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ABSTRACT Cell death is mediated by distinct pathways
including apoptosis and oncosis in response to various death
signals. To characterize molecules involved in cell death, a
panel of mAbs was raised by immunizing mice with apoptotic
cells. One of these antibodies, designated anti-Porimin (for
pro-oncosis receptor inducing membrane injury), was found
to directly induce a unique type of cell death in Jurkat cells.
Anti-Porimin defines a 110-kDa cell surface receptor on
Jurkat cells. Functionally, anti-Porimin alone rapidly medi-
ates pore formation on the plasma membrane and induces cell
death without participation of complement. Both the cellular
expression and functional characteristics of the Porimin
antigen indicate that it is distinct from the CD95 (FasyApo-1)
and other cell receptors known to induce apoptosis. Anti-
Porimin-mediated cell death was preceded by cell aggregation,
formation of plasma membrane pores, and the appearance of
membrane blebs. More important, these cells show neither
DNA fragmentation nor apoptotic bodies, but display lethal
damage of the cell membrane. Cell death by anti-Porimin is
distinct from complement-dependent cytolysis or comple-
ment-independent apoptosis but is similar to that described
for oncosis, a form of cell death accompanied by the mem-
brane damage followed by karyolysis. The induction of cell
death by anti-Porimin may represent a unique cell surface
receptor-mediated pathway of cell death in the human lym-
phoid system.

Programmed cell death is an essential process in normal
development and the regulation of tissue homeostasis whereas
a failure of the cell death machinery contributes to the possible
pathogenesis of cancer or other diseases (1). One major focus
of cell death research has been the characterization of the role
of cell surface receptors and their ligands in mediating signals
leading to the elimination of potentially harmful cells from the
body. Two well characterized death receptors, the CD95
(FasyApo-1) and tumor necrosis factor receptor 1 (TNFR-1),
are known to induce apoptosis in lymphoid cells upon binding
to their ligands (2–4). These receptors, as well as several
recently identified cell death receptors (5–10), have been
shown to engage the apoptotic pathway through their inter-
action with a family of death domain-containing homologous
proteins. After engagement of these receptors by specific
antibody or their ligands, the death domain orchestrates the
assembly of a signaling complex to recruit a series of proapo-
ptotic proteases that cleave structural proteins and interfere
with critical repair processes leading to cell death (11).

Cell death by apoptosis has been investigated extensively and
shown to be a major mediator of programmed cell death.
Nevertheless, other cell death mechanisms have been de-
scribed during development (12, 13) and under experimental

conditions that are distinct from necrosis, the pathological end
result of a number of noxious stimuli (14–16). Relying on the
morphologic appearance of dying cells, Majno and Joris (17)
have found that oncosis and apoptosis define two distinct
pathways of cell death. The term oncosis (from ónkos, meaning
swelling) was initially coined to characterize ischemic cell
death in osteocytes and recently reintroduced to define the cell
death lacking apoptotic characteristics. In contrast to apopto-
sis with cellular shrinkage and nuclear disruption, oncosis is
defined in the literature as a form of cell death characterized
by cellular swelling, membrane blebbing, and an increase in the
membrane permeability. Morphologically, cell death by onco-
sis leads to necrosis with karyolysis whereas apoptotic cell
death leads to necrosis with karyorrhexis, a degenerative
change or fragmentation of the cell nucleus (17).

In an effort to investigate the molecular mechanisms of
programmed cell death in human T cells, we have character-
ized molecules involved in cell death by developing mAbs to
dying cells. Anti-Porimin, one of these mAbs, efficiently
induces a unique type of cell death in Jurkat cells. Cell death
mediated by anti-Porimin is distinct from complement-
dependent cytolysis or complement-independent apoptosis,
but is very similar to the cell death pathway defined for oncosis.
The molecular and biochemical characterization of this cell
surface receptor and its possible role in the cell death pathways
are described.

MATERIALS AND METHODS

Anti-Porimin mAb. Monoclonal anti-Porimin was generated
and characterized as described previously (18). Brief ly,
BALByc mice were immunized with Jurkat cells that had been
induced to undergo cell death by 1-b-D-arabinofuranosylcy-
tosine. Splenocytes from the immunized mouse were fused
with P3-X63-Ag8.653 cells. Anti-Porimin was screened and
selected by its reactivity with cell surface antigen and its ability
to induce cell death. The mAb was determined to be mouse
IgM subclass by using commercial Ig-isotyping reagents (Am-
ersham). Ascites for anti-Porimin was produced in mice, and
the mAb was purified from the ascites fluid by using a IgM
purification kit from Pierce.

