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SUMMARY: Recognition and uptake of apoptotic cells by neighboring phagocytes is essential for the clearance of dying cells
without accompanying inflammation or tissue damage. In the thymus, many apoptotic cells are generated in the process of
negative selection, and both thymic macrophages (professional phagocytes) and nursing thymic epithelial cells (nursing TEC;
nonprofessional phagocytes) recognize and ingest them. However the receptors responsible for this recognition and uptake have
not been identified. In the present study, we have established a human nursing TEC line and examined the expression of several
genes of the scavenger receptor family considered to be potential receptors for apoptotic cells. Human scavenger receptor-B1
(hSR-B1)/CLA-1, previously shown to recognize apoptotic cells, was strongly expressed in nursing TEC, whereas there was little
or no expression of the other scavenger receptors tested: scavenger receptor class A, CD36, or CD68. Suppression of
hSR-B1/CLA-1 expression using antisense oligonucleotides decreased the binding of apoptotic thymocytes to nursing TEC by
more than 40%. These results indicate that hSR-B1/CLA-1 may play a major role in the clearance of apoptotic cells in the thymus,
mediating the recognition and ingestion of apoptotic thymocytes by nursing TEC. (Lab Invest 2000, 80:263–270).

A poptosis is a critically important physiologic
mechanism by which large numbers of unwanted

cells are targeted for death and removal (Raff, 1992).
Cells undergoing apoptosis are recognized and in-
gested by phagocytes, without the release of inflam-
matory mediators. The alternative form of cell death,
necrosis, is uncontrolled and accompanied by the
release of potentially toxic and immunogenic intracel-
lular contents from the apoptotic cells into the sur-
rounding tissue. Macrophages are the professional
phagocytes that remove apoptotic cells, but other cell
types also participate, including epithelial and tumor
cells, which can take up neighboring cells that un-
dergo apoptosis. In this way large tracts of cells can
be removed in an all but invisible manner, ie, without
initiating an inflammatory response.

In the thymus, most immature thymocytes die via
apoptosis as a result of negative selection, the failure
of positive selection, and presumably the failure of the
T cell receptor gene rearrangement (Shortman et al,

1991). Until recently it was thought that apoptotic
thymocytes were phagocytosed mainly by adjacent
macrophages (Savill et al, 1993; Surh and Sprent,
1994; Wekerle et al, 1980). However there is now
evidence that the thymic nurse cell (TNC) is also a site
of thymocyte apoptosis (Aguilar et al, 1994; Hiramine
et al, 1996). The TNC, a thymic lymphoepithelial cell
complex, consists of one thymic epithelial cell (TEC)
and many thymocytes enclosed by epithelial cytoplas-
mic processes. It has been considered to be a spe-
cialized site for proliferation, differentiation, and mat-
uration of immature thymocytes (Wekerle et al, 1980)
and, recently, for positive and negative selection (Hira-
mine et al, 1995). We have previously reported meth-
ods for establishing murine nursing TEC lines capable
of binding and enveloping viable immature thymo-
cytes to form TNC (Hiramine et al, 1990, 1995). These
nursing TEC lines can induce apoptosis mainly in
small CD41CD81 thymocytes as well as proliferation/
differentiation of immature thymocytes (Hiramine et al,
1990, 1995). Recently we have demonstrated that
nursing TEC in vivo exhibit phagocytic activity in the
digestion and clearance of apoptotic thymocytes as
shown by the presence of phagolysosomes containing
acid phosphatase activity (Hiramine et al, 1996). How-
ever, nursing TEC receptors for apoptotic thymocytes
have not been defined.
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The mechanisms by which apoptotic cells are rec-
ognized and removed have received extensive atten-
tion in the last few years, and a number of receptors
that may be involved have been identified in vitro
(Krieger, 1997; Pearson, 1996; Savill et al, 1993), but
which of these are involved in TNC/nursing TEC up-
take of thymocytes has not been explored. A recent
report shows that the macrophage scavenger recep-
tor class A (SR-A) plays a role in the clearance of
apoptotic thymocytes by thymic macrophages (Platt
et al, 1996). CD36 is firmly established as a macro-
phage receptor for apoptotic cells (Savill et al, 1993).
We have shown that human scavenger receptor-B1
(hSR-B1)/CLA-1 can act as a receptor for apoptotic
thymocytes in vitro (Murao et al, 1997). In the present
study, we have evaluated the relative importance of
these receptors in the recognition of apoptotic thymo-
cytes by human nursing TEC.

