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Dental implant rejection occurs as a result of api-
cal epithelialization at the implant-tissue inter-

face. Thus, it is critical to prevent apical epithelializa-
tion for the body to retain the dental implant.1,2 The
two factors affecting apical epithelialization are: (1)
the macro-(mm)/micro-(µ) geometric structure of the
implant surface, which governs the adhesion and ori-
entation of epithelial cell growth,3,4 and (2) the bio-

chemical and biophysical compatibility of the implant
surface, which dictate the adhesion of epithelial and
connective tissues. As evidenced from scanning elec-
tron microscopy (SEM) investigations, these two fac-
tors are easily disturbed under the pathologic condi-
tion of peri-implant soft tissue as a result of bacterial
invasion, food debris ingress, and physicochemical
irritation of restorative materials and setting cement.5

However, the mechanism that causes apical epithe-
lialization is not fully understood. To elucidate the
phenomenon that controls apical epithelialization,
this study investigated the effect of plaque extracts on
the in vitro response of epithelial-like cells and
fibroblastic cells to titanium (Ti) surfaces.

Materials and Methods

Cells. Epithelial-like cells (HGE) and fibroblastic
cells (HGF) were derived from the gingival soft tis-
sue of a 23-year-old Japanese male. The Institutional
Review Board’s approval and the informed consent of
the participating subject were obtained prior to the
start of the experiment. The explant tissue from the
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To propose a mechanism for apical epithelialization at the implant-tissue interface, cell contact to titanium sur-
faces and adhesive strength of epithelial-like (HGE) and fibroblastic (HGF) cells derived from human gingiva
were investigated under three different media conditions containing plaque extracts: nonfiltered, 5-µm pore
filtered, and 0.22-µm pore filtered. The plaque extracts had a greater effect in decreasing the growth rate of the
HGF than of the HGE. Similarly, the HGE exhibited greater adhesive strength than the HGF. These differences
in the cells’ resistance to plaque extracts were also observed using light and electron microscopy. Evidence from
this study suggests that the difference in growth, contact, and adhesive strength of the HGE and HGF cells to
titanium surfaces may promote apical epithelialization under the pathologic condition.
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human gingiva was cleaned and disinfected with
1,000 mL phosphate-buffered saline solution (PBS)
containing 20,000 U penicillin and 50 mg strepto-
mycin. The explant tissue was then diced into 2-mm3

fragments and treated with 0.25% trypsin solution at
4°C for 5 hours. The trypsin solution was recanted
and the fragments were then magnetically stirred in
0.02% ethylenediaminetetraacetic acid PBS at room
temperature for 7 minutes. The stirred tissue frag-
ments were inoculated in a 3.5-cm polystyrene tissue
culture dish (76-058-05, Dainihon Seiyaku, Suita,
Osaka, Japan) containing minimal essential media
(MEM) and 10% fetal calf serum. The tissue culture
medium was renewed weekly. Three weeks after
inoculation, the cells reached the log phase in their
proliferation. The cells were then isolated using
0.05% trypsin solution, and the suspended cells (con-
taining both the HGE and HGF cells) were seeded
in a 17-mm-diameter multiwell tissue culture dish
(76-063-05, Dainihon Seiyaku). After three or four
subcultivations, some wells contained either HGE or
HGF cells. These unestablished lines of the HGE
and HGF cells were then subcultured separately.

Human Plaque Extracts. Three plaque extracts
were used in this study. A 1,000-mg human plaque
containing soft tartar was diluted with 60 mL PBS
and triturated with glass pestle and mortar. After trit-
uration, the plaque-tartar-PBS mixture was cen-
trifuged at 1,500 rpm for 10 minutes. The super-
natant of homogeneously translucent solution was
used as original plaque extract (OPE) without filtra-
tion. Filtered plaque extracts were produced by fil-
tering the OPE using Millipore filters with pore sizes
of 5.0 µm and 0.22 µm (Millipore Japan Yonezawa
Manufactory, Yamagata, Japan). The filtered plaque
extracts were labeled 5 FE and 0.22 FE.

