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cells, resulting in enhancement of periodontal tissue
regeneration.
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Promotion of Functioning of Human
Periodontal Ligament Cells and Human
Endothelial Cells by Nerve Growth Factor
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Background: We have previously shown that cultured hu-
man periodontal ligament (HPL) cells produce nerve growth
factor (NGF) and express mRNA of tyrosine kinase receptor
(trkA), a high-affinity receptor of NGF. These findings suggest
that NGF modulates the differentiation and proliferation of the
periodontal ligament cells by paracrine and autocrine functions
in vivo. Endothelial cells also express NGF and trkA. There-
fore, NGF may regulate functions of periodontal ligament cells
and endothelial cells during periodontal tissue regeneration.

Methods: Effects of NGF on expressions of bone/cementum-
related proteins (osteocalcin [OC], bone sialoprotein [BSP],
bone morphogenetic protein [BMP-7], core binding factor alpha
[Cbfa-1], and typel collagen), calcification in HPL cells, and pro-
liferation and mRNA expression of vascular endothelial growth
factor (VEGF), an endothelial cell mitogen, in human microvas-
cular endothelial cells (HMVECs) were examined.

Results: NGF elevated mRNA levels of OC, BSP, BMP-7,
Cbfa-1, and type | collagen and enhanced mineral deposition
in cultures of HPL cells. Furthermore, NGF stimulated mRNA
expressions of VEGF-A and VEGF-B and cell proliferation in
HMVEC.

Conclusion: These findings suggest that the functional regu-
lation of periodontal ligament cells and endothelial cells by NGF
might result in the acceleration of periodontal tissue regenera-
tion in vivo. J Periodontol 2006;77:800-807.

Angiogenesis; endothelial cells; nerve growth factor;
periodontal ligament; regeneration.
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iologic functions of neurotrophins
Bhave been recognized as regulat-
ing differentiation and survival of
neurons in central and peripheral nerve
systems.!2 Neurotrophins in mammals
consist of four members: nerve growth
factor (NGF), brain-derived neurotro-
phic factor (BDNF), neurotrophin (NT-
3), and NT-4/5. NGF is the first and
best-characterized member of the neu-
rotrophins.!:3 NGF exerts its biologic
functions by binding to its high-affinity
receptor, tyrosine kinase receptor (trkA),
and low-affinity receptor, p75. NGF and
trkA have been found during bone frac-
ture healing and tooth development.*>
NGF stimulates human lymphocyte pro-
liferation and induces B-cell differen-
tiation into immunoglobulin-secreting
plasma cells.® NGF also enhances phago-
cytosis and superoxide production in
neutrophils.” Thus, NGF was widely ex-
pressed in many non-neural tissues and
plays versatile roles besides the pivotal
role of NGF in the development of neural
cells.8
The ideal goal of periodontal tissue
regeneration requires anatomical and
functional reconstruction of periodon-
tal tissue, including cementum, peri-
odontal ligament, and alveolar bone.
Periodontal ligament is a connective tis-
sue between cementum and alveolar
bone. Periodontal ligament cells, which
consist of heterogeneous cell populations,
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have osteoblast-like properties, including Table I.
high levels of alkaline phosphatase (ALP)

and bone/cementum-related proteins.9

Xu, Mizuno, Shiba, et al.

Primers and Probes Used in Real-Time PCR

It has been suggested that periodontal

ligament cells can differentiate into osteo- e

Sequence

blasts or cementoblasts.!013 Therefore, oc
periodontal ligament cells are implicated
in the regeneration of cementum, peri-
odontal ligament, and alveolar bone. Our
previous studies have shown that human
periodontal ligament (HPL) cells produce
NGF and express trkA mRNA.'4 These
findings suggest that NGF modulates
the differentiation and proliferation of
periodontal ligament cells by paracrine
and autocrine functions in vitro and
in vivo. Reverse trancriptase-polymerase
chain reaction (RT-PCR) showed that
NGF increased mRNA levels ALP, bone
morphogenetic protein (BMP-2), and os-
teopontin (OPN), which are involved in
periodontal tissue regeneration in HPL
cells. 14

Osteocalcin (OC), which is a major  ALP
non-collagenous protein present in ce-
mentum and bone, influences bone miner-
alization.!>-17 Bone sialoprotein (BSP) is a
mineral-associated protein, promoting
connection of both osteoblasts and osteo-
clasts, and acts as a nucleator of hydroxy-
apatite crystal formation in cell-free
systems.!8 The use of humanrecombinant
BMP-7 in animals leads to regeneration
of new bone that is biologically and bio-
mechanically functional.!® Furthermore,
recombinant BMP-7 implants as a bone
graft substitute have been evaluated in
vivo.20 Core binding factor alpha (Cbfa-
1) is atranscriptional osteoblast differenti-
ation factor required for bone formation.?!

