¥ | ‘E s
ELSEVIER

Available online at www.sciencedirect.com

SCIENCE<dDIRECT®

Biochemical and Biophysical Research Communications 328 (2005) 173-176

BBRC

www.elsevier.com/locate/ybbrc

The CD14 region spanning amino acids 57-64 is critical for interaction
with the extracellular Toll-like receptor 2 domain™

Daisuke Iwaki, Chiaki Nishitani, Hiroaki Mitsuzawa, Naoki Hyakushima,
Hitomi Sano, Yoshio Kuroki*

Department of Biochemistry, Sapporo Medical University School of Medicine, South-1 West-17, Chuo-ku, Sapporo 060-8556, Japan

Received 8 December 2004
Available online 6 January 2005

Abstract

CD14 has been shown to enhance Toll-like receptor 2 (TLR2)-mediated signaling in response to peptidoglycan. Anti-CD14
monoclonal antibody MEM-18, whose epitope was located at the amino acid residues 57-64, blocked the binding of sCD14 to
the recombinant soluble form of the extracellular TLR2 domain (sTLR2). The deletion mutant sCD14%%7-%* Jacking the amino acid
residues 57-64 failed to bind to STLR2. Cotransfection of wild type mCD14 but not mCD14%%7% with TLR2 enhanced NF-«xB
activation in response to peptidoglycan. These results indicate that the CD14 region spanning amino acids 57-64 is critical for inter-
acting with TLR2 and enhancing TLR2-mediated peptidoglycan signaling.

© 2005 Elsevier Inc. All rights reserved.
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The innate immune system plays pivotal roles in the
first line of host defense [1]. Toll-like receptors (TLRs)
function as pattern recognition receptors that recognize
pathogen-associated molecular patterns to induce
inflammation and stimulate the clonal response to adap-
tive immunity [2]. TLR2 is implicated in signaling and
inflammation elicited by gram-positive bacteria and its
component including peptidoglycan (PGN) [3-7]. PGN
induces NF-kB activation in TLR2-transfected cells in
the absence of CD14, but cotransfection of CD14 en-
hances TLR2-mediated signaling [4,8]. A previous study
[9] from this laboratory has demonstrated that a soluble
form of recombinant extracellular TLR2 domain
(sTLR2) directly binds to PGN. In addition, sCD14

* Abbreviations: sCD14, soluble CD14; mCD14, membrane CD14;
TLR2, Toll-like receptor 2; sTLR2, recombinant soluble form of the
extracellular TLR2 domain; mAb, monoclonal antibody; PGN,
peptidoglycan; LPS, lipopolysaccharide.
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interacts with sTLR2 and facilitates the binding of
STLR2 to PGN [9]. These results are consistent with
those showing that cotransfection of CD14 augments
TLR2-mediated signaling. Membrane CD14 (mCD14)
is a glycosylphosphatidylinositol-anchored protein on
monocytes and neutrophils with an apparent molecular
mass of 55 kDa that binds lipopolysaccharide (LPS) and
enables LPS-responses [10]. A soluble form of CDI14
(sCD14) exists in serum and facilitates the responsive-
ness of the cells to LPS [11,12]. The epitope mapping
for anti-sCD14 monoclonal antibodies and the studies
with deletion mutants have identified the residues 57—
64 of sCD14 as a region essential for LPS binding, since
anti-CD14 monoclonal antibody (mAb) MEM-18,
whose epitope was located at the amino acid residues
57-64, inhibited the binding of sCD14 to LPS and the
deletion mutant sCD14%°7% failed to bind LPS [13].
Antibody 3CI10 inhibited LPS signaling but not LPS
binding, indicating that the epitope for antibody 3C10,
the amino acid residues 7-14, is required for cellular sig-
naling but not for LPS binding [14]. Another study with
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the alanine substitution mutants indicates that the ami-
no acid residues 39-44 of CD14 are also important for
LPS binding [15]. However, the CD14 region required
for the interaction with TLR2 remains unknown. The
purpose of this study was to determine the CD14 region
responsible for interacting with TLR2 and enhancing
the TLR2-mediated signaling.

Materials and methods

Materials. Peptidoglycan (PGN) derived from Staphylococcus
aureus was obtained from Fluka Chemical. Anti-CD14 monoclonal
antibodies (mAbs), MY-4 and MEM-18, were purchased from Beck-
man-Coulter and SANBIO, respectively. Hybridoma producing anti-
CD14 monoclonal antibody 3C10 was obtained from ATCC.

