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Programmed cell death in a human intestinal parasite,
Blastocystis hominis
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SUMMARY

Although programmed cell death (PCD) has been associated with multicellular organisms, there have been more reports
of its presence in some protozoans. Our study shows the existence of PCD in an intestinal protozoan, Blastocystis hominis.
Light and electron microscopy, biochemical and flow cytometry studies showed apoptosis-like death in B. hominis cells
exposed to a cytotoxic monoclonal antibody (MAb 1D5). B. hominis cells displayed key morphological and biochemical
features of apoptosis, namely, nuclear condensation and in situ fragmentation, reduced cytoplasmic volume, some
externalization of phosphatidylserine and maintenance of plasma membrane integrity. No oligonucleosomal DNA
laddering was observed in gel electrophoresis. This study supports earlier observations that the cellular machinery that
is required to carry out PCD may have existed before the advent of multicellularity. Our study also ascribes a novel
function for the B. hominis central vacuole in apoptosis; it acts as a repository where apoptotic bodies are stored before

being released into the extracellular space.
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INTRODUCTION

Programmed cell death (PCD) has been found to be
an intrinsic part of the development of all in-
vertebrate and vertebrate multicellular organisms
studied so far, including nematodes, insects,
amphibians and mammals (Ellis, Yuan & Horvitz,
1991; Raft, 1992; Vaux, 1993; Steller, 1995).
Unnecessary, damaged, and potentially harmful cells
must be deleted from surrounding healthy ones
to ensure structural and functional homeostasis.
Multicellular animals have mechanisms for kill-
ing their own cells (Vaux & Strasser, 1996). Classical
examples of PCD or apoptosis include the cell
deletion in regressing interdigital webs (Kerr et al.
1987) as well as in development of the retina (Penfold
& Provis, 1986). Although different cell types do not
necessarily display all the hallmarks of apoptosis,
there are, however, a number of strikingly similar
features. These include shrinkage of the cell, pres-
ervation of membrane integrity, chromatin con-
densation and nuclear fragmentation, which allows
cells undergoing PCD to be easily distinguished
from healthy and necrotic cells. Necrosis is charac-
terized by mitochondrial swelling, nuclear floccu-
lation and the loss of plasma membrane integrity
resulting in uncontrolled cell lysis.

Time-lapse studies showed that changes in certain
cells undergoing apoptosis occurred within 1 to 3 h
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post-induction (Wyllie, 1992) whereas necrosis oc-
curred in a matter of seconds (Collins et al. 1997).
PCD was thought to be an exclusive feature
of multicellular organisms but has also been ob-
served in protozoans like Dictyostelium discoideum
(Cornillon et al. 1994), Trypanosoma cruzi (Ameisen
et al. 1995), Leishmania (Leishmania) amazonensis
(Moreira et al. 1996), T. brucei rhodesiense (Welburn
et al. 1996) and Plasmodium falciparum (Picot et al.
1997).

The present study describes PCD features in the
unicellular eukaryotic human intestinal protozoan
parasite, Blastocystis hominis, after induction with a
surface reactive cytotoxic mAb, 1D5. Our earlier
studies (Tan et al. 1997) had shown that this antibody
had a cytotoxic effect on B. hominis and was able to
reduce the number of colonies in soft agar signifi-
cantly. Monoclonal antibody 1D5 binds to the
protein moiety of a 30-5 kDa glycoprotein found on
the surface membrane of the organism. Reaction
with mAb 1D35 also produced morphologically
smaller B. hominis cells (Tan et al. 1997). These
effects led us to consider the possibility that mAb
1D5 could be inducing apoptosis in these parasites.

MATERIALS AND METHODS
Parasite

Blastocystis hominis isolate B was obtained from a
local patient and maintained axenically in Iscove’s
modified Dulbecco’s medium (IMDM) containing
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109, horse serum (Ho et al. 1993). Cells were grown
anaerobically (Concept Plus Anaerobic Workstation,
Ruskinn Technology, UK) at 37 °C.