Other Antibodies and Reagents. Monoclonal anti-CD95
(IgM) (19), anti-CD6 (IgM), and mouse IgM (MsIgM) were
used as controls in this study and were obtained from Coulter.
Affinity-purified goat anti-mouse Ig-fluorescein isothiocya-
nate (FITC) conjugate for flow cytometry and goat anti-mouse
Ig-peroxidase conjugate for immunoblotting assays were pur-
chased from Jackson ImmunoResearch. Propidium iodide and
all other chemicals were obtained from Sigma unless otherwise
indicated.
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Cell Culture and Induction of Cell Death by Anti-Porimin.
Jurkat cells and all other human cell lines used in this study
were obtained from the American Type Culture Collection
(Manassas, VA) and were maintained in RPMI 1640 medium
(BioWhittaker) supplemented with 10% fetal bovine serum,
and 2 mM L-glutamine, penicillin (50 unitsyml), and strepto-
mycin (50 mgyml). For induction of cell death, cells were
suspended in the culture medium at a density of 5 3 105 cells
per ml and were incubated with anti-Porimin in an atmosphere
of 5% CO2 at 37°C. For some experiments, the induction of cell
death by anti-Porimin was performed in serum-free culture
medium PFHM-II (GIBCOyBRL) or in PBS alone.

Cell Staining and Flow Cytometric Analysis. To test the
reactivity of anti-Porimin with Jurkat cells and other human
cell types, cells were labeled for flow cytometry by indirect
immunofluorescent staining and analyzed by using an Epics
Elite flow cytometer (Coulter).

Quantification of Cell Death in Suspension Culture. The
dead cells in suspension culture after exposure to cytotoxic
mAb were quantified by flow cytometry and by cell prolifer-
ation inhibition assays. For flow cytometry, cells (1 3 106 cells
per sample) were washed once with PBS after induction of cell
death by mAb and suspended in 1 ml of cold PBS containing
propidium iodide at a concentration of 5 mgyml. Cell death was
assessed by determining the intracellular propidium iodide
(red) fluorescence with a flow cytometer as described previ-
ously (14, 20).

For cell proliferation inhibition assay, Jurkat cells were
cultured in 96-well microtiter plates and incubated in the
absence or presence of anti-Porimin antibody. After pulsing
with 1 mCi (1 mCi 5 37 kBq) of [3H]thymidine (NEN) per well
for 4 h, cells were harvested and [3H]thymidine incorporation
was measured by a Wallac liquid scintillation counter. The
reported results represent the means of triplicate determina-
tions and were calculated as follows: cell proliferation inhibi-
tion (%) 5 [1 2 (experimental valueymedium background
value)] 3 100.

Immunoblot and Immunoprecipitation. For immunoblot-
ting assay, the preparation of cell lysate, SDSyPAGE, and
protein transfer were done as described previously (18). After
incubation with 3% BSA in PBS to block nonspecific binding
sites, the nitrocellulose membrane was incubated with anti-
Porimin followed by goat anti-mouse Ig-peroxidase conjugate.
Immunoblots were visualized by enhanced chemiluminescence
assay (Amersham).

For immunoprecipitation, cell surface labeling of Jurkat
cells by biotinylation using biotin-7-NHS reagent (Boehringer
Mannheim) was performed by a modification of a previously
described method (21). Briefly, Jurkat cells (1 3 107 cells per
ml) were incubated for 10 min with biotin-7-NHS at a con-
centration of 80 mgyml. After two washes with PBS and
incubation with 10% fetal bovine serum in PBS for 30 min at
4°C, the cells were washed with PBS and solubilized in 1%
Triton X-100 lysis buffer (50 mM TriszHCl, pH 7.6y140 mM
NaCly1 mM EDTAy1 mM phenylmethylsulfonyl f luoridey2
mg/ml aprotinin). Cell lysate was collected after centrifugation
at 14,000 rpm for 15 min at 4°C. After preclearance by
absorption with Sepharose 4B beads, cell lysates were incu-
bated for 2 h with anti-Porimin that had been coated onto
CNBr-activated Sepharose 4B beads (Boehringer Mannheim).
Antigen–antibody complexes were pelleted by centrifugation,
washed, and then resuspended in sample buffer. Immunopre-
cipitates were separated by SDSyPAGE and transferred onto
a nitrocellulose membrane by electrophoresis. The membrane
was blotted with streptavidin-peroxidase conjugate and visu-
alized by chemiluminescence.

