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Abstract

Background: This study aims to observe the morphological characteristics and identify the function characteristics
of junctional epithelium (JE) tissues and cultured JE cells.

Methods: Paraffin sections of human molar or premolar on the gingival buccolingual side were prepared from 6
subjects. HE staining and image analysis were performed to measure and compare the morphological difference
among JE, oral gingival epithelium (OGE) and sulcular epithelium (SE). Immunohistochemistry was applied to detect the
expression pattern of cytokeratin 5/6, 7, 8/18, 10/13, 16, 17, 19, and 20 in JE, OGE and SE. On the other hand, primary
human JE and OGE cells were cultured in vitro. Cell identify was confirmed by histology and immunohistochemistry. In
a co-culture model, TEM was used to observe the attachment formation between JE cells and tooth surface.

Results: Human JE was a unique tissue which was different from SE and OGE in morphology. Similarly, morphology of
JE cells was also particular compared with OGE cells cultured in vitro. In addition, JE cells had a longer incubation
period than OGE cells. Different expression of several CKs illustrated JE was in a characteristic of low differentiation and
high regeneration. After being co-cultured for 14 d, multiple cell layers, basement membrane-like and hemidesmosome-

hemidesmosome-like structures in about 2 weeks.

like structures were appeared at the junction of JE cell membrane and tooth surface.

Conclusions: JE is a specially stratified epithelium with low differentiation and high regeneration ability in gingival
tissue both in vivo and in vitro. In co-culture model, human JE cells can form basement membrane-like and
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Background

Gingival epithelium consists of three regions: oral gin-
gival epithelium (OGE), sulcular epithelium (SE) and
Junctional epithelium (JE). JE is a specialized gingival
epithelium locating at the junction of periodontal soft
tissue and hard tissue, and attaching to the crown or
root like a collar. JE cells are uniform in shape (either
flat or spindle) and aligned parallel to the tooth surface,
containing large intercellular spaces due to relaxed cell
junctions [1]. As a special structure at dento-gingival
junction, JE is different from other epitheliums (OGE, SE)
in origin, cell morphology, proliferation and differentiation
[2,3]. Meanwhile, it has been reported that JE is critical to
maintain the integrity of periodontal tissue [4,5] and is a
key area for primary onset of periodontal diseases and

* Correspondence: yuyouchenggb@163.com
Department of Stomatology, Zhongshan Hospital Fudan University,
180 Fenglin Road, Shanghai 200032, China

( ) BiolVled Central

treatments [6]. Besides, Neutrophil a-defensins was found
to localize in the junctional epithelium, which has signifi-
cant effects on the epithelial integrity and functioning
(keratinocyte adhesion, spread, and proliferation), and the
effects are beyond their antibacterial activities [7]. How-
ever, it is still unclear and controversial about JE in the dif-
ferentiation, phagocytic activity, mechanism of its
attachment to tooth surface, repair and reconstruction
mechanism after injury [5,8].

The conventional histological methods for investiga-
tion of JE in vivo are simplistic in approach and limited
in the range of observation [9-12]. In recent years,
scholars have studied the JE using in vitro cell culture
models and molecular cytological techniques using ani-
mal and/or human OGE cells, periodontal ligament epi-
thelial cells and oral epithelial cells [13-16]. Though
these cells are oral epithelial cells, they cannot model
primary JE cells completely due to differences in source,
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morphology, structure, differentiation and stimuli that in-
duce proliferation.

Cytokeratins (CKs) are intermediate filament proteins
of cytoskeleton family and are the major structural pro-
teins in epithelial cells. As we know, the expression of
keratins is one of the definitive characteristics of epithe-
lial cells and reflects the biological properties of epithe-
lial cells, including their origination, development,
histological type, and level of differentiation [17,18]. Sev-
eral researches have studied the expression and distribu-
tion of a variety of CKs (CK-pan, 5/6, 7, 8/18, 10/13, 16,
17, 19, 20) in periodontal tissues of humans and animals,
and the expression of some keratins in gingival epithe-
lium were determined [15,19-21]. For example, the ex-
pression patterns of CK10/13, 16, 19 in JE were different
from that in OGE and SE; The especially high expression
of CK19 in all layers of JE made it became a characteris-
tical histological marker for JE in vivo [3,22-24]. How-
ever, the expressions of various types of cytokeratin in JE
and the difference with OGE and SE have not been sys-
tematically reported.

