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Abstract
Aim. To determine the clinical value of the growth factors concentration in the oral fluid in patients with mild 
chronic periodontitis.
Methods. A prospective study including 30 patients with chronic periodontitis and 20 healthy volunteers was 
conducted. The diagnosis was made based on standard clinical and radiological criteria. Nerve growth factor β 
(NGF-β), hepatocyte growth factor (HGF), epidermal growth factor (EGF), vascular endothelial growth factor A 
(VEGF-A),  platelet-derived growth  factor BB  (PDGF-BB) were determined  in oral  f luid  samples by using 
multiparametric fluorescence analysis with magnetic microspheres (xMAP technology, Luminex 200, USA). 
Statistical analysis was performed using nonparametric measures: median (Me) and interquartile range (Q1, Q3). 
Receiver operating characteristic (ROC) analysis was used to determine the clinical value of the parameters.
Results. The chronic periodontitis was accompanied by an increase in the level of nerve growth factor-β by 
2.2 times, epidermal growth factor by 3 times, vascular endothelial growth factor A by 1.9 times (p <0.05) compared 
with the control. The platelet-derived growth factor BB concentration did not change. Using the ROC analysis, 
diagnostic sensitivity and diagnostic specificity of the studied parameters were determined: 89.1 and 91.1% for 
nerve growth factor β, 92.3 and 96.1% for epidermal growth factor, 87.1 and 95.3% for vascular endothelial growth 
factor A, respectively.
Conclusion. Salivary growth factors (nerve growth factor β, epidermal growth factor, vascular endothelial growth 
factor A) can be considered as potential biomarkers of mild chronic periodontitis.
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Background. Chronic periodontitis (CP) is one of 
the most common diseases worldwide. Accor ding 
to a number of authors,  it affects 10–15% of  the 
global population [1]. Dental plaque and poor hy-
giene are considered as important factors in the de-
velopment of the disease. However, this may not be 
enough to cause damage to the periodontal tissue. 
For this reason, it is generally accepted that the im-
balance between the immune system and periodon-
tal microorganisms has the most significant role in 
its pathogenesis [2–5].

A complex set of intercellular reactions lea ding 
to CP in periodontal tissues is regulated by im-
munocompetent cells (neutrophils, dendritic cells, 
lymphocytes, macrophages, and plasma cells), and 
cytokines synthesized by them [6]. Among the lat-
ter, growth factors are especially significant  [7]. 
It is a large family of polypeptide signaling mo-
lecules that regulate cellular responses during in-

flammation and regeneration, such as migration, 
proliferation, and differentiation. They also affect 
the activity of apoptosis, angiogenesis, and various 
other physiological and pathological processes in 
tissues [8–10].

A significant number of publications have fo-
cused on the value of cytokines in CP. However, 
there are significantly fewer works highlighting the 
growth factors (GF) contained in saliva in this dis-
ease [9, 11, 12]. In particular, the level of hepatocyte 
growth  factor  (HGF) correlates with  the disease 
activity, and it is also influenced by smoking [13]. 
Changes in saliva concentration of vascular endo-
thelial growth factor (VEGF), tumor necrosis fac-
tor, hypoxia-induced factor, and connective tissue 
GF in periodontal diseases have been detected [8, 
10]. However, a complete pathogenetic role of GF 
in CP has not yet been clear. The data obtained 
by different authors are sometimes contradictory. 
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In addition, the question of the clinical and diag-
nostic value of determining the concentration of 
GF in OF in CP is far from a final decision.

Aim. To determine the clinical value of the con-
centration of GF in OF in mild CP.

Materials and methods of the study. In a pro-
spective case-control study, 30 patients with mild CP 
(main group) and 20 apparently healthy vo lunteers 
without periodontal pathology (control group) were 
examined. The age of patients in the main group 
was 18–46 years (median 39 years), and 19–38 years 
(median 37 years) in the compa rison group. The ra-
tio of women to men was 1.1 in the main group, 
and 1.0  in  the  comparison group. Differen ces  in 
age and sex composition and structure of concom-
itant somatic pathology have not been revealed.

In the main group, the diagnosis of mild CP 
(K05.3 according to the International Classification 
of Diseases of the 10th revision) was established 
based on clinical and radiological criteria in accor-
dance with the clinical guidelines (treatment proto-
cols) approved by the Russian Dental Association 
(2013) as amended and supplemented [http://www. 
e-stomatology.ru/director/protokols/]. The criteria 
for inclusion in the main group included age of 18–
50 years, the general somatic state of patients in 
the stage of compensation, and the absence of con-
comitant somatic diseases in the stage of decom-
pensation.

