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Fig. 5. Flow cytometric analysis of phenotypic expression of Igll and Igl2 on the surface of Entamoeba dispar
trophozoites. Intact trophozoites from the SAW1734RclAR strain were double stained with monoclonal antibodies
ED1-13 (specific for Igll, IgG2b) and ED2-1 (specific for Igl2, IgG1), followed by Alexa Fluor 488-labelled goat anti-
mouse IgG2b-specific antibody and PE-labelled goat anti-mouse IgG1-specific antibody (A). The control was stained
only with secondary antibodies (B). The results are representative of 3 independent experiments.

trophozoites expressed both Igll and Igl2 on the cell
surface.

Localization of Igls on trophozoites

Localization of Igll and Igl2 on E. dispar tropho-
zoites was examined by confocal laser scanning
microscopy using specific mAbs. Both Igls were
localized on the plasma membrane and in cytoplasm
in all trophozoites (Figs 6 and 7). However, the
amount of each Igl in the trophozoites was variable,
especially in the cytoplasm; that is, Igll- and Igl2-
dominant cells were present (arrows and arrowheads
in Fig. 6). In addition, Igll- and Igl2-dominant
vacuoles were also observed within a single tropho-
zoite (arrow and arrowhead in Fig. 7).

DISCUSSION

Comparison of the 2 Igl genes cloned from E. dispar
with those from E. histolytica indicated differences in
the sequences of the corresponding proteins in
E. dispar and E. histolytica and in the 2 strains
. of E. dispar. However, all the cysteine residues, in-
cluding the CXXC motifs, were conserved between
species and between strains, which suggests that the
fold of the protein is maintained and is important
for its function. Amino acid identities of Igll and
Igl2 within species (79% in E. dispar and 81% in
E. histolytica; Cheng et al. 2001) were higher than
those for each Igl between the 2 species (75-76% for
Igll and 73-74% for Igl2). Insertions of 6 amino
acids around position 840 in E. dispar were present in
both Igll and Igl2, as shown in Fig. 1. Nucleotide
identities of the 2 Igl genes were also higher within

species, compared to the respective identities of the
Igl genes between E. dispar and E. histolytica. These
results suggest that duplication of the genes may have
occurred after divergence of the species.

The properties of the Gal/GalNAc lectin of
E. histolytica were demonstrated in a 150 kDa frac-
tion purified by affinity chromatography using the
E. histolytica-specific mAb EH3015 (Cheng et al.
1998). In addition, Igll and Igl2 of E. histolytica have
been detected, in addition to Hgl and Lgl, in the
protein fraction that binds specifically to GalNAc-
BSA-coated magnetic beads (McCoy and Mann,
2005). However, when we performed a preliminary
examination of the reactivity of recombinant Igls
from E. histolytica and E. dispar with GalNAcy;-BSA
by dot blot analysis and surface plasmon resonance,
we could not prove that the recombinant proteins
had sugar-binding properties (data not shown).
Therefore, the Igls may exist as part of the lectin
complex, perhaps with non-covalent association to
another protein containing a sugar-binding site, with
this association occurring either directly or being
mediated by a third protein. Recently, it has been
reported that Igl of E. histolytica is found in the
protein fraction that interacts with purified brush
border from human enterocytes (Seigneur et al.
2005). It has also been demonstrated that the
140 kDa fibronectin-binding molecule of E. histo-
lytica (Talamas-Rohana et al. 1992) is identical
with Igl2 (Hernandez-Ramirez et al. 2007). These
observations indicate that Igls are important proteins
for amoebic adherence to host cells, and since Igls are
also expressed in the non-pathogenic amoeba, it
seems likely that these proteins are important for
colonization of amoebae in the large intestine.
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Fig. 6. Localization of Igll and Igl2 on trophozoites of Entamoeba dispar SAW1734RclAR observed by confocal laser
scanning microscopy. Fixed trophozoites were stained with ED1-13 specific for Igll and a secondary Alexa Fluor 488-
labelled anti-mouse IgG2b antibody (green) (A) or ED2-1 specific for Igl2 and a secondary Alexa Fluor 594-labelled
anti-mouse IgG1 antibody (red) (B). Differential interference contrast microscopy is shown in (C). A merged image is
shown in (D). Arrows and arrowheads indicate Igli- and Igl2-dominant cells, respectively.

One of the interesting observations in this study is
the difference in expression between Igll and Igl2.
Since higher expression of 1gll was observed at both
protein and mRNA levels, the difference between
the isoforms seems to be regulated mostly at the
transcriptional level. The expression level of Igl] was
also lower in E. dispar than in E. histolytica, whereas
that of Igl2 was comparable in the two species. It
has been demonstrated that expression of Hgl (Hgl2)
and Lgl (Lgll) in E. dispar is lower than in E. histo-
lytica (Pillai et al. 1997, 2001); therefore, Igll may be
more closely associated with Hgl and Lgl. However,
it is unknown whether the 2 Igl isoforms are

associated with different isoforms of Hgl or Lgl.
DNA microarray analyses have shown that a
large number of genes are expressed differently in
E. histolytica and E. dispar, and that there is a dif-
ference in gene expression between strains of
E. histolytica of high and low virulence (Shah et al.
2005; MacFarlane and Singh, 2006; Davis et al.
2007). Lower expression of Hgl genes in E. dispar
compared to E. histolytica has also been confirmed
(MacFarlane and Singh, 2006), but Lgl3 expression
was found to be higher in an E. histolytica strain of
low virulence compared to a strain of high virulence
(Davis et al. 2007). Igl genes are down-regulated by
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Fig. 7. Stereo images of localization of Igll (A) and Igl2 (B) on Entamoeba dispar trophozoites observed by confocal
laser scanning microscopy. Fixed trophozoites were stained as described in Fig. 6. Differential interference contrast
microscopy is shown in (C). A merged image is shown in (D). Arrow and arrowhead indicate single localization of Igll

and Igl2, respectively.
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heat shock stress, as are most Hgl and Lgl genes
(Weber et al. 2006). Collectively, these observations

suggest that the lectin as a whole is important for

adherence and subsequent pathogenesis.

