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Zusammenfassung

Ziele. Mehrere arraybasierte miRNA-Expressionsstudien haben unabh&ngig voneinander eine
erhchte Expression der miRNA hsa-mir-130a-3p, -142-3p, -144-3p, -144-5p, -223-3p, -17-5p und
-30e-5p im entzindeten Zahnfleisch von Patienten mit Parodontitis im Vergleich zu gesunden
Kontrollen gezeigt. Unser Ziel war es, direkte Zielgene und Signalwege zu bestimmen, die durch
diese miRNAs reguliert werden.

Material und Methoden. Wir transfizierten einen miRNA-Mimetikum (mirVana) jeder miRNA
in Kulturen humaner primé&er Zahnfleischfibroblasten, die aus dem Zahnfleisch von drei
verschiedenen Spendern isoliert wurden. Nach RNA-Sequenzierung wurde die differentielle
Genexpression mit DESeq2 analysiert. Die Analyse der Anreicherung verschiedener Gen-Sets
erfolgte mit MSigDB, den tmod- und goseqg-Paketen. Die Hemmung und Hochregulierung der
miRNAs wurden auf der Transkript- und Proteinebene mit quantitativer RT-PCR, Western-

Blotting und Reporter-Gen Assays validiert.

Ergebnisse. Die Gen-Set-Anreicherung zeigte signifikante Rollen fUr die Regulation des
Zellzyklus von hsa-miR-130a-3p (Padj=5x107"°), miRNA-144-3p und -5p (Padj=4x10*° und
Padj=4x10°), miR-17-5p (Padj=9.5x102%) und miR-30e-5p (Padj=8.2x107®). Dariber hinaus
wurden signifikante Rollen in der Zytokinsignalgebung fir miR-130a-3p (Padj=5x10"°), miR-
223-3p (Padj=2.4x10") und miR-142-3p (Padj=5x107') gezeigt. Die Gene WASL, ENPPS5,
MANBAL, IDH1 zeigten die signifikanteste und st&kste Inhibition nach der Transfektion von hsa-
miR-142-3p, -17-5p, -223-3p und -30e-5p, respektive. Dariber hinaus regulierten hsa-miR-130a-
3p, -144-3p und -144-5p die Parodontitisrisikogene CPEB1, ABCA1 und ATP6V1C1. In unserer
Studie zeigte die Expression aller analysierten miRNAs eine signifikante positive Korrelation mit
der Expression des Gens MET, das an der Wundheilung sowie an der Geweberegeneration und -

umgestaltung beteiligt ist.

Schlussfolgerung. Die differentielle Expression von Gen-Sets der Zytokinsignalgebung und der
Regulation der Zellproliferation nach Uberexpression der untersuchten miRNAs weist auf ihre
Bedeutung fur die Atiologie der Parodontitis hin. Dartber hinaus liefert die Identifikation der
Parodontitisrisikogene CPEB1, ABCAL1 und ATP6V1CL1 als Zielgene einiger der untersuchten
miRNAs weitere Hinweise fir ihre Bedeutung in der Atiologie der Parodontitis. Gingivale
miRNAs fihren komplexe regulatorische Netzwerke derart zusammen, dass sie zu einer

verstakten Expression des Gens MET fthren. Dies betont die Bedeutung von MET, einem



Rezeptor des fibroblastensezernierten mitogenen Hepatozytenwachstumsfaktors, fir das
Krankheitsgeschehen im Anschluf3an die aktive orale Entzinung.



Abstract

Aims. Several array-based miRNA expression studies indicated increased transcript levels of hsa-
miR-130a-3p, -142-3p, -144-3p, -144-5p, -223-3p, -17-5p and -30e-5p in the inflamed gingiva of
periodontitis patients compared to healthy controls. We aimed to determine direct target genes and
signaling pathways that are regulated by these miRNAs.

Material and Methods. We transfected a miRNA mimic (mirVana) of each miRNA into human
primary gingival fibroblasts cultured from 3 different donors. Following RNA-Sequencing, differ-
ential gene expression was analysed using DESeq2. Gene set enrichment analysis was performed
with MSigDB, and the tmod and goseq packages. miRNA inhibition and upregulation were vali-
dated for selected genes on the transcript and protein level using quantitative RT-PCR, Western
blotting and reporter gene assays.

Results. Gene set enrichment demonstrated significant roles for cell cycle regulation of hsa-miR-
130a-3p (Pagj=5x107%), miRNA-144-3p and -5p (Pagi=4x10*° and Pagj=4x10%), miR-17-5p
(Pagi=9.5x10"%%) and miR-30e-5p (Pagj=8.2x1078). Additionally, significant roles in cytokine sig-
naling were shown for miR-130a-3p (Pagj=5x107'°), miR-223-3p (Pagj=2.4x10") and miR-142-3p
(Pagi=5x1011). The genes WASL, ENPP5, MANBAL, IDH1 showed the most significant and strong-
est downregulation after hsa-miR-142-3p, -17-5p, -223-3p and -30e-5p transfection, respectively.
Moreover, hsa-miR-130a-3p, -144-3p and -144-5p regulated the periodontitis risk genes CPEB1,
ABCAL and ATP6V1C1, respectively. Furthermore, we found that all analyzed miRNAs signifi-
cantly increased the expression of the gene MET, which participates in wound healing as well as
tissue regeneration and remodeling.

Conclusion. Gene set enrichment emphasized the significance of cytokine signaling and the reg-
ulation of cell proliferation in the etiology of periodontitis and adds evidence for CPEB1, ABCA1
and ATP6V1C1 as susceptibility genes of periodontitis. MET may play an important role in the
etiology of periodontitis.

Key Words. miRNA; MET ; cell cycle; mesenchymal cellular migration; periodontitis; CPEBI;
ABCAL; ATP6V1C1



1 Introduction

Periodontitis (PD) is a common disease of the periodontal tissue and a leading cause of tooth loss
((Eke et al. 2012); (Nesse et al. 2008)). It is the main cause of tooth loss in adults and affects about
11 % of the world population (Vos et al. 2012), impairing the health and life quality of a substantial
share of the population and causing high costs for public health systems. Its main symptoms in-
clude inflammation of the oral mucosa and supporting tissues - which can cause bleeding gums,
formation of periodontal pockets and loss of connective tissue and alveolar bone, followed by
tooth loss (Figure 1). A significant risk factor for PD is long-term gingivitis, characterized by

swelling and bleeding gums.

Current research indicates that the etiology of periodontitis is complex (Meyle and Chapple 2015),
involving the interaction of multiple factors. The most significant factor is widely recognized as
dental plaque (Lang et al. 2009), a sticky substance formed by bacteria in the oral cavity that can
trigger gingivitis and periodontitis. Other factors include genetic factors (Loos et al. 2005), oral
hygiene habits (Bakdash 1994), smoking (Hamdi et al. 2021), dietary habits (Altun et al. 2021),
hormonal changes (Mascarenhas et al. 2003), diabetes (Preshaw and Bissett 2019), and medication
use (Heasman and Hughes 2014). These factors may lead to changes in the type and quantity of
bacteria in the oral cavity, resulting in damage to periodontal tissues and the occurrence of inflam-
matory responses. However, since the patient's immune system varies over time and may be im-
pacted by lifestyle choices, other illnesses, or age, the individual genetic composition may also
change with time, for example via epigenetic impacts or somatic mutations. As a consequence,
periodontitis is perceived to be a complex disease (Nield 2021). In the complex interplay between
intrinsic and extrinsic factors, including the immune system, oral infections, and the consequences
of lifestyle choices, genes play a key role. Therefore, an improved understanding of the molecular
mechanisms of periodontitis that drive disease pathogenesis would improve prevention and treat-

ment options in the future.
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Figure 1. Schematic of healthy tooth side and periodontitis side. The image displays healthy gingival tissue
and alveolar bone on the left, while on the right, there is periodontal tissue inflammation and alveolar bone
destruction, often resulting from the presence of a pathogenic dysbiotic biofilm (PD). The bottom figure
illustrates the progression of periodontal tissue from a healthy state to periodontitis (modified on BioRender;

https://www.biorender.com/).

MicroRNAs (miRNAS) are short single-stranded, non-protein coding RNAs with inhibiting func-
tions on gene activity, generally by interacting with the 3’-untranslated regions (3’UTR) of target
protein coding messenger RNAs (MRNAS) (Ha and Kim 2014). Individual miRNAs modulate the
expression of distinct genes and, thereby, can affect complex gene networks (Selbach et al. 2008).
As a result, miRNAs modulate a range of biological processes. Likewise, miRNAs are involved
in complex diseases and affected tissues show differential miRNA expression (Paul et al. 2018).
To identify miRNAs that are differentially expressed in periodontitis, various studies generated
array-based expression profiles of miRNAs in healthy and inflamed periodontal tissues and re-
ported differential expression of numerous miRNAs in the gingiva (Lee et al. 2011; Ogata et al.
2014; Perri et al. 2012; Stoecklin-Wasmer et al. 2012; Xie et al. 2011) and saliva (Fujimori et al.
2019). However, the target genes and biological processes that are regulated by these miRNAS in

periodontal tissues have remained unknown.
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Figure 2. Model of miRNA regulation (taken from Zhao and Srivastava 2007). The miRNA binds to the
3’UTR at a specific recognition site (hairpin), which leads to conformational changes that affect transcription or trans-

lation by changes in mMRNA stability or translation initiation.

I hypothesized that differently expressed miRNAs are suitable targets for the identification of
genes and functional gene networks which are directly involved in the etiology of periodontitis.
This is because overall, miRNAs are predicted to target only ~10-30% of protein-coding genes,
with each miRNA repressing on average 200 transcripts (Brennecke et al. 2005; Lall et al. 2006;
Lewis et al. 2005). This considerably reduces the level of complexity and can be a straightforward
approach to identify genes and pathways with relevant functions in disease development and re-
storing health. In the current study, we hypothesized that genes and gene networks that are directly
regulated by miRNAs upregulated in inflamed periodontal tissues would reveal mechanisms with
relevant functions for the disease etiology. However, a limitation of studying biological processes
in gingival biopsies is that they consist of multiple different tissue types and, in particular, inflamed
gingival samples have a share of up to 50% of invaded immune cells (Richter et al. 2021). More-
over, variation in the ratio of different cell types can be caused by different sampling times and
differences in the analysis design between studies also can influence results. Therefore, individual
observations by single studies have to be interpreted with caution. In contrast, differentially ex-
pressed genes found independently by several studies that aimed to investigate the same disease
state are more likely to be truly involved. Therefore, | selected miRNAs that several miRNA ex-
pression profiling studies independently showed to be higher expressed in gingival biopsies col-

lected immediately prior to periodontal surgery and which therefore can be considered as non-



actively inflamed. | overexpressed these miRNAs in human primary gingival fibroblasts and per-
formed genomewide expression profiling to identify miRNA regulated genes and gene sets.

Aims of the study

e Identification of candidate miRNAs that showed upregulation in several previous miRNA array-
based studies performed with inflammation affected and healthy gingival tissues.

e Identification of genes and gene sets that are regulated in response to increased expression of
the selected candidate miRNAs in gingival fibroblasts.

e In vitro validation of selected genes that showed regulation by these miRNAs.