Induction of PCD

Monoclonal antibody 1D5, an IgM antibody (Tan et
al. 1996), was used to induce PCD in B. hominis.
Cells were inoculated into pre-reduced hybridoma
supernatant (kept for 48 h in an anaerobic chamber)
containing mAb 1D35 to give a final concentration of
2 x 108 cells/ml. Three controls were included in the
experiments. (i) Cells exposed to an unrelated IgM,
mADb 5. Monoclonal antibody 5, raised against a f-
bungarotoxin (snake, Bungarus multicinctus), was
used as a negative control to show that mAb 1D5 was
inducing PCD and not other components in the
media in which mAb 1D5 and mAb 5 were cultured.
(i1) Cells grown in normal culture conditions
(IMDM with 109, horse serum). (iii) Necrotic cell
control of B. hominis cells incubated with 0-19,
sodium azide and harvested 24 h post-treatment.
Cells inoculated into IMDM with 10 9, horse serum,
mAb 1D5 and mAb 5 were harvested at 3, 24 and
48 h for analysis.

Flow cytometry

Cells were harvested as described above and washed
3 times in PBS, pH 7-4. B. hominis cells were viewed
under the light microscope and analysed by a flow
cytometer (Coulter Epics Elite ESP, USA) using an
argon-ion laser tuned to 488 nm. Forward and side-
light scatter was detected using a 610 nm band-pass
filter and displayed using WinMDI 2.7 software
program. Based on dot plots of side scatter versus
forward scatter, a region (R1) was defined to enclose
parasites while excluding debris and cellular clumps.

Membrane integrity assay

Cells were washed in Dulbecco’s phosphate-buffered
saline (DPBS) and suspended in 1 ml of the same
buffer. Then 100 pl of fluorescein diacetate (FDA)
were added to B. hominis after dilution in DPBS (4 ul
FDA/ml of DPBS). After a 10 min incubation at
37 °C, propidium iodide was added and the cells
incubated for a further 5 min at room temperature.
Cells were analysed using fluorescence microscopy
and flow cytometry. For fluorescence microscopy
(Nikon, Microphot-FXA) at 450490 nm, at least
100 cells were counted for green or red fluorescence
at each time-point. Cell fluorescence was also
analysed by the flow cytometer.

DNA gel electrophoresis

Cells were inoculated into the 3 different media to
give a final concentration of 5 x 10°® cells/ml and
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harvested 3, 24 and 48 h later. An apoptotic DNA
ladder kit (Boehringer Mannheim) was used to
extract DNA from apoptosis-induced and uninduced
cells according to the manufacturer’s instructions.
Apoptotic U937 cells (histiocytic lymphoma cells),
included in the kit, were used as positive control.
DNA was electrophoresed in 29, agarose gel at
100 V for 2 h, visualized by an UV transilluminator
and the gels photographed with a Polaroid camera.

Detection of phosphatidylserine externalization
(Annexin V /propidium iodide)

The technique was performed using an Annexin
V/FITC kit (BenderMed Systems, USA) on
2 x 10% cells/ml inoculated and harvested similarly
from the 3 different media mentioned above. Cells
were washed twice in 1 ml of PBS. Then 190 pl of
calcium-containing binding buffer, 0-21 yg/ml
FITC-Annexin V and 2-5 ug/ml propidium iodide
were added sequentially. The samples were measured
by flow cytometry for FITC/PI fluorescence. A
region (M1) was defined to exclude background
fluorescence by unstained cells. Stained parasites
that fall within the M1 region were represented as a
percentage of total cells analysed.

