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ABSTRACT

Background: The association of chronic sclerosing sialadenitis and IgG4-related disease
(IgG4-RD) has resulted in the more frequent identification of IgG4-positivity in submandibular
gland inflammations, also uncovering IgG4 overexpression in nonspecific inflammations.
These findings lead us to hypothesise that IgG4-positive sialadenitis represents
a continuous inflammatory process overlapping histologically with IgG4-RD, possibly differing
in aetiology. However, the antigen underlying 1gG4 overexpression in IgG4-positive sialade-
nitis and IgG4-RD remains unknown.

Materials and methods: Here, we investigated toll-like receptor (TLR) — mediated bacterial
inflammation in submandibular gland tissues of patients with IgG4-positive and 1gG4-
negative chronic inflammatory lesions of the submandibular gland (n = 61), with noninflamed
submandibular glands serving as controls (n=4). Utilising immunohistochemistry, we
assessed the expression of TLR2 and TLR4, lipopolysaccharide (LPS) and the P. gingivalis-
specific antigen gingipain R1.

Results: We observed TLR2- and TLR4-immunopositivity in 64 (98%) samples. However, TLR2
and TLR4 staining intensity was significantly stronger in the IgG4-positive group. LPS- and
gingipain R1 immunopositivity were observed in 56 (86%) and 58 (89%) samples, respectively.
LPS-positivity localised exclusively in mast cell-like cells, while gingipain R1-positivity
remained scarce.

Conclusions: A stronger TLR2 or TLR4 expression in IgG4-positive sialadenitis may indicate
a tissue-related factor underlying this form of chronic sialadenitis. LPS- and P. gingivalis
immunopositivity remained weak throughout this series. Thus, gram-negative bacteria may
not represent pathogens underlying these forms of chronic sialadenitis.
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Introduction While chronic sclerosing sialadenitis has been con-

Chronic nonspecific sialadenitis typically has an
obstructive origin and, in the submandibular gland,
sialolithiasis is often associated with obstructive sia-
ladenitis [1,2]. Other typical causes underlying siala-
denitis may include bacterial or viral infections or
autoimmune diseases [3,4].

A specific type of submandibular sialadenitis, called
chronic sclerosing sialadenitis or Kiittner’s tumour, has
been the subject of rigorous research since the discovery
of a systemic fibroinflammatory disease entity known as
immunoglobulin G4-related disease (IgG4-RD) [5-8].
Since its discovery, IgG4-RD has come to encompass
many diseases with a previously elusive aetiology,
among these chronic sclerosing sialadenitis, widely
regarded as the manifestation of IgG4-RD in the sub-
mandibular gland [9,10].

sidered synonymous with IgG4-RD, the histopatholo-
gical distinction between IgG4-RD and other
inflammatory diseases of the submandibular gland
does not appear as straightforward as previous
research implies. In two of our recent studies, we
identified the presence of inflammatory infiltrates
overexpressing IgG4-positive plasma cells, not only in
tissue samples from patients with chronic sclerosing
sialadenitis, but also in tissue samples from glands
removed due to nonspecific chronic sialadenitis and
sialolithiasis. In fact, in our cohort, chronic sclerosing
sialadenitis rarely associated with IgG4 overexpression,
with true IgG4-RD not confirmed in any of our
patients with chronic sclerosing sialadenitis [11]. Our
results led us to hypothesise that an inflammatory
entity histologically overlapping with, but likely
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aetiologically differing from genuine IgG4-RD exists.
In this inflammatory continuum, numerous IgG4-
positive plasma cells appear in the affected
submandibular gland resulting from a prolonged
inflammation stemming from an unidentified antigen
[11,12]. Thus far, the significance of IgG4 overexpres-
sion in submandibular sialadenitis remains unclear.
Specifically, it remains unknown whether IgG4 over-
expression in submandibular sialadenitis represents
a new subtype of sialadenitis or if the abundance of
IgG4-positive plasma cells is simply a result of
a continuous inflammatory process. Perhaps, histo-
pathological features typical for chronic sclerosing sia-
ladenitis or IgG4-RD develop following
prolonged inflammation.