Recombinant proteins. The recombinant soluble form of human
TLR2 (sTLR2) consisting of the putative extracellular domain (Met'-
Arg®®”) and a Hise tag at the C-terminus end was constructed, and the
sTLR2 protein was expressed and produced in the baculovirus—insect
cell system using the methods described by O’Reilly et al. [16], as de-
scribed previously [9]. The protein was purified from the medium using
a column of nickel-nitrilotriacetic acid beads (Qiagen). sSTLR2 starts at
Glu?! as described previously [9].

Recombinant soluble forms of human wild type (wt) CDI14
(sCD14) and mutant CD14 (sCD14%7-%%) in which amino acid resi-
dues 57-64 were deleted were also produced in CHO cells using the
glutamine synthetase amplification system [17], as described previously
[18]. cDNAs for membrane-bound CD14 (mCD14) and its deletion
mutant mCD14%%7%* were also constructed and subcloned into
pcDNA3.1(+) plasmid vectors (Invitrogen).

Polyclonal antibodies against sSTLR2 and sCD14 were prepared as
described previously [9].

Binding of sCDI14 to sTLR2. The binding of wt sCD14 or mutant
sCD14 to sTLR2 was performed using STLR2 coated onto microtiter
wells as described previously [9]. sSTLR2 (20 pg/ml) coated onto
microtiter wells (50 pl/well) was incubated with the indicated concen-
trations of sCD14 or sCD14%%77% at 37 °C for 3 h. After the incuba-
tion, the wells were washed and incubated with anti-sCD14 polyclonal
antibody (10 pg/ml) or anti-CD14 mAb MY-4 (30 pg/ml) at 37 °C for
1 h, followed by the incubation with HRP-labeled anti-rabbit IgG
(1:1500) or anti-mouse IgG (1:1000). The peroxidase reaction was
performed by using o-phenylenediamine as a substrate and the
absorbance was measured at 492 nm. In some experiments sCD14
(5 pg/ml) was preincubated with anti-CD14 mAb MY-4, MEM-18 or
3C10 (50 pg/ml) at 37 °C for 1 h before the incubation with sSTLR2
coated onto microtiter wells.

Binding of anti-CD14 mAb MY-4 to wt and mutant sCDI4s. To
determine whether mAb MY-4 equally recognizes wt and mutant
sCD14s, the wells coated with sCD14 or sCD14257-% (50 pl/well, 2 pg/
ml) were incubated with mAb MY-4 (10 ug/ml) at 37 °C for 1 h. After
the incubation, the wells were washed and incubated with HRP-labeled
anti-mouse I1gG (1:1000) at 37 °C for 1 h. The wells were then washed
and the peroxidase reaction was performed as described above.

Ligand blot. Ligand blot analysis was carried out by the modified
method [18] based on that described previously [19]. Two micrograms
of the protein (sTLR2, sCD14 or sCD14*"% was electrophoresed
and transferred onto the PVDF membrane. The membrane was then
incubated with 10 pg/ml sSTLR2, wt sCD14 or sCD14%%7%* at room
temperature for 3 h. After the incubation, the membrane was washed
and further incubated with anti-sTLR2 polyclonal IgG (10 pg/ml) or
anti-sCD14 polyclonal IgG (10 pg/ml) at room temperature for 1 h,
followed by the incubation with HRP-labeled anti-rabbit IgG (1:3000)
for 1 h. The protein binding to the PVDF membrane was visualized by
using chemiluminescence reagent (Pierce).

Binding of sCD14 to peptidoglycan. The binding of sCD14 to PGN
was performed by the method described previously [9]. Briefly, PGN
(20 pg/well) in 20 pl ethanol was added onto microtiter wells and the
solvent was evaporated in ambient air. After nonspecific binding was
blocked, the indicated concentrations of wt sCD14 or sCD144%7 ¢4
were incubated with the solid phase PGN at 37 °C for 6 h. The sCD14
binding to PGN was detected by using anti-histidine tag monoclonal
antibody (Qiagen) and HRP-labeled anti-mouse IgG.

NF-xB reporter assay. A 2.6-kb TLR2 cDNA, or 1.3-kb wt mCD14
or mCD14%%* ¢DNA was subcloned into pcDNA3.1 (+) (Invitro-
gen) and NF-kB activation was measured as described previously [8,9].
HEK293 cells were plated at 1 x 10° cells/well in 24-well plates one day
before transfection. The cells were transiently transfected by FuGENE
6 transfection reagent (Roche Molecular Biochemicals) with the TLR2
expression plasmid (136 ng), and the plasmid vector (13.6 ng) con-
taining wt mCDI14 or mCDI14**% ¢DNA or an empty vector
(13.6 ng), together with an NF-kB reporter plasmid (pNF-kB-Luc,
300 ng, Stratagene) and Renilla luciferase control reporter plasmid
(pRL-TK, 3.5 ng, Promega). Twenty-four hours after transfection, the
cells were stimulated with 10 pg/ml PGN for 6 h in the absence of
serum. Luciferase activity was measured by using the Dual-Luciferase
reporter assay system (Promega) according to the manufacturer’s
instructions.