In situ nick-end labelling of internucleosomal
cleavage DN A fragments

TdT-mediated dUTP-biotin nick-end labelling
(TUNEL) was performed using ApoAlert™ DNA
Fragmentation Assay kit (Clontech). A total of
2 x 10° cells/ml were inoculated into the 3 different
media and harvested as above. Cells were washed
twice with 1ml of PBS and fixed with 49
formaldehyde/PBS for 25 min at 4°C. After 2
washes with PBS the pellet was resuspended in 5 ml
of permeabilization solution (0-2 9%, Triton X-100 in
PBS) and incubated on ice for 5 min, after which
80 ul of equilibration buffer were added and the cells
incubated at room temperature for 5 min. The cells
were labelled by adding 50 ul of TUNEL mix
followed by incubation for 60 min at 37 °C in a dark,
humidified incubator. One ml of 20 mm EDTA was
then added to terminate the tailing reaction. The
samples were washed with PBS and the pellet
resuspended in 250 pul of PBS prior to flow cytometry
using an argon-ion laser tuned to 488 nm. Green
fluorescence was detected using a 525 nm band-pass
filter. A region (M1) was defined to exclude back-
ground fluorescence by unstained cells. Stained
parasites that fall within the M1 region were rep-
resented as a percentage of total cells analysed.

Transmission electron microscopy

A total of 1x 107 cells were inoculated into 5 ml of
the 3 different media mentioned above and harvested
24, 48 and 72 h after treatment. Cells were washed
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Fig. 1. Effect of mAb 1D5 on Blastocystis hominis cell size and morphology by light microscopy (A and B) and flow
cytometry (C). (A) Cells grown in normal culture conditions. (B) Cells exposed to mAb 1D5. Note cell shrinkage,
condensed cytoplasm and darkening of cells after exposure to mAb 1D5. (C) Flow cytometry analysis of cell size and
granularity. X and Y axes represent cell size and granularity respectively. X-mean and Y-mean quantify cell size and
granularity respectively. Note 2 distinct populations of cells in flow cytometry. The population on the left could be
due to dead cells and debris while those on the right could be undergoing PCD. From the X-mean, it can be deduced
that mAb 1D5-treated cells undergo cell shrinkage.
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twice in 0-1 M sodium cacodylate buffer with 59,
sucrose and fixed sequentially in each of the
following fixatives: 19, glutaraldehyde in 0-5wm
sodium cacodylate buffer, pH 7-2 for 3 h, followed
by 2 washes in buffer, 2 % osmium tetroxide in 0-1 9%,
potassium ferrocyanide solution for 1 h and then 2
washes in 0-5 M cacodylate buffer. The cells were
then processed according to the procedure used by
Moe et al. (1999) and examined with a Philips
EM280S electron microscope.

Effect of necrotized cells on B. hominis cultures

Necrosis was achieved by prolonged incubation of B.
hominis culture for 20 days. Viable cells were not
seen by light microscopy by this time. Five ml of
these cultures containing remnants of necrotized B.
hominis cells were added to the following tubes: (i)
5 ml of IMDM with 109, horse serum plus 2 x 107
B. hominis cells (3-day-old exponential phase cul-
ture); (i1) 5 ml of IMDM with 109, horse serum. A
control tube, 10 ml of IMDM with 109, horse
serum, was inoculated with a 3-day-old culture of
2 x 107 B. hominis cells. The tubes were incubated in
an anaerobic chamber for 72 h and intact cells were
counted using a Neubauer haemocytometer.

RESULTS
Light microscopy and flow cytometry

Cell shrinkage due to compaction of organelles in the
cytoplasm is an important morphological indication
of apoptosis. Monoclonal antibody 1D5-treated B.
hominis cells were examined by light microscopy and
flow cytometry. Light microscopy revealed mAb
1D5-treated B. hominis cells with condensed cyto-
plasm and darkening of cells (Fig. 1B). B. hominis
cells grown in normal culture conditions and those
treated with mAb 5 displayed healthy morphology
and growth (Fig. 1A). Flow cytometry showed
significant reduction in cell size in mAb 1D5-treated
parasites as evidenced by reduction in forward
scatter (Fig. 1 C). This reduction in cell size was seen
in all mAb 1D35-treated cells from 3 h onwards.
Untreated B. hominis cells and mADb 5-treated cells
showed no marked change in cell size and granularity
throughout the course of the incubation period (data
not shown). Flow cytometry data showed 2 distinct
population of cells. B. hominis cells exposed to 0-1 9,
sodium azide displayed a reduction in cell size and
granularity. The cell debris was responsible for the
reduction in cell size and increase in the granularity

(Fig. 1C).
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Membrane integrity assay

Loss of cell viability is most often measured as loss
of membrane integrity. This event maybe due to
primary necrosis or secondary apoptosis. A short
incubation with PI and FDA was used to dem-
onstrate membrane integrity in B. hominis cells
undergoing apoptosis. FDA, an uncharged molecule,
enters the cells and is then cleaved by cytoplasmic
enzymes. This cleavage of FDA results in green
fluorescence. FDA then becomes charged and is
unable to leave the cell. This stain thus labels cells
with an intact plasma membrane. PI can only enter
cells with an altered plasma membrane and then
stains the nucleic acids giving red fluorescence.

