WD 99/ 32634 PCT/ Nz98/ 00189 COWPOSI TI ONS DERI VED FROM MYCOBACTERI UM VACCAE
AND METHODS FOR THEI R USE Technical Field The present invention rel ates
generally to conpositions which are present in or may be j m
NycobacteﬁY%ﬂ$ﬁ%§%ae and their use in the treatnent, preveggﬁé%ﬁgﬁﬁgﬁ
detection of disorders including infectious diseases, inmmune disorders and
cancer. In particular, the invention is related to conmpounds and net hods
for the treatnment of diseases of the respiratory system such as
nycobacterial infections, asthma, sarcoidosis and |lung cancers, and

di sorders of ¢ORRISITIONS UERYEIS PROAS MY COBNUTERBINMBIASCAH | ergi ¢
contact dermatitis, alopecia areata, and the skin cancers basal cell

carci noma, squanous cell &a¥RMBRAOBSFORTEFHEIRIISEhe i nvention is further
related to compounds that function as non-specific immune response
anplifiers, and the use of such non-specific inmune response anplifiers as
adj uvants in vaccination or imrunotherapy against infectious disease, and
in certain treatnents for inmune disorders and cancer. Background of the

| nvent Te¢hnicab®iebdil osis is a chronic, infectious disease, that is caused by

infection with Mcobacteriumtuberculosis (M tuherculosis). It is _a major
di sease in a&%&eé?ﬂth‘@ve@%%’é#art%%gene Y @ POmBRSIUgRs; ‘f}é%fgipﬁeg“'e%)trIBlﬁ?F B

devel o r f I i . 1Ll .mllion
doat e EvE 633 WeghRRethl vicabieh (R0te f M [h@itnt By CRERE i electic

consi def akbriepeichdingf infdctivus diseasel, Imaamei disordat andranueky Inmgnartieretheas a
chronic inflammation of the lungs, resulting in fever and respiratory
synpt offyentien isaelatedrie cempands and Bysthods fofttheBraimgnt of diseasegedithe TeaRirgteIzul t .

Al t hough  t uber cul 0si s_can er. C .0l | e i extended antibiotic
t her ap ,Stergusc’f‘ﬁﬁta? &t ﬁ%aﬁ%rﬂagﬁg%:{hg}s’% ?%aé%?&{lgésﬁ)sr %&gﬁbg ? He e}ésp?lgcggls%;a “he

di seasgf tHekat kedh dstbMhsi) atopid@tmali€ aflSHIEHIERE dermditik, £6FIcROArOMS , anlior
some tinme. In addition, although conpliance with the 1 WO 99/32634

PCT/ NZg8/ b 8@cers batairesit cardgdmarsqiameys; cell satcinoma andripelpecmay i Bhg invention

di fficul itor. S tients d t lete th f
{1 cat mrGHeGIFR OB ATt (a1 B S B EPesH TR RGeS BBORTR A of
drug rex §lapt sOME APASHRI @ iminahl b&gpioﬁ&l aﬂasgﬁ&g %dacgﬁva]gl&bﬁf GH QRSN GAUI T s

effective vaccination and accurate, early i agnosi § of the disease.
Cur r enfithyhunvtheapy agaiost iffgctiub diseasecandsinaertainttreathemtsafor imjnmot dsnrdetst dnd

cancer.

Backeround 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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live bacteria is the nost efficient nethod for inducing protective

i munity. The nost conmon mycobacteri um enpl oyed for this purpose is

Baci | | us tte GQuerin (BCG, an avirulent strain of I\/y bovi s
(M bovis). &@ er the safety and efficacy of BCG is a godﬁggﬁg?gﬁ]
controversy and some countries, such as the United States, do not vaccinate
the general public. D agnosis of M tuberculosis infection is conmonly
achi evedatugnnpgamekisrcriticels patica ibehaviionra$ ddiculhto mdeitoral Senppatiengs onot

tuberculin PP rote urifi dder tive Ant i S i f cel |

o5 ponSuBPleisr thise Fdalintt whichah o oniietToqte HenfTadi ABs, e deselpgment 72
hours gaf &l réﬁét&rﬁ%%baét “eby indicating exposure to nycobacteri al
antigens. 3Sensitivity an specificity have, however, been a problemw th |
this test aitdbitingithd ghueddsof\alneculadie tequireshefBcGve vasuietiohend iasduragleaslyed

frominf ect ed individuals. Aless we)l- knom}n% nycobact erium t hat has been

used f 8lagposAidhR disads- (Coirenily, pascinatioaiby sy cQus pipiradgymalipiestipr Withneous
or int gleg%ra@etla lgltﬁg%&t eftgelt{vﬁeﬁl%atﬁt i HcinkA BRAC (M i) f?f) ’Th‘éhx‘ﬁn%g s
non- pathogeni c i'n hunmans. wever, there i1s In orna 10 on the

ef fi CaGMnﬁfonl\ﬂqymﬁtaﬁulﬁCmmﬂbﬁdl for this Bofposa@ivBadillbaCahwitichGestinu@TG)igel y to
vacci nate the general public. M bovis BCG and M_vaccae are believed to
cont ai nvm@mtgérmncof Mm%eqﬁrd%m e (A Bovie dlmveyed ﬂwsatfqﬂé atlcimffmcmfs%ﬁm of

i ndi vidual s e ctio veral patents and
otner e NgRBtal el SIERHCGuntiss kh o8 IROOH D fiee B8 BpedihE i

adm ni %Eﬁ:’i‘él[}ﬁlbwcmgﬁ&s[s‘ & M. nBepElilsngs Mfeef@ﬁqeeomﬁfon@}ea@mvtdméﬁfgb@%kﬁrl al
fractions . Patent 4,716,038 discloses diagnosis of, vaccination

agai nstesgnahich davoteest 1rmfadamad)|emuee talitehseapdis D \(amt@us)utlﬁpési,erwmet)tdl ng

thrit d d t [ udi )
R el L e I et AR ?tahaétq‘tel'oﬂga%y é‘%%ié}e
ant i geqigys ft%ﬂdlj lloﬁethlm\ésgl ltdlwnylexgaﬁﬁ@e &9&%&@6&1@&%&5 QULRRAG &ld @l

di seases, especrally tubefrculosi S and | eprosy n adj uvant “to

chenot b}ﬁﬂ’cfﬂixyty HAvYYBoeN &2 b8sh ATOHREOBID Gil8@st atdmdaiduahatacEiated twifiBCGeat i on
WO 91/01751 di scl oses the use of. antjgenic and/or imunoregul atory

mat er | §f000¢ b?rfl!ﬂm%@t?éé}%“g??t‘?drﬁ‘?ﬁw Bphyl actic to del ay and/or prevent

the onsetofy ALRS. linheLAZH, Q0L BRLETho PHIY L6al 1,90 Y9 94hRGA80 -l ogloses

the use of "antigenic an I mrunor egul atory materi eri ve

vaccae tdtefcull dtey any alkd 1&Brysy, ibyf ﬁtbbﬁtﬁﬁhoqur Hn@ddewhalhingtctiéh, 05 BVebbnt-deliur
W t hout associ ated tuberculosis. U S. Patent 5,599,545 discloses the use of

my cobageesar 4M. egcgreé) athigh istnonepathogemie i wmans. Novevesabereds less infafrationt f or
adm ni s}lr %e e(%P cacy oF f R aggar}zsc&'*nq}')aggd Wifh B%tG engog%régunsottbeeﬁﬂ used widely to

vaccinate the general public. 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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vaccae. This publication theorises that the beneficial effect as an

adj uvant may be due to heat shock protein 65 (hsp 65). International

Pat ent Publication WO 92/08484 discl oses the use of anti g?E’rE‘JZ@QWlQJ

i nmunor egLW%?%:??;?""hat erial derived fromM vaccae for the treatiien

uveitis. International Patent Publication WO 93/16727 di scl oses the use of
antigenic and/or immunoregqulatory material derived fromM vaccae for the
t r eat mémtrnafiomat nPatentd iPebbcation 33081/t Ed Widclosan theit wiemodi nentigesict amdior
initiated by an infecti or] | nt ernati onal Pat ent Pub#l cation V\iD 95/ 26742

di scl oéf@gmﬁ@gwg@%fm%}ﬁlﬂ? gBRMC Mantr6re idiniTh SPBYRPRICBRYatHS & idglay eR/PW ed
from I n OWN S.

| e Bl e e A e Y O 206 R Ao he IR

aut ocl a¥ adtiddniv aet’aeimmundrégulitoyatmateritl drémel:lrfmm Vi vdccaartaat thestpyliof ¢fl¥er s i n
whi ch a patient demonstrates an . abnormally high rel ease of IL-6 and/or TNF
or kP With o tyIthut %HP%@%WBQ@Y &’Hho‘&tﬂﬁﬁﬂc ¢4 §abercyiRsisy opor ti on of

I I
aga ?‘Ct osy I.Lchat 9t5bl c?o%géjﬁmré%lsggg{l'fg?{;\%@te'rl gegggcgfﬂl%%hfec%tal:l % 1 €

psoriasis, eunar oi aft myco gase,

pri mar W bidck @, ¥is @h raajmamsmr aamﬁ@stdmsn SyithubraRiead whechCat inbi Sndop¥sdueb Gyl UpUS
erythematosus, nultiple sclerosis, Cuillain-Barre syndrone, primary

di abet eacamel This publicstian theersesshaidhe bereficigh affect ag pr adiusant may headusate hest

or epar aprsktoiedt & A B R RO PhbRandBIr0 B dsher e e e
Mt Ulaﬁflgéfﬁ&ﬁhé/og%%ﬁ%?ﬁl ﬁ)ry WsRehidl Uerived Hona il O REAIHS thet HRBLEM 951 S
enploy l1ve strains killed M bovis BCG and M tubercul osis have no

pr ot ectiveigis priogpsratiped Ratean Peb&matJymd)V Oi B/ e d i distseAtheursb f aofigeandrnpadiod s

have been isol at ed fro cobacteri 3 WO 99/ 32634
PCT/ NZW?’E?@“’?HE&‘E%Ie J@%?Y/’ &F)Bgléer fregmentrof magnial cdisegsess ych

ad] UvanLs .5 SNk aguwmhﬁme Stehhal: a;e?cpg,gt P YhRE G MURR A ARRA B Gtent

mechani sm agai nst an antigen from anot ecles. There are two general
cl assePubfictiorPWON 85/ 26X listlases thease bf ahtidenit dndion immyaabegilaoiyamatepeli es
t hat exhi bit adj uvant properties. The first are water sol uble wax D
fracti é‘ﬁ@"f(‘h from i tveccae. Tasedslayipg kor RIeeming) fengrowh e spesgdr @l tumors.

I mmno'hgt% atlon 3$atelj§1??%bhcag§ 'wbe@lt/OfS'&Bq%c%%gg theTlle% &%ﬂqv%{l:g\f[nyacgry

di pepti ase ances ucosam ne an nmur am C acid

i N appreXitraatdnt w%fﬂhh@-rlnﬂdmmﬂﬁo@ caaaraas Cihi bgch ian hile‘iat &&ﬂ&ﬂfr&t@ 06, 481
and 4, 036, 953. These conpounds differ fromthe delipi dat ed and

degl yc@bnmrcﬁélb'ebllgm relegec @8 1LED-andipacENE) orofn tvuclp et atientisy &8 i shaws rant he
fol I ow ablo asa?lg"rcltn%h prgpgrﬁon of Ca%gpo%sﬁl Pgr('? 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



They are water-sol uble agents, whereas DD-M vaccae is insoluble in agueous
solutions. 2. They consist of a range of small oligoners of the
nycobacterial cell wall unit, either extracted from bactefj ? j OUS
sol vent s, W %26¥sted fromthe cell wall by an enzyne. {;ééﬁr\f yséésﬁﬁd DD- M
vaccae contains highly polynerised cell wall. 3. Al protein has been
renmoved fromtheir preparations by digestion with proteolytic enzynes. The
only cspesics t wiioh shavt ddpeiant prapedicat i dhe eficet vheuckc adpoasstis atentiaby ctel |

wal | peptidogl ycan structure, nanely al ani ne | ut.am %P aci

di ami nSPPHRleAPIEGUIAT IS FSHPORSE RS SAMP R SR AN EGR BPY AR isRTReCiesci 0. 1 n

contrast, c | s 80 Y R RS ik OBRE! BEAD idblasll of

di stinct p???%nglgpg‘g(?e@%ﬁe %g?s?very oﬁwvacci nlgs y nasa 1%ear 0SO (gl{lto .
reach yogbdciesialiepecins thyt @hibit déjlivant rpyopieatiest hEhe fisdtravé nvagst dohetlle twaxch has
been gener al léé limted to attenuated strains of virus. For exanple

vacci niastisms 4845 nWhitedl Betnstask. Rda Sefghngpad Folgherge | immunelogy. didehdidg:ed
A apne . oret . . .
Phcor pOSaPash AP Ry T SO0 B! FapRINbigPhid DR Sl S| (aceL 100

i n t heglhdpbdagfinsShit Bisglh@dlemuLas by if @pprokiethtélh eqdinhiO8hdRhd4s described
PCT/ NZ%S/ 00189 successful use of an influenza vaccine admnistered in a

nasal #pUdy Patamts 986,485 end 4,03p,983. Bhese woapedndsrdiffoefrom terdslipidpted\anded 93%
t ' j.nst,infl [ hildrep. Vacci I Sti f

At R R R R T e e

del i vepe@epYoRdsdlio@er osol or oral delivery. There are several reasons for

this. There are few reports of successful imrunisation resulting in T cell
immunity or antibody synthesis enploying these agents adm nistered

nasal ly. Further, oral delivery of proteins _and killed . or isnms often
results in the ddbey Brﬁﬁﬁaﬁ?r‘ﬁubﬁ%F@n%nWi‘?r%Pﬁi& a8t FV(’&’E PAJEFYE
out come sought {f,guscessful imunisation. Sarcoidosis is a disease of

unknown cause characteri sed by granul omatous inflammation affecting many

organs of the bolYentshsespes ragk wf kinell bliggacrs loy tiphmpastastedaldeelil walktnit,
Sarcoi d granul omat a are conposed of npnonucl ear phagocytes, with
epi thelioid and eigheirfixtragipd dropy bagignia by siatipws solyentsy qr fram thersellt

hocstes e Suse  BAAR ot b G ELLSIA G BB
i nmunol ogi cal abggiwallities in sarcoidosis include peripheral
3. All protein has been removed from their preparations by digestion with
proteolytic enzymes. The only constituents of their preparations are the
components 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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bl ood and bronchoal veol ar | avage hyper-gl obul i naem a and depressi on of
“del ayed type' hypersensitivity reactions in the skin to tuberculin and

other sim|lar antigens, such as Candida and nunps. Peripher
| ynphocyt SVAAHBRPS are reduced and CD4: CD8 ratios in per?ﬁ%é?gg&@g%od are

depressed to approximately 1-1.5:1. These are not manifestations of a
general i sed i mune defect, but rather the consequence of hei ghtened

i munolsagiesslil agt b b infludhze Radcine admipdstdrad i al nasaldSpriyo $h tteiS cafe, di Hease
activity. In patients with pulnnna@y sarcoi dosi s, the taotal nunber of
cells @&M«gwwn%ﬁ siEREPYIdet 287 Rvelgdionsagamnst daldusdza jiperoung childrent o) d

and th roportieon. of S._i S ] | e an
10c 1 406 (BB bl Bliniof MITBNBYSE e AEARSS! BThbRfT BOIRL: Blvel i Tebbal |
are T lanpdred vi @ssalArosélng orddie(ia8y! dthefe diaseveest Redsendfor eiis! Thbe dré gveased
fromthe value of 1.8:1 in normal controls to 10.5:1. The T | ynphocytes

are pr ederisnahtshgcessful anmhisaiionm sesultpigodiuch gl | IENpynityane antibody: ysyathesies,
rather than .of the Th2 cl.ass. Fqllowing.treatnent, .the i.ncrease i.n .Th

| yrho SN, (et cBrls PORUEFEd BT et Bl PR BATE o iOR Bt Fings
i n neardya s 6AGERsulEUR TS RIdpRRhOsSoREfice PVBIER T HABNY theSBRHsd Hutbdher
organs, subclinical lung involvenent is usually present. Wiile 5 WO

99/ 32634ugTTh biXe8dstill iddhummanorcases of sarcoi dosis resol ve spont aneously,
approxi mately 50% of pati gnts haye ﬁ%ﬂ@l east a mld degree of r mnent
organ dysf untifBHests 1S sy EISeAsE a S5 sUMNANG RBTo ST S%)’ HPulgpgighesses
to pul - Al g IJd t i LRgt

tr eat naprappeliol yEG R b Wihe WoBy BB Sl e RIS B e ind

respondiveg tSarcoldl piaga®iratnard coafpossl omapsmuchiat phagoquies ewith epitiietioid whd h
ot her i munosuppressi ve d;égs such as nethotrexate or cycl osporine. Asthma

i s a coerircels s g ceptehand i ympbeaes ehPd T Aympkocytss dre skgelnagssesiated t hma
i s charact ey y i h hi_al . t
5 SR S SPBh JEDE AR GFRCERS NRDSA% o RIS IRIBRBNS Pt o

to a vari rimary p rbance berng

rever sifkigh@y ! fTHRWHatdtdrigtié @RmunblogialnEnortslits O saveiduss MicleieUgerippbat ed,
and the pathol ogi cal hal | mark being inflammation of the airways.
Cl i ni cailbyd andtthenchoalivedlar savbgd Viyoeraelpbitlimaemiar pis ideprgssion of r'delsyes el ant s.

oo b T PR35 P e Ll SR hBObEE R R aS e N ERb o5
w th thggjepapee rp’e'ililph&fa Blo-gazlz'nﬁ)}i%t@fnufnm%e EARENSEd VEDS: DR Rrgdyet i on

of specific imunoglobulin E (IgE),” positive skin tests to comon
aer oal | reriphersl blodd are dempised sy apriroximataly 1elab1bellgse argeabt froatifestatiomst of a

seasonel and BPLenL ol 91 SReRrding Lo Lhe seasenal 1 08,0 SRl o
bronchi gl RYRELEHRMAENEREAS t634REbPYisease 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:CDS8 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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inflammation of the airways. This inflammtion is nediated by chem cal s

rel eased by a variety of inflammatory cells including mast cells,

eosi nophils and | ynphocytes. The actions of these nediators result in
vascul ar pEP9®3I34ity, mucus secretion and bronchial snoot RCTRASYPYUS
constriction. In atopic asthma, the immune response produci ng airway
inflammation is brought about by the Th2 class of T cells which secrete

I L-4, lsbme cafd of karéSidodié rddalse Bp@Ranedhigya \%Mmh&@fﬂ%ﬂf@éﬂ&ﬁ@ﬂﬂﬁem@léakhngs of
atopi c asthmatics produce IL-4 and IL- activated. Both IL-4 and IL-5
are cytokildesgrst of perhzntcoiges daatfdnqm@ rI@cﬁsriverécPaMr lunigefibrpsio dgvalppmanst | gE

and i nvol venent 0Si hils in nal .ast

el at odroRSe T B e e G B PE A R e SO a iy for
anhydr isgesidos N @stiddsterd¥@S. KRARnANAiLRIY F@%br?dlﬁgiodcolrﬁbo%&%dé’\ﬁﬁéxﬁ{efh pE€shd
cedar-induced asthma, or to non-I1gE rela mechani snms, such as that seen

in tol mecpmedraaﬂnmgt&nﬁtcﬂhermﬂmdsmtdsm¢ didgs gudhres ueetboteesaterma cyclaspanmeseen
after the adm nistration of. aspiri nﬁ?lr ot her non-

ey oi dal
ant i - i nf | anmfEYUPY/1Sd gamon figetseoriten high RIcwakeeg it the flsaeloPest waHdi Atheanno
may A SPlfiaQLOR bEHAERSA SHHINGTAASE e MR AbARRAMI RICT 228A0083
polyp03|s and sinusitis. Intrrnsic or cryptogenic asthma i's report
devel optipfuliethe Upingdry phﬁ@bglaﬁl(mstutbraam bauﬂg evkisihis airflosy lisimtian] wRicdenaovo in
m ddl e- aged or ol der people, in whom is nore difficult to treat t han

ext ri ndecspastaneats %@W%@@@dl a’é@ﬂl“i‘yPﬁh@\?éﬁ?bhalﬁiymﬂ(h@la&émm,gum of the
t t
ri gge%‘l}{g‘%ﬁ V\gsglgeﬁ‘ a%)tha ggrlh ﬁ %Lﬁadﬂg}l%ﬁ o éﬁngﬁ)o (#%R rﬁls{lovra]n%tg ri gger| ng

allerg Ied asthma i s based
on the use dxug@id AkRH4 BiOindideiTthbly wrosipi4tit) a?Hdean%ltE@ghOof S0 atopic,
inflanmation and reverse airway obstruction. In chronic asthma, treatnent
wi th coctipationdraoi deugd-mddesd: oﬁtogwa?étb@pt idlsbwcintrdevile thy @éla@cferr@@t of a Ahdt her

di d i th h t
N T or grteod i nd® fespdtse TR REOBREER of ecide BEPMRRMERH UL TFUCPO cnes
10% of skﬂletestQQ@%ﬂﬂoﬁrhero%hllﬂ%'éﬂd End/Y Abpik %rHiBiane seaaPrpalividtyruftB¥eilo

caused by allergy to pol Non- seasonal or perennial rhinitis is caused
by all esewnﬁloaminperganaﬂ bmm aess)rdlhgste the eeastioli senidg i symiptenor Thaiamlow

dander. The abnor na) ne res onse in hinitis.is characteri sed
o e RN Tn Bsie| S S AR RO BoH e %13@61 bR s HBUEd B cor
The i nf;| AINBLOSY of TRPARIEY0CTHIsS 1n£l'af?1n{a|ﬁ§n na §ach@aﬁ&gg fetl&@&l fbyrg her
down the alrways as 1 n asthma. Like asthm, €o0si no fain

af f ect adrittyssfugBarhmamryreglisrindleditg nesodella) éoen@phﬂsr zindnhytnphocm al'reetibhs Of

this inflammation, patients devel op sneezi ng, nasal discharge, and
congestafdhese| megigtoss gesylé i vascular permeability, mucus secretion and bronchial smooth

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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cases, the inflammtion extends to the eyes (conjunctivitis), palate and
the external ear. Wile it is not |ife threatening, allergic rhinitis may
be very disabling, prevent normal activities, and interfer i

person' s a‘ﬁpl9?/t”%fg‘fo work. Current treatment involves the ugngme@lsg

anti hi stam nes, nasal decongestants and, as for asthma, sodium

cronogl ycate and corticosteroids. Lung cancer is the |eading cause of death
f r om canlyposis Bhé simusitiderlogrinsic druargptogenie asthoans irepretedtto ddvspaaftdr tuppetVor | d
Heal th Organisation estinmates that by 2000 there wi|l be 2. mllion new
cases &FPRIAIONY,raqt ifHECORRCR Sanajseise gy HPifidlq-agedior pldsr perpie-inyhem éor i es:
smal | Stk Whd represents 20-25% of all |ung cancers,
and noﬁé%r%‘f#agggﬁ%%?%ﬁg ca%%lgr CLC) which accounts for the remaining
75% The nmajAsthnka/ isofdeBGL frelvented by Ikel atyiddmeb ad afiggstivigeallefdn€ Hue fids id @ospr ead
early and 90% of patients present at diagnosis wth involvenment of the
medi aselwars Possipla nep aredripgeringealierasas alvwaws easily iderdidiedd Ty medig! dorapeei

PCT/ NZ98{ 00189 chenut her a ar lonat | . chenot her a nd .

Fad ot RAPERYY SrsEihgrave e oL soniEhs fiaf R PRI AR Bler TS PEbBE aBesion oy o
pat i entinurdapddt ailwATPBbstRetor. N10 L@ARNsthriall eRkent FWith Q¥R Q¥ rotREBRNRY apy
may result in cure rates exceeding 60% The prognosis for NSCLC is nore

di smal unaseptoble agutrsesidsefieri®s advanced di sease by the tinme of diagnosis.
Surgi cal renoval of the tunor.i ossible in a.ver mal I. nynber aof. .
patients and® rfdilﬁ%‘??e‘ﬁ as%?‘aﬁeﬁ?mfné? ébqwakgd_%aﬁ%@n%d? ?HSrgECO‘%‘mFﬁe
factor gje Q'HH&ittéso if Recolavsh oAt 8hd liWNGHMmaRESH A&t CARAEX1@PRA%Mid i Pl e.
Envi ronnental and genetic factors interact and cause sequential and

i ncr empopdhti@bnAtlemid thiis malyitetscheadl they daveontausdd edalterty t@polidnt eNan4i on,

i nvasi on of adjacent tissues and spread to distant sites. Both

cel | - mEeAsaRal Pr PREFRIFhHHAIS iIHRHIed §ya Fey e SRUSHSWHCR 85 Hose ot heusedyst

pati ent.§ie dqjahnn%llﬁggdecrancer. Radi ot her apy and chenot herapy further inpair

t he i mmune function of patients. Attenpts have been nade to inmmunise
patients wi theiabaoirhalainefuieuraspdnse ehl dleegic rhinbiuls etiricgensd thy grhentess host
anti-tunor response. Bacillus Cal nette-Guerin _&BQG) has been adm ni stered
i nto t REodygben otkek anjibpdies specily dzaingt ba aleger e mflammateryresronsroeccypseci f i ¢

i muni t Al t ts have been ephar I - [ ni b i Vi ng
oat ot e WAsRuCe A ReL BE IRAS oG R ANEEES i hitRG T Bhoha tockt

| ynphokb&Boptilid Upihechfley @R MiRsIEE €6 a nifoiuichiRird BaltREik irhinitts0 Kb hlredutn®r theel | s.
The current i mrunot herapies for lung cancer are still at a devel opnent al

st age amfthmmaetion, ghfiens ceegoy eneezmgh @asad tdadshargh @dd faongestien s t lanmaredsevere

managenent 0] ung cancer. . o e .
g cases, the En atron extends to the eyes (conjunctivitis), palate and the external ear. While

it is not life threatening, 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

7



In one aspect, this invention deals with treatnent of disorders of skin

whi ch appear to be associated with factors that influence the bal ance of

t hymus- deri ved (Q i mune cells known as Thl and Th2. These Téﬁ%ol §o are

i denti fi edV®99/328¥ r cyt oki ne secretion phenotype. A comoh*T& 18%¢
treatnment is the use of conpounds prepared from M vaccae whi ch have

i mmunonodul ating properties that alter the balance of activities of these T
cel | s alseniv@hdraps or atcbaibiriabion o€ cleghdtBerap3s and adicshdrapya Canpiote, regqfonssiates

i nfl ammat ory skin di sease_whi ch can be associated wth various forns of
art hri Ve framal Qonfer $@%. oForpthe; Brr patieph evithopg dymphy nede invplvemenipa8geeryt o be

cur 1 at SRR P Mo BhabE L E I Bor 86 2B TG I bR BRI g

down t RISET @CRSFe dibhal, disSRas Gatlents heco alvaies fsedsedy MBNim@ e diappegsaneous
remssion is relatively rare, and life-long treatnment is usually necessary.
Psor i aSixgiqat cueevas ot the durner is pestibladn ¢ egrypamalivasnbes of hatienky andsthe fize ear

Psoriasis.is a ve i sibl hsease, it frequently affects the face,
scal p, S‘Er?’ﬂﬁiraé%%’rm&sls_ E’%ﬁqg fase is emotional ly and physically
debi | i tati ngpé %ct@)ﬂeleﬁ)(ﬁh%%‘tthe deld1Gsthéd B rSiuBRi chh&ed Hré )60?:18&:59 A nfighitty of
life. Between one and three mllion individuals in the United States have

psor i aEnsiroirdntalead lggnaic faciarstiaterand drdi canserequedis bandoociemental atemcinalytiasr .
Conservative estinmtes place the costs of sqQriasis care.in the United

St at es WHftyledt wmatmt@w@ ol prql ?raaogpé%wswmgﬁ agens tsgss Aad al?refrf{}ecﬁlﬁé%tes
concergiit%g t he pat hogenesis of psoriasis. The first is that genetic
factors determ ne abnornal proliferation of epidernmal keratinocytes. The
cells no | Boagecell-msdiard and humbiay ihmuaeity Bavecdees show to sliedpaitsd ihpdients
involved in maintaining epidermal honeostasis. Abnormal expression of cell

menbr aféthcling epneerr deasintberapyo AndiShEPafherapy faRsrempriaiee dpgrar findieadifct i on
TN L DRGSHL AuBRlnls RYROURN thide oAb filhicd BIAANRIth Maci3a80 L AbG ol

psori aSi's%s §6co y he releasé 0 ecul'es tfrom

hyper pighbdrem@ibensetok@hadde sy ith tunfor Sesponskt. hBRalibeShlndte-Gltain (BOX®) hss
interacting with antigen-presenting cells in skin release pro-inflammtory

and kebegn avweinisteredt intatha chesy caxpydrllowing (repmespewr sugery tosguggient ngn-siegdic  Med.
199, 1995aR%, AR5 AL He 0 o SARRSISThY P SIRLSATLIBE A
o L L TR 5 T ot s s nabl log L
pr omi neequise, th€adityTtodall kengrBels. Thdrureent whmunotherhpieDbor hutgndancdRese stilBar 23- 3,
1989; Eaéé%lbpxgérﬁhf ste?ée' an‘zi' thg%‘ & 1ctagi|es'. yg'tltg:bSeSe?fagﬁél’ed ]fgr8 t@e'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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As the majority (90% of psoriasis patients have limted fornms of the

di sease, topical treatnents which include dithranol, tar preparations,
corticosteroids and the recently introduced vitam n D3 ang|

(cal ci pot 'W8PB3%atcitriol) can be used. A minority (10% o?’cq@s#g?/fugss?s
pati ents have a nore serious condition, for which a nunber of systemc
therapeutic nodalities are avail able. Specific system c therapies include
UVB, Plivdapyriy figdcrazixatstowiny idosvni thisAprdexss.v dhe \iéssageamiy beddnig) manifest at any

i mruno- suppressants such_ as, Cycl.osporin A _The effectiveness of

Oycl osP8fi rSROAENFRISSIGRLSSIN ltSrrelaflvﬂzg rafgo pich lfeslope dirptaent 48 ypally Hegessplye T

S?L'ease*y“’g%%é piyces il SR HOE I RATTRE BSuE, B MRIFRISRP iddE,
al., J. dléday@&t freqoRhiRRbfbcts B8 BEH sadf StunRinfl, 1indt30 I)he dibcapd & dhedtiombily kedi s a
chronic pruritic inflamuatory skin disease which usually occurs in

fani | i ghysicelly alebihisationgi faar the p]Paéml% plastagting siggiticantly diematheeqylity difsbfeder s

such a IIer ma. At itis occu

oo o iarert, S et iR il il PRI SRR bEEE Sl bt
skin, dgpABt hﬁm%n(&w e4%) obaﬁﬁhg $6¢h Y&irn| Gohservalige clidfiftes PREK Bdohd ot he
erxor sides and folds of the extremties acconpani ed by severe itching.

|t typimsatihsis sararn&le\hlmﬂadﬁtattmuhﬁntéx at SR8 ywllrom agfeat.i fe. I n about 90% of the

atients thi s ski di sease disappears durjn hi | dhood but the,s t.ons
D oot nueThers Bre4uaIap; oty Gnpraineghl BB oo AL aiorag e b TRt 19
der mat i f 515 NRGd BerdGeterhdi %e?on%?rﬁﬁr;ﬁl)ﬂl%ra%ﬁ SPLSiHerdi kedaAnGlyRRY ﬁfageu Ro

atopi c titrs, a T ce abnormality is primary and that the unction
of T celbhgerwhspohd nnfm:mzd foyextezgal | seitrmlit dueh ps ddjschnw»medfm Irgﬁnuamxmgsmdemaﬂ)l e
for the excessive production of this | mrunogl obuljn. Allergic contact
der nat i hqnaeastasis. c AHROHMHoRERTATIR: Pb Sl Hlle}né’ﬁ%?&t Sft9k16F STGFRRIPTS 0Pt RRBOTMK

| t t
pody el pETba ek FEMARLAchaR ek S0P HRRRAEGRIE Danbebil, o1

t he skigyséfated Qvitibs@RSis a8 Gecdndary’ RC dgnieldass o fprd-faemneansiygeniectigs Traxel | s
result in the release of various cytokines, proliferation and recruitnment

of T ceﬂlymmralm@raﬁ\’ﬁéiﬁllaynq)qyt%ernat| tis (eczena) Only a small proport| on of

the T cells in a ofa d |t|s for
the rel evantAaﬁ?f‘?'ﬁFﬁP'p PVaL g gl«lsﬁ %g p&lcr)l a‘glltﬁnzlntl %ena‘%rgseg ting ﬁgl?ss}nt é(sl

I nfl am*&léa%maﬁaﬂhﬁﬁﬂ( fd ?é?&ﬁrﬁ)@?tesslﬁﬁﬁﬂefﬂn%'c%bknﬁg (ERck YGE. ctals, J. Exp.
hypersensitivity can on be transferred T cells (CD4+ cel | s) shari ng

t he MHOMeHasss: 1395am0agé9@) ﬂréy‘ﬁeébmfwnemcmllqu;teMmmﬁl ledlgmlscmsetse
transferred by T cells sharing either MHC cl ass .CD8+cIIs or cl
(Cons b icanaciasite 56 PESvAe A sy i gbiagees. 1T Keriferies PomSdugman B8

1980) - the antigen-presenting cell. The cellular infiltrate in psoriatic lesions show an 1nﬂux of CD4+

T cells and, more prominently, CD8+ T cells (Bos, J.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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Keratinocytes can produce interleukin-1 which can facilitate the antigen
presentation to T cells. The expression of the surface antigen

i ntercel lular adhesion nolecule-1 (ICAM1) is induced bot€ @R 98/00189

ker at i nocY¥@¥/33M endot hel i um by the cytoki nes tunmor necro CUNERO0L} (TNF)
and interferon-gama (IFN-y). 10 WD 99/32634 PCT/ Nz98/ 00189 If the causes
can be identified, renoval alone will cure allergic contact dermatitis.
Dur i Nghyp6thied ab ifd prie tchase, oft thpidisahsec@obj EDs tealqi dmcerr B: LSHF-1502, AA8Y;
inhibitory effect of cyclosporin has been observed in del ayed-type

hy per hekeimaniG. ¢t @ln Jt fraessr Bermaelafdrad Olapstractint¥lon(s) of prinmed T cells in

it Shi dani . et.al ., : 4: -
:“nhlr gi 'E orly %ﬁb%gcfenggﬂ%sslg |ao°£‘§’:)ﬁ E‘f %&(r)l}lll: %ﬁ%&r‘tf”& %cﬁx%ég@%s? wﬁ%ﬁﬁuag%;g?@ﬁ ion in

m ce hasamlifl wileah HepRigtiyepredivpbstion Br wikioas allerBlendisdrdBisnlch af lalistgic
Past eur) 135d: 237-245, 1984). Al opecia areata is a conmon hair disease,

whi ch ramiturang dstmabo dttorsios dermatiiés asewrs uint appreisnaiely d ) ra obIthe)i geapral

outpatient clinics inh the United,States, The.hall mark of. this. .di.sease is
o heP T omalation, omeompin. e or SRR et P dofhistdinif BIBF L 1o
al opeci,a Wbl S SPthe TR xbOGALCMAIBId3 BY tHRA ¥ mM B A mpdARdig0vertNRhdigs ease

may develop at any age. The onset is usually sudden and the clinical
cour sdt itgpisely stakts Afithpr thedfirst, twa yéas nblifgpods cbive 086 af thei paiiestsathis skin i ndeed

D) 36 aqbieagn dEnaere iz g s, AR PO SERL TS B g S BriS Ohg?:
272- 393f.t¥1g§§&§1§gg§tfmoff REMRSs \th}ﬁa.vxﬁegeﬁﬁs béheRalyl REOMYE that ﬁh%ﬁ{ lbpg! ude

genetic tacto opy, assocl ation di sorders of 'supposed aut ol nmune
et i ol ogatopRo W nEatitis,yaTd celirabrurthaltynit iptimaty ard thatsthe Ghsfupetidnadfehcelsofhiab opy i n
patients with al opecia areata |s_ incr eas,%]dp.n There is evidence th?t X

al opeciamalipaegilats the pradueiomeh i ississrasibe far the exesstixe iprodugten gt s

consi st ent hsillsotuﬂﬁat hol ogi cal findings of a |ynphocytic T cell infiltrate in
and ar'SURY R RE Rair follicles with increased nunbers of Langer hans cells,
the obser vapjigid butiackdeRegitis is arceaintorhdd-infesipanihflamnidiest disditervaft the

i mmunonodul ating agents, and that there is a statistical I_g Si %ni fi cant
associ siif.oln bentagederalatifaciramundegisalaredctiongi erangiadevelgp gptib thco dady das

di seases (Mtchell, AJ..et al.. J..Am Acad. [ |y 11 763-775, 1984).

| munogersgp s dp dapiistln Suigeny SERRER oL AERE s dp bR and of

HLA- Dﬂhe%cg%gﬁﬁ&f'ok%es%%ﬁt@eh@ by e QUISSIEME hy 8h& QEIbA% Ndafidist cftokihég! es of
active lesiohs of alopecia areata, as well as a T cell infiltration with a

hi gh pprofiferaticrendfredreitpent/dfitketlerand felly in dermatids (earema)d t he hai r

follicles, increased nunbers of Langerhans cell nd. t he expression of
| CAM 1 ( Me98bngemall preporfien 8? the ?.C%ﬁﬁ\}’éét ?S‘%Pﬁ&ﬁ‘c‘ﬂg.‘c gnta CeERYPILS 1 YB 5.