Results

A human nursing TEC line was isolated and estab-
lished using methods described previously for isola-
tion of mouse nursing TEC lines (Hiramine et al, 1990,
1995). These nursing TEC expressed desmosomes
and cytokeratin, which are specific for epithelial cells
but were negative for Mac-1 (data not shown). Anti-
Mac-1 antibody does not label TEC, whereas macro-
phages and 80% of interdigitating cells in the thymus
are positive for Mac-1 (Nabarra and Papiernik, 1988).
These results indicated that the nursing TEC were
readily distinguishable from macrophages.

We first examined apoptotic cell binding to the
nursing TEC by transmission electron microscopy.
Mouse thymocytes previously incubated with dexa-
methasone and demonstrating DNA laddering and
morphological changes typical of apoptotic cells, were
cocultured with the TEC. As shown in Figure 1, these
nursing TEC in culture retained the ability to bind and
internalize apoptotic thymocytes. The internalized ap-
optotic thymocytes were then digested by lysosomal
enzymes, leaving small vacuoles containing a small
amount of nondigestable, electron-dense material as
previously described (Hiramine et al, 1996). This is in
contrast to phagocytosis of apoptotic cells by macro-
phages, which does not lead to any accumulation of
residual undigested material.

We then assessed the levels of expression in nurs-
ing TEC of three known receptors for apoptotic cells:
hSR-B1/CLA-1, SR-A, and CD36. As shown in Figure
2A, hSR-B1/CLA-1 protein and mRNA were strongly
expressed. Also, the cytoplasmic membrane of the
nursing TEC stained positively with anti-hSR-B1/
CLA-1 antibody (data not shown).

As shown in Figure 2B, SR-A protein was present in
nursing TEC, but the level was low, much lower than
that in PMA-treated THP-1 cells. RT-PCR showed
only very faint bands for SR-AI and SR-AII mRNAs
(Fig. 2B, bottom). CD36 is expressed by a limited
range of cell types, namely monocyte-macrophages,
microvascular endothelium, platelets, and some ery-
throid cells (Greenwalt et al, 1992). It has been recog-

nized for some time as a receptor for apoptotic cells
(Ren et al, 1995; Savill et al, 1993), and Ren et al (1995)
recently reported that CD36 gene transfer can confer
phagocytic capacity for cells undergoing apoptosis.
As shown in Figure 2C (top), we were unable to detect
surface expression of CD36 in nursing TEC using flow
cytometric analysis even though we could readily
detect CD36 surface expression in PMA-treated U937
cells, a human monocyte-derived cell line. Nor could
we detect any CD36 mRNA by RT-PCR analysis (Fig.
2C, bottom).

The next step was to use an inhibitor or antibody to
SR-A or CD36 to determine their ability to inhibit
binding of apoptotic cells by nursing TEC. Pretreat-
ment with the SR-A ligand (Fadok et al, 1992a),
fucoidan, did not inhibit the binding of apoptotic
thymocytes to the nursing TEC (Fig. 3A). As expected,
in the nursing TEC, anti-CD36 did not reduce the
binding of apoptotic thymocytes, although this anti-
body inhibits the binding of apoptotic cells to human
monocyte-derived macrophages (Fadok et al, 1998).

