fold to 1 g, therapeutic effect

EXAMPLE 1: Therapeutic Dose Response of Acute Asthmatic Mice to HK-X

15 Ideally, an experiment which demonstrates that therapeutic efficacy
correlates with drug dosage will show three distinct regions of behavior:
1) At low doses, there will be no therapeutic effect; 2) At higher dosage,
therapeutic efficacy will be dose dependent; 3) The third range of doses
(highest) will not demonstrate therapeutic efficacy greater than that

20 observed at the highest middle range dose. '

Dose response curves are an important source of information on
dosages safe for human use. Occasionally, when doses of drugs that
exceed the optimal therapeutic dosages are administered, toxic responses

25 can be observed. This'is particularly true if the drug is administered in situ,
such as intranasally.

To establish therapeutic effectiveness of a range of doses of f-met-
Leu-Phe-Phe (HK-X) during the acute effector phase of bronchial asthma at
30 days 25, 26 and 27 induced by repeated immunization with OVA, doses of
0.1, 1.0, 10 and 50 pg of intranasal HK-X were chosen. HK-X was



di m ni shed. The anmount of perivascul ar and airway inflammtion increased
30 (Figure 4A). There was a correspondi ng increase in mucus secretion by
ai rway epiJB%ibdbo cells (Figure 4 B and 4C). El| WO 01/ Obciasoi(RP4ISCOL19496
22 For the purposes of contrast and control, Figures 5A through C :
illustrate the benign response of inmmunized mce to adm nistration of
saline or the HK-X vehicle (0.05% DVBO . As shown in Figures 5A and 5B, 5
there was little detectable inflarmatoré infiltrate in the perivascul ar or.
periai rway zones of the lung. Correspondingly, there was no accunul ation
of mucus in the airway |unmen or on the airway epithelial cell surfaces
(Figure 5C). 10 O, the .hisgol agj.cal _neasyrenents of the severity of
acute ast hna, admyRigteresd 13‘3,*"?P?&&ﬁ%??gé‘r%%n%%gf%&ﬁﬂﬁ%ﬁﬁan?ﬁ% ?action of
airway cells sReiginthiyedand Oehohsliingedifre: sepell deahimalp iromemizet af t er
treatment wth.0,.l tQ 10 - X f - r.QVi 70%
reduction in Wc é‘“gfc‘l‘u%a?‘é‘é N e%%ﬁff?%ggvgﬂf)g?%feegﬁ%g y%g‘ggw%fa HK- X

provi ded 15 sisgerificed ame|day lafies(dap @8t theofinal (O VA challepee PerpndeBigvelsThi s sane
pattern of r ' e ; ks RF agesdrnophi I's and
fraction o? ??%?Eﬁ?eé%g&%?ﬁ%gﬁ‘éﬁgﬁggéu#ﬁgﬁ?g‘épg dose of HK-X showed a

57% decline ARalyds- nunber of interstitial eosinophils, which was
significantly greater than the 0.1 pg dose effect of (p<0.05). The

br ovi ded by 10 pg. Tkiset spisbligie coteatidede tpok il Her el ARRFTENB T ot i ng
Erucus Wgs al seerunhigB leeels iman acatesstitapensieht0. bphAe10 émbﬁﬂ(ﬁgﬁow olo 1]9 pPg
(37% reductio 0. . of 418; QnRS | Aeel rﬁgﬁd ggount o
reduction&\éll _ '%Zﬁncﬁﬁé\rég no-cﬁ‘?ﬁ% |c§%%?t%tpég}£ﬁ€ﬁggat e 0.°{ g dose of
HK-X. The ef f entigmfic phallkngp op deys 32.c2fmandt 37 nA gss regPense W BLPidi ng vessel s
showed a modeglde¢ls REetdis ddpicted in Figure 1. -

The effects of varyiﬁg doses of HK-X on the response of lung tissue to
15 acute allergic challenge are depicted in Figures 2A to 4C. Fifty micrograms
| of HK-X é.d_.ministered inna:_;_aéally to acute asthmatic mice provided some
| de__grée of protection againstli_'.h.e‘ effects of acute asthma (Figs. 2A-2C). There
vira;s limited paivascuia._r and peri-bronchial accumulation of inflammatory
célls (Figs. 2A and 2B). Figure 2C demonstrates that mucus-accumulation

20 was present but limited.

Ten micrograms of HK-X appeared to be the most efficacious dose
(Figs. 3A-3C). Figures 34 and 3B show minimal inflammatory infiltrate
Sﬁrrounding vessels and airways. The degree of mucus secretion in airways |
25 is iﬂust:ratéd in F‘ighre 3C. The mucus is confined to the surface of the : '
airway epithelial cells. _ L I

As the dose of HK-X decreased 10 fold to 1 ug, therapeutic effect
diminished. The amount of perivascular and airway inflammation increased
30 (Figure 4A). There was a corresponding increase in mucus secretion by

airway epithelial cells (Figure 4 B and 4C).

I



and 50 pg doses. However, none of the doses was different fromthe 0.1 pg
dose of HK-X. The dose of HK-X show ng the greatest reduction in the 30

i nf | amrat o% cell score or accunulation of inflammatory GelhfsetiddeslO pPg. WO
01/ 05420 PWRWEAP 19496 23 These data dempnstrate that the fol | owi ng
paranmeters showed a dose response effect: serumIgE | evels and

hi st opat hol ogi cal features (cellular infiltration, nmucus plug formation,
and total eosinophlis in interstitium. Ten mcrograns of HK-X

adm nistered intranasally was the nost eppective 5 dosage conpared to | ower
doses and a hi gher dose, 50 pg. Conpared to controls, animals treated with
10 pg of HK-X denobnstrated a 60%reduction in serumlIgE |evels, 50%
reduction in cellular infiltration of the lung, 70% reduction in nucus

plug formation and £7%.1 cli | L0 i [ ep ] LE 2:
Chroni ¢ Ast hma Wthﬁér%ewhotgﬁ%%%%?ﬁ?g%%%ﬁ g}: ses‘%%grr?a gdel is also
useful for t heillosthtecthiedenigh rdspapsefof inmeypided mich toadwindbiretien of pul monary
di sease. |t Ngindlotdie HIIX VAR ©Io00 BIRRY)! AF shdwn B FRriBIEASILBICed 2
persi stent inflanmmation. that was maintal ned by weekly 71 ntranasal

chal | enges i t thers/was ¥ittle dgtectable inflammatary infilirptesin) thg Pegvasqui@sTover a 20

day period to %&f&iﬁaﬁb&@geﬁm\&%ﬁg OsrelpoRdinigly, tiRe Wl acclénfatidgieat nent s
oni C.

of mce with c . asthoa were perforped,as indicated,  in Figure 6. 50 g
of HK-X (i n SOPHBPISIR the S amIumeP, o5 oPBE e <itBehal FebRsEroths

adm ni stered i(rigurtdC)a total of 8 dosages delivered over a period of 16
days. The aninmals were sacrificed 4 days after the last saline or HK-X
dose. The experinental results were conpared between HK-X treated and HK-X
untreated 1 ce. 25 Qfighe key bistologicalrneemugments©@fthe aevenisy bl anue esthmia; e

chal I enged w tf,0hs pitel B hudMérAreosinoyhild ind &l faction! df disvdyBAS t ant to
note that all ani man were OVA imuni zed for the first 6 nonths, however,
t he group denotesretipg mucus showed a dose dependent improvement after treatment
with 0.1 pg to 10 pg HK-X. 10 pg of HK-X provided a 70% reduction in
mucus plug score (p<0.05). Interestingly, 50 pg of HK-X provided
15 significantly less reduction in mucus plug (p<0.05). This same pattérn of
responsiveness was observed for the numbers of eosinophils and fraction of
airway cells secreting mucus. The 10 pg dose of HK-X showed a 57%
decline in the number of interstitial eosinophils, which was significantly
greater than the 0.1 ug dose effect of (p<0.05). The reduction in eosinophils
20 by the SO pg dose was less than one-half that provided by 10 pg HK-X

(p<0.05).

