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and elicits a systemic immune regime. “Nonpathogenic form” of amebiasis
refers to Entamoeba dispar. E. dispar is morphologically identical to E.
histolytica but is genetically a distinct species, which is harbored
asymptomatically by carriers of the infection. Subjects who eventually exhibit

30 symptoms harbor E. histolytica, which was first established on the basis of their
distinctive hexokinase and phosphoglucomutase isoenzymes, and later on the
basis of antigen specificity in ELISA or by genetic differences by PCR. It is
known that E. histolytica infection is mediated at least in part by the
“Gal/GalNAc” adherence lectin. The purified lectin was shown to have a non-

35 reduced molecular weight of 260 kDa on SDS-PAGE; reduction with B-
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amino acid residues from about residue 891 to about residue 903, from about
residue 918 to about residue 936, from about residue 1114 to about residue 1128,
or from about residue 1128 to about residue 1150. In certain embodiments, the

30 LC3 subunit peptide is a variant of wild-type LC3 subunit peptide in that the
variant LC3 subunit peptide has a modification at one or more amino acid
residues. The modification may, for example, be a substitution at one or more

amino acid residues (e.g., a conserved substitution). The vaccine may further

contain an effective amount of an immunological adjuvant or other immune
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anti-lectin
polynucleotide containing a nucleotide sequence encoding an E. histolytica LC3

subunit peptide, wherein the LC3 subunit peptide induces mucosal anti-lectin
30 IgA antibody production in a primate against E. histolytica or E. dispar. The
polynucleotide may be either DNA or RNA.
The present invention also provides a purified antibody that specifically
recognizes an LC3 subunit peptide that comprises contiguous amino acid
residues from about residue 891 to about residue 903, from about residue 918 to

35 about residue 936, from about residue 1114 to about residue 1128, or from about
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determined by fecal PCR, subjects recently cured of ALA with and without

infection (by PCR), and ALA subjects free of infection by culture criteria one
year after cure. There were substantially higher IgA and IgG antibody levels in
recently cured ALA subjects with or without infection and seropositive subjects
30 with asymptomatic intestinal infection, compared to controls and ALA subjects
cured one year ago (p<0.05 for each).
F}gure 3. Recognition of LC3 epitopes by human anti-LC3 IgA and IgG
antibodies and by anti-L.C3 murine IgA monoclonal antibodies. By analysis of

serum IgA and IgG antibody recognition of LC3 protein fragments, we found
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Figure 6. A graph showing serum anti-lectin IgG antibody responses in
baboons on days 7, 14, 21, and 28 following four intranasal vaccinations on days
30 1,7, 14, and 21 with cholera toxin (20 pg), adjuvant alone (black bar), LC3-
based peptide vaccine (amino acids 891-903, 918-936, 1114-1138, 1128-1150
linked randomly, six molecules to a polylysine backbone; 200ug) (light bar in
middle), or purified 52 kDa LC3 recombinant protein (200 pg) plus cholera
toxin (20 pg) (shaded bar). Importantly, both the recombinant LC3 protein and

35 the synthetic peptide vaccine induced serum IgG antibodies that recognized
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to a polylysi ne backbone; bar in

TR N A U AN
(200,11) ﬁgitfdé vgéaﬁiéga&nb QN8 d126H3 8- dﬁhﬁﬁﬁgﬂ 1381 D128 Pk Y
t he reconbi nant

protein vacci ne 1 nduce
linked randomly, six molecules to a polylysine backbone; 200ug) (light bar in

middle), or purified 52 kDa L.C3 recombinant protein (200 pg) plus cholera
30 toxin (20 pg) (shaded bar). As in Figure 8, the recombinant LC3 vaccine, but
not the synthetic peptide vaccine, induced serum anti-lectin IgA antibody
response. '
Figure 10. A graph showing serum anti-peptide IgA antibody response
in baboons on days 7, 14, 21, and 28 following four intranasal vaccinations on

35 days 1, 7, 14, and 21 with cholera toxin (20 pg), adjuvant alone (black bar),
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serum anti-LC3 | gA anti body response, none was

observed with the synthetic peptide vaccine. Figure 9.
wo@samseshowi ng serum anti-lectin | gA anti bodpCT/US2005/021507

response in baboons on days 7, 14, 21, and 28
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ng) (shaded bar gure he recombi nant
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Flgure vmngsrumanl-pep
ant i bqﬂlﬂelg’spﬁmwremdnaﬁboons on days 7, 14, 21, and 28
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891-9 918-936, 111 1
P andd 31 W 56kt 53 L HEb agpAaF Sy Rek barbidgoresed peptid
200Mgacefnle i(gHhiho aaﬂs $91-903¢i9l 82936, Or14puBss,fliiesh1 s llﬁmad LCS
r econbi_nant 2{}0; (200 ) pI us chal oxi n
SIB ccu

o) (eHER Wiindlioekporiclopiss i by nregato
recogphaRl 5¥ KD LTS réd&?dlbﬁﬁﬁt BRIHIT00 f PpLhd émar@ﬁ)xm 20 ge)

(Figure 7), reconbinant LC3 protein vaccine (Figures

1and Ghadrddanohsds qvident, suly i SyaileticRepHéiTaseing wdtlced a fecal
reco ﬁgfegtfhaf *Aﬁu- ey rI R %HL% Q? rﬁgﬂbr{fggﬁémc&ﬂﬁnaﬁ% [Us: %frdt@m

pept | CI ne el serum ant i peptide | gA
ant i badine mshlp@rmslm Fntgh%lgmantlhmypsa@ Iguesf 8)fbwit adt a fecal or

t bab d 7,

S0 htoksl 40304 LAORIAARGNSE, | baboons on day 7.
on days 1Figure 124 A gmaph showing t&al atteleenmlgéoantlboc(mspmyq in
2§ VX, Bl o (Y aek B8) b b5 Sl RERY L85 MAGE Ry