Growth Rate Assay. In a single-blind evaluation,
the effect of plaque extracts on multiplication of the
HGE and HGF cells was measured using cell growth
rate as a marker. The substrates used for this in vitro
study were polyacrylic plates (10 mm � 10 mm)
coated with Ti film. The HGE and HGF cells were
then seeded on the Ti surfaces at a density of 50
cells/mm2. Two days after seeding, the media were
replaced with 18 mL MEM (with 10% fetal calf
serum) and 2 mL of either OPE, 5 FE, or 0.22 FE.
The cells were exposed to the plaque extracts for 5
days. For the control wells, the cell culture medium
(MEM and 10% fetal calf serum) was used. At 0 days,
2 days, 4 days (2 days of plaque extract exposure), and
7 days (5 days of plaque extract exposure) after seed-
ing, the growth rates of the HGE and HGF cells
were measured. Using a sample size of six for each
treatment, the growth rate was determined by count-
ing the number of cells/mm2 with CELCOM (Aoi

System, Osaka, Japan).6 The results were statistically
compared using the analysis of variance (ANOVA).
The alpha level for data analysis was set at � = .05,
and differences were considered significant if P < .05.

Cell Morphology Assay. Cell morphology on Ti
surfaces was examined using a single-blind evalua-
tion. The HGE and HGF cells were seeded on the Ti
surfaces at a density of 50 cells/mm2. Two days after
seeding, the media were replaced with 18 mL MEM
(with 10% fetal calf serum) and 2 mL of either OPE,
5 FE, or 0.22 FE. The cells were exposed to the
plaque extracts for 2 days. For the control wells, the
cell culture medium (MEM and 10% fetal calf
serum) was used. The morphology of the HGF and
HGE cells was examined using light microscopy after
2 days of plaque extract exposure.

Cell Adhesive Strength to Ti Substratum. In
addition to the growth rate and cell morphology
assays, the effect of cell adhesive strength to Ti sub-
stratum was measured using a single-blind evalua-
tion. The HGE and HGF cells were seeded on the Ti
surfaces at a density of 50 cells/mm2. Two days after
seeding, the media were replaced with 18 mL MEM
(with 10% fetal calf serum) and 2 mL of either OPE,
5 FE, or 0.22 FE. The cells were exposed to the
plaque extracts for 2 days. For the control wells, the
cell culture medium (MEM and 10% fetal calf
serum) was used. Two days after plaque extract expo-
sure, the adhesive strength of the HGE and HGF
cells to Ti substrates was measured by means of a vis-
cometric method. A shear stress of 3.7 dyne/cm2 was
applied for 20 minutes, and the final cell number was
measured automatically with CELCOM. Using a
sample size of five for each treatment, the relative
adhered cell number (RACN) value was then calcu-
lated by means of the following equation:7,8

RACN =
No. of adhered cells after shear stress

No. of adhered cells before shear stress

The RACN values were statistically compared
using the ANOVA. The alpha level for data analysis
was set at � = .05, and differences were considered
significant if P < .05.

Effect of Plaque Extracts on the HGE and
HGF Cocultivation. Similar to the above assays, the
effect of plaque extracts on the HGE and HGF
cocultivations was measured using a single-blind
evaluation. Cocultivation was performed by seeding
an equal density (1 � 104 cells/mL) of the HGE and
HGF cell suspension. Two days after seeding, the
cocultivated cells were exposed to 5 FE for 24 hours.
The morphologic changes of both cells after plaque
extract exposure were investigated using light and
electron microscopy.