2 Materials and Methods

2.1 Materials

2.1.1 Kits, chemicals and solutions

Table 1: Kits, chemicals and solutions

Kits, chemicals, solutions

Manufacturer

Acrylamide-solution (30%)

Agar

Agarose

Ampicillin

Ammonium Persulfate (APS)
B-mercaptoethanol

Bacto Tryptone

Bacto Yeast Extract

BCA protein assay

Bovine serum albumin (BSA)

Dulbecco’s Modified Eagle Medium (DMEM)
Deoxynucleotides (ANTPs) Mix (100 mM)
Dulbecco’s phosphate-buffered saline (DPBS)
Dual Luciferase Reporter Assay

Ethanol (70%, dehydrated)

Ethanol (99.9%)

Ethidium bromide (EtBr)
Ethylenediaminetetraacetic acid (EDTA)

ECL Western Blotting Substrate

Fetal Bovine Serum (FBS)

GeneRuler 1 kb DNA Marker

Glycerol

Gibson Assembly Cloning Kit

High-Capacity cDNA Reverse Transcription Kit

SERVA Electrophoresis
AppliChem

SERVA Electrophoresis
Gibco by life technologies
Amresco

Carl Roth

BD Bacto

BD Bacto

Thermo Fisher Scientific
SERVA Electrophoresis
PAN Biotech

Thermo Fisher Scientific
Gibco by life technologies
Promega

Carl Roth

Merck

Carl Roth

Sigma-Aldrich

Thermo Fisher Scientific
Gibco by life technologies
Thermo Fisher Scientific
Carl Roth

New England Biolabs
Applied Biosystems




Isopropanol

Lipofectamine RNAiMax
Lipofectamine 2000

Loading Dye 6x

Nuclear Protein extraction Kit
Opti-Mem Reduced Serum Medium
Oligo dTs

O’Range Ruler 50 bp Ladder
Prestained Protein Ladder, 10 to 180 kDa
QIlAprep Spin Miniprep Kit

Qiagen Plasmid Midi Kit

QIAprep Spin Miniprep Kit
QIAquick Gel Extraction Kit
RNeasy Mini Kit

SOC Medium

Sodium acetate 3M

Sodium chloride 150 mM

SYBR Select Master Mix

Sigma Aldrich

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Active Motif

Life Technologies
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Qiagen

Qiagen

Qiagen

Qiagen

Qiagen

Invitrogen
Sigma-Aldrich
Polyplus-transfection

Thermo Fisher Scientific

Tetramethylethylenediamine (TEMED) Sigma-Aldrich
Tris(hydroxymethyl)aminomethane (Tris) Sigma-Aldrich
Trypsin/EDTA PAN Biotech
Ultrapure Water Qiagen
2.1.2 Enzymes and buffers
Table 2: Enzymes and buffers
Manufacturer

Enzymes and buffers

Alkaline Phosphatase, Calf Intestinal (CIP), 10,000

U/mL
rCut Smart Buffer

DNase I recombinant, 10 U/uL

New England Biolabs

New England Biolabs

Roche
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Fsel, 2,000 units/ml

HF Buffer

MultiScribe Reverse Transcriptase, 50 U/uL
Phusion High-Fidelity Polymerase 2 U/uL
Reaction Buffer 10 x

RT-Buffer 10 x

RNaseOut Recombinant Ribonuclease Inhibitor,
40 U/uL

Taq DNA Polymerase, 5 U/uL
T4 Ligase

T4 Ligase Buffer

T4 Polynucleotide Kinase

50x TAE Buffer

Xbal, 20,000 U/mL

New England Biolabs
Thermo Fisher Scientific
Invitrogen

Thermo Fisher Scientific
Biozym

Invitrogen
Invitrogen

Biozym

New England Biolabs
New England Biolabs
New England Biolabs
Rotiphorese

New England Biolabs

2.1.3 miRNA mimics
Table 3: miRNA mimics

miRNA mimics

Manufacturer

mirVana miR-130a-3p

mirVana miR-142-3p

mirVana miR-144-3p

mirVana miR-144-5p

mirVana miR-30e-5p

mirVana miR-17-5p

mirVana miR-223-3p

mirVana miR-1 Positive Control

mirVana miRNA Inhibitor, Negative Control #1

Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific
Thermo Fisher Scientific

Thermo Fisher Scientific
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2.1.4 Consumables

Table 4: Consumables

Consumables Manufacturer

1.5 mL and 2 mL microcentrifuge tubes Eppendorf

6-Well plate (sterile)

Techno Plastic Products (TPP)

Benchtop centrifuge

CFX Connect Real-Time PCR Detection System

Biosphere Filtertips (10 puL, 20 uL, 100 pL, 200 uL, Sarstedt
1000 pL)
Cell culture flasks (T75-T300) TPP
Cell scraper (24 cm) Sarstedt
Falcon tips (5mL, 10mL, 25mL) Falcon
Falcon tubes (15 mL, 50 mL) Falcon
Filter paper (extra thick blot paper) Bio-Rad
Multiplate 96-well white PCR plates Bio-Rad
PCR strips and reaction tubes Carl Roth
Petri dishes (plastic) Sarstedt
PVDF membrane Bio-Rad
Syringe (ImL, 5mL) Braun
2.1.5 Devices
Table 5: Devices
Devices Manufacturer
Battery-operated pipette controller Brand

Thermo Fisher Scientific/Heraeus

Bio-Rad
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Chemiluminescence Imager ChemoStar Touch
Electrophoresis chamber for agarose gels
Electrophoresis chamber

Freezer -80<C MDF-U72V

Freezer -20 <C

Incubator for cell culture

Light microscope

Liquid nitrogen tank Arpege 40
Microwave

Multiskan GO Spectrophotometer

Orion 11 Microplate Luminometer

PCR FlexCycler

pH-Meter 766 Calimatic

Shaking incubator for bacterial culture
Sterile bench

Standard power pack p25T

UV transparent gel trays

Vortex Genie 2

Waterbath for cell culture

Weight machine

Western blotting system

Intas

Biometra

Bio-Rad

SANYO

Liebherr

Heraeus Instruments
Leitz

Air Liquide

Bosch

Thermo Fisher Scientific
Berthold

Analytik Jena

Knick

VWR

Thermo Fisher Scientific
Analytik Jena

Biometra

Scientific Industries
Julabo MWB

Analytical Plus

Bio-Rad

2.1.6 Antibodies



Table 6: Antibodies

13

Antibodies

Manufacturer

B-actin(C4)
Met (25H2) Mouse mAb
CPEB1 (ab3465)

Anti-Mouse IgG, HRP (7076)

Santa Cruz Biotechnology
Cell Signaling Technology
Abcam

Cell Signaling Technology

Anti-Rabbit IgG, HRP (A16172) Invitrogen
2.1.7 Plasmid and cell line
Table 7: Plasmid and cell line
Plasmid / cell line Manufacturer
Plasmid: pGL4.24 Promega
Cell: Immortalized Human Gingival Fibroblast ABM

2.1.8 Oligonucleotides
Table 8.1: Oligonucleotides

Gene Forward (5°-3’) Reverse (5°-3’)
CPEB1 ATT TCT AGA GGC AGG TCA GGA CCG GCC GGC CcCC ACC
GGC AAG CAG GAA AAG CAGCCCT

Table 8.2: Oligonucleotides used for gRT -PCR

Gene Forward (5°-3°) Reverse (5°-3%)

MET CCC GAA GTG TAA GCC CAA TGC ACA ATC AGG CTACTG
CT GG

RBPJ CAC TCC TGT GCC TGT GGT CGG ACC CAT CTC CAACCT

AG

TC



https://www.cellsignal.com/products/primary-antibodies/met-25h2-mouse-mab/3127?site-search-type=Products&N=4294956287&Ntt=met&fromPage=plp
https://www.cellsignal.com/
https://www.cellsignal.com/
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DDX3Y

GG
SLC36A1

CT
GAPDH

CA
PTK9

TGG AAA

Luc (Luciferase)
CG

pGL4.24 Backbone

GGA CGT GTA GGA AACCTG GGC ACC AAATCC TCC ACT

GA

GCT GGG ATT CTG CTG TGT TGG CAG TTATTG GTG GTC

CcC

CAA ATT CCA TGG CAC CGT CCT GCA AAT GAG CCC CAG

AGC TCA ACT ATG TGC AGT ACG AGC TGA ATC CTT GGG

AA

ACG TGC AAA AGA AGC TAC GGC AAATGG GAAGTC AGA

A

TTC AAC CCA GTC AGC TCC CAA GAACTC TGT AGC ACC

TT GC
2.1.9 Media and buffers
Table 9: Media and buffers
Media and buffers Components
YT medium (1L) (1)16 g Tryptone
(2)10 g Yeast extract
(3)5 g NaCl
(4)15 g Agar

10X Transfer buffer (1L)

1X Transfer buffer (1L)

10X TBS (Tris buffer saline) (1L)

1X TBST (Tris buffer saline/Tween-20) (1L)

(5)Add ddH-0, adjust volume to 1 L(pH
7.0)

(1) 30.3g Tris base (final 0.25M)
(2) 144g Glycine (final 1.92M)
(3) pH 8.2-8.4

(4) Add ddH20 to 1000mL

(1) 100ml 10X Transfer buffer
(2) 200ml Methanol (final 20%)
(3) Add ddH20 to 1000mL

(1) Tris:24.33g

(2) NaCl:80.06g

(3) Dissolve all above in 800mL ddH.O
(4) Check thatpH is 7.6

(1) 100ml 10X TBS
(2) 5ml Tween 20 (20%)
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10X Running buffer (1L)

5% Blocking buffer (50 mL)

10% APS solution (10 mL)

10% SDS solution (100 mL)

(3) Add ddH20 to 1000mL

(1) 30.3g Tris base (final 0.25M)

(2) 1449 Glycine (final 1.92M)

(3) 10g SDS (final 1%)

(4) Dissolve all above in 800ml ddH.0
(5) Check that pH is 8.3-8.5

(6) Add ddH20 to 1000mL

(1) 2.5g BSA
(2) Add 1XTBST till 50mL

(1) 1g Ammonium persulphate
(2) 10 mL ddH20

(1) 10g SDS
(2) 100 mL ddH.0

2.1.10 Software tools and websites

Table 10: Software tools and websites

Software tools and websites

Website / software

Biorender

CFX Manager Software 3.1 for gRT-PCR cycler

Clone Manager 9, Professional, version 9.2
Ensembl genome browser 104
GraphPad Prism 6, version 6.01
Human protein atlas

ImageJ, 1.48v

IBM SPSS statistics 28.0.1.0
LaTex

miRDB

miRbase

NEB Tm Calculator, version 1.13.0
NEBioCalculator, version 1.13.1

NCBI
Office Word, PowerPoint, Excel

Primer3web, version 4.1.0

https://www.biorender.com/
Bio-Rad

Sci Ed Software LLC.
https://www.ensembl.org/index.htmL
GraphPad
https://www.proteinatlas.org/
https://imagej.nih.gov/ij/index.htmL
IBM SPSS statistics
https://www.overleaf.com/project
https://mirdb.org/cgi-bin/search.cgi
https://www.mirbase.org/
https://tmcalculator.neb.com/#!/main

https://nebiocalculator.neb.com/#!/liga-
tion
https://www.ncbi.nlm.nih.gov/

Office Word, PowerPoint, Excel

https://primer3.ut.ee/
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Primer blast https://www.ncbi.nlm.nih.gov/tools/pri-
mer-blast/
TargetScanHuman 7.1 http://www.targetscan.org/vert_71/
2.2 Methods

