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This invention relates to methods for Preventing or creating
parasitic infection. Particularly, accerding to tkis inventiocn, an IgE
ancagonist is administered to a patient having er at risk of havine a
Parasitic infection, to eliminate or render undetectable the patient's IgE

levelg during the course of the infaction.
g

TSORTY N OF s -

Elevated IgE antibody production is a hallmark of infection with
parasitic helminths, including Schisrosoma mansoni (Finkelman. F.D., er
al., Immug. Today 12:4€2-466 (1551)). This IgQE respconse is commenly
consicered an essential component of the host defense against metazoan
pParasites (Capron., A. er al., Nature 453:474-475 (1975); Capron, A., et
al., prog. Allergy 31:234-267 (1982); Joseph, M., et al., Nature 303:8510-
812 (198813)). Numercus studies have supported this hypothesis: B cell
depletion prevents development of immunity (Bazin, H., er al., J. Irmmu=n.
124:2373-2377 (1980)); effective immunity can be adoptively transferred by
IgE antibodies (Caproa, A. et al., Ann. Rev. Immuh. 3:455-476 (1985);
Vignali, D.A.A. er al., Zmmun. Today 10:410-416 (1988)); IZE can direectly
mediate resigtance through eosinecphil, macrophiage, and platelet-mediaced
c€ytotoxicity (Joseph. M., et al., Nature 303:810-812 (1983); Carron, M. ec
al., J. Irmun. 132:462-468 (1%84); Auriault, C. er al., Eur. J., Immun.
14:132-138 (1984)) . In addition, racent epidemiological reparts
demonstrate a correlation between high schistcsoma-specific IgE antibody
levels and resistance to reinfectien (Ragan, P. et al., Narure 349:243-2445S
(1851) ; Rihetr, P. et al., Eur. J. Immuncl. 21:2679-2686 (1991) ; Duzne, D.W.
et al., Bur. J. Immun. 22:1483-1494 (1992) . Most of the studies which have
been undertaken to investigate the role of IgE in parasite immunity, have
employed systems in which ISE is deficient as a raesult of genetic
mutation(s) or via elimination of the pluripotent lymphokiné IL-4.

Surprisingly, the preseant inventers have discovered that elimipaticn
of IgE with an IgE antagonigt, as measured by reduc:ipn ¢f IgE te an

undetectable level in an ELISA assay, resulted in decreased worm burden,
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decraasegd egg production, and decreased hepatcspeacmegaly in murine
schistoscomiasis.

Antagonists cf IgE in the form of receprors, anti-IgE antibodies,
kinding facrors, or fragments thereof have been disclosed in the arc. u.s.
4,962,035 discloses DNA encoding the alpka-subunit of the mast cell IgE
Teceptor or an IgE binding fragment thereof. Hook er al. (Federation
Proceedings Vol. 40, No. 3, abstrae: #4177) disclose monoclonal
antibodies, of which ocne Lype iz anci-idiotypic, a seccnd type binds to
common IGE determinants, and a third type is direcred towards determirants
hidden when IGE is on the basopbil surface.

U.5. 4,940,782 discloses monoclonal antibodies which react with IgE
when iz is unbound and thereby inhibit IGE binding ts mast cells, and reac:
with IgE when it is bound to the B-cell FcE receptor, but do not bind with
IgE when it is bound to the mast cell FCE receptor, nor block the binding
©f ISE to the B-cell recepter.

U.S. 4,546,788 discloses a purified IgE binding factor and fragments
thereof, and monoclomal antibadies which reaét with IgZ binding faczor and
lymphocyte cellular receptors for IgE, and derivativeg thereof.

U.S. 5,081,313 discloses antigenic epitopes associated with the
eéxtracellular segment of the domain which anchors immunoglebulins to the
B cell membrane. The epitopes recogumized are Present on IgE-bearing B
cells but not basophils or in the secretad, soluble form of IgE. U.Ss.
5,252,467 discloses a method for producing antibodies specific for such
antigenic epitcpes, U.s. 5,231,026 discloses DNA encoding murine-human
antibcdies specific for sueh antigenic epitopes.

WO 83/0€138 discloses unigue antigenic dete:minaﬁts of IgE present on
IgE bearing B-cells but not basophils. . One class of these epitopes is at
©T near the FceR binding'site on IgE, while ancther class of amssociared
with the extracellular segment of the domain of e chains which anchor IgE
to the B cell membrane.

U.S. 4,714,759 discloses an immunotoxin in the form of an antibody or
an antibody fragment ccupled to a toxin ro treat allergy.

Presta et al. (J. Immunpol. 151:2623-2632 (1993)) disclose a humanized
anzi-IgE that prevents the binding of free IgE to FceRI but dees not bind
to FceRI-bound IgE. Copending W093/04173 discloses polypeptides which biad
differentially to the high- and low-affinity IgQE Treceptors.

Flores-Romo et al. (Science 261:1038-1041 (1993)) disclose inhibicion

cf an in vive antigen-specific IgE response by antibodies to CD23.

-2~
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Thus, it ic an object of this invention to provide a methed for

preventing or ctreating parasitic infection by administering ag IGE

antagonist to5 a patient.

