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PHARMACEUTICAL COMPOSITION FOR DELAYED HYPERSENSITIVITY

Field of the Invent;i.on

The present invention relates to a pharmaceutical
composition for. delayed hypersensitivity of which active
ingredient is an inhibitor of PAR(protease-activated
receptor)-2 and/or a suppressive agent for expression of PAR-2
gene. The présent inventionalsorelates toamethod for screening
;active ingredients for a pharméceutical composition for delayed
hypgrsensitivity co.nsisting of screening subjecﬁ materials for
inhibition of PAR—.Z or suppression of PAR-2 gene expression.
Furthe}:, the presenﬁ invention rela‘;:es to an a'ssay method for

PAR-2 based on production of inositol phosphate as an indicator.

Backgroﬁnd of the Invention

Allergy (hAyper.sensitiVity) '1s a state of a living body‘
where immune reaction is induced in exéessive or inappropriate

ﬁ\anners and, in some cases,A tissue is damaged.
| 'Allergic responses (hypersensitivity) are induced in the
second contact with an identical antigen, and classified into
two types, i.e., an immediate hyperls ensitivity in which humoral
immunity is involved,l and a delayed hypersensitivity in which
ce‘llular immunity is involved. Further, Coombs and  Gell

divided them into I to IV types according to the differences
-1- '
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of occurrence mechanisms and symptoms. In the type I of
hypersens itivity; immunoglobulin E antibody which binds to mast
cells intissues and basophiles in blood reacts with its specific
antigen and then degranulation is induced to release chemical
mediators such as histamine. The' released chemical mediators
act against various organs resulting in acufe inflammation. In
the fype II of hypersensitivity, an antibody binds to an antigen
on the surface of self or foreign cells, which are phagocytized,‘
activatekiller cel.ls and induce cytolysis involving complements.
In the type III of hypersensitivity, immune cémplexés Ain which
complements bind to antilgerll/antj.body conjugations formed invivo
by entered antigens cieposit in tissues, which activate

. complements, and polymorphonuclear leukocytes are congregated
around the déposit sites,. resultihg in locai lesions. In the
type IV hypetsensitivity, i.e., delayed hypersensiti\lrity,
chemical mediators having biological activity such as cytokines
are liberated and released by direct reactionl between an antigen
and T cells capable of reacting specifically to the antigen,
resulting in assembling cells in a local tissue to induce
inflammation.

Th.e delayed hypersen_.sitivity includes tuberculin
reaction, rejection in allogenic transplantatioﬁ, cellular
defense reaction of infection, contact dermal hypersensitivity
and the like, and these reactions are known to be supéressed

2-



WO 03/049723 PCT/GB02/05658

most strongly by steroid drugs. Therefore, the steroid'drugs
are effective for .the diseases caused through delayed
hypersensitivity, however, the steroid drugs are problematic
in that discontinuation and regimen of medication are difficult
because a serious side effect, i.e., dependency on steroids
occurs when thé steroid'drugé are used for a long time. Also,
in treatment of contact dermatitis, '.a con-tact dermal
hypersensitivity with the steroid drugs, various side effects
occur by alteration of skin conditions such as atrophy of skin,
acne, hirsutismand the like, and the skin conditions cqnirersely
deteriorate in sqme cases.

There are a wide variety of chronic diseases by delayed
hypersensitivity. They inciude those by non-infectious
substancés such as sarcoidosis and Crohn's disease, and thoée
by infectious microbes such as bacteria, protozoa, fungi and
thelike;Thediseases;rebelievedtobecausedbychronicantigen
stimuli afforded by these microbes. It is believed that tissue
disorders are induced by persistent stimuli although infection
is offen limited locally by activation of macrophages vand the
like. These infectious diseases includevtuberculosis, lepra
(Hansen's disease), schistosomiasis and the like.

On the other hand, PAR (protease-activated receptor)-2
is one type of PARsl belonging to 7-transmembrane
G-protein-coupled receptor family. Currently, four types.of PARs

ol
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have been cloned, i.e., PAR-1, PAR-2, PAR-3 and PA-4, and belong
to‘areceptérfamilywhichmediatesactionsofserineproteases
such as thrombin, trypsin and the like in various cells.-All
OfPARQI,PAR-3andPAR-4havebeendemonstratedtohavefunctions
as recéptors thch relate to platelet aggregation by thrombin.
However,PAR—Zisfunctionallyd;stinctfromtheotherPARssince
it is activated by trypsin and tryptase But not by thrombin
although it has a structure and activation mechanisms in common
with other PARs.

In these PARs, the specific site at N-terminus of the amino .
acidsequenceofthéreceptoris;leavedbytheactionofthrdmbin
or other proteases, and activétion of the receptor is caused
by binding of the newly-exposed terminus to the binding site
of the receptor per se. The summary of the amino acid sequences
at fhe cut end which aétivate the receptors is represented ﬁy,
the single chargcter code for amino acids.

PAR-1 -  SFLLRN-NH, (human)

PAR-2 SLIGKV-NH, (human)

SLIGRL~NH, - (mouse)

PAR-3 not available
PAR-4 GYPGQV ( human)
GYPGKF (mouse)

PAR-1, PAR-2 and PAR-4 can be activated non-enzymatically

by exogenouslyadded peptides having the amino acid sequences
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‘of the cut ends, but PAR-3 can not be activated by such foreign
peptides.anarecentétudy,ji:hasbeenp:ovedthatmurinePAR—3
is not activated by itself and is a cofactor of PAR-4 which can

function only in the presence of PAR-4 (Nature, 404:609-613,
2000). |

PAR-2 is known to be activated by tissue factors/VIIa
factor; Xa factor; acrosin, a type of sperm proteéses;
trypsin-likesérinebroteaseidentifiedfrbmratbrain;trypsin;
tryptase;andsyntheticpeptideshavingsimilarsequencetothe
ligand of PAR-2. |

Severalreportsusingtrypsih,tryptase,PAR—Zactivating
peptides and PAR-2 knockout mice have shown physioiogical‘and
pathological roles of PAR-2 in respect to inflammation and
hypersensitivity (Br. J. Pharmacol., 125: 419-422,1988; Br. J.
Pharmacol., 127:1083-1090, 1999; Eur. J. Pharmacol., 328:89-97,
1997; J. Pharmacol. Exp.. Ther., 288:671-678, 1999; and J.
Immunol., 165:6504—6510,-1599).

It has beenreported that transient inflammatory responses
areinducedbyanagonistofPAR—2(SLIGRL—NH”(Br.J.Pharmacol.,
125:415-422, 1998). However, mRNA for PAR-2 was not detected
by a RT—PCR:method in peritoneal mast cells, and degranulation
by the PAR-2 agonist was not observed in mast cells (Jpn. J.
Pharmacol., 82:74-77, 2000). Thus, the transient inflammatory

response by the PAR-2 agonist (SLIGRL-NH;) is believed to be
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highly potential of .secondary response via actions ,for
cells/tissues other than mast cells. If has been also reported
that nervous inflammation is exerted not depending onmast cells
in experiments using}high concentrations of the PAR-2 agonist
(SLIGRL-NH,)(Br. J. Pharmacol., 127:1083-109Q, 1999; and Nat.
Med., 6:151-158, 2000).
However, they are indirect evidences of PAR-2 regarding
- to immediate hype;sensitivity, and nervous inflammation or
reports of PAR-2 regarding to circulatory organs, and have not
suggested roles of PAR-2 in delayed hypersensitivity.

