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CD95(Fas/APO-1)-ligand (CD95L) mediates apoptosis
by trimerization of the CD95 receptor on the surface
of sensitive cells. I'n vitro studies have shown CD95L
expression mainly by activated T cells and suggested
a role for CD95L in the regulation of immune re-
sponses. Little is known, however, about the cellular
distribution of CD95L in situ in the normal human
immune system. We investigated CD95L expression in
tissue sections of the thymus, lymph node, spleen,
tonsil, and gastrointestinal tract using én situ hybrid-
ization and two monoclonal antibodies. In all these
organs, cells expressing CD95L message and protein
were scarce and comprised scattered lymphocytes,
rare nonlymphoid cells, and a subset of epithelioid
endothelial cells. Surprisingly, a subset of plasma
cells turned out to be the most prominent producers
of CD95L, matching the reports on CD95L in my-
eloma cells. CD95L" plasma cells were most numer-
ous in the mucosa-associated lymphoid tissue. This
also applied to acquired mucosa-associated lymphoid
tissue in chronic gastritis in which CD95L" plasma
cells were found scattered in the lamina propria. Our
data suggest that plasma cells as yet may be neglected
modulators of immune responses. (Am J Pathol
1999, 154:193-201)

The CD95(Fas/APO-1) ligand (CD95L) is a 40-kd type Il
membrane protein and member of the tumor necrosis
factor superfamily of cytokines.”? CD95L induces apo-
ptosis in CD95-sensitive cells. The membrane-bound li-
gand may be cleaved from the cellular surface by met-
alloproteases giving rise to a soluble and functionally
active form (sCD95L) of approximately 26 kd.>*
Although initially identified in activated T cells and
T-cell lines,*” CD95L is not a T-cell-restricted molecule.
Reports on detection of CD95L in Sertoli cells of the

testis® and various ocular cell types® resulted in the hy-
pothesis of “immune-privileged tissues” in which inflam-
mation may be prevented by CD95-induced apoptosis of
infiltrating lymphocytes.'®'" Expression of CD95L in im-
mune-privileged organs like testis, brain, uterus, ovary,
and prostate was subsequently reported also in mice.'?

As CD95L is being detected in an ever-growing num-
ber of malignant neoplastic cells and cell lines, '™ '° the
concept of immunoprivileged sites has been extended to
malignomas in which tumor cells may fight a CD95-me-
diated “counterattack” against tumor-invading lympho-
cytes and thus escape immune surveillance.'®

In addition to its possible role in maintaining such
immunoprivileged sites, CD95L has been implicated in
the regulation and down-modulation of immune process-
es.”” ' Lpr/lpr and gld/gld mice that have defects in
CD95 and CD95L function, respectively, develop lymph-
adenopathy because of accumulation of CD4 " CD8™ T
cells.?®2" Moreover, they bear autoreactive B cells and
have elevated levels of immunoglobulins including anti-
ssDNA and anti-dsDNA antibodies.?? Thus, the CD95/
CD95L system is also involved in the elimination of acti-
vated and potentially harmful B cells.?®

Here we present for the first time the identification and
distribution of CD95L expressing cells in normal human
lymphoid organs.

Materials and Methods

Cells and Tissues

The human T-leukemia cells, Jurkat, were cultured in
RPMI-1640 medium supplemented with 10% heat-inacti-
vated fetal calf serum, 100 U/ml penicillin, 100 wng/ml
streptomycin, 10 mmol/L HEPES (pH 7.2), and 2 mmol/L
glutamine at 37°C with 5% CO, in a humidified atmo-
sphere. The cell viability was greater than 95% in each
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cell preparation used. To enhance CD95L expression,
Jurkat cells were stimulated with 10 ng/ml phorbol 12-
myristate 13-acetate (PMA) and 0.5 pg/ml ionomycin
(both from Sigma, St. Louis, MO). Cleavage of CD95L
from the cell surface was inhibited by a 3-hour incubation
of cells with metalloprotease inhibitor 1,10-phenanthro-
line (1.5 mmol/L) (Sigma).