SUMMARY OF THE: INVENTION

One aspect of the invention is the use of an IgE antagonist in the manufacture of a medicament for

use in a method of treating infection of a patient by a parasite comprising administration of a therapeutically

effective amount of the IgE antagonist to the patient.

Another aspect of the invention is the use of an IgE antagonist in the manufacture of a medicament
for use in a method of reducir.. the number of eggs or adult worms in a patient infected by a parasite
comprising administration of a therapeutically effective amount of the IgE antagonist to the patient.

Another aspect of the invention is the use of an IgE antagonist in the manufacture of a medicament

for use in a method of reducing hepatosplenomegaly in a patient infected by a parasite comprising

administration of a therapeutically effective amount of the IgE antagonist to the patient.

BRIET DESCRIPTION OF THE _DRAWINGS

Figure 1 is a graph depicting the effects of anti-IgE monoclenal
antibedies (mAb) on serum IgE levels. BALB/c mice, .stated by supplier to
be free of adventitious viruses, were housed under microisolator caps in
4 quarantine room. Once acclimated To the facility, thae 6-8 week o013 mice
were treated intravenously (iv) with either 100 ug anti-IgE mAb (R35- 92,
rat IgGi; Pharmingen) or ag isotype matched =ontzol antibody (rat IgG,,;
Pharmingen) . The following day, mice were infected by body surface
€Xposure to 90 cercariae of S. mamseni shed from infected Biompharlaria
glabraca snails. atr weekly inrtervals, mice were bled, then retreated in
vive with 20 #g WAD at 1, 2, 3, 4, and § weeks, and with 100 Kg at weeks
€ and 7 (400 ug toctal anti-IgE mdb), or wifh 20 #9 mAb anti-IgE mAd at
weeks 6 and 7 (240 kg tctal anti-IgE mAb). Total serum IgE wag derermined
by ELISA. Polyclonal rabbit anti-mouse IgE (Genentech, Inc.) was diluted
to 2 pg/ml in 0.05M Na;Co, buffer, pH 9.6, and cocated arnto flat-bottomed
microtirer plates. The amount of murine IgE that bound to the anti-mouse
IgE was detected using biotinylared IgE receptor I-1gG immuoadhesin (Haak-
Frendscho, M. er al., J. Immun. 151:351-358 (199%3)). Assays were developed
using horseradish peroxidase conjugated to strepcaVidin (Zymed) .

Figures 2A and 2B are graphs depieting the effecr of anti-IgE on

spleen weight (2a) and liver weight ({2B). Spleen and liver weight, as a
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gross indicacion of cellular infiltration and inflammation, were determined
eight weeks after infection with cercariae as described in the legend to
Figure 1. Results are expressed as the mean (n=7-.2/group) wer weight =
standard deviation.

Figure 3 (A-D) is a photegraph depicting the histopathology of livers
and spleens from infected mice. To evaluate histcﬁachology, spleens and
livers were removed from mice treated with high deose anti-Igf or conrrol
IgG. eight weeks after infection with cercariae as described in the legend
Lo Figure 1. Organs were fixed in 10% buffered formalin, embedded in
paraffin, sectiocned, then stained with hematoxylin and eosin. Livers £rom
conirol mice contained multiple large coalescing foci c¢f granulomas
predominacely composed of macrophages and eosinophils (A). Livers of
anti-IgE mADb treated animals had fewer eggs and therefore fewezr granulomas
(B). <The histologie characteristics, notably tha precence of macrocphages
and numerous eosincphils, were similar in both groups. HEowever, cthne
granulomas of the anti-IgE treated group (D) did appear rta have less
fibrosis than those from control mice (C).

Figure 4 is a graph depicting the effect of anti-IgE on serum Ii-4.
Serum IL-4 was detezmined by ELISA using 1 ug/ml anti-mouse IL-4 mab
{8VD4-1Dll, rat IgG.,; Pharmingen) in 0.05M KNa,CO,, pH 9.6, coated onto
flar-bottomed microtiter plates. IL-4 was detected with biotin-conjugated
anci-mouse IL-4 (BVD6-24G2, zat IgG,; Pharmingen) and developed with
horseradish percxidase- streptavidin (Zymed).

Figure 5 is a graph depicting (D23 expression on B cells. Spleens
were removed from anti-IgE mAb and centrol antibody treated mice after
eight weeks of infection with S. mamscmi. Their cells were di;pe:sed with
frosted glass slides, washed wirh phosphate buffered saline (PBS)
containing 1% bovine serum albumin {BSA) and 0.01% sodium azide, chen
stained with appropriate dilutions of moneclonals recognizing CD4SR
(RA3-6B2, Red6 13- cenjugated rat IgG,,; GIBCO) and D23 (B3B4, FITC-
conjugated rat IgG,,; Pharmingen}. Cells were analyzed using a FACScan
gating on the lymphoeyte population. Splenocytes from uninfecred mice were
used for reference for B cell expression of CD23 (a). Cells from mice
treated with control antibody showed a marked upregulation of D23 (b)
expression in response to Schistosoma infection. In contrast. CD23 (c}
expression on spleen cells was reduced as a Tesult of anti-IgE mAb

treatment.
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RETAILED DrscRIPTICON SE THE DRETTRRED CMBODIMENTS

