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Abstract: SARS-CoV-2 propagation in the world has led to rapid growth and an acceleration in the
discoveries and publications of various interests. The main focus of a consistent number of studies
has been the role of angiotensin-converting enzyme 2 (ACE2) in binding the virus and its role in
expression of the inflammatory response after transmission. ACE2 is an enzyme involved in the
renin–angiotensin system (RAS), whose key role is to regulate and counter angiotensin-converting
enzyme (ACE), reducing the amount of angiotensin II and increasing angiotensin 1–7 (Ang1–7),
making it a promising drug target for treating cardiovascular diseases. The classical RAS axis, formed
by ACE, angiotensin II (Ang II), and angiotensin receptor type 1 (AT1), activates several cell functions
and molecular signalling pathways related to tissue injury and inflammation. In contrast, the RAS
axis composed of ACE2, Ang1–7, and Mas receptor (MasR) exerts the opposite effect concerning
the inflammatory response and tissue fibrosis. Recent studies have shown the presence of the RAS
system in periodontal sites where osteoblasts, fibroblasts, and osteoclasts are involved in bone
remodelling, suggesting that the role of ACE2 might have a fundamental function in the under-
or overexpression of cytokines such as interleukin-6 (IL-6), interleukin-7 (IL-7), tumour necrosis
factor alpha (TNF-α), interleukin-2 (IL-2), interleukin-1 beta (IL-1β), monocyte chemoattractant
protein-1 (MCP-1), and transforming growth factor-beta (TGF-β), associated with a periodontal
disorder, mainly during coinfection with SARS-CoV-2, where ACE2 is underexpressed and cannot
form the ACE2–Ang1–7–MasR axis. This renders the patient unresponsive to an inflammatory process,
facilitating periodontal loss.
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1. Introduction

SARS-CoV-2 is a novel coronavirus [1]. The spike proteins of this RNA virus bind to the cellular
receptors of cells to mediate infection of their target cells, after which viral replication begins in the
cytoplasm. The main targets of SARS-CoV-2 are the lungs, immune organs, heart, arteries, and, last but
not least, the oral cavity, with involvement of the first upper airways (nasal cavity, paranasal sinuses,
oral cavity, pharynx, epiglottis, and larynx.) [2]. The virus transmission path is linked to contact or
faecal–oral transmission, coughing, and sneezing, as well as to respiratory droplets [3,4]. The pivotal
effect is that patients’ symptoms are related to the onset of the disease [5] and contagiousness can
persist for up to 2 or 3 weeks after convalescence [6,7]. Moreover, patients’ symptoms and disease
manifestations are diversified for each person affected; indeed, mild or subclinical symptoms have
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been associated with infective patients [8]. Several aspects might facilitate the outspread of COVID-19.
Predisposition, genetics, systematic diseases, population, gender, and age are key factors for the onset
and progression of the viral infection, and patients suffering from asthma or pulmonary deficiency are
more exposed to a high risk of mortality [9,10].

Patients’ origin might affect the infection response; indeed, recent studies showed a higher
susceptibility in Asia, mainly in males, than in other continents such as Europe and America [6,11].

Recently, a metallopeptidase, angiotensin-converting enzyme 2 (ACE2), was isolated from a
patient with COVID-19 [12], which is, convincingly, the functional receptor for SARS-CoV-2. Another
study, before this discovery, showed the presence of ACE2 in various organs and tissues [13]. Indeed,
from a sample of 93 patients with a mean age of 52 ± 22 years and a gender ratio of 50/43, ACE2 was
identified in type I and type II alveolar epithelial cells residing in both the nasal and oral mucosa,
in the nasopharynx, in the smooth muscle cells and endothelium of vessels in the stomach and the skin,
precisely in the basal cell layer of the epidermis extending to the basal cell layer of hair follicles, and in
the basal layer of the non-keratinizing squamous epithelium [13]. The inflammatory manifestation can
be dissimilar according to the key factors mentioned before and, consequently, ACE2 levels might also
be different in each population. Thus, the onset and progression of the disease might show acute and
aggressive sequel or subclinical symptoms [6,11].

