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Objective: The purpose of this study was to identify factors promoting formation
of the cemento-periodontal ligament junction.

Background: Regeneration of the cemento-periodontal ligament junction is
an important factor in recovery of the connective tissue attachment to the ce-
mentum and it is important to identify all specific substances that promote its
formation. To clarify the substances involved in cemento-periodontal ligament
junction formation, we produced a monoclonal antibody (mAb) to human
cemento-periodontal ligament junction (designated as the anti-TAP mAb) and
examined its immunostaining properties and reactive antigen.

Methods: Hybridomas producing monoclonal antibody against human cemento-
periodontal ligament junction antigens were established by fusing P3U1 mouse
myeloma cells with spleen cells from BALB/c mice immunized with homogenized
human cemento-periodontal ligament junction. The mAb, the anti-TAP mAb
for cemento-periodontal ligament junction, was then isolated. The immunoglob-
ulin class and light chain of the mAb were examined using an isotyping kit. Before
immunostaining, antigen determination using an enzymatic method or heating was
conducted. Human teeth, hard tissue-forming lesions, and animal tissues were
immunostained by the anti-TAP mAb.

Results: The anti-TAP mAb was positive in human cemento-periodontal ligament
junction and predentin but negative in all other human and animal tissues
examined. In the cemento-osseous lesions, the anti-TAP mAb was positive in the
peripheral area of the cementum and cementum-like hard tissues and not in the
bone and bone-like tissues. The anti-TAP mAb showed IgM (kappa) and recog-
nized phosphoprotein.

Conclusion: The anti-TAP mAb is potentially useful for developing new agents
promoting cementogenesis and periodontal regeneration.
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Cementum is a thin mineralized tissue  fibrous attachment. Loss of the
covering the root surface of teeth that  fibrous attachment with cemen-
provides an interface through which  tum occurs when the periodon-

the periodontal ligament anchors the  tal
tooth to the alveolar socket. Cemen-
tum can be cellular and acellular, and
both types play important roles in the

ligament s
periodontitis.
periodontal

tachment (1).

destroyed by
Regeneration of the
ligament requires reat-

Among the structures that make up
periodontal tissue, the periodontal
ligament and cementum are the most
important that contribute to the
regeneration of the connective tissue
attachment. Although bone morpho-
genetic protein (2—4) and Emdogain®
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(enamel matrix protein: BIORA AB,
Malmo, Sweden) (5-7) are used in
periodontal therapy and contribute to
regeneration of the fibrous attachment,
their use does not guarantee good
results. The newly formed cementum
that they produce is almost always
cellular. Acellular cementum forms a
much stronger bond to dentin than
does the cellular type. Formation of
new acellular cementum is a key pro-
cess in the regeneration of lost perio-
dontium (1).

Toluidine blue staining shows a large
accumulation of proteoglycans at the
junction between dentin and cementum.
Although the junction is positive for
toluidine blue, it is not impregnated by
silver stain. When the cementodentinal
junction is digested with hyaluronidase,
it shows no affinity for toluidine blue.
On the other hand, the junction between
bone and the periodontal ligament
shows similar stainability with toluidine
blue and silver-impregnated stain. The
junction between bone and the perio-
dontal ligament anchors the two tissues
and is similar to the junction between
cementum and the periodontal liga-
ment. However, because the periodon-
tal ligament does not stain with
toluidine blue, the cemento-periodontal
ligament junction does not stain the
same as the cementodentinal junction or
the junction between bone and the per-
iodontal ligament (8). Although these
junctions are highly interesting struc-
tures, the factors crucial to periodontal
regeneration are not well understood
(9). Thus, research on proteoglycans
involving glycosaminoglycans (10),
laminin-5 (11), and osteopontin (12)
have been undertaken; however, re-
search on phosphoprotein, which con-
cerns calcification, has not been the
focus of much attention.

To identify the factors that foster
formation of the periodontal ligament
and cementum, we must first learn
what substances are present in the
periodontal ligament and cementum.
Little is known about the molecular
mechanisms  that  regulate  the
periodontal ligament and cementum,
because specific human anti-cementum
monoclonal antibodies (mAbs) are
unavailable (13). mAbs are very useful
for isolating specific tissue proteins. In

the oral cavity, mAbs have been
developed to bovine cementum (14,
15), the mouse tooth germ (16, 17), and
bovine enamel proteins (18, 19). How-
ever, because there are currently no
mAbs to human cementum, we
attempted to produce one and charac-
terize its properties to identify the
specific factors involved in periodontal
regeneration.

