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4. Introduction

4.1 Obesity and orthodontics

4.1.1 Obesity and adipokines

Obesity is defined as a chronic disease due to the excessive adipose tissue and has become
a major global threat for adults as well as children affecting both developed and
developing countries [1]. Since leptin was discovered in 1994 [2], the white adipose tissue
(WAT) has been recognized as a dynamic endocrine organ to produce and secrete several
bioactive polypeptides named adipokines [3].

Adipokines comprise of approximately leptin, adiponectin, resistin, visfatin, apelin,
chemerin, perinol binding protein-4, serum amyloid A, plasminogen activator inhibitor-
1, angiotensinogen, vaspin, omentin, chemerin and zinc-alpha2-glycoprotein (Figures
1A-B). Two pro-inflammatory cytokines known as tumor necrosis factor-alpha (TNF-a)
and interleukin-6 (IL-6) which are produced by macrophages infiltrating WAT are also
considered as adipokines [4]. These soluble adipokines bind to their specific receptors on
target tissue and cells to active intracellular signaling. Due to their involvement in
physiological processes of disease in human, adipokines have been intensively studied in
all diseases related to obesity [5].

It was demonstrated, that obesity that is concomitant with an increased body mass index
(BMI) appears to be a risk factor for less appliance wear during orthodontic treatment
with removable appliances [6], less cooperation, a longer treatment duration, and more
oral health-related problems during multibracket appliance orthodontic treatment [7].
Obesity could play a role in bone metabolism via adipocyte-derived adipokines directly
or indirectly through leptin and adiponectin [8]. Moreover, increased serum leptin levels
and decreased serum adiponectin levels in obese patients may influence the process of
orthodontic treatment and probably acts via several molecular mechanism in periodontal

cells [9].
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Figure 1. Hypothetical model showing the relationship between obesity, adipokines and
orthodontic tooth movement.

(A) Soluble adipokines synthesized by WAT of lean/obese individuals. Altered levels of
adipokines may be the critical underlying pathomechanism during OTM. Adipocyte-
derived adipokines are linked to the regulation for negative side effects of OTM. WAT:
White Adipose Tissue. (Adapted from Azamar-Llamas et al. [10])

(B) Serum concentration of adipokines is related to the BMI in obese patients. OTM:
Orthodontic Tooth Movement; BMI: Body Mass Index. (Adapted from Azamar-Llamas
et al. [10])

4.1.2 Adipokines and orthodontics

When it comes to orthodontic tooth movement (OTM), multiple cell types in the
periodontium are involved: cementoblasts, periodontal ligament (PDL) cells, PDL
fibroblasts, osteoblasts and osteoclasts. Adipokines could significantly affect orthodontic
treatment through their impact on bone/cementum metabolism [11].

Saloom et al. (2017) conducted a cohort study showing that adipokines show different
kinetics during OTM [12]. Without orthodontic treatment, the concentration of
adiponectin in gingival crevicular fluid (GCF) are reduced in obese patients, which is in
agreement with Kadowaki et al. (2005) who reported lower plasma adiponectin levels and
its receptors in obese individuals [13, 14]. Another study reported that patients undergoing
orthodontic treatment showed that the concentration of leptin increased in both GCF and

serum of the obese group. Conversely, other researchers reported that leptin
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concentrations in GCF are reduced during orthodontic treatment [15]. These findings
indicate that adipokines and orthodontic treatment influence each other during OTM.

Li et al. (2014) reported that leptin and its receptor are widely expressed and commonly
distributed in dental and periodontal tissues of primates such as gingiva and dental pulp
[16]. Notably, the expression of leptin receptors (ObR) in cementoblasts has been
identified in a previous study [17]. Moreover, adiponectin receptor 1 and 2 (AdipoR1 and
AdipoR2) were reported to ubiquitously expressed in the mouse oral tissues including
bone-forming osteoblasts [18], human gingival fibroblasts as well as in a murine
macrophage-like cell line [19]. These finding indicate the possible roles of adipokines in

periodontal disease and their involvement in OTM.

4.2 Obesity and adiponectin

4.2.1 Adiponectin cleavage

It has been demonstrated, that adipocytokines (mainly but not exclusively secreted by
adipose tissue) and adipokines (only produced by the adipose tissue) can influence bone
metabolism [20] and tooth movement [21]. Adiponectin (also referred to as Acrp30 [22],
AdipoQ [23], apM1 [24] and GBP28 [25] in initial reports), encoded by the AdipoQ gene
in humans [26] and produced by mature adipocytes but also in the salivary gland epithelial
cells, has been shown to modulate metabolic and immune functions of salivary gland
epithelial cell [27].

Structure features of single-chain globular domain adiponectin (sg-gAd) are shown in
Figures 2A, B. The primary sequence of full-length human adiponectin comprises 244
amino acid residues including 4 regions: a short NHz-terminal signal sequence, a short
region that varies between species, a collagenous-like domain and a COOH-terminal
globular domain [28, 29]. This cleavage is mediated by a leukocyte elastase, secreted by
activated monocytes and/or neutrophils [30]. In contrast to humans, mouse adiponectin is
a 247 amino acid long protein having huge structural similarity with C1q [31]. In the

blood stream, adiponectin is found in three forms of oligomeric complexes including low-
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molecular weight (LMW) trimer, medium-molecular weight (MMW) hexamer and high
molecular weight (HMW) multimer [32] (Figure 2C). Moreover, the globular
adiponectin results from the cleavage of the full-length monomer [33], is the most
biologically active form of the different oligomers [29]. These oligomers are in turn
related to the regulation of bone metabolism and thus acts as indispensable diagnostic

marker in clinical practice [34].

4.2.2 Adiponectin receptors

Two major adiponectin receptors (AdipoRs) subtypes exist, adiponectin receptor 1 and 2
(AdipoR1 and AdipoR2). They are expressed in various tissues and cells such as human
gingival fibroblasts and PDL cells [35] and mediate the biological effects of adiponectin.
AdipoRs are surface membrane proteins with structurally related seven transmembrane
domains including a cytoplasmic NH2z-terminus and an extracellular COOH-terminal
domain [31] (Figure 2C). AdipoR1 acts as a high-affinity receptor for globular
adiponectin and a low-affinity receptor for full-length adiponectin in skeletal muscle [36].
On the other hand, AdipoR2 is an intermediate-affinity receptor for both globular and
full-length HMW adiponectin forms in liver [36]. Yamaguchi et al. (2012) showed that
the AdipoRs were abundantly expressed in the oral tissues of mice such as tongue, gingiva,
buccal and labial mucosa, as well as in macrophage (RAW24) cell line [37]. Besides
AdipoRs, Hug et al. (2004) isolated a third adiponectin receptor known as T-cadherin
receptor which has an affinitive relationship with hexameric and HMW forms of
adiponectin [38]. The underlying mechanism by which T-cadherin receptor interacts with
signaling pathways still needs to be investigated. However, Denzel et al. (2010) reported
that T-cadherin-deficient mice have elevated serum adiponectin levels, especially of the
HMW form [39].

It has been reported, that adiponectin and its two major receptors are expressed in primary
human osteoblasts [40] which act as an important signaling link between fat and body
weight to bone density [18]. However, some studies reveal that adiponectin has emerged

as a key intracellular mediator having anti-inflammatory and anti-apoptotic effects during
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biological activities in various experimental animal models [41, 42].

Both AdipoRs play similar effects on the activation of intracellular signaling but have
individual signaling preferences. Phosphorylation of Extracellular Regulated Kinase 1/2
(ERK1/2) may depend on both receptors. AdipoR1 is more prominent in AMP-activated
protein kinase (AMPK), P38 MAPK, c-Jun N-terminal Kinase (JNK), peroxisome
proliferator-activated receptor-a (PPAR-a) and nuclear factor-kB (NF-kB) pathways,
while AdipoR2 is more tightly linked to PPAR pathways activation in muscle cells [43].
AdipoR1 and AdipoR2 have been identified in the plasma membrane [44] as well as in

the cytoplasm (cytoplasmic puncta) [45].
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B Globular adiponectin Full length adiponectin
P104 N244 M1 G42 E106 N244
Fibrous domain
Globular Trimer Hexamer High Molecular
C AdipoR1 AdipoR2 T-Cadherin
Plasma COOH COOH
membrane

Cytoplasm

Figure 2. Adiponectin and adiponectin receptors.

(A) Structure of single-chain globular domain human adiponectin (sc-gAd). Base region
of mouse gAd structure showing in spectrum color scheme where light blue arrow
represents the N-terminus and red arrow represents the C-terminus of the sequence.
(Adapted from Min et al. [28])

(B) Domain features of adiponectin. Schematic post translational modification of
adiponectin. A full-length adiponectin (~30 kDa) consists of 244 amino acids including a
globular domain at the C-terminus, a collagenous-like fibrous domain at the N-terminus,
a species-specific domain and a signal peptide. Circulating adiponectin forms low-
molecular weight (LMW) homotrimers, hexamers and high-molecular weight (HMW)
multimers. (Adapted from Achari et al. [32])

(C) Proposed structure of adiponectin receptors. AdipoR1 has a greater affinity for the
globular form, whereas AdipoR2 has a moderate affinity for both globular and full-length
forms. (Adapted from Khoramipour et al. [36])
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4.2.3 Correlation of adiponectin concentration with obesity

Previous studies stated that human salivary adiponectin concentration is low (0.37-6.42
ng/mL) in comparison to that of circulating adiponectin in plasma (5-30 pg/mL) [46, 47].
The relation between obesity and concentration of adipokines has been studied
extensively. Unlike leptin, the concentration of circulating adiponectin in obese human
individuals is significantly lower than in non-obese [48] (Figure 1B). In vivo, adiponectin
secretion is regulated by the amount of adipose tissue [49, 50] and is inversely correlated
to the degree of obesity [46, 51, 52]. Cao et al. (2015) reported that patients with obesity
have lower serum levels of adiponectin than normal weight individuals [53].

Obesity may cause lower adiponectin- and AdipoRs-levels in healthy subjects than in
patients with severe periodontitis [19, 54], thus in turn deteriorates periodontal disease.
Furthermore, since adiponectin and AdipoRs are expressed in osteoblast cells, it is
suggested to be involved in the anti-inflammatory functions and bone metabolism [18].
It may influence the function of PDL cells in another way than osteoblasts and

cementoblasts [55].

4.3 Cementoblasts and orthodontics

4.3.1 Biology of cementum and cementoblasts

The periodontium consists of the soft tissues gingiva and periodontal ligament as well as
of the hard tissues root cementum and alveolar bone [56]. Cementum, a heterogeneous
mineralized layer covering the entire root dentin surface, anchors with the bony alveolus
by Sharpey’s fibers and with the dentin surfaces by collagen fibers [57]. As a special
mineralized tissue, cementum has a similar composition to alveolar bone, consisting of
approximately 61% mineralized as well as 27% organic matrix, and 12% water [58].
Cementoblasts, the cells comprising the cellular component of cementum, are highly
differentiated mesenchymal cells of the periodontal ligament with the capacity to build
up cementum [59]. The cementum matrix is composed of collagenous proteins and non-

collagenous proteins such as Alkaline phosphatase (AP), Bone Sialoprotein (BSP),
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Osteopontin (OPN), Osteocalcin (OCN), Osteoprotegerin (OPG) [60] and F-Spondin [61],
while cementoblasts have a similar gene expression pattern as osteoblasts, including
glycogen synthase kinase-3p (GSK-3p), -Catenin, OCN and OPG [60, 62].

Arzate et al. (2015) classified three types of cementum: intermediate cementum, cellular
and acellular cementum, according to the presence or absence of cementocytes which are
cementoblasts that become trapped in the lacunae within the matrix [59]. The intermediate
cementum is found in the area of the cemento-enamel junction. The acellular cementum
is attaching to the tooth dentin and covers the coronal and mid-portion of the tooth. The
cellular cementum presents in the apical and interradicular portions of the root and
contains cementoblasts [63] (Figure 3A).

The formation of root cementum is considered to be determined by the extent and quality
of the cementogenesis and mineralization process of cementoblasts [64]. Briefly, during
the initial stages of cementogenesis, the cementoblasts lay down organic matrix with
fibers and synthesize the pre-cementum onto the dentin matrix. After implantation, the
pre-cementum proceeds to mineralize [65]. It was demonstrated that Hertwig’s epithelial
root sheath (HERS) produces acellular cementum in the initial stage of cementogenesis

following with cellular and reparative cementum secreted by the cementoblasts [66].

4.3.2 Cementoblasts and orthodontic tooth movement

OTM depends on coordinated remodeling activities such as resorption and formation of
the surrounding bone and tissue of the periodontium [67]. In the course of OTM, the
periodontium is subjected to different magnitudes of mechanical forces which is one of
the numerous conditions that have impact on the periodontium during orthodontic
treatment [68]. Mechanical force, including compressive and tensile forces, are
considered as main factors in regulating the homeostasis of cementum during OTM [69].
In the present study, I used sterilized glass discs to mimic hydrostatic pressure on adherent
mouse cementoblasts (OCCM-30) to simulate pressure conditions as close as possible to
the in vivo condition during orthodontic force loading (Figures 3A, B).

Orthodontically induced inflammatory root resorption (OlIRR) is a deleterious iatrogenic
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side-effects of orthodontic therapy which has been subject of many research projects
around the world [70]. OIIRR was defined as the pathologic removal of cementum and
dentin [71]. Once it is evoked, clinician cannot predict its actual clinical outcome. The
extent of the inflammatory process depends upon many factors such as genetics, the root
morphology involved, the virulence or aggressiveness of the different resorbing cells, as
well as the repairing cells. Thus, the mechanism of OIIRR remains beyond our
understanding. Clinician are therefore unable to predict the incidence and extent of OlIRR
after force application [72]. While the vitality of teeth with OIIRR is not compromised,
the periodontal support is. The reduced total PDL area will severity-dependent result in
an increased tooth mobility. This can lead to premature tooth loss especially in case of
periodontal disease comorbidity or initiate a vicious circle triggering root resorption
progression, periodontal breakdown and tooth hypermobility.

