WO 01/ 09298 PCT/ CAOO/ 00886 NOVEL STRATEGY FOR CARBCHYDRATE- BASED
THERAPEUTI C VACCI NES FIELD. OF THE INVENTION 5 This invention relates to
the field of nedical treatments and therapeutic conpositions for use

therein. MygouppRgi fically, it-relates to methods and ggﬂg&@{g ns for .
treat nent and prophyl axi s of cancer in human patients. ND OF THE

| NVENTI ON Despite the very extensive research efforts and expenditures over
recent years, cancer remains one of the nost life threatening diseases in

the world. Cancer theNOVEL'STRATEGY FOR CARBOSYDRATIEEBASEDSt S have | ong
been exploring 15 the pOSSIbIlthéﬂ£é§gﬁiﬁ¥@§t§ﬂ9ﬁ300|nes for the treatnent
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normal 30 cells and cancer cells, attenpts have been made to exploit

cancer cellb Cﬂaeahg ogn,tn@mmqonotentlal cancervacci nes. The

observation t overexpressed by certain tunor
types has enabl ed the devel opnment of sinple nonoval ent anti gen vacci nes

agai nst various tunor tyagse thd véiiextdhsik research efforts and expenditures over
recent years, cancer remains one of the most life threatening diseases in the

world. Cancer therapy remains very difficult. Scientists have long been exploring

15 the possibility of developing vaccines for the treatment and prevention of cancer

in human patients. Although this approach has been viewed as the therapy of the

future, progress has been modest and the incidence of clinical failure has been

- very high. - |

20 Creating cancer vaccines is problematic, due largely to the fact that '
patients fail to mount an effective immune response to cancerous cells, because
cancer cells fail to produce immunogenic markers that sufficiently distinguish them
from normal cells. Although the patterns of cell surface carbohydrate antigens of
cancer cells differ from those of normal cells, the individual structures of their -

25  antigens are identical.> .

 BRIEF REFERENCE TO THE PRIOR ART

Despite the structural identity of individual antigens found on normal

30 cells and cancer cells, attempts have been made to exploit cancer cell
carbohydrate antigens as potential cancer vaccines. The observation that specific
antigens are overexpressed by certain tumor types has enabled the development

of simple monovalent antig'en vaccines against various tumor types. It has also



WO 01/ 09298 PCT/ CAOQ 00886 -2 been observed that, in animls and humans,
provi ded that the carbohydrate antigens are conjugated to a protein
carrier, the resulting conjugate vaccines can be used to raise antibodies
that are spXIoPa98f or each carbohydrate antigen. 5 HowePEH/CADMMSZNt | bodi es
so induced are usually of lowtiter and poor endurance (nostly |gM.
Despite this drawback, they are used,-®n the basis that, after surgical or
:chem cal treatnent of cancer, the antibody levels will remain sufficiently
hi gh, during a short conval escence period, to dispose of any remaining

cancer cells. 1 Lplcal, tria [ of 7
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chemcally no ed “neni ngococcal pollysacc “des, and that they are

useful for i mﬁufﬂcﬁnﬂ&gh%rﬂ%an@aa@%’fma espanse pefiod, tRGisRase of enyreaRiing  coi |l .
K1, m croorganiapnhar cafis.ch are | eading causes 25 of neningitis in.humans. A
nodi fi ed. B pol ysaccharide of N neningitidis is prepared chemcally, from
the pol ysdBcharide isolated fromN neningitidis. The nodified

pol ysaccgar-i de has si al meci%ﬂtﬁhlé afihgtuarﬁ% afll_tﬂe!é @w@aﬁ@hh@ﬁmﬂﬁmé a
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some patients. However, their use as therapeutic agents is far from satisfactory.

15 u2-8 Polysialic acid is expressed in a number of important human
cancers, including small cell lung cancer, neuroblastoma and Wilms’ tumor. it is
strongly expressed in neonatal tissue, but is not prevalently expressed in normal
human tissue following the neonatal period (1 month). Normal cells express a
variety of different sialylated surface antigens.

20 _ 3

It is known (U.S, Patent 5.811,102 Jennings et al.) how to prepare
vaccine compositions based on chemically modified meningococcal
polysaccharides, and that they are useful for immunizing mammals against

Neisseria meninagitidis and E. coli K1, microorganisms which are leading causes

25 of meningitis in humans. A modified B polysaccharide of N. meningitidis is

- prepared chemically, from the polysaccharide isolated from N. meningitidis. The
modified polysaccharide has sialic acid residue N-acetyl groups (C,) replaced by
a saturated or unsaturated C,; acyl group. This modified polysaccharide is
conjugated to an immunologically suitable protein to produce a conjugate of

30 enhanced immunogenicity. A mammal may be immunized with the vaccine
composition, to induce a specific immune response in the animal suitable to
provide active protection from N. meningitidis infection. Alternatively, biood may



conjugated to an imunol ogically suitable protein to produce a conjugate of
30 enhanced i nmunogenicity. A mammal nay be i muni zed* w t.h the vacci ne
conposition, to induce a specific imune response in the aninmal suitable to

provi de actwopned ection fromN. neningitidis infecti O”PFI% whded i vely,
bl ood may WO 01/ 09298 PCT/ CA0O0/ 00886 -3 be collected and t Ae ganma

globulin fraction may be separated fram.the i mmuune serum to provide a
fraction for admnistration to a suitable subject to provide passive
protection against or to treat on-going infection caused by these

m croorgani sns. 5 Many different surface antigens containing nodified
sialic acid rbeetaelectediand thagamma globdindeagtiommay beraeparatet from the imgmune

N- propi onyl ate d O} RRRSREE - - one
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further object of the invention to provide a process for 15 enhancing the
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enhanced i nmmunogeni ci tYMdhgadiﬂéﬁﬁt"élﬁfdcérhﬁ B a6Mtainfhgl RPJIFBA LMBEAd Of
cancer in human pati gnts UWARY OF THE IE!\/‘%NI'I N 20 I n the present

i nvention, frof@elgHes heye been expressed incnaialicelis Hsing AV-proglonyated-and:Nx ¢ g
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cells is nodified so that cells,nornall I essi such a marker express
i nstead a nodi PPRPSGWAS! tr%f&caa e ?%%#aéﬁ'ﬁ}?g(ﬁegﬁqame rface markerwhich is
10
Itis an object of the present invention to provide novel compositions
* capable of being used as anti-cancer vaccines.