ACE2 is also an enzyme identified in COVID-free patients with periodontal disease in different
cell types, such as fibroblasts, osteoblasts, and osteoclasts, that are involved in the bone and soft tissue
remodelling around teeth and implants [14]. Furthermore, the role of this enzyme in response to the
onset and progression of periodontal disease is clear [14].

The possible coexistence of COVID-19 and periodontitis could be a critical situation to observe and
treat. The viral exacerbation associated with periodontal bacteria might facilitate cross-infections and
mutual empowerment. This situation in patients with special needs might be fatal and a monitoring
phase needs to be planned [15,16].

ACE2 is related to the renin–angiotensin system (RAS) in which it has an indispensable role in
counteracting ACE function. There are enhancers and diminishers in the regulation of functional
activities and vital responses such as blood pressure, organ protection, inflammation response, oxidative
stress, and diuresis. Their role is associated with other enzymes and receptors forming two opposite
axes: the angiotensin-converting enzyme 2–angiotensin 1–7–Mas receptor (ACE2–Ang1–7–MasR) axis
and the angiotensin-converting enzyme (ACE)e–angiotensin II(Ang II) –angiotensin receptor type
1(AT1) axis. The first one has a downregulating function, blocking oxidative stress, cell proliferation,
hypertension, and inflammatory response, while the second is aimed at initiating the inflammatory
process, inducing chemotaxis of inflammatory cells and mediators. (Figure 1).
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In the first axis, Ang1–7 has a key role in the oxidative response and in the inflammation process,
with the release of prostanoids and nitric oxide which have an important function in vasodilatation and
the reduction in oxidative stress. Mas receptor (MasR) has the same functions, inducing downregulation
of the ACE–Ang II–AT1 axis. On the other hand, Ang II enhances the inflammation process and blood
pressure with the release of vasopressin and catecholamine.

This hypothesis aimed to open a new field of interest concerning the role of ACE2, and consequently
of the RAS system, in periodontal disease, and at the same time examine how the presence of a viral
infection such as SARS-CoV-2 might play a key role in the onset or progression of periodontal disease.

2. Data Collection

A simple analysis of the literature was carried out focusing on several factors:

• The outbreak of COVID-19;
• ACE2 as a key factor in the SARS-CoV-2 infection pathway;
• Cytokine overexpression in a patient affected by COVID-19;
• ACE2 and cytokines in a periodontal patient;
• Possible correlation between COVID-19 and periodontitis.

Manual research was conducted in relevant databases (MEDLINE, Scopus, Cochrane Library, and
Web of Science) with the following words: ‘SARS-CoV-2’, or ‘COVID-19’, and ‘ACE2’ and ‘Periodontal
disease’ or ‘Periodontitis’. The hypothesis was extracted through the analysis of different studies
of various interest, aiming to explain each of the topics mentioned above. The inclusion criteria
were clinical and in vitro studies concerning correlations between ACE2 and periodontal disease or
COVID-19 and ACE2. Unfortunately, this hypothesis is not related to a clinical study in which the
correlation between the two diseases is underlined and clearly explained, due to the fact that the
COVID-19 pandemic provoked a real rush to publication since a lot of authors considered the hot topic
as an interesting element for editors and a simple method to speed up the normal editorial process.
This resulted in a large number of retracted articles about the COVID-19 pandemic [17].

Thus, after collecting information and data from original articles, and clinical and in vitro studies,
this postulation was performed.

3. ACE2 and Inflammation

ACE2 is an important component of the RAS and, as mentioned formerly, is linked to the
entry of SARS-CoV-2 into cells. The mechanism related to the entry of SARS-CoV-2 into cells is
correlated with endocytosis and an internalization of ACE2; consequently, a lower level of ACE2 leads
to low degradation of Ang II [13]. AT1 associated with Ang II increases neutrophil accumulation,
enhancing the inflammation process [18]. Recent data from COVID-19 patients have shown an
increase in Ang II levels, which was correlated with viral load due to the binding between ACE2 and
SARS-CoV-2 [19]. Ang II has a key role in the activation of functions and signalling pathways correlated
with inflammation, fibrosis, and tissue injury, such as the generation of free radicals, activation of
protein kinases and recruitment of inflammatory cells, and the synthesis and release of cytokines and
chemokines [20,21]. ACE2 is a regulator of the RAS system, modulating the damaging actions of Ang
II and AT1, decreasing the inflammatory response [22]. ACE and ACE2 are similar enzymes related to
contrasting functions. While ACE increases the production of Ang II, ACE2 reduces it. Regulation is
achieved by several mechanisms:

1. ACE2 acts as a mediator in the conversion of Ang I to Angiotensin 1–9 (Ang1–9) instead of Ang II
inducing an anti-inflammatory response [23,24]. This result is related to the hydrolyzation of
AngI in Ang1–9 and not in AngII, which acts as an inflammatory enhancer;

2. ACE2 directly acts on Ang II and converts it to the vasodilator Ang1–7.
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As a result, ACE2 increases Ang1–7 production at the expense of Ang II. Ang1–7 mediates its
effects via MasR, having vasodilatory and antiproliferative effects [25,26]. Other protective effects of
the ACE2/Ang1–7/MasR axis include reductions in the release of pro-inflammatory cytokines [27].

4. ACE2 and COVID-19

ACE2 is a primary receptor for SARS-CoV-2 infections [28]. Viral replication leads the immune
system to downregulate ACE2 expression, giving rise to several acute inflammatory injuries [29,30].
An ACE2–SARS-COV-2 connection could potentially result in reduced ACE2 levels at the cell surface,
decreasing the degradation of Ang II, and generating Ang1–7 [31–33]. Moreover, a reduction in
ACE2 through its internalization may increase the Ang II/Ang1–7 ratio, which could exacerbate the
inflammatory pattern of the SARS-CoV-2 infection. Dysregulation could aggravate the progression
of inflammatory responses that are subordinated to the local overactivity of ACE and Ang II, which
promotes dysfunction through COX-2 activation, generating vasoactive prostaglandins and reactive
oxygen species (ROS). Moreover, Ang II favours the recruitment of infiltrating inflammatory cells into
tissues by stimulating the production of specific cytokines/chemokines such as the potent monocyte
chemoattractant protein 1 (MCP-1). Other cytokines involved in the onset and progression of the
viral inflammatory condition are tumour necrosis factor alpha (TNF-α), interleukin-6 (IL-6), and
interleukin-1 beta (IL-1β), inducing apoptosis of endothelial cells and the activation of macrophages in
the inflamed tissue or organ.

During a SARS-CoV-2 infection, Ang II is inefficiently counterbalanced by Ang1–7 [28]. The oral
cavity and lungs are primary targets for viruses, mainly SARS-CoV-2. According to the literature,
the oral mucosa and the epithelial cells of the lungs are involved in entrance of the virus, facilitating
its replication and inducing an inflammatory response. Indeed, in vivo data on mice infected by
SARS-CoV-2 revealed lung failure related to the downregulation of ACE2 [32].

5. ACE2 and Periodontitis

Recent studies have shown the presence of ACE2 and, consequently, of the RAS system in the oral
cavity, mainly in cells associated with the periodontal structure [33]. Indeed, osteoblasts, osteoclasts,
and fibroblasts are involved in the conservation of bone and soft tissues, which play a key role in
maintaining and guaranteeing the stability and functionality of the teeth. As mentioned before,
regulation of the inflammatory pattern by ACE2 might be connected to the response in periodontal
disease (Figure 2).

Appl. Sci. 2020, 10, x FOR PEER REVIEW 4 of 10 

As a result, ACE2 increases Ang1–7 production at the expense of Ang II. Ang1–7 mediates its 
effects via MasR, having vasodilatory and antiproliferative effects [25,26]. Other protective effects of 
the ACE2/Ang1–7/MasR axis include reductions in the release of pro-inflammatory cytokines [27]. 