There 1is alrepo;t that the inhibitor of tryptase is
effective forltreatment.of dermatitis in the murine model of
delayed hypersénsitivity, but an involvement of PAR-2 is not
suggested at all in the report (J. Med. Chem., 41:4554—4860,
1998).Tryptaseisknowntodecomposeandactivatelotsofligands
other than PAR-2, such as VIP (vasoactive intestinal peptide),
PHM (peptide histidiﬁe methionine), CGRP (calcitonin gene
relatedpeptide),fibrinogen,gelatinase,fibronectin,IVtype
of'collagen, MMP (matrix metalloprotease), uPA (urinary type
plasminogen activator), and kininogenase (Pharmacol. Rev.,
53:245-282,2001),andwhichmechaniémiseffectivefortreatment
of dermatitis in the murine model of delayed hypersensitivity
has not been described. The present inventors showed that PAR-2

‘is scarcely involved in the dermatitis model called passive
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cutaneous anaphylaxis in which tryptase is released from mast.
cells. in the experimelnts using PAR-2 knockout mice. The -
relationshipbetweensuppressidnofPAR-Zactivaéidnanddelayed
hy'persensitivity has not been disclosled in this report(J. Med.

Chem., 41:4854-4860, 1998).

Summary of the Invention

The present invention provides a pharmaceutical
composition for delayed hypersensitivity via- a novel action
mechanism without aﬂy serious sj.dc—; ef(f‘e.cts and methods 'for_
screéning the same. The invention also provides a novel assay
method for inhibitors of PAR-2 and/or supéreé_s ive agents of PAR-2
expression. o

As the results of intensive study, the.preserit.inventors
have found that PAR-2 is involved in reactions of deiayed
hyperseﬁsitivity, have found that an inhibitor of PAR-2 and/qr
a suppressive agent of PAR-—Z gene expreésion is a phérmaceuticél
c.omposition fordelayed hyperséns itivitywith few manifestation
of side effects', and ha.ve completed the invention based on tﬁese
findings. .

That is, the present invention relatés to a pharmaceutical
composition for delayéd hypersensitivity containing one or two
or more active ingredients selected from the group consisting

of inhibitors of PAR-2 and/or suppressive agents of PAR-2 gene
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expression, and a pharmaceutically acceptable carrier.

The inventionalsorelates toamethod for screeningactive
ingredient§ for pharmaceutical composition for delayed
hypefsensitivity comprising screening subject materials for

inhibitory action against PAR-2 or suppressive action againsﬁ
.PAR-2 gene expression by contacting the subject materials to
cells on which PAR-2 1is expressed followed by determining
expression or activity of PAR—?.

Furﬁhei‘,_the invention relates to a method for detection
or quantification of PAR-2 activétién by incubation of PAR-2
expressing cells with a medium containing inosiﬁol followed by
detectionorquantificationof;nositol‘ phosphatesinthePAR-2
expressing cells incubated with the medium containing a subject
material.

PAR-2 was cloned by Nystedt et al. in‘1994 (Proc. Natl.
Acad. Sci.USA, 91:9208-9212, 1994). The base sequence of PAR-2
and the amino acid sequence of its coding region are shown in
the sequence number 1 in the séquence‘lists. |

TheproductﬂnlofPAR—2gene}qmmkoutmice(PAR—2”‘mice)
has been reported by Qamiano in 1999 (J. Pharmacol. Exp. Ther.,
288:671-678, 1999).

The present inventors have found that PAR-2 is involved
in reactions of delayed hypersensitivity when analyéing

functions of PAR-2 using PAR-2"/" mice.

-8-
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First, thepresent inventors examined whether skin a,ii:r'qp.‘t‘l;y
was exerted by deletion of PAR-2 gene by measuring ear pinna
thicknesses of wild type and PAR-2"/" mice.

The average tﬁicknesses of ear pinna in non-treated wild.
type mice and PAR-2"/" mice are 22.7x0.4(x107’mm; the mean ;

'standarderror)and22.0:0.4(x10‘ﬁmn;themean + standard error),

respectively, andnostatistical differencewas observed-between
them. No visible difference between them was observed with tﬁe
' naked eye, indicating that no skin atrophy was caused by ﬁhe
inhibition of PAR-2. |
- Next, the models for picryi chloride (PC) induced contact
dermatitié énd oxazolone (Ox) induced contact dérmatitis-wefe
tested using PAR-27/" mice, énd then significant difference wés
observed between wild type and PAR-27'" mice.
Fig. 1A (upper of Fig. 1) shows the results of ear éinna
~edema in the model for picryl chloride (PC) induced contact
dermatitis, and_Eig. 1B (lower of Fig. 1) shows results of ear
pinna edema in the model for oxazolone (0Ox) induced contact
dermatitis. Each vertical axis in Figs 1A and 1B denotes the
differenceofearpinnathi;knessbeforeandaftertheindgction
when 1% PC-olive oil solution (Fig. 1A) or 0.5% Ox-acetone
solution (Fig. 1B) was applied oh the both sides of ear pinna
to induce edema in the sensitized mice and ear pinna thickness

was measured after 24 hours. The left is from the wild type mice
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and the right is from the PAR-27/" mice in Fig. 1A and 1B

Noeffectofthesolvent(oiiveoiloracetone)application
was observed in these experiments.

In the wild type mice, incidences of edema of which peak
was at 24 hours after challenge of PC or Ox were observed, and
edéma and redness of ear pinnas were macroscopically observed.
OﬁthecoﬁtraryinthePAR—é”‘mice,eaemaexertedbyPCchallenge

- was obviously suppressed (Fig. lA), and edema exerfed by 0x was -
completely suppressed at 24 hour after the challenge whén the
peak of ear pinna edema was observed in the wild type mice.

Further, hiétological examination of these edema was
carried out.

The fhin'slice specimens of both ear pinnas of the mice
us.ed for PC- or Ox-induced contact dermatitis model expefimenté
were stained with hematoxylin-eosin to histologically obéerve
the effects of PAR-2 deletion on PC- or Ox-induced contact
dermatitis. |

Frg.2iscolorphotographsinsteadqfdrawingswhichshow
histopathological pictures at 24 hours after PCor Ox application
to the wild type mice (the left side of Fig. 2, A, C and E) and
the PAR-2"/" mice (the right side of Fig. 2, B, D and F). The
upper panels of Fig.2 show the cases of solvent (olive oil)
treatment, and the left (Fig. 27A) is from the wild type and the

right (Fig. 2B) is from the PAR-2"/" mouse. The middle panels
-10-
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of Fig.2 (Fig. 2C and 2D) show the cases of PC treatment, and
the left (Fig. 2C) is from the wild type and the right (Fig.
2D) is from the PAR-2"/" mouse. The lower panels of Fig.2 (Fig.
2E and 2F) show'the cases of Ox treatment, and the left (Fig.
2E) is from the wild type and the fight_(Fig. 2F) is from the
"PAR-2"/" mouse.