it is a further objeci of the invention to provide a process for
15 enhancing the specific immunogenicity of mammalian cancer cells, and exploiting _ i
' this enhanced immunogenicity in a vaccination approach to the management of
cancer in human patients. '

SUMMARY OF THE INVENTION
20
' In the present invention, from one aspect, the sialic acid component
of a sialic acid unit-containing cell surface marker characteristic of cancerous
mammalian cells is modified so that cells normally expressing such a marker
express instead a modified sialic acid unit-containing cell surface marker which is
25  strongly immunogenic. For example, the present invention enables, in a portion
of patient cells which regularly express a2-8 polysialic acid (i.e. various types of
cancer cells), the expression of a highly immunogenic surface antigen namely,
modified «2-8 sialic acid. Antibodies specific for the modified antigen, which can
be induced using a conjugate of a suitable portion of tﬁe modified sialic acid unit-
30 containing marker (such as «2-8 polysialic acid) and a protein, can then be used
to eliminate cells such as the aforementioned cancer cells which express a2-8
polysialic acid. Vaccines can be prepared utilizing conjugates of the modified sialic
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25 strongly inmmunogeni c. For exanple, the present invention enables, in a
portion of patient cells which regularly express a2-8. polysialic acid
(i.e. variqus types of cancer cells), the expression of a hi g&lls&n
i munogeni ¢"SWP%8e antigen nanely, nodified a2-8 sial iIRETAAWY08%h¢t i bodi es
specific for the nodified antigen, whi¢ch can be induced using a conjugate
of a suitable portion of the nodified slalic acid unit 30 containing narker
-(such as a2-8 polysialic acid) and a protein, can then be used to
elimnate cells such as the aforenmenti oned cancer cells which express a2-8
pol ysi al i ¢ acigliy MAEAHRE SmEMEr BRIcR &P McRiitied! kbie? pBsBRt e 68 ulitzidd1e
nodi fi ed si al iéc‘}idV\D 01/%8298 'Pr /Cc:AOO’ CJDBS'éa -4 ac?i g-scontaai zi ngunarﬂlg;r (such
as nodi fied aznbediespodused inegsapnsedp expesurehasuitapiesybigrida thameditat i n
r e_sgonset L0 exqe HéiE-c@ﬁta?ir@thérﬁ&', or MaRadiNg cdrﬁeidg@gﬁaﬁsw%gﬂinx@w@éarﬁer
aci d-contai ning marker, fo nagi ng cancer conditions_which inyvolve cancer
cel I s char act eqef@gﬂgraa\en;qéﬁtn?eqsﬁ "‘pg’i"?n Dy, eXRIRSHN: Of Medified sinlicAckunlt 4 i ¢
acid unit s5 cntaming MR ker. The binding of appropriate antibodies which
anti bodies are prepared by standard antibody raising techni ques using the
nodi fied polysialic acids described herein, to cancer cells expressing the
correspondi ng nodi fi ed TRe bindirly aF | appcpricite iantibdidtesdr ahidhc antibodissarement |
will result in at |east rtial. destruction of the cancer..cells.. .
Aopr opr 1 at e aFrPRATES B statfaisk Atafie BifinG tachaales bEa AN ERHESE prBR oq.
pol ysi al i ¢ aciabidsr deserivedcbereing & eancet céllsasxpressiigaihy |catrespondihgBmedifigdsi al i ¢
aci d-protei,.n conj t t | vel ) ti ko i
out si de.t 1Y patisie Sas b, B FeseBbe, o7 el WiiCiou o fodsD Bt
i ncubation, Idestmdlicadefithe Sancercelisis Appopriatecartibedips carbe ihduded\in e ant i gen
nmodi fication. [ i< . 113 I.Qn, there
Is provided &P %g;ﬁ)tcuessi @ o¥ g%’ﬁ%daé@{s%ggta ﬁé%zgé@%P%BgtﬁT%ﬁ%‘gﬁaldcﬁéw (é)ilteavi abl e,
prol i ferati ng a2rpelysialicacidr-peiein cenjugate.oralieroatively the iaptikady cap beiraised t he
effective rec Ly ' ; I ; :

Gl He ;?do ,ﬁgn}ﬁsobl Ccﬂﬁsb%f W&%cﬂﬁxqééécéhcﬁgs hybAdor4 incubation,

| mruno-response In Vi | n’PI’I se ) . o
S 15 and administered passively to the patient following antigen modification.

Thus, according to one aspect of the present invention, there is
provided a process of enhancing the specificimmunogenicity of viable, proliferating
mammalian cancer cells to levels sufficient to allow the effective recognition and

20 destruction of such cells by an immuno-response in_vivo, which comprises
providing to said cells a chemically modified precursor of a suitable sialic acid unit-
containing- cell surface marker capable of rendering said cancer cells

immunologically distinctive from related, normal cells; causing biochemical
incorporation of said modified precursor into the sialic acid unit-containing cell
25  surface marker during intracellular synthetic processes; and eventual surface
expression of said sialic acid unit-containing surface marker incorporating said
modified precursor in a form capable of eliciting said level of immune response.

