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is further related to compounds that function as non-specific immune response amplifiers, and
the use of such non-specific immune response amplifiers as adjuvants in vaccination or
immunotherapy against infectious disease, and in certain treatments for immune disorders and

cancer.

Background of the Invention

Tuberculosis is a chronic, infectious disease, that is caused by infection with
Mycobacterium tuberculosis (M. tuberculosis). It is a major disease in developing countries,
as well as an increasing problem in developed areas of the world, with about 8 million new
cases and 3 million deaths each year. Although the infection may be asymptomatic for a
considerable period of time, the disease is most commonly manifested as a chronic
inflammation of the lungs, resulting in fever and respiratory symptoms. If left untreated,
significant morbidity and death may result.

Although tuberculosis can generally be controlled using extended antibiotic therapy,
such treatment is not sufficient to prevent the spread of the disease. Infected individuals may

be asymptomatic, but contagious, for some time. In addition, although compliance with the
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0 3 APR 2002 WD 99/ 32634 PCT/ Nz98/ 00189 treatnent reginen is critical,
patient behaviour is difficult to nonitor. Sone patients do not conplete
the course of treatnent, which can lead to ineffective treatnment an%fé he
devel opment of drug resistant mycobacteria. Inhibiting the spread APR 2002
t uber cul osi swoegsssses effective vaccinati on and accur at epceszdsporsgi agnosi s
of the disease. Currently, vaccination by subcutaneous or intradernal
injection with |live bacteria is the nost efficient nmethod for inducing
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a source §FfanGpaediay afysdbaattth. SONE countries, such as the United States, do
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T cell responses result in neasurable induration at the injection site by
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or intra I njection, | ct’erirum vaccae ichis
non- pat hageeralcpubhic. h iagnesis doMlemberculbdieinfection ik esrambimy achigviet @ling @rskinhe

ef fi cacy of vaccae co red with B and. i s not heep used widely to
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i ndi vi dual s %FOSEd'tO ingection with M tubercul osis. Several patents and
ot her pubPPERTFLIRECH fiershy ndjcating gXppsutsito Myrobagtenal gpigens: oPrasifyity and

admi ni st apédiityinaah Boweed, BeeniaBedblest With s s ekEiRdiviatial kil WaaeBbact er i al
fractions. U. ? . Patent 4, 7,18*038 di scl oses di agnosi s of, vaccination

agai nst &ARRSt PedistmgHishedifrom iptsetsdindidugs.seases of various types, including

arthritic di seases wiikdWHi Rychedtdritth MCARABEE! R4 fol NRLHHLAgY ryaccae.
U S. Patent 4,724,144 discloses an i munot herapeutic agent ¢ rising
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on t¥né efficacy of M. vaccae compared with BCG, and it has not been used widely to
vaccinate the general p_ublic. M. bovis BCG and M. vaccae are believed to contain antigenic
compounds that are recognised by the immune system of individuals exposed to infection

with M. tuberculosis.

Several patents and other publications disclose treatment of various conditions by
administering mycobacteria, including M. vaccae, or certain mycobacterial fractions. U.S.
Patent 4,716,038 discloses diagnosis of, vaccination against and treatment of autoimmune
diseases of various types, including arthritic diseases, by administering mycobacteria,
including M. vaccae. U.S. Patent 4,724,144 discloses an immunotherapeutic agent

comprising antigenic material derived from M. vaccae for treatment of mycobacterial

diseases, especially tuberculosis and leprosy, and as an adjuvant to chemotherapy.
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2 WD 99/ 32634 PCT/ Nz98/ 00189 0 3 APR 2002 International Patent Publication
WO 91/ 01751 di scl oses the use of antigenic and/or imunoregul atory
material fromM vaccae as.an inmunoprophylactic to delay and/ or prevent
the onset of AIDS. International Patent Publication W 94/06466 dis Irglloapk 2002
the use of Rydogged ¢ and/ or i mMmunoregul atory material deciNBdofisD
vaccae for therapy of HHV infection, with or without AIDS and with or
wi t hout associated tuberculosis. U S. Patent 5,599,545 discloses the use of
nycobact efijgmaanesial: | yubibebs, wonagbi Mat &ckioshd 1eAGEAGF Afedit ard/svant for
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ment al di seasel.-S. Ratent £:532. 244 discloses the usaiefonyenbaqeriz, espetinlbinwhele. tinagtiededoy an
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Pat ent Publ i cation 91402542 .di s¢| . t.ocl aved M vaccae in
the treat er%or?g prc?femcﬁy(gsrﬁ 6(]:531 %’? aatrlr%’aaflgarm?/‘?gllﬁ’é%a?l %W?ﬁg{)%ﬁ%‘lgﬁageﬁg}ei"&m
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known mycaobacterial species in that heat- killed preparations retain

vacci ne  aferveAmEaT M e Paspreu far cdelyiap <1t prevsntingg the cgzayhy &r spyead pfjtemersl osi s BCG

vacci nes, 1H&aslichQPadACEIIALOWAIRINS distBRE fhaSbSaunRIPELY, Lidkse &L T ai ns.
Heat-killed M bovis BCG and M tubercul osis have no protective properties

when enpl 8ipeteatient \ofcefironis inflammaippe disgrdersoirpwhinkise Ipatiest semanstigios med from a
range of gyxﬁ)%ﬂﬁ't fabh Fjesde b ILAPRIAPOENF or in which the patient’s IgG shows an

abnormally high proportion of agalactosyl IgG. Among the disorders mentioned in this

publication are psoriasis, rheumatoid arthritis, mycobacterial disease, Crohn’s disease,
primary biliary cirrhosis, sarcoidosis, ulcerative colitis, systemic lupus erythematosus,
multiple sclerosis, Guillain-Barre syndrome, primary diabetes mellitus, and some aspects of
graft rejection.

M. vaccae is apparently unique among known mycobacterial species in that heat-
killed preparations retain vaccine and immunotherapeutic properties. For example, M.
tuberculosis BCG vaccines, used for vaccination against tuberculosis, employ live strains.
Heat-killed M. bovis BCG and M. tuberculosis have no protective properties when employed

in vaccines. A number of compounds have been isolated from a range of mycobacterial



WD 99/ 32634 PCT/ NZ98/ 00189 speci es whi ch have adjuvant properties. The

effect of such adjuvants is essentially to stinulate a particular immune
response nechani sm agai nst an anti gen from anot her species. There areg two
general classes of conpounds which have been isolated from nycobact §r3 APR 2002
speci es thatwexdmpt adj uvant properties. The first are wetmzossambubl e wax D
fractions (R G )Wite, |I. Benstock, R G S. Johns and E. Lederer,
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di pept i desphrisedhish! Bateaii@ant( Popee@dsy | The) b0 SAFLAE adiiehniy- 19| ¥eepiisiRuani ¢ aci d

in approximately equi nol ar anounts) as described in U S. Patents 3,956, 481
and 4, 036igwiate FRIRICHIAIFIRIAE FRERONSH PEBANITT BEHNSIHD agHgsn TomAnatersneries.
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foll ow ng aspects of their conposition: _The¥ are wat er-sol ubl e agents,
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a range QfacHdRlk OWERMEBEmSbel, REG.BY SoRResldat. 13her&e IthmWddey UNN54, 19581 t her
extracted frombacteria by various solvents, or di gesm'gﬁom the cell _

wal | by &8 é’n@ytnémﬁ,?monilhea@sendwemn%bé@eattshtbaaiqusuhstgwby M¥etstrter i sed

cell wall | BRELE ; : T hel I. by

i gest o e e TR an 8B 1 SRRy Abapl B Bl

pr epar at iinAkS. atents [3¢956 48 hpoindePR6s9 58 Thesrecamgloindaadifferfaypt the dglipidated aidr uct ur e,
nanmel y al gani ne. . gl m c ' di ami inmeljic acid, N-acetyl glucosam ne,
ona N gy By HpigRehE Pier @D 1 o ALeATHERP bR (ot i B BiBlutin s
protei n, ofdrprcompasgioa: nunber of distinct protein species. The delivery of
vacci nes by nasal aerosols to reach lung tissue, or by oral delivery to

the gastrointestinal tract has been generally limted to attenuated strains
of virus. For 1. exarfe} ere wabgGolilé hiehtspgkireas DDPM vadvkd i shlasle @jueprd or al
delivery of attenuated strains of this virus since the devel opnent of the
Sabi n vacci ne. AviSPHH®ncorporated and the National Institute of Allergy
and I nfectious D SB@$esnsisioftaltnge/d ksl SHah&s b enycsseiatidi tell #RPLAED the 4 0

3 APR 2002 WD 99/ 32634 . .
either extracted from bacteria by various solvents, or digested from the cell

wall by an enzyme. In contrast, DD-M. vaccae contains highly polymerised
cell wall.

3. All protein has been removed from their preparations by digestion with
proteolytic enzymes. The only constituents of their preparations are the
compom;nts of the cell wall peptidoglycan structure, namely alanine, glutamic
acid, diaminopimelic acid, N-acetyl glucosamine, and N-glycolylmuramic
acid. In contrast, DD-M. vaccae contains 50% w/w protein, comprising a

number of distinct protein species.

The delivery of vaccines by nasal aerosols to reach lung tissue, or by oral delivery to
the gastrointestinal tract has been generally limited to attenuated strains of virus. For
example, vaccination against poliovirus has employed oral delivery of attenuated strains of
this virus since the development of the Sabin vaccine. Aviron Incorporated and the National

Institute of Allergy and Infectious Diseases in the United States have recently reported the
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PCT/ NZ9R/ 00189 successful use of an influenza vaccine adm nistered in a

nasal spray. In this case, a live attenuated influenza strain provided 93%
protection. against influenza in young children. Vaccines consisting of

killed viruses or bacteria, or of reconbinant proteins have not been83 APR 2002
del i vered by \j\asahss@erosol or oral delivery. There are seugainadosgoesons for
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activity R cBarraid erapyiemate ﬁ’érng'PP%?%&f nxoaowkegsphesocm% dabeeritbglipidiang

patients wiild BN HRRAT dentrS A0E T 19RBARyted. NEDY O e,lmpn&me@rareoaosggl Asﬁcffa@a Over ed
by bronchoal veol ar | avage is increased five- ten-f
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bet ween 1 5 T
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2002 generalised immune defect but rather the consequence of helghtened immunological activity

which is ‘compartmentalised’ to sites of disease activity. In patients with pulmonary
sarcoidosis, the total number of cells recovered by bronchoalveolar lavage is increased five- to
ten-fold and the proportion of lymphocytes increased from the normal of less than 10-14% to
between 15% and 50%. More than 90% of the lymphocytes recovered are T lymphocytes and
the CD4:CD8$ ratio has been reported to be increased from the value of 1.8:1 in normal
controls to 10.5:1. The T lymphocytes are predominantly of the Thl class, producing IFN-y
and IL-2 cytokines, rather than of the Th2 class. Following treatment, the increase in Thl
lymphocytes in sarcoid lungs is corrected.

Sarcoidosis involves the lungs in nearly all cases. Even when lesions are

predominantly seen in other organs, subclinical lung involvement is usually present. While
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WO 99/ 32634 PCT/ Nz98/ 00189 sone cases of sarcoi dosis resol ve spontaneously,
approxi mately 50% of patients have at least a ml|d degree of permnent
organ dysfunction: In severe cases, lung fibrosis devel ops and progresses
to pulmonary failure requiring lung transplantation. The mainstay of) 3 APR 2002
treatment fog, g% pidosis is corticosteroids. Patients igidiallso
responding to cortircosteroids often relapse and require treatnent with

ot her i mmunosuppressive drugs such as nethotrexate or cycl osporine. Asthm
is aco i 1 i e ] hedevel.oped wor] d. Ast hna
i s char 21;? %?eidésagegaoggarfar?ﬁsgar%g@k rglgg pogllo\s{llg)1 ’e%ggélmgﬁ}f e/gf) %r/%aé’ﬁ’g%gar‘% ﬁLL‘rFSéI tree
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reversible airflow limtation. whic be spont aneous or drug-rel ated,
ond the. paeBsrst P aRab i Rreplifhe ek Blosr b i Thi Rensay & veptard for
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wi th the enhangsifenis a@bmmor Hideasd, Witk abighi prevdidfce i e @Bvefopsl Worid. NEstRm@duct i on

of specifijc inmmunoglobulin | gE), posjtive skin tests to common
aer oal | er efhara ‘ﬁﬂslegrbyalnﬁtﬁ?sﬁ‘aéfﬁ‘%l%'ﬁ%egs P% therachrobenchial cgeer ora masety of o

seasonal @il &l PRRianl pHySibIdBicA AR SHnBDbeir &%ibi@ﬁﬁfwiim&mh%ié}; may MPt OIS,
The airflow obstruction in extrinsic asthma is due to nonspecific

br onchi al dh§RSBIBAYS 98 idperTElesd.candsbel paologipal Ihalimarkbsing dnflammatianrofatys . Thi s

i nf | amat jiafyk ScARAilg! KR ¥arRaibh Al ihl!efAE0akYn nsid & faftsY of
inflammatory "cell's including mast cells, eosinophils and ynphocytes. The
actions of t Hssinsiepgthme bpssanridentifiablg presjpitapt brsdrcapée theugiit bf 4syeingampi:,
secretion : 1 t SGLE . - r GO l,n_at opi hma, the
i nmune re%%g%élgﬁag rglgcg{i}g% F\ngggaé:ar \%éo I np‘:ngr{’grggtg;&g{t]édc‘%"ksh Fgrﬁhélﬁ‘femﬁ to"gta “the Th2
cl ass of tpeef immuairesponse oyithtthe prioduttion bf $pecificl imrhurib@lobulin BARERa@Eitive hown

that |ynp { Uungds opl ¢, asthmatics, pr,od L-4 and I L-5
when act%](\?/rg%%tg?o é?g"?ﬁ&q {}?%ha 0 faﬁé/%ragé?ﬂgc VoK hed 8P b?ﬂ@"#’ﬁ%‘@ég’? and are
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ast hma. cupational .asth may bhe rel d ta the devel opnent of IgE to a
prot ei n %‘oﬁt’ng%? n LRy 2 @?"a ’%%W%E%IP?'H%%%I&I °§§1tl1y8°re§RB?sl{‘@B§s s3medPy cat i c
aci d in sinflemmetiinesfithe @itwaysdaThis mflamedtiasishidiatar byt ehehfidats! @lease |t £d
mechani sng, . sugh s that Iﬂileen i.n tol uene di.i socyanat e-i nduced ast hma.

Dr ug- i ndutEgyL 4 ajory, cqlls ncludine xmastells, gosinophiisiand {ymphoeyites o Theagtions n or

ot her nonefSthedeahélindtora Résult iim vhsaimPb@myabilityl Gfucus BREdtioR fah&@ BrdnBhif Gdoliftl N

subset of Ea} ients who nmay display other features such as nasal 6
muscle constriction. In atopic asthma, the immune response producing airway inflammation

is brought about by the Th2 class of T cells which secrete IL-4, IL-5 and IL-10. It has been
shown that lymphocytes from the lungs of atopic asthmatics produce IL-4 and IL-5 when
activated. Both IL-4 and IL-5 are cytokines of the Th2 class and are required for the
production of IgE and involvement of eosinophils in asthma. Occupational asthma may be
related to the development of IgE to a protein hapten, such as acid anhydrides in plastic
workers and plicatic acid in some western red cedar-induced asthma, or to non-IgE related
mechanisms, such as that seen in toluene diisocyanate-induced asthma. Drug-induced asthma
can be seen after the administration of aspirin or other non-steroidal anti-inflammatory drugs,

most often in a certain subset of patients who may display other features such as nasal
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0 3 APR 2002 WD 99/ 32634 PCT/ NZ9S/ 00189 pol yposis and sinusitis. Intrinsic

or cryptogenic asthma is reported to develop after upper respiratory tract
infections, but can arise de novo in middle-aged or ol der people, in who

itis nore difficult to treat than extrinsic asthma. Asthma is |dea[|ByAPR 2002
prevent ed by vidwesgesni dance of triggering allergens but thicsmzssimmp al ways
possi bl e nor are triggering allergens always easily identified. The nedical
therapy of asthma is based on the use of corticosteroids and

bronchodi lpallypdsisCintd Gutifis. I BAGUER drthfpidFemit kS ANEpdrRY @6 A6veRdh ABYupper
obstruction.. In chrg}r}l c asthma, treatnment with corticosteroids | eads to

unaccept a iS i mune
BISBiralRRy BpQt dntectigrs, Bt cacarise denione [apidg]p-agsd i pldgs Repple inswhan i

abnor mal i térd GRSt TRad tRandthkdrBtihdthhd) Nitis. Allergic rhinitis is a comon
disorder and is estimated to affect at |east 10% of the popul ation.

Al ergic rhi nid§Enavgyidesdy peetekby theayoifasgee!) rigeuing liprgensibrethisyis mot pol | en.
Non- seas@Rals wss.mett@{m ﬁiggéﬁ?llg'lllérgéxs'aﬁva a&a%ﬁsdld%f@ '?ﬁ%%e&&l @&5 rgﬁﬁs such
as those fromhouse d te or ani mal dander. nor ma

response Pshred is basgd en thmum qfucgnlt:@tecqa@raaéb@ntt@é:@t%wtgh@ resuse sflampatighuct i on of
| gE anti erQf verstP4 ag"o%s@&ﬁérps éhl?cﬁuﬁuﬂﬁ# m'&ﬂ thnionﬁcmo{ar yeaglsetsoponse
occurs in the nasa mucosa rather t urt e alrrways as in

ast hma. Litesceprblapdverseslakffectssosi nophi | i a i n the affected tissues is a nmmjor
feature of all a.resul atients
devel op sneezﬁﬁné’?“e?\glsgrlde d%"sﬁz efrbr%éaré?\l m(’:eo?lbé’g P tso 75%"‘}%'? %@végﬁ“’ecases

the infl aHdta‘glcoxrhtmmt Bna Sommon hhsoeyaeanc( cs)n;tmcetil MI iffesr) at padiaiogs anehet he
external ear not.life threa icrhinitis my be
Vory. o saBteigen ob fienhis RRY bh ccronel EC IV Gbsaeuafiey b talle, Hodier son <
ability t seasdnslkar paeﬁmﬂrthmttﬁe@tan&ﬂtbylamv:@y Veatipdi sthCasQhosa frbin hoSde IEINES,

nasal decon est an a as for asthma, sodium cronogl ycate and

corti costglf Prgimy ?@ercancer is the |eading cause of death from cancer. The

i nci dence of |'lﬂlBthﬁ@ﬁﬁEimm@rQ%épﬂh’@Smté)lefgiosﬂurﬁt%dtstJh@raM@He&i b QR Efdess
Organi sation estimtes that by 2000AD there will be 2 i on new cases

annual | y. PrRg¥goR o ek putibodics B’é‘“gf pgainsithe plleggep f F?dmﬂﬁtl@atmdesemseg@m%s

smal | cel |n the ABaICANGES rathSClhe FMRLCALWORE Bi80AL 3s 2PastRid AfikésdhnlaUigaicancers,
and non-small cell lung cancer (NSCLC) which accounts for t & remai ni ng
75% The fRijnEPhila/inghe g@EEd itigsuesig dgmaionyipature phalicasic finits. &SOr @sulbofithist o spr ead
early and1n%Qn{PthionPﬁﬁtleﬁ@tcﬁva&?%%nga%asaﬂ'di@ﬂﬂ&@'aﬁd %ﬁé@gloquk\ﬁ%@g&egf the

medi asti nal % nodes i n the chest. SCLC is treat
cases, the infl

ammatxon extends to the eyes (conJ unctivitis), palate and the extemal ear. While
it is not life threatenmg, allergic rhinitis may be very disabling, prevent normal activities, and
interfere with a person’s ability to work. Current treatment involves the use of antihistamines,
nasal decongestants and, as for asthma, sodium cromoglycate and corticosteroids.

Lung cancer is the leading cause of death from cancer. The incidence of lung cancer
continues to rise and the World Health Organisation estimates that by 2000AD there will be 2
million new cases annually. Lung cancers may be broadly classified into two categories:
small cell lung cancer (SCLC) which represents 20-25% of all lung cancers, and non-small
cell lung cancer (NSCLC) which accounts for the remaining 75%. The majority of SCLC is
caused by tobacco smoke. SCLC tends to spread early and 90% of patients present at

diagnosis with involvement of the mediastinal lymph nodes in the chest. SCLC is treated by
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7 0 3 APR 2002 WD 99/ 32634 PCT/ Nz98/ 00189 chenot herapy, or a conbi nati on of
chenot herapy and radi ot herapy. Conplete response rates vary from 10%to

50% For the rare patient w thout |ynph node involvenent, surgery followed

by chenotherapy may result in cure rates exceeding 60% The prognosi8 3 APR 2002
NSCLC i s nor guaglomp@l, as nost patients have advanced di seagenzbgooidee ti me of

di agnosis. Surgical renoval of the tunor is possible in a very small

nunber of patients and the five year survival rate for NSCLC is only

5-10% Theheh@ietdp§, draadinbigation of Bignfd@iRbP RIEBAdioRErapyl ThnfddE REpoalLraie® P! eX
and multiple.. Environnmental and genetic factors interact and cause

sequent i al®ArfeP™ Alreltettal Fabs:m palirs svithgpt ymph eade fryolyreric fsered cel |
proliferatigied ibhVhemiRerfly A8y 3&8Rtin lche SHES eARELPE®AI 118 FlophRNt for Si t €S.
Both cell-nedi ated and hunmoral imunity have been shown to be inpaired in
patients NRELR s e dismelens mpstdltentrchayp pdvaneed direrse thhi cha iipe fofi didgnesis npai r
the | mMung, bidRGEInGVAI Of the RifHok B Hossibl ta%ts&aﬂﬂyﬁbé?%?ﬂatimggn& Be GUTVLY S€
patients with inactivated tunour cells or tunour ahtigens to enhance host
ant i - t unosuryisal sera fas NSBAEiis onkg 5-t8%net t e- Guerin (BCG has been admi ni stered
into the chest L i r on-specific
inmmunity. Att enn%?fé&t&é\}éﬁg’légﬁn tﬁggée‘}é{agm%ﬁ%gggng %%%? eu%r%?pq%kgmgrﬁ&n%nf E‘pE*y gi vi ng
pati ent s Ehvropimentyltand geneticfaetdrsanteradt and aaiidelsequattial Argllikdremental Abreanalities

| ynphoki ng: act i yat t ire the. ability ta kill t Il's.
The” cur r otk e R Rt IR AR S rn B o b B0 b af sPsdso ot ol

st age andsiteheir efficacies yet to be established for the standard

managenent of cancer. |l.n one .aspect, this jnvention deals with
treatment of al% ogggedlé’?‘%d?ag?d ang ?Hm%H ’Eﬂﬁ’a%léaé{f' E‘E"B SL‘B’E‘ 19 08 HRRAFEL I RAHETHS f act or s
that inf| wahtengt acdpalRadicheapy bty dhdfmotlerapyRethér HnphilteNMniMk Ifdnctikmepnn as Thi
and Th2. These T cells are identified by their ggtoklne secretion
phenot ypePatgitsc (ﬁﬁ?ﬁ’ﬁtsfl@}é& BB ToACe P HBPHRTItPAENE HER drogt Bied dempELAtHS Obr epar ed
fromM vameaeagbiho kabkce RoIAHIGTRGLHbABI BRAEIAREC Hefe-Ghdh @0 hat he
bal ance of activities of these T cells as well as other inmmune’cells.
Psori asi sP§°8 admizistashinto s cBert eavith fallaying 9. pancry syregiyde ausmenhnaptepesific be
associ at eghmuMityD XnipRURavE QedBmate @rdnhdnkd hifti-tuthoR itbhid@tyl &y g9fngRALiILRNt - The
defect in psoriasis appears to be

lymphocytes treated ex vivo with interleukin-2. These lymphokine-activated lymphocytes

acquire the ability to kill tumor cells. The current immunotherapies for lung cancer are still at
a developmental stage and their efficacies yet to be established for the standard management
of lung cancer.

In one aspect, this invention deals with treatment of disorders of skin which appear to
be associated with factors that influence the balance of thymus-derived (T) immune cells
known as Thl and Th2. These T cells are identified by their cytokine secretion phenotype. A
common feature of treatment is the use of compounds prepared from M. vaccae which have
immunomodulating properties that alter the balance of activities of these T cells as well as
other immune cells.

Psoriasis is a common, chronic inflammatory skin disease which can be associated
with various forms of arthritis in a minority of patients. The defect in psoriasis appears to be

overly rapid growth of keratinocytes and shedding of scales from the skin surface. Drug
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overly rapid growh of keratinocytes and sheddi ng of scales fromthe skin
surface. Drug 8 0 3 APR 2002 WO 99/ 32634 PCT/ NZ98/ 00189 therapy is directed
at slowing down this process The di sease may beconme nanifest at any g
Spont aneous remission is relatively rare, and lifelong treatnent is Q8u PRyzuuz
necessary. Raf¥ohfts) S produces chronic, scaling red patchesnpsoofse skin
surface. Psoriasis is a very visible d| sease, it frequently affects the
face, scalp, trunk and linbs. The disease is emotionally and physically
debi l'i tatipg, ep%% di&&&dgﬁhb@mg ’do»dr?ﬁﬁsa;%degkg e Gk st GRDtedorke @Mitebtan apal i ty of
life. Betwe one an hree mllion individuals in the United States have
psori asi s agk.t pantsaeduy remissianeais relatively rrp.cand didnors yement ds psually necsssaryy ear .
Conser vat i i8GEnih Rd SRS o the SR HUrkBS T BsoRiSis h Ve RRitHDNI t €d

St at es curﬁrlgn 'I§H°W%e§§l}{gl]"@ ﬁlw g yeea? esereraare t\5\)/o ijsorerk p(l)t heses
concer ni ngliseise, lpﬁtqwnagbfrvéfscts thefac$)§eﬁ4m,ax§nlsand‘lhmé>sf The dis¢age istegtionpdli@nd ¢
factors deferm ne r fonBR KEr ALhilosyiigs. The
cell's no A% nge dfggggél norrr&ia{gnie %Eré%rﬂ %ngg st rmﬁFl&1 suc‘ﬁ‘%gg th olse

i nvol ved iBetweeh obaamd thige apihdlemdmdualhmgélma@l Spatesphave perlasie ythasariyom of cel |
menbr ane cytokine. receptors or. abn rmal I duction
i ght undeca/"flleé "EE'IO ARy (AT ST At %ear F%lﬁﬁ@]g%m’(gﬁg %ﬁg& E%%gﬁgtcé%f?%

psori asi s psériasie ca8 thahey/UhieedStuees mm‘eeﬁxgsa S48 rmdl@maryﬁdrammt ory nol ecul es f rom
hyperprolifera ve ker ati.noc ot hesi ells

e er ALt ng. w TREFGHE FSTHERT SRRREE e e PHERTARS of BleBgtt The ek
pro-infl anpRigededc ﬁ&drslae:reaﬁmammr;s&ufm@tdfa}gd@mmeranescy(eklammhs né E. et

al ., J. Exp. Med. 168:1395-140 I's of genetjcal

pr edet er milPRegr espend permally tyiema %“m hc"é%’é?t“;‘/mﬁ# ’Bénaé%‘? \?ﬁtCB‘ﬂe‘Uﬁ‘her such
Ci rcunst anpgaRestasii® K@ﬁ&ﬁn’an@ﬁﬁﬁsﬁ&x TthBIIB ahenttBaneByytdkene feb&ptadf tor GdRomiagsent i ng
cell. The cellular infiltrate in psori atl C Ie%@gns show an wfl ux of CD4+

T cel | s arfEnsmgsphsans gveh Barsayptionomgent pndezhq cell pyperprofifgsationy  Ipflammggipn,

Der mat ol . &Emtcgﬁthzﬁoﬁasm 1@%&:%nda§a{8e€he rﬁeage of B)ro lnﬂmﬁﬁéﬁ%&&ulc}f]ﬁb&SS 564,
1984). As the ITB.}OI’Itﬁ/ (909 of psoriasis patients have limted forns of
the di seashé’Pchf@b erative kergtisgeyiént s whi ch i ncl ude dithranol, tar preparations,
corticosteroidg p& y{,»ﬁ fxféfsthWT c&u;t,ﬁteﬁ&ﬁ@clmm mgwprg%n@dgaéeﬂguﬁaqn _

(cal cipotriol, clt can be used. A mnorit of psoriasis
patients hraktesearomaﬂ%msmrw@edskee&yn@mer%mulaﬁlwcywhin Sn({"a-nthifeﬁ el dyBrreni ¢

tut]/gr aEEUtA' Heg, {Tﬁé’fﬂdstlhﬁ'g 1986, DhR T Bhlsf pIRAGHT bleaSURRA ifiailEN8PIESs | ncl ude

the capacity to be activated under such circumstances. The keratinocytes themselves may be

the antigen-presenting cell. The cellular infiltrate in psoriatic lesions show an influx of CD4+
T cells and, more prominently, CD8+ T cells (Bos, 1.D. et al., Arch. Dermatol. Res. 281:23-3,
1989; Baker, B.S., Br. J Dermatol. 110:555-564, 1984).

As the majority (90%) of psoriasis patients have limited forms of the disease, topical
treatments which include dithranol, tar preparations, corticosteroids and the recently
introduced vitamin D3 analogues (calcipotriol, calcitriol) can be used. A minority (10%) of
psoriasis patients have a more serious condition, for which a number of systemic therapeutic
modalities are available. Specific systemic therapies include UVB, PUVA, methotrexate,
vitamin A derivatives (acitretin) and immuno-suppressants such as Cyclosporin A. The

effectiveness of Cyclosporin and FK-506 for treating psoriasis provides support for the T cell
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vitamn A derivatives (acitretin) and i mmuno-suppressants such as

Cycl osporin A The effectiveness of Cyclosporin and FK-506 for treating
psoriasis provides support for the T cell 9 0 3 APR 2002 WD 99/ 32634

PCT/ NZ98/ 00189 hypot hesis as the prine cause of the disease (Bos, J(B3 m 2002
al ., Lancet wolgondga$0- 1502, 1989; Ackerman, C. et al., JpcriNgégsdigo Der mat ol .
96: 536 [abstract], 1991). Atopic dermatitis is a chronic pruritic

i nfl ammat ory skin di sease which usually occurs in famlies with an

her edi t aligpoteselisStpo hikk @susé Of thy AlskA2L B 1.0 & 4., Ahser #e1$90596% 19892l | ergic
opi ¢ dermatitis occurs in approximtely 10% of the

rhinitis agnd asihma. A

gener al Agiiﬁ'?ﬁ“a i"g%:’J’I’i‘fé“f'rﬁe’ﬁ”aé@/n%%ﬁéabé?@]d’r%mhki n, dermatitis (eczem)
local i sed maiibplc beimbiiiR is § @hic pakKc ASARoY NRin XL SRR RELfO! ds. of
the extremties acconpani ed by severe itching. It typically”st arts within
the firsih fpidiey with an derefitary prefispasitiontforoGuipus altergic gisertdern tswcht 43i adlesgid n

di sease @injRAPRRALShAM | AQpk hidslRd QUL 1N ] continue into
adult life. It is one of "The comm(r)l.eg{s %o%@%stggﬁr%?ﬁfi ‘@%&?Pf’a‘-m de. It
i s generRAPhiptione cByst mein isymptoing, argt dyp wkinndermatitis {eapme) Idetisedtmainly, in aheT cel I’
abnor mal gty nd i e dysfunction of T .cells which nornally
regul ate t%réécgfg({jt@? gﬁ)?og d%sg‘ﬁa f(;slggr%tg%oefr)]‘{s%i&g’lglgs ?CS?m‘Eaﬁ‘éggmeég?i‘W "Sr oduct i on
of this Itypieako ghrtsbwithin theMfirstetwgi years arfitli&e t Indebone@0% oS the parenGORIFORIn

non-i nf egt.i ] I i r.of the skin. .In tact dermatitis,
runol ooices sapitecs MR Sl SO oy For PRl ing) = fidhe bl asine

sensi t i sedhetapmenopest farms bfidermatitis ennld-vEd) e ipLpehiéralBxgrosibd@hAfin 4By &lgi n to the
antigen .and . the recognition of.these antigens by T cells result in the
rel ease lgfl Opig d¢ ﬁégscf?t o"l?h ﬁg rmality 5IH“F’€Fyaat"Fgl?‘Ft gﬁd%f‘flé‘tcf‘m pinbrlls gvhich cel | s,
and fi nalokmyaliyrregidtergtiei productieCorapB s repvhiibla 5k lexdEMRYbdwiorbs it T cel I's
in a l|lesion of ahl ergic contact dermatitis are specific for the rel evant
ant i gen. "R/ T cells probably migrate to the sites of inflammation

regardl ess ofllaici @ftactieBneilis &l d domnkdl Y St dRE i NAYRRLS ncﬁ%otr&e\liof ecan only
be transferred by T cells (CD4 cells) sharing the MHC class anti gens.
The ° reég’ané‘é'c°’1‘i‘f’t degpatitist imgnynglogisalsreactigny, ganppta deyelop rustl! IBhe odyehdss shari ng
ei ther Mekont sefssiskd (oGRHicER} drdiber? SubkeSht expb Couyes
(Sunday, ME. et al.. J.ml,mrﬁﬁ%?. 125@1663-‘31%%%?4[?{69 ak%@gﬁeﬁgcyt es can
produce N feEPEndioR; ?f—‘i‘efiﬂn%'ﬁef@aln’ Tagellp iresult dn tthes relensé gé vanirue swmikaks,on to T
cel | s. -B?&iﬁ?i%tgf&&ﬁfge%:%istﬁ%mto?? cBIH! dAGHaRh Wbl e&ef8) | Ul @r adhesion

nol ecul e- |

Only a small proportion of the T cells in a lesion of allergic contact dermatitis are
specific for the relevant antigen. Activated T cells probably migrate to the sites of
inflammation regardless of antigen-specificity. Delayed-type hypersensitivity can only be
transferred by T cells (CD4" cells) sharing the MHC class II antigens. The ‘response’ to
contact allergens can be transferred by T cells sharing either MHC class I (CD8* cells) or class
II (CD4" cells) molecules (Sunday, M.E. et al., J Immunol. 125:1601-1605, 1980).
Keratinocytes can produce interleukin-1 which can facilitate the antigen presentation to T
cells. The expression of the surface antigen intercellular adhesion molecule-1 (ICAM-1) is
induced both on keratinocytes and endothelium by the cytokines tumor necrosis factor (TNF)

and interferon-gamma (IFN-y).
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i nduced both on keratinocytes and endot helium by the cytoki nes tunor

necrosis factor (TNF) and interferon-gamma (IFN-y). 10 0 3 APR 2002 WO

99/ 32634 PCT/ Nz98/ 00189 If the causes can be identified, renoval al &anf K‘S§|2002
cure allergic contact dermatitis. During active inflammation, topi

corticosteroj %59 rg4 useful. An inhibitory effect of cychesRessofishas been
observed in ¢ 3’323 -type hypersensitivity on the pro-inflammatory

function(s) of primed T cells in vitro (Shidani, B. et al., Eur. J.

| munol . 14:314-318, 1984). . . The inhibitaory effect of .cyclosporin.on the
early phase of ﬁfg"c‘éﬁ“Fesa"E{’ i)bﬁé‘?e’flgﬁm'r ﬁe"?ﬁvﬁleg?'fésw‘ R al%égé% ?néaﬁgg?%ﬂtsM lon, G
et al ., ADuring a6iiveOinflarfumikidn, tdpacal eottijostedhidk ar? Jikefd 5, Anl RikibjtoryAtftepeof a ar eat a
is a common hair disease, which counts for about 2% of th consul tations
2 der mat GYOGIPRER Hes, PSR SoEYEACH SHAVESPRE (REFORTE AN & HEROHERE mar k of

t Pi s di sqafBon(® o}fbﬁ‘m&PT m&s}i@w;]r@f(smwgl,ﬁ: ef a:.umc;zimmnwﬁmd 4 s,cmsd)].c paL ches
of non-scarring al opeci ich may be located in any hairy. area of the
body. The &f %'gg'ewrﬂi?%%\%?lw%ﬂ °'hﬁ'§ %@é!’ha“l'ﬁfceir 8"3‘3@5‘%‘?“&% ehgs dsiden and
the clini Galn Epned@Vilch, GOt ialdnr imiirB @ik, Pdstew) 3351003 PRSSd84e to attribute
all or indeed any case of alopecia areata to.a single cause (Rook, A and

Dawber, R, Di sélpBesia aFatp Hg apgommonnpircgisgass, veiichcaareymts &¢jabayti 3% of the

Publ i cat i Qs kaRRs atiéRnatdgical DRpAieR! @GnitBVihl BRLQr StabN ot neaRBRAK Jf thibe
i nvol ved. These 1 ncl ude enetic factors, atopy, association with disorders

of suppos alisezsa istherfermationof welbgigcumsesibad sound preyprnsichesf nersearringaloretis ess. The
preval enc VY ' he R Lot & tRd BREC I The ASERL Fhal UeveldpGh & . There
i's evi denggh?{hhtgét al lgﬁ%gﬁgtag)rege@aﬁés an aﬁ?oi_nfmr?e di ggag‘é.d%Tﬁilgsgéél dence is
based on clhasnstiensualy sddgnané the olifiieahboukdensivyangd of a | ynphocytic T cell
infiltrate in ~hal r f ] it - feﬁa rs of
Langer hans cel ﬁg?res?hgﬂg g%ﬁ’\g%{blﬂgtlﬁ a%t{l]%dtté !gf%x’é(ﬁa%e:é%&t}aéragééé a %ﬂ? Lr’}lréiit;{zs)goo%d to

t reat ment swigtelransafRiovkpadanda@awbgr, Rg Omsesses ofitle Hmaand $malpe Blaskwell Sieatifist i cal | y

significa socigﬁs'_ -?dét en_al g i reata and .a w de.varie of
aut oi mun “b@"iag%’ﬁg % ?KZ hi%r? arflfnf.g )?Pé‘ft%rﬁﬁha?%f ?ari\bnmbe ’K‘éo\g’cfg' B]\écrs?r'é‘ ]E)l ©
11: 763- 77 3enetioFdkjors, htopylrasqhbiethot with digorddraiof spposal avdiinmuik afpdgy Speai’srens
shows expressi on of HIFA-ﬂ on %m t hel i éal %el l.s iatn ishelp_grlesunpt ive cortex
and hai r (ERGPRY &8 GOTGRATPRS | ST BRETSPS 8 APRICE RacaPQRILIORER fEpR 18 o T
cel | infi lihdr@usédO mhevetidlevideRtehat Rlopgrid dréatdis @h ali6impmné Hisehse: EThisTevidehdeds | N and
around the hair follicles, .incr ez%se_d nupber s, of | L,lan erhans.cells and the
expr essi orPassd op cppsistent histopathological findings of a lymphocytic T cell infiltrate in and around

the hair follicles with increased numbers of Langerhans cells, the observation that alopecia

areata will respond to treatment with immunomodulating agents, and that there is a

statistically significant association between alopecia areata and a wide variety of autoimmune

diseases (Mitchell, A.J. etal., J. Am. Acad. Dermatol. 11:763-775, 1984).

Immunophenotyping studies on scalp biopsy specimens shows expression of HLA-DR

on epithelial cells in the presumptive cortex and hair follicles of active lesions of alopecia

areata, as well as a T cell infiltration with a high proportion of helper/inducer T cells in and

around the hair follicles, increased numbers of Langerhans cells and the expression of ICAM-

1 (Messenger, A.G. et al., J. Invest. Dermatol. 85:569-576, 1985; Gupta, AK.etal., J Am.
Acad. Dermatol. 22:242-250, 1990).
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1 (Messenger, A.G et al., J. Invest. Dermatol. 85:569-576, 1985; Gupta,
A K et at., J. Am Acad. Dermatol. 22:242-250, 1990). 11 WD 99/32634 0 3
APR 2002 PCT/ NzZ98/ 00189 The | arge variety of therapeutic nodalities in

al opecia areata can be divided into four categories: (i) non-specifj% APR 2002
topical irrigg9éses(ii) immune nodul ators’ such as syst gi/Rzesno1ss
corticosterolds and PUVA; (iii) "inmmune enhancers' such as contact
dermatitis inducers, cyclosporin and inosiplex; and (iv) drugs of unknown
action such a t ol ogy,
Bl ackwel | Sci er}\]?}l geé{’%{ﬂ:lg cff(?%%‘%ﬁ%ﬁvg mﬁalﬁlegm ﬁ&pe@iL arze atggﬁ g%%da{ ll{lloBﬁfoggem fic
t opi cal i catdgprest s(iy menrsmxﬁmtpmaénmmnmyu)mmwm modejatorss syabt asusistand i i ed
mechani s t [ c Rair.

Topi oal - ol mATOVES i) Sl ok BuliChe [ odfhel BRI IBlcel™ e
necessar ycycloapcmal g inoripllexs med GV )ddrubmoleunknowre dction gutfeasminexighl f(Bewbare but”

their L ri se or

mai nt ai n g Shin Tepotdhet DA, BRBLRR sE e TR B Tt e apy
has pr ove:dS3Bp Noe-sﬁefcife:abpxm;m]amssudhlay diﬂyarmhmaygwnq tfmmgit asgraknidentifiepul at i ons
of T cells. ica ' nat.her a reans o ucti an.and mai nt enance of
al l ergic 'B?ﬁl?f”él S ﬁg};ﬁh{;ﬁlﬁcg lgﬁa‘ioﬁén Q]icé%gﬁe%‘{f °£2’ﬁ’ft trf)?icalluﬁ?'?m?séeé?' Wt h in as
many as 7@ Ed‘effcbﬁ]'ceﬂﬁft b?Mng&ipya& Gﬂmme&sﬁfyeahtmlesw:ablrk&&;i&‘sytﬂwﬁp@vécﬁ ab

pot ent sen tiser_free fromnutagenic activity. a cl ospqrin can be

DT oot i velo o HESTARYS byt PP BSISE o REUBAHEN patche ofehs et tss it ol
22:242- 259, malx&&Q)regrodvﬂan‘imlc@ébroﬁmmlW@@tsnxﬁurm&meﬂaﬁa@@% PaREd W t h
apparent effectjiveness in an open {ri al Topi cal 5% m noxi dil_sol ut| on has

been repob ffettyep@osthle Wo chagige SWéa]hé‘i‘bP%ﬁlaé'\RP% 9fnT pRllgi entopicg)

al opeci a @frfidomerapy By MREIANinAMRHh aAE bidRninse UNMIeRA confadl detRANR Dn e t he skin

are a major public health probl embecause of their frequency and the

di sabi | i tspalprmaydresyls @Lhaérfemwﬁhnatas By ag Qe of thegpatienis with glopedie argRlian i s

princi pal Y s kb ShagBit BERY. in fair

ski nned |ﬂr)ll)§| Vi gﬁaﬁls e poge : | ar ge arr[t)augntls olv gunrgl%KCIgégﬁeE%né\yual cost

of treat neffectivenid thd shert tm(ﬁﬂP@nﬂ%rﬂkalexée@dﬁcwwrmml IZB@#IZ 2%, 1199®). a year

in the U”fnkifiﬂ ?ta%txgénu?ihé? Fn%lanﬁT h?s lrlcb,ﬁ %?cdrm{hoz{p &Xrﬁ%?fect \Ql?é?ln a eJ) en (iracher

squanous ce ¢ancer, and B et ed o Sanl

exposure. TcBéxaaIS"/ocminbxxdﬂrsciumrim bameremed krebq alle toumivwe soroé haih erosith m They

2‘?{}33{ Frh’?%eﬁr??:w eﬁlg ecxafar% Q'I?xg l'%mgr%%fé%tlox% IS unc%eI n. In arecent Australian
Carcinomas of the skin are a major public health problem because of their frequency

and the disability and disfigurement that they cause. Carcinoma of the skin is principally seen
in individuals in their prime of life, especially in fair skinned individuals exposed to large
amounts of sunlight. The annual cost of treatment and time loss from work exceeds $250
million dollars a year in the United States alone. The three major types - basal cell cancer,
squamous cell cancer, and melanoma - are clearly related to sunlight exposure.

Basal cell carcinomas are epithelial tumours of the skin. They appear predominantly
on exposed areas of the skin. In a recent Australian study, the incidence of basal cell
carcinomas was 652 new cases per year per 100,000 of the population. This compares with
160 cases of squamous cell carcinoma or 19 of malignant melanoma (Giles, G. et al., Br.

Med - J. 296:13-17, 1988). Basal cell carcinomas are the most common of all cancers.
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carci nomas was 652 new cases per year per 100,000 of the popul ation. This
conpares with 160 cases of squanous cell carcinonma or 19 of nalignant

mel anoma (Gles, G et al., Br. Md. J. 296:13-17, 1988). Basal cell
carcinomas are the nost common of all cancers. 12 0 3 APR 2002 WO 99(32aPR 2002
PCT/ NZ98/ 00189 gﬁﬁ gns are usual ly surgically excised. Ag&gnNigd@ide’ €at ments
i ncl ude retinol fluorouracil, cryotherapy and radi otherapy. Al pha or
gama i nterferon have al so been shown to be effective in the treatment of
basal cel : t atients

unsui t abl ge or %}se{}jr% ge S"“grcglyegékig&i %l}c?maaggg t(?ns‘?ﬁtlrs r|leé([:u§1 eélgcgfi%g(f%é’foﬁreaf{l’ et al.,
J. Am AcemiotherBpyr nutoﬂlomz&pﬁwﬁlmwr gaem mE:d\amndmye hiso dtenathownJto dm Acad.
Der mat ol ) s the second
most - comiReul B e ot basah 4 RS blov P GBS piEeles @it “Ther e
are an i nmrsemlmg)rrmufghgromfceladg/maﬁdd angicatedcars t(@bmell ecalses @l adcgd to a
nunber of und Currently, tastatic i hutes to over
2000 deatRE™B %}l*e‘gg {,@S%ﬁfe gt Sy és‘{m ] ?ewéof'%?a@@%émg?oate i s 35%
with 90% of trmuammsasn easaﬁomn:@m(]) ise Begordl niesdEsmmdbhiddeasi malighdiep! al ways
occurs at_the first hatic_ drai nage station. The need for ned cal

t her apy e ol H%ﬂ'sc‘ﬁ gAsIng s There 37 an Anczeasipg BWpksf © ?PéHICE%F“Qﬁ%‘FS&%v for

primary S@esblatel e stimbeneTuhdtrigny fios. Tdﬂﬂeﬁi?eﬂetﬁs@ﬁlcsgtgﬂoﬁﬁbut% b$dron W th
its poten;i 8' ftgr scarring and ot her side effects ThIoS devel opnment nmay be
especi al | $P00flseips BE|verr f"bl‘hefua‘ﬁﬁeﬁlsmfeé’s‘f‘?)ﬁgear Beviylsiate 3f 3Phetith 90% of the

ant i prol i henraidey 8ccanfg 0410 d W edsiafid alfobe{vys! dtet faf he it ns
(1 FNs) have al so %eenguﬂzggryl n the traea'?mgnt o§ybmacanoma %r%rﬁl\/\%ﬁ%g

al . - fraipegs statiope The mesd fop medigy ghegapy fg@@@;mcemwm@mr aAesycmsﬁnleved Wi t h
5y5t em c ﬂrlgd}ka@’thér%y%rtﬁ} ar' 5B of e LANERS g?vnét@ t%%‘s F sl 1cgp%x%ps1%ga were in

t he range 5-30% cently,” encouraging resu o response
obt ai ned With is @oeoirbfqrardrone afd ot sie gffebtDTTIEs dfvelopinent maayybe apsallyat i ons

indicate g p&ni I ect of IFN-a in an adjuvant setting in patients
wi th high : f&ﬁ%@“esr%glfs Despite the | ow efficacy of |IFN nonotherapy in

met astati c di Jssause ot‘stbmemaiprolxrfmtdomdsmdmpmmsqbﬂmmg electst ndires imreerdi®W bei ng

P Lood @i hatd Mo 8Sn Aot e on Beianb B RclBdads M. biye DGRty &Y o
al ., J. memmol Pelsnsi ) 199@2 : Resoniebrated 8kved Whth lslemid W Naw,ah kiglel Bighher api es
for treat clqugav %g;[caxrx]]en?eltjassta}{é ! allanorr(laas\!vgcr:] 1Sn theo rg.lx e b-ﬂ)t"/e Izeeccl;rg& encouraging results

(30% response) were obtained with a combination of IFN-a and DTIC. Preliminary

observations indicate a beneficial effect of IFN-a. in an adjuvant setting in patients with high
risk melanoma. Despite the low efficacy of IFN monotherapy in metastatic disease, several
randomised prospective studies are now being performed with IFNs as an adjuvant or in
combination with chemotherapy (McLeod, G.R. et al., J. Invest. Dermatol. 95:185S-7S,
1990; Ho, V.C. etal., J. Invest. Dermatol, 22:159-76, 1990).

Of all the available therapies for treating cutaneous viral lesions, only interferon
possesses a specific antiviral mode of action, by reproducing the body’s immune response to
infection. Interferon treatment cannot eradicate the viruses however, although it may help
with some manifestations of the infection. Interferon treatment is also associated with

systemic adverse effects, requires multiple injections into each single wart and has a
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possesses a specific antiviral node of action, by reproducing the body's

i nmune response to infection. Interferon treatnment cannot eradicate the
viruses however, although it may help wth sone manifestations of the
infection. Interferon treatment is also associated with systenic adv@rARR 2002
effects, reqgybbgdsegul tiple injections into each single wagdnPsddolgas a 13 0
3 APR 2002 WO 99/ 32634 PCT/ NZ98/ 00189 si gni ficant econom ¢ cost (Kraus,

S.J. et al., Review of Infectious Di seases 2(6):S620-S632, 1990; Frazer,
l.H, Curg ATl i n 8p4) . 4 f the

| nvent i onJI%?{iiceaﬁoe;%O?g% gd(;st h{%lﬂeg %lri'ggglﬁt k?%\?e trf’%%;uf)‘? c?\?/'lgg)e% Z{C%E%w;é???bns
present i Y998y Fraearihbd ClirrennOpiiondr énareuratedy &6):#85a491f B396).hei r use in the
prevention, treatment and di agnosis of diseases, including nycobacterial

i nfection, immune disorders of the respiratory system and skin disorders.
The i nvenSummaryeftheldwentiompri se adni ni stering a conposition having antigenic
and/ or adj uvanr{. I . ses of.the respiratory, systemwhi ch may be
treated usi ngrytnl‘%ifg)r %ﬁ%gﬂﬁﬁﬁvgyé@%bog i r‘lg{’(')drfg c?'ﬁ%qsﬁpgs W?%é&cq}{ gf’?"&?%ﬁ‘f ections
(such as Mnéaecdei aph matholis fof their mbeeincthid prevenition) dieatneM araivdiapiihsis afSdisaEes, .

sar coi dos;lamﬁnd I ung canc {ﬁ"gzﬁ%éprl‘f whi ch may be treated

1 n cobacteria r%%i‘o Dxl T dec['is cPf !
usi ng the T venfPVe ComosTt oI TTE M8 A0 HYSEEMY ANreins
al | ergi c disoadenct Tibeinativd imsthodsl copfeibeadniifisleAng aREmboRichKAaRing BGELT Pasal
cell carci uanous I%el | carci noma and nel anona. Adjuvants for use in

E onR, S .
vacci nes BHOF HRIAUPRRPFRISS [Ypeases A e FospiTlory sisisms which Ay baHeasdaisiag gheal s 0

provi ded.invetive febipdsitRBahdludei mPbcbagietiaP Oinipfditki B8sh 48T in¥RHod AWM M
Mycobacterj um vaccae are provi ded conprising an i nmunogenic portion of an
anti gen, ‘rergulesiand(pg Mo pviwte ASthpe. SHEQIERSH, and llvngsqsncers | Risendtro of therskim, t he

anti gen iwgSeS bdfeAdl (ngahE thve Rl eRmBosiEdns Gh il  gs0Msish gonsi sting
of : (a) sequengzs r(eaci tedg?ﬁ SEQ I D N%.$°14??, 16?1%,6 ﬂlségfr%g,SIslggfﬂE%%af 6, 158,

160,  162llergipscontagls derymatitis, piopecia prpata) 7 the7 gkin i@acers) §@al t@Y carti®oma,187, 192,
194, 196, sqddous 3% arciBhe andldanotd® AR A% ces havin | east
about SO%qi deorlllfe'i_calarcr esi dues {0 a se uen%éruéeg)éiv?%g%?ﬁr‘%’E@“%ﬂﬂ% °af1143, 145,
147, 152,infegipug digeases 881 can@es, areqldsd pravgded. 166, 170, 172, 174, 177, 178, 181,
182, 184, 186y, 187

sequences havi ng arft ?’Z’:?Fs"t Psglg%ﬁgp %%%]n%é% ﬁ%r?vggl ro(r%y)c;fgg%”’%%gag‘gg‘ffﬁg%&e( ®
recited ipmovaiedcbmprididg anlihBundgéhic pdetidn ofl &rantiperd ol 5 Garidhb 8f sutHen arkfpde. 165,
166, 170’In g’ge%i‘ﬁc %glg'ddif;lignzs, th]é Zxr?tiger} %%Iude]ssa% ’amil'nso%’cid sequence selected from the group

consisting of: (a) sequences recited in SEQ ID NO: 143, 145, 147, 152, 154 156, 158, 160,

162, 165, 166, 170, 172, 174, 177, 178, 181, 182, 184, 186, 187, 192, 194, 196, 197, 199, 201,

203, 205 and 207; (b) sequences having at least about 50% identical residues to a sequence

recited in SEQ ID NO: 143, 145, 147, 152, 154 156, 158, 160, 162, 165, 166, 170, 172, 174,

177, 178, 181, 182, 184, 186, 187, 192, 194, 196, 197, 199, 201, 203, 205 and 207; (c)

sequences having at least about 75% identical residues to a sequence recited in SEQ ID NO:

143, 145, 147, 152, 154 156, 158, 160, 162, 165, 166, 170, 172, 174, 177, 178, 181, 182, 184,

186, 187, 192, 194, 196, 197, 199, 201, 203, 205 and 207; and (d) sequences having at least

about 95% identical residues to a sequence recited in SEQ ID NO: 143, 145, 147, 152, 154

156, 158, 160, 162, 165, 166, 170, 172,174, 177, 178, 181, 182, 184, 186, 187, 192, 194, 196,
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186, 187, 192, 194, 196, 197, 199, 201, 203, 205 and 207; and (d) sequences
havi ng at | east about 95% i dentical residues to a sequence recited in SEQ

| D NO 143, 145, 147, 152, 154 156, 158, 160, 162, 165, 166, 170, 172

174, 177, 178, 181, 182, 184, 186, 187, 192, 194, 196, 14 0 3 APR 2002 WeR 2002
99/ 32634 PCT{\§e984s0189 197, 199, 201, 203, 205 and 207, raemzwsnad usi ng

al i gnnents produced by the conputer algorithm BLASTP, as descri bed bel ow.