Edema and infiltration by inflammatory cells such as
neutrophils,macrophages,lymphbcytes,eosinophilsandthelike
were observéd by applicatiqn‘of PC or Ox on ear pinnas'of the

. wild type mice (Fig. 2C and 2E).-These edema and ininfiltration
by inflammatéry cells such as neutroéhiis, macrophages,
lymphocyteé,eoéinophilsandthelikewéreremarkablysuppreésed
in the PAR-2"/" mice (Fig. 2D and 2F). In the histological

observation, the incidences of edema were found to be obviously
éhppressed in the PAR-2"/" mice inAthese experiments.

Further,thetestswereéonductaﬂinthenmdelforpassive
cutaneous aﬁaphylaxis(PCA).. Antiserium agéinst ovalbumin
(OA) was spbcutan‘eously administered in both ear piril}nas of mice.
Afterl48 hours, the solution in which Evans' Blue solution and
OAsolutionareblended equivalentlywas injected intravenously.
After 30 min, ﬁhe ear pinnas were cut and the dye was extracted
to quantify an dye leakage quantity by measuring an absorbance
(A=620 nm) by a spectrophotometer.

The reéults are shown in Fig. 3. The vertical axis of Fig.

-11-
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3 shows the dye leakage quantity (ug), and the left is frbm ﬁhé
wild type mice and the right is frém the EAR-2‘“ mice. As shown
in Fig. 3, PCA reaction was induced both in the wild type and
PAR-2"/" mice, and no obvious effect of PAR-2 deletion was
observed.

Contact dermatitis by delayed hypersensitivity has beén
known - to be exerted by PC(2,4,6—trinitro—chlorobenzehe),
Ox(4—ethokymethylene—2—phenylf2—oxazoline-S—one) and other
hapten antigens, and it has been known that inflammatory cells
sudhasneutrophils,variouscytokinésandmediatorsaréinvolvéd
in its reactions.:Among them, tryptasé which activates PAR-2
isoneofse:ineproteaseshavingé;widevarietyofthsiological
'activities,andisreportedtoindirectlyactivatéinfiltration
by neutrophils and eosinophils via PAR-2 ekpressed on ;he
surfaces of vascular endothelial cells. Such eveﬁts have been
qonfirmed by the évidences that PAR-2 selectively activating
peétidesfacilitateIL—&releasefromkeratinocyteéandbinding
of ﬁFKB to DNA and further induce rolling and.adhesion of
neutrophils on vascular endothelial cells. However, the role
of ﬁAR72 delayed hypersensitivity still remain unclear.

In the preseht results, it is believed that ébsence of
inflammatory response via PAR-2 cdntributes to rema:kable
suppréssion of contact dermatitis in the PAR-2"/" mice.

It is also widely known that tryptase is released froﬁ

-12-
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mast cells in anaphylaxis and facilitates various inflammatdry
responses, but roles of PAR-2 ih anaphylaxis afe still unclear.
In the present experiments using the typical cutaneous
anaphyl-axis model, the role of PAR-2 was examined, but Ano
significantdifferemneinPCAwasobservedbetweenthewildtypg
and PAR-27" mice, indicating that involveﬁent of PAR-2 in
cutaneous anaphylaxis is insignificant.

'From these resuits , 1t is shown that PAR-2 exhibits almost
similar reactions as the wild typé inPCA, and that PAR—éAis
scarcely involved in the dermatitié models in which tryptase
is released ffom.hast cells. ‘However, it has been shéWn that
PAR-2 exhibited significantly differen.t‘reactj_ons frqm the wild

| typein the delvayedhypers ens itivitsz, and that deletion of PAR-2
exhibits evident suppressive actions. Thét is, the présent
in?ention érovideS‘ a novel means to suppress deiayed
hypersensitivity by different mechanisms from suppression of
tryptase Trelease ' from mast cells, wherein delayed
hypefsénsitivitfcanbesuppressedbyinhibitingPAR—2activity
or suppressing PAR-2 gene expreésion.

Therefore, the present invention first demonstrates that
delayed hypersensitivity can be suppressed by substances which
inhibitPAR—Z(antagonist)amdcansuppressexpres;hnlofPAR—2
gene.

The invention also provides a novel method for measuring

-13-
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PAR-2 activity. PAR-Z belongs to G-proteiln-coupled receptor,
(GPCﬁ) family, and produces inositol phosphates as a eecond
messenger upon activation. of the.receptor. Based on this
mechanism, the effects~ef sﬁbject substances in activation of
PAR-2 can be determined quantitatively by quantifying produced
inositol phosphates in PAR2-expressing cells by an ion
chromategraphy or the like. |

ActivationofPAR—2bytrypsinorPAR-Zactivatingpeptide,
SLIGKV, could be determiﬁed.by this method. Trypsin—mediated
activation was inhibited by a trypein inhibitor deri§ed from
soybeans, while SLIGKV—mediated»ectivation was notaffected.
This manifests that inhibition of enzymes such as trypsin
or tryptase is essentially different from the direct inhibition
of the recepto:.

The method fortneaeuring PAR-2 acﬁivity of fhe invention
can be widely applied, such as to screening of activation agents

or inhibitors of PAR-2.

Brief Description of the Drawings
Fig. 1 shows the results of picryl chloride(PC)- or
oxazolone(Ox)-induced delayed allergic response experiments in
wildtypeandPAR-ZJ'mice.Eig.lAshowstheresultsofPC-induced
contact dermatitis modei( and Fig. 1B shows the results of
0x-1induced contact dermatitis model. The left and right sides

-14-
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denote the cases of the wild type mice and PAR—2J"miCe,
respectively in each‘Figure. Thé ver£ical axis in Fig. 1A and
1B each denotes the difference of ear pinna thickness before
and after the induction (x 107? mm). Each numerical‘value
represents the meén + standard error. The symbol ** means that
significant diffefence (P<0.01) exists.

Fig. 2 is color éhotggraphs instead of drawings, showing
histological pathological features of specimens with
hematoxYlin—eosinstainiﬁgofIKL—orOx—induceddelayedallergic
reactions in the wild type and PAR-2~/~ mice. The wild type mice
(Eigs. 2a, 2C and32E)-and PARf2”‘ mice (Figs. 2B, 2D and 2F)
were treated with solvent éldne (olive o0il; Figs.'éA and 2B),
PC (Figs. 2C and 2D), or ox (figs. 2E and 2F). The bar denotes
100 wm in length;

Fig. 3 ;hows the results of passive cutaneous anaphylaxis
reaction tests in the wild type and PAR-2"/~ mice. The vertical
axis‘in Fig. 3 denotes the leakage quantities of the dye (ug).
Thé left and right are the cases of wild type and PAR-2"'" mice,
respectively. The columns and bars represent themean = standard

error in each group.

