30 Decenber 2004‘ -1 * 166166* METHOD OF TREATMENT USI NG LI GAND- | MMUNOGEN
CONJUGATES Field of the Invention This invention relates to a net hod and

pharmaceutical conposition for wuse in treating di segée%cé%l%glszom
characterized by the existence of pathogenic cell popu I ons

particularly, cell-targeted |igand-inmunogen conpl exes a | stered to
a di seased host, preferably in conbination with an i mmnHm mﬂlﬁm w mul ant
or other therapeutic factor, to enhancle and/ or redirect

responses to the pathogenic cells. Background and Summary of *Ifé&" | nventi on
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pat hogens. Wil e the i mmune system normally provides a strong |line of
defense, there are still many instances where cancer cells, other
pat hogeni c diof thednv ctious -agents evade a host i mune response and
proliferate or perS|
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cell's, but {dayis@leato atifsessbd H&t%fcm@@%ﬁ c&ﬁ&ln%ons&'ﬁﬂﬂ'mﬁﬁmﬁﬁl ! Zst% the
hemat opoi eti ¢ system Furthernore, chenotherapeutic agents have limted
ef ficacy i rstinpdingaretherthasareutio fictogto gniranes anddovaedifest betiimped. For ei gn
pat hogens Cl%\%%%e%? ﬁl%hmgggn%&ugn a host by evading a conpetent immne
response or ere I mmuhie system has been conprom sed by drug
t'her api.es or by other- health problens. Al though nany therapeutic conmpounds
have been developed nany pathogens are or have becone resistant to such
t her apeuti e entigfs| | s and i nf ecti ous organi sns to
devel op resistance e hﬂﬁﬁ%ﬁﬂﬁrhﬁuﬁ@%@&ﬁxprgﬂqestMe&q\f&rtﬁgre%gql?tlo%f fects of
the currently avail able

and elimination of tumor cells, other pathogenic cells, and invading foreign

pathogens. While the immune system normally provides a strong line of defense,
there are still many instances where cancer cells, other pathogenic cells, or infectious
agents evade a host immune response and proliferate or persist with concomitant host
pathogenicity. Chemotherapeutic agents and radiation therapies have been developed
to eliminate replicating neoplasms. However, most, if not all, of the currently
available chemotherapeutic agents and radiation therapy regimens have adverse side _
effects because they work not only to destroy cancer cells,. but they also affect normal
~ host cells, such as cells of the hematopoietic system. Furthermore, chemotherapeutic
- agents have limited efficacy in instances where host drug resistance is developed.
Foreign pathogens can also proliferate in a host by evading a
competent immune response or where the host immune system has been compromised
by drug therapies or by other health problems. Although many therapeutic
compounds have been developed, many pathogens are or have become resistant to
such therapeutics. The capacity of cancer cells and infectious organisms to develop
resistance to therapeutic agents, and the adverse side effects of the currently available
anticancer drugs, highlight the need for the development of new therapies specific for
pathogenic cell populations with reduced host toxicity.
Researchers have developed therapeutic protocols for destroying

cancer cells by targetmg cytotoxic compounds specifically to such cells. These

A

*G00002*



anticancer drugs, highlight the need for the devel opnment of new therapies
specific for pathogenic cell populations with reduced host toxicity.
Researchers have devel oped therapeutic protocols for(gﬁg&{Q%&Qﬁ‘4cancer
cells by targeting cytotoxic conmpounds specifically %o such Cé€ ?s. These
*@00002* 30 Decenber 2004 -2 protocols utilize toxins conjugated to |igands
that bind to receptors unique to or overexpressed by cancer cells in an
attenpt to mnimze delivery of the toxin to normal cells. Using this
approach certai n-i mmunot oxi ns have be@n devel oped consisting of antibodies
directed to specific receptors on pathogenic cells, the antibodies being

| i nked to tmriongls yiilide tepgny ¢opjugatedtodigdadashaibingddo resrptors ubigpe treari @ t oxi n, and
tumor necrosis factor. These.i t oxi.ns .tarqget .t unor..cells bearing the
speci 1o r oosrpfisedby cumeodys [IMAAR BBl ARgi IR akfoxfietl0l "roday,
10, pp. 29%ord9helld. I88ing ik dpproath dertainGamuastolias havebdéBjevelpped 1755- 1760,
1993;" Better, M D., PCT Publication Nunber WO 91/ 07418, published May 30,
1991) . Anot $pBfis taitiodjes firectydie spes cyfeqeRiogetn Rigpogepe Pdlsi Bhs of cancer
cell's or foksh@ils RAINBEENR thbBindsdR S ridiS HsCud®RIOACK R DipiiEine response
agai nst the pathogenic cells, thereby avoiding the need for adm nistration
of conpoundexmhand tamgr negrosis fasidri Fhese imaupeleriantardebiwmor entls bearipg tiéne r eport ed

strategy for . r .| I !ﬁ(@ ' f exanpl e, genetically
engi neer ed &ﬁﬁ{;'ﬁ%%tgﬁén?éﬁ%ﬁb&g‘?e %688 e l%nggﬁ;#f’%%@uf‘%a?‘%é&g@’ ?p'd di splay the
const ant r ezfi1e29501989h ety E.DQdiancer Ras. | $3¢8)Cp. 1175341 60 £993aBéttdr,/ MmMepy i nduce
tunor cell Kkilling hy varjous_i ne- system nedj at ed processes. (De Vita,

V. T., Bi ol offf € Pplication Ngmber¥Q 81/07418, peplishad MaydQ, ARYH.  Li ppi ncott, 1995:

Soulillou, J.P., U SaB#HeEMproackfof sd&ENely HRYEMNE hopiiitichs aPRhAACHshas been
conplicated by the difficulties in defining tunor-specific antigens.

Anot her apperdaksigntpathog¢ngiimghoshis th oxhanderhestrimmumapespense gedinst thhe t ar get i ng of
an anti-T ¢ (o] | - Fe . t t t o tunor
cel | surfac@gllo Sﬁg(ré%ir?b & 5’??@2@%‘?‘%8?%3{) {)@Ejﬂnﬁ&‘rgaglgg og‘téqlﬁpg’u?os %J{rlf“oa s (Kranz,
D.M, U S. st exhibitindepéndatiost tdxiviae Cnearefpated dirapgyr foaiimitdtherapy $tobeen

descri bed ich relies on a vaccine_conmprisin ntige fused to cytokines,
Vw:n& ant{bodles, %or example, genetﬂ:ally enr&pneered nglltfa}nericgantr}godlcs, to the y

tumor cell surface to display the constant region of the antibodies on the cell surface
and thereby induce tumor cell killing by various immune-system mediated processes.

_ (De Vita, V.T., Biologic Therapy of Cancer, 2d ed. Philadelphia, Lippincott, 1995;
Soulillou, J iP., U.S. Patent 5,672,486). However, this approach has been complicated
by the difficulties in defining tumor-specific antigens. Another approach to relying

* on host immune-competency is the targeting of an anti-T cell receptor antibody or
anti-Fc receptor antibody to tumor cell surfaces to promote direct binding of immune
cells to tumors (Kranz, D.M., U.S. Patent 5,547,668). A vaccine-based apprdach has
also been described which relies on a vaccine compxising antigens fused to cytokines,
with the cytokiné modifying the immﬁnogenicity of the vaccine antigen, and, thus,
stimulating the immune response to the pathogenic agent (Pillai, S., PCT Publication

‘Number WO 91/11146, published Feb. 7, 1991). That method relies on indirect
‘modulation of the immune response reported. Another_approach for killing unwanted
cell populations utilizes IL-2 or Fab fragments of anti-thymocyte globulin linked to
antigens to eliminate unwanted T cells; however__,_Based on reported experimental data,
the method appears to eliminate only 50% of the targeted cell population, and results
in nonspecific cell killing in vivo (i.e., 50% of peripheral blood lymphocytes that are
not T cells are also killed (Pouletty, P., PCT publication numb_er.WO 97/37690,



W th the cytokine nodifying the i munogenicity of the vaccine antigen, and,
thus, stimulating the i mmune response to the pathogenic agent (Pillai, S.,
PCT Publication Nunmber WO 91/11146, published Feb. 7,1991). That nethod
relies on indirect nodulation of the i mune responsg. repor

Anot her . approach for killing unwanted cell popul @n%”ﬂ%?%ﬁgés IL-2 or
Fab fragnents of anti-thynocyte globulin linked to antigens to elimnate
unwanted T cells; however, based on reported experinental data, the nethod
appears to elimnate only 50% of the targeted cell population, and results

in nonspecjfic.cell killj In vivo (i..e. ., 50% of peri ral bl ood
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use of cytotoxic or antimcrobial erapeutic agents. The nethod conpri ses
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capabl e,,of specifi.c bindi.ng,t | at i f | ggﬁm cells in vivo
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T L A O e ek
pr ef er epdtitaliley irfhphe&38indY The immune system mediated elimination of the

pathogenic cells is directed by the binding of the immunogen conjugated ligand to a

receptor, a transporter, or other surface-presented protein uniquely expressed,

overexpressed, or preferentially expressed by the pathogenic cell. A surface-

presented protein uniquely expréssed, overexpressed, or preferentially expressed by

the pathogenic cell is a receptor not present or present at lower amounts on non-

pathogenic cells providing a means for selective elimination of the pathogenic cells.

At least one additional therapeutic factor, for example, an immune system stimulant, a

cell killing agent, a tmﬁor penetration enhancer, a chemotherapeutic agent, a cytotoxic

immune cell, or an antimicrobial agent may be co-administered to the host animal to

enhance therapeutic efficiency.



the. pathogenic cell is a receptor not present or present at |ower anounts
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enbodl t he present . net hod i nclude the. steps of adm nistering
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pr ot ei Ngccebyibld BRldinEiR B dRigaRd ef erential |y expressed, or overexpressed on
the targeted pathogenic ceII popul ation, said |ligands being conjugated to

i nmunogens agai nst which an innate or an acquired inmunity al ready exists

or can be el e t he Rhost osadm ni.stration of
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bi nding, to an i gen capabl an anti response in the
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endogenous immune response activator or a cytotoxic compound. In one preferred
embodiment the method may involve administering a ligand-immunogen
conjugate composition to the host animal wherein the ligand is folic acid or another
folate receptor binding ligand. The ligand is conjugated, for example, by covalent

‘ binding, to an immunogen capable of eliciting an antibody response in the host animal
or, more preferably, an immunogen capable of bmding to preexisting endogenous

- antibodies (consequent to an innate or acquired immunity) or co-administered
antibodies (i.c., via passive immunization) in the host animal. At least one additional
therapeutic factor, not capable of specific binding to the ligand-immunogen complex,
but capable of stimulating or enhancing an endogenous immune 'responsc, a cell
killing agent, a tunlor penetration enhancer, such as an inflammatory or
proinflammatory agent, a chemotherapeutic agent, a cytotoxic immune cell, or an

- antimicrobial agent can be administered to the host animal in conjunction with

administration of the ligand-immunogen conjugates.



antibodies (i.e., via passive imunization) in the host animal. At |east
one additional therapeutic factor, not capable of specific binding to the
| i gand-i mmunogen conpl ex, but capabbe of stinul ati ngOdecenthen2dlfy an
endogenous i nmune response, a cell killing agent, a tunor penetration
enhancer, such as an inflammatory or  proinflammatory agent, a
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endogenous | nmune respopnse: nedi at ed specific elimnation of a popul ation
of pat h_c?@BWF‘EOIbE’FHTESSFga Qmagﬂfgﬁf)hﬁﬂlgﬁ%qu ﬁwgt@g}ra%mr&ﬁtwmr ein said
popul at i RIRIRGHEFRED the b9 icBRpSitisn ERhpdsih gempnem? SRR MRYarLONPr i se
the steps of admnistering to the host a conposition conprising a conplex
of sai dilmimyangers admimsterimgiortbe bost antibadadsstirected g gtiostt the irunshogent arbdi es

di rected  agai nst the.i nogen, and,..adm pi sterjn 0 said host.at |east
one. adaeraTspite bt L ARHGT Fs ot St Bt iy S84 Bet@Peittom ¢ ne
group ceestted i fignOotheagroap | conbisting) bfag BM , kiflidpl ABént PENRIHARL pdBtraffthancer, a
chenot her apeuti c_agent, an_antim crobial agent, a cytotoxic immune cell,
and a sthhancane demathespaviierrsnt anmatinucrebishagend a ¢yietoisdmmwe dllnd to t he

l'i gand- | g I ln. o referr i t. here. may be
provideéha n@?ﬁ%ﬁ“%?qgﬁﬁ§#¥?ﬁﬁsﬂ%ﬁgg%d%%%%gﬂ%ggﬁghﬁéqP%%%b fgnﬁ% | at ed
speci f i ¢malunBp¢inddngpledf a popul ati on of pathogenic cells in a host aninal
har bori ng sai d popul ati on wherein said population preferentially

expresses, uniquely expresses, or overexpresses a folic acid receptor. The

met hod may CQHBBE%%&I{??/H FnBOdiRlenE WDy 2bd BOvIRA P nBAR AnRIROS! T on

conprising a covalent conj ugat I mmunogen wherelnhe
i nMmunogen endsgénoasnmirnb eesppnsgmedmatkdbypeaiticecldnmation 9f ar pepudgmnoots

ol 11 n PesheBmi el Bosti it ERiE ShgoR Oty SbrE o PhA TR d
anal ogurdta¢hisllyR esirbdsediniglleRH Bx pMIREL I 0} dvfexphRVR! £M81id Adik 38@plde. the
i mmunogen is only through they-carboxy group of the glutanyl group. In
anot her Tagpoathad mancomprse thmestendefi adramzsteringntsos#idi kst magorhposition
comprising a covalently linked conjugate of an immunogen wherein the immunogen
is known to be recognized by an endogenous or exogenous antibody in the host or is
known to be recognized directly by an immune cell in the host, and a ligand
comprising folic acid or a folic acid analogue having a glutamyl group wherein the
covalent linkage to the immunogen is only through the y-carboxy group of the
glutamyl group. In another embodiment at least one additional composition may be
administered to the host comprising a therapeutic factor, said factor being selected
from the group consisting of a cell killing agent, a tumor penetration enhancer, a
chemotherapeutic agent, an antimicrobial agent, a cytotoxic immune cell, and a

compound capable of stimulating an endogenous immune response wherein the

compound does not bind to the ligand-immunogen conjugate.

