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Human Cla-1 is the likely homologue of the murine
scavenger receptor class B type | (SR-BI). SR-BI medi-
ates selective transfer of cholesterol to high-density
lipoprotein (HDL) and the efflux of endogenously syn-
thesized and plasma membrane sterols to HDL. HDL
protects against atherosclerosis but also reduces en-
dotoxic activity by complexation and neutralization of
LPS. We found that Cla-1 is upregulated during phago-
cytic as well as dendritic differentiation of monocytes,
indicating a function of this receptor for cholesterol
homeostasis in phagocytes and antigen-presenting
cells. Cla-1 expression is suppressed by the proinflam-
matory stimuli lipopolysaccharide, interferon-y, and
tumor necrosis factor « in monocytes and macro-
phages. Downregulation of Cla-1 mRNA by LPS is
likely due to a modification and subsequent destabili-
zation of the mRNA. We propose that suppression of
Cla-1 expression may help to stabilize the lipoprotein
status in the blood compartment important for host

defense. © 1999 Academic Press

Cla-1 is a 85 kDa plasma membrane protein struc-
turally related to CD36 and the lysosomal membrane
glycoprotein LIMPII (1). Cla-1 is highly abundant in
tissues performing active cholesterol metabolism like
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liver, ovary, testis and the small intestine (2). Although
it has not been confirmed, it is likely that Cla-1 is the
human homologue of the murine SR-BI, that was
shown to mediate selective uptake and efflux of sterols
from HDL to cells and vice versa (3). An important
function of HDL is the maintenance of cholesterol ho-
meostasis by uptake of free cholesterol from peripheral
cells and its esterification so that it can be transported
to the liver (reverse cholesterol transport) (4). HDL
also incorporates apoE that is secreted from monocytes
and induces cholesterol efflux from these cells (5). This
might explain the inverse relationship between the
HDL concentration and the risk of coronary heart dis-
ease found in numerous epidemiological studies. In
addition to its protective effect on atherosclerosis, HDL
also binds lipopolysaccharide (LPS) and reduces the
production and release of proinflammatory cytokines
induced by LPS (6, 7). LPS is anchored in the outer
leaflet of gram-negative bacteria and is released from
the surface when bacteria are exposed to serum. LPS
binding protein (LBP) transfers LPS to CD14 (LPS-
receptor) expressed by monocytes/macrophages and in-
duces the release of various cytokines like TNF-«
and IFN-y (8). Reconstituted HDL (rHDL) inhibits
LPS effects in vitro and in vivo not only by binding
and neutralizing LPS but also by reducing CD14 ex-
pression in monocytes (9, 10). The transfer of LPS to
rHDL is catalyzed by lipid transfer proteins including
LBP (11) and PLTP (phospholipid transfer protein)
(12), which are associated with HDL. Monocytes/
macrophages play a key role in cholesterol homeosta-
sis, the pathogenesis of atherosclerosis and are also
important effector cells mediating LPS activities. How-
ever, the differentiation dependent expression of Cla-1
in these cells was not yet investigated.

A variety of cytokines is secreted from immunocom-
petent cells in an inflammatory reaction. TNF-« is
secreted by monocytes/macrophages in early inflam-
mation. IFN-y contributes to LPS mediated effects and
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complete activation of these cells during inflammation
can be achieved by stimulation with LPS and
interferon-y (IFN-v) (13). IL-10 is abundant in late
inflammation and compared to LPS and IFN-y this
cytokine exerts a wide range of antiinflammatory ef-
fects on monocytes/macrophages (14, 15).

In this study we have analyzed the expression of
Cla-1 in monocytes/macrophages and dendritic cells.
We find that Cla-1 mRNA and protein expression is
upregulated during phagocytic and dendritic differen-
tiation. In response to proinflammtory stimuli the ex-
pression of Cla-1 in monocytes/macrophages declines
whereas the antiinflammtory cytokine IL-10 does not
influence Cla-1 mRNA and protein levels. Further-
more, we determined the half-life of Cla-1 mRNA in
phagocytes and found that actinomycin D (ActD) sta-
bilizes Cla-1 mRNA in LPS treated macrophages prob-
ably due to a modification of the Cla-1 mRNA induced
by LPS-treatment.

MATERIALS AND METHODS

Reagents. Human recombinant M-CSF, GM-CSF and IL-4 were
obtained from Genzyme Diagnostics (Cambridge, MA). The monoclo-
nal antibody to SR-BI/Cla-1 was from Novus (Littleton, CO). RPMI
1640 and macrophage SFM medium were purchased from Gibco BRL
(Karlsruhe, Germany). Other laboratory reagents, the monoclonal
antibody to B-actin and chemicals were from Sigma Chemical
(Deisenhofen, Germany) unless noted otherwise. IL-10, IFN-y and
TNF-«a were obtained from R&D Systems (Wiesbaden-Nordenstadt,
Germany). Membranes (Genescreen) for Northern blotting were pur-
chased from NEN Life Science (Boston, MA) and [«*P] dCTP was
from Amersham (Braunschweig, Germany).