Description of the Preferred Embodiments
The present 1invention provides a .pharmaceutical

composition for delayed hypersensitivity containing one or two

-15-
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or more active ingfedients selected from the group consisting
of inhibitors of PAR-2 and suppressive agents of PAR-2 gene
expression, énd a pharmaceutically acceptable carrier. The
inventionalsoprovides amethod for preventing/treatingdelayed
hypersensiti&ity comprising administering a medicine
containihg an effective ambunt of one or two or more active
ingredienté selected from the group consisting of inhiﬁitors
of PAR-2 and. suppressive agents of PAR-2 gene expression, to
gpatientwithdelayédhypérsensitivity.Further,theinvention
provides use Qf one or two or more active ihgredients éelected
| from the group consisting of inhibitors of PAR-2 and suppreésive
agents of PAR-2 gene expression for producing a pharmaceutical
composition for'delayed hypersensitivity;

The inhibitor of PAR-2 or suppressive agent of PAR-2 gene
expression of the invention is one which can inhibit fAR—2
activity or suppress expression of PAR-2 gene by a method for
screening'usiﬁg PAR-2 éxpressing cells.

The inhibitor of PAR-2 or suppressive agent of PAR-2 gene
expression of the invenﬁion has a suppressive action against
delayed hypersensitivity, and is useful as a pharmaceutical
composition for contact dermatitis, graft rejection, graft
versus ﬁost disease ’ tuberCulin feact;on, granulation,
tuberculosis, lepra, sqrcoidosis, Crohn's disease, chronic

ulcerativecolitis, schistosomiasis, autoimmune diseases (such
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as rheumatoid arthritis, systemic lupus erythematosus, chronic
ulcerative colitis, myasthenia gravis, insulin dependent
diabetes mellitus, Hashimoto's thyroiditis, sclerodefma,
pernicious anemia), atopic dermatitis, asthma, éhronic
obstfuctive pulmonary disease, fhinitis, allergic
conjunctivitis, food allergy, nephritis, and diseases.with
inflammatory infiltration by one or more types of neutrophils,
‘.macrophages, lymphocytes‘and'eosinoéhils.

The inhibitor of PAR-2 of the invention can be used alone
or can be used in combination with the other pharmaceutically
acceptable resolvénts, exqipienté,.binderé, diluents and the
like to be férmulated into:tablets,_capsules,.graﬁulé54 powdér,
lotion, ointmént,.injection, suppository ana the like. These
lpreparations can be produced by the methods known in the art.
For example, the preparations for oral administration'can be
produced by formulating in appropfiate combination with
resolvents such as gum tragacanth, gum arébic, sucrose estér,
lecithin, oliveoil, soybeanoil, PEG400 and the like; excipients
such as starch, mannitol, lactose and tﬁe like; binders such
as sodium carboxymethyl cellulose, hydroxypropyl cellulose and
the like; diéintegrants such as crystal cellulose, calcium
carboxymethyl cellulose and the like, lubricants such as talc,
magnesium stearate and the like; fluidity improvérs sﬁch as

silicic anhydride light and the like.
-17-
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The inhibitor of PAR-2 of the invention is administered
orally or parenterally.

ThedosageoftheinhibitorofPAR—2oftheinventionvaries
depending on body weight, age, sex, condition and thé like of
thé patient, is usually from 0. Ol.to 1000 mg per day in the adult,
and preferably it is preferred fo édminister from 0.1 to 100
mg by dividing into 1 to 3 times in a day. |

| The invention also provides’ a method for screening'vact,ive
ingredients for -pharmaceutical composition for delayed
hypersensitivity comprising screening subject substances for
inhibitory actioniagainst PAR-2 or suppressive action against
PAR-2 gene e#pression by-éOntacting the subject substances to
cells on which PAR-2 is expressed followed by‘detérmihing
expression or activity of PAR-2.

The cells expressing PAR-2 uéed for the screening method
of the_invention include, but not are limited to, for example,
NCTC2544 cells, NEK293 cells, and the like, however, any cells
which express PAR-2 of animals such as modse, rat, hpman and
thelikecanbeused.forekample,thescreeniﬂgcanbeperformed
byContactingthesubjectsubstanceshchaseacandidatecompound
and the like with these cells expressing PAR-2 in a medium where
the éells can be cultured and by,measuring activity of PAR-2.
The methods forrneasuring’activity of PAR-2 is not specifically

limited,butpreferredisthemeasuringmethodbyphosphorylation
' - -18-
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of ino;itol deécribed below.

The invention _provides a meﬁhod for detecting or
quantifyingactionségainstPAR—2activatioﬁbyculturingPAR—Z
expressing cells in the mediumﬁcontaininq inositol followed by
detecﬁing or éuantifying a quantity of inositol phosphates by
the stimulation with PAR-2 in the medium to which a subject
substance is added.

Inositol used for the method of the invention may be any
of those which are phosphorylated by activation of PAR-2, but
usually myo-inositol is preferable.

Al&athemethodfdrnmasuringphosphorylationofinqsitol
1s not spgcifically limited, but the methbd of Oldham et al.
reported to be simple aﬁd sensitive is prefe;able (Oldham, K.
G., Polyphosghoinositide turnover. In Receptor-effector
coupling- A practical approach, ed., Hulme, E.C., pp.99-116,
OxfordUniversityPress,1990).Inthismethod;3H—myo—inositol
is used in the presence of lithium salt which is an inhibitor
of inositol monophosphatase. The produced phosphorylated
inositol is extracted with an organic solvent or TCA solution,
and then is separatéd from free inositoel using an ion exchanging
chromatography.

In this way, the method employing inositol labeled with
a - radioisotope is relatively  simple and' preferred. The

radicisotopes may be any of hydrogen, oxygen and carbon atoms
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of inositol, and for example, the hydrogen atoms can be labeled
withradioactive3H.PAR-ZactivitycxnlbemeaSuraibydetectioﬁ
or quantification phosphorylated inositol using such labeled
inositol. This method of the invention‘can screen whether the
subject substance has an inhibitory action against PAR-2 or a

suppressive action against PAR-2 gene expression or not.

- Examples
- The invention is more specifically described by the
félldwing-examples, but the technical scope of the invention
is not limitéd to these examplés.
The micé used in'fhevfolIOWing experiments were PAR—Z'“
anditswildtypemalemicederiyedfromahybridstrainofC57BL/§
.énd 129/Qla bfed in our laborétorY7 of ages from 6 to 9 weeks, -

were bred at 23+3°C, and were given feeds and water ad libitum.

Example 1
Examination on skin atrophy
The thickness of ear pinnas was measured in non-treated

wild type and PAR-2"/" mice. The average values of each 10 mice

are:

I+

Wild type mice 22.7 = 0.4 (x10°? mm; the mean

standard error)

i+

PAR-2"/" mice 22.0 = 0.4 (x10°* mm; the mean
-20- '
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standard error)
andnostatisticaldifferencewasobservedbetweenthetwogroups.
Al&onodifferencewasmacrosc0pcallyobserved,indicatingthat

inhibition of PAR-2 did not cause skin atrophy.