The fraction of airway cells secreting mucus was also inhibited in a
dose dependent manner from 0.1 ug to 10 ug (37% reduction, p<0.05). The
25 50 pg dose provided a small amount of reduction (11%) which was not
significantly less than the 0.1 ug dose of HK-X. The effect of HK-X on the
accumulation of fluid surrounding vessels showed a modest decline at 10
and 50 ug doses. However, none of the doses was different from the 0.1 ug
dose of HK-X. The dose of HK-X showing the greatest reduction in the

30 inflammatory cell score or accumulation of inflammatory cells was 10 pug.



"saline" were adm nistered saline intranasally but not challenged with OVA
during the termnal 20 day period. Therefore, these IgE | evels were carried
30 over fr@&%,mzoi nmuni zati on period and were used as badagrsoesddéval ues
fromwhich all conparisons were corrected. For exanple, aninmals treated
Rill WO 01/05420 PCT/USO0/ 19496 24 with either saline or DMSO and OVA
chal l enged had a 36% increase in IgE |evels conpared to a 14% increase in
IgE levels in the aninmals treated with HK-X and OVA chal |l enged. The anount
of suppression of IgE levels by HK-X W& calculated to be -60% 5 TABLE 1:
| gE Values in the Sera of Chronic Asthmatic M ce TREATMENT MEAN OD VSE P

" VALUE DMSQO OvA 1.115 VO0.017 @.111 SALINE/ OVA 1.113. 40.093 @. 111
HK- X/ OVA 0. 929. ' Fbegsdatagieqpngiyate|that tyq ollpwingprranetepy shompdia dosot e:
These val ues é%%@é%ﬂéctr Sdratd 1€ 1k Lﬁaﬁisioﬁéh@gwﬁaﬁrésr(eenmme ELI SA

test. 10 One o ortant characteristics of chronic asthna in the

nurine nodelinfiliratiga, %&PM@%F“@?M%F?AFB%°M‘BF§ Sitymkhe | ung.
The effecti vignlfiersposms o m@xlaagnﬂmwinﬁadaellpﬁamza@ssgﬁfetuwnt |y

(p<0.05) _reduced the nu d siIze t hes rucgures i.n the |lungs of
treated 15 afioRcCoRRBE %Iqwtfrgﬁ ?’édsﬁgﬁgﬁefﬁ ?é £gﬁxtngneéitr}sly reduce
col I agen depestrbispaninGds matezdrwmmhg(oﬁ-@-x@emcﬁauatadram% Jredugtiong t he
I mruni zati on of m ggﬁﬁgg g, HK- X at a
dosage of 50 mng ot alscyfls%gg‘?u%%m over a %&gg@ﬁ%g{rl?%n no adver se
reactions or rsdwnd-fl mReiERivg fmﬁlon and 67% reduction in eosinophit

number.

10 . _ .
EXAMPLE 2: Chronic Asthma With and Without HK-X Intervention

The animal model is also useful for the evaluation of drug efficacy in
chronic allergic pulmbn_ary di_,se__ase. In this study, an immunization period
15 of 6 months induced a persistent inflammation that was maintained by
weekly _ixitranasal challenges with OVA. The mice were treated with saline 8

times over a 20 day period to assess changes which occurred in the lungs.
HK-X treatments of miée with chronic asthma were performed as indicated
in Figure 6. 50 pg of HK-X (in 50 pL of saline containing less than 2.5%

20 DMSO) was administered i.n. for a total of 8 dosages delivered over a period
of 16 days. The animals were sacrificed 4 days after the last saline or HK-X
dose. The experimental results were compared between HK-X treated and

HK-X untreated mice.

25 : IgE levels.of antibody to OVA in the blood of mice challenged with or
without OVA are shown in Table 1. It is important to note that all animals
were OVA immuni_zéd for the first 6 months, however, the group denoted as
“saﬁhe” were administered saline intranasally but not challenged with OVA
during the terminal 20 day period. Therefore, these IgE levels were carried

30 over from the immunization period and were used as background values

from which all comparisons were corrected. For example, animals treated
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observed. The mice were active during the experinental period. Exam nation
of the lung tissues fromgroups of aninmals :inmunized with only OVA

reveal ed swﬁrgmsqw monary pathol ogi cal changes consi st ent piibbos19496

charact eri st &L Gt chroni ¢ asthma observed in humans. There was a 25
significant infiltration of inflamuatory cells in association with outer WO
01/ 05420 PCTI USOQO 19496 25 boundaries of the airway basal |am na
(interstitial regions) and blood vessels (Fig. 8C) . Wen animals were
treated with. 8 doses of 50 pg of HK-X ogpger treatnent over a 20Q-day period,
,the nunber of inflammatory cells were clearly reduced around airways and
bl ood vessels. (Fig. 8B).:. Saline 5 inhalation by saline shamor control
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deposits (P gure 9A). In contrast, OVA sensitized mce and treated only
with either saline (FrgBLES: J@B\ﬂmﬁwm&es}rm@@mﬁdm&h@mm&gures

11A-11C), airway, _ ad—-pucus_sect-eting—celis—whan
Alcian blue at pH & sed mg | ze| 15 Wus THe BYSHTE of
perivascular an f ‘nlrannuLU|y T ST OV 1T :

Greater than 60 p%%?e 1.bvo t he_lai rvxla&s of t1eseV%’OTr7mnth- é chroni g
asthmatic m ce ALINEVQYS8d wi th micls3 (Figs. 198098 OB|@hdll | A- ij 1B,
respectively) . y-u—gﬁ%haﬁ."ns —chori-e—asthra—pdre al so
assessed by nor e met hods t &" ntif r’t h‘%o'é?éaree &'of)%@gqgf‘ént

i nfl ammati on, mngl on of Tijorofg.g1€ol Tagen a9d78! r wdyg@as 1 ow ng Wi th
structural Chan L.n-Ei g_urnL1')_thrn||r1h 1 j‘hDJE\an ses of anindl s

i muni zed wth O\/A for 6 months and treated with various agents are shown
i.n the Note: These values represent relative IgE levels as OD values from

the ELISA test.
10
One of the important characteristics of chronic asthma in the murine
model is the appearance of granulomatous structures in the lung. The
effective IgE downregulating dose of 50 ug of HK-X significantly (p<0.05)
reduced the numbers and sizes of these structures in the lungs of treated
15 animals compared to animals permitted to spontaneously reduce collagen

deposition [Saline or DMSO] (Fig. 7).

