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ABSTRACT

Recurrent aphthous stomatitis (RAS) has been identified as a common oral lesion with an
unknown pathogenesis. Various studies have been conducted to show the important role of
two factors named epidermal growth factor (EGF) and vascular endothelial growth factor
(VEGF) in RAS, but certain results have not been achieved. The present meta-analysis was
conducted to evaluate the salivary levels of EGF and VEGF in patients with RAS. For this
purpose, the related articles in the Web of Science, PubMed, Embase, ProQuest and Scopus
databases until January 2022 were searched and their abstracts were studied. Google scholar
and scientific information database were also searched for articles in Persian. The searches
were completed by the medical subject heading terms considering "recurrent aphthous sto-
matitis" and "saliva" in combination with "EGF" or "VEGF" keywords. All case control
studies that evaluated the salivary levels of EGF and VEGF in patients with RAS were in-
cluded in this study. To evaluate statistical heterogeneity between the studies, Cochrane Q
and I? tests were adopted. The extracted data then were used in the analysis process based on
comprehensive meta-analysis software. Originally, 619 articles were considered, of which 7
articles were selected. According to this meta-analysis, salivary EGF and VEGF levels were
significantly lower in the active and remission period of RAS than in healthy individuals (p
Value< 0.05). In addition, salivary levels of these factors were significantly lower in the
active stage of RAS than in the healing phase. This review study suggests that decreasing of
salivary EGF and VEGF levels have significant role in the development of RAS.
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Introduction

grayish membrane and an erythematous border [3]. Ul-

Recurrent aphthous stomatitis (RAS) has been intro-
duced as one of the common oral inflammatory lesions
and its prevalence is 5 to 25% [1]. The maximum period
of RAS was observed in the second decade and its first
onset is usually in early childhood [1- 2]. Based on the
clinical manifestations, three forms of RAS can be de-
fined including minor, major and herpetiform. Amongst
them, minor type is the most common form, affecting
approximately 80% of patients [1-2]. The ulcer appears
as oval lesions on non-keratinized mucosa such as the
buccal mucosa and floor of the mouth with a cover of

cers commonly heal within 10 to 14 days without scar-
ring. The diagnosis of RAS is clinically and morpholog-
ically; it does not require histopathological examination.
[3]. Possible risk factors for this disease include vitamin
deficiencies, food allergies, genetic predisposition, bac-
terial and viral infections, hormonal disorders, systemic
diseases, enhanced oxidative stress, mechanical stimula-
tion, and stress [4-7].

Healthy oral mucosa reacts to external stimuli,
which start by a series of healing mechanisms that in-
volve an interaction between the immune system and
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mucosal tissue. However, trauma to the oral mucosa
causes ulceration in patients with RAS (isomorphic
phenomenon) [8]. The exact reason of aphthous ulcers
remains unidentified even with significant investigation.
Past studies suggested that these lesions might be devel-
oped by the activity of monocytes, neutrophils, and
lymphocytes on the oral epithelium that results in the
release of acute inflammatory mediators (cytokines) and
formation of mucosal lesions [9-10].

In normal physiological states, the oral epithelium
could be protected by numerous defense systems, such
as salivary secretions [11]. The main role of saliva is to
maintain the integrity of the oral mucous membrane.
Saliva includes numerous growing elements, as epider-
mal growth factor (EGF) and vascular endothelial
growth factor (VEGF) [11]. EGF is a protein with a
molecular weight of 6-kDa. Salivary EGF is a main
cellular protective agent against injury and helps main-
tain the integrity of the oral mucosa by regulating the
proliferation, growth, and migration of epithelial cells to
maintain tissue homeostasis [12]. It also causes angio-
genesis and plays a key role in tissue regeneration and
healing [12]. VEGF is an angiogenic cytokine involved
in ulcer healing and angiogenesis. It has been shown
that organ growth and cell growth depend on sufficient
vascular supply and sufficient angiogenesis is a basic
condition for the normal functioning of the organism
[13]. Pammer et al. [14] showed that VEGF is secreted
in saliva at adequate amount for angiogenesis. Saliva
has protective effects on the oral mucosa and helps in
healing the oral ulcers [15]; the contribution of VEGF in
this field is not well known.