Orthodontic forces initiate the cellular process of periodontal cells. Cementum and PDL
cells (mainly cementoblasts) are the one responsible for OIIRR repair [73]. One major
goal of orthodontic treatment is to avoid OIIRR and promote new cementum formation
if OIIRR has occurred. The latter process requires cementoblasts to start cementogenesis
and the molecular factors regulating their recruitment and mineralization [59]. On the
pressure side, the cementum is constantly compressed through the compressive force
application, thus, cementoblasts become mechanically deformed and start repairing the
cellular cementum by replenishing it with cellular mineralized cementum [74]. Research
into the biologic regulation of cementum repair has revealed that f-Catenin signaling is
critical for normal cementum formation under constant mechanical loading [75, 76].
During orthodontic force application, compressive forces induce human mandibular-
derived osteoblast differentiation via B-Catenin signaling [76]. It has been highlighted
that 3-Catenin signaling regulates cementum homeostasis and a down-regulation of WNT
causes root resorptions [75]. WNT/B-Catenin signaling was reported to inhibit
cementoblasts differentiation and promote their proliferation [77]. Also, multiple
signaling pathways participate in this process [78]. Recent advances suggest a possible

intersection cross-reacting network in which -Catenin signaling is mediated by mitogen-
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activated protein kinase (MAPK) signaling pathways [79, 80]. The P38 MAPK pathway
is known to regulate cementoblast differentiation [81]. Bikkavilli et al. (2008)
demonstrated that P38 MAPK inactivates GSK-3 by direct phosphorylation at its C

terminus, leading to activation of B-Catenin signaling [79].

Cementum-dentin junction

A Alveolar
Acellular
Periodontium
heny cementum
X

B

Control

groups

Experimental
groups
Orthodontic mechanical force:
Compression with (1. 1.2 gffcm?, 2 2.4 gffcm? , 3 3.6 gflcm?

C

Adhering OCCM-30 Glass disc
37°C /5% CO, /2 ml a-MEM

Figure 3. Cementoblast location and in vitro model used to mimic the stimulation of
orthodontic mechanical compression.
(A) Distribution of cementoblasts and cementum. Acellular cementum is located around
the root neck and cellular cementum is covering the root up to the apex. (Adapted from
Matalova et al. [63])
(B) The OCCM-30 cells cultivated in 6-well plate with 3 control wells and 3 wells
stimulated with different magnitudes of compressive force (1.2 gf/cm?; 2.4 gficm?; 3.6
gficm?).
(C) Schematic model of the physiological cell culture conditions and the cells stimulated
by compressive force.
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5. Aim of the study

Given that a recent study revealed that local submucosal injection of adiponectin
prevented experimental orthodontic tooth movement in rats [21], demonstrating that
adiponectin is involved in the homeostasis of periodontal tissues and thus might influence
orthodontic treatment.

It has also been reported, that adiponectin and its receptors are expressed in bone marrow-
derived osteoblasts and adipocytes [55], suggesting that adiponectin may play a role in
bone metabolism [82]. Considering the multifunctional role of adiponectin, it seems
possible that it may have functional characteristics in cementoblasts similar to that in
other mineralized tissue-forming cells such as osteoblasts [55].

Taken together, | hypothesized that adiponectin may be one of the critical factors during
OTM and OIIRR. The decreased levels of adiponectin, as found in obese individuals,
might be a critical pathomechanistic link.

To date, the physiological effect of adiponectin on cementoblasts has not been elucidated.
It is also unknown how the interaction between the MAPK pathway and B-Catenin
signaling occurs in cementoblasts. Additionally, the mechanism of compression-

adiponectin regulation in cementoblasts remains unclear.

Therefore, the present study was undertaken to investigate:

1) The effect of adiponectin on OCCM-30 cells homeostasis in vitro.

2) The effect that compressive forces exerted on OCCM-30 especially in the presence
of adiponectin.

3) The effect of adiponectin on the intracellular signaling molecules of MAPK pathway.

4) Furthermore, it was aimed to identify the molecular mechanism how B-Catenin

signaling modulation is regulated via the activation of MAPK signaling.
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6. Materials and methods

6.1 Materials

6.1.1 Chemicals/Reagents

All the chemicals listed in Table 1 were purchased from the named companies. The

application of assays listed below are described in the corresponding methods part.

Table 1. Chemicals/Reagents

Item
Cell Culture Medium

Serum-Free Medium

FBS

PBS Buffer

Antibiotics
Cell Detachment Solution
Protein Lysis Buffer

Cementogenesis Induction

Protease Inhibitor

Cell Counting Staining
SDS-PAGE

Protein Molecular Weight
Marker

Western Blot Transfer

Supplier

a-MEM Medium (ThermoFisher Scientific)
Opti-MEM™ Reduced Serum Medium
(ThermoFisher Scientific)

Fetal Bovine Serum (FBS) with low Endotoxin
(Sigma-Aldrich)

Phosphate Buffered Saline (PBS) Dulbecco without
Ca*" w/o Mg?* (Gibco)

Penicillin/Streptomycin 10,000 U/mL (Gibco)
StemPro@ Accutase® (Gibco)

RIPA buffer (ThermoFisher Scientific)
B-Glycerophosphate (Calbiochem)

Ascorbic Acid (Roth)

Protease Inhibitor Cocktail (ThermoFisher Scientific)
0.4% Trypan Blue Solution (Sigma-Aldrich)
Mini-PROTEAN® TGX™ Gels (Bio-Rad)
PageRuler™ Prestained Protein Ladder, 10 to 180
kDa (ThermoFisher Scientific)

Transfer-blot@ Turbo™ Transfer Pack (Bio-Rad)
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Blocking Buffer

Washing Buffer

Western Blot Stripping
Buffer

ECL Reagent

B-Mercaptoethanol

RT-PCR Supermix

PCR Primers

PCR DNase/RNase-Free
Water

Ethanol

Tween-20

Tween X-100

Alizarin Red S Staining
Calcium Assay

DMSO

Nitrocellulose Membrane (Bio-Rad)

5% Non-Fat Milk (Carl Roth)

1x Tris-Buffered Saline, 0.1% Tween®-20 Detergent
(TBS-T) (Sigma-Aldrich)

Restore™ PLUS Western Blot Stripping Buffer
(ThermoFisher Scientific)

ECL Western Blotting Detection Reagent (GE
Healthcare)

Purity > 99.0% (Sigma-Aldrich)

SsoAdvanced™ Universal SYBR® Green Supermix
(Bio-Rad)

Synthesis by Bio-Rad: Lumican and Fibromodulin
Invitrogen Distilled Nuclease-Free Water
(ThermoFisher Scientific)

70% denatured Ethanol (Carl Roth)

Tween®-20 (Sigma-Aldrich)

0.5% Triton™ X-100 Surfact-Amps™ Detergent
Solution (ThermoFisher Scientific)

0.1% Triton™ X-100 (Sigma-Aldrich)

1% Alizarin Red S Solution (Sigma-Aldrich)
Cetylpyridinium Chloride (Sigma-Aldrich)
Dimethyl Sulfoxide for Molecular Biology, Purity

>99.9% (Sigma-Aldrich)
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6.1.2 Instruments/Apparatus

All instruments/apparatus used in the study are listed in Table 2.

Table 2. Technical Apparatus

Item

Sterilization

Air-Flow Cell Culture
Hoods

Ultra-pure Water
Purification Machine

Dishwasher

Precision Balance

CO, Cell Culture Incubator

Water Bath

Centrifuge

ELISA Reader

Light Microscope
Fluorescent Microscope
Pipetboy

Pipettes

Supplier

Systec™ Laboratory Autoclaves V-75 (Linden,
Germany)

Laminar Flow Hood (ThermoFisher Scientific,
Germany)

Elix@ Reference Water Purification System
ZRX0010WW (Billerica, American)

Miele™ Professional Dishwasher G7883 CD
(Gutersloh, Germany)

Denver Instrument SI-234A (Wertheim, Germany)

HERAcell 150i CO; Incubator (ThermoScientific)

GFL® Water Bath (GB Technik, Germany)
Centrifuge Mikro 200R (Hettich, Germany)
Centrifuge 5810 (Eppendorf, Germany)
Galaxy MiniStar (VWR, Germany)

Mithras LB 940 Multimode Microplate Reader
(Berthold Technologies, Germany)

96-Well Micro-Plate Reader (BioTek, Winooski, VT,
USA)

Eclipse LV150N (Nikon, Japan)

Leica Microscopy System (Leica, Germany)
Eppendorf Easypet (Eppendorf, Germany)
Ergonomic High-Permance (VWR, Germany)

Eppendorf Xplorer (Eppendorf, Germany)

20



Refrigerator

Shaker

Roller

Spectrophotometer

Electrophoresis Chambers

Western Blot Transfer
System
Western Blot Cassettes

Film Detection Device

6.1.3 Consumables

Multipette Eppendorf Research Pro (Eppendorf,
Germany)

1-4°C Refrigerator (Liebherr, Germany)

-20°C Refrigerator (Liebherr, Germany)

-80°C Refrigerator (ThermoFisher Scientific,
Germany)

\Vortex-2 Genie (Scientific Industries, Germany)
Roller Mixer SRT6 (Stuart, United Kingdom)
MAXI HP 1P VARIOMAC® (Germany)
Nanodrop 2000 (ThermoScientific, Germany)
Mini-PROTEAN Tetra Vertical Electrophoresis Cell
(Bio-Rad, Germany)

Trans-Blot® Turbo™ Transfer System (Bio-Rad,
Germany)

Trans-Blot Turbo™ Cassette (Bio-Rad, Germany)
OPTIMAX X-Ray Processor (PROTEC GmbH,

Germany)

All consumables used in this study are listed in Table 3.

Table 3. Consumables
Item

Tips

Cell Counting Chamber

Cell Culture Plate

Supplier

Eppendorf Biosphere® Filter Tip: 10 uL, 100 pL,
1,000 pL (Sarstedt, Germany)

Manual Counting Chamber (Marienfeld, Germany)
35 mm 6-Well Cell Culture Plate (Greiner Bio-One,
Germany)

9 mm 96-Well Cell Culture Plate (Greiner Bio-One,
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Germany)
Reaction Tubes 1.5 mL Micro Tube (Sarstedt, Germany)

15/50 mL Falcon type centrifuge tube (Sarstedt,

Germany)
Syringe Sterile Injekt® 10 mL Luer Solo (Braun, Germany)
Syringe Filter Sterile Syringe Filter 0.45 um Cellulose Acetate

Membrane (VWR, Germany)
Cell Scraper STERILE CELL SCRAPER 28 CM LONG (Greiner

Bio-One, Germany)

cDNA Tube Multiply®-pStripPro Low Profile (Sarstedt,
Germany)
PCR Plate 0.2 mL non-Skirted 96-Well PCR Plate (Scientific

Industries, Germany)
Western Blot Film X-Ray Amersham Hyperfilm (GE Healthcare,

Germany)

6.1.4 Kit
All Kits used in this study are listed in Table 4.

Table 4. Kits

Kits Supplier

Protein Assay Kit Pierce™ BCA Protein Assay Kit (ThermoFisher
Scientific)

RNA Isolation Kit NucleoSpin® RNA Kit (MACHEREY-NAGEL)

cDNA Synthesis Kit INnnuSCRIPT®@ Reverse Transcriptase Kit (Analytik
Jena)

MTS Kit CellTiter 96@ Aqueous One Solution (Promega)

Film Detection Kit Amersham ECL Western Blotting Detection

Reagents (GE Healthcare)



Western Blot Membrane

B-Catenin Transcription

Detection

6.1.5 Software

Trans-Blot Turbo RTA Mini 0.2 um Nitrocellulose

Transfer Kit (Bio-Rad)

TCF/LEF Reporter Kit (BPS Bioscience)

All digital software applications used in this study are listed in Table 5.

Table 5. Software
Application
Statistical Analysis
Data Analysis

Image Analysis System

References Management

Western Blot Film
Management

Figure Management

6.1.6 RT-PCR Primers

Software and Company

Graphpad Prism 8.0 (San Diego, California)
Microsoft Office 365 (Microsoft, USA)

Leica Application Suite LASV4.8 (Leica, Germany)
Image J Software (NIH, USA)

EndNote X9 (Thomson Reuters, USA)

Adobe Photoshop CC 2019 (Adobe, USA)

Adobe Illustrator CC 2019 (Adobe, USA)

All primers used for RT-PCR in this study are listed in Table 6.

Table 6. RT-PCR Primers
Primers (Bio-Rad Inc.)
AdipoR1
AdipoR2
AP

BSP

Catalog number

gMmuCID0023619
gMmuCID0010157
gMmuCEDO0003797

gMmuCID0006396
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OCN

OPG

Runx-2

F-spondin (Spondin-1)

MAPK3 (ERK1)

GAPDH

B-actin

Primers (Eurofins Genomics Inc.)
MAPK1 (ERK2) forward
MAPK1 (ERK2) _reverse
MAPKS8 (JNK1) forward
MAPKS (JNK1) reverse
MAPK14 (P38a MAPK) forward
MAPK14 (P38a MAPK) reverse
GSK-3p_forward

GSK-3f _reverse
B-Catenin_forward

B-Catenin_reverse

6.1.7 Antibodies

gMmuCEDO0041364
gMmuCID0005205
gMmuCID0005205
gMmuCEDO0049433
gMmuCEDO0025043
gMmuCEDO0027497
gMmuCEDO0027505

Sequence (5’ - 37)

TCT CCC GCACAAAAATAAGG
TCGTCCAACTCCATGTCAAA
AGAAACTGTTCCCCGATG TG
TGATGT ATG GGT GCT GGA GA
ATC ATT CAC GCCAAAAGGAC
AGCTTCTGG CACTTCACG AT
CAGTGG TGT GGATCAGTT GG
ATG TGCACAAGCTTCCAGTG
GTG CAATTCCTGAGCTGACA

CTT AAA GAT GGC CAG CAAGC

All antibodies used in this study are listed in Table 7.