Afurther aspect of the invention comprises immunogenic mammalian

30 cancer cells, said cells having surface markers incorporating modified sialic acid
units capable of initiating an immune response in the mammalian system
containing them which is sufficiently strong to effectively combat the proliferation



providing to said cells a chemcally nodified precursor of a suitable
sialic acid unit- containing cell surface marker capable.of rendering said
cancer cells immunologically distinctive fromrelated, normal cells;
causi ng bi ooee108298 i ncorporation of said nodified precpeteiododdse t he
sialic acid unit-containing cell 25 surface marker during intracellular
synthetic processes; and eventual surfafe expression of said sialic acid
uni t-containing surface marker incorporating said nodified precursor in a -
form capable of eliciting said | evel of inmune response. Afurtheraspect of

-the invention conpri sg.'s Wno en}.‘c mamral i an 30 cancer cells, said cells
“havi ng surface 3MSYEP 'S

e suen 8l odi fied sialic acid units capable of
initiating an i nmune response-in the mammal i an system containing them

which is sufficiently styong to effectively conbat the proliferation WO
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5 and the uSe APOAIRUIRTHe SR e ppaatal ot avagHne r MareaBd Eatodtanagi ng
cancer condi t iconditions imeramrhalian patientent s. Anot her aspect of the invention
provi des use of chemcally nodified sialic acid precursors, such as

N- propi onyl at ed mannosam ne, in.creating 10 manmmalian cancer cells
expressing sialic acid uAnotheraspect of thginventioapeovidesiuse of cremidsliy modified i ci ti ng
an i mune resp e é%?g i s C; :

I ncorporating E@gy?cgdt)g% nﬁngécﬁa%gﬂgﬁé??%Y%#fﬁﬁé%%l nbhﬁnd%?‘%}agin%se of

t hese conj §@at snammalianceanaer erls ¢xpressing isialic aeid suit-coataining suBfagRINErkers -
DESCRI PTI ON OF chhknis b @By i frithéhereboride XoAfighte bf & ﬁpamaaabaéﬁdwsaén& | |
resul ts obtained from experinents described in Exanple 3; 20 Figure 2 is a
graphi cal repr @ningemarating: N-asyiated DymeRnosamine ks and a protein and the use -

of these conjugates, to combat said mammalian cancer cells.
15 BR_IEF DESCRIPTION OF THE FIGURES

Figure 1 is a graphical representation of results obtained from
experiments described in Example 3;

20 Figure 2 is a graphical representation of results obtained from
experiments described in Example 3; '

Figures 3A and 3B are graphical representations of results obtained
from experiments described in Example 4;

25
Figures 4A, B and C are graphical representations of results
obtained from experiments described in Example 5.
DESCRIPTION O PREFERRED EMBODIMEN
30

itis preferred, according to the invention to choose as the sialic acid-
unit containing cell surface marker for modification contiguous sialic acid residues.




experiments described in Exanple 3; Figures 3A and 3B are graphi cal
representations of results obtained from experi ments described in Exanple
4; 25 Figur 3A B and C are graphical representations of results

obt ai ned fr&MY Qﬁ@?i ments described in Exanple 5 DESCR PET/ONGRBSIEHE
PREFERRED EMBCDI MENTS 30 It is preferred, according to the invention to
choose as the sialic acid- unit contai ﬁPﬁg cell surface markerfor

nodi fication contiguous sialic acid residues. 111111 | WO 01r 09298

PCT/ CAOOr 00886 -6 This is desirable as contiguous sialic acid residues are

| arge enough t N fectd ' e . _Pref.erabl
bet veen 2 and. 105 S Qupite afChrf) sl o TS, ¢ TR IS snaleh fsfBlikee
preferably, betansffectiveifumge regnanseuBreferably) betwaen @ and 460 m.guaues:am_eg.
Even nore pref gcifrbyi ' ki G Lighs T ues
are used. Rs u;qéd_ hg.g?fﬂ@ﬁgu%@ﬁ%@%gﬁg%@gg%a b?éérgfggo?%é' \'f\:oa%idr nor e
cont i guous_si al"Peidyes arerused qfxen morrprefarably chedveem’ apnd 2p contigeopmsialis al i ¢
aci d_modi f i st ide feSiuss sre usBd ! ACURIRAD, hE Y bOsiaife APTYAID Mo g 3278
polysialic acid. This can be 10 acconplished by eding the cell's an
N-acyl at ed pr ed0Qre&PBYOUQYs Siafic,pgid residugsaci d, for exanpl e

N- pr opi onyl at ed- D- mannosam ne, which in the natural intracellul ar

bi ochem cal . synthesis of .,a2-8 pqglysialic acid becones chem cally
i ncor porat ed yt herein and ?ﬁfﬁﬁaﬁéﬁﬂ arpraPiHate pplvsialic-acid modificationrfepissny | at ed

a2-8. pol ysi al iin the imbsenﬁ:’lwb?ifi]ﬁm%{igéﬁr?g?ﬁ?grﬁ d]!;!)!( xsri;ié%?gg ag;gj gﬁ-g%‘:bgg Isaaelr i029' y
ncid. At §8ai 2cE8BRlsREn by Refing e cauier Nespvihd rrsa b oBe nohisivtaciay
' : for example N-propionylated-D-mannosamine, which in the natura! intraceliutar
biochemical synthesis of a2-8 polysialic acid becomes chemically incorporated
therein and thus results in the production of N-propionylated a2-8 polysialic acid.
Such N-acylated «2-8 polysialic acids are strongly immunogenic, in contrastto the
15  naturally expressed a2-8 polysialic acid. '

Antibodies specific for the modified antigens can be induced by
~ - normal antibody raising techniques using a corresponding chemically modified
polysialic acid-protein conjugate, such as an N-acylated o2-8 polysialic acid-
20  protein conjugate. N-acylated a2-8 polysialic acids for antibody production and
o vaccine preparation may be produced from commercially available poly-2,8-N-
acetylneuraminic acid using methods disclosed herein. Alternatively, though less
preferably, they may be purified by standard means from cells expressing them.
Examples of cells expressing N-acylated a2-8 polysialic acid include cells such as
25  RMA tumor cells which normally produce 2-8 poly-N-acetylneuraminic acid, when
induced to use an N-propionated precursor such as N-propionated mannosamine.
The choice of immunologically suitable protein for conjugation, and techniques for
binding the polysaccharide to the protein to form the conjugate for use as the
vaccine are matters within the skill of the art. Tetanus toxoid TT is a specific,

30  suitable example of such a protein.