Example 2
Picryl chloride (PC) (2,4,6—trinitro—chlorobenzene)—induced
contact dermatitis model

After shaving hairs, each 10 mice of PAR-27/" and wild type
groups were sensitized by applying 100 ul of 7% PC-ethanol
solution on the abdominal part. After 6 days, the thickness of
bpthearpinnéswaSmeésuredﬁsingadialthicknessgauge(PeacoCk
G-1A, dZAKI MFG. Co. Ltd.). Then, induction was performed by
applying 20 ul of 1% PC-olive 011 or solvent alone on the both
sides of the ear plnnas, and then the thickness of ear pinnas
was measured after 6, 24, and 48 hours. The differeﬁce of ear
pinna thickness before and after the'indﬁction was calculated
to be an indicator of edema. The iesulﬁs are shown in Table 1
described below.

The result after 24 hours is represented as a graph in
Fig. 1A. By applYLng'PC on the ear pinnas of thexdlld typexnlce,
J.nc1dences of edema were observed, of which peak was at 24 hours
after the induction. Edema. and rubefaction of the ear pinnas
were also observed with the naked eye. These incidences of edema

21-
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wereobviouslyinhibited:h1thePAR-2”'mice(Fig.lA),Noeffect

of application with solvent (olive o0il) was found.

Example 3
Oxazolone (0x)
(4—ethoxymethylene—é—phenyl—2—oxazoline—5—one)—induced
contact dermatitis modél
After removing hairs, ~each 5 mice of PAR-2"/" and wilci type
groups were sensitized by applying with 100 ul of 0.5% Ox-ethanol
solution on the abdominal part . After 5 days, the thickness
of the ear pinnas before.the induction was measured using the
dial fhickness-gauge. Tﬁén, the induction was performed by
applyingwithzolulof0.S%Ox;acetonesolutionorsolventaione}'
and the thickness of the>eaf'pinnas was measured after 6, 24,
énd 48 hours. The difference of ear pinna thickness 5efore and
after the iﬁducfion,was éaiculated to be an indicator of edema.

The results are shown in Table 1 in conjunction with the above

results.
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Table 1

Hours after the challenge

.Genotype ->n
: 6 h 24 h , 48 h

PC-induced contact dermatitis

Wild type = 10 1.1+0.3 9.2=1.8 7.3x1.3
' PAR~27/" 10 0.4+0.3 2.3:1.2*? 3.5%1.3

Ox-induced contact dermatitis

Wild type s ~ 1.0x0.6 11.422.0 9.30.7

- PAR-277" -5 © -0.1%£0.4  -0.920.6**  4.1x1.8*

The numerical values denote the mean = standard error of the

ear pinna edema. (x107? mm)

Each numerical value in Table 1 represents the mean value

+ standard error of the ear pinna edema. The symbols * (P<0.05)
and ** (P<0.0l) denote the significént difference.

The result after 24 hours is shown in Fig. 1B as a graph.
As shown in Fig. 1B and as is the case with PC, incidences of
edema were observed by applying Ox on the ear pinnas of the wild
type mice. The edema reaction was completely inhibited in the
PAR-2'* mice. No effect of application of solvent (acetone) was
.found.'

Example 4

Histological ‘examination

23-
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The ear pinnas were exsected from anesthetized mice used
in the examinations for PC- and Ox-induced contact dermatitis
models, fixed Qith neutral buffer formalin and embedded with
pafaffin to "make thin sectidns, which were stained with
hematoxylin-eosin. The effects of PAR'gene deletion were
histologicallyobservedonPC-orOx—inducedcontéctdermatitis;

The histologicai and pathological features of 24 hours
after the challenge withlPC or Ox in the wild type and PAR-2"/"
miceiare shown in Fig. 2 as color photographs instead of the

- drawings. Edema and infiltration by inflammatory cells such as
neutroéhils,macrophages;lymphocytes,eosinophilsandthelike
were observed by applying PC or Ox on‘the ear pinnas of the wild
type mice (Figs. 2C and 2E). Such edema and infiltration bf
inflaﬁmatory cells such as neutrophils, mécrophages,

lymphocytes,eosinophilsandthelikewereremarkablysuppréssed

in the PAR-2"/" mice (Figs. 2D and 2F).

Example 5
Passive cutaneous anaphylaxis (PCA) model
After anesthetizing mice with ether, anti-OA anti serum
(derived fromBALB/cmice, PCATiter 16 folds) dilutedwithsaline °
was subcutaneously injected at 5 ul/site inboth ear pinnas using
~a microsyringe. The solution in which 1% Evans' blue solution
andO.Z%OAsolutionwereblendedequivalentlywasintravenously
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administered at a volume of 10 ml/kg after 48 hours. .The ear
pinna was cut off after 30 min, to which 0.25 ml of 1IN KOH was
added and incubated at 37°C overniéht. Then, 0.375 mL of 6N
phosphAoric acid and 1.125 mL of acetone were further added, and
centrifugéd (at 3,000 rpm for 10 min) to extract the dye. The
léakage quantity of.the dye was‘quantified by determining
absorbance (A=620 nm) using a spectrometer (UV-2200, Shimadzu
Corporation).
The results are shown in Fié .3asa éraph. The PCA reaction
was exerted in the wild type and PAR-2"/" mice, and the levels
',oftheirreactivifywérecompared.AsshowninFig.3}PCAreaction
was exerted both in the wild type and PAR-27/" mice, and a clear

- effect of PAR-2 gene deletion was not found.

Example 6
The assay method 0f4PAR-2 using*inositol phpsphateé as an
| indicator
4NCT_C2544 cellé with stably high expressidn of PAR-2 were
cultured in fhe serum-free medium containing 2 mCi/ml -of
(*H]-myo-inositol for 18 hours. Lithium chloride (final 5 mM)
was addeq 30 min before the stimulation, and subsequently cells
were stiﬁlulated with trypsin (1 to 30 nM) or the PAR-2 agonist
peptide, SLIGKV (10 to 300 &M). After 45min, the lipid component
was extracted with methanol and separated using an anion

25-



WO 03/049723 PCT/GB02/05658

10

15

20

25

30

exchanging resin (AG1-X, formate form). Then the yield of inositol phosphates was
determined in a scintillation counter. The subject substance was added 15 min before
the stimulation.

