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The mammalian immune system provides a means for the recognition
and elimination of tumor cells, other pathogenic cells, and invading foreign
pathogens. While the immune system normally provides a strong line of defense,

15  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
td eliminate replicating neoplasms. However, most, if not all, of the currently
available chemotherapeutic agents and radiation therapy regimens have adverse side

20  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

25 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

30 pathogenic cell populations with reduced host toxicity.

Researchers have developed therapeutic protocols for destroying

cancer cells by targeting cytotoxic compounds specifically to such cells. These
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conpounds have been devel oped, many pat hogens are or have becone resistant
to such therapeutics. The capacity of cancer cells and infectious
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(De Vita, V.T., Biologic Therapy of Cancer, 2d ed. Philadelphia, Lippincott, 1995,

Soulillou, J.P., U.S. Patent 5,672,486). However, this approach has been complicated
by the difficulties in defining tumor-specific antigens. Another approach to relying

20  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 approach has
also been described which relies on a vaccine comprising antigens fused to cytokines,
with the cytokine modifying the immunogenicity of the vaccine antigen, and, thus,

25  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,

30  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 number WO 97/37690,
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means for sel egld usrdlddMbrlkRRdlly &kpfesfRa by ARG atHogehE tdt. A surface-
presented protein uniquely expressed, overexpressed, or preferentially expressed by
20  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 tumor penetration enhancer, a chemotherapeutic agent, a cytotoxic
immune cell, or an antimicrobial agent may be co-administered to the host animal to
25  enhance therapeutic efficiency.

In one embodiment, the present method includes the steps of
administering ligands capable of high affinity specific binding in vivo to cell surface
proteins uniquely expressed, preferentially expressed, or overexpressed on the
targeted pathogenic cell population, said ligands being conjugated to immunogens

30  against which an innate or an acquired immunity already exists or can be elicited in
the host animal, and optionally co-administration of at least one therapeutic factor that

is an endogenous immune response activator or a cytotoxic compound. In one
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ligand-immunogen conjugate composition comprising a complex of the ligand and an
20  immunogen wherein said immunogen is known to be recognized by an endogenous or
an exogenous antibody in the host or is known to be recognized directly by an
immune cell in the host, and at least one additional composition 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
25  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 accordance with an alternative embodiment of the invention, there is
provided a method of enhancing an endogenous immune response-mediated specific
30 elimination of a population of pathogenic cells in a host animal harboring said
population wherein said population expresses a binding site for a ligand. The method

comprises the steps of administering to the host a composition comprising a complex
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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
20  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 of the invention, there is provided a method
of enhancing an endogenous immune response-mediated specific climination of a
25  population of pathogenic cells in a host animal harboring said population wherein said
population preferentially expresses, uniquely expresses, or overexpresses a folic acid
receptor. The method comprises the step of administering to said host a composition
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
30  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 a-carboxy group of the




20 chenot herapeuti c agent, an antim crobial agent, a cytotoxic inmune cell,
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in complement-mediated cytotoxicity, antibody-dependent cell-mediated cytotoxicity,
antibody opsonization and phagocytosis, antibody-induced receptor clustering
20  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 oceur.
Elimination of the foreign pathogens or infected or neoplastic
25  endogenous cells can be further enhanced by administering a therapeutic factor
capable of stimulating an endogenous immune response, a cell killing agent, a tumor
penetration enhancer, a chemotherapeutic agent, a cytotoxic immune cell, or an
antimicrobial agent. In one embodiment, the cytotoxic immune cell is a cytotoxic

immune cell population that is isolated, expanded ex vivo, and is then injected into a

30 host animal. In another embodiment of the invention an immune stimulant is used
and the immune stimulant may be an interleukin such as IL-2, IL-12, or [L-15 or an

IFN such as IFN-«, IFN-/, or IFN-y, ot GM-CSF. In another embodiment the




anti body opsoni zati on and phagocytosis, antibody-induced receptor
clustering 20 signaling cell death or quiescence or any other hunoral or
cellular i mmune response stinulated by antibody binding to cell-bound
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admi ni stering Mﬂ&f&ipﬁ%&& Fna? BE L Ptokin@ LA Ritdh cShbUh@EdhInonepd0genous

I Mmune response, a ce I1''Tng agent, a tunor penettation enhancer, a
chenot her apeut cytokigesnsychas By diLedd ar [LyttimeonahationoyithalyN-&dFNnd, or BIN-al
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into a 30 hostogﬁh&g“e& I n anot her enbodi nent of the invention an inmmune
stinmulant is use and the immune stinulant nay be an interleukin such as
| L-2, IL-123 or |L-15 orlnatill ongpihenentbodisnentof the invemion, there is pvidled or GV CSF.
I n anot her enbodi nment ..t he WO Q1/ 074382 PCT/ 1/ =7 ] iyl ant
may be a cytokPW%n%%WﬂggFWP%ﬁﬂgﬁﬁBF?EFH%g%%ﬁ%ﬁﬁ%&?%ﬁ%nﬁ?mn%g%%ﬁ?ﬁ}ggksuch
as |L-2, |L-12imkuddged BorjiabOsabitiass pociiié biading b apopulditoh 3f pathodehidbeylls  or
GMt CSF, or any effective conbination thereof, or any other effective

conbi nation ofn &iesbrlinelso pedie sepific ehmmatiomet saichastebyrahecagired grdnnate
vention, tNehfimhfe RURYLLESadinBRALBABMIEC B cifeIPO5 b IR HeNO

t herapeutical l y effective amunt's of a I gand- | nogen conj ugate capabl e
of speci fi ¢0bi Aékt,ighérapeatip Gotor a¢lecrdt] idm patghagemnsstingl dfa cell Rilkingwgstt, ani nmal
to pronote specific elimnation of said cells by an agguireq or innate

i Mune r espons BIMQ Gengdigiion Ghancer ashemerBerpRatic ggengian dpYmicraRal 28t dnune cel |
in the 10 host Herapautd Ml A DHPaORsi sting of
a cell killi ng°’§g‘é’%{a? a ﬁ?%&%gﬁ%ﬁ%ﬂ;}%ﬂl gﬁta@gﬁgﬁcer,w% chen%)%eherapeuti c
agent, an anti mmuedresjonsegwelnrein she coypotraixioes notibimigo ¢l ligandumdmanagsnrpound

capabl e of stinulatin n _endogenouys i ne response erei he npound
obs ot bi nd (O, FrEERBTTTHRGLE A< BN P GHEELTORG 1 FirarTRaCiEte] BA |y
accept abl ejgar bhﬁﬁ]aéelﬂﬁéﬁ E@hpositbnaf LR ABRS 1048 rdiSash BedagR formt i€ al
conposition is 1n a parenteral prolonged release dosage form In another

enbodi nent  t heandtlesr ambodimentthe therapeusicdartirimumimmurierstimatant exomisingiang a
compound sel ected, fhd ks A5RHR FOHoRAY Find MBI, U AL UM 23! -2

| L-12, IL-
15, IFNs such as [FN-q, IFN-5, or IFN-y, and GM-CSF, or combinations thereof.

20  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

25  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

30  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



15, IFNs such as IFN-a, IFN-, Q or IFNy, and GW CSF, or conbi nations
thereof. 20 Detail ed Description of the Invention Methods are provided for
the therapeutic treatnent of a host with cancer or a host infected with
pat hogeni ¢ woganrses. The nmethods result in  enhancenent dfCTYGssl/ieEsUNe
response-nedi ated elimnation of pathogenic cell popul ations by

rendering/ |l abel ing the pathogenic cells agtigenic resulting in their 25
recognition and elimnation by the host immune system The nethod enploys a
Iigand-innunog | cer cells
or other path %e?il%gh % et?ﬁiﬁ%ﬁ%htﬁn?{{,i] }f%}?\)ia{:ﬁ %\%?ér?gggdgn%g@??rnﬁﬁe!r ent to
the |igand andagdnt tmemhaxtbe irmmdhé teqﬂ)né@mlaalmeédhmbmtmmef the patbdgenicchiém cal | y
nodi fied |igand or fromthe particular chem cal |inkage between the |igand
and the immunog®t!4teas i s present in 30 the conjugate. The method may al so
utilize conbination therppymQloLomhOyest erb&ltxoh'lgﬁﬂﬁed feRaEean conj ugat e
and an additional therapeutic factor capable of stinulating an endogenous
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PCT/ USO01/ 10254 -8 .a etra c_ i mune
cell, or an anffl "EQSB?tQP‘maiB%ﬁ?“’Fg&H%WPé‘ ign omoege?‘égﬁlgng%‘eﬁ@&flg?neﬁ

el i m nation of applRala i PR NRiEnCSFiphtho efté thahGuselari¥Bf dTdtheloglch Gudpr esent
invention is utilized to enhance an endogenous i mune response- nedi at ed

el i mi nati on of ancapoguhdirfeations dlp@&#o@'@m, the poptletdon of pathesenic eallis may bhar bori ng
t he popul ati on of

popul ati ons of © i}ﬁf’p‘%?llé’ﬁﬁ‘@a‘é%ﬁ tﬁ% '} ﬁg} Ilgglﬂésgncglp\} 06‘en @ mﬁggabﬁﬂ.{%gl es such

as cancer apd tdiﬁ&@tdrﬂlbanBéﬁ@ﬁﬁlﬁ{:‘angaﬁiMSThetdﬁ@ceﬁeﬂUlb@ﬁllanbnﬁi‘ay[aﬁid"logenl c cells
may be a cancer cel l@ﬁ’ pul ation that is tunorigenic, includin f%;'benl gn

tunors and rml seantaneousty aribysreh pregesses ag BRtaHRNSRIeReRtimthe gsnliee oftheheshncer
cel | popul at op, gy oALKAR: niPRBRABER HRAY e enl¥al Ul 06523 R RoRRaHAL | ONS
present in the®YernfiRe of Tt he dmat i ¢ nutations,

or it may
be chem cal | y- Thyinvahtion-can 6¢ uﬁilaaédmure:ansuchdmmedascaibmomlavem:omas can be
utilized to treat such cancers as car ci nonas, omas
Hodgeki n' s di sbaariomsp|Hadgaiga’s iFE%SStrH%IP*‘P%‘??ésm“B ?‘P?S ?”f% omai5