Table 7. Antibodies
Primary Antibody
ERK1/2
phospho-ERK1/2
p54/p56 INK

phospho-JNK

Dilution Company

1:1,000 (WB) BIOZOL

1:1,000 (WB) ThermoFisher

1:1,000 (WB) Cell Signaling Technology
1:1,000 (WB) ThermoFisher
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P38 MAPK

phospho-P38 MAPK Alpha
STAT1

phospho-STAT1 Tyr701
STAT3

phospho-STAT3 S727

AdipoR1

AdipoR2

GSK-3p

phospho-GSK-3p (Ser9)

B-Catenin

phospho-p-Catenin
(Ser33/37/Thr41)

B-actin

Secondary Antibody
Peroxidase-conjugated Polyclonal
Goat Anti-Rabbit
Peroxidase-conjugated Polyclonal
Rabbit Anti-Goat
Peroxidase-conjugated Polyclonal
Goat Anti-Rabbit

DyL.ight 488 polyclonal goat anti-
rabbit

Alexa Fluor 647donkey anti-goat

1:1,000 (WB)
1:1,000 (WB)
1:1,000 (WB)
1:1,000 (WB)
1:1,000 (WB)
1:1,000 (WB)
1:1,000 (WB)
1:250 (IF)

1:1,000 (WB)
1:250 (IF)

1:1,000 (WB)
1:250 (IF)

1:1,000 (WB)
1:1,000 (WB)
1:250 (IF)

1:1,000 (WB)

1:2,000 (WB)

Dilution

1:2,000 (WB)

1:2,000 (WB)

1:2,000 (WB)

1:500 (IF)

1:500 (IF)

Cell Signaling Technology
Cell Signaling Technology
Bio-Rad

ThermoFisher
ThermoFisher
ThermoFisher

Abcam

Abcam

Cell Signaling Technology

Cell Signaling Technology

Cell Signaling Technology

Cell Signaling Technology

Abcam

Company

Dako

Dako

Dako

Abcam

Abcam
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6.2 Cell line

6.2.1 Cell culture conditions

OCCM-30 cell line, a clonal population of immortalized murine cementoblasts, was
kindly provided by Prof. M. Somerman (NIH, NIDCR, Bethesda, Maryland) and cultured
as explant culture techniques according to previous description [83]. Briefly, cells were
obtained from the root surface of the first mandibular molars of osteocalcin-transgenic
mice. These mice contain the simian virus 40 (SV40) large T-antigen under the control of
the osteocalcin promoter, and thus, only cells that express osteocalcin also express T-
antigen in accordance with an immortalized cell line [83]. OCCM-30 cells were
maintained in a-MEM (11095-080, Gibco, Invitrogen, Paisley, UK) growing medium
containing 10% Fetal Bovine Serum (FBS) (10270-106, Gibco) and 1%
Penicillin/Streptomycin (15140-122, Gibco) and incubated in a humidified atmosphere
of 5% COz2 at 37°C. The cells were seeded into 6-well plates (657160, Greiner Bio-One,
Frickenhausen, Germany) in a density of 3 x 10° cells/well and the medium was changed
twice a week. Upon reaching confluence, they were passaged and detached in the
StemPro@ Accutase® (A11105-01, Gibco) solution and passage 3 to 7 were used for
processing the experiments.

For freezing the cells, the cells were washed twice with 1xphosphate-buffered saline (PBS)
and treated with pre-warmed StemPro@ Accutase® (A11105-01, Gibco). After 5 minutes
incubation at 37°C, detached cells were diluted with warm growing medium, centrifuged
at 1,000 rpm/min for 3 minutes and the supernatant was removed carefully. The
concentrated cell suspension was diluted with freshly prepared freezing medium [(50%
FBS and 50% DMSO (D8418-50ML, Sigma-Aldrich)] and keep at -20°C for 2 hours
followed by -80°C freezing. To thaw the frozen cells, a vial was transferred to a 37°C-
water bath as soon as possible and incubated for 1 minute. Cells were further suspended
directly in fresh pre-warmed medium for centrifugation, after removing the supernatant

containing DMSO cells were plated with fresh growing medium to grow.
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6.2.2 Cell counting

When cells reached confluence, they were detached using StemPro® Accutase® (A11105-
01, Gibco) at 5% CO2 and 37°C for 5 minutes. The process was stopped using a-MEM
(11095-080, Gibco) containing 10% FBS (10270-106, Gibco) and 1%
Penicillin/Streptomycin (15140-122, Gibco). Cell counting was done using a single-use
Neubauer-improved counting chamber (0640011, Marienfeld, Lauda-Konigshofen,
Germany) and an inverted light microscope (Leica, Wetzlar, Germany). 50 uL of cell
suspension was mixed with 50 uL of 0.4% trypan blue solution (T8154, Sigma-Aldrich,
Munich, Germany) by gently pipetting, and then 10 uL of the mixture was loaded into the
side of the counting chamber. Counts were performed by triplicate by one analyst under
a 40x objective according to the standard Algorithm [84]. Briefly, cells at four corner
quadrants e and those that are over the top and right sides of the square are counted. If |
have counted N cells in four large squares, the concentration of our sample will be: N x

10* x 2 cell/mL (2 means concentration-dilution factor).

6.3 Mechanical stimulation: a static compressive force application

The OCCM-30 cells were seeded into 6-well plates (657160, Greiner Bio-One). After
reaching 60-70% confluence, compressive force application was applied as described by
Kanzaki et al. [85] and Proff et al. [86]. Briefly, 33 mm diameter glass cylinders with
pulled surfaces were made by Reichmann Feinoptik Inc. (Brokdorf, Germany). Cylinders
of different volumes were fabricated in order to reach pressure forces of 1.2, 2.4, and 3.6
gficm?, respectively. The cells were covered with the glass cylinders as soon as 60-70%

confluence had been grown [17].

6.4 Reagent

Cells  were  stimulated using  different  concentrations of  mouse
Adiponectin/Acrp30/ADIPOQ protein (His Tag) from Sino Biological Inc. (Cat. N°:
50636-MO8H). Purity > 95% (Determined by SDS-PAGE). Endotoxin < 1.0 EU/pg

(Determined by the LAL method). Protein construction: The DNA sequence encoding
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mouse ADIPOQ (NP_033735.3) (Met 1-Asn 247) was expressed with a C-terminal
polyhistidine tag. Expression Host: HEK 293 cells. Formulation: Lyophilized from sterile
PBS, pH 7.4, 5% Trehalose, 5% Mannitol, 0.01% Tween-80. The protein was
reconstituted following manufacturer indications to a stock solution of 0.25 mg/mL in

sterile water and stored at - 20°C.

6.5 Pharmacological inhibitors

The MAPK inhibitor for P38 (SB203580) (#tIrl-sb20, InvivoGen, California, USA), the
ERKZ1/2 inhibitor (FR180204) (#328007, Calbiochem, Darmstadt, Germany) and the
JNK inhibitor (SP600125) (#tlrl-sp60, InvivoGen, California, US) were used.

6.6 Quantitative Reverse Transcription Polymerase Chain Reaction (QRT-PCR)

6.6.1 RNA isolation

Cells were grown to 60-70% confluence and kept overnight in starvation medium [a-
MEM (11095-080, Gibco) containing 0.5% FBS (10270-106, Gibco) and 1%
Penicillin/Streptomycin (15140-122, Gibco)]. Afterwards, cells were either stimulated
with adiponectin (100 ng/mL) (Cat. N°: 50636-M08H, Sino Biological Inc., Germany) or
cultivated under compression (1.2 gf/cm?, 2.4 gficm?, 3.6 gf/cm?). Total RNA was
extracted from sample using NucleoSpin@® RNA Kit (740955.50, MACHEREY-NAGEL,
Diren, Germany) according to the manufacturer’s instructions. For this purpose,
stimulated cells were lysed by 350 uL RA1 buffer containing 1% [-Mercaptoethanol. The
lysis solution was collected with a rubber policeman and then transferred into the
NucleoSpin Filter and centrifuged for 1 minute at 14,000 rpm/min. The flow-through was
mixed with 350 pL Ethanol (70%) by pipetting up and down for at least 5 times. After
this step, total around 700 uL of the homogenized lysate was transferred into another
NucleoSpin RNA Column followed by centrifugation for 30 seconds at 14,000 rpm/min.
Next, 350 puL of MDB buffer was added into the column followed by the same

centrifugation. To eliminate and genomic DNA contamination, the RNA sample was
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thereafter intubated with 100 uL. of DNase Reaction Mixture for 15 minutes at room
temperature (RT). The sample was then washed by adding 200 uL. of RAW2 buffer, 600
uL of RA3 buffer and 250 ulL of RA3 buffer followed by the same centrifugation,
respectively. At this stage the spin column was placed into a fresh collection tube, then
40 uL of RNase-free water was added followed by 1 minutes at 13,000 rpm/min. The

purified RNA remaining in the collection tube was stored at -20°C until further processing.

6.6.2 Quality and quantification of total RNA

To prevent potential contamination, the standard precautions were carefully taken for all
steps and devices. For example, the working area was cleaned with RNaseZap@ RNase
Decontamination Wipes (AM9786, Life Technologies). The RNAse/DNAse free tubes
and RNAse/DNAse free water were used.

Using a spectrophotometer (Nanodrop 2000, ThermoFisher scientific), RNA
concentrations (ng/ulL) were measured and the quality and quantity of RNA was
evaluated. The spectrophotometric values of A260/280 varied from a range of 2.0-2.2 and
A260/230 values yield a ratio around 2.0 suggested that the isolated RNA was free of

polyphenols, polysaccharides, and protein contaminants.

6.6.3 Complementary DNA (cDNA) synthesis

For synthesis of cDNA, 1.0 ug RNA was transcribed using commercial InnuSCRIPT
Reverse Transcriptase kit (845-RT-6000100, Analytik Jena, Jena, Germany). The mRNA
sample was mixed with 3 uLL of Oligo primer, Rnase-free water to achieve 14.2 uL and
incubate the reaction mix at 65°C for 5 minutes. Next, 2 uL of 10x RT-buffer, 0.8 uL of
25 mM dNTP mix, 2 uL of 100 mM DTT and 1 uL of RT-enzyme were added to each
reaction mix and the resulting final volume of 20 pL solution was incubated at 25°C for
10 minutes, 42°C for 60 minutes and 70°C for 15 minutes. Further 1.0 uL of the
synthesized cDNA was used for gRT-PCR.
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6.6.4 QRT-PCR

RT-PCR amplification was carried out using the SsoAdvanced™ Universal SYBR®
Green Supermix (1723271, Bio-Rad). The primers used were purchased from Bio-Rad
(Table. 6). The primers for MAPK1, MAPKS8, MAPK14, GSK-3p, B-Catenin were
designed from Eurofins Genomics Inc. and their sequences are summarized in Table 6.
Reaction conditions comprised 40 cycles repeat and were denatured initially for
15 seconds at 95°C, subsequently, each cycling stage was performed at 95°C for 15

seconds and 1 minute of amplification at 60°C.

6.6.5 qRT-PCR data analysis

The expression of each gene was measured in triplicate for each sample and expression
was normalized to that of the housekeeping gene glycerinaldehyde-3-phosphate
dehydrogenase (GAPDH) (qMmuCEDO0027497, Bio-Rad). The cycle threshold value (Cq)
for each individual PCR product was calculated by the Bio-Rad CFX Manager 3.1
software. Relative levels of transcript expression were quantified using the 244t method

[87].

6.7 Protein extraction and Western blot (WB)

6.7.1 Protein extraction

The stimulated OCCM-30 cells were washed with cold 1xPBS and then lysed using 200
uL of RIPA buffer (89901, ThermoFisher Scientific, Waltham, USA) supplemented with
3% protease inhibitor (78442, ThermoFisher Scientific) on ice for 30 minutes. By using
cell scrapers (Greiner Bio-One, Germany), the lysate underwent disruption and
homogenization was collected. The insoluble material was removed from the protein

lysates by centrifugation at 14,000 rpm/min for 15 minutes at 4°C.

6.7.2 Measurement of protein concentration

The total cell extract contained in the supernatants were collected and protein
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concentrations were measured using Pierce™ BCA Protein Assay Kit (23225, Thermo
Scientific) on a DR/2000 Spectrophotometer (#4480000, HACH, Manchester, UK)
following the instrument [88]. Briefly, working solutions of BCA were prepared freshly
by mixing 50 parts of reagent A (23228, BCA, sodium carbonate, sodium bicarbonate,
bicinchoninic acid and sodium tartrate in 0.1 M sodium hydroxide) with 1 part of reagent
B (1859078, CuSOs4, 4%), as indicated by the manufacturer. 30 puL of lysate protein
samples were pipetted onto the 1.5 mL Biosphere® SafeSeal Tube, and 570 uL of BCA
working solutions were added, giving a BCA working solution: sample ratio of 20:1. The
tubes were quickly shaken for 30 seconds by Vortex-2 Genie (Scientific Industries,
Germany) before reading and plates incubated for 30 minutes at 37°C. The absorbance at
562 nm of the microplates was followed in a direct reading DR/2000 spectrophotometer

(HACH).

