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Entamoeba histolytica is the protozoan parasite that
causes amebic colitis. The parasite triggers apoptosis
on contact with host cells; however, the biological
significance of this event during intestinal infection is
unclear. We examined the role of apoptosis in a
mouse model of intestinal amebiasis. Histopathology
revealed that abundant epithelial cell apoptosis oc-
curred in the vicinity of amoeba in histological spec-
imens. Epithelial cell apoptosis occurred rapidly on
co-culture with amoeba in vitro as measured by an-
nexin positivity, DNA degradation, and mitochon-
drial dysfunction. Administration of the pan caspase
inhibitor ZVAD decreased the rate and severity of
amebic infection in CBA mice by all measures (cecal
culture positivity , parasite enzyme-linked immu-
nosorbent assay, and histological scores). Similarly,
caspase 3 knockout mice on the resistant C57BL/6
background exhibited even lower cecal parasite anti-
gen burden and culture positive rates than wild type
mice. The permissive effect of apoptosis on infection
could be tracked to the epithelium, in that transgenic
mice that overexpressed Bcl-2 in epithelial cells were
more resistant to infection as measured by cecal par-
asite enzyme-linked immunosorbent assay and histo-
logical scores. We concluded that epithelial cell apo-
ptosis in the intestine facilitates amebic infection in
this mouse model. The parasite’s strategy for inducing
apoptosis may point to key virulence factors, and
therapeutic maneuvers to diminish epithelial apopto-
sis may be useful in amebic colitis. (Am J Pathol 2010,
176:1316–1322; DOI: 10.2353/ajpath.2010.090740)

Entamoeba histolytica is a protozoan parasite and the
causative agent of amebic colitis, an invasive disease

responsible for as many as 100,000 deaths per year
worldwide.1 The parasite proceeds from asymptomatic
infection to invasive disease in a fraction of individuals,
whereby it has been named “histolytica” for its cell-dam-
aging properties.2 The cellular mechanism of this dam-
age has been a subject of considerable study in which
investigators use several nonepithelial cell types. Most of
these results support the notion that Entamoeba directly
triggers host cell apoptosis on contact as indicated by
characteristic morphological changes (chromatin con-
densation, membrane blebbing, and internucleosomal
DNA fragmentation), DNA laddering, terminal deoxynu-
cleotidyl transferase-mediated dUTP nick-end labeling
positivity, and phosphatidylserine exposure3–9; however,
one study revealed that a necrotic pathway can predom-
inate.10 These studies have been performed by using cell
lines including Jurkat T cells, HL-60 granulocytes, follic-
ular dendritic cell protein 1, and Chinese hamster ovary
cells, using primary human neutrophils, macrophages,
erythrocytes, and T lymphocytes, and in a mouse amebic
liver abscess model. Under the conditions of these stud-
ies, the apoptotic mechanism that occurs has been re-
ported to be not inhibitable by Bcl-2 overexpression (in a
myeloid cell line3), to not require Fas/Fas ligand or tumor
necrosis factor receptor1 signaling (in mouse liver ab-
scess8), to involve caspase 3 but not require caspase 8
or 9 (in Jurkat T cells5), and to require activation of
extracellular signal regulated kinase (ERK) 1/2 (in human
neutrophils4).
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Amid this context little is known about the extent of
apoptosis in the intestinal epithelial cell, even though this
is the first and predominant cell that contacts the parasite
in the gut. Reasons for this lack of study are technical
challenges in animal models of intestinal amebiasis11

and in establishing epithelial cell lines from colonic epi-
thelium.12 For these reasons we developed a new con-
ditionally immortalized cecal epithelial cell line derived
from the CBA mouse and tested the role of intestinal
epithelial apoptosis in vivo by using our CBA mouse
model of intestinal infection.

