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Involvement of diacylglycerol production in activation of nuclear factor «B
by a CD14-mediated lipopolysaccharide stimulus

Hisanori YAMAMOTO, Kentaro HANADA and Masahiro NISHIJIMA*

Department of Biochemistry and Cell Biology, National Institute of Infectious Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162, Japan

Exposure of Chinese hamster CHO-K1 transfectant cells ex-
pressing mouse CD14 (CHO/CD14 cells) to lipopolysaccharide
(LPS) induced rapid elevation of the cellular diacylglycerol
(DAG) and choline/phosphocholine levels and nuclear trans-
location of nuclear factor kB (NF«xB). When cells were incubated
with short-chain DAG analogues or bacterial phospholipase C,
NF«B activation occurred even without the LPS stimulus.
Treatment of CHO/CDI14 cells with tricyclo[5.2.1.0%%]decyl-
(9[8])xanthogenate (D609), an inhibitor of phosphatidylcholine-
specific phospholipase C and phospholipase D, almost completely
inhibited not only the LPS-dependent production of DAG and

choline/phosphocholine but also the LPS-dependent NF«B
activation. In contrast, treatment of cells with 1-(6-{[3-methoxy-
oestra-1,3,5(10)-trien-174-yl]-1 H-pyrrole-2,5-dione (U73122), an
inhibitor of phosphatidylinositol-specific phospholipase C in
vitro, did not affect the LPS-dependent activation of NFxB.
Production of DAG and activation of NF«B after the LPS
stimulus were observed in mouse macrophage-like J774.1 cells,
and this response to LPS by J774.1 cells was also inhibited by
D609. These results suggest that the production of DAG from
phosphatidylcholine was upstream of NF«B activation in
response to a CD14-mediated LPS stimulus.

INTRODUCTION

Lipopolysaccharide (LPS), which is a component of the cell
envelope of Gram-negative bacteria, is the most frequent causa-
tive agent of septic shock [1]. Exposure of immune-related cells
to LPS results in the intense production of inflammatory cyto-
kines, including tumour necrosis factor a (TNF-«), interleukin
1/ and other inflammatory mediators, such as arachidonic acid,
thereby leading to septic shock in mammals [2,3]. LPS forms a
complex with a serum protein named LPS-binding protein, and
the complex binds to its membrane receptor, CD14, on the cell
surface [4]. It has been demonstrated that CD14 has an essential
role in an efficient response to LPS not only in cultured cells but
also in living animals. For example, (1) a mutant J774.1
macrophage-like cell line resistant to LPS was proved to be
defective in CD14 expression [5,6], (2) the expression of CD14 in
originally CD14-negative cells renders the cells hyper-responsive
to LPS [7], and (3) mutant mice deficient in CD14 show no
symptom of septic shock after the injection of LPS, even at high
doses [8]. In the processes of cellular responses to LPS, an early
crucial step is the nuclear translocation of nuclear factor xB
(NF«B), which in turn induces the transcriptional activation of
the genes for various inflammatory cytokines [3]. However, the
signalling pathway(s) from a CDI14-mediated LPS stimulus to
NF«B activation remains unclear.

Delude et al. [9] previously demonstrated that CHO-K1
transfectants expressing human CD14 show NF«B activation in
response to LPS, whereas wild-type CHO-K cells, which do not
express endogenous CD14, are not responsive to LPS. This
previous study indicated that CHO-K1 cells have signalling

machinery connecting a CD14-mediated LPS stimulus to NF«B
activation, suggesting the usefulness of CD14-expressing CHO
cells as a model system for investigating the intermediary
signalling pathway without the influence of CD14-independent
LPS responses, which occur in various myeloid cell types. In the
present study, using CHO-KI1 transfectants expressing mouse
CD14, we found that the production of sn-1,2-diacylglycerol
(DAG), a lipidic modulator, participated in NF«B activation by
a CD14-mediated LPS stimulus.