CD68, the human homolog of rodent macrosialin,
has been implicated as a receptor for oxidized low-
density lipoprotein (OxLDL) (Ramprasad et al, 1995).
CD68 may, like other OxLDL receptors, recognize

Figure 1.
Transmission electron micrograph of human nursing thymic epithelial cells
(TEC) cocultured for 4 hours at 37° C with murine apoptotic thymocytes
induced by dexamethasone. a, An apoptotic thymocyte with two nuclear
fragments adhering to the surface of a nursing TEC. b, A partly degraded
apoptotic thymocyte within a phagolysosome in a nursing TEC. c, An intact
apoptotic body within a phagosome in a nursing TEC. d, An almost digested
apoptotic body. e, A small vacuole with a small amount of nondigestable
electron-dense material. N, Nucleus of a nursing TEC. Bar, 2 mm.
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Figure 3.
Effects of various competitors on binding of apoptotic thymocytes to nursing TEC. A, Fucoidan was added at a final concentration of 100 mg/ml. Nursing TEC were
pretreated for 30 minutes with 100 mg/ml anti-CD36 and an isotype-matched control antibody before phagocytosing apoptotic thymocytes. Results are the mean 6
SE of three experiments. B, Phosphatidylserine (PS) liposomes, but not phosphatidylcholine (PC) liposomes, compete for apoptotic cell binding to nursing TEC. Binding
of viable thymocytes was only about 50% that of apoptotic thymocytes and was not affected by PS liposomes. Final total lipid concentration was 0.1 mM. Results
are the mean 6 SE of five experiments. *Significantly different (p , 0.005).

Figure 2.
Expression of scavenger receptors in human nursing TEC. A, Human scavenger receptor-B1 (hSR-B1)/CLA-1. Top: (Left) Preimmune serum as negative control; (right)
immunoblot of hSR-B1/CLA-1 in cell lysates from human monocyte-derived THP-1 cells (lane 1) and nursing TEC (lane 2). Bottom: RT-PCR of hSR-B1/CLA-1 in
nursing TEC. Lane 1, markers; lane 2, THP-1 cells; lane 3, nursing TEC. B, Scavenger receptor class A (SR-A). Top: Immunoblot of SR-A in THP-1 cells (lane 1) and
in nursing TEC THP-1 cells (lane 2). Bottom: RT-PCR of SR-AI and SR-AII, respectively. Lane 1, markers; lane 2, THP-1 cells; lane 3, nursing TEC; lane 4, control
without reverse transcriptase. THP-1 cells were incubated with PMA (100 ng/ml) for 2 days. C, CD36. Top: Flow cytometric analysis for surface expression of CD36
in nursing TEC (left) and in human monocyte-derived cells U937 cells (right). Cells were labeled with control IgG (dotted line) or anti-CD36 (solid line). Bottom:
RT-PCR analysis. Lane 1, markers; lane 2, U937 cells; lane 3, nursing TEC.
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apoptotic cells but was not detected in nursing TEC by
FACS analysis (data not shown).

There is a considerable body of evidence showing
that one mechanism by which macrophages recog-
nize apoptotic cells is by recognition of excess phos-
phatidylserine (PS) on the plasma membrane (Fadok
et al, 1992a, 1992b; Savill et al, 1993). Exposure of PS
on the surface of apoptotic cells is associated with
phagocytosis by macrophages of some phenotypes
(Fadok et al, 1992a, 1993; Savill et al, 1990). Loss of
membrane phospholipid asymmetry and early, exter-
nal expression of PS have been documented with
many different cell types undergoing apoptosis, and
the mechanisms mediating this membrane change are
under active investigation (Fadok et al, 1992a; Martin
et al, 1995; Mower et al, 1994). Recent work by Ryeom
et al (1996) shows that CD36 can recognize PS-rich
liposomes under certain conditions even though it
operates quite differently under other conditions
(Savill et al, 1993). To determine whether recognition
of PS plays a role in nursing TEC binding of apoptotic
thymocytes, we tested for competition by PS-rich
liposomes, as previously described (Murao et al,
1997). Figure 3B shows that PS liposomes, but not
phosphatidylcholine (PC) liposomes, strongly inhibited
the binding of apoptotic cells to the nursing TEC. The
profile of binding was also changed. The percentage
of nursing TEC binding two or more/one or more
apoptotic thymocytes was 36.8 6 3.6% in PC treat-
ment. In contrast, PS treatment reduced the percent-
age of nursing TEC binding two or more thymocytes to
11.6 6 2.3%. There was some binding of untreated
thymocytes also, but this was not affected by either
PS or PC liposomes. These findings are in agreement
with our previous observations on hSR-B1/CLA-1–
transfected cells (Murao et al, 1997), showing that
binding of apoptotic thymocytes was almost com-
pletely prevented by unilamellar liposomes containing
PS but not by liposomes containing PC.

