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METHODS OF TREATI NG PARASI TI C I NFECTIONS 5 Field of the Invention The
invention relates to carbohydrate chem stry and vacci ndi209EPTEMBER 2088 of
the Invention 10 Parasites of animls and humans pose a worl| dwi de probl em
For exanple, schistosom asis, after malaria, is the nost common cause of
human nor bi dit %ﬂ)e nortality. Approximtely 600 m || i onppappEeo/a64d4at
risk for s¥if gg’ég flatworm infection, and approxinmately 200 million
people in 74 countries are infected. Twenty mllion people (nostly

children) have a severe form of the disease,..f 000 die 15 annually
fromthe disease. Mammal i dAPRSHASEANLOMEGSIAL) ,S _ inths of the genus
Fasciola or Schisto yergs—Frctrononas, can avoid

i mmune ekimnation and survive for nonths or years in the fully

I rmunoconpetent vertebrate host. T f these parasites elicits a
T cell -i ndependent i nmune respon etf LR ‘%ﬁﬁmpd by 20 the predom nant
production of 'ﬂ@ﬁa%x%#&%ﬁ@es%&m—ﬁ&iﬁdﬁatéﬁh& isty endavabcimeloigydependent
response characterized by the production of 1gG IgE, and IgA isotype

anti bodi es. The production of 1gG (as well as IgE and JgA) and their
binding to the exterior of a Q JrehdsaRhl Y required for

ant i body- dependent cel | - medi atE 1@@%‘\%‘? mechani sm denpnstrated to
be ef f egfoi ve i npgasitds@y mghahearadivinans poserrsworldwaidp pritplovy Ber exgmple,

t hynus- dependent anti bodies (Ig | gE, and | gA) .t i f

extracel | uE@ﬁstméfg%ﬁﬁeﬁ@a]éﬂé-d%@ﬁg?%fs?’?mro&%ﬁ'i)’sre é)ghb%?m gﬁg]gg%g%%ds)i s by host

macr ophages t ] ' & e latsefor Belastpsonsegwofm i nmune
el Ao Do i es s

activation'C _Qpsoni zation is an i ne chani sm

frequent | y e, aidabpraxinattaet00 miliompepie e AEEFFLFEISH GoL U5
ites, It.i I | i ! it

parasites. i ardiatr ek SRR KRf: 4 Mk EiR bR tne TRER bitfdiocuasies | es

evade i mu ing 1o Induce surface-specific T cell-
dependenis fHpehs . tieulideass 19G I gE, and I gA production 1 12 SEPTEMBER

2003 WO 00/53220 PCI/ US00/ 06404 Sunmary, qf .the lnventj [nvention is
based on the isMmhmarﬁ%ﬁﬁﬁ:|5Pﬁb§1156'§h§“’ﬁl?"gﬁ?’t‘ﬁ%gwgg%ge;g%fdr

Schistosoma and protozoans of the genus Trichomonas, can avoid immune elimination

and survive for months or years in the fully immunocompetent vertebrate host. The
surface of these parasites elicits a T cell-independent immune response characterized by
20 the predominant production of IgM antibodies but fails to induce a T cell-dependent
tesponse characterized by the production of IgG, IgF, and JgA isotype antibodies.
The production of IgG (as well as IgE and JgA) and their binding to the exterior
of a pathogen is generally required for antibody-dependent cell-mediated cytotoxicity, a
mechanism demonstrated to be effective in destroying parasitic worms. The binding of
25 thymus-dependent antibodies (IgG, IgE, and IgA) to the exterior of extracellular
pathogens is also generally required for phagocytosis by host macrophages and other
immune functions included in a process of immune activation called "opsonization"”,
Opsonization is an immune mechanism frequently associated with destruction of
extracellular protozoan parasites, It is generally believed that several mammalian
30 parasites evade immune elimination by failing to induce surface-specific T cell-

dependent functions, such as IgG, IgE, and IgA production.



pl at yhel mi nths. These |ipoglycans, as well as those isolated fromcertain
prot ozoan parasites, can be used in conpositions for inhibiting, treating,
or diagnosing parasitic 5 infection. Accordingly, the i2:9ERTEMBERR003es a
met hod of eliciting in a vertebrate a protective inmune response (e.g.,
one including a T cell-dependent anti body response) against an eukaryotic
parasite by administering to the vertebrate a conposition containing a’
carrier group coupled to an oligosaccharide (or a mxture of 10
ol i gosaccharides) St®FH¥d froma lipoglycan found on the sucfemesoi an
eukaryote. The conposition is admnistered in an anount sufficient to
elicit a protective imune responsé—ﬁ@%{lﬁgﬁlﬂﬁé_@ukar yotic parasite. The
ol i gosacchari de can be Thsioteatiads based abhaisai@idn sfmewigoglycROFbrY aurfdeof. » @
nol ecul e havi ng atgk one .car bohydr at e
group) having a 15 %ﬁ%gﬂpg?ésﬁogﬁ%%agg%gg%w 'Eg{mmdcaf'?"(’)ﬁ'g addi ti on,
the |ipoglycan i ncdtarss cay q“éfégrtwwﬁ@nmsﬁ?rm*mmpream catliagnesing parsite
car bohydr at e gr o8 pinfettidh. exarrpl e, the lipoglycan can include a lipid group,
one or nore fucose gr oxgcs di ge to flve gal act oseam ne groups per fucose
group, two to four glut sgﬁﬂg eg'f"é?ﬁ?fg festupes 1 methedeo! glicsing in ayereebrats at wo
gal act ose groups peetedtivciosangrepess (egnmeﬁmluamg)agbamﬁdad@f@gmy ﬂgﬁnsgpﬁose
group, one to 20 ty hadm and one to three
it e ol A?amrm%%%&%{%rg‘f 1905 ’i’sﬁ%n can incl ude

mannose groups per fucose gr oup
a lipid group, oné”%‘f'm%f‘?"T%E‘S‘%’@“P&Féﬂmghg%whe@et(@afnllweg&l act oseam ne

gr oups pﬁr fucoS? g @aq@harid ey ehiredfrd@h emﬁgdycafgkddﬁdlﬁﬁad&ﬂ&e&ra%ﬂé?&?rm@“c?se
group, three to fiy ups cose gr.ou o two gl ucose
groups per fucose g&ggﬁ#oggta‘g’%ﬁﬁ?%é;m%o B °"garpg‘ﬁﬁ§"ed@’r““‘?5 f ucose
group. The eukarydfséml?a?ga’@@“&%@tﬂmeor an adult platyhelmnth (e.g., of
the genus Schi stosorramron@a&eimque@mb@ﬁsoﬁied&rfaemﬁmg% 1%1&9@%)3 The

eukaryotic parasi teolc > ﬁg‘ otlozoan or, a pat hogenic hel mi nt h
(e.g., of the geni®E¥RM f5§td °Bt P 6‘?"&‘”???"“"6?“"{}’“‘83‘?:3’8 hvisg e oi dea) .
30 The carrier &t oeoleoulanweinbt of ehopt 18Qikilodeltbise Giddigars &e Givglybaendiyesat lbdsnk er

2- (4- n . | ud
et | ot oA Aoy T 04 e Bl M0 ACES

i sol at ed | i pogl yc one about I'nc

group, one or émi‘“&%g%d HPBUTHE T TRy fgose goups, Yheeedafiveplanteseaminegrougsr oups per
f ucose group, tmptuﬁlmm@mﬁmmmdom@re@mﬁﬁspaemc&@@@ﬁ%nef&w& one to two

2 12 SEPTEMBER 2 0%3!33&9(3 B@Ap@ﬁg%gose SIA 0 6%Qxcose groups per fucose group, one to

20 two rhamnose groups per fucose group, and one to three mannose groups per fucose

group. Alternatively, the lipoglycan can include a lipid group, one or more fucose
groups, three to five galactoseamine groups per fucose group, seven to eleven
glucoseamine groups per fucose group, three to five galactose groups per fucose group,
one to two glucose groups per fucose group, and three to five mannose groups per

25 fucose group.

The eukaryote can be a protozoan or an adult platyhelminth (e.g., of the genus
Schistosoma or Fasciola, or of the class cestoidea). The eukaryotic parasite can be a
protozoan or a pathogenic platyhelminth (e.g., of the genus Schistosoma or F. asciola, or
of the- class cestoidea).

30 The carrier group can be coupled to the oligosaccharide by a linker (e.g., 2-(4-
amino-phenyl)ethylamine).

The invention also includes an isolated lipoglycan (e.g., one about 180 kDa in
size) including a lipid group, one or more fucose groups, three to five galactoseamine
groups per fucose group, two to four glucoseamine groups per fucose group, one to two

2 .



gal act ose groups per fucose group, one to two glucose groups per fucose
group, one to two rhamose groups per fucose group, and one to three
mannose groups per fucose group. In a specific enbodi M@nSEPTEMBERZM3ycan
i ncl udes, per each fucose group, four gal actosam ne groups, three
gl ucosam ne groups, two gal actose groups, two glucose 5 groups, one-two
[70m  Spogyan i Tl 2815 b5 03 e eI poLEUEGlp, bBelcies an
] s
i sol at ed |§%§°§?S&%n‘%§é’g§@ sl oS Wy dHE i?&g’i%?e) having A |1 pid
?r oup, onetmrrhanmesé%mmwl egtﬁmoptlsgrounraad_omewﬂwelgw@ett wﬁmﬁ@cﬁ?ou?ﬁ per
ucose group, seven to. el even ucoseanj ne groups per e ree
10 to fivefg4Palt B%C&c&@%ﬂg%tf'ﬁﬁjg’@g F%g‘,"ﬁ%\ﬁ%" Beatcé\g&cé?%@gég’%g}uoups per
fucose gr Ogggacéps%ﬁﬁné Q{oﬁﬁs,tﬂ&pé LlYiBo ARMOS Bl BMP BalB@bsef dt6gaetvay dugpsel n a
speci fic ehbodi nent, "the  |ipogl ycagi‘%ncl udes, per %%cg ;écose gLoup, f our
gal act os&ngmepy roesdwe rirmrese gioups sadiwe mFnoesgEroupsurl g 4P YEEC2PBups, one
gl ucose gr ou;tgfgl g?rd four manpgse L%?%P-?o' This |lipoglycan can be obtai ned
froma speRPialedfropasneeirs of BESEME SPRIIPEF 15 contain inositol. The
invention furthehe invehtigieSirtBerdAERAS dniigdlated Sipogly kg (8.2C ahe blgut g%(bklpadmupl ed
to an oligosaccharide isolated fromthe |ipogl ycangbﬁjf taia%tl nvention. The
(Z:aE zi er gr&ep ha@gﬂéﬁ?ﬁé&ﬂ%g@ﬂmﬁﬁé ﬁfﬂ@@ﬁ@&ﬁ%ﬁ}&rﬁ’ " B ) ;Sﬁwf;t(re: g., t
- (4-anino e PG oS ARedrSing gFORpE B Mcds Oftr@d NS a
| east one E‘F’S‘P%{’gr ouﬁq %\Eﬁétcvleeastl oneg\( éggecar bgfﬁg‘gr te %r o%f)c?@An i sol at ed
i pog!{ y ?ﬁn:[cd .ﬁvag?ac?mr%o%pggeﬁﬁlcase! g‘rpl'v[qg b?gﬁ]MglaCOSFaTQUPS:D?EfFCQm Igééltm ar o
wei g a a as 0 wei 0 e lipogl ycan,of.. st.
Course, 't hed TGP B AR AR Aol R e gy 1 RERHE ool 5 o
purity, e- gpeplfdan ih€a8ds, B GcPR¥psedro@h YourghlatosaiiPeSrdupsminé the desired
| i pogl ycan. e ot her 40% can i nclude other macronol ecul es, such as
lipi ds, preluepsasnine sroyph felr-galastoss UDS, 998 BlHcasrseroup, 8¢ f3F MaBesepart i cul ar

nol ecul ar gt ' g Yhd/bNO am no
acid resi dgfogl QETQI%P%%E@%%\%E%%@%% artﬁ F?’%%%‘fsy%é%@h%{?‘“ﬁn ned by
sodi um dddeethindtibsital.e- pol yacryl am de gel el ectrophoresis (SDS-PAGE) under

reduci ng conditions. As used herein, "protective i.rmune response” ans an
i mune response g_@“&"&ﬂ‘%‘?ﬂ g‘“g‘Fr ‘Bf@é@rﬁ??&?os}t@&dﬁﬁaH@PgSF% PPFW_@P‘QE
producti ved gf ﬁ?éds%h%@is&%a%h%e 1B ob19BansGA YR iferRioR! TRY YAraEE rdup
conposition, the animal or human host hasS not been infected, thus the

conposi t i orapbesmplal torths eligobicckaridedita linkey (eog., 2éhpinénophgnystylastiselict i ve
Lo o o0 E AU ool LA o i
conposi tieoearbbhiraeighdlp. Qn fultd ipeslycaxiBiayrégaraéiondf a lipoglycan of 2

particular molecular weight that is at least 60% by weight of the lipoglycan of interest.

Of course, the lipoglycan can be isolated and purified to higher levels of purity, e.g., at

least 80%, 90%, or 95%, of a composition is the desired lipoglycan. The other 40% can

include other macromolecules, such as 1ipids, proteins, carbohydrates, and lipoglycans
25 not of that particular molecular weight. The lipoglycan caun be free of naturally
occurring amino acid residues. The molecular weight of a lipoglycan is determined by
sodium dodecy} sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) under
reducing conditions.
As used herein, "protective immune response" means an immune response
30 capable of preventing, reducing, or inhibiting productive infection by a parasite. In the
case of a prophylactic composition, the animal or human bost has not been infected, thus
the composition prevents or inhibits (partially or completely) any productive infection or
one or more symptoras of productive infection caused by a subsequent exposure to a
parasite. In the case of a therapeutic composition, the animal or hwman host exhibits an
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12 SEPTEMBER 2003 WO 00/53220 PCT/ US00/ 06404 on- goi ng productive i nfection
and the conposition reduces or ends a productive infection roductive
infection is one in which viable parasites can be isol &23E Pﬂgﬂf

protective i mmune response includes IgG anti body production and T cel
activation. A protective conposition, e.g., a vaccine, elicits a protective
i mmune 5 response. A carrier group is a nolecule which, when coupled to an
ol i gosacchari de, helps present the oligosaccharide antigen to a nanmalian
i mmune system Exawpb@ss22of carrier groups include protei nspcragosds bovi ne
serum al bum n (BSA), tetanus toxoid, ovalbumn, and parasite protein. 10
An adj uvant is a 9uipeinapwdudtivginfettion] and e popesitiouredyresor ends 4 odadive ni st er ed

si nul taneously Wi tifdddg ggma@cs.bé nRBfn Rond i GHibNVA pa@btes A6 ARE ?roxh gerease
the duration or |evel of the imune response in_an animal afte

adni ni stration of % Aé’ﬁ‘i“?"{:je"rfmmﬁlﬁe ’eﬁ’aTsﬁ\?QPﬂ“ 185 Antibpdyprodugtipn qng 5?%“ delivery of
an antigen into thaemamrrmﬂ protectiveitampsia) g, @ victises elRRs a pra@lileSmmade | ocat i ons

t hr oughout the b§) .t he animal. Exanpl es of adjuvants include, 15 but
are not limted to, |ncorrpl ete Freund's, conplete Freund's, and alum and
can contain squal ene {&gersryRrEg matseile Uhc*@hfp OOlE}?é?OWPllgpsecch@dy helps

nonophosphol i pi d &rcsé&ﬂﬁollgm}ﬁﬁdemﬁﬁemoaﬂmwgﬁﬁﬂ Eﬁmpl'em

Ham [ ton, MI), saponjns Bi o

non-i oni ¢ surfact mrg(ﬂrﬁ’g\%d“ﬁ%?‘%%m g‘g‘?ﬂers%“m ait')fﬂ“f@éAkfeﬁ@ﬁéWlJXA t ocol s

(U. S. Patent No. Syv86ufyin, 849 pardsiteygtetginadabl e- bi oconpati bl e 20
ly(D, L-lactid I 4

pO y( ac I QO co-g XJ?%Heé(vngt)is subc.s%lv%{tﬁakgﬁhét}rmm?dﬁmo Jr?s a%ﬁn@:}st red

i mrune-stirmul ati ng non-r educi ng
end group, as it ﬁé‘?"t“é!?%‘és’%‘ﬁ‘ﬂ%{h“s‘i?ﬁ’a?s‘“°?ﬁé’éﬁ§‘“%‘ditgd’rdl“t’ﬁ‘i‘ﬁﬂmﬁé%@e Agetiony educe
Benedi ct' s reagentor iemel bitbe Bammeliesions it MRhimblaRerhanivictaioh Fugatigen. ARe, €.(.,

http://www. acp. ed‘éd‘ﬁ%’.{%%Qﬁ%ta&%ﬂ&ggf&%; Lp ﬁerﬁxg/axgx%?%gmtgts@lﬁgéss&%e new
cho

i sol ated |ipoglycans are use ucin peutic an | actic
conmposi tions, sucleligsorfgcations thyapghoy Awef the aujmpln Examples efgfinvants mPlhdet urn, the

conposi tions ar s waekdiot iimitadltb @ﬂcbmﬂeearem@wmdtmednmmemfne&a%ﬁe against a
parasite as det aiclon_:i Lr&almag %g .of th nv ntw B {1}1 i;ed

| i pogl ycans, conpd&itT ohs, fon Gprpy c”'ﬁl\r TSROREPB 30 novel
means of prepar i ndge-gniketexd,iRigj IpmuroiChens Resepndhiige., Hamitiod. &M T)aepoeing(QSf21eukar yot i ¢

parasites such as d&eﬁmemﬂ@m%@kmm&%&en@m PRteasS CheStirel N
natural infection, lg V@r@hous ts of the invention of fer the ability

to stimulate T celYMtE fiocols é‘e?té@p%?@@)nbwd%srﬁd%hlﬁbm blfuman host,

i ncl udi ng par as i@ gelyrLldciide-coglycolide) (U.S. Patent No. 5,417,986), immune-stimulating
complexes (ISCOMs), and/or liposomes.

A non-reducing end group, as it pertains to a sugar, means a sugar that does not
reduce Benedict's reagent in the Benedict's test for reducing sugars; see, e.g.,
http://www.acp.edu/web/genchem/ thedisk/food/bened/bened.htm)

25 The new isolated lipoglycans are useful in producing therapeutic and
prophylactic compositions, such as protective vaccines, against parasites. In turn, the
compositions are useful in eliciting a protective immune response against a parasite as
detailed in the methods of the invention.