Materials and Methods

Parasites

Trophozoites for in vitro assays were laboratory strain
HM1:IMSS (American Type Culture Collection, Manas-
sas, VA) and were grown axenically and maintained in
TYI-S-33 medium as previously reported.13,14 Trophozo-
ites for intracecal injections were sequentially pas-
saged through the mouse cecum and cultivated in
antibiotic-supplemented TYI-S-33 medium as previ-
ously described.13

Mice

CBA/J mice were purchased from the Jackson Laboratory
(Bar Harbor, ME). FVB-Bcl-2Tg mice were obtained from
Craig Coopersmith (Washington University, St Louis, MO)
and have been previously described.15 Caspase-3-
deficient mice16 were obtained from Richard Hotchkiss
(Washington University). Animals were maintained under
specific pathogen-free conditions at the University of Vir-
ginia and were challenged at 6 to 10 weeks of age under
Institutional Animal Care and Use Committee approved pro-
tocols. For caspase inhibition studies before challenge,
male CBA/J mice were injected intraperitoneally twice be-
fore challenge (days �3 and �1) and thrice after challenge
(days �1, �3, and �5) with 100 �l of 10 �mol/L ZVAD-fmk
(Biomol, PlymouthMeeting, PA) diluted in dimethyl sulfoxide
(DMSO) or PBS/DMSO control. For caspase inhibition stud-
ies in mice with established infection, male CBA/J mice with
laparotomy and cecal culture confirmed infection at 7 days
after challenge were injected intraperitoneally on days �17,
�20, and �22 with 100 �l of 200 �mol/L ZVAD-fmk or
PBS/DMSO control before sacrifice on day �27. FVB-Bcl-
2Tg and caspase-3-deficient mice were maintained as het-
erozygote breeding pairs. Genotype status was determined
by PCR on genomic DNA extracted from �2-mm tail snips.
For caspase-3-deficient mice, primer sequences used to
determine the presence of the endogenous caspase 3
gene (primers 1 and 2) versus neomycin cassette (primers
3 and 4) were as follows: primer 1: 5�-TCCCTAAAAATGGT-
TCCAAATG-3�; primer 2: 5�-CTAAGTTAACCAAACTGAG-
CACCGA-3�; primer 3: 5�-CGGTGCCCTGAATGAACTGC-
3�; and primer 4: 5�-GATACTTTCTCGGCAGGAGCAA-3�.
The caspase 3 PCR reaction conditions were 94°C for 10
minutes, followed by 40 cycles at 94°C for 40 seconds,
60°C for 75 seconds, and 72°C for 75 seconds. For Bcl-2Tg

mice, primer sequences used to determine the presence of
the Bcl-2Tg transgene were as follows: primer 1: 5�-
TGGATCCAGGATAACGGAGG-3�; primer 2: 5�-TGTT-
GACTTCACTTGTGGCC-3�. The Bcl-2Tg PCR reaction con-
ditions were 94°C for 1 minute, 54°C for 90 seconds, and
72°C for 90 seconds for 30 cycles.

CBA Immortomouse Cecal Epithelial Cells

Male mice homozygous for a temperature-sensitive SV40
large T antigen (Immortomouse; CBA/Ca � C57Bl/10 hy-
brid; Charles River Laboratories, Wilmington, MA)17 were
backcrossed for at least two generations to wild type CBA/J
females (Jackson Laboratory) at which point the mice reca-
pitulated susceptibility to amebiasis (culture positive rate
�50% on sacrifice 1 week). Progeny were genotyped by
PCR for the SV40 transgene by PCR as follows: primer 1:
5�-AGCGCTTGTGTCGCCATTGTATTA-3�; primer 2: 5�-
GTCACACCACAGAAGTAAGGTTCC-3� as previously re-
ported.18 PCR reaction conditions were 95°C for 10 min-
utes, followed by 30 cycles at 95°C for 1 minute, 58°C for 2
minutes, and 70°C for 3 minutes. Epithelial cell lines from
the cecum were derived from CBA Immortomouse following
a protocol of Whitehead and Robinson.12 Briefly the cecum
was opened longitudinally, washed in sterile PBS, and de-
contaminated by soaking in 0.04% (v/v) sodium hypochlo-
rite (VWR, West Chester, PA) in PBS for 15 minutes at room
temperature. Tissue was incubated in a solution containing
3 mmol/L EDTA plus 0.5 mmol/L dithiothreitol in PBS for 90
minutes at room temperature, resuspended in PBS, and then
crypts and cells were detached by vigorous shaking. Cells
weremaintained in Ham’s F-12medium (Invitrogen, Carlsbad,
CA) supplemented with 5% of fetal bovine serum, 100 U of
penicillin/streptomycin, 2 mmol/L of glutamine, 5 U/ml of inter-
feron �, 1 �g/ml of insulin transferring selenium, and 10�5 M of
�-thioglycerol at 33°C and were humidified in a 5% CO2 at-
mosphere (as previously described),17 and cecal epithelial
cell patches were seen after �2 weeks. Epithelial origin was
confirmed by flow cytometry by using cytokeratin-fluorescein
isothiocyanate, with cell populations 92.9% positive.