Toll-like receptors (TLRs) are a family of trans-
membrane proteins that activate innate immune
responses through recognition of pathogen-
associated molecular patterns (PAMPs) and damage-
associated molecular patterns (DAMPs). In total, 10
human TLRs have been identified, whereby each TLR
can trigger an immune response through the recogni-
tion of several different ligands [13,14]. TLR2 and
TLR4 are cell surface TLRs which recognise microbial
membrane components such as bacterial lipopolysac-
charides (LPS) and peptidoglycans. Specifically, TLR2
recognises peptidoglycan and lipoprotein compo-
nents of a variety of microbial pathogens, and TLR4
primarily binds to LPS expressed by gram-negative
bacteria [15,16]. In addition to pathogen recognition,
TLR-mediated inflammatory pathways are also acti-
vated through DAMPs, which consist of endogenous
molecules released during tissue damage or apoptosis.
Both TLR2 and TLR4 recognise a plethora of DAMPs
and act as mediators in many inflammatory responses
activated by tissue damage. DAMP-mediated TLR
responses have been implied in many inflammatory
and autoimmune diseases, where excessive TLR sig-
nalling leads to an wunrestricted inflammatory
response [17-19].

Bacterial sialadenitis is often a polymicrobial infection
caused by several bacteria residing in the oral cavity.
Bacteria frequently associated with submandibular siala-
denitis include, for instance, Staphylococcus aureus

even

(S. aureus), Streptococcus viridans (S. viridans),
Haemophilus influenzae (H. influenzae),
Enterobacteriaceae  spp. and anaerobes such as

Prevotella, Fusobacterium spp. and Peptostreptococcus
[3,4]. Many of the bacteria found in sialadenitis lesions
are involved in the pathogenesis of other oral diseases,
namely dental caries and periodontitis [20-22]. One of
the major pathogens responsible for the development of
periodontitis is  the  gram-negative  anaerobe
Porphyromonas gingivalis (P. gingivalis) [23]. In recent
years, P. gingivalis has piqued the interest of researchers
given its links to an increasing number of systemic dis-
eases, including cardiovascular disease, Alzheimer’s

disease and rheumatoid arthritis [23,24]. P. gingivalis
expresses a unique set of virulence factors called gingi-
pains, a family of proteinases that allow P. gingivalis to
modify innate immune and inflammatory responses.
One proposition hypothesises that gingipains are respon-
sible for the involvement of P. gingivalis in diseases
beyond the oral cavity [24,25]. Furthermore,
P. gingivalis is known to activate inflammatory responses
through both TLR2- and TLR4-mediated pathways,
another mechanism thought to aid in the systemic invol-
vement of P. gingivalis [26,27].

The causes of IgG4 overexpression in chronic sia-
ladenitis remain unknown. Furthermore, a potential
bacterial aetiology as a cause of specific forms of
chronic sialadenitis such as chronic sclerosing siala-
denitis has not been widely examined. In addition,
IgG4-RD is strongly implied as an autoimmune dis-
ease, although the triggering antigens behind this
disease are yet to be identified. Therefore, this study
aimed to investigate the expression of TLRs recognis-
ing bacterial PAMPs, and the bacterial virulence
factors LPS and gingipain Rl in various types of
chronic sialadenitis, with special emphasis placed on
IgG4-overexpressing sialadenitis. We also aimed to
examine the possible background of bacterial inflam-
mation mediated through TLRs in these diseases. To
do so, we utilised immunohistochemical methods to
assess the expression of antigens for TLR2, TLR4, LPS
and gingipain R1. By analysing the expression pat-
terns of these antigens, we attempt to gain knowledge
regarding the causative agents for and the possible
association between chronic sialadenitis and the
newly discovered IgG4-overexpressing sialadenitis,
including true 1gG4-RD.

Materials and methods
Ethics

The local research ethics committee approved the
study design (HUS 967/2017, record number: 192/
13/03/02/16), and an updated institutional study per-
mission was granted (§45/2022).