MATERIALS AND METHODS
Materials

LPS from the Escherichia coli serotype [0111:B4] was purchased
from Sigma Chemicals (St. Louis, MO, U.S.A.). sn-1,2-
Dioctanoylglycerol  (Cy-DAG),  sn-1-oleoyl-2-acetylglycerol
(OAG) and 1-(6-{[3-methoxyoestra-1,3,5(10)-trien-174-yl]-1H-
pyrrole-2,5-dione (U73122) were purchased from Calbiochem
Novabiochem (La Jolla, CA, U.S.A.). Potassium tricyclo-
[5.2.1.0%%]decyl-(9[8])xanthogenate (D609) was purchased from
Kamiya Biomedical Company (Thousand Oaks, CA, U.S.A.)
and Bacillus cereus phosphatidylcholine-specific phospholipase C
(PC-PLC) from Boehringer Mannheim (Mannheim, Germany).

Cell culture

CHO-K1, CHO/CD14 [10] and J774.1 cells were maintained in
Ham’s F-12 medium supplemented with 109, (v/v) heat-

Abbreviations used: Cg-DAG, sn-1,2-dioctanoylglycerol; CHO/CD14 cells, Chinese hamster CHO-K1 transfectant cells expressing mouse CD14;
D609, potassium tricyclo[5.2.1.0>%]decyl-(9[8])xanthogenate; DAG, sn-1,2-diacylglycerol; EMSA, electrophoretic mobility-shift assay; FCS, fetal calf
serum (heat-inactivated); GPI, glycosyl phosphatidylinositol; LPS, lipopolysaccharide; NF«B, nuclear factor kB; OAG, sn-1-oleoyl-2-acetylglycerol; PC,
phosphatidylcholine; PC-PLC, PC-specific phospholipase C; PI-PLC, phosphatidylinositol-specific phospholipase C; PLD, phospholipase D; TNF,
tumour necrosis factor; U73122, 1-(6-{[3-methoxyoestra-1,3,5(10)-trien-175-yl]-1H-pyrrole-2,5-dione.
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inactivated (56 °C, 30 min) newborn calf serum (ICN
Biomedicals, Costa Mesa, CA, U.S.A.) at 37 °C under a water-
saturated air/CO, (19:1) atmosphere.

Production of DAG in response to LPS

CHO cells were seeded at 3 x 10° cells per dish (diameter 35 mm),
and then cultured in 2 ml of F-12 medium containing 1%, (v/v)
heat-inactivated fetal calf serum (FCS) and [“C]myristate
(0.5 uCi/ml; Amersham, Little Chalfont, Bucks., U. K.) at 37 °C
for 2 days to label cellular lipids metabolically to isotopic
equilibrium. After the labelled monolayers had been washed with
1 ml of F-12 medium, the culture medium was changed to F-12
containing 0.1 95 FCS. Then the LPS stimulus was started by the
addition of LPS to the culture medium at 1 yg/ml, and after
various periods of incubation at 37°C the stimulus was
terminated by removing the medium, followed by the addition of
0.8 ml of cold PBS (Mg?**- and Ca**-free) to the dish. Cells were
harvested by scraping for lipid extraction. For controls lacking
LPS, only PBS as vehicle was added to the culture medium. In
some experiments, after incubation of the cell suspension with
D609 (10 pug/ml) at 37 °C for 20 min, the LPS stimulus was
started. When J774.1 cells were used, the cells (5x 10%) were
cultured in 10 ml of F-12 containing 1 %, FCS and [**C]palmitate
(0.5 uCi/ml; Amersham) at 37 °C for 2 days, and after washing
with 10 ml of F-12 the labelled cells were suspended in 15 ml of
F-12 containing 0.1 9, FCS. The LPS stimulus was started by the
addition of LPS (1 pg/ml); after incubation at 37 °C, 0.8 ml
aliquots of the cell suspension were withdrawn for the extraction
of lipids.

