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Abstract
Many eukaryotic cell types are capable of specific recognition and phagocytosis of apoptotic cells,
and there is increasing interest in the mechanisms involved in this process. To facilitate analysis of
these mechanisms, we designed a novel fluorescence-based method to quantify phagocytosis in vitro
using endothelial cell engulfment of apoptotic cells as a model. The B-cell line WEHI-231 was
labeled with the fluorophore 5-(&-6)-carboxytetramethylrhodamine-succinimidyl-ester (TAMRA)
and then induced to undergo apoptosis by crosslinking cell surface immunoglobulin. An endothelial
cell line was subsequently allowed to ingest these TAMRA-labeled apoptotic lymphocytes. After 24
h, non-bound lymphocytes were removed and the monolayers were dissociated. Any
nonphagocytosed lymphocytes that remained tightly bound to the endothelial cells were then
indirectly immunofluorescein labeled for the pan leukocyte-specific marker CD45. Flow cytometric
analysis of the cells distinguished three endothelial cell populations: 1) endothelial cells with surface
bound lymphocytes (TAMRA+CD45+); 2) endothelial cells containing phagocytosed apoptotic
lymphocytes (TAMRA+ CD45−); and 3) endothelial cells that were not associated with lymphocytes.
The identification of these populations was verified by confocal microscopy of sorted cells. The
method described herein will facilitate detailed studies on phagocytic recognition of apoptotic cells
and should have broad applications to other phagocytic cell systems.
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Apoptosis is a form of cell death induced by various external and internal cellular signals during
development, cell differentiation, and normal tissue homeostasis (14). Induction of the cell
death program intiates diverse cellular changes, including membrane blebbing, condensation
of chromatin along the nuclear membrane, activation of calcium sensitive endonucleases
resulting in DNA fragmentation, and the generation of membrane-enclosed apoptotic bodies
(6). Apoptotic cells are specifically recognized and efficiently removed by various phagocytes
before their continued degeneration results in a loss of apoptotic cell membrane integrity. Thus
phagocytosis of apoptotic cells plays an important role in the clearance of nonfunctional dying
cells, thereby preventing the release of toxic cellular enzymes and other by-products which
would stimulate a potent inflammatory response and consequently contribute to tissue damage.
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Multiple types of somatic cells are capable of recognizing apoptotic cells. Examples include
macrophage engulfment of apoptotic lymphocytes (1,11), fibroblast phagocytosis of apoptotic
neurotrophils (12), Langerhans’ cell engulfment of apoptotic vaginal epithelial cells during the
murine estrous cycle (16), and liver endothelial cell phagocytosis of apoptotic liver cells (8).
A number of methods have been used to quantify this process in vitro. Most current procedures
quantify the number of apoptotic cells (internalized and surface bound) by light microscopy.
These assays are based on the assumption that bound targets are destined for internalization
(23), which is often an invalid assumption in cell-cell recognition systems where the target cell
tightly adheres to the phagocytic cell regardless of the apoptotic state. An example of this is
the specific interaction between endothelial cells and lymphocytes where endothelial cells
regulate the transendothelial migration of lymphocytes as well as phagocytose apoptotic
lymphocytes (4, 8, Cook-Mills, unpublished observation). Since endothelial cells bind
leukocytes during both processes, binding of leukocytes must be distinguished from leukocyte
internalization to specifically quantify phagocytosis.

Other phagocytosis assays distinguish internalized targets from bound targets, but these assays
require manual counting, which is cumbersome and time consuming. For example, Fadok et
al. (10) described an assay whereby macrophages are treated with trypsin to dissociate bound
cells and then the internalized cells are counted by light microscopy. In another assay, where
the apoptotic target cell is a red blood cell, the bound but not internalized red blood cells are
removed by hypotonic lysis and the remaining red blood cells are counted (19). This is not
universally applicable, since apoptotic lymphocytes are not differentially susceptible to
hypotonic lysis. Another current quantitative assay for phagocytosis utilizes the quenching of
external but not phagocytosed FITC labels with trypan blue (18,22). However, the FITC label
itself is partially quenched by the acidic environment of the phagolysosome, thereby reducing
assay sensitivity (18).

