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Abstract

Objectives The purposes of this study were to localize monocyte chemoattractant protein-1-induced protein-1 (MCPIP-1)
and its suppressor mucosa-associated lymphoid tissue lymphoma translocation protein 1 (MALT-1) in gingival tissues and
to profile their protein expression levels in relation to the clinical inflammation, Porphyromonas gingivalis colonization,
and interleukin (IL)-8 levels.

Materials and methods Study samples were collected from two independent study populations: (1) Gingival tissues were
collected from eight periodontally healthy individuals and eight periodontitis patients to localize MCPIP-1 and MALT-1
immunohistochemically, and (2) forty-one gingival tissue samples with marginal, mild, or moderate to severe inflammation
were collected from 20 periodontitis patients to determine MCPIP-1 and MALT-1 levels using immunoblots, P. gingivalis
levels with qPCR, P. gingivalis gingipain activities with fluorogenic substrates, and IL-8 levels with multiplex technique.
Results MCPIP-1 was detectable in the epithelium and in connective tissue, being especially prominent around the blood
vessel walls in healthy periodontal tissues. MALT-1 was observed at all layers of gingival epithelium and especially around
the accumulated inflammatory cells in connective tissue. No difference in gingival tissue MCPIP-1 and MALT-1 levels was
observed in relation to the severity of gingival inflammation. MALT-1 levels were elevated (p = 0.023) with the increase in
tissue P. gingivalis levels, and there was an association between MALT-1 and IL-8 levels (f = 0.054, p = 0.001).
Conclusions Interactions of MALT-1 levels with gingival tissue P. gingivalis counts and IL-8 levels suggest that activation
of MALT-1 can take part in P. gingivalis-regulated host immune responses.

Clinical relevance Pharmacological targeting the crosstalk between immune response and MCPIP-1/MALT-1 may have
benefits in periodontal treatment.
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Introduction

Post-transcriptional processes, including RNA cleav-
age, regulate the activation and resolution of the immune
system [1, 2]. Monocyte chemotactic protein-1-induced
protein-1 (MCPIP-1/Regnase-1), which was originally
detected in MCP-1-treated human peripheral blood mono-
cytes through microarrays, is a ribonuclease (RNase) and
negatively regulates inflammatory responses [3, 4]. Human
MCPIP-1 is composed of 599 amino acids that encode
a 65.8-kDa protein, and it is composed of an ubiquitin-
associated domain, proline-rich region, a PilT N-terminus
like (PIN) domain followed by a CCCH-type zinc-finger
(ZF) domain and a C-terminal domain [4, 5]. MCPIP-1
as a RNase participates in the post-transcriptional regula-
tion of pro-inflammatory cytokines, such as interleukin
(IL)-1pB, IL-6, and IL-8 [6-8]. Furthermore, MCPIP-1
drives the resolution process of inflammation by sup-
pression of nuclear factor kappa B (NFkB) activation,
stimulation of the damaged cell clearance via apoptosis,
and promoting anti-inflammatory macrophage phenotype
polarization [2]. It has also a negative feedback system
that reduces Regnase-1 mRNA expression in the presence
of high levels of Regnase-1 protein [1]. The significance
of MCPIP-1 in the immune system has been proved by
genetic knockout mouse models. MCPIP-1 knockout mice,
myeloid-specific MCPIP-1 knockout mice, and CD4+T
cells—specific MCPIP-1 knockout mice models develop
spontaneous inflammatory syndromes characterized by
infiltration of immune cells to various organs as well as
the production of autoantibodies [7, 9, 10].

Another essential component of both innate and adap-
tive immunity is the intracellular signaling protein known
as mucosa-associated lymphoid tissue lymphoma trans-
location protein 1 (MALT-1) [11, 12]. MALT-1 acts as
a scaffold protein providing a platform for assembly of
other NF-xB signaling proteins in lymphoid cells, myeloid
mast cells, and non-immune cells. Besides, MALT-1 has
protease activity, and one of the substrates of MALT-1
is MCPIP-1 [11, 12]. MALT-1-dependent cleavage of
MCPIP-1 lowers MCPIP-1 level in activated T cells and
thereby stabilizes a set of pro-inflammatory cytokines
identified as targets of MCPIP-1 [10, 12, 13].

Periodontal disease is an inflammatory disease of the
teeth-supporting tissues, and it develops in response to
imbalanced interaction between the local microbial com-
munity and the inflammatory response of the host [14, 15].
The inflammatory reaction is initiated by the recognition
of pathogen-associated molecular patterns (PAMPs) by
specialized pattern recognition receptors (PRRs) on host
cells [16]. Recognition of PAMPs by innate immune cells
stimulates the secretion of pro-inflammatory cytokines and
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chemokines. In the context of periodontitis, however, lit-
tle is known about the expression profile of MCPIP-1 and
MALT-1 in the gingival tissues in relation to the exten-
sion of infection and inflammation. Our group has dem-
onstrated that levels of MCPIP-1 and MALT-1 are regu-
lated by periodontitis-associated bacteria in monolayers of
gingival keratinocytes [17]. It was also demonstrated that
MCPIP-1 is downregulated by P. gingivalis in gingival
keratinocytes. Moreover, it is postulated that P. gingivalis
alter the innate immune response of gingival keratinocyte
through overactivation of the NF-kB signaling pathway
by P. gingivalis-induced degradation of MCPIP-1 [18].
Both studies indicate an interaction between these pro-
inflammatory response regulatory proteins and periodon-
titis-associated pathogens.

In the present study, we hypothesized that the suppressed
levels of MCPIP-1 and elevated levels of MALT-1 in human
gingival tissues are related to the extension of infection (P.
gingivalis colonization) and severity of clinical inflamma-
tion. Therefore, the aims of this study were to (1) localize
MCPIP-1 and MALT-1 protein expression in gingival tis-
sues and (2) profile their protein expression in relation to
the clinical inflammation, P. gingivalis colonization, and
IL-8 levels.