In yet another embodiment, there may be provided a method of enhancing an
endogenous immune response-mediated specific elimination of a population of
pathogenic cells in a host animal harboring said population wherein said population

preferentially expresses, uniquely expresses, or overexpresses a folic acid receptor.



adm nistered to the host conprising a therapeutic factor, said factor being
selected fromthe group consisting of a cell killing a%eﬁrét, a tunor
penetration enhancer, a chenot herapé’hti c agent, an anbi 6'?“885%904agent, a
cytotoxic imune cell, and a conpound capabl e of stimulating an endogenous
i mmune r.gsponse wherein the  conpound daes not bind,to the |igand-imunogen
conj ugat .epfnr? tm%o(i%wsgn‘%oqq%éﬁ? ,ad?‘HBPée“ﬁﬁyg)béa‘f)er _&eﬁor%'?‘?ﬂatf%q of
enhanci n@niisir OGRS [iAREH BnjuRERAISET ﬁ'ﬁﬁlhﬁé%%ﬁ WIREEih thé ifhiugbgat i on of a
popul ation of ‘pathogenic cells 1n a host animal harboring said popul ation
wher ei n 8 &newp & b sedognized byfasrendpgeriouy oexpegengus antinvdyueltlye kospoesses, or
overexpresses.a,folic acid [rec or. 6 30 Dec er. 2004 The, net.hod, may
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to be recogni zed by an endogenous or exogenous antibody in the host or is
known t cFonalepte bigkificz by thei freeunggesy isaAniynthierehc de orqarbdry Bessp, ofatie a | i gand

conpri si | i Ci i i nal ogue having a gl ut anyl .group
wnerei n SRy pouC I fbuf: £RObERRLE: AT BLMRBR R Ao

a- car boxadngnstepedofo thieehosglebintibivig G tHekapelitic Fedr) ehidefabiod ibeript seidctddeast one
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t her apeuf9r8 tg%l(ﬂf%ﬂ’, CQUSISHNE Rt & cehh diilhigesagent ta mar pnctraion edkavCoRsi st i ng
of a cel il t . t o] e er apeutic
agent - anceltcbBuadaibn, B WIRGICRARE, Sk R GRIBRE by OB B St
capabl e winwundnehpdbile of efimahatmgdagan endo genvusn Bnmasd eespensehehedeth thee
conmpound does aat bi ng.to t{ue.li and-i munogen conjugate. In still one
ot her erfSBHOHRAfoes ol bingtgd eeligﬁ?gf‘HH@‘é‘FﬂgEn MReHEpul ati on may be a cancer
cell population. In another enbodi nent the targeted cell population may be
virus-infected endogenous cells. In another enbodi nent the targeted cell

popul ation naptideng offep gidboidiomensf the xargetnd pathoggun ce hpomuaivnasaydet er i a,

nycopl as ast, .or .ungi. The |igand-i noge onj ugate. bi nds .to the
surface ao@ n%é%ecegllfr‘?'glrﬂaé@‘l Zn 8‘?&&?{&“%%031&}}?@%? g%%&%‘frﬁé“aﬂ%)utl‘ft%e@y Bhe cel |
nmenber s vafustihfecied leg @6 @mMoae bélisp OpUdndttied Rmbotlinterk i ia E&8NpopulRioabY
triggering an inmune nedi ated response directed at the |abeled cell

popul at iTB& baawepwigies of gregsneve pregnisastsyeh ad bactpra, anyreplisre Yeastat zat i on
fungi. The ligand-immunogen conjugate binds to the surface of the tumor cells or

pathogenic organisms and “labels” the cell members of the targeted cell population
with the immunogen, thereby triggering an immune mediated response directed at the

labeled cell population. Antibodies administered to the host in a passive immunization

or antibodies existing in the host system from a preexisting innate or acquired immunity
bind to the immunogen and trigger endogenous immune responses.
Antibody binding to the cell-bound ligand-immunogen conjugate results

.in complement-mediated cytotoxicity, antibody-dependent cell-mediated cytotoxicity,

‘antibody opsonization and phagocytosis, antibody-induced receptor clustering

signaling cell death or quiescence or any other humoral or cellular immune response

stimulated by antibody binding to cell-bound ligand-immunogen conjugates. In cases
* where an antigen can be directly recognized by immune cells without prior antibody

opsonization, direct killing of pathogenic cells can occur.



or antibodies existing in the host systemfroma preexi sting innate or
acquired imunity bind to the i munogen and trigger endogenous i mrune
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may be atnllfhhﬁepréﬁ%'vn%ﬁ%% | In_another embodiment ths-lrrwr@rstmlmtml@uch as
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cyt oki ngp IL—‘JBGR cembldatidn witkr IF-NZa Im B, lor 1§le of GRLLCBH, 'd?'hnWetff&ct'l\Fé\" a,

|FN- (3, or IFN-7, or GWCSF, or effective conbination thereof, or any

ot her etémbinatien theresif,atany nthef effthWne\bmamn af sgekingds.aspect of t he
I nvention, there is provided a pharnmaceutical conposition conprising
therapeutically effective anobunts of a |igand-i nmunogen conjugate capabl e

of specific I ndise@ntcaspeqoptiitied imventbn p&fel’ﬁ)@i‘ﬁir@\’ld@i las phdtmac&igrhl  ani nal
for specific elimnation gf sai d cel Ifs an acqw red or .innate inmune
respons@omeeﬁl%nncamgp@pgd grpeusisall e eh eﬁ'i“’“d?‘?’@t‘{“?yo by HANd-HRONECBH | in the
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a phar namauﬂl (fat Ispecifaic cliptivdtioa ofisaidecellshley ahoacquirad ameineatocidimenet t he
phar mac ?e%iaé)r(l:s%l co-a gl?stet:rleg antgga%lies, or directly by an immune cell in the host, and a

compound capable of stimulating an endogenous immune response wherein the

compound does not bind to the ligand-immunogen conjugate, and a pharmaceutically

acceptable carrier therefor. In one embodiment the pharmaceutical composition may

be in a parenteral prolonged release dosage form. In another embodiment the

therapeutic factor may be an immune stimulant comprising a compound selected

from the group consisting of interleukins such as IL-2, IL-12, or IL-15, IFNs such as
IFN-a., IFN-B, or IFN-y, and GM-CSF, or combinations thereof.

In a third aspect of the invention, there is provided a pharmaceutical
composition comprising an amount of a ligand-immunogen conjugate effective to
label a population of pathogenic cells in a host animal for specific elimination by an
endogenous immune response or by co-administered antibodies, wherein the ligand-
immunogen conjugate is fluorescein isothiocyanate or dinitrophenyl conjugated to
folic acid via a gamma carboxyl-linked ethylene diamine bridge (folate-FITC) and a

pharmaceutically acceptable carrier therefor.



be in a parenteral prolonged rel ease dosage form |In another enbodi nent the
therapeutic factor may be an i mmune stinmul ant conprising a conpound
selected fromthe group consistinga of interleuki nosedenter R08L, |L- 12,

or IL-15, IFNs such as |IFNa, IFN-(3, or IFNy, and GwW CSF, or
conbinations thereof. In a third aspect of the invention, there is provided
a pharmacel mrdalnrth aqugt)sf tlieoimvcmimr itlsdre gs pmviaj@dwnmseodf falatd-BEIMCin mmunogen
conj ugate e ectlv opul ati.on of cells in a host
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fluorescein isothiocyanate or dinitrophenyl conjugated to folic acid via a
gameadmimbgseptl apiibidies. et hyl ene di amine bridge (folate-FITC) and a
pharmaceutically acceptable carrier therefor. 7a 30 Decenber 2004 In a
fourth aspect of the invention, there is provided a use of folate-FITC in

t he manuf agt mfﬁhmfspa;tﬁﬁmeqammon; thetcaib lovadddantongionad odthefainnsigeni ¢ cel | s
in a host aninmal for specific elimnation by an endogenous i mrune response
or by co- adnministered antibodies. In a fifth aspeft of the invention,

there is provided a conpound of the fornula Ham "H HIn a sixth
aspect of the invention, there is provided prig gPntai ning a

|'i gand-i mmunogen conj ugate. co ﬁlnq a co%ple, i gand and an

i mmunogen mhngln sai d _ i zZéd endogenous or an
exogenous anti hod in 'stHanlnaI Ty cognlzeo dftect |y by an i nmune
cell in the ggifgi ndfa onpound capable of stinmul ating an endogenous

i mmune resp rei'n the- conmpound does not bind to the |igand-imunogen
conj ugate, as & conbi ned preparation for sinultaneous, separate or

sequenti al 28 1%(@1 FpdE ?P ﬂle Inv%rr;'théle t'hQ[% pro%ﬂgg %ena%ués C tamm

response- nedi a eci T1 ¢ el M nati on ol popul I'0N 0 Fhogenlc cells
i n t hHghmisimmondgh doajupater coigprising appipled bOB lighed and ab hﬂﬂnﬁmagmf s of said
cell popul ation have an accessible binding site for the ligand, Detail ed
Descr MIETCYhSH 1wnpg%mqe69]gmzed by an endogenous or an exogenous antlbody

in a host animal or is recognized directly by an immune cell in the host, and a

compound capable of stimulating an endogenous immune response wherein the
compound does not bind to the ligand-immunogen conjugate, as a combined
preparation for simultaneous, separate or sequential use in a method of enhancing an
endogenous immune response-mediated specific elimination of a population of
pathogenic cells in the host animal harbouring said population wherein the members
of said cell population have an accessible binding site for the ligand.
- Detailed Description of the Invention
Methods are provided for the therapeutic treatment of a host with
cancer or a host infected with pathogenic organisms. The methods result in
enhancement of the immune response-mediated elimination of pathogenic cell
populations by rendering/labeling the pathogenic cells antigenic resulting in their
recognition and elimination by the host immune system. The method employs a
. ligand-immunogen conjugate capable of high affinity binding to cancer cells or other
pathogenic agents. The high affinity binding can be inherent to the ligand and it may
be modified (enhanced) by the use of a chemically modified ligand or from the
. particular chemical linkage between the ligand and the immunogen that is present in
the conjugate. The method may also utilize combination therapy by employing the
ligand-immunogen conjugate and an additional therapeutic factor capable of

- stimulating an endogenous immune response, a cell killing agent, a chemotherapeutic



Met hods are provided for the therapeutic treatnent of a host with cancer
or a host infected with pathogenic organisns. The nethods result in
enhancement of the inmmune response-nedi ated el i m natjgayefnbeadduageni ¢ cel |
popul ati ons by rendering/| abeling the pathogenic cells antigenic resulting
in their recognition and elimnation by the host immune system The nethod
enpl oys a |igand-i nmunogen conjugate capable of high affinity binding to
cancer cells or other pathogenic agents. The high affinity binding can be
i nherent to the ligand and it may be nodified (enhanced) by the use of a
chem cally I {1 Lgan t At Gl o L hkage between
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conjugate and an additional therapeutic factor capable of stinulating an

endogenous R Hens, esponse, a cell killing agent, a chenotherapeutic 30
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present in the gerndine of the host ni.mal _or sopatic nutatiqns, or it my
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Hodgeki n' s di sease, nel anonas, nesothelionmas, Burkitt's |ynphons,
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nasopharyngeal carcinomas, leukemias, and myelomas. The cancer cell population

can include, but is not limited to, oral, thyroid, endocrine, skin, gastric, esophageal,

_ laryngeal, pancreatic, colon, bladder, bone, ovarian, cervical, uterine, breast,
tfsticulér, prostate, rectal, kidney, liver, and lung cancers.

The population of pathogenic cells may also be an exogenous pathogen

~oracell population harboring an exogenous pathogen, e.g., a virus. The present
invention is applicable to such exogenous pathogens as bacteria, fungi, viruses,
mycop'lasm'a, and parasites. Infectious agents that may be treated with the present
invention are any art-recognized infectious organisms that cause pathogenesis in an
animal, includjng such organisms as bacteria that are gram-negative or gram-positive
cocci or bacilli, DNA and RNA viruses, including, but not limited to, DNA viruses
such as pép‘i]loma viruses, parvoviruses, adenoviruses, herpesviruses and vaccinia
viruses, and RNA viruses, such as arenaviruses, coronaviruses, thinoviruses,
respiratory syncytial viruses, influenza viruses, picornaviruses, paramyxoviruses,
‘reoviruses, retroviruses, and thabdoviruses. Of particular interest are bacteria that are
resistant to antibiotics such as antibiotic-resistant Streptococcus species and
Staphlococcus species, or bacteria that are susceptible to antibiotics, but cause

recurrent infections treated with antibiotics so that resistant organisms eventually



| aryngeal , pancreatic, colon, bladder, bone, ovarian, cervical, uterine,
breast, testicular, prostate, rectal, kidney, liver, and |ung cancers. The
popul ati on of pathogenic cells may al so be an exogenouSedeaibbpagy or a cell
popul ati on harbori ng an exogenous pathogen, e.g., a virus. The present

I nvention is applicable to such exogenous pat hogens as bacteria, fungi,
viruses, nycoplasm, and parasites. Infectious agents that may be treated
with the present invention are any ald.-recogni zed infectious organi sns

t hat cause pathogenesis in an animal, including such organi sns as bacteria
that are gr@&weREISEINRgRfisntH AL REAtEd Whh the HEEAd-REmBREEA bdnjugdalifopihd RNA
‘viruses, including, .bu§ not limted to, DNA"viruses “such™as papilloma
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O .particular interest are bacteria that are resistant to antibiotics such
as anti bi ot$PecipepRrasiichor Sthepinfestiorscuganignsthat saysa disesse ipMimelsccus speci es,

or bacteri 3 ?"“?E | L DL Ok .recurrent
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patient to @ysbébctdiss, SiRYSHAMIRNocsitiolddaSBo) phratREidfo-#d8mlySdsANind bact eri al
strains. The present invention is also qul i cable to any fungi, mycopl asma
speci es, patandidiagis. The pissanbinvenifon sndybg tibzagde trestparapitic infealions di sease in
ani mal s. 3 f I, .t h na reat e 1 th the of the
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infections including, but not limted to, infections caused by somatic

t apewor s, whibiingrhighkeffinity for infensioppersaiemsrslor gxasiple, pawidillFsasdodi um
Trypanosomg,., i g1 SBIRN Awn 3 heir antibiotic activity and specific binding to bacterial cell

- wall precursors can similarly be used as ligands for preparing ligand-immunogen

conjugates for use in accordance with this invention. The ligand-immunogen
conjugates of the invention may also be directed to a cell population harboring
endogenous pathogens wherein pathogen-specific antigens are preferentially
expressed on the surface of cells harboring the pathogens, and act as receptors for the
ligand with the ligand specifically binding to the antigen. _

The method of the present invention can be used for both human
clinical mediciné and veterinary applications. Thus, the host animals harboring the
population of pathogenic orgénisms and treated with ligand-immunogen conjugates
may be humnans or, in the case of veterinary applications, may be a laboratory,
agricultural, domestic, or wild animals. The present invention can be applied to host
animals including, but not limited to, humans, laboratory amma]s such rodents (e.g.,
mice, rats, hamsters, etc.), rabbits, monkeys, chimpanzees, domestié animals such as
dogs, cats, and rabbits, agricultural animals such as cows, horses, pigs, sheep, goats,
and wild animals in capﬁvity such as bears, pandas, lions, tigers, leopards, elephants,
zebras, giraffes, gorillas, dolphins, and whales. . !




