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ABSTRACT

Objectives: The soluble bacterial pattern recognition receptor, sCD14 augments inflammatory
responses in oral cavity. The aim of the study was to investigate whether patients with geographic
tongue (GT) with and without fissured tongue (FT) have impaired inflammatory regulation, manifesting
as increased levels of sCD14 in the saliva.

Material and Methods: An enzyme-linked immunosorbent assay was used to measure the amount of
sCD14 in whole and parotid saliva of patients diagnosed with GT (GT whole, n=21; GT parotid, n=23)
and control subjects (GT whole, n = 25; GT parotid, n= 18). The levels of sCD14 were also evaluated accord-
ing to our previous clinical assessment of GT based on the number of lesions detected on the tongue, as
‘mild’ (@ single lesion), ‘moderate’ (2-5 lesions), or ‘severe’ (>6 lesions). Diagnosis of FT was established
when multiple grooves or fissures were observed on the dorsal and lateral surfaces of the tongue.

Results: GT patients had significantly higher sCD14 levels in whole (p<.05) and parotid saliva
(p<.001), compared with controls. GT patients with FT had significantly increased sCD14 levels only in
parotid saliva. A gradual increase in sCD14 levels in parotid and unstimulated saliva was seen in GT
patients with multiple tongue lesions compared with single lesions.

Conclusions: GT patients had increased sCD14 in both parotid and unstimulated saliva. sCD14 seems
to increase local inflammatory responses, which suggests its involvement in the pathophysiology
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of GT.

Introduction

Geographic tongue (GT) is a common oral mucosal lesion
that affects the dorsal and lateral surfaces of the tongue and
is characterised by atrophy of the filiform papillae, resulting
in denuded areas with whitish peripheral zones that migrate
across the tongue by healing at one site while extending
into another [1]. The concomitant occurrence of GT and fis-
sure tongue (FT) has been reported in several studies [2,3].
Furthermore, it has been suggested that GT and FT represent
different reaction patterns of the same inflammatory disease
of the tongue [4]. It has been proposed that GT is transform-
ing into FT [5].

The innate immune system is the first line of defence
against microbial infections. It employs pattern recognition
receptors that recognize diverse molecular structures, includ-
ing viruses and bacteria [6]. The family of Toll-like receptors
(TLRs) are essential molecules for microbial recognition in
the oral cavity in building and maintaining host-microbe
homeostasis [7-10]. Saliva is considered to modulate bacteria
and lipopolysaccharide (LPS) induced immune responses via
immunomodulatory glycoproteins that function as antimicro-
bial agents, including secretory IgA, mucins, agglutinin,

statherins, sTLR2, and sCD14 [7,11]. The concerted action of
these agents provides multifunctional protection against
microorganisms. CD14 is primarily well-known as an LPS
receptor [12]. Although LPS is considered its main ligand,
CD14 also recognizes other pathogen-associated molecular
patterns [6]. sCD14 mediates proinflammatory cytokines
induction via TLRs [13]. The most prominent function of
sCD14 is to the augment epithelial cell responsiveness to
low concentrations of LPS [12,14]. Increased levels of sCD14
in saliva are reported in several oral pathologies, including
periodontitis [15] and oral lichen planus [16]. Moreover,
CD14 has been shown to upregulate IL-8 production in epi-
thelial cells in the presence of pathogenic bacteria [17]. We
have previously shown that IL-8 and calprotectin levels are
increased in unstimulated saliva of geographic tongue
patients and are correlated with the clinical severity [18,19].
Histologically, subepithelial infiltrates accumulated in neutro-
phil pustules are prominent in GT lesions [3]. Accordingly,
the augmented local inflammatory response shown by previ-
ous studies suggest an increase of sCD14 in the oral cavity
of patients with GT. The expression of sCD14 has been
shown in human major salivary glands and saliva, implicating
a local source of secretion into the oral cavity [20]. To the
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best of our knowledge, sCD14 was not studied before in
patients with GT. The aim of this study was to investigate
whether GT patients with and without FT have increased sal-
ivary levels of sCD14 which correlate with the severity of
the condition.

Materials and methods
Participants

This is a case-control study that included patients diagnosed
with GT by oral medicine specialists. The inclusion criteria for
patients were the clinical diagnosis of GT with or without FT,
absence of any other oral mucosal lesions, periodontitis, and
dental caries. Controls were included in absence of any other
oral mucosal lesions, periodontitis, and dental caries.
Exclusion criteria for patients and controls were age
<18 years, and presence of other oral mucosal lesions.
Patients and controls were recruited from the Clinic of Oral
Medicine, Public Dental Health Service, Gothenburg, and
from a private dental clinic in Boras, Sweden between
August 2014 and April 2015.

