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Summary

 

Toll-like receptors (TLRs) are involved in the recognition of bacterial products
and thus participate in the induction of the inflammatory cascade. However,
much less is known about the evolution of leucocyte TLR expression during
human inflammatory stress. We hypothesized that a decrease in leucocyte
TLRs could account for the so-called tolerance or hyporesponsiveness state to
subsequent stimulation with bacteria-derived products. Because of the pro-
found monocytopenia that ensues after 

 

in vivo

 

 lipopolysaccharide (LPS)
challenge, we also compared monocyte TLR expression using two different
techniques of flow cytometric gating. In a first set of experiments, 17 healthy
volunteers underwent LPS challenge. Blood was drawn at different time-
points and analysed by flow cytometry using light scatter gating and one-
colour analysis to assess the expression of the tumour necrosis factor receptor
(TNFR) and TLR2 and TLR4 on both monocytes and granulocytes. In a sec-
ond set of experiments, the assessment of those receptors was made using a
more specific gating method that utilized light scatter and CD14 immunoflu-
orescence in a two-colour analysis. This was performed using whole blood
drawn from five healthy volunteers and incubated 

 

ex vivo

 

 for different time
periods with or without LPS and in 12 volunteers who underwent LPS chal-
lenge 

 

in vivo

 

. The pattern of expression for monocyte TNFR was similar for
both types of gating. Using only the light scatter gating, an initial drop of TLR
2 and 4 was observed on monocytes. By contrast, when using light
scatter ¥¥¥¥

 

 immunofluorescence gating, an up-regulation of these two receptors
following both 

 

in vivo

 

 and 

 

in vitro

 

 LPS exposure was observed. LPS up-regu-
lates the expression of TLRs on monocytes and granulocytes. Depending
upon the methodology utilized, contrasting results were obtained with
respect to TLR2 and TLR4 expression. The flow cytometric gating technique
used is of importance in determining cellular TLR2 and TLR4 expression,
especially in blood samples exhibiting significant monocytopenia.
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Introduction

 

The incidence of severe sepsis is estimated to be 751 000
cases a year in the United States, with an acute mortality rate
of 28·6%, and an average cost per case of $22 100 [1]. Despite
a recent decrease, Gram-negative bacterial infections still
account for about 38% of infectious episodes in the United
States [2].

Lipopolysaccharide (LPS, endotoxin), a major compo-
nent of the Gram-negative bacteria outer cell wall, is a key
factor in eliciting the systemic inflammation associated
with Gram-negative infection. Low-dose endotoxin admin-
istration to human volunteers is frequently utilized as a
model to evaluate some aspects of acute systemic inflam-
mation. It induces clinical changes such as fever, headache
and general malaise, change in white blood cell count [3]
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and a release of proinflammatory and anti-inflammatory
mediators [4,5].

At the cellular level, recognition of LPS by the immune
system has been demonstrated to be a multi-faceted process.
Lipoprotein binding protein (LBP) is an acute phase reactant
protein, which acts as a principal LPS carrier [6]. CD14,
which can be found either soluble in the plasma (sCD14) or
on the cell surface, binds the LPS-LBP complex [7]. How-
ever, as CD14 lacks a 

 

trans

 

-membrane domain, other cellular
receptors are involved in intracellular signal transduction.

More recently, a new family of receptors first described in

 

Drosophila

 

 and known as Toll-like receptors (TLR) was dem-
onstrated as being able to induce the activation of NF-

 

k

 

B
and the expression of NF-

 

k

 

B controlled genes for inflamma-
tory cytokines [8] through different intracellular pathways
involving the intracellular domain of the TLR (TIR domain
for TLR-IL1 receptor), an adaptator protein (MyD88) and
various kinases.

Eleven different TLRs have been identified in humans,
each activated by varying protein motifs, known collectively
as pathogen-associated molecular patterns (PAMPs). For
instance, TLR 4 recognizes LPS, while TLR 2 recognizes pep-
tidoglycans from Gram-positive bacteria (for review see
Akira and Takeda [9]).

Many factors including macrophage migration inhibitory
factor (MMIF) [10], hypoxia [11], interleukin (IL)-2, IL-4
[12], tumour necrosis factor (TNF), IL-6 [13] and interferon
gamma [14] appear to modulate the expression of the TLRs.