Lipids were extracted from cells by the method of Bligh and
Dyer [11] and separated by TLC on Silica Gel 60 plates (Merck,
Darmstadt, Germany) with n-hexane/diethyl ether/acetic acid
(80:30:1, by vol.) as the developing solvent. On the basis of co-
migration with standard DAG, the bands of radioactive DAG
on thesilica gel plates were identified and the relative radioactivity
of the DAG bands was determined with a Fuji BAS2000 Bio-
Imaging analyser.

Production of choline and phosphocholine in response to LPS

CHO cells were seeded at 3 x 10° cells per dish (diameter 35 mm),
and then cultured in 2 ml of F-12 medium containing 19, FCS
and [**C]choline (0.5 xCi/ml; Amersham) at 37 °C for 2 days to
label cellular lipids metabolically to isotopic equilibrium. After
the labelled monolayers had been washed with 1 ml of F-12
medium, the culture medium was changed to F-12 containing
0.19% FCS. Then the LPS stimulus was started by the addition
of LPS to the culture medium at 1 pg/ml and cells were incubated
for 3 min at 37 °C; the stimulus was terminated by removing the
medium, followed by the addition of 0.8 ml of cold PBS to the
dish. Cells were harvested by scraping for lipid extraction. For
controls lacking LPS, only PBS as vehicle was added to the
culture medium. In some experiments, after incubation of the cell
suspension with D609 (10 ug/ml) at 37 °C for 20 min, the LPS
stimulus was started. Water-soluble reaction products were
separated from lipids by the method of Bligh and Dyer and
separated by TLC on Silica Gel 60 plates with methanol/0.5 9%,
NaCl/NH,OH (100:100:2, by vol.) as the developing solvent.
The relative amounts of radioactive choline and phosphocholine
were determined with a Fuji BAS2000 Bio-Imaging analyser.

Electrophoretic mobility-shift assay (EMSA) for NFxB activation

Synthesized oligonucleotides with a «B site (5-TTAACAG-
AGGGGACTTTCCGAG-3", 5-GGCTCGGAAAGTCCCCT-

CTGTTAA-3") (Greiner Japan, Tokyo, Japan) were labelled
with [o-3?P]dCTP (ICN Biomedicals) at the 3" end with Klenow
fragment and then purified as described previously [12]. Prep-
aration of nuclear extracts of cells and EMSA were performed in
accordance with the method of Schreiber et al. [13] with
modifications. Briefly, (0.5-1) x 10° cells were suspended in 100 xl
of 10 mM Hepes/Na, pH 7.9, containing 10 mM KCI, 0.1 mM
EDTA, 0.1 mM EGTA, 1 mM dithiothreitol and 0.1 mM (4-
amidinophenyl)methanesulphonyl fluoride (APMSF), and then
kept on ice for 15 min. After the addition of NP40 to the cell
suspension at 0.69, (v/v) and vigorous mixing for 10s, the
mixture was centrifuged for 30s at 15000 g. The pellet was
suspended in 20 gl of 20 mM Hepes/Na, pH 7.9, containing
0.4 M NaCl, ] mM EDTA, 1 mM EGTA, 1 mM dithiothreitol
and 0.1 mM APMSF, by vigorous mixing for 15 min at 4 °C.
After centrifugation of the suspension of the pellet at 15000 g for
5 min, the supernatant was used as the nuclear extract. The
nuclear extracts (2 pl) were incubated in 10 xl of 10 mM Tris/
HCI, pH 7.5, containing 50 mM NaCl, 0.5 mM dithiothreitol,
0.059% NP40, 109% (v/v) glycerol, 5mM MgCl,, 0.5 pug of
poly(dI-dC) - poly(dI-dC) and **P-labelled «B oligonucleotides
for 30 min at 25 °C, and then protein—oligonucleotide complexes
were separated from free oligonucleotides by electrophoresis in
69, polyacrylamide gels with Tris/Borate/EDTA buffer at 4 °C.
After the gels had been dried, radioactive bands on the gels were
revealed with a BAS2000 Bio-Imaging analyser.