Finally, to estimate the extent to which hSR-B1/
CLA-1 accounted for the recognition of apoptotic
thymocytes by nursing TEC, antisense oligonucleo-
tides were used. As shown in Figure 4, antisense
oligonucleotides against hSR-B1/CLA-1 suppressed
hSR-B1/CLA-1 protein expression in nursing TEC but
had no effect on cells transfected with the sense
oligonucleotide. In contrast, these oligonucleotide
treatments had no effects on the steady-state expres-
sion of cyclophilin A as negative control. The cells
transfected with the antisense oligonucleotide showed
a marked decrease in binding of apoptotic cells, to a
level about 40% of that in the cells transfected with
the sense oligonucleotide. Furthermore, the antisense
oligonucleotide-treatment reduced the percentage of
the nursing TEC binding multiple thymocytes to about
one third compared with that in sense oligonucleotide
treatment.

These results suggest that hSR-B1/CLA-1 plays a
major role in the clearance of apoptotic thymocytes by
nursing TEC in the thymus and that this is linked at
least in part to its recognition of PS on the membrane
of the target cells. The low levels of expression of

SR-A, CD36, and CD68 suggest that their participa-
tion is less important. Because of the high degree of
homology between CLA-1 and SR-B1, it is likely that
the latter plays a similar role in other species. The role
of hSR-B1/CLA-1 in phagocytosis of apoptotic cells in
other tissue remains to be explored.

Discussion

Efficient removal of apoptotic cells before lysis can
occur is particularly critical in the thymus, where many
millions of cells die every day. This function is carried
out by thymic macrophages and TNC/nursing TEC
(Hiramine et al, 1996). However, the specific receptors
involved and the chemical nature of the recognition
signals on the apoptotic cells are only partially under-
stood.

Apoptotic cells may display their target status in a
number of different ways (Savill et al, 1993). These
include changes in membrane glycoproteins leading
to recognition by an uncharacterized lectin-like recep-
tor (Duvall et al, 1985) and expression of an unchar-
acterized thrombospondin-binding site that allows a
bridging link via thrombospondin to the vitronectin
receptor (avb3 integrin), which is thought to act in
concert with CD36 (Savill et al, 1990, 1992). A further
mechanism by which phagocytes might recognize
apoptotic cells was suggested by observations that
macrophages bind resealed red cell ghosts and sick-
led red cells from patients (McEvoy et al, 1986;