We also compared phenotypic expression of the
two Igls in each trophozoite using flow cytometry
and confocal microscopy. Interestingly, some tro-
phozoites expressed Igll or Igl2 dominantly,
although most cells expressed the two Igl proteins to
a comparable extent, suggesting that both Igls are
important for the amoeba. Igls were also localized
in intracellular vacuoles of E. dispar. Recently, it
has been demonstrated that Igl is contained in
phagosomes of E. histolytica and that the quantity of
Igl varies during phagosome maturation {Okada et al.
2005, 2006). The different localization of Igll and
Igl2 in vacuoles suggests that the functions of the two
Igls may differ or that their expression may vary
during maturation of phagosomes or depending on
certain cellular conditions. However, there may also
be differences in the involvement of microtubules
and proteases in phagosome maturation and degra-
dation in E. histolytica and E. dispar (Mitra et al.
2005). In E. histolytica, different subcellular locali-
zation of the two Igl isoforms has yet to be shown.

In conclusion, this is the first study of the differ-
ences between Igll and Igl2 of E. dispar. Igl seems
to be a vaccine candidate for amebiasis and may
also be a useful antigenic molecule for specific sero-
diagnosis of amoebiasis (Cheng and Tachibana,
2001; Tachibana et al. 2004). Therefore, further
studies of Igl are required to clarify its role in the
host-parasite relationship.
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Abstract.

Seroprevalence of Entamoeba histolytica infection in HIV-infected individuals from Shanghai city, Anhui

province, and Henan province, China, was examined by enzyme-linked immunosorbent assay using crude antigen and
a recombinant surface antigen, C-Igl, of the parasite. In 215 HIV-infected individuals, the positive rates for these
antigens were 12.1% and 7.9%, respectively; these rates were significantly higher than the rates of 3.1% and 0.5%,
respectively, in 191 patients with gastrointestinal symptoms who were not infected with HIV. There was no significant
difference in seropositivity to E. histolytica between men and women. Seropositivity in HIV-infected individuals was
higher in patients with a CD4" T cell count of < 200/iL. This is the first report showing a higher seroprevalence of E.
histolytica infection in HIV-infected patients in China. Our results also suggest that HIV infection is a risk factor for

infection with E. histolytica.

Amebiasis caused by infection with Entamoeba histolytica
is one of the most problematic parasitic diseases in developing
and developed countries.” E. histolytica infection is also re-
lated to diarrhea in patients with HIV infection and AIDS, as
well as those infected with opportunistic protozoan parasites
such as Cryptosporidium spp., Isospora belli, and microspo-
ridia.? Recently, a high prevalence of E. histolytica infection
has been reported in HIV/AIDS patients in Japan and Tai-
wan.>"> In China, it is estimated that 650,000 individuals are
infected with HIV, and HIV/AIDS is becoming a major pub-

lic health problem (http://data.unaids.org/Media/Press--

Releases03/PR_china_060125_en.pdf). However, there is no
information concerning the correlation between E. histolytica
and HIV infections, and the prevalence of E. histolytica and
E. dispar, which is morphologically indistinguishable from E.
histolytica but is non-pathogenic, is not known in China. Be-
cause E. dispar is non-invasive, detection of high specific an-
tibody titers indicates possible infection with E. histolytica.
Therefore, this preliminary study was undertaken to estimate
the seroprevalence of E. histolytica infection in HIV-infected
persons in the Chinese population.

This study was approved by the Ethics Commlttees of
Fudan University School of Medicine and Shanghai Public
Health Center, which is affiliated with Fudan University. A
total of 466 peripheral blood samples were collected from
Tune to August 2005. Samples from 215 individuals with HIV/
AIDS were obtained at Shanghai Public Health Center and at
treatment centers for AIDS in Henan province and Anhui
province. The subjects were selected randomly, but all were
receiving anti-retroviral therapy. Symptomatic gastrointesti-
nal complaints or disorders were not recorded at the time the
blood samples were collected. For comparison, serum
samples from 191 individuals with gastrointestinal symptoms
but no HIV infection were obtained at Huashan Hospital,
Shanghai. Gastrointestinal symptoms in these individuals
were caused by acute gastritis, giant hypertrophic gastropa-
thy, gastric ulcer, duodenal ulcer, acute hemorrhagic necro-
tizing enteritis, ulcerative colitis, and intestinal obstruction,
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but many cases did not have a final diagnosis. No specific
pathogens have been detected in culture or microscopy of
stool samples examined to date. Serology to HIV was exam-
ined using a Cambridge Biotech HIV1 Western blot kit
(Cambridge Biotech Corp, Rockville, MD). Serum samples
from 60 healthy individuals without a history of amebiasis
were used as negative controls. All serum samples were in-
activated at 56°C for 30 minutes and stored at —30°C or -80°C
until use.