Materials and methods

Preparation of antigen

After approximately 300 extracted
teeth were fixed in 10% neutral buf-
fered formalin for 24 h, they were
decalcified in 10% EDTA or K-CX
(chelating agent and hydrochloride;
Falma, Tokyo, Japan). Following
decalcification, the cemento-periodon-
tal ligament junction from each speci-
men was collected as antigen. The
specimens were sliced, minced into
1 mm?® cubes, shattered with a 30 pum
Medicon (automatically homogenizing
system, DAKO Cytomation, Glostrup,
Denmark) wusing a Medimachine
(DAKO Cytomation), and triturated
using a homogenizer and a mixing mill
(MM30, Retsch GmbH & Co. KG,
Haan, Germany). The obtained solu-
tion was dried and used as antigen.

An emulsion was made by mixing
100 mg/ml of the antigens with dis-
tilled water and an equal volume of
Freund’s Complete Adjuvant (Titer-
Max Gold: CytRx Corp., Norcross,
GA, USA). Three 5-week-old female
BALB/c mice were immunized intra-
abdominally once weekly for 4 weeks
with 0.25 ml of emulsion (400 mg/ml
antigen) as the antigen. The spleens
were extracted under anesthesia 3 days
after the last injection (20). The mice
were treated according to the Guide-
lines for Animal Research at Osaka
Dental University.

Cell fusion, screening, and cloning

Spleen cells (1~2 x 10%) and P3Ul
myeloma cells (1 x 10%) were mixed and
fused with 1 ml of 50% polyethylene
glycol 1500 (Roche Ltd, Mannheim,
Germany) as described previously (20—
23). Fused cells were centrifuged, and

the pellet was gently re-suspended in
RPMI containing 2% hypoxanthine—
aminopterin—thymidine (ICN Biomed-
icals, Inc., Aurora, OH, USA) and
15 ml of Bri Clone (Archport Ltd,
Dublin, Ireland). Thereafter, growing
hybridomas were examined both mac-
roscopically and with a phase contrast
microscope 20 days after fusion. Yellow
supernatant fluid in wells was screened
by an indirect immunohistochemical
method using formalin-fixed, paraffin-
embedded sections of roots of extracted
teeth, and also Tris-buffered saline was
used instead of the first antibody or the
secondary antibody as a negative con-
trol. Before immunostaining, antibody
activities of supernatant fluids were
examined by enzyme-linked immuno-
sorbent assay (ELISA) using peroxidase
goat anti-mouse immunoglobulins
(DAKO Cytomation). Hybridomas
producing supernatant fluids with pos-
itive staining for cemento-periodontal
ligament junction were cloned by limit-
ing dilution, and mAb was isolated. The
mADb produced is referred to as the anti-
TAP mADb (was merely derived from our
professor, Tanaka Akio).

Determination of immunoglobulin
class of monoclonal antibody

The immunoglobulin class of the anti-
TAP mAb was determined by using a
mouse mAb isotyping test kit (Serotec
Ltd, Raleigh, NC, USA) (24).

Stainability of monoclonal antibody
in various tissues

Periodontal tissues from rats, dogs,
pigs, and cows, and including lesions of
cemental dysplasia, cemento-ossifying
fibroma, osteoma, and ossifying
fibroma from humans were immuno-
stained to examine cross-reactive
immunostaining. The procedures used
were approved by the Ethics Commit-
tee, Osaka Dental University.

Stability of antigen determinant

To examine the stability of antigen
determinant, sections were treated with
0.4% pepsin for 10 min at 37°C, 0.1%
trypsin for 20 min at 37°C, pronase for
10 min at 37°C or proteinase K for



10 min at 37°C, and then autoclaved
for 20 min at 121°C, microwaved at
500 W for 5 min, heated for 40 min at
95°C or heated for 1 h at 75°C, and
treated with 1% periodic acid for
30 min, and 10 U/ml collagenase in
Tris-buffered saline for 12 h at 37°C,
10 U/ml neuraminidase in Tris-buf-
fered saline for 12 h at 37°C, nitrous
acid (1:1 mixed solution of 33%
AcOH and 5% NaNO,) for 5 min at
room temperature, and 1.0% testicular
hyaluronidase in Tris-buffered saline
for 36 h at 37°C or toluidine blue
staining (pH 6.0) (8, 25). In addition,
to examine the stability of periodontal
ligament cells from a human patient
that were stocked in our laboratory,
the cells were cultured over glass slides.