Figure 4.
Effects of hSR-B1/CLA-1 antisense oligonucleotides on binding of apoptotic
thymocytes and on hSR-B1/CLA-1 protein expression in nursing TEC. A,
Effects of pretreatment with sense or with antisense oligonucleotides on
binding of apoptotic thymocytes. Viable or apoptotic thymocytes were added
to the nursing TEC cells treated with the oligonucleotides. The binding of
thymocytes by the nursing TEC was determined as described under “Meth-
ods.” Results are the mean 6 SE of six experiments. *Significantly different
(p , 0.005). B, hSR-B1/CLA-1 protein expression determined by Western blot
analysis. Top: Immunoblot of hSR-B1/CLA-1 in nursing TEC. Bottom: Immu-
noblot of cyclophilin A as internal control. The proteins were extracted 24
hours after the last oligonucleotide treatment. Lane 1, nursing TEC treated with
sense oligonucleotides; lane 2, cells treated with antisense oligonucleotides.
*Significantly different (p , 0.005).
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Schwartz et al, 1985). These cells have lost the normal
asymmetry of membrane phospholipids, by which the
outer leaflet of the membrane bilayer predominantly
contains the neutral phospholipids sphingomyelin and
PC, while anionic phospholipids, such as PS, are
usually restricted to the inner monolayer. If such
asymmetry is lost upon the induction of apoptosis,
phospholipids that normally exist on the cytoplasmic
side of the plasma membrane would appear on the
cell surface, serving as a marker of apoptotic cells
(Savill et al, 1993). Translocation of PS from the inner
to the outer membrane leaflet has been reported in a
variety of apoptotic cells such as thymocytes (Fadok
et al, 1992b), vascular smooth muscle cells (Bennett et
al, 1995), neutrophils (Liles et al, 1996), and spermato-
cytes (Shiratsuchi et al, 1997). The studies reported
above indicate that an increase in PS on apoptotic
thymocytes is involved in their recognition by nursing
TEC.

Several receptors have been implicated in the rec-
ognition of apoptotic cells (Krieger, 1997; Pearson,
1996; Savill et al, 1993), including SR-A, CD36, SR-
B1/CLA-1, and possibly CD68. Recently Devitt et al
(1998) reported that apoptotic cells interact with
CD14, triggering phagocytosis of the apoptotic cells
by macrophages. However, it remains unclear which
of these receptors are relevant to the clearance of
apoptotic thymocytes. The only one so far demon-
strated to be involved was SR-A and that was in
thymic macrophages, not nursing TEC. Platt et al
(1996) showed that an antibody against murine SR-A
inhibited phagocytosis of apoptotic thymocytes by
thymic macrophages by about 50%. This is consistent
with the several lines of evidence suggesting that
receptors that recognize OxLDL also play a role in
recognizing and eliminating apoptotic cells (Krieger,
1997; Sambrano and Steinberg, 1995). For example,
although SR-B1 is now identified as a receptor for
high-density lipoprotein (Acton et al, 1996), it was
originally placed in the scavenger receptor family on
the basis of its ability to bind anionic phospholipids
(Rigotti et al, 1995) and modified forms of LDL (Acton
et al, 1994), including OxLDL. It also displays high
homology to CD36, another receptor that binds Ox-
LDL (Endemann et al, 1993) and participates in the
recognition and uptake of apoptotic cells (Savill et al,
1992). SR-B1 has been shown to function as the
PS-recognizing receptor in SR-B1–transfected cell
lines such as Chinese hamster ovary cells (Fukasawa
et al, 1996) and human embryonic kidney cells (Murao
et al, 1997). Recent reports revealed that SR-B1 plays
an important role in the phagocytosis of apoptotic rat
spermatogenic cells by Sertoli cells (Shiratsuchi et al,
1999) and in the phagocytosis of apoptotic rat ovarian
granulosa cells by thecal cells (Svensson et al, 1999).
Together with our present results, SR-B1 or CLA-1 is
the PS receptor common to the non–macrophage-
type phagocytic cells (nonprofessional phagocytes).

The present studies show that hSR-B1/CLA-1, the
human homolog of rodent SR-B1, is strongly ex-
pressed on human TNC/nursing TEC and that anti-
sense hSR-B1/CLA-1 oligonucleotides significantly in-

hibit the binding of apoptotic thymocytes to nursing
TEC. The other receptors studied were expressed at
much lower levels; CD36 was not detected at all.
Antisense oligonucleotides against hSR-B1/CLA-1
suppressed hSR-B1/CLA-1 protein expression at
more than 80% compared with that of sense oligonu-
cleotide treatment, however the nursing TEC trans-
fected with the antisense oligonucleotide showed only
40% inhibition in the binding of apoptotic thymocytes.
Therefore, it might be possible that undiscovered
receptors are involved in the joint binding of apoptotic
thymocytes.