Toxopl asma speci es. Parasites of particular interest are those that express
folate receptors and bind folate; however, the literature is replete with
reference to ligands exhibiting high affinity for i3 Beidafyes 20640ani sns.
For exanple, penicillins and cephal osporins known for their antibiotic
activity and specific binding to bacterial cell wall precursors can
simlarly be used as ligands for preparing |igand-i mmunogen conjugates for
use in accordance with this inventionysThe |igand-i munogen conjugates of
the invention may al so be directed to a cell population harboring
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limted to umans ry ani na rodents rats,

hanmst ers, efefoyal dfahhnéxsradmﬁ&kmmpy,mhmﬁm&zpﬁ ®r bidlugiat theragieh ethSas such as
dogs, cats, and rabbits, agricultural anjmals such as cows, horses, pigs,
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Alternatively, the c ff@é %é\}h%spaea ATST et 8 T HR™HHEE™ ani mal ~ by
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limted to, fontigod biming, anthepathpgéniecedipy Acceptable ligands include folic acid,

analogs of folic acid and other folate receptor-binding molecules, other vitamins,

peptide ligands identified from library screens, tumor-specific peptides, tumor-

specific aptamers, tumor-specific carbohydrates, tumor-specific monoclonal or

polyclonal antibodies, Fab or scFv (i.e., a single chain variable region).ﬁ'agments' of

antibodies such as, for example, an Fab fragment of an antibody directed to EphA2 or

other proteins specifically expressed or uniquely accessible on metastatic cancer cells,

small organic molecules derived from combin_a_terial libraries, growth factors, euch as

EGF, FGF, insulin, and insulin-like growth factors, and homologous polypeptides,

somatostatin and its analogs, transferrin, lipoprotein complexes, bile salts, selectins,

steroid hormones, Arg-Gly-Asp containing peptides, reﬁpoids,.various Galectins, 8-

opioid receptor ligands, cholecystekinin A receptor ligands, ligands specific for

angiotensin AT1 or AT2 receptors, pero:dseme proliferator-activated receptor y -

ligands, -lactam antibiotics, small organic molecules including antimicrobial drugs,

and other molecules that bind specifically to a receptor preferentially expressed on the

surface of tumor cells or on an infectious organism, or fragments of any of these |

molecules. Of interest in the case of ligands that bind to infectious organisms, are any

molecules, such as antibiotics or other drugs, that are known in the art to.




treatment with i munonodul atory agents, adoptive transfer of immune
effector cells, treatnment with hematopoietic growh factors, cytokines and
vacci nation. In accordance with the present inventi @uDédetbet ggoyd- i Nmunogen
conjugates may be selected froma wi de variety of |igands and i mrunogens.
The |igands nust be capable of specifically elimnating a popul ati on of

pat hogenic cells in the host animal due to preferential expression of a
receptor for the ligand, accessible fipr |igand binding, on the pathogenic
cells. Acceptable Iigands include folic acid, analogs of folic acid and

ot her fol at ,grefe%ﬁm,osm@ td¥ele BlcrBRb S EBhe iRV GHHbn Kish RS to H%%ﬁ&’&dvﬂ@h li gands
identified Tromlibrary screens, tunor-specific peptides, tunor- specific
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pol yclonal antibodies, Fab .or scFv (i_e.. a.single chaip variahle region)
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nsulin, _angidigidid) id b 5RedHe odiAEhirtre iafkqﬁ&%rmﬁgm biRSRAY des.
somatostatin and 1ts anal ogs, transterrin, |ipoprotern conpléexes,” bile

sal ts, sel elumonantigess @rathed nivbacnienpesferohtighytuproisql ancthé surfacerof tpmpt i des,
retinoids, vgri ous Ggge tins, S opioid receptor |igands, chol ecystokinin A
receptor |iGanggy oP® 5 specific for angiotensin ATl or AT2 receptors,
per oxi some prol i f er atygk bamidg\at & thelsRARA lﬁfaﬁ Yncllde 9aepiRrs foraryaRdledile

antibiotics, small organic nolecules 1ncluding antimcrobial drugs, and
ot her nol ectfipalde phgpecibrally bigsing tbijagedeptpr wherginrthe repensor qyo8fceprotein igl | y
expressed o . of £u | ] r..on Infectioyus organi sm or
fragnents 01%} e%tr}e?/m%@)}] {’{?gegged or% ee%%ﬁplgg}snzgfpa?lﬁlgg'}l%g@ﬁ lﬁcﬁﬁlé’g’c%rs%ma 13lel’ | gands
that bind tecéprire firigovith Gregas) ivitamins gieptidesyinclidihg 6pibilpepBdss/hodsiordds) | bi oti cs
or other drugs, .that_are known in_the art to., 30 December 2004 -11
preferenti ol %Fﬁa&ar?%‘mesn?“@rsmlé’%rﬁmlwsi fhehindig sie way aspbs es to

li gands whi gfingiaf SitdRE EHh6Reuls Widh ﬁ%n%ﬂﬁﬂiéﬁcc&%?de?h%lggg etlﬂ%ﬁéﬁned to fit

into the binding pocket 'of a particular receptor, on the crystal
struct ure ofnopndn theqetdo preferentially hxist anghicroorgafiisme. Forexample, thasubjeober ei n such

receptors alglgdlgé glte% _Iin?ar}]ltlaie%lh{dYngesﬁer ﬁ%ﬁeetgac%ﬁaltc% wsaﬂrtgta Y —la%;am antibiotic

such as penicillin, or binding sites for an antiviral agent uniquely present on the

surface of a virus. The invention also applies to binding sites for ligands, such as
antimicrobial drugs, designed to fit into the binding site of the receptor, based on the
crystal structure of the receptor, and wherein the recéptor is preferentially expressed
on the surface of the pathogenic cells or organisms. It is also contemplated that
tumor-specific antigens may function as binding sites for ligands in the method of the
present invention. An example of a tumor-specific antigen that could function as a
binding site for ligand-immunogen conjugates is an extracellular epitope of a member
of the Ephrin family of proteins, such as EphA2. EphA2 expression is restricted to
| cell-cell junctions innormal cells, but BphA?2 is distributed over the entire cell surface
in metastatic tumor cells. Thus, EphA2 on metastatic cells would be accessible for
binding to, for example, an Fab fragment of an antibody conjugated to an immunogen,
whereas the protein would not be accessible for binding to the Fab fragment on
normal cells, resulting in a ﬁgand—hnmunogen conjugate specific for metastatic cancer

cells. The invention further contemplates the use of combinations of ligand-



tunors, bacteria, viruses, mycoplasm, fungi, parasites, "or other

pat hogens. It is also contenplated, in a preferred enbodi nent of the

i nvention, that ligands binding to any tunor anti ggoD&edembeh2004m0! ecul es
preferentially expressed on the surface of tunor cells may be utilized.
The binding site for the ligand may include receptors for any nol ecul e
capabl e of specifically binding to a receptor wherein the receptor or other
protein is preferentially expressed qn-the popul ati on of pathogenic cells,
i ncluding, for exanple, receptors for growh factors, vitam ns, peptides,
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di stri but ed over entire ce surface in netasfatic tumor cells. Thus,
EphA2 on netedindudnga entigens, welk-dalbeosyt groups. dh eucheasesthetigand- t o, for exanpl e,
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metastatic cancer cells. The invention further contenplates the use. of
conbi nat i onslitinationfiae rrignccnprpatimgenic organismsn (Aheresyitalie jmmunragenst o
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immunity through immunization against an unnatural antigen or hapten (e.g.,

fluorescein isothiocyanate or dinitrophenyl) and antigens against which an innate
irhmunity exists (e.g., super antigens and muramyl dipéptid_e). .
_ ‘The ligands and immunogens of the igvenﬁon‘ may be conjugated by
utilizing any art-recognized method of forming a complex. This can include covalent,
| jonic, or hydrogen bonding of the ligand to the immunogen, either directly or
indirectly via a linking group such as a divalent linker. The conjugate is typically
fbnﬁcd by éovalént bonding of the ligand to the iﬁmﬁnogcn through the formation of
. amide, ester or imino bonds between acid, aldehyde, hydroxy, amino, or hydrazo
groups on _the respective components of the complex. In a preferred embodiment of
the invention, thé ligand is folic acid, an analog of folic acid, or any other folate- .
receptor binding molecule, and the folate ligand is conjﬁgated— to the in‘nnmiogen bya
procedure that utilizes trifluoroacetic anhydride to prepafe y-esters of folic acid via a
pteroyl azide intermediate. This preferred procedure results in the synthesis ofa
folate Hgand, conjugated to the immunogen only through the y-carboxy group of the
'glutamic acid groups of folate wherein the y-conjugate binds to the folate rccéptor



by an acquired or innate i mMmune response or by co-adm nistered anti bodi es.
Accept abl e i mmunogens for use in the present invention are inmunogens that
are capable of eliciting antibody production in a hogfpafiniftr 2064t hat have
previously elicited antibody production in a host aninmal resulting in a
preexisting imunity or that constitute part of the innate inmune system

Al ternatively, antibodies directed agai nst the i munogen may be

adm nistered to the host animal to eﬁgablish a passive imunity. Suitable
I mrmunogens for use in the invention include antigens or antigenic peptides
against whi Giindidhd@fiily? bydiding {84 Sindation HFRLARACIFAR BboluBaB ALY Schedul ed
vacci nations or prior "hatural exposure to such agents~as polidvirus,

t et anus, typénjsgate: Udimadivelygast esonjngatgssan peprepmed Somtintkrarediatessi s, and

i nfl i - gal act osyl | h he, |.i d-
| munogen cORPRERs Y HibeR BanE GafeiBibREL e forieIE Ry et 4 80 hunor al
or . cell ul af-darBauy toup i@u&eﬁﬁm?'@%leéke@hsiﬁ?aﬂmegﬁ@d@gm dyfithedie host

e

animal for elimnation of oreign_ cells or pat hogeni_c organi sms. O her

sui t abl e i nipRsglsRad proseduriese Notablyyethe vitamins cames greployed ap ligands Eorwhi ch t he
Do oS : . ! N . At et
innat or al - &R Bl eSS Rk Ghaanch TS oy bANCRL $0; LAY Blg©7, @0! NSt an

di ni t r ophenjthiusopen eorjogates sambmionadd with bibtimnd ritodihvein as well as fofatexi sts (e. g.,
super anti geps mur | _dj ti The | j ds and i nogens of the
vent on HFRbC datpisieca Wb, AT 16, paf 5o SRR eolberuedRRESH et hod o
formng a cainb&s) This can include covalent, ionic, or hydrogen bondi ng
~of the ligand to the i munogen, either directly or indirectly via a

I/i nki ng group such asThe ligendriremundgemiamjugateh ef ibo hjverfionenhance gpi cal |y  f or med
by coval ent bondi ng. of the |igand,.to,the i nmmungogen.thro t he. formati on of
am de, est er ol erlm%gﬁ%n oenrgsspoﬂ%f%de‘%tc%%l ,a%ncfgﬁ%%lflatwyc#gi i no, or
hydrazo gr e¢lgs The eidegerions paftnarespoaseindyantiaded hinealGespphsexacelln a preferred
enbodi ment of  the invention, the ligand is folic acid, an analog of folic

acid, or an?‘eG{aWQFmF’BP%’EGéEO“.S?’ apd any ARG IBMHES TEEPORER @é&geé?usatﬂ@?cl}?ét fol ate
ligand is cofphgHcfideolpfeniATHRAIRE cAVIySis, aﬂﬁﬂgﬁgigf’i&lgtmg{?}ﬂé-ﬂ{ehlateaes

trifluoroacetic anhydrideto prepare y-esters o via a pteroyl
azi de i nt er pgakieite(ADCC) apibefly ppsodizatrondendingdo phagotytesis, nlustadngseft hesi s of a

receptors upon antibody binding resulting in signaling of apoptosis, antiproliferation,

or differentiation, and direct immune cell recognition of the delivered antigen/hapten.

| It is also contemplated that the endogenous immune response will employ the
secretion of cytokines that regulate such processes as the m_ultiplication. and migration
of immune cells. The endogenous immune response may- include the participation of
such immune cell types as B cells, T cells, inclt_lding helper and cytotoxic T cells,
macrophages, natural killer cells, neutrophils, LAK cells and the like.

The humoral response may be a response induced by such processes as
normally scheduled vaccination, or active immunization with a natural antigen or an
unnatural antigen or hapten (e.g., fluorescein isothiocyanate), with the unnatural
antigen inducing a novel immunity. Active immunization involves multiple

injections -of the unnatural antigen or hapten scheduled outside of a normal
vaccination regimen to induce the novel immunity. The humbml response ﬁdy also
‘result from an innate immunity where the host animal has a natural preexisting
immunity, such as an immunity to a-gélactosyl groups. Alternatively, a passive
immunity may be established by administering antibodies to the host animal such as

natural antibodies collected from serum or monoclonal antibodies that may or may not '



folate |ligand, conjugated to the i munogen only through the y-carboxy group
of the glutamc acid groups of folate wherein the y-conjugate binds to the
folate receptor 30 Decenber 2004 -13 with high affi g yecetitiet dotg t he
formati on of m xtures of an a-conjugate and the y- conjugate.

Al ternatively, pure a-conjugates can be prepared frominternedi ates

wherein the y-carboxy group is selectively bl ocked, the a-conjugate is
fornmed and the y-carboxy group is suljgequently debl ocked usi ng

art-recogni zed organi c synthesis protocols and procedures. Notably other
vitan ns cape sl @i EHecA&d dnitifSdieks inkRidingMufRA I htibbBed ONHe Wbk ARni N
accordance with this invention. For exanple, ligand- inmmunogen conjugates
can be f or neke particnlasiamonnt of g aptitedy reagent tadevlep l passiviedingmuaity, apdthe U. S.
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| eadi ng t o phanbetsptasisiinisterddl] stitbtheligand-immuonegen oomgugaproandant i body bi ndi ng
resulting in,si Ling .o poptosis,..antiproliferation,. or
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ant i gen/ hapti@s as, ot bt d meFollewidptdeniabtaition of tha ligidasin@NEOgeH Wrfughtenune
response will enploy the secretion of cytokines that regul ate such

processes as the mul tlf jsicpatsmplateddbal theipsecxistiogantippdipsingdyecdaatibediesThe
endogenous | oy | | £] ' of.. S I Mmune
cell types gtgg%qgeyﬁs, I c%l | s}’b(?%c‘#@g)ietﬁ%ﬁ e%?r‘%ﬁ@%%&%@@ n%:el | s,

macr ophageseorgadisas by picferdntinl Wadihg of theligandimiruaogenAknjogltéssiodtiede t he | i ke. The
hunoral response be a response jnduced..b uc cesses as nornally
schedul ed vg’g&ﬁ%&%ﬁf"{ﬁ‘mﬁ@f Mtﬁ?tm%?l‘é\ﬁ/elfﬁvﬂ bgkﬁlﬁﬁg?’al antigen or an

unnat ural  agddyfieRer imduRRddENsis, AIICC, éltiy&fyaﬁﬁaidentkm@gdamgm?&%@odyw th the
unnatural antigen inducing. a novel immunity. Active inmunization involves
mul tiple clustering of receptors. The cytotoxic process may also involve other types of

immune responses, such as cell-mediated immunity, as well as secondary responses
that arise when the attracted antigen-presenting cells phagocytose the unwanted cells
and present natural tumor antigens or antigens of foreign pathogens to the immune
system for elimination of the cells or organisms bearing the antigens.

