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ABSTRACT

IGF-| (insulin-like growth factor-l)
is probably the most potent anticata-
bolic and anabolic hormone. There
are recent data in vivo and in vitro in
animals according to which apoptosis
of cells can be stopped by IGF-I. In-
sulin like growth factor binding pro-
tein-l (IGFBP-I) and insulin-like
growth factor binding protein-3
(IGFBP-3) are the best characterized
of circulating insulin-like growth factor
binding proteins. IGFBPs are not only
present in serum but are also pro-
duced locally by many different cells
where they may have important func-
tions in binding and/or targeting IGF-I
for the respective receptors. The aim
of this study was to measure serum
IGF-1 and its binding proteins versus
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their levels in whole saliva in 30 pa-
tients with periodontitis and to com-
pare these with the levels found in 30
healthy age- and sex matched con-
trols. Serum insulin and IGFBP-3
were measured using immunoradio-
metricassay (IRMA) method while
serum growth hormone, IGF-l, and
IGFBP-1 have been estimated utilizing
ELISA method. Salivary IGF-I and
IGFBP-1 have been measured using
ELISA procedure while salivary
IGFBP-3 has been measured by
IRMA method. The serum levels of in-
sulin, human growth hormone, IGF-I,
IGFPB-I and -3 have not shown sig-
nificant differences between the pa-
tients and healthy subjects. Salivary
total protein was significantly higher
in patients than in healthy controls.
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The IGF-l, IGFBP-l and IGFBP-3
were significantly increased by almost
one and half-fold concentrations in
the whole saliva of periodontitis pa-
tients in comparison to controls (P
<0.01, P<0.05, and P<0.05 respec-
tively). No significant correlation was
found between salivary IGFBP-I and
IGFBP-3 and their corresponding
measured parameters in serum while
a positive correlation (P<0.01) be-
tween serum and salivary levels was
observed only for IGF-I. On the other
hand, significant positive correlations
were found between salivary IGF-I
and IGFBP-3 (r = 0.36; P<0.05).
These results indicate that synthesis
and secretion of some proteins in-
cluding IGFBP-| and IGFBP-3 are en-
hanced in glandular saliva from peri-
odontitis subjects.

In conclusion; this study has dem-
onstrated increased levels of IGF-I
and its binding proteins IGFBP-I and
IGFBP-3 in whole saliva of periodonti-
tis patients. Also, there is a significant
positive correlation between serum
and salivary IGF-1 levels.

INTRODUCTION
Periodontitis is a destructive in-
flammatory disease of the supporting
tissues of the teeth. This disease is
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primarily related to chronic plaque ac-
cumulation. Putative periodontopathic
bacteria are suspected to play a role
in the periodontal disease process.
These bacteria release proteolytic en-
zymes that degrade salivary proteins,
immunoglobulins, and collagen type |
(Mayrand and Hok, 1988). Further-
more, these pathogenic bacteria pro-
voke an immune response that re-
sults in the release of cytokines which
trigger polymorphonuclear leucocy-
tes, macrophages, fibroblasts, kerati-
nocytes and osteoclasts. These host
cells release proteinases which may
degrade extracellular matrix compo-
nents e.g. the highly resistant colla-
gen fibres (Hanssen, 1993).

Cytokines play crucial roles in the
maintenance of tissue homeostasis, a
process which requires a delicate bal-
ance between anabolic and catabolic
activities. In particular, growth factors-
such as fibroblast growth factor
(FGF), platelet-derived growth factor
(PDGF), insulin-like growth factor
(IGF), transforming growth factor-beta
(TGF-beta) are thought to play impor-
tant roles in modulating the prolifera-
tion and/or migration of structural
cells in the periodontium and the pro-
duction of various extracellular matric-
es by these cells (Okada and Muraka-
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mi, 1998).

