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ABSTRACT

Introduction: Increasing evidence suggests an association
between periodontitis and psoriasis. Both diseases share
immunoinflammatory mechanisms and involve angiogenesis
mediated by vascular endothelial growth factors (VEGF).
Therefore, it is plausible that VEGF plays a role in connecting both
diseases. Objetive: To systematically summarize current evidence
regarding the biological plausibility of VEGF's involvement in the
association between periodontitis and psoriasis.

Materials and Methods: A Scoping Review was conducted
following established guidelines. Ad-hoc keywords and inclusion
criteria were developed for a comprehensive literature search in
PubMed. Only human studies published in the last 7 years were
included, excluding non-English or non-Spanish publications. Two
independent reviewers performed title and abstract screening,
followed by full-text analysis and data extraction.

Results: Twelve studies were included. Main focuses were
the gingival crevicular fluid (GCF) levels of VEGF in patients with
periodontitis (n=7), the blood serum levels of VEGF in patients
with periodontitis (n=3), and the blood serum levels of VEGF
in patients with psoriasis (n=3). No studies regarding the GCF
levels of VEGF in patients with psoriasis were found. None of
the included studies addressed individuals with concurrent
periodontitis and psoriasis.

Conclusions: Existing evidence shows elevated levels of
VEGF in GCF and serum samples of patients with periodontitis.
Increased levels of VEGF were also observed in serum samples
of individuals with psoriasis. There is a knowledge gap regarding
the GCF levels of VEGF among this group. The exact role of VEGF
in the interplay between periodontitis and psoriasis remains to
be explored.
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RESUMEN

Introduccion: Periodontitis y psoriasis se asocian en la
literatura. La angiogénesis mediada por factores de crecimiento
endotelial vascular (VEGF) es un mecanismo comdn a ambas
patologias. Es posible que el VEGF participe en la asociacion
entre ambas enfermedades. Objetivo: Resumir sistematicamente
la evidencia disponible con respecto a la plausibilidad de la
participacion del VEGF en la asociacion periodontitis/psoriasis.

Materiales y Métodos: Revision sistematica exploratoria.
Se seleccionaron palabras clave y criterios para una bisqueda
comprensiva en PubMed. Solo se incluyeron estudios en
humanos publicados en los Gltimos 7 anos. Publicaciones en
idiomas que no fuesen inglés/espafol fueron excluidas. Dos
revisores independientes realizaron el cribado y la tabulacion
de datos.

Resultado: Se incluyeron doce estudios. Sus principales
enfoques fueron: Niveles de VEGF en el fluido crevicular gingival
(FCG) de pacientes con periodontitis (n=7), niveles de VEGF en
el suero de pacientes con periodontitis (n=3) y niveles de VEGF
en el suero de pacientes con psoriasis (n=3). No se encontraron
estudios sobre los niveles de VEGF en el FCG de pacientes con
psoriasis. Ningin estudio incluyo personas con periodontitis y
psoriasis concurrentes.

Conclusion: La evidencia muestra niveles aumentados de
VEGF en el FCG y suero de pacientes con periodontitis, y niveles
aumentados de VEGF en el suero de sujetos con psoriasis. Si bien
el VEGF participa de la patogénesis de ambas enfermedades,
existe un vacio de conocimiento en relacion con sus niveles en el
FCG de pacientes psoriasicos. Los mecanismos exactos y rol del
VEGF en la asociacion periodontitis/psoriasis son desconocidos.

Palabras Clave: Periodontitis; Psoriasis; Factor A de
Crecimiento Endotelial Vascular; Fluido Crevicular Gingival;
Suero.
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INTRODUCTION

Psoriasis is a chronic immune-inflammatory di-
sease characterized by persistent skin lesions
that predominantly affect genetically susceptible
individuals with poor lifestyle choices.* Typically
presenting as painful red plaques covered with
silvery scales, psoriasis primarily targets the skin
on extensor surfaces such as elbows, knees, scalp,
and lower back, but can manifest on any other skin
area of the body.2 In Chile, the reported incidence
of psoriasis in 2017 was 22.7 (21.8-23.6) cases
per 100.000 individuals,* but there is currently
no available information on the prevalence and
comorbidity risk.3

Beyond its physical symptoms, psoriasis can lead
to profound psychosocial distress and societal
stigma, causing a significant impact on patients’
quality of life, social wellbeing and lifespan.? Pso-
riasis has been previously associated with an
increase of the systemic inflammatory burden of
affected patients, which in turn heightens their
risk of developing other immunoinflammatory
conditions including cardiovascular diseases and
periodontitis among others.**

Periodontitis is a complex multifactorial, host-
mediated inflammatory disease, associated with
dysbiotic changes in the oral microbiome.® The
condition precipitates a hyperresponsive and
excessively destructive inflammatory response,
which in turn culminates in the degeneration and
loss of the periodontal attachment apparatus.®

Periodontitis not only leads to oral health de-
cline, but similarly to psoriasis, increases the
risk of developing other immunoinflammatory
comorbidities such as diabetes and cardiovas-
-cular disease.” A recent systematic review re-
ported that patients with periodontitis present
a significantly higher risk of developing psoriasis
than periodontally healthy controls.®

Moreover, psoriasis patients often exhibit worst
periodontal health compared to non-psoriatic

healthy controls, as evidenced by pronounced
gingival inflammation, higher rates of alveolar
bone loss, and an increased incidence of
tooth loss.? These findings suggest a potential
bidirectional relationship between both diseases;
however, theexactunderlyingmechanismsdriving

these associations remain poorly understood.

It is theorized that periodontitis impacts pso-
riasis through the systemic translocation of
periodontal pathogens and their virulence fac-
tors, as well as imbalances in the 1-23/Th17/IL-
17 systemic immune response.’® A recent study
revealed variations in the relative abundance of
bacterial species in the saliva between indivi-
duals with psoriasis and non-psoriatic subjects
with and without periodontitis, indicating that
the abundance of periodontal pathogens could
play a significant role in the pathogenesis of
psoriasis.!* Furthermore, it is conceivable that
psoriasis influences periodontitis by the systemic
dissemination of molecules from psoriatic skin
lesions into the bloodstream, subsequently
reaching distant sites such as the periodontal
tissues.*? Supporting this notion, elevated levels
of S100A8 and IL-18 have been reported in the
gingival crevicular fluid (GCF) of psoriasis patients