Numerous studies have been performed on the ex-
pression and salivary levels of VEGF and EGF and con-
tradictory results have been obtained [16-20]. Some
studies have shown an increase in VEGF expression in
RAS and it has been suggested that VEGF is involved
as an angiogenic element in the pathogenesis of RAS
and excessive angiogenesis causes loss of epithelial cell
integrity [16, 20]. It has therefore been suggested that
thalidomide inhibits angiogenesis and leads to ulcer
healing [16]. However, Brozovic et al. [20] showed that
salivary levels of VEGF were higher in the healing
phase than in the active (ulcer) phase, and that levels of
salivary VEGF were effective in ulcer healing. Since
VEGF and EGF may maintain mucosal homeostasis and
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on the other hand play a key role in the development
and progression of oral mucosal diseases, and given the
different outcomes of salivary EGF and VEGF levels in
patients with RAS, it is necessary to summarize the re-
sults that have been achieved so far. Our main purpose
in this study was to evaluate systematically the data
obtained from studies that have examined salivary EGF
and VEGF in RAS and also the characteristics of these
studies.

Literature Review

Search Strategies

Preferred reporting items for systematic reviews and
meta-analyses [21] have been adopted in the current
systematic review. The main question of this study was
produced according to the patient, intervention, compar-
ison, and outcome principles [22]. The main question
for this study was "Are salivary EGF and VEGF levels
different in RAS patients and healthy individuals?"
English articles were searched by a librarian (F.S) from
Web of Science, PubMed, Embase, ProQuest, and Sco-
pus databases until January 2022. Google scholar and
scientific information database were also searched for
articles in Persian. The free and medical subject heading
terms were used in a variety of combinations for collect-
ing data. The search keywords included "recurrent aph-
thous stomatitis” OR "recurrent aphthous ulcers" OR
"recurrent oral ulcers" AND "epidermal growth factor"
OR "EGF" OR "VEGF" OR "vascular endothelial
growth factor” AND "saliva" OR "salivary".

Inclusion and Exclusion Criteria

The studies that evaluated salivary levels of EGF and
VEGF in patients with RAS were selected without re-
strictions of variants of RAS. For the studies selection,
all titles and abstracts that were in English or Persian
were reviewed, and were screened for relevance. Stud-
ies were excluded if they were non-English or non-
Persian language studies, review, case report, and letters
to editor or animal studies. In addition, studies involving
participants with systemic disease and studies that eval-
uate the role of different drugs on the RAS were exclud-
ed.

Study Selection

After searching the articles, they were screened by two
experts in three steps. In the first stage, titles and ab-
stracts were reviewed based on the selection criteria by
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two independent reviewers (P.M and A.A). Disagree-
ments were resolved by discussion with the third author
(D.F). In the next step, the full text of the selected arti-
cles was studied.

Quality Assessment

The evaluation checklist of Joanna Briggs institute was
used to appraise the selected articles; thus, the risk of
bias of studies was evaluated [23]. This checklist has
nine criteria. Each item was answered as "yes", "no",
"unclear”, or "not applicable”. With 1-3 "yes" scores,
the risk of bias was classified as high risk and excluded
from the study, 4-6 "yes" scores were rated as moderate
risk, and 7-9 "yes" scores were considered as low risk.
Microsoft excel software was used to organize the ex-
tracted data from each study.

Statistical Analysis

The extracted information included the first author/year,
country, and sample size, type of disease, results, and
quality score of studies. I° statistics and the Cochrane
test were used to assess heterogeneity between studies.
These statistics represent the variation percentage be-
tween trials. As per the fixed effect model, an 1° of <
50% and a p> 0.1 suggested no substantial heterogenei-

ty between trials. Comprehensive meta-analysis soft-
ware v.2.0 was implemented to conduct the analyses. p<
0.05 was considered statistically significant.

Study Selection

After a systematic search of different databases, 619
articles were detected. 508 articles were excluded due to
duplicate, and 102 articles were omitted following stud-
ying of the title and the abstracts. After checking the full
text of the remaining articles, 7 articles were selected to
be included in this meta-analysis. The flow chart of se-
lection process is presented in Figure 1. The data of the
used studies are provided in Table 1 [17-20, 24-26].
Meta-analysis Reports of Salivary EGF