The Central Ethical Review Board in Gothenburg, Sweden,
approved the study (permit number DNR 032-12). Written
informed consent was obtained from the patients, and the
study was performed in accordance with the Declaration
of Helsinki.

Clinical assessment of patients with geographic tongue
(GT) with and without fissure tongue (FT)

GT was diagnosed when erythematous depapillated areas
surrounded by a red, white or yellow border was observed
[5,18]. The patients with GT were evaluated and grouped
according to a clinical assessment, based on the number of
lesions detected on the tongue, into ‘mild’ (a single lesion),
‘moderate’ (2-5 lesions), or ‘severe’ (>6 lesions) [5].
Diagnosis of GT with FT was established when multiple
grooves or fissures were observed on the dorsal and lateral
surfaces of the tongue [5].

Collection of saliva samples

All the participants were asked to refrain from eating, drink-
ing and performing oral hygiene procedures for at least 1h
prior to saliva collection. For each individual, the volume of
the saliva was measured and calculated as the secretory flow
rate (ml/min.).

Unstimulated whole saliva collection

Spitting method was used for the collection of unstimulated
saliva, the subjects were asked to expectorate once a minute
for 10 min. into a pre-weighed 50-ml tube that was kept on
ice [21].

Parotid saliva collection

For the collection of parotid saliva, a Lashley cup was fitted
over the Stenson’s duct of the parotid gland and secretion
was stimulated by placing drops of citric acid (2%) on the
tongue once every minute over a 5-minute period. The par-
otid saliva was collected in a pre-weighed 10-ml tube that
was kept on ice.

All samples were stored at —80°C until analysis at the
Department of Oral Microbiology and Immunology, School of
Dentistry, Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden. These samples are identified at the
Biobank of Sahlgrenska Academy with a permit no. 890.

Handling of saliva samples

For one millilitre of unstimulated saliva and parotid saliva,
twenty-five microlitres of protease inhibitor cocktail (Sigma-
Aldrich, S8830; one tablet diluted in 4 ml distilled water) was
immediately added to minimize protein degradation.). 40
microlitres of EDTA (Sigma-Aldrich, 2mM) was added to
decrease viscosity of unstimulated saliva samples.

All samples were then divided into 250-microlitre aliquots
to reduce the risk of the fluid undergoing cycles of freezing
and thawing, and immediately stored at —80°C until ana-
lysis. The samples were prevented from undergoing any
form of centrifugation. The samples did not undergo centri-
fugation, as this would have led to the loss of proteins [21].

Enzyme-linked immunosorbent assay (ELISA)

Sandwich ELISA was used according to the manufacturer’s
instructions (R&D systems, USA) to measure sCD14 concen-
tration in the whole and parotid saliva samples, except in
the case of pre-treatment of whole saliva samples with the
anionic detergent sodium dodecyl sulphate (SDS, Sigma-
Aldrich, 0.02%). SDS was used to dissociate the mucin par-
ticles, as described in our previous study for quantitative
detection of cytokines in whole saliva [21]. Whole saliva sam-
ples were incubated for 20 min in SDS (50 pl for 200 pl saliva)
and placed on a 96-microwell plate in a duplicate dilution
series (from 1/2 to 1/4). Parotid saliva lacks mucins therefore,
SDS pre-treatment did only applied for whole saliva samples.
The amount of sCD14 was determined in picograms/millilitre
(pg/ml) by measurement of optical density (OD) on a plate
reader using a wavelength of 450 nm. A standard curve gen-
erated from the OD values of standards provided by the
manufacturer was used to determine the concentration of
sCD14. The variation between duplicates was less than 5%.
The level of sCD14 (pg/ml) in the saliva was determined
using a standard curve of known concentrations of recom-
binant human CD14. The data presented in the study are
given as secretory output (pg/min) to overcome individual
variations of the salivary flow rate. The secretory output (pg/
min) of sCD14 was calculated by multiplying the flow rate
(ml/min) for the respective individual with the concentration
of sCD14 (pg/ml) calculated from the standard curve [21].



Statistical analysis

Univariate analysis, including an unpaired t-test and ordinary
one-way ANOVA, was performed using GraphPad Prism, ver-
sion 9.0.0 for Mac OS, GraphPad Software, La Jolla, CA, USA)
to compare the CD14 secretory output levels of the patients
with those of the controls. A p value <.05 was regarded as
being statistically significant.