BSP

BMP-7

Cbfa-|

OPN

BMP-2

VEGF-A

VEGF-B

Type | collagen

F: 5'-GCCTCCTGAAAGCCGATGT-3'
R: 5'-AAGAGACCCAGGCGCTACCT-3'
P: 5'-CCAACTCGTCACAGTCCGGATTGAGCT-3'

F. 5'-AGCGAAGCAGAAGTGGATGAA-3'
R: 5'-CTGCATTGGCTCCAGTGACA-3'
P: 5'-AAACGGCAACGGCAGCAGCG-3'

F: 5'-GCTTCGTCAACCTCGTGGAA-3'
R: 5'-CAAACCGGAACTCTCGATGGT-3'
P: 5'-ATGACAAGGAATTCTTCCACCCACGCTAC-3'

F: 5’ - TGGACGAGGCAAGAGTTTCAC-3'
R: 5'-CCCGAGGTCCATCTACTGTAACTT-3'
P: 5'-CATAACCGTCTTCACAAATCCTCCCCAAGT-3'

F: 5 -TCTGAAGTCTCTCAACAACCAGATTG-3’
R: 5'-GGGTGGCTGAGTCTCAAGTCA-3'
P: 5'-CTCTAGAAAGAACCCAGCTCGCACATGC-3'

F: 5'-CGAGATACAAGCACTCCCACTTC-3’
R: 5'-CTGTTCAGCTCGTACTGCATGTC-3’
P: 5'-CCTGGCTCGAAGAGACCCAATAGGTAGTCC-3'

F: 5'-CAGGCTGATTCTGGAAGTTCTGA-3’
R: 5-GGCTAGGAGATTCTGCTTCTGAGA-3'
P: 5'-CAACAAATACCCAGATGCTGTGGCCA-3'

F. 5'-CCAACACTGTGCGCAGCTT-3'
R: 5'-AGAAGAATCTCCGGGTTG C-3'
P: 5'-CACCATGAAGAATCTTTGGAAGAACTACCA-3'

F: 5'-TACCTCCACCATGCCAAGTG-3’
R: 5'-GATGATTCTGCCCTCCTCCTT-3'
P: 5'-TCCCAGGCTGCACCCATGGC-3'

F: 5'-ACCAAGTCCGGATGCAGATC-3'
R: 5'-TGCATTCACACTGGCTGTGTT-3’
P: 5'-ATCCGGTACCCGAGCAGTCAGCTG-3'

Type | collagen is a major component of
the extracellular matrix in cementum and
bone, and itis also abundant in periodontal
ligament.22 Examination of the effect of
NGF on expressions of the bone/cementum-related
proteins and ALP, OPN, and BMP-2 might prove
the importance of its action in periodontal tissue
regeneration.

Neovascularization and matrix synthesis in peri-
odontal tissue are also essential for periodontal tissue
regeneration. Endothelial cells express NGF and
trkA.23:24 Vascular endothelial growth factor (VEGF)
is an endothelium-specific mitogen and a regulator in-
volved in the formation of new blood vessels.25:26
NGF may regulate VEGF expression in endothelial
cells.

F = forward; R = reverse; P = probe.

We thought that NGF might have the potential of re-
generating periodontal tissues by regulating the func-
tions of endothelial cells and periodontal ligament
cells. Effective regulation of periodontal ligament
cells and endothelial cells will succeed in periodontal
tissue regeneration. In the present study, to address
advantageous effects of NGF in periodontal tissue re-
generation, we examined the effect of NGF on the
mRNA expressions of OC, BSP, BMP-7, Cbfa-1, and
typel collagen in cultures of HPL cells and the expres-
sions of VEGF and cell proliferation in cultures of
human microvascular endothelial cells (HMVECs).
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<A <B premolars extracted from
% 3 % 3 patients under orthodontic
= + T 3 t treatment with their informed
% z 2 &F 2 . . consent (enrollment date:
%‘3: ’ %*ﬁ | - August 12, 2004) according
é S ﬁ ﬂ ﬂ ﬂ z< m ﬂ H ﬂ to a protocol approved by eth-
E o E . ical authorities at Hiroshima
8 0 5 10 25 50 100 2 0 5 10 25 50 100 University. HPL cells were