DNA sequences encoding the inventive pol ypeptides, expression vectors

conpr i si nNgg7,t1895801DMs, VS URN C6F, medled08ikg ifinkents pAdiéeQr BYE the Oormpli@nsf ect ed
W th such expre55| on vectors are al so provided. In another aspect, the

present i AlgerthmdH-A4stIEvasdestipsdtieldw- prot ei ns conprising at | east one

pol ypeptide of pA&efiefes Blcoliny %tlh@ﬁnvevi!‘otl)kﬂeﬂld% hepreamR8CLSss doRBrisiigesent
i nvention provides pharmaceutical conpositions that conprise at |east one

of the intherrPNA spoteyeseprd brsscelly rrarsefomd eroTapHEnte WHCYE FEpressiem vegtors

pol ypept i gg, ,gf1 rcﬁrn&@yslr{)l‘xﬂﬂ\eﬁ:%ﬁe}ét A€ st ﬁv&ﬂBx’i 'p%wdeg_rﬁsxbxn\iﬁcﬂ&ﬁm al so
provi des vaccin conprising at |east one of the above pol ypeptides, or at
| east one chsmqulemenemqbomtnﬁgoftbwnseptowpw| des, and a non-specific

| mune T eSPONSEiiRie] dshlts, 1l pfekt ﬁ{vﬂnﬁﬂgf%q{d@?ﬂkﬁnace&nlaﬁ BRPosREC | ¢ | mune
response enhancer is sefected fromt roup consisting ot: delipidated
and degl ycohprze dtaﬂeesl ot of thecaeentied p@ypeptﬁ&stqr\ﬁapb'd wplequins ensedipg lshob; a

del i pi dat e peToter:T I c acids;
del i pi dat ggygeﬁdd L%@Qioﬁd%d:g e%q %bxaccag gg% }@'ﬂggplag% Z)gwg({e %%%H c acids
and ar abi mmgprismgtarl:astaund thc\ab.Q:\(;amlxpcdtitdcﬂ; er fiti least ameeDNArsemencamodnm aspect,
met hods g, RLovLdad Lor, SaNAaGhnd, Al AIHAE £ SRAANSS (il Per RALLGRL

conpri si n§® 3 8Sr'f“h PY-Speiis PERTne ARPRPF SOPINE ARETRIY BRPSHE St nore of
t he above thephai- mﬁﬂuhmm&ﬁe mﬁm@e iehhances 1arnellleaed \fa:m:nlnegmu;b rcondiging ndfodi ment ,
t he i nmune res onse i res ons n.fur of. this

i nventi on, eH’é‘{ dad 3‘?‘3@" gfpdﬂ?fe&% VRgsFe f‘ﬁlé’ ipgchiyat t"a ‘faeégﬁ’d?‘g‘(?fdd@? ad, g
patient, @eolisiiiied Adnial sdiRIdepi@ed 6f mp@lipatiis atliphdapd andaegytoligiadted

conposi t| on or vaccine of the present invention. |n certal n%Fnbodl ment s,

the di sor dbracras cely dspletedofpysalie ?’Féds apq HeRineERACRL Y Wreae sHiRe RS r der s,

i nfectious di spagesnotitKhdpedi HARS Sreipt6vididTer&Mancify dNRMuhEesddpdned Bry System
Exanpl es of such di seases include nycobact erial infections, asthma and

pSor i asi s PaticAt, GerRsISIng afeistering 19e2 RAHERS AR FHESAL YSrARPIEHE OBFAT RS Offths abOYe
treat ment pﬂinn'aégm&?composmons and/or vaccines. In one embodiment, the immune response is a

Thl response. In further aspects of this invention, methods are provided for the treatment of a
disorder in a patient, cc;mprising administering to the patient a pharmaceutical composition or
vaccine of the present invention. In certain embodiments, the disorder is selected from the
group consisting of immune disorders, infectious diseases, skin diseases and diseases of the
respiratory system. Examples of such diseases include mycobacterial infections, asthma and
psoriasis.

In other aspects, the invention provides methods for the treatment of immune
disorders, infectious diseases, skin diseases or diseases of the respiratory system, comprising
administering a composition comprising inactivated M. vaccae cells, delipidated and

deglycolipidated M. vaccae cells or M. vaccae culture filtrate.
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di sorders, infectious diseases, skin diseases or diseases of the

respiratory system conprising admnistering a conposition conprising

i nactivated M vaccae cells, delipidated and deglycolipidated M vaccae

cells or Mvaccae culture filtrate. 15 0 3 APR 2002 WO 99/32634 (33 APR 2002
PCT/ NZ98/ 004@%oMREN0ds for enhancing an inmune response pco/Nass/0arsei gen are

al so provided. In one enbodinent, such nmethods conprising adm nistering a

pol ypepti de that conprises an immunogenic portion of a M vaccae antigen

whi ch i ncl udegefo&eRt effafciY artrimiunPrd¥pdns8% & antigéhlare @so Provited.aRtont her eof .
In a further enbodi nent, such nethods conprise adm nistering a conposition

conpri si pgbedimentp syrénmethedse gerartising ordmiriateriieo @ pabipARSids t thifg CRMPrisese PR pi dat ed
and degkae(@&lédﬁgﬁié ergﬁr)i/ M VOGRS, Qx?tlgk/x?wﬂﬁﬁ’krﬁfu@@ Ab NGk SEQABINES 89 3Rd

del i pi dat col I pi dated vaccae cells depleted of nycolic acids
and ar abRfbgaleaatiznt thergofflnra; fyaher gmbediment oguch methodsspmprisopimipsienRgls and

di agnost Lﬁ&gh?n Bfipl X%. oh&H sel&%%hl;)gmg oPBLE QBRGHRY b biellphfaREah@n 1 N 2

patient. Irs nt, the met conprises ~ contacting dernal

cel | s of deglyatipidated wMivacagne cells denletedf oft meycaliovasidsol apg e delinifated ampd det ect i ng
an i nmun ' ' b, odi nent, the

nmet hod Cg%ﬁ%@@gﬁ&%ﬁf %}2’? Fﬁgtd%ﬁ‘g%do (')@Ji(S {):I%I a"’sdg#g‘\"za%vﬁ&% acg%pl east one of the
above pol ypephi fieber apattsdeft thist inveptiom) metinds siadliagndstie kity esepreddedf foant | bodi es

that bind to. the pol ptide or pol tides, .thereb detecting M

tuber cul derding st inteton % e Bstl aBie ESrme e e sFEf ebrBieta

sanpl es corigdtitgl@erinBiodetls bif Dpatlent it tokl€Tpr 1BEE Withe Rbavs Polypeptidlds\and dateztindr ospi nal
fluid and urine. Diagnostic kits conprising one, or re qof .the above

pol y pept FRUBTHRE TEERRTA R 6 REHEY it T AT FTOUTER, (BF BHiHof SOBRRERCt ¢ he

pol ypept celRacting B bidiskiceEdiple Wh hiSleddl ot dTahd &dve pdlfbeptifed)Vind @etectihBen Pr esent
i nvention al so provides dj %%nosti c kits conprising one or nore df the

i nvent i vEepBmplsaps pesscs pf abRerisdbat Sindvip the BOIYRSPCE 1of BAIYPERHEBNICTEPR yet

anot her a&P&mk, Mt BerbhiBse MreckiByy fNihk WoIEYiQY istlRSe. 2RLiABRIbiSR gicA AbRpRe! YCI onal
and nonoclonal, that bind to the pol ypeptides described above, as well as
net hods fnstudg méple bleed, sputum; seaumy plagma, saliya.cerehsperintsh Beid prdrinenf ect i on. These

o e, TSPBAR b Bop NSRS AT Lo RSGRTY, SRS
r ef er ences appiaratuy enfficlenietp cdontagirthe helypapiidd withrtho damaldeelly of af patienicase i n t hei r
entirety p?o%iciezl. ?%&c%tsinvénﬂgx? Elpéjﬁr%i&g du@q{)s\ﬁk QH?’(!oln')f)rising one or more Jf the
inventive polypeptides ip combination with a detection reagent.
In yet another aspect, the present invention provides antibodies, both polyclonal and
monoclonal, that bind to the polypeptides described above, as well as methods for their use in
the detection of mycobacterial infection.
These and other aspects of the present invention will become apparent upon
reference to the following detailed description and attached drawings. All references

disclosed herein are hereby incorporated by reference in their entirety as if each was

incorporated individually.
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16 0 3 APR 2002 WD 99/ 32634 PCT/ NZ98/ 00189 Brief Description of the

Drawings Figs. A and IBillustrate the protective effects of inmunizing

mce with autoclaved M vaccae or unfractionated M vaccae culture

filtrates, respectively, prior to infection with Ilive M tubercul oss? APR 2002
H37Rv. Fi gs. wdvomgdsB show t he percentage of eosinophil s pcnNFb&R1gdoMMMUNI ZEd
intranasally wth either 10 or 1000 .tg of heat-killed M vaccae or

200-100 .tg of DD-M vaccae, respectively, 4 weeks prior to challenge with
oval bum n,BrasDeRHPNMH e DraAAds’ 0 m ce. Figs. 2C and D show the percentage

of eosinophils_in mce | nmunized intranasally with either 100 .tg of

heat - ki | | ed M Figacléa@nddB illngratg thyy prosestive effestscifsmmppizipe oticeveitly autadavedit € as

one week prig ; i ] b G | . the percent age

of eosi nophi | &;Jar tr?p %ﬁi{g&gh&?{m%gge g*talhég?ﬁ%tﬁst r %h%g Zﬁ%ﬁf’%’? f%_’(‘%_n §°°%° with

subcut anedife My ubercwlosis UBTRY. ei t her BCG of the Pasteur strain (BCGP), BCG

of the Connougg; ral wkill.ed M vaccae, O 200 gg
of DD-M vaccagl%%%Ao?id%g@ha Igéﬁrééem%gtoﬁfe%\g}lg%rﬁﬁlh i n&'?unézﬁ\gi"ftfaﬂgsf‘ﬁyat es the
ef fect of Withnaitherz il@r ni08® pei af hhepteklledk M vedadvibr 2@ t@0e uerof DBIM Pidadeed and

ef fect of viknel br 2002 gIof DL DIl
et oul obEetighy M o REBRE «f ol YRR CHMha oFborradle Siisg st ot 1

heat - ki | | 86 aMi D.shaw tieapercentage of bisinaptiils A mize taurizedtiftngsallPivitR eRFoat i on of
heat - ki | | v nd M vaccae nbi nant proteins prior to infection
with t ube?‘g &F’%&aﬁ‘%ﬁ%&% R ] g@t ’f'ga?fe‘és'?‘gevafcﬁﬁdﬁﬁpgfdw.ely’oﬁs IP‘E-aiQH‘by’e%t ocl aved
M vaccaepribryophillnge sithMovaleniae Figl OB ghodiatiRtherRatagiost sbsmbpril datkhae M
vaccae and M .vaccae ..atlé%icobi @i q_s. Fi 8 5 conpares the in vitro stinulation
of int erfé’?%ﬁqlﬁﬂgrﬁlﬁc’d Bty §)ion subsiiaraqusly: (sich Svitty qitherRG@ o8 theokrstened

| mmunoDef kiesieBCG-SHIBAG 6f te duvndlbhi atRIBCOANC PRl diAliIATy NERl: ki 1| ed

(aut ocl av @%‘fM vaccae, delipidated and deglycolipidated M vaccae, and M

vaccae glg § 9file-M. ppagee prigpio challepge with qvplbwmipat e the stinul ati on of

i nterferon-gansp P& Qfleserhted the Doffectdbf fneh@iingCRARE QRN Al4-008; A M. vaccae

reconbi nant_proteins, heat-killed M vaccae. del }p?éc?g?@gd 9"a{in‘():fcme or

degl ycol i fe'iideisd ad Gemdyeqlipidateds & r vageaco (BRrM hecédedyprier ds ihEeeliorpivdat ed M

vaccae”) , nbbroulVa6 CRE. S YRR S e R0 i COAE 198l spSLL L oneal

macr ophages f l;.om C57BL/ 6 mce . Flof irRRRGY FAECORE héaPaitled 4P Sl
recombinant M. vaccae proteins, or a combination of heat-killed M. vaccae and M. vaccae

recombinant proteins prior to infection with tuberculosis.

Fig. 4 illustrate_s the induction of IL-12 by autoclaved M. vaccae, lyophilized M.
vaccae, delipidated and deglycolipidated M. vaccae and M. vaccae glycolipids.

Fig. 5 compares the in vitro stimulation of interferon-gamma production in spleen
cells from Severe Combined ImmunoDeficient (SCID) mice by different concentrations of
heat-killed (autoclaved) M. vaccae, delipidated and deglycolipidated M. vaccae, and M.
vaccae glycolipids.

Figs. 6A, B and C illustrate the stimulation of interferon-gamma production by
different concentrations of M. vaccae recombinant proteins, heat-killed M. vaccae, delipidated
and deglycolipidated M. vaccae (referred to in the figure as “delipidated M. vaccae”), M.
vaccae glycolipids and lipopolysaccharide, in peritoneal macrophages from C57BL/6 mice

(Fig. 6A), BALB/C mice (Fig. 6B) or C3H/HelJ mice (Fig. 6C).

17



(Fig. 6A), BALB/C mce (Fig. 6B) or C3H HeJd mce (Fig. 6C). 17 0 3 APR 2002
WO 99/ 32634 PCT/ NZ98/ 00189 Fig. 7A(i) - (iv) illustrate the non-specific

i mmune anplifying effects of 10 g, 100 gg and 1ng autocl aved M VaCEﬁ %«Bﬁ
75 pg unfractionated culture filtrates of Mvaccae, respectively. 3 2002
7B(i) and (i wodbleastrate the non-specific immune anpl i f WOTZe#fEst s of
autocl aved M vaccae, and deli pidated and degl ycoli pi dated M vaccae,
respectively. Fig. 7C(i) illustrates the non-specific imune anplifying
effects of wheig7ad)-qiv) dosehtdvhe vaespedfic infninge arhpliflying efftdidisrt10qige 00t e

non- speC|f| C |rmun«? %ﬁi’ é:¥' ng af; ects .of .sol gbl e M_vaccae proteins
ext r act ed™fhi apeclaved M. uesasi 84 ‘B Bairaaingetsd shityss Jurales W Myaeee. Fig.
7C(iii) redpka&wyatlag m(e,tanaha) NREkrated 86 | Hoh Gpa ! infritind Gnfplikeed effRfs dfhe
preparation of F}dg 3 are gesé 1(3éyed bé’ treatment with the proteolytic
enzyne PrRYRgkered gmﬁmav Aelietdpist @ad Aoy rbipidatedodde padcee. irpamestvelimiie yi ng

effects alch mtstrktbd th@ﬂorMpEﬁﬁ& eminklagplifidgl effects WIREARSuSINRB M SREGET I C
i mmune anplif effect was not seen with heat-killed preparations of M

t uber cul ¢8-57Q(H] lustratgsi thy non-gpasiis; igmngs amplifyingz effcisi 9f) solwhle IMII wcc(eFu g.
TD(1V)) dleiM extBBEIWith SDSHrdn defipidted and H%?ycoﬁpo‘dﬁ&dAﬁv&cjcbéjs u&

stimulation of CD69 expression on a(3T cel 8T cells
respect i dysirategyhat {lee Mn-ipa@ﬂ%lemplrlfwemffeevzvj the rpeepmhuon nﬂtfmg n@(aﬁmvant S

MPL/ TDM \ dj m hydr oxi de
and cho?\é@a tox?q&gdtl gmﬁ:“ﬁlc%?b‘?ﬁo ustr te %’ﬁgasgfj V%ﬁtglu EH“EIU d .

9A- T PPed” m
vaccae, m—ctﬂwmm aamljfyMg effzcts @€ heat-killodid nwnttaep(Frgt &D(@Y, oereisea pseduct i on

of 1L-1 B L- man PBMC. . Figs. | 0A-C
i 11 ustrated e e ]’"Le F‘églﬁﬂgaérfg:ﬂ;lém%gﬁigg r at tlﬁo%dgt'lby L{]I‘?éepfuég?ﬂ?bf’%%
vaccae pmdie&luit&sz‘VigZHD@lﬁd BVbéas BAGE (Rig. pTEDY t Aophiaf (Fid.- 10@y)) INFra and

IL-12, res ectllyel7\b gy human PBMC. Figs. 11A-Dillustrate the stinulation
of |L-113"¢ 12 and | FN-y production, respectively, in human PBMC

by the M vaccaigs moirﬁumum& thé REnuldiion ion dDGH Bgare%ﬁbhl\éﬁﬁ‘m“ ceMéT R CWE and
PG DN, acp ?\II& cellsTpe%pelcQ\% Clbygthg % %\é?cgg Si)r(ftlclmlil rg\l;]?!3u rt?xeh%[l(ljlr-x?l)cﬂxc?r?g 2dnx9vant2h0| era
t oxi n. J
MPL/TDM/CWS and CpG ODN, and the Th2-inducing adjuvants aluminium hydroxide and
cholera toxin.
Figs. 9A-D illustrate the effect of heat-killed M. vaccae, DD-M. vaccae and M. vaccae
recombinant proteins on the production of IL-1B, TNF-a, IL-12 and IFN-y, respectively, by
human PBMC. -
Figs. 10A-C illustrate the effects of varying concentrations of the recombinant M.
vaccae proteins GV-23 and GV-45 on the production of IL-1B, TNF-a. and IL-12,
respectively, by human PBMC.
Figs. 11A-D illustrate the stimulation of IL-1B, TNF-a, IL-12 and IFN-y production,
respectively, in human PBMC by the M. vaccae protein GV23, the Thl-inducing adjuvants
MPL/TDM/CWS and CpG ODN, and the Th2-inducing adjuvants aluminium hydroxide and

cholera toxin.
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18 0 3 APR 2002 WD 99/ 32634 PCT/ NzZ98/ 00189 Figs. 12A-Cillustrate the
effects of varying concentrations of the reconbinant M vaccae proteins
GV-23 and GV-45 on the expression of CD40, CD80 and CD86, respectively, by
dendritic cells. Fig. 13 illustrates the enhancenent of dendritic cBI3 APR 2[][]2
m xed | eukocwoasswacti on by the reconbinant M vaccae peot/Rzdsio6ish 23.

Detail ed Description of the Invention As noted above, the present invention
is generally directed to conpositions and methods for preventing, treating
and gl ag]p]?sn ngflgslnﬁmio Diugrach ﬂaea&e&sham%mﬁgmmeﬂfaﬁ@ﬁsd&f the rec%&ﬁmt?\zs whi ch
may be effective sing the inventive c sitions include

di seases "‘fffaetﬂ’i‘&“g%ége)s ‘g?{} 4§)? s FXPIEssion °§§Dﬁ?ﬁ&¥%@?éppﬁﬁ rgspgciively.ons,

ast hm, saymugk&sdcgs and Iung cancers and di sorders of the skin, such as

psori asis, at gpl c_dermatis, | ergic contact dermatitis, al opecia areata,
and the skin dahdailusiaesthe &@avcewaﬁ“cqfriis%m §%}hme§elﬂs@qne regctipe bnéhea and

el anoma. reEddhiifdnt MEvakfeptd@S Gt provi de protection against infectious

m croorgani sms contain at least two functionally different conmponents. The
first is an antigen, which may be pol ypeptide or carbohydrate in nature,
and whi chDgtgilegnggﬁ%q&pofb% mRerigphages and other antigen-presenting cells
and di spl aye or C4™ T celTs or for CD8' T cells. This antigen forns the
"specific" tarigenotast abane,i therpresent éwmimweis @heaﬂs)edbcmiedcmnmrpeﬂtiomfarﬂ vacci ne
is a non [ n ad with

whi ch themgtﬁ;&fs f{é‘lng rld' Q%ﬁgtg‘% %99%%%00? ofIFc:it og%l an H}’%é‘é‘ﬁ%“ﬁrrpl ifies
ei t her ceDisondBdlwatClemambe aﬁﬁdcmznfbxjyeamd‘rmmg thenmpmres:empbsihoas flclhbe dikagds| y

unr el at edofc&ggé)sulrrl % ) de, obSetvera known adjuvants are prepared
from nicrobes s fefa’f Dygobagtgraal jiafections, atBpay sarroldesis Apd Mnehovi s

BCG.  Adj wmm, sanaaysoadessoox:dmt skirf) sDEHTO pedHasis, dREHigNREMAS, Mealiechnth@l ypepti de
anti gens (fi ; radatl on, du§F %" al um nl@gn h%ﬁr oxide or mneral oil.

Wil e the cé‘ﬁ? | ’éem Beci?oﬁ‘ﬁ%}ﬁe?ﬂ D \GENEETS nfasal ooella Fareingses, \sawamoug essllt hat

di rect t heurdinvmanad mtlfdia. agai nst a specific pathogen, such as M

t uber cul osi s, tﬂhe adécuva is often capabl e of broad use in many different
vacci ne f or miiSEHvE NeCCingsIhgt Rayidg RERGSLION 3Riastinfections micsoragaismesonigin at

ent er ot OXlefs$ ,tw6 Aindtidiily | AfferBRt ondbdnéds. 1%he first is an antigen, which may be

polypeptide or carbohydrate in nature, and which is processed by macrophages and other

antigen-presenting cells and displayed for CD4" T cells or for CD8" T celis. This antigen
forms the “specific” target of an immune response. The second component of a vaccine is a
non-specific immune re.sponse amplifier, termed an adjuvant, with which the antigen is mixed
or is incorporated into. An adjuvant amplifies either cell-mediated or antibody immune
responses to a structurally unrelated compound or polypeptide. Several known adjuvants are
prepared from microbes such as Bordetella pertussis, M. tuberculosis and M. bovis BCG.
Adjuvants may also contain components designed to protect polypeptide antigens from
degradation, such as aluminum hydroxide or mineral oil. While the antigenic component of a
vaccine contains polypeptides that direct the immune attack against a specific pathogen, such
as M. tuberculosis, the adjuvant is often capable of broad use in many different vaccine

formulations. Certain known proteins, such as bacterial enterotoxins, can function both as an
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WD 99/32634 0 3 APR 2Cr2 PCT/ Nz98/ 00189 antigen to elicit a specific

i nmune response and as an adj uvant to enhance i mmune responses to

unrel ated proteins. Certain pathogens, such as Mtuberculosis, as well as
certain cancers, are effectively contained by an inmune attack direpg§egpRy2(2?
CD4+ and CD8yodors26d4l S, known as cel |l -nediated inmmunity. pEi/Regsomas hogens,

such as poliovirus, also require antibodies, produced by B cells, for

contai nment. These different classes of imrune attack (T cell or B cell)

are cont i aQ I %Qm i ; G4 .’%}“’f”ﬁ nly

r ef erredrd@icgeggo aj’%it agir)\%if%ﬁgmggfl S. %Hngtgé% LIR'f(gmpr opé’;ﬂ:t°§ 0 %ﬁ%ﬁ%vant IS

t he abi | taynrelgedppisinsi vel y anplify the function of either Thl or Th2

popul ati ons Oberfd¥idauhebit] duih o SltlBsiEl oS QLR Serahn iG] B0 RERLLTS! S,

atopic dermatitis, algopem a, and skin éancers appear to be 1 ntluenced by

di f f er encwgained tyrem imeoung pitagk directadihysE@D4tland €DR™ ' sblbse kmpwnTasecli-wedintepes of Th
cell sub ha I rae i 1.0 i-ne del,and .are
ot nod Bymang” v Broly b B eBRNELL SR ol f NP wHRR wBGeufi e
secr et es fdriceiaininbnitl Thesadifferentrciassesad iromurs: attackt @rcell anBl celh dreadomsoliga by ophage

activati an el ayed-t hypersensiti vi r,eSpo . _The. Th2 subset
rel easesgfl?ﬁffeﬂgsq’ﬁ?%?{a P ép@?j YELS‘ O,COW?H(% retfé'feldr}ﬁlaéﬁﬁ?én%gﬁ% c‘gét i%ation.
The Thl aesitaBlb propedns of an adjevantis wied dbjlity rhielctivelg ampitfy tHeafundtion 4f ejtiphi bi t's

Thl -type.res es, .and | L Lnhibits Th2-t. responses. _Simlar Thl and

Th2  subdBt 8F AR EonsaiAns %'E%X iJﬁcmfrrdH@,Y T $i% s G ipe TR CRARY Cal

cyt oki negerpR6®Y, ¥decia) aid WRin ditiders Ppew thetle-infludngba bl idiiEtkedbes ik e aBRRiQTEL Y Of

T-cell clones from atopi c human | ynphocytes resenble the muriné Th2 cell

that proth§eeth qellsubsetiner eas very few cl ones produce | FN-y. Therefore, the

sel ective expriRssbWpeobs thee! st eeNVivell cEARESHMERG Mﬁ@%ﬁéﬁgd of IL-4
e

and decreased |level's of IFN-y-producing cells could lead to preferenti al

enhanc e defded by the oytokimescthesisleasawpon etivatipn. obhegfh 1 Frlisetisgqsetes Ty HN-y esponses

'S centrald s MeURKS bl dh CtifatesS ik Ophdhe MBaflhS Qb Chayd BL U NG

di sorders of the respiratory system su tuber cul osi s, dosi s,

ast hma, hYdeesengitivity hiesronses  dhel Tha nyybsetimeleases. ILU-halit-§,Vidteedndii-aG,cabiclind many

compounds 4ark ekl R0, RE TRE RAYR AL 2B MhindR) iARGsALYKANY properties

whi ch f un(l:?”lgotn t oler?ﬁartlce #‘fj t ySe i mmune r es%rﬁ%@glrﬁ%{é&’ Jﬁ%gﬁgg‘sj)of t he

present inhibitntThdrypsrpipoyses mad SFNonlébitsf TheHperesponseg e iSimitenl Thdljand Jhe

compound s, LLOMM ek PEGAR P AHARE, ISl db e fabhdbAYBRirbO oL 0] §Ohe | TTUNE
murine model. In particular, the majority of T-cell clones from atopic human lymphocytes

resemble the murine Th2 cell that produces IL-4, whereas very few clones produce IFN-y.
Therefore, the selective expression of the Th2 subset with subsequent production of IL-4 and
decreased levels of IFN-y-producing cells could lead to preferential enhancement of IgE
production. Amplification of Thl-type immune responses is central to a reversal of disease
state in many disorders, including disorders of the respiratory system such as tuberculosis,
sarcoidosis, asthma, allergic rhinitis and lung cancers.

Inactivated M. vaccae and many compounds derived from M. vaccae have both
antigen and adjuvant properties which function to enhance Thl-type immune responses. The
methods of the present invention employ one or more of these antigen and adjuvant

compounds from M. vaccae and/or its culture filtrates to redirect immune activities of T cells
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.20 WD 99/ 32634 0 3 APR 2002 PCT/NzZ98/00189 in patients. M xtures of such
conpounds are particularly effective in the nethods di scl osed herein.

VWiile it is well known that all nycobacteria contain many cross-reacting
.antigens, it is not known whether they contain adjuvant conpounds im3 APR 2002
comon. As shown below, inactivated M vaccae and a nodj 'n%sléo‘i@ i pI dat'ed
and degl ycol WYBi%¥3#¥d) form of inactivated M vaccae have been tound to have
adj uvant properties of the Thl-type which are not shared by a nunber of

ot her nycobacterial species. Furthernore, jt hfa%s .been found that M vaccae

produces orasientndMixteres efsughyepmpgradsiazs partcpiady isgHYCH thnetneds disslessdnmune

response LQ’ei?/.l WHRGCE el RhdGERs afndRof2e4AS cdnthiCMardy W @stdabdnp 3h€pend® el | as
to anti gens rom ot her sources. |n one aSpeCt , t he pr esent 1 nvention

provi des irendiddewhovhetlive thaymopeinhadivyayt empopnds ip campey Ahdbayn Paey
di sorder s, NGleH Ry VWedst BRA & Ho@BLS (deBREAE Ql_?_?b@ycyﬁﬁﬁﬁg@ ford or@hdlifarddi Ni ti s

and lung cancers, in a patient to enhance Thl-type i mune responses. In one
enbodi mend vadchehaye hpposforridgn bavgadjuyrnt ppperties of the dd jtype twhichrage noy shased)

surfaces Bl s AuhBa oERAVIRab &P REGE! FilthidioR, f BE delEhnd AR Rlccadt N

conpositions nay als mnistered via intradermal or subcutaneous
rout es. Cpropacs coopsinddincits ovey cubigreuSierfite Whicheamplifyythel immusaxstponsst thads

conprise at | east on f the fol j_n At S el | d M vaccae
el 5.~ eecnemanpe funt ey BRALR SRIBRIGRR iR Bb AT T 07
vaccae cells (DDoM aspaqf @R)rreseidnventistpprovides mpetasisnfor tha iomudahérysydoff r om M
vaccae and/or its cul turgi filt ra} g A%Fi I'll ust rat.gd. bﬁ%now adm'gni.st ration
of such cEARELST PRl lungdisgriess. pmgluding dyopfeploss, sarFqidqsis, axiima, iR, nits,
enhanced Eﬁcptuﬂﬁ thrRérs,agai paiént M enbaree TalHy@s imminefrepbised), Inaune einBodhan,
effective in the treatnent of . %Bthrrg. VWi | e iage (grecis node of . action of
these confB<PMPEsitons are deliveredaditerbite thy mosal surdases o pyaysdleadingdnand/d [ nknown,
they are Rethinohetink® SIREVERSEe pdsitiM¥BmayndlssCien@midisterediid i@raf@maALBSE.  AS
used herein the term"respiratory system' refers to thg_l ungs, nasal
passageway4Pcutapqons FAsEsan GOBPBHIOR ﬁﬂh‘cbd§§ab%ﬁ§§§ly APIRyed dn e Athefe t er m

"airvays LeagtidaGt fedst @he bPHRFQRwNE doRBoredRT inakialel ¢ Sabdae cEIBSM vaccae
passageways, nouth, tonsil tissue, trachea and bronchial passa e\é\r'/a%s. As
bly a

used her efwiturg filitase; i delipidated fapgd gleglycolipidatad My vacers aetls ARPrl vaceredt
human. Sgglﬂ%;cﬂmgsagﬂeﬁfl{n ing?%dgpeedaﬁ'&lx gt et aWahdlordis SERSE fRFatdTBXs RRiskdi&e Of

det ect abl seas . . _ _
below, administration of such compositions, results in specific T cell immune responses and

enhanced protection against M. tuberculosis infection, and is also effective in the treatment of
asthma. While the precise mode of action of these compositions in the treatment of diseases
such as asthma is unknown, they are believed to suppress an asthma-inducing Th2 immune
TeESponse.

As used herein the term “respiratory system” refers to the lungs, nasal passageways,
trachea and bronchial passageways.

As used herein the term “airways leading to or located in the lung” includes the nasal
passageways, mouth, tonsil tissue, trachea and bronchial passageways.

As used herein, a “patient” refers to any warm-blooded animal, preferably a human.

Such a patient may be afflicted with disease or may be free of detectable disease. In other
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21 0 3 APR 2002 WD 99/ 32634 PCT/ NZ9S/ 00189 words, the inventive nethods may
be enployed to induce protective inmunity for the prevention or treatnent

of disease. In another aspect, the present invention provides nethods for

the i munot herapy of skin disorders, including psoriasis, atopic {3 APR 2002

dermatitis and skin cancers in patients, in I-RBosa0189
i nmunot herap@ﬁ%?’g”!agents are enployed to alter or redi re\gt@ran exi stin

state of inmune activity by aIterlng the function of T cells to a Thl-type

f Co t f I th
nvent | ve “HEER S REGF el Y e SRR R TR (5RO O es:

i nacti vat Q;EEVMtlo‘ﬁaﬁﬁmnﬁﬁbfcﬁseadM vaccae culture filtrate; nodified M
vaccae cells; and constituents and caonpounds present in_or derived from M

vaccae and/or i &otheypspegt.hg P’F?P‘a‘f"é’“‘"%l’rﬂ‘é‘ﬁ‘%ﬁ etods doroie immpRqtisrapy of

admi ni st r akih ARSrdefs, i%blﬁéﬂnglﬁsﬁ'ﬂﬁﬁd atb0 ermmitRf A6k Yand BYin lcfcERGEpdiRhts) 1B ect i on,
have been shown to be hi effective in the treatnment of psoriasis. As

used her el‘W“{hHE‘“’tUE‘P‘H?mReH%&ﬁEFW%%r Bemplpyed oaligeor rediregtan existing state elimumung at have
ei ther bggR,ki blylaﬁgnri%ythmaﬁngi" Th:@ﬁ’stt’o aaﬁmlqgeadf lxﬂglupceic énken dc:ﬁi-ngar icms 7,

subj ected to fadiation, such at a dose o
used her eiwhicht inay bemmﬁlbbﬁ’{lﬁlﬁ’)@éi lMthﬂa@c‘a@W niethos) dessprise |at madlaowdothvaccae

cells, de ave been
ot - del | e PfBhals: Mhack ety bl 3l Whe PGS RfflsdmoliaBh A28V 0,
DD- M vacc aeccanckllstand constifuentd and gomppaings pyesentrie oxidesived foend M ebarae amd/orfixanpl e 7.

o nart o e tte, el NP SRR ol TR B R R OO P

constituen rom M'vaccae resu € renova onents
that sti mbb'&mﬂdermlal1eﬁ£tmndtavgbmmopm@dbm‘ﬁg}ﬂmeffmtweab theateatkrieht cmpsc(riﬁki} cells,
t hereby signifi cant duct|§)n of a.cytokine

that has numer BuEs eﬁ g g’r"(lj macft'?' %IE‘PBPWFE é?fjeré “1961? PfspPe Hajhave eithero

present i mv&nhll@lrbypﬁam sm?a:; saleatlelbdn MFB&%bldGSoﬁﬂﬁBgEcte&@ﬁﬁdlht&ﬁ ﬁtch:c east
one i mMmuno ortion q cc ant i or a varl ant thereof, or at
| east one g%%ﬁ?‘ %GPﬁet‘?fc?rf HPgaaﬁja SM 2-%5%85@ Br dicelerm “Mmo difigd M. yaccae™

enbodi rTEnliﬁi;ludsyaéhplcﬁ&hWaﬂﬁdadeﬂlscﬂ)dﬂ%blﬁﬂia&ﬁ MIVRIERARIN EndPRN VacRRe &dilsan

anti gen, a variant thereof, in. the_antigen includes a sequence

sel ect ed f“?aémvfr‘?écnng 1’&'8%%4@99?%“8@‘@@6@9/Md““feh, 9-16, 18-21, 23, 25,

26, 28, 29, 44Thf.4}§ 4paﬂa?10n DM, v&rdae £4 its Z}me&ﬁeon%%sm%are Q& crived Beib@an 109,
110, 112, 121, 12 125, 134, 135, 140, 141, 143, , 147, 152, 154, 156,
158, 160, El(ggple 76 6As :Elytglledlbpg)w the inventors have shown that removal of the glycohpxd

constituents from M. vaccae results in the removal of molecular components that stimulate
interferon-gamma production in natural killer (NK) cells, thereby significantly reducing the
non-specific production of a cytokine that has numerous harmful side-effects.

In yet a further aspect, the present invention provides isolated polypeptides that
comprise at least one immunogenic portion of a M. vaccae antigen, or a variant thereof, or at
least one adjuvant porition of an M. vaccae protein. In specific embodiments, such
polypeptides comprise an immunogenic portion of an antigen, or a variant thereof, wherein
the antigen includes a sequence selected from the group consisting of SEQ ID NO: 1-4, 9-16,
18-21, 23, 25, 26, 28, 29, 44, 45, 47, 52-55, 63, 64, 70, 75, 89, 94, 98, 100-105, 109, 110, 112,
121, 124, 125, 134, 135, 140, 141, 143, 145, 147, 152, 154, 156, 158, 160, 165, 166, 170, 172,
174,177, 178, 181, 182, 184, 186, 187, 192, 194, 201, 203, 205 and 207.
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174, 177, 178, 181, 182, 184, 186, 187, 192, 194, 201, 203, 205 and 207. 22
0 3 APR 2002 WD 99/ 32634 PCT/ NZ98/ 00189 As used herein, the term

"pol ypeptide" enconpasses anmino acid chains cf any length, including full
|l ength proteins (i.e., antigens), wherein the- am no acid residues aﬁ% APR 2002
| i nked by coval ent peptide bonds. Thus, a polypeptide conprisin

i munogeni ¢ P¥P #YBf4of one of the above antigens nay corf g@’t”%% 9re| y of

t he innunogenic portion, or may contain additional sequences. The

addi ti onal ﬂgences may be derived fromthe native Mvaccae antigen or
may be het er oA yenddiereipnthe sams [ PY ERFRtdEC BRCOMBRFST BIENOrAsFhaing §f 45% l4ngdunogeni c.
As det auhm,&eﬁﬂ%ngnp;&rmaﬁpf; ed%§t1%3fls)t\nfcreﬁ}f s aRinol RMGBLARD aﬁqukgc?b)" sol at ed
fromM vaccae cel ture 'trate, or nay be prepare y synthetic
or recormisoyrignt persidadonds| Ahitsnd gelpeptide @@pugwam@r@inﬁgcnwmcw afeone leé abl lity
to elici ttﬁxeagbdvmgex{serﬁﬂo @é‘l@lsf @ntﬁely pcﬁtﬂmg '?rtmnux?&égxlﬂc ap%rtﬁ‘mh‘dp% &ntdi

bi ol ogi cal sanple. “I'n particular, inmunogenic antigens are “capable of

st i mul at iaddjtional kequensks. f Ereadiligonal Smewsetmé’ be- depivesk oot dhei rativo M. vedcae f er on-y

duct | ect ed
pr 00Ut | el BP0 ba AT S0 B RRe Pl BefBll hicofl o0t 29
cel I s ar eietaéard bnmw fppkympaqlrslbftht pt;sqncimwmmsmamn@ated fnaztnM dura:lae cdixposure to
an i munqg ﬁpr ﬁ %rré)g(grgcl?}ys msgt%l ?ef&mnm aggmganneratl on of inmune

nmenor y suc Upon ! pos |gen an enhanced and nore
rapid responSimnemogeni,” ak e heginieferpo thel abiiisy wfelitinan ming esspordesics | bed

herein may.be ared and.id ified .usjng. wel known techni ques, such as
those sufdPh §E Ef)r‘? Tuap: of I‘—'h%%g ?léﬁmﬁl?‘m{'}rfgft\l\%’ immynogenic a’ﬁ&ﬁ‘gﬁ“ﬁ:‘r ess,
1993, pp.capkB- oZ4thulShhgh:ell palifraiog Snteredkinde pradi@Aion gudifetonpeRbidgon POrti ons

of the native antigen or protein for i i.C properties. The
repr esent‘%lf”iq/"é'calp?a&l’fets é?’%’?rlsﬁ‘ﬁ o4h Qr B9TESKS Snsélegtreg&ﬂ’@ttl‘% OuR §%§§e'&f5e§€(r i bed

herei n Mayhs RIPhidyEstrdpRaghs) Sbere tRCIRERS derABd FrEM1AR AP Qb LR lil@n®f  an
antigen is_a portion that, within such representative assays, generates an

i mune r duditigual (Fxpgsure {0ofn ippRlogenis Aatiegh 2enerly esuts in %epge@&ﬁéﬂ?q 6h or

i nt er | eukinBude? meRbRAEH kAN hpoh Yedexposurs WP BhhPdibd, by efflafieddind trfbort Baid gener at ed
by the full-length  antigen. In other words, an i mmunogeni c portion of an

anti gen A&POFEALUER e at | east about 20% preferably about 65% and nost
prefer abl y abaihud 6 fiidur L BlulRIRkHRN hERAUES be Bibpartd indiilaink NIt N

antigen in the nodel proliferation assay describ el n n | nmunogeni c
using well known techniques, such as those summarised in Paul, Fundamental Immunology,

3d ed., Raven Press, 1993, pp. 243-247. Such techniques include screening polypeptide
portions of the native antigen or protein for immunogenic properties. The representative
proliferation and cytokine production assays described herein may be employed in these
screens. An immunogenic portion of an antigen is a portion that, within such representative
assays, generates an immune response (e.g., cell proliferation, interferon-y production or
interleukin-12. production) that is substantially similar to that generated by the full-length
antigen. In other words, an immunogenic portion of an antigen may generate at least about
20%, preferably about 65%, and most preferably about 100% of the proliferation induced by
the full-length antigen in the model proliferation assay described herein. An immunogenic

portion may also, or alternatively, stimulate the production of at least about 20%, preferably
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portion may al so, or alternatively, stinulate the production of at |east

about 20% preferably 23 0 3 APR 2002 WD 99/ 32634 PCT/ Nz98/ 00189 about 65%
and nost preferably about 100% of the interferon-y and/or interleukin- 12

i nduced by the full length antigen in the nodel assay descri bed he;@anAPé\ 2002
M vaccae adj‘wg{)} Ls a conpound found in M vaccae cell spQnAboRCC

culture fil 284 whi ch non-specifically stinmulates i mune responses.

Adj uvants enhance the i mune response to inmunogenic antigens and the

process of formtio n case .of -M vaccae proteins,,these
memory r e%bﬁgﬁggg)é EAVke] Pretfﬁg[yta;b%uétl?&nﬁno%i%}eﬁ?tef&ﬁf'm%nn @ e n'slg mdc'f’ﬁf)d:bl e of
sti mul at i bygthk fiflHedgedatigen’i? the haxdel@bsap desaibed héreinf er on-y production in

bi ol ogi cal sapples conprisi.ng one or _nor.e |I's sel ect fromthe group of
T cells, NK ceb I Vg rantiid compoune S du M KirrecdiRn gt 4L ppecas ity | ved

f rom heal fikigtes Ralicl hetsplsificaly ptitmanésImiaye REpoiy. ABjQvantd énfatcaihe e
proliferation. Such M vaccae adjuvants include, for exanple, polypeptides
conpri si ni§SRPNSE] JERURPEERIE PRIEGNS 39d EreProqess\eh megepry fomationggn thegossedf Mo1. The
term " pol ypusd Srefeinslathést menity HEsAsdiefatiuh ThIBH8 Smehufity) 0 ARl Wantdlarbligs St r anded
pol ymer of deoxyribonucl eotide or ribonucl eoti de bases and_ i ncludes DNA and

cor r espon®fPARje oRIgmBBYREC ipfeEigukin- i PIRAPTIG™ 1T RIGSTTERErY rARRgNCHeN & bickogicabyot h
sense an dsaﬂﬂﬁést&ﬁﬁﬁﬁlg%lhf @rﬁﬂ&%e(l)ll‘ﬁllglﬁec&@ HRrARE A, SHNRIL, Qﬁ@_@éﬁ‘s,gﬁ dafind

reconbi nant "DNA, as wel | as ly or partially synthesize
pol ynuc| emaérophagesAwhermihriacliprirederived Fomthaalihy individenlss Adidvantsrmaysgonays to a

DNA | . : . - . \ . d
Do an by i iRa® ERShGal, AWen 10008 SRR mall, BRI RilipegEY | S2PORS
pol ynucl eetmipgiging presguensaesrisad in SEQRD &6k 89.d 16168, 168pr 20y portion thereof.

Oper abl e anti-genge g,f%@g&etﬁg@ des s erdi TRl & dis gg ;@ﬁ&he. Iangilde

correspondi ng polynu hd t he Iditiron o nucleoti de"
t her ef or epalyroériod déxwibonslestidogeibarnickeotidetbases emkiacl idea PR 4RI, corfésporiingposi t i ons

and neth of this.invent.i | so Qnpas ariants of the above

pol ypept i 0&& ’8%‘&““'58#‘% ‘héqge%'?&dg%’fd %ﬁqgs'%%gwﬁ% ’\é’f’ ,Se'fsﬁéné)?}tﬁsie“s\?éfrf’?ﬁ’t " covers
any sequesigieomplthélis EBISA Afendrhia DN Axdnd wécorhBiifant MINAS apivell &s whdlly onpartigiBst about
60% nore preferab et.at le about . 75% and. nost preferab]y at |east
Sbout | S0oPRHER e S A SRRNA RS SR ARSI a1 eI as & o o
sequence DNA! h6lefilmeN fenkrale Bhe-10dne Tafnep e AGEMRNAEMOEculél Bdtekgonlls foefi dues i s

determ ned by alignin he two sequences tQ be compared, determning the
nunber of HnR]%A and DNA grgnoieculf: from which the introns %ave been r¢;r)E)cised. A polynucleotide g

may consist of an entire gene, or any portion thereof. Operable anti-sense polynucleotides

may comprise a fragment of the corresponding polynucleotide, and the definition of
“polynucleotide” therefore includes all such operable anti-sense fragments.

The compositions and methods of this invention also encompass variants of the above
polypeptides and polynucleotides. As used herein, the term “variant” covers any sequence
which has at least about 40%, more preferably at least about 60%, more preferably yet at least
about 75% and most preferably at least about 90% identical residues (either nucleotides or
amino acids) to a sequence of the present invention. The percentage of identical residues is
determined by aligning the two sequences to be compared, determining the number of
identical residues in the aligned portion, dividing that number by the total length of the

inventive, or queried, sequence and multiplying the result by 100.
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identical residues in the aligned portion, dividing that nunber by the

total length of the inventive, or queried, sequence and multiplying the

result by 100. 24 WD 99/32634 0 3 APR 2002 PCT/ Nz98/ 00189 Pol ynucl eoti de

or pol ypeptide sequences nay be aligned, and percentage of identical 3 APR 2002

nucl eoti des iy Rssipecified region may be deternm ned agai Reynaskwolser
pol ynucl eotide, using conputer algorithns that are publicly avail able. Two

exenplary algorithnms for aligning and identifying the simlarity of

pol ynucl eot i dg,SeQUEH&SS pRlypeptiBe seahdheesnAnid ﬁ@%ﬁ%ﬂ&@ﬁ@ﬁiﬁden?bﬁ

simlarity of pdlypeptide sequences nmay be exam ned ‘usin BLASTP
al gori t hmuclpgidas irhe SIREINST Fegipn oM eieermined wggiest ancéhea\paiynmoed@ risinge NCBI

anonym)us abl es/ .

The. BLASTBl oA EEks i oRe RSyl T Bk letrdo AP BT,

par amet eridendysrgr thgeeimilerity hef palpieetidat $eaupna¢$daredihstBLzb$|TI*éohnvln FASTAe

algorith r r {0 ccordi ng

o the. priastilp®; T dfialyole R Reitle MIeREL FREW Blafla ot Tt BTASTRT

i ncl udi ngpl@thle\Botmmd BBIASTNRnd B AGE B softvraciara avAIEBE 'og theeliGB It anomimduRL

oL el DB S0 B ke Ty 2nh B ABE PR Rt on of

ggng 5 gtg i gJermh zp)[]@[rFeb m-lmu abi'is the _sl?amlc;lmrmemgs dasaibed N}Jt(hé l&dcﬂméﬂ?!ﬂ‘ﬁ] dIRef ot
e cC er a oF.i avai. e.on the Internet a

the ftp sq “f% w’?”/‘?’?@ ﬁfegﬁﬁ’]ﬁuﬁe 'Pl@téafem%‘n‘qé’i %Ha"aé‘tsoaﬁﬁm dB&pr uary

1996, settoti préventdedeatidnt mnamst e BLASTflunble df lgorithias, dRMuRNBEAST and

distribute al gorithm preferr use in the determ nation

of vari arff® ac@gﬁg?ﬁg t'd th%esﬁl‘bé’ient af nve’ﬁ‘t%{)ﬁ THePsiise oft t hdURASTA

al gor i t hriub8wiesdhi NRhiH, @vWLRSTWQ&BﬁQIBnﬂndnd [i)thhe Lmn@anon 'drmaieygd Tool s

for Biological Sequence_ Analys Acad. Sci. USA 85:2444-2448

(1988) antePhgRE - pealr 1987, * %PBF%IB%ﬁT 9@%?5{ Pbéséeﬁa%cgene@@ﬁmf iPESein wi t h
FASTP andjafafsed AearcHVBioBRAHS", | MicERZ YR QY 25838634098 ﬁ'ﬂeg &% utJhﬁng% ow ng

running paraneters are preferred for determ nation I gnnehts and
si mi | ari thAST Auisiavgjlable RoTHhe itpet @bWFrfin%‘Fémt_&EwrstmM@alnder@ment age

identity: 2(Hl3| Febrﬁdé')mfbéw sGORTRO deralill ﬁaci'm&tl:rs “dds g@cﬁgrpthechomé ?L?ax& | 40 -G1-E

1-r 2-v queryseq - o results; paraneter de val ues:
-p Progr ahqtmppg vf:@tthq qtigthm, is preferred for use in the determmanon of variants according

to the present invention. The use of the FASTA algorithm is described in W.R. Pearson and

D.J. Lipman, “Improved Tools for Biological Sequence Analysis,” Proc. Natl. Acad. Sci. USA
85:2444-2448 (1988) ar-xd W.R. Pearson, “Rapid and Sensitive Sequence Comparison with
FASTP and FASTA,” Methods in Enzymology 183:63-98 (1990).

The following running parameters are preferred for determination of alignments and
similarities using BLASTN that contribute to the E values and percentage identity: Unix
running command: blastall -p blastn -d embldb - 10-G 1-E 1 -r2-v50-b 50 -i queryseq-—
o results; and parameter default values:

-p Program Name [String]
-d Database [String]
-e Expectation value (E) [Real]

-G Cost to open a gap (zero invokes default behavior) {integer]
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-d Database [String] -e Expectation value (E) [Real] -G Cost to open a gap
(zero invokes default behavior) [Integer] 25 0 3 APR 2002 WD 99/ 32634

PCT/ Nz98/ 00189 -E Cost to extend a gap (zero invokes default behavior)
[Integer] -r Reward for a nucleotide match (blastn only) [Integer] {\3 APR 2002

Nunber of onavdéamessglescriptions (V) [Integer] -b Nunber gdrpdobsigents to
show (B) [Integer] ~-i Query File [File In] -o BLAST report Qutput File
[File Qut] Optional For BLASTP the follow ng running paraneters are

preferredg @b@sd&kénda@aﬁ)dza%mokéideﬁms&%%%te 10 -G1 -E1 -v 50 -b 50
- queryseg{ o results -p Program Nane [String -d Database [String] -e

Expect at i bikeyard far g meleptigesmatch Glastp only) integsedn a” gap (zero invokes default
behavi Or)-v[Nnﬂi‘aﬁe%fJne hnngQé;EuoBQ(\%)ffn ggﬂa gap (zero invokes default
er

behavi or) éTllnt eger i ne descriptions (v) [Integer] -b
Nurber of® W@W@%ﬁ@bﬂ@)[{n@c@ger] -1 Query File [File In] -0 -
BLAST repp@uegﬁ,lgwlleﬁhj e [File Qut] Optional The "hits" to one or nore
dat abase sequénces queri ed sequence produced by BLASTN, BLASTP,

FASTA, oro° BlsA¥ teport é!ltgujr Hile fFile Quit] Qptiamald i dentify sinmilar portions of
Tpr e e A I
r epr esentswissprotdb ¢ Hp—@)\lreE lowlsy)-aso Hrquetykean-dfesili§e sequence | ength of the
queried s gugf STN and FASTA al gorithns al so produce "Expect"”
val ues f gnrren EThe Expect value (E) indicates the nunber of hits
one can “@&Rptabist [Smﬁng}ee over a certain nunber of contiguous sequences by
chance vvk_leﬁxpse(e:t% i&h\jaﬂg (5 [ﬁgglf\base of a certain size. The

-G Cost to open a gap (zero invokes default behavior) [Integer]

-E Cost to extend a gap (zero invokes default behavior) [Integer]

-v Number of one-line descriptions (v) [Integer]

-b Number of alignments to show (b) [Integer]

-1 Query File [File In]

-0 BLAST report Output File [File Out] Optional

The “hits” to one or more database sequences by a queried sequence produced by

BLASTN, BLASTP, F/_\STA, or a similar algorithm, align and identify similar portions of

sequences. The hits are arranged in order of the degree of similarity and the length of

sequence overlap. Hits to a database sequence generally represent an overlap over only a

fraction of the sequence length of the queried sequence.

The BLASTN and FASTA algorithms also produce “Expect” values for alignments.

