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Four fully human monoclonal antibodies (MAbs) to Entamoeba histolytica intermediate subunit lectin (Igl) were
prepared in XenoMouse mice, which are transgenic mice expressing human immunoglobulin loci. Examination of
the reactivities of these MAbs to recombinant Igll and Igl2 of E. histolytica showed that XEhI-20 {immunoglobulin
G2(x) [IgG2(x)]} and XEhI-28 [IgG2(k)] were specific to Igll, XEhI-B5 [IgG2(k)] was specific to Igl2, and
XEhI-H2 [IgM(k)] was reactive with both Igls. Gene analyses revealed that the V,; and V; germ lines were VH3-48
and L2 for XEhI-20, VH3-21 and L2 for XEhI-28, VH3-33 and B3 for XEhI-B5, and VH4-4 and A19 for XEhI-H2,
respectively. Flow cytometry analyses showed that the epitopes recognized by all of these MAbs were located on the
surfaces of living trophozoites. Confocal microscopy demonstrated that most Igll and Igl2 proteins were colocalized
on the surface and in the cytoplasm, but different localization patterns in intracellular vacuoles were also present.
The preincubation of trophozoites with XEhI-20, XEhI-B5, and XEhI-H2 caused significant inhibition of the
adherence of trophozoites to Chinese hamster ovary cells, whereas preincubation with XEhI-28 did not do so.
XEhI-20, XEhI-B5, and XEhI-H2 were injected intraperitoneally into hamsters 24 h prior to intrahepatic challenge
with E. histolytica trophozoites. One week later, the mean abscess size in groups injected with one of the three MAbs
was significantly smaller than that in controls injected with polyclonal IgG or IgM isolated from healthy humans.
These results demonstrate that human MAbs to Igls may be applicable for immunoprophylaxis of amebiasis.

Amebiasis caused by infection with Entamoeba histolytica is
one of the most problematic parasitic diseases of humans
worldwide. It is estimated to result in 50 million cases of colitis
and liver abscess and up to 100,000 deaths annually (54). How-
ever, an effective vaccine or chemoprophylaxis to prevent ame-
biasis has not been developed. The adherence of E. histolytica
trophozoites to colonic mucins and various host cells is an
essential event for colonization, invasion, and subsequent
pathogenesis. The adherence is mediated by a galactose (Gal)-
and N-acetyl-p-galactosamine (GalNAc)-inhibitable lectin
(39). The lectin is a 260-kDa heterodimeric glycoprotein com-
posed of a 170-kDa heavy subunit (Hgl) and a 31- or 35-kDa
light subunit (Lgl) (38), and the Hgl is a candidate vaccine for
amebiasis (22, 27, 30). We have demonstrated previously that
a 150-kDa intermediate subunit (Igl), which is noncovalently
associated with Hgl, also contributes to adherence (13). A
mouse monoclonal antibody (MADb) specific for Igl significantly
inhibits the adherence and cytotoxicity of trophozoites to
mammalian cells and inhibits erythrophagocytosis (10, 48, 51).
The immunization of hamsters with native Igl can inhibit ame-
bic liver formation (11). There are two isoforms of Igl, which
have 1,101 and 1,105 amino acids and are referred to as Igll
and Igl2, respectively (9). The Igls are known to be cysteine-
rich proteins containing multiple CXXC motifs, but the asso-
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ciation between inhibitory effects and each Igl isoform is not
well understood.

Recent studies have shown that cellular immunity is impor-
tant for the prevention of invasive amebiasis (26, 42). However,
it has been reported previously that passive immunization with
rabbit antiserum to a serine-rich E. histolytica protein, with
human anti-E. histolytica antibodies obtained from patients
with amebic liver abscesses, or with a mouse MADb to a surface
lipophosphoglycan antigen inhibits amebic liver abscess forma-
tion in a severe combined immunodeficient mouse model (31,
43, 55). We have also demonstrated previously that mouse
MAD to Igl can inhibit liver abscess formation in hamsters (12).
Therefore, human MADs to these antigens may be applicable
to reduce mortality from amebiasis by passive immunization.
Hybridoma technology has been relatively unsuccessful for the
generation of human MADs, but several new methods have
recently been developed (3, 5, 53), including the use of Xeno-
Mouse mice, which are transgenic mice containing the mega-
base-sized human immunoglobulin loci (17, 18, 32). Several
human MAbs generated using this approach are now in clinical
trials (4, 14, 28, 37).