Gupt a, sﬁ%bfﬁc e rele]vanta‘%tigen. 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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Acad. Dermatol. 22:242-250, 1990). 11 WD 99/ 32634 PCT/ Nz98/ 00189 The | arge
variety of therapeutic nodalities in al opecia areata can be di Vi ded into
four categories: (i) non-specific topical irritants; (ii)

nodul at or SWO9H3¥34s systemic corticosteroids and PUA; (i |PF)T/N49WH%
enhancers' such as contact dermatitis inducers, cyclosporin and inosiplex;
and (iv) drugs of unknown action such as m noxi dil (Dawber, R P.R et al.,

Text book of {papéRhL@eo@in bBlia&tiRl! redtdvanhioht Gviludiré GlbigRNSontit dedmatitis.
1982: 2533- 2638). Non-specific top| cal irritants such as dithranol may work

t hr ougthsng/at:twmumrnatmd topieelh eerticeterpisls hase usabwh | doainhibitary affeoh oif n
elicitin h T0 rt| osterod be effective but
orol ong@%@a era‘% 8en Bt vord SR o Sk FERLENSHD lots: eh #pfBies
to be npp&; M?edbpt:eﬁshﬁ'v'fz‘ré’%ldﬁnllk r@ttanE&zO JCIhmieaCl4-Ded3 patiohgs o

| ess active |se se or to naintain regrowth of the eyebrows in alope0|a

t ot al i sThePinhitdwine affedt et apylokmmprm)thed:atlp phbee eff T ecl iavvatipassinky hhy also
changi ng functional . sub | at T |1s. Topi i h b
roans ofech aiEien OMandOngiaht da BB gL AT ergrient TS AATIREDN o on t ho
scal p may r &@w&&ﬁ% LCOLANLN A BRABMNifth ADKRLs fohSauRt hontoE Lt

alopeC|a ar ea ncyprone 1s a potent sensiti ser ree ronlnutagen|c

acti vi t(}bns@ta’iﬂon@ﬂﬁﬂﬁﬁfaﬁﬂmgicdlamt;haentecﬂllhﬁistln\tbe United Stasdsor Thet kalmdrgftias A. K.
et al., J Am Acad. Dermatol. 22:242-250, 1990). Inosiplex, an
i munosdisease inthe formatipe oh “@chwmbgs paunser op} patehies & @en-sraTing alopesia

trial. ical,59% aoxi di | e r t

i nduce %’B‘r‘fg Wi Pe K)crqv\p ﬁa% haﬁ?l entggnthg §d£I grﬂgcd?%gér%g ggvaﬁ%gp]a%ha W sm of
action ige ém;@i@@éual@%h&dm&h@éhrhmc§1h*s¢11sazraﬁeca maj or public health problem
because of their frequency and the disability and disfigurenent that they

cause. Car ci Abpeesatt, it firenagiiossibls tp @ﬁﬂb‘iltpaﬂl oy indesd any iwaserefi Aloppgial asedtn ta hei r

f.Lif d di,vi d
P bunt svipgle e BRoE: A atLiiadt RoDISBRSHr i Hik R 5o AERREEh SeieBlifRor i
exceedspgidRQriod¥ lldSQ%VderU)l gherehrd R@hy fd&t&b&aﬁ%ﬁe@ﬂo@e%\ﬁﬁv&ﬁ Olrh%se iheRigt hr ee

maj or types - basal cancer, squanmous cell cancer, and nel anoma - are
cl ear | ygeretiatfadors oatepmlassg;iutatlen pﬂﬁudleordaasﬁlsup,msw aaﬂounmonfastldpgy dpowinel i al

tunours of the skin a om n on e d areas of the
i o CPQUTTL e, s ye e, Ty e EAB ARl alBBres gl nonas
was 652@896%’%%%{@%%#&3& &l ?1 Qi P01k éthgutlg‘mgl#&tdl se. "PhR eGRIBRAY €S

wth 1 cases O uanous ce carci noma or m |gnant el anonma
(G | s, bdsed oh c@hmsterBﬂnston)loglcal TRAinks of 7 lyriS8BYtic BasHlinfilebte iaand arounds ar e

t he nost common of all cancers. 12 ) i
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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WO 99/ 32634 PCT/ NZ98/ 00189 Lesions are usually surgically excised.
Alternate treatnents include retinoids, 5-fluorouracil, cryot herapy and
radi ot herapy. Al pha or gamma interferon have al so been shown to

ef fecti ve WR9932634 r eat nent of basal cell carcinomas, provi HFﬁﬁzﬁs/Q}’d%abl e
alternative to patients wunsuitable for surgery or seekl ng to avoid
surgical scars (Cornell et al., J. Am Acad. Dermatol. 23:694-700, 1990;

Edwards, L. 18% 1@ke vadety dMth diic RRYERG!in afopedid tr&@DeanliOfVideSanadous cel |

carcinoma (SCC) is the second nost comon cut aneous mal i gnancy, and its
f r equeratggorsest n¢i) easi-spgeifithepiealairgtants; |(nbr mumg mstwirsers ofsueid wa sy stdmand

t ast at dt nb d f
ot ast 4PHEORSB oS P DS (B0 SDERRE SoBmeBaniel Boroyad: e Hoirrey
St at es, %&Bﬁ)&lgy% 1r§>%'1'i3yéx\/%hd &Y &irh %ﬁkﬁ@\?\;ﬂﬂ' ateQ)tf) chhtﬁemlrf&’icﬁfs (986 6er,

occurri years. Mefastasis al nost always occurs at the first
| ynphatR.B.R. (ét ali, Tagtbosk af Demmat3logy ridleckvwall Scretifralbutiicaticnsys't Bd, B802382d

e e Meprmen e i e S oo S B S b e
scarri F&sxﬁ% l?aﬁflersﬂl?!? lo%tllf ﬁﬁ{a on Trb Eﬁmﬁ‘?@’ ?E%%? rﬁf HEY ?@glgﬁ%ﬁﬁﬁgﬁey cids
e e e ol 1

desirab acl al sl ons. Because O Ir antipr erative an

i Mmunompgubaditardve biiesrbnped thefap is bfdrendcessarys In(rhlENsﬁnal heyedahse feesl used
in the treatnent of nelanoma (Kirkwod, J. M et .. Invest. Dernmatol.
95 18050 hs mor.g offpctivraspBiegaise at bmitad i ycaensaribed E%?%}teér‘?f desp pplivg digggsepx her

d
recant 1) B B of BRRERH B3I ARSI MR P B RN Jasiihea o

conbi najel @ffe@fvel Fpbs8ibBNbyDhkngifs efunblicial ysubpbpdhticisi @ASTI keliLat dopical
beneficial effect of I'FNa in an adjuvant sett] &%ﬁ' n patients wth high

ri sk memanmetherdpyspi meanshd indugtien fhd maynterfanceRE pisigictroniel dermatis astthe i ¢
W T PRID QU ul AT e i 20 A BT BRGSHRE APSHIRPEge G R
et al. 01?13 921%:9 b s %of@ﬁ QdnsitRer ﬁ@@ﬁbﬁlsmuta%&%@ ,acmty VOtal &tlodborin éan bavest.

Der mat 9 76, 1990). O all the available therapies for treating
cut ane@fifective Al the eshoneam dﬁlmgta i AKeret @l. ,on/ Awos‘k@ds@srraatebédﬁ@éwnﬂ PY)r al

node of action, by reproducing the bod i mrune, r onse to infecti on
| nt er f dpovPleXedtt %Wﬂnwﬂh’iﬁﬂt’elﬁaéd?e&’ét“ée‘{ Wéth\ﬁpPﬁ@BTse PRSI AR OBER AR may

DL ol 398 ol RALAS SHRELORSS Blonl AROAS (8 Fle 1) AL AR b ALTRN | o
i nj ect ifaksnts Kt eﬂ@}ﬁ’]masdré@ eThanéchanidmheactorl 3 WiBed9/ 32634
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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PCT/ Nz98/ 00189 significant econom c cost (Kraus, S.J. et al., Review of

I nfectious D seases 2(6): S620-S632, 1990; Frazer, |.H, Current Qpinion in
| mmunol ogy 8(4):484-491, 1996). Summary of the Invention Briefly stated,
the presenVO%3e63#i on provi des conpositions present in or oP&Ti/Nv%"a/OP’r%m M
vaccae and nmethods for their use in the prevention, treatnent and diagnosis
of diseases, including nycobacterial infection, immune disorders of the

respi r abaoys &y sbedlly sufglcalli éxcisdil.s all@aiate rddi@entd iedhlidevietinaditlé) lgusonpeilse
adm ni stering a conposition having antigenic and/or adjuvant properties.
Di seasewobferanyeandesgsiiotherapy sylphe mrvianuna falpripront havgtadsp he¢mghawe to be

i nventiye co sitions .include cobacterial..infections . (such as infection
Yt R SR i S A b S e
cancer gnsuaBR! 8! sur@y td?eseslkihf toWiiosd) stmicab &cdrk q@oRelIusH 89 theshnyepyi ve
conpositions include psoriasis, atopic dermatis, allergic contact

der mat Dergqtod 2506+ HW0at Wik Ldveands, Lnet dkihAvardced Dapagt. 22496-THx ¢PHHma,
squanous cel | carciqr‘l?ﬁna and mgé ong, Adjuvants for use. in vaccl.nes or

i mmunot her ap§i@Rous; ¢HfleRargiagea C:(g)a?e © &K nﬁdﬂ%sircgmg}oé‘ ADGOWT BHFEFY I n a
first aﬁcpﬁgtfpeﬁhéﬁ&% s rReinyPefldge aﬂ%a_;r\é@s@n% hbMFORIEARE I Y ALEAR ar e

provi ded conprisihg an I mmunogeni c portion of an antigen, or a variant of
such anasemtdlgtedito a humbgred uhdealyengdbiadione nfgrentlyemanstage SCCrohtribessan oaed no

aci d sequence, sel ected fram.the, grou consi sting of, ) seguences recited
in SEQZE%) seaths) ey, yepn i1 the r}ltegssz,gteazstﬁe Po¥ear FygIval g Is ﬁ@é WitB 50 /1e§,thel7o,

205, o6t erEing 842, 488, SibaHid S iR pi3 ablf GBIl 200

r esi dudfaifapeastday eThe neddefor tregtidah tIHrapy rNQAvarddd cadedSs cledy., AlSdccedsFdl 156,
158, 160, 162, 165, 166, 170, 172, 174, 177, 178, 181, 182, 184, 186, 187,
192, 1owdicpbgherapy7ior pognarp §CC ohthe ks waulyl obviate thy needhfnyeswegienl texoising at

a1 300 s, PO T0% soRtind SR HGP L ArRBTUTRE Ul ARbREH ully SERASANT
178, 18lgirabB20r kB lesk®6, 187, 192, 194, 196, 197, 199, 201, 203, 205 and

207; and (d) sequences having at |east about 95%identical residues to a
sequence r eBetateiof tigECantiprolderating and asmunamodulaing afferts M561ro] Bgrfetes, 162,

14 %0 §8N52bake PeappbAidndte 1ERmetbar metmoms K inIna kRl 2Bl Heliitied
bl one KR g e o s R L R ey AR Sy Aol ™ Oy P QUEF B e
vect or or bonrfoses imgetastatic melanoma were in the range 5-30%. Recently, 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-78S,
1990; Ho, V.C. et al., 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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t hese DNA sequences, and host cells transfornmed or transfected with such
expression vectors are also provided. In another aspect, the present

i nvention provides fusion proteins conprising at |east one pol ypeptide of
the preserWOP¥¥$ i on. Wthin other aspects, the present i395ﬁ9¥gﬂﬁﬁ?ovides
pharmaceutical conpositions that conprise at |east one of the inventive
pol ypepti des, or a DNA nol ecul e encodi ng such a polypeptide, and a

physi olsagiifcint ¥conesdtepl(Rravar$.i.adt al. THReview eNinfdefion) Beleo N 6)eS6208H3NES
conprising at | east one of the above pol ypeptides, or at |east one DNA
sequend®9entuden g H. s GetrepoPyipwptin demunelagy 4ndt4-4Becidopk i mmune response
anplifier. In certain enbodinents, the non-specific imune response
enhancer is selected fromthe group consisting of: delipidated and

degl ycdnphslatethdMhvaseae cells; inactivated Mvaccae cells; delipidated
and deglycolTprdate vaccae cells depleted of mycolic acids;

del i pi dat ed Briedlyostajedscld psbahd ingntion praviskee compbsitichspireseatiinodr deyived fiomaci ds

and ar abi nogal act an;, an vaccae culture filtrate. I,n_.yet anqther aspect,
ot hoddaieigs B MRS oraHHA 1St oM PrPRIGRE: FepE e G0t Brrpscs.
conpr i %asdigg %ﬂ%o%ta@téﬁagilnbf&ﬁan,pﬁﬁmﬁﬁe dRorREd SEtthy S PIARMORY s9§teﬂ9%nnggs§|§mr e of

t he above armaceut 1 cal conpositions and/or vaccines. Tn”one e ment ,
t he i nmiisvederes (Ihesiavergiva mdthbdds empisseadnhinisfening hee corapqttdrs hawfing ahgenic
invention, nmethods are provided for the treatnent of a disorder in a

pat i entand(op Ayt REOREERSH LTSS A e eIQTR Y ERM VhiphBaHRE digaicd aping the
COMPOSiih| BRO" confARFIIE Foiddd® pRicBERRal MHARKBAN- (shdh GET btk icETRAR TNt S,
the disordeéer 1S selected fromthe group consisting of inmune disorders,

i nf ect ipbgcalbsiean@sr M kiviung)i saehaessaadvidddissarisiagg @indefe Disosderd af eysksy St em
Exanpl es of such di seases include nycobacterial infections, asthma and

psor i as¥hich mpyobh deatgd peimesthe dpenfing sampenitipnsovicide nyetiasid ftdre detmeatis,
treatment of | n di.sorders,. infectio di seases, skin,di seases or

o seaseberge RBIFEITPURS §bce oMrtionpy Nuf b5 St Sod (S BR800 s 1 1 on
conpri shgmbiaetl daliRinMndansiasorie! Aguvaeb fatWatietacids of fahissthémp¢iar ed M
vaccae cells or Mvaccae culture filtrate. 15 WO 99/ 32634 PCT/ NZ98/00189

Met hodsnfectiowsrtheasdisagd amcersmunaso pepyolede to an antigen are al so provided.
1,0 SroS TL, SUeh A0S CoOmEL g, QO Siering a polupeptyge
s oo R SRR, Dimf i Rlipetr e Wikarts ogastlo iy & ider
conpondntsp&sfieembolifnents) thh entigenipcledes snstiingaad seqiehdepretbated dromm 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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degl ycol i pi dated Mraccae cells depleted of nycolic acids, and deli pi dated
and degl ycolipidated M/accae cells depleted of nycolic acids and

ar abi nogal actan. I n further aspects of this invention, net eﬁlﬁl §eb1so

di agnost i SYRPY63t e provided for detecting nycobacterial infection in a
patient. In a first enbodi nent, the nethod conprises contacting dermnal
cells of a patient with one or nore of the above pol ypepti des and detecting
an i nmu9ee, 16 p20is03n 20Hhenp d107e measurs iusing| aliganeetsoprdderrdobly risntomplier

met hod conpri ses ontacti bi ol ogi cal sanple with at | east one of the
above ﬁ@%?ﬁ@ﬁ#ﬂd%%ﬂzéﬁgeﬂ%ggégﬂﬂﬂ'in the sanple the presence of antibodies
that bind t e ' | ' : : ' o

tuber oul osi £ RreBRrE R ol e B AR EEpb e AP SHERh Slndiine
sanpl eshese MNAdeqwdnotse atd bod celbpuinsformed pumangtashwithsath eepresanelecaspi nal
fluid and urine. D agnostic_kits conprising one or nore of {he above

pol ypepts ddso iprovadathi ndt pethel aspechnthgpprgsedt avention; proyides ¢ BISBnpEeing he
pol ypeptide with, the ral..cel pent are provided. The present
inventf@ﬂ“ﬁ?gg2%#%9“ﬁ%§05&38%%§fﬁggéfggpgﬁﬁgﬁﬁging one or nore of the
inventive polaRithélespdots, Gfresat inventivn prodiddepletinacsuticslagapositibns yat

anot her aspect, the present invention provides antibodies, both polyclonal
and noooprisaal leashare bf the inyertive paypIplides, da BARE mieqplapespdingasuofie? | as
met hods_for their use in, the detection of cterial infection.. These
and ot ot BeElifc ebd g Py iod B ELRRAS Prdler (i f TREREH Asg ol i

ref er eng&prRinkhg 18434 bAMoR thedodt Ip@isypégm,l Ot atOBaR e DN ACREGERE AnEATSg Al |
ref erences disclosed herein are hereby incorporated by reference in their
ent i r etsyclapolybeptalel, amisa nomspacifor mrednd redpansel aaiplifier. 1B vgbtad £@b6dEments,

PCT/ NZ98/ 00189 Br.ief Description of the.Drawings. Figs. 1 A and 1B _

11 ust riaE dronrPepificy WY TEPPRE SUBRCE RSBy TR e FRURLTEITIE L M
vaccae Qf: r [ . - : i or
R e G e A o

per centdgBcofipidasd Adphicus cells dépteted nfnmycalédadidd; rdelipislatet yand wieglyceligiited 10 or
1000 g of heat-killed M vaccae or 200-100 gl of DD-M vaccae

r espectMareac callydenteed of mycalis ackisiand Apbingesiactan; And dii wgccagcultyiedilirals- ¢ o

control mce. Fiqgs. d t e [ | LN 1 ce
i muni zed i NP4 ﬁ%?’?%*%&gah n@f@?@?fa@‘évﬂéa gﬁnﬁg’gj?“ﬁ% ef 2%&’1@;{?593%4 Dosdin™ 500 9
of DD Mati¢a 6@fpridifs R@finistéing to adatiedtanasfeative angeiat of one or more of the above

pharmaceutical compositions 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, comprising 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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prior to challenge with oval bum n. Fig. 2E shows the percentage of
eosi nophils in mce imunized either intranasally (i.n.) or subcutaneously

(s.c.) with either BCG of the Pasteur strain (BCGP), B nnought
strain (BM@¥P263¢ ng of heat-killed M vaccae, or 200 gc(%%%fo\(}g@cae

prior to challenge with ovalbumn. Fig. 3Aillustrates the effect of

i muni zing mce with heat-killed M vaccae or delipidated and

degl ycol i pi Netteds ¥Yor axiaacing BR-iMmuneaeg@nhstd ar ahtipenndre atsbo@rovidléd) In one
tuberculosis. Fig. 3B illustrates the effect of imunjzing mce with

heat - kfmnpediment, vaich amethods comprisigt adminisieringe appolypemisle that copprisenani on of

heat-kjlled M. . egelcol ' i ionf.ect i
weh o et RHERF N MtE iRfen HATALARN o RESEE UL B NI L o
M vacg@e,orldyeshint tteeshfMn a Viateaembdeindat, daikck thahstisdogiprize ladpidatets W

vaccae and M vaccae glycolipids. Fig. 5 conpares the in vitro stinulation
of i nt eempesiipngeammRiisyicod aempeient felegieloam he|greurt ¢apsisties) ef: clelipidpied eand

I mmunoDefi cien S m ce Lf.ferent. cancentrations ,of, ..heat-kill.ed
(it o oFER PRisc e ool o PR Ve GO SE | By el dsLB R " g
vaccaeq&y&ipidatcdsys vik @ ce®fdepRt@nel hyddlic 4sids ah@atabogdlhdtti at i on of

i nterferon-ganma production by different concentrations of M vaccae

r econmbi nant Ipfotler rspeche af i [iheativg, nathode and elidgriosiat &ids asgrovided for

degl ycql i pidated M vaccae.(referred to in.the figure as "del |pi dated M
acmeagtcBine myshbEsteta: JGTObiTHE PAI BgERySudarrte bl et

macr op BT ) i BALR/ ] J H HelJ
m ce (E‘?‘Siﬁ‘é‘ )&@%\%&8@7 5%%2“@%%2’8@06%189 I?lga% %{é @ti-ges( ?@dcﬁfﬁuﬁgt rate

t he nomn $meuné respbnsewsietha matiertis skin.eld e steondfeniibdineritDthegnethod cbinptises
autocl aved M vaccae and 75 g unfractionated culture filtrates of M.
vaccaecontagingacbiolagial sampje Wit at)leagh @ne jof the ghays mokipertides: ayhddprtisgrine

i mrune ifVi t.gl Ll.Pk nd
degl y oSt Brinky BRHEGEE bE aftivodf B BHFRo W NAGGRM. SRR RIS Tl

non- spasidtiny MM cAPRk iihféing Bf fRCbidlogicalighpleausgiedbdy Bibiddical aepies Fi 0.
7C(ii) illustrates the non-specific inmmune anplifying effects of soluble M
vaccaeincpidstvdiolgblerd.rsautuad sefmh PBpBassebvg. ¢elchisispiaalkiduid gad vdeg-ycol i pi dat ed

M . Eig. 7CGi.ii) ill h - i f.i Li.fyir
o oot s of Dlingfiskissbmiste ek 3t e e hPERRaRPETts b by PRalion el wi ¢
the pr %%qu@ KSMFAER O Ve -theEipglyFZ;Qidel {vith t that REmAINEIROGE a SRGEh hie

i mmune anplifying effects of heat-kilTled M vaccae (Fig. 7D(i)), whereas a

non- spewidddc Therresentimpéntiop algp prbvides diagsostiotkits semprising oheat niore Pethe
prepar ?r}\jegt?\?e Sglypl\élptides in 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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tuberculosis (Fig. 7ii)), M bovis BCG (Fig. 7D(iii)), M phlei (Fig.
7Xiv)) and M snegmatis (Fig. 7D(v)). Figs. 8A and Billustrate the
stinmulation of CD69 expression on a(3T cells, y8T cells a ,
respecti ve¥9 33t he M vaccae protein Gv23, the Thl-i nduc?ggj‘Naéaiﬁﬁdvlggrglts
MPL/ TDM CWS and CpG ODN, and the Th2-induci ng adjuvants al um ni um hydr oxi de
and cholera toxin. Figs. 9A-Dillustrate the effect of heat-killed M
vaccae BrisbDibaratioaef dredddvinggccae reconbi nant proteins on the production

of IL-1p, TNF-a, IL-12 and IFN-y, respectivel human PBMC. Figs. 10A-C
illustrate tpgs. éﬁff’é’@t]ng g

justrate fhe, grogeshive AHEES Pg Hﬁ%ﬁizt%emi‘?édﬁlﬁlbﬁﬁaﬁm%d
i A i . | L= . =
VB 55° MLRLELDS: rdetoRIe B L EC i SRARCHARA0 badedd iRl o

of | L- 18 M FNeréulosib HB2RaNd | FN-y production, respectively, in human PBMC

by the M vaccae protein GV23, the Thl-inducing adjuvants MPL/ TDM CA\6 and
CpG ODN, andrigsh@ATam Brihawi thy psEfenipan 08 casinenhals immrigel imsivaized iatranapdlyer a

o IO bl i Y S

varyin at’l ons Olflg e reco ccae pr

GV- 45 %kp&é’t?ve?ﬁ Ar®&skis Qoo CHMBagcGRBIR oMIBukIB s coBpReEtd Valool miby dgrdritic
cells. Fig. 13 illustrates the enhancenent of dendritic cell m xed
| euk oc RCeanddd shéw theogerednénge rof cosiionialatin Misciownenipedomamasaly 2@h ebbeml 00ed

Description of | nventi on not ove, the present invention i
gener alEySlohREEE] Vor s 8t 20T R IR M nidchetd B TR A R 5, O Wi ng
and di B9 Rl s%it}pe§a19mﬁﬁaSF§gh@@dsuomum@ k&:ﬁfagg.ro?: eosﬂoﬁﬁ)ﬂﬁdﬁ{ fhidhi ch
may be effectively treated using the inventive conpositions tnclude

di seas@&amunizet] itheremphnahidy Vi.s)y et arbcutanadushs(smy)cwitaeitkeri BCGi off the Paslsr,
ast hma, sarcoi dosis and | un cancers, and disorders of the skin, such as

psori asfrain GCSpife Betneftths ,CgoélPP%iSEalé‘cﬁ%'p% b&rat heatillesd Mpaesegearieat a,

o IRCA SRl R EALCL AP gRyaTeYS ool car nom e

m croor gani i@ SANliAkteatéd the effect of immunizing mice with heat-killed M. vaccae or
delipidated and deglycolipidated M. vaccae (DD-M. vaccae) prior to infection with
tuberculosis. Fig. 3B illustrates the effect of immunizing mice with heat-killed M. vaccae,
recombinant M. vaccae proteins, or a combination of heat-killed M. vaccae and M. vaccae
recombinant proteins prior to infection with tuberculosis.

Fig. 4 illustrates 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 CS57BL/6 mice

(Fig. 6A), BALB/C mice (Fig. 6B) or C3H/HeJ mice (Fig. 6C).
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| east two functionally different conponents. The first is an antigen, which
may be pol ypeptide or carbohydrate in nature, and which is processed by

macr ophag her antigen-presenting cells and displa & T
cells or f QQ%QJT cells. This antigen forns the "speci f%gﬁln\{zg&%et of an

i mmune response. The second conponent of a vaccine is a non-specific

i mrune response anplifier, ternmed an adjuvant, wth which the antigen is

m xed or iEigi h80) pOveilestirateithe nopsspegifici vamtnearppliflyingsefiectshd 1 Ogel 100pgdi at ed
or antibo i mune responses t structurally uprel ated co und or

pol ypedtdi g%g %E@‘g?%ﬂd Eﬁdﬁﬁﬁ“ﬁd?‘ﬂfﬁgsﬁg ur aC%BP@E)%I"BEurFr #iscPlobbs'%th as
Bor det gl 2ipQy! us; ' 9By gqyﬁs@@ét}ﬁn&od&/&ﬂaemcﬁnﬁ%e 1@@%&&%@' S0
cont ai n ‘conpohent esigned to protect polypeptide antigen om .
degr adaittddavedSMC raasieabnihilelipiddigd pok iddgyoolipidater 3 vordae, Wipkaivehye &ig.i geni ¢
conponent. of a vaccine caqntains pol y?%Pti d&s thgt df rect the immune attack
agai ns{C@ dlysates thenonrpgatc wpwpe agplifyipg et phwhele quipelaygd ddarccqs of t en
capabl g _of, by [ Vel % i | @t i known
oot oi Hg TSHlp Muiaks B HRRpREL Shiine BRGhATE LK ot i JTorb P 0

99/ 32634tRsTédABRM OOHI8 S DaNfrog altlibidlateldi idt deglyepigidhted M. nmebge. r BRPIasEi)and as
an adj uvant to enhance i mune responses to unrelated proteins. Certain
pat hogidlustratey ghtet abe Moncpeeitio| asplyingseifgaty ofdhe arengrationanl &ig, 7G(ie are

ffectivel t aj b i . attack irected b d,CDs+ T
cel 1 5. o¢False B MBS o R A TG AR b B R CRoTUA R g on
pol i ovigelific @lriehd RAPIifyn2BfiddaPdl asat-KINQUNL adcke @igelbhE)), whefea$ anigi-nment .

These different classes of inmmune attack (T cell or B cell) are controlled
by di $peeifienimswbp opuplifyingnsifedt @me-mor seeh| with cheatrliilled preberaties tof &6 Thli

and Th2 cells, . desi.rab ropert f adj uvant .i.s _t he ility

sel ect5”(7%’["9}05%{%@3/9&98%Mcl{)olvﬁnﬁ&d é]gltghgﬁb(md&l oﬂ’T"ﬁ%z(Ftﬁ)pZﬁQ‘(hB&%@ é‘? CD4+
T cell i hsorders, including psoriasis, atopic dermatitis,

al opec?’ée,g,@r%@% ZD@%CHS appear to be influenced by differences in the

activity ofFigsh&#sendB itiektrats theseinsulatidreoff @D69 yp@sssidn din aB@l delis,uldTededlshave
been wel ] characterized in a rmurine nodel and_ _ are_ defined hy the cytokines

they r@&dede cellb Fesneeively i h thetie vereaespipkdr @¥eh dhesthipinducingrdipvagty g
¢ . . . h . i Tt
nyper sty PRYPEIRS b CpRBDIE b THAGCAPHEAGAEI YRRy FREadRYSE. YPe
| L- 10, chwddreoxigst i mul ate B cell activation. The Thl and Th2 subsets are

mutual Iy inhibiting, so that |[L-4 inhjbits Thi -t]\g e responses, and | FNy
i nhi bi ts ThBigsyde-[t Bl the. effschef heat-ikled 44 yaqgep, s wacsap aybMbEeerat ound

in hurrraerécs)mbilrvlia}lthprro?elir?sagneth%fprg uectiiol(ii ? tIL-Cl%l, Tﬁ’f:t—&karl?f arcl)c? ﬁ-\é/?gesi)gctfvgﬁg 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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murine nodel. In particular, the majority of T-cell clones from atopic
human | ynphocytes resenble the nmurine Th2 cell that produces |IL-4, whereas
very few oduce IFN-y. Therefore, the selective e i f the
Th2 subse:\‘k’&/igg/?‘lng{msequent production of IL-4 and decr eas)ggrrﬁ?\%g ssgf

| FN-y-producing cells could | ead to preferential enhancenment of |gE
production. Anplification of Thl-type i mune responses is central to a
reversal of Figssd2deC iHusitate ihe effevys df yarydwr soncenfcdtions g tHe sevoddrisand Mt he

respiratory syste h erculosis,. s Ldaosts, . allergic

b R ¢ patigk g Coane arLOVLARER fitavaisSiien BECDA0 Db ang CLBR Do HE £ ved
from My, vap&ag haiye both antigen and adjuvant properties which function to
enhance” Thl -type 1 mmune responses. The nethods of the present invention
enpl oy one dlig.nidr dlustfat¢shihs enbaicegent @ndbnddjicieelhmixablepbonytks rdaction by theaccae
and/or its cultg%e fi Itrat,es‘%g redirect imune activities of T cells 20 WD
99/ 3263%F0ptmaty I8 P aer P 9T SR 128nt s. M xtures of such conpounds are
particularly effective in the nmethods disclosed herein. Wile it is well
known that all mycobacteria contain many cross-reacting antigens, it is
not Kknawailsd idsediptidhef teoinveaittonadj uvant conpounds in comon. As shown

bel ow, 1 nactivated M vaccae and a nodified (delipidated and

degl ycol i pi det Betpd fabpks.othej pragent vaxeation Np geae@le deegtedpioe pompesiiipnsoarttay e

adj uvant _properties of the.Thl - whi ch are not shared . by a nunher of
othor - MHBaRE priRnBie B nid HRERIOHE mernd BssdRl T iR S o
pr oduc g5is§:Q8M WHIEIS mif bt fe@iVRIyCidatdd @ird the iide@tiWhEGBpRIdsfiXclbdedikengene
response to M vaccae antigens also found in culture filtrate, as well as

t o ant iofjehe résponatont lspstersosuabess. mypolngteriak pdettions hastipnessmeoidosice atd dumg
provi des net hods ,for, the.i ot herapy of .respirataory and/or | un

G sor dGREery. o dIsAEietu BB ARG 18 SUo o BragigSiha Hogts ARENatty AR CORPH ¢ s
and | ungrGanGerafopebfd SreR@! 1AL tht OsiGRNANESs Thhshi ‘cEl}’p&rdiHES'ﬂﬂiE',eséélﬁﬁR)%S@e?l- In
one enbodi nent, “the conpositions are delivered directly to e nucosal

sur f acesrcofona andaysadoeadi ng to and/or w thin the |lungs. However, the
conposi tions ma%/ al so, be _adm nj stered, via intradermal or subcutaneous
1y

routes. ConmpfgErHYQYASCIRRT that PreYIds @rqtection aggingipiesans misraosaaniss ¢rpian at

conpri e . of; f | o opgnt:s: . nact i v ae
cells; qﬁS@é‘gécg%tcu%ﬂty u?lge I ttér?)lgltl@\;f)k@gl i %aﬁ%ﬁ 1anagf ggﬁqéé%?f@g? g%%{gg&M
vaccae poBipeptideDbr barbolgyeiiaty ;in aatire, codpatict Sis preseesed by nacrophagesethdfl 6then M
vaccae and/or its culture filtrate. As jllustrated below, adm nistration

of suclhnigampresantipgselly ard,fisplayed &5delPti & crlls or o GRS e@lspohya entigen

enhancegl pr ot eet) a0 - JARLS arMhiHRR YRS STAOLRER EBnpil bF a ShedalsfCt 1 ve

non-specific immune response 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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asthma. Wiile the precise node of action of these conpositions in the
treatnent of diseases such as asthma is unknown, they are believed to
suppress an ast hnma-induci ng Th2 i mmune response. As used herein the term
"respirat 3¥Q9%26¥ent refers to the |ungs, nasal passagemeygcnwgg ﬁ%ﬁ and
br onchi al passageways. As used herein the term"airways |eading to or

| ocated in the lung" includes the nasal passageways, nouth, tonsil tissue,
t r achegt;g&f oI R ARG NpRLifiP AHHRAE WY EnscARd WS 86l alliav&it Mo eithanb@ih@ihe rdspéiies 10

any war n¥ bl ooded ani mal, preferably a human. Such a patient may be

af f | i gb edrelit¢dhprdiesmsase or nay be free of detectable dlsease In other 21 WO

99/ 32634 P /NZQS/ 0189 t th
i nduce prot Ry BAPRERF 7 figh fi?)th %mg@g@hﬁ% ‘f‘e%f”rne ﬁ’tar8fe flﬁfti‘é@g)é

anot hey, nBRRA%y o f&%nwieea?dak difaUea by @szfé?M' @98" TREMQAS06ATasldiB-mediated
|nnunot erapy ‘o skin disorders, including psoriasis, atopic dermatitis,
al opedimmunityd Gtkempatlzopees, suc}naqthoen‘us alsorrequite mmbpdnwrmomébmﬂ cdlsagent s

21 ter Thyeanvinmamie e Siert eleres of Ty atatf X g or Beshoereaspented by Y Y
Co ”po.sdlffér% e fubgg#n?lgn&ﬁy 113?1855 ?f &1'11% yccﬁﬂﬂﬂb engén%dttg eas! THMEMd 2 g%{v%] 22 cae

conpri se a one oW ng rrponent S: Inactivate

cel | s;deMrye paspery| dftineadjintant &t e abiiily ftd) eéelediivelyvanph® thelflisctioanst either
constituents and conpounds present in or derjved from M vaccae and/or its
cul t urBhlf o1 ThapepuladonseelaiPdd Towatlow Mam sliip|désosdrss. nnelviilagunﬁﬁ@a%% AQRiR
conposj tions refer by intra be 0 be
hi ghl yeEPEELs ia BTy af“ﬁes)é{nr eaé AP %f{ pS olrnl!ﬂglué:ll?(%El b&srh il %gc Rer gl}enac 1Vltyt }er m
"1 nactihvatgf.Msuyagsae” refers to M vaccae t hat have either been killed
by neans of heat, as detailed belowin Exa le 7, or subjected to

radi ati on, Ehectwo @ges' goblakell a:bsets hovebasn vee hﬁe@éﬁr%@ in agnwrgednedal end, t he
term' | udes del. | dat.ed gcae ce

degl ycBF SR ek B S e A A GRS D2 o
del i pi gat Qmepd gﬁ&éls\/%uop' datie dnddieM m¥GEHIRE - aaftheueﬁeaﬁa ahugpecp{ypED M

vaccae an its chem cal conposition are described below in e 7. As
det ai | leghelehgiiwitst heSpbmeentTdnesThh\sabmhomhaiehal -4.eHpy allL¢f aumdLg]lQ(cwhllcbl d
constituents from M vaccae_re gﬁ h? renoval %I qg ecul ar &% onent s
that stimuiptgif cell ﬁ?‘éYaF‘@PonThja 4 EEPSSH 4R Tl patnhibiing sothgh Led) | s,
t her eb: I f| of 4 u Ki ne
that - RS G RO Feobob PG ?ﬁee?@“?f’%ﬁ*e tefp bl bl B, M“ﬁ

pr esendubkdty @avd BEenPfoand dlei‘aumaﬁ)d, atitdrobeaky pe e destidahaytokines observed in the
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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conprise at | east one inmunogenic portion of a M vaccae antigen, or a
variant thereof, or at |east one adjuvant porition of an M vaccae
protein. In specific enbodi nents, such polypeptides conprise an

i Mmunogeny@ p@kéuon of an antigen, or a variant thereof, VREINZI§/00189e
antigen includes a sequence selected fromthe 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, ,100-10 9, 110 . . 3 , 141,
143, 1lspatieats: “f?‘%“eigg 5“%’5‘6”‘“%@‘15 %éja“i%’@lﬁ%%“{%‘s thfzfaéh"‘i%‘im . 178,
181, 18&einlOhild &Gs v@eﬂﬁ«no%&hat@ﬂmy@&hcteﬁ@ 3ont2ﬁ5n&[}dcr3§k7rea@cﬁlgVé@tlg&ds3 2634
PCT/ NZ98/ 00189 As used herein, the term "pol ypeptide" enconpasses am no

aci d chanets knbwanyheltiemgthby coitairl a@lﬂlﬁgltf@ﬂmpquéﬁfgtlm Cﬁﬁ’é@@i s (Sho‘én belOW

bonds. Moot dumeunes Rt TR ahP ey forBr et ' ¢ e,
above ‘M‘R}'a%%@%a@% GPR%h to RIVe! 4d! vﬁnfé;gro%aﬁeé HTHB A% Ry e RAIchI 26 notOshafedy

cont ai n t ona sequences. i onal sequences nmay be derived from
t he naby \senuivhbey af oder ngiebbayeariab Bpm Barthetnsore| ib §aubgenaiound thah M egquereces

E?Zs(eﬁiéiqd%?%ﬂ@q?%%&w% im0y e s o eeaio e b Botart o 1
i II HTLﬁ%e cge émt Sgﬁoq dﬁﬁﬂﬂ%ﬁltﬁ% ﬁg r}%t\ﬁe(ﬂ to ERaNth Ortes.

as use erern, refers to the abi Ity to elicit an inmune

response in a omAhdpRE thé l]éﬁd@elﬁ81nae1’[tu)mi&]5r,ovmll65 intethodsi foir abé dmimumathetapy o
particular, imunogenic antigens are capable of stimlating cell
prolif e¢satra®rly anderelung disordesy inslusting tubgieulgsis; sareqidesin asthmsy ggigicirbigitis

bIO|OgIC | es conpr.is lLesked, up of
T cel |nd fyee B, i Bt PR POREE SR PR da b BB AL
from a@hé\/&orﬁp{%ﬁ{cﬁﬂ'a% HiiveFBaULctl 6l khe Muedsal $urResdIsRaitaydledifg ROGRIIHC
antigen generally results in the generation of imune nenopry such that

upon r evitsupdisutuags.o Hoveverthd g@nposatitpné rih%ﬁh alegl bgrrdmipisieradapip dntradespangie

occurs. Innuno eni ¢ po ons. of t ens d ri be er.e
pr egar SHOGRReP ﬁ‘%‘f@? oé(;‘%qsﬁ \Ptpcli F e%sﬁﬁﬁ%u I%%l p%%’ teh® :asél cﬂﬁr}éestggds
sunmar i gﬁlgn's atpl%'zf%;c’onglﬁ?quo%\lmé BEHPSHeBBY  inadfiaRd- M R8s cElL IS, vak883, Pp.

243- 247 techni ques 1 nclude screening polypeptide portions of the
nat i ve cahtdegfitirans; ¢elipidzited fand degiyenlpidated Jdr operaei edls (- Mepawéht and ve

roliferation and t oki ne .productjon assa descr bed_her ei
gnpl oyéﬂmpﬁu’@‘iﬁe@éseng &% 8B ﬁgné’%ﬂpw Sgef é‘¥1§/&f AR the Qﬁfaé%t %g‘ﬂx?‘éa%%d
porti on,.f Wtadmmﬁlgtl?%np) &Hﬂ l?er n (?sgﬁ&ﬁt Fe¥lts ﬁissgﬁé’@ic wga?frﬁhﬁﬁe ARpI¥BY AR

response (é interfer y production or
interl %Khﬁbeé%rdié&ﬁ‘m(a’ghmﬁt)Mt hdbrcubsi Gifsttiot, aad isyalsi effdctive inotht lrbtnganef at ed

by the full-Iength
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
response. A
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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antigen. In other words, an inmmunogenic portion of an antigen nmay generate
at | east about 20% preferably about 65% and nost preferably about 100%
of the proliferation induced by the full-length antigen in the nodel
proliferatwonyamsay described herein. An inmunogeni c port iPER/NZQYO0UHBE 0, or
alternatively, stinulate the production of at |east about 20% preferably
23 WD 99/ 32634 PCT/ Nz98/ 00189 about 65% and nost preferabl y about 100% of
the interf i.nt.er i.n= i y th apLi gen
nthe WS TR InRGHCindRs EY Her ol Y dancB Sl o GG BB

f ound |15}e{>4m1\6a@@@@atﬁgh{§f@§eagé vaccae culture filtrates which
non-specifically stinulates i mune responses. Adjuvants enhance the imune

response to Imamethegaspest,ahe prpser 1amtlph@rwléfe§e@§th©ds fasrtbe ymmanethetapn.of | n

th t f Th

pd B i o S SR N T M

pr oduct évﬁf&,n(? ﬁbﬁkia%&ﬁ’cib ageRfs %%ﬁbl@?ed 1 alPdePJ)ﬂ%i@&Jt an SREPAE SaVTRhitinBg One
nore cells selected fromthe group of T cells, NK cells, B cells and

rracr ophagieity byhedteeing tiee fupttion aff € cddy tove Thi typa dfeainming resmbingé. dlmhsositions
Adj uvants, may or rra%g}nr;’ot stinulate cell %eolif ration,

adj uvan‘f"gl"hn‘@%d’@ eBRgyes it &he, Haishil E‘et}@gﬁpﬁomﬁﬁ aéﬁgaé'gﬂl&’@%g&c%gci t ed
0 2FQ fHolihe EtnpdibAss: 18 LiiviE3 100y feBde oM ShiblocROh MR B0 IniShfida By B

used hereérn, a single or e-stran pol ymer
deoxyr [ buwué:bam mdiacdmsnﬂueﬂn@amtbmpdlmds besas imotdériveld freheis MDNAcardnd/or its
correspondi n?h RNA nol ecul es, incl udi ng HhRNA and. nRNA nol ecul es, both
I

sense asituanilitraiends dsierethbelow. myliny ’@F?érﬁH%nsc‘[ﬁ\?RCh §RmBeAIdonSNRrefsiably
nb
ot e R P D,

DNA nol ecul eAkRiséd B@B@rtas armofigactivated 8/ MeRaes’ .refdrs BRMAvARLE eht &a@@éﬁl@&ponds
to an HnRNA and DNA nol ecul e fromwhich the i ntrons have been excised. A

pol ynucbeotkited bmarmfshegt, apfletailedbbelpwdn dxampleot, oarsybjp@ﬁd itcz)radmi@newh

cor r 6spEhaLAEBaT iR et T g TRaRIC: ne dBrY AP brs fems O Mot heee
t her ef orgnidae hyﬁkﬁaaté& W%Ebeomrs bl By MibidafedNHE vhidcas WBIN snd M‘G\;a@&fép&‘}lst i ons

and nethods of this invention al so enconpass variants of the above
pol ypepthatieavedren pothydelipideted auddeglymlipglattd{PeMhyadchie). t erm "vari ant" covers

oS ke S S SR B S 2
shout SSGIETS! oo awepiotony o nmﬁg*éﬁ‘éa?@te%’?ﬁ“éeﬂ%% SR AN, |,
det er m p&gtibyéenal ﬂr@ﬁlMgvddﬁee tasolts agtienemsviloofhaokoutpacatpordatsethat stinmgatehe
nunber ?rfterferon—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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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 WO 99/ 32634 PCT/ NZ98/ 00189 Pol ynucl eoti de or pol ypeptide
sequences wayykmsal i gned, and percentage of identical nucPEDNZEHYIBH a
specified region may be determ ned agai nst anot her pol ynucl eoti de, using
conputer algorithns that are publicly available. Two exenplary al gorithns

computer b Lhat are cly ava | g
are the® BLASHPGNTeERBE AL L BHSL TR he P S B d By g
sequenRRRiNEulbRngkaToREd (US| Bgtidens), BHABTPtheadrgiao iaclimesiBathareNmkBEASTN and

BLASTP software are avail able on the NCBI anonynous FTP server
(ft p: tovaddnt paptidenbandgovhusideelypaptide coBRESNE 28] i@grunogesc BPROMNiAngfi t hm

versign 2.0.4 [Feb-24-1998]... s to f aul r er escrihed in the
docunﬁ’r‘?t é‘t’(?vgna’%fﬁ?ns dret rCPB‘Jﬁ%teﬁrﬁ\}/{ne]ty hoﬁ E@e 3&’6@"}%?%%‘?}1@ p;%s (%)nr’ e?rer%}agd C?Igf%nuse in
the dgdfhigANALLRA] VIV hdtiifiGnal GEIcicdOnayl Be HBGVAA RSAthe NBNGNM. GRccabhe use
of the BLAST famly of algorithms, including BLASTN and BLASTP, is

descr hftegtnatr nMOHie letarelogptse apd sudgRlsequences may (but need not) be immunogenic. As

htt p: //ww; nebi . nl. m ni.h. gov/ BLAST/ newbl.ast . ht mi. d,i.n t ublication of
AL t ScAETEY QYT REPLOTSlhe Prepes 7y e B e siokeye e Mo spaed® o new
gener ag; r j APRASEsyRBRIIE Br RLOGbRABt medidC! €i ¢ Aci ds Res.