 

In vivo

 

 regulation of various TLRs is under active investiga-
tion during conditions of clinical relevance. One relevant
model of human inflammation is acute endotoxaemia, for
which a single study [15] has suggested an initial down-reg-
ulation of TLR2 and TLR4 on circulating monocytes. These
results tend to support our working hypothesis, i.e. the
decrease in TLRs in this situation might explain the so-called
tolerance phenomenon, defined as a state of acute hypore-
sponsiveness to a second challenge to bacterial products such
as LPS. However, one issue that confounds the study of
receptors expression on human leucocytes is the dramatic
change in white blood cells counts observed after LPS
administration [3]. This complicates the gating on mono-
cytes using only light-scattering characteristics of these cells.
Hence, we directly compared light scatter gating flow–single-
colour analysis and a more definitive gating using two-
colour analysis in which monocytes and granulocytes were
identified by a combination of side-scatter and CD14 immu-
nofluorescence. Assessment of TLR2 and TLR4 on granulo-
cytes and monocytes was performed.

In addition to TLRs, TNF receptors (TNFRs) also play a
key role in the inflammatory response. We have reported
previously that the down-regulation of TNFR expression on
leucocytes was a predictor of risk in human sepsis and that
these receptors are also reduced after 

 

in vivo

 

 LPS treatment
of human volunteers [16,17]. Those data were generated
using a light scatter gating flow–single-colour analysis.

Therefore, in this study we also assessed TNFRs in the
human LPS model and in a whole blood 

 

ex vivo

 

 stimulation,
in order to compare the two flow-cytometry techniques.

 

Materials and methods

 

Human LPS model

 

Adult male and female subjects were recruited by public
advertisement for entry into a protocol approved by the
Institutional Review Board of UMDNJ–Robert Wood
Johnson Medical School. Inclusion criteria were (1) good
general health as demonstrated by medical history, physical
examination and laboratory tests within 6 weeks of the study,
(2) ages between 18 and 40 years and (3) written informed
consent prior to the performance of any study related
procedure. Exclusion criteria were (1) history of cancer,
rheumatoid arthritis or immunological, renal, hepatic,
endocrine, neurological, heart disease or hypertension, (2)
recent history of alcohol or drug abuse, (3) exposure to any
experimental agent or procedure within 30 days of study, (4)
pregnancy or breast-feeding and (5) previous intravenous
endotoxin administration.

On study day 1, the subjects were admitted to the Clinical
Research Center at UMDNJ–Robert Wood Johnson Medical
School and underwent a physical examination. An intrave-
nous catheter was placed in one upper extremity, and a con-
tinuous intravenous infusion of 5% dextrose in 0·45%
sodium chloride (100 ml/h) was begun and continued until
the subject tolerated a regular meal following completion of
the acute phase of the study on the following day. On the
morning of study day 2, a radial artery was cannulated per-
cutaneously with a 20-gauge catheter and connected to a
pressure transducer. Haemodynamic and respiratory param-
eters, rectal temperature and subjective symptoms of distress
(chills, muscle aches, headache, nausea, perceived fever, sen-
sitivity to light and arterial line discomfort) were monitored
every 30 min for the next 6 h. Following baseline monitor-
ing, subjects were administered NIH Clinical Center Refer-
ence Endotoxin (CC-RE-Lot 2) at a dose of 2 ng/kg over a 5-
min period through the intravenous catheter. Blood samples
were collected before endotoxin infusion (0 h) and at post-
infusion times as indicated. On study day 3, following col-
lection of a 24-h blood sample, the subject was discharged.

 

Ex vivo 

 

whole blood LPS model

 

After obtaining written informed consent, blood was drawn
from five separate healthy subjects and was diluted 1 : 2 with
sterile RPMI-1640 solution (BioWhittaker, Walkersville,
MA, USA) supplemented with 

 

l

 

-glutamine (Sigma Chemi-
cals, Irvine, UK).

It was then incubated at 37

 

∞

 

C, 5% CO

 

2

 

 in non-pyrogenic
sterile polystyrene tubes (Becton Dickinson, Franklin Lakes,
NJ, USA) for up to 24 h with or without LPS (final concen-
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tration: 10 ng/ml) as described previously [18]. At the time-
points indicated, tubes were removed from the incubator
and the leucocytes subjected to flow cytometric analysis as
described below.