In the present study, we used XenoMouse mice to generate
fully human MAbs to E. histolytica Igl. Here, we report the
molecular characterization of human MAbs specific for Igll
and Igl2 of E. histolytica, and we also evaluate the effects of
these human MAbs on amebic adherence in vitro and amebic
liver abscess formation in hamsters.

MATERIALS AND METHODS

Cultivation of parasites. Trophozoites of the E. histolytica HM-1:IMSS strain
were axenically cultured in TYI-S-33 medium supplemented with 15% adult
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bovine serum at 37°C (15). Cultured trophozoites were harvested in the loga-
rithmic phase of growth and used in subsequent experiments.

Production of MAbs. XenoMouse 2a3 strain male mice, which express human
immunoglobulin M (IgM), IgG2, and immunoglobulin k genes, were provided by
Abgenix, Inc. (Fremont, CA). Native Igl was purified from trophozoites of E.
histolytica HM-1:IMSS by immunoaffinity column chromatography using mouse
MAb EH3015 (13). XenoMouse mice were immunized intraperitoneally with 10
pg of Igl emulsified in complete Freund’s adjuvant. The mice then received two
booster inoculations of Igl in incomplete Freund’s adjuvant at 2-week intervals.
After an additional 4 weeks, the mice received Igl only. On day 4 thereafter,
spleen cells were isolated and fused with X63-Ag8.653 mouse myeloma cells in
50% polyethylene glycol 1500. Hybridomas secreting MAbs against E. histolytica
trophozoites were screened by immunofluorescent staining and cloned by limit-
ing dilution. Immunoglobulin isotypes of MAbs were determined by immuno-
fluorescent staining using subtype-specific secondary antibodies. Hybridomas
were finally cultured in GIBCO hybridoma serum-free medium (Invitrogen,
Carlsbad, CA). IgG and IgM were purified from the culture supernatants using
a HiTrap protein G FF column (GE Healthcare, Buckinghamshire, England)
and HiTrap SP Sepharose FF and HiLoad Superdex 200 columns (GE Health-
care), respectively. IgG and IgM fractions from sera of healthy individuals were
also purified and used as controls.

Cloning and sequencing of immunoglobulin genes. Total RNA was purified
from hybridomas and subjected to reverse transcription-PCR as described pre-
viously (47). Genes coding for the light (k) chain and the Fd regions of the heavy
(v and ) chains were amplified by 30 cycles of PCR. The light-chain genes were
first ligated with an expression vector, pFab-His2, and introduced into Esche-
richia coli JM109 cells. The vector with inserts was then ligated with the Fd
heavy-chain genes and introduced into E. coli cells. The production of Fab
fragments to E. histolytica was screened by immunofluorescent staining (47). The
light-chain and Fd heavy-chain genes from positive clones were subcloned into
sequencing vectors and then sequenced.

Immunofluorescent staining for screening. Indirect immunofluorescent stain-
ing of fixed E. histolytica trophozoites was performed as described previously
(50), except that 4% paraformaldehyde was used as the fixative. Fluorescein
isothiocyanate (FITC)-conjugated goat antibodies to human IgG(H+L), human
1gG Fab, human IgG2, and human IgM (ICN Pharmaceuticals) were used as
secondary antibodies.

Confocal microscopy. Trophozoites of the E. histolytica HM-1:IMSS strain
were fixed with 4% paraformaldehyde in phosphate-buffered saline (PBS) for 30
min and attached to silane-coated glass slides by using a Cytospin 2 centrifuge
(Shandon, Oakland, CA). After being washed with PBS, the glass slides were
incubated with 10% sucrose in PBS for 1 h and then stored at —80°C until use.
The trophozoites were treated with 0.05% Triton X-100 in PBS for 5 min. After
being washed with PBS, the trophozoites were blocked with 3% bovine serum
albumin in PBS for 30 min and then incubated for 1 h at room temperature with
labeled MADs. An Alexa Fluor 488 protein labeling kit and an Alexa Fluor 594
protein labeling kit (Molecular Probes, Eugene, OR) were used for the labeling
of MADs. After being washed, the stained trophozoites were mounted using
glycerol containing 1.25 mg of 1,4-diazabicyclo(2,2,2)octane/ml and 10% PBS,
and the samples were observed using a Zeiss LSM510 META confocal laser
scanning microscope.