Results and discussion
sCD14 directly binds to the extracellular TLR2 domain

Electrophoretic analysis revealed that sTLR2 and
sCD14 exhibited a single band with an apparent molec-
ular mass of 75 kDa and broad bands with 46-56 kDa
(Fig. 1A), respectively, as described previously [9,18]. Li-
gand blot analysis was performed to determine whether
sCD14 directly interacts with sTLR2. sCD14 that had
bound to the membrane was detected as a band corre-
sponding to that of sTLR2 (Fig. 1B). When sTLR2
was incubated with the membrane where sCD14 was
transferred, the STLR2 protein was also detected as a
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Fig. 1. sCD14 binds to the extracellular TLR2 domain. (A) Electro-
phoretic analysis of recombinant proteins. Two micrograms of sTLR2
and sCD14 was subjected to SDS-polyacrylamide gel electrophoresis
under reducing conditions. The proteins were visualized by Coomassie
brilliant blue staining. (B) Ligand blot analysis. Two micrograms of
sTLR2 or sCD14 (blot) was electrophoresed and transferred onto
PVDF membranes. The membranes were then reacted with 10 pg/ml
sCD14 or sTLR2 (ligand) at room temperature for 3 h. The proteins
binding to the membrane were detected by using anti-sCD14 1gG or
anti-sTLR2 IgG as described under Materials and methods.
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band corresponding to that of sCDI14. These results
demonstrate the direct binding of sCD14 to the extracel-
lular TLR2 domain and are consistent with those ob-
tained from the binding assay using microtiter wells [9].

Anti-CD14 monoclonal antibody MEM-18 blocks the
binding of sCD14 to sTLR2

Next, we examined the effects of anti-CD14 monoclo-
nal antibodies on the binding of sCDI14 to sTLR2
coated onto microtiter wells. The sCDI14 binding to
sTLR2 was partially but not significantly attenuated in
the presence of antibodies MY-4 and 3C10, and control
mouse IgG when compared with the binding in the ab-
sence of antibody. When antibody MEM-18 was co-in-
cubated, the binding of sCDI14 to sTLR2 was
significantly inhibited (Fig. 2). Since the epitopes of anti-
body MY-4, MEM-18, and 3C10 were located at the
amino acid residues 39-44, 57-64, and 7-14 of CD14,
respectively [13-15], these results suggest that the amino
acid residues 57-64 of sCD14 are involved in the binding
to sTLR2.

The deletion mutant sCD14™°7 %% fails to bind sTLR2

We next constructed the deletion mutant of sCD14
(sCD14%°7%% lacking the amino acid residues 57-64.
The electrophoretic profile of sCD14%>7 % was similar
to that of wt sCD14 when analyzed by SDS-PAGE un-
der reducing conditions (Fig. 3A). Because antibody
MY-4 did not block the binding of sCD14 to sTLR2
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Fig. 2. Anti-CD14 monoclonal antibody MEM-18 blocks the binding
of sCD14 to sTLR2. Five micrograms per milliliter of wild type sCD14
was preincubated with 50 pg/ml anti-CD14 monoclonal antibody
(MY-4, MEM-18 or 3C10) or control mouse IgG at 37 °C for 1 h. The
mixture of sSCD14 and antibody was further incubated with sTLR2
coated onto microtiter wells (20 pg/ml, 50 pl/well) at 37 °C for 3 h. The
binding of sCDI14 to sTLR2 was detected by using anti-sCD14
antibody, as described under Materials and methods. The data shown
are means + SEM of three experiments. *p < 0.001, compared with the
binding of sCD14 preincubated with control IgG. The epitopes for
monoclonal antibodies were determined in [13-15].
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Fig. 3. Deletion of amino acid residues 57-64 of sCDI14 abrogates
sTLR2 binding. (A) Electrophoretic analysis of sCD14%"% Two
micrograms of wild type sCD14 and sCD14*>%* was subjected to
SDS-polyacrylamide gel electrophoresis under reducing conditions.
The proteins were visualized by Coomassie brilliant blue staining. (B)
Recognition of wild type and mutant sCD14s by anti-CD14 mono-
clonal antibody MY-4. Wild type sCD14 or sCDI14%5%* (2 pg/ml,
50 ul/well) was coated onto microtiter wells and was reacted with
monoclonal antibody MY-4 at 37 °C for 1 h. Antibody binding to
sCD14 was detected by using HRP-conjugated anti-mouse IgG. (C)
The binding of sCD14%5-%* to sSTLR2. sSTLR2 coated onto microtiter
wells (20 pg/ml, 50 pl/well) was incubated with 20 pg/ml wild type
sCD14 or sCD145% at 37°C for 3 h. The sCD14 binding to the
solid phase STLR2 was detected by using monoclonal antibody MY -4,
as described under Materials and methods. The data shown are
means + SEM from three experiments. **p < 0.002, compared with the
binding of wild type sCD14. (D) Ligand blot analysis for the binding
of sCD14%7% to sTLR2. Two micrograms of sTLR2 was electro-
phoresed and transferred onto PVDF membranes. The membrane was
then incubated with 20 pg/ml wild type sCD14 or sCD14%°7%* at room
temperature for 3 h. The binding of sCD14 and sCD14*5"~%* to sTLR2
on the membrane was detected by antibody MY-4, as described under
Materials and methods.