Materials and methods
Study populations and tissue sampling

Altogether, 57 study samples were collected from two
independent populations: (1) Sixteen gingival tissues were
collected from periodontally healthy individuals and from
periodontitis patients to localize MCPIP-1 and MALT-1
immunohistochemically, and (2) forty-one gingival tissue
samples were collected from 20 periodontitis patients to
evaluate the MCPIP-1 and MALT-1 tissue levels in relation
to clinical inflammation, gingival tissue P. gingivalis counts
and gingival tissue IL-8 levels. None of the participants were
compensated financially, but all participants received free
periodontal treatment. Detailed information on population
characteristics and sample collection procedures are given
below.

Study population for the localization of MCPIP-1
and MALT-1 in gingival tissues

Eight periodontitis patients (5 females and 3 males with
the mean age of 36.8 + 3.5 years) and eight periodontally
healthy individuals (6 females and 2 males with the mean
age of 35.8 + 3.2) were recruited for this study. All par-
ticipants were systemically healthy and non-smokers. None
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of the participants took any systemic or local medications
(antibiotics, analgesics, etc.) 6 months prior to collecting
gingival tissue samples. Individuals with active oral mucosal
lesions, caries, ongoing orthodontic treatment, or pregnancy
and lactation were excluded from the study. The study proto-
col was approved by the University of Istanbul’s Faculty of
Dentistry’s Ethics Committee in accordance with the Hel-
sinki Declaration (2017/41), and the study was conducted in
accordance with the Helsinki Declaration of 1975, as revised
in 2013. All participants gave written informed consent.
A single calibrated clinician (G.K.) carried out the clini-
cal examinations. Plaque index (PI), bleeding on probing
(BOP), probing pocket depth (PPD), and clinical attachment
level (CAL) were measured from each tooth by using a peri-
odontal probe (UNC-15, Hu-Friedy, Chicago, IL, USA), and
the index scores were recorded. Radiographic bone loss was
evaluated to confirm the periodontitis diagnosis. In all peri-
odontitis patients, the percentage of sites with PPD > 5 mm,
CAL > 5 mm, and BOP positivity were over 30%. Moreover,
excessive accumulation of microbial dental plaque and cal-
culus were visible. Based on the staging and grading of the
disease, periodontitis of recruited periodontitis patients for
this study was defined as Stage III, Grade B [19]. Individu-
als with no clinical symptoms of gingival inflammation and
no sites with PPD > 3 mm were considered periodontally
healthy [20].

Gingival tissue sample collection for the localization
of MCPIP-1 and MALT-1

Inflamed gingival tissue samples were collected from the
deepest mesial/distal periodontal pockets of the intact adja-
cent teeth of periodontitis patients during periodontal flap
surgeries. Tissue samples with no signs of inflammation
were harvested during crown lengthening procedures or
orthodontic tooth extractions from periodontally healthy
individuals. Internal beveled incision by using a carbon steel
surgical scalpel blade was a method of choice for gingival
tissue sample collection. This method allowed us to reach
to the bottom of the periodontal pocket and sulcular epithe-
lium. With this, it was possible to focus on pocket/sulcular
epithelium and underlying connective tissue as region of
interest, instead of collecting oral epithelium, which is far
from the zone of infection. All tissue biopsies were per-
formed between 21 May 2015 and 27 February 2016 at the
periodontology clinics of Istanbul University Faculty of
Dentistry, Istanbul, Turkey. Immediately after the harvest
of the gingival tissue, the oral epithelium was marked with
a tissue marking dye (CDI’s tissue marking dye, 0724-2,
Cancer Diagnostics Inc., Dunham, NC, USA) to facilitate the
orientation while embedding biopsies in paraffin blocks and
the recognition of the sulcular/oral epithelium sites of the
biopsies during the microscopic evaluation. All specimens

were fixed in 4% formalin solution overnight (16-20 h) and
embedded in paraffin blocks. Immunohistochemical analy-
sis was performed in the University of Turku, Institute of
Dentistry laboratories.

Immunohistochemical localization of gingival tissue
MCPIP-1 and MALT-1

Paraffin-embedded gingival tissue samples were immu-
nostained with hematoxylin and eosin, thymidine blue,
primary antibodies against MCPIP-1 (1:200 dilution, Cat
# PAS5-24458, Thermofisher, USA) and against MALT-1
(1:100 dilution, Cat# PA5-79622, Thermofisher, China)
using an automated immunostainer. The primary antibodies
were detected with goat anti-Rabbit IgG secondary antibody
(1:10000 dilution, Cat#31460, Thermofisher, USA) and
streptavidin—horseradish peroxidase and visualized with 3,3’
diaminobenzidine tetrahydrochloride in horseradish peroxi-
dase buffer. Human lung (for MALT-1) and human kidney
(for MCPIP-1) tissues were used as positive staining con-
trols. Extra sets of staining omitting primary antibodies were
performed as negative controls. The immunohistochemical
stainings were photographed using a light microscope (Leica
DMLB, Leica, Wetzlar, Germany).

Study population for the determination of MCPIP-1,
MALT-1, P. gingivalis, and IL-8 gingival tissue levels

Twenty (12 males and 8 females with an age range of
24-70 years) periodontitis patients diagnosed according to
the 2017 World Workshop for classification of periodon-
tal and peri-implant diseases and conditions [19], referred
to the Hacettepe University, Faculty of Dentistry Depart-
ment of Periodontology, were recruited for the study. The
Ethical Committee of Hacettepe University reviewed and
approved the study protocol (No: GO 17/786-34). All par-
ticipants gave written informed consent, and the study was
conducted in accordance with the Helsinki Declaration of
1975, as revised in 2013. Exclusion criteria were systemic
diseases, pregnancy, lactation, smoking, use of antibiotics
and/or anti-inflammatory drugs within 3 months, and peri-
odontal treatment within 6 months preceding the study. A
single calibrated examiner (M.O.K.) performed a full peri-
odontal examination. PPD, modified gingival index (MGI),
CAL, and PI were measured by using a manual periodontal
probe (UNC-15, Hu-Friedy, Chicago, IL, USA). A total of
41 periodontal pocket sites with 5—7 mm PPD were included
in the study. Sampling sites were divided into three study
groups based on the level of inflammation:

(i) Marginal inflammation group: Slight changes in color
and texture but not in all portions of gingival mar-

@ Springer



Clinical Oral Investigations

gin or papilla (n = 11, mean PPD: 5.18 + 0.6, mean
MGI: 1 + 0, mean CAL: 6.09 + 1.21, mean PI: 1.27
+0.47),

(i) Mild inflammation group: Slight changes in color and
texture in all portions of gingival margin or papilla
(n = 14, mean PPD: 5.43 + 0.85, mean MGI: 2 + 0,
mean CAL: 6.21 + 1.25, mean PI: 1.71 + 0.47),

(iii) Moderate to severe inflammation group: Bright sur-
face, erythema, edema, ulceration, or spontaneous
bleeding tendency (n = 16, mean PPD: 5.13 + 0.34,
mean MGI: 3.26 + 0.45, mean CAL: 6.44 + 0.96,
mean PI: 2.31 + 0.48).

Samples were collected between December 2017 and
March 2018 at Hacettepe University, Faculty of Dentistry,
Department of Periodontology, Turkey.

Gingival granulation tissue sample collection
for the determination of MCPIP-1, MALT-1, P.
gingivalis, and IL-8 levels

Inflammatory gingival granulation tissues were excised by
curettes (Gracey curettes, Hu-Friedy, Chicago, IL, USA) as
previously described [21]. Granulation tissue biopsies were
stored at —80 °C and transferred to the Institute of Dentistry,
University of Turku, Finland, for the analyses.

Samples were prepared for analysis at the University of
Turku, Institute of Dentistry, in June 2018. Tissue samples
were cut into small pieces, lysed in a 500 pl solution of 50
mM Tris-Cl, 150 mM NaCl and 1% Triton X-100, vortexed
for 10 s, and incubated for 24 h at 4 °C. Lysates were then
centrifuged at 10,000 g for 1 min. The obtained supernatants
were aliquoted for determinations of MCPIP-1, MALT-1, P.
gingivalis, and IL-8 concentrations.

Determination of gingival tissue MCPIP-1
and MALT-1 levels with immunoblots

The total protein level of each gingival tissue sample was
determined by a commercial protein assay (Bradford,
Bio-Rad, Hercules, CA, USA). Samples containing equal
amounts of protein (10 pg/ml, 144 ng) were resolved by 10%
sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis, and proteins were transferred to polyvinylidene
difluoride (PVDF) membranes (Trans-Blot Turbo Transfer
System, Bio-Rad, Hercules, CA, USA). Membranes were
incubated with primary antibodies against MCPIP-1 (1:750
dilution, Cat#PA5-24458, Thermofisher, USA) and MALT-1
(1:1000 dilution, Cat#PA5-79622, Thermofisher, China)
at 4 °C. Afterwards, the membranes were incubated with
Goat anti-Rabbit IgG (H+L) secondary Antibody (1:10000
dilution, Cat#31460, Thermofisher, USA). The horseradish
peroxidase was detected by a commercial chemiluminescent
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substrate reagent kit (Novex ECL, Invitrogen, Carlsbad, CA,
USA). A blot imaging system (ChemiDoc, MP Imaging Sys-
tem, Bio-Rad, Hercules, CA, USA) was used to detect the
bands on the membranes. The bands were quantified using
a software (ImagelJ, National Institute of Health, Bethesda,
MD, USA).

Determination of gingival tissue P. gingivalis counts

Detailed descriptions of P. gingivalis tissue level determina-
tion methods were published previously [21]. Briefly, 100
pl of gingival granulation tissue sample was mixed with
proteinase K in bead tubes. Tubes were agitated (Mixer
Mill MM301, Retch GMBH, Haan, Germany) and centri-
fuged. The DNA was extracted with the phenol—chloroform
method. P. gingivalis counts in gingival granulation tissue
were analyzed using a quantitative single-copy gene-based
real-time polymerase chain reaction (QPCR) technique [22].
Analyses of qPCR were performed with the following steps:
initial denaturation at 95 °C for 3 min, followed by 40 cycles
of 3 sat 95 °C and 20 s at 60 °C. P. gingivalis DNA sam-
ples were used as positive controls and water as a nega-
tive control. The results are presented as genomic copies/ng
DNA. The detection limit for P. gingivalis was 23 genome
equivalents.

Determination of gingival tissue P. gingivalis
gingipain activity

P. gingivalis gingipain activity was determined using gingi-
pain-specific fluorogenic substrate [FITC-Ahx-(L)Arg-(D)
Arg-KDbc (RR)], as previously described [21]. Briefly, a
16 pM of gingipain substrate was added in 50 pl of tissue
supernatant and supplemented with 2.5 pM of L-cysteine.
The fluorescence activity was read at 37 °C for 1 h with
2-min intervals on a fluorescence microplate reader (Ex:485
nm-Em: 530 nm, Biotek Instruments) and was defined in
relative fluorescence activity per min (RF/min). All enzyme
tests were performed in triplicate.

Determination of gingival tissue IL-8 levels

Tissue concentrations of IL-8 were detected by a bead-based
multiplexed immunoassay system (Luminex xMAP, Bio-
Rad, Hercules, CA, USA) with the commercial kits (Bio-
Plex Pro Human Inflammation Panel 1, Bio-rad, Hercules,
CA, USA) according to the manufacturer’s instructions. The
limit of detection of the assay was 2.7 pg/ml for IL-8.

Statistical analysis

Data distributions were analyzed with Shapiro—Wilk test.
Non-parametric Kruskal-Wallis (for multiple comparisons)
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and Mann—Whitney U tests were used in between-group
comparisons, and p < 0.05 was accepted as statistically sig-
nificant. Linear regression analysis was used to determine the
unadjusted and adjusted (level of inflammation) associations
of IL-8 with tissue levels of MCPIP-1, MALT-1, P. gingivalis
counts, and P. gingivalis gingipain activity. A commercial soft-
ware (IBM SPSS V26.0, IBM, Armonk, NY, USA) was used
for statistical analyses.