The isolated lipoglycans, compositions, and methods of the invention provide a

30 novel means of preparing and using vaccines against a wide variety of eukaryotic
parasites such as flatworms and protozoans. Unlike many parasites in natural infection,
the various aspects of the invention offer the ability to stimulate T cell-dependent
immune responses in an animal or human host, including parasite-specific IgG
production. The methods and compositions of the invention can be used to raise
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production. The nethods and conpositions of the invention can be used to
raise 4 12 SEPTEMBER 2003 WO 00/ 53220 PCTNS00/ 06404 | i p&gl \écan- specific
anti bodi es useful in diagnosis of infection. The isol atBHSEPIEMBERRI0D S
the invention also can be used in diagnostic assays in which the :
| i pogl ycans of the .invention bind to antibodies present in a biological
sanple. Unless otherwi se defined, all technical and scientific ternms used
herein have the 5 sane neaning as comonly understood by one of ordinary
skill in the art t¥OMPFEHW this invention bel ongs. Al thoughrsmistabie
met hods and materials for the practice or testing of the present invention
are described bel diRPeleRERecifip afibefics by indiegnopindfanfesiion Mhgisodated lipaplycanal ent t o
t hose descri bed h&lf&i}ﬁhvemibhElFb(ﬁﬁBeﬂ&&lmldi@%a&ﬂs&hﬁicﬁﬁ%lipogﬁ%%f&g be used.
Al'l publications, . nt . i.cations, .patents, and other references
menti oned her ein é&%ﬁt%a%}nﬁgog?nsgo%ﬁ%rﬁsc’gyparabé‘ﬁ%gr“‘élrf&'@pq?n their entirety. In
case of conflict, the Pulesetherwispdafinéd] alatchicn] andistialifitdtermgusdelidren Haveams, W | |
control. In addigi ' l.es are. .
illustrative onl §/ _sgﬁed?%qagi?g %{o@%ﬂa@gﬁfg&ggﬁ?i%ﬁﬁ ‘if?ﬁ%?'gﬁ?‘ﬂ%?‘ cl"’%%’tm}c«lég"sand
advant ages of t he MEUHORbsieRgswilthoughsuiteble metbes atdmepterielior thé pacticani regfinglet ai | ed
description, and fof bepieest itVeniidiBire ddrila@ badw, 6tlerBREM6ds i hadtall BRiirgvent i on
provi des new t her apeut i | acti.c.co itio for yse in, treating
parasitic infecti %ﬁ\g%égﬁﬁmgeb%cgp‘%&éﬁf’ﬁ%’ it arﬁ%ﬁ%’@f"? \’?erﬁ‘se’laﬁ‘r?ﬁ?'nés"iégsﬁ‘bnse
agai nst  parasi t el PURRpgREPAET pRPications, PAGRLS, RdpthsOgerices meptionadberegufed | ci ent | y
i Munogeni ¢ to 20 iRbPoieEbPRicRhfAC hiiVatikTTHEs: bASRMRAIR: prdlPsiBidaRds of the
i nvention offer airﬁﬂxﬁﬁshéﬁeiﬁ ant i.gen gr esentation strate t hat produces a
protective i mune FeSpoNSE Hof,Vureeyyel, dp gidition, themgigrals, methqds apd gyamplas s o g ycan
fromthe parasit e ilintratizecenly qud egtanténdgl tobe lgydisgcchar i des fromthe |i pogl ycan,
coupling the ol i gosacchiadiedfises b adv f&bfﬁﬂci%%gwiﬂ@gppgrgnm dhglering  the
eto mmal™"t o

ol i gosacchari de/ c?rlrﬁl er .gr.oup conj ugat the ma e vacci nat ed.
These 25 vacci nat fOR¥ B8 Asaled Asgiintien pddomibasiiesy by, at |east in part,

i nduci ng parasite-specific 1gG production, as detailed in the Exanpl es

bel ow. The net hods, |ipoglycans, and ﬁé&ﬂ&ﬁ%iséd NS of the invention can be
used to vaccinate a manmal agai nst 1 parasites. One general
class of parasites areheiseten pevidsapaviberapentic ed noipiaiaghie qompasitions foriusetime s .

Pl at yhel m nt hs i netabdgpapaitiogificticns,3Q., by Mg Ifot@tivd Bukr@5msd Gt 0da (e. g.,
wor ns of the genu{s}ﬂassﬁpsi osonn, such.as S. _bovis,_ S .indicum_ S

j aponi cum S. mat PRES, Many Ragtsiies afe got iremungecnic, r apfistffiiently immunogenic to

20 produce an effective immune response. The methods of the invention offer a parasite

antigen presentation strategy that produces a protective immune response. This strategy
includes isolating a lipoglycan from the parasite surface, preparing oligosaccharides
from the lipoglycan; coupling the oligosaccharides to a carrier group, and administering
the oligosaccharide/carrier group conjugate to the mammal to be vaccinated. These

25 vaccinations offer protective immunity by, at least in part, inducing parasite-specific
IgG production, as detailed in the Examples below.

The methods, lipoglycans, and compositions of the invention can be used to
vaccinate a mammal against a variety of parasites. One general class of parasites are
worms belonging to the phylum platyhelminthes. Platyhelminths include parasitic

30 flatworms of the class trematoda (e.g., worms of the genus Schistosoma, such as S,
bovis, S. indicum, S. japonicum, S. mattheei, S. spindale, S. haematobium, S.
intercalatum, S. mansoni, or S. mekongi; worms of the genus Fasciola, such as F,
hepatica, F. gigantica, and F. jacksoni; and the worm Fascioloides magna) that infect
humans and farm animals. Platyhelminths also include tapeworms of the class
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intercalatum S. mansoni, or S. nekongi; worns of the genus Fasciola, such
as F. hepatica, F. gigantica, and F. jacksoni; and the worm Fascigl oi des
magna) that infect hunmans and farm ani mal s. PI at yhel m1r2t§§P3EMBER@°L9§e
tapeworns of the class 5 12 SEPTEMBER 2003 WD 00/ 53220 PCT/ USOQ 06404
cestoi dea, which infect humans (worns of the genus Taenia) or dogs (worns
of the genus Mesocestoides). Another general class of parasites are

prot ozoans such as those of the genus Trichononas, Tritrichononas,

Lei shmani a, or Ent ¥R Trichononas vaginalis is parti culParbspogseyal ent
in the U S and can cause synptomatic genitourinary 5 tract infections.
General procedur esceFigies K'BF}HPnEﬁQU"E"’H%(WPP‘H%W?@&W@WH% pifges(Wermsofbosi ti ons,

and performing t h@nﬁmémdsozdef«:) tARGher nerBlclagybe paddsites B8 rotokdaRkubiels Bdse

| sol ati on of Li pog cagl;sus ;I m bar Stlt s 10 Parasites are generally

avail abl e from vendor A ér F’i"’é’dﬁaif? » OF EHPREPE 1%519m9R4Si on

(ATCC), Rockville, vamhsmaﬁmdawmeeqlenﬁn thed 1. aigil chrscainss synpiimlatidigeRit@tinanCat . NO.

- 30001 from ATCC. sl @ addidohon. F. hepati ca mat acercari ae can be purchased
from Bal dwi n Enterpris§ é\/b uth, OR or isolated fromaquatic snails, a

natural host of the pSF& ‘fréced‘if”élf%§f’lf“§’§“§rhé°g§'f’%“%&%‘W?H‘BPS@W%M vari ous

resear ch | abor at orpeefsymirkBhel nmtHotchif b inbdniGe ars UgapBEdRBWDY the Wrld Heal th

Organi zation. Alternatively, they can be isolated fromnatural hosts or

t he environnent (e. q , Fasm oI a from abatt0| rs or Fasciol oides from deer

experiment stati orr8Hs EiYea PFeSItedr epar ati on of a parasite at various

st\z/a\llges of |Esdl ithe cyfztﬁﬁltds%elga@m4vmlaglggoma¢rngm @gaﬁmrgg,fyg u:pau czéx
new y excysted juveni ed accordin nna p.
Parasitol., 50: 10 %Tﬁ%sll%%(}‘wg@g{ ]&r’gbm% ﬁ?‘“@’éﬂTWf‘%FP‘Sﬂ@@aﬁsol at ed
according to G bbsCaétNOailOOOl fomeA NS du ddditiony FQiepanicaosatabredias dah bdpredhised: Food

Ani mal Practice, Mfm a?dwnw,& m%g}ﬁ{ 2. ofh n 261- 275,
1996. Li pogl ycanﬁlggta%q]be i ? o%%pi%ﬁ??‘g&%& Eédasﬁgmom in the

at e r
art. Typically, ST spérf’sg S\iﬁ?ﬁ%&b‘ﬁ“‘f’lﬁ ﬁ‘ﬁ&%’ﬁﬁ%ﬁ%ﬁfﬁl}ﬁ?"éﬁ‘%&sal i ne
(PBS), and thenlf hn;:ludﬁx'é tuommppomcbuthawmengm Olghrddatiéh. Qiterhdtel§,UkdyagfbeOf t he

parasite, including, rgg,lngat@ﬁgq] i ds, g£an be extracted by organic
sol vents. These crude [ ow noree &ﬂoar vvel qf% 430l é‘naa?lﬁ(?f ude
| ycer ophosphol i pif@&cioleifey &em Aspeaspesime |5'd%°nsmrﬁ!§ﬁs hi ngol i pi ds, can be

aly p p p g p
extracted with a sol utTheprepdratichbrar ﬁﬁsﬁé AV ERL B of ALy clesds Richh i descr i bed
in Turco et al. g!l ‘g’?"‘&‘g gp @4 and. Bennet t
Parasitol ., 77: 328353 Bl %?Gh ¥Ff‘§¥§"0é‘1"§7‘%eﬁ (?Wdé“]afeg?ﬁgrd'é,‘én be
extracted with &0 doHems Erp- Brrasielx S00B 1156 P80 phiromature worms can generally be

isolated according to Gibbs et al., The Veterinary Clinics of North America: Food

Animal Practice, Vol. 2, W.B. Saunders Co., Philadelphia, PA, pp. 261-275, 1996.

Lipoglycans can be isolated from a parasite by methods known in the art,
Typically, the parasites are washed with phosphate-buffered saline (PBS), and then the
25 low molecular weight lipids on the surface of the parasite, including simj)lc and

complex lipids, can be extracted by organic solvents. These crude low molecular weight

lipids, which include glycerophospholipids, glycoglycerolipids, and sphingolipids, can

be extracted with a solution of chloroform/methanol/water (3 :2:1) as described in Turco

et al,, J. Biol. Chem., 259:3883-3889, 1984; and Bennett, Parasitol., 77:325-332, 1978.

30 Alternatively, the crude lipids can be extracted with a solution of hexane/isopropanol
(3:2) as described in Radin, Meth. Enzymol., 72:5-7, 1981.
The choice of extraction method will depend on the parasite. For example,

lipoglycan from Fasciola hepatica can be isolated by pre-treatment of parasite tissue

using either the chloroform/methanol/water or the hexane/isopropanol extraction
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(3:2) as described in Radin, Meth. Enzynol., 72:5-7, 1981. The choice of
extraction nethod will depend on the parasite. For exanple, |ipoglycan
from Fasci ol a hepatica can be isolated by pre-treat nent12o$EB§E&£ﬁ5€B 3003sue
using either the chl orof orn net hanol /water or the hexane/isopropanol
extraction 6 12 SEPTEMBER 2003 WD 00/ 53220 PCT/ US00/ 06404 nethod (see
Exanple 1 below) to differentially renove | ow nol ecular weight |ipids. On
the other hand, the |lipoglycan from Schi stosona mansoni cannot be isol ated
usi ng chl or of or nf met hanol / wat er sol vent. However, these | ow nolecul ar
wei ght i pi dW@is1220 differentially extracted using thecraxsiacisopr opanol
mﬁ][ hod]c ( S(r-:‘ﬂe IEethdSrtﬂs‘lﬂ:/I&aiﬂgleQW):lorllﬁto-ﬂil@?r_ﬁitianﬁf&ﬂoOﬂlloﬂtﬁdlec:ﬁlar weight lipifds. Fasci of
chl or of or t hangl / wa or hexane/jsopropanol in the case of  Fasciola
hepati ca, o%%&?&ﬁ‘@? l?@%gﬁeolﬁ’aﬁlﬁ?‘miaﬁ?‘?mc#fz’s Ses 'B?M%H?‘E'P%&?gat%'ﬁ’%ni | eaves a
resi due fronchidiefohn/mepagieRisobait. PRWRW! 6k &y Mbletuls MeisBNlpids-cad b

sol ated fromthe | ow nol ecul ar weight |ipid_residue by

| i pogl ycan \(,:ﬁa& be, Ll
extraction vitHffenfialy exirartshusins hephesrne/igprpaeg! method (sss/Exampler2 beloi di ne, and
NHAOH 10 ( 35THbRxBactiowill dilorofdtb/thefidhd1Sfhtch 6F HeRiMe/ifopropmofiRid dafest i n Turco et
al ., supra. Jhe saolvent E extract is dried to isolate the |ipoglycan.
Addi t i onal p’%[‘ﬁﬁ’é deradics, on hayansisqprepangl dn the case of Sohisiosqmamangont igvesidpogl ycan,
such as gel &&ihﬂerfﬁiﬂﬂﬁichhbb%f}@ﬁhﬁbb&ey&ﬂét@ﬂtﬁ%@aﬁhﬂu and met hanol

' ted |i ogﬁlggcans can be characterjzed b{yusi ng

precipitation. Taﬁfhsol a p | izecg
SDS- PAGE to det erlfif HePslyran qap be jsolaisl Eom the lowanqlerplar weight igidiresidys by o

nonosacchar i gt@adtof fwith@ s&c)lﬁt’iontdi'elaféﬂ%ﬁ%ﬁ(,dﬁéiﬁﬁeth&fﬁgﬁﬁiﬁgaﬁ\fNﬁf(ﬁI' i pggl yci'in can
ydrolysis and anal ysis

be obt ai nel\ge@¥ ?#ﬁj ecting the |lipoglycan to aci

on a high ‘or-rdrfl Thaboralled colvenys ae Aeserbed oy Tphss abypurenThgsolvedt with a
pul sed anperpemiatiicdekaiterblate ﬂ&ﬂipﬁ%réaﬁﬁAﬂ&iﬁ&i@ﬁkwd@{eé SnibBpéridiabd QNS. Such
systens and abl e {rom D onex, unnyval e, CA. 20

detectpors are avail .Inc.,

Pr oduci ng o’?‘lﬂﬁ%%‘&ﬁé‘?ﬁ‘@&%ﬁ@}%@e Fatesnidgpphekic chepmatespl® 289 ant i gen

useful in a méteamapgredipitatiod. pr ophyl acti c conposition, such as an

anti-parasite vagei ne, .1 gosaccharides are released fromthe isol ated

| i poglo.ycan. Thi Egﬁlaﬁghﬁ%ﬁ@a’ﬁé’%a& &é?&??zeéﬂ’&ﬂﬂ%%@w f‘gEé?:‘i‘eée'WWr ol ysis or

gl ycosi dage théieabltikr wedhts SBfaddRtio)-a mopRSREIRMHEY Srofileddr BRI MrboRAFate

177:222-227, 1988. Aﬂigl t i onal pugl fication (e.g., by colum )

chr omat ogr agiyongf theigoglyqep grade o ‘éPF@IB%”@Eﬁ‘“Bégﬁ)’&OS]dF%W%‘%hX%Y% e

ol i gosacchardndeﬁalysisoaW&ﬁ&aﬁéd@i&%ﬂ&ﬁnﬁ&hﬁmﬂo&%ﬁ%&n@i&k&m@ . These
ncl.u

ol i gosaccharides.can i ) ge non-reduci ng. end groups, repeating subunits,
and/ or core 2Pu sed amperometric detector using the manufacturer's instructions. Such systems and

detectors are available from Dionex, Inc., Sunnyvale, CA.
20

Producing Oligosaccharide/Carrier Group Conjugates

To produce an antigen useful in a therapeutic or prophylactic composition, such
as an anti-parasite vaccine, oligosaccharides are released from the isolated lipoglycan.
This can be done using, e.g., standard mild acid hydrolysis or glycosidase treatment.

25 See, e.g., Semprevivo, Carbohy. Res., 177:222-227, 1988. Additional purification (e.g.,
by column chromatography) of the oligosaccharides can be performed to isolate
oligosaccharides of a specific size range (e.g., 800-3000 daltons). These
oligosaccharides can include non-reducing end groups, repeating subunits, and/or core
portions of the lipoglycan. In addition, the oligosaccharides obtained from a particular

30 LG are expected to contain the same carbohydrate residues as in the LG itself.

The oligosaccharides or mixture of oligosaccharides are then coupled to a carrier
group by conventional methods to form effective immunogens because, as haptens, the
oligosaccharides alone are likely to be poor immunogens. Carrier groups can be any
polypeptide, organic polymer, or smaller molecule that is suitable for administration to a
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portions of the |lipoglycan. In addition, the oligosaccharides obtained from
a particular 30 LG are expected to contain the sane carbohydrate residues
as in the LGitself. The oligosaccharides or nmixture of1%SE§J§&&BEBrZQ9é”s
are then coupled to a carrier group by conventional methods to form
effective i munogens because, as haptens, the oligosaccharides alone are
likely to be poor immunogens. Carrier groups can be any polypeptide,

organi c polyner, or snmaller nolecule that is suitable for admnistration to
a 7 12 SEPTEMBER 2003 WD 00/ 53220 PCT/ US00/ 06404 mammal. When coupled to

t he ol i gosacew@ane/gso the carrier groups enhance presentrRtT/U800366404

ol i gosacchar mdﬁnﬁplme&uﬁleatammgwammdewy@b@mmmeé eby inducing an
i mrune response sgem fic for the oligosaccharj des angés%g/ qtl?,?nSI on, for

the |ipogl ycBi§seai ?W@&?*%@@‘Q?fep’tt%s {98maazmrpalian pprpung xture of many

different 5 %ﬁ&%%éﬂ:@p%n&@p&ﬁﬁéﬁrﬂé@ﬂ%ﬁﬁﬁe& Al B lexRukieH, wot e from

adapting and avoiding the ‘i mune response. Any standard chem cal |inker

(e.g., a bi - thadipeslysaapn the seéce eighe parasitpgTheruse of aanixive of mapg difleredle ani no

groups) can Qﬁgoy&a%h& HeY R ﬁe\tenﬁhpia&ggpaﬁ&s&a%gwg bliavold@EliHieer group.

Exanpl es of such Iinkers include 1-cyano-4-dinethyl'am nopyri dini um 10

t et r af | uor obBvEYne resposg- N- mal ei i dorret hyl ) cycl ohexane- 1- car boxyl hydr azi de,

and a phenet hyl %fﬁnuﬁemnﬁwm&&ﬁegiearul.\ﬁﬁfch&ﬁuu&@xeoonﬁmg}g ,fokee et al.

Vacci ne, 14:190-19 1996; Ragupathi et al coconl!mBaate J.

