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Abstract

Antibodies (Abs) to CD20 or HLA-DR, after binding to the B-lymphoma cell line RL following an
overnight incubation at 37°C, accumulate in the form of shed vesicles, which develop in the center
of the cell clusters that are spontaneously formed by this cell line. These vesicles coalesce into fairly
stable large structures, which we refer to as conglomerates of shed vesicles (CSVs). In the present
study, we have extended our previous investigations into the nature of this material. Electron
microscopy revealed a conglomerate of heterogeneous vesicles, which looked like pinched-off
cytoplasmic projections. CSVs developed similarly either with or without Ab, demonstrating that
CSV production is a spontaneous process that incorporates bound Abs if they are present. Before
delivery to CSVs, the Abs capped on the cell surface. CSVs had high expression of annexin V binding
sites, which are phagocytic signals that are exposed on damaged cells. For CSVs that were cell bound,
which are frequently observed, the annexin V binding sites were only in the CSVs, and not on the
surface of the intact cell. Although all CSVs contained both Abs and annexin V binding sites, the
precise distribution of these two ligands was generally different. Annexin V binding sites were
present on caps as well as on CSVs, and appear as soon as caps are formed. In cells incubated with
anti-HLA-DR, CD20 was delivered to the CSVs together with HLA-DR, suggesting an association
between these two molecules. CSVs prepared with anti-HLA-DR, but not CSVs prepared with anti-
CD20, contained considerable numbers of nuclear fragments, identified by propidium iodide
staining.
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Introduction

We previously described a novel shedding process occurring after the binding of certain
antibodies (Abs) to some B-lymphoma cell lines: the Abs accumulated in relatively large
cytoplasmic fragments (CFs) that were shed from the cell surface, presumably by a pinching-
off process [1]. With antibodies to CD20 or HLA-DR, but not with Abs to other cell surface
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antigens, the great majority of bound Ab accumulated in these CFs within 1 day after Ab
binding. This process, if it occurs in natural tumors, would probably affect the therapeutic
results obtained with these Abs, which are in clinical use [2,3]. Chronic lymphocytic leukemia
patients treated with rituximab were found to have ‘debris’ circulating in the blood, often
attached to viable cells, which contained a large amount of the Ab injected [4], and which was
similar in many respects to the CFs, as we have discussed previously [1]. The CFs form large,
heterogeneous structures that often appear to be composed, in part, of smaller vesicles.
Therefore, to better describe the objects observed, we have altered our previous nomenclature:
the term CF is now reserved for single, small vesicles, and the much larger, more complex
objects are now referred to as conglomerates of shed vesicles (CSVs). This term is intended to
be merely descriptive, and a better name for these objects will be possible when their nature
is better understood. A budding vesicle that is not yet detached from the cell will be referred
to as a bleb. In some respects, single CFs resemble the lymphoglandular bodies that have been
described by pathologists for many years [1,5], which are useful in the diagnosis of B-cell
lymphoma. CFs developed in the center of large clusters of cells, so they may be formed by
the combined secretions of all of the surrounding cells, which would explain their large size
and their low abundance in comparison to the number of cells. The cell line that produced CFs
most abundantly was RL, a diffuse large-cell B-lymphoma, but they were also produced by
Raji cells, and, in total, by five of seven B-lymphoma cell lines tested, but they were not
produced by lymphoblastoid cell lines (transformed by EB virus) treated in the same way.

In the present study, we have continued our investigation into the nature of this shed material
to better understand its structure and function. Immunofluorescence experiments were
performed with Alexa-488-anti-HLA-DR, to extend the previous studies with Alexa-488-anti-
CD20. CSVs prepared with anti-HLA-DR contained the CD20 antigen, as well as the antigen
recognized. Annexin V binding sites, which are normally sequestered on the inner face of the
plasma membrane [6], were highly expressed in CSVs, although generally in a location separate
from the location of the Abs. Both Abs that are delivered to CSVs form caps on the cell surface
1 - 3 h after Ab binding, which is long before large CSVs are produced, suggesting that the
caps are delivered to CSVs. Caps induced by anti-CD20, even those of smallest size, were also
stained by annexin V. CSVs prepared with anti-HLA-DR, but not those prepared with anti-
CD20, were found to contain abundant nuclear fragments (stained by propidium iodide).
Electron microscopy demonstrated that CSVs were produced in the absence of Ab, as well as
in the presence of Ab, in the center of the clusters that form spontaneously with these cell lines.
That is, if Abs are present, they are delivered to the CSVs which are spontaneously produced.