Sf9 insect cells were purchased from Life Technolo-
gies, Inc. (Gaithersburg, MD) and cultured at 27°C in
Grace’s insect medium (Life Technologies, Inc.) supple-
mented with 10% heat-inactivated fetal calf serum.

Nontransformed lymphocytic cells were obtained in a
single case from a cervical cystic lymphangioma (hygro-
ma) in a 2-month-old boy and then resected for diagnos-
tic/therapeutic reasons. The cyst fluid was centrifuged
and cytospin preparations of the pellet were done imme-
diately following surgery.

Tissue from human tonsil (n = 7), lymph node (n = 6),
spleen (n = 6), thymus (n = 7), stomach in chronic
gastritis (n = 3), and appendix (n = 6) were surgically
removed and snap frozen in liquid nitrogen and also fixed
overnight in 4% neutral buffered formalin within 30 min-
utes of surgery. Frozen sections of approximately 5 um
were prepared and fixed in acetone for 10 minutes. Par-
affin-embedded tissue samples were cut into sections of
about 3 to 4 um and processed as described.

Enrichment of Human Tonsillar Plasma Cells

Human tonsils (n = 2) were obtained from routine tonsil-
lectomy, and cell suspensions were prepared by mincing
the tissue and vigorous vortexing. After lysation of eryth-
rocytes using hypotonic ammonium chloride buffer (0.15
mol/L NH,CI, 0.01 mol/L KHCOg, 0.1 mmol/L EDTA), T
lymphocytes were depleted by rosetting with 2-aminoeth-
ylisothiouronium pretreated sheep red blood cells and
Ficoll-Hypaque (Pharmacia, Piscataway, NJ) gradient
centrifugation. The enriched B cells and plasma cells
were layered over Percoll (Biochrom, Berlin, Germany)
step gradients in 15-ml conical tubes with 3 ml of 70%
(1.085 g/ml), 60% (1.077 g/ml), 50% (1.067 g/ml), 40%
(1.056 g/ml), and 30% (1.043 g/ml) Percoll. After centrif-
ugation at 1200 X g for 15 minutes at 4°C, cells from the
30/40% Percoll interface turned out to contain most
plasma cells. Cytocentrifugates were performed and air
dried before immunofluorescence double staining.

Anti-CD95L mAb

The mouse anti-human CD95L mAb G247-4 (IgG1) was
purchased from Pharmingen (San Diego, CA).

The mouse anti-hCD95L mAb 139 was developed in P.
Krammer's laboratory as previously described for rabbit
anti-CD95L Ab.® Briefly, the 18-mer peptide HPSPPPE-
KKELRKVAHLC was conjugated to keyhole lympet he-
mocyanin by m-maleimidobenzoyl-N-hydroxysuccinim-
ide ester (Pierce, Rockford, IL) and mixed with complete
Freund’'s adjuvant. BALB/c mice were immunized with
100 pg of the conjugated peptide. The animals were
boosted at biweekly intervals with half the dose of the
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Figure 1. Whole cell lysates of control Sf9 cells (C), Sf9 cells expressing
recombinant mouse CD95L (mCD95L), TRAIL, soluble human CD95L
(hCDY5L), or mock-infected Sf9 cells (mock) were tested with mAb 139.
Molecular weight markers are indicated. Horseradish-peroxidase-labeled
goat anti-mouse IgG Fc Ab was used as the detecting reagent.