Extraction of antigen from human
extracted teeth and immunoblotting

Cementum (100 pg) was collected from
decalcified extracted teeth, minced, and
homogenized in Tris-buffered saline.
After centrifugation, the sediment was
suspended in 30 ml of buffer with 2%
Tween-20, and left overnight at room
temperature. This was repeated for
Tween-80, Triton X, sodium dodecyl
sulfate, and Nonidet P-40. After cen-
trifugation, supernatant fluids were
filtered with a 20 um Filcon N filter
(DAKO Cytomation) and stored at
4°C until use. Membranes used were:
Immobilon polyvinyl difluoride
(PVDF) Transfer Membrane, 0.45 um
pore size (Nihon Millipore Ltd, Y-
onezawa, Japan); Immun-Blot PVDF
membrane for protein blotting, 0.2 pm
pore size (Bio-Rad, Hercules, CA,
USA); and Protran BA 85 Cellulose-
nitrat (E), 0.45 um pore size (Schlei-
cher & Schuell, Dassel, Germany).
Membranes were cut to size, and the
PVDF membranes were pre-wetted in
methanol 10 min. All membranes were
washed every 5 min in distilled water
followed by Tris-buffered saline. After
5 ul of extracted antigen and 3.16 mg/
ml of epithelial keratin (Upstate, Lake
Placid, NY, USA) as negative controls
were absorbed onto each membrane,
30 Wl of the anti-TAP mAb was
dropped onto each membrane (26).
The membranes were washed in Tris-
buffered saline three times every
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Fig. 1. (A) Transverse histologic sections of human tooth. Dental pulp (P), predentin (*),
dentin (DE), acellular cementum (arrow), and periodontal ligament (PDL) are observed
(hematoxylin and eosin stain). (B) Immunohistochemical staining of the anti-TAP mAb in a
transverse section of a human tooth. Positive reaction is seen in the predentin (arrow) and the
cemento-periodontal ligament junction (arrowhead) but not in the dental pulp, dentin,
cementum (CE), or PDL. (C) High-power view of the framed area F1 from B. The anti-TAP
mAD is positive only in the predentin (arrow). (D) High-power view of the framed area F2
from B. The anti-TAP mAb is positive only in the cemento-periodontal ligament junction
(arrowhead). CC, cellular cementum. Bar = 100 pm.

15 min after 2 h at room temperature  Cytomation), for 30 min at room
and incubated with 30 ul of a secon-  temperature, or Tris-buffered saline
dary antibody, EnVision (DAKO  was used instead of the anti-TAP mAb
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or secondary antibody as the negative
control. The membranes were then
washed in Tris-buffered saline three
times for 15 min and reacted with 3,3’-
diaminobenzidine tetrahydrochloride
(DAB) for observation (27).

Purification of antigens

For immunoaffinity purification of
antigens against the anti-TAP mAb, an
affinity column was prepared using
S ml of Hi Trap NHS-activated HP
(Amersham Biosciences, Corp., Pis-
cataway, NJ, USA), which is pre-
packed ready to use and able to be
administered with a 10 ml syringe.
Water and chemicals used for buffer
preparation were of high purity. All
buffers were filtered by passing them
through a 0.45 pm filter before use.
Antigens according to the manufac-
turer’s instructions for Hi Trap NHS-
activated HP were eluted with elution
buffer (0.1 m Glycine-HCI, pH 2.7). To
confirm the antigen, these purified
antigens were screened by sodium
dodecyl sulfate—polyacrylamide gel
electrophoresis using the anti-TAP
mAb (28).

Sodium dodecyl sulfate—
polyacrylamide gel electrophoresis
and western blotting

Antigens extracted and epithelial kera-
tin as a negative control were processed
for electrophoresis in a 5-20% gradient
gel. Antigens and epithelial keratin were
separated using 12% sodium dodecyl
sulfate—polyacrylamide gel electro-
phoresis under reducing conditions,
visualized using a Coomassie Brilliant
Blue R-350 (Bio-Rad), and then trans-
ferred electrophoretically to the PVDF
membrane. The membranes were
blocked with 1% balanced saline solu-
tion in Tris-buffered saline containing
0.1% Tween-20 for 1 h. Antigens and
epithelial keratin were then probed with
the anti-TAP mAb for 2 h and then
with the horseradish peroxidase-linked
secondary antibody and developed with
an enhanced chemiluminescence (ECL)
western blotting detection kit and
chemiluminescence detection using an
ECL minicamera (Amersham Bio-
sciences) or DAB staining. Sample ECL

DualVue western blotting markers and
High-Range  Rainbow  molecular
markers (Amersham Biosciences) were
used as molecular weight standards
(29-31). No blocking buffer other than
the buffer mentioned above was used.