In summary, our results suggest that hSR-B1/CLA-1
plays a major role in the clearance of apoptotic thy-
mocytes by nursing TEC and that this is linked at least
in part to its recognition of PS on the membrane of the
target cells. Because of the high degree of homology
between hSR-B1/CLA-1 and rodent SR-B1, it is likely
that the latter plays a similar role in other species. The
role of hSR-B1/CLA-1 in phagocytosis of apoptotic
cells in the thymus in vivo and in other tissues remains
to be explored.

Materials and Methods

Cell Culture

Human monocyte-derived THP-1 and U973 cells
(American Type Culture Collection, Rockville, Mary-
land) were grown in RPMI 1640 (Life Technologies,
Tokyo, Japan) supplemented with 10% fetal bovine
serum (FBS; Life Technologies)/antibiotics in a humid-
ified atmosphere containing 5% CO2.

Establishment of Nursing TEC Line

The intact thymus was obtained from a 15-year-old
female patient with Hodgkin’s disease during a radical
surgical operation. A human nursing TEC line was
established from that thymus, which was not invaded
by lymphoma cells, as described (Hiramine et al, 1990,
1995). The cells were initially maintained in Eagle’s
MEM-D-valine medium (Life Technologies) supple-
mented with D-valine (9.2 mg/100 ml; Wako, Osaka,
Japan), 10% FBS, and subsequently the nursing TEC
were maintained at 37° C in 5% CO2 in air at 100%
humidity in DMEM medium (Life Technologies) sup-
plemented with 10% FBS and antibiotics.

Transmission Electron Micrograph

The nursing TEC and the coculture with the apoptotic
thymocytes were fixed in 2.5% glutaraldehyde in 0.1
M cacodylate buffer (pH 7.4), postfixed in 1% OsO4,
dehydrated, and embedded in Epon 812 as described
previously (Hiramine et al, 1995). Ultrathin sections
were stained with 1% uranyl acetate and lead citrate
and viewed with an electron microscope (JEM-
1200EX; JEOL, Tokyo, Japan) at 80 kv.

RT-PCR

Total RNA was isolated from nursing TEC cells as
described previously (Chomczynski and Sacchi, 1987).
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Scavenger receptor mRNAs were detected by PCR
analysis of the reverse transcribed RNA as described
previously (Mizobuchi et al, 1994). The primer sequences
for SR-A (Dufva et al, 1995), CD36 (Kashiwagi et al,
1994), and hSR-B1/CLA-1 (Calvo and Vega, 1993) were
as follows: SR-A: 59 common type I and type II sense
primer: 59-TGGGAACATTCTCAGACCTTGAG-39; 39
type I-specific antisense primer: 59-TTGTCCATAGTG-
AGCTGCCTTGT-39 and 39 type II-specific primer: 59-
TGCCCTAATATGATCAGTGAGTTG-39; CD36: sense
primer: 59-CCTTCTTAGCCATTTTAAAGATAGC-39 and
antisense primer: 59-AGCCAGGACAGCACCAATGAC-
39; hSR-B1/CLA-1: sense primer: 59-ATGATCGTGAT-
GGTGCCGTC-39 and antisense primer: 59-ACTGAA-
CCTGCAGGTGCTGA-39. As a control, b-actin was am-
plified and analyzed under identical conditions using the
appropriate set of primers (Fujita et al, 1994).