15: 217- 221, wogple, Reshvetammo groue@ﬁarabe uped togperin @A pligosicehagpes to theg2: £70- 275,

1984; .and S érﬁer?r ug Fax%ﬁ&sh@%h'ﬁﬂﬁéf%lﬂude ﬁ%ﬁg ~dintefitylahBdSp élﬁmﬁhem stry
table fo acc

and techni ques s r coupling oligos arides to a carrler group

such as BIA tetrafluomberatd, ﬁ-(%h@dpmldqwhyam@#@n&ﬂﬁgb@m byimzideganddp of t he

term nal 1 edyh By IRRRSAREAG IR RHEGLe Ako0l 10 9SRERIAIA082N T eact

with the pr | am né group | 1 nker suc
2- (4- ani nophé?ﬁﬂgiﬁuﬁ @1.‘(@0‘?“@)‘%&%’5"%15 PR B Ry ot FhiCangdnt-er nedi ate i s

then reducedpychdn SRABMN, BRLADYA! 1939, dnQ Shitth @ ANMRROE Bilz3RbEE s5006%r nedi at e
and to facilitate a condénsation between the term nal arylam no group of
the |inker pdfbil®f-of the intermediate and a diazo bridge to residues,

€ 0., 1YSife I estris aaate%r&gi YRRBH 4 c6RIEL Blgoialinas PBhmiee, e 0.
Zopf et al., Meth. ég 5163 169, 7% ggn Senpr evi vo, supra.
Wi | e di ff er &oup sichgsB @Jffdmpw@mfb?@&Lﬁ%sxaa@h%aarb?r@hsrp%ofdh?gest|on of a
single 25 | &M%Vﬁ&ﬁn&%nﬁ&cé{aﬁd&@ﬁﬂle%@aﬂ &1%2&%(:&&&&6 daf kel WikXh&ISI NY t he
above net hods, oligosaccharides fromnore than one |ipoglycan (e.qg.,

| i pogl ycans pfi@ﬁqyta@&ylagm@@ of p linker such as 2-(4-aminophenyl)ethy amme to form an

intermediate. This intermediate is then reduced with sodium borohydride to form an

20 unstable intermediate and to facilitate a condensation between the terminal arylamino
group of the linker portion of the intermediate and a diazo bridge to residues, e.g., lysine
residues, of a polypeptide carrier such as BSA. See, e.g., Zopf et al., Meth. Enzymol,,
50:163-169, 1978; and Semprevivo, supra. '

While different oligosaccharide molecules derived from the digestion of a single

25 lipoglycan source are coupled to the carrier group using the above methods,
oligosaccharides from more than one lipoglycan (e.g., lipoglycans from two species of
parasites) also can be linked to a single carrier group. Such multi-specific conjugates

- are especially useful for the production of broadly protective vaccines.

30 Preparation of Compositions Containing

Oligosaccharide/Carrier Group Conjugates

The compositions can include one or more different types of
oligosaccharide/carrier group conjugates. For example, conjugates produced from
different lipoglycans can be mixed together in the same composition to produce a cross-
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parasites) also can be linked to a single carrier group. Such

mul ti-specific conjugates are especially useful for the production of
broadly protective vaccines. 30 Preparation of Conposi t'ﬁ%ggpﬁM%ERimff

A i gosaccharide/ Carrier G oup Conjugates The conpositions can include one
or nore different types of oligosaccharide/carrier group conjugates. For
exanpl e, conjugates produced from different Iipoglycans can be m xed
together i'n the same conposition to produce a cross 8 12 SEPTEMBER 2003 WO
00/ 53220 PCT/ USOOr B82H#24r ot ect i ve vacci ne composition. |n geEnssdbos t he
vacci ne conpositions can be hyl actic (for uninfected individuals) or
t herapeutic (for |pFP(5‘?°W‘°d‘i3&‘1"‘§°ﬁ1"?°é‘g In gepgrid thevdgcine Tamepogiionpes be | ons

optional |y i ncl uderaahylixaic (faoﬁlnfebtecajlnlhydaﬁp&mca{wugc @dﬁ%ﬂldﬁ‘d&tairead% such as the
di  uent phosphat e ;hufdsered saline or bicarbonate (e.g., NaHCO3) .
The excipients used in_the new conpositions can be chosen by one of
ordinary skill in thel§epmpositionsqetiopailyjinsludefa phivmacvtiballyarveptabltkdpiat,

admi ni stration, ﬁ@ibh&& mB dxafeﬁ{ pREBHRERG S sARE o BB llaf e, &E Eﬂs'r' d(ﬂdue

experi ment ati on. ,?Hl R ceutical . exclpients an l'uent’s, as wel |
as phar maceut i cal necxgg’%emf Sggmf “Wﬁ‘é?@“[f’é‘éma?@‘%ﬂbﬁ@sewwwsk@ ig., in
Rem ngton's Phar nﬁvemqncmba@tquMeaxAmmdfamﬁmwa 2§d standar€ Ol €r & t oxi n,

o B%Eaée@d%ﬂp&c&@tvﬁ{h&mﬁ@u@exg%rﬂm & nr)%fﬁobqg‘mﬁ“ﬁa??“‘{cﬂe vacci ne

i mrune- st i nul atln co S
conposi tions. frgpéi“gd‘ll"%l? f%rq(éh‘ Iaprbarriaeeuticalpeesssities fontbeir ushare
ol i gosacchari deIQ:énsmh@d,cgr m&cmxmpawaaumnda&sfmmﬁmng:ie‘hbl%q by

st andard met hods r 1 15 endotoxins, .If present.
The final conj uga%ogmp%gpéé’?}g%?%#%gé%ﬁ %T°§ ﬁﬁﬁ%ﬁ%ﬁ&’%ﬁ%‘ﬁ’éﬁ%d in

sterile, deionizetPmped Coh@mﬁﬂbamluwarﬂmmlmsxemm pi ents can then
be added. The ther ape%lf&meﬁﬁm%le&b&&,scoﬁxﬁ&u@& &QSIKEdia@cBSQe/ SicPermg Ut i on,

suspensi on,  suppgsita e ranul es, er, capsul €s,2ofnt ment, or
cream In the prepalat ?%/clhl"b%g“}ﬁ‘fp"f‘ DY stendarg 6’§'i"?‘1sécff§m°"aﬁ°np@al@!t8%§ﬁeas
phar maceut i cal Exexdpiouny lf@mnbé‘heﬁnalMewep@mhe&wiyomm&eut| cal

exci pients incl ud,es,fg};ynggr;,;stgrge 8ki sl og sal i
sol ubi I'i zi ng agen%etag et hano?m pofysoé%%? phm gcalr’% CE{%“ agent
for achieving i ty, preservative, anti oxi d| zi ng agent, | actose,

starch, crystalline ca@h¢thérgeeaic composifibrs 6dn,be FoRhi1A&E:s a Sii6d, sUYAT 0gen
phosph at e, light Qbldsdrf, Bfel, gramypg&her, capsﬁgé! c?mtment or cream. In the preparation
20 of these compositions, at least one pharmaceutical excipient can be included. Examples
of pharmaceutical excipients include solvent (e.g., water or physiological saline),
solubilizing agent (e.g., ethanol, polysorbates, or Cremophor EL7), agent for achieving
isotonicity, preservative, antioxidizing agent, lactose, starch, crystalline cellulose,
mannitol, maltose, calcium hydrogen phosphate, light silicic acid anhydride, calcium
25 carbonate, binder (e.g., starch, polyvinylpyrrolidone, hydroxypropyl cellulose, ethyl
cellulose, carboxy methyl cellulose, or gum arabic), lubricant (e.g., magnesium stearate,
talc, or hardened oils), or stabilizer (e.g., lactose, mannitol, maltose, polysorbates,
macrogols, or polyoxyethylene hardened castor oils). If desireqd, glycerin,
dimethylacetamide, 70% sodium lactate, surfactant, or basic substance such as sodium
30 hydroxide, ethylenediamine, ethanolamine, sodium bicarbonate, arginine, meglumine, or
trisaminomethane can be added. Biodegradable polymers such as poly-D,L-lactide-co-
. glycolide or polyglycolide can be used as a bulk matrix if slow release of the
composition is desired (see e.g., U.S. Patent Nos. 5,417,986, 4,675,381, and 4,450,150).
Pharmaceutical preparations such as solutions, tablets, granules or capsules can be
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25 carbonate, binder (e.g., starch, ponvinyIpyrroIidone hydr oxypr opyl

cellul ose, ethyl cellulose, carboxy nethyl cellul ose, Eum ar abi c
|ubricant (e.g., magnesium stearate, talc, or har dened"-’o$ EYEMBER 2003
stabilizer (e.g., lactose, mannitol, maltose, polysorbates, macrogols, or

pol yoxyet hyl ene hardened castor oils). If desired, glycerin,

di mret hyl acet am de, 70% sodium | actate, surfactant, or basic substance such
as sodi um 30 hydr 0@9&7532‘?( hyl enedi am ne, et hanol am ne, sodi um bi carbonat e,
argi nine, meglumne, or "trisam nonethane can be added. Bi od€lPReIeiddie

pol yners such as p 0. colide qr. polyglycolide can be
used as a bul k mat %ILT% %Jﬁsqe%vsomg?"ggss éftgefcgf” Qsition.is pgmpustergd %V'sﬂamgsr ed (see
e.g., U S Patent ¥Ng&rcdoryprboRiged. 4, 675, 381, and 4, 450, 150).

Phar maceuti cal preparations such as solutions, tablets, granules or

capsul es can be 9 SEPTEMBER 2003 WO 00/ 53220 PCT/ USOO’ 06404 formed with
t hese conponents. &%&mﬁ&gwwm ogta nistered orally, flavorings
and/ or col ors cal Qbeosddeddic/Chdirr Giotit Coafupald of Conpositions Containing 5

A i gosacchari de/ Carri ek QP CHEW conpositions can be
adni ni stered via any appropri artgggl r%gﬁéﬁdn’.’% TAEY RORHBIESPY)S o8-

intraarterially, tBFesRiy ‘“"Wel"ﬂ'jyé@’ﬂqa@hby nnmtmprenamenmmw inytapleurally,

intrapleurally, ol sabcustiddasly, aeausliyly, shﬁlﬁxﬁxﬁiﬂ@&&ﬂly%'u%alaéo bl'i ngual Iy,
nasal ly, by inhal ati lmad}t rrzg_lcec ider mal [y, or rectally. sages

adm ni stered in practicing theé ention wll depend on factors including
t he specific vad€ine aﬁ?ﬁa@epﬂnamsterpchspmmgmbinﬁm@mndhpanhencaemom tion,

whet her an ad) v aRiudiis RapdHTIkAL SEEH il b Lisgen, Lhe type of

adj uvant co-adni ni stered l é%g rleqﬁl%%g?l &"ﬂ% rﬁhpn°|s§'?’1‘5.'¥ and

the desired effect™fd g™ ?S’rag?‘g‘bsfef"gﬁ“‘?W&?ﬁ“g‘?”ﬁfl“é&q"é?ﬂ‘wmt eo-wlministantd, of an
exi sting infecti oﬂblem@amm@nwmmﬁ)nmmthb&sﬁafeﬂ’&mgeﬁotl,élopﬁ.o,gne

skilled in the artinfitoh @i In general, the new ‘
conposi tions cag e adm_ni sd#gﬂrdg ?ﬁ&géoun%§?%3§£led° F5ELhs dy dgfeined and | ny
of the conjugat® Q’Peﬂlﬂlﬁgﬂﬁﬁwéwtmegmeﬂmmmﬂmmnﬂshmew adni ni st er ed
with the conposi tcbmmmox&lmmfa&mﬁfstexmhﬂmém{%% I\é dd;”mdl ately

| Ust ed

above can be used. age Veterlnary use can

according to body \AAJ%%IPQIQ(? %%’?601{{? Py jtsare adpimisterd Wik thaecessar y, as

det er mi ned by one gRpdsitigns, %mwoeivi%oftﬁmosagos@vpﬁmmemaclpa&phgbhaﬁ&a

primng dose can haea@igeanmom:e %teﬂg&, y intervals. A
2 weeks after ﬁ%@ﬁmy\ﬁg&t

booster shot ¢ ah be gl &‘at]on is repeated as necessary, as determined by one skilled in the art.
For example, in prophylaxis a priming dose can be followed by three booster doses at
weekly intervals. A booster shot can be given at 8 to 12 weeks after the first
immunization, and a second booster can be given at 16 to 20 weeks, using the same
formulation. Sera or T-cells can be taken from the individual for testing the immune
25 response elicited by the composition against the parasite (or parasite surface antigens) in
vitro. Methods of assaying antibodies, ‘cytotoxic T-cells, or other mediators of immune
function against a specific antigen and assaying their ability to kill parasites in vitro are
well known in the art, including the ones described in the Examples below. See also,
e.g., U.S. Patent No. 4,656,033; WO 90/02563; Vieira et al., Comp. Biochem. Physiol.,
30 100B:507-516, 1991; Butterworth et al., Immunol. Res., 61:5-39, 1982; Bickle et al., J.
Immunol., 128:2101-2106, 1682; and Simpson et al., Infect. Immun., 41 :591-597, 1983.
Additional boosters can be given as needed. By varying the amount of the immunogen
or composition, the immunization protocol can be optimized for eliciting a maximal
immune response.
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i mmuni zation, and a second booster can be given at 16 to 20 weeks, using
the sane fornulation. Sera or T-cells can be taken fromthe_individual for
testing the i mmune 25 response elicited by the conposi t1i2o$EB§§M§ERt
parasite (or parasite surface antigens) in vitro. Methods of assaying

anti bodi es, cytotoxic T-cells, or other nmediators of inmmune function

agai nst a specific antigen and assaying their ability to kilt parasites in
vitro are well known in the art, including the ones described in the
Exanpl es bel ow. See also, e.g., US. Patent No. 4,656,033; WO 90/ 02563;
Vieira et alyy g‘gygpzzoBi ochem Physiol., 30 100B: 507-516,pCl90$00/6404 er wor t h
et al., Imuno deffihisRiiPthe ARRE corfiosiibs if huddns, to:fielty and efficacy

| nmunol ., 128: 2101- 106 1982;" and Si npson et al ., I'nfect. mng

41: 591- 597, mcanhﬁmndwc@dauxam@lst@rageéaimplmfeﬁca@ﬁe%@&ﬁ@é By varyi ng

t he amount o [ BXMRingat i on protocol can
be optim zedt'?% 8# Icrtrng 5”%@5‘%%@%‘?‘%%%‘ $rs'ltg-tgmgnse %8 12 SEPTEMBER 2003
WD 00/ 53220 P@sadswﬂ@!@atﬂetgchefc@mgammlgnnstAé’ﬂthgmtﬁévaﬁﬁa%t@n@b?ﬁﬁbsi tions in
humans, t oyl &t}o)ﬂal%lagt %écﬁﬁﬁynsttﬁéﬁﬁc@gmg%gngg xﬁﬂ%@h‘ﬁo‘?gnde'?ecéﬂlnﬁﬂo%k I'n an
exanpl e of “erticacy mce ca ccinated via an oral or
parenteral r @@meawm}nrad@W%Wh @)th;@meegfmemgra&te BratesECHiBEMRIY He/ carri er
group conj UQ%eﬁthEﬁrlugeﬂ%Haﬁ‘faﬁs@ﬁce%)pﬁgﬁéﬁbﬁ  RICEORLI0ON oS, i er S optional

boost er vacci nation corresponding control mce receiving
nock vacci naee%r@yctan)aln@mméﬁgfémawemwaatea DAkerepbixely.dhe ghalensais gsi t e.
Protectlve | Riakigdyction (e.g., a
70% 80% géﬁx abgs}t&éa%%ﬁre uctl on |aﬁglt%ﬁ%&§ﬁnberlﬁof vi abl e

parasi tes. IOAIgeIerahatlethdmcutlm@ose inetnice isdfye osmere cyss, pd 2 labalachigpiampr ot ect i ve
immunity is qgée%ﬁﬁc@%jabm&s%%rﬂl@&%@ﬁ&ﬁf |l ethality. In 10 general, a |ethal
Fasciola dose in mce Is five or nore cysts, and a |ethal schi sto one dose
in mce is about Bﬁcmmmm%qcbmdp%@mF&*ﬂs&%ﬁlﬁbh}é’g}yﬁﬂ%gﬁm?"? es froma
schi stosone |i{ Bg| KR Al By SADkuDRISHce L Fdfiroidh ddilpetia PBS, and

delivered into mtc ontrol non-specific ol |gosacchar| de (e.g
mal t ot ri ose) oligsadsharisioy. glgaﬂ@@lqsc) CBSIM3 cojupaiedtig BSA. dibted 1B RBS128d ge| i ver ed

t th
into mce él‘rdé{{k%vag%{? r;]rgfey %gﬁ&f A M&Q@%%@éfﬁ% issgnﬁl'a}fé‘ut%l?&ﬂsnt@ne mon

after the two wee ater, the mce are chall enged
with 50 to %&t&ﬁnstswtag@mnn&b@bmowktlawr,dvmlmeﬁaﬂ@ga‘i@%é%ﬁ ficed and

nec opsi ed algys s laRloh Uerc Gl HEOHGe A Ukrld6s BUABGESR Vbl ©

| ung- st age wor ns nouse counte tective imunity is conferred
by the absenocechaftar ebilicegeomditire mumbbreaf vigble ngistagp vermydn pashoWehe test nice

conpared to tHe bf §3§0GG. fﬁimﬁﬂlt?l?g GOnitHEd By thBatlsBfe 6PldcAbn in number of

20 viable worms in the test mice compared to the presence of viable worms in the control

mice. Additional details regarding schistosome infection animal models can be found in -
Sher et al., J. Inf, Dis. 130:626-633, 1974; and Bergquist et al., Parasitol. Today 14:99-
104, 1998.
A vaccine based on a Fasciola lipoglycan oligosaccharide/carrier group
25 conjugate can be tested in like manner as for the schistosome vaccine described above,
except that the timing of various steps are adjusted as necessary, and the liver, not the
" lungs, of sacrificed mice are examined for signs of infection. Again, protective
" immunity is conferred by the absence or reduction in total number of viable worms in
the test mice compared to the presence of viable worms in the control mice, or as a
30 reduction in a symptom associated with infection. Additional details regarding Fasciola
infection animal models can be found in Morrison et al., Vaccine 14:1603-1612. 1996;
Hughes et al., Res. Vet. Sci. 30:93-98, 1981; and Rajasekariah et al., Exp. Parasitol.
44:233-238, 1978.
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m ce. Additional details regarding schistosone infection animal nodels can
be found in' Sher et al., J. Inf. D's. 130:626-633, 1974; and Bergqui st
et al., Parasitol. Today 14:99- 104, 1998. A vaccine ba%SEBAEMBER a

| i pogl ycan ol i gosaccharidel carrier group 25 conjugate can be tested in |ike
manner as for the schistosone vacci ne descri bed above, except that the
timng of various steps are adjusted as necessary, and the |liver, not the

l ungs, of sacrifiqgggeise are examned for signs of infection. Again;
protective immunity 1s conferred by the absence or reduct i¥AUsoEgt al

nunber of viabl e wor mpedfk reds i m ce .conpared to the presence of viable
worms in-the control mce, of giﬁ%&% m&%ﬂ‘a‘caf""l?[f“‘?dﬁlséﬁné’ﬁf%fq}ﬁpﬁégbci at ed
with infection. AR JR&Y 19d0%106519P6 Gandiian gt dFacbielamuionaed igon ani nal
nmodel s can be f oumds;iFardiDExpl BLRItE1408b-94, 1¥RC S G 1603-1612, 1996; Hughes
et al., Res. Vet.‘lggi. 30: 93-98, 1981 and’Raj%ggéé%?’i%g'%W“'é?f‘?%?'fé;(p.
Parasitol. 44: 2339- 38, 1978. 11 12 SEPTEMBER 2003 WO 00/53220