same immunogen in incomplete Freund’s adjuvant and
bled 7 to 8 days after each boost. Splenocytes were
fused with the myeloma cells Ag8 and growing hybrid-
omas were selected in hypoxanthine aminopterin thymi-
dine medium. Supernatant of the hybridoma 139 reacted
in enzyme-linked immunoabsorbent assay with the immu-
nizing but not with an unrelated control peptide. This
hybridoma was selected for additional studies and sub-
cloned six times by limiting dilution. Isotyping performed
using a mouse hybridoma subtyping kit (Boehringer
Mannheim, Mannheim, Germany) showed that mAb 139
is an IgG1,k. Mouse IgG were purified by affinity chro-
matography on protein G Sepharose (Pharmacia, Upp-
sala, Sweden) according to the manufacturer’s instruc-
tions. Purity was assessed by Coomassie staining of
preparations separated by sodium dodecy! sulfate-poly-
acrylamide gel ectrophoresis. No differences in the reac-
tivity were found between the hybridoma supernatant and
the purified preparations. The hybridoma is stably pro-
ducing mAb after more than 6 months of continuous in
vitro culture.

Expression of Recombinant CD95L and TRAIL
in Sf9 Insect Cells

The recombinant soluble human CD95L, mouse CD95L,
and mouse TRAIL were expressed in Sf9 cells as previ-
ously described.?42° Briefly, recombinant baculoviruses
were expanded to generate a stock virus by infecting Sf9
cells at a multiplicity of infection of 0.1. Infection of Sf9
cells for production of recombinant proteins was per-
formed with a multiplicity of infection of 10. Cells were
collected 4 to 5 days after infection, centrifuged at
1000 X g for 10 minutes, washed with phosphate-buff-
ered saline (PBS), and stored as frozen pellets at —80°C.
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Figure 2. Whole cell lysates of Jurkat cells (C) cultured for 2 (lane 2) or 4
hours (lane 3) on plastic-coated anti-CD3 mAb were tested with mAb 139 (A)
or an anti-tubulin mAb (B). The full-length and soluble form of CD95L are
indicated. Horseradish-peroxidase-labeled goat anti-mouse IgG. Fc Ab was
used as the detecting reagent.

Deglycosylation was performed by treating Sf9 cells with
tunicamycin (10 pg/ml) during infection (48 hours).

SDS-PAGE and Immunoblotting

SDS-PAGE and immunoblotting were performed as pre-
viously described.® Briefly, following SDS-PAGE, proteins
were transferred to nitrocellulose membranes by semidry
electroblotting. Membranes were blocked with 5% nonfat
dried milk in PBS and then incubated overnight with the
primary antibody. Membranes were washed five times
with PBS/0.5% Tween 20 and incubated with horserad-
ish-peroxidase-conjugated affinity-purified goat anti-
mouse IgG or mouse anti-rabbit IgG Ab (Dianova, Ham-
burg, Germany) for 2 hours. Membranes were washed
five times and the reaction developed using the ECL
detection system (Amersham, Frankfurt, Germany).

Flow Cytometry

Flow cytometry was performed as previously described.®
Briefly, 10° cells were incubated for 45 minutes on ice
with purified mouse anti-CD95L mAb 139. Purified mAb
MOPC21 (IgG1,k) was used as isotype-matched nega-
tive control. Phyco-erythrin-labeled affinity purified
F(ab)', goat anti-mouse IgG.Fc Ab (Dianova, Hamburg,
Germany) was used as detecting reagent. Ten thousand
events were acquired for each measurement. Only cell
preparations with a viability higher than 95% were ana-
lyzed further. Results are expressed as histograms of
fluorescence intensity or as percent positive cells.

In Situ Hybridization

CD95L mRNA was hybridized on dewaxed and rehy-
drated paraffin sections with the exon 4-specific digoxi-
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Figure 3. A: PMA/ionomycin-activated Jurkat cells were stained with mAb
139 before (left panel) or after a 3-hour incubation with the metalloprotease
inhibitor 1,10-phenanthroline (right panel) (1.5 mmol/L). Purified mouse
IgG1 (background histograms) was used as negative control. Bound mAb
was detected with phyco-erythrin-labeled goat anti-mouse IgG. Fc Ab. Re-
sults are expressed as histograms of fluorescence intensity. B PMA/ionomy-
cin-activated Jurkat cells were stained with mAb 139 before (white bars) or
after a 3-hour incubation with 1,10-phenanthroline (1.5 mmol/L) (black bars
) in the presence of a control unrelated peptide (mAb 139*C) or of the
immunizing peptide (mAb 139*imm. peptide). The mouse mAb MOPC21
(IgG1) was used as isotype-matched control. Bound mAb was detected with
phyco-erythrin-labeled goat anti-mouse IgG. Fc Ab. Results are expressed as
percent positive cells.