DNA Fragmentation Assay. Jurkat cells were incubated at
37°C with mAb to induce cell death in suspension culture. At
various periods of induction, cells were harvested for DNA

extraction in which DNA fragmentation was detected by
agarose gel electrophoresis as described previously (22).

Electron Microscopy. To examine the surface structural
changes of cells by scanning electron microscopy, Jurkat cells
were treated with anti-Porimin or control antibodies for 1 h at
37°C and fixed in 1.5% glutaraldehyde in 0.1 M cacodylate
buffer. The cells were dehydrated in an ascending series of
alcohol followed by drying in a Ladd critical point dryer. The
samples were coated with palladium coating system and ex-
amined by a JEOL JSM-35CF scanning electron microscope.

For transmission electron microscopy, cells were fixed by
1.25% glutaraldehyde in cacodylate buffer containing 1%
CaCl2 and postfixed in 1% OsO4. After dehydration and
embedding, the samples were sectioned, stained, and examined
with a transmission electron microscope.

RESULTS

Anti-Porimin Rapidly Mediates Membrane Blebbing, Pore-
Formation, and Increased Permeability of the Plasma Mem-
brane Followed by Cell Death. In an effort to characterize cell
surface molecules involved in the cell death of human lym-
phoid cells, a panel of mAbs has been raised in the present
study by immunizing mice with apoptotic Jurkat cells. One of
these antibodies, designated anti-Porimin, was found to react
with Jurkat cells and was shown to be cytotoxic for these cells.
When Jurkat cells were incubated with anti-Porimin, the cells
aggregated in suspension culture within minutes and under-
went morphologic changes with damages to the plasma mem-
brane, which was then followed by cell death. Anti-Porimin
mediated cell death was complement-independent and was
observed after incubation at either 37°C or room temperature.

To assess cell death mediated by anti-Porimin, we used
propidium iodide as a probe to identify dead cells by flow
cytometry. Propidium iodide is a fluorescent compound that,
under isotonic conditions, can only enter nonviable cells that
lose plasma membrane integrity (14, 20). Thus, by flow
cytometric analysis, nonviable cells can be identified as those
bearing bright red fluorescence whereas viable cells lack the
fluorescent staining. As shown in Fig. 1, anti-Porimin rapidly
increased the permeability of Jurkat cells and more than 75%
of the cells were stained strongly by propidium iodide as early
as 20 min after treatment with anti-Porimin (Fig. 1 A–C).
Under identical experimental conditions, fewer than 11% cells
took up propidium iodide when incubated for 3 h with
anti-CD95, an antibody known to induce apoptotic cell death
in Jurkat cells (Fig. 1D). As expected, less than 7% of cells
incubated in the presence of an isotype-matched control

FIG. 1. Anti-Porimin causes an increase in the plasma membrane
permeability followed by cell death in Jurkat cells. Jurkat cells were
treated with anti-Porimin or control antibodies at 1 mgyml in culture
medium and were harvested at various incubation periods for analysis
of cell death. After incubation of the cell with propidium iodide in PBS,
the intracellular red fluorescence in nonviable cells was analyzed by
flow cytometry. (A–C) Cells treated with anti-Porimin for 20 min, 1 h,
and 3 h, respectively. (D–F) Cells treated for 3 h with anti-CD95,
normal control anti-CD6, or in medium alone. The percentage of
nonviable cells that lacked membrane integrity is marked on the
profile.
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antibody or cultured in medium alone were stained by pro-
pidium iodide (Fig. 1 E and F). The ability of anti-Porimin to
induce an increase in membrane permeability of Jurkat cells
occurred in regular culture medium, protein-free culture me-
dium, or PBS. Anti-Porimin-mediated cell death was preceded
by cell aggregation, morphologic changes, and increased per-
meability of the plasma membrane. After incubation of cells
with anti-Porimin for 18 h, more than 50% of cell proliferation
activity was inhibited by anti-Porimin in nanomolar concen-
trations, as measured by [3H]thymidine incorporation assay
(Fig. 2).