PCT/ US00/ 06404 Det ai | Bherdessaaf the rgiupatoddotieied o &6fed: i1l @RniBnelMAGLS can be
found in Corbeil,the Lakid % the kendiligs 0; 106, 1994: irian . et al.,
Parasite Imunol. 7:4 g?i87,en 11'98@‘?@%”;%8‘%13#%&&5&%&%@ Pf-rthcﬁfebjgg- 94,
1976; and Gor czynski , T TRRF{nS Aippacolngists.gnd atber gkilled 20985 arbablite dakmsiac é ¢ he
conj ugat e adni ni sncetrthdaptnoicalygﬁhjﬁeaﬁeamicﬁthegdx%%h%ﬂ%ﬁédxﬁ’dpaﬂgﬁ)@ the

severity of the coagdi th O = age, weight, sex,” and general health of
t he subject. Ph ?i cli ans,&é g)gorrf%g% By 2%"“3&%4181%?0%&4@?@@mrpsans are

able to det er nilh@dphisiratinh et aninfeequeptdatiy, inelhdiyg afnintsettion & oh iRaindRMe £6801 MEN,

which will vary fapolgingatat f1otvs (6w reRab i ni of a specific
40 prtal @0trs 6w rolo@ bORE conh i @%1&&%%@5 %R g“fafeélfaf on on an

conposition and i ion of action can fequire

i nfrequent basi s,ﬁcﬁlﬁ%ﬂ%ng%cﬁlﬁ’ e'éﬁ’ﬁ%ﬁ??ﬁ"ﬁ?%ﬁ“ﬁ*ﬁ‘%ﬁﬁﬁ%@m@@ﬂmm a

pol ymer that al | &t Rpdieed by the asingart ontdder @oPpridaRinehe cSkpdsiibnd, A&l sans are

al so aware that adjls@nis.r eat ment regi nen nust be commensurate with issues of
safety and posﬁ]bl e toxic effect produced by the conjugate or other
conponents in e conpositions, such as adjuvants. 15 Variations The
portions of the Megaiogsycan nol ecul e which i nduce protective antibodies can
e e o e Y " ah eSS Hpithy AN G20 BRRE rotodive Qb can |

be determined by raising monoclonal antibodies specific for specific regions of the

lipoglycan and determining which of these portions of the lipoglycan participate in

20 parasite destruction or elimination. In general, antibodies can be raised by injecting into
an animal the immunogenic compositions described herein. Monoclonal antibodies and
hybridomas producing them can be cloned and screened (using the original antigen
complex as the capture moiety) from a B cell population isolated from the immuniz
animals using standard methods in the art of molecular biology. '

25 Once antibodies are selected using these screens, the specific oligosaccharide
structures to which they bind can be identified by at least two methods. In the first
method, the antibodies are used to screen a library of oligosaccharide molecules, each
member of the library having a known chemical structure. In the second method, the
antibodies are used to "fish out" the specific oligosaccharides from a complex mixture

30 of oligosaccharides produced by digesting a lipoglycan using the methods described

herein. The structure of the specific oligosaccharides are then identified by

chromatographic, spectrometric, or other physical and/or chemical methods known in
the art of carbohydrate chemistry.
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| i pogl ycan and determ ni ng which of these portions of the |ipoglycan
participate in 20 parasite destruction or elimnation. |In_general

anti bodi es can be raised by injecting into an animal t gﬁﬁﬁwﬁ%ﬁi@%
conpositions described herein. Mnoclonal antibodies and hybridonas
produci ng them can be cloned and screened (using the original antigen
conplex as the capture noiety) froma B cell population isolated fromthe
i mmuni zed. ani mal s using standard nmethods in the art of nol ecul ar biol ogy.
25 Once anti bodi esy@bg@snel ect ed usi ng these screens, the spegivilosssos

ol i gosaccharide structures to which they bind can be identified by at

| east two net hods. | n Add@er vatigion inn@Etd’ ad seléchien oficririehgrolipe Sinfactien wished t 0 screen
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a known chem cal Ezﬁ%&g é]@%dﬁ?és gg?&?%%ﬂﬁmﬁﬂn&&glﬁﬁggﬁﬁs are used
to "fish out" the nge‘@rsP?remePﬁowé%teﬂwmé@d%weaﬂ%@ﬁﬁf B9 ure 30 of
ol i gosacchari des ﬁé@d@e&hbuengh gﬁ&é pzﬁgnaprbtbnmg&e]@&anptsvmngderamﬁetohods
descri bed herei ructure he .speci fi are then
i denti fied by IWBHEF G éﬁ‘no’ ?mcgpagg?r%nntéetc?n “@ate(gﬁ J(’)sf ﬁrgtr%%ﬁmsfg&l%and/ or
chemi cal net hods lemrowwe réspons¢ dady miirtfectipn @aﬁbahy@reéic@!qt}h@mesgﬂws fo12 12

SEPTEMBER 2003 WO, (40/in3@2nbed indelfdy, 06404 Anot her variation involves the
sel ection of carrier gr oups I nfect.i on ar aS| te tafYB |y i nduces
specific hunoral and C&FPGISP! SOPHERRS ¢ @5 s 1 g fﬁg’\ﬁever,

parasite protei nSixmtmteInema’al\me@&b ak@lrﬁnkewhxmmmlgmtﬁwmam facilgge St ance to
homol ogous chal | @0dGe TSP GRS AR: IFcahlcPhalldils WELAIAuRvean provi de | deal
carriers to 5 I C 1 pog ycan o I gosacchari dés can be conjugated. Those
proteins which elicit an immune responsE2@BlESy in infection can function
as ef ficaci oUS Carri errgiRedion kilibe firhelieicigd s folloa B exaipled, Bhigicdoinon.  The
means of conj ugat',glﬂ ol i gosacchar ] tﬁe.s to carrier groups can also be

i nproved. Several Fgrswgfﬁ'ﬁ HREFLRN EYEPhi fable with which to
facilitate 10 conjugation of carbohydrates to carrier nolecul es, as

]geﬂ:rl bed abovelis Igggg,t;gjgles A PREBclivaWaiide X aindt Fhscib@ furthertdescri bted in the
ol | owi ng exanpl es, ich dg not. T1 ¥Stﬁ e. or conten
invention in any way. W“E&%fﬁ?’éh"f""‘ﬂ’ﬁb t‘é‘ﬁ’f"flg RS R ORE P’ﬁ‘é"t““?zasm ol a

Whet her Fasci ol a ltepapinseto igM altibaly povdection Waslfigs¢xamimedune r esponses by
limting the responseonlaMdaRbi,body production was first exam ned.

Li pogl ycan | sol ation
To isolate a lipoglycan useful for producing a vaccine against parasites, F.

20 hepatica adults were processed by standard methods to remove gut contents (Lang et al.,
J. Parasitol. 63:1046-1049, 1977) and then flash frozen. Immediately after harvesting
from the host, the adult flukes were washed in excess sterile phosphate buffered saline
(pH 7.2) at about 37°C to 38°C for 30 minutes, followed by a second wash in the same
solution for 20 minutes. The F. hepatica carcass, including surface coat, was treated

25 initially by delipidizing the surface coat isopropanol/hexane (2:3) as described in Radin,
supra, followed by extraction with solvent E as described in Turco et al., supra. The -
extract was dried under a stream of dry nitrogen, yielding a residue.

In a separate experiment, it was determined that a chloroform/methanol/water
(1.0:1.0:0.3) extraction, as described in Turco et al., supra, in place of the

30 isopropanol/heiane extraction, could also be used to delipidize the surface coat prior to
solvent E treatment to extract the lipoglycan.

The solvent E residue was resuspended in 40 mM ammonium hydroxide and
analyzed by: 1) the orcinol-sulfuric acid procedure as modified in White et al.,
Oligosaccharides, Chapter 2, In: Carbohydrate Analysis, A Practical Approach (Chaplin
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To isolate a |ipoglycan useful for producing a vacci ne agai nst parasites,

F. 20 hepatica adults were processed by standard nethods to rem)veR(gut
contents (Lang et al., J. Parasitol. 63:1046-1049, 197173 SERdEMBER 2003
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described in Turco"&#¥ aafP’.’"f’“%‘ﬂgsaé",'a HpPEEa Caplog YreP 3570k dB35F 8134581 / hexane

extraction, could mbisgediimt hssdvehtE cdedct @ndinzdxbiuh@s sy bffcabehyda@berigiodr to

solvent E treat ngn{rlﬁé)lgeoqgggm% &g}aotéir{‘pé;gbeye . The solvent E residue was
4 anmmon; um h '

resuspended in ydroxi de an anal yzed by: 1) the
orcinol -sul furic acid phoeleniEacsidye wasdireepyrified by/yel flisatien o Sepharose CL-
Approach (Chaplin 13 13 GERTEVBER 003 e B e 00 SHEE udt TIRERtae: a

pr oac aplin A al .,
e Y2 Pr bss LR Mg F ot AP A ERIA S e O e of
modi fi cation of t¢sch fractieroveregugmitorpde tPlaakfragiéongyiZdhmonigh 3% werquooledand afptiedtanot o et

at., Lipid, 5:443, hobic'&y I NpHArosQRBTRA Chlbtaléd AHiRd doRBInTokthihing 6 Cat al og
No. P 5656). Thesealijﬁgdl? oslecs&y%’g}éi/cat ed t%t t he sol ventn%g ext%a%:fgfrgont ai ned

about 0.5 ny of caf BB FEe on-popgpel.nThepetd Gephargse solymnyEhammacia) §es pr ot ei n
wer e detected. Theelsted wigini-prdpatiod ¢5-0%eratiest),fatt thd BID 0o@gHid ontéted)yAdgiibnal i | t rati on

on a Sepharose CL- L e I T, - 4B Lunm,.(;2~5 X 40 cm
was eluted with a ‘é%ﬁ%ﬁ?’?‘j'én ccgﬁlgﬁ;n |_n5&}leocén%l%%u%%%fn né?ﬁlyg{holéliz(g’éménd 1 nM
EDTA, and the OD49%9%2%di2h§e 1894 Thatneshpan it thansakfmetions fomi theogcdi Seppeesk
fractions 12 t hrisu@hmih3vadBsifediyed@nodpdcipiafidnl €d to 10 a hydr ophobi c octyl
Sepharose colum equi | |Lpr q};c dSt\r/}n;a;"h a solution containing 0.1 M ammoni um
acetate and 5% n-pr opand’f'g e oc{eyl Sephar ose col um (Pharnaci a) was

el uted with n-propanol T¢stiagoethgsizedil tha ) AepetioellinogipcaOit $0latad ipaglyranrwat or ed.

Addi tional detai | gibfehted thRaRPLYOs PROERN b 1% R ACRHAYReSHAs RGnd tige I N Si ngh
et al., J. Biol. Chem., ., 269: ,972-%%1?1%2, 1994. The lipoglycan in the peak
fractions from the” usEg 15844 Y8, ierking 4551 o4 HEYY sRresdbendanol

precipitation. 20izbogllpCh iSiizeu Coanrassie blue staining of the gel failed to detect any protein in
the isolated lipoglycan preparation.

To determine the monosaccharide composition of the lipoglycan, the preparation
was subjected to mild acid hydrolysis by incubating, About 225 ug of lipoglycan was
treated with 2 ml of 2.5 N trifluoroacetic acid at 100°C for 3 hours (Singh, Mol.

25 Biochem. Parasitol. 57:281-294, 1993). This treatment non-specifically cleaves
glycosidic linkages in the carbohydrate component of the lipoglycan. The resulting
monosaccharides were then analyzed on a high performance anion exchange system
fitted with a pulsed amperometric detector (Dionex, Inc., Sunnyvale, CA) as described
in Hardy et al., Proc. Nat. Acad. Sci. USA, 85:3289-3293, 1988. The lipoglycan

30 samples were hydrolyzed using 2.5 N trifluoroacetic acid, as described above, in 13 x
100-mm screw cap Pyrex tubes. The caps were sealed with teflon seals. The tubes were
cooled and the acid removed by rotary evaporation at about 40°C. The samples were
then dissolved in 15 mM NaOH and applied to a Carbopac-PA1 column using 15 mM
NaOH as eluant. The monosaccharide composiﬁon was determined by high
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To estimate the size of the F. hepatica |lipoglycan, the isolated |ipoglycan
was subjected to reducing SDS- PAGE on a 12% gel. Carboh dr ate bands in the
gel were visualized using periodic acid-Schiffs reagen"t EB\TEMBEB 2003q¢
of tightly spaced bands 20 about 180 kDa in size. Coomassie blue staining
of the gel failed to detect any protein in the isolated |ipoglycan
preparation. To determ ne the nonosacchari de conposition of the |ipoglycan,
the preparation was subjected to mld acid hydrolysis by incubating. About
225 g of lipoglycan was treated with 2 m of 2.5 Ntrifluoroacetic acid at
100C for 3 howpsobEL20gh, Ml . 25 Biochem Parasitol. 57:RSIAUS000640993) .
Thiz L r gat e Bérfon@kics RE6H ?ﬂcﬁﬂg& yhrﬁxhaagtepmy mgepakadialmpbﬂommigdstedm tﬂe y

car bohydrate conponent_of the |lip can resul ting. nosacchari des
were then anPigsad %’W{% }fggﬂéﬁﬁ’@n?f?ﬁc Wdé&%ﬂgidég“@egg’?'em fitted with
a pul sed anpgsRpmhg e@eﬁﬁ&xﬂatrasnﬁ@ﬁhﬁ,@mm {he. of siStilary teked, mdBégacaharidbescr i bed
in Hardy et al Proc. Nat. Acad. Sci. USA, 85:3289-3293, 19@ The

| i pogl ycan 36om@kpwhich were sushasedirgm Sigmas Thgmolagraips org diGPYSe®Y i ¢ acid, as
descri bed ad)%@%mmg thb3red unéegQm%ﬁﬂoﬁﬁfo@iﬂpﬁ@?ea@fe@ﬁés&ﬁﬁge@eclﬂ'&ﬁgﬁaps wer e

sealed with teflon seals. The tubes were coo and the acid renoved byA
rotary evaporati ohregnalysitygyealed tat the Liveglyean “W—."ﬂ@““f%% acsEBved in 15 mM

NaCH and app glu@&lsafnﬁle aﬁ@&b@@ﬁeosl?%dﬁﬁimmmm@ 1.64.0M.0:MxQek3e8s el uant. The
nmonosacchari de COHpOSItIOﬂ

was determ ne h:‘?%ﬁ ‘ﬁ 12 SEPTEMBER 2003 WO
00/ 53220 PCT/ USOOFsagdentity of, Hﬂﬁ‘&i@@m’é?ﬁc BRE¥HR SRR y using a
pul sed anmper Qigitb thediph %aﬁrthh%%%dgerc@fuoosﬁdémﬁidai -RBanroéidase ERE6df | C

nonosacchari des were i nt| arlqg experlnental retentlon times

with thoselQ)fowmmsaJrka@adwnmm&wgﬁ pidfied by theighperfgpnapse wer e

purchased fr Qopestihee HifenWséHbedl Mdve.STARERstilak RiveHIdaaHat Bymral M1 ,8gr ating the
area under the chr omat ogr aphi c_peaks representing specific s I?oars The

anal ysi s r evdinkelgalapase, terrainalionfyeassaad teaingl o pamote eiies WS FORO8E S ne,

gl ucosam ne, ogﬁieﬁﬁéoé?gﬁn ’ﬁleqﬁpﬁ-gala 1iHR438 Q@ Econfrmidd®ylictih-Binding.
1.0:4.0:9.0:4.0 entity o thetermnal rmnosiaqchﬂldes in
the |ipogl ycan m@h?%%éﬁléﬁowm%ﬂed@éﬁq edHsng ipmghljzed micify leohn

0- gal act 08'15161@0%1 @n b %gsvah agaos@o%mﬁﬁ§4ava@%macba&am(@mstems)

The rel eased osacc s were identified by the hlg performance ani on
exchange systeanotiRisiars dsaenais ogglutinind REAd) tRerd lockiy eaye aﬂxll*}é‘FdPe’Pm nal

13-1, 4- 11 nked,gahsed (@ﬁab&ﬁfoﬁb@ ﬁic )%q\inﬂ&%@thﬁlﬁﬂs m nﬂ{e 18zdB@NNOSE

resi dues wer e conponents i'pogl ycan. The gal a,cté)vie | i nkage

was confir rrecvobyml\@éﬁrshwmhﬁ@wa@PB&md QLWM%MI%‘PSGSEBW é confirned
usi ng i Mobi I} Z&0x b6 Was dsEFiolffish thESolumn. Fractions (1.2 ml) were collected and

20 measured for radioactivity. The lipoglycan (LG) was retained on the column and

‘released only by the solution containing lactose, confirming the presence of the 8-1,4-
" galactose linkage.
These data indicated that the carbohydrate component of the F. hepatica
- lipoglycan includes a branched polysaccharide having different terminal 4
25 monosaccharides.
The phosphorus content of the lipoglycan was also determined. The lipoglycan
‘was subjected to perchloric digestion and subsequent analysis according to Bartlett, J.
- Biol. Chem., 234:466-468, 1959.
A micro adaptation of the method described in Fiske et al., J. Biol. Chem.
30 66:375, 1925, as modified by Bartlett, J. Biol. Chem. 234:466-468, 1959, was used to
detect phosphorus in Fasciola and Schistosoma LG. In this procedure, dried parasite LG
- was dissolved in 100 ul of 10 N H2S04 and heated to 160°C for three hours. All

subsequent reagents were added at 1/5 the volume or mass indicated by Bartlett, supra.
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15 i pogl ycan radi ol abel ed wi th gal act ose oxi dase/ NaB[ 3H| 4 was appl ied to a
colum (1 x 2 cm of Ricinus comunis agglutinin-1 (RCA é RCA- Iectln
covalently linked to an agarose bead (EY Laboratories, 12% Pﬂ'E@’&ﬁER

with PBS, pH 7.4. The | oaded colum was first washed wlth PBS and t hen wlth
0.2 Mlactose. PBS containing 0.1% Triton X-100 was used to flush the

col umm. Frﬁb& 1.2 mM) were collected and 20 neasur edp{IyUS00/06404

radi oact i LG kidp]a safidardr el eased
onl'y by t hEhedss Wﬁe‘%ﬁﬁﬁggﬁ?{é gh 0S B&Eg%héé&ﬁ?%‘ﬁ%&ﬁ%gapr eggrﬁce of the
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|1 poalyoan ues, o 45, 861 6 0HGA Tl PBRRNAARpYTcpirband L0 per ohl o ¢

di gestion anal ysi's according to Bartlett, J. .  Biol. Chem,
234: 466- 46@mokdfied ﬂaamzm ag aﬂﬂpﬂtatG(nnntaﬁled hppmﬂ?é?iyeés’éﬁ?fb@esﬁht‘?“ﬁr ske et

al., J. Biol. Chem 30 66: 375, s nodifie t wkeJLGBi ol .
Chem 234: 'E%BZFEB“S Jupsest %§e‘(f§éd’%?%’h(’8’étrgs& Uues ms% %65 ﬁ{sn e%aﬁﬁ asm ola and

