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ABSTRACT

BACKGROUND:': Al zhei mer 6s di sease ( AD) S a ne
presenting with deterioration in memory and, neuropathologically by the presence of insoluble
amyloid-beta () plagues and phosphorylated tauT@gu) binding neurofibrillary tangles

(NFTSs).

AIM: This studywas aimed ainvestigating the complex interaction between periodontitis, its
pathogens, especiallporphyromonasgingivalis and mechanisms of AD hallmark lesion
pathogenesis.

METHODOLOGY: The experimental protocols used includght microscopy, scanning
electron microscopy (SEM), transmission electron microscopy (TEM), immunohistochemical
staining,in vitro cell culture usingSH-SY5Y cell line challenged witP. gingivalis(Pg381)
conditioned medium in the presence and absence of cytokines and immunoblotting. An obese,
diabetic (db/db) mouse model inoculated with gingivalisand Fusobacterium nucleatum

were assessed via light microscopy and immunostaining to assess for neuroinflammation.
Antibacterial assays fdP. gingivaliswere performed to assess if gingipairegmented tau
peptides displayed antimicrobial properties. Circular dichroism (CD) was undertaken to assess
tau peptide secondary structure. Paired helicalgsirilament (PHF/SF) formation with
implications for the NFT lesion was evaluated using TEM and polarising light microscopy.

RESULTS: SEM demonstrated a polymicrobial biofilm with extracellular polymeric
substance (EPS) and water channels within the calculus. Immunohistochemistry on rehydrated
paraffin wax embedded calculus and di seased
TEMreveal ed el ectron dense fibrils of wvariabl
blotting of the cell lysates with selected APP antibodies demonstrated variable molecular
weight bands corresponding to full length APP, C99 and C83 dimerizguhdras. AntA b

anti body detected statistically significant
with P. gingivalisand cytokines. TEM examination of supernatants demonstrated insoluble
Afo and 4 Allfrils. No ADb pl aqgues wer e detected i n

neuroinflammation was confirmed by immunohistochemistry in the infected groups.
Phosphorylated tau peptide A showed significant antimicrobial activity against planRtonic
gingivalis The CD results demonstrated that phosphorylatetl reamphophorylatedtau
peptide A adopted mainly pl eat ed sheet structures. The
fibrillar, with helical twists under TEM. Tau peptide®rebirefringent.

CONCLUSIONS: Thi s study detected both soluble and
periodontal and endodontic natural biofilm, strongly suggesting its role as a host antimicrobial
peptide. However, its potential risk for cremseding into the brain may have iioptions to

AD development.P. gingivalis infection in the presence of pmflammatory cytokines

el evated the production of ADb. Periodonti ti
instigate neuroinflammatiohosphorylation of tapeptides physically changed their tertiary
structure into PHFs with potential for selfjgregation and binding to the NFT lesion. These
findings support the bidirectional relationship between periodontal disease and AD.

2



TABLE OF CONTENTS

ABSTRACT

TABLE OF CONTENTS
Acknowledgements

Funding, Awards & Publications
List of Figures

List of Tables

List of Abbreviations

CHAPTER 1: INTRODUCTION
1.1 Al zhei meros
1.1.1 Epidemiology of AD
1.1.2Pathophysiology of AD

1.2 Periodontitis

1.2.1 Epidemiology of periodontitis

1.2.2Porphyromonas gingivalis

Di sease

1.3 Microbiota of periodontal and endodontic disease

1.4 Periodontitis and AD

1.4.1 Bacteraemia

1.4.2Inflammatory mechanisms and comorbidities in periodontitis and A

1.4.3 Epidemiological evidence linking periodontitis and AD

1.5 Originality, Hypothesis and Overall Aims and Obijectives
CHAPTER 2: EX VIVO DETECTION OF AMYLOID -BETA IN ORAL
BIOFILM OF EXTRACTED HUMAN TEETH WITH ENDODONTIC

AND PERIODONTAL DISEASE
2.1 Introduction

2..1.1 Hypothesis

2.1.2 Aims & Objectives

2.1.3 Ethical Approval

2.1.4 Funding award

2.2 Materials &Methods

2.2.1 Specimen collection

10
12
16
18
23
25
26
27
32
33
33
38
44

45
48
52
55

56
60
61
61
62
63
64



2.2.2 Preparation of specimens

2.2.3 Tissue Morphology and Biofilm Detection under Light Microscopy
2.2.4 Immunohistochemical microscopy

2.2.5 Biofilm morphology and characteristics unelectron microscopy

2.3 Results

2.3.1 Collection of extracted teeth

2.3.2 Collection of calculus on root surfaces

2.3.3 Light microscopy investigation of extracted teeth and calculus
2.3.4 Immunohistochemical light microscojpyestigation of extracted teett
and calculus

2.3.5 Correlative light and electron microscopy of sdérm Araldite sections
2.3.6 Light microscopy of immunocolloidal gold silver staining (IGSS) of
White resin embedded gutta percha biofilm sections.

2.3.7 SEM imaging of extracted teeth

2.3.8 SEM imaging of calculus

2.3.9 Morphological visualisation and immunochemistry investigations u
TEM

2.3.10 Combinations of morphological and immunochemical investigativ
images forcomparison across the various experimental techniques utilise
2.4 Discussion

2.4.1 Challenges, strengths and limitations of study

2.4.2 Clinical relevance

2.4.3 Future studies

2.5 Conclusion

CHAPTER 3: PORPHYROMONAS GINGIVALISCONDITIONED
MEDIUM IN VITRO CHALLENGE OF SH -SY5Y CELLS INDUCES
AMYLOIDOGENIC PROCESSING OF THE AMYLOID -t
PRECURSOR PROTEIN

3.1 Introduction

3.1.1 Hypothesis

3.1.2 Aims & Objectives

3.1.3 University approvals

3.2 Materials & Methods

66
67
70
72
79
79
82
82
85

89
90

91
94
96

99

101
104
107
109
111
112

118
118
118
118
119



3.2.1 Source of reagents

3.2.2P. gingivalisconditioned medium as source of crude virulence facto

3.2.3In vitro cell culture

3.2.4 Cell lysate preparation

3.2.5Protein assay

3.2.6 Western blot of cell lysates

3.2.7 TEM detection of AD fibri
3.2.8 Statistical Analysis

3.3 Results

3.3.1 Western blot: Rabbit ardiPP Gterminal antibody

3.3.2 C99 bands densitometry analysis

3.3.3 C83 bands densitometry analysis

3.3.4 Western blot: Rabbit arAiPP N-terminal antibody

3.3.5 C99 bands densitometry analysis

3.3.6 Western blot: Mouse a#ib (cl one 6el10) ant
3 . 3. 70 deffisilometry analysis

3. 3. &2 derfisilometry analysis

3. 3. 910/4R pelhtive abundance densitometry analysis
3.3.10 TEM detection of Ab fibr
3.4 Discussion

3.4.1 Challengestrengths and limitations

3.4.2 Clinical relevance

3.4.3 Future work

3.5 Conclusion

CHAPTER 4: P. GINGIVALIS (W83) AND F. NUCLEATUM (ATCC
49256) | NFECTI ON | NDUCES AWKEHEI
PATHOPHYSIOLOGY IN OBESE AND DIABETIC MICE

4.1 Introduction

4.1.1 Hypothesis

4.1.2 Aims & Objectives

4.1.3 University Approvals

4.3 Materials & Methods

M

119
120
121
123
124
126
128
129
130
130
131
132
133
134
135
136
137
137
139
140
147
149
151
151
152

153
159
159
159
160



4.3.1 Source of Reagents

4.3.2 db/db mice and infection regime

4.3.3 Formalin fixed tissue processing

4.3.4 Tissue sectioning

4.3.5 Methenamine silver impregnation

4.3.6 Immunohistochemistry

4.4 Results

4.4.1 Preserved histology of the temporal lobe of infected db/db mice an
mouse model for AD

4.4.2Immunohistochemistry

4.5 Discussion

4.5.1 Challenges, strengths and limitations

4.5.2 Clinical relevance

4.5.3 Future work

4.6 Conclusion

CHAPTER 5: ANTIMICROBIAL PROPERTIES, AND PAIRED
HELICAL FILAMENT STRUCTURES OF SELECTED TAU
PEPTIDES FRAGMENTED BY GINGIPAINS

5.1 Introduction

5.1.1 Hypothesis

5.1.2 Aims & Objectives

5.1.3 Ethical Approval

5.1.4 Funding Award

5.2 Materials & Methods

5.2.1 Source of reagents

5.2.2Porphyromonas gingivalisultures

5.2.3 Assessment of the putative gingipain binding tau hexapeptide moti
antimicrobial activity orP. gingivalis

5.2.4 Circular dichroism spectroscopy for assessment of the secondary
structure of tagpeptide A (norphosphorylated and phosphorylated)
525 TEM

5.2.6 Statistical analysis

5.3 Results

161
161
162
163
163
164
165
165

166
170
174
176
176
177
179

180
185
185
186
186
187
188
188
190

193

193

194
195



5.3.1 Anaerobic growth of P. gingivalis ATCC 33277 from in TSB culture
5.3.2 Assessment of the putative gingipain binding hexapeptide motif
antimicrobial activity orP. gingivalisATCC 33277

5.3.3 Assessment of the secondary structure of the soluble peptide A in
phosphorylated and phosphorylated forms using Circular Dichroism (CD
5.3.4 Transmission Electrdviicroscopy (TEM) detection of helical twists t¢
indicate pair helical filaments in vitro

5.4 Discussion

5.3.1 Challenges, strengths and limitations

5.3.2 Clinical relevance

5.3.3 Future work

5.5 Conclusion

CHAPTER 6: BIREFRINGENCE OF GINGIPAINS FRAGMENTED

TAU PEPTIDES

6.1 Introduction

6.1.1 Hypothesis

6.1.2 Aims and Obijectives

6.1.3 Ethical Approval

6.1.4 Funding award

6.2 Materials & Methods

6.2.1 Source afeagents

6.2.2 Congo red staining and polarising light microscopy

6.3 Results

6.4 Discussion

6.4.1 Challenges, strengths and limitations

6.4.2 Clinical relevance

6.4.3 Future work

6.5 Conclusion

CHAPTER 7: GENERAL DISCUSSION & CONCLUSION

7.1 Rationale for research: AD and Recognised Risk Factors

72Ab expression in human oral ti:¢

7.3P. gingivalis cytokines and amyloidogenic processing

19
196

203

205

207
212
213
214
215
216

217
220
220
220
220
221
221
221
222
224
225
226
227
227
228
229
232
235



7.4 Periodontitis, AD and associatedmorbidities
7.5P. gingivalisand Tau peptides

7.6 Clinical implications of research findings
7.7 Future Directions

7.8 Thesis Conclusion

REFERENCES

238
239
245
245
249
250



ACKNOWLEDGEMENTS

I would Ili ke to recamazinmyg gpedplteudfeort ot hseoinre
encouragement, and guidance throughout the <col
a challenging and deeply rewarding journey, an

my sidemgndpkepts up.