25: 338%1?‘%§8§?3t§ﬁ25?g%§ﬁ§% al goryi%t hr%1 f:ASTA 'S ar\rllgi | abl e on the Internet at
the ftp sitBnhtipodehict’ pasvised)heicrn, ecfarsno e aslity/to eleit sh anmufe Gesponseahrauar y

1996, set to the default para terls deﬁcr&bed .in the docunentation and
di st r PHIRNEFUGH ah 2 thyEagy ‘@fo‘l’“iatkﬁg%%glcé EH S MEPRIPE Ak, JRMUROZHC AtEERHPISat i on

of var] S i to & pr.e A\ j . : . STA
al gor F%P%%{ei g E%M;(%%I%gcc? lli ﬁow&tﬁE’e%?égfgﬁklgn?]ﬁﬂﬁ?%mﬁgrlrg%&e&fflr%%eg ool s
for BipbRUGed sSaglierempAsial ek 9r 'mdre eells Mitdted Aomdthe Seoup bISA ceBf: RK44- 2448

(1988) and WR. Pearson, " Ra[ﬁi d and Sensitive Sequence Conparison with
FASTPceltte Breeds and nagstonbagesi whessAhergelisgre denavasirag apidotypercriosistigimgigi ng

i ng,. f . i j al ] .
i mi 1 R PR ERRG B oM R sk R PO, Y LIRS TR, age
| dent iihunbphetn rg%@h Bt GPFHBBRxpéeuds tattat aftiddnaah enhshcedndbmore i G 1 - E

1 -r 2-v 50 -b50-i queryseq - o results; and paraneter default val ues:
-p ProgpeameNgows] String] -d Database [String] -e Expectation value (E)

[Real] -G ?r%?r}un%(g)en?g Sgrtignsggfothé ezlr(latgg%niq Hé/s(glklggd lge%gi%lflllgy bbeepr}eaﬁ/e{rgc[ ()mci ilcigrgtletge%r ]
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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25 WO 99/ 32634 PCT/ NZ98/ 00189 -E Cost to extend a gap (zero invokes default
behavior) [Integer] -r Reward for a nucleotide match (bl astn only)
[Integer] -v Nunber of one-line descriptions (V) [Integer] -b Nunmber of

al i gnnment avoey/stemw (B) [Integer] -i Query File [File I'n] PETRZA013%Lpor ¢
Qutput File [File Qut] Optional For BLASTP the foll ow ng running paraneters
are preferred: blastall -p blastp -d sw ssprotdb -e 10 -G1 -E 1 -v 50 -b
50 -i - = : ' : S8 kgl -e
I e o e R S e e e e
behavi ofy th fell Bgth]antigén WHathe nodeleassaynitsaritgdheferrer o i nvokes def aul t

behavior) [Integer] -v Number of one:-line descri ptioegs (V]%l [Inte er'lr -b
Number of al AgHnedscde aguEHEW ewpmpomde&émﬁ in M. vg5eqq,oqhs| & rpqegaq pyltirg
BLAST rgport t.put Fi ' . ' A fi b S E

dat abasﬁl%éée mﬁ%}glgonﬁ{})egﬁﬁ%@ %te %ﬁh‘gﬁ@é&&?‘é" Egsgofé‘ @I;L}%ﬁ_;&é\ &e%gggggﬁg
FASTA, REpchsé tdTih@tinéde@RRr dntigons &ldi e peadss efemeinbyy Rirmitiad. Rothel cass odL.
sequences. The hits are arranged in order of the degree of simlarity and
t he | engtchaoproteipgutbpssememery Egsponges davosr o hd A ap ABBUBE U eNSBVYEh 8FapIS)

t lap. | f i | . th
oo ectibafinefh Sim SRS HhedRinn g2 sheB TR o InthGon f BBAGGichC RO bl Glicd
val ues §a§ﬁ{epl@§ doaBiRIHeSone of ROrEXARGklevRl fon( ) phdig sTat @sis|NE RUgIEEelRfandi t S

one can "expect™ to see over a certain nunmber of contiguous sequences by
chance mheopsaas,clherg tiee dilsabaderivid fror denlthninglividualsthadjuwrpieanay et weyi s
used as a significance_.threshold for determ njng whether the hit to.

it abacest SEUEHC ST PGS el MeCarAdueyatls 1 itk ok Bembie dobPRRiGS: ¢y
For exa isi dGeQled iR SEQATPNGP 8. 119, Be(itb2 be2oMt erpreted as meani ng
t hat ingga%h@qéstu%%geémgé tﬁe esilze of the EMBL " database, one might expect to
see 0.1 nuatciths taverpblgaudédtgaed]” por tsednhayéing heasequengle i tibulde-2Banded

99/ 32634 PCT/ Nz98/ 00189 : .
polymer of deoxyribonucleotide or ribonucleotide bases and includes DNA and corresponding

RNA molecules, including HnRNA and mRNA molecules, both sense and anti-sense strands,
and comprehends cDNA, genomic DNA and recombinant DNA, as well as wholly or partially
synthesized polynucleotides. An HnRNA molecule contains introns and corresponds to a
DNA molecule in a generally one-to-one manner. An mRNA molecule corresponds to an
HnRNA and DNA molecule from which the introns have been excised. A polynucleotide
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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simlar score sinmply by chance. By this criterion, the aligned and matched
portions of the sequences then have a probability of 90% of being the
sanme. For se uences having an E value of 0.01 or |ess ove

mat ched pd?'?(g Y834 the probability of finding a match by %gﬁ%"gg ‘(n%j'tsﬂe EMBL
database is % or |ess using the BLASTN or FASTA algorithm According to
one enbodi nent, "variant" polynucleotides, with reference to each of the
pol ynucl eotPagsuctdotitiber polypepiidei saq@mtésomay pe eﬁgm@ib hyd penvputhgeoSklgnideat es

havi ng the sanme nunbher or fewer nucleic¢c acids than eac

pol ynuiickstifefel! dfpEghded Fegiommay Rlch %n%ganwr aa%féFr q&ﬂu%eqﬁalpuaﬁeg 0.01

or | es I 0 . That
5 PR FRIRARE fal e 1R AL 0TS BinplaRP AROARE for WlINERE o TN
pr Obabdéﬂtif}’mgofhebeimn@uitjﬂ eofs polnadedtile pajugnees| aot ttde BEfAITE qide FABTA
invention, neasured as having an E value of 0. 01 or |ess using the BLASTN
or FASHRorshwger i khengmalatityef polepegtife spquepess Anet be §xamméédasmgnt§et

D o AR TR LASIR AN RIT¥ MELERI G5 diBeR SPARICE! il At Ne

sane ewer nucl el c acl an a pol ynuc e present

i nventFom stRdt (Rp$/mabidieash.gév) %pﬁbh@ﬂ%ﬁetﬁt&bl@:ﬂ bEIhBQBLhSTNaH%oﬁ&mE he
pol ynucl eoti de of the present invention, neasured as having an E val ue of

0. 01 oversiess 3.0ufeifiel- 2t4h1e99BLA§rrtN thy dfﬁfmsimaramg@ra dqsﬁrsbeﬁen the dqqumea@nau land

par anet.er. ar. nucl eot uences w ner bridi.ze to
the ré ?tflgﬂtey h&/ﬁ‘ﬁ@&é’{)‘% (SN ﬁ%?‘ﬂ:g ﬂlﬁ%lérll' St ﬁ%’ 108 %{?rg%gcco "8sed
her ei i the gfés&&‘%%erﬁféﬁd@ﬁeonﬁb% of theBRIAST Canfilye WRBIRbAGNS) 1&1&9!1%9&1*(5]@5 6X
SSC, 0.2% SDS; hybridizing at 65 C, 6X SSC, 0.2% SDS over ni fol | oned
by twoandasheBLASTB) ni nut es deswcibed n 1t SSCN@BI 96 SDSvehsit65 Cat and URib
washes of 30 m nut es ,ach X SSC,. 0.1% SDS at 65 C. Portjo nd ot her
vari anitip:/4e S /2 yolasintig @r@né?afah&dpﬁg’/h“sa?ﬂ’t‘h% ‘gl tsC

re.COﬂbst@@%&q ﬁeaepal (Ifﬁwﬁ)he&;hﬁpee%mg@tanqeﬁsmmsg b géﬂm o%bgpg o%é%f? am no
aci ds génerally fewer 't han about 50 am no ac e gener at ed

usi ng daesband Ge@sh WebgraleQWiudiaic Adids Reaf 2B38R402. SI("FHeI ccbmplitbxe algotithnror
exanpl e, such pol ypepti des may be syntheS|zed using any of the

colrrmcair]@%\% Aylset\yaﬂ#bé%loé tg%ﬂlﬁﬁnﬁh&%@etfgb @M&M@Mrl\fqr‘épﬂ ;
=t ovt EP ahstRi 563 st AL ol WADAE BEWEILGatidh 38457 ¢

1963. ﬁgtwbﬁféa%tﬁ e aBdrRRm! Bohreftied afiuse o them&étﬂ@rmtlbﬂe)if vaﬁaxﬁ@aas@mhgtl ly
avai l abl e from suppliers such as Perkin El nmer/Ap @é)l ied 27 WD 99/ 32634

PCT/ NZ®8h¢)@Il€8@1tanf$letle e upgef the Fdst e algorithm eescrabrd imaly-Bodeorsen andd
accor Jd]:] h{pcr)x}?télyh rm}g}lzj oroi%foa ?Ilcl)_}aglg? a%ﬁg%ri?g rAnaly\sllaérJ}glrr(])tcch?tfl /?caga.g i'Gsd ntigen

or ad
85:2444-2448 (1988) and 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 -v 50 -b 50 -1 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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mut agenesi s techni ques, such as oligonucleotide-directed site specific
nmut agenesi s. Sections of the DNA sequence may al so be renoved using
standard techniques to permt preparation of truncated po j A
pol ypept i 8 ¥¥326He present invention may be conjugated to gé(@lﬁggndé@?%or
| eader) sequence at the N-termnal end of the protein which
co-translationally or post-translationally directs transfer of the
pr ot ei-B. Cddieo pakipepip @eronnyolkek defabk belavjaryHhrededfo a | i nker or ot her
sequence for ease of synthesis, purification or identification of the
pol ypebtRed\@rC(@.rg.n,ucﬁ%‘ll%@mﬁﬁcgﬂ?la%? oply) Bntsgfde bi nding of the pol ypeptide to
a solid. support. For . ptide nmay be conjugated to an

v ﬁ rﬁ?er of lx_)ng Phe ﬂé&%{lﬁns g@l% ifr?llg%/g?a

i mmunogl o I'n FC region. M vaccae antigens, and DNA sequences

encodi-pINSHES ARlipBaags to@ywaB) [Rkgpedr ed using any of a variety of
procedures. For exanple, soluble antigens nmay be isolated from M vaccae

cul t ure Quetyt Fida FilgdnHescri bed bel ow. Antigens may al so be produced

r econbi by jnserti. uence that encodes the antigen into an
expr es'%{}gﬂ}\gté@%{’é’{rﬁﬁwag%‘Q%Uéigg}@gffpmn@nti gen in an appropriate host. Any
of a R BLASTP SXPIARWIRE rudBieh OparalBRWN atd phdtarg&l: Of blaktdil Nag Wolgdh | 1da i n the

art may be enpl oyed. Expression may be achieved in any appropriate host
cel | tshatsproadb bebh-Grladst ov ABebEh -t quergsegct@teswits h an  expressi on vector

cont ai ni.ng a ecyl e that encodes a reconbi nant pol ypeptide. Suitable
host CBh)F‘égr?lﬁgl\!‘lAﬁlb"e”&ﬁ?‘%ﬁjaryot es, yeast and hi gher eukaryotic cells.

Pr ef er g Yapald t’]h&j t cells enployed are E. coli, mycobacteria, insect,
yeast or aa ﬁanﬁall n cell line such as COS or CHO The DNA sequences

expr ess 8speotatidni wlueaEnReallay encode natural ly occurring antigens, portions
of naturally occurring antigens, aqr other variants thereof. DNA sequences
encodi-FgCnt 1/ eReP AR £4Te dROKRRY Mt bAeXIoRdnB8F s cr eeni ng an  appropriate M

vaccae C(E%\Sjﬁ 0 om LPQIA’ [ Q}}@ ces that hybridize to

degene?a e 0 firxé%ﬁ&céggggl és\}olclig%?l{/%g{&rhgm a @?%ﬁ?ﬁam no aci d sequences of
i sol at-@Nusshed ¥ Bne-Bid d@erigtionSyv )t [dkgerdegener at e ol i gonucl eoti des may be
desi gned and synt hesi zed, and the screen may be perfornmed as descri bed,

for exhipineber of Sigrvrestiktoshow|(b) [IMpgastul ar C oning: A Laboratory Manual,
Col d Sggzl E’%‘II;_%B@ r .Laboratories, Cold Spring Harbor, NY, 1989. As 28 WD
99/ 3263#PET/! FO8189 described bel ow, pol ymerase chain reaction (PCR)

may baomg)y%()}t@ﬁt?ﬁﬂ@kqpﬁe@!ﬁgl@tﬁmgpi d probe fromgenom c DNA or a
CDNA or genomic DNA library. The library screen may then be perforned

using the i'Bel dtisd tpronber MR datdbesu bapiertes dyi agumied, sapiaeccapiodgeadsbyray
al 5o e ASPLALEARE IHGH 5% SRAPRISRGLA! Gigl oSG RIS S8l b 2TV
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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rabbit or nonkey) raised specifically against M vaccae antigens.
Regardl ess of the nethod of preparation, the antigens descri bed herein have

the abilit t o i nduce an i munogeni ¢ response. Mre specifi he
anti gens Hy&%%tz??é ability to induce cell proliferation an%élgﬁk%;zq% i ne

production (for exanple, interferon-y and/or interleukin-12 production) in
T cells, NKcells, B cells or macrophages derived froman M tubercul osis-

i Muneimigh stoelisimplyAby MhandeerBy thos csterionuthe aligdéds autliadatahed goetionk @fithe
considered to be resistant to the devel opnent of fubercul osis by virtue of
havi ngeawsseethen hage perpbapslity ofete of &EP8nde sEBem PO BahesPo bRdne sidh

havi ngHs F PR . et
than. aobn OO en R Bicf Gt ARRhef Bofichk AP RLboBR b Hiint hafuen @Y 05

t uber cihbA& i8 Y BVBINGat4daRD)s, 1 Yaotlessusalisthe BE. AS TN DY FAS TRt dgarithin, t uber cul osi s
i nfection. Assays for cell proliferation or cytokine production in T cells,

NK cel |'s, B\eserdisg iy onerpiiodpheitje yariant pelypesledidssgvitl sferancgripeech efdheg t he

procedures describ bel ow, . . Se i I for.use in

D1 00U SRRLL BERORERY 1T\iod pERLIAD Bl kel RE! BLAP T Byme
desi r efhink1Rs RO RSFer ulleiCxAEthen ehdh & the pkiyAudiotiics dfeld presdnt iiRation aadi | Y
eval uated wusing preparations containing T cells, NK cells, B cells and

macr opghadiesngien By wdué 06 01N leah shen compered imthe pohyabcleotidd ef theyprosent
prepar.ed usi ng,. nethods. wel | known.in the art., .For ex | €00 re ation
of poriBHRioA! TBRGS VERBHRRMTBISIeONdS any sedtease thalhasa® i 4996 Praebitt:

furt hegr 1RgRAIR AR AfthE PIRANABRS S the PREMESInIBMidAE nRAGRE 8 halift o8NP €,
using density centrifugation through Ficoll TM (W nthrop Laboratori es, .

T cel | alfeosf WEE of test heing desBlyAS TNswrEARA htgogithmsrset ab éhepdefafli patadetessct | y
fromPBMCs. Alternatively, an enriched T cell line reactive, agai nst
my cobaR¢COFFing thp BredsTHRS enhodiment; 3 ViR hRRYPEERAIdG &5 1 SFAURRREAAYINg the Same

nmycob ' LS o R .
goner afinibas B e el acB thal RS i LD pLoifiby R Ry BatBasts
i ndi viayabsobability s¥/isiatt eimehks therpolyautigotide ofah@prebe ifenflor meaelisd adhi s
al l ows expansion of only the nycobacterial protein- specific T cells,

) y
r esul thavipg an B veiugef Odhppadess usigehg BEASINE ar EAST4A. algorehms sel gtdhgrdgfavlhen be
29 WO 99/3%634 PCT/ Nz98/ 00189 cl oned and tested wi th individual proteins,
usi ng PAEYABES wel | known in the art, to nore accurately define individual

T cell specyfsigt ézolﬂnﬂclg@tﬁ&r abequéRGar HWiRS Seabrallfie HyBliligd @b RREPacALY ON,
the pol ypeptides disclosed herein are prepared in an isolated,
subst aprlymicleptige sequenicr madePstringentbdopditione @ol yged freradas stringent cdndéteims” about

0% DU AL BT L AT B S ocion, UeORire ot posk el pbly
det ai | 5198 !,QW¥midHeroRHRed 89 tive WakhddU5rSB0 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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pol ypeptides are incorporated into pharmaceutical conpositions or vaccines
for use in one or nore of the nmethods disclosed herein. The present

i nvention_al so provides fusion proteins conprising a first nd
i nventive V}S%P%ﬁ)zgi‘)“[i de or, alternatively, a polypeptide of Fﬁg&%rase@g%ét)

invention and a known M tubercul osis antigen, such as the 38 kDa antigen
descri bed in Andersen and Hansen, Infect. |Inmmun. 57:2481-2488, 1989,

t oget haBiofBydtéms,aine affosteo fCigucIA) usd omypbobpemtied afherdingsioothe pamifadtmer'of t he
present, i nvention nay al so include, a Iin%}ﬁr epti d% between the first_ and
second PBTUFHERY i dEa1anig UG MR o Hfig‘& MRYs P8 PTRRBEEUsIngf Staptard
present i | i I e 8 1 te iques to
P embl T B R R e R S e
i Nt o arfappDB seaiencenpayeds) reweetdusing htendird exohniqiiesato Ph¥nit pRGURIFGE of
encoding the first polypeptide is ligated, with or without a peptide

| i nker ,tTungatedgolypeptides of a DNA sequence encodi ng the second pol ypeptide so
that the reagdi S: e re 10: e t rqm, t

transi ati on SrrHsPREE St bSeuOHRRGTRaFE, ol BARRC! £ RERTKG: HRh,

r et ai NsefivdrcdapthRON-Ga@mid tehd iof Yheofrotedt Whicherof transkatiamdlyt digposeaaitdhtionally

pol ypeptides. A peptide |inker sequence may be enployed to separate the

first ahwgctsHeanstss ohdhe potgpedhe delypbptide mrs elipde confupie dn linkeras ather t hat
tide fo to its.secondat structures. Such a

h | | i . . . i
bopt | acies oS et e e B RERAT ah et fooh ubP PhFRBIE tF ity
st andargs§, @¢ bk HagSe Bﬂhingmgﬁpdlﬁpépﬂﬁe & 4 solfdupprt € FREBlantife, lal g Rleptide

sequences nay be chosen ba on the following factors: (1) thelr ability
t 0 adophayabd tayugdalel texhemdedoglobmiokaegionn; (2) their inability to adopt a

secondary structure that could inter with functi.onal epitopes on the
first and selé(ﬂ?ﬂer}ﬂgl%p%ﬁ’ed%‘g‘,geﬁ%@n@ %%‘%‘ﬁéq‘feéﬁ% eé‘Fo‘}]f% rSB‘ﬁ}hg‘B}g@n%rmaych%lr ged

resi du ] : W I i f i i
br of er riacb Be TR SGERIO Db ORURR HREPKAS' IR A BenCRul 88 %0med,, |
Ay, Askoranil Sewcdeesuluesfilt@ehas desaibedebdlow amtigensadiays alss usdh pasducddr and

Ala may al so be used in the |linker sequence. Am no acid sequences which may
be usareAminarly By dasesting p IRV As sqayencgdBat prodey thecpriigen intp pmexprsssier al . |

Gene 40:39-46,, 1 ;. t. ) | . ) i A .

83: 8258\1%%6 Fnd 13‘%%8?;%3‘&? gdﬁfé Eg%é?ﬁt m%:? a%?é@gaf% gggtanﬁﬁy %% %%eit’é ﬁf cRgression

4, 751, L@Btors RBowh Ak @ioss @F UGSy BRIl e tHe' @ndayt B alplolye®0 ExiptddSioR Ghas b N

| engt h. Peptide |linker sequences are not required when the first and second

pol ypeprchitwed Havany apmorriaie hobtapelNthas s nbgen spanstormed dorr Baistested Wath smn be

EGRR NSRS NG e e
Suitable host cells include 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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proteins are cloned into suitable expression systens using techniques known
to those of ordinary skill in the art. As detailed below, the inventors
have denonstrated that heat-killed Mvaccae, DD M vaccaeP?gﬂllzggﬁﬂg;)i nant
M vaccae pY@P¥:3* of the present invention may be enpl oyed activate T
cells and NK cells; to stinulate the production of cytokines (in particular
Thl class of cytokines) in human PBMC, to enhance the expression of

co- st i nddsaditsdybeiod, gy maragechatheredetioni (PCRY Inhey tsenemplioyaictptiedate tahmrckixy acid
enhanci ng activation); and to_enhance dendritic cell nmaturation and

f unct i dObE{rPrrRSNRBHEDNA o1 2 (DI BF geneave DOV RFY o f B8R sczremm5thgR ween

the i n .cal oper:t i henyiRv J C N GV- nd
those oft Bt siffenlfi5d1%a otk AR BRIl hFRAER, ROOLE Mefdydnial™
t he tregdtdBoisoRieddbys@pcenmg dnhappropiutd Mevasehabgprogicn Mhthryl With asti-s@apgegse.
Exanpl es of such di seases include allergic diseases (for exanple, asthm

and eczwehbil onmoskeyuitiecddipsdfisdly agpimst My Bgspeantigess.eni ¢ | upus

th t d infecti i . .cyl 0s]
oyt e gl oG LA SRR AT SR A,
cel | enfyaR&elke ahimhliRobétcedPotise OMor&tpeaHicaligfthe hrdipeis Bive Ahélgikty 16 ieducas

H'V, and to enhance i mune responses and cytotoxic responses to, for
exanpl eselinproliferation andfdrsytakingaproductiand fdrcixhmplen intenierony sugdfor deteileukin-12

anti-cancer . therapies, ch, as, chenot herapy. Fqr.use.in the, inventive
the_rapeEfPﬁECt’r?é‘F i) s?e?’tsshﬁ#ﬁeglét %\/%%?Igoorl\ﬂ‘%‘&@é ©s n‘(f’ac%% anc& f‘@f”ec St at e,
modi 1 i e{ﬁmrMme"ﬂ‘ﬁ?ﬁ@ua@.e!Ar?M Mibe¥ARSRLIrRALYP SREViES if VAL WhoPis Qofkiflert@%o be
pol ynucl eoti des encodi ng such pol ypeptides or fusion proteins) is generally

pr esent registahi to the dehelopmemutfitoladreud osip by ivintenofolravingvmountae an ifactivec Eetil cal
conpositions may conprise one or 31 99/ 32634 , PCT/ NZ98/ 00189 nor e, .
conponelfsRONSR (@34 deherqupsis h%ucerlaéaﬁld&s\/\%m ‘P%’gjieﬁtﬁg‘?%é@f“? 0B RSHORELY \PR8itiNE
cells, % t i : | & nds
o esent (e BFSRE G4t gBpo 10 b Hifine P dhderf HREGAMAE S o WfeREE AT,

with a piyeuRkRYr6BInk YPRD)Y and ablgendrdfiagy sympoasiofesherayostinfictis® one or
nore conponents selected fromthe group consisting of _inactivated M vaccae

cel I's, Rbsaasclae sl pipligerptian oat@tokyrdipredigtion pakcegdlsc N scellgnd celbmsbunds

present _in or derived fram M. vaccae and/or i culrure filtrat t gget her
B thea. oL mCs AT KRR eRn Yo dp D&l Reicripb Bpfony 196

CONposi td|Qion JPdelV BPE a1 e iMBanAkiSS af diindhozcdtdREpINYE RbACIBIaERvilAAEjeaans,

either, as discussed above, incorporated into a fusion protein or present

Wi t hi n an slepdesied respoygee ptomlexamle, dnisdenkindly, praducsioniipenast readdy velvated

| nventi lcl)sqngm51 repCa?ar‘Elto%is nco%igg CIO(cj:élng I\?Igece?lrs, 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. Alternatively, 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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nore pol ypepti des as described above, such that the polypeptide is
generated in situ. In such vaccines, the DNA nay be present within any of
a variety of delivery systens known to those of ordinary i i e art,
i ncl udi ngWRMBP¥ aci d expression systems, bacterial and v?ﬁ/wgdé@g%ssi on
systens. Appropriate nucleic acid expression systens contain the necessary
DNA sequences for expression in the patient (such as a suitable pronoter
and t erchonedtamd testgdadi)h indBadiad pretkingending methngs twelk kiowmliv ¢he het, to more

adm nistration of a hacteriu such. as Bacillus- Cal mette-Guerin) that
expr es SEuraiRly; %ﬂ?ﬁéﬁgWﬂBael%?etﬂ%’ﬁ“@F“X'he pol ypeptide on its cell surface.
In a prefer r1§%§§%%8?%éﬁgﬁéss dtfife AR pr&patdtioh O GRE peplidd dscldst@herein

expressi on vaccl nia or oOther poxvirus, retrovirus, or v
adenoviardieparstliin An fisYatéd) vobstamtinhe puse forof. Rrefesablpahd polypemtidepnredaflest i ve,
replication conpetent virus, iques for incorporati DNA i ntQ such

Tech
expr essibewt 830 Pl meTe P&S‘é?‘]ablllfr?g rsl'; %’u"(uﬁ 0%y pure fpd “mhpﬁlﬁ’g%gfaléb’ @b laggt aboukeq,

v evebiore R PR ed Gty Eelisibeq FEUERE ReloR ik sEBehdly ARPR 2N
may be jobfepadRthrd¥ncogadttdtté pearbbidewtichlacdnippdieiona dabiceines &stsuse Whioad oar e

efficiently transported into the cells. A DNA vaccine as described above
may be moiofiths metbddsdipalosedhesisl y with or  sequentially to either a

| tide .gf the pr t i . .a k terd al tigen,
Peh ae the T pesendiivegtion aBYPHUES Bhish ORNR DYERSRE S Tidame A PR o
DNA  engediing pdlypehydent ditendivelyhe pblyBefide Jf etpttieatinvemiodl OtdAWERY by
an

adm nistration o antigen in order to enhance the protective inmune
ef f ect raberchiosiv aotigers su@PasNbe 33/ 126 3atige@ ez iR 00 ¥88leRontand Hanserf, fefguency

f adm ni stratjon, d i | i ndivid to.
Y R E T M B T AT AR o
usi ng eirls of ﬂx%gllﬁ-%?elnt iﬁ@?ti&b%dﬂﬁ&l%ﬂiﬁ&@de EQM%Péﬁtﬂ@%&QQenVéﬁcﬁﬁﬁﬁn&my be
admi ni stered %y Injection (e.g., Intradermal, intranuscular, intravenous

or subcdst@esulgpeptided. ranasally (e.g., by aspiration) or orally. Between 1
and 3 doses nmay be adnmi nistered for, a 1-36 k peri od. Pr_eferabl%/, 3
doses are adfviPiNA: saquence Ancpging @ Rypien grotgingof s esent yeptien feponstructed

vacci nati.ons_my_b kV r.lQdi e r :0l s may
be appr'&pts g’tloew‘%?‘%ln%gf agllpg lg\g t%cglg%qglg% 'gé’a%g@ﬁé@?{ekﬁr{atg QgtsAegél@%gcr\eBae%ﬁﬁﬁé of
_pol ypepghk gRst@hd Bbédnt htypeplides igd ahappilopriae eapresaic vediad ThelBowsd of $ DNpabl e
of raising an inmune response in a patient sufficient to protect the _
pat i ent seqiensmenyetihaiediistpolyprntide iohigatest vith prewithout axpeptide dinkgrn tythseY al
t he amount of ypept i de resent in.a dose.(o ced.in si he
L, 2 oL A BB AR e AGRE 0% BRI St i
typi cal {efubdR8mabaPhadlioltbrif RN transiHion ¥ thedfvef BNabbaqubfi@BN@b Aingle
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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100 pg to about 1 g. Suitable dose sizes will vary with the size of the
patient, but will typically range fromabout 0.1 mM to about 5 m. In one

enbodi nment har maceuti cal conposition or vaccine is i ,mh%gu tabl e
for deli ve‘y99?€26§‘ﬁe nmucosal surfaces of the airways |eadi ng’cﬁéﬁzg? W th

the lungs. For exanple, the pharmaceutical conposition or vaccine may be
suspended in a liquid fornulation for delivery to a patient in an aerosol
f or m orlidker s@pescesfcontaineGlyl, iAserand S¢i tesiduss.nDither near nebygleansino ragidls) Sywbrapl oyed

n the reatrret of a hma. r enbodi nent th har maceyt
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i nj ect '&%ﬂﬂfy‘é}gﬁ 89&&%'1‘%‘8#?9 inbRHE fiB4e QlibcRsed 1d 'Ma@a\{@ané%léﬁ @Ené#@@%@n?%) or
I "'e any suita

oral ly. carrier known to those of ordinary skill i'n the
art mayMuephgngabyRci Nafl. hﬁ:aﬁ h$oi. nEE€ 83:8238-8260 AP8% iU.BoPmerdNG. 49351233 endi on,

the type of carrier wl]l d.on the suitapility for the chosen  raoute of
adni ni s¥rtathiatsat Noot7p kil 8tht ﬁaﬁm&arnm%fm{woﬁe froft h 12,80 RO ABIRB GESS 0

| 1 eCtl Qheih! Mot AP LedE LS hAN ré iRl WhER t%eﬁ@{and%@w@fepotl AN have

lipid, a r ora mnistration

carri erﬁoxﬂésséntﬁi@m-@lerﬁﬁhlidlieﬁﬂimo ¢t reggonzathat cah ,bel ﬁsetiClSESepSfaw’ dh’q fungdgmedsi um
stearate, sodium saccharine, talcum cellulose, glucose, sucrose, and

magnesi demains phd peavent sEsiC b‘ée@fﬁlll@y edihe Bepgaéd d?%aﬁ?ﬂ@%% P@F@éﬁ@r e fusioy. |

|yl I ide b f
pha mca Ba e CosoL T SHs SeREatIR s Eits Bn el S5fons Bophess o8
PCT/ NZ9&/sMatBkiRivaRGk@adabl e m crospheres are disclosed, for exanple, in

U S. Patent '‘Nos. 4,897,268 and 5,075,109. Any of a variety of adjuvants
may be enpl oyedeuaﬂed below aibie imeestons havieidemonsteaied dat heat-killod M pacede, OA-M;

enhance the i ne respo Most ad]j S contain subst nce i.gned
to prot BEE¢4 RR é?‘ﬁq"t}’é‘i‘fgf P\Zn’f‘fc 2ol Broégtx gnl? SRIESEY ARV EREOR A M%FS%Pde or
m ner al &lglat et ) a@ldwcélﬁeed §thﬁu1§feltﬁybl%aeéu&foﬂc@mms (RSRORSER TH UGS

lipid A l'a pertuss$is, M tuberculosis, or, as discussed bel ow, M
vaccae. ofSuytbkints iadjumvanPBMAL; eto oamhamcrecuhalelxpressamlof abesanmiator[yanokemlap loa,

Labor at Gandage Bl A monopytes GAERl FORMAHE AANRIY PelockiaRe SadEEReell ne.
Rahway, Nl DT fuli i&nabhﬁt@mfl ggk;\nmgd %glﬁ@é}\mns%@é%gﬁﬁgﬁi& Petween

M crospheres,  monop osphor I'n"anot her aspect, this

inventi g mwﬁdﬂ@gﬁcarqirdmdﬁesf@ﬁthusm@mawovam @raéint G¥-23 mxk tosy &f two
polypeptldes t o di agnose tubercul osis using a skin test. As used herein, a

'skin t ksawn Thi-indugingsadiyvagts: f GV ngmay (s lPeyerehloaedpm therireapmengef cHisegses
del ayedthtaY anop%p%‘?igcqggl Ellﬂlll 1M1nq-gl}lésponse 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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reaction (such as swelling, reddening or dermatitis) is neasured follow ng
intradermal injection of one or nore pol ypeptides as descri bed above.

Pr ef er abl the reaction is neasured at |east 48 hours af j on,
nor e preféy%B? 6¥8-72 hours. The DTH reaction is a cell-neg?g?hg&&ﬁgdne
response, which is greater in patients that have been exposed previously
to the test antigen (i.e., the inmunogenic portion of the polypeptide
enpl oy edoreocompanenisaseectddefremf )he gioep reesgistinge ofrayachwatad g uvedtavicsls| My,
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acceptabl e carrier, as described above. Such corrp05| tions typically contain
one or impetivagd M h\éﬂca@fo\saéllspoMy geptdededltyr airatgnanedified Adi Hgcdar otfliaband 1

.tg to about R fer r t 0, 0 ol une
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conposi pdgpecifR lﬁnﬁ@del REpdiRE Whiphifie tslncla@nmwcemcﬁl pb@g@sw@isl MERISvackiiel as
phenol and/or Tween 80TM 34 WO 99/ 32634 PCT/ NZ98/ 00189 In_a preferred
enbodi neay alsa cpmnymtm raecobapbIR) @ntigans aeigRY. s dissusspd abives infcpiporated inke ze
such t hat remai ns ngh on for the duration of the

e

reactio s‘ﬁ@lﬂr%tamqrr?rﬁgﬁt maéep%%??ﬁlé’b?rﬁﬁ% that is at |east 9 amino acids

in length 'SAﬁ%Bﬁ@élfrEvacIﬁ@ &Qhé’?%@éﬁtqgvérﬁloﬁhﬁé}r cottah PRA! aﬁcmlﬁg%&ne dewn by
macr ophages or dendritic cel hin hours of i'njection to allo

pr esent mbteopolymeplidesds| described rbpad, ywéplﬂlptibs pnb’xbewu}etlalgnnarapém sitof Inosmeh or

nore of the above.  sequences or qther i or nonij nnﬂ%r‘\lg C
sequenc¥scings, the,BNdemay E)@Fﬁsentﬁ‘é‘f 6%3’ q %VEHP' Ve Syglems %’&to those
mycobac I I n t he
venti ootk B8R 4 Boling ARG aflﬁ‘a‘*@*%ﬁ*.‘)ﬁa B

whi ch neptpréssio spstempe [Atppd@&aarrmckrmdwd/ exhressinysyspinis ateﬁtamoﬂhb @ecdstmay DN s e
specifically described herein, such as the 38 kDa anti gen descri bed above,
may be soqupnrsedor awpression ipdhepafient (sush gf ggiuiiable Proppisr and termynator signal).

ant | bodya ORI IG, SATRAE AN AHRCHy b ARAoP I £ BacicRLET RLED! o, pILF 221! ©

i s whol erum a ma, Ssallva, cerebrosprn

urine. &Blheetﬂ@r@ieernahhm eiﬁﬂ@sésaanllmmogexhb qauitiors @f Ul QolyPeptida onsmrmen
obtained froma patient or a blood supply. The pol ypeptide(s) are used in

an assasurfags. Idesprefassd dpehodimentothgdPNAMDAR beHatredussd NeiBg ot V%s@mfésm

o0 . A o B 9K, s SR T e e e
of a non-pathogenic, or defective, replication competent virus. Techmques 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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i ndi cates the presence of mycobacterial infection. In enbodinents in which
nore than one pol ypeptide is enployed t he pol ypeptides wused are

pref erabl | ementary (i.e., one conmponent polypeptide
det ect X’f(e%*’(/ 263 in sanpl es where the infection would not ﬂ%ﬂvae@b‘i‘? ed by

anot her corrponent pol ypeptide). Conpl enentary pol ypeptides nmay general ly
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i mobilized .on a d. support to bind to an mte
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antigen extent to wh conponents o sa

i nhi bi ttypidgllyiangé figmaiboth® 1 hdhehbed Sanit i body to the pol ypeptide is
indicative of the reactivity of the sanple wiith the i mmbilized

pol ypept i de. In‘l‘ﬁ’é @éhqdﬁn @Sr@aﬂﬁ%ﬁe%a&ﬁ?nﬁ%ﬁl‘i‘% PaYaSEIng|is i afprme [juitaile
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Ni t r oCedxaipRS eth@r pﬁﬁrhﬁ&elﬁiéalt @binpoﬂﬁ@ibr(&n ®acchle endjatbev elhspendelae 1B Up Adfulid may
be a bead or disc, such as glass, fiberglass, latex or pl astic materi al

such asfopoulptery famdelivery toot patieny fie Bn @erodel. fommeorshyn psans ﬁfa? nghylizep device

gﬁggglt ;sc ﬂart | %%§$§é%%19$ﬂlg%t i Ctg%?régt?r{eht of lz{é;tﬁmgs I}l Q)?l?e? e(ljxllbo%i}rrcl)esn sd ’thé or
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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The pol ypeptides nmay 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™" " refers to both noncoval ent associ ati on, $ )g‘ 00189
adsorpt i oﬁ?‘ggﬂg%?:{)val ent attachnent, which may be a direct H?i nkage between

the antigen and functional groups on the support or a |inkage by way of a
cross-linking agent. Binding by adsorption to a well in a mcrotiter plate
or to diovegtadable misrospheréearcediscloseds fthexemples in d4§o PptehtoNosely8 a2 6ctmdeved
by contaqc7ti rbg t he pol ypeptide, in a suitable buffer, with the solid
supports’ orl0¥- suitabl e anount of time. The contact time varies with
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group, on the pol ypeptide. For exanple, the polypeptide may be bound to
suppor wyaileble Ay fan cxppplepFreands gegopralete ddinyang and fiygundsekowglein ddiuvent by

condensati o f _an.al gehyde ou t he r Ak h.an Lne_and.an
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Cat al oAy, HA)dboOkher 188table aHjuiahts 2irdudR) alunl GeddegiadaliBDaféTRHefos, t he
assay i s an enzyne-linked i munosorbent assay (ELISA). This assay nay be

per f or meahophosphost lipishd asd Quy 22 pol ypepti de antigen that has been

i mmobi lized on a_solid support, with the sanpl such that anti bodLes to
t he pol ypeptlfloaé‘(’ﬂ\ﬁf taﬁ?‘?‘f%’ ‘ﬁ‘gs gﬁfﬁlﬂﬁ'%’ Br¥ lfgﬁ‘ﬁ '8%83% éorb}lﬁ?ﬁ £ et(ﬁer.nPFﬁ"rBt)iﬂFq zed
pol ypephidigve H@l‘?ﬁéﬁiﬂié &' BhEndsS tubbRBbsisa¥Mperskin R%. tACudeaMeR, 2286 n test”

pol ypepti de and”a ‘detecti on reagent capabl’'e of binding to the inmobilized
ant i body app hyspe peifomedadipctx ons putigeiin Whieh andelayed-tfpedepersensitivityedjEd)

that remains bound to the solid, support is.then determ.ned .usin nmet hod
appr oprrFaA:tt‘@nf@Pc t & S : ’flieé‘lied’é‘lgeé’? [ ({ﬁ‘imf”é'é%eﬁt meﬂ?&ff‘éfﬂ_é‘agwlps cd rF%m‘Stce
the POLRERI] 4P drd biTHINRE doRfiflpfbs! A2 1SUPBOA LahBYe. IFEIdlify! 1RDRME o e
remai ning protein binding si'tes on the support are typically blocked. Any
sui t abligeashieaakicag 48dwpnis dfiepirjectionhoeereftrablyd a2 owki I | in the art, such
as bovine serumal bumn or Tween 20TM (Signa Chem cal Co., St. Louis, M)
may be enpl oShedD THiwsagtiprolsiq ¢ellepediated 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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pol ypeptide is then incubated with the sanple, and antibody is allowed to
bind to the antigen. The sanple may be diluted with a suitable diluent,

such as phosphate-buffered saline (PBS) prior to incubati eral,
an appr or)’?'?é?’é“%nt act time, or incubation tine, is that gg?{Nong/o%?Qti e
that is sufficient to detect the presence of antibody within a M

tubercul osis-infected sanple. Preferably, the contact tinme is sufficient
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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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be detected by the addition of substrate (generally for a specific period
of tinme), followed by spectroscopic or other analysis of the reaction
products. To deternmine the presence or absence of anti -mycgl ﬁ\}

anti bodi esVPA%$3&4 sanpl e, the signal detected fromthe repor er gr oup t hat
remai ns bound to the solid support is generally conpared to a signal that
corresponds to a predetermned cut-off value. In one preferred enbodi nent,
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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 pg, and preferably about 100 ng, is sufficient

to bind an adequate amount of antigen.
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the present invention. The above descriptions are intended to be exenplary
only. The present invention also provides antibodies to the inventive

pol ypeptides. _Antibodies may be prepared by any of a vari ni ques
known to tR8¥32%634 ordinary skill in the art. See, e.g I—lgﬁ/&%g%@gg{ane,
Anti bodi es: A Laboratory Manual, Cold Spring Harbor Labor atory, 1988. In
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as i nj edhemrsmeved ﬁr@nh% IEY lze%pvlywm@e.aﬁéa @W@tlgemas%@awa ydipg toy
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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. tuberculosis-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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exanpl e, prinmers conprising at |east 10 contiguous oligonucl eotides of an
i nventive polynucleotide my be used in polynerase chain reaction (PCR)
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weeks | ater ormng units
then removed and bound detection reagent is detected using the reporter group. The method

employed for detecting the reporter group depends upon the nature of the reporter group. For
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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tubercul osis H37Rv, significant protection frominfection was seen. In this
exanpl e, spleen, 41 WO 99/ 32634 PCT/ NZ98/ 00189 |iver and lung tissue was
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pattern indicates a negative result. In general, the amount of polypeptide immobilized on the
membrane is selected to generate a visually discernible pattern when the biological sample
contains a level of antibodies that would be sufficient 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 serum 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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been used as indicators of inflammatory T cell responses. At day 33
post-imuni sation these neasurenments were repeated. At day 34, all nonkeys
received a second inmuni sation using the sanme amount of rout e
of i mruni PP¥H0Hs the initial inmunisation. On day 62, %ﬁg&%&?@ﬁy
tenperature, ESR and LPA to PPD were neasured, then all nonkeys were

I nfected with 103 colony formng units of the Erdman strain of
l\/ycobaq:)t)bmﬁpmdet ubmmtmhlb/omjegtedbyltq agye of |angndehéarmﬂga>|£ |1§mmd15r @cgJ mi¢en retse

right s of S animal s, Twent h ,
body wartdhs, SkeshoRiaEdne; LR BRGPERD b iPeBodrE Eautrel HoR® eibhreys.
and the é&&ﬂg ey ?e&étemxfed s&&dq%tlﬁedpp&%uﬁ@ BASH mbRf skl ﬁnﬂ’ﬁlhﬁatlléﬁéearm
tubercu osIs h resulted in the onset of pneunpnia. TABLE 1 COVPAR SON OF
| NTRADERMAimAINRrd bFE&?;Qme‘EaIROH’bB@l@ﬁl avoNlieS Afi¢ciic far cheppadepeapitifie oetyithenAnount

(Cont 1 & 80 s Db ARSI, rfoRaRL ALIMD| HATHHCREP I RE MEQ RPYSh

neat - kepragt DA QRREBOLIRNARFCTL W vaccae) 4 (1 mmun sedssed 8100

gi nt r ader malMuwdclonalilahtiba@lidsi bpeciice Y@8 - Bitengi polypepedavdf interest may be
prepared, for example, using the technique of Kohler and Milstein, Eur. J. Immunol.
6:511-519, 1976, and improvements thereto. Briefly, these methods involve the preparation
of immortal cell lines capable of producing antibodies having the desired specificity (i.e.,
reactivity with the polypeptide of interest). Such cell lines may be produced, for example,
from spleen cells obtained from an animal immunized as described above. The spleen cells
may then be immortalized by fusion with a myeloma cell fusion partner, preferably one that is
syngeneic with the immunized animal, using one of a variety of techniques well known in the
art.