Apoptosis and Inhibition Assays

CBA Immortomouse cecal epithelial cells (2 � 105 cells/
well) were grown to confluence in Ham’s Complete F-12
medium and co-cultured with E. histolytica HM1:IMSS for
0 to 90 minutes. Apoptosis was assessed for cytoplasmic
histone-associated DNA fragments by using the Cell
Death Detection enzyme-linked immunosorbent assay
(ELISA) plus kit (Roche, Indianapolis, IN), and optical
density was normalized to the kit positive control. Phos-
phatidyl serine staining was assessed by flow cytometry
by detaching remaining cells with trypsin (Cellgrow,
Herndon, VA) and staining with annexin V per the manu-
facturer’s directions (BD PharMingen, San Jose, CA).
Data were collected by using a FACScan cytometer run-
ning CellQuest 3.3 software (Becton Dickinson, Franklin
Lakes, NJ). Data analysis was performed by using FloJo
version 8.2 (Treestar, Ashland, OR). For mitochondrial
studies cells were incubated with Mitotracker CMXRos
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(Invitrogen) per the manufacturer’s instructions; cells
were subsequently stained with AnnexinV-APC (Southern
Biotech, Birmingham, AL) and analyzed by flow cytom-
etry as indicated above.

In Vivo Intracecal Challenge and Histology

For all mouse intracecal inoculations, trophozoites were
grown to log phase, counted with a hemacytometer, and
2 � 106 trophozoites in 150 �l were injected thrice in-
tracecally after laparotomy as described.14 At time points
indicated mice were sacrificed and ceca were bisected
longitudinally. Half of cecal contents were diluted in 500
�l of PBS and tested for E. histolytica antigen by ELISA (E.
histolytica II, Techlab, Blacksburg, VA); the remainder
was used to inoculate TYI medium, which was cultured
for 5 days to determine culture positivity. The other half of
the cecum was fixed in Bouin’s solution (Sigma, St Louis,
MO), paraffin-embedded, and stained by using H&E.
Duplicate sections were stained for activated human/
mouse caspase 3 by using polyclonal antibody (R and D
Systems, Minneapolis, MN) and counterstained with he-
matoxylin. Histopathology was scored in blinded fashion
for inflammation score, amoeba score, and for numbers
of apoptotic cells as previously described.14 For apopto-
sis quantification we scored circular, crescent-shaped
nuclei bubbled up out of the plain of focus and counted
at least 200 contiguous luminal epithelial cells as denom-
inator.19 Total millimeters squared of mucosa was mea-
sured by using Adobe Photoshop (Seattle, WA).

Statistics

Statistical significance for all proportion data were deter-
mined by using the Fisher’s exact test. Means or medians
were compared by using the t-test or the Mann-Whitney
test depending on if data were Gaussian or not, respec-
tively. Data are shown as mean � SEM unless otherwise
indicated. All P values were two-tailed.