Analysis of antigen

The purified antigens were identified as
phosphoprotein by western blotting

with the anti-TAP mAb or the ECL
Phosphorylation System (Amersham
Biosciences) and ELISA with super-
natants of phosphoserine peptide,
phosphothreonine peptide, or phos-
photyrosine peptide as antigen and
using the anti-TAP mAb. The purified
antigens were then screened by ELISA
using anti-phosphoserine mAb, anti-
phosphothreonine mAb, or anti-phos-
photyrosine mAb.

Fig. 2. (A) Immunohistochemical staining of the anti-TAP mAb around a periodontal
ligament (PDL) including acellular cementum (AC) and alveolar bone (AB) of the vertical
section. A positive reaction is visible only in the cemento-periodontal ligament junction
(arrow) and not in the dentin (DE), acellular cementum, PDL, or alveolar bone. (B) High-
power view of the framed area F1 from A. The anti-TAP mAbD is positive only in the
cemento-periodontal ligament junction (*). (C) High power view of the framed area F2 from
A. The anti-TAP mAb is negative in the PDL, interface between PDL and alveolar bone, and

alveolar bone. Bar = 100 pm.



Immunoprecipitation using anti-
phosphoserine-threonine
monoclonal antibody

We verified that the antigens were
purified by immunoprecipitation using
anti-phosphoserine-threonine mAb
(Anti-pSer/Thr PKA substrate, Daiichi
Pure Chemicals Co., Ltd, Tokyo,
Japan) (25, 28, 32).

Two milliliters of purified antigens
by affinity column chromatography
were added into a 2 ml Eppendorf tube
(Eppendorf Co., Ltd, Tokyo, Japan)
involving NaF as a phosphatase
inhibiter adjusted to final concentra-
tions of 10 mm. Then 5 pl of protein-4
beads (Upstate) and 5 pl of normal
IgG  saturated protein-4  beads
(Upstate) were added to the tube,
which was then rotated for 1 h at 4°C.
The supernatant was decanted to high-
speed ultracentrifugation at 23 000 g
for 1 min at 4°C. Anti-phosphoserine-
threonine mAb was added to the tube,
which was then rotated for 1 h at 4°C.
Then 5 pl of protein-A4 beads was ad-
ded and the tube was rotated again for
1 h at 4°C. The gel was harvested by
centrifugation at 700 g for 1 min and
washed with Tris-buffered saline with
Tween-20 [10 mm Tris (pH 7.4),
100 mm NacCl 0.1% (v/v), Tween-20].
The gel was purified by immunopre-
cipitation using anti-phosphoserine-
threonine mAb and screened by
sodium dodecyl sulfate—polyacryla-
mide gel electrophoresis, western blot-
ting, or ELISA with the anti-TAP
mADb or immuno-DAB staining.

Results

Monoclonal antibody to cemento-
periodontal ligament junction

Thirty-eight hybridoma cell lines were
established after cell fusion using
spleens from mice immunized with
human cemento-periodontal ligament
junction three times for four consecu-
tive weeks. Antibodies produced by
these hybridomas were used to immu-
nohistochemically stain formalin-fixed,
paraffin-embedded sections of extrac-
ted human teeth. Only one of the
antibodies isolated, the anti-TAP
mAb, immunostained cemento-perio-
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dontal ligament junction and predentin
(Fig. 1).

The anti-TAP mAb showed IgM
immunoglobulin class and a kappa
light chain with the mouse mAb iso-
typing test kit.

Immunohistochemical staining with
the anti-TAP monoclonal antibody in
various tissues

In both transverse (Fig. 1A) and
vertical (Fig. 2A) formalin-fixed, par-
affin-embedded sections of teeth, im-
munoreactivity with the anti-TAP
mAb was restricted to predentin
(Figs 1B and C) and the cemento-per-
iodontal ligament junction (Figs 1D
and 2B). No staining was detected in
the dental pulp (Figs 1B and C), gin-
gival connective tissue, gingival epi-
thelium, sulcular epithelium,
periodontal ligament (Figs 1D and
2B), or alveolar bone (Fig. 2C), nor
was any staining observed in any rat,
canine, porcine, or bovine tissues (data
not shown). Exactly in the same man-
ner as indicated for cemento-perio-
dontal ligament junction,
immunohistochemical staining was
detected by light microscopy in the
periphery of the cementum-like tissues
(Fig. 3A), but not in the peripheral
margin of the bone, bone tissues, con-
nective tissues or bone-like tissues from
cemental dysplasia (Fig. 3B), cemento-
ossifying fibroma, ossifying fibroma, or
osteoma. In addition, in the negative
control of each section, Tris-buffered
saline instead of the anti-TAP mAb or
secondary antibody was used as a
negative control, no positive reactions
were observed.