Results

Immunohistochemical analyses revealed that MCPIP-1 was
detectable in epithelium and in connective tissues. MCPIP-1
was prominent especially around the blood vessel walls in
healthy gingival tissues and in the epithelium in periodontitis-
affected tissues. MCPIP-1 stained cells were more evident in
periodontitis-affected tissues than in healthy periodontal tissues,
accumulated around the layers of stratum spinosum and stratum
granulosum of gingival epithelium, and less observed in stra-
tum basale and stratum corneum (Fig. 1A, B). In both healthy
and periodontitis-affected human gingival tissues, MALT-1 was
detectable at all layers of gingival epithelium being especially
prominent at the layers of stratum basale, stratum spinosum,
and stratum granulosum and less observed in stratum corneum
(Fig. 1C, D). MALT-1 was also observed around the accumu-
lated inflammatory cells of connective tissue.

MALT-1 and MCPIP-1 were detected in all gingival granu-
lation tissues by immunoblots, while IL-8 could not be detected
with the Luminex assay in 8 samples. In immunoblot analyses,
MCPIP-1 (expected molecular weight 62 kDa) was detected at
~65, 50, 37, and 25 kDa, while MALT-1 (expected molecular
weight 92 kDa) was detected at ~90, 50, and 45 kDa (Fig. 2).
The difference in the gingival granulation tissue MCPIP-1,
MALT-1, P. gingivalis, P. gingivalis gingipain activity, and
IL-8 levels in relation to gingival inflammation was not statis-
tically significant among the marginal, mild, and moderate to
severe inflammation groups (Table 1, Fig. 1). MCPIP-1 levels
tended to decrease (p = 0.052) and MALT-1 levels elevated (p
= 0.023) with the increase in tissue P. gingivalis counts (Fig. 3).
Linear regression analysis indicated a significant association
between MALT-1 and IL-8 levels (p = 0.001) after being
adjusted for level of gingival inflammation. No other signifi-
cant association was observed between granulation tissue IL-8
levels and MCPIP-1 levels, P. gingivalis counts, or P. gingivalis
gingipain activity (Table 2).

Discussion

To our knowledge, our study is the first to demonstrate
the presence of MCPIP-1 and MALT-1 in gingival tissues
and reveal interactions between gingival tissue MALT-1,
P. gingivalis, and IL-8 levels. According to our results,

the expression profile of MALT-1, which is a suppressor
of pro-inflammatory response inhibitors, is related to tis-
sue P. gingivalis levels and associated with IL-8 levels. P.
gingivalis is known to carry various virulence mechanisms
that can suppress or activate immune-response components.
By stimulating MALT-1 expression, P. gingivalis may sup-
press anti-inflammatory mechanisms and induce constant
and uncontrolled inflammation.

In the present study, both immunohistochemical and
immunoblotting techniques were used to identify MCPIP-1
and MALT-1 in gingival tissues. It is known that the western
blot provides a relative comparison of protein levels, as the
detected signals are not linear across the concentration range
of samples. From the molecular biology perspective, how-
ever, as a common mechanism of many proteins, MCPIP-1
also goes through some post-translational modifications,
such as phosphorylation and ubiquitation. The primary
antibodies used in western blot can not target specifically
those modification residues that may lead to a limitation
on the signal detection. In addition, creating study groups
with variations in the severity of inflammation allowed us
to demonstrate the regulation of MCPIP-1 and MALT-1
protein expression in relation to clinical inflammatory sta-
tus. A relatively small sample size was a limitation of this
study. Another limitation was that the mRNA expression
profiles of MALT-1, MCPIP-1, and IL-8 were not included
in the study design, as the amount of tissue samples was
not enough to expand the study aims. Future studies may
also consider implementing chronic gingivitis groups to
their study designs, as these cases may carry strong sup-
pressive mechanisms against pro-inflammatory responses,
including MCPIP-1. A final limitation is the lack of sub-
cellular localization of MCPIP-1 and MALT-1. Subcellular
localization of proteins is beneficial in inferring the function
of them [23]. Even though the directly observation of the
fluorescent-labeled protein with microscopic imaging in situ
and improving the outcome data with machine learning tech-
niques is one common technique, the amount of tissue sam-
ples was not enough to expand the study aims.

In our study, tissue MCPIP-1 levels tend to decrease (p
= 0.052) with the increase in tissue P. gingivalis levels.
As one of the major periodontal pathogens, P. gingivalis
interacts with the immune system through its virulence
factors including gingipains, lipopolysaccharides (LPS),
and fimbriae [24]. P. gingivalis gingipains regulate
the expression profiles of inflammatory cytokines and
degrade antimicrobial peptides post-transcriptionally [24].
Recognition of P. gingivalis LPS by toll-like receptors
activates NF-xB and mitogen-activated protein kinase
(MAPK) signaling pathways [25]. It was found that LPS-
mediated activation of inhibitor of transcription factor
NF-kB kinase (IKK) complex phosphorylates MCPIP-1
rapidly and then phosphorylated MCPIP-1 undergoes
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Fig. 1 Expression and localiza-
tion profiles of MCPIP-1 (A, B)
and MALT-1 (C, D) in human
gingival tissues with low (20X,
left column) and high (40X,
right column) magnifications.
Images (A) and (C) are from
periodontally healthy tissues
and (B) and (D) from peri-
odontitis tissues. White arrows
indicate MCPIP-1-stained blood
vessel walls, and black arrows
indicate positively stained cells
for MALT-1

ubiquitination and rapid degradation [26]. Moreover, it
was demonstrated that P. gingivalis gingipain activity
leads to a rapid degradation of MCPIP-1 in gingival
keratinocytes, [17] which contributes the inflammophilic
pathobiont formation [18]. In contrast to the observations,
it was shown that lipopolysaccharide treatment increases
the expression of MCPIP-1 through the activation of

@ Springer

TLR-4 in murine macrophage cell line Raw264.7, in
mouse primary bone marrow-derived macrophages, and in
human monocyte-derived macrophages [27, 28]. One can
suppose that in gingival tissue exposed to P. gingivalis,
the MCPIP-1 expression decreases rapidly among others
through LPS-mediated activation of IKK, which induced
ubiquitin-proteasome-mediated degradation and also via the
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Fig.2 Tissue MCPIP-1 and MCPIP-1
MALT-1 protein profiles

according to immunoblots.