2.2.1 miRNA selection

Using the search terms 'miRNA', 'periodontitis', 'gingiva’, and 'oral inflammation’, array-based
miRNA expression studies performed in healthy and inflammatory oral tissues (gingiva, saliva) of
periodontitis patients were located in the PubMed database of biomedical and life sciences litera-
ture. From the results of 26 studies, meta-analyses, reviews and clinical related articles were ex-
cluded and original research articles on miRNA array expression profiling studies were included
for further analysis (for the workflow of the study, see Figure 3). In total, 6 studies were identified
(Fujimori et al. 2019; Lee et al. 2011; Ogata et al. 2014; Perri et al. 2012; Stoecklin-Wasmer et al.
2012; Xie et al. 2011). The selection criteria for miRNAS reported by these studies were differen-
tial expression found by at least 2 independent miRNA array expression profiling studies with fold
change >2 (Table 11), and they should have clear specifications of the strand orientation. hsa-
miR-142-3p, -130a-3p and -30e-5p fulfilled this condition and were found by 3 independent stud-
ies (Table 11). Additionally, hsa-miR-144-3p, -144*, -223-3p, and -17-5p were found by 2 inde-
pendent studies. Since both miRNAs (hsa-miR-144-3p, -144*, -223-3p, -17-5p) had similar ex-
pression and we could not distinguish the disease-relevant miRNA, we selected all four of these
miRNAs. These studies also provided clear specifications of the strand orientation; therefore, in
total, we selected these 7 miRNAs (hsa-miR-142-3p, -130a-3p, -30e-5p, -144-3p, -144*, -223-3p,
-17-5p).
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Figure 3. Workflow of the study

Table 11. Differentially expressed miRNAs in healthy and inflamed gingival biopsies found in the indicated miRNA

array-based studies

Xi Fujimori | (L klin- .
. (Xieet | (Fuimo (Leeet | (Stoec (Perrietal. | (Ogata et
miRNA al. etal. al. Wasmer et 2012) al. 2014)
2011) 2019) 2011) al. 2012) '
hsa-let-7a 2-5 - 9.48 - - -
2-5
hsa-miR-130a (-3p and - 18.83 - 4.6/6.4 -
o (-3p) (-3p)
p)
hsa-miR-142-3p 2-5 - - - 2.4/5.3 2.33
hsa-miR-17-5p 2-5 - 2.37 - - -
hsa-miR-302b 2-5 - 9.5 - - -
2-5
. 2.4 0.66 4.4/4.9
hsa-miR-30e -3p and - -
-3p (5p) (-5p) (5p)
p)
hsa-miR-144-3p - 2.16 9.5 - - -
hsa-miR-223-3p - - - 2.53 - 2.73
hsa-miR-210 - - - 0.47 1.4/2.3 -
hsa-miR-144* 2-5 - - - - 2.08
hsa-miR-126 2-5 - - 151 - -
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Bold letters indicate the 7 selected miRNAs. Numbers indicate fold change. The strand orientation is given in paren-
theses if not shown in the first column.

Of the 6 studies, 5 studies (Lee et al. 2011; Ogata et al. 2014; Perri et al. 2012; Stoecklin-Wasmer
et al. 2012; Xie et al. 2011) obtained inflamed gingival tissues from periodontitis patients diag-
nosed by probing depth (PD) > 4 mm, and attachment loss > 3 mm. 1 study (Fujimori et al. 2019)
collected saliva. One study (Stoecklin-Wasmer et al. 2012) collected both inflamed and healthy
gingiva from periodontitis patients. This study and the study of (Ogata et al. 2014) and (Perri et al.

2012) diagnosed bleeding on probing on the day of tissue collection.

2.2.2 Isolation and Cultivation of Primary Human Gingival Fibroblasts (phGFs)

Primary human gingival fibroblasts (phGFs) were isolated from gingival tissues of three different
donors. The tissues were washed in 80% ethanol for 30 seconds, rinsed with Dulbecco's Phosphate-
Buffered Saline (DPBS), and incubated at 4<C in DMEM medium (+1% penicillin/streptomycin).
Type IV collagen and fibronectin were enzymatically digested using neutral protease Dispase Il
to separate gingival tissues into epithelial cells and fibroblasts. The next day, gingival tissues were
separated using forceps. After adding 5 mL of DMEM medium (+1% penicillin/streptomycin, +5%
FBS), the solution containing dissociated epithelial tissue was pipetted 80 times using a 5 mL
pipette. To remove debris and isolate primary epithelial cells, the solution was passed through a
70 um cell strainer placed in a 50 mL Falcon tube, and the cell strainer was gently triturated with
a cell scraper. The cell strainer was washed with 20 mL of DMEM medium (+1% penicillin/strep-
tomycin, +5% FBS) and centrifuged at 300 x g for 5 minutes. The supernatant was aspirated, and
the cell pellet was resuspended in 5 mL of DermaL.ife K, a complete supplemented medium, and

transferred to T25 cell culture flasks coated with 1 mg/mL of collagen type A.

Small pieces of connective tissue were dissected with a scalpel and placed in 1 mL of DMEM
medium (+10% FBS, +1% non-essential amino acids) to promote fibroblast growth. After approx-
imately two weeks, the fibroblasts were passaged in T75 cell culture flasks until they reached the

3rd to 5th passage for miRNA transfection.

Primary human gingival fibroblasts (phGFs) were grown in T75 flasks at 37 <C with 5% CO: in a
humidified incubator. Once the cells reached approximately 90% confluence, they were passaged
under aseptic conditions. For this, the culture medium was aspirated from the fibroblasts and cells
were washed twice with DPBS. Then, DPBS was removed, and 2 mL of trypsin/EDTA was added

to the cells and incubated at 37<C for 5 minutes. To stop trypsin digestion, 10 mL of medium
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(DMEM medium + 10% FBS, + 1% non-essential amino acids) was added. Depending on the
confluence, 1 to 3 mL of cell suspension was transferred to a fresh T75 cell culture flask and
cultured until the cells again reached 90% confluence. phGF cells (3rd to 4th passage) were seeded

at a density of 3.0 x 10° cells per well in a 6-well tissue culture plate one day before transfection.
2.2.3 miRNA transfection

Three technical duplicates of three donors” phGFs from unrelated healthy donors were separately
transfected with mirVana miRNA mimics miR-144-3p, -144-5p, -142-3p, -130a-3p, -30e-5p, -17-
5p and -223-3p, respectively. The negative control mirVana miRNA Mimic Negative Control #1
was used for sample normalization. As a positive control, phGFs were transfected with the mir-
Vana miRNA mimic miR-1, which downregulates the expression of the gene PTK9 (Protein Ty-
rosine Kinase 9). The medium needs to be changed before transfection. By using Lipofectamine
RNAIMAX reagent, the miRNAs were transfected. For each transfection, the reaction was as fol-

lows:
Step 1: 9 L Lipofectamine RNAIMAX reagent + 141 pL Opti-Mem Medium
Step 2: 3 L mirVana miRNA mimic (30 pmol) + 147 pl Opti-Mem Medium

Step 3: Two reactions were gently mixed by adding the second reaction to the first and incubated
for 5 minutes at room temperature. 250 miRNA-lipid combination was then added to each well
of cells. After transfection for 24 hours, the cells were washed twice with DPBS.

2.2.4 Total RNA extraction

After 24 hours of transfection, total RNA was extracted from phGFs. The culture medium was
aspirated from the 6-well cell culture plate and cells were washed twice with 1x DPBS. At the
final wash stage, DPBS was removed, and 350 L of lysis buffer containing 3.5 L of [Zmercap-
toethanol was added to each well to get complete cell lysis. Cells were detached from the bottom
of the plate using a cell scraper and the entire cell lysate was transferred to QIAShredder spin
columns and centrifuged at 14,000 x g for 3 minutes. Afterwards, RNA extraction was performed
using the RNeasy Mini Kit. Samples were thawed on ice, and an equal volume of 70% ethanol
was added. Then, the columns were centrifuged for 30 seconds at 14,000 g (room temperature),
and RNA adhered to the silica membrane, while other cellular components in the solution were
removed as the flow-through. After washing with 350 L of wash buffer, DNase-I digestion was
performed on the column at room temperature (RT) for 15 minutes using DNase-I (70 uL RDD
buffer + 10 uL. DNase I) to prevent genomic DNA contamination of the RNA. After multiple
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washes to remove the remaining salt impurities in the column, RNA was eluted in 35 pL of ul-
trapure water (UPW), and its concentration was measured using the Multiskan GO Spectropho-
tometer. The RNA quality was determined by the 260/280 ratio, which should be in the range
between 1.9-2.1. Subsequently, all RNA was stored at -80 T for further use.

2.2.5 RNA sequencing (RNA-seq)

Using the NextSeq 500/550 High Output Kit v2.5, 500-1,000 ng total RNA from transfected cell
cultures were sequenced with 16 million reads (75 bp single end) on a NextSeq 500 (lllumina).
The Berlin Institute of Health's Genomics Core Facility conducted the RNA-Seq. STAR aligner
version 2.7.5a was used to align reads to the human genome sequences (build GRCh38.p7) (Dobin
et al. 2013). Using the multigc reporting tool (Ewels et al. 2016), the readings’ quality control (QC)
was examined. This included fastqc (which is accessible at http://www.bioinformatics.babra-
ham.ac.uk/projects/fastqc), dupradar (Sayols et al. 2016), and qualimap (DeLuca et al. 2012). The
STAR software was used to obtain the raw counts. Analysis of differential gene expression has
recently been reported (Chopra et al. 2022). In short, we employed the CERNO test from the tmod
package (Zyla et al. 2019), version 0.46.2, and MSigDB for gene set enrichment analysis, as well
as the R package DESeq?2 (Love et al. 2014), version 1.26.(Liberzon et al. 2015). The goseq pack-
age, version 1.38 (Young et al. 2010), was used for the hypergeometric test and the Gene Ontology
gene sets. The Benjamini-Hochberg correction was used to adjust the P-values for the genes with
differential expression for multiple testing. The q values for the revised P-values are provided
(false discovery rate [FDR]).

| utilized the internet database miRDB to estimate the miRNAS' target genes (Chen and Wang
2020). We utilized the online tool TargetScanHuman (version 7.1) to find miRNA binding sites
inside the 3'UTRs of the anticipated miRNA target genes. For each miRNA, the list of substantially
differentially regulated genes (Padj = 0.05) was first sorted by target score > 80 to identify regu-

latory candidate genes. Subsequently, the list was sorted by ascending logzFC.
2.2.6 QRT-PCR
2.2.6.1 RNA purification