Materials and methods

Cell lines, Abs and Ab conjugates

The RL cell line, a diffuse, large cell B-lymphoma, was described previously [7], and is
available from the American Type Culture Collection (ATCC, Manassas, VA, USA). Cells
were cultured as described [7,8]. They were tested routinely for mycoplasma by the Mycotect
assay (Life Technologies, Grand Island, NY, USA), and were negative. All of the Abs used
were described previously [7,8]. Anti-CD20 Ab (1F5) and anti-HLA-DR Ab (L243) were
produced by hybridomas obtained from ATCC. The Ab subclass is IgG2a for both. A control
Ab of the same subclass was also tested, namely the IgG2a Ab MX352a. Rabbit anti-human
IgM was purchased from DAKO Corp. (#A425, 1gG fraction; Carpinteria, CA, USA). Anti-
CD20 Abs, L243 and the control Ab were conjugated to Alexa-488 (Molecular Probes, Eugene,
OR, USA\) as described previously [9]. Abs were sterilized by passage through a 0.2 um pore
size filter. Rabbit antibodies to human IgG+IgM (heavy and light chains) were obtained from
Jackson ImmunoResearch (#309-0056-044; West Grove, PA, USA), and fluorescein-
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conjugated donkey antibodies to rabbit IgG were obtained from Pierce Chemicals (#31571;
Rockford, IL, USA).

Immunofluorescence

Except as noted, fluorescent CSVs were generated by incubating cells overnight at 37°C in
standard tissue culture medium in an atmosphere of 5% CO,, supplemented with Ab at 10 pg/
ml. The Ab was added in 5 pl to 2.5 x 10° cells in a well of a 24-well plate, in 0.5 ml of medium.
After the incubation, cells were transferred into 15-ml tubes and washed twice with 5 ml of
medium. For the last wash, medium without phenol red was used. After the final wash, the
cells were resuspended in 100 pl and examined in a slide chamber made with a cover slip
adhered to two strips of double-sided tape. Except when red fluorescent reagents were used,
the final buffer contained 1 pg/ml propidium iodide, to identify dead cells. To examine intact
clusters, cells were transferred directly to slides from the 24-well plate, without washing, as
gently as possible. In some experiments, after preparation of CSVs with an unconjugated Ab,
the cells were stained with an Alexa-488-conjugate of another Ab for 1 h at 12°C (maintained
with a Boekel MiniFridge 11, Feasterville, PA, USA), also at 10 pug/ml. Alternatively, cells
were stained for 45 min at room temperature with Alexa-488- or Alexa-568-annexin V by
addition of 5 pl of the reagent (Molecular Probes) to the pelleted cells resuspended in the
residual volume (approximately 130 pl). The buffer used for annexin V staining (and for the
washes used before staining) was complete tissue culture medium supplemented with 2 mM
CacCls, without phenol red. To induce capping of surface IgM on RL cells, cells were incubated
for 1 h on ice with rabbit anti-human IgM at 20 pg/ml, then washed and incubated similarly
with fluorescein-conjugated donkey anti-rabbit 1gG. After washing at room temperature, cells
were incubated with Alexa-568-annexin for 45 min at 37°C. Cells were examined under a
fluorescence microscope, as described previously [9], and photographs were taken with a
digital camera.

Electron microscopy

Results

Intact clusters of RL cells, prepared with or without Alexa-488-1F5, were examined; these two
types of clusters were similar in size. After the overnight incubation, in a total volume of 0.5
ml, 0.35 ml of supernatant was gently removed, leaving the cells in the well. To each well,
1.85 ml of 2.5% glutaraldehyde (EM grade, Sigma Chemicals, St Louis, MO, USA) was gently
added in 0.1 M sodium cacodylate buffer, pH 7.2, with 5 mM CaCl,. After 2 h at 37°C, the
cells were gently transferred to a tube containing 12 ml of the fixative, and the incubation
continued overnight at 4°C. The size and general appearance of the clusters was not affected
by the fixation, and the fluorescence of the Ab was still clearly seen in the fixed clusters, despite
the weak autofluorescence of the fixed cells. The cells were suspended in 1.5% low-melting-
point agarose, to maintain the natural clusters. The hardened agarose was double-fixed with
0.5% osmium tetroxide, dehydrated, and embedded into Spurr’s epoxy resin. Ultrathin sections
(90 nm) were double-stained with uranyl acetate and lead citrate, and viewed under a
transmission electron microscope.