Ibu nllzed7 na,rugdgﬂ wnhs::h_&ﬂeij;mb}gﬁ (aogg)tqdjwleumﬂmb ylslacrkeb_a;)_, LC3-
ac one, 3 . t r n ,

a5 putin Brkish Criig aann s 0wl Gk 1,34 b 158157
t OXI Hnl(eaQarHE}nl}( shaflaeculato a pA§lyise Babkﬁlﬁfél 200@@} thhhﬁtr in

synthetic peptide_ vaccine induced a fecal (intestinal)

ant i Migsie)y @wuaﬁfd Hokhya Hes propsbinant o dihr s otleﬁra
S 5 UO5E IRAS THARAR, -1k L Gfegosc
anti bwynql &g anfibedies that recognize the amebic native Gal/Gal/NAC lectin
molecule present on the surface of the parasite; again, no mucosal IgA antibody
response was observed with the LC3 recombinant protein vaccine.
Figure 13. A graph showing fecal anti-peptide IgA antibody response in
30 baboons on days 7, 14, 21, and 28 following four intranasal vaccinations on days
1,7, 14, and 21 with cholera toxin (20 pg), adjuvant alone (black bar), LC3-
based peptide vaccine (amino acids §91-903, 918-936, 1114-1138, 1128-1150
linked randomly, six molecules to a polylysine backbone; 200pg) (light bar in
middle), or purified 52 kDa LC3 recombinant protein (200 pg) plus cholera

35 toxin (20 pg) (shaded bar). As expected, only the synthetic peptide vaccine
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Figure 12. A graph show ng fecal anti-lectin IgA

anti body response in baboons on days 7, 14, 21, and 28
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DE 1. PTI Irmunlt to Enta cle |nt

i nf eSHHIgHt Oﬁl%t VELSYER© E‘%H‘fweﬁ n{?‘ré?’fﬁog’g Sesfe e anda

I Nt egdynipidmtBA Serfb A ESIghQntibRliRFFRSAIL §udy groups
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det ePFRIEE 8ereBjFEd thedhi(det $G8c34t) anskthe éewe#hém 1114-1134)
i ;t esth Rpikopkt re%megm%aical s@aﬂfs' EbRG sk dAgaél @t ﬁwﬁssalso

by ELI SA usi ng overl ap ragnent's of r econbi’nan
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i 1 a2 e T At TheS G g, bSaee SER dudehiic

( AL AjropHokbitetto BHONRUS wadinhiBitéd Uy. MBABY t@|e¥$it(bp’éélone three, four
ree one year

intest|n infectio r were_infection
o t oPAA BP9 B @R BPs Tar 467 SPHRPEREPCRBLSA HE ipingeleA
antibodies (three and seven) were further characterized by use of overlapping

synthetic peptides. The inventors identified four peptides (AA 891-903, 918-

30 936, 1114-1138, and 1128-1150) that in linear or cylized form were recognized
by pooled intestinal IgA antibodies and serum IgG antibodies from ALA and
asymptomatic, seropositive infected subjects. These lectin epitopes can be used
in an amebiasis subunit vaccine designed to elicit mucosal immunity mimicking

that of humans cured of ALA who are highly immune to new amebic infection
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The amlno acid changes are achieved by changing the codons of the

corresponding nucleic acid sequence. It is known that such polypeptides can be
30 obtained based on substituting certain amino acids for other amino acids in the
polypeptide structure in order to modify or improve antigenic or immunogenic
activity. For example, through substitution of alternative amino acids, small
conformational changes may be conferred upon a polypeptide that results in
increased activity or enhanced immune response. Alternatively, amino acid

35 substitutions in certain polypeptides may be used to provide residues that may
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30 The amino acid sequences of the LC3 peptides correspond essentially to

portions of the native LC3 amino acid sequence. As used herein "correspond
essentially to" refers to a polypeptide sequence that will elicit a protective
immunological response. An immunological response to a composition or
vaccine is the development in the host of a cellular and/or antibody-mediated

35 immune response to the polypeptide or vaccine of interest. Usually, such a
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"Reconbinant” is defined as a peptide or
Methods of Protecting a Subject from Infection

The present vaccine compositions are used for prevention of E.
histolytica infection in subjects at risk for such an infection. Subunits of the
30 170-kDa protein can be used as immunogens. Since the epitope-bearing
fragments are relatively short, for example containing 20 amino acids or less, it
is advantageous to couple the peptide to an immunogenic carrier to enhance its
immunogenicity. Such coupling techniques are well known in the art, and
include standard chemical coupling techniques using linker moieties such as

35 those available from Pierce Chemical Company, Rockford, Ill. Suitable carriers
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as, but not limited to, chlorobutanol and benzalkonium chloride. A surfactant
may be present to enhance absorption of the subject proteins by the nasal
30 mucosa.