Results

Epithelial Cell Apoptosis Correlates with
E. Histolytica Infection

We previously showed that E. histolytica infection of the
C3H/HeJ mouse intestine was associated with apoptotic
cells at sites of invasion, but the extent of this phenomena
and the cell types involved were not documented.20 We
have since reported a CBA mouse model of intestinal
amebiasis where most mice become patently and persis-
tently infected after intracecal challenge with E. histolytica
trophozoites, whereas a minority of animals resist infec-
tion in the first few days.21 We compared histological
rates of apoptosis in the intestine between these two
groups, challenged/infected versus challenged/cleared.
By both morphological determination of apoptosis (ap-
optotic cells appear circular with a crescent-shaped
nucleus19,22) and immunohistochemistry for activated

caspase 3, we observed abundant apoptosis particularly
in the luminal epithelial layer of challenged/infected mice
compared with time 0 (naïve mice) and compared with
challenged/cleared mice at all subsequent time points
(Figure 1, A–C). Increased apoptosis was evident as
early as 1 day postchallenge. We, therefore, focused our
subsequent experiments on this rapidity of apoptosis and
the epithelial cell.

Epithelial Cell Entamoeba Interactions In Vitro

Several investigators have reported that the parasite E.
histolytica triggers apoptosis on contact with Jurkat T
cells,5,20 human and murine myeloid cells,3,4,10 and
hepatocytes.8 By contrast the epithelial cell has received
little investigation. Our mouse model of amebiasis results

Figure 1. Epithelial cell apoptosis correlates with E. histolytica infection.
CBA mice were infected intracecally with E. histolytica trophozoites and
sacrificed at days 1, 4, and 29 as reported previously, whereby successful
establishment of infection occurred in �60% of CBA mice at each time
point.21 Cecal tissue was fixed and stained with H&E or by immunohisto-
chemistry for activated caspase 3. Apoptosis was scored at the time points
indicated by morphological criteria (A: data reported as the percentage of
apoptotic cells/total cells) or by activated caspase 3 positive cells (B: data
expressed as the total number of apoptotic cells per millimeter squared of
epithelial cells). N � 3 mice for each time point. *P 	 0.05. C: Representative
photomicrographs of challenged/infected versus challenged/cleared cecal
tissue at day 29 postchallenge are shown. Top row are H&E stained slides
(original magnification, �100), middle row are insets shown at �400
(original magnification), and bottom row are caspase 3 stained slides at
�400 (original magnification). Apoptotic cells are apparent within the
epithelial layer (arrows) frequently in juxtaposition with amebic tropho-
zoites (arrowheads).
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in cecal infection, and therefore we wished to focus our
efforts on this particular region of the gut. We first ana-
lyzed amoeba: epithelial interactions using primary epi-
thelial cells isolated from the mouse cecum; however, the
process of cell isolation triggered such extensive apopto-
sis as measured by annexin positivity that this system
was limited (data not shown). We, therefore, generated a
cecal epithelial cell line derived from a CBA mouse by
backcrossing the Immortomouse (CBA/Ca � C57Bl/10)
to CBA until these mice recapitulated susceptibility to
amebic infection (beyond two generations; data not
shown) and then generated a conditionally immortalized
epithelial cell line from the cecum of these mice as pre-
viously described.12 We used these cells in co-culture
experiments with amoeba and found that the parasite
would directly trigger apoptosis in these cells as mea-
sured by annexin positivity and by detection of cytoplas-
mic histone-associated DNA fragments (Figure 2, A and
B). The timing of apoptosis occurred rapidly within min-
utes after which the parasite would engulf apoptotic cells
(data not shown).5,6 We also observed disruption of mi-
tochondrial membrane integrity by mitochondrial vital dye
staining, characteristic of activation of the intrinsic apoptotic
pathway (Figure 2C), a feature that has not previously been
described with E. histolytica-mediated apoptosis. Pharmaco-
logical inhibition studies were attempted but severely limited
by the rapidity and magnitude of apoptosis and engulfment
observed during in vitro conditions (data not shown).