SDS-PAGE and Western immunoblot analysis. Trophozoites of E. histolytica
HM-1:IMSS were solubilized with equal volumes of sample buffer (29) contain-
ing 2 mM phenylmethylsulfonyl fluoride, 2 mM N-a-p-tosyl-L-lysine chlorom-
ethyl ketone, and 4 pM leupeptin for 5 min at 95°C. After centrifugation, the
supernatant was subjected to sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE). Western immunoblot analysis was performed as de-
scribed previously (49). Horseradish peroxidase (HRP)-conjugated goat anti-
body to human IgG(H+L) (ICN Pharmaceuticals) was used as the second
antibody. A Konica immunostaining HRP-1000 kit was used for development.

Preparation of recombinant Igls. An E. histolytica Igl1 fragment lacking only
the N- and C-terminal signal sequences (thus comprising amino acids [aa] 14 to
1088) and three additional fragments of E. histolytica Igl1 (the N-terminal region
[aa 14 to 382], the middle region [aa 294 to 753], and the C-terminal region [aa
603 to 1088]) were prepared in E. coli as described previously (46). For the
preparation of an E. histolytica Igl2 fragment encompassing the full-length pro-
tein except for the signal sequences, a DNA fragment was obtained by PCR
amplification of genomic DNA (HM-1:IMSS strain) with primers 5'-CCC TCG
AGG ATT ATA CTG CTG ATA AAC TCA TTA ATA ACC-3' and 5'-CCC
TCG AGT TAA ATG CCT TTA GCT CCA TT-3'. Three DNA fragments
encoding the N-terminal region (aa 14 to 382), the middle region (aa 294 to 757),
and the C-terminal region (aa 604 to 1092) of E. histolytica 1gl2 were also
obtained by PCR amplification of DNA encoding full-length Igl2. The primers
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used were as follows: 5'-CCC TCG AGG ATT ATA CTG CTG ATA AACTCA
TTA ATA ACC-3' and 5'-CCC TCG AGT TAA AGT TTG CAT GGC CCA
TC-3' for the N terminus, 5'-CCC TCG AGA CAG AAG AAA ATA AAT
GTA-3' and 5'-CCC TCG AGT TAA GAA CTT TGG TCA GTG-3' for the
middle region, and 5'-CCC TCG AGG AAG GAC TAA ATG CAG AAG
AT-3" and 5'-CCC TCG AGT TAA ATG CCT TTA GCT CCA TT-3' for the C
terminus. These DNA fragments were digested with Xhol, purified, and ligated
with pET19b vector (Novagen, Madison, WI). The expression, purification, and
refolding of the recombinant E. histolytica 1gl2 proteins were performed as
described previously (46).

Dot immunoblot analysis. Recombinant Igls were blotted onto nitrocellulose
membranes. Membrane strips were blocked with 3% bovine serum albumin in
PBS and allowed to react with antibodies for 30 min. After being washed with
PBS containing 0.05% Tween 20, the strips were incubated with HRP-labeled
goat antibody to human IgG(H+L) for 30 min. The strips were washed with PBS
containing 0.05% Tween 20 and developed with a Konica immunostaining HRP-
1000 kit. Recombinant Igls were also heat treated for 5 min at 95°C with or
without 2-mercaptoethanol. These proteins were blotted onto nitrocellulose
membranes and analyzed as described above.

Measurement of affinity constants. The affinity constants of the antibodies
were assessed by surface plasmon resonance using a model 3000 instrument and
general procedures outlined by the manufacturer (Biacore AB, Uppsala, Swe-
den). Recombinant Igls were immobilized onto a CMS5 chip (Biacore) at a low
density. Association and dissociation constants were determined using BIA-
evaluation 3.1 software (Biacore).

Flow cytometry. Intact trophozoites of E. histolytica HM-1:IMSS were incu-
bated on ice with 3% bovine serum albumin in PBS for 15 min and then with
MADs for 15 min. After being washed with ice-cold PBS, the cells were incubated
with a FITC-conjugated goat antibody to human IgG(H+L) for 15 min on ice.
The cells were washed with ice-cold PBS and then fixed in 4% paraformaldehyde.
Aliquots of approximately 5,000 cells per sample were analyzed using a FACS-
Calibur system (Becton Dickinson), with data analysis by CellQuest software
(BD Immunocytometry Systems).