The Expect value (E) indicates the number of hits one can "expect" to see over a certain

number of contiguous sequences by chance when searching a database of a certain size. The

Expect value is used as a significance threshold for determining whether the hit to a database,

such as the preferred EMBL database, indicates true similarity. For example, an E value of

0.1 .assigned to a hit is interpreted as meaning that in a database of the size of the EMBL

database, one might expect to see 0.1 matches over the aligned portion of the sequence with a
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Expect value is used as a significance threshold for determ ning whether
the hit to a database, such as the preferred EMBL database, indicates true
simlarity. For exanple, an E value of 0.1 assigned to a hit is

interpreted as neaning that in a database of the size of the EMBL Apr 2002
dat abase, ongydW4oghyss expect to see 0.1 natches over the alpcgmesbop@st i on

the sequence with a 26 WD 99/ 32634 0 3 APR 2002 PCT/Nz98/00189 sim | ar

score sinply by chance. By this criterion, the aligned and matched portions
of the sgguensss Jdﬂ%y m}s&c@ Bycﬁhébﬂnu,&wefahgg%agé nQ&‘:hElQ drins SRR FOr
sequences havi ng val ue . or [ess over aligne ¢ and mat ched
portions, sqqn@cmtbyabwelq};whﬂbﬂw ﬁ%?%,oabm te-sgye.  Eorasgauen¢en heving mNVBL

database {sud o] dr 635 ovt? hiled 848 kel Pbrtins AT ing to

one enbodi n%nt va%%a(r)lt % ynuc g = éba%!‘hg’?seﬂn%ng a%%gcgbg’of t he

pol ynucl eefenetan thstMWedw@seem%uonhwmeme BlASTNraa FASTA algorithee sequences
having the SaMkeco g{)ne%bt)&%ﬁt ngﬁlﬁﬁggﬁdésl@ﬂl g?e%?lcep t]::) ch the

pol ynucl eoti des o he present | hvention "an produci ng an value of 0.01

or |ess V\Mynusbqwusead thepprieseat pmnymmcnr@fgttabldecomﬁnstemqlpnmenamng itheveantei on. That
is, a var { e as at l.east a 9%

pr obabi | | B P{?XIQPEch %eécggrtrﬂeag zg%@'t (e }OF nﬁﬁ%oltt Qec?t § RBFSeRHRY RIS

i nvent i onprom;mngeH valsle loé ViOh @r dass E{hen/edmparedfto theGiblyancleatids oﬂﬂier):gcsErhe BLASTN

or FASTA aI r|t set at t ara ng.tq.a
preferred e%‘g%ﬁ his: a‘éa"\imétrpc’gﬂ‘f‘:?eﬁ&?))ﬁﬁ'l’psfg%‘{epﬁéh# as 3t @%5(563&/ BroRaRiig t he
same  nunbfcbeingthé m asnthe palymuciaotidd f theaptesantfiVertivnG he@uted @s Ghviida Br esent

i nvention that s at | eas 0 ility of being the sane as the
pol ynucl ety Ogﬁ Tﬁeés B ﬁgLﬁghﬁg%gH‘?‘?ﬁlﬁgﬁ?’éaﬂé&‘he %’é@‘f‘h@?’%t@ val ue of
0.01 or | mecerdisd 99 préferrddlenBddiment, Mﬁmpaﬂygwebﬁdma sRberRl hdviig thleha! t

paraneters. Varl ant pol ynucl eoti de sequences wi |l generall K hybri di ze to
the reci t BHbeRR foWRIAESIE peids thafpolyaucieatide ol tqusargewmmm #s@hisastAs used

herein, "ego I of 6X
SSC, 0. 2%§ds%g%gmg¥ ?3‘.%3‘?%‘39*3‘?“ 3 ﬁewgﬁmk&'& oFHE PR dhuh, %%éﬂ“ ol owed
by two wab#Eg aiE Btrenl Qi o5 leasasingithe BHASID0r RASTH, 2bgysithms 6t the defadltt wo
washes of p3hdidiut es each in 0.2X SSC, 0.1% SDS at 65 C. Portions and ot her
variants of M vaccae pol ypepti des may be generated by synthetic or
r econbi nant medanient  Syhmhideatide peraygnesst i Wids gouevdlipig hiybrdize tthamheatrecited 100 ani no

aci ds, ﬂ)l r&@]@&fd@' }a ue&@e%'aer s%@erﬂ%gﬁ&no%g %@‘u?e‘a h%?e'mds‘suinge}{t condxggxpser at ed
- using tec nlques we

refers to prewashing in a solution of 6X SSC, 0.2% SDS; hybridizing at 65 °C, 6X SSC, 0.2%

SDS ovemnight; followed by two washes of 30 minutes each in 1X SSC, 0.1% SDS at 65 °C
and two washes of 30 minutes each in 0.2X SSC, 0.1% SDS at 65 °C.

Portions and other variants of M. vaccae polypeptides may be generated by synthetic
or recombinant means. Synthetic polypeptides having fewer than about 100 amino acids, and
generally fewer than about 50 amino acids, may be generated using techniques well known to
those of ordinary skill in the art. For example, such polypeptides may be synthesized using
any of the commercially available solid-phase techniques, such as the Merrifield solid-phase
synthesis method, where amino acids are sequentially added to a growing amino acid chain.
See Merrifield, J Am. Chem. Soc. 85:2149-2146, 1963. Equipment for automated synthesis of

polypeptides is commercially available from suppliers such as Perkin Elmer/Applied
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those of ordinary skill in the art. For exanple, such pol ypeptides nay be
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Merrifield, wéws6daem Soc. 85:2149-2146, 1963. Equi pnenecimzesausonat ed
synthesis of polypeptides is comercially available from suppliers such as
Perkin El mer/ Applied 27 0 3 APR 2002 WD 99/ 32634 PCT/ NZ98/ 00189 Bi oSyst ens,
I nc. (FosBRSysthy/ IndAFosten Mety,NBX), R8d @G b8 IdREraRE GEJofHifdtd Be IhRuBRf-act urer' s
instructions. Variagnts of a native antigen or adjuvant nmay be prepared

usi ng st alfstEegonsy, VAR el & nakyenARtigeo 8T adiyYaRt ey diei Brepased BEing GBodAG ect ed
Site speCibiageddbls RIRNQRE, SuchIB ik SHusleotb-dlrBRedINA sSRANENE ST, BeaRndE
removed usjing_standard techniques to permt preparation of truncated

pol ypept i efele DNAFsauepeesraydlso §¢ remoxedjisig spdardigehniquento pegmiperepamtionghit ed to a
si gnal (O{rm{cg@glﬁ‘gl}pcpﬁ&q_uence at the NNterm nal end of the protein which
co-translationally or post-translationally directs transfer of the
protein. The pblpplyagntidelef theypreserignysatioompy Patcenjugaedatol 4 sigeal (or leatdrer
sequence SN | S, kih ivigdnl QL i i ficatl . of v 1 he

pol ypepti Jgﬁ?“gegé?pg&waﬂﬁ’? ?%%%%‘Benhancggrag{lﬁl ?ﬁ (gfﬂogﬁ?ain%%f 03/'6“ ptide to
a solid sdipsgwrtransiproef thecpratgine, Tha pplypsptidpmayielso hagonjugaedmng a diake dr bthean

i rmunogl o ' r.egl |, e antigens,. ..and sequences
encodi ng %H{': n@%tﬁcﬁieaﬂw%{?gbg p%tgoﬁaorr ed “ﬁ@%@“ 3?119“36%%8‘3’?}51?{1%{5% -

pr ocedur eHis), leoto ekamwp binding of thbpatymptidegea solidayproe. iFepbampit, a bsigpeplille vaccae
culture filtrate. as cgeSCfi bed |10\é¥ Anti gens may al so be produced

r econbi nality V° WPUEHELP AP HYMPoBRRMIEGi% ¥ "t hat encodes the antigen into an
expressi on  vdsigederANd. wdae antideny ahdIDNAREQ@AGEs eitoding 3RIN MR Bay RSt . Any
of a variety of expression vectors known to those of ordinary skill in the
art may °éﬁ‘?5’l WPEA™Y BAGYEE © W°fﬁ99’°f)g%r&W%éﬂ“hlﬁmﬁﬁﬁnsdﬁﬁr‘?fﬂfq'ﬁfde host
cel | thatfrétasmMpesdtat rcansé GRS ad deicHBASbasw cdAkdehs fhy AP HESFbdUedvECt OF
containing a DNA mol ecul e that encodes a reconbi nant pol ypeptide. Suitable

host cel |'EcqmRinate by insediog gy BYA srgurase tiayenspépsehe antiesp yuipian @pression
Pr ef er abl yectot RBd BRRéssing el Mhti@Pih A PpdpratEhost Olain dﬂﬁc\%)@%}\l%r é.xgresgi&se(:t ’
Cos or CHO. The 2

yeast or a mammalian cell |ine such as r guences
expr essed'eFi9ry Kiozmria thse oherinanckdleinbs o May pe sawlayed. nGxprassiongeayshe por ti ons
of nat ur alchivQr GHaky Bshréprbie RS cellOthaChdd Secy Hah@std L S ¥Hected with an

expression vector containing a DNA molecule that encodes a recombinant polypeptide.

Suitable host cells incl;xde prokaryotes, yeast and higher eukaryotic cells. Preferably, the host
cells employed are E. coli, mycobacteria, insect, yeast or a mammalian cell line such as COS
or CHO. The DNA sequences expressed in this manner may encode naturally occurring
antigens, portions of naturally occurring antigens, or other variants thereof,

DNA sequences encoding M. vaccae antigens may be obtained by screening an
appropriate M. vaccae cDNA or genomic DNA library for DNA sequences that hybridize to
degenerate oligonucleotides derived from partial amino acid sequences of isolated soluble
antigens. Suitable degenerate oligonucleotides may be designed and synthesized, and the
screen may be performed as described, for example in Sambrook et al., Molecular Cloning: A

Laboratory Manual, Cold Spring Harbor Laboratories, Cold Spring Harbor, NY, 1989. As
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DNA sequences encoding M vaccae antigens nmay be obtained by screening an
appropriate Mvaccae cDNA or genomc DNA |library for DNA sequences that
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sequences of isolated soluble antigens. Suitable degenerate 03 APR 2002
ol i gonucl eot iviemss@y be designed and synthesized, and thecraaysmorsonay be
performed as described, for exanple in Sanbrook et al., Ml ecular C oning:
A Laboratory Manual, Cold Spring Harbor Laboratories, Cold Spring Harbor,
NY, 1989. AScRa VR %@%@?e@e G remrz@@a) ,m;é uz@&aqa&%las@edsﬁeme‘gmbel ow,
pol ymerase chain reaction (PCR d to isolate a nucleic acid
probe fronPigeniem eenpri DA, oga¢ %@cw 6II§WITM1&%TWSCV¢?9M3VMQ@W
screen may . s g t ©

encodi ng bééﬁ@%%q}asn |tgée)ﬁs mayébg Is?z)qmbmbtli‘éq{l) aet%egn[)yp!ggfceem ﬂgé

appr opr i at @sdpeisaiaeebyeseiserangsananpioprintebdy vageaetexprassionderaty (ith goti-sery (avb;bu t or

nonkey) r i gens. Regardl ess of the
nmet hod of a%?@gcg?xgﬁ?%z}a?s%heﬁégﬁ&%Qg&nsygsg#?%%gn%% ein have the ability to
i nduce an |mTurR;g@dim of the prsthoé of vtnamtigpdles dntigeak Hgscnltddélcamhageﬁwahhtwe t he
ability to|i c r Ki |on for
exanpl e, i tr?t"ér ? e%endﬁgl%é eglf ?szn +r9[}f<e§ﬂg‘11§' tth&t u{lzs'p1 ?%é; 9 t° ) \g NK
cells, B cdlll ;soldcratrm(amdphagcdmectmdummd (fqr(amanaﬂe Mterfandney Mmsnt&}euhﬁnﬂne

i ndi vidual . An .M er,c Si S-J ne individu IS consi dered
Lo be r astrafurem it RhE U0 BB R SR Gt heleect Resired S o BF borioRay, g
mount ed aninehdneGidixiéuall AlMN. rubeeajpanarmine iMividud) e exuel @m 8. cofstidered t9bevi dual s
may be identified bas on a stronlgﬂép\ﬁ)om ti greater than about

16 o il St 8 ARy ORFIERS o e BRtA PP Sietuh of Bavint aipisdon HEEtvE TIRec ol oo s

proteins (RE¥shse 18N ndbrcaldSHE "SR fdividiidls HyaFTde dd¥htifd &%an%t@%lfpésm\@m 1on.
Assays for cell proliferation or_cytokine production in T ce NK cell s,

B cel |'s or(iepsaispibageabonny0 g digmets tadyratiop) ingndemmple skiyy Spsh gespprse gPocedur es
descri bed RELAWssis RReinS@PBS; b a8fen&eldflanyt %%toﬁr@rof HdErchiBsiEM ALl | Ng an
i mmunogeni ¢ response to an antigen wll ‘dépend on the desired response.
For exanpl éssaYSnfcérqelémelrfemzonppbeﬂeltm@mrngmwnsm T eagls.| YKeeedls,uBt eells arsi ng
preparati og [ E Sk %H&’ ges,.derived
from M t uﬁggﬁglgéegsn%g I}IQ rfﬁgle?naf Vi gé%y eéc%?tg%g%esg%gé?ﬁg@ne ods wel |
known i n t $péectigrtof cel ype foxusayn fe/?luamgraepmmogm rgfpopssrtp phantigén willglepend
nononucl ea | Y, 4 RE W i,on of
component - ot el i, FRodiole leAuRh: 1 2%biRbn 1 hh? aallP B Al

using preparations co_ntaining T cells, NK cells, B cells and macrophages derived from

M. tuberculosis-immune individuals may be prepared using methods well known in the art.
For example, a preparation of peripheral blood mononuclear cells (PBMCs) may be employed
without further separation of component cells. PBMCs may be prepared, for example, using
density centrifugation through Ficoll™ (Winthrop Laboratories, NY). T cells for use in the
assays described herein may be purified directly from PBMCs. Altematively, an enriched T
cell line reactive against mycobacterial proteins, or T cell clones reactive to individual
mycobacterial proteins, may be employed. Such T cell clones may be generated by, for
example, culturing PBMCs from M. tuberculosis-immune individuals with mycobacterial
proteins for a period of 2-4 weeks. This allows expansion of only the mycobacterial protein-

specific T cells, resulting in a line composed solely of such cells. These cells may then be
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density centrifugation through Ficoll TM (Wnthrop Laboratories, NY). T
cells for use in the assays described herein may be purified directly from
PBMCs. Alternatively, an enriched T cell line reactive against
-nycobacterial proteins, or T cell clones reactive to individual 03 APR 2002
nycobact eri o Apak:gI Ns, nmay be enpl oyed. Such T cel |l cl croaavzesgoisse
generated by, for exanple, culturing PBMCs from M tubercul osi s-i mmune

i ndi viduals with nmycobacterial proteins for a period of 2-4 weeks. This

al | ows exgicHagiaM tédfed Ok inRRILAVEORRS, L Bink FhetiddO WRI mowR & ihE it To R S,
resulting in a line conposed solely of such cells. These cel (s may then be
29 APR ZmWYGQﬁIEZB@M‘dWICNZ%F‘@@EBQ cloned and tested with individual
proteins, usi fgodetaQesd&l b HO ol Bf pbfardioh, thé PolPfbiides BObdeahelel def i ne
individual T ceF’ specificity. In general, regardless of the nethod of

pr epar at i ahprepased ip@nysaland; sbitantially. pere.damh cPreferablya the palypaptidasdrd at lepst

I sol at ed,abw%/@m Ghér¥ pR¥dbly 4G540 atBhios) ﬁﬁ?é ¥nd &E&g PRELINFRLGEoR! © Al

| east about 80% pure, nore preferably at 1east about 90% pure and nost
pr ef er abl 9%apurt. elawrtabpmfeﬂe@mmwts flgscribed ingdetpildietog the gubstantiadletipuent s,

descri be;L ﬁ%‘eé‘é& 1&%#H¥Xted%18 &R%éeﬁﬂéal ?Azﬁg‘ésx%ﬂs%r vQc%lnXPﬁPPJqu Bndb°

i ncor por harmaceut | c nmposi t1ons or vac use in one or
nor e of tdmenﬁﬁlhmlﬂxodsd;sdlawﬁctrdmrel n. The present invention al so provides
fusion prot e| d.a secon went ve Ol%gﬂ%tl de or,

bl ternati ety s PRRD iishfinishddliod Atk FERD Somprii s
t uber cul dﬁv@nae"ndl}gsepudesmcaheramvhlyea Bdypepitie afi the gesert &szermobaﬁh 4 Khoaé\ﬁ\dﬂr sen and

Fusi on’ prBieErisis SHIEER AP AR o HUsreetsreEPOABREeS IRAHRON TR ol so.

i ncl ude aminiunk 87:24328488l€1988 \B@Rert Wigh drfafith oRREch HRIA oA, ymsptf.as%s A DNA
sequence encodi n%ﬁa fusion protein of the present inventi on is constructed

usi ng kndipfeing @b Hsi PraseRt DRERUPR AMY; A9eiaciuds %E%@F@‘@é’ﬁ%&t g Fguences
encodi ng se&g;,gpgpyf,ﬁ,q,d@snd second pol ypeptides into an appropriate expression
vector. The 3 a DNA sequence encoding the first polypeptide is

li gated, withAPN#i sequence gnogding adfusion prrisin oftthe prgsent invertiy inHeonstnied sequence
encodi ng Jshe 1G86R Q&oﬂ@lrﬁﬂw.kqgchﬁiﬂuésh@tass&ﬁ@le rs@;ﬁ%@ﬁNw egﬁﬁcegfenwa

sequences are in phase to permt nRNA translation of two DNA sequences
into a sithefiest andiss¢ond pplypaptides intp gp ameqpaptnsxnrmonweﬂt@gﬂbeli' eptefiaPNy of both

the fir Stse@ﬁlﬂcet &%o&i%ﬁl@ QirsQ %%%Hhé QQQated, with or without a peptide linker, to the 5'

end of a DNA sequence encoding the second polypeptide so that the reading frames of the

sequences are in phase to permit mRNA translation of the two DNA sequences into a single
fusion protein that retains the biological activity of both the first and the second polypeptides.

A peptide linker sequence may be employed to separate the first and the second
polypeptides by a distance sufficient to ensure that each polypeptide folds into its secondary
and tertiary structures. Such a peptide linker sequence is incorporated into the fusion protein
using standard techniques well known in the art. Suitable peptide linker sequences may be
chosen based on the following factors: (1) their ability to adopt a flexible extended
conformation; (2) their inability to adopt a secondary structure that could interact with
functional epitopes on the first and second polypeptides; and (3) the lack of hydrophobic or
charged residues that might react with the polypeptide functional epitopes. Preferred peptide
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A peptide |inker sequence may be enployed to separate the first and the
second polypeptides by a distance sufficient to ensure that each

pol ypeptide folds into its secondary and tertiary structures. Such a
peptide |inker sequence is incorporated into the fusion protein usi{dg APR 2002
standard tech@ioddgsssel | known in the art. Suitable peptider/hzssisass
sequences nmay be chosen based on the followi ng factors: (1) their ability
to adopt a flexible extended conformation; (2) their inability to adopt a
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Preferred Q@&ﬁlgp&@em Hx%éc?sziggﬁldeqmﬁeﬁg éQ%Maﬁg ét'%?%é;%ofl:]&%-‘tld %I’
sequences contdin dy, Asn and Ser residues. (ther near neufral’ am ho

aci ds, sucMuphy €Thl, Paerd Nal.adcad peiaUSHSH8258BBER. il P86 HE. Paterit dlo. £2%528Remd  Ani no

aci d seque I | i.nel ude those

i scl osed 1 warhl K8 BIRE. THERI, i GERRY FogER 1| pASKE So gt k0

Nat | . Acadlengthi Peptida ligigsr 8fuenc8Pa@not t@8ided whes theFast emt sebdond pdlypShid&Iavand

U S. Patent No. 4.7 180.. .The | jnker en may, be from 0o about 50
am no aci d&°TR>° 4‘8%3’3‘ ﬁ?m%épaﬂlgea‘ll'?ﬁ é°r“§§§“g§81?§85“5%é‘ré’ ??B?Iatfeth%ﬁ"éﬁo en the
first and semains apbDprypeapstede mtdnfareace. riie-lipasd MNAlkeqhtricey éfcbdihg &aifagoaci d
regions that can be used to separate.the functi onalya, donmi ns and prevent
Storic i nt IFEPOHESIONE Iy FHIRBE P TtEETE SN e BHAYRG KPR (4, dogh of
proteins apflikdrpskainitidLt. sui t abl e expression systens using techni ques known
to those of ordi nar,ég%‘lqill in the art. As detailed below the inventors

have denonst r at 889%H awt th nyvenigys gve gemponstzatediigt heat-kiflsd Ay pacgeret DPeMonbi nant

M vaccae RpERLELRSrebmbiRMit BY Q36 ploliANT RO pRBN: ReerBBPhRYad diploydfltd vate T
cells and NK cells; to stinulate the production of cytokines (in particular

Thl class 28Vagyk ks FREJYK cellshig famulppie Predyction o peekine én eriyipwarsihd i¢lags
co- sti mul alyPgyoRRlsE GHhESanOPBMEERNnhidcE tfeCdpiss dofrs}a{mma&% fbREN&PH y

enhanci ng activation); and to enhance dendritic ce mat uration an
function. Fendrkerceltsraad manecytes(Eareby snhagping artiviank argt ledrnbanes Hendriti¢ el

bet veen ¢ B ATa) AALER RIABRER] 65 brd Sl WAL YE) Moy AR B8 BLOt o1 1

Gv-23 and those of t nown -1 nduci ng adj uvants us be
enpl oyed i ithet imanunplogicateniopedies @f dearvestivet Havaccapvpbisis @Viaamod tigpsaofltwo | mune

| oaaigepcole Bive ° @i f
cxanpl o, afi R e AL MALE PRI MR BASEP e DGR ditln .

| upus that involve enhancing a Thl immune response. Examples of such diseases include allergic

diseases (for example_, asthma and eczema) autoimmune diseases (for example, systemic lupus
erythematosus) and infectious diseases (for example, tuberculosis and leprosy). In addition,
GV-23 may be employed as a dendritic cell or NK cell enhancer in the treatment of immune
deficiency disorders, such as HIV, and to enhance immune responses and cytotoxic responses
to, for example, malignant cells in cancer and following immunosuppressive anti-cancer
therapies, such as chemotherapy.

For use in the inventive therapeutic methods, the inactivated M. vaccae, M. vaccae
culture filtrate, modified M. vaccae cells, M. vaccae polypeptide, fusion protein (or
polynucleotides encoding such polypeptides or fusion proteins) is generally present within a

pharmaceutical composition or a vaccine. Pharmaceutical compositions may comprise one or
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eryt hemat osus) and infectious diseases (for exanple, tubercul osis and

| eprosy). In addition, GV-23 nay be enployed as a dendritic cell or NK
cell enhancer in the treatnment of imrune deficiency disorders, such as

H V, and to enhance i mune responses and cytotoxic responses to, fdi3 APR 2002
exanpl e, mal wgvapissL£el | s in cancer and foll ow ng i MUNOS PEPINZSSI0182
anti-cancer therapies, such as chenotherapy. For use in the inventive

t herapeutic nethods, the inactivated M vaccae, Mvaccae culture filtrate,
rmldi fi eld Mu_wgcz:exapo&ﬁds!smectw ﬁgam'a@r@plcymhg (M‘%indcc_ti\‘idtéanMper&cQé )réel_(sqrM. .
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present wi*Pffi%h °§““i)ﬁg?f?aﬁ‘ééigf 1"‘(98?‘?;?8@% erdyspmppeunds prrsent is of dsEixpdEEBUL i cal
conposi ti QUSvARYe &I it:Seul&l‘bf—‘ﬁ%teﬁiogmrg'Q{t@%G%sﬁlo%ic@lﬁRag&Q@ble carrier.

PCT/ Nz98/ 00189 nore conponents sel ected fromthe group consisting of

i nact i vat eYRCRINGP AR EOTRRISE one 19f maye, campenenty selecteds from (thy groupy@nsising ol vaccae
cell's, angn£e0mQUNSvaBiRSRIN, MNvaead Slliuve Ritfated ModiedafC a8 @R Welld, drdS
culture filtrate, together with a physiologically acceptable carrier.

Vacci nes reApPeuSAD Pressat Bner dsrivadrram b ifrsacanddor dis|caliyre diltfate; ogether witbap
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nodi fi ed Mvaccae cells, and conpounds present In or derived fronM
vaccae andnayralsotcgntain|othgr mygobhcteriak antigens,pithdrcas discussedeaboyry incepemtefiiintoianmune

response ifier. ng [ npositions and vaccines nay al so
contain O?E%édgﬁ%/tglgt?éﬁégérﬂfa ag%?é‘g%g,&%ﬁpﬁ er, as di scussed above,
i ncor por at ed i Alternativefy,igivasinp oftheipreseant irppemenbaywiontainnDINA sepatigt ée or

pol ypeptide. Alterpativel vaccine, of th resent invention may, contain
DA encodi e BrRPegpaes g festibsff ghoue sohitet she raliogito Breensipodm S BAL ¢ ho
pol ypept i dacdirkes,ghIBNALRLY be Presént withih Bnysdfalvariatpetdeliagy syistegs Wi Rthé® present
within any of a variety of deliyer steps known to those . of ordinary
ski Il in tHETHMY Skilop e 7y PR f%“%{‘i HFieREEeR SYitegys bestsial padcvisdli al ~ and
viral — expxpesioaRysstss. eABpropARP hilid aticexpressichi systéfd hnRiPhe f&e Ry INSA €NME
contain the necessary DNA sequences for expression in the patient (such as
a suitabl éeiﬂeb‘i‘?fnf‘grexaﬁ’?ﬁf_“’c“éi‘ pherPatient (%‘F‘gfﬁa*} Juitablg promater &nd fremingier §igngllt ens
i nvol ve t EsacRfdll diivry adyitafs Hvolde RIRC hdNihistaios Wi B&tdfam (shéttSas Bacillus-
Cal mette-CGuerin) that expresses an i nmunogeni c portion of the pol y[)eptl de
on its celfImiGrGuser) theh ceprosiesas, imsrnesmBisdpTiR Of thsepabresptineyombdtsidstlr oduced
using a Visidhce ©ARAGIEXEP enthb@ieil {1 IINA maPde!ifttdaud Rinp e viliP € Xprésddion
retrovirus, or adenovirus), which may involve the use

system (e.g., vaccinia or other poxvirus, retrovirus, or adenovirus), which may involve the use

of a non-pathogenic, or defective, replication competent virus. Techniques for incorporating
DNA into such expression systems are well known in the art. The DNA may also be "naked,"
as described, for example, in Ulmer et al., Science 259:1745-1749, 1993 and reviewed by
Cohen, Science 259:1691-1692, 1993. The uptake of naked DNA may be increased by
coating the DNA onto biodegradable beads, which are efficiently transported into the cells.

A DNA vaccine as described above may be administered simultaneously with or
sequentially to either a polypeptide of the present invention or a known mycobacterial
antigen, such as the 38 kDa antigen described above. For example, administration of DNA
encoding a polypeptide of the present invention, may be followed by administration of an

antigen in order to enhance the protective immune effect of the vaccine.
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~ of a non-pathogenic, or defective, replication conpetent virus. Techniques
for incorporating DNA into such expression systems are well known in the
art. The DNA may al so be "naked," as described, for exanple, in U ner et
al ., Science 259:1745-1749, 1993 and revi ewed by Cohen, Science 03 APR 2002
259: 1691- 16940 08834 The upt ake of naked DNA may be incr eemszbsioyiss coati ng
the DNA onto bi odegradabl e beads, which are efficiently transported into
the cells. A DNA vaccine as described above may be adm ni stered
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and nay parafle Tose current y being used in inmunization usi né
gener al , tdoses pleaadmEuistered, G linterwatp o6 3-# inomths.aand bpasteri vacenatiays ey helgiven st er ed
bylnjectlon ntr i V6 [
subcut anedis Q(lcallgtﬂgeéeﬁgesral &ge%late E;rbm&gé aninﬂg ggér%fﬁ i%; n%bvr?%%réétggé't V\A/‘een 1 and
3 doses nnyxtdb& a:d;mmmshmomnl of qoolypcpﬂldeSGr IDHAkthmewhcrdadrﬂmsfemdadsl descriBed doses
are adm n| tered, i.ntervals of 3-4 nd..hoagst ci nations may
e gi ven "Bt Beritle oS HHES BLFYEPe B PR RATBET GUBLERL® RS D B aB I bor | at o
for indi vifibufnypstatterit shfeclon fddiat Rbit @-20paR. IIS gédtrARel aino@ft dfPblypepitie de or
DNA t hat , vvhen,adHI ni stered as des geeﬁﬁg ove, is_.capable of raising an
i mune r e PFSAEAD p A0sE (FEFdueH gy ity 361 7aeges fFR ABatilaAgteo 24ubm
nycobact erjogmg gt RE bf K0, fygrcaw,t frérea&iu fo g Q86 -1 nig) a&ﬁﬂ@feﬁﬂuy frdi apunt  of
pol ypeptide present in dose produced in situ the DNA in_a dose)
ranges frdfp BBAuEbOEt hyey (§“&%%f‘°se fGEP W Yey Wil thsr Sl?f’o%fythe Pptifng dmt Wil r om
about 10 RghiddDly 2@k froth abBht 0.2 tbEEt8 ALl y from about 100 pg to about 1 g.
Suitable dose Sizes will vary with the size of the patient, but wll
typical |y rangdn erecmbadimant, the pharmagenticahemPposition or vaprirsris irptieray switehle t he
phar maceutg,C adiive9 B Akl Hupdaalosrurfme%r iR au%vawneama?wbxswtmb(h@l %pr pdel i very
to the nmucosal surfaces of the airways |leading to or wthin 't | ungs. For
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iquid T Opmah 98 deiferfI) 4 ¥&lok i n AerBRh R or 0} ABinRGF 25@bub G dRRL BY
nmeans of a ne u I zer device

similar to those currently employed in the treatment of asthma. In other embodiments, the

pharmaceutical composition or vaccine is in a form suitable for administration by injection
(intracutaneous, intramuscular, intravenous or subcutaneous) or orally. While any suitable
carrier known to those of ordinary skill in the art may be employed in the pharmaceutical
compositions of this invention, the type of carrier will depend on the suitability for the chosen
route of administration. For parenteral administration, such as subcutaneous injection, the
carrier preferably comprises water, saline, alcohol, a lipid, a wax or a buffer. For oral
administration, any of the above carriers or a solid carrier, such as mannitol, lactose, starch,
_magnesium stearate, sodium saccharine, talcum, cellulose, glucose, sucrose, and magnesium
carbonate, may be employed. Biodegradable microspheres (e.g., polylactic galactide) may

also be employed as carriers for the pharmaceutical compositions of this invention. Suitable
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simlar to those currently enployed in the treatnent of asthma. |In other

enbodi nents, the pharmaceutical conposition or vaccine is in a form

suitable for admnistration by injection (intracutaneous, intramnuscular,

i ntravenous or subcutaneous) or orally. Wile any suitable carrier G3oARR 2002
to those of wodiaesdy skill in the art may be enpl oyed i npchazqsheamssaceuti cal
conpositions of this invention, the type of carrier will depend on the
suitability for the chosen route of adm nistration. For parenteral

adni ni st rbbdegradatdainlicrasphaesarel dsiosds for _kanilé, A, U.S MBaten€ Aok.14c807 pse et abl y

conpri ses; {‘\%[ﬁ)lb saline, alcohol, a lipid, a wax or a buffer. For oral

adm ni stratio any of the above carriers or a solid carrier, such as

manni tol, | actAmse:f asStafi¢tg bf adjﬂﬁgﬁﬁﬁdyum énipiéyed iP the SAEHIH4E OB BECHANBE t al cum
cel | ul ose ucrose, and nesium carbonate, may be enpl oyed.
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Sui table 33 WD 99/32634 0 }3 APR 2002 PCT/ Nz98/ 00189 bi odegr ada
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this invention to_non-specifically enhance the i ne response
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cComer ci e exanpl e, Freund' s Inconplete Adjuvant and
Freund'’ sa’%:o% T%?@HA%%V%%@ Ql{l%'f co Laboratories, Detroit, M), and Merck
Adj uvant 65 (ﬂlbﬁlmﬁleamsbeﬁonipjaﬂlyvpntiqncmpvid&aiﬂvﬁgds i usingoh€ for Sidkd 8P kiR
adj uvant | ud i ode |l e m.cro here nmonophosphoryl lipid A
and Quil %K}erﬂfve poﬁg?yﬁf‘érg to%la n 9&}% Tculosis Using 3 gﬁ; fEFég h% gkin f'-'ée/ usi ng

one or mos m)odssdytperfomdﬁnédﬂyemqua;mﬁmt ivilien atdelaﬁhd&wmgex%éﬁbiﬁhﬁl’qugs using a
st" 1S any assay perfornmed directly

Ki t est
znl 2 p:tS |r%"‘}‘ff’°’f KSL\%”IIHE%I‘WE ligg ng%’%"’ltg;ﬁre HRgHYS d dndesued Jollopying) intradesraali on (such

as swel | iinjgctiohed dagi dStngfe ﬂﬂfp%pﬁdeﬁlaS)dehdile@%Sd%edPxfe&HbWtﬁ@réamoﬁlager mal
i njection_ of gfgag or g?‘ F)‘g%gy Btl des as_descri bed abové. Preferably, the
react i on @S least 44 hayrs on. Mot Iefaiably 873 hewss-i on, nore preferably

48-72 hours. The DTH reaction is a cell-mediated immune response, which is greater in patients

that have been exposed previously to the test antigen (i.e., the immunogenic portion of the
polypeptide employed, or a variant thereof). The response may be measured visually, using a
ruler. In general, a response that is greater than about 0.5 cm in diameter, preferably greater
than about 1.0 cm in diameter, is a positive response, indicative of tuberculosis infection.

For use in a skin test, the polypeptides of the present invention are preferably
formulated, as pharmaceutical compositions containing a polypeptide and a physiologically
acceptable carrier, as described above. Such compositions typically contain one or more of
the above polypeptides in an amount ranging from about 1 pg to about 100 ug, preferably
from about 10 pg to about 50 pg in a volume of 0.1 ml. Preferably, the carrier employed in
such pharmaceutical compositions is a saline solution with appropriate preservatives, such as

phenol and/or Tween 80™.
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The DTH reaction is a cell-nediated i mune response, which is greater in
patients that have been exposed previously to the test antigen (i.e., the
i mrunogeni ¢ portion of the polypeptide enployed, or a variant thereof).
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may be i nedmpiesbtaind ﬂbﬁﬁﬂ?dﬁeﬁt% B bload 's;d%?l?.' UBd SlypePaidith ¢ uded iPdtassay, as
ant i body-cont ai ni ng sanpl e, obtained froma Eat 1ent. Pref (iler ably, the sanple
i's whol e Bsereed beloie toretesmming e REFSSRIFAT 20sensp oY 2ubdPse s g YREPUdEE)ing or
urine. MuR fHlerafivy to lafredeteilnRd ictt-o PAIRO Thé PrddéNcd lof BhehSiMibodiadPl €
obtained froma patient or a blood supply. The pol ypeptide(s) are used in
an assay, indigategits prepeperiofigoicekacteriy) iefedtieh m ne the presence or absence of

anti bodi es to Itnrb?nbgﬂﬁrpﬁé{?@@ﬁ WilRh $ord than bREpcHEM R is ERbBYdY e [BlyBeptides
predeterm ned cut-off value. The presence of such antibodies” indicates the
presence wofedare pierably ic@rpplpxmmi(gﬁ,_ one component polypeptide will tend to detect

infection in samples where the infection would not be detected by another component

polypeptide). Complementary polypeptides may generally be identified by using each
polypeptide individually to evaluate serum samples obtained from a series of patients known
to be infected with a Mycobacterium. After determining which samples test positive (as
described below) with each polypeptide, combinations of two or more polypeptides may be
formulated that are capable of detecting infection in most, or all, of the samples tested. For
example, approximately 25-30% of sera from tuberculosis-infected individuals are negative
for antibodies to any single protein, such as the 38 kDa antigen mentioned above.
Complementary polypeptides may, therefore, be used in combination with the 38 kDa antigen

to improve sensitivity of a diagnostic test.
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I n enbodi nents in which nore than one pol ypeptide is enpl oyed, the

pol ypeptides wused are preferably conplenentary (i.e., one conponent

pol ypeptide will tend to detect infection in sanples where the infection
woul d not be detected by another conponent polypeptide). Conplenent@gyAPR 2002
pol ypept i deswonygsgeneral |y be identified by using each porpspoisge "

I ndividually to evaluate serum sanpl es obtained froma series of patients
known to be infected with a Mycobacterium After determ ning which sanpl es
test positive (Aa»&l n‘etgd_egfs&éyhadnaltbeﬂn@b w)yin‘g/iolhhoxag&hpmweyﬁx&ptd dkfct;:lt Qﬂiﬁbclf 'igﬁhi ons of
two or nore polypeptjdes may be fornulated that are capable et ecting

| nf ect i on & RsAe WH| kagym ingpe %esteé’afrﬁjl"gaémf"&? Lane. giibo arfptaborarory

appr oxi matagdnial Cokd ¥piddg $Rfbar Lakvmtdribesssul BiSh SréféteaCémubdiriehi, Vihd Uadag ar e
negative for antibodies to any single protein, such as the 38 kDa antigen
ment i oned inNgdNes the yse p pelypsptids mmabflizedof  delid syRport orRindiuand remaveted i n
conbi nat i %tiwd}mM&e%%mlﬁBa iRt bR antIHald\Em% Qe Belitdctdditsing #leBetidhagnosti ¢
test. 35 WO 99/32634 0 3 APR 2002 PCT/ NZ98/ 00189 A variety of assay
formats emgrABeRtithAy CApRNSHTERANELEIPNPE Ypiableidglection seagenteipeludaantibesigsdlat biad g
sanpl e ar L e , ; ; i,bodi es: A
Labor at or 30 mﬁél\/taahntlﬂlg):a9}6\6\(.’(").55 égtlslsé;?ﬁg x I“—mlaﬁ%rpoﬁg%gs %Fg{li;?witgg g?ﬂnlﬁgxegz;o@:%'fggr red
enbodi mentin a strei-appetifive asse)| Wdigmatively aeompetithglagsar pray de uiiligedn whichdnon a
solid suppQy: L. L . ' t le.. The
ound ant Paagn Rebbifdh i i TP TLING wBL kpRY el PR EuE R o

cont ai ns ahe impuotilzed antigerpafteSincutatiineof dhetaptigenovithrteagmples Thaektmteo svhichbodi es

that bind_ to the ti body/.nol.ypepti.de l.e nd, free .pol ypepti de

| el Ieq. PRt of Hiesamolk Ry BBl of HEhEe iinbd, o8 BOPARRRIACE

Al t er nat i isdiyativeoftefpaitivity vfthesamaly with yhelimmobilikddpelypeptidewhi ch an  anti body
that binds to e pql ypeptide, is | | led.with. reporter grou nd al | owed
Loobind to |t hane g RRR FyaRiErEra th Wik R THE S ARRE w t

L _hedjs anpl ];Suitﬁﬁleinetgﬁzflﬂlfﬁrg tvell thﬁlhn the mplﬁd?emlé)fhekblgl suppon @a}ijm thxit bwell hfe )

i nding of the |abelled anti to e . ypeptide |s |ndicative of the
oot 1o Oy B eTBO Al SRR INIGRS OF i SRS A AIRERS s LEPEHaY {hE SERPTLG
Support  Miyayt acad ¢ @isc Gubldsaldsé ibérpladehia@R of A1lashio iniafb@iAl SHBY adlyatykeehed.

Suitable nmaterials are well known in the art. For exanple, the solid
support n&y PRlyviayickieride,cThe suppprtamay alsoche 3 mpenstigpasticls ona diber optis|SERfOBSe or

ot her sui taly| & tHRIMEAGE, fOY k@18 lid U 8! Datent RS, 5334DRRO1.L Ay be a bead or disc,
such as glass, fiberglass, latex or a plastic material such as pol }/styrene
The polypeptides may be bound to the solid support using a variety of techniques well

known in the art. In the context of the present invention, the term "bound" refers to both
noncovalent association, such as adsorption, and covalent attachment, which may be a direct
linkage between the antigen and functional groups on the support or a linkage by way of a
cross-linking agent. Binding by adsorption to a well in a microtiter plate or to a membrane is
preferred. In such cases, adsorption may be achieved by contacting the polypeptide, in a
suitable buffer, with the solid support for a suitable amount of time. The contact time varies
with temperature, but is typically between about 1 hour and 1 day. In general, contacting a
well of a plastic microtiter plate (such as polystyrene or polyvinylchloride) with an amount of
polypeptide ranging from about 10 ng to about 1 ng, and preferably about 100 ng, is sufficient

to bind an adequate amount of antigen.
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or polyvinylchloride. The support may al so be a magnetic particle or a
fiber optic sensor, such as those disclosed, for exanple, in U S Patent
No. 5, 359,681. The pol ypeptides may be bound to the solid support using a
wvariety of techniques well known in the art. In the context of the p{]e§qﬂiR 2002
invention, tRgybeeay" bound” refers to both noncoval ent aggaGbadcidn. o
as adsorption, and coval ent attachnent, which nay be a direct |inkage
between the antigen and functional groups on the support or a |inkage by
way Of_ a cr Oss'dobaﬂéﬂt @Eacﬁ&&%f p@&ﬂlﬂﬂ:d&go 93§ l?&jﬁxgg&‘t "nQP LRy R aLhIL\Q 3
mcrotiter plate or nbrane 1s eferr §Uch Casés 85rpt|on
may be achi ehchye @bﬁmamw{gablﬁ@ﬂm#lymmtmwﬂi matantblboﬁlalmsepMdnéla With
the solid t aries
W th terrpef%’?ﬁ?gat] g&’&? %g}?%yyafo}?@l;? y bet vveée?éluPé out p%“ﬁoﬁtj(raga%&t T’}aa’gg.’\f’fn
general , camlyeeptidagmey baeloundoto suprors thaingriapr @nprcipaateppcaymer( saagihg asing

| yst L tid
P?orynsaﬁéﬁ[‘e°f8£°ﬁ“{>f*§vda%¥u§ﬁ|ﬂﬁé‘?°q§ oty BB e Shrre B ER At S AR C) o
t o bi nd an aatheqtipdregeanwu tite pn‘lymplideg(am 36, ?@&QYnaﬁﬁB)&cﬁmPog&P&taGQ?and

PCT/ Nz98/ 0G18 V, n hment of pol ypeptide to a solid support may
general ly g’é g‘%ﬁe@ég%A%%\?ﬁ reacting the support with a bifunctional

reagent that wild ceftaaeihbudlrhdfmtsbthé hssﬁ)hxeaxsuﬁpﬁé-hmaadnﬁnun&swﬂsﬂtla&aﬁmlgs&}lIO, such
as a hydroxM%or amn rogg}glg ff Ieclyﬁeptld] For exanpl e,

pol ypept i de" a§**Be "BEutfaPt ﬂp%’ T R % RoIxprptids antigen 'ﬁﬁil Wie?ee&oatl ng

usi ng  benzmeisbiligetieornn sbijd ﬁ@ﬁtﬂenﬁmt me@arﬁ;ﬂe &ﬂc}ﬁhﬁﬁﬂwﬂﬁdx&f RUie Cﬂalyﬁabﬁxdglmport

with an am ne.and an act hé&ﬁ@g E}won t he poI pe ptide_ (see, ? Pierce
et camBIRTDe carf BE A Fbiddete mropEnc yRepide, Snbowtd Sepiea n

enbodi nent ahentraao@a $3th th&mﬂfébiﬁ?&d}ﬂ&i@pkﬂnﬂl‘ﬂﬂl d (ERRRSRARRNp AR birdHp 1A -
Thi s assay nay be perforrred first contacting a po ypergtl de antigen that

has been ~ ithviEunqbilized apjibody- &Obippﬁflds&arp@% is agideds ~ Threamennh pledetestion reapent
anti bodi es ¢ rdnfbens RIS Ble sl supfioti ﬁ‘leﬁ Merﬁﬁﬂﬁbgn 5 Ghefibd gmﬁ%) t%r fig to the

i mobi | i zed pol ypeptide. Unbound sanple is ermved

i mobi | i zedrgsifiodsieptidndeagemid a det ection reagent capabl e of bi nd| ng to the
i mobi |'i zed ant jpady.naly T:é de amount ection
reagent that renai }y?é_gouﬁ to tﬁggg%:n?eélsslﬁlg%gﬁ Eh OJt% PRIt ar n‘aﬁs?{g’ﬁ using a
met hod apprabexei the eenfaining pretein dipding fites odelteescmnomrerteaxgdmb]ocked Any suitable

blocking agent known to those of ordinary skill in the art, such as bovine serum albumin or

Tween 20™ (Sigma_ Chemical Co., St. Louis, MO) may be employed. The immobilized
polypeptide is then incubated with the sample, and antibody is allowed to bind to the antigen.
The sample may be diluted with a suitable diluent, such as phosphate-buffered saline (PBS)
prior to incubation. In general, an appropriate contact time, or incubation time, is that period
of time that is sufficient to detect the presence of antibody within a M. ruberculosis-infected
sample. Preferably, the contact time is sufficient to achieve a level of binding that is at least
95% of that achieved at equilibrium between bound and unbound antibody. The time
necessary to achieve equilibrium may be readily determined by assaying the level of binding
that occurs over a period of time. At room temperature, an incubation time of about 30

minutes is generally sufficient.
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More specifically, once the polypeptide is immobilized on the support as
descri bed above, the remaining protein binding sites on the support are
typically blocked. Any suitable blocking agent known to those of ordinary
skill in the art, such as bovine serum al bumin or Tween 20TM (Sign§ 3 APR 2002
Chem cal Co.wo8imedoui s, MO nmay be enpl oyed. The i nmobi pCuBzbs/omsd ypepti de

is then incubated with the sanple, and antibody is allowed to bind to the
antigen. The sanple nay be diluted with a suitable diluent, such as

phosphat e- buf f dﬂl&:dumbéahipl‘e 1043B58) rempyddcy Washing chebsalid eupport WigeMesbplopriad

appropri at ont ac t|o i.s that period, of tinme that
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to achieve, a | evel of 8*'_ 4?2 is at least, 95% of that achieved at
aolman 1oty
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achi eve equbdns RhéwiTnRY alePe Ay, the deleioRirEReht RYnARS AYinbiEl Ta%e?. sﬁMPAs of
bi ndi ng that occurs aover a period of tinme. At roomtenpera

i ncubat i onfof FYAPRY PEEGA. fmclm% dnmEnqelobylim decsip (o frsmrftlsem)eq@mugmd @ 8 APR
2002 WO 99303 4robf:TPRESRE RPLRS g%?iﬂ?ih@ﬁﬁ @:{B?Jn@s ety aQ@.o{séQ%m%& ragsShi ng

the solid support with an appropriate such as PBS contal ni‘'nhg 0. 1%
Tween 20TMubsteatesceafastors, dpihitets. dyey, qﬂﬁewcbéeSabvmsqem groups, ﬁvzﬂmsaem; lgm@psrt An

appropri at t Spet

i mobi | i zeﬁldgﬁétﬁgogg 982’53’%2%% |0 ggmgfgépﬁgggng#g_&nhhg& c‘glrxlr{lge d% 'ev HS"EFy any of
a variety mndarﬁemﬁboctsnbwwm in thhartar Commosf kindihg pgentshmayl esochbd pm'clmagent
cont ai ns Malel X e ProtelnA Protein G

( acoﬂulgf.{lkcf‘% %%Fl&?r(o?%ﬁbﬁs rou% §ron% x%ﬂﬁfgaogmofr? SQUICES, (e ¢ z}m’ifr oup.

i rmunogl obu ectin o ree an conj
Pref err ed kabpuatdries, Sgrr Brapgsco,(CA, mdéP:enz,)Rmkfo(dsHQh as horseradi sh peroxi dase),
i nescent groups,

substrates, cofact i nhi bitors s . adi onuc

fl uorescent gr gﬁpsé) LU B78ET S ‘PEUba ﬁlbatﬁ‘f dwm8$"“bﬁ%na?‘ﬁ>gg1ég@mepﬂ
reporter gronpiExnfay ab @maaii of vinge uﬂﬁdh@t t@ﬁasdahcd bt hadiSodkN O approfriae: art .
Conmmon bi ndi ng, agents ma ur.c atedtoavarlety of
reporter ‘ﬁ‘g% gpg’ﬁ]Wné’“%MF ?Ftp %ué%‘@sﬂ’? E’ab“% ClurenSeliIStrUCHORSr At R i es,
San Francis&sing@fs le@of Bhdiigtat dBaﬁkéﬂfdperidd)of tithd € UdBduB8 labedioh $&g&itts | S

i ncubated with the immobiljzed anti baod ypepti de conplex for an anount
of tine squ rEmerd ang bﬁ'&déj&“‘f%é"%‘ﬂﬁﬂx"é ‘idblﬁ’&? the gppogteigren- | Beamethadount  of

time may oeieyal For dolctih R repoR@ForbiMBpedas updtHd Rfelrd!bfthe Repbrs pfddp! FQNS or by

radioactive groups, scintillation counting or autoradiographic methods are generally

appropriate. Spectroscopic methods may be used to detect dyes, luminescent groups and
fluorescent groups. Biotin may be detected using avidin, coupled to a different reporter group
(commonly a radioactive or fluorescent group or an enzyme). Enzyme reporter groups may
be detected by the addition of substrate (generally for a specific period of time), followed by
spectroscopic or other analysis of the reaction products.

To determine the presence or absence of anti-mycobacterial antibodies in the sample,
the signal detected from the reporter group that remains bound to the solid support is
generally compared to a signal that corresponds to a predetermined cut-off vélue. In one
preferred embodiment, the cut-off value is the average mean signal obtained when the

immobilized antigen is incubated with samples from an uninfected patient. In an alternate
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assaying the level of binding that occurs over a period of tinme. Unbound
detection reagent is then renoved and bound detection reagent is detected
using the reporter group. The nmethod enployed for detecting the reporter
group depends upon the nature of the reporter group. For radioactivg3 APR 2002

groups, sci nwg obdehON counting or autoradi ographic et hogsrRiRedgnerally
appropriate pectroscopi ¢ methods may be used to detect dyes, |um nescent

groups and fluorescent groups. Biotin my be detected using avidin,

coupl ed t g g fif & RloGRnd ’?}QOJu 8’? 91&9 P detgx%ﬂmg?{} n% aaRE&WeP g%gratog C%a/et ected by

fl uorescent group or an nzyne re groups
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Sackett et al ., i ni.cal i dem ol ogy:
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menbr ane, imM&Re®d Nioldties %Mhﬁg the shﬂrlt:herﬁfels%ﬁ: bﬁlgﬁlg@ alofg lthe maﬂﬁra\féod' es

within the sanple bind to the rmmobilized pol ypeptide as the sanpl e passes
t hrough t HECYRBrAoTeaie coniinjeg deteqtion raagengapt to( e grea of immebitized robipbmideial  gol d)

then bi nd@oﬁ&nﬁ'gﬁm &’n&étgggry T %H{ RERhe %lﬁ%ﬁ% elﬁdx@zﬁes_rﬂlg %g;e%el g agt?nt ai ni ng

the detection reagent flows through the rane tection of bound
det ect i onmyeehgetaria rmtgboqllh%m theesapplef diymisallyathedonesntrdtionl of désentien rdagent ite stri p

test forngpL, s:f%ﬂfép&glgs Pfareb SsuPe RO BIREHEC ca%‘a ¢dda QﬁLM@e%}a g@sc & JPouRg is

imersed in a solutio con’talnlngthes graf'es %l ong the
merbr ane  patterroindiaates a regativa resuht laigenerd, Meth erpoiwaxgelnhmmnbihted ohlde area of

'pglm;g Ielplt fg’gmign %{ Esg ektgf ho ge%:)rgtg gﬂ\éséxaﬁ | 9irs]ce:0fblgI %atlt%(r:r;[ \IN en tine%r%?oglcalasamp ee
contains a level of an_tlbodles that would be sufﬁcxent to generate a positive signal in an
ELISA, as discussed above. Preferably, the amount of polypeptide immobilized on the
membrane ranges from about 25 ng to about 1 pg, and more preferably from about 50 ng to
about 500 ng. Such tests can typically be performed with a very small amount (e.g., one drop)
of patient éerum or blood.

Numerous other assay protocols exist that are suitable for use with the polypeptides of
the present invention. The above descriptions are intended to be exemplary only.