MCPIP-1 was observed at 70,

50, ~37, and 25 kDa, while

MALT-1 was detected at 90, P T s i

50, and ~45 kDa. Each lane -

belongs to one gingival tissue
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kDa range

150 kDa
»= 100 kda
& 75 kDa

@9 50kDa

.. 37 kda

- 25 kDa

- 20 kDa

MALT-1

150 kDa
100 kda
75 kDa

50 kDa
37 kda

& 25 kpa
& 20 kDa

Table 1 Tissue levels of MCPIP-1, MALT-1, Porphyromonas gingivalis counts, P. gingivalis gingipain activity, and IL-8. Data is presented as
median (25th—75th percentile). No statistical difference was observed between the inflammation groups

Level of inflammation MCPIP-1 (absorbance

MALT-1 (absorbance

P. gingivalis

P. gingivalis gingipain IL-8 (pg/pg protein)

level) level) (count/pl DNA) activity [relative
fluorescence per minute
(RF/min)]
Marginal inflammation 8040 (4491-11,809) 1544 (1160-3803) 676 (0-5696) 0.83 (0.334.8) 11.4 (8.68-13.9)
Mild inflammation 6714 (3053-8926) 2331 (704-7658) 1123 (19.5-4054) 1.1 (0.8-1.08) 5.8 (3.45-18.6)
Moderate to severe 5972 (4084-8346) 2693 (506-4808) 391 (20-723) 2.4 (1.04-5.6) 12.8 (9.6-24.5)
inflammation
20000 ° 25000
g 8 ;f 20000
= 15000 2
g 2
g E 15000
§ 10000 5 °
i i 10000
< i
T 5000 ]
% g 5000 %
0 0
Marginal inflammation Mild extended Moderate to severe Marginal inflammation Mild extended Moderate to severe
il ion ir i inflammation inflammation
20000 o —
= S 20000
3 T °P=0.052 - P=0.023
= 15000 [
g I § 15000
8 2
2 o
9 10000 3 *
3 < 10000
< s
g 5000 :
g <Et 5000
i &
0 0
Lowest tertile Middle tertile Highest tertile Lowest tertile Middle tertile Highest tertile

Porphyromonas gingivalis count/pl DNA

Porphyromonas gingivalis count/pl DNA

Fig. 3 Human gingival tissue MCPIP-1 and MALT-1 levels according to the level of gingival inflammation and gingival tissue Porphyromonas
gingivalis levels. Statistical differences between the groups are demonstrated with connecter lines and p values
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Table 2 Unadjusted and adjusted (level of inflammation) associations
of tissue IL-8 levels with tissue levels of MCPIP-1, MALT-1, Porphy-
romonas gingivalis counts, and P. gingivalis gingipain activity

Unadjusted (f, 95% CI, p) Adjusted (3, 95% CI, p)

MALT-1 0.579, 0.001-0.003, < 0.054, 0.001-0.003, 0.001
0.001
MCPIP-1 —0.006, —0.001-0.001, 0.003, —0.001-0.001,
0.975 0.985
Porphy- 0.229, —0.001-0.003, 0.257, —0.001-0.004,
romonas 0.199 0.165
gingivalis
tissue
counts
P. gingivalis  0.314, —0.049-0.948, 0.310, —0.069-0.959,
gingipain 0.076 0.087
activity

degradation by gingipains, but the expression of MCPIP-1
increases over time among others through the activation
of TLR-4. Previous studies have focused on the activation
of MCPIP-1 as part of the immediate cellular response
against pro-inflammatory stimulants, but little is known
about tissue MCPIP-1 response in relation to pathogen
colonization. Gasiorek [18] (2021) and coworkers detected
that P. gingivalis induced a significant decrease in MCPIP-1
protein levels in murine gingiva. Moreover, by visualizing
the MCPIP-1 protein level with a confocal laser scanning
microscope, they showed that a decrease of MCPIP-1
immunostaining intensity coincided with gingipain invasion
into the cytoplasm. Our results are in line with Gasiorek
[18] et al. (2021) and demonstrate that increase in tissue P.
gingivalis levels suppresses MCPIP-1 levels. Our findings
are relatively new and require validation in animal and
human studies before it can be claimed that suppression
of MCPIP-1 in gingival tissues by P. gingivalis is part of
periodontitis pathogenesis.

The results of this study demonstrate that MALT-1 tissue
levels get elevated with the increase in P. gingivalis counts
in gingiva. It was shown that in macrophages, LPS triggers
a pro-inflammatory signal, which in turn activates MALT-1/
BCL10/CARD? signalosome formation and then MCPIP-1
cleavage [9]. Indeed, by inhibiting the phosphorylation
of MAPK and NF-kB activation via its deubiquitinase
activity, MCPIP-1 contributes to LPS hyporesponsiveness
induced by subsequent LPS stimulation and macrophage
reprogramming [29]. Gasiorek [18] (2021) and coworkers
detected an increased activity of MALT-1 in keratinocytes
at4 h and 24 h post P. gingivalis infection. Moreover, it was
demonstrated that the cleavage of MCPIP-1 by MALT-1 in
T helper cells is induced in response to antigen reaction [10].
Based on these findings, it is possible to propose that P.
gingivalis suppress the anti-inflammatory MCPIP-1 function
by stimulating the MALT-1 expression to maintain a chronic
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and uncontrolled inflammatory stage. However, as the design
of this study is cross-sectional, we cannot prove a cause-
effect relationship.