genin-labeled human CD95L probe 1.APO-1L at 0.05
umol/L as previously described.?®?” After incubation
with a gold-labeled sheep anti-digoxigenin antibody (Au-
rion, Wageningen, Netherlands), bound gold particles
were visualized for light microscopy using a silver en-
hancement kit (Aurion). Sections were then slightly coun-
terstained with 2% pyronine Y solution (Fluka, Buchs,
Switzerland) and mounted with gelatin. Negative controls
were carried out using 1) the unlabeled probe and 2) the
digoxigenin-labeled CD95L promoter-specific oligonu-
cleotide, Prom2, and did not yield any signal above back-
ground levels.?®

Immunohistochemistry and
Immunofluorescence

Immunohistochemistry was carried out on cytospin prep-
arations of cultured cells, frozen and paraffin sections.
While acetone-fixed cytospins and frozen sections were
directly incubated with mAb, formalin-fixed tissue had to
be pretreated as follows. Before incubation with the anti-
CD95L mAb G247-4, dewaxed and rehydrated paraffin
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Figure 4. A: Hybridization of CD95L mRNA in PMA/ionomycin-stimulated
Jurkat cells. B: Immunohistochemical detection of CD95L protein in unstimu-
lated, C: PMA/ionomycin-treated Jurkat cells. D: i situ hybridization of
CD95L mRNA in activated T cells within blood vessels. E: CD95L protein
detection by immunohistochemistry in activated T cells in inflammatory
pleural effusions. F: Immunofluorescence double staining in lymphoid cells
from a cystic lymphangioma. CD95L (red) is detected cytoplasmatically and
on the surface of a single lymphoid (probably activated T) cell that lacks IgG
expression (green). Original magnification, X100 (A to E); X400 (F).

sections were treated by microwaves (750 W) for 20
minutes in citrate buffer (pH 6.0) while they were digested
for 5 minutes by pronase E (Sigma; 1 mg/ml in PBS) in the
case of mAb 139.

Staining procedure was performed as described.?®
Briefly, cytospins/sections were incubated with mAb
G247-4 (1:50) or mAb 139 (supernatant, 1:1; purified Ab,
1:2 to 1:5) in PBS for 60 minutes at room temperature.
Binding sites of the primary antibody were visualized
using either a biotin/streptavidin peroxidase system or
the Dako EnVision™ kit (Dako, Copenhagen, Denmark)
according to the manufacturer’s instructions. Cytospins/
sections were then slightly counterstained with Harris’
hematoxylin and mounted with gelatin. Controls were
done by omitting the primary antibody and, in part, by
applying isotype-matched control mouse mAbs HEA125
and PR4.12 (Calbiochem, San Diego, CA).

For immunofluorescence, air-dried cytospin prepara-
tions were transferred into Tris buffer and incubated with
protein blocking agent (Immunon, Pittsburgh, PA) for 10
minutes. This was followed by a 1-hour incubation with
the mAb G247-4 (1:50) at room temperature. The cyto-
spins were washed three times in Tris buffer and covered
for 1 hour with fluorescein isothiocyanate-labeled rabbit
antisera to human IgG, IgA, and IgM (1:50)(Immunon),
respectively, together with a Cy3-conjugated goat anti-
mouse IgG (1:50)(Jackson, West Grove, PA). After exten-
sive washing in Tris, nuclei were stained by 4,6-dia-
midino-2-phenylindole for 3 minutes, and slides were
mounted with PermaFluor agqueous mounting medium
(Immunon). Controls were done by omitting the mAb
G247-4 and the anti-human Ig antibody, respectively.