In this study, the morphological characteristics of JE
tissues were examined by histological observation, image
analysis and immunohistochemistry. The expression and
distribution of a variety of CKs were determined in JE
tissues and compared with OGE and SE. Besides, primary
JE and OGE cells were cultured. The morphological

Table 1 Measured dimensions in human JE and SE
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structure and growth pattern of primary JE and OGE cells
were observed and the expressions of specific keratins
(CK-pan, 19, 10/13, 16) were also detected by immunohis-
tochemistry. We suspect to identify the unique biological
properties (morphology, regenerative potential) of JE
in vivo and vitro. Furthermore, cultured human JE cells
were seeded directly onto human root slices in a compos-
ite culture in order to explore the process of JE new at-
tachment. This would provide experimental evidence for
further study of how new attachment occurs after peri-
odontal surgery and the formation of peri-implant tissue
healing in clinic.

Methods

Morphological characteristics of human gingival
epithelium tissues

Human gingival specimens were isolated from mandible
specimens of four male and two female patients with
mandibular ameloblastoma. They were non-smokers
without any other diseases. The age and sampling site
was list in Table 1. A ablative surgery was carried out in
the department of oral pathology at the Ninth People's
Hospital Affiliated to Shanghai Jiao Tong University be-
tween September and October of 2010. The study was
approved by the local Ethics Committee, and informed
consent was obtained from all patients. Mandibular
molar or premolar and its gingival tissues distant from

Sample no. Age Sampling site Width of JE (mm) Thickness of JE (mm) Area of JE (mm?) Width of SE (mm)
1 21 Premolar 1.135 0.069 0.047 0.325
1.134 0.066 0.045 0321
1.133 0.064 0.043 0334
2 28 Molar 1.113 0.062 0.043 0.308
1.102 0.066 0.044 0.303
1.120 0.065 0.044 0323
3 31 Molar 0.850 0.058 0.041 0.563
0.845 0.059 0.041 0.565
0.847 0.060 0.041 0.554
4 28 Molar 0.838 0.052 0.038 0.550
0.844 0.055 0.040 0.552
0.858 0.056 0.040 0543
5 33 Premolar 1.105 0.083 0.043 0.785
1.108 0.083 0.043 0.801
1.105 0.083 0.041 0.808
6 38 Premolar 1.081 0.069 0.041 0.625
1.072 0.065 0.038 0.667
1.078 0.069 0.040 0.644
Mean 1.021 0.066 0.042 0532
Standard deviation 0.128 0.009 0.002 0.176

The sample 2, 3 were females and the left were males.
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the tumor site with normal gingival morphology were
selected by clinical observation. In addition, the samples
less than 3 mm in depth detected by periodontal probing
were collected and fixed in 10% formaldehyde at room
temperature for 24 h. The samples were placed in Plank-
Rychlo decalcifying solution (70 g of AICl3, 56 ml of for-
mic acid, 85 ml of hydrochloride acid, and distilled water
added to 1 L) for 2 weeks after they were cut vertical to
the long axis of the tooth along the buccolingual side
using a hand saw. Finally, several 5 mm thick sections of
tooth and gingival tissues in the center of the tooth were
obtained from each specimen. Then these sections were
subjected to ethanol dehydration and paraffin embedded.
Three paraffin blocks were selected randomly from each
specimen and serially sectioned at 4 pm. The slices were
stained with hematoxylin-eosin (HE) and observed
under light microscope. The width, thickness, area of JE
and the width of SE on the buccal side were measured
by Axioplan 2 image analysis system.

Due to separation of JE with the tooth surface after de-
calcification, the boundary between JE and SE was deter-
mined according to epithelial ridges, keratinization, cell
morphology, and staining. According to the projection
method, perpendicular lines were drawn from free mar-
gin of SE, junction of JE and SE, and the most root part
of JE toward the tooth surface, respectively. The projec-
tion lengths of SE and JE on the tooth surface were mea-
sured as their widths. A perpendicular line was drawn at
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the thickest part of JE and the distance between the two
intersection points of perpendicular line and epithelium
was measured as the thickness of JE. A curve was drawn
from the most root part of JE to its junction with SE in-
cluding the entire JE region and area (Figure 1).