In the present study, we observed an association between
the tissue levels of MALT-1 and IL-8, but not between
MCPIP-1 and IL-8. MALT-1 is essential for NF-xB
activation [11, 12]. It is reasonable to postulate that MALT-1
increases IL-8 levels by reinforcing the activation of NF-xB
signaling induced by PAMPs. Dobosz [6] (2016) and
coworkers found that MCPIP-1 expression in epithelial cells
decreases the transcription and translation of IL-8. Whereas
in the present study, no statistically significant relationship
was observed between levels of IL-8 and MCPIP-1 in
gingival granulation tissues. Indeed, it is demonstrated that
the level of IL-8 in gingival tissues is regulated by various
mechanisms [30-32], and degradation of IL-8 mRNA by
MCPIP-1 is one of them. Animal studies with MCPIP-1
knockout models may clarify the relationship between
gingival IL-8 and MCPIP-1 levels.

Periodontal health requires a delicate balance between the
commensal oral microbiota and the host. The dental biofilm
maintains the health of gingival tissue by contributing to the
turnover and homeostasis of the oral tissues [33-35]. The
findings of the present study shed light on the interactions
between periodontal infection-induced inflammation
and MCPIP-1/MALT-1 axis. Further studies should be
conducted to elucidate the role of MCPIP-1/MALT-1 in
periodontitis and determine whether targeting the crosstalk
between immune response and MCPIP-1/MALT-1 has
benefits in periodontal treatment. Finally, smoking, which
is a major risk factor for periodontitis, may influence the
expressions of MCPIP-1 or MALT-1 through its effects on
immune cell response or oral microbial colonization and
thus must be taken into account in further studies.

Conclusion

In conclusion, present findings indicate a relation between
gingival MALT-1 levels with gingival tissue P. gingivalis
counts and IL-8 levels. Further studies on the interactions
between tissue levels of P. gingivalis, pro-inflammatory
cytokine RNase MCPIP-1, and its inhibitor MALT-1 shed
light to new mechanisms by which P. gingivalis activate or
suppress host immune response.

Acknowledgements This study was partly supported by SHS the Finn-
ish Dental Society Apollonia, Helsinki, Finland (U.K.G.), and Minerva
Foundation, Helsinki, Finland (U.K.G.). The authors are grateful for
the technical assistance of Katja Sampalahti, Oona Hillfors, and Tat-
jana Peskova from the University of Turku.

Author contributions Authors UKG, EF, and FC conceived the concept
and protocol of the study. YF, SE, PP, MOK, MG, FJB, and GK carried
out the data collection. UKG conducted the data analysis. LY, YF, SE,



Clinical Oral Investigations

MOK, and GK wrote the draft, while all authors contributed to the
critical revision of the manuscript.

Funding Open Access funding provided by University of Turku (UTU)
including Turku University Central Hospital. This study was partly sup-
ported by SHS the Finnish Dental Society Apollonia, Helsinki, Finland
(U.K.G.), and Minerva Foundation, Helsinki, Finland (U.K.G.).

Data availability It is possible to access study data and materials from
the authors by permission.

Declarations

Ethical approval Due to the nature of the study, the current project got
ethical permissions from two independent committees:

1) For the samples that are collected for immunoblot analysis: The
Ethical Committee of Hacettepe University reviewed and approved
the study protocol (No: GO 17/786-34). All participants gave written
informed consent, and the study was conducted in accordance with the
Helsinki Declaration of 1975, as revised in 2013.

2) For the samples that are collected for immunohistochemical analysis:
The study protocol was approved by the University of Istanbul’s Fac-
ulty of Dentistry’s Ethics Committee in accordance with the Helsinki
Declaration (2017/41), and the study was conducted in accordance with
the Helsinki Declaration of 1975, as revised in 2013. All participants
gave written informed consent.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Piboonprai K, Millius A, Shimoda M, Tanaka H, Akira S, Maeda
K (2023) Breaking self-regulation of Regnase-1 promotes its own
protein expression. Genes Cells. (Early online Feb 23]. https://doi.
org/10.1111/gtc.13018

2. JinZ, Zheng E, Sareli C, Kolattukudy PE, Niu J (2021) Monocyte
chemotactic protein-induced protein 1 (MCPIP-1): a key player of
host defense and immune regulation. Front Immunol 12:727861.
https://doi.org/10.3389/fimmu.2021.727861

3. Musson R, Szukata W, Jura J (2020) MCPIP1 RNase and its mul-
tifaceted role. Int J Mol Sci 21(19):7183. https://doi.org/10.3390/
ijms21197183

4. Zhou L, Azfer A, Niu J, Graham S, Choudhury M, Adamski FM,
Younce C, Binkley PF, Kolattukudy PE (2006) Monocyte che-
moattractant protein-1 induces a novel transcription factor that
causes cardiac myocyte apoptosis and ventricular dysfunction.
Circ Res 98(9):1177-1185. https://doi.org/10.1161/01. RES.00002
20106.64661.71

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Wilamowski M, Gorecki A, Dziedzicka-Wasylewska M, Jura J
(2018) Substrate specificity of human MCPIP1 endoribonuclease.
Sci Rep 8(1):7381. https://doi.org/10.1038/s41598-018-25765-2
Dobosz E, Wilamowski M, Lech M, Bugara B, Jura J, Potempa
J, Koziel J (2016) MCPIP-1, Alias Regnase-1, controls epithelial
inflammation by posttranscriptional regulation of IL-8 production.
J Innate Immun 8(6):564-578. https://doi.org/10.1159/000448038
Matsushita K, Takeuchi O, Standley DM, Kumagai Y, Kawagoe
T, Miyake T, Satoh T, Kato H, Tsujimura T, Nakamura H, Akira
S (2009) Zc3h12a is an RNase essential for controlling immune
responses by regulating mRNA decay. Nature 458(7242):1185—
1190. https://doi.org/10.1038/nature07924

Mizgalska D, Wegrzyn P, Murzyn K, Kasza A, Koj A, Jura J,
Jarzab B, Jura J (2009) Interleukin-1-inducible MCPIP protein
has structural and functional properties of RNase and partici-
pates in degradation of IL-1beta mRNA. FEBS J 276(24):7386—
7399. https://doi.org/10.1111/j.1742-4658.2009.07452.x