Anti-E. histolytica serology was examined by enzyme-
linked immunosorbent assay (ELISA) using crude E. his-
tolytica antigen and the recombinant fragment of C terminus
of intermediate subunit of galactose and N-acetyl-D-
galactosamine-inhibitable lectin of E. histolytica (C-Igl), as
previously described.” The cut-off for a positive result was
defined as an ELISA value > 3 SD above the mean for
healthy negative controls. Optical density (OD) values were
plotted and analyzed using Prism ver. 4.0, and statistical
analysis was performed with Stata ver. 7.0. A descriptive ex-
ploratory analysis of the data was performed to assess the
distribution variables in the HIV-infected and HIV-
uninfected groups. Categorical variables were compared us-
ing a Pearson x? test.

Quantification of CD4" lymphocytes in individuals with
HIV/AIDS was performed by cytofluorometry using a Mul-
tTEST CD3 FITC/CD8 PE/CD45 PerCP/ CD4 APC (BD
Biosciences, Franklin Lakes, NJ) according to the manufac-
turer’s instructions.

ELISA reactivities of sera from HIV-infected and HIV-
uninfected patients are shown in Figure 1. The cut-off OD
values were 0.412 for crude antigen and 0.402 for C-Igl anti-
gen. In HIV-infected individuals, seropositivity to these anti-
gens was 12.1% and 7.9%, respectively (Table 1). These val-
ues were significantly higher than those for HIV-uninfected
individuals, which were 3.1% and 0.5%, respectively (P <
0.00S and P < 0.001, respectively). There was no significant
difference in seropositivity to E. histolytica between HIV-
infected men and women. Positive serology to C-Igl antigen in
HIV-infected individuals was similar (6.8%-9.1%) in every
age category, except for patients < 20 years old, for whom
there were a limited number of samples. Seropositivity to
C-Igl in HIV-infected individuals from Shanghai was higher
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FiGure 1. ELISA reactivities of sera from HIV/AIDS patients against crude antigen (A) and C-Igl (B). ELISA plates were coated with 1 pg
per well of crude antigen or 100 ng per well of C-Igl. Serum samples from HIV/AIDS patients (HIV-positive, N = 215); patients with
gastrointestinal symptoms, but not infected with HIV (HIV-negative, N = 191); and healthy controls without a history of amebiasis (control,
N = 60) were used at 1:400 dilution. Horizontal bars indicate the arithmetic means of the groups and the dashed lines indicate the cut-off values.

than those in samples from Anhui and Henan, but the differ-
ences were not significant (P = 0.140 and P = 0.122, respec-
tively). Seroprevalence to E. histolytica was higher in patients
with a CD4" T-cell count of < 200/uL compared with those
with a count of = 200/uL (P < 0.00S). Stool samples from
patients with positive serology to E. histolytica were obtained
and examined microscopically using a direct smear and sub-
sequent formalin-ether sedimentation. However, we were un-
able to detect E. histolyticalE. dispar, and no obvious symp-

toms of amebiasis were apparent at the time of serum collec-
tion.

This is the first report showing higher seroprevalence of E.
histolytica infection in HIV/AIDS patients in China. In Japan,
it is well known that E. histolytica infection is common in
homosexual men.®® Ohnishi and others® have reported that,
in 58 patients (including 55 men) with this infection from
three large cities in Japan, 56% of the men were homosexual,
and antibodies to HIV were detected in 45% of tested pa-

TABLE 1
Seropositivity to E. histolytica in HIV/AIDS patients in China

HIV-positive HIV-negative with gastroinestinal symptoms Healthy controls
Anti-E. histolytica Anti-E.histolytica Anti-E. histolytica
No. of antibody-positive (%) No. of antibody-positive (%) No. of antibody-positive (%)
Characteristics samples Crude Ag cigt Semples Crude Ag Clgl samples Crude Ag clg

Total 215 26 (12.1) 17 (7.9) 191 6(3.1) 1(0.5) 60 0(0) 0(0)
Sex

Male 144 18 (12.5) 11 (7.6) 102 6(5.9) 1(1.0) 35 0(0) 0(0)

Female 71 8(11.3) 6(8.5) 89 0(0) 0(0) 25 0(0) 0(0)
Age (years)

<20 3 0(0) 0(0) 0 0(0) 0(0) 0 0(0) 0(0)

20-29 11 3(21.3) 1(9.1) 13 0(0) 0(0) 60 0(0) 0(0)

30-39 66 8(12.1) 5(7.6) 87 1(1.1) 1Q1.1) 0 0(0) 0(0)

40-49 80 11 (13.8) 7(8.8) 61 3(4.9) 0(0) 0 0(0) 0(0)

50-59 44 3(6.8) 3(6.8) 22 2(9.1) 0(0) 0 0 (0) 0(0)

=60 i1 1(9.1) 1(9.1) 8 0(0) 0(0) 0 0(0) 0(0)
District

Shanghai 81 12 (14.8) 10 (12.3) 73 227 0(0) 20 0(0) 0(0)

Anhui 86 12 (14.0) 5(5.8) 2 1 (50.0) 0(0) 12 0(0) 0(0)

Henan 48 2(42) 2(4.2) 3 0(0) 0(0) 14 0(0) 0(0)