RNA purification was achieved by performing additional DNase I digestion to eliminate any traces
of DNA in the total RNA. To accomplish this, the TURBO DNA-free Kit was used according to
the manufacturer's instructions. For the preparation of RNA from the 6-well plates, a two-step
TURBO rigorous DNase treatment was performed. The reaction involved 30 pL of total RNA, 5
L of 10X TURBO DNase buffer, and 2 L (4 U) of TURBO DNase. Initially, the mixture was
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incubated at 37 <C for 30 minutes, followed by the addition of an additional 1 L (2 U) of TURBO
DNase and another 30 minutes of incubation at 37 <C. The reaction was terminated by adding 10
L of TURBO inactivation reagent at room temperature for 5 minutes. Subsequently, the samples
were centrifuged at 14,000 x<g for 1.5 minutes, and the supernatant was transferred to a new tube.
The RNA was then purified and used for reverse transcription. Finally, a PCR was performed using
plasmid backbone primers and a pGL4.24 DNA template as a positive control to ensure complete

removal of DNA.
2.2.6.2 cDNA synthesis

The process of synthesizing complementary DNA (cDNA) from an RNA template through reverse
transcription is referred to as cDNA synthesis. In this process, oligo dT primers were utilized,
which bind to the poly-A tail of eukaryotic mRNA. Mix the whole 20uL reaction system as de-
scribed below: 6puL (500 ng) RNA, 1 plb dNTPs, 1 L oligo dTs, 6 pl UPW, 2 i 10 x reverse
transcriptase buffer, 1 L RNase inhibitor, 1 L Multiscribe reverse transcriptase. Then, put the
mixed sample into the PCR machine, choosing the program for cDNA synthesis (for program

details, see Table 12).
Table 12: PCR program of cDNA synthesis

Steps Temperature (<C) Time (min)

1 25.0 10: 00

2 37.0 120: 00

3 85.0 05: 00

4 4.0 Pause
Total run time - 2h16min

2.2.6.3 gRT-PCR primer design

The primer design software primer3 (https://primer3.ut.ee/) and NCBI primer Dblast
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/) were used for primer design. The desired
length of the amplicons was set between 70 bp and 250 bp, and the annealing temperature for all
primers was set at 60 <C. Whenever possible, primers were designed to span exon-exon junctions,

with one primer crossing the exon-intron boundary. In cases where it was not possible to span the
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exon-exon junction, primers were selected to be located in different exons with a long intron be-
tween them. The use of primers spanning exon boundaries was particularly favored as it helps

minimize amplification of genomic DNA and prevents false-positive amplification.
2.2.6.4 qRT-PCR

Quantitative real-time polymerase chain reaction (qQRT-PCR) is a method used to quantify nucleic
acid and gene expression. It involves amplifying cDNA. SYBR Green |, a fluorescent dye that
binds to the cDNA double helix and emits light at 520 nm, was utilized in this study. The fluores-
cence signal increases with each cycle as the cDNA amplicons grow. The CFX Connect Real-
Time PCR Detection System, equipped with three LEDs that emit light at an excitation wavelength
of 450-480 nm (matching the excitation wavelength of SYBR Green: 497 nm), was employed. The
SYBR Green Master Mix used in this study contains the necessary components, including SYBR
Green | dye, dNTPs, Ampli Tag Gold polymerase, and an appropriate buffer, to ensure optimal
reaction conditions. The reaction mixture consisted of 1 pLL of cDNA, 5 pL of SYBR Green Master
Mix, 0.02 i of forward primer (100 M), 0.02 i of reverse primer (100 M), and 3.96 L of
ultrapure water (UPW), resulting in a total volume of 10 . gRT-PCR was performed using the
CFX Connect Real-Time PCR Detection System, and the specific amplification program details
can be found in Table 13. The Ct value was obtained from each sample, which can be used to
determine the amount of target input. The 2—AACT method enables relative quantification. The

specificity of gRT-PCR products can be confirmed by examining melt or dissociation curves.

Table 13: gRT-PCR program

No. Temperature (TC) Time (min) Steps

1 50 02:00 Activation

2 95 02:00 Initial denaturation
95 00:15 Denaturation

3 Annealing
60* 01:00 Extension

4 - - 35 cycles starting with No. 3
95 00:05

5 65 00:05 Melting curve analysis

95 00:50
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2.2.7 Cloning of CPEB1 3’UTR sequence into the reporter plasmid pGL4.24

2.2.7.1 Polymerase chain reaction (PCR)

We chose the periodontal risk gene CPEB1 (Cytoplasmic Polyadenylation Element Binding Pro-
tein 1), which was downregulated by miR130a-3p, to show how miRNA regulation affects a target
gene mechanistically. Three conserved 7mer sites in CPEB1-3'UTR match the seed region of hsa-
miR-130a-3p. Primers of CPEB1-3'UTR were designed by using Primer 3 (described above in
Chapter 2.2.6.3), which contained two types of enzyme sites (Xbal and Fsel). In the reporter vector
pGL4.24 (Promega), we cloned 920 basepairs (bp) of the CPEB1 3'UTR sequence, including the
miRNA binding sites, upstream of the Luc polyadenylation site. With the use of Qiagen's AllPrep
DNA/RNA/mMiIRNA Universal Kit, and the template DNA named genomic DNA (gDNA) that was
isolated from phGFs, DNA was amplified by PCR using Phusion High-Fidelity PCR Polymerase
(NEB) to amplify the 3' UTR of CPEBL, and the following PCR reaction was performed: 4 puL 5
x Phusion HF Buffer, 0.4 pL. 10 mM dNTPs, 1 pL fwd-Primer (10 pM), 1 pL rev-Primer (10 uM),
1 pL Template DNA (genomic DNA; 100-200 ng), 0.2 pL Phusion polymerase, 12.4 nL. UPW;
Gently mix the 20uL volume combination. Move the tubes into the PCR machine and start the

PCR program. The PCR program is given in Table 14.

Table 14: PCR program for 3’UTR of CPEB 1

Steps Temperature Time Cycle
1 98<C 05:00 Activation
2 98<C 00:10 Denaturation
3 71<C 00:30 Annealing
Elongation
4 72<C 01:00

(to step 2 with 35 cycles)
5 72<C 10:00 -

6 4<C Pause -

2.2.7.2 Restriction digest
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The 920-bp sequence, encompassing three 7-mer sites, was inserted into the 3' untranslated region
(UTR) of the reporter vector pGL4.24, specifically at the adenylation sites within the firefly lucif-
erase gene. The 3' UTR sequence of CPEBL, spanning 920 nucleotides, was amplified using PCR.
Subsequently, both the PCR product and the pGL4.24 plasmid were digested with Xbal and Fsel
restriction enzymes. The reaction mixture, comprising 2 pL of DNA (~2 ug PCR prod-
uct/pGL4.24), 1 uL of Xbal, 1 pL of Fsel, 5 uL of 10x rCutSmart buffer, and 41 puL of ultrapure
water (UPW), was prepared to a final volume of 50 puL. The reaction mixture was incubated at
37<C for 2-3 hours, followed by loading onto a 1% agarose gel, as described in Section 2.2.7.3.
Finally, the restricted plasmid DNA was isolated from the 1% agarose gel, following the procedure
outlined in Section 2.2.7.4.

2.2.7.3 Gel electrophoresis

To determine the size of DNA fragments generated during PCR or restriction digestion, gel elec-
trophoresis was employed. This method separates DNA fragments based on their size by applying
an electric field through an agarose gel. Typically, agarose gels with concentrations ranging from
1% to 2% are used. For a 1% agarose gel, 4.0 g of agarose powder was dissolved in 400 mL of
IXTAE buffer by carefully heating it for 30 minutes. From this, 200 mL of 1% gel was transferred
into a new Falcon tube, followed by the addition of 5 uL of ethidium bromide. 50 uL of DNA,
which was mixed with a 6x orange loading dye, was finally loaded into each well on the gel. To
determine the size of DNA bands in the gel, 5uL. DNA markers (GeneRuler 1 kb Plus DNA Ladder
or 50 bp O'Range Ruler) were also loaded in the gel. An electric voltage of 110 V was applied for
45 minutes (Figure 4) to facilitate the migration of DNA fragments.

4411bp

L 4

—— 4000bp——»
920bp
Lo ol

1000bp—

Ladder Negative CPEB1 CPEB1 Ladder Negative pGL4.24 pGL4.24 pGL4.24

Figure 4. 1% agarose gel picture of restricted PCR product of CPEB1 3' UTR on the left and restricted pGL4.24

vector on the right. The electrophoresis was carried out at 110 V for 45 minutes. The identified DNA fragments were extracted

from the gel following the method outlined in Chapter 2.2.8.

2.2.8 Purification of DNA fragments
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The QIAquick Gel Extraction Kit was utilized to purify the DNA fragments from the agarose gel.
Initially, the suitable DNA bands were excised from the gel using a scalpel and weighed. Subse-
quently, 300 uL of QC buffer was added to the DNA fragments for every 100 mg gel and the
combination was incubated at 50 <C for 10 minutes. After the agarose gel was completely dissolved,
the entire contents were pipetted onto a new column and centrifuged at 14,000 x g for 1 minute.
In this step, the high salt concentration of the previously added buffer caused the DNA to adsorb
onto the silica membrane of the column, while primers, enzymes, and other contaminants were
discarded as supernatant. The excess salts were removed by washing the DNA with 750 uL of
wash buffer, and finally, it was eluted with 30 pL. of UPW. The DNA concentration was measured
using the Multiskan GO Spectrophotometer. The quality of the DNA was assessed based on the
260/280 ratio, which should ideally fall between 1.7 and 2.0. Subsequently, all the DNA samples

were stored at -20<C for future use.
2.2.9 Ligation

DNA ligation is the process of creating a phosphodiester bond between two single strands of DNA
or linearized plasmid DNA. This bond is formed through the catalytic action of a ligase, which
connects the 3’-hydroxyl end of the PCR products with the 5’-phosphate end of the restricted
plasmid DNA, resulting in the formation of a phosphodiester bond.

To clone the reporter gene plasmids, the following ligation reactions were performed: 2ulL of
pGL4.24 (restricted by Xbal and Fsel) (50 ng), 1.5 pL of PCR product (restricted by Xbal and
Fsel) (37.5 ng), 2 uL of T4 ligation buffer, 1 pL of T4 ligase, and 13.5 uL of UPW (the total
volume of the reaction mixture is 20 puL). Following an overnight incubation of the ligation reac-
tion at 16 C, the transformation into competent cells was carried out according to the procedure
described in Chapter 2.2.10.

2.2.10 Transformation

Transformation refers to the uptake of DNA by competent bacterial cells. In this study, for the
purpose of transformation, 100 puL of self-prepared competent Top10 Escherichia coli cells (NEB)
were slowly thawed on ice for 10 minutes, followed by incubation on ice with 10 uL of the ligation
mixture for 20 minutes. Subsequently, a heat shock was performed by heating the cells at 42 <C for
50 seconds, followed by a 3-minute placement on ice to allow the plasmid DNA to enter the cells.
After this, 300 pL of SOC medium was added inside, and the cell mixture was incubated at 37<C
with shaking at 250 rpm for 50 minutes. Finally, the cell mixture was plated on YT agar plates

supplemented with 100 mg/mL ampicillin (amp) and incubated overnight at 37 <C. Single colonies
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were picked and checked via colony PCR (described in Section 2.2.7.1), and then grown overnight
in 8 mL of YT medium supplemented with amp (100 mg/mL).