Results
Participants and salivary flow rate (FR)

Table 1 shows the demographic data of the study popula-
tion. Regarding the medical history, all patients and control
subjects were free from systemic diseases and taking no
medications. Parotid (n = 23) and unstimulated (n=21) saliva
from patients with GT were analysed for sCD14 and com-
pared with parotid (n=18) and unstimulated (n=25) saliva
from controls. No significant differences in age, gender or
salivary flow rate were found between the patients with GT
(with and without FT) and the controls.

sCD14 output increases in unstimulated and parotid
saliva of GT

In parotid saliva of patients with GT, the CD14 output
(1731.4 £ 255.8 pg/min, n=23) was significantly higher com-
pared with controls (554.4+164.9 pg/min, n=18; p= .001).
Similarly, unstimulated saliva of patients with GT showed sig-
nificantly higher secretory output of CD14 (385.6+70.9 pg/
min, n=21) compared with controls (144.4+74.3 pg/min,
n=25; p=.02), as shown in Figure 1.

sCD14 output increases with disease severity

Figure 2a shows that the sCD14 output for unstimulated sal-
iva in GT patients with severe lesions (n=7, 1230+ 563.9 pg/
min) was significantly increased compared with controls
(h=25, 144.4+74.3 pg/min, p<.01). Although moderate GT
lesions had higher levels of CD14 output (n=11,
399.1£108.4 pg/min) in unstimulated saliva, this difference
did not reach a statistically significant level (p= .06). A slight
increase in CD14 output was found among mild GT lesions
in unstimulated saliva (n=3, 262.8+167.3 pg/min); however,
without significant changes compared with controls (p= .6).
Figure 2b shows that the sCD14 output for parotid saliva
in GT patients with moderate (n=12, 1959+ 361.8 pg/min,
p<.001) and severe (n=8, 1833+438.8pg/min, p<.01)
lesions was significantly elevated when compared with

Table 1. Demographic data of the study population.
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controls (n=18, 554.4+164.9pg/min), whereas mild GT
lesions (n=3, 550.4+164.4pg/min) showed no significant
changes in sCD14 output in parotid saliva compared with
controls (Figure 3).

sCD14 output in GT patients with fissured tongue (FT)

Figure 3 shows a significant increase in sCD14 output in
both parotid and unstimulated saliva samples from GT
patients in the absence of FT (GT-FT), compared with the
corresponding controls. Accordingly, output of parotid (Pa)
GT+FT (n=9, 1773+£3923) and Pa GT-FT (n=14,
1705+ 347.7) were compared with output of Pa controls
(n=18, 554.4+164.9) and showed a statistically significant
difference (p <.01). Output of unstimulated saliva for GT-FT
(n=13, 426.0+94.0) showed higher levels which was statis-
tically significant compared with output of unstimulated sal-
iva from controls (n=25, 144.4+74.3, p<.05). Although,
sCD14 output in unstimulated saliva for GT+FT (n=3§,
320.1+110.1) showed higher levels than that of controls, it
did not reach any significance level (p =.2).

Discussion

The present study showed an increased sCD14 output in
patients with GT with and without FT, which indicates aug-
mented activity of the soluble pattern recognition receptor
sCD14. Moreover, the higher levels of sCD14 in patients with
multiple tongue lesions than in patients with single lesions
point to the role of sCD14 in the pathogenesis of GT. In our
previous study, a positive correlation was also found
between the amount of IL-8 in saliva and what we defined
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Figure 1. Secretory output (pg/min) of sCD14 (mean + SEM) in controls (C) and
patients with GT in whole and parotid saliva. Comparisons between the groups
were analysed by unpaired t-test, ¥p<.05, ***p<.001.

GT-Pa C-Pa GT-Whole C-Whole
No. of participants 23 18 21 25
Age in years (mean + SD) 525 + 15.3 49.8 + 16.1 533+ 16.7 524 +17.1
No. of males (%) 15 (65.2%) 7 (38.9%) 11 (52.4%) 13 (52.0%)
No. of females (%) 8 (34.8%) 11 (61.1%) 10 (47.6%) 12 (48.0%)
Flow rate (ml/min; mean + SD) 0.5+ 0.2 04 +0.2 0.6 £03 05+03

GT: Geographic tongue; C: control. No significant differences in age, gender, or salivary flow rate were found between the patients with

GT and the controls.
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Figure 2. The effect of the clinical classification (mild, moderate, severe) on
secretory output (pg/min) of sCD14 (mean + SEM) in controls (C) and patients
with GT in (a) whole and (b) parotid saliva. Comparisons between the groups
were analysed by unpaired t-test, **p<.01, ¥***p<.001.

