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Abstract: Few studies have already been performed to assess oral bacteria during steroid therapy
for oral lichen planus (OLP). Thus, the aim of our study was to analyze the effect of dexamethasone
mouthrinse treatment on the oral bacteria of OLP patients. This prospective study was conducted on
patients who were diagnosed with OLP and treated with 0.05% dexamethasone mouthrinse twice per
day for 4 weeks. Using unstimulated saliva of the patients before and after treatment, the qualitative
and quantitative changes in oral bacteria were analyzed using quantitative real-time polymerase
chain reaction (qPCR). The qPCR results were analyzed using Wilcoxon signed-rank test to the
quantitative changes with dexamethasone mouthrinse. The statistical significance was considered
at a level of 0.05. In total, 20 patients were enrolled in this study, wherein all were noted to show
improved symptoms of OLP. Fifteen patients (75%) had a qualitative change in the oral microbial
species and an improved relative periodontitis risk score (from 26.1 ± 10.7 to 20.9 ± 9.2; p = 0.008).
However, quantitative changes in all species were determined to be not statistically different before
and after the treatment. Most OLP patients had a changed microbial community composition after
0.05% dexamethasone mouthrinse for 4 weeks. In particular, the composition of the periodontopathic
bacteria was improved after the treatment.

Keywords: bacteria; culture technique; dentistry; oral lichen planus; real-time PCR; saliva; periodon-
tology

1. Introduction

Oral lichen planus (OLP) has been identified as a relatively common chronic mucosal
disease that occurs in 0.1–4% of the total population [1]. OLP patients usually often suffer
from poor quality of life with psychological anxiety due to its symptoms, such as difficulty
with pronunciation, swallowing, and tooth brushing [2]. Histological features of OLP in-
clude hyperkeratosis, destruction of basal cells and the basement membrane, T-lymphocyte
infiltration in adjacent connective tissue, and the appearance of Civatte bodies [2]. In terms
of these characteristics, the origin and development process of OLP has not yet been clearly
elucidated. However, it has been revealed that OLP is an autoimmune disease in which an
immunologically mediated attack by T-lymphocytes destroys keratinocytes [3].

Treatment of OLP cannot be focused on a specific target; therefore, it is limited to
symptomatic treatment using immunomodulatory therapy. Steroid therapy has been most
commonly used in symptomatic management, which includes topical application and
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gargling with dexamethasone, fluticasone propionate, and betamethasone sodium phos-
phate [4,5]. Glucocorticoids have potent anti-inflammatory properties showing a decrease
in the number and function of various immune cells, such as T and B lymphocytes, mono-
cytes, neutrophils, and eosinophils, as well as the production of cytokines, chemokines,
and eicosanoids, and enhanced production of macrophage migration inhibitory factors [6].

When used to treat OLP, topical corticosteroids have been known to have fewer
side effects and are comparably as effective as systemic corticosteroids [7]. However,
long-term steroid gargles can affect the oral flora that, in turn, causes bacterial diseases,
such as acute pseudomembranous candidiasis [7]. Therefore, plaque control and rigorous
oral hygiene have been known as a fundamental requisite for the treatment of any oral
disease [8]. Although González-García et al. reported a low risk of fungal over-infection
with triamcinolone acetonide mouthrinse [9], a few studies have reported the change
of oral flora after the use of steroid mouthrinse for treatment of OLP. We hypothesized
that a characteristic bacterial species is activated in the saliva of OLP patients, and the
microbial community composition changes during steroid gargles. Thus, this study aimed
to analyze the qualitative and quantitative changes in oral bacteria using quantitative
real-time polymerase chain reaction (qPCR) in the saliva of OLP patients who were treated
with dexamethasone gargle for 4 weeks.

2. Materials and Methods
2.1. Patients

This prospective study was conducted on patients who were diagnosed with OLP and
treated with 10 mL of 0.05% dexamethasone gargle twice per day. OLP was diagnosed in
patients with hypersensitivity to hot or spicy food, and reticular-patterned, atrophic, and
white lesions in the oral cavity by an expert clinician with ≥23 experience. This study was
reviewed and approved by the Institutional Review Board at Seoul National University
Bundang Hospital (No. B-1704-393-305). All patients were informed about the conducting
of this study and agreed in writing to participate.

The inclusion criteria were as follows: (1) age over 18 years; (2) informed consent
from voluntary participants; (3) self-managing oral hygiene with a pocket depth of teeth
within 1–3 mm without calculus or gingivitis; and (4) dexamethasone gargle use for only
4 weeks. On the other hand, the exclusion criteria were as follows: (1) lack of agreement to
participate in the study; (2) a history of steroid treatment within 3 months before the start of
the study; (3) a history of systemic or local antibiotics within 3 months before the start of the
study; (4) untreated periodontitis or dental caries; (5) current smoker; and (6) uncontrolled
systemic diseases or the presence of a dentofacial-related deformity or syndrome.