Others 0 0(0) 0(0) 113 327 1(0.9) 14 0(0) 0(0)
CD4" lymphocytes/pL

<200 64 11 (17.2) 11 (172) NA NA NA NA NA NA

=200 151 15(9.9) 6(4.0) NA NA NA NA NA NA

NA, not applicable.
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tients. Recently, a similar trend has been found in HIV-
infected persons in Taiwan.'® In contrast, in Mexico, where
both E. histolytica and E. dispar are endemic, E. histolytica
prevalence is similar in HIV/AIDS patients and uninfected
patients, although the prevalence of E. dispar is higher in
HIV/AIDS patients.'! In this study, the absence of a differ-
ence in seropositivity to E. histolytica between male and fe-
male HIV patients suggests that transmission of E. histolytica
was not caused by homosexual male activity. Indeed, most
transmission of HIV in China is thought to be through drug
injection, commercial sex, and transfusion (http:/data.unaids
.org/Media/Press-Releases03/PR_china_060125_en.pdf).
Only one HIV-infected man with positive serology for E.
histolytica was confirmed to be homosexual in this study.

The prevalence of E. histolytica and E. dispar infections in
China is not well understood. A survey in two villages in
Shandong province from 1977 to 1984 showed an infection
rate of E. histolyticalE. dispar of 6.4% using microscopy of
direct smears of stool samples, with incidences of amebic dys-
entery and liver abscess of 2.8% and 0.9%, respectively.!?
Another survey in a village in Hebei province in 1985 showed
a positive serology rate of 13.2% and a positive rate for E.
histolytica/E. dispar in stool of 9.4%. These reports suggest
that E. histolytica infection may be endemic in rural areas of
China. However, it has been reported that the prevalence of
E. histolytica/E. dispar infection in Henan and Anhui prov-
inces is 0.59% and 0.57%, respectively, using direct micros-
copy of stool samples.’* Furthermore, the prevalence of E.
histolyticalE. dispar infection in Shanghai has recently been
estimated to be < 0.1% (Xu and others, personal communi-
cation). Because microscopy has low sensitivity and specific-
ity for detection of amebiasis, it is possible that these preva-
lence rates are underestimates. However, the low seropreva-
lence to E. histolytica in non-HIV patients from Shanghai in
this study is in good agreement with these data. In addition,
our previous observation that two of three E. histolytica/E.
dispar isolates obtained from patients with diarrhea in Shang-
hai were not E. histolytica but E. dispar also supports the low
seropositivity in the non-HIV group.!> Therefore, it is likely
that the higher seroprevalence among HIV-infected persons
is related to HIV infection and characteristics, rather than
background seroprevalence because of inclusion of subjects
from different districts. However, the reason why seroposi-
tivity in HIV patients from Shanghai was higher than in HIV
patients from the other two provinces is unclear.

In China, HIV/AIDS patients with diarrhea are commonly
treated with metronidazole, trimethoprim, and sulfamethox-
azole, even if pathogenic protozoan parasites are not detected
in the stool. Therefore, it is likely that the positive serology
may be caused by past infection with E. histolytica.

It is unclear whether HIV infection is a risk factor for E.
histolytica infections.’%11'® However, the higher seropositiv-
ity in patients with a CD4" cell count of < 200/pL in this study
suggests that a deficiency in cellular immunity caused by HIV
affects the chance of infection with E. histolytica. This obser-
vation is in accordance with a study in the United States,
which estimated the risk ratios of E. histolytical E. dispar in-
fection in HIV-infected patients with CD4* T cell counts of
0-99 and 100-199/uL as 1.7 and 1.5, respectively, compared
with HIV patients with a CD4* T cell count = 200/uL." It
remains unclear how immunodeficiency affects the chance™of
E. histolytica infection. However, it is likely that patients with

lower CD4* T cell counts may be subjected to more testing or
that a lower CD4" T cell count may reflect an increased ac-
cumulated risk for amebiasis caused by reactivation of latent
infection or increased susceptibility to new infection.®

We have recently identified Igl on the surface of tropho-
zoites of E. histolytica,'””'® and it has been shown that an
ELISA using C-Igl is more specific than an ELISA using
crude antigen.” In this study, the seropositive rate in the
ELISA using crude antigen was higher than that in the
ELISA using C-Igl. All 17 samples that were positive for
C-Igl were also positive with crude antigen. The higher se-
ropositivity to crude antigen than to C-Igl antigen seems to be
caused by its lower specificity, as previously reported.” There-
fore, the nine serum samples that were positive with crude
antigen but negative with C-Igl may actually be false posi-
tives. Overall, our results show that the seroprevalence of E.
histolytica infection in HIV/AIDS patients in China was 7.9%,
which is a higher rate than in HIV-uninfected individuals. A
further study will provide a better understanding of the cor-
relation between these infectious diseases.
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Abstract Surface-enhanced laser desorption ionization time
of flight mass spectrometry (SELDI-TOF MS) ProteinChip
assays with weak cationic exchange chips were used for
protein profiling of different isolates of Entamoeba histolytica
and E. dispar. When SELDI-TOF MS spectra of cell lysates
from E. histolytica strain HM-1:IMSS were compared with
those from four other laboratory strains (200:NIH, HK-9,
DKB, and SAW755CR) grown under the same culture
conditions, different peak patterns of SELDI-TOF MS were
observed among these strains, independent of their zymo-
deme types. Similarly, five Japanese isolates of E. histolytica
grown under the same culture conditions revealed different
peak pattems among themselves. The SELDI-TOF MS
spectra of cell lysates from two isolates of E. dispar strain
ASI6IR and CYNO 09:TPC showed the presence of peaks
specific for E. dispar isolates and the absence of peaks
common to E. histolytica isolates. This is not only the first
use of SELDI-TOF MS ProteinChip technology for protein
profiling of different strains of Entamoeba but also the
use for parasitic protozoa. The SELDI-TOF MS spectra
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show a realistic view of proteins with a biological status of
E. histolytica and E. dispar isolates, contributing to show
their phenotypic differences of proteins and provide a unique
means of distinguishing them.