It is believed that two distinct classes of antibodies recognizing



normal anti body raising techni ques using a corresponding chemcally

nodi fied polysialic acid-protein conjugate, such as an N-acyl ated a2-8
polysialic acid 20 protein conjugate. N-acylated a2-8 polysialic acids for
anti body prwo®tv2e; and vacci ne preparation may be pr odpEcadoinosss
commercially avail abl e poly-2,8-N acetyl neuram nic acid using nethods

di scl osed herein. Alternatively, though’tess preferably, they may be
purified by standard nmeans fromcells expressing them Exanples of cells
expressing N-acyl ated a2-8 pol ysi alic aci d include cells such as 25 RVA

tunor cells whi c nor na roduce 2- poI -N-acetyl neu,ram nic_acid, when
i nduced to use PAKS ﬁ'—'ﬁ‘?ﬂiﬂ%‘ﬁg S ASSRNFY 6P %W?xa@smpﬁ %ﬁ%ﬂls@&\'awms

mannosam ne. Té]-igtlﬁ"(fdn@ﬁag%m Teontighcr@ismne Adid ﬁ#idhabio%t%eltw ﬂ)(fé?fd hkely

conj ugation, and techni %h sacchar,i rotein
Cotorm the. cole Y eselp Shuavaus phlt adiEreefiedial Han be eviatia LekoHE ok |
of the art Tetengtisoftpolysiatic Adid iuseditosip@ielandmmude respionss e exarrpl e of such a
pr ot ei n. is believed that two distinct classes of antibodies recognizing
WO 01/ 092985 PCT/ CA00/ 00886 -7 polysialic acids exist. Thus, as cancer
cells may express pol ysiAdfirsicliassiofiantibodies recognjzes 'hhgﬂ'rpnl}(sraimgi:ldg haviogn 2

200 cont i guous ° oAt 2 S0l R P bR 4P o Bty SR AR A Sty e BRTY 7

I ength of pol yantibddiescrecagnizesdiong” polyhialie agids) avingeatiaas 40 o6 12 Siallc &¢id st

252 O a0t DBl SRR R R A R B 251 2

anti bodi es19 ecﬁgasazwgnizmggbn@'cno}a@mc peidsiby reutineexperigentatiop dnlight ofthe 12
sialic acid @%b@ﬂ%coﬁ%fnbaﬂgfeﬁ?ar{d?d?m%l'm an&BQﬁlkulaﬁPlﬁbﬁ' étlal.9 3@:& S can

be di stingui she rom 10 those rec%ﬂqm zing "l'ong”™ polysialic aci
routine experi MadMal-d§5(11) naogh 1 92F193% 1997 s c| osure cont ai ned here| n and
of the prior art, and particularly, Pon, et a/. J. Exp. M ., Vol.

185(11), pages 1929 1938, 1997.
In some instances it will be desirable to induce an immune response

15  using a conjugate of a modified polysialic acid and a protein where the length of
the polysialic acid is selected to be either short or long. When it is desired to
induce an immune response to a short polysialic acid, preferably between 2 and
12 contiguous ‘sialic acid residues are used -in the conjugate. Even more
preferably, between 4 and 10 contiguous sialic acid residues are used. Yet more

20 preferably, between 6 and 8 contiguous sialic acid residues are used.

- When it is desired to induce an immune response to a long polysialic
acid, preferably between 10 and 200 contiguous sialic acid residues are used in
the conjugate. More- preferably, betWeen 12 and 100 contiguous sialic acid

25 residues are used. Yet more preferably, between 14 and 60 contiguous sialic acid
residues are used.

One specific example of a suitable polysialicacid unit-containing cell

surface marker for modification is a2-8 polysialic acid, -since this marker is well

30 recognized as a characteristic of certain cancer cells, and its biochemical synthesis
is quite well understood. A variety of different N-acyl modifications can be made

to the polysialic acid for use in the present invention, by appropriate chemical

Conam




In sone instances it will be desirable to induce an i mmune response 15
using a conjugate of a'nodified polysialic acid and a protein where the
length of the polysialic acid is selected to be either short or |ong. Wen
it is desi MO ’(‘@2 8i nduce an i mune response to a short [REITYGAHPESEs aci d,
preferably between 2 and 12 contiguous, sialic acid residues are used. in
the conjugate. Even nore preferably, Bst ween 4 and 10 contiguous sialic
acid residues are used. Yet.nore 20 preferably,-between 6 and 8 conti guous
sialic acid residues are used. Wien it is desired to induce an i mune

response 10 a LAfick Yot it msnn@s%hﬁne gfega.sara'eirﬁ, &%t.mcé%éggpﬁ%te

contiguous sialic acid residues are u conH ugat e
preferably, beehamical modifiing sonipdwyrRimplechemicabreactioneefdhe manaasamiea withe used.

Yet nore prefe @é&ﬂ, fé)éué.' ues are
used. mepspecf@%a&anpl QPHh r&& 'gg ‘lacsd:;'f(jzglci Sﬁﬁ'@%o‘{'\%ﬂl ng
cell surface fughasid Mllderﬁﬂ!liyﬂmﬁiﬁ%}pf |f@nwi_a -GV where R repregents aae t hi s

marker is vell g %rb&?%ﬁigﬁ?gr Branéh Eﬁﬁiﬁéhﬁaea Re?:ypéroﬁﬁrét@idht%?%%%ﬁe' I's,
and its biochemtcal synthesis is qu Pnder St0od.. A variety of

different N ac?‘l‘a“f‘l%ﬁ Conketonis aeyp B‘éﬁﬁdﬂ@ Spegifiqprefasregsexamples:clyde or use

in the present pitgNeadid, %ryllbhcﬂpﬂb?ﬁhicfﬂcl FaasiukAk deid. m WO 01/ 09298
PCT/ CA00/ 00886 -8 nodification of the mannosani ne precursor. One can

i ntroduce the appropriate chem cal nodifying group by sinple chem cal

~reaction of the mannosarmhaanvantion ist ffthér dbabiised? fr MlusBEtive Ppbses, mpaeopri at e
acyl group an aci d or aq%d equi val ent such acid halide, anhydride,

etc.) of fH]rmJFOg S epresents a C,.6 5 al kyl group, straight
.or branch chained, a C,.a al kenyl group, straight or branch chained, a

d ., ketonic group or the like. Specific preferred exanples include

butyric acid, acrylic acid, propioni acid and tevulinic acid. The invention
is further desm;rhmd..__Smthesldi ofN-prapiongated Graged mehingiokeccal polysaccharide

- tetanus toxoid (NPrGBMP-TT) conjugate vaccine (ref.):
15 .
A) Synthesis of NPRGBMP

Colominic acid (500 mg) was N-deacetylated in 2N NaOH (15ml)
containing NaBH, (50 mg) for 7 hours at 105°C. The solution was neutralized with
20 5N HCI to ca. pH 8.0 and then dialyzed against distilled water overnight. The
resulting product was sized by passing a Bio-Gel A.5 column to collect the fraction
of MW ~ 10-11 kD. After lyophilization, deacetylated GBMP was obtained (370
mg. 'H NMR of the product indicated that the deacetylation was complete.