This report describes a novel rapid method to quantify the percentage of endothelial cells which
have phagocytosed apoptotic lymphocytes by distinguishing the following 3 populations: 1)
endothelial cells that have phagocytosed apoptotic leukocytes, 2) endothelial cells that have
surface-bound leukocytes, and 3) endothelial cells not associated with leukocytes. This method
has broad applications as a technique to study phagocytic recognition of multiple apoptotic
cell types.

METHODS
Animals

BALB/c mice (4–6 weeks old) were bred under pathogenfree conditions at Harlan Industries,
Indianapolis, Indiana.

Antibodies
Affinity purified goat-anti-mouse Ig, F(ab’)2 (IgA, IgG, and IgM, H + L) was obtained from
Organon Teknika Corporation, West Chester, Pennsylvania. Affinity purified rat-anti-mouse
CD45 (Ly5/T200), affinity purified rat-anti-mouse VCAM-1 (CD106), and the isotype control
rat-anti-mouse IgG2a, κ were obtained from PharMingen, San Diego, California. Purified
FITC-conjugated goat-anti-rat Ig (IgM + IgG, H+L) (preadsorbed against pooled mouse serum)
was obtained from Southern Biotechnology Associates, Inc., Birmingham, Alabama. Purified
Cy-5-conjugated goat-anti-rat IgG (H+L) was obtained from Jackson ImmunoResearch
Laboratories, Inc., West Grove, Pennsylvania.
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Cell Lines
WEHI-231 cells (BALB/c mouse B-cell lymphoma) were purchased from the American Tissue
Culture Collection, Rockville, Maryland. The generation of the mHEVa endothelial cell line
by this laboratory has been previously described (7).

Culture Medium
The mHEVa cell line was maintained in HEV culture medium consisting of RPMI-1640
medium supplemented with 20% heat-inactivated fetal calf serum, 1 mM HEPES buffer (pH
7.2), 10 mM sodium bicarbonate, 2 mM glutamine, 100 U/ml penicillin, 100 μg/ml
streptomycin, and 50 μg/ml gentamycin. The WEHI-231 cells were maintained in DMEM
culture medium consisting of DMEM medium supplemented with 10% heat-inactivated fetal
calf serum, 2 mM glutamine, 100 U/ml penicillin, 100 μg/ml streptomycin, and 50 μg/ml
gentamycin. In addition, the WEHI-231 cells required 50 μM 2-mercaptoethanol (2-ME) for
viability. All cells were incubated in a humidified atmosphere at 37°C in 5% CO2-air.

Induction of Apoptosis
WEHI-231 cells (12 × 106/ml) were induced to undergo apoptosis by crosslinking cell-surface
immunoglobulins by the addition of 25 μg goat-anti-mouse Ig, F(ab’)2 in 6 ml of DMEM
culture medium (3,13). After 24 h at 37°C, the WEHI-231 cells were washed and placed in
DMEM culture medium.

DNA Fragmentation Assay (21)
WEHI-231 cells (6 × 106 anti-Ig-treated or control cells) were centrifuged at 200 g for 10 min.
The cells were lysed at room temperature for 20 min with 400 μl lysing solution comprised of
0.2% Triton X-100, 1 mM EDTA, and 10 mM Tris-HCl, pH 7.5. To pellet the intact DNA, the
lysates were centrifuged at 13,000 g. The supernatant containing the fragmented DNA was
transferred to a separate tube. 400 μl of additional lysing solution was added to the pellet of
intact DNA. To precipitate the DNA, 200 μl of 25% trichloroacetic acid (TCA) was added and
the samples were incubated at 4°C overnight. The TCA was removed and 80 μl of 5% TCA
was added to the DNA to facilitate hydrolysis at 90°C for 10 min. 160 μl of diphenylamine
(DPA) reagent comprised of 1.5% sulfuric acid, 0.2% acetaldehyde, and 98% glacial acetic
acid was added to both supernatant and pellet samples and they were then incubated at room
temperature overnight for color development by an unknown mechanism. The OD600 was
determined using a microtiter plate reader. The % fragmented DNA = ODsupernatant/(ODpellet
+ ODsupernatant).