 

One-colour flow cytometry

 

One-colour flow cytometry was performed on blood sam-
ples from 17 LPS-challenged volunteers. Briefly, erythrocytes
in 100 

 

m

 

l aliquots of blood were lysed with 2 ml of lysing
buffer [1000 ml H

 

2

 

O, 8·26 g of ammonium chloride, 1 g of
potassium bicarbonate and 0·003 g of sodium ethylenedi-
amine tetra-acetic acid (EDTA)] and washed twice with
buffer [1000 ml phosphate-buffered saline (PBS), 10 g
bovine albumin (BSA) and 1 g sodium azide] for 5 min at
4

 

∞

 

C. The supernatant was decanted and the remaining cells
were incubated for 60 min on ice with biotinylated human
recombinant TNF-

 

a

 

 (1 

 

m

 

g), biotinylated TLR-2 antibody,
biotinylated TLR-4 antibody or biotinylated isotype control
(all three: eBioscience, San Diego, CA, USA; 2 

 

m

 

g per sam-
ple). Cells were then washed twice and incubated on ice for
30 min with streptavidin R-PE (Caltag Laboratories, Burlin-
game, CA, USA; 60 ng per sample). After a final wash, cells
were suspended in PBS solution and analysed with an Epics
Profile II flow cytometer (Beckman-Coulter, Miami, FL,
USA). Monocytes and granulocytes were gated by their
simultaneous forward- 

 

¥

 

 side light-scatter intensities, i.e.
monocytes by forward-scatter high and side-scatter interme-
diate and granulocytes by forward-scatter intermediate and
side-scatter high. Results are expressed by mean channel flu-
orescence.

 

Two-colour flow cytometry

 

Two-colour flow cytometric analyses were performed on
blood samples from 12 LPS-challenged volunteers and the
five normal control blood samples used for 

 

ex vivo

 

 whole
blood stimulation. Two-colour staining was performed
exactly as described above for the one-colour analyses except
that prior to lysis of the erythrocytes, the 100 

 

m

 

l aliquot of
blood was first stained with PerCp-conjugated CD14 anti-
body (BD Biosciences, San Jose, CA, USA; 5 

 

m

 

l per sample)
for 30 min on ice. Analyses were performed with a FACSCal-
ibur flow cytometer (BD Biosciences). Monocytes and gran-
ulocytes were gated by their side-scatter and FL3
fluorescence intensities, i.e. monocytes by side-scatter inter-
mediate and FL3 high and granulocytes by side-scatter high
and FL3 dim.

 

Statistical analyses

 

Because two different flow cytometers were used for these
studies, the mean channel fluorescence (MCF) data from one
flow cytometer were normalized to those of the other by
multiplication by a constant (C), where C 

 

=

 

 baseline MCF

from cytometer 1/baseline MCF from cytometer 2. Data are
presented as the mean 

 

±

 

 s.e.m. Data were analysed by
repeated measures 

 

anova

 

 using one or two variables. Dif-
ferences between individual means were assessed by Fisher’s
least squares difference (LSD) 

 

post-hoc

 

 test (Statistica, Tulsa,
OK, USA). 

 

P

 

 

 

<

 

 0·05 was considered to represent a statistically
significant difference.

 

Results

 

Clinical changes observed in the 

 

in vivo

 

 LPS model

 

All the subjects who underwent intravenous LPS injection
exhibited increased temperature (from 36·7 

 

±

 

 0·4 to
38·5 

 

± 

 

0·5; 

 

P

 

 

 

<

 

 10

 

-

 

6

 

) and increased heart rate (from 64 

 

±

 

 9·5
to 98·8 

 

±

 

 10; 

 

P

 

 

 

<

 

 10

 

-

 

6

 

), and reported symptoms of headache,
muscle ache, chills and exacerbated sensitivity to light. As
described previously [3–5], they also manifested a profound
monocytopenia with a mean baseline value of 415 

 

±

 

 121 that
decreased maximally to 33 

 

±

 

 54 (

 

P

 

 

 

<

 

 10

 

-

 

6

 

). There were no
differences in the magnitude of the monocytopenia when
samples analysed with the light scatter-only gating and those
analysed with the side-scatter 

 

¥

 

 CD14 immunofluorescence
were compared (data not shown).