Results

Growth Rate Assay. The presence of plaque
extracts was observed to have had a significant effect
on the growth rate of the HGE and HGF cells. As
shown in Figs 1 and 2, the OPE had the most signifi-
cant cytotoxic effect, followed by the 5 FE. The 0.22
FE had the least cytotoxic effect on the growth rate
of the HGE and HGF cells. Compared to that of the
HGE, the growth rate of the HGF was significantly
reduced. After 5 days of exposure to the plaque
extracts, the mean cell densities of the HGF in the
presence of the control media, OPE, 5 FE, and 0.22
FE were 400 cells/mm2, 5 cells/mm2, 60 cells/mm2,
and 267 cells/mm2, respectively (Table 1). Similarly,
after 5 days of exposure to the plaque extracts, the
mean cell densities of the HGE in the presence of
the control media, OPE, 5 FE, and 0.22 FE were
310 cells/mm2, 7 cells/mm2, 150 cells/mm2, and 270
cells/mm2, respectively (Table 1 and Fig 2).

Cell Morphology Assay. HGF. The spindle
shape or fibrous morphology of normal HGF cells
was shrunken and rounded after 2 days of exposure
to the 5 FE (Figs 3 and 4). The HGF cells had a sim-
ilar shrunken morphology after 2 days of exposure to
the OPE and 0.22 FE. The mean density of the
HGF cells after 2 days of exposure to the 5 FE was
98 cells/mm2 (Fig 1). For the same cultivation
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Fig 1 Effect of plaque extracts on the multiplication of HGF
cells. The error bar represents one standard deviation (n = 6).
(PE = plaque extract; OPE = unfiltered plaque extract.)

Fig 3 Fibroblastic cells (HGF) derived from the human gingiva
after 4 days’ cultivation in the control medium.

Fig 4 HGF cells, shrunken and detached from the titanium
substratum after 2 days of exposure to 5 FE.

Fig 2 Effect of plaque extracts on the multiplication of HGE
cells. The error bar represents one standard deviation (n = 6).
(PE = plaque extract; OPE = unfiltered plaque extract.)

Table 1 Mean Growth Rates (± SD) of HGE and HGF
Cells After 5 Days of Exposure to Plaque Extracts*

Cells HGE (cell no./mm2) HGF (cell no./mm2)

Control** 310 ± 21 400 ± 34
0.22 FE 270 ± 17 267 ± 49
5 FE 150 ± 50 60 ± 46
OPE 7 ± 7 5 ± 7

*Plaque extracts = unfiltered plaque extract (OPE), 5.0-µm-pore filtered
extract (5 FE), and 0.22-µm-pore filtered extract (0.22 FE).
**Control = the cell culture medium without plaque extracts.
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period, the HGF in the control media exhibited a
mean density of 210 cells/mm2. This indicates a
53.3% reduction in the growth rate of the HGF
when exposed to the 5 FE.

HGE. After 2 days of exposure to the 5 FE, the
cell-cell attachment of the pavement-like monolayer
cell sheet found in normal HGE cells was partially
detached and separated. Cytoplasmic shrinkage also
was observed. In addition, the rounded or ellipsoid
nuclei found in normal HGE cells became deformed

and irregular. However, the close cell-cell contact in
the HGE colony sheet was partially retained, and no
cytoplasmic vacuolization was observed (Figs 5 and
6). The mean cell density of the HGE after 2 days of
exposure to the 5 FE was 132 cells/mm2 (Fig 2). For
the same cultivation period, the HGE in the control
media exhibited a mean cell of 189 cells/mm2. Thus,
after 2 days of exposure to the 5 FE, a 30.1% reduc-
tion in the growth rate of the HGE cells was
observed. Based on these findings, it is evident that
the HGE cells have a higher resistance to plaque
extracts than the HGF cells.

Adhesive Strength of Cells. The mean adhesive
strength of the HGE cells to Ti substrates was statis-
tically greater than that of the HGF cells after 2 days
of exposure to the plaque extract (Table 2 and Fig 7).
After 2 days of exposure to the 0.22 FE, 5 FE, and
OPE, the RACN values for the HGF were 71, 20,
and 4, respectively. For the same cultivation period,
the RACN value for the HGF in the control media
was 87. Thus, the RACN values for the HGF exposed
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Fig 5 HGE cells exhibit monolayer colony sheet with close
cell-cell contact after 4 days’ cultivation in the control medium.