Introduction

Surface-enhanced laser desorption ionization time-of-flight
mass spectrometry (SELDI-TOF MS) ProteinChip assay is a
relatively recent technology for exploring proteomes combin-
ing chromatography and mass spectrometry (Hutchens and
Yip 1993; Issaq et al. 2002). The ProteinChip arrays contain
sample spots of 1 or 2 mm diameter, with each chip having a
different surface chemistry. These may be chemical (e.g.,
jonic, hydrophobic, hydrophilic) or biochemical (antibody,
receptor, deoxyribonucleic acid [DNA], etc.) and are de-
signed to capture proteins of interest and then analyzed
directly on the SELDI-TOF mass spectrometer. The Protein-
Chip technology has been used for protein profiling and
biomarker discovery for diseases such as cancer, neurolog-
ical disorders, and pathogenic organisms including human
African trypanosomiasis (Issaq et al. 2002; Papadopoulos
et al. 2004).

Entamoeba histolytica, a protozoan parasite, is responsi-
ble for an estimated 4050 million cases of amebic colitis
and liver abscess (WHO/PAHO/UNESCO 1997). There are
a large number of isolates of E. histolytica that differ in
their phenotypes. Although genetic diversity of isolates of
E. histolytica has been extensively studied, there are few
reports on differences in their protein profiles as the pheno-
type. In this study, we used the SELDI-TOF MS ProteinChip
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assays to examine protein profiles of different isolates of
E. histolytica. We also compared protein profiles of E. histo-
btica with those of nonpathogenic E. dispar.

Materials and methods

Five laboratory strains and five Japanese isolates of E. histo-
Iytica and two isolates of E. dispar were used in this study
(Table 1). The Japanese isolates of E. histolytica were
obtained from clinical specimens collected from amebiasis
patients in Japan. Axenic in vitro cultures were established
and maintained in Diamond’s BI-S-33 medium as previously
described (Diamond et al. 1978). The two E. dispar isolates
included one human isolate and one nonhuman primate
isolate. The E. dispar trophozoites were cultivated axenically
in newly designed medium (Kobayashi et al. 2005) with a
modification of replacement of gluconic acid with maltose
(Kobayashi et al. manuscript in preparation). All cases with
intestinal amebiasis or liver abscess were diagnosed by
microscopic demonstration of trophozoites or cysts in stool
or of trophozoites in liver aspirates, respectively. Zymodeme
analysis (Sargeaunt 1988) and polymerase chain reaction
analysis (Tachibana et al. 1991; Cheng et al. 1993) of the
amoeba isolates were performed to characterize them.
Trophozoites of E. histolytica and E. dispar in log-phase
culture were harvested by centrifugation at 400x g for 5 min
and washed by centrifugation three times in phosphate-
buffered saline and stored in —80°C until use. The pellets

Table 1 Entamoeba histolytica and E. dispar isolates used in this study

of ameba were dissolved in 2% CHAPS (Sigma-Aldrich,
St Louis, MO), 5 mM Tris-HCI buffer, pH 8.0 containing
proteinase cocktail (Sigma-Aldrich) with 140 uM E-64 by
vortexing. After centrifugation at 15,000xg for 15 min, the
resulting supernatants were used as whole-cell lysates. Pro-
tein concentration was determined by Bio-Rad DC protein
assay kit (Bio-Rad Laboratories, Hercules, CA) according to
the manufacturer’s instructions.

One microgram of cell extract diluted into 4 pl of starting
buffer was spotted onto each ProteinChip array (originally
Ciphergen Biosystems, Fremont, CA; now Bio-Rad Labora-
tories) with CM 10 (weak cation exchanger: Carboxylate). The
chips were then incubated at room temperature for 20 minona
shaker. Nonbound proteins and other contaminants were
washed from the CM10 ProteinChip arrays with a buffer of
0.1 M ammonium acetate, pH 4.0, three times. Finally, all
chips were washed with MilliQ water to remove interfering
salts and detergents. After drying, 0.5 ul of saturated energy-
absorbing molecule solution (sinapinic acid in acetonitrile
[v/v] and trifluoroacetic acid [v/v]) was added twice, and the
chips were allowed to air dry. Mass spectrometry analysis was
performed by time-of-flight mass spectrometry in a PBS-II
mass reader (Ciphergen Biosystems). Spectra were collected
using an average 80 nitrogen laser shots. Spectrum analysis
was performed using the ProteinChip software version 2.1b
(Ciphergen Biosystems). The optimal detection size range
was set between 2,000 and 20,000 Da because the system is
most effective at profiling low-molecular-weight proteins
(i.e., <20 kDa; Issaq et al. 2002). The intensity of each

Isolate Isolation Clinical diagnosis Serology” Zymodeme®
(SYPCR® (P)
Location Year