RESULTS

Production of DAG caused by a CD14-mediated LPS stimulus in
CHO cells

After CHO cells had been metabolically prelabelled with
[**C]myristate for 2 days to isotopic equilibrium, the prelabelled
cells were incubated with or without LPS for various periods,
and then the changes in the relative level of cellular ["*CIDAG

160

140

120

100

[14C]DAG (%)

80 .
60 1 " L 1 L 1
0 2 4 6 8 10
Time (min)

Figure 1 Time course of LPS-induced DAG production in CHO cells

CHO-K1 (CJ, M) and CHO/CD14 (O, @) cells were prelabelled with ["C]myristate for 2
days. After the addition of LPS (I, @) to a final concentration of 1 «g/ml, or vehicle (PBS)
alone ([, O) to prelabelled cells, the cells were incubated for the indicated periods at 37 °C.
Lipids were then extracted from the cells and the relative amounts of radioactive DAG were
determined as described in the Materials and methods section. The results shown are means
for duplicate experiments and are expressed as the percentages of the initial levels of the
respective cell types.
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Figure 2 Activation of NFxB by treatment of cells with short-chain analogues of DAG or with bacterial PC-PLC

(R) CHO-K1 (lanes 1-3) or CHO/CD14 cells (lanes 4—6) were stimulated with LPS at the indicated concentrations (ng/ml) for 30 min at 37 °C. Nuclear extracts were then prepared from the cells
and subjected to EMSA as described in the Materials and methods section. (B) CHO/CD14 cells were incubated with 10 «M C¢-DAG (lanes 3 and 4) or 10 #M OAG (lanes 5 and 6) for 30 min
at 37 °C in the absence (—) or presence (+) of 1 xg/ml LPS. Nuclear extracts were then prepared from the cells and subjected to EMSA as described in the Materials and methods section.
(C) CHO-K1 (lanes 1—4) or CHO/CD14 cells (lanes 5-9) were incubated with B. cereus PC-PLC (at 0.2, 0.6 and 2.0 units/ml) for 30 min at 37 °C. Then EMSA, with nuclear extracts prepared

from these cells, was performed.

were determined. When CHO/CD14 cells were exposed to LPS,
the cellular [“C]DAG level increased to approx. 1609, of the
initial level by 2 min after stimulation with LPS, and then
remained at the elevated level for at least 5 min (Figure 1). In
contrast, when cells were not exposed to LPS, the [""CIDAG
levels of both CHO/CD14 and wild-type CHO-K1 cells gradually
decreased (Figure 1), probably because of metabolic conversion
of DAG to other compounds. Exposure of wild-type CHO-K 1
cells to LPS did not affect the time course of the change in the
[“'C]DAG level (Figure 1). These results suggest that the CD14-
mediated LPS stimulus induced the production of DAG in CHO
cells.

Activation of NFxB by exogenous DAG analogues or by treatment
with PC-PLC

Exposure of cells to LPS resulted in the activation of NF«B in
CHO/CD14 cells but not in CD14-negative wild-type CHO-K 1
cells (Figure 2A), which is consistent with the earlier study [9]. To
address the question of whether or not the production of DAG
caused by the CD14-mediated LPS stimulus has a crucial role in
NF«B activation, we examined the effects of C,-DAG and OAG,
short-chain analogues of DAG, on the activation of NF«B in
CHO/CD14 cells. We used these short-chain analogues because
exogenous DAG with long diacyl chains is very poorly transferred
to cells because of its marked hydrophobicity. After pre-
incubation of CHO/CD14 cells with C,-DAG or OAG at 37 °C
for 30 min, the cells were incubated with or without LPS, and
then nuclear extracts were prepared from the cells for EMSA of
NF«B. Activation of NF«B in response to LPS was enhanced by
the preincubation of cells with DAG analogues; interestingly,
these exogenous DAG analogues activated NF«B even without
the LPS stimulus (Figure 2B).