Adherence assay. The adherence of E. histolytica to Chinese hamster ovary
(CHO) cells was examined as described previously (10). Briefly, trophozoites
(10* cells) of the HM-1:IMSS strain were incubated with 10 p.g of each MAD for
1 h at 4°C, washed with cold PBS, and then suspended in Ham’s F-12 nutrient
mixture containing 1% adult bovine serum. The trophozoites were mixed with
CHO cells (2 X 10°) in 1 ml of Ham’s F-12 nutrient mixture, and the mixture was
centrifuged at 150 X g for 2 min and then incubated for 2 h at 4°C. After the
removal of 0.8 ml of supernatant, the remaining pellet was subjected to a gentle
vortex for 5 s and the number of trophozoites with at least three adherent CHO
cells was determined by examining 300 trophozoites. Statistical analysis was
performed by Student’s ¢ test.

Passive immunization and hepatic challenge. Male Syrian hamsters weighing
95 to 110 g were purchased from Japan SLC, Inc. (Hamamatsu, Japan). Each
hamster received an intraperitoneal injection of 0.5 ml of PBS containing 5 mg
of MADb 24 h before challenge. Control hamsters received 0.5 ml of PBS only or
0.5 ml of PBS containing 5 mg of human polyclonal IgG or IgM. All the hamsters
were anesthetized by intraperitoneal injection with pentobarbital, and then 10°
trophozoites of the E. histolytica SAW755CR strain were inoculated into the left
lobe of the liver. The hamsters were sacrificed 7 days after inoculation to examine
the formation of amebic liver abscesses. The percentage of abscessed liver was
calculated as the weight of the abscess divided by the liver weight recorded
before abscess removal. Statistical analysis was performed by Student’s ¢ test.

Nucleotide sequence accession numbers. The nucleotide sequence data re-
ported in this paper have been deposited in the DDBJ, EMBL, and GenBank
databases under accession numbers AB453230 to AB453237.

RESULTS

Specificity of human MAbs. Four human MAbs designated
XEhI-20, XEhI-28, XEhI-B5, and XEhI-H2 were used in the
study. Indirect immunofluorescent antibody staining using sub-
type-specific secondary antibodies showed that three of the
MADs, XEhI-20, XEhI-28, and XEhI-B5, were 1gG2, while
XEhI-H2 was IgM. The reactivities of the human MAbs to
recombinant Igll and Igl2 from E. histolytica were examined by
dot blot analysis. XEhI-20 and XEhI-28 were specifically re-
active with Igll, whereas XEhI-B5 was specific to Igl2. The
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FIG. 1. Western immunoblot analysis of human MADbs to E. histo-
Iytica. Lysates of trophozoites from the HM-1:IMSS strain were sub-
jected to SDS-PAGE in a 7.5% gel under nonreducing conditions and
transferred onto polyvinylidene difluoride membranes. The strips were
treated with the following: lane 1, sera from preimmune XenoMouse
mice; lane 2, sera from XenoMouse mice immunized with native E.
histolytica Igl; 1ane 3, XEhI-28; lane 4, XEhI-20; lane 5, XEhI-BS5; and
lane 6, XEhI-H2. HRP-conjugated goat antibody to human IgG(H+L)
was used as a secondary antibody. The numbers on the right indicate
molecular masses of size markers.

remaining MAb, XEhI-H2, was reactive with both Igls, as well
as with sera from immune XenoMouse mice, indicating the
presence of a common epitope in these proteins. The reactiv-
ities of the MADbs to native proteins were also examined by
Western immunoblot analysis (Fig. 1). Under nonreducing
conditions, immune sera and XEhI-H2 recognized two bands
with apparent molecular masses of 150 and 170 kDa. XEhI-20
and XEhI-28 were reactive with the 170-kDa band, and
XEhI-B5 was reactive with the 150-kDa band, indicating that
the upper band was Igll and the lower band was Igl2.
Primary structures and gene usage patterns of human
MAbs. Immunoglobulin genes from hybridomas secreting hu-
man MADs were cloned and sequenced. As shown in Fig. 2,
the primary structures of both the heavy and light chains of the
four MAbs were different. However, similarity between the

Heavy chain
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complementarity-determining regions in the light chains of
XEhI-20 and XEhI-28 was found, while the complementarity-
determining regions in the heavy chains of these two MAbs
were quite different. Sequence analysis of the constant regions
of the heavy chains also showed that XEhI-H2 was IgM. The
sequence homology of these MAbs to germ lines was analyzed
using the IgBLAST program. Three V segments of the heavy
chains belonged to the family VH3, but their germ lines were
different, and the remaining one (in XEhI-H2) was a member
of the VH4 family (Table 1). The D segments differed among
these MADbs, but the J segments were of the JH4 family in all
except XEhI-20. The germ lines of both the V and J segments
of the light chains in XEhI-20 and XEhI-28 were identical.