Oral liquid preparations may be in the form of, for example, aqueous or
oily suspension, solutions, emulsions, syrups, or elixirs, or may be presented dry
in tablet form or a product for reconstitution with water or other suitable vehicle
before use. Such liquid preparations may contain conventional additives such as

35 suspending agents, emulsifying agents, non-aqueous vehicles (which may
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to afs @HNAE, ARG 't}%tlﬁ(e. Liposomes are pharmaceutical compositions in which the

active protein is contained either dispersed or variously present in corpuscles
consisting of aqueous concentric layers adherent to lipidic layers. The active

30 protein is preferably present in the aqueous layer and in the lipidic layer, inside
or outside, or, in any event, in the non-homogeneous system generally known as
a liposomic suspension. The hydrophobic layer, or lipidic layer, generally, but
not exclusively, comprises phospholipids such as lecithin and sphingomyelin,
steroids such as cholesterol, more or less ionic surface active substances such as

35 dicetylphosphate, stearylamine or phosphatidic acid, and/or other materials of a
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are partlcularly useful because one antibody molecule can cross-link another of

LC3 subunit peptide, and are mucosal antibodies. Immune complexes
30 containing Ig molecules that are cross-linked (e.g., cross-linked IgG) and are
thus multivalent also are capable of cross-linking a plurality of LC3 subunit
peptide molecules, and can be particularly useful.
As used herein, an “epitope” is a portion of an antigenic molecule to
which an antibody binds. Antigens can present more than one epitope at the

35 same time. For polypeptide antigens, an epitope typically is about four to six
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di cetyl phosphate, stearyl am ne or phosphatidic acid,
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determined by standard techniques, and a cDNA encoding the antibody or a

portion of the antibody can be isolated from the serum of the subject (e.g., the

human patient or the immunized host animal) from which the antibody was

originally isolated. The cDNA can be cloned into an expression vector using
30 standard techniques. The expression vector then can be transfected into an

appropriate host cell (e.g., a Chinese hamster ovary cell, a COS cell, ora

hybridoma cell), and the antibody can be expressed and purified.

Antibody fragments that have specific binding affinity for LC3 subunit
peptides and retain cross-linking functien also can be generated by techniques

35 such as those disclosed above. Such antibody fragments include, but are not
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As used herein, an "epitope"” is a portion of an
antigenic nolecule to which an anti body bi nds.

w@\niocmesss2 can present nore than one epitope atpPthEsSmame1507

tine For polypeptide antigens an epitope typically

d| f ?xg(ﬁeéciﬁof X@%a@ Qana\ace uc&l 1%;}3&9511&‘ LW of an

Burihs e A ave e pi tope
s peaitibbdy inylecﬁle taheyaﬂofragindms thiteais bengenepict byeedcingéhe of

i topes.. Ppl ti bodi i
o0 BSBRS: prded ST ReRBS iR P Bl ESioh dokllEs
be ﬁ{nﬂjla&bﬁs(ﬂrublﬁﬂ ngmgfe(m?xﬁ Faopitedy .ﬁ’agﬂfiﬁ.‘r ate Iﬁgémgd tip hiaking
techno n rticul ar cl onal .ant1 hodl e can
s be BB Ranaand o GRvh FePmaT alh RLrosBRy A Buing pid REAR
proguctisan 19 hmaddtac @)j}(esﬁlﬁh%ﬁw 5l OdhaGOsIly PR pOdES Sﬁ@lé cham

lines in culture as described in the art. A hybri

pr oHventigdyiagRItTAR PERT] dpesditquegy standard; t‘?ﬁ?@’rﬁﬂ‘?% UG é‘ﬁ

be gild dﬁ@&@&i inl .SVPAE:R N 4,006, 778V GucH\th RN &% vefreddBRd
i nvention al so can be isolated from for exanpl e, .the

ser m’qtittyfﬂeafrb}’b friiexarenle biotimylationand crast-Hinkiae fibys SeagrptiRg on
10! ”Cgﬁ{%a%ﬁ%&?@&lb&? %%@m@ah@wm léﬁ%\ﬂx%'ﬂégudes

t echni ques or exa , chromatogr aphy.
Ant i bodi B inhreation thiblmvobft_ﬂbstm’mthm the fpdpringesndinyting an

rodl{ced by, for exanple, inmunizing host aninmals
g MPS%bi t's, chickens, m ce, gui nea pigs, or rats)
W|th LC3 subunlt pepti des. An LC3 peptide or a portion

of an LC3 peptide can be chon‘oi nantly, by
chem cal synthesis, or by on of the native
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individuals and 19 of 42 ALA cases were positive by stool culture and fecal PCR
for E. histolytica infection, while controls and the remaining ALA patients were
30 PCR and culture negative. All ALA patients and asymptomatic E. histolytica
infections were positive for serum anti-LCX3 (full length) IgG antibodies. Sera
from 32 of 40 ALA patients and 10 of 11 asymptomatic E. histolytica infections
were also positive for anti-LC3 (full length protein) IgA antibodies. Serum anti-
LC3 IgG and IgA antibodies exclusively recognized the third (868-944) and the
35 seventh (1114-1134) LC3 epitopes. A sixth epitope (1070-1114) was identified
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standard techni ques. The expression vector then can be

transfected into an appropriate host cell (e.g., a
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cell), and the antibody can be expressed and purified.
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to the 170 kDa lectin subumt (Petrl, 1987) completely abrogate the galactose-

specific adherence of E. histolytica trophozoites to colonic mucins in vitro
(Chadee, 1987; Chadee, 1988), indicating that intestinal anti-lectin IgA
antibodies could have an important role in mucosal immunity to E. histolytica.
30 There is mounting evidence from epidemiologic studies that intestinal anti-lectin
IgA antibodies mediate immunity to intestinal infection by E. histolytica (Haque,
2001; Haque, 2002) and E. dispar trophozoites (Ravdin, 2003). The latter is a
closely related but distinct species (Diamond, 1978) that is morphologically

identical to E. histolytica and possess a functional galactose-binding lectin with
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surface lectin (Chadee, 1987; Petri, 1987) The
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specific adherence. To further deﬁne the putative protective LC3 epitopes,
overlapping peptides were prepared utilizing amino acid sequences of the
30 reactive LC3 epitopes and screened for recognition using IgA antibodies from

pooled human sera and feces.

