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inflammation causes symptoms which are usually associated with widespread but
variable airflow obstruction that is often reversible either spontaneously or with
treatment, and causes an associated increase in airway responsiveness to a variety of

20 stimuli.

Asthma can be inherited, is not contagious and may be chronic and persistent or
occurring in the form of attacks which are periodic and usually at least partly
reversible. Attacks vary in severity and frequency from person to person. Many

25  factors may contribute to the development of asthma including exposure to inhaled
allergens such as pollens, mold spores, house dust mites and animal dander. In an
individual who has developed asthma, many stimuli can trigger asthma attacks
including allergens, viral respiratory infections (colds or the flu), irritants in the air
(smoke, air pollution, perfume), damp, cold weather, and exercise.

30
During an asthma attack, the muscles around the bronchial tubes tighten and the
linings of the bronchial tubes swell (become inflamed) and produce thick mucus,
thereby decreasing the internal diameter of the tubes. These changes increase
resistance to the flow of air making it hard to breathe. When asthma is properly

35 controlled the bronchial tubes are of normal size.
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medi ati ng chemi cals that trigger an acute |nflannator¥ gg se, including
micus appropriately, such treatinents may keep asthma systems from developing or relieve

them when they are present. Beta agonists and theophyllines primarily act by
20 relaxing the muscles surrounding the airways while steroids act to reduce (and even
prevent) inflammation and mucus production. Other medications exist and more are
being developed due to the growing interest in and concern over the prevalence,

morbidity and mortality of asthma world-wide,

25  There is an immunological basis to the development of airways inflammation in
asthma, involving the Th2 lymphocytes (Th2s). These cells secrete cytokines,
including interleukin-4 (IL-4) and IL-5, leading to enhanced production of
immunoglobulin E (IgE) by B cells and the generati.on and recruitment of eosinophils
respectively. Activation of mast cells by allergens releases histamine and other

30 mediating chemicals that trigger an acute inflammatory response, including mucus
production. Eosinophils release mediators including cytotoxins which lead to
inflammation and necrosis of the bronchial epithelium. The localised recruitment
and activation of eosinophils together with the resultant tissue damage is termed
“eosinophilia”.
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Li pogl ycans (including LAM have been included in inmmunol ogi cal

conposi tions previously. For exanple, US Patent specification 5,853,737
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teach of th® Nan Medical University 1992; 17:365-367. Intact BCG is reported as being

administered both alive and dead. The reported routes of administration vary

between intramuscular injection and scratch vaccination.

20
Lipoglycans (including LAM) have been included in immunological compositions
previously. For example, US Patent specification 5,853,737 (Modlin) discusses
various methods of inducing a CD1 restricted immune response and teaches of a
vaccine containing CD1-presented non-polypeptide hydrophobic antigens and in

25  particular a lipoarabinomannan (LAM) antigen.

Both US Patent specifications 4,329,452 and 4,394,502 (Maruyama) teach of the
use of lipopolysaccharide as an active component in an immunotherapeutic agent for

tumours. The lipopolysaccharide can be derived from human tubercle bacillus.

30
LAM has also been reported to have efficacy in the suppression of airway
eosinophilia. It is suggested to be the component of BCG responsible for the effects
of BCG in suppressing allergen-induced airway eosinophilia in mice reported by Erb
et al (see above).
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treatment vsI;l1 s?r?thegc, and mycobacteria-derived, antigens is described.

However, to the applicant’s knowledge, PIM has not been employed or proposed as an
immunoactive agent in a vaccine for treating Th2-mediated diseases or disorders,

20  either prophylactically or therapeutically.

It is therefore an object of this invention to provide an immunological approach to the
treatment of such diseases and disorders, both prophylactically and therapeutically
which at least provides a useful choice over existing approaches.

25
SUMMARY OF THE INVENTION

In a first aspect, the invention provides a vaccine for inducing an immune response
in a patient effective in the prophylactic treatment against, or therapeutic treatment
30 of, a Th2-mediated disease or disorder which comprises, as active agent,

immunogenic acyl glyceryl phosphatidylinositol manno-oligosaccharide (PIM).

As used herein, “immunogenic PIM” means PIM other than as part of an intact
mycobacterial organism, which PIM is capable of inducing an immune response in a

35  patient.