Affinity of human MAbs. The affinity of human MAbs to Igl
was evaluated by surface plasmon resonance. The dissociation
constants of the four MAbs ranged from 1.24 X 108 to 1.77 X
107! M (Table 2). The affinity of XEhI-28 was clearly lower
than those of the other MAbs.

Epitopes recognized by human MAbs. Living trophozoites
were incubated with MADs, fixed, and then subjected to flow
cytometry analysis. As shown in Fig. 3, all of the MAbs were
reactive with the cells, suggesting that the epitopes exist on the
cell surface. The reactivities of MADbs to partial fragments of E.
histolytica Igll were also examined by dot blot analysis.
XEhI-28 was reactive with the Igl N-terminal fragment (aa 14
to 382), but not with the middle region (aa 294 to 753) or the
Igl C-terminal fragment (aa 603 to 1088). In contrast,
XEhI-H2 was reactive with the Igl middle and C-terminal
fragments, suggesting the localization of the epitope between
aa 603 and 753. Since XEhI-20 and XEhI-B5 did not react with
any partial fragments, these MADbs seem to recognize a partic-
ular conformation of Igl. To further evaluate the effect of the
protein conformation on the binding of MAbs, recombinant

FR1 CDR1 FR2 CDR2
XEhI-20-VH  QVQLVESGGGLVQPGGSLRLSCAASGFTFS TYGMN WVRQAPGKGLEWIS FISSSSSTVYYADSVKG
XEhI-28-VH E........... Ko mis8imems s SMNi: simimsniiniy VA S..H...YMFH...L.
XEhI-B5-VH  ..... Q Ve s R w570 5 T.E SHALH ............ VA V.WYDGVNT........
XEhI-H2-VH QQ..P...K.SET.S.T.TV..GSIN N.YWS .I..PA....... G R.-Y..GSTN.NP.L.S
FR3 CDR3 FR4
XEhI-20-VH  RFTMSRDNAKNSLYLQMNSLRDEDTAVYYCAR AHYDWNFD-GM--DV WGQGTTVTVSS
XEhI-28-VH  ...I........... H..... A M....... DGSR----- WYF.Y ..... L.....
XEhI-B5-VH  ...I....S..T......... Ao EGLRFLEHIRGYF.Y ..... L.....
XEhI-H2-VH  .V...V.TS..QFS.KLS.VTAA......... EVT----H----F.Y ..... L.....
Light chain
FR1 CDR1 FR2 CDR2
XEhI-20-VL  EIVMTQSPATLSMSPGERATLSC RASQSISS----- NF-A WYQQKPGQSPRLLIY GASTRAT
XEhI-28-VL  ...L........ Viwsmemisns s@es V..-———- e T Bovaswe sawsmss
XEhI-B5-VL D.EL....DS.AV.L..... IN. KS...VFYNSINK..L. ....R...P.K Woesns s
XEhI-H2-VL D....... LS.PVT...P.SI.. .S...LLH-SNGF..LD ..ILR...... o LG.N..S
FR3 CDR3 FR4
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XEhI-28-VL  ...... N.G....D...S...P...N....H. .H....... «ooioinnnn.
XEhI-B5-VL NeoDs s s s 5 i Dusmssizanms A Vasiws YoTuPs 560650 ms 50
XEhI-H2-VL VeoDszo s ws s ue D...K..RVEA..IG.... M.ALESLP. ..Q........

FIG. 2. Deduced amino acid sequences corresponding to genes coding for heavy- and light-chain variable regions in human MAbs to E.
histolytica Igls. FR, framework regions; CDR, complementarity-determining regions. Dashes and dots indicate deletions and identical residues,

respectively.
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TABLE 1. Comparison of gene usage patterns for heavy- and light-chain variable regions of anti-E. histolytica 1gl human MAbs

Heavy chain Light chain
MAb V segment D segment J segment V segment J segment
Closest germ % Closest germ % Closest germ % Closest germ % Closest germ %
line Identity line Identity line Identity line Identity line Identity
XEhI-20 VH3-48 97 D3-10 100 JH6 87 L2 98 Jk4 100
XEhI-28 VH3-21 95 D6-19 93 JH4 96 L2 94 Jk4 100
XEhI-BS VH3-33 97 D3-3 100 JH4 98 B3 96 Jkl 100
XEhI-H2 VH4-4 97 D4-17 100 JH4 98 Al9 94 Jkl 100

Igls were heat treated under nonreducing and reducing condi-
tions and then their reactivities to MAbs were compared with
those of native recombinant Igls (Fig. 4). Reactivities to all
MADs were reduced by heat treatment, indicating that the
conformation is important for all the epitopes recognized by
these MADs. Reactivity with XEhI-20 decreased clearly under
reducing conditions, suggesting that an S-S bond is involved in
the epitope. In contrast, the reactivity of XEhI-H2 with Igl was
relatively retained after heat treatment under reducing condi-
tions.