 

Analyses of the TNF receptor

 

The method for assessment of the TNFR using
forward 

 

¥

 

 side light-scatter gating and one-colour analyses
in LPS-challenged subjects has been described previously
[16]. In summary, baseline TNFR was approximately four-
fold higher on monocytes than on granulocytes. A signifi-
cant decrease (

 

P 

 

<

 

 0·05) in this receptor was seen in both
types of cells, the nadir being reached at 1·5 h. The decrease
was proportionally more pronounced for monocytes. After
this time, an increase was observed, this increase being sharp
from 2–6 h and then being more progressive until 24 h, when
the value of TNFR was statistically higher than baseline.
Using the side-scatter 

 

¥

 

 CD14 immunofluorescence gating
to assess this receptor in volunteers who underwent 

 

in vivo

 

LPS stimulation (12 volunteers) or 

 

ex vivo

 

 LPS stimulation
(five  volunteers),  we  showed  the  same  pattern  of  curves,
i.e. an initial dramatic decrease followed by a progressive
increase with a significant ‘overshoot’ compared to baseline
at 24 h in the 

 

in vivo

 

 model. Figure 1 shows the comparison
of the two techniques for the 

 

in vivo

 

 model with the assess-
ment of the TNFR on monocytes (Fig. 1a) and granulocytes
(Fig. 1b). Figure 1c depicts the monocyte data from the 

 

ex-
vivo

 

 stimulation study.

 

Analyses of the Toll-like receptor 2

 

We first determined the TLR2 expression by using the one-
colour analyses in 17 volunteers who underwent 

 

in vivo

 

 LPS
challenge. It was threefold higher on monocytes than on
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granulocytes at baseline (Fig. 2a,b). Within 2 h after LPS
administration, a significant decrease in TLR2 expression
was observed on monocytes and granulocytes (

 

P 

 

<

 

 0·05), the
decrease being more pronounced for monocytes. After this
initial drop, a dramatic increase of TLR2 expression was
observed for monocytes while a less abrupt increase was
observed for granulocytes.

By contrast, when we used side-scatter 

 

¥

 

 CD14 immun-
ofluorescence gating in both 

 

in vivo

 

 and 

 

ex vivo

 

 stimula-
tion, we did not reproduce in monocytes the initial
decrease described above with the forward- 

 

¥

 

 side-scatter
gating (Fig. 2a). In fact, a progressive increase reaching sta-
tistical significance at 6 h and 24 h compared to baseline in
the 

 

in vivo

 

 model, and being statistically significant from

 

Fig. 1.

 

(a) Comparison of the mean channel fluorescence (MCF) for 

the tumour necrosis factor receptor (TNFR) analysed by forward-

 

 

¥

 

 side-scatter gating on monocytes in 17 human volunteers (dashed 

line) after lipopolysaccharide (LPS) challenge, compared to TNFR anal-

ysed by side-scatter 

 

¥

 

 CD14 immunofluorescence gating on monocytes 

in 12 human volunteers after LPS challenge (full line); (b) comparison 

of the MCF for the TNFR studied by forward- 

 

¥

 

 side-scatter gating on 

granulocytes in 17 human volunteers (dashed line) after LPS challenge 

and studied by side-scatter 

 

¥

 

 CD14 immunofluorescence gating on 

granulocytes in 12 human volunteers after LPS challenge (full line); (c) 

MCF for TNFR studied by side-scatter 

 

¥

 

 CD14 immunofluorescence 

gating on monocytes from whole blood drawn from five healthy volun-

teers and exposed 

 

ex vivo

 

 to LPS (full line) or not (dotted line). *

 

P 

 

<

 

 0·05 

 

versus

 

 baseline; 

 

+

 

P

 

 

 

<

 

 0·05 between groups.
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Fig. 2.