A. DEFINITIONS

The cerm “IgE antagonist” as used herein refers to a substance which

inhibits the biological activizy of IgE. Such antagonists include bu:s are
not limited to anti-IgE antibodies, IGE receptors, anti-IgE recepror
antibodies, variants of IgE antibodies, ligands for the IgE receptors, and
fragments therecof. Antibody antageonists may be of the Igh, IgD, IgG, IgE,
6T IgM class. In some embodiments of the invention, the antibody
antagonist may be bispecifie, i.e., comprise an antigen binding site ang
an amino ac:d Sequence capable of binding a targer 4{involved in cthe
initiation or developmeat of parasitic infectien. Variane IgE antibodies
tyrically have amino aeid substiturions oxr deletions at one cr more amino
acid residues. Ligands for IgE receptors include but are net limited to
IgGE and anti-receptor antibodies, and fragments thereof capable of binding
O the receptors, including aminoc acid substitution and deletion variants,
and cyclized varianrs.

In general, in some embodiments of the invention, 1IgE ancagonists acs
by blocking zhe binding of IgE to its receptors an B cells, mast cells, cr
basophils, either by blocking the binding site on the IgE molecule or
blocking its receptors. Additionally, in some embodiments of <tha
invention, IgE ancagonists act by binding soluble IgE and thereby remcving
it from circulatien. The IgE antagonists of the invention can alse act by
binding to Igf en B cells, thereby eliminating clenal epulations cof 3
cells. The IQE antagonists of the instant invention can also act bv
inhibiting IgE producticn. Preferably, the IgE antagenists of the insrtant
invention do not resuilr in higtamine release from mast cells or basophils.

The term “therapeutic amount~ as used herein denotes an amount that
Prevents or ameliorates Symptomg of a disorder or }esponsive pathologice
Physiclogical cenditicn. ‘

“Polypeprtide” as used herein refers generally to peptides and proteins

having at least about two amino acids,

B. GEINERAL MPTHODS

The IGE antagonists of the instant inventien can be used to trear
infection by parasitic helminths, including dematodes, trematodes, and
cestodes, and other Parasites which are associated with elevated 1IgE

levels,
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I9E antagonizts and methods for designing and producing them are krown

in the art (see Description of the Backaround acd Zalated Are). When the

IgE antagonist is an antibedy, it can be any ctype of immunoglebulin, sueh

as IgG. IgA, IgM, IgD, and IgE, including polyclonal and menoclonal fcxms
of suchk antibodies.

Polyclonal antibodies to ISE generally are raised in animals by
multiple subcutanecus (sc) or intraperitoneal (ip) injections of IgE and
an adjuvant, It can be useful to conjugate IgE or a fragment containing
the target amino acid sequence from the Fc regicn of IgE to a Protein that
is immunogeniz in the species to be immnized, e.g., kxeyhcle limpet
hemocyanin, serum albumin, bovine thy:oglo&ﬁlin, or scybean =trypsin
inhibiter wusing a bifunctional or derivatizing agent, for example,
maleimidebenzoyl sulfosuccinimide escter (conjugatien through cystaine
Tesidues), N-hydroxysuccinimide (through lysine residues), glutaraldehyde,
succinic anhydride, SOCl;, or RN = C = NR, where R and R! are differens
alkyl groups, '

Animale ordinarily are immunizeq against the-cells cr immunogenic
conjugates or derivarives by combining 1 mg or 1 upg of IGE with Freund's
complete adjuvant and injecting the solution intradermally at multiple
sites. One month later the animals are boosted with 1/5 to 1/10 the
original amount of conjugate in Freund's complete adjuvant by subcutaneous
injection at multiple sites. Seven to 14 days later, animals are bled and
the serum is assayed for anti-IgE titer. Animals are boosted uncil the
titer plateaus. Preferably, the animal is boosted with a conjugsate of the
same IgE, but conjugated to a different protein and/or through a different
cross-linking agent. Conjugates alse can be made in recombinant cell
culture as protein fusions. Also, aggregating agents such as alum can be
used to enhance the immune response.

Monoclonal antibcdies are prepared by fecovering spleen cells f£rom
immunized animals and immortalizing the cells in conventional fashion, e.g.
by fusicn with myeloma cells or by Epstein-Barr (EB)-virus transformation
and screening for clones expressing the desired antiboedy. The hybridoma
technique described originally by Koehler and Milstein, Eur. J. Immunol.,
&: 511 (13976) and also described by Hammerling et al., in: Meopocional
Aatidbodies and T-gell Hvbridomas, Elsevier, N.Y., pp. 563-681 (1981) has
been widely applied to produce hybrid cell lines that secrete high levels

of monoclonal antibodies against many specific antigens.

AFP/P/96 /00875
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The hybrid cell lines can be maintained iz vitre ia cell culcure
media. The cell lines produeing the antibodies can be selected and/or
maintained in a composition comprising the continuous cell linme in
hypcxanchine-aminopterin thymidine (HAT) medium.  In fact, once ctre
hybridoma cell line is established, it can be maintained on a variety of
nutriticnally adequate media. Moreover, the hybrid cell lines can be
stored and preserved in any number of conventional ways, including freezing
and storage under liquid nitrogen. Frozenm cell lines can be revived and
cultured indefinitely with resumed synthesis and secretion of monoclonal

Tibody.