Localization of Igll and Igl2. E. histolytica trophozoites were
double stained with XEhI-20 and XEhI-BS5 and then observed
by confocal microscopy (Fig. 5). Both Igll and Igl2 were de-
tected on the plasma membrane and in the cytoplasm in all
trophozoites. Igll and Igl2 were colocalized in most cells, but
different localization patterns on vacuoles in the cytoplasm
were also seen (Fig. 5D).

Inhibitory effects of human MAbs on amebic adherence. To
examine the effect of human MAbs on amebic adherence,
trophozoites were pretreated with 10 pg of human MAbs and
then incubated with CHO cells. XEhI-20, XEhI-BS, and
XEhI-H2 significantly inhibited amebic adherence compared
with that of controls treated with PBS only (P, <0.0001 for
each MADb), whereas XEhI-28 failed to produce inhibition
(Fig. 6). The inhibitory effect of XEhI-B5 was significantly
greater than those of XEhI-20 and XEhI-H2 (P, 0.0029 and
0.0284, respectively). The effect of XEhI-H2 was also signifi-
cantly greater than that of XEhI-20 (P = 0.0212).

Effects of human MAbs on liver abscess formation. The
three human MAbs showing neutralizing activity toward ame-
bic adherence in vitro were further examined for their effects
on amebic liver abscess formation in an animal model (Fig. 7).
All of 12 hamsters treated with PBS only developed liver ab-
scesses following infection with E. histolytica, with a mean
percentage of abscessed liver of 42.7%. In two other control
groups receiving 5 mg of IgG or IgM, the mean percentages of
abscessed liver were 39.7 and 45.4%, respectively. When ham-

TABLE 2. Association (K,) and dissociation (Kj,) constants for the
binding of human MAbs to recombinant Igls of E. histolytica as
measured by surface plasmon resonance

MAb Ligand Ky MY K, (M)
XEhI-20 Igll 2.34 x 10° 4.28 x 10710
XEhI-28 Igll 8.03 X 107 1.24 X 1078
XEhI-B5 Igl2 5.65 X 10° 1.77 x 1071°
XEhI-H2 Igl2 2.26 X 10° 443 x 10710

sters were passively immunized with 5 mg of XEhI-20, XEhI-
B5, or XEhI-H2 24 h before infection, the mean percentage of
abscessed liver was 13.9, 14.7, or 20.9%), respectively, and these
values were significantly lower than those for animals immu-
nized with isotype controls (XEhI-20 versus IgG control, P <
0.0001; XEhI-BS versus IgG control, P < 0.0001; XEhI-H2
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FIG. 3. Flow cytometric analysis of E. histolytica trophozoites
stained with human MADs to Igls (black-filled histograms). Intact
trophozoites were incubated with human MAbs XEhI-20, XEhI-28,
XEhI-BS, and XEhI-H2, followed by FITC-conjugated goat antibody
to human IgG(H+L). The control was stained only with a secondary
antibody (unfilled histograms). A representative histogram for each
antibody is depicted. Fluorescence levels are expressed in arbitrary
units.
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FIG. 4. Reactivity of human MADbs to recombinant Igls of E. his-
tolytica in a dot blot analysis. Igll and Igl2 (500 ng each) were spotted
onto nitrocellulose membranes (lane 1). The same amounts of Igls
were spotted after heat treatment under nonreducing (lane 2) and
reducing (lane 3) conditions. Two strips were stained with Coomassie
brilliant blue (CBB), and other strips were treated with MAbs XEhI-
H2, XEhI-28, XEhI-20, and XEhI-B5 or PBS (control). HRP-conju-
gated goat antibody to human IgG(H+L) was used as a secondary
antibody.

versus IgM control, P = 0.0003). In the group treated with
XEhI-20, no abscesses were found in three hamsters.