Role of Apoptosis in the Mouse Model

We, therefore, returned to the mouse model and admin-
istered the pan-caspase inhibitor ZVAD to CBA mice
every other day at doses previously shown to be effective
in blocking apoptosis in the amebic liver abscess model

(100 �l of a 10 �mol/L solution7). Of note, this dose ZVAD
had no direct effect on amebic growth in vitro (data not
shown) and the regimen indeed decreased cecal apop-
tosis scores (1.1 � 0.4% luminal epithelial apoptotic cells
with ZVAD versus 2.5 � 0.3 with PBS/DMSO, n 
 14 and
15, respectively; P 
 0.003). Mice were sacrificed at a
typical 8 days postchallenge, and we found that all mea-
sures of infection were diminished in the ZVAD versus
control-treated mice, including culture positive rate, ce-
cal parasite antigen, and histological scores (Figure 3,

Figure 2. E. histolytica rapidly triggers apopto-
sis in a cecal epithelial cells in vitro. CBA Im-
mortomouse cecal epithelial cells were grown to
confluence and co-incubated with E. histolytica
trophozoites. A: AnnexinV binding was assessed
at 0 minutes (no amoeba, red line), 30 minutes
(purple line), and 60 minutes (blue line). Data
are shown from one representative experiment
of three. B: Apoptotic DNA fragmentation was
determined in cecal epithelial cells by using
ELISA as described in Materials and Methods at
0- to 90-minute time points. Results are com-
bined data from two independent experiments.
*P 	 0.05. C: Changes in mitochondrial mem-
brane potential (��) were determined by stain-
ing epithelial cells with a mitochondrial vital dye
as described in Materials and Methods at 0, 20,
and 60 minutes. Disruption of normal mitochon-
drial function results in decreased accumulation
of dye and reduced fluorescence intensity from
90.3% to 72.7%. Data are shown from one rep-
resentative experiment of two.

Figure 3. Caspase inhibition decreases infection in CBA mice challenged
with E. histolytica. Male CBA/J mice were injected intraperitoneally with
ZVAD (black bars) or PBS/DMSO control (white bars) before and after being
challenged intracecally with 2 � 106 E. histolytica trophozoites and then
sacrificed after 8 days. Cecal contents were assessed for the presence of
amoeba by culture (A) and E. histolytica antigen by ELISA (B). Cecal tissue
was stained with H&E and scored in blinded fashion for the presence of
amoeba (C) and degree of inflammation (D) as detailed in Materials and
Methods. Data are shown as mean � SE from three experiments. *P 	 0.05,
n 
 31 and 31 for ZVAD and PBS/DMSO treated mice, respectively.
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A–D). We next examined the phenotype of infection in
caspase-3-deficient mice because this is a downstream
caspase known to be activated in host cells in response
to E. histolytica infection.20 These mice were only avail-
able on the C57BL/6 background, a mouse strain known
to be highly resistant to intestinal amebic infection.14,21

We, therefore, shortened these experiments to 24 hours
to try to ascertain whether this molecule was participating
in early infection. As expected, these C57BL/6 back-
ground mice remained relatively resistant by histological
measures; however, the caspase 3 knockout mice did
exhibit an even lower rate of amoeba recovery by culture
as well as parasite antigen versus their wild type litter-
mates (Figure 4, A–D), suggesting some permissive ef-
fect for caspase 3 activity on parasite infection. We then
sought to examine the role of apoptosis during estab-
lished amebic colitis in the CBA model. Mice with estab-
lished culture-confirmed infection were treated with four
doses of ZVAD according to the methods, yet this did not
alter infection and inflammation scores (n 
 6 ZVAD
treated versus n 
 5 solvent treated mice, cecal ELISA
0.3 � 0.2 vs 0.8 � 0.3, amoeba score 2.4 � 1.0 vs 2.1 �
0.5, inflammation score 2.5 � 0.5 vs 2.5 � 0.6, respec-
tively; P 
 not significant for all comparisons). Taken
together these experiments were consistent with the con-
cept that apoptosis inhibition can decrease amebic in-
fection rate and severity when administered early but will
not necessarily clear established infection under these
conditions.