To further investigate the lethal effects of anti-Porimin
antibody on the cell membrane, Jurkat cells were treated with
the antibody for 1 h and examined for cell surface structural
changes by scanning electron microscopy (Fig. 3). In the
presence of anti-Porimin, Jurkat cells rapidly aggregated in
clusters in suspension culture and morphologically displayed a
loss of surface microvilli. The induction of cell aggregation by
anti-Porimin occurred within minutes and lasted until the cells
had died. More important, these cells were found to have
cellular swelling followed by shrinkage, membrane blebs, and
surface wrinkling or dents before cell death. Many pores were
formed on the plasma membrane of those cells that were
marked for the cell death (Fig. 3 A and D). In contrast,
apoptotic cell death mediated by anti-CD95 was morpholog-
ically distinct and characterized by a decrease in cell size and
evidence of membrane budding. Although the apoptotic cells
also displayed a loss in surface microvilli, the integrity of the
plasma membrane remained preserved under comparable
conditions because no obvious membrane pores were observed
on these cells (Fig. 3 B and E). As expected, cells treated with
normal control antibody preserved uniform morphology and
normal cell surface structures (Fig. 3 C and F).

Anti-Porimin Identifies a 110-kDa Cell Surface Receptor on
Jurkat Cells. The reactivity of anti-Porimin with Jurkat cells
was defined initially by cell proliferation inhibition and by flow
cytometry. Fig. 4 represents flow cytometric profiles of the
Porimin expression on Jurkat cells and other human cells
tested, in comparison with the expression of CD95 antigen.
Almost 95% of Jurkat cells were found to express the Porimin
antigen on the cell surface, and the mean fluorescence inten-
sity (MFI) was always very high. All six subclones of Jurkat
cells obtained from the American Type Culture Collection
were shown to express this cell surface receptor, and all could
be induced to undergo cell death by anti-Porimin. In contrast,
human peripheral blood lymphocytes and other hematopoietic
cell lines, including H9 (T cell line), CEM (T cell line), Ramos

(B cell line), and the erythroleukemia line K562 cells, showed
little reactivity. CD95, on the other hand, could be readily
identified on activated peripheral blood lymphocytes and a
number of malignant lymphoid cell lines including Jurkat, H9,
and Ramos (Fig. 4). As determined by transmission electron
microscopy, the antigen defined by anti-Porimin was localized
onto the surface of the plasma membrane in Jurkat cells (Fig.
5).

Molecular characteristics of the Porimin antigen were de-
termined by immunoblots and by immunoprecipitation with
lysates of Jurkat cells (Fig. 6). By immunoblot analysis, anti-
Porimin detected a specific protein band with a molecular mass
of approximately 110 kDa in the cell lysates prepared from all
subclones of Jurkat cells tested, including E6–1, JA1, J.
Cam1.6, and J45.01 (Fig. 6A, lanes 1–4). The 110-kDa protein
band could not be detected in those cells that did not express
the cell surface antigen (Fig. 6A, lanes 5–7).

These findings were confirmed further by immunoprecipi-
tation studies in which Jurkat cells were labeled with biotin
before the preparation of cell lysates (Fig. 6B). Immunopre-
cipitates from the cell lysates by mAbs were separated by
SDSyPAGE and transferred onto a nitrocellulose membrane,
which was blotted with Streptavidin-peroxidase conjugate and
visualized by chemiluminescence assay. Anti-Porimin precip-
itated a single protein band with a molecular mass of approx-
imately 110 kDa from Jurkat cell lysate (Fig. 6B, lane 1). As
expected, no protein band was observed in the precipitates by
the negative control antibody (Fig. 6B, lane 2).

Cell Death Mediated by Anti-Porimin Antibody Exhibits
Neither DNA Fragmentation nor Apoptotic Bodies, but Dis-
plays Lethal Damages to the Cell Membrane. The internu-
cleosomal cleavage of chromatin into DNA fragments is a
common feature of apoptosis and serves as a characteristic
marker for apoptotic cell death. To test whether cell death by
anti-Porimin induces the degradation of internucleosomal
DNA, Jurkat cells were incubated with anti-Porimin at 37°C
for various times and analyzed for DNA fragmentation by
agarose gel electrophoresis (Fig. 7). DNA extracted from
anti-Porimin-treated Jurkat cells showed no evidence of DNA
fragmentation even when these cells were treated with the
antibody for 18 h, at which time there was pronounced cell
death (lanes 2–4). Under comparable conditions, cells treated
with anti-CD95 for only 2 h clearly exhibited a ladder pattern
of DNA fragments by agarose gel electrophoresis (lane 6).
These findings are in keeping with both transmission and
scanning electron microscopy (Fig. 3 and data not shown),
where the main feature of cell death induced by anti-Porimin
was destruction of the plasma membrane and the dilatation of
mitochondria. Nuclear damage including karyolysis repre-
sented a late event in the anti-Porimin-mediated cell death of
Jurkat cells. In contrast, apoptotic Jurkat cells by anti-CD95
displayed cytoplasmic condensation, nuclear disruption, and
the formation of apoptotic bodies.