nasopharyngeal ng&hﬁﬁ@é@?ﬁqgr&m nfbxﬁc% a’%“&hdfmf‘élé?ﬂ?ss Tthﬁqceﬁmgfop% idn

popul ation “can | i's not m ted to, oral, thyroi endocri ne,
skin, gastric, casinplhdgéal is nol laniyeigeairgl, thyroid, enddcoine, skinogastrish esdagealbone,
ovarian, cervi (l:a%ngeglt garnlcrncgﬁc,tc):gl%g,sbtlédder, bone, ovarian, cervical, uterine, breast,
testicular, prostate, rectal, kidney, liver, and lung cancers.
The population of pathogenic cells may also be an exogenous pathogen
20  or acell population harboring an exogenous pathogen, e.g., a virus. The present
invention is applicable to such exogenous pathogens as bacteria, fungi, viruses,
mycoplasma, and parasites. Infectious agents that may be treated with the present
invention are any art-recognized infectious organisms that cause pathogenesis in an
animal, including such organisms as bacteria that are gram-negative or gram-positive
25  cocci or bacilli, DNA and RNA viruses, including, but not limited to, DNA viruses
such as papilloma viruses, parvoviruses, adenoviruses, herpesviruses and vaccinia
viruses, and RNA viruses, such as arenaviruses, coronaviruses, rhinoviruses,
respiratory syncytial viruses, influenza viruses, picornaviruses, paramyxoviruses,
reoviruses, retroviruses, and rhabdoviruses. Of particular interest are bacteria that are
30 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



testicular, prostate, rectal, kidney, liver, and |lung cancers. The

popul ati on of pathogenic cells may al so be an exogenous pathogen 20 or a
cell popul ation harboring an exogenous pathogen, e.g., a virus. The present
i nvention | woaa@i3sabl e to such exogenous pat hogens as bacR@U$01/1625hQi ,
viruses, nycoplasma, and parasites. Infectious agents that may be treated
with the present invention are any art-rgcognized infectious organisns

t hat cause pathogenesis in an aninmal, including such organi sns as bacteria
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particular interest are bacteria that are 30 resistant to antibiotics such
as anti bi ot§ c- spesies tparssite3 oreythen infeations ongamisresthamduseStisgasd incpwals speci es,

or bacteria that are susceptible.t ntihiotic but, cause, . recurrent
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WO 01/ 074382 Pl g8l B3btow s HRYR! 0P Rre youktlkeDMEREBIngor edinl€ firgeeaed Wit h
t he |igand-i nmmunogen conjugates of the present invention in _conbination

with | ower dosessofiseases itoas ingwonanisieRiPaNesiss blastPiycasis, apeigHiosered to a
Dt O o ulofec P ShOPERRI Lo MRS A Ged Sl b 208 or 0

ronis’alrso applica I, ‘mycopl asma

5 speci es, (par afididessis. The Pt ivehwesi hHLise wiligediosraat phaiticiatesgordi sease in
animals. Exanples of fungi that may be treated with the nethod of the
present i nvent inshidingnbytaglimiterp, infegtionscavica sy sumatis tapeworms.hlood;flukgs
i ncludi ng, for,ex I ngl .t.h : iﬁﬁﬁ%ﬁ? ap%p”?”? & ngyor m
hi st opl asnosi sflsstt)l?és gmxfé%sf%sl?gaa%elygﬁﬁdg@gs, crfﬁrfbcoécocgl{ls’,
spor ot ri chosi s Tofpteindispicttanpaasies of patiatadnkditard tiosathasixpressfiabhtel 0
candi di asis. The present, i rgven;i on maté1 F_e util,ized to, t&ﬁatl&par flsi t,icC
infections i nEceriPTgnd bind ‘!’1‘6‘9’ hqwevere the {ifpratpisrigreplefiwith hrs elS?/}%"(S‘Hﬁti c
t apewor ns, ; bl O%it&{il{%ﬁ%h attinlit) TG nfe QR WRYa AR ms 2FB & amPRAp R ARAP A IM
Trypanosoma, Leishmanid, and” Toxoplasma species. Parasites of particular
interest are t bephelospuains kaqyrefos tHewlaatiwotia ativjty andsspasific bindthgfto basterial dnever
the literature ig replete wiith reference.to.lLgands.15. exhibiting high
ai ity for | MALEISDNe® GRSMIEED oh sclett &Y PRrns e immnltn
gep?al .OSFOH Pfcé‘r{?\g’é’m&sff&rusé bedckorditick Hilihis itehfion. tDhedRenER@Rlidgen bi nding to
acterial ce
conjugates of the invention may also be directed to a cell population harboring
20  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 medicine and veterinary applications. Thus, the host animals harboring the
25  population of pathogenic organisms and treated with ligand-immunogen conjugates
may be humans 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 animals such rodents (e.g.,
mice, rats, hamsters, etc.), rabbits, monkeys, chimpanzees, domestic animals such as
30  dogs, cats, and rabbits, agricultural animals such as cows, horses, pigs, sheep, goats,
and wild animals in captivity such as bears, pandas, lions, tigers, leopards, elephants,

zebras, giraffes, gorillas, dolphins, and whales.



wal | precursors can simlarly be used as |ligands for preparing

| i gand-i mmunogen conjugates for use in accordance with this invention. The
| i gand-i mmunogen conjugates of the invention nay also be directed to a

cel | popul anicon/ohesbori ng 20 endogenous pat hogens wher ei n PEvGSIgRIRSEpeci fi c
antigens are preferentially expressed on the surface of cells harboring
the pathogens, and act as receptors for tjae Iligand with the Iigand
specifically binding to the antigen. The nethod of the present invention

can be used for_both NuMRp yfhd0he dhodBEiidit RERRIRIIPLARIKeraRlheat | ons.
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prol onged rel ease dosage forns, can he used. The nethod of the present
invention may be used i nn@geAsdangs Moh thepresertupgnban the igesd-Ammynogent unor

radi ati on ther f; j : i I S t her

i mrunot her api e@%ﬁ%%é’g %Elgﬁg%gfpﬁlla?bﬁlﬁé g%leﬁﬁ%ﬂ%ﬁ%%ﬂgnd gﬁ%ngo}}ilé)t her apy,
treat nent w t hligads roscdidapdbde of spepifidadly elidopting epepidaimhef pathogenimiealds in
effector cells, 10 treatnment with hematopoietic growh factors, cyiokines
and vacci nati ofte hesf 25 dye ipgue Tﬂgfﬁ@e%wé‘soéﬁtreq%ﬁ@miﬂé?ﬂl,lgaf’?"réccesylgle

l'i gand- i MynogeR |i:GRNIHAAE &R thpatiRBemie batt adclridR RoatidmcaE tdcucial | i gands
and i nmunogens. TI%e | i gands nust be capabl e of specifically elimnating a
popul ati on of peldgsgéfilic acidland othar foldterepeptar-tamdingamot¢awles, othsr eitastinnt i al

and, accessi bl

cxpr 095100 of _BokSE R Sloklah LR RSB A phick it o1 e o
specific aptamers, tumor-specific carbohydrates, tumor-specific monoclonal or
polyclonal antibodies, Fab or scFv (i.e., a single chain variable region) fragments of

20 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 combinatorial libraries, growth factors, such as
EGF, FGF, insulin, and insulin-like growth factors, and homologous polypeptides,
somatostatin and its analogs, transferrin, lipoprotein complexes, bile salts, selectins,

25  steroid hormones, Arg-Gly-Asp containing peptides, retinoids, various Galectins, -
opioid receptor ligands, cholecystokinin A receptor ligands, ligands specific for
angiotensin AT1 or AT2 receptors, peroxisome proliferator-activated receptor y
ligands, B-lactam antibiotics, small organic molecules including antimicrobial drugs,
and other molecules that bind specifically to a receptor preferentially expressed on the

30 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



anal ogs of folic acid and other fol ate receptor-binding nol ecul es, other
vitamns, peptide ligands identified fromlibrary screens, tunor-specific
pepti des, tunor- specific aptanmers, tunor-specific carbohydrates,

t unor - speci Moo ueBtIsr| onal or pol ycl onal anti bodi es, Fab ACTHEWVI2M e., a
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nol ecules. O interest in the case of ligands that bind to infectious

organi sns, ar ecellayaypglutbizides, such as antibiotics or other drugs, that are
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receptor, or obmErendially exprgssedcan theypopulatiqn ofprihqgaric SEIS MGldinge 08 SY A4 ¢

pref erent i al |y, ExRLESHeHAR difis WaERESAIE, AR opRAFbIE, h¥inioHss.
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in a pref err edaivhdids, vabodhyaiiated)end smadirdrgani moleailed. i Therbdslitg sidinmy also bany

tunmor antigens or .ot her _nol ecu] e referentjally expressed.on . the surface
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receptor erein the receptor or ofher proteiniis Er eferentially expressed
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bi ndi ng site n@¥feé 60 Afis. ThOINVEMRE afolaBplicdito BiMYingBl&cut Bgandsjclichass an

antibiotic or other dr ug, where the site is ite of the recentor. based on the
antimicrobial drugs, designed to fit into the binding site ptor,

20  crystal structure of the receptor, and wherein the receptor 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

25  of the Ephrin family of proteins, such as EphA2. EphA2 expression is restricted to
cell-cell junctions in normal cells, but EphA2 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

30  normal cells, resulting in a ligand-immunogen conjugate specific for metastatic cancer

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




15 known in the art to preferentially exist on mcroorgani sns. For exanple,
the subject binding sites may be binding sites in the bacterial cell wall
for a P-lactamantibiotic such as penicillin, or binding sites for an
antiviral agemu/owssxuely present on the surface of a virECT/UNAB1G2HWent i on
al so applies to binding sites for |igands, such as antimcrobial drugs,
designed to fit into the binding site of_jthe receptor, based on the 20
crystal structure of the receptor, and mhereln the receptor is
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Accept abl e i mmuunogens for use in the present invention are |mTunogens t hat
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a preexisting I nmuni nnate | nmune system
Al ternatively, 1rﬁﬁt1mdg6ﬁib<ﬁﬁughiers@ﬁtl &elusdao F&Eltrecttfa@revmuslymgqmradﬁmrrioeal or

adm nistered to the, host animal to e bl i sh sive i ity. Suitable
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immunity exists (e.g., super anti gens and muramyl dipeptide).