Firstly, Il would Iike to thank my initial Supe
Singhrao for your infinite patience and kindr
UCLAN, getting thr onegh aaldsloaifhien doifnigncténere dREMDDr m
therapy/ motivational sessions. Sim, I have ne
researcher. Thank you so much for accommodat i |
facilitating my | aboratory workWcHuhappyt memevwe
the fun times we had in the | ab. Your dedicat:i

me to this day!

To my current supervisory team, Dr Flavio Pis
getting me to the finish | i-iinrecrweéadiend aavd andye mioc
I am eternally grateful f dir mel It ot gaui pdree aneo u sh rt

stages of writing and constantly checking on m
Krysmann, my RDT, you have taught mshatyomugeep

scientific eapwaysskeapi wglmeasn a positive mi

I owe a huge th-aokfoiung of anmyi Ilyongho have end
di stractions, and tot al preoccupation with wot
my incredibly resilient dteuvgehrtyetrh i nAgr ag |l 4 e ainrk ly
the time and headspace to get this thes-is don:i

|l aws in London, your constant support, encour a

To my dearest fr tShhadrse e(na,n dRaccohl elle,a gMeaersid,ankart i
you for your KkKindness, encouragement, and con

Your friendship has meant theteastringtphamees uof

Finally, to my forever faithful, furry sideki
through the many | ong +ncioguhltdsn 6stp ehnatv ewrai stkiendg ftohr

compani on!



FUNDING, AWARDS & PUBLICATIONS

Funding
1 ODRTOHI (PREVISER) AWARD 2018020, Oral and Dental Research Trust,
£5000.00
1 TCWhite Young Researcher Award 202820, RCPS Glasgow, £10,000.00

Awards
1 British Endodontic Society Spring Meeting POSTER PRIZE Winner 2024
T 3 Minute Thesis (3MT) UCLan Peopl ebs Choi
Up (2020)

PhD researcinelated publications:

1. Singhrao, S.K., Consoli, C., Dennison, S.Ranagasingam S. and Welbury, R.
(2024). Porphyromonas gingivalid PS and Actinomyces naeslundiConditioned
Medium Enhance the Release of a Low Molecular Weight, Transcriptionally Active,
Fragment of Glycogen Syntha8e&Kinase in IMR32 CellLineJ our nal of Al z h
Disease Report8(1), pp.10551067.

2. Kanagasingam, S(2023). Ignoring oral health can put general health atJ@knal
of General Practice Nursing (GPN)(4), pp.2628.

3. Kanagasingam, S, von Ruhland, C., Welbury, R. and Singhrao, S.K. (2022). Ex vivo
Detection of Amyloidb i n Naturally HBomumed!l Orod!|l ABizdfi
Disease Report$§(1), pp.757773.

4. Kanagasingam, S von Ruhland, C., Welbury, R. and Singhrao, S.K. (2022).
Antimicrobial, Polarizing Light, and Paired Helical Filament Properties of Fragmented
Tau Peptides of Selected Putative Gingipaine. ur n a | of Al B8%4%4,i mer 6s
pp.12791291.

10



. Kanagasingam, S, von Ruhland, C., Welbury, R., Chukkapalli, S.S. and Singhrao,

S.K. (2022).Porphyromonas gingivalisonditioned medium induces amyloidogenic
processing of the amyloidb pr ecur sor protein eSYsx¥n in v
cellsJournal of Al zhei6pppds&s8DIi sease Reports,

. Bahar, B.,Kanagasingam, S, Tambuwala, M.M., Aljabali, A.A.A., Dillon, S.A.,
Doaei, S., Welbury, R., Chukkapalli, S.S. and Singhrao, S.K. (2821phyromonas
gingivalis (W83) Infection Induces Alzheimer's Disedske Pathophysiology in
Obese and Diabetic MicB.our nal of Al,8X3 ppi25ald75. Di sease

. Kanagasingam, S Chukkapalli, S.S., Welbury, R. and Singhrao, S.K. (2020).
Porphyromonas Gingivals s a Strong Ri sk FacJwnaloff or Al
Alzheimer's Disease Repor#g]l), pp.5031511.

. Contributed book chapterter i odont i tis as a ri stke facto

experimental journey sfar, with hope of therapy. (2021Advances in Experimental
Medicine and BiologylISSN 006525986

11



List of Figures

Figure No | Figure title Page

1.1 Evolution of research on thesociation between periodontitis | 25
and Al zhei mer6s Disease fro

1.2 Amyloid Cascade Hypothesis 29

1.3 Schematic representation of tau oligomer propagation 30

14 Structure ofP. gingivalis 35

15 Percentage of prevalenceRfgingivalisdetected in primary 40
endodontic infections

1.6 Endodontieperiodontal disease 43

1.7 Periodontal bacteria can spredd different routes 47

1.8 How periodontal pathogen can invade the bloodstream and ¢ 48
access to the brain via multiple routes

2.1 Flowchart ofmehods used for specimen prepéra and 64
imaging techniques

2.2 Workflow of Grocottés Gomor Methanamine siler staining 69

2.3 Flowchart showing the numbers and grouping of the extractg 80
teeth

24 Photos showing a selection of the freshly extracted human| 69
collected for the study

25 Calculus deposits on the root surfaces of extracted teeth 80

2.6 Tooth sections and calculus specimens embedded in paraffif 81
set in moulds

2.7 Gram stain of tooth sections from Group B and root calculus| 83

2.8 GrocottG o mo r methenamine silver impregnation of rg 85
calculus

29 Immunohistochemical staining of tooth sections with Ant| 87

Amyloid antibody

12




210 Immunohistochemical staining of calculus sections with Ant 89
Amyloid antibody andAnti-Escherichia coli lipopolysaccharide

211 Light microscopy of gutta percha from a failed root treatment} 90
periodontal disease (Group C) stained with Toluidine Blue

212 Light microscopy of immunocolloidal gold silver staining (IGS 90
for Anti-Ab anti body, Mouse (cl g
embedded gutta percha biofilm sections

2.13 Selection of teeth from Groups @ prepared for SEM imaging | 91

2.14 SEM images of the extracted tooth with primary root cq 92
infection andperiodontal disease

2.15 SEM images of extracted tooth with secondary root canal infe{ 93
and periodontal disease

2.16 SEM imaging of the calculus deposits from the external tooth| 94
surface

2.17 SEM imaging of root calculusiicroorganisms 95

2.18 TEM High resolution ultrastructure images from teeth in Groy 97
(primary root canal infection with periodontitis) in araldite res

2.19 TEM ultrastructure of a specimen of gutta percha and biofilm{ 98
failed rootcanal treatment and periodontal disease, Group C w
were embedded in Araldite resin

220 Ultrastructure of a specimen of gutta percha and biofilm f 99
failed root canal treatment, Group C which were embedde
Araldite resin

221 Morphological and immunataining investigations with ligh 100
microscopy and SEM imaging

3.1 APP processing and c¢l eavage| 115
amyloidogenic and amyloidogenic pathways

3.2 Graph of protein assay data 121

3.3 Immunoblot of thecell lysate with Rabbit anthPP Gterminal| 127
antibody

3.4 Densitometric analysis of the cell lysate immunoblotted withr g 128

APP Gterminal antibody C99

13




3.5 Densitometrical analysis of the cell lysate immunoblotted |\ 129
ant-APP C-terminal antibody C83

3.6 Immunoblot of the cell lysate with Rabbit a#tPP Nterminal| 134
antibody

3.7 Densitometric analysis of the cell lysate immunoblotted with g 135
APP Nterminal antibody C

3.8 Immunoblot of the cell lysate with mouse aAtb ant i b| 136

3.9 A h.sdensitometry 138

3.10 A h.s2 densitometry 138

3.11 A h.soisorelative abundance densitometry 139

3.12 TEM ultrastructural morphological analysis of teapernatan| 140
from SHSY5Y

3.13 Cl eavage of APP -&1ydsécmmtasespliveral 144
Ab from APP.

4.1 Common pathways of agirassociated disorders highlight t| 155
increased risk of AD by the combination of obesity, diabe
cardiovascular disease and aging

4.2 Mice brain tissue sections 166

4.3 Rehydrated paraffin wax tissue sections undery 167
immunostaining with rabbit antba-1 antibody to detect activate
microglia

4.4 Rehydrated paraffin wax tissuesections underwer 168
immunostaining with AntiGFAP immunostaining to identif]
astrocytes

4.5 Rehydrated paraffin wax tissue sections were immunostaineq 169
Mouse antitau (AT8) to detect NFTs

4.6 A schematic outline of 4 major pathways including PI3K/AK 173
MAPK, TNF and insulin signalling impacted By gingivalisw83
infection in the db/db mice

51 Schematic diagram showing tau domain organization 181

5.2 Tau phosphorylation and formation of NFTs within neurons | 184

14




5.3 Diagram illustrating the serial dilution protocol used fer| 190
gingivalis

5.4 Tau peptides designated asCA (nonrphosphorylated) wer| 191
commercially synthesized and supplied by Severn Biotech
(Kidderminster, UK) in their purified crystallised (powder) fo
with/without posttranslational modification

5.5 The blood agar plates showing the control plate 197

5.6 Bar chart showing the growth of vialite gingivalisATCC 33227 199
(CFU/mL) in different concentrations

5.7 Bar chart showing mean colony forming unitsRofgingivalisat | 200
varying concentrations of phosphorylated tau peptide A

5.8 Bar chart showing phosphorylated peptide B demonsty 200
statistically significant differences (p= 0.00001) antimicrol
action againsP. gingivalisas compared to the control group

5.9 Bar chart showing mean colony forming unitsRf gingivalis| 197
ATCC 33277 at varying concentrationspbiosphorylated peptid
C

5.10 Circular dichroism spectroscopic analysis of qptrosphorylateq 198
tau peptide A

511 Displays of nomphosphorylated tau peptide B, phosphorylated 201
peptide B

6.1 Images showing the topograpmapresentation of Braak stage§ 218
according to the original histopathologic descriptions

6.2 Congo Red staining and polarizing light microscopy illustratiq 223

7.1 Potentially modifiable risk factors for dementia 231

7.2 Schematic drawinghows A aggregation 232

7.3 The impact of chemotactic and girdlammatory cytokines or 231
APP and Ab peptide

7.4 The bar charts show the frequency of fibrillar tau pathology ir 237
human brain across the decades of lifespan

7.5 Proposedtrategies to address the challenges of midtibidity | 241

in periodontitis and AD, by engaging with medical and denta
professionals in both settings.

