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ABSTRACT
Periodontitis is a chronic inflammatory disease of the vascularized supporting tissues of the teeth. Angiogenesis (neovascularization) is
the budding of new capillaries and is thought to be an essential process in the development of chronic inflammatory diseases. Inflamed
tissues (such as gingiva coincident in periodontal disease) have evidence of enhanced expression of inflammatory mediators, many of
which can promote angiogenesis. Of the various cytokines and growth factors that are involved in angiogenesis, the most potent agent
that acts specifically on vascular epithelium is Vascular Endothelial Growth Factor. Even though angiogenesis is a prominent feature of
both inflammation and healing, information about its role in periodontal lesions is limited. Hence the aim of the present study was the
immunohistochemical evaluation of the expression of VEGF in the gingival tissues of chronic and aggressive periodontitis patients
compared to the healthy controls. The present study was carried out in a total of 45 subjects with age range of 18-55 years, reporting to
the Department of Periodontology, Rajarajeswari Dental College and Hospital, Bangalore. Gingival tissue samples were collected from
all the 45 subjects and categorized into three groups based on their clinical findings as follows: Group 1 (Healthy), Group II (Chronic
Periodontitis), Group III (Aggressive Periodontitis). Following sample collection, immunohistochemical staining of tissues was carried
out and evaluation was done to compare the grades of expression of VEGF in the three groups. The expression of VEGF in blood vessels
was also quantitatively evaluated. The results were statistically analyzed using Kruskal Wallis ANOVA and Mann Whitney test. There
was a statistically significant higher expression of VEGF in both chronic periodontitis and aggressive periodontitis group as compared to
the control group. Aggressive periodontitis cases showed higher grades of expression of VEGF compared to the chronic periodontitis
cases and healthy controls. However, the difference in expression of VEGF was not statistically significant between the two forms of
periodontitis. The presence of VEGF in both chronic and aggressive periodontitis clearly indicates the potent role played by VEGF as an
inflammatory agent in the initiation and progression of periodontal diseases. Thus, VEGF might be used as a potential vascular marker
for the assessment of severity and inflammatory status in periodontal disease.
Keywords: VEGF; Chronic Periodontitis; Aggressive Periodontitis.

1. INTRODUCTION
Periodontitis is a chronic inflammatory disease of the
vascularised supporting tissues of the teeth [1]. The periodontal
vasculature is profoundly affected during the progression of
periodontal diseases [2]. Currently, there are two classified forms
of periodontitis. Chronic periodontitis and aggressive periodontitis
and for the latter type, very few studies have been reported,
especially if angiogenesis-related [3].
Angiogenesis(neovascularisation) is the budding of new
capillaries and is thought to be an essential process in the
development of chronic inflammatory diseases. It occurs under
both physiological and pathological conditions [4-10]. Inflamed
tissues(such as gingiva coincident in periodontal disease) have
evidence of enhanced expression of inflammatory mediators,
many of which can promote angiogenesis [11]. Angiogenesis can
also contribute to the severity of the inflammation as a result of
the ability of new blood vessels to transport proinflammatory cells
to the lesion and supply nutrients and oxygen to the inflamed
tissues [12]. Moreover the increased endothelial surface area from
the new blood vessels increases the potential substrate for the
production of cytokines, adhesion molecules and other progression
factors for inflammation [2].

Of the various cytokines and growth factors that are
involved in angiogenesis, the most effective agent that acts
explicitly on vascular epithelium is Vascular Endothelial Growth
Factor .(VEGF) is an endothelial specific growth factor theta
potentially increases microvascular permeability, stimulates
endothelial cell proliferation, induces proteolytic enzyme
expression, and the migration of the endothelial cell, monocytes
and osteoblasts, all of which are essential for angiogenesis [14].
Even though angiogenesis is a prominent feature of both
inflammation and healing, evidence about its role in periodontal
disease process is limited. Previous studies have shown the
evidence of angiogenesis in chronic periodontitis patients with
diabetes
[1, 12, 13, 15]. Few reports are available about
the mechanism of neovascularisation and the angiogenic factors
contributing to the periodontal pathology. To our knowledge,
comparison of expression of VEGF in healthy gingival tissues
with that of chronic and aggressive periodontal lesions has not
been elucidated.
Hence the objective of the current study is an
immunohistochemical assessment of the expression of VEGF in
healthy gingival tissue and its comparison with different forms of
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periodontal disease. Aims and objectives were to evaluate the in gingival tissues of healthy with that of chronic and aggressive
expression of VEGF in gingival tissues of healthy, chronic and periodontitis.
aggressive periodontitis and to compare the expression of VEGF