Appearance of CSVs by phase contrast microscopy

We previously showed the appearance of CSVs after staining with Wright’s stain, in air-dried
cell preparations. Such samples reveal the morphology in great detail but, in practice, CSVs
are more readily observed by phase contrast observation of cells in suspension. Figure 1 shows
the appearance of such samples. RL cells were incubated overnight with Alexa-488-1F5, then
washed, and CSVs were identified by their bright fluorescence, as also shown previously [1].
CSVs appear to consist of conglomerates of heterogeneous objects, including vesicles and
granular material, irregular in shape and heterogeneous in size. Most of the CSVs shown in
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Figure 1 are relatively large, but CSVs varied greatly in size, and many were smaller. CSVs
bound to a single cell are common (Figure 1E,F). It is also common to see clusters of two to
three cells, with CSVs between the cells. When interpreting these photographs, it should be
emphasized that RL cells, similar to many B-lymphoma cells lines and B-lymphoblastoid cell
lines, normally grow as large clusters of 5 — 15 cells, and the CSVs develop in the center of
the clusters (suggesting that many surrounding cells may contribute to the formation of the
CSVs). This was shown previously with 1F5 [1], and similar results with L243 are also shown
in Figure 2. In this experiment, cells were examined without washing, and were transferred
directly to slides, as gently as possible, to keep the clusters intact. Because the staining is so
bright, the presence of unbound fluorescent Ab in the medium does not interfere with
observation. We note that washing the cells, as normally performed, causes almost all of the
cell clusters to be dispersed.

Electron microscopy

Intact clusters were embedded in agarose and examined as described in Materials and Methods.
In the centere of the clusters, there was a heterogeneous mass of small vesicles, between the
cells (Figure 3). These vesicles appeared to contain primarily normal cytoplasmic constituents,
with relatively few organelles, as indicated in Figure 3 (D). Nuclear fragments were not
observed. Signs of apoptosis (condensed nuclear and cytoplasmic material) or necrosis
(oedematous dissolution of organelles) were not observed in either the CSVs or in the adjacent
cells. Adjacent cells frequently had cytoplasmic projections, which appear to be the likely
source of the vesicles via a pinching-off process. Clusters occurring after 1F5 treatment (Figure
3C,D) or in the absence of Abs (Figure 3A,B) had similar vesicles in the center, indicating that
vesicle formation itself was not dependent on the presence of Ab, but the vesicles appeared to
be more extensively formed in the presence of Ab, meaning that the space between cells in the
center of the clusters was almost entirely filled with the vesicles.

Abs form caps before production of CSVs

Large fluorescent CSVs do not appear until after an overnight incubation with Ab. Thus, we
looked at early time points (1 — 3 h) to determine the initial events that occur. Using Alexa-488-
anti-CD20, with a 37°C incubation, capping of the Ab was found to occur rapidly: within 1 h,
the majority of the cells were capped (Figure 4), meaning that much of the fluorescence was
concentrated to a small spot on the cell surface. Capping was abolished by low temperatures,
of either 0 — 4°C or 12°C, but it was not inhibited by 10 mM NaNs. In cells stained at low
temperatures, a small number of cells (<10%) were still capped,; it is likely that such capping
was present before the Ab was added, but there is no direct evidence to support this. In any
case, staining at 12°C resulted in a ringed staining pattern for more than 90% of the cells, with
some patchiness of the fluorescence. Most of the capped cells, after incubation at 37°C, also
had relatively faint ringed staining, indicating that not all of the bound Ab was delivered to the
cap (Figure 4A). By 2 — 3 h, in addition to caps, small blebs were detected, which are likely to
be related to the development of CSVs. Many of the blebs were associated with bright
fluorescence, although staining was not on the surface of the bleb, but rather appeared to be
granular, sometimes adjacent to the bleb, or at the ‘base’ of the bleb (where it was conjoined
with the cell surface) (Figure 4B — D). Thus, it appeared that blebs sometimes developed
adjacent to the caps. However, a considerable number of blebs were unstained, presumably
unrelated to the capping of 1F5. Small fluorescent CSVs (separated from cells) also became
evident after approximately 1 h. Experiments with Alexa-488-L243 produced results generally
similar to those obtained with Alexa-488-1F5, with ringed staining changing to caps over a
period of 1 — 3 h. An overnight incubation with Alexa-488-L243 produced fluorescent CSVs
that were generally very similar to those produced with Alexa-488-1F5, but CSVs prepared
with L243 were somewhat larger and more abundant. Also, L243 stained prominent small
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cytoplasmic vesicles (in addition to the staining of CSVs and the cell surface), which were
much less prominent after staining with 1F5.