DISCUSSION

In the present study, human MAbs specific for Igll and Igl2
were successfully generated in XenoMouse mice. This is the
first report concerning the production of fully human MAbs
against E. histolytica. Native Igl purified using mouse MAb
EH3015 was used for immunization, and the results indicated
that the native Igl fraction contained both Igll and Igl2. In our
previous study, SDS-PAGE analysis of the native Igl gave two
bands with molecular masses of 150 and 170 kDa (11, 13).
Western immunoblot analysis has also shown that MADb
EH3015 recognizes 150- and 170-kDa molecules in the H-302:
NIH strain of E. histolytica (48). The present study revealed
that the 170-kDa band is Igll and the 150-kDa band is Igl2,
although the molecular mass calculated from the DNA se-
quence is larger for Igl2 than for Igll (9).

Neutralizing activity toward amebic adherence to CHO cells
was detected for both Igll- and Igl2-specific human MAbs.
Therefore, both Igls must be involved in amebic adherence.
Since XEhI-28 did not affect amebic adherence to CHO cells,
the N terminus of Igll may not be important for adherence to
host cells. When the conformation of the recombinant Igls was
changed by heat treatment, reductions in the reactivities of all
MADs were observed. Therefore, the epitopes recognized by
these MAbs seem to be discontinuous. Indeed, XEhI-20 and
XEhI-BS5 reacted with full-length Igl molecules but failed to
react with three partial fragments. Since the reactivity of
XEhI-H2 was relatively retained after heat treatment under
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reducing conditions, we cannot exclude the possibility that its
epitope is continuous. The presence of many cysteine residues
in Igls may be important for the maintenance of their active
conformations.

Confocal microscopy analysis demonstrated that the two Igls
colocalized on the plasma membrane. However, it was also of
interest that Igll and Igl2 showed different localization pat-
terns in some intracellular vacuoles. This finding is in accord
with the observation for E. dispar in a previous study using
mouse MADs specific for Igll and Igl2 of E. dispar (45). Re-
cently, it has been reported that phagosomes of E. histolytica
contain Igl and that the quantity of Igl varies during the mat-
uration of the phagosome (35, 36). In addition, the expression
level of the Igll gene is seven times higher than that of the Igl2
gene when the levels are compared by real-time PCR analysis
(45). Although the primary structures of Igll and Igl2 are
similar, these observations suggest that the two Igls may have
different functions and different levels of expression during
phagosome maturation, and the specific MAbs generated in
this study may be useful for determining the associations of
Igll and Igl2 with phagocytosis. We also note that different
localization patterns of the two isotypes of the Rab7 small
GTPase, E. histolytica Rab7A and E. histolytica Rab7B, in
lysosomes and phagosomes have been reported previously
(40).

We have generated several human MAb Fab fragments us-
ing combinatorial immunoglobulin gene libraries prepared
from peripheral lymphocytes of a patient with an amebic liver
abscess and asymptomatic cyst passers (8, 47, 52). Several Fabs
recognize Hgl and are able to inhibit amebic adherence to host
cells in vitro. However, we suspect that the in vivo effect of Fab
fragments to E. histolytica trophozoites will be restricted be-
cause of the lack of an Fc region. Since the MADbs described in
this paper are complete immunoglobulins, the effects of human
MADs on E. histolytica trophozoites in vivo may be induced
with complement activation through the classical pathway (19).
Indeed, it is well-known that IgM, in particular, is a mediator
of complement activation. However, it has also been reported
previously that Hgl of E. histolytica inhibits the assembly of C8
and C9 into the C5b-C9 membrane attack complex, thereby
preventing complement-mediated lysis of the parasite (6). Re-
cently, a cohort study in Bangladesh demonstrated that the
mucosal IgA response directed to Hgl is linked to protection
from both infection and disease (20, 21). In contrast, serum
IgA has not been correlated with infection. Therefore, it is
suggested that the systemic anti-Hgl antibody response may
not offer direct protection from amebiasis (19). The details of
the humoral immune response to Igl are unknown, but we have
observed that serum antibodies to Igl are detected not only in
symptomatic patients but also in asymptomatic E. histolytica
cyst passers (46). In addition, sera from hamsters immunized
with native Igl can inhibit in vitro amebic adherence to CHO
cells by 98% at a 1:10 dilution (11).