Results

Specificity of the New Anti-Human CD95L
mAb 139

The mouse mAb 139, raised with a peptide of the extra-
cellular region of human CD95L, reacted in immunoblot-
ting with all of the differentially glycosylated forms of
soluble human CD95L (Figure 1, lane 4). Only the lower
band (unglycosylated form) was present in immunoblot
analysis of lysates of Sf9 cells expressing CD95L in the
presence of tunicamycin (not shown). Conversely, mAb
139 did not react with whole cell lysates of Sf9 cells, of
mock-infected Sf9 cells, or Sf9 cells expressing recom-
binant mouse CD95L or TRAIL. The latter were, however,
detectable with specific Abs (not shown).

To assess the extent of reactivity of mAb 139 with
human CD95L expressed by eukaryotic cells, Jurkat cells
were analyzed. Figure 2A shows the reactivity of mAb
139 with whole lysates of Jurkat cells stimulated with
plastic-coated anti-CD3 mADb, in immunoblotting. As ex-
pected, mAb 139 detected a protein of approximately 40
to 42 kd in 2 hour-activated Jurkat cells that increased in
intensity at a later time point. It is of note that mAb 139
also detected the cell-associated soluble form of human
CD95L at 26 to 27 kd as previously described with a
polyclonal anti-CD95L Ab raised to a similar epitope.®



Figure 5. CD95L protein detection in tissue. A: Immunohistochemistry with mAb G247-4 on frozen section of the tonsil. Note groups of stained cells beneath the
squamous epithelium (E) of the crypts with only a few weakly stained cells scattered in the interfollicular areas (I) (arrow heads). F, lymphoid follicle.
Immunohistochemistry on paraffin sections using mAb G247-4 (B) and 139 (C). Note different subcellular staining patterns yielded by the two mAbs. In B, nuclear
morphology of plasma cells is artificially altered because of microwave irradiation. Plasma cells, however, are readily identified by their broad cytoplasmic rim
around an eccentrically located nucleus. Original magnification: X50 (A); X157 B and C.

Comparable loading of cell lysates in all lanes was veri-
fied by immunoblot analysis with an anti-tubulin mAb
(Figure 2B). No reactivity was found with purified mouse
IgG (not shown).

To determine whether mAb 139 reacted with surface-
bound CD95L, PMA/ionomycin-activated Jurkat cells
were stained with mAb 139 before and after treatment
with the metalloprotease inhibitor 1,10-phenanthroline,
that induces a two- to fourfold up-regulation of mem-
brane-bound human CD95L.2 As shown in Figure 3A,
mAb 139 did not detect CD95L on Jurkat cells following
stimulation with PMA/ionomycin. However, approximately
20 to 25% of Jurkat cells reacted with mAb 139 following
block of CD95L cleavage by the metalloprotease inhibi-
tor. Preincubation of mAb 139 with the immunizing
CD95L peptide, but not with an unrelated control (Figure
3B), completely blocked binding of mAb 139 to activated
Jurkat cells in the presence of 1,10-phenanthroline. Thus,
mAb 139 detects the surface-expressed form of human
CD95L.

Detection of CD95L Transcripts and Protein in
Activated T Cells In Vitro and In Vivo

To compare detection of CD95L by in situ hybridization
and immunohistochemistry, Jurkat cells were used as
reference. Before activation, CD95L transcript signals
and antibody binding were minimal. On PMA/ionomycin
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treatment, however, CD95L mRNA increased signifi-
cantly and CD95L protein was clearly detectable by mAb
G247-4 (Figure 4, A-C) and mAb 139. We then looked
for in vivo-activated cells. In numerous tissues examined,
a small subpopulation of intravascular mononuclear cells
reacted with our CD95L probe (Figure 4D) and also with
the mAbs (not shown). The same was true for lymphoid
cells isolated from inflammatory effusions and from a
cystic lymphangioma (Figure 4, E and F). Thus, we con-
clude that our probe and both mAbs are suitable tools for
cytological detection of CD95L transcripts and protein,
respectively.