compared to systemically healthy controls. %13

Angiogenesis refers to the formation of new blo-
od vessels from preexisting ones and is regulated
by growth factors and cytokines which are also
involved in the pathogenesis of periodontitis and
psoriasis.*** Vascular Endothelial Growth Factor
(VEGF) is considered a key proangiogenic factor as it
induces endothelial cell proliferation, differentiation,
and increases vascular permeability and monocyte
chemotaxis.* Consequently, VEGF exhibits both pro-
angiogenic and proinflammatory properties, which
are fundamental in the development of periodo-titis
and psoriasis. Fibroblasts, keratinocytes, smooth
muscle cells, and endothelial cells, among others,
synthesize VEGF.
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The VEGF family consists of VEGF-A, VEGF-B,
VEGF-C, VEGF-D, VEGF-E, and placental growth
factor. Among these, VEGF-A holds a parti-
cular significance as one of the key drivers of
the angiogenesis process.'® Experimental pe-
riodontitis show that periodontitis leads to
an upregulation of VEGF-at a systemic level,"
and mice models of psoriasis have also de-
in the
skin.*® Accordingly, these findings highlight the

monstrated increased VEGF-A levels
central role of inflammatory and angiogenic
processes in periodontitis and psoriasis.'® The
known functions of VEGF in both psoriasis and
periodontitist®!9-23 gre summarized in Table 1.

Emerging evidence indicates that systemic di-
seases, such as diabetes, can influence the
expression of VEGF in periodontal tissues. This
factor may partly contribute to the association
between periodontitis and diabetes.’®2* The-
refore, it is possible that VEGF also plays a sig-
nificant role in the pathogenic mechanisms that
associate periodontitis with psoriasis. However,
this hypothesis remains to be explored. The-
refore, this Scoping Review aims to syste-
matically explore and summarize current evi-
dence regarding the biological plausibility of
VEGF’s involvement in the association between
periodontitis and psoriasis. The idea was to
determine the current understanding of the role
of VEGF as a potential underlying mechanism
linking periodontitis and psoriasis.

MATERIALS AND METHODS

Protocol and registration

The original research proposal for this scoping
review received approval from the ethical-
scientific committee of the Faculty of Dentistry
of Universidad Andres Bello, Santiago, Chile
(#PROPRGFO_2021_30).

The protocol was registered on the Open Science
Framework (OSF) platform to ensure accessi-
bility and transparency. The manuscript was
structured following the theoretical-conceptual
framework for conducting scoping reviews pro-
posed by Arskey and O’Malley,? along with its
subsequent extensions.2%2" In addition, the stu-
dy adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses for
Scoping Reviews (PRISMA-ScR) guideline to en-

sure comprehensive reporting.®

Research question and eligibility criteria

The study was articulated using the population/
concept/context (PCC) framework recommen-
dedbythe JoannaBriggsInstitute (JBI) toidentify
the key concepts in primary research questions
and guide the search strategy in scoping reviews.
The primary research question of this review
was: “What is the current evidence regarding
the biological plausibility of VEGF’s involvement
in the association between periodontitis and
psoriasis in adult human populations, based on
quantitative studies.”

The following inclusion criteria were used to
comprehensively select studies:

(i) Population: Original primary studies involving
human participants with periodontitis and/or
psoriasis, published in Indexed scientific journals
within the past 7 years, available in either Spanish
or English, and accessible electronically through
the digital library resources of Universidad
Andres Bello;

(ii) Concept: Focus on investigating the biological
plausibility of VEGF’s
underlying mechanism linking periodontitis and

involvement as an

psoriasis in adult human populations, and;
(iii) Context: No restrictions based on gender,
race, geographic location and clinical setting.

Exclusion criteria were as follows:
(a) Case reports and case series;

(b) Secondary studies, including narrative
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reviews, systematic-reviews and other types of
reviews;

(b) Original primary studies conducted in non-
human models (i.e. animal or in vitro models);

(c) Studies published in non-indexed scientific
journals;

(d) Studies published in other languages besides
Spanish or English;

e) Studies without clear relevance to the research
question (i.e. studies that do not examine the
relationship between the main variables: VEGF,
periodontitis and/or psoriasis).

Information sources and literature search

An extensive electronic literature search was
conducted using the PubMed database between
March 2021 and December 2022. The purpose
of the search was to identify and retrieve
relevant manuscripts pertaining to the research
question published within the past 7 years. Six
different search strategies were employed using
recognized MESH/DeCS keywords: [“VEGF” AND
“‘gingival crevicular fluid” AND “periodontitis”
AND “psoriasis”], [“VEGF” AND “gingival crevicular
fluid” AND “periodontitis”], [“VEGF” AND “gingival
crevicular fluid” AND “psoriasis”], [“VEGF” AND
“serum” AND “periodontitis” AND “psoriasis”],
[“VEGF” AND “serum” AND “periodontitis”], AND
[“VEGF” AND “serum” AND “psoriasis”].

All searches were filtered using the “human
species” filter and a custom publication date
range from 2017 to 2022. Further cross-referencing
was performed to identify any additional studies.
The included articles were compiled using the
systematic literature review software tool Rayyan,
accessible at https.//www.rayyan.ai/#

Selection and screening of studies
(CS and C.P)
used the “blind reviewer” mode in the Rayyan

Two independent reviewers
software to screen and select articles based on

their title and abstract. The software’s integrated

duplicate assessment tool was utilized to pro-
mptly identify and remove any duplicate studies.
Subsequently, the remaining articles were re-
trieved and subjected to a comprehensive
evaluation by reading their full texts. Pre-defined
inclusion and exclusion criteria were applied
to assess the relevance of each article to the
research objective, resulting in the exclusion of
studies deemed irrelevant. Any discrepancies or
disagreements between reviewers were resolved
through discussion and consensus with the
senior reviewers (A.F and C.J).

Data charting process

Two independent reviewers (C.S and C.P) con-
ducted the data charting process. Any dis-
crepancies or disagreements were resolved
through consultation with the senior reviewers
(A.F and C.J). All relevant data from studies
were extracted and organized in a predefined
excel form, including author, title, year, journal,
country, language, study objective, study design,
population, comparison (control), GCF levels of
VEGF, serum levels of VEGF, VEGF measurement
method, main outcomes, outcome significance
based on p-value, and conclusions. The primary
outcome of interest was to determine the current
understanding of the role of VEGF as a potential
underlying mechanism linking periodontitis and
psoriasis.