SUBJECTS AND METHODS
Subjects

35 Sera and stool samples were obtained from control subjects without
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t
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GGC CAATTC ATT CAA CG-3'(SEQ ID NO:1)), E. dispar sense primer (5'
- GTA CAA AGT GGC CAA TTT ATG TAA GCA - 3’ (SEQ ID NO:2)) and E.
histolyticalE. dispar anti-sense primer (5'— GAA TTG ATT TTA CTC AAC
TCT AGA G -3’ (SEQ ID NO:3)) (Blessman, 2002) were prepared as 10
Pmol/ul. Bovine Serum Albumin (BSA) (Pierce, 200 mg/ml, Catalog # 23210)
was diluted with equal volume of H,O (500 T1 BSA + 500 ul H>0O) and kept at
4°C. The DNA to be tested (5 pul) was added to the 95 pl of PCR mixture to
complete 100 pl. Each DNA sample was tested twice, once using E. histolytica
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25ucl gefoksle BABB/Emick wedé finfNinized intra-Peyers patch twice with 200 pg
of LC3 protein and boosted intravenously with 2 pg epinephrine IP and 50 pg of

LC3 protein the following day. Three days later, the mice were scarified and
their spleen cells hybridized to SP2/0 myeloma cells.
ELISA was utilized to identify hybridoma clones that secreted IgA

30 monoclonal antibodies to the LC3-encoded protein (Nedrud, 1987). Nunc-
Immune plates were coated overnight with LC3 protein at 4°C at pH 9.6. The
plates were blocked with 1% BSA in phosphate-buffered saline solution (PBS).
Tissue culture supernatants from each fusion were incubated for one hour at
room temperature or over-night at 4°C. Following washing with PBS containing

35 1% BSA and 0.5% Tween 20, alkaline phosphatase conjugated goat anti-mouse

20



each nucl eoti de was supplied as a 100 ni Msolution in
HOat pH 7.5 to5mM of 10x PCR Buffer and 4.6 m

woi20600986m1 concentrati on of each nucl eoti de WAST/LI82005/021507
m/m =58 my/mM for A 5.6 ng/m for C, 5.9 ng/m

for @A aftboBies woig/adlied 201 00 hl/wéli tiadoskentdition bl t@u(bomumpgs-
and stored, at -20 0OC The Taq Pol ynerase

Phar FREFRVER St Hicargpetie TWB?IQ%‘S @wgloa?fne oy miglml of

1: 204k n@tcgiok’p}ﬁf%fsﬁﬁs@rafésaﬁd thERBtifal dbHs @‘A} WEPIHEMERA at
pri mer ' ACAAAATGGCCAATTCAT cG - 3

( SEQa N@(VNélgﬂll 9 410mm. i OBy reagkingsef 0}5i abeye the controbwall wighout
ﬁl S%%@mWI B ﬁe@%?o% “THS 15&}%@8@%0@24@90?1&&&%9%36

stoly I cal E. |spar t1-sense

ATT TF#acq@i@araes ToTimeA with-1g8, IeGSBO [$ nyeI@)a proteins. The
(Bl esspan, -2002). wer e ared as_10 Pnol /. Bavine
Sor uRORPBARER TeEahT ot FREHESH B o i i prdiRe
2321%nw5n5ﬂhﬁtﬂb&jﬂisﬂdybiﬁg&ﬂuw vol ume OFH20 (500 TI BSA
+ 500 M H20 and kept at 40C. The DNA to be tested (5
m) was added to the 95 m of PCR mxture to conplete
1400  Bhitogeafdpp A f $ BN THaBm¥AS rdc6SHiRd bl Wufen sc@ith S AlSAIZG
E. histolyticasense and once using E. dispar sense.

The &égmBgatibodies| PCR nachine thermocycling conditions

were one gyiewsf pe?fofﬂlé’&luats %@scﬁt)ecﬁﬁe\goﬁsﬂl dAQJ‘ﬂ@QllabYO(ﬁﬁ LC3

cycles of 1 mnute at C, 1 mnute at 560C

seconpein fragipets warR @um%@tas dessgibed Spenge 1B uBfl@f&jy 961we§
f
nne o i Honor RS S Bl B il Mol
15 epalaB @dbtein fiagiResta(fat Dgeeli)eind d:lmrnomreacnge gtek wd'relhimcked
brom de. , sion of reco fr
ool W YO e e Plet SR B3 Fhe 5700 AR A aha =
Ilgg t1 11250 ﬁ&\lg(k}) Salloh PBS-1oRRe ) 14 gnd ihOHated T@Wﬂ@kb at room
vvas Su t striction V4
(Fig “r%n%ﬁ?t‘ﬂée F%RW?IPP%W%E @%ta%%”ﬂ}“% ari“ﬁ?‘éies

Y RES@CW@Ioﬁx‘é&icQQ (OVREIMESD, Californfl 6F AMBichuama Lk (SIGMEA 5t
grown and the fusion proteins _expressed as detail ed