6.7.3 Gel electrophoresis

For separating proteins by different molecular size, 20 pg lysate/lane was diluted in
sample loading buffer (#G031, abm) and separated by 4-15% gradient Mini-PROTEAN®
TGX™ Gels (Bio-Rad) for the electrophoresis at 120 V for 90 minutes. Then, the
resolved proteins were transferred electrophoretically to nitrocellulose membranes using
Transfer-blot® Turbo™ Transfer Pack (1704271, Bio-Rad) on Transfer-blot® Turbo™
Transfer system (1704150, Bio-Rad). Protein loading was verified by Ponceau S staining
(6226-79-5, Sigma). Membranes were blocked with 5% non-fat milk (m/v) (T145.1,
ROTH) for 1 hour at RT and further incubated with the primary antibodies for ERK1/2
(1:1,000, MBS8241746, BIOZOL, Eching, Germany); phospho-ERK1/2 (p44/42,
Thr202/Tyr204) (1:1,000, #4370, Cell Signaling Technology, Frankfurt am Main,
Germany); p54/p56 JNK (1:1,000, #9252, Cell Signaling Technology), phosphor-
SAPK/INK (Thr183/Tyr185) (1:1,000, #4668, Cell Signaling Technology); P38 MAPK
(1:1,000, #9212, Cell Signaling Technology); phospho-P38 MAPK Alpha (1:1,000,
#4511, Cell Signaling Technology), GSK-3p (1:1,000, #12456, Cell Signaling
Technology); phospho-GSK-3p (Ser9) (1:1,000, #9323, Cell Signaling Technology); B-
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Catenin  (1:1,000, #8480, Cell Signaling Technology); phospho-B-Catenin
(Ser33/37/Thr41) (1:1,000, #9561, Cell Signaling Technology) and B-actin (1:2,000,
ab8227, Abcam) followed by peroxidase-conjugated secondary antibodies included
Polyclonal Goat Anti-Rabbit (1:2,000, P0448, Dako, Frankfurt am Main, Germany);
Rabbit Anti-Goat (1:2,000, P0160, Dako) and Polyclonal Goat Anti-Mouse (1:2,000,
P0447, Dako) in 2.5% non-fat milk (T145.1, ROTH) for 1 hour at RT. The antibodies
used are listed in Table 5. The band signal detection was then performed with X-ray
Amersham Hyperfilm (28906836, GE Healthcare, Hamburg, Germany) utilizing
Amersham ECL Western blotting Detection Reagents (9838243, GE Healthcare) and
detected with on OPTIMAX X-Ray Film Processor (11701-9806-3716, PROTEC GmbH,

Oberstenfeld, Germany) in a dark room.

6.8 Cell migration assay

OCCM-30 cells were plated at a density of 8 x 102 cells/well in 6-well plates (657160,
Greiner Bio-one) in a-MEM (11095-080, Gibco) containing 10% FBS (10270-106, Gibco)
and 1% Penicillin/Streptomycin (15140-122, Gibco) and cultured until confluence. Cells
were preincubated for 12 hours in starvation medium and wounded by scratching using a
100 pL tip. Through this way, a cell-free area was created in the center of the cell layer.
Afterwards, all non-adherent cells were washed with 1xPBS (10010023, ThermoFisher).
The wounded cell monolayers were incubated in the presence and absence of different
concentration of adiponectin (50636-MO08H, Sino Biological Inc.) for 24 hours.
Wounded-area images were taken immediately after wounding and 24 hours after
scratching. The wounded cell layers were photographed at 10x magnification (Leica
Microsystems, Wetzlar, Germany) and the percentages of wound closure area between
cell layer borders were analyzed and calculated over time using the Image J software
(National Institutes of Health and University of Wisconsin, USA).

For the MAPK inhibition experiment, OCCM-30 cells were pretreated with the P38
inhibitor SB203580 (InvivoGen), the ERK1/2 inhibitor FR180204 (Calbiochem) or the

JNK inhibitor SP600125 (InvivoGen) at a concentration of 1.0 pg/mL as well as with
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DMSO (D8418-50ML, Sigma-Aldrich) at 0.1% (v/v) (Control group) for 1 hour before
adiponectin addition. Afterwards, the pretreated OCCM-30 cells were wounded and

cultivated in the presence or absence of adiponectin (50636-M08H, Sino Biological Inc.).

6.9 In vitro mineralization assay

OCCM-30 cells at passages 5 to 7 were seeded to 6-well plates (657160, Greiner Bio-one)
at a density of 3 x 10 cells/well using a-MEM (11095-080, Gibco) containing 10% FBS
(10270-106, Gibco) and 1% Penicillin/Streptomycin (15140-122, Gibco). After the cell
reached confluence, to induce cementogenesis the culture medium was supplemented
with 50 pg/mL Ascorbic Acid (6288.1, Roth, Karlsruhe, Germany) and 10 mM -
Glycerophosphate disodium salt hydrate (#35675, Calbiochem, Darmstadt, Germany)
with different concentrations of adiponectin (50636-MO08H, Sino Biological Inc.).
Mineralization of extracellular matrix was determined on days 7 and 14 by Alizarin Red
S staining. Briefly, mineralized monolayer cell cultures were washed with 1xPBS
(10010023, ThermoFisher) three times and stained using 1% Alizarin Red S solution
(A5533, Sigma-Aldrich) during 5 minutes at RT after being fixed with 70% Ethanol (64-
17-5, Sigma-Aldrich) for 1 hour at 4°C. Mineralized nodule formation was assessed by
inverted phase contrast microscopy (Leica Microsystems, Wetzlar, Germany) using the
LASV4.8 software (Leica, Wetzler, Germany).

To quantify the degree of calcium accumulation in the mineralized extracellular matrix,
Alizarin Red S-stained cultures were dissolved using 100 mM Cetylpyridinium chloride
(6004-24-6, Sigma-Aldrich) for 1 hour to release calcium-bound dye into the solution.
The absorbance of the released dye was measured at 570 nm using a spectrophotometer
(xMarkTM, Microplate Absorbance Spectrophotometer, 1681150, Bio-Rad, Germany).
To measure the effect of MAP kinase in adiponectin-induced cementogenesis, cells were
incubated with the inhibitors: SB203580 (InvivoGen), FR180204 (Calbiochem) and
SP600125 (InvivoGen) at a concentration of 1.0 pg/mL as well as with DMSO (D8418-
50ML, Sigma-Aldrich) at 0.1% (v/v) for 7 and 14 days, respectively.

33



6.10 MTS cell proliferation assay

Cell viability and proliferation was examined using 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay (CellTiter 96@
Agueous One Solution Cell Proliferation Assay, Promega, Walldorf, Germany) according
to manufacturer's instructions. Briefly, OCCM-30 cells at a passage 3-5 were seeded at a
density of 5 x 10° cells/well in a 96-well plate (655180, Greiner Bio-one). Cells were
cultured in a-MEM containing 5% FBS overnight to allow adherence. Then, cells were
washed twice with 1xPBS (10010023, ThermoFisher) and treated with various
concentrations of adiponectin (50636-MO08H, Sino Biological Inc.) in a-MEM containing
0.5% FBS over a period of 24 hours.

To assess the involvement of the MAP kinase cascade in adiponectin-induced
proliferation, cells were pretreated 1 hour with the inhibitors: SB203580 (InvivoGen),
FR180204 (Calbiochem) and SP600125 (InvivoGen) at a concentration of 1.0 pg/mL as
well as with DMSO (D8418-50ML, Sigma-Aldrich) at 0.1% (v/v), respectively.
Thereafter, 20 pL of the MTS reagent was added into each well and the cells were
incubated during 2 hours at 37°C in a 5% CO2 atmosphere. Plates were read by 490 nm
using a 96-well micro-plate reader (BioTek, Winooski, VT, USA) to measure the amount

of formazan by cellular reduction of MTS.

6.11 Immunofluorescence staining

Cementoblasts were cultured on sterile Falco™ Chambered Cell Culture Slides (354108,
Fisher Scientific) until 50% confluence and afterwards fixed with 4% paraformaldehyde
(158127, Sigma-Aldrich) dissolved in 1xPBS (1401683, Gibco) and adjusted to pH 7.4,
for 10 minutes at RT and permeabilized with 0.5% Triton™ X-100 Surfact-Amps™
Detergent Solution (28313, ThermoFisher) for 20 minutes at RT. Then, cells were kept
in blocking buffer containing 10% goat serum, 0.3 M glycine, 1% BSA (071M8410,
Sigma-Aldrich) and 0.1% tween-20 (P1319, Sigma-Aldrich) for 30 minutes at RT and
incubated with primary antibodies for AdipoR1 (1:250, ab70362, Abcam), AdipoR2
(1:250, ab77612, Abcam), GSK-3p (1:500, #12456, Cell Signaling Technology) and B-
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Catenin (1:500, #8480, Cell Signaling Technology) at 4°C overnight. After washing three
times with 1xPBS (1401683, Gibco) - 0.1% TRITON X-100 (T-9284, Sigma-Aldrich)
for 5 minutes, the cells were incubated with secondary antibodies: DyL ight 488 goat anti-
rabbit polyclonal (1:500, ab96899, Abcam) or Alexa Fluor 647 donkey anti-goat (1:500,
ab150131, Abcam) which conjugated to fluorescein isothiocyanate for 1 hour at RT. After
washing with 1xPBS-Tween-20, DNA was stained using a fluorescent Mounting Medium
with 4’,6-diamidino-2-phenylindole (DAPI) (ab104139, Abcam) for 15 minutes. Staining
was analyzed using a high-resolution fluorescence microscope (Leica Microsystems,

Wetzlar, Germany) and photographed.

6.12 Small-interfering RNAs transfection

The small-interfering RNAs (siRNA) targeting the mouse AdipoR1 (S100890295),
AdipoR2 (S100890323), MAPK1 (S102672117), MAPK3 (S101300579), MAPKS
(S11300691), MAPK14 (S101300523), negative control (1027280) and cell death control
(S104939025) were purchased from QIAGEN (Germany). siRNAs were incubated with
12 pL HiPerFect® Transfection Reagent (301705, QIAGEN) in 100 pL Opti-MEM
medium (31985-062, Gibco) at RT for 10 minutes, and then each transfection mixture
was added into 2.3 ml growth medium in the 6-well plate in which OCCM-30 cells were
cultured at 60-70% confluence. After siRNA transfection for 24 hours, the cells were kept
in starvation medium for 2 hours and afterwards 100 ng/mL adiponectin (Cat. N°: 50636-

MO8H, Sino Biological Inc.) was added.

6.13 Enzyme-Linked Immunosorbent Assay (ELISA)

6.13.1 Alkaline phosphatase (AP) enzymatic activity assay

After cementogenesis induction during 14 days, OCCM-30 cells were lysed in distilled
deionized water and sonicated for 15 seconds (SONIFIER 150, BRANSON, G.
HEIHEMANA, Germany). The lysate was incubated at 37°C for 30 minutes with p-
Nitrophenyl phosphate (p-NPP; Alkaline Phosphatase Substrate, Sigma-Aldrich) in an
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alkaline phosphatase buffer solution (1.5 mM). The reaction was stopped by adding
NaOH, and absorbance was read at 405 nm (xMarkTM, Microplate Absorbance
Spectrophotometer, 1681150, Bio-Rad).

6.13.2 Dual luciferase (TCF/LEF reporter) assay

OCCM-30 cells were seeded into 96-well plate at a density of 3 x 10* cells/well in 100
pL growth medium [a-MEM (11095-080, Gibco) containing 10% FBS (10270-106,
Gibco) and 1% Penicillin/Streptomycin (15140-122, Gibco)] overnight. The reverse
transfection of OCCM-30 cells with silencing RNA was performed with specific SIRNAS
to knock-down AdipoR1, AdipoR2, MAPK1, MAPK3, MAPK8 and MAPK14. Briefly,
cells were incubated with 24.25 uL Opti-MEM antibiotic-free medium (31985-062,
Gibco), 0.75 pL HiPerFect® Transfection Reagent (301705, QIAGEN) supplement with
12.5 ng specific siRNA for incubation for 24 hours.

The cells were then simultaneously transfected with TCF/LEF Reporter Kit (#60500, BPS
Bioscience). For control transfection, cells were transfected with DNA mixture by 1 puL
of TCF/LEF luciferase reporter vector (#60500, BPS Bioscience) plus negative control
SiRNA (1027280, Qiagen); 1 pL of non-inducible luciferase vector (#60500, BPS
Bioscience) plus negative control siRNA (1027280, Qiagen); 1 uL of non-inducible
luciferase vector (#60500, BPS Bioscience) plus specific sSiRNA in 15 pL Opti-MEM
antibiotic-free medium (31985-062, Gibco). For experimental transfection, the DNA
mixture of 1 pL TCF/LEF luciferase reporter vector (#60500, BPS Bioscience) plus
specific sSiRNA was incubated in 15 puL Opti-MEM antibiotic-free medium (31985-062,
Gibco). All DNA mixtures were then mixed with 0.35 pL Lipofectamine™ 2000
Transfection Reagent (11668030, ThermoFisher) in 15 pL Opti-MEM antibiotic-free
medium (31985-062, Gibco) at RT for 25 minutes. After 24 hours of transfection, medium
was changed to fresh growth medium. Following incubation for another 23 hours,
adiponectin (100 ng/mL) was added to stimulate cells for 1 hour. | set up each treatment
in triplicate.

After 48 hours of transfection, the firefly luciferase activities were performed using BPS
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Dual Luciferase (Firefly/Renilla) Assay system (#60683-1, BPS Bioscience) using a
Mithras LB 940 Luminometer (38099, BERTHOLD TECHNOLOGIES) and analyzed
by MikroWin 2000 (Mikrotek Laborsysteme GmbH, Germany), which was normalized

to the Renilla luciferase activities.

6.14 Statistical analysis

Experiments were performed in triplicate successfully. The most convincing result was
used for further evaluation. Statistical analyses were plotted using GraphPad Prism 8.0
software (GraphPad Prism Inc., San Diego, CA, USA). Quantitative values are expressed
as means + standard deviation (SD) and analyzed using independent one-way t-test
followed by a Tukey’s post-hoc test for unpaired samples to determine the statistically
significant differences for multiple comparisons. Differences were considered statistically
significant at a p-value of < 0.05. All p-values are shown with respect to controls unless
otherwise indicated. Correlations between the expression of AP, BSP, OCN, OPG, Runx-
2 and F-spondin were analyzed using Pearson’s correlation coefficient analysis. In the
figures, asterisks denote statistical significance (*p < 0.05; **p < 0.01; ***p < 0.001;

****p < 0.0001). Figures were assembled using Adobe Illustrator CC 2019 software.
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7. Results

7.1 Adiponectin interacts in vitro with cementoblasts influencing cell migration,

proliferation and mineralization partially through the MAPK signaling pathway.