SUMVARY OF THE I NVENTION In a first aspect, the invention provides a

vacci ne for inducing an imune response in a patient effective in the

pr ophyl as¥® 02/0x1e@t nent agai nst, or therapeutic treatnment BOT/OZ)1/@131

Th2- nedi at ed di sease or disorder which conprises, as active agent,

i mrunogeni ¢ acyl gI yceryl phosphatidylinositol manno-oligosaccharide (PIM.
As used herein, "inmunggenjc PILM neans PIMother than as part of an intact
nmycobact erﬁﬁlusﬁﬁﬁiﬁ?@mpr\ﬂﬁ YRCHT Miertnetpsinst 6f Thharrdiatgd Qﬁseﬁﬁ?rﬁﬁéhst"é@?fonse
ina 35 pa{da@@ttrealtm\éﬁt QQ/aQQOTrAQqu ML £QEH 314idsn sH S dHibeder fo prevent or at

"prophyl ac Lc treat ai Th2- d| at d .di sease or_ . disorder nmeans
t r eat nent ‘?ﬁﬁﬁ gﬁ? #%?@? ﬁﬁ%&f@ﬁ“’é lbfi‘lsSB EEng frogh @@F&é?eaf%obg?\?’éqﬁr or
at | east reduce the I i kel i hood of that individual sufferi ng fromthat

di sease_or d| sor used herei "th tic.tr

Th2- med? at 83 8F se § 61 era R Rﬂc“?)%gg ags r sglﬁf‘?e‘ﬁégg 6r° O%dgbﬁoﬁ%erf’he

severity oktncrmpsses |pa¢vedt1mg,t ér Iteldecmgrtbe cheritpbf or agesatedtvet the tshmptoms

Th2- medi at r S f i al: amat i o nd
eosi nophi | :ij 9 %%%01%5%1”' gtthtg Fﬁ% ﬁ%é#%ﬁg &%laastgecfb %@g‘%’sfe 1%?1{1 1;”!gor derronlcsla{il
sel ect ed fnrdlﬂraﬂrllaeplgla@dawalnoahd@l c disorders. Exanples include allergic
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In a further embodiment, the invention provides a vaccine for inducing an immune
response in a patient suffering from or susceptible to a condition which involves
bronchial inflammation and/or airway eosinophilia which comprises, as active agent,

immunogenic PIM.

20
Preferably, said vaccine is formulated for respiratory administration to said patient.
However, formulations for other routes of administration are also contemplated,
these but mnot being limited to subcutaneous, intradermal, intramuscular,
intraurethral, intrarectal, intravaginal and intraoccular.

25

As used herein, “respiratory administration” means administration to the airways of
a patient, including administration intranasally and by inhalation through the

mouth to reach the respiratory tract.

30 The invention further provides a vaccine for reducing the severity of a Th2-mediated
disease or disorder comprising an immunologically effective amount of immunogenic

PIM. Again, said vaccine is preferably formulated for respiratory administration.

Still further, the invention provides a vaccine for reducing the risk of developing a
35 Th2-mediated disease or disorder comprising an immunologically effective amount of

immunogenic PIM, preferably formulated for respiratory administration.

5
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treating a ‘
although LAM can also be employed as the secondary immunogen.

In another aspect, the invention provides a method of prophylactically treating a
patient against a Th2-mediated disease or disorder which comprises the step of
20  inducing an immune response in said patient by administering an effective amount

of immunogenic PIM.
Preferably, said PIM is respiratorially administered.

25 In yet another aspect, the invention provides a method of therapeutically treating a
Th2-mediated disease or disorder in a patient which comprises the step of inducing
an immune response in said patient by administering an effective amount of
immunogenic PIM.

30  Again, it is preferred that the PIM be respiratorially-administered.

Conveniently, said immunogenic PIM is administered in the form of a vaccine as

described above.

35 Usually, the immunogenic PIM will be administered by inhalation through the mouth

or intranasally to said patient.
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combined with a respiratorially acceptable adjuvant such that the medicament is

15  formulated for respiratory administration.

In a final aspect, the invention provides a device for prophylactically or
therapeutically treating a Th2-mediated disease or disorder which includes a
container from which a vaccine as described above can be dispensed to the airways

20  of a patient in need of such treatment.

The device will conveniently be one from which said vaccine is dispensable for

inhalation through the mouth of a patient, or intranasally dispensable.
25 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing number of cells per ml of BAL exudate. Mice (4-5 per
group) were treated with PIM.