20 The ligands and immunogens of the invention may be conjugated by
utilizing any art-recognized method of forming a complex. This can include covalent,
ionic, 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
formed by covalent bonding of the ligand to the immunogen through the formation of

25  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, the ligand is folic acid, an analog of folic acid, or any other folate-
receptor binding molecule, and the folate ligand is conjugated to the immunogen by a
procedure that utilizes trifluoroacetic anhydride to prepare y-esters of folic acid via a

30 pteroyl azide intermediate. This preferred procedure results in the synthesis of a

folate ligand, 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 receptor




15 elimnation of the foreign cells or pathogenic organisns. O her suitable
i munogens include antigens or antigenic peptides to which the host aninal
has devel oped a novel inmmunity through i munization agai nst an unnat ural
antigen or wammemgr.g., fluorescein isothiocyanate or diBGTH¢YPHEAY|) and
antigens agai nst which an innate imunity exists (e.g., super antigens and
muranyl di peptide). 20 The |igands and ijgunogens of the invention may be
conjugated by wutilizing any art-recogni zed nmethod of form ng a conpl ex.
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receptor WO 01074382 PCT/US01/10254 -13 with high affinity, avoiding the
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It is also contemplated that the endogenous immune response will employ the
secretion of cytokines that regulate such processes as the multiplication and migration
20  of immune cells. The endogenous immune response may include the participation of
such immune cell types as B cells, T cells, including 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
25  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 humoral response may also
result from an innate immunity where the host animal has a natural preexisting
30  immunity, such as an immunity to a-galactosyl 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



ani mal, including conplenent-nediated cell |ysis, antibody-dependent
cell-nediated 15 cytoxicity (ADCC), anti body opsonization |eading to
phagocytosis, clustering of receptors upon antibody binding resulting in
signal i ng otwoapepisesi s, antiproliferation, or differenti ar@musol/ands direct

i mune cell recognition of the delivered antigen/hapten. It is also
contenpl ated that the endogenous inmune fjigsponse will enploy the secretion
of cytokines that regul ate such processes as the nultiplication and
mgration 20 Mt d s act) , izaygl ude
the partici pat ?{)%éng'?% ngﬁcﬁh%%%ge%(gﬁ Hltg g‘g@ %las B] %ﬂt@?&%@i&e@métﬁg udi ng
hel per and cyt efaparticularamolist,of amatibopi saggent tdetvelopla présivesmmumity,sand the
neutrophils, LAK cells and the |ike. The hunpral response nﬁe\é beb .response
i nduced by suct et 8¢i8aIdsEnmnoRen,CNHEAS WY é’ﬂss{)@@&dﬁ};{f"ﬂ? - ag Ogdé ive

| muni zati on %Bir&t%%ﬁ@i’rruﬁﬁo?&ﬁﬂvo@fd ;ﬁ&vid%eldwtalge aka qBhdagest 6f hapten

(e.g., fluorescein Isothiocyanate), with the unnatural antigen inducing a

novel i mruni t yreagents tode usadiinicasas woere iapeidiny'e gregristingndibodyntitectoiogies of t he

unnatural antigen o apt en_schedul ed.out sd of _a.nornal. . vacci i QN
regimen to i ndg?,‘ﬁnt‘[aL%“Q’r%\’felF np ﬁ?etug.canglﬁléeéﬁpuﬁg}eﬂagﬁv§§p%rnﬁglglsﬁgey 2 ggodlé%r esul t
from an i nnat emrBifdot smthisieredt Rexh igsTigaadirlindiRE conjigdieisral copr eexi sting 30
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host ani mal sugh as _natur nt | baodi. al | : I : nocl onal
anti bodi 5. t natmay 5P HE lBUe 8958 ok Rl SRR R
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system for elimination of the cells or organisms bearing the antigens.

20 At least one 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

25  acompound capable of stimulating an endogenous immune response, a
chemotherapeutic agent, an antimicrobial agent, or other therapeutic factor capable of
complementing the 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

30 an endogenous immune response including, but not limited to, cytokines or immune

cell growth factors such as interleukins 1-18, stem cell factor, basic FGF, EGF, G-




i nvadi ng cells or organisns and that the pathogenic cells will be killed by
conpl enent - nedi ated | ysis, ADCC, anti body-dependent phagocytosis, or

anti body 15 clustering of receptors. The cytotoxic process may al so involve
ot her typeswafolorssBune responses, such as cell-nedi ated | maMiny1028s wel |
as secondary responses that arise when the attracted antigen-presenting
cel | s phagocytose the unwanted cells angspresent natural tunor antigens or
antigens of foreign pathogens to the inmune systemfor elimnation of the
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macrophages, B cells, neutrophils, LAK cells or the like. The invention also
contemplates the use of any other effective combination of cytokines including

20  combinations of other interleukins and interferons and colony 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

25  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

30 therapeutic agents that can be administered adjuvant to the administration of the
present conjugates, include penicillins, cephalosporins, vancomycin, erythromycin,

clindamyecin, rifampin, chloramphenicol, aminoglycosides, gentamicin, amphotericin




or IFN-y, and GWCSF are used in conbination. Preferably, the therapeutic
factor(s) wused, such as IL-2, IL-12, IL-15, IFN-a, IFNy, and G CSF,

i ncl udi ng 15 conbi nations thereof, activate(s) natural killer cells and/or
T cells. Alwermarisszly, the therapeutic factor or conbi nRATHE1/1N&F eof |
including an interleukin in conbination wth an interferon and GW CSF, may
activate other imune effector cells suchgas macrophages, B cells,
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a nul tipl e dos@urther 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
20  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. The pharmaceutical composition contains therapeutically
effective amounts of the ligand-immunogen conjugate and the therapeutic factor and
25  the factor may comprise a cytokine such as IL-2, IL-12, or IL-15, or combinations of
cytokines, including IL-2, IL-12, or IL-15 and interferons such as IFN-a or IFN-y and
combinations of interferons, interleukins, and colony stimulating factors, such as GM-
CSF.
The unitary daily dosage of the ligand-immunogen conjugate can vary
30 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 radiation



daily reginmen, and/or may be an additional treatnent or series of
treatnents after an interval of days or nonths following the initial
treatnments(s). The invention is also directed to pharnmaceuti cal

conposi ti onwo A1B7L8pri si ng an anount of a |igand-i nMmmunogeCTEHI/LPat e
effective to "label” a population of pathogenic cells in a host animal for
specific elimnation by an endogenous iJjpune response or by
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conj Egate ahd tMeng/kgr apeutic factor and 25 the factor may conprise a
cytokine such as IL-2, IL-1 - [P0 j i C i nes,
including IL-2, IL-12, o‘*"yl %t_‘eitg\;ear%%nﬁﬁ?ﬁ%ﬁgﬁﬁﬁgﬂl@%ﬂg%dﬁm@x%r | FN-'y and

conbi nati ons oforjupatldn€ tiRtBerapentie factn ki mairecapdexistinprantibodien tb dte tmpof act or s,
such as G\ CSF. The unitary daily dosage of the |igand-imunogen conjugate

can vary 30 s¢a}§iof infeetipps,orsumuniAr ie) MgHCe Bl respaRsi tP thsiMNUAREW @R ase

state being tr , qgll : Yok o & j ol of
adm ni strati ongez%%&i't Féljs]eﬁe |e§t§g|hlg%ntdl on, B%%dc oﬁﬁga%ggdé?%ﬁ)ﬁti/c %?oi%#ﬁgage of
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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 intervals. Additional injections of
20 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 therapeutic factor may be administered to the host animal prior to,
25  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 ligand-immunogen 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-
30 immunogen conjugate may be used. For example, the host animal may be
preimmunized with both fluorescein isothiocyanate and dinitrophenyl and

subsequently treated with fluorescein isothiocyanate and dinitrophenyl linked to the




dose daily reginmen. Further, a staggered reginen, for exanple, one to three
days per week can be used as an alternative to daily treatnent, and for

t he purpose of defining this invention such intermttent or staggered

dai ly regi nmo a18708nsi dered to be equivalent to every day ROTEHONENS4 and
within the scope of this invention. In a 15 preferred enbodi nent of the
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i Mmunogen ¢Enj dglerdiByig Aslowsaanp. Abvampled P barenttlabddiagd foans maludampuehes
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subsequent | y t faluiang ofihe e e AgRR s iSOt 151185 y anBlberss AHOGFMYE F iy |

| Tnked Lo the WAL 2LHtbIHbdAaRE sutfias gﬁ@aﬁéhﬁ%fgiﬁes@r@steu,gﬁcﬂdls in

a co-dosing pr e case t IC an antim crobla
agents, the themaesuThepatatdrardosay fiven iadniandmtewah thas insergicdhapn berml thelose

along with the_ligand-i munogen conjugate i.n a cqnbination therapy to avoid
devel oprment  of forr@sqf§tr%ﬁ‘?8§‘tt“6‘glfH@pg#éﬁgf?@?%;&iﬂ‘? °S(9I°?§ﬁ?qdfﬁnﬁ?“5’8? agent by

the host  $saniifmbsatetHA thdrGRDG famnm%gp&@a}euggseﬂet S prlagent BRE PR C
factor are preférably injected parenterally and such injections can be

i ntraperi t oneakny ofjagiribenst prolsugrdutlanse dosgt fjres knows in theiart asnicul ar
e Ons TN A 205 B DA R sk s e
in U.S. Patents Nos. 4,713,249; 5,266,333; and 5,417,982, the disclosures of which
are incorporated herein by reference.
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EXAMPLE 1
EFFECT OF FOLATE-FLUORESCEIN ISOTHIOCYANATE CONJUGATES
ON SURVIVAL OF MICE WITH LUNG TUMOR IMPLANTS
Six to eight-week old (~20-22 grams) female Balb/c mice were
25  immunized subcutaneously at multiple sites with fluorescein isothiocyanate (FITC)-
labeled bovine serum albumin (BSA) using a commercial adjuvant (e.g., Freund’s
adjuvant 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 samples of the
mice), each animal was injected intraperitoneally with 5 x 10° M109 cells, a
30  syngeneic lung cancer cell line that expresses high levels of the folate receptor.
Cancer loci were then allowed to attach and grow. At 4 and 7 days post cancer cell

implantation, all animals were injected intraperitoneally with either phosphate



10 delivered using a slow punp. Exanples of parenteral dosage forns include
aqueous solutions of the active agent, in an isotonic saline, 5% gl ucose
or other well-known pharnaceutically acceptable liquid carriers such as

| i quid al cowsl/07¢gBYycol s, esters, and am des. The parent #@EIUHHIRGE form
in accordance with this invention can be in the formof a reconstitutable
| yophi l'i zate conprising the dose of |igand-i munogen 15 conjugate and
therapeutic factor. In one preferred aspect of the present enbodi nent, any
of a number of T@J&;{\q]l' RhbidGay be

adm ni stered sBc é?gd;{&ﬂﬁggﬁgzgﬁ% 5?@%’3%‘%323 adab egla%g?&t:gbr]\ydr ate matrices
descri bed in phfina Pabenddinkimisethylenzindn@bridge2 B¢ 8@BenteationsoifolaieBIC t he