We next wished to ascribe whether apoptosis of the
epithelium in particular was playing a role. To do so we
used transgenic mice that express the antiapoptotic mol-
ecule human Bcl-2 under the expression of an intestinal
epithelium specific promoter shown to be particularly
active in the mouse cecum (fatty acid binding protein 1),
hereafter referred to as Bcl-2Tg mice.15,23 Bcl-2 is a
central antiapoptotic regulatory molecule of the outer

mitochondrial membrane that can block mitochondrial
dysfunction, and therefore we hypothesized that forced
Bcl-2 expression would diminish mitochondrial pathways
of apoptosis shown to be activated by amoeba in Figure
2C. These Bcl-2Tg mice have been extensively charac-
terized and exhibit diminished intestinal epithelial cell
apoptosis when induced by a variety of known stimuli.15,24

The mice were available on the FVB background, a strain
that is also relatively susceptible in our model of intestinal
amebiasis.25 We sacrificed these mice 5 to 7 days posti-
noculation, and the experiment showed that forced over-
expression of this antiapoptotic regulatory molecule was
protective in vivo, as indicated by diminished cecal par-
asite antigen, amoeba, and inflammation scores (Figure
5, A–D). As expected, rates of apoptosis as measured by
histology were diminished in the Bcl-2Tg mice in the
setting of the amoebic stimulus (Figure 5, E and F). Of
note, rates were not different in Bcl-2Tg mice in the
minority of mice that cleared infection or at steady-state
naïve mice (data not shown), which is identical to that
previously reported with this mouse line.15

Discussion

Taken together, these results indicate that during intesti-
nal infection with E. histolytica, epithelial apoptosis oc-
curs, can be triggered directly by the parasite, and pro-
motes the establishment of infection. Our interest in
epithelial apoptosis in this model began with our recent
finding that apoptosis-related genes were differentially
expressed in the epithelial cells of CBA (susceptible to
intestinal amebiasis) versus C57BL/6 mice (resistant to
intestinal amebiasis).25 We were not wed to a particular
hypothesis because we could envision epithelial apopto-
sis as being either protective or deleterious during intes-
tinal infection. One could imagine apoptosis as protective
given the precedent of the certain intestinal helminth
models where epithelial apoptosis maintains crypt length
and epithelial homeostasis.19 On the other hand, apopto-
sis could be pathogenic as in the mouse amebic liver
abscess model, where hepatocyte apoptosis played a
permissive/pathological role in abscess formation.7 Our
results were consistent with the latter.

How apoptosis promotes amebic infection is not yet
clear, but we can imagine a few possibilities that may be
operating in the gut. We know from previous studies that
on intracecal inoculation amoeba undergo significant at-
trition in the first 24 hours.21 In this new and apparently
hostile environment, apoptotic cells may constitute an
important source of food for amoeba, as it has been
clearly shown that they preferentially phagocyte apopto-
tic corpses in culture.5 Another possibility is that epithelial
apoptosis, insofar as it promotes epithelial barrier dys-
function,26 allows amoeba access to tissue or serum
constituents that promote survival of the trophozoite. Ex-
amples could include C1q and collectins, which promote
parasite phagocytosis,27 or tumor necrosis factor, which
has been reported to be chemoattractant for E. histo-
lytica.28 Finally, it is possible that apoptosis enables in-
fection by limiting necrosis and its resultant inflammatory

Figure 4. Intracecal challenge of caspase-3-deficient mice. Wild type (WT)
and caspase-3-deficient C57BL/6 mice were challenged intracecally with 2 �
106 E. histolytica trophozoites and sacrificed at 24 hours postchallenge. Cecal
contents were assessed for the presence of amoeba by culture (A) and E.
histolytica antigen by using ELISA (B). Cecal tissue was stained with H&E and
scored in blinded fashion for the presence of amoeba (C) and degree of
inflammation (D) as detailed in Materials and Methods. Data are shown as
mean � SE from three experiments. *P 	 0.05, n 
 38 and 34 for WT and
caspase 3 knockout (KO) mice, respectively.
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response, which could otherwise be protective, since we
know from this model that Th1 responses and neutrophils
limit infection.21,29 Finally, because our mouse model of
amebiasis is one of disease not asymptomatic coloniza-
tion, the role of epithelial apoptosis during pure E. histo-
lytica carriage remains unclear.