To evaluate membrane integrity in mAb 1D5-
treated cells, the parasites were visually scored for
FDA and PI fluorescence by fluorescence micro-
scopy. At least 100 cells were counted for each
experiment (Fig. 2A-C). During the exposure to
mAb 1D5, there was a gradual increase of PI-
positive cells from 36 to 48 9%, and a gradual decrease
of FDA-positive cells from 64 to 529% (Fig. 2B).
However, for cells exposed to mAb 5 (Fig. 2C) and
those grown in normal culture media (Fig. 2A)
FDA-positive cells increased markedly and PI-
positive cells decreased by 48 h indicating normal
growth. Membrane integrity of these parasites was
quantified by flow cytometry (Fig. 2 D). It was found
that 7549, of mAb 1D5-treated cells were FDA-
positive at 3 h and 62-39, at 48 h. Cells grown in
normal culture media showed 35:19, and 43-19,
FDA-positive cells at 3 h and 48 h respectively. Cells
exposed to mAb 5 showed 339 9, and 62-8 9%, FDA-
positive cells at 3 h and 48 h respectively. Flow
cytometry data revealed a gradual increase in dying
cells (cells which are both FDA- and PI-positive)
due to mAb 1D5 treatment.

DNA gel electrophoresis

DNA fragmentation and the display of DNA
ladders, often of 200 bp and multiples thereof, in
agarose gel electrophoresis are common features of
apoptosis. Agarose gel electrophoresis of B. hominis
DNA in the presence and absence of mAb 1D5,
mAb 5 and 0-1 9, sodium azide is shown in Fig. 3.
No DNA ladder was noted in any experiment except
for 2 distinct DNA fragments, 800 bp and ~ 1 kb,
observed in mAb 1D5, mAb 5-treated and untreated
cells. DNA extracted from Raji cells, using the same
kit, did not show any such fragments during gel
electrophoresis (data not shown), indicating that

Fig. 2. Membrane integrity assay of Blastocystis hominis cells using FDA/PI staining by fluorescence microscopy
(A—C) and flow cytometry (D). (A) Untreated cells. (B and C) Cells exposed to mAb 1D5 and mAb 5 respectively.
Note gradual increase of PI uptake and gradual decrease of FDA uptake in mAb 1D5-treated cells. (D) X and Y axes
represent FDA and PI staining respectively. Note decrease in FDA uptake and increase in PI uptake in mAb 1D5-

treated cells.
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Fig. 3. Agarose gel electrophoresis of Blastocystis
hominis DNA after exposure to mAb 1D5. 100 bp
marker (lane 1); apoptotic U937 cells (lane 2); control
untreated parasites 0, 3, 24 and 48 h (lanes 3, 4, 5 and

6 respectively); 3, 24 and 48 h mAb 1D5-treatment
(lanes 7, 8 and 9 respectively); 3, 24 and 48 h mAb 5
treatment (lanes 10, 11 and 12 respectively); 0-1 %
sodium azide treatment (lane 13). Note absence of DNA
ladder and presence of 2 distinct fragments in lanes
3-12.

—&— Untreated cells
—e— mADb 1D5-treated cells
—A— mAD 5-treated cells

10

Percentage of Annexin V labeled cells

Time [h]
Fig. 4. Externalization of PS in Blastocystis hominis cells
grown in normal culture conditions and those exposed
to mAb 1D5 and mAb 5. Monoclonal antibody 1D5-
treated cells show higher percentage of Annexin V-
labelled cells relative to controls.

these 2 fragments are unique to B. hominis. A
positive control consisting of apoptotic U937 cells
(Boehringer Mannheim) showed a DNA laddering
profile typical of apoptosis (Fig. 3).