Cohort and patients

Patients in this study were selected from cohorts
formed from two previous retrospective studies,
where we examined the association of IgG4-RD
and IgG4-positive plasma cell infiltrates in patients
diagnosed with chronic sclerosing sialadenitis and
patients diagnosed with nonspecific chronic siala-
denitis and sialolithiasis [11,12]. From these
cohorts, we included 61 samples in total for this
current series, from which we formed two study
groups: an IgG4-positive group and an IgG4-
negative group. The IgG4-positive group comprised
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Figure 1. Samples were divided into the following study groups and subgroups.

Abbreviations: 1gG4-positive, =70 IgG4-positive plasma cells in a high-power field of x400 magnification. CS, chronic sialadenitis; CSS, chronic

sclerosing sialadenitis; 1gG4-RD, IgG4-related disease.

of all samples (n=231) classified as IgG4-positive
(270 IgG4-positive plasma cells in a high-power
field of x400 magnification) or as true IgG4-RD
in our two previous studies [11,12]. In the IgG4-
negative group, we included 30 consecutively
selected samples from patients that did not exhibit
IgG4 positivity. The samples in the IgG4-positive
group and the IgG4-negative group were further
divided into subgroups based on their originally
assigned histological diagnosis. The division of
patients into study groups and further into
subgroups is described in detail in Figure 1.
Tissue samples from healthy submandibular glands
(n=4) removed during neck dissection served as
control samples. We collected data on sex and age
at the time of submandibular gland surgery from
patient records for all patients except for controls.
In the study groups, 32 (52%) patients were male
and 29 (48%) were female, the median age of the
patients at the time of surgery was 57 in the IgG4-
positive group (range 25-86) and 52 (range 19-79)
in the IgG4-negative group. Table 1 summarises
the clinical characteristics of the patients across
subgroups.

Immunohistochemical staining

The formalin-fixed, paraffin-embedded submandibu-
lar gland samples were cut into 4-um-thick sections
and mounted onto glass slides. Immunohistochemical

staining for TLR2, TLR4, LPS, and gingipain R1 was
carried out according to the following protocol. For
TLR2 staining, we used a rabbit polyclonal antihu-
man TLR2 antibody (NB100-56720, Novus
Biologicals); for TLR4 staining, we used a mouse
monoclonal antihuman TLR4 antibody (sc -293,072,
Santa Cruz Biotechnology, Inc.); for LPS staining, we
used a mouse monoclonal anti-E. coli LPS antibody
(Abcam 35,654, Abcam); and for P. gingivalis gingi-
pain RI1 staining, we used a rabbit polyclonal anti-
P. gingivalis gingipain R1 antibody (biorbyt
orb243611, Biorybt). Deparaffinisation and antigen
retrieval for all samples was performed in
a pretreatment module (Agilent Dako, CA, USA)
using a pH 9 retrieval solution (EnVision Flex target
retrieval solution, high pH, DM828) for 15min at
98°C. The sections were then stained in an
Autostainer 480S (LabVision) using the EnVision
Flex Detection System (Agilent Dako, CA, USA).
Samples were treated with an EnVision Flex perox-
idase-blocking reagent (SM801) for 15min. Slides
were incubated overnight with a rabbit polyclonal
TLR2 antibody (1:300), mouse monoclonal anti-
E. coli LPS antibody (1:100), and rabbit polyclonal
P. gingivalis gingipain R1 antibody (1:600). The
mouse monoclonal TLR4 antibody (1:1500) slides
were incubated for 1h. Appropriate dilution and
incubation time was optimised for each antibody,
and a Dako REAL antibody diluent was used for
antibody dilution. Subsequently, slides stained for

Table 1. Clinical characteristics of patients in the IgG4-positive and IgG4-negative groups.