Figure 2 shows the forest diagrams of the meta-analysis
of salivary EGF. In the 4 studies, salivary EGF was ex-
amined. In the RAS and control groups, 92 and 120
patients were studied, respectively. For patients with
RAS, salivary EGF was evaluated in two stages of ac-
tive and remission of ulcers. Minor RAS was considered
in all studies. Heterogeneity between studies was signif-
icant (p< 0.05). The random-effects model was used to
combine the results. A meta-analysis was performed to
compare the active versus control, remission versus
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Figure 1: The study selection flowchart
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Table 1: A summary of the information extracted from the studies included in this review

Results
Case Mea Control Mea_n Type . -U - Active stage .
Authors/  Coun- group age of group agein  Type of of Factor  Activestage  Remission of RAS vs Quality
year try (mif) case (m/f) control study RAS studied of RASvs. stage of RAS remission' score
group group control vs. control stage of RAS
Rezaei et al. _ Case- . No significant No significant No significant
[24], 2019 1) & e control i Sel difference difference difference i
RZTS[Z;;' et Tem 18  29+113 18 35+ Case- Minor EGF No significant No significant No significant 9
2'015 ! (7/11) 7 (8/10) 12.84 control difference difference difference
Salivary Salivary
levels of EGF levels of EGF
Adisen et in active in remission L
16 29.448. 60 Case- g No significant
al. [18],  Turkey (@/12) 0 (29/31) 32.847.6 control Minor EGF  stages of RAS stages of RAS difference 8
2008 were lower  were lower
than in than in con-
control group trol group
saliva Salivary Salivary
levels of rEyGF levels of EGF levels of EGF
Wu-wang/et 28 12 Case-  Minor in active stage in remission in active stage
al. [17], USA (12/16) 20-55yr  (6/6)  24-45yr control EGF of RAS were stage of RAS  of RAS were 7
1995 lower thanin  Veré lower  lower than in
control arou than in con- remission
group ol group stage
5 Salivary
VESglllivlaer\yels VEGF levels
L . - in remission L
Seifi et al. 18 315+ 31.5+ Case- - in active stage No significant
pel2012 " m13) 107 M 107 comor MO VEGR orpaswere S%°OTRAS itterence .
lower than in than in con-
control group trol group
No significant
difference in
major RAS/
Agha- 25 in minor RAS
Hosseini et 31 3216% Case- mi- salivary
al. [19], L (12/19) 15.04 ) : crossover nor/6  VECT : : VEGF levels [
2005 major in active stage
were lower
than in remis-
sion stage
NDSgTiTE T No significant
e ez 1 difference in
L R minor RAS/
Brozovic et 20 n rsnaa:]i?l;RAS No significant in major RAS
al. [20] Croatia 30 44.15+ 27 42.04+ Case-  minor VEGE  VEGE Igels difference in salivary 9
2'002 ! (14/16) 1553  (14/13) 13.05 control /10 T e minorand  VEGF levels
major g major RAS in active stage
Lase et were lower
than in . ;
than in remis-
izl sion stage
controls

control, and active versus remission stages.

In active versus control comparison, patients with
RAS in active stage had decreased salivary EGF values
when compared to healthy controls (p< 0.05). In remis-
sion versus control comparison, salivary levels of EGF
in the remission stage of RAS were lower than in the
control group (p< 0.05). In active versus remission
comparison, patients with RAS in active stage had de-
creased salivary EGF values when compared to remis-
sion stage of RAS (p< 0.05).

Meta-analysis Reports of Salivary VEGF
Figure 3 shows the forest diagrams of the meta-analysis
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of salivary VEGF. In 3 studies, salivary VEGF was exa-
mined. In the RAS and control groups, 79 and 45 pa-
tients were studied, respectively. In patients with RAS,
salivary VEGF was evaluated in the two stages of active
and remission of ulcers. Minor RAS was considered in
all studies and major RAS was considered in only two
studies. Heterogeneity between studies was significant
(p< 0.05). The random-effects model was used to com-
bine the results. In the case of minor RAS, a comparison
was made between the active phase and the remission
phase and healthy control, as well as between the remis-
sion phase and healthy controls, but in the case of major
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Study name Statistcs for each study Std difin means and 95% CI Study name Statistics for each study Std diffin means and 95% CI
St diff - Standard Lower Upper St diff - Standard Lower Upper
inmeans emor Variance fmit fimit ZValue pValue inmeans emor Variance fimit lmit ZValue pValue
Rezagietal 0033 0298 007 0473 0538 012% 0899 Rezasietal 0033 0258 0067 0473 0539 0129 0897
Ramezanietel 0497- 0338 013 1.160- 0.167 1467- 0142 Remezanietdl 0262- 0335 0.012 0938 0375 0841- 0400
Adisen etal 0732- 0288 0083 1296- 0.168- 2545 (000 Adisen etal 0279- 0282 0080 0832- 0274 0988- 0023
Wewangelal  5106- 0667 0445 6.414- 3799- 7855 0000 Wu-wangetal  3148- 0483 0243 4.114- 2182- 6.387- 0000
1432 0713 0508 2830- 0.035 2009 0.045 0455- 0157 0025 0.763- 0.148- 2900- 0.004
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Favours A Favours B
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Study name Statlstics for each study Std diff In means and 95% CI