E. histolytica
HM-1:IMSS Mexico 1967 Dysentery NAY I
200:NTH USA 1949 Dysentery NA n
HK-9 Korea 1951 Dysentery NA II

. DKB UK 1924 Dysentery NA 1T
SAW755CR UK 1979 Hematophagous trophozoites NA X1V

in feces

KU43 Japan 2002 Colitis S+ I
KU46 Japan 2004 Colitis S+ Xx1
KU2 Japan 1988 Colitis S+ XX
KU38 Japan 2002 Asymptomatic S+ I
KU14 Japan 1999 Asymptomatic S+ XX

E. dispar
AS16IR Iran 1997 Abdominal pain P+ I
CYNO 09:TPC Philippines . 1994 NA P+ I

2Serology was done by enzyme-linked immunosorbent assay, gel diffusion test, and/or indirect fluorescent-antibody test.

®PCR analysis using two sets of oligonucleotide primers each (p11 plus p12 and p13 plus pl4, respectively) for amplification of the DNAs of

E. histolytica and E. dispar was performed.
¢ Zymodems type I and IIT are classified as E. dispar.
4 NA Not available
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of the peaks to be quantified was determined according to
externally calibrated standards (Ciphergen Biosystems). Ac-
cording to the manufacturer, the mass accuracy of the spec-
trometer is 0.1%. The raw intensity data were normalized
using the total ion current of m/z between 2,000 and 20,000
for all study sample profiles.

The mean+SE of the intensity of each peak in SELDI-TOF
MS spectra from three independent cultures was calculated for
all the isolates. The percentages of the number of peaks whose
intensities were comparable to between the two isolates were
shown as percentage similarity of the peak pattern. From these
values, a dendrogram was generated by the unweighted pair-
group method with arithmetic mean (UPGMA).

Results

Reproducibility of SELDI-TOF MS spectra tested
with E. histolytica HM-1:IMSS

SELDI-TOF MS spectra of the whole cell lysates of E. histo-
Iytica HM-1:IMSS as a standard strain from three indepen-
dent cultures are shown in Fig. 1. The peak patterns were
almost reproducible. The two groups of peaks in which 4.305
and 8.274 kDa as major peaks were detected in a mass range
of 3-15 kDa.

Comparison of SELDI-TOF MS spectra between E. histolytica
HM-1:IMSS and other laboratory strains

SELDI-TOF MS spectra of E. histolytica strain HM-1:IMSS
were compared with those from four other laboratory strains,
200:NIH, HK-9, DKB, and SAW755CR, grown under the
same culture conditions. As shown in Fig. 2, peaks of HM-1:
IMSS in the mass range of 3—6 kDa were significantly higher
than those of the other four strains. The peaks of 6-8 kDa
were low in all the strains. In the mass range of 8—10 kDa, a
peak of 8.274 kDa of HM-1:IMSS was significantly higher

Fig. 1 SELDI-TOF MS spectra

than those of the other four strains, whereas peaks of 8.568,
8.791, and 9.267 kDa of HM-1:IMSS were lower than those
of the other four strains. In addition, the peak of 9.267 kDa
revealed different intensities among the other four strains.
There were low peaks in the range of 10-15 kDa in all the
strains.

Comparison of SELDI-TOF MS spectra between E. histolytica
HM-1:IMSS and Japanese isolates

SELDI-TOF MS spectra of E. histolytica strain HM-1:IMSS
were compared with those from five Japanese isolates, KU43,
KU46, KU2, KU38, and KU14. As shown in Fig. 3, only
KU2 showed lower peaks than HM-1:IMSS in the range of 3
6 kDa. The peak of 5.423 kDa, which was little seen in the
laboratory strains except HM-1:IMSS, was detected in the
Japanese isolates except KU2. The intensity of the major peak
of 4.305 kDa was comparable to or higher than that of HM-1:
IMSS in the Japanese isolates except KU2. The Japanese
isolates also showed low peaks in the range of 6-8 kDa,
although several peaks of KU2 were higher than those of the
other four Japanese isolates. In the range of 8-10 kDa, the
peak pattems of KU43, KU38, and KU14 were relatively
similar to that of HM-1:IMSS, whereas a high peak of
9.267 kDa was observed only in KU2. The peak of 8.568 kDa
in KU46 and KU2 was significantly higher than those of HM-
1:IMSS and other Japanese isolates. No higher peaks were
detected in the range of 1015 kDa of all the Japanese isolates
like the laboratory strains of E. histolytica.

Comparison of SELDI-TOF MS spectra between E. histolytica
HM-1:IMSS and E. dispar isolates

SELDI-TOF-MS spectra of E. histolytica HM-1:IMSS grown

- in the medium for E. dispar were similar to those grown in

BI-S-33 medium (Fig. 1; data not shown). When SELDI-
TOF MS spectra of HM-1:IMSS were compared with those
from E. dispar isolates, AS16IR and CYNO 09:TPC, the

of E. histolvtica strain HM-1:
IMSS from three independent
cultures. The molecular masses
are shown above the peaks
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Fig. 2 Representative SELDI-
TOF MS spectra of five
laboratory strains of

E. histolytica. The molecular
masses are shown above

the peaks

Fig. 3 Representative SELDI-
TOF MS spectra of five
Japanese isolates of

E. histolytica. The molecular
masses are shown above

the major peaks
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Fig. 4 Representative SELDI-