Stiles and coworkers (1979) have
put forward the hypothesis that
growth factors complement each oth-
er in their effects on the mitotic cycle
of cells. Thus PDGF, EGF, FGF and
other factors may act to render cells
competent for the action of IGFs,
which were termed progression fac-
tors. Nixon and Green (1984), have
put forward a hypothesis according to
which preadipocytes at an early state
of differentiation would be rendered
competent by growth hormone (GH)
to respond to IGF-I to replicate.

In all these instances, growth fac-
tors or GH would deliver an important
message to a cell in a stage of early
differentiation and render it respon-
sive to the mitogenic effect of IGF
(Froesch et al.,, 1997). . Insulin-like
growth factors (IGFs) belong to a
family of polypeptide hormones, also
called somatomedins (Humbel, 1990)
Most IGFs circulate in blood bound to
a family of binding proteins (IGFBPs);
six of which have been cloned and
sequenced.These IGFBPs are re-
leased by different types of cells
and may either augment or inhibit
the action of IGFs. IGFBP-I and
IGFBP-3 are the best characterized

of the circulating IGFBPs (Jones and
Clemmons, 1995).

Quantitatively, IGFBP-3 is the
most abundant in serum (Zapf et al.,
1989). Approximately 85% of total
serum IGF-I and Il circulate in the
form of a heterotrimer with a molecu-
lar mass of 150 Kd consisting of one
molecule each of IGF, IGFBP-3 and
acid-labile subunit (ALS) (Baxter and
Martin, 1989). IGF-I in serum is most-
ly produced by the liver, as is ALS.
An excess of the latter is present in
the seurm as the free molecule.
IGFBP-3 in serum stems probably
mostly from endothelial cells and is
present under physiologic conditions
in the 150-Kd complex together with
IGF and ALS. When GH is lacking,
less ALS is produced, and IGF-I may
then circulate as a 50-Kd complex to-
gether with BP-3 and BP-2. Whereas
the 150-Kd complex is not readily
available to tissues and cells because
the endothelium constitutes a barrier,
free IGF-I as well as that present in
the 50-Kd complex, together with BP-
3 and other BPs, readily diffuse out
the blood into the interstitial fluid and
can then become active (Froesch et
al., 1997). IGFBP-3 may also target
IGFs to specific cells. On the other
hand, IGFBPs are not only present in
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serum but are also produced locally
by many different cells where they
may have important functions in bind-
ing and/or targeting IGF-l to the re-
spective receptors (Schmid et al.,
1992 and Peter et al., 1993).

IGF-I is released into the blood
mostly by the liver (Schwander et al,,
1983), and reaches target cells in the
classic endocrine manner. However,
it is also produced by peripheral cells,
which are classic effector cells of
IGFs: chondrocytes, osteoblasts, en-
docrine and many other cells (Adoshi
et al, 1985; Nilsson et al.,, 1986;
Ernst and Froesch, 1988 and Ham-
mermann, 1989). The secreted IGF-I
leads to increased collagen synthesis
and cell differentiation (Froesch et al.,
1997).

Halimi et al. (1994) found that the
IGF-| levels in serum and saliva are
somatotropin-dependent in acrome-
galy. However, Chaurasia et al.
(1994) demonstrated that unlike
IGF-l in serum, IGF-l secreted into
the gastrointestinal lumen is not
bound to binding proteins. Since
the growth factor is not protein
bound, its concentration in the gut
lumen may be high enough to ex-
ert biological activity. Also, salivary
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IGF-I concentrations were 100- to
200-fold less than plasma IGF-| levels
(Ryan et al., 1992). IGF-I can stimu-
late the DNA synthesis of periodontal
ligament fibroblasts, likely via binding
to high affinity cell surface receptors.
The effect of IGF-I was not enhanced
by human growth hormone (Blom et
al.,, 1992). Recombinant human insu-
lin-like growth factor introduced into
debrided lesions of experimentally in-
duced periodontitis in monkeys in-
duced predictable, clinically signifi-
cant gains in new periodontal
attachment (Rutherford et al., 1992).