Synthesis of results

All included studies underwent careful analy-
sis and were integrated into the synthesis of re-
sults. The collected data were comprehensively
summarized and presented in both narrative and
tabular formats. Additionally, we explored the
possibility of utilizing graphics, such as graphs
or figures, to enhance the understanding of
descriptive data.
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RESULTS

The initial electronic search yielded 53 articles.
After removing duplicates, 48 studies underwent
screening. Among them, 36 publications were
excluded as they did not meet the predefined
inclusion criteria based on title, abstract, and
content. Ultimately, 11 articles qualified for this
review (Figure 1).

Studies included in this work ranged from 2017
to 2023, with 2019 being the most prolific year,
yielding three papers.?®3 Subsequent years
saw variable contributions with 20173233 and
2021,%3% each having two studies, while 2018,3%
2020,3° 2022.3% and 2023,3" contributed with one
publication each. Geographically, Turkey ranked
highest in the number of research articles on the
subject (n=6),1429:30:32,33,38 {o|lowed by Italy,?
Brazil,®” Poland,** England,®*® and Japan,®” each
contributing one article to the body of research.
Regarding methodology, cross-sectional designs
were the predominant approach (n=>5),14:2%:30,34,37
followed by two longitudinal cohort studies,%3#
two case-control studies,333¢ one controlled
clinical trial,®* and one cohort study.®*
Conversely, the distribution of investigations
among journals showed a concentration of
studies within the Yournal of Periodontology”
(n=4),2:31:38 “Clinjcal Oral Investigations” (n=2),13%
and “The journal of Dermatology” (n=1).3" Single
articles appeared in “Archives of Dermatologic

«

Therapy”,®® ‘Journal of Applied Oral Science”*

and “Dermatologic Therapy”.3*

In general, VEGF was quantified in two forms:
levels and concentrations. Levels typically re-
fer to the total amount of VEGF per sample,
measured in units of weight such as picograms
(pg) or nanograms (ng). Concentrations, on the
other hand, were expressed as a ratio of weight to
volume, such as picograms per milliliter (pg/mL).
Main methods used for quantification of VEGF on
the GCF, or serum of affected patients were ELISA
and Multiplex bead immunoassays.

To present the results in an organized manner,
the articles were categorized based on the
characteristics of the study population (patients
with periodontitis or psoriasis) and the biolo-
gical fluid (GCF or blood plasma) from which
VEGF was sourced. Consequently, publications
were classified into the following groups:

(1) Studies focusing on the GCF levels of VEGF in
patients with periodontitis (Table 2).2

(2) Studies investigating the blood serum levels of
VEGF in patients with periodontitis (Table 3), and;
(3) Studies examining the blood serum levels of
VEGF in patients with psoriasis (Table 4).

Since no studies were found concerning the
GCF levels of VEGF in patients with psoriasis, no
results are presented in that regard. Interestingly,

Table 1. Summary of plausible functions of VEGF in psoriasis and periodontitis.

Role of VEGF in Psoriasis

Role of VEGF in Periodontitis

Keratinocyte proliferation.

Keratinocytes mitotic activity.

Upregulation of the VEGFR-1 and VEGFR-2 expression in
keratinocytes and endothelial cells.

Increases vascular permeability.

Increases cell adhesion molecules in endothelial cells.
Facilitates the migration of leukocytes to the skin.

Perpetuation of angiogenesis and inflammation.

Stimulation of alveolar bone resorption.
Induction of osteoclast differentiation.
Inhibition of apoptosis in endothelial cells.
Leukocytes’ extravasation.

Aberrant vascularization.
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Table 3. Summary of studies on vascular endothelial growth factor levels
in the blood serum of periodontitis patients.

Author, Aim Study Population ~ Comparison  VEGF VEGF Outcomes p-value
year design (control) measurement
method
Tiirer To evaluate correlation ~ Controlled P (n=20) PH (n= 20) ELISA (before Serum concentrations of VEGF-A  p <0.01,
etal 2 between GCF endocan  Clinical and 6 weeks were significantly higherin P p>0.05
2017 levels, VEGFA, and I TNF-a  Trial compared to PH controls (mean
levels with periodontal and SD: 735.65+532.67 and
probing depth (PD). 149.76+79.94 pg/ml, respecti-
vely).A significant reduction in
the serum VEGF-A concentrations
was observed after periodontal
treatment (mean and SD:
253.12+306.18 pg/ml).
Mahmure To determine levels of  Cross- P (n=21) PH (n=20) ELISA There were no significant diffe
etal®® ADAMTS-1 in gingival  sectional AP (n=20) rences in the serum VEGF-A  p<0.05,
2019 crevicular fluid (GCF) in levels among groups (mean =
patients with advanced SD: P: 8.81 + 14.61, AP: 5.88 + 6.17
periodontal dise-ases and PH: 7.87 + 7.10 pg/mL).
and identify their asso-
ciation with hypoxia-in-
ducible factor-1alpha
(HIF-10), vascular endo-
thelial growth factor
(VEGF-A), and clinical
parameters of periodon-
titis.
Cigdem To examine the salivary ~ Cross- P (n=20) PH (n=18) Luminex® Serum concentrations (pg/mL) of  p=0.014a
etal," and serum concentrations  sectional AP (n=20) PHS (n=20) -XMAP™ VEGF were significantly higherin ~ p>0.256,
2022 of angiogenesis related periodontitis patients versus co- respecti-
proteins in relation to smo- ntrol (median and minimum - vely.

smoking and periodontitis.

maximum ranges: 1.9 [1 - 17.6]
and 1.3 [0.8-20] pg/ml, respec-
pectively). Smoker patients sho-
wed a non-significant increase
in the serum concentrations of
VEGF compared to non-smoker
subjects (median and minimum
- maximum ranges: 1.8 [0.8 — 20]
and 1.5 [0.8-8.9] pg/ml respec-
tively).

VEGF: Vascular Endothelial Growth Factor. P: Periodontitis. AP: Aggressive periodontitis. PS: Periodontitis smoker. PHS:
Periodontally Healthy Smoker. PH: Periodontally healthy controls.
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Table 4. Summary of studies on vascular endothelial growth factor levels
in the blood serum of psoriasis patients.