Fluorescent CSVs prepared with anti-HLA-DR (L243) also contain CD20

Because fluorescent CSVs were induced by both 1F5 and L243, we considered the possibility
that CSVs prepared with one of the Abs might also contain the second antigen. CSVs were
prepared by overnight incubation with unconjugated L243, and the cells were then stained for
1 h at 12°C with Alexa-488-anti-CD20. The low temperature was used to insure that the 1F5
Ab did not affect antigen distribution (but essentially identical results were obtained if this
incubation was performed at 37°C). The CSVs, which were readily identified by phase contrast
observation, were all stained brightly by anti-CD20 (Figure 5). This staining was antigen
specific, because non-reactive Abs conjugated with Alexa-488 in the same way produced no
nonspecific staining. Cell preparations that had been incubated overnight with L243 had a
relatively large number of small clusters of two to three cells; these were not as common after
overnight incubation with 1F5, and we attribute this to the fact that L243 tends to aggregate
cells to a greater extent than 1F5. The staining of the CSVs in these experiments appeared to
be just as bright as when the cells were incubated overnight at 37°C with Alexa-488-1F5. We
conclude that CD20 is delivered to CSVs in the absence of an anti-CD20 Ab, presumably due
to binding of the anti-HLA-DR Abs. However, not all of the CD20 on the cell surface was
transported to the CSVs in these experiments. Most of the cells had a ringed staining pattern,
and some had a capped staining pattern. In representative experiments of 150 cells counted,
67% had a ringed pattern, 20% had a cap, and 13% were unstained (some of the unstained cells
may have had all of the CD20 antigen stripped from the surface). For this count, a cell was
considered to be capped if less than half of the cell surface was stained but, in almost all cases,
the cap was much smaller than this. The cells having a bound CSV were no less likely than
other cells to have ringed staining. As a control, untreated cells were stained similarly with
Alexa-488-1F5, for 1 h at 12°C. As expected, no fluorescent CSVs were present in this case.
The membrane staining appeared to be brighter than in the samples pre-treated with L243, yet
the difference was not dramatic. Thus, it appears that only a fraction of the CD20 antigen was
delivered to CSVs by L243. Alternatively, CD20 molecules that were stripped from the cell
surface may have been replaced by new CD20 molecules. When this experiment was performed
in the inverse order, using overnight incubation with unconjugated 1F5 followed by a 1-h
incubation with Alexa-488-L243, the results were similar in that the CSVs induced contained
abundant HLA-DR antigen. However, cell surface staining with L243 remained bright,
suggesting that only a small fraction of the total HLA-DR antigen was delivered to CSVs by
1F5.

The presence of nuclear fragments within fluorescent CSVs prepared with L243

In most experiments in which only green conjugates were used, the final samples contained
propidium iodide, which stains DNA red. CSVs prepared with L243 were found to contain a
considerable number of red fluorescent spots, which are assumed to be nuclear fragments
(Figure 6). Although these fragments were clearly stained red by Pl, the staining was relatively
weak, much less bright than the staining of the few dead cells that were present in these samples.
CSVs prepared with 1F5 contained few nuclear fragments, and most of the CSVs prepared
with 1F5 did not contain any nuclear fragments. Therefore, the presence of nuclear fragments
is not inherent to the process of CSV formation. Our observations strongly suggest that
fluorescent CSVs prepared with 1F5 are produced by viable cells, but the results with L243
are more difficult to interpret definitively, due to the presence of these nuclear fragments. That
is, CSVs containing nuclear fragments are similar in some respects to apoptotic cells or clusters
of apoptotic bodies. It should be noted that, in the present experiments, incubating cells
overnight with 1F5 or L243 at 10 pg/ml, produced little if any evident toxicity, as determined
by viability counts (data not shown). Moreover, long-term viability was determined by
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counting cells until they multiplied 16-fold: 1F5 had no effect on the growth rate of RL cells
(data not shown). Considering the great similarity of CSVs containing 1F5 or L243, it is most
likely that the CSVs containing L243 also are produced by viable cells. The frequent presence
of nuclear fragments in fluorescent CSVs prepared with L243 may be related to the fact that
L243 has been reported to induce toxicity, via caspase-independent apoptosis, in most B-
lymphoma cell lines [10,11]. As noted above, there was no significant amount of cell death in
our experiments, but there may have been a low level of cell death, and one dead cell could
generate a large number of small nuclear fragments. Nagy et al. [10,11] described the rapid
disintegration of dead cells induced by L243 binding, within 30 min, which might result in
some residual nuclear fragments.