Human JE and OGE cells culture

In order to culture JE and OGE cells in vitro, incisions
of 2 mm in length were made along buccal and lingual
marginal gingivae. Five healthy and fully erupted teeth
were removed along with orthodontic or impacted teeth
(12 to 25 years old, good oral health and clinical healthy
gingiva). The teeth together with the incised marginal
gingiva were removed. The free gingiva (including OGE
and SE) was cut off as much as possible macroscopically.
JE tissues tightly attached to the tooth neck (not the
root) were scraped off from the tooth surface (Figure 2),
and washed by D-Hank’s solution containing penicillin-
streptomycin double antibiotics. The study protocol was
approved by the ethics committee of Zhongshan Hospital
(No: 2009-173).

In primary culture, JE tissues were digested with 2 ml
of Dispasell working solution at 4°C for 16-18 hours.
The epithelium was separated from the lamina propria
by forceps, and then cut into pieces, digested with 4 ml
of 0.025% trypsin-0.01% EDTA for 5-8 minutes with stir-
ring. The digestion was terminated by adding D-Hank’s
solution containing 10% FBS, followed by filtration using

Figure 1 Schematics description of measurement JE and SE. A. SE width; B. JE width; C. JE thickness; D. JE area.
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Figure 2 JE samples. A. Remove fully erupted impacted tooth with marginal gingival; B. Cut off the excess free gingiva (including OGE and SE);
C. Remain JE tissue on the tooth neck; D. Obtain JE tissue by scraping on the tooth neck; E. Removed JE tissues; F. Smooth tooth neck after scraping.

180 pm stainless steel sieve and then centrifugation. The
precipitates were mixed in (defined keratinocyte growth
medium) DKGM to form cell suspension. Cells were
seeded in 24-well plates at 2 x 10° cells/ml, and placed
in a 37°C, 5% CO, incubator. The medium was refreshed
after 3 days for the first time, then once a day. In pas-
sage culture, cells were passaged at 60-70% confluence
by adding 0.25% trypsin-0.02% EDTA at 37°C for 5-
8 min. When the cells appeared rounded under a micro-
scope, the digestion was terminated. Then cells were
suspended and centrifuged. DKGM was added to form
cell suspension, and dispensed into new petri dishes. On
the other hand, OGE cells were treated as JE cells above.
Differently, the OGE tissue was cut into small pieces of
5x5 mm? The OGE cell suspension was seeded at
densities ranging from 5-10 x 10° cells/ml in petri dishes
of 60 mm in diameter. The cultured cells were observed
daily using inverted phase contrast microscope to track
their morphology and growth conditions. In addition,
the passaged single cell suspension was inoculated at
densities ranging from 2-5 x 10° cells/ml onto cover slips
in sterile petri-dishes. Then treated with H&E staining
when cells were grown to 60% confluence, and observed
using a light microscope to track changes on the morph-
ology and structure.

Cell growth curve in JE and OGE cells

Primary JE, OGE cells at 100% confluence were digested
to form single cell suspension and seeded at a density of
2 x 10*/cm? in 24-well plates. Cells in two random wells
were counted daily using a hematocytometer. A cell
growth curve was plotted by the average cell number

each day versus the number of days. The doubling time
was obtained from the growth curve which could indi-
cate the length of time required for cells to double in
number during the logarithmic phase.

Immunohistochemistry analysis of human gingival
epithelium tissues and vitro cultured cells
Immunohistochemical peroxidase-conjugated streptavi-
din (SP) method was performed on human gingival tis-
sue by incubation with Anti-CK 5/6 (clone D5/16B4),
anti-CK 7 (OV-TL12/30), anti-CK 8/18 (clone Zymb5.2),
anti-CK 10/13 (clone DE-K13), anti-CK 16 (clone
LL025), anti-CK 17 (clone E3), anti-CK 19 (clone A53/
BA2) and anti-CK 20 (clone Ks20.8). These anti-human
cytokeratin monoclonal antibodies were obtained from
Zymed (U.S.A). Human parotid gland tissue was stained
as positive control [25] and the primary antibody re-
placed by PBS was used as negative control. The immu-
nohistochemistry staining procedure was performed by
Ab manufacturer’s instructions. Simply, dewaxed sec-
tions were incubated with pepsin solution at 37°C for 5-
10 min, and incubated with blocking serum at room
temperature for 30 min. Primary antibody at 1:50 dilu-
tion was added in the study group and the positive con-
trol. PBS instead of the primary antibody was added in
the negative control. After being incubated at 4°C over-
night, the sections were incubated in the working
solution with biotin labeled secondary antibody at room
temperature for 30 min, and followed with horseradish
peroxidase labeled streptavidin solution at room tem-
perature. DAB chromogenic solution was added for
5-10 min. Sections were rinsed with running water,
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re-stained with hematoxylin and mounted. On the
other hand, passaged cells adhered to cover slips were
fixed using 10% neutral formalin. The cells were
treated as JE tissues above. In these cells, CK-Pan,
CK19, CK10/13 and CK16 were detected. The cyto-
plasm of CK positive cells was stained and was classi-
fied as negative (-) with no coloring, weak positive
(+) with coloring of light yellow, moderate positive (++)
with coloring of yellow or strong positive (+ + +) with col-
oring of brown [26].