The present invention also provides antibodies to the inventive polypeptides.
Antibodies may be prepared by any of a variety of techniques known to those of ordinary skill
in the art. See, e.g., Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring

Harbor Laboratory, 1988. In one such technique, an immunogen comprising the antigenic
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nycobacterial antibodies in the sanple. Typically, the concentration of
detection reagent at that site generates a pattern, such as a line, that
can be read visually. The absence of such a pattern indicates a negative
result. In general, the anmount of pol ypeptide imobilized on the nehBrAPR 2002
i s sel ectedwamsgsmerate a visually discernible pattern WNZ$189 ol ogi cal
sanple contains a |evel of antibodies that would be sufficient to generate
a positive signal in an ELISA, as discussed above. Preferably, the anount
of pol ypeptypeide ngrblitially Zaidcteshintheny o€ abvide eariegn gk mammaln (algo mic? 5ats,g t o
about 1 nd_, nor [ r Y. bout . ng t abo 00 Such
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pr epar ed bX %2% of, lvalﬁet%cwof t echni ques known to those of ordinary skill
in the arfPupl ?s‘é?agﬁ,” PPV and Lane, Antibodies: A Laboratory Manual,
Cold Spring Mrhéidnal afibodieo kyecifitIfB. thd AntpeGic Spobipeptrie NoTi ieRst @Ay iBFTUNOgeEN
conprising the antigenic 39 WO 99/ 32634 3 APR 2002. PCT/ NZ98/ 00189

pol ypept iPFR@azed, fon; xAmple, uipg dher leghmigie,of hghlgs and Milstein, obire vy Igpunehnmal s
(e.g., MgR1-51811976, dndtbprbPemenildAWdletdN Brie@Akikle mdR6ds! IFVONROHE Prepatation] ect ed
into the aninmal host, preferably according to a predeterm ned schedul e

i ncor por &f iiHEopsH el linghrapatle 95 PRAUGIRG ARibodies baving the desired speaificita i ar e bl ed
peri odi Caldovin PRk e PoRberial bPRMHED. SREE bl Snek %ytﬂaeprmkeapﬁomﬂﬁmaﬂy t hen
be purified fromsuch antisera by, ‘for exanple, affinity chromat'ography

usi ng t hdropospjese gellscrbtained fiomean anemal immiunizes as dserribell ashopp oflhe spvomedlsonal

ant | DO G SRS ol fied NEnAD LAl BRk LAERLL Rl bOLERSSh, TRYDE

pr epar ed exanp usi'ng ni-que I'stern, Eur. J.

| mmunol . syigebeid wili e iSgzedaninal, msing wesrefi i \writth of etimiquBs welf knowntilndee net hods
i nvol ve tage preparation of imortal cell |ines capable of producing

anti bodi es” having the desired specificity (i.e., reactivity with the

pol ypepti de oMohoti@rk shijhodiSs ahayc b¢ |isdlatek sromashebaippmadits e, thé aesukingpl e,
R SERE R AT TR TR R S S
partner, spdhedsatijedtioy odthe hiybridomaell line into the peritoneal cavity of a suitable vertebrate

host, such as a mouse. Monoclonal antibodies may then be harvested from the ascites fluid or

the blood. )

Antibodies may be used in diagnostic tests to detect the presence of mycobacterial
antigens using assays similar to those detailed above and other techniques well known to
those of skill in the art, thereby providing a method for detecting mycobacterial infection,
such as M. tuberculosis infection, in a patient.

Diagnostic reagents of the present invention may also comprise polynucleotides
encoding one or more of the above polypeptides, or one or more portions thereof. For
example, primers comprising at least 10 contiguous oligonucleotides of an inventive
polynucleotide may be used in polymerase chain reaction (PCR) based tests. Similarly,

probes comprising at least 18 contiguous oligonucleotides of an inventive polynucleotide may
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syngeneic with the i munized animal, using one of a variety of techniques

well known in the art. Monoclonal antibodies nay be isolated fromthe
supernatants of the resulting hybridonma colonies. In addition, vari ous

techni ques may be enployed to enhance the yield, such as injecti on (P AW 2002
hybri doma celwo édz3@4i Nt 0o the peritoneal cavity of a suit alghravzysoisebr aY

host, such as a nobuse. Monocl onal antibodies nay then be harvested fromthe
ascites fluid or the blood. Antibodies nmay be used in diagnostic tests to

det ect the pRRB&ERF hyBHidiaNE AP seLiGE iséuencadt | T%ﬁuéésfbpgoti?%éﬁylﬁaséf fglt% :
those detail ed above and ot her techniques we known to ose 0 |II in
the art, t hepridiation tosts areriveliknepninthe gy Pamerser prayesmayothachessedito deltn‘c9ct| on,
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present invention may al so conprise ynuc eot encodi ng”onhe ot nore
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pol ynucl eoti de may be used in polymerase chain reab tests.
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cer ebr ospi hablouf’|comtemplates s vamenceIBMp tpmds)mceﬁuagmtrﬁbhﬂh@m&lf pefdefidge.

ol i gonucl eotid hse ences dest:?rl bed abdgé %ﬁﬁ used al one, in conbination
with each ot heff® BYIOWIME eXsmBIcE Sifs PEersdy BR (YT el Walkstiem and nok by vaysof he 38
kDa anti genmdhﬁthSSEd above. The word "about,"” when used in this
application with reference to a percentage by weight conposition,

contenpl ates a variance of up to 10 percentage units fromthe stated
percentage. Wien used in reference goamereentage identity or percentage
probability, the word "about ) conte pl ates_a vari ance of up to one
percentage unit from t® 17 EIOBCOF WHEE PITH A6V tanpl es are
offered by way of illustration aOﬂT‘WEI%@UL‘@?SYSOf limtation. EXAWPLE |

This example illustrates the effect of immunization with heat-killed M. vaccae or M.
vaccae culture filtrate in mice prior to challenge with live M. ruberculosis.

M. vaccae (ATCC Number 15483) was cultured in sterile Medium 90 (yeast extract,
2.5 g/l; tryptone, 5 g_/l; glucose, 1 g/l) at 37 °C. The cells were harvested by centrifugation,
and transferred into sterile Middlebrook 7H9 medium (Difco Laboratories, Detroit, M1, USA)
with glucose at 37 °C for one day. The medium was then centrifuged to pellet the bacteria,
and the culture filtrate removed. The bacterial pellet was resuspended in phosphate buffered
saline at a concentration of 10 mg/ml, equivalent to 10'° M. vaccae organisms per ml. The
cell suspension was then autoclaved for 15 min at 120 °C. The culture filtrate was passaged
through a 0.45 pm filter into sterile bottles.

As shown in Fig.1A, when mice were immunized with 1 mg, 100 pg or 10 pg of M.
vaccae and infected three weeks later with 5x10° colony forming units (CFU) of live M.

tuberculosis H3TRv, significant protection from infection was seen. In this example, spleen,
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EFFECT OF | MMUNI ZATION OF M CE WTH Al . VACCAE ON TUBERCULCSI S Thi s

exanple illustrates the effect of immunization with heat-killed M vaccae

or M vaccae culture filtrate in mce prior to challenge with live M

tubercul osis. M vaccae (ATCC Nunber 15483) was cul tur ed in sterile OVBJARPR 2002
90 (yeast ewoenbes 2.5 g/l; tryptone, 5 g/l; glucose, |paynizeseniss37 C. The
cells were harvested by centri fugation, and transferred into sterile

M ddl ebrook 7H9 nmedium (Di fco Laboratories, Detroit, M, USA) wth glucose

at 37 C f liver@né hahgtissiEheasTRieted REH mibethrdsondekd ﬁweﬁe&ianpﬁldl 18le BabBi

bacteria, , and Re cul tur %&Hé‘f}‘r ate renoved. The bacterial pellet was
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I mruni zedsiyditiéantlprétotivé @ffects dAmiddbubseQfently m’f'é%ﬁ@%hﬁogl\d Hib&%& §*{ weeks
later with 5x105 col ony form ng units (CFU) live ercu 0si s H37Rv,
si gni ficant priog Bt EhOWF Wtowhanﬁnéq:wetsrﬂrrm@us@e\nth 108 Ltgh<i>fsMemn¢pd eyltuspl een, 41
0 3 APR 2fifidieViRa HHAZAIA: B NESUALLED ey Gas gl Ll IiASUG, RS Parvested
fromnice three weeks after infection, ive bacilli = dete

(expr ess eRfoggtionmay alstiseeny Sdhsospleas, liver bmtiuht ilssnuwbehmesmh émnnomfp&rr&d to

tissue f wl I eded S i ver.and | ung
tissue, a‘ﬁ%qﬁ%glhl n %fegﬁé)?%cggﬁmm’%ﬁﬁum 7 a1 t'i”c’)‘h“e%’f 21% E’g\ﬁ‘i“ﬁ“‘ﬁ’eﬁ’t killed
M t uber c unuoshiess, mmarmm npw-imigniped tortmhmicprveds ebderwed. ef f ect s on mice
subsequently infected with [ive M tubercul osis H37Rv. Fi g.1B shows that
when mice were i muni zed with 100 g of M vaccae culture filtrate, and
infected three weeks later with SEX&MIGJEI of M t ubercul osi s H37Rv,
significant prot e;_%hu BRI A and lung tissue

was harvest ed fronFnree—tntee ek el 3 78 | ive bacilli
nunbers (CFU) det OFTMVMUN mnerzwlqrgmadtwffmwmssmmﬁﬁs as conpared to
non-i mmuni zed control m ce,_was_ observed. EXAMVPL OF | NTRADERMAL
AND | NTRA- LUNG ROUTES OF ITMNORNAMOLEQUAMONKEYSACCAE ON TUBERCULOSI S

This example illustrates the effect of immunisation with heat-killed M. vaccae or M.
vaccae culture filtrate through intradermal and intralung routes in cynomolgous monkeys
prior to challenge with live M. tuberculosis.

Heat-killed M. ;’accae and M. vaccae culture filtrate were prepared as described above
in Example 1. Five groups of cynomolgous monkeys were used, with each group containing 2
monkeys. Two groups of monkeys were immunised with whole heat-killed M. vaccae either
intradermally or intralung; two groups of monkeys were immunised with M. vaccae culture
filtrate either intradermally or intralung; and a control group received no immunisations. All
immunogens were dissolved in phosphate buffered saline. The composition employed for
immunisation, amount of immunogen, and route of administration for each group of monkeys
are provided in Table 1. Prior to immunisation, all monkeys were weighed (Wt kg), body
temperature was measured (temp), and a blood sample taken for determination of erythrocyte

sedimentation rate (ESR mm/hr) and lymphocyte proliferation (LPA) to an in vitro challenge
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I N CYNOMOLGOUS MONKEYS This exanple illustrates the effect of inmunisation
with heat-killed M vaccae or M vaccae culture filtrate through

intradermal and intralung routes in cynonol gous nonkeys prior to challenge
with live M tuberculosis. Heat-killed M vaccae and M vaccae cul t {J& APR 2002
filtrate wer ygoBsds €ed as descri bed above in Exanple 1. pErmesspompps oOf
cynonol gous nonkeys were used, with each group containing 2 nonkeys. Two
groups of nonkeys were i muni sed with whole heat-killed M vaccae either

i ntrader mil:ilhyplﬂlﬁeé fole? (PPD) prlepdRedfr6tt PB/cHacRidk BYsis. MRACESRTIHA L $RGhAM th M
vaccae cul ture trate either intradermally or intralung; and a control

group rec é’F‘V’e‘He‘hﬁf indieaters efdpfiagpmatorn cell sepponics gAhdavida mestdmawpisetion these

phosphat e ppufif&heatt wed feBéited. Th@d&qm&ﬂnﬂﬂ@?s ,%me%%@comfi hﬁ%@h %éspé

anount of imunogen, and route of adm nistration for e group o rmnkeys
are provi disckamp amatt ef i, vapiap gad pwe phiFgnisation@n the anitial mkmy@oweﬂa daei ghed
(W kg), BOG¥dy WRIBRE diptatre/BER TEAEPA SSPRID SR meadl} ﬁry)%e t aken
for determ natlyon[gg erﬂitahrocyt e sedinentati o"rlle ra?de%? Eﬁqﬂ.ﬁ Shd

| ynphocyt énfentesi witke } @itcplony forrping upits ofithd Brdmian stepinc plaMyeohamerath Qb@cpis 2002 WO
99/ 32634 BCT4 0 R i e 4 red from
I\/ycobacterﬂn%lé%lgg S. %%EE& grl]d f %hﬁ%g%s dfgrg{éﬁuﬁggsde ﬁgglﬁ emétecﬁh% of

i nf | anat daxs fallaydhg mfeesmb@esvelgl\t, teteppraB®:, ESBtand kAo SBDivere mbmard in
measur ene r ! Nk recei ved. a second
i muni sat P %ﬁ“ﬁg‘?ﬁg aﬁ‘?% égrﬁoqg%f" 364% ﬁ)%tén\}%%cggé@eﬁdn e8‘tﬂnew8$ IMérdtni sat i on
as t he i nintberzklosirhadresited 10|the ot ofppeuntidja. body wei ght, tenperature, ESR and
LPA to PPD were neasured, then all nonkeys were infected with 103 col ony
form ng units of the Erdman strain obact erium tubercul osis by

'TQZ(;[;' giggme 3;32n¢§ﬂﬁtﬂ\%’lﬁﬁﬁﬁ ht | unﬂs of _i mmuni sed ani nal s.

erature, ESR and
LPA to PPD were neasured in N@ﬁal?ﬁe Iungs were x-rayed to

det er m ne whet infection with live M tuberculosis had resulted in the
onset of pneu 'Fﬁ“& TABLE | %q}ﬁﬁ;a“sm OFATNPEADERVAL  BREEPNTRALUNG  ROUTES
OF | MVUNI SATI l@ 5up mber Immunogen Immunisation
Monkey

1 S3101-E 0 -

(Controls) 3144-B 0 -

2 4080-B 500 pg intradermal

(Immunised - 3586-B 500 pg intradermal

with heat-killed

M. vaccae)

3 3534-C 500 pg intralung

(Immunised 3160-A 500 ug intralung

with heat-killed

M. vaccae)

4

(Immunised 3564-B 100 pg intradermal

with culture filtrate) 3815-B 100 pg intradermal

5

(Immunised 4425-A 100 pg intralung

with culture filtrate) 2779-D 100 pg intralung

43



| dentification Amount of Route of Nunmber Number of | munogenl muni sati on

(I mruni sed
-3586-B500.tgintradermal with heat-killed M vaccae) 3534-C500 gintral ung
3 (I mmuni sed3160- A500 gintralung with heat-killed M vaccae) 4

Monkey |53101-EO (Control s)3144-B0 24080- B500 ggi ntrader nmal

(1 muni sed3wagleoBIRO gi ntradermal with culture PCT/NZ98/00189

03 APR 2002

filtrate)3815-B100.tgintradermal 5 (I muni sed4425-A100 tgintralung with

culture filtrate)2779-D100.tgintralung 43 0 3 APR 2002 WD 99/ 32634

PCT/ Nz98/ 00189 The results of these studies are provided bel ow in Tables

2A-E and are summuari zed bel ow

The results of these studies are provided below in Tables 2A-E and are summarized

below:

Table 2A — Twenty-eight days after infection with M. tuberculosis Erdman, chest x-rays of
control (non-immunised) monkeys revealed haziness over the right suprahilar regions of both
animals, indicating the onset of pneumonia. This progressed and by day 56 post-infection x-
rays indicated disease in both lungs. As expected, as disease progressed both control animals
lost weight and showed significant LPA responses to PPD, indicating strong T cell reactivity

to M. tuberculosis. The ESR measurements were variable but consistent with strong immune

reactivity.

Table 2B - The two monkeys immunised twice with 500 pg M. vaccae intradermally showed
no sign of lung disease 84 days post-infection with M. tuberculosis. The LPA responses to

PPD indicated there was immune reactivity to M. tuberculosis, and both animals continued to

gain weight, a consistent indication of a lack of disease.

Table 2C — The two monkeys immunised twice with 500 ug M. vaccae intralung showed
almost identical results to those animals of Table 2B. There was no sign of lung disease 84
days post infection with M. tuberculosis, with consistent weight gains. Both animals showed
LPA response to PPD in the immunisation phase (day 0-62) and post-infection, indicating

strong T cell reactivity had developed as a result of using the lung as the route of

immunisation and subsequent infection.

Immunisation twice with 500 pug of whole M. vaccae has consistently shown protective
effects against subsequent infection with live M. tuberculosis. The data presented in Tables
2D and 2E show the effects of immunisation with 100 pg of M. vaccae culture filtrate.
Monkeys immunised intradermally showed signs of developing disease 84 days post-
infection, while in those immunised intralung, one animal showed disease after 56 days and

one animal showed disease 84 days post-infection. This was a significant delay in disease

onset indicating that the immunisation process had resulted in some protective immunity.
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Tabl e 2A - Twenty-ei ght days after infection with M tubercul osis Erdman,
chest x-rays of control (non-inmunised) nonkeys reveal ed hazi ness over the
right suprahilar regions of both aninmals, indicating the onset of

pneunoni a. This progressed and by day 56 post-infection x- rays indi §& aPR 2002
di sease i n beidwopgigs. As expected, as di sease progressecdchatzisoomsat r ol
animals | ost weight and showed significant LPA responses to PPD,
indicating strong T cell reactivity to Mtuberculosis. The ESR
measurenents were variable but consistent with strong i mMmune reactivity.
Tabl e 2B - The two nonkeys i nmuni ya®@ipgAse with 500 g M vaccae

intradermal |y showed no sign of lung di sease 84 days post-infection with
M tubercul osis. The LPA respoosaRoIOMJNgEEYsdi cated there was i nmune
reactivity to Mtuberculosis, and both animals continued to gain weight, a
consistent indication of a lack of disease. Table 2C - The two nonkeys

i mmuni sed tW[TE WTIT 500" g M _vacdgae [ N #saNy shPWd Lpal ral
results to ttose mi malis Daeys TWhKg |2Bempl HeMa/hAPPDOD S5i gFD10T| kRaOR&Hagkease 84
days post inflection wtlh M tjubercyl osis,] with|consi stent weir ght garng. Both

ani mal s showg@3181BA T esjponse| t @.1PPD 137.06[he T omung.gaf 1 on 1nNaNegadvaay 0-62)
and post-infgction, 1 ndicai4ng1.88%T Orgy 3l cqq lre@gg VITY Jaghdevetopgd as a

result of usi[ig THe TUNT a& [ Ne.0pauT S6Qf M Sgg [ O g8 bsetuent
infection. | NMIUHRabf Mfectigf CE W T 500 whote—M—vaccae—+as

consi stent | y strowr—prot ctft;zsvc 2%19f ectyy gat st Dl,llt‘l?‘ regtHEeet-eA— t h
live Mtuber gttost + t pt-esertet—Iables: B—a ‘7 'Pés“ly‘“"“ thg

Q. LI} U, A I < CIit Tl T T3, g - v g |

effects of i rpruA-sati-oR—wi} 15’95 g %3‘.“73!‘ ‘v'gq':ae S8l ¢y & el Popifvg o I‘/bnkeys
i mruni sed i ntgadermally Ch"A:tﬁﬁ_%r s 336 dn\lp;hni r'ﬂnT i seade P}QE!“YFAVS post -
infection, while in th dsel?! ERed intral ung, ane ani mal _showed di s¢ase
after 56 days and one animal showed di sease 84 days post-infection. This
was a significant delay in disease onset indicating that the inmunisation
process had resulted in sone protective immunity. 44 WD 99/ 32634 TABLE 2A
CONTRCOL MONKEYS Ou)#3 APR 2002 . PCTI N298/C0189 Dty s WPAKgqTenp. ESR LPA

Days | Wt.Kgs | Temp. PPD PPD X-Ray Remarks
Mm/hr 10ug lpg
3144-B 0 2.05 36.7 0 0.87 1.8 [ Negative
34 1.86 37.6 ND 2.2 14 | ND
62 1.87 36.5 ND 1.6 1.6 | ND

— Time of Infection

28 2.10 38.0 0 12 8.7 | Positive
56 1.96 37.6 0 29.6 21.1 | Positive
84 1.82 37.3 4 45.3 23.4 | Positive

131 | DIED

ND = Not Done
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LPA X-Ray Remar ks Mt hr PPD1OPPDI  S3101EO02. 1737. 000. 471. 1Negat i ve

341.8837. 3NDO. 851. 4ND 622. 0236. OND1. 31. 5ND -> Tinme of Infection

282.0938. 021. 33. 7Posi tive 561.9237.2205. 69. 1Positive

841.8137.584. 75. 6Posi tive 121D ED ESR LPA LPA | D#DaysW . KgsTenp. Mi(h3 PEER 2002
PPD X- Ray Reweniseél0glg 3144-B02.0536.700.871. 8Negat i vePCT/NZ98/00189

341.8637. 6ND2. 21. 4ND 621. 8736.5ND1. 61. 6ND -~ Tine of Infection

282.1038. 00128. 7Posi tive 561.9637. 6029. 621. 1Positive

841. 8237. 3445. 323. 4Posi ti ve 131DI'EABIRB- Not Done 45 0 3 APR 2002

MONKEYS IMMUNISED
WITH WHOLE HEAT-KILLED M. VACCAE (500 pg)
INTRADERMAL
_ LPA LPA
ID# Days | WtKgs | Temp. ESR PPD PPD X-Ray Remarks
Mm/hr 10pg lpg
4080-B 0 2.05 37.1 1 1.1 0.77 | Negative
34 1.97 38.0 ND 1.7 14 | ND
62 2.09 36.7 ND 1.5 1.5 {ND
-~ Time of Infection
28 2.15 37.6 0 2.6 2.1 | Negative
56 2.17 37.6 0 8.2 7.6 | Negative
84 2.25 37.3 0 3.8 2.8 | Negative
178 | DIED
- _ LPA LPA - _
ID# Days | WtKgs | Temp. ESR PPD PPD X-Ray Remarks
. s mm/hr lOug 1pg
3586-B 0 2.29 37.0 0 1.1 1.4 | Negative
34 222 38.0 ND 1.9 1.6 | ND
62 2.39 36.0 ND 1.3 1.6 | ND
—> Time of Infection
28 2.31 38.2 0 3.2 2.6 | Negative
56 232 37.2 0 7.8 4.2 | Negative
84 2.81 374 0 34 1.8 | Negative
197 | DIED

ND = Not Done
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WO 99/ 32634 TABLE 2B MONKEYS | MMUNI SED W TH WHOLE HEAT-KI LLED M VACCAE

(500 g) | NTRADERMAL PCT/ NZ98/ 00189 ESR LPA LPA | D#DaysW . KgsTenp. M1 hr PPD
PPD X- Ray Remarks 10glg 4080-B02.0537.111.10. 77Negati ve

341.9738. 0ND1. 71. 4ND 622. 0936. 7ND1. 51.5ND --~ Tinme of Infection 03 APR 2002
282. 1537. 602 wapdoohdidgat i ve 562. 1737. 608. 27. 6Negat i ve PCT/NZ98/00189

842. 2537. 303. 82. 8Negative 178Dl ED ESR LPA LPA | D#DaysW . KgsTenp. nm hr PPD

PPD X- Ray Remarks 10glg

TABLE 2C
MONKEYS IMMUNISED
WITH WHOLE HEAT-KILLED M. VACCAE (500 ug)
INTRALUNG
LPA LPA
ID# Days | WtKgs | Temp. ESR PPD PPD X-Ray Remarks
mm/hr 10ug lug
3534-C 0 2.15 36.8 0 1.7 1.3 | Negative
34 2.00 37.8 ND 44 14 | ND
62 2.13 36.4 ND 3.2 1.9 | ND
—> Time of Infection
28 2.38 37.7 0 1.9 2.6 | Negative
56 242 37.8 0 5.3 4.7 | Negative
84 246 37.1 1 3.1 3.2 | Negative
210 No sign of lung disease Negative
s LPA LPA
ID# Days | WtKgs | Temp. | ESR PPD PPD X-Ray Remarks
: K ' mm/hr 10pg lpg
3160-A -0 217 373 0 1.2 0.79 | Negative
34 1.98 37.1 ND 3.9 7.8 | ND
62 2.17 36.9 ND 1.7 24 | ND
— Time of Infection
28 2.38 37.7 0 1.9 2.6 Negative
56 242 37.8 0 5.3 4.7 Negative
84 2.46 37.1 1 3.1 32 Negative
210 Stable lung disease Positive
ND = Not Done
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3586- B02. 2937. 001. 11. 4Negati ve 342.2238. OND1. 91. 6ND 622. 3936. OND1. 31. 6ND - ~
Time of Infection 282.3138. 203. 22. 6Negati ve 562. 3237. 201- 7. 84. 2Negati ve
842.8137.403. 41. 8Negati ve 197D ED ND = Not Done 46 WD 99/ 32634 TABLE 2C

MONKEYS | MVUNI SED W TH WHOLE HEAT- KI LLED M VACCAE (500 9)
APR 2002 PCWorMZ383400189 ESR LPA LPA

| NTRALUNIGZ OARR 2002

| D#DaysW . KgsTenp. rRGTINZPFOIEPPD X- Ray

Remar ks 10g1g 3534-C02.1536.801. 71. 3Negati ve 342.0037. 8ND4. 41. 4ND

622. 1336. 4ND3. 21. 9ND -> Ti ne of

I nfection 282.3837. 701. 92. 6Negati ve

562. 4237. 805. 34. 7Negat i ve TABLE 2D
MONKEYS IMMUNISED
WITH CULTURE FILTRATE (100 pg)
INTRADERMAL
- LPA LPA
D# Days | WtLKgs | Temp. "ESR PPD PPD X-Ray Remarks
- mm/hr |~ 10ug  JTT
3564-B 0 2.40 37.2 0 14 1.4 | Negative
34 2.42 38.1 ND 33 2.7 |ND
62 2.31 37.1 ND 3.1 3.4 [ ND
— Time of Infection
28 241 38.6 13 24 13.6 | Negative
56 2.38 38.6 0 12.7 12.0 | Negative
84 241 38.6 2 21.1 11.8 | Positive
140 Died
_ T FP) T LPA [ LPA
ID# Daxs_“_._ Wlt;Kgs__ '"Tcm_p,'_ _ ESR PPD PPD X-Ray Remarks
s SRR & G0 | mmdhr 10pg lpg -
3815-B 0 2.31 36.3 0 1.0 1.4 | Negative
34 2.36 38.2 ND 1.9 2.0 | ND
62 2.36 36.4 ND 3.7 28 |ND
— Time of Infection
28 245 37.8 0 2.1 3.3 | Negative
56 2.28 37.3 4 8.0 5.6 | Negative
84 2.32 374 0 1.9 2.2 | Positive
210 Positive

ND = Not Done
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842.4637.113. 13. 2Negati ve 210No sign of lung di seaseNegative ESR LPA LPA
| D#DaysW KgsTenp. nmi hr PPD PPD X- Ray Renmar ks 10glg 3160-A
02.1737. 301. 20. 79Negati ve 341.9837. 1ND3. 97. 8ND 622. 1736. 9ND1. 72. 4ND -> Ti ne

- of Infection 282.3837.701.92. 6Negati ve 562.4237. 805. 34. 7Negati ve
842. 4637. 113wd3Igiibiagat i ve 210St abl e | ung di seasePosi ti vepd¥Nzsdiags Done

03

ABR 02002

3 APR 2002 WO 99/ 32634 TABLE 2D MONKEYS | MUNI SED W TH CULTURE FI LTRATE

(100 g)

| NTRADERVAL PCT/ NZ98/ 00189 ESR LPA LPA

TABLE 2E
MONKEYS IMMUNISED
WITH CULTURE FILTRATE (100 ug)
INTRALUNG
- - "LPA LPA
ID# Days | Wt.Kgs | Temp. ESR PPD PPD X-Ray Remarks
) ' mm/hr 10ug lpg
4425-A 0 2.05 36.0 0 0.35 1.2 | Negative
34 2.0 37.6 ND 3.0 24 |ND
62 2.11 37.6 ND 2.2 1.6 | ND
—» Time of Infection
28 221 38.0 0 8.4 4.1 | Negative
56 2.11 37.6 0 23.9 17.7 | Negative
84 2.18 379 0 8.4 7.2 | Positive
210 Stable lung disease Positive
_ B LPA LPA x
m# Days WtKgs | Temp: ESR PPD PPD X-Ray Remarks
o : mm/r | 10pg lug '
2779-D 0 2,56 38.6 2 1.9 1.4 | Negative
28 2.55 37.9 ND 0.78 1.1 |ND
56 2.69 384 ND 1.3 1.5{ND
— Time of Infection
56 2.25 [ 39.0 | 24| ND | ND | Posttive
96 Died

ND = Not Done
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| D#DaysW . KgsTenp. mm hr PPD PPD X- Ray Remar ks 10glg

3564- B02. 4037. 201. 41. 4Negat i ve 342.4238. 1ND3. 32. 7ND 622. 3137. 1ND3. 13. 4ND - ~
Time of Infection 282.4138.6132413. 6Negative 562. 3838. 6012. 712. ONegati ve
842.4138.6221.111. 8Posi tive 140D ed ESR LPA LPA | D#DaysWKgs. Tenp. ngi3hAPRD2002
PPD X- Ray Rernwote28dglg 3815- B02. 3136. 301. 01. 4Negati ve PCT/NZ98/00189

342. 3638. 2ND1. 92. OND 622. 3636. 4ND3. 72. 8ND Ti me of Infection

282.4537. 802. 13. 3Negat i ve 562. 2837. 348. 05. 6Negat i ve

842.3237.401. 92. 2Posi tive 210Posi tEXAMRCE3 Not Done 48

EFFECT OF IMMUNISATION WITH M. VACCAE
ON ASTHMA IN MICE

This example demonstrates that both heat-killed M. vaccae and DD-M. vaccae, when
administered to mice via the intranasal route, are able to inhibit the development of an allergic
immune response in the lungs. This was demonstrated in 2 mouse model of the asthma-like
allergen specific lung disease. The severity of this allergic disease is reflected in the large
numbers of eosinophils that accumulate in the lungs.

C57BL/6] mice were given 2 pg ovalbumin in 100 ul alum adjuvant by the
intraperitoneal route at time 0 and 14 days, and subsequently given 100 pg ovalbumin in 50 pl
phosphate buffered saline (PBS) by the intranasal route on day 28. The mice accumulated
eosinophils in their lungs as detected by washing the airways of the anaesthetised mice with
saline, collecting the washings (broncheolar lavage or BAL), and counting the numbers of
eosinophils.

As shown in Figs. 2A and B, groups of seven mice administered either 10 or 1000 pg
of heat-killed M. vaccae (Fig. 2A), or 10 , 100 or 200 pg of DD-M vaccae, prepared as
described below (Fig. 2B) intranasally 4 weeks before intranasal challenge with ovalbumin,
had reduced percentages of eosinophils in the BAL cells collected 5 days after challenge with
ovalbumin compared {o control mice. Control mice were given intranasal PBS. Live M.
bovis BCG at a dose of 2 x 10° colony forming units also reduced lung eosinophilia. The data
in Figs. 2A and B show the mean and SEM per group of mice.

Figs. 2C and D show that mice given either 1000 pg of heat-killed M. vaccae (Fig. 2C)
or 200 pg of DD-M. vaccae (Fig. 2D) intranasally as late as one week before challenge with
ovalbumin had reduced percentages of eosinophils compared to control mice. In contrast,
treatment with live BCG one week before challenge with ovalbumin did not inhibit the
development of lung eosinophilia when compared with control mice.

As shown in Fig. 2E, immunisation with either 1 mg of heat-killed M, vaccae or 200

ug of DD-M. vaccae, given either intranasally (i.n.) or subcutaneously (s.c.), reduced lung
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eosinophilia following challenge with ovalbumin when compared to control animals given

PBS. In the same experiment, immunization with BCG of the Pasteur (BCG-P) and
Connought (BCG-C) strains prior to challenge with ovalbumin also reduced the percentage of
eosinophils in the BAL of mice.

Eosinophils are blood cells that are prominent in the airways in allergic asthma. The
secreted products of eosinophils contribute to the swelling and inflammation of the mucosal
linings of the airways in allergic asthma. The data shown in Figs. 2A-E indicate that
treatment with heat-killed M. vaccae or DD-M. vaccae reduces the accumulation of lung
eosinophils, and may be useful in reducing inflammation associated with eosinophilia in the

airways, nasal mucosal and upper respiratory tract.

DD-M.vaccae depleted of mycolic acids and arabinogalactan
Mycolic acids were depleted from DD-M.vaccae by treatment with potassium

hydroxide (0.5% KOH) in ethanol for 48 hours at 37°C. Mycolic acid depleted DD-M.vaccae
cells were then washed with ethanol and ether and dried. Arabinogalactans were depleted
from the KOH treated DD-M.vaccae by further treatment with 1% periodic acid in 3% acetic
acid for 1 hr at room temperature followed by treatment with sodium borohydride 0.1M for 1
hour at room temperature. After arabinogalactan depletion, samples were washed with water
and lyophilized. As shown in Table 3, both mycolate depleted DD-M.vaccae as well as
mycolic acid and ar;bindgalactan depleted DD-M.vaccae, given intranasally to ovalbumin
sensitized mice reduced the accumulation of eosinophils in the bronchoalveolar lavage fluid
following challenge with ovalbumin.

Administration of heat-killed M. vaccae, DD-M. vaccae or DD-M.vaccae depleted of
mycolic acids and arabinogalactan may therefore reduce the severity of asthma and diseases
that involve similar immune abnormalities, such as allergic rhinitis.

In addition, serum samples were collected from mice in the experiment shown in Fig.
2E and antibodies to ovalbumin was measured by standard enzyme-linked immunoassay
(EIA). As shown in Table 3A below, sera from mice infected with BCG had higher

levels of ovalbumin specific IgG! than sera from PBS controls. In contrast, mice
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mi ce adni nistEESDOBILYLEEUPOR MPEOLICAC ARBURABINGSAMEARRae (Fig. 2A),
or 10 , 100 or 200 pig of DD-M_vaccae, r%pared as described bel ow (Fig.
2B) intranasally 4 weeks bePBPETER PErMé&p dfal | enge with oval bumin, had

reduced pergentagesy, Eméﬁ‘t’G%'dHPhi"b 1T ‘Liemﬁﬁgﬂ—em-eﬁ 5 days after

chall enge wth oval bumn conpared to cgntrol mce. ntrol ch were given

intranasal PBS. Live M bovis BCG at a dodgawmf 2 x 1@.Edblony|fornming units
o) 2AzgRre—B—show t he nean

al so r educegstang—eostroph-tta—The—dat gg“. Fgs—T2Agghd
. K .
and SEM per grs(;up of mce. 84
Myecolic acid depleted DD-M.vaccae - 21.8 17.4
Mycolic acid and arabinogalactan 16.8 0.3
depleted DD-M.vaccae

Note: At least 7 mice per group.

TABLE 3A
LOW ANTIGEN-SPECIFIC IgGl SERUM LEVELS
IN MICE IMMUNIZED WITH HEAT-KILLED M. VACCAE OR DD-M. VACCAE

Treatment Group Serum 1gG1
Mean SEM

M .vaccage i.n. 185.00 83
M vaccae s.c. 113.64 8.0
DD-M. vaccae i.n. 96.00 8.1
DD-M. vaccae s.c. 110.00 4.1
BCG, Pasteur 337.00 27.2
BCG, Connaught 248.00 46.1
PBS 177.14 114
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Figs. 2C and D show that mce given either 1000 g of heat-killed M vaccae
(Fig. 2C or 200 g of DD-M vaccae (Fig. 2D) intranasally as |late as one
week before challenge with oval bumin had reduced percentages of

eosi nophils conpared to control mce. In contrast, treatnment with IﬂgeAFQsz]z

one week befwbasstssd | enge with oval bumin did not inhibitrciwzesdessel oprren
of lung eosinophilia when conpared with control mce. As shown in Fig. 2E,
i mmuni sation with either I ng of heat-killed Mvaccae or 200 g of DD-M
vaccae, given either intranasally (i.n.) or subcutaneously (s.c.), reduced
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nucosal | i ni ngsrrHCT dremaMUranNG MIcE WeTing vast T D-Ives dted poghown in Figs.
2A-E indicate that__treatnent w.t eat-kille vaccae_ or M vaccae
reduces the accunuREEQMBINANT M KACCLEPRO] ONJUBERGULQSISsef ul in

reduci ng i nflammati on associated with eosinophilia in the airways, nasal
mucosal and upper respiratory tract. DD-Mvaccae depleted of mycolic acids
and ar abi no2al ddisaample dluseatescthel sffese pbinyaitization) with beat-kiblefiMeecaes, BP-
treatment I i : i I urs at
37C. Mycol j}%gkgg?g; %gﬁﬂﬁhmﬁc&%vﬁgﬁgggwﬁg@g F%ls&t\l/\%?ea {uﬂﬁgvﬁ’ég%ggé\?\? tit} et hanol
and et her ofihdatekiliedd/ vaseaghyrithapabld resprbinant proteinsiderived frofrMmedche KOH t r eat ed
DD-M vaccae by,f : | 1% periodi cid in 3% acetic acid
for 1 hr at rOé%c%’%v%éﬁ;g{t%f@h&%ﬂfog%& Q’gt}/’ %r'rgeogtt%e%ﬁ 0‘?&%% RrEod Ut g?‘%hydri de
0. 1M f or loccasinms thade weelsrapgrenper at ure. Aft er arabi nogal act an depl eti on,

sanpl es were wash i th t and Lyophilized. As shown in Table 3, both

nycol at e aaéprlé?sgllf?%ﬂ\#ﬁﬁed%&?gsa%(’%lb’l as mycolic acid and arabi nogal act an

depl et ed DE)- Neat\kilizd devacee (800 ught r anasal |y to oval bumn sensitized m ce

reduced th C | at j.an of eosinophils in the bronchoal veol ar | avage fluid
nBPF B el B ek

fol |l owi ng Bbval bunmi n. Adninistration of heat-killed M vaccae,
DD- M vaccde AGooldPrddbmbiaat peteiit pbriifidg 05 ug of each of GV4P, GV7, GV9, GV27B,

GV33 protein (prepared as described below); and

MO K Q

N3 L AYa

-

e) Heat-killed M vaccae plus the pool of recombinant proteins

Three weeks after the last intraperitoneal immunization, the mice were infected with 5
X 10° live H37Rv M.tuberculosis organisms. After a further three weeks, the mice were
sacrificed, and their spleens homogenized and assayed for colony forming units (CFU) of
M tuberculosis as an indicator of severity of infection.

Figs. 3A and 3B show data in which each point represents individual mice. The
numbers of CFU recovered from control mice immunised with PBS alone were taken as the
baseline. All data from experimental mice were expressed as number of logarithms of CFUs
below the baseline for control mice (or log protection). As shown in Fig. 3A, mice
immunized with heat-killed M.vaccae or DD-M.vaccae showed a mean reduction of >1 or 0.5

logs CFU, respectively.
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nycol i c acids and arabi nogal actan may therefore reduce the severity of

asthma and di seases that involve simlar inmmune abnormalities, such as
allergic rhinitis. In addition, serum sanples were coll ected frommce in

the experinent shown in Fig. 2E and antibodies to oval bumin was negp@r ABR 2002
by standard wo298as34 i nked i mmunoassay (EIA). As shown i RCTRABISOIBA bel ow,
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EXAMPLE 5
EFFECT OF INTRADERMAL INJECTION OF HEAT-KILLED MYCOBACTERIUM
VACCAE ON PSORIASIS TN HUMAN PATIENTS

This example illustrates the effect of two intradermal injections of heat-killed
Mycobacterium vaccae on psoriasis in human patients.

M. vaccae (ATCC Number 15483) was cultured in sterile Medium 90 (yeast extract,
2.5g/1; tryptone, 5g/l; glucose, 1 g/l) at 37 °C. The cells were harvested by centrifugation,
and transferred into sterile Middlebrook 7H9 medium (Difco Laboratories, Detroit, MI, USA)
with glucose at 37 °C for one day. The medium was then centrifuged to pellet the bacteria,
and the culture filtrate removed. The bacterial pellet was resuspended in phosphate buffered
saline at a concentration of 10 mg/ml, equivalent to 10'° M. vaccae organisms per ml. The
cell suspension was then autoclaved for 15 min at 120 °C and stored frozen at —20 °C. Prior to
use the M. vaccae suspension was thawed, diluted to a concentration of 5 mg/ml in phosphate
buffered saline, autoclaved for 15 min at 120 °C and 0.2 ml aliquoted- under sterile conditions
into vials for use in patients.

Twenty-four volunteer psoriatic patients, male and female, 15-61 years old with no
other systemic diseases were admitted to treatment. Pregnant patients were not included. The
patients had PASI scores of 12-35. The PASI score is a measure of the location, size and

degree of skin scaling in psoriatic lesions on the body. A PASI score of above 12 reflects
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bel ow t he baseline for control mce (or log protection). As shown in Fig.
3A, mice imunized with heat-killed M vaccae or DD-M vaccae showed a
mean reduction of > or 0.5 logs CFU, respectively. 53 WO 99/32634 0 3 APR
2002 PCT/ NZ98/ 00189 As shown in Fig. 3B, the spleens of nice |m*ru6\g§ 002
Wi th the pookw®§esh@¢0Nbi Nant proteins containing GV4P, @&rmzed/sbise BAngz
Gv33, had CFUs slightly less than control mce. However, when Gv4P, GV7,
Gv9, GV27B and GV33 were given in conbination with heat-killed M vaccae,
the reduction in CFUs exceeded a nmegipgpgzal. 5 | ogs. The data denonstrates
the effectiveness of immunization with M vaccae, DD- M vaccae or
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PS-012 | C.S 47M 3 years 30.9

PS-013 | HB 44/M 10 years 304

PS-014 | NJ 41/ 17 years 26.7

PS-015 | J.T 61/F 15 years 19.5

PS-016 | L.P 44/M 5 years 30.2

PS-017 | EN 45/M 5 years 19.5

PS-018 | E.L 28/F 19 years 16.0

PS-019 | B.A 38/M 17 years 12.3

PS-020 | P.P 58/F 1 year 13.6

PS-021 | LI 27/F 8 months 22.0

PS-022 | AC 20/F 7 months 26.5

PS-023 | C.A 61/F 10 years 12.6

PS-024 | F.T 39'M 15 years 29.5
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patients had PASI scores of 12-35. The PASI score is a neasure of the
| ocation, size and degree of skin scaling in psoriatic |lesions on the
body. A PASI score of above 12 reflects 54 WD 99/32634 0 3 APR 2002
PCT/ Nz98/ 00189 wi despread di sease | esions on the body. The study com*renceéi
with a washouwvopmmied of four weeks where the patients diatnzsvoosavd 3 APR 2002
system c anti-psoriasis treatnent or effective topical therapy. The 24
patients were then injected intradermally with 0.1 nl M vaccae (equival ent
to 500 .tg). This was followed three weeks later with a second intrader nal
injection with hhe. same dose of Mv ccaﬁ %)50,0 [ﬁ). Psori asi s was eval uat ed
from four week®! FBHGYS IFRYSTRgdsp nopyylcaratef.o fpeaiised enyhepptops gotiindpratedae t o
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patient Wass,THRbRYARNESs Ater the fidst af sebn@ Mfeclidns W KSR killed N vA2LA BROWN 1 N

Tabl e 4 descrjbe the age, sex and clinical background of each patient. 55
WO 99/ 32682 shgyimeinTapleTs, Nipigw) arg tiroP ASIzscareRobthe patieatsi 2 ithe Wae af the fitte St udy

of the Ef {fclioPbr Wyvadta6 asf o) tha3S6Ml fSind 260dasad,! ent Age/ SexDur ati on of
Admi ssi on PASI Score No. Di sorder P5001D. C. 49/ F30 years28.8 PS-002E. S. 41/ F4

nmont hs19. 2 PS-lheanaleerly e seen thah i svesk 8 afg-thofinss igjesunn\t M oarai.21620f 24
PS- 005C. Epé%ﬁ%hm@ta@p}@ﬁéntagb%gmnginlﬁ&ﬁ?’sc&@érS%JE%' oq fourteen patients who

have completed 24 weeks of follow-up remained stable with no clinical sign of redevelopment
of severe disease. These results demonstrate the effectiveness of multiple intradermal
injections of inactivated M. vaccae in the treatment of psoriasis. PASI scores below 10 reflect
widespread healing of lesions. Histopathology of skin biopsies indicated that normal skin
structure is being restored. Only one of the first seven patients who have completed 28 weeks

follow-up has had a relapse.
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Hi st opat hol ogyPSe05ski n bilsisi ps 18%@i cht BAR hat BOYRmal| sBNR DNR

PS-006 10x8 10x10 6x4 12x10 15x15 10x6

PS-007 15x15 18x16 12x10 15x13 15x12 12x10

PS-008 18x18 13x12 12x10 18x17 15x10 15x10

PS-009 13x13 18x15 12x8 15x13 12x12 12x7

PS-010 13x11 15x15 8x8 12x12 12x12 5x5

PS-011 17x13 14x12 12x11 12x10 12x10 " 12x10

PS-012 17x12 15x12 9x9 10x10 10x6 8x6

PS-013 18x11 15x11 15x10 15x10 15x13 14x6

PS-014 _15x12 15x11 15x10 13x12 14x10 8x5

PS-015 15x12 16x12 15x10 7x6 14x12 6x4

PS-016 6x5 6x6 6x5 8x8 9x8 . 9x6

PS-017 20x15 15x14 14x10 15x15 17x16 DNR

PS-018 14x10 10x8 10x8 12x12 10x10 10x10

PS-019 10x10 14x12 10x8 DNR 15x14 15x14

PS-020 15x12 15x15 12x15 15x15 14x12 13x12

PS-021 15x12 15x12 x4 11x10 11x10 11x8

PS-022 12x10 10x8 10x8 15x12 13x10 10x8

PS-023 13x12 14x12 10x10 17x17 15x15 DNR
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structure is being restored. Only one of the first seven patients who have
conpl eted 28 weeks followup has had a relapse. 57 WO 99/ 32634 TABLE 5

Skin Reaction Measurenments in MIIinmeter PCT/Nz98/00189 0 ? APR 2002 Code

No. Ti me of Measurenent First InjectionSecond Injection 48 hours72 hOﬁlr:SXPR 2002
days48 hourswbpsews7 days PS-00112x1012x1010x815x1415x 14E0mzek/00189 o
PS-00218x1420x1818x1416x1218x1215x10 PS-00310x1014x1010x815x1215x1010x10
PS-00414x1222x1820x1520x2020x1814x] 0 PS- 00510x1013x10DNRDNRDNRDNR

PS- 00610x810x 0@t NaX IPI5X1510X6 PS- 00715XI518X1612XIT0I5X1315Xx1212x10;
PS-00818x1813x1212x1018x1715x1015%x] 0 PS-T®&d BedsdreBeod 512x815x1312x1212K7
PS-01013x1115xB%83812x /1212 25X 510PE: 01 1 110X 314 x 182X T1128x70 12K 108:2X 10

PS-01217x X200 -0+ O% 685 6—PS—04348x44-4 853 11 5% 1015x 101 5x 1 314x6
PS- 01415x ﬁ&?ﬁ@%?g x1214x108x5 PS-01515x1216x1215x107x614x126x4
PS- 0166x56x66x58x89x89x6 PS-01720x1515x1414x1015x1517x16DNR
PS-01814x1010x810x812x1210x1010x10 11;’4§1-5%‘51810X 1014x1210x8DNR15x1415x14
PS-02015x1215x1512x1515x1514x1213x1 -02115x1215x127x411x10] 1x1011x8
PS- 02212x1010x 8 10 S taftik DX PAIdhxsCafter Injection of M. vaccae (PASI Scores)

Code No. Day 0 Week3 | Week6 | Week 9 Week 12 | Week 24
PS-001 28.8 14.5 10.7 2.2 0.7 0
PS-002 19.2 14.6 13.6 10.9 6.2 0.6
PS-003 18.5 17.2 10.5 2.7 1.6 0
PS-004 12.2 134 12.7 7.0 1.8 0.2
PS-005* 30.5 DNR 18.7 DNR DNR 0
PS-006 15.0 16.8 16.4 2.7 2.1 3.0
PS-007 15.0 15.7 11.6 5.6 2.2 0
PS-008 12.2 11.6 11.2 11.2 5.6 | 0
PS-009 12.6 13.4 13.9 14.4 15.3 13.0
PS-010 18.2 16.0 19.4 17.2 16.9 19.3
PS-011 - 172 16.9 16.7 16.5 16.5 15.5
PS-012 30.9 36.4 29.7 39.8%*

PS-013 19.5 19.2 18.9 17.8 14.7 17.8
PS-014 26.7 14.7 7.4 5.8 9.9 24.4%%%
PS-015 30.4 29.5 28.6 28.5 28.2 243
PS-016 30.2 16.8 5.7 3.2 0.8 33
PS-017 12.3 12.6 12.6 12.6 8.2 8.7
PS-018 16.0 13.6 13.4 13.4 13.2 12.8
PS-019 19.5 11.6 7.0 DNR DNR DNR
PS-020 13.6 13.5 12.4 12.7 12.4 4.4
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PS- 02313x1214x1210x1017x] 715x15DNR 58 WD 99/ 32634 DNR = Did not report.

TABLE 6 PCT/ NZ98/ 00189 0 3 APR 2002 Code No. Ti ne of Measurenent
PS-02410x1010x1010x810x88x78x7 Cinical Status of Patients after Injection

of M vaccae (PASI Scores) Code No.Day OWek 3Wek 6Week 9Week 12Wa<ﬂ<32&PR 2002
PS- 00128. 814wb39326R. 20. 70 PS-00219. 214. 613. 610. 96. 20. 6 PCT/NZ98/00189
PS- 00318. 517. 210. 52. 71. 60 PS-00412.213.412.77.01.80.2

PS- 005*30. 5DNR18. 7DNR PS- 00615. 016.816.42.72.13.0

PS-00719. 015| F842165. 6p. 23-0pS10088:2. 211. B4&. J11.128. 64 15.5 15.7
PS- 00912. 613[®&te5>912- 41%?3-. 04918521616+ -4 1216910 PS-6O_1_;L_
17.216. 916. 71%?%2126. 516.5 PS- 012 '?936. 429. 739. §$J 8.3 5.

PS-01319. 519 E8t@23917. 81426178 P 014266.614.[77.5&6. 89. 92484~ 12.6
PS- 01530. 429-528-628—528-22413-PS- 0163021618573 20 83 13

. VL0, Do Yo 3 J \W a0 pw A w oTTOoT T
PS- 01712, 3126177612 68.98. 7| ps*bisib. 03 613. 498 413. 208 g | 2L
PS- 01919, 511 67. ODNRONRDNR PS-02013 613 517 417 7T 2059096152634

e * Patient PS-005 received only one dose of autoclaved M. vaccae.

e ** Patient PS-012 removed from trial, drug (penicillin) induced dermatitis
e *** Patient PS-014 was revaccinated

e DNR = Did not report

Patients treated with Mvaccae may achieve remission (PASI score = 0). The
remission or improvement of PASI score may be long lasting. By example, Patient PS-003
achieved remission by week 20 and was still in remission at week 80. Overall 13 of 24
patients showed a greater than 50% improvement in PASI scores.

Patient PS-001 achieved remission at week 16, relapsed at week 48 (PASI 2.7), was
re-vaccinated with injections of M.vaccae and subsequently improved with PASI falling from

17.8 (Week 60) to 0.8 (week 84). Thus patients may benefit from repeated treatment.

EXAMPLE 6
EFFECT OF INTRADERMAL INJECTION OF DD-M.VACCAE
ON PSORIASIS IN HUMAN PATIENTS

This example illustrates the effect of two intradermal injections of DD-M. vaccae on
psoriasis.

Seven volunteer psoriatic patients, male and female, 18-45 years old with no other
systemic diseases were admitted to treatment. Pregnant patients were not included. The
patients had PASI scores of 12-24. As discussed above, the PASI score is a measure of the

location, size and degree of skin scaling in psoriatic lesions on the body. A PASI score of
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PCT/ NZ98/ 00189 0 3 APR 2002 PS-02122.020.211. 811.415.515.7

PS-02226. 525.820. 711. 18. 35. 6 PS-02312. 69. 26. 65. 04. 812. 6

PS-02429. 527.520. 919. 029.821.2 * Patient PS-005 received only one dose of

aut ocl aved M vaccae. ** Patient PS-012 renoved fromtrial, drug

(peni ci | 1in) woslksad dermatitis * * * Patient PS-0 14 pemnzssemesi Bay APR 2002
DNR =D d not report Patients treated with M vaccae nmay achi eve rem ssion
(PASI score = 0). The remssion or inprovenent of PASI score nmay be | ong

| asting. aBuveewmie@ts wiRbir&at diRse Q6h%ons 36 heebAY. IBEIstRY @BmR¥ndMBEK 2P and was
still in remssion at week 80. Overall 13 of 24 patients showed a greater

t han 50%Yasksubperieshef fopr weeks whers thes fouppatient didoept dave ysismisy RRiPsERfiS s on at
week 16, tfegtlnﬁﬂ§§rdcf?&n%§ﬁ§caﬂ1%1e(agﬁshhg sezrln {)M@ﬁts Jc@ft“&f:ﬁje@féa %a‘ﬂ@rﬁllallfu nj ections

of Mvaccae and subsequently inproved w ling from 17.8 (Wek

60) to O.v@thyGubek DDAY. vaguge feapiyelensita K00ma), Théisrveasifelloved rqeayseks later witleait ment .