2.2. Saliva Analysis

Unstimulated saliva was collected from the 28 patients before treatment with dexam-
ethasone gargle, and after 4 weeks of treatment, unstimulated saliva was collected again
for analysis. The saliva samples were collected via 10 mL of EasyGen mouth rinse (YD
Global Lifescience, Seongnam-si, Gyeonggi-do, Korea). All participants gargled for 20 s
using mouthwash, and the samples were collected into a specimen bucket. DNA extraction
was conducted using a QIAamp DNA Mini Kit (QIAGEN, Hilden, Germany) [10]. The
DNA extraction was performed according to the manufacturer’s instructions.

2.3. Multiplex Quantitative Real-Time Polymerase Chain Reaction (qPCR)

qPCR was performed according to the manufacturer’s instructions using an EasyPerio
(YD Global Lifescience, Seongnam-si, Gyeonggi-do, Korea) that consisted of Oligo Mix, 2×
Master mix. The PCR mixture was prepared using 9 µL of Oligo Mix, 10 µL of 2× Master
Mix, and 1 µL of template DNA. The CFX96 Touch™ Real-Time PCR Detection System
(Bio-Rad, Hercules, CA, USA) was used for qPCR. The PCR conditions were as follows:
pre-denaturation for 30 s at 95 ◦C, followed by 40 cycles of 5 s denaturation at 95 ◦C, and
30 s extension and annealing at 62 ◦C. Scanning of fluorescence was performed after the



Appl. Sci. 2021, 11, 6286 3 of 8

extension and annealing processes. According to the bacterial species, the results of qPCR
were calculated with a relative fluorescence unit (RFU) and classified into Porphyromonas
gingivalis (Pg), Tannerella forsythia (Tf), Treponema denticola (Td), Fusobacterium nucleatum
(Fn), Prevotella intermedia (Pi), Prevotella nigrescens (Pn), Streptococcus mitis (Sm), Streptococcus
mutans (Smu), and Streptococcus sobrinus (Ss).

Considering the ecological proportion of bacterial populations according to periodon-
tal health [11], the EasyPerio automatically calculated the relative periodontitis risk score
(PR-score) and caries risk score (CR-score) [12]. The data were analyzed with sequenced-
detection system software (ABI 7500 Fast Real-Time PCR System, version 1.4.1., Applied
Biosystems, Life Technologies Inc., Forest City, IA, USA). The threshold cycle values were
measured using standard curves for the number of bacterial cells from known amounts of
bacterial-specific DNA.

2.4. Statistical Analysis

The qPCR results were compared to the quantitative changes before and after dexam-
ethasone treatment using Wilcoxon signed-rank test. In addition, absolute quantitative
changes were compared to analyze the effect of dexamethasone on oral microflora. Data
are presented as mean ± standard deviation, and statistical analysis was performed using
SPSS 25.0 for Windows (SPSS Inc., Chicago, IL, USA). Significance was considered at a
level of 0.05.

3. Results

We enrolled 28 patients in this study, of whom eight were excluded because of in-
sufficient saliva secretion or poor quality of the saliva sample (1 male, 19 females; age
61.1 ± 11.8 years) (Figure 1).

Figure 1. Flow diagram of the exclusion and research steps.

All patients showed improved symptoms of OLP after four weeks of dexamethasone
gargling, whereas 15 of the 20 patients (75%) showed qualitative changes in oral microbial
species after 4 weeks of dexamethasone gargle (Table 1). After steroid therapy, the detection
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frequency was decreased for four microbial species: Tf (65% to 50%), Td (15% to 10%), Pi
(30% to 15%), and Pn (75% to 55%). Furthermore, the detection frequency was maintained
for the other four species: Pg (55%), Fn (100%), Sm (100%), and Smu (40%; Table 1).

Table 1. Demographic information and qualitative changes in the oral bacterial species of the oral lichen planus patients
before and after the treatment with dexamethasone gargle.