Monoclonal antibodies may be isolated from the supernatants of the resulting
hybridoma colonies. In addition, various techniques may be employed to enhance the yield,
such as injection of the hybridoma cell 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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pr esent ileal n Tables 2D and 2E show the effects of imunisation with 100 g
of Mvad®d@Ue}| ture filtrate. NMonkeys immunised intradermally showed signs
of devel opi ng di sease 84 days post- infection, while in those i mmnised
intralung, one ani mal showed di sease after 56 days and one ani mal showed
di sease 84 days post-infection. ThEXAMBLE Isi gnificant delay in disease
onset indicating that the i mmuni sation process_had resul ted in sonme

ON TUBERCULOSIS

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, 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. 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 H37Rv, significant protection from infection was seen. In this example, spleen,
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WO 99/ 32634 TABLE 2A CONTROL MONKEYS PCT/ Nz98/ 00189 | D#DaysW . KgsTenp. ESR
LPA LPA . X-Ray Remarks Mm hr PPD10PPD1 S3101E02.1737.000.471. 1Negati ve
341. 8837. 3 851. 4AND 622. 0236. OND1. 31. 5ND -a Ti ne of | nfegti

582 0936, 1P Hoosi t i ve 563 0257, 2205 60, 1post L1 ve PETRZssi00s9
841.8137.584. 75. 6Posi tive 121D ED ESR LPA LPA | D#DaysW . KgsTenpMn hr PPD
PPD X- Ray Renmarks 10glg 3144-B02.0536.700.871. 8Negative

341. 863lived DA . 1@dg 4ibiDe6Rds. B 8 taiNDImomicgNbree~wagkseafief infaftant iand live bacilli

282. 103§étgr9njir%e8d' éggrseis;[eidva% CSEQJ) %’?ffé)’ Zéc?u%’(zlgﬁ E13n2 llvac]i 11O rslller)eVrs?, when compared to tissue
from non-immunized control mice, exceeded 2 logs in liver and lung tissue, and 1 log in
spleen tissue. Immunization of mice with heat-killed M. tuberculosis H37Rv had no
significant protective effects on mice subsequently infected with live M. tuberculosis H37Rv.

Fig.1B shows that when mice were immunized with 100 pg of M. vaccae culture
filtrate, and infected three weeks later with 5x10° CFU of M. tuberculosis H37Rv, significant
protection was also seen. When spleen, liver and lung tissue was harvested from mice three
weeks after infection, and live bacilli numbers (CFU) determined, a 1-2 log reduction in

numbers, as compared to non-immunized control mice, was observed.

EXAMPLE 2
EFFECT OF INTRADERMAL AND INTRA-LUNG ROUTES
OF IMMUNISATION WITH M. VACCAE ON TUBERCULOSIS
IN CYNOMOLGOUS MONKEYS

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. vaccae 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 cuiture
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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Oyglg 40?&%8‘35@537. 111. 10. 77Negati ve 341.9738. ONDL. 71. 4|\%:W98%%%

622. 0936. 7ND1. 51. 5ND -~ Tinme of Infection 282.1537. 602. 62. 1Negati ve

562. 1737. 608. 27. 6Negat i ve 842. 2537. 303. 82. 8Negati ve 178Dl ED ESR LPA LPA

J D# Day swth. gried otem (RPPPpreived from Mycobacterium bovis. Both ESR and LPA have

been used as indicators of inflammatory T cell responses. At day 33 post-immunisation these
measurements were repeated. At day 34, all monkeys received a second immunisation using
the same amount of M. vaccae and route of immunisation as the initial immunisation. On day
62, body weight, temperature, ESR and LPA to PPD were measured, then all monkeys were
infected with 10° colony forming units of the Erdman strain of Mycobacterium tuberculosis
by inserting the organisms directly in the right lungs of immunised animals. Twenty eight
days following infection, body weight, temperature, ESR and LPA to PPD were measured in
all monkeys, and the lungs were x-rayed to determine whether infection with live M.

tuberculosis had resulted in the onset of pneumonia.

TABLE 1
COMPARISON OF INTRADERMAL AND INTRALUNG
ROUTES OF IMMUNISATION
Group Identification Amount of Route of
Number Number of 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 pg 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
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X- Ray Remarks 14tgln 3586-B02.2937.001. 11. 4Negative 342.2238. OND1. 91. 6ND
622.3936. OND1. 31. 6ND -~ Time of Infection 282.3138.203.22. 6Negati ve

562. 3237. 207. 84. 2Negat i ve 842.8137.403. 41. 8Negative 197D EECQJ&%SW% Done
46 WD 99/ MWEIN3ABI E 2C MONKEYS | MMUNI SED W TH WHOLE HEAT- KI'L VACCAE
(500 g) | NTRALUNG PCT/ NZ98/ 00189 ESR LPA LPA | D#DaysW . KgsTenp. nm hr PPD
PPD X- Ray Renmarks 10glg 3534-C02.1536.801.71.3Negative

342. 0037. 8ND4. 41. 4ND 622. 1336. 4ND3. 21. 9ND Ti me of Infection
282.3837.701. 92. 6Negat i ve

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 pg of whole M. vaccae has consistently shown protective
effects against subsequent infection with live M. fuberculosis. 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.

44



562. 4237. 805. 34. 7TNegati ve 842.4637.113. 13. 2Negati ve 210No sign of |ung

di seaseNegati ve ESR LPA LPA | D#DaysW . KgsTenp. mm hr PPD PPD X- Ray Remar ks
10glg 31 737.301. 20. 79Negati ve 341.9837. 1ND3. 97. 8

622. 1736. M9§§}4ND Time of Infection 282.3837.701. 92. GM%T/}‘J\%S/OW;S’
562.4237. 805. 34. 7TNegati ve 842.4637.113.13. 2Negati ve 210Stabl e | ung

di seasePositive ND = Not Done 47 WD 99/ 32634 TABLE 2D MONKEYS | MVUNI SED
W TH CULTURE FI LTRATE (100 g) | NTRADERVAL PCT/ NZ98/ 00189 ESR LPA LPA

| D#DaysW . KgsTenp. nmi hr PPD TABLE 2A
CONTROL MONKEYS
ESR LPA LPA
ID# Days | Wt.Kgs | Temp. Mm/hr | PPD10 PPD1 X-Ray Remarks

S3101E 0 2.17 37.0 0 0.47 1.1 | Negative
34 1.88 37.3 ND 0.85 1.4 | ND
62 2.02 36.0 ND 1.3 1.5 | ND

— Time of Infection
28 2.09 38.0 2 1.3 3.7 | Positive
56 1.92 37.2 20 5.6 9.1 | Positive
84 1.81 37.5 8 4.7 5.6 | Positive

121 | DIED
"~ = 5 LPA LPA
-ID# " Days | Wt.Kgs | Temp. ESR PPD PPD | X-Ray Remarks
: « I 1 B Mm/hr | “10pg ipg

3144-B 0 2.05 36.7 0 0.87 1.8 | Negative
34 1.86 37.6 ND 2.2 1.4 [ 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 1.82 373 4 453 23.4 | Positive

131 | DIED

ND = Not Done
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PPD
342.
282.
842.
PPD
342.
282.
842.

X-Ray Remarks 10gl1g 3564-B02.4037.201.41. 4Negati ve

4238. 1ND3. 32. 7ND 622. 3137. 1ND3. 13. 4ND -~ Tine of Infection

4138. 6132413, 6Negat i ve 562. 3838. 6012. 712. ONegat i ve

4135, HOPTBI Broai t 1ve 400 od BOR LA LPA | D#Day sW.EGS Tans i hr PPD
X-Ray Remarks 10glg 3815-B02.3136.301.01. 4Negati ve

3638. 2ND1. 92. OND 622. 3636. 4ND3. 72. 8ND -~ Time of Infection

4537.802. 13. 3Negat i ve 562. 28FABLE 285 6Negat i ve

3237.401.92. 2Posi tive 210Positive ND = Not Done 48 WD 99/ 32634 TABLE 2E

MONKEYS IMMUNISED
WITH WHOLE HEAT-KILLED M. VACCAE (500 pg)
INTRADERMAL
T “LPA LPA
ID# Days | Wt.Kgs | Temp. ESR PPD PPD X-Ray Remarks
Mmihr | 10ug lug j
4080-B 0 2.05 37.1 1 1.1 0.77 | Negative
34 1.97 38.0 ND 1.7 1.4 [ 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 2.25 373 0 3.8 2.8 | Negative
178 | DIED
e = “LPA LPA i
ID# Days +WtKgs [ Temp. | ESR | PPD PPD X-Ray:Remarks
; s ©.mm/hr. | " 10ug lug: - A ’
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
28 231 382 0 3.2 2.6 | Negative
56 2.32 37.2 0 7.8 4.2 | Negative
84 2.81 374 0 3.4 1.8 | Negative
197 | DIED

ND = Not Done
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MONKEYS | MMUNI SED W TH CULTURE FI LTRATE (100 g) | NTRALUNG PCT/ NZ98/ 00189
ESR LPA LPA | D#DaysW . KgsTenp. m hr PPD PPD X- Ray Remar ks 10glg

4425- A02. 00, 351. 2Negati ve 342. 037. 6ND3. 02. 4ND 622. 11 6ND - ~
Time of |3?§§?’?2824 282.2138. 008. 44. 1Negati ve 562. 1137. 6023. gﬁ’%&‘éﬁ ve
842.1837.908. 47. 2Posi tive 210St abl e | ung di seasePositive ESR LPA LPA

| D#DaysW . KgsTenp. nm hr PPD PPD X- Ray Remar ks 10gglg

2779- D02, 5638. 621. 91. 4Negat i ve 28A #2CoND0. 781. 1ND 562. 6938. 4ND1. 31. 5ND

MONKEYS IMMUNISED
WITH WHOLE HEAT-KILLED M. VACCAE (500 pg)
INTRALUNG
, LPA LPA
ID# Days | Wt.Kgs | 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 4.4 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 2.42 37.8 0 53 4.7 | Negative
84 2.46 37.1 1 3.1 3.2 | Negative
210 No sign of lung disease Negative
TN — [ ] [ LrA LPA -,
ID#- Days | WtKgs | Temp. | ESR PPD PPD X-Ray-Remarks
o ST » s mm/hr 10pg lug
3160-A 0 2.17 373 0 1.2 0.79 | Negative
34 1.98 37.1 ND 39 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 53 4.7 Negative
84 2.46 37.1 1 3.1 3.2 Negative
210 Stable lung disease Positive
ND = Not Done
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ID¥ Days _Wt:Kg'g ““Tem ESR '.:P.PD_ PPD X-Ray Remarks
e N SN e R - mm/hr 10ug: Cipgies
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 2.8 | ND
— Time of Infection
28 245 37.8 0 2.1 3.3 | Negative
56 2.28 373 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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em

than sera from PBS cont roI s. In contrast, mce 51
gee - nE “LPA | LPA '
ID# . Days Wt.Kgs Temp ESR | " PPD “PPD X-Ray Remarks
T G : ~mm/hr |7110ug 1pg
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 38.4 ND 1.3 1.5| ND
— Time of Infection
56 225  39.0 | 24| ND| ND | Positive
96 ' Died

ND = Not Done
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WO 99/ 32634 PCT/ Nz98/ 00189 i mmuni zed with M vaccae or DD-M vaccae had
simlar or |lower |evels of oval bum n- specific Ig@. As Igd@ antibodies are
characteri a Th2 immune response, these results ar g5 t with
t he suppre ‘gé"’%ﬁé‘ffects of heat-killed Mvaccae and DbD-M %vaccaglﬁ%lﬁ&t he
ast hma- i nduci ng Th2 i mmune responses. TABLE 3 DECREASED LUNG EOSI NOPHI LI A
IN M CE TREATED W TH MYCOLI C ACI D DEPLETED DD-M VACCAE OR MYCOLI C ACI D
AND ARABI NOGALACTAN DEPLETED DD- RKAMIIUAB. Tr eat ment G oup% Eosi nophl s in
BAL Mean S.E.M PBS58 41:((:%&3/&2 Naccae2l. 817. 4

Mycolic acid and ar aptrrogatactat 1o:< accae Note: At

| east 7 mice per group. TABLEO}AAISW[@]§PECI FIC | gG SERUM LEVELS I N
M CE | MVUNI ZED W TH HEAT- KI LLED M VACCAE OR DD-M VACCAE Tr eat nent

G oupSerum | g@ MeanSEM M vaccae i.n. 185 008.3 M vaccae s.c.113.648.0 DD-M
vaccae i.n. 96 008.1 M vacca BCG, r337.002 2 BCG
Connaught 248hiscxample W?ﬁaﬁ?ﬁﬁaﬁ’o@lﬁ kggﬁdé%“ﬁc@@f‘%@g 0leutaCE

Oval bugif; SREE 1d fided hBRSrAELAR CSRY ANt ARhibiITRYES l fent §P£IP£lFe9§1c Group

immune response in the lungs. This was demonstrated in a 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]J mice were given 2 pg ovalbumin in 100 pl 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 to 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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means are expressed as the reciprocal of the EU50 end point titre. EXAVPLE
4 EFFECT OF | MMUNI ZI NG M CE WTH M VACCAE, DD-M VACCAE OR RECOVBI NANT M
VACCAE PROTEINS ON TUBERCULCSI S This exanple illustrates tEgH&fzggﬁilsﬂ

i muni zat iYW 9UPAP* heat -killed M vaccae, DD- Mvaccae or re

vaccae proteins w thout additional adjuvants, or a conbination of
heat-killed M vaccae with a pool of reconbinant proteins derived fromM
vaccae. ebbiaephiia oliowiag tohalldngt rvéfie ovdlbureiaml Whemicomparaé tofconthd dmimblsvgingn
preparations on two occasions three weeks %%&55%) Phosphat e_buf f er ed

sal i ne @8BS, Jaother sane expyrimenis IRMUREUM VY G sgothsgPasteyr i-mRcand (50
ug); d) Tagu i LB ,
) QR PhLEERLARSorts Shalls SRRLSLB % Py 06 gha@P
Heat - ki lebsidopfliMas @iaeB AL WS niibee pool of reconbi nant proteins Three weeks
after the last intraperitoneal imunization, the mce were infected with 5
X 105 |ive HEo=nophils amsdlead) wlp shas prpaproswent aF therairavay in pldergictasdbemnancBies

the mce wer sacrificed, d their e nogenikzed and sayed for
ol ony  PeRen el ERtppB coptle REIESURURE IR AR RPE o DR EGRe L
of i nf eqiinf3. of 1S airvdysaid aliBgrhashdat arke) d¥Ai dwaaRNFRRI NIA-E SRIRER NS

i ndi vidual mce. The ‘nunbers of CFU recovered fromcontrol mce imunised
Wit h PBSreatnomme with beatedibed A6 wineze babd-Mheoacadel redutes the acwmyetiomefitlahg ni ce
wer e expressed, as punber of .l ogarithns of CEUs bel.ow,the baseljne.fqg
Contr ol s BePly 1Rt B GhcusiSl SISO WS TIOR3 B wi ¢
heat - ki Il ed M, vaceas o6, ré@?ﬁ%?a&m'wed a nmean reduction of > 1 or 0.5
| ogs CFU, rgs’pecti vely. 53 99/ 32634 PCT/ Nz98/ 00189 As shown in Fig. 3B,
the spleens of mce inmunized with the pool of reconbi nant proteins

contai ning Gv4P, Gv7, GY/9, GV27B and 33,. had CFUs slightly |ess than

cont rol 1IN ' ' ALAQINOBAIAGAN, \d Gv33 were given in

M. vaceagdepleted Clasand arapl
conbi nation w ealki d , 1 i,00.. . a
rean of o35 TERUCHY e alied AR, DEIFLIERNT oy ehhell fiof (REESEE,
with M hyaesad (0% KONpiEcakanol forei@dmnisw i @ridyeilivsacitbdépleted DM Mccnaccae

agai nst subsequent infection with . )
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-Mvaccae as well as
mycolic acid and arabinogalactan 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 IgG1 than sera from PBS controls. In contrast, mice
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tubercul osis, and further indicates that

reconbi nant proteins

of two intradernual
psor|a5|s i n human patients.
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TABLE

3A

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

Treatment Group Serum IgG1
Mean SEM

M .vaccae i.n. 185.00 8.3
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 337.00 272
BCG, Connaught 248.00 46.1
PBS 177.14 11.4
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The data shown in Table 4 describe the age, sex and clinical background of
each patient. 55 WD 99/32634 TABLE 4 PCT/ Nz98/ 00189 Patient Data in the

St udy of t of M vaccae in Psoriasis Code Patient tion
of Admi ssi%gﬁgg%??&or e No. Di sorder PS-001D. C. 49/ F30 year Sgg?/év%@%&iﬁﬁ

PS- 002E. S. 41/ F4 nont hs19. 2 PS-003M G 24/ F8 nont hs18.5 PS-004D. B. 54/ M2
yearsl2. 2 PS-005C. E. 58/ F3 nont hs30.5 PS-006M G 18/ F3 years15.0

PS-007L. M 27/ M3 years19.0 PS-008C. C21/ F1 nont h12. 2 PS-009E. 42/ F5

ronthe 1z e RRAC 8 S B D BRI G s
PS- 015 FRAAFAS exprassed s hel&riprbbAl P4 BB5Y et okt t&rd?S- 017E. NAS/ Mb years19. 5

PS- 018E. L28/ F19 years16.0 PS-019B. A38/ ML7 years12. 3 PS-020P. P58/ F1 year 13.6
PS- 021L. 127/ F8 nont hs22. 0 PS-022A. C20/ F7 nmont hs26.5 PS-023C. A61/ F10

yearsl2.6 EXAMPLE 4

EFFECT OF IMMUNIZING MICE WITH M. VACCAE, DD-M.VACCAE OR
RECOMBINANT M. VACCAE PROTEINS ON TUBERCULOSIS

This example illustrates the effect of immunization with heat-killed M.vaccae, DD-
M.vaccae or recombinant M. vaccae proteins without additional adjuvants, or a combination
of heat-killed M.vaccae with a pool of recombinant proteins derived from M.vaccae.

Mice were injected intraperitoneally with one of the following preparations on two
occasions three weeks apart:

a) Phosphate buffered saline (PBS, control);

b) Heat-killed M.vaccae (500 ug);

¢) DD-Mvaccae (50 ug);

d) A pool of recombinant proteins containing 15 ug of each of GV4P, GV7, GV9, GV27B,
GV33 protein (prepared as described below); and

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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PS- 024F. T39/ ML5 years29.5 56 WD 99/ 32634 PCT/ Nz98/ 00189 All patients
denonstrated a non-ul cerated, |ocalised erythematous soft indurated
reaction %0P5}§26'§p] ection site. No side effects were notedpc@nze@bdiksi ned
of by the patiéents. The data shown in Table 5, below, are the measured
skin reactions at the injection site, 48 hours, 72 hours and 7 days after
the first and second injections of heat-killed Mvaccae. The data shown in
Tabl e 6, belAsvshownentlig. HAGhe splserss oomigeninpeizedhwith ghe ppel off fegombinapie

first inj.ection.of C b%/ d. 3, 9 d 24 weeks | ater.

| t canpfﬂq 2% ICQn%@’%%Vﬁaﬁ?sby wée@_%%]afatnér(}t@ %’_ p ?drlg%ﬁ?snflé%ﬂiyof?ssofthﬁ
vaccae codifolOhi4 HeRbveeNwheli NOWaER, BG5BT IGV9,CEGVR7TBNRACVEVERt wild BASh HCOr es.
Seven of fourteen patients who have conpleted 24 weeks of follow up

r emai nedmbinatbrewiththkatddlled Macede, Siegadustion &tk exreded a mka ef/el.8 lafissease.
These resul denonstrate the effect.iveness of nmultiple.intraderm

i nj ections oft ﬁ%{%t sttt \}g%cqgecflﬁen(eﬁﬁe r B AR OBy “B@‘oM?i‘éch.e’ b/%l

scor es ypel oW, 1P rdBilatnt piéles BedRd RERINIDECAE abfaiiNSseqibt BRALIBOMAGY Of
skin biopsies I ndicated Fhat normal skin structure is being restored. Only
one of tubeeculdsiss tand efuetherpaidicates shathdl vwawe, QANPY. e¢@de 28d weeksbinfig| prowing has
had a rel apse. 57 WD 99/32634. TABLE 5 Skin Reaction Measurenents in

M | | i mBtaybemsteTelRperbasodeeicasaishNyPeic eSS Measur enent First | nj ecti onSecond
I njection 48 hours72 hours7 days48 hours72 hours7 days
PS-00112x1012x1010x815x1415x1410x10 PS-00218x1420x1818x1416x1218x1215x10

PS- 00310x1014x1010x815x1215x1010x10 IPSAMPIIEIX1222x1820x1520x2020x1814x10
PS- 00510x1013x 10 DNRDNRDNRDNR PS- 00610x810x106x412x1015x1510x6

PS- 007 15x8HkL, INIRIARERMAL PG HObEOddh.a ¥ kgl A.FI b AG A ME A

RM015x10

VACCAE ON PSORIASIS IN 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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PS- 00913x1318x1512x815x1312x1212x7 PS-01013x1115x158x812x1212x125x5
PS-01117x1314x1212x1112x1012x1012x10 PS-01217x1215x129x910x1010x68x6
PS-01318x1115x1115x1015x1015x1314x6 PS- 01415x1215x1115x1013x1214%108x5
PS- 01515x QA 8%326365x 107x614x126x4 PS- 0166Xx56x66X58X89%x89x6

PS- 01720x1515x1414x1015x1517x16DNR PS- 01814x1010x810x812x1210x1010x10
PS- 01910x1014x1210x8DNR15x1415x14 PS-02015x1215x1512x1515x1514x1213x12
PS- 021 1&xitedkBadl@Foedd lesibd di 1215048, ABe GRIAY 2xihddx &1l GitB h5xakRABpbfddwBfour
PS- 02313x1214x1210x1017x1715x15DNR 58 WO 99/ 32634 PCT/ NZ98/ 00189 Code
No. Ti newesks mekese thenpiientsglid 1o baroDIiene ORB POUBBISTBsampnRor=effscve épisad por t .
TABLE 6thCIai pical Status of Patients after Injection of M vaccae (PASI
Scores) C38¢ No. Day OVeek 3Week 6Week 9Week 12Week 24

PS-00128. 8147l patiedts Wéte Ben0di2tRd dadeidal L RitR 0. 20 B/ vaccae (equivalent to
PS-00318. 517. 210. 52. 71. 60 PS-00412.213.412.77.01. 80. 2 o ,

PS- 005* 31, sEONRILEs PrsFRbNrgeddreopweeksolair gvith & secppd igtrglermal injection with the

Eg: 88;%% :sgl }gi%%%&gﬁiggo%%griazsg'slwgslé'\ia%}a%édz ?rbx%ofour weeks before the first
injection of heat-killed M. vaccae to twelve weeks after the first injection as follows:
A. The PASI scores were determined at -4, 0, 3, 6 and 12 weeks;
B. Patient questionnaires were completed at 0, 3, 6 and 12 weeks; and
C.  Psoriatic lesions and each patient were photographed at 0, 3, 6, 9 and 12 weeks.

The data shown in Table 4 describe the age, sex and clinical background of each patient.
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PS-01018.
PS- 01230.
PS- 01426.
PS- 01630.
PS-01816.
PS- 02013.
PS-02122.
PS-02312.
recei ved
fromtrial,

revacci nated DNR = Did not

drug (penici

11 n)

i nduced dermatitis

216.019.417. 216.919. 3 PS-01117. 216. 916. 716. 516. 515.5
936. 429. 739. 8** PS-01319.519.218.917.814.717.8
714.77.45.89.924. 4*** PS-01530. 429. 528. 628. 528. 224
2We.9852623. 20. 83. 3 PS-01712. 312.612. 612. 68. 28. 7
013.613.413.413.212.8 PS-01919. 511. 67. ODNRDNRDNR
613.512.412. 712. 44. 4 59 WD 99/ 32634 PCT/ NZ98/ 00189
020. 211. 811. 415. 515. 7 PS- OPRBRGESR5. 820. 711. 18. 35. 6
69. 26. 65. 04. 812. 6 PS-02429.527.520.919. 029.821.2 *
onl y onBatdeggdata imthesttudy of the Effeqt 0431, vaccuen PseriasiPsS- 012 renoved
* * * Patient PS-014 was
report Patients treated with M vaccae nay

. 3
PCT/NZ98/00189

Pati ent PS-005

achi eve renfsSgiqan [(PASI ScCOre = 0). The Tenbmatienbiorl |1 Nprovement of  PARI
score may be INeng || astpafight By |exampl/sex Pati enbisdr@r003| aGhii®MeEASKESESSI PN
by week 20 Bpgop@ay 31T T h remssyopm at Weeke&9. Overall 13 pfgZ4
patients shpwed a|greater than 50% i nprovénent in PAS| scores. Patient
PS- 001 achi gpsd0RgrE.Ssi on at week 46F rel agsechtht week 48 (PARL22.7), was
re-vaccinated witH iniectionslof M ;e.at_l_y_uglav.ed_m h
PASI fallingPP08&| M-8 (week |60) £4F0. 8 (ReBwntbu) . Thus patibhis may
benefit fromsgrepes teg—treatrent—EXAVPEE G—WF-G:—-N“FRABER*?MZ—O—N&EGF ON
OF DbD-M VAOﬁ%mg}\J[E@OQI ASI S 1IN HWPATI I% This exanple ilTUstrates|the
ef fect of tWpgIgaET/agigr mar 1 nj §Ct1 0Rg/FOT DP3hoMRECAE on 305

PS-006 | M.G. 18/F 3 years 15.0

PS-007 | LM. 27/M 3 years 19.0

PS-008 | C.C 21/F 1 month 12.2

PS-009 | E.G 42/F 5 months 12.6

PS-010 | J.G 28/'M 7 years 19.4

PS-011 [ J.U 39/M 1 year 15.5

PS-012 | C.S 47™M 3 years 30.9

PS-013 | H.B 44/M 10 years 304

PS-014 | N.J 41/M 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 | L.I 27/F 8 months 22.0

PS-022 | A.C 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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psoriasis. Seven volunteer psoriatic patients, male and femal e, 18-45 years
old with no other system c diseases were admtted to treatnent. Pregnant
patients i ncluded. The patients had PASI scores o ,60185\3

di scussed@ééﬁ?&f he PASI score is a neasure of the | ocat ?fgg%?zs?ze and
degree of skin scaling in psoriatic |esions on the body. A PASI score of 60
WO 99/ 32634 PCT/ NZ98/ 00189 above 12 refl ects w despread di sease | esions on
t he body. The study comrenced vvith a washout period of four weeks where

t he four ent s not have aS 'c nt| 801 asi treat ment  or

ef fective O Beferth dpaaystibe o AL 1 ERG BBy SdF dyafea

i ntradgLE®id ¥ thwlﬁﬁctﬂmlmsi rwsMeveqfé@@av&e%teaabpeémbmm%@Q)f@y thd pafie@S
followed three weeks later with a second intradermal injecfion with the
sane dbbedath sBDvMinvizbkas {elon a} thiseasuasd skinaeactiond atathednjectoon it id8weeks

beforethe irst in tio ae to .six. weeks afte he fir
i nj ect P‘E)‘HS 2 s %‘ngw S a&ﬁ‘? ﬂf’%gist aé'@cﬁe‘é%nd\/\'lﬂl‘eé t ‘gﬁ"ﬁ'ﬁ’ﬁé‘h ‘il{v} vgeeag, 13and 6
weeks; 4B, sp%hEiﬂtTa%}éeﬁtbé? ahfeCfie AR sfee | gtRE p3 ﬁ,gs aﬁt@%@ ﬁé%ﬁstand C.

psoriatic | esions and each patient were ot ogr and

dat a shgswtiohnf Yabhecaé (Beﬁoyariale% the, Hg&m,d?ﬂaxee&nbhml i ni cal background of each
patient. TABLE 7 _ Pati ent ta.in the Stud né the Effect of DD-M vaccae in
Psoriasis CHdanmpigariyhesen [ﬁ)’r‘é(??lb% agf“‘rélﬂ rsiingsgtipnef Msgeeaendd of 24r der

year s BRGTESEAY By SERRREEAR BoRRINAGS Dot REfQeEpRS who

PS- 030¥aB4Adiyitedns dikeld dP Sl ﬁ/earﬁélwd sable Rdthholklidal Bigh o€ rddevelgpmagt r at ed
a non-ul cerated, l|ocalised erythematous soft indurated reaction at the

i nj ect Pbrsewire elisengs. si Fhesefresis sdamanstralst e, effactiveness #f naultipie bytradaemal
patien }nﬁectlons 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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The data shown in Table 8 are the neasured skin reactions at the injection
site, 48 hours, hours and 7 days after the first injection of DD M
vaccae, $%§ﬁ§2 st and 72 hours after the second injectpepnzéslool¥d

99/ 32634 Skin Reaction Measurenments in MIIlinmeters PCT/NzZ98/ 00189
Code No. Time of Measurenent First InjectionSecond |Injection 48 hours72
hours7 days48 hours72 hours PS-0258x88x83x210x1010x10
PS-02612x1212x128x8DNR14x14 PS- 0279%8B:£1010x89x59x8

S 03014x1214x1410x101 23 ABISRGOEMEHIEARRT StV 151010 oW = b1 o

not report [Th&odeNe spown 1h Table 9 are the PASI Scores of the seven
patients at|the tine pf the first injectlinaofMeabdedhdnvaccae (Day 0), 3, 6
12 and 24 weeks | ater| TABLE Fikdinjectival St at us| of Pat | estamdadjéctibn [ N) ect 1 on
of DD-M vageae—{PASH-Sgor-es) ”“”ﬂ No—Bay—-0Week—3Weck—WVeel-12\0ak 24
PS-02512. 24| 11. 81. 41. || BEW3614 4Pt 86| 06981, 4| PE 85724, 857393, Bo. 190" 6
PS- 02818. 2241p82816Dr oppedx FS- D29128169. 197.1438 60| 8 1B%143021.13%D4 718. Abx1613|
PS-03113.05(12, 11. 60 62 WD 99/ 32634 |PCT/ N798/ 00189
PS-002 18x14 20x18 18x14 16x12 18x12 15x10
PS-003 10x10 14x10 10x8 15x12 15x10 10x10
PS-004 14x12 22x18 20x15 20x20 20x18 14x10
PS-005 10x10 13x10 DNR DNR DNR 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 Tx4 11x10 11x10 11x8
PS-022 12x10 10x8 10x8 15x12 13x10 10x8
PS-023 13x12 14x12 10x10 17x17 15x15 DNR
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It can clearly be seen that by week 3 after the first injection of DD-M
vaccae, five patients showed a significant inprovenent in PASI scores. By
vweek 24, Slgo9fs3pven patients showed a significant inproyg 8/bdigs"ASI
score. By way of exanple, Patient PS-031 went into rem ssion (PASI score =
0) at week 32 and remained in rem ssion when seen at week 48. The PASI
score of patient PS-025 was reduced to less than 1 for nmore than 12 weeks.

Upon an exgceftfNcon {of psoriasis (PASI = 15.8) at week 48, the patient
was re-treated with DD-Mvaccae and iwprx\mr‘?gweilwlﬁmtl v with PAS|I scores

falling to|€S802nd 0.6 Wxl0edks!®d0ang sH%8espectP¥el y| THK trdat n¥ft of
psori as,s, WtH—bBb-Myaccae—rrayt+ead—todrseaserensstot—or—provide

pr ol on?@ﬁ@f&ﬁ@epﬁgti ents nmay al so benefit with repeated treatnent.
EXAVPLE 7 PREPARATI ON OF COWPOSI TIONS FROM M VACCAE Thi s exanpl e

illustrates the processing of different constituents of M vaccae.
Preparati on of Delipidated and DegMAJMLE g dated (DD-) M vaccae and

Conpositional _ Analysis t-killed M. vacc S pr ed as described as
above in Exa 1gal szat“argig&rlsnfsa@ﬂ B@JB%WWEE%@?ﬁlt%oﬁﬁ)ocl aved M
vaccae was pelleted by centrifugation, the pellet washed with water,

coll ected again by centrifugation and then freeze-dried. An aliquot of this
freeze-dri ¢€CoM/Becae |WaBay@t |asWdek aind Wakkior ¢d Weeka® | yWadekl12s e d Whelczaie|
When used iln__experinents it lwas resuspended iin PBS tolthe desiired
concentr at i|d¥%-0Hr eeza- d2BS8d M vikeTae| WhS7treat ed2with ch?dr of ar mf nBt hanpl

(2:1) for 64 rr(i)“" at roq““.te. pergtitrertoexttract Ioi pHet5 "Ed thHe 06
extraction S %peat ed 8ﬁce. Th@'ééel i| pi bgﬁed resli ddl;e fron’?’ :

chl or of or MTE&LHENOI [EX[RACTI[ON pas T UTTgE tneatggd W [h 5pP% etfhanot gto
remove glygolipids by refluxilng for two hours. The 5006 et hanol |extractio
was repeat e®S-063% ti mes. 1I2e pool Bt 50% ethdnol| exi.facts weBe used A a

source of M_vaccae alvcaolipiids (see bel ow The residue fromthe 50%

et hanol ext{P&c9%n was PPeezq- dHNY and W&ighed. DNV afroumNBf del i pPdat e
and degl ycgig-pidated—ivhyaccae argd equtrvabentto—33i1—%cofthe
starting vve;pgvxg(?é;ht qf éé% 99/ 32634 PC‘?’%IZQS/ 00%59 M va%‘gae Lsed.3'q:or
bi oassay, t[p&_gel 1 pi dat qd pand degdycol i pidgted Ms5gaccae (PB- M [vaccge),
was resuspended in phosphate-lbufferedisaline Iy sonication, and]|sterilised

>

[®X

by aut ocl 2008 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 17.2 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 1.4 5.8 9.9 24.4%*x*
PS-015 304 29.5 28.6 28.5 28.2 24.3
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 13.6 135 12.4 12.7 12.4 4.4
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The conpositional anal yses of heat-killed Mvaccae and DD-M vaccae are
presented in Table 9. Mjor changes are seen in the fatty acid conposition
and am no osition of DD-M vaccae as conpared topthRzbgiRsd bl €
fraction ﬁgﬁgﬁ%g{zpl | ed M vaccae. The data presented in Ta f] g show t hat
the insoluble fraction of heat-killed M vaccae contains 10% ww of |ipid,
and the tota}l—ami-noaci-decontent is 2750 nnoles/ng_ or approxinmately 33%
ww DD NEhe cdnt 229s 1. 3004 w of 11-8i d and1442 nnol%%/ ng anihd
aci ds, whi apAT o atgty oW FABEE ..szit'"nﬂ' analyses of
heat - ki | | egjsl\ﬁ)?zvacccte gﬁ D) Mg\llgaccae ACCI‘:\AE\QJ | TI{ON éi@ar
alditolM \mseezeDD-M vaecae | nggitol 3. . 74 Ripptol | 1. JRU- 2446
Ar abi nitol|22. 7927 0% Mannit gl 8. 3%8. 3% Gal actiltol 11. 5%l2. 6% .
d uci t ol 52.P88%8 206 FATEY-SACID GIMPOS| TI ZNIFafty 186 dM vasceDD- M2Naccae
Cl4: 03. 9%4:6-0%c1+6+024- 19 3%C16+114--0%43- 3% C18. 04. 004 5% C1811* 1, 292, 7%
C18: 1w920. 693. 1% C18 1w712. 5%. 9% C22: 012. 19%3. 0% C24: 1 *6. 59%22. 9% 64 WO
99/ 32634 PCT/Wn@?@ﬁ)@ST&%Ne&%H &lokd GE killed M vaccae
contains 10% ww of |ipid D&Me Sacca%dt%‘%glé?ﬁggcfe 3% w w of |ipid.
e ** Patient PS-012 removed from trial, drug (penicillin) induced dermatitis

e *** Patient PS-014 was revaccinated

¢ 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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AM NO ACI D COVPCSI TI ON Nnol es/ ngM  vaccaeDD-M vaccae ASP231361 THR170266
SER131199 GLU319505 PRO216262 GLY263404 ALA416621 CYS *2426 VAL172272

MET* 7294 | LEU209340 TYR3975 PHE76132 GLcNH256 HI St Azod/svh8$167
ARG147272 ‘#ﬁég)/?%gl anm no acid content of the insoluble fraction of

heat-killed M vaccae is 2750 nnoles/ng, or approximately 33% w w. The
total amno acid content of DD-M vaccae is 4250 nnol es/ng, or

appr oxabose dRyrefeon widespGadplisdaso Fesions eanthe d1ody onl list sty wpmpeneed witht &

del i pi dat ed and degl.ycol ipidated, forms of M. tuberculosis.and.M .spegmatis
el 1 piviavetr g ryEorisr B ma BibRrden O d MR SHeE EP e henet
prepar@byHeiing difteti KPRV iRraSS CThd 8 eniavientt Herd elenPinftatcadingidbrmall

degl ycolipidated M vaccae. As indicated in Table 10, the profiles of the

per cenvitly8.1anhPDsit vamao(eqaivileot toddde)i KhibDravlfoNewskibrecDmecks laterbeitical osi s
20 OO SO SToted 10 Sl PR ) LASheIR RS er, el oLt
% M vaccaepgontainedyAdie B8Rt Rells@idtore WEFiRR i RioM of DRI RS and
weeks after the first injection as follows:
A. the PASI scores were determined at -4, 0, 3 and 6 weeks;
B. patient questionnaires were completed at 0, 3 and 6 weeks; and
C. psoriatic lesions and each patient were photographed at 0 and 3 weeks.