as ‘more severe disease’, which is dependent on neutrophil
chemotaxis [18]. Recruitment of neutrophils in the subepithe-
lial infiltrates of GT lesions has been shown to play a role in
the pathogenesis of GT [3]. However, the factors that cause
the augmented inflammatory response and neutrophil
chemotaxis in GT remain to be identified. CD14 has been
shown to augment responses to many pathogen-derived
ligands, including Gram-positive and Gram-negative bacterial
peptidoglycan and spirochaetal lipoproteins [12-15,171.
Moreover, saliva-derived sCD14 has been shown to upregu-
late IL-8 production in oral epithelial cell cultures in the pres-
ence of pathogenic periodontal bacteria [17]. The elevated
levels of sCD14 observed in this study are likely to enhance
the tissue inflammatory response to local microbiota, impli-
cating sCD14 as one of the causative factors taking part in
the pathogenesis of GT. CD14 has been shown to enhance
cell activation through TLRs in oral epithelial cells [10,13].
The interactions of CD14 with TLRs are important for host in
regulation of immune response to pathogens and affect the
susceptibility to a variety of diseases [6]. This is in line with
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Figure 3. Presence (GT + FT) or absence (GT-FT) of FT effect on secretory out-
put (pg/min) of sCD14 (mean -+ SEM) in controls (C) and GT patients in whole
and parotid saliva. Comparisons between the groups wereanalysed by unpaired
t-test, ¥p<.05, ¥*p<.01.

current results, where the severity of GT lesions is positively
correlated with the increased levels of sCD14.

The role of CD14 in the host defense against viral and
bacterial infections has shown opposing results. A protective
role of CD14 has been shown in intestinal infections, while
the opposite effect has been described in pulmonary infec-
tions, depending on the infectious agent [22]. In periodon-
titis, higher levels of CD14 were reported in gingival
crevicular fluid without an increase in serum levels, indicat-
ing local production of CD14 in response to bacterial chal-
lenge [23]. Furthermore, high levels of CD14 in the gingival
crevicular fluid were associated with fewer and shallower
gingival pockets, which contributed to a protective role by
enhancing the phagocytosis of pathogenic plaque bacteria
[24]. The high levels of sCD14 found in patients with GT may
be due to an altered microbial composition of the tongue
mucosa. We have previously shown a shift in the lingual bac-
terial ecology in GT patients [25]. GT lesions are characterised
by atrophy of the filiform papilla on the dorsum of the
tongue. Due to the presence of such lesions, the lingual
microbiota might upregulate the sCD14 levels. Interestingly,
upregulation of sCD14 levels in blood has been also reported
in the gut, in the presence of sustained dysbiosis or epithe-
lial barrier damage [26]. It is suggested that if this condition
is sustained, it may result in systemic immune activation,
which ultimately leads to the loss of immune regulation and
becomes a chronic condition [26]. It remains unknown if the
shift in the lingual microbiota in GT is a consequence of the
lesions or dependent on other immunological or genetic fac-
tors that are associated with the initiation of the condition.
Collectively, our data support a possible role for the host-
microbial interactions in the GT pathogenesis. However, a
limitation of the present study is the relatively small sample
size, which limits the possibility to draw a robust conclusion.

The present study showed that the amount of sCD14 was
five times greater in the parotid saliva of GT patients and
four times greater in the saliva of controls than the amounts
found in unstimulated saliva. The more prominent increase
in sCD14 in parotid saliva may be explained by the fact that
the secretion of sCD14 is mainly confined to serous cells,
which are a rich source of sCD14 [20]. Moreover, sCD14 can
be absorbed by oral bacteria, mainly S salivarius, which



further supports the result of the study that sCD14 in
unstimulated saliva mainly attach to oral bacteria after reach-
ing the mucosal and dental surfaces [20].

CD14 is predominantly expressed by immune cells such
as monocytes, macrophages, and antigen-presenting cells,
but also by non-immune cells, including epithelial cells [22].
Intriguingly, it appears that the cell type expressing CD14
specifies its functional activity [14]. sCD14 increases the
macrophage and neutrophil response to lipopolysaccharide
(LPS) 50 to100 times, compared with LPS alone [12]. sCD14
binds to LPS-binding protein (LBP) in plasma, thereby con-
trolling the activation of neutrophils [27]. However, the LBP
levels in saliva are below the detection level, and elevated
levels of sCD14 may therefore activate the neutrophil and
inflammatory response in the oral mucosa [17].

Recently, mutations in the IL-36RN gene for GT have been
reported, where the mutation caused over-expression of IL-
36 in the lingual mucosa [28]. Elevated levels of IL-36 have
been shown to upregulate the expression of CD14 in psoria-
sis and thereby enhancing the inflammatory response of cells
to the local microbiota [29,30]. The genetic and environmen-
tal determinants of sCD14 are largely unknown, although its
expression appears to be regulated at the genetic level in a
cell type-specific manner [31].

In conclusion, the present study showed increased salivary
levels of sCD14 in patients with GT. Further studies are
needed to elucidate whether the increased levels of sCD14
have any association with papillary atrophy and neutrophil
infiltration in GT.
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