EXAMPLE § 1 %P@Wﬁte ng&gﬂ?g: y E ON PSORIASIS IN
HUMAN PATF%E&E@%%%@I% e TIlustrate & e'JcY'It1 of “two i ntrader mal

i nj ecti ons of PRDiakt wesryelaatedfrom e mieeks ibsforeShe, finst injsttiontof £ vaerge toatix ¢
patients, eg?sjda eggl?rf-&esg{;f?éﬁ%na}%;ng@syears old with no other system c diseases

wer e admtte regnant patients were not included. The
pati ents had RASI @@M%cmﬁsﬂ@e%mmsdm-‘!s@u%mmme the PASI score is a

measure of th | ocat i on ze and degre aling in psoriatic

| esions on th bod‘ilale%qyﬁfé‘fma"%?vémc? méﬁtetgﬁ% %?@fn“fﬁﬁﬁb Nz98/ 00189 0 3 APR
2002 above 12Cx eflmﬁanc\rusdﬁsqmﬂemﬂpdmeaaasepﬂoagraphﬂ ab0aidewekely. The study
conmenced, wi.t of four weeks wher he four patients did
ot have 1§ gedaRyiiRani s et S o saint Al DaskrRRE Lo BRiEl 1 hor apy.
The seven patients were then injected intradermally with 0.1 ml DD M
vaccae (equivalent to 100 g). Thi STX\%IS.E];N | oned three weeks later with a

Patient Data in the Study of the Effect of DD-M. vaccae in Psoriasis

-

Code Duration of
No. Patient Age/Sex Disorder Admission PASI Score
PS-025 AS 25/F 2 years 12.2
PS-026 M.B 45/F 3 months 14.4
PS-027 AG 34M 14 years 24.8
PS-028 EM 31/ M 4 years 18.2
PS-029 AL 44/M 5 months 18.6
PS-030 V.B 42/M Syears 213
PS-031 R.A 18/M 3 months 13.0

All patients demonstrated a non-ulcerated, localised erythematous soft indurated
reaction at the injection site. No side effects were noted, or complained of by the patients.
The data shown in Table 8 are the measured skin reactions at the injection site, 48 hours, 72
hours and 7 days after the first injection of DD-M. vaccae, and 48 hours and 72 hours after the
second injection.
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second intradermal injection with the sane dose of DD-M vaccae (100 g).
Psoriasis was evaluated from four weeks before the first injection of M
vaccae to six weeks after the first injection as follows: A the PASI
scores were deternined at -4, 0, 3 and 6 weeks; B. patient question(e rxpR 2002
were conpl et W@9%268, 3 and 6 weeks; and C. psoriatic | esiPORYZEAQIBRach

pati ent were photographed at 0 and 3 weeks. The data shown in Table 7
descri be the age, sex and clinical background of each patient. TABLE 7
Patient Data in the Study of the EABE &f DD-M vaccae in Psoriasis Code
Pat i ent Age/ SexDur ati on Qf. Adm ssixan PASI Score No. D sorder PS-025A. S25/ F2
years12.2 PS-026M B45/ ng"r'r'o%ﬁet”ﬁ‘?i‘i‘.qﬁ’sﬁ‘a‘-“ﬁﬂ%? @ﬂ'/“l?&’zfsyear s24.8

PS- 028E. M31/ ¥4 yearsl18. 2 PS-029A. L44/ Mo nont hs18.6 PSS 030V. BAZ/ Mgyear s21. 3
PS- 031R A18/ NB @memdas13. 0 Al | pat i ent imdaidmaspremgoted a non- ul cer at|ed,

| ocal i sed erythematoug soft i Aidwiecdad reactijon at S¢cénd Injerfict i on|site. 'No

si de effects [Were Notg04s 3G C mihajru '. Phaydy Lhﬂ“ﬂg,usi 5] u;.—,z,mT,:;.c ata shown
in Table 8 ar meadsured-skinreactions-afl-the iniection sitel] 48 hOUfS,

72 hours and " %ys drt 88 the 8Bst j njBeti on IO B M vd®He, And 48
hours and 72 [[BQIHE ai {eraki®e | sesand WWWBLE 8 Skin
Reaction Measurenentsiin Mllineters IPCT/NzZ98/ 00189 0 B APR 2002 {Code
No. Ti me of MeX&§Rénent] FOx&t || nf@dPi onSeé®dnd| | nj 8%%i on 9x8

PS-028 10x10 10x10 10x8 10x10 10x10
PS-029 8x6 8x6 5x5 8x8 8x8

PS-030 14x12 14x14 10x10 12x10 12x10
PS-031 10x10 12x12 10x6 14x12 12x10

DNR = Did not report
The data shown in Table 9 are the PASI scores of the seven patients at the time of the
first injection of DD-M. vaccae (Day 0), 3, 6, 12 and 24 weeks later.

TABLE 9
Clinical Status of Patients after Injection of DD-M. vaccae (PASI Scores)

Code No. Day 0 Week3 | Week 6 | Week 12 | Week 24
PS-025 12-2 41 1.8 1.4 1.7
PS-026 14-4 118 6.0 6.9 1.4
PS-027 24-8 233 18.3 9.1 10.6
PS-028 18:2 24-1 28.6 Dropped

PS-029 18.6 9.9 7.4 3.6 0.8
PS-030 213 15.7 13.9 16.5 13.6
PS-031 13.0 5.1 2.1 1.6 03

62



48 hours72 hours7 days48 hours72 hours PS-0258x88x83x210XI OLOXI O

PS- 02612x1212x128x8DNR14x14 PS-0279x810XI OLOx89x59x8

PS- 02810XI OLOXI OL0x810x1 OLOXI O PS- 0298x68x65x58x88x8

PS- 03014x1214x1410x1012x1012x10 PS-03110XI O12x1210x614x1212x10 DNR i) :P'/GPR 2002
not report Tha waieas shown in Table 9 are the PASI scoresPof/Nzfs@oseven
patients at the tinme of the first injection of DD-M vaccae (Day 0), 3, 6,
12 and 24 weeks later. TABLE 9 Cinical Status of Patients after Injection
of DD-M vacca# calPA&kly be see that Byockek blaftdoale fMéskctid\6EIND QY eoicad, 2iVeek 24
PS-02512.24,.11.81.41. 7 PS-02614. 411.,89. gfs 91. 33 PS- !(572,4. 823. 318, 39. 110. 6
PS- 02818. PIUCTiS BRI AR Enp OIS 47! seareg Bvanasks 20 Sixof seyempatients 916. 513. 6
PS- 03113. Ghowled.alsignfiRard ifiptovéMeIh BAEB4o@CT/ NZ98/ 00189 0 3 APR 2002 It can
clearly be seen that_ by week 3 after the first injection of DD-M vaccae,
five patientsBERaneLrxamrle.Jationt B3R! vemh reR Remission (AP Acre 5 Ot adeek 38 week 24,

si x of sev@ireRlne®RHrémisSEHOMRE sén Sl G&tikl4b CARP ASTRAVE BN PS0BAR]s score. By
way of exanpl Patient PS-031 went into rem ssion (PASI score = 0) at week

e,
32 and r &FAYFSEa leshthpnehios mprs thap & peeks dipogtan gacrrbatipn of pseripsiSPASE®r e of
patient PSsQPa weaR4s, iR PeceathvisQe-kER& WiBABD Mt QL2 TR %ﬁr@@ﬁeé’&o&@?ﬂ%ﬁh Upon an

exacerbation of psoriasis (PASI = 15.8) at week 48, the patient was

r e- t r eat ed AN seredialiingde 6.8 andheiati weskso\2cnid 86 rssmsatinely wi th  PASI scores
falling to 6. 8Tﬁﬂ@rc9.m@nt%}”ps\eﬁ%ﬁ%vi%lg—%vaﬁgaerrﬁﬂﬁga%% Xi?éaye'remission or

provide prolonged benefit. Patients may also benefit with repeated treatment.

EXAMPLE 7
PREPARATION OF COMPOSITIONS FROM M.VACCAE

This example illustrates the processing of different constituents of M. vaccae.

Preparation of Delipidated and Deglycolipidated (DD-) M.vaccae and Compositional
Analysis

Heat-killed M. vaccae was prepared as described as above in Example 1. To prepare
delipidated M.vaccae, the autoclaved M.vaccae was pelleted by centrifugation, the pellet
washed with water, collected again by centrifugation and then freeze-dried. An aliquot of this
freeze-dried M.vaccae was set aside and referred to as lyophilised M vaccae. When used in
experiments it was resuspended in PBS to the desired concentration. Freeze-dried M. vaccae
was treated with chloroform/methanol (2:1) for 60 mins at room temperature to extract lipids,
and the extraction was repeated once. The delipidated residue from chloroform/methanol
extraction was further treated with 50% ethanol to remove glycolipids by refluxing for two
hours. The 50% ethanol extraction was repeated two times. The pooled 50% ethanol extracts
were used as a source of M. vaccae glycolipids (see below). The residue from the 50%
ethanol extraction was freeze-dried and weighed. The amount of delipidated and

deglycolipidated M.vaccae prepared was equivalent to 11.1% of the starting wet weight of
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Thus treatnent of psoriasis with DD-M vaccae nay | ead to di sease reni ssion
or provide prolonged benefit. Patients nmay al so benefit with repeated
treatment. EXAMPLE 7 PREPARATI ON OF COWPOSI TI ONS FROM M VACCAE Thi s
exanple illustrates the processing of different constituents of M v@&APR 2002
Prepar at i on WP 9%R3634i dat ed and Degl ycol i pi dated (DD-) M VaERABOAEY
Conpositional Analysis Heat-killed M vaccae was prepared as described as
above in Exanple 1. To prepare delipidated Mvaccae, the autoclaved
Maccae Wawcped hsededFarybioassays itheudedipidatad anéh alegipédlipidatedvds hewdcasi (DMt er |
collecte [ I 4f | fr -dried. .An aliguot of this
freeze- d??%ggl\ﬂqvagﬁg%g%hé\%s ngg{lds%g}e%ﬂgﬁg esrglé%erfé‘gm%aéonasanfiy%%ﬁﬁs‘fd? g%d M
vaccae. Weeladusmd in experinents it was resuspended in PBS to the desired
concentrati ony F - dr X S trea i th chl or of omm et hanol
(20 for 60 Trrenptidtal Gyl of AERAeq W Jurbde By B ot iirthehE®

ext ract i onTabdes9. r pjeathanges mreseentih the datyi apiddampekition ahdlaiing aedrcomposition

chl or of or anol extraction was further treated.with 50% et hanol to
remove gf’f/r](@gl"3 ’%Y“ S A ’enffrﬁé iwn{(f}c fn5$lu?l\°/vgaa}?8 ??at't“ﬁlgd %%”@f’ﬁaﬁg‘? Q@%t raction
was r epe ptesdhtedvin Table®sshow tbat piecihethbleOfactbh ofitdat-iNddr Moh&ae WoitAnIRRE as a

source of ,Mvyaccae, gl ycqlipids. (see be . The residue fromthe 50%

et hanol %Y Pg@f‘?’@ﬂd &)5?‘5?8@ ea-clﬂircf"étﬁfné#gg%“ﬁlﬁgﬂg’ Of ARPIOXIHERY 3% W&t i pi dat ed
and degDpeh ivpicdalcaitaidd 1305 agw Rf SPRY £ 459 eRbkna] SRinot Ridllwhichoiof t he
starting wet wei lghtoof 63 WO 99/ 32634 PCT/ NZ98/ 00189 0 3 APR 2002 Mvaccae
used. FoPPRSPHREEN VI del i pi dated and degl ycol i pidated M vaccae (DD-M
vaccae), was resuspended in phosphpigrpyffered saline by sonication, and
sterilised by autoclaving. The conpositional analyses of heat-killed M
vaccae and DDMCWE@E“%“E%%S@WS&?"“IM wasprecand DDvdG vaccehanges are seen
inthe fatty acid conposition and am no acid conposition of DD-M vaccae
as conpalMEWNOSACEHRIPEGOMPOSIHONT act i on of heat-killed M vaccae. The data
presented in_Table 9 show that the insoluble fraction of heat-killed M
vaccae cont a| ns saggyaldifoly of| | i pi M. vemaee t he tiot al DB acaei d cpntent is 2750
nnol es/ ny, ol apphkwsitaiat el y| 33% w32% DD-M |vaccae towt al ns 3% w w of
lipid and 4250 nniibad/*ng am no acild® which |is appo.as nately|'51 % w w.

Arabinitol 22.7% 27.0%
Mannitol 8.3% 3.3%
Galactitol 11.5% 12.6%
Glucitol 52.7% 55.2%

FATTY ACID COMPOSITION

Fatty acid M. vaccae DD-M. vaccae
Cl14:0 3.9% 10.0%
C16:0 21.1% 7.3%
Cl6:1 14.0% 3.3%
C18:0 4.0% 1.5%
C18:1* 1.2% 2.7%
C18:1w9 20.6% 3.1%
Ci8:iw7 12.5% 5.9%

C22:0 12.1% 43.0%
C24:1* 6.5% 22.9%




MONOSACCHARI DE COMPOSI Tl ON sugar al ditol M vaccaeDD-M vaccae

Inositol 3.2%. 7% Ri bitol *1.7%). 4% Arabi nitol 22. 79%27. 0% Manni t ol 8. 398. 3%

‘Gl actitol 11.59%42. 6% A uci tol 52. 79%%5. 2% FATTY ACI D COVPQCSI Tl ON Fattyn QCAﬁM 2002
vaccaeDD- M wipegaas Cl4: 03. 9940. 0% C16: 021. 1% 7. 3% C16: 114cRB9sBRt89 v

C18: 04. 09%4.. 5% C18: 1* 1. 29%2. 7% C18: 1w920. 6%3. 1% C18: 1w712. 5%. 9%

C22: 012. 19%43. 0% C24: 1 *6.5%2. 9% 64 WD 99/ 32634 PCT/ NZ98/ 00189 0 3 APR 2002
The i nsoltRkRofubRHat@dh P heaRifibd M Vdcisd MhtaiMARBARVESMIHR A DIOW Wbt | i pid,

and DD-M vaccae_contains 1.3% w w of |ipid. AM NO ACID COWPCSI Tl ON

Nmol es/ nofioptaipg ¢ d¥e Miliridaccae ASP231361 THR170266 SER131199 GLU319505

AMINO AcID COMPOSITION

Nmoles/mg M. vaccae DD-M. vaccae
ASP 231 361
THR 170 266
SER 131 199
GLU 319 505
PRO 216 262
GLY 263 404
ALA 416 621
CYsS* 24 26
VAL 172 272
MET* 72 94
ILE 104 171
LEU 209 340
TYR 39 75
PHE 76 132
GIcNH2 5 6
HIS 44 77
LYS 108 167
ARG 147 272

The total amino acid content of the insoluble fraction of heat-killed M. vaccae is 2750
nmoles/mg, or approximately 33% w/w. The total amino acid content of DD-M. vaccae is

4250 nmoles/mg, or approximately 51% w/w.

Comparison of composition of DD-M. vaccae with delipidated and deglycolipidated
forms of M. tuberculosis and M. smegmatis

Delipidated and deglycolipidated M. tuberculosis and M. smegmatis were
prepared using the procedure described above for delipidated and deglycolipidated M.
vaccae. As indicated in Table 10, the profiles of the percentage composition of amino
acids in DD-M. vaccae, DD-M. tuberculosis and DD-M. smegmatis showed no

significant differences. However, the total amount of protein varied - the two batches of
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PRO216262 GLY263404 ALA416621 CYS*2426 VAL172272 NMET*7294 | LE104171
LEU209340 TYR3975 PHE76132 GLcNH256 HI S4477 LYS108167 ARGL47272 The total
am no acid content of the insoluble fraction of heat-killed M vaccae is
2750 nnol es/ ng, or approximately 33% w w. The total amno acid cont[pg]t%m 2002
DD-M vaccaewd9934850 nnol es/ ng, or approxi mately 51% w RCTREHIAE? son o
conposition of DD-M vaccae with delipidated and degl ycolipidated forns of
M tuberculosis and M snegmatis Delipidated and degl ycoli pi dated M

t uber cul oBiDsManttcdd cosmaingdrdd% and\EY'e profeing phereas DB M quiehalgiscamdd-e descri bed
above for,delipidated.a e | i pi dat ed. vaccae. As indicated in

Tabl e 10, F(@eg%{"&f f?ng’é"egggﬁﬁ‘gd %’ﬁj’r) ré){r%{nalgegeneg%%(bsi tion of amino acids in
DD-M vaccae, DD-Mtuberculosis and DD-M snegnatis showed no significant

di fferences. However, the total amigﬂkﬁafo protein varied - the two batches
of 65 WD 99/32634 PCT/ Nz98/ 00189 0O 2002 DD-M vaccae contai ned 34%

and 55% protein, whereas DD tub%rc 0Si S, andeD M snegmatis contai ned
79% and 72% protein, respe; tih%'g INEBPOSHIOR AT o Acj d Conposition of
Del i pi dated and Degl ycg%eﬁbﬁsﬁ‘a 8 ygupidated Yycobacteria
Amino DD-M.vaccae DD-M.vaccae DD- DD-
Acid Batch 1 Batch 2 M.smegmatis M.tuberculosis
Asp 9.5 9.5 9.3 9.1
Thr 6.0 5.9 5.0 53
Ser 53 53 4.2 3.3
Glu 11.1 11.2 11.1 12.5
Pro 6.1 5.9 7.5 5.2
Gly 9.9 9.7 9.4 9.8
Ala 14.6 14.7 14.6 14.2
Cys 0.5 0.5 03 0.5
Val 6.3 6.4 7.2 7.8
Met 1.9 1.9 1.9 1.9
Ile 3.6 3.5 4.1 4.7
Leu 7.8 7.9 8.2 8.3
Tyr 14 1.7 1.8 1.8
Phe 4.2 4.0 3.2 3.0
His 1.9 1.8 2.0 1.9
Lys - 4.1 4.0 4.1 4.2
Arg 5.8 5.9 6.2 6.4
Total % 55.1 33.8 72.1 78.5
Protein

Analysis of the monosaccharide composition shows significant differences between
DD-M. vaccae, and DD-M. tuberculosis and DD-M. smegmatis. The monosaccharide
composition of two batches of DD-M. vaccae was the same and differed from that of DD-M.

tuberculosis and M. smegmatis. Specifically, DD-M. vaccae was found to contain free
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Ami no DD- M vaccae DD-M vaccae DD- DD- Aci dBatch | Batch

2M snmegmat i sM tuber cul osis Asp9.59.59.39.1 Thr6. 05.95.05.3 Serb5. 35.34.23.3
A ull.111.211.112.5 Pro6.15.97.55.2 3y9.99.79.49.8 Al al4.614.714.614.2
Cys0.50.50.30.5 Val 6.36.47.27.8 Met1.91.91.91.9 1ie3.63.54.14.7 03 APR 2002
Leu7. 87. 98. 28va»eBaesdl. 41. 71. 81. 8 Phe4. 24. 03. 23. 0 Hi s1. 91. @2rRiesdoisys
-4.14.04.14.2 Arg5.85.96.26.4 Total % 55.133.872.178.5 Protein Anal ysis of
t he nonosacchari de conposition shows significant differences between DD M
vaccae, antuchie-wiile both ®DCM @5érEui@nhnDRY MheghiahgEataibglycEhs, EHOMRAE ¢hae | de
conposition of two batches of DD-M vaccae was the same and differed from
that of DB!M tuberculosis and M snmegnmatis. Specifically, DD-M vaccae
was found to contain free 66 WO 9943268411

Alditol
Acetate wit% mol%
DD-M.vaccae
Batch 1
Inositol 0.0 0.0
Arabinose 54.7 59.1
Mannose 1.7 1.5
Glucose 31.1 28.1
Galactose 12,5 113
100.0 100.0
DD-M.vaccae
Batch 2
Inositol 0.0 0.0
Arabinose 51.0 55.5
Mannose 20 1.8
Glucose 34.7 316
Galactose 122 11.1
100.0 100.0
DD-M.smeg
Inositol 0.0 0.0
Glycerol 152 15.5
Arabinose 69.3 70.7
Xylose 3.9 4.0
Mannose 2.2 1.9
Glucose 0.0 0.0
- Galactose 94 8.0
100.0 100.0
DD-Mtb
Inositol 0.0 0.0
Glycerol 9.5 9.7
Arabinose 69.3 71.4
Mannose 3.5 3.0
Glucose 1.5 1.3
Galactose 124 107
96.2 96.0

M. vaccae glycolipids
The pooled 50% ethanol extracts described above were dried by rotary evaporation,

redissolved in water, and freeze-dried. The amount of glycolipid recovered was 1.2% of the
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0 3 APR 2002 PCT/ Nz98/00189 gl ucose while both DD-M tuberculosis and M
smegnmatis contain glycerol, as shown in Table 11. TABLE 11 Al ditol w %l %
Acetate DD-Mvaccae Batch I 0.00.0 inositol Arabinoseb54.759.1
Mannosel. 71.5 G ucose31.128.1 Gal actosel2.511.3 100.0100.0 DD-M vacchd APR 2002
Batch 2 0. 00m® donzss4 t ol Ar abi nose51. 055. 5 Mannose2. 01. 8 Gtaroxroe®489731. 6
Gal actosel2.211.1 100.0100.0 DD-M sneg 0.00.0 Inositol dycerol 15.215.5

starting wet weight of M. vaccae used. For bioassay, the glycolipids were dissolved in

phosphate-buffered saline.

EXAMPLE 8
IMMUNE MODULATING PROPERTIES OF
DELIPIDATED AND DEGLYCOLIPIDATED M VACCAE AND
RECOMBINANT PROTEINS FROM M. VACCAE

This example illustrates the immune modulating properties of different constituents of

M. vaccae.

Production of Interleukin-12 from macrophages

Whole heat-killed M. vaccae and DD-M. vaccae were shown to have different
cytokine stimulation properties. The stimulation of a Thl immune response is enhanced by
the production of interleukin-12 (IL-12) from macrophages. The ability of different M.
vaccae preparations to stimulate IL-12 production was demonstrated as follows.

A group of C57BL/6J mice were injected intraperitoneally with DIFCO thioglycolate
and after three days, peritoneal macrophages were collected and placed in cell culture with
interferon-gamma for three hours. The culture medium was replaced and various
concentrations of wl;ole heat-killed (autoclaved) M. vaccae, lyophilized M. vaccae, DD-M.
vaccae and M. vaccae glycolipids, prepared as described above, were added. After a further
three days at 37 °C, the culture supernatants were assayed for the presence of IL-12 produced
by macrophages. As shown in Fig. 4, the M. vaccae preparations stimulated the production of
IL-12 from macrophages.

By contrast, these same M. vaccae preparations were examined for the ability to
stimulate interferon-gamma production from Natural Killer (NK) cells. Spleen cells were
prepared from Severe Combined Immunodeficient (SCID) mice. These populations contain
75-80% NK cells. The spleen cells were incubated at 37 °C in culture with different

concentrations of heat-killed M. vaccae, DD-M. vaccae, or M. vaccae glycolipids. The data
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Ar abi nose69. 370. 7 Xyl ose3. 94. 0 Mannose2.21.9 G ucose0.00.0 Gal act ose9.48.0
100.0100.0 DD-Mb 0.00.0 Inositol dycerol 9.59.7 Arabi nose69.371.4
Mannose3. 53. 0 d ucosel. 51. 3 Gal act osel2.410.7 96.296.0 M vaccae

gl ycol i pids The pool ed 50% et hanol extracts described above were d;ﬂﬁg Ré 2002
rotary evapomned samdes4 redi ssolved in water, and freeze- drirdnNzisdnmmisa t R

gl ycolipid recovered was 1.2% of the 67 0 3 APR 2002 WD 99/ 32634

PCTnez98/ 00189 starting wet weight of M vaccae used. For bioassay, the

gl ycol i pi dshowari Fili. SSdimi¢Rsirated thal vsIe kel ! ¥ eVatde Sk Mﬁemcc%@%& idd | MMUNE
MODULATI NG PROPERTI ES OF DELI Pl DATED AND DEGLYCOLI Pl DATED M~ VACCAE AND

RECOVBI NANFHIRR&STERragyciigsot Vintagiagorapmma, DR nificeae; simulptedy wlgtivebe lessnune

nodul at i NginRFeRE kS, Phe cinftiRl 804 frs@wslzmrstlﬁd,&ie mMc Gfe@Svith é]QQUCt lon
of Interl eukin- 15 from macr ophages \Wol e heat - ki | ccae an

vaccae werkeaskletM: vweeas BDuY.iveecagisa better stimulator of IL- l 2 tha.n mterferon gamma.
These findings demonstrate that removal of the lipid glycolipid constituents from M,

vaccae results in the removal of molecular components that stimulate interferon-gamma from
NK cells, thereby effectively eliminating an important cell source of a cytokine that has
numerous harmful side-effects. DD-M. vaccae thus retains Thl immune enhancing capacity
by stimulating IL-12 production, but has lost the non-specific effects that may come through
the stimulation of interferon-gamma production from NK cells.

The adjuvant effect of DD-M. vaccae and a number of M vaccae recombinant
antigens of the present invention, prepared as described below, was determined by measuring
stimulation of IL-12 secretion from murine peritoneal macrophages. Figs. 6A, B, and C show
data from separate experiments in which groups of C57BL/6 mice (Fig. 6A), BALB/c mice
(Fig. 6B) or C3H/HeJ mice (Fig. 6C) were given DIFCO thioglycolate intraperitoneally.
After three days, peritoneal macrophages were collected and placed in culture with interferon-
gamma for three hours. The culture medium was replaced and various concentrations of M.
vaccae recombinant proteins GVs-3 (GV-3), GV-4P (GV-4P), GVc-7 (GV-7), GV-23, GV-
27, heat killed M. vaccae, DD-M. vaccae (referred to as delipidated M. vaccae in Figs. 6A, B
and C), M. vaccae gl).'colipids or lipopolysaccharide were added. After three days at 37 °C,
the culture supernatants were assayed for the presence of IL-12 produced by macrophages. As
shown in Figs. 6A, B and C, the recombinant proteins and M. vaccae preparations stimulated
the production of IL-12 from macrophages.

In a subsequent experiment, IFNy-primed peritoneal macrophages from BALB/c mice
were stimulated with 40 ug/ml of M. vaccae recombinant proteins in culture for 3 days and the
presence of IL-12 produced by macrophages was assayed. As shown in Fig. 7, in these
experiments IFNy-primed macrophages produced IL-12 when cultured with a control protein,

ovalbumin (ova). However, the recombinant proteins GV 24B, 38BP, 38AP, 27, 5, 27B, 3, 23
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cytokine stinulation properties. The stinmulation of a Th 1 i nmune response
is enhanced by the production of interleukin-12 (I1L-12) from macrophages.
The ability of different M vaccae preparations to stinulate IL-12 :
production was denonstrated as follows. A group of C57BL/6J nice we(e§ APR 2002

i njected i nwomeezas oneal |y with DI FCO thioglycol ate an®CaiNzesooi8ir ee days, '
peritoneal macrophages were collected and placed in cell culture with
interferon-gamma for three hours. The culture medi um was replaced and
various  CaCEB stihilaeds mofe thdnoivécelthea ambsict lo€ dL-] 2dtwatdincehntrd maacpage

| yophilized M vaccae, DD-M vaccae and M vaccae gl ycolipids, prepared as
descri bed SUFE were added. After a further three days at 37 C the
culture supernatants were assayed for the presence of |L-12 produced by
macr ophages i n_Fi M_ vagca reparations_stimulated the
product i onDEFF‘t“’PIPfNfESH‘F'BH'ﬁﬂﬂ?%ﬂ&b@?.frﬂ%ﬁwmﬁﬁﬁ“etaﬁ‘é9!? QitiEe M vaccae
pr epar at i opgraeoeEMEKadtebed for the ability to stinmulate interferon-ganm
production from Natural Killer lL.s. Spleen cells were prepared from
Severe Conbi ned”| YASEASORPETTE SPRST2 L@S@’B} kiled M. yaceace E'éﬂb‘i?l“‘dtMoH%CC%mdal n
75-80% NK giblasred THE dSgty BRAdeRI Msvawee(nmw hadc8d, prpated &s deScrfbdd b, Wit h
different concentrations of heat-killed M vaccae, %DM vaccae, or M
vaccae gl ywerEitgsteddor afjnani#etivitgdn e eousraing 3fia PUITIOKEZ JBrl0MBIING rE3poERI? 002
shown in Fig ,huﬁurgmhﬁﬁ elﬁuélzh@& rom ift tﬁ\f House! ! ;Tﬁg Ml-o‘@tﬁ&%‘%ﬁg&ﬁ?

vaccae glycolipids stinmulate BUcton ‘of I nterferon- ganma, vaccae
st i mul at edeytabxit respeinge wgsistectcdrnsefolicmsomg&ln‘ﬁrmmemeemm wes mianmxzécrbym Fi gs.

4 and 5 in te that vac

vaccae is &I’e m Pgtong| mﬂ? g?'b OFqP [V\gvalbﬁmhn |Wn[’et é’?‘g’ﬁv‘“& 1 QC"W?Q‘

findi ngs dmmﬁwbd alvfevdchaet dslxprmmalM afacdabgedehplpateb M yeahe pith ghyeolidids al@nt s from

M vaccae resul t he rempval nol ecul .a (o) nts .that stinulate

i nt er f er onZXJAHHR ﬁ?ljr) gﬁ]vaf\‘iﬁe)c Ip§°t°"fsh°é(Fr3°6§51 Vs g%? ‘gggégeﬂr?t?ﬂl aFachges

i mport ant  with Pronsse r(ﬂeenafvmcawmw dﬂgtaﬂés ;irdnah), hsle Muﬁﬁh@blﬂnmm‘itbﬂ and heat-

si de-ef f ect ccae t r et nhanC| ng capacity by
stinul ati n'@ﬁ?q_ﬂ}i"lxlffﬂ‘/aﬂﬁf”i etilch I%fs({] A[{H’Q‘?u Ef@‘izgl”’f“f’f:g’e‘ff ¥ t hat

may cone t&iiaredltratt. hﬂﬂsﬂorw@tspledﬁ oelfls Witk &[rﬁtﬂﬁt&ﬂmgﬂmﬁ)rﬁrf@dﬁi% gy virom NK
cells. The ac%| uvant , ef accae and a nunber of M vaccae

r ecombi nanE-O7411 yhick amEIt“h@llbfaegaﬁLlé prrieet § GAll Lymrbgmpltpnafected with itse

bel ow, wasoRuffifbéRhnk YhudRRATESS IoR&lburdih] MHE 3flbdced whie-tleh BEGESTrQReid rom
muri ne peritoneal macrophages. Figs. 6A, B, and C show
ability to kill non—specxﬁcally EL4 target cells or to kill specifically the E.G7 ovalbumin

expressing cells. Killing activity was detected by the release of 3! Chromium with which the
EL4 and E.G7 cells have been labelled (100 pCi per 2x10°), prior to the killing assay. Killing

or cytolytic activity is expressed as % specific lysis using the formula:

cpm in test cultures - cpm in control cultures x100%
total cpm - cpm in control cultures

It is generally known that ovalbumin-specific cytotoxic cells are generated only in
mice immunized with ovalbumin with an adjuvant but not in mice immunized with ovalbumin

alone.
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data from separate experinents in which groups of C57BL/6 mce (Fig. 6A),
BALB/c mice (Fig. 6B) or C3H HeJ mce (Fig. 6C) were given D FCO

t hi ogl ycolate intraperitoneally. After three days, peritoneal nacrophages
were collected and placed in culture with interferon- gamma for threﬂe APR 2002
hours. The culWowssmededi um was repl aced and vari ous concengdiatzogromsof ﬁ/l

vaccae reconbi nant proteins Gvs-3 (GV-3), GV-4P (GV-4P), Gvc-7 (GV-7),
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were test edtrdnger ivopuwne-@nianciey ability YFip M7 Qi tge aRlr Aing WhoRfauRclayddos/O¥dceae T Ce€l |

i nmune res (I)) oval bum n, a structurally unrelated protein, in the
nouse. Thi nt| oval bum n-specific cytotoxic response was detected as

fol |l ows. C57BL/Klidei mﬂwﬁﬂecp@fth Q! Rat-WEREE M WHBdR @Re DY) %éﬂ@ra!eﬂ”c%ﬁﬁfc‘ toneal
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These findings demonstrate that heat-killed M. vaccae and DD-M. vaccae have

adjuvant properties not seen in other mycobacteria.  Furthermore, delipidation and
deglycolipidation of M. vaccae removes an NK cell-stimulating activity but does not result in
a loss of T-cell stimulating activity.

In a separate experiment, mice immunised with ovalbumin plus 200 ug of DD-
Mvaccae depleted of mycolic acids and arabinogalactan, were also able to generate cytotoxic
cells (28% to 46% maximum specific lysis compared with <8% specific lysis for control mice
immunised with ovalbumin alone).

The M. vaccae culture filtrate described above was fractionated by iso-electric
focusing and the fractions assayed for adjuvant activity in the anti-ovalbumin-specific

cytotoxic response assay in C57BL/6 mice as described above. Peak adjuvant activities were
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killed Mtuberculosis or heat-killed M bovis BCG M phlei or M snegmatis

or Mvaccae culture filtrate. After 10 days, spleen cells were stimulated
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of the SDﬁemetract ed proteins had significantly stronger inmune- enhanci ng
ability (Fig. 7C(ii)) than did I ng whol e autocl aved M vaccae (Fig.

7C(i1)). Mce immnized with I ‘E IedM vaccae(Flg 1))
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GV Antigen 3 [sp7 5179 ,223’ 24 |27 [27A127B | 33 | 45

Reactivity* | 10° l 10° | 10° 102 | 104 l 10° | 10* ! 10° 1 10° | 10° | 10¢ | 10¢

*Expressed as highest dilution of serum from DD-M.vaccae immunised mice showing greater activity
than serum from non-immunised mice.

Proteins in DD-M.vaccae identified by T cell responses

BALB/c mice were injected in each footpad with 100 ug DD-M.vaccae in combination
with incomplete Freund’s adjuvant and 10 days later were sacrificed to obtain popliteal lymph
node cells. The cells from immunized and non-immunized control mice were stimulated in
vitro with recombinant M. vaccae-derived GV proteins. After 3 days, cell proliferation and

IFNy production were assessed.
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smegmatis (Fig. 7D(v)) failed to generate cytotoxic cells. These findings
denonstrate that heat-killed M vaccae and DD-M vaccae have adjuvant
properties not seen in other nycobacteria. Furthernore, delipidation and
degl ycol i pidati on of Mvaccae renoves an NK cell-stimulating activi t[}/, bNPR 2002
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anti-oval bum n-specific cytotoxic response assay, in 7BL/6 m ce as
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by anti bodi gs: s JH : -'%H‘E'iﬂ?ﬁ-i = i | Ly with 50 ug of
DD- M vac?é@glgﬁgggﬁn%g%%mhme S. tM"?, E%Q%Rﬁﬁggﬁqﬁ%(%%%d\e‘?’%h sacrificed
and their thee poteos! Thust helMveitvee dgivad praeine GVed 79 28027, 21 andGd iaredikely

r econbi na%bé\/lres\éatc]g%%_ VLLC\‘/wed proteins, prepared as described below, in
standard enzy’r"re-Pl nked i nmuinoassays. The antisera did not react with
several M vaccae reconbi nant proteins nor with oval bum n, which served as
an irrelevant negative control protein in the enzyne-linked assays (data
not shown). Antisera frommce i mMimBE&lInth DD-M vaccae reacted with 12
M vaccae-derived GV antigens. The results are shown in Table 12 bel ow. The
anti sera thus Proliferativef respoinsed lyridh, nole cells frBm ALY vaddhe-idmunide@Mmice? /B, 33 and
45 as being present in DD id comad iR to GRtdteidsin React i vity of DD-M vaccae
antiserumw th Mvaccae-derived GV antigens GV Antigen Reactivity*

Stimulation index* observed in the
GV protein presence of GV proteins at 50 pug/ml
DD-M.vaccae immunised Control mice
mice

GV3 4.63 1.52
GV7 ) 332 1.27
GV9 6.48 2.64
Gvas 4.00 1.76
GVv27 5.13 1.40
GV27B 7.52 1.48
GV33 3.31 1.45

*Stimulation index = cpm from tritiated Thymidine uptake in presence of GV protein/cpm in
absence of GV protein

IFNy production by lymph node cells from DD-M. vaccae immunized mice following in

vitro challenge with GV proteins

73



5P 5 7 i 9 22BI 24 27 27A 1l 27B 1 33 i 45 103 103 1 103 i 102 i 104 j 10

104 106 101 | 106 1 104 1 104 *Expressed as highest dilution of serumfrom
DD- M vaccae i nmuni sed nmice showi ng greater activity than serumfrom

non-i mruni sed mce. Proteins in DD-Mvaccae identified by T cell r eGP P 2002
BALB/ ¢ ni ce wees263mj ected i n each footpad with 100 ug DPOWNZEEU¥e in
conbination wth inconplete Freund' s adjuvant and 10 days |ater were
sacrificed to obtain popliteal |ynph node cells. The cells fromimunized
and non-i muni kpudphcande cdls frant sonummennized mideadi@ dotipnoduce Ny uppnt $timmeagionbi nant M

vaccae- derj.ye tej ns.... Af. C rollferatl d | FNy
product i on t\ﬁeg\écaa{gtgégséalcf. ﬁ‘?ﬁ%&ﬁégg3gg%zo%d% k&%g?eolbeilgfo 3" ?EA%G%E)Z T cell
pr ol i f er aimmenizeispion seestedFNY ymadosaidapenderti thamnémrvaren Babhtedoith &M 315028, zed
mce to G,Y, ot ek ns. h node.cells.from M vaccae-,i nized mce did
ot prol | PR Bh iy 35 eae iR 1R e Rise B0 peop BT BULPBUATENt dat & not
s hoYvn]Z . ASlosIFWprodactibalatae ddtctable/ whén deiisl omCientisized mﬁﬂeiwew&irﬁlﬂﬁiﬁdME showed
proliferative responses tq GV 3, 7, 9, 23, 27, 27B, and 33, The
corresponmeﬁﬁelﬁ‘é’inr%m F‘oﬂ’faﬂﬁ‘ﬂ‘-“? %%WESZ‘BWYZQ' e proget ?Vgrgl%&f &0t%B; s r esponse
to these @ and46r€ihislikelidg®s picitgt in/DD-AMVdeead. MTuni zed with DD-M vaccae have
been i muni zed with these proteins. Thus, the Mvaccae derived proteins GV
3, 7, 9, 23, 27, 27B and 33 are likely to be present in DD M/accae. TABLE
13 Proliferative responses of |ymphramge;gells fromDD M vaccae-i mmuni sed
mce and control mce to GV proteins in vitro GV proteinStinmul ation index*

observed in t Reodptios ehtidly &y peplitest lymeh nadesellsitorny PRrMprscag-impeendssd | muni sed
Control mice nice Gv34.mgafodipwagymyiggshajignge with GV protein

IFNy (ng/ml)
GV protein Dose of GV protein used in vitro (ug/ml)
or control 50 10 5
GV-3 8.22+3.73 ___ND ND
GV-4P ND ___ND__ ND
GV-5 8.90+4.54 0.57 +0.40 ND
GV-5P ND ND ND
GV-7 ND ND . ND
GV-9 ND ND | ND
GV-13 . 1.64+ 040 ND ND
GV-14 ND ND ND
GV-14B ND ND ND
GV-22B 20.15x£1.96 4.34£0.02 ND
GV-23 41.38 £ 6.69 6.97+2.78 ND
GV-24B ND ND ND
GV-27 46.86 £ 17.14 33.06 £17.61 10.14 % 3.01
GV-27A 7.25+4.36 ND_ ND
GV-27B 100.36 = 37.84 33.03+7.54 14.33 + 1,01
GV-29 5.93 £0.47 ND ND
GV-33 9.82 +£4.64 ND ND
GV-38AP 144 +1.20 i ND ND
GV-38BP 5.62 £ 0.70 ND ND
GV-42 ND ND ND
GV-44 ND ND ND
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GV96. 482. 64 GV234. 001. 76 GV275.131.40 GV27B7.521. 48 GV333. 311. 45

*Stimulation index = cpmfromtritiated Thym di ne uptake in presence of GV
protein/cpmin absence of GV protein IFNy production by |ynph node cells
fromDD-M vaccae i munized mce following in vitro challenge with ﬁ}rg rE1R 2002
proteins 73 Wb 8282634 PCT/ NZ98/ 00189 0 3 APR 2002 Lynplrcuodes/ooesd| s g‘

non-i muni zed m ce did not produce |IFNy upon stinulation wth GV proteins.

As shown in Table 14 bel ow, |ynph node cells fromDD-M vaccae inmunized

m ce secrete | FNppiMvaesl0SE depgndent mManngs; wWoan st %'I@E%Q‘Jh GV 3, 5,
Sk

23, 27A, 27B, 33M§a5ccﬁer 42 S aeSis No t@%lpﬁiﬁ mice hrt) i muni zed

wth these pro s from
i Muni zed EeNbEh&RectibleTUl ated with the irrel evant protein, oval bumn
(data not shown). The proteins GV 3, 5, 23, 27A, 27B, 33, 45 and 46 are

thus |ikel préeinbf DS Sdtead 43 nbhisPhcifitamarfe ampiiiers 14 Production of IFNy by

popliteal |ynph node cells from M vaccae-imuni sed mce foI low ng in
vitro chal | engantiisbel R, hEhYe LBGHIEY DRI S rotein
used in vitro (3/ n1s)gq or cgntro 50 eﬁr G\I} 38. %723?/%33%\%&@%@ %ﬁ%

Gv- 58. 90 f nep- meﬁsmwmegpwnrmxtsmm@\mwm immunize mice as described
above in Example 6. As shown in Figure 12, 50 ug of any one of the recombinant proteins

GV27, 27A, 27B, 23 and 45, when injected with 50-100 ug of ovalbumin, demonstrated

adjuvant properties in being able to generate cytotoxic cells to ovalbumin.

EXAMPLE 9
AUTOCLAVED M. VACCAE GENERATES CYTOTOXIC CD8 T CELLS AGAINST M.
TUBERCULOSIS INFECTED MACROPHAGES

This example illustrates the ability of killed M. vaccae to stimulate cytotoxic CD8 T
cells which preferentially kill macrophages that have been infected with M. ruberculosis.

Mice were immunized by the intraperitoneal injection of 500 pg of killed M. vaccae
which was prepared as described in Example 1. Two weeks after immunization, the spleen
cells of immunized mice were passed through a CD8 T cell enrichment column (R&D
Systems, St. Paul, MN, USA). The spleen cells recovered from the column have been shown
to be enriched up to 90% CD8 T cells. These T cells, as well as CD8 T cells from spleens of
non-immunized mice, were tested for their ability to kill uninfected macrophages or
macrophages which have been infected with M. tuberculosis.

Macrophages were obtained from the peritoneal cavity of mice five days after they
have been given 1 ml of 3% thioglycolate intraperitoneally. The macrophages were infected
overnight with M. tuberculosis at the ratio of 2 mycobacteria per macrophage. All
macrophage preparations were labelled with 3!Chromium at 2 pCi per 10* macrophages. The

macrophages were then cultured with CD8 T cells overnight (16 hours) at killer to target
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GV- 9NDNDND GV-13 -1.64 f 0. 40NDND GV- 14NDNDND GV- 14BNDNDND GV- 22B20. 15
1.964.34 t 0.02ND GV-2341.38: k 6.696.97 f 2. 78ND GVv- 24BNDNDND GV- 2746. 86
17.1433.06 17.61_ 10.143.01 GV-27A7.25:1: 4.36NDND GV-27B100. 36 t

37.8433.03 7.5414.33 1.01 GV-295.93 f 0.47NDND Gv-339.82 f 4. 64NTBi3 APR 2002
GV- 38AP1. 44wale92BBIDND GV- 38BP5. 62 0. 7ONDND GV- 42NDNDND FGYNEISQONS- ND 74 WO
99/ 32634 DD- M vaccae 109,59 15.48 90.23 f 6.48-..- Mvaccae 68.89 4.38

67.91 f 7.92 ND = Not Detectable Proteins in DD-Mvaccae as non-specific

i Mmune anphibé 6309 . RpddiiNAARiAS @i 1e0ted by MRERr 28206 ot GBiumGind 4€hr&2edlas3e 86 | n

subsequent exper| nment the fiv roteins Gv27, 27A, 27B, 23 and 45 were
roE s A A BT b

used as fiers with oval bum n antigen to i nmuni ze
m ce as descrifiRGrodabdsef (AN-R6d IR keteabe indmaiomarfier 8 deysgifice-cllire HOCDE of any
one of the reconbhi nant proteins G\/%?,. 27A, 27B .ﬁ%’:dand 45, when injected
wi th 50- 160eelly Bih BRIPREREVASBRSHET tiped Ay BVENC pPOBEPIFEE! Aif*hei ng
abl e to ggN9sAY. EINSAPdsivereCcBhttEwit a Qi BloRstianal antidd¥yRlifect&d to mouse IFN-y

(Pharmigen, San Diego, CA, USA) in PBS for 4 hours at 4 °C. Wells were blocked with PBS
containing 0.2% Tween 20 for 1 hour at room temperature. The plates were then washed four
times in PBS containing 0.2% Tween 20, and samples diluted 1:2 in culture medium in the
ELISA plates were incubated overnight at room temperature. The plates were again washed,
and a biotinylated monoclonal rat anti-mouse IFN-y antibody (Pharmigen), diluted to 1 pg/ml
in PBS, was added to each well. The plates were then incubated for 1 hour at room
temperature, washed, and horseradish peroxidase-coupled avidin D (Sigma A-3151) was
added at a 1:4,000 dilution in PBS. After a further 1 hour incubation at room temperature, the
plates were washed and OPD substrate added. The reaction was stopped after 10 min with
10% (v/v) HCl. The optical density was determined at 490 nm. Fractions that resulted in
both replicates giving an OD two-fold greater than the mean OD from cells cultured in
medium alone were considered positive.

As shown in Table 15, CD8 T cells from spleens of mice immunized with M. vaccae
were cytotoxic for macrophages infected with M. ruberculosis and did not lyse uninfected
macrophages. The CD_8 T cells from non-immunized mice did not lyse macrophages. CD8 T
cells from naive or non-immunized mice do produce IFN-y when cocultured with infected
macrophages. The amount of IFN-y produced in coculture was greater with CD8 T cells

derived from M. vaccae immunized mice.
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AUTOCLAVED M VACCAE GENERATES CYTOTOXI C CD8 T CELLS AGAINST M

TUBERCULQOSI S | NFECTED MACROPHAGES This exanple illustrates the ability of
killed M vaccae to stinulate cytotoxic CD8 T cells which preferentially
kil macrophages that have been infected with M tuberculosis. Mce §3e\PR 2002
i muni zed by whesdzesr aperitoneal injection of 500 .tg of kdlNzesoMs vaccae
whi ch was prepared as described in Exanple 1. Two vveeks after imuni zati on,
the spleen <cells of immunized mce were passed through a CD8 T cell
enrichment colum (R&D Systens, St TMLS MN, USA). The spleen cells
recovered fromthe col um, have been shown to be enriched up to 90%CD8 T
cells. These T cells, aEthelf MIHMIUBERGULOSISIHWESIERens of non-i muni zed
mce, were tested for thei ANIBUNINEEGTEDMACRORHAGES: ed macr ophages or

macr ophages_m_c.h_ha\m been infected with M tuberculosis. Mcrophages were
obtained fromthe peritongad,eiyiyss Of mce fivegp g$y(§g,ﬂ}er they have been
given 1 m of 3% thi ogl ycgm{a@ro @perl toneal | y. The“nacr ophages were
infected overnight with Mtubercu osis at the ratio of 2 nycobacteria per
macr ophage cphl cenfCr opha@igediigePah ALk PNS Wer e 'uﬁﬂ?e' §d \%fteg plChrom umat 2
C per 104 macrophages. The nacrophages were en culturedwith CD8 T
cells overnight (16 hours) at killer to target 75 WD 99/32634 0 3 APR 2002
PCT/ Nz98/ 0 ratlos of R0:1. Spegific k||||ng s dete d by the rel ease
of 51 Chr o%%ﬁt?n and expr eséed as %e&spem fic lysi \s{)@ cal cu?é?ed as in Exanple
5. The prodietdcanimpiunizBN- Y and it 95rel ease i nto @Rdi um a#s.er 3 days of

co- cul t ur e—ef—CB8—F——cell-s—w-th—racrophageswas neasured using an

enzyme- | i nked i mmunosorbent assay (ELISA). ELISA plates were coated with a
rat nmonocl onal antibody directed to nouse IFN-y (Pharm gen, San Di ego, CA,
USA) in PBS for 4 hours at 4 C. Wlls were blocked with PBS containing
0.2% Tween 20 for 1 hour at roomtenperature. The plates were then washed
four times in PBS containing 0. 2%YWe@pr3@ and sanples diluted 1:2 in
culture nmediumin the ELI SA pl at es ver e i ncubat ed over ni ght at room
tenperature. The pl BEBEIGALKNANDANARMNSIERIZARION, p 38 nonocl onal
rat anti-nouse |IFN-y anti bOﬁKOWWA&%@‘ﬂ_‘@gm @?ﬁuﬂzigoml tg/m |n PBS, was
added to each well. The plates were 1 hour room
tenperature, washed, and horseradi sh peroxi dase-coupl ed avidin D (Sigma

A- 3151) was

This example illustrates the preparation of M. vaccae soluble proteins from culture
filtrate. Unless otherwise noted, all percentages in the following example are weight per
volume.

M. vaccae (ATCC Number 15483) was cultured in sterile Medium 90 at 37 °C. The
cells were harvested by centrifugation, and transferred into sterile Middlebrook 7H9 medium
with glucose at 37 °C for one day. The medium was then centrifuged (leaving the bulk of the
cells) and filtered through a 0.45 pm filter into sterile bottles.

The culture filtrate was concentrated by lyophilization, and redissolved in MilliQ
water. A small amount of insoluble material was removed by filtration through a 0.45um
membrane. The culture filtrate was desalted by membrane filtration in a 400 ml Amicon
stirred cell which contained a 3kDa molecular weight cut-off (MWCO) membrane. The
pressure was maintained at 50 psi using nitrogen gas. The culture filtrate was repeatedly
concentrated by membrane filtration and diluted with water until the conductivity of the
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added at a 1:4,000 dilution in PBS. After a further 1 hour incubation at
roomtenperature, the plates were washed and OPD substrate added. The
reaction was stopped after 10 min with 10%(v/v) HC. The optical density
was determined at 490 rim Fractions that resulted in both replicaldsAPR 2002
gi ving an OWo %3263l d greater than the mean OD from cel | BCENA9MO18Y i n

medi um al one were considered positive. As shown in Table 15, CD8 T cells
fromspleens of mce i munized with M vaccae were cytotoxic for

macr ophagesnplewasdessdhani lt(hmE/I t Thieproctdars irgluced dhed2adl votime ty agproNimaeigced

macr ophage CD8 T c | s from non-i ce did not

macrophagglz %&‘"T °°'E:§'ftfa °Ifsr BHRe ndgteBns e HUWCWCEBW?‘H égaydéé%r}%ﬁﬁiuce | FN-y
when cocuHedties O, UISAI)nf ect ed macrophages The anount of IFNy produced in

cocul ture vvasa_ﬂ g r W|th Fifkk'ved fromM vaccae i nmuni zed
mce. 76 WO 99/'%35%3 %atﬁl’i‘f?& *1‘ EREPRAPHEADY 9B AND

UNI NFECT E&lWﬂé&E&s@ (ﬁaﬁﬁ&a@%ch RIpbsdN; 38/eBéh] 8% W0 Gpam) eduiliv:ned s | FN-y
(ng/ m) of pﬂ/laqﬁ C§8 | s n| nf ect edi nf ect eduni nf ect edi nf ect ed
Cont r ol 00&“7?&“%’ duder PRI RERMES Werse e E W pIlinea graERIoE NeRI| ON AND
CHARACTEREGATY N1 OFMPEL MR ERTY D5t rer FRbhM THAGHME ChbEURE FbditbRATE JThi s

exanple illustrates the preparation of M vaccae sol uble proteins from
culture Wevelength@of 28¢ymess ot herwi se noted, all percentages in the follow ng

exanpl e are wehghdol efsﬁolyﬁég&démutm%oa{%qaﬁm& %rvestg’é %og%ﬁﬁzte S, cul tured

in sterile Medium 90 at s were cent ugat I on,
and tr anst®@rmlegmicap stirgadecell whichicartpiagd ©6 kD7 MOV @@ dnemhrane.  The pressure was

maintained at 50 psi using nitrogen gas. The polypeptides were repeatedly concentrated by
membrane filtration and diluted with 1% glycine until the conductivity of the sample was less
than 0.1 mS.

The purified polypeptides were then fractionated by preparative isoelectric focusing in
a Rotofor device (Bio-Rad, Hercules, CA, USA). The pH gradient was established with a
mixture of Ampholytes (Pharmacia Biotech) comprising 1.6% pH 3.5-5.0 Ampholytes and
0.4% pH 5.0 - 7.0 Ampholytes. Acetic acid (0.5 M) was used as the anolyte, and 0.5 M
ethanolamine as the catholyte. Isoelectric focusing was carried out at 12W constant power for
6 hours, following the manufacturer's instructions. Twenty fractions were obtained.

Fractions from i_soele'ctric focusing were combined, and the polypeptides were purified
on a Vydac C4 column (Separations Group, Hesperia, CA, USA) 300 Angstrom pore size, 5
micron particle size (10 x 250 mm). The polypeptides were eluted from the column with a
linear gradient of acetonitrile (0-80% v/v) in 0.05% (v/v) trifluoroacetic acid (TFA). The
flow-rate was 2.0 ml/min and the HPLC eluent was monitored at 220 nm. Fractions
containing polypeptides were collected to maximize the purity of the individual samples.