DISCUSSION

We describe a mAb, designated anti-Porimin, that defines a
110-kDa cell surface receptor (Porimin) on human T leukemia
Jurkat cells and that rapidly induces these cells to undergo a
unique form of cell death. The induction of cell death by
anti-Porimin was preceded by cell aggregation, morphologic
changes, pore formation in the plasma membrane, and the
appearance of membrane blebs. Anti-Porimin-mediated cell
death showed no evidence of DNA fragmentation or forma-
tion of apoptotic bodies but did, however, rapidly cause plasma
membrane injury followed by cell death. The nature of the
anti-Porimin cytotoxicity was complement-independent and
distinct from apoptosis. The induction of cell death by anti-
Porimin may represent a unique cell surface receptor-
mediated pathway for cell death in human lymphoid cells.

FIG. 2. Inhibition of cell proliferation by anti-Porimin. Jurkat cells
were cultured in triplicate samples in a 96-well microtiter plate
containing 5 3 104 cells per well in a total of 200 ml of medium and
incubated for 18 h with either anti-Porimin or normal control mAb at
the indicated concentrations. Background controls were determined
by incubation of cells in medium alone. The inhibition of cell prolif-
eration was measured by [3H]thymidine incorporation as described in
Materials and Methods.
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Apoptosis and oncosis represent two distinct pathways
leading to cell death. During normal development and in the

process of homeostasis of multicellular organisms, large num-
bers of cells die by programmed cell death through apoptosis
pathway. Apoptotic cell death usually displays a decrease in
cell size, chromatin condensation, DNA fragmentation, mem-
brane budding, and formation of apoptotic bodies. On the
other hand, cell death by mechanisms other than apoptosis
often is referred to as necrosis or accidental cell death.
Unfortunately, the term necrosis does not define a mode of cell
death but rather it refers to morphologic changes secondary to
cell death induced by many mechanisms, including apoptosis.
Recently, Majno and Joris (17) and others (16, 23) redefined
the concept of cell death and proposed the term oncosis to
describe a form of cell death distinct from apoptosis. The term
oncosis, derived from ónkos, meaning swelling, initially was
used to define ischemic cell death with swelling in osteogenic
cells. In contrast with apoptosis, oncosis currently is defined as
a form of cell death accompanied by cellular swelling, mem-
brane blebbing, and increased membrane permeability,
whereas DNA fragmentation is shown in a nonspecific fashion
in oncosis. Cell death by oncosis may result in necrosis with
karyolysis whereas apoptotic cell death leads to necrosis with
karyorrhexis and cell shrinkage (17, 24). Cell death mediated

FIG. 3. Scanning electron micrographs of cell death mediated by anti-Porimin in Jurkat cells. Jurkat cells were incubated for 1 h in the presence
of anti-Porimin or control mAbs and prepared for scanning electron microscopy. Cells treated with anti-Porimin (A and D), apoptotic antibody
anti-CD95 (B and E), or the isotype-matched control antibody anti-CD6 (C and F) were examined by scanning electron microscopy at 32,000 (A–C)
(bars 5 10 mm) or 311,000 original magnifications (D–F) (bars 5 1 mm).

FIG. 4. The cellular expression of Porimin antigen on Jurkat cells.
Cells were stained with anti-Porimin or control mAbs followed by goat
anti-mouse Ig-FITC conjugate, and analyzed by flow cytometry. The
percentage of positive cells (%) and the mean fluorescence intensity
(MFI) of cells are indicated in each profile.
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by anti-Porimin in the present study displays most, if not all,
characteristic features of oncosis but not those described for
apoptosis. Anti-Porimin defined a 110-kDa cell surface recep-
tor on Jurkat cells and rapidly mediated the formation of
membrane pores followed by cell death. Porimin-mediated cell
death, however, showed no evidence of DNA fragmentation.
Furthermore, the cellular expression and biochemical charac-
teristics of the Porimin antigen showed that it is distinct from
CD95 and its ligand CD95L (2, 3, 25, 26), as well as other cell
surface receptors or ligands known to induce apoptosis in-
cluding DR3 (also known as Apo-3yWSL-1yTRAMP) (5, 6,
27, 28), DR4 (7), DR5 and its decoy receptors (8–10, 29), and
TRAIL (also called Apo2L), the ligand for both DR4 and DR5
(30, 31). Our results also indicate that anti-Porimin triggers cell
death in a manner distinct from that which occurs in apoptosis
but consistent with that described in oncosis. Whether this

antibody-defined cell surface receptor is unique to the Jurkat
cell or can be found in other cell types undergoing oncosis
requires further study.