Western Blot Analysis

Cells were washed, scraped in PBS, and lysed as
described previously (Guo et al, 1996). The proteins
were resuspended under reducing conditions, and 15
mg was fractionated by size on a 7.5% SDS-
polyacrylamide gel and transferred to polyvinylidene
difluoride membranes for immunoblotting. The mem-
branes were incubated for 1 hour at 4° C with 0.2%
Tween 20 in PBS containing anti-hSR-B1/CLA-1 or
SR-A antibodies (diluted 1:2000 from whole anti-
serum) or anti-cyclophilin A antibody (diluted 1:1000;
Biomol Research, Plymouth Meeting, Pennsylvania)
as described previously (Murao et al, 1997). The
antibody binding was visualized by chemilumines-
cence detection (ECL; Amersham Pharmacia Biotech,
Buckinghamshire, United Kingdom).

Flow Cytometric Analysis

U937 cells treated with 100 nM PMA (Wako) and
nursing TEC were washed twice with analysis buffer
(PBS containing 0.1% BSA) and resuspended to 107

cells/ml in the same buffer. These cells were incu-
bated with FITC-conjugated anti-CD36 antibody
(1:100 dilution; Immunotech, Marseille, France) on ice
for 1 hour. Cells were then washed twice with analysis
buffer and resuspended in the same buffer. As a
control, cells were incubated with FITC-conjugated
mouse IgG (Dako Japan Co. Ltd., Kyoto, Japan). Cells
were analyzed on a FACScan (Becton Dickinson, San
Jose, California).

Apoptotic Cell Binding and Competition Analysis

Thymocytes were isolated from the thymus of 6-week-
old BALB/c mice (Clea Japan Inc., Osaka, Japan) and
washed with ice-cold RPMI 1640 supplemented with
10% FBS. To induce apoptosis, thymocytes at 53106

cells/ml were incubated with 1 mM dexamethasone
(Wako) in RPMI 1640/10% FBS for 4–6 hours at
37° C, 5% CO2, 95% air, humidified. Apoptosis was
confirmed by demonstrated DNA fragmentation as
previously described (Hiramine et al, 1995). Nursing
TEC were plated in DMEM 10% FBS/antibiotics and

allowed to adhere for 8 hours. Nursing TEC were
incubated with dexamethasone-treated thymocytes in
DMEM for 4 hours at 37° C in a humidified incubator.
Nonadherent cells were removed by washing five
times with DMEM, and the number of nursing TEC
binding one or more thymocytes was counted as
described previously (Murao et al, 1997). In competi-
tion experiments, the binding of thymocytes by the
nursing TEC was determined in the presence of unila-
mellar vesicles consisting of phospholipids and cho-
lesterol as described previously (Murao et al, 1997).
For competition of thymocyte binding by the nursing
TEC, the liposomes were added to the monolayer at a
final concentration of 0.1 mM. To inhibit the activity of
CD36 and SR-A, we used mouse anti-CD36 monoclo-
nal antibody (PharMingen, Tokyo, Japan) as a block-
ing antibody and SR-A inhibitor molecule, fucoidan
(Sigma, St. Louis, Missouri). Nursing TEC were pre-
treated for 30 minutes with these inhibitors at a final
concentration of 100 mg/ml before phagocytosing
apoptotic thymocytes.

Antisense Oligonucleotide Treatment

The oligonucleotide sequences used corresponded to
the 59-ends of the respective mRNA. The hSR-B1/
CLA-1 sense oligomer used was 59-CGCGCAG-
ACATGGGCTGCTGCTCCGCC-39; the antisense oli-
gomer was 59-GGCGGAGCAGCAGCCCATGTCT-
GCGCG-39. Phosphorothioate oligonucleotides were
purchased from Nippon Bioservice (Kanagawa, Ja-
pan). They were synthesized by a modification of the
H-phosphonate procedure and purified by ion-
exchange chromatography and ethanol precipitated.
The cells were treated with 0.8 mM oligonucleotide
every 24 hours for 5 days. The proteins were extracted
24 hours after the last oligonucleotide treatment as
described (Okada et al, 1997; Takeuchi et al, 1994),
and the level of hSR-B1/CLA-1 expression was ana-
lyzed by Western blotting.
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