Phagocytosis Assay
mHEVa cells were plated in 12 well microtiter plates and were incubated for 2 days at 37°C
to allow growth to confluent monolayers. Nonapoptotic WEHI-231 cells (30 × 106) were
incubated with 50 μg of the viable dye, TAMRA (5-(&6)-carboxytetramethylrhodamine,
succinimidyl ester; the excitation spectrum is 460–565 nm, with a peak at 550, and the emission
spectrum is 540–640 nm, with a peak at 568; Molecular Probes, Eugene, OR), in 2 ml DMEM
plus 2 ml 0.01 M phosphate buffered saline, pH 7.4 (PBS) for 15 min at 37°C (5). The
WEHI-231 cells were washed and apoptosis was induced by crosslinking cell surface
immunoglobulins for 24 h as described above. TAMRA-labeled apoptotic and nonapoptotic
lymphocytes (2 × 106 cells) were added to the mHEVa monolayers for 16 h at 37°C for
phagocytosis. Culture medium was aspirated and the mHEVa cell/lymphocyte co-cultures were
treated with 0.03% EDTA for 5 min to dissociate the monolayers. The cells were washed with
PBS-0.3% immunoglobulin-free bovine serum albumin (BSA)-0.15% NaN3 at 4°C to prevent
any additional phagocytosis of cells and internalization of surface-bound antibodies in the
remainder of the procedure. To label surface-bound nonphagocytosed lymphocytes, 2 × 106
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cells from the mHEVa cell/lymphocyte co-culture were incubated in 200 μl of PBS-0.3%
BSA-0.15% NaN3 with 2 μg of rat-anti-mouse CD45 (Ly5/T200) or with an isotype control at
4°C for 30 min. Controls consisted of nonapoptotic or apoptotic WEHI-231 cells incubated
with anti-CD45 or an isotype control. The cells were washed and 2 μg of FITC-conjugated
goat-anti-rat Ig was added to the cells in 200 μl of PBS-0.3% BSA-0.15% NaN3 at 4°C for 30
minutes. The cells were washed and analyzed by flow cytometry.

Flow Cytometry and Cell Sorting
Flow cytometry was performed using either a FACScan/Lysys II system (Becton Dickinson,
San Jose, CA) or a Coulter EPICS 753 (Coulter Corp., Miami, FL)/Cicero system with Cyclops
software (Cytomation Inc., Fort Collins, CO). Excitation was performed using a 488 nm argon
ion laser line with emission collected using a 530 nm band pass (BP) filter for FITC, and for
TAMRA, a 585 nm BP filter on the FACScan or a 620 nm BP filter on the Coulter EPICS 753.
Cell sorting was performed on the Coulter EPICS 753.

Confocal Microscopy
After fluorescence-activated cell sorting on selected mHEVa populations, the mHEVa cells (4
× 104) were labeled with 2 μg of rat-anti-mouse VCAM-1 in 200 μl of PBS-0.3% BSA-0.15%
NaN3 at 4°C for 30 min. Cy5-conjugated goat-anti-rat IgG (2 μg) was added in 200 μl of
PBS-0.3% BSA-0.15% NaN3 at 4°C for 30 min. The cells were washed and examined by light
and confocal microscopy using a Leica TCS 4D microscope/SCANware system (Heidelberg,
Germany) equipped with an Omnichrome krypton-argon laser (Chino, CA). Excitation was
performed using the 488 nm, 568 nm, and 647 nm argon/krypton laser lines simultaneously.
Emission was collected using a RSP580 beam splitter and a BP530 filter at detector #1, a
RSP660 beam splitter and a BP600 filter at detector #2, and a LP665 filter at detector #3, for
FITC, TAMRA, and Cy5, respectively.