Although we clearly found that apoptosis of epithelial
cells is directly triggered by the parasite in vitro, we
acknowledge that the apoptosis observed histologically
in the model could be because of either this direct par-
asite contact or result secondarily from the intestinal in-
flammation (eg, akin to the increased apoptosis observed
in ulcerative colitis30). We speculate that both aspects
contribute, but particularly the former because histologi-
cally we observed the highest rates of apoptosis in the
vicinity of amoeba (Figure 1). The mechanism of epithelial
cell apoptosis on amoeba contact is peculiarly rapid as
has been appreciated with the Jurkat T cell.5 The mech-
anism is difficult to examine in vitro; however, we clearly

observed mitochondrial membrane dysfunction in re-
sponse to amoeba, a marker of activation of the intrinsic
apoptotic pathway. Earlier work using a myeloid cell line
and different experimental conditions reported that Bcl-2
overexpression could not diminish E. histolytica mediated
killing in vitro,3 suggesting that the intrinsic apoptotic
pathway was not a dominant feature in those experi-
ments. In this work, however, we could ascribe a role for
Bcl-2 in vivo in that epithelium-specific Bcl-2 overexpress-
ing mice exhibited diminished infection scores. The dis-
crepancy could be because of different apoptotic pro-
grams in the cell types (epithelial versus myeloid) or the
differences in the experimental systems used. In previous
work with these Bcl-2Tg mice, it was shown that the Bcl-2
overexpression in the intestinal epithelium had no effect
on steady-state epithelial apoptosis/homeostasis but did
mitigate cell death in the setting of apoptotic stimuli such
as �-irradiation, mesenteric ischemia-reperfusion, cecal
ligation and puncture, pneumonia, acute lung injury, and

Figure 5. Intracecal challenge of Bcl-2 trans-
genic mice. Male FVB mice transgenic for epi-
thelial expression of Bcl-2 (Bcl-2Tg) and wild
type (WT) littermates were challenged intrace-
cally with 2 � 106 E. histolytica trophozoites and
sacrificed after 5 to 7 days. Cecal contents were
assessed for the presence of amoeba by culture
(A) and E. histolytica antigen by ELISA (B). Cecal
tissue was stained with H&E and scored in
blinded fashion for the presence of amoeba (C)
and degree of inflammation (D) as detailed in
Materials and Methods. E: Rates of apoptotic
cells in the cecum were measured histologically
in the infected mice from each group (n 
 22
and 15 for WT and Bcl-2Tg mice, respectively).
Data are shown as mean � SE from six experi-
ments. *P 	 0.05, n 
 28 and 25 for WT and
Bcl-2Tg mice, respectively. F: Representative
photomicrographs of WT-infected versus Bcl-2Tg-
infected cecal tissue at day 5 postchallenge are
shown. Top row are H&E stained slides (original
magnification, �100) showing more inflammation,
cecal thickness, and amebic trophozoites (arrow-
heads) in WT mice. Bottom are caspase 3 stained
slides at �400 (original magnification). In WT
mice, apoptotic cells are apparent within the epi-
thelial layer (arrows) frequently in juxtaposition
with amebic trophozoites (arrowheads).
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sepsis.15,24,31,32 In this context, amebic colitis is an ad-
ditional stimulus that promotes epithelial apoptosis that
can be partly rescued with Bcl-2 overexpression. Again,
whether it is the amoeba-mediated or inflammation-me-
diated epithelial apoptosis (or both) that are Bcl-2 inhib-
itable in this model is unsettled, but regardless Bcl-2 can
stand as a possible target for preventing or diminishing
intestinal amebiasis.

The mechanisms used by the parasite to elicit apopto-
sis remain an active area of investigation in several cell
types, and we would put forward that the epithelial cell
needs further study. This parasite lives in the gut with
constant contact with the epithelium, and how the para-
site has developed this capacity to trigger a homeostatic
host cell function speaks to its evolutionary success.
Understanding the parasite molecules participating in
this process should shed light on novel virulence factors
for this important infection.
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