From the results of the above studies, it is shown that the inhibitor of PAR-2
and the suppressive agent of PAR-2 gene expression are useful as the'supprcssive agent
for delayed hypersensitivity without any side effect. The present invention provides the
novel pharmaceutical composition with few side effects for delayed hypersensitivity by
suppressing causative action of delayed hypersensitivity which is elucidated by the
invention. In pﬁrticuhr_, it is useful as the pharmaceutical composition for contact

dermatitis; graft rejection, graft versus host disease, tuberculin reaction,-granulation,

- tuberculosis, lepra, sarcoidosis, Crohn's disease, chronic ulcerative colitis,

schistosomiasis, autoimmune diseases (such as rheumatoid arthritis, subchronic

rheumatoid arthritis, juvenile subchronic rheumatoid arthritis, systemic lupus

- erythematosus, chronic ulcerative colitis, myasthenia gravis, insulin dependent diabetes

- mellitus, Hashimoto's thyroiditis, scleroderma, pernicious anemia), psoriatic arthritis,

atopic dermatitis, asthma, chronic obstructive pulmonary disease, rhinitis, allergic
conjunctivitis, food allergy, nephritis and diseases with inflammatory cell infiltration
by one or more types of neutrophils, macrophages, lymphocytes and eosiﬁophils, all of
which are particularly caused by the delayed hypersensitivity reaction. Further, it does
not cause skin atrophy which 1s one of side effects of topical steroid drugs currently and
widely used for clinical treatment, resulting in a lower poteﬁtial for manifestation of

4

side effects.

The invention also provides the screening method for the pharmaceutical
composition of delayed hypersensitivity using cells expressing PAR-2, by
demonstrating that PAR-2 is involved in delayed hypersensitivity reaction. The
_screexﬁng method of the invention enables to simply find the novel lpharmaceutical
composition of delayed hypersensitivity with few side effects. Additionally, the
invention provides the measuring method of PAR-2 activity. The measuring method of
the invention can determine PAR-2 activity simply and accurately, and enables to detect

or quantify the action of the subject substance for PAR-2.
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Example 7

Chronic joint inflammation is attenuated in PAR-2 deficient mice

Intra- and peri-articular administration of Freunds complete adjuvant (FCA)
resulted in a substantial increase in knee joint diameter in wild type mice which was
sustained over a four week period. However, this chronic inflammatory response
was markedly inhibited in PAR-2 -/-mice (fig. 4), differing significantly from wild
type mice (P<0.001; 2-way ANOVA). All animals showed an initial inflammatory
response 24hfs after injection of FCA, but the chronic inflammatory phase evident in

the WT animals was notably absent in PAR-2/-mice.
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WHAT IS CLAIMED IS:

l. A pharmaceutical composition for delayed hypersensitivity containing
one or two or more active ingredients selected from the group consisting of inhibitors
of PAR-2 and suppressive agents of PAR-2 gene expression and a pharmaceutically
acceptable carrier.

2. Thepharmaceutical composition for delayed hypersensitivity according
to claim 1, wherein the pharmaceutical comp_osition for delayed hypersensitivity is a
suppressive agent for contact skin hypersensitive reaction and/or allogenic graft-
rejection.

3. The pharmaceutical composition for delayed hypersensitivity according
to claim 1 or 2, wherein the pharmaceutical composition for delayed hypersensitivity
1s a pharmaceutical composition for contact dermatitis, graft rej ection, graft vérsus host
disease, tuberculin reaction, granulation, tuberculosis, lepra, sarcoidosis, Crohn's
disease, chronic ulcerative colitis, schistosomiasis, autoimmune diseases (sucﬁ as
fhéumatoid arthritis, subchronic rheumatoid arthritis, juvenile subchronic rheumatoid
arthnitis, systemic lupus erythematosus, chronic ulcerative colitis, myésthenia gravis,
insulin dependent diabetes mellitus, Hashimoto's thyroiditis, scléroderma, PETIiCIous
anemia), psoriatic arthritis, atopic dermatitis, asthma, chronic obstructive pﬁhnonafy
disez;sé, rhinitis, allergic conjunctivitis, food allergy, nephritis, and diseases With

inflammatory infiltration by one or more types of neutrophils, macrophages,

- lymphocytes and eosinophils.

4. One or two or more active ingredients selected from the group consisting
of inhibitors of PAR-2 a.nd suppressive agents of PAR-2 gene expressxon foruseina
method of preventing or treating delayed hypersensitivity.

5. Use of one or two or more active ingredients selected from the group
consisting of inhibitors of PAR-2 and suppressive agents of PAR-2 gene expression in
the manufacture of a medicament for preventing or treating delayed hypersensitivity. |

6. Use of one or two or more active ingredients selected from the group
consisting of inhibitors of PAR-2 and suppressive agentsbf PAR-2 gene expression in
the manufacture of a medicament for suppressing coﬁtact skin hypersensitive reaction
and/or allogenic graft rejection. '
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7. Use of one or two or more active ingredients selected from the group
consisting of inhibitors of PAR-2 and suppressive agents of PAR-2 gene expression in
the manufacture of 2 medicament for preventing or treating a condition as defined'in
claim 3. ‘

8. Method of preventing or treating delayed hypersensitivity comprising
administering to an individual in need thereof a non-toxic effective amount of one or
two or more active ingredients selected from the group consisting of nhibitors of PAR-
2 and suppressive agents of PAR-2 gene expression.

9. Method of preventing or treating a condition as defined in claim 2 or 3
comprising administering té an individual in need thereof a non-toxic effective amount
of one or two or more active ingredients selected from the group consisting of inhibitors
of PAR-2 and suppressive agents of PAR-2 gene expression. | |

10, A screening method comprising screening a subject substance for an
inhibitory action against PAR-2 or a suppressive action against PAR-2 gene 'express‘ion
by contdcting the subject substance with cells expressing PAR-2 and by determining

expression or activity of PAR-2.

- 11.  The method according to claim 10, wherein the type of cells expressing

PAR-21s NCTC2544 cell.

12, The method according to claim 10 or 11,. wherein the method for

N

screening for an inhibitory action against PAR-2 or a suppressive action against PAR-2

gene expression is achieved by a PAR -2 assay method utilizing production of inositol

phosphates as an indicator.
3. A detecting or quantifying method of PAR-2 activation by detecting or-

-quantifying a quantity of inositol phosphates by PAR-2 expressing cells in culture to

which the subject substance is added following to a culture of the PAR-2 expressing
cells in a medium containing nositol.

14, The method accordiﬁg to claim 13, wherein a type of cells expressing
PAR-2is NCTC2544 cell. ' '

15, Asubstance which has inhibitory action against PAR-2 or a suppressive
action against PAR-2 gene expression identified by the method of any one of claims 10

to 12.
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16.  Methodaccording to any one of claims 10 to 12 which further comprises
formulating the substance thus identified which has inhibitory action against PAR-2 or
a suppressive action against PAR-2 gene expression into a composition for preventing
or treating a condition as defined in any one of claims 1 to 3.

7. Use of a substance identified in the method of any one of claims 10
to 12 as having inhibitory action against PAR-2 or suppressive action against PAR-2

gene expression in the manufacture of a medicament for preventing or treating a

_condition as defined in any one of claims 1 to 3.

18.  Methodaccording to any one of claims 10 to 12 which further comprises

admunistering a non-toxic effective amount of the identified substance to an individual

- 10 need thereof for preventing or treating a condition as defined in any one of claims 1

to 3.