Co-culture of human JE cells and root slices
Teeth slices were from the same samples recruited for
the JE primary cells. Samples were imbricated scrap
using a Grace curette to remove the periodontal mem-
brane. They were fixed in 10% neutral formalin for 12 h,
and decalcified using Plank-Rychlo decalcification solu-
tion for 2 weeks. The dental crowns were removed and
the teeth were sectioned along the root surface into den-
tal films of 5 x 5 mm? in size and 1-1.5 mm in thickness.
The films were washed for 2-3d and soaked in D-Hank’s
solution containing penicillin-streptomycin double anti-
biotics at 4°C before use. The passaged human JE cells
suspension was inoculated at a density of 5 x 10° cells/
ml on the root slices with the cementum surface up in
24-well plates, 2 to 3 slices per well, and placed for 14 d
in a 37°C 5% CO, saturation humidity incubator. The
medium was refreshed 3 d later, and then once a day.
Observation using TEM: Root slices were collected 3,
5, 7,9, 11, and 14 d after inoculation respectively and
fixed in 2% glutaraldehyde at 4°C for 2 h. Root slices,
with the cementum surface up, were cut into small
pieces of 5x1x 1 mm, post-fixed in 1% osmic acid at
4°C for 2 h, dehydrated by ethanol, soaked by propyl-
ene oxide at RT for 24 h, and embedded in araldite.
The embedded specimens were cut into ultrathin
slices, which were stained using lead citrate, followed
by observation using TEM (PHILIP CM-120, Holland)
to track the formation of JE cells attachment to the
cementum surface.
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Results
Morphological analysis of human gingival epithelium
tissues
Under the microscope, JE was short and strip-like, grad-
ually thickened from the cemento-enamel junction to
the coronal. After stained with HE, no keratinization or
epithelial ridges existed in JE tissue which was divided
into basal layer and suprabasal layer, while keratinized or
partially keratinized epithelium, dense and irregular
epithelial ridges projecting into adjacent connective
tissue were found in dark-stained SE and OGE tissues
(Figure 3A). Moreover, JE cells were different from SE
and OGE in morphology and had clear boundary with
SE (Figure 3B). The cells in JE tissue were uniform in
shape, either flat or spindle, aligned parallel to the tooth
surface and the cellular junctions were loose with obvi-
ous intercellular space. However, SE and OGE cells were
all irregular polygons and tightly aligned with less or
even no intercellular space. Besides, JE cells were abun-
dant in organelles and the nucleus was large, and simi-
larly, the nuclei of SE and OGE cells were also large but
hyperchromatic. Further, SE and OGE cells presented
typical structural features of squamous cells and could
reciprocally transform with no clear boundary.
According to measurements in the image analysis, JE
tissue was 1.021 + 0.128 mm in width, 0.066 + 0.009 mm
in thickness, and 0.042 + 0.002 mm? in area, while, the
SE was 0.532 + 0.176 mm in width (Table 1).

Morphological analysis of cultured human gingival JE and
OGE cells in vitro

In order to observe the JE cells clearly and identify the
characteristics, JE and OGE cells were cultured in vitro.
As a result, initially seeded primary JE cells presented di-
verse morphology, such as polygonal flat, spindle-
shaped, oval and spherical. After 24-96 h incubation, the
cells adhered to the petri dish bottom, the cytoplasm
turned dark, the membrane was rough, and 2-3 fold cells
were fully stretched. The nuclei were large and com-
monly 2 to 3 nucleoli in each cell. After 7 d, cells

points to the boundary (x1200).