Li Y, Huang X, Huang S, He H, Lei T, Saaoud F, Yu XQ, Melnick
A, Kumar A, Papasian CJ, Fan D, Fu M (2017) Central role of
myeloid MCPIP1 in protecting against LPS-induced inflammation
and lung injury. Signal Transduct Target Ther 2:17066. https://doi.
org/10.1038/sigtrans.2017.66

Uehata T, Iwasaki H, Vandenbon A, Matsushita K, Hernandez-
Cuellar E, Kuniyoshi K, Satoh T, Mino T, Suzuki Y, Standley
DM, Tsujimura T, Rakugi H, Isaka Y, Takeuchi O, Akira S (2013)
Maltl-induced cleavage of regnase-1 in CD4(+) helper T cells
regulates immune activation. Cell 153(5):1036—1049. https://doi.
org/10.1016/j.cell.2013.04.034

Afonina IS, Elton L, Carpentier I, Beyaert R (2015) MALT1--a
universal soldier: multiple strategies to ensure NF-kB activation
and target gene expression. FEBS J 282(17):3286-3297. https://
doi.org/10.1111/febs.13325

Jaworski M, Thome M (2016) The paracaspase MALT1: biologi-
cal function and potential for therapeutic inhibition. Cell Mol Life
Sci 73(3):459-473. https://doi.org/10.1007/s00018-015-2059-z
Jeltsch KM, Hu D, Brenner S, Zoller J et al (2014) Cleavage of
roquin and regnase-1 by the paracaspase MALT1 releases their
cooperatively repressed targets to promote T(H)17 differentiation.
Nat Immun 15(11):1079-1089. https://doi.org/10.1038/ni.3008
Joseph S, Curtis MA (2021) Microbial transitions from health to
disease. Periodontol 2000 86(1):201-2009. https://doi.org/10.1111/
prd.12377

Belibasakis GN, Belstrgm D, Eick S, Gursoy UK, Johansson A,
Kononen E (2023) Periodontal microbiology and microbial etiol-
ogy of periodontal diseases: historical concepts and contemporary
perspectives. Periodontol 2000 [Early online Jan 20]. https://doi.
org/10.1111/prd.12473

Hajishengallis G, Lambris JD (2011) Microbial manipulation
of receptor crosstalk in innate immunity. Nat Rev Immunol
11(3):187-200. https://doi.org/10.1038/nri2918

Firatli Y, Firatli E, Loimaranta V, Elmanfi S, Giirsoy UK (2022)
Regulation of gingival keratinocyte monocyte chemoattractant
protein-1-induced protein (MCPIP)-1 and mucosa-associated
lymphoid tissue lymphoma translocation protein (MALT)-1
expressions by periodontal bacteria, lipopolysaccharide, and
interleukin-1p. J Periodontol 94(1):130-140. https://doi.org/10.
1002/JPER.22-0093

Gasiorek A, Dobosz E, Potempa B, Ciaston I, Wilamowski M,
Oruba Z, Lamont RJ, Jura J, Potempa J, Koziel J (2021) Subver-
sion of lipopolysaccharide signaling in gingival keratinocytes via
MCPIP-1 degradation as a novel pathogenic strategy of inflam-
mophilic pathobionts. mBio 12(3):e0050221. https://doi.org/10.
1128/mBi0.00502-21

Papapanou PN, Sanz M, Buduneli N et al (2018) Periodontitis:
consensus report of workgroup 2 of the 2017 world workshop on
the classification of periodontal and peri-implant diseases and

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/gtc.13018
https://doi.org/10.1111/gtc.13018
https://doi.org/10.3389/fimmu.2021.727861
https://doi.org/10.3390/ijms21197183
https://doi.org/10.3390/ijms21197183
https://doi.org/10.1161/01.RES.0000220106.64661.71
https://doi.org/10.1161/01.RES.0000220106.64661.71
https://doi.org/10.1038/s41598-018-25765-2
https://doi.org/10.1159/000448038
https://doi.org/10.1038/nature07924
https://doi.org/10.1111/j.1742-4658.2009.07452.x
https://doi.org/10.1038/sigtrans.2017.66
https://doi.org/10.1038/sigtrans.2017.66
https://doi.org/10.1016/j.cell.2013.04.034
https://doi.org/10.1016/j.cell.2013.04.034
https://doi.org/10.1111/febs.13325
https://doi.org/10.1111/febs.13325
https://doi.org/10.1007/s00018-015-2059-z
https://doi.org/10.1038/ni.3008
https://doi.org/10.1111/prd.12377
https://doi.org/10.1111/prd.12377
https://doi.org/10.1111/prd.12473
https://doi.org/10.1111/prd.12473
https://doi.org/10.1038/nri2918
https://doi.org/10.1002/JPER.22-0093
https://doi.org/10.1002/JPER.22-0093
https://doi.org/10.1128/mBio.00502-21
https://doi.org/10.1128/mBio.00502-21

Clinical Oral Investigations

20.

21.

22.

23.

24.

25.

26.

217.

28.

conditions. J Periodontol 89(Suppl 1):S173-S182. https://doi.org/
10.1002/JPER.17-0721

Lang NP, Bartold PM (2018) Periodontal health. J Periodontol
89(Suppl 1):S9-S16. https://doi.org/10.1002/JPER.16-0517
Ozdemir M, Caglayan F, Bikker FJ, Pussinen P, Kononen E,
Yamalik N, Giirsoy M, Fteita D, Nazmi K, Giincii GN, Pietidinen
M, Tolvanen M, Giirsoy UK (2020) Gingival tissue human beta-
defensin levels in relation to infection and inflammation. J Clin
Periodontol 47(3):309-318. https://doi.org/10.1111/jcpe.13227
Hyvirinen K, Laitinen S, Paju S, Hakala A, Suominen-Taipale
L, Skurnik M, Kénonen E, Pussinen PJ (2009) Detection and
quantification of five major periodontal pathogens by single copy
gene-based real-time PCR. Innate Immun 15(4):195-204. https://
doi.org/10.1177/1753425908101920