25 _ To the deacetylated GBMP (300 mg) solution in 0.1N NaOH (10 ml)
was added propionyl anhydride (1 ml) in § portions while 2N NaOH was added to
maintain the pH at 8-9. Four hours later, the reaction was adjusted to pH 11-12
and stirred for 1 h. The reaction mixture was dialyzed against distilled water and
then lyophilized to give NPrGBMP (310 mg). 'HNMR df the product indicated that

30 the propionylation was complete.

B) Synthesis of NPrGBMP-TT conjugate
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10 follow ng specific exanples. Exanple 1-Synthesis of N propionylated

- Group B neningi ococcal polysaccharide - tetanus toxoi.d {NPrGBMP-TT)

conjugate vaccine (ref.): 15 A) Synthesis of NPRGBM Col om nic acid (500
ng) was N ddexengiseted in 2N NaOH (15nm ) contai ni ng NaBeér/catbooggs for 7
hours at 105C. The solution was neutralized with 20 5N HCl to ca. pH 8.0
and then dialyzed against distilled wat®r overnight. The resulting product

~was sized by passing a Bio-Gel A5 colum to collect the fraction of MV-
10-11 W After lyophilization, deacetylated GBMP was obtained (370 ngy. 'H

NMR of the product indicated that the deacetyl ation was conplete. 25 To the

~deacetylated GBWP. (300 ng) solution in 0.1 N NaOH (10 m) was added

propionyl anhydride (1 nNPrGBM® (150thg)avis dotNdied B bxiittioh bPthe ABAP6tUchg
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distilled wat erThenmixturdwas bialypéd hgalmd distilleg) wateNitdIRbR lyopAllizewy) . 1H NWR of
t he product _indicated that 30 the propionylation was conpl ete. B)

Synt hesi s of NPrGBMP-TT conjugate r WD 01/09298 PCT/ CAOO/ 00886 -9- NPr GBVP
(150 ng) was activat ed b9xidized NPrGBMB(20 mg), fr@shly peeparetiTT menomar8 mg)i ng

mxture vas o A9 NEBCN s RENE TR BB Al B g i e g wel®
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10  contained the expected glycoconjugate. It was then dialyzed and lyophilized to
give NPrGBMP-TT conjugate (8.1-8.2 mg). Sialic acid content of the conjugate
was determined using the resorcinol method and the protein content was
measured using BCA protein microanalysis. The final conjugate was found to
contain about 20% (wt/wt) of sialic acid, which is equivalent to 4 sialic acid chains

15  per TT molecule.

in similar manner, GBMP-TT conjugate, as control conjugate
vaccine, was also prepared. (R.A. Pon, M. Lussier, Q.-L. Yang, H.J. Jennings, J.
Exp. Med., 1997, 185, 1929). | |
20 ' o
EXAMPLE 2 - Synthesis of the biosynthetic precursor of sialic acid - N-propionyl
mannosamine (NPrMan) | -

To a solution of D-mannosamine hydrogén chioride (10 g) in 0.1N

25  NaOH (40 ml) was added propiony! anhydride (5 ml) in portions while 2N NaOH
was added to the solution to maintain the pH at 6.5-7.0. Four hours later, the
reaction mixture was purified by chromatography on a Silica-Gel column (10x20

cm) using ethyl acetate and methanol (2:1 - 1:1) as eluent. The first portion
contained vatious partially O-acetylated N-propionyl mannosamines and some N-

30 propionyl mannosamine (NPrMan). The second pure portion was the expected
product of NPrMan (6.4 g) as a mixture of both a-(60%) and p-anomers (40%). ‘H
NMR(D,0):5.09 (s, o H-1), 5.01 (s, B H-1), 4.44 (d, J 3.5 Hz, B H-2),4.30 (d, J 4.0

|



filtration chromatography on a Bio-CGel A 5 colum (2x45 cn). The first peak
10 contai ned the expected gl ycoconjugate. It was then dialyzed and

| yophilized to give NPrGBMP-TT conjugate (8.1-8.2 ng). Sialic acid content
.of the conjw@aiesas det erm ned using: the resorci:nol naddirchodvbudsd he
protein content was neasured using BCA protein mcroanalysis. The final
conjugate was found to contain about.f0% (w/w) of sialic acid, which is
equivalent to 4 sialic acid chains 15 per TT nolecule. In simlar nmanner,
GBMP- TT conjugate, as control conjugate vaccine was al so prepared. (R A
Pon, M Lussier, Q-L. Yang, HJ. Jennings, J. Exp. Med., 1997, 185,

1929). 20 EXAMPZ & 19-2), 43 dHok3.6, B8 Hzmei)o%g&rBW@t(rrﬂ  36@6ut 28 Hzox Hebal i ¢

acid - N-propi m ne
hydr ogen chl or|§ éﬁlgﬁmgioﬁﬁma@#\wggﬁ@&—#( 85%%'11% e?dgi{%?gqgﬁonyl
anhydride (5 n@b‘lsﬁ" rtions while 2N NaOH was added to the solution to
mai ntain the pH at 6.5-7.0. Four hours later, the reaction m xture was
purified by chronat ography on a Silica-Gel colum ;10x 0O c¢cm using ethyl
acetate and Surtace expregsion.pf AFropianylated Pelysighit #6idn  cont ai ned
various partially O acetyl ated N-propionyl mannosam nes and sone N 30