Externalization of PS

In non-apoptotic cells, PS is segregated to the inner
leaflet of the plasma membrane. During early stages
of apoptosis, this asymmetry collapses and PS
becomes exposed on the outer surface of cells
(Vermes et al. 1995). Annexin V is a protein that
preferentially binds PS in a calcium-dependent
manner. Annexin V/PI assay detects the trans-
location of PS to the outer leaflet of the plasma
membrane, simultaneously with preservation of
membrane integrity. A slight increase in PS trans-
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location was detected by flow cytometry in mAb
1D5-treated cells over a period of 6 h. Annexin V
binding in these cells increased from 319, at 1 h to
1299, at 6 h as compared to < 49, of control cells
at 6 h. Fig. 4 shows the percentage of Annexin V-
binding cells against time to represent data obtained
from flow cytometry.

TUNEL assay

Endonuclease activity was evaluated with the
TUNEL assay. TUNEL relies on the specific
binding of terminal deoxynucleotidyl transferase
(T'dT) to exposed 3'-OH ends of DNA followed by
the synthesis of a labelled polydeoxynucleotide
molecule. Nuclear DNA is first exposed by pro-
teolytic treatment; then TdT is used to incorporate
biotinylated deoxyuridine into the sites of DNA
breaks. The signal is amplified by avidin-peroxidase,
enabling conventional histochemical identification of
PCD by fluorescence microscopy or flow cytometry.

Fig. 5A and D show TUNEL labelling of control
cells after 3 h of growth in normal growth media and
mAD 5 respectively. The nucleus is relatively free of
TUNEL label indicating unfragmented DNA. In
contrast, cells exposed to mAb 1D5 for 3 h exhibited
intense TUNEL labelling of the nuclear DNA (Fig.
5C). Parasites exposed to 019 sodium azide
(necrotic control) showed more diffused TUNEL
labelling due to massive, irregular fragmentation of
DNA (Fig. 5B).

Flow cytometry was employed to quantify in situ
DNA fragmentation. By 3h 16:3% of mAb 1D5
cells were TUNEL labelled and 45-8 9, were maxi-
mally labelled by 48 h. Controls in normal growth
media and mAb 5-treated cells showed minimal
DNA fragmentation. Nuclease activity in parasites
cultured in normal growth media and those exposed
to mAb 5 were approximately 1:0% and 069,
respectively. B. hominis cells that were exposed to
0-1 9, sodium azide (necrotic control) showed 9-2 9,
TUNEL labelling (Fig. SE).

Transmission electron microscopy (TEM)

TEM micrographs showed that B. hominis cells
treated with mAb 1D5 undergo morphological
changes suggestive of apoptosis. After 24 h culture in
the presence of mAb 1D5, the nucleus contained
chromatin clumps at the nuclear periphery (Fig.
6A). Many mitochondria were seen in mAb 1D5-
treated cells (Fig. 6B). The presence of large
cytoplasmic vacuoles, either appearing empty or
containing some inclusions (Fig. 6 C) and cytoplasm
blebbing inwards into the central vacuole (Fig. 6 D)
were noted. This inward cytoplasmic blebbing
appears to result in the deposition of apoptotic
bodies in the central vacuole (Fig. 6 E) prior to their
release into the extracellular space (Fig. 6F). In
contrast, 24 h culture in normal growth media and
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Fig. 5. In situ DNA fragmentation analysis (TUNEL) of Blastocystic hominis cells by fluorescence microscopy (A-D)
and flow cytometry (E). (A) Cells grown in normal culture conditions showing non-specific TUNEL staining. (B) Cells
treated with 0-1 9, sodium azide (necrosis). (C and D) Cells exposed to mAb 1D5 and mAb 5 respectively. (E) Note
increase in TUNEL intensity in mAb 1D5-treated cells.

mAb 5, showed normal B. hominis morphology.
Normal DNA chromatin which is usually seen as a
crescentic mass at the nuclear periphery was visible The 20-day-old B. hominis culture did not contain
within the nucleus (Fig. 6 G). any viable cells. Such a culture had an inhibitory