At least onie additional composition comprising a therapeutic factor
may be administered to the host in combination or as an adjuvant to the above-

. detailed methodology, to enhance the endogenous immune response-mediated
elimination of the population of pathogenic cells, or more than one additional
therapeutic factor may be administered. The therapeutic factor may be selected from
a compound capable of stimulating an endogenous immune response, a

| chemotherapeutic agent, an antimicrobial agent, or other therapeutic factor capable of
complementing fhe efficacy of the administered ligand-immunogen complex. The
method of the invention can be performed by administering to the host, in addition to
the above-described conjugates, compounds ..or compositions capable of stimulating
an endogenous immune response including, but not limited to, cytokines or immune

cell grthh factors such as interleukins 1-18, stem cell factor, basic F GF, EGF, G-



I njections of the unnatural antigen or hapten schedul ed outside of a normnal
vacci nation reginen to induce the novel inmunity. The hunoral response nmay
also result froman innate imunity where the host FphsRingeasS0og4 nat ur a
preexisting immunity, such as an imunity to a-gal actosyl groups.
Alternatively, a passive imunity may be established by adm ni stering
antibodies to the host animal such as natural antibodies collected from
serum or nonocl onal antibodies that ngg-or may not 30 Decenber 2004 -14 be
genetical ly engineered antibodies, including humanized antibodi es. The

utilizati OnCSEfGIGI(DS‘FtFmiZﬁ@aﬁTH!Bm oMo ANGE ROTYE PEROESE, TERQ oIade! op a
passive inmmunit and the wuse of a |gand | mrunogen conj ugate wherein the

passively a# 1 seluble GA3, baiiaad combinations thereefl t o t he | mmnogen woul d
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where a patient's preexi anti gens
i's not theraegpduld xpdefeyredsmbudmeih&rpmla&hgta@dlﬁaﬂysﬁedtﬁd amaﬁﬂt.badl es nay

be "co-adm t red" th the ligand-i con CO-
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to, at the AHIBse/day iWPa ARItpH dARb dﬁl}llbﬁﬁxeﬁ,%h%fégﬁﬁ@%ﬁblétlﬁ ahbgfls of the

l'i gand- i munogen conjugate. It is contenplated that the preexisting

ant i bodi es, rangiag &em abont BWQilb4lose/day tpa@t@éo,gommqw@mm@an@mm bodi es wil |

be redirect unor. . c S 0 ani s referenti al
bi ndi ng of &?186 | ga%ﬁéenh?ﬁﬁr‘\lgge OIE,gow’]ﬂh%Lat &‘ﬂf gﬁuﬂré’g m'ls?lt@@('%&q%el l's or
organi sms  agléhinhe pathbgenpadello ¢Lhdit &finhishay¥oring B&hlai dob&tEtidhof cells. In

conpl ement - medi ated |ysis, ADCC_ anti body-dependent phagocytosis, or
- antibody chpéiespreffgredrenbedigspbils12 WE‘W e 959ddn frempeaicalbpgiiosivey i nvol ve

other tYyPeSufluntd, B BURRR pRTerrcd oA oiFt L TSR AL GFurl (IR LY, as el |

as secondary response rise e attract an I'gen- presenting
cel | s phagothgtapgdictlleefiativedrohnts |Th an alanmhtqapreﬁaand embédiment IE-20FN-ant i gens or
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conposi-t i onuge@Ngath &4 MR, a1 tikemaps WG, fra¢t O4nd GAYCHE iiiHidy stered to the
host in conbination or as an adj uvant to the above detail ed nmethodol ogy, to

enhance t hecsrideasionsthsrepfnactinata(D spurd killveenllg adfor T cells. Alternatively, the

therapeutic factor or combinations thereof, including an interleukin in combination
with an interferon and GM-CSF, may activate other immune effector cells such as

| macrophages, B cells, neutrophils, LAK cells or the like. The invention also |
contemplates the use of any other effective combination of cytokines including
combinations of other interleukins and interferons and coiony stimulating factors.

Chemotherapeutic agents, which are cytotoxic themselves and can
work to enhance tumor permeability, suitable for use in the method of the invention
include adrenocorticoids, alkylating agents, antiandrogens, antiestrogens, androgens,
estrogens, antimetabolites such as cytosine arabinoside, purine analogs, pyrimidine
analogs, and methotrexate, busulfan, carboplatin, chlorambucil, cisplatin and other
platinum compounds, tamoxiphen, taxol, cyclophosphamide, plant alkaloids,

- prednisone, hydroxyurea, teniposide, antibiotics such as mitomycin C and bleomycin,
nitrogen mustards, nitrosureas, vincristine, vinblastine, inflammatory and |
proinflammatory agents, and any other art-recognized chemotherapeutic agent. Other
therapeutic agents that can be administered adjuvant to the administration of the
present conjugates, include penicillins, cephalosporins, vancomycin, erythromycin,

clindamyecin, rifampin, chloramphenicol, aminoglycosides, gentamicin, amphoteriéin



elimnation of the popul ation of pathogenic cells, or nore than one
additional therapeutic factor nmay be adm nistered. The therapeutic factor
may be selected froma conpound capabl e of stinul atifygpadnfjadoasous i mmne
response, a chenotherapeutic agent, an antim crobial agent, or other

t herapeutic factor capable of conplenenting the efficacy of the

adm ni stered |igand-i mmunogen conpl ex. The nethod of the invention can be
performed by admi nistering to the hostig-in addition to the above-descri bed
conj ugat es, conpounds or conpositions capable of stinmulating an endogenous
i mune. r esBpayelovinatifidiidige, gandiclovt, zidowhdite) amentadiyd, ebeNias, a@d ahymmune  cel |
gromh factors such as interleukins 1-18, stemcell factor, basic FG-, EG-,
G 30 Decenbgferagptecognizedaptimpgpbiakeompoundy | j gand, |-DLDA, M P-1a, TGF a,
TG (3, M CSF, |IFN a,7defemid , . s i ons

t her eof . Therapeuticallql%ey ef f%@%ﬁ??gﬁ%@gﬁﬁgﬂgbﬁfﬁ%@%%s may al so
be . used. | reductionef elimzdtiembitunoemass of of pathegamt erganims egsaltibg mad |y ef f ect i ve
amounts of _lL-2..for exa e, in.anpunts rangi from about. 5000 _1 U/ dose
/day to aboiﬁ’?“%ﬂﬂ‘,%ﬁ%?“*ﬁh’%i’ﬁfaﬁaﬂp%a?ﬁﬂ"." 'IaEg‘U'B@ég’;d%ﬁ eﬁ’s?“? PeEn, and
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a

about 150,000 | U/ dose/day in a multiple dose daily reginen, are used al ong

with fol at edissopiating firmdherimany thmen H} prephidacc trgatment tapreyens reumiofgeni ¢ cel | s

i n a host aﬁgﬂ;@' ' ' . . [

preferred e od@éﬁ%qﬁé%gbgmwgﬁg%@rhsgé&% #él?%%%getnllo?gﬁf}ﬁeef fective

anmount s, anthmion, rpdittiartherapy, chemdthernmd oebiblogicatehdragylis alid carsnglitbd i are used
p p

-in therapeutically effective angunts. |n an alternate preferred enbodi nent
S1L-2, IFN aa°°8‘ida’i1‘39|¥‘§‘, Hﬂveé@?%sn:ghed?r%pbé! fic Feptme B Re pB HItabr of er abl y, t he
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GVt CSF, including conbinations. er eo activate(s) natura I11er cells

and/ or T cefldiky regimenrandfor waly pe an hdditionabireapraent brsefiscofdreatnrentsauftor avat i ons
thereof, in I N n.intepl in in combination . with an interferon and
Gwt CSF, rrayﬁlgegﬁl\?a ngﬁlgp{hlsﬁ%%nge@? @&@%Fe%@ﬁ?tg(sguch as macrophages, B
cell's, neutrophils, L7Wéinentién Blalsbld@edtékid phdatictutivaltbingbeiidns0 cont enpl at es

t he use of any ot her effectfi ve c(i)nbi nati on of cytokines including
. comprising an amount of a ligand-immunogen conjugate effective to “label” a

population of pathogenic cells in a host animal for specific elimination by an
endogenous immune response or by co-administered antibodies. The composition
 further comprises an amount of an additional factor, effective to enhance the

_elimination of the pathogenic cells, selected from the group consisting of a cell killing
agent, a tumor penetration enhancer, a chemotherapeutic agent, an antimicrobial
agent, a cytotoxic immune cell, and a compound capable of stimulating an
endogenous immune response wherein the conipound does not bind to the ligand-
immunogen conjugate. The pharmaceutical composition contains therapeutically
effective amounts of the ligand-immunogen conj ﬁg‘até and the therapeutic factor and
the. factor may comprise a cytokine such as I1.-2, IL-12, or IL-15, or combinations of

cytokines, including IL-2, IL-12, or IL-15 and interferons such as IFN-« or IFN-y and
combinations of interferons, interleukins, and cblony stimulating factors, such as GM-
CSF.

The unitary daily dosage of the ligand-immunogen conjugate can vary
significantly depending on the host condition, the disease state being treated, the
molecular weight of the conjugate, its route of administration and tissue distribution,
‘and the possibility of co-usage of other therapeutic treatments such as ré\di-étioh



conbi nati ons of other interleukins and interferons and col ony stinulating

factors. Chenot herapeutic agents, which are cytotoxic thenselves and can

work to enhance tunor perneability, suitable for usegpedeierRbdyppd of the

i nvention include adrenocorticoids, alkylating agents, antiandrogens,

anti estrogens, androgens, estrogens, antinetabolites such as cytosine

ar abi nosi de, purine anal ogs, pyrimdine analogs, and nethotrexate,

busul fan, carboplatin, chloranbucil, ¢gysplatin and other platinum

conpounds, tanoxi phen, taxol, cyclophospham de, plant al kal oi ds,
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bl eomycin, nitrogen mustards, nitrosureas, vincristine, vinblastine,
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the primary tunor. prophylactic treatnent to prevent return of a tunor
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phar maceut i cal conpositions npri si ng an anmount of a |igand-i nmunogen
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conj ugat e direfeged gabadiment gsgqe mv&ntlon the host is treated with multiple injections of
the ligand-immunogen conjugate and the therapeutic factor to eliminate the

population of pathogenic cells. In one embodiment, the host is injected multiple times
| (preferably about 2 up to about 50 times) with the ligand-immunogen conjugate, for
~example, at 12-72 hour intervals or at 48-72 hour intefvﬁls. Additional injections of
the ligand-immunogen conjugate can be administered to the patient at an interval of
days or months after the initial injections(s) and the additional injections prevent

| -recurrence of disease. Alternatively, the initial injection(s) of the ligand-immunogen

conjugate may prevent recurrence of disease. |
The therapeuuc factor may be admmlstered to the host animal prior to,

. after, or at the same time as the ligand-immunogen conjugate and the therapeutic
factor may be administered as part of the same composition containing the conjugate
or as part of a different composition than the Hgand-hnmunogen conjugate. Any such
therapeutic composition containing the therapeutic factor at a therapeutically effective

.dose can be used in the present invention. Additionally, more than one type of ligand-
immunogen conjugate may be used. For example, the host animal may be
preimmunized with both fluorescein isothiocyanate and dinitrophenyl and

. subéequently treated with fluorescein isothiocyanate and dinitrophenyl linked to the



popul ati on of pathogenic cells in a host animal for specific elimnation by
an endogenous i nmune response or by co-adm ni stered anti bodi es. The
conposition further conprises an anmount of an addi tyPpalenftRebogs €f fective
to enhance the elimnation of the pathogenic cells, selected fromthe
group consisting of a cell killing agent, a tunor penetration enhancer, a
chenot herapeutic agent, an antim crobial agent, a cytotoxic inmune cell,
and a conpound capabl e of stinulatinglgn endogenous i nmune response
wherein the conpound does not bind to the |igand- i mrunogen conjugate. The
phar maceut | Gl & QFROSH: ik s EPLAUARRADARCH] hE Blsb Y afhlcARLp G ARUNL S Of
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or 1 nf et | otRGIGAn e ARG EEED o R ek Hife S MBSt b TR runcgen

can be usegharhi@feufeliyRb&ptabReiqhiddanrd ABRAATRN AholsdalyeolaRlels@apeut i
factor can be adm nistered as single doses, or they can be divided and

adni ni st er e@iges- alhnaraniral dowee orain pepordageeith thisinyanden can betingiger ed
regi men, fog, 6x@ m?«!:c%nstﬂﬁ)cgolg B/ofaﬂ.[igzﬁe Mﬁis&%rme dose of ligand-immunogen

conjugate and therapeutic factor. In one preferred aspect of the present embodiment,

any of a number of prolonged release dosage forms known in the art can be
administered such as, for example, the biodegradable carbohydrate matrices described
in U.S. Patents Nos. 4,713,249; 5,266,333; and 5,417,982, the disclosures of which

are incorporated herein by reference.

EXAMPLE 1
EFFECT OF FOLATE-FLUORESCEIN ISOTHIOCYANATE CONJUGATES
ON SURVIVAL OF MICE WITH LUNG TUMOR IMPLANTS
 Sixto eight-week old (~20-22 grams) female Balb/c mice were
immunized subcutaneously at multiple sites with fluorescein isothiocyanate (FITC)-
labeled bovine s_erum albumin (BSA) using a commercial adjuvant (e.g., Frcund’s
édjuvant or Titer Max™-Gold). After assuring that anti-FITC antibody titers were
high in all mice (as evidenced by the results of ELISA assays of serum samblcs of the
‘mice), each animal was injected intraperitoneally with 5 x 10° M109 cells, a
syngeneic lung cancer cell line that expresses high levels of the folate receptor.
Cancer loci were then allowed to attach and grow. Atd4and 7 days post cancer cell

implantation, all animals were injected intraperitoneally with either phosphate



week can be used as an alternative to daily treatnent, and for the purpose
of defining this invention such intermttent or staggered daily reginen is
considered to be equivalent to every day treatnent ggghebhbiidopde scope of
this invention. In a preferred enbodi nent of the invention the host is
treated with nultiple injections of .the |igand-inmnogen conjugate and
the therapeutic factor to elimnate the popul ati on of pathogenic cells. In
one enbodi nment; the host-is injected mw.tiple tines (preferably about 2 up
to about 50 times) with the |igand-inmunogen conjugate, for exanple, at
12-72 hour  bRkQEY @iSe @B@)torﬁﬁp&?ﬁcfwﬁmy@rﬁn\c&b&gug&%% kdiaakidivd £ctions of

t he |Iigand-i mmuunogen conjugate can be adm nistered to the Patlent at an

i nterval of gardmysarbpxyiﬂmkmetbﬂc@rdlme bridgs. diheicopasuirationg of folateiFkTiie

addi ti onal on &C C n |ver, t he
initial inj é‘?%é? v(er ﬁgféfﬁ%'ﬁoll)r g'a’n)(‘jkr 4%@%3@9@%& ant'%tlegtlrgrla %}ﬁre ent
recurrence ijedﬂecﬁﬁﬁ%hfaibﬁ—mercamu&attbnffaﬁimtalﬁﬁ%hﬁmﬁl@mﬂ]wtalQXed to the

host ani mal- pri or after, or at the sane tinme as the.ligand- |nnunogen
conj ugat e aﬁ?{lﬁﬁﬁé #ﬂbr%%&qsédawé&revgmw 0 2000H ofireqombinenbBuman %ot ¢ he
Same _C.O”POSRJe s@feag Bﬂ&x&%%&&ﬂo%nﬁﬂat@ﬁw%ﬁﬁn@éys&xﬁ? Frfeer ent
conposition t | nmunogen conj ugat e. t herapeutic

conposi tion cfﬁmeafﬂhmthmothdmrmaUvaﬁhaﬂedbyMon&omﬂgasumww cal I y
effective ose C resent inventi Addj ti,on , nore
than one tyggeBe" W%%ﬁﬁgﬁmgtdﬁ?w@%ﬁwp??q@ %‘@I%MASF&S 9( le, the
host ani nal iR, Denedh SRR bERLEe WehtBd With Rolhte JFITE 46 dbsc-depéddepcyianat e and
di ni tr ophenyl and subsequent|ly treated with fluorescein isothiocyanate and

di ni t r ophenygéntial nk@opxbtbltm@ ipeiEvil of 2D days peg typerdmplantftiph.andnt | i gands

In a co-dosi r t ntim crobi al
agents, the f@%@%ﬁ%&? “PW‘P% %re%‘%ﬁglg % %p%@% chse gP&}% CBI%ugdg%‘g?sa dose
al ong with tidveeakddy aﬂdrtﬂmﬁﬁogmlesﬂcgnﬂfglateé?ﬁrﬁ: was@bletod pmmwetrﬂohgrmmpy to avoid
devel opnent of res st ang e chenot her apeutic or robi al agent by
the host aftwyiel ofpige Witgéﬂ'gg %ﬁﬁﬁwf%ﬁ“ﬁﬁ?ﬁ%‘n@ﬁ& thapeut i ¢ factor
are prefer gl fial WGt HHAE tEiRhtkate ﬁﬂgmﬁi‘écéblﬂerﬁoﬁ?é-Fﬂ‘@sw&%?es@ﬁ in
i ntraperitoneal 1njections,

kidney tissue (but not at comparable levels in other normal tissues). No kidney or

nonmal organ toxicity was detected in autopsy exams by a certified veterinary

pathologist.