Sex Age, Age, Sex Age, Age,
lgG4-positive samples (M/F)  range  mean 1gG4-negative samples (M/F)  range  mean
Nonspecific sialadenitis with or without 1/7  27-86 54.7  Nonspecific sialadenitis with or without 3/7 35-79 51.1

sialolithiasis (n=18) sialolithiasis (n=10)
Chronic sclerosing sialadenitis (n = 8) 5/3 29-79 57.1 Chronic sclerosing sialadenitis (n = 10) 6/4 38-79 60.0
Sialolithiasis without sialadenitis (n = 2) 0/2 55-56 55.5  Sialolithiasis without sialadenitis (n = 10) 6/4 19-61 437
1gG4-related disease (n=3) 1/2 25-63 49.3

Abbreviations: M, male; F, female; 1gG4-positive, =70 IgG4-positive plasma cells in a high-power field of x400 magnification.
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TLR2, LPS and gingipain R1 underwent 20-min incu-
bation with a peroxidase-conjugated EnVision Flex/
HRP (SM802) rabbit/mouse (ENV) reagent. Slides
stained for TLR4 underwent incubation with
a secondary peroxidase-conjugated EnVision Flex/
HRP (SM802) rabbit/mouse antibody (ENV) for 30
min. Slides stained for TLR2 and TLR4 were visua-
lised using DAB chromogen (EnVision Flex DAB,
DM827) for 10 min, and slides stained for LPS and
gingipain R1 were visualised using a Romulin AEC
chromogen kit (Biocare Medical, Romulin AEC chro-
mogen kit, RAEC810). Mayers haematoxylin (53309,
Dako) was used for counterstaining.

Scoring of immunohistochemical staining

Tissue samples were scored by two experienced
pathologists (JH and ME) blinded to sample data.
When scoring the TLR2 and TLR4 staining, each
sample was assessed for the staining intensity of
three items: the lymphoplasmacytic infiltrates, the
ductal epithelium and the acini. In each sample,
each item was given a score ranging from 0 to 3: 0
indicating negative, 1 indicating mild staining, 2
moderate staining and 3 strong staining. Samples
stained for LPS and gingipain R1 were given a score
of either 0 for negative or 1 for positive.

Statistical analyses

All statistical analyses were performed using IBM
SPSS statistics (version 28.0.0.0). The nonparametric
Mann Whitney U-test was utilised to analyse differ-
ences in the staining intensity of TLR2 and TLR4 and
differences in the frequency of LPS and gingipain R1
staining positivity between the IgG4-positive and
IgG4-negative groups. The control group was not
included in the statistical analyses due to the small
sample size. We considered p <0.005 as statistically
significant.

Results
TLR2

All samples except one belonging to the IgG4-
negative nonspecific sialadenitis group exhibited
varying degrees of TLR2-positive staining, ranging
from mild to strong in one or multiple evaluated
structures. These structures included lymphoplasma-
cytic infiltrates, ductal epithelium and acini (Table 2).
The staining patterns observed in TLR2-positive sam-
ples appear in Figure 2. We observed a strong TLR2
expression most frequently in the acini, in both the
IgG4-positive and the IgG4-negative groups. In com-
parison, TLR2 positivity of the lymphoplasmacytic
infiltrates was significantly more frequent and

intense in the IgG4-positive group than the IgG4-
negative group (p <0.001). Moreover, in the IgG4-
positive group, the ductal epithelium expressed TLR2
more intensely compared to the IgG4-negative group
(p=0.019) (Figure 3). The distribution of positive
staining scores in the acini did not statistically differ
between the IgG4-positive and the IgG4-negative
groups (p =0.616). All samples in the control group
showed mild-to-moderate TLR2 positivity in the
lymphoplasmacytic infiltrates and acini. In the ductal
epithelium, one control sample exhibited a strong
TLR2 expression, with another three exhibiting
TLR2 staining positivity of the ductal epithelium as
mild or moderate (Table 2).