30 Figure 2 is a graph showing percentage of eosinophils recovered by BAL. Mice (4-5
per group) were treated with PIM.

Figure 3 is a graph showing number of eosinophils per ml recovered by BAL. Mice (4-
5 per group) were treated with PIM.
35
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group) were treated with deacylated PIM Figure 5 is a graph show ng the
nunber of Egsradpisi 4 graer shbwingctheenathbby oBAbsinophild eer (- cpefred guppLWer €
treated w PLM]so . t Lgure 6 is a graph show ng

t he nunberMb %gés#%o%a%ﬁgw%ree&%rﬁ%? g%%%\%ée%g Bef%% M ce (4-5 per group)
were treated with PIM 1 week following the second i.p. injection and 6

weeks bef of: hal au j : ' e f
osi nophi | LE5e ont ¢ Saarng iy Kk Bt 3r 3985808 BY ookt B DY b

W th PPM bdtaseérp Beragrdup) wewekiseaied vtk RiYaisokited fromgl. srargmnatisp.

sensitisation was at 4 and 2 weeks. 15 Figure 8 is a graph show ng the
nunber of eosinophils per m recovered by BAL. Mce (4-5 per group) were
treated wifBUM Q152 ShePls shewiiendeaguiher of/gosiRapignger i aeered vy BAjr aph

show ng t hgideUAbe beObroPs WRAPRELE IR PiMIeGeMe it wie BAlsdeBnd €B. hjkaaskout
mce. Mce (4-5 per were treated with PIM 20 %:I gure 10 is a graph

gr ou
showi ng t RFhATFEES BF8e SViloPHFeeher m recovered by BAL in | FNL knockout
mce. 1 ce (4-5 per group) were treated with PIM BEST MODE OF PERFORM NG

THE | NVENTL.ON 25 As broadly outljned above, the g]I[L sent invention offers an
appr oach tOSHFeat ¥Ry SEPERBOWRG HiceRumPsR 2L sovPoniily Pae i 1reaVesed itdnBALTh s
makes the Mivee@-6operpgrioubl wead [tyeat@p plitic #liebdtrethes tahaak nieddksObefasd VA i n

t hmat | d/ duci th i sk _of, d | opi [
c0st nophi |12 ERGC RYE SR RHHCP AT Hon ehacring reere. o 0 o

15 Figure 8 is a graph showing the number of eosinophils per ml recovered by BAL.
Mice (4-5 per group) were treated with PIM at the same time as the OVA challenge.

Figure 9 is a graph showing the number of eosinophils per ml recovered by BAL in
CD1 knockout mice. Mice (4-5 per group) were treated with PIM.

20
Figure 10 is a graph showing the number of eosinophils per ml recovered by BAL in

IFNy knockout mice. Mice (4-5 per group) were treated with PIM.

BEST MODE OF PERFORMING THE INVENTION -

25
As broadly outlined above, the present invention offers an approach to treating a
Th2-mediated disease or disorder in a patient. This makes the invention particularly
applicable to the treatment of asthma in an asthmatic and/or for reducing the risk of
developing airway eosinophilia and thus asthma in a non-asthmatic.

30
Other immune and/or atopic disorders to which the invention has application

include allergic rhinitis, dermatitis and psoriasis, although these are but examples.

The essential feature of the approach of the invention is the administration of
35 biologically active amounts of acyl glyceryl phosphatidylinositol manno-

oligosaccharide (PIM) in an immunogenic form. This is preferably achieved by

8



30 O her immune and/or atopic disorders to which the invention has
application include allergic rhinitis, dermatitis and psoriasis, although
t hese aravouonr/omx@anpl es. The essential feature of the apprpariNzof/oosie
invention is the adm nistration of 35 biologically active anounts of acyl
gl yceryl phosphatidylinositol manno oligosaccharide (PIM in an inmunogenic
form This is preferably achieved by 8 WO 02/ 02140 PCT/ NZ01/ 00131

i ntroduct i onrefudtion pb H¥etaithevapsvays of papatémt, blowtisi so neaywdiynitedniieseto.

t her et 0. LRI Str I

W th transicaeare Rl Sphist Ll bl SN FLsER ilf LR
oral , intré&uraiia aﬁubcilﬁﬁfreaﬂécmadermﬁh F@\V@I@Mﬁmlaiarmai, WEMQ@mmnaérmtr@rmal

ot her exawmt@évagﬁqmnahﬁtrgséaa&%%g BthersgdnpREei n what is meant an acyl

gl yceryl phosphatidyl inositol manno-oligosaccharide which nay be LM
contai nPng up to 40 mannose units, but which is not LAM 10 The fatty acid

conponent e9NHd &9 GPRIOks ruyea Iﬁé%%inyvﬁa(a't ds YRédrt, & eker g Pl:éi'ylz es;sina
and nore preferably 2 units. The fatty acid units are preferen |aI to