:.A ; .‘l -
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Characterization of antigen reactive
with the anti-TAP monoclonal
antibody

The immunohistochemical reactivity
with the anti-TAP mAb was not affec-
ted by treatment of histologic human
tooth sections with pepsin, trypsin,
proteinase K, or pronase. For prote-
oglycan demonstration, periodic acid-
Schiff and toluidine blue (Fig. 4A)
stained sections treated with periodic
acid, nitrous acid, neuraminidase, or
hyaluronidase were also positive for the
anti-TAP mAb and did not reduce the
anti-TAP mAb staining (Figs 4B and
C); thus, the antigen apparently did not
include glycogen, sialic acids, heparin,
heparan sulfate, or hyaluronic acid.
The activity of the antigen protein
reactive with the anti-TAP mAb was
not inhibited by autoclaving, micro-
waving, heating, organic solvents, or
hydrolysis with various enzymes. In
addition, cultured periodontal ligament
cells from a patient that were stocked in
our laboratory were negative for the
anti-TAP mAb and sections of human
tooth treated with collagenase were
also positive for the anti-TAP mAb and
did not reduce the anti-TAP mAb
staining; thus, the antigen apparently
did not include collagen.

Unpurified (Fig. 5, lane 1) or puri-
fied antigen (Fig. 5, lanes 2 and 3)
reactive with the anti-TAP mAb was
extracted using various surfactants and
detected by dot blotting with Immun-
Blot PVDF membrane for protein
blotting (data not shown). Strong pos-
itive intensity was observed. Even
though sections were oxidized with
periodate, the anti-TAP mAb immu-

# —

Fig. 3. Histological section of cemental dysplasia. (A) Cementum-like hard tissue (*) is
visible (hematoxylin and eosin stain). (B) The anti-TAP mAb immunostaining. A positive
reaction is seen in the periphery of the cementum-like hard tissue (*). Bar = 100 pm.
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nostaining was observed, indicating
that its antigen determinant apparently
was not a glycochain. The anti-TAP
mADb recognizes a strong acidic serine
phosphorylated protein based on
examinations of phosphorylated pro-
tein by western blot (Fig. 5, lane 4),
protein absorption testing (Fig. 5, lanes
5-7), and two types of ELISA. In one
type of ELISA, phosphoserine peptide,
phosphothreonine peptide, and phos-
photyrosine peptide were used sepa-
rately as the individual antigen, and the
anti-TAP mAb was used as the first
antibody. The ELISA reactions for
phosphoserine were strong, but for
phosphothreonine were weak, and no
ELISA reactions for phosphotyrosine
were observed. In the other type of
ELISA, antigen purified from cemen-
tum and antigen by the anti-TAP mAb
affinity column chromatography, and
anti-phosphoserine  mAb, anti-phos-
phothreonine mAb, and anti-phos-
photyrosine mAb were used as the first
antibody. Again, we demonstrated that
the ELISA reactions for anti-phospho-
serine were strong, but for anti-phos-
phothreonine were weak, and no
ELISA reactions for anti-phosphoty-
rosine were observed (33-35).

The antigen had two molecular mass
bands of about 40 kDa each separated
by sodium dodecyl sulfate (Fig. 5,
lanes 2, 3, 5).

Discussion

Calcium-binding, non-collagenous
common proteins in predentin and ce-
mento-periodontal ligament junction
are classified into four groups, of which
the calcification-related proteins in-
clude phosphoproteins, glycoproteins,
and osteocalcins (Gla proteins). Phos-
phophoryn, or dentin phosphoprotein,
is a phosphoprotein that is specific to
dentin and a primary component of the
non-collagenous protein uniformly dis-
tributed in dentin. This protein shows
strong acidity, because its composition
includes 80% aspartic acid and phos-
phoserine. Therefore, this protein is
prone to strong calcification. However,
the molecular mass has not yet been
precisely defined, although it ranges
from 30 to 150 kDa (36). The mass
varies with the diffusion artifact when

ETALSESY S
- -_‘d'