Effect of necrotized cells on B. hominis cultures
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Fig. 6. For legend see opposite.

growth effect on healthy B. hominis cells. When
exposed to this aged culture, healthy B. hominis cells
showed slight or no growth for 72 h. Negative
control tubes, of aged culture only, had no intact
cells at Day 0 and at Day 3 indicating that the aged
culture preparation had no viable cells. The tubes
containing both normal growth media and the aged
cell culture had 2-1 x 107 cells. In the positive control
tubes containing normal growth media (IMDM with
109, horse serum), in the absence of aged culture,
cell number increased 4-fold from 2x107 to

8:5 x 107 cells after 72 h (Fig. 7).

DISCUSSION

PCD was thought to be only present in multicellular
organisms but recent studies on protozoans have
shown this phenomenon in unicellular eukaryotes
(loc. cit.) suggesting the presence of PCD even before
the advent of multicellularity. The present study
shows the existence of PCD in yet another protozoan,
B. hominis. Tan et al. (1997) showed the cytotoxic
effect of mAb 1D35 on healthy B. hominis cells but the
mode of death had not been elucidated until now.

https://doi.org/10.1017/50031182001008332 Published online by Cambridge University Press

Shrinkage of mAb 1D5-treated B. hominis cells led
us to believe that PCD occurred in this parasite. In
the presence of mAb 1D5, B. hominis was also shown
to preserve its membrane integrity for up to 48 h
using PI and FDA as had been shown in Dictyo-
stelium discoideum (Cornillon et al. 1994).

In higher eukaryotes, apoptotic cells exhibit
externalization of PS during PCD (Vermes et al.
1995). This apoptotic feature was noted in only some
mADb 1D5-treated B. hominis cells. It is not clear why
only a minority of cells show PS externalization
during apoptosis. Other investigators have reported
similar results where only a minority of cells have
Annexin V binding (Ferlini et al. 1997; Gatti et al.
1998 ; Willingham, 1999). Gatti et al. (1998) reported
that this phenomenon could be due to membrane
changes that may have occurred during PCD, thus
hindering Annexin V binding.

Apoptosis was originally defined by specific mor-
phological criteria, one of which was the conden-
sation of chromatin within the nucleus (Kerr, Wyllie
& Currie, 1972). This condensation is thought to be
caused by an endonuclease activity that can cleave
DNA between the nucleosomes to give fragments
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Fig. 6. Transmission electron micrographs of Blastocystis hominis cells exposed to mAb 1D5 for 24 h (A-F) showing:
(A) segregation of condensed chromatin to the nuclear periphery, (B) increase in number of mitochondria during
apoptosis and nuclei with chromatin marginalization (arrow) appearing to migrate into the central vacuole, (C) large
cytoplasmic vacuoles (V), (D) cytoplasm pinching inwards into the central vacuole (arrows), (E) membrane-bound
organelle-containing vesicles within the central vacuole, (F) apoptotic bodies released into the extracellular space
during late apoptosis. (G) Shows healthy B. hominis cell displaying normal DNA chromatin seen as a crescentic mass
(arrow). N, nucleus; CV, central vacuole; M, mitochondria; V, vacuole.
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Fig. 8. Proposed stages of apoptosis in Blastocystis hominis.

that resolve on agarose gel electrophoresis as
multiples of about 180-200 bp. Consequently, the
appearance of the nucleosomal DNA ladder on
agarose gel was regarded as a hallmark of PCD
(Collins et al. 1992). However, we could not detect
any DNA laddering in B. hominis cells exposed to
mADb 1D5. Recent research has shown that some cell
types can show morphological and biochemical
features typical of apoptosis even in the absence of
internucleosomal DNA breakage (Howell & Martz,
1987; Barbieri et al. 1992 ; Cohen et al. 1992 ; Collins
et al. 1992 ; Mesner, Winters & Green, 1992; Ucker,
Obermiller & Eckhart, 1992; Falcieri et al. 1993;
Cornillon et al. 1994; Hirata et al. 1998).