Schl st 0so i &rth@ﬂomﬁnaiobenu@avmem@sol ved in 100
of 10 Nnﬁﬂg le étﬂgdeategéc}g’ C

to 160C for three hours. JBO l,tl iﬁ ent
reagents mph@pmdﬂ@tbr@o@sasfmdmﬂmfﬁsfpli?ﬁ%@% A ehesehediss BROP et ¢, supra.
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geveljoqu@kH}%;L%gle§g;ijn%m}adidr%sﬂd@g?ﬂ 'ﬂkmp?af@osﬁhmuhmm}' atﬂrlégr?rrs of
rie uke was utilized in the guaqti ction
procedur e oesezornbE s Ab@E 3 @J@gh@@g g%“ilh S%@%??lng%égrg% frated that
200 pg of flukey l-:%ﬁﬁ&’iﬂg%aﬂ?ﬂk@ Pf?ﬁbf@b@iléfll}ﬂsuic@ﬁbmfto phusamr[dahymolysﬂ'hese

resul ts suggest ver al p osphorus residues are prelge in e%ch fl uke
fee

LG nol ecu bﬁd thatthe tritiat oﬂﬂlms@ioym cpﬂwh}’fb'hteé? tgEolagileds, YRGB have

phos Sthﬁﬁi SRR R Shevhe i b G rBad Pt’%#ﬁ%?‘%fﬁ%%‘?ﬁ“ﬁa
B

results j g{ ﬁ@&lﬂ1ﬁ&ht|MWmebtﬁehemnﬁ&nmhadutmEth priipeElgeanvas
condi ti ons The rati o of phosphorus to c dr at d gt Olztx%?lﬁa&i? is
about 13 (sph@ﬁgr@kdbymlldJaC@hbdle@ﬁé%h"fOZB tél gEasHl })fé A OThE T ndi ng

that fluke LGi s ot especially susceptible to mld acid hydrolysis and
that the rg‘F tf1 hosphorus to carbohydrate in this nolecule js also | ow
suggests Whether inosito] was a constituent of the F. hepatica lipoglycan, thereby

indicating that the lipoglycan exists as a glycosylphosphatidylinositol (GPI)-anchored

70 molecule on the surface of the adult worm, was examined. The lipoglycan was labeled

with ’H by standard procedures and then treated with phospholipase C (Oxford
GlycoSystems, Inc. Rosedale, NY) to remove inositol residues, if any. 3H-labeled LG
was obtained by reducing LG molecules previously treated with galactose-oxidase
(Boshringer Mannheim Biochemica) with NaB[*H]s (New England Nuclear) (Gahmber

25 etal,J. Biol. Chem. 248:4311-4317, 1973). The digest, and separately an undigested
labeled control lipoglycan, was passed into a phenyl-Sepharose column (Phanmacia),
followed by elutions using an aqueous solution containing 0.1 N acetic acid and 0.1 M
NaCl and, separately, solvent E. Radiolabeled material from the digested sample was
cluted in the aqueous elution, while radiolabeled material from the control sample was

30 eluted only jn the organic elution. The radiolabeled material eluting in the aqueous
phase was confirmed to be inositol by gas/liquid chromatography as desctibed in Singb
et al., ]. Biol. Chem., 269:21972-21982, 1994; and Singh, Mol. Biochem. Parasitol.,
57:281-294, 1993.
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that fluke LG does not contain phosphodi ester bonds between carbohydrate
groups. 15 This finding is consistent with the other experinents that found
that the |lipoglycan was not degraded by mild acid hydr §§P§ Mﬁ B(?Oruﬁl\/l
trifluoroacetic acid) or by nitrous acid deam nation. Whether inositol was
a constituent of the F. hepatica |lipoglycan, thereby indicating that the

| i pogl ycan exists as a gl ycosyl phosphati dylinositol (GPl)-anchored 20

nol ecul e on the surface of the adult worm was exanined. The |ipoglycan was
labeled with 31! BYO¥HEMard procedures and then treated wWPEHUSHEYphol i pase
C (Oxford G ycoSystens, Inc. Rosedale, NY) to renove inositol residues, if
any. 3H-| abeled LG m&s@#ﬁf&VﬁéﬂeWW§WC| ng LG nol ecul es previously
treated with gal act os&‘edetcrdaasaheﬂ(eﬂrmdswdcmgeésd&hremﬁﬁtmn&nﬂéahempﬁﬁc)z Wi th

NaB[ 3TY] 4 ( New E

248: 4311- 4317, ?’9 ga?ﬁg& Ehgﬁ’égsta(’ %%g@g’émé’rgﬁse‘f‘é‘mﬂym Ly S‘9°§?° g@ rr]éibel ed
control |ipogl yca‘ﬁ‘ umetﬂw F"rﬁ‘t"ﬁ’zﬁwbWéh%'[‘c%@m%ﬁlﬁkéyle@inmﬁﬂﬁ@ﬁbvér maci a) ,

foll owed by el usiiaSetstng, ﬁlpraaﬂidﬁﬁﬂﬁtxzm'lnidﬁﬂc@&eG'Mélcwlpﬁgto%sgﬁtN_foﬂffe]E' c atCIh d
ed nmateri a rom e

and 0.1 M Nad d t sol ve ol ab

di gest ed sanpl e %ﬁ%b"ggfa ct%angwﬁkx f%gaéﬁﬁgﬁsﬁ‘g’e‘é%ﬂﬁ“wvﬂwrﬁ'e r adi ol abel ed

mat eri al from t he confhobolatdnjidoscaharsie/BSAbnjitgate wastkymined by hbs-pAgREidC el uti on.
The radi ol abel ed WE&&MI@J B@éoaeunﬁgatmata@ﬁca%&%g d&{age%gl W2 i Qehd | med to be

i nositol by gas/liquid chronatography as descri J.
Biol . Chem, 269Xfghont @71‘198?"%9'914"“ W@ﬁ@ﬁydMHabiewm@wrcw asi toI

57:281-294, 1998 albilabid aﬁEﬁHEVEiEH& 2106 Conjiiphté) Bévimset 20thibited & SO0 DAty F.
hepatica Vacci ne d&g =t9crf|ad-!v:'ﬁ? gﬁx&nea%{ﬂogis% P%e Dl ec%e%c ha§,$1des derived
e deti ve

fromthe isolate L1 ca I pogl ycan LErTeEmSs
i mmunogen, the | |‘}58’gﬂ‘°y"é' ﬁswbgqusmw to ml d trifluor oacet olysis and to

derivatization with ZWm@ﬂheﬁa@m Myd3 PdYwaEcoRBgattd R g ADREbrding 18
Senpr evi vo,. supr g, he derdgéit nt ermedi ate was then coupled to BSA to

form the oli gosacc arirder c"d’na“ﬁ‘ aéf'emﬁ@ HBYEYS bed i n Senprevivo, supra.
The i sol at ed ollf gosacEteds ﬁ@@i@mlmmmapwwmdwmmmgmsmsgm and

Western bl ot. Befdﬁg&a&mmajhgaanmh 2 aiReihuk B IxRk o8 ARRLS, el d a

nol ecul ar wei ght 0 67, 000 d tons .and was | nmunol ogi ca Iy

ot ectanl o vi oh AvESHRL @Faﬁd@vwmﬁ 9" 41510 IS AR RARLFIERG (R S ke

conj ugat e, however, eKk#ideingadodenfMagleler gel nobility and could be detected

with serum anti bodi ©SAd { 1R o RRAkS o 1L REh D Lkt dkbea?S Wi LH the

anti-BSA anti bog% eﬁ) ed.
elow, five-week old male Wistar rats were inoculated orally with 10 F. hepatica

metacercariae, challenged 7 weeks later with 20 metacercariae, and exsanguinated a

week after challenge. Immune serum from each F. hepatica-infected rat was obtained
by the method d&ccﬁbed in Hanna, supra. Sera were also obtained from F. hepatica-
infected rats, mice, sheep, and cattle. -

25 The class of antibody present in each serum sample was determined by indirect
immunofluorescence. The target for the assay was living F. hepatica NEJ. The NEJ
was mixed with each of the serum samples to allow binding between the serum
antibodies and the NEJ. Serum antibody-bound NEJ were then incubated with goat
fluorescein-labeled IgM-specific or IgG-specific secondary antibodies (Kirkegaafd &

30 Perry Laboratories, Inc., Gaithersburg, MD). The secondary antibody corresponded to
the relevant species from which the serum was isolated. The dilutions of secondary
antibodies were about 1:200 to 1:300. After incubation with the secondary antibody, the
NEJs were examined under a fluorescence microscope. Intense fluorescence was
observed on NEJs treated with IgM-specific secondary antibodies, but not with 1gG-
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Mal totri ose ($igma Catal og No. M 8378) was conjugated to BSA according to
t he above procedure to forma negative control conjugate. 15 The F.

hepati ca vacci ne conposition was conpl eted upon m xi ng '&%%EPFEMP§B{§9°3

ol i gosaccharide conjugate wth a al um num hydroxi de gel (Ml ox). The

al um num hydroxide gel is an adjuvant suitable for use in humans and is
often referred to as alum Validating a Rodent Mddel As a positive control
experinent for the vaccination experinment described 20 below, five-week:
old male Wstar rat9%8P2 inoculated orally with 10 F. hepardtameoosos

net acer cari ae, chall ed 7 weeks later with 20 netacercari ae, and
exsangui nated a \ﬁ%eé"ﬁ-'%g?cfrgfw (?ﬂtgﬂ"?’%sna@? TRyl ptiated Bt anernedieh merathalsinfected

hepat i ca- i nf ect ed withtF. ivagicabriundi to hyunt 1TE caliRAGNIAHGIcirRBGhsd th HANNA,
supra. Sera were @ $d§£d$ﬂqfl;e5\?1gi]aﬁG igé‘éiésca' infected rats, mce,
sheep, and cattle. 25 The class o an§| ody present in each serum sanple
was determ ned by i ndi¥asgkation gfRaders uor eseence. The target for the assay
was |iving F. hepati caFoNkd vacdifi@ioNEderin¥Be miurs @halirdid \WeRE B0 ﬂaﬁﬁg‘%{um
sanples to all ow wogwrg 131% ween t he sew ant i bodi es and tﬁ_e . Serum
ant i body- bound NEJ*WeTa™P AEHPE FRalf wiee (1P hotgiptheries Riyenlakaraierissvatsel ed

| gM speci fic or | g@hypeinitéd wittadigwmdarige aan tialimttise®nj(dbtes. K@ ace Fer &t w0 Perry
Laboratories, Incgg ich ] e r t i hody corresponded
to the rel evant Sﬁﬁg}%ﬁ% rgtr%n%v\'ﬁ;’l?lgh fhe %dﬁ%ep\%g'g&'?cs% a %Dgcﬁuéatﬂ’inl utions of
secondary anti bodir & b Segisarimals wapvaceinated 3t alumjonlyras impddiliensl on wi t h t he

secondary ant i btidysgativeeontthlEIhiswmdyeutiized 05 Mmed andd eits, Ritf fivd PRERE BRGEce

m croscope. | ntenggeifih s : observed on NEJS treated with

| gM specific secondgr.yygnﬁg@%ﬁgg% %&?ﬂcﬁ“‘éﬁ!\vﬁ"%’ﬁaﬁg ¢ PP MOIEERPENBER 2003 WO
00/ 53220 PCT/ USO0TeeBYitmtbeipaliofriopeBSaceripatter snd dime iets i foe micdfebadvingatunl t

i ndi cated that, asnlexyiegtoes posHERRbSn,ith iR SeceidlcheF: hogﬁgg&f's sigfF € unabl e
to mount a T cellg ' i ncl uded producti on of

ndent . response that I
beneficial 1gG ant ggfecf_f)’g%a&\?na’geg}d&g]t'w&ﬁgb‘?” Bt dspagdipgon thejgitiglac ci nat i on
experi ment, mnat 3 ecsipgign Seraqtag re¢aptred faam it il ofSliay grégacRhatied and k@dagy at or i es)
and mature femal epdti-eeeidafiddl Strain, Charles River Laboratories) were each
vacci nated with oli go%%‘%;;hari gaec and mal totri ose conjugates. The dose per
rat was 40 pg of conjUgare s Weengedfiods¥s al um The dose per mouse was 20 }g
of conjugate in 0.2 halihy Faiepunva Bomecaint wet sloted LitMRCAd dTaiRdab t ' al um

only, as an addi tRR&dope to insure consistent challenge infections of vaccinated animals. Only those
20 metacercarial cysts with defined interior morphology indicating viable larvae were

selected for challenge. Forty days after vaccination, each animal was orally inoculated
with three (for mice) or five (for rats) F. hepatica metacercariae. The animals were
sacrificed and necropsied 30 days post-infectioﬁ. The liver was dissected from each
animal and examined for living worms by visual inspection under a dissecting scope and
25 for signs of worm-induced disease, €.g., liver inflammation or liver necrosis. The livers
of mice receiving the alum or maltotriose negative controls had an average of 2.4
flatworms per liver and exhibited inflammation and necrosis. The livers of mice
receiving the F. hepatica lipoglycan oligosaccharide/BSA conjugate revealed no worms
and no inflammation or necrosis. Similar results were obtained in rats, except that the
30 livers of negative control rats had an average of 4.6 flatworms per liver. No worms
were found in the livers of rats vaccinated with the F, hepatica lipoglycan
oligosaccharide/BSA conjugate.
To confirm that the immunogenicity was due to the lipoglycan

oligosaccharide/BSA conjugate, a series of control vaccinations were carried out as
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10 negative control. This study utilized 15 mce and 15 rats, with five
rats and five mce receiving the |ipoglycan oligosaccharidefBSA conjugate,
five rats and five mice receiving the maltotri oseBSA c%?@ingﬁdﬁqq(%/e
rats and five mce receiving alum only. Thirty days post-vaccination, the
animal s received either a honol ogous booster of 5 ttg of conjugate m xed
in 0.1 mM alumor alumonly, depending on the initial 15 vaccination. Sera
was recovered fromeach ani mal one day pre-vaccination and 40 days

post -vacci nati on. CR&BEAgi ng Vacci nat ed Rodents Heal t hy F. PEAIS®0¢e4a

met acercariae were selected with the aid of a dissecting mcroscope to

i nsure consi st ent detsabadabeys, axerpibatithsryaccing coppesitionsrpmgined iolaad kpoglmary t hose

20 metacercarial Qyshigealbiigdsad@iadidds Gr ligdHEah OlgodihRRTBOS Yorjupld GahddBgnVi abl e

| arvae were sel ecte Lor chg{“enge. Forty da%g a{ter vacci nglti1 Ny, each

ani mal was oral | y TeAebYitReEa‘atlp f98mn romBler FRPIgRieal mopossitrBde el Mrats) F.
hepati ca met acer caras kewnTine ugial praddatevyeataent, saehydidtaresidugs rdntseieg glijsdli ed 30 days
post-i nfecti on. I@ouk% HEbxidioed t&&iﬁ@@x%e@,@utﬁﬁﬁ@@a@ﬁ&n{cmQ@alcoﬁﬂﬁjh sy ned for
living wornms by visual 1nspection under a dissecting scope and 25 for signs
of worminduced di%Was&rmis agid is aredyesd fomthe QpgHaR pispapTnest EPY YE&sPS. The
livers of mce reagsfigitatiéh dffie sagatsm or mal totri ose negative controls had an
average of 2.4 flatwo er. |iver..and_ exhi bi i i and
necrosis. The livers o z;grsﬁ ceémg’reééé'eﬁf\%e%daﬁcﬁeeéoﬁ&sﬁ’glﬁsé{q{h%gagiqﬁta%rfg ycan

ol i gosacchar i de/ BSlkscribadjabeygeremexeepoeeicdfrompbalionse ynliF rheparied H’b}ﬁﬁﬁ’ﬂti on or
necrosis. Simlap jhBotekbint WphelRlyainAREe dafhof ditifa prdGiinmuktalspdnite2) 30 | vers
of negative contro] rats

ad ap .average .of 4.6 flatwor er liver. No

worns  were found ?1°1‘lgﬁs§°°F?’&§sr‘£m ﬁd%r°5‘tq§e l‘\?&%yé’?“naé?ee%mwm&flﬁﬁf E%‘“l‘—’.ve hepati ca
| i pogl ycan ol i goSaswowsirareipdesBIAd Ghihf prytettive imfmnerombrise eonferedbythise
i munogeni ci ty wasogdiie.hRiabBSA bidRee Y@indeR oh B0 S dnicHRRBAe CONj ugat e, a
series of control vfg%cicna_ti ons were carried out as 18 1CZ SEPTEMBER 2003 WO
00/ 53220 PCT/ US00/eseshaidecr i bed above, except that the vaccine
conposi ti ons contai nedErading Sdla frop VatcjpamiRars | | pogl ycan ol i gosacchari des,
or |ipoglycan oli gosacgggé !19%5§%in%85‘| oal 8 4k gguoﬁgogacpr%q&% kr:g;g\;ggtg W th

npl ex carbo

peri odate to degrade co ohydrates tO npnosaccharide units. It was

known that under pmqsd@teéesteﬂéamﬁ%llélfywﬁasbwwdéqréﬂlr%a’a@g invg@iee &i ni ng

gl ycol 5 groups armpdiés NEEE3d Ay gestinttetvyndiea fluddsikolitéd fidaf miee vt ud@ant car bon

each contain hydr o%%l groups, formc acid is produced fromthe opening of
e

sugar rings, there stroying the configuration of the sugars.
20 Indirect immunofluorescence, performed as described above, was used to

aetermine reactivity. Staged liver flukes were separately reared for 5 days in Medium
- 199 (Sigma) supplemented with 15% pre-immune rat serum. F. hepatica NEJs or 30
day post-infection liver flukes were then separately incubated in either (1) undiluted rat
pre-immune serum; (2) serum isolated from rat, mouse, cow, or sheep infected with F.
25 hepatica; (3) sera from rats vaccinated with the maltotriose/BSA conjugate; or (4) sera
from rats vaccinated with the F. hepatica oligosaccharide/BSA conjugate. Sera were
diluted between 100-fold and 1000-fold in media prior to contact with F. hepatica
worms.
NEJs exposed to either rat pre-immune sera or sera from the maltotriose/BSA-
30 vaccinated rats appeared healthy and unchanged. NEJs incubated in any one of the sera
from F. hepatica-infected animals exhibited visible surface coat precipitates resulting
from IgM antibody complexes. Though able to form such complexes, these sera were
unable to kill either NEJs or 30 day post-infection liver flukes in vitro.
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Rats receiving each of these vaccine conpositions in.the sane manner as
descri bed above were never protected fromchall enge wt hi s
result 10 indicated that (1) the |ipoglycan alone cann&gg"ﬁ.%%&azoog
protective immne response, (2) the oligosaccharides derived fromthe
l'i pogl ycan al one cannot elicit a protective immne response and %%t he
protectiveyt Jesponse conferred by the oli gosacchar iP48EE ate
S dependent ony,t 9% rgg}aeffoﬁtrgﬂ%é&ﬁtéafwﬁ]ﬁlﬁw dhgbgasmmhmﬂﬁdem]ugb&
Eval uating Sera from acclnated Rats Sera fromrats \,l/?gcm nat ed \egpth the F.
hepati ca okillgdFakaprzcd NEIBSAl ﬂbdwmat—efemae diveretidiss e YORFA L Rei r
abllltyto react w Kill , i d ¢ NEJS
Frntirsh o e or R RL S Bl aB X rbiRingp, 078

or 30 day rommce re used as

targets. ZPsuHa&’é é&%lebémm%siswhﬁe@me omcral niierestopss Wesesidfedcbove, was
used to defermne reactivity. Staged |iver flukes were sEeff ‘ﬂ-ﬁ‘fh% reared
€

for 5 dagsuitmstviediralndefat su®i agrighss dprIleston FRIGrORFIRT BN r at
serum F. NEJ (] i I fagre then
separ at el ypqsgB{PB%ﬁBW i @“‘%‘ﬁlgy ﬁ%'%gﬁ%% S{Hegqra?%%kr g&{dnirr&zgﬁzgr um (2)

serum i sol @fcgshtfd F%}Hﬁkse J¥Rd) SEhusCOmn ﬂmughlttmqsroienﬁ&‘f JepekiadVaEcings hepati ca;
(3) sera fromra