15




List of Tables

Table No | Table title Page
1 Summary of characteristics andtical findings of longitudinal 51

studies on oral health and cognitive status

3.1 The constituents of DMEM including relevant additives 122

3.2 Summary of treatments carried out on-SM5Y, CRL-2266 122
cell line

3.3 List of lysis buffercomponents 124

3.4 Lysis buffer with protease inhibitors added to 48 mL of final | 124
buffer from Table 3.3, for the preparation of cell lysates

3.5 Protein assay data 125

3.6 Antibodies used in the experimental work, including their 128
sources and relevant working dilutions

3.7 P. gingivalisvirulence factors and its functions 141

3.8 Cytokines used in this study AL b ,-6 dnd.TNFU) and | 142
potential influence on periodtitis and AD

4.1 Key features of Metabolic Syndrome, MetS, including 154
dysglyceamia and at least 2 other factors

4.2 Transgenic mouse models for investigations into obesity| 156
diabetes

4.3 Transgenic mouse models commonly used for investigationg 157
AD

5.1 Initial non-phosphorylated peptide toxicity prediction carried | 187
by Severn Biotech Ltd., UK

5.2 Reagents and amounts used to produce TSB 189

5.3 Taupeptides (AG) of interest in this study 192

16




5.4

Enumeration for the 2Bour broth P. gingivalis cfu/mL coun
with each dilution to determine the optimal dilution for use v
the surface drop method

196

5.5

Number of colonies for nephosphorylated peptide A and cont
groups, with theaverage number of colonies and results of
MannWhitney U test

197

5.6

Number of colonies for phosphorylated peptide A and cor
groups, with the average number of colonies and results ¢
MannWhitney U test

198

5.7

Number of colonies for phosphorylated peptide B and co
groups, with the average number of colonies and results ¢
MannWhitney U test

200

5.8

Number of colonies for phosphorylated peptide C and co
groups, with the average number of colonies and results ¢
MannWhitney U test

202

5.9

Secondary structure determination using Circular Dichroisr
tau peptide A in iteon phosphorylated and phosphorylated stz

204

17




ADb

AAALAC

AD
AMP
ApoE
APP
ATP
AWERB
BBB
BSA
C/O

CD

CFU
cm?®
CNS
CRISPR
CSF
DNA
EDTA

EMEM

List of Abbreviations

alpha amyloid
beta amyloid

Association for the assessment and accreditation of laboratory animal

care international

Al zhei mer O6s di sease
antimicrobial peptides

apolipoprotein E

amyloid precursor protein

Adenosine triphosphate

Animal Welfare Ethical Review Board

Blood Brain Barrier

bovine serum albumin

Care of

Circular Dichroism

colony- forming unit

centimeters cubed

Central nervous system

Clustered Regularly Interspaced Short Palindromic Repeats
cerebrospinal fluid

Deoxyribonucleic acid

Ethylenediaminetetraacetic acid

Eagleds mini mal essenti al medi um

18



FBS
FimA

F. nucleatum

H/E

HRP

IACUC

g

IGF-1 and IGF-2
IL-1 b

IL-2

IL

IL-6

IMR32

INF-2

mA
MAC
MAPK
MBL
MCI
mg
MHC

mL

foetal calf serum

fibrillin

Fusobacterium Nucleatum
grams

Haematoxylin and Eosin

horse radish peroxidase

Institutional Animal Care and Use Committee

immunoglobulins

Insulin-like growth factors 1 and 2
interleukin 1b

interleukin 2

interleukin

interleukin 6

Human neuroblastoma cell line
Interferon gamma

Molar

Milliamps

membrane attack complex
Mitogen-activated protein kinases
mannose binding lectin

mild cognitive impairment
Milligram

major histocompatibility complex

Millilitre

19



mM
mm2
MTA
Na2S
NacCl
NaOH
NFTs
ng
NGS
NMWL
NO
No.
oD
OMVs
PAMP
PAS
PBS
PCR
PD

P. gingivalis
PHFOs
PNS
p-Tau

PVDF

Millimolar

Millimetre squared

material transfer agreement
Sodium Sulfide

Sodium Chloride

Sodium Hydroxide
neurofibrillary tangles
nanogram

next generation sequencing
nominal molecular weight limit
Nitric Oxide

number

optical density

outer membrane vesicles
pathogen associated molecular pattern
periodic acid- Schiff
phosphate buffered saline
polymerase chain reaction
periodontal disease
Porphyromonas gingivalis
paired helical filaments
peripheral nervous system
hyperphosphorylated Tau protein

polyvinylidene difluoride

20



Rgps
ROS
Rpm
rRNA
SDS
SEM
SF
SDS PAGE
TAE
TEM
TNF-U
TSB

U
UCLan
UK

USA

wiv

UM

arginine specific gingipains

reactive oxygen species

revolutions per minute

Ribosomal ribonucleic acid

Sodium dodecyl sulphate

Scanning Electron Microscope

Straight Filaments

Sodium dodecyl sulphate polyacrylamide gel electrophoresis
Buffer solution containing a mixture of Tris base, acetic acid and
Transmission electron microscopy

tumor necrosis factor U
tryptic soy broth

Unit

University of Central Lancashire

United Kingdom

United States of America

volts

watts

% weight per volume

micromolar

Alpha

Beta

Gamma

micrograms

21



UM

microliter

micromolar

22



CHAPTER

| NTRODUCTI ON

23



INTRODUCTION

The bidirectional relationships between oral health and systemic haakthecome the focus
of research in recent yeaespecially imssociation with chronic necommunicable diseases
(NCDs) includingcardiovascular diseasdiabetes mellitusrespiratory diseases, rheumatic
diseasesand neurodegenerative diseaggi et al, 2016 Meurman& BasconesMartinez
2021 Botelho et al.2022) Periodontal and endodontic disease chronimral infections with
similar pathogens, inflammatory mediat@sd biological pathwaysonnecting both diseases

to systemic healthGosta et a).2014 Rosen et al2017 Niazi & Baksh 2022

Research interest i n the connection hasf per

increasedsignificantly over the pastecade, adescribedn recent bibliometriand network
analysis studiegMattaPacheccet al, 2024 Villar et al, 2024) The Systematic Literature
Network Analysis (SLNA)y Villar et al. (2024)analysedecord identified through Scopus,
compiled thenumberof relevant articlefrom the year 2000 to 2028igure 1.1 illustrates the
overallincreasing trendpeaking circ&20202022 which confirms thgrowing interest in this
important topidVillar et al;; 2024) MattaPacheco et al. (2024) recognised the contributions
of researchers at the University of Central Lancashitle the most publicationgased on

metadataextraction.

The landscape afral healthcare provision has changed over the yéams 6 dr i | | i ng
f i | Ito anfgchs on preveative measuresnd tooth preservatiorihere is increasing
awarenessabout theimpact of oral diseases gma t i everallfhéalth amongst dntal
professionalsThis puts the onus dhe dental team to play an active role in educating patients
on the importance of maintainingral healthas this is a modifiable risk factor for many

systemic conditions, includindementig(Akl et al,, 2021). The topic ofperiodontitis and AD
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presentsa novel multidisciplinary research opportunitgs a better understanding of the
complex interplay between the two diseased ultimatelyinfluencesprevention and targeted

therapies.

N
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Number of published articles
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Figure 1.1 Evolutionof research focused on the association between periodontitis and AD from 2000

to 2023 showing a increasing trend over the yegaslapted fronVillar et al., 2023

1.1Al zhei mer 6s Di sease

Al zhei mer 6 s wdsfirg éeacsbed by Bebman neuropathologist, Alois Alzheimer,

a progressive neurodegenerative disecaseT he overarching term 6deme
symptomsincluding impairmentsto memory, language, problesolving and thinking skills

which impacts daily activitiesThe other types of dementia includascular dementia, Lewy

body dementia and frontotemporal demenfi® is the most common cause of dementia,
accounting for 60% to 80%f dementia case024 Alzheimer's disease facts and figures
www.alz.org. Thediagnosis oAD is definedby the detection oéxtraneuronalggregations

of amyloidb e t a andiAtfaneuronabhggregations ofeurofibrillary tangles (NFTS) in the

brain, together with clinical signs of cognitive defiglyman et al.2012). Taking into account

recent developmenis the biomarker fieldJack et al.Z018)p r o p 0 s e d frambveo r,kKAT N
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whereby biomarkers are groupedinto A (amyloid), T (phosphorylated tau) and N
(neurodegeneratiormeasured by total tau. he progression of AD beg
lchanges in thebbBraicre, oédvenhiinmctahe sympt oms,
brain changes accompanied byi s alSpdlibgiteyag 1 mpai
2011). This framework facilitates diagnosis before the stage of -Afsociated dementia

meaning it would be possibfer individualised riskprofiling in patients with mild cognitive

impairment Jadk et al, 2018).

1.1.1 Epidemiology of AD

AD can be furthenselta¢bief oed -oanbseeeta g(kayfa fe ré 5)h,
65) and fwahmiclhiianheai tadeform of AD dfaftect i ng
onset AD is also known as sporadic AD, denot
predi sponsi2t0il8dn. dementia phHOvalidndio@nwperopsd tei
This figure iIis$npROmM@amne ch gtod 5@ rhimp ligdl iodm@atl wagp o p u
thirds wdulwhobre | iving i moluaw Al ead ei thdl és i Dt
|l nternational . Wor | HEv &bl wyheeairnse ra fReepro rtth e2 Galg8e) .«
of AD d\qgtetelleast.ed i ncidence ratedgs hdibpgen fyeamt
before thetage%oyeébly ADtencieepenage otfo &2 h

femal es comfgQmue ¢2t@ @l )mal e s

Il n general, AD patdxmecst amgowyea eal 4 o rttheer gleinfea
St udiasssed i n tEue dpgAe arnadport eds t haitvalhet iames
dementia diagnosi-6 Yy aamwsntc(RiOeitba e dpgetlLiom!l 3

a Duwttauhdy i nvolving al mddte 4me@0 adewmasn t\siii amapl aattr
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in patilextes ewi thimmde 1y todilaargres e t  dRehnoediVtaliessett e ra |

2 08}

ADis a multifactori al di sease wwiatgh ngh ¢ abtoven
years oft haPgleE gseindec h i s as sAlciippdperdoatodiermnni ¢ e
protiennmwol vedmwt aholadlbmpandestde r(ovia nt rdaen,2edeB8e.t a
ThAePOE getnher ehea sc o mmaomealay ¢ le & 8@&PIOEhR has a, prot ec
all el &JIAPOE p rneevuael fehineth,®d rpansrki a1kl el dJJAROEer et
all99Cir rwheor sar e h o MdzOMgwoouusl dfaohr& @ iges k  boyf  8AD
year s, otfhiaggei s 1 rmaagaonterrass twhwi twounaonf hheesahha
10% at t heasader a2glele@Ne.tt hael .oamet i bssdpPi fas ed
wi tmut ati onéptrn ec urhseol AP, r oppree neni | iann dg ePnSeESN2P S
(Lambes2t0 1dlt) &lompsaroir sahiags A Drionke n ®A P 08 Yas

wel Enasr ohmetSgat-Bord ,2a0l)..