Reactivity of annexin V with CSVs and other objects

The phospholipids that react with annexin V are primarily on the inner face of the cell
membrane in normal cells, and move to the exposed outer face only under certain conditions,
such as apoptosis. These lipids include phosphatidyl serine (PS), phosphatidyl ethanolamine,
and phosphatidy! inositol, but the major ligand is considered to be PS [6]. When CSVs were
prepared with either 1F5 or L243, they reacted strongly with annexin V (Figure 7). CSVs
attached to the surface of a cell reacted strongly whereas the rest of the cell surface was totally
non-reactive. The pattern of staining of the CSVs was complex: there was some granular
material but, in addition, there were frequently smaller vesicles within the CSVs that had sharp,
bright, membrane staining (Figure 7B,H). Double-staining with annexin V and 1F5 (Figure
7E,F,H), using an overnight incubation at 37°C with 1F5 followed by a 45-min incubation with
annexin V at room temperature, demonstrated that there was some overlap but that, in general,
different structures were stained, although both were present in the same CSVs. In some cases,
objects stained by annexin V were largely separate from the objects stained with 1F5 (Figure
7H) but, in other cases, they were closely apposed, or partially superimposed (Figure 7E,F).
To examine smaller CSVs, a shorter 1F5 incubation of only 3 h was used. At this time point,
only a few small CSVs were present, and most cells were capped, as described above. Annexin
V stained all of the small CSVs brightly and, in addition, stained all of the caps (Figure 8). The
only cells that were unstained by annexin V were the ringed cells. Even the smallest caps had
some red staining (Figure 8). Thus, annexin V binding sites appear as soon as caps are formed.
Again, annexin staining was generally separate from the 1F5 staining, even in the small caps,
as if different objects within the same cap were stained. In these capped cells, annexin V
staining was typically in the form of small spots (which could be small vesicles). To determine
whether caps induced with other Abs would also express annexin V binding sites, surface IgM
on RL cells was capped with rabbit anti-human IgM and fluorescein-conjugated donkey anti-
rabbit 19G. After 45 min at 37°C, the anti-lg Abs formed caps in most of the cells, but there
was no staining of the caps or the ringed cells by Alexa-568-annexin (data not shown).

In addition to CSVs, annexin V also stained other objects in these preparations, all of which
were seen equivalently in both control samples (incubated in medium) and in samples that had
been incubated with Abs. Three types of objects were stained (Figure 9). First, although the
great majority of viable cells were unstained by annexin V, a small fraction (<2%) had bright
membrane staining. These cells presumably are the apoptotic cells, and almost all looked
abnormal by phase contrast observation (Figure 9C — E). Second, dead cells, as identified by
propidium iodide staining, were also stained brightly by annexin V (Figure 9F — H). Third,
small vesicles had membrane staining (Figure 9A — B). These vesicles ranged in size from 1.0
— 6.6 um in diameter, with a meanSD of 4.3 £ 1.3 um. Most (approximately 90%) were dark
by phase contrast observation, but the remainder were refractile. There were also a considerable
number of similar vesicles (by visible light) that were not stained with annexin V, and there
was no evident morphological difference between the vesicles that were positive or negative
for annexin V staining. These vesicles were all single (unclustered), and it is important to
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emphasize that they were present, and similar in all respects, in both control and Ab-treated
samples. Untreated samples of RL cells were double-stained with Alexa-488-1F5 and
Alexa-568-annexin V, to determine whether the annexin-positive vesicles would stain with
1F5. Some of the vesicles were stained by 1F5, but the majority were unstained, and those that
were stained had an intensity that was similar to that on the surface of viable cells. Thus, CD20
was sometimes present on these vesicles, but was not enriched in them.

Discussion

The optimal nomenclature for the structures described here is uncertain, and may be better
decided when their function is known. However, some tentative nomenclature is required.
Given the heterogeneous structure revealed by visible light and electron microscopy, and the
complex and heterogeneous staining pattern obtained with 1F5, L243 or annexin V, the term
‘conglomerate of shed vesicles’ appears to be appropriate, and better than the term “cytoplasmic
fragment’, which we used previously [1]. Single vesicles can still be described as CFs. Other
types of shed membranous material have been described previously, and given various names
(as previously discussed in some detail [1]), but CSVs, as described in the present study, have
not been reported. Cytoplasmic fragments have sometimes been described as ‘blebs’, but this
term is too poorly defined, and has been applied to too many different structures to be useful
in this case. Some blebs are temporary protrusions from the cell surface, but we would
emphasize that CSVs become separated from the cell, presumably by a pinching-off process.
Exosomes [12] are another type of vesicle that is shed from cells, but these arise from
intracellular multivesicular bodies; thus, the mode of formation is distinct from a pinching-off
process, and exosomes are much smaller than CSVs. In the early studies of Ab capping on the
lymphocyte cell surface, shedding was routinely stated to be an alternative fate of the cap, but
internalization was the major pathway [13,14] and structures similar to CSVs were not
described. Moreover, these early studies utilized primarily Abs to surface Ig, which were not
delivered to CSVs in our experiments [1].