TLR4

All samples except one belonging to the IgG4-negative
chronic sclerosing sialadenitis group showed TLR4
positivity ranging from mild to strong in one or multi-
ple evaluated structures. These structures included lym-
phoplasmacytic infiltrates, ductal epithelium and acini
(Table 2). A stronger staining intensity was generally
more frequent in lymphoplasmacytic infiltrates, ductal
epithelium, and acini in the IgG4-positive group.
Furthermore, TLR4 expression in the lymphoplasma-
cytic infiltrates and the ductal epithelium was
significantly more intense, and more frequent in the
IgG4-positive group compared to the IgG4-negative
group (p < 0.001 and p = 0.003, respectively). The inten-
sity of the TLR4 staining in the acini did not differ
significantly between the IgG4-positive and the 1gG4-
negative groups (p = 0.462) (Figure 3). Figure 2 illus-
trates the observed staining patterns for TLR4. All the
samples in the control group showed mild TLR4 posi-
tivity in the ductal epithelium. In three of the control
samples, mild positivity was also observed in the acini.
Lastly, in two of the control samples, mild and moderate
TLR4 positivity was also observed in the lymphoplas-
macytic infiltrates (Table 2).

In total, five tissue samples exhibited advanced fibro-
sis and severe acinar atrophy, such that no acini were
present to score for TLR2 and TLR4. The lymphoplas-
macytic infiltrates and ductal epithelium of these samples
were, however, normally scored for TLR2 and TLR4
staining intensity (Table 2). Of the five samples with
severe acinar atrophy, one fell into the IgG4-RD group,
one into the IgG4-positive chronic sclerosing sialadenitis
group and three in the IgG4-negative chronic sclerosing
sialadenitis group.

LPS

In total, 56 (88%) samples stained positive for LPS.
In all of these samples, staining positivity was
exclusively observed in mast cell-like cells, scarcely
scattered  throughout the glandular tissues
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Figure 2. Staining patterns of TLR2, TLR4, gingipain R1 and LPS. (a) TLR2-positive sample from a patient with IgG4-positive chronic
sclerosing sialadenitis. Intense staining is observed in the plasma cells (arrow) and the epithelial cells of the striate ducts (arrowhead).
(b) TLR2-negative sample from a patient with I|gG4-negative nonspecific chronic sialadenitis. (c) TLR4-positive sample from a patient
with IgG4-positive sialadenitis. Intense positivity is observed in the plasma cells interspersing the fibrotic tissue (arrow) and the
epithelial cells of the interlobular duct (arrowhead). (d) Negative TLR4 staining in a patient with IgG4-negative chronic sclerosing
sialadenitis. Only the excretory material within the striate ducts is stained with TLR4 (asterisk). (e) Positive LPS staining in a patient
with IgG4-positive chronic sclerosing sialadenitis. Staining positivity is seen exclusively in the mast cell-like cells (arrow). (f) Negative
LPS staining in a patient with IgG4-RD. (g) Positive gingipain R1 staining in a patient with IgG4-positive chronic sclerosing sialadenitis.
Weak staining positivity is present in inflammatory cells (arrow) and the epithelium of striate ducts (arrowhead). (h) Negative
gingipain R1 staining in a patient with IgG4-RD. All photographs are taken at x400 magnification.

Abbreviations: TLR, toll-like receptor; LPS, lipopolysaccharide; IgG4-positive, =70 IgG4-positive plasma cells in a high-power field of x400

magnification; 1gG4-RD, IgG4-related disease.

(Figure 2). Altogether, eight samples (13%) were
negative for LPS, among which the three patients
with IgG4-RD were included. The frequency of LPS
positivity showed no difference between IgG4-
positive and IgG4-negative groups (p=0.132)
(Figure 4). All samples in the control group stained
positive for LPS.

gingipain R1

Upon gingipain R1 staining, we observed positivity in
58 (89%) samples. Weak positive staining for gingi-
pain R1 was most frequently detectable at local foci,
typically located on the periphery of the tissue sam-
ple. Staining positivity of a low intensity was predo-
minantly detected in the secretory granules of the
acini, in the epithelial walls of the striated ducts and
in the inflammatory cells (Figure 2). In 20 (31%)
samples, we observed positive staining in the
endothelial walls of the blood vessels. The vessels
with positive staining were located in the capsule
surrounding the salivary gland parenchyma
(Figure 4). The staining intensity for gingipain Rl

tended to be more intense towards the periphery of
the tissue sample, while the core of the sample
remained mostly negative. We detected no significant
difference in gingipain Rl staining positivity when
the IgG4-positive and the IgG4-negative groups
were compared (p =0.965) (Figure 5). All samples in
the control group showed a positive gingipain R1
expression.