S vaccinated with t Itotrlo BSA ¢ or (4)
sera fr onmcbct@d OHWWE@CWQW@E@S‘QMC‘EZ‘ o % 20y ff]vSrsl%sd g%g gfeBSA
conj ugat e, tﬁ\@ea.[nﬁnalg'aiswlﬁ?ed GLARENobA0: ﬁ‘ﬁis%s%[tdndaﬁﬂgd fat o iteveredl @ pr i or
to contact WI e

ati1ca rms. NEJs exposed to either rat. pre tt}rrrrune
sera or 1$ehambrammmnae mspmm wiao beiBgAlicigd by: ephsﬂseephaafief%éﬁ@a}“gﬂf% g1t hy

and unchanged. NEJs, | an r [ms.

hepati ca- i R¥SBEREF "a‘ﬁ? al%‘??ﬂ"?)?%"é#wtg‘%?'@v %@gﬂ%é{a@%@&l ortates

resul ting fromp,gWhanh dkeehe inonr) ﬁnﬁgby'ﬁbm delpkedentod mtrhoéms:ﬁpfmﬂﬁpl exes,

t hese sera were wunable to kill either NEJs or 30 %@/ﬁ%%g %& t| on liver
e B

flukes in \fmtqomplel@mnghﬂfﬂMCMBT atier Bwnsispensl
contrast, ser o faed dEHeBSA con ugat e
Aty MoBPREGhALRY 1L Elokidd bbpment GaRRE Lo

killed F. he fection l'iver f|ukes- The sera's
cytopat hjx caﬁbﬁjaﬁhtewaﬁhedﬁﬁepamd lipyglytan Wmeiucpfh;%mé %@t@ﬂ?se%c hadde a5

-4(

roundi ng up, devel opne urface bl eb Sgunent .
Opti cal m G En'i’/ﬁé‘r%"ﬁg“e ?’808%8"8’?“% ?TF ur a gér*]ect s, such as
bl ebs. %@%&ﬁ&ﬁ T hOHORED B URE:1idR B lb@pﬁ%@i‘dsaédhendé O ability of thgurent .
Orltlcally e worns were not viable (i.e,, dordlng) ftde
sera to kill worms was not affected, indicating that the killing activity Was not due to
antibody binding to simple monosaccharide units on the surface of the worm.
20 The class of antibody in sera from vaccinated rats was determined as described

above. The results indicated that 1gG antibodies, rather than IgM antibodies,
predominated in these sera.
Long-Term Protection
To determine whether the oligosaccharide/BSA conjugate vaccine provided
25 long-term protection, sera were collected from five vaccinated rats over a period of three
years. Each serum was tested against F. hepatica NEJs as described above. The killing
| capacity and reactivity of the sera did not decline over the course of three years. In
addition, the vaccinated rats did not exhibit a shortened life span and appeared healthy
during the same period of time, suggesting little or no toxicity associated with the
30 vaccine.
Cross-Protection
To test whether the oligosaccharide/BSA conjugate derived from a F. hepatica
lipoglycan was capable of providing cross-protection against other species, sera from
vaccinated rais were tested against juvenile Fasciola magna worms as described above
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incubating with these sera. Thus, even though the protective F. hepatica
vacci ne included oligosaccharides originally isolated fromonly adult
worns, sera from vaccinated aninmals also killed j uveni12eSEBFEMBERi%OO3
result indicated that, whatever 10 hunoral inmmune response was being
elicited by the oligosacchari de/ BSA conjugate, the response elicited was
ef fective against both the juvenile and adult stages of the worns. To
confirmthat.the in vitro killing by sera was dependent on anti bodies
specific for conplwgembigosacchari de structures, rather thaordspeadent on
anti body binding to sinple nonosaccharide units, the follow ng experinent
was perfornmed- TherkSesaebobindr Atr@gna@iverdilh Bativormbheqaet witRschinpfegl 4 can wer e
reduced to individ a ' ' ' . The

44 RN ORAGHNB b B whfh Lerfl Sl S B RO U

nonosacchari des were t : he seru I ncubations to achieve a
concentration of YOOURSRYheraReRneGingied ratphdid aghpffept Sy megna pigRilitysThese t o ki | |

wor ns was not af f eglie thaicheetha &eivitgind dMpostibecoktaning Adiestitd Ipoglycaas not due to
ant i body bi ndi ng5 to sinpl eﬁgg\nosacchari]ge%lljﬁi.ts on the surface of the worm
20 The ¢l ass of “aALEOHETFIHT OEPIRE 5t i E GO P AL RIS A R d as
descri bed above. spkties attesthirtthe spevits cfatigitlofithedipodly. ant | bodi es, rat her than

| M anti bodi es, _predqm gk et HSR@ S Bucick RG] B WA BLLARS TO

det erm ne whether the ol1gosacchari conj ugat e vaccl ne provi ded 25

| ong-t er m pr ot ect e bindde 2 isgiated lipegiyemenoleguls foungion the enrfpescé Platicdinthat s over a.
peri od of three ygatSomdzasions@éstHvediaExdpredow)gaisitin by Wehiepalottiag NEJS as
descri bed above e _killj C Cl e I Vi e di d not
decline over the& :ci:ggﬁsru%estg‘% &%ﬁ}?eedgg %é’g%réslsf'g_lllg%m{o’égpﬁdtb?%}ﬁ%{d ct%{zulg;'soaegcl ﬁ%tsed rats
di d not exhi bit apwisesionegangt Anlabelnistyefl aditferenyprary ed heal thy during the sane

period of tine, sugge%mgntbhas&ib&xi@Exaﬁ.ﬁletlgeﬁbmdtayea@ﬁmaﬁmdss%maﬁahe 30
vacci ne. Cross Prqgtectjon To test osacchar.i e{’iggﬁ\ conj ugat e

et her the olj.
derived froma F. FHIERHET tASC109 % BT & ﬁ°%§‘§"€'3ﬁ‘aﬁ‘:'§l°f8?°“ﬁ%wg¥
Cross-protection agddpetctéimherimgpac ssytledome iew prructreedufeotion eith F.at s were
SEPTENBER 2008 VO G0 & S3amEl Sirile 1B Hbisl lefoeclh iRSEE bTHuERRIE 22 ragna
juvenile flatwor nﬂ“fif“’e‘?i?“gdobe\ﬂf(gf? “Edé?cﬂﬁ?géﬁf’ﬁ?”éei“@‘%f&‘g'i’%g?"&‘f”}l%f“gg%déd- up and
di ed wit hi n sever aduldtivpsa préexitingyirods@ivainfegiog.. , from naltotri ose/ BSA

conj ugat e-vacci nated rats) did not affect F. magna viability. These

results indicated that the vaccine conposition containing F. hepatica
| i p0g| ycan Example 2: A Protective Vaccine Against Schistosoma

20 To determine whether the vaccine straicgy described in Example 1 could also be
used for other less related platyhelminths, a lipoglycan was isolated from Schistosoma
mansoni using the procedure described in Example 1. In a separate experiment, it was
observed that replacement of the isopropanol/hexane extraction with the
chloroform/methanol/water extraction as described in Turco et al., supra, in the isolation

25 proéedure could not be used to isolate the S. mansoni lipoglycan. This lipoglycan was
estimated to be about 180 kDa when examined by reducing SDS-PAGE and ran as a
single band on a SDS-PAGE gel. The S. mansoni lipoglycan isolate was free of other
periodic acid-Schiff's species and free of any detectable protein.

A monosaccharide analysis of the carbohydrate component of the S. mansoni

30 lipoglycan was performed as described in Example 1. These results were then
compared to carbohydrate analysis using gas chromatography and mass spectrometry.
The analysis indicated that the lipoglycan contained fucose, and that, for each fucose

residue, the lipoglycan contained 4 galactosamine residues, 3.1 glucosamine residues,
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5 oligosaccharide/ BSA conjugate is capable of eliciting cross- pr ot ective

i mmuni ty agai nst species other than the species of origin of th

l'i poglycan. It was al so observed that the |gG anti bodi & $EBWEM$\ERP?@O§era
of vaccinated rats could bind to an isolated |ipoglycan nol ecul e found on
the surface of platyhelmnth Schistosoma nmansoni (described in Exanple 2
bel ow), as shown by Western blotting. 10 This suggested that the degree of
cross-protection could be broad enough to enconpass protection against a
pl atyhel minth of a"AP¥¥8tent genus. The results described i¥PTERMIfPe |

- provided a reason e basrs F. atica vaccrne as
prepar ed above angg BERIACIS T gd??%?ﬁl"w%%ﬁﬁrrsg‘n45ﬂmssa§ 153t 21 oul d prot ect
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t he above vacci ne woul uce an se 1 n ready
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i nfection. Exanydl @tars 1ok SEI TefanieBoxVAGGIREhAGS RRIlSciSERE @& mrme 2BerO

det er m ne whet her th vacc ne str scr.i bed .i 1 could al so be
used for other |e§% gr?he d eﬁi‘f’ﬁlr# s°°m‘é§aﬁ“fn|d ’?fi*‘% \/\%fgm? sol ated from
Schi st osoma nnnsmpoﬁlr‘m“ﬁ@nmélg ﬂ?ﬂ@b@d@rﬂen@etsmvaabedm prodesed mphrevidusly | n a

separate experi megdseribkd. C¥ASols WHRSREMEL b &H@&néoﬁ?'}a%ﬁ%mﬁ%mgifmﬁ us .
i sopr opanol / hexane extr a(jtr on with the chl orof or ml net hanol /'wat er extraction

as described in TGFEDH¥ , supra, in the isolation 25 procedure could
not be used to 10sol at MntehereSn;nmms@tehwithmghqm&mntr&h&n@ohﬁ@@gity&an was

estimated to be ahgut 180 m%aﬁx&ggra%gﬁgmn GG, SPS.PACE and ran as

a single band on’a SDS- PAGE soni lrpoglycan I'sol"ate was
free of other pePrgdsdescaibeds qus%%@wwﬁaﬁaﬂﬂp@@“%mmyeﬁet ect abl e

protein. A rmnosaﬂﬂkangdddﬁhanﬂin;e&i&rc&iaeth&e&ﬁf%&ﬂﬁxﬁie&wﬁ@mm@w&f the-S.
mansoni 30 i pog&;égsg&hmg dpqﬁg;t ggegﬁ‘gzoxg%we g?‘g I & 1m°u1'ehese

results were then npar e e an usrn

chr omat ogr aphy ﬁnﬁwﬁﬁ%@%@m éﬂqfr?@th?dult lwcmfdﬂs%@bmdmpm&@é@ B$fat the
| i pogl ycan cont ai ﬁ@dchﬁ%@ﬂ%&%ﬂ%pm%ﬁseeﬁ&h ofth@@é%rouﬁs%?hﬁéﬁmaishe

| i pogl ycan cont ai ned 4 cto resi dues | ucosam ne residues, 21
12 SEPTEMBER 2003’%"%’6% %@Cg‘} 68%&4‘@%&’xa‘gl°éct ose residues, 1.84
gl ucose resi dues, oliposdGharidelishus eoxpidsoruges, respevtively. 17 mannose r esi dues. '
ai gosaccharl des wer esﬂug@%s@&aﬁéngmn@w%m@&%&% e Cﬁ{%

Ition,

conj ugat ed S esc anple 1. In adg
ol i gosacchar | d ?clba(ﬂ'}ﬁ‘aﬁjﬁ‘éff rgaaos(% and the worms were counted and examined. The lungs
of mice receiving BSA contained an average of 20.2 worms per animal, while the hmgs

of mice receiving oligosaccharide/BSA conjugate contained an average of 5.5 worms
per animal. More importént than this 73% reduction in worm count was the observation
that all worms found in the lungs of vaccinated mice were dead or dying, while all

25 worms found in the lungs of control mice were healthy and motile.

The lungs of mice receiving tetanus toxoid contained an average of 30.9 worms
per animal, while the lungs of mice receiving oligosaccharide/tetanus toxoid conjugate
contained an average of 3.9 worms per animal. Again, more important than this 88%
reduction in worm count was the observation that all worms found in the lungs of

30 vaccinated mice were dead or dying, while all worms found in the lungs of control mice
were healthy and motile. The use of tetanus toxoid as the carrier also indicated that the
vaccine composition could encompass oligosaccharides conjugated to a variety of

carrier molecules.
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5 tetanus toxoid (SSI-TetanusTox; Accurate Chem cal and Scientific Corp.)
as the carrier wusing the procedure described for the BS I Lon . in
Exanpl e 1. Vacci ne conpositions containing the oli gosaé@%ﬁ?ﬁgwﬁj&@@g es
were produced as previously described. Controls were produced by m xing
only BSAwith alumor only tetanus toxoid with alum 10 Mce were
initially injected with vaccine and control conpositions in the quantities
specified in Exanple 1. At 28 days post-initial inoculation a booster was
gi ven as descri be®Q6/530anple 1. At 38 days post-initial i Re&USes#EN, m ce
were challenged with S. mansoni cercariae. Mce that were i munized with
adult 1ipoglycan ol i do&aeiatheqetedisjinguivdonfeed withedugameri ey e

chal | enged 200 cepigtaba@idefstaniPidfdid co%ﬁgd\é,ﬁ&c&nb%cim&ﬁchhlm&&k&ﬁﬂen\t\ﬁ th adult

| i pogl ycan ol i gosacchayi de conjugated to BS r hal | enged. wi t h 100
cercari ae per mou¥ .°°§H&tﬁde‘§f“g%é’ﬂﬁ%‘r“ éefﬂ'ﬁﬁ@m@\é\gﬁ“ﬁvg’°‘éfn!rﬁfa‘?‘§'°“°P 8{:ei ved BSA,
ol i gosacchari de/ B@moomjtuig attiesecaneé xperingent Ws@0Y, theaby coofinmijgsiachéastected t et anus
t oxoi d conj ugate, : RES j%qllﬁ,yh- kel &Q‘ﬁdﬁuﬁll £ i ce were
sacrificed and ﬁeg‘?@%ﬁe .t _Tkgghgfg §f Z)Cﬁ?‘rgm eac éfEf:rra ;\Q‘e&g{% ‘renoved, and -
t he worns were count ed & &k&Hf ol vitrenalet MRS untccipi € e i ng BSA

cont ai ned an aver agrengd witlls. Ziai¥okiWGs N exiihddo Five Midd Wee dabnaletdgis  of m ce
recei ving ol igosagchari c i al ne n,.ay. f 5 wor ns
per aninmal. Mre ﬁ% ?af’geﬁ‘/fﬁ?ﬁséﬁpguﬁ# ga?%‘%&)g l%&%fﬁéc ?‘pg%%ﬁgﬁbrgng%gﬁh{ §?ABS t he
observation t hat mgieimicgserres af BryAnpted qonols. (ke waceyfateq mice Wera beogtedrinesat wer e dead

or dying, whil ej0abg dagdpodiiatBinaticiiidial), And N1E1 0/ iRGRre@hallGR B geRhtadtbit WB' €

heal thy and noti | The | un f.mce receiving tetanus toxoid contai ned an
aver age of 30.9 \quor‘r’gble'ﬁéc cagfrs%?%adla’,'s}’ﬁﬂ"l"fcémf’tﬁ’@' | ungs of mice receiving

ol i gosacchari de/ t et an{he timgdo imgripod jtafusa if achiqyohfoadashadimalwag then degpomindd. 3. 9 wor ns
per ani mal. Agal NTndiDhiSe WPSstraddldaily Toibehddi SppBiiee 208 SH&LidnO By iy s9OT M count
was the observation that all worns found ip the | un of 30 vaccinated m ce
were dead or dyi nBPSURAFICR A PpvARERAIRE mHS 5T ‘?ﬁa"f"?f'éd?ﬂg‘s’égyd’l” YHEF ol mice

wer e heal t hy anib apptarddéll. Orivencusef the cdngdlpnnp diedonaiaylsSaestitfetianiothaonal so

indicated that th RS RO MRS L bk &0 | Gehari des
conjugated to a vga iS_Z?t%_{:ig%gmglér r?%?&n%[ ecu#ggfsg%gwg\%g@ggos W
00/ 53220 PCT/ USOOPwBaEetiont gndveenasrificsh te prevept wifesiag. j Upen nesiopsyi Ahpf®@enf erred by
the S. mansoni | i gagblytaRveredbing @SRCCHAN pdRsife Btenépd Suiéax0i d conj ugat'e, a '

second vacci nati on/ chal | enge ,experj nt  was cond d usi.n rocedur es
descri bed i nmedi at el y%’a‘ﬁgve. al agmreegg’(l: FMSH %0 exg&%gm.’ ehietd lbnﬁyso