The capping of 1F5 is clearly related to the development of CSVs. Despite extensive studies
over many years with anti-CD20 Abs, there is little mention of capping with these Abs, although
there is one previous report consistent with our observations [15]. Most of the capped cells
also had fainter ringed staining, suggesting that the delivery of the Ab to caps was not efficient,
in contrast to the capping induced by Abs to certain other antigens, particularly surface Ig. It
should be noted that such results may depend on the particular cell line used, as well as on the
particular Ab. The fact that CD20 was efficiently delivered to CSVs by L243, and HLA-DR
antigen was delivered to CSVs by 1F5, can be attributed to the known association of the two
proteins recognized [16].

The present study has revealed a number of new characteristics of CSVs. Electron microscopy
demonstrated that CSVs were produced in the absence of Ab, as well as in the presence of Ab.
Thus, delivery of bound Ab to CSVs represents incorporation into spontaneously shed vesicles.
This observation appears to conflict with our previous finding, based on staining of cell smears
with Wright’s stain, that CSVs were not seen in the absence of Ab incubation [1]. However,
this can be explained by proposing that large CSVs are stabilized by Ab binding, due to cross-
linking and that, in the absence of Ab, the CSVs are dispersed into single small vesicles by
normal handling methods. Such small vesicles would be easily overlooked in the absence of
fluorescent staining, and might also be lost in the standard washing procedures used. Although
CSVs were produced in the absence of Ab, it should be noted that there appeared to bemore
extensive production in the presence of the Ab 1F5, as indicated by the space between cells,
in the center of the clusters, being entirely filled with vesicles. Thus, vesicle production may
be enhanced by Ab binding; but the assays that have been used for detection of CSVs are not
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quantitative, and further work is required to better estimate the number and size of vesicles
produced.

The presence of annexin V binding sites within CSVs is a key observation. Annexin V stained
CSVs brightly, whereas the cells to which CSVs were (sometimes) bound were otherwise
totally negative. The annexin V sites detected in the present experiments may be on either the
inner or the outer face of the membrane because the shed vesicles may not have an intact
membrane. However, it is likely that PS asymmetry would be lost in either permeable or
impermeable vesicles because phospholipid asymmetry is maintained by an energy-dependent
enzyme [17]. Even the smallest cap of CD20 on the cell surface was stained by annexin V, as
shown in our 3-h capping experiments. Therefore, it appears that either submicroscopic vesicles
containing capped material are pinched off, or annexin V-binding sites may be exposed within
the region of the cap, which would appear to require some type of membrane
compartmentalization. Electron microscopy may be useful to resolve this question. A
compartmentalized distribution of annexin V binding sites on the surface of viable cells has
not been previously described, with the exception of a report by Dillon et al. [18], which is
discussed in some detail below. Cocca et al. [19] demonstrated that an Ab to anionic
phospholipids reacted primarily with the blebs of apoptotic Jurkat T leukemia cells, while
annexin V reacted homogeneously with the cell surface. These data support the general idea
of membrane compartmentalization of phospholipids, although not of annexin V binding sites
in particular.

Apoptotic vesicles (apoptosomes) are known to express annexin V binding sites, but there are
few reports of annexin V-stained vesicles produced by viable cells. One example is the work
of Ran et al. [6], who reported the generation of annexin V-positive vesicles from viable
endothelial cells. In their system, such vesicles were induced by oxidative stress or other
inducing agents. They were produced by blood vessels within tumors but not by blood vessels
in normal tissues, due evidently to some type of inductive signal in the tumor. Heijnen et al.
[20] demonstrated that microvesicles shed from activated platelets have exposed annexin V
binding sites, but such sites are also present on intact activated platelets (although not on normal
platelets); thus, the situation is different from that described in the present study. Dillon et al.
[18] reported that annexin V binding sites were exposed on the surface of normal B cells from
the mouse spleen and bone marrow. These sites were normally distributed uniformly on the
cell surface, but they co-capped with anti-lgM Abs. However, such spontaneous expression of
annexin V binding sites has not been reported on human B-cells or B-lymphoma cell lines. The
fact that annexin V staining has been used as a marker for apoptosis with human B-lymphoma
cell lines [21,22] demonstrates that annexin V does not bind to viable cells. Moreover, we
examined caps on RL cells induced by anti-lgM Abs, and these caps did not express annexin
V binding sites. Thus, it appears that the results of Dillon et al. [18] do not apply to human B-
lymphomas. Our results with anti-lgM Abs also indicate that the expression of annexin V
binding sites within caps of cell surface antigens depends on the particular antigen targeted.