7.1.1 Expression of adiponectin receptor 1 and 2 in cementoblasts.

To investigate whether OCCM-30 cementoblasts express adiponectin receptors (AdipoRs)
and their relative expression level, the expression of AdipoRs were verified by Western
blot (WB), RT-PCR and immunofluorescence (IF) analysis. The WB results could
establish that AdipoR1 as well as AdipoR2 are markedly expressed on this cell line
(Figure 4A). The mRNA expression of AdipoRs demonstrated that by RT-PCR analysis
interestingly AdipoR1 had about 67% higher expression levels than its counterpart
AdipoR2 (Figure 4B). IF staining showed that AdipoR1 was mostly expressed in the

cytoplasm, cytomembrane and nucleus, while AdipoR2 was expressed around the nucleus

(Figure 4C).
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AdipoR1

Figure 4. Cementoblasts express adiponectin receptors.

(A) Expression of AdipoR1 and AdipoR2 in OCCM-30 mouse cementoblasts examined
by Western blot, B-actin is shown as reference protein.

(B) RT-PCR analysis indicates that the mRNA expression of AdipoR1 is significantly
higher than the expression of AdipoR2.

(C) Distribution of AdipoRs in OCCM-30 cells were visualized by IF staining (Green
color). DAPI staining was used for nuclei detection. Arrows show cellular receptor
localization. AdipoR1 is located in the cytoplasm, cytomembrane and nucleus, while
AdipoR2 is distributed mostly around the nucleus and in the cytoplasm of the OCCM-30
cells. DAPI: 4’,6-diamidino-2-phenylindole; IF: immunofluorescence.

Values are shown as means * standard deviation (SD). Asterisks indicate significant
differences compared to control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not
significant).
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7.1. 2 Adiponectin promotes in vitro cementoblasts mineralization as well as the
cementogenesis-related biomarker expression.

Next, I aimed to analyze the possible effect that exogenous adiponectin exerts on
cementoblasts mineralization. Alizarin Red S staining was used to visualize and quantify
the biological effect of adiponectin on OCCM-30 cell mineralization.

The microscopic view of this method revealed that adiponectin significantly increased
mineralized nodule formation in a dose-dependent manner over a period of fourteen days
during cementogenesis induction (Figure 5A). Colorimetric analysis revealed that
adiponectin-stimulated OCCM-30 cells had higher levels of mineralized matrix
production in comparison to unstimulated cells (**p < 0.01) (Figures 5B, C).

The analysis of the AP enzymatic activity over a period of 48 hours of cells stimulated
with different concentrations of adiponectin showed increased AP activity in time- and
dose-dependent manner, reaching statistical significance (**p < 0.01) after 24 hours in
the group stimulated with 80 ng/mL adiponectin (Figure 5D).

OCCM-30 cells cultivated for a period of 3 days in a mineralization-inducing medium,
were afterwards stimulated over a period of three hours with adiponectin (100 ng/mL).
The kinetic analysis of the relative mRNA expression of AP, Runx-2, BSP, OPG, OCN
and F-Spondin increased notably, reaching statistical significance after 45 minutes of
stimulation in comparison to timepoint 0 minute. These stimulatory effects were sustained

over the entire period of three hours (*p < 0.05) (Figure 6).
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Figure 5. Adiponectin promotes mineralization in vitro.

(A) Microscopic view of OCCM-30 cells after 14 days of stimulation with different
concentrations of adiponectin (Staining: Alizarin Red S).

(B, C) Cells were cultivated with 0 (Control), 20, 40 and 80 ng/mL recombinant mice
adiponectin for 14 days. Mineralization grade was visualized and quantified using
Alizarin red S staining and by further dilution with Cetylpiridiumchlorid. Results are
expressed as mg/mL of Alizarin Red S.

(D) Adiponectin added to OCCM-30 cells increases the alkaline phosphatase enzymatic
activity dose-dependently, reaching statistical significance after 24 hours in comparison
with the untreated group (Data are normalized to 1).

Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).
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Figure 6. Adiponectin up-regulates cementogenesis marker expression in
cementoblasts.

Kinetic analysis of mMRNA expression of Alkaline Phosphatase (AP), Bone Sialoprotein
(BSP), Osteoprotegerin (OPG), Osteocalcin (OCN), Runx2 and F-spondin in
cementoblasts after adiponectin stimulation. Values are expressed as means = SD and data
are normalized to GAPDH which was used as housekeeping gene. Asterisks indicate
significant differences compared to control cells (***p < 0.001, **p < 0.01, and *p < 0.05,
ns = not significant).
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7.1.3 Adiponectin facilitates in vitro cementoblasts migration and proliferation.

The effects of the adiponectin exert on cell proliferation and migration were analyzed by
a standard scratching method and MTS assay, respectively. Cells were grown to 100%
confluency and were then scratched using a 100 pL pipet tip. Immediately thereafter, cells
were stimulated with different concentrations of adiponectin (0, 0.1, 0.5, 1 and 2 pg/mL)
during 24 hours.

The cell migration ability was visualized and measured using microscopic photography
of the cell-free areas (Figure 7A). The calculation of the recovered area indicates that
adiponectin at concentrations of 1 and 2 pg/mL significantly facilitates wound closure at
migration rate of 24.35 + 2.38% and 30.3 + 2.68%, respectively (Figure 7B). Furthermore,
| observed that cells stimulated with adiponectin over a period of 24 hours have increased
mitogenic activity. The proliferation assay showed that the groups stimulated with 0.4,
0.8 and 1.6 pug/mL adiponectin showed a significantly increased proliferation rate in

comparison to unstimulated cells (Figure 7C).
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Figure 7. Increased migration and proliferation rates of OCCM-30 cells treated with
adiponectin.
(A, B) Images show the migration effect that adiponectin exerts on OCCM-30 cells
wounded monolayers at 0 and 24 hours after standard scratching using a 100 pL pipet tip.
The red lines indicate the wound edge at the beginning and at the end of the experiment.
The migration rates were measured over a period of 24 hours. Data are presented as
percentage of wound recovery.
(C) The proliferation assay showed that adiponectin-treated cells during 24 hours have an
increased proliferation rate in comparison to untreated cells. This effect occurred dose-
dependently, reaching statistical significance at a concentration of 0.4 pg/mL adiponectin.
Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).

7.1.4 Adiponectin induces P38, ERK1/2 and JNK phosphorylation in OCCM-30 cells.
To elucidate if adiponectin can activate the MAPK pathway, | performed a kinetic analysis
of P38, ERK1/2 and JNK protein phosphorylation by WB (Figures 8A, B).

WB revealed that P38 phosphorylation occurs 5 minutes after adiponectin (20 ng/mL)
stimulation. The phosphorylated-state of P38 was sustained over a period of 4 hours,
reaching a peak at time point 10 minutes (**p < 0.01). The phosphorylation of ERK1/2
as well as P54/P46 JNK reached a peak after 5 minutes’ adiponectin addition, being the

WAB'’s bands detectable during 30 minutes in both cases (Figures 8A, B).
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Figure 8. Adiponectin promotes JNK, ERK1/2 and P38 phosphorylation on
cementoblasts.

(A) The expression of INK (46 and 54 kDa), ERK1/2 (42 and 44 kDa) and P38 (42 kDa)
as well as their phosphorylated forms stimulated by adiponectin were detected by Western
blot, B-actin served as a loading control.

(B) Graphics show the relative expression of p-JNK, p-ERK1/2 and p-P38 compared to
cells at time point 0 minute.

Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).

7.1.5 Blockade of MAPK attenuates in vitro adiponectin-induced cementoblast
migration and proliferation.

Since the previous results showed that adiponectin increased phosphorylation of P38,
ERK1/2 and JNK in OCCM-30. In order to evaluate whether the activation of MAP
kinases is essential for adiponectin-stimulated cell migration and proliferation, OCCM-

30 cementoblasts were preincubated with the pharmacological inhibitors: 1 uM of
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SB203580 (P38), 1 uM of FR180204 (ERK1/2) and 1 uM of SP600125 (JNK) as well as
with 1 uM of DMSO (Control group) for 1 hour and afterwards stimulated with
adiponectin.

The MTS assay indicated that MAPK blockade reduced the cell proliferation in
unstimulated and stimulated cells (Figure 9A). However, this suppression effect was
partially counteracted by adiponectin (100 ng/mL) (Figure 9B).

As shown in the Figures 9C, D, the scratched areas were measured after 24 hours, which
is represented by a front-end yellow edge line (Figure 9C). The migratory capacity of
OCCM-30 cells treated with MAPK inhibitors was examined in the presence or absence
of adiponectin (100 ng/mL). As result, the migration rate of cells was significantly
attenuated after ERK1/2 as well as JNK blockade despite adiponectin (100 ng/mL) co-
stimulation, whereas this effect was not observed in the group pretreated with the P38

inhibitor (Figure 9D).
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Figure 9. The MAPK pathway is involved in adiponectin-induced proliferation and
migration of cementoblasts.

(A, B) Cells were pretreated with MAPK inhibitors for 1 hour and afterwards stimulated
with adiponectin for 24 hours. As result, MAP kinase inhibition impairs cell proliferation
(MTS Assay) despite adiponectin stimulation.

(C) Images of cell migratory properties were captured prior to stimulation (0O hour) and
after 24 hours. The area of the migrated cell was measured by the starting and ending
edge of cells which was represented by front-end yellow line.

(D) The migrated area (24 hours) was calculated using Image J software by comparing
the relative area of the starting and ending edges. Blockade of ERK 1/2 (PD98059) and
JNK (SP600125) over a period of 24 hours significantly decreased cell migration whereas
P38 inhibition did not significantly influence the migration rate.

Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).

47



7.1.6 Inhibition of MAPK alters adiponectin-induced mineralization.

The colorimetric analysis performed after dilution of Alizarin Red S staining for a period
of 3 days’ mineralization induction, did not show significant differences among groups
despite adiponectin treatment (Figures 10A, B).

After 14 days’ induction, cells treated with MAPK inhibitors microscopically exhibited
increased mineralization in the absence of adiponectin. In the presence of adiponectin,
such effect was slightly but significantly decreased. On the contrary, adiponectin did not
alter the mineralized matrix production of OCCM-30 cells after sustained blockade of

JNK (Figures 10A, B).
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Figure 10. MAPK pathway was involved in adiponectin-induced cell mineralization in
cementoblasts.

(A) Cells were treated with MAPK inhibitors in the presence or absence of 100 ng/mL
adiponectin for 3 and 14 days, respectively.

(B) Graphic shows the absorbance (ODss2) of Alizarin Red S liquefaction after induction
of mineralization after 3 and 14 days. The mineralization process did not differ
significantly among the groups after 3 days induction. However, after 14 days induction,
the MAPK inhibitors promoted the degree of Alizarin Red S staining.

Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).
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7.2 Adiponectin and compressive forces regulate in vitro g-Catenin expression on

cementoblasts via MAPK signaling activation.

7.2.1 Compressive forces up-regulate the expression of AdipoRs.

In order to evaluate the interaction between adiponectin and compressive forces exert in
vitro on cementoblasts, the gene and protein analysis of AdipoRs expression were
performed by cultivating the cells in the presence of exogenous adiponectin and different
compressive forces (1.2 gf/cm?, 2.4 gf/cm? and 3.6 gf/cm?).

The RT-PCR analysis revealed that the addition of adiponectin did not significantly
influence AdipoRs mMRNA expression (p > 0.05), while the application of compressive
forces of 2.4 gf/lcm? or 3.6 gf/cm? significantly increased its expression (*p < 0.05)
(Figures 11A, B). Consistent with the RT-PCR results, WB revealed that compression
up-regulated the protein expression of AdipoRs at different degrees (Figure 11A, B).
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Figure 11. Compression increases the expression of AdipoRs.

(A, B) Representative Western blot showing the expression changes of AdipoR1 (A) and
AdipoR2 (B) in the presence of adiponectin (100 ng/mL) or compression (1.2 gf/cm?, 2.4
gflcm?, 3.6 gf/cm?). RT-PCR and Western blot analysis showed that 2.4 or 3.6 gf/cm?
compressive forces significantly increased mRNA and protein expression of adiponectin
receptors in mouse OCCM-30 cells.

Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).
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7.2.2 Adiponectin or compressions up-regulates the expression of MAPKSs and -
Catenin.

Furthermore, | analyzed the relative mRNA expression of P38, JNK and ERK after cells
were additionally stimulated by adiponectin or compressive forces. RT-PCR results show
that the expression of P38a and JNK1 was strongly up-regulated by adiponectin (*p <
0.05) or compression (*p < 0.05) (Figure 12A), whereas cells showed slight up-
regulation (*p < 0.05) of ERK1 and ERK2 in the presence of adiponectin or compressive
forces (Figure 12B).

Adiponectin exerted a negative effect on the GSK-3 mRNA expression (*p < 0.05),
while it positively upregulated p-Catenin expression (**p < 0.01) after 1 hour of
stimulation (Figure 12C). Compressive forces alone decreased the mRNA expression of
both GSK-3B (3.6 gf/cm?, *p < 0.05) and increased p-Catenin expression (1.2 gf/cm?, **p
< 0.01; 2.4 gf/lcm?and 3.6 gf/cm?, *p < 0.05) (Figure 12C).

WB assays show increased protein expression of p-P38, p-ERK1/2 and p-JNK as a
reaction to adiponectin or compression (Figures 12A, B). These observations prompted
me to examine the possibility that adiponectin and compression regulate MAP kinase and

[3-Catenin on OCCM-30 cells.
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Figure 12. Adiponectin as well as compression regulates the expression MAPK and f-
Catenin.

(A-C) Graphics show mRNA expression levels of P38a (A), INK1 (A), ERK1 (B), ERK2
(B), GSK-3B (C) and B-Catenin (C) after 60 minutes stimulation with adiponectin or
compression. Western blot shows the expression of p-P38 (A), p-JNK (A) and p-ERK1/2
(B) induced by adiponectin or compression. The OCCM-30 cells showed down-regulated
MRNA expression of GSK-3 when exposed to adiponectin (100 ng/mL) or compression
(3.6 gflcm?), whereas up-regulated mRNA expression of p-Catenin was demonstrated
(**p < 0.01). B-Catenin protein expression was increased after stimulation with
compression (*p < 0.05).

Data is normalized to non-stimulated control and values are expressed as means + SD.
Asterisks indicate significant differences compared to control cells (***p < 0.001, **p <
0.01, and *p < 0.05, ns = not significant).
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7.2.3 Adiponectin in combination with compression promotes MAPK signaling
activation.

