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The presence of ACE2 and
regulatory miRNAs (miR-200c-3p
and miR-421-5p) in the saliva
of periodontitis patients
post-COVID-19 vaccination
Boy M. Bachtiar1, Natalina Haerani2, Yuniarti Soeroso2,
Nada Ismah3 and Endang W. Bachtiar1*
1Department of Oral Biology and Oral Science Research Center, Faculty of Dentistry, Universitas
Indonesia, Jakarta, Indonesia, 2Department of Periodontology, Faculty of Dentistry, Universitas
Indonesia, Jakarta, Indonesia, 3Department of Orthodontics, Faculty of Dentistry, Universitas Indonesia,
Jakarta, Indonesia
The effectiveness of COVID-19 mRNA vaccines in individuals with periodontitis is
crucial. This study evaluated the efficacy of the BNT162b2 vaccine in individuals
with periodontitis who had been vaccinated at least 6 months earlier. Using real-
time PCR, the association between the SARS-CoV-2 receptor angiotensin-
converting enzyme 2 (ACE2) and miRNA-200c-3p and miRNA-421-5p as well
as interleukin-6 (IL-6) was examined in the saliva of moderate (G1, n= 10) and
severe (G2, n= 10) periodontitis subjects. Participants without periodontitis
were included as a control group. The transcription levels of soluble ACE2 and
IL-6 were higher in periodontitis participants than in control participants, but
within periodontitis groups, only IL-6 expression was higher in G2 than in G1.
A positive strong correlation between ACE2 and IL-6 was only observed in the
G2 group (p= 0.008). The expression of miR-200c-3p but not miR-421-5p
was higher in periodontitis individuals. Their relationship was positive but a
strong correlation was only observed in the G2 group. In all periodontitis
groups, a strong inverse correlation was observed between the two microRNAs
and ACE2. However, receiver operating characteristic (ROC) analysis showed
that only the relationship between ACE2 and miR-4215p had potential as a
biomarker for the efficacy of the mRNA vaccine, with areas under the ROC
curve of 0.92 and 0.80 in the G1 and G2 groups, respectively. Our study
revealed that active and non-active periodontitis conditions do not interfere
with the efficacy of the BNT162b2 vaccine for at least 6 months post-
vaccination. This suggests that in individuals with periodontitis, soluble ACE2 in
the saliva may serve as a preliminary indicator of vaccine response.
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1 Introduction

In January 2020, the World Health Organization (WHO) declared the discovery of a

novel coronavirus known as SARS-CoV-2 (1). SARS-CoV-2 is a virus responsible for

COVID-19, a new infectious respiratory disease with an emergent outbreak that

impacts all populations (2).

Although vaccination is a promising strategy for preventing SARS-CoV-2 infection, its

efficacy is crucial, particularly for vulnerable people, such as those with periodontitis, an
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oral tissue inflammation that can be a modifiable factor for

COVID-19 complications (3, 4). This is because the oral cavity is

a reservoir for SARS-CoV-2 (5), as the virus can be found in the

periodontal pocket (6), gingival crevicular fluid, and saliva (7, 8).

However, an earlier study demonstrated that 6 months

post-COVID-19 vaccination, the IgA against the SARS-CoV-2

N protein can be detected in the oral fluids of vaccinated

individuals (9). This indicates that the long-lasting mucosal

immune response may reflect the effectiveness of COVID-19

vaccines in reducing or minimizing the risk of SARS-CoV-2

infection. As the vaccines are administered to all healthy people

and the pathogenic action of the mRNA-based vaccine and

SARS-CoV-2 is similar (10), it is reasonable to expect a difference

in the biological effect due to the intramuscular administration of

the vaccine, especially when considering that periodontitis may

occur concurrently and be unrelated to the vaccine.