* 5

(88

Fig. 4. (A) Transverse histological sections of human tooth stained with toluidine blue
staining (pH 6.0). Metachromatic reaction is seen in dentin (DE), cemento-dentino junction
(CDJ), and cementum interlamellar layer (arrows). PDL, periodontal ligament; CC, cellular
cementum. (B) Immunohistochemical staining with the anti-TAP mAb in a serial section of
A. The anti-TAP mAb is positive only in cemento-periodontal ligament junction (arrow).
(C) High-power view of the framed area from B. The anti-TAP mAb is positive only in
cemento-periodontal ligament junction (arrow). Bar = 100 pm.

measured by gel filtration and sodium
dodecyl sulfate—polyacrylamide gel
electrophoresis, and its measurement
also is hampered by the difficulty in

establishing its mAb because of its very
low antigen activity.

The glycoproteins include osteonec-
tin, osteopontin (bone sialoprotein)
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Fig. 5. Immunoelectrophoresis. Unpurified antigens show no clear bands in sodium dodecyl
sulfate—polyacrylamide gel electrophoresis with Coomassie Brilliant Blue (CBB) staining
(lane 1). Antigens purified by affinity-column chromatography using the anti-TAP mAb (A).
The antigens separated with 12.5% sodium dodecyl sulfate—polyacrylamide gel electro-
phoresis, and visualized by CBB staining (lane 2), immunoblotting (western blotting) with the
anti-TAP mAb (lane 3) and the same fractions do not bind to anti-phosphotyrosine mAb
(lane 4). The antigens purified a second time by immunoprecipitation using anti-phospho-
serine-threonine mAb (B). The antigens separated with 12.5% sodium dodecyl sulfate—
polyacrylamide gel electrophoresis, and visualized with CBB staining (lane 5), western
blotting (lane 6) and immuno-DAB staining (lane 7) with the anti-TAP mAb. Lane M is
molecular weight standards with sizes marked on the left (in kDa). Two bands (arrow and
arrowhead) indicate the antigens separated by sodium dodecyl sulfate with a molecular mass

of about 40 kDa each.

(37), and dentin sialoprotein. Osteo-
nectin, which contains abundant gluta-
mic acid and aspartic acid and small
amounts of phosphoric acid, glucosa-
mine, galactosamine, and sialic acid,
seems to play a role in cell differenti-
ation, specifically in the initial stage of
development, cell migration, morpho-
genesis, and repair. Osteopontin, or
bone sialoprotein, a protein that forms
the connection between the osteocyte
and the matrix, is an acidic protein
containing abundant glutamic acid,
aspartic acid, and sialic acid. In addi-
tion, osteopontin readily binds with
calcium ion and rare earth ions. How-
ever, this protein is not specific to ce-
mentum and bone, and is present even in
the kidney and placental tissues (37, 38).

Gla proteins contain osteocalcin and
matrix Gla protein, and the former is
related to calcification. Osteocalcin, or
bone Gla protein, which is specific to
bone and dentin and a component of
hydroxyapatite, plays a role in the
control of calcification (38).

As mentioned previously, decalcified
teeth contain various elements, and the
substances extracted depend on the
methods used to decalcify the hard
tissue. Although EDTA decalcification
requires a long time, it is suitable for
the extraction of unstable proteins.
However, mineral/matrix-binding pro-
teins and proteins covalently bound to
the matrix are also extracted. There-
fore, it is difficult to extract osteonec-
tin and bone sialoprotein. However,
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hydrochloric acid decalcification does
not require a long time and allows
extraction of such non-collagenous
proteins as osteocalcin, osteopontin,
and phosphophoryn. Consequently,
the anti-TAP mAb identified in the
present study is strongly suspected to
be a phosphophoryn because of its
strong acidity and confirmed serine
phosphoprotein content. However, as
the anti-TAP mAb isolated reacts only
with cemento-periodontal ligament
junction and predentin and does not
react with bone, gingiva, pulp, or
periodontal ligament, it might be a
new subtype of phosphophoryn (13,
39, 40).