Plasmid DNA was isolated using the procedure described in Section 2.2.11.
2.2.11 Plasmid DNA isolation

The QIAGEN Plasmid Mini Kit and QIAGEN Plasmid Midi Kit were utilized to isolate the plas-
mid DNA from the bacterial cell pellet obtained from an 8 mL overnight culture, which was cen-
trifuged at 7,000 x g for 15 minutes at room temperature. The bacterial pellet was initially resus-
pended in 250uL of pre-cold resuspension buffer P1 (composed of 50 mM Tris-HCI, pH 8.0, 10
mM EDTA, and 100 pg/mL RNase A) and transferred into a 1.5ml microcentrifuge tube. Next,
250 uL of lysate buffer P2 (comprised of 200 mM NaOH and 1% SDS) was added to the bacterial
cell suspension, and the mixture was inverted 4-6 times. Then, the 350uL buffer N3 was added
into the mixture with 4-6 times inverting. Afterwards, the supernatant (DNA solution) was loaded
onto the column and centrifuged at 13,000 rpm for 10 minutes (room temperature). The DNA was
rinsed using 0.75 mL of alcohol-containing PE buffer to remove the remaining buffer and salt
residues from the column, followed by centrifugation at RT and 13,000 rpm for 1 minute. The
DNA was eluted using 35 uL. UPW and collected in a 1.5 mL clean tube by centrifugation for 1
min at 13,000 rpm. To measure the concentrations of DNA, a Multiskan Go spectrophotometer
was used. For this purpose, 2 L of the standard (UPW) and sample solution were pipetted onto
the drop plate. Each measurement utilized two templates, and the absorbance of DNA solutions
was measured at 260 nm. Subsequently, all the plasmid DNA samples were stored at -20<C for

future use.
2.2.12 DNA sequencing

At LGC Genomics GmbH (Berlin), plasmid DNA sequencing was carried out to verify the correct
cloning sequence of CPEB1-3’UTR into vector. A volume of 15 pL containing 100ng/uL of plas-
mid DNA was submitted to the company. Using Clone Manager 9.0 software, sequence alignments

were produced (Figure 5). The correct plasmid DNA was stored at -20<C for future use.
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Figure 5. Sequence alignment of CPEB1-3°’UTR. The initial line displays the CPEB1 reference sequence, while the
subsequent line exhibits the CPEB1 sequence that was amplified from genomic DNA and cloned into the pGL4.24
plasmid. The 3' UTR region of CPEBL1 is indicated in green, and regions of matched sequences at identical base pair

positions are shaded.
2.2.13 Co-transfection of plasmid DNA and miRNAs

2.2.13.1 Cultivation of ihGFs for reporter gene assays and Western Blotting

Immortalized Human Gingival Fibroblasts (ihGFs, ABM) were used for reporter gene assays. ih-
GFs were cultivated in a T75 flask at 37<C in a 5% CO: incubator. Prior to cell passage, cell
confluence had attained approximately 90 %. To achieve this, the medium from the confluently
grown cells was extracted, and the cells were rinsed twice with DPBS. The DPBS was then re-
moved, and the cells were incubated at 37 <C for 2 minutes with 3 mL of Trypsin/EDTA. By adding
5 mL of culture medium (DMEM media (+ 10% FBS, + 1% non-essential amino acids (NEAA)),
the trypsinization of ihGFs was halted. The cells were then transferred to a 50 mL falcon and
centrifuged for five minutes at 300 x g (room temperature). The supernatant was then extracted,
and the cells were resuspended in 2 mL of fresh culture medium. Depending on the confluence of
the cells, the entire cell suspension was transferred to a new T175 cell culture vial containing 30
mL of culture medium and incubated until the cells reached 90% confluence once again.

2.2.13.2 Transfection of ihGFs with dual reporter gene plasmids

In 6-well cell culture plates, ihGF cells were inoculated with 180,000 cells per well one day prior
to transfection. There were always three independent biological replications of transfected cells.
Before transfection, the medium of the cells was changed. Lipofectamine 2000 and Lipofectamine
RNAIMAX Transfection Reagent (Thermo Fisher Scientific) were used to transfect cells with the
dual reporter gene plasmids and miRNA mimics. One 6-well's transfection reactions were as fol-
lows:

1. Reaction: 1.3 pL (2.7 ug pGL4.24- CPEB1 and 0.3 pg Renilla) DNA + 148.7 pL. Opti-mem

2. Reaction: 6 pL lipofectamine 2000 + 144 uL. Opti-mem
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Gently mix both reactions, add reaction B into A, then gently vortex and centrifuge. Incubate for
20 min at RT. Add 250 pL into each well. Change the culture medium after 4h. After 24h incuba-
tion, change the fresh medium prior to transfection of the miRNAs into the cells. For the detailed
transfection protocol, see below:

1. Reaction: 3uL. miRNA mimics + 147 pLL Opti-mem

2. Reaction: 9uL Lipofectamine RNAIMAX + 141 pL Opti-mem

Gently mix both reactions, add reaction B into A, incubate for Smin at RT, then add 250 pL into
each well. After transfection for a further 24 hours, the cells were rinsed twice with PBS. As de-
scribed in next chapter, further Luciferase reporter gene assays were performed.

2.2.14 Luciferase Reporter gene assays

MicroRNAs (miRNAs) target mMRNA at particular locations in the 3'UTR to cleave targets or hin-
der translation. An RNA-induced silencing complex (RISC) mediates the miRNA-target interac-
tion, which relies on sequence complementarity and the number of binding sites ina 3’ UTR. To
achieve this, the CPEB1 3'UTR are cloned into downstream of a firefly luciferase reporter. After
plasmid DNA and miRNAs are co-transfected into ihGFs, the reporter expression is monitored.
Luciferase levels can reveal if a miRNA can bind to the 3’UTR and control its expression. The
Dual-Luciferase Reporter Assay System was used to allow the measurement of two reporter en-
zymes from one sample: the Firefly luciferase, which was downstream of the 3’UTR, and the
Renilla luciferase, which served as an internal control. To control for experimental variability,
plasmid pGL 4.24, which expresses the Renilla luciferase, was used.

After co-transfection of plasmid DNA and miRNA mimics, cells were rinsed with cold DPBS and
treated for 15 min with 1 x Passive lysis buffer on a rocking platform at room temperature. 5 uL.
of cell suspension from each group was pipetted onto a 96-well plate. An Orion Il Microplate
Luminometer (Berthold, Germany) was used to measure the results. For each test, the luminometer
performed a 2-second premeasurement delay and a 10-second measurement. Each sample received
25 uL of luciferase assay reagent II (LAR II) and 25 pL of Stop&Glo reagent. Relative fold
changes (FC) in activities were computed by dividing the average (Firefly/Renilla) of the experi-
mental group (co-transfection of plasmid CPEB1 and miR-130a-3p) by the average (Firefly/Re-
nilla) of the negative control group (co-transfection of plasmid CPEB1 and miRNA negative con-
trol). GraphPad Prism 6 was used to determine differences in protein levels using a t-test
(GraphPad Software, Inc.).

2.2.15 Quantitative reverse transcription polymerase chain reaction (QRT-PCR)

To confirm that hsa-miR-130a-3p inhibits the target mMRNA at the transcript level, qRT-PCR was

utilized to measure the expression of the reporter gene following co-transfection of Plasmid DNA
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and miRNA mimics. RNA isolation, RNA purification, cDNA synthesis and qRT-PCR were per-
formed by the same protocol mentioned above in Chapter 2.2.6. Prior to this, by using pGL4.24
backbone primers, a PCR was performed on the cDNA to assess for genomic DNA contamination,
and DNase | digestion was carried out until no genomic DNA was detectable, as depicted in Figure
6.

637bp |

miR1 miR2 miR3 +1 +2 -1 -2 -3 H,O Positive Ladder

Figure 6. 1% agarose gel picture of PCR to check genomic DNA contamination of cDNA. No PCR product was obtained.
This meant that the total RNA could be used in the next qRT-PCR step.

By measuring PTK9 transcript levels prior to checking the Luc gene activity, we were able to
ascertain the transfection effectiveness and functioning of the miRNA positive control mimic. For
the primers of PTK9, LUC, and GAPDH, see Table 8.2.

For the quantification of MET, RBPJ, DDX3Y and SLC36A1 genes’ activity, after transfection of
miR-130a-3p, -142-3p, -144-5p, -144-3p, -30e-5p, 17-5p, and -223-3p, total RNA was isolated
from transfected phGFs. 500 ng of the total RNA was transcribed into cDNA as described in Chap-
ter 2.2.6.2. Differential expression of the MET, RBPJ, DDX3Y and SLC36A1 genes was quantified
by qRT-PCR with primers of MET, RBPJ, DDX3Y and SLC36A1 (Table8.2) .

Ct values of the tested genes were normalized to GAPDH Ct values. Fold changes of relative gene
expression were calculated by the 2724t method. All of these gene transcript levels were compared
between ihGFs/ phGFs that were transfected with the positive and negative control mimics. Dif-

ferences of transcript levels were analysed with a t-test.
2.2.16 Protein expression analysis
2.2.16.1 Protein extraction

24 hours after plating 3.0 x 10° ihGFs per well in a 6-well plate, the cells were transfected by
miRNA mimics for another 24 hours. Once plates were rinsed with cold PBS, RIPA buffer was
added for 15 minutes (50 mM Tris-HCI, pH 7.4, 150 mM NacCl, 0.5 mM MgClz, 0.2 mM EDTA,

and 1% Triton X-100 with protease inhibitor cocktail (Thermo Scientific). Cells were removed
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and samples were clarified by centrifugation for 15 minutes at 14,800 g and at 4<C. For future use,
the proteins were stored in a -80<C freezer.

2.2.16.2 Protein concentration measurement

According to the manufacturer's instructions, a BCA Protein Assay reagent (Pierce) was used to
determine protein concentration. To draw a standard curve and add samples according to the Table
15. The detailed procedure stages are as follows:

Table 15: Standard curve measurement

Well 0 1 2 3 4 5 6 7
BSAQ.5g/U) 0 1 2 4 8 12 16 20
H20(U) 20 19 18 16 12 8 4 0

Configure an adequate quantity of BCA working agent based on the total amount of samples ac-
cording to a volume ratio of BCA reagent A and B solution of 50:1, mix thoroughly, and add
2004 of the mixed BCA buffer to each well above. After thorough mixing, incubate at 37 <C for
30 minutes, perform colorimetry at 562nm, document the absorbance value of each space, and
construct a standard curve (the abscissa represents protein concentration (ug) and the ordinate is
the absorbance value). Add 204 of the diluted sample to each well, then add the BCA mixture,
mix thoroughly, incubate at 37<C for 30 minutes, perform colorimetry at 562nm, and document
the absorbance value of each space. On the basis of the absorbance value of the measured sample,
the corresponding protein amount (.g) can be found on the standard curve, and the sample's actual

concentration can be calculated using the following formula:
Final protein concentration(jg/i) = protein amount (jg) / 20 x10.

Adjust the concentration of various samples to the same level prior to electrophoresis using RIPA

lysis buffer.
2.2.17 Western Blotting
2.2.17.1 Protein Sample Preparation

Add the obtained protein sample mentioned above to 6x sample loading buffer in a volume ratio

of 5:1, boil it at 95<C for 10 minutes, and aliquot the sample for further experiments.

2.2.17.2 SDS-PAGE
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According to the molecular weight of the target protein, a separation gel with a concentration of
10% or 6% and a stacking gel with a concentration of 6% or 4% should be selected, and the liquid

should be prepared according to Table 16.