In our previous study, the incidence of amebic liver abscess
in hamsters was significantly reduced by pretreatment with 1 or
10 mg of mouse MAb EH3015, which belongs to the IgG1
family (12). In the present study, complete protection was
detected only in 3 of 12 hamsters pretreated with 5 mg of
XEhI-20, although a reduction of the mean abscess size was
observed in all groups pretreated with one of the three adher-
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FIG. 5. Localization of Igll and Igl2 on trophozoites of E. histolytica HM-1:IMSS observed by confocal laser scanning microscopy. Fixed
trophozoites were stained with Alexa Fluor 488-labeled XEhI-20, specific for Igll (green) (A), and Alexa Fluor 594-labeled XEhI-BS5, specific for
Igl2 (red) (B). A differential interference contrast microscopy image is shown in panel C. A merged image of panels A and B is shown in panel
D. The arrow and arrowhead indicate the individual localization patterns of Igll and Igl2, respectively. The bar indicates 10 pwm.

ence-inhibiting human MADs to Igls. The difference in protec-
tive activity between the mouse and human MAbs may depend
on differences of subtype and avidity for hamster complement
and effector cells. In a mouse model, the mechanisms through
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FIG. 6. Effects of human MAbs on adherence between E. histo-
Iytica and CHO cells. Trophozoites (10*) were pretreated with 10 g of
MADb. The rate of adherence is expressed as a percentage of the
adherence seen with PBS-treated controls. The results are presented
as means = standard deviations of data from four experiments. Aster-
isks indicate P values of <0.0001 (for comparison with the PBS con-
trol), 0.0029 (for XEhI-20 versus XEhI-BS), 0.0212 (for XEhI-20 ver-
sus XEhI-H2), and 0.0284 (for XEhI-B5 versus XEhI-H2).
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FIG. 7. Effects of human MADbs on amebic liver abscess formation
in hamsters. Each hamster received an intraperitoneal injection of 0.5
ml of PBS containing 5 mg of human MADb 24 h before intrahepatic
inoculation with E. histolytica trophozoites. Control hamsters received
0.5 ml of PBS only or 0.5 ml of PBS containing 5 mg of human
polyclonal IgG or IgM. Abscess size is expressed as a percentage of the
size of the abscessed liver. Horizontal bars indicate the mean values for
each group. Numbers in parentheses indicate the number of hamsters
in each group. XEhI-20 versus IgG control, P < 0.0001; XEhI-B5
versus IgG control, P < 0.0001; XEhI-H2 versus IgM control, P =
0.0003.
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which human E. histolytica-specific antibody may provide pro-
tection include the inhibition of amebic adherence to target
cells, antibody-dependent cell-mediated cytotoxicity, and com-
plement activation and lysis of trophozoites (43). It is probable
that rodent Fc receptors have avidities similar to those of
human immunoglobulin. However, the subtypes of MAbs de-
scribed in this paper are IgG2 and IgM. Therefore, it is likely
that hamster Fc receptors do not bind to the human MADs,
although complement activation may occur.

In the gene analysis of the heavy-chain variable region, the
closest germ lines for the V and D segments of the four human
MAbs were different, and an IgBLAST search for these MAbs
did not identify any identical immunoglobulin genes in the
database. XenoMouse mice contain approximately 2 Mb of the
human immunoglobulin heavy and « light chain loci, which
functionally recapitulate the human humoral immune system
(32). Analyses of human antibody transcripts from XenoM-
ouse spleens and lymph nodes demonstrate that V, D, and J
gene utilization patterns in nonimmunized animals are nearly
identical to the gene utilization patterns reported for humans
with extensive antigenic histories (16). In our previous study,
analyses of heavy-chain genes for anti-Hgl human MAb Fab
fragments revealed that all the closest germ lines for V seg-
ments belong to the VH3 family (52). In the present study, all
the IgG2 MADs also belonged to the VH3 family, and this
finding appears to agree well with the proposal that VH3
antibodies are important for defense against a variety of vi-
ruses (2, 25) and bacteria (1, 44).

A high prevalence of E. histolytica infection in patients with
human immunodeficiency virus (HIV) infection and AIDS in
Japan and Taiwan has been reported recently (23, 24, 33).
Higher rates of seropositivity for E. histolytica in HIV-infected
patients than in non-HIV-infected patients with gastrointesti-
nal symptoms in China have also been demonstrated previ-
ously (7). However, anti-E. histolytica antibodies have occa-
sionally not been detected in AIDS patients with invasive
amebiasis (34, 41). Extraintestinal amebiasis, and especially
amebic liver abscess, is the major cause of high mortality from
amebiasis, and therefore, passive immunization with the hu-
man MADs reported in the present study may be applicable in
immunoprophylaxis to prevent the development of invasive
amebiasis in immunodeficient patients. The fully human MAbs
to Igls may provide a new strategy for the control of amebiasis.
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