1.1.2 Pathophysiologyof AD

A numblypotfheses have beenpdathbsacgesseasgdilstdi rex p
Amy |l oi d TCaaus chaydpee r p h,0 smpehworroytl raansommi t t €& £ nanred 0 X
et ,10I8FHr os 2 @iPhael .01l nfecti pnopModekothat ARcter

may @aleagldevel bpment andZpmaogz@24)on of AD (

(0 Amyloid Cascade Hypothesis
Ths hypothesis Hardyranddpdsccsa b peedti®PDb)si ti on
was ptrhihemary neauoeegkner at i Vidh efppleopcteisdseess arne AdD
frame trangpmeimbamydne d Pr ecARBowh Rxiptreesse@d i

many tpaarstuiecsopéar oy s Apapys an i niphoer traengtu lraotlieo
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neurexailt abil i plaasahdecsspyescaipalilcy i(lned h@t 2&Ily.ebr a
APP i s clseeacvreedt absyea myi lao it heg enmindb-spatr ewageor t by
the amyl oi dolghegmeince haante@®wa gr mi nal f.Sapmequent C
processing involves ith@€TFfEAmedycnepraodddangge
pept i densc| dda mignoti devAi whs t heas sodioatmed wi th

senilei pl@Bses!| L2019 et al

Fgudei2l |l ustrates the centr al steps of the Am
proteolytic processing of the APP triggers d
ofDLA APP, shown on the neuronalbsmembtanse, (BaC
and otskeeretase complex (PSENZ,) , P SEN2dAbcn inga st

peptdipdaed i ctulwahrilcyh A's prone to dnesdbibke Ag . T

monomers aggregate into sol ubl & @4l ienmmeenrcsi nag
aggregation propensity. These oligomeric an
senile plaques and drive ,nelue adtiecrugihtdye,at By
(Castell ani et al ., 2019).

From the inception of the Amylerind cCaddade mh)

i mi ted r e-Ahtlhtesr afpreount aan wid Irlat eqr tesbeatwk ke bet v
| ower icreg e thfl &IlveRApsr oagnrde ssi on of( Riooccgrkifteidved ed e c |
201 7Th s sugbaBacAcumul ati on may be necessary
neurodegenerati on. The mod el al so struggl e
neuroinflammation, and vascular dysfuncti on,
of amyl oi (dSedhkeornege& HMorde o welndllaedf i. oce tsetau ckide s
pat hol 6gucadhkanbAd ut 60% of i ndi vi duawesr eagiend fas
cognitively 20lIKnotp maha CRT edisrecld.resnicsndscate th
ADis | ikely driven by multiple intefriarcdti ng
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mechanism (Sel koki & HKas adrecdh2e0Qdal6ty @or mahsivieerhyp

for AD pathophysiology.

aggregation

ApoE4
S W y-SECRETASE
S . COMPLEX

Pl aggregation ~_ aggregation —
' : —p —
2 —

protease processing  AB,, monomer ABy;, oligomers Ay, fibers
and conformational
change

Neurotoxicity
Synaptic loss
Neuronal death

Figuréghé. 2myl oi d Casgadteu |Hytpomsty ht@dsddtsuRt ©eei n ( APP)
gene exmawssesdtoecnase pseceediace HyseBAE€E hpswhitahmp | e X
inclRmesenPSENBElesend®PBENRI2strr m nAInt eri or Pharynx De
(APH). Fol | owi mglectalkéhpat hogesotAtubpept i daes through
conf ormati onal nignhtaon goel,i gaosnseernsb land {Jiaet®e fnielurriolt 0 X(i
andontinued aggr egadtepiogs iesveemi tl ueq Iplina glecead £ ddti d an i €
al22019) .

(i) Tau Hyperphosphorylation Hypothesis
I n healthlhy msorotb®lwide protein whi amdpraoa wWisde g
cytoptasmsportati dm WiDtaent muumceairrgopan sab no,r mal p
causi hgsetite abilityeguwl bi mg itToh aeniMEracbed ¢ mlm 10 e .
t apur o 5 @ bB e qaugegnrtel ggghttane & e df ihled (Rl et hai g i | ament
( SFs) .evleetsueali Iny r #oemr on al f inpuirlolfamy i deaoyg |

(NFJTAccumubfat NBhs tchaee d a bmsuemb enre ua oynred paa s e
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neurotoxicitwl agdf crfaddidombahl|l eRanalet 1a19.9, 20
| nt er etshpguagltlyytyeroghosphotagll aailmowrd dhsawst au o
been cortrleed atedraeeo of( MPewaaui teyT aafl .oOA @ G&8er s
reported to beaebttowipceaddbepweamigeasetl d sal dama
(Ger son etPhalsrpyhd®dtkeekdh.itbaiut ed sebddichghadtibhiet pe:
to convert nor ma b est, i ac oinnttrfoii dorytitilgitgoata veito na | . 2
So me res aawvaerhgires at t au phaos pthtoe y pbai nfalh y dr i

neurodegenstabm8opafi 0 1&a,dal et Relf.er2 F2a Qg)ure 1.

.~ Functional tav
& Misfolded monomer

";_-' Tav oligomers ’; o P 3
7 Exosomes confaining tav oligomers gi’ {Y\f\\"’ @," \
Microtubule é» LOC al ,&g |
. &
- /A' R ‘g?\\; f;\ 6{ b4
éj//:\" — {“l’ s NP — gj’\} &“,’ !(/
v &
P g Vs, @
& 5 g RN
. = A /_Trans-synaphc & | &
— ¥ Oligomers - @ % v 3@
—_— W
1/,
U &

Figur8che®atic rdpoudeisgomat i @anwo pdhlgiagadmesrpsr eraed f r on

neurton anot her, via in Itoean atprtd ncs mii nsam domia s sWhoenr
ol i gavme thg s owinegehs s across the wymgp s(e umigres vwa endd i
Shaf ei et al. 2017) .
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(i) Infection Model for AD
The biofil m chopncaegpte sofar AlBd AAtgerfiradm ntlee f act o
proposed as an alternative platform for an s
playing a role in AD development (Friedland
proposes t hat S 0 me prokarnyalt i a mycledild tnmays
extracellul ar pol ymeric substances (EPS) s e
structur al integrity (Epstein et al ., 2008;
amyl oids could rangenfamemystfuembui ale, compacune
appendages (Larsen et @&lun,ctd®oh7;l RueH olimdsetar
t hat adopt tbsee r samer aclr oaschi tecture as pal
intentionally produced and tightly regul at ec
bacikBilofilm formation. Their exi stence demo
i nher enTolxyi ctidaird 1e A whbeonr atnayul oagdgr egate wi th
generating intracellular oligomers that disr
as bacterpopaideumkeichani stic insighlitpg ©ErRtss ersu

under piorn emhelank e s pr e abgp ad fh otl DY Faomwd e 2e0t0 79 1. .

Wh a't was surprising was bfhédr ds s cowshsryanignf t p e
barrier ( BBB) with the pot émptliaajfluesowareds ifno
explain the plausibility of such @ap psed otmeen

Amol ecul ar mimicry theoryo. whereby curl:i fi

—+

he hibmanaApotenti al trigger for AD patholo

c

ndergo conformational changethaAdthegubee @umen

aggregabpel auéers A(Fri edl and, 2015). This has
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however ther esicsheaviickkd® @g eclotPlsdts cur | i have be

t obpA aques I ZhAD Btambhs, (2016; 2018) .

Spirochetes and nespirochetes are amongst the multiple microorganisms identified from AD
brain specimens. The biofilm concept firor AD
42) as miniature biofilmstructures (Allen 2016; 2017). In support, Miklossy (2016)
demonstrated the biological characteristics oinavitro spirochaetal biofilm in the context of

AD. From the biofilm model of senile plaque
macromolecule in AD and is likely to involve prokaryotic curli fibre contribution and other
amyloidl i ke pr ot ei nesadaninrate imgunéréspgnde to trap and kill bacteria
(Soscia et al., 2010; Kumaretal.,20lbhe | atter i dea of @&\ed as an
into the antimicrobial protection hypothesis for AD plaque lesion formation (Moir et al., 2018)

and strongly supports the plausibility of microbes in generaPagidgivalisinfection driving

deposition of Ab i n invivefindngsafillievskaesal.,i(201B). cat ed b

1.2 Periodontitis

Per i iodinsvtetl hpee o gr e s s ioveely idregit vt,u cpteiue odoandl i g
alveol,dueboboaechronic multifwicthhipkal odasl a mma
a result of the h@Hsat isdepgrade i so &p dtamogdens 2
Cl i miincgalof deepening periodontabspotkatsgseobhnr
mobility and et#Hant sdaleihyalBa@®Mewosst et al
there are 687 predomi nddutmaspeacgiads Mircr,obeée ome
www. homdidemg)fi cati dms edcudbmuotetbtl Bwondde pendent

mol ecul ar studi es using 16 SKiriRN®En ag2abh)le7 ¢ o mp
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Approxid@aa0d yor al taxa have been detected in

et 2®&10,1; Aas et al, 2005).

Of the 700 badcetneariifale ds praw ritehddO0mriead v ec abva ey, d et

subgingivapenmnil adjart(Rdmrsdapeor2alleiise under standi ng

dent al pl agmecsbbif osnef (bmaht hy biofilm) to :
biofilm with more numbers of pathogens) havi
healthy site, a greater rati o andcdedse mgi t )
mi crodea) |l esser number of pathogens i s pres
(dysbiosis), shifts the balance within the n

pat hogen compared to co(ndnemasral A6 &lersiil ddamg |
develtopanesmciunaeamam@osi ti ve bactierulaen &g &rthilemeno
popul atiohjl amehuslj ngodsenaldi mmpbraraeh etdhldes 6
compdl exonsiRarnmgr oofonasTaghaegehvb@indoepgon dina
dent asolwalhle @ angeegamphieatea t o b a entuecrl ieuanh u m
Prevoitnetlelrale eael | aa nddampyd enbeaccttudsh e or ange co
artehe precursor to gdirevvéd ead gfioumpdteigmmalsy t h@lyo n

facilitati ng acaree ipganttlodgemieawfdbmett ani 2b@k2 4 )a l

Periodontitis is associated with a decrease in micralvalrsity, which may be the result of

bacteria being able to manipulate the local immune function because of limited availability of
nutrients at the periodontal pocket (Dewhirst et2zaD 1 O , Camel o Castill o
ecology of the gingival crevice is unique as it is constantly bathed in GCF which contains
serum factors and immunoglobulins. In periodontal lesions, the crevice becomes a pocket and

site becomes highly anaerobic.€eTflow of GCF is increased in gingivitis and significantly
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more in periodontitis, delivering humoral and cellular defence factors to combat microbial
insult. Paradoxically, proteins and glycoproteins from GCF can provide substrates for bacterial

metabolism e.g. transferrin and haemoglobin, immunoglobulins (Huyalh 2014).