Table 16: SDS page preparation chemicals

Protein weight > 100kDa Protein weight < 80kDa
Chemicals 6%Separation Gel ~ 4%Stacking Gel ~ 10%Separation Gel ~ 6%Stacking Gel
H20 (ml) 5.3 2.4 4.0 2.1
30%Acrylamide (ml) 2 0.5 3.3 05
1.5M TrisHCI (pH 8.8) 2.5 - 2.5 -
(ml)
1M TrisHCI (pH 6.8) - 1 - 0.38
(ml)
10%SDS () 100 40 100 30
10%APS (M) 100 20 100 30
TEMED (M) 10 4 10 3

Fix the 1cm thick glass plate, first adding 3ml of separating gel to the center of the glass plate.
Then, add 1ml of isopropanol to flatten the liquid surface and isolate any air bubbles. Wait for 15
minutes until the separating gel is solidified, and then pour off the isopropanol. Next, add 1.5ml
of concentrated gel and quickly insert the supporting comb. After the concentrated gel is solidified,
move the glass plate into the electrophoresis tank, add 500ml of electrophoresis liquid, and then
pull out the comb. Finally, add 30 of the sample from 2.2.16.1 to each well. Add 7@ protein
ladder to the outer wells to mark the positions of the proteins. Connect the power supply and run
the electrophoresis at a constant current of 40mA. Stop the electrophoresis when the bromophenol
blue reaches the bottom of the gel.

2.2.17.3 Protein transfer

As the electrophoresis is about to end, prepare a PVDF membrane of appropriate size and soak it
in formaldehyde for 5 minutes. After electrophoresis, carefully remove the gel, and discard the
stacking gel and the gel bottom containing bromophenol blue. Prepare the electrotransfer clips in
the order specified in Table 17. Add 500ml of transfer buffer to the electrophoresis tank and place
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an ice box inside. Transfer the proteins to the membrane at a constant pressure of 100V for 90

minutes, using an external ice bath.

Table 17: The order of the transfer sandwich

Order Red side
6 Splint (white) and white sponge

5 Filter paper

4 PVDF membrane

3 Gel

2 Filter paper

1 Splint (black) and white sponge
- Black side

2.2.17.4 Immunoblotting

After transferring the proteins to the PVDF membrane, wash the membrane twice with 1XTBST.
Block the membrane with 5% BSA-TBST solution at room temperature for 2 hours, wash three
times with 1XTBST again, and then incubate the mem-brane with the prepared primary antibody
at a concentration of 1:2000 overnight at 4 <C. Wash the membrane with 1x TBST three times for
10 minutes each time, and then incubate with the prepared secondary antibody (1:5000) at room
temperature for 1 hour. Wash the membrane again three times with 1IXTBST for 10 minutes each
time. Finally, add the prepared developing solution (ECL Western Blotting Substrate) dropwise to
the membrane, let it react for 10 seconds, and then capture the image using an imaging system.
Save the image in the Tiff format.
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3. Results

3.1 Contrast results for differentially expressed miRNAs find periodontitis risk genes as
MiRNA target genes

To identify the target genes and gene sets of the selected miRNAs that showed increased expres-
sion in periodontal inflammation, we overexpressed miRNA mimics in primary human gingival
fibroblasts. Upregulation of hsa-miR-130a-3p influenced the expression of 1,819 genes with Pqgj
< 0.05. Of these genes, 315 had a predicted hsa-miR-130a-3p binding site, of which 272 showed
reduced expression and 48 showed increased expression (Figure 7). 1,503 differentially expressed
genes had no predicted hsa-miR-130a-3p binding site, 433 of which showed reduced expression
and 1,070 genes showed increased expression. The gene ENPP5 (Ectonucleotide pyrophospha-
tase/phosphodiesterase family member 5) showed the strongest downregulations, with a fold
change (FC) reduction of 5.8 (log2FC = -2.5; Pagj = 6.9 x 10"12) and a miRNA target score of 96.
Periodontitis risk gene CPEB1 (Cytoplasmic polyadenylation element binding protein 1) (Rhodin
et al., 2014) was the second most downregulated gene, showing 2.8 fold downregulation (log>FC
=-1.5, Pagj= 1.7 x 10°2Y), This gene had the highest target score (100) for hsa-miR-130a-3p binding
(Table 18).

Upregulation of hsa-miR-142-3p influenced the expression of 2,203 genes (Padj < 0.05). 252 genes
had a predicted hsa-miR-142-3p binding site, of which 241 showed reduced expression and 11
showed increased expression. The gene WASL (WASP Like Actin Nucleation Promoting Factor
(NWASP)) showed the strongest downregulation (log2FC = -2.78, Pagj = 7.1 x 1074, target score
= 94). Reduced WASL expression is reported to increase the production of inflammatory cytokines
in phGFs (Wang et al. 2020).

Upregulation of hsa-miR-144-3p influenced the expression of 19,647 genes (Padj < 0.05). Of these
genes, 449 had a predicted hsa-miR-144-3p binding site, of which, 420 showed reduced expression
and 29 showed increased expression. The gene UBE2D1 (Ubiquitin Conjugating Enzyme E2 D1)
showed the strongest downregulation with log2FC of -2.3; Pagj = 3.7 x 10™%), which has been re-
ported to be target gene of miR-144-3p (Li et al. 2021). The gene NACC2 (NACC Family Member
2) showed the second strongest downregulation (logzFC = -2.2, Pagj = 4.9 x 10°°%). The 4™ most
differentially regulated gene was FBN2 (Fibrillin 2) (logz2FC = -2.09, Pagj = 1.2 x 1076), a known
regulatory target of this miRNA (Mo et al. 2021). Notably, the 10" and the 29"" most differentially
regulated genes, MAPKG6 (Mitogen-Activated Protein Kinase 6) and periodontitis risk gene ABCA1
(ATP Binding Cassette Subfamily A Member 1), were known target genes (de Aguiar Vallim et
al. 2013; Wu et al. 2019).
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Upregulation of hsa-miR-144-5p influenced the expression of 19,647 genes (Pagj < 0.05). Of these
genes, 129 had predicted hsa-miR-144-5p binding sites, of which, 128 showed reduced expression
and 1 (DPYD) showed increased expression. The gene MMD (Monocyte to macrophage differen-
tiation associated) showed the strongest downregulation (logoFC = -2.16, Pagj = 3.7 X 10%). The
4™ most downregulated gene was the periodontitis risk gene ATP6V1C1 (ATPase H+ Transporting
V1 Subunit C1) (Munz et al. 2019). This gene is a previously reported target of hsa-miR-144-5p
(Capstone Project: Data Science DSC180B; Genetic Overlap between Alzheimer's, Parkinson’s,
and healthy patients; replication project for the paper (Burgos et al. 2014).

Upregulation of hsa-miR-30e-5p influenced the expression of 1,113 genes (Pagj < 0.05). Of these
genes, 365 had predicted hsa-miR-30e-5p binding sites, of which, 358 showed reduced expression
and 7 showed increased expression. The gene IDH1 (Isocitrate dehydrogenase (NADP(+)) 1)
showed the strongest downregulation (logoFC = -2.20, Pagj = 9.0 X 10°%). The 8w most downregu-
lated gene was ADAM19 (ADAM Metallopeptidase Domain 19). This gene is a previously re-
ported target of hsa-miR-30e-5p.

Upregulation of hsa-miR-17-5p influenced the expression of 880 genes (Pag < 0.05). Of these
genes, 358 had predicted hsa-miR-17-5p binding sites, of which, 336 showed reduced expression
and 21 genes showed increased expression. The gene ENPP5 (Ectonucleotide Pyrophospha-
tase/Phosphodiesterase Family Member 5) showed the strongest downregulation (log2FC = -2.53,
Pagj = 1.9 x 10%). The 4™ most downregulated gene was TGFBR2 (Transforming Growth Factor
Beta Receptor 2). This gene is a previously reported target of hsa-miR-17-5p.

Upregulation of hsa-miR-223-3p influenced the expression of 852 genes (Pagj < 0.05). Of these
genes, 131 had predicted hsa-miR-223-3p binding sites, of which, all showed reduced expression
and 0 genes showed increased expression. The gene ARL6IP1 (ADP Ribosylation Factor Like
GTPase 6 Interacting Protein 1) showed the strongest downregulation (log2FC = -1.938, Pagj = 1.5
x 10?7). The 3 most downregulated gene was PARP1 (Poly(ADP-Ribose) Polymerase 1). This
gene is a previously reported target of hsa-miR-223-3p.

Remarkably, the periodontitis risk genes CPEB1, ABCAL and ATP6V1C1 were among the most
differentially expressed genes of the miRNAs hsa-miR-130a-3p, hsa-miR-144-3p and hsa-miR-
144-5p, respectively.
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Figure 7A-G. Volcano plots for different differentially regulated genes after miRNA transfection into phGFs. (Bold = re-

ported miRNA target gene, Green = reported periodontitis risk gene). Increased levels of each of the 7 selected miRNAs

correlated with increased expression of the gene MET (color in blue).
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Table 18: The 10 most downregulated genes after miRNA transfection into phGFs.
For each miRNA, the 10 most downregulated target genes with a miRNA target score > 80 are listed. Previously
reported periodontitis risk genes are highlighted in bold letters.
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IRNA Gene Pa Fold change Target
(down) Score
ENPPS 6.9E-12 581 96
CPEB1 1.7E-21 281 100
BMT2 5.4E-29 2.79 92
IMPDH1 1.3E-33 2.26 94
hsa-miR MYBL1 2.0E-27 2.26 99
-130a-3p RTCA 6.4E-42 2.24 95
THOP1 1.4E-22 2.13 86
NACC2 1.2E-25 2.13 92
DICER1 2.8E-35 2.08 91
GAREM1 2.5E-05 2.08 93
WASL 7.1E-140 6.87 94
SLC49A4 3.2E-37 3.89 96
CFL2 3.4E-74 3.89 88
NR2F6 6.4E-53 3.85 83
hsa-miR TSEN34 2.8E-74 3.73 94
-142-3p AKT1S1 2.9E-107 3.62 86
LRRC32 2.5E-15 3.12 88
RARG 8.7E-103 3.10 81
INPP5A 1.8E-42 3.08 86
MRFAP1 2.4E-94 2.94 89
UBE2D1 3.7E-4 5.03 100
NACC2 4.9E-56 4.47 99
IMPA1 2.9E-24 4.44 90
FBN2 1.2E-46 4.28 99
hsa-miR MYEF2 2.9E-16 3.07 99
-144-3p* ATP5MC2 1.8E-35 3.03 95
GPR176 3.0E-16 2.96 84
ARNTL2 4.3E-16 2.93 83
FZD6 1.3E-16 2.87 99
MAPKG6 2.3E-23 2.77 99
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MMD 3.7E-23 4.47 86

FAM3C 1.5E-45 3.92 81

RRAGC 1.2E-43 3.27 92

ATP6V1C1 8.1E-36 3.10 95

hsa-miR APBBL1 2.4E-32 2.58 01
-144-5p RAB33A 2.8E-4 2.58 04
TFG 1.2E-42 2,57 03

DRAM2 3.1E-19 2.55 83

REEP3 7.4E-28 2,51 83

ZSCAN3L1 4.7E-9 2.45 84

IDH1 9.00E-35 2.20 90

SEC23A 1.50E-33 1.82 95

LRRC17 1.70E-08 1.74 99

RARG 2 40E-43 1.73 99

hsa-miR-30e GALNT? 5.40E-27 1.71 08
5p ADAM19 7.70E-35 1.69 96
AVEN 2.30E-19 147 81

SKP2 1.10E-24 1.45 01

SCML1 1.30E-26 1.44 08

TMEM181 3.40E-39 1.42 08

ENPP5 1.90E-09 2.53 100

PDCD1LG2 1.50E-52 2.41 99

CYBRDL1 1.50E-47 2.37 89

TGFBR2 4.10E-76 1.94 86

hsa-miR-17- FYCO1 1.60E-36 1.87 100
5p LIMK1 2 50E-42 1.83 94
KCNB1 3.7E-04 1.65 99

ZNFX1 1.90E-30 1.63 100

SLC40A1 4.90E-14 1.58 99

TMEM64 1.10E-22 1.53 89

PARP1 7.10E-56 1.64 89

hsa-miR-223- TBC1D17 1.70E-13 1.30 85
3P SLC35G2 1.28 93

7.80E-17



SLC7A8 1.30E-16
SLC4A4 9.30E-18
CBXG5 1.30E-17
FBXO8 6.40E-14
ARMCX1 7.40E-19
RCN2 1.00E-07

1.26
1.24
1.18
1.17
1.16
1.02

91
97
95
94
94
80

40

*Note that miRNA-144-3p regulates periodontitis risk gene ABCA1 (FC downregulation = 2.23, Pagj =1.4x10°%°), which is on po-

sition 29.