4. ACE2 and COVID-19 

ACE2 is a primary receptor for SARS-CoV-2 infections [28]. Viral replication leads the immune 
system to downregulate ACE2 expression, giving rise to several acute inflammatory injuries [29,30]. 
An ACE2–SARS-COV-2 connection could potentially result in reduced ACE2 levels at the cell surface, 
decreasing the degradation of Ang II, and generating Ang1–7 [31–33]. Moreover, a reduction in ACE2 
through its internalization may increase the Ang II/Ang1–7 ratio, which could exacerbate the 
inflammatory pattern of the SARS-CoV-2 infection. Dysregulation could aggravate the progression 
of inflammatory responses that are subordinated to the local overactivity of ACE and Ang II, which 
promotes dysfunction through COX-2 activation, generating vasoactive prostaglandins and reactive 
oxygen species (ROS). Moreover, Ang II favours the recruitment of infiltrating inflammatory cells 
into tissues by stimulating the production of specific cytokines/chemokines such as the potent 
monocyte chemoattractant protein 1 (MCP-1). Other cytokines involved in the onset and progression 
of the viral inflammatory condition are tumour necrosis factor alpha (TNF-α), interleukin-6 (IL-6), 
and interleukin-1 beta (IL-1β), inducing apoptosis of endothelial cells and the activation of 
macrophages in the inflamed tissue or organ. 

During a SARS-CoV-2 infection, Ang II is inefficiently counterbalanced by Ang1–7 [28]. The oral 
cavity and lungs are primary targets for viruses, mainly SARS-CoV-2. According to the literature, the 
oral mucosa and the epithelial cells of the lungs are involved in entrance of the virus, facilitating its 
replication and inducing an inflammatory response. Indeed, in vivo data on mice infected by SARS-
CoV-2 revealed lung failure related to the downregulation of ACE2 [32]. 

5. ACE2 and Periodontitis 

Recent studies have shown the presence of ACE2 and, consequently, of the RAS system in the 
oral cavity, mainly in cells associated with the periodontal structure [33]. Indeed, osteoblasts, 
osteoclasts, and fibroblasts are involved in the conservation of bone and soft tissues, which play a 
key role in maintaining and guaranteeing the stability and functionality of the teeth. As mentioned 
before, regulation of the inflammatory pattern by ACE2 might be connected to the response in 
periodontal disease (Figure 2). 

 
Figure 2. ACE2 levels and biofilm as enhancers in periodontal disease in periodontal and COVID-19 
patients. 

Figure 2. ACE2 levels and biofilm as enhancers in periodontal disease in periodontal and
COVID-19 patients.



Appl. Sci. 2020, 10, 6224 5 of 10

Thus, the system formed with Ang1–7 and MasR has a positive effect on reducing cytokine levels
in periodontal patients [34]. On the other hand, several factors can improve or impair the progression
of the disease. The initiation pathway is completely different from that of SARS-CoV-2; indeed,
bacteria are involved in facilitating the initiation of an inflammatory response inside the periodontal
pocket. During a SARS-CoV-2 coinfection, the periodontal pattern might be exacerbated due to the
downregulation of ACE2 and an increase in ACE and Ang II, with the consequent involvement of
several pro-inflammatory factors. The cytokines involved are numerous: IL-6, IL-7, IL-2, TNF-α, IL-1β,
and MCP-1. IL-6 has a crucial role in the onset and acute phase of periodontal disease [35]. It is
also associated with bone homeostasis. Indeed, the activation of Receptor activator of nuclear factor
kappa-B ligand (RANKL)in osteoblasts might be upregulated by IL-6, leading to the activation of
osteoclasts and bone resorption [36,37]. Elevated IL-17 levels have been determined in the crevicular
fluid of chronic periodontitis patients and correlated with disease severity [38–40]. IL-17 and a dysbiotic
microbiome might promote each other, leading to the enhancement of both microbiome pathogenicity
and mucosal immunopathology [40,41]. TNF-α is associated with bone metabolism, upregulating
RANKL expression in gingival epithelial cells, T cells, and osteoblasts [42,43]. TNF-α also mediates the
apoptosis of gingival fibroblasts and epithelial cells and inhibits extracellular matrix production in
gingival fibroblasts [44], thus TNF-α might be involved in the initiation of periodontitis by damaging
the gingiva and the oral mucosa. IL-1β has been shown to induce the expansion and activation of
both T helper 1 and T helper 2 cells as a result of the host–microbiota interaction [45]. MCP-1 is
expressed as the predominant cytokine of gingival tissues and it has a main role in the chemotaxis of
monocytes in inflamed tissues, enhancing the release of IL and TNFs [46,47]. Thus, ACE2 can regulate
cytokine expression through the Ang1–7 and MasR axis and this might have a fundamental role in
all inflammatory diseases, such as periodontitis [33]. Downregulation of IL-6, TNF-α, IL-1β, MCP-1,
and IL-17 might improve the survival rate of hopeless teeth, reducing inflammation and consequently
facilitating the healing phase.