1.2.1 Epidemiology of periodontitis

Basedabna from the Global Berde@oetodniscecad ea:
significant pobl-aemhenri ¢ &bdbag dledte, RabdldVdu et

al . 2023t emat inte taaeavliodsnwy isadlredni ol ogi c al studi e
Trindade eovatipegO@&8bet we eens t2i0malt each dp 2dI2d ¢
of periacd oretairtliys 60 % of Tthhe d9tsudiined!| mo pnu Ingtl iyo
especially consi der i aguwttamati atl h 2 @ wtsHewmes er @
peri odontNalt idhiidesarset.o t h&BWu s¢etatabind¢d2d 2dhte

(20@8%amal ysis showeendcdei mitghesal ¢gerevade gro

1.2.2 Porphyromonas gingivalis

Porphyromonagingivalis is aGram negative, obligate anaerobic, nontile, asaccharolytic
rod or coccobacillysable totriggertissue disruption ansglustaininflammation in periodontal
tissues (Xu et al 2020). It is consided the keystone microbiological agent causing
periodontitis belondng to thered complex familyas discussed previous{$ocransky et al.
1998). P. gingivalis cancause an ifpalanceint h e h o s t ,deading tedyspiasisand

irreversible tissue destructionperiodontitis (Hajishengallis & Lamont, 2016; Xu et al., 2020).

The mechaniss by which P. gingivalis manifestsits virulence behaviour, ka been
investigated in several vivoandin vitro studies. The recognisedulencefactorsincludethe

bact er i umreteinased, lmaws @singipain® the release of Lipopolysaccharides
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(LPS), the presence dfmbriag its capsule structurehe presence @dhesin domainand the
production of Outer Membrane Vesicl€MVs (Xu et al, 2020 Zhang et al.2021 Mysak et

al. 2014 Zheng et al] 2021; Bodet et al.2007 How et al,2016) Figure 1.4.

Inner Quter 2 > Outer membrane
Lipopolysaccharides vesicule (OMV)

(LPS)
/

Capsule membrane membrane

Fimbriae \

Figure 1.4: Structure ofP. gingivalis shows the most significant virulence factors, which include
gingipains, LPS, fimbriae, capsulle presence of adhesin domainsenifagglutinin andhemolysn)
andOMV (Image credit: Al&sijevic et al, 2022).

® Proteinases (Gingipains)
Gingipains are O6cysteine proteinases6, which
on the hostdés epithelial cel |l surfaces caus
(Bostanci & Belibasakis, 2012). They also contribute to the degradzts®veral proteins in
the hostés I mmune system as compl e2dknand, i nt e
collagen allowing the penetration Bf gingivalis in the deeper tissueshe main isotypes of
gingipains arearginineGingipain A (RgpA), arginineGingipain B (RgpB) and Lysine

Gingipain (Kgp) (Zhang et al. 2021)singipainsmay affect AD by enhancing the effect of
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polymorphic complement gene defeets documented by The GenoHiéide Association
Studies (GWAS)Lambert et al. 2009.ambert et al. 20L,3Vlorgan 2018. It is also possible

that gingipains, together with the defective complement component genes, aggravate and
sustain AD through ineffective clearance of cellular debris, which in turn, aids the
accumulation of hallmark proteins. Tau protein that associdtesSNFTs in AD brains is said

to be a substrate for gingipains (Dominy et al., 2019).

(i) Lipopolysaccharides (LPS)
Lipopolysaccharides (LPS) is the most representative componéhtgoigivalis outer cell
membrane, and dcts as anMAMP or microbeassociated molecular pattermgich sets off
thehost 6 s | mmu(Xueet al.,e282p)oDifferens acylationpresence of tetraand
pentaacylatedipid A structures)n LPSallowsP. gingivalisto modulate its interactions with
the host immune system lghanging the relative proportions of the lipid A fornide
heterogenity of lipid A structures can differentially activate signallipgthways as well as
control cytokine production through interact®with TLR-2 and TLR4 as IL-1, IL-6, IL-8

and TNFalpha Curtis et al.2011, Zhang et a].2021).

(i)  Capsule
TheP. gingivalis capsules a denseuterlayer made ofpolysaccharidewhich masks the cell
surface, thereby evading h e host 6s i bynradonoing thee intgnsity sf ethe
inflammatory responserhisensuest h e b act e underdadgerse aonditionsv(Cdul et
al,, 2020). The capsule offers protectidnrom opsonisation and phagocytosis (Bostafici
Belibasakis2012).P. gingivalisexhibits three types of surface glycans i.d.®5,A-LPS and
K-antigencapsule, which accountsr strain serotype specificitfheP. gingivalisstrain W83

is associated with seveperiodontitis while ATCC 33277 straidoes not possesscapsule
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leading toa morelocalized absceg¥/ernal et al. 2014).This may not disseminate in animal

infectionmodels(Monasteriocet al, 2019).

(iv)  Fimbriae
Fimbriae are thin filaments that extend beyond the outer membrane Bf gfvegivalis cell
surfaces. They are composed of two pavital and FimA protein subunits (Jia et, &019)
and they hel@. gingivalis to adhere to host cells, -‘@@mgregating with other bacteria in the
biofilm structure and to invade host cells (Jia et2019). There are twtypesof fimbriae
according to their lengthe. long fimbriae (hajor) are able tevade the complement system,
while the short ones{inor) promoteosteoclastic differentiation of stem cells leading to bone

resorption (Jia et al201FAleksijevic et al, 2022).

(v)  Adhesin domains
P. gingivali®survival and virulence islependentn iron availability. This leads the bacterium
to acquireiron from the heme group in salivary and crevicular hemoproteins and erythrocytes.
(Smalley et al. 1998). P. gingivalis can extract the heme binding it with its adhesins, as
Hemaglutinin (HGP44), hemolysin and Hemoglobin receptor protein (HbR) (Smélley
Olczak 2017). HoweverP. gingivalisis unableto provide itself a constastipplyof adhesins.
They are produced through the catabolic activity of gingipains to produce gingaaiasins
complexes on the cell surface and on the outer membrane vesicles (Smalley and Olczak, 2017),
while at the same tim@dhesins are required for the maturation of its cell surface proteins as

gingipains and fimbrilin (Nhien et al., 2010).
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(vi)  Outer Membrane Vesicles (OMVS):
A typical P. gingivalis feature is the production of Outer Membrane Vesicles (OMVS). They
mainly contain LPS, gingipains, phospholipidsteg@minal domain proteins, DNA and RNA
and they are localised on the cell surfaces by type 1X secretion system of the patient (Zhang et
al., 2021). Their specific role is still under investigation, however the main tasks are assisting
with bacterial ceaggregation within the biofilm and supporting the quorum sensing
(Bonnington& Kuehn, 2014), nutrient seeking and supporting via the heme noyghang
et al., 2021) and cell invasion by endocytosis therefore damaging and triggering apoptosis

(Cecil et al., 2019).

1.3 Microbiota of periodontal and endodontic disease

P. gingivaliscan alsgparticipate in endodontic diseasgpolymicrobial infectionof the root

canaldue to aries, crackstraumatic injuriesor advanced periodontal disease whitbate

pathways for bacteria to enter the root canal syssastessive inflammatory responses within
theinfectedpulp tissuec auses an i nflammatory | esion in t
Per i odont20Q04).Is garallel Mighiperiodontitis, apical periodontitialso poses a
considerable global health burdé\ systematic review and metaalysisconcludedhat half

the adult population worldwide have at least one tooth with apical periodditigrcio-

Machado et aj2020)

Previously culture dependant and culture independeokecular biology studies have detected

P. gingivaliswith a prevalence of up to 29% aad high as 72% respectivaly the casesfo
primary endodontic infectiomhe microbial profile of primary infected root canals (untreated
canals)consists of 1030 species per canal, predominantly anaerobic bacteria (Siqueira 2009

Munson et al. 2002). Grarmnegative bacteria detected in primary endodontic infections
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include Fusobacterium, Porphyromonas, Prevotella, Parvimonas, Tannerétigponema,
Dialister, Filifactor, Actinomycesnd Pseudoramibactersuggesting an overlagf bacterial

generawith otherperiodontaldiseas€Munson et al.2002,Siqueira et a).2008.

Periodontaland endodonticinfections are both polymicrobial biofilm-mediated diseases
dominatedby anaerobiccommunitiesfrom similar phyla e.g. Firmicutes Bacteroidetes
Fusobacteriota Actinobacteriota Next-generationsequencingtudiesshow that endodontic
infections are dominated by obligate anaerobessuch as Fusobacterium Prevotellg
Porphyromonas Parvimonas and Olsenella whereas periodontal pocket® chronically
exposedto saliva and gingival crevicularfluidd are characterisedy red-complex species
(Porphyromonas gingivalis Tannerella forsythig Treponema denticolg alongside
Aggregatibacteactinomycetemcomitan(Siqueira& Rocas2022,Bakshetal. 2023,Park et
al,, 2025).High-resolutionprofiling of persistenendodontidnfectionsdemonstrate thatroot
canalmicrobiotadiffered from sulcularcommunitiesvhich exhibitedmore Streptococcusand
Actinomycegsyet severaltaxa are shared,supportingmicrobial migration along anatomical
communicationsn endeperiolesions(Gomeset al.,2015 Siqueira& Rocas,2022. Siqueira
and Réc¢as(2022) repored that high-throughputmolecular studiesrevealedmarkedinter-
individual heterogeneitydriven by microbial successionecologicalpressuresand treatment

history (Figurel.5).

Thesebiofilms actaschronicreservoirsof virulencefactors(LPS, proteasesputermembrane
vesicles)capableof inducingepisodichacteraemiandlow-gradesystemianflammation,with

both periodontaland endodonticinfectionscontributingto a cumulativeii o rinfldmmatory
b u r d(@ameset al. 2015 Bakhshet al., 2023. For periodontitis,robustepidemiological

datashowindependenassociationsvith cardiovasculadiseasegdiabeteschronicrespiratory
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disease, adverse pregnancy outcomes, multiple cancers, metabolic syndrome,
neurodegenerativand autoimmuneconditions, and indicate that periodontaltherapy can
improve glycaemiccontrol and surrogatecardiovascularisk markers(Herreraet al., 2024,
Isola et al., 2025) Longitudinal biomarker studies neverthelessshow that successful
endodontic treatment can significantly reduce serum and salivary inflammatory and
cardiovascularisk biomarkers(e.g. hsCRP, ADMA, MMP-2), underscoringthat chronic
endodontidesionsalsocontributemeaningfullyto systemidnflammatoryload (Al-Abdulla et

al., 2023

(a)

Bacteroidaceae [G-1]
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Staphylococcus
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Figure 1.5Unpublished data by Siqueira & Rocas (20&®)wed mterindividual variability in
the root canal microbiome (richness and relative abundance) in teeth with asymptomatic
primary apical periodontitidt was noted that ndiwvo individual samplesverethe sameas

seen in the heatmdp) and stacked barhart(b).