EXAMPLE 2
IMAGING OF NORMAL VERSUS TUMOR TISSUE WITH FOLATE
CONJUGATED TO FLUORESCEIN ISOTHIOCYANATE
_ The procedures were similar to tilose described in Example 1 except
that the animals were injected with 24JK-FBP tumor célls, and mice were sacrificed
~ soon after injection with folate-FITC, and tissues were thin-sectioned and examined
by FITC immunofluorescence using confocal fluorescence microscdpy for
localization of folate-FITC to particular tissues including tumor, kidney, liver, and
muscle tissues. Fig. 2 shows phase contrast micro graphs of the various tissue slices as
- controls along with the fluorescence micrographs. The folate-FIT'C was found to
localize specifically in tumor tissue and in kidney proxinial tubule cells where

receptors for folic acid are uniquely abundant.



subcut aneous i njections, intranuscular injections, intravenous injections
or intrathecal injections. The |igand-i nmunogen conjugate and the

t herapeutic factor can also be delivered using a slsw?gﬁ Byagr! es of
parenteral dosage fornms include aqueous solutions o he ac?lve agent, in
an isotonic saline, 5% glucose or other well-known pharmaceutically
acceptable liquid carriers such as |liquid al cohols, glycols, esters, and
am des. The parenteral dosage forminsgccordance with this invention can be
in the formof a reconstitutable |yophilizate conprising the dose of

| i gand-i mmunogen conjugate and thexapgpitrg factor. In one preferred aspect
of the present enbodi nent, any of a nunber of prolonged rel ease dosage
fornms known i n MAGING ORTUMORAISSUE WHIEEEOEATE CONJUGATBRAD| e, t he

4 715 20, 5 oarASaEI R TG 683w R s Giry Clpky Tl B aBS

I ncor porated herein by referer@@ATm@[js EECT OF FOLATE- FLUORESCEI N
| SOTH OCYANATE CONJUGATES ON SURVI VAL OF M CE W TH LUNG TUMOR | MPLANTS Si x
to ei ght-week ol d (- Zbeproceduspssyere sigilag topthpss describedsingfixample Znengentz ed

subcut aneoughutaio Ak Lol ReBlahERlbd et bBERSFEY FrICAlbOEKENAE (F1 TO)-

| abel ed bovi ne séerum al using a co .
Freund's ad;agesa,rund@hyébletyﬂmﬂ\(ﬁ’ﬁ)' héteictice (Fedtimnger) ﬁnr'Pﬂgthtomeenae]tthe FI TC

anti body titers wer hinall mce b results of
ELI SA assa %?chnéﬂ%ﬁ*‘é’ topgoat ppit- ﬂ'ﬁ%’i&g 'ﬂ?ﬁl r‘ré?“\é 18§ ect ed

i ntraperitopgghs 8féﬁd5£en@u§<m$9s'é a%%@%ﬁb%dleéto ¥ RAKBSITEC boiegaeancer cel |
| ine that expresses high levels of the folate receptor. Cancer |loci were

then all omeumvbammabmsandh@nm cells. BolatchITCd@ytgd pmtunttﬁaw@@nmrel |

i mpl antation, all animals were. inject I ton th ei t her
phosphat e 3?73']% eﬁ%%olm%?leam{l@ﬂb% e?fgs%mgi% bl ea?ﬁg ?J%m de peC| fic quantity
of FI TG conj degifthst thitrdscopl,i 26 da@naed/maxamp@m«e@am mwesdenw@dmasdwdsene

di am ne bridge. The concentrations of folate-FITC injected were 0 (PBS

control), 40‘5‘1“%5"1 of dplateEC Ao brnas fissues (Hig SandhaPRflugresisnes i njected per
- each ol at gdulohltrfi QA UrEHhAR chllse Ent-PIT adbodils BHMLET e KIMEFIFE. A

conjugates localized to tumor cells. Other studies (not shown) demonstrate the lack of

such IgG binding to normal tissues, including kidney. The absence of antibody
binding to folate-FITC located in kidney tissues arises from the fact that if the folate
receptor is on the apical membrane of the kidney proximal tubule cells, antibodies do
not gain access to that region of the kidney. The phase contrast images (transmitted
images) show the morphology of treated and untreated tumor tissues, revealing the
death of cells in the treated samples.

EXAMPLE 4
EFFECT OF FOLATR FLUORESCEIN ISOTHIOCYNATE CONJUGATES ON
GROWTH OF SOLID TUMORS "

The procedures were similar to those described in Example 1 except
that each animal .was injected subcutaneously in the shoulder with 1 x 106 M109 cells
(day 0) following prior immunization with FITC. The immunizations with folate-

* FITC afier tumor cell implantation consisted of 1500 nmol/kg of folate-FITC given in
6 intraperitoneal doses at 48 hour intervals (days 7,9, 11, 13, 15, and 17). The
‘Tesulting solid shoulder tumors were measured and the percent increase in tumor size

was determined. The tumor growth curves depicted in Fig. 4 show that the grdwth of



series of 5 daily I njections (days 8 through 12) of 5000 IU of reconbi nant
human 1L-2 were then adnmnistered to all mce in order to stinulate the

i mmune system The efficacy of this imrunotherapy Eg[h ated by
nmonitoring survival as a function of tine of folatggiF% ﬁ%a Qg m ce

conpared to control animals. As shown in Fig. 1, nedian survival of mce
treated with folate-FTTC was dose-dependent with control mce exhibiting a
medi an survival of 23 days post tunor-2ismplantation, and folate-FITC mce
surviving increasingly |onger as the dose of the conjugate was i ncreased.
As little o®lidunmrpivaséiggficintly dltbbiedWhED aniptlobdre tbitevithBo 1t/ FITQ- t erm
survival of, mce wi.th higher doses being proportionately nore effective.

Al t hough ﬂﬂé°?§?%ﬁ%¥?ﬂﬂT Wwas found to concentrate in tunors, sone
folate-FI TC was present in Kkidney tissue (but not at conparable |levels.in
ot her normal tissues). No kidney or normal organ toxicity was detected in
aut opsy exans by a certified veter EKAMPLE)St hol ogi st. EXAMPLE 2 | MAG NG OF

NORMAL VERSUS T ' I N | SOTE
| CCYANATE The P SeeL P Ed N MNP oM ORS Or Ca RINE p
~except - that the ani mikprodedies Wir€sifildr Wi théke éstiib&BR Hxufiple Coiks, and nice
were sacrificed soon after inj ection with folate-FITC, and tissues were

t hi n- sect i dhedheanmals Jeraferatedyith dadlyiipieetions (deyy & Sweyahd 2) of $YPOdbfocal

1] dorescenaRediiAaR faRin 110 a6 Ak £84 I (sl hfechbil o g PR | o1 !

tissues including tunor, iver, I'ssues. Fig. 2 'shows
phase cont r@say)pilet 2 daih snjedftionha OvBapg/day), driliue (Sinjedsnsas daysa)16,0l s al ong

with the fluqgrescenc I cyographs.. The fol ate-FT Wwas un o localize
‘speci fi cal |"§‘8i12 af%ﬁ%@aﬂ%‘éi?g“?ﬁg’ ‘Pﬁ%"dﬁ@yfﬁ?ﬁ?’gﬁgﬂootﬂﬂwﬁfgé 08@5% wher e
receptors frmcio aminoftbiés@iortdiys ¥ ahy 7 ahsaant celi3BplaGagsper 2004 - 20
EXAMPLE 3 | MAG NG OF TUMOR TI SSUE W TH FOLATE CONJ TED TO FLUORESCEI N

| SOTHI OCYNArEtheyrope, TriarPefaTtPRyduaRIi - tioaBryERd to obtain long-term survival data,
the tumor cells were implanted intraperitoneally close to the liver. Therefore, the

lifespan of tumor-bearing mice was generally shortened as compared to that shown in
Example 1. The results shown in Fig. 5 demonstrate that IL-2 alone was more
effective at promoting long term survival of animals than was combination treatment
with IL-2 and IL-12 or with IL-2 and TNF-e.. In contrast, combination treatment with
" IL-2 and IFN-o was more effective at promoting long term survival than was IL-2
alone. Aminofluorescein was injected along with the various cytokine combinations
.as a control because this compound is not linked to folate and will not retarget anti-

- flaorescein antibodies to tumor cells.

EXAMPLE 6
'EFFECT OF MULTIPLE INJECTIONS WITH FOLATE FLUORESCEIN
ISOTHIOCYNATE CONJUGATES

The procedures were similar to those described in Example 1 except
that the animals were injected intraperitoneally at 48 hour intervals with 6 daily
injections (days 7, 9, 11, 13, 15, and 17 after tumor cell implantation) of 1500
-ﬁmol/kg of folate-FITC. The results show (Fig. 6) that multiple injections with folate-
FITC improved long term survivai of animals tréated with folate-FITC and IL-2 as
compared to 2 injections of folate-FITC given at days 4 and 7 after tumor cell

implantation.



GOAT ANTI - MOUSE | gG The procedures were simlar to those described in
Exanpl e 2 except that MLO9 cells were used, and tissues were exam ned by

FI TC fluorescence (green imges), and phycoerythri cence (red
i mages). For PE fluorescence, the fluorescent Iabeﬁdﬁ@?ﬁﬂrﬁ%@&?o goat

anti-nouse 1gG antibodies for use in detecting binding of endogenous nouse
anti-FITC antibodies to the folate-FI TC conjugate which accunul ates on the
tunmor cells. Folate-FITC treated and wntreated tunor tissues were
conpared, and both types of sanples were al so exam ned by phase contrast
~mcroscopy, as described in Exanpl gx2AMPhE 7FI TC fl uorescence denonstrates

| ocalization of folate-FITC to tunor ti ssue;gE&Fi : ég‘i)J The PE fl uorescence

denonst rat es $PERGRHEHIECTOTFOIALE FEUO ﬁﬁ?@ THIQGUANATE t he

fol ate-FI TC conjugates | ocal iﬁéﬁé@%& ANDEE LS. O her studies (not shown)
gG bindin

denonstrate the lack of such g to normal tissues, including
ki dney. The absence dfhepnidethodswersisingilandp thosd dekatbed il EXanipie heedpi n ki dney

tissues arises framjthe fact that jf the fola r tor i s on the apical
nenbr ane of'i’f’tﬁge?(’f“a‘ﬁ W%?WF?&WE‘L&?PM&?%P@%WW@E&6"6“3 HgPaLy ai n
access t o t{ak tlef9d Aith@ithdriTslatel ITEYor ITRQ1IGHRA Ferte@nbied fe tiri®ARHEs Wedleans t t ed
i mges) show t he norphol ogy of treated and untreated tunor tissues,

reveal i ng timplantrskintrapsritanedllysasidgsaribed in Bopmply SRt experiprai\ptediz. BrreECT OF
FOLATE FL S . LD TUMORS The
pr ocedur es% %%gﬁfg@tﬁﬁge%%ﬁi@%(%ﬁé%e tt(P t hat each

ani mal was projnaet16k-tuh Gtitvivabofiamgr-bearing enisd Aubdien survivhl times fdiGhe MLO9 cel | s
(day 0) follow ng prior _inmunization with FITC. The | pzations with

fol ate- FI Teongpl &pup (Aof): apd theigFpyps i 2 f) Beriedonid ’%r%»&%%é’oornf%f? kg of

fol at e- FI TGrgiVefi. b Rerd14, 15! BP & 400K re REBIAITHAS RN EndwliR FiAks (days 7,
9, 11, 13, 15, and 17). The _resulting solid shoulder tunors were neasured
and t he perdemmnsirate thahithe caprcity abiolaté-FHC smaldLfetodremete dong-thmesurvivgr  gr owt h

curves depi g4l ol Bearind mide 1 MMl Fneleilfic Wilbil-fBLe 3% HofieARE; £004 - 21
. negligible effect on the survival of the mice in the absence of folate-FITC and with '

" folate-FITC having only a minor effect.

EXAMPLE 8
NK CELL INVOLVEMENT IN THE SYNERGISTIC EFFECT OF FOLATE
FLUORESCEIN ISOTHIOCYANATE CONJUGATES AND IL-Z

The procedures were similar to those described in Example 7 except
that one group of animals was treated with polyclonal rabbit anti-mouse NK cell
antibodies (anti-asialo GM1; Wako Pure Chemical Industries, Ltd., Richmond, Va.) in
combination with folate-FITC and IL-2. Each mouse was injected with 0.2 ml of a
1:10 dilution of the antibody stock solution on days 1, 4, 9, and 14 after tamor
implantation to achieve NK cell depletion. Median survival times for the control
group and the groups treated with folate-FITC + IL-2 or folate-FITC -+ IL-2 + a-NK
Ab were 18, 42, and 18.5 days, respectively. The results shown in Fig. 8 demonstrate
that NK cells mediate the synergistic enhancement of long-term survival of tumor-

. bearing mice caused by combination treatment with folate-FITC and IL-2.



solid tunors was significantly inhibited when aninmals were treated with
folate-FITC in combination with IL-2. EXAMPLE 5 EFFECT OF TREATMENT W TH
COMBI NATI ONS OF CYTCKI NES The procedures were si m\lmgl to those desckibed
in Exanple 1 except that the aninmals were treated @Pesetﬂlé‘?rl Ofnj ecti ons
(days 8 through 12) of 5000 11U of reconbinant human 1L-2 along with either
IFN a (5 daily injections at 2.5 x 104 U day), IL-12 (5 daily injections
at 0.5 g/day), or TNF-a (3 injections.at days 8, 10, and 12 at 2 g/ day)
subsequent to injection with 2 doses of 1500 nnol/kg of folate- FITC or

am nof | uorescein on days 4 and 7 afgyegmbupger cell inplantation.