2‘br evLotis| NJO} weisslijuted (531250505 A andoli S0 farleR) By B Eileen -
was Y‘?ﬁ?si& [ 11}RXIbét{HﬁlI'ﬁ‘ P&i ;ﬁtv&e'llrfgr Y dults & rdom %e%ﬂaef'a%

nonocl onal antib whi'ch binds to the fusion | eader
sequBaedopigs m@dmgut rpleges angAomention bmerispesific Uaoldireundtbinding

t he L’V%d)%ﬂsom %ﬁ%s?rhﬁ cﬂRfa{'/ n@g@s BALB/ c mce were
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25 Epitope mapping of LC3 fragments recognized by murine IgA monoclonal
antibodies

Transformed bacteria (Soong, 19959) were pelleted, lysed in SDS, and
loaded into 10% Laemmli polyacrylamide gels. After electrophoresis, the
proteins were transferred to nitrocellulose papers for immunoblotting with anti-

30 LC3 IgA monoclonal antibodies. Horseradish peroxidase-conjugated anti-mouse
IgA (1:1000 dilution) was utilized as a secondary antibody and 4-chloro-1

naphthol as substrate for staining of the bound secondary antibody.

Effect of monoclonal antibodies on amebic in vitro adherence to CHO cells

35 E. histolytica trophozoites, strain HMI:IMSS were maintained in axenic
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analytical HPLC, HP1090 on a C18 (VYDAC) column using the same gradient
30 and by Mass spectrometry on a HP MALDI_TOF (Atherton, 1978; Cleland,

1964).

Peptide recognition by human IgA and IgG antibodies

Pooled human sera and human feces 1.0 gm feces in 1.0 pl PMSF (2

35 mM) and 2.0 ml PBS-Tween containing 1.0% bovine serum albumin obtained
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RESULTS

Production of LLC3 recombinant protein fragments

As illustrated in Figure 1, the LC3 protein encompasses amino acid 758
30 to 1134 of the lectin heavy subunit. LC3 DNA was cleaved by restriction
enzyme digestion into two fragments (A and D) encoding proteins of: AA 758 —
944 and 944 — 1134. Fragment A was further digested into fragments B
encoding (AA 758 — 868) and C (AA 758-826) (Figure 1). Fragment D was
further digested into fragments E, F, and G encoding proteins of AA 944-1114,
35 944-1070, and 944-987, respectively. Recombinant proteins were produced
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25 seropositive to the highly purified LC3 protein (Table 1).

Table 1. Recognition of the E. Aistolytica LC3 recombinant protein fragments by
serum IgA antibodies.

Seronegative | Asymptomatic ALA ALA ALA
& PCR (-) | Seropositive® & | Seropositive | Seropositive Seropositive
LC3 controls PCR (+) who are PCR | who are PCR | culture (-) after
rotein (n=22) (n=11) ) ) 1 year
ffagm o (n=19) (n=23) (n=16)
Nonpurified 0 10 (90.1%) 16 (84.2%) 16 (69.6%) 9 (56.3%)
LC3
A 0 6 (54.5%)* 15 (78.9%)° 14 (60.8%)* 8 (50%)°
(758-944)
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Table 2. Recognition of the E. histolytica LC3 protein fragments by serum IgG
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LC3
protein
fragment

Seronegative
& PCR (-)
controls
(n=22)

antibodies

Asymptomatic
Seropositive® &
PCR (+)
(n=11)

ALA
Seropositive
who are
PCR (+)
(n=19)

ALA
Seropositive
who are
PCR ()
(n=23)

ALA
Seropositive
culture (-) after
1 year (n=16)

Nonpurified
LC3

0

11 (100%)

18 (94.7%)

22 (95.7%)

13 (81.3%)

A

0

(758-944)

11 (100%)°

16 (84.2%)°

19 (82.6%)°

10 (62.5%)°
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The inventors screened 1300 hybridoma clones by ELISA for anti-LC3

IgA antibodies and found 85 positive secretors. Of the 85, by limiting dilution,
25 the inventors found 14 that were stable as single clones. The inventors
confirmed by immunobloiting whether the 14 hybridoma clones produced IgA
monoclonal antibodies to LC3 protein (Table 3). All but 2 of the 14 monoclonal
antibodies, numbers 244 and 728, recognized native E. histolytica lectin by
ELISA. IgA monoclonal antibodies to Sendai virus served as a negative control
30 in all experiments.

Table 3. Epitope Specificity of fourteen anti-LC3 IgA murine monoclonal
antibodies with comparison to that of human serum IgA and IgG anti-lectin
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(-) (:on)trols respectively. Eight monoclonal antibodies (numbers 38, 41, 193, 244

10 606, 728, 737, and 854) recognized fragments A, B, and C. Clone 875 reacted
only with fragment A, indicating it recognized epitope 3 (AA 868-944). The
inventors determined by similar analysis the epitope specificity of each anti-LC3
IgA monoclonal antibody (summatized in Table 3 and illustrated in Figure 3).
None of the IgA monoclonal antibodies were found to recognize the second or

15 seventh LC3 epitopes (AA 826-868 and 1114-1134) (Figure 2). Interestingly, the
overwhelming majority (13 of 14) of the murine IgA monoclonal antibodies
recognized LC3 epitopes not recognized by human anti-LC3 IgA antibodies
(Table 3 and Figure 3).