Persistent/secondary infected root canals are associated with microorganisms which have
survived the chemmechanical procedures or invaded the canal via coronal leakage. The
microbiota is composed of a more restricted group of species as compared toy prima
infections. Facultative anaerobic and Grpasitive bacteria predominate in these canals.
Some bacteria have exhibited the ability to survive in a quiescent phase with low metabolic
activity during periods of nutrient scarcity, awaiting the opportututyre-establish once

nutritional conditions become favourable (Molander et al., 1998)erococcus faecalisa
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facultative and opportunistic Grapositive bacterium, which has the abovementioned
characteristics and can survive independently as a 1sppedes biofilm (Fisher et al., 2009;
Molander et al., 1998). Other bacterial species, frequently found in casessistent disease
include streptococcal speciesRarvimonas micra Propionibacterium species and
Pseudoramibacter alactolyticusvhich are commonly reported in persistent intraradicular
infections. Candida species are also more frequently detected entéeds (Munson et al.,

2002; Pinheiro et al., 2003; Siqueira 2009) and they have been detected in brains of dementia

patients (Carrasco et al., 2017).

In chronic apical abscesses caused by endodontic infection, a draining sinus may track through
the periodontium, forming a deep, narrow and isolated periodontal pocket, adjacent to, or

alongside, the gingival sulcus. Jansson et al. (1995) reported tradqueitis patients lost

more attachment when root canal infection was present as compared to teeth with no periapical
lesions. Untreated endodontic infection has also been shown to impair periodontal healing

following nonsurgical periodontal therapy (Eéwid et al., 1993).

Extra radicular infections, although uncommon can also occur due to an inadvertent inoculation
of intraradicular microorganisms beyond the apical opening of the root canal during-chemo
mechanical debridement. This is characterised by apical abscesd. @ginamycoses can

also occur as an independent lesion, caused by Actinomyces spp. and the opportunistic
Propionibacterium spp., requiring periapical surgery for their resolution (G&ni&sheiro

2007; Narayanan et al., 2010).

The combinedé@&ndop e r disea®eis characterised by thpresence oboth the pup and

periodontalinfection in thesame tooth(Abbott et al, 2009) The anatomic connections
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between the dental pulp and the periodontium proaitleexplanatiorasto the overlap in
microbiota.Molecular detection demonsteata correlation betweeh. forsythia P. gingivalis

F. nucleatumand A. actinomycetemcomitara concurrent sites in endodonfperiodontal
diseasegLacevic et al. 2015, Das et al. 2020). This spports the notion that periodontal
lesions can be a source @idodonticpathogens and in turapical periodontitis can sustain
periodontal lesionKurihara et al.1995), Figure 1.6Elevated systemic cytokine levels have

also been detected with both disease processes (Barkhordat @@iGamonal et a]2000).

Endodontic infection
(biofilm within
pulp chamber
and root canal)

Carious lesion, invading
dentinal tubules

Periodontitis, with inflamed
gingivae and deepening
periodontal pocket

Apical periodontitis
lesions

Figure 1.6: Endodontieperiodontal diseasshowing concurrent periodontal disease (with inflamed
gingivae anddeepening periodontal pocketkje to host response to the accumulationabéulus on
the root surfag (containing subgingival biofilm)Dental caries is typically the cause eridodontic
infection as seen by the invasion of dentinal tuhlge the pulp chamber and infection of the root
canals,leading to a pulpal necrosi$his triggers the subsequent inflammatdamymune response,

resulting inthe developrant ofperiapical lesions representing apical periodontitis.
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1.4 Periodontitis and AD

There is mounting evidence to show a positive link between periodontitis and AD. To date,
there are arguments aswich disease comes firsas the causal relationship has not been
established between the two disease eniiiesding & Singhrag 2021). Mo r seudiesare
reportingthat patients with periodontitis presentaherrisk of developing AD(Stein et al.
2007,SparksStein et al.2012 Demmeret al, 2020, Ma et aJ2021), whereagatients with

AD typically havedifficulty maintaining optimaloral hygienehabitsdue totheir cognitive

decline,making them more likely to develop periodontifdyfler& Xenoudj 2021).

1.4.1 Bacteraemia

Periodontal conditions (gingivitis and periodontites) well asendodontic infectionsave been
reported to increase the risk of bacteraendanfer et aJ. 1960 Debelian et a).1995
Par ahi ti,2 @ WResearthera have reported a risk of bacteraamsiag from daily
dental hygiene activitiesr chewingas well afrom invasive dentalreatmeniSeltonSuty et
al., 2012 Tubiana et al., 2017k fact,bacteraemia is well recorded in dentidigyresearchers
who have linked this to dental extractiosstgical flaps, periapical curettage, rsurgical root
canal treatmenand even dental scaling (Baumgartner et1#876, Heimdahl et gl1990).
While transient bacteraemiaay not significantly impact healthy individuathpose who are
immunocompromised may face htfereateningcomplicationssuch aseptic shoclandorgan
failure (Nielsen 2015). When ulceration occurs in nekeratinised periodontal pockets and
junctional epithelium, tis cancreate an entry portal for bacteria and their endotoxins to enter

the systemic circulatiorifomas et aJ.2012)

44



1.4.2Inflammatory mechanismsand comorbiditiesin periodontitis and AD

Increased microbial loadn the gingival epitheliun{junctional complex)can initite and
amplify the hostinnateimmuneinflammatory responsg@sraves, 2008). Neutrophils migrate

into the area, secreting chemokines and proteases which faciifatieelial disruption and
attract more immune cells (Balta et @017). This makes the periodontal pocket a gateway for
inflammatory mediators and bacteria into the bloodstream and facilitates its ability to reach
distant organsaggravating chronic inflammatory conditions (Fine et 2020). The mouth

body link is drivenby multiple microorganisainduced immunological mechanisms that
converge to increase the susceptibility of patients with periodontitisiG® chronic

inflammatory diseases.

NCDs are associated withamnstant low grade inflammation stimul(slent risk factoy,
which may be provoked and sustaineg ongoing periodontal disease (Moutsopouks
Madianos2006. C-reactive protein (RP), produced by the liver in response to inflammation,
with values above 3 mg/L, but below 10 mg/L, can be considerknvagrade inflammation
(Loos,2005 Cecoro et al.2020. Many researchers have reported tipatients with
periodontitis exhibit increasedeutrophils in the bloodtreamas well as elevatelvels of
inflammatory mediators such dk-1, IL-6, CRP and fibrinogenas seen irpatients with

cardiovascular diseag&enco et a.201Q Bokhari et al.2012D6 Ai ut o et al . 201

Pathogenshallenge the innate and the adaptive immune response with the release of cytokines,
which are responsible for the further amplification of the local inflammatory reaction (Bui et
al., 2019 Konkel et al, 2019 Ramadan et gl2020. Periodontitis,cardiovascular disease,
diabees and cognitive declineave been reported to has@dependent riskThis is supported

by thepositive correlation betweeathieving good oral heal{periodontal stabilityto diabetic
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control (Chapple et al.2013).D6 Ai ut o e trepatéd. redycedOplasna glucose
concentrations and Hid& and improved vascular and kidney function§ype 2 Diabetes
Mellitus patientavho underwent effective periodontal theraymilar trendsn improvements
in various biomarkerswere reported in patients withyperlipidaemia andiver disease,

(Yoneda et a] 2012, Bajaj et a) 2018, Orlandi et gl2020).Refer Figure 1.7and 1.8

Goto et al.(2020, extractedmolar teeth(to simulatetooth loss from periodontitigh triple
transgenic AD(3XxTg-AD) mice andrevealed aneurodegenerativpathway involving the
trigeminal distribution withinthe periodontal ligament to the locus coeruleus. Ftbis
location,tau pathology subsequenipreado the hippocampusingipainshave similar APP
cleaving action as cathepsin(Bf the host)can nteract with the APBignalling pathways
(amyloid cascade) to releasebh AWu et al, 2017) Together with LP$ gingipainscan
proteolytically activate kinases such as GEKwhich can causéypephosphoryléion of

neuronal tayDominy et al, 2019, Haditch et al2020, lllievski et al.2018).
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Endothelial dysfunction

Aspiration pneumonia

Nonalcoholic fatty
liver disease

Metabolic alterations [

Inflammatory
bowel disease

Trained myelopoiesis

Priming of
osteoclast precursors

Rheumatoid arthritis it

Blood-brain barrier

Bacteraemias ﬁ
Cardiovascular disease / =

Low-grade inflammation ; (o

Acute phase response

Diabetes

=

Colorectal Adverse pregnancy
cancer outcomes

Periodontal comorbidities

Modes of periodontal bacterial dissemination

Host responses linking periodontal disease
to comorbidities

Figure 1.7: Periodontal bacteria such as P. gingivalis pread via different routes e.g.
haematogenous, oropharyngeal and orodigegiiget toextraoral sitesPeriodontitis share a number
of comorbiditieswith a multitude of systemic diseaseasbd on epidemiological evidence, clinical
studies as well as animal model resears$ a result of bacteraemia and systemic inflammation
metabolic and inflammatory alteratioman occur in the liver and bone marrow, which impacts

comorbid conditionglmage credit: Hajishaallis & Chavakis 2021).
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PERIODONTITIS SHARED RISK FACTORS ALZHEIMER’S
*  Keystone pathogen: P.g DISEASE
and its virulence factors Genetics and immune evasion « Senile plaques containing
(LPS, gingipains) Polymorphisms of genes encoding AB and NFTs of hyper-
*  Inflammatory cell for proteins of the inflammatory- phosphorylated tau
infiltrate in tissue immune system. Immune response protein
adjacent to the modification by P.g
periodontal pocket * Neuroinflammation
Resulting in localised Comorbidities * Neurodegeneration
tissue destruction and Diabetes Mellitus | Additive effect + Cognitive decline
inflammation Artherosclerosis ’
Environmental factors T
1 Smoking
) Low level of education attainment Glial cell priming -
lncreésed r'_Sk' of Poor nutrition inflammatory phenotype
periodontitis Lack of physical activity
Worsens its severity
Transient Bacteraemia |

S—  Systemic infection

& inflammation

) Cognitive decline <

Figure 1.8: Transient bacteraemfacilitates he keystone periodontal pathogén,gingivalis(Pg)in
invadingthe bloodstream and gaiig access to the brain via multiple routgxluding a leakyBBB.

The cerebral immune respongeggers neuroinflammation andhe eventuaformation of the two
diagnostic lesions of All Ab a n d PeNobBohtgtigalso has an indireéhfluence by sustaining
peripheral inflammatiowia immune modulators e.g.4L, IL-6 a n d (bludldetiéd arrow). This
cancause astrogliosis amgicrogliosis Clearingof toxic neuropeptides from the central nervous system
(CNS)can be impaired by the ongoing neuroinflammatifime pausibility of acausal relationship of
periodontitis and AD is further supported by shared risk factoch as geneticspmorbidities and

environmental factordmage credit: Kanagasingam et, 2020).

1.43 Epidemiological evidence linking periodontitis and AD

Multiple studies have reportéshprovedcognitive function irdementigpatients who received
appropriate dental car®g@lim et al, 2014 Schwdn et al, 2021; Yoneyama et al.2022.
Converselypoor oral hygiene and oral diseases have been associatedongdsedncidence

and severity oAD (Hugo et al.2007 Cicciu et al, 2013 Hatipoglu et al.201ITRibeiro et al,
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2012 Syrjala et al.2012). The risk ofdevelopingAD doubkd when periodontal disease

persisedfor ten years from initial diagnosis (Sparks Stein et al., 2012; Chen et al., 2017).