Author, Aim Study Population  Comparison  VEGF VEGF Qutcomes p-value
year design (control) measure-
ment
method
Capkin To investigate the levels of ~ Case — Ps (n=48) HC (n=48) ELISA Higher levels of serum VEGF-A p=0.004
etal signal peptide CUB-RGF  control in the Ps gro-up compared to
2017 family domainning protein HC group (mean + SD: 346.74
(SCUBE) 1 and 3 and assess +213 ng/mL and 243.8 +118
possible relation of SCUBE ng/mL, respectively).
1 and 3 with disease acti-
vity in conjunction with VEGF
levels as an established
marker of angio-genesis.
Socha To determine the serum con-  Cross-sectional ~ Ps (n= 41) HC (n=38) ELISA No differences in the serum p=0.25,
etal centrations of selected pro- VEGF-A concentrations (pg/ml) p=0.2and
2021 and anti-angiogenic factors between Ps and HC groups p=0.0009
and their inter-relation ships (104.31 + 24.3and 92 + 241,
in patients with plaque pso- respectively). Among Ps, the
riasis C-reactive protein concentra-
tion correlated moderately with
VEGF-A concentrations (pg/ml).
VEGF-A levels correlated posi
tively with psoriasis severity
measured in terms of PASI
and BSA.
Watanabe To explore the serum levels  Cross-sectional ~ PsV (n=18)  PsA (n=24) LEGEND  Higher serum VEGF concentra-  p=0.032,
etal,” of angiogenesis-related fac-  GPP (n=13) HC (n=10) plexTM tions (pg/mL) in the GPP group  p=0.0117
2023 tors in patients with psori- compared to the HC group. and
asis and investigated their Serum VEGF concentrations  p=0.0003

association with clinical se-
verity and laboratory data.

(pg/mL) in the GPP group de-
creased significantly after syste-
mic therapy, reaching similar le-
vels to those of HC.

Among patients with GPP, serum
concentrations of VEGF were
positively correlated with the
serum concentrations of CRP.

VEGF: Vascular Endothelial Growth Factor. P: Periodontitis. AP: Aggressive periodontitis. PS: Periodontitis smoker. PHS: Periodontally
Healthy Smoker. PH: Periodontally healthy controls.
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no studies were found that explored the levels of
VEGF in both GCF and/or blood serum samples
of patients with concurrent periodontitis and
psoriasis.

Overall, none of the studies included in this review
directly addressed our research question regarding
the prospective association of periodontitis and
psoriasis by means of VEGF. Instead, investigations
focused on the recurring theme of exploring
VEGF as a prospective inflammatory/angiogenic-
related biomarker for monitoring disease severity,
progression, and treatment response in either
periodontitis or psoriasis independently. In perio-
dontitis, studies observed that the levels of VEGF
were consistently elevated in the GCF and serum
of patients with periodontal disease compared to
healthy controls (Table 2 and Table 3).

The levels of VEGF in the GCF were also found to
positively correlatewiththeseverity of periodontal
disease, as evidenced by periodontal clinical
parameters and HIFla protein levels. Although
treatment of periodontal disease generally led
to significant reductions in the GCF and serum
VEGF levels, findings from one of the longitudinal
cohorts studies® indicated that even after 3 and
6 months, VEGF levels in the GCF did not fully
revert to those observed in periodontally healthy
individuals (Table 2). This persistent elevation
suggests that there might be other systemic or
non-periodontal sources contributing to the GCF
levels of the growth factor in these patients.

In psoriasis, research showed that the serum
levels of VEGF were usually higher in psoriasis
patients compared to systemically healthy
controls (Table 3). The levels of VEGF in the serum
were also found to be positively correlated with
psoriasis severity and systemic inflammation, as
evidenced by the PASI and BSA indexes and the
C-reactive protein. Finally, psoriasis treatment
resulted in a reduction of the serum VEGF levels
in psoriasis patients (Table 3).

DISCUSSION

Several epidemiological studies have demons-
trated an association between periodontitis and
psoriasis.*? In fact, some studies have explored
the bacterial composition in saliva and the levels
of biomarkers in oral fluids and blood serum to
explain the potential mechanisms underlying
the association between both conditions.*t-13:39
However, the biological mechanisms have not
been fully elucidated. In this scoping review, we
found that levels of VEGF-A are elevated in both
GCF and serum of patients with periodontal
diseases, as well as in the serum of psoriatic
patients. However, to date, there are no studies
that evaluate this growth factor considering both
conditions, indicating a significant gap in the
existing literature on the topic.

Regarding periodontitis, there are several rea-
sons as to why the GCF levels of VEGF may be
upregulated. One of these derives from the
differences in the GCF volumes between pe-
riodontally healthy patients and those with
periodontal disease since GCF volume increases
in the presence of inflammation.*® Therefore, it
is expected that patients with periodontitis wo-
uld have higher GCF volumes, and consequen-
tly, higher GCF levels of VEGF. Despite this, the
decrease in VEGF-A levels in the GCF after con-
ventional periodontal treatment reinforces the
involvement of VEGF-A in the pathogenesis of
periodontal disease.?®

Moreover, and in line with this, VEGF-A levels
increase in the serum of individuals with perio-
dontitis compared to healthy controls, and they
also decrease after periodontal treatment.32
Therefore, it is plausible that VEGF-A has a key
role in the modulation of angiogenesis in the
inflammatory and regenerative processes invol-
ved in periodontal disease.

Hypoxic conditions associated with periodon-
tal disease may be another potential pathway
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that explains the rise in VEGF-A levels in the
GCF#
heterodimeric transcription factor composed of
two subunits: HIF-1la and HIF-1[3. HIF-1ais foundin
the cytosol and is frequently regulated by cellular

Hypoxia-inducible factor 1 (HIF-1) is a

oxygentension. Undernormoxic conditions, prolyl
hydroxylases (PHD) or asparagine hydroxylases
hydroxylate HIF-1a, initiating its proteasomal
degradation. In contrast, HIF-1B is constitutively
expressed and localized in the nucleus. Under
hypoxic conditions, PHDs are inhibited, leading
to the stabilization of HIF-1p. Consequently, HIF-
la translocate to the nucleus, dimerizes with
HIF-183, and initiates the transcription of various
target genes, such as VEGF.*** The influence
of hypoxia on the increase in VEGF-A levels in
periodontitis can be supported by a clinical
study that observed a positive correlation bet-
ween HIF-1a and VEGF-A levels in the GCF and
saliva of patients with periodontitis.?*38

When it comes to psoriasis, it has been obser-
ved that VEGF-A is overexpressed in both kera-
tinocytes and fibroblasts from psoriatic skin
lesions, in comparison to cell samples from nor-
mal, healthy skin. This observation suggests
that VEGF-A could have a significant role in the
development and formation of psoriasis pla-
ques.* Based on this, our hypothesis proposes
that VEGF-A might disseminate from psoriatic skin
lesions into the systemic circulation of patients
with psoriasis. Several studies have shown higher
levels of VEGF-A in the blood serum of psoriatic
patients compared to non-psoriatic healthy
controls,®*37” and these levels tend to decrease
following psoriasis treatment,*” indicating that
systemic VEGF-A levels are influenced by pso-
riasis activity. Therefore, itis plausible to consider
that the regulation of VEGF-A in subjects with
psoriasis is dependent on TNF-a.*s#¢ This is
supported by evidence showing that treatment
with TNF-a blockade leads to downregulation
of VEGF-A expression and a decrease in the
blood vessel area in the skin of patients with

psoriasis.*® This illustrates the dependence on
VEGF-A in inflammatory diseases. Therefore, it
is plausible to assume that the systemic inflam-
mation associated with both periodontitis and
psoriasis,*™® can contribute to the increased
systemic levels of VEGF-A, affecting both the skin
and periodontal tissues, thereby promoting the
progression of both diseases.