Furthermore, during the immunization of mice with OVA and the
subseguent treatment with HK-X at a dosage of 50 pg for a total of 8 times
20 over a 20 day period, no adverse reactions or signs of sickness were
observed. The mice were aétive during the experimental period.
Examination of the lung tissues from groups of animals immunized with
only OVA revealed severe pulmonary pathological changes consistent with
characteristics of chronic asthma observed in humans. There was a

significant infiltration of inflammatory cells in association with outer



25 left panels of the figures, whereas animals sham i mmuni zed and treated
wth saline are shown in the right panel. There were significant

di fferenceﬁ Msizé).OS) bet ween the degree of mnucus plug jenibadags | N HK- X
treated afCM{¥*Rersus animal's given only saline for the 20 day period -

(Fig. 12). The animals insumated with the vehicle (0.5 % DVMSO for H K-X
conpared 30 to HK-X also did not denonstrate any inprovenent in the nucus
plug score. The results were the sane for saline treatnments. The patterns
of "s"ill WD 01/05420 PCT/ US00/ 19496 285 responses for inflammtory cell
accunul ation in and about the airways paralleled the nucus plug data for
the various experinental treatnments (Fig. 12). Wen given 8 doses of 50 gg
each of HK- X houndidrips of/digiaitway basal lamina linterstitéal regiansg -agd\blonsk i od, t here
was a signifi [ ] HAUA | 4 s
occurrence i n&?ﬁ%s gﬁ?v\%} ?E‘Fh.g“lsg ) c:*%eg{e% theﬁggﬁaﬁ%ﬁg@gﬂ}t@ﬁﬁ one
denonst r at ed mqmme%ﬂwwqﬂa e prankeriefinfdagmatoy £6Hs YWereduce t he

nunber of MichsYRbAE BBuk8 lalirvapk Rldblodd Vessdlé 1y BH)PHaike) . This
observation further substantiates that, there v&s, no s]'Qo f aneous repair
e rgReH

after est&vl iiBhaEHPT B sefine shagn OL §oRRPLmPunized M PRAYER) yses of

t he nunbers dirwaysiandribodneessels wathhndmmial appédrante(Figa SAPCOMAI on Wi t h ai rway,
t he data showed that, eosinophils. _ i |.s ' s al so
Foduced ( Fi g tEpppmad B8 QBRI R AL AR ekiSns ELIgL £ BN ©

| evel s of eosiroephivésselssandi arplySdFigneaPCl Hewergt duggstea@yl wilollBwer , HK- X

treatment re%&ﬁ?o‘i.s&%&({%m&%éd RlvePQSIoNRRY Aej,osiliﬁnfaﬁgﬁ}he‘ oB2th!cknerPar ed to

the two control z;ou_ps p<0.05). These studies show that there was very
little orlOno mise %@bﬁﬁ%‘edtk%?f)c‘llis@HnF)ﬁh&iMWWﬂ%WP8‘??3(9? of nucus cell
secretion in ihividmaesi|cell andibfitizadllageiidedsits [Fglire 9ayt MBontradteins HK- X
was adm ni ste [g In.this, 20 mdel ., m.ce were sensitjzed t &{t nd exposed
Lo ova vi e | eV feralized gic? andBispren PRy St citheR Saiinc (i 080G i th” i x
i nt ranasal | y o8 Ot3%®elution DMSO (Figures 11A-11C), airways contained mucus and

had mucus secreting cells when Alcian blue at pH 2.3 was used to visualize

15 mucus. The amount of perivascular and airway inflammatory cell
infiltration was similar. Greater than 60 percent of the airways of these 6
month-old chronic asthmatic mice were plugged with mucus (Figs. 10A-10B

and 11A-11B, respectively).

20 The pulmonary tissue changes in chronic asthma were also assessed
by morphometry methods to quantify the degree of persistent inflammation,
deposition of fibrotic collagen and airway narrowing with structural
changes. In Figures 12 through 14, the responses of animals immunized
with OVA for 6 months and treated with various agents are shown in the

25 left panels of the figures, whereas animals sham immunized and treated

. with saline are shown in the right panel. There were significant differences
(p< 0.05) between the degree of mucus plug formation in HK-X treated
animals versus animals given only saline for the 20 day period (Fig. 12).
The animals insumated with the vehicle (0.5 % DMSO) for H K-X compared
30 to HK-X also did not demonstrate any improvement in the mucus plug

score. The results were the same for saline treatments. The patterns of
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over a 20 day period. This allergen i mmunization and chall enge reginen | ed
to a chrongg dle y infiltration of eosinophils and ot hercrysensdsc

i nfl ammatory ce accurrul ati on of mucus in the airways and hyperpl asi a
25 of nucus secretlng cells. Admnistration of an effective

| gE- downr egul ati ng dose of 50 pg of HK-X reduced airway hypersecretlon
hyper pl asi a of nucus cells, and recruitnent of eosinophils and
neutrophils. These results.indlcate t hapgby admi ni stering an effective
anount of HK-X and downregulating IgE Ilevels, HK-X can al so downregul at e
| gE- nedi at ed responses such as airway 30 hypersecretlon of nmucus and the
deposi tion of e&pbAgEy Yot flantfistety téll Adtusnulatidreiged amit&adamdyé of

th WD 01/ 05420, PCT/ USO0/ 1949 2 XAVPLE 3: Eff f HK- d
Dexanet hasone PAFRFIAEEREFITHS PISE ARIE e RUERS SPBPBeaiAL SSBEETHE | i bi t or s
of i ln}‘ | ammat ormlgc:sm)awmm gﬁzenr&mseedgbgpgeu&ﬁ lbileHx-Join cehLvtampml i ncl udi ng
Tcesrrastces dendr,i C Cce S.aln 1 1.S
G toocort | eor oStapsally oeia, £ Brdpiieaio, ficte i o et re &bt nen
i nhal ed or Ssednsystacnnmaldtion abidempuces pgissssurnehtaimbeaiyvaydFig. d8fi | trati on
and have been gemnal il dlR SIGRSEaRIRNSAPHS a&%rgg\-[mdeﬂw Sgpary

e ects o

edema. These re ponses relate to rect ucocorti coi ds on

bronchi al epi t FK-Xalid significantly reduog the pgrhes of musus containing gelisewithionchi al

hyperresponsi vVelegiswaRe @t $8).ofhid Bﬁée&‘vatﬂﬁrmgﬁkf 8hbslaRfifteS At thERSyas
gl ucocorticosteroi ds represent a mainline therapeutic armnmentariumin the

treatment of a®P ﬁnanfaﬁ@%{ﬁpart?ét%é@bhwﬁ%mf 9% Adngef GHTIRIE astdmane |
docunent ed1gunin thd aealysesiof the/nhhbers dmﬂ&aﬁigﬁﬂﬂmmuﬁﬂryeeuﬁlﬂ tine.

Because of their value the curre ndar.d. of . ef.f.icac
Comaounds f or - 8RR Bl hiFeS I ke RROE iy SosinSHils R ndiopis) ™
gl ucocorti coi dperﬁ’intar@qms alsamedmdnﬁxged4)t haraidsabsahmnnﬁsedhnhl(alx to 20
‘dexanet hasone, E& maﬂ-f'el Vi (égg_% llxi‘fé)é g@(é&l rel ease,
eosi nophi | nunbers, é‘ rrgﬁ | er e% speég | c | erve ér?t hi s nouse
. (p>0. 05) however, HK-X treatment reduced the numbers of eosmophﬂs
1_5 significantly compared to the two control groups (p<0.05).