 

(a) Comparison of the mean channel fluorescence (MCF) for 

the Toll-like receptor 2 (TLR2) studied by forward- 

 

¥

 

 side-scatter gating 

on monocytes in 17 human volunteers (dashed line) after lipopolysac-

charide (LPS) challenge and studied by side-scatter 

 

¥

 

 CD14 immunof-

luorescence gating on monocytes in 12 human volunteers after LPS 

challenge (full line); (b) comparison of the MCF for the Toll-like recep-

tor 2 (TLR2) studied by forward- 

 

¥

 

 side-scatter gating on granulocytes 

in 17 human volunteers (dashed line) after LPS challenge and studied 

by side-scatter 

 

¥

 

 CD14 immunofluorescence gating on granulocytes in 

12 human volunteers after LPS challenge (full line); (c) MCF for TLR2 

studied by side-scatter 

 

¥

 

 CD14 immunofluorescence gating on mono-

cytes from whole blood drawn from five healthy volunteers and exposed 

 

ex vivo

 

 to LPS (full line) or not (dotted line). *

 

P

 

 

 

<

 

 0·05 

 

versus

 

 

baseline; 

 

+

 

P

 

 

 

<

 

 0·05 between groups.

TLR2 monocytes

TLR2 monocytes

0
100
200
300
400
500
600
700
800

0 1·5 3 6 24

Time, h 

Time, h 

Time, h 

M
C

F 1-colour

2-colour

TLR2 granulocytes

0

50

100

150

200

0 1·5 3 6 24

M
C

F
M

C
F

0

500

1000

1500

2000

2500

0 2 4 6 24

LPS –

LPS +

(a) 

(b) 

(c) 

+ + 

* * 

* 

* 

* 

* 

* * 

* * 

* 

* 

* * 

* 

* 

+ 

1-colour

2-colour

 



 

TNFR, TLR2 and 4 on WBC after i.v. LPS

 

© 2005 British Society for Immunology, 

 

Clinical and Experimental Immunology

 

, 

 

141:

 

 99–106

 

103

the 2 h in the ex vivo model, was observed. The kinetics of
the TLR2 on granulocytes as assessed by the two-colour
analyses was characterized by a significant down-regula-
tion during the first 6 h (P < 0·05) followed by a return to
the  baseline  value  at  24 h  in  volunteers  who  underwent
in vivo stimulation (Fig. 2b). No statistically significant
change was observed in the ex vivo model (data not
shown).

Analyses of the Toll-like receptor 4

At baseline, monocyte expression of TLR4 was approxi-
mately sixfold higher than that of granulocytes. As for the
TLR2 expression, using forward- ¥ side-scatter gating,
monocyte TLR4 levels decreased significantly from 1 to 2 h
after LPS administration and then increased significantly at
6 h (P < 0·05 for all time-points until the 6 h) (Fig. 3a).
There were no changes in granulocyte TLR4 levels except for
a significant increase at 24 h (P < 0·05) (Fig. 3b). Down-reg-
ulation of TLR4 was not observed on monocytes using side-
scatter ¥ CD14 immunofluorescence gating in both in vivo
and ex vivo experiments. Indeed, we observed a progressive
up-regulation reaching statistical significance at 12 and 24 h
in the ex vivo stimulation (Fig. 3c) and a statistically signif-
icant up-regulation in the in vivo model during the first 6 h
(P < 0·05) (Fig. 3a). There was no significant effect of LPS on
the expression of TLR4 on granulocytes except for an
increase at 24 h in the in vivo model. No difference was
observed compared to the LPS negative group on granulo-
cytes stimulated with LPS in the ex vivo model (data not
shown).

Analyses of the isotype control

The isotype control (biotinylated mouse IgG2a) for the TLR
antibodies did not show any significant variation over time
after LPS stimulation in either in vivo or ex vivo models (data
not shown).

Discussion

These results have demonstrated that the flow cytometric
gating technique used to assess the surface expression of the
TLR2 and TLR4 is of importance. TNFR expression on both
monocytes and granulocytes showed a similar expression
kinetic pattern whichever of the two gating techniques was
used: forward- ¥ side-scatter gating or the more specific
side-scatter ¥ CD14 immunofluorescence gating. Therefore
it appears that the decrease of the TNFR after LPS challenge
in human is related to inflammatory changes induced by LPS
itself, rather than a decrease in the circulating monocyte
population. This may be important because the assessment
of the surface monocyte TNFR expression has been shown to
be a prognostic indicator for patients with sepsis who are at
increased risk of death [17].