NGF (ng/ml) NGF (ng/ml) cultured to confluence in 35-
<c 4B mm-diameter plastic culture
°Z,§ z dishes with Dulbecco’s modi-
E % 1 § > fied Eagle’s medium (DMEM)
23 3 + 232, ¥ + + T supplement with 10% fetal
SE PR == x calf serum (FCS),l 100 U/ml
2 *\5c - g‘g : penicillin, 100 pg/ml strepto-
%a 1 r—‘ ‘ o < ﬂ mycin, and 1 pg/ml ampho-
S0 \ _ T gkl - . | tericin B (medium A). When
= 0 S 10 23 50 100 = 0 5 10 25 50 100 HPL cells formed a confluent
M NGF (ng/ml) o NGF (ng/ml)

monolayer, the cells were har-
E F vested with 0.05% trypsin and

<
zZ 0.02% EDTA and transferred
o s = to a 100-mm-diameter plastic
a 7 5 3 culture dish. HPL cells at the
5 = 4 ¥ zz I 1 sixth passage were used in the
% g " %% 4 x following experiments.
£S | 9% | HMVECsT were a primary
5= ﬁ ’{—’ ”I“ l—x_l z< m ’—}] ﬂ cell culture line cryopre-
= E 0 served at the third passage.
8 0 S 10 25 50 100 é 0 5 10 25 50 100 The HMVECs were main-
g WGF {ng/mi) NGF (ng/mi) tained in endothelial basal
= medium (EBM-2)supplement
<G <H with fetal bovine serum, fibro-
z Z blast growth factor (FGF-2),
= = epidermal endothelial growth
=1 # g g, * i factor, hydrocortisone, insulin-
e - g = like growth factor, ascorbic
2; 1 §§= 1 acid, VEGF, and amphoteri-
2= e m ﬁ ﬁ m cin B (medium B). HMVECs
& 70 5 10 2 50 100 e 7% 5 10 2 s i atthesixthpassage wereused
NGF (ng/ml) & NGF (ng/ml) for the following experiments.
Figure Isolation of Total RNA
Dose-dependent effects of NGF on mRNA expressions of OC (A), BSP (B), BMP-7 (C), Cbfa-1 (D), HPL cells in cultures at the
type | collagen (E), ALP (F), OPN (G), and BMP-2 (H) in HPL cells. HPL cells were exposed to sixth passage were har-

various concentrations of NGF for 24 hours before the end of incubation on day 10. The mRNA .
expressions of OC, BSP BMP-7, Cbfa-1, type | collagen, ALP, OPN, and BMP-2 were examined by vested, Se4eded at @ density
real-time PCR. The graphs show the ratio of each bone (cementum)-related protein mRNA to GAPDH of 35 x 10% cells per 60-mm
mRNA. Values are means £ SD of three cultures. There was significant difference (*P <0.05; 1 P <0.01) plastic tissue culture dish
from the control. coated with type | collagen,

and maintained in medium
MATERIALS AND METHOD! A supplement with 50 n.g/ml ascorbic acid (medium
NGF C). HPL cells were exposed to various concentrations
of NGF for 24 hours or exposed to 100 ng/ml NGF for

Recombinant human NGF$ was used. et : : !
the indicated times before the end of incubation at day

Cell Culture
H § RED Systems, Minneapolis, MN.
HPL cells were obtained by explant cultures of T Biologieal Industries. Beit Haemek, Israel.

the healthy periodontal ligament of the mid-root of  § Cambrex, Walkersville, MD.
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A B HMVECs in cultures at the
Z 3 2 3 sixth passage were harvested,
T = T 5— = * seeded at a density of 30 x 104
% G T &% 2 T cells/60 mm in a plastic tissue
s - % = culture dish coated with type |
25 ! H ﬁ ﬁ z s ! ‘—I—l ﬁ - collagen, and maintained in
T 0 E medium B. HMVECs were
= 0 3 6 12 24 % 0 3 6 12 24 exposed to various concen-
Exposure Time (hours) Exposure Time (hours) trations of NGF for 24 hours
£ - before the end of incubation
= zZ on day 7 in EBM-2 medium
E 4 & 3 supplement with ascorbic
E 5 3 T é 3 " T acid. Total RNA from each
IE S8 2 ‘ * = + culture was extracted using
<3 - 2T N reagent* * onday 7 and quan-
Z2E ﬁ ’{—’ Z< ’{—I tified by spectrometry at 260
= 0 o and 280 nm.
= 0 3 6 12 24 & 0 3 6 12 24 .
S Exposure Time (hours) S Exposure Time (hours) Real-Time PCR

