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Abstract

AIM: To observe expression of CD14 protein and CD14
gene in rat liver sinusoidal endothelial cells (LSECs) during
endotoxemia, and the role of CD14 protein in the
activation of lipopolysaccharide (LPS)-induced LSECs.

METHODS: Wistar rat endotoxemia model was
established first by injection of a dose of LPS (5mg/kg,
Escherichia coli O111:B4) via the tail vein, then
sacrificed after 0h,3h,6h, 12h, and 24h, respectively.
LSECs were isolated from normal and LPS-injected rats
by an in situ collagenase perfusion technique. The
isolated LSECs were incubated with rabbit anti-rat
CD14 polyclonal antibody, then stained with goat
anti rabbit IgG conjugated fluorescein isothiocyanate
(FITC) and flow cytometric analysis (FCM) was
performed. The percentage and mean fluorescence
intensity (MFI) of CD14-positive cells were taken as
the indexes. LSECs were collected to measure the
expression of CD14 mRNA by in situ hybridization
analysis. The isolated LSECs from normal rats were
incubated firstly with anti-CD14 antibody, then
stimulated with different concentrations of LPS, and
the supernatants of these cells were then collected
for measuring the levels of tumor necrosis factor
(TNF)-a and Interleukin (IL)-6 with ELISA.

RESULTS: In rats with endotoxemia, LSECs displayed a
strong MFI distinct from that of control rats. CD14
positive cells in rats with endotoxemia were 54.32%,
65.83%, 85.64%, and 45.65% at 3h, 6h, 12h, and
24h respectively, there was significant difference
when compared to normal group of animals (4.45%)
(P<0.01). The expression of CD14 mRNA in isolated
LSECs was stronger than that in control rats. In LPS
group, the levels of TNF-ααααα  and IL-6 were 54±6ng.L-1,
85±9ng.L-1, 206±22ng.L-1, 350±41ng.L-1, 366±42ng.
L-1 and 103±11ng.L-1, 187±20ng.L-1, 244±26ng.L-1,
290±31ng.L-1, and 299±34ng.L-1, respectively at
different concentration points. In anti-CD14 group,
the levels of TNF-ααααα and IL-6 were 56±5ng.L-1, 67±8ng.
L-1, 85±10ng.L-1, 113±12ng.L-1, 199±22ng.L-1 and
104±12ng.L -1,  125±12ng.L -1,  165±19ng.L -1,
185±21ng.L-1, and 222±23ng.L-1, respectively at

different concentration points. There was significant
difference between the two groups (P<0.01).

CONCLUSION: LSECs can synthesize CD14 protein and
express CD14 gene during endotoxemia. CD14 protein
plays an important role in the activation of LPS-induced
LSECs. This finding has important implications for the
understanding of the mechanisms by which LPS may
injure liver sinusoidal endothelial cells during sepsis.
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INTRODUCTION
Lipopolysaccharide (LPS) has been shown to play a key role in the
pathogenesis of severe sepsis and septic shock caused by gram-negative
bacteria. LPS stimulates monocytes and macrophages to release
proinflammatory mediators, such as tumor necrosis factor (TNF)-α
and interleukins[1-10]. Recent studies have reported that LPS-binding
protein (LBP) and LPS receptor CD14 mediate responses of activated
monocytes, macrophages and other cells to LPS[11-13]. CD14 is a 55-
kDa glycoprotein with multiple leucine-rich repeats and was first
described as a myeloid differentiation antigen[14]. CD14 has been
identified as receptor for complexes of LPS and LBP. It is known that
CD14 is linked to the cell membrane by a glycosylphosphatidylinositol
anchor in myeloid lineage cells, and it plays a pivotal role in the
activation of LPS-induced monocytes and macrophages[15, 16]. But it is
not yet clear whether CD14 is expressed by vascular endothelial cells.
Indeed, it has been generally accepted that endothelial cells do not
express CD14[17]. Soluble CD14 (sCD14) is thought to facilitate LPS-
induced activation of endothelial cells[18]. However, recent studies
have shown that endothelial cells are sensitive to low concentration of
LPS and anti-CD14 antibodies can block endothelial cell activation
even in the absence of serum, which is an observation inconsistent
with the concept that endothelial cells do not express CD14[19]. Our
aim was to demonstrate that liver sinusoidal endothelial cells (LSECs)
synthesize CD14 protein and express CD14 gene in rats with
endotoxemia, and the role of CD14 protein in the activation of LPS-
induced LSECs.