di scl osures of , which a i ncor parated herei reference., 20 EXAMPLE 1
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m ce were 25 inmhuni zed subcutaneously at nulti Bl e sites with fluorescein
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evi denced by t bffici&soflthis imhuidihebdpyasaalem evblusted bymmangrimgssuefivdlkea ni ce) ,
each animal was injected intraperitoneally with 5 x 105 ML09 cells, a 30
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buffered saline (PBS) or a specific qualnltl\gy of . Fl TC—f njugated to folic
acid via a gaffitieEEFGaIA YIRS HCEeHYSLK IRNSE; 38 thedrsp P &‘589’ §galc was
concentrati ons; | at.8: ol € WR Hote loffe-B5rm45, 450,
and 4500 nnol elsn? L"Sg e(aahg\sgmﬁ ,él;g SV\dgEH eléﬂ{gﬁ?efe(‘:}tg{ggqggr agg?:lﬁ%?%{oat ee- Igﬁ%'C
concentration fwwival dfotied with higBeratvseseiesgiprroctiandtel ymsresglestive. dilthsughai | vy

injections (days 8 through 12) of 5000 | U of reconbihant._h n IL-2. were
!thlen aldm ni gt ekl}’&f°lia@'l:&irgq'?'ﬁsi%‘z"idﬁ° BonFERtr Aty NP RS WI @ﬁ&?lﬁmﬁ Péifs‘%téﬂm The
efficacy ofst hkﬁniﬁgiﬁégé);bgfﬁ&wc rdbEBvEVAl ok RSk 15BNt Noikidheg bF Vi val as

a function of ti ate-FI TC treated mce conpared to control
ani mal s. As shoowmal organ toxicity was detected in autopsy exams by a certified veterinary

pathologist.

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

30 receptors for folic acid are uniquely abundant.



in Fig. 1, nedian survival of mce treated with fol ate-FI TC was
dose-dependent with 10 control mce exhibiting a nedian survival of 23 days
post tunor inplantation, and folate-FITC m ce surviving increasingly

| onger as tw® degessnf the conjugate was increased. As | i tRCTEUSAY/10p54

nnol es/ kg of folate-FITC was able to pronote long-term survival of mce

Wi th higher doses being proportionately mppre effective. Al though the
folate-FITC was found to concentrate in tunors, sone fol ate-Fl TC was
present in 15 kidney tissue (but not atxs@ppenable [evels in other nornal
tissues). No kidney or normal organ toxicity was detected in aut opsy exans
by a certified vet dMAGING QFaIWDBgT@BUEWPEQLATZ(C(DWN@E@ﬂ“
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the animals were injected wth 24G85ARBENTUNMOUSEId®, and mce were
sacrificed soon after injection with folate-FITC, and tissues were
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15  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
20  images) show the morphology of treated and untreated tumor tissues, revealing the

death of cells in the treated samples.

EXAMPLE 4
EFFECT OF FOLATE FLUORESCEIN ISOTHIOCYNATE CONJUGATES ON
25 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 after tumor cell implantation consisted of 1500 nmol/kg of folate-FITC given in
30 6 intraperitoneal doses at 48 hour intervals (days 7, 9, 11, 13, 15, and 17). The

resulting 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 growth of



ti ssues were conpared, and both types of sanples were al so exam ned by
phase contrast m croscopy, as described in Exanple 2. The FITC
fluorescence denonstrates |ocalization of folate-FITC to tunor tissues
(Fig. 3). Twe @E743BuOr escence denonstrates that endogenolRCTiWE@025ht i - FI TC
anti bodi es bound to the folate-FITC 15 conjugates |localized to tunor cells.
O her studies (not shown) denonstrate theilack of such 1gG binding to
normal tissues, including kidney. The absence of antibody binding to

folate-FITC | Oﬁﬁhﬁe@knbﬂa vk GiRYichAtB/SHKIBI ! W ERSinfri N§wiieerehRe WwithtTalatel FITChe
folate receptor is on the apical nmenbrane of the kidney proxinmal tubule
cell's, anti bodingompinatippwithdh3. access to that region of the kidney. The
phase contrast inages (transmtted 20 i mages) show t he nor phol ogy of
treated and untreated tunor tissues, revealing the death of cells in the
treated sanples. EXAMPLE 4 EFFECT OF ERAMMBLEBUORESCEI N | SOTH OCYNATE
CONJUGATES ON 25 GROMH OF SOLI D TUMORS The procedures vvere simlar to
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30 6 intraperitoneal doses at 48 hour val 15, and
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increase in tu { SHTRIE -G (@i BctioHs ek ,pl@gloct ed in
Fig. 4 show thg?{ {/ﬁggg?éﬁl’gﬁfe%ﬁg?{/&%m?&%m US%l/l 25t4 21- yso lid

tunmors wasi®i gaid i2cadtdgydaynubbiquent tovingastiomivith Rslosasrof 150%krmeldkewif foiate-

folate-FITC in_conbinatjon wi.th I LE 5 5 F OF TREATMENT W TH
COVBI NATI ONS G TEVaIERIRBEIOTeFREn gR SﬁyééLﬁ“E?A § MO Rl a(c‘;‘;gan[oﬁose descri bed

in Exanple 1 eﬁ oﬂehﬁtantek‘f%rtweﬁﬁée&hwﬁeréqhﬁed Rbbvirk fbng -téhal duwildidget i ons
(days 8 through 12) of 5000 IU of reconbinant human IL along with ei t her

| FN-a (5 dai | ythetjraetdenwemtimplagtest int@peritjiaatly plosq to-theliYes. dheredprd, Hicect i ons
at 0.5 g/day),

t
.t g/ day) subseH%@‘?ﬁn c’tf(')uq"%jabé& %r%w:ﬁa%]a%g?e&ag@g %Tne%?ﬁ)ﬁm ﬁ%qﬁ ?H f'% "8t e-
FI TC or amfof Exahme ¢ eirhe RBBuitkanswd irfFig. 5déthdrSiratt LAPTL-2 @lohe ijapinaftt ation.

effective at promoting long term survival of animals than was combination treatment
with IL-2 and IL-12 or with IL-2 and TNF-¢. In contrast, combination treatment with
TL-2 and IFN-a was more effective at promoting long term survival than was IL-2
alone. Aminofluorescein was injected along with the various cytokine combinations
20  as a control because this compound is not linked to folate and will not retarget anti-

fluorescein antibodies to tumor cells.

EXAMPLE 6
EFFECT OF MULTIPLE INJECTIONS WITH FOLATE FLUORESCEIN
25 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
nmol/kg of folate-FITC. The results show (Fig. 6) that multiple injections with folate-
30  FITC improved long term survival of animals treated with folate-FITC and IL-2 as
compared to 2 injections of folate-FITC given at days 4 and 7 after tumor cell

implantation.



Furthernore, in an effort to reduce the tine required to obtain long-term
survival data, the tunor cells were inplanted intraperitoneally close to
the liver. Therefore, the |I|ifespan of tunor-bearing mce was generally
shortened awoocufpsszed to that shown in 15 Exanple 1, The rEEW0FIEKEOWN in
Fig. 5 denonstrate that IL-2 alone was nore effective at pronoting | ong
termsurvival of animals than was conbingion treatment with IL-2 and
IL-12 or with IL-2 and TNF-a. |In contrast, corrbl nation treatnent with |[IL-2
and I FN-a was nore effective at pronog F@QA termsurvival than was |L-2
al one. Am nofl uorescein was injected along w t h the various cytokine

conbi nations 20 S¥YNERGISTIOEFRELROE&FQLUATE EbIdﬁRESGEIM ISOTHIQGKANAIE fol ate

and will not retarget anti- fluor to tunor cells. EXAVPLE
6 EFFECT OF MULTI PLE | NJECTI ONS V@é&%é@i% %@SCEI N 25 | SOTH OCYNATE
CONJUGATES The procedur ef,e m@ﬁd&d&bﬂér@@nﬁ&ﬂd\ﬂ§& deEbed hegkantplExamppe 1

except that the animals re I njected I ntraperitoneal l'ﬁ at 48 hour
interval s wt hthat trﬂamhlmalﬂwqretrmacmdy'l(fdeﬁ@@ ninoleg/kg of folatg FITG andysomernpingaly er

(Fig. 6) that HaR(ieped "ieueyione AhiE i Fopdlost apuRrebbhe Moy FRRN R 7
survival of anijfhfed if e@i@bn\e,mmsfdemwd il Benpes. | ThiZej@rimentipaifég )0 2
injections of folate-Fl gl ven at days 4 and 7 after tunor. cell

i npl ant ati on. W@ perfoomad spdetermimehatisn folaloFSEG apddipppet synesgiRiEally 11 ¢ EFFECT

OF FOLATE FLUORES IN | SOTH| éi\‘% dur es
were sinmlar tBOMPS 18“ gg’?ﬁ'rs}"gbaQ EQFMEW eE?é "J'ul%gaﬂt é?(ggﬁﬁal S were
injected wigh 3&0Q1 %@; @b+ By and thfe@foalbe(ﬁ TGraard vﬁanﬂL 3 folawtAITCyarielater eat ed

with either fol ate- C or IL-2 alone. Furthernore, r cells_ were
i mpl ant ed i nt r BHG 1 {loders |8, 48, e and 425ys,trpestiisht 18 re&\*h? g‘%g%ﬁ’éhgn%nt (see

Fig. 7)) WaS DRLLGIE tha SRSl BroMEIARY addh &l @ pRdnllee R b uricdl

synergistically promote long-term survival of tunor-bearing m ce.
Medi an sur vi vabfmmmbeairmg ntibesis EQor@bnsymetgistic ouith 16w-desegl.-2 alade havénggr oups (n =

8) treated wt Eeglhlélb%e etjfecc):lt ggt e l;Lllr-I\;l%al otr thef x%{c%tme the absence of folate-FITC and with

15 folate-FITC having only a minor effect.

EXAMPLE 8
NK CELL INVOLVEMENT IN THE SYNERGISTIC EFFECT OF FOLATE
FLUORESCEIN ISOTHIOCYANATE CONJUGATES AND IL-2

20 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 tumor

25  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.