To increase the endogenous DAG level, cells were treated with
Bacillus cereus PC-PLC, which degrades cellular phosphatidyl-
choline (PC) to produce endogenous DAG. As shown in Figure
2C, treatment of CHO-K1 and CHO/CD14 cells with PC-PLC
resulted in activation of NF«B in these two types of cell to a

similar extent to the LPS-induced activation in CHO/CD14
cells. The NF«B activation on treatment of cells with PC-PLC
was not due to possible contamination by LPS of the bacterial
PC-PLC sample, because the activation occurred even in CHO-
K1 cells that were unresponsive to LPS (Figures 2A and 2B).
These results indicate that an increase in the cellular DAG level
triggered the activation of NF«B, suggesting that DAG pro-
duction in response to the LPS stimulus was a crucial step for
LPS-induced activation of NF«B.

Abrogation of DAG production and NF«B activation by D609

Membrane phosphatidylinositol and PC are two major sources
for the production of DAG in response to various stimuli
[14-16]. However, we did not observe a significant production of
phosphoinositides in CHO/CD14 cells in response to LPS (results
not shown). We thus examined the possibility that the production
of DAG in response to LPS might result from the hydrolysis of
PC by using D609, a potent inhibitor of PC-PLC and phospho-
lipase D (PLD) but not phosphatidylinositol-specific phospho-
lipase C (PI-PLC) in vitro [17-19]. Treatment of CHO/CD14
cells with D609 inhibited almost completely the LPS-dependent
production of [C]DAG (Figure 3A).

More importantly, no activation of NF«B in response to LPS
was observed under the D609-treated conditions, where LPS-
dependent production of DAG was inhibited completely (Figure
3B), although the D609 treatment did not affect cellular viability
as judged by Trypan Blue exclusion (results not shown). In
contrast, U73122, a potent inhibitor of PI-PLC in vitro [20], did
not inhibit LPS-induced NF«B activation (Figure 3C). These
results suggest that the CD14-mediated LPS stimulus induced
the production of DAG from PC in CHO/CD14 cells, and that
the DAG production was upstream of the LPS-induced NF«B
activation.

Although D609 is known as a potent inhibitor of PC-PLC and
PLD, the action of this drug might not be specific to these
phospholipases in intact cells. To determine whether DAG
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Figure 3 D609 inhibits [*C]DAG production and NFxB activation in
response to LPS

(A) ["*C]Myristate-labelled CHO/CD14 cells were preincubated with (Hl) or without (@)
10 wg/ml D609 for 20 min at 37 °C, and subsequently stimulated with 1 zg/ml LPS. After the
cells had been incubated for the indicated periods at 37 °C, lipids were extracted from the cells
and the relative amounts of radioactive DAG were determined. The results shown are means
for duplicate experiments and are expressed as percentages of the initial levels. (B) CHO/CD14
cells were preincubated with (+) or without (—) D609 at 10 zg/ml for 20 min at 37 °C, and
then incubated with (4+) 1 gg/ml LPS or without (—) LPS for 30 min at 37 °C. Nuclear
extracts were then prepared from the cells and subjected to EMSA. Lanes 2 and 3, 4 and 5,
and 6 and 7 are data for duplicate experiments. (G) CHO/CD14 cells were preincubated with
0-3 1M U73122 and subsequently incubated without (—) or with (+) 1 wg/ml LPS for
30 min at 37 °C. Then EMSA, with nuclear extracts prepared from these cells, was performed.
(D) ["“C]Choline-labelled CHO/CD14 cells were preincubated with or without D609 (10 pa/ml)
for 20 min at 37 °C, and subsequently stimulated with LPS (1 zg/ml). After the cells had been
incubated for 3 min at 37 °C, water-soluble reaction products were separated from lipids by the
method of Bligh and Dyer, and the relative amounts of radioactive choline (chol) and
phosphocholine (pchol) were determined. The amount of [**Clcholine and [™“C]phosphocholine
in the absence of LPS and D609 was taken as 100%; data are shown as means + S.D. for
three independent experiments.