Std diff  Standard Lower Upper
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Rezaeietal 0004 0258 0087 0502- 0511 0017 0986
Ramezanietal 0285 0335 0.M2 091 0401 0763 0445 —
Adsenetal  0565- 0361 0130 127- 0442 1566 0017 =
Wewengetal  0976- 0283 0080 1532- 0424 3458- (0.001
0426- 0151 0023 0721- 0131- 2828 0005

400 50 00 050 100

Favours A Favours B
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Remission vs. control

Figure 2: Forest diagram related to the comparison of salivary epidermal growth factor (EGF) in the control group and the active and
remission stages of patients with minor recurrent aphthous stomatitis (RAS)

RAS, comparison of VEGF was possible only in the
active phase with the remission phase.

In active versus control comparison, patients with
RAS in active stage had decreased salivary VEGF val-
ues when compared to healthy controls (p< 0.05). In
remission versus control comparison, salivary VEGF
levels in the remission stage of RAS were lower than in
the healthy control group (p< 0.05).In active versus re-
mission comparison, patients with minor and major
RAS in active stage had decreased salivary VEGF value
when compared to remission stage of RAS (p< 0.05).

Discussion

Our analysis showed that salivary levels of EGF in ac-
tive stages of RAS were lower than in healthy individu-
als. The process of repairing oral tissue needs growth
factors and increasing EGF production in the salivary
glands in the primary stages of ulcer healing is im-
portant [27]. Salivary EGF makes the cellular mitotic
response and thus is involved in RNA activation and the
production of DNA, proteins, and extracellular mole-
cules [28]. In a clinical study in a Brazilian population
and according to the report of Marotta et al. [29], sali-
vary EGF plays an important role in the improvement of
oral lesions, periodontal disease, dry mouth, and sali-
vary gland enlargement. Furthermore, EGF supplements
are effective in ulcer healing and have positive effects of

EGF in ulcer prevention [30, 31]. Therefore, lower level
of salivary EGF leads to a weakening of mucosal de-
fense mechanisms [32]. In patients with RAS, low lev-
els of salivary EGF may cause susceptibility to ulcera-
tion of the oral mucosa and indirectly increase antigen
expression, which may stimulate or alter the immuno-
logical mechanisms [17]. Growth factors such as EGF
may also have complex relationships with cytokines,
and the levels of EGF may decrease because of changes
in cytokine interactions in the disease. To some extent,
salivary EGF levels are determined by genetic factors,
as genetic factors may predispose patients to RAS [17].
This hypothesis may suggest a relationship between a
deficit of this protein and the recurrence of oral ulcers in
the RAS. Also decreasing of salivary EGF levels may
be due to decreasing of synthesis or secretion in the sali-
vary gland in patients with RAS [17]. In addition, ab-
normal salivary EGF degradation may be another expla-
nation for the reduction in levels of EGF in RAS [18].
Wright et al. [33] have shown that after mucosal ulcers,
new cell lines are formed that are capable of secreting
EGF and promoting epithelial growth, angiogenesis,
and accelerating ulcer healing [15]. In the study of
Adigen et al. [18], it was stated that salivary EGF pro-
tects patients from injury and helps the integrity of the
gastrointestinal mucosa. They showed that levels of
salivary EGF were lower in remission and active stages
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Study name Statistics for each study
Std diff - Standard Lower Upper

inmeans error Variance [limit limit ZValue pValue
Seffietal 095- 0382 0124 1640- 0261- 2702 0007
Brozovicetal 0254 0296 0088 0834 037 0857 032
0543 021 0051 0%87- 0099 23% 0017