Real-time PCR was performed

ZE F with a sequence detection
o - system.’T Using a core re-
= Z agent kit,¥f reactions were
% . + g 3 + carried out according to the
%'g? - T z g, i manufacturer’s protocol. The
EE B %E - = probe, sense primers, and
E% 1 = 221 anti-sense primers used for
5= ﬁ ﬂ ﬂ Z< ﬁ ﬂ ﬂ H detection of OC, BSP, BMP-
= 0 - S , 7, Cbfa-1, type | collagen,
S s @ BB 0 3 0 12 ¥ Alp OPN, BMP-2, VEGF-A,
§ Exposure Time (hours) Exposure Time (hours) and VEGF-B are listed in
[

Table 1. Human, commercially
available GAPDHSS was used

<G SH .

2 & for real-time PCR.

g 3 sk i 3

- . T Measurement of OPN

e . = &2, +

g = SE° and Procollagen

%«5 ; _ 3T, - Type I C-Peptide

z< ﬁ ﬂ zs W ﬂ ’—{—’ HPL cells in cultures at the

E _ & 0 sixth passage were har-

% 0 3 6 2 S 0 3 6 2 vested, seeded at a density
Exposure Time (hours) ® Exposure Time (hours) of 1 x 104 cells/well in a

48-well plastic culture plate
rigure . coated with type | collagen,
Time-course effects of NGF on mRNA expressions of OC (A), BSP (B), BMP-7 (C), Cbfa-1 (D), type | and maintained in 0.2 ml
collagen (E), ALP (F), OPN (G), and BMP-2 (H) in HPL cells. HPL cells were exposed to NGF :
(100 ng/mi) for the indicated times before the end of incubation on day 10. The mRNA expressions of medium C. After 10 days,

of OC, BSP BMP-7, Chfa-, type | collagen, ALP OPN, and BMP-2 were examined by real-time cells were washed three times
PCR. The graphs show the ratio of each bone (cementum)-related protein mRNA to GAPDH mRNA. with  DMEM. HPL cells at
Values are means % SD of three cultures. There was significant difference (*P <0.05; 1 P<0.01) confluent cultures were then
from non-exposure to NGF exposed to various concen-

trations of NGF in medium F

10 in DMEM supplemented with 100 U/ml penicillin, ~ for 24 hours before the enc;l .of incubatic_)n onday 11.
100 wg/ml streptomycin, 1 pg/ml amphotericin B, OPN levels in the conditioned media from HPL
and 50 Mg/ml ascorbic acid (medlun:] D) Total }:NA # Isogen, Wako Pure Chemical Industries, Osaka, Japan.
from each culture was extracted using reagent”™ on  **Isogen, Wako Pure Chemical Industries.

; 1 ABI 7700, Applied Biosystems, Tokyo, Japan.
day 10 and quantlﬁed by spectrometry at 260 and ’fl TagMan EZ g};-];CR 1821)',; l;:;sgen?, X\(;pli:gagiosystems.

280 nm. §§ Applied Biosystems.
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0 7

0 5 10 25 50 100
NGF (ng/ml)

Effect of NGF on secreted levels of OPN (A) and PIP (B) in cultures
of HPL cells. HPL cells were exposed to various concentrations of
NGF for 24 hours before the end of incubation on day 10. The levels
of OPN and PIP in the conditioned media were determined by ELISA.
Values are means * SD of three cultures. There was significant
difference (*P <0.05; T P <0.01) from control.

cell cultures were determined using a sandwich en-
zyme-linked immunosorbent assay (ELISA) kit Il
Type | collagen synthesis was estimated by measur-
ing the level of procollagen type | C-peptide (PIP) in
the media with a sandwich ELISA kit.11

Mineralization Assay

HPL cells in cultures at the sixth passages were
harvested and seeded at a density of 3 x 10% cells/well
in 24-well plastic culture plates coated with type I
collagen and maintained in 0.5 ml of DMEM with
10% FCS containing 10 mM B-glycerophosphate,
50 pM ascorbic acid, and 0.1 pM dexamethasone
(mineralizing medium) in the absence or presence
of NGF for 21 days. The medium was replaced twice
a week. Mineralized formation was identified by von
Kossa staining.2”