The gecreted antibody is recovered from tissue culture Supernacant by
conventional metheds such as precipitatien, ion-exchange chromacography.
affinicy chromategraphy, or the like, The antibodies described herein are
also recovered from hybridoma cell cultures by conventional metheds for
purification of IgG or IgM, as the cagea may be, that heretofore have besn
used o purify thesge immnoglobulins from pooled plasma, €.€., ethanol er
Polyethylene glycol precipitation Procedures. The purified antibodies are
sterile-filcered.

While routinely mouse mancoclonal antibodies are used, the invention
ig neot so limited; in fact, human antibodies can be used. Such antibodies
€an be cobrtained, for example, by using human hybridomas (Cote er al.,

Moncclonal Antibodies gna Cangex Therapy, Alan R. Liss, p. 77 (2985)). =:n

fact, acecording to zhe invention, techniques developed for the production

of chimeric antibodies (Cabilly er al., U.S. patenr No. 4,816,567, Merrisen
er al._, zzgg‘_ﬂagl*_agaj*_sgi., 8L: 6851 (1984); Boulianne et al., Nggu-re,
212: §43-546 (1884) ; Neuberger et al., Nature, 212: 604 (1384); Neuberger
et al., Nagure, 314: 268-270 (1985); Takeda ec al., Nature, 314: 482
(1885); =P 184,187; Ep 171.486; BP 173,494; DCT WO 86/01533; Shaw e:r al.,
- £0: 1553-1559 (1988); Morrison, Science, 229: 1202-

1207 (1985); ©0i et al., BioTechniqgues, 4: 214 (1s86)) by coupling an
animal antigen-binding variable domain te a human constant domain can be

L. N3z CaS¢ . Iost

used: such antibodies are within the scope of this invention. The term
"chimeric" antibody is used herein to describe a polypeptide comprising at
least the antigen binding portion of an antibedy molecule linked ts at
least parrt of ancther protein ‘(:ypically an immunoglobulin constant
domain) .

Iz one embodiment, such chimeric antibodies conéain about one third

rodent (or other non-human species) sequence and thus are capable of

56/00875
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eliciting a significanc anti-globulin respense ir humans. For example. in
the case of the murine anti-Cco3 ancibody OKT3, much of the Tesulting anzi-
globulin response is directed against the variahle region rather than the
conscant region (Jaffers er al., :;;nazlgngggign, 4): 572-578 (1986)) .
Humanized antibodies are used to reduce or eliminate any anti-glopulin
immune response in humans. in practice, humanized antibodies are typicall
human anctibedies in which some amino acid residues from the coﬁplemencaricy
derermining regions (COR3), the hypervariable regions in the wvarjable
domains which are directly involved with formarion of the antigen-binding
site, and Possibly some amino acids frem the framework regions (FRs), the
regiona of sequence cthar are Somewhat conserved within the variable
domaing, are substiturted by residues from analogous sites in rodent
antibecdies. The conatruction of humanjized antibodies is described in
Riechmann ez al., Natuze, 332: 323-327 (1888), Queen er al., 2roc, Natl.
acad, Sci. Usa. 86: 10025-10033 (1589), Co er al., Ero¢._Natl, Acad SS3

USa, 88: 2865-28B73 (1991), Gorman er al., Pxoc, Nagl Acad. Sci., 8B: <4181-

4185 (1951, Daugherty et al., Nuclejc Acids Bes,, 219: 2471-247¢ (1991),

Srown ecr al., Proc, Natl. Acad Sci. USA, 88: 2663-2667 {1951), Junghans

et al., capcer Resg., 30: 1495-1502 (13%0), Fendly et al., canger Rez., S0

1550-1558 (1990) and in PCT applicationes WO B9/06692.and WO 92/22653.

In some cases, substituting (DRs from rodent antibodies for the human
CDRs in human framewcrks is sufficient te transfer high antigen binaing
affiniry (Jones et al., Nature, 321: 522-525 (1986) ; Verhoeyen et al.,
Scisnge, 239: 1534-1536 (1988)) whereas in other cases it is necessary to
additionally replace cne (Riechmann er al., supra) or several (Queen et
al., supra) FR residues. See also Co er al., supra.

The invention alsc encompasges the use of human antibodies Produced
in transgenic animals. In this system, DNA encoding the antibody of
interest is isolated and stably incorporated inro the germ line of an
animal host. The antibody is produced by the animal and harvested from the
animal's blood or other bedy fluid. Alternatively, a cell line that
expresses the desired antibody can be isolated from the animal host and
used ro produce the anctibody in vizro, ard the antibody can be harvested
from the cell culture Sy standard methods.

Anti-IgE antibody fragments cam also be used in the methods of the
invention. Any fragment of an anti-IgE antibody capable of blecking or

disruprting IgE interactien with its Teceptor is suitable for yse herein.

/96700875
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Suitable anvi-IgE antibody fragments can be cbtained by screening
combinatorial variable demain libraries for DNA capable of expressing the
desired antibody fragméncs. These techniques for Creating recombinan: DNA
versions of the antigen-binding regions of antibody molecules (known as
Flab) fragments), which bypass the generarioen of moncclonal antibodiaes, are
encompassed within the practice of this invention. One typically extracre
antibody-specific messenger RNA meclecules from immune system cells taken
from an immunized animal, transcribes these into complementary DNA (cDNA) ,
and clones the cDNA into a bacterial expression system. One can rapidiy
generate and screen great numbers of functional F(ab) fragments for these
that bind cthe antigen of inrerese. Such IgE-binding molecules (F(ab)
fragments with specificiecy for the IsE pIotein) are specificaliyv
encompassed within the tezrm "antibody" as it is defined, discussed. and
claimed herein.