In addition to antibodies against SARS-CoV-2 (11), vaccine

efficacy can be analyzed through the expression of microRNA

(miRNA) (12); the expression levels of numerous miRNAs are

altered after COVID-19 vaccination (13). Apart from their known

functions inside cells, miRNAs can be reliably found in bodily

fluids, such as saliva, where the majority of detectable miRNA is

located in exosomes (14). Moreover, a previous report indicated

that miRNA-200c-3p and miRNA-421-5p regulate the expression

of angiotensin-converting enzyme 2 (ACE2), which is the primary

cell entry receptor for SARS-CoV-2 during COVID-19 infection

(15). This ACE2 receptor is abundantly expressed in a number of

organs, including the salivary glands (16). Therefore, the aim of

the present study was to assess the relationship between ACE2 and

its regulators (miRNA-200c and miR-421) in individuals with

periodontitis after receiving booster mRNA vaccines (BNT162b2).

Interleukin-6 (IL-6) was selected for analysis because it interacts

with ACE2 regulators (17, 18), contributes to the development of

periodontal disease, and maintains periodontal tissue homeostasis

by coordinating the host response (19).
2 Material and methods

2.1 Recruitment of study participants

This observational study was conducted from May to July in

2023 after participants provided their consent (ethics approval ref.

90/Ethical Approval/FKG UI/X/2022) before saliva collection. In

addition, to perform this study, we followed the guidelines of the

Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) statement (20). Information regarding

the clinical data was obtained from hospital reports (data not

shown). All recruited participants in this study were individuals

who had received the BNT162b2 vaccine (either the Pfizer-

BioNTech COVID-19 or the Moderna COVID-19 vaccine) at least

6 months before the study started. Participants with no previous

SARS-CoV-2 infection (aged > 18 years) were included in this

study. Except for patients aged >60 years, no exclusion criteria

were applied. All participants had received the first and second

doses of the COVID-19 vaccine (Sinovac-CoronaVac vaccine),
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app) provided by the Indonesian government (21).

Of the 30 participants, 10 had moderate periodontitis (G1),

10 had severe periodontitis (G2), and 10 did not have

periodontitis (controls). Moderate to severe periodontitis was

diagnosed according to the established criteria (20).
2.2 Salivary sample collection

A recent report showed that salivary components can be used as

surrogates for systemic biomarkers (22). In this study, unstimulated

saliva (1 ml) was collected from all recruited participants. The saliva

was collected between 8 a.m. and 11 a.m., during which time the

subject had been requested to refrain from food and drinks (for at

least 1 h). The saliva was collected using a sterile pipette and

immediately put on ice and stored at −80°C until further use.
2.3 Quantification of ACE2 and IL-6
transcription by quantitative real-time PCR

RNA was extracted from saliva using GENEzolTM (General,

Ltd, New Taipei City, Taiwan), as per the manufacture’s

recommendations, followed by reverse transcription using an

Applied Biosystems kit (Waltham, MA, USA). The resulting

cDNA was amplified by quantitative real-time PCR (qPCR) with

specific primers; non-transcribed RNA was used as a control for

genomic DNA contamination. The resulting cDNA was amplified

in triplicate using an ABI StepOnePlus Real-Time PCR system

with SYBR Green PCR Master Mix (Applied Biosystems). The

PCR primers for ACE2 were as follows: forward, 5′-ACAGTCCA
CACTTGCCCAAAT-3′, and reverse, 5′-TGAGAGCACTGAAGA
CCCATT-3′ (23). For IL-6, the forward and reverse primers were

5′-GATTCAATGAGGAGACTTGCC-3′ and 5′-GGTCAGGGG
TGGTTATTGC-3′, respectively (15).

The PCR conditions were as follows: pre-denaturation at 95°C

for 5 min, followed by 40 cycles of 95°C for 10 s, 60°C for 30 s,

and 72°C for 30 s, and a final extension at 72°C for 5 min.

Gene expression was normalized to the level of glyceraldehyde-

3-phosphate dehydrogenase (GAPDH); the forward and reverse

primers were 5′-AATGGAAATCCCATCACCATCT-3′ and

5′-CAGACTCGCACTTG-3′, respectively (24). The mRNA

expression of each target gene in the saliva from vaccinated

participants without periodontitis was set as a control. Results

greater or less than 1 were considered to indicate the upregulation

or downregulation of mRNA expression. All values obtained from

the tested participants with periodontitis were standardized and

compared with the control value, represented as a value of 1.
2.4 Exosome

The exosomes from saliva specimens of patients with

periodontitis and controls were extracted using EXOquick-TC
TM

(EQ, System Biosciences Inc., Mountain View, CA, USA),

according to the manufacturer’s instructions. Total RNA from
frontiersin.org
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exosomes was extracted using GENEzolTM reagent (General,

Ltd, New Taipei City, Taiwan) as per the manufacturer’s

recommendations. The final concentration of purified RNA was

determined using Qubit assay reagent (Invitrogen, Carlsbad, CA,

USA) followed by reverse transcription using an Applied

Biosystems kit. The resulting cDNA was amplified in triplicate

using an ABI StepOnePlus Real-Time PCR system with SYBR

Green PCR Master Mix (Applied Biosystems). The forward and

reverse primers for miR-200c-3p were 5′-GCGGCGGTGGCA
GTGTCTTAGC-3′ and 5′-ATCCAGTGCAGGGTCCGAGG-3′,
respectively (15). The forward and reverse primers for

miR-4215p were 5′-GCTTCGGCAGCACATATACTAAAAT-3′
and 5′-CGCTTCACGAATTTGCGTGTCAT-3′ (15), respectively.

Using the forward (5′-CTCGCTTCGGCAGCACA-3′) and

reverse (5′-AACGCTTCACGAATTTGCGT-3′) primers (25), the

expression of each miRNA was normalized to U6 snRNA and

standardized to the control value as mentioned above.

The PCR conditions were as follows: 95°C for 2 min, followed

by 35 cycles of 95°C for 5 s, 62°C for 10 s, and 72°C for 30 s, then

95°C for 1 min, 62°C for 1 min, and 96°C for 15 s.
2.5 Statistical analysis

Analysis of the descriptive data was performed using GraphPad

Prism software, version 10.1.0. (San Diego, CA, USA), and was

presented as median (range). One-way ANOVA with Kruskal–

Wallis (non-parametric data) was then used to compare data

among groups (control, G1, and G2). To compare data between

the periodontal groups (G1 and G2), we used Student’s unpaired

t-test. Two-tailed p-values <0.05 were considered significant. The

correlation between independent variables was calculated using

Spearman’s correlation coefficient (r), and linear regression was

used to generate the line of best fit with 95% confidence

intervals. The sensitivity and specificity of the relationship

between two independent variables were determined using

receiver operating characteristic (ROC) curve analysis.
3 Results

The results of the real-time PCR showed that the expression

levels of all targeted molecules (ACE2, IL-6, miR-200c-3p, and

miR-421-5p) were detected in the saliva of all participants with

and without periodontitis.
3.1 Transcription levels and
correlation analysis

First, we examined whether inflammation activities in

periodontal tissue upregulate the transcription of ACE2 and IL-6.

As shown in Figures 1A,B, the level of ACE2 transcription was

significantly upregulated in both groups studied (p < 0.05), but

when we compared between the periodontitis groups (G1 and

G2), the transcription was not significant (p > 0.05). In contrast,
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a significant increase in the transcription levels of IL-6 was

identified in the G2 group compared with the participants in the

G1 group (p < 0.0007). A Spearman correlation analysis was

further performed to measure the strength and direction of

association between ACE2 and IL-6. The results showed that in

both periodontitis groups, there was a strong positive correlation

between ACE2 and IL-6. The coefficient correlations in G1 and

G2 were r = 0.03 (p = 0.9) and r = 0.79 (p = 0.008), respectively

(Figures 1C,D). Given the regulatory role of miR-200c-3p and

miR-421-5p in ACE2 expression (15), we further compared their

transcription levels in the salivary exosome of both periodontitis

groups and the controls. Again, the G2 group had a higher

regulation of mir-200c-3p, which was statistically significant

when compared with the G1 group (p < 0.01, Figure 2A). On the

other hand, in both periodontitis groups, the transcription levels

of miR-421-5p were comparable (p > 0.05, Figure 2B). However,

in the G1 and G2 groups, the transcription levels of either

miRNA were less than those observed in the control group. The

Spearman test indicated that the correlation between both

miRNAs was positive but not significant in the G1 group

(r = 0.51, p = 0.1), but there was a strong positive correlation in

the G2 group (r = 0.82, p = 0.004, Figures 2C,D). Subsequently,

our data suggested that, irrespective of the periodontitis group,

the inverse association between the ACE2 mRNA expression

level and miR-200c-3p transcription level was significant. The

coefficient correlations for G1 and G2 were r =−0.78 (p = 0.01)

and r =−0.82 (p = 0.004), respectively (Figures 3A,B). Similarly,

the SARS-CoV-2 receptor had a significant association with the

miR-421-5p expression level, both in G1 (r =−0.72, p = 0.02) and

G2 (r =−0.84, p = 0.003) (Figures 3C,D).
3.2 Evaluation of the area under the
ROC curve

By referring to the results, we further assessed the additional

value to assess the prediction performance relationship of the

interaction between the transcription levels of ACE2 and each of

the miRNAs using ROC curve analysis (Figure 4). The area

under the curve (AUC) of the relationships between ACE2 and

miR-200c-3p was 0.91 with a p-value = 0.001 in G1 and 0.70

with a p-value = 0.1 in G2. For the interaction between ACE2

and miR-421-5p, the AUC was 0.92 with a p-value = 0.001 in G1

and 0.8 with a p-value = 0.02 in G2.
4 Discussion

ACE2 is a major contributing factor to SARS-CoV-2 infection

(26), and it can be detected in saliva (8). In the current study, we

found that soluble ACE2 can be detected in the saliva of

vaccinated individuals with periodontitis at least 6 months

post-vaccination, and the mRNA vaccine itself increases

the endogenous synthesis of the S protein (27). It has been

reported that after COVID-19 vaccination, the SARS-CoV-2

receptor (ACE2) can be membrane-bound or found as a
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FIGURE 1

Evaluation of ACE2 and IL-6 expression and their correlation in different participant groups. The transcription levels of ACE2 mRNA and IL-6 were
higher in the periodontitis groups (G1 or G2) than those in the control group. However, within the periodontitis groups, the different was only
significant (p < 0.05) for the transcription levels of IL-6 (A,B). In both periodontitis groups, the correlation between ACE2 and IL-6 was positive, but
a strong association was only observed in participants with severe periodontitis (G2) (C,D). *p < 0.05 between group; **p < 0.05 within group; ns,
not significant. Spearman correlation coefficient (r) and exact p-values are depicted.
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soluble/circulating form within the body. In either form, it can still

bind the receptor-binding domain of the S protein of SARS-CoV-2

(28). This protein is the most immunogenic antigen of the virus

causing COVID-19 and is the major target for the immune

system generated by the mRNA vaccine (29).

We assumed that periodontal inflammation occurred in our

participants with periodontitis before the administration of

COVID-19 mRNA vaccine, which raises the need to provide

further evidence of the efficacy of the vaccine, more specifically

in periodontal-disease-related individuals. Our data showed that

the abundance of the soluble form of the SARS-CoV-2 receptor

(sACE2) detected in saliva clearly differed among vaccinated

participants with and without periodontitis. Hence, we

questioned whether the relationships between the sACE2 and its

modulator vary within the periodontitis groups. Indeed, we

separated the periodontal status of our participants into
Frontiers in Dental Medicine 04
moderate (G1) and severe (G2) periodontitis, with a non-

periodontitis group included as a control. We noticed that,

6 months following vaccination, the booster dose elicited a

salivary detectable sACE2, which was higher in periodontitis

subjects than in controls. This result may suggest that the

expression of ACE2 mRNA in the oral environment appears to

be accelerated by the presence of inflammation in periodontal

tissue. However, the inflammation onset (moderate and severe

periodontitis) may have no effect, as we observed that the

ACE2 transcription levels were statistically comparable in both

periodontitis groups (G1 and G2). Consistent with our data, a

previous study reported that in plasma specimens, ACE2

activity remains elevated for more than 3 months after SARS-

CoV-2 infection (30). Thus, it’s feasible that the high

concentration of sACE2 in our participants’ saliva will

prevent the S protein of SARS-CoV-2 from attaching to the
frontiersin.org
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FIGURE 2

Transcription levels of miR-200c-3p and miR-421-5p and their correlation. In either between or within the groups tested (G1, G2, and control), miR-
200c-3p transcription levels were significantly different, whereas miR-421-5p transcription levels were comparable (A,B). These observations further
indicate that the transcriptions of both miR-200c-3p and miR-421-5p show a positive linear association, but a strong correlation (p < 0.05) was only
found in the G2 group (C,D). *p < 0.05 between group; # not significant. Spearman correlation coefficient (r) and exact p-values are shown.
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membrane-bound ACE2. Considering that the membrane-bound

ACE2 is the essential part of ACE2 for promoting SARS-CoV-2

infection (31), the presence of salivary sACE2 can be applicable

as a surrogate marker of vaccine efficacy in vaccinated

individuals with periodontitis.

In addition, the multifunctional cytokine (IL-6) was included

as an independent variable in this study, as it plays an

essential role in periodontal disease (32) and viral infection (33).

Accordingly, previous research suggests that during

immunization, miR-192 expression may change and have an

impact on IL-6 levels (34). In this study, the median (range) of

IL-6 in saliva was significantly higher in vaccinated participants

with periodontitis than in controls and increased with the

severity of disease. In addition, ACE2 transcription levels had a

linear association with IL-6. Furthermore, it was demonstrated

that the more severe periodontitis is, the greater the magnitude

of the positive association between ACE2 and IL-6. This

confirmed other reports that although COVID-19 vaccination
Frontiers in Dental Medicine 05
does not affect plasma IL-6 levels (35), the salivary levels of

sACE2 may reflect an inflammatory condition (28), which can

be accelerated by periodontitis (36). Moreover, a previous report

showed that elevated ACE2 expression occurred after treatment

with lipopolysaccharide (LPS) from Porphyromonas gingivalis

(37). This bacterium is an important periodontal pathogen

that modulates IL-6 expression, although this is dependent on

the bacterium’s LPS isoform (38), and we did not include

this in the evaluation in this study. Taken together, these

results suggested that in the saliva of our participants, the

two determinant factors (ACE2 and IL-6) associated with

periodontitis in vaccinated individuals were relatively dependent.

Thus, our finding from this study provided additional evidence

that indicated that for at least 6 months post-COVID-19

vaccination, the expression of inflammation-associated ACE2/IL-

6 increases when the phenotype of the periodontal tissue

changes from no periodontitis to moderate periodontitis, and to

severe periodontitis.
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FIGURE 3

Scatter diagram illustrating the inverse correlation between the mRNA expression of ACE2 and miR-200c-3p/miR-421-5p. The observation indicates
that, in either group observed (G1 and G2), the inverse correlation was strong (A–D). Spearman correlation coefficient (r) and exact p-values
are shown.
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Considering the regulatory role of miRNA in the onset of

inflammation and ACE2 activities (39), and owing to their

crucial regulatory roles in the pathogenesis of periodontitis (40),

we considered that the presence of sACE2 in the oral fluids of

vaccinated participants with periodontitis provides additional

information about the oral environment effect of the mRNA

vaccine for COVID-19. Hence, it is tempting to speculate that

the expression of the selected miRNAs (mir-200c-3-p and

miRNA-421-5p) might be affected by the inflammation process

in our participants with periodontitis, which we detected

6 months after they had received the COVID-19 mRNA vaccine.

First, we found that there was a positive association between

miRNA-200c-3p and miRNA 421-5p with a concurrent decrease

in the two miRNAs when the periodontitis status altered from

moderate to severe periodontitis in comparison with control

participants. In addition, there was a significant difference in

miR-200c-3p levels between the three groups 6 months post-

COVID-19 vaccination. This miRNA was observed to decrease

significantly in G1 compared with G2. This indicates its negative

regulator for ACE2 (41) was associated with the severity of

periodontal tissue inflammation. A similar trend was found in

the expression of miR-421-5p. In both periodontitis groups (G1

and G2), the expression of miR-421-5p decreased compared with

the control, although the difference was not significant (p = 0.1).
Frontiers in Dental Medicine 06
Altogether, the obtained results may imply that with the onset of

periodontitis in vaccinated individuals, a decrease in miR-

200c-3p and miR-421-5p levels may prime the immune system,

thereby influencing the response to the subsequent stimulus,

which in our case was the COVID-19 mRNA vaccine. However,

the underlying biopathological mechanism is as yet unclear.

On the other hand, the inverse correlation between miRNA-

200c-3p/miRNA-421-5p and ACE2 may indicate that the low

levels of either miRNA tested did not inhibit the expression of

ACE2, which we observed in severe periodontitis has a strong

association with the upregulation of IL-6. The current finding is

in line with an earlier report describing the important role of the

cytokine in periodontal destruction (32). Our finding further

indicates that the role of miRNA-200c-3p/miRNA-421-5p

as a negative regulator of ACE2 (42, 43) might be affected by

inflammation and appeared to accelerate the expression of ACE2

in the periodontal microenvironment observed 6 months post-

COVID-19 vaccination. Hence, to ascertain whether miRNA-

200c-3p and miRNA-421-5p exhibit potential as predictors, the

ROC curves were determined, and the AUC was considered. We

found that only the association between ACE2 and miR-421-5p

had a consistently statistically significant diagnostic strength, with

AUC of 0.09 (p = 0.001) and 0.8 (p = 0.02) in moderate and

severe periodontitis, respectively. This result suggests that salivary
frontiersin.org

https://doi.org/10.3389/fdmed.2024.1438139
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/


FIGURE 4

Diagnostic value analysis of the relationships between ACE2 and miR-200c-3p/miR-421-5p by ROC curves. The figures represent calculated ROC
curves of the correlation between ACE2 and miR-200c-3p (A,B), and between ACE2 and mir-421-5p (C,D). Each of them exhibit characteristics of
the sensitivity and specificity from the AUC values of ROC analysis. However, in both groups (G1 and G2), a consistently higher AUC value was
only observed in the relationship between ACE2 and mir-421-5p.
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exosomal miR-421-5p has predictive power regarding the

aggressiveness of periodontal inflammation and could be used as

an independent prognostic biomarker for vaccine efficacy in

periodontitis patients who received a COVID-19 mRNA vaccine,

with a certain degree of accuracy. However, more studies are

required to understand its role as a probable marker for the

efficacy of COVID-19 mRNA vaccines.
5 Limitations of the study

Some intrinsic limitations should be noted in this study. First, as

an observational study, only subjects aged <60 years were included.

Age is the biological component that most closely correlates with

the fluctuation in salivary miRNA levels (44). Also, in addition to

the limited number of recruited participants, other potential

confounders were not excluded. Gender, smoking habit, and

coexisting conditions (e.g., diabetes) are examples of potential

confounders. Smoking may upregulate ACE2 expression (45), and

a reduction in miR-421 has been reported in diabetic patients (46).

Therefore, the implication of some confounding variables may be

miscalculated in predicting the result. In addition, periodontitis is a

common oral infectious disease that is triggered by oral bacteria. It

is important to analyze certain quantities of specific pathogens in

the oral microbiota of patients that initiate inflammation, and we

did not assess this in the current study.
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Within the limitations of this study, our result revealed

that the oral environment of vaccinated individuals with

periodontitis maintains a distinctive relationship between ACE2

and its regulators (miR-200c-3p and miR-421-5p). This

relationship could play a protective role against SARS-CoV2,

and it is not interfered with by active and non-active

periodontitis conditions for at least 6 months post-vaccination.

Therefore, given the simplicity of saliva collection, detecting

the soluble ACE2 in oral fluids may serve as an early tool for

assessing population immunity and vaccine response, and it is

particularly relevant as a potential non-invasive biomarker

for predicting vaccine efficacy in vulnerable individuals (such

as those with periodontitis) or when blood collection is not

feasible. Moreover, ACE2 and its regulator might be relevant

saliva markers for predicting the effectiveness of SARS-CoV-2

vaccines in other vulnerable populations, such as those with

diabetes mellitus.
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