RESULTS
To examine apoptotic cells by flow cytometry after several days of co-culture with endothelial
cells, we identified a fluorophore that maintains an intense signal after 4 days in culture and
which is neither quenched by the low pH of phagolysosomes (15) nor nonspecifically acquired
by neighboring cells. The WEHI-231 B cell line was labeled with the succinimidyl ester of the
rhodamine-derivative TAMRA (5). These TAMRA-labeled B-cells were induced to undergo
apoptosis by crosslinking cell surface immunoglobulins (3,13). The induction of apoptosis was
verified by the analysis of DNA fragmentation using the colorimetric DNA fragmentation assay
(21). At 24 and 48 h post anti-Ig treatment, there was 28% and 40% DNA fragmentation,
respectively. The controls had 5% fragmentation. To determine whether nonlabeled cells could
acquire the TAMRA label from leakage from labeled cells, we labeled nonapoptotic or
apoptotic WEHI-231 cells with TAMRA (Fig. 1B and C) and co-cultured them with nonlabeled
nonapoptotic WEHI-231 cells for 3 days and examined the cultures by flow cytometry (Fig.
1). There was no shift in the mean fluorescence intensity (MFI) of nonlabeled cells in the
cocultures in Figure 1D and 1E when compared to the nonlabeled cells in Figure 1A, indicating
that there was no acquisition of TAMRA label by the nonlabeled cells. These results established
that nonlabeled cells did not nonspecifically acquire TAMRA label by co-cultivation with
labeled cells.

To examine phagocytosis of apoptotic cells using flow cytometry, the endothelial cell line
mHEVa was chosen for its ability to phagocytose apoptotic WEHI-231 cells (Cook-Mills,
unpublished observation). For co-cultures of mHEVa cells and WEHI-231 cells, flow
cytometry analysis utilizing dot plots of forward scatter (FSC) vs. side scatter (SSC) clearly
distinguished the mHEVa cells from either the TAMRA-labeled apoptotic or nonapoptotic
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WEHI-231 cells (Fig. 2A—C). In addition, the mHEVa cells cocultured with control or
apoptotic WEHI-231 cells remained in the same position within the R1 gate (Fig. 2D,E),
indicating that there was not a significant change in FSC or SSC when the mHEVa cells
phagocytosed the WEHI-231 cells. Thus, this enabled specific gating on the mHEVa cells
within a co-culture. Before examination of cell co-cultures, the fluorescence profiles for each
cell type was determined. The mHEVa cells had a higher autofluorescence due to their larger
size than the WEHI-231 cells at 530 nm (FL-1), as shown in the dot plots of CD45 (Ly5/T200)
versus TAMRA (Fig. 3A,B,D). In samples containing only TAMRA-labeled apoptotic or
control WEHI-231 cells, the WEHI-231 cells exhibited a relatively high mean fluorescent
intensity on the FL-2 (TAMRA) axis (Fig. 3B,D). In samples containing TAMRA- and CD45-
labeled apoptotic or control WEHI-231 cells, the WEHI-231 cells exhibited a relatively high
mean fluorescence intensity on both the FL-1 (CD45) and FL-2 (TAMRA) axis (Fig. 3C,E).
Thus, the CD45-labeled WEHI-231 cells were bright enough to display them above the mHEVa
cells’ autofluorescence. The isotype control for anti-CD45 was negative in all experiments
(data not shown). Therefore, the TAMRA and CD45 labels of both nonapoptotic and apoptotic
WEHI-231 cells were distinct from nonlabeled cells.