Relatively abundant polypeptide fractions were rechromatographed on a Vydac C4
column (Separations Group) 300 Angstrom pore size, S micron particle size (4.6 x 250 mm).
The polypeptides were eluted from the column with a linear gradient from 20-60% (v/v) of

acetonitrile in 0.05% (v/v) TFA at a flow-rate of 1.0 ml/min. The column eluent was
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with glucose at 37 C for one day. The nedium was then centrifuged (I eaving

the bulk of the <cells) and filtered through a 0.45 mfilter into sterile
bottles. The culture filtrate was concentrated by |yophilization, and
~redissolved in MI1iQ water. A small anount of insoluble material wg§sy APR 2002
renoved by filoeakisen through a 0.45m nenbrane. The cul t gEpnidshdigat € was

desal ted by nenbrane filtration in a 400 mMl Amcon stirred cell which

cont ai ned a 3kDa nol ecul ar wei ght cut-off (MACO nenbrane. The pressure

was nai nt aig@ttordll 2 %20Skm, USkidiod t4 S HELwhle! L S
repeatedly CQ?\_CEI’]t rated by _rrrelr?br anr{ewﬁ?lig% ??a%lﬁgg%%g géptgy{sufvg{i %/ﬁ”?lﬁ%waot er
until the dwviHRiss thg punty of the firdiviquabsagiplaRAPRYGEMYE)Y 39 /813 5t d PETHPME 98400189
sanpl e was hLass4 thanned PPN o] RoTeX<Te} .t he 20 1.volune to
appr oxi mat gl y 5% ahm%éypglgltgg?nﬁiggggnfggﬁ?ﬁt t(lH{)%sJ oﬁﬁﬁgg&e%%aﬁ%odd% R nge

Br adf or d pirecedune ofd pampmli BiagmRelidl U. Ki-damne|22%6803985, 1938) . The desalted culture

filtrate was fr I . N . hr omat ogr.aphy on .a . col unm of

Q Sephar ose (P%%%@P%EIE%%%%S, U p)égeaela%',g‘%%\%ecgre“ﬁ s %@%%%%Wm’ad’ﬁﬁ i brated
wi th 10nmM Turther pi@ifieth usifie r Middo &) @lunPoPigrepdia HegchE D eniebhipatdclvkikdy sa 30 near
gradient o . i.n t.he above . buffer system The colum

el uent was nﬂaoyg%ggl&gkﬁvéb%ngﬁaaf?"% > %ﬁbp Al %B%fﬁséroﬂb% re §7S moM™fF%nt i des

el uting fr oaritlheize G6 eXPhamy eFram laviono Qe luton pelpieptide drere Rluged WA 1iHearANi CON
stirred cel | whigch i .a . rane. € pressure was

mai nt ai ned &%f ’egbﬁ%’gﬁ%ﬁnlgﬁﬂi'?9@5‘@5%&%@%ﬁ%@6&%ﬁ%& Yo colwBBat edl y
concent r at ealyjmptidesende ained fvitht 4 Rieaogradieidl ofladettnRele \RG-60% % liy giieTrit i | the

conducti vi f the sanple, was less than 0.1 nS. The purified polypeptides
were then %K%@PYVEfﬁtét"éaaqpb(i/"‘HP‘é'b&‘?daﬁ‘F FRIumE shept-wasi momigeed it 30 i fon bRt of or

devi ce (Bi colfiaks, TS Golhipriddhuak Hdhbns Woe ool aci Asctrdy mithpll LhAd vi th a
m xture of Anphql ytes (Pharnacia Biotech) conprising 1.6% pH 3.5-5.0

y ( .
Anphol yt esp%{ﬁﬁwlﬁ?‘ﬂ%ﬂla}g@?Sﬂ’lb-ed?‘?%e-Anphol ytes. Acetic acid (0.5 M was used
as the anol yt e,F@ggq@n&lgmm@gawegtd@m& ﬁavmbﬁlycaw%(lg%t BiobleR&®! Plikin, ©
focusing was carrjed out at 12W-constant power “for hour's, fcg oW ng the
manuf act ur Eimeg/Applisd Bje$ystspms Divisiam FysterGitys Covrtyeatsrglase fiberi filets, Thedidteisons from

i soel ectri gith pENsdpRLe W@r‘é%a@l@ﬁpﬁt@gq’erkﬁlrﬂmgbﬁpp%% ﬁ%%pﬁéxgseﬁrox\@er ?92ppl“r|cr)tiei];1i ed
sequencer and the polypeptides were sequenced from the amino terminal end using traditional
Edman chemistry. The amino acid sequence was determined for each polypeptide by
comparing the retention time of the PTH amino acid derivative to the appropriate PTH
derivative standards.

Internal sequences were also determined on some antigens by digesting the antigen
with the endoprotease Lys-C, or by chemically cleaving the antigen with cyanogen bromide.
Peptides resulting from either of these procedures were separated by reversed-phase HPLC on
a Vydac C18 column using a mobile phase of 0.05% (v/v) trifluoroacetic acid with a gradient
of acetonitrile containing 0.05% (v/v) TFA (1%/min). The eluent was monitored at 214 nm.
Major internal peptideé were identified by their UV absorbance, and their N-terminal
sequences were determined as described above.

Using the procedures described above, six soluble M. vaccae antigens, designated

GVe-1, GVe-2, GVe-7, GVe-13, GVe-20 and GVe-22, were isolated. Determined N-terminal
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on a Wdac &4 colum (Separations G oup, Hesperia, CA, USA) 300 Angstrom

pore size, 5 mcron particle size (10 x 250 nun). The pol ypepti des were
eluted fromthe columm with a Ilinear gradient of acetonitrile (0-80%v/v

in 0.05% (v/v) trifluoroacetic acid (TFA). The flowrate was 2.0 m( 3iAPR 2002
and the HPLGvebumess was nonitored at 220 nm Fracti ons EOTRZBAIAY

pol ypeptides were collected to naxi mze the purity of the individual

sanpl es. Rel atively abundant pol ypeptide fractions were rechronat ographed

on a VydaandtermaDdegivncdsIeGVat are sisowarin 8pY IBODANQS hidB3]r@3pectively;zke N5 i cron

particle size (4.6 x 25 . . The ides were elute om t he col um

Brth o | fRsmmalieaRings{or Varh benoadon SoRUP P! S apettalseatnre rOYSTSE (vi v)

XE@ gg Og Elllz)dé&Tf?iﬁN g.tag é?g\ldi&@-SEﬂrﬁd_i’E%ansquéhees(f@GNBQlﬁrﬂﬁéﬁ%ﬂ@SE@@D“@(@_@lﬁ?G?)fho 3
i : ni t ored. n,. Fr i ons containing the

el ut ed pofyeadsrperc Fg%(?g‘llal 18 Shoyg WgéE(%riﬁiw'sg’taﬁg%ﬁFPW? ‘B‘B injyenal '

i ndi vi duakeqaai¥ey B85 G VAR tHdwh &l SEQUD IND:Y58€39] tedectivlin | EchWERIR inRRfafi Ned and

they were anal ysed for purity.on a polyacryl am de gel according to the

pr ocedur e PEtde SEHFACES ProXidefherein beging with\ary 3RiRo geig residye gduch i§ gsymed 19

pol ypept i dgstfif At dosifisn Wthe FolyeptRie SBAMbNlRE I6OWH Biehvagt SRtifibiePsHcyafgEAM Nat i on
were further purified usi ng a Mono Q colum (Pharnmaci a Biotech) 10 m cron
particl e bjomide(Me o5bys-Gfhysbr a Vydac Di phenyl col urm (Separations G oup)

300 Angstrom Rfee ,&liféhal p‘%l,geﬁ;aegdesmm 6VE.15] Gc-( R &y 250 Wiisol e 2 Mono

Q col um, pol ypeptldes were eluted wth a linear gradient from0-0.5 M

NaCl in lemplyilg aprép@atipHs@ium deddeeyrh suifagsplvachilgpridnge! etestrophoresis {8D§pept i des

wer e el ut Wth.a line radj.ent . o jLr 0 % VvIiv) in 0.1%

Ten e PO, rficddo Rl B BAERT (oOlne SGERAIG iocheal RO BINAR bickedife D 57

220 nm f odesonithed abowd. urSpscificRiy, frastiypsepinpising guiktufesaaft payreptides erewlthect ed and
cryl.am de.

Sequanci ngeRe TRt fabite, BRPRER Y neT iy RRHSE SR e T
(Perkin  pepmadveghS-BAGBI Sy Sits&npoljickiamiiden gel FOBhee santpldsywerCAlissbiveRued gl ass
| et  ApprEBaP e st i< lo 6Py e rrst S Goiehe Sb oo 08

B e g e S oaonas, was. datorm od Tor amypad tional
pol ypept i éréclsyex'y‘é@ﬁ*ﬁérﬂ Tpﬁg’a%ﬂ%@%%'\ﬁt %ﬁ% i<8%s§)imﬁ‘éfff6f1’§ he emipining 187 dry
derivati VeeltandlNerhe RiRhIated rQeif’ bihds were identified by staining the PVDF membrane

with Coomassie blue. Regions of the PVDF membrane containing the most abundant

polypeptide species were cut out and directly introduced into the sample cartridge of the
Perkin Elmer/Applied BioSystems Procise 492 protein sequencer. Protein sequences were
determined as described above. The N-terminal sequences for GV¢-16, GVc¢-18 and GVe-21
are provided in SEQ ID NOS: 13, 14 and 15, respectively.

Additional antigens, designated GVc-12, GVc-14, GVc-15, GVc-17 and GVc-19, were
isolated employing a preparative SDS-PAGE purification step in addition to the
chromatographic procedures described above. Specifically, fractions comprising a mixture
of antigens from the Vydac C4 HPLC purification step previously described were fractionated
by preparative SDS-PAGE on a polyacrylamide gel. The samples were dissolved in non-

reducing sample buffer and applied to the gel. The separated proteins were transferred to a
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derivative standards. Internal sequences were also determ ned on sone
antigens by digesting the antigen wth the endoprotease Lys-C, or by
chem cally cleaving the antigen with cyanogen brom de. Peptides resulting
fromeither of these procedures were separated by reversed-phase HPLﬁ: OrM’RaZUUZ
Vydac C18 colwhmdigssng a nobi l e phase of 0.05% (v/v) tri facimNzogsnedsl C a'?ci

with a gradient of acetonitrile containing 0.05% (v/v) TFA (1% m n). The
el uent was nonitored at 214 run. Mjor internal peptides were identified
by their Upvalrspiheicecsy adttobib@hg id\M16 RMTCARS bufed ANGConi¥lity N2l ned as

descri bed above. Using the procedures described agpye, SI X soﬁﬁ}gl e 'M
vaccae ant imgthgaol. dibsitgpteresd pratsje bands @gee. igentifigd by staiging- thg PVOFcmerbramed

GVC- 22, Welgni B8 blubPet it @8 N POpHT ,ﬂ%‘}g@ %Qm%%%&@%é? é&lﬁﬁ@ 2002

PCT/ Nz98/ 00189 and i nternal "sequences for ~are shown 1n NCS: 1,
2 and 3, r eslypaptifle gnegies were ot oyteandidiredtly Satgeduprdeinfoothe @vople cartridgh @futhei n SEQ

D NO 4; i r : s . S N I - w2-.8;

i nternal sg%gn%‘lg‘lseﬁ?g@gg/ﬁgﬁ%gﬁ gl%\g %&%ﬁlﬁtegﬁ%&\{%cwgg? f?q “intelnal
sequence f deter@ined28 dessriber gbgyei ThSEErmined|-tertdinal asmierdes for GVivall2, @Wd-1#,nt er nal
Spauences GeByed: e P, hilvisk(s, soling¥0 189y Laaficak! vel V. Bach of

the internal e sequences provi her el n Deqi ¥ an amino acid
resi due which il efslsaed amino agidi ssquenas tviaie soppesed tb @hovirnarhine adid begpepési de,

based on the  kngwn cl eavage eci figjty. of, cyanogen brom de (M or Lys-C
(Lys). Thr énethﬁdg‘?' lfsipéor%aatag%ﬁ/ ‘%fos 0|ndfé§i,) L%’é@it %ﬁ%ﬁ@cysﬁ’@; g%sgg“i‘%')a%fnd Gvc- 2
1, were i shbmblegles wrtid myihoaridisequeparGVd-Y @ GV Weftasbesned. The ami id

sul f at e- polcyacrgl am.de, gel .el ectrophoresis (SDS- PAGE) purifi (;:antoi_agln step in
addi tion t &WPHE 6‘?’35 ?‘égﬁé“i“ 6%?’%%:5?'?%5%' ¥i'h gePFRret atsriously ddsptifieded
above. Spegroini Maldviy and MaGbéroilSsiC ANPEMIGIBIGTEX twik Esun@lo RAL ¥REPhdnlESyyf r om t he
preparative. | soel ect@i c._focusi n% purification step previously described
vere puri f VE8 Myubepruiosis METSS cefhsurfasgsprotsin, as welbastdP ke rThesamreiaing&rm The

sanpl es Wep#t 6k a¥6kiX Oinily THarb &L 61, S8ara T RuRp (1b86-s8Ngogppl i ed to the gel.
The separated proteins were transferred to a polyvinyl'idene difluoride

(PVDF) nenbr andubspawspiegidiesdedoior the, isolation1gf A 3equences for GVe-13, GVe-14 and

(cycl ohexyGaRinQseh 1BNPAIEIGY b B, AGlettivel)\PPhe BiNEBha i ,ni ng 10%
(v/v) nmethanol Q Tdﬁe transferred prot gﬂicnl bands ?Aerggpl%é%nﬁ%éjégg%ﬁigt ai ni ng

t he PVDF nagidhpeguences for GVc-13, GVe-14 and GVc-22 are provided in SEQ ID NO: 143, 109 and

110, respectively. The determined DNA sequence for the full length gene encoding GVc-13

is provided in SEQ ID NO: 195, with the corresponding predicted amino acid sequence being
provided in SEQ ID NO: 196.

Further studies with GVc-22 suggested that only a part of the gene encoding GVc-22
was cloned. When sub-cloned into the expression vector pET16, no protein expression was
obtained. Subsequent screening of the M. vaccae BamHI genomic DNA library with the
incomplete gene fragment led to the isolation of the complete gene encoding GVc-22. To
distinguish between the full-length clone and the partial GVc-22, the antigen expressed by the
full-length gene was called GV-22B. The determined nucleotide sequence of the gene
encoding GV-22B and the predicted amino acid sequence are provided in SEQ ID NOS: 144
and 145 respectively.
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w th Coomassi e bl ue. Regions of the PVDF nmenbrane containing the nost
abundant pol ypepti de species were cut out and directly introduced into the
sanpl e cartridge of the Perkin El nmer/Applied Bi oSystems Procise 492
protein sequencer. Protein sequences were determned as described ap@vaPR 2002
The N-term nsowsgaences for Gv/c- 16, GVc- 18 and GVc- 21 pcavnzogomyi ded in
SEQ ID NOS: 13, 14 and 15, respectively. Additional antigens, designated
Gvc- 12, Gvc- 14, Gvc- 15, Gvc- 17 and GVc- 19, were isolated enploying a
preparative SDSnﬁﬁﬁEumrﬂrﬁﬂeﬁa&mxnmamlt SEQID NOOBO hrfd ﬁlhféspeﬁme@'m&gr aphi c
pr ocedur es descr above eC| f| [ S co isin m xture

of antigen®¥ "cﬁir#% CWﬂ’éoa ﬁ#b%éé}%ﬁi}hr@? |%d§49“§ic"éf€§cr| bed
wer e fractMBmm @éhe sbyuepEee PUsiAg these SATersAGE (0Bp &agm!ny%s vhpnhderggly, The

sanpl es were dissolved_.in non- ycin l'e buffer and applied to the
Gol © The. SHEeeea BBy A nEycionsd e Fert CHeriFd St PR sAB b SR

PCT/ NZ98/ Q@&&8gekk)3 TAPRq3ERE o RN TonER MR RréNde hiESED BB NOS kb.Nent Msekof™ CAPS
buffer, pH 11 containing 10% (v/v) nethanol. The transferred protein bands

vere i dentthisiclone Bps Wed 1oIcEn & e vaSorsEeARmiS DIV libsiyqenstmeieg inslembdsl ZAP- Regi ons
of the PVDOip P@,mxﬁageneqrhtﬁnm)g trh@cnmsolﬂéamémed axPQA Hg%aﬁé %g' es were
0

cut out and directly introdu into the sanple cartrl er ki n
El mer/ Applhomkw@sys%#@ewﬂew 3’&!‘8@9?211’583)%@ WhS sepanead <Y - l/SB’r ('ﬁll@lgmewquences

det
Vo1 o 0 g 980 08 GBRIete J5 AR SRS Moo

16- 20, resp@&tttitdmhl}o acpd seqmcqsh@ Padyided inaSEQ D H@Sdl%@qdléms:eml@ conpared to
the Cenohcsi of MOy e IRT it SBbEs ARNRBETRISE NS WOSTLGHEE Bty 1

sequences oﬂig/cmﬂlebmﬂeGENSQEnd/\BVél (SRQRINNOS: T48cand UM eespextively SReel @itfpmed or Gve- 1
was found.,to b S rltyt e revi,o Iyldentlfled from
M bovis a[?lcf’%\f&% uaogdr{)gblﬂ% gt ?‘PF‘@&?J ‘f "é\/@a?fmﬂlé’é yesul 3K ade sone

honol ogy su;xtehceM(SEQbBrNOJ osa) §01MRT@3smﬂmeqirdcewésf @aBbbIOeEANbiHS THE! | as
MPT70. The? ‘grot ei ns ffg art protein famly (Harboe et al., Scand
J. | munol®°ng2 gt ¥s v é%)’cr Yﬂﬁ‘é‘ﬁtg??’ﬂ‘dl%I‘@H”t epneteetedgipllambdan of DNA

sequences ZAR-Efpves. 1317heG\Y&xclléolaEtﬂ hadvemoddzy( ©ERQ AberMibsisl ddigerd XP180 hnd 08,
P Vgl e CRRSEORd. I et oo acld Sedlences o o
respect i veiradicted@nide taci T'Qedilﬂﬂce%(ﬁeqlﬁ@ AfeCprb@Afiedt 1IﬂeSEcQ‘ b NE§9ish H§Ngencodi ng
cve-13 respectively.
For cxpression>and purification, the genes encoding GV1/83, GV1/70, GVc-13, GVe¢-
14 and GV-22B were sub-cloned into the expression vector pET16 (Novagen, Madison, W1).
Expression and purification were performed according to the manufacturer’s protocol.
The purified polypeptides were screened for the ability to induce T-cell proliferation
and IFN-y in peripheral blood cells from immune human donors. These donors were known
to be PPD (purified protein derivative from M. tuberculosis) skin test positive and their T
cells were shown to proliferate in response to PPD. Donor PBMCs and crude soluble proteins
from M. vaccae culture filtrate were cultured in medium comprising RPMI 1640
supplemented with 10% (v/v) autologous serum, penicillin (60 pg/ml), streptomycin (100
pg/ml), and glutamine (2 mM).
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is provided in SEQID NO 195 wth the correspondi ng predicted am no acid
sequence being provided in SEQ ID NO 196. Further studies with Gvc-22
suggested that only a part of the gene encoding G/c-22 was cloned. Wen

sub-cloned into the expression vector pET16, no protein expression \gﬂ;‘lr)APR 2002

obt ai ned. Subsees26s4 screening of the M vaccae BanH genmarevzBhddidsi
with the inconplete gene fragnent led to the isolation of the conplete
gene encodi ng GvVc-22. To distinguish between the full-length clone and the

partial GVc-22,Afiehe dayh, 5®RNofINES $asreRigvddfeom tathlwdlgnighd d@anman@socal | ed
GV-22B. The_determ negq nucl eoti de_sequence of the gene encoding GV-22B and

the predi cUi¥Y dskelfoasadsseribed Selawc el hyrRiates WRrs B\gﬂ'“’ldnmSE@‘ThB' fudnys apdghengng 145

respecti VDngcdSJnﬂo 13CARR gfotgaatm i BrbRA 2 RN 9 FHo00 13 AP hild i@kl ONS
prinmers AD36 and AD 112 ( SEQ 1 60 and 61, respectlve{l%) were designed

fromthe aMpPtae d&&?ﬁﬂ‘“%‘b%ﬁéémﬁlﬂa‘@&‘l@‘e( drestipps thghstimylatgs,proliferation et cul osi s

MPT70 9ENe rRAGHANGE-olligiedlds APRE pRYIITERIOR ob&rdd G Bl LLRARIEA et AR 111 ed
fromM vaccae genon c DNA and cloned into EcoRV-di gested vector

pBl uescr i ptverejcomyderedpgtiives agene) . The sequence of the cloned insert is

RS 1, Qbﬁgﬁﬂ br d-[‘lgiﬁ%ons Ine% di n&%ﬂ%ﬁ% (@gg)éts@‘lggr sen o

M vaccae genom C uct ed | n
(Strat agenel,ate&weﬂaoctdaud wilh)a, mfﬁkse midnoglenal amibedyedirected tta hweal IEN-yo(Eedogesadi ng

frame with h t I d S_re-namned
Gv- 1/ 83. TP\V%%“’“ Mﬂg gg’"‘t’ qar a‘yg‘ﬁ%’ééﬁg @igﬁgbov"u"és i%t%ge%%@. The
det er m ned blnclceklemth PIRS smam &2%n'dweep r26dorct Behrafirdom empelatiR() e Gifesar e
rovided in S 146 an ect] veI From.th m no acid
Eequences Brs Haﬁ gi’:"bt‘f’ﬁs N&éé% 2 3& ‘%éar“é"tleérg”&} Sd%ﬁc?“étaﬁ des
EV59 and EMde(nSE(Ee|HD,IMate§.4/8reaﬁmiba'|tékﬁovEm@hEﬂtrbdh€{cﬂ'ﬁ)ex’dﬁfee THEpla@h@dre Usi NQ
PCR, a 100 , (fl ed |2}to pl ?smd pBl uescript 11

SK  and éﬁﬁb Bt‘ tcé °ll°5‘1 ITBRBR QST aE A Y e fkRdegen). Sanbr ook
et al. Ibi duut%e 1 ;@Vﬂneﬁlss 63 lalldedas eddE R8Il t The i@ Rreéxhd indBRESRr PRARM C DNA
library constructed in | anbda,K ZAP-Express. The clone isol ated had honol ogy

to M tube?‘cfﬂ%‘é|t§ma‘?’iﬂ“&ehvaf\hg??Gn%lM’5°Wlﬂbﬂ°€°xélﬁ%°rcﬁbﬁiquPB¢@ Agf¥esis naned

Gv- 1/ 70.  ThghopRérR rnmsémay @ ) hals Bied aGeNoR dRon iRPEY! ﬁh&q f&%ep? hé&! d
sequence for GV-1/70 are provided in SEQ’ID NOS: 151 and
incubation at room temperature, the plates were washed and orthophenylenedlarmne (OPD)

substrate added. The reaction was stopped after 10 min with 10% (v/v) HCl. The optical
density (OD) was determined at 490 nm. Fractions that resulted in both replicates giving an
OD two-fold greater t-han the mean OD from cells cultured in medium alone were considered
positive.

Examples of polypeptides containing sequences that stimulate peripheral blood
mononuclear cells (PBMC) T cells to proliferate and produce IFN-y are shown in Table 16,
wherein (-) indicates a lack of activity, (+/-) indicates polypeptides having a result less than
twice higher than background activity of control media, (+) indicates polypeptides having
activity two to four times above background, and (++) indicates polypeptides having activity

greater than four times above background.
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respectively. For expression and purification, the genes encoding GVI/ 83,
Gv1/ 70, Gvc-13, GVc- 14 and GV-22B were sub-cloned into the expression
vect or pET16 (Novagen, Madison, W). Expressi on and purification were
performed according to the manufacturer's protocol. The purified 03 APR 2002
pol ypepti des weems@creened for the ability to induce T- c@CI/Ng¥g0I$eration
and I|FN-y in peripheral blood cells frominmune human donors. These donors
were known to be PPD (purified protein derivative from M tubercul osis)
skin test positive and their T cellTABMRI& shown to proliferate in response
to PPD. Donor PBMCs and ChLY ude sok, g rot e|I fromM vaccae culture
filtrate were cultured f‘ﬁ #8di um E M 1640 suppl emented with
10% (v/v) autol ogous seGWm1 penicil+n (60 #9/ M), streptonycin (100
g/m), and gl utam ne (ZG . 82 W 9+9/ 32634 PCT/ Nz98/ 00189 0 3 APR 2002
After 3 days, 50 .tl of di um was r'enoved fidm each well for the ‘
determ nation of |FNyGglewels, as gescribed below. The plates were
cultured for a further 4_days and then pulsed with I C/well of tritiated
thym dine for a further SY¥&Rours, hdrvested &hd tritium upt ake det erm ned
using a scintillation cgypiigr. Fraciions thatystinulated proliferation in
both replicates two-fold greater than the proliferation observed in cells
cultured in nedium al on@vcaére consitlered posttive. IFN-y was neasured

usi ng an enzyne-|inked gigygosor bent, assay (ELISA). ELISA plates were
coated with a nmouse nonocl onal antibody directed to human | FN-y ( Endogen,
Wbural, MA) 1 g/m phosphate-buffered saline (PBS) for 4 hours at 4 C
VWells were blocked with PBS containing 0.2% Tween 20 for 1 hour at room
tenperature. The plates were then washed four tinmes in PBS/ 0.2% Tween 20,
and sanples diluted 1:2 in cuIturéEXArwleJm in the ELI SA pl ates were

i ncubat ed over ni ghtP 3 n washed, and
a biotinylated pol ] 2y %}en) di | ut ed
to lg/m in PBS, was addeﬂROMMamCMd:ULmhlleE IL&‘R@S‘E\ME then incubated for
1 hour at roomte dase- coupl ed
avidin A (Vector v TFante VS : 1: 4,000
dilution in PBS. After a further 1 hour |ncubat|on at roomtenperature

t he pl ates were washed d ort hophenyl e i am ne ODD) substrate added.
The reaction vogsv“f’f%pfﬁg’gp 2P s ‘%’cnis%‘ \ﬁﬁ?teﬁ'l‘? lyste jysing Zrjmepsinnat o

polyacrylamide gel electrophoresis as described below. Unless otherwise noted, all

percentages in the following example are weight per volume.

M. vaccae (AT&ZC Number 15483) was cultured in sterile Medium 90 at 37 °C. M.
tuberculosis strain H37Rv (ATCC number 27294) was cultured in sterile Middlebrook 7H9
medium with Tween 80 and oleic acid/albumin/dextrose/catalase additive (Difco
Laboratories, Detroit, Michigan). The cells were harvested by centrifugation, and transferred
into sterile Middlebrook 7H9 medium with glucose at 37 °C for one day. The medium was
then centrifuged (leaving the bulk of the cells) and filtered through a 0.45 pm filter into sterile
bottles. The culture fiitrate was concentrated by lyophilisation, and redissolved in MilliQ
water. A small amount of insoluble material was removed by filtration through a 0.45 pym

membrane filter.
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density (OD) was determ ned at 490 nm Fractions that resulted in both
replicates giving an OD two-fold greater than the nean OD fromcells

cultured in nedium al one were considered positive. Exanples of

pol ypepti des cont ai ni ng sequences that stinulate peripheral bl ood 202
nononucl ear owebbw3263wBMC) T cells to proliferate and produ’«':EF/Nzlitmml&zzreusﬁmﬁm2

in Table 16, wherein (-) indicates a lack of activity, (+/-) indicates

pol ypeptides having a result |ess than tw ce higher than background

activity of contg QLinie drhte was)debalted sRhRMbAMN HRBHIH MeS4ddaMI AfhicoRGlibr¥d ty two

to four times above background, and (++) indicates pol ypeptides having
activity @¢tlbwhish cestained »drkDeiMWEOapmepransa clhgrrsessiere ves mamtand 3 69psTABLE 16

Ant i genPr ol i.f erut | | eV - ) _14-
ove. 55 e e bbb Nrbe (R et Heat Ao ded 6 mM i (ST T AN
CHARACTERI 84T HiftedOwitPOravepmat]| thie Sondmetivity/of theAamnie wasl psyRbiar- |l OTRAT ETHBY _

2- DI MENSI m’%hc@g‘r%é\%ﬁ%(ﬂzr@ea ,I[l’:tje‘fpggm tegy Sl %rot\éﬂlf&ﬂgenﬁ%o%p ! rff Ot el ns

vere i sol afe romculture I 'ng | mensi ona ol yacrylam de gel
el ect r ophodesisneddydiesBmdfoeighrdoan assay (Biv-Resls Hetchles, WiAs &Sagt ed, al |

percentages in.the follown aml re | ght r volume. M .vaccae (ATCC
Nunmber 15483) \;\l}i’g%ﬁﬁﬁf‘t?%r'egﬂgggf 2 fac %%,‘\ﬁtr’ﬁggﬁ Koty ORI L | o s
strai n H37RuhAdQ Sepitdbsse (Fhdmddia BiaechUb k ottm) equsliteatéd withM ek @bisOk 7119

medium wi th Tween 80_and o] eic aci g/ al bum ri/dextrose/ catal ase addjtive
(Difco bufter pH 8.0. Po?ypept? es were elute w?tL alllmear graéilent of Na(?{from 8 to 1.0 I\f1 in the

above buffer system. The column eluent was monitored at a wavelength of 280 nm.

The pool of polypeptides eluting from the ion exchange column were fractionated by
preparative 2D gel electrophoresis. Samples containing 200-500 pg of polypeptide were
made 8M in urea and applied to polyacrylamide isoelectric focusing rod gels (diameter 2mm,
length 150 mm, pH 5-7). After the isoelectric focusing step, the first dimension gels were
equilibrated with reducing buffer and applied to second dimension gels (16%
polyacrylamide). Polypeptides from the second dimension separation were transferred to
PVDF membranes by electroblotting in 10mM CAPS buffer pH 11 containing 10% (v/v)
methanol. The PVDF membranes were stained for protein with Coomassie blue. Regions of
PVDF containing polypeptides of interest were cut out and directly introduced into the sample
cartridge of the Perkin Elmer/Applied BioSystems Procise 492 protein sequencer. The
polypeptides were sequenced from the amino terminal end using traditional Edman chemistry.
The amino acid sequence was determined for each polypeptide by comparing the retention
time of the PTH amino acid derivative to the appropriate PTH derivative standards. Using
these procedures, eleven polypeptides, designated GVs-1, GVs-3, GVs-4, GVs-5, GVs-6,
GVs-8, GVs-9, GVs-10, GVs-11, GV-34 and GV-35 were isolated. The determined N-
terminal sequences for these polypeptides are shown in SEQ ID NOS: 21-29, 63 and 64,
respectively. Using the purification procedure described above, more protein was purified to
extend the amino acid sequence previously obtained for GVs-9. The extended amino acid

sequence for GVs-9 is provided in SEQ ID NO: 65. Further studies resulted in the isolation
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Laboratories, Detroit, Mchigan). The cells were harvested by

centrifugation, and transferred into sterile M ddl ebrook 7H9 nediumw th

gl ucose at 337 *C for one day. The nmediumwas then centrifuged (I eaving

the bulk of the cells) and filtered through a 0.45 jimfilter into {f3rAPR 2002
bottl es. Thewowdheme filtrate was concentrated by |yophi PCENEPOMNSE and
redissolved in MI1iQ water. A small anount of insoluble naterial was

renoved by filtration through a 0.45 tim nenbrane filter. 84 WD 99/ 32634

PCT/ NZ9s/ @ID3h QeqBerBRfo?2 APs-d NSE@ UDbtNIDL1F1) |ahd &835GSEQI¢D a0t shy Trenbr ane
filtration in a 400 nj Amicon stirred cell which confaipe 3,kPa MACO
menbr ane. SOFEPIRARESHFAUCeLENIAR AHE SPINERFeS AT FRIOdgd mtﬁgﬁ%nt}?m Sdgéﬂd ég@ . The
culture f !rés&écﬁ@ﬁy.vm kRRRAINA Yequerie e G e-2 ¢ fyvideRsEQaD NOt (53 e and
diluted with water until the conductivity of the sample was less than 1.0

nS. This tsreomeparding pradietedaming apid ssauppfe isinstREoVAFE inRERAPANG: B9 fibe Prot ei n
concent r aty ) Vo hidbed AkhaddinNEQ) © Woagsay (Bi o- Rad,

Her cul es, tpl&%ﬁﬁ&fll\é%rﬁ) a‘f’ﬁ?ﬁ%ﬁ%?ﬁ&(}j C%| ture filtrat eE\?\I/as fractionated by ion
exchange chr onall ofjthessiamineracid seqesneairivess compseed e kpaya nPR; aGidisdquenBesoinech) (16

i uteq wi T SpissPRERGE L HRHTES L apliro NSl lnel S g P S EE o &1

system Thvithad exceptehsiehGVedsGieni G¥s-€ dndiGVe-NaG¥k-dngsHowid t28@arrsome The

pool of polypeptides eluting.fr { i,on exchange colu re fractionated
by pr epaggf%(&\‘?gy ¥ °ePr°§1°8%’?r’%ﬁﬁ%grdegf§lfbe’§5r??ﬁﬁse%°tclgsnt%afnﬁmwwfq§ 0%g of
pol ypept i dgtinagr@ecursoramd@lVIM, nuber@dosahgpaldical @d. 6t KDapwbtyia.c IGMsayiGis-4 mael ectri ¢
focusing rod gels (diameter 2mm,. .|l ength 150 pH 5-7). After t
| soel ect r AVSPONEEI ‘g‘dsrrg’ﬁ?f PR Foflargy ﬂéﬁé’i‘%ﬁﬁ‘ 41 %“dvxﬁéﬁépmé"&fﬁi’{‘iﬂb?gt ed with
reduci ng sfd.aSEQND RO 102£hdt3, EeBpeRnvtlD] MERSERNOGS(SEQ IBXOSPed wacsy| ani de) .
Pol ypeptides fromthe second_di nensi on separation were transferred to PVDF
membr anes T5pecEyt 308 Y. obaVisHERND dRSr éﬁ\PSdeéff Fegnectiyaly). 1and Jhe antigem§S€0% (v/ v)
met hanol . ,The, RYREAERRE IRSIDROE3 G lard NEMbEreliof GEGIID Néi3y) Coonassi e bl ue.
Regi ons ofp PVDF contai ni ng pol ypeptides of interest were cut out and
directly introduced into the sanple <cartridge of the Perkin El nmer/ Applied
Bi oSystens Procise 492 protein se gig 17he pol ypeptides were sequenced
fromthe amno termnal end using traditional Edman chemi stry. The am no
aci d sequence was det &N GANING SERAREQH|I KR Cdfnparing the
retention tinme of the PTH am nRﬁéﬁq@?ét@si ve to the appropriate PTH
derivative standards. Using =

Probes for antigens 85A, 85B, and 85C were prepared by polymerase chain reaction

f)¢ ]

(PCR) using degenerate oligonucleotides (SEQ ID NOS: 38 and 39) designed to regions of
antigen 85 genomic sequence that are conserved between family members in a given
mycobacterial species, and between mycobacterial species. These oligonucleotides were used
urider reduced stringency conditions to amplify target sequences from M. vaccae genomic
DNA. An appropriately-sized 485 bp band was identified, purified, and cloned into T-tailed
pBluescript II SK (Stratagene, La Jolla, CA). Twenty-four individual colonies were screened
at random for the presence of the antigen 85 PCR product, then sequenced using the Perkin
Elmer/Applied Biosystems Model 377 automated sequencer and the M13-based primers, T3
and T7. Homology searches of the GenBank databases showed that twenty-three clones

contained insert with significant homology to published antigen 85 genes from M
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t hese procedures, eleven pol ypeptides, designated Gvs-1, GVs-3, GVs-4,

Gvs-5, Gvs-6, GVs-8, Gvs-9, Gvs-10, Gvs-11, GV-34 and GV-35 were isol ated.
The determned N- term nal sequences for these polypeptides are shown in

SEQ I D NOS: 21-29, 63 and 64, respectively. Using the purification 3 APR 2002
procedur e deswse ydmecdsabove, nore protein was purified to preriNessbotshe am no

aci d sequence previously obtained for Gvs-9. The extended am no acid

sequence for GVs-9 is provided in SEQ ID NO 65. Further studies resulted

in the i SO} Lrjcﬁgsiﬁémdv)@ &914.33‘?%6&91'&@1#}83 wWetDrost %@Eélug&tg/t@%%gn 9ic %
sequences for Gvs-9 (SEQ ID NO 111) and Gv-35 (SEQ ID NO 155). The
cor r espondsequengese with tthadrempinges baiag moseHEpICIOsANEER teABRages; ninEditipy NO 112

and 156, el Sdnflad 'ﬂ}éﬁnﬁ% RLES weRI0A RonbibgduPloOileded in
SEQ I D NG ﬁ’?%%%:}i“%éﬁ é/]twhgﬂgor rqéygon I ng lpr g%bi%ct ed am no %Cci) ag%ge%uaéllﬁce bei ng
provi ded i moB8EE Bdoauseof this high Fimslarifyy thejantiger 8 LnPER fragment wagichosrndo $arenGVs- 9
has been apended | . : i i cid sequences were
conpar ed t,(()f}? aﬁgwegﬁggbéﬁsggggéﬁéﬁ%ﬂ@%ﬂ{r%gaﬁ%ﬂggg%g’? data base (version
R35 pl us updat eAn M\eagegginbingalitrarh oae kegted sn lesrbda dbp-Bxpresd, (Stramagete, fae

exceptions. of -3, , GVs-4 S- 1 S: 9. S-9 S und t.o..bear sone
hom)loogy tb"?‘f‘@gﬂ’é\ﬁ°8ﬂ‘§|’§f”’|‘@é’r%{‘ ?lflf %‘geﬁ%}é ) Uﬁ%c%u oSS lBro léllon%?lll?f mely M

t uber cul os#igestedut veoms avifariecxi 1 Gandependern plalyhid-fobreing uhitsresuitingp dloh edréenimg 22. 6
kDa protein. GVs-3, GVs-4 andd i;\/sgf V\nl_ﬁ/{he f ound .}o ear s% S| rrill arity to
the anti gePBESE S¥OGssEen oS pladpgs STRM 4TS RoRwmpl ‘f%%(ﬁ“?lf)v AeG# 'Wd 31,
respect i velighkity bhto leipRe100Wn@Splges( ST ehdh PGS, dupBcat plagdid, liftsr WerP &dken ¥aby) and

M bovis (SEQ 1D NOS: 34 and 35, tively), and the antigen 85C
or ot s | PEIN CHASREER) i e aptonel b apah ot SoRdminG. 37).

EXANPLE 12, s Ny SERATE R 6-0HE M raf Q6 oML BB 1 SBRCES Pr obes

for antigens 85A, 85B, and 85C were prepare y polynmerase chain reaction
(PCR) usi nduideagiogeapky demonisgaies tak stveregune SEeued cRExiendy hyhedisd) todégi gned t o
regions of 5, a0 898 hrébe ABRARESE ORAHARC erHiridh pagiﬁve@,aﬁg%ﬁamg ;gﬁwe@&ef anily
menbers in a given nycobacterial species, and between nyCobacteri al
speci es. Thrkstedet japdemufor Rugher dralysisanerepoued franmthe flibrapchlaesdwith each pesitivg
condi tions (0. 8IRY bk &PhHEhe SEMMERS SSreldiYpMes LBHERR IRBAMG hundred
plaques. Duplicate lifts of each plate were taken using Hybond-N* nylon membrane, and
hybridised under the conditions used in primary screening. Multiple positively-hybridising
plaques were identified on each of the thirteen plates screened. Two well-isolated positive
phage from each secondary plate were picked for further analysis. Using in vitro excision,
twenty-six plaques were converted into phagemid, and restriction-mapped. It was possible to
group clones into four classes on the basis of this mapping. Sequence data from the 5' and 3'
ends of inserts from several representatives of each group was obtained using the Perkin
Elmer/Applied Biosystems Model 377 automated sequencer and the T3 and T7 primers.
Sequence homologies were determined using BLASTN analysis of the EMBL database. Two
of these sets of clones were found to be homologous to M. bovis and M. tuberculosis antigen
85A genes, each containing either the 5' or 3' ends of the M. vaccae gene (this gene was

cleaved during library construction as it contains an internal BamHI site). The remaining

clones were found to contain sequences homologous to antigens 85B and 85C from a number
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DNA. An appropriately-sized 485 bp band was identified, purified, and

cloned into T-tailed pBluescript Il SK (Stratagene, La Jolla, CA).
Twenty-four individual colonies were screened at randomfor the presence
of the antigen 85 PCR product, then sequenced using the Perkin 03 APR 2002

El mer/ Appl i edoBi36¢st ens Model 377 aut omat ed sequencer aRETA#EONAR- based
primers, T3 and T7. Honol ogy searches of the GenBank databases showed t hat
twenty-three clones contained insert with significant honology to

publ i shed S 1o R Nne B134tide skateARRZORE
e Noog 1 55 sttt HRRES Tol@EtMne %Q%%%Xlér%t el ?/('e al f were most

honol ogousprrepriatetsubdencs BgregentructsbapdessereacedyOvpriappias seavgncatiwere Bigneg nor e
simlar tgg ggmeggmf’sﬁﬁdé%m&ehe haemsﬂadtm@ﬂ ,sequtsﬁ@wortzwom@&bte%hg&s

vaccae anti enom C sequences were 80% homol ogous to one anot her.
Because 0oBSANSSB dnd §AC arershowm intSEQ Imbloén‘!(i-‘g?e resBEUEvVEGRYithrthgpredictedwmine hosen t o

screen M. 4gcene AN fold Bk Bonat: ko abkiaagncy for all three ant i gen

vacca€ ‘genom C eat in | anbda Zap- Express
(Strat agene LThe Mobdcage ﬁﬁ)gedsﬁ\(ﬁ-b and VBarwdre peressedll dng -parifjedsasedlldws. vaccae

i t t ed t i 3.4 0 dent
oF aque. 1 oA pERFRS deRyRaRR bk i iefiencaf bl GyEadnd 613 RIS A"
t housand pl@eesds 43) rfbst,pb:nﬁzelpp DsifgTBéqubnce cHatai dhmty'eamﬁempthatp&dm&t lehday

density onto eight 100 ¢ pl ates,, For each | at e, dupljcate ue lifts
wer e t akefCWHARS a“‘l—?}‘ﬁén?i‘dﬂi ﬁ§'|°6°n ?Pér?ﬁ‘i“ﬁ?%s? PIEAEHOF ﬁvégr?é&ﬁ‘g‘ﬂ‘gq% Munited

Ki ngdom) , sgRdpwér éetinded, anH'ﬂQQi’éqJeﬂGEd%@drei iR I CYs-S 2 Prdvided i SEPIS) to the
radi ol abel I ed anti gen 85C PCR product ut or adi ogr ap h%rdem)nst rated that

sevent y- niN 68laa¢,6 sAe’GﬁéTe;ﬁ‘f'@Fﬁnl site pep pddad dathe PB"‘F‘HéOr GYr? @6‘?158‘3’4: a8d obe

under thegg, eongidd; nssnesTweta%aéa RO Sthel bﬂrﬁéryf&y@vgqlf%t Rebnilp ABHER AR, ©
sel ected at random further analysis and removed fromthe library

pl ates, wiFphowiag Iameﬁqatlplvéromcgeém@lc maccaes BN A, &3@@9@? ateee slered ritar the
sor sen! 19 Bl 5% 580 RS TIMHABUAS Rllr PEARISE, LURLIGAbRCL 1S o

each plate en using on ne rane $ed under
t he condi tGaithastugs dIDnandrsubmittyd $arrseguencigg toMohfimpthe qooent tnadeg)framytand di si ng
pl agues wer.e i dent.i thlrteen 88 na bl E8

el 1§ sol SrEpsae Fpistion i BRTEn e SublRi o AT e ire el o1
further anaihgsasufadderengprotcoli tro exci sion, twenty- 5| X pI aques wer e
converted into_phage

and re tion- group
clones into fob¥PrEsFige Qg‘};ﬁﬁﬁ’i’“f‘h ﬂt&%éf wecege af“ﬁéjg%ﬂg"{) aﬂtﬁge“ ‘g‘ég%d‘fi‘f a from
the 5 angedormed as follows. The primers AD58 and ADS59, described above, were used to amplify

a 485 bp fragment from M. vaccae genomic DNA. This fragment was gel-purified using
standard techniques and cloned into EcoRV-digested pBluescript containing added dTTP
residues. The base sequences of inserts from five clones were determined and found to be
identical to each other. These inserts had highest homology to Ag85B from M. tuberculosis.
The insert from one of the clones was subcloned into the EcoRI/Xhol sites of pProEX HT
prokaryotic expression vector (Gibco BRL), expressed and purified according to the
manufacturer’s protocol. This clone was renamed GV-4P because only a part of the gene was
expressed. The amino acid and DNA sequences for the partial clone GV-4P are provided in

SEQ ID NO: 70 and 106, respectively.
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ends of inserts fromseveral representatives of each group was obtained

using the Perkin El nmer/Applied Biosystens Mddel 377 automated sequencer

and the T3 and T7 priners. Sequence honol ogi es were determ ned using

BLASTN anal ysis of the EMBL database. Two of these sets of clones wgre R 2002
found to be heowdaegaus to M bovis and M tubercul osis adegmasloowA\Age-h&P,
each containing either the 5° or 3' ends of the Mvaccae gene (this gene

was cleaved during library construction as it contains an internal BanH
site). The remedipilRGo tiel CRRABS oMGVEsH, fid ARplificaiOfrithérs ADSRIBRAGE s ShRRDEsegous to
antigens 85B and 85C froma nunber 87 WD 99/ 32634 PCT/N798/ 00189 0 3 APR

2002 of nytARkife: #85 brdigmpw frompclonscentaining GMse (SEREP NQite)n s Easmeak

sequence fQus QRAGHH §ROGhe eRPREBR VedbepBHBCARNGSEs VRE GRBST IRt bRy
sequenced. Overl appi ng sequences were aligned usi ng the DNA Strider

sof t war e. Tréeotide eaqn¢nse andopiadisied amine asidfseauense QfE¥ € agmprpyjdedsin SEOAID 858 and
85C are sh N veld0-42, respectively, with the predicted am no
acid sequeglmcé;’eg;éi e@ﬁ?%%&&%ﬁﬁSEQ | D NOS: 43-45, respectively. The M
vaccae anti gensin@se@ientsthd@yisusig\percedusss sineitas tathpsediesstibddfabent, 6¥s-BoBVowns.
Anmpl i ficati@n pei v 11 J ' Gvs-3 and
ove- 5 (Se0't BIRH HrelE iy R b JEE Do BRE ISEE Wouns: ream
fromthe putatiTie hidtigeof mefjedre@mbimdntt Kd/sFB, ENMetPofand VS aoestimiluee

sequences of ..the prjaners for s-3 ar rovided i SEQ.LD NO 66. and 67,
and the seaﬁgﬁéag'ggﬁﬁﬂg aﬁ?l“ﬁ;\?ré‘émfyc?fo@g?-n 5" a‘rméa“p}% ovf"H%EP #’r?°§‘?f§’ Fﬁlthﬂ\o 68
and 69. AXhetors, &at hisafed a8 desctibed/gtdvea dTecresults tolfi ¢hip aisapedrs skown i@VRbIB,17and
EcoRl and anHl restrictiqn sites e added to the primers for GVs-5 for
cl oni ng coﬁ’g%'ﬁﬁnéﬁd%‘.icat?ﬁd’i 1F‘8\A?f}s?§tl%{ﬁp¥*\?'§ indiEaies ROYPEHAG SAYIRS & Towrlt IFschae DNA,
fragnents wat€high@nBsh Bd&k%omeac_tiai@pbmhir&t Bedid, 1(®) HdicREY fdypeblideP MOV Yot i C
expression vector (G bco BRL, Life Technol ogies, Gaithersburg, M) and
submi tted PYWVIKSYRERIPHGInGS abaY Packerewnd. £ riadicatescrplippRiides bavingagstivity

ori ent at i 0BreaE XL fHiesABSheRHEefdufid® bhPUD Hdidahs nbEERARARANT Protein was
performed according to the manufacturer's protocol. Expression of a
fragnment of the M vaccae antigen GVs-4 (antigen 85B honol og) was
performed as follows, The priners AD58 and AD59, descri bed above, were used
to anplify a 485 bp fragnent from MIekletde genonmic DNA. This fragnent was

gel -purified using standard technigues and cloned into EcoRV-digested
pBl uescri pf cort aPeichg |ad8edr dTTPPonoesi|duBener THe Berse segPmaerce$ of inserts
From ive' bLonds $A¥ doiGiiehdq G dutrins g o 1 bonit

7 B B BV B U R = e I e e

3Gv- + |+~ | ND [ND| + |+ | + [+ | + |+ | # |+
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5

EXAMPLE 13

DNA CLONING STRATEGY FOR M. VACCAE ANTIGENS
An 84 bp probe for the M. vaccae antigen GVc-7 was amplified using degenerate
oligonucleotides designed to the determined amino acid sequence of GVec-7 (SEQ ID NOS: 5-

8). This probe was used to screen a M. vaccae genomic DNA library as described in Example
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identical to each other. These inserts had hi ghest honol ogy to Ag85B from
M tuberculosis. The insert fromone of the clones was subcloned into the
EcoRI/ Xhol sites of pProEX HT prokaryotic expression vector (G bco BRK
expressed and purified according to the manufacturer's protocol. THi3$ APR 2002
cl one was r ay98e3GV- 4P because only a part of the gene '\ﬁﬁé“”%@tﬁ"essed. The
am no acid and DNA sequences for the partial clone GV-4P are provided in
SEQ ID NO 70 and 106, respectively. 88 WD 99/32634 PCT/ NzZ98/ 00189 0 3 APR
2002 SimixAr 1he de{tﬁnmbd)mhdslgmdé ségulentP, fort B calisl shbwn dn iSBQ D iN@r 46 ARS8 and
AD59 were used toa I|f nt fro cl one cont ai.ni ng GVs-5
(520 1D Neweasipd smitp S5 sspybnstin SR EPNDLRE T Hrer o At B spea B U pErae
and was cgl {heChaQJm&PreveBne ibeoRsgiite achypatielcaint .81 &Ds anistiar @awinpsesd ct ed

am no acid sequence of GV-5P are provided in SEQ ID NOS: 157 and 158,
respecti vibereulpsis.subsequent studi es, using procedures similar to those
described abovfye sCddencd:of %ﬂﬁv@mt Vs twegigmnpmlﬁeﬁm priffe® (bf3@ided
alternative vector pET16 vagen, , Madi son, é he ability of purified

r econbi naitt SESJD NO: GU' app 7, hé"r%?%m{‘@bg’cngrﬁlﬂéﬂ -850 PRt AU RCORA cel | s
and i nter j gL aed l%ﬂdaaet uSfivd Rady mefceLAfmrE’sBEnB@m wée,ad&aatbtthy

donors, was assayed escribed above. The results of this assay are shown
in Tabl e nﬁﬁpersm&@nm qonyenienep. cEellewing amplificagen dfrom 9?“[037110 Mipacyaq BAcat es

pol ypepti des hav, d
A R e s s L T
to four tBRE3 asbenbeittericfoysauenting (te-£pnfirmdthe apmest p@ﬂlylpefpmecmé omamaty. acti vity
greater than four tinmes.ahove ckgr.ound. . and ND | ates not determ ned.
Tabl e 17 5°198n 8 p“nﬁﬁgﬂ%r%oﬁ’gr%%ﬂor%gtﬁm was et bEdndlY 15'%he

(9700539 7 QARERFRE TGS 61008 Gy EABSGHehD 30diEY, GIVicE7 was re-cloned into the vector pET16

I FNProlif. I FNProliflFNProliflFNProliflFNProliflFN -Y--Y.-Y-"-Y-Y
GVs- +++NDRIPYBER) ++++++/ - +++ 3 GV - ++/ - NDND+++++++++ 4P

The ability of purified recombinant GVc-7 to stimulate proliferation of T-cells and
stimulation of interferon-y production in human PBL, from PPD-positive, healthy donors, was
assayed as described above. The results are shown in Table 18, wherein (-) indicates a lack of
activity, (+/-) indicates polypeptides having a result less than twice higher than background
activity of control media, (+) indicates polypeptides having activity two to four times above

béckground, and (++) indicates polypeptides having activity greater than four times above

background.
TABLE 18
G97005 i £
G97008 ++ +
G97009 + +/-
G97010 +/- ++

A redundant oligonucleotide probe (SEQ ID NO 73; referred to as MPG15) was
designed to the GVs-8 peptide sequence shown in SEQ ID NO: 26 and used to screen a M.
vaccae genomic DNA library using standard protocols. Two genomic clones containing

genes encoding four different antigens was isolated. The determined DNA sequences for
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GVs- +++++++++++++++++++++ 5 EXAMPLE 13 DNA CLONI NG STRATEGY FOR M VACCAE

ANTI GENS An 84 bp probe for the M vaccae antigen GVc-7 was anplified using
degenerate oligonucl eotides designed to the determ ned am no acid sequence

of GVc-7 (SEQ ID NOS: 5- 8). This probe was used to screen a M vaccad 3 APR 2002

genoni ¢ DNA I‘ggr%{% as described in Exanple 89 0 3 APR 20Q2\6k/&34s32634
PCT/ NZ98/ 0018 fhe determ ned nucl eoti de sequence for GVc-7 is shown in

SEQ ID NO 46 and predicted am no acid sequence in SEQ ID NGO 47.
Conpari son of these sequences with those in the databank reveal ed honol ogy
to a hypot HB{s-&al(reiBm8d KDVa3Nefs-8P dregraoeeiGY-of), KIVs- &ijen@mdo§vs32)'ﬁhé

sequence of NQ I fi.c S
(provi ded q\rst@?E |'B"ﬁ6dt’6‘§\195a%’§%§§3‘* ?ogggxpr essi o‘!'n8 %:II g%épg&xvglg %B ! c-7
gene using cseq;pankm atkdh@acidboquesdes qug s‘hpwm;tsﬁQ @N@& §253, ead@ltWSyaqG@n ce. A

Xhol restrigtion site as add ed to.t [ I ni ence.
Fol | owi ng amsPIPnY S8R S1oPath SG8h lml 1R//lto \g%(%:c %r%ﬁ{k%mc%]a BPWA n@\gﬂﬁﬁs cl oned
into the Xh})l’-sslsmcﬁvs(ﬁomlal?rnﬁﬁbrryl-ﬂa'Aprsmkmqtmtaspanaxpcmkdeh‘ylde \de}(yﬁﬂrgcr(a@ lha® BRL)

and submtt for sequencing to.caopfiym:t rrect read d

or et at] off S SERESATE AT SLIHF ff CHbPBh KO PORES e SRR etien Qe
performed agm@héliafOoped rtddmg MU iviich Lbh&\li/s Sorfd @itnﬁmfy tol E’bqﬁ&i’ﬁ&ﬁ?téei&bslﬁt udi es,
Gvc-7 was re-cloned into the vector (ql:lrfova en). The abjlity of

purified rdtaHBsHANM udgecutpsi grddf |I"FFﬁ‘FeaP‘§ “ﬁPi’il cHPRB3s GAt ksen iertifief.s” and

stinulation of irpd &rtérﬁrrea\pz?fyal DNRC4G ke Yot GVIBINRHoRBLd nfsrsqmnc’ﬁ’@ RORIth 1 Ve,
heal t hy donors, assggl %dtas descri bed above. The results are shown in
1§

Tabl e 18, \mrer:@rqspc(nd)ngl P aging acidcpeqpnce Reipg \Arwded(in/ SEQj IRyiNOat Bs
pol ypept i d%%g&ﬂ&/é 8% ﬁ‘oné%%‘ tnd B8R cwaaamwéa ﬁ&nabgmar SrhashshaGkSHoH A

activity of contr +) i ndicates polypeptides having activity two
to four tirkds catmvembbackrgtemmﬁdi tigharkufosis:) Subsejuerd iswdiep teld yp thetisodkeion hfwi ng

activity 9et: engthtdmsqu nce ttol' a8¥33 ?@@dﬁ) NBaFdSS”ﬂPJL%ms]SA}%-& prgdlcted amino
acid sequence is provided in SEQ ID NO: 194,

The gene encoding GV-33 was amplified from M. vaccae genomic DNA with primers
based on the determined nucleotide sequence. This DNA fragment was cloned into EcoRv-
digested pBluescript II SK* (Stratagene), and then transferred to pET16 expression vector.
Recombinant protein was purified following the manufacturer’s protocol.