Isolation and culture of cells. Peripheral blood monocytes from
healthy volunteers were isolated by leukapheresis followed by elu-
triation according to standard protocol (16). Fractions containing
>90% monocytes were pooled and cultured on plastic Petri dishes
(10° cells/ml) in serum free macrophage SFM medium. The THP-1
cell line, obtained from ATCC (Manassas, VA), was cultured in RPMI
1640 medium supplemented with 10% FCS (Gibco BRL, Berlin,
Germany), and incubated in 10% CO, at 37°C. In order to induce
phagocytic differentiation, THP-1 cells were cultured in the presence
of 160 nM PMA for 48 h.

Recombinant human cytokines and biological active substances.
The following cytokines were used for mononuclear cell cultures:
GM-CSF: 5 ng/ml in combination with IL-4: 10 ng/ml, M-CSF: 5
ng/ml, IL-10: 10 ng/ml, IFN-vy: 10 ng/ml and TNF-a: 10 ng/ml. LPS,
E. coli serotype 055:B5: was used in the concentration of 1 ug/ml in
the absence of serum.

Isolation of RNA and Northern blot analysis. Total cellular RNA
was isolated by the guanidine isothiocyanate-cesium chloride tech-
nique (17). 10 ng of total RNA were electrophoresed through a 1.2%
agarose gel containing 6% formaldehyde and blotted onto nylon
membranes. After crosslinking with UV-light (Stratalinker model
1800, Stratagene, La Jolla, CA), the membranes were hybridized
with a cDNA probe spanning nucleotides 758 to 1380 of the Cla-1
cDNA, stripped and subsequently hybridized with a human GAPDH
probe (Clontech, Palo Alto, CA). The probes were radiolabeled with
[-*P] dCTP using the Oligolabeling kit from Pharmacia (Freiburg,
Germany). Hybridization and washing conditions were performed as
recommended by the manufacturer of the membrane.
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FIG. 1. Cla-1 mRNA expression analysis on Northern blots. RNA
was isolated from 1 d monocytes, monocytes differentiated to mac-
rophages by the addition of M-CSF, 10% FCS or 10% autologous
serum for 5 d and monocytes differentiated to dendritic cells by
GM-CSF and IL-4 for 5 d. In addition RNA from THP-1 cells and
THP-1 cells incubated with PMA for 48 h was analyzed. 10 ug of
RNA per lane were loaded. The Northern blot was hybridized with a
Cla-1 cDNA probe. In order to verify equal amounts of RNA, the blot
was rehybridized with a GAPDH probe.

Western blot analysis. The cells were harvested, washed in PBS,
resuspended in homogenization buffer, frozen in liquid nitrogen and
thawed. Cell debris were removed by centrifugation at 8,000g for 10
min at room temperature (RT) and cell membanes were isolated by
centrifugation for 1 h with 100,000g at 4°C (18). The cell membranes
were used for detection of Cla-1 expression, the corresponding cyto-
plasmic fractions for B-actin analysis. SDS-polyacrylamide gelelec-
trophoresis was performed as described previously (19). Proteins
were transfered to nylon membranes by standard procedures and
efficient transfer was evaluated by Ponceau S staining of the mem-
brane. The monoclonal antibodies for Cla-1 and B-actin were used at
a 1:300 dilution in 5% nonfat dry milk in PBS and incubated at room
temperature for 2 h. The secondary peroxidase conjugated antibody
(Sigma, Deisenhofen, Germany) was diluted 1000-fold. Detection of
the immune complexes was carried out with the ECL Western blot
detection system (Amersham, Braunschweig, Germany).

RESULTS AND DISCUSSION
Cla-1 Expression in Macrophages and Dendritic Cells

Monocytes were differentiated to macrophages in
serum-free medium supplemented either with M-CSF,
10% autologous serum or 10% FCS. GM-CSF and IL-4
were added to serum-free medium for dendritic differ-
entiation. Cla-1 expression in these cells was investi-
gated by Northern (Fig. 1) and Western blot (Fig. 2)
analysis. As can be seen in Fig. 1, Cla-1 mRNA is
weakly expressed in monocytes and is upregulated con-
siderably in M-CSF differentiated cells. When the cells
were differentiated in the presence of serum, Cla-1
MRNA was induced to the same level as in M-CSF
differentiated phagocytes. This indicates that Cla-1 ex-
pression is not modulated by the lipoprotein content of
the medium. PMA which induces differentiation of
THP-1 cells (20), a monocytic cell line, also increases
Cla-1 expression. The upregulation of Cla-1 mRNA
leads to high expression levels of Cla-1 protein (Fig. 2).
These findings implicate a physiological function of
Cla-1 for cholesterol homeostasis in phagocytes and
dendritic cells.
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FIG. 2. Western Blot analysis of Cla-1 protein expression. Cell
membranes were prepared from 1 X 10” monocytes, THP-1 cells,
THP-1 cells incubated with PMA for 48 h, macrophages, dendritic
cells and macrophages incubated with 1 ug/ml LPS for 24 h. The
corresponding cytoplasmic protein fractions were used for the p-actin
immunoblot in order to confirm equal amounts of protein.