Compressive forces of 2.4 gf/cm? alone caused the phosphorylation of P38 and ERK1/2
after 30 minutes of cell exposure, whereas the phosphorylation of JNK occurred 1 hour
after stimulation (Figures 13A, B).

The co-cultivation of cementoblasts with adiponectin (100 ng/mL) under compressive
forces (2.4 gf/cm?) resulted in an increased and sustained phosphorylation stage of P38,
ERK1/2 and JNK. WBs revealed that the phosphorylation of P38 and ERK1/2 was
detectable from 0.5 hour to 24 hours, reaching a peaking during 2 - 6 hours stimulation.
The phosphorylation of JINK occurred after 4 hours, reaching a peak at 6 hours (Figures
13C, D).

Further, I found that adiponectin combined with compressive force enhanced the protein
expression of p-P38, p-ERK1/2 and p-JNK on cementoblasts, at different degrees
(Figures 14A, B, C).
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Figure 13. Compression activates the expression of MAPK signaling.

(A, B) Compression promotes P38, ERK1/2 and JNK phosphorylation on OCCM-30 cells.
The kinetic protein expression of P38, ERK1/2 and JNK as well as their phosphorylated
forms in response to compressive forces of 2.4 gf/cm? were analyzed by Western blots,
[-actin served as a loading control.

(C, D) After stimulation with 2.4 gf/cm? compression and adiponectin (100 ng/mL),
phosphorylated forms of P38, ERK1/2 and JNK were up-regulated at different time points.
Graphics represent the relative expression values of p-P38, p-ERK1/2 and p-JNK
normalized to control cells at time point O as protein fold changes, respectively.

Values are shown as means £ SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).
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Figure 14. Adiponectin in combination with compression enhances MAPK signaling
activation.
(A-C) Western blot shows the expression changes of MAPK protein induced by
adiponectin (100 ng/mL), compression (2.4 gf/cm?) or adiponectin combined with
compression (1.2 gf/cm?, 2.4 gf/cm?, 3.6 gf/cm?). The quantification ratio of p-P38, p-
ERK1/2 and p-JNK were shown as phosphorylated state unit/total unphosphorylated
protein (Phospho/Total).
Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).

7.2.4 The co-stimuli of adiponectin with compressive forces enhances p-Catenin
expression on cementoblasts.

IF staining revealed that adiponectin-mediated GSK-3p expression was almost fully
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inhibited and B-Catenin showed an increasing expression 30 minutes after stimulation
(Figures 15A, B).

WB analysis show attenuated activity of GSK-3p phosphorylation and decreased GSK-
3P expression in response to adiponectin (100 ng/mL) over a time period from 30 minutes
to 3 hours (Figures 15C, D). Adiponectin also enhanced p-Catenin phosphorylation after
1-hour stimulation, but increased p-Catenin accumulation concurrently from 5 minutes to
2 hours (Figures 15C, D). Surprisingly | found that adiponectin administration caused a
constant increase in the B-Catenin expression, over a time frame that was coincident with
the acute and transient increase of B-Catenin phosphorylation in OCCM-30 cells (Figures
15C, D).

Next, | performed WBs to verify the effect that compressive forces (2.4 gf/cm?) alone had
on the cellular accumulation of B-Catenin. The time-kinetics experiments showed that the
activation of p-Catenin protein was transiently increased during 10 minutes to 2 hours
during compression expose (Figures 15E, F), which indicates that the application of
compressive forces initially promotes WNT-independent accumulation of f-Catenin in
OCCM-30 cell cultures.

Additionally, it was observed that adiponectin (100 ng/mL) in combination with
compressive forces (2.4 gf/cm?) upregulated the expression of dephosphorylated B-
Catenin 10 minutes after exposure. This effect was sustained over a period of three hours
(Figures 15G, H).

Furthermore, OCCM-30 cultivated with adiponectin and compression showed a
decreasing expression of GSK-3p and increasing expression of 3-Catenin (Figures 16B,

D).
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Figure 15. Compression and/or adiponectin regulates g-Catenin expression on
cementoblasts.
(A, B) IF staining showed that adiponectin (100 ng/mL) induced decreased expression of
cytoplasmic GSK-3p in OCCM-30 cells and the cellular B-Catenin expression was
increased after addition of adiponectin (100 ng/mL).
(C, D) Western blots indicate that after addition of adiponectin (100 ng/mL) to OCCM-
30 cells, phosphorylated and total GSK-3p protein expression decreased after one hour,
whereas the expression of total B-Catenin increased from 5 minutes to 2 hours due to
adipokine stimulation.
(E, F) Compressive forces exert a dual effect on OCCM-30 cells. The expression of GSK-
3B was increased as well as the levels of total -Catenin. Western blots indicate that the
expression of phosphorylated and total GSK-3p as well as total -Catenin is increased
after exposure to 2.4 gf/lcm? compression for 0 - 6 hours.
(G, H) Compression in combination with adiponectin (100 ng/mL) enhanced the
expression of B-Catenin: The kinetic analysis performed on OCCM-30 cells cultivated
under 2.4 gf/cm? compression combined with adiponectin (100 ng/mL) showed that total
[-Catenin was significantly up-regulated after 10 minutes stimulation over a period of 4
hours.
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Figure 16. Co-stimulation of adiponectin with compression enhance g-Catenin
expression on cementoblasts.

(A-D) Representative Western blot showing the expression changes of GSK-3p and f-
Catenin induced by adiponectin (100 ng/mL) in the presence or absence of compression
(2.4 gficm?). Graphic represents the protein intensity which was quantified as ratio to
loading control to show the protein expression of p-GSK-3p (A), GSK-3B (B), p-B-
Catenin (C) and p-Catenin (D).

Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).

7.2.5 Blockade of MAPKSs alter the adiponectin- and compression-induced activation
of g-Catenin on OCCM-30 cells.

Then, | examined if adiponectin-mediated MAPK signaling activation may cross react
with GSK-3p or B-Catenin activity.

In the absence of exogenous adiponectin, the blockade of ERK1/2 caused the total GSK-
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3P expression to decrease significantly, whereas by co-stimulation with adiponectin (100
ng/mL) this effect was reversed (Figure 17A). In the presence of adiponectin, blockade
of P38 and JNK decreased the total GSK-3p expression (Figure 17A), indicating that
adiponectin modulates GSK-3f via P38 and JNK signaling. The expression of total -
Catenin was down-regulated in the presence of P38 or ERK1/2 inhibitor, but rescued by
adiponectin (100 ng/mL) addition, which suggests that P38, ERK1/2 and JNK modulate
GSK-3p and in turn subsequent cellular events such as the cytoplasmic accumulation of
B-Catenin (Figures 17A, B).

In order to investigate if the MAPK pathway influences p-Catenin signaling during
compression, the cells were cultivated under compressive forces of 2.4 gf/cm2 during 60
minutes. Afterwards, | examined by means of WB the expression of GSK-3p and B-
Catenin. The results showed that the suppression of MAPK pathway has a significant
blocking effect on B-Catenin expression. This effect was restored when cells were
exposed to compression for 1-hour stimulation (Figures 17C, D). In contrast, MAPK
inhibition facilitated GSK-3[ expression at varying degrees. These effects were reversed
by the application of compressive forces (Figures 17C, D).

Furthermore, to determine if activation of P38, ERK1/2 and JNK is involved in the
stimulation of B-Catenin by adiponectin or compression, the cells were preincubated with
the pharmacological MAPK inhibitors SB203580 (P38), FR180204 (ERK1/2), SP600125
(JNK) for 1-hour and then cultivated under compressive forces of 2.4 gf/cm? and co-
stimulated with adiponectin (100 ng/mL) for another 1 hour.

As result it was observed that ERK1/2 inhibition as well as JINK inhibition in combination
with compression inhibited GSK-3p3 expression, whereas the total GSK-3 expression
was promoted in the group treated with P38 inhibitor in the presence of compression and
adiponectin (Figures 17E, F). The total expression of B-Catenin was slightly reduced in
all groups treated with MAPK inhibitors and compression in the presence or absence of
adiponectin in comparison to controls (Figures 17E, F), indicating that adiponectin
modulates compression-induced GSK-3f3 and B-Catenin expression partly throughout

P38 MAPK signaling.
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Figure 17. MAPK inhibition blocks p-Catenin, whereas adiponectin/compression
addition effectively rescues its expression.

(A, B) Western blot indicated that GSK-3p expression was influenced by MAPK
inhibitors for 1 hour after adiponectin addition: SB203580 (P38) and SP600125 (JNK)
inhibitors addition to OCCM-30 cells up-regulated GSK-3B protein expression. The
expression of B-Catenin was reduced after P38 and ERK1/2 inhibition. The suppressed f3-
Catenin signaling could be rescued by adiponectin in different degrees.

(C, D) Compressive forces of 2.4 gf/cm? induced decreased expression of total GSK-3p
protein in cells pretreated with SB203580 (P38), SP600125 (JNK) and FR180204
(ERK1/2) inhibitors and increased expression of cellular B-Catenin. Single suppression
of P38, ERK and JNK blocked the B-Catenin expression but this effect was reversed by
compression stimulation.

(E, F) The negative effect that ERK1/2 and JNK inhibition exerted on the expression of
total GSK-3p protein on OCCM-30 cells upon compression was not altered by additional
adiponectin co-stimulation for 1 hour. P38 inhibitor combined with compression
decreased the GSK-3p expression. This effect was enhanced by addition of adiponectin.
The expression of B-Catenin was not significantly modified in the presence of MAPK
inhibitors and compression despite adiponectin.

Graphics show the variations of GSK-3p and -Catenin protein expression as fold change
when cells were exposed to MAPK inhibitors in cells cultivated under compressive forces
(2.4 gf/cm?) and/or adiponectin (100 ng/mL) compared to controls. Values are shown as
means £ SD. Asterisks indicate significant differences compared to control cells (***p <
0.001, **p < 0.01, and *p < 0.05, ns = not significant).
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7.2.6 Adiponectin/AdipoRs/P38a/IJNK1 regulates TCF/LEF transcription.

| then tested the effects of knocking down of AdipoR1, AdipoR2, P38a, ERK1, ERK2
and JNK1 on adiponectin-stimulated TCF/LEF-sensitive transcription in cementoblasts
(Figures 18A, B). Consistent with the effect on B-Catenin accumulation, silencing JNK1
and P38a attenuated the TCF/LEF reporter transcription (Figures 18A, B). The effect of
silencing RNA targeting AdipoR1 and AdipoR2 results in a slight inhibition of TCF/LEF
transcription, indicating the involvement of adiponectin receptors in this process (Figures

18A, B).
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Figure 18. AdipoRs, P38a, JNK1, ERK1 and ERK2 are involved in the TCF/LEF
transcription.

(A, B) OCCM-30 transfected with siRNA (AdipoR1, AdipoR2, P38a, JNK1, ERK1 and
ERK?2) as well as TCF/LEF luciferase reporter vector were subsequently treated with
adiponectin for 1 hour.

Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).

7.2.7 Adiponectin modulates GSK-3p and g-Catenin by AdipoR1 commitment. P38a.
and JNK1 triggers p-Catenin activation in response to adiponectin addition.

To define the individual contribution of the adiponectin receptors as well as the MAPK
isoforms stimulated with adiponectin on B-Catenin regulation, | silenced the mRNA
expression of AdipoR1, AdipoR2, ERK1 (MAPK3), ERK2 (MAPK1), JNK1 (MAPKS)
and P38a (MAPK14) using siRNA transfection. The efficacy of the gene knock-down by
siRNA transfections was analyzed by gRT-PCR. After a transfection period of 48 hours,
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| could observe effective down-regulation of the target genes (Figures 19A, B).

Next, the cells were stimulated with adiponectin (100 ng/mL) and | observed that the
group treated with siRNA against AdipoR2 showed significant increases of GSK-3p (*p
< 0.05) and B-Catenin mRNA levels (*p < 0.05), whereas mock treatment did not alter
either GSK-3p or p-Catenin mRNA levels significantly. Conversely, the group treated
with siRNA against AdipoR1 did not show significant differences in the expression of
GSK-3p or B-Catenin (Figure 20A).

After 48 hours incubation with siRNA against ERK1, ERK2, JNK1 and P38a mRNA or
mock treatment in the presence or absence of adiponectin, RT-PCR was performed to
analyze GSK-3p or p-Catenin mRNA expression. Adiponectin treatment in JNK1 and
P38a siRNA groups down-regulated the GSK-33 mRNA expression. The silencing of
ERK2 but not of ERK1 caused GSK-3 mRNA upregulation after adiponectin addition
(**p < 0.01). The knockdown of JNK1 or P38a alone resulted in the reduction of -
Catenin mRNA expression. This downregulation was reversed after adiponectin addition

(100 ng/mL) (Figure 20B).

AdipoR1 AdipoR2 ERK1
1.5
2.0+ s (P=0.006) 1.5+ * (P=0.0101) * (P=0.0307)
T - T T T
[m] = [m]
<8 T S € 1o 2L 0 T
Z < Z < X <
o ¥ o [N Y]
€ E 1.0 EQ =
— — T X =]
£ 2 2 S 0.5 oy 08
5 0.5 £ w
< 2 .
0.0 T T 0.0 T T 0.0 T T
siRNA Control ~ Mock  AdipoR1 siRNA Control  Mock  AdipoR2 SiRNA Control Mock ERK1
ERK2 P38a JNK1
1.5 1.5+ 1.5
%% (P=0.0085) *% (P=0.0091) %% (P=0.0052)
I - —_— —_ = =
<0 X < L
Z o 107 <O 40 S0 1,04
i o
23 T 25 il 22 -
ES EQ EQ
8 X g5 T & T X o5
ey 22 0.5 Sxo0s
i i & s
0.0 T T 0.0 T T 0.0 T T i
siRNA Control  Mock ERK2 siRNA Control  Mock P38a siRNA Control  Mock  JNK1

Figure 19. The efficacy of siRNA transfections.
(A, B) Values are shown as means + SD. Asterisks indicate statistical significance (***p
<0.001, **p < 0.01, and *p < 0.05, ns = not significant).
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Figure 20. AdipoR1/P38a/IJNK1 participate in the regulation of GSK-3# and g-Catenin
expression.