20 after challenge. These results indicated that these vaccinated mice were not subject to

the pathologic effects associated with massive parasite egg deposition, supporting the
conclusion that the challenge parasite burden was killed and/or prevented from
successful egg deposition. '
Thus, protection was shown by the dramatic reduction in the number of worms
25 in vaccinated animals, as well as by the elimination of any observable symptoms,
including death, typically elicited by S. mansoni infection. In addition, all of the worms
isolated from the vaccinated animals were dead or dying (i.e., not viable).
These results, combined with those of Example 1, indicated that a second (BSA
conjugate) and third (tetanus conjugate) protective vaccine against a platyhelminth
30 could be produced. Because the mouse model of schistosome infection is known by
those skilled in the ficld to be reasonably predictive of human efficacy, the results
described in this Example also provide a reasonable foundation to conclude that the S.
mansoni vaccine described herein would, when administered proportionally to body
weight, protect humans from schistosome infection (i.e., schistosomiasis).
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worm counts in this second experinent was 89% thereby confirmng that the
protective 5 immunity elicited by this vaccine is reproducible between
separate experinents. The survival and health of vacci HaPER TEMBER 2003
unvacci nated aninmals after challenge with S. mansoni was al so examn ned.
Five mce were vaccinated with 1ipoglycan-tetanus toxoid conjugate vacci ne
usi ng the Wipb@s9im descri bed above. Five nore nmice serve®CaUSN/EAHMnat ed
controls. The vaccinated nmice were boosted once at 10 28 days
post-vaccination (initial), and all 10 mice were chall enged percutaneously
with 100 Esampledt Jtgcchres Agamst Praipzomsst - vacci nation. The tine to nori bund
status, if achigved, ..for._each ani 1 N 1;6€ were
observed daily flgﬁc%gn%glgfangavﬁ %ﬁsgﬁ{ceg\%;’%{@g%ﬁ%{t%% g@ﬂ%%?ygg?ﬁnﬁﬂﬁ

post - i Nf eCldnduani Al disHitnas Gbpiak,extidkorenaelogiediar adtfeitrizinndpys foetdsar gy or
otherwi se 15 appeared ill. One nouse of the control group died on day 55
post - i nf cloilewngdhopiserdise desgaPedin lsg@pls hi ecti on. The remaining three nice
vere obvi ous! v fDRIDUNG. Re6i8YinaRiapRTheRNSA OBk 8PtheWbpBosaais 1 ced Lo

- prevent suffering. Upon necropsy, all of the control m'ce were found to
have heavypmaiddiah @&gM ordgGentbdily deposse, e motvzeaskipoghycans/wewicadt ed ni ce

were alive, and .exhibited.no jl.| effects 101 20.a X . These
results i ndPe IB%FIEt(%R am%@"%%?éilﬂﬁﬁféaem%‘é&j%‘?ctef"%%t é&%ﬁ%%@%‘gaf?%e

pat hol ogi cyuef Egfhkad RSEALCHALIRE HbinindTRRSAN SniBaEd Mith@acyef tieprsidoman,
supporting the  conclusion that the chall enge parasite burden was, killed

and/ or P eumier eanditiapmsufiiciams trf allovebjgding 96 ssramantibadigsto the BrEERIEY was shown
by the d ti i i h ) i i i mal s,
Y ver) Lo kS SR nfEoERet S ININE BleotQITR 3 e Lol AR EMARDRACAN 10 ©

as well as ervabl e synptons, including death,
typically ehhpblyesylidens.difiwsriier(PVDF) eciiboame (BioRedid Heraodes, @A) fasfingee wor ns

i sol ated from th inat ed_ an d - dyi i abl e).
Thase. r esUPESS SRiH BN BB OBe [Pl Tlarmar oM Dipdille REpE o Fitye i wald 0
(BSA conj peaielnaned fitthg dn Gﬂcﬁﬁﬁ’é‘ﬂﬁws%fehgdsagﬂk@d DA @S 1B demeilimangai NSt a

pl atyhel mi nth 30 coul d be produced. ause the nouse nodel  of schistosone
i nfecti df TeS aibady-bifrer deyslopment paphosphataseicory gied shpamogsaiedragsrly 1t

predictive_of ;human .effjcacy.,. “ I .} i IS Exanpl e al so
provi de a ?}V'é‘%%%sﬁ’é"ﬁaéhaft3uﬁ%a#gégﬁbﬁﬁgbnﬁgﬁﬁHaecqgﬁg%&? ﬁgglg&nts?ae?’%oni vacci ne

descri bed priehibaoyigM. Thes tesebritaoatiefiilpd tpiadtdeontzdnkficitldgbodsponsei ght ,
protect humans from schi stomkgn %( e,, schistosomasis). 23 12

SEPTEMBER g0ebsemyes gpExamnlg PR Efgpanied- vaccines Agai nst

Prot ozoans Groups of 5 mice were inoculated with each protozoan LG conjugate vaccine

20 (20 pg/mouse), and other groups of 5 mice were inoculated with each of the isolated
LGs (20 pg/mouse). A single group of 5 mice was inoculated with BSA (20 pg/mouse)
only. All mice were boosted 28 days later with 10 pg of the same material that they had
received initially. Serum was collected at day 27 and 35 post-immunization. Mice
inoculated with isolated LG frequently developed no specific antibody response or had a

25 weak IgM response. Mice immunized with the LG-oligosaccharide-protein conjugate
vaccines had a dominant IgM response at day 27 but a dominant IgG response at day 35.
Mice inoculated with BSA did not develop anti-LG antibody responses.

This result, in light of the results in Examples 1 and 2, indicated that the vaccine
strategy leading to protective immunity against platyhelminths was also useful for

30 protozoaus.
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Surface |ipoglycans were isolated from human protozoan pathogens Lei shnmani a
donovani, Leishmania tropica, Trichononas vaginalis, and

Tritri chomonasfoetus 5 fol | ow ng the procedure descri beld $ﬁPE§M1%EB 20037,
det erm ne whether individuals infected with each of these protozoans
produced an IgMor 1gG anti body response, the protozoan |ipoglycans were
each 1imobilized onto a nitrocellul ose nenbrane in a dot blot format- The
| i pogl ycans were then exposed to sera obtained fromindividuals infected
with each of the pM8f%?%8%ns 10 under conditions sufficient PCHUSHOPEN bi ndi ng
of serum anti bodies to the immbilized |I|ipoglycans. Two m crograns of

| i pogl ycan dissolved in 3 Al of solvent E were blotted on apolyvinylidene
di fl uori de (PVDF) nenbrane (Bi oRad, I-bm&tﬂnﬂssdxmﬁﬁ) formng a circle about 3
nun in diameter. The | to the.lipo cans were

t hen determ ned using g}r’]s% ]i’e%?elk%gd %Qh? 'a’tlgeé’]“ nq’% qcmdlesmtfedpnhgn’é %f’ YM or

anti - human 15 | gG dfittheslstijed degrrinsipn @@mtbﬁfﬁ@mngdﬁcrmﬂghwpmw tsBusggavert ed

chronl ogeni e r eag%ﬂnotnxhxttﬂw&p@h%i‘xMoﬁ Réadch $QEAADD 3MeistpLbieise i Ng to the

i solated |ipoglyc dom nan M Thu t he rot ozoans failed
to induce a benefitla dr‘)"maﬁec‘)grl g *‘5@*‘8@?&?&@&3‘?ﬁ°@f§§bfs°‘1m$n ani nal s
infected with F. r@pmlca Goups of 5 mce were inoculated with each
protozoan LG conj ugat eF‘;{@,gdg, gél.fggﬂ%g) er. groups of 5 mice
were inoculated with each of the [ e&% te 5%9)%:«&1%%0&113? A single

group of 5 nmice m&awhﬁ’%‘msa%”mwfﬂsk%%‘?fgﬂﬂﬁﬂ?&@)‘nﬂﬁdmh}dm%l | nice were
boost ed 28 days 1b adsgidobuthiedins]Qornggeaéant, h@en‘éﬂxﬁ:&nm&% ifdtrudolited ackdidiyg Bad

received initially, 2 i mruni zat i on.
Mce inoculated wt mﬁi@ at elcli&rﬁjéa?%&&gﬁ%y Igt(}Ievlg ope&s‘?ﬁ’g“‘pgﬂ'g'éf'fl c anti body
response or had a ‘Q%‘a&«EXkPH%W@e%Qn%SOWWWfh"éellmraﬁlhc flitworms

LG ol i gosacchari denqgra&ﬁﬁmmuﬁﬁnmugﬁ&n%yhébaﬁ%éw&hb@@cﬁoﬂﬂ:@%aﬂa&e $9M response’

at day 27 but a dopj e ce in culLated with BSA
di d not devel op ant |JG'% @% mrge ere%’ﬁ‘fa%c“ﬁ”'g‘g@f’st iR Ght of the
results in Exanpb @éﬂtﬂlelaln@Wawmgbwe@om@nmuwdmmmmamgy | eadi ng

to protective i Mypdubdpra@aiedisbmdidyai Bl RS or 30
prot ozoans. 24 12 SEPTEP{BER Zo‘ggtly 561;Irfgdlg%?BZZO %SOO/%G%:%&% ;

Enbodi ments It is ¥ Y O SYAPRUG PARRIFe the i nvention has been
descri bed i n conjunct |Wefommrmequheagdie&tmyleeund&am&iqemaaa&hme@the t he

(or 201 g descr | Dlidiad s kitpBANEELr ikt fullfoic Brdialiflod bl Lhe scope

of the invention, which defined by the scope
20 protecnon conferred by the methods of the i mventlon include the following: (1)

digenetic trematodes, which are serious pathogens of man and domestic animals
including but not limited to the following (Fasciolopsis buski, Dicrocoelium
dendriticum, Paragonimus westermani, and Clonorchis sinensis); (2) monogenean
flatworm parasites, which infect fish;and (3) cestode (tapeworm) parasites.

25 Of particular interest is the development of vaccines against Taenia solium,
Echinococcus granulosus, and Echinococcus multilocularis. Vaccine for these parasites
will be against the adult stage in humans, in the first case, and in canines in the latter
two. '

Other parasites that can be protected against include the malaria parasite.

30 Comp]ex carbohydrates frequently function as T-independent type 2 (TI-2) antigen.
Antigens of this type induce T-independent immune responses that result in late
developing, primarily IgM-type responses that lack immune memory. Malaria typicallj
induces an immunity that may be slow to develop, involves increase in IgM antibody,
and fades within a year leaving the victim susceptible to a2 new infection the following

25



O her aspects, advantages, and nodifications are within the scope of the
followng clainms. For exanple, the procedures describe

applicable to other platyhelmnths. The structure of tﬁ%gggégwgﬂ%Rgpoél
pl at yhehni nt hs, including 10 aspi dobot hreans, nobnogeneans, di geneans, and
cestodes is structured according to a conmmon plan (Mehihorn et al.,
Parasitol ogy in Focus, Facts and Trends, Springer Verlag, NY, pp 238-240,
1988). Thi s observation suggests that all parasitic flatworns mnay avoid

i mmune elimnation by having a coat of |ipoglycan on their surface: In
conj unction WW®R0/6320t eachi ngs descri bed herein, a vaccilE/U80§/0=64 of

specific 15 péaatuﬁmmmkensdwdlmm iltbqncb@ldyteﬁmmﬁxgjﬁamm«eﬂ des coupled to a
proteln carrie n r ot ect.i ve i nit u e or

e i oo T hons e roh Bt a R S rimtmal T et Vi B SRR R 01 o
eukaryoti c ppreashihasly gV edsspdmeése It ip theh pessibRo RGe ke gidoceiji@ateyat i ¢ parasite
can be achi eved nd co OSI ti.ons_ of &lge i nventj.on

Eukaryotic p&“%’é@‘%@é‘gﬁﬂ‘gﬂﬁﬁi g'rd’PS eﬁ’é°°° sSetstibediabaye. ths qlignspcg t he

met hods of st bg théiRRbij@AtddRCH &xﬂ&amefreﬂd@aunwmdu&gdng@nabp&déntemat odes,
donesti.c ani mals _including but not

whi ch are serious at hoge gr

linmted to tHeOyRgGr sBﬂ’/Rsﬁg’ ‘F‘Fﬁ’%‘f‘ﬁl’ b‘gﬁy af5s sIQ valigyte.the arpeeacheecdi@edr i t i cum
Par agoni nusmmﬁle E:mfmlchal?ﬂgkdglmr\&md lbgl) libnﬁﬂdg&&?phﬁ}ltes (&éstaﬁmawaadhvef I gt WOO[ m

parasites i ch I nfect ces 5

particul ar i ﬁ?pé?lg’s‘{g theyagepps n&é?faf ﬁ?prﬁ?f”\)ﬂﬁb g“%@ sol i um
Echi nococcusﬂlg{faﬁiw&ﬁttﬁnplea;a,d%%imdml @-mpaﬂg[tetuﬁioﬁgsul aris. Vac](c:! ne for these

parasites Wi ainst the adult stage in humans, in t rst case,

and in canthes i tr)n"’?tﬁ VP QRwte TEROnseY gt &Fﬁ%ﬁsfﬂgﬁi"?ﬁtpr@éfﬁ&g’é{ “!b“r ot ect ed

?gal nst incl uﬂmoamdaahwsiuanmmsh(@reiaumﬁqh@gﬁtwfﬁemmrebﬁmédﬁm?smﬁglequent Iy
unction as e ant eng _of this type

i nduce T-i ndgag géﬁg dm{h}%g&g@blé §’“¥‘ﬂ ‘?‘%3131“!‘1‘? Ut %h?j%\;ésl opi ng,

pr :j marily | gMotem&oﬁeﬁmﬁnﬁﬁaesldébylh ldoasli(bduﬁwuy&d | ofRfisphous Matesial Mchipincal | y

i nduces an i to eo |nvo einlgM

ant i body, ggalllf §°l\%3flﬂ| ﬂg‘ﬁb&? Eﬂ}‘?sn PR seﬁg%éﬁglgﬁ to a new

i nfection Ii”lQ‘hifs@itdaﬁwllgenﬂﬁnsckﬁt @ERTﬂﬁEBfﬁﬁ&&cMﬂﬂhﬁm&tﬁq%waﬁﬁé 06404

year. Using the sent discl.osure, it can determn the | arger
car bohydr at e9f5°d S‘F’ﬁ’é‘o@ﬁﬁ? jalceuposing s iqese g’ “’?t%\’ﬁéc °é§°:13§?%af‘ rms i nduce

predom nant | ysed@dvpro@fep ainsl@psacthariié cdnfi@hte PRSIE DS 1Rh b Fadc@d¢a:iebd 3esR
gl'ycocon;j ug atvaef\c%m%te hosts against round worm infection, especially members of the family
Trichostongylidae, members of which are serious pathogens of domestic stock animals.
20 Anti-idiotype vaccines are also included in the invention. The production of
high avidity anti-LG monoclonal antibodies are made possible by the methods and
compositions of the invention. Known monoclonal antibody (mAb) technology can be
used to make large amounts of anti-idiotype (anti-id) against the V region (idiotype) of
an antibody of proven protective value using standard techniques. Protective value of a
25 - specific antibody can be established using in vitro incubation procedures in which living
" parasites are suspended in various concentrations of antibody and viability of the
parasite is monitored over time. Protection is measured by passive transfer of specific
~ monoclonals into susceptible hosts followed by challenge with the homologous virulent
parasite, e.g., as described in this disclosure. The capacity of the antibody to kill the
30 parasite while not harming the mammalian host would be considered the best evidence
of a mAb's therapeutic or prophylactic value. This procedure is particularly relevant to
those situations in which the LG of a particular eukaryotic parasite is difficult or
expensive to obtain.
What is claimed is:
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ol i gosacchari de subunits. Using the procedures described above, the

ol igosaccharides 5 can then be conjugated to a protein carrier as_a

of inducing a T cell-dependent imune response to the %%EPFEMBERZO%
carbohydrates. To validate the approach, vaccinated aninmals can be

chal l enged wth virul ent honol ogous parasites to establish the protective
capacity of the vaccine nolecule. This approach, wll|l be successful for all
menbers of the fam |y Apiconplexa, to which the malaria parasite bel ongs.
10 Protective inmune responses agai nst nemat odes can al so be produced by
t he et hodsVem@o/8iR2posi ti ons of the invention. The gut RET/S0G0EA€s | S
lined with a sindl ekcdnqapanoméonqﬁsingacwﬁbxcgmdp&uqﬂ@bgﬁ olipeticelmridnd nenbrane
bound i ncl u5| tect ed .on the.lumnal si detﬂtg%; a | oosely

bound | ayer 8 axg%er%%%ys%%p YOENETRRE PR 2 @figﬁﬂup’onﬁgrrrggﬁc gy in Focus,

Facts and Tr giogs, théd apfies gaBctoSamineGedupypdrfiddse ddp, A8 Your glacobkuntinesi t uat i on
is remniscent of the surface of araS|t|c flatwornms. Usi ng%?the pr ocedur es

descri bed heBQFR Pt HEOSREIOUP 0P oW 3R12FtATS SFOVES PSS HSLIGE BT 1@ MPer  can be
i sol ated ansdgluttse groliss poF AEsLE @roap, dﬁbt@%@pﬁmgdg&pﬁgalfb&aégow&fddae Such a

vacci ne can be used to vaccinate hosts agai nst round worm infection,
especial ly ST Dangioss Heuns RFF IHGese FOPRhost ongyl | dae, menbers of which are
serious pathogens of donestic stock animls. 20 Anti -i di otype vaccines are
al so included i noztdhe i nvention. .The gr aducti on pg%]t h avi d| é anti-LG
monocl onal ant i bddi‘bEOBRPEUAREPIRGSEE  FITHCTEOYPIFRY tﬁ(’)‘bl 1go5p§chag %frposi tions of

t he inventi onbtammmmhm@og@mm dvadyisingi\ipid gROp VAt 6eyoe ditofee  used to
make | ar ge armunt nt| -i di ot anti-.i d% a&yl nst the V region
(i di ot ype)! 05 oung g dg;ﬂas s PP B Bicpte WPy e E¥F st andar d

techni ques. guwsmmygoupabaauwse grodlR IS RAG ifive Salattust Doths peafichre gRap,abl i shed
using in.vitro mc@atlon rocedures in V\$]ICh Ih%lﬁggw §ara5|tes are
suspended i n®VdP Y “%?5?-.%8 PEL PS8 ST9PP- RY ths PREIPED T of t he
parasite is fiwodetgaoupd over tine. Protection is neasured by passive transfer

of specific nonoclonals into susceptible hosts followed by challenge with
t he honol ogous virulent parasite, e.g., as described in this disclosure. *

The capacitsy of thes mehbdefticiting iid verttbifte 3proRativSinrRnddebpgosedghindtar m ng t he
manmmal i an host, woul d be consi dered the best, eyi dence '

f a mAb's
t her apeutic 8 aﬁ%‘iﬁ?ﬁsﬁ%fl}edn‘?ﬂéqd&@mpﬁi?@dﬁ\”ag%’&r‘%@é""‘{fgfaﬂ Bl arly rel evant
to those si b&ﬂioblﬁ&Soﬂdfmmhlo@B Wlfb@elﬁ-ﬁieﬁf)ogycﬂﬁi’stfduﬁﬂbﬁ&e@hﬂf@é}éﬂiﬂ C parasite is

‘difficult or _.expensi,ve to ob clained is; 26 12 SEPTEMBER 2003
WD 00/ 53220 o%‘iié‘bezﬁ?ﬁ‘l’“i“m/is M@ﬁ%%%ﬂ%ﬂ@?ﬁ@‘ tgekeltad i er group
coupl ed to aprofkiginauadRigods: against the eukaryotic parasite.