D oductof | NPt Nan (6. 4 GYEE el (OURE hren BeHDaBd ol 9d PERCISRoRe  ( 2096 .
"H NWVR(D20): 5pBB|oﬁﬂatea rﬁdmhbsarﬁn@@mh fmi r\}dn&ilstuﬂeéénddi md]ca'ﬁecﬁnlﬁigurR H2),
(ad. 9755, "o, RPNl plos¥ THsS g sy incubgion ooty were avesied 2 ' * 57
(t, J 9.8 16z, Rclibated with itherr3DY (hhﬁbmds" mtidN-pfbpiony! paliidiaticGod) br 725 1.04
(m  CH3CH2CO) ("mAb735", anti-N-acetyl polysialic acid) monoclonal antibodies. Subsequently,
cells were stained with FITC anti-mouse IgG2a antibody and fixed with 1%
formaldehyde before analysis by Flow cytometry. Figure 1 clearly indicates that
- the binding of 13D9 antibody on tumor cells increases with the duration of
15  incubation of the precursor N-propionylated mannosamine in the previous culture.
interestingly, the binding of 735 antibody (which recognizes N-acetyl
polysaccharide) is down-regulated with the incorporation of N-propionylated
mannosamine. Figure 2 shows the measurement of the mean fluorescent intensity
of tumor cells binding to 13D9 or 735 antibodies. Clearly, the expression of N-
20  propionyl groups on the surface polysialic acid of tumor cells is associated with a
reduction in their expression of N-acetyl groups. This data suggests that the
' pret:ursor N-propionylated mannosamine is metabolized efficiently by the tumor
cells.

25 EXAMPLE 4- Susceptibility to cell death due to expression of N-Propionylated
Polysialic acid

it was determined whether the expression of N-propionylated sialic

acid makes celis more susceptible to killing by the antibody 13D9 (anti-N-propionyl

30  polysialic acid). After feeding tumor cells with the precursor for various time
' intervals (indicated in Figure 3), cells were harvested and incubated with either
13D9 or 735 monoclonal antlbodies for 4 hours in the presence of rabbit



5 EXAMPLE 3 - Surface expression of N Propionylated Polysialic acid Tunor
cells (RVA) were incubated with the precursor N propionyl ated mannosani ne
(2 ng/m) for various time periods indicated in Figure 1 in RPM plus 8%

FBS. After wablddgcubation, cells were harvested and 10 j with
ei ther 13D9 ("mAb13D9", anti-N-propionyl polysialic aci 0%&%—%3%96

("mAb735", anti-N-acetyl polysialic aciyg) nonocl onal antibodi es.
Subsequently, cells were stained with FITC anti-nouse | g&a anti body and
fixed with 1% fornmal dehyde before anal ysis by Flow cytonetry. Figure 1
clearly indicates that the binding of 13D9 antibody on tunor cells

i ncreases wi t hcérhplestenis(iowotoxiolty drade)n Qytaditiciy tokart$ tuniioreells was measured

N- propl onyl ate n ) | e previgus culture l.nterestingly, the
bi bt g of - 7acPuNHTEAR%Y i et dts B ARetinm tcimum CBRR. e) i <
down-regul ated with the incorporation of N propionylated nannosam ne.
Figure 2 shows the neas : | nt i t unor
cells binding to 13D9 orfﬁﬁgéggé'g%gﬁ%@%@}aﬁedae?ﬁ@oﬁ[;'%{emaeti?gr@@éic%%s ‘8@ N 20
propi onyl dr oudBrMdan {4 eng/miX and haolesting aliquots: iatl specifiachtimecintareals.sThe

associ ated w tp?]ﬁestéfgﬁ%isqpeﬂe%arshﬁé {}vitﬁ’ﬁérseéfd With Sitnel é&ﬁfgnl)éhweﬂ{ QtPro This

dat a suggests at the recursor groplony_ated mannosam ne 1S

met abol i zed ef amttbpémqowpﬁsmménﬂmbﬂ D@ coricomplememkandrAbZ35.Suscept i bil ity

to cell death due to expression of N Propionylated Polysialic acid It was

det er mi ned whet her the expression of N-propionylated siaiic  acid nakes
celI's more susceptible Figuge ?Bidﬁe'cweﬁ‘ﬂ "i'%%fﬂgl“iwat{"&‘ﬁm-ﬂ"ﬁrc&ﬂﬁ onyl
30 pol ysi ajg C with sPecifidl cBhcdnBaibnd®f NPAREan. CARldally imtdriald, @BlIWéEre WahebtelO T

! Rcubated wi t westeayih PEsTRRcRcapatsc AL TARD PR OEPTBRT AN, | 1 ¢ he
presence of rafipjdctetQodneé BafRicidssapOOr 00886 - 11 conpl enent (low toxicity
grade). Cytotoxicity towards tunor cells was neasured
In the presence of complement alone, low level cytotoxicity was
15 noted (Figure 3A). The addition of monoclonal antibody 735 resulted in a strong
cytotoxicity indicating that the expression of sialic acid makes the cells vulnerable
to killing depending on the presence of antibody. This cytotoxicity, mediated by
the antibody 735, persisted at various time points tested and only at late time point
was a reduction in cytotoxicity mediated by 735 observed. Taken together with
20  Figure 2, this indicates that even if the expression of N-acetyl groups is low on the
surface of tumor cells, the level of expression is still sufficient to result in tumor cell
killing. The addition of the antibody 13D¢ during the incubation resulted in an
increase in killing of tumor cells in a time dependent manner. This correlates with
the increase in the expression of N-propionyl groups on sialic acid on the tumor
25 cells {Figure 2). Before incubation of cells with the precursor, a background killing
of 25% was observed and this killing went up to about 80% with the incorporation
of N-propionyt groups on the surface of tumor cells. Similar results have also
obtained with polyclonal antisera against N-propiony! polysialic acid. Similar
results were also obtained with another tumor cell line.
30 '
Taken together these results indicate that tumor cells can be made
to metabolize and incorporate a precursor N-propionyl mannosamine which gets