To quantify the extent of phagocytosis of apoptotic cells by endothelial cells, the TAMRA-
labeled apoptotic or control WEHI-231 cells were added to monolayers of the mHEVa cells.
After 16 h, the cells were dissociated with 0.03% EDTA and the nonphagocytosed WEHI-231
cells were indirectly immunofluorescent labeled with rat-anti-mouse CD45 (Ly5/T200) or an
isotype control and FITC-conjugated goat anti-rat Ig. The percent of mHEVa cells that
phagocytosed WEHI-231 cells was determined by flow cytometry. The mHEVa cells were
“gated” using FSC versus SSC and then analyzed for CD45 versus TAMRA (FL1 vs. FL2)
expression. A dot plot (Fig. 4) of this analysis exhibited the following three distinguishable
endothelial cell populations: 1) mHEVa cells located in Region 4 possessing TAMRA label
due to internalization of TAMRA-labeled WEHI-231 cells, 2) mHEVa cells located in Region
5 possessing both a TAMRA and CD45 fluorescent label which was due to surface association
with dual-labeled WEHI-231 cells and not the result of internalization of TAMRA-labeled
cells (Fig. 5), and 3) mHEVa cells located in Region 6 with no detectable association with
labeled WEHI-231 cells. When mHEVa cells were cocultured with anti-Ig-treated WEHI-231
cells, 31% of the cells were associated with the TAMRA-only-labeled WEHI-231 cells (Fig.
4A, region 4). In contrast, mHEVa cells cocultured with control WEHI-231 cells (not induced
to undergo apoptosis with anti-Ig) exhibited only 13% of the mHEVa cells in Region 4 (Fig.
4B). This 13% most likely reflects a background level of apoptosis that occurs when WEHI-231
cells are cultured in medium that lacks 2-mercaptoethanol (2-ME). WEHI-231 cell viability
depends on 2-ME, but it cannot be included in the co-cultures since it dissociates the mHEVa
cell monolayers (Cook-Mills, unpublished observation).

To prove that the mHEVa cells in Region 4 or 5 of Figure 4A and B contained WEHI-231 cells
or had surface-associated WEHI-231 cells, cells from Region 4 or 5 were sorted and the cells
were then analyzed by confocal microscopy. Following cell sorting, the mHEVa cells were
labeled using rat-anti-mouse VCAM-1/Cy5-conjugated goat-anti-rat IgG so that the
VCAM-1+ endothelial cell surface (7) could be detected by confocal microscopy. The Cy5-
conjugated antibody did not significantly label the rat-anti-mouse CD45 on the WEHI-231
cells (Fig. 5G,H) suggesting that the rat-anti-mouse CD45 was saturated with the FITC-
conjugated goat-anti-rat Ig. The cells sorted from Region 4 of Figure 4A consisted of mHEVa
cells with phagocytosed TAMRA-labeled WEHI-231 cells (Fig. 5C). In contrast, cells sorted
from Region 5 of Figure 4A consisted of mHEVa cells and TAMRA+CD45+ lymphocytes;
some of the WEHI-231 cells that were once surface associated were dissociated during either
the harshness of the FACS sort and/or anti-VCAM labeling (Fig. 5E). Although it is
conceivable that Region 5 might also contain mHEVa cells with both surface-associated and
internalized WEHI-231 cells, confocal microscopic analysis of this population revealed no
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mHEVa cells with phagocytosed WEHI-231 cells, suggesting that labeling of these mHEVa
cells was due to surface-associated WEHI-231 cells. The results in Figures 5D and F were
similar to Figures 5C and E, indicating that mHEVa cells from Region 4 of Figure 4B had
phagocytosed control WEHI-231 cells that had begun to undergo apoptosis due to the absence
of 2-ME in the cocultures. Thus, Region 4 (CD45 versus TAMRA) consisted of mHEVa cells
that phagocytosed WEHI-231 cells and Region 5 consisted of mHEVa cells that did not contain
phagocytosed WEHI-231 cells. In summary, 31% of mHEVa cells phagocytosed apoptotic
WEHI-231 cells, whereas only 13% of the mHEVa cells phagocytosed control WEHI-231
cells.