Figure 3 HE staining of human gingival tissue. A. The region between the arrows is JE (x150); B. The boundary between JE and SE, the arrow
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gradually came into rapid growth period and extended
along the petri dish edge to the center. Scattered mitosis
and cell clones with angular or fusiform morphology ap-
peared as shown in Figure 4A. After 10-12 d, cell clones
with diverse morphology, non-uniform size formed con-
fluent patches (Figure 4B). In the first passage, cells ad-
hered to the dish bottom and stretched in 24-48 h after
inoculation, then the cells presented similar morphology
with primary cells; In the second passage, JE cells
showed irregular morphology like ‘giant cells’ pseudopo-
dia, and cytoplasmic vacuolation (Figure 4C); In the
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following passages, the morphology was more irregular
and cell proliferation seemed to slow down, even pre-
senting aging and death signs (Figure 4D).

As the OGE cells, initially seeded primary cells pre-
sented polygonal or spherical shapes and adhered to the
dish bottom within 24-72 h; After 5 d, cell clones formed
with triangular or polygonal morphology, however, these
cells were more uniform than the JE cell clones of the
same period (Figure 4E); After 7-9 d, the OGE clones en-
larged and converged, then tightly arranged and showed
typical ‘paving stone-like” keratinization (Figure 4F); After

-

Figure 4 Observation of JE and OGE cell morphology (primary cells). A. JE cell clones formed (the arrow x 200); B. At 10—12 d, JE cells
presented non-uniform morphology and scattered arrangement (x 200); C. The 3rd passage JE cells multiple ‘giant cells’ appeared (the arrow

% 200); D. The 5th passage JE cells showed signs of aging and death (x 400); E. the OGE cell clones formed and expanded (the arrow x 200); F. At 7—
9 d, the OGE cells presented uniform morphology, tight arrangement, and ‘paving stone-like” keratinizing (x 200); G. In the 3rd passage OGE cells ‘giant
cells’ appeared (x 200); H. The 7th passage OGE cells showed signs of aging and death (x 400).

N
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9-11 d, the cells were about 100% confluent; In the second
passage, cells adhered and stretched in 48 h. And then
the ‘giant cells’ appeared (Figure 4G); After being pas-
saged for 4 times, cells were mainly ‘giant cells’ and pro-
liferation slowed down also with aging and death signs
(Figure 4H).

After that, JE and OGE cells were stained with HE
and observed under the microscope. As a result, JE
cells appeared diverse morphology (spindle-shaped,
triangle, oval), non-uniform size, relaxed arrangement,
large and dark stained nuclei and multiple nuclear di-
visions as mentioned above (Figure 5A). However,
OGE cells were uniform in size, tightly arranged, typ-
ically keratinized, and with round nuclei in the center,
as well as visible nuclear divisions (Figure 5B). There-
fore, JE were significantly different from OGE in cell
morphology.

Growth condition of cultured JE and OGE cells in vitro
We then analyze the growth conditions of these two
cells. There were more OGE cells cultured compared
with JE. As a result, the incubation period for JE cells to
attach and proliferate was 1-7 d in vitro, while for OGE
cells was 1-3 d, a little shorter. The logarithmic phase
and growth peak of JE cells appeared in the 8™ - 12 d
(only last for 5 days), while of OGE was 4™ - 11" d
(8 days). After 12 d, JE and OGE cells were both entered
into a period of stagnation. Besides, the number of JE
cells has grown from 6x10%*/ml to 12x10*/ml during 9-
12 days, and OGE cells has grown from 7x10%*/ml to
14x10%*/ml during 6-10 days. According to statistics, the
cell doubling time of JE cells was 48-60 h, while OGE
was 72-96 h. Overall, OGE exhibit more gently curves
than JE (Figure 6). As shown in Figure 7, JE cells were
successfully passaged for 5 times while OGE 7 times in
the present experiment. The quality of passaged JE cells
drastically declined after the 3rd passage, but after 4™
passage in OGE cells.
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Immunohistochemistry analysis of human gingival
epithelium tissues and cultured cells in vitro

In order to deeply identify the functional characteristics
of JE, several CKs were analyzed. In human gingival epi-
thelium tissues, the expression of CK5/6 and CK20 was
similar although CK5/6 was stronger stained. They were
positive stained in the suprabasal layer (especially near
the surface) and negative stained in the basal layer; The
expression of CK7 and CK17 was negative or only weak
positive in very few cells; In CK10/13 and CK16, they
were expressed in all layers of JE but only in the supra-
basal layer of OGE and SE; The expression of CK10/13
was strong positive and CK16 was weak positive or posi-
tive; CK19 was detected in all layers of JE with strong
positive expression, while its expression in OGE and SE
was limited to the suprabasal layer and no staining was
seen in the basal layer. The boundary between JE and SE
was clearly due to the difference in CK19 staining; The
expression pattern of CK8/18 was at a lower level which
was similar to CK19 except the basal layer of OGE and
SE. Besides, it also showed weak positive expression in
the suprabasal layer (close to the basal layer) in some
slices. The detailed descriptions were in Table 2 and
Figure 8.