20 Effects of anti-LC3 IgA monoclonal antibodies on amebic adherence to CHO

cells.
Except for clone 1152 (epitope 4) which demonstrated no inhibition, all

of the anti-LC3 IgA monoclonal antibodies inhibited amebic galactose-specific

adherence to CHO cells, regardless of epitope specificity, by a range of 25% to
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Pooled human sera and feces were studied for reactivity with twelve

overlapping peptides to further define the LC3 epitopes recognized by human

15

IgA antibodies. Ten peptides were prepared from the amino acid sequence of

epitope three and two peptides were synthesized based upon the sequence of

epitope seven. Fecal anti-LC3 IgA antibodies from ALA patients with current E.

histolytica infection recognized the same four peptides (Figure 4), three of which

were also recognized by serum IgA antibodies. Fecal and serum IgA antibodies

20

from asymptomatic seropositive infected subjects recognized three of the four

peptides (numbers 2, 9, and 12; Figure 4). The amino acid sequences of the

reactive peptide segments as follows:

Peptide # 2, (AA 891-903) (TGT ACA TAC GAA ATA ACA ACA

25
ID NO:5));
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AGA GAA TGT AAA ACA TGT (SEQ ID NO: 4), CTYEITTRECKTC (SEQ
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(Haque, 2001; Haque, 2002; Ravdin, 2003). Anti-lectin IgA antibodies have

been found in saliva and feces of patients with invasive amebiasis (colitis or

25 ALA) and subjects asymptomatically infected with E. histolytica (Abou-El-
Magd, 1996; Haque, 2002). After cure of ALA, secretory anti-lectin IgA
antibodies can be recognized in stool for up to 36 months (Ravdin, 2003). The
relationship between intestinal anti-amebic IgA antibodies and protection against
parasitic infection has been recognized in children studied in Bangladesh.

30 Immunity was reported to relate to individuals possessing anti-CRD (LC3 AA
895 to 998) IgA antibodies in feces (Haque, 2001). Those with other anti-lectin
IgA antibodies were reported not to be immune (Haque, 2002). However, these
IgA antibodies were demonstrated to be present in children for a very short time
(one month) (Haque, 2001; Haque, 2002). Following cure of ALA in Durban,

35 South Africa, protective immunity to E. dispar infection persists for at least three
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30 dominant. In fact, previous studies indicate that the titer of anti-lectin IgA in
stool may be the strongest predictor of effective mucosal immunity in adults
(Ravdin, 2003). Infection by E. dispar does induce an intestinal anti-lectin IgA
response, but it is of low titer and short lived (Ravdin, 2003). Therefore, it is not
surprising that despite multiple shared lectin epitopes (Petri, 1990), E. dispar

35 infection does not induce cross-species protection against E. histolytica (Ravdin,
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antibodies. However, as the L.C3 protein includes the parasite’s carbohydrate

binding domain (Dodson, 1997; Pillai, 1999), is sufficient to induce immunity to
30 ALA in gerbils (Soong, 1995) (as is a smaller 375 amino acid fragment of LC3
(Dodson, 1999)), the inventors chose this cysteine rich recombinant protein for
further study. It is possible that IgA antibodies to the pseudo-repeat region may
also be important in host mucosal immunity. However, in contrast to the
inventors’ study of anti-L.C3 IgA antibodies, immunity to the pseudo-repeat

35 region was found to wane more rapidly over time (Dodson, 1999).
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digest generated overlapping LC3 gene products, ELISA of serum and fecal IgA
30 antibodies from human subjects cured of ALA (with or without infection) and
those asymptomatically infected, the inventors found all that the IgA antibodies
exclusively recognized two of seven LC3 epitopes: epitope 3 (AA 868-944), and
epitope 7 (AA 1114-1134) from all subjects. By use of synthetic overlapping
peptides the inventors fine mapped the putatively protective epitopes to four

35 discrete peptides sequences:
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AT T mArERID Qﬂd@cé) In summary, the inventors developed an intranasal

synthetic peptide amebiasis subunit vaccine that elicited a mucosal IgA antibody
response in baboons that mimics that of humans cured of invasive amebiasis.
Briefly, nine seronegative and PCR-negative baboons were selected and
divided into three groups. The animals were challenged with peptides and
30 adjuvant (cholera toxin, CT) intranasally. They were immunized on Day 1, 7,
14, and 21 for a total of four intranasal immunizations.
Group 1: 3 baboons CT (20 pg in 100 pl) + saline (100 pl) in each
nostril (200 pl total) as a negative control;
Group 2: 3 baboons CT (20 pg in 100 pl) + 400 pg peptide mixture in
35 100 pl saline in each nostril (200 pl total); and
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25 evident, only the synthetic peptide vaccine induced a fecal (intestinal) anti-LC3
IgA antibody response; the recombinant LC3 protein vaccine induced serum
anti-LC3 IgA antibodies (Figure 8), but not a fecal or mucosal anti-LC3 IgA
antibody response (Figure 11). Importantly, the synthetic peptide vaccine
induced intestinal IgA antibodies that recognized the amebic native

30 Gal/Gal/NAC lectin molecule present on the surface of the parasite; again, no
mucosal IgA antibody response was observed with the LC3 recombinant protein
vaccine (Figure 12). As expected, only the synthetic peptide vaccine induced
mucosal IgA antibodies to the four putatively protective LC3 peptide epitopes;
no response was observed with the LC3 protein vaccine (Figure 13).
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1860- 1869WHATI S CLAIMED I'S: 1. A vaccine conprising an
Ent anoeba hi stolytica LC3 subunit peptide, wherein_ the
LC3 Subunike yrsping geclpim 3 wsisi the %Cg ubapkt gertidgds esedrdtby
to i nducer AygQASAl cRBLIMmb&ES 613-938A anti body producti on
in a primte agai nst Entanoeba histolytica or E

di spar. 2. The vaccine of claim1, wherein the LC3

CUDUR PR s 31 R0 COL AR s T

vaccine o ereint pep
epi tope 3.
7. The vaccine of claim 3, wherein the LC3 subunit peptide is encoded by
LC3 amino acids numbered 1114-1138.
8. The vaccine of claim 3, wherein the L.C3 subunit peptide is encoded by
LC3 amino acids numbered 1128-1150.
9. The vaccine of claim 1, wherein the LC3 subunit peptide is in

combination with a physiologically-acceptable, non-toxic vehicle.