2. MATERIALS AND METHODS
The study was carried out in a total of 45 subjects with the
age range of 18-55 years, reporting to the Department of
Periodontology, Rajarajeswari Dental College and Hospital,
Bangalore. Each patient underwent a full mouth periodontal
probing and charting.
Chronic periodontitis patients were selected based on the
pocket depth ≥ 5 mm and clinical attachment level ≥ 3mm in more
than 20 teeth. Aggressive periodontitis patients were selected
based on a probing depth > 5mm and proximal attachment loss
affecting at least 3 teeth other than first molars and incisors and
amount of microbial deposits which is in consistent with disease
severity. Healthy patients undergoing permanent healthy teeth
extraction for orthodontic purpose, or impacted third molar
extraction were selected from patients referred to the Department
of Oral and Maxillofacial Surgery,Rajarajeswari Dental College
and Hospital, Bangalore.
Gingival tissue samples were procured from all the 45
subjects and categorised into three groups based on their clinical
findings as follows:Group I :15 gingival tissue samples collected from subjects with
healthy periodontium in the age group of 18 -55 years who are
mainly undergoing tooth extraction for orthodontic purposes or
impacted third molar extractions. (Healthy control group)
Group II: 15 gingival tissue samples collected from subjects with
chronic generalised periodontitis in the age group of 18-55 years.
(Chronic Periodontitis test group)
Group III: 15 gingival tissue samples collected from subjects with
aggressive periodontitis in the age group of 18-55 year.
(Aggressive periodontitis test group)
Systemically healthy patients, without receiving any
periodontal treatment within 6 months and antibiotic therapy
within 3 months prior to the study were included in the study.
Patients with a history of systemic diseases that affect the
peridontium,smokers , alcoholics, pregnant and lactating mothers,
medication taken within the last 6 months that may alter the
periodontal status, those who underwent periodontal treatment
within one year were excluded from the study.
The need and design of the study was explained and signed
informed consent was obtained from each individual prior to the
commencement of the study.
Periodontal examination included assessment of clinical
parameters such as Plaque Index(Silness and Loe 1964), Gingival
Index(Silness and Loe 1963), Pocket Probing Depth
(PPD)measured using Williams graduated periodontal probe and
Clinical attachment level
Method of sample collection.
Gingival tissue samples for group I were obtained during
extraction of teeth for the purpose of orthodontic treatment and
during third molar extraction.In group II and III periodontitis
patients after completion of scaling and root planing, gingival
tissue samples were obtained during periodontal surgery by
Modified Widman flap. The gingival tissue biopsies were
harvested using a no.3 BP handle and a no.15 blade. While

obtaining gingival tissue from group II and III it was made sure
that biopsies should include the pocket epithelium. Around 5mm x
3mm tissue was excised and the biopsies were fixed in 4%
buffered formalin and were transported to the laboratory.
Laboratory analysys by immunohistochemistry (ihc)
procedure.
VEGF was detected by using immunohistochemical
method. Specimens obtained were fixed in buffered formalin
solution for 24-48 hours, followed by tissue processing in the
series of alcohol and xylene solutions. The processed tissues were
impregnated in paraffin wax and tissue embedding was done.
Tissue embedded in solidified paraffin blocks were cut in
thin sections of 4µm by using a semi-automatic microtome, placed
on poly L lysine coated slide and subjected to IHC procedure.
These slides were incubated overnight at 37◦C, deparaffinized on
slide warmer for 10minutes, deparaffinized in xylene
(2times,10mins each) rehydrated in ethanol 100%,90%,70% and
finally in distilled water. Antigen retrieval was performed by
incubating slides in a jar containing Tris and EDTA buffer, ph 8.59 in preheated pressure cooker. Slides were then transferred into a
humidified chamber and incubated in 3% hydrogen peroxide for
10 minutes to block the endogenous peroxide activities.
The slides were washed twice with wash buffer and were
incubated with the primary antibody against VEGF(PathnSitu) for
60 minutes at room temperature followed by a wash with TBS for
3 minutes where excess was wiped off using a blotting paper.
Sections were incubated with secondary antibody StreptAVidin
conjugated with horse radish peroxidase, HRP for 45 minutes at
room temperature. Sections were washed with TBS for 5 minutes
each. The sections were stained for 10 minutes in 3diaminobenzidine tetrahydrochloride (DAB) and counterstained in
Harris hematoxylin for 30secs. Slides were essentially dipped in
70%.905.100% ethanol and finally in xylene. These were coated
with DPX and covered with cover slips.
Grading of VEGF staining and quantification of blood vessels.
Stained slides were first screened and the area for
examination was determined by the observers, using light
microscope equipped with a digital video camera. The expression
of VEGF was evaluated on the basis of the presence or absence of
brown staining. Each slide was analysed for the intensity of VEGF
receptor positive stained cells in the epithelium and connective
tissue.
The level of intensity of VEGF expression in the
epithelium was graded according to the following criteria [12]:Grade 0: Absence of staining.
Grade I: Light to moderate amounts of staining not completely
filling the cytoplasm, light brown in colour.
Grade III: Intense staining of the cytoplasm, completely filling the
cell, very dark brown. The blood vessels expressing VEGF were
also quantified. The calculations were performed at 40X
magnification in three different fields. All slides were evaluated.
The areas chosen for grading and quantification were captured
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through the camera, transferred to the computer and results
analysed statistically.
Statistical analysis.
The results were statistically analysed using the following
methods: - Kruskal Wallis ANOVA-used to compare values
among three groups; - Mann whitney U test.