DNA Synthesis

DNA synthesis was estimated by measuring incorpo-
ration of bromodeoxyuridine (Brdd) using a cell pro-
liferation ELISA system.** HMVECs and HPL cells in
cultures at the sixth passage were harvested, seeded
at a density of 5x 103 cells/well in 96-well plastic cul-
ture plates coated with type | collagen, and main-
tained in 0.1 ml of medium B for HMVECs and
medium C for HPL cells. After 9 days, each cell was
incubated in fresh EBM or DMEM with or without
NGF for 24 hours. Brdd (10 nM) was added 4 hours
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before the end of incubation. Immunodetection of
the incorporated BrdU into cells was performed
according to the manual supplied with the cell prolif-
eration ELISA system.***

Cell Number
Cell number in each culture was calculated by cell
proliferation assay. T

Statistical Analysis

Data are expressed as means * SD. The study on the
effect of NGF in HPL cells and HMVECSs between con-
trol and groups tested was analyzed with analysis of
variance. Values of P<0.05 and P<0.01 were consid-
ered statistically significant.

Figure 1 shows the effect of increasing concentrations
of NGF on the mRNA expressions of OC, BSP, BMP-7,
Cbfa-1, type I collagen, ALP, OPN, and BMP-2 after
24 hours of treatment in cultures of HPL cells. NGF
stimulated the mRNA expressions of the bone/cemen-
tum-related proteins examined in a time-dependent
manner. NGF at 100 ng/ml caused a 2.1-fold increase
in OC mRNA expression, a 2.0-fold increase in BSP
mRNA expression, a 3.0-fold increase in BMP-7
mRNA expression, a 2.0-fold increase in Cbfa-1 mRNA
expression, a 2.3-fold increase in type | collagen
mRNA expression, a 2.0-fold increase in ALP mRNA
expression, a 2.3-fold increase in OPN mRNA ex-
pression, and a 2.0-fold increase in BMP-2 mRNA
expression.

Figure 2 shows the effect of the exposure length to
NGF on the mRNA expressions of OC, BSP, BMP-7,
Cbfa-1, type I collagen, ALP, OPN, and BMP-2 in HPL
cells. NGF at 100 ng/ml increased the mRNA levels of
all of the bone/cementum-related proteins examined
in a time-dependent manner until 24 hours.

NGF increased the secreted levels of OPN in a
dose-dependent manner up to 100 ng/ml (Fig. 3).
Adding NGF to the HPL cell cultures resulted in an
increase in PIP levels. The maximal effect was seen
at 100 ng/ml (Fig. 3B).

Figure 4 shows the effect of NGF on the mineralized
tissue formation in cultures of HPL cells. Mineralized
tissues were identified by von Kossa staining. NGF
enhanced the total amount of von Kossa-positive
substances in a dose-dependent manner (Fig. 4A).
Phase-contrast micrographs showed that mineralized
nodule-like substances were detected with 100 ng/ml
NGF but were not detected without NGF (Fig. 4B).

Figure 5 shows the effect of increasing concentra-
tions of NGF on the mRNA expressions of VEGF-A

" Immuno-Biological Laboratories, Gunma, Japan.

99 Takara, Tokyo, Japan.

## Version 2, Amersham Pharmacia, Little Chalfont, U.K.

*** Version 2, Amersham Pharmacia.

111 CellTiter 96 Aqueous One Solution, Promega, Madison, WI.
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A (Fig. 5A) and VEGF-B (Fig. 5B).
NGF increased the expression of
VEGF-A and VEGF-B mRNA in
a dose-dependent manner. The
maximum effect was seen at
100 ng/ml.

Figure 6 shows the effect of
NGF on the incorporation of
Brdd into HMVECs and HPL
cells. NGF increased Brdd in-
corporation in HMVEC and HPL
cells. The effective concentra-
tions of NGF differed among
these cells. The maximum ef-
fects in HMVEC and HPL cells
were seen at 100 and 10 ng/ml,

: G : . respectively.
NGF ¢ ng/ml) NGF ¢ 100 ng/mb
ioure £ DISCUSSION
Effect of the increasing concentrations of NGF on mineralization in HPL cell cultures. HPL cells were The present studies have shown
seeded at 3 x 107 cellsiwell in a 24-well plastic culture plate, grown in the mineralizing medium, and that adding NGF to HPL cell

fixed Mineral deposition was stained using the von Kossa technique. A) Whole view of 24-well plate
after von Kossa staining. B) Phase-contrast micrographs. The experiment was repeated three times
with similar results.