Fig 6 Close cell-cell contact of HGE colony sheet, detached
and separated (O) because of cytoplasmic shrinkage after 2
days of exposure to 5 FE.

Fig 7 Effect of plaque extracts
on the adhesion of fibroblast
(HGF) and epithelial (HGE) cells
derived from human gingival tis-
sue. RACN refers to the appar-
ent adhesive strength (n = 5)
after 2 days of exposure to
plaque extracts. (OPE = unfil-
tered plaque extract.)

Table 2 Mean Adhesive Strength of the HGE and HGF
Cells After 2 Days of Exposure to Plaque Extracts

Cells HGE (RACN value) HGF (RACN value)

Control 90 ± 10.6 87 ± 8.9
0.22 FE 86 ± 12.3 71 ± 14.2
5 FE 36 ± 11.8 20 ± 13.7
OPE 11 ± 9.3 4 ± 4.5

RACN = relative adhered cell number.
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to 0.22 FE, 5 FE, and OPE decreased by 18%, 77%,
and 95%, respectively.

A similar trend was observed for the HGE
exposed to plaque extracts. After 2 days of exposure
to the 0.22 FE, 5 FE, and OPE, the RACN values for
the HGE were 86, 36, and 11, respectively. For the
same cultivation period, the RACN value for the
HGE exposed to the control media was 90. The 0.22
FE exposure exhibited the least effect (4% decrease)
on adhesive strength, followed by the 5 FE exposure
(60% decrease) and the OPE exposure (87%
decrease). The RACN values for HGE were con-
stantly higher than the RACN values for HGF in
each condition.

Effect of 5 FE on the HGE and HGF Coculti-
vation. In the cocultured wells of the HGE and HGF,
a dense colony of HGE cells, with close cell-cell con-
tact, was observed after 2 days (Fig 8). In contrast, the
HGF cells exhibited a dispersed colony, with loose
cell-cell contact. When the cocultured colonies were
exposed to the 5 FE for 1 day, the HGE cells showed
close adhesion and stretching on the Ti substrate.
Moreover, the HGE intruded into the detached space
of the HGF and adhered closely to the Ti substrates.
The intrusion caused the HGF to loosen and “pile up”
on the HGE (Figs 9a and 9b). This “pile up” phenom-
enon may be a result of the HGE cells’ greater resis-
tance, cytoplasmic locomotion, and stretching in the
presence of plaque extracts as compared to the HGF
cells. As shown in Fig 10, extracellular glue, focal con-
tact, and cell-metal fusion were observed, with the
HGE adhering to Ti substrates.

Using transmission electron microscopy (TEM),
differences in cellular behavior in the presence of
plaque extracts were observed for the HGE and HGF
cells. Confirming the light microscopy analyses, the

TEM micrographs revealed intrusion of the HGE and
the “pile up” phenomenon of the HGF after exposure
to 5 FE for 1 day. The cytoplasmic extension of the
HGE slipped into the detached space of the HGF,
thereby allowing the HGE to closely adhere to the Ti
substrates. The production of extracellular glue, cell-
metal fusion, and focal contact were observed at the
HGE-Ti film interface, and production of a
hemidesmosome-like structure of HGE was observed
at the HGE-HGF interface (Figs 11a and 11b).

Discussion

Although dental implants made from metallic,
ceramic, or polymeric materials are biocompatible,
they are nonetheless different from natural tissues,
which may react to them as to a foreign body. As a
result, epithelialization around the dental implant
occurs naturally, causing the living tissues to reject
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Fig 9a HGF (arrows), HGE (*), and dispersed HGE (arrow-
heads) after 1 day of exposure to 5 FE.

Fig 9b Enlarged magnification of Fig 9a showing “pile up”
phenomenon with the degenerated HGF (arrows) and HGE (E)
cells (F = HGF).