By contrast, the method of analysis appears to be of
importance for the assessment of TLR2 and TLR4 expression
during similar clinical conditions. While reduced monocyte
expression was observed with the forward- ¥ side-scatter
gating technique, a significant up-regulation was observed
for monocyte expression of both receptors after ex vivo and
in vivo LPS stimulation utilizing the side-scatter ¥ CD14
immunofluorescence technique.

Fig. 3. (a) Comparison of the mean channel fluorescence (MCF) for 

the Toll-like receptor 4 (TLR4) studied by forward- ¥ side-scatter gating 

on monocytes in 17 human volunteers (dashed line) after lipopolysac-

charide (LPS) challenge and studied by side-scatter ¥ CD14 immunof-

luorescence gating on monocytes in 12 human volunteers after LPS 

challenge (full line); (b) comparison of the MCF for the TLR4 studied 

by forward- ¥ side-scatter gating on granulocytes in 17 human volun-

teers (dashed line) after LPS challenge and studied by side-

scatter ¥ CD14 immunofluorescence gating on granulocytes in 12 

human volunteers after LPS challenge (full line); (c) MCF for TLR4 

studied by side-scatter ¥ CD14 immunofluorescence gating on mono-

cytes from whole blood drawn from five healthy volunteers and exposed 

ex vivo to LPS (full line) or not (dotted line). *P < 0·05 versus 

baseline; +P < 0·05 between groups.
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Thus, we have shown that the flow cytometry gating tech-
nique is of major importance for the assessment of TLR
expression on monocytes cell surface and less important for
TNFR expression. The putative mechanism behind this is
somewhat complex. We believe that when extreme monocy-
topenia develops at ~2–3 h after LPS [3–5] and light-scatter
gating-only is used, the percentage of errant neutrophils in
the scatter gate is increased (incidentally, this is exacerbated
by the extreme neutrophila at these same time-points). If we
assume that the TNF receptor is truly > 90% down-regulated
at these time-points as was evidenced in the CD14+ ¥ side-
scatter gating in the present manuscript, errant neutrophils
in the scatter gate, which have much lower levels of TNF
receptors than do monocytes, would thus add a little to the
‘apparent’ down-regulation. Indeed, in Fig. 1, the light-scat-
ter-only analysis of TNF receptors on monocytes shows mar-
ginally lower levels than does the CD14+ ¥ side-scatter
analysis. On the other hand, if we consider the TLRs where
the CD14+ ¥ side-scatter gating shows them to be increased
modestly, albeit significantly, by about 20–30%, errant neu-
trophils in the scatter gate, which have only ~35% of TLR2
and ~15% of TLR4 compared to monocytes, could now very
well change this modest increase in TLRs to an apparent
decrease, as was shown in the light-scatter gating-only anal-
yses. Further support for errant neutrophils in the scatter
gate when analysing monocytes is given by the fact that there
were no significant differences between the two gating meth-
ods when neutrophils were analysed for TLRs. This is
because the profound neutophilia minimizes the effects of
any other errant cells in the scatter gate.

The expression of different TLRs, in particular TLR2 and
TLR4, has been studied in various models and, at different
levels (gene, mRNA and protein expression), especially as it
was hypothesized that a decrease of TLR4 would allow fur-
ther understanding of the so-called LPS-tolerance phenom-
enon, described initially by Beeson [19] and defined as a state
with reduced capacity of whole blood or peripheral blood
mononuclear cells (PBMC), to produce proinflammatory
cytokines after a short-term re-exposure to a microbiological
product such as LPS. The tolerance phenomenon is mani-
fested in the in vivo human endotoxin model used in the
present study where hyporesponsiveness to rechallenge with
LPS is present for at least up to 6 h and recovery occurs by
24 h [18].