Regarding the limitations observed in the arti-
cles included in this review, there are several
points to consider. Firstly, no studies were found
that comprehensively analyzed or proposed the
molecular mechanisms behind the association
between periodontitis and psoriasis. This lack
of in-depth investigation into the molecular
pathways involved in both diseases limits our
understanding of the specific role of VEGF in
connecting these two diseases. Secondly,
the sample sizes in the studies were generally
small, which may limit the representativeness
and generalizability of their results in larger
populations. In addition, many of these articles
did not have a long-term follow-up period,
with some extending to up to six months. The
limited duration of follow-up restricts our ability
to assess the long-term effects and outcomes
related to VEGF in the context of periodontitis,
psoriasis and the connection of both. While there
is a significant body of literature dedicated to
the investigation of biomarkers in psoriasis, the
number of articles particularly focused on VEGF
is limited. This scarcity of studies hampers our
comprehensive understanding of its specific
role and contribution to the pathogenesis of
the dermatosis. Lastly, one of the articles only
included male patients as participants This
gender bias limits the generalizability of the
findings and highlightsthe need formoreinclusive
studies that encompass diverse populations.

In terms of future directions, as a research gro-
up, we propose conducting studies on the VEGF
levels in the GCF of patients with psoriasis with
and without periodontitis. This would provide
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insights into the role of VEGF in the pathogenesis
of psoriasis and its potential connection to
periodontitis. Toenhancetherobustness of future
studies, itis crucial to include larger sample sizes.
This will increase the representativeness of the
findings and allow for more reliable conclusions.
Additionally, extending the follow-up period in
these studies would provide valuable information
onthelong-termeffectsand outcomesassociated
with VEGF in the context of periodontitis and
psoriasis.

CONCLUSION

Based on the literature analyzed in this scoping
review, it is possible to conclude that there is a
significant increase in the VEGF levels in both GCF
and serum among subjects with periodontitis
compared to periodontally healthy controls.
Similarly, patients with psoriasis also exhibit
increased levels of serum VEGF compared to
dermatologically healthy controls. These findings
suggest that VEGF might be involved in the
pathogenesis of both diseases. However, more
studies are needed to fully elucidate the exact
mechanisms by which both diseases might be
connected, and the precise role of VEGF in this

association.

268 ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0). https://www.joralres.com/index.php/JOralRes/issue/archive © 2024



Jiménez C, Salazar C, Pérez C, Gonzalez-Quintanilla D, Bravo D, Fernandez A.
Prospective role of VEGF in the association between periodontitis and psoriasis: A scoping review.
) Oral Res.2024; 13(1):257-272. https://doi.org/10.17126/joralres.2024.023

CONFLICT OF INTERESTS
The authors declare no conflict of interest.

ETHICS APPROVAL

This study was approved by the ethical-scientific
committee ofthe Faculty of Dentistry, Universidad
Andres Bello, Santiago (#PROPRGFO_2021_30).

FUNDING

This research was supported by a grant from
Direccion General de Investigacion de la Uni-
versidad Andres Bello (DGI-UNAB, DI-36-18/CBC).

AUTHORS’ CONTRIBUTIONS

Constanza Jiménez: Conceptualization,
Data acquisition and analysis, Methodology,
Project administration, Supervision, Writing
original draft.
Camila Salazar: Data acquisition and
analysis, Visualization, Writing original draft.
Constanza Pérez: Data acquisition and
analysis, Writing original draft.

David Gonzélez-Quintanilla: Writing ori-
ginal draft, Writing review and Editing.
Denisse Bravo: Writing review and Editing.
Alejandra Fernandez: Conceptualization;
Data acquisition and analysis; Funding ac-
quisition; Methodology; Project adminis-
tration; Supervision; Writing original draft;
Writing review and Editing.

ACKNOWLEDGEMENTS

we thank Drs. Felipe Céceres and Daniela
Cavagnola for their comments on the
manuscript.

ORCID

Constanza Jiménez

@ 0000-0002-2363-4036
Camila Salazar

@® 0009-0007-8546-0186
Constanza Pérez

® 0009-0000-0250-7540

David Gonzalez-Quintanilla
@ 0000-0002-1659-6879
Denisse Bravo

® 0000-0002-5749-4086
Alejandra Fernandez

@® 0000-0002-1970-7159

PUBLISHER’S NOTE

All  statements expressed in this article
are those of the authors alone and do not
necessarily represent those of the publisher,

editors, and reviewers.

COPYRIGHT

This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY 4.0). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the copyright
owner(s) are credited and that the original
publication in this journal is cited, in accordance
with accepted academic practice. No use,
distribution or reproduction is permitted which
does not comply with these terms. © 2024.

PEER REVIEW

This manuscript was evaluated by the editors of
the journal and reviewed by at least two peers in
a double-blind process.

PLAGIARISM SOFTWARE

This manuscript was analyzed Compilatio
plagiarism detector software. Analysis report of
document ID.9630dee93d254cb4f9a1332ddb
82202b62b70e39

ISSN Print 0719-2460 - ISSN Online 0719-2479.
https://www.joralres.com/index.php/JOralRes/
issue/archive

ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0). https://www.joralres.com/index.php/JOralRes/issue/archive © 2024 269



Jiménez C, Salazar C, Pérez C, Gonzalez-Quintanilla D, Bravo D, Fernandez A.
Prospective role of VEGF in the association between periodontitis and psoriasis: A scoping review.
) Oral Res.2024; 13(1):257-272. https://doi.org/10.17126/joralres.2024.023

REFERENCES.