cultures results in elevated
mRNA expressions of OC, BSP,
BMP-7, Cbfa-1, and type |
collagen and increased mineral
deposition in HPL cells. In addition, NGF increases

o mRNA levels of ALP, OPN, and BMP-2 from the
§ + ¢ 4 1 previous!'“ and present studies. Thus, the stimulated

i mineralization in HPL cells may be related to the in-
creased expression of the bone/cementum-related
proteins by NGF. NGF is suggested to be actively in-
- volved in hard tissue metabolism in addition to the
traditional functioning of this peptide. NGF could

>

(% of ratio)

VEGF-A mRNA/GAPDH mRNA

0 5 10 25 50 100 (ng/ml) stimulate the formation of cementum and alveolar
NGF (ng/ml) bone in vivo by regulating bone/cementum-related
protein expression.
< B Previous studies have shown that NGF increases
% 2 mRNA of VEGF and accumulation of VEGF protein
= + t 1 I 2 in rat PC12 pheochromocytoma, suggesting that the
g T existence of tumors with smaller areas of necrosis
% 2L and increased vital tumor volume is due to angiogen-
Z " esis by the increased VEGF production.?® To our
-0 knowledge, there is no report on an effect of NGF
E 0 on the expression of VEGF in endothelial cells, al-
2 0 5 10 25 50 100 (ng/ml) though endothelial cells express NGF and trkA.23:24
> NGF (ng/ml) In the present study, NGF increased the mRNA levels
of VEGF-A and VEGF-B in HMVECs. Furthermore,
g*;ff?“; ent effects of NGF on VEGF-A (A) and VEGF B (B NGF stimulated proliferation in HMVECs in the same
ose-aepenaent ejfects o on % an . a4 s s s

mRNA eipressions in HMVECs. HMVECs wgre) exposed to vcgrio)us wax ashiman um!)lhcal ¥ endothelial Ce“S.’ IaLbE R
concentrations of NGF for 24 hours before the end of incubation on capillary endothelial cells, and human choroidal endo-
day 7. The mRNA expressions of VEGF-A and VEGF-B were thelial cells.>¥24:2° These data suggest that NGF stim-
examined by real-time PCR. The graphs show the ratio of VEGF-A ulates angiogenesis through stimulated proliferation of

or VEGF-B mRNA to GAPDH mRNA. Values are means + SD endothelial cells and increased VEGF production.
of three cultures. There was significant difference (1 P <0.01) from NGF stimulates DNA synthesis in HPL cells in a

AR DESTITE NG dose-dependent manner up to 10 ng/ml NGF.!4 From
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significant difference (*P <0.05, 1 P <0.01) from the control.

the present study with 5 to 100 ng/ml NGF, the stimu-
lated effects of NGF on DNA synthesis in HPL cells has
been foundto reach a plateau at 10 ng/ml NGF in vitro.

NGF stimulates cell proliferation of normal human
keratinocytes.3%3! On the other hand, this peptide
does not influence cell proliferation of MC3T3E]1, a
mouse osteoblastic cell line.3? NGF decreased the
DNA synthesis in human gingival epithelial cells,
which are keratinocytes, and increased the DNA syn-
thesis in human osteoblasts (unpublished data). Ef-
fects of NGF on cell proliferation in keratinocytes
and osteoblastic cells may vary depending on cell
source and culture condition.

The biologic effect of NGF is mediated through trkA
and p75.33 HPL cells express p75 mRNA and trkA
mRNA in HPL cells (unpublished data). Because it
is unclear whether NGF functions through trkA and
p75 in HPL cells, it is intriguing how NGF signals
through the two receptors to elicit biologic functions
in periodontal ligament cells.

BMP-2, FGF-2, and BDNF, one of the neurotrophin
family-like NGFs, promote periodontal tissue
regeneration.34-36 The application of FGF-2 and BDNF
results in enhancement of periodontal tissue regener-
ation without ankylosis and epithelial cell down-
growth. On the other hand, ankylosis is observed at
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regenerated periodontal tissues by BMP-2. It is prefer-
able that NGF enhances cell proliferation in periodon-
tal ligament cells and inhibits it in gingival epithelial
cells because apical migration of gingival epithelial
cells prevents the regeneration of new attachment
of periodontal ligament cells to the denuded root sur-
face. Therefore, it is intriguing whether the NGF action
on proliferation in the two types of cells would render
NGF the most effective medicament of periodontal
tissue regeneration among the four factors.

Because NGF effectively regulates functions of peri-
odontal ligament cells and endothelial cells, it might
offer the great advantage of periodontal tissue regen-
eration.
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