TOF MS spectra of E. dispar 2014 -
isolates. The molecular masses 15
are shown above the major 104
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peaks of 4.305 and 5.423 kDa were significantly lower than
those of HM-1:IMSS, which was similar to the E. histo-
Wytica laboratory strains except HM-1:IMSS. The peak of
5.887 kDa was detected only in CYNO 09:TPC. The peaks
of AS16IR and CYNO 09:TPC were mostly low in the range
of 6-8 kDa, and the peak of 7.571 kDa was observed only in
CYNO 09:TPC. In the range of 810 kDa, the major peak of
8.274 kDa common to E. histolytica isolates was not seen in
either isolate of E. dispar, but the peak of 8.246 kDa was
observed. Furthermore, like the E. histolytica laboratory strains
except HM-1:IMSS, the peak of 8.568 kDa was significantly
higher than that of HM-1:IMSS. The peak of 9.267 kDa,
which was not seen in HM-1:IMSS, was observed in both
isolates. In the range of 10-15 kDa, two peaks of 11.531 and

10000 15000

Mass (Dalton)

11.734 kDa not detected in E. histolytica were detected in
both isolates of E. dispar (Fig. 4).

Similarity of peak patterns by SELDI-TOF MS
among E. histolytica and E. dispar isolates
and a dendrogram by the UPGMA method

The HM-1:IMSS showed 38.4 (200:NIH) to 69.2% (KU38
and KU14) similarity against other E. histolytica isolates, and
KU38 and KU14 showed the highest similarity of 96.9%
(Fig. 5). E. dispar AS16IR and CYNO 09:TPC showed
81.5% similarity to each other and were most associated with
E. histolytica DKB, showing 72.3% similarity. The den-
drogram representing relations among E. histolytica and

Fig. 5 Similarity of protein
profiles among E. histolytica
and E. dispar isolates. é } § §
Percentage similarities were = £ 2 - » - g 8
determined as described i 3 g s 2 z 3 3 S S 35 Z Z
etermined as described in 2 2 ¥ P £ 2 2 2 2 2 2 3
Materials and methods

HM-1:IMSS

200:NTH 384

HK-9 50.8 81.5

DKB 53.8 769 815

SAW755CR 44.6 708 831 877

KU43 56.9 508 646 63.1 58.5

KU46 49.2 569 708 708 63.1 67.7

KU2 41.5 83.1 754 785 70.8 446 61.5

KU38 69.2 554 723 708 617 846 831 600

KU14 69.2 585 738 800 723 83.1 83.1 63.1 96.9

ASI6IR 38.5 615 615 723 61.5 477 446 554 585 569

CYNOO9:TPC 292 538 585 723 63.1 46 46.2 43.1. 477 554 81.5
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Fig. 6 Dendrogram representing
relations among E. histolytica
and E. dispar isolates by

the UPGMA method

KU46

KU43
l: KU38
KU14

HK-9

DKB

SAW755CR

200:NIH

KU2
AS16IR

CYNOOQ9:TPC

0.1

E. dispar isolates indicates that HM-1:IMSS is in an in-
dependent clade separated from other E. histolytica isolates,
and two isolates of E. dispar were in one clade (Fig. 6). In
two other clades, one includes KU46, KU43, KU38, and
KU14, and the other includes HK-9, DKB, SAW755CR,
200:NIH, and KU2. DKB and SAW755CR, and 200:NIH
and KU2, as well as KU38 and KU14 were included in the
same clades, respectively (Fig. 6).

Discussion

ProteinChip technology is a new technology used to study
proteomic profiles in biological samples, such as serum,
cerebrospinal fluid, and cell or tissue extracts (Merchant and
Weinberger 2000; Wulfkuhle et al. 2001; Carrette et al. 2003;
Luo et al. 2003; Carlson et al. 2004) and is used in
biomarker discovery and protein profiling (Ball et al. 2002;
Choe et al. 2002; Yasui et al. 2003; Hayman and Przyborski
2004). With regard to parasitic protozoa, this technology was
first used to detect antigens in sera of patients with African
trypanosomiasis as a novel diagnostic method (Papadopoulos
et al. 2004). '

The heterogeneity of several DNA loci, including protein-
coding sequences, has been extensively characterized among
E. histolytica and E. dispar isolates (Clark and Diamond
1993; Ghosh et al. 2000; Zaki and Clark 2001; Zaki et al.
2002; Haghighi et al. 2002; Haghighi et al. 2003), and the
overall genomic diversity among them has also been
reported (Shah et al. 2005). However, there have been few
reports on protein profiling among isolates of the two

@ Springer
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Entamoeba species. In this study, we used SELDI-TOF MS
ProteinChip technology to identify protein patterns in dif-
ferent isolates of E. histolytica and showed phenotypic he-
terogeneity of proteins among them even under identical
culture conditions. The results clearly indicate differences in
SELDI-TOF MS spectra between the HM-1:IMSS and the
other four laboratory strains and also between the HM-1:
IMSS and the Japanese isolates, independent of their
zymodemes. The HM-1:IMSS, which is most widely used
as a standard strain, was in a separate clade in the den-
drogram from the other E. histolytica isolates. Although the
reason for this remains unclear, it should be taken into
consideration when E. histolytica HM-1:IMSS as a standard
strain is compared with other Entamoeba species. The per-
centage similarity in peak patterns among the isolates did not
distinguish E. dispar from E. histolytica. Tt is clear from
comparison of protein profiles between E. histolytica and
E. dispar that there are peaks specific for each species of
amoeba. These could be useful markers for distinguishing
the two species, although the number of E. dispar isolates
used in this study is limited.