6. Hypothesis of Correlation

ACE2 can regulate the pro-inflammatory and anti-inflammatory processes, balancing cytokine
expression through the formation of the ACE2–Ang1–7–MasR axis, which has a primary role in the
downregulation of the following cytokines: IL-6, IL-7, IL-2, TNF-α, IL-1β and MCP-1 [33]. In a recent
study, COVID-19 was defined as a cytokine storm syndrome, where the cytokine levels are very high,
inducing an exaggerated general inflammation [48]. The same cytokines are involved in periodontal
disease, but they have a different initiation path related to biofilm and bacteria [49]. Indeed, bacteria are
necessary for the progression of the disease, but they are not sufficient. The presence of other factors,
such as genetics, family history, systematic disease, and bad habits, can aggravate and accentuate the
progression of the pathology [50–52]. In this situation, in association with these factors, ACE2 can
solve different functions, and its expression might have a role in tissue response [53]. High levels of
ACE2 can facilitate anti-inflammatory feedback, binding Ang1–7 and activating MasR [54]. On the
other hand, higher levels of this protein can facilitate the entry of SARS-CoV-2 into the oral cavity [55].
The complex formed between the virus and ACE2 proteins leads to a reduction in ACE2 levels in
infected tissue [56], and this might increase the expression of cytokines, with the consequent activation
of the osteoprotegerin (OPG)– the receptor for RANK-Ligand (RANK)–RANKL axis, stimulating
osteoclast function and improving bone cell phenotype modulation (Figure 3) [57].

RANKL expression in periodontal tissues is a very complicated process that involves many cells,
such as T helper 1, T helper 2, B, and T lymphocytes. RANKL is identified in several cell types
concerning periodontal tissues and it plays an important role in direct or indirect regulatory roles.
Cytokines such as IL-1β and TNF-α can upregulate RANKL expression in periodontal cells and
increase osteoclast formation. ACE2 associated with the Ang1–7–MasR axis has the main function in
cytokine regulation. Moreover, the use of ACE inhibitors might increase ACE2 levels, facilitating the
anti-inflammatory response [58]. Another aspect is the anti-inflammatory potential of scaling and root
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planing, which induce a reduction in IL-17 levels [59–61]. Thus, the combination of ACE inhibitors
and periodontal therapy might have better outcomes in the progression of periodontal disease.
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7. Future and Limitations

The potential of this hypothesis regarding the possible correlation between COVID-19 and
periodontal disease might open a new field of interest concerning periodontitis and other factors
such as ACE2 in the onset and progression of the disorder. Indeed, if verified, it could suggest a
new way of treating periodontal disease according to alternative drugs, ACE inhibitors, used for
other pathologies, such as hypertension or cardiovascular disease, confirming the implication of
systematic involvement [62–64]. Another aspect that might be examined is the possible predisposition
of periodontal patients to COVID-19, and how a periodontal supportive therapy, which may be
associated with ACE inhibitors, could reduce the progression of periodontal disease but conversely
accentuate susceptibility to COVID-19. On the other hand, this hypothesis has some limitations due
to the novelty of SARS-CoV-2, and consequently, the limited literature, and there are few studies on
ACE2 and periodontal disease. Moreover, for future studies, the in vivo analysis of ACE2 levels in
COVID patients could be challenging and carry a high risk for examiners. The oral cavity should be a
critical site for the study and prevention of COVID-19 infection; indeed, according to Wyllie et al. [65],
saliva is a viable and more sensitive alternative to swabs, facilitating SARS-CoV-2 testing.

8. Conclusions

This study aimed to introduce and share a primary hypothesis of the correlation between
COVID-19 and periodontitis. The data extracted and summarized are from different fields of study.
This might have reinforced the hypothesized concept. Nevertheless, clinical studies with the principal
aim of showing correlations between these diseases are needed. The presence and implications of
ACE2 in both disorders points towards a possible association between periodontitis and COVID-19,
where down- or upregulation of this enzyme might reduce or activate several cytokines which are
expressed in both diseases. Therefore, further investigations related to the comparison of ACE2 levels
in periodontal COVID-free patients and periodontal patients affected by COVID-19 are indispensable
for the validation of this work.
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