19. Use of a cell expressing PAR-2 to screen for a substance capable of

preventing or treating a condition as defined in any one of claims 1 to 3.
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Figure 4
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Intra-articular and peri-articular injection of Freunds complete adjuva'nt elicits a
sustained increase in knee joint diameter in wild-type mice (W), the chronic phase
of which is substantially atteguated in PAR-2 deficient mice (O). Means = SEM; n
=4. : ' : :
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SEQUENCE LISTING

<110> Kowa Company Ltd:

<120> Pharmaceutical Composition for Delayed Hypersensitivity

<130> PA508321
160> 2
<170> PatentIn Ver. 2.1

<2105 1

211> 2713

<212> ONA .
<213> house mouse

<220>
<221> 5'UTR
<222 (1)..(72)

<220>
<221> CDS
222> (73)..(1272)

<2205 .
<221> intron
222>, (163)..(164)

220> »
<221> 3'UTR
222> (1273)..(2113)

. <220
<221> polyA_signal
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<222> (2219)..(2224)

<220>
- <221> polyA_signal
<222> (2693)..(2698)

<400> 1
ccctgtgete agagtaggge tecgagtttic gaaccactgg tggcggaﬁtg cccgeecgee 60

ccacgteegg g9 atg cga agt ctc age ctyg geg tgg Ctgvctg gga ggt atc 111
‘ Met Arg Ser Leu Ser Leu Ala Trp Leu Leu Gly Gly Ile
1 5 10

acc ctt ctg geg gee teg gte tece tge age cgg acc gag aac ctt gca 159
. Thr Leu Leu Ala Ala Ser Val Ser Cys Ser Arg Thr Glu Asn Leu Ala ‘
15 o 20 25

CCg gga cgc aac aac agt aaé gga aga agt ctt att ggc aga tta gaa 207-
Prao Gly Arg Asn Asn Ser Lys Gly Arg Ser Leu Ile Gly Arg Leu Glu
3 .35 S 4 45

ace cag cct cca atc act ggg aaa ggg gtt ccg gta gaa cca gge ttt . 255
Thr G1n Pro Pro Ile Thr Gly Lys Gly Val Pra Val Glu Pro Gly Phe
50 : , 85 60

tce atc gat gag ttc tct geg tec ate étc acc ggg aag ctg acc acg 303
Ser Ile Asp Glu Phe Ser Ala Ser Ile Leu Thr Gly Lys Leu Thr Thr
‘ . 63 - - 1q ’ 75

gtc ttt ctt ccg gtc gtec tac att att gtg ttt gtg att ggt ttg ccc 341
Val Phe Leu Pro Val Val Tyr Ile Ile Val Phe Val Ile Gly Leu Pro
a0 : 83 90

agtﬂaat ggc atg gee cte tag atc tte ctt ttcAcga acg aag aag aaa 399
Ser Asn Gly Met Ala Leu Trp Ile Phe Leu Phe Arg Thr Lys Lys Lys
84 ' 100 108 .



WO 03/049723 PCT/GB02/05658

cac ccc gee gtg att tac atg gec aac ctg gec ttg gec gac ctc cte 447
~'His Pro Ala Val ITe Tyr Met Ala Asn Leu Ala Leu Ala Asp Leu Leu
110 : 115 120 .12

tct gtc atc tgg ttc cce ctglaag atc tcc tac cac cta cat ggc aac 495
Ser Val Ile Trp Phe Pro Leu Lys [le Ser Tyr His Leu His Gly Asn
130 135 149

aac tgg gtc tac ggg gag gcc ctg tgc aag gtg ctc att égc ttt ttc 843
Asn Trp Val Tyr Gly Glu Ala Leu Cys Lys Val Leu [le Gly Phe Phe
145 © 150 | 155

tat.ggt.aac_atg tat tgc tcc'atc cte ttc atg acc tgc cte age th SR
- _Tyr Gly Asn Met Tyr Cys Ser Ile Leu Phe Met Thr Cys Leu Ser Val
180 T 168 170 |

.cag agg tac tgg gtg atc gtg aac ccc atg gga cac céc agg aag aag 639 -
.GIn Arg Tyr Trp Val Ile Val Asn Pro Met Gly His Pra Arg Lys Lys
175 o te0 185

'gca aac atc gec gtt gge gtc tcc ttg geca atc tgg ctc ctg att ttt 687
Ala Asn Ile Ala Val Gly Val Ser Leu Ala Ile Trp Leu Leu Ile Phe
190 - 188 200 -0 208

ctg gtc acc ate cct ttg tat gte atg aag cag acc atc tac att cca 735
Leg Val Thr Ile Pro Leu Tyr Val Met Lys Gln Thr Ile Tyr lle Pro
”' 210 215 220

gca ttg aac atc acc acc tgt cac gat gtg ctg cct gag gag gta ttg 783
Ala Leu Asn [1e Thr Thr Cys His Asp Val Leu Pro Glu Glu Val Leu
225 : 230 A ' 235

gty g9g9g gac atg ttc aat tac ttc ctc tca ctg gec att gga gtc ttc 831
Val Gly Asp Met Phe Asn Tyr Phe Leu Ser Leu Ala ITe Gly Val Phe
240 245 250
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ctg ttc ccg gec cte ctt ‘act gca tct gec tac gtg cte atg atc aag = 879
Leu Phe Pro Ala Leu Leu Thr Ala Ser Ala Tyr Val Leu Met Ile Lys
295 260 265

acg ctc cge tet tet get atg gat gaa cac tca gag aag aaa agg cag 927
Thr Leu Arg Ser Ser Ala Met Asp Glu His Ser Glu Lys Lys Arg Gln
270 : 275 'A-- : - 280 285

agg gct atc cga ctec atc atc acc gtg ctg gec atg tac ttc atc tge 975
Arg Ala [le Arg Leu Ile Ile Thr Val Leu Ala Met Tyr Phe Tle Cys '
' 290 295 - 300 -

ttt gct cct égc aac ctt ctg ctc gta gtg cat tat ttc cta atc aaa 1023
Phe Ala Pro Ser Asn Leu Leu Leu Val Val His Tyr Phe Leu Ile Lys '
305 e 315 :

acc cag agg cag agc'cac gtc tac gcc ctc tac ctt gtc gec cte tge 1071
Thr Gln ArglGln Ser His Val Tyr Ala Leu Tyr LeuAVa1AA1afLeu‘Cys
320 s 330 :

ctg tcg acc ctc aac agc tgc ata gac ccc ttt gtc tat tac ttt gtc 1119
Leu Ser Thr Leu Asn Ser Cys [le Asp Pro Phe Val Tyr Tyr Phe Val
335 340 ‘ 348

tca aaa.gat ttc agg gat cac gcc aga aac gcg ctec cte tgc-cga agt 1167
Ser Lys Asp Phe Arg Asp His Ala Arg Asn Ala Leu Leu Cys Arg Ser
3/ 355 360 365

gtc cgc act gtg aat cgc atg caa atc tcg cte age tcc aac aag ttc 1219
Val Arg Thr Val Asn Arg Met Gln [le Ser Leu Ser Ser Asn Lys Phe
370 375 : 380

tcc agg aag tcc ggc tec tac tet tca age tca acc agt gtt aaa acc 1263
Ser Arg Lys Ser Gly Ser Tyr Ser Ser Ser Ser Thr Ser Val Lys Thr
385 -390 398
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. tce tac tga gctgtacctg aggatgtéaa‘gcctgcttga tgatgatgat