Two-dimensional polyacrylamide gel electrophoresis (2D-
PAGE) has been the most commonly used method for
proteomic analysis (GOrg et al. 2004), but the need for
protein staining and the subsequent sample handling limits
the sensitivity of the overall approach (Issaq et al. 2002). The
2D-PAGE is also laborious, difficult to automate, has poor
resolution for extreme masses and extreme acidic or basic
proteins, and requires large amount of starting material.
The 2D-PAGE has recently been used for proteome of
E. histolytica HM-1:IMSS trophozoites (Leitsch et al. 2005).
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If 2D-PAGE is used for analysis of a number of different
isolates of E. histolytica and E. dispar, it would be very
laborious, time consuming, and difficult to analyze. In this
respect, SELDI-TOF MS ProteinChip technique has an
advantage over 2D-PAGE.

There is a wide variety of clinical manifestations ob-
served among individuals infected with E. histolytica and/
or E. dispar. What determines these differences remains
unclear. In this respect, studies on phenotypic differences in
proteins other than genetic heterogeneity are important and
would contribute to resolving the question because the
proteome, compared with the genome, provides a more realistic
view of a biological status and is, therefore, expected to be
more useful than gene analysis for evaluating disease presence
and progression and response to treatment (Engwegen et al.
2006). Thus, proteomics can bridge the gap between the
genome sequence and cellular behavior.

Finally, SELDI-TOF MS ProteinChip technique was
successfully used to analyze different isolates of E. histolytica
and E. dispar. Using the different array surfaces, a complete
picture of each strain of Entameoba may be drawn, and thus
a better set of protein fingerprint profiles for each strain
would be provided. Like the successful application of this
technology to bacterial proteomes (Barzaghi et al. 2004), the
results show the usefulness of ProteinChip technology for
studying the proteomics of parasitic protozoa as well, alone
or in combination with other technologies.
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SUMMARY

From 2003 to 2006, we surveyed the seroprevalence of amoebic infection in female
outpatients from a gynecologist’s office, designated as a sexually transmitted disease
sentinel clinic by the Tokyo Metropolitan Government, using an enzyme-linked
immunosorbent assay (ELISA). The annual rate of anti-Entamoeba histolytica
(HM-1:IMSScl6 strain;. HM-1) antibody-positive cases as detected by ELISA has
increaéed, and anti- Chlamydia trachomatis antibodies were detected in 60%, i.e., 24/40,
among these anti-HM-1 antibody-positive individuals, suggesting sexual transmission
of E. histolytica (EH). We designed an ELISA with better sensitivity using the antigen
extracted from the virulence-augmented EH strains (LHM-1 and LI.A526 'strains) by
liver-passaging in hamsters. The average ratios of the S/N value (optical density (OD)
of sample/OD of negative control) of ELISA with either the LHM-1 or LLA526 antigen
and that of ELISA with the HM-1 antigen increased significantly in intestinal
amoebiasis cases with low S/N values compared to the average ratios in amoebic liver
abscess cases. In the present study for seroprevalence of E. histolytica infection, the
sera testing positive with low S/N values (<10) by ELISA with HM-1 antigen exhibited
higher S/N values by ELISA using LHM-1 and LLLA526 antigens. It is expected to be
effective in detecting anti-EH antibodieé from such asymptomatic patients who have

low antibody titers.

INTRODUCTION
In Japan, until the mid-1970s, amoebiasis was thought to be solely food borne and
spread via food contaminated with cysts of Entamoeba histolytica (EH). However, in

the late 1970s, since amoebiasis was reported among men having sex with men (MSM)
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in large cities of the USA, it was recognized as a sexually transmitted disease (STD) (1,
2). In case of Japan, since the beginning of the 1980s, the suspected number of MSM
having anti-EH antibodies along with anti- Treponema pallidum (TP) antibodies began
to increase in densely populated cities (3, 4).

In the data of the National Epidemiological Surveillance of Infectious Diseases, the
number of notified cases with amoebiasis has been increasing annually; in 2.006, 747
cases were reported, and approximately 90% of the notified cases were male.
However, with the spread of amoebiasis, the number of notified female cases has also
increased at a slow but steady pace since 1999 (5, 6).

In the present study, by detecting aﬁti-EH (HM-1:IMSScl6 strain; HM-1)
antibodies using an enzyme-linked immunosorbent assay (ELISA), we report the
seroprevalence of amoebic infection in female outpatients who visited a gynecologist’s
office in Tokyo, Japan, from 2003 to 2006; this office was désignated asan STD sentinel
clinic by the Tokyo Metropolitan Government.

Moreover, in this study, we attempted to design an ELISA with better sensitivity;
this involved the use‘ of the antigen extracted from the virulence-augmented EH
strains by liver-passaging in hamsters. The serum anti-EH anﬁbody titers are low in a
majority of asymptomatic amoebiasis cases. Practicélly, this serological method using
LHM-1 and LLA526 antigens was tested on the anti-HM-1 antibody-positive sera in

the present surveillance study.

MATERIALS AND METHODS
Study population: This study was conducted at a gynecologist’s office in Tokyo, Japan,
designated as an STD sentinel clinic by the Tokyo Metropolitan Government. We

collected 981 blood samples from female outpatients between 2003 and 2006 (205 in