by MIT nethod that measures the viability of cells in culture (Figure 3).
Figure 3A depicts results obtained fromincubating RVA cells with 5 NPrMan
(4 ng/ M) and harvesting aliquots at specified tine intervals. The
harvest ed MABOPOE were washed with PBS and wit h:either PCEEAPVOBENt and no
anti body, conplenent and mAb13D9, or canpl enent and mAb735. Figure 3B
depicts results obtained fromi ncubat'i]ﬁg RBL-2H3 cells 10 with specified
-concentrations of NPrMan. At daily intervals, cells were harvested, washed
with PBS and i ncubated with mAbl 3D9 and rabbit conpl enent, and then
subjected to t X{nGl P f :al one,
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Figure 4A depicts results from individual C57BL/6 mice which were
injected subcutaneously with 1x10° RMA tumor cells in the shaven area of the rear
flank. After5 days, groups of 5 or 6 mice were injected daily, with mAb 13D9 (200
pg, intraperitoneally) and NPrMan (5 mg, intraperitoneally). Figures 4B and 4C
20  depict the results of similar experiments wherein mice were injected with (B) mAb
13D9 alone (200 pug, intraperitoneally) or (C) with PBS. Tumor growth was
monitored routinely by measuring the tumor size. A control IgG2a mAb did not

inhibit tumor growth.
25 Example 6 - Cont M tic Cancer Cells

The experiments in mice were carried out as described in Example

5 using RMA cells except that in this case the spleens of the mice were analyzed

for the presence of metastatic cells. On day 25, spleens were excised and cell

30  suspensions prepared in medium RMP1 =8% FEBS. One fifth of the aliquots from
the individual mice were used to initiate serial two fold dilution in 24 well plates in

1 mL of RPMI 8% FEBS. Cultures were fed regularly and monitored over a period



WD 01109298. PCPI CA00100886 -.12 expressed on the surface polysialic acid
resi dues of the tunor cells. This expression of N propionyl polysialic
acid nakes the tunor cells vulnerable to immune attack depending on the
presence of watti9egly agai nst N propionyl polysialic acisgcr/Cadoesspl € 5 -
Control of Tumor Gowth in Vivo Mce were inoculated with RVA cells (108
cel I s/mouse) and 5 days after inoculatlden the mce were treated daily (by.
i.p. injection near the tunor site) 10 with mAb 13D9 (200 pg/nouse) and
precursor NPrMan (5 ng/nouse) for a period of 8 days. Tunor growh was
routinely nonitgred by neasurenent of tunor size. [In conbination with

NPr Man, mAb 136507emoath io scare positivewells gontainingturaprse Spleen samplesthathad) one,
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day 25, spleens were excised and cell _

Thus, the metastasis of tumor cells can be controlled by modification
of surface polysialic acid glycoconjugates to their N-propionylated analogs and
then applying immunotherapy based on antibodies specific for the modified

15 antigen. These antibodies could be either passively administered as described
herein, or induced in situ by direct immunization using an appropriate N-
propionated (NPr) polysialic acid - protein conjugate vaccine.

Thus, it will be appreciated that there have been provided novel

20 compositions capable of being used as anti-cancer vaccines and, further, a

process for enhancing the specific immunogenicity of mammalian cancer cells, and

exploiting this enhanced immunogenicity in- a vaccination approach to the
management of cancer in human patients. '

25 Table 1

Table 1 - Antibodies against NPr polysialic acid control tumor metastasis in vivo,

‘| Group ' Tumors in Spleen .Percentage metastasis
13D9+precursor o5 0.0%
30 |13D9 218 - 133.3%
- 4/5 . 180.0%

nam 1




30 suspensions prepared in nmedium RMPI = 8% FEBS. One fifth of the aliquots
from the individual mce were used to initiate serial two fold dilution in
24 well plates in | nm of RPML8% FEBS. Cultures were fed regularly and
roni t ored oV&892%er i od WO 01/ 09298 PCT/ CA00I 00886 - 13 efreRéudigset h to
score positive wells containing tunors. Spleen sanples that had tunor
cells were scored positive and the sanpfes that had no tunor cells at al
dilutions were scored negative. Following cell cultures of the spleen
cells, the netastatisized tunor cells were easily distinguished fromthe
normal . spl een, , by m croscopi c exam nation. Table | shows that
there were no t@ﬁﬁﬁé%ﬁfpgmfﬁ the spleen of the mce treated with a

conbi nati on of mAb 13D9 and NPrMan, indicating that all transported

nmet astatisized tunor cells were polysialyated and therefore were
conpletely elimnated fromthe mce. The data al so revealed that mAb 13D9
al one could also partially reduce the netastasis of tunor cells in 10
conparison with a control group of mce (Table 1). Thus, the netastasis of
tunor cells can be controlled by nodification of surface polysialic acid
gl ycoconjugates to their N propionylated anal ogs and then applying

i mmunot her apy based on anti bodi es specific for the nodified 15 anti gen.
These anti bodi es could be either passively admninistered as descri bed
herein, or induced in situ by direct inmunization using an appropriate N
propi onated (NPr) polysialic acid - protein conjugate vaccine. Thus, it

w Il be appreciated that there have been provi ded novel 20 conpositions
capabl e of being used as anti-cancer vaccines and, further, a process for
enhanci ng the specific i-mmunogenicityof mammalian cancer cells, and
exploiting this enhanced i munogenicity in a vaccination approach to the
managenent of cancer in human patients. 25 Table | Table I - Antibodies
agai nst NPr polysialic acid control tunmor metastasis in vivo.
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G oup Tunors in Spleen* Percentage netastasis 13D9+precursor 0/5 0.0% 30
13D9 2/6 33.3% - 14/5 80.0% 111111 WO 01/09298 PCT/ CA00/ 00886 - 14-
*Nunber per nouse WD 01/09298 PCT/ CAO0/ 00886 -15- WHAT IS CLAIMED IS: 1. A
process of wolonewedsng the specific i munogenicity of viabddaycAsbmdssd €r ati ng
mammal i an cancer cells to levels sufficient to allow the effective
recognition and 5 destruction of suchixells by an i mmuno-response in

vitro, which conprises providing to said cells a chemcally nodified
precursor of a suitable sialic acid unit containing cell surface marker

capabl e of rendering said cancer cells immunologically distinctive from
rel ated, nor . bi ochem cal incorporation of said nodified
precursor into the sialic acid unit-containing cell 10 surface marker

nodi fied pr gc umﬁmmailian earicer ?eusao_wvblle smcieht: toiaitm'r:]w mes@fquiW@mggmﬁod angune

response. . [ 0Cess ajm| wherein e_sjalic agi .
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rels: dues. f 3. Tiveviging teessid cé_llsalca'gmcallymhadiﬁécrpééagswioaé suitable sih(h!ab?_mfbnt aijni ng
surface c r n nti quous_si.al i ¢, aci
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acid-containing c
10  surface marker during intracellular synthetic processes; and eventual surface

expression of said sialic acid unit-containing surface marker incorporating said
modified precursor in a form capable of eliciting said level of immune response.