The ability of purified recombinant GV-33 to stimulate proliferation of T-cells and
stimulation of interferon-y production in human PBL was assayed as described above. The
results are shown in Table 19, wherein (-) indicates a lack of activity, (+/-) indicates
polypeptides having a result less than twice higher than background activity of control media,
(+) indicates polypeptides having activity two to four times above background, and (++)

indicates polypeptides having activity greater than four times above background.
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Proliferation> “Interferon ®7005+++/ - RP7008+++ P7009++/ - XR7010+/ -++ A
redundant ol i gonucl eotide probe (SEQ ID NO 73; referred to as MPGL5) was
designed to the GVs-8 peptide sequence shown in SEQ ID NO 26 and \llj\jf,'g APR 2002
screen a M vaccae genomic DNA library using standard protocols. T

genom ¢ cl orweegmss4ai ni ng genes encodi ng four different PERNZYLHE was

i sol ated. The determ ned DNA sequences for 90 0 3 APR 2002 WO 99/ 32634 P
CT/ NZ98/ 00189 GVs-8A (re-nanmed GV-30), GVs-8B (re-named Gv-31), Gvs-8C
(re-nanmed GV-32) and GVs-8D (re-n 33) are shown in SEQ I D NCS:
48-51, respectively, with the corr H? ng am no aci d sequences being
shown in SEQ I D NOS: 52- 55, stmsRegtActeinyef Folfpestiflecont ai ns regi ons show ng
some simlarity to known prokaryotic valyl-tRNA synthetases; GV-31 shows

some simlarity to M SPBEHIETT S a3 pgqlf%ﬁnbeerEhydr ogenase; and
GV-32 shows sone sim | pradggsto t'th: H—ntuenzea—torytppl ygl utanmat e synthase
gene. GV-33 contains oREET T g frare—wh 5 sonme simlarity to
sequences previously GE55h? egHn—M tubcrm M | eprae, but whose
function has not been Zij ed+—The dete ! i-hl DNA sequence for
GV-33 is provided in S OBENO 74 wifhi the correspanfli ng predicted am no
aci d sequence being prg?8% in SFQ I W-NO_ 75 Sequente data from the 3'
end of the clone showedCH&| oaylto a*previdusl yrdent]| fied 40.6 kDa outer

menbrane protein of M tubercul osis. Subsequent studies led to the
isolation of a full-length DNA sequence for GV-33 (SEQ ID NGO 193). The
correspondi ng predicted am no acid sequence is provided in SEQ ID NO 194.
The gene encodi ng GV-33 was arrpl [ fB)deIPILIomM vaccae genomc DNA with
primers based on the_g : Th|s DNA fragment was
cl oned into EcoRv- di Fat&gene), and then
transferred to pET16 expreSS| on vector Reconbi nant protein was purified
follow ng the pRpstROSaEERL w&eeﬁlaﬁéacgénete:ﬂaﬁd a«hbdnavwapées.wcu fd BdphpRCONTDI nant
GV-33 to stinulate proliferation of T-cells and stinulation of

i nt er f er ofjruss Aidertrs of Bre Mnvaseasasfermpthe sireraatans frew) 24 Soerenittvienefdagerwe. The

in 7H9 medium with glucose. A delipidated form of M. vaccae was prepared by sonicating

autoclaved M. vaccae for four bursts of 30 seconds on ice using the Virsonic sonicator (Virtis,
Disa, USA). The material was then centrifuged (9000 rpm, 20 minutes, JA10 rotor, brake =
5). The resulting pellet was suspended in 100 ml of chloroform/methanol (2:1), incubated at
room temperature for 1 hour, re-centrifuged, and the chloroform/methanol extraction repeated.
The pellet was obtained by centrifugation, dried in vacuo, weighed and resuspended in PBS at
50 mg (dry weight) per ml as delipidated M. vaccae.

Glycolipids were removed from the delipidated M. vaccae preparation by refluxing in
50% v/v ethanol for 2 hours. The insoluble material was collected by centrifugation (10,000
pm, JA20 rotor, 15 mins, brake = 5). The extraction with 50% v/v ethanol under reflux was
repeated twice more. The insoluble material was collected by centrifugation and washed in
PBS. Proteins were extracted by resuspending the pellet in 2% SDS in PBS at 56 °C for 2
hours. The insoluble material was collected by centrifugation and the extraction with 2%
SDS/PBS at 56 °C was repeated twice more. The pooled SDS extracts were cooled to 4 °C,
and precipitated SDS was removed by centrifugation (10,000 rpm, JA20 rotor, 15 mins, brake
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results are shown in Table 19, wherein (-) indicates a | ack of activity,
(+/-) indicates polypeptides having a result |less than tw ce higher than
background activity of control nedia, (+) indicates polypeptides having
activity two to four tines above background, and (++) i ndicates 93 &fR 2002
pol ypepti des wavwbmmgssacti vity greater than four tines abovectmsaykgreund. 0
3 APR 2002 WD 99/ 32634 PCT/ NZ98/ 00189 TABLE 19 Stinulatory Activity of
Pol ypepti des DonorProliferationlnterferon-y &@7005+++ (PB7006++++ (P7007- +/ -
@7008+/ - - 7009+/ - - (3D7010+/,-++ EXAVPLE 14 | ATI ON OF PROTEI NS FROM
0D M VAGCAE W1 VRBES ol o e TP s ARETPa o gEPPE b A e U0 Y aPSioRe as
described ami Exabuihe at.-20 CQl four2e hburkt r The preoipithted rovkiny/ aeAolle@E& byt O t he
supernatant fr.om.24 haqur, .c E}‘gres of Mvyaccae in 7HO nediumw th glucose.
A del i pi dafeéﬁ’f'f%P?ﬁ’c‘j‘fasql\‘?f‘ "\,4;) t éa‘iﬁ/&’é‘e’d}%%gr"@ﬁ“’b%f‘d§"odrﬁseléifq iRgBSaut ocl aved M
E/efccae for fOUrI'thSDB&xﬁécteBOp@&ﬁﬁrd&i@ﬂl i;r]&iﬁ DBiLMY ?b@eéfwers%ﬂacys&prﬂycator
irtis, Disa, USA). The terial_was then centrifuge 9000 rpm, 20
m nut es, JMWCW@FB?Q, gﬂr'ﬁ%‘r’ﬁmﬁﬁ'. Thyce maler hapdsnyyerp oppested\aher ajaipgvitd i n 100
m of chl ogrEOr I BEdsbqeR! expeindehts, idged hiloBsls F SDOXFLEI PSR Uid, fots. | hour,
re-centrifuged, and the chlorofornm nethanol extraction repeated. The
pel | et wasMdBeApnude Bplyseh by pelidatlamide eelrslesionhareyiac Jde pupidingh erl staining
resuspendeg; ; L gRt ), o] .M_. vaccae.
d ycol i pi it DodZEESuiB blue SVl ok £t il gf%%f‘ﬁéep‘[&“ﬁc 2e g%é‘?’g’f‘m(%ﬁ by
ref | uxi ng inplecubgyogeigh ofc0kiaovas flesign@tet Gir4d. Tl detérménsd MNoleeminal seyuerk fovas

col | ected 3 l: ' , . or 5 mn rake = 5).
The oxtract o P HoEORSERIDAE RS Bl nribt Bocodd sBalor B Tore.
The i nsol umksedasignged £V-das Thel deohiped Ditemend ranfinmg atid caquanad sfackied jsn PBS.

Protei ns “’ﬁ%ﬁd?ﬁ%%ﬁ&tlﬁ%@%ﬁ esuspending the pellet in 2% SDS in PBS at 56 C
for 2 A

In subsequent studies, more of the SDS-extracted proteins described above were
prepared by preparative SDS-PAGE on a BioRad Prep Cell (Hercules, CA). Fractions
corresponding to molecular weight ranges were precipitated by trichloroacetic acid to remove
SDS before assaying for adjuvant activity in the anti-ovalbumin-specific cytotoxic response
assay in C57BL/6 mice as described above. The adjuvant activity was highest in the 60-70
kDa fraction. The most abundant protein in this size range was purified by SDS-PAGE
blotted on to a polyvinylidene difluoride (PVDF) membrane and then sequenced. The
sequence of the first ten amino acid residues is provided in SEQ ID NO:76. Comparison of
this sequence with those in the gene bank as described above, revealed homology to the heat
shock protein 65 (GroEL) gene from M. tuberculosis, indicating that this protein is an M.
vaccae member of the GroEL family.

An expression library of M. vaccae genomic DNA in BamH1-lambda ZAP-Express
(Stratagene) was screened using sera from cynomolgous monkeys immunised with M. vaccae
secreted proteins prepared as described above. Positive plaques were identified using a
colorimetric system. These plaques were re-screened until plaques were pure following
standard procedures. pBK-CMV phagemid 2-1 containing an insert was excised from the

lambda ZAP Express (Stratagene) vector in the presence of ExAssist helper phage following
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hours. The insoluble material was collected by centrifugation and the
extraction with 2% SDS/ PBS at 56 C was repeated twi ce nore. The pool ed SDS
extracts were cooled to 4 C, and precipitated SDS was renoved by
centrifugation (10,000 rpm JA20 rotor, 15 mins, brake 92 WO 99/ 3263%30APR 2002
PCT/ NZ98/ 0018% #834RR 2002 = 5). Proteins were precipitatedrinzesmotshe

super nat ant by addi ng an equal volune of acetone and incubating at -20 C

for 2 hours. The precipitated proteins were cqllected by centrifugation,
washed i n MSOUFRHIRFERESt BIAQCOldrihe Paterseqatol! Bnd  FdarfsBe pisewd of shipplgne, The
SDS- ext r agé@fhaférGERES0U8IGWET] Was ABleflihdll usihgd TaAger WRfuEncRizAN S ﬁgorp%era

pol yacryl am de gel el ectrophoresis. Three maj or bands were observed after
stai ni ng WRiMArs ofjRegkp Elmer{Agplisd Binsesiemsdlipision ppamatic seqyegesr. Fhodeitrminst

SDS- ext r agh ek Qabme otr&QWMW@E&%EMMOQQ,@!J&@%O\% RI¥AG J,am de
gel el ectrophoresis. The proteins, on staining wth onassi e ue, showed

several b&FID KOpYbendi the predipteds epine @cih yeqnenise dSER IRPISY: GRi Mhtseclonepyascul ar

wei ght of i e i N-terpinal .sequence
For " o 2D i Raibeliia) GLB g APoRE® £ RLENTARES L B) R pRt 1 e"

mol ecul ar shuek ghdteinbf M4vdcBr hasvbeen gellishrdaty dchp@\et 46 (ArthePaliet.elaki med Mot er mi nal
am no aci ¢ e GV-46. .0 S rovided in | D NO 208. . 1| bsequent
st udi es, qng?'gﬂg’f fb?ﬁ)éo%§yce]§(§lrd%5?%g) C%Pt)%ee%ﬁ%"rﬁggt%?%at =3 o= 'ﬁﬂr epar ed
by prepar atd: 7@ amBe pPraGEted amino Biid Radenkt @SEQADING:Hor cul es, CA). Fracti ons
corresponding fo | ecul at. wei ght re precipitated b _

trichl oroaceti %‘ggeﬂuet"bsrf"éﬁ‘o@‘égx@ﬂégggﬁ'iﬁ“\éﬁa%‘gg’&?%dg? B&ed'aﬁﬁﬁémm%t ivity
in the anhiciéiaky WNAseqacd foi GVt s @Blafhed GEROMSRO: AI3S.aYhd h mce as
descri bed ab,ove.SbThe f'; ] uvar(l)t_ acti vi t_yaw;s hi ghest i n§t h}é %C?Q%ﬁylg%a

fracti on. PPASSAFSINGIREAMICHISPredrdith SEQIIR T%‘igizbl%r drvgeenitutiosued to bel by

SDS- PAGE ishlafbt 6fla QiN-IEEIADRA! KiieRdd fui@vmctsﬁbqgrm&exs@fvﬂgg cdfRiRLARE and

then sequenced. The sequence of the first ten amno acid residues”is
provi ded Pi§dsEd amamid squastrsanpydnd infSEQ it NOs dGUe fde2vinvat faundse ben t he

ene bank 0 f Y/ t he heat shock protein
gS (GoEL?ﬁzgﬂg&?l F%% ﬁf%ﬁ%ﬁ%ﬁf"o@?’gggﬁtﬂ%g?%%fe?ﬁ%at this protein Ps an M

vaccae nenber BWo péptidIragEients ompsjsing'the Bxgmsé sequenks (heringfiarfrefredaacae
genom ORI LAY R A9 EARESE o3 BaRheHer E 6950, v 9
were prepared using techniques well known in the art. The nucleotide sequences for GV-27A
and GV-27B are provided in SEQ ID NO: 115 and 116, respectively, with the corresponding
amino acid sequences being provided in SEQ ID NO: 117 and 118. Subsequent studies led to
the isolation of an extended DNA sequence for GV-27B. This sequence is provided in SEQ
ID NO: 161, with the corresponding amino acid sequence being provided in SEQ ID NO: 162.
The sequence of GV-27A is 95.8% identical to the M. tuberculosis GroEL sequence and
contains the shorter M. vaccae sequence of Kapur et al. discussed above. The sequence for
GV-27B shows about 92.2% identity to the corresponding region of M. tuberculosis HSP6S.
Following the same protocol as for the isolation of GV-27, pBK-CMV phagemid 3-1 was
isolated. The antigen encoded by this DNA was named GV-29. The determined nucleotide
sequences of the 5’ and 3’ ends of the gene are provided in SEQ ID NOS: 163 and 164,

respectively, with the predicted corresponding amino acid sequences being provided in SEQ
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secreted proteins prepared as descri bed above. Positive plaques were
identified using a colorinetric system These plaques were re-screened

until plaques were pure following standard procedures. pBK-CW phagem d

2-1 containing an insert was excised fromthe |anmbda ZAP Express ()3 APR 2002
(Stratagene) wesizoss4i n the presence of ExAssi st hel per plragezésmioisswi ng 93 0

3 APR 2002 WO 99/ 32634 PCT/ NZ98/ 00189 the manufacturer's protocol. The base
sequence > 5. e Q e .| nser. i : i r ferred

o as - 37 NOESsaflieltontr el N5 ek HaBob B ees BEL ERABLEL 188,

pri mers orlefemikéd DEANequeAEpior eel filhi-losgtls perendiding SGAS &uproviedd ia SE€gIENnCcer .

The deternined nucleotide sequence of .the.partjal. _ El- honol ogue
cl one Gv- 3\1176]1 @%\W@RF&S&&WSBM rﬁ%ﬁtﬁd'm%acéqngﬁ%e B’%@fg@%ng h&ci d
sequence IDNAERoUIRg NV -29 &vas Flit-Gonéd i€ theagctodf sBTNE (Novadgen M4uen| Woyfot 0 M
t ubercul osis G oEL A1 carti a(lwdsufgguence of the 65 kDa heat shock protein of

M vaccae [FXRre$5108AndypHsification e pifpndagd PIQtocoSar ch. Pathol . Lab. Med. 119
:131-138, 1995). The nucl eoti de sequence of the Kapur et al. fragnent is
shown in SEQID NO 79 and the predicted am no acid sequence in SEQ I D NO
80. I n subsequent studies, an ext MPI@H | -1 ength except for the

predicted 51 ternmppd cLOMENEGITRATESY PR BEIMePsECIPANPGENS Was obt ai ned
(SEQ ID NO 113). e correspondin pr edi cge am no acld sequence is

provided in SEQ ID V3234 GV, i solation of a

B

full-length - ; g i ng
predi ct ed an’i% Z%é}gggg%%%g%?{sﬁggr%\% gg%%nwgﬁéﬁﬁ%e@@gég 1 g/& %ggwas
found to Wleys 88 hatkestetbby cengrifugation. hGelllwereutseuspanieslsingl @ Oftol 4GibthBRAN no aci d

l evel . Twqg. tide fra nt risin e N-tern nal. sequence
(hor e naf dd Teifoeich BattSurg A0RD 18 KNI cliah 88 RBRhnd BUFUeBamd o o
GV- 27 ( hermsdnnfattiver’s pefoesl ed ribercalpsiSfrahHR)7TRv ST EC pluspar23ood) siangrotvadhni ques

wel I known i.n t re. e nucl eoti de uences f. GV-27A and -27B are
oy ovi ded HissRiePRek 7 sl e wer BB A AT O8F g5l ediraist i ng

am 3-0 ac: dld&iewamr‘ees,dbaiamgpqomw?idwcmighn%émdm B hékﬂe@teaﬁxddﬁ}ilagproﬁﬁﬁiéequeﬂt
hense. 1oy e <o Bl henciet o RSB o 1o
sequence m{rwdﬁé&vdiﬁi%@tﬁdhu&ﬁ@cth@:’é\mnd&%rotocmhe sequence of GV-27A is 95.8%
identical to the Mtubercul osis G oEL sequence and contains the shorter M
vaccae sequencaotak Mcabericulasis apd Mdvaseqs SRy wap gintetedrefel 68 and @A aibpgpmal

RNA (rRNA) by hybridisation of the total RNA fraction to oligonucleotides AD10 and AD11

(SEQ ID NO: 81 and 82) complementary to M. tuberculosis IRNA. These oligonucleotides
were designed from mycobacterial 16S rRNA sequences published by Bottger (FEMS
Microbiol. Lett. 65:171-176, 1989) and from sequences deposited in the databanks. Depletion
was done by hybridisation of total RNA to oligonucleotides AD10 and AD11 immobilised on
nylon membranes (Hybond N, Amersham International, United Kingdom). Hybridisation was
repeated until rRNA bands were not visible on ethidium bromide-stained agarose gels. An
oligonucleotide, AD12 (SEQ ID NO: 83), consisting of 20 dATP-residues, was ligated to the
3' ends of the enriched mRNA fraction using RNA ligase. First strand cDNA synthesis was
performed following standard protocols, using oligonucleotide AD7 (SEQ ID NO:84)

containing a poly(dT) sequence.
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GV-27B shows about 92.2%identity to the corresponding region of M

tubercul osis HSP65. Follow ng the sane protocol as for the isolation of
GV-27, pBK-CW phagenmd 3-1 was isolated. The antigen encoded by this

was naned GV-29. The determned nucl eotide sequences of the 5 and (BS AHSZUUZ
of the gene aveymevi ded in SEQ I D NOS: 163 and 164, respeuNioeedlyy w th

the predicted corresponding am no aci d sequences being provided in SEQ 94

WD 99/ 32634 0 3 APR 2002 PCT/ Nz98/00189 I D NOS: 165 and 166 respectively.

GV- 29 showed hdhelMgybérodesiast MrwccanéEfMyﬂs&xsedl' e tempateefoisihg 12 -sidwd

sequencefor. u gt ncodi 29 i s provjd EQID NO
198, with ipﬁéwcg#{eespon ngpof)gg 5‘?“8? amg%c?n%%t 001‘§%'Hﬁ31§?1‘5f§ Eﬁ : é%§ Ig
199. The Wsmsoidsxgxgad(ﬁhéea 8n vasersedieaiensequbntestand RbrMRCHOfeinNedukficds NOV ag en,
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centri f ugdFsH. %F?@g/&gﬁdé‘sl“éﬂgﬁ@nﬂgh apgy AP7y Afﬁ’lgfbl’u iCptipmo bapiis. werel j f e

Technol Ogldﬁﬁwd@@dﬁdmslbéﬁcﬁneg%hd/{h@@gs)es@dﬁgnc%ex%ﬁﬁéda(:t ed according to the

standard manufacturer's protocol. tubercul osis strain H37Rv (ATCC
Nunber 27294) ﬁa%cfgﬁwmﬂierdetesmeﬂ mléleMd}(fPéDreé@tcdmormdl sequenidsof Favden 80

and ol et o pBafltsm) Ry o SEKl @ORAASAAN Sowd A0Iibloke | 11 A8 RORALDT | O

Detroit, M chi at 37 C an arvest er appropri ory
saf ety corrifadingnghe @P-IbsldmemeowlegﬁﬁpesmdsddmmiputremmeTABQaian(p@-thcamnﬁﬂlg and

RNA extr CGP NG, t nelf actur er pr Total M

t uber cul 031% ﬁ%ﬁ% W vacclaeeQR%ﬁA QNQH b’d&& g 2 o?'s 12@%%:99%8? gqﬁoso%I RNA
(r RNA) by shermidint/marescor tdnspomer ¢omipidx dRMAcofircansist0of foﬁr gehdsgnbicd peimbees AD 10
and AD 11 ( E 8 t uber cul osi s r RNA.
These ol i gorﬁ?c 88??%8“%&‘8%@‘&‘@?#@?@8 éstcﬁ"r i EASPPEYS (el e quences
publ i shed coysisBof ﬁog@’en(sFEh/ETPJblindlrlg(gEﬁ;)h Périplds@ict or ﬁ&trl%%nﬁﬁ@bgégmm@nd from

sequences de§305|bt ed in the databanks. Depletion was done hybri di sati on
of total FRRRGHF FSATCI Qﬁfrﬂ’ég‘e’ﬂﬁaﬁ%g%{’ﬁﬂ emdafrqtmfﬁchucéefactmncahlw on

menbr anes HatiPeik cheblbraARpaaHiatopibhe r RathblogRl (by dithil£1) Kt DRIOBY rafdpbiid di sati on

was

have been identified in the genomes of Haemophilus influenza (Fleischmann et al. Science
269 :496-512, 1995) and Mycoplasma genitalium (Fraser, et al. Science, 270:397-403, 1995).

An M vaccae genomic DNA library constructed in Ba'mHl-digested lambda ZAP
Express (Stratagene) was probed with the radiolabelled 238 bp band 12B21 following
standard protocols. A plaque was purified to purity by repetitive screening and a phagemid
containing a 4.5 kb insert was identified by Southern blotting and hybridisation. The
nucleotide sequence of the full-length M. vaccae homologue of pota (ATP-binding protein)
was identified by subcloning of the 4.5 kb fragment and base sequencing. The gene consisted
of 1449 bp including an untranslated 5' region of 320 bp containing putative -10 and -35
promoter elements. The nucleotide and predicted amino acid sequences of the M. vaccae pota
homologue are provided in SEQ ID NO: 88 and 89, respectively.

The nucleotide sequence of the M. vaccae pota gene was used to design primers EV24

and EV25 (SEQ ID NO: 90 and 91) for expression cloning. The amplified DNA fragment
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repeated until rRNA bands were not visible on ethidium brom de-stai ned
agarose gels. An oligonucleotide, AD12 (SEQ ID NO 83), consisting of 20
dATP-resi dues, was ligated to the 3' ends of the enriched nRNA fraction
using RNA |igase. First strand cDNA synthesis was perforned follow Q@ APR 2002
standard protweedsszsusi ng ol i gonucl eoti de AD7 (SEQ | D NO gépnzegépidoai ni ng a
pol y(dT) sequence. 95 0 3 APR 2002 WO 99/ 32634 PCT/ Nz98/ 00189 The M
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regi ons. Honol ogues y simlarity) of this ABC transporter ave een
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designed from the determined M. vaccae potd homologue. The amplified fragment was

cloned into pProEX HT Prokaryotic expression system (Gibco BRL). Expression in an
appropriate E. coli host was induced by addition of 0.6 mM IPTG and the recombinant
protein named GV-24. The recombinant antigen was purified from inclusion bodies
according to the protocol of the supplier. In subsequent studies, GV-24 (SEQ ID NO: 93) was
re-cloned into the alternative vector pET16 (Novagen).

To improve the solubility of the purified recombinant antigen, the gene encoding GV-
24, but excluding the signal peptide, was re-cloned into the expression vector, employing.
amplification primers EV101 and EV102 (SEQ ID NOS: 167 and 168). The construct was
designated GV-24B. The nucleotide sequence of GV-24B is provided in SEQ ID NO: 169
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was identified by subcloning of the 4.5 kb fragnent and base sequenci ng.
The gene consisted of 1449 bp including an untranslated 5 region of 320

bp containing putative -10 and -35 pronoter el enents. The nucl eoti (ﬁeaaﬂ;h 2002

predi cted am no aci d sequences of the M vaccae pots honol (%gqtge are

provi ded i nweE@3td NO. 88 and 89, respectively. The nuclP&ENZ¥0quence of
the M vaccae pota gene was used to design prinmers EV24 and EV25 (SEQ ID
NO 90 and 91) for expression cloning. The anplified DNA fragnent 96 WO
99/ 32634 .04 3e ARRIA0ZninE5hd NEIBOHLE YO NCE 1 e thib FrhgnenPhaENokdl iRlookar yot i ¢
expressi on system (G bco BRL) and expression in an appropriate E. coli host
was i nduEd1dior axfuéssion andyfurifcagiond G ¥ AP Gprprding 1o 1hs eparaeteisss Bretocels-pTG) . The
reconmbi nant prot e n. S i Eve Lromvhg! ¥sisghuhed es
according to {rﬁee alrb?gn fac?ﬁg}gg' gy%ﬁ?%gér&%n subsequent studises‘,1 Gv-23 (SEQ
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These findings suggest .that K GV-.23 (s .an ATP binding.protein. A 322 bp Sall
-BanH | ?%P%‘ﬂé a%ﬁ'“’?’t?é c?s‘“r-olaf’i‘&dlﬁ'f(*{ fpdic t.e_sz')p%@ei)thdg%B%’%eas?@‘(lbb%‘@ t8§8 e showed
honol ogy tif2s bbsve MALIErARAL++) REkAtES RiyPestides Ravitighietivigf grédied than four times

sperm di ne/ putresci ne ABC transporter conplex of E. coli. The nucleotide
sequence abevetharkgrangang QD) iadigaies iqt F5FTiBes. D NO 92. To identify the gene,
the radi ol abell ed insert of this subclone was used to probe a M vaccae
genom c DNA |ibrary constructed in the Sall-site of |anbda Zap Express
(Stratagene) follow ng standard proTd&3E20 A clone was identified of which
1342 bp showed honmology wth the potd gene of E. coll. The pond honol ogue

of M vageae—mas et byrst——ctont reba evrensrg—he

det erm n¢d nufgl Q%ﬁ"or ang’%%rsed ctg%%;m no G%f%fg seqag;%ges et?g%gghol/m in SEQ
| D NO 98 —armdi Qgr T irR% [Srdef [9ens DProlft | PRy NOProlPT IFR%R T |Probi-1iiey @ prolif EvnZ /| (SEQ I D
NOS: 95- §6y2ner+-e | desijgred Fom +hé detlerm peekr M _+accael pet d _konpl ogue.
The anpl i Gved] f+agnent| was <l oEd | I ¥R o pPr 0EX: HT *Priokar yot-i ¢ _eXpr essi on

system (G bco BRL). Expression in an appropriate E. coli host was induced
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reconbi nant a ion
homology to the potb gene of the spermidine/putrescine ABC transporter complex of E.coli,

which is one of two transmembrane proteins in the ABC transporter complex. The M. vaccae
potb homologue (refer;ed to as GV-25) was identified through further subcloning and base
sequencing. The determined nucleotide and predicted amino acid sequences for GV-25 are
shown in SEQ ID NOS: 97 and 98, respectively.

Further subcloning and base sequence analysis of the adjacent 509 bp failed to reveal
significant homology to PotC, the second transmembrane protein of E.coli, and suggests that a
second transmembrane protein is absent in the M. vaccae homologue of the ABC transporter.
An open reading frame with homology to M. tuberculosis acetyl-CoA acetyl transferase,
however, was identified starting 530 bp downstream of the transmembrane protein and the
translated protein was named GV-26. The determined partial nucleotide sequence and

predicted amino acid sequence for GV-26 are shown in SEQ ID NO: 99 and 100, respectively.

98



according to the protocol of the supplier. In subsequent studies, GV-24

(SEQ ID NO 93) was re-cloned into the alternative vector pET16 (Novagen).

To inprove the solubility of the purified reconbinant antigen, the gene

encodi ng GV- 24, but excluding the signal peptide, was re-cloned in%gt?&&gﬂz
expr essi on Vegd &heenpl oying. anplification priners EV p&inzedoilsy

I D NOS: 167 and 168). The construct was designated GV-24B. The nucl eoti de
sequence of GV-24B is provided in SEQ ID NO 169 97 WD 99/32634 0 3 APR
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to the M bgEqudasispendn pevieushiodetiberia copdd MIGYd2%. B2 $FFOREMBIABTIO4S). t o t he
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the antigen encoded by this gene was named GV-38B. The determined 5’ and 3’ nucleotide
sequences for GV-38B are provided in SEQ ID NO: 122 and 123, respectively, with the
corresponding predicted amino acid sequences being provided in SEQ ID NO: 124 and 125,
respectively. Further studies led to the isolation of the full-length DNA sequence for GV-
38B, provided in SEQ ID NO: 173. The corresponding amino acid sequence is provided in
SEQ ID NO: 174. This protein was found to show homology to an unknown M. tuberculosis
protein identified in cosmid MTCY428.11 (SPTREMBL: P71914).

Both the GV-38A and GV-38B antigens were amplified for expression cloning into
pET16 (Novagen). G\_/-38A was amplified with primers KR11 and KR12 (SEQ ID NO: 126
and 127) and GV-38B with primers KR13 and KR14 (SEQ ID NO: 128 and 129). Protein
expression in the host cells BL21(DE3) was induced with 1 mM IPTG, however no protein
expression was obtained from these constructs. Hydrophobic regions were identified in the
N-termini of antigens GV-38A and GV-38B which may inhibit expression of these constructs.
The hydrophobic region present in GV-38A was identified as a possible transmembrane motif
with six membrane spanning regions. To express the antigens without the hydrophobic
regions, primers KR20 for GV-38A, (SEQ ID NO: 130) and KR21 for GV-38B (SEQ ID NO:
131) were designed. The truncated GV-38A gene was amplified with primers KR20 and
KR12, and the truncated GV-38B gene with KR21 and KR14. The determined nucleotide
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which is one of two transnmenbrane proteins in the ABC transporter conpl ex.
The M vaccae potb honologue (referred to as GV-25) was identified through
further subcloning and base sequencing. The determ ned nucl eoti de and
predicted am no acid sequences for GV-25 are shown in SEQ I D NCS: [pg APR 2002
98, respect mupdosassdurt her subcl oni ng and base sequence RAINZEY/N t he

adj acent 509 bp failed to reveal significant honology to PotC, the second
transner’rtggqel\’g‘g eprft"%h‘gn Af GFa&0hig G%“?sﬁﬁlzlﬂ:g&%% hhetQap Recand ahd qgg;manbrane
protein i'sTabsen He I\/? vaccae honol ogue of the ABC trans orter.

open r eadespg:trﬁlclarmtlwﬁﬁt borfespondiogypredistef/amingseid eausades bae&fvmebgﬁ@égt yl
transfer d OGVWASA . f the

tr ansmonBran2 Rt i B e R IR SRS o R R O TN he

det erm nedBp@er pmahedmncSE@ID NO: $Egaenids, memtctiyshe dNidtthelcaresnendiag arlinoequence

for GV-26 are sho ively. 98 WD 99/ 32634
0 3 APR ?6‘32““55?7 rﬁ‘ﬁ%é"%%%g) g?&%@gf rEs ?&R‘%&& to that described
above for the isolation of GV-23, the 3S- PCR band 12B28 (SEQ I D NO 119)

was used to screen the M vaccae g él brary constructed in the
BanHl -site of |anbda ZAP Express ‘%@Wﬂ é ne). The clone isolated from the

l'ibrary cepRatoRUIGN nmnnmmmmmlummmmms anorv_qgnVMed by
this gene was narred GV-8A T 1; e e0f 1 g 1 epce and

predi cted am-as

121, respectivel VRE@@&?WHUL\SA@MYE&MIBQGE@HUE:TRM@EW of an extended
DNA sequence for GV-38A, provided in SEQ I D NO 171 The ., correspondi ng

anino acid sedfiewersci @%l‘*‘ovpﬁ@ﬂ weie sadptedpineey cultute DigEte, USings BISPHRUYehese

sequences I [48 \bR P IES oD IR h«grmk&agyd b&Qown unknown
M tubercy etg){spllctsfgbg?ig% g?d n p%@ﬁgﬁggmggnt:ﬁ?l ed |0?1 coésm d NrI'CY4280 12.

( SPTRENVBLU#:4 8thErwise wptst ratipaicerftagehia t@fo@mngewelplea@r%wéhmehwe open readi ng

frame was identified e

G/ 388, The. bt ersoe e Nih: S BER GRGRERCSDY Ll MaRRP QORINRET
provi ded been HEQ@ohdted\Ey ulﬂri’tmramd td 2Hove el p:mctmw@] gycatapitiian 10hkDa polecdampondi ng
predicted a N aci d.sequenc i ng ov' n d 125,
respect i vVET§" trﬂeéit’m%%@ﬂ gg"fluée {(])ore{%ﬁe |i So cﬁefl%%ﬁg‘s‘le? STy lﬁ%ﬁf Eér)i’gt h DNA
sequence thfbho}ﬁ/e 4358, filfef. OMe Stele ifiitraBHhs| Ond¥iratddntsy. ul fFaftraion pes pdddileg  ani no

aci d sequence is provided |g SEQ ID NO 174. This protein was found to
show honoPelgsplar greight YHRE FRAPRPE uber cul osi s

Proteins were isolated from the concentrated culture filtrate by precipitation with 10%

trichloroacetic acid. The precipitated proteins were re-dissolved in 100 mM Tris.HCI pH 8.0.
and re-precipitated by the addition of an equal volume of acetone. The acetone precipitate
was dissolved in water, and proteins were re-precipitated by the addition of an equal volume
of chloroform:methanol 2:1 (v/v). The chloroform:methanol precipitate was dissolved in
water, and the solution was freeze-dried.

The freeze-dried protein was dissolved in iso-electric focusing buffer, containing 8 M
deionised urea, 2% Triton X-100, 10 mM dithiothreitol and 2% ampholytes (pH 2.5 - 5.0).
The sample was fractionated by preparative iso-electric focusing on a horizontal bed of
Ultrodex gel at 8 watts constant power for 16 hours. Proteins were eluted from the gel bed

fractions with water and concentrated by precipitation with 10% trichloroacetic acid.
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protein identified in cosmd MICy428. 11 (SPTREMBL: P71914). Both the GV-38A
and GV-38B antigens were anplified for expression cloning i nto pET16
(Novagen). GV-38A was anplified with priners KRI 1 and KR12 (SEQ ID NO 126
and 127) and GV-38B with prinmers KR13 and KR14 (SEQ ID NO 128 and ﬁ). 202
Protein exprggsham, n the host cells BL21(DE3) was i nducgdrnobbords A?&
however no protein expression was obtained fromthese constructs.

Hydr ophobi c regions were identified in the Ntermni of antigens Gv-38A
and GV- 38B whi gwlmy fraghonsi ¢onwivinee proteing of inereY eWVerpidenfified Py amplygcal

hydr ophobi ﬁalys&gfaamepge@sg&homm@y BAATHRIA I BY | frbifichids p@lyQ&-?l%.ﬁinle €gel
transnmenbrane noti f th six nmenbrane spannin eqgi ons. "To” expreSs the
anti gens \lecterkeresipe Shl}lﬂlﬁi)p'ﬁ@tfraémqa@@l%nls? S‘Vp,SngPr 2229 anéreleerptme\d (SEQ I D
NG 130) apg rﬁﬁgcjelllglﬁsre r@(nb?‘g@s ( PhotdidsRvdOiocattd bh tﬂpfh@mgrgﬁ's %ges@ah rT%"@nB runcat ed
GV- 38A gene was a fed wth priners KR20 and runcat ed
GV- 38B gerfencere hRégziesamd KRitk., watnre 298t elmminéremnubq ermrmlu@cggwm YWk 32634

PCT/ Nz98/ f 38B

shown in %g%é]%ﬂq)%@fgﬂ% gﬁ% bﬁg’%ﬂ@gégé{‘? @gﬁg%ﬁﬁaﬁﬁm@gﬁ? gslpondl ﬁ[:]e
predi cted am nBlu&dimioteieqwen@sssyebet‘mr@eis Aol o INdSECprbiiferaiiin anb3dtedieron-1 35,
respective d es .for tru ncated GV- 38B are
proel ded i ﬁé‘gﬁbﬁr cI\{l% PR legféi‘gg ymphoeyisse Pl JaRYne donors ?shget?fgfl%gffondi ng

am no  acimotsiagiiénrie: shegresppiise Wi tesd assaysSkg sel2cdDfor Tifthestsliy 178,
respectivel y. MPLE 16 PURLFL CATI ND CHARACTERI SATI ON OF POLYPEPTI DES
FROM M VACCAE St CETCABEREIRS Ve °ré§"‘g%e‘§ RYEFIedPhass Gpiomatopsp 3%&% AND

PREPARATI \zot BOLOAACRY AW B a GifluokdaBGE RERHCEErEe Mstedd CRAiEies BlowsewdiE Ot ei ns
were isolated fromculture filtrate usi IS%preparatl ve isoelectric focusing

and pr eparPEPRGe TGRSR ssArenss aeterganation B B dppiyrcyrmidg gel glestonbpresis. vad ow.

Unl ess ot heeybbisied @h8PVDH rhed?&ﬁxﬁ?an%&?rﬁsehﬁhnEé}eeré)hét&iMn@&J a@?ﬁ%ﬁle%r e wei ght
per volunme. M vaccae (ATCC Number 15483) was cultured in 250 1 sterile

Medi um 90 Wapipedieirsaere amed GV A0t f:'?!n‘dt &Y-0y QN3 and GVr44t i Bre QetﬁrrmecﬁbNe al |
roteins t}gﬁh h
(F:)ent ri fuggéimt SF%%)S%S e g&gﬁppﬁs%&n gﬁ?émﬁfl sed O-éy??ligﬁgf%gqeon yt' hr ough a

0.45 m fi |SubsequeRhstuditsded tb thefisolatiomofar Shasiddlo fregment andst] DDA sehtened fot GVat i on
over a 10 45'??EQI?B|I\%:UI|3§I13%9 %8, %%Ec%uly)!mfmrcgprgsponding predicted amino acid

sequences are provided in SEQ ID NO: 139, 140 and 141, respectively.

Following standard DNA amplification and cloning procedures as described in
Example 13, the genes encoding GV-41 and GV-42 were cloned. The determined nucleotide
sequences are provided in SEQ ID NOS: 179 and 180, respectively, and the predicted amino
acid sequences in SEQ ID NOS: 181 and 182. Further experiments lead to the cloning of the
full-length gene encoding GV-41, which was named GV-41B. The determined nucleotide
sequence and the predicted amino acid sequence of GV-41B are provided in SEQ ID NOS:
202 and 203, respectively. GV-41 had homology to the ribosome recycling factor of
M. tuberculosis and M. leprae, and GV-42 had homology to a M. avium fibronectin
attachment protein FAP-A. Within the full-length sequence of GV-42, the amino acid
sequence determined for GV-43 (SEQ ID NO: 104) was identified, indicating that the amino

acid sequences for GV-42 and GV-43 were obtained from the same protein.
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Proteins were isolated fromthe concentrated culture filtrate by
precipitation with 10% trichloroacetic acid. The precipitated proteins

were re-dissolved in 100 mM Tris. HCl pH 8.0. and re-precipitated by the
~addition of an equal volune of acetone. The acetone precipitate wag3 APR 2002
di ssol ved | Ryog\@h8iz¢ and proteins were re-precipitated byedrinesmebasst i on of an
equal volunme of chloroformnethanol 2:1 (v/v). The chl orof or m nmet hanol

preci pitate was dissol ved in water, and the solution was freeze dri ed. The

freeze-dried atei n ved -el.ect u
contai ning 8 M ”B%lp(?}'?'m@ ?léera “%52) gé\) %’gﬁoév% zr%l%/l g:vt i 0 re| tol and
2% anmpholsph@gd pktdares. -TheseGhtisera Weze ssmpxb screvas M r\acdale cgnmctnaleWu bbreqyar ative

i so-electric focusin a ntal be ro e wat t s
const ant pRRERS PEU) ‘g“lﬁéﬂ?aée%%?%? égrﬂ'ém?/\egloneeﬁ ntco %ggﬁotgaﬁe gef B’@rc?

fracti onggapifidy mtsediuea&d CT®iB @exerinirid @nclbytide rsequiefie tod theqpartisl péne £006ding
trichloroacetic acid. 100 WO 99/ %634 0 3(@@5 2002 CT/ NZ98/ ggé% Pool s of
fracti on$& AR tapayides ’ﬁ‘r%ﬁ%my%fl AR the pre IRRAY FABERCh P étl cal

pol yacr yhasm gle 9fd copighas gaiefkaédaﬁﬂgss\and “falé asxt ¢1mat &4 thy arftigePéeicaded s
pol yacryl am de gel el ect ro%hor esi s. were fractionated on 12.5%

SDS- PAGE ﬂgepmalxn@ wWsared FVotoP e dn °6‘ﬁf“?fd HN’? graRsnes fos S -HEnB PRKided inpr ot ei ns

were | oc ? ?@6 Wﬂ%@msﬁaﬁdlﬁg BleBiciid aiifoacidPRBER8bdRep roq@&t @i ned with
wat er an ute romthe nenbranes with 40% acetonltrllelo M armoni um
bi car bon#&E€ BBl 0 R0Indhe detarmeivadcrusteptidecsransnce \pH e R4nS sanresting QVu"t‘bdi pr ot ei ns
wer e assayed for b I I } rnkeron-y
secretio ?Il%l% PheBperl ghgé%fdxdb{h gtfgﬂ%g%ﬁg@%ééd;&g?gnib%@%wslfsg's

det ai | ed whip\ferther Earqoémmgstherdducmn@ BNgt sequance &splonéd-length bars enesisngys wer e

sel ected r furt tu r rther. purifi by

rever sed- %ﬁﬁ% R @Wﬁ?&‘@‘f éd‘ﬁ §%§b%8lgrﬂgt»‘£ﬁnﬁ&g esPonde predmte%d

]'E rifluoraafsd adkd @qudmgsﬁﬁg)ﬁrbtuﬂddl ie SEQSIDGQ@DS. ler |Homad>|gp b_f)gmatﬁ)s?v\mqvmepr epar ed
or protein sequence deterninat - acryl ani de, ge

el ect r opHapreatian fagiey G éﬂa%&“Pﬁ)BP‘L?'pé%YB lb""%ft% tﬁé%ﬂfpéﬁee§].y9ﬁ5?lgﬁhéfi?i3'sequences

wer e det hmﬂ%gag;dge@(,@npl e 3. The proteins were named GV-40, GV-41,

GV-42, 4. The determ ned N- term nal sequences for these

pol ypepti des are shown in SEQ ID 'E\gM %‘%5 105, respectively. Subsequent
studies led to the isolation of a FHEdd) e fragment and 3' DNA sequence

for Gv- 42 (SEQ ID NO 136 137 an d 138 es(g)ectl vel y The correspondi ng

Proteins were extracted from DD-M. vaccae (500 mg; prepared as described above) by

suspension in 10 ml 2% SDS/PBS and heating to 50 °C for 2 h. The insoluble residue was
removed by centrifugation, and proteins precipitated from the supernatant by adding an equal
volume of acetone and incubating at —20 °C for 1 hr. The precipitated proteins were collected
by centrifugation, dissolved in reducing sample buffer, and fractionated by preparative SDS-
polyacrylamide gel electrophoresis. The separated proteins were electroblotted onto PVDF
membrane in 10 mM CAPS/0.01% SDS pH 11.0, and N-terminal sequences were determined
in a gas-phase sequenator.

From these experiments, a protein represented by a band of approximate molecular
weight of 30 kDa, designated GV-45, was isolated. The determined N-terminal sequence for

GV-45 is provided in SEQ ID NO: 187. From the same experiments, a protein of
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sequences are provided in SEQ ID NO 139, 140 and 141, respectively.
Fol | om ng standard DNA anplification and cl oning procedures as described in
Exanpl e 13, the genes encoding GV-41 and GV-42 were cloned. The determ ned

nucl eoti de sequences are provided in SEQ ID NOS: 179 and 180, U§8f‘PR 2002

respectivel y,wasphbadsle predi cted amino acid sequences i n KERzbIDNGS:

and 182. Further experinents lead to the cloning of the full-length gene
encodi ng Gv-41, which was nanmed GV-41B. e ' cligeidifd@ sequence
and t he gproincttedolaslaroveisht of ‘s‘éﬁ?ﬁeﬂ?ﬂ?“i’)‘fﬁ‘-‘r %@f%ﬁ%@é@%‘?‘ ded in SEQ | D NCS:
202 and 203 .raf%%%gtgc Ehuen@/oft & Ve ishpraviianin $EQ IReNE BO% oY ¥y cl i ng
factor of " AB&rcilosi's and M |epra and a/-rggac{aﬁgf}%}oiz?ér%isto a M

avi um f i herasieoli 1o thabighlz kerservedPLRoBIqErhRSAINSHALRR Phe’ U1 'engt h
sequence of GV-42 st he am no acid sequence determ ned for GV-43 (SEQ ID
NO. 104) ¢ TEEFITT i ed, i ndi cati ng Lhat the ot oo o.aslstes gces for
GV-42 and GV-Fidmwes emiot zticheaduened oF (s afgesil: aigy %'MKPR 2002 WO
99/ 32634 PCT/ ) i ey PALYSvaDRverd Ekdiged.a Av0tebp frepenedangai nst

GV- 40 anM-(%gé%%ﬁu%gwgtl?ﬁga?d prgﬁeéur es. Tgeﬁe tisera were used to
screen aMhiffaceaddan psmidiiudsiript Hr K Sonageatiligont “AfIomY 'Shear ed DNA
fragments. O ones e in " - &4 WesIe IbikyleThd dlored imerdwsequenced.
The det ed$EQ &R W&?ogg‘ﬁfgavé'g%s%/n&%g@g&g?&%éhé parti allugene’ﬂs&godt%dw- 40 is
provi ded 1u'éa SEQediD: NOvack8Bgennlict DA piberty eenstucisdi in dheafeme s @ $n SEQ ID
NO: 184. e conpl ete gene encodi GV- by ©1a33&Mha M gbetcliesiant i gen
encoded BAP-Epress %’Pﬁag%e)'gﬁﬁéso%gg%}%‘ﬁé}g&% E%SA.QJAn ?ext ended E)NA sequence
for GV-40P;i S, ppoVi BSrheiphoteiSERtdirind\EcteBBIhistprietiike Motk the HMITEGDr edi ct ed

. ~and . : .
am no aci‘d Séquence being provided i.n SEQ | D i Ael.aédtiaped
nucl eot i ceunipe Cemmsnesfcopgiging eha M ATYH? ﬁcd‘?%?lcﬁpwl% zﬂgrdgtg?xggd in SEQ I D NO.

185, and the predigt ‘B ;26EJ 1DaYDErit ewitinthSE@ebpniiae predisted a¥P h f ur t her
sequenci rfﬁc,luef"%eord%?ed'?gls %glldl_ DI\IIA sg uence for t%hflécl Iiﬁolngln%g][;wgigpem@ncodi ng
GV- 44 wasacabkajuaed twing providebit iR o 1D NEh 8o At e ‘(’:’%rrespondi ng
predicted, amn i o B B8I-RERT QY4é dRrdding CSEE MBs NPrin@D&d sonol ogy
of GV-40 ‘?eberﬁ“e?gg\&égeq%gﬂgﬁggtfon fact og}_ G was found and G\/R)%A} g%g honol ogy
to M | eppaadel MSEQADIY20Y; Bith 1@%@%3‘?‘@“’@@%@&?%6&\’5’5@ ERAVPLE

1D NO: 201.

EXAMPLE 18
IMMUNOGENICITY AND IMMUNOMODULATING PROPERTIES OF
RECOMBINANT PROTEINS DERIVED FROM M. VACCAE

A. INDUCTION OF T CELL PROLIFERATION AND IFN-y PRODUCTION

The immunogenicity of Mycobacterium vaccae recombinant proteins (GV

recombinant proteins) was tested by injecting female BALB/cByJ mice in each hind foot-pad

with 10 ug of recombinant GV proteins emulsified in incomplete Freund’s adjuvant dAFA).