In a further embodiment of the invention, soluble IgE receptor can be
used as the IgE antagonist. Soluble receptors suitable for use hexzsin
include, for example, molacules comprising the IgE binding sire in the
extracellular domain (exodomain) of the FceRI & chain. The o chain of FeeRI
can be genetically modified Such that the exodomain is secreted as a
soluble protein in a recombinant expression system accozding to the method
of Blank er ai., Lo Biol, Chem,, 266: 2839-2646 (1981) er Qu er al., -
Exp,_Med., 167: 1195,

The inventien also encompasgses the use of IgE-binding peptides iz
addition to anti-IgE antibodies and soluble Teceptor. Any IgE-binding
peptide capable of disrupting or blocking the interactiocnm between IgE and
its receptors is suitable for use herein. -

In addicion to IgE antagonists which interfere wich IgE/receptor
iateraction by binding to IGE, such as anti-IgE antibodies, fragments
therecf, scluble IgE receptor and other IgE-binding Peptides described
above, the invenrion encompasses the use of IgE antagoﬁis:a which diszuptc
IgE/receptoi interacrion by competing with IGE for binding te its receptor,
thereby lowering the available IgE receptor.

IgE variants are an example of a Teceptor-binding competiror thar ie
suitable for use in the merhods of the inventicn. IgE variants are ferms
of IgE pPossessing an alteration, such 25 az aminco acid substitution or
substitutions and/er an amino acid deletion or deletione, wherein the

altered IgE molecule is capable of competing with IgE for binding to its

receptors.

AP/P/96 /00875
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Fragments of IgEZ variants are alsc suirable <or use herein. Aay
fragment of an IgE variant capable of competing with Z¢E for binding ro its
Teceptors can be used in the methods of the invention.

The invention alsco encompasses the use of 1IgE recepror-binding
peptides in addition to IQE variants and fragments therect. Any IGE
receptor-binding peptide capable of disrupting or blocking the interaction
between IGE and its receptors is suirable for use herein.

Practice of the invention is not limired to the use cf pepride IgE
antagonists. Any compound capable of functioning as an IgE antagonist :is
suitable for use in the methods of the invention, including nen-
Proteinacesus small molecule compcunds .

The amount of IgE antagenist delivered ro the Fatient to be used in
therapy will be formulated and dosages established in a fashion consisgtent
with good medical practice taking intc account the disorder to be tTeated,
the cendizion of the individual patient, the sirte of delivery, the method
cof administration and other facrtors knewn to practitioners. Similarly, the
dose of the IgE antagonist administered will be dependent 'upon the
properties of the IgE antagonist employed, e.g. its binding acetivity aad
in vive plasma half-life, the concentration of the IGE antagonisr in the
formulation, the administration roure, the site and rate of dosage, the
clinical colerance of the patient irnvelved, the pathological condirion
afflicting the patient and the like, as is well within the skill of cthe
physician.

Typically the IgGE antagonists are administered subcutanecusly or
intravenously about once a week for about twe months, in amounts of about
2- to 3 mg/kg. Typically, when anti-IgE antibody is used, sufficianc
antibedy is administered so that its concentration is about twice the serum
IgE level. tagonists c¢f the invencion are adminiétered by intravencus
intrapulmonary, intraperitoneal subcuraneous or other suitable routes.

It is envisioned that injecticns (intramuscular or subcutanecus) will
be the primary route for therapeutic administration of the IgE antagonisc
of this invention, alrvhough intravenous delivery, cor delivery through
catheter or.other surgical tubing is also used. Alternative routes include
Suspensions, tablets, capsules and the like for cral administration,
commercially available nebulizers for liquid formulations, and inhalarien
cf lyophilized or aercsalized microcapsules, and suppositories for rectal
or vaginal administration. Liquid formulations can he utilized afcer

feconstitution from powder formulatioms.

«10-
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Addictional pharmaceutical methods may be employed o control the
duration of acrion of the antagonists of this invenrien. The antageniscs
also may be entrapped in microcapsules Prepared, for example, by

Coacervation rtechniques or by interfacial polymerizaticn_(for example,

hydroxymechylcellulose or gelatinc-microcapsules and poly-
imethylmezhacylate) microcapsules, Tespectively}, in colloidal <rug
delivery sysctems for example, liposcmes, albumin microspheres,

microemulsions., nane-particles and nanccapsules), or in macroemulsicns.
Such technigques are disclosed in Remingrton's i Sciences, 16th
edicion, Oscl, A., ed., 1980).

In general, the formulations of the subject invention can contain
other components in emounts not detracting from the Preparation of stable
forms and in  amounts suitable for effective, safe pharmaceutical
administration. For example, other pharmaceurically acceptable excipients
well known te those skilled in the art ecan form a part of the subject
compositions. These include, for example, salts, various bulking agents,
additional buffering agenta, chelating agents, antioxidants, cosolvents and
the like; specific examples of these include tris-
(hydroxymethyl)aminomethane salts ("Tris buffer"), apg disodium edetatce.