(A) Single knocking down of AdipoR2 in the presence of adiponectin induced up-
regulation of GSK-3p gene expression and significantly increased p-Catenin expression
(*p <0.05).

(B) The silencing of ERK2 alone causes increased gene expression of GSK-3p after
adiponectin treatment (**p < 0.01). Silencing of P38a and JNK1 slightly up-regulated
GSK-3p gene expression. After addition of adiponectin, its expression was significantly
down-regulated (*p < 0.05). Suppression of P38a or INK1 alone significantly decreased
[3-Catenin expression (**p < 0.01 and *p < 0.05, respectively). This effect was reversed
after adiponectin addition in both groups.

Values are shown as means + SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).

7.2.8 Adiponectin/AdipoR1/P38a pathways are involved in the modulation of
cementogenesis-related marker expression on cementoblasts.

After cementogenesis induction, knockdown of AdipoR1 or AdipoR2 decreased OCN and
OPG mRNA expression at varying degrees (*p < 0.05) (Figures 21A, B). In the presence
of adiponectin, the silencing of P38a alone, but not that of ERK1, ERK2 or JNK1
significantly decreased OCN and OPG expression (Figures 21A, B). The results indicate
that the adiponectin/AdipoR1/P38a cascade is particularly involved in adiponectin

induced cementogenesis (**p < 0.01) (Figure 22).
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Figure 21. Adiponectin/AdipoR1/P38a cascade is particularly involved in adiponectin-
induced cementogenesis marker expression.
(A, B) Knocking down of AdipoR1 or AdipoR2 alone did not down-regulate OCN (*p <
0.05) and OPG (**p < 0.01) mRNA expression. The silencing of P38a alone induced a
significant downregulation of OCN (*p < 0.05) and OPG gene expression upon
stimulation with adiponectin (100 ng/mL) (**p < 0.01). These effects were not observed
after suppression of ERK1, ERK2 and JNK1 alone.
Values are shown as means £ SD. Asterisks indicate significant differences compared to
control cells (***p < 0.001, **p < 0.01, and *p < 0.05, ns = not significant).
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Figure 22. Scheme

(A-E) Schemic representation of the role of adiponectin (B), compressive force (C) and
their combination (D) in the activation of MAPK signaling pathways and B-Catenin in
OCCM-30 cementoblasts. The negative control (A) refers to non-stimulation of OCCM-
30 cells. (E) Proposed molecular interactions between MAPK signaling pathways and f3-
Catenin on OCCM-30 cementoblasts cultivated with MAPK chemical inhibitors or
siRNA. The arrow symbols represent the activation () or inhibition ( —) of the
signaling pathways.
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8. Discussion

In the present study, | demonstrated that OCCM-30 cementoblasts express adiponectin
receptors and that their activation facilitates cell migration, proliferation and
mineralization. These effects are partially orchestrated via activation of the MAPK
signaling pathway. Moreover, adiponectin in combination with compressive forces
enhance the activation of MAPK and B-Catenin pathways in cementoblasts. Through a
cross link mechanism, compression as well as adiponectin induce 3-Catenin accumulation
in OCCM-30 cells by MAPK pathway commitment principally via AdipoR1. This effect
involves multiple mediators including JNK1 and P38a. that are key players in this process.
Such deeper insights into the mechanisms underlying the OIIRR in response to
compressive force may provide the clinician with important clues on potential prevention
strategy and improve the orthodontic treatment strategy of obese patients.

In recent decades, clinical trials have reported that the normal salivary adiponectin levels
are around 10.92 (3.22 - 28.71) ng/mL and the normal serum adiponectin levels are
around 12.27 (8.15 - 14.70) pg/mL [89]. These values drastically decrease in case of
obesity [49]. Moreover, reduced levels of adiponectin and AdipoRs are also detectable in
patients with severe periodontitis compared to healthy subjects, a fact that suggests
impaired adiponectin function to be associated with disease severity [19, 54]. In my
experiments, | focused on the effects normal salivary adiponectin levels (20 ng/mL) and

increased adiponectin concentrations exert in vitro on OCCM-30 cementoblasts.

8.1 Increased migration, proliferation and mineralization with higher concentration
of adiponectin addition.

Several reports have revealed that adiponectin exerts favorable effects in vitro on the
proliferation of human osteoblasts via the MAPK signaling pathway [90-92]. In the
present study, | observed over a period of 24 hours, that the number of viable
cementoblasts was significantly increased in presence of higher concentrations of

adiponectin compared to unstimulated cells. Similar results were also obtained by Berner
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et al. (2004) showing that supplementation of cell culture medium with recombinant
adiponectin enhances the proliferation of murine osteoblasts [91]. In contrast to the study
performed by Kanazawa et al. (2007) which reported that even low concentrations of
adiponectin stimulate the proliferation of the MC3T3-E1 osteoblast cell line [92], |
observed that lower concentrations of adiponectin did not significantly stimulate
cementoblast proliferation.

Recent studies suggest that adiponectin enhances bone mineral density in vivo and
osteogenesis in vitro [90, 93]. | could observe that adiponectin strongly promotes
mineralization in OCCM-30 cells. The findings described in this thesis that upregulation
of cementogenesis occurs in response to stimulation with higher adiponectin
concentrations appear especially meaningful since the lower adiponectin levels in obese
patients may be one of the critical factors for increased OIIRR and less repair during
OTM. The present results provide first evidence that adiponectin increases mineralization
in the cementogenesis process of cementoblasts. In concordance with these results, Wang
et al. (2017) demonstrated the osteogenic capacity of adiponectin in vitro using rat
mesenchymal stem cells [94]. Another study showed that adiponectin enhanced the
mineralization of osteoblasts [93]. Iwayama et al. (2012) also observed that adiponectin
promotes AP and Runx-2 mRNA expression as well as up-regulates the AP enzymatic
activity of HPDL cells [95]. However, in the latter study, extremely high concentrations
(5 to 10 pg/mL) of adiponectin were used to observe these effects [95]. In the present
experiment, | used ranges of adiponectin concentrations of up to 100 ng/mL,
demonstrating that murine cementoblasts require lower concentrations of this adipokine
to achieve the same results. However, these concentrations still exceed the biologic

concentrations of adiponectin in saliva or in crevicular fluid [89].

8.2 Adiponectin facilitates cementogenesis-related gene expression in cementoblasts.
Treatment of OCCM-30 cells with adiponectin for 14 days induced increased
mineralization. To further examine the Kinetic effect of adiponectin in cementoblasts, the

cementogenesis-related markers were checked.
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It was demonstrated, that the gene expression of Runx-2, an essential transcription factor
for osteoblast differentiation, mineralization and migration [96, 97] as well as for
cementogenesis [98], was strongly up-regulated in OCCM-30 cells in response to high
concentrations of adiponectin. Adiponectin-induced Runx-2 upregulation in
cementoblasts may occur in the course of wound healing and cementum repair and
regeneration, since Runx-2 exerts a regulatory role in cementum formation [99]. F-
Spondin, a cementoblast specific gene that orchestrates cementoblast differentiation [61],
was also up-regulated by adiponectin.

Likewise, the OCCM-30 cells presented up-regulated mRNA expression of AP, BSP,
OCN and OPG after adipokine stimulation. Our in vitro results are consistent with
previous data supporting the fact that adiponectin can enhance the osteogenic
differentiation of osteoblasts [100] as well as promote osteoblastogenesis of HPDL cells
[95]. Alkaline phosphatase (AP) is essential for cementoblast [98] function and is up-
regulated during cementogenesis, thus, it is generally considered as an early marker for
cementoblasts [101]. It is well known that AP regulates the formation of cementum and
is involved more in the formation of acellular than cellular cementum [60]. Here I could
observe that adiponectin strongly increases mRNA expression of AP as well as AP
enzymatic activity in cementoblasts. Bone sialoprotein (BSP, or integrin binding
sialoprotein) is found to be present in both acellular and cellular cementum [102]. It is
strongly expressed by cementoblasts. It was suggested that this protein might contribute
to cementum formation and mineralization [103]. Foster et al. (2013) suggested that BSP
is essential for acellular cementum formation and likely to be involved in the initiating of
mineralization on the root surface [104]. Osteocalcin (OCN) is a non-collagenous protein
that plays a regulatory role during the mineralization process [105, 106]. Its expression is
restricted to cells with mineralizing capacity, including osteoblasts, odontoblasts as well
as cementoblasts [107, 108]. In my results, the up-regulation of BSP and OCN after
adiponectin stimulation clearly indicates that this adipokine favorably induces
cementogenesis. Thus, adiponectin could enhance the cementogenesis process and it

could promote cementum mineralization
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8.3 Activation of MAPK signaling pathways in adiponectin treated cementoblasts.
The present results indicate that in OCCM-30 cells, adiponectin addition induces
activation of ERK1/2, JNK and P38 MAPK pathways. Moreover, the data show that
activation of MAPK pathway is essential for adiponectin-stimulated OCCM-30
proliferation and migration as these effects were partially counteracted upon application
of SB203580, FR180204 and SP600125, three highly selective inhibitors of the MAP
kinase cascade. These results are in accordance with previous studies showing that long-
term inhibition of the MAPK signaling pathway promotes early mineralization as well as
the increase of AP activity in preosteoblastic cells [109].

Several in vitro studies have shown that adiponectin plays a role as regulator of the MAP
kinase pathways in cell homeostasis [90, 110, 111]. I have shown that MAPK signaling
is partially involved in the homeostasis regulation of adiponectin on cementoblasts. The
results are congruent with several other studies that were performed with different cell
lines. For example, Miyazaki et al. (2005) showed that adiponectin activates the P38 and
JNK pathways in myocytes [110]. In osteoarthritis, adiponectin induces P38-MAPK to
promote osteophyte formation [111]. Interesting, Luo et al. (2005) showed that
adiponectin can activate P38 and JNK but not ERK1/2 on primary osteoblasts and that
suppression of AdipoR1 abolished adiponectin induced cell proliferation, suggesting that
cell proliferation is regulated by AdipoR/JNK signaling whereas differentiation is
mediated via the AdipoR/P38 cascade [90]. On the contrary, Kono et al. (2007) noted that
activation of ERK pathways strongly down-regulate the matrix mineralization of
osteoblasts, while its suppression promoted the process [112]. This is in agreement with
the interesting observation from my work that inhibition of P38 and ERK1/2 significantly
enhances the mineralization rate of cementoblasts. This effect could partially be
counteracted by adiponectin addition.

However, very few studies have investigated the association between adiponectin and the
Catenin signaling pathway, one of the most important pathways in osteogenesis, with

respect to the regulation of bone formation.
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8.4 Co-stimulation of adiponectin combined with compression regulates the MAPK
and p-Catenin signaling in OCCM-30 cells.

Wang et al. (2017) reported in vivo and in vitro that adiponectin could facilitate bone
mesenchymal stem cell (BMSC) osteogenic differentiation and osteogenesis by the
WNT/B-Catenin pathway [94]. | observed that adiponectin may interact with
cementoblasts and influence their biological response to compressive forces promoting
the expression of p-P38, p-ERK1/2 and p-JNK. Interestingly, | further observed a longer
up-regulation period of p-P38 and p-ERK1/2 by co-stimulation of adiponectin combined
with compression, while the expression levels of p-JNK altered after co-stimulation and
reached an expression peak later. This indicates that compressive forces additionally
trigger the MAP kinase pathway.

In the current study, it was also verified that compression forces activate p-Catenin
signaling in OCCM-30 cells. This finding is in accordance with the results of Shugin et
al. (2015) describing that the effect of mechanical forces on OCCM-30 cells regulate p-
Catenin expression [113]. Recently, Sindhavajiva et al. (2018) showed that compression
induces human mandibular-derived osteoblast differentiation via WNT/B-Catenin
signaling [76]. However, Korb et al. (2016) demonstrated the compression induced
apoptosis of human primary cementoblasts by upregulation of the pro-apoptotic gene
AXUDL1 via a JNK-dependent pathway [114]. The present study showed that the
inhibition of B-Catenin due to MAPK inhibition was restored by the application of
compressive forces on cementoblasts. Based on this observation, the current study reveals
a novel finding that MAPK activation is the bridge factor between compression
application and B-Catenin signaling activation. The proposed scheme (Figure 22) depicts
the relation between MAPK and B-Catenin signaling when non-stimulated (A) and
stimulated with adiponectin (Figure 22B), compressive force (Figure 22C) or their
combination (Figure 22D). As illustrated in the scheme, adiponectin binding to AdipoRs
increased the expression of phosphorylated MAPK signaling and affected the homeostatic
maintenance in cementoblasts (Figure 22B). Compression forces induced an

accumulation of B-Catenin (Figure 22C). The precise mechanism revealed that
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adiponectin activates p-Catenin through the MAPK pathway (Figure 22D). This process
could be interacted by MAPK inhibition especially through P38a and is responsible for
TCF/LEF-dependent transcription (Figure 22E).

An important observation that is cause for discussion is that adiponectin addition
combined with compression of OCCM-30 cells did not significantly affect p-Catenin
expression, even under the inhibition of MAPKSs. This fact suggests that adiponectin
addition exerts a multistep process leading to B-Catenin modulation that needs to be
further investigated. However, all present results imply that MAPK signaling participates

in the process of B-Catenin signaling on cementoblasts.

8.5 Cooperative interaction between the MAPK and g-Catenin signaling.

The cooperative interaction between the B-Catenin and MAPK signaling pathways has
been reported in previous studies [78-80, 115]. On MC3T3-EL1 cells, MEKK?2 activation,
a kinase with the ability to activate downstream MAPK pathways, could promote bone
formation by rescuing B-Catenin degradation [116]. Chen et al. (2010) reported that
blockade of P38 phosphorylation eliminates activation of WNT signaling in
preosteoblasts, indicating that osteoblast differentiation triggered by P38 MAPK/pB-
Catenin promotes bone growth in female Sprague-Dawley rats [117]. Decreased
phosphorylated P38 and increased ERK protein levels facilitate the B-Catenin pathway
through enhancement of the expression of B-Catenin in MC3T3-EL1 cells [118]. TGF-p
activated kinase 1 was reported to promote the phosphorylation of P38, JNK and (-
Catenin, at the same time it down regulated GSK-3p expression in mesenchymal stem
cells [119]. In contrast, Wang et al. (2012) showed that pretreatment with P38 inhibitor
(SB203580) on primary osteoblasts did not affect f-Catenin protein expression [120].