In cultured cells, both JE and OGE cells were stained
positively for CK-Pan (Figure 9A, B). Strongly positive
staining of CK19 was seen in JE cells (Figure 9C), but
only a small number of scattered OGE cells were stained
positive (Figure 9D); The CK10/13 stain of both JE and
OGE cells were weak positive or positive (Figure 9E, F);
Besides, the two kinds cells were scattered positively
stained with CK16 (Figure 9G, H). The negative controls
were not stained in all conditions (Figure 91, J).

TEM observation of the formation of JE cells attachment
to root slices

Finally, the attachment formation between JE cells and
tooth surface was studied by a co-culture model. JE cells

arranged, and ‘paving stone-like” keratinizing.

Figure 5 H&E staining of JE and OGE cells (second passaged cells, H&E x 400). A. JE cells present non-uniform in size and morphology,
scattered arrangement, large and deeply-stained nuclei and multiple nuclear divisions; B. OGE cells were uniform in size and shape, tightly
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Figure 6 Growth curve of JE and OGE cells. The JE cells were in latent phase (1-7 d after inoculation), exponential phase (8-12 d), and plateau
phase (12 d thereafter). OGE cells were in latent phase (1-3 d after inoculation), exponential phase (4-11 d), and plateau phase (12 d thereafter).

and root slices were co-cultured in vitro. Then JE cells
on human cementum surface were observed. Three days
after inoculation, the cells were spherical and not fully
stretched (Figure 10A); Five days later, the number of JE
cells on cementum surface increased and a portion of
cells were stretched (Figure 10B); At 7 d, JE cells were
fully stretched to be flat-shaped, attached to the cemen-
tum surface with cell membrane, but did not appear
clear basement membrane and hemidesmosome-like
structures (Figure 10C); At 9 d, JE cells appeared to have
a small number of electron-dense deposits like hemides-
mosome at the local cell membrane attached to cemen-
tum surface (arrows, Figure 10D); At 11-14 d, there was
a significantly increased cell number in root slices, and
multi-layer cells appeared (Figure 10E). In addition, a

large number of electron-dense deposits appeared at cell
membrane-cementum surface junction. Finally, base-
ment membrane-like and hemidesmosome-like struc-
tures were formed (arrows, Figure 10F).

Discussion

JE is a unique human gingival epithelium tissue
According to the observation of tissues, we found that
normal human JE tissue belonged to simple stratified
epithelium. The cells were uniform in shape, relatively
lower in differentiation, without keratinization and epi-
thelial ridges in vivo. This is probably due to its location
at the bottom of the gingival sulcus, tooth surface at-
tachment and rarely subjected to external stimulation.
However, the SE and OGE are exposed to oral cavity

35 -
A30- u JE
S 25 = OGE
=
5 20 -
e
> 15 4
(=t
8 101
S-I J
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Figure 7 Passage numbers of cells and number of cells per passage for JE and OGE cells. (JE cells were passaged five times. OGE cells

were passaged 7 times).
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Table 2 Expression pattern of different cytokeratins in JE, OGE, and SE

Antibody CK Sample Slice JE OGE SE
no. (n) no. (n) b sb b sb b sb
D5/16B4 5/6 6 20 ++ + - +
OV-TL12/30 7 6 10 -
Zym5.2 8/18 6 15 ++ ++ + + .
DE-K13 10/13 6 20 +++ +++ +++ - +++
LLO25 16 6 18 + + ++ - n
E3 17 6 "
A53/BA2 19 6 10 +++ +++ +++ +++
Ks20.8 20 6 14 + + - +

Note: b: basal layer, sb: suprabasal layer, -: negative, +: weak positive, ++: moderate positive, +++: strong positive, *: weak positive expression in the suprabasal

layer in some slices.

environment and exhibit typical characteristics of squa-
mous epithelium cells. They were polygon in shape,
tightly aligned, keratinized in the surface layer with
dense epithelial ridges which projected into the connect-
ive tissue, and present a clear boundary with JE. In pre-
liminary experiments, epithelial ridges were also seen in
JE of gingival atrophy or periodontal pockets. These sug-
gest that external stimulation and inflammation may re-
sult in the formation of epithelial ridges. Additionally,
image analysis results showed that JE was only about
1 mm in length, 60 pm in width, and 15 to 20 layers of
cells deep. This result showed that the volume of JE tis-
sue was extremely small and difficult to collect, which is
one of the major reasons why JE is difficult to study. On
the other hand, JE and OGE cells were isolated and cul-
tured in vitro. As a result, the cell morphology of JE cells
was significantly different from typical-keratinizing OGE
cells. JE cells were similar to connective tissue fibroblasts
in cell morphology and varied in morphology. This indi-
cates that JE is a unique poorly-differentiated epithelium
in the gingival.