Ser Tyr
400

gatgatggty tgtgtétgtg
agtgcgtggt agggatgcgc
tctetgecace aatca;aagc
catgagaaca g#cttccact
'gaggagctté ttttgtgaaav
Cgéccaaa;a.aaaactaéac
catctggagt tcgtetegge
ttgattgact ttacagactt
catcctaacce Qgctéacagt.
ttctecacace atttcatcég
tcagtaacﬁc tgggagctca
ggctctac;a accttagtga
cttgccaggag caccactgta.
tttttttggt cagtttatga
atfactttgt tgtaattttg

aatgtaaata aaatttttgg

ﬁgtgtgtgtg

caacatgcat

étgcagctct
ctgatgaaaa
gtggagagaa
étggtaagaa
;ttgttcagg
gégégaggag
ggcctigetg
aactattggg
gacacgatgag
tgactgcaga
atgttggcaa
tgaatttgee
tgtgtttatt

ttttttgagtt

tgtgtgtgtg
ggggctgtca
ccccaggatt

gcatcagtat

gatggagagt

ggc;aa%act
acctgaggee
tgaatgagga
gacéatagga
gatcttgatc
gagtgagggt
cacagaacca
agaaaaacca
tattogttta
égtcaagaaa

ttttaacttg

tgtgtgtgca
tttectatee
gccagaagcec
cagaaactga
cagtgacttg
cfctgaaatg
ctggtagagé
gtgaatgagg
ttcagatggce
aatgtgecagg

gggggtaggg

-tggagctgag

acagcagtgt
ttgggatttt
aagaagatga

ggccaactac
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- 1312

cccgtgtgtg 1372

aagctgtctg 1432

tectectttg 1492
aacgéactga 1552:.
caaaaaaagc 1612
éftéctttﬁc 15?2
ttcagtccag 1732

ctectggegg 1792

tggagttaca 1852 |

tcecttageg 1912

gtgggggtga 1372

cctgettetg 2032

tttgagecte 2092

cagttecttt 2152

ggctcttaaa 2212

aaatactgct 2272
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taggtttttt tctaacttaa ttgttaacta catcatgtga acttaégaca ttitcatgat 2332
éaagcattac tgtagtgtca gtttfccctc atcctegate atagtccﬁtc ccgtgaégca 2392
gggcecttee cetececcce ctitgeegtt teccteccca ceagatagte ccctgtctge 2452
tttaacctac cagttagtatAtttataaaaa cagatcattg gaatatttat tatcagtttt 2512
gttcactgttAatcagttttg ttcactaatt tgtccaataa tggaattaac‘gtcttctcat 25972
ctgtttgagg aagatétgaa'acaaggggcc attgcaggag tacatggétc caggcttact 2632

ttatatactg cctgtatttg tggctttaaaAaaéatgacct tgttatatga atgctttata 2692

aataaataat gcatgaactt t .2713 .

<210 2

<211> 399

<212> PRT

<213> house mause

400> 2 | |

Met Arg Ser leu Ser-Led Ala Trp Leu Leu Gly Gly Ile Thr Leu Leu
I § 10 15

Ala Ala Ser Val Ser Cys Ser Arg Thr Glu Asn Leu Ala Pra Gly Arg

20 25 30
Asn Asn Ser Lys Gly Arg Ser Leu [Te Gly Arg Leu Glu Thr Gln Pro
35 40 45

Pro Ile Thr Gly Lys Gly Val Pra Val Glu Pro Gly Phe Ser Ile Asp
.50 53 80 '

Glu Phe Ser Ala Ser Ile Leu Thr Gly Lys Leu Thr Thr Val Phe Leu

65 : 70 15 80

Pro Val Val Tyr-Ile [Te Val Phe Val Ile Gly Leu Pra Ser Asn Gly

8 9Q 95
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7-

Met Ala Leu Trp [1e Phe Leu Phe Arg Thr Lys Lys Lys His Pro Ala
100 108 110
Val [Te Tyr Met Ala Asn Leu Ala Leu Ala Asp Lsu‘Leu Ser Val Ile
BT 120 125 f
Trp Phe Pro Leu Lys ITe Ser Tyr His Leu His Gly Asn Asn Trp Val
130 ‘ 135 140

Tyf Gly Glu Ala teu Cys Lys Val Leu Ile Gly Phe Phe Tyr Gly Asn
145 150 155 160

Met Tyr Cys Ser Ile Leu Phe Met Thr Cys Leu Ser Val Gln Arg Tyr
165 170 . 1Ts
Trp Val Ile Val Asn Pro Met Gly Hié Pro Arg Lys Lys_ATa Asn Ile
. 180 185 190
Ala Val Gly Val Ser Leu Ala Ile Trp Leu Leu ITe Phe Leu Val Thr
195 ©o2000 08 |
' I}e Pro Leu-Tyr Va],Meﬁ Lys GIn Thr IT1e Tyr Ile Pro Ala Leu Asn
o0 . 218 20 |
e Thr Thr Cys His Asp Val Leu Pro Glu Glu Val Leu Val Gly Asp
225 a0 | 235 L0
Met Phe Asn Tyr Phe Leu Ser Leu Ala Ile GTy Val Phe Leu Phe Pro
245 250 255
Ala Leu Leu Thr Ala Sef Ala Tyr Val Leu Met Ile Lys Thr Leu Arg
20 A 265 270
Ser Ser Ala Met Asp Glu His Ser Glu Lys Lys Arg Gln Arg Ala [le
275 ' ' 280 285
Arg Leu Ile Ile Thr Val Leu Ala Met Tyr Phe Ile Cys‘Phe.Ala Pro
290 ' 295 300 ‘
Ser Asn Leu Leu Leu Val Val His Tyr Phe Leu Ile Lys Thr Gln Arg
305 | 310 T 320
Gln Ser His Val Tyr Ala Leu Tyr Leu Val Ala Leu Cys Leu Ser Thr
" 325 330 335
 Leu Asn Ser Cys Ile Asp Prp Phe Val Tyr Tyr Phe Val Ser Lys Asp
340 : 345 3530 '
Phe Arg Asp His Ala Arg Asn Ala Leu Leu Cys Arg Ser Val Arg Thr
355 360 365 ‘
Val Asn Arg Met GIn [Te Ser Leu Ser Ser Asn Lys Phe Ser Arg Lys
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370 : 378 380
Ser Gly Ser Tyr Ser Ser Ser Ser Thr Ser Val Lys Thr Ser Tyr
385 330 . 395 ‘
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