CD95L Detection in Tissue

As shown previously,?® the CD95L probe worked on par-
affin sections with in situ hybridization. The same was true
for both anti-CD95L mAbs in immunohistochemistry on
frozen sections. However, in formalin fixed material, re-
action of both mAbs required pretreatment of tissue sec-
tions: mAb G247-4 reacted best after microwave irradi-
ation whereas mAb 139 worked only after pronase
digestion (see Materials and Methods). Comparatively,
the intensity of the antibody stainings was slightly higher
in cryostat sections that, however, displayed a lower
morphological resolution (Figure 5A). Immunohistology in
paraffin sections revealed that, although the pattern of
stained cells in most tissues was identical, the mAbs
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Figure 7. Immunofluorescence double labeling of enriched tonsillar plasma
cells. CD95L (red) is expressed in the paranuclear area of cells showing a
diffuse cytoplasmic Ig positivity (green) known for plasma cells. Most
CDY95L* plasma cells were of IgG (A) or IgA (B) phenotype. Original
magnification, X600 (A); X1000 (B).

differed in subcellular reactivity: characteristically,
G247-4 showed a granular staining pattern concentrated
in a distinctive paranuclear area most probably corre-
sponding to the Golgi region (Figure 5B). mAb 139
yielded a diffuse staining of the cytoplasm (Figure 5C).
Cell surface staining was not unequivocally detectable
with either of these antibodies, neither in paraffin nor in
frozen sections.

CD95L Expression in Normal Lymphoid Tissues
Thymus

In the thymus, CD95L mRNA was found by in situ
hybridization in scattered cells of two distinct zones: 1)
the corticomedullary boundary and 2) the subcapsular
cortex (Figure 6A). CD95L protein was detectable only in
scattered lymphoid cells at the corticomedullary bound-
ary in frozen sections with mAb G247-4 (Figure 6B),
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suggesting the presence of very low amounts of CD95L
per CD95L™ cell.

Spleen

In situ hybridization revealed scattered CD95L mRNA
expressing cells confined to the red pulp of normal
spleens. The white pulp was essentially negative for
CD95L mRNA (Figure 6C). This finding was confirmed by
immunohistochemistry. Immunoreactivity, however, was
rather weak in general. Surprisingly, the stained cells
turned out mainly to be plasma cells as revealed by
cytomorphology (not shown).

Lymph Node

In the normal, reactive lymph node, very few cells were
labeled by in situ hybridization for CD95L mRNA. These
CD95L" cells were mainly scattered in the interfollicular
areas and the medullary cords close to the sinuses (Fig-
ure 6D). No substantial CD95L mRNA expression was
observed in follicular mantle and marginal zones. Within
germinal centers, especially in hyperplastic ones, a few
scattered signals were detected in nonlymphoid cells,
presumably histiocytes or dendritic reticulum cells. In-
consistently, epithelioid endothelial cells were found to
contain CD95L transcripts (Figure 6E). Immunohisto-
chemically, the prevalence of CD95L protein-positive
cells was lower. However, the distribution patterns of in
situ labeled and immunoreactive cells were very similar.
Again, the most prominent producers of CD95L were a
subset of plasma cells situated in the medullary cords
(not shown, see Figure 5).

Tonsil

In the tonsil, most CD95L mRNA expressing cells were
located directly beneath the crypt epithelium (Figure 6F)
and, less frequently, in interfollicular areas. Epithelial
cells were negative as were the mantle and marginal
zones. Reactivity of germinal centers corresponded to
that observed in lymph nodes. Immunohistochemistry re-
vealed a similar, though restricted pattern of CD95L pos-
itive cells. Most of these epithelium-associated, CD95L
protein-expressing cells were clearly identified as plasma
cells by their characteristic morphology (Figure 5, B and C).