22 car bonis¥Rk ril%ﬂ%ﬁb%%%%h?al%wél g3 Be| \M 1entyinge ¢y o iO a%oﬁ‘h
| engt h. ThenitkabtywBhds ¢epANENt can, for exanple, be nyristate,

pal m tate, heptadecanoate, stearate, tuberul ostearate or |inol eneate, or
m xtures of these. 15 PIMs used in the present invention may have the
foll owitng gasgral st mﬂiponéﬁ'ﬂ&o@qﬁﬁeﬁl onZQ)erof} fa@yRhci@ unltk, p2éerably 2 to 6

aar;%_ (F\?- 2;](? %&gzé%%%%%‘é%[s r;?bg%ée%%lﬁ? a é(/' E!lc?d %ll’lgtg alll“g prgf%ren%gﬁgll% t]c') ,”55) 6.
carbon atoms in length, and more preferably 16 to 20 carbon atoms in length. The
fatty acid component can, for example, be myristate, palmitate, heptadecanoate,

stearate, tuberulostearate or linoleneate, or mixtures of these.

15
PIM’s used in the present invention may have the following general formula:
CH3-0O-CO-R
20
CH-0O-CO-R:
O

|

25  CHa2-O-P-O-(inositol)-{(Mannose)x

OH

wherein X is 1 to 40, preferably 1 to 6, and R and R; independently represent a fatty
30  acid chain.

PIM’s used herein may be synthetic or obtained from natural sources. PIM’s may be

chemically synthesised by reacting a phosphotidyl inositol group with a

diacylgycerol, followed by mannosylation or by other methods also known in the art.
35

PIM is also present in actinomycetes, which are a distinctive lineage of Gram-positive

bacteria. Members of this lineage include Rhodococcus equi, Corynebacterium

diphtheriae, Corynebacterium matruchotii, Gordona rubropertincta, Gordona terrae,

Rhodococcus rhodnii and Tsukamurella paurometabolum.
9



30 acid chain. PIMs used herein may be synthetic or obtained from natural
sources. PIMs may be chemcally synthesised by reacting a phosphoti dyl
inositol woorumiwwth a diacyl gycerol, followed by mannosypariNam/em3by ot her
nmet hods al so known in the art. 35 PIMis also present in actinomycetes,
which are a distinctive |ineage of G ampositive bacteria. Menbers of this
| i neage i ncl ude Rhodococcus equi, Corynebacterium diphtheriae,

Corynebact erium matruchotii, Gordona rubropertincta, Gordona terrae,

Rhodococcupthdrodambeaek &%qi&eagé el did P sy onmi | with PAMWRIA26 Addffdnent of
PCT/ Nz01/ 00131 Cl her t he Iineage include nycobacteria, with PIM

bei ng a coMsoR¥RTP enﬁﬁ@?ﬁﬁgobacterr al cell wall. 5 For use in the present
invention, forns of PIMcan therefore aI so be obtained by isolation from

any su abeactrno cetes organism er. preferred.that
runogbni ECPLRE Dy TEad er iy TS U BrPTER Do SheHs B eToEr ALy Lo aP oy
parti cul ar isplapnhfogeniny snitobiaeadiatdngycetss drganisat t Bisiavedvetprafensddhat the

pat hogeni c cobact e However PI M.f r om non- pat hoegeni ¢ _avi_rul
nmycobact er ' I@G OﬁemﬁoH 0/ FedRE &k HGddd BIP, |b((:3uI°E§lr~I gesuﬁ?mblmey oBBLeria,
nycobact er partfquchaaﬂw\/rpacthogentd masrwbectebtaaromeﬂomr eltﬂb‘hubwdr straindl of uls¢hogednosi s

and M par af Si VIS, I rain
A6 bei g Brsaatryeprariteh Pt g bR e oS i B8
bact eri®, amwdnirexpaded.cul ar from nycobacteria, using techniques which are
standard in the art. By way of exanple, the procedure of Severn et al., J.
M crob. Methods, 28, 123-30 (1997) can be enployed. 20 I|solated PIM w II

conveni ent Pgrtisalasly ishitablef mycehsstdrip free pideie MM eare REi Griaineh earef e dovisof

this wll rrptwe;eerzgézg%dowwgma%é;emoes GRAPINYLE drPeisHd Qﬂzhb§§t.7\?rb@rst
nucleic acid) fromthe Again, art standard techni ques can be enpl oyed

such as thé"s“ém'ﬁ]&@re}%dﬁ"eﬁﬁfltgeﬁféf%reé{t al. 25 Once the PIMis obtained and
prefergbly purified, it is fornulated for adm nistration.

The PIM can be isolated from such bacteria, and in particular from mycobacteria,
using techniques which are standard in the art. By way of example, the procedure of

Severn et al., J. Microb. Methods, 28, 123-30 (1997} can be employed.