1. Shen M, Xiao Y, Jing D, Zhang G, Su J, Lin S, Chen X, Liu H. Associations of combined lifestyle and genetic risks with
incident psoriasis: A prospective cohort study among UK Biobank participants of European ancestry. J Am Acad Dermatol.
2022 Aug;87(2):343-350. doi: 10.1016/j.jaad.2022.04.006. Epub 2022 Apr 12. PMID: 35427684,

2. Parisi R, Iskandar IYK, Kontopantelis E, Augustin M, Griffiths CEM, Ashcroft DM; Global Psoriasis Atlas. National, regional,
and worldwide epidemiology of psoriasis: systematic analysis and modelling study. BMJ. 2020 May 28;369:m1590. doi:
10.1136/bmj.m1590. PMID: 32467098; PMCID: PMC7254147.

3. Valenzuela F, De La Cruz C, Lecaros C, Fernandez J, Hevia G, Maul LV, Thyssen JP, Vera-Kellet C, Egeberg A, Armijo D,
Pizarro C, Riveros T, Correa H, Guglielmetti A, Didaskalu JA, Wu JJ, Griffiths CEM, Romiti R, Maul JT. Comorbidities in Chilean
patients with psoriasis: a Global Healthcare Study on Psoriasis. Clin Exp Dermatol. 2022 Dec;47(12):2234-2241. doi: 10.1111/
ced.15384. Epub 2022 Oct 28. PMID: 35988043; PMCID: PMC10092698.

4. Carvajal Aguilera D, Fernandez Moraga J, Jiménez Lizana C, Bricefio Moya J, Valenzuela Ahumada F, Fernandez Moraga
A. Periodontitis en individuos con psoriasis en Chile. Piel. mayo de 2020;35(5):286-90. doi: 10.1016/j.piel.2019.12.001

5. Visser MJE, Venter C, Roberts TJ, Tarr G, Pretorius E. Psoriatic disease is associated with systemic inflammation,
endothelial activation, and altered haemostatic function. Sci Rep. 2021 Jun 22;11(1):13043. doi: 10.1038/s41598-021-90684-
8. PMID: 34158537; PMCID: PMC8219816.

6. Tonetti MS, Greenwell H, Kornman KS. Staging and grading of periodontitis: Framework and proposal of a new
classification and case definition. J Periodontol. 2018 Jun;89 Suppl 1:5159-S172. doi: 10.1002/JPER.18-0006. Erratum in: J
Periodontol. 2018 Dec;89(12):1475. doi: 10.1002/jper.10239. PMID: 29926952.

7. Hajishengallis G, Chavakis T. Local and systemic mechanisms linking periodontal disease and inflammatory
comorbidities. Nat Rev Immunol. 2021 Jul;21(7):426-440. doi: 10.1038/s41577-020-00488-6. Epub 2021 Jan 28. PMID:
33510490; PMCID: PMC7841384.

8. Ungprasert P, Wijarnpreecha K, Wetter DA. Periodontitis and risk of psoriasis: a systematic review and meta-
analysis. J Eur Acad Dermatol Venereol. 2017 May;31(5):857-862. doi: 10.1111/jdv.14051. Epub 2016 Dec 7. PMID:
27862342; PMCID: PMC5408312.

9. Qiao P, Shi Q, Zhang R, E L, Wang P, Wang J, Liu H. Psoriasis Patients Suffer From Worse Periodontal Status-A Meta-
Analysis. Front Med (Lausanne). 2019 Oct 1;6:212. doi: 10.3389/fmed.2019.00212. PMID: 31632975; PMCID: PMC6779717.

10. Mendes VS, Cota LOM, Costa AA, Oliveira AMSD, Costa FO. Periodontitis as another comorbidity associated with
psoriasis: A case-control study. J Periodontol. 2019 Apr;90(4):358-366. doi: 10.1002/JPER.18-0394. Epub 2018 Nov 28.
PMID: 30387155.

11. Belstrgm D, Eiberg JM, Enevold C, Grande MA, Jensen CAJ, Skov L, Hansen PR. Salivary microbiota and inflammation-
related proteins in patients with psoriasis. Oral Dis. 2020 Apr;26(3):677-687. doi: 10.1111/0di.13277. Epub 2020 Jan 28. PMID:
31916654; PMCID: PMC7188313.

12. Jiménez C, Carvajal D, Herndndez M, Valenzuela F, Astorga J, Fernandez A. Levels of the interleukins 17A, 22, and 23 and
the S100 protein family in the gingival crevicular fluid of psoriatic patients with or without periodontitis. An Bras Dermatol.
2021 Mar-Apr;96(2):163-170. doi: 10.1016/j.abd.2020.08.008. Epub 2021 Jan 25. PMID: 33531183; PMCID: PMC8007492.

13. Valenzuela F, Fernandez J, Jiménez C, Cavagnola D, Mancilla JF, Astorga J, et al. Identification of IL-18 and Soluble
Cell Adhesion Molecules in the Gingival Crevicular Fluid as Novel Biomarkers of Psoriasis. Life. 23 de septiembre de
2021;11(10):1000.

14. Yilmaz Sastim C, Glrsoy M, Kononen E, Kasurinen A, Norvio S, Girsoy UK, Dogan B. Salivary and serum markers of
angiogenesis in periodontitis in relation to smoking. Clin Oral Investig. 2021 Mar;25(3):1117-1126. doi: 10.1007/s00784-020-
03411-4. Epub 2020 Jul 8. PMID: 32643086.

15. NiuX,HanQ,LiuY,LiJ,HouR,LiJ,ZhangK. Psoriasis-associated angiogenesis is mediated by EDIL3. Microvasc Res. 2020
Nov;132:104056. doi: 10.1016/j.mvr.2020.104056. Epub 2020 Aug 12. PMID: 32795468.

16. Niklander S, Bordagaray MJ, Fernandez A, Hernandez M. Vascular Endothelial Growth Factor: A Translational
View in Oral Non-Communicable Diseases. Biomolecules. 2021 Jan 12;11(1):85. doi: 10.3390/biom11010085. PMID:
33445558; PMCID: PMC7826734.

270 ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0). https://www.joralres.com/index.php/JOralRes/issue/archive © 2024



Jiménez C, Salazar C, Pérez C, Gonzalez-Quintanilla D, Bravo D, Fernandez A.
Prospective role of VEGF in the association between periodontitis and psoriasis: A scoping review.
) Oral Res.2024; 13(1):257-272. https://doi.org/10.17126/joralres.2024.023

17. Palioto DB, Finoti LS, Kinane DF, Benakanakere M. Epigenetic and inflammatory events in experimental periodontitis
following systemic microbial challenge. J Clin Periodontol. 2019 Aug;46(8):819-829. doi: 10.1111/jcpe.13151. Epub 2019 Jun 25.
PMID: 31131910; PMCID: PMC6641985.