10.  The vaccine of claim 1, wherein the LC3 subunit peptide is expressed

from an isolated DNA sequence encoding the LC3 subunit peptide.

11.  The vaccine of claim 4, wherein the DNA encodes an LC3 subunit
peptide that comprises contiguous amino acid residues from about

residue 891 to about residue 903, from about residue 918 to about residue
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4. The vaccine of claim3, wherein the LC3 subunit
peptide is encoded by LC3 am no acids nunbered

w@2h6P@B62 5. The vacci ne of claim 3, wherein tPer/uEd05/021507
subunit peptide is encoded by LC3 am no aci ds nunbered

918-936. 636, Tivgn atRdaCresi@ueol114 toxdboutlresiael1 88, or o dboi
subuni t ito 7.. 7. The vaccine of claim
3, mherelﬁthS?Eé§ ﬁ?@“ﬁéﬁWrde is encoded by LC3
am no aci ds nunmbered 1114-1138. 8. The vacci ne of

claim3, wherein the LC3 subunit g tlde i s encoded by
LC3 dRi no T8g V#rsing ghelaime i whomginthe BNAgncqdes ay e d .swfémsf

claiml, phgidel it é&ﬁprk@coﬁﬁgmg Smfh%%ﬂdqgmdu%f f:Bm about

conbi nation wi th a physiol ogi cally-acceptab

non- tOX|c“VéHP§?bwag@Hr¢W@€ 8%cine of claim1, wherein
the LC3 subunit peptide is expressed froman isol ated

DNA sequence encoding the LC3 subunit peptide. 11. The
vaccilde oﬂhewaxnm¢fdWheHeMmmbh@hiﬁmwem@mweanh63m@&nh

subunit p rse [ M-0o Cld
resi dues ?g%ﬁ?gb %hyégﬂ%) ﬁgéi%$ﬂ$ g‘ %5hue @53

f r om aboutesidas P thie aBd8 réstdual9ddit r esi due936, fron1about
resi due 1114 to about residue 1138, or from about

resi due 1128 to about residue 1150. 12. The vacci ne of

cl ai m311, Théredceina of ¢1gimDNAwRaeRABRSDNA dn€&les BPLOB bubunit
pepti de that 0 aC|d reS|dues

C ri ses conti guous, ami
from abouPth‘é‘gng%Pn%TeSt%’n%’g’Bi arpigg g gesestyss fram abatie
vacci ne ofesfiudil M4kd abothRELe 11386 DNA encodes an LC3
subunit peptide that conprises contiguous am no acid

resi dues from about residue 918 to about resi due 936.

13. The VepeiReinebs élélﬁf M YhereMR BNA ehbS1ePNY 8D CARaR

an LC3 subunit peptide that conprises contiguous am no
aci d resi penide fbrabmnm@@stcon@giouwnm adid residupoltem pbgitdue

1138. 14., @E%Yﬁ%QBQﬁm9&sﬁhégﬂ%ll’ wherei n the DNA

encodes an subunit pepti that conprises
conti guous am no acid residues fron1about resi due 1128

t o ahout i du 5..Th im1ll
wher E?n t Eges ta%gl% %qgl 1]1 tht‘reﬁ éhelalgﬁ% suV 5?1 ger&tlae %s a vatiant of
wild-typ ewﬂd)fﬂymtlﬁmuburﬁm@btldban ithrat tHeavhridrt £C8 aubuamittpeptids

subuni t tide,. . . . .
pﬁe[% a modification at one or more amino acid residues.

16.  The vaccine of claim 11, wherein the LC3 subunit peptide is a variant of
wild-type LC3 subunit peptide in that the variant LC3 subunit peptide

has a substitution at one or more amino acid residues.

17. The vaccine of claim 16, wherein the substitution is a conserved

substitution.

18.  The vaccine of claim 1, which further comprises an effective amount of

an immunological adjuvant or other immune stimulating agent.

19.  The vaccine of claim 1, wherein at least one LC3 subunit peptide is

conjugated or linked to a carrier molecule.
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has a nodification at one or nbre am no acid resi dues.

16. The vaccine of claim1ll, wherein the LC3 subunit
w@epbioatset s a variant of wild-type LC3 subuni t PEEpS10d®021507

in that the variant LC3 subunit peptide has a

substitution at one or nbre am no acid residues. 17.