The data shown in Table 7 describe the age, sex and clinical background of each patient.

TABLE 7
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 34/M 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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M snmegmatis contained 79% and 72% protein, respectively. TABLE 10 Am no
Aci d Conposition of Delipidated and Degl ycol i pi dated Mycobacteria Am no
DD- M vacc accae DD- DD- AcidBatch 1Batch 2M smegnaty Ul 0Si S
Asp9.59.53\.99%%1?¥r 6.05. 95. 05. 3 Ser5. 35. 34. 23. 3 @ ull. 111. 11?’41%’{@@85
Pro6.15.97.55.2 dy9.99.79.49.8 Al al4.614.714.614.2 Cys0.50.50.30.5

Val 6.36.47.27.8 Met1.91.91.91.9 |1e3.63.54.14.7 Leu7.87.98.28.3
Tyr1.41.71.81.8 Phe4. 24.03.23.0 Hi sUABBE&2. 01.9 Lys4. 14. 04. 14. 2

Arg5.85.96.26.4 Total 9% 55,133.872. 178.5 Protej.n. Anal ysis of the
nonosacchari de conposi @‘H??Rg’ffwg FW??S’&%?“@JF%%?% tes between DD M

vaccae, and DDFM tUfercutosis and DD- M snegnati s. The nmonosaccharide
conposi tion of fMR. batches of DD-M vanmaer Masurthé@t same and differed from
that of DDM First Injection Second Injection
48 hours | 72 hours 7 days 48 hours 72 hours

PS-025 8x8 8x8 3x2 10x10 10x10

PS-026 12x12 12x12 8x8 DNR 14x14

PS-027 9x8 10x10 10x8 9x5 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 | Week6 | Week 12 | Week 24
PS-025 12-2 41 1.8 1.4 1.7
PS-026 14-4 11-8 6.0 6.9 1.4
PS-027 24-8 23-3 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 21.3 15.7 13.9 16.5 13.6
PS-031 ' 13.0 5.1 2.1 1.6 0.3
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tubercul osis and M snegmatis. Specifically, DD-M vaccae was found to
contain free 66 WO 99/ 32634 PCT/ NzZ98/ 00189 gl ucose while both DD M

tubercul o 5%3 smegnatis contain glycerol, as shown inpdafiz8sdotss TABLE
11 Al di tol%b z\%}e %‘{\Ae wt %ol % DD- M vaccae Batch 1 Inositol 0. gg

Ar abi nose54. 759. 1 Mannosel. 71.5 d ucose31.128.1 Gal actosel2.511.3
DD- M vaccae 100.0100.0 Batch 2 Inositol 0. 00Q.0 Arabi nose51. 055.5
Mannose?2. 01 Igcay dlesslydmseqthatbicyeelc? aferthe finst injeqtyon of %Mo’gcc@rzo@vg

:Vg(r)l?llots gdzq 1511ts é}(i) dy aC ?1 1'8&' %%ﬂ brillgro%emer?tt}h T’%%? §g0r§s7 %y wg<e¥<l 2918 S1X o% seven patients

ucos
showed a significant improvement in PASI score.

By way of example, Patient PS-031 went into remission (PASI score = 0) at week 32
and remained in remission when seen at week 48. The PASI score of patient PS-025 was
reduced to less than 1 for more than 12 weeks. Upon an exacerbation of psoriasis (PASI =
15.8) at week 48, the patient was re-treated with DD-M.vaccae and improveded promptly with
PASI scores falling to 6.8 and 0.6 at weeks 52 and 56 respectively.

Thus treatment of psoriasis with DD-M.vaccae may lead to disease 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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Gal act 0se9. 48. 0 DD- M b100. 0100. 0 I nositol 0.00.0 dycerol 9.59.7

Ar abi nose69. 371. 4 Mannose3.53. 0 d ucosel.51.3 Gal actosel2.410.7 M vaccae
gl ycol i pi 0 The pool ed 50% et hanol extracts descri re
dried by Sg@gg’&% vapor ation, redissolved in water, and fr?ggg&g?}!@gwﬁe
anount of gl ycoI i pid recovered was 1.2% of the 67 V\D 99/ 32634

PCT/ Nz98/ 00189 starting wet weight of M vaccae used. For bioassay, the

gl ycol Mpuderenased. diFos d116¥?é§?1}’, rthe pi@bslﬁht&ﬂealﬂuﬂ*@}’@d{lpyhllqdn& EXARPIBDBM MMUNE

|VO:)ULAT| NG, PROPERTI ES Al YCOLI.PI DATED AND
OV PO BRI PIARETAE RS IR e SPHEGHy qrde tersed

m)dul af{dt(g@av@ﬁ§pertl es of different constituents of M vaccae. Pr oductl on of
I nt erl euki n- from macr ophages Wiol e heat-killed M vaccae and DD-M vaccae
wer e shown Tlm msﬂiohaleaxehises altteakekitled 34 ivandaatand DIPrAdperctiecae pidsented

stimula i mrune res nhanced b t he pr.ductiaon of
i nter |1§t¢@|%[}: %2 HIC 3jegef P’E?rﬁeﬁ‘hb'&%ﬁﬁaég el‘ﬁ’équﬁiolrﬁ aHfm?i??lgéP@ﬁme&anaccae

prepar ! Rbsrel o tHei 961 B'l'écﬁd 6n W@ e sle . asriPhdpws. A
group %?D%SZ?BW%% r?lglgte) \EXere elt? nj elélt ed int rcap%\rg?t Sngg?ﬁMwﬁ’%zﬁgﬁl ?é% b

t hi oglpre@naidein Buble Bfshew thitrthe italuble fractionaofeaht-kitled dfihages comtatscidl’h ect ed
and pl aced in cell culture with interferon- @gn’m& for three hours. The

cul t ur®ebilinid adshe Rl amine agid conientds 7o uRRlEHMEa P BWExImalihos o W/W.

heat - kvl o) DGERE: C Laccae and
M vac]i(gigeﬁgIvggﬁéﬁt &Jn \{Esd)lr%’ ar edgghpd%scrll? %g%%%&%m%fﬁgo%ed.w%?%ég a
furthegpprdmﬁlggl}damsvaw 37 C the culture supernatants were assayed for the
presence of |L-12 produced by macroBhages As shown in Fig. 4, the M

vaccae preparations stinulated thelpBbeittion of

Compositional analyses of heat-killed M. vaccae and DD-M. vaccae

MONOSACCHARIDE COMPOSITION

sugar alditol M. vaccae DD-M. vaccae
Inositol 3.2% 1.7%
Ribitol * 1.7% 0.4%
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
C14:0 3.9% 10.0%
C16:0 21.1% 7.3%
Clé6:1 14.0% 3.3%
C18:0 4.0% 1.5%
C18:1* 1.2% 2.7%
C18:1w9 20.6% 3.1%
Ci18:1w7 12.5% 5.9%
C22:0 12.1% 43.0%
C24:1* 6.5% 22.9%
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I L-12 from nmacrophages. By contrast, these sane M vaccae preparations were
exam ned for the ability to stinulate interferon-ganma production from
Natural Killer (NK) cells. Spleen cells were prepared fr nmbi ned
I m*runodef‘lvei%(ﬁ’t‘sgf SCID) mice. These popul ations contain %%0% N?(ﬁgée:f)l s.

The spleen cells were incubated at 37 Cin culture with different
concentrations of heat-killed Mvaccae, DD-M vaccae, or M vaccae

gl ycol The idsolufilh érad@dzraomamllg@l\e ra3we ROTANEI 8Y 008 of Bpidvand; IADHEY guacsae
denonstr at es é“?f heat-killed M vaccae and M vaccae gl ycoli pids

sti nul SoniRY b Wivg EH‘ interferon-gamma, DD-M vaccae stinul ated
relatively less interferon-ganma. The conbined data fromFigs. 4 and 5

i ndi ca with whole heat-killed M vaccae, DD-Mvaccae is a
better}“%“%%& (g@\q%@ﬁ -12 than interferon gamma. These findings
denonstrate that renpval of the lipid glycolipid constituents fromM
vaccae resUNm®lésrmghe rengval of Mamaseell ar ¢ )nnoné}ﬂéftwa‘taestl myl at e
interferon{ggpma from NKi|cells, t2¥reby effectively 261 mnating an

i nport ant fjg source of 39 cyt oking7g hat has| nuner ougahar nt ul
si de-ef f ect PDB-—M-vaccaethus Tet 31ns Th—T ne ennml ng capaC| ty by
St| rm' at| ng.gER 12 nr Cnlnni- H g |

12p etHeh—Dbut H Host—tHe—ron=sp 5 f+e—effects that
my come tl’gll‘pgh the stinmulation-o ihterfenon gana oroduction from NK
cell's. The [BROuvant effect| of DD Mi&accae and a nunh@®? of M vaccae
r econbi nant|GL&nt i gens of tlhe prese®®3inventiaon, prepaf@l as descri bed

bel ow, was |defaer m ned by nfeasuri ng4iéGti nmul atilon of |Lé6AR secretijon from
nmuri ne pen@Wal nacropna;ges FiIrge4 6A, B, and C showe data from separate

experi nment VA whi—ch—groups—of C5/|PHO mce ((F 0. 0/-\)2725/-\|_b/’c mice (Fig.

6B) or C3H/IH J*-; ce (FI - GC; wer-e—gHvet—DbH-¢othi ugl yg’iul ate
intraperit y After ithr ee_daj@__per! t oneal nacrgphages—were col |l ected
and placed ¥ culture withl interfe Oh- gama |f or thredé’hours  The cul ture
medi um was |LEPl aced and vafi ous coR@®ntrations of M v4@cae reconbi nant
protei ns GgYR (GV-3), GV-UP (GV-4Rp, Gvc-7 (|GV-7), G523, GV- 27, heat
killed M vapgge, DD-Mvaccae (re'r e;r6red to ag dell pi dagezd M vacfcae in

Fi gs. 6A, BG ""‘"2C), Mvaccae gl yL,USI pids—or [ popot ysgccnarl de re added.
After three 37 G the—ct +4 e Super.mamo vvc:l7c aooaycu for the
presence of HIp- 10 nrndurp by nmecrifphages s shown in Figs.—BA B and C,
t he reconbi [hdi% prot eins and M vacd8® prepardtions stllﬁﬂl at ed t he
production @MRGL-12 from npcrophagé4? In a subsequent 2éXperi nent
| FNy- pri med perirtoneal macrophages from BALB/c mce were stinulated with

40 ug/ i of M vaccae r econbi nant B bRk HackiBn B fUl-Eilke 13 vlaYs Rnghsohe

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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presence of |L-12 produced by macrophages was assayed. As shown in Fig. 7,

in these experinents |IFNy-primed nmacrophages produced IL-12 when cul tured

with a co tein, ovalbumn (ova). However, the recophinNyagboigs Ot €i ns
GV 24B, 3%@’%@@; , 27, 5, 27B, 3, 23 69 WD 99/32634 PCT/ Nzgg;lqg%lw and 22B
stinmulated nore than twi ce the anount of IL- 12 detected in control

macr ophage cultures. Detection of Nonspecific |Inmune Anplifier from Wole

M  vacdaB-HMnwache cantpingd 34%mndt 540 eraseinpvheraecRP-M Geradosiuand PB-
supernatant (SIN), kil l egd, M [ -del i pi d Mvaccae and deli pi dated
and de y%‘f%”&&?%"&"ﬁi’\7gé’caé‘é‘\l7?ﬁﬁ%fe&‘§§%%§ﬁt?‘%§epar ed as described above,

were tested for adjuvant activity in the generation of a cytotoxic T cell

i mmune response to ovalbumn, a structurally unrelated protein, in the
mouse. This anti-oval bum n-specifi dABYEdDoxi c response was detected as
follows. C57BL/6 mce (2 per group) were imunized by the intraperitoneal
injection of 100 [tg of oval upiinieoMdMd Tenipwitioal dfowi ng test adj uvants:
autocl aved M vaccae; qrlipRiadat St Neglyenfagated My ddbdedesid M vaccae with

gl ycolipids also extracted (DD-M vaccae) and proteins extracted wth SDS;
the SDS protein extract treated w th Pronase (an enzyne whi ch degrades

protein); whole Myaccae Gy {3re.d | bbldb&eeand hgst- Killggp M tubercul osis

or heat-killed MRgyl s BCG guphl el Opacl SR OWBWesmds Mr¥ageasis cul ture
filtrate. After 10 days, spleen cells were stinulated in vitro for a

ftirther 6 days wiss§ E. G7 celds whichgare EL4 cekls (a CyBL/6-derived T
cell |ynphoma) tr fected wgtn the oxal burnin ggne and t§1 S express

oval burnin. The spleen cells _ were then gssayed f%? their ?;ility to kill
non-specifically B% target s or tél'cfill spec¢ifical ly 1Re E. G7

oval burnin exprestbng cell stLkifri ng ivity vidd det ect éa-soy t he rel ease
of 51 Chroni um wi thiowhi ch thé-1 EL4 and5€. G7 cel 7§ have be®R | abelled (100
[tC per 2x 1 06) Glprior to 9 killin§7assay. KPKIing or98ytolytic
activity is expresgad as % spe6ific |yBi.3 using e fornulldg2 cpmin test

cultures cl2min trol cul gy es X100%oes total cpmcpmin gentrol cultures
It is generally krgyn that oya] bum n-spgcific cyyetoxic ceyks are generated
only in mce i |zeqvmth1(§/alburn|r11‘9vmth an agj uvant bf’.b not in mce
i mmuni zed with ov 3 umn al %née 70 35 41 47

Leu 7.8 7.9 8.2 8.3

Tyr 1.4 1.7 1.8 1.8

Phe 4.2 4.0 32 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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WO 99/ 32634 PCT/ Nz98/ 00189 The di agrans that make up Fig. 7 show the effect
of various Mvaccae derived adjuvant preparations on the generation of
cytotoxic to oval bumin in C57BL/6 mce. As shown i
cytotoxic ‘gel ?lék\g/\f‘ere generated in mce immunized with (i) PngﬁglP(lﬁ)e" 100
gg or (iii) 1 ng of autoclaved M vaccae or (iv) 75 g of Mvaccae culture
filtrate. Fig. 7B shows that cytotoxic cells were generated in mce

i muni zgdecosk while bpthyDRgMgabersulosistend Mo vaasmpriseante gbiceroliap showmyin Table
del i pi dat ed and degl ycol i pidated (DD-) M vaccae. As shown in Fig. 7C(i),
cytotoxic cells were generated in mce imunized with 1 ng whole

autocl aved M vaccae; Fig. 7C(ii) shawsphe active material in Mvaccae
soluble proteins extracted with SDS from DD-M vaccae. Fig. 7C(iii) shows
that active material in the A¥ebivant preparation of Fig. 7C(ii) was
destroyed by treatnment with ff#&prot eo™ic erf®the Pronase. By way of
conparison, 100 gg of the SDS-extracted proteins had significantly
stronger i nmune-enhanci ng QB’MV? ae( Fi g 7C(ii)) than did 1 ng whol e

autocl aved M vaccae (Fig. . |nnunuﬁpd with 1 ng heat-killed M
vaccae (Fig. 7D(i)) generat%i1 otOX|g47ceII55§ oval bum n, but mce

i muni zed separately with 1 at-kiljed M tuperculosis (Fig. 7D(ii)),
1 ng M bovis BCG (Fig. 7D(|t3luﬁg§ 1 rrg3|M1phI ei 2§Flg 7D(iv)), or 1 ng M
smegmatis (Fig. 7D(v)) fail eftgegeneragbe cytofgpxic cells. These findings
denonstrate that heat-killed M vaccae gpd DD Mggyaccae have adj uvant
properties not seen in other nycobacteria. Furthernore, delipidation and
degl ycol i pidati on of M vacomemvesmwes an NK cell-stinulating activity but
does not result in a loss oBatthzel |l stinulating activity. In a separate
experinment, mce i muni sed wirdokitobval buni.h pl us (00 ug of DD- M vaccae

depl eted of nycolic acids ardabamogbi nogal-lct an, SWere al so able to generate
cytotoxic cells (28%to 46%massemum spetific Isis conpared with <8%
specific lysis for control nfitteosei mmunidééd wi t Bl-6val bum n al one). The M
vaccae culture filtrate desd¥dped abovéA%as frablionated by iso-electric
focusing and the fractions assayed for %Qd} uvant®®ctivity in the

anti - oval bum n-specific cyto XI C response assay in C57BL/6 m ce as
descri bed above. Peak adju |V|t|§§ wer e 71 WO 99/ 32634

PCT/ NZ98/ 00189 denonstr at ed act|OQ§ corregponding to pl of 4.2-4.32
(fraction nos. 7-9), 4.49-4.% bmo ig 17) and 4.81-5.98

Liracti nos.
(fraction nos. 23-27). 699 7

Xylose
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 69.3 714
Mannose 35 3.0
Glucose 1.5 1.3
Galactose 124 10.7
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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| dentifcation of proteins in DD-M vaccae by antibodies BALB/c mce were

i nmuni sed intra-peritoneally with 50 ug of DD-M vaccae once a week for 5
weeks. week mce were sacrificed and their serumggl The
sera wer e%eggg? “for antibodies to recombi nant M vaccae-derive %%{’())I@%'?EI ns,
prepared as described below in standard enzyne-linked inmmnoassays. The
antisera did not react with several M vaccae reconbinant proteins nor with
oval buni startingivedi weightedf 44 wacdea pesdev dar binsgwyi e glynelimils yrese dissolved time
enzyne- l'nkéh E‘&@% d ldata not shown). Antisera frommce imunised with
DD-M vaR¥, 48 1%- 12 M vaccae-derived GV antigens. The results
are shown in Table 12 below. The antisera thus identified GV3, 5P, 5, 7,
9, 22B, 24, 27, 27A, 27B, 33 and 45 as being present in DD-M vaccae.
TABLE 12 Reactivity of DD-M vaccae antiserumw th M vaccae-derived GV
antigens GY Antigen Reactivity* 3 ?.E?%}VPPSL%% 10 102 104 104 104 27 127A 27B
33 45 *Expressed as highest diluti m from DD- Mvaccae i mruni sed

m ce show ng greater actiywiiWe MAHUERTHIGIFRIPERTIHIGHNI sed mice. Proteins
in DD-Mvaccae identified by T cell responses BALB/C nice were injected in
each footpad w t hDEQOPIATIED MNP drt(zleY CO LA THID iMd A GUAMANRT onpl et e
Freund's adjuvant and 10 days Iatervvere sacrl f| ced to aobtain popliteal

| ynph  node cells. TheRESGQNMBINANT PROTEINNIROM MIACGAE i zed control nice

were stimulat i BS.
Ater 3 dayo. TiapPamis ifiBuiie 'ﬂlmﬁg @%&@atmﬁoﬁéaﬁ{fﬁ%n&ﬁ%?féﬁﬁg@eﬂsﬁegﬁﬁf
99/ 32634MPWcEzZ98/ 00189 T cell proliferative responses of |ynph node cel I S

from DD-M vaccae i mmuni zed mnmice to GV proteins. Lynph node cells from DD M
vaccae-i nmuni zed mce did not proliferate in response

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 whole 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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to an irrelevant protein, oval bumn, (data not shown). As shown in Table
13, lynph node cells fromimmunized mce showed proliferative responses to

Gv 3, 7, 27B, and 33. The corresponding cells E)E:?ngslo()lsg
non- i mmuni z%ég'/rrzl%‘g did not proliferate in response to these GV proteins

suggesting that mce i munized with DD-M vaccae have been inmuni zed with
t hese proteins. Thus, the Mvaccae derived proteins GV 3, 7, 9, 23, 27, 27B
and 33 shown inkBigy 5 demqmetr@ip%ﬂ@htwliniﬁ tilledalbc aeccar mpl M1 sadene gl yoekipidsy e

d f DD- M ; d trol
i oo t o o EHERR of (RS ORp n QU AT SreR hmapre e ByEN 165 he
pr esenCﬁt&fe@/ﬁﬂﬁ&he RS cabRed AhtalfrdaPF MsVAGEDS lﬂmtha@@oﬁ%fea WitHWREle M Ce

GV34. 631. 52 3.321. 27 GV96. 482. 64 GV234.001. 76 GV275.131.40 GV27B7. 521. 48
Gv333. 3deht-kBled 3t vataet, DERM. md@ﬂeﬂ aatief stomulator of Hi-¢2 thenyintedferoa gapmake i n

presence of pr.ot.ei n/ m i n ence . roduct.i on_ by

| ynph node cﬂ‘/ffg St{/aé% r?WﬂPE%IPH ‘88&0 }IP@%H Itngnts ¢ Aé)

chal | engg wi fe'&ul@’g%&?&ﬁ&%l BB ARARMRCThAKARAIRL BRI Batifer G |
from non-1nmuni zed mce did not produce |IFNy upon stinulation- wt

prot ei NNK édlss fioanebyi affdaively déminetimgvan linppttantoctdl swirdes of laocrytcﬁhﬁhd\/lthatai(asae

I mmuni zed m ce secrete IENy in _a dose dependent manner when stinulated with
GV 3, snumegous barmiu bszée-e%f%cts 4BDoM. Agccag fisdetaingg hlhlﬁmvm?eerrhae@naamacz%en

| muni Z@}d St%&lgtlh i 32 ﬁ{r@cﬁﬁh&? ‘but P‘Q foFa he ofS qy%&%’ Effwés th hlea tc%Rlee( H

cell s fromi nmunt z ce were s eilrre nt prote
oval bumha sﬁﬂﬁla@oﬂ@hr&é}mﬂ-gaﬁhﬁmdidlicﬁbllﬂﬁoﬁq\NK,ceBs. 23, 27A 27B 33,

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 glycolipids 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, I[FNy-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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45 and 46 are thus likely to be present in DD-M vaccae. TABLE 14
Production of IFNy by popliteal |ynph node cells from DD M

vaccae- i mce following in vitro challenge with FNy
(ng/m) Wﬁ?@%@?“ or control GV-5P GV-7 GV-9 GV-13 %C?)N%%ﬁﬁd
GV-22B GV-23 GV-24B GV-27....... ---- GV-27A GV-27B GV-29 GV-33 GV-38AP

Gv-38BP GV-42 GV-44 Dose of GV protein used in vitro gg/n1) 50 1 10 ( 2
ND ND . and 22B. stimulated mare than twice the amount of IL-12 detected in control macropiage

Detection of Nonspecific Immune Amplifier from Whole M. vaccae and the Culture
Filtrate of M. Vaccae

M. vaccae culture supernatant (S/N), killed M. vaccae, delipidated M. vaccae and
delipidated and deglycolipidated M. vaccae (DD-M. vaccae), prepared as described above,
were tested for adjuvant activity in the generation of a cytotoxic T cell immune response to
ovalbumin, a structurally unrelated protein, in the mouse. This anti-ovalbumin-specific
cytotoxic response was detected as follows. C57BL/6 mice (2 per group) were immunized by
the ihtraperitoneal injection of 100 pg of ovalbumin with the following test adjuvants:
autoclaved M. vaccae; delipidated M. vaccae; delipidated M. vaccae with glycolipids also
extracted (DD-M. vaccae) and proteins extracted with SDS; the SDS protein extract treated
with Pronase (an enzyme which degrades protein); whole M. vaccae culture filtrate; and heat-
killed M. tuberculosis or heat-killed M. bovis BCG, M. phlei or M. smegmatis or M. vaccae
culture filtrate. After 10 days, spleen cells were stimulated in vitro for a further 6 days with
E.G7 cells which are EL4 cells (a C57BL/6-derived T cell lymphoma) transfected with the
ovalbumin gene and thus express ovalbumin. The spleen cells were then assayed for their
ability to kill non-specifically EL4 target cells or to kill specifically the E.G7 ovalbumin
expressing cells. Killing activity was detected by the release of 5! 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:

c¢pm in test cultures - c¢pm 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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ND . . . . . . NP . 20.15 f 1.96
41.38 f 6.69 46.86 17.14 7.25t 4.36 100.36 f 37.84 5.93 0.47 74

33.0617.6 03 7.54 NDND ND ND ND ND ND ND ND NPCTN%Q;')&@@/ 32634
PCT/ Nz98/ &9%@3%%—M vaccae M vaccae .1.0.09. .59 Lt L 4.8

68.89 4.38 9.0....2-3.. f 6.48 ... . ... 67 91

7.92 65.16 f 3.-6-8.
The diagrams that make ug Fom # showghe effect of various M vaccae derived

adjuvant preparations on the generation of cytotoxic T cells to ovalbumin in C57BL/6 mice.
As shown in Fig. 7A, cytotoxic cells were generated in mice immunized with (i) 10 pg, (ii)
100 pg or (iii) 1 mg of autoclaved M. vaccae or (iv) 75 pg of M. vaccae culture filtrate. Fig.
7B shows that cytotoxic cells were generated in mice immunized with (i) 1 mg whole
autoclaved M. vaccae or (ii) 1 mg delipidated and deglycolipidated (DD-) M. vaccae. As
shown in Fig. 7C(i), cytotoxic cells were generated in mice immunized with 1 mg whole
autoclaved M. vaccae; Fig. 7C(ii) shows the active material in M. vaccae soluble proteins
extracted with SDS from DD-M. vaccae. Fig. 7C(iii) shows that active material in the
adjuvant preparation of Fig. 7C(ii) was destroyed by treatment with the proteolytic enzyme
Pronase. By way of comparison, 100 pg of the SDS-extracted proteins had significantly
stronger immune-enhancing ability (Fig. 7C(ii)) than did 1 mg whole autoclaved M. vaccae
(Fig. 7C@1)).

Mice immunized with 1 mg heat-killed M. vaccae (Fig. 7D(i)) generated cytotoxic
cells to ovalbumin, but mice immunized separately with 1 mg heat-killed M. tuberculosis
(Fig. 7D(ii)), 1 mg M. bovis BCG (Fig. 7D(iii)), 1 mg M. phlei (Fig. 7D(iv)), or 1 mg M.
smegmatis (Fig. 7D(v)) failed to generate cytotoxic cells.

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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ND = Not Detectable Proteins in DD-Mvaccae as non-specific i mune
anplifiers In subsequent experinents, the five proteins GV27, 27A, 27B, 23
and 45 we as non-specific immune anplifiers with oya}Rysggn@nti gen
to i mmuni g‘g)%%g%“as descri bed above in Exanple 6. As shom@%n Fljgure 12
50 ug of any one of the reconbinant proteins GV27, 27A, 27B, 23 and 45,
when injected with 50-100 ug of oval bum n, denonstrated adjuvant

pr oper t femonsiratsd; g fragsianst igeppdinge tao P o ki ¢-Te(iraction resal i 4 9-HRAMPLE
9 AUT VED E"\Fl T CELLS AGAI NST M
TUBER%F@%E@%@%% %-og?e%a'z ‘e illustrates the ability of
killed Mvaccae to stinmulate cytotoxic CDB8 T cells which preferentially
kill macrophages that have been infected with Mtuberculosis. Mce were

i mruni zbdengifcation afmrptepsrintIhd4) vaceqedt agibagiiess00 g of killed M vaccae

whi ch was pr red as described in Exanple 1. T ek r_inmmuni zation,
the spl oen’ BBRECE 81cs higrona seianiBofkelty 30 B8 5F o 0ivosdgemed B

enr i chngatk £l sSHBeksRER thSBS WREE mis weRRddbrifiddd aniShir sekiid cle&8d G lsSra
recovered fromthe colum have been shown to be enriched up to 90% CD8 T
cel | s. hestest®d ¢@l drgibodiss veetdcombin@BMT veahib-slefiveshpropslinse peepefed asateséribedni zed
m ce, re tested for their ability to kill uninfected nmacrophages or

macr oph gjews it %%y%éwk?‘ﬁ’f‘%‘@t‘ SSWth M tubercul osis. Macrophages were
obtai ned fr O?“hérﬁﬁti%ﬁ' '@'ﬁ%ﬁlrea%f"_\ﬁ'fiﬁys&/ferarlnﬂewfzélc 5 rg&Mﬁbiﬂérﬁeﬂrof?ﬂﬁynom%Ytﬁ been

given 1 m of 3%thioglycolate intraperitoneally. The macrophages were
i nf ect edvalbumainnivbivh seivetl ab/hi irbdevant wepatvadontiobproadin in e eBzyyetiblect Bsdya per
macr ophage. Al  macrophage preparations were | abelled with 51Chronmi um at 2

G per (i ReicshopRagaalsery donygHse Bnayrisedwild PR, vegacamesrted withaBs M
cell s overni ght a I 0, t [ 32634 .

PCT/ NZng%ﬁefgga‘Fe(gtllé gg&giirgg%fo: Thé( gé&lal@% fultecSh%i ?iﬁnga%\??agpggﬁé&gt ed® @tlﬁeﬁ% ﬂ%ug | ease
of 51 Clienfified"Garsd Sexp| essem 4702 7speaj 2B, 33y st 45 ealbeitigaprestnasn DD-Bxanpl e
5. The production of IFNy and its release into nmedium afgter 3 days of
co-cultwasaef CD8 T cells with macrophages was neasured using an

enzyne- | i nked i mmunosorbent assay (ELISA). ELISA plates were coated with a
rat nonocl onal anti body directed toll_@t@e FN-y (Pharm gen, San Diego, CA,
USA) in PBS for 4 hours at 4 C. \Wel| re“ bl ocked with PBS containing

0. 2% Tween 2d@Repgtivity piodP-M; vacsegpntisepumayigh M. vapsee-geriyedkGlepntigensn washed

f our

GV Antigen| 3 | 5P | 5§ 7 9 | 22B| 24 | 27 [27A27B 33 45

Reactivity* | 10° | 10> 10° 10> 10* 10> 10* 10° | 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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times in PBS containing 0.2% Tween 20, and sanples diluted 1:2 in culture
mediumin the ELISA plates were incubated overni ght at room tenperature.
The pl ate ain washed, and a biotinyl ated nonocl on j - mouse
| FN-y ant iﬁ%%g{;ﬁfﬁarm gen), diluted to 1 g/m in PBS, vvasagTde%iS/fhg&deach
well. The plates were then incubated for 1 hour at room tenperature,
washed, and horseradi sh peroxi dase-coupled avidin D (Sigma A-3151) was
added aT cell prafifec@ivéiresponses ¢flymBB nodg cells frompPhMvatcdeimmunizedbat i on at
roon1tenPera&§%e, the plates were washed and OPD substrate added. The
react i OTNSEde &Y BEpSHSafter 10 min with 10% (v/v) HCL. The optical density
was det er m neghy st nd@ells BonfDBCH fRSqd-AtuhSsdi&did Aot RBEfrdtE R ﬂe%ﬁfn@é
giving an OD two-fold greater than the nean OD fromcells cultured in
medi um taladrigeleean poueis] adelteuhipoEhtaineé shofen)s Aewhown i Aile 1B5lynGibthotiecel | s
fromspleens of mce jnmunjized with M vaccae cytotoxic_for
macr op dronhmaapRigednqq Sh?‘f’?fb%‘ioh?ﬂr@é‘iesre%ﬂﬁ’ase&itéﬂ]\g%’ %Qsélff'ﬂ b AfAndd3-
macr ophage i :
macr ophagerregifhdiidchi B forl HAEARNIEMN AR ERI e dRsd KMe GV £y
when cogdteing saggasting tHab fréed iggnunizdrwighBPes/ vddrae aaweibeen dhmiuhidey withoduced i n
coculture was greater with CD8 T cells . derived fromM vaccae inmmuni zed
m ce. T7hesaprogmgy dhys,terMizggreotriigod metiies G¥ FEFECE, 3 A BvUBERClkds) S
INFECT%D A@D QN|Nﬁ§S}§Qm%§CRCPHAGES % Specific Lysis IFN-y (ng/m) of
throphgégé’ﬁfﬁl? cel'T'suni nf ect edi nf ect eduni nf ect edi nf ect ed
Control 000. 724. 6 M vaccae | mmuni zed0952. 243. 8 EXAMPLE 10 PURI FI CATI ON AND
CHARACTERI ZATI ON OF POLYPEPTI DES FROM M VACCAE CULTURE FI LTRATE Thi s
exanple illustrates the preparatioqyﬁhgyyﬁaccae sol uble proteins from

ed,

culture filtrate. Unless otherw se no all percentages in the follow ng

exanpl e are wej ght per vol upe.
i Proli erativg responses opi‘;mph node cells from DD-M.vaccae-immunised mice

and control mice to GV proteins in vitro

Stimulation index* observed in the
GV protein presence of GV proteins at 50 pg/ml
DD-M.vaccae immunised Control mice
mice

GV3 4.63 1.52
GV7 3.32 1.27
GV9 6.48 2.64
GV23 4.00 1.76
GV27 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
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M vaccae (ATCC Number 15483) was cultured in sterile Medium90 at 37 C. The
cells were harvested by centrifugation, and transferred into sterile

M ddl ebro dium with glucose at 37 C for one day. i was

t hen cent &b?éégjgzég%l eaving the bulk of the cells) and fil tggglcli\{i?ﬁ?dgt%h a
0.45 pmfilter into sterile bottles. The culture filtrate was concentrated
by Iyophilization, and redissolved in MIIi r% water. A small anount of

i nsol ubl e natempll nodgsele fromerprpynmunizedamicsid mebpigduee BFMswonngisyHatien  The

cul ture f.jl te was desa . ne filtration in _a.400 nm con
stirred “3{& bmfoéﬁlnﬁ'ong %isﬁé‘%gégﬁag%”%l ggou ary \Bgi %?1({% %CE%S_- oy PRpecae
nenbr angmmlifred REiES Sdifde RS, B d¥sddaRAdatt inBSwhéis ititfulicl WASLQVIRS;, 23he
culture filtrate was repeatedly concentrated by nenbrane filtration and

di | ut ed 2%At B7RBa3Brd45uent 44, suggssiugthat thevnicy heve bean inimyir@OWBREGHEe proteins.