DISCUSSION
The ability to specifically recognize and phagocytose apoptotic cells has evolved as a protective
mechanism to prevent dying cells from disrupting tissue homeostatis in multicellular
eukaryotes. Several phagocytic cells are known to be involved in this process including
macrophages, fibroblasts, and endothelial cells (1,8,11,12,16). Current assays to measure this
process in vitro suffer from their inability to distinguish specific apoptotic cell recognition from
adherence mechanisms involved in other cell-cell interactions. This is particularly true for
endothelial cells where the role of endothelium in promoting leukocyte diapedesis requires the
binding of leukocytes via adhesion molecules (4,9). Therefore, lymphocyte attachment to
endothelial cell surfaces occurs during both migration and phagocytosis.

The new method for quantification of phagocytosis described in this report distinguished
between lymphocyte adhesion and phagocytosis of apoptotic lymphocytes using a combination
of fluorescence labeling and flow cytometric analysis. The target cells were fluorescent labeled
with TAMRA. We have shown that TAMRA labeling is stable, even when the cells are induced
to undergo apoptosis, and that the label is not acquired by nonlabeled cells. In this assay,
TAMRA-labeled cells were induced to apoptose and then added to an endothelial cell
monolayer as a source of phagocytic cells. After phagocytosis, the cells were dissociated with
EDTA and the nonphagocytosed cells were indirectly immunofluorescent labeled for the pan
leukocyte marker CD45 (Ly5/T200). The phagocytic cells were “gated on” forward vs. side
light scattering and the percent of phagocytic cells with phagocytosed TAMRA-labeled
leukocytes was determined. Confocal analysis of sorted phagocytic cells verified that
phagocytic cells associated with the TAMRA-label had only internalized leukocytes whereas
phagocytic cells associated with the TAMRA and CD45-labels had only surface bound
leukocytes. This method also worked for examination of endothelial cell phagocytosis of
apoptotic spleen lymphocytes or apoptotic myeloid cell lines (data not shown).