30




FITC + IL-2 were 18, 19, 22, and 42 days, respectively. The results shown
in Fig. 7 denonstrate that the capacity of folate-FITC and IL-2 to pronote
| ong-term survival of tunor-bearing mce is strongly synergistic with

| ow- dose | LwD cakoig having a negligible effect on the surROTE01/URS¢ he m ce
in the absence of folate-FITC and with 15 folate-FITC having only a m nor
effect. EXAMPLE 8 NK CELL | NVOLVEMENT | N,3HE SYNERA STI C EFFECT OF FOLATE
FLUORESCEI N | SOTHI OCYANATE CONJUGATES AND | L-2 20 The procedures were
simlar to those described in Exanpl e gkgpERl that one group of aninals
was treated wth polyclonal rabbit anti-nmouse NK cell antibodies
(anti-asialo GM; Wako DEWELGEMENTLF CEULSLARIMMUNITY AGAMNSNd, Va.) in

conbination with folate-FITC and |- was injected with 0.2 m
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tinmes for the control group and the groups treated with folate-FITC + IL-2
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position descr '8 hé ani na I'njecte PBS

(control) @p WehslagtaidnNpeinjetombt h3 xf104 it 69 Edlﬁ@n@agsmafmmesvmgmcenL 2
(250, 000 1 U/ dose and | FN-a (25, 000 U dos él, and 14
after tunor cepmplawmm)rahwawch%%ﬁztﬁbh%llllgﬁ1ﬁﬂlé(%lﬁﬁlhﬁlsgm‘WPés R&I | enged
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15  injected with 1.5 x 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° M109 cells treated with folate-FITC in combination with
IL-2 and IFN-¢, challenged on day 62 with 5 x 10° M 109 cells, challenged on day 96
with 1.5 x 10 M 109 cells, and challenged on day 127 with 2.5 x 10° Line 1 cells was
20  greater than 192 days.

The results shown in Fig. 9 demonstrate the development of a long-
lasting, cell-type specific cellular immunity in animals treated with folate-FITC in
combination with IL-2 and IFN-a.. This long-lasting immunity protected the animals
implanted with M 109 cells and receiving folate-targeted immunotherapy from the

25  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 receptors on Line 1 cells at lower levels than on M109 cells, and
on the presence of tumor antigens shared between M109 cells and Line 1 cells

resulting in a M109-specific cellular immune response capable of cross-talk with Line

30 1 cells.




As shown in Fig. 9, the nedian survival tinme of control mce injected wth
5 x 105 MLO9 cells was 18.5 days. The nedian survival tinme of control mce
15 injected with 1.5 x 106 MLO9 cells was 18 days. The nedi an survival tine
of control waiwm743sd ected with 2.5 x 105 Line | cells was E3I/G0ya284¢ The

medi an survival time of mce injected with 5 x 105 M09 cells treated with
folate-FITC in conbination with |L-2 ang4l FN-a, challenged on day 62 with
5 x 105 MLO9 cells, challenged on day 96 wth 1.5 x 106 MLO9 cells, and

chal l enged on day 127 with 2.5 x 105 ExA®@ELER] | s was 20 greater than 192
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105 1U  (10X), ] (withes ingILX2 d&e abdde@h 02 dodd Ry 307U, 8n O,
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i npl ant ed wi t hCRAOHMAcE| (micedpige ‘5%&@@1%%% aq’ﬁéﬁ"é‘ﬁé-“ﬁ‘?'\'?@ﬁgﬁﬂﬁs @é@éﬁa\ﬁm h
increasingbL- 26969 Ahve an IL-2 dose of 5 x 10" IU In contrast, no
substantial di fi”er ence was seen between the nedian survival times of

EXAMPLE 11
IFN-a ENHANCEMENT OF SURVIVAL OF MICE TREATED WITH
FOLATE-FLUORESCEIN ISOTHIOCYANATE CONJUGATES AND IL-2
20 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) or were co-injected with
folate-FITC (1500 nmoles/kg) and IL-2 (5000 TU/dose) or folate-FITC (1500
nmoles/kg), IL-2 (5000 IU/dose), and IFN-¢; (25,000 U/dose) at days 7, 8, 9, 11, and
25 14 after tumor cell implantation. An additional group of mice were co-injected with
folate-FITC, IL-2, and IFN-¢, but the animals were not preimmunized with BSA-
FITC. Fig. 11 shows that the median survival time for control mice treated with PBS
was 18.5 days, the median survival time for mice co-injected with folate-FITC and IL-
2 was 20.5 days, the median survival time for mice co-injected with folate-FITC, IL-
30 2, and IFN-o was greater than 60 days, and the median survival time for mice co-
injected with folate-FITC, IL-2, and IFN-o, but not preimmunized was 24.3 days.

The median survival time for mice injected with folate-FITC and IL-2 was not



control mce (mce injected with M09 cells and treated with PBS) and m ce
treated 15 with IL-2 alone. EXAMPLE 11 | FN-a ENHANCEMENT OF SURVI VAL OF
M CE TREATED WTH FOLATE- FLUORESCEI N | SOTH OCYANATE CONJUGATES AND | L-2
20 The procwoumsssere simlar to those described i n ExamAGF/USOEKMRSpt t hat
the tunor cells were inplanted intraperitoneally in the position described
in Example 5, and the animals were treahed with PBS (control) or were
co-injected with folate-FITC (1500 nnol es/kg) and IL-2 (5000 |IU dose) or

fol ate-FITC ( 1§@Qtam’fﬁﬂ9ld‘?§érgﬂ)thanlfbf @nfroldRRe bidatlRsRe mnc’é%ré ﬁ%cﬁ:d(vﬁﬁl 5300

U dose) at days 7, 8, 11, and 25 14 after tunor cell inplantation. An
addi tional grolpobiL- Znaoé aavdmnb@lmrﬁxempledOvﬁlthdosm)b%ﬁbewﬁq@ [Ulare 2, and
| FN-a, but the_ani nals were, not 11 shows

bt i he reat Srraet Sucheate il Stegh Sy VADNE el el i e maie wille 1o e

days, the nedi 4 rédivi ¥edayé 708 9f DI, afid ££ THRrksite SHoReh iWFid) 11 AbBbmstrlde thatand
IL- 2 was 20.5 days, the nedian survival tinme for mce co-injected with

fol ate-FI TG | [FN\sg forthes arhaneasithe inereasg inmedian sunsinalgonehgtoccwn as ¢ Frsulheli an
survi va! ti me égatm%t%gﬂﬁ% ‘H‘Q%Eﬁkﬁﬁ’e%ré%eﬁlgm}’%lg eE&"TF aha ﬁf 2and | FN-a, but

not prei nmuni z ian surviva m ce injected
with folate-FITC and IL-2 was not WD 01/074382 PCT/ US01/ 10254 25
substantially different than for control m ce because the mce were
injected with 5000 iU of IL-2, and, BXANPI&Ei%ed in Exanple 10, I1L-2 doses

of above 5000 U [Ese \ in mce
treated with fol a?g? EF?%EFggE’%t ewfegl rrgné%ﬁ?L days@%ﬁg,ﬁwﬂ%fmgﬁd 14.
The resultsoshown in Fig. 11 denondMMUNOMRERAPY FN-a further enhances the

increase in nedian surviyal tinpe that occurs.,as a result_ of atrrent of
mce inplanted with tunome@Epeedurgs WWCF’S?";{E”IE—*‘PSF@%@ ernfzx m@;@ P12

EFFECT O DEPL{H{ t%ltugl:or% weke %ﬁecﬂﬂtrE@r&?ﬁalTﬁﬁ%Tﬁ%uomeécWHERAPY

The procedures were simlar to those describ in Exanple | except that the
tunor cells weExampipbcamtl ¢ht ammalawene|1mc¢techwubrPBS (cdwoti@smrm -iigsted Mbtbd in

cocinj ect ed wi BTG RO PR Eebl A el adbiddse 5N TEGa 0 Ul
I FN-a (25, 990 gfydase)9, o1 and 14 after tumor cell implantation. Additional groups of mice were
co-injected with aminofluorescein (1500 nmoles/kg), IL-2, and IFN-« or with folate-
FITC, IL-2, IFN-¢, 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,
20  IL-2, and IFN-o indicating that CD8"* T cells play a role in the activation of the
cellular immune response by folate-targeted immunotherapy. Aminofluorescein was
injected along with the IL-2, IFN-«a cytokine combination as a control because this
compound is not linked to folate and will not retarget anti-fluorescein antibodies to
tumor cells. Fig. 12 shows that aminofluorescein along with IL-2 and IFN-¢ is much
25 less effective than folate-FITC, IL-2, and IFN-« at increasing the median survival

time of mice implanted with M109 cells.




15 days 7, 8, 9, 11, and 14 after tunor cell inplantation. Additional
groups of mce were co-injected with am nofl uorescein (1500 nnol es/ kg),
IL-2, and IFN-a or with folate- FITC, IL-2, IFN-a, and anti-CD8* T cell

anti body (iwat®7438r m of ascites and adm nistered on daysPQI/UR1@s4 11, and
15). As shown in Fig. 12, the anti-CD8+ T cell antibody inhibits the
increase in nmean survival tine in mce tingated with folate-FITC, 20 IL-2,
and IFN-a indicating that CD8+ T cells play a role in the activation of the
cellular imune response by fol at e-taﬁggmﬂ not her apy. Am nofl uorescein
was injected along with the IL-2, IFN-a cytokine conbi nation as a control
because this conpoudGMENTARY IEFEEGTIQF GM-GSE ChhBOWATE-TWRGEEERr get
anti-fluorescein antibodies to t [ I f hat

ami nof | uor escei n al ong WMWQTEE%YI%Q&@IE&HE%S‘E%\@NE‘Hecti ve than
folate-FITC, 1L-2, and | i Li | SMEVANSE 1 ekdepe Of
mce inplanted with I\/IlOgﬁg&e@?%guv\%ggﬁﬁggl%é%mgﬁ%%ﬁf10254 %6 EXREI\/PLE 13
AUGVENTARY EFFRGT thefurfdd €B-weaR i mflaiEE MARGETESly inviveNG IRy ibEIMANCED BY
IL-2 AND | FN-a_The pr.ocedures were simlar. t hose descri.b i h..Exanpl e |
except 5 that EP‘P\‘EPLFL?nD"’rdgHE’I“?@"\?&%W&‘Ci“lﬁﬁf"g[ﬁg'e@’h?tafl%wwgrgrl\@g&?dy\g}ﬂﬁxt he

posi tion descrifgehid ByrobX@MRIGdiRg 1148 ¢5000 PUAbLSY, IFRSq [25¢i00as/@6ke), and GYL- 13,
the animals were injected with nultiple cytokines including IL-2 (5000

| U dose), | FN- £SFZ50@00/dosedloBled cytakings @ere SFiecBOdD2 t9rigyel) dallyHaieeiand ki nes

wer e co-inj ect gﬁ td:@l)lf’lsi @W%@M bo ?e]ﬂ%@'la%ta&ig{n %ﬁIch%% sul%g%tgﬂy R iffiedtRdniAued t er