These studies shéw that there was very little or no spontaneous
reduction in airway inflammation or of mucus cell secretion in this model of
allergen induced chronic asthma unless HK-X was administered. In this

20  model, mice were sensitized to OVA and exposed to OVA via intranasal
route weekly for 5 months and were treated with HK-X intranasally 8 times
over a 20 day period. This allergen immunization and challenge regimen led
to a chronic airway infiltration of eosinophils and other types of
inflammatory cells, accumulation of mucus in the airways and hyperplasia

25 of mucus secreting cells. Administration of an effective IgE-downregulating
dose of 50 pg of HK-X reduced airway hypersecretion, hyperplasia of mucus
cells, and recruitment of eosinophils and neutrophils. These results indicate
that by administering an efffective amount of HK-X and downregulating IgE
levels, HK-X can also downregulate IgE-mediated responses such as airway

30 hypersecretion of mucus and the deposition of collagen that occur in this

allergen-induced model of asthma.



nodel . Conpar abl e dosages of 10 jig and 50 jig of HK-X and dexanethasone
were used in this study., Intranasal adm nistration was used for both
drugs at bofeiRs. Fifty mcrograms of HK-X was sel ect etTaso@B4%he hi gh
dose based on the previous results fromthe chronic asthna nodel. An
outline of the imunization and treatnent protocol is shown in Figure 15.
The experinmental paraneters showed that 10 pg of intranasal HK-X 30 was
nore effective than either 10 pg or 50 pg of dexanethasone in reducing
serum I gE |l evels (Figure 16). Ten pgof 2EIK—X reduced serum I gE | evel s by
Elm W 01/05420 PCT/USOQO 19496 28 28% HK-X was al so nore effective than
dexanet hasone at inproving two -histopathol ogical features: cellular
infiltrate and total nunber of eosinophils in interstitium Both 10 pg and
50 pg doses GXANKLE 3:i Fiffeéts of HK-X andexethethasbhaimAtwe\Murifi¢ Asthaiee by 54%
conpared to the OVA control (p<0.05) and 5 were significantly nore
effective than 10 pg (13% and 50 pg (13% of dexanethasone (p<0.05). Both
the 10 gg and 50 Plugoderticeidsfare-potrnivmhibitars phindammatopemedigters0 g of
dexanet hagopgrﬁigd%)m}ﬁ&af&eﬁf - denffhg PR hile £0S iGHIescel | count

by 57% [ e _saie dose o dexanet hasone decreased the eosinophil cell
count by 13vsendgritic seligiandrosingphily) Ginegasticoids ¥ effretivednithai st er ed

in'zjI ranasal Ir]yu:cgalﬁ;l;enﬁt&fﬁhi:ﬁﬁih_ d‘mﬁ”ﬂntmaﬁcd?sw@d%‘dﬁﬁnbmm?One in -
reduci ng the foll ow_ I st opat.hal oqi cal_ featyres:, nunber eosi nophi | s
i n Bronchoal T8BR™5PS “’@%Véﬁ%m’(%%@) 2 i Rpve Fﬁ‘éflf’?ﬁ,nﬁﬁﬁﬁ”géﬁt age of

ai rway nucusdeeesase mngud Secretidnsgnchpmliemacy cdame Mest reasporsssimiaphtol s, and
ederma. These ' 10 DAL atd f] HK - X and a

gl ucocor ‘?cofi{i?&%?igtﬁg’? _as%%‘g?‘c?lﬁgg?%g rrurl%n%&gg r?gﬁ%ocﬂc?e“\%yEXANPLE 4
Effects of Hitmportant, sterudsrasucedrmndial byperrerpoppivapesscBecause of their

demonstrated efficacy, the glucocorticosteroids represent a mainline
therapeutic armamentarium in the treatment of asthma and could be used
without reservation but for well documented cumulative toxicity that limits
1S  their value over time. Because of their value as the current standard of
efficacy for asthma, new compounds fcr asthma treatment should be

evaluated in comparison to glucocorticoids.

This experiment compared the effectiveness of HK-X to
20 dexamethasone, a widely used glucocorti_coid,' to modulate mucus release,
eosinophil numbers, edema and allergen specific IgE levels in this mouse
model. Comparable dosages of 10 ug and 50 pg of HK-X and
dexamethasone were used in this study. Intranasal administration was
used for both drugs at all doses. Fifty micrograms of HK-X was selected as
25  the high dose based on the previous results from the chronic asthma

model. An outline of the immunization and treatment protocol is shown in

Figure 15.

The experimental parameters showed that 10 ug of intranasal HK-X
30 was more effective than either 10 pg or 50 ug of dexamethasone in reducing

serum IgE levels (Figure 16). Ten pgof HK-X reduced serum IgE levels by
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20 Murine Asthma This experinent conpared the effectiveness of HK-X to a
related nenber of the peptide famly, f-Met-Met (referr ] $he
control pePOME42%i 1 relation to the foll owi ng neasures: %%éﬁg@é Sease,
cellular infiltration, 25 eosinophil nunbers, edema and all ergen specific
IgE levels in the acute asthma nouse nodel . Conparabl e dosages of 50 pg of
HK- X and the control peptide were used in this study. Intranasal
adm ni stration was used for both conpounds. The.inmmuni zation and treat nment
regime is outlined in Figure 17. 30 WO (®§ 05420 PCT/ US00/ 19496 - 29 Wil e
bel onging to the sane famly of chem cal conpounds and being closely
related in nolecular size, the control peptide did not exhibit any of the
t her apeuti c pr @5&-t HEX grsgleomorprffectiveytiian dexamethasgpe gyimgpropagitwoc aused a
(7% g eg g )easgol n ﬁi%{@ﬁﬁbw@c%gﬁatm&lt c%(ljlh[hr_tiigﬂu%t% and ebthmt hﬁbéleémaiim hﬁAi/A |
>0. : g .of e, control pepti [ 0 the serum evel s
(B>o. 05). Furt H%msé{u“ﬂfeé@grﬁor‘ﬂﬁ a‘b‘gﬁgi"& o8t Wé{]ﬂlﬁﬁe@ﬁ%{e&ugﬁb
admi ni st er ed t GnilaAinatdry dnfiltmlts bp Setdottbaabd & theUOVA kcontrolf (pa0X05) ad/

increases in the foll gw ng. parageters; us f { nunber of
i ey ool | 8 saters PiEmticatiay abiet MEceRk el DR o SBMEI B B ot oy
10 cells. |In prexamethagempe (P<CeObs Bolkibe 0 deg nod SOapxinses af BKeXiyere

pro-i nfl ammat or, b 0.t |81 | e e,

Therefor ot he AR AREES a1 bURLBUED IO T BT IIES. |
efficacy in dowkregsscditherrpsingphilog cuahby P, while thespmedpemefes. 15
EXAVPLE 5: Pul neRam¥thbisd@ediesdRanae _ebﬁn\%\ﬁ&%&ﬁé&ﬁr@%' 1% 0f Hi gh .
Therapeutic Levels of HK-X To determ ne ether there are potential toxic
effects of 1Ioong-term i ntranasal exposure to HK-X at the higher end of the
t herapeuti c dose 20 Arkighy@osdofF0 setrogpOSMK DOadvailistyreddaasanasalBOvgag of

I ntranasal HK- )gsf

e%cg’ve as either dosage of dexamethasone in reducing the following
histopathological features: number of eosinophils in Bronchoalveolar
B Lavage (BAL), mucus plug formation, percentage of airway mucus sec;eting
15  cells, number of interstitial eosinophils, and edema. These results establish
the comparative efficacy of HK-X and a glucocorticoid, dexamethasone, in
the murine asthma model.