produced by LPS stimulus is derived from PC, CHO/CD14 cells
were metabolically labelled with [*C]choline, and levels of
intracellular  [“C]choline and [*C]phosphocholine were
measured after LPS stimulus. As shown in Figure 3D, levels of
both intracellular [**C]choline and [“*C]phosphocholine were
increased by LPS stimulus to about 125 9, and 120 9, respectively.
This elevation in the pools of radiolabelled choline and
phosphocholine was prevented by pretreatment with D609; in
the presence of 10 xg/ml D609, although [“*C]choline and
[**C]phosphocholine in CHO/CD14 cells were significantly
increased without LPS stimulus, no significant changes in

[**C]choline and [**C]phosphocholine levels were caused by LPS
stimulus. These results provide additional evidence that PC is the
source of DAG accumulated by LPS treatment. However, it
remains undetermined what kind of phospholipase is responsible
for the initial reaction of this DAG formation, because the levels
of both [**C]choline and [**C]phosphocholine were increased by
LPS stimulus.

Involvement of DAG production from PC in LPS-responsive
activation of NFxB in mouse macrophage-like J774.1 cells

We next examined whether the production of DAG from PC
might participate in the LPS-responsive activation of NF«B in
mouse macrophage-like J774.1 cells, which endogenously express
CD14. J774.1 cells were metabolically prelabelled with
[**C]palmitate to isotopic equilibrium and then exposed to LPS.
A transient increase in the cellular ['*C]DAG level was observed
in an LPS-dependent manner (Figure 4A), which was similar to
what occurred in CHO/CD14 cells (Figure 1). Treatment of
J774.1 cells with D609 inhibited almost completely the LPS-
induced increase in the [*C]DAG level (Figure 4B). Moreover
treatment with D609 also inhibited the LPS-responsive activation
of NF«B (Figure 4C). These results suggest that the production
of DAG from PC participated in the LPS-responsive activation
of NF«B in J774.1 cells as well as in CHO/CD14 cells.

DISCUSSION

In this study we examined the possibility that the production of
DAG, a lipidic modulator, might be involved in the activation of
NF«B in response to a CD14-dependent LPS stimulus. Exposure
of CHO/CDI14 cells to LPS induced a rapid increase in the
cellular DAG level and activation of NF«B. When cells were
incubated with short-chain DAG analogues or with bacterial
PC-PLC, NF«B activation occurred even without the LPS
stimulus. Treatment of CHO/CD14 cells with D609, a potent
inhibitor of PC-PLC and PLD [17-19], inhibited almost com-
pletely the LPS-dependent production of DAG and also the
LPS-dependent activation of NF«B, whereas treatment of cells
with U73122, a potent inhibitor of PI-PLC [20], did not affect the
LPS-dependent activation of NF«B. The production of DAG
and activation of NF«B after the LPS stimulus were observed in
macrophage-like J774.1 cells; these LPS responses of J774.1 cells
were also inhibited by D609. These findings suggest that the
production of DAG from PC was upstream of NF«B activation
in response to a CD14-mediated LPS stimulus.