2. The process of claim 1 wherein the sialic acid unit-containing cell
15 surface marker comprises contiguous sialic acid residues.

3. The process of claim 2 wherein the sialic acid unit-containing cell
surface marker comprises between 2 and 100 contiguous sialic acid residues.

20 4. The process of claim 2 wherein the sialic acid unit-containing cell
surface marker comprises between 5 and 60 contiguous sialic acid residues.

5. The process of claim 2 wherein the sialic acid-containing cell surface
marker comprises between 15 and 25 contiguous sialic acid residues.

25
6. The process of claim 2 wherein the sialic acid unit-containing cell
surface marker comprises a2-8 polysialic acid.

7. The process of either of claim 1or clairﬁ 6 wherein the chemically
30 maodified precursor is an N-acylated precursor.

8. The process of claim 7 wherein the chemically modified precursor is

—
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mar ker conprises between 15 and 25 contiguous sialic acid residues. 25 6.
The process of claim2 wherein the sialic acid unit-containing cel

surface marker conprises a2-8 polysialic acid. 7. The process of either of
claim | or WOMIR®E wherein the chemically 30 nodified RE¥CA0OI86 s an
N-acyl ated precursor. 8. The process of claim7 wherein the chemcally

nodi fied precursor is =-------------- Bl r~rrritrrrrrr 1111111111 NN R
-WD 01/09298 PCT/ CAC0100886,.;.- 16- an N-acyl ated Dsmannosamni ne. 9. The
process of claim8 whereinthe precursor is N propionylated-D nannosan ne.

5 10. | mnogegﬁ&_&‘g&mn%%nﬁggﬁﬁﬁgel | s, said cells having cell surface

mar kers i ncor porati ng. lalic acid units capable of initiating an
i mMmune response in a manmalian system containing themwhich is

sufficiently sgrong to Tﬁggﬁfcl%%ggp%ﬁiﬁ _ iﬁ%_M&$ﬁ§ﬁlﬂr8 %@IT@H}HQ cells.

10 11. A conjugate of a no ysiallC acl cor porat acyl at ed
D- mannosam nemanhesamam@l a protein. 12. The conjugate of claim 11l wherein
said polysi@lic acid is a short 15 polysialic acid. 13. The conjugate of

claim 12 wherein the short polysialic acid has between 2 and 12 contiguous
sialic acid redPdues. Immunogenicmammaliancancercells, said cells having cell surface

markers incorporating modified sialic acid units capable of initiating an immune
response in a mammalian system containing them which is sufficiently strong to
effectively combat the proliferation of such cells.
10 . :
11. A conjugate of a modified polysialic acid incorporating N-acylated D-
mannosamine units and a protein.

12. The conjugate of claim 11 wherein said polysialic acid is a short
15  polysialic acid.

13. The conjugate of claim 12 wherein the short polysialic acid has
between 2 and 12 contiguous sialic acid residues.

20 14, The conjugate of claim 13 wherein the short polysialic acid has
between-4 and 10 contiguous sialic acid residues.

15. The conjugate of claim 14, wherein the short polysialic acid has
between 6 and 8 contiguous sialic acid residues.

25
16. The conjugate of claim 11 wherein said polysialic acid comprises a
long polysialic acid.

17. The conjugate of claim 16 wherein the long polysialic acid comprises
30 between 10 and 200 contiguous sialic acid residues.

18. The conjugate of claim 17 wherein the long polysialic acid comprises

msssecmmsneenreont | ISR R




20 14. The conjugate of claim 13 wherein the short polysialic acid has

bet ween-4 and 10 contiguous sialic acid residues. 15. The conjugate of
claim 14, wherein the short polysialic acid has between 6 and 8 contlguous
sialic aci dwoessxdeses. 25 16. The conjugate of claim 1l waesjicaotrodsss d
polysialic acid conprises a |long polysialic acid. -17. The conjugate of
claim 16 wherein the long polysialic atfid conprises 30 between 10 and 200
contiguous sialic acid residues. 18. The conjugate of claim 17 wherein the
| ong polysialic acid conprises This Sheet Has Been Replaced 11111111 111111
Legrr e i e =L L1 NI Ll *CLVS* WO 0] /09298

PCT/ CA00/ 00886between 42 ang 4A0 E@%Hﬁ’ﬂﬁ@'%ﬁeﬁﬂﬂ% sialic acid residues. 19.

- The conjugate of claim 18 wherein the |long polysialic acid conprises

bet ween 14 and 60 conti guous ,siali i esi s. 5 20.. The, con ate of
any one of claf¥s 11, i%%?"’!‘@%%ﬂc fﬂ1gwﬁafe"\56ﬂ9§93?'vﬂa'§acwm$ﬁ ®es an

a2-8 pol ysi al i BetwebNl 14 Ahd sbgentiuctdsiammiid/@eidee§ any one of claimi1l, 12
or 16 in the preparation 10 of vaccine for managi ng cancer conditions in

manmal i an patients. BeReplaced iiii~H- 111 GL MS s 1111 1111 111111
20. "The conjugate of any one of claims 11, 12 or 16 wherein said

polysialic acid comprises an o2-8 polysialic acid.

21. Use of the conjugate of any one of claim 11, 12 or 16 in the preparation
10  of vaccine for managing cancer conditions in mammalian patients.
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