EXAMPLE 4: Effects of HK-X and a Related Control Peptide in Acute
20 Murine Asthma

This experiment compared the effectiveness of HK-X to a related
member of the pcptide family, f-Met-Met (referred to as the control peptide)
in relation to the following measures: mucus release, cellular infiltration,

25  eosinophil numbers, edema and allergen specific IgE levels in the acute
asthma mouse model. Comparable dosages of 50 ug of HK-X and the
control peptide were used in this study. Intranasal administration was used
for both compounds. The immunization and treatment regime is outlined
in Figure 17.
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nmonths. During the [ast two weeks, the intranasal dose of HK-X was

I ncreased to 50 g. Lung tissue was collected 24 hr after the last H K-X
admi ni st rgﬁglzn yoll hi st ol ogi cal anal ysis. 25 Weekly adnipgirafsoeadsssn of 20 My
of - HK- X i sally for 3 nonths followed by 2 weeks of adm nistration of
50 jig did not cause pathologic alterations of lung tissue. There was no
difference (p>0.05) between saline and HK-X adm nistration regardi ng nucus
plug formation and inflammatory infiltrate. Secretion of nmucus by airway .
cells was el evated 30 after adm nistrat2%n of HK-X but this is not judged
to be biologically significant. A simlar phenonenon was observed
regarding the nunmber of WO 01/05420 PCT/ US00/ 19496 30 interstjtial

eosi nophi | s. Wi | Viile belenging tajthe same Rmilyof shemisal ForpRPYNDS si nophi | s

per 2,200 p2,,ddecissdly Pﬁa&a%hﬁﬂeﬁmﬂ%ﬂd@mupabﬂde HRE:Sottelsmfbn 1 per unit
area (p<0 05). Livers, spleens, and kkﬂm {iedsof fﬁgﬁépol ogi cal
changes. Excea qidhe HRaraRsBicRToPeLes § 1%%5? ICRREY -S4 HE livers
of animals fr&ﬁse@amohe&edsetmaaeemtgtp&mampmmamqﬂmaﬂmngaes wer e

obser ved. The at the t Ier i It eutic doses
of HK-X i® ‘i@‘? 6"' Gt e ﬁ%’été‘(r’)ﬁ P ?Qe %%X%nﬁe%g%%"% HK-X 10 The

obj ective of lé\keilss(peotﬂﬁj hrﬂmmmethnmﬂnhetfme dgliveredipaghicleprichi stered to
mce via Severd?mgﬁy 8th 'Wndrd %Y}&rbho?é&jﬂ%eaﬁ’brbfﬂiﬂ%ﬁmaf pons_e as

assessed by anti y producti on. | nmunogeni Ci t ‘-Fﬁa{b Qenl city
were both evdhcrenses inrthe Sollowing PAIGMSRER: WWF\PQ‘%@H&?“’!L'S‘ K Y¥s a snal |
tetrapeptide. il @k s@@ﬁ:ﬁﬁgnﬁi&h Srbtte dgre ol ifiterstiti? hfl@imytdrymunogeni c;
however, in vivo, smal| nolecul es %8@3& ?gﬂp {r bsorb to (becone
hapt ens) 10y fEHsJRARTEYIAYS SFPEERBILY, §‘°8 g §3a YPenicillin,

qui ni di ne andcyra-ifRiMmatcigphangéscinghe histelpgicgkparametars amabersdof

Therefore, the unique composition of HK-X appears responsible for its
efficacy in downregulating IgE levels and IgE-mediated responses.

15 EXAMPLE 5: Pulmonary Tissue Response to Long Term Dosing of High
Therapeutic Levels of HK-X

To determine whether there are potential toxic effects of long-term
intranasal exposure to HK-X at the higher end of the therapeutic dose
20 range, mice were exposed to weekly doses of 20 pg of intranasal HK-X for 3
months. During the last two weeks, the intranasal dose of HK-X was
increased to S0 ug. Lung tissue was collected 24 hr after the last H K-X
a&min.istration for histological analysis.

25 . Weekly administration qf 20 pg of HK-X intranasally for 3 months
followed by 2 weeks of adnﬁnis;ratiqﬁ of 50 ug did not cause pathologic
a]teratibns of lung tissue. There was no difference (p>0.05) between saline

- and HK-X administration regarding mucus plug formation and
inflammatory infiltrate. Secretion of mucus by airway cells was elevated

30 after administration of HK-X but this is not judged to be biologically

significant. A similar phenomenon was observed regarding the number of
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20 such hapteni c responses. Antibodies to the haptens can produce anem a
and imrun X % di seases because of the destruction obcrasneddss
(carriers). er of haptens such as dinitrophenol (DNP) or
trinitrophenol 25 (TNP) used experinentally are covalently linked to
carrier nolecules. The nore antigenic the carriser nolecule, the nore
likely that an immne response to the hapten w I'l "be elicited. Keyhol e
Li npet henocyanin (KLH) is a wdely use% carrier and generally supports
potent anti body responses to haptens I|i 8 DNP or "TNP. 30 WD 01/05420
PCT/ US00/ 19496 31 The use of adjuvants greatly i ncreases the | i kel i hood

that a potenti al II ¢

Freunds Adj uvaufters{'lg],i?%%bbacterl kep{ﬁl% {ﬁ}%ﬁ% een W gel y used
to stinulate pmv@nls@p@a%%%@h@wmwtr¢m3mm$ demapsteatsd@ﬂhenef ore,
after first defefm Biged\ud. @5)' lmexs oéplews' Qaﬂmae%e@e &Qﬁﬁﬁéd A ug

exposure routes (With no anti- HK-X reactiyvit pot ent i al
i munogeni ci t y P8 W%ﬁh@@iarﬁﬁ%ﬁt iR efcasto Cb?fdﬂﬂ%‘&‘%‘“ﬂ(l_cﬁn%tﬁﬁme

admi ni st er eg Invaa@amﬁaswwﬁoléﬂae@eatedgm ﬁ@gd&bwgmsawgeém ned 10

whet her HK- X coul d be i 0 erials an ods | eni c
Conj ugat es of MRTSERSErYe gﬁﬁ NB}E')"‘ 1ipletR 3‘“& i%p@%pf%uﬁar bon

spacer added aidosdsofHK-Xonymicer m nus. The |inkage was conpleted through
| ysine residues on. the KLH United Biochem cal, Seattle, WA prepared the
conjugates.. Preparation of |munogen: HK-X- KLH conj ugat e suspended in PBS
20 at 0.1 ng/ mMEXAMPIFHG! Imfrvadgemicty apt dndiglnicitn df HKa€lj uvant ( CFA)
containingid. 0 nmg/ M bovine Mycobacteriumtuberculosis at a 1.1 ratio.
The objective of this study is to determine whether HK-X, when
administered to mice via several different routes, will produce an immune
response as assessed by antibody production. Thus, immunogenicity and
antigenicity were both evaluated in relation to HK-X in this study.
15 ' . .
HK-X is a small tetrapeptide. In most cases, such small molecules
are poorly immunogenic; however, in vivo, small molecules may conjugate
or absorb to (become haptens) larger proteins or to blood cells (carriers).
Penicillin, quinidine and a-methyl dopa allergic responses are examples of
20 such haptenic responses. Antibodies to the haptens can produce anemia
and immune complex diseases because of the destruction of red cells

(carriers).

