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The Effect of the IGF-1treated Gingival and
Periodontal Ligament Fibroblast on Osteoblasts

Mi-Jeong Kim"”, Won-Sik Yang®

Insulin-like growth factor I (IGF-I) has the local tissue regulating actions. In bone, IGF-T increases the replication of
osteoblastic lineage, probably preosteoblasts, and enhances osteoblastic collagen synthesis and matrix composition rates.
The purpose of this study was to investigate the local regulatory effect of IGF-1 on periodontium totally, both in an
autocrine and paracrine manner. To examine the effect of IGF-I directly on osteoblast (OB) of test rats, and indirectly
on OB via periodontal ligament fibroblast (PDLF), and the effect of gingival fibroblast (GF) on OB via cellular paracrine
manner for the understanding of humoral action of adjacent tissue, GF and PDLF were obtained from male
Sprague-Dawley rats of six to eight weeks of age. OB was obtained from frontal and parietal calvarial bone of
Sprague-Dawley 2lday-old-fetus. After each cell was incubated 24 hours, for collecting conditioned medium, different
concentrations of IGF-I (1,10,100 ng/ml Iml/well) was adding in the GF, PDLF cells, and the supernatant from these
cultures was put into the primary OB culture with 1x10"cell/ml/well. The experimental group was divided into six groups
- control OB, IGF-1 treated OB, OB culture with conditioned medium from PDLF, OB culture with conditioned medium
from IGF-I treated PDLF, OB culture with conditioned medium from GF, OB culture with conditioned medium from IGF-1
treated GF. After final IGF-I treatment, OB was incubated for 24 hours, and alkaline phosphatase activity assay, BMF
expression, cell proliferation measurement using MTT assay, total protein measurement, collagen synthesis assay using
western blot, and examination of bone nodule synthesis were done.

Alkaline phosphatase expressions were increased in the group of PDLF-IGF-I supernatant treatment. Direct IGF-I
treatment with concentrations of 100ng/ml showed increased viable cell number measured by MTT assay. And IGF-I
treatment did not increase total protein amount. The entire experimental group showed BMP2, 4 expression in western
blot, and there was no significant difference between control and experimental groups.

These results suggested that supernatant from PDLF effects on increasing cellular activities of OB regardless of IGF-I,
and at high concentration, IGF-I increases OB cell proliferation.
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heperiodontal alveolar hone integrity depends
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osteoblast. It needs a coordinated sequence of
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cell-mediated events of osteoclastic bone resorption
followed by the refilling of each resorption cavity with
new bones. Therefore the bone formation and remode-
ling necessitates stringent control of osteoblast proli-
feration and differentiation as well as the control of
osteocalst. Current research reveals that osteobalstic
activity is dependant upon many tissue factors, one of
the most important being the growth promoting activity
of the insuline-like growth factors (IGFs). The IGF
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system in bone consists of IGF peptide and receptors,
IGF binding proteins (IGFBPs), and IGFBP proteases,
and is focused by its local regulation of bone formation
with an autocrine or paracrine manner. IGF peptides,
IGF-T and IGF-TI are anabolic peptides structurally and
functionally related to insulin, being available to skeletal
tissues through de novo synthesis by bone cells and by
release of stored peptide from the bone matrix.

IGF-T increases the replication of the osteoblastic
lineagen , probably preosteoblasts, and enhances osteo-
blastic collagen synthesis and matrix composition
rates”. In addition, IGF-I decreases collagen degra-
dation in calvaria and increase recruitment of osteo-

clasts®. Tn vitro studies on direct effect of IGF-I on -

bone formation, it was found that IGF-I promotes bone
collagen synthesis, and stimulates DNA and protein
synthesis4’5). When endogenous IGF activities were
inhibited with IGF antibodies, IGF receptor anti-bodies,
or inhibitory IGF binding proteins, osteoblast proli-
feration and collagen synthesis were reduced®. In the
bone healing process, IGF-I has been shown to pro-
moting critical size of bone in bony defect of irradiated
rats’.

IGF expression is relatively high in cells of develo-
ping bone periosteum and growth plate, healing
fracture callus tissuesg), and developing ectopic bone
tissue induced by demineralized bone matrix”. There
are differences in IGF expression among the various
osteoblast cell models, human osteoblast cells produce
primarily IGF-1I, rodent osteoblast cells produce pri-
marily . IGF-I. Transformation of osteoblast cells may
alter IGF gene expression, particularly IGF-L In addi-
tion, differences in the state of osteoblast development
during in vitro culture can impact results.

IGFs may also be important in mediating effects of
systemic hormones on bone formation™"”. Such Sys-
temic agents, particularly PTH and steroid hormones,
have been shown to regulate the synthesis of IGF-I in
cells of osteoblastic lineage. Cyclic AMP induces
insulin-like growth factor I synthesis in osteoblast
enriched culturesm, and PTH also has promotion effect
by stimulating adenylate cyclase in osteoblast, estradiol
enhances proliferation of osteobalst™, 1.25-Dihydroxy-
vitamin D; also regulates IGF-1 produc-tionm, and
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PGE; stimulates IGF-I1 synthesis in rat osteoblast
cultures”.

On the other hand, IGF-I also has been reported to
increase osteoclast formation from mouse osteoclast
precursorsw’m, and has been suggested that IGF-1 may
act as an autcrine regulator of osteoclasts. In recent
study, clinical IGF-I injection subcutaneously for 6
days increased serum markers for bone resorption as
well as bone formation'®. These studies indicate that in
addition to the well known anabolic effects of IGFs on
osteoblasts, IGFs may also stimulate cells of oste-
oblastic cell lineage and increase bone resorption. Fur-
thermore, whether bone cells register a mitogenic or
differentiated response to IGF stimulus may reflect
receptor population and receptor cross reactivity and
depend on cell type and osteoblast lineage. For many of
the same reasons, differential functions for IGFs in
bone have been difficult to define in vivo.

The effect of combinations of other growth factors
with IGF-I on bone has been assessed in vitro and in
vivo. In calvarial organ culture the combination of
IGF-I plus TGF or, IGF-I plus PDGF increased bone
matrix formation more than TGF, PDGF, IGF-I indi-
viduallylg). IGF-I has been shown to synergistically
increase osteoblast mitogenesis in cultured bone cells
when combined with other growth factors such as b
FGF, PDGF, or TGF, and EGF”. Maxi-mal proli-
feration of cultured adult human osteoblasts was seen
with a cocktail of IGF-1, PDGF, TGF- and EGF™.
Thus, several studies suggest that IGF-1 or 1
combined with other growth factors may augment the
0SSeous turnover process.

Recently, there have been research achievements
concerted in the fields of cell and molecular biclogy to
understand the mechanisms of polypeptide growth
factors on the repair and regeneration of periodontal
tissues. Many growth factors are large polypeptides
that have specific receptor-mediated interactions with
their target cells, and such interactions are associated
with cell proliferation in vitro. By contrast, the efficacy
of growth factors in vivo is not so clearly established.
This is in part the result of the difficulty of admi-
nistering growth factors and measuring their cellular
response in vivo,
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Based on many understandings of IGF-I, this study
investigated on the local regulatory effect of IGF-I to
periodontium totally, both in an autocrine and paracrine
manner, to examine the effect of IGF-1 directly on
osteoblast, and indirectly on osteoblast via periodonal
fibroblast as a major cell of the periodontal ligament.
For understanding of the humoral effect of adjacent
tissues, the effect of periodoatal fibroblast and gingival
fibroblast on osteoblast via cellular paracrine manner
was examined indirectly by use of conditioned medium
of each cell culture.

MATERIALS AND METHODS
Experimental design

GF (gingival fibroblast) and PDLF (periodontal liga—
ment fibroblast) was obtained from male Sprague
Dawley rats between six to eight weeks of ages, and
OB was obtained from parietal and frontal calvarial
bone of Sprague-Dawley 21d-old fetus. After each cell
was incubated 24 hours, for collecting supernatants,
different concentrations of IGF-I {Ing, 10 ng, 100ng/
ml) was added in GF and PDLF cells, and supernatant
from these cultures put into the primary OB culture
with 1X104ce11/ml, Iml/well. The experimental group
was divided into six groups—groupl : control OB,
groupll : IGF-T treated OB, grouplll : OB culture with
conditioned medium from PDLF, grouplV : OB culture
with conditioned medium from IGF-1 treated PDLF,
group V : OB culture with conditioned medium from
GF, and group VI:OB culture with conditioned
medium from IGEF-1 treated GF. Alkaline phosphatase
assay, cell proliferation measuring using MTT assay,
total protein measurement with BCA kit, BMP expre-
ssion assay, collagen synthesis assay, and examination
of bone nodule formation were performed in each
groups of OB.

Primary culture of rat gingival fibroblast &
PDL cells

For the primary culture of gingival fibroblasts and
periodontal ligament (PDL) celis we used male Sprague
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-Dawley rats (DaeHan Animal Lab, Seoul, Korea)
between six to eight weeks of ages. Animals were
killed by ether inhalation anesthesia and overdose of
KetamineHCl (Yuhan Co., Seoul, Korea) & Xylazine
HCL. (Beyer Korea Co., Seoul, Korea) First, the mandi-
ble was separated in aseptic conditions, and then the
mandible was disinfected with chlorhexidine and
hydrogen per-oxide. Using a sharp scalpel, gingiva
surrounding the molar teeth was dissected. The molar
teeth were extracted with modified root pickers.

Primary gingival culture

Gingival tissue of the rat was washed in culture
media (Dulbecco’s Modified Eagle Medium (D-MEM),
Gibco BRL.Gaithershurg, USA) with 5X concentration
of antibiotic-antimycotic mixture (Penicillin, Strepto-
mycin, Fungizone) (Gibco BRL., Gaithersburg, USA)
three times. Then it was minced with iris scissors into
less than a square millimeter blocks. That minced
tissue was incubated in trypsin-EDTA solution (Gibco
BRL., Gaithersburg, USA) at 37?7 for 30 min. It was
washed with media and incubated with D-MEM with
10% Fetal Bovine serum (FBS, Gibco BRL. Gaith-
ersburg, USA)

Primary PDL cell culture

The teeth of the rat were washed in culture media
(D-MEM) with 5X concentration of antibiotic~
antimycotic mixture three times. They were incubated
in the collagenase & Trypsin-EDTA solution for 20
min in a 37°C water bath with continuous stirring.
Then supernatant was collected, washed and plated in
a 60mm culture dish (Coming Co., N.Y., USA). These
procedures were repeated six times. Usually the third
to fifth digest was good for vielding PDL cells. Cells
were cultured in D-MEM (10% FBS) for one week.
Then cells were trypsinized, counted and used for the
experiments.

Calvarial osteoblast culture

21d-old fetuses of Sprague Dawley rats (12-15
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fetuses) were used. The fetuses were killed in ether
vapor and disinfected in 70% ethanol. For the removal
of calvarial bone, a scalp flap was opened and the
calvaria was cut from the frontal and parietal bones
together. The collected calvarial bones were cut into
smaller pieces (3-5mm) and put into the trypsin-
EDTA solu-tion with 0.1% collagenase (Gibco BRL.,
Gaithersburg, USA). Tissues were incubated at 37C
with continuous stirring for 10min, 10min, 20min,
20min, and 20 min, in sequence. For the experiment we
used the third to fifth collections as primary osteoblast
culture. Cells were put into a 60mm dish with 5ml D~
MEM (10% FBS) for one week. Cells were trypsinized,
counted and use directly for the experiment.

Basic experimental procedure

For preparing the primary osteoblasts required in
this experiment, the OB were carried into 12 well
culture plates and cultured 24hours in D-MEM with
10% FBS. Three different concentrations of IGF-I
(Sigma Co., St. Louis, USA) (Ing/ml, 10ng/ml, 100ng/
ml, Iml/ well) were put into the culture plates of GF
and PDLF, and these were incubated for an additional
12 hours. The supemnatant of GF and PDLF culture
media was collected and filtered with 0.2] sterilizing
filter, and added to the primary OB culture plates (each
well contained 1 X10* cells, 1ml/well). The OB culture
was incubated for 24 hours, and the cells were lysed
by three repeated freezing and thawing cycles.

Alkaline phosphatase assay

After 24 hours of incubation, the OB prepared from
the basic experimental procedure were washed with
HBSS (Gibco BRL., Gaithersburg, USA), and were
lysed with two repeated freezing and thawing cycles.
These cell lysates were homogenized and 201 aliquots
were taken for assay. The aliquotes were incubated
with 2001 of p-nitrophenyl phosphate (p-NPP) (Sigma
Co., St. Louis, USA) at 37°C for 30 min. Spectrophoto-
metric assay for alkaline phosphatase activity at 405nm
was done using a Shimadzu UV-1601 Spectrophoto—
meter (Shimadzu Co., Tokyo, Japan).
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Measurement for BMP expression by Wes-
tern blot hybridization

The prepared OB obtained from the basic experi-
mental procedure. For western blot hybridization, anti-
body : anti-BMP2/4 polyclonal goat antiserum raised
against peptides sequence 391-408 at C-terminal of
BMP-4 (Santa Cruz Biotechnology, Santa Cruz, USA)
and anti bovine BMP antibody (R&D System, Minnea-
polis, USA) were added to the cultured plates. Total
protein of OB was extracted by addition of a protein
lysis buffer. The protein concentration was measured
using BCA reagent (Pierce Co., Rockford, USA). The
extracts were electrophoresised in SDS-PAGE gel
using the Laemmli method®.

Measurement for cell proliferation

For measuring of OB proliferation, this experiment
used MTT assay. The endpoint of MTT assay is an
estimate of cell numbers. MTT reduction as a cell
viability measurement is now widely chosen, because
MTT (water soluble tetrazolium dye) is reduced by
liver cells to a purple formazan product that is insol-
uble in aqueous solutions. The OB from the basic
experimental procedure was used. After incubating OB
for 24 hours, the media was changed; 2001 of MTT
(Sigma Co., St. Louis, USA) was added to the media.
The plates were wrapped in aluminum foil and incu-
bate for an additional 4 hours. The media was removed
and 2001 of DMSO (Sigma Co., St. Louis, USA) was
added for resolving MTT-formazan crystal. The abso-
rhance of final solution of each group was measured at
570nm with a Shimadzu spectrophotometer.

Measurement for total protein

After 24 hours of incubation the OB were washed
with HBSS and lysed with two freezing and thawing
cycles.

The cell lysate was homogenized and 1001 aliquots
were taken for assay. In this procedure, the BCA
Protein Assay Kit (Pierce, Rockford, USA) was used.

Aliquotes were incubated with Iml of BCA reagent
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Fig. 1. Rat gingival fibroblast (Phase
contrast microscopic  view,

(Pierce, Rockford, USA) at 37°C for 30 min. The purple
colored active products were formed by chelation of two
molecules of BCA with one cuprous ion, this water
soluble complex exhibited a strong absorbance at 56Z2nm.

Spectrophotometric assay was done for total protein
at 562nm using a Shimadzu Spectrophotometer.

Measurement for collagen synthesis

The OB cell layer was rinsed with HEPES buffer.
All cells in the culture plates were scrapped off and
brought to 0.5mol/l acetic acid. In these combined
media, the protein of the cell layer was digested with
pepsin (0.1mg /ml) (Sigma Co., St. Louis, USA) at 4T
for 4 hours. The pepsin-resistant collagen chain was
then precipitated with 3mol/l NaCl overnight. After this
step, the precipitate was collected by centrifugation at
8000rpm for 10 min.

The aliqoutes were dialyzed against 0.5mol/1
NH4HCO3 overnight. The dialysates were freeze—dried
and electrophoresised in SDS-PAGE gel using the
Laemmli method. These gel plates were transferred to
the PVDF membrane, and immunoblotting with anti-
type I collagen antibody (clone I-8H5, Oncogene Re-
search product, Cambridge MA, USA) was done.

ALP activity in situ

The OB were washed with HBSS, and the cells were
fixed with 4% paraformaldehyde solution for 1 hour.
Then the OB were washed again in Tris Buffer (pH
30). lml of BCIP-NBT solution was put into each well

Fig. 2. Rat periodontal ligament fibro-
blast (Phase contrast micros-
X40) copic view, X40)
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Fig. 3. Rat calvarial osteoblast (Phase co-
ntrast microscopic view, X40)

plate and they were incubated in a dark room at room
temperature. The phase contrast microscopic view was
recorded with a Spot digital camera (Diagnostic Inst-
ruments, Michigan, USA).

Bone formation in vitro

For examining the development of mineralized no-
dule in OB cultures, the OB was incubated in alpha
MEM (Gibco BRL., Gaithersburg, USA) supplemented
with ascorbic acid or organic phosphate ester (-
glycerophosphate (Sigma Co., St. Louis, USA)) enri-
ched medium. The culture plates were cultured for two
weeks, and formation of bone nodules were checked
with Von Kossa Staining in microscopic observation.

RESULTS
Cell culture

Gingival fibroblast showed spindle shaped cells,
densely packed and growing in a parallel arrangement.
Some area showed storiform growth patterns (Fig. 1).
PDL cells were different from gingival fibroblast in
individual cell morphology, showing more flattened
appearance with stellate cytoplasmic processes and
growing in a loosely arranged storiform or irregular
pattern (Fig. 2). Primary rat calvarial osteoblast sho-
wed polygonal shaped cells with round nuclei. When
confluent, cells were densely packed and inter-cellular
space was uneven (Fig. 3). In some areas, cells were
packed more densely and looked multi-layered.
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Table 1. alkaline phosphatase activity of osteoblast Table 2. Adjusted result from absorbance data

Control 0357 0059 0425 0095 0380 0064 Control 1.000 0000 1000 0000 1000  0.000

- IGF 0402 0137 0599 0139 0583 0116 IGF 1142 0389 1429 0309 1583 0472
PDLF 0550 0134 0583 01%6 0621 0181 PDLF 1591 0351 1427 0436 1678 0608
PDLF+IGF 0528 0131 0602 0108 0597 0111 PDLF+IGF 1506 0383 1441 0221« 1610 0413+
GF 0494 0124 0419 0124 038 0114 GF 1408 0371 1009 0262 1025 0297
GF+IGF 0471 0120 0480 0132 0400 0.129 GF+IGF 1312 0274 1179 02% 1060 0293

* P<0.05, t-test, significant difference compared to control group of each
concentration

Table 3. MTT assay for cell proliferation activity Table 4. Total protein measurement of osteoblast

e e i . . e W
Control 093 0279 098 01% 1016 0372 Control 13% 0267 1506 0213 14% 0281
IGF 1164 0364 1357 0246 1492 0269+ IGF 1544 0184 1618 0285 1543 0187
PDLF 1093 0268 1236 033% 1355 043 PDLF 1578 0147 1635 0187 1611 019
PDLF+IGF 1309 0143 1427 0231 1263 0341 PDLF+IGF 1693 0216 1627 0206 1625 0267
GF 084 0268 1151 0345 0950 0352 GF 1571 0206 133 0218 1509 0041
GF+IGF 1028 0372 0932 0241 - 1005 0266 GF+IGF 1401 0103 1365 0103 1342 0133
* P<0.05, t-test , significant difference compared to control group of P<0.05, t-test

each concentration

1

Absorbanc
absorbanc:

IGF concnelration

Fig. 4. Alkaline pho'sphatase activity of  Fig. 5. MTT assay for cell proliferation  Fig. 6. Total protein measurement of

osteoblast activity osteoblast
The result of alkaline phosphatase assay natant treatment. The PDL cell culture supernatant
only treated group also showed increased expression
Alkaline phosphatase expressions were increased in but was not significantly different from the untreated
the group with direct IGF treatment at concentration of control statistically (Fig. 4, Table 1, 2). Gingival fibro-
10 and 100ng/ml and all the group of PDL-IGF super blast culture supernatant-treated group showed no
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HkDa —  ————

Control IGF PDLF PDLF+IGF GF GF+IGF

Fig. 7. BMP2 4 expression measurement (Western biot)
Six groups :
Controf : control osteoblast
IGF ! IGF-I treated osteoblast
PDLF : osteoblast culture with conditioned medium
from periodontal ligament fibroblast
PDLF+IGF : ostecblast culture with conditioned medi
um from IGF-I treated periodontal liga
ment fibroblast
GF * osteoblast culture with conditioned medium from
gingival fibroblast
GF+IGF : osteoblast culture with conditioned medi
um from IGF-I treated gingival fibro blast

Fig. 9. In situ alkaiine phosphatase staining (Microscopic
view, X100) : Gontrol

increase in alkaline phosphatase activity.
The result of MTT assay

Direct IGF treatment in 100ng/ml concentration
showed increased in viable cell number measured by
MTT assay. Other experimental groups showed little
increase but statistically insignificant (Fig. 5, Table 3).

Result of total protein measurement

Total protein amount was not increased with IGF
treatment in all experimental groups (Fig. 6, Table 4).

The Effect of the IGF- I treated Gingival and
Periodontal Ligament Fibroblast on Osteoblasts

a (1) -
a 2(1) —

Control IGF PDLF PDLF+IGF GF GF+IGF

Fig. 8. Type | collagen measurement (Western blot)

Six groups :

Control : control osteoblast

IGF @ IGF-I treated osteoblast

PDLF : osteoblast culture with conditioned medium

from periodontal ligament fibroblast

PDLF +IGF : osteoblast culture with conditioned med
ium from IGF-1 treated periodontal liga
ment fibroblast

GF : ostecblast culture with conditioned medium from

gingival fibroblast

GF+IGF : osteoblast oculture with conditioned medi

um from IGF-I treated gingival fibroblast

Fig. 10. Bone nodule formation (Von Kossa staining, X100)
. Control

Result of BMP expression in western blot

The entire experimental group showed BMP 2, 4
expression in western blot. There were no differences
between control and experimental groups at 24 hours
of experiment (Fig. 7).

Type | collagen measurement
There was no significant difference between control

and experimental groups in type 1 collagen measure-
ment (Fig. 8).
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In situ alkaline phosphatase staining

Experimental groups with 10-100ng IGF treatment
or IGF treated PDL cell culture supernatant-treated

groups showed increased alkaline phosphatase staining
(Fig. 9).

Bone nodule formation

There was no significant difference in examining of
mineralized hone nodule formation between control and
experimental groups. No defining bone nodule was
found in the control group or the experimental group
after 2 weeks from the start of this experiment (Fig.
10).

DISCUSSION

The three peptide hormones, or growth factors, in
IGF family-insulin, IGF-1, IGF-1I, have approximately
50 percent of their amino acid in common. Insulin is
synthesized in the beta cells of the pancreas as pro-
insulin, which is cleaved to form insulin and C peptide.
The IGFs, which are synthesized primarily by lLiver,
retain the C peptide and have an extended carboxy
terminus. Insulin circulates at picomolar concentrations
and has a half-life of minutes. The IGFs, on the other
hand, circulate at higher (nanomolar) concentrations
and largely bound to one of six IGFBPs that modulate
IGF activityw . These binding proteins, like the IGFs,
are synthesized primarily in the liver. IGFs and their
binding proteins are also produced locally by most
tissues, where they act in an autocrine or paracrine
manner.

Insulin acts primarily on the liver, muscle, and
adipose tissuesw, whereas the IGFs are important in
the function of almost every organ in the bodyZS). Both
IGFs are essential to embryonic development%), and
nanomolar concentrations of both are maintained in the
circulation into adult life. After birth, however, IGF-I
appears to have the predominant role in regulating
growth, whereas the physiologic role of IGF-II is
unknown.

Insulin, IGF-1, and IGF-TI bind specifically to two
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high-affinity membrane-associated receptors that are
tyrosine kinase. Insulin activates the insulin receptor,
and both IGFs activate the IGF receptor (a third
receptor, the IGF-II mannose-6-phosphate receptor,
binds IGF-II but has no known intracellular signaling
actions). Activation of either the insulin receptor or the
IGF-T receptor evokes similar initial responses within
the cell®”. However, since insulin regulates metabolic
functions, the final pathways these hormones activate
within the cell must be separate and distinct.

The nteractions of growth hormone with its hepatic
receptor stimulate expression of the IGF-I gene and
the release of the IGF-I peptide®. Serum concen-
trations of IGF-I usually parallel 24-hour mean serum
concentrations of growth hormone by the pituitary.
How the liver regulates the synthesis of IGF-II is
unknown. Circulating IGFBPs limit the access of the
IGFs to specific tissues and the receptor for IGF-1 and
insulin. Of six IGFBPs, IGFBP; binds more than 95%
of the IGF-1 in human serum. The IGF-IGFBP-acid
labile protein subunit complex has a serum half-life of
many hours. Once released from the complex, the IGFs
leave the circulation and enter target tissues with the
aid of other IGFBPs. Growth hormone increases the
serum concentrations of both the acid labile subunit
and IGFBPs.

Some IGFBPs bind the growth factors with greater
affinity than do the IGF receptors, thereby preventing
the activation of intracellular signaling pathways. The
affinity of these binding proteins for the IGFs can be
reduced by protease cleavage, or increased phospho-
rylation of the binding protein, or by the binding of the
protein to the surface of cells rather than the
extracellular matrix. The reduced affinity enhances the
biologic activity of the IGFs by increasing the amount
of free growth factor available to IGF receptors. The
actions of insulin and the IGFs are differentiated by the
IGFBPs, which do not bind insulin but do direct the
IGFs to their specific receptors. As a matter of fact,
IGFBPs serve more than just transport protein, they
can enhance or inhibit IGF activity. IGF activity at the
receptor level depends on their concentration, their
tissue source, the presence of IGFBP specific protease,
and their binding affinity to extracellular matrices. To
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make matters more complicated, systemic regulation of
these IGFBPs is also quite varied.

Tissue IGFs (locally produced IGFs) are important in
the activity of several organ systems. Growth hor-
mene, parathyroid hormone and sex steroids regulate
the production of IGF-T in bone, whereas sex steroids
are the main regulators of local production if IGF-1 in
the reproductive system. The functions of circulating
IGF-T are becoming clearer, but the actions of locally
produced IGFs have yet to be identified.

IGFs" anabolic effects on wound healing process of
soft and hard tissues have been recently focused on in
the dental fields. In the normal wound healing process,
multiple growth factors act in concert to form an
Intricate molecular arrangement regulating the activity
of cells within and adjacent to a wound. At the wound
margins, several growth factors are released within a
few hours after injury such as PDGF, TGF-, EGF
~like protein, and IGFs™ in the plasma exudate. These
growth factors may regulate the repair and/or rege-
nerative process. In the periodotium, IGF-I has been
shown to be chemotactic for cells derived from the
periodontal ligamentg()). IGF-T also has strong effects
on periodontal fibroblast mitogenesis and protein
synthesis in vitro. IGF-T receptors have also been
localized on the surface of periodontal fibroblasts™.
The roles of IGF-II on parameters of periodontal fihro-
blast and gingival fibroblast metabolism have not heen
reported to date. Both IGF-I and IGF-1I are found in
large amount in hone, with IGF-TI being the most
abundant growth factor in bone matrix in human’™.
IGF-I produced by osteoblasts and stimulates bone
formation by inducing cellular proliferation and type I
collagen biosynthesis. In bone, it has been reported that
high levels of IGF-I are synthesized and secreted by
osteoblasts and therefore regulates bone formation in
an autocrine manner”. IGF-1 also increases the
number of osteoclastic multinucleated cells. When IGF
-1 applied to natural periodontal lesions in dogs and
monkeys, only slight increases in new cementum and
bone formation were found™. But combinations of other
growth factors with IGF-I, IGE-I plus TGF , or IGF-1
plus PDGF increased bone matrix apposition more than
TGF-, PDGF, IGF-1 individually. IGF-T has been

The Effect of the IGF- I treated Gingival and
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shown to synergistically increase osteoblast mitoge-
nesis in cultured bone cells when combined with other
growth factors™”.

In order to understand the relationship between the
osteoblast and paracrine effects of periodontal fibro-
blast, our study has investigated the effects of IGF-1
on osteoblast via periodontal fibroblast and gingival
fibroblast by making the conditioned medium of each
cell culture. Conditioned medium from periodontal
fibroblast has the significant enhancing effect of
proliferation, protein synthesis, and alkaline phospha-
tase activity of osteoblast. But conditioned medium
from gingival fibroblast has no significant activating
effect. These differences may have been due to diffe-
rent growth properties of the two cell types, different
lengths of cell cycle, or cellular reactivity to specific
growth factors.

Haase et al. have investigated the effect of PDGF
-BB, IGF-I, and Growth Hormone on DNA and
proteoglycan synthesis by cultured human gingival and
periodontal ligament fibroblasts in vitro™. PDGF-BB
and IGF-[, but not growth hormone, were mitogenic
for hoth periodontal ligament fibroblasts and gingival
fibroblasts, but the periodontal ligament cells respon-
ded more strongly. In this study, periodontal ligament
fibroblasts were consistently more responsive to
PDGF-BB, IGF-I than were the gingival fibroblasts,
this may reflect the level of expression of specific
growth factor receptors by these cells or differences in
down stream intermediates and requires further inve-
stigation. TGF have heen reported to have the similar
effect on periodontal ligament fibroblast and gingival
fibroblast of human, periodontal fibroblast showed a
significant increase in protein synthesis to TGF over
time while that by gingival fibroblast was not signi-
ficant as compared to the control®. Periodontal fibro-
blasts consist of a majority of undifferentiated fibro-
blast, thus these cells retain osteoblastic properties and
high alkaline phosphatase levels™ .

In this experiment, alkaline phosphatase activities in
fetal rat calvarial osteoblast-like cells were increased
in response to the cell culture supernatant of PDL cells
regardless of IGF-IL. IGF also increased alkaline phos-
phatase activities of osteoblast-like cells in concen—

597



Mi-Jeong Kim, Won-Sik Yang

tration higher than 10ng/ml. This result suggests that
the PDL cell itself has its own growth promoting effects
for the osteoblasts without stimulation by the IGF-L In
this experiment, 10% of the fetal bovine serum was
added to the growth medium. It means enough amounts
of serum growth factors may be supplied to the cells.
And also PDL cells and gingival cells can utilize growth
factors other than IGEF-I. The osteoblast-like cells,
however, may need enough amount of IGFs in addition
to the serum supplement. The gingival fibroblast
showed no effects on the osteoblasts activity regardless
of IGF stimulation. The gingival cell phenotypes are
much simpler than periodontal ligament cells, and PDL
cells may include sizable populations of osteoblast
precursor and vascular endothelial cells. These two cell
types may be responsible for the result. The primary
gingival fibroblast culture also contains these two cell
types, but the osteoblast lineage cell population would be
much less. Another reason is that the proliferation rate
of gingival fibroblast is faster than PDL fibroblast, so
the second or third passage of the primary culture,
which is used in this experiment, contains much more
fibroblast populations.

Protein synthesis measurements showed no remar-
kable differences between the experimental groups. In
this experiment, the results were measured at 24 hours.
This may be the earliest time point for the measure-
ment of protein synthesis. Protein synthesis increased
only in the 100ng concentration of IGF.

PDL fibroblast may produce several growth factors
for bone induction, especially from the bone cell lineage
in response to IGF stimulation, but IGF-T itself even in
high concentration has no growth promoting effect for
primary osteoblast. It is observed that an increase in
bone cell proliferation and alkaline phosphatase activi-
ties occurred after treatment of PDL fibroblast
supernatant. The results of this experiment showed
that the PDL cell is different from GF in terms of
growth promoting activities for osteoblast. A PDL cell
has its own bone inducing effect without any stimul-
ation from GFs. Some growth factors have different
growth promoting and regulatory effects for the PDL
cells. For PDL osteoblast, it can be induced by several
serum growth factors, which are included in the media.
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CONCLUSIONS

For investigation of osteoblast activity in different
environmental conditions, this experiment was conduc-
ted with six experimental groups. These were control
(untreated osteoblast), IGF treated osteoblast group,
osteoblastic culture with conditioned medium from
periodontal fibroblast, osteoblast culture with condi-
tioned medium from IGF-I treated periodontal
fibroblast, osteoblast culture with conditioned medium
from gingival fibroblast, and osteoblast culture with
conditioned medium from IGF-I treated gingival fibro-
blast. And the results after adding different concen-
trations of IGF-I (1ng/ml, 10ng/ml, 100 ng/ml/well) are
as follows :

1. Alkaline ‘phosphatase expressions increased in the
group with direct IGF-I treatment at concentration
10 and 100 ng/ml, and in all the group of PDLF-
IGF-1I supernatant treatment.

2. Direct IGF-I treatment with the concentrations of
100ng/ml showed an increase in viable cell number
measured by MTT assay.

3. IGF-1 treatment did not increase total protein
amount.

4. The entire experimental group showed BMP2, 4 ex-
pression in western blot. There were no differences
between control groups and other experimental
groups.

REFERENCES

—

Hock JM, Centrella M, Canalis E : Insulin-like growth factor I(IGF-I)
has independent effects on bone formation and cell replication. Endoc-
rinology 1983 : 122 : 254-60

2. McCarthy TL, Centrella M, Canalis E : Regulatory effects of insulin
-like growth factor I and II on bone collagen synthesis in rat calvarial
cultures. Endocrinology 1989 : 124 : 301-9

3. Mochizuki H, Hakeda Y, Wakatsuki N, et. al ! Insulin-like growth
factor-I supports formation and activation of -osteoclasts. Endocrin-
ology 1992 : 131 : 1075-80

4. Canalis E, Dietrich JW, Maina DM, Raisz LG : Effect of somatomedin
and growth hormone on bone collagen synthesis in vitro. Metabolism
1977 = 26 - 1079-87.

5. Canalis E, Dietrich JW, Maina DM, Raisz Lg * Hormonal control of
bone collagen synthesis in vitro. Effects of insulin and glucagon.
Endocrinology 1977 : 100 : 668-74.

6. Mohan S, Baylink Y, Honda Y, et. al : Studies on the machanism by



Vol. 31, No. 6, 2001. Korea. J. Orthod.

~

jodd

©

10.

1

—

12,

13.

14.

15.

16.

17.

18.

19.

20.

21

which insulin-like growth factor binding protein-4 (IGFBP-4) and
IGFBP-5 modulate IGF actions in bone cells. ] Biol Chem 1995 : 270 -
20424-31.

Thaller SR, Salzhauer MA, Rubinstein AJ, Thion A, Tesluk H : Effect
of growth factor type I on critical size calvarial bone defects in irradi-
ated rats. J Caniof Surg 1998 : 9: 2 : 138-41.

Andrew JG, Hoyland J, Freemont AJ, Marsh D : Insuline like growth
factor gene expression in human fracture callus. Calcif Tiss Int 1993
1531 97-102.

Sandberg MM, Aro HT, Vuorio EI': Gene expression during bone
repair. Clin Orth Rel Res 1993 : 289 : 292-312.

Chevalley T, Kanzaki S, Strong DD, Mohan S, Baylink DJ, Linkhart
TA : Glucocorticoid inhibition of bone formation may in part be
mediated by alteration in stimulatory IGF binding protein synthesis.
Eur ] Endocrinol 199 : 134 : 591-601.

. Emnst M, Rodan GA : Increased activity of insulin-like growth factor

in osteoblastic cells in the presence of growth hormone : positive
correlation with the presence of GH induced IGF-binding protein-3.
Endocrinology 1990 : 127 : 807-14.

McCarthy TL, Centrella M, Canalis E : Cyclic AMP induces insulin
-like growth factor I synthesis in osteoblast-enriched cultures. J Biol
Chem 1990 : 265 : 15353-6.

Emst M, Heath JK, Rodan GA : Estradiol effects on proliferation,
messenger ribonucleic acid for collagen and insulin-like growth factor
~Lparathyroid hormone-stimulated adenylate cyclase activity in
osteoblastic cells from calvariae and long bones. Endocrinology 1989
11251 825-33.

Saharla SH, Strong DD, Mohan S, Baylink DJ, Linkhaart TA : 1.25-
Dihydroxyvitamine D3 differentially regulates the production of
insulin-like growth factor I(IGF-1) and IGF-hinding protein-4 in
mouse osteoblasts. Endocrinology 1991 : 129 : 3139-46.

McCarthy TL, Centrella M, Raisz LG, Canalis E : Prostaglandin E2
stimulates insulin-like growth factor I synthesis in osteoblast enri-
ched cultures from fetal rat bone. Endocrinology 1991 : 128 : 2895-900.
Hill PA, Reynolds JJ, Meikle MC : Osteoblasts mediates insulin-like
growth factor-1 and-II stimulation of osteoclast formation and func-
tion. Endocrinology 1995 : 136 : 124-31.

Lazowski DA, Fraher L], Hodsman A, Steer B, Modrowski D, Han
VK : Regional fariation of insulin-like growth factor gene expression
in mature rat bone and cartilage. Bone 1994 : 15 : 563-76.

Ebeling PR, Jones JD, OFallon WM, Janes CH, Rigges BL : Short
term effect of recombinant human insulin-like growth factor I on bone
turnover in normal women. J Cli Endocrinol Metab 1993 : 77+ 1384-7.
Pfeilschifter J, Oechsner M, Naumann A, et.al : Stimulation of bone
matrix apposition in vitro by local growth factors : A comparison
between insulin-like growth factor I, platelet- derived growth factor,
and transforming growth factor B. Endocrinology 1990 : 127 : 69-75.
Giannobile WV, Whitson SW, Lynch SE : Synergistic effects of insu-
lin-like growth factor-I (IGF-Dwith other growth factors on bone
formation in vitro. ] Dent Res 1994 : 73 : 205.

Piche JE, Graves DT : Study of growth factor requirements of human
bone-derived cells : A comparison with human fibroblasts. Bone 1989

22.

The Effect of the IGF- I treated Gingival and
Periodontal Ligament Fibroblast on Osteoblasts

2107 131-138 structures, serum, and tissue concentrations. Endocr
Rev 1989 : 10 : 68-91.

Laemmli UK : Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature 1970 : 227 : 680-5.

23. Jones JI, Clemmons DR : Insulin-like growth factors and their binding

24,

2.

26.

29,

30.

proteins: biological actions. Endocr Rev 1995 : 16 : 3-34.

Kahn CR : Molecular mechanism of insulin action, Annu Rev Med
1985 1 36 : 429-51.

LeRoith D, Adamo M, Werner H, Roberts CT : Insulin-like growth
factors, and their receptors as growth regulators in normal physiology
and pathological states. Trends Endocrinol Metabol 1991 : 2 : 134-9.
Baker J, Liu J-P, Robertson EJ, Efstratiadis A : A role of insulin-like
growth factors in embryonic and postnatal growth, Cell 1993 : 75 :
73-82.

. LeRoith D, Werner H, Beitner-Johnson D, Roberts CT Jr : Molecular

and cellular aspects of insulin-like growth factor I receptor. Endoc-
rinol Rev 1995 : 16 : 143-63.

Daughaday WH, Rotwein P : Insulin-like growth factor I and II :
peptide, messenger ribonucleic acid and gene structure, serum and
tissue concentrations. Endocrinol Rev 1989 : 10 : 68-91.

Hansson HA, Jennische E, Skottner A : Regenerating endothellial cells
express IGF-T immunoreactivity after arterial injury. Cell Tissue Res
1987 : 250 : 499-505.

Matsuda N, Lin WL, Kumar NM,Cho MI, Genco R]J : Mitogenic,
chemotactic, and synthetic responses of rat periodontal ligament fib—
roblast cells to polypeptide growth factors in vitro. J Periodontol 1992
163 :515-25, Blom S, Holmstrup P, Dabelsteen E : The effect of
insulin-like growth factor-I and human growth hormone on perio-
dontal ligament fibroblast morphology, growth pattern, DNA synthe-
sis, and receptor binding. J Periodontol 1992 : 63 : 960-8.

31. Mohan S, Linkhart T, Jennings J, Baylink DJ : Chemical and biological

characterization of low-molecular weight skeletal growth factor from
human bones. Biochem Biophys Acta 1986 : 834 : 243-50.

32. McCarthy TL, Centrella M, Canalis E : Further biochemical and mole-

33

34

37.

cular characterizationof primary rat parietal bone cell cultures. ] Bone
Miner Res 1983 :3:401-8,

Lynch SE, Williams RC, Polson AM, Reddy MS, Howell TH, Antoni-
ades HN : Effect of insulin-like growth factor-I on periodontal regen—
eration. ] Dent Res 1989 : 68 : 394.

Giannobile WV, Whitson SW, Lynch SE : Synergistic effect of insulin
~like growth factor I(IGF-I) with other growth factors on bone for-
mation in vitro. ] Dent Res 1994 : 73 : 205

Haase H, Clarkson RW, Waters MJ : Growth factor modulation of
mitogenic responses and proteoglycan synthesis by human periodontal
fibroblasts. ] Cell Physiol 1998 : 174 : 353-61.

. Maithot JM, Schuster GS, Hanes PJ, Lapp CA, Lewis JB : Human

periodontal ligament and gingival fibroblast responses to TGF £ 1
stimulation. J Clin Periodontol 1995 : 22 : 679-85.

Basdra EK, Komposch G : Osteoblast-like properties of human per-
iodontal liagament cells : an in vitro analysis. Eur J Orthod 1997 : 19
1 615-21.

599



Mi-Jeong Kim, Won-Sik Yang CHRIDAEAl 31H 65, 20014

o <o

[op}

—_

w

LI._L

E%Nl°$mﬁmhﬁlii“

IGF-10.2 A2 A& % AFAh AFEA L7}
e E

BAEd 1]

=

gjsta Azle ARngd 2y

Aou g A A

& IGF-19) 2RAEA e 213 FLET IGFIo] A FEAE 288 T 4 FmA A

O] ﬁ:I‘LQ] “E‘ILZ’| RSN S = s |

g9 AAE T 24 ko] BEA L ofm FFE WX Ao tef 247 AFA *é% AES} A A
EAEE o] &3t Lol F 2T WS AT T Ato]oA sifdte AFAe FAET H{E xﬂ
S 54 IGF 19l ERAEA 9 JBE Sohwt Aotk o) F g AFAN HRRAZS A& A HLAT
8-2.—5(4_ W A (Sprague-Dawley rat)l A AR s 1, TEAZE €4 2148 FFTHAMANA AZstA 7|2 gE & —7?—

O‘:

< ;"Oi 2a3ld 1 x 104/Well (Aml/wel)M E52 B33 FRAE wEgAd IGF-I= 1,10,100ng/mlZ
4 T2 gt 1 AHE Dolrgith Zzte £ iz, IGF-1E A T3 FRAX WY, XFUd
%9—‘11}94 ZAW FN L o] &8 TRAE W FT, IGF-122 AT 23U A HEA LY ZANFYE o83
BAE i FE, AL AREA L] RGNS o] &3 FEAE M, IGF-122 Mg 22 AFEA LY 2
BE o] &3t TRAEZ wiokFo|rh AW kAL wl ok 364 T (IGF-1 M &3 12417 Wi 23 ARsH 2
2 IGF-1 2 A gd oz Mgt Iof| F7} 2447 vl 3 & Alkaline phoaphatase /4 &=, Western blot
o] .43 BMPEA, MTTE o] &3 A E£354], BCA kit& |43 ST AF 3%, Western blotg o] &3 24z
Z 9 ZEA YL #FETh 2 A9 2FdE v 2t

. Alkaline phosphatase®/3-€ 10, 100ng/ml¢] IGF-12.2 A& 3 27 X FA HfuA Lo 24MFd L | &3
#, IGF-12.2 A3 AFA A H2ALY A LAE o] &3 FojM HETHT o #A4 vebgth 10, 100
ng/ml 9] IGF-122 A gg AU HFEA 2] - gd-S o] &3 @?—é‘f"ﬂ/ﬂ oA A =A e

. 100ng/mlx =9 IGF-1e.2 A4 A3 FoA FRAZTZYo] fo4 A Frkstd
Fohul ke IGF- IR 9 dagle] vzv, 487 % fA89ch
EE AgFoA BMP247 B E% A, vlzed /o8 Aol flivh
o] 4ol Axlol| A IGF-1¢] —r°1°°1-r9}"5 AEglol A AHEAEI) feElshe o] ZRAXS 84S 571

A7E Aoz vehter IGF-1& 25Eduit f9A0A FRAL A& &38E & & AT mabA °] il
& B3l AFAdY AHEA T} % AZZHE 22 A71e 3¢S 7T dEe] A=A

=2 B0 : IGF-1, ZENIE, XCIHAREME

600