We found that the ['"*C]DAG level increased to approx. 160 %,
of the initial level by 2 min after LPS-stimulation in cells labelled
with ["*C]myristate (Figure 1), and that intracellular [**C]choline
and [“C]phosphocholine levels also increased to approx. 1259,
and 1209, respectively in response to LPS stimulus in
[**C]choline-labelled cells (Figure 3D). However, we did not
detect a significant change in DAG mass in CHO/CD14 cells in
response to LPS (results not shown). It is well known that the
apparent activities of phospholipases or the amounts of their
reaction products vary when they are determined with cells
prelabelled with different kinds of phospholipid precursor. It has
been also reported that v-Src activates PKC-independent PLD,
which specifically hydrolyses PC labelled with [*H]myristate but
not that labelled with [*H]arachidonate [21], and that a basal
PLD activity is detectable in [**C]linoleate-labelled CHO cells
but not in cells labelled with [**CJarachidonate [22]. Thus the
LPS-induced DAG production from the PC pool might occur at
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Figure 4 LPS-induced production of [“C]DAG and activation of NFxB in J774.1 cells

(A) J774.1 cells labelled with ["“C]palmitate for 2 days were incubated with (@) or without (O) 1 zeg/ml LPS for the indicated periods; changes in the cellular ['“C]DAG level were then determined
as described in the Materials and methods section. (B) J774.1 cells labelled with [*“C]palmitate for 2 days were preincubated with () or without (—) 10 zg/ml D609 for 20 min and then
incubated with (+) or without (—) 1 zg/ml LPS for 3 min. The relative levels of cellular ['*C]DAG were determined. (C) Inhibition of LPS-induced NF«B activation by D609. J774.1 cells were
preincubated with (lanes 3, 6 and 7) or without (lanes 1, 2, 4 and 5) 10 xg/ml D609 for 20 min, and then the cells were incubated with or without LPS for 30 min. LPS concentrations:

lane 1, none added; lanes 2 and 3, 10 ng/ml; lanes 4—7, 1 wg/ml.

putative membrane subdomains where LPS-signalling apparatus
including CD14 and PC-PLC/PLD might be localized, and the
change in DAG mass in response to LPS might be too small to
be detected.

As well as LPS, various inflammatory cytokines, including
TNF-a and interleukin 14, strongly activate NF«B [23]. Exposure
of cells to TNF-a results in transient elevation of the cellular
DAG level, probably via degradation of PC, and DAG pro-
duction seems to be crucial for the activation of NF«B in
response to TNF-a [24]. Our present findings and these previous
results might show a similarity between the LPS and TNF-«
signalling systems; however, these two types of stimulus seem to
involve distinct mechanisms for transmembrane signalling. In
TNF-a signalling, a 55 kDa transmembrane protein serves as the
receptor for TNF-a [25]. After ligation of the extracellular
domain of the transmembrane receptor by TNF-«, the cyto-
plasmic domain of the receptor mediates the signal, recruiting an
adaptor protein to the cytoplasmic domain [26]. Enigmatically,
in LPS signalling, the known membrane receptor, CD14, should
be incapable of transducing an extracellular LPS stimulus directly
to cytoplasmic machineries because CDI14 is a glycosyl
phosphatidylinositol (GPI)-anchored protein that is intercalated
in the outer lipid layer of the plasma membrane and thus has no
cytoplasmic region [27].

It was recently demonstrated that glial cell line-derived neuro-
tropic factor uses a GPI-anchored protein as its high-affinity
receptor and that, after ligation, the GPI-anchored receptor
forms a specific complex with c-Ret, a transmembrane tyrosine
kinase, thereby activating this kinase [28,29]. Complex formation
between a GPI-anchored receptor and another transmembrane
protein, gp130, has also been shown in the signalling of the
ciliary neurotropic factor [30]. These findings led to the hy-
pothesis that one or more transmembrane proteins, currently
unidentified intermediary molecules, might also participate in
CD14-dependent LPS signalling. The fact that DAG production
in response to LPS occurs in CHO/CD14 cells indicates that
CHO cells potentially have signalling machineries connecting a
CD14-dependent LPS stimulus and activation of NF«xB. Genetic

approaches with the CHO cell line, which is a good tool for the
isolation of recessive mutants, could be useful for elucidating the
LPS-signalling mechanism.
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