A number of haptens such as dinitrophenol (DNP) or trinitrophenol
25 (TNP) used experimentally are covalently linked to carrier molecules. The
more antigenic the carrier molecule, the more likely that an immune
response to the hapten will be elicited. Keyhole Limpet hemocyanin (KLH) is
a widely used carrier and generally supports potent antibody responses to
haptens like DNP or TNP.
30



Adj uvant | nmuni zati on Protocol: Balb/C female mce were inmunized
intradermally with 0.1 m emnul sion, boosted 4 weeks |ater and 25 bled at 6
weeks. Solywbbioskaemuni zation Protocol: Bal b/ C fenal e nm ceCnaIse/194éect ed
intraperitoneally with 100 gg of the conjugate w thout adjuvant in a vol ume
of 0.1 M to 0.2 mM. The mce were bled after 21 days. 30 Rig WO 01105420
PCT/ US00/ 19496 32 Normal Drug Exposure Routes: Sera were collected from
animals admnistered HK-X via the intranasal route in therapeutic asthna-
studies. Determ nation of antibodies:3ELISA anal yzed anti bodies to 5

conj ugat ed and unconjugated HK X. Immulon 2 Mcroliter Plates (Dynex
Technol ogi es cat. # 3455) were coated overni %ht at 4Cwth the foll ow ng

HK- X or HK- X conjlgatesciadiamgnts geaty inereasss elihged, thata patepfal Hk- X -
KLH - pepti dgnf ﬁﬂbge@zaméhhﬁ afilithm ihge rddlisoﬂ%d,bSAaplétem‘mﬂﬂi' lsC‘Mjul gt ed th odBSﬁ
HK- X - Spacej.. .pepiide with 12 carbqn |inear _ spacer re washed the
fol | owi ng 'da{?F\ﬁ? Pﬁ*’ﬁ%@%{’g@ﬂyfﬁ‘ﬁgﬁé’a beER Y R toatirag a¥e\ﬁom t enper at ur e
wi th sanpl e ihrhuhée oespbusdscto pooriy imtdurgpgedic Baptens! Tris. - 0. 15M NaCl buffer,
pH 8.0, séd 0.1% casein (I CN cat # 902896, |ot 15 99333). Muse sera

sanpl es were diluted either 1:100 or 1:200 with the same buffer, added to
the wel | s and i nJinszefexs, afterolinst determising eeailabilify pf antihgdies fravan washed with

PBS and i ncubabed avhg BxitRate Alds (RESSEo hIE HREX AHCHRAR, @R Poaaled secondary
ant i body (Cappel cat  # 55554

washi ng wi t HEPRenogERiaty ofdfKsX RS examined wWhem M5 cmPlstbgdt-H & cat #
P-9187, | ot ddihiisterkd)inbattedial adjutatitc Théde extefie cofiditiohsietediieddn was

st opped m t hwggﬂzl:r ﬁk—£ 'cgulyI be immunogenic.

Materials and Methods

' Immunoéenic Conjugates of HK-X: HK-X wé.s conjugated to KLH via a
15 12 to 20 carbon spacer added at the carboxy terminus. The l.inkage was -
completed through Iysine residues on the KLH. United Biochemical, Seattle,

WA, prepared the conjﬁgates_..

- Preparation of Inmunogen: HK-X-KLH conjugate suspended in PBS
20 at0.1 mg/ml v_vé.s emulsified in complete Freund's adjuvant (CFA)
containing 1.0 mg/ml bovine Mycobacterium tuberculosis at a 1:1 ratio.

| Adjuvant Immunization .Protocol: Balb/C female mice were
immunized intradermally with 0.1 ml emulsion, boosted 4 weeks later and
25 bled at 6 weeks.

.Solub'l_e Fmmunization Protocol: Balb/C female mice were injected
intraperitoneally with 100 pg of the conjugate without adjuvant in a volume
of 0.1 ml to 0.2 ml. The mice were bled after 21 days.

30

lot" # 39714) for 2 hours at roomtenp. After -

i



sulfuric acid. The ODs were then determ ned using a Bl O TEK EL800 reader
at 490/ 630. 25 Results Determ nation of HK-X from nor mal pcflisi@/1e4posur e
route: Ser¥OPMEH? the fol I ow ng groups of mce were tested for anti-HK-X
reactivity: OVA- induced asthma and HK - X treated, OVA-induced asthma and
DMSO (vehicle) treated control, saline-imunized and DMSO (vehicl e)
treated. 30 Mce were treated intranasally every other day with 50 pg of
HK- X or vehicle for 16 days. WO 01/0542Q PCT/ US00/ 19496 33 No 1gG
reactivity was observed to HK-X conj ugat to either the 12-C spacer

(HK- X+Spacer), KLH (KLH HK-X) or BSA (BSA-HK-X). 1gGreactivity to OVA was
observed in all OVA.i I zed m ce gnd ong saline-i 1 zed .5 control
nmouse and served a?%&mngg‘ﬁﬁgol?xqgg?ret}goeuqﬁl%i? Weéﬁc?%e%%??ymt’% LH HK- X and
BSA- HK- X was odibeinistered HIGZda thomteanayal uterinthezaetutiviasthnid biudiesX i n

adj uvant and served as a control for the coating of these antigens onto

the ELI SA plate. 10 Sol ubl e-immni zed HK X coupled to a carrier. Mce were
i muni zed Wit h solResernikatientafantibadies] EYISH aralyzed andipodieFite results of the

ELI SA show t h%;\é%_%ﬁ&ﬁ%‘%ﬁ&gﬁé&%dr}%% el od<b Hrinfit i Pl fd Hykeit  no

reactivity to BSA- 0 - X _*tspacer was observed indicating that

ant i bodi es werEechaplogien &ah o3 Sp) ¥ere coatrd opgrnight gk #°Garithhe fp % KLH 15

after inmuni zaiikon oMHKIX $ohjuRhRs &R0 |G/ nilesPBsd t0 HK- X _

Adj uvant -i mmuni zed HK, X cougéeeg to a carrier. To force the generation of
anti bodies to HK- X, K% nized with KLH or KLHHK-X in conplete
Freund's adjuvant, -Hx eKLBRGeptde cohjedarlite KLEBI 20 weeks. The results of

150 generfeq (o X MR BEpdRd SRR BSATR Tl Gui ng: 1) ant i body
reactivity to KLH HEBX 1 3padét+pdtide with 32 carbon linear spacer.
Wells were washed the following day with PBS and then blocked for 30
minutes at room temperature with sample dilution buffer consisting of 0.1
M Tris - 0.15M NaCl buffer, pH 8.0, and 0.1% casein (ICN cat # 902896, lot
15 99333). Mouse sera samples were diluted either 1:100 or 1:200 with the -

same buffer, added to the wells and incubated 2 hours at room temp. Wells

were then washed with PBS and incubated with goat anti-mouse IgG
peroxidase conjugated secondary antibody (Cappel cat # 55554, lot #
39714) for 2 hours at room temp. After washing with PBS, wells were

20 reacted with OPD chromagen (SIGMA cat # P-9187, lot 18H82111) for 30
minutes at room temp. The reaction was stopped with 50 pl of 2.5 M
sulfuric acid. The ODs were then determined using a BIO-TEK EL800
reader at 490/630.