20 Isolated PIM will conveniently be purified for use in the present invention. The effect
of this will be to exclude other bacterial components (including bacterial nucleic acid)
from the PIM. Again, art standard techniques can be employed such as those

described by Severn et al.

25  Once the PIM is obtained and preferably purified, it is formulated for administration.
The detail of formulation will be dependent upon the route of administration chosen,

and will be a matter of routine choice for the art-skilled worker.

Preferably, the PIM is formulated for respiratory administration. Respiratory
30 administration requires delivery of the PIM to the airways of the patient to be treated.
Generally, this will involve delivery through the mouth or intranasally. Often,
inhalation by the patient will provide the motive force to the PIM. However,
respiratory administration can also involve delivefy by propellant, including in the
form of an aerosol generated using a jet or ultrasonic nebuliser. This is presently

35  preferred.

10



The detail of fornulation will be dependent upon the route of

adm ni stration chosen, and will be a matter of routine choice for the
art-skil Ived omoxiker. Preferably, the PIMis fornul ated forPeesgiva@ndry
adm nistration. Respiratory 30 admnistration requires delivery of the PIM
to the airways of the patient to be treated. Generally, this will involve
delivery through the nouth or intranasally. Oten, inhalation by the
pati ent wiFdr pravantdicetiensiohe PEMfwitlgenyentidnallp|oel in lofeideorm. rRdpicamtberas
adm ni str i I iAg in the
f or m of aﬁ& ger 0SO %e%g?llg?i \eé 033?1%%&%5\% ap%{aﬁ%l?fgdsroa%?%so}\eggl}u%églegp This is
presently 35 preferred. 10 WO 02/02140 PCT/Nz01/00131 For such

appl i cat i ofige pi\d %vﬂl?g%eefaw afx8MEeBEhARALd Yor BEsritheryf ddthicidt Rt t-SQét‘EeP%‘I'thbe

as a powder or as sol ution or suspension (particularly for aérosol

applicati o%nyesprﬁléormlm SfcEptaglemsiarany- éﬂh§c§el§éﬁ%Pﬁ{hea%ca’dermﬂé@php&ﬂémt

admi ni strath&h thogeknantivh taﬁhd l‘éloae rcﬁscﬁéﬂe@ltsﬁfg @vawe@csﬁphmbhﬁ B B¥RNbe aThe
sel ection of the_adjuvant w]]l dependent u§gn the formul ati on and node

of di spensPAFT AVENEE, <hRire IG5 The fhitleghyorkes @ Hus feldyat ter of routine choice
for the skilled worker in this f| eld. Wiere, as is preferred, the PIMis to
be adm nistered via a buI| ner d 0.aerosol, the PIMw Il be in
Che for m ol RS iUt SReBRedy SReiaoR R EnePITS T, &ion & ouerH iz} Bossreied
conporiént saerohd, Skmhﬂ\mmﬂldfeajn th_et fomneeﬁfeai rsebhtmﬁnqnom’ptenmsnanmeh-willloo@mam

detergent or .surfactant. On i ncl udetla PoEE tsorre% 80 b% ct ant
(Survant a SRHUREER: FI5PER coI Hs 2T PPRRR THt R S sTh n?p% at &1 {8 axo
Vel | cone) ) toxik5 detergesntalos osxpcﬁ&%anbtl e Eaamptelsud&haie a&d dotyisortadte i mruﬂwgaemaﬂm

the sol uti u Si ti a o} h
emogen S0y PrgEhSREPP Mo P RO TLLALR  MeRR e aSh AR oo BT Bl
One such sWekBtamep whi ch can be included is BCG alive or dead, but with
dead hej ng preferred. Another such substance is 20 LAM Were BCGis

i ncluded as a secondary immunogen, it will be usual for the solution or

suspensi onlttiy afsgradseible tnimciugde an ﬁéﬁﬂ@nalnmrngna@@nm theroltien BoWiREnSIRUM

for administration as an aerosol. Such an immunogen will generally be a Thl type

immune response inducing substance. One such substance which can be included

is BCG, alive or dead, but with dead being preferred. Another such substance is
20 LAM.

Where BCG is included as a secondary immunogen, it will be usual for the solution
or suspension to further comprise a non-clumping agent (such as Bovine Serum

Albumin) to prevent the organisms from adhering together.

25
Despite the preference for aerosol administration, it is by no means intended to
exclude administration of PIM in other forms. To the contrary, the PIM vaccine can
be formulated for administration as a powder, for example using lactose capsules as
a delivery vehicle in a dry powder inhaler.

30

It will also be appreciated that PIM can be used in combined therapy, or

formulations, with other therapeutically acceptable medicaments.