Patients of the main group complained of bleed-
ing gums when brushing their teeth, dental de-
posits, and tooth sensitivity. Clinical examination 
revealed hyperemia and edema of the papillary, 
marginal gums, and bleeding when probing. The 
dentogingival junction was impaired (a key clini-
cal and diagnostic sign), and the depth of the perio-
dontal pockets was 4–4.5 mm. In some patients, 
gingival recession (1–2 mm) was noted, accompa-
nied by the development of increased tooth sensi-
tivity. The mobility of the teeth was physiological. 
In all these patients, mineralized and non-minera-
lized dental deposits were  identified  in  the neck 
area of the teeth.

Patients in the control group did not show com-
plaints related to the condition of the gums and had 
a conditionally healthy periodontium. On clinical 
examination,  the papillary, marginal gums were 
pale pink with no visible pathological changes. The 
dentogingival junction was intact, and the gum was 
tightly adhered to the necks of the teeth. Gingival 
recession was not identified. The mobility of the 
teeth was physiological. All patients in the control 
group had a good level of individual oral hygiene.

Clinical examination and treatment of patients 
was performed in the dental clinic of the Ural State 
Medical University of  the Ministry of Health of 

Russia. The research was conducted in accordance 
with the ethical principles adopted by the Decla-
ration of Helsinki by the World Medical Associa-
tion (2000). This study was approved by the Local 
 Ethics Committee of the Ural State Medical Uni-
versity (Protocol No. 3 dated 03/19/2021).

Along with the main methods of clinical exa-
mination, dental indices were assessed, namely 
a Green–Vermillion  simplified  index of oral  hy-
giene  (1964),  papillary-marginal-alveolar  index 
modified by C. Parma (1960), and periodontal Rus-
sell’s index.

In all patients examined, unstimulated OF was 
analyzed, which was obtained three hours after 
 eating and rinsing the mouth, and collected in Sali-
va Caps Set tubes, and then frozen. The study was 
performed in accordance with the protocol deve-
loped in our laboratory. The samples were stored 
at a temperature of–40°С for 3 months maximum. 
In OF  samples,  the  nerve GFs β  (NGF-β,  nerve 
growth factor), HGF, epidermal GF (EGF, epider-
mal growth factor), VEGF-A, platelet derived GF 
(PDGF-BB, platelet -derived growth factor) were 
determined.

The concentration of GF was determined by 
the method of multiparametric fluorescence ana-
lysis with magnetic microspheres (xMAP-techno-
logy, Luminex 200, USA) using the ProcartaPlex 
Human Cytokine/Chemokine/Growth Factor  Panel 
1  (45 plex)  Invitrogen,  eBioscience  test  systems 
(USA). The study was performed according to the 
manufacturer’s protocol. The biological sample 
was incubated in a 96-well plate with a mixture of 
magnetic microspheres stained with infrared fluo-
rescent dye, loaded with monoclonal antibodies 
specific for the cytokines under study and strepta-
vidin-R- phycoerythrin.

The resulting suspension was passed through 
a Luminex 200 flow chamber. To detect magnet-
ic particles, the device has two lasers; red laser is 
used to distinguish the spectral signature and green 
laser to determine the fluorescence level of strepta-
vidin-R-phycoerythrin, which is proportional to the 
amount of protein in the sample. The concentration 
of each GF was calculated based on the average flu-
orescence intensity of the particles according to the 
calibration graph using the xPONENT software.

Data processing was performed using the 
non-parametric criteria. The results in the tables 
are  presented  as median  (Me)  and  interquartile 
range (Q1, Q3). The significance of differences (p) 
was assessed using the Mann–Whitney test.

To determine the clinical value of the parame-
ters, the sensitivity and specificity were calculated, 
and the ROC-analysis was used in accordance with 
GOST R 53022.3-2008 “Clinical laboratory tech-



3 of 5

Kazan Medical Journal 2021, vol. 102, no. 5

nologies.” In addition, the predictive value (PV) of 
a positive result was assessed by the equation:

PV = [TP/(TP + FP)] × 100%,
where TP is the true-positive result; FP is false-pos-
itive result.

The Gretal program was used to perform multi-
variate statistics, while the diagnostic characteris-
tics of the indicators and PV were calculated using 
the application EXEL 2007 Analyse-it.

Results and discussion. Objective indicators of 
the status of oral cavity are dental indices of perio-
dontal  health  (papillary-marginal-alveolar  index 
and Russell’s periodontal index) and a simplified 
index of oral hygiene. Their values were noticeably 
increased in CP patients. For example, the value of 
the papillary-marginal-alveolar index was 4.5 times 
higher in patients with CP than in patients of the 
control group (p < 0.05). This confirms the correct-
ness of the diagnosis established and indicates a no-
ticeable periodontal disorder.

The mechanisms of damage to the periodontal 
tissue are diverse, and, as shown above, GF are in-
volved in them [13–15]. This served as a rationale 
for determining the concentration of some of them 
in OF in CP (Table 1). As a result, the NGF-β in-
creased by a factor of 2.2, EGF by a factor of 3, and 
VEGF by a factor of 1.9 (p < 0.05) when compared 
to volunteers with intact periodontium. The con-
centration of PDGF-BB was unchanged.