25 Results
Determination of HK-X from normal, drug exposure route: Sera from
the following groups of mice were tested for anti-HK-X reactivity: OVA-
induced asthma and HK-X treated, OVA-induced asthma and DMSQO
(vehicle) treated control, saline-immunized and DMSO (vehicle) treated.
30 Mice were treated intranasally every other day with 50 ug of HK-X or vehicle
for 16 days.



was 2 fold higher than fromKLH only inmune sera and 2) sera from KLH HK- X
I mmuni zed HK- X i mmuni zed m ce reacted to BSA-HK-X but not 25 to BSA al one.
However , %ﬁ{b&gzgody reactivity was observed to H K- X ecwpisent1osss t he 12C
spacer. Fromthe results of these studies, several conclusions about the

I mmunogeni-city and antigenicity of the HK-X peptide can be made. First, 30
m ce did not generate antibodies to HK-X after therapeutic intranasal.

admi ni stration of the peptide for 16 days. Second, mice did not generate -
nl ~I WD 01/ 05420 PCT/ US00/ 19496 34 a3 bodi es when i muni zed with sol ubl e
pepti de conjugated to the imunogenic carrier KLH Third, mce can be
forced under extreme conditions to generate antibodies to HK-X when
coupled to KLH and - i mmuni zed with conpl ete adjuvant. However, even in this

case, antibody 5%@@@%&@%%&6@&%m&hﬁ%atﬁta%epmeoms creat ed

by the conjugation of H and KLH since i r tivity could be
det ect ed tosgmex (HE T PRpseB o (ﬁ%‘@%?gb%éﬂgg’ﬁ*ﬁggxﬁoﬁ%ﬁm (s

Suppor t Ied b%to?gmwabsm@rﬁd irall OHAbiﬁﬂﬁiﬂi'zMe érxcemd-wmmmma'zﬂm(t iXSﬁrL um
or at |eas n__prior to.incubati j t e .t X en, - X- ,
di d not Fed&%ﬁiggnﬁﬁfé)ﬁ%'gﬁeﬁ”%%ﬁ AP ’f’ff%’r\gk‘i %Ig“?ﬁ%asc%oﬁ g):gtppear s

unli kel y thmmm!ﬁﬁmm.mmbé@ysmfmrh@nimmponses to

HhC X wi 11 D6l KELUSRA fh ddjfviflablaGRveie d QMRS for thEtBREnEANEL ©

observati ons supportin a notion. observations 15 are: 1) HK-X
i s only foumrntigenmonrteiths EFSAPEEE.(| ess than 600 Dalton), which nakes it -
unlikely to becone i nmunogenic; 2) Al .of the amino acids in HK-X are
hydr ophobi ¢, whose, property i t asspociated wi.th i mmunogenicity; 20 3)
To becodf | mno&@#&"%’%ﬁ?f?ﬁéﬁ%m 156 Jean FRpugiEed

with soluble KLH-HK-X and bled after 21 days. The results of the ELI

show that 4/5 serum samples reacted to KLH and KLH-HK-X but no
reactivity to BSA-HK-X or HK-X +spacer was observed indicating that

antibodies were not generated against the HK-X that was coupled to KLH

15 after immunization with soluble carrier coupled to HK-X.

Adjuvant-immunized HK-X coupled to a carrier: To force the
geﬁeraﬁon of antibodies to HK-X, mice were immunized with KLH or
KLH-HK-X in complete Freund's adjuvant, boosted 6nce and bled after 6

20 weeks. The results of the ELISA show that antibodies were generated
against KLH. Antibodies were also generated to HK-X. This was supported
by the following: 1) antibody reactivity to KLH-HK-X from KLH-HK-X sera
was 2 fold higher than from KLH only immune sera and 2) sera from
KLH-HK-X immunized HK-X immunized mice reacted to BSA-HK-X but not

25 to BSA alone. However, no antibody reactivity was observed to H K-X
coupled to the 12C spacer. ' : |

From the results of these studies, several conclusions about the
immunogenicity and antigenicity of the HK-X peptide can be made. First,
30 mice did not generate antibodies to HK-X after therapeutic intranasal
administration of the peptide for 16 days. Second, mice did not generate

M



el ectrostatically associated with a | arger and i mrunogenic carrier in vivo;
4) Antibodies produced to HK-X are likely to be directed towards an

epi t ope fow@ﬂ the conbi nation of the carrier and HK -perinitoonsasd i gen) ;

5) Anti bodi *#8cted towards the neo- antigen react only weakly (low 25
~affinity) if at all to free HK-X. EXAMPLE 7: Primate Toxicol ogy Study of
HK- X This study was conducted at BI OSUPPORT, an aninal research 30
facility in Rednond, Washington, according to GLP standards. Six adult

mal e and fenmal e nacaque nonkeys obt ai ned4f rom Chairl es River were WO

01/ 05420 PCT/ US00/ 19496 35 studied. G oup A considered a control group,
consisted -of two animals given vehicle (buffered saline with 3% DVSO) |V

daily for fiventbgdies ﬁhwﬁnmaiqaﬂiwiga $ainblenfe phide coh'ﬁnghmﬁrtbehe was perfornmed

on days 0-4 apd 7. . Bl ith 20 gg/ kg
of HK-X in vehicl & gﬂ%gﬁr@rg@' né chhgﬂ%%@éﬁm lgal Y %Mor five days.
Bl ood sanpli ngmﬁﬂonmtemtﬂ)@ﬂlﬁr tosHKaX whenfaonpled toKLébgnd 0 - 4 and 7.
Goup C Consi:ﬁfn%%ﬂﬁﬁﬁ?c&ﬁﬁl@& é&}@\'réxltorﬁ’dw&@f @Léu@&ﬁ@@a&@ bhuded);, 9/ kg N

daily in an i1dentjcal G oup D consisted of stx_ani mals from
G oups B éndr@cuwaéw’el ysmaﬁg\/q@gmmﬁ@ysesq#@%@emmpnen five
days 10 afteroﬁmupaﬁdmmh&ﬁ@aﬁhs&@draabﬁh@ EAQH 58 detebtdd BTHRDE S wer e
observed dail throgq ?h h%(};e study .for recordl n owb’ga{ and general
health and bE& W?)tf A EPRFebt ﬁ?@Bﬁ‘ﬁnlﬂsfgﬁ? ani mal s were
“eut hani zed, uhshevmﬁﬂ:aeaddxpsy of&aell—lmxtbebeaaﬁmmfoeatlasuao gdanpl es from
the follow n e%ﬁ n ever, ki dney,
spl een, 15 Iu %:%%?G&}An gla%jge&tgh %Lg.lg%% | st glgar? tgf%]!g';‘% cal eval uation
was perfb@neanbbochlma@thcferHK-ﬁ-léH{vet erinary pathol ogi st associated with
Bl OSUPPORT and i ndependently by a hi stopathol ogi st associated with
Hi statek. 20 These dosages of HK-X were sel| ected based on_the effective
Thus, it appears unlikely that clinically relevant antibody or other

immune responses to HK-X will be elicited in the clinical environment.

There are five observations supporting such a notion. These observations
15 are: o
1) HK-X is only four amino acids in size (less than 600 Dalton], which
makes it unlikely to become immunogenic;
2) All of the amino acids in HK-X are hydrophobic, whose property is
not associated with immunogenicity;
20 3) To become immunogenic, HK-X would have to become covalently or
electrostatically associated with a larger and immunogenic carrier in vivo;
4) Antibodies produced to HK-X are likely to be directed towards an
epitope formed by the combination of the carrier and HK-X (neo-antigeny};
S) Antibodies directed towards the neo-antigen react only weakly (low
25  affinity) if at all to free HK-X.