The vaCC|n§aof claim 16 wherein the substitution is a

conséfved 18¢Bceof Plé'ﬁ“ 19, gyherp et wo 8 Bordiferept L dupunit
whi ch f ur pheides ABREAjSSTIR hﬁlfefd% tHe\s8ma BRHE mStbc1Ad)
i mrunol ogi cal adjuvant or other inmune stinulating
agent. 19. The vaccine of claim1l1l, wherein at | east
one S / :
carr e ol e ae Sl S OB Btiec ¥ & phPufice
two or nore different LC3 subunit peptides are
coni ugat odnpladol PP llalyod, WReR AT GAAL Bl AR BEU o 21
he vacci ne o e carrier nolecule
|s a pol ypelptacderide2. The vacci ne of clai m20, wherein
the carrier nolecule is a polysaccharide. 23. The
vaccine of claiml1l, wherein the primate is human. 24.
A netBod @he pacoineof tlnigh B veheretretht philnetefls hvimdne agai nst
Ent anoeba hi stolytica or E. dispar col onization or
infection conprising adm nistering to the primte an
ef f ecltj ve Aan@ldH ofProtécting @ GhsaEpt WIS AQiRNERALSFAEDA
hISt0|ytlé %C3 subunit peptide, wherein the LC3
subunit pAitopdisa PE iwersrlonizatigh opinfestion Rmpiisgnt t o

i nduce mug@smlstdk ko the piimbte |aﬁéffé’dﬁ% RRent BE £ 94eink @Pmprising
the primate, and wherein the LC3 subunit peptide is in

conbi nat | 8hEwTReks Iatigaian 16G sshmitpeatide phatsingthe LC3 subunit
non-t oxi Coygiah & occftin o Beclp AinPlo itk Miedsa AT
I's adm ni stere

t he VaCCIR _ by subcut aneous or
i ntranus chAaantlibnq'bemd@tion inghe frireateeintl odiesin the BCAsEAmit

wherein t ﬁﬁlﬁ@?sci Bl?iatﬂ%?/ g\‘ﬁﬁ e&h@&%gﬁé{lhg!lc%' 51519 %%B-Itcg)xrllc

27. The od o ek
adninistevdmﬂentranasalIy. 28. The net hod accordlng to
claim27 wherein the primate is human. 29. An isol ated
and purified Entanoeba histolytica LC3 subunit

pept 26e, Themeihod bheailn@3, whibrsinithe weghé Badnididaes by

mucosal an H;-Iectln Ig e .
subcutaneous or inframuscular injection.

26.  The method of claim 24 wherein the vaccine is administered by oral

ingestion.
27.  The method of claim 24 wherein the vaccine is administered intranasally.
28.  The method according to claim 27 wherein the primate is human.
29.  Anisolated and purified Entamoeba histolytica LC3 subunit peptide,
wherein the LC3 subunit peptide induces mucosal anti-lectin IgA

antibody production in a primate against Entamoeba histolytica or E.

dispar.
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anti body production in a primate agai nst Entanoeba
hi stolytica or E. dispar.30. The LC3 subunit peptide
w@boosloadsnz 29, wherein the LC3 subunit peptide PGT/US2005/021507

Ent anbeba hi stolytica epitope 3 or epitope 7. 31. The
LC3 gpbunite pephitdgit péptiak 8f ¢nidD9, Whaerithe LO® subudit peptide is
subunit peptide is epitope 3. 32. The LC3 subunit
pepti de ofnigmagha msolyijgespBoRe X HEPEES ‘subuni t pepti de
is encoded by LC3 am no acids nunbered 891-903. 33.
The LC3 subunit peptide of claim31l, wherein the LC3
subufilt pékr Lebsybynis perside af ¢1gim 293 whereindhak( 3 subynitibentide is
918- 936. ﬂﬁm %gg LC3 subunit peptide of claim 29,
wherein tHe L subunit peptide is epitope 7. 35. The
LC3 subunit peptide of claim 34, wherein the LC3
subunit peptq LS. encoded. hy. ] i .
11144136 RSECS slbln P RERUER o T p AR LT SeHE R
wher ei n t feolddDdyudBimnino peipd nutiebered 30MO08led by LC3
am no aci ds nunmbered 1128-1150. 37. An isolated and
purified pol ynucl eotide conprising a nucl eotide
seq usg.c e 3}2@@3 muﬁm pﬁﬂcgda @ﬁﬁm 611 Slh%mtth@_BC%%uﬁiﬂ pepide is
pepti de, erein the LC3 subunit pepti i nduces
nucosal affePdqddytlite 4piRe 3?\‘5’? Wreﬂrﬁg‘ﬁggi onin a
pri mate agai nst Ent anoeba histolytica or E. dispar.
38. The pol ynucl eotj de sequence of claim 37, wherein
the Bl ynliks bt puhunit gemdaof dam 26 wheysinthe bt 3 sitiugi peptide is
sequence ikﬁgajn137, wherein the polynucleotide is
RNA. 40. purified antibody that specifically
recogni zes an LC3 subunit peptide that conprises
cont i,guou i ' [ r ' d s
oabact 1 s HE SRk B bEdam 14 RRLERAHEL ¥ FuRE st i
resi due 9a8toddd yn.Ghamino rads mumefed1414-b138bout resi due
1138, or from about residue 1128 to about residue
1150. :

36.  The LC3 subunit peptide of claim 34, wherein the LC3 subunit peptide is

encoded by LC3 amino acids numbered 1128-1150.

37.  Anisolated and purified polynucleotide comprising a nucleotide
sequence encoding an Entamoeba histolytica LC3 subunit peptide,
wherein the LC3 subunit peptide induces mucosal anti-lectin IgA
antibody production in a primate against Entamoeba histolytica or E.

dispar.

38.  The polynucleotide sequence of claim 37, wherein the polynucleotide is
DNA.

39.  The polynucleotide sequence of claim 37, wherein the polynucleotide is
RNA.

40. A purified antibody that specifically recognizes an LC3 subunit peptide

that comprises contiguous amino acid residues from about residue 891 to
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about residue 903, from about residue 918 to about residue 936, from
about residue 1114 to about residue 1138, or from about residue 1128 to

about residue 1150.
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