The invention will now be exemplified through reference to the following experimental

35  section, which it will be appreciated is illustrative and not limiting.

11



Al bum n) to prevent the organisns from adhering together. 25 Despite the
preference for aerosol admnistration, it is by no neans intended to

excl ude adoonmomurati on of PIMin other fornms. To the contPpParizotés3iPl M
vaccine can be fornulated for adm nistration as a powder, for exanple
using |l actose capsules as a delivery vehicle in a dry powder inhaler. 30
It will also be appreciated that PIM can be used in conbined therapy, or
f or mul at i oOBXPERIMENEAer t herapeutically acceptabl e nedi canents. The
invention will now be exenplified through reference to the follow ng
experinmental 35 section, which it will be appreciated is illustrative and
not |imiti8FCTIONWD 02/ 02140 PCT/ NZ01/ 00131 EXPERI MENTAL SECTION A 5

| sol ation of acyl glyceryl phosphotidylinositol nmanno-oligosacchari des
(PIM  from Mycobacterium bovis AN5. Isolation and purification CGeneral
met hods> TISoldffox- afi acyl gdyesrih phogphotidelingsifolpmpannarpligogacgharides (PIM)
Boehr i nger s DhRloBlcte? iR Bov®d ANSagent s and sol vents were anal yti cal
grade. All experinments were done with MIIiQ water. The gel filtration
properties of the eluted materials were expressed in terns of their

di stri buti ppigpefdichepidstoay =(Ve-V0)/ (Vt- 1VO, where VOis the void
vol une of esste%Ve'sth?(hﬂ tion volu o{{thesec'fic mat eri al ,
and Vt is PRBEEL BFIAPEF USSR fRel Gy SFEMN288 BackRRri%l IPNRSA tThE. e
bovi s NS Bashrihderi Miednhdimncoanherial \febdgmitnany sobeher ator hedytiddd ydoade gl

U K and was qgro for ejght ) S.as pellicle n nodified. Relds
Sy hot i ¢ BRI T TS "EaRIe THE G BC Rt cd oot Tt W TE fetig. je finged
Mycobact er immteridds Soue eshesked Br totuct ofomeandstSttanibar chieffateras, &f, JWbépL Wt n,
Mar cel 20 kker Inc.,  New York, (1984 05-535)..Cell.s were killed by
heat 1 ng- 0 H0B e Pois ThEA Tt S droristBB Mo Bt b it gh ot o
filter pap@faterial, and V;is the total volume of the system.

15

Bacterial cell culture. M. bovis AN5 was obtained from Central Veterinary
Laboratories, Weybridge, U.K. and was grown for eight weeks as pellicles on modified
Reids synthetic medium (S. Landi, in G.P. Kubica, and L.G. Wayne (Eds.), The

Mycobacteria - A Sourcebook: Production and Standardization of Tuberculin, Marcel

20 Dekker Inc., New York, (1984), pp 505-535). Cells were killed by heating to 100 °C

for three hours before being harvested on coarse Whatman filter paper.

Isolation and purification procedures. Collected cells were delipidated by stirring with
methanol/chloroform (1:1) and after recovery by centrifugation, the pellet was dried. The

25  then cells were twice washed with 2.5 % Tris buffered saline (TBS) (0.05 M, pH 7.5),
recovered by centrifugation (10,000 g, 30 min) and freeze dried. Approximately 2 g (dry
weight) of cells were slurried in TBS (4 ml) containing EDTA (5 mM) and sodium azide
(0.05 %), cooled to 4 °C and extruded by passing through a French press twice at 40,000
kPa. The solution of disrupted cells was made up to a volume of 40 ml with TBS and after

30  the addition of MgCl (10 mM) the disrupted cells were digested with RNase and DNase (1
pg mi™) at 37 °C for 60 min then 60 °C for an additional 60 min.

Triton X-114 was added to the lysed cells to a concentration of 8 % (v/v) and after
cooling on ice, the solution was stirred at 4 °C for 16 h. The cellular debris was

35 removed by centrifugation (10,000 g, 4 °C, 30 min) and the supernatant was
12



| sol ation and purification procedures. Collected cells were delipidated by
stirring with nethanol/chloroform (1:1) and after recovery by
centrifuge®obwei4i he pellet was dried. The 25 then cel |l s weeENzw/@e@3mashed
with 2.5 % Tris buffered saline (TBS) (0.05 M pH 7.5), recovered by
centrifugation (10,000 g, 30 nmn) and freeze dried. Approximately 2 g (dry
wei ght) of cells were slurried in TBS (4 m) containing EDTA (1 _ and
sodi um azi Heubptedoat 8§°C todnddca Bhasecsepdaation: riwelpwisy 8 ¥d Lt hidughaae