The statistical software namely SPSS 8.0, Medical 9.0.1
and Systat 11.0 were used for the analysis of the data and
Microsoft word has been used to generate graphs, tables etc..

3. RESULTS
Following immunohistochemical staining of the 45
gingival tissue samples, evaluation of staining of VEGF was done.
The values obtained were subjected to statistical analysis.
Table 1 shows the mean clinical parameters (PD,CAL,GI,PI) of
the groups I,II,III.The difference in the clinical parameters
between group I,II and III was statistically significant.(Figure 1)
Table 1. Comparison of three groups(I.II,III) with respect to clinical
parameters.
Clinical Parameters
Group I
Group
Group
P-value
II
III
1.02
6.33
8.22
<0.05
Probing Depth
6.64
8.27
<0.05
Clinical Attachment 1.02
level
0.1
2.2
1.2
<0.05
Gingival Index
0.2
2.36
0.33
<0.05
Plaque Index

Figure 1. Comparison of three groups (I,II,III) with clinical
parameters

Figure 2. Comparison of three groups (I,II,III) with respect to the
grades of VEGF
Out of the 15 cases in group I(Healthy controls),11 cases didn’t
express VEGF,3 cases expressed grade I VEGF and only 1 case
showed grade II expression of VEGF. Among the 15 cases in
group II(Chronic Periodontitis),9 cases exhibited grade I or
moderate staining if VEGF,4 cases showed grade II or intense
staining of VEGF and only 2 cases didn’t show any staining of
VEGF. In group III(Aggressive Periodontitis),7 cases showed

grade III expressions of VEGF, 5 showed grade I and only 3 bases
showed no staining.
Table 2 shows the comparison of three groups (I,II,III) with
respect to grades of VEGF. There is a statistically significant
difference between grades of VEGF expression in group I.II.III.
(Figure 2).
Table 3 shows the comparison of three groups (I,II,III) with
respect to the blood vessel scores. The mean blood vessel score in
group I is 0.71±1.30, whereas in group II, the score is 16.35±3.64
and in group III, the sore is 8.95±1.83.The difference in the
expression of VEGF in blood vessels between the three groups
I,II,III was statistically significant.(p=0.0001).(Figure3)