18. WuHH, Xie WL, Zhao YK, Liu JH, Luo DQ. Imiquimod Increases Cutaneous VEGF Expression in Imiquimod-induced Psoriatic
Mouse Model. Curr Vasc Pharmacol. 2016;14(3):275-9. doi: 10.2174/1570161114666160106151837. PMID: 26733387.

19. Elias PM, Arbiser J, Brown BE, Rossiter H, Man MQ, Cerimele F, Crumrine D, Gunathilake R, Choi EH, Uchida Y, Tschachler
E, Feingold KR. Epidermal vascular endothelial growth factor production is required for permeability barrier homeostasis,
dermal angiogenesis, and the development of epidermal hyperplasia: implications for the pathogenesis of psoriasis. Am J
Pathol. 2008 Sep;173(3):689-99. doi: 10.2353/ajpath.2008.080088. Epub 2008 Aug 7. PMID: 18688025; PMCID: PMC2527083.

20. Gong J,Yang H, Qi D, Tang X. The association of serum vascular endothelial growth factor levels and psoriasis vulgaris:
A protocol for systematic review and meta-analysis. Medicine (Baltimore). 2020 Aug 14;99(33):21565. doi: 10.1097/
MD.0000000000021565. PMID: 32872007; PMCID: PMC7437804.

21. BletsaA,Virtej A, Berggreen E. Vascular endothelial growth factors and receptors are up-regulated during development of
apical periodontitis. J Endod. 2012 May;38(5):628-35. doi: 10.1016/j.joen.2012.01.005. Epub 2012 Feb 1. PMID: 22515891.

22. Aldridge SE, Lennard TW, Williams JR, Birch MA. Vascular endothelial growth factor receptors in osteoclast differentiation
and function. Biochem Biophys Res Commun. 2005 Sep 30;335(3):793-8. doi: 10.1016/}.bbrc.2005.07.145. PMID: 16105658.

23. Zhang Z, ShuaiY, Zhou F, Yin J, Hu J, Guo S, Wang Y, Liu W. PDLSCs Regulate Angiogenesis of Periodontal Ligaments via
VEGF Transferred by Exosomes in Periodontitis. Int J Med Sci. 2020 Feb 10;17(5):558-567. doi: 10.7150/ijms.40918. Erratum in:
Int J Med Sci. 2022 May 3;19(5):833. doi: 10.7150/ijms.74583. PMID: 32210705; PMCID: PMC7085218.

24. Ramya, KumarS. Expression of VEGF in Periodontal Tissues of Type Il Diabetes Mellitus Patients with Chronic Periodontitis
-an Immunohistochemical Study. J Clin Diagn Res. 2014; 8(8): ZC01 - ZC03.

25. Arksey H, O’'Malley L. Scoping studies: towards a methodological framework. Int J Soc Res Methodol. 2005;8(1):19-32.
doi.10.1080/1364557032000119616

26. Levac D, Colquhoun H, O’'Brien KK. Scoping studies: advancing the methodology. Implement Sci. 2010 Sep 20;5:69. doi:
10.1186/1748-5908-5-69. PMID: 20854677; PMCID: PMC2954944.

27. Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E. Systematic review or scoping review? Guidance for
authors when choosing between a systematic or scoping review approach. BMC Med Res Methodol. 2018 Nov 19;18(1):143. doi:
10.1186/512874-018-0611-x. PMID: 30453902; PMCID: PMC6245623.

28. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, Levac D, Moher D, Peters MDJ, Horsley T, Weeks L, Hempel S, Akl EA,
Chang C,McGowan J, Stewart L, Hartling L, Aldcroft A, Wilson MG, Garritty C, Lewin S, Godfrey CM, Macdonald MT, Langlois EV,
Soares-Weiser K, Moriarty J, Clifford T, Tuncalp O, Straus SE. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist
and Explanation. Ann Intern Med. 2018 Oct 2;169(7):467-473. doi: 10.7326/M18-0850. Epub 2018 Sep 4. PMID: 30178033.

29. Tayman MA, Kurgan S, Onder C, Giiney Z, Serdar MA, Kantarci A, Glinhan M. A disintegrin-like and metalloproteinase with
thrombospondin-1 (ADAMTS-1) levels in gingival crevicular fluid correlate with vascular endothelial growth factor-A, hypoxia-
inducible factor-1a, and clinical parameters in patients with advanced periodontitis. J Periodontol. 2019 Oct;90(10):1182-1189.
doi: 10.1002/JPER.18-0195. Epub 2019 May 28. PMID: 31020669.

30. Afacan B, Oztiirk VO, Pasali C, Bozkurt E, Kose T, Emingil G. Gingival crevicular fluid and salivary HIF-1a, VEGF, and TNF-a
levels in periodontal health and disease. J Periodontol. 2019 Jul;90(7):788-797. doi: 10.1002/JPER.18-0412. Epub 2018 Dec 11.
PMID: 30536725.

31. Borges CD, Ricoldi MS, Messora MR, Palioto DB, Souza SLS, Novaes Junior AB, Taba M Jr. Clinical attachment loss and
molecular profile of inflamed sites before treatment. J Appl Oral Sci. 2019 Sep 9;27:e20180671. doi: 10.1590/1678-7757-2018-
0671. PMID: 31508795; PMCID: PMC9648953.

32. TurerCC,Durmus D, Balli U, Gliven B. Effect of Non-Surgical Periodontal Treatment on Gingival Crevicular Fluid and Serum
Endocan, Vascular Endothelial Growth Factor-A, and Tumor Necrosis Factor-Alpha Levels. J Periodontol. 2017 May;88(5):493-
501. doi: 10.1902/jop.2016.160279. Epub 2016 Dec 15. PMID: 27976595.

ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0). https://www.joralres.com/index.php/JOralRes/issue/archive © 2024 271



Jiménez C, Salazar C, Pérez C, Gonzalez-Quintanilla D, Bravo D, Fernandez A.
Prospective role of VEGF in the association between periodontitis and psoriasis: A scoping review.
) Oral Res.2024; 13(1):257-272. https://doi.org/10.17126/joralres.2024.023

33. Capkin AA, Demir S, Mentese A, Bulut C, Ayar A. Can signal peptide-CUB-EGF domain-containing protein (SCUBE) levels be
a marker of angiogenesis in patients with psoriasis? Arch Dermatol Res. 2017 Apr;309(3):203-207. doi: 10.1007/s00403-017-1722-7.
Epub 2017 Feb 25. PMID: 28238185.

34. Romano F, Bongiovanni L, Bianco L, Di Scipio F, Yang Z, Sprio AE, Berta GN, Aimetti M. Biomarker levels in gingival
crevicular fluid of generalized aggressive periodontitis patients after non-surgical periodontal treatment. Clin Oral Investig. 2018
Mar;22(2):1083-1092. doi: 10.1007/s00784-017-2192-1. Epub 2017 Sep 16. PMID: 28918557.

35. Romano F, Bongiovanni L, Bianco L, Di Scipio F, Yang Z, Sprio AE, Berta GN, Aimetti M. Biomarker levels in gingival
crevicular fluid of generalized aggressive periodontitis patients after non-surgical periodontal treatment. Clin Oral Investig. 2018
Mar;22(2):1083-1092. doi: 10.1007/s00784-017-2192-1. Epub 2017 Sep 16. PMID: 28918557.

36. Koidou VP, Hagi-Pavli E, Cross S, Nibali L, Donos N. Molecular profiling of intrabony defects’ gingival crevicular fluid. J
Periodontal Res. 2022 Jan;57(1):152-161. doi: 10.1111/jre.12948. Epub 2021 Nov 17. PMID: 34788472.

37. Watanabe A, Kamata M, Shimizu T, Uchida H, Sakurai E, Suzuki S, Nakajima H, Niimura Y, Ito M, Egawa S, Nagata M, Fukaya
S, Hayashi K, Fukuyasu A, Tanaka T, Ishikawa T, Tada Y. Serum levels of angiogenesis-related factors in patients with psoriasis. J
Dermatol. 2023 Feb;50(2):222-228. doi: 10.1111/1346-8138.16588. Epub 2022 Sep 19. PMID: 36120723.

38. Afacan B, Keles Yiicel ZP, Pasali C, Atmaca ilhan H, Kése T, Emingil G. Effect of non-surgical periodontal treatment on gingival
crevicular fluid hypoxia inducible factor-1 alpha, vascular endothelial growth factor and tumor necrosis factor-alpha levels in
generalized aggressive periodontitis patients. J Periodontol. 2020 Nov;91(11):1495-1502. doi: 10.1002/JPER.19-0521. Epub 2020
May 5. PMID: 32246842.

39. Majchrzycka M, Andrzejewska M, Surdacka A, Surdacki M, Adamski Z. Evaluation of the relationship between psoriasis,
periodontitis, and markers of inflammation. Postepy Dermatol Alergol. 2022 Dec;39(6):1123-1127. doi: 10.5114/ada.2022.118998.
Epub 2022 Aug 23. PMID: 36686001; PMCID: PMC9837583.

40. Barros MH, Hauck F, Dreyer JH, Kempkes B, Niedobitek G. Macrophage polarisation: an immunohistochemical approach for
identifying M1 and M2 macrophages. PLoS One. 2013 Nov 15;8(11):e80908. doi: 10.1371/journal.pone.0080908. PMID: 24260507
PMCID: PMC3829941.

41. Karatas O, Balci Yuce H, Tulu F, Taskan MM, Gevrek F, Toker H. Evaluation of apoptosis and hypoxia-related factors in gingival
tissues of smoker and non-smoker periodontitis patients. J Periodontal Res. 2020 Jun;55(3):392-399. doi: 10.1111/jre.12723. Epub
2019 Dec 19. PMID: 31854460.

42. Cheng J, Yang HL, Gu CJ, Liu YK, Shao J, Zhu R, He YY, Zhu XY, Li MQ. Melatonin restricts the viability and angiogenesis of
vascular endothelial cells by suppressing HIF-1a/ROS/VEGF. Int J Mol Med. 2019 Feb;43(2):945-955. doi: 10.3892/ijmm.2018.4021.
Epub 2018 Dec 10. PMID: 30569127; PMCID: PMC6317691.

43. TirpeAA,Gulei D, Ciortea SM, Crivii C, Berindan-Neagoe I. Hypoxia: Overview on Hypoxia-Mediated Mechanisms with a Focus
on the Role of HIF Genes. Int J Mol Sci. 2019 Dec 5;20(24):6140. doi: 10.3390/ijms20246140. PMID: 31817513; PMCID: PMC6941045.
44, Yan BX, Zheng YX, Li W, Chen JQ, Zhou J, Cai SQ, Zheng M, Man XY. Comparative expression of PEDF and VEGF in human
epidermal keratinocytes and dermal fibroblasts: from normal skin to psoriasis. Discov Med. 2018 Feb;25(136):47-56. PMID:
29579411.

45. Wegner J, Karbach S, Drosos I, Schnorbus B, Muxel S, Schmidt F, Wenzel P, Waisman A, Mlinzel T, Gori T, von Stebut E. TNF-a
blockade may lead to improvement of vascular function in psoriasis patients. Exp Dermatol. 2022 Feb;31(2):237-241. doi: 10.1111/
exd.14452. Epub 2021 Sep 1. PMID: 34432926.

46. Cafiete JD, Pablos JL, Sanmarti R, Mallofré C, Marsal S, Maymé J, Gratacés J, Mezquita J, Mezquita C, Cid MC. Antiangiogenic
effects of anti-tumor necrosis factor alpha therapy with infliximab in psoriatic arthritis. Arthritis Rheum. 2004 May;50(5):1636-41.
doi: 10.1002/art.20181. PMID: 15146434.

47. Suh JS, Kim S, Bostrom Kl, Wang CY, Kim RH, Park NH. Periodontitis-induced systemic inflammation exacerbates
atherosclerosis partly via endothelial-mesenchymal transition in mice. Int J Oral Sci. 2019 Jul 1;11(3):21. doi: 10.1038/s41368-019-
0054-1. PMID: 31257363; PMCID: PMC6802639.

48. Lorscheid S, Muller A, Loffler J, Resch C, Bucher P, Kurschus FC, Waisman A, Schakel K, Hailfinger S, Schulze-Osthoff K, Kramer
D. Keratinocyte-derived IkB{ drives psoriasis and associated systemic inflammation. JCI Insight. 2019 Nov 14;4(22):e130835. doi:
10.1172/jci.insight.130835. PMID: 31622280; PMCID: PMC6948851.

272 ISSN Print 0719-2460 - ISSN Online 0719-2479. Attribution 4.0 International (CC BY 4.0). https://www.joralres.com/index.php/JOralRes/issue/archive © 2024