MLO9 cel |l i npl Was subsequen oinjection wmth 2 10 doses of
1500 nnol eghkg dedes ool sH0amIdIdek ouT felateFIAC andays 4 ditde7. rErubdults depited imd i n

Fig. 13 show that the nmedian survival time for mce tr,ea}%_gg Wi %PBS was 19
days, the mediFig 13ghaw that the median surviveliame fyr srecdtgraidiith 1BS wag E\days: ang
GVt CSF wi t hout . fol at e- Fl. : . { i aledel r mce
injected with 8 edfan %‘F“l‘{‘? “}q%?fﬁ‘,z‘%ggg‘ﬁ%ﬁ?&‘gﬁhmgg’égﬂd%ﬁgg s S:Fh‘gﬁ‘r?%gi an
survival time fielate!HITE wasj2e dhyacltht tnediah Bufvblabtime FiriGee infecd wikiNokfe- and

GVt CSF was greater than 57.5 days, The reﬁult . _denonstrate that. C%ACSF
further augmen®STE€dLadaud HNyeed 38 drwsy anddhe mefipp SYRivpliime (08 micqIRISCEy o ot e

weh TL-2 agd Libk e TATCTRdh APNSAaKl Y- COFRas pRardf i 5718 @64, Thotedds PBS,
IL-2, IFN-a, an 85 was not significantly different than for control
m ce indicati rigmbheratetharGMAISF Dftherangmentnfplate-tagased wperedli killinginmice

response by us Ia?s% treated with IL-2 and IFN-a. The median survival time for mice injected with

PBS, IL-2, IFN-c, and GM-CSF was not significantly different than for control mice
indicating the importance of targeting a tumor-specific immune response by using

20 folate-FITC.

EXAMPLE 14
EFFECT OF IFN-¢ DOSE ON SURVIVAL OF MICE TREATED
WITH FOLATE-FLUORESCEIN ISOTHIOCYANATE CONJUGATES
25 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) or were co-injected with
folate-FITC (1500 nmoles’kg) and IFN-« at doses of 1.5 X 10° IU/dose (6X), 7.5 X
10* IU/dose (3X), 2.5 X 10* IU/dose (1X), and 7.5 X 10 IU/dose (0.3X).
30  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 IFN-¢ on days 7, 8,9, 11, and 14 after tumor cell implantation.



20 folate-FI TC. EXAMPLE 14 EFFECT OF | FN-a DOSE ON SURVI VAL OF M CE TREATED
W TH FOLATE- FLUORESCEI N | SOTHI OCYANATE CONJUGATES 25 The procedures were
simlar to those described in Exanple | except that the tunor cells were

i npl ant ed | wioreapesBr oneal ly in the position described in HOTAROL/&025¢ and
the animals were treated with PBS (control) or were co-injected with
folate-FI TC (1500 nnol es/kg) and | FN-a atpndoses of 1.5 X 105 | U dose (6X),
7.5 X 104 11U dose (3X), 2.5 X 104 | U dose (1X), and 7.5 X 103 | U dose

(0.3X). 30 Addigispa\h InyFi tlhleth@%é&%%uWaﬁtlﬂngﬁpﬂic%QQp%feb wi ih-li@l(b@&ﬁgﬁﬁh
keyhol e | i npi t hem)cyanl n (KLH) rather than FI TC-| abel ed BSA, and the

ani mal s were i tieged with folateFITQlinxreasdd With inprgadifgNEFA - dostaapevean BN-@dosel, and
14 after tunor fﬁé L@}Q@t ation. WD 01/074382 PCT/ US01/ 10254 -27 As shown
in Fig, 14, th& hdt ¥$'val tinme of mice inplanted with M 109 cells and
treated with folate-FITC i ncreased with increasing | FN-a dose above an

| FN-a dose of 0.8 X 10 | U dose. 5 EXAMPLE 15 EFFECT OF DI Nl TROPHENYL AS
THE | MVUNOGEN ON FOLATE- TARGETED | MVENSMIHHARY The procedures were sinilar

to those described in thd r re inplanted
intraperitoneally in t%ﬁ[?glsﬁl Mrl beg I'n P%tr@g%}p?ﬁé‘? ia@ﬁd t he

animals were treated with PBSLAGETARGETED IMMENOIHBRARYed With -
di ni trophenyl (DNP) (1500 nnol es/ kg), |1L-2 (5000 |IU dose/ day) and | FN-a

(2.5 x 10 units/day) or lhRrcefuyienvategimilar i hresascritefi) Examsge | §xspes/ kg) |
I'L-2 (5000 '%ﬁ?&%’tﬂﬁ‘é/r)cell te u'ﬁPk afited &téﬁéht%gaﬁ}l%‘mﬁ\éé?s?ﬂc) (ﬁegcrﬁ)@ﬁn 7, 8, 9,

11, and 14 after tunor antati o I ona ani mal s were
i mmuni zed wWot hEm‘é’plbébMdeHe axﬁmklewzxoﬂ teeatqdmjt}tPBﬁa(mmydhom(rchbﬁnjeo@cﬁ wittown i n

Fig. 15, th d | L] h. fol 2,
and 1 PR a was prrongo DEPLbERngluth flor PBTCRoR e B o By or

mce treated Wlmnwﬁay)loku@m f1ad- duﬁ%ﬁheﬂ mm») %O'nﬁqo?ésﬁ%&em 2 égbé(ﬁctl ve

i nmunogen for use in fol ate- t ar get i nmunot her apy

SYNERG STI C EFFg{dseCiay); @hd\IHN- ﬁl(mmasmlts:/dlamldammmm and 14 after tumor
cell implantation. Additionally, the animals were immunized with DNP-labeled
15  keyhole limpit hemocyanin (KLH). As shown in Fig. 15, the median survival time of
mice treated with folate-DNP, IL-2, and IFN-¢ was increased relative to control mice
(treated with PBS) or mice treated with DNP, IL-2, and IFN-a. Thus, DNP is also an

effective immunogen for use in folate-targeted immunotherapy.

20 EXAMPLE 16
SYNERGISTIC EFFECT OF FOLATE FLUORESCEIN ISOTHIOCYANATE
CONJUGATES AND IFN-q
The procedures were similar to those described in Example 1 except
that the tumor cells were implanted intraperitoneally in the position described in
25  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-
30 labeled BSA. Asshown in Fig. 16, the median survival times for the groups treated
with PBS (control), [FN-¢, folate-FITC, or folate-FITC + IFN-ot were 17, 17, 23, and




CONJUGATES 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 25 Exanple 5, and the animals were treated with
PBS (controwp,ollofdssa al one (7.5 x 104 units/day), fol ate-EIGoaiane (1500
nnol es/ kg) or were co-injected with folate-FITC (1500 nnol es/kg) and I FN-a
(7.5 x 104 units/day) at days 7, 8, 9, 11, and 14 after tunor cell

i npl antation. Additionally, the animals %E m ce per group) were imunized

with FITC | abe keyhal e | i i nj : : 0

| abel ed BSA. Ag’e&% s‘}le%twﬁlygm‘f%ﬁ Qﬁﬁ%%‘%?@ﬁ&%f%f‘%ﬁ%gﬁ? {)érﬂu;gﬁcla}sgr oups
treated w th PRSIKFITOLY prombly-leng-feah alreivil dfGimor-bdadhgtréeeEl TC + | FN- a
were 17, 17, 23, and WD 01/074382 PCT/ USO01/ 10254 -28 33 days, respectively.
These results show that IFN-a, like IL-2, acts synergistically wth
folate-FITC to pronote |ong-term survi¥ahpfg funor-bearing mce. EXAVPLE 17
5 EFFECT OF DI Nl TROPHENYL AS THE | MMUNOGEN AND CYTOKI NES AT HI GH
CONCENTRATI ONS  EWFHCINOF THRITEDRVENEL AS-THNECMMUNOSGRE AND €Y TREINESIAR | ar to

t hose described in_Ex t I Lapl ant ed
intraperitoneally ﬂ@@‘ﬁ‘&éﬁwﬁé&é*?LQWWE%%\@LV’%L%@@ e animal s
were treated with PBS (gt Qedurt! wiesBnifutd MbRUe8H bl IMEddohpRBBexdept 2 (2, 5
X 105 units/day), and IFN-a (7.5 x 104 units/day) or with fol ate-

di ni t rophenyl (hBNR} tuirkEE6l st uplkafpd infrapepitqrrally vo thopsititntdgsei@ed in and | FN- a

(7.5 x 104 unjts/day) at, days .7, 8,9 .11 1 (o 1)
i npl ant ati on. Wﬂf ér@?ﬁ‘gﬁ a"YTﬂéwgﬁ’ltf?ﬁieg flis; |(r?'?r'§ﬁoﬁi‘§ar§£%é ? M&%I‘J%hel ed
keyhol e |'i ppi t phgnmCcy@s 01¢Kkald/day) And TQW(7i5k F*@nitdday) bheitéslatan sur vi val
tinme of mce treated with folate-DNP, |L- FN-a was incre_%%ed

. S,

relative to codlinlitmphﬁx&:@)?(ﬂ’)r(éé@(é@ﬂwftfkg)ﬁég (Qé?SX iﬁr)]sgé‘litﬁ/ﬁi@é?t g IFQrg & _
L2 200, LN e TGS I 9l RGN ok by
uni ts/day, regpeainaehst} impogizadwith BNSHubdert leghoMOn(pit/187$8BEAIn (KLH).
Fg/pgﬁgé{ 10254A-s %k?owcr]l_ iﬁ\lFl}{gB.:W,l the ﬁ\ucgiea}l rs]\?r(\:,i'ivglf tirﬁg Qta nr'hcclel:c] atgj}cﬁ1 w?tﬂ‘il&%%-’b%‘ﬁ, IL-T,TU ne
15  and IFN-o was increased relative to control mice (treated with PBS) or mice treated
with PBS, IL-2, and IFN-c.. The mice treated with folate-DNP, IL-2, and IFN-o (with
IL-2 and IFN-¢ at concentrations of 2.5 x 10° units/day and 7.5 x 10* units/day,

respectively) were completely cured.




medi ated specific elimnation of a popul ation of pathogenic cells in a host
animal 5 harboring said popul ati on wherein the nenbers of said cel

popul ati on have an accessible binding site for a |ligand, said nethod
conpri si ng wioeisteage of adm nistering to said host a |i gar@eTVisunasien

conj ugat e conposition conprising a conplex of the ligand and an i nmunogen
wherein said i nmunogen is known to be regggni zed by 10 an endogenous or an
exogenous anti body in the host or is known to be recognized directly by an

i mune cell inctRpy§ost; and at | east one additional conposition conprising
a therapeutic Tactor, said factor being selected fromthe group consisting
of a cell killing agent, a tunor penetration enhancer, a chenotherapeutic

agent, an antim crobi al ,agent,, cytotoxic 15 | mune .cel | nd a conpound
capabl e of stimnulating an enédB%H%%%§%¢ﬁﬁﬂﬂ§aP&E%%ﬁE%“ﬁﬁ@L@FH%Pﬂggconpound
does not bi nd hediitb®spgekidia RUminHNuM OOLopa kb OB Fhogeric cdilkEn Adbhiedingdl ¢l ai m |
wherei n the popul ati on of pathogenic <cells is a _cancer cell population. 3.