Apoptotic bodies are also stained by annexin V, and some photographs of budding apoptotic
bodies [17] are very similar to the appearance of developing CSVs, as described in the present
study as well as previously [1]. Thus, a possible relationship between the two processes should
be considered. Fluorescent CSVs prepared with 1F5 are not apoptotic cells or clusters of
apoptotic bodies because nuclear fragments are rarely present in CSVs prepared with 1F5.
Most, although not all, apoptotic bodies contain nuclear fragments. However, fluorescent CSVs
prepared with L243 generally contained nuclear fragments, and we must consider in more detail
the possibility that the CSVs prepared with L243 are clusters of apoptotic bodies or apoptotic
cells. There are two major factors which, when taken together, strongly suggest that production
of CSVs was not a consequence of apoptosis. First, treatment of RL cells with either Ab had
essentially no effect on cell viability. This is not inconsistent with the presence of nuclear
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fragments in the CSVs from RL cells prepared with L243 because a few dead cells could
produce a large number of such small nuclear fragments. Second, the intensity of fluorescence
in the CSVs indicates that the great majority of bound Ab was delivered to CSVs. Therefore,
the Abs in the CSVs must be derived primarily from viable cells.

The ability of Abs to CD20 or HLA-DR to kill cells has been tested many times. Anti-CD20
Abs were reported to induce apoptosis but, with most Abs (including 1F5), this occurred to a
significant extent only if the CD20 Ab was cross-linked by a second Ab [22,23]; thus, these
results are consistent with our data. The results obtained with L243 are more controversial.
Nagy et al. [10,11] reported a high level of killing induced by L243 on many B-lymphoma cell
lines. However, RL cells were not tested, and may be insensitive to this form of killing,
considering that different cell lines varied greatly in sensitivity. Raji cells were tested by Nagy
et al. [10] and were also utilized in our experiments: these were reported to be 69% killed after
incubation with a saturating concentration of L243. However, we were not able to confirm
these results. In our experiments, Raji cells were tightly clustered by overnight incubation with
Ab at 10 — 30 pg/ml, forming large clusters of 50 or more cells which were densely packed
(unpublished data). (Dense clusters of this type were not observed with RL cells.) It was
impossible to disperse these clusters to obtain a viable cell count; repeated pipetting, which
readily disperses normal clusters of B-lymphoma cells, was ineffective, and appeared to cause
the death of many of the cells because most of the single cells released from the clusters were
dead. Thus, the present studies do not support the idea that L243 induces high levels of
apoptosis in Raji cells. In any case, there is less uncertainty in interpreting the results with 1F5
than the results with L243, and we believe that the CSVs prepared with L243 are basically
similar to the CSVs prepared with 1F5, because they are morphologically very similar.

It is unknown whether similar events occur in vivo, in natural tumors or in normal lymphocytes.
The results of Kennedy et al. [4], described above, suggest that this is the case in patients with
CLL, but further investigations are required to decisively answer this question. It is unlikely
that a new method of Ab shedding, which does not occur in some normal cells, was developed
by these lymphoma cell lines. The presence of annexin V binding sites suggests that CSVs
would be rapidly taken up by phagocytic cells in vivo, due to receptors for PS onmacrophages
[17], meaning that if CSVs are generated in vivo, they would probably have a short existence
and be difficult to detect. It would be useful to investigate the interaction of CSVs with human
macrophages or dendritic cells. Although Abs reactive with the cell surfaces should probably
be considered a non-physiological ligand, viruses binding to cell surface receptors would
induce a similar type of cross-linking, and might similarly be delivered to CSVs. Uptake of
such material by macrophages or dendritic cells might have functional affects on the immune
response, but such a possibility remains purely speculative at this time.
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Figure 1.

Appearance of CSVs by phase contrast microscopy. RL cells were incubated overnight with
Alexa-488-1F5, and CSVs were identified by their bright fluorescence, as also shown
previously [1]. Six representative large CSVs are shown, two of which are cell bound (E and
F). The size of CSVs varied greatly, and many are much smaller, but with the same complex
morphology. Scale bar = 20 pm.
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Figure 2.