(Fig. 2), we used MY-4 to detect the proteins of wt
and mutant sCD14s that had bound to sTLR2. When
the abilities of antibody MY-4 to recognize wt sCD14
and the mutant sCD14*>" % were compared (Fig. 3B),
MY-4 was able to bind equally to wt sCD14 and the mu-
tant sCD14%%7%* coated onto microtiter wells. Next, the
binding of sCD14*°7 % to sTLR2 was examined using
antibody MY-4. The binding of sCD14*5%* to sSTLR2
was significantly decreased when compared to that of wt
sCD14 (Fig. 3C). These results are consistent with those
obtained from ligand blot analysis showing that
sCD14%°7% fajled to bind STLR2 on the membrane
(Fig. 3D). These results indicate that deletion of amino
acid residues 57-64 abrogates the binding of sCD14 to
sTLR2.
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Fig. 4. mCD14%7"% fails to enhance TLR2-mediated signaling in
response to peptidoglycan. (A) Binding of sCD14%-% to peptidogly-
can. PGN coated onto microtiter wells (20 pg/well) was incubated with
the indicated concentrations of sSCD14 or sCD14*>"~%% at 37 °C for 6 h.
The binding of sCD14 to PGN was detected by using anti-histidine
tag monoclonal antibody, as described under Materials and methods.
The data shown are means & SEM from three experiments. (B)
PGN-induced NF-kB activation in HEK293 cells transfected with
mCD14%°7°% and TLR2. Luciferase activities were determined in
1 x 10° HEK293 cells plated in 24-well plates and transfected with the
indicated expression plasmid vectors together with an NF-«xB reporter
plasmid and Renilla luciferase control reporter plasmid. Twenty-four
hours after transfection, the cells were stimulated with 10 ug/ml PGN
for 6 h, as described under Materials and methods. The data shown are
means + SEM from three experiments.

mCDI14%7% fails to enhance TLR2-mediated signaling

Since a previous study [20] demonstrates the direct
binding of sCD14 to soluble PGN, we examined the
ability of sCD14*%7%* to bind PGN. sCD14*>7%* re-
tained activity of binding PGN although it exhibited
the attenuated binding (Fig. 4A). Because mCD14 en-
hances TLR2-mediated PGN signaling [4,8], we next
examined whether mCD14%7%* possessed this effect.
Transfection of TLR2 ¢cDNA alone but not mCD14
cDNA alone induced NF-«xB activation in response to
PGN (Fig. 4B). Cotransfection of wt mCD14 with
TLR2 enhanced PGN-induced NF-«kB activation. How-
ever, the enhanced NF-«xB activation was not observed
when the deletion mutant mCD14*% % was cotrans-
fected. It is unlikely that the failure of mCD14%% %% in
enhancing PGN signaling is due to the loss of PGN
binding of this deletion mutant, because sCD144%7 %4 re-
tained significant binding activity to PGN as shown in
Fig. 4A. These results indicate that the amino acid resi-
dues 57-64 of mCD14 are critical for enhancing TLR2-
mediated signaling in response to PGN. Taken together,
these results clearly indicate that the failure of stimulat-
ing TLR2-mediated signaling by CD14 is accompanied
by the loss of activity of CD14 to bind TLR2.

In conclusion, we here show that the direct binding of
sCD14 to the extracellular TLR2 domain was blocked by

the presence of anti-CD14 mAb MEM-18. The direct
binding studies by microtiter well assay and ligand blot re-
vealed that the mutant protein sCD14%7%* Jacking the
residues of the MEM-18 epitope exhibited no binding to
sTLR2, although this mutant retained some activity to
bind PGN. Cotransfection of mCDI14* % with wt
TLR2 into HEK293 cells did not show the enhanced
NF-«B activation in response to PGN. These results sup-
port the conclusion that the CD14 region of amino acid
residues 57-64 is critical for the interaction with TLR2
and for enhancing TLR2-mediated PGN signaling.
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