Longitudinal studies which have provided robust evidence to support the plausibility of a causal
link between periodontitis andognitive statushave been summaed in Table 1.1Poor
dentition, a latesurrogate markeof ealy-life oral diseasesuch as periodontitis, Is1ked to

both cognitive impairment and incident dememia the first ever diagnosis of dementia for

an individual Gatz et al.2006 Stein et al.2007; Stewart et a).2008, Nobel et a/.2008.
Results from thdongitudinal cohort studies carried out Byein et al.(2010), Cicciu et al.
(2013) PaganiniHill et al. (2012) and\rrive et al. (2012)vere in agreement thiwernumber

of remaining dentition(with an average ofess than 9 tee}hs associated with cognitive

decline.

A number of large scalgopulationbasedinsurancemedical database studies haudised

Cox Regression Models to predict dementia developmieat adjusting for other variables.

Lee et al. (2017analysed medical records of 187,7Aadiwanesesubjeds with periodontitis

over 10 years. They found that subjects who did not receive periodontal treatment and those
with severe periodontitis haa significantly higher risk of developing dement&imilarly,

Chen et al(2017)concluded that a 1@ear exposure to periodontal disease was linked to a 1.7
fold increase in the risk &D. Kim et al. (2020}nalysed retrospective medical records from
237,940SouthKorean subjects and showed that 1 to 9 remaining naturalisesthsidered a

modifiable risk factor for development of AD, vascular dementia and mixed dementia.

In fact, a nationwide nested casentrolled study utilisingthe Taiwan National Health

Insurance databaseere the first tdink dementia anéndodontic treatmen®ver200,000AD
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caseswere matched toover 800,000 healthy controlsto carry out conditional regression
modelling The authorgeported that root canal treatment and limited numbers of extractions
lowereddementiaodds ratia (Lin et al., 2020)In line with previous studieshe number of
teeth extracted hadtamporalimpact i.e.the extraction of more than 4 teaifier 10 years
increased the oddratio of dementia Comorbidities such asardiovascular disease,
hypertensionstroke anddiabetesvere implcated in increasing the odds of developing AD
(Lin et al.,2020)These resultagreedvith interventional studies which haveported potential
benefits of optimal endodontic and periodontal therapy reducing serum levels of
inflammatory biomarkers associatetith cardiovasculadiseaseisk and metabolic disorders

(Tonetti et al, 2007;Merchant et a).2016;Al-Abdulla et al., 2023

Insurance database studies are limited by reliance on diagnostic coding, lack of clinical detail,
and potential misclassification of casas well apotentiallyinaccurateanalytical algorithms
The generated data should still tensidered as this is the only method to include large scale

cohorts with longterm data
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Table 1: Summary of characteristicsand critical findings of longitudinal studies on oral
health and cognitive status

Aut hor, | oca Sampl e anred astleCr i ti cal

study title

Kaye ,2018l . N= 1,23mal es Toot hallweasl,ar b
Agse -24 deepeari opdont al
Tooth | oss aConvenience sacarious | esi on:c
di sease predFol |l oew eurpy. Bp ytwer e all alscwei
cognitive fu32 years MMSE 86d scor es
me.n
Bost on, USIA
Stein2e6efilo0al = 144 nuns, wWSubjects Ovadt he k
APOB4t at us . O9teeth, pomrorteat
Tooth | oss, Agers® 8 del ayed!| | scor
E, &edl i ne i n=32 dementi a
word recall n=112 without Cognitive déaskt
n=101 with adethan those wkil
Mi | wauked&dSAWFol upw annual , th2eisk factors
Paga-i hi ,2e0tl : N=46 8 Men with poor r
AgexsZA05 (medi amasticatory fur
Dentiti on, DMal e=1733 wear dentures [
Habit s, and Femal e=3735 ri sk of dement i
Leisure Worl those with adec
Study Number with demasticator fur
I«

(o2}

y

Fol upw up to 1teeth and O
LagwiHnadl s, UEA

This risk was

women but not

significantly.

A

Dentate indiuvi
not brushing t
a -B3% higher ri
than those who

dai |l y.
Arrive et al., 2012 N=405 Having > 11 missing teeth
Ages: 6680 (Median 70) seemed to be associated with a
Oral health condition of M=184, F=221 lower risk of dementia isubjects
French elderly and risk of | Follow-up: 10 years with lower educatioppossibly
dementia: a longitudinal owing to the suppression of
cohort study source of chronic inflammation.

Gironde, France

MMSE: Mini Mental State Examination
SCT: Spatial copying task
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1.5 Originality, Hypothesis and Overall Aims and Objectives

To date, there is no conclusive evidence to prove the causative link between periodontitis and
AD. This PhD project is original and builds on the existing research related to the infection
model of AD throughP. gingivalisfor the hallmarkAD lesions ,Alfosphorylatedau and

NFTs

The first hypothesisvas that periodontal, cariogenic and endodontic bacter#ibute to

peripher al pools of AD wi thtain.t he potential fo
The second hypothesisawthaP. gingivalisvirulence factors and primflammatory cytokines

can modulate the amyloidogenic processing in neuronal cells to increase peripheral pools of
Ab.

The third hypothesiassumed tha®. gingivalisandF. nucelatumnfectionin a co-morbidity
mousemodelfor obesity and diabetegould reproduce ADpathological hallmark proteiria

the mouse brain tissues.

The fourthhypothesis was that tau fragments cleaved by gingipains would exthiibiacterial

effectsagainstP. gingivalis

The fifth hypothesis assumed that tau can form helical timsitgro.

The final hypothesis was that thound NFTs are birefringent
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The overall ainwasto gain a better understanding about the relatiortsiyween periodontal
infection and AD pathogenesiscluding the development of AD hallmark lesions which are

responsible for cognitive decline.

The objectives of this PhD research project were:
1 Todetectamyloib( Ab) wi thin microbial bi of i | ms
1 To determinavhether conditioned medium froRorphyromonas gingivalis
cancleaveAPP t o riminaasAdd A D
1 To investigate the effect &. gingivalisandF. nucleaturnroral infection on
the development of AD pathophysiologyanobese, diabetic (db/db) mouse
model.
1 To asseswhethergingipainsfragmented tau peptides displagtimicrobial
properties and the potential for paired helical/straight flament (PHF/SF)

formation.

The met hodos$engiesr this rtesee arseh afrtoejde,dtn fiencct
l ight microscopy, scanning electron microsco

( TENh.etseec hni gues wreorrep htool ofgaiccialli teaxtaemi nat i ons

An mi tebl culture met-899%9%| oglyl i InivoR vagman gSdinagle
conditioned meda makb sienn cteh eowWw isceyst ¢oska eneersp | oy ed t
the clinical situat iTdhre icreld sc amtdr dlhleed maimpree

APP c¢cl eavage fragments by i mmunoblotting and
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An obese, diabetiwaq dbdad)t anoiurswee snovded e me h e
ofADhal | mar k Abptr @ainedi n)dWwhlesn i noc WPl atge dagnwBv.tath i s
Nucl eBhh @ mnmaemihné ver | mpr egn atmnounn othei csht noecghaeemi asnt

empl e¢ypwe@ds s essnefuorroisnifglnasmnoaft i on.

P. gi nagnitviab a cst eweirael paesrsfaoyrsmed t of ragsneng edf t
peptides displayed antimicrobial properties
determine tau pep.tiReai rseec omdalaircyals/tgturcaiuglet f |

was evaluated using polarizing |ight microsc

At the time of deweloamiomd sthhees edaknpdday | tnteen t bad s t
the candidateds knseswbedge, whhehe hwét bea@ame

abovemeoodmoineati on of research protocol s.
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CHAPTER 2

EX VDEDECTI ON OF -BAEAMYAL O IND
ORAL BI OFI' LM OF EXTRACTED
WI TH ENDODONTI C AND PERIC
DI SEASE

The work presented in this chapter 1is
reference bel ow.

Kanagasjngam Buhl and C, Wel bury R, Sin
Amyl-mind Naturally Formed Oral Biofil m.
16; 6(-493.75d0i1 : 22M.0¥5B33/ ADR
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EX VIDEOECTI ON OF 8B8MYKAOI N ORAL BI OFI LN
EXTRACTED HUMAN TEETH WI TANCENDODONT
PERI ODONTAL DI SEASE

2. IINTRODUCTI ON
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et ,2a0l0Mc Gr e e 12 0Dt2 ; a IB.e r2tOrlEDenn e k a a &;tMoa Ir ., 2G 2 &1 5
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of DAs AD) has no conaltmedgleti onudgy domai n
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has been i mplicat efdorasp ear ippohteernatli aal n dp aitnhtwaayt h
with viruses, fungi amtde rbtaicd la g @ @i KatfdiduPaBe d t O
Bal i n2 @®Boall .e 2 @ 1Z3haaln. ,2Q liGlz.haki ;Altomd g2 0T 1]

Dominy , 20 )1 %He di scovery of significantly r

|l i popolysaccharide, or LPS, component of bac
t o -mytecheAdD nsounbj ects | ends suppoirnt rteoc atphiet udia
the hall mark proteins of d@DndgioVvalows n@gl loir@avsk

Domi nayl .,}. THh0 9 explavasitvleenmati on in AD and t
i nnate ( Akmuyany0 OMc Galee,2 020 @ll 2 @ fHeanleek a et al

201155 ; Mo.i2I0 L8t al
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The role of the furmecti mmoal farylyoiud der ettt @iord,
Accumul ation of these aggregated phadseb@asn c:
recognhdes erde uroomaoyxeiacd atnod nedturloansh bbb dldareda ch ptrtogpto s
Abmay alaom aawviemi crobial function whiMoh rmay c
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cytokibAedbrillization subsequently occurs to
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('t zhaRRiO lebd i & |2e0tL Bdole. r Il B bpheAdysregul ation of
response is compatible with the well accepte
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Both sol ubl ebhaanvde ibneseonl uabsl seo cAi afileedv ewist hi nADt. h eS
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al ., T2hOeOs2e, )amyl oi ds serve as Ofunctional & sujy

from microbial appendages including curli,
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Some bacteri adntsepreoimgtso sspiciha weschheenexpepes s ed
cur | i wfhiilkrmhesar e pr ot ewhniacche oaursé daeddhseamwtoithes|,o f i | m
formamidomost COhammamateltatnails ,r 0LXnN aalt artad a
endodontic biofilm deamdrhmsAb oheibrAea rk eh adsstposo t kd
extracellul ar pol yme miagh es wh\sdtiabrboaes mi ERBR$S o,n wh
microgsd&mMy  This i s blefcialursiel shuaraem KMnown t o be
bacteri al(Slcauutlal Hdthbeecelsr etmiiG@3efsdri gati on was t
t hat bacteria carry different proteins, suct
the correct pat hophysiol ogi cal conditions,

biofi (@hBP&an eltn ad .0 h ORI modékdted teeth a
Abcoul d potentially be secreted in response
peptide. It was anticipated that t herroebiwolul d
amyl oid. The i mplicati oAbpirso ftehimm itrhfee chtueh no ra.
may be transported t oAGtlphreo dduZairsy Ry taxhoeu,lrd2d®ed

pot enctriensksBfgi tho he ,brtahienr eby i ncreasing the ris

2.1.1 Hypothesis:

Periodontal, cariogenic and endodormtwiid hbact
potenti al for carri age tbor atihne bbarrariine rv ibae cdaeufst
AD.
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2. 1Ai2ms Obrjckcti ves
Ai m: To itnhwee ptait haotgemtsdi buti on t o thhe halel ma

pat hophysiology of AD.