Fig 8 Close cell-cell contact of HGE (arrows) and loose con-
tact of HGF after 3 days’ cocultivation in the control medium.



the implant. However, the factors causing apical epi-
thelialization are apparently understood. Histopath-
ologic investigations have indicated that the develop-
ment and promotion of apical epithelialization are
caused by: (1) the increasing multiplication potential,
and (2) the increasing cell adhesion of the epithelial
cells on/to the implant surface. In this study, the
mechanism of the apical epithelialization at the
implant-tissue interface was evaluated in vitro using
both epithelial-like and fibroblastic cells derived
from human gingiva around Ti surfaces.

Cell Multiplication. At the implant crevice,
degenerative reactions of the epithelial cells have
been observed at the outermost layer of the epithe-
lium. Such reactions occur as a result of physico-
chemical irritation of exogenous factors, such as food

debris, bacteria, setting cements, and restorative
materials. At the inner layers of the epithelium, the
epithelial cells were slightly agitated, thereby activat-
ing and increasing  their multiplication.9 Such an
increase in epithelial cell multiplication has been sug-
gested to promote apical epithelialization.

In this in vitro study, the presence of plaque
extracts was observed to have an inhibiting effect on
multiplication of the HGE and HGF cells. This
result was in direct contrast to the accelerating effect
observed in vivo on the multiplication of epithelial
cells, suggesting that the in vivo observations may
have been caused by a cascade of biologic events,
including immunologic reactions. As observed in this
study, the inhibiting effect of plaque extracts on the
multiplication of HGF cells was greater than that on
HGE cells. The HGE cells exhibited a higher resis-
tance to exogenous toxic factors than the HGF cells.
This higher resistance was likely the result of the
intrinsic behavior of the epithelial cells to protect the
inside of propria mucosa from outside factors.

The cells exposed to 5 FE were observed to have a
greater decline in growth rate than the cells exposed
to 0.22 FE. This finding suggests that bacteria may
play a role in the growth rate of these cells. In the
0.22 FE, which was filtered with Millipore filters of
0.22-µm pore size, bacteria were screened. However,
bacteria were not screened in the 5 FE, which was fil-
tered with Millipore filters of 5-µm pore size. As a
result, the media containing 5 FE and OPE were
thoroughly contaminated with bacteria that originated
from the plaque extracts after 5 days of exposure. The
microparticles of the filtered tartar and plaque, which
may contain cytotoxic elements such as proteases, col-
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Fig 11a HGE and HGF cells after 2 days’ cocultivation and 1
day of exposure to 5 FE. Note cytoplasmic intrusion of HGE
into the detached space of HGF. The HGE was in contact with
the titanium substratum, indicating cell-metal fusion (arrow-
heads) . The HGE was also in contact with HGF and
hemidesmosome-like apparatus of HGE (arrows).

Fig 11b HGE and HGF cells after 2 days’ cocultivation and 2
days of exposure to 5 FE. Note cytoplasmic extension of HGE
into the space between degenerated HGF cells and the titanium
substratum. Arrow indicates hemidesmosome-like apparatus.

Fig 10 Focal contact (arrows) and cell-metal fusion (arrow-
head) to titanium substratum. HGE after 3 days’ cultivation in
the control medium (N = nucleus; G = golgi apparatus).



lagenase, and lipopolysaccharides, should also be con-
sidered,10 and these cytotoxic elements may have an
inhibiting effect on the multiplication and adhesion of
HGF and HGE cells. The inhibiting effect caused by
the cytotoxic elements in filtered tartar and plaque
will be addressed in future studies.

Cell Adhesion. In the presence of cytotoxic ele-
ments, cytoplasmic shrinkage of cells usually occurs.
In addition, cell-cell contact and cell-substratum
adhesion are loosened, resulting in detachment and
separation of the cell from the substratum. Separa-
tion and detachment may be caused by the deteriora-
tion of extracellular glue at the cell-substratum inter-
face, indicating the acceleration of autolysis and/or
sublethal autolysis by lysosomal and nuclear enzymes
under the lethal and/or sublethal condition.