Std diff in means and 95% C Study name Statistics for each study Std diff inmeans and 85% CI
Std diff  Standard Lower Upper
inmeans  error  Variance limit limit Z-Value p-Value
Seffietal 0773 0346 019 1450- 0% 2237- 0025
Brozovicetal 033 0297 0088 0918 0246 143- 0258
052- 025 0051 09%3 0080 2316 00X
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Study name Statistics for each study

Stddiff  Standard Lower  Upper
inmeans emor  Variance [mit fimit ZValue pValue

Agha-Hossemietal 0423 0584 0341 0721 1567 074 0469
Brozovic et al 214 0558 0312 3206- 1018- 3786 0000
0802- 0403 0163 1693 0.M1- 2235 0025

400 030 00 050 100

Statistics for each study

Stddiff  Standard Lower Upper
mmens  emor  Variamee  limit  Gmit  ZVake pVale

Seif ot 025 0335 OM2 0912 0400 0784 0445 —_—

AghaHosseinietal 1291 0311 0097 1900- 0881 4151 0.000

Brocovic el al 0064 06 0000 8B4 056 0203 08N —
055 085 00M 0916 Q0 300E 0003 *

St il inmeans and 5% CI Study name Stddif in means and 95% C1

A0 4% 1] (L] 100
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Figure 3: Forest diagram related to the comparison of salivary vascular endothelial growth factor (VEGF) in the control group and the

active and remission stages of patients with recurrent aphthous stomatitis (RAS)

of RAS than in healthy individuals, indicating that sali-
vary EGF levels were reduced even in the nonappear-
ance of oral ulcers. In a study, Wuwang et al. [17] re-
ported that salivary EGF was significantly reduced in
the active phase of RAS compared with the healthy con-
trols. Overall, they showed a significant relationship
between salivary EGF and RAS-induced ulcer healing.
Rezaei et al. [24] showed that salivary EGF is not statis-
tically significant between patients with RAS and con-
trol group.

Interestingly, we showed salivary level of EGF in
the remission phase of RAS was lower than in the con-
trol group. This result is mostly significant because it
shows that patients with RAS are prone to decrease
EGF levels even if no oral lesions appear. Another re-
sult was that the salivary EGF level in the active stage
of RAS was significantly lower than the remission
stage, which highlights the role of EGF deficiency in
causing RAS. In current study, we also showed that
salivary VEGF levels were lower in acute and remission
stages of patients with RAS than in healthy individuals.
It can be assumed that the mechanism of VEGF produc-
tion in the salivary glands is disrupted in primary RAS.
This can activate the self-defense mechanisms by which
VEGF levels increase during the recovery period.
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VEGF appears to be a major mediator of angiogenesis
in ulcer healing [12]. The combination of the mitogenic
effect of VEGF and basal fibroblast growth factor can
supplement the EGF role, leading to efficient develop-
ment of new blood vessels and ulcer healing [34]. In a
study by Brozovich et al. [20], VEGF was evaluated in
patients with major and minor RAS (case group) and
healthy controls. The results showed that the lower the
salivary VEGF level in individuals, the higher the inci-
dence of RAS in them [20]. Agha-Hosseini et al. [19],
at different clinical stages of minor RAS showed signif-
icant differences in VEGF levels. Seifi et al. [26] in a
study of salivary VEGF in patients with RAS showed
that there is a statistically significant difference in
VEGF levels in the clinical course of the RAS (four
stages of prodromal, pre-ulcer, ulcer, and repair). The
lowest amount of VEGF was seen in the ulcer stage
[26]. The amount of VEGF in prodromal stage was
higher than ulcer and repair but no statistically signifi-
cant difference was detected in ulcer healing, pre- ulcer
healing and prodromal with pre- ulcer stages [26]. They
suggested that variations in VEGF levels, especially its
reduction in the ulcer phase, play a key role in the path-
ogenesis of minor RAS development, however minor
RAS is not the result of additional angiogenesis [26].
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Similar to the results obtained for EGF factor, this
meta-analysis showed that salivary VEGF in the active
stage of RAS was significantly lower than the remission
stage, which also shows the role of this factor deficiency
in the development of RAS.

Concerning the limitations of our study, the sample
size was limited for some groups and our search was
limited to articles with English and Persian abstracts
that may be considered language bias.

Conclusion

This review study suggests that decreasing of salivary
EGF and VEGF levels may have a main role in the de-
velopment of RAS. Measuring salivary VEGF and EGF
levels in the future may help us identify patients at high
risk for RAS.
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