MATERIALS AND METHODS
Reagents
LPS (Escherichia coli O111: B4) and collagenase (type IV) were
purchased from Sigma Chemical Company (St. Louis, Mo.). A rabbit
anti-rat CD14 polyclonal antibody was purchased from Santa Cruz
Biotechnology (Santa Cruz, Calif). Fluorescein isothiocyanate (FITC)-
IgG were purchased from Zhongshan Biotechnology Company (Beijing,
China). In situ hybridization analysis kit of CD14 mRNA was purchased
from Boshide Biotechnology Company (Wuhan, China).

Animals
Male Wistar rats, which were pathogen-free and weighed
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approximately 225g each, were purchased from the Animal Center of
Chongqing University of Medical Science. The rats were exposed
each day to 12h of light and darkness respectively. Rodent chow and
water were provided ad libitum. Experimental protocols were approved
by the Institutional Care and Use Committee of Chongqing University
of Medical Science.

The endotoxemia model of animals
The Wistar rat endotoxemia model was established as described
previously[20].In brief, animals were injected with a dose of LPS
(5mg/kg, Escherichia coli O111: B4) via the tail vein, then the sacrificed
after 3h, 6h, 12h, and 24h, respectively. There were six rats at each
time point. Other six rats were used as control group (0h).

LSECs isolation
LSECs were isolated from normal and LPS-injected rats by an in situ
collagenase perfusion technique, modified as described previously[21].
In brief, livers were removed after a portal vein perfusion with Hanks’
balanced salt solution (HBSS) and the homogenate was digested in a
solution of 0.5% collagenase. LSECs were separated from other
nonparenchymal cells by two cycles of differential centrifugation
(50×g for 2min) and further purified over a 30% Percoll gradient.
LSECs purity exceeded 90% as assessed by light microscopy, and
viability was typically greater than 95% as determined by trypan
blue exclusion assay.

Determination of CD14 mRNA by in situ hybridization
In situ hybridization was performed as described previously[22].
Positive result: positive location was blue.

Flow cytometric analysis
Expression of CD14 protein in LSECs was examined by flow
cytometric analysis as described previously[23]. In brief, LSECs were
incubated with rabbit anti-rat CD14 polyclonal antibody (1ug/ml)
after washing, and then cells were incubated with goat anti-rabbit
immunoglobulin G labeled with FITC. After being washed three times,
10000 cells were analyzed by flow cytometry (Coulter, USA), and
the percentage and mean fluorescence intensity (MFI) of CD14-
positive cells were taken as the indexes.

Blocking test of anti-CD14 antibody
To determinate the role of CD14 in the activation of LPS-induced
LSECs, LSECs were isolated from normal rats. These cells were
harvested and adjusted to a concentration of 1×106/ml/well and were
divided into two groups. Group of LPS: LSECs were incubated at
different concentrations of LPS (0, 0.01ug/ml, 1ug/ml, 10ug/ml, and
100ug/ml). Group of anti-CD14 antibody blockade: LSECs were pre-
incubated for 30min with 0.2ml CD14 antibody (1:100 dilution) before
different concentrations of LPS were added. Supernatants were then
collected for measuring the levels of TNF-α and IL-6 with ELISA.

Statistical analysis
All results were expressed as mean ± SEM. Statistical differences
between means were determined by using Student’s t test. The value
of P<0.01 was considered significant.

RESULTS
Binding of FITC to LSECs
To confirm expression of CD14 on LSECs, we examined the
binding of FITC to the cells. CD14 positive cells were 4.45% in rats of
normal group. But in rats with endotoxemia, CD14 positive cells were
54.32%, 65.83%, 85.64%, and 45.65% at 3 h, 6 h, 12 h, and 24 h

respectively after stimulation of LPS, which were significant different
when compared with normal group of animals (P<0.01) (Figure 1).

Figure 1  The percentage of positive FITC cells. bP<0.01 vs 0h

Expression of CD14 gene in LSECs
We postulated that LSECs could express CD14 mRNA during
endotoxemia. In order to examine the cell-specific expression of CD14
mRNA, freshly isolated and purified LSECs were analyzed by in situ
hybridization with a riboprobe specific for rat CD14. Our analysis showed
that LSECs from controls had no detectable level of CD14 mRNA. LPS
treatment increased the level of CD14 mRNA in LSECs, inducing
expression as early as 3h after LPS treatment. The expression of CD14
gene increased with time, reaching a maximum induction by 12h after
treatment of LPS, and subsequently declined to low level by 24h.