Discussion

In this series, we observed a significantly stronger
immunopositivity of TLR2 and TLR4 in the IgG4-
positive group, although a weaker positivity was also
observed in the IgG4-negative group and in the con-
trols. The observed TLR expression does not appear
to be related to infections caused by gram-negative
bacteria, given that the staining positivity for LPS and
gingipain R1 was only scarcely located and did not
co-localise with the TLR2 and TLR4 staining patterns.
Moreover, the expression pattern of the bacterial
virulence factors did not differ between the IgG4-
positive and the IgG4-negative group. Thus,



*101d3234 9Y1|-|[0} ‘YL ‘uonedyiubew oopx Jo piRY Jemod-ybiy e ul s|[9d ewsejd sausod-yob| /2 ‘DAasod-yob| :suoneinaiqay
“(x) YSH31Se Ue yum pajou aie suosuedwod juedyiubis Ajjednsiiels pue 0’0 > d e 19s sem [9A9] duedyubis ay] “sdnoib aanebau-yHb| ayy pue aasod-yHb| Yl USIMIDG S3I0DS JO UOINGUISIP
9Y} Ul SDUDIDYIP SSISSE 01 Pasn sem 159)-M ASUlIYA\ UUB Sy “IUIDE pue SdNP ‘sajesljijul Alojewwepul 9y3 Joj sjdwes yoes ul passasse A[|enplAipul 9J19M Y11 pue zy1lL 10} sa10s buluiels ¢ aunbi4

JOURNAL OF ORAL MICROBIOLOGY (&) 7

angebau-ob| aaysod-yob|

< 4

o

21008 oU ‘SN
pliw ‘=

sjelepow ‘zm

Buoss ‘cm
9]

z9v'0=d

1uioe ‘Aysusul Buture)s yy1L

onpeBou-pob| sAnsod-yob|

€ k4

21008 OU ‘SN
auou ‘g
piw ‘)=
ejesopow ‘Zm
Buoss ‘cm

919°0=d

1ujoe ‘Aysuajuy Buureys zy1L

[

Sl

0z

74

0€

)

junoy

junoy

aAnebau-yob|

aAisod-oB|

143

auou ‘g
Pl L=

sjesspow ‘zm

Buons ‘cm
+€00°0=d
wnyayyds [ejonp ‘Aysusiul Buiuress vuL
annebau-Ob| aAsod-$OB|
4 €
auou ‘g
piiw ‘)=
ojesopow ‘Zm
buons ‘cm

+610°0=d

wnjjayyida [e3onp ‘Aysusju; Buureys zy1L

oL

Sl

0z

sz

0og

ge

junop

junoy

xx

anjebau-yob| annisod-yob|

T

suou ‘g
piiw ‘)=
ojesopow ‘zm
Buons ‘cm

«100°0>d

sejejjyul Aiojewwepul ‘Aysusiul Buiurels 1L

onpeBou-pOb| onmsod-yb|

suou ‘g
pw ‘L=
sjelepow ‘zm

Buoxs ‘cm

%100°0>d

sajesyul Kiojewwepyul ‘Aysuajul Bujurels Zy1L

junoy

junoy



8 (&) E. WALTIMO ET AL.

Gingipain R1 staining positivity

p=0.965

o -
3 27 = 1, positive
8 = 4
15 0, negative
10
5
4 3

lgG4-positive IgG4-negative

LPS staining positivity

p=0.132

= 1, positive
0, negative

6

2

1gG4-positive IgG4-negative

Figure 4. Distribution of gingipain R1 and LPS positivity between the 1gG4-positive and the 1gG4-negative groups. The Mann
Whitney U-test was used to assess differences in the distribution of staining positivity between the 1gG4-positive and the 1gG4-

negative groups. The significance level was set at p < 0.05.