Insulin-like growth factor-l and
their binding proteins (BPs) IGFBP-I
and IGFBP-3 have been assayed and
characterized in many biological
fluids as pleural fluid (Le Bouce et al.,
1997). Also, Gargosky et al. (1992)
have characterized and quantified
IGFBP-3 in fetal cord serum, follicu-
lar, peritoneal, amniotic fluid, seminal
plasma, and cerebrospinal fluid
(CSF).

The aim of this study is to meas-
ure insulin-like growth factor-l (IGF-I)
in whole saliva and in serum of pa-
tients with periodontitis and in
matched healthy subjects and to find
any correlation between salivary IGF-
| and serum IGF-| and its binding pro-
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teins (IGFBP-I and IGFBP-3).

SUBJECTS AND METHODS

A group of 30 periodontally
healthy subjects and another group of
30 periodontitic-~.bjects were clinical-
ly characterized by measurement of
various clinical parameters. The
healthy group consisted of 17 men
and 13 women, aged between 23 and
47 years (mean 37+10). The period-
ontitis group consisted of 30 subjects
16 men and 14 women aged between
24 and 48 years (mean 38+9). The
subjects of this study were chosen
from subjects attending the Oral Med-
icine Outpatient Clinic at the Dental
Hospital of Mansoura University.

Collection of whole saliva

All mixed saliva samples were tak-
en prior to the clinical examination at
random points of time between 10.00-
11.00 am 2 to 3 h after breakfast and
after oral hygiene (Guven et al., 1996)
Human whole saliva was collected by
spitting, without stimulation into an
ice-cooled vessel. To remove cells
and bacteria to prevent degradation
of salivary proteins, whole saliva was
immediately cleared by centrifugal
force (6000 rpm for 5 minutes) at
room temperature and the superna-
tant was stored frozen at -20°C until

analysed for IGF-1, IGFBP-1, IGFBP-
3 and total protein.

Blood collection

Fasting Blood samples (10ml)
were drawn into polypropylene tubes.
Serum was separated after centrifu-
gation at 6000 rpm for 10 minutes, di-
vided into aliquots and stored immedi-
ately at-20°C until used for measur-
ement of IGF-1, IGFBP-1, IGFBP-3,
insulin and growth hormone.

Routine liver function tests includ-
ing serum albumin were done to ex-
clude nutritional deficiency or liver
disease which may affect IGF-I. Also
serum creatinine was done to exclude
renal disease.

Salivary protein determination

Salivary protein was measured us-
ing the method of Lowry et al. (1951).
The principle of the method is that a
copper-tartarate complex is allowed
to react with the protein in alkaline so-
lution. The protein-copper complex
can reduce phosphomolybdate to
form a blue substance.

Quantitative determination of
IGF-I

The insulin-like growth factor-1
(IGF-1) was determined by an En-
zyme-linked Immunosorbent Assay

MANSOURA MEDICAL JOURNAL
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(ELISA) Kit Supplied from Diagnostic
Systems Laboratories, Inc., Webster,
Texas, U.S.A. It is an enzymatically
amplified “one step” sandwitch-type
immunoassay. The assay includes a
simple extraction step in which IGF-1
is separated from its binding protein.
This step is considered to be essen-
tial for accurate determination of IGF-
1 (Daughaday and Rotwein, 1989
and Lee et al., 1990).

Determination of IGFBP-I

Total insulin-like growth factor
binding protein-l (IGFBP-I) ELISA kit
is an enzymatically ampiified “two-
step" sandwich-type immunoassay
(Khosravi et al., 1997) supplied from
Diagnostic Systems Laboratories Inc.,
Webster, Texas, USA.

Determination of IGFBP-3

The procedure employs a two site
immunoradiometric assay (IRMA)
principle described by Miles et al.
(1974). The IRMA is a non-com-
petitive assay in which the analyte to
be measured is "sandwiched" be-
tween two antibodies. The first anti-
bodyis immunolizedto the inside
walls of the tubes. The detected sen-
sitivity limit of the assay was 0.5 ng/
ml. The other antibody is radiolab-
elled for detection. (Gargosky et al.
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1992; Le Bouce et al., 1997 and Cor-
kins et al., 1998) (Diagnostic Systems
Laboratories Inc. Webster, Texas,
USA).