Stomach and Appendix

In both the appendix and gastric mucosa with ac-
quired mucosa-associated lymphoid tissue (Figure 6G),

Figure 6. CD95L detection in lymphoid organs. A: In situ hybridization showing CD9SL" cells at the corticomedullary boundary (broken line) and in the
subcapsular cortex (arrows) of the thymus. B: Immunohistochemistry reveals weakly positive cells only at the corticomedullary boundary (arrows; M, thymic
medulla; C, cortex). C: Detection of CD95L mRNA in the spleen by in situ hybridization. Positive cells are scattered in the red pulp, whereas the white pulp (WP,
an arteriole is highlighted by the star) is largely devoid of CD9SL™ cells. D: CD9SL mRNA-expressing cells in the lymph node were detected by in situ hybridization
mainly in the interfollicular areas/medullary cords of the lymph node. E: In some cases, high endothelial venules were labeled. F: In situ hybridization of CD95L
mRNA of the tonsil; note strongly labeled cells beneath the surface epithelium. G: Gastric fundus in chronic gastritis of the stomach. Note CD95L™ cells scattered
in the lamina propria with #n sitie hybridization. H shows numerous stained cells in the mucosa of the appendix, most of which are plasma cells. Note again that
nuclear morphology of plasma cells is artificially altered by microwave irradiation as in Figure 5B. Original magnification, X25 (A, C, D, F, and G); X100 (B);

X50 (BE); X157 (H).
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CD95L mRNA expressing cells were scattered within the
lamina propria. Immunohistochemistry confirmed this ob-
servation. Again, the most prominent subset of CD95L*
cells were identified plasma cells (Figure 6H). Further-
more, a small subset of mononuclear CD95L protein-
containing lymphoid cells were detected. Interestingly, all
intraepithelial lymphocytes lacked detectable CD95L ex-
pression (not shown).

CD95L in Tonsillar Plasma Cells Ex Vivo

Morphology in immunohistochemistry was sometimes im-
paired by previous microwave irradiation in the case of
mAb G247-4. To demonstrate unequivocally the plasma
cell nature of the strongly labeled cells and possibly to
further define the CD95L" plasma cell population, we
performed double immunofluorescence stainings using
enriched plasma cell preparations from human tonsils.
These stainings clearly showed CD95L expression in
cells with a diffuse cytoplasmic positivity for Ig charac-
teristic of plasma cells. Most of the isolated CD95L"
plasma cells were of IgG (Figure 7A) and IgA (Figure 7B)
phenotype, whereas only very few plasma cells co-ex-
pressed IgM (not shown). Thus, CD95L expression is not
restricted to but is predominant in IgG and IgA plasma
cells.

Discussion

T cells, activated by ligation of their T-cell receptor/CD3
complex or by treatment with PMA/ionomycin, rapidly
express CD95L and may ultimately undergo CD95-trig-
gered activation-induced cell death (AICD).>™” In recent
years, functional data on the CD95/CD95L system from in
vitro studies have finally given rise to the concept of
clonal downsizing of immune responses with the acti-
vated T cell as a central player."” In fact, in our study, we
readily detected CD95L mRNA and protein in in vitro-
activated Jurkat cells and in T cells from inflammatory
effusions by in situ hybridization and immunostaining.
However, using both procedures, CD95L appeared to be
expressed in lymphoid tissues in a restricted manner with
just a few cells clearly positive for CD95L. Expression
levels as reached after PMA/ionomycin treatment of cells
in vitro were only rarely found in vivo/in situ. Moreover, in
immunohistochemistry, the most prominent fraction of
CD95L* cells in situ were found to be plasma cells,
whereas surprisingly, other cells including lymphocytes
rarely expressed detectable amounts of CD95L protein.
Our inability to detect substantial numbers of CD95L-
expressing cells other than plasma cells in immunohisto-
chemistry may, however, reflect a lower level of expres-
sion of CD95L in lymphocytes and/or the release of
CD95L in its soluble form following proteolytic cleavage.
A similar phenomenon is known for other cytokines, most
of which cannot be detected immunohistochemically
even when present.?®