The met hod Sof harbarieg aidmepditipny Wesraim Rearenthers of seig GrihporINALO8 haYs uinor i geni c.
& omhe method QfeehAliThdnd IR/ E1 D1idd8 AORHLAS QiR QOLH miiSbiy | S an
&h oge | har bor

exogenous pat hogén or an nous ce populat’i on I ng exogerious

pat hogens. 5. tdRgidmesthod of claim4 wherein the exogenous pathogen is 25

sel ected fromthe group consisting of bacteria, fungi, vijruses, ﬂ%%gplasna,
itam n

and parasites. 6. The ReSARBHIRTUINRER FATYUSHFSOBIPASIHECIRRILHE 3§ TR
capabl e of spge 1i%dn$lﬁa(lralh }(n Mgﬁdﬁgn Wfl@incs‘%’dl imﬁ’fﬁfﬁgéﬁggkﬁcﬁﬁ’?@&%coﬁnizg&q@y net hod

of claim6 wherei Igand 1I's selected from 30 group consi st’i ng of
fol i c aci ditandnainbiegentad axtae erageeptsantibidydi tig Nostgancigiown@ 04 fRIgE82 15, The
met hod of claim 1 wherejn the hé? ng bj%ging site is an antigen
preferential | YR RS &pInmyRicg @e Wr®sed or overexpressed on metastatic

cancer cells. -30 8. The ek bRdaRitionhBloMpbsibieshptistipe thbdpatdc ifgtghem cal |y
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
15  immune cell, and a compound capable of stimulating an endogenous immune
response wherein the compound does not bind to the ligand-immunogen conjugate.

2. The method of claim | wherein the population of pathogenic
cells is a cancer cell population.

3. The method of claim 2 wherein the cancer cell population is

20  tumorigenic.

4. The method of claim 1 wherein the population of pathogenic
cells is an exogenous pathogen or an endogenous cell population harboring exogenous
pathogens.

5. The method of claim 4 wherein the exogenous pathogen is

25  selected from the group consisting of bacteria, fungi, viruses, mycoplasma, and
parasites.

6. The method of claim 1 wherein the ligand is a vitamin capable
of specifically binding to a cell membrane receptor.

7. The method of claim 6 wherein the ligand is selected from the

30  group consisting of folic acid and other folate receptor-binding ligands.




conpl exed to the i munogen through bondi ng conprising coval ent, ionic, or
hydr ogen bonding. 9. The nethod of claim8 wherein the ligand is a folic
acid analog 5 having a glutamyl noiety covalently linked to the i mMmunogen
only via th&ofllef483/| y-carboxyl noiety of the ligand. 1®RCTIVf@1/MBShod of
claim8 wherein the ligand is a folic acid anal og having a glutanyl noiety
covalently linked to the i munogen only Mpa the glutanyl a-carboxyl noiety
of the ligand. 10 It. The nmethod of claim9 or 10 wherein the coval ent

linkage between the i nmgINOgeme afathokdeclaing@Mheietn MY ligiddas thepayamlyent bondi ng
to the imunogen or by coval ent bonding through a drvalent |inker. 12. The

met hod of cl ai ecomplesediteihe immendgegdirdughsboadingmbinposingedvelenhités f e capabl e
of binding to a ecegt 0(5. and wherein said receptor is preferentially 15
expressed, uniﬁﬁ%?%m RPY'B&sed or overexpressed on the surface of said

popul ation of pathogenig celthg meldd of BRInTB WhetiDthe Gibaid s 4 2olivheidainalog he
smal | organic nolecule is an antimcrobial drug. 14. The nethod of claim1l
wher ei n t hed | i bgving 4 gluampl maistysavalenthnlinked & the immignqesh Aply vipthpetitansty/ 10254
16. The nmet hod_of ,cl ai m.15 rein, the ligand binding site is 17. The

met hod of cl ai ¥repro Ferh tom%il%@nogen is an organic nolecule having a
mol ecul ar wei ght | ess than 2@heafiddlof orakn 8 Wherelhthe tigiruosl a dliccic il amaldg
wherein the organic nolecule is fluorescein or dinit rophengll . 19. )&Ee

met hod of cl ai havingiglpemyl mpisty spvalsabeinked tothe Jnmyneesa OB @P@ﬁ*&m

01/ 074382 PCT/ / - ...The method of claim1l wherein the anti body
I S exogenous tg'%gébg%)g%%ég{%gtn}%qﬁggndgo- adm ni stered with said conjugate
11

conposi ti ong The method of claim 9 or 10 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.
12.  The method of claim 1 wherein the ligand is a small organic
molecule capable of binding to a receptor and wherein said receptor is preferentially
15  expressed, uniquely expressed or overexpressed on the surface of said population of

pathogenic cells.

13. The method of claim 12 wherein the small organic molecule is
an antimicrobial drug.
14.  The method of claim 1 wherein the ligand is a B-lactam
20  antibiotic.
15.  The method of claim 1 wherein the ligand binding site is an
antigen preferentially expressed, uniquely expressed or overexpressed on metastatic

cancer cells.

16.  The method of claim 15 wherein the ligand binding site is
25  EphA2.

17.  The method of claim 1 wherein the immunogen is an organic

molecule having a molecular weight less than 20,000 daltons.

18. The method of claim 17 wherein the organic molecule 1s

fluorescein or dinitrophenyl.

30 19.  The method of claim 1 wherein the immunogen is an -

galactosyl group.



21. The nmethod of claiml wherein the therapeutic factor conprises a
cytokine. 5 22. The nethod of claim 21 wherein the therapeutic factor
conprises IL-2, IL- 12, IL- 15, or conbinations thereof. 23. The nethod of
claim 21 whwoain7438x t herapeutic factor conprises |L-2, [RCTIS0UIA2S45, or
conbi nations thereof, in conbination with IFN-a or |FNy. 10 24. The

met hod of claim 21 wherein the therapeutisg. factor conprises IL-2, IL-12,

| L-15, or conbinations thereof, in conbination with IFN-a or |IFNvy, or a
conbi nati on thereof, and, G\ GQE. , : : ' in the

t herapeutic factor corr%rOisegﬁgfnelag’gs?g@]gwg?mg%éﬁegét?dfaggﬁ]ﬁxwg%%ﬁ% ant. 15
26. The net hodsad hést ads toab@ingstdred Wizh bdideordugarenonpgsition.conj ugat e
conposition is adm nistered in multiple injle tions. 27. The_nethod of claim
| wherein the host ani nval-haJhBéféfr*Odﬁlfé\?I“bué‘i%re B SERPRAILIREPY SPHPEISEhe

i mmunogen so tpﬁt,tolggg host animal has a preexisting imunity to said

i nmunogen evi de ced )y the presence of endogenous 20 antibodies to the

i mrunogen. 28. The net hd2. of Theaieathol ofbleine2 h whereintbs thempeutil fadierd been

previ ously exposed,to_t i nogen by .a non-natural process resulting in
primng of thETRIEES %ﬁ?ﬁﬁﬂ%'ﬂﬁﬁﬁ&“@&ﬁ?ﬂ%g‘ef°8%!sai d i munogen. 29. The
net hod of claim 28 wherejn t hgeRpmdadlrhih 2PWvBeREShe Berabefie fhitetg in prim ng
of the animal's imrune response is vaccination. 30. The nethod of claim 28

wher ei n t he nopemgises Hi-2,JEoi@eHs 15,08 sembinatipn fhepsof, i prymiipationevithkiing or
response is am(ihjr%e i mmuni zation. 31. The nmethod of claimI| wherein the
endogenous | Y- response conprises a hunoral inmmune response. 30 32. The

met hod of g¢hai m 31 wherejig) t hgehmuRIda)s claBS RORBEreinsthatherapedtiti fa@6ék | mTune
respense. WO O%érggrffs%? IZL-i,?)I%- IF;?;I-I{-&JSS,%%/céLn?bZigzﬁions thereof, in combination with IFN-¢ or
IFN-y, or a combination thereof, and GM-CSF.

25.  The method of claim 21 wherein the therapeutic factor
comprises at least one NK cell or T cell stimulant.

15 26.  The method of claim 1 wherein the ligand-immunogen
conjugate composition is administered in multiple injections.

27.  The method of claim 1 wherein the host animal had been
previously exposed naturally to the immunogen so that the host animal has a
precxisting immunity to said immunogen evidenced by the presence of endogenous

20 antibodies to the immunogen.

28.  The method of claim 1 wherein the host animal had been
previously exposed to the immunogen by a non-natural process resulting in priming of
the host animal's immune response to said immunogen.

29.  The method of claim 28 wherein the non-natural process

25  resulting in priming of the animal's immune response is vaccination.

30.  The method of claim 28 wherein the non-natural process
resulting in priming of the immune response is active immunization.

31.  The method of claim 1 wherein the endogenous immune
response comprises a humoral immune response.

30 32.  The method of claim 31 wherein the humoral response is an

acquired immune response.