3.2 Validation of the inhibitory effect of hsa-miR-130a-3p on the 3’UTR sequence of CPEB1.

After confirming the absence of genomic DNA contamination in the cDNA, gRT-PCR was con-
ducted to validate that hsa-miR-130a-3p binds at the 3_UTR of the gene CPEBL, cloned into the

3’UTR of the Luc reporter gene, and that it downregulates Luc mRNA. To this end, a gRT-PCR

was performed with GAPDH primers and Luciferase primers. 24 hours after miRNA transfection,

the mRNA expression of Luc exhibited a downregulation of fold change of 2.56 in ihGF cells with

a significance of P = 0.0076, as demonstrated in Figure 8.
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Figure 8. miR-130a-3p downregulates CPEB1-3'UTR Luc reporter gene expression in iHGFs.

(Left) Co-transfection of CPEB1-3'UTR Luc reporter gene plasmid and miR-130a-3p mimic significantly reduced Luc gene ex-
pression, with P = 0.0076, FC = -2.56. (Right) Co-transfection of CPEB1-3'UTR Luc reporter gene plasmid and miR-1 positive

control mimics significantly reduced PTK9 gene expression, with P < 0.0001.

3.3 Validation of the effect of hsa-miR-130a-3p on protein expression through dual luciferase

reporter gene assay
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To determine the effect of hsa-miR-130a-3p on the CPEB1 3’ UTR binding site on the protein level,
luciferase activity of the reporter gene was measured in ihGF cells 48 hours after co-transfection
with Plasmid DNA and miRNA mimics. Luciferase activity was downregulated with a

-2.0-fold change and a p-value of 0.0001 (Figure 9).
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Figure 9. miR-130a-3p downregulates CPEB1-3'UTR Luc protein activity in iHGFs.

(Left) Co-transfection of CPEB1-3'UTR-Luc reporter gene plasmid with miR-130a-3p mimic significantly reduced
Luc protein activity (P = 0.0001, FC=-2.0; chemiluminescence detection); (Right) Co-transfection of CPEB1-3'UTR
Luc reporter gene plasmid and miR-1 positive control mimics significantly reduced PTK9 gene expression, with P =

0.0053.
3.4 All miRNAs significantly upregulated the gene MET

miRNAs generally repress their target genes, but we found numerous upregulated genes after
miRNA transfection. | noted that increased levels of each of the 7 selected miRNAs correlated

with increased expression of the gene MET Proto-Oncogene, Receptor Tyrosine Kinase (MET)
(Figure 10, Table 19).

The 3°’'UTR of MET mRNA contains no miRNA binding site for 5 miRNAs (has-miR-144-5p, -
miR-142-3p, -miR-223-3p, -miR-17-5p, -miR-30e-5p). hsa-miR-144-3p had a very poorly con-
served predicted MET binding site (target score 57) and has-miR-130a-3p had a more conserved
MET binding site (target score 93). This indicated indirect regulation by most miRNAs, occurring
upstream of MET expression in the different signaling cascades, which would converge down-

stream to increased MET expression, as observed in our experiments.

To add evidence to the observation that all miRNAs had effects on MET expression, we validated
the RNA-Seq data on both the transcript and protein level. Separate transfection of each of the

miRNA mimics for 24 hours resulted in a significant increase of MET mRNA transcript levels
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(Figure 10A, Table 19). Additionally, we validated the observed increased expression of the genes
DDX3Y, RBPJ, and SLC36A1 by qRT-PCR (Figure 10A-D, Table 19).
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Figure 10. Transcript levels of MET, RBPJ, DDX3Y and SLC36A1 after miRNA transfection in pHGFs.

Transfection of miRNA mimics significantly upregulated MET (A) , DDX3Y (B), RBPJ(C), and SLC36A1 (D) expression. MET
was upregulated after transfection with miR-17-5p (P = 0.0023, FC = 6.61), miR-30e-5p (P = 0.0397, FC=5.05), miR-223-3p (P =
0.0131, FC=3.96), miR-144-5p (P = 0.0046, FC=3.60), miR-144-3p (P = 0.0011, FC=4.38), miR-142-3p (P = 0.0141, FC=3.56),
and miR-130a-3p (P < 0.0001, FC=4.35); RBPJ was upregulated after transfection with miR-223-3p (P = 0.0184, FC = 4.03), miR-
142-3p (P=0.0020, FC=3.38), and miR-130a-3p (P = 0.0020, FC=3.80); SLC36A1 was upregulated after transfection with miR-
144-5p (P = 0.0266, FC = 2.80), miR-130a-3p (P = 0.00020, FC=5.31), and miR-142-3p (P = 0.0028, FC=2.43); DDX3Y was
upregulated after transfection with miR-30e-5p (P = 0.0002, FC=3.30), miR-144-5p (P < 0.0001, FC=2.45), miR-142-3p (P =
0.0030, FC=2.92), and miR-17-5p (P = 0.0002, FC = 3.63).

Table 19: Genes that were upregulated by > 3 miRNAs
MiRNA Gene RNA-seq gRT-PCR
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log2FC Padj FC P
MET 20 8.8x10% 39 0.0131
hsa-miR-223-3p  SLC36A1 15 1.5x10% 51 0.0126
RBPJ 1.3 8.7x10%2 40 0.0184
MET 21 40x10% 51 0.0397
hsa-miR-30e-5p
DDX3Y 15 59x10% 33 2.0x 10
MET 1.9 3.9x10% 6.6 0.0023
hsa-miR-17-5p
DDX3Y 13 1.1x10%2 36 2.0x10*
MET 1.4 1.2x10% 3.6 0.0046
hsa-miR-144-5p  DDX3Y 14 53x10% 25 <1.0x10*
SLC36A1 17 9.8x10% 28 2.6 x 10
hsa-miR-144-3p MET 16 1.3x10% 44 0.0011
MET 17 1.5x107 36 0.0141
RBPJ 1.5 1.8 x 10 3.4 0.002
hsa-miR-142-3p
DDX3Y 13 6.1x10% 29 0.003
SLC36A1 13 1.5x10%° 243 0.0028
MET 1.1 48x10% 44 <1.0x 10"
hsa-miR-130a-3p RBPJ 15 7.6x10% 531 0.0002
SLC36A1 14 1.8x10* 53 2.0x10*

3.5 Validation of the upregulation effect of hsa-miR-17-5p, -30e-5p, -223-3p, -142-3p, -130a-
3p, -144-3p, -144-5p on the gene MET via Western blotting.

To provide evidence that MET was also upregulated on the protein level after miRNA transfection,
Western blotting was performed following miRNA transfection.
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Figure 11. Western blot showed that transfection of each miRNA increased protein levels of MET in ihGFs.
A. p-actin(43kDa), B. MET(pro-MET: 170kDa, MET: 140kDa)

3.6 Gene set enrichment analyses

We subsequently performed a gene set enrichment analysis (GSEA) to identify miRNA regulated
gene sets. At first, we tested enrichment of the specific MIR gene set. MIR130A 3P (ID: M30650)
was enriched with P = 9.5 x 10% (AUC = 0.73), MIR142_3P (M31116) showed P = 2.2 x 10
(AUC = 0.89), MIR144-3p showed P = 9 x 1071% (AUC = 0.74) , MIR144-5p showed P = 3.2 x
108! (AUC = 0.9), MIR17-5p (ID:M30516) showed P = 6.2 x 10?7 (AUC = 0.74), MIR223-3p
(1D:M31334) showed P = 4.2 x 10°?" (AUC = 0.73), MIR30e-5p (ID:M30442) showed P = 1.6 x
1019 (AUC = 0.70). The enrichment of the miRNA genes sets specific to each miRNA proved
the biologically functional effects of the transfected miRNA mimic, implying additional validity
of our findings.

Next, we performed GSEA with the co-expression gene set tmod and the Molecular Signatures
Database (MSigDB) gene sets reactome, hallmark, KEGG and GO. The most significantly en-
riched gene sets found in the different collections are given in Table 20 and Figure 12.

For hsa-miR-130a-3p, the gene set collections indicated the most significant enrichment of gene
sets involved in cell cycle regulation and cytokine signaling. For hsa-miR-142-3p, the gene set
collections indicated regulation of cytokine signaling and cell locomotion including adherens junc-
tions. For hsa-miRNA-144-3p, the gene set collections indicated the most significant enrichment
of gene sets involved in extracellular matrix genes (tmod) and regulation of cell division (GO) or
Melanoma (Kegg). In addition, GO also indicated a more specific involvement in Platelet derived
growth factor receptor signaling pathway and Regulation of vascular associated smooth muscle
cell proliferation and others. For miRNA-144-5p, all gene set collections unanimously indicated
functionality in mitotic cell cycle. For hsa-miR-17-5p and hsa-miR-30e-5p, the gene set collec-

tions indicated the most significant enrichment of gene sets involved in cell cycle regulation and
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transcription. For hsa-miR-223-3p, the gene set collections indicated regulation of integrin cell

surface interactions.
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Figure 12. Evidence plots of enriched gene sets indicated cell cycle and innate immunity pathways as being regulated

by each of the miRNAs. The most significant enriched gene set of each of the analysed gene set collections for each

miRNA is shown.