Furthernore, in an effort to reduce the tine required to obtain long-term

survival data, theDEYR/ORMENE QReCELLUBARIMMUNETY ddepiNSdheal |y close to

the liver. Therefore, the I|ifezpa8Rfu aring mce was generally
shortened as conpared to that sf{ﬁv\g in bEx l‘})g 1. The results shown in

Fig. 5 denonstrate t e pkdcedured wae smmmese&ﬁérﬁﬁﬂw&@ipl@l exgepi ng | ong
termsurvival of aninmals than was conbination treatnent. with IL-2 and

| L-12 or wi Wat the tumox gellsywgre implanted Bitraperdoneally indhepasition depaaedimt with | L-2
and | FN-a vag,niiE §, Al hikChinifs MerdthfebRE Wi'tﬂmr@o E])rgr%é/éo\/ﬁ}ec{ea gas | L-2

al one. Am nofl uorescein was I njected al on e vari ous’ cyt oki ne
conbi nat i on&)lat%tEUéC ﬂéﬂ@ nmbleblgh lis@ (Mﬂ,@Odeﬂm@nmdlIENFm(25L(]OﬂIU1‘do$)) fol ate

and will not re nti. fLuqresce 0 r cells. EXAVMPLE
e et ook PR R e N S G Rl Rl Peeiilc nar e
CONJUGATES ke cﬁﬁm@dﬁ-ﬁ)ﬂﬁje‘éﬁétﬁoﬁs D11 09cel 1o @aydsasiet Bt bitndexamp!l e 1
except that the animal's were_ inj ect ed intraperitoneal Iégat 48 hour

i nterval s viFmangatien; by injectipned §- %ﬁéo (MAQ% cetls o day 36 afieg initisd tumercpell7 af t er
turor cel | Aﬁ.%mb(}r%@) infdbtichid s QIR Ol (LBAR S Ept&eo esul ts show

(Fig. 6) t hat Jectlons wth rove ong term
sur vi val ofcaammmé)&ntdagazkalﬁmmhalfmﬂnatMIEmﬁﬁnaﬁohIL 2 as conpared to.2
I nj ections of foIateFIC Y t 4 and 7. after tumor cell
i rerI ant at i on. s-g w% ﬁlg 8 th e&xan sunr/]ivaltxme ofcontrcﬂ mice mjeect

with 5 x 10° M109 cells was 18.5 days. The median survival time of control mice

injected with 1.5x 10 M109 cells was 18 days. The median survival time of control
" mice injected with 2.5 x 10° Line 1 cells was 23.5 days. “The median survival time of
mice injected with 5 x 10° MI109 cells treated with folate-FITC in combination with
12 a.nd IFN-«, challenged on day 62 with 5 x 10° M109 cells, challenged on day 96
with 1.5 x 106 M109 cells, and challenged on day 127 with 2.5 x 10° Line 1 cells was
greater than 192 days.
‘The results shown in Fig. 9 demonstrate the‘devéibpmcnt of a long-
lastmg, cell-type specific cellular immunity in ammals treated with folate-FITC in
| combmatlon with IL-2 and IFN-c, This long-lastmg immunity protected the animals
_ implanted with M109 cells and receiving folate-targeted immunotherapy from the
recurrence of disease upon challenge by a subsequent injection with M109 cells. The
-survival time in these animals after the final challenge with Line 1 cells may be due to
the presence of folate feceptors' on Line 1 cells at lower levels than 6n’ M109'cells, and
on the presence of tumor antigens sharéd between M109 cells and Line 1 cells
resulting in a Ml 09-specific cellular immune responsé capable of cross-talk with Line

1 cells.



30 Decenber 2004 -22 EXAMPLE 7 SYNERG STI C EFFECT OF FOLATE FLUORESCEI N

| SOTHI OCYANATE CONJUGATES AND | L-2 The procedures were simlar to those
described in Exanple 1 except that the animals were_jnjected with 1500
nnol es/ kg of fol ate-FI TC and sonme animals were treat”éﬁeﬁ)?‘f‘heregopﬂer
folate-FITC or IL-2 alone. Furthernore, the tunor cells were inplanted
intraperitoneally as described in Exanple 5. This experinent (see Fig. 7)
was performed to determ ne whether folgte-FITC and IL-2 act synergistically
to pronote |ong-term survi vaI of tunor-bearing mice. Median survival tines
for the control group (n = angm f(gps (n =8) treated with IL-2,
folate-FITC, or folate- FI TC + 11 were , 19, 22, and 42 days,
respectively. The EERRCT OFILaVDOSE ON JURVIVAEIGINMICBITREATEEDt he capacity of

folate-FI TC and ngd- rms rvival _of tunor-bearing mce
is strongly synMé&ﬁ%@@mlggT@ CEMNAES CRVYGAERS i gi bl e

ef fect on the sur Vi vaierodoifroiiuefd sl A (ARSRRG R BRLANE) Ehdey and wi th
folate-FI TC having only a m nor effect. EXAMPLE 8 NK Cl MENT | N

THE SYNERG i the e ctllorers gnplasted ftiapyritaEallwin Mwmmmd GONJUGATES AND

I L-2 The pr S, WGLE C | e, 7. except
that one gr%gp 0 §an| na %“ﬁee%ag& a‘t%@f’ ?qg?fa‘fer?ﬁ?) n?"t?fn‘ﬂth nouse NK
cell anti bﬁﬂhtesmcaasoeaﬁabmgmdmmdt@o@sbes Qlem@fx)lmslbtsbfms Ltd.

Ri chnond, ination with fol ate-FI TC and | L-2. Each rouse was

i nj ected wi aﬂg% %5 Mloolp(éoxl 1) xdlofU{I(l&ﬁxMt(%aM%%aﬁa?i H@G?dé‘léﬁq{t\mrut i on on
days 1, 4, . f

depl etion. %élﬂ%niaﬁxg@l 5\}\2?1 ti ’s or a?lsrew%%inr?a“ﬁ&lg group an%‘ﬁf”%e groups
treat ed wi tkeyboledipgittheR@cyanin (KX Ify rathet thereFHICHzbeled BSA. Asahdbmia Ab were 18,
42, and 18.5 d re ectlv e res s, sho rmnstrate
that NK cel I ﬂg@ yﬁ%@&“&%ﬂﬂﬂl&%‘ﬂ&#@%@ﬁgdﬁeﬁ ¥ihvi val of
Tthgr bear folge- FI'I@m@l%H&@dvthn&@mﬁigrth Qe bbRBLABNY dokd Hf § R @rer fth TC and

contrast, no substantial difference was seen between the median survival times of
control mice (mice injected with M109 cells and treated with PBS) and mice treated
with IL-2 alone.

EXAMPLE 11
IFN-0. ENHANCEMENT OF SURVIVAL OF MICE TREATED WITH
FOLATE-FLUORESCEIN ISOTHIOCYANATE CONJUGATES AND IL-2
The procedures were similar to those described in Example 1 except
that the tumor cells were implanted intraperitoneally in the ‘pds:fti_on described in
Bxample 5, and the animals were treated with PBS (control)-orl Were co-injected with
foléﬁé—FITC (1500 nmoles/kg) and IL-2 (5000 IU/dosé) or folate-FITC (1500
lnmdles/kg)’, 112 (5000 IU/dose), and IFN-e (25,000 U/dose) at days 7, 8, 9, 11, and
14 after tumor cell implantation. An additional group of mice were co-injected with
folate-FITC, I1.-2, and IFN-c, but the animals were not premmumzed w1th BSA-
_ FITC Fig. 11 shows that the med1an survival time for control mice treated with PBS
- was 1_8.5 days, the median survwa.l time for mice co-inj ected with folate-FITC and IL-
‘2 was 20.5 days, the median survival time for mice co-injected _With folate-FITC, IL-
2, and IFN-o. was greater than 60 days, and the median survival time for mice co-
‘njected with folate-FITC, IL-2, and IFN-c, but not preimmunized was 24.3 days.
 ‘The median survival time for mice injected with folate-FITC and IL-2 was 1ot



30 Decenber 2004 -23 EXAMPLE 9 DEVELOPMENT OF CELLULAR | MVUNI TY AGAI NST
MLO9 TUMOR CELLS The procedures were simlar to those described in Exanple
| except that the tunor cells were inplanted intrapepitoneally in the
position described in Exanple 5, and the aninals vveﬁééeﬁfté‘@?re%)%th PBS
(control) or were co-injected with folate-FTTC (1500 nnol es/kg), I1L-2
(250,000 11U dose), and IFN-a (25,000 UWdose) on days 7, 8, 9, 11, and 14
after tunor cell inplantation. Additioggally, the animals were chal.l enged
by injection of 5 x 105ML09 cells on day 62 after initial tunor cell

i npl ant at i osubstaiytiallyjdéffdre:a thadfforlcontryl ti26 bdlkQS: theldice Wwete sgvct@bwith 5o i ni ti al
tunor cell | antation, aor by _.injection of X 105 Line I cells (a

i , ar b 2.5
Bal b/ ¢ spont@& apdyfg descrbed idivamplsr] OgHy2 doses of ehowe 5APQ flharet unor cel |
i mpl ant at i Ofqy; | et : ' ' {1E trol mce
i njected V\n&tq%&g t;é( ﬂ%%“nf{%g’l egléifl I%'slw&v\‘ggm%gﬁg%% E%q‘@hn%%ﬁ%ﬁ?ul%w al time
of control thecegimempfalayed 8)0f H, indbl4 THGedMltd Shaved inFigeld dethodstyse thihe nedi an
survival ti of. contr ol ice inected with 2.5 x 105 Line | .cells was
23.5 days. AR futhien ppiapses tedpor B‘Fﬁl‘%‘g&vﬂﬁ%@éa°%’{swssf§“§@§ MLO9
cells treat @@huﬁeﬁtBfﬁﬁﬂ@hﬁhﬁi&i%h%ﬁ@ﬂ&&ll@a&iéhqmateimrc ah 1.2 and I FN-a,

chal l enged on day 62 with 5 x 10' ML0O9 cells, challenged on day 96 wth 1.5
x 106 MLO9 cells, and challenged on day 127 with 2.5 x 105 Line | cells was
greater than 192 days. The reSUItSE)?RP/pﬂﬁtPZ Fig. 9 denonstrate

t he-devel opment of a long- lasting, cell-type specific cellular imunity in
ani nal s treat e@FRECH GRODEPEE HIONCOFICD& dhORhBS OMFOLATETARGETED! FN-a. Thi s

| ong-lasting imunity protected the aninmals _inplanted with MLO9 cells and

receiving fol ate-targeted i nmun 99 ERfHBX he recurrence of disease
upon chall enge by a SR$RAUARLs Witk §ofilaPR bl iR ﬁﬁz rvival
time in these aninals a?’ter the final chat\l%engee V\A%(tl L%%?I%L-Pg)é CP{SJ may be

due to t hethprtheimee celis Wast anpantetinpreparitonsally inrthe fositidnl desatbed aner | evel s
R/F_gg 82| :\/gog’ﬁ & ll% %éan? l&geealnfqgalg Qgre%jgagcp\%ﬁh 9%8%(%5%01)%@%%966 Qos-injse%?ehevglthbet ween
folate-FITC (1500 nmoles/kg), IL-2 (5000 IU/dose), and IFN-a. (25,000 U/dose) on
days 7, 8,9, 11, and 14 after tumor cell implantation. Additional groups of mice were
co-injected with aminofluorescein (1500 nmoles/kg), -2, and IFN-e or with folate-
FITC, IL-2, IFN-OL, and anti-CD8* T cell antibody (in the form of ascites and
administered on days 2, 3, 7, 11, and 15). As shown in Fig. 12, the anti-CD8"* T cell
antibody inhibits the increase in mean survival time in mice treated with folate-FITC,
IL-2, and IFN-a indicating that CD8* T cells play a roie in the activation of the
cellular immune response by folate-targeted immunotherapy. Aminofluorescein was
injected along with the I1.-2, IFN—a cytokine combination as a control because this
compdund is not linked to folate and will not retarget anti-fluorescein antibodies to
tumor cells. Fig. 12 shows that aminofluorescein along with I1.-2 and IFN-« is much
less effective than folate-FITC, IL-2, and IFN-a at increasing the median _éurvival

time of mice implanted with M109 cells.



resulting in a M 09-specific cellular inmune response capabl e of
cross-talk wth Line 1 cells. 30 Decenber 2004 -24 EXAMPLE 10 EFFECT OF
IL-2 DOSE ON SURVIVAL OF M CE TREATED W TH FOLATE- FLUER - Noo4

| SOTHI OCYANATE CONJUGATES The procedures were simlar to ose descri bed
in Exanpl e 1 except that the tunor cells were inplanted intraperitoneally
in the position described in Exanple 5, and the animals were treated with
PBS (control) or were co-injected w t_r%_f ol ate-FI TC (1500 nnol es/ kg) and

I L-2 at doses of 5 x 103 IU (1X), 0.5°X 105 IU (10X), 2.5 x 105 1U (50X),
or 5 x 105 U (100X) at days 7, 8, p g fd 14 after tumor cell

i mpl antation. Additionally, the anrmal's were i muni zed wth FITC-| abel ed
keyhol e |inpit h&TGMENTARY EFFECT ObheM-CRRON-FOCATEIEARGEBBA. As shown in

Fig. 10, the nedi an | ' l ce | ted with M09 cells. and
treated with folat M@&Xﬁ%ﬁﬂ?ﬁti& 1FD-¢ose above an IL-2
dose of 5 x 103 |U. ITheGroteli@ed weidQindit § Mbld dekerfhicl iEERASe VRRccpEEN between
the nedian survival times of control mce (mce injected with 09 cells

and tr eat edthefi thtupRsyellywerpimplantedintraperifprichlly in-the positinn deBcGiiPirE 11 | FN- a

ENHANCEMENT., OF_SU OF, M _GE...TREAT TH FOLATE- Fl. IN
T STH Ooy AN RRERG DX A Sy s Tridaged s ‘f‘h%gg'\é%ogéa el PSR (ot hose
descri bed imuliyRtokindes @rehriig IBESOOHM U/ MbE)TFNEY, (25,0001Hdbs8R hadGRL

I ntraperi tonealalt(% in thedﬁ}%Si tion described in Exanple 5, .and the aninals
ver e treat eHdSFMI0N0 pidpse): ohhercytokings wagsice-ipisctpd it tcaigs of 1 dailyfiieetioss F| TC (1500

nmol es/ kg) ygtn@léw&%wmégm@%ﬁ&p@gtﬁ%g@sg&g&oéﬁ]@ Bty . | L-2

(5000 AU dose), and TFN-a (25,0 ose an 14
af ter t unordased ¢f 159 hemoteatkp ofifolaer FEEC 01 daysall ang 70 The odsults dapictatia co- i nj ect ed

with folate-FJ.TC |]- and | FN-.a,. but_the gni mgl s no
prei nmuni zeﬁ.gvdg‘tﬁ%o}géh@t%ﬁl? , mﬁwlvﬁﬂﬁ@wlﬁeﬁ??gaﬁvét%gﬁ ]tsgu‘}a\yf’val time
for contr ol thenkediah 5@ vadtivk fd} niBSinjected with IL-2, IFN-e, and GM-CSF without

folate-FITC was 22 days, the median survival time for mice injected with folate-

FITC, IL.-2, and IFN-o was 38 days, and the median survival time for mice injected
with folate-FITC, IL-2, IFN-w, and GM-CSF was greater than 57.5 days. The results
demonstrate that GM-CSF further augments folate-targeted tumor cell killing in mice
also treated with IL-2 and IFN-«. The median survival time for mice injected with
PBS, IL-2, IFN-¢., and GM-CSF was not significantly different than for control mice
indicating the importance of targeting a tumor-specific .immune response by using
folate-FTTC. |

EXAMPLE 14
| EFFECT OF IFN-o DOSE ON SURVIVAL OF MICE TREATED -
WITH FOLATE-FLUORESCEIN ISOTHIOCYANATE CONJUGATES
The procedures were similar to those described in Example 1 except
that the tumor cells were implanted intraperitoneally in the position described in
Bxample 5, and the animals were treated with PBS (control) or were co-injected with
folate-FITC (1500 nmoles/kg) and IFN-c at doses of 1.5 X 10° TU/dose (6X), 75X
10* IU/dose (3X), 2.5 X 10* IU/dose (1X), and 7.5 X 10° IU/dose (0.3X).
Additionally, the animals were immunized with FITC-labeled keyhole limpit
hemocyanin (KLH) rather than FITC-labeled BSA, and the animals were injected
with folate-FITC and ]FN-_oc_ on days 7, 8, 9, 11, and 14 after tumor cell implantation.