In the present study, | observed that INK, ERK1/2 as well as P38 chemical inhibition
reduced B-Catenin expression on OCCM-30 cells. Further, the single gene silencing of
ERK1 and ERK2 as well as P38a and JNK1 showed that adiponectin-induced p-Catenin
activation on OCCM-30 cementoblasts was especially sensitive to P38a and JNK1 knock

out. JINK1 and P38a silencing negatively regulated p-Catenin, whereas ERK1 had a
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significant up-regulation effect on GSK-3B expression. Furthermore, [B-Catenin
expression was up-regulated after adiponectin addition. In these contexts, the present
results revealed the role of both molecules in triggering adiponectin-MAPK and B-
Catenin signaling interactions. Our data are consistent with previous studies performed
with other cell types [80, 121]. Thornton et al. (2008) showed that P38 MAPK inactivates
GSK-3p and this inactivation leads to an accumulation of p-Catenin in the brain and
thymocytes [80]. Sakisaka et al. (2016) showed that P38 MAPK modulates p-Catenin
transcriptional activity, but have no effects on the phosphorylated of GSK-3 as well as
[-Catenin expression in dental follicle cells [121]. However, the present results do not
clarify the relationship between the expression of GSK-3p and the phosphorylated status
of MAPK signaling mediators (P38, JNK, ERK1/2). Therefore, future studies should be

performed to elucidate this mechanism in detail.

8.6 Adiponectin/AdipoR1 pathway is involved in the crosstalk between MAPK and
p-Catenin signaling in the cellular responses of cementoblasts under adiponectin and
compression forces.

In the present experiment, knockout of AdipoR2 in OCCM-30 cells induced B-Catenin
up-regulation after adiponectin addition. Furthermore, together with my findings showing
that the up-regulation of GSK-3 mRNA expression occurred after adiponectin addition
in AdipoR2 silenced group, strongly suggest that the modulatory effect that adiponectin
exerts on B-Catenin expression is mostly mediated by AdipoR1. These data provide
evidence that adiponectin in turn up-regulates p-Catenin through the
adiponectin/AdipoR1 pathway. There also appears to be a certain different functional
specialization between AdipoR1 and AdipoR2, with the former being more tightly
coupled to MAPK activation and the crosstalk with B-Catenin signaling.

The mRNA expression of cementogenesis biomarkers OCN and OPG [122] decreased
after P38a knock-down in the presence of adiponectin. Hence, OCN and OPG appear to
be altered by the interplays between MAPK and B-Catenin signaling in the cellular

responses of cementoblasts under adiponectin and compression forces. Nemoto et al.
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(2009) indicated that inhibition of GSK-3 on cementoblasts suppresses AP activity and
the gene expression of AP, BSP and OCN [77]. Thus, the present results implicate P38a

as the key mediator in adiponectin/AdipoR1 mediated cementogenesis and homeostasis.

8.7 Limitations of the present experiments.

In clinical practice, it was pointed out that the answer to the question of the optimal force
is still far away [123]. Moreover, there is a large interindividual variation regarding the
applied forces in both human experiments and animal research [123]. Even with
standardized, constant, and equal forces, the speed of OTM may vary substantially among
and within individuals [124]. As demonstrated with an in vivo study, Taddei et al. (2012)
identified the ideal force of 0.35 N for OTM in mice because this force level promoted
optimal OTM and osteoclast recruitment without root resorption [125]. In different in
vitro studies, the OCCM-30 was subjected to different compressive forces by different
methods such as hydrostatic pressure (threshold level of compression between 27 to 68
gflcm?) [126], micro-gravity [127], centrifugation [128, 129] and direct weight
application [85, 127]. For instance, Kenji et al. (2016) loaded the human cementoblast
cell line by mounting coverslips at 0.25 gf/cm? to reach a light compressive force [130].
Other researchers used cover glasses cylinders which exerted a static force of 1.0, 1.5, 2.0
gf/cm? to press on OCCM-30 cell monolayer [130-132]. However, Diercke et al. (2012)
compressed the OCCM-30 cells at 30.3 gf/cm? using centrifugation. In the same manner,
Korb et al. (2016) applied the compressive loading at 5.0, 20, and 30 gf/cm? to human
primary cementoblasts via centrifugation [114]. Shi et al. (2019) subjected the
compressive force of 47.5 gf/cm? and 73.7 gf/cm? to human PDL-derived fibroblasts by
centrifugation [129].

In the present study, the compressive forces of 1.2, 2.4 and 3.6 gf/cm? that were applied
to the mono-cultured OCCM-30 cells are within the range of established orthodontic force
preciously used for OTM [131, 133]. The present results showed that 2.4 gf/cm? could
trigger the cellular response with more pronounced AdipoRs expression and induce

relevant signaling activation such as MAPK and B-Catenin pathway. Thus, the value 2.4
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gf/cm? was chosen to further analyze the signaling interaction between MAPK and B-
Catenin pathway in the present study. In contrast to other studies using higher magnitude
compressive forces [114, 129], a limitation in the present study is that the experimental
applied forces are not adequate to show the cellular response when stimulated with higher
magnitude mechanical force such as 30 gf/cm?. Therefore, much-higher compressive
forces should be considered for experiments OCCM-30 cells in the experiments in further
studies.

When it comes to the speed of OTM, Saloom et al. (2017) conducted a prospective clinical
cohort study aiming to establish the connection between obesity and the speed of induced
OTM [9], but it could not significantly reveal any direct association. At 1-week, initial
tooth displacement was significantly increased in the obese group and obese patients had
a significantly higher speed of tooth movement compared with normal-weight patients
over the period of alignment [9]. Despite being identified during the first week,
differences could not be explained and treatment time remained unchanged. In spite of
the lack of studies about the connection between obesity and the speed of OTM, there are
no changed protocols provided for the clinician nor were significant differences between
normal-weight and obese individuals presumed [12]. My results provide new evidence at
molecular levels during OTM to determine the exact biological effects of adiponectin in
cementoblasts. However, the adiponectin-deficient mice underlying OTM would further
serve as the animal model to study the cementum reaction toward orthodontic forces.

It should also be noted, that murine cementoblasts are probably not fully comparable to
human primary cementoblasts, so that investigations on primary human material are

mandatory before patient studies.

8.8 Further work.

The present results indicated the need for further animal and clinical experiments.
Clinical studies have described that the level of adiponectin is reduced in the serum of
obese individuals [38]. In this context, obese patients undergoing orthodontic treatment

may be influenced by these lower levels of circulating adiponectin. Since constant or
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intermittent mechanical compression is present on the stress-side of the tooth root surface,
it can be assumed that less expression of adiponectin-MAPK signaling in this area may
lead to less activation of B-Catenin. The possible clinical implication of this study may be
that depressed adiponectin levels in obese subjects during orthodontic tooth movement
may negatively affect the process of OIIRR in response to mechanical stimulation by
decreasing p-Catenin, which is capable of inhibiting mediators such as OPG and OCN
that form extracellular matrices in OCCM-30 cells [134]. Thus, a deeper analysis of how
adiponectin affects biologic cell responses should be identified using in vitro rat models.
Clinically, the outcomes of the thesis highlight potential implications of adiponectin for
orthodontic treatment in obese patients. Additional studies should be conducted to
compare the influence of adiponectin on orthodontic tooth movement during orthodontic

treatment in obese and normal weight patients.
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9. Conclusions

In conclusion, the present study demonstrated the expression of adiponectin receptors on
OCCM-30 cells and revealed that adiponectin influences in vitro the migration,
proliferation and cementogenesis of OCCM-30 cells partly through the MAPK signaling
pathway.

Moreover, it was shown that adiponectin as well as compressive forces stimulate both the
MAPK and B-Catenin signaling pathways in cementoblasts. The inhibition of P38, JINK
and ERKZ1/2 differentially regulate pB-Catenin expression as well as TCF/LEF
transcription. Furthermore, adiponectin regulates the compression induced B-Catenin

signaling via cross-interacting with the MAPK signaling pathway.
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10. Summary

In obese patients, current clinical evidences suggest that changes in levels of circulating
adipokines such as adiponectin can influence the speed of orthodontically induced tooth
movement due to their capacity to regulate peripheral bone formation.

Here, gRT-PCR and Western blots were performed to verify the mRNA and protein levels
of adiponectin receptors (AdipoRs) of OCCM-30 cells. Alizarin Red S staining revealed
that adiponectin increased mineralized nodule formation and quantitative AP activity in a
dose-dependent manner. Adiponectin up-regulates the mRNA levels of AP, BSP, OCN,
OPG, Runx-2 as well as F-Spondin. Adiponectin also increases the migration and
proliferation of OCCM-30 cells. Moreover, Adiponectin induces a transient activation of
JNK, P38 and ERK1/2. The activation of adiponectin-mediated migration and
proliferation was attenuated after pharmacological inhibition of P38, ERK1/2 and JNK in
different degrees, whereas mineralization was facilitated by MAPK inhibition in varying
degrees. Based on our results, I showed that adiponectin could favorably affect
cementoblast migration, proliferation as well as cementogenesis partly through the
activation of MAPK signaling pathways.

Furthermore, siRNAs targeting P38a, JNK1, ERK1, ERK2 and AdipoRs were performed.
It was found that compressive forces increased the expression of AdipoRs. Western blots
showed that co-stimuli of adiponectin and compression activated MAPK and B-Catenin
signaling pathways. The MAPK inhibition alters the compression-induced B-Catenin
activation. The siRNAs targeting AdipoR1, P38a and JNK1 showed the interaction of
single MAPK molecules and B-Catenin signaling in response to compression and/or
adiponectin. Silencing by a dominant negative-version of P38a and JNK1 attenuated
adiponectin-induced TCF/LEF reporter activation. P38a is a key connector between f3-
Catenin, TCF/LEF transcription and MAPK signaling pathway.

In conclusion, compressive forces activate -Catenin and MAPK signaling pathways.
Adiponectin regulates B-Catenin signaling principally by inactivating GSK-3p kinase
activity. B-Catenin expression was partially inhibited by MAPK blockade indicating that
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MAPK plays a crucial role regulating p-Catenin during cementogenesis. Moreover,

adiponectin modulates GSK-3f and B-Catenin mostly through AdipoRL1.
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11. Zusammenfassung

Fur Obergewichtige Patienten deuten aktuelle klinische Ergebnisse darauf hin, dass
Verénderungen das Spiegels zirkulierender Adipokine wie Adiponektin die
Geschwindigkeit kieferorthopédisch induzierter Zahnbewegungen auf der Basis ihrer
Fahigkeit zur Regulierung der peripheren Knochenbildung beeinflussen kdnnen.

Im Rahmen dieser Arbeit wurden RT-PCR und Western Blots durchgefiihrt, um die
MRNA- und Proteinspiegel von Adiponektin-Rezeptoren (AdipoRs) von OCCM-30-
Zellen zu quantifizieren. Farbungen mit Alizarin Red S zeigten, dass Adiponektin die
Bildung von Mineralisationsknoten und die quantitative AP-Aktivitadt dosisabhangig
erhéht. Adiponektin hoch regulierte die mMRNA-Level von AP, BSP, OCN, OPG, Runx-2
sowie F-Spondin. Adiponektin erhohte weiterhin das Ausmal der Migration und
Proliferation von OCCM-30-Zellen. Daruber hinaus induzierte Adiponektin eine
voriibergehende Aktivierung von JNK, P38 und ERKZ1/2. Die Aktivierung der
Adiponektin-vermittelten Migration und Proliferation wurde nach pharmakologischer
Hemmung von P38, ERK1/2 und JNK in unterschiedlichem Ausmal} abgeschwacht,
wahrend die Mineralisierung durch MAPK-Hemmung in unterschiedlichem Ausmal
erleichtert wurde. Basierend auf Ergebnissen konnten gezeigt werden, dass Adiponektin
die Zementoblasten den vorliegenden-migration, und -proliferation sowie die
Zementogenese teilweise durch die Aktivierung von MAPK-Signalwegen giinstig
beeinflussen konnte.

Daruber hinaus wurden siRNAs gegen P38a, JNK1, ERK1, ERK2 und AdipoRs
eingesetzt. Es zeigte sich, dass Druckkréfte die Expression von AdipoRs erhohen.
Western Blots zeigten, dass Co-Stimuli von Adiponektin und Kompression die MAPK-
und B-Catenin-Signalwege aktivierten. Die MAPK-Hemmung verdnderte die
kompressionsinduzierte -Catenin-Aktivierung. Die siRNAs, die auf AdipoR1, P38a und
JNK1 abzielen, zeigten die Interaktion einzelner MAPK-Molekile und B-Catenin-
Signalgebung als Reaktion auf Kompression und/oder Adiponektin. Silencing durch eine

dominante Negativversion von P38a und JNK1 schwachte die Adiponektin-induzierte
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TCF/LEF-Reporteraktivierung ab. P38a ist ein Schlusselverbinder zwischen p-Catenin,
der TCF/LEF-Transkription und dem MAPK-Signalweg.

Zusammenfassend aktivieren leichte Druckkrafte die g-Catenin- und MAPK-Signalwege.
Adiponektin reguliert die B-Catenin-Signalgebung hauptsachlich durch Inaktivierung der
GSK-3B-Kinase-Aktivitat. Die B-Catenin-Expression wurde teilweise durch die MAPK-
Blockade gehemmt, was darauf hindeutet, dass MAPK eine entscheidende Rolle bei der
Regulierung von B-Catenin wéhrend der Zementogenese spielt. Darliber hinaus moduliert

Adiponektin GSK-3 und B-Catenin hauptsachlich tiber AdipoR1.
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