IgE levels are typically assayed by standard ELISA techniques well
known in the arec. Typically, IgE levels are undetectable by this technigue
below abour 3 ng/ml.

Further details of rthe invention can be found in the following

examples, whick further define the $cope of the invention. All references

cited herein are expressly incorporated by reference in their entirety,.

C. EXAMPLES :

The role of IgE antibody production on schistosomiasis in naive mice
was invegtigated in these studies. Anti-IQE maAb treatment, which reducad
serum IQE to undetectable levels throughout the course of the infecrien,
led to a significant Teduction in both the number of adult worms and the
dumber of eggs produced. Purther, these anti-IgE mAb-treated mice also
showed reduced hepatcsplencmegaly. Takeg together, these findings indicate
that IgE production following §. mamsoni infection in naive mice is an
immunopathological consequence of the hosr-paragice inreracticn rather than

& protective immune response,
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1. IgE Levnl

ir these studies, Ig: was direczly eliminated using a mencclcnal
anti-IgE antibody. Normal BALB/c mice were infected wizh Schisrosoma
marsoni cercariae and treated weekly with a total of 400 #g of anti-IgE
MAb. This high dose treatment reduced serum IgE to undetectable levels
during the aight week course of the infection (Fig. .1). A second group of
mice treated wirh a lower dose of anti-IgE mAb weekly (240 ug/toctal anci-
IgE mAb) had measurable IGE responses (less than 50 kg/ml) during the lasc
two weeks of the infection. These levels were markedly reduced cempared
to infected mice treated with rhe isotype contrcl antibedy (AD) which
exhibited typically high serum IgE levels (240 ug/ml) by the eighth week

of infection.

In agreement with previous reports (Sher, X. er al., J. Zmmun.
145:3911-3916 (1990)), significancly decreasing serum IgE levels, bur nct

reducing to undetectable levels, had lictle effect on either parasite
burden or fecundity (Table 1). In contrast, infected mice whic: had
undetectable IgE levels ac a result of treatment with the *hish dose” of
anc:i-IgE mAb had a significanct reduction in the number of adult worms and

the number of eggs produced, as Compared to the ceorntrol gToup.

TABLE 1. Effect of anti-IgE on egg-laying by 5. mansoni worms in vivo

Treatmenc Control Ab Anti-IgE. Anti-IgE
(400ug) (400ug) (240ug)

Number of adult worms 41+10 2042°¢ = 42+10

Total number of 2706121128 §557+1585° 2336934327

eggs/liver N

Mean number eggs/adult 6564162 268272° 556469

Mice were killed by intraperitoneal injection of 15 mg sodium barbital and
30 units of heparin in 0.25 mi PBS. Adult worms were recovered by
perfusien of the portal venous gystem (Amiri, P. er al., Nacure 356:604-607
(1592)). Numbers reported are the mean number (Qm7- i12/group) of worms per
mouge : standard deviation. To quantify parasite eggs in the liver, livers
were homogenjized for 20-30 seconds in 25 ml 1% trypsin in PBS. The mixture
was incubated at room temperature for 3-4 hour, resuspended, then 20 ul
samples removed for microscopic evaluation. The results are reported as
the mean total €99 number of ten independently counted samples per liver
t standard deviation.

fdenotes significance at p<.05 as determined by analysis of variance:
comparigons were performed using the Student-Newman-Keul Test,

-12-
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<. Rffscts on solean and Liver

In the high dose (400 ug) mMAb treared mica the overall cellular
inflammatory reaction as measured by increases in the spleen (Fig. 2A} and
liver (Fig. 2B) weight, was diminished by approximately 50% when compared
To ccatrol IgG- treated mice, presumably due ro a decrease in egg
producticn. Interestingly, mice that produced IgE only during the last cwo
weeks of the infection (240 kg (low dose)} had equivalent numbers of eggs
and equivalent increases in crgan weight as the IgG trearted animals. This
finding imnlies 3 relationship between IgE synthesis in Tesponse to egg
production and the ensuing cellular infileration inre the spleen and
liver. similarly. SJA/S mice, vhich are genetically de‘;c-ent in IgE, show
a reduced granulcmacous response to S. japenium egge, again suggesting that
IgE acts to amplify granulcma formacion (Owhashi, M. et al., Inr. arch.

Allergy. Appl. Immuzol. 80:310-12 (1983)) .

3. EZZsct op Fog production

The key pathological event in schistosomiasis is chronie
inflammation, charactezized by granuloma formatien around schistoscome eggs
trapped in the portal venules of the liver (Cheever, A.W. er al., am. J.
Trep. Med. Hyg. 40:60-71 (1983)); ©Olds, G.R. ez al., J. Infecec. Dis.
199:758-501 (1989); Prakash, S. ec al., J. Lumun. 144:317-322 (1990))
Histopatkological examinarian of the infected animals revealed thar organ
size correlated with the tissue inflammatory response (Figure 32). Due ro
the decreased numbers of eggs. there were marked Teductions in the number
of granulomas in the livers of the high-dose anti- IgE mAb treated mice
(Figure 3B). Overall, the cellularity of the granulomas was not
appreciably altered. Well-develcped granulomas with numercus macrophages
and eosirophils were cbserved in beth groups of anci- IgE treated infected
mice and IgG treated controls. However, the high dose treatment group d4id

show decreased granuloma agsociated fibrosis (Figures 3C,D) .