French pregsstrétserat aflc@r QORtrifk ERion 190804, Usdooy) 20f nﬂié)séﬂ@ttﬁg Lc;qﬂeksaq\a%uérade
uptoavo{aé(rre of 40 th TB nd after 30 the addition of

t he di srupt®&tF W@PI@WH@%@ i g6 sT& H | EPTIRNEYE eI BREE Y ﬁescﬁlbﬁfi"ak)ov%rt T13€7
fﬁr I60 m nd&dlafagﬂen?@h@sémveﬁmctxaﬁlﬁmwQﬂaltgémpﬂglpcanTWag%?%ip&a&dw&@dai&dné@
t he c o nd a

Lhe soiti Gn-Uie BrRrt B0 96 ot arend, coifieide. B o Sgenn 4 hdo s

renoved byndentrifugation (10,000 g, 4 oC, 30 mn) and the supernatant was

12 WO 02/ 02140 PCT/ Nz01/ 00131 i ncubated at 37C to i nduce phase separation.

The lower Triton X-114 rich phase was recovered after centrifugation (4000
g, 30C, 20The myudmtipbgipcarppriraciywere siissobrgé rinweegeniXee 201 ;g hh@, belstivtiag

debris and CF%H%&I A4 %?trgéenqrqﬁl e!:l %.?%58&)%\/ Tg@ hoﬁ% e%%eéllugﬁgﬁ %gleef C%F 5‘1

conbi ned an gl'ycan ma precipitate

et hanolO ( - 2B&plved n%a iBinjmal ymandt ebivhier red tbgat@bmth Protpanasenk (1L o3 0@d gior 30
mn). The ) I t

m1). by o o af S LEAR B GATkRAIRLG £ a0e thY MR iR
hours. Thetypiet mears, wepestégitediy water 2od dyopddizgdd in a nini mal anmount of
water and treated with Proteinase K (1 ng m-1) for one hour at 37C then
an additional hour at 60C. The solution was ultracentrifuged tw ce nore,

reconst i t uFERFIPRAVRTT EFOCRAWS JOPAF ISPREES WeiecPiepRERT B lweadehiremateaiashy

sanpl ess Webﬁ 5 ARRhSANTiAITE0k cmaﬁrmifﬁgrm@élxm 19 Aamr ssuo@rmmo'ﬂm
Tri s-deoxychol ate buffer Tr| S- EDTA mVl._Nad

deoxychol at'@é“pY z?sM%ie@aa’mé lato9- ?e?o%t Ha%{s %@Pm/eh?raaf?r&ﬁng@t% HygOrfpe b ITWée

sanpl e wassappld @Qs bfpRedC ) &BIunn 9.5 <1000 ef) ooseﬁemf;msaaooapaaﬁnama and
(Pharnacia), a ut ed usi

t he, sa The uent. conti nuousl y
fon: 1t or e PSS HelggaLe g BErsie Tt BeRASES SHETPHAETF SRE I oy RaEes
col | ect ed agithadinaliydedand frautiome 2 md atdry cbidécted and analyzed colourlmetncally for

20 neutral glycose (Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. and Smith, F.
(1956) Colorimetric method for the determination of sugars and related substances.
Anal. Chem. 28, 350-356) and by SDS-PAGE. Analysis of the fractions by SDS-PAGE
identify the high-molecular-weight species (Kov = 0.1) as LAM and fractions
corresponding to LM and PIM had Kays of 0.3, and 0.8, respectively. The appropriate

25 LAM, LM and PIM fractions were pooled, desalted by ultrafiltration in a centriplus
concentrator (Amicon) using a 3000 MW cut-off membrane, resuspended in water

and lyophilized.

Fractions containing the LAM, LM and PIM were collected and lyophilized. Pure LAM
30 accounted for approximately 25 % of the crude material applied to the column and a
total yield of 1.4 % of the initial bacterial dry weight. Recoveries of pure LM and PIM

after fractionation were 1.0 % and 3.7 % respectively.

Deacylation of PIM
35 PIM was suspended in anhydrous hydrazine (30 minutes), cooled and quenched with

cold acetone (-70°C) to destroy excess hydrazine and precipitate the deacylated PIM.