Cell-Cell Contact. A dense HGE colony with close
cell-cell contact was observed in this study. In con-
trast, a sparse HGF colony with loose cell-cell con-
tact was also observed. The dense colonization of the
HGE cells was suggested to be the result of the in-
trinsic behavior of epithelial cells, thereby promoting
apical epithelialization at the implant-tissue interface.

The formation of dense colonization in vivo has
been suggested to be the result of cellular selectivity.
Cellular selectivity is a process in which cells of a
given kind associate and combine with other cells
during tissue repair after the gingival aggression. This
process of cellular selectivity, whereby HGE and
HGF cells formed independent colonies in the cocul-
tivation, was observed in this in vitro study. This find-
ing of a cellular selectivity process was in agreement
with the findings of other studies indicating the reset-
tlement of destroyed bone marrow from the circu-
lated intact stem cells and the selective fusion of tis-
sue in wound healing with self-sorting of cell types
after random scrambling in vitro.

Cell Adhesion to Substratum. It has been reported
that epithelial cells generally have greater adhesive
strength to the substrate than fibroblasts.8,11 The
poor adhesive strength of the HGF cells observed in
this study suggests that connective tissue may be
more easily detached from the implant surface than
epithelial tissue. The observed adhesive strength also
implies that the epithelial tissues strongly adhered to
the implant surface during the development of apical
epithelialization. Absence of connective tissue adhe-
sion to the implant surface was suggested during the
development of apical epithelialization. Differences
between the adhesive strength of the HGE and HGF
were statistically increased under the sublethal con-
dition. These increased differences suggest that bac-
terial contamination in plaque may be one of the pos-
sible mechanisms for the active promotion of apical
epithelialization.

As observed under TEM, adhesion of the coculti-
vated HGE and HGF cells in the presence of 5 FE
indicated the occurrence of apical epithelialization
under the sublethal condition. The HGF cells were
shrunken and detached from the substratum. The
HGE cells were still intact, closely adhered to the Ti
substrates, and exhibited focal contact and cell-metal
fusion. Furthermore, cytoplasmic elongation and
locomotion of the HGE were observed, with cells
slipping into the detached space of the HGF.

At the material-cell interface, the existence of
hemidesmosomes in vitro has been reported in epi-
thelial cells adhered to cellulose film. The presence
of hemidesmosomes in vivo, especially with metallic
implants, has also been suggested by many investi-
gators.9,12 In ultrastructural analyses, the metallic
implant–epithelial cell interface indicated the pres-
ence of hemidesmosomes and other types of attach-
ment complexes.13,14 However, with the exception of
the study on ceramic implants by McKinney et al,14

in these ultrastructural analyses, the hemides-
mosomes did not exhibit typical structure. It has also
been acknowledged by many investigators that the
typical structure of hemidesmosomes at the
cell–metal implant interface will not be observed in
in vitro and in vivo testings.5,15,16 Focal contact and
cell-metal fusion at the interface have been reported
mainly at the epithelial cell–metallic implant inter-
face. Thus, this study suggested that the adhesive
strength of epithelial cells to metallic implants may
be dependent on extracellular glue, focal contact, and
cell-metal fusion.

Conclusion

In this study, plaque extracts were observed to have
a greater effect in decreasing the growth rate of
HGF cells as compared to HGE cells. Similarly, the
HGE cells exhibited greater adhesive strength com-
pared to the HGF cells. Using light and electron
microscopy, differences in the cells’ resistance to
plaque extracts were also observed. The HGF cells
were observed to exhibit a shrunken and rounded
morphology, with loose cell-cell contact after plaque
exposure. Cytoplasmic shrinkage, with irregular and
deformed nuclei, was observed in the HGE cells. In
addition, the HGE partially retained its cell-cell
contact after plaque exposure. In the HGE and
HGF cocultivation, the HGE cells were observed to
move into the detached space of the HGF cells.
Evidence from this study suggested that the differ-
ences in the growth, contact, and adhesive strength
of the HGE and HGF cells to Ti surfaces may pro-
mote apical epithelialization under the pathologic
condition.
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