PCT/ NZ98/ 00189 sampl e was | ess.than 1. . .This .procedure reduced. the 20 1
Vol ure. N TG RRRoR YRetrecble BRge 8# Biincimb RufiCRi e SERERR ot by
the Bra IREAL SbRIASIRbnE QaBAtht shbh)C UliRSprofeths GWA) 5, IE e 9kt

cul tur e%eio{]%r ate I\fi\igslf’r act ona@gd by “Ton ﬁxcﬁ%&e Chr oAt bgr’ag%i%?n’gg’

col unmm db af 86 phathos BkdlPhabapreseat i DDehvactlppsal a, Sweden) (16 X 100 nm)
equilibrated with 10mM Tris HCL buffer pH 8.0. Pol ypeptides were el uted
with a linear gradient of NaCl fromO to 1.0 Min the above buffer system
The colum eluent was monitored at frgpgvesength of 280 nm The pool of

pol ypeptides eluting fromthe ion exchange colum was concentrated in a
400 M Am camrodiidtiond I} by pbpliéal tanplendiedels SokIDDMBG:dRThinaresed The

pressure was mai nt ai ngficeAolloRinRSh viA) Qal1Bhde WiIEG VORSteinl Ne pol ypepti des
were repeatedly concentrated by nenbrane filtration and diluted with 1%

gl yci ne unt i—the—conductyvity of the—sanptewastess—than—o0-—1n5 The
purified pollypeptides werle then fracti onal®¥ g/md) epar at i ve isoelegctric
wes. o5t 2bl  4hed URTHER o xt ar o 0P ATDHY BTEE “CRHATRAKEDG: of cch) | o o o
conprising 1.6%ptangob-5.10 Anphej ytes and  0.#% pH 5/ 0 - 7.9 Anpho| ytes.
cathol yie, |sool St et qeusPaqivin cafried S —at 1pW-condbant poper for
6 hours, follow GY-¢the manufactNPer' s iinstrudl ons.. JwentyND actiohs were
obt ai ned. Fracti ag-5f romi|i sogloeetss4ac f ocuso.ap+omgoe conbi nefp and the
pol ypepti deg W?,L%\Vpiﬁi,\f ined on ¥p Vydac |C4 C(3|Nﬁm (Separatigps G oup,
Hesperi a, N, ua/av_;}uu AngstTom por e size, bND ND
GV-9 ND ND ND
GV-13 1.64 £ 0.40 ND ND
GV-14 ND ND ND
GV-14B ND ND ND
GV-22B 20.15+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+047 ND ND
GV-33 9.82 £ 4.64 ND ND
GV-38AP 1.44+£1.20 ND ND
GV-38BP 5.62+0.70 ND ND
GV-42 ND ND ND
GV-44 ND ND ND
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mcron particle size (10 x 250 nm. The pol ypeptides were eluted fromthe
columm with a linear gradient of acetonitrile (0-80%v/v) in 0.05%(v/v)
trifluoro id (TFA). The flowrate was 2.0 m/mn C

el uent vva?s(sroér{%@‘rced at 220 nm Fractions containing pol yggg/thltzgggdﬂ\%re
collected to maxim ze the purity of the individual sanples. Relatively
abundant pol ypeptide fracti ons were rechromat ographed on a Wdac C4 col umm
(Separati ons @DUWDYacdR0 ANQEIOSOM 3018 Si z@0.25+6148r on| pabs.i€te.68i zg (4.6 X
250 nm. The p@yg optides vgrg .8 4if ed| fr ol e ggol umm wk bh, g gki near
gradient fr 0% (viv)—of acetonitrite inm 0.05% (V/IV) TFA at a
flow-raw) }5% a{b fg n. The colum eluent was 78 WD 99/ 32634

PCT/ Nz98/00 nmonirtored at 220 nm Fractions containing the eluted

pol ypep ides we se the ity of the individual
sanpl es’ %ﬁwd@ﬁ&@@wfﬁﬂﬁaw?@&%ﬁ?ﬁxﬁ@%‘& 8@@\% obtai ned and they were
anal ysed for purity on a pol yacryl am de gel accordl ng to the procedure of
Laenm i (LaehrﬁubseqyenkeX,pemmﬁSethzfrﬁe @welesé?wfgzw 27th a3 pod W eyare veed as
fractions WhICth were s OVI\%B.[ t@ nlfdcat cont am nat i on aéveebd
f ur t her "PRFRGHED TTEURY IVETE §MCoP TR PRt g BIOYEEH ™0 i CPERC
parti cl ghsiezf ExamplPh. A¥Bho®h i FYgﬁQQQZDS(D) DERY lang @hel@;ﬂtﬁe%@m&hmgﬁo@mu p)
300 Angstrom pore size, 5 mcron partlcle size (4.6 roma Mno
Q coI U V250 127 pe A7BIES avslr 45, eWhﬁredljthdqwathl FGréeh uggrfama&mmhr demOnsiragedM

i O MM Tris, HC 8. 0. Froma dac cal um, poI ypepti des
vvere el ﬁ%éﬁ%pfqi’eg‘qs “ﬁgng ghlade 8‘?&“‘3‘?0 ‘i%lll? a#@’(.‘)“180% viv) in 0.1%
TFA. The flowrate was 1.0 m/mn and the colum el uent was nonitored at
220 nmfor both colums. The pol ypepti de peak fractions were coll ected and
anal ysed for purity on a 15% polyacrylam de gel as descri bed above. For

sequenci ng, the pol ypeptides were i n%}géxgﬁ&l dried onto Biobrene"’
(Perkin El rrer/AppI ied Bi oSystems Di ster City, CA-treated gl ass

K T’E’S?@‘Y'ﬂ?rdﬁf@cb%aﬁéﬁﬁt 0GANTST iy "

pol ypepti des wer e seque‘n@@(RCfUMSISmHFE@fFED MWGR(DBHAGM using traditional
Edman chem stry. The_anmi no acid seguence was determ ned for each

pol ypept i de H;bns @@nwéﬁﬂhlgtrqt%thﬁ@bé y iobkilted . wicceqmto siirpplate; qyéotensip D8 T
ool e Rich pRraBRERR iR LRcfobbhocltha KU UGn ShRACRTAR 1 ABSLIRLSPdEnCes

were al § anl With the

endopr ot ease Mu¢s vere Qﬁmhmzsdlsmminwp&it@@al ngednlaﬁ oA 1500 oiv\mnbd @y aeaRn
brom de. Peptides resulting fromeither of these procedures were separated
by revemdich phnpeephiel @s glescribed 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 5!Chromium at 2 uCi per 10* macrophages. The

macrophages were then cultured with CD8 T cells overnight (16 hours) at killer to target
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a Wdac C18 col umm using a nobile phase of 0.05% (v/v) trifluoroacetic acid
with a gradient of acetonitrile containing 0.05% (v/v) TFA (1% m n). The
el uent wa i ed at 214 nm Major internal peptides z6Egu4d | ed by
their WV %@%ﬁ%e and their N-term nal sequences wer emgg?/grm nedgT as
descri bed above. Using the procedures described above, six soluble Mvaccae
antigens, designated Gvc-1, Gvc-2, Gvec-7, GVc-13, GVc-20 and Gvc-22, were
i sol at echtioDef 30:ii Seecifit kidhing wad deT@taddyode 3dé&84 oPETAB RO B paassed ast%r nal
sequences for GVc- re sho i QID NGCS: 1, 2 and 3, respectively; the
N- ter an?&%f?csl¥%}§r§14E1,°8ﬁ’F§9raS(§Q/ 2‘%mgl’:‘f%sEhown in SEQIDNO 4; internal sequences
for Gve-7 ar iddofIFR-) dddMFeleasednto MEGLMAH eP SWENGES-Efu are
shown in SEQ?P%ﬁWI 9-11, }{ nterngllle Ssee{qluence{u?or eGVc- O&?S s‘ﬁoﬁfgé EQ ID
NO 12; TacellsNwitkr micraphagas wast measaked sgiqgenc eszyhorlithéd- R2manasoseaiassay SEQ

ID NO 56-59, respectively. Each of the internal  peptide sequences
provi detEIHEA; ﬁ%ﬁ@ip.WW%rﬁ capfed Milthat 12k mgnpeenal gativgdycdirertedde spwse LNy

exi st i pythi j to iy t I [ =
cpeci £1 L BeRaSE 8l A USRS MRER 0B 30 PR MONNE PR PRS
pol ypeptofigiaingdeBidade8 QOEYCT hdi, at @fin tehpetditreCiitre Dlakes Were@hdrS@whshke dour
enpl oyi ng a preparative sodi um dodecyl sulfate-polyacrylam de gel

el ect r ophes &s PBS(®DRinipAGR duveen i20aand pamplepdilieddd i elturomepimm in the
i ve, i soel ectric. focusi dure described, above. Specifically,
Pr oot ORI T mERrarry e GF LS akal aGREn EwebRis o iR MUy Es 4R kel Y
i soel echiid & bioAyRtddomMdcldna Lt hﬁﬂnﬁh@@lm{-?‘éh%b%ﬂyxmiﬁ%ﬁ%%b%ld@{@ PHEMil ed
e sanp

by preparative SDS-PAGE on a 15% pol yacryl am de gel . es were
di ssol ved PBS, wasdadsiedgtoseachl welbufTher plates wens| thed incubiated fyzl 1 1ibhe as epemat ed

by ecFrBrare: Akl 258 RS P el R B
(CAPS) Bitfdac ot4 ddo ERIAAPRS. MK @\hiler 1TRIARRGbatioh 1 B RRARELGA, fHe0t el N
I ed by th Coomas

bands were identi stal ning the PVDF nmenbrane w sle ue.
Regi ons phestwiae RddshedranbORDesubstndtaiaddedy Theraaotsdn ebsisapdd afpe| Wpapt wid
species were cut out and directly introduced into the sanple cartridge of

the PefRYon(VEDHE) ABBY PRiécabrenrsity i wassdetsrainedaat 499 1ap.o tEachons that sesalted ppot e n

Sve. 160 o R AT IYD OIRHL bhial: IRAY B U A1 81, JeAHEATES 1"
respect imedhim alﬁdd%fdhbﬁlsid&laﬂ';pgﬁﬁﬁe. desi gnated Gvc-12, Gvc-14, Gvc- 15,

Gvc- 17 and Gvc-19, were isolated enpl oyi n? a preparative SDS- PAGE
purificati onAstsbpwnnn dgblietliSo Dol celds from spleens of mice immunized with M. vaccae

were cytotoxic for macrophages infected with M. tuberculosis and did not lyse uninfected

macrophages. The CD8 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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chr omat ogr aphi ¢ procedures descri bed above. Specifically, fractions
conprising a mxture of antigens fromthe VWdac C4 HPLC puri fication step
previ ousl ed were fractionated by preparative SDS;R

pol yacryl éﬁgg%%?é‘f) The sanpl es were dissolved in non- redum ng9sgb1§?
buffer and applied to the gel. The separated proteins were transferred to a
80 WD 99/ 32634 PCT/ NzZ98/ 00189 PVDF nenbrane by electroblotting in 10 mM
CAPS buffer, pH 11 containing 10% (VABLE I%et hanol . The transferred protein
bands were identified t h Coomassi e bl ue.
Regi ons of the PVDF %‘iﬁ@"’@%ﬁ?% ﬁ%ﬁg@@@%ﬁﬁﬁﬁﬁﬁ? t polypeptide
speci es were cut out and GN%QNWFEQFE MMAER OO Ghive sanmpl e cartridge of

the Perkin Flmer/Applied Bi oSystens Procise 492 protein sequencer. Protein
sequences were determn scri bed above. det er ned N-t er m nal
sequences for Gvc-12, %Pfclf%g\yﬁlsw Gvc- 17 anaﬁa% “fgn re provided in
SEQ I D NOS: 16- 20, respe‘b‘iM@%‘fq}’ a2 of the above amino acid sequences were
conpared to known am no acid sequences in the Swi ssProt data base (version
R32) usiCg T bellsGeneAssusinfesyeslt eminfdddedsi gni f i cantninfeoted| ogindectédd t he ami no
aci d sequences GV/c-2 to GVc-22 were obtained. The am no acid sequence for
Gvc- 1 was—found-to-bear—sonrestmtari-ty—to—sequences—previously-identified
fromM and M tubgrculosisg In particular, c-1 was,y found to have
sone ho%ﬁogy with M t?jber cul OSIOS MPT83, a cell O?U/rface %%'{S)t ein, as well
as MPT7M vhbegdmpmmizdnsOf orm pa93d of a protein Ramly (H#3.Boe et al.,
Scand. J. lmunol 42:46-51, 1995) Subsequent studies led to the jsolation
of DNA sequences for Gvc- 13, Gvc- 14 and Gvc-22 (SEQ ID NGO 142, 107 and
108, respectively). The corresponding predicted am no acid sequences for
Gvc- 13, GVc-14 and GVc-22 are provided in SEQ ID NO 143, 109 and 110,
respectively. The determ ned DNA sequence for the full |ength gene encodi ng
Gvc- 13 is provided in SEQ ID NO 195, with the correspondi ng predicted
am no aci d sequence being provi dEXAMPEEI0D NO 196. Further studies with
GVc- 22 suggest ed that onI a part of th ene encodi ng Gve-22 vas cl oned.
When sub-cloned | RURIEKATLL BN ATION QF FOLYBERTHIES essi on was
obt ai ned. Subsequent scree R@Mﬁj 4 Yo AR PR r Appom ¢ DNA library
with the inconplete gene %ﬂﬂ%ﬁﬂ%of t he conpl ete
gene encodi ng 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 Ebntseaxmnmmﬂhlg@mebthed@es@qtmeé%fvavm gpdwlde pewémmfngn cvltezB and

the pr erti'llt(%ztitgd ?fnless o?hcelr\gvxsg en%%je nCﬁ' p%?ceen{%[ggsvindﬁ]d t'oﬂowmg exam%%sare welght 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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and 145 respectively. 81 WO 99/32634 PCT/ NZ98/ 00189 Anplifications priners
AD86 and AD112 (SEQ ID NO 60 and 61, respectively) were designed fromthe

am no aci e of G/c-1 (SEQ ID NO 1) and the M tub ! MPT70
Ry (3521010 ) RS BBi

gene sequ ng these priners, a 310 bp fragnent was anpli fromM
vaccae genom ¢ DNA and cl oned into EcoRV-di gested vector pBluescript Il SK+
(Stratagene). The sequence of the cloned insert is provided in SEQ I D NO
62. Thesampewas tess thanils0 BiISondhisaocedure reducsd ik R0 b valurgde apprgainately HNA

l'i brar ongtructed in lanbda ZAP- Expr.e St at ne, . La Jolla,. . The
¢l one 18I aPEIFE o?ﬂnﬁileﬂf?alo% Bpena é%‘#er‘iig%?réﬁeé%dﬁﬁ MBIFST S5 ga’f’ﬁggdlvl
t uber culjgR s aMh USA).MPT83 and was re-named GV-1/83. This gene also had

hormol ogy to the M bovis antigen MPB83. The determ ned nucl eoti de sequence
and predi ctldd devalted adiue Slmpte mae dragtiengtedoby derd exahagEQhrDmNOgraphstmaad 147
respectively. Frqm.t he 1 no acid sequence rovi ded i |.D : 1 and
D Regeriimat o o rRiure TEBERa0E FRVBE aHA Bl SYEaets (1 N P aailipraied
respectugl )hF)qu;- ' (JSsi vekO Sl i i,y ed,

cl oned ?,}r?t?(%ﬁp asnﬁgé_g%SBdlugﬂegg rigquslpllaglg%ﬁgrsld seé‘uenclgdgggé%#%ﬁ%%@%g

f ol | owi fagms0 andhad dMpimdedabes GiB&risystek. etThal colinh djluenthveas edonitetdi atser t

was used to screen a Mvaccae genomic DNA |ibrary constructed in | anbda
ZAP- ExpWaedengtinel 230948 i sol at ed had honol ogy to M tubercul osis antigen

nuct cot 1 de. SunieRer BGAERREH e RO UESor ARk id ] OSSN

provi de4dg il o Dsted cellSdhiah dorthided b Sskipg M WEIQ) membane X PTRS flefdtir@ids
purification, the genes encoding Gv1/83, Gv1/70, Gvc-13, GVc- 14 and GV-22B
wer e subaiskangsdati 9t psi upiag eitprees Fapn Thecpdyraptidasswenigoragtadly sangerieaied by ) .

Expressjaon.and Jpuri ficati.on were. penfor Laccor di 1o the manufacturer's
or ot o oreme e o B BAF LB R CRRTRERLAL O RERRT VEE I natuce
T-cell papbiffggation and IFN-y in peripheral blood cells frominmune human
donors. These donors were known to be PPD (purified protein derivative

from M t uberidel psifis)l pekipaptides twepothien ifiactiemated: hyepreparativeisbed caide Eocsbiognn t o
OO e R R S i S0k B SS
1040 SHRITOARINIS DRIt Lo P o
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 isoelectric 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, 5 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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WO 99/ 32634 PCT/ Nz98/ 00189 After 3 days, 50 | of medium was renoved from
each well for the determnation of |IFNy levels, as described below The
pl ates were cultured for a further 4 days and then pul sed_w il wel |
of tritiat¥@%Pi dine for a further 18 hours, harvested aﬁg&bﬁghﬁﬁé

upt ake determ ned using a scintillation counter. Fractions that stinulated
proliferation in both replicates two-fold greater than the proliferation
obser vegohiforeé! dt S22 b1 efetaétiongecintiiniaf othe clued epdtprptidey adrd@vilédta® 10| FN-y
was neasured using an enzyne-|inked inmmunosorbent assay (ELISA). ELISA

pl at es Wexigisote ayrify ehthy individual famplas o fEIPTeHMAISbUYO aplypentild semplegrvgie | FN-y

(Endogen.. .. bur. 1 - buf line (PBS)..for 4. hours
at 4 C &V@ ¥Hs) a\f\léi?gél ey E@{g kae'%{}}v%% ﬁgg%%ﬂgf)ﬁfl azlgJ rﬁo%a%&léﬁ%dﬁ%% nacfﬁl)dfub% q tH‘tﬁjur at
room t epRResdkdI6 L achiifli Plahisli, IV eNbhed2 1Tsdte68 S, @970)t i mes i n PBS/ 0. 2% Tween
20, and sanples diluted 1:2 in culture mediumin the ELISA plates were

i ncubat ed oviherpolpipeptade frastions whishrveare powiTioecoptain signifiears congaiimativasveed, and

bi ot | d..pal ycl bi i-h 1 EN: . End i | uted
o 1 g MR e A ety ) ol Phameiime i) ESHSHE ptar e b0 ed
for 1 hoW) ordl VRAXDISIREN JNMAE (SYRSHRAS CﬁBQp&%UOSﬁﬁés‘i'fo%h pBRI 8%, Cbﬂﬁl@crogum ed

avidin A (Vectorf Laboratories, Burlingane, was added at a 1:4,0

di | ut i operticle BBS(4.6fxt 250 ramj.uFtonea MonodQ coluimme pblapemides wereodntet evither hhaar e,
t he pl ates. were ngd oriho yl enedi agm n oP sybsirate added.
The r ea%rtaa’Sﬂt 608%‘\,\@5 gsg‘eﬁa(g]f 1[nef,0 ‘I‘g/? ﬁ?’% I&ﬁﬁé%gd% ?’{Pﬁ‘\‘/)a%a? Lh*ﬁéend £plugn,
density : 1 ty; J : . I8 h
rept i copeTipilEs R UG B e lenl bR TR ARTI P SORSE Y] B2 1RE
cul t ur €thhd flomediaumasllcnenlinein eandoths i cdimead eluents ivas weonitoxeaml 220 af for both

pol ypepti des containi ng sequences, that stinul ate perjpheral bl ood
nononuctdumngeilhe pobppapfide peak fractiogs yers rallscied and pmalypestiios duribnor aah38e shown

in Table 16 her el = ). ndi es a lack of activity, (+/-) indicates
pol ypepﬁ?lﬁaedsrﬂ%(%n%elgséee%ﬂ}% bégés' than tw ce higher than background

activity of Esnédg@éndiditBe polypeptitits Godre Sn@ioldnplep tdride Sonté \Bidklensl®t (PéHitiy t WO
to four tinmes above background, and (++) indicates pol ypeptides having
act i vi tGimegtpplied RieSystensPivisior $0siso Caly bE R dreated class Sibenfivrersa Jsafilters
PCT/ NZQ\?J{t %%)?y%ef)rt'ibgzl'v%er%qoé%?a%io%?on E rP%'rléiIl %rh%gri/ggllnhl:eu_ﬂio@y/s(,:tér%-slnf’?cl)c_ise 492 protein
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 peptides 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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Gvc- 2+++ GVe- 74/ -- GVc- 13+++ GVc- 14+++ GVec- 15++ GVc- 20++ EXAVPLE 11

PURI FI CATI ON AND CHARACTERI SATI ON OF POLYPEPTI DES FROM M VACCAE CULTURE
FI LTRATE BY . 2- DI MENSI ONAL POLYACRYLAM DE GEL ELECT R@H@E%ﬁwgmﬁgge

sol ubl e pr¥PaA¥3here isolated fromculture filtrate using ensi onal
pol yacryl am de gel el ectrophoresis as described bel ow. Unl ess otherw se
noted, all percentages in the follow ng exanple are wei ght per volune. M
vaccae {oAliGeril sbarendss4ABBY iealsare showmn edSEQ IBXNOB| & Z\/adi Jregecanel B3 th€N-M

o chiBlen B Sh Ve S ogE Al oL e S Eel BB e
aci d/ al 9@%{;@%@% 1??«&5§%t @llﬁt%ﬁlaﬁgéélgte%yg &6 1627693 abhBBLAL H@g@fm Reld: oy

M chi gan S were harveste centrifugation, ransferred v
i nt o st ditérhal ddqdeloeboo GRVZRD isrshiownminiSHQ @DuN@sd2a1an&N-(érfrmal and idteynal The
medi um was then centrlfuged (1 eavin he bu of the cells) and filtered
t hr oughseguences 105 §Vicr22r arg ghewvi i Sﬁpeﬂ) M ﬁb@é& I¥PECENRlY- u Fack Pf theanternal s
concent |.i |1
amount . P te saup 8P lobldea eR b8t KR! P A scidrcldule hich Bleup g0
menbr angxikt ih g poSidoN@ @19@3%3&1@5&51&3%/@&%&&16&@@& tspH’cGﬁd‘1’dy| dffcghfogeB s
desalted by nmenbrane filtration in a 400 m Amcon stirred cell which

cont ai nb@rrad@(MBéOWlBCrber ane. The pressure was maintained at 60 psi

[ it filtr I t t
menbeane. {1 PiRss ReiiopopitiE e ERE oY PR E G RRRA LY
sanpl e E‘ﬁ?lo}yy o3 tprdt tAéfarakive sa&umTab&ecypgmce@&pélgaé@ﬁuﬁ@éﬂ gélhgledfd é)l‘xof'égﬂsl{'SDSf-o

appr oxi mat e Protein concentrations were determ ne
Br adf or BAGH)t pumficesionyst¢Biio- RiditiorHde cibk eBrep@AIIVdJWleCﬂﬂce fd@saigt @nbccdnlut:ur e

filtrat t t h h
O Sepha e bEbRE o] SPoB ST LS MDY BUTPIce e LD SR i s Ha
buf f er B}é&?raﬁve ROJIRER! IS8Singe b SladbR bt theviodsty REcrBradivant painddagy from

Oto 1.

preparative SDS PAGE on a 15% polyacrylamide gel. The samples were dissolved in
reducing sample buffer and applied to the gel. The separated proteins were transferred to a
polyvinylidene difluoride (PVDF) membrane by electroblotting in 10 mM 3-
(cyclohexylamino)-1-propanesulfonic acid (CAPS) buffer pH 11 containing 10% (v/v)
methanol. The transferred protein bands 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 GVc¢-16, GVc¢-18 and GVe-21
are provided in SEQ ID NOS: 13, 14 and 15, respectively.

Additional antigens, designated GVc-12, GVc-14, GVe-15, GVe-17 and GVe-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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above buffer system The colum eluent was nonitored at a wavel ength of 280
nm The pool of pol ypeptides eluting fromthe ion exchange col um were

fractionated b reparative 2D gel el ectrophoresis. Sanpl Qi Ng
200- 500 .ivﬁog?’%ﬁ%‘rypepti de were made 8Min urea and appli géT@g%&h@

pol yacryl am de isoelectric focusing rod gels (dianeter 2mm |ength 150 nmm
pH 5-7). After the isoelectric focusing step, the first dinension gels were
equi | i bP¥DEdmembiane égyueectgpbbutfifiein 40 dnbpOAPSdbufterspld ohdcatitamingi Ko gelvd ( 16%
pol yacryl am de). Pol ypeptjdes.fromthe seco i mensi,on _separati on were

t r ansf efe&gnelo T]Fﬁ\/ﬁﬁnsr%ﬁ“lﬁfr B9 199“"‘1:5! WERer B‘Pt?f?eldi G SRR HE ]%%Pg BePPERCpH 11
cont ai nj 9 v me . PRMBE HERBLARES . i otein
W th Co{(’)vﬁgsésn?(é%{)%%e?ﬂu&egli{gﬁgﬁgt)fOf-EE%DF cont al nllr ng pg}%;ll{ﬁg%ft P%e@&gfgbﬁ{ﬁ?zglﬁest v
wer e Ccupol9pdptidd dpeldiese ofetey cutndut cstd cditbctintintrodueed ampl the sampler catgiigofoft the

Perkin El nmer/ Applied Bi oSystens_Proci se 492 protein sequencer. The

Egl ypequ:rhgstEmrémﬁqéeBi_e YSISRH RTACHE i PROTR FFAUSAECT e rﬁi;i?? BRAUERGES | WerBnal
man chemi str 2 a . c

ol ypeptiidanpy! ddesaibalitdie” The daRHIRRs R-UBR P EhER T 8V I3 Bye-14

der i vat G¥R-10 GVie] ARRY GVE119tae fiokidde in SBOIIDENOBarglan dsspebisvelg t hese
procedures, eleven gol ypepti des, designated Gv/s-1, Gvs-3, GVs-4, GVs-5,
GVs- 6, Gvs-All of3lis-abovaauemeacideyquentes wrie3omparsd Gvkaewinemend anid sqauancefhe

det i N-, ¢ i th tid h . EQ I D
Nos: | oatoie Suthi dite BRELERERR, B35) YRR nuBRRERH R o DR
descri bgghnaReSE to HRY £inib ARl Rq¥eiReP BV BIGWR-22%kRN6bthiRE] aThe @nféd Scid

sequence previously obtained for G/s-9. The extended ami no acid sequence
f or GVss&@uescepiooGded was SEQ tO bR sdie similarieto stquehes prewobdle dddntifietie

i sol ati 85 WO 99/ 34 PCT/ Nz98/ 0018 f Gvs-9 (SEQ ID

NG 111§omn. bpisend Seeyhersingsis. gsRpl: GYar! wen NS BFoMEE Bemalvens
111 SR . , Spaieho

axct ended irik AR IR NP POT o Y S b 3 MR P R PRI e i

cor r es ppartofN@piotea fehidd(Harboecet atj Stané qlénmandle# hg645101498Rd in SEQ | D NO
154. The predicted am no acid sequence for GVs-9 has been anended in SEQ

ID NO 197. Sabseqyrent sindies dad tootha dscdationefc NS sspuerees dpm GVedl 3 & %erddwindni no

acid se | t\he. S I t \% ' te).. No

si gnifi @‘aﬁ%@rﬁoﬁ%il‘i@ R 3070l ﬁg’a‘,gs&\%nﬁﬁ%§)f e At ‘?i‘éiﬁ‘?ugﬁ‘&f%%?-%}m&/s- 4,
GVs-5 apgd @/'\?Jeﬂces@dﬁ GV B3 il ahd Gvea22 &6 Roviliddnial S|IY IDNOW4Prieyiaads! y
identified tubercul osis proteins, namely M tubercul osis cutinase

pr ecur sbt0,apspeativels.t Ube detetmaised DN/ sedvengectar theofull lpmsh gers ecading\sVe: 13 Gvs- 4
Spgt eﬁ@s—;?rpgﬁ{e(&rf g]’ilantIQO:b ?9?, with the ?:érrr'és';)%ﬂciiﬁé’ p%e%ic&e%ean?i?l% iagl nsegl?e%cg gg’mESB
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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| eprae (SEQ ID NOS: 30 and 31, respectively), Mtuberculosis (SEQ | D NCS:
32 and 33, respectively) and Mbovis (SEQ ID NCS: 34 and 35,

respectively), d the antigen 85C proteins from M| eprae 1 36)
and M tub%’¥)c9313g@f‘s (SEQ ID NO 37). EXAMPLE 12 DNA CLONI Nﬁﬁ%ﬁ%‘@%@g FOR
THE M VACCAE ANTI GEN 85 SERI ES Probes for antigens 85A, 85B, and 85C were

prepared by polynerase chain reaction (PCR) using degenerate
ol i gonucl eot Acpific8EQDs PDNGSADSE andh ALBIY (BEQ IGhNO: 60 ane §il orespesfivelgnwegen 85

genom ¢ sequence that are conserved e 1Ly menbe in a,given,
n}/pobacgf?‘gnaq_d Had %é{"l’&’ngl‘ﬁé‘f‘ggﬁ? ﬁ@g\é\gc&g@ ﬁ) T{(ng %ri; &‘?H@s@‘bgr Cufos’sl y

ol i gonu segh e r ify
t ar get selzﬁfedngg% %(R)lrgnnélél vacszlggg gbrgn%m' é(::ig Dlglz %ﬁg%%%gg‘& a?‘te"Pgﬂi? riffe?)g?%S bp.

band wasaiddenipeddngd, DN i hiddclomedd intoodedRVrdigested: aiebted pPBlestiptr IptSK'T  SK
(Stratagene, La Jolla Twent y- f our

, CA). . . ndi vj I | oni i d
A0 1 andoowaserE ol BBATIE O BecHReA AT 4hPISSIdeeR SFOELND: Shorledaehbd
. ieen bimeche .
and Cho L5 BLeR 5rd TR AL AU SO DNRE Bbrary CorRltb AT R R AR

dat abas @xpeI9ysithtddeat, LawilaycAhr Eke clond3slatedadhaimddni Jpse téadid flame with

significant honol ogy to published antigen 85 genes from M 86 WO 99/ 32634
PCT/ NZ9&000iay to @lnfexlembému@sesmtlmrbbm 3 angd yragxe-nemed (F\hdi88. vidisganssiso

honol t ti 8 : .Yy h inder bei
o ar TS nofoRdl AER e O S A MPRRRT T, Wil SO sebfo i ©
vaccae nidideNaBmoIRIPIFy GerSiAe PERSIHEh SECOD RO 0¢ antb 14 Ore@hiRtivaHot her .

Because of this high sinmlarity, the ar]éédgen 85C PCR fragnent was chosen to
screen M vaEwae thenome acidbsegneross grovided $n SEQYdRcNGSorl @nd 2,hdegenematei gen

(5t Pat aguaaneisgtise F o SeATN) eEh RN AT G B0 sl BPgRE e anidetae

genomi c (IhG ppRO a?fd@iﬂlpgﬁégfﬁcrﬁiv%%ﬁqif%d, ¥BREPtnto ‘Matsﬁli@pﬁh%%\ie I Rgepgiadent

pl aque-formng Gnits resuflting. For screening purposes, ty-seven
t housandeqleacgieSEQ 4B Kok 4 Sopfollaming Standhrd ipoocadyreswéSambpbalt et aht/bidyw The

density onto eight 100 cn2 plates, For each plate, duplicate plaque |ifts
ver e t alebaned ARSIt YighHBRd- RHSCERGN @Wmﬂaﬁenqwﬁéfﬁa%rﬁm eanstbetethar lambpda o

Ki ngdo rigj.s rin j 1 t he
r ad?ol ?@élﬁggp%%{?i glceﬂr? nglg %@%?%r [c}%?:&ts SlgIo%gtegrgjng%\é’r‘ ap‘f}?}l %‘lét?%éﬁslt(‘?g? (@iar%dﬁat
sevent y-Mi mgistintigere MRB0S insd wad hamdayGVi dV &G eTihd detérneinedamicl@eide Safiepteodrl

under these conditions. Thirteen positively-hybridisi n?DpI aques were
predicted amino acid sequence for GV-1/70 are provided in SEQ NOS: 151 and 152

respectively.

For expression and purification, the genes encoding GV1/83, GV1/70, GVc-13, GVec-
14 and GV-22B were sub-cloned into the expression vector pET16 (Novagen, Madison, WI).
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. fuberculosis) 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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selected at random for further analysis and renoved fromthe library
plates, with each positive clone being used to generate secondary

screeni ng ontai ni ng about two hundred plaques. Duptifgbgodigd tS of
each platéaégigﬁ?gken usi ng Hybond- N+ nyl on nenbrane, and Ey@?%dised under
the conditions used in primary screening. Miltiple positively-hybridising
pl agues were identified on each of the thirteen plates screened. Two

wel | -i sol at eftgscisdaysy &0 nprbgweduppiee sepovd denta gash prelitfer (herdstepminiadian fobr

further al.ysis. ing i itro.exgi.sion twent - Si | a S wer,e

convert@?ﬁ%‘gl%r?ﬁ;%ﬁ‘fr&eda%ﬁxov‘r"e;h il_?c:l?‘tlesor‘l"ferrreaf)%lﬁﬁ?é )If?r ha 662‘;]? sefidotheR oup
clones ity (U1 RHASIEST Gftididietandite Tbr h TuRhSFAIPhOGHs, BAULRAL Sndl @itfurhr OM
the 5° and 3" ends of inserts fromseveral representatives of each group .

was obt eptaleddeatierimged wsengResdiitillatieh neunterp firactianBibetstandated wbadtraBayinshatbmat ed

sequencer _and t he and T7 priners. .Sequence .hompl ogi es.were determ ned
usi ng BT_GRW%WQ'@;[‘? gregter (i (BRIl PP SRl CHS PHOUE! SLMedm aloghes
were foy QsiBE: liggous to M bovis and Mtubercul osis antigen 85A
genes, eg%héoc%lnt g?%lgﬁgl either the 5° or 3' ends of the Mvaccae gene (this
gene was cllEBvewadmehsuged udigny exxynsstlinketiimmuamsorbent aintagyi (ELISA).i BLES Aal
BamHl site). The remainin cl ones were found to contain selgzglgences

honol ogPlates twera seaige g thes Enoael mmeclond miibAdtEpCte b op JhvaEndogen,
PCT/ N29&/ 00189, of t eri § Siinal, ter m oRIMBis L
nucl eot iwaog’ugai’qh@r?c gﬁg@’?@é’cﬁﬁagééﬁ??&g%gﬁ%“g p@]%ﬁ et‘&; ?b}{g)l?%sln%? \r/\g ?2“{:%% g?’?rﬁ cted

and seqyRBEROwith Y soRhiAtheSEAUETWES PEFS BhoGN&drootSieRtpetdite D'¥heShikicder
software. The determ ned DNA sequences for M vaccae antigens 85A 85B and

85C ar ewsteothan i wasBEDIoUD thiass: id BB, 2% ebyeest 2 ednyl sapiplds dibdedl &dirc pelérami no
aci d seqguences bei hown in SEQ. | D.NCS: . 43-45, respectively. The M vaccae
ot | gendegner 3 Br e R G e Menpael oF i Ao SRBERliy Mhpals wer

Anpl i fi%%%il ?ovDasHél\clgfﬁgdg aVRbEnyiasd PoR1dnaP RBHIE ahtLhShbn SENULRERS PEnddgsns and

Gvs-5 ( and 42, respectively) using sequence data downstream
from t héilyted at 1 we/micad®&S, wae gqdiedge eaahdwelhe Tl pletes wefe thhe inclbated foFHehour

sequences of the primers for GVs-3 are provided,in SEQ ID.NO 66 _and 67,
and. t hodls dBREnEIPeEAIIER TP AT { haTsealists %ﬁ’%’“ﬁ‘?s&\?iohgﬂdi HidBoA HVeRlSr 65
and 69. o, P A defodenahfinRh PBR! i@ e htp

EcoRl a%gb&%ghlﬁﬁ”%ﬁgéﬂtl |cef Péﬁ%?@v@ge édd(gof tont{%e pri m&*érils'f1 orer }é&% for
cl oni ngimcabathi #r6em tefmperatiné, he plapdsi Were avdshed hudortiygrhenylenddianviae @EDIPNA,
fragments were cloned into the appropriate site of pPro rokaryotic

EX_HT
expr esspéntreecadded.( Ghpaepctpn wasistepred afigol & gragvith Hife: (yap dbgk g?h‘F\/BPti%ﬁ*\d

ori ent afrty USR] R0 bl o F s EE h B MBS ine an
per f or meH AEERYI8igR@ter than 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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to the manufacturer's protocol. Expression of a fragnent of the M vaccae
antigen Gvs-4 (antigen 85B honolog) was perforned as follows. The priners
AD58 and cri bed above, were used to anplify a 48 nt
fromM vaﬁ@g)%gg‘ﬁgm c DNA. This fragnent was gel -purified E}Jsfaﬂ‘éig%??ggdard
techni ques and cl oned i nto EcoRV-di gested pBluescript containing added dTTP
resi dues. The base sequences of inserts fromfive clones were determ ned
and found to be identical to eachTeA\BleE 16These inserts had hi ghest

honol ogy to Ag85B fro .tuberculosis. .. The ipnsert fromone of the clones
was subcl oned into thg‘l‘%%‘ﬁl/Xh r@‘if‘i‘”é&“’{sf pH’JISﬁX HT prokaryotic
expression vector (G bgo:.BRL), exprgssed and purified according to the
manuf acturer's protocol. This clone was renaned GV-4P because only a part
of the gene was expreG¥ed. The ami no acid and+DNA sequences for the
partial clone GV-4P a&g provided in, SEQ 1D NO 70 and 106, respectively.
88 WD 99/ 32634 PCT/ Nz98V6U189 Simi I™@F to the cloning of GV-4P, the
anplification priners é@%ﬁ/ﬁnd AD59 wmere used; to anplify a 485 bp fragnent
froma cl one containing s-5 (SEQ I D NO 42). This fragnment was cl oned
into the expression veGVo+14pET16 ang+was cal |l ed GV-5P. The determ ned

nucl eoti de sequence and_ predicted am no acid sequence of GV-5P are provided
in SEQ I D NOS: 157 andVeds, respecttvely. In Subsequent studies, using
procedures simlar to &Q@g@ descri bed above, Gys-3, GV- 4P and GVs-5 were
re-cloned into the alternative vector pET16 (Novagen, Madison, W). The
ability of purified reconbinant Gvs-3, GV-4P and GVs-5 to stinulate
proliferation of T cells and interferon-y production in human PBL from
PPD-positive, healthy donors, was assayed as descri bed above. The results

of this assay are shown in Table rein (-) indicates a | ack of
activity, (+/-) indicates pol ypepmﬁlﬂg\}ﬁng aresult less than twce

hi gher than backgpgridcactioN ANDEHARKCPERIRAIBN OF)POINPERTRFES
pol ypeptides having actrvity two to four tines above background, (++)
i ndi cates pol ypepti des h&RAN M ] [ HAR BATERY tines above
background, and i ndi nlg t 1 N Tah

Donor Donor Donor Do# OO 7O

ProlifIFNProliflFNProliflFNProliflFNProliflFNProliflFN

ACHA

M. vaccae soluble proteins were isolated from culture filtrate using 2-dimensional
polyacrylamide gel electrophoresis as described below. 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. 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 pum filter into sterile
bottles. The culture filtrate was concentrated by lyophilisation, and redissolved in MilliQ
water. A small amount of insoluble material was removed by filtration through a 0.45 pm

membrane filter.
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- GVs- +++NDND+++++++++++/ - +++ 3 GV - ++/ - NDND+++++++++ 4P
GVs- +++++++++++++++++++++ 5 EXAVPLE 13 DNA CLONI NG STRATEGY FOR M VACCAE

ANTI GENS 4 probe for the M vaccae antigen GVc-7 wagcpribéddigd using
degener at ?vog?/#é%nucl eoti des designed to the determ ned am§no ac?d sequence

of Gvc-7 (SEQ ID NOS: 5- 8). This probe was used to screen a M vaccae
genonmic DNA |ibrary as described in Exanple 89 WO 99/32634 PCT/ NZ98/ 00189
12. The det erya digthre fitkaeo trias desadtgd drycaembranGfidtrationsinsh 40 mlpABEQn| Bred. 46

and predicted am no acid sequence in SEQ IDQ NO. 47. Conparison of these
sequencesl which ¢optaieed a3 m%?\@é’%é‘?‘ﬂ@tﬁ@zgeaﬁ)gﬁ PHSHYF Wn‘gﬁmé?lqéap%t@ef’?lc al

15. 8 kDa.. ' ' NO.
36 vas WA 8 Tk g e et P IR ol A G SRR 91

72) for,RKRER8IwWith et Wil ahe cbeduHeity ofahe suaplegwsedpseniean d8tmS. This
downstream fromthe putative | eader sequence. A Xhol restriction site was
added t procédure peduved $he 3P lcyadwing do epnteximaaye30 my| | Brnfeky CanssniTationst Wess fr om

genom ¢ ;M vacc r nts were. clo i | -site of pProEX
HT pr ok%‘?tmlpﬁgg& %ﬁi{?ﬁgsﬁ?g?szé(glé’gﬁadég%rc‘%% ds’{lfgjrﬁg‘f ed for sequencing
to confirm the GALRKES tulhRadH RSt fWABackidHated b9 bA lekelihnge EXRINRASIAPhyadSl a
purification of the fusion protein was performed according to the

manuf actelugin' of pSepletade.(Pharmmoia Riqeemt(16 xUdD eem) @uilitraigd svithel ke HGt o

t he vector pET16 Novagen). Th i]jty. of i fi reconbin c-7 to

Tt abelit A feraly Rt were e ith o fioer ddienth NoT SRTRY RO B AT iné
roduction i.nhu P | L ﬁ{%ﬂp assayed as

Sescri b8 Va?bbé\g%r g%g%rﬁ?ggﬁﬁlg%r{%ﬁgﬁmﬁﬁﬁﬁb%ﬁ%g@% %g‘,yel er{élﬁ%gd(l&-ﬁ? i ndi czlt es a

lack of actiid paol dfpotypeptidhscehitary fPorhythe i eheharpevdohgnia weesfrhdtioneted Hyhan
tw ce higher than background activity of contral nedia, £+) I ndi cat es
&P

pol ypeppiapestiva’lhgehelertvonhprasifo Samplsscopiaping Z80vE0 Hiaek PhbrRideayare( ++)

| ndi cat Ef;isadg%M Pnegrteia glﬁc? a}r)]ﬁ}(aidntg p%ﬁrtal:r\gria{[nqlidg {s%éllte&hctfg'ﬁgu;gqu{i gEfsQHi%m%R:?‘éﬁ]m,
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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background. TABLE 18 ?roliferatiotcfon &@7005+++/ - PB7008++ GO7009++/ -
&@7010+/ - ++ A redundant ol igonucl eotide probe (SEQ ID NO 73; referred to as

MPGL5) wa j.gned to the GVs-8 peptide sequence shown i ob/b01R%> 26
and used Mogg’?iégﬁ a M vaccae genonmc DNA |ibrary using s?gﬁg\gro{

protocols. Two genom c clones containing genes encoding four different
antigens was isolated. The determ ned DNA sequences for 90 WO 99/ 32634

PCT/ NZ98f DINA Sefivsic8Afdrr 6VesSEGID3ND;: 1aV3-a88 ¢Y SSntiasd IDWE1)15516veheC
(re-named GV-32) and., Gvs-8D (re-nanmed GV-33) .gre.s i EQ. D ;
48-51, peEgseerding pyediclpd ﬁmt“l‘fbgmg OFAXIFOh YT rﬁgﬁﬁ?‘ﬁa‘ g@bﬂ@ i@?ﬁ@e@ﬁ%g
shown in SEQ | : e Y/ QY : Al i S i Ng
R e L e R A 4 R T
sone si el @rebporidgMpredivharamiing asisiprytaice beiyi mbided teSBQHYINGOydids &heand
GV-32 shows sone simlarity to the H influenza fol ﬁl pollégl ut amat e synt hase
gene. Gpre@Btedcumingianks! sgauesge for@hstP has beearmmapded in SEOP NOm9%inilarity to
sequences preyi I identified in Mtu l,.Qsi I whose
function has o&{g%%rfm?lag rafflldfsle%e.ncﬁveve%ect%g{ %%rqgé @8%9%&%%E§d§§%%§§écsewor
GV-33 i ' ' NR35 Huigdate) ! W@ sigifieepRodbIdgieRRed cBtaidedm NO
aci d seg‘Sgﬁwggﬁﬁ%}%ﬁﬁg in é%uQ I};IZ()i Neg). 75§§ﬁéequence glgta fromtﬁe 3
end of tith the @recpsioosvell Gond)| GYy-4 6 Ves-hred L.y G\iehtvwasi feundi® Bearlsbmeout er

menbrane protein of Mtubebcigéos's éj/ub equent studies le Eﬁﬁ } e isolation
of a f hePMOlogH fONTINBIYEIEN n?“lé?d . BRencEasss) PIONGES: 1§81ClY phelubercutosis
correspqndi r.edi } i ] | i ) 194.
The gone LR BB e e B 2 R T B it hr
pri ner s G\aas er® fovrietodbéag rsdine edimiluttyeiot thd eansigepu 8f4eand T8ER pBitéing fagmreidt was

| oned i nto EcoRv- di gested pBl ipt Il SK t dth

Cr aner elapege (S5 EPISOBY 3D aaddnrerBettibly). He bR (SHOISNOSoR B H ed
fol | owi ng t f r T i i fi i-nant
oV 39t Bomret Rt Pryie, GERLED 304 1 ARa 33 i bRl Pid HE priBER B3Can
i nt er f elofzifs ROROWC LRk (SEQUNRO: BBl antel. 58@)RAIsESEQIPANObST. above. The

EXAMPLE 12
DNA CLONING STRATEGY FOR THE M. VACCAE
ANTIGEN 85 SERIES

Probes for antigens 85A, 85B, and 85C were prepared by polymerase chain reaction
(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
under 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.