The anti-TAP mAb we isolated
showed no immunohistochemical cross
reaction in any animal tissue examined
and seems to be specific to human tis-
sue. Only cemento-periodontal liga-
ment junction and predentin were
positive for the anti-TAP mAbD in the
normal tissue. In addition, in cemento-
osseous dysplasia and fibro-osseous
lesions, the peripheral area of the
cementum-like tissues was positive for
the anti-TAP mAb, whereas bone and
bone-like tissues were negative. On
histological section (Fig. 3A) of
cemental dysplasia, the positive area
might be larger and clearer than that of
the cemento-periodontal  ligament
junction (Fig. 3B). As cemental dys-
plasia is a tumor-like lesion, the
quantity of the antigen positive for
anti-TAP mAb is increased. In addi-
tion, the slice direction of the section is
tangential, and thus the positive area
might be large and clearly different
from the result for cemento-periodon-
tal ligament junction. In summary, we
generated an anti-cementum mAb, the
anti-TAP mAb, that recognizes
cemento-periodontal ligament junction
and predentin specifically and has two
molecular mass bands of about 40 kDa
each separated by sodium dodecyl
sulfate because of modification on
phosphorylation protein. Its corres-
ponding antigen seems to be associated
with the connection between the
cementum and periodontal ligament.
The anti-TAP mAb has potential
applications in the development of
useful materials for periodontal regen-
eration and can be used to identify
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cementum-like tissues distinct from
bone and bone-like tissues.

Acknowledgements

This work was supported in part by a
High Technology Research Project
from the Ministry of Education, Sci-
ence, Sport and Culture of Japan, and
was performed at the Institute of
Dental Research, Osaka Dental Uni-

versity.
References
1. Garrett S. Periodontal regeneration

around natural teeth. Anmn Periodontol
1996;1:621-666.

King GN, Hughes FJ. Bone morpho-
genetic protein-2 stimulates cell recruit-
ment and cementogenesis during early
wound healing. J Clin Periodontol
2001;28:465-475.

. Talwar R, Di Silvio L, Hughes FJ, King

GN. Effects of carrier release kinetics on
bone morphogenetic protein-2-induced
periodontal regeneration in vivo. J Clin
Periodontol 2001;28:340-347.

Kato H. Regeneration of periodontal
ligament and cementum by BMP-applied
tissue engineering. FEur J Oral Sci
1998;106:197-203.

Sculean A, Donos N, Brecx M, Karring T,
Reich E. Healing of fenestration-type
defects following treatment with guided
tissue regeneration or enamel matrix pro-
teins. An experimental study in monkeys.
Clin Oral Invest 2000;4:50-56.

Sculean A, Chiantella GC, Windisch P,
Donos N. Clinical and histologic evalua-
tion of human intrabony defects treated
with an enamel matrix protein derivative
(Emdogain). Int J Periodontics Restorative
Dent 2000;20:374-381.

Gestrelius S, Andersson C, Lidstrom D,
Hammarstrom L, Somerman M. In vitro
studies on periodontal ligament cells and
enamel matrix derivative. J Clin Perio-
dontol 1997;24:685-692.

Islam MD, Yamamoto T, Wakita M. A
light microscopic study of the attachment
mechanism in different kinds of adhesive
lines in rat molars. Ann  Anat
2001;183:319-323.

Yang C, Hillas PJ, Baez JA et al. The
application of recombinant human colla-
gen in tissue engineering. BioDrugs
2004;18:103-119.

. Ababneh KT, Hall RC, Embery G. Im-

munolocalization of glycosaminoglycans
in ageing, healthy and periodontally dis-
eased human cementum. Arch Oral Biol
1998:43:235-246.

11.

13.

17.

18.

20.

21.

22.

23.

24.

25.

26.

Mullen LM, Richards DW, Quaranta V.
Evidence that laminin-5 is a component of
the tooth surface internal basal lamina,
supporting epithelial cell adhesion. J Per-
iodontal Res 1999;34:16-24.

Arzate H, Portilla Robertson J, Aguilar
Mendoza ME. Recombination of epi-
thelial root sheath and dental papilla
cells in vitro. Arch Med Res 1996;
27:573-577.

Arzate H, Jimenez-Garcia LF, Alvarez-
Perez MA et al. Immunolocalization of a
human cementoblastoma-conditioned
medium-derived protein. J Dent Res
2002;81:541-546.

Saito M, Iwase M, Maslan S et al.
Expression of cementum-derived attach-
ment protein in bovine tooth germ during
cementogenesis. Bone 2001;29:242-248.
Fukase Y. Immunohistochemical staining
of human teeth, and production of
monoclonal antibodies against cementum.
J Osaka Dent Univ 1997;31:1-9.

Zidan G, Ruch JV. Production of mono-
clonal antibodies against mouse molar pa-
pilla cells. Int J Dev Biol 1989;33:245-259.
Vainio S, Lehtonen E, Kaartinen M,
Thesleff 1. Production of monoclonal
antibodies against murine dental papilla.
Scand J Dent Res 1988;96:177-187.
Rosenbloom J, Lally E, Dixon M, Spencer
A, Herold R. Production of a monoclonal
antibody to enamelins which does not
cross-react with amelogenins. Calcif Tis-
sue Int 1986;39:412-415.