Abbreviations: IgG4-positive, >70 IgG4-positive plasma cells in a high-power field of x400 magnification; LPS, lipopolysaccharide.

a bacterial antigen does not appear to cause 1gG4
overexpression in the submandibular gland. The
observed expression patterns of TLR2 and TLR4
may indicate that tissue damage-related factor rather
than a bacterial origin underlies the TLR2 and TLR4
activation observed in both the IgG4-positive and
IgG4-negative groups.

To obtain detailed observations on how TLRs are
expressed in the submandibular gland, we scored the
intensity of TLR2 and TLR4 staining in three differ-
ent structures: the lymphoplasmacytic infiltrates, the
ductal epithelium, and the acini. As TLRs are
expressed on a wide variety of cells, including
immune cells and epithelial cells, the ductal epithe-
lium, and inflammatory infiltrates represented cell
structures where TLRs were likely to be expressed
[28]. Moreover, as one aim of our study was to
examine the differences in TLR expression between
IgG4-overexpressing and nonspecific sialadenitis, the
inflammatory cell infiltrates were a key target for
assessing differences in TLR immunoexpression.

In addition to recognising ligands from a variety of
bacteria, TLR2 and TLR4 mediate inflammatory
responses through recognition of many endogenous
ligands produced following tissue damage [19]. Under
normal circumstances, these DAMP-activated inflam-
matory responses aim to initiate tissue repair. For
instance, TLR4-mediated autophagy has been proposed
as a protective response to the tissue damage caused by
chronic inflammation in the salivary gland [29]. Thus,
the demonstrated immunopositivity for TLR2 and TLR4
could be indicative of TLR activation by tissue damage —
or necrosis-related molecules released following tissue
destruction caused by prolonged inflammation.
However, DAMP-mediated TLR activation as
a response to chronic nonspecific inflammation may
not fully explain the distinctly stronger expression of
TLR2 and TLR4 we observed in the IgG4-positive group.

When regulation of TLR signalling fails, it can
cause the signal transduction to become aberrant,

Figure 5. Gingipain R1 immunopositivity in the blood vessel
endothelium (arrow) in a healthy control. Erythrocytes are
seen inside the vessel (arrowhead). x400 magnification.

thereby leading to an excessive inflammatory
response [19]. Excessive TLR signalling, caused by
the overexpression of endogenous TLR ligands, con-
tributes to many inflammatory and autoimmune
diseases [18,19]. For instance, Shimizu et al. exam-
ined autoimmune sialadenitis in mouse models,
demonstrating that the overexpression of TLR1-4
and TLR9 might be involved in the development
or progression of sialadenitis in their models,
further theorising that some types of autoimmune
sialadenitis can be TLR mediated [30]. Thus, the
stronger expression patterns of TLR2 and TLR4 we
observed in the IgG4-positive group may indicate an
aberrant role of TLR-mediated inflammatory
responses in IgG4-overexpressing sialadenitis.
Moreover, mechanisms involving crosstalk between
innate and acquired immunity, in which TLR sig-
nalling acts as a connecting link, are implied in the
immunopathogenesis of IgG4-RD [31]. For instance,
findings by Ishiguro et al. suggest a TLR-mediated
pathological mechanism causing tissue fibrosis in
patients with IgG4-RD of the salivary glands. More
specifically, Ishiguro et al. found that M2