86



results are shown in Table 19, wherein (-) indicates a |ack of activity,
(+/-) indicates polypeptides having a result |less than tw ce higher than

backgrounqwmggélgz\éi#y of control media, (+) indicates polypepiiNgSsodigyi NY
t 0

activity our times above background, and (++) indicates

pol ypepti des having activity greater than four tines above background. 91
WO 99/ 32634 PCT/ NZ98/ 00189 TABLE 19 Stinmulatory Activity of Pol ypepti des
Donor Prmbedcaloalsiand| Mt Bovier ApprpxGRIdQ half-weEo TOB6 komelogdFO®7antigen @SC(38e/ - -
@7009+/ -- @7010+/ - ++ EXAMPLE, 14 | SOLATION OF.P NS FROM ﬁ . VACCAE
M  vacceeauenses.evith thie remainder beiwg, mpats fimila 1 ARER) 30 SRS 1Y i n

Cearm) ok p R Bt 9 0 RSEaRSt 304 R URTO RN

from 24 ures o cae

del i pi dafoeet:f BefaRE oMiialigR sinvigitREPaitien B CROR tapieg wadhosdraroedresh
vaccae for four bursts of 30 seconds on ice using the Virsonic sonicator
(Vi rti sM. vidicea gengsaiy libriiss pelioar stangengy fariedthiee antigen eaen€9000 rpm 20

e ARl e 5505 e TR R BB R S AR 100

room erature Tor hour ,

" e cent {Ugee) LA SRR GERARLABLAGNAL RictiAgkiolc TBRARIRS simikRy-

pel | et was’ I'med by centrifugation, dried in vacuo, weighed and
r esuspedigested R veBSr,avith 3@ xy0%(iddspendény iplaquedprming awitel edsillingatled sMevnivgae.

et | uxi PRFPPIFS. B P B IGI FIgTs TSbLS nomamphEet HBR MEroPRis Ay
The oxt Pty ofiFheleht dBBieof PRtRaAor canBlete SRPICA, Sloaud 10 PES A T Core.
The i nsplyybhENTEIyesH alembasec@iheshan Inermtiohal] Unitad i Kingdor), s hieybridised PBS.
Proteins were extracted by resuspending the pellet in 2% SDS in PBS at 56 C
for 2 nmqrs.edupné—strhlggan@dﬁmlér($%Fchﬁsthédﬁqﬁe@P@ifdb%ﬂ%éMSPCfH@&tWW%nd
e e by (B7on AL vl it 1A fiRE ottty hyBRERed TBCurROO! €
antigen 85C probe under these conditions. Thirteen positively-hybridising plaques were
selected at random for further analysis and removed from the library plates, with each positive
clone being used to generate secondary screening plates containing about two 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
plagues 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 vifro 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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and precipitated SDS was renoved by centrifugation (10,000 rpm JA20 rotor,
15 mns, brake 92 WD 99/ 32634 PCT/ NZ98/ 00189 = 5). Proteins were

preci pi tat®g9f9[3g%14the super nat ant by addi ng an equal vol unpginAasaiRye and
i ncubating at - C for 2 hours. The precipitated proteins were collected
by centrifugation, washed in 50%v/v acetone, dried in vacuo, and

redi ssolved in PBS. The SDS-extracted proteins derived fromDD M vaccae
were angf Y@%@bﬁeria‘?%bé’&é‘sf yTrardetema! thelrebinaiphaicstide stichCe 8] @ich RAes
were observed after staining with silver. |In subsequent experinents,

| ar ger apmoptiste shbdDBsexdre aotstuictod ane semiengedm DRrlapping sequgacesware abgredy sed

by polyacrylamd |..el ectrophqresjs. Th teins, on stainin i th
Chonms NESI e DA GYEASTSRE BaRde RIS JON A RIS At A B8 BhREPr
appr oxi e I r i : ) j -5 . m ned
N er mi A3 B el R A e el
appr oxi aeideediinessbeitig sidiwgih SEXQ IDINKIa 43vids redpssitigelyt ed Gv-46. The

determned N-term nal am no acid sequence of GV-46 is provided in SEQ ID
NO. 208. | n Jissdquedsae @u&ﬁnésG,foréraétﬂo<5V§ﬁewgssc;-xeseﬁeé&nédpwfgﬁeqsn'@llows-

descri bed ab wer.e [ [ Lt i . i §
Cor | ( rempap ol R Aba0neN i AL Ko iides B3 hud GYETRSEGIBE
were preghPud an@dDYrebgdca Py asi6gtsequenet datd downieam S tef pitetivs agemng

for adjuvant activity in the anti-oval bum n-specific cytotoxic response
assay i seqiEnBt 6l the deenbofitbe elonbefhasnguenceyhbthg dritieanfor 553 preyprowdechinghest
in the 60-7 r j on, ..The nost ndant oteibn.in this siz e
was. pur SEGID DY eGSRk g iy eatietor £t PRBIerb IRy e RiPTRed b St or)
menbr ang @ngk LRy S AAMBAIGE ricTiesiteSRAURATNRE 18 the! Renérs T8t GV, afd BeoRCAd
residues Ts provided in SEQ ID NO 76. Conparison of this sequence with

t hose i rBdnildl gsmictivansiteaswetesaidetherd thb oprémens efpe 5 €stS hionodlongpg tconvendericeat
shock protein 65 (G.oEL) gene from tuberc%ﬁéin?, i ndi cat i n(g t hat t%ﬁf

pr ot ei n Hodlosingvemplifeation EHIOFYC tre VESCBEL RGO WS o9 |

of M vaccae . ' i = AP I e

scr eenec?pggolpﬁlg esnS g?z‘ﬁp %&f}%‘?ﬁoi !5’031}%%%1?%;6’??&% |§cé)dI§ }V%L‘tl?]ltf?/lggdzg@ég ’
secr et edGAfRIBLRS MIDFRA eGbratited €61 sdquestiad @ eonfitasthiei coeretl @adieg fisereeand
identified using a colorinetric system These plaques were re-screened
until plaipntsione Espreasien fmi pwification of hisdasaiipae PEieia vas pRHOTMA 9Reidend d
2-1 cont ai nlrrag%pgfn insert was excised fromthe |anbda ZAP Express

(St r at ad@rs APTEr § PEHEYr esence of ExAssi st hel per phage fol | owi ng 93

Expression of a fragment of the M. vaccae antigen GVs-4 (antigen 85B homolog) was

ary

performed as follows. The primers AD58 and AD59, 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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WO 99/ 32634 PCT/ Nz98/ 00189 the manufacturer's protocol. The base sequence
of the 5 end of the insert of this clone, hereinafter referred to as

Gv- 27, vvagwgﬁgg%gj ned using Sanger sequencing W th fluoreseppinzofbdigers on
Per ki n El nmer App I ed Biosystens Division automatic sequencer. The

determ ned nucleotide sequence of the partial M vaccae G oEL-honol ogue
clone GV-27 is provided in SEQ ID NO 77 and the predicted am no acid
sequence i n SEQldrbd 8 cloting FNGY-4R, theeamapiHicafion pdmers ARV & ahd Ab)S8gyere osad

tubercul osis. G oEL. A partial sequence of. t 6 hack .protei n of
M  vaccieampliy g8 bpfgmsnbonp nignigg SA? &ﬁ% ﬁﬁﬁﬁéi“ﬁtﬁlﬂ)‘? fPI@‘E’EI‘.entllg

:131-138, 1995)... ] lo@lspal ubr D | S
shown - Nesiy inkihOERoEai CeaBIUETRE A WaE AARIGPLPS Thel AR S o
80. In gsuhsqiieaRrbudict dhe predicieduintmdadd séqlehed efi GW5Bxeeptovided inf8EQ ID

predicted 51 term nal nucleotides) DNA sequence for GV-27 was obtai ned
( SEQ | DNKIS: 1573hd 15haespeetivebpondi ng  predi cted ami no aci d sequence is

provided in SEQ.1D NO 114 Further J I ' t RO 0f R
full-1ength gr\@@%"d{?%%}é‘}‘?%PS‘&%-PQ"fe?‘Z‘tE%g‘I"%f%éS ﬂi"ég)d.wﬁﬁ%d %@4%%{38’3 ,%dif‘}r}é
predi ct gl ;ANCRR-RGkfb BRIHRAGERO Hife AHeRHiTEUedtr ﬁ&'ﬂ}_d NNSgenl 80adisel: ®T).was
found to be 93. 7% identical to the Mtuberculosis GoEL at the amno acid

| evel . Two p@pti allifyr agnpmificd ceenmbisamig GWse3 . NG\eriRi aad S¥gtherie estimulate
(hereinafter referred to as GV-27A) ,and the car y.terqg.nal .sequenge of
Gu- 7 ( R rraton o T eeleAmdBerorons ibd Sy it furan S paP Bd EPh e bR ues
wel | kn I caal ACH Ld C il are
provi degw%rg’g?:’%’l %5@*?8 aslq%(:én %%gb erarehg Slg%:{?ﬁv(glstg}?soé\iist ha%h@og@?ge?é});ng?;’ng
am no agihdrene QU eidiefeLiaty afraotivide d+i-Nindic@res PolN@eptides tavihgld fesulbidss eliprent

studies led to the isolation of an_extended DNA s%guence for GV-27B, This
sequencéwice hpghsyithay bagkesmad actvigoof rentrolymedias (o) wgicries poheRtdesrhayigaci d

sequence bejn rovided in SE 6 : . P I 5.8%
i dent i céf’t“fl{?' gﬁ(g tﬁ\/ltlf’ffb ?lgﬁlagg‘l%s L%kg mﬁbéﬁ@n;(g‘g?caaﬁeg%gﬂ%ﬁ ggénssﬁ%éﬁlgé\ﬁ%\i er M
vaccae SROUSNCH Bhr HABYAboRt badkgrdlindCAISND indiomes ndiftetes@teance for  Gv- 27B
shows about 92.2% identity to the corresponding region of M tubercul osis

HSP65. Followi ng the sane protocol as for the isolation of Gv-27, pBK-CW
phagem d 3-1 was isolated. The antigen encoded by this DNA was naned
GV-29. The determ ned nucl eoti de segageaees of the 5° and 3' ends of the
gene are provided in SEQ ID NOS: 163 and 164, respectively, with the

predi ct et—CcOrTeRIRIAT Y 5akbT0 At Bincre Y e Mobror DE1 NUDMoP V! Peltpdndr o8Q 94 WO
99/ 32634 PCT 6030189 GohdobiCS: &eloand 1&Aodespeciony®l yi G¥redd ghowed
honol ogy—t o YegRt TWHEFPRRY PIFNY|GR6lt | TR | Prolif | IFN | Prolif | IFN | Prolif | IFN
' T by ey L Ly 5

GVs- | =+ | + | ND [ND| + [+ ]| + [+ | = |+ | + |+

3

GV - + +/- | ND | ND + ++ ++ ++ +/- +/- +/- ++

4P

GVs- ++ ++ + | ++ | ++ ++ + ++ ++ + + ++

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 GVc¢-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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determ ned DNA sequence for the full-length gene encoding GV-29 is provided
in SEQID NO 198, with the correspondi ng predicted am no acid sequence in
SEQ I D NOy, 1995,.dhe  DNA encoding GV-29 was sub-cloned i nt gt R@os/@esLr
pET16 ( Novagen, dison, W) for expression and purification according to
standard protocols. EXAMPLE 15 DNA CLONI NG STRATEGY FOR THE M VACCAE

ANTI GENS GV-23, GV-24, GV-25. GV-26. GV-38A AND GV-38B M vaccae (ATCC
Nunber 1548®)e detsrmimedvmucizotde séquendde foru@Ved7 as sBw ific$EQ IIHAE: 4micand

1o VoS SO et LASERLST S8l S8 ol RIS DT AP0

accordi ng,;t.0 t t : 118¢ InS ai n
R ie R e i e R e TRV I g S S

Tween 8Rpexnthsal ei ¢ aci d/ al bum n/ dextrose/ catal ase additive (Difco

Laboratories, Detroit, Mchigan) at 37 C and, harvested under. appropriate
| abor at ory s"&h@ﬁ%quéwfts%%g | #& wag teed odpsisa frRlificatian primets; (Prviqed; beo

BRL) and extt agt ed C ' 3 . or, col .
Tot 1 i S ELISLTE 8L PR EE S i TR T Treclo ARG aRE RRECT
RNA (r R ndieatty RbidiiRapit@iveofeaddiescodrt. BNAKSY astriotiont iteowbgaddedl gottiedes

AD 10 and AD 11 (SEQ I'D NO 81 and 82) conplenmentary to M tubercul osis

r RNA.  Themersdior gloming emverience. weollovwies paplificatioamirope gprapie ri aracegssDNNA

sequences publi shed by, Bot E tol . Lett. 65:171-176,. -1.989)
o oFPaBesNeRc daRuLEr b el Fimot Rl aE L BrobahRlE eprsJt vty
hybri di I o) I O O, oODIL IgeRRkibh SEd
o% nyl %#L%%r%ggg&%@%ghﬁcmgngr ?ﬁgin@ I %itecejﬁrati onglﬁltgdfgr%% éaéd Ki ngdghi)l'.
Hybri di Eapiessiomasd rpepidiaatinh wit ile fidivn bpmotsn weee peoformedi dicerding dohitfdi um

brom de-stai ned agarose gels. An oligon eotide, AD12.(SEQ ID NO_.83),
consi st MaguiEtupey WMP%S‘W’@%‘?WM@‘E%#&P‘?WaF H‘é’Cﬁ egé‘&fﬁg}%’f'eq‘ﬁé’ i ched
MRNA fraction using RNA |igase. First strand cDNA synthesis was perforned
fol | ow ﬁg" SBhar d protocol s, using ol igonucl eotide AD7 (SEQ I D NO. 84)

cont ai ni ng aTpelp{ldy)of SReified GeconHiniD (P0¢-3 26 tinkR(IHtE NESIBELHdE Df THeel and
t ubercul osis and M vaccae cDNA was used as temél ate for single-sided-

speci f i stiRGRtiEB 8 RORferofy praduciorpindruseas PBla fensy ERE-pasitive) hepdthy dpeqssi Wes ADL
(SEQ ID NO 85), was, design bas Qn .conser. ader .sequenc n

ronbr angs BBl 81 CRAIRERe. (ERar So g o gt Lvstiere S & RS Rt e
ADL as Qcifify, TBL) fHaskafdd DofybeptidddHaRig 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.
TABLE 18
Do te
G97005 ++
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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products were separated on a ureal/pol yacrylam de gel. DNA bands unique to M
vaccae were excised and re-anplified using priners AD1 and AD/7. After gel
purification, bands were cloned into pGEMT (Pronega) and the base
sequence owdeysmehed. Searches with the determ ned nucl eot i BETAZPHOWB%Edi ct ed
am no acid sequences of band 12B21 (SEQ ID NOS: 86 and 87, respectively)
showed honol ogy to the pota gene of E.coli encoding the ATP-binding
protein of the sperm dine/putresci ne ABC transporter conpl ex (€Ub| i shed by
Fur uchi Gats-8A (refamhed SiVoB0), CHén$B Aevnamed $8/-30h I3Vs-8Go(rp-namgd GV-32) and

ana 1o GReltbdrnene (VAR SRepbrr R afh O STHE-Sad vy g S
Casset t S’Jrretsp%@g%&%ﬂosacwwqﬁa{cwbeiﬁg Bisdviit irPSEQIDINOSNSES5 ARsfiERedd NEivg

gene, a per , or substrate binding, gene and two transnmenbrane
genes. Jheohta@sseEohy svsvige s@se sinubdiey py boavm prakasiotic hahddREBA sritleddses;

havi ng si x nmenbr ane- spanni ng r?{?i ons. Honol oguesg}(@ Si n‘iﬁ%gri té% of this
ABC t r afiSyd} sbows Rerpe SERIRILY (AT isegaaiih atnEigetrpHdelbrie eluigkrans an

i nfluen | ei s¢ . i : p l;asma
gen t a1 (0t Epederomppundferifis BEUEABys2E R R eREad Wiha fE Y 1002
genom ¢ QMnk i 4 8poh Geddsiy hakrdwhithBsidwsl sethg esimilarityath daqueAles Frepioasly
(Stratagene) was probed with the radiol abelled 238 bp band 12B21 follow ng
st andar dleptibedmoMstubgrcpiostsaad whdensae vt vhosefupetranhas ot bespddentifigd: screeni ng

and a phagem cont ai Qi n D kb in V\I\?és-i ifie t

bl otti er])g gn%ﬂ‘?ﬂ?ﬁem’g‘ﬁfl P?)%?ﬁ?ﬁ]é Seﬁﬁ%’}cggfﬁr ge'selc? gﬁiﬁeié%*n ?Fﬁ@ipﬁﬁ ?glr;fgtthh M
vaccae hom T&niRb Nebid @teive idedet iISE@ADOWO: 75.
subcl oni ng %?%ﬁ%&gggﬁﬁﬁcﬁéaﬁnﬁg%tméngne%gse se?qnuge‘reicviﬁ]rllg. The g@éne %Ionsi sted
of 1449 Seguenoe Hardifrogn adre Jirend afifieatient Gowed gioowlagy t8 20propiovelitiddntifing 40.6
Dol i Sodiarvis Ty bRas FOWBCE A HETEHoRoN GG Fdse Gl BedEi T o8 4TS oy
88 and re tal I i n ene
v s edIREPSH ¥ilnce RIT 08! SRU BONBRINAN ThetontiibnbingtRCaae AR O

expr essiggR s@%@ﬁb@ﬁ;-pr&hﬂecﬁﬂiﬁﬂﬂ@ (PW@NA4S ragnment 96 WO 99/ 32634
PCT/ NZ98/ 00189 was cl oned i nto pProEX HI prokaryotic expression system
(G bco BRL) did gerperaodingrGY3ates amppiisgiiom M pacqag generyic DVAsWith ariewes by

addi tion of, O. i sopr.opy] t hio- ( 3- gal 0%y P [ -Rant
prot ei n CaEe GRSy A By POl R o ERPE GoblepCln SRfsd BT FRLRAT
the ”Hma{a%e%{egrﬁsméscﬂgpnosw (SthafagHb)S AU Ginstired, o PERH &BEQsIR Mator88)
was re-cloned into the alternative vector pET16 (Novagen). The amino acid
sequenc®eobmBEant priteMOwa8urdmdtfallowing thexmpnufhtdier g psdteeolat resi dues 34 to

4l. AL res dufehse alb:iLl?tytc?f I}u?giegfre%%%inant 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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ID NO 89, there is a conserved region that is found in the ATP-transporter
famly of proteins. These findings suggest that GV-23 is an ATP binding

pr ot ei n. Sal | - BanH subcl one at the 3'-end of the ert
descri bed%@géﬁﬁgﬁhomd honol ogy to the potd gene, (perinpl agm%czgg(r)dég%l n),

of the sperm dine/putrescine ABC transporter conplex of E. coll. The

nucl eoti de sequence of this subclone is shown in SEQID NGO 92. To identify
t he gene, the radiol abelled insert fé &‘fh:ﬁ) subcl one was used to probe a M
vaccae genom c DNA |ibrary construc 8 n“the Sall-site of |anbda Zap
Express (Stratagene) fol | @wighisiaAdai® ofPelypeptlides A cl one was identified
of which 1342 bp showed honol ogy vmth the potd gene of E. coll. The potd
honol ogue of M vaccap—was—eertitt By suu or+eg—eaffl base sequencin
The determ ned nucl eofPAROTand pr Hf(ﬂﬁgﬁﬁ 131 ﬁ’ z'Ympqces ar eqshown |gn
SEQ I D NO. 93 and 94.| 68700xpr essi on_ctbni nq, pringrs EV}26 and EV-27 (SEQ
| D NOS: 95-96) were gdesy@eed from thettetermi ned ™M vacfae potd honol ogue.
The anplified fragmenfgeag7 cl onéd rnta pProBX HT Hrokarjotic expression
system (G bco BRL). o T ran propriateE——cof| host was induced
by addition of 0.6 nNEx]Wa"d the rccjgy.hfu. rapt—proterA—named GV-24. The
reconbi nant anti gen wa&‘%@pﬁu fied{from /nr‘l usijon hodies hccording to the
protocol of the suppl|6P7010h subsequent/-studiles, Gt 24 (BEQ ID NO 93) was
re-cloned into the alternative vector pET16 (Novagen). To inprove the
solubility of the purified reconbinant antigen, the gene encoding GV- 24,
but excl uding the signal peptide, was re-cloned into the expression vector,
enploying. anplification priners %mw EV 102 (SEQ I D NCs: 167 and
168). The construct was designate The nucl eoti de sequence of
GV-24B is provided i nsSEQRTIONNSE PREATEINSWR G9F 3R6FAVRCTYNZ98/ 00189 and t he
predicted am no acid sequence 1n SEQ TD NO I70. This fragnent was cl oned
into pET 16 for expression and purification of GV-24B according to the
manuf act ur er '3g \RicedOsRtesia wdte calbirkd, tpelleted pud iaticedved eoddscribet indiaimgilea 1 GV- 23
and GV-24 to stinmulate proliferation of T cells and interferon-y

pr oduct |Cbﬂturmﬁl’mtm mfﬂlBE Muzgcapstreienioniag saremata dram ed hapogutures s M SiGFe%s  of

t hese ass d e. 20 vvher [

et vi £y R Rt eBEont: §BpioaRy PTPRYP ke PR FRbER By bR
hi gher tatlﬁﬁlav@@% LR ool Mirkty 0PB0 SQBhEDLN fé@@hﬁ\% thetVirkhrdé s@ti@Sor (Virtis,
pol ypeptides having activity two to four tines above background, (++)
i ndi cat dslsquﬂsm)epThejmtehak/wagtMBtCﬁMrlﬁ%eQr(%%ﬁ()elrpm,k?é)rmﬁmm’s {AHerotorabeake =

backgr our)ld ’Thgrr]gsugtll\r@ pelllgtd \Izvgsa éueslsaen ed in ?68 q‘loql choroform/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
rpm, 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

92



TABLE 20 Donor Donor Donor Donor Donor Donor
@7005@&7006@P7007E700837009@7010

ProliflFN-yProljflFN-yProliflFN-yProliflFN-yProliflFN-yProli-fiNzd%4o0189
Gv- 23+++++‘&5—2§/§}4§5&++- +++ GV- 24++++++NDND++/ - +++ Base sequerll)(k;:e aZ!(biJhacent to

the M vaccae potd gene-honol ogue was found to show honology to the potb
gene of the sperm di ne/putrescine ABC transporter conplex of E.coli, which

i S one_of t : : [ ' dt [ I he M

Vacame Dot H o A O A Syl S RR] BT baand

f ur t herand ubchigninggatn20 B&sdor fehownci Ade Pieeipitetedr protmnks Mt eatliected abgl

predicted am no acid sequences for GV-25 are sh vvg i(g ‘?fEQ | D NOS: 97 and

08, respREREAEPY, WEhed Het0%8 YHACEINRltisHd” BA2E %‘%‘g{? Fedvethis EBS-s of the v

adj acent S09f3p Jri¥ Lathdd REAL agh@dl "HARNDOWITOLOGY. ! Gk frai ke gPCONd
or E* colr, and s tra

transnmenbr ane protern . uggests that a secon nsnenor ane

protei rpog&c@@@ﬁm del eldagopliorasts: C TardroiiiBjop Gardsivetd obsRBEdL afedd Sypiibg rwith An
open reading frame with honol ogy to M tubercul osis aceé%l - CoA acetyl
t r ansf eftlasre, In rohesguent ewpstimgeist largadarseens jof SIBSExBerteb rRrtseing o fDPhe

t tel th t | at ed t.ein. d. GV-26. .Th

det or nied e B SRV MO SbHERS St PR od PAATT el elence
for GV-26, abemeBlul hoRe sReMPoaRR. 208rolQR repr&SRRA b \iedand F8pMExIU1S2634
PCT/ Nz98/ 00189 Using a protocol simlar to that described above for the

i sol at imeoleaflarGveight oft ek BSwaRERignared VB2 8 ThSEeehDinkdN-feb@)nalvasjuasedfor o
screen the M vacgcae genomc library constructed in the BanH|-s|te of
 anbn OISR proseed norh Ry SRe) B ot AL PGP lcgar DRIEHT £t Ekga

cont ai A0V 2R I eagl I . i-0 8 :gene
was ngsn%da%gé& eﬁﬁg&de?gér %gtﬁéé&%clﬁgglﬁlgé %ggfgeﬁégge%ﬁg&gge [ (C:}y;%lé al?n' no
acid sqﬂyﬁa@@imEQm-mm(me shown in SEQ ID NO 120 and 121, respectively.

Subsequent studies led to the

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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i sol ati on of an extended DNA sequence for GV-38A, provided in SEQ I D NO
171. The corresponding am no acid sequence is provided in SEQ ID NO 172.

Conpari so f e sequences with those in the gene bank, some
RS sHiR PCTRBRpR

honol ogy nown M tuberculosis protein previously i
cosm d MICy428.12. (SPTREMBL: P71915). Upstream of the GV-38A gene, a second

novel open readjing.fra i d i fi e ti n.enco .by, this
gene vvaser{%%%m&}-% 388" O\e@{azlél%eeﬁ%lgn%ég%cgggéhég ﬁu&c]logg]?el gre soggtggn%lgge’f or
GV- 38B Ir&inffic@iettedith aSIEY LD, Na ddeniasd udidgd, Sahg&PRghdnealoy withi fiudrdsiént

correspondi ng predicted am no aci d sequences being provided in SEQ I D NO

124 andpriraérs onrReskiadiling AppligduBiopsteras DiMisien petgmatic s¢mienew!| dthe alateohirele
full-length. sequen for.Gy- 38B rovided .in S I .173. . The
Lor 1 o6 JOTAYEE SrAatS ol Gelisblt ot ee P ol B a8 By i5 pipvick) g

pr ot ei ng-t I reul 8BSl roi.ein
P onti (oG 1 RONT 7AW DRTD Ao O Bal RO M BRI 1r) NOPIT8l oTil BlogR ik

GV- 38B fanhd ge hsverboreolapplto M. edbdrariogx fireBk. ok pettiahbaygendet of thpBbUEDa heat

No .. Gv- 38A lified with i KR11 d KR12 (SEQ I D NO._ 126
famdvig%hn)oﬁlﬁ@r@}nﬁ\gﬁ\?ﬁ‘{%%pﬂ?ﬁs;?EF%WWé‘;hmwt(% et 3(]@10[-(1@‘8596{‘({@1- ¥38) .

P in, i i 4 [ i t. | PT
novever A5 TESOTEISR" 148 shbodtBeqifict B B Ragdr 8l o Fie AL G Bl il B! P14

Hy dr ophqbi: 99 e@iRnFediblee amitcid deqderic i BEQ IN-Kek gd.ni of antigens GV-38A
and GV-38B which may inhibit expression of these constructs. The
hydr ophobi ¢ Inegjibsequsnestudies.i an aleRigA (s lengidmxicepteldr dbe aredintssi bl ¢erminal
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PCT/ Nz98/ 00189 sequences of truncated, GY38A and GV-38B are shown in SEQ I D
NO.  132PTafigteslaanino asid sRAUFRES| iy Proyided trhégéc#} é\f%mﬂ- n§Volédrastieundiie b6 aci d

sequenc L0g: i gg;gl (RQE @Sf"ﬂ% pectively. Extended
DNA seqﬁgﬁ‘%@?&g&a %%}éﬁa{e gﬁé% arIf? - §éﬁgﬁﬁielé‘§e?'ovi ded in SEQ I D NG
175 and 176, Thegretdd ftainyentspcdhipiidieg N -esmomlise@icacs (horeimfict ref QLGRS
being provided in SEQ ID NO 177 and 178, respectively. EXAMPLE 16

PURI FI CAYFMOANE thearrorErsrgaml orremnceof WERT (besgnaamefarred Ao@arG CATRIRE

F LTRAT\%er%\{)rePnglrEgdA‘ 1'35'?‘;% '}élghxluc?% lw%gk%o%nﬁ%észllrwqﬁé\l r[l)ucleotide 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 HSP65.

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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PREPARATI VE POLYACRYLAM DE GEL ELECTROPHORESI S M vaccae sol ubl e proteins
were isolated fromculture filtrate using preparative isoelectric focusing

and preparative pol yacryl am de gel el ectrophoresis as descj ]
Unl ess ot N&? 0@ 8& {:bP&?g%th

noted, all percentages in the follow ng exanple are wei ght
per volunme. M vaccae (ATCC Nunber 15483) was cultured in 250 1 sterile
Medi unr9Ruydi 16l Jaad 662egRcdveREt GUOBE @dwRl hehiolcdlyi thtyeat ues dnfid6i9asy ertal |
proteins of greater than 10 KDa nol ecul ar wei ght. The medi um was

cent ri 8etgesined DNAGuguenbe fdyabe éull-tengtingensteaeoding 61V-89 is pravidedi srSEQ APough a
0.45 mfilter. The sterile filtrate, was concentrated filtration
over aN{b 198aWithghe cgrresponding mrediqied W“%ﬁ%ﬁ%%“%%@ﬁ? re19i53 gh&t ed
from the g %H?o%é@}\?-§9 ?kgstéﬁ'bfélgdehtiﬁl%t e R¥ctBE BETRE (RbQYRnMMAisbRYWT) for
trichl oroaceti ¢ acid. e precipitated proteins were re-dissolved in 100
Tri s. Hglpraddich Ad puaitidatier pceding thataadardyprétheoladdi ti on of an equal vol ume of
acetone. The acetone precipitate was dissolved in water, and proteins were
re-precipitated by the addition of an equal volunme of chloroform nethanol
2:1 (v/v). The chl or of or m net hanojlixgﬁ\)ﬁ;ﬂﬁ)“ate was dissolved in water, and
the solution was freeze-dried. Theé Treeze-dried protein was dissolved in

i so-electric fopusd 0y MNCESTRATBIGA RORJLISE W 1Al @Mk SITIGRNS 2% Triton
X-100, 10 mMdithiothrertol and 2% anphol yt es (pH2.5 - 5.0). The sanple
f4 i 2f ) ;

was fractionated byGy-2ha&raPnyEeVidn B-861GV 38 AN 88 a hori zontal bed
f Ul t d | t 8 t { f 16 S. i
ol utod 1 rortaced AR Nimbe TS bR S Y srRe0Siim SRl ET i 15
br eci pigkat ot bded QLN AEOACRNS Gl HusrtAGAIR PHISRORM (BREONERB/ 00189

Pools O ractions cohtaining protelns of interest were identified by
anal yt gl Tedpablpgisy Gaithatsbuggl Metydatd) apt RMAi sxtmntdd faceatiingnt@t td dtandard

on 12, SunSBShPREPHe] M eGP B GHLGC MRSt 871 98 Efbibance.
Prot ei ns_. t ! i RATE

et ai ey EAVSERLR TEn B aty T aaer A2 SRl A/l RerRRc iatse

acet onighiike/(Bifko N ABFERGH4MDRIr6Rr o) pH 38. T andl hilvesied @ndandppedeihtdy

| yophi l'isation. Eluted proteins were assayed for their ability to induce
prol i f dataratory safiety iconditipey. ofielis wersaetspended i innalh Erignd Kﬁmr%ﬁfbms’oBNA

| ynphocytes of i ne donors.as detailed above. Proteins inducing a strong
respon$ tfﬁﬁe‘fﬁ@gggpﬁ%%\g‘% %P@c@é regcs?aélga%(ﬁmﬁoﬁ@t her study. Selected proteins
were furtherr pur i ke O¥oseXES 52 SuPNR SN A ANBINGE@BRY 69Mnd 298AT0sof¥aPt €i N

C4 colum, using a trifluoroacetic acid-acetonitrile system Purified
pr ot ei IRNWEFRNA) 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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prepared for protein sequence determ nation by SDS-pol yacryl am de gel

el ectrophoresis, and electroblotted onto PVDF nenbranes. Protein sequences
were deternmined as in Exanple 3. The proteins were naned g - AL,

GV- 42, Gv-¥9 BRESGV- 44. The determined N- terninal sequenc?séﬁlg%gs 1egée

pol ypeptides are shown in SEQ ID NOS: 101-105, respectively. Subsequent
studies led to the isolation of a 5, mddle fragnent and 3' DNA sequence
for GV- 42 (SEQM.Dulerculd6, a3 andcae3d)NAewpe asddsas yomplaieefor singdspidedti ng
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the ri b@ﬁﬁ@@irﬁ@ﬁ&EM-ﬂE{P’fcﬁﬂéga{)aﬂfthe Whselsuh@sneeii@sinsinend M | eprae, and GV-42
had honology to a Mavium fibronectin attachnent protein FAP-A. Wthin the

full -1ength Seyolesscwitlythe@pterminedimclentidoand prgdictadcaneine acideteanenceedf band
GV-43 ( was identified, indicating,that fhe anmno id
sequenc g7 bR RN INGRq et §7 srmeeGistal 057 noRRie o hePaftied? af Kost vo
99/ 3263 / X i : ; i j3st

O 40 A A A B R B, P 10
screen aublishedcbpe Fgarhin ¢ BNA (Vilbr Bioy Censi 266:nq200282808n199EhearBe DNA

fragnents. Clones encoding GV-40 and Gv-44 were identified and sequenced.
The det EPSFIHERE/ AUEISEHE] HBISPREIRTGIRRPISF of A&ol £PRist © g‘ﬂ’é EERESORdN 2 RMAY | s

provi ded.i I d iAGine ! i i QID
o 154, Ol 2% Binkbnet S0 (TR A Troindi NOpR0Lc) BEHRRE oot
encoded chsist bbb Fsur Rafdst ah AEMBindag deasRihetiiadBR, oAsubsithte hileiindNénsaruanc e
for GV-40P is provided in SEQID NO 206 with the corresgondi ng predicted

ami no atiusrseorenc geesi nghpricapsrienbiane SEC EEFade HorinsTeRshdehesmcinsteplly
el oot SRl BRI URS BB U500 GRRARA S,
sequencinige hidreideRiBddMin @ JoNNSLEr BRERopMIus titRudnbh (FleRBEhENDENE. SAeRsH N
GV-44 was obtained and is provided in SEQ ID NO 204, with the correspondi ng
predi ct @d9 :406- 5@, 4899 aelUerpéisheigagitpiwv (Titestr,ieh alSEQendd, BIN:39DB503, HOAD). ogy
of Gv-40 to I\An l]\glp Kﬂggcae 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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El ongation factor G was found and GV-44 had honology to M | eprae

gl ycer al dehyde- 3- phosphat e dehydrogenase. EXAMPLE 17 | SOLATI ON OF THE
DD-M VACCAE ANTI GENS GV-45 AND GV-46 Proteins were extrac%%qﬂ\jif&mr%{%}M
vaccae (50804%3263¢ epared as described above) by suspension i 2%
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el ect rémesﬁ?? rﬁgﬁélg%‘atr%?e%?%?‘%t el \rég (\?\gr e elﬁde?t rc%(# ott egmgﬁgtl%n B@Bﬁs

menbr angcdrBinkOorit GARSRNRE% SlofhpH 1d sthsequett bhulesGVal3 (SFQEDCNS: \88) e
determined 1in a gas-phase sequenator. Fromthese experinents, a protein

r epr es evesad-choned itsa ke dterngsive yretpaplel HoMNavagey- Thergpro aid swuRisg of SEQ
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sequenckhesd fifindSsigzesitintiGhea3 iinarSEQP Ibindi@ pr2@81. GV-46 is honol ogous to

t he highly conserved nycohacterial host jntegrati act or of

t uber cul osi A 32RdPavald rRayat F‘él?clqu}eoﬁftt e§ 51‘?’??95%%%& g‘édﬂ?@ﬂc‘g"s‘fﬂl\éeé\ﬁb@?i?
degener ate i I i 18
reapectyard PoRERYT SR RS SR GefBfiamiSTidchur & bOSDs il fEnt T AnC
anpl i f iieghspaitedRBEhplaXtdT MlcasniTe pBtle@Bierseqientd oSiiis uBtloat sgdoen ih SEPID a,
(SEQ ID NO 190) follow ng standard procedures (Sanbrook, Ibid). The cl oned
i nsert M@O2. (Beidentfysthe aene, thevpdiplabelied igesibef BuspRCIPN: vas yseddadrobsca &4 i n

the BanHl -site of. ZAP- eSS . The ksol at

showed ¥ %@W%bggggﬁgﬁlaccﬁﬂs&xﬁﬁee??:nuﬁhggaél%l%%)gq%}%% %%at%%e e@ggt(e%%% tein
cont ai NfoNgwhackigidagd phitsdornenl élbge mas iidentiitd bheviitl €340 Bysh@ndl hanvligue
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nucl eotwille ths patdegene ¢foE. @Vi 4Fhe popt boindlegué 9f SEQdcord®as identifigd thy sube

correspond: ng PLed! cled ami 00, BELY, S30US0GE S . REAY b5 L QAR

are shown in SEQ ID NO: 93 and 94.

For expression cloning, primers EV-26 and EV-27 (SEQ ID NOS: 95-96) were
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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determ ned DNA sequence for the full-length gene encodi ng Gv-45 was
obtained and is provided in SEQ ID NO 200, with the corresponding

predi cted_am ng acid sequence in SEQ ID NO 201. EXAVPLE W%NI cTY
AND | MVUNERR®M NG PROPERTI ES OF RECOMVBI NANT PROTEI NS M
VWACCAE A. I NDUCTION OF T CELL PROLI FERATI ON AND | FN-y PRODUCTI ON The
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corresponding GV protein. Wen |ynph node cells from non-imuni zed m ce
were cultured with individual GV pretigsngag FNy production was not
detectable. The GV proteins are thus inmunogenic in being able to stimulate
T cell proliferation and/or |IFNy production when adm ni stered by
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Base sequence adjacent to the M. vaccae potd gene-homologue was found to show
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 (referred 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.
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.......................................... GV-3 GV-4P GV-5 GV-5P GV-7
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PCR band 12B28 (SEQ ID NO: 119) was used to screen the M. vaccae genomic library
constructed in the BamHI-site of lambda ZAP Express (Stratagene). The clone isolated from
the library contained a novel open reading frame and the antigen encoded by this gene was
named GV-38A. The determined nucleotide sequence and predicted amino acid sequence of
GV-38A are shown in SEQ ID NO: 120 and 121, respectively. Subsequent studies led to the
isolation of an extended DNA sequence for GV-38A, provided in SEQ ID NO: 171. The
corresponding amino acid sequence is provided in SEQ ID NO: 172. Comparison of these
sequences with those in the gene bank, revealed some homology to an unknown M.
tuberculosis protein previously identified in cosmid MTCY428.12. (SPTREMBL:P71915).

Upstream of the GV-38A gene, a second novel open reading frame was identified and
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). GV-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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1,185 22,074 3,698 15,260 2,764

.......... WO9/32634 ..., .  PCTNZQQUE g,
13,001 3,273 10,761 t 485 5,075 1,470 3,199771 3, 255386

sequences: of truncated ‘GV38A -and -GV-38B are shown .in.SEQ .ID. NO 132 and .133, .
35 508 115851 J35°0S ghe " w3678 2 190, .. Q- 0,307, -1.533

....... respectively, with the correspbﬁdmg@rectgctgb@mm@ ;g:ggseq];elma bglgg 'pggwn in SEQ ID

850. . ... ..., 31.602 .1,939 2
3,328 NO: 134 and 135, rsspfét’rve’lY %Zfé%‘dﬁ‘i?)é% sequegss T 5%‘§g t%‘ﬁﬂﬂﬁ g@‘*fgg%ézgggm
Gv-35 %%B%?rg-'}-)?g\gde(?ﬁ'f §]§é ID4N€995175 and 176, respectively, with the corresponding amino

acid sequences being provided in SEQ ID NO: 177 and 178, respectively.