4. © - - T,

In additien to elieciting a2 porent inflammatory response, schistesome
89gsS are a powerful stimulus for clonal expansion and activation of the T,
subclass of CD4" T cells (Pearce, E.J. er al., J. Exp. Med. 173:155-16%
{(1932) ; Grzych, J.M. es al., ZImmug. 146:1322-1327 (19981)) . Ty cells

Telease specific Cytokines, including interleukin 4 (IL-4) (Mosmanrn, T.F.

«13.
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€% &l.. Ann. Rev. Immun. 7:145-173 (198S), which ACTs as a switch facror

for IgE and i9G, (Stavnezer. J. et al., Proc. Natl. Acad. Sei. usa BS:7704-

~J

708 (198B))., In these eéxperiments, serum IL-4 rose to dececzable lewvels
during the seventh and el ighth weeks of infecticn in control ancibedy
treated mice (Fig. 4), coinciding wirh e5g production (Vella, A.T. e al,,
J. Immurc. 148:2283-2290 (1992)). However, in the sera of infected mice
treated with anti-IgE mAb there was no similar spike of 1I,-4 (Fig. 43,
indicating that complete suppression of IgE resulted in decreased Taa
activizy as measured by IL-4 productisn. Withour being limited e any ore
particular theo}y, these findings Suggest thar in addition to IL-4
directing 1Ig: synthesiz, IgE may feedback to amplify IL-4 secreticn,
therzby modulating its own production.

The partieipation of IL-4 in anti-paragite effector function has bean
investigaced using anti-IL-4 antibodies in a vaccinated mouse model (Sher,
A., ez al., J. Immun. 145:3912-3916 (1$90)). Although this treatmen-
reduced serum IgE along with IL-4, it failed to alter immuniry againsc
Schistosama mansoni in the mouse. In contrast, the experimentcs p:esentéd
Nere tnexpectedly demonstrate rthat complete (as indicategd by reducing IgE
lavels to undetectable), rather than partial, elimination of serum IgE
along with IL-4 had favorable effects cn immunity to parasites in a naive
murine hast. Witheut being limited te any one particular theory, it is
still possible that lecally produced IL- 4, which promotes T cell growth
(Kust-Jones, E.A. er al., J. Exp. Med, 166:1774-1787 (1987) ; Fernande:x-
Botran, R. er al., J. Exp. Med. 168:543-5688 (1s88)) and development
(Tepper, R.I. er al., Cell §2- 457-467 (15990)) comtribured to the reducrtion
in worm burden and fecundity.

In an alterparive thecry, IgE méy play a rele in Protecting the
Parasite from an effective anti-paragite response. Since the eliminatien
©f IGZ alsc resulted in profeund suppressgion of Il-4, it is possible that
this immunoglobulin isotype may skew the Iy response to schistosome eggs.
Previcus reports have established an association with Ty, stimulation and
pProtection against adult worms versus Ty stimulation and agg-induced

immunopathology (Scott, P. et al., Immun. Rev. 112:161-182 (1589)).

Indeed, it has been Suggested that, in mice, the Txe response to schistosoma

€Jdgs results in both immunopathogenesis and down-regulation of the T,
Tesponse (Vella, A. er al. J. Immun. 148:2283-2280 (1992)). Thus,
elimination of IgE via anti-IQE mab treatment may simply shift :he balance

Tom a Ty responge towards a Th: Tesponse. The mediators and Cytekines

-14-
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procduced by these Ty; cells may be more effective in controlling che
rparasite ipnfection (James S5.L. er al., Curr. Top. Microbiology Immunol.

21:31-33 (19%90)).

5. E“":’ an Serum ISN-g
Tr further investigate the relative contribution of T. and Tie-derived
cytokines in this system, sera were also assayed for IFN-a, a Ty, PTORUCT
which has been shown to confer protective immunity to S. mansoni (Pancre,
V.K. et al., Cell Immuncl. 125:58-64 (1990)). Although the ELISA used was
sensitive to 15 pg/ml, no circulating IFN-g waz detected in any of the
serum samples cecllected during the eight week course of Schisrosema
infection (data not shown). However, IFN-a levels were measurable in the
supernatants of concanavalin A stimulated spleen cells taken from
uninfected mice and from infecred mice treated with anti-IgE or control
antibedy. In agreement with published findings (Sher, A.R. et al., Proc.
tl. Acad. Sci. USA 87:616-65 (1990)), IFN-a levels in the cultures wers
greatly suppressed eight weeks after infection (560 ng/ml uninfected mice
versus 18 ng/ml infected mice). Inrerestingly, treatment with the
anti-IgE antibody partially reversed this Suppression, elevating IFN-a to
67 ng/ml in the sgupernatants of splenccytes from infected mice. These
results suggest that Ty cells, as inferrad from the detection of IFN-q, are
more abundant fellowing antiboedy treatment and can contribute in part to

the improved immune response against the parasite.