EXAMPLE 7: Primate Toxicology Study of HK-X
This study was conducted at BIOSUPPORT, an animal research

30 facility in Redmond, Washington, according to GLP standards. Six adult

male and female macaque monkeys obtained from Charies River were



t herapeuti c dosages of HK-X of 10 and 50 Kg/kg in the nouse asthma nodel.
No significant abnormalities of white blood cell, 25 hematocrit/henogl obin,
or platel g gsdles Were noted on any day or at any doseCTaisew194%i nilarly,
no significant abnormalities of chem stry values were noted at any of the
three dosing |l evels. No histological abnormality was noted in
representative tissue sanples of spleen, and | ynph nodes obtained from
ani mal s who were exposed to either 20 or 150 gg/ kg of HK-X foll owed 30 by -
1000 gg/ kg daily, or in the vehicle coBfrol group. Mnimal multifocal ~I1I~
WO 01/ 05420 PCT/ USOQO 19496 36 |ynphocytic infiltrate was noted in liver,
ki dney, heart, and lung tissuye sanples fromboth treated and, control

ani mal s and #Bstiadh Grevp Ae cormadizad & FPEPLETOUP ernsisted AETC aNMA gl orer ul ar
| esi ons, CONBREN vEhidk (P@fferd@ caliewith G% DMEO) IV @ladlg dbrehivecd:ysOBlogd t 0

treatnent and were th | s consi dered unrel.ated t r eat O her
m nor hi st ol 8YPR g@ﬁ%@&éﬁ%ms%?s%%%?%éﬁgoﬂ isﬁ'%aa%’[%. iﬂe‘rl% was no
di scerni bl e Bwohsisted sflthede\eadmils dused shithd2hpgy/ kgrof HKxXrinstehicles obt ai ned from
si x macaque e Qsgd.d ' . 1 Lani£icantly
hi gher than @8@%@%}%&3{‘ e?égjlgﬁéfg‘gg%@%%%ﬁéﬁs' %I‘Ls#&o%gé?ﬂ%fgo%fcal changes
noted in |ivEBC aidichemisuissawms, peripmmid oo dlays 0 +eand 7. GmouP ng di d not
segregate acgordi (A 94%1%%‘ ) &p,?.i I q:gm inf agfi|id ons of
backgr ound p%?%sg‘%‘gfg?f%ﬁ arti act?}g#gg. aénlggogre_ éjt;gg%t egt hana%i a. 15 This
primate studgnidepticst weimen. Graup dpemnsitehaialheis apimajg o frouprBusef ul in
human treat ngpg c\{\%&%ﬂﬁ,@@b %,Q{’ké Pragiyl vsiRg 1 Senfdgdabs, ivEhmybnvention
has been described in detail wth reference to ref,era{ed 2 errbé)dl nent s
t her eof . 1¢owefier Graup Ganimajs campleted heurFegiman. Al sgyimals were observe

' daily throughout the study for recording of weight and general health and

behavior. At the end of the Group D regimen, all animals were euthanized,

underwent necropsy, and had representative tissue samples from the

following organs collected for histological analysis: liver, kidney, spleen,

15 lung, heart, lymph node, and brain. Histopathological evaluation was
performed by a board certified veterinary pathologist associated with
BIOSUPPORT and independently by a histopathologist associated with
Histatek. '

20 These dosages of HK-X were selected based on the effective
therapeutic dosages of HK-X of 10 and 50 pg/kg in the mouse asthma

model.

No significant abnormalities of white blood cell,

25  hematocrit/hemoglobin, or platelet counts were noted on any day'or at any
dose level. Similarly, no significant abnormalities of chemistry values were
noted at any of the three dosing levels. No histological abnormality was
noted in representative tissue samples of spleen, and lymph nodes obtained :
from animals who were exposed to either 20 or 150 ug/kg of HK-X followed [

30 by 1000 pg/kg daily, or in the vehicle control group. Minimal multifocal




consideration of the present specification and drawi ngs, those skilled in
the art may make nodifications and inprovements within the spirit and
scope of & gudsipeention as defined by the clainms. WO 01/5AEs00/19496

PCT/ USO0/ 19496 37 11111111 111111 wvill 1111111 111l CL MS Wat is
claimed is: 1. A nethod for treating an indication resulting froman IgE-
nedi at ed response in a mammal conprising admnistering to the mammal an
I,gE downregul ating effective amount of g _peptide having the fornula f-
Met - Leu- X where X is sel ected fromthe aﬁoup consi sting of Tyr, Tyr-Phe,
Phe- Phe and Phe-Tyr. 2. The method of claim1, wherein another active

ingredient is d with said pe ai d actlveln redi ent being
sel ect ed fron{ynf"ﬂ%'cﬁ#r‘ H@%Sﬁs‘f’%ﬁ?%ﬁd BV%t %I%&VJ etarrf @ﬁlgs 9"25 agoni sts
and corti costeaunpldsfroni;bom tredthd anfl opnigtodmrieguls amdngsahcrefpeq:)tu;dgedor | gE
conpri sing g ctive amount of
a peptide haV| ng t Eﬁ%k_{} fljlt &@&E ?qg\%erm ﬁbﬁggl g%%‘gct ed fromthe
group consi swaggauss, g notRegregate, a%@%@ trertnping andywerg thahalspret hod of

claim3, whergidliddréd Liake1bRAGE HRAthentS Bhc&! Bthor HiBloelRE1 EEBiges %RAPT i Si Ng
FecRl, FcRf, and soluble FCERII. 5. A method for downregul ating CD40O

| i gand thereB?t CAnSiAsTE 4ﬂ‘§"“ﬁf"ﬁ?‘t‘ her invol vemrent thereof in |gE production,
t he net hod conprising admnisteri ng a CD40 I i gand downr egul ati ng effective
anount of a pepti havi n he f i s selected

fromthe group coHETStIN WF“W@ Hh§1°\§ﬁ&°]5ﬁ SFyr. 6. A
met hod for | nthdmistries dhj,ﬁnsécﬁrom smmatqaqpéamm:cyebkmsedmpos@cnqctsmﬂ acting

sai Bl CRkLS it 3564 b Qlcd B bneRhLEEL ifp ™M O 2
histopathological changes noted in liver, kidney, spleen, lymph nodes,
heart, and lung did not segregate according to treatment and were
considered manifestations of background pathology or artifactual change
related to euthanasia. '
15 .
This primate study suggests that therapeutic amounts of HK-X can
be useful in human treatment without apparent toxicity or side effects.

The invention has been described in detail with reference to preferred
20 embodiments thereof. However, it will be appreciated that, upon
consideration of the present specification and drawings, those skilled in the
art may make modifications and improvements within the spirit and scope
of this invention as defined by the claims.



'sel ected fromthe group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.
LT
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What is claimed is:

1. A method for treating an indication resulting from an IgE-
mediated response in a mammal comprising administering to the mammal
an IgE downregulating effective amount of a peptide having the formula {-
Met-Leu-X where X is selected from the group consisting of Tyr, Tyr-Phe,
Phe-Phe and Phe-Tyr.

2. The method of claim 1, wherein another active ingredient is
administered with said peptide, said active ingredient being selected from
the group consisting of anti-leukotrienes, beta; agonists and

corticosteroids.

3. A method for downregulating a receptor for IgE comprising
administering a IgE receptor downregulating effective amount of a peptide
having the formula f-Met-Leu-X, wherein X is selected from the group
consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.

4, The method of claim 3, wherein the IgE receptor is selected
from the group comprising Fc,RI, Fc.RII, and soluble Fc RIIL.

5. A method for downregulating CD40 ligand, thereby preventing
further involvement thereof in IgE production, the method comprising -
administering a CD40 ligand downregulating effective amount of a peptide
having the formula f~-Met-Leu-X where X is selected from the group
consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.

6. A method for inhibiting IgE secretion by plasma cells
comprising contacting said plasma cells with an IgE secretion inhibiting
effective amount of a peptide having the formula f-Met-Leu-X where X is
selected from the group consisting of Tyr, Tyr-Phe, Phe-Phe and Phe-Tyr.

o