33. The nethod of claim31 wherein the hunoral response is an innate

i mmune response. 34. The method of claim32 wherein the acquired response
is induced by administering into the host animal a vaccine conposition. 5
35. The net Web1of4382 ai m | wherei n the endogenous i mmune rREIFFEITE28DNPri ses
a cell-nediated i mune response. 36. The method of claim1 wherein the
endogenous i mmune response conprises a hynoral and a cell-nediated i nmune
response. 37. A nethod of enhanci ng an endogenous i mrune response- 10

medi ated specific el imngtl O'T'Pé)&e@x\%ggpahiﬁmtil%%&éin@l?etm@xgﬁﬂirgspﬁﬁsjehsﬁaﬂ n a host

ani mal  harboring said popul atTon erein sald popul ati on expresses a
bi ndi ng site fighataimmigaBvshonsai d et _hod conprising the steps of

adm nistering to the host a conposit ) | Si. npl f .sal
ligand and an i munogen;3415 gaﬁ_z'rﬁ%ﬁﬁ‘lgfilé 3%&0%&@%@9 egﬁcagrﬁ% r%%(?aﬁ%es}gg: ?ect ed
against the i %&%@%Pgdlﬁﬂ%ﬁg@iﬂb%ﬁeq{oistnﬂlir;lﬂ a52bdnd@eipositioheast one

addi tional therapeut actor, said factor being selected fromthe group
consi sting of a cell kil35i ngTagewthodaf ¢laimt whereinethe endogenosmhamensr , a
chenot her apeuti c agent, an anti rriq%r oEj al ent., a cytotoxic 20 inmmune cell,

a
and a sti nul aniCSRIMSSIPIINHB TGRS ngfnggﬁstgﬁfésg'that does not bind to the

|i gand-i nmunogen conpl 36 38 Thém¥RHod @€claim enhaRM thgeRidgamiogrnous i nMmune
response- mnedi ated specific elimnation of a popul ati on of pathogenic cells

in ? host aln: nebponkeedmprisery miatalfog alceli-msaiated dmatupe E5PWSHopul at i on
preferential ly expresse uni,que 2 F s, \; [ .a folic
acid receptor, said net E}gd c@ﬂ%ﬁhéﬂj %@“ﬁ?@q@t%S"E%?&%‘gﬁﬁ’ﬁ?@?éﬁﬁgéto sai d

host a conpesi {8 opaRIficSdliftnatios 6F ab&mldtipn bf pltikesiooplisgatachostfanamal
i mmunogen wherein the i mmunogen is known toQ be reco 9%@@8 by. ap _endogenous

or exogenous hatboringbpidinepylpEomagrein saifl SORMMIAR SXRFoE tﬁ’ﬁﬁ%g’r directly by

an i mune 30 gel b I & ol QpristdnMRQYE074382 -33 PCT/ USD1/ 10254

administering to the host a composition comprising a complex of said
ligand and an immunogen;

15 administering to the host antibodics directed against the immunogen;
and

administering to said host at least one additional 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

20  immune cell, and a stimulant of an endogenous immune response that does not bind to
the ligand-immunogen complex.

38. 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

25  expresses, or overexpresses a folic acid receptor, said method comprising the step of
administering to said host

a composition 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

30 cell in the host; and



a ligand conprising folic acid or a folic acid anal ogue having a gl utanyl
group wherein the covalent |linkage to the i nmunogen is only through the y-
carboxy group of the glutanyl group. 39. A nethod of enhancing an
endogenous WoniRe43BEsponse- 5 nedi ated specific elim nati RCTEPS0Y1926pul ati on
of pathogenic cells in a host aninmal harboring said popul ati on wherein
sai d popul ation preferentially expressesgzuni quely expresses, or
overexpresses a binding site for a folic acid receptor, said nethod

conprising the step of %qgggﬂé&gﬁdgﬁgfg&a%?mmﬁé 2dd GRARRS ihhviR@a COMPr i si ng

a covalently |inked conju I mmunogen wherein the inmmunogen is
known to be regogmyzgdupwherinehdayelkeoiimkege todhedigemmegemisonlyshspugintheye host
or is known to be recognized directly by an inmmune cell in the host; and a
l'i gand conpri sSaFRPXY 8rQue oh el yrmy 8P ¢~ aci d anal ogue having a gl utanyl

group wherein the coval gt |inkadsd Btfbnhmmgraméﬂ@%ﬂoﬁssmrur&résbmugh the a-
15 carboxy group of the glutamyl group. 40. A nethod of enhancing an

endogenous 4 nmmediateé sgroifselimmtivap Eaipeppiation pEpashagenis aeilson adostangeBul at i on
of pathogenic cells in.a hast animal .harborin id. i ein
said populatioW“ﬁ?E@éWgﬁPPﬁFWVYQQ%?B§§%g?mg%Fﬁggﬁgeﬂgﬁgggé%%%g%gwma&

over expresses gphistdi fibveiekgredsed a Binfiak site € b dolicetRINtapiorsaidineteéciod 20
conprising the Steps of admnistering to said host a conposition conprising
a coval ently |¢ampedingdhg sieppefedminigering tmsgiAd9¥n wherein the i mmunogen is

known to be recogni zed by an endogen r at | in the host
or is known to be recogrﬁy?gwoﬂﬁ?%%{nfp%%ﬁgg%&ﬁvﬁéﬁ ﬁg&gigﬁﬁﬁéag@%g host; 25 a
ligand conpji Singifudoabh Wh@eindh@immurfogbd i¢ kaewal tebtakaguized by mendagergusivany |
group wherein the coval ent |inkage is only through, the, -cifbox group of
the gl utamyl gexegprouaaribedy incthe how Reiskaeve F%‘?fa‘lec%’r?ﬁ‘é)gir%/‘i”é Y@Bh%‘fri 8% ng a

t herapeutic faget“q;l,the 8dl.- 4,4 actor being selected fromthe group consisting
of a cell killing agent, a tunor 30 penetration enhancer, a

chenot her apeuti ¢ agent, aligaahtomprisingdohd acadjera folig ag wuglogiedavingune cel |,

fhe compound dge@HOEHP TS B oG itksBmA o ferotesey taave 08 5B b7 aser

15  carboxy group of the glutamyl group.

40. 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 binding site for a folic acid receptor, said method

20  comprising the steps of administering to said host

a composition 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;

25 a ligand comprising folic acid or a folic acid analogue having a
glutamyl group wherein the covalent linkage is only through the y-carboxy group of
the glutamyl group; and

at least one additional composition comprising a therapeutic factor,
said factor being selected from the group consisting of a cell killing agent, a tumor

30  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.




-34 PCT/USO1/ 10254 41. A nethod of enhanci ng an endogenous i nmune response-
nmedi ated specific elimnation of a popul ati on of pathogenic cells in a host
ani mal harboring said popul ati on wherein said popul ation preferentially
expresses, Wa@Qwaddy2 expresses, or overexpresses a folic aROETUUN&EEHt or
said nmethod conprising the step of 5 admnistering to said host a

conposi tion conprising a covalently |inkgg conjugate of an inmunogen
wherein the i nmunogen is known to be recogni zed by an endogenous or

exogenous antibody in theg hoﬁtmf}ﬁoci §fe‘ﬁﬁ&l%g?a9_e9@ogf'eﬁ&§%gﬂinﬁ&6 rékptrel |y by an
immune cell in the host; 10 a [i1gand conprising Tolic acid or a folic acid

anal ogue havi ngediated bpetiivyelimiratiopofvhpapelation hEpatimeahie nelld inalkaganimalon| y

t hrough the a-carboxy group of the glutanyl. group: amnd at | east.

addi tional conffsRITESAYPERYAHYY "_H'bereén ?%@P@S%%Pﬁg?f#gfé?‘bd?‘? cxgrgfsagfu Ea"cqtﬁ% bei ng
sel ected from %})%?es&rsp&%vgﬁﬁ'ﬁksﬁé DR1i0hcid réc8ptbr, ikl richddagmplising tHet@rof 15
penetration enhancer, a chenotherapeutic agent, an antim crobial agent, a

cyt ot oxi ¢ iSMmuadmisisieting srsdidchosonrpound capabl e of stinmul ati ng an endogenous

i mune response wherein the conpound. does n ﬁ% : i-gand-i nmunogen
conjugate. 42. A phar nﬁccgﬁlpf%ta\w%oénr%lggﬁgtai°8‘r’18%:nc§ lgllﬂg‘irl g%rﬁ{%éérdaf%guti cally

effective amuplfuewhérsianik inMNBEEES kaem todrirecogapeadby awéndopemius o
binding to a 20 popul ation_ of Bat hogenic cells in a H_ost %ni mal for
specific elinisxogenous atibody in the hess ohis knawn tockeuesesgized dirgatly Dy an imyae
response, co- adrn'.nihstered anti bodies, or directly by an immune cell in the
host, a therap%%ltlpé efk}a?éii’or sel ected fromthe group consisting of a cell
killing aggnt, a tumor panehd amhpiigThhaneed or afotibedidtdogpedating aagent, an

antim crobial agent, and a conpound capabl e of stinulating an endogenous
i mrune 25 resp@h@@%@ﬁéwﬁeﬁewg{ﬁ%%h’ﬂh‘é{*&%‘é °ﬁ1¥tth‘iﬁ’f“%ﬁ’te(9"g‘1‘ilé°xy group bt
| i gand- i nmmunoggn j , nd a pharnmaceutically acceptable carrier

B AR i

t herefor. 43. cal conposition of claim42 in a parenteral
prol onged rel ease dosaget feastrone 4dditidiabequirmsitias eomprisihg & hepspeuticifadiolof cl ai m

42 wherein t hesaig’ t%cttopggig ?e écite% fjro%(l:tth%rgroiu% c%gsiét{rrl-rgn&gcesﬁ Li’ﬁ%‘nlgaa% nt, Mm%}/ 074382
15  penctration 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.
42. A pharmaceutical composition comprising therapeutically
effective amounts of a ligand-immunogen conjugate capable of specific binding to a
20  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, a therapeutic factor selected from the group consisting of a
cell killing agent, a tumor penetration enhancer, a chemotherapeutic agent, an
antimicrobial agent, and a compound capable of stimulating an endogenous immune
25  response wherein the compound does not bind to the ligand-immunogen conjugate,
and a pharmaceutically acceptable carrier therefor.
43.  The pharmaceutical composition of claim 42 in a parenteral
prolonged release dosage form.
44, The pharmaceutical composition of claim 42 wherein the

30 therapeutic factor is an immune stimulant.



-35 PCT/ USO01/ 10254 45. The pharmaceutical conposition of claim44 wherein
the immune stinmulant conprises a conpound selected fromthe group
consisting of IL-2, [IL-12, IL-15, IFN-a, IFNy, and GwW CSF, or

conbi nat i onwotoberesy . PCT/US01/10254

-35-
45.  The pharmaceutical composition of claim 44 wherein the

immune stimulant comprises a compound selected from the group consisting of IL-2,

IL-12, IL-15, IFN-e, IFN-y, and GM-CSF, or combinations thereof.