Objectives:

(i) To examine the interaction of oral bacteria sourced from human teeth with periodontal and
endodontiaddi sease, wi t-meurdiilladybangeenn d t au
(i)  Toestablish if the naturally formgde r i odont al and endodontic b

of its extracellular polymeric substance.

21. Et hi cal approval

This project was approved by tReskBaakthhERBS
Commi toeal (REC), the UCLan Ethics Committee

Safety Officerrs (BSO) committee

1 IRAS approved project ID: 249743: Short project title: Oral biofilms dementia
version 1.

1 REC retrence19/NI/0019

1 STEM (UCLan ethics) approval exence 1001

1 BSO (UCLan) approval refence 021901

1 The project was adopted by the NIH®Rho provided help with CPMS: 40822 IRAS:

249743- Oral Biofilms and DementiaPerformance Monitoring
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214Fundawar d:

This waawectded the 2018 Or al and Dent al Res
(PreViser) geahte wlhisthofdoxemsumabMl ki Fost ag

(202B2wMort h A5000. 00
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2.2 MATERIALS & METHODS

Al | gener al purpose | aboratory reagents use
buffers for the wor&r eprleisttadk dlreaurng ahi buttheaipe
(Sigamar i ch, Me r c k, Lathds oD ourtiseeat b, b B bKg)o0d%)F %a n d

et harnweémparchased from Fisher ScieangrfadedK |
et hanol at 7we,r e8 Op raenoda s1eCl0l % e  h W a u speh ossupphpal tye) ,
buffered, 6 saliondwgBB§fFr.elpared in house with co
(Si gmladr i ch, MercklQ%det(bpreseeédi IMK)netetraace
7.4) with Owa0s7 % rgel pyacr éend@ig ena dheo waysl. emwer chased

(Sigamari ch, Mer ck;platr @ f fpDenlriseatixs, aJKd embeddi n
obtaindgdishem Scientific UK Rletad,yGrliasntcaesset e r <
C Oomp o ncernytsst a l violet LUPLIT®DO0) odsd iy GirPani 05 2)
di fferenti atSoarf r(@Pl Hn0 Owe/(25L)& DL 2 p(bRiasi meerd S coioem |
Leicest e)yCd lreinmsdaMa yUeKr 6s haem aH&mBtandi Bgscompor
were ready made and purchased from Raymond

Grocagitltver I mpr e gcnhartoino ncs ordecaugde nmeet a gSHOg,ul phi t
met henaimineegat d ¢sd diru d et haicoest u dcpliaagcthed dyree e n

powd eCrl 4809& )obt ai ned f rLoem clisshreyr S o g n UKXI
mounting wasdiabt ai Riesdhefrr of%ice iemd g tf @ )cs2h5i % e U
glut ar angigehgdeeous osmi unm gpeyireoxda Ber ksypd ruda 8 tbm
Aral dit,e KKCiYt21@Qontaining al/|l components (har
polypropfbapauaaeienmstubs, carbon tabs (or adtl
from Agar Scientifi ©800%or nfiSct aastdad,Fi §Kgr

Leicestershire, UK) .a nAf & n tpirb ondayr y (vead rsot ni Ebroddne & €
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BiLoegend | nc. ( San aide gt oh,eE QA UBSESS (Pgrbt3i5654) wa:
Abcam PLC, Cambei sdgegecod&aary detection antiboc
peroxidase 1 gG kit (PKNemOmf@al Veoteere Eabaoamatwari
Vectastain mousd sper acihievadd)AcB | mer kxiitdase Ki 't

Laboratori easnt aluK)(.p hRoasB@a®r 5/)] acdlealne AT8 was pu
Abcam UK. The secondary detecti on Vercttialsd dayi nk
peroxidase | gG kdet e cPtkKi 04n0 Ok2i)t awads tthhee DAB Pe
(Vector LEBKdhet mei bsdol ogies have been descr

et al. (2022).

Primary and secondary fixation,
dehydration, drying, mounting and
sputter coating

; Paraffin wax embedding,
Specimen sectioning, followed by Gram stain Light Microscopy
collection and immunohistochemical staining

with Anti-AB antibody

Araldite resin embedding, semi-

thin sections stained for
ultrastructure

Figubh eFRowchart of met lpodkp ausadd ofnorangdp e aniarge

2221 Specimen collection

HRA and HCRW approval | RAS Project | D: 24974
14"™March 2019. Researchers then proceeded to
Nort hwest region to cAhlpreacgmaftriecs hd eyc iesxitorna cw ae
dent al practices which were | ocated | ess tha

coll ection of héeélbewiitnrga dteend atle@trlact i Tes conf
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1 Thomas & Thomas Dental Associates, The Surgery, 129 Whitegate Drive, Blackpool
FY3 9BU
1 Great Eccleston Dental Surge#yThe Square, Great Eccleston, Preston PR3 0ZB

1 Lotus Dental Practice, 169 Towngate, Leyland, PR25 2TE

Tr ai wiasg prtovi dlemdo slel €tcafifon of itreel hsii e/l arxdad In
criferi ahe required teeth (cogniot0i ven dhreea gloti m
dent al extraction, who voluntarily consented
given to all dent al practice stambvalmembassol
criteria were teeth which required extracti.
healthy teeth which requird@dtdeexdi seaseldnd &t |
teeth which were diagnosed with apicd@aheperio
indication for extraction can bBeotdhu et epeetrhi owdhc
wermhead not been previously root treated as w
t his Tseteudhy .whi ch had vertical root fractur e:

i ncluded.

Extracted teet hOWee Ediagofdldldeadtcehd iMer cRi mt d, C
i ndi vidual Duran bottles. Researchers coll ec
number of consent forms to the number of ext
in 10% neutral buKlfderiedh,f oMarad KJ KL oD alyardsAe .

Al'l speci mens were stored in the designated

t he Human Tissue Act offaomd WEreegphatomd ma :
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USB stick together with hard copies kept i n

Building, UniversiFiygafk Cemawsalarn amwersvhii eave )o.

222 Preparation of speci mens

The tooth speci mens eXdaXMmimagdiwiitchatd eoemt g IS ulrau
MI -, USA) and grouped into the following cat €
(teeth wiendopgdonmacy of ecootoncamal periodontit
with secondary root canal infection i.e. fai
were not intact e. g. root fractures, grossly

di scarded.

) Root calculus
Calculus was either directly viewed on intac
deposition of calculus) wusi g 0ad uspteesr intaeg nsicfailc
(Surgi Tel, Ann Arbor, MI, USA). The <calcul us

PBS (Fi shelreiXceisetnetrisfhisceeear dKep contai ner s.

(i) Demineralization of teeth

Foll owing fixation in formalgmd doil ah,j oNMer ok
Dorset, aUK) teet h wer eetdceniemeerdalainsiendetien ra@% e
(pH 7.4) with 0.07% glycerol fon vheibabpe of
(i nci soro,r ppod Mdp@am demi neralisation (cut eas
tooth was cut Il ongitudinally in half, and th

paraffin wax.
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(i)  Paraffin wax embedding

All specimens were dehydrated i MAlgmadced etelra
Ltd, Dorset, UK). This was foll-gwadebyytkaar
The tissues were infiltrated iatimalutee rprpareasf:

(Leica ,LB1@2a0 Mi dJKb & ¢ sStheemisfd | pder UKQuti ne hi st
| aboratory procedure and embedded in moul ds

Scientific UK Ltd, Leicestershire, UK) .

(iv)  Sectioningand slide preparation
Paraffin sections wesriengc utthei nLtea t4z QIns 1t 2h i rcokt naer
Scientific, Hampt on, New Hampshire, gluU&#3 an
mi croscopdhel isd e siens awe rien cdusbimetdogt arte B3 7iArC a s

room temperatur e.

22. 3 Tissue Mor phDeltoegctndoend Bi ght | Mi croscopy

Dewaxed and rehydrated paraffin wax tissue ¢
t ec hsiingculeu d i-sntga iGoidmspge rtvoe characteristics of i
i mpregnation methods to detect the presence
the presenckeTlhd tLiPSsweadsdé&ctions were examine
neutr al ' i ght (@Br aamo@s cocePoytntgsrtime nhods and wher

under the scanning gledctrrzsmcnbiimmoscope ( SEM)

0] Gram stain
The Gram staincbosmounskegdotfh adchse tnoosdi stingui sh

cell s 1 n <c¢l i ndicfafl ersepnetciianteends ilarmtslce dt won d lhaes gi fc
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charactermpsesitcisye Gfampearing ei tGreamegat plve o

(turns pink or red in colour). Gram staining
et al . 2023). The pwhl iadlfda89met wad afla@eéeedart
sectPamaf.fin sections were dewaxed in 2 chan

and then rehydrated through a graded alcoho
al cohol for 3 minutes each, foll owedthbhg 90%
xyl ene and al cohol Medrie adbt aiom &«d sfurkgsnme qSeauittal o
washed briefly i n THhBeSh yadnrda ttehde np atraapf f want ema.x t
t hen etxgproyssetda | vi ol ef{ F{ Bbh &0 OL&Xi i ceensht tuehrfi smhni rle , |
mi nute andLbégobdedi wéebhetsa¢PRomb@BNhd t hen all o
to dirhe@rnam di ff er entwaast oap p(lPiLerd0 0t6d Atbpee r v li inde
unt il nNo more AdIteur mud 4 wpdaslbe agewd.onghdi stil |l
s| swka e ctohuemitt eari N S& f wianh n fOo (tP&@ 0sl2gonds and v
prior to @aomndiwigngnaed a gl ass cowemdsluimp us
(Fisher ScientifancoldefLteittcemsedbyibboVv s, dOK) wer e
under a | i ¢Nhitk onmi cErcd s cpaspee ICii k ddmnadr ¥agees wer e C

usi ng4DSoft war eT lfaNa dkvoenme miki)looyghosbegen descri be

det ai | in Kanagasingam et al. (2022).
(i) GrocotGomor i 6 s met henamine silver I mpregna
Gr o eGotnto rMeG@shenami ne Sil ver ( GMS) stain is é

sensitivity for detecti nrgi cthunngiicramd gahhems
embedded rehydr aGread¢hi9%btuar lsiec® @ bl sSThte & li .s s u
sectioms diweaked 4% agqgueous chromic