Nakai K, Wei L (2002) Recent advances in the prediction of sub-
cellular localization of proteins and related topics. Front Bioin-
form 2:910531. https://doi.org/10.3389/fbinf.2022.910531

How KY, Song KP, Chan KG (2016) Porphyromonas gingivalis:
an overview of periodontopathic pathogen below the gum line.
Front Microbiol 7:53. https://doi.org/10.3389/fmicb.2016.00053
Kawai T, Akira S (2011) Toll-like receptors and their crosstalk
with other innate receptors in infection and immunity. Immunity
34(5):637-650. https://doi.org/10.1016/j.immuni.2011.05.006
Iwasaki H, Takeuchi O, Teraguchi S, Matsushita K, Uehata T,
Kuniyoshi K, Satoh T, Saitoh T, Matsushita M, Standley DM,
Akira S (2011) The IkB kinase complex regulates the stability
of cytokine-encoding mRNA induced by TLR-IL-1R by control-
ling degradation of regnase-1. Nat Immunol 12(12):1167-1175.
https://doi.org/10.1038/ni.2137

Liang J, Wang J, Azfer A, Song W, Tromp G, Kolattukudy PE,
Fu M (2008) A novel CCCH-zinc finger protein family regu-
lates proinflammatory activation of macrophages. J Biol Chem
283(10):6337-6346. https://doi.org/10.1074/jbc.M707861200
Blazusiak E, Florczyk D, Jura J, Potempa J, Koziel J (2013) Dif-
ferential regulation by Toll-like receptor agonists reveals that

@ Springer

29.

30.

31.

32.

33.

34.

35.

MCPIP1 is the potent regulator of innate immunity in bacterial
and viral infections. J Innate Immun 5(1):15-23. https://doi.org/
10.1159/000339826

Wadowska M, Dobosz E, Golda A, Bryzek D, Lech M, Fu M,
Koziel J (2022) MCP-induced protein 1 participates in mac-
rophage-dependent endotoxin tolerance. J Immunol 209(7):1348—
1358. https://doi.org/10.4049/jimmunol.2101184

Hajishengallis G, Lamont RJ (2014) Breaking bad: manipulation
of the host response by Porphyromonas gingivalis. Eur J Immunol
44(2):328-338. https://doi.org/10.1002/eji.201344202

Huang GT, Kim D, Lee JK, Kuramitsu HK, Haake SK (2001)
Interleukin-8 and intercellular adhesion molecule 1 regulation
in oral epithelial cells by selected periodontal bacteria: multiple
effects of Porphyromonas gingivalis via antagonistic mechanisms.
Infect Immun 69(3):1364-1372. https://doi.org/10.1128/1A1.69.3.
1364-1372.2001

Onishi S, Honma K, Liang S, Stathopoulou P, Kinane D,
Hajishengallis G, Sharma A (2008) Toll-like receptor 2-mediated
interleukin-8 expression in gingival epithelial cells by the Tan-
nerella forsythia leucine-rich repeat protein BspA. Infect Immun
76(1):198-205. https://doi.org/10.1128/1A1.01139-07

Darveau RP, Curtis MA (2021) Oral biofilms revisited: a novel
host tissue of bacteriological origin. Periodontol 2000 86(1):8-13.
https://doi.org/10.1111/prd.12374

Jakubovics NS, Goodman SD, Mashburn-Warren L, Stafford GP,
Cieplik F (2021) The dental plaque biofilm matrix. Periodontol
2000 86(1):32-56. https://doi.org/10.1111/prd.12361
Hajishengallis G, Lamont RJ (2021) Polymicrobial communities
in periodontal disease: their quasi-organismal nature and dialogue
with the host. Periodontol 2000 86(1):210-230. https://doi.org/10.
1111/prd.12371

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/JPER.17-0721
https://doi.org/10.1002/JPER.17-0721
https://doi.org/10.1002/JPER.16-0517
https://doi.org/10.1111/jcpe.13227
https://doi.org/10.1177/1753425908101920
https://doi.org/10.1177/1753425908101920
https://doi.org/10.3389/fbinf.2022.910531
https://doi.org/10.3389/fmicb.2016.00053
https://doi.org/10.1016/j.immuni.2011.05.006
https://doi.org/10.1038/ni.2137
https://doi.org/10.1074/jbc.M707861200
https://doi.org/10.1159/000339826
https://doi.org/10.1159/000339826
https://doi.org/10.4049/jimmunol.2101184
https://doi.org/10.1002/eji.201344202
https://doi.org/10.1128/IAI.69.3.1364-1372.2001
https://doi.org/10.1128/IAI.69.3.1364-1372.2001
https://doi.org/10.1128/IAI.01139-07
https://doi.org/10.1111/prd.12374
https://doi.org/10.1111/prd.12361
https://doi.org/10.1111/prd.12371
https://doi.org/10.1111/prd.12371

	Localization and expression profiles of gingival monocyte chemoattractant protein-1-induced protein-1 (MCPIP-1) and mucosa-associated lymphoid tissue lymphoma translocation protein 1 (MALT-1)
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusions 
	Clinical relevance 

	Introduction
	Materials and methods
	Study populations and tissue sampling
	Study population for the localization of MCPIP-1 and MALT-1 in gingival tissues
	Gingival tissue sample collection for the localization of MCPIP-1 and MALT-1
	Immunohistochemical localization of gingival tissue MCPIP-1 and MALT-1
	Study population for the determination of MCPIP-1, MALT-1, P. gingivalis, and IL-8 gingival tissue levels
	Gingival granulation tissue sample collection for the determination of MCPIP-1, MALT-1, P. gingivalis, and IL-8 levels
	Determination of gingival tissue MCPIP-1 and MALT-1 levels with immunoblots
	Determination of gingival tissue P. gingivalis counts
	Determination of gingival tissue P. gingivalis gingipain activity
	Determination of gingival tissue IL-8 levels
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