Our results on changes in the concentration 
of neuropeptides and GF are consistent with that 

of other authors [8, 13]. However, the question of 
whether these GFs can be considered as CP bio-
markers remains open.

The ROC-analysis is an objective tool for as-
sessing the clinical value of laboratory tests by de-
termining  their  sensitivity  and  specificity.  This 
approach showed that NGF-β, EGF, and VEGF-A 
have the greatest clinical value (Table 2).

In  addition  to  sensitivity  and  specificity,  the 
PV of a positive result was calculated. The latter 
depends on the disease prevalence. Conside ring 
that the prevalence of CP in the population over 
30 years old is quite high, a positive test result de-
picts that GFs (such as NGF-β, EGF, and VEGF-A) 
have a key role as biomarkers of inflammation and 
da mage to periodontal tissues in CP. At the same 
time, the PV of other GFs (HGF and PDGF-BB) is 
low. Therefore, these parameters cannot be consi-
dered as CP biomarkers.

The study of the salivary proteome (especially 
the determination of the concentration of cytokines 
in OF) represents a novel field in periodontology. 
Previous studies illustrate an increase in the levels 
of cytokines, acute phase proteins, matrix metal-
loproteinases and other peptides, some of which 
serve as biomarkers of periodontal damage and 
other diseases [2, 3, 6].

The authors are currently discussing the issue of 
the possibility of using GF as biomarkers of CP. For 
example, Taskan et al. (2019) showed that the con-
centration of VEGF in CP decreases more in the 

Table 1. Concentration of growth factors in chronic periodontitis

Growth factors, pkg/ml Control group Main group (chronic periodontitis) р

NGF-β. Ме (Q1; Q3) 17.6 (8.8–28.0) 38.4 (6.3–49.03) 0.001

НGF. Ме (Q1; Q3) 781.5 (408.7–1405.9) 341.3 (196.9–790.6) 0.02

EGF. Ме (Q1; Q3) 116.2 (74.5–303.7) 357.3 (334.0–510.2) 0.001

VEGF-A. Ме (Q1; Q3) 144.4 (72.2–858.4) 269.0 (185.5–814.1) 0.03

PDGF-BB. Ме (Q1; Q3) 24.4 (12.2–15.2) 24.0 (6.6–74.7) 0.07

Note: NGF-β —nerve growth factor β; НGF —hepatocyte growth factor; EGF —epidermal growth factor; VEGF-A —vascu-
lar endothelial growth factor; PDGF-BB —platelet derived growth factor.

Table 2. Diagnostic value of growth factors in sweat fluid in chronic periodontitis

Indicator Critical point Diagnostic 
 sensitivity, %

Diagnostic 
 specificity, % AUC Value of a  positive 

result, %

NGF-β 32.9 89.1 91.1 0.89 85

HGF 333.1 87.2 87.6 0.78 69

EGF 345.2 92.3 96.1 0.93 91

VEGF-A 284.8 87.1 95.3 0.92 90

PDGF-BB 12.4 85.7 62.1 0.69 62

Note: NGF-β —nerve growth factor β; НGF —hepatocyte growth factor; EGF —epidermal growth factor; VEGF-A —vascu-
lar endothelial growth factor; PDGF-BB —platelet derived growth factor.
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CP group [16]. The aforementioned probably con-
tradicts our data, because the study of OF was per-
formed in patients with high CP activity.

One of the cytokines involved in the pathoge-
nesis of CP is NGF-β. It stimulates the proliferation 
and differentiation of neurons, and the buccal epi-
thelium. It is also one of the mediators of pain ac-
companying the development of this disease [17–19]. 
In view of this, we believe that the revealed increase 
in the salivary level of NGF-β could be predicted.

Similar changes in OF in CP were also revealed 
in the EGF level and was considered as a compen-
satory mechanism aimed at increasing the reduced 
reparative potential of the gums. The level of this 
indicator probably drops with severe periodontal 
damage. As noted above, our results were not con-
sistent with that of some authors [14]. This refers to 
the determination of the PDGF-BB level of OF in 
CP, which remained unchanged in patients in our 
study. The result obtained was probably related to 
the fact that our study was performed in patients 
with mild CP, and an increase in PDGF-BB con-
centration is only characteristic of severe CP.

In general, our results correspond to the modern 
concept of CP pathogenesis, emphasizing the con-
tribution of GF in the mechanisms of inflammation, 
proliferation, and neoangiogenesis [11].

Conclusions. Firstly, we demonstrated a change 
in the level of HGF in CP, as well as nerve growth 
factor β, VEGF, and epidermal growth factor in the 
oral fluid with mild CP. This confirms their active 
participation in the disease pathogenesis.

Finally, nerve GF β, vascular and epidermal GFs 
are of great clinical value, and should be considered 
as biomarkers of mild CP.
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