EXAMPLE 16
PURIFICATION AND CHARACTERISATION OF POLYPEPTIDES FROM M, VACCAE
CULTURE FILTRATE BY PREPARATIVE ISOELECTRIC FOCUSING AND
PREPARATIVE POLYACRYLAMIDE GEL ELECTROPHORESIS

M. vaccae soluble proteins were isolated from culture filtrate using preparative
isoelectric focusing and preparative polyacrylamide gel electrophoresis as described below.
Unless otherwise noted, all percentages in the following example are weight per volume.

M. vaccae (ATCC Number 15483) was cultured in 250 1 sterile Medium 90 which had
been fractionated by ultrafiltration to remove all proteins of greater than 10 kDa molecular
weight. The medium was centrifuged to remove the bacteria, and sterilised by filtration
through a 0.45 pm filter. The sterile filtrate was concentrated by ultrafiltration over a 10 kDa
molecular weight cut-off membrane.

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:methanoi 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.

100



Gv-38AP 19, 746 245
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2. 341 a@8hitrile/§4M arBm@ninngigarbonatgpH 859 apbthep cgmgntrated by lyophilisation.

Eluted proteins were assayed for their ability to induce proliferation and interferon-y
secretion from the peripheral blood lymphocytes of immune donors as detailed above.
Proteins inducing a strong response in these assays were selected for further study.

Selected proteins were further purified by reversed-phase chromatography on a Vydac
Protein C4 column, using a trifluoroacetic acid-acetonitrile system. Purified proteins were
prepared for protein sequence determination by SDS-polyacrylamide gel electrophoresis, and
electroblotted onto PVDF membranes. Protein sequences were determined as in Example 3.
The proteins were named GV-40, GV-41, GV-42, GV-43 and GV-44. The determined N-
terminal sequences for these polypeptides are shown in SEQ ID NOS: 101-105, respectively.
Subsequent studies led to the isolation of a 5°, middle fragment and 3° DNA sequence for GV-
42 (SEQ ID NO: 136, 137 and 138, respectively). The corresponding 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. aqvium 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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6,107 1,773 1,626 406 8,060 810 6,264 875

................................................... .- 10,883 893 5,772
1, 040 .

1,499 f QBY0 99/32634 "7 petzbivorsd 72

1,497 199 WD 99/32634 PCTI NZ98/ 00189 TABLE 22 | mmunogeni ¢ properties of GV
prote| ns: | FNy productlon IFNy (ng/mM) GV protei n Dose of GV protei n used

con51st1ng of randomly sheared DNA fragments. Clones encoding GV-40 and GV-44 were
identified and sequenced. The determined nucleotide sequence of the partial gene encoding
GV-40 is provided in SEQ ID NO: 183 and the predicted amino acid sequence in SEQ ID
NO:184. The complete gene encoding GV-40 was not cloned, and the antigen encoded by
this partial gene was named GV-40P. An extended DNA sequence for GV-40P is provided in
SEQ ID NO: 206 with the corresponding predictéd amino acid sequence being provided in
SEQ ID NO 207. The determined nucleotide sequence of the gene encoding GV-44 is
provided in SEQ ID NO: 185, and the predicted amino acid sequence in SEQ ID NO: 186.
With further sequencing, the determined DNA sequence for the full-length gene encoding
GV-44 was obtained and is provided in SEQ ID NO 204, with the corresponding predicted
amino acid sequence being provided in SEQ ID NO: 205. Homology of GV-40 to M. leprae
Elongation factor G was found and GV-44 had homology to M. leprae glyceraldehyde-3-
phosphate dehydrogenase.

EXAMPLE 17

ISOLATION OF THE DD-M. VACCAE ANTIGENS GV-45 AND GV-46

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

102



GV-13 24.
e g 33?22 63?8811924275'32 58.36 0.30 6.48 0.37 4.08 1.41 34.98
o LaB - . .28 1.56 11.60 2.89 2.04 0.58 GV-14

Or 2ip QWSgy iy peTnasi
detectable 2 1.90  0.53 . 2.73 1. B5.mnok.detes GV-33 GV-38AP GV- 38BP not

5. 68 apfroxinate molecular we1ght2c>'f ??t kﬂa‘, triési@%ecﬂéwe%,aime)btéﬁnéiﬁ The §germgngs 0. 40
N-terminal amino acid sequence of GV-46 is provided in SEQ ID NO: 208. GV-46 is
homologous to the highly conserved mycobacterial host integration factor of M. tuberculosis
and M. smegmatis.

From the amino acid sequence of GV-45, degenerate oligonucleotides KR32 and
KR33 (SEQ ID NOS: 188 and 189, respectively) were designed. A 100 bp fragment was
amplified, cloned into plasmid pBluescript 11 SK* (Stratagene, La Jolla, CA) and sequenced
(SEQ ID NO:190) following standard procedures (Sambrook, Ibid). The cloned insert was
used to screen a M. vaccae genomic DNA library constructed in the BamHI-site of lambda
ZAP-Express (Stratagene). The isolated clone showed homology to 2 35 kDa M. tuberculosis
and a 22 kDa M. leprae protein containing bacterial histone-like motifs at the N-terminus and
a unique C-terminus consisting of a five amino acid basic repeat. The determined nucleotide
sequence for GV-45 is provided in SEQ ID NO: 191, with the corresponding predicted amino
acid sequence being provided in SEQ ID NO: 192. With additional sequencing, the
determined DNA sequence for the full-length gene encoding GV-45 was obtained and is
provided in SEQ ID NO: 200, with the corresponding predicted amino acid sequence in SEQ
ID 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 (IFA).
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

immunizing GV protein and assayed for proliferation by measuring the uptake of tritiated
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9.60 1.74 30.46 1.77 1.46 0.62 not detectable 3.19 0.56 0.94 0.24
not detectable not detectable . . ....... ... .. . ... ... 59.67 14.88 10 6.19

1.42 5.36_1.34 1.57 0.04 3.00 0.52
------------------ 00189
.......... W‘.j’??’%‘z.&“.................... 6.10 2. 72 9 95 3. 45CTNZ%/

...................... s 2B 47
4.14 88.54 16.48 not detectable 30.70 4.48 6.76 0.58 3.20 0.50 72.22
11.14 t 9m§ 1néI'.OTl§e5 arnourit 'of interferon garmma-IFNy) preduced and secret%d %theie %eéls intgl s

found to induce a T cell proliferative response. The lymph node T cells from an immunized
mouse proliferated in response to the specific GV protein used in the immunization. Lymph
node cells from non-immunised mice did not proliferate in response to GV proteins. The data
in Table 22 showing IFNy production, indicate that most of the GV proteins stimulated IFNy
production by lymph node cells from mice immunised with the corresponding GV protein.
When lymph node cells from non-immunized mice were cultured with individual GV
proteins, IFNy production was not detectable.

The GV proteins are thus immunogenic in being able to stimulate T cell proliferation
and/or IFNy production when administered by subcutaneous injection. The antigen-specific
stimulatory effects on T cell proliferation and IFNy production are two advantageous

properties of candidate vaccines for tuberculosis.
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U T 23.495.89 8.87 1.62 ---

PCT/NZ98/00189

5.300.95 3.10 1.19 GV-40P - 15.65 7. 89

10.58. _1...3KABLE- 21 :
....... Gv-41B 16 73 1.61 5.08 1.08

T S o ——————— . GV-44
ol detectpTe T :saezgabgeﬁzoaneeaﬁoageﬁww T 008 s
é 00 é 63' 27 9 43(35?1)r0tein = Pose of GV protein. used in vitro, (ug/ml) 213 1.10
— b SRR A 0.08
GV-1/70 31,550 + 803 19,058 + 2,449 5,596 + 686
GV-1/83 18,549 +2,716 23,932 + 1,964 11,787 = 1,128
GV-3 34,751+ 1,382 6,379 £ 319 4,590 + 1,042
GV-4P 26,460 + 1,877 10,370 + 667 6,685 £ 673
GV-5 42,418 £ 2,444 23,902 +£2,312 13,973 £ 772
GV-5P 35,691 + 159 14,457 £ 1,185 8,340 + 725
GV-7 38,686 + 974 22,074 +£ 3,698 15,906 + 1,687
GV-9 30,599 + 2580 15,260 + 2,764 4,531 £ 1,240
GV-13 15,296 + 2,006 7,163 + 833 3,701 £243
GV-14 27,754 + 1,872 13,001 £ 3,273 9,897 + 2,833
GV-14B 10,761 + 485 5,075+ 1,470 2,341 =289
GV-22B 3,199 £ 771 3,255+ 386 1,841 £ 318
GV-23 35,598 £+ 1,330 15,423 £2,858 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 + 850 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 29,163 £ 2,693 0,968 +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 25,185+ 2,877 19,292 + 2,294 10,883 + 893
GV-41B 24,646 £2,714 12,627 + 3,622 5,772 £ 1,041
GV-42 25,486 = 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 3,683+ 1,127 1,497 £ 199
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not detectable 106 WD 99/ 32634 PCT/ NZ98/ 00189 B. ACTI VATI ON OF LYMPHOCYTE

SUBPOPULATI ONS The ability of
heat-killed M
subpopul atY@A¥3283K5 det er ni ned by
CD69 (a surface protein expressed on activated

i nvention,

cells).

L

PBMC from nor nal

reconbi nant M vaccae proteins of the present
vaccae and DD-M vaccae to acti
exam ni ng upregul ation o

gtpcyt e

Ion of

donors (5 x 106 cells/n) vvere stirrul ated with 20 ug/ M of either

heat-killed M vaccae cells, Aggaerpr reconbi nant GV-22B (SEQ I D NO
145), GV- 23 (SEQ,I D NO 89 /A (SEQ 1D NO
117), GV-27B (SE F‘B‘“rﬂée“‘fi%’ﬁﬁ’l’emeiﬁ)‘( @ng&%@%% 24 hours. CDB9
expressi on was determ ned by staining cultured cells with m)nocl onal
anti body against—€B56, Ta(3T cefts or yST CelTs, in combination
nonocl onal anti bodi es agai nst CD69 f ol IFw@2B) f | ow cyt onet ry ajWIaI ysi s
Tabl e 23 shows ent age T cells NK ce
expressi ng (DY \t’pmﬂapow ng stP a‘ﬁﬂfﬁ’d’weﬂ'ﬁ“ﬁ%@?’ *é%{anﬂ? vacca.e, DD- M
vaccae or reconbi nant M vaccsge proteins. 1Dhese resul ts Zdenonstirate that
heat - ki | | ed [M—vaccae, [DD-M~ vaccae and GV-Z23 stipulate the expression of
CD69 in the Iy@hqmte subpopu @b ons tqssmagmgrrpared 1vagt-h0.560nt ol
(non-sti mul ated-cetts);Twth particulariy I'evEels pressi on
bei ng seen i KL |4 GUAS JAS  bund 16t dpfequl at & o8- 8xpr pssi on 1 n
a(3T cells. |107 GAD399/ 326314 ABLID 23 Stllfmtlcat(l4on Df rﬁDﬂ&e&xlsieesa on
PCT/ Nz98/ 0018 cells cel rol 3.8 attkilled M
B 310.240. 3 vacty A ho M vablsE Py eao-B 1052005 63 108 EOCY: 256, 810 046, 8
GV-5 4.08+1.41 6.1012.72 2.35+0.40
GV-5P 3498 £15.26 9.95+3.42 5.68+£0.79
GV-7 33.52+3.08 2547+4.14 9.60+1.74
GV-9 92.27 £45.50 88.54 £16.48 3046+ 1.77
GV-13 11.60 +2.89 2.04£0.58 1.46 £ 0.62
GV-14 8.28 £ 1.56 3.19+£0.56 0.94 £0.24
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 6.76 = 0.58 3.20 £0.50 1.97 £0.03
GV-27 7222+ 11.14 30.86 £ 10.55 21.38+3.12
GV-27A 425+2.32 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 1.22+0.56 not detectable
GV-33 7.71 £0.26 8.44+£2.35 1.52+0.24
GV-38AP 23.49 +5.89 8.87 £ 1.62 417£1.72
GV-38BP 5.30+0.95 3.10+£1.19 1.91 +£1.01
GV-40P 15.65+7.89 10.58 +£1.31 3.57+£1.53
GV-41B 16.73 £ 1.61 5.08 £1.08 2.13+£1.10
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-275.54.413.3 GV-27A5.54.413.3 GV-27B4.42.87.1 GV-4511.74.96.3 The
ability of the reconbinant protein Gv-23 (20 ug/m) to induce CD69
expression_ in |ynphocyte subpopul ati ons was conpared wi'th t JBL e
known Thl Wﬁc?ﬁ’é?‘éé adj uvants MPL/ TDM CWS ( Monophosphor vyl %9%)0{89
Trehal ose 6'6' dinycolate; Sigma, St. Louis, M) at a final dilution of
1:20) and CpG CDN (Pronega, Madison, W; 20 ug/m), and the known
Th2-ingy N EVAMIPROCY TE SUBPdPULARONSS Bi osector, Kvistgard,
Denmark at a@?‘l na gﬁfuti on of 1:400) and cholera toxin (20 ug/m), using
the procedurkhe abistgrof bedneiome M. Matau PrétenSobithe mbsent mivemhdwy deaskildied der e
enpl oyed at the _maxi mum concentrati o‘nﬁhhat do S not. cause cel l

cyt ot oxikesaey andsj JR-Mg xaceaeh ty acivate JympipGits c?H BiP S Wpt Ssterginednby (3T
cell s ABligR Sreggfim'c\,'ﬁ fieblpfessikRRCEPEY S YeurfR¥e Frhicin! Bkl Ggﬁcao PG

ODN in ression-on er eas um nrum roxi de and
chol er gefj@xi n did not. 108 WO 99/ 32634 PCT/ N298/ 00189 C. STI MJLATI ON OF
CYTOKI NE PRODUCTI ON The ability of reconbi nant vaccae proteins of the
present i nvétRMénfrom wnhﬂcmp@s( @yi%wp%%m@mé@m&at%wpbmwg ekelfhsied as

20 ug] H0R B PROPeHEETR DR Wierdatichopafiiy Sprh M RaaH e 1

mb L 8
No a0 A E@%%o@@%mb 3 ?7%@5@%%%@%6%”0%%%@&Q 0

NO 201D Nbo1l 624orH@urssS. (SEQ HUNS: §0|befpna4 hours. (WBX68 ehprevsien wids detdrmiiasd by f or
the production_of IL-1p TNF L-1 nd | FN- standard EL| SA kits
( Genzyrﬁéalnleﬁrﬁbllhilfféeceuﬁ/l&ylth frkﬂnP ‘gﬂ‘g" AR g@%ﬁéﬁﬁs C?li% P¥ Qfg]f I gs.
9A-D show l:i[m:ﬁlo?gle 1@1{?%%8%1%t ﬂod?e(s%gal %!FC@@ lf&l&v?edqgﬂﬂo&/ E%o&eﬂg%ﬂh'l%' son,

respectlv vaccae and DD-M vaccae were’ foun

stinulate t hPabq)eE 08l yEdwothe proahtagd e P T weld iydE selbsxard WK cellwbkpressirpcODIBO nant
GV-23 and GV- 45 were found to stinulate the production of IL-1 (3, TNF-a
and | L-followirg gimulatigawithdiestnkillad M siaceag 2-dh vercqe oriegomipmpot aﬁacqaﬁ 12

producti on, ectiv I y h n er m.ne d CI’I e) by
varyi ngpfet?HEenfﬁ%%ﬁrS @n@wtﬁ%n’gha& ngg&&jg,& g5t a/sjh‘gcflsv ?‘i’ue stl ‘#ati on
of 1 L- 1Bnu1didind explessien %P@D@N’nythgrl S44R4y00 subrlopBRAGHY 16elel cotpaRRMBithY
GV- 23 as c%rrpareex%)ost hat by the adj Svgnt g@él\]/PL/ql'gMO/\S at aoh{p

control (non-stimulated cells), with particularly high levels of CD69 expressmn being seen in

NK cells. GV-45 was found to upregulate CD69 expression in apT cells.

107



final dilution of 1:20),
final dilution of
and CpG ODN_i nduced signifi

CpG ODN (20 ug/m),
1:400) and cholera toxin (20 ug/m).

cant

wi th hi ghd¥OP¥AE of IL-1p production

of the known adjuvants.
negl i gi bl e anobunts of the four cytokines.
PRESENTI NG CELLS The ability of heat-killed M vaccae,

r econbi nant

M vaccae

| evel s of the four cytoki
bei ng seen with Gv-
Al um ni um hydr oxi de and

Bc

Gv- 23,

B

DD-M vac

ells, nobnoc

al um ni um hydroxi de (at a

MPL/ TDM CW\5

EINEAIET T any

chol era toxin induced only
D. ACTI VATI ON OF ANTI GEN

cae and

proteins to enhance the expression of the
co-stimul atory nol ecul es CD40, CD8DABnE 23D86 on

ytes and
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onlaad of

nonocyt es and dendritic

HI I P V|

cells were st+H-at-ed—wt+h—20— —of—erther—hept—g+ M-aefae cells,
DD-M vaccad, or recomnbi nant Gﬁ%EBeI{SSEQ I Dyméiff%), d@-{ﬁnf SER I D NO
89), 109 WO = T—tSEg—!—D—NEz—teO%—Gﬁ-?A (SEQ I D
NO 117), G\-%g‘)?SEQID NO 162)§‘ogr Gv-| 45 ( l%QID NO 2 ﬁ) fol 48 hours.
Stinul ated geiiz fdEar vesfed agd anal yzed fooF up-| regypationf of CD40,
CD80 and CDGGa%ahpg 3 color flow cytonetfyic analysis, Tables 24| 25 and 26
show t he fol|[doherease—i-n—repn—H Horesecepce—+atenstty—frgm-eonty ol
(non-sti nul aF%Q'McE‘F‘Fgé} for dendritic ce | s, Ir%%ocyt es, 328 B cglls,
respectively7*$§%§§ 24—Stimuf at T og gof 10, 0 —and CD86g s EXPTgssi on on
Dendritic Cbl?s 0CD80CD86| Cont rol 000 Heat-killed M 6.13.81. 6 vaccae
DD-M vaccadeg9h1. 6 GV-22B4. 61. 98. 6 GV 236. 1140 51. 8 GV- 263. 21. p1. 6
GV-27A2.30.91.0 Gv-27B2,.61.11.1

GV-27 5.5 44 13.3

GV-27A 5.5 4.4 13.3

GV-27B 4.4 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 Thl-inducing adjuvants
MPL/TDM/CWS (Monophosphoryl 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.

maximum concentration that does not cause cell cytotoxicity.

MPL/TDM/CWS and aluminium hydroxide were employed at the

Figs. 8A-C show the

stimulation of CD69 expression on afT cells, y3T 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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GV-455.83.03.1 110 WO 99/ 32634 PCT/ NZ98/ 00189 TABLE 25 Stinul ati on of CD40,
CD80 and CD86 Expression on Mnocytes CD40CD80CD86 Control 000 87 0O

Heat - ki | | . vaccae57 0 bDD-M vaccael.9 1.. 1 1 Gv- 70
ov- 232.31%@9%12%%4 OV-271.51.. 4 1 QV-27AL.41.4. 2 1 G\/-27Bf%g%z§9°°%890

Gv-451.61. 2. TABLE 26
C. STIMULATION OF CYTOKINE PRODUCTION

The ability of recombinant M. vaccae proteins of the present invention to stimulate
cytokine production in PBMC was examined as follows. 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 (SEQ ID NO: 117), GV-27B (SEQ ID NO: 162) or GV-45 (SEQ ID NO: 201)
for 24 hours. Culture supernatants were harvested and tested for the production of IL-1f,
TNF-a, IL-12 and IFN-y using standard ELISA kits (Genzyme, Cambridge, MA), following
the manufacturer’s instructions. Figs. 9A-D show the stimulation of IL-1p, TNF-a., 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-1f, TNF-a and IL-12. Figs. 10A-C show the
stimulation of IL-1p, 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-1B, 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-1B 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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Stinul ation of CD40, CD80 and CD86 Expression on B Cells CD40CD80CD86
Control 000 7 1 Heat-killed ML.61.0. vaccae7 1 DD-Mvaccael.50.9. 2 1
Gv-22B1.1Q.9. 4 1 GV-231.21.1. 1 1 Gv-271.10.9. 9 0 GV-27A §
Gv. 27B1 0089t Gy 251 5111, 111 VIO 99 32634 PCT Nzoss 0BTEBZRARD
above, increased |levels of CD40, CD80 and CD86 expression were seen in
dendr i pice IDRE0GHELEIA RIEPID NOW fiy) 2. IR (STRTPING! RS of .20
Expres?hg%fféeéléllgm%?éé)hg}st [ n@rligseg\](?wn d%’ndri ti c( cells, w ﬁlﬁtohe hi ghest
I evel swggmmmzozmpcfbms tbtisi rfhulaed kelieatrekhdryested\Mndvatered fRDuap
vaccae, -23 and GV-45. Fidgs. 12A- C show t he . .

regulation of CD40, CD80 and CD86 using 3 color flow cytometric analysis. Tables 24, 25

and 26 show the fold increase in mean fluorescence intensity from control (non-stimulated

cells) for dendritic cells, monocytes, and B cells, respectively.

TABLE 24
Stimulation of CD40, CD80 and CD86 Expression on Dendritic Cells

CDA40 CD80 CD86

Control 0 0 0
Heat-killed M. 6.1 3.8 1.6
vaccae

DD-M. vaccae 6.6 4.2 1.6
GV-22B 4.6 1.9 1.6
GVv-23 6.0 4.5 1.8
GV-27 52 1.9 1.6
GV-27A 23 0.9 1.0
GV-27B 2.6 1.1 1.1
GV-45 5.8 3.0 3.1
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cells were tul'tlGre in nediumalone aor Wth GL23{20—ueglg—f9¢r 18- 20
hours and tpgy-3fimulated with dliogengic T lklls (2 x 385 celll s/wel I').
After 3 day$ of incubation [(3H-thymdine vvala4addej. Cgif's Ware harvest ed
1 day | ater|@ad2The upt ake of r adi activity was neasured. Fig. |13 shows
the increas¢d take—ef—(3H)y=thypgrdrmg Wit h pncrease 1 m2the rjati o of
dendritic celquzgg T cells. P -

GV-45 1.6 1.2 .

TABLE 26

Stimulation of CD40, CD80 and CD86 Expression on B Cells

CD40 CD80 CD86

Control 0 0 0
Heat-killed M. 1.6 1.0 1.7
‘1;1[(;:‘\1; 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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Significantly higher levels of radioactivity uptake were seen in GV-23
stinul ated dendritic <cells conpared to non-stinulated cells, show ng that
GV- 23 enhance? gﬁgdritic cell mxed |eukocyte reaction. Al Fm 136

pr esent i nYane? has been described in sone detail by way o I'TTustration
and exanpl e for purposes of clarity of understandi ng, changes and

nodi fications can be carried out w thout departing fromthe scope of the

i nvention which is intended to be Ilimted only by the scope of the

appended cl ains, 113 WD 99/ 32634 P 018 inms_1..A pol epti de
A ahati e JgERr e By el drf SPADL TS ERD (e Pordssidd Bt/ BERY b
wher ei Rhdig AB1s0 RbrBALAIGRE BAHBANENER EEBEPESISLOMENC AUBAqBRISTI g

of :  sequences recited in SEQ ID NOS: 143, 14 147, 152, 154 156, 158, .
160, 16ikre hodt irkbésed tDdendtini2 celly 4yithl Rig, highedt levsls, of1expresdign belr@6obtdigdd 192,
194, 196, 197, 199, 201, 20 05 and 2. peptide c risi an

i munogé#t éleﬁd?lllﬁ%ﬁ’[o’f’acé?ﬁiégrét &dcqde é‘%@éeandgﬁ&%%n&e%e%ﬁ éﬁ‘?i gen
i ncl udes_a u C 0 oRsA3tild ' *SCOYRNGES
navi ng e b et S B R B S

| D NOS:vaddiie cdftentrditbhs ol 6%-21 o] G¥645.158, 160, 162, 165, 166, 170, 172,

174, 177, 178, 181, 182,184,186, 187, 192, 194, 196, 197, 199, 201, 203, 205 ( b) and
207 as measUFecbiity o5 MYr2a o dingate (A BCRSPRnd (RS frieessioavn Agnditic st

about 75% i dentical .residues.t. . Se [ | I F 14

145, 147‘?’%5“2“1@&%%@’, tf%%?ﬁ@ﬁ%ﬂ?i%ﬁ%@%ﬁ% m/ ERUEH SRR il Furidil 35
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 a positive 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 27.7+13
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174, 177, 178, 181, 182,184, 186, 187,192, 194, 196, 197, 199, 201, 203, 205 (c)and
207 as neasured by conputer al gorithm BLASTP;, and sequences having at | east
about 95% | i cal residues to a sequence recited in SEQ NGSs ,
145,147,13&8?@%%%%,158,160,162,165,166,170,172, 174, 177, TEZ, 1é%&é§

182, 184, 186, 187, 192, 194, 196, 197, 199, 201, 203, 205 and 207 as neasured by
conputer algorithm BLASTP. 3. A pol ypeptide conprising an inmunogenic
portioﬁa@F=%ﬁm}§§¢h@§ﬁ)Nl vaccae antigen, wherein the antigen conprises an
am no aci d sequence encoded by a polynucleotide selected fromthe group
consisting of: (a)sequences recited in SEQ ID NOS: 142, 144, 146, 151, 153,
155, 157, 159Thd 8¥ilityl &35 ¥ AA, to bfiRancd ddndrititell Fufictioh 46 antlged, prakfting 83ls w85,

191, 193,195,198 and 200; (b)conplenents of the sequences recited in SEQ ID
NCS:  1deterntied by grizgshlymphacytq sctagy(MhByassayq Purifed dengitic cglds werp pultyres

175, 176, 179, 180, 183,.18 9 ; 32634
pCT) nz8 sy Fo5F SEdibnRas 2R A0 P b Por, 20 RG 208 R0 oSl ¥

bei ng i RaTE @6‘31532 xS WEnGRelDf Afdr 30dayk bY irdtsbatas (I dhyayide@past #ided.

al gori thm BLASTN. An i sol ated pol ynucl eoti de conprising a nucl eotide

sequenc€ellewerdiangested lpddyyiptepandide aptase of ragiqagtivity wenhmeasured. o igsl3sl®ws5.  An
expressi on vector conpri,si a .pol ynucl eotide, accor di to claimd. . 6. A
host cHIeIINEIESSIR GP Bog\fﬁhﬂ@ﬁm@ﬁ’ﬁr }I’SFF%%&%F r%@c%r%ﬁﬂ@“‘i Be“glt&rrﬁ%l.s' 7.
The ho }grr]ﬁ;t%a tlghi%rle?!léoef%’ 0 Qfo%btmighﬁtﬁ@%e&eiéen'iﬁ cebscdshiie didifigr oup
consi stimg o . ctoli, nycobacteria, 1nsect, yeast and mammalian cells. 8.
A fusi egllspschRired o apii-stimulgtedt celleastovame thao IGHEPt éntlencrs alendtitivgcdlbmaxsd one
of clainms 1-3. 9. A pharmaceutical conposition conprising a polypeptide
accor diavgoeyse gagtiohe  of clainms 1-3 and a physiol ogical |y acceptabl e
carrier. 10. A pharmaceutical conposition conprising a polynucleotide
according to claim 4 and a physiologically acceptable carrier. 11. A

phar maceut i aihoGORRAS | frbht GRVEREDE G BednUgeafibpd Ohebdmacdeatidibpgwap 6f ai m

8 and a physiol ogically acceptable carrier. ] ) )
illustration and example for purposes of clarity of understanding, changes and modifications

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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12. A vaccine conprising a pol ypeptide according to any one of clainms 1-3
and a non-specific immune response anplifier. 13. A vaccine conprising a

pol ynucl e%}ig%%&gordi ng to claim4 and a non-specific i anﬁngg&gﬁgse

anplifier accine conprising a fusion protein according to claim38
and a non-specific inmmune response anplifier. 15. A vaccine according to
any one of clains 12-14 wherein the non-specific imrune response anplifier
is an &ffiimgant. 16. A vacci ne according to any one of clains 12-14 wherein

t he non-specific, i ne. response anplifier is sel.ected f.rgm rou
consi sting of: (%p@]ﬁ?p&d&aﬁ)g@nﬁw& et r%%?%eﬁ}cdl?ﬁ 2 l@? a?aé@%fgégzl‘%gfaéa( b)

I nact | mﬁ%ﬂ MheVed§ GRE afi€édnSincBidEs @CIeqltbRCEAG & o ehe bidupaddsisdd® o0

99/ 32634 PCT/ NZ98/ 00189 17. A nethod for enhancing an i nmune response in a

pat i ensequendepirécsteddn SEQEDINOSet4nd4h.04d, pat.iléAtlS6. IMBatothdéit i6dal66, 170,
conposi tion according to any o [ = . hag, f or hanci ng
St PR E e - TGSl PR PRt o el T e A
vacci ne accgrdin : . I Bnrhén 19, t; f e of
clainms 17 ag'd 18,gx méﬁiﬁflﬁgﬁgﬁ?‘%%ﬁde res%%%%renci orggﬂ'%ﬁ{gﬁrlg@gtggs%.a‘%E)WA

met hod afi@dent WRerelrett aRtidendficladdiasequteice selecedrdinethe gromprpnsistingef:

adm ni steri % to the patient a phar mac%ut,i cal conposition according to any
one of claif® 9- saquepges havinghlsgstiabput HE ddenbicalaatidess ta adequsngerecited i

patient, conpri si ol ring e i acey or £l to any
one of clains 12-8%22. ﬁgydgrﬁgnfé{gh%)jdﬂolwaln%@%ﬁr?gq%%’aigpal?% q%aalg(%digdrflg\%her ein
the disorder is gekectredrs figomahesqri@ep EQNeR.s194ngo® 197 Mmagneodizear 2ty s,

i nfectious di seases, skin diseases and di seases of the respiratory system
23. The net hod ofand RAT as R8aswreertei qonpwteradigomitlie BLASER| ect ed from t he group

consi sting of cobacterial infections,_asthm  and psoriasis. 24. A method
For the {1 edDoneoORn dPeBEde e rAtau L AR e e S SaoRrs el a

?g;m?f];yt ?Catcggngﬂ/fgggg)e§ggP{)f;@?ﬁ4ﬁq|59?iﬁﬁlffé, 98B 149, BLUBSCRES1$d,11ng, of |
174,177,178, 181, 1§2, 184, 186, 187, 192, 194, 196, 197, 199, 201, 203, 205
and 207 as measured by computer algorithm BLASTP; and

(c) sequences having at least about 95% identical residues to a sequence recited in

SEQ ID 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 as measured by computer algorithm BLASTP.
3. A polypeptide comprising an immunogenic portion of an isolated M. vaccae
antigen, wherein the antigen comprises an amino acid sequence encoded by a polynucleotide
selected from the group consisting of:
(a) 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) complements 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; and
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(b) delipidated and degl ycolipidated M vaccae cells; (c) delipidated and
degl ycol i pi dated M vaccae cells depleted of nycolic acids; (d) delipidated
and deglycolipidated M vaccae cells depleted of mycolic 1 9

ar abi nogaw&%9é3ﬁ?34and (e) Mvaccae culture filtrate, the di@/ﬂggrﬂgg% ng
selected fromthe group consisting of immune disorders, infectious

oSS S onoanes nife 4k JER7 EB0Rla b0% DEPRLIB B beRhclE Nankoa dNC

nmet hod of sorder el ec group

consi sting of w&agg}ﬁggf&%br@fagﬁ{ehgﬂ& bR&dipmedgofior BBASTN. 116 WO
99/ 32634 PCT/ Nz98/°00189 26. met hod for enhancing a non-specific inmmune
response tod.an ahhiigelatedcpetpmickiotie sapmipsisiigeni merleptidel saaupraecdencoding a

pol ypepti de conprising an i ogenj ¢ portion of a Mvaccae antigen, v
wher ei Bplynsptife a%&ﬁ%%g%%yi‘ﬁ‘é%&ﬁg?%hés a sequence selected fromthe group

consisting of: (&) SHAUSHCERIJ: 86inbAink B pSHRULIRAR ackBrumichoR0hin And (D)

sequences havi ng at ast about 80% i dentical residues to a sequence
recited in ¢.SEQ ADobQellRnafoem@Ddithan detressiimedtdrpcowdipgtteclagh §or i t hm

BLASTP. 27. A nethod for detecting nycqbacterial jnfectiop.in pati ent,
conprising:7.(a) EemhagtseHgolieliml ad@}elf@ndﬁe opfatsle Mt S‘%i?"ct?fpgﬁ‘?gl %?’e ForB

pol ypeptides agccordi ng t.0 .any. I (b) detecting an
i m’runegorné’éﬂ%gggoﬁ?%f ngc%%atclteglﬁtmg&gﬁ%ﬁ%@ iﬁe 1%&0%2% of claim27 wherein
the inmmune §espops@isiof proteir @kipeRing & Jeastlotl paRPGitide detdrdiipniorangiong:of(a) a
pol ypepti de according to any one of clains 1-3; and (b) apparatus
suf f i ctleinis ¥-8. cont act the pol ypeptide with the dermal cells of a patient.
30. A nethod for detecting nycobacterial inf ectif)n inda bi ol ogi cal sanpl e,
compri si ng: 9 a) s<eHged KamB oh gy Pt A PaRep i o s e
accordj B OI: | . 1. sto3h b) detecting in the sanple the
pr esen}égg%l%n%gn?%%&ggﬁggl?lﬁ%% Q%ﬁégt%olf ﬁge}gipe)f)l ypepti de.

10. A pharmaceutical composition comprising a polynucleotide according to claim

4 and a physiologically acceptable carrier.
11. A pharmaceutical composition comprising a fusion protein according to claim
8 and a physiologically acceptable carrier.
12. A vaccine comprising a polypeptide according to any one of claims 1-3 and a
non-specific immune response amplifier.
13. A vaccine comprising a polynucleotide according to claim 4 and a non-specific
immune response amplifier.
14. A vaccine comprising a fusion protein according to claim 8 and a non-specific
immune response amplifier.
15. A vaccine according to any one of claims 12-14 wherein the non-specific
immune response amplifier is an adjuvant.
16. A vaccine according to any one of claims 12-14 wherein the non-specific
immune response amplifier is selected from the group consisting of:
(a) delipidated and deglycolipidated M. vaccae cells;
(b) inactivated M. vaccae cells; and

(©) M. vaccae culture filtrate.
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31. The nethod of claim 30 wherein the pol ypeptide(s) are bound to a solid
support. 32. The nethod of claim30 wherein the biological sanple is

sel ected W&?@/#Pﬁ group consisting of whole blood, serum pgtREM01§Al | Va,
cer ebr ospi na uid and urine. 33. A nethod for detecting nmycobacteri al

infection in a biological sanple, conprising: (a) contacting the
bi ol ogi cal sanple with a binding agent which is capable of binding to a
pol ypept i dd7accdx dieifod ofonrgpharfeng fanc IIAMHE JLESPONge dn] 4 7PANEND 9f B BN

PCT/ Nz98/. Q0189 (b tecti in.t . i | 20t | t hat
bi s NG fe Ry Ao bR ARG o PRERE e o RRBERL b3 L0
agent is a|RDNOCA Ofaho@Nfot ROMYncingdn ThMuABt REsbroE i@l ai patiRdt, WeRhRising he

bi ndi ng agent is a polyclonal antibody. 36. A diagnostic kit conprising: .
(a) atadiméwisteringi® ppdtiepbpricdmeaccwdidignganpormgl daimsdl-1d aims 1-3; and (b) a

detection reagent. 37 The kit of. claim36 erein the. pol ypeptide.is

i mobi | i zed%n ér@dp?tho%ﬁfgaﬁﬁrocn? ofg }mﬁ'ﬂza ﬁl\é\go“f’h%?l&itﬁq M%reg?%s? le?

det ect,li}gnegp%ﬁgeent conprises a reporter group conjugated to a binding
agent . d: e kit of claim 38 wherein the binding agent is selected from
the group @ONsishicieddhr tBtticaintam odglisbidet itsg p&ient, omphisinPradingristetngand

| ectins. 40. The kit of claim 38 wherein the reporter group is selected
from tthéhegragignt a phsmapesutips) cOMPPHHPHAOTLRB L any| g 0E §ERE 94 oups,

| um nescent, . groups, .e S, hiotin -k icles. . s | onal
anti body t Hdt bi’ﬁ&éetﬁogﬁpﬁ‘Slufﬁgéﬁ%ﬁrﬁt 8%22%8%1‘1%5f“ngg)s%%engtﬁ?ﬁlgﬁlgq%%fa&“grﬁga}?ﬁrég 1-3.
42. AtB%eyﬁt@H@Avé%eian@aﬁdihg% af dSoflchims peliwpept i de according to any one
of clains 1-3. 43. A nethod for enhancing a non-specific inmune response
to an anti @@n cthepmethbdgf adyriond of elaimgy2@ and@powheteonthe shigordasiingelected
conponent selected fromthe group .consi.sting.,.of: (a). delipidated and

ooy e Sho RISy a8 ChEnEEn SooBRer GBS igtset Shincfipalts GRy SRS

del i pioqqﬁeegsﬁmoges%tg&ol i pidated M vaccae cells depleted of nycolic acids
and )

23.  The method of claim 23 wherein the disorder is selected from the group
consisting of mycobacterial infections, asthma, and psoriasis.
24. A method for the treatment of a disorder in a patient comprising administering
a composition comprising a component selected from the group consisting of:
(a) inactivated M. vaccae cells;
(b) delipidated and deglycolipidated M. vaccae cells;
(©) delipidated and deglycolipidated M.vaccae cells depleted of mycolic
acids;
(d)  delipidated and deglycolipidated M.vaccae cells depleted of mycolic
acids and arabinogalactan; and
(e) M. vaccae culture filtrate,
the disorder being selected from the group consisting of immune disorders, infectious
diseases, skin diseases and diseases of the respiratory system.
25.  The method of claim 24, wherein the disorder is selected from the group

consisting of mycobacterial infections, asthma and psoriasis.
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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 M. vaccae antigen, wherein the M. vaccae antigen includes a sequence selected from the

group consisting of:

(2)
(b)

27.
(@)

(b)
28.
29.
(2)
(b)

30.
comprising:

(2)

(b)

31.
support.

32.

sequences recited in SEQ ID NO: 89 and 201; and

sequences having at least about 80% identical residues to a sequence recited in
SEQ ID NO: 89 and 201 as determined by computer algorithm BLASTP.

A method for detecting mycobacterial infection in a patient, comprising:
contacting dermal cells of a patient with one or more polypeptides according to
any one of claims 1-3; and

detecting an immune response on the patient's skin.

The method of claim 27 wherein the immune response is induration.

A diagnostic kit comprising:

a polypeptide according to any one of claims 1-3; and

apparatus sufficient to contact the polypeptide with the dermal cells of a
patient.

A method for detecting mycobacterial infection in a biological sample,

contacting the biological sample with a polypeptide according to any one of
claims 1-3; and

detecting in the sample the presence of antibodies that bind to the polypeptide.
The method of claim 30 wherein the polypeptide(s) are bound to a solid

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.

33.
comprising:

(2)

A method for detecting mycobacterial infection in a biological sample,

contacting the biological sample with a binding agent which is capable of

binding to a polypeptide according to any one of claims 1-3; and
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(b) detecting in the sample a protein or polypeptide that binds to the binding agent.

34, The method of claim 33 wherein the binding agent is a monoclonal antibody.

35. The method of claim 33 wherein the binding agent is a polyclonal antibody.

36. A diagnostic kit comprising:

(a) at least one polypeptide according to any one of claims 1-3; and

(b) a detection 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 1-3.

42. A polyclonal antibody that binds to a polypeptide according to any one of
claims 1-3.

43. A method for enhancing a non-specific immune response to an antigen
comprising administering a composition comprising a component selected from the group
consisting of:

(a) delipidated and deglycolipidated M.vaccae celis depleted of mycolic acids; and

(b) delipidated and deglycolipidated M.vaccae cells depleted of mycolic acids and

arabinogalactan.
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