Table 20: The most significantly enriched gene set for each gene set collection after miRNA transfection into phGFs.

miRNA Gene set ID Collection genes AUC  Padj
TNFA signaling via NFKB M5890 Hallmark 190 0.66 5.0x10%
Cell cycle M14460 GO 1,598 058 57x10%
hsa-miR
Cell cycle (1) LI.M4.1 Tmod 140 0.70 9.6 x 10°
-130a-3p
Cytokine signaling in immune system M1060 Reactome 660 0.58 8.0x 108
Pathways in cancer M12868 KEGG 271 059 53x10°%
Locomotion M13680 GO 1370 056 1.1x10
TNFA signaling via NFKB M5890 Hallmark 190 0.65 47x10
hsa-miR
’3 Cytokine signaling in immune system M1060 Reactome 660 0.57 1.1x107
-142-3p
Adherens Junction M638 KEGG 67 0.64 1.0x 10°
Interferon DC.M5.12 Tmod 54 0.69  1.3x10?
Melanoma M15798 KEGG 54 072  3.7x 10°%
hsa-miR .
144.3 Metaphase plate congression M16704 GO 63 0.66 1.5x10*
-144-5p
Extracellular matrix (1) LI.M2.0 Tmod 30 077  2.0x10°
Cell cycle (1) Ll.M4.1 Tmod 140 0.88  3.0x 10°%
hsa-miR .
G2M checkpoint M5901 Hallmark 199 072  4.8x 1028
-144-5p

Muitotic prometaphase M4217 Reactome 194 0.70  4.6x107°
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Sister chromatid segregation M536 GO 186 0.65  2.5x 1010

Cell cycle M7963 KEGG 122 0.65 2.3x 10

Cell cycle (1) Ll.M4.1 Tmod 140 0.83  9.5x10%

REACTOME_RESOLUTION_OF_SIS-

TER_CHROMATID_COHESION M27181 Reactome 117 0.67 4.2x 10
hsa-miR E2F_TARGETS M5925 Hallmark 200 0.72  8.3x107¢
-17-5p REPLICATION M16853  Kegg 36 0.74  5.8x10*

GOBP_NEGATIVE_REGULA-

TION_OF_SMALL_GTPASE_MEDI- M11863 Go 50 0.66 8.8x 106

ATED_SIGNAL_TRANSDUCTION

integrin cell surface interactions (l) LI.M1.0 Tmod 28 0.67 3.2x 1072

REACTOME_MET_PRO-

MOTES_ CELL_MOTILITY M27778 Reactome 39 072  1.6x10*
hsa-miR
-223-3p KEGG_RENAL_CELL_CARCINOMA M13266 Kegg 64 0.68 4.8x 10°

GOBP_REGULATION_OF_PRO-

TEIN_LOCALIZATION_TO_NU- M15292 Go 115 0.65 6.9x 10

CLEUS

Cell cycle (1) Ll.M4.1 Tmod 140 0.73 8.2x107®

REACTOME_REGULA-

TION_OF _CHOLESTEROL_BIOSYN-  M27001 Reactome 55 0.66 2.7x10%
hsa-miR THESIS_BY_SREBP_SREBF
-30e-5p HALLMARK_G2M_CHECKPOINT M5901 Hallmark 198 0.66  2.8e-12

GOBP_ATTACHMENT_OF_SPIN-

DLE_MICROTUBULES TO_KINETO- M10211 Go 35 0.73 2.7x10%

CHOR




50
4, Discussion

In the current study, we identified the target genes and gene sets regulated by 7 miRNAs upregu-
lated in periodontitis. We found that 3 miRNAs regulated a periodontitis risk gene. These were
CPEBL1 (Rhodin et al. 2014), ABCA1 (Richter et al. 2022; Teumer et al. 2013), and ATP6V1C1
(Munz et al. 2019), which were regulated by hsa-miR-130a-3p, hsa-miR-144-3p and hsa-miR-
144-5p, respectively. Moreover, these genes were among the 10 most downregulated genes fol-
lowing miRNA upregulation. It had been reported before that these miRNAs regulate ABCAL and
ATP6V1C1 (Capstone Project: Data Science DSC180B; Genetic Overlap between Alzheimer's,
Parkinson’s, and healthy patients; replication project for the papers (Burgos et al. 2014; de Aguiar
Vallim et al. 2013; Wu et al. 2019). Our data validated the regulation in ihGFs and showed its
significance for oral inflammation. Regulation of CPEB1 by hsa-miR-130a-3p has not been re-
ported before. We validated this interaction by showing that the specific has-miR-130a-3p binding
sites within the 3’"UTR of CPEB1 were sufficient to repress transcript levels and protein activity
of a reporter gene. CPEB1 encodes a member of the cytoplasmic polyadenylation element binding
protein family. This highly conserved protein binds to a specific RNA consensus sequence (5'-
UUUUUAU-3) found in the 3'-UTR of some mRNAs, and directs cytoplasmic polyadenylation
as well as mediating both translational activation and repression (Mendez and Richter 2001; Welk
et al. 2001). CPEBL1, as well as CPEB4, encoded by another risk gene of periodontitis (Freitag-
Wolf et al. 2021), is essential for successful mitotic cell division and has sequential non-redundant
functions which promote the phase-specific polyadenylation and translational activation of CPE-
regulated transcripts in the mitotic cell cycle. In particular, CPEBL is specifically required for
prophase entry and CPEB4 for cytokinesis (Giangarra et al. 2015).

ABCA1, ATP6V1C1 and CPEBL are currently being considered as suggestive risk genes of perio-
dontitis because their associations did not reach genomewide significance (p<5 x 10) in the ex-
plorative GWAS’. We consider that the independent discovery of these genes as targets for miRNA,
which are upregulated in inflamed gingiva, adds evidence to their status as susceptibility genes of
periodontitis.

After overexpression of hsa-miR-142-3p, the gene WASL showed the most significant and strong-
est downregulation of this miRNA’s target genes. A recent study showed that WASL deficiency in
hGFs activated the signaling pathways of NF-kB and MAPK, thereby increasing the production
and infiltration of inflammatory cytokines and proliferation of keratinocytes (Kalailingam et al.

2017; Wang et al. 2020). WASL is involved in actin cytoskeletal reorganization including signal-
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dependent regulation of actin dynamics, which is, for example, essential for cell locomotion (Stra-
dal et al. 2004). Correspondingly, we found that the most hsa-miR-142-3p enriched gene sets were
TNFA_SIGNALING_VIA _NFKB (Hallmark), GO_LOCOMOTION and GO_CYTOSKELE-
TON_ORGANIZATION (GO).

For the other miRNAs, GSEA also indicated specific biological functions. hsa-miR-130a-3p trans-
fection enriched the gene sets CELL CYCLE (tmod, GO) and CYTOKINE SIGNALING (KEGG,
Hallmark, Reactome). The two hsa-miR-144 transcripts have a role in the regulation of cell pro-
liferation. hsa-miR-144-3p showed the strongest enrichment of the gene sets MELANOMA
(KEGG) and cell division (METAPHASE PLATE CONGRESSION; GO), corresponding with
recent findings of a role in the regulation of cell proliferation in various cancers (Sun et al. 2020).
hsa-miR-144-5p also regulates the cell cycle, unanimously shown by all gene set collections in the
GSEA. Further reliability of our data was added by the recovery of 3 known target genes of hsa-
miR-144-3p within the top 10 of its most downregulated genes. These were the periodontitis risk
gene ABCA1 (de Aguiar Vallim et al. 2013), FBN2 (fibrillin 2) (Mo et al. 2021) and MAPK6 (mi-
togen-activated protein kinase 6) (Wu et al. 2019). FBN2 is a component of connective tissue
microfibrils. It is supposed to regulate osteoblast maturation by controlling TGF-beta bioavaila-
bility (inferred from sequence similarity, Uniprot). The function of MAPKG® is unclear, but it may
promote entry in the cell cycle (by similarity, Uniprot). In mice, knockdown of the ATP6V1C1
orthologue severely impaired osteoclast acidification activity and bone resorption (Feng et al.
2009).

As the AUC values were often < 0.8, this limited the significance of the GSEA. We consider more
subtle regulatory effects of miRNAs compared to transcription factors (TFs) caused these moder-
ate effects. Although miRNAs like TFs can exert a widespread impact on gene expression, hierar-
chically, miRNAs function downstream of TFs since miRNAs can repress an mRNA only after it
has already been transcribed. Additionally, whereas TFs abundantly bind in the genome and can
regulate several hundreds to over a thousand genes (Goolam et al. 2020; Lopez-Pajares et al. 2015),
miRNAS repress an average 200 transcripts (Lewis et al. 2005), which also corresponds to our
results.

miRNAs typically inhibit gene activity. However, despite lacking conserved binding sites for the
studied miRNAs, we observed upregulation or altered expression of certain genes following
miRNA transfection. This suggests that the repression of inhibitory genes may result in reduced
repression of downstream signaling cascade genes. Notably, each miRNA significantly increased
the expression of the MET gene. This implies that that the selected gingival inflammatory miRNAs

all converge different signaling networks to MET expression. This argues for a relevant role of
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MET in the disease etiology, particularly during the stage when the gingival tissue biopsies were
collected. To prove this finding, | validated the RNA-Seq data by qRT-PCR as an alternative tech-
nical method. Additionally, I re-transfected each miRNA separately and performed protein blot-
ting, which proved there was increased MET expression after miRNA transfection on the protein
level. MET was described as the cell-surface receptor for hepatocyte growth factor (HGF) (Bottaro
et al. 1991). HGF, secreted by fibroblasts, exhibits angiogenic and mitogenic effects on epithelial
and endothelial cells. MET may play a role in the transition from active inflammation to tissue
regeneration, which coincides with the timing of tissue sampling before periodontal surgery, typ-
ically performed after active inflammation subsides. During this transition, granulation tissue
forms, characterized by proliferating fibroblasts, extracellular matrix remodeling, and sprouting

angiogenesis. GSEA results indicated that the selected miRNAs regulate these processes.

In conclusion, this study identified miRNAs that are upregulated in periodontitis and directly target
various periodontitis risk genes. It suggests a significant role for MET in the transition from active
inflammation to tissue regeneration. However, further investigation is required to explore the di-
rect regulatory pathways upstream of the MET gene as well as its downstream regulatory pathways,
which is also a limitation of this study. Profiling miRNA expression in gingival tissues at different
disease stages could uncover additional core genes specific to each stage of periodontitis and gin-

gival healing, offering potential therapeutic targets.
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5. Conclusion

This thesis showed the target genes and gene sets of the 7 miRNAs that were upregulated in peri-
odontal inflammation. These miRNAs regulate cytokine signaling, cell cycle and division and
downregulate the periodontitis risk genes CPEB1, ABCA1 and ATP6V1C1. Additionally, all of the
selected miRNAs significantly upregulated the gene MET Proto-Oncogene, Receptor Tyrosine
Kinase (MET). This indicated indirect regulation by most miRNAs, occurring upstream in the dif-
ferent signaling cascades, which would converge downstream to increased MET expression, as
observed in my experiments. This argues for a relevant role of MET in the disease etiology, par-
ticularly during the stage when the gingival tissue biopsies were collected. To prove this finding,
| validated the RNA-Seq data by qRT-PCR as an alternative technical method. Additionally, I re-
transfected each miRNA separately and performed protein blotting, which proved increased MET

expression after miRNA transfection on the protein level.

Moreover, within this thesis, miRNA hsa-miR-130a-3p was identified as a transcriptional re-
pressor of the gene CPEBL, an essential component for successful mitotic cell division. CPEB1,
along with CPEB4, encoded by another periodontitis risk gene, plays a crucial role in the phase-
specific polyadenylation and translational activation of CPE-regulated transcripts during the mi-
totic cell cycle. This thesis provided mechanistic evidence demonstrating that increased expression
of hsa-miR-130a-3p leads to reduced transcript levels and protein activity of a reporter gene ex-
pressing the CPEB1 3'UTR. The molecular mechanism underlying this effect was shown to be
consistent across different cell types, as observed in Immortalized Human Gingival Fibroblasts
and Primary Human Gingival Fibroblasts. In conclusion, these experiments revealed that hsa-miR-
130a-3p interacts with the 3' UTR of CPEB1, resulting in gene expression suppression through
MRNA degradation.

However, to gain a comprehensive understanding of the regulatory mechanisms involving the
MET gene, it is imperative to conduct additional investigations that delve into both its upstream
and downstream regulatory pathways. This aspect represents a notable limitation of the present
study, as the direct regulatory pathways preceding the gene MET, as well as the subsequent path-
ways it influences, require further exploration. By addressing this limitation, future research en-
deavors can unravel the intricate network of regulatory factors governing the gene MET and pro-

vide a more comprehensive picture of its functional implications.
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