Control mice received phosphate buffered saline in IFA. The draining popliteal lymph nodes

were excised 10 days later and the cells obtained therefrom were stimulated with the

I . ioted
immunizing GV protein and assayed for proliferation by measuring the uptake of tritiate
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| SOLATI ON OF THE DD-M VACCAE ANTI GENS GV-45 AND GV-46 Proteins were
extracted from DD-M vaccae (500 ng; prepared as descri bed above) by
suspension in 10 M 2% SDS/ PBS and heating to 50 C for 2 h. The insoluble
resi due was renoved by centrifugation, and proteins precipitated frgog})AprCRz 2002
super nat ant Wwgoasbdiang an equal vol ume of acetone and i nBCRAESBMAY 8Kt

for 1 hr. The precipitated proteins were collected by centrifugation,

di ssol ved in reducing sanple buffer, and fractionated by preparative SDS

Gl eLt 1 oblUBPTEGe oA ybES ERST I 1 T AR e 0001 LR B18  ang

N-term nake cuftthd SUsenfatan3 fvas aksdyed by mdiardlenzymegmkethmmomuenat or. Fromthese
experinments, a prot ei.n rﬁlg{)r sented.b l%)and of ap ﬁ(;&te nol ecul ar

wei ght of 30 Rpshowmds Jablt &l sesgmassing, proliseraye feé}ﬁf’“ é’FQr‘r‘?"P‘FeHe’ﬁl-term nal
sequence haf to @duéda W%elplfsxemeﬁﬁ% feBpoREzQ ThDlyNEh nb8e/ T cEl[sCﬁ’ﬂnﬁ he intrAlifzed
experinents, a protein of 102 WO 99/32634 PCr/ NZ98/ 00189 0,3 APR 2002

appr oxi rARQEsBIoBferAtes in fRsPagRg toghe SPECIBRSY RINEN §restiR Pecirbpizatipns [oBPRi ned. The
det er m “%%V ¢ Shik %mx{%ﬂlmﬁmya Ed dld SEPENGRe 8 refPéndtbo GV poRMk dad dafd SEQ | D

NO 208 honol ogous to the highly conserved nycobacterial host
i nt egrat nmfﬁatﬂaéi drovomg Ny prodegtion indirate thatmepsivef thEY rraetrias stimuwsted Hdlvami no
aci d sequent e of e t L Joli héj@&—re'sﬁgﬁa ansly %@fﬁ (SEQ I D
NOS: 188 an y%@ge“é%?“ &ﬂ ?‘@m’g‘fg dc’irgm gnéﬁ ; ?’ nt was
anpl i fi edWhenl tymﬂl ncuicocept drpm dorthmlesz;dume MereSkaltufegt Wahazg@nléual L&VJol | a,

CA) and se uengﬁg éi % ) ND &Ié?eoga ol  owi ng standard procedures (Sambrook,
Ibid. The RFEHLTNY Hadon s not deleqtaple s reen a M vaccae genonic DNA library
constructed i rrhéhwlﬁamxik a8 ithue uﬁfnuhagﬂindm beEéRbEX@lstemﬁat(:S’[d’thpagéﬁa)on The

i sol ated cl one d .honol g’g% d%g{é ber cul SIS a}.22 kDa M
| eprae predter i dﬁ CHOM e AR ES IS 8‘1\%‘%‘1%%"’%?” ngteﬂépeﬁ-‘ter M nus
and a unifiMRidey te@fefts HAST CRNShroliferadorD and 1N Brodidtid R€ itoho DAIvatage@peat . The
determ ned nucl eotide sequence for GV-45 is provided in SEQ ID NO 191,
with the Reenerties porafidge proaassdpbbesslais: aci d sequence being provided in SEQ
ID NO 192. Wth additional sequencing, the determ ned DNA sequence for
the full-length gene encoding Gv-45 was obtained and is provided in SEQ ID
NO 200, with the corresponding predicted am no acid sequence in SEQ 1D
NO 201.
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EXAMPLE 18 | MMUNOGENI CI TY AND | MMUNOMODULATI NG PROPERTI ES OF RECOVBI NANT
PROTEI NS DERI VED FROM M VACCAE A. | NDUCTION OF T CELL PROLI FERATI ON AND

| FN-y PRODUCTI ON The i mrunogenicity of Mycobacterium vaccae reconbi nant
proteins (GV recombinant proteins) was tested by injecting female (3 APR 2002
BALB/ cByJ m ceoionzmsich hind foot-pad with 10 ug of reconpemmeddboddd pr ot el ns
emul sified in inconplete Freund's adjuvant (IFA). Control mce received
phosphat e buffered saline in | FA Thg.égggi 91 ng popliteal |ynph nodes were
exci sed 10 days later and the cells I'néd therefromwere stinmulated with
the inmmunizing GV phginfindgeicPrapaaat Ghoropim! Ploifattion by neasuring the
upt ake of tritiated 103 WO 99/ 32634 PCT/ NzZ98/ 00189 0 3 APR 2002 t hym di ne.
The anmount of interferon gannn (| |:|\|y) r\rnr‘lllr‘nd and-secreted by these cells
into the culture supernatants was agsalfeshtioy (pmandard enzyne-l i nked

i rmunoassay. As shown i nHFebte2t—summeartsrng, profiferarirve responses, all
GV proteins wel@VYpresgind o indLR‘ée%foVE’@‘el“‘jﬁgdd ¥R B e respgnse. The

| ynph node T cells froman i mymni zed. nouse proliferat@d8in response to the
specific GV proterm used|in the rmunization. Lynph node cell{s from

non-i mruni sed N cevdiTd not 356D EBeY at e 19,858 3fpthse tW3%0¢* §Bbot ¢i ns. The data
in Table 22 sh )vm@g_ll/ﬁl\ly. plig),g@(;ltiﬂ@: ‘i nelbgat esdshat oMY =af 128he GV proteins

stimul at ed | FNy—ptoduction | o Troms I nised with
t he corresponding $Xr3pr of nb%yg’lﬂ%ﬁ Fyn §7§%é 2 et ?’?é%?ﬁroﬁrggll muni zed
m ce were cul t §ir eGViskR h_i| n@6,460dub377Gy _hii0eit8d, | ENO8Ieiidct ijon was not

det ect abl e. The¢ GVgpIsot eil ng) arse: 1 44s | TBPODYEBIX i N 1BEThg7abl ¢ to stinulate
T cell prolifenfatd

T__and7 o rod n en: adgnify sé-Rpred by
subcut aneous i rlj...e—equié)%—.thegSé Lish s—pggiti’?ic%’\f-%-iwuu atgry-effgcts on T cell
proliferation and G¥Ny pfodifeisbed’4r e P2AA7HAMEE nggbﬁ;&’ﬁp};&ﬁl@xti es of

candi dat e vacciinesg{/ar tubapse £2588. 104,200 99682634,5TABLE421 || mmunogeni ¢

Properties of GV RQIQLei N7 Phe] 13 pieat | o 1833 gAPR 2002701 + 243

-

p.

P

GV-14 27,754 £ 1,872 13,001+3273  9,897£23833
GV-14B 10,761 £ 485 5075+ 1,470 . 2,341 + 289
GV-22B 3,199 £ 771 3255+386 . 1,841 +318

GV-23 35,598+1,330 = 15423+£20858 - 7,393+2,188
GV-24B 43,678+2,190 - 30,307+1,533 ¢ 15,375+2,594

GV-27 18,165+3,300 - 16,329+ 1,794 6,107 = 1,773
GV-27A - 23,723 + 8350 6,860 + 746 4,295 + 780
GV-27B 31,602+ 1,939 29,468 + 3,867 30,306 £ 1,912

GV-29 20,034 + 3,328 8,107+488 - 2,982+ 897

GV-33 41,529+1,919 ~ 27,529+1,238 8,764+ 256

GV-35 20163£2,693  9968+314 1,626+ 406
GV-38AP 28,971 £ 4,499 17,396+878 : 8,060 =810
GV-38BP 19,746 £245 11,732+ 3,207 . 6,264+ 875

GV-40P 251852877 1929242294 | 10,883 : 893
GV-41B 24,646 £2714 © 12,627£3,622 . 5772+ 1,041

GV-42 25486+3,029  20,591£2,021 13,789 %775
GV-44 2,684 £ 1,995 3,577 1,725 1,499 +959
GV-45 9.554 & 482 3683£1,127 - 1497199
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PCT/ Nz98/ 00189 Proliferation (cpm GV proteinDose of GV protein used in

vitro (g/m) 5020.08 Gv-1/7031,550 80319,058 2,4495,596 686

Gv- 1/ 8318,549 2,71623,932 1,96411,787 1,128 GV-334,751 1, 3826, 379

3194,590 1,042 Gv-4P26,460 1,87710,370 6676,685 673 Gv-542, 418 (3 APR 2002
2,44423, 902 w@eoni@ldd3, 973 772 GV-5P35,691 15914, 457 1, 1858840018925

Gv- 738,686 97422,074 3,69815,906 1,687 GVv-930,599 258015,260 2,7644,531
1,240 GV-1315,296 2,0067,163 8333,701 243 GV-1427,754 1,87213,001

3,2739,897 2,833 Gv-14B10, 761 48@,,53 g, 1,470 ;2,341 289 GV-22B3, 199
43,078 2, ?SSéb?é‘éam%iu%%ﬁééﬁ%& s B el 25 Soote, 320
1,7946,107 1,773 GV-27A -23,723 8506,860 7464,295 780 GV-27B31, 602
1, 93929, 468 :3, 86730,306 1,912 Gv- 292&4%3(4 m‘ﬁl 3288, 107 4882|982 897
GVv-3341,529 1.91927,529 1. 2388 764 Bg™Eo0 163 2 6939|968 3141, 626
406 GV- 38AP28, 9GY preteid 9917, 39®osSof &SV Pidein 84e@ ibVirdBPIA), 746 P4511, 732
3,2076, 264 8]5 Gv-40P2%, 185 .2, 87719, 292 ,,2, 29410, 883 , 893 G- 41B24, 646
2,71412, 627 3-6225 7721140416V 4225—486—3-02926-59+—2-62413, 789 775
Gv-442,684 1,999,767 |1 220k g8 195%.19+1.42 1.90 £ 0.53
GV-1/83 11.34 + 5.46 5:36 + 1.34 2.73 £ 1.55
_GV3 346030 I 1.57+0.04 | notdetectable
___GV-4p 648037 |  3.00+052 1.38 +0.50
GV-5 408141  610%272 2352 0.40
GV-5P 3498+1526 | 995342 |  5.68+0.79
GV-7 33.52£3.08 | 2547£4.14 |  9.60=1.74
GV-9 9227+45.50 | 88541648 | 3046177
GV-13 11.60 + 2.89 2.04 +0.58 1.46 £ 0.62
GV-14 8.28 + 1.56 3.19£0.56 | 094024
GV-14B not detectable not detectable | not detectable
GV-22B not detectable not detectable not detectable
GV-23 59.67+14.88 | 30.70 % 4.48 9.17 £ 1.51
GV-24B 676+058 . 3203050 |  1.97+0.03
GV-27 72221114 | 30861055 | 21.38%3.12
GV-27A 425232 1.51 £0.73 not detectable
GV-27B 87.98 + 15.78 44.43 £ 8.70 21.49 £ 5.60
GV-29 7.56 £2.58 122+ 0.56 | notdetectable
GV-33 7.71 £ 0.26 8.44 +2.35 1.52 + 0.24
GV-38AP 23.49 % 5.89 8.87 + 1.62 4.17£1.72
GV-38BP 5.30 £ 0.95 3.10% 1.19 191 1.01
GV-40P 15.65 + 7.89 10.58 + 1.31 3.57 £ 1.53
GV-41B 16.73 £ 1.61 508108 | 213x1.10
GV-42 95.97 + 23.86 52.88+5.79 |  30.06 + 8.94
GV-44 not detectable not detectable not detectable
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GV- 459, 554 4823,683 1,1271,497 199 105 0 3 APR 2002 WD 99/ 32634

PCt / NZ98/ 00189 TABLE 22 | mrunogeni ¢ properties of GV proteins: |FNy

production IFNy (ng/m) GV proteinDose of GV protein used in vitro (g/m)

50 10 2 GV-1/7024.39 6.666.19 1.421.90 0.53 Gv-1/8311.34 5.465- @3 APR 2002
1.342.73 1.5 46 0.301.57 0.04not detectabl e GV-gdinzd&o01ss
0.3713.00:1- 0.521.38 0.50 Gv-54.08 1.416.10 2.722.35 0.40 Gv-5P34.98
15.269.95 3.425.68 0.79 GV-7 33.523.08 25.474.14 9.601. 74 GV-992. 27

& 145. 208 shCTIVAIEY OEg MR FOC S IRREPERLNT hre o “det ectapi ¢ not

det ect abl e GV- 288wty dteeqrhisibdne)! netaededteing afithe pretendeteatsmg bka-kBdd 2859. 67
14.8830. 70 4.489.17 . 1.51 GV-24B6. 7? g 583. 2b0 9..501. 97 ., 0.03 Gé— 2772. 22
11. 1430. 8694952 5359 9?.’@83‘?%% to activate lymphocyte subpopulations was determined by

examining upregulation of expression of CD69 (a surface protein expressed on activated
cells).

PBMC from normal donors (5 x 10° cells/ml) were stimulated with 20 ug/ml of either
heat-killed M, vaccae cells, DD-M. vaccae or recombinant GV-22B (SEQ ID NO: 145), GV-
23 (SEQ ID NO: 89), GV-27 (SEQ ID NO: 160), GV27A (SEQID NO: 117), GV-27B (SEQ
ID NO: 162) or GV-45 (SEQ ID NO: 201) for 24 hours. CD69 expression was determined by
staining cultured cells with monoclonal antibody against CD56, afiT cells or y8T cells, in
combination with monoclonal antibodies against CD69, followed by flow cytometry analysis

Table 23 shows the percentage of afiT cells, y8T cells and NK cells expressing CD69
following stimulation with heat-killed M. vaccae, DD-M. vaccae or recombinant M. vaccae
proteins. These results demonstrate that heat-killed M. vaccae, DD-M. vaccae and GV-23
stimulate the expression of CD69 in the lymphocyte subpopulations tested compared with
control (non-stimulated cells), with particularly high levels of CD69 expression being seen in

NK cells. GV-45 was found to upregulate CD69 expression in afiT cells.
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GV-27A -4.25 2.321.51 0.73not detectable GV-27B87.98 15.7844. 43
8.7021.49 5.60 Gv-297.56 2.581.22 0.56no0t detectable Gv-337.71

0. 268. 44+2. 35 _1.52+0.24 GV-38AP23.49 5.898.87 1.624.17 1.72 GV-38BP5. 30
0.953.10 1.191.91 1.01 GV-40P15.65+7.8910.58 1.313.57 1.53 Gv- AR 6APR 2002
1.615.08 1v8®sia4 1.10 GV-4295.97 23.8652.88 5. 7930.K8/NZ88/@485GV- 44not
det ect abl enot det ect abl enot detectable 106 W5J 99/ 32634 0 3 APR 2002

PCT/ NZ98/ 00189 B. ACTI VATI ON OF LYMPHOCYTE SUBPOPULATI ONS The ability of
reconmbi nant M vaccae proteins of the present invention, heat-killed M
vaccae and DD-M vaccae to activate |ynphocyte subpopul ati ons was det erm ned
by exam ni ng upregul ati on of expri@Bllo?s of CD69 (a surface protein
expressed on activated celStajulatiBMCCOD6SMxpessied donors (5 x 106 cells/m)
were stinmulated with 20 ug/m of either heat-killed Mvaccae cells, DD M
vaccae or rec@nbi nant GV- 22B] ( FkT ¢ails NO| 1oT)celloV-| 2NK o 1P NO  89),
GV-27 (SEQ IDINO 160) G/27A (SEQID N0 117) GAAL27B (SEQ |ID NO 162) or
GV- 45 (SEQ | D‘LN@UQM) for 24 hou-’r% CDp9 ext essipn wés det prni ned by

stal ni ng CU! t ny%l wtt |IUI|U8,3 onatant THYUY g3 5, a4T cells or
yST cells, in ySoabina ‘ion w th rmnocl o1al ant| bodj eE agai ns CD69,f f

fol | owed by fleWwEyt-erety—apaly Tabt-e shows—the—pereeht age of af T
cells, yST cel PO-YMrvecege cel I Bpgsm ng CDgé3 fol ovm‘}?gl stifulation with
heat - ki | | ed Mfgwagxme, DD NI vacszae or recomm nanNt M gwaccagp proteins.
These resultsldemnstrate that heat-killed M vacclae DD M accae and
Gv-23 stinul a6 #he express|on of8cpe9lin A8 Iynphoc’i,ft% suppopul at i ons
tested conpar ¢ggmA T —CcoMtT Ol (T3 StTpiat gy Tel s, A rticularly

hi gh | evel s of CD69 expressibn being seen in NK clells.” G/-4p was found to

upregul ate CDeGVeXfsr ession i h apT-zells| 1074 13.3
1GV-27B 44 2.8 7.1
GV-45 11.7 4.9 6.3

The ability of the recombinant protein GV-23 (20 ug/ml) to induce CD69 expression
in lymphocyte subpopulations was compared with that of the known Thi-inducing adjuvants
MPL/TDM/CWS (Monophosphory! Lipid A/ Trehalose 6’6’ dimycolate; Sigma, St. Louis,
MO; at a final dilution of 1:20) and CpG ODN (Promega. Madison, WI; 20 ug/ml), and the
known Th2-inducing adjuvants aluminium hydroxide (Superfos Biosector, Kvistgard,
Denmark; at a final dilution of 1:400) and cholera toxin (20 ug/ml), using the procedure
described above. MPL/TDM/CWS and aluminium hydroxide were employed at the
maximum concentration that does not cause cell cytotoxicity. Figs. 8A-C show the
stimulation of CD69 expression on a.fT cells, y8T cells and NK cells, respectively. GV-23,
MPL/TDM/CWS and CpG ODN induced CD69 expression on NK cells, whereas aluminium

hydroxide and cholera toxin did not.
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0 3 APR 2002 WD 99/ 32634 TABLE 23 Stinulation of CD69 Expression

PCr/ Nz98/ 00189 aRT cel | sy8T cell sNK cells Control 3.86.24.8 Heat-killed M

8. 310. 240. 3 vaccae DD-M vaccaelO. 117.549.9 GV-22B5.63.98.6

GV- 235. 810. 046. 8 GV-275.54.413.3 GV-27A5.54.413.3 GV-27B4.42.87.1 3. APR 2002
GV-4511. 74. OnBe9Ble4 abi | ity of the reconmbi nant protein GVC‘?!EZ(S@@ISNQ/QT‘I") ?%

I nduce CD69 expression in |ynphocyte subpopul ati ons was conpared with that

of the knovvn Thl - i nduci ng e{{%uvants MPL/ TDM CWS ( Monophosphoryl Lipid A
Tr ehal 0seCe SEIMULATONQE CYJQIINE BRODUEGHIQN MO at a final dilution of

1:20) and CpG fNufity 8 ReGmbiMRE NS Qﬂacaé/\grote%g OFQ{ergrésentQMnﬁ&eto Jﬁﬂﬂﬁﬂ:l stgard,

Th2-induci ng adjuvants al um ni um hydroxi de (Superfos Biosector

Denmar k; eptokanef praciictiefi in #BM{n was examumed3s foltpavsc RBMET fiom oxmal da@ersigxk D% , usi ng
the proces&ag/ﬁh) 1) 63 S BG0 GREYE ue bt SR HEMRRAG Aotk BUNTHBYI.OXI ge wer e
enpl oyed a maxI mim concentrati on at es not cause

cyt ot oxi coxtryc;orthngmt GEAR2E (SEQWD Nib 145}t GWMSE@EDMO 0BG VEXNSEQIDAMO 0N (X PT

CO?):\Il ?ndﬁgl @(ﬂﬁsﬁ@lnl@% (I(Q(f(% ﬁéQv Whar ea V'4§/P§%§;1W8§ngec€5d

chol era tfoxi2s mhud r(btlmre]sﬁ&rﬁmn%»‘vﬁaﬂiﬁﬁesﬁﬁfﬁbmﬁﬂ G&hﬂépﬁbddctﬂ?ﬁf 200@, C.

STI MULATI %-a ILCY:J_O% H‘lil-y g\;%liag&l ELISA kits (Genzyme, Cambridge, MA), following
the manufacturer’s instructions. Figs. 9A-D show the stimulation of IL-18, TNF-c, IL-12 and
IFN-y production, respectively. Heat-killed M. vaccae and DD-M. vaccae were found to
stimulate the production of all four cytokines examined, while recombinant GV-23 and GV-
45 were found to stimulate the production of IL-1B, TNF-a and IL-12. Figs. 10A-C show the
stimulation of IL-1B8, TNF-a and IL-12 production, respectively, in human PBMC
(determined as described above) by varying concentrations of GV-23 and GV-45.

Figs. 11A-D show the stimulation of IL-18, TNF-a, IL-12 and IFN-y production,

respectively, in PBMC by GV-23 as compared to that by the adjuvants MPL/TDM/CWS (at a
final dilution of 1:20), CpG ODN (20 ug/ml), aluminium hydroxide (at a final dilution of
1:400) and cholera toxin (20 ug/ml). GV-23, MPL/TDM/CWS and CpG ODN induced
significant levels of the four cytokines examined, with higher levels of IL-18 production
being seen with GV-23 than with any of the known adjuvants. Aluminium hydroxide and

cholera toxin induced only negligible amounts of the four cytokines.

D. ACTIVATION OF ANTIGEN PRESENTING CELLS

The ability of heat-killed M. vaccae, DD-M. vaccae and recombinant M. vaccae
proteins to enhance the expression of the co-stimulatory molecules CD40, CD80 and CD86 on
B cells, monocytes and dendritic cells was examined as follows.

Peripheral blood mononuclear cells depleted of T cells and comprising mainly B cells,
monocytes and dendritic cells were stimulated with 20 ug/ml of either heat-killed M. vaccae

cells, DD-M. vaccae, or recombinant GV-22B (SEQ ID NO: 145), GV-23 (SEQ ID NO: 89),
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regul ati on of CD40, CD80 and CD86 using 3 color flow cytonmetric analysis.
Tabl es 24, 25 and 26 show the fold increase in nean fluorescence intensity
fromcontrol (non-stinulated <cells) for dendritic cells, nonocytes, and B
cells, respectively. TABLE 24 Stimulation of CD40, CD80O and CD86. Exgy $sAPRN2002
on Dendriti c wicedohs63£D40CDB0CD86 Control 000 Heat-kill ed MpCB/NIS/8BI6 vaccae

DD- M vaccae6. 64.21. 6 GV-22B4.61.91.6 GV-236.04.51.8 GV-275.21.91.6
Gv-27A2.30.91.0 Gv-27B2.61.11.1 GV-455.83.03.1 110 WD 99/32634 0 3 APR 2002
PCT/ NZ98/ 00189 TABLE 25 Stinul ati on of CD40, CD80 and CD86 Expression on

Monocyt es CD40CD80CD86 Control OOPABLER&t-killed M 2.31.80.7 vaccae DD-M
vaccael. 91. 50. 7 GV-22B0. 70. 91.

1 .
Stimulation of CD40, CD80 and CD86 Expression on Monocytes

CD40 CD80 CD86

Control 0 0 0
Heat-killed M. 23 1.8 0.7
vaccae

DD-M. vaccae 1.9 . 1.5 0.7
GV-22B 0.7 0.9 1.1
GV-23 2.3 1.5 0.7
GV-27 1.5 1.4 1.2
GV-27A 1.4 1.4 1.4
GV-27B 1.6 1.2 1.2
GV-45 1.6 1.2 1.0

TABLE 26

Stimulation of CD40, CD80 and CD86 Expression on B Cells

CD40 CDg0 CD86

Control 0 0 0
Heat-killed M. 1.6 1.0 1.7
vaccae

DD-M. vaccae 1.5 0.9 1.7
GV-22B 1.1 0.9 1.2
GV-23 1.2 1.1 1.4
GV-27 1.1 0.9 1.1
GV-27A 1.0 1.1 0.9
GV-27B 1.0 0.9 0.9
GV-45 1.2 1.1 1.3
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GVv-232.31.50.7 GV-271.51.41.2 GV-27A1.41.41. 4 GV-27B1.61.21.2

GV-451.61.21.0 TABLE 26 Stimulation of CD40, CD80 and CD86 Expression on B
Cells CD40CD-80 Control 00 O Heat-killed M 1.61.01.7 vaccae DD-M
-vaccael.50.91.7 GV-22B1.10.91.2 GV-231.21.11.4 GV-271.10.91.1 03 APR 2002
GV- 27A1. 01. W0 993288427B1. 00. 90. 9 GV-451.21.11.3 111 WO 99PGUBZE0U8S APR 2002
PCT/ NZ98/ 00189 As shown above, increased |evels of CD40, CD80 and CD386
expression were seen in dendritic cells, nonocytes and B cells with all

t he corrpositions tested. Expression |evels were nost increased in

T i e R e
sti mul at iRadiife RNHMeEBEAE o BCEMB ,witBR80thardmisBns regsheEkpresioy leviels
of |G- 25 &+ SPiafERsE IR ErISEN AT BN 5 LSl DRI T el 15
was conpagiad hékhdatrLobactdee DM |vnu2}u&;|m‘g-7a®nﬂ\@‘v’rt4$ I‘Fligsl TDMVC(M&“( de a final
gldjl 3'\[,;(,—)]{] ss(tjxfgqu@g}pég ﬁ?}g]rgssion of%l-'to( 2Cq)8"d W()JDSGEjl respcctlvely mV\é-lenIntlc cel Sl{)CI ng

varying concentrations of GV-23 and GV-45.

The ability of GV-23 to stimulate CD40, CD80 and CD86 expression in dendritic cells

was compared to that of the Thl-inducing adjuvants MPL/TDM/CWS (at a final dilution of

1:20) and CpG ODN (20 ug/ml), and the known Th2-inducing adjuvants aluminium

hydroxide (at a final dilution of 1:400) and cholera toxin (20 ug/ml). GV23,

MPL/TDM/CWS and CpG ODN caused significant up-regulation of CD40, CD80 and CD86,

whereas cholera toxin and aluminium hydroxide induced modest or negligible dendritic cell

activation, respectively.

E. DENDRITIC CELL MATURATION AND FUNCTION

The effect of the recombinant M. vaccae protein GV-23 on the maturation and
function of dendritic cells was examined as follows.

Purified dendritic cells (5 x 10* - 10° cells/ml) were stimulated with GV-23 (20 ug/ml)
or LPS (10 ug/ml) as aApositive control. Cells were cultured for 20 hour and then analyzed for
CD83 (a maturation marker) and CD80 expression by flow cytometry. Non-stimulated cells

were used as a negative control. The results are shown below in Table 27.

TABLE 27
Stimulation of CD83 Expression in Dendritic Cells

Treatments %CD83-positive % CD80-positive
dendritic cells dendritic cells
Control 15£8 9+£6.6
GV-23 35+13.2 247+ 14.2
LPS 36.3+14.8 277+ 13
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—_ -

hydroxide (at a final dilution of 1:400) and cholera toxin (20 ug/mg

Gv23, MPL/ TDM CWS and CpG ODN caused significant up- rg&uljmaia R 2002
CD80 and CD¥B32Her eas chol era toxin and al uni ni um hydrogide I hduced
nodest or negligible dendritic cell activation, respectively. E. DENDRITIC
CELL MATURATI ON A%lﬁ) FUNCTI ON The effect of the recombinant M vaccae
protein (R 2BeYY "t uration and function of dendritic cells was

exam ned as foll ovvs Purifi ed dendritic cells (5 x 10- 105 cells/m) were

el 1% aere crhe sl of G 2b Fhatet dririini Sihhon Seanlges BresBE b WS ot | on

marker) dpgniedds :ama %@h@b@teb&aeﬁémfaﬁﬁﬁtFw»ﬁe&\lﬁMﬁﬁd celll aeedur@t| s  were
used as .a negative control % g? B eq ?lhovvn el ow jin Ta&bl e 27. TABLE
8rig/m) i b4

27 Sti mit FeqdBEp GIIOHEI%QV’@(E?%QS gurggpd ghen stimulated with

Tr eat menyjjs em@frda% 20 MR célfs/ N80 -ATRs B thé%f gensdfiod, Cenasrdigsewsyddiéd; cell's
Cont r ol 158 35 13.224.7 14.2 LPS36.3 14.827.7_ 13 112 WD

99/ 3263£etbarvare:bawesawkdas,ﬂﬁtfrﬁn%)hepe#q\m@mewgms meagpird ) Big2 ! reWabi 1 ity of
Gv-23 tq E&@ﬂ ngz]ﬁé fok § ’Hjlth‘}x‘ﬁldhnefdvlﬂ‘l%dr&& iAShedid Sidndi AR TLefi€! | S Was
determ ne ynphocyte reaction (MR) assay. Purified dendritic
cells we&:gnmmdmhmeherulwcherﬂlrmaa%tmelmke Were eam\in 2BV 23 stimylated Herfdaitic 18- 20

hours ang,t he /T [well).

Af ter 3rL R ponﬁ’ﬁe g‘&gﬁ‘%ﬁgﬂ%’éé &I—f athQ{#F@E %gvm%aﬁsig%i%e%.aﬂ?&%%ﬁeslpﬁ}e){e ‘Z har vest ed
1 day Iaemcacmxdadtxloe. upt ake of radi oactivity was neasured. Fig. 13 shows

the increase in uptake of ("Hy-thymdine with increase in the ratio of
dendritic cells to T cells. Significantly higher levels of radioactivity
upt ake were a«aﬁdsughnthe\@r&smshi/mbmtmd belendescriied incednles daghar waly tod

szkzi;t | ?rténggxtq% Irji-,lxa.smple ?\g‘urggseg Qfa cla.rlctavot2 Lcl)’nde(:"x'gtgfgJl r?g?%ha%ger']sdarnh tmo&f%anons m xed

can be carried out without departing from the scope of the invention which is intended to be

limited only by the scope of the appended claims.
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Al t hough the present invention has been described in sone detail @Wm QDUZ
illustration and exanple for purposes of clarity of understandi ng, changes
and .nodi fications can be carried out without departing fromthe scope of
the invention which is intended to be l|imted only by the scope of the
appended clains. 113 0 3 APR 2002 114 1. A pol ypeptide conprising an

i mmunogeni ¢ portion of an isolated M vaccae antigen, wherein the antigen

i ncl udes a sequence sel ected fromthe grup consisting of. sequences
recited in SEQ I D NOS: 143, 145, 147, 152, 154 156, 158, 160, 162, 165,

166, 170, 172, 174, 177, 178, 181, 182, 184, 186, 187, 192, 194, 196, 197,
199, 201, 203, 205 and 207. 2. A polypeptide conprising an i nmunogenic

portion of anji SO'Rtﬁq tide cof nsl tahgﬁﬂ}nmwggrﬁ@'ﬂ&{ﬁ&eoﬁ%'&ﬁ ar)\gl ViiEsR a

sequence selected fro e grou sistin sequences having at
| east abantlgeﬁS%hecbantthe:ahtlgws mstheiss tao saquemgpu salented dont etk igrouECYnsistn NGE

175, 16;sedighes TeRed jRgEQIRNOSo S 145, tdous2 33y 13Eows: fehy 1650185, 16k é&d
207; andl@)17$ememe$8h%2 rm4a186| ?@ﬁt19@b1@!4tld%5?/97 deqbiogadosr & didep7to a
sequence recited in SEQ 3, 145, 147 152, 7’154 156, 158, 160,

162, 165, 166, 170, 172 174 177 178, 181, 182, 184, 186, 187, 192, 194,

196, 197, 199, 201, 2 nd .207. nucl eoti de conpri.si.ng a

sequence sel ett ed @v%ﬁﬂ#ﬂégbF8ﬂB"%B%§P§FFWﬂE@P¥°G&F“@baﬁéﬁd- %iVi%HaVn
SEQ I D Nghigedwherdifi4he abfi@en ihellidesldsdquéiee seld&dd fréiﬁsfhe %'@ﬂp conl.i@grcljg éf4, 169,
171, 173, 1 5 176, 179, 180, 183, 185, 191, 19 198 an 200; (b)

conpl ement s ofa) seauesesgheriag ot feastiabeet 75% SEQIW@rNC@eS to4@sequente raci@d i1 SEQ

155 155 10T ¥0s i 8% (T, AT s (S 08, 1

i dentical residues, 180, B2 ¢81 486887192t gl i196 8D 199, 20N0203, 248 and 364 aAd 6,
151, 153, 155. 157, 159, 161, 163, 164, 169, 171, 173, 175, 176, 179, 180,

183, 185, 191(b)seaencesdavingat least 2bowf: 956 Jdentienl sostdugs o seayense recitedtin §EQ

151 153, 155, 187 OfeB [ MIRTIE ?961&5855@1'19&7‘?95&%‘90’1%41 147180

183, 185, 191, 198,18191R2, 188 186,d 820192, &9v] 196, 197, 199, 201, 203, 205 and 207.

3. A polynucleotide comprising a sequence selected from the group consisting of:

() sequences recited in SEQ ID NOS: 142, 144, 146, 151, 153, 155, 157, 159, 161,
163, 164, 169, 171, 173, 175, 176, 179, 180, 183, 185, 191, 193, 195, 198 and
200,

(b) complementé of the sequences recited in SEQ ID NOS: 142, 144, 146, 151, 153,
155, 157, 159, 161, 163, 164, 169, 171, 173, 175, 176, 179, 180, 183, 185, 191,
193, 195, 198 and 200;

(c) sequences having at least 75% identical residues to a sequence recited in SEQ ID
NOS: 142, 144, 146, 151, 153, 155, 157, 159, 161, 163, 164, 169, 171, 173, 175,
176, 179, 180, 183, 185, 191, 193, 195, 198 and 200;

(d) sequences having at least 95% identical residues to a sequence recited in SEQ ID
NOS: 142, 144, 146, 151, 153, 155, 157, 159, 161, 163, 164, 169, 171, 173, 175,
176, 179, 180, 183, 185, 191, 193, 195, 198 and 200; and



0 3 APR 2002 115 (e) sequences having at | east about a 99% probability of
being the sanme as a sequence of (a) or (b). 4. An isolated polynﬂkﬂqmpﬂqgmz
conprising a nucl eoti de sequence encoding a pol ypeptide according to any
one of clainms 1 and 2. 5. An expression vector conprising a polynucl eotide
according to any one of clainms 3 and 4. 6. A host cell transformed with an
expression vector according to claim5. 7. The host cell of claim®,

wherein the

host cell is selected fromgjge group consisting of E. coli,

nmycobacteria, insect, yeast and mammalian cells. 8. A fusion protein
conpri sing at (d)easieqdéiRed Baving Riti 19t AL 8 9995 tRobUBNiItP T Biing ¢hedkathe hsand

2. 9. A phar
any one of

A phar maceut
one of clai

maceuti cal conposition conprising a pol ypeptide according to
cl ai nssequesd of (@ata: physi ol ogi cal |y acceptable carrier. 10. °
i cal conposition conprising a polynucl eotide according to any
ms 3 and 4 and a physiologically acceptable carrier. 11. A

phar maceut i calf. conpasisbiatsd @olyRiIdIEItHg Sorhpresif 0 mAtRbide? G6Qietéd Ent&lifd &l M 8
and a physi ol o%i cally acceptable carrier. 12. "A vaccine conprising a

pol ypept Pelgp

peRorng ko anxpnepkclaimscl adds 1 and 2 and a  non-specific

i mmune response anplifier. 0 3 APR 2002 116 13. A vaccine conprising a

pol ynucl eot i

de according to any one of clains 3 and 4 and a non-specific

i mmune respons$e anphiekpressionlvkctofcoraptsimngea polpmudicitidg accokdifig @ argTodt oF Blaims
accordingéégﬂclain18 and a non-specific imune response amplifier. 15. A

vacci ne

ding to any one of clains 12-14 wherein the non-specific

i mmune response anplifier is an adjuvant. 16. A vaccine according to any
one of clainms 12-14 wherein the non-specific i Mmune response anplifier is
sel ected fronbt he Athostell trassfetmedgvidf an {xqyessioh vgdtaradceddmgdo diaish §col i pi dat ed
M vaccae cells;

7. The host cell of claim 6, wherein the host cell is selected from the group

consisting of £. coli, mycobacteria, insect, yeast and mammalian cells.

claim

claim

8. A fusion protein comprising at least one polypeptide according to any one of
s 1and 2.
9. A pharmaceutical composition comprising a polypeptide according to any one of

s 1 and 2 and a physiologically acceptable carrier.

10. A pharmaceutical composition comprising a polynucleotide according to any one

of claims 3 and 4 and a physiologically acceptable carrier.

and a

11. A pharmaceutical composition comprising a fusion protein according to claim 8

physiologically acceptable carrier.

12. A vaccine comprising a polypeptide according to any one of claims 1 and 2 and a

non-specific immune response amplifier.



(b) 'inactivated M vaccae cells; and (c) M vaccae culture fil trate;ﬂo.?nﬁP
(d) constituents present in or derived fromany of the conpositions R 2002
(a)-(d). 17. A method for enhancing an inmune response in a patient,
conprising admnistering to a patient a pharnaceutical conposition
according to any one of clains 9-11. 18. A nethod for enhancing an imune
response in a patient, conprising admnistering to a patient a vaccine
according to any one of clains 12-14. 1f¢4 The nethod of any one of clains
17 and 18, wherein the inmune response is a Thl response. 20. Use of a
phar maceut i calj3 conpogcting @oﬁ?ﬁﬁﬁgi lablynQcleBideORRoflingCloddnyFond-oF kldifs Bhed 4
preparation of a nedicament for the treatnent of a disorder in a patient. O
3 APR 2002d a pgn-sgerificigenus respoaseamplifigbcor di ng to any one of clainms 12-14
in the preparation of a nmedicanent for the treatnment of a disorder in a
patient. 22. The use of any one of clainms 20 and 21, wherein the disorder
is selected frnom thevactin®epmesifg atfusion @fotéiiMdOR diAi 36 cRn S8 and h @hispetsfic

di seases, skin diseases and di seases of the respiratory system 23. The
use of clBMynoLespnse amplifigte di sorder is selected fromthe group consisting
of nycobacterial infections, asthma, psoriasis, dermatitis, allergic
rhinitis, sarcoidosis, alopecia areata, |lung cancer, and carcinomas of the
skin. 24. Uselsf aAcaoginsadcomtingtorgayiosé oficlainzdlplaneiivreis eheaminespedifio imintige
group consisting of: (a) %el i pi dated and degl ycol i pi datedM vaccae cells;
(b) deli ﬁ?%&@%&’“&’ﬁgeﬂéﬁl‘fl 8¥abi dat ed Al f. vaccae cells depleted of nycolic
acids; (c) delipidated and degl ycolipidated M vaccae cells depl eted of
nycolic acids and arabi nogal actan; and (d) delipidated and

degl ycol i pi datléd NA vaeao@aaccorlingstotang ahedf claihts 12kl 4achetein ithre fdnesppeifip anmunen
of a nedi canent frr t.he tre(ﬁérrenéenof a disarder in a patient, the disorder
bei ng s&SBETEFMPHER, i AdeeOipm RGEPUWR FHN'SERE Phmune di sorders, infectious

di seases, skin di sggsesidipitiatedian@ASAFcoMpidaltd V7 82REJeRELREY SYyStem
(b)  inactivated M. vaccae cells; and
(¢) M vaccae culture filtrate; and

(d)  constituents present in or derived from any of the compositions of (a)-(d).

17. A method for enhancing an immune response in a patient, comprising

administering to a patient a pharmaceutical composition according to any one of claims 9-11.

18. A method for enhancing an immune response in a patient, comprising

administering to a patient a vaccine according to any one of claims 12-14.

19.  The method of any one of claims 17 and 18, wherein the immune response is a

Th1 response.

20.  Use of a pharmaceutical composition according to any one of claims 9-11 in the

preparation of a medicament for the treatment of a disorder in a patient.



25. The use of claim 24, wherein the disorder is selected fromthe roup

consi sti.ng of nycobacterial infections, asthma psoriasis, dermati t‘?§ APR 2002

allergic rhinitis, sarcoidosis, alopecia areata, |ung cancer, and

carci nomas of the skin. 26. A nmethod for enhancing a non-specific inmune

response to an antigen conprising adm nistering a pol ypeptide, the

pol ypepti de conprising an i nmunogenic portion of 0 3 APR 2002 118 a M

vaccae antigen, wherein the M vaccae anfkgen includes a sequence sel ected

fromthe group consisting of (a) sequences recited in SEQ ID NGO 89 and

201; and (b) sggue Rt Oag}?u‘; % bl gjd{aail

sequence recited mrl@%égq@%J&Ng&cch andt 20 nee&oﬂélrgrlg?ﬁo%afnoﬂrh@zgt ect ."Iﬁg’f%

mycobact emedicameritdorn the freatment ¢fatdisonder icappiensi ng: (a) contacting der nal

cells of a patient with one or nore pol ypepti des according to any one of

claims 1 and 2; and (b) detecting an i mune response on the patient's skin.

28, The met hodypf ctid ugb%?aﬂmdeeéﬁuédﬂg?omnﬁ wmmls&dernﬁsw@tdd%ma& A

d| agnostic kit conprising: (a) a polypeptide according to any one of clains
‘and 2; guedp (Consistmgaelamisunsydiserdesninfechions diseases, tskim gmta;peemd discases f thee

der mal ceII ient. 30. A nethod for detecting mycobacterial

i nfection lré?orlgls%ﬂq%él cal sanple, conprising: (a) contacting the

bi ol ogi cal sanmple with a pol ypeptide according to any one of <clains 1 and

2; and (b) detecting in the san‘gl e the presence of antibodies that bind to

the pol ypepti d&. 31Theryse ofglaHnd o\fhetqnathmdwrdeﬁesr@iqqte@rf@npmw@mM@é@)g@fre

bound to u h 0 a i cal

sanpl e i sﬁlgg(fﬂe ngl P@&% Sagﬂ?n-(glﬂg)s%%’s ﬂg‘?ﬁahﬁg #Jrgrvég rl’x"ﬁﬁ c&ggm{; a%peg

pl asma, sadeatddung emedr; asdéancihohdsofdheskéh.uri ne. 0 3 APR 2002 119 33. A

met hod for detecting nycobacterial infection in a biological sanple,

conpri si ng:

24.  Use of a composition comprising a component selected from the group consisting
of:
(a) delipidated and deglycolipidated M. vaccae cells;
(b)  delipidated and deglycolipidated M. vaccae cells depleted of mycolic
acids;
(c)  delipidated and deglycolipidated M. vaccae cells depleted of mycolic
acids and arabinogalactan; and
(d)  delipidated and deglycolipidated.M vaccae cells treated with an acid,
in the preparation of a medicament for the treatment of a disorder in a patient, the disorder being
selected from the group consisting of immune disorders, infectious diseases, skin diseases and

diseases of the respiratory system.

25.  The use of claim 24, wherein the disorder is selected from the group consisting of
mycobacterial infections, asthma psoriasis, dermatitis, allergic rhinitis, sarcoidosis, alopecia

areata, lung cancer, and carcinomas of the skin.

26. A method for enhancing a non-specific immune response to an antigen

comprising administering a polypeptide, the polypeptide comprising an immunogenic portion of



(a) contacting the biological sanple with a binding agent which is capable
of binding to a polypeptide according to any one of clains 1 and 2 JapBR 2002
(b) detecting in the sanple a protein or polypeptide that binds to the

bi ndi ng agent. 34. The nethod of claim 33 wherein the binding agent is a
nmonocl onal anti body. 35. The nmet hod of claim 33 wherein the bindi ng agent
is a polyclonal antibody. 36. A diagnostic kit conprising: (a) at |east one
pol ypeptide according to any one of claiyg 1 and2 ; and (b) a detection
reagent. 37. The kit of claim 36 wherein the polypeptide is inmmobilized on
a solid simpficae afiged,Vehekdih tRfAMCharbd® ABighhRICRIABSs 4 {RueRE SElkited frbMABES Boup
conprises a reporter group conjugated to a binding agent. 39. The kit of
cl ai m 38 apREsEIEPt he bi nding agent is selected fromthe group consisting

O 0L TUnG0) SRS TS  BNT ShEaf g0, Lecti e, 40 The ki o

romthe group consisting

of radi oi sot OB sequbntes @sdRHN bt 1g4spubsut 80U IdadfabREidIEsad RSseqeindy reefted il SH@ N
and dye particles. 41. A nopnoclonal antibody that binds to a pol ypeptide
" according to anyBNO'A adz0ks 1 and 2. b 3 APR 2002 120 42. A pol ycl onal
anti body that binds to a pol ypeptide according to any one of clains 1 and
2. 43. A method for enhancing a non-specific inmune response to an antigen

conpri si ng admi7ni stAemkethgd fa detofsiycobactedaifmfestiongn a patiemosvaiprising] ect ed
fromthe group _ consistjng, of (a] dfl i pi.dated and degl ycol i pi.dated M
vaccae cel|s d®bl ecerfaginedranal ¢lls of g patip ywithepre,ormprspolypgptides according to

degl ycol i pi dat ed I\/lagy 1418k h Sngopigt ed of nycolic acids and _
ar abi nogal act an; an ?’g‘f&g;eﬁ?‘pi égt ed and degl ycol i pi dat edM vaccae cells
treated wi th 4b) aciddtectdng anAmemump ossponssondtlsatiestisisina conponent sel ect ed

fromthe group consisting of (a) delipidated and degl ycoli pi dat ed
mycobacterial cells depleted of mycolic acids; (b) delipidated and

degl ycol i pi datgd mygpehaaidrdralaif eh whefePlretifthuAl rd&Rk iCindghéis, and

29. A diagnostic kit comprising;
(a) a polypeptide according to any one of claims 1 and 2; and

(b)  apparatus sufficient to contact the polypeptide with the dermal cells of a patient.

30. A method for detecting mycobacterial infection in a biological sample,
comprising:
(a) contacting the biological sample with a polypeptide according to any one of
claims 1 and 2; and

(b) detecting in the sample the presence of antibodies that bind to the polypeptide.
31.  The method of claim 30 wherein the polypeptide(s) are bound to a solid support.

32.  The method of claim 30 wherein the biological sample is selected from the group

consisting of whole blood, serum, plasma, saliva, cerebrospinal fluid and urine.



ar abi nogal actan; and (c) deli pi dated-and degl ycol i pi dated nmycobacteri al
cells treated with an acid. 45. A conposition of claim44, wherei ng@e PR 2002
nycobacterial cells conprise M vaccae cells. 46. A conposition corrpriéi%@2
treated M vaccae cells having an am no acid content of at |east 40% w w.
47. A conposition conprising treated M vaccae cells having a |ipid content
of less than 3% ww. 48. A conposition of any of clains 44-47 in a

formul ation suitable for delivery to thﬁw airways leading to or located in
the lungs. 'D 3 APR 2002 121 49. A nethod for nodul ating the bal ance of a
popul ation of 33hl andndthed CRk ! Setbdting FREBRRAPYRLHG inPY 6RUaabt Gfply 2
conposi tion conprising a conponent sel écted fromthe group consisting of.
(a) deli plogwrniedgand degl ycol i pi dated nycobacterial cells; (b) delipidated

S, Seal Yool 1Pt S SRRy S5l IR RGP SaBSh e

acids and arabi nogah pslypgeptidaBstotding @q{ny@hggf@%ngq%hgngﬁ(@ol i pi dat ed

~ nmycobacterial cells treated with an acid. . A nmethod for activating T
cells in a safPl e getsehingindhe samplesiproteineraolypgptade thatrhiudsite therbindingagesi.ng a

conponent selected fromthe group consisting of. (a) delipidated and

degl ycol i pi dat ed nycobacterial cells; (b) delipidated and degl ycol i pi dat ed

nycobact eri al 3ael | Theefkirided chim 38 Gletetn the ibitfling £kntde b inindabed ansbdy.
degl ycol i pi dated nycobacterial cells depleted of mycolic acids and

ar abi nogal actan; and (d) delipidated and degl ycol i pi dated nmycobacteri al

cells treatedwith | . : f jvat.i N lls, 10 a
sanpl e popul ats:ﬁﬁbn, T%g“gegir%qrﬁfg e“rl?%g‘ﬁ‘ tgﬁ?rgtgﬁ%gnﬁglt dg’r\é&cltg)ag?]’ glo(rﬂ;% agtsl%dodlg(ponent
selected fromthe group consisting of. (a) delipidated and degl ycoli pi dat ed
nycobacterial cells; .(b) delipidated and degl ycoli pi dated nycobacteri al

cel I's depl et ed®of mydingrogticdt HRIMPRYE’ del i pi dat ed and degl ycol i pi dat ed
mycobacterial gel | g MeRbAE 55lyRptidy bl dinPo' a5 ofSSF claims 1 and2 ; and

(b)  adetection reagent.
37.  The kit of claim 36 wherein the polypeptide is immobilized on a solid support.

38.  The kit of claim 36 wherein the detection reagent comprises a reporter group

conjugated to a binding agent.

39.  The kit of claim 38 wherein the binding agent is selected from the group

consisting of anti-immunoglobulins, Protein G, Protein A and lectins.

40.  The kit of claim 38 wherein the reporter group is selected from the group
consisting of radioisotopes, fluorescent groups, luminescent groups, enzymes, biotin and dye

particles.

41. A monoclonal antibody that binds to a polypeptide according to any one of claims
1 and 2.



ar abi nogal actan; and (d) delipidated and degl ycol i pi dated nmycobacteri al
cells treated with an acid. 52. A nmethod for stinulating productioB‘pf
cytokines in a sanple population, by admnistering a conposition 8V APR 2002
conprising a conponent selected fromthe group consisting of: (a)

del i pi dated and degl ycol i pi dat ed mycobacterial cells; (b) delipidated and
degl ycol i pi dated nycobacterial cells depleted of mycolic acids; 0 3 APR
2002 122 (c) delipidated and deglycoliqggated nycobacterial cells depleted
of nycolic acids and arabinogal actan; (d) delipidated and degl ycoli pi dat ed
mycobacterial gell SAthoRALoRA aibBdyPRadihdh touFpolfpePRAI Aol dfiig ﬁ%?%ﬁé Bfclaims
expression of co-stinul"atory nol écul es on at” I'east one o endritic cé?ls
and nmonocy@ed2in a sanpl e popul ation, by administering a conposition
conprising a conponent selected fromthe group consisting of. (a)

del i pi dat ed and degl ycol i pi dat ed nmycobacterial cells; (b) delipidated and
deglycol i pi dat g3 mygohagiar F! efifthtiig d2PAGLELciBE MIREME GedohsdSito () antigen
del i pi dat ed and degl ycol i pi dated mycobacterial cells depleted of nycoltc

" aci ds andCompryig égtm%ftrm; a 09 po8ljior] edomprisiag exl compontat) Isqlected frammtthel group
nycobacteg&gk-ﬁgéés treated with an acid. 54. A nethod for enhancing
dendritic ce P ‘uration and function in a sanple population, by

adni ni st eri ng @) corgetipidatediané degydotipidgted A GaPIRRBHs &Pletsd SdnfdofFhdilg 9r oup
consi sting of éﬁ) del | pi dated and degl ycol i pi dated mycobacterial cells; (b)
del i pi dat ed and) degleliesiaicdiandtdealyngiradnied &% ivagcae seils depdgsed pEanyosliaaids and

acids; (c) delipid ?Eﬁpd g ol i pi dat ed nycobacterial cells depleted of
nycol i c acids and az{éfﬁggl o&%ﬁa%iﬁzn; and (d) delipidated and

degl ycol i pi dat@yl nydetipiatednhdlegtlolipidated a1 adconietchllStheatdd with &bacidh met hod f or
reduci ng the accunul ati on of eosinophils in a sanple cell or tissue
popul ation, by adm nistering a conposition conprising a conponent sel ected

fromthe groupyy congi.shbsisidf A6 liRi ol LRl :
mycobacterial cells; ?%?6%ﬂj%ﬁ% aﬁegaéﬁﬁggéﬁﬁﬁgo ?%?%gpgﬂgﬁﬁigﬁégﬁ%ﬁ?gﬂ
cel | s depl et ed(apfdelpidated anddeigisolipidated mycobacterial cells depleted of mycolic acids;
(b) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids and
arabinogalactan; and

(c) delipidated-and deglycolipidated mycobacterial cells treated with an acid.

45. A composition of claim 44, wherein the mycobacterial cells comprise M. vaccae

cells.

46. A composition comprising treated M. vaccae cells having an amino acid content

of at least 40% w/w.

47. A composition comprising treated M. vaccae cells having a lipid content of less
than 3% w/w.

48. A composition of any of claims 44-47 in a formulation suitable for delivery to the

airways leading to or located in the lungs.



(c) delipidated and deglycolipidated nmycobacterial cells depleted of

mycol i c .aci ds and arabi nogal actan; a 3 APR 2002 123 (d) deli pi dat€f %MR 2002
degl ycol i pi dat ed nycobacteri al cells treated with an acid. 56. A nethod
according to any of clains 49-55, wherein the nmycobacterial cells are M
vaccae cells. 57. The use of a conposition of any of clains 44-47 in the
manuf acture of a nedicanent for treatnent of a disorder selected fromthe
group consisting of inmmune disorders, ijpfectious diseases, skin diseases

and di seases of the respiratory system 5 The use of a conposition of any

of clainms 44-44 i n A hfstigantef ﬂmduraﬁngiheabald%éi b?ﬁfzs%aﬁlaﬁ&f of TIERALEDE2 &ilsan a

di sorder selected fromthe group. consisting of. nycobacterial infections,
ast hma, pmmlfapbwlatdm hy admingsteriig| @ccgnmpsmnmomps:smgarqommomtsgleaﬂedgfmm the
areata, |un can and carci nomas of the skin.

gpconsm ng of:

* (a) delipidated and deglycolipidated mycobacterial cells;

(b) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids;

(c) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids and
arabinogalactan; and

(d) delipidated and deglycolipidated mycobacterial cells treated with an acid.

50. A method for activating T cells in a sample population, by administering a
composition comprising a component selected from the group consisting of:

(a) delipidated and deglycolipidated mycobacterial cells;

(b) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids;

(c) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids and

arabinogalactan; and

(d) delipidated and deglycolipidated mycobacterial cells treated with an acid.

51. A method for activating NK cells in a sample population, by administering a
composition comprising a component selected from the group consisting of:

(a) delipidated and deglycolipidated mycobacterial cells;

(b) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids;

(c) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids and

arabinogalactan; and

(d) delipidated and deglycolipidated mycobacterial cells treated with an acid.

52. A method for stimulating production of cytokines in a sample population, by
administering a composition comprising a component selected from the group consisting of:

(a) delipidated and deglycolipidated mycobacterial cells;

(b) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids;
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(c) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids and
arabinogalactan,;

(d) delipidated and deglycolipidated mycobacterial cells treated with an acid.

53. A method for enhancing expression of co-stimulatory molecules on at least one of -
dendritic cells and monocytes in a sample population, by administering a composition
comprising a component selected from the group consisting of*

(a) delipidated and deglycolipidated mycobacterial cells; _

(b) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids;

(c) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids and

arabinogalactan; and

(d) delipidated and deglycolipidated mycobacterial cells treated with an acid.

54. A method for enhancing dendritic cell maturation and function in a sample
population, by administering a composition comprising a component selected from the group
consisting of’

(a) delipidated and deglycolipidated mycobacterial cells;

(b) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids;

(c) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids and

arabinogalactan; and

(d) delipidated and deglycolipidated mycobacterial cells treated with an acid.

55. A method for reducing the accumulation of eosinophils in a sample cell or tissue
population, by administering a composition comprising a component selected from the group
consisting of’

(a) delipidated and deglycolipidated mycobacterial cells;

(b) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids;

(c) delipidated and deglycolipidated mycobacterial cells depleted of mycolic acids and:

arabinogalactan;
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(d) delipidated and deglycolipidated mycobacterial cells treated with an acid.

56. A method aceording-to any of claims 49-55, wherein the mycobacterial cells are

M. vaccae cells.

57.  The use of a composition of any of claims 4447 in the manufacture of a
medicament for treatment of a disorder selected from the group consisting of immune disorders,

infectious diseases, skin diseases and diseases of the respiratory system.

58.  The use of a composition of any of claims 44-47 in the manufacture of a
medicament for treatment of a disorder selected from the group.consisting of: mycobacterial
infections, asthma, psoriasis, dermatitis, allergic rhinitis, sarcoidosis, alopecia areata, lung

cancer, and carcinomas of the skin.