Ab L243 accumulates in the centre of cell clusters. RL cells were incubated overnight with
Alexa-488-1.243, and then examined without washing and without dispersing the cell clusters
that had formed. Two clusters are shown by fluorescence (A,B), phase contrast (C,D) and by
a mixed image of the two (E,F). Scale bar = 50 pum.
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Figure 3.

Electron microscopy of CSVs. Intact clusters that had been incubated overnight without (A,B)
or with (C,D) Ab 1F5. Cells were gently fixed with glutaraldehyde, to preserve the natural
clusters, and then embedded in agarose in suspension and examined by electron microscopy.
The space between the cells contains a heterogeneous mass of cytoplasmic vesicles,
independent of the presence of Ab. A cytoplasmic projection (CP), shown in (A), suggests a
possible origin of the vesicles. The cytoplasmic fragments contain a few organelles:
mitochondria (M), lipid droplets (L), vacuoles (V) and strands of RER (R) are shown (D).
Magnification: (A) x 7200; (B) x 31 200; (C) x 13 200; (D) x 21 000. (B) is rotated 90° relative
to (A), and (D) is rotated 180° relative to (C).
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Figure 4.

Capping of CD20 and development of small CSVs. (A) RL cells were incubated for 3 h at 37°
C with Alexa-488-1F5. Various staining patterns are shown. (B-D) RL cells were incubated
for 1 h at 37°C with Alexa-488-1F5, washed, and maintained at room temperature for
approximately 1 h until the photographs were taken. A cell with two small blebs is shown by
fluorescence (B), phase contrast (C), and a merged image of the two (D). Scale bar = 20 pm.
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Figure 5.

CSVs prepared with L243 (anti-HLA-DR) also contain CD20. RL cells were incubated
overnight with L243, then stained for 1 h at 12°C with Alexa-488-1F5. Two clustered cells
and a bound CSV are shown by fluorescence (A), phase contrast (B), and a merged image of
the two (C). Scale bar = 20 pum.
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Figure 6.

CSVs prepared with L243 may contain nuclear fragments. RL cells were incubated overnight
with L243, then stained for 1 h at 12°C with Alexa-488-1F5 (green). DNA was stained with
propidium iodide (red). Two representative CSVs are shown by fluorescence only (which is a
merged image of green and red exposures) (A,D), bright field light (B,E), or a merged image
of the two (C,F). The objective used was a planapo x 40, which provides brighter fluorescence
than the x 40 phase contrast objective, as well as better resolution of fluorescence, which is
why phase contrast was not used. Scale bar = 20 pm.

Leuk Lymphoma. Author manuscript; available in PMC 2008 May 5.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Michel et al.

Page 17

Figure 7.

CSVs are stained by annexin V. RL cells were incubated overnight with Alexa-488-1F5
(green), then washed and stained for 45 min at room temperature with Alexa-568-annexin VV
(red). Representative CSVs are shown. (A — E) The same field showing phase contrast (A),
red annexin V fluorescence (B), a merge of (A) and (B), green 1F5 fluorescence, overexposed
to show cell surface staining (D), and a merge of red and green (E). (F) Another field showing
merged red and green only. The CSV is bound to the left side of a cell which is not visible. (G
— H) Another field by phase contrast (G) or by merged red and green (H). Scale bar = 20 pum.
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Figure 8.

Caps induced by anti-CD20 Abs are stained by annexin V. RL cells were incubated for 3 h at
37°C with Alexa-488-1F5 (green), and then stained for 45 min at room temperature with
Alexa-568-annexin V (red). Two fields are shown. (A,D) Capped 1F5; (B,E) Annexin V
staining; (C,F) a merger of three photos: green, red, and a low level of visible light, to show
the cells more clearly. Scale bar = 20 um.
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Figure 9.

Other objects stained by Alexa-488-annexin V (green) in untreated RL cell preparations.
Propidium iodide (PI) stained dead cells red. Small subcellular vesicles, shown by green
fluorescence (A) or phase contrast (B). Some viable cells are shown for comparison with the
size of the stained vesicles. An apoptotic cell shown by green fluorescence (C), red fluorescence
(D), and phase contrast (E). The apoptotic cell did not stain with PI. A dead cell is shown by
green fluorescence (F), red fluorescence (G), and phase contrast (H). Both apoptotic cells and
dead cells were rare in this preparation, which was of high viability. Scale bar = 20 um.

Leuk Lymphoma. Author manuscript; available in PMC 2008 May 5.