Growth conditions of JE and OGE cells in vitro

On the growth curve, JE cells had a longer incubation
period than OGE cells, account for half of the growth
cycle. Then JE cells accelerated proliferate to the peak,
and immediately followed by recession. By comparison,
OGE cells entered into a longer period of proliferation
after a short incubation period, then followed by slow
recession. In addition, the cell doubling time of JE cells
was shorter than OGE. However, JE could passage fewer
times than OGE cells. Possible reasons for these differ-
ences may be explained as follows. In vivo, JE is located
at the gingival sulcus bottom. This is a closed environ-
ment where the cells are rarely differentiated. Thus,
there will be a long incubation period for JE cells to
adapt the new environment. After adaption, JE cells have
a unique ability to proliferate rapidly and reach contact

inhibition in a relatively short period. By comparison,
OGE cells are always contact with the outside, the cell
differentiation is high, and the ability to adapt to the en-
vironment is strong. Thus, the growth curve was gentle
changed in OGE cells.

Analysis of variety expressed CKs

Varieties of CKs were expressed in the oral epithelial
cells at different levels depending on the location within
the oral cavity. In this study, expression of CK5/6 [22]
was negative in the basal layer of all three types of gin-
gival epithelium. The positive stain in the suprabasal
layer may derive from CK6 [20]. As a marker for single
layer epithelium, CK8 and 18 are generally not expressed
in squamous epithelium. Bampton et al. showed that
CK8/18 was not expressed in JE, but expressed in vitro
cultured gingival epithelial cells [27]. Mackenzie et al.
showed that CK8/18 could express in OGE and SE but
not constantly [20], while Pritlove-Carson et al. showed
that the expression of CK8/18 in JE increased in inflam-
mation [3]. In this study, we found that CK8/18
expressed in all layers of JE but only in the basal layer of
OGE and SE (in some slices, it also showed weak posi-
tive expression in the suprabasal layer). The result is
same with the studies by Mackenzie et al. The expres-
sion pattern of CK19 was similar to CK8/18, but CK19
expressed higher and the boundary between JE and SE
was clearly due to significant differences in staining. Pre-
vious studies have shown that CK19 is highly expressed
in newly erupted JE [22], regenerated JE after surgical
operation [28], epithelium inside the periodontal pocket
[20], inflammatory gingival epithelium [21] and vitro
cultured epithelial cells of the periodontal pocket [15]. It
can be used as a marker for gingival epithelium with
continuous differentiation [8]. The expression patterns
of CK8/18 and 19 certificate that JE is a specialized epithe-
lium different from general squamous epithelium. Silimi-
larly, the strong positive expression of the epithelial
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Dentin

Figure 8 Immunohistochemistry stain of human gingival tissues (x100). Staining against different cytokeratins was performed. A. CK5/6;
B. CK7; C. CK8/18; D. CK10/13; E. CK16; F. CK17; G. CK19; H. CK20; I. Human gingival tissue was used as negative control; J. Human parotid tissue

was used as positive control.
- J

differentiation-associated marker CK19 was also found in However, some CKs were differently expressed in vitro
cultured JE cells which further indicates that JE cells are in  and vivo. CK16 was expressed in all layers of JE but
a continuous state of differentiation. mainly in the suprabasal layer of OGE [3,29]. However,
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JE CK-PAN OGE CK-PAN

JE'CK19 OGE CK19

JE CK10/13 OGE CK10/13

JE CK16

JE negative control OGE negative control

Figure 9 Immunohistochemical staining of JE and OGE cells (second passage cells, SP x 400). A. JE cells, CK-Pan positive; B. OGE cells, CK-Pan
positive; C. JE cells, CK19 strongly positive; D. OGE cells, CK19 in a very small number of scattered positive cells; E. JE cells, CK10/13 weak positive to
positive; F. OGE cells, CK10/13 weak positive to positive; G. JE cells, CK16 scattered positive; H. OGE cells, CK16 scattered positive; 1. JE cells, negative

control; J. OGE cells, negative control.
- J

it was scattered positively stained in both OGE and JE. OGE. While both JE and OGE cells were weak positive
Strong positive expression of CK10/13 [15,22,29] was or positive stained. These differences may be explained
found in suprabasal layer and negative in basal layer of by the non-specific of antibody or the different growth
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hemidesmosome-like structures (TEM x 46000).