6. Zffact on CD23 Expressjon

In an effort to identify orher events associated with anti-IgE
treatment of Schisctosema infected mice, splenic lympheid cells were
evaluared for differential surface marker expression eight weeks afrer
infecrion with cercariae. - IL-4 is known ' to increase cell surface
expression of the low affinity recepror for IgE (FceRII), CD23 (Kikutani,
H. et al., Cell 47:657-665 (13986)). Examination of CD23 expression on
splenic CD4SR+ B cells revealed thar D23 expression was enhanced in
response to Schistosamz infection but was suppressed back to the level of
expression seen in uninfected mice following treatment with anti-IgE mab
(Fig. 5). The lack of enhancement in D23 expressiorn is consistent with
the absence of detectable IL-4 levels in the anci;Igs treated mice.
Furthermore, PFceRII can act quiée efficiently in the capture and

presentation of antigens associated with IgE (RKehry, M.R. er al.. Proc.
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Naczl. Acad. Sci. U.s.A, B6:7586-7560 (1988)) and may preferentially presenc

antigen for IgE (Tyy) Tesponses. Since the Presentation ¢f cercain parasirce

antigezs hasz been associated with either Tpy OF

the IgE feedback mechanisms may be

Tig cell development, one of

linked ro the Presentation of IgZ bound

antigen(s) which stimulate T cell development. The IgE/FeceRII interaccion

in vitro has been shown to effect immirogleobulin isotype selection and to

stimulate B cell proliferatiocn (Scott, »., er al., Immun. Rev. 112:161-182

(1583%)). Without being limired to any one particular theory, interference

with IgE synthesis by blocking IgE intezactions with @23-bearing B cells
could explain the acility of Telatively low doses (100ug/week) of the
anti-IgE antibody to totally eliminate the very high IgE levels (240 ug/ml)

nermally stimulated by this parasice.

-16~
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CLAIMS
1. The use of an IgE antagonist in the manufacture of a medicament for use in a method of

treating infection of a patient by a parasite comprising administration of a therapeutically effective amount

of the IgE antagonist to the patient.

2. The use of claim 1 wherein the parasite is a helminth.
3. The use of claim 2 wherein the parasite is Schistosoma.
4. The use of claim 1 wherein the amount of IgE antagonist is effective to render the patient’s

IgE levels undetectable during the course of the treatment.

5. The use of claim 1 wherein the IgE antagonist is selected from the group consisting of an
anti-IgE antibody, an anti-IgE receptor antibody, an IgE receptor, an IgE receptor variant, an IgE receptor
ligand, or an IgE variant.

6. The use of claim 1 wherein the IgE antagonist comprises an anti-IgE or anti-IgE receptor
antibody fragment.

7. The use of claim 1 wherein the IgE antagonist comprises an anti-IgE or anti-IgE receptor

antibody, and said antibody is of the IgA, IgG, IgE, or IgM class.

8. The use of claim §, wherein the anti-IgE antibody and anti-IgE receptor antibody are
humanized.
9. The use of an IgE antagonist in the manufacture of a medicament for use in a method of

reducing the number of adult worms or eggs in a patient infected by a parasite comprising, administration

of a therapeutically effective amount of the IgE antagonist to the patient.

10. The use of claim 9 wherein the parasite is a helminth.
11. The use of claim 10 wherein the parasite is Schisrosoma.
12. The use of claim 9 wherein the amount of IgE antagonist is effective to render the patient’s

IgE levels undetectable during the course of the treatment.

13. The use of claim 9 wherein the IgE antagonist is selected from the group consisting of an
anti-IgE antibody, an anti-IgE receptor antibody, an IgE receptor, an IgE receptor variant, an IgE receptor
ligand, or an IgE variant.

14. The use of claim 9 wherein the IgE antagonist comprises an anti-IgE or anti-IgE receptor
antibody fragment. ..

I5. The use of claim 9 wherein the IgE antagonist comprises an anti-IgE or anti-IgE receptor

antibody, and said antibody is of the IgA, IgG, IgE, or IgM class.

16. The use of claim 13, wherein the anti-IgE antibody and anti-IgE receptor antibody are
humanized.
17. The use of an IgE antagonist in the manufacture of a medicament for use in a method of

reducing hepatosplenomegaly in a patient infected by a parasite comprising administration of a
therapeutically effective amount of the IgE antagonist to the patient.

18. The use of claim 17 wherein the parasite is a helminth.

17
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19. The use of claim 18 wherein the parasite is Schisrosoma.

20.. The use of claim 17 wherein the amount of IgE antagonist is effective to render the patient’s
IgE levels undetectable during the course of the treatment.

21. The use of claim 17 wherein the IgE antagonist is selected from the group consisting of an
anti-IgE antibody, an anti-IgE receptor antibody, an IgE receptor, an IgE receptor variant, an IgE receptor
ligand, or an IgE variant.

22. The use of claim 17 wherein the IgE antagonist comprises an anti-IgE or anti-IgE receptor
antibody fragment.

23. The use of claim 17 wherein the IgE antagonist comprises an anti-IgE or anti-IgE receptor
antibody, and said antibody is of the IgA, IgG, IgE, or IgM class.

24. The use of claim 21, wherein the anti-IgE antibody and anti-IgE receptor antibody are

humanized.

DATED THIS 15th DAY OF July 1996

FISHER CQRMACK & BOTHA

Patent Agents for the Applicants
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