Influence of Cytokines on Cla-1 Expression
in Monocytes and Macrophages

LPS rapidly induces the secretion of TNF-a« and
IFN-v in early inflammation. Several studies indicate
that LPS and these proinflammtory cytokines exert the
same effects on monocytes/macrophages regarding
gene expression (13). We have incubated monocytes or
macrophages with LPS, IFN-y or TNF-« for 24 h and
analyzed Cla-1 mRNA and protein expression. As can
be seen in Fig. 3, IFN-vy, LPS and TNF-a downregulate
Cla-1 mRNA expression and protein (not shown) in
monocytes and macrophages. In contrast, Cla-1 expres-
sion is not affected by IL-10 (Fig. 3).

The downregulation of Cla-1 protein in these cells
may help to stabilize the lipoprotein content in the
serum in early inflammation. Lipoproteins like LDL
and especially HDL were shown to neutralize LPS and
thereby reduce the secretion of proinflammatory cyto-
kines (9). From experiments in hamsters it is known
that hepatic cholesterol synthesis is upregulated and
the cholesterol content of LDL is increased while HDL
cholesterol levels decrease 16 h to 24 h after LPS
administration (21). Reduced HDL cholesterol may re-
sult from downregulation of Cla-1 expression and de-
creased cholesterol efflux. Endotoxin mediated reduc-
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FIG. 3. Northern blot analysis of Cla-1 expression upon incuba-
tion with IFN-y, LPS, TNF-a and IL-10 on Cla-1 expression were
analyzed. 1 d monocytes, and monocytes differentiated to macro-
phages with M-CSF (5 d) were incubated for 24 h with the indicated
stimuli or in medium alone (control). A GAPDH cDNA probe was
used to demonstrate equal loading of RNA.
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FIG. 4. Macrophages, cultivated for 5 d with M-CSF, were incu-
bated in the presence of ActD, LPS, ActD and LPS or CHX and LPS
for the indicated time. RNA was prepared and 10 ug of RNA per lane
were used to analyze Cla-1 and GAPDH expression by Northern blot.

Cla-1

tion of apoE secretion will further contribute to
cholesterol depletion of the HDL particle (22).

In late inflammation, when LPS is already cleared
from the serum, antiinflammtory cytokines like IL-10
are secreted. 1L-10 downregulates and antagonizes the
effects of LPS and proinflammtory cytokines (14, 15).
However, we found that Cla-1 expression is not influ-
enced by IL-10 compared to control cells (Fig. 3). This
result implicates that downregulation of Cla-1 expres-
sion is important in early inflammation for the removal
of LPS from the circulation, later on Cla-1 expression
returns to physiological levels.

Effect of ActD and CHX on Cla-1 mRNA Stability

In order to elucidate whether increased Cla-1 mRNA
levels are due to upregulation of gene expression or
stabilization of the mRNA, we analyzed Cla-1 mRNA
stability in macrophages and LPS incubated phago-
cytes by addition of actinomycin D (ActD, 1 pug/ml). As
can be seen in Fig. 4, inhibition of transcription by
ActD revealed that Cla-1 mRNA in phagocytes is stable
for at least 6 h. LPS significantly suppressed Cla-1
mMRNA within 6 h, ActD, however, reversed this effect
on Cla-1 mRNA in LPS treated cells. Whereas Cla-1
MRNA was substantially reduced in control cells in-
cubated with ActD for 10 h (Fig. 4), in LPS treated
cells the mRNA expression is not altered. In order to
examine whether Cla-1 mRNA suppression by LPS is
mediated by a protein with a high turnover rate we
incubated macrophages with LPS and cycloheximide
(CHX, 10 wg/ml), an inhibitor of protein synthesis. As
shown in Fig. 4 CHX has no influence on the suppres-
sion of Cla-1 mRNA by LPS. Therefore, we hypothesize
that Cla-1 mRNA is modified upon LPS incubation.
Under physiological conditions this modification may
result in destabilization of Cla-1 mRNA. ActD, how-
ever, stabilizes this altered mRNA when compared to
macrophages treated with either LPS or ActD alone.
When the Northern blots were rehybridized with a
probe for the scavenger receptor CD163 which is also
downregulated by LPS (23), CD163 mRNA was not
stabilized by LPS and ActD treatment (data not
shown). It was shown that poly(A) tail extension may
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occur by treatment with ActD (24) resulting in a higher
MRNA stability (25). However, this effect can not ex-
plain our results that Cla-1 mRNA is only stabilized by
ActD subsequent to LPS treatment.

The data presented here provide evidence for an
important function of Cla-1 in phagocytes as well as in
dendritic cells. The suppression of Cla-1 in early in-
flammation may decrease cholesterol efflux from
monocytes/macrophages and thereby reduce the clear-
ance of HDL particles from the circulation. These
changes may help to maintain the lipoprotein status in
the serum important for the neutralization of LPS and
are of short duration. ActD stabilizes Cla-1 mRNA in
LPS-treated macrophages which implicates that Cla-1
MRNA is modified by LPS incubation.
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