Figure 10 TEM observations of the structural formation of JE cells attachment to the cementum surface. A. At 3 d, there was a small
number of cells on cementum surface, cells were spherical, did not stretch (TEM x 13500); B. At 5 d, cells on cementum surface increased in
number, and a portion of cells stretched (TEM x 9700); C. At 7 d, cells fully stretched to be flat-shaped, and attached to the cementum surface,
but did not form clear basement membrane-like and hemidesmosome-like structures (TEM x 24500); D. At 9 d, JE cells appeared to have a small
number of electron-dense deposits like hemidesmosome at the local cell membrane attached to cementum surface (arrows, TEM x 33000); E. At
11—14 d, there was a significantly increase in cell number on cementum surface, and multi-layer cells appeared (TEM x 7400). F. a large number
of electron-dense deposits (arrows) appeared at JE cell membrane—cementum surface junction, forming the basement membrane-like and

conditions. Therefore, they could not be used for a clear
distinction between JE and OGE.

The same expression pattern of a variety of CKs in
OGE and SE indicates they are the same type of epithe-
lium. However, OGE and SE were greatly different with
JE. Most CKs were widely expressed in JE (such as
CK10/13, 16, 19) and highly expressed (such as CK5/6,
8/18, 19). Usually, tissues or cells with a low differenti-
ation level are more active in proliferation. It explains
why JE is rapidly regenerated. Moreover, the expression
of CKs was more widespread and in a higher level in the
suprabasal layer (especially close to the surface) than
that of the basal layer, such as CK5/6, 8/18, 19, and 20
[30,31]. Most of these highly expressed CKs reflect both
a high proliferation ability and high level of differenti-
ation [8,20,22,30,31]. As a consequence, the suprabasal
layer of JE has a lower differentiation but higher regener-
ation ability than the basal layer. This appears to go
against the biological nature of regular epithelium, but
further illustrates the unique biological characteristics of
JE. However, the indicative function of these CKs was
objective. Further researches on JE were still needed.

Co-cultured JE cells and root slices

Human gingival tissue blocks (1 x 1 x 2 mm?®) and dentin
slices or a millipore filter were co-cultured previously
[32]. As a result, the dentin slices and epithelial cells
formed hemidesmosomes-like and basement membrane-

like structures. The structures were similar to JE-tooth
surface adhesion. But there was no such structure formed
between the millipore filter and the cells. Oksanen et al.
[16] also observed a large number of electron-dense pla-
ques at the junction of cultured rat oral epithelial cells and
tooth slices, where formed hemidesmosome-like struc-
tures. JE is usually attached to the enamel of the tooth
neck. But when periodontal tissues are destroyed and peri-
odontal pockets are formed. JE are receded to the root
and formed attachments on the cementum surface of the
root. Therefore, in this study we selected human root
slices instead of dentin slices. As a result, many cells ad-
hered onto the cementum surface after 11 d co-cultured.
While, JE cells cultured in petri dish were reached almost
100% confluence in the same period (11 d). Then we sus-
pect the attachment may be associated with the surface
treatment of the carrier. The petri dish surface is smooth
and easy for cells to attach and stretch. In contrast, the ce-
mentum surface is rough and not conducive for cells to at-
tach. It verifies the importance of root surface smoothness
through periodontal scaling to facilitate the regeneration
of cell new attachment. In composite culture, multi-layer
cells and intensive hemidesmosome- like structures ap-
peared within 11-14 d. This indicates the attachment be-
tween JE cells and tooth surface was formed in about
2 weeks. However, the environment in vivo is complicated
which will be affected by many factors. For example,
infected root surface and subgingival may delay the
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formation of periodontal new attachment in clinic. There-
fore, clinical studies on JE attachment are still need to be
studied.

Conclusions

JE is a special stratified epithelium with low differenti-
ation and high regeneration ability in the gingival tissue.
In co-culture model, human JE cells can form basement
membrane-like and hemidesmosome-like structures in
about 2 weeks.
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