was 18.5 days, the nedian survival tinme for mce co-injected with
folate-FITC and IL- 2 was 20.5 days,. the nedian survival tinme for mce
co-injected with folate-FITC, IL- 2, and | FN-a was g{eat&mtefano$0 days,
and the nedian survival tinme for mce co- injected wth folate-FITC, 11; 2,
and | FN-a, but not preinmuni zed was 24.3 days. The nedi an survival tine for
mce injected wwth folate-FITC and IL-2 was not 30 Decenber 2004 -25-
substantially different than for contkgl mce because the mce were
injected with 5000 IU of 1L-2, and, as described in Exanple 10, IL-2 doses
of above 50 Py ¢ I LG he: ' [ t] in mce
Created w thfNara i 1 WeFEhah el EREG P Ral A RERHGS B D 1
The resul t stretmbwith folde-HITA ihcbesed mdthrimdreastngdFN-d ddse abdwerah iBN-cedvhances t he
increase in ?%&al{b‘ﬁb’/wi val tine that occurs as a result of treatnent of

m ce i npl ar? i 0N Y4885 cells with folate-FITC and IL-2. EXAVPLE 12
EFFECT OF DEPLETI ON OF CD8+ T CELLS ON FOLATE- TARGETED | MMUNOTHERAPY The
procedures were simlar to those described in Exanple 1 except that the
tumor cells were inplanted intrapeRXaMPEZ 15y in the position described in

Exampl e 5, and the Lpal %h?‘f?%ﬁ%%ﬁ? i or were
co-injected with P%ngg-@?l nmo ég’ﬁg%ﬁ%@@?@@g% U dose), and
| FN-a (25,000 U dose) ornFOUAYB-TARGETED IMMUNOUHERARft er tunor cell

i npl antation. Additiqgpal groups of m.ce were  co-injected with

am nof | uor escei n ( 1500 eRRsedupKy§e similapto thosg deseribed pExgmple kcepte- FI TC,

I L-2, | FN- o 008 0dilr caltdBete imsisiild ARk Qﬂ.\él JiR ¢ BhRebvabs tes and
adm ni steredagtﬁ days c%, 3‘?6%&11, %ﬁoﬁe& .a(Xslﬁle%%ﬁ&l% Fi gt.) 12, the

ant i - CD8+ TExasipile 5,comtl itheomiymals ivietsi tteated meth PRSI (eerd®l)i an weeaep-igiected wath -t i me i n

mce treated wth f - C, JL-2, i pdi.cat | t Ch8+ T
cells play %D’F(S’P eniyﬂbﬁ@ (grlﬁ(il(-)l %‘Elfshf?%&'a#ﬁgbd:@aﬁ’sﬁﬁﬁﬁ F'?dw@ﬂ’é“ %éﬁonse by

f ol at e- t ar gei*@ditd/dayly 6OWhE FARY-dintedphedyl YONBFQ S0 nmBIss/k)NIeE {5doal ong with
the 1L-2, IEN-a cytokine conbinatjon as a control because this conpound is

not |inked ¥8dgssidayleanthlNog (3.5 50" yits/drget dayali 8.9 Lbraed dépferdWaebodi es to
tumor cel | Seenffrdlanthion "RUMGLAAY, ATLARGYUERGERIRAWIADK belcl- 2 and | FN-a

is much
keyhole limpit hemocyanin (KLH). As shown in Fig. 15, the median survival time of
mice treated with folate-DNP, I1-2, and IFN-o was increased relative to control mice

(treated with PBS) or mice treated with DNP, IL.-2, and IFN-«.. Thus, DNP is also an

effective immunogen for use in folate-targeted immunotherapy.

EXAMPLE 16
SYNERGISTIC EFFECT OF FOLATE FLUORESCEIN ISOTHIOCYANATE
| CONJUGATES AND IFN-«

The procedures were similar to those described in Example 1 except
that the tumor cells were implanted intraperitoneally in the position described in
Example 5, and the animals were treated with PBS (control), IFN-« alone (7.5 x 10*
units/day), folate-FITC alone (1500 nmoles/kg) or were co-injected with folate-FITC
(1500 nmoles/kg) and IFN-¢. (7.5 x 10* units/day) at days 7, 8, 9, 11, and 14 after
tumor cell implantation. Additionally, the animals (5 mice per group) were
immunized with FITC-labeled keyhole limpit hemocyanin (KLH) rather than FITC-
labeled BSA. As shown in Fig. 16, the median survival times for the groups treated
with PBS (control), IFN-«, folate-FITC, or folate-FITC + IFN-« were 17, 17, 23, and



| ess effective than folate-FITC, IL-2, and IFN-a at increasing the nedian
survival tinme of mce inplanted wwth M09 cells. 30 Decenber 2004 -26
EXAMPLE 13 AUGMENTARY EFFECT OF GVt CSF ON FOLATE- TARGERHELRmHeMBHOTHERAPY
ENHANCED BY IL-2 AND | FN-a The procedures were simlar to those described
in Exanple 1 except that the tunor cells were inplanted intraperitoneally
in the position described in Exanple 5. Additionally, as indicated in Fig.
13, the animals were injected with mygtiple cytokines including IL-2
(50001U/ dose), IFN-a (-25,000 U dose), and GW# CSF (3000 U/ dose). The

cyt oki nes r L e gt egh, | i _od &i by h&@Pistica@? days 8 to
12 after Iv%éﬁ X*‘gF’stéyr?g?’gn?%%s?Bﬁ“ﬁﬁhgmyﬁﬁ?é%e%’? ct%.o(%tyiilnjgiectign wth 2
doses of 156 foratd-EB)Ckig podmdte loagerfl siGyivH ofl aynpr-bearing ice.The resul ts
depicted in Fig. 13 show that the nedian survival tine for mce treated
with PBS was 19 days, the nedian survival tinme for mce injected with
IL-2, IFN-a, and GV CSF wi t hout PBEXAMBEETTC was 22 days, the nedi an

survival tinme for mcgwiﬂ%;ected with folate- FITC, 1L-2. and Ig{sl\%a was 38
days, and t FEFEEdiIQRHD GPHEN YIS THE BIMUNQEEN ARD G TOKBNESAL. Fi TC,
IL-2, IFN-a, a E BRIV £ RAdpt S
denonstrate thgﬁ]@%@p ur hél?ﬁ\gsﬁglr\r]te%\ sGﬁcyﬁféa\{Ig-tar gg{h‘:g tunor cell killing

in mce also treatedhepiobedutes2vepssimilaiNe shosd Hescriedli inExsmpleilveabepti me f or
mce injected with PBS |L-2, |FN-a, and .CSF was nqot significantly

di fferent _ttharshe_ftamor:e?ﬂsmre ‘Fﬁpl”é‘tcdi%pﬁ’étl“fl?‘?@ﬁf‘?\cg‘eipﬂﬂﬁw g?f&‘ibegfmt argeting a
t unor - speci fat ol dBTURE tHe GRRMSFerd Hedisi With PBOYctnbrofylof WereoAbBEE] With EFFECT OF
| FN-a DOSE ON §URVI VAL OF M CE TREATED W TH FOLATE- FLUORESCEI N

| SOTHI OCYANPES: IG2NB 9GAIOE Snitsfdae), prbBdbe (28 X1 waitsidey) errwitifolatrose descri bed
. AR T oL S ) s oneel Y,
PBS (cont r ojQ* ugits/d45) & dags 7,18, 8,Cleghdi4tafter tumor cell implantation. Additionally,

the animals were immunized with DNP-labeled keyhole limpit hemocyanin (KLH).

As shown in Fig. 17, the median survival time of mice treated with folate-DNP, IL-2,

and IFN-a was increased relative to control mice (treated with PBS) or mice treated

with PBS, IL-2, and IFN-«. The mice treated with folate-DNP, IL-2, and IFN-« (w1th _

IL-2 and IFN-¢ at concentrations of 2.5 x 10° units/day and 7.5 x 10* units/day,

respectively) were completely cured.



folate-FI TC (1500 nnol es/kg) and | FN-a at doses of 1.5 X 105 | U dose (6X),
7.5 X 104 11U dose (3X), 2.5 X 104 1U/ dose (1X), and 7.5 X 103 | U dose
(0.3X). Additionally, the aninmals werd® i nmuni zed wit h 38IDaCembleeRO keyhol e
linpit henocyanin (KLH) rather than FITC-| abel ed BSA, and the animals were
injected with folate-FITC and |FN-a on days 7, 8, 9, 11, and 14 after
tumor celGL4 antation. 30 Decenber 2004 -27 As shown in Fig. 14, the
medi an survival tinme of mce inplanted with MLO9 cells and treated

with' folate-FITC i ncreased with increasing | FN-a dose above an | FN-a dose
of 0.8 X1104 [Weadse. EXAVPLE 15 EFFECT OF DI Nl TROPHENYL AS THE | MMUNOGEN
ON FOLATE- TARGETE I MMUNOTHERAPY The procedures were simlar to those
described in EBxdiNoamnERogen conjugate eHBPEIRG A eNPlex \ifr & l1g9pd andetn

i ntraper ij&ehe | he Sijnt SGII | t ani mal s
wer e trealtt ed \?\nlgéryh %%éél?c%ag?rm&gbrgq ﬁ/ergelr%g-grlurzl}?ﬂc?}ggﬁv? Jtuﬁog%n%ﬁﬁi)tr r%ghenyl
(DNP) ( 1%80gamons astiiogy ,in lalha@t a¢BORY of i chosgridalyJirectiycbyl #N\iram@Ae Belk in 104

uni ts/ daé%1 rtvvi th fol ate-dinitrophenyl (DNP) (1500 nnol es/kg), IL-2 (5000
| U dose/ V‘?‘fs’and IFN-a (2.5 x 104 units/day) at days 7, 8, 9, 11, and 14

after tunor cald aidsRlpathdichpible Additiidataly ¥n chBSzABI BhfunEe BsgorsaIni zed
wi th DNP-1abeled keyhole Iinpit henocyanin (KLH). As shown in Fig. 15, the
medi an suhereiathe qompognd degsqot bindde s Mgand-imslunogeDMmjugate,2, and | FN-a was

i ncreased rel ati ] C6. reated wwth PRS), o i ce.treated with
DNP, IL-2, an |t¥§p’rg‘?’“ﬁa%ﬁ‘g‘? %k)ﬁg“fégm%ﬁq’s%t R “SSf‘Peacﬂe@?edu RhsihsGing & use in
f ol at e- t @hd@iendud limuuak hespaie nodiEl Bpd&fiSYlReh§dd GfEr 1ddonFEEATE

FLUORESCEI N | SOTI ROCYANATE CONJUGATES AND | FN-a The procedures were
simlar Pathogenie celissiathghest prinm)k hasbpeng said pepelatiomwhereiethe upgmberepf s wer e

i mpl ant ediqdl 3BELILEQD LY -gpe RRGHL Q0 ripbgd in Exanple 5, and
the ani mafs vve?eﬁl'greate ev?axtaﬁgbﬁg (cont%oﬁ?,oq?iﬁ—ﬁic\b%&gl one (7.5 x 104
2. The use of claim 1 wherein the medicament comprises two pharmaceutical
formulations, suitable for simultaneous, separate or sequential administration, one of
which formulations contains the ligand-immunogen conjugate, and the other
formulation contains the compound capable of stimulating an endogenous immune

response,

3. The use of claim 1 wherein the medicament comprises a single pharmaceutical
formulation containing both the ligand-immunogen conjugate and compound capable

of stimulating an endogenous immune response.

4. The use of any one of claims 1 to 3 wherein the population of pathogenic cells

is a cancer cell population.
5. The use of claim 4 wherein the cancer cell population is tumorigenic.
6. The use of any one of claims 1 to 3 wherein the population of pathogenic cells

is an exogenous pathogen or an endogenous cell population harboring exogenous

pathogens.



uni ts/day), folate-FITC alone (1500 nnol es/kg) or were co-injected with
folate-FTTC (1500 nnoles/kg) and IFN-a (7.5 x 104 units/day) at days 7,
8,9, 11, and 14 after tunor cell inpQantation.. Addi SP&egember 20Q4 ani nal s
(5 mce per group) were imunized with FITC | abel ed keyhole |inpit
henocyani_n (K rather. than FIL.TC- | abeled BSA. As shown_in Fig. 16, the
medi an sdrviv Iet‘ﬁsﬁﬁgc ‘(S?Qt rfg?gwﬂos?@a@eatﬁoaﬁqlﬁSﬁs@eéér&m gIgroun FN- a,

fol at e- Flcbfsistify Jf®adiefia,Mhdgs, firdsed riyddpla8ma ‘anll haradsies. and 30 Decenber 2004

-28 33 days, respectively. These resufts show'that IFN-a, like IL-2, acts
synergistically wth folate-FITC to pronote | ong-term survival of

t unor - beay i ng.mi ce, EXAMPLE 17 .EFFECT, OF DI N T L .AS THE | N AND
CYToKI RES. AT TieaRe CERBENTF B 100 L EREES AR OIUA A 83 sl

procedur %Fedmmlysjimihgfoa@elgm@ﬁsraﬂefi@debtwd in Exanple 1 except that the
tunor cells were inplanted intraperitoneally in the position described in

Exanple 5, and the animals were treated with PBS-(control) or were

o t o) dagh or MR REPEpialt 33y e ORGSR o BO BN GReind ol (5 o
X 105 unifokid stad ind ather fokdte eecéptobbindinkQigatidd.t s/ day) at days 7, 8, 9, 11, and

14 after tunor cell inplantation. Additionally, the aninmals were i mrunized
wi th DNP-1 abel ed keyhole linpit henmocyanin (KLH). As shown in Fig. 17, the

medi an sypvi v t] o : i f £- : N-a was
i ncr easeglbiel Zihev{ésrgfgpgg té}%l Hrtnﬁzggé&?tirl\gg?éﬁvﬁlﬁ tﬁgg‘ga!g? ‘r%n 8%6?1??%11 ted wth
PBS, | L- 2omphated Y- ¢he Tinenumbgen tthreagle cboniding fcomatisin@NEyvalent, 2 jondeydod FN- a
(with lk"l"ﬁ and, | FN-a at concentrations of 2.5 x 105 units/day and 7.5 X
104 uni t SPAREENPPRADR 1 vely) were conpletely cured. 29 30 Decenber 2004
CLAIMS 1. Use of a ligand-inmunogen conjugate conprising a conplex of a

| i gand and an innunogen wherein said i munogen is recogni zed by an
endogenoud. or The use of claim 10 wherein the ligand is a folic acid analog having a

glutamyl moiety covalently linked to the immunogen only via the glutamyl y-carboxyl

moiety of the ligand.

12.  The use of claim 10 wherein the ligand is a folic acid analog having a
glutamyl moiety covalently linked to the immunogen only via the glutamyl -

carboxyl moiety of the ligand.

13. The use of claim 11 or 12 wherein the covalent linkage between the
immunogen and the ligand is by direct covalent bonding to the immunogen or by

covalent bonding through a divalent linker.

14.  The use of any one of claims 1 to 3 wherein the ligand is a small organic
molecule capable of binding to a receptor and wherein said receptor is preferentially
expressed, uniquely expressed or overexpressed on the surface of said population of

pathogenic cells.