Christner PJ, Lally ET, Ads AH, Herold
RC. Production of a monoclonal antibody
to bovine tooth enamel proteins. Arch
Oral Biol 1983;28:773-779.

Kohler G, Milstein C. Continuous cul-
tures of fused cells secreting antibody of
predefined specificity. Nature
1975;256:495-497.

Pontecorvo G. Production of mammalian
somatic cell hybrids by means of poly-
ethylene glycol treatment. Somatic Cell
Genet 1975;1:397-400.

Davidson RL, O’Malley KA, Wheeler TB.
Polyethylene glycol-induced mammalian
cell hybridization. effect of polyethylene
glycol molecular weight and concentra-
tion. Somatic Cell Genet 1976;2:271-280.
Freshney I. Application of cell cultures to
toxicology. Cell Biol Toxicol 2001;17:213—
230.

Bidlack JM, Mabie PC. Preparation of
Fab fragments from a mouse monoclonal
IgM. J Immunol Meth 1986;91:157-162.
Mostov KE, Friedlander M, Blobel G.
The receptor for transepithelial transport
of IgA and IgM contains multiple immu-
noglobulin-like domains. Nature 1984;
308:37-43.

Towbin H, Gordon J. Immunoblotting
and dot immunobinding — current status

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

40.

and  outlook. J  Immunol  Meth
1984:72:313-340.

Sato Y, Mukai K, Watanabe S, Goto M,
Shimosato Y. The AMeX method. A
simplified technique of tissue processing
and paraffin embedding with improved
preservation of antigens for immuno-
staining. Am J Pathol 1986;125:431-435.
Rosenfeld J, Capdevielle J, Guillemot JC,
Ferrara P. In-gel digestion of proteins for
internal sequence analysis after one- or
two-dimensional gel electrophoresis. Anal
Biochem 1992;203:173-179.

Schagger H, von Jagow G. Tricine-sodium
dodecyl sulfate-polyacrylamide gel elec-
trophoresis for the separation of proteins
in the range from 1 to 100 kDa. Anal
Biochem 1987;166:368-379.

Lee C, Levin A, Branton D. Copper
staining: a five-minute protein stain for
sodium dodecyl sulfate-polyacrylamide
gels. Anal Biochem 1987;166:308-312.
LeGendre N, Matsudaira P. Direct pro-
tein microsequencing from Immobilon-P
Transfer Membrane.
1988;6:154-159.
Winterbourne DJ. Chemical assays for
proteins. Meth Mol Biol 1993;19:197-202.
Wang JY. Isolation of antibodies for
phosphotyrosine by immunization with a
v-abl oncogene-encoded protein. Mol Cell
Biol 1985;5:3640-3643.

Hamaguchi M, Grandori C, Hanafusa H.
Phosphorylation of cellular proteins in
Rous sarcoma virus-infected cells: analysis
by use of anti-phosphotyrosine antibodies.
Mol Cell Biol 1988;8:3035-3042.

Ando S, Tanabe K, Gonda Y, Sato C,
Inagaki M. Domain- and sequence-
specific phosphorylation of vimentin
induces disassembly of the filament struc-
ture. Biochemistry 1989;28:2974-2979.
Dimuzio MT, Veis A. Phosphophoryns-
major noncollagenous proteins of rat
incisor dentin. Calcif Tissue Res 1978;
25:169-178.

Termine JD, Kleinman HK, Whitson SW,
Conn KM, McGarvey ML, Martin GR.
Osteonectin, a bone-specific protein linking
mineral to collagen. Cell 1981;26:99-105.
Price PA, Williamson MK, Haba T, Dell
RB, Jee WS. Excessive mineralization with
growth plate closure in rats on chronic
warfarin treatment. Proc Natl Acad Sci
USA 1982;79:7734-7738.

Arzate H, Olson SW, Page RC, Gown
AM, Narayanan AS. Production of a
monoclonal antibody to an attachment
protein derived from human cementum.
FASEB J 1992;6:2990-2995.

MacDougall M, Zeichner-David M,
Slavkin HC. Production and characteri-
zation of antibodies against murine den-
tine phosphoprotein. Biochem J 1985;
232:493-500.

Biotechniques



This document is a scanned copy of a printed document. No warranty is given about
the accuracy of the copy. Users should refer to the original published version of the
material.