A critically low level of expression could especially
exist in the thymus. In this organ, we found CD95L mRNA
by in situ hybridization in cells at the corticomedullary

boundary as well as in the subcapsular cortex, although
we consistently failed to detect any protein by immuno-
histochemistry in the subcapsular cortex and detected
only weak protein expression in cells of the corticomed-
ullary boundary. Thus, we conclude that 1) in situ hybrid-
ization is a more sensitive method to demonstrate CD95L
expression than immunohistochemistry and 2) negative
results in immunohistochemistry should be interpreted
with caution.

Regarding our positive results in normal peripheral
lymphoid organs, CD95L mRNA expression was most
prominent in areas known to be rich in plasma cells
(medullary cords of the lymph node, red pulp of the
spleen, and subepithelial areas in the tonsil). Indeed,
most of CD95L was, by cytomorphology, attributable to a
subset of plasma cells suggesting that these are the main
producers of CD95L in the normal peripheral immune
system.

CD95L expression was strongest in the mucosa-asso-
ciated lymphatic tissue of the tonsil and the gastrointes-
tinal tract as demonstrated in the appendix. However,
CD95L was not only expressed by plasma cells of the
primary, but also of the so-called secondary or acquired
mucosa-associated lymphatic tissue, eg, in chronic gas-
tritis. However, in the lymph node and spleen, CD95L
expression was restricted to very few immune cells, some
of them again plasma cells. Protein concentrations were
generally very low. Finally, follicular B cells lacked de-
tectable CD95L expression.

Does our finding of CD95L expression by plasma cells
fit into the concept of its role as a immunomodulator?
Plasma cells are terminally differentiated B cells releasing
soluble antibody. Thus, expression of CD95L might be
involved in downsizing the immune response at sites of
immunoglobulin secretion. It has to be investigated
whether plasma cell-derived CD95L is presented in a
membrane-bound manner or secreted into the intersti-
tium. Expression of functionally active CD95L was re-
cently shown on the surface of neoplastic plasma cells,
ie, myeloma cells,3° while we failed to doubtlessly detect
a CD95L surface staining by immunohistochemistry. In-
stead, using mAb G247-4, we found plasma cells to
exhibit a paranuclear cap-like staining, a pattern most
likely to represent the Golgi compartment. This pattern
also suggests that plasma cells may release soluble
CD95L.

What could be the possible target for plasma cell-
derived CD95L7? As untransformed plasma cells lack
CD95,%"33 it is unlikely that they undergo CD95-medi-
ated apoptosis in an autocrine or paracrine way as is
known for T cells.®>” Thus, CD95L might be directed
against locally activated, apoptosis sensitive T cells.

Another cell type strongly expressing CD95 and, thus,
a potential target for plasma cell-derived ligand is the
tonsillar/gastrointestinal epithelium.32 Our own studies in
ulcerative colitis suggested that CD95L released by lam-
ina propria cells may lead to microlesions of the colonic
epithelium through CD95-mediated apoptosis of colono-
cytes.?” This, however, is obviously very unlikely in the
physiological inflammation in the tonsil or gastrointestinal
mucosa. Interestingly, recent studies suggest that solu-



ble CD95L may be less efficient in inducing apoptosis
than membrane-bound CD95L and, in circumstances still
ill-defined, even block apoptosis mediated by mem-
brane-bound CD95L.24 Furthermore, anti-CD95 Abs do
not kill HT-29 cells, a human colonic carcinoma cell line,
but induce interleukin-8 secretion.® Thus, it is conceiv-
able that CD95L may have other functional properties in
addition to induction of apoptosis.®®

In conclusion, the plasma cell as the final stage of
B-cell differentiation may be an as yet underestimated
regulator of immune responses/inflammatory processes.
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