15. The use of claim 14 wherein the small organic molecule is an antimicrobial

drug.



exogenous antibody in a host animal or is recognized directly by an inmune
cell in the host, and a conpound capabl e of stinulating an endogenous

i mune response wherein the conmpoundldoes not bind t &0t embgaagM nmrunogen
conjugate, in the manufacture of a nedi canent for use in a nethod of
enhanci ng an _endogenous i nmune response-nedi ated specific elimnation of a
popul at i 8- of Theasefuny enecd|claimp f te Bevhesein theigaad ihapbdastamgntibiotic.

popul ati on wherein the nenbers of said cell population have an accessible
binding site for the ligand. 2. The use of claim1 wherein the nedi canent
conpri seg7t wo TheaiseRsTeitlyl &) of thlafmdill abl DPRéherdinlith@libend Bindsightitd angpus,
separate or sequential adm nistration, one of which fornulations contains
t he | i gasBtigemprstyentially mxatpasad, valayelyhexpsesaed or PYRrAXNTEISEd ONABRERHS t he
corrpoundc%%\%ﬁgélf\& of stimulating an endogenous i mmune response. 3. The use
of claim erein the nedi canent conprises a single pharnmaceuti cal

formul ation containing both the Iigand-i munogen conjugate and conpound
capabl e f stimul atjng an_endogenous i e response. 4. The use of any
one of cll imsTIhetuéeS%a/g’é‘F &7 WWW&‘B’SHW%W ingssitgat BRfehic cells is a
cancer cell population. 5. The use of claim4 wherein the cancer cell

popul ation is tunorigenic. 6. The use of any one of clains 1 to 3 wherein

t he popull@t i oThefuspatframgyemecofcehings 1 itg 3awhercoythedusnwwighn ge An ergac

endogenous .cel |, popul at i on, har bgri ng .ex u at hogens. 30 30 Decenber
2004 7. Tdcqiehayng s molgcylanive th“?ﬂ?“%%@g@ﬁ%ﬁg’%pat hogen is selected from

the group consisting of bacteria, fungi, viruses, nycoplasm, and
parasites. 8. The use of any one of clains 1 to 3 wherein the ligand is a
vi tam n @8pablTheopse sfeclaimcdf | yheremdithe arganic cablecnlenis fheresegiappor. 9.
The use %Bﬁggﬁkﬁlﬁ wherein the ligand is selected fromthe group consisting
of foli& BT AMd other fol ate receptor-binding |ligands. 10. The use of
any one of claims 1 to 9 wherein the ligand is chemcally

21.  The use of any one of claims 1 to 3 wherein the immunogen is an a-galactosyl
group.
22.  The use of any one of claims 1 to 3 wherein the antibody is exogenous to said

host and is formulated for co-administration with said conjugate composition.

23. The use of any one of claims 1 to 3 wherein the compound capable of

stimulating an endogenous immune response comprises a cytokine.

24.  The use of claim 23 wherein the cytokine comprises IL-2, IL-12, IL-15, or

combinations thereof.

25. The use of claim 23 wherein the cytokine comprises 1L-2, 1L-12, IL-15, or

combinations thereof, in combination with IFN-a or IFN-y.

26. The use of claim 23 wherein the cytokine comprises IL-2, 1L-12, IL-15, or
combinations thereof, in combination with IFN-a or IFN-y, or a combination thereof,

and GM-CSF.



conpl exed to the i munogen through bondi ng conprising coval ent, ionic, or
hydr ogen bonding. 11. The use of claim 10 wherein the ligand is a folic
acid anal og having a glutanyl noiet32 coval ently |inid&dPeesmbes 20@unogen
only via the glutanyl y-carboxyl noiety of the |igand. 12. The use of
claim1Q wherein the ligand.is a folic acid anal og having a | ut anyl

moi ety &dval é@?l‘?ﬁ PF HREg 28 vherran tha GOk cOMMIse 4 leastong Dikasall orck -
carboxykd?ghﬁaMngf the ligand. 13. The use of claim 1l or 12 wherein the
coval ent 1 nkage between the imunogen and the ligand is by direct

coval ent bonding to the i nmunogen or by coval ent bondi ng through a

divalent _linker. 14. The use .of a ne of. claims 1 to 3 wherein the |igand
is a snéﬁ olrig‘jﬁﬁ’isﬁ of Ry geup Clﬁ%aﬁ¥%9 &%ebqlﬂm%%-lw%’egm EOWULHIE wher ei n
sai d r eceRpeditibi® istoRh®aRAthAhiMinifdoRIS BfbitipBifE&lons €xpr essed or
overexpressed on the surface of said popul ation"of pathogenic cells. 15.

The use of claim 14 wherein the small organic nolecule is an antim crobi al

drug. 31,30 cenber. 2004 16 he f _any.one of clai 1t wher ei n
Phe i i gddd i dT% T8 g, Epnne AF s h o 3 wRki I Reara, L PR a0f e s 1 to
3 wher eijfinfui6gdn igWGrdpEtedi ng site is an antigen preferentially expressed,

uni quely expressed or overexpressed on netastatic cancer cells. 18. The
use of claim 17 wherein the ligand binding site is EphA2. 19. The use of

i ng. 20ol dsiar OLaR e PERERR, LR TEAR AR ke Wy BROR SondBE L) S 1 10

wher ei nid Aeosgamiwthiotyaaatecori dinfttophered aenjugated taifoli¢ aciphenylganidda The use
of any one of c¢lainms | to. 3 wherein the inmmunogen is an _a-gal actosyl group.
22. The ce@e*ﬂfh%g eawéer@fdlww%dse,t and3he pmpoynd: gapable of sgaylaliag @k ogenous

to said endogenous immune response is cytokine.

31.  The use of any one of claims 1 to 3 wherein the ligand-immunogen conjugate

1s

and the compound capable of stimulating an endogenous immune response is a

cytokine.

32.  The use of any one of claims 1 to 31 wherein the host animal had been
previously exposed naturally to the immunogen so that the host animal has a
preexisting immunity to said immunogen evidenced by the presence of endogenous

antibodies to the immunogen.

33. The use of any one of claims 1 to 31 wherein the host animal had been
previously exposed to the immunogen by a non-natural process resulting in priming of

the host anim al’s immune response to said immunogen.



host and is fornmulated for co-admnistration with said conjugate

conposition. 23. The use of any one qf, clains 1 to 3 ein th onpound
capabl e of stinulating an endogenoucsl"'}l mrune response%ﬁ?ﬁ?[“?@%gg&%yt oki ne.

24. The use of claim 23 wherein the cytokine conprises IL-2, IL- 12, IL-

15, or nbi pations.therepf. . 25. The use of, claim 23 wherein the cytokine
conpr 1 sedi L. 31t il He Llifh P wngRin (oSSRl Broprt Enting - REMBTESE ) on wi th
| FN-a or tlefiintal’ @amUiterebisohs@fs wcaintich3 wherein the cytoki ne conpri ses
IL-2, 1L-12, I1L-15, or conbinations thereof, in conbination with IFN-a or

| FN-y, or a conbination thereof, and GWCSF. 32 30 Decenber 2004 27. The
use of chaim rei . j i I . e . or T
ol 1 st B anthe J0E ofelhih oD ENLEH BE ERIRRIALHRly' B ATpHNATHE

| i gand- i mheinogere responsgBiaetivemmposizitionn i s formul ated for administration.in
multiple injections. 29. The use of any one of clains | to 3 wherein the
ligand is folate and the inmunogen is fluorescein. 30. The use of any one

of clal el {and WaeiChiy WAE of Bafl 1MHIA90FReERANIIB Reehdus! iniBlASCEl N
i sot hi ocyanate or dinitrophenyl conjugated to follc aci § via a ganma

car boxy| rdspohksedosiphgtsenburdomhinmauie redgmseand t he conpound capabl e of
stinulating an endogenous i nmune response is cytokine. 31. The use of any
one of clainms | to 3 wherein the |igand-immunogen conjugate is and the

conpound3gapalihg @e &t icfd#naté NGh&BinC RERERN OdSpdnSEUEin" GERAFE CinkrRue _
cytokine. 32. The use of any one of clainms 1 to 31 wherein the host ani nal
had beenrespersgi ousl y exposed naturally to the i mmunogen so that the host
animal has a preexisting inmunity to said i munogen evi denced by the

- presence of endogenous antibodies to the i Mmunogen. 33. The use of any one

of clainggl tThdlLsabeslgin3é MekashuBialBlspdid iPAEMnate immune response.

39.  The use of claim 37 wherein the acquired response is induced in the host

animal by using a vaccine composition.

40. The use of any one of claims 1 to 35 wherein the endogenous immune

response comprises a cell-mediated immune response.

41.  The use of any one of claims 1 to 35 wherein the endogenous immune

response comprises a humoral and a cell-mediated immune response.

42. A pharmaceutical composition comprising therapeutically effective amounts
of a ligand-immunogen conjugate capable of specific binding to a population of
pathogenic cells in a host animal for specific elimination of said cells by an acquired
or innate immune response, co-administered antibodies, or directly by an immune cell
in the host, |

and a compound capable of stimulating an endogenous immune response
wherein the compound does not bind to the ligand-immunogen conjugate, and

a pharmaceutically acceptable carrier therefor.



previ ously exposed to the innunogen by a non-natural process resulting in
primng of the host animal's i mmune response to said i mmunogen. 33 30
Decenber 2004 34. The use of cIa|n13ﬁ_mhere|n t he nomgnsdddhdler PHGEESS
resulting in primng of the animal's imune response is vaccination. 35.
The use of claim 33 wherein the non-natural process resulting in primng of
the i myne r &8P phEEnacsuttll toBposildNbZhin0A2 iB8 parthfral Rolohg@Nitidase of

claims | to 35 wherein the endogenous i mmune response conprises a hunoral

i Mrune #@s@E®FfNE. 37. The use of claim 36 wherein hunoral response is an
acquired i mmune response. 38. The use of claim 36 wherein hunoral response
is an innate i mmune response. 39. The use of claim 37 wherein the acquired
responséd.i s Theyhemniceutitit doagiositidni eftlalny 42sivhgrein Maccompown@zosi tion. 40.
The use, of any.one of clains 1 to 35 wherein the endogenous i nmrne
responsgm@BWb%PEEQH% cel | -nmedi ated i mune response. 41. The use of any one
of clains 1 to 35 wherein the endogenous i mrune response conprises a
hunoral and a cel |l -nedi ated i mmune response. 42. A pharnaceuti cal

conposi #5.0n Ebcrphzirsianglttdaleccapmsiticuedﬂ caief 4eeherein therommiise stixhulant

| i gand-i mmun en conju e capabl e of speci.fic bi a _popul ati on of
pat hogeﬁ?rﬂp‘& RSOPROYn ‘ﬂf)eg?‘:t%fﬂf tﬁ?é@ﬂ?ﬁ@&?‘f% IE?# Rgt H‘&? @ﬁ “d cells by
an acquhrﬁqngo&ujgngbgpl@myﬂﬁnﬁg§ﬁg@§§&ﬁco adm ni stered anti bodi es, or
directly by an inmune cel in the host, and a conpound capabl e of

stinmulating an endogenous i mmune response wherein the conmpound does not

bi nd to he |,i gand- en _conj ugate, .and a phar eutically acceptable
carrier %her@‘f‘%} §‘Zle”§5£][® gﬂplnf%ﬁﬁ) MFHIE apm %Pﬁ%ﬁ&?{lﬂdlgm 8&Pbsi ti on of
cl ai m 4godjigatc REfe&NLIA abRl @?ﬂﬁ@lohe&ﬁﬁﬁﬁogeﬂw 8dR ok rﬂosl“ﬁmm@[‘?or

phar maceuti cal conposition of claim42 wherein the conpound is an
specific elimination by an endogenous immune response or by co-administered

antibodies, wherein the ligand-immunogen conjugate is fluorescein isothiocyanate or
dinitrophenyl conjugated to folic acid via a gamma carboxyl-linked ethylene diamine

bridge (folate-FITC) and a pharmaceutically acceptable carrier therefor.

47. The pharmaceutical composition of claim 46 wherein folate-FITC has the

following formula:

48.  Use of folate-FITC in the manufacture of a medicament to label a population
of pathogenic cells in a host animal for specific elimination by an endogenous

immune response or by co-administered antibodies.



i mmune stinmulant. 45. The pharnmaceutical conposition of claim44 wherein
the i nmune stinulant conprises a conpound selected fromthe group
consisting of 1L-2, IL- 12, 1L-15, IB® a, |FN8, and3GRecsmberp?004
conbi nations thereof. 46. A pharmaceutical conposition conprising an anmount
of a ligand-i nmunogen conjugate effective to |abel a popul ati on of
pat hogent® celheuserpfglaimst %[gﬂﬁ’ml fofabe-FIEp Bas the doldawing demmwds by an
endogenous i nmune response or by co-adm ni stered antibodies, wherein the
| i gand-i mmunogen conjugate is fluorescein isothiocygnate or dinitrophenyl
conjugated to folic acid via a gamma car boxyl -1ink et hyl ene di am ne
bridge (folate-FITC) and a pharnaceutically accept & carrier therefor

i iti ; if ol at e- FI TC has the
ure of a
3y host ani mal for

followi ng formula: 48. Use of. ret FIAC |ngth=
medi canent to | ab#! Ly or B ¢ e ’
specific elimn dog'fanous0 |nnuHe ¥ esponse or by
co-adm ni st er ydi &s. 35 30 Decenber 2004 49. The use of claim48
wherein fol ate-FI &«C has the followng formula: H N N'50. A conpound of
the formula: N ANN ~. N H 51. Products containing a |igand-inmunogen

conj ugatg conprising a nmpl ex of a |igand and an i nmunogen wherein said

i mmunoge?i s Aé@ﬂﬁﬁWE@B vaaﬂn@ﬁdogenous or an exogenous antibody in a
host animal or is recognized directly by an imune cgl/l in the host, and a
conpound capabl e of stinulating an endogenous i muneJir esponse wherein the
conpound does not bind to the |igand-imunogen conj ﬂ;ﬂ e, as a conbined
preparation for sinultaneous, separate or sequendica in a method of

enhanci ng an endogenous i mune 4e se- nedlaged SREC elimnation of a
e oy e

51. Products containing a ligand-immunogen conjugate comprising a complex of a
ligand and an immunogen wherein said immunogen is recognized by an endogenous
or an exogenous antibody in a host animal or is recognized directly by an immune cell
in the host, and a compound capable of stimulating an endogenous immune response
wherein the compound does not bind to the ligand-immunogen conjugate, as a
combined preparation for simultaneous, separate or sequential use in a method of
enhancing an endogenous immune response-mediated specific elimination of a
population of pathogenic cells in the host animal harbouring said population wherein

the members of said cell population have an accessible binding site for the ligand.

52. A use as claimed in any one of claims of 1-41, 48 and 49, substantially as

hereinbefore described with reference to any example thereof.

53. A pharmaceutical composition as claimed in any one of claim 42-47,

substantially as hereinbefore described with reference to any example thereof.

54. A compound as claimed in claim 50, substantially as hereinbefore described

with reference to any example thereof.



popul ation of pathogenic cells in the host aninal harbouring said

popul ation wherein the menmbers of said cell population have an accessible
binding site for the ligand. 52. A us® as clained i n 3MPesaebef 2094 ns of
1-41, 48 and 49 substantl ally as hereinbefore described with reference to
any exa lLe t 53., .A phar ceu%| cal corrp(i)5|t| on as clajined in any one

of claim 22 4 ro ‘k‘%ﬁ@f Ahimgd) 1 slaimep b sehstastially s chergiggdeserihed ariy ence to
any exa I ,

corrpounglm gfgreglbﬁf(ﬁrrg{cy eﬂﬁ%&rﬁdg id 'y 12% grnﬁtg tyrei:eac'g&{?fe:rté;lthne bae %@éﬁnﬁn ri bed
wi th ref drawiogs.t o any exanpl e ther eof. 36 30 Decenber 2004 55. Products as
claimed in claim51, substantially as herein described with reference to
any exanple thereof and with or without reference to the acconpanyi ng

dr awi ngs.