macrophages activated by TLR7 produced profibro-
tic cytokines in patients with IgG4-RD [32]. Other
studies have also indicated that cytokines produced
by antigen-presenting cells act as a T-cell indepen-
dent mechanism driving the IgG4 class switch in
IgG4-RD [31,33,34]. Furthermore, in these studies,
the expression patterns of TLRs and antigen-
presenting cells and their secreted cytokines
appeared localised around ectopic germinal centres
and in lymphocytic infiltrates in patients with 1gG4-
RD [32]. These results agree with our findings,
whereby both TLR2 and TLR4 expressions were
significantly stronger in the lymphoplasmacytic
infiltrates of samples in the IgG4-positive group.
Taken together, these findings support the idea
that innate immune responses mediated by TLR2
and/or TLR4 signalling play a role in the overex-
pression of IgG4-positive plasma cells in IgG4-
positive sialadenitis, perhaps through mechanisms
similar to those described in true IgG4-RD.
However, further studies targeting the cells and sig-
nalling molecules of innate immunity are warranted
in order to gain additional insight into the signifi-
cance of the TLR2 and TLR4 expression patterns in
IgG4-positive forms of chronic sialadenitis.

Although we observed positive staining patterns
for LPS and gingipain R1 in 88% and 89% of our
samples, respectively, such patterns were often
restricted to single cells or localised within intact
salivary gland structures. It is, thus, likely that our
findings merely demonstrate that P. gingivalis and
other gram-negative bacteria can reside in the sub-
mandibular gland without activating notable immune
response. The presence of bacteria in these chronic
inflammatory diseases is possibly explained by LPS-
expressing  gram-negative  bacteria, including
P. gingivalis, entering the submandibular gland
through Wharton’s duct when salivary flow is
restricted [2,35,36]. Furthermore, in 20 (31%) sam-
ples, positivity for gingipain R1 could be observed in
the endothelial walls of the blood vessels, possibly
implying that the blood vessels serve as an alternative
route via which P. gingivalis enters the glandular
tissues. LPS and gingipain R1 positivity was found
in all our control samples as well. Due to the sub-
mandibular glands’ close anatomical relationship to
the oral cavity, which hosts a rich microbiome, it may
not be totally unexpected to find microbial antigens
in our control specimens. Many gram-negative bac-
teria, including P. Gingivalis are opportunistic patho-
gens which are particularly prevalent in a dysbiotic
oral flora, furthermore oral dysbiosis may cause ecto-
pic colonisation of oral pathogens in tissues outside
the oral cavity [37]. Thus, oral dysbiosis could possi-
bly act as a factor causing bacteria to descend the
submandibular gland duct even in the absence of
preceding sialadenitis.

JOURNAL OF ORAL MICROBIOLOGY e 9

We did not assess the expression of surface proteins of
the gram-positive bacteria in our cohort. Since TLR2
recognises ligands from a wide range of gram-positive
bacteria [15], we cannot based on these results fully
exclude a bacterial antigen as an alternative TLR2-
activating ligand as opposed to DAMP-mediated TLR2
overexpression. Thus, screening for the TLR ligands of
gram-positive bacteria is warranted in order to defini-
tively identify the role of bacteria in these chronic inflam-
matory diseases of the submandibular gland. An
additional limitation of this study is the small size of the
control group. The differences between the sample sizes
of the study groups (n =31 and »n = 30) and the control
group (n=4) did not allow for trustworthy statistical
comparisons between the IgG4-positive and IgG4-
negative groups and the controls. Thus, a larger control
group would be needed to establish whether TLR2 and
TLR4 are constitutionally expressed in healthy subman-
dibular glands, which might be suggested by our findings
of TLR2 and TLR4 positivity in all controls. Similarly,
a larger sample of healthy controls could shed light on
whether the presence of antigens from gram-negative
bacteria is ubiquitous in healthy salivary glands.

Conclusions

A strong expression of TLR2 and TLR4 in IgG4-
positive forms of sialadenitis may indicate a tissue-
related factor as an antigen in this specific form of
chronic sialadenitis. Immunopositivity of gram-
negative bacteria remained weak throughout this
patient series, such that neither P. gingivalis nor
other LPS-expressing gram-negative bacteria
appeared to serve as pathogens underlying differ-
ent forms of chronic sialadenitis. However, the
involvement of gram-positive bacteria in these dis-
eases cannot be excluded based on these results.
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