Studies on the mechanisms of apoptotic cell death have been
greatly stimulated by the recent identification of several cell
death receptors and signaling pathways triggered by these
receptors. During apoptosis, a cysteine protease cascade is
activated by signaling through the death receptor–ligand in-
teraction, and the activated proteases in turn cleave various
cellular components leading to morphologic changes charac-
teristic of apoptosis (11). In contrast, the molecular and
biochemical mechanisms underlying oncosis are unknown
although some believe that oncosis is a result of a failure of the
ionic pumps in the plasma membrane and decreased levels of
cellular ATP (17, 24). Whether cell death by anti-Porimin
requires the activation of proteases and whether the antibody
has any effect on the ionic events of the plasma membrane
remain to be characterized. Nevertheless, several studies have
documented that a number of cells die in a manner consistent
with oncosis, and the current state of knowledge of oncosis is
evolving rapidly. Cell death by oncosis has been found in
human macrophages infected with virulent Shigella flexneri

FIG. 5. Localization of the Porimin antigen by immunoelectron microscopy. Jurkat cells were labeled with anti-Porimin followed by goat
anti-mouse Ig conjugated to 10-nm gold particles and examined by transmission electron microscopy (335,000 original magnification). The gold
particles are localized onto the surface of plasma membrane (arrows) of the cell.

FIG. 6. Anti-Porimin defines a 110-kDa antigen in the lysate of
Jurkat cells by immunoblot (A) or immunoprecipitation assay (B). For
immunoblotting assay, cell lysates from Jurkat subclones E6–1, JA1,
J. Cam1.6, and J45.01 (lanes 1–4) or from H9 (lane 5), CEM (lane 6),
or K562 cells (lane 7) were blotted with anti-Porimin and visualized by
chemiluminescence assay. The relative migration of protein standards
is indicated on the right. For immunoprecipitation assay, Jurkat cells
were biotinylated and then lysed in a lysis buffer. Immunoprecipitates
from the cell lysates by anti-Porimin (lane 1) or control antibody
MsIgM (lane 2) were analyzed by Western blotting assay by using
streptavidin-peroxidase conjugate.

FIG. 7. No DNA fragmentation is detected in the cell death
mediated by anti-Porimin. After the treatment of Jurkat cells with
anti-Porimin or control mAbs for various periods of time as indicated,
DNA was extracted from these cells and analyzed on a 1.4% agarose
gel, with DNA equivalent to 2 3 106 cells per lane. The DNA samples
were prepared from cells pretreated with anti-Porimin for 2, 9, and
18 h (lanes 2–4, respectively), or with nonapoptotic anti-CD6 for 18 h
(lane 5) or apoptotic anti-CD95 for 2 h (lane 6). The relative mobility
of a 100-bp DNA ladder is shown as molecular weight standards (lane
1).
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(15), in murine B16 melanoma cells treated in vivo with
cyclophosphamide (32), and in ocular diseases (33). In addi-
tion, several reports have suggested that the cell death of
intersegmental muscles in the moth (13), in human peripheral
blood lymphocytes treated with a high dose of staphylococcal
toxin (14), or in antibody RE2-mediated cell death of murine
cells was not characteristic of apoptosis (34). Cell death
mediated by a high dose of Staphylococcal toxin or by antibody
RE2 displayed lethal damages to the cell membranes but
showed no evidence of DNA fragmentation in target cells (14,
34). As shown in this study, cell death mediated by anti-
Porimin displays many common features described in oncosis.
Still to be defined is the nature of the structures identified by
anti-Porimin and whether or not these disparate mediators of
oncosis participate in a conserved biochemical pathway that
mediates cell death.

In conclusion, our results indicate that anti-Porimin defines
a cell surface receptor mediating cell death by oncosis. Thus,
anti-Porimin may be useful as a cell surface marker to define
cell subsets or as an oncosis-inducing reagent to generate cell
death distinct from apoptosis. Determination of the molecular
structure of Porimin antigen may provide a clue as to its
functional role in the induction of cell death. Finally, charac-
terization of the molecular and biochemical events in the
Porimin-mediated cell death certainly will contribute to a
general understanding of cell death by oncosis.
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