Previous phagocytosis assays using adherent cells demand timely and cumbersome
microscopic counting to determine the actual number of phagocytes with internalized targets
(2,10,17,20). Our method, utilizing a simple labeling procedure and the power of flow
cytometric analysis, quantifies the percent of phagocytic cells while easily distinguishing
between phagocytosed cells and surface-bound cells. This provides a novel method to facilitate
studies on the mechanisms of eukaryotic cell recognition of apoptotic cells. We anticipate that
the assay will have broad applications to multiple other cell systems where one cell type is
capable of phagocytosing another cell type.
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FIG. 1.
Flow cytometric histograms of cocultures of TAMRA-labeled and nonlabeled WEHI-231 cells.
WEHI-231 cells were labeled with TAMRA and then induced to undergo apoptosis by anti-Ig
treatment for 24 h. The control subset was not anti-Ig treated. Nonlabeled WEHI-231 cells
were cultured for 3 days with an equal number of either TAMRA-labeled apoptotic or TAMRA-
labeled control WEHI-231 cells in DMEM culture medium with 2-ME. Cellular fluorescence
was examined by flow cytometry. A: non-labeled nonapoptotic WEHI-231 cells. B: TAMRA-
labeled nonapoptotic WEHI-231 cells. C: TAMRA-labeled apoptotic WEHI-231 cells. D:
TAMRA-labeled nonapoptotic WEHI-231 cells and nonlabeled nonapoptotic WEHI-231 cells.
E: TAMRA-labeled apoptotic WEHI-231 cells and nonlabeled nonapoptotic WEHI-231 cells.
MFI = mean fluorescence intensity.
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FIG. 2.
Flow cytometric dot plot (FSC vs. SSC) of mHEVa cells and TAMRA-labeled WEHI-231
cells. WEHI-231 cells were labeled with TAMRA, treated with anti-Ig for 24 h to induce
apoptosis, washed, cultured for 2 days, and examined by flow cytometry. A: mHEVa cells
only. B: TAMRA-labeled control WEHI-231 cells only. C: TAMRA-labeled apoptotic
WEHI-231 cells only. D: mHEVa cells in coculture with control WEHI-231 cells. E: mHEVa
cells in coculture with apoptotic WEHI-231 cells. R1 = Region 1. R2 = Region 2.
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FIG. 3.
Flow cytometric dot plot of FL1 versus FL2 (CD45 vs. TAMRA) of mHEVa cells and
WEHI-231 cells. WEHI-231 cells were labeled with TAMRA, treated with anti-Ig for 24 h,
washed, cultured for 2 days, indirectly immunofluorescent-labeled for CD45, and examined
by flow cytometry. mHEVa cells were “gated on” in the FSC vs. SSC profile of mHEVa cells
from Region 1 of Figure 2A and WEHI-231 cells were “gated on” in the FSC vs. SSC profiles
from Region 2 of Figure 2B & C. A: mHEVa cells. B: TAMRA-labeled nonapoptotic
WEHI-231 cells. C: TAMRA- and anti-CD45-labeled nonapoptotic WEHI-231 cells. D:
TAMRA-labeled apoptotic WEHI-231 cells. E: TAMRA- and anti-CD45-labeled apoptotic
WEHI-231 cells. FACScan FL1-FL2 compensation = 0.3%. FACScan FL2-FL1 compensation
= 39%, as required for the TAMRA label. R3 = Region 3. R4 = Region 4. R5 = Region 5. R6
= Region 6.
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FIG. 4.
Flow cytometric dot plot (CD45 vs. TAMRA) of mHEVa cells with phagocytosed and surface-
bound WEHI-231 cells. WEHI-231 cells were labeled with TAMRA, treated with anti-Ig for
24 h to induce apoptosis, washed, placed in co-culture with mHEVa cell monolayers for 24 h,
indirectly immunofluorescent-labeled for CD45, and examined by flow cytometry. mHEVa
cells were “gated on” in a FSC vs. SSC dot plot (Region 1) and then analyzed for the TAMRA
and CD45 labels. A: mHEVa cells in co-culture with apoptotic WEHI-231 cells. B: mHEVa
cells in co-culture with control WEHI-231 cells. R3 = Region 3. R4 = Region 4. R5 = Region
5. R6 = Region 6.
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FIG. 5.
Confocal photomicrographs of mHEVa cells and WEHI-231 cells from FACS sorted mHEVa
cells from Regions4 & 5 from Fig. 4. mHEVa cells were sorted, labeled with rat-anti-mouse
VCAM-1 or an isotype control antibody and Cy5-conjugated goat-anti-rat IgG, and analyzed
by confocal microscopy. A: representative field of cocultures of mHEVa cells and apoptotic
WEHI-231 cells prior to cell sorting. B: representative field of cocultures of mHEVa cells and
control WEHI-231 cells prior to cell sorting. C: representative field of mHEVa cells sorted
from Region 4 from Figure 4A containing phagocytosed TAMRA-labeled apoptotic
WEHI-231 cells. D: representative field of mHEVa cells sorted from Region 4 from Figure
4B containing phagocytosed TAMRA-labeled control WEHI-231 cells which were most likely
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apoptotic due to the absence of 2-ME while in co-culture with the mHEVa cells. E:
representative field of mHEVa cells sorted from Region 5 from Figure 4A containing dual-
labeled (TAMRA+CD45+) WEHI-231 cells; some WEHI-231 cells were separated from the
surface of mHEVa cells during cell sorting and/or immunolabeling with anti-VCAM. F:
representative field of mHEVa cells sorted from Region 5 of Figure 4B containing dual-labeled
WEHI-231 cells; some WEHI-231 cells were separated from the surface of mHEVa cells
during cell sorting and/or immunolabeling with anti-VCAM. G: dual-labeled apoptotic
WEHI-231 cells were incubated with Cy5-conjugated goat-anti-rat IgG to demonstrate that
Cy5 did not label CD45. H: dual-labeled control WEHI-231 cells were incubated with Cy5-
conjugated goat-anti-rat IgG to demonstrate that Cy5 did not label CD45. Green represents
FITC. Red represents TAMRA. Blue represents Cy5. Yellow to white represents the co-
localization of FITC and TAMRA. Bar, 20 μm.
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