13



20 neutral glycose (Dubois, M, Glles, KA, Hamlton, J.K , Rebers, P.A
and Smth, F. (1956) Colorinetric nethod for the determ nation of sugars
and rel atved 0zotigd ances. Anal. Chem 28, 350-356) and by BDBNRAG@H131Anal ysi s
of the fractions by SDS-PACGE identify the high-nol ecul ar-wei ght species
(I, =0.1) as LAMand fractions corresponding to LM and PIM had Kav's of
0.3, and 0.8, respectively. The appropriate 25 LAM LM and PIMfractions
wer e pool edhe désagliagerl RIMuMasap¢lletedhthiyopentnifagationt pingl the pelsicwashert ovith

(Am con) ug&é}gn@ ég%%%wgtepgﬁd fiARg, resuspended in water and
| yophi li zed. Fractions contalnin LAM LM and PIMwere collected and

| yophi | i zeYB- Pijpadytiamasys faée@@ﬁgwa%@n%lwﬁé@(tﬂmt@qk PBMagad¢cilhe crude

mat eri al applled to the columm and a total yield of 1.4 %of the initial

bacterial dry we Recoveries of pure LMand PIM after fractionation

were 1.9 %“é‘ﬁéa’3§ ?fl%opégfﬁQWV@Fy Deacyl ati on of PIM 35 Pl M was suspended

|( n7gglydr OfBe iw}[@zafn@le( é’tﬁn%lh@&lt}?@lﬂ) ﬁaﬁaﬁﬂseﬁlaﬁﬂdve@ugit@aedxwwi}, d@éghc%il %l@@% gne
to XCessS nydrazine_ an eci pi t at ate

WD 02/ 0214 a?—%{TPKligi/fB ST TR AL %Fto BISMAES f’p?tzp}’ g%%‘ao/%/ protein assay,

centri f ugatbedhoandd dibegpelasahdivasidesy Weh{entacaialvms oflitlss plivigied iegtrastse khand

| yophi |l i sed S ,was for carboh e. anal ysis for the whole

Pl M ol ecuf8S en:?e,&’ﬁéﬁﬂs%?é’r ?Offylr%8f)%1r§/§1§cg@ﬁca??%{ glﬁg purity of the combined

PIMfreztions was investigated. PIMwas deemed pure based on the follow ng

criteria: %protm Lhdi ca o eng

ni trogen ag [ r?&lllrlélaefl rbéﬁlﬁvaségg&r:rré)ht%g? aécr%a gt%’F E y?{ﬁgwnurl 0&% a%lg? ﬁac S%lt%il%

absence of nrikhosef eacdeoidys iabaﬂseedb[yﬁhél gl ycose anal ysis. 10 The purified

PI M was hydrol ysed and acetyl ated by known nethods and the resulting

m xture of saccharides anal ysed by GLC. Carbohydrate and Fatty acid

conposi ti on ofaskyflydgitpeadyiatphanip hempesitipmes rexd|glycesy! phosphatidylinositol
manno-B% i gosacchari des fr apaumo-gligpisacihrgdepfmoraiaboys 4NGt bovi s AN5

PIM analysis (M. bovis ANS)
Fatty Acids Carbohydrate
Wt % (fatty acids) Molar Ratio

Pentadecanoic 2.8 Mannose 4.7
Hexadecanoic 49.8 Arabinose 0
Hexadecanoic 1.2 Inositol 1.0

14 Methyl
Heptadecanoic 9.2
Heptadecanoic 2.1

16 Methyl
Octadecenoic 0.9
Octadecanoic 11.9
Octadecanoic 21.7

10 Methyl
Nonadecanoic 0.4

10 methyl

Eicosanoic Trace

14



Fatty AcidsCarbohydrate W % (fatty acids)Mdl ar Ratio

Pent adecanoi c2. 8Mannose4. 7 Hexadecanoi c49. 8Ar abi nose0

Hexadecamod edo0Aknosi tol 1. 0 14 Met hyl Hept adecanoi c9. 2 HepretUadzear@iz?. 1 16
Met hyl COct adecenoi c0.9 Cctadecanoi cll.9 Cctadecanoic21.7 10 Met hyl
Nonadecanoi c0.4 10 nmet hyl Ei cosanoi cTrace 14 WO 02/02140 PCT/ Nz01/ 00131
SECTI ON B I mmunol ogy Experinmental 5 Model An oval bum n (OVA) induced airway
eosi nophi | BECAHANEB nodel of atopic airway inflammtion was used to
determ ne the effectiveness of the i munogenic PIM suppressing the

devel opment of airway eosinophilia. This nodel is widely used to establish
"ast hma- | | Remenelegy xpeimeitée - see for exanple, Erb et al., J. Exp. Med.
10 187(4):561-569 (1998); Herz et al., J.Allergy and Cinical |munol ogy,
102:867-874 (1998); and Randaolf et al., J. Cinical Investigation,

104: 1021- 1M2del 1999) . M ce C57B1/6J nice were bred and housed at the
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