' 20

4. The composition or method of claims 1 to 3, wherein the lipoglycan has a
molecular weight of about 180 kilodaltons.

5. The method of claim 3 or 4, wherein the eukaryote is a protozoan.

25
6. The method of claim 3 or 4, wherein the eukaryote is an adult platyhelminth.
7. The method of claim 6, wherein the adult platyhelminth is of the genus
Schistosoma.
30

8. The method of claim 6, wherein the adult platyhelminth is of the genus

- Fasciola.
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obtai nable froman isolated |ipoglycan conprising a |lipid group, one or
nore fucose groups, three to five gal actoseam ne groups rQup,
two to four glucoseam ne groups per fucose group, one 1t2o§§&5%€§tﬁp§
groups per fucose group, one to two 5 glucose groups per fucose group, one
to two rhammose groups per fucose group, and one to three mannose groups
per fucose group. 2. A conposition conprising a carrier group coupled to an
ol i gosaccharide obtainable froman isolated |ipoglycan conprising a |ipid
group, one or noreVPMEE2e 10 groups, three to five gal act CS®HSMMEgr OUpS
per fucose group, seven_to el even gl ucoseam ne qr oups per fucose group,
three to five gal act ose T&?B’ﬁ?i%d‘ﬁé‘f”mﬁu\‘f’&"@“@?@&’b?a‘Y*B‘ﬁ’@“Tlé)Ofttmlag'l ucose groups
per fucose group, cawniiei.hree to five nmannose groups per fucose group. 15 3.
A nethod of eliciting in a vertebrate a protective i nmune response agai nst
a eukaryotic parasite, the nethod conprising adm nistering to the
vertebrate the conpodPt Frmehodef 4y pheiof glpime3 toRhehersintheprotectiepramingcan i s
found on the sursf ag@nefcompriseealk edliigleientaftthody¥esp&REIPOSi tion is adni ni stered
in an anount sufficient to elicit a protective immune response agai nst the
eukaryotic parasite. 20 4. The conposition or nethod of clains | to 3,
wherei n the |ipoglycarnlhEke cemposisoree uictipd afenygdut ofrfaingsll @0, Wikbeidkhd @it t ons. 5.
The nethod of cl aj s Mupfd tdhESE aryvote is a protozoan. 6. The
nmet hod of claim Bérgarﬁ& \}K/her ein ; dﬁ%c%a%ab?&lg‘tﬂe&(i s an adult platyhel m nth.

7. The nethod of claim6, wherein the adult platyhelmnth is of the genus
Schi st osonma. 8.10The ne2.hBiek cofopesitiad anmBthodrdTelai 1, Wikeindkblinker Rl2ad-yhel minth is
of the genus Fasgﬁiggﬁgcnygahagm?g 12 SEPTEMBER 2003 WD 00/ 53220

PCT/ US00/ 06404 9. The method of claim®6, wherein the adult platyhelmnth is
of the class cestoidea. 10. The nmethod of any one of clains 3 to 9,

wherein the protectives.i snisolated l@oﬁlﬁ&%ﬂﬁﬁsx&%ﬂﬁﬁgﬁﬁﬁ ot of m6+8 ilessg pBgIrd €Nt
anti body responsey 11 o The composition or method of -any one of “clains 1 to
10, wherein the carrier groups p © group, two fo four glucoseamine groups
15 per fucose group, one to two galactose groups per fucose group, one to two glicose
groups per fucose group, one to two rhamnose groups per fucose group, and one to three

mannose groups per fucose group.

14. The lipoglycan of claim 13, wherein the lipoglycan has a molecular weight
20 of about 180 kilodaltons.

15. The lipoglycan of claim 13 or 14, wherein the lipoglycan comprises, per
each fucose group, four galactosamine groups, three glucosamine groups, two galactose
groups, two glucose groups, one to two rhamnose groups, and two mannose groups.

25

16. The lipoglycan of any one of claims 13 to 16, wherein the lipoglycan is

obtained from a species of the genus Schistosoma.

17. An isolated lipoglycan comprising a lipid group, one or more fucose groups,
30 three to five galactoseamine groups per fucose group, seven to eleven glucoseamine
groups per fucose group, three to five galactose groups per fucose group, one to two
glucose groups per fucose group, and three to five mannose groups per fucose group.
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group is coupled to the oligosaccharide by a linker. 10 12. The conposition
or nethod of claim1ll, wherein the linker is 2-(4- am ng henﬁlaeth | am _ne.
13. An isolated lipoglycan conprising a lipid group, on =

groups, three to five gal actoseam ne groups per fucose group, two to four
gl ucoseam ne groups 15 per fucose group, one to two gal actose groups per
fucose group, one to two glucose groups per fucose group, one to two
rhammose groups per fucose group, and one to three mannose groups per
fucose group. 14. The |ipoglycan of claim 13, wherein the |ipoglycan has a
mol ecul ar weMB00/532200f about 180 kil odaltons. 15. The IRGDESQWes06f cl ai m
13 or 14, wher ei ni8t e lipgghyginyafainim d Aprliessdsthe hpoglycastak a otoosler vagightip, f our

gal act osam n [ .three glucosam ne groups, two gal actose groups, two
gl ucose grougggogﬁgék%xﬁé%gThannose groups, and two mannose groups. 25 16.

The |ipoglycan of any one of clainms 13 to 16, wherein the |lipoglycan is

obtained froma species of th en Schi stosomg, 17. An isol ated

| i pogl ycan conpri iﬁbe @P‘ﬂegﬁ?lb"efQ&Hﬁﬁ%Wew ?re'ﬁﬁl?rgglp‘f’éﬁ"&g€°lﬁ?rﬁﬁﬁagf’r 30 three
to five galsaeich$ieasd gacipgloRfkicPSimihd|GOSR, HhdihitosfNERodps, BlrgdRtose
glucoseanineg%rouggﬁﬁer fucose group, three to five gal actose groups per

fucose gr oup&ObHe Yogss erqyP Ao dr § 8{98PS- f ucose group, and three to
five mannose groups per fucose group. 28 12 SEPTEMBER 2003 WO 00/ 53220

PCTI USOQ' 06404 . The |ipoglycan of. cl|ai 7,. Wherei.n the lipoglycan has

a nol ecul ar wei g?ﬁ% gpe g‘%?&h%ﬁ%@“’k?‘fecﬁfﬁﬁmﬁljgi@e‘%@e:"P Ban of claim 18
or 19, wher ebbtaitdifrdm pagtiyoafthegRapyAssasla. per 5 each fucose group, four

gal act osar’ii ne groups, nine glucosam ne groups, four gal actose groups, one

gl ucose grdup, and four mannose groups. 20. The lipoglycan of any one of

clains 17-19, wheleThe ligoglycanudghy ererofichimsalyt2n] Makkr copristhgimarsles of the
genus Fasciola. 10 21. The lipoglycan of any one of clains 17-20, further
conprising inositol. 22. The conposition or nmethod of any one of clains 1
to 12, wherein t 2. Tae cangositigr arugethicsl of anypdne df ¢lgima 116 K2, whereiafthe carrier

ol i gosacchar bi%ﬁf 1s%9&p€f‘édqg9 lm‘iextt];rg 8?31&&%&1%98% logt%l%gble ﬁ"gm the lipoglycan.
15
23. The composition or method of any one of claims 1 to 12, wherein the

oligosaccharide comprises a non-reducing end group.

24. The composition or method of claim 22, wherein the mixture of
20 oligosaccharides comprises oligosaccharides having a molecular weight of from 800 to
3000 daltons.

25. A method of eliciting in a vertebrate a protective immune response against a
eukaryotic parasite, the method comprising administering to the vertebrate a
25 composition comprising a carrier group coupled to at least one oligosaccharide, wherein
- the oligosaccharide binds to an antibody that is specific for a lipoglycan found on the
surface of a eukaryote, and wherein the composition is administered in an amount

sufficient to elicit a protective immune response against the eukaryotic parasite.

30 26. The method of claim 25, wherein the lipoglycan has a molecular weight of
about 180 kilodaltons.

+ 27. The method of claim 25, wherein the lipoglycan comprises a lipid group,
one or more fucose groups, three to five galactoseamine groups per fucose group, two to
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23. The conposition or nethod of any one of clains 1 to 12, wherein the

ol i gosacchari de conprises a non-reducing end group. 24. The conposition or
met hod of claim 22, wherein the mxture of 20 oli gosacc%$EB§§r|%ﬁBr20§§s

ol i gosacchari des having a nol ecul ar wei ght of from800 to 3000 daltons.
25. A nethod of eliciting in a vertebrate a protective immune response
against a eukaryotic parasite, the nethod conprising admnistering to the
vertebrate a 25 conposition conprising a carrier group coupled to at | east
one ol igosaccharide, wherein the oligosaccharide binds to an anti body t hat
is specific WO /5B23wogl ycan found on the surface of a pgkarspomedodand
wherein the dogghsbsanine grapasirifitosd @oworieio Bib AWMEY groupd bér fidos)t to elicit
a protective inmmune response agai nst the eukaryotic parasite. 30 26. The

P
met hod of cl &HPZES QNQEMCASSERIPP PHJHIOFCHAURN 9% ta RhaaRASE BTOMRS RSt of  about

180 ki | odal t gikdse gdup, didons s thRd mfindst glolpsdrer u¥ddeERLR t he i pogl ycan
conprises a lipid group, one or nore fucose groups, three to five
gal act oseam ne groups per fucose group, two to 29 12 SEPTEMBER 2003 WO

00/ 53220 PGT/ USOOSOGH heitoR oF ol 5068 trcipOb i BSiFprls PR o, one L0

two gal act ose groups_per fucose group, one to two glucose groups per fucose
group, one t O0¢ MR ERASEEOURS Hirpsto Se salpoipsersring grons perdiepse BFEUR, 65VER T e

MANNOSE gr OURSeIBRhA glibdSeafingEou pePfudshe gl thieL B9 BilactdsBiafPugsper WhET €1 N the
| i pogl ycan cgggrlses a I|B¢d group, one_or nore ?ucosgﬁgroups, three to
five gal act oW HPyPRG P SV &Ticoss,Eaws ey Bense sreur and thieg tafivamagngieucoseani ne

groups per fyeRpepdhRbR.grdupr €ee to five gal actose groups per fucose group,
one to two, gl ucose groups per fucose group, and three to five nannose

groups per*tucose group. 10 29. The nethod of claim 25, wherein the

eukaryote is a prmqz;@a{éthoagfcﬁﬁ,ezsmgé}gqﬂgfw%gﬁg;mtdgg&r_ ein the eukaryote
is an adult platyhelmnth. 15 31. The nethod of claim 30, wherein the

adult platyhelmnth is of the genus Schistosoma or Fasciola. 32. The

met hod of cl ai m 3. Teefefiod of dlEmA vhersth teefiBlyd 1t b 41t PlatynBGnithass
cestoidea. 20 33. The nethod of claim 26, wherein the eukaryotic parasite

is a protozoan.
15 31. The method of claim 30, wherein the adult platyhelminth is of the genus

Schistosoma or Fasciola.

32. The method of claim 30, wherein the adult platyhelminth is of the class
cestoidea.
20

33. The method of claim 26, wherein the eukaryotic parasite is a prbtozoan.

34. The method of claim 26, wherein the eukaryotic parasite is a pathogenic
platyhelminth.
25
35. The method of claim 34, wherein the pathogenic platyhelminth is of the

genus Schistosoma or Fasciola.

36. The method of claim 34, wherein the pathogenic platyhelminth is of the
30 class cestoidea.

37. The method of claim 34, wherein the protective immune response comprises

a T cell-dependent antibody response.
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34. The nethod of claim 26, wherein the eukaryotic parasite is a pathogenic
pl atyhel m nth. 25 35. The nethod of claim 34, wherein the pathogenic
platyhel mnth is of the genus Schistosona or Fasci ol a. 13k PTEU?@EBP?@@%f
claim 34, wherein the pathogenic platyhelmnth is of the 30 class
cestoidea. 37. The nethod of claim34, wherein the protective i mune
response conprises a T cell-dependent antibody response. 30 12 SEPTEMBER
2003 WO 00/53220 PCT/ US00/ 06404 38. The nethod of claim?25, wherein the
carrier group is coupled to the oligosaccharide by a linker. 39. The

met hod of cl avon08B322eherei n the linker is 2-(4- 5 am nophenfUSp@O&404ani ne.
40. The net hod Of383|’HiemeﬁﬁdoMﬁhﬁiSOwh&ﬁn@ﬁr&irﬁf%ﬂ\iﬁaﬁodp&dmﬂm ed to a

m xt ur e of o}.igﬂ%osgcchgri gﬁl? obtained fromthe Iipoglycan. 10 41. The

met hod of cl & Y&"*%he ol i gosaccharide conprises a non reducing
end group. 42. The nethod of claim40, wherein the m xture of

ol i gosacchari des conprises .  oligosaccharides having a nol ecul ar wei ght of
from 800 to 3000 tflkhsmethod of clajm 3§, ?r%@edpkgllﬁ%ﬁgi ng in a vertebrate a
protective 3 FRLIGhdnGHIRIER/n&TAI NSt a eukaryotic parasite, the nethod
conprising admnistering to the vertebrate a conposition conprising an
anti-idiotype anti body, wherein the anti-idiotype antibody binds to an

anti body that is spemiehietholl Of cifin 15PRErYiA @ik chPieNEod s thiPled W £ Aburobf a
eukaryote, 20 and erein .the co&gﬁsl 5| on is admnistered in an anount

sufficient t@8lgspechiridgs obtainaddiom At response against the eukaryotic
parasite. 44. A nethod of eliciting in a vertebrate a protective i mune
response agai nst a eukaryoqtic parasjte, the nethod conprisin

admi ni sterfhg to thethparethof phslaim25ow! ?f@ﬁﬁ&qﬁﬁ?séwhﬁr&?ﬁ%‘%‘?sﬁﬁa%?%éar rier group

coupl ed to anedtingeasgsipari de derived froma Iipoglycan found on the
surface of a eukaryote, the conposition being adm nistered in an anpunt
sufficient to elicit a protective i mune response agai nst the eukaryotic

parasite. 42, The method of claim 40, wherein the mixture of oligosaccharides comprises
oligosaccharides having a molecular weight of from 800 to 3000 daltons.
15
43, A method of eliciting in a vertebrate a protective immune response against a
eukaryotic parasite, the method comprising administering to the vertebrate a
composition comprising an anti-idiotype antibody, wherein the anti-idiotype antibody
binds to an antibody that is specific for a lipoglycan found on the surface of a eukaryote,
20 and wherein the composition is administered in an amount sufficient to elicit a

protective immune response against the eukaryotic parasite.

44. A method of eliciting in a vertebrate a protective immune response against a
eukaryotic parasite, the method comprising administering to the vertebrate a
25 composition comprising a carrier group coupled to an oligosaccharide derived from a
lipoglycan found on the surface of a eukaryote, the composition being administered in
an amount sufficient to elicit a protective immune response against the eukaryotic

parasite.

30 45. The method of claim 44, wherein the lipoglycan has a molecular weight of
about 180 kilodaltons.

46. The method of claim 44, wherein the eukaryote is a protozoan.
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30 45. The nethod of claim 44, wherein the |ipoglycan has a nol ecul ar

wei ght of about 180 kil odaltons. 46. The nethod of claim44, \Werein the
eukaryote is a protozoan. 31 12 SEPTEMBER 2003 WO 00/ 5329FPEFMBIER /206204
47. The nethod of claim44,. wherein the eukaryote is an adult

pl atyhel m nth. 48. The nethod of claim47, wherein the adult platyhelmnth
is of the genus Schistosoma or Fasciola. 5 49. The nethod of claim47,
wherein the adult platyhelmnth is of the class cestoidea. 50. The net hod
of claim 45, wherein the eukaryotic parasite is a protozoan. 10 51. The

nmet hod of cl ay@odma2zeherei n the eukaryotic parasite is apEBUS0ee6d0d
platyhel mnth. 5247 i nittlol 8fkcisth 4l @ éfbiﬁﬁmee\ﬁk@i&éﬁaﬁﬁlﬁlt?ﬁb‘ﬂ@lﬁﬂmmc

platyhel mnth is of the 15 genus Schistosoma or Fasciola. 53. The net hod
of claim51, wherein the pathogenic platyhelmnth is of the class

cestoi dea. 20 54. 3T HRbAAdf QhimCd72freih the'¥Wiit SlbndlbiRiAS HtBEEdnie | MIUNE
response conprises a T cell-dependent antibody fesponse. 55. The nethod of
cl ai m 44, whérldstosorper Easciolaer group is coupled to the oligosaccharide by a
| i nker. 25 H$6. The method of claim55, wherein the linker is 2-(4-

am nophenyl’) et hyl am ne. 57. The nethod of claim44, wherein the carrier
group i s coupl ed 4% Ehemethod obclaim 473@hestin therdule plaphadainth isef theagless et hod of
claim44, vkerslifeal he ol i gosacchari de conprises a non- reducing end group.
32 12 SEPTEMBER 2003 WO 00/53220 PCT/ US00/ 06404 59. The nethod of claim
57, wherein the m xture of oligosaccharides conprises

50. The method of claim 45, wherein the eukaryotic parasite is a protozoan.

10
51. The method of claim 45, wherein the eukaryotic parasite is a pathogenic
platyhelminth.

52. The method of claim 51, wherein the pathogenic platyhelminth is of the

15 genus Schistosoma or Fasciola.

53. The method of claim 51, wherein the pathogenic platyhelminth is of the

class cestoidea.

20 54. The method of claim 51, wherein the protective immune response comprises

a T cell-dependent antibody response.

55. The method of claim 44, wherein the carrier group is coupled to the
oligosaccharide by a linker.
25
56. The method of claim 55, wherein the linker is 2-(4-

aminophenyl)ethylamine.

57. The method of claim 44, wherein the carrier group is coupled to a mixture of

30 oligosaccharides.

58. The method of claim 44, wherein the oligosaccharide comprises a non-

reducing end group.

32



ol i gosacchari des having a nol ecul ar wei ght of from 800 to 3000 daltons.
20714952. doc 33
12 SEPTEMBER 2003

WO 00/53220 PCT/US00/06404
59. The method of claim 57, wherein the mixture of oligosaccharides comprises

oligosaccharides having a molecular weight of from 800 to 3000 daltons.
20714952.doc
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