Results of those studies were somewhat conflicting. LPS
treatment was shown to decrease the TLR4 mRNA in the
RAW 264.7 cell line [20–22] and in mouse peritoneal mac-
rophages [21,23]. Similarly, the expression of theTLR4-MD2
complex on the surface of mouse peritoneal macrophages
[21,24,25], as well as on RAW264.7 cells exposed to LPS [22],
was shown to decrease after stimulation. The expression of
TLR4 on human monocytes was also decreased after a 24-h
stimulation with LPS [14], or even after a shorter period
with it then returning to baseline value after 12 h [26]. By
contrast, no change in TLR2 or TLR4 expression was

observed in endotoxin-tolerant mouse peritoneal macroph-
ages [23], in Chinese hamster ovary CD14 cells (clone 3E10)
over-expressing TLR2 or TLR4 [27] and in human HEK293
T cells transfected with TLR4 [28]. The TLR2 mRNA was
even enhanced in one of these studies [23], as was the TLR4
mRNA in human cardiac myocytes [29] and in different
white blood cell populations [14,30] stimulated with LPS. It
is notable that some of the experiments assessing the TLR4
expression on cell surface were performed using an antibody
directed against the complex TLR4-MD2 rather than TLR4
alone [21,24,28]. Nevertheless, because those experiments
were performed with cultured cells, a decrease in the number
of cells after LPS stimulation was not expected, as occurs for
monocytes in the in vivo human LPS model. Therefore, other
factors such as cell specificity, species and time of LPS stim-
ulation could account for those conflicting results.

The human LPS model is a well-characterized and repro-
ducible model that exhibits a dramatic decrease in circula-
tory monocytes during the first 2 h after the injection of the
endotoxin [3,5].

Using a one-colour analysis with light-scatter-only gating,
Marsik et al. [15] demonstrated that LPS modulates the TLR
expression on both monocytes and granulocytes. The data
suggested an initial down-modulation of TLR2 and TLR4 on
monocytes 2 h after the LPS in vivo challenge, and a further
up-regulation reaching statistically significance for TLR2 by
8 h. Similarly, using the light-scatter-only gating technique,
the present study reproduced the same type of expression
pattern of TLR after LPS stimulation, especially the initial
decrease in TLR2 and TLR4 cell surface expression. Impor-
tantly, in the present study, gating based on side-
scatter ¥ CD14 immunofluorescence demonstrated that
expression of TLR2 and TLR4 on monocytes was up-regu-
lated in the first hours, rather than down-modulated. The
decreased expression of TLR observed after LPS challenge
with the light-scatter-only gating may be secondary to the
monocytopenia, rather than being an effect induced by the
LPS itself, as they are concomitant. The results obtained with
the two-colour analyses are consistent with those from Arm-
strong et al., who showed increased monocyte TLR2 and
TLR4 mRNA in septic patients with Gram-positive (TLR2
and TLR4) and Gram-negative infection (only TLR2) com-
pared to critical care patients without infection or healthy
volunteers [31]. They also showed an increase in TLR2
expression on purified monocyte cell surface for septic crit-
ical care patients compared to non-infected patients. The
TLR4 expression was not different between groups but this
might be explained by the timing of blood sampling. Finally,
these data from the human LPS model are also consistent
with a report by Calvano et al. [32], who showed an increase
in TLR4 expression on monocyte cell surface in patients with
systemic inflammatory response syndrome (SIRS) or with
SIRS and infection as compared to healthy controls.

Because CD14 is part of the LPS receptor complex, along
with TLR4 and MD2, it could be proposed that the use of
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CD14 antibody as a marker of monocytes might interfere
with assessment of expression of TLR4 on these cells. How-
ever, similar interference with TLR2 cell surface expression
would not be expected and results for TLR2, as with those for
TLR4, showed an up-regulation. In addition, the anti-TLR
antibodies used are specific for TLR2 or TLR4 receptors and
not for a complex of different receptors such as TLR4–MD2
complex used in some of the studies described above
[21,24,28].

In summary, it has been shown that LPS stimulation
induces an up-regulation of the TLR2 and TLR4 expression
on monocytes cell surface. The use of the two-colour analy-
ses employing side-scatter ¥ CD14 immunofluorescence
allows more specific staining of monocytes and therefore
seems to be a preferable method, especially in cases where
significant monocytopenia is present. The up-regulation of
the TLR expression on monocytes demonstrated here in the
human LPS model does not support the concept that the tol-
erance phenomenon in monocytes is associated with a
decrease of those receptors.
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