TUNEL assay was then employed to show
endonuclease activity in mAb 1D5-treated B. hominis
cells resulting in DNA fragmentation. Although
agarose gel electrophoresis of B. hominis DNA did
not show typical ladder-like DNA fragmentation
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pattern, TUNEL fluorescence is sufficient to confirm
DNA fragmentation. Darzynkiewicz et al. (1997)
showed that DNA degradation, in many cell types,
does not proceed to nucleosomal sized fragments but
rather results in 50-300 kb DNA fragments which
do not readily generate a characteristic ‘ladder’
pattern during agarose gel electrophoresis.

TEM of mAb 1D5-treated cells showed seg-
regation of condensed chromatin in fine masses
against the inner surface of the nuclear membrane.
More mitochondria were seen in the apoptotic cells
suggesting that this mode of death in B. hominis is an
energy-requiring process. In mammalian apoptotic
cells, the cell membrane pinches outwards to form
apoptotic bodies externally. In our study, cyto-
plasmic portions of the apoptotic B. hominis cell
invaginates into the central vacuole. This process
appears to result in the formation of membrane-
bound apoptotic bodies containing portions of the
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fragmented nucleus and an array of intact organelles
such as mitochondria resulting in vacuolization and
thinning of the cytoplasm in the apoptotic cell. This
sequence of events sets apoptosis apart from necrosis,
where the intracellular enzymes are released into the
extracellular space, thus inhibiting growth of healthy
B. hominis cells. The apoptotic bodies are packaged
as membrane-bound vesicles prior to their release
into the extracellular space. We have shown that the
necrotized B. hominis cells inhibited growth of
healthy cells. Intracellular enzymes such as proteases
from the necrotized cells may be responsible for this.

Several aspects of the cell death pathway in
response to mAb 1D5 are similar to PCD in higher
eukaryotes, including commitment to cell death
hours prior to expiry of plasma membrane integrity,
fragmentation of nuclear DNA, externalization of
PS and formation of apoptotic bodies. Apoptosis-
like processes described in other parasites share
similar characteristics of the cell death pathway
(Ameisen et al. 1995; Moreira et al. 1996; Welburn
et al. 1996; Murphy & Welburn 1997; Picot et al.
1997; Ridgley, Xiong & Ruben, 1999). Apoptosis in
B. hominis, however, occurs without DNA ladder-
like oligonucleosomal fragments in gel electro-
phoresis. There was evidence of some externalization
of PS which has not been reported in other parasites.
Unlike mammalian cells where apoptotic bodies bud
off the plasma membrane, in B. hominis the apoptotic
bodies collect in the central vacuole before being
released into the extracellular space.

It is tempting to postulate a unique role for the
central vacuole as a repository for apoptotic bodies.
The exact function of the central vacuole in this
organism has yet to be determined (Stenzel &
Boreham, 1996). Previous studies have shown that
the central vacuole is devoid of hydrolytic enzymes
like acid phosphatase (Stenzel, Dunn & Boreham,
1989). Yoshikawa & Hayakawa (1996) revealed that
the central vacuole of B. hominis is a repository for
carbohydrates and lipids required for cell growth.
Dunn, Boreham & Stenzel (1989) reported that the
central vacuole infrequently contained sections of
membranous material of unknown origin. Recently,
Pakandl (1999) demonstrated cytoplasmic pro-
jections containing mitochondria and nuclei in the
central vacuole but did not ascribe any function for
the protrusions. We believe that the central vacuole
could also be a repository for apoptotic bodies
during PCD. Fig. 8 shows the postulated sequence
of events that occur in B. hominis undergoing
apoptosis.

Why does an intestinal parasite like B. hominis
undergo PCD? If B. hominis were to undergo
necrosis in wvivo, in which dying cells spill their
contents into the extracellular space, growth of the
B. hominis population will be greatly disrupted. We
believe that a proportion of the B. hominis popu-
lation, therefore, undergoes PCD, while others
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survive to infect the host. This feature is similar to
the findings of Welburn, Barcinski & Williams (1997)
who reported that some trypanosomatids undergo
PCD for the continuation of their life-cycle.
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