Quantification of insulin

The procedure employs a two site
immunoradiometric assay (IRMA)
principle (Brismar et al., 1994) (Diag-
nostic Systems Laboratories, Inc.
Webster, Texas, USA).

Determination of human growth
hormone

The method used is a "one-step”
immunoenzymatic assay based on
formation of a "sandwich" between
the analyte to be detected and two
specific monoclonal antibodies direct-
ed to different epitopes on the HGH
molecule. The capture antibody is
conjugated to biotin, while the second
antibody, used to reveal the reaction,
is labelled with horseradish peroxi-
dase (HRP) (Hunter, 1976) (Sorin Bi-
omedica Diagnostics, Vercelli, ltaly).

Statistical analysis

Baseline clinical and biochemical
results of this study were analyzed by
student's T-test. Pearsons correlation
coefficient was calculated for clinical
and biochemical data, values of
P<0.05 were accepted as Statistically
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significant. The statistical Analysis
Systems (SAS Institute, Cary, NC)
was used for all analyses.

RESULTS
Table (1) shows that there is no
significant difference between heaithy
subjects and periodontitis patients as
regards the serum levels of albumin,
SGPT, creatinine, insulin, growth hor-
mone, IGF-I, IGFBP-I and IGFBP-3.

The level of total protein in the
whole saliva was significantly higher
in periodontitis patients than in
healthy subjects (table 2).

Table (2) also shows that IGF-I,
IGFBP-l and IGFBP-3 levels in whole
saliva were significantly higher in peri-
odontitis  subjects compared to
healthy controls (P<0.01, <0.05,
<0.05 respectively).

Correlations
No correlation between serum

IGF-I and the measured biochemical
parameters in serum could be
detected among all studied indi-
viduals. While serum IGFBP-| shows
significant  negative correlation
with serum IGFBP-3 and albumin,
it shows significant positive corre-
lation with serum insulin. On
the other hand, serum albumin is
positively correlated with IGFBP-3
and negatively correlated with HGH
(Table 3).

Table (4) Shows that salivary
IGFBP-I has no significant correlation
with any measured salivary biochemi-
cal parameter. Salivary IGFBP-3
shows significant positive correlation
with both IGF-1 and total protein (Ta-
ble 4). Interestingly, no significant cor-
relation between salivary IGF-| and its
binding proteins versus their serum
levels, while there is a significant pos-
itive correlation between salivary IGF-
I and serum IGF-I (r = 0.69; P<0.01)
(Table 5).

MANSOURA MEDICAL JOURNAL
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Table (1) : Comparison of serum biochemical parameters in periodontitis patients
versus control group .

Parameters Healthy (n = 30) Periodontitis (n = 30) | Significance
meansSD range meansSD range

Albumin 4.6:0.5 3.9-5.1 4.65:0.6 3.9-52 NS
gm/dL

SGPT 32, 6.1 25-37 33:5.7 26-37 NS
1U/mi

Creatinine 0.82:0.3 0.8-1.0 0.87:0.2 0.6-1.1 NS
mg/dL)

S.insufin 4.35,0.6 2.3-6.0 452,0.7 2.4-6.3 NS
ulU/mi

Growth 1.35:0.5 0.6-1.5 1.4:0.44 0.6-1.6 NS
hormone
ng/mi

IGF-1ng/ml | 158:12.3 | 136-181 162:13.9 130-195 NS
IGFBP-1 6.4:2.1 2.9-9.6 6.7.2.6 2.7-9.8 NS
ng/mi

IGFBP-3 | 2970.778 |1989-4200 | 3001.695 | 1970-4305 NS
ng/ml

NS : non significant (p>0.05)

Table (2) : Comparison of biochemical parameters in whole saliva of healthy and

periodontitis subjects .
Parameters Healthy (n = 30) Periodontitis (n = 30) P
meansSD range meansSD range
Total 094,039 | 0.49-1.75 | 1.42,0.56 | 0.52-2.51 <0.05
protein
mg/mi
IGF-1 ng/ml | 4.01.0.5 3.9-6.2 6.7-0.4 41-79 <0.01
IGFBP-1 2.1:0.37 1.5-2.8 3.0.0.4 2.2-37 <0.05
ng/mi
IGFBP-3 926, 120 | 720-1205 | 1549.198 | 1210-1820 <0.05
ng/mi

p<0.05 : Significant

Vol. 30, No.1 &2 Jan. & April, 2000

P<0.01 : Highly significant .




Table (3) : Correlation between different hormonal and biochemical parameters in
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the serum of studied subjects .

Parameters S.IGF-1 | S.IGFBP-1 | S.IGFBP-3 | S.Insulin | S.HGH
S. IGFBP-1 r=0.080
S. IGFBP-3 r=-006 | r=-0.484"
S. insulin r=0.10 r=0.396" | r=0.185
S. HGH r=-0.12 r=0.127 |[r=-0.240 [r=-0.125
S.Albumin r=0.180 | r =-0.781*" | r=0.81" | r=-0.321 |r=-0.465"
* p<0.05 ** P<0.01

Table (4) : Correlation between different measured salivary pa-

rameters in the studied subjects .

Parameters IGF-1 IGFBP-1 IGFBP-3
IGFBP-1 r=0.10
IGFBP-3 r=0.36* r=-0.10
Total protein r=0.26 r=0.09 r=0.79*"*
*: p<0.05 **: P<0.01

Table (5) : Correlation between serum IGF-1 and its binding proteins versus

their levels in whole saliva in the studied subjects .

Parameters Salivary IGF-1 | Salivary IGFBP-1 | Salivary IGFBP-3
Serum IGF-1 r=0.69"" r=007 r=0.11
Serum IGFBP-1 r=0.10 r=0.09 r=0.08
Serum IGFBP-3 r=-0.12 =-0.21 r=0.21
**: P<0.01
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DISCUSSION

IGF-1 and the other principal insu-
lin-like growth factor IGF-II are struc-
turally related to proinsulin, however,
unlike insulin, they circulate bound to
a family of binding proteins (IGFBPs)
(Sara and Hall, 1990). These binding
proteins have profound effects on the
half-life, distribution, bio-availability,
and bioactivity of IGFs (Baxter and
Martin, 1989 and Herrington, 1991).

The inverse relationship between
insulin and IGFBP-1 is well described
(Holly et al., 1988) and was observed
after administration of either placebo
or IGF-1 (Cheetham et al., 1994).
IGFBP-1 transcription and production
in the liver is believed to be primarily
regulated by portal insulin, with an in-
crease in circulating insulin levels re-
sulting in a reduction in the concen-
tration of IGFBP-1 within 2 hours
(Suikkari et al., 1989). IGFPB-1 may
then act as a regulator of IGF-1 ac-
tion, inhibiting IGF bioactivity by in-
creased circulatory binding when in-
sulin levels are low and possibly
transporting the peptide to the tissues
after meals when insulin levels are
high (Holly, 1991).

Regulation of plasma or tissue lev-

els of insulin-like growth factors -

(IGFs) depends on a number of fac-
tors. Among these, nutrition and
growth hormone (GH) have been
shown to be of prime importance in
several species (Clemmons and Van
Wyk, 1981, Clemmons et al., 1981,
Pell and Gilmour, 1993).

The main purpose of this study
was to search for differences in IGF-|
and its binding proteins in output of
salivary secretion between periodon-
tally healthy and diseased subjects.
Previous studies (Henskens et al.,
1993a, Henskens et al., 1993b and
Henskens et al., 1994) have reported
that the total protein and albumin con-
centrations were higher in whole sali-
va from periodontitis subjects. The
present study deals with the biochem-
ical analysis of whole saliva and cor-
relates their levels with the measured
parameters in serum particularly IGF-
|, IGFBP-1 and IGFBP-3.

In general, the major factors af-
fecting the protein concentration and
composition of whole saliva are the
salivary flow rate, the protein concen-
tration of the contributing glandular
salivas and the contribution of crevic-
ular fluid proteins (Henskens et al.,
1996). The increased protein concen-
tration in periodontitis subjects cannot

MANSOURA MEDICAL JOURNAL
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be attributed to a changed flow rate,
since in many previous studies no
statistically significant differences in
mean saliva flow rate was found
(Aguivre et al.,, 1992, Shemn et al.,
1993 and Henskens et al., 1996).
Moreover, no correlation was found
between flow rate and any of the bio-
chemical or clinical parameters
(Henskens et al., 1996). The mean
salivary level of total protein of the
present periodontitis group was signif-
icantly higher than in the control
group (P<0.05) (Table 2). These re-
sults are in agreement with previous
studies (Meechan, 1983 and Basu et
al., 1984). The elevated salivary total
protein levels are most likely due to
enhanced synthesis and secretion by
individual glandular salivas (Basu et
al., 1984, Henskens et al., 1996).
Similarly, of the glandular proteins
tested; IGF-1, IGFBP-1 and IGFBP-3
were present in almost one and half-
fold higher concentrations in whole
saliva of periodontitis patients (Table
2). Although the exact mechanism of
this increase and the release in saliva
is unclear, it may be attributed to en-
hanced synthesis of some acinar pro-
teins by salivary glands of periodonti-
tis patients and thereby increasing
the protective potential of saliva. The
results of this study rather support

Vol. 30, No. 1 &2 Jan. & April, 2000

earlier presumptions, that IGF-I may
play important roles in modulating the
proliferation of structural cells in the
periodontium (Okada and Murakami,
1998). The present study rather sup-
port earlier suggestions that IGF-| is
produced by peripheral cells (Adoshi
et al., 1985 and Hammermann, 1989)
and IGFBP-3 in serum stems prob-
ably mostly from endothelial cells
(Froesch et al., 1997).

No correlations were found be-
tween salivary measured biochemical
parameters and the corresponding
measured parameters in serum ex-
cept for IGF-I (Table 5). These results
confirm that periodontitis is a local
manifestation. On the other hand, sig-
nificant positive correlation was found
between salivary IGF-| and its binding
protein (IGFBP-3) (r = 0.36, P<0.05)
(Table 4). Hormia et al. (1993) report-
ed higher concentration of epidermal
growth factor in glandular salivas
from juvenile periodontitis subjects.
The present and previous studies
(Henskens et al., 1993a and Hensk-
ens et al., 1994) also indicate that lev-
els of some proteins are enhanced in
glandular salivas from periodontitis
subjects . The effect of external stim-
uli on protein synthesis in the hu-
man salivary glands has not been es-
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tablished experimentally. However,
many animal studies have provided
evidence that expression of certain
salivary proteins in rodents is influ-
enced by various external stimuli (Ya-
gil and Baska, 1986). They showed
that irritating actions (incisor ampu-
tation) produced dramatically more
of glandular production of cystatin
Sin rats. On the basis of the
results of our study, it can be
hypothesized that similar regulatory
mechanisms might act in human be-
ings as well.
Conclusion

The present study, to our knowl-
edge, is the first one to comprehen-
sively measure the IGF-l, IGFBP-I
and IGFBP-3 in whole saliva of peri-
odontitis patients. In conclusion, this
study has demonstrated increased
levels of IGF-1 and its binding proteins
in whole saliva of periodontitis pa-
tients. Also, there is a significant posi-

__live correlation between serum and

salivary 1GF+I levels. Although the ex-
act mechanism of this increase and
the release in saliva is unclear, it may
be attributed to enhanced synthesis
of some acinar proteins by salivary
glands of periodontitis patients and
thereby increasing the protective po-
tential of saliva. Whether the concen-
trations of other growth factors or oth-

er glandular derived proteins are also
changed in saliva of periodontitis pa-
tients remains to be elucidated.
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