Results of blocking test
In LPS group, with increasing of LPS concentrations, the levels of
TNF-a and IL-6 in supernatant of LSECs also increased. In group of
anti-CD14 antibody blockade, productions of TNF-α and IL-6 in
supernatants of LSECs were obviously inhibited by Ab against CD14
when compared with LPS group (P<0.01). (Figure 2 and 3)

Figure 2  Effect of CD14 Ab on production of TNF-α  in supernatants of
LSECs. bP<0.01 vs CD14 Ab

Figure 3  Effect of CD14 Ab on production IL-6 in supernatants of LSECs.
bP<0.01 vs CD14 Ab

552             ISSN 1007-9327      CN 14-1219/ R         World J Gastroenterol      June 15, 2002   Volume 8   Number 3



www.wjgnet.com

DISCUSSION
CD14 as a key LPS signaling molecule was first reported to be
expressed in monocyte-macrophage system[4,12,23]. Recent works have
showed that the CD14 antigen is expressed in many types of cells and
tissues[20, 24-32]. But it is not yet clear whether vascular endothelial
cells could synthesize CD14 protein and express CD14 gene.
Beekhuizen et al reported endothelial cells did not express CD14.
With method of in situ hybridization, Fearns et al[24]found that
endothelial cells did not express CD14 protein. Wang et al[18]considered
that sCD14 was thought to facilitate LPS-induced activation of
endothelial cells. But, Lee et al[33] found CD14-negative murine pre-B
cells (70Z/3), which were unresponsive to low concentrations of LPS
(0.1ng/ml) even in the presence of serum, showed responses to LPS
when transfected with CD14. Surprisingly, anti-CD14 antibody
blocked endothelial cell activation by LPS even in the absence of
serum, which is an observation inconsistent with the concept that
endothelial cells do not express CD14 protein.

In this experiment, we selected LSECs to represent vascular
endothelial cells as targets of our experiment, and determined whether
LSECs could synthesize CD14 protein and express CD14 gene. We
found: (1)LSECs from normal rats did not synthesize CD14 protein
and express CD14 gene, but the synthesis and expression of CD14
were markedly upregulated by LPS during endotoxemia, accompanied
with the expression of CD14 mRNA, which showed that CD14 protein
in LSECs was not passively acquired from serum. (2)Anti-CD14
antibody could block LSECs activation by LPS in the absence of
serum, which further indicated that LSECs could synthesize and express
CD14 molecules.

Why were our findings different from previously published data
that endothelial cells were CD14 negative? We think there were a few
possibilities: (1)many authors used routine passaging of multiple
culture of human vascular endothelial cells (HUVEC) or HUVEC
purchased from tissue culture laboratories to observe whether these
cells expressed CD14, but these cells might lose CD14 gene when
they were cultured at multiple passages. Jersmann et al[34] reported
when HUVES were cultured at passages 3 to 5, these cells were
indistinguishable from passage 1 HUVEC in a number of properties
and displayed normal morphology and viability and response to TNF
to the same extent as passage 1 cells. However, unlike passage 1 cells,
HUVEC that had undergone multiple passing expressed extremely
low amounts of CD14 protein. We used freshly isolated primary rat
LSECs to study the expression of CD14 and found they could
obviously synthesize and express CD14 during endotoxemia. (2) LSECs
were different from other endothelial cells in location, construction,
and function. LSECs are located in hepatic sinus and stimulated by
LPS from gut via portal vein blood, so these cells have their property
which are different from other endothelial cells[35]. (3) The choice of
Ab against CD14 for the flow cytometric analysis may have been an
additional explanation for the previously reported lack of CD14 on
the endothelial cells’ surface. Jersmann et al[34] stained HUVEC with
five different primary mAbs (MY4, 2D-15C, TUK4, LeuM3, and
Rmo52) against CD14, and found only MY4 and TUK4 produced a
positive stain and MY4 was the most effective mAb for detection of
CD14 expression in endothelial cells. We stained LSECs with rabbit
anti-rats primary antibody against CD14 from Santa Cruz Biotechnology
and found this Ab against CD14 was effective for detecting the expression
of CD14 protein. As expression of CD14 in animals is probably different
from that in humans, further investigation of the expression of CD14
among animals is going on actively in our laboratory.
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