Figure 3. Comparison of three groups(I,II,III) with respect to
blood vessel scores.
Table 4 shows the pairwise comparison of three groups
(I,II,III) with respect to the blood vessel scores. The mean blood
vessel scores between group I and Group II was found to be
statistically significant. Also,between group I and Group III, the
difference in the mean blood vessel scores was statistically
significant. However, between group II and III, the difference in
the mean blood vessel score was not statistically significant.
Discussion.
VEGF is an endothelium specific mitogen [18, 19] and can
be detected in the vascular endothelial cells, inflammatory cells,
junctional, sulcular and gingival epithelium of periodontal tissues
[16]. VEGF has the ability to increase vascular permeability which
is a contributory factor for the extension of inflammation [2, 20].
Evidence suggests that inflamed tissue enhances the expression of
inflammatory mediators which in turn may promote angiogenesis
[2].
Chapple et al, reported a disturbed regulation in the
angiogenesis subjacent to the periodontal pocket epithelium which
manifested an altered expression of VEGF [17]. In the present
study, a statistically significant difference between the grades of
VEGF expression seen in group I,II,III. Between group I and II,
the comparison of the expression of grades of VEGF is
statistically significant. (p=0.0042). The significantly greater
expression of VEGF by group II compared to group I is in
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agreement with other studies conducted by R.B.Johnson [2], data reported by Johnson et al who found that the number of blood
Kasprzak et al [16].
vessels increased with increasing pocket depth. These results
The expression of various grades of VEGF between group I suggest that the expansion of vascular network by angiogenesis
and III was also statistically significant(p=0.0047). This result is plays an important role in the progression of disease state in both
similar to the study done by Artese et al [3] which evaluated the chronic and aggressive periodontitis.
expression of VEGF in gingival tissues in patients with aggressive
Numerous studies evaluating the expression of VEGF in
and chronic periodontitis. In the present study, it was observed gingival tissues have found the expression varied corresponding to
that there was an increased expression of VEGF in blood vessels the different pocket probing depth. [2] However the expression of
in both chronic and aggressive periodontitis compared to healthy VEGF with increasing pocket depth and severity has not been
controls. The results in this study are in agreement with the study estimated in the present study. Also, the expression of VEGF by
conducted by Artese et al [3] where they found an increased fibroblasts, macrophages and monocytes has not been
vascular density in both chronic and aggressive periodontics than quantitatively estimated. These are a few limitations of the study.
the healthy controls. The present study results also support the
Table 2. Comparison of three groups (I,II,III) with respect to grades of VEGF.
Grades of VEGF
Group I
%
Group II
%
Group
%
Total
III
11
73.33
2
13.33
Grade 0
3
20.00
9
60.00
Grade 1
1
6.67
4
26.67
Grade 2
15
100.00
15
100.00
Total
Between three groups, Kruskal Wallis ANOVA,H=12.4873,p=0.0019*
Between Group I vs Group II,Mann-Whitney U test,Z=-2.8619,p=0.0042*
Between Group I vs Group III,Mann-Whitney U test,Z=-2.8205,p=0.0047*
Between Group II vs Group III,Mnn-Whitney U test,Z=-0.5806,p=0.5614

3
5
7
15

20.00
33.33
46.67
100.00

16
17
12
45

Table 3. Comparison of three groups (I,II,III) with respect to blood vessel scores by Kruskal Wallis ANOVA.
Groups
Mean
SD
SE
Sum of ranks
H-value
P-value
0.71
1.30
0.336
176
17.9958
0.0001*
Group I
16.35
14.10
3.641
458
Group II
8.95
7.07
1.825
401
Group III
Table 4. Pair wise comparison of three groups (I,II,III) with respect to blood vessel scores by Mann-Whitney U test.
Groups
Mean
SD
SE
Sum of ranks
U-value
Z-value
P-value
0.71
1.30
0.34
149.00
29.00
-3.4634
0.0005*
Group I
16.35
14.10
3.64
316.00
Group II
0.71
1.30
0.34
147.00
27.00
-3.5464
0.0004*
Group I
8.95
7.07
1.83
318.00
Group III
16.35
14.10
3.64
262.00
83.00
-1.2236
0.2211
Group II
8.95
7.07
1.83
203.00
Group III

4. CONCLUSIONS
The present study results showed an increased expression
of VEGF in both chronic and aggressive periodontitis compared to
healthy controls. The expression of VEGF in both chronic and
aggressive periodontitis evidently shows the pivotal role played as
an inflammatory agent in the initiation and progression of
periodontal diseases. VEGF is mainly related to the stimulation of
angiogenesis in the course and progression of periodontitis. Thus,
VEGF can serve as a inherent vascular marker for the assessment
of severity and inflammatory status in periodontal disease.
Angiogenesis is a requirement for development,
remodeling and repair of most tissues. VEGF has also been

associated with healing of wounds within periodontal tissues
through angiogenesis. Future research aimed at investigating the
possible role of VEGF in healing stages of periodontal disease
might further explain the importance of VEGF as an angiogenic
factor in inflammation and repair in periodontal disease.
The consistent finding of VEGF in both chronic and
aggressive periodontitis also warrants future research targeted
towards a possible antiangiogenic therapy for treatment of
periodontal diseases.
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