Patient Number Age Sex
Qualitative Results of Oral Bacterial Species

Pg Tf Td Fn Pi Pn Sm Smu Ss Change

#1 58 F N P N P N - P P - •
#2 67 F - P N P N P P P N •
#3 81 F N N N P N N P N N
#4 70 F P P + P N - P N N •
#5 72 F P P N P N P P N N
#6 67 F P N N P - P P P N •
#7 68 F P P N P N P P + N •
#8 54 F P P P P - P P N N •
#9 73 F P N N P N N P P N

#10 59 F + + N P - N P N N •
#11 39 F N P N P N P P P N
#12 60 F P P - P P - P P - •
#13 56 F N P N P N P P N N
#14 56 F N - N P N P P N N •
#15 59 F + - - P N - P N N •
#16 72 F P N N P P + P N N •
#17 73 M P N N P N N P P N
#18 53 F N N N P P - P N N •
#19 33 F - - N P N P P N N •
#20 52 F N - N P N P P - N •

Pg, Porphyromonas gingivalis; Tf, Tannerella forsythia; Td, Treponema denticola; Fn, Fusobacterium nucleatum; Pi, Prevotella intermedia;
Pn, Prevotella nigrescens; Sm, Streptococcus mitis; Smu, Streptococcus mutans; Ss, Streptococcus sobrinus, P: positive, N: negative,
+: change from negative to positive, -: change from positive to negative. •: Change in more than one species.

The PR scores significantly reduced by 5.2 ± 7.5 after the treatment (from 26.1 ± 10.7
to 20.9 ± 9.2, p = 0.008). The CR scores decreased by 1.8 ± 6.8 after the treatment (from
23.1 ± 9.5 to 21.3 ± 5.8) without significance (p = 0.492; Figure 2).

Figure 2. The relative periodontitis and caries risk scores after 4 weeks of dexamethasone treatment.
(**: Wilcoxon signed-rank test significance level at 0.01; CR-score, relative caries risk score; PR-score,
relative periodontitis risk score).
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The absolute quantitative changes of oral microbial species were significant except
for Td and Ss (0.7 ± 1.5, 104 RFU and 0.5 ± 1.9, 105 RFU, respectively; Table 2). The
average quantitative changes in oral microbial species were reduced except for Td and Pn
(0.1 ± 1.7 and 0.0 ± 1.7, 104 RFU, respectively). However, the quantitative changes were not
statistically significantly different before and after the treatment (Figure 3, Supplementary
Table S1).

Table 2. Absolute quantitative changes in the oral microbial species of oral lichen planus patients before and after treatment
with dexamethasone gargle.

Patient Number

Relative Fluorescence Unit (RFU)

Pg
(105)

Tf
(105)

Td
(104)

Fn
(106)

Pi
(106)

Pn
(104)

Sm
(106)

Smu
(105)

Ss
(105)

Total 1.5 (2.1) 1.5 (1.8) 0.7 (1.5) 1.2 (1.7) 1.1 (2.2) 1.1 (1.2) 2.5 (2.8) 1.2 (1.5) 0.5 (1.9)
p-value * 0.001 0.002 0.068 0.000 0.018 0.001 0.000 0.008 0.180

Pg, Porphyromonas gingivalis; Tf, Tannerella forsythia; Td, Treponema denticola; Fn, Fusobacterium nucleatum; Pi, Prevotella intermedia;
Pn, Prevotella nigrescens; Sm, Streptococcus mitis; Smu, Streptococcus mutans; Ss, Streptococcus sobrinus. *: Wilcoxon signed-rank test.

Figure 3. Quantitative changes in oral microbial species in OLP patients after 4 weeks of dexamethasone gargle. (Pg:
Porphyromonas gingivalis, 105 RFU; Tf: Tannerella forsythia, 105 RFU; Td: Treponema denticola, 104 RFU; Fn: Fusobacterium
nucleatum, 106 RFU; Pi: Prevotella intermedia, 106 RFU; Pn: Prevotella nigrescens, 104 RFU; Sm: Streptococcus mitis, 106 RFU;
Smu: Streptococcus mutans, 105 RFU; Ss: Streptococcus sobrinus, 105 RFU).

4. Discussion

In this study, we analyzed the qualitative and quantitative changes in oral bacteria of
OLP patients. After 4 weeks of corticosteroid gargle use, 75% of the OLP patients had a
changed microbial community composition. The amount of change was significant except
for Treponema denticola and Streptococcus sobrinus. Overall, the total number of microbes
appeared to decrease, but there was no consistent result for all patients or bacterial species.
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In the human oral cavity, about 700 bacterial species of phylogenies are identified
as essential for maintaining a healthy condition, but some oral pathogens may exert the
ability to differently trigger the activation of local immune responses with an imbalance
of pro-inflammatory and anti-inflammatory gene responses [13–15]. The effect of the oral
microbial population has not yet been clarified in the development of OLP, which is consid-
ered an oral immune disease. Lundstrom et al. first reported in 1984 that 37–50% of OLP
patients had candidiasis [16]. Until 2000, Helicobacter pylori was the only bacterium believed
to be attributed to OLP [17,18]. In 2008, Bornstein et al. showed high bacterial counts
of Bacteroides ureolyticus, Dialister species, Staphylococcus haemolyticus, and Streptococcus
agalactiae in OLP lesions by using a closed-format checkerboard DNA-DNA hybridization
method [19]. In this present study, Fn and Sm were detected in all OLP patients, and the
other species were observed in the following order: Pn (75%), Tf (65%), Pg (55%), Smu
(40%), Pi (30%), Td (15%), and Ss (10%). However, the relationship could not be elucidated
between OLP development and microbial species because no comparison was made with
healthy patients without OLP.

Although OLP is associated with T-lymphocytes without bacterial infection, it can be
affected by oral pathogens that secrete endotoxins and stimulate the immune system [2]. In
1990, Holmstrup et al. found that intensive oral hygiene management improved symptoms
in patients with atrophic and ulcerative OLP [20]. In 2007, chlorhexidine treatment was
shown to significantly relieve the symptoms of OLP [21]. These reports suggested that the
oral microbial community may interact with the symptoms or development of OLP.

On the other hand, immunomodulatory activity can affect the oral microbial com-
munity while suppressing the immunologic system during OLP treatment. In 2020, a
systematic review revealed that systemic steroid was associated with the incidence of
periodontal disease [22]. Even though steroid gargle has fewer side effects than systemic
steroids, the possibility has been suggested that there could be a change in the composition
of the microbial community during steroid mouthrinse therapy [7]. However, there has
been a lack of study for indigenous bacterial populations with steroid gargles. As per
our findings, 75% of patients had an altered oral microbial composition during 4 weeks
of dexamethasone mouthrinse. These results suggest that the distribution of commensal
bacteria could be affected by the steroid gargle and might be associated with the possibility
of an individual to dental caries and periodontal disease.

Oral bacteria can be classified into periodontopathic and cariogenic bacteria. Among
them, EasyPerio (YD Global Lifescience, Seongnam-si, Gyeonggi-do, Republic of Korea)
can detect six periodontopathic (Pg, Tf, Td, Fn, Pi, and Pn) and two cariogenic (Sm and
Smu) species. In particular, the dexamethasone mouthrinse significantly affected periodon-
topathic bacteria, but not cariogenic bacteria, as shown in Figure 1. Qualitatively, the four
species reduced the frequency of detection, that is, Tf, Pi, Pn, Td, and Ss, and the others
remained the same, i.e., Pg, Fn, Sm, and Smu. Quantitatively, the absolute amount of the
bacteria was significantly changed, or the six species (Pg, Tf, Fn, Pi, Pn, Sm, and Smu) were
changed, except for Td and Ss. However, the tendency of the increase or decrease in the
number of bacteria was different for each patient; thus, the total number of bacteria showed
no statistical difference among all patients.

Based on a recent advent of high-throughput sequencing technology, many researchers
have tried to demonstrate the profiles of the bacterial community associated with OLP to
determine the role of bacterial infection in the cause and progression of OLP [23,24]. To
date, no dysbiosis has yet proven the causality of OLP [25]. On the other hand, there has
not been much attention to the bacterial community or dysbiosis of OLP patients during
their steroid treatment. With regard to the present results, the numbers and species of the
oral microbial were greatly affected by dexamethasone treatment for 4 weeks. The effect
was positive for reducing the relative periodontitis risk. Therefore, the OLP patients who
received steroid therapy developed new healthy normal microflora through intensive oral
hygiene management or probiotics to ameliorate microbial dysbiosis [26].
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This study has some limitations in that the results did not demonstrate whether the
improvement in OLP symptoms was due to the effect of dexamethasone gargle since
there was the absence of a negative control showing no improvement in OLP or a positive
control without the history of OLP. Due to the nature of the pilot study, we could not
include sufficient patients with various populations, various concentrations, and types
of mouthrinse. Furthermore, some unexplored variables can have a significant influence
on the oral environment. For example, the use of probiotics and natural compounds can
modify the clinical and microbiological parameters [27,28]. Therefore, they could also have
an effect in patients affected with lichen planus. These variables should be considered in
future clinical trials.

5. Conclusions

In this present study, most patients had a changed microbial community composition
even though quantitative changes in oral microbial species were not found. Our results
indicated that the composition of some periodontopathic bacteria changed positively after
4 weeks of gargling with 10 mL of 0.05% dexamethasone. Therefore, clinicians should
consider that dexamethasone was affected oral bacteria. Further clinical study should be
conducted with periodontitis patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/app11146286/s1, Table S1: Quantitative changes in oral microbial species of oral lichen
planus patients.
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