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To identify the role in periodontal inflammatory diseases of human gingival fibroblasts (HGF), the major
constituents of gingival tissue, the expression of CD14, a possible lipopolysaccharide (LPS) receptor, and the
release of soluble CD14 (sCD14) by HGF were examined. Among the HGF samples from the nine donors tested,
more than 50% of the HGF from five donors expressed CD14 but less than 20% of HGF from the other four
donors did so, as determined by flow cytometric analysis. The CD14 expression on the cell surface was cor-
related with the expression of CD14 mRNA. The HGF and skin and lung fibroblasts tested expressed no CD18,
which indicates that fibroblasts do not possess other LPS receptors, such as CD11b/CD18 and CD11c/CD18.
The CD14 expression by the HGF was decreased after subculturing and was highest at the confluent stage of
culture. The treatment of high-CD14-expressing (CD14high) HGF with phosphatidylinositol-phospholipase C
reduced CD14 expression; this result and the increase in a 55-kDa CD14 indicate that the membrane CD14
(mCD14) on the HGF may be a 55-kDa glycosylphosphatidylinositol-anchored protein. CD14high HGF spon-
taneously released 48- and 57-kDa sCD14. The total release of sCD14 by the HGF was augmented by gamma
interferon and Escherichia coli LPS in accordance with the increased expression of mCD14. The CD14high HGF
secreted interleukin-8 in response to LPS, and the secretion was completely inhibited by anti-CD14 antibody.
These results suggest that (i) HGF consist of populations that are heterogeneous on the basis of different levels
of expression of CD14 and (ii) CD14high HGF secrete inflammatory cytokines in response to LPS via CD14.

CD14 is a myeloid cell differentiation molecule expressed
strongly on monocytes and weakly on neutrophils, and it func-
tions as a receptor for lipopolysaccharide (LPS) combined with
LPS-binding protein (36, 38, 41). CD14 exists in two forms: a
glycosylphosphatidylinositol (GPI)-anchored protein on the
cell surface (membrane CD14 [mCD14]) (16), and a soluble
form (soluble CD14 [sCD14]) found in serum and urine (3).
Although the origin of sCD14 is unclear, sCD14 is shed from
the surfaces of monocytes upon activation by gamma inter-
feron (IFN-g), LPS, and other stimuli, suggesting that sCD14
is derived from GPI-anchored mCD14 (4, 8, 12). sCD14 is
required for the activation of CD14-deficient endothelial and
epithelial cells by LPS (13, 28). Recent reports have provided
evidence that two members of the leukocyte integrin family,
CD11b/CD18 and CD11c/CD18, are involved in LPS-induced
cell activation (19, 25, 39, 40).

Human gingival fibroblasts (HGF) are the major constitu-
ents of gingival tissue, producing various inflammatory cyto-
kines such as interleukin-1 (IL-1), IL-6, and IL-8 upon stimu-
lation with bacteria and their components, including LPS from
oral black-pigmented bacteria such as Porphyromonas gingivalis
and Prevotella intermedia, which may in turn initiate and exac-
erbate periodontal inflammatory diseases (33–35). Human
dermal fibroblasts have been reported to not produce IL-1 or
IL-8 in response to common LPS from members of the family
Enterobacteriaceae such as Escherichia coli and Salmonella spe-
cies (21, 30, 31). It is still unclear whether HGF are able to

respond to common LPS from enterobacterial species in ad-
dition to that from black-pigmented bacteria. In this connec-
tion, it should also be resolved whether LPS-induced HGF
activation is mediated by CD14. The findings of recent studies
regarding the expression of CD14 by HGF are contradictory.
Watanabe et al. (37) reported that HGF express mCD14 and
that the LPS-induced signal-transducing pathway is mediated
by mCD14. In contrast, Hayashi et al. (15) found that HGF
expressed CD14 neither on the surface nor in an mRNA anal-
ysis but were activated with LPS in a serum-derived sCD14-
dependent manner.

It is suggested that fibroblasts in periodontal and other tis-
sues consist of heterogeneous populations (27). We therefore
investigated whether HGF express mCD14 in several HGF
cultures from different individuals. We found heterogeneous
mCD14 expression in the HGF subjects. We then examined
the possible release of CD14 by HGF, characterized the CD14
molecule, and analyzed the biological function of CD14-ex-
pressing HGF in response to E. coli LPS.

MATERIALS AND METHODS

Reagents. LPS of E. coli O55:B5 was obtained from Sigma Chemical Co. (St.
Louis, Mo.). Bacillus cereus phosphatidylinositol-specific phospholipase C (PI-
PLC) was purchased from Boehringer Mannheim (Tokyo, Japan). Human nat-
ural IFN-g (antiviral activity, 8.0 3 106 IU/mg of protein) was kindly provided by
the Hayashibara Bioscience Institute (Okayama, Japan). Alpha minimal essen-
tial medium (a-MEM) and fetal calf serum (FCS) were obtained from Flow
Laboratories (McLean, Va.) and Gibco BRL Life Technologies (Auckland, New
Zealand), respectively. All other reagents were obtained from Sigma unless
otherwise indicated.

Cells and cell culture. HGF were prepared from the explants of normal
gingival tissues of 8- to 18-year-old patients under informed consent (34). The
explants were cut into pieces and cultured in 100-mm-diameter tissue culture
dishes (Falcon; Becton Dickinson Labware, Lincoln Park, N.J.) in a-MEM sup-
plemented with 10% FCS with a medium change every 3 days for 10 to 15 days
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until confluent cell monolayers were formed. After three to four subcultures by
trypsinization, homogeneous, slim, spindle-shaped cells grown in characteristic
swirls were obtained. The cells were used as confluent monolayers at subculture
levels 5 through 15.

Human lung fibroblasts (IMR-90, WI-38, and MRC-5) and human skin fibro-
blasts (SF-MA) were obtained from the Japanese Cancer Research Resources
Bank (Tokyo, Japan) and cultured in a-MEM with 10% FCS. Another human
skin fibroblast line, FS-4, was generously supplied by M. Kohase, National In-
stitute of Infectious Diseases (Tokyo, Japan).

Human blood mononuclear cells (MNC) were isolated from heparinized blood
of healthy adult donors by Ficoll-Isopaque density gradient centrifugation (1).
The isolated MNC were washed three times with phosphate-buffered saline
(PBS) and suspended in RPMI 1640 medium.

For the treatment with PI-PLC, HGF were collected by trypsinization, and
HGF (105 cells) and MNC (106 cells) were treated with medium (20 ml) con-
taining 0.2 to 5.0 U of PI-PLC per ml for 1 h at 37°C. The cellular viability of the
HGF after this PI-PLC treatment was more than 95%, as assessed by a 0.2%
trypan blue exclusion test. After the treatment, the cell suspensions were cen-
trifuged. The cells were analyzed for the expression of CD14, and the amount of
CD14 in the supernatants was determined by an sCD14 enzyme-linked immu-
nosorbent assay (ELISA). For the time kinetics of CD14 expression, confluent
HGF were subcultured at 105 cells/well in 5 ml of a-MEM with 10% FCS in a
six-well Falcon dish for up to 7 days.

Flow cytometry. Flow cytometric analyses were performed with a fluorescence-
activated cell sorter (FACS) (FACScan; Becton Dickinson, Mountain View,
Calif.). For immunofluorescent staining, fibroblasts were collected by trypsiniza-
tion, washed in PBS, and used for staining. We determined that trypsinization did
not affect the amounts of CD14 and other surface markers detected by the
FACS. The following directly conjugated monoclonal antibodies (MAbs) were
used: anti-CD14 (Leu-M3, mouse immunoglobulin G2b [IgG2b]) (conjugated to
phycoerythrin [PE]), anti-CD18 (mouse IgG1) (conjugated to fluorescein iso-
thiocyanate [FITC]), anti-CD54 (intercellular adhesion molecule-1 [ICAM-1],
mouse IgG2b) (PE) (obtained from Becton Dickinson), and anti-human leuko-
cyte antigen (HLA)-DR (FITC) (mouse IgG1) (obtained from Nichirei, Tokyo,
Japan). Cells were also stained with anti-CD14 (MEM-18, mouse IgG1 [Mono-
san, Uden, The Netherlands]; MY4, mouse IgG2b [Coulter, Miami, Fla.]) and
anti-HLA-ABC (W6/32, mouse IgG2a [Dako, Glostrup, Denmark]) at 4°C for 30
min, followed by incubation with FITC-conjugated goat anti-mouse IgG (Bio-
source, Camarillo, Calif.) at 4°C for a further 30 min. Preliminary experiments
revealed that the staining pattern of the isotype-matched control MAb and
second Ab and that of the second Ab only showed no difference. Anti-CD14
(MEM-18), anti-CD18, and anti-HLA-DR were isotype-matched murine IgG1
MAbs, and anti-CD14 (Leu-M3 and MY4) and anti-CD54 (ICAM-1) were iso-
type-matched murine IgG2b MAbs. The use of isotype-matched MAbs also
excludes the possibility of the nonspecific binding of anti-CD14 MAbs (MEM-18
and MY4). To calculate the percentage of positive cells, the baseline cursor was
set at a channel that yielded less than 2% of the events positive with a second Ab
control. Fluorescence to the right was counted as specific binding.

Reverse transcriptase PCR (RT-PCR) assay. Several HGF were incubated
with or without IFN-g (200 IU/ml) for various periods in a humidified atmo-
sphere of 95% air and 5% CO2 at 37°C. Total cellular RNA was extracted from
2.5 3 106 cells (one 100-mm-diameter plate) by Isogen (Nippon Gene, Tokyo,
Japan) according to the manufacturer’s instructions. Reverse transcription of the
RNA samples to cDNA was done with Moloney murine leukemia virus reverse
transcriptase (GIBCO BRL, Grand Island, N.Y.) and oligo(dT)12-18 primer
(GIBCO BRL). To transcribe the total RNA into cDNA, 2.5 mg of RNA, 0.25 mg
of oligo(dT)12-18 primer, First-Strand Buffer (GIBCO BRL), 0.2 mM deoxy-
nucleoside triphosphates, 500 U of Moloney murine leukemia virus reverse
transcriptase, and 10 mM dithiothreitol were added to a total volume of 50 ml.
The reaction mixture was incubated for 1 h at 37°C followed by 5 min at 95°C.
The primers used for PCR had the following sequences: CD14, forward 59-CT
CAACCTAGAGCCGTTTCT-39 and reverse 59-CAGGATTGTCAGACAGGT
CT-39; and human glyceraldehyde-3-phosphate dehydrogenase (GAPDH), for-
ward 59-TGAAGGTCGGAGTCAACGGATTTGGT-39 and reverse 59-CATG
TGGGCCATGAGGTCCACCAC-39. The primers for CD14 and GAPDH were
constructed to generate fragments of 426 and 983 bp, respectively. The PCR
mixture contained 5 ml of the cDNA mixture, 2 ml of 103 PCR buffer, 0.2 mM
deoxynucleoside triphosphates, 50 pmol of each primer, and 0.1 ml of Ex Taq
DNA polymerase (Takara, Tokyo, Japan) in a total volume of 20 ml. Amplifi-
cation was performed in a model MP TP3000 PCR thermal cycler (Takara) as
follows: with CD14, 25 cycles of denaturation at 94°C for 1 min, annealing at
65°C for 1 min, and extension at 72°C for 1 min and then a final extension at 72°C
for 3 min; and with GAPDH, 25 cycles of denaturation at 94°C for 1 min,
annealing at 60°C for 1 min, and extension at 72°C for 1 min and then a final
extension at 72°C for 3 min. Amplified samples were visualized on 2.0% agarose
gels stained with ethidium bromide and photographed under UV light.

Detection of sCD14 and IL-8 by ELISA. For the detection of sCD14 in the
HGF culture supernatant, confluent HGF in six-well plates in 5 ml of a-MEM
with 10% FCS were cultured in the absence or presence of LPS (100 ng/ml) or
IFN-g (200 IU/ml) for 3 days. At the time indicated, the supernatants were
collected. The level of sCD14 in the supernatants was determined by using a
human sCD14 ELISA kit (Biosource).

For the determination of IL-8 produced by HGF in response to LPS, confluent
HGF in 96-well flat-bottomed plates in 200 ml of a-MEM with 1% FCS were
stimulated with various doses of LPS for 24 h. The HGF in the 96-well plates in
the medium were incubated with dialyzed anti-CD14 MAb (MY4) at 1:100 and
1:1,000 dilutions or with dialyzed isotype control mouse IgG2b (Becton Dickin-
son) at a 1:100 dilution at 37°C for 30 min. Antibody-treated cells were stimu-
lated with 10 ng of LPS per ml for 24 h. After the incubation, the supernatants
were collected and the level of IL-8 in the supernatants was determined with a
human IL-8 ELISA kit (Biotrak, Amersham Life Science, Little Chalfont, Buck-
inghamshire, England).

The sCD14 and IL-8 assays were performed exactly as instructed by the ELISA
manufacturers. The concentrations of sCD14 and IL-8 in the supernatants were
determined by using the Softmax data analysis program (Molecular Devices
Corp., Menlo Park, Calif.). Each sample was assayed in duplicate.

Preparation of membrane and cytoplasm fractions. HGF were collected by
trypsinization, and the crude cell membrane fraction was prepared from HGF by
hypotonic lysis in 10 mM Tris-HCl–1 mM MgCl2 (pH 7.4) at 4°C (20 min on ice
followed by Dounce homogenization). The homogenate was mixed with a 0.25 M
sucrose solution and centrifuged twice at 500 3 g for 5 min at 4°C. A crude
membrane fraction was recovered after centrifugation of the nucleus-free super-
natant at 15,000 3 g for 30 min at 4°C. A suspension of HGF (106 cells/40 ml) in
the same buffer as that used for the membrane preparation was frozen-thawed
three times in liquid nitrogen and centrifuged at 15,000 3 g for 10 min at 4°C to
remove nuclei and debris. Samples were suspended in Laemmli sample buffer
(22), and samples from 0.25 3 106 cells were used for a Western blot analysis.

sCD14 detection by Western blotting. Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis analyses were performed in 10% polyacrylamide slab gels
containing 0.1% sodium dodecyl sulfate under reducing conditions, according to
the method of Laemmli (22). Proteins were transferred to a polyvinylidene
difluoride membrane (ATTO Co., Tokyo, Japan) by a semidry transblot system
(ATTO). The blots were blocked for 4 h with 3% bovine serum albumin–PBS
followed by incubation with anti-CD14 MAb (MEM-18, 1:100) in 3% bovine
serum albumin–PBS with 0.1% NaN3 overnight at 4°C. The blots were washed
three times with 0.02% Tween 20–PBS and then incubated for 2 h with biotin-
ylated anti-mouse IgG (Vector Laboratories, Burlingame, Calif.) and 1 h with
the Vectastain ABC system (Vector). After being washed, the CD14 glycopro-
teins were visualized with diaminobenzidine. The molecular weights of the pro-
teins were estimated by comparison with the positions of standards (Pharmacia
Biotech, Uppsala, Sweden). Bands were analyzed using a LabScan and Image-
Master 1D software (Pharmacia Biotech).

Data analysis. All experiments in this study were performed at least three
times to test the reproducibility of the results, and representative results are
shown. In some experiments, experimental values are given as means 6 standard
deviations. The statistical significance of differences between two means was
evaluated by Student’s unpaired t test, and P values less than 0.05 were consid-
ered significant.

RESULTS

Heterogeneous expression of CD14 by HGF. To examine the
expression of mCD14 on HGF, we tested HGF from different
donors. Fibroblasts from lung and skin were also tested as a
control. Among the HGF samples from the nine donors, five
showed weak reactivity with the Leu-M3 anti-CD14 MAb
(range, 6.3 to 15.6% positive) but reacted at higher intensity with
the MEM-18 anti-CD14 MAb (range, more than 50% positive)
(Table 1). The HGF from the other four donors showed only
weak reactivity with MEM-18 (less than 20%). The fibroblasts
from lung and skin showed no reactivity with Leu-M3 or
MEM-18. CD54 (ICAM-1) was expressed on all of the fibro-
blasts to some extent, but CD18 and HLA-DR were not ex-
pressed on any of the fibroblasts tested. MEM-18, anti-CD18,
and anti-HLA-DR MAbs are isotype-matched MAbs (mouse
IgG1), which excludes the possibility of nonspecific binding of
MEM-18 to the cell surface. To test the evidence obtained by
flow cytometry, the high-CD14-expressing (CD14high) and the
low-CD14-expressing (CD14low) HGF were analyzed for the
constitutive expression of CD14 mRNA by RT-PCR (Fig. 1).
The CD14high HGF from two donors expressed CD14 mRNA,
but CD14 mRNA from CD14low HGF from two other donors
was not visible by this method. These results showed that (i)
HGF consist of heterogeneous populations on the basis of
their expression of mCD14 and CD14 mRNA and (ii) MEM-
18 reacted more strongly than did Leu-M3 with the CD14
molecules, as reported previously (24, 41).
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High expression of mCD14 on HGF at the confluent stage of
culture. Preliminary experiments demonstrated that the ex-
pression of mCD14 on HGF varied among the experiments,
even though HGF cultures from the same donor were used.
This finding suggests that mCD14 expression was modulated at
different stages of the culture. It was therefore of interest to
examine the time kinetics of mCD14 expression by HGF. The
CD14high HGF of two donors and CD14low HGF of two other
donors were examined. As shown in Fig. 2, the CD14high HGF
from confluent cultures highly expressed CD14 (more than
50% on day 0). Upon reculturing, the expression of CD14 by
these HGF was gradually decreased until day 3 and then in-
creased to a plateau level at day 5 or 7, the time when the cells
became confluent. The CD14low HGF showed the same time
kinetics, although CD14 expression by the CD14low HGF was
less than 20%. These results suggest that the CD14 expression
was increased at the confluent stage of HGF culture and also
confirmed the finding that the expression of CD14 on HGF
was heterogeneous.

CD14 expression on the HGF as a GPI-anchored protein.
The above observation that CD14 is expressed by HGF at
different levels raised the question of whether CD14 on the
surfaces of HGF is anchored via GPI as in monocytes and
neutrophils (16, 17). HGF and monocytes as a positive control
were treated with PI-PLC, which specifically leaves GPI-an-
chored protein (18), and analyzed for the expression of CD14
by flow cytometry. The treatment of HGF with PI-PLC re-
sulted in a marked decrease in the level of expression of CD14

on the HGF as well as monocytes compared with that of the
untreated cells (Fig. 3A). CD14 expression by the monocytes
was higher than that of the HGF. The relative mean fluores-
cence intensity values of CD14 expression by the HGF and
monocytes were 45.22 and 1,157.91 for the untreated cells and
16.77 and 305.75 for the PI-PLC-treated cells, with negative
control values of 7.75 and 15.42, respectively, showing an about
fourfold decrease in the expression of CD14 after PI-PLC
treatment. The treatment had no effect on the expression of
HLA-A, -B, or -C (32). The amount of CD14 released in the
supernatants of PI-PLC-treated HGF was determined by
ELISA, and the level of CD14 released by HGF was increased
after the PI-PLC treatment (Fig. 3B). These results indicate
that the efficacy of the PI-PLC treatment of HGF was the same
as that of the monocytes and that mCD14 on the surfaces of
HGF is a GPI-anchored protein, as it is in monocytes.

Release of sCD14 by HGF, and augmentation of the release
and expression by IFN-g and LPS. We next examined whether
mCD14-expressing HGF release sCD14 in the culture super-
natant. Confluent CD14high and CD14low HGF were cultured
in medium alone or in the presence of IFN-g (200 IU/ml) and
LPS (100 ng/ml) for 3 days, and the amount of sCD14 in the
supernatants was determined at 24-h intervals. Figure 4A
shows that the CD14high HGF released 1.3 ng of sCD14 per ml
after 1 day of culture, and an increase in sCD14 release was
observed according to the incubation time. In the cultures with
LPS, no effect on sCD14 release was observed after 1 day of
culture, whereas a significant increase was observed after 2 and
3 days of culture. Of interest, the incubation with IFN-g re-
sulted in a more than twofold increase in sCD14 secretion
compared to the level in medium alone. In contrast, CD14low

HGF did not release sCD14 at any time point, even when the
cells were incubated with LPS or IFN-g. The analysis of the
CD14 mRNA expression by the RT-PCR method revealed
that the CD14 mRNA expression by CD14high HGF was in-
creased after 9 h of IFN-g treatment and decreased thereafter
(Fig. 4B). The treatment of CD14low HGF with IFN-g had no
effect on the expression of CD14 mRNA (data not shown).

After 3 days of culture, the mean fluorescence intensity of
the CD14 expression by CD14high HGF was 37.91 for the
untreated cells, 51.08 for the LPS-stimulated cells, and 75.24
for the IFN-g-stimulated cells, with a negative control value of
7.28 (Fig. 5). These results indicate that the sCD14 release was
correlated with the expression of mCD14.

TABLE 1. Expression of CD14, CD18, CD54, and HLA-DR on
the surfaces of fibroblasts of different originsa

Fibroblasts
(name or

donor)
Origin

% Positive cellsb

CD14
(Leu-M3)

CD14
(MEM-18) CD18 CD54 HLA-DR

IMR-90 Lung 0.4 1.1 0.2 91.4 0.5
WI-38 Lung 0.4 3.9 1.1 76.9 0.9
MRC-5 Lung 1.1 0.5 1.3 80.9 1.2
FS-4 Skin 0.5 0.7 0.4 70.1 0.2
SF-MA Skin 1.4 1.9 1.2 41.5 1.6
HN Gingiva 1.4 17.2 0.7 50.2 0.7
KT Gingiva 1.5 19.1 0.9 46.4 1.2
MH Gingiva 6.3 56.1 0.8 51.2 0.6
MM Gingiva 15.5 52.9 0.5 55.1 0.7
MY Gingiva 14.7 51.9 0.9 50.6 1.5
NK Gingiva 1.9 10.6 0.7 40.4 0.7
SM Gingiva 15.6 66.3 1.1 19.5 1.2
TT Gingiva 15.1 53.2 0.6 78.1 0.8
YN Gingiva 1.5 9.6 0.8 87.8 0.6

a Fibroblasts from confluent cultures were collected and stained with the
MAbs indicated.

b The percentage of positive cells was analyzed by flow cytometry.

FIG. 1. Heterogeneous expression of CD14 mRNA by CD14high and
CD14low HGF. CD14high HGF (lane 1, donor MH; lane 2, donor SM) and
CD14low HGF (lane 3, donor KT; lane 4, donor NK) from confluent cultures
were collected by trypsinization. RNA was extracted from the cells, and its cDNA
was prepared and analyzed by RT-PCR. The results are representative of three
different experiments.

FIG. 2. Time kinetics of mCD14 expression by HGF from four individuals.
After HGF were harvested from confluent cultures from 100-mm-diameter
dishes (day [d] 0), they were recultured in six-well plates at 105 cells/well in 5 ml
of culture medium. At the times indicated, the cells were collected and stained
with anti-CD14 MAb (MEM-18) and analyzed by FACS. The results are repre-
sentative of four different experiments.
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Identification of the CD14 molecule expressed by HGF. The
observation that HGF spontaneously release sCD14 (Fig. 4)
prompted the question of the size of the CD14 glycoprotein
expressed by HGF. CD14high HGF were cultured in the pres-
ence or absence of 5 U of PI-PLC per ml for 1 h at 37°C, and
the cultured supernatants were analyzed by Western blotting
with anti-CD14 MAb MEM-18. The results in Fig. 6A show
that the CD14high HGF released mainly 48- and 57-kDa sCD14
bands and a small 55-kDa band. The PI-PLC treatment re-
sulted in an about twofold increase in the amount of the 55-
kDa band, whereas the amounts of the 48- and 57-kDa bands
were unchanged by the treatment (Fig. 6B). The membrane
fraction of the CD14high HGF possessed a large amount of the
55-kDa band, but the 55-kDa band was scarcely detected in the
cytoplasms of the cells (Fig. 6C). These results suggest that
HGF release 57- and 48-kDa sCD14 and that the GPI-an-
chored mCD14 is a 55-kDa glycoprotein.

CD14-mediated IL-8 secretion by HGF in response to LPS.
It has been shown that HGF respond to LPS from P. gingivalis
and P. intermedia, which are implicated in periodontal diseases
and secrete several inflammatory cytokines such as IL-1, IL-6,
and IL-8 (33–35). However, HGF secrete IL-6 but not IL-1 and
IL-8 in response to LPS from E. coli and Salmonella species.
There is a strong possibility that CD14high and CD14low HGF
respond to LPS in different manners. To examine this possi-
bility, CD14high and CD14low HGF were stimulated with vari-
ous doses of E. coli LPS, and the IL-8 concentration in the
culture supernatants was analyzed. As shown in Fig. 7A, the
IL-8 secretion by the CD14high HGF in response to LPS began
at 1 ng/ml and reached a maximum at 10 ng/ml. In contrast, the
CD14low HGF showed only a marginal response which peaked
at 100 ng of LPS per ml. The E. coli LPS-induced IL-8 secre-
tion by the CD14high HGF was completely inhibited by anti-
CD14 MAb (MY4) at 1:100 and 1:1,000 dilutions (Fig. 7B).
The control mouse IgG2b had no effect on this response.

DISCUSSION

The HGF and the fibroblasts from lung and skin did not
express CD18 or HLA-DR but were distinct in their expres-
sions of CD14 and CD54 (Table 1). Recent studies have ob-
tained inconsistent evidence pertaining to the CD14 expression
by HGF. One study showed that HGF express CD14 and that

the LPS-induced signal transducing pathway is mediated by
mCD14 (37). Another study found that HGF express CD14
neither on the surface nor in the mRNA and that ICAM-1
expression by HGF is up-regulated by serum-derived sCD14
(15). Our data support both sets of observations. It has been
shown that fibroblasts from many tissues such as lung, skin, and
periodontium are heterogeneous and that these cells can be
separated into subsets on the basis of morphology, size, and
function (27). It is also reported that papillary and reticular
gingival fibroblasts of the lamina propria of an attached human

FIG. 4. The release of sCD14 by CD14high HGF was augmented by IFN-g
and LPS. (A) Confluent CD14high HGF (donor MH) and CD14low HGF (donor
KT) were incubated with medium alone, with IFN-g (200 IU/ml), or with LPS
(100 ng/ml). Supernatants were collected at days (d) 1, 2, and 3 and analyzed for
the presence of sCD14 by ELISA. Results are the means 6 standard deviations
of duplicate determinations from one representative experiment. p, P , 0.05
versus medium alone. (B) Confluent CD14high HGF (donor MH) were incubated
with IFN-g (200 IU/ml) for the times indicated and were collected by trypsiniza-
tion. RNA was extracted from the cells, and its cDNA was prepared and analyzed
by RT-PCR. The results are representative of three different experiments.

FIG. 3. Decrease of HGF and monocyte CD14 expression by PI-PLC treatment. HGF (donor MH) from confluent cultures and MNC were suspended at 105 cells/20
ml and 106 cells/20 ml in the medium, respectively, and cultured in the presence or absence of PI-PLC (1 U/ml) for 1 h at 37°C. (A) The cells were then stained with
anti-CD14 MAb (MEM-18) and analyzed by FACS analysis. The fluorescence of the monocyte population was analyzed by gating on the basis of forward/side scatter
characteristics. Negative, fluorescence of negative control cells incubated with the second Ab only. (B) The amount of CD14 released in the supernatant of HGF in
the absence (lane 1) or presence (lane 2) of PI-PLC was analyzed by ELISA. p, P , 0.05 versus lane 1. The results are representative of three different experiments.
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gingiva differ in morphology and in the production of migra-
tion-stimulating factor (20) and that CD40 expression by HGF
is correlated with phenotype and function (11). Identification
of the expression of cell surface markers such as Thy-1, colla-
gen receptors, C1q receptors, CD4, and CD40 has been used to
separate subsets of fibroblasts, as have morphology and func-
tion (6, 7, 9, 10, 14, 26). These observations support our find-
ings that HGF heterogeneously express CD14 and can be sep-
arated into two populations, i.e., CD14high and CD14low

subsets. However, we cannot distinguish these two populations
on the basis of morphology and proliferation rate at present,
and a precise analysis of their characteristics remains to be
conducted. HGF used in this study were grown from clinically
normal gingival tissue, but it is unclear whether the tissues
were normal histologically. Gingival tissues easily give rise to
inflammation due to bacteria existing in oral floras and their
products. Another possible explanation with regard to the het-
erogeneous expression of CD14 by HGF is the extent of in-
flammation of the gingival tissue obtained; i.e., HGF from
inflamed tissue may express levels of CD14 higher than those
from noninflamed tissue.

In our examination of the CD14 expression by fibroblasts,
Leu-M3 showed weaker reactivity than MEM-18. It has been
shown that Leu-M3 stains cells with narrow reactivity and that
MY4 has broad reactivity and stains more cells with higher
intensity, even when the cells are Leu-M3 negative (24, 41).
Our preliminary experiments showed that the reactivity of
MY4 was the same as that of MEM-18 and that MEM-18
reacted slightly more strongly than did MY4 (32).

Two forms of the leukocyte integrin family, CD11b/CD18
and CD11c/CD18, were recently shown to be involved in LPS-
induced cell activation (19, 25, 39, 40). Endothelial and epi-
thelial cells which do not express mCD14 require sCD14 for
activation by LPS (13, 28). In the present study, however, no
fibroblasts from gingiva, lung, or skin expressed CD18 on their
surfaces, indicating that fibroblasts do not use the integrin LPS
receptors and use mCD14 and/or sCD14 for LPS-mediated cell
activation.

The treatment of HGF with PI-PLC, an enzyme from B.
cereus which specifically cleaves the GPI anchor (18), resulted
in a decrease in the expression of mCD14 with a concomitant
increase in released CD14 (Fig. 3). The PI-PLC digestion is
CD14 specific, because the expression of HLA-A, -B, and -C

was unchanged after PI-PLC treatment (32). The efficacy of
the PI-PLC treatment of both HGF and MNC reached a pla-
teau at 1 U/ml, and increasing the concentration of PI-PLC to
more than 10 U/ml leads to a decrease in cellular viability (32).
One of the reasons for the inefficiency of this enzyme treat-
ment might be that a portion of the CD14 pool of HGF is
structurally modified in the lipid region, and therefore resistant
to the action of this enzyme, as suggested previously (24). This
possibility is supported by the finding that the enzyme treat-
ment of monocytes resulted in the incomplete removal of
CD14, although no CD14 was detected on the monocytes from
a patient with paroxysmal nocturnal hemoglobinuria, a disease
characterized by a lack of the cell surface expression of GPI-
anchored proteins (16, 24). These results support the possibil-
ity that mCD14 expressed by HGF is a GPI-anchored protein,
as it is in monocytes and neutrophils as shown previously (16,
17).

CD14 is a differentiation antigen, and its expression in-

FIG. 5. Up-regulation of mCD14 expression by LPS and IFN-g. Confluent
HGF (donor MH) were cultured with medium alone (a and b), with 100 ng of
LPS per ml (c), or with 200 IU of IFN-g per ml (d) for 3 days. Cells were then
collected and stained with the second Ab (a) or anti-CD14 MAb (MEM-18) (b
to d) and analyzed with a FACS. The results are representative of three different
experiments.

FIG. 6. Western blot analysis of CD14 released by HGF. (A) HGF (donor
MH) from confluent cultures were suspended at 106 cells/20 ml in medium
without FCS and incubated in the absence (lane 1) or presence (lane 2) of
PI-PLC (5 U/ml) for 1 h at 37°C. The supernatants were subjected to a Western
blot analysis under reducing conditions. (B) The bands in panel A were analyzed
by using a LabScan and ImageMaster ID software, and the results are expressed
as fold increases (lane 2/lane 1). (C) Crude membrane (lane 1) and cytoplasm
(lane 2) fractions were prepared from HGF (donor MH), and the fractions
(0.25 3 106 cells each) were subjected to Western blot analysis under reducing
conditions. The results are representative of three different experiments.

FIG. 7. LPS induced IL-8 production of CD14high HGF via mCD14. (A)
Confluent CD14high (F) and CD14low (E) HGF were stimulated with various
doses of E. coli LPS for 24 h in medium with 1% FCS. The culture supernatants
were collected and analyzed for the presence of IL-8 by ELISA. (B) Confluent
CD14high HGF (donor MH) were stimulated with 10 ng of LPS per ml in the
absence or presence of isotype control mouse IgG2b (1:100) or anti-CD14 MAb
MY4 (1:100 and 1:1,000) for 24 h. (2), medium alone. The amounts of IL-8 in
the culture supernatants were analyzed by ELISA. The results are representative
of three different experiments.
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creases with monocytes and neutrophil maturation (2, 29). It is
suggested that the expression of CD14 is governed by tissue-
specific nuclear factors or tissue-specific combinations of com-
mon nuclear factor, although little is known about the tran-
scription factors involved in CD14 expression (41). The data
shown in Fig. 2 revealed that CD14 expression by HGF de-
creased after subculturing, increased thereafter and reached a
plateau at the confluent stage, indicating that mCD14 expres-
sion by HGF during the course of cell culture represents the
regulation of the de novo synthesis of CD14.

The CD14high HGF examined in this study spontaneous-
ly released sCD14; the release was augmented markedly by
IFN-g and weakly by LPS, and the expression of CD14 mRNA
by the cells was increased after IFN-g treatment. Furthermore,
the augmented release was correlated with an increased ex-
pression of mCD14 (Fig. 4 and 5). These results indicate that
the up-regulation of the CD14 de novo synthesis described
above may be responsible for the IFN-g- and LPS-induced
augmentations of CD14 expression and release. This interpre-
tation is supported by the evidence that human monocyte and
microglia CD14 are transcriptionally up-regulated by LPS and
IFN-g, respectively, after 24 to 48 h of incubation (5, 23).

The CD14 expressed by monocytes is a 55-kDa GPI-an-
chored membrane protein (16) and is cleaved by an endoge-
nous cellular enzyme which is inhibitable by serine protease
inhibitor, as is 48-kDa sCD14 (4, 8). Neutrophil CD14 has the
same characteristics as those of monocyte CD14 (17). It has
also been shown that monocyte sCD14 is released via two
different mechanisms, protease dependent and protease inde-
pendent (8, 12). Taking these observations into account, we
consider the possibility indicated in Fig. 6 that (i) the mCD14
expressed by HGF is a 55-kDa GPI-anchored protein, (ii) a
48-kDa sCD14 is derived from the 55-kDa mCD14, which is
cleaved by endogenous protease, and (iii) a 57-kDa sCD14 is
released in a protease-independent manner. It is apparently
unique to HGF that the 57-kDa sCD14 (which is larger than
mCD14) is released by HGF, unlike monocytes and neutro-
phils; and unlike monocytes, the release of 48-kDa sCD14 by
HGF is not inhibited by several protease inhibitors, including
phenylmethylsulfonyl fluoride (32). Investigations are under
way to clarify these properties of CD14 expressed by HGF.

The expression of CD14 by HGF raises the question of
whether the CD14 on HGF functionally mediates LPS-induced
cell activation. As shown in Fig. 7, the CD14high HGF pro-
duced IL-8 which peaked at 10 ng of LPS per ml in the medium
with 1% FCS, and this production was completely inhibited by
the anti-CD14 MAb, MY4. The CD14low HGF showed only a
marginal response to LPS. These data indicate that the CD14
expressed by HGF binds to LPS and mediates the signal to
produce IL-8. Previous reports indicated that human dermal
fibroblasts do not produce IL-1 or IL-8 following a challenge
with enterobacterial LPS in the absence of FCS (21, 30, 31). A
possible reason for this unresponsiveness to the LPS is that the
fibroblasts used did not express CD14 or CD18 on the cell
surface, since the skin fibroblasts used in the present study
were not shown to express CD14 or CD18 (Table 1). Our
previous studies (34, 35) also showed that HGF did not re-
spond to enterobacterial LPS. The HGF used in our previous
studies may belong to the CD14low HGF group. It is also
possible that serum-derived sCD14 or LPS-binding protein was
not sufficient to support LPS-induced cell activation via an
sCD14- and/or mCD14-dependent pathway, as indicated pre-
viously (13, 28). When HGF were stimulated with E. coli LPS
in the presence of 10% FCS, the CD14high and CD14low HGF
each secreted more than three times as much IL-8 as that in
the presence of 1% FCS (32).

Finally, the present results suggest the possibility that during
the inflammatory response, (i) CD14high HGF secrete inflam-
matory cytokines in response to LPS and produce an increased
release of sCD14 in response to IFN-g from other cells and
LPS and (ii) the released sCD14 may in turn function as an
LPS-receptor for CD14low HGF to induce inflammatory cyto-
kines at the site of inflammation to exacerbate the inflamma-
tory response. By these mechanisms, HGF might have impor-
tant roles in the development of chronic inflammatory lesions
in periodontal tissues.
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28. Pugin, J., C.-C. Schürer-Maly, D. Leturcq, A. Moriarty, R. J. Ulevitch, and
P. S. Tobias. 1993. Lipopolysaccharide activation of human endothelial and
epithelial cells is mediated by lipopolysaccharide-binding protein and soluble
CD14. Proc. Natl. Acad. Sci. USA 90:2744–2748.

29. Rigby, W. F. C., L. Shen, E. D. Ball, P. M. Guyre, and M. W. Fanger. 1984.
Differentiation of a human monocytic cell line by 1,25-dihydroxyvitamin D3
(calcitriol): a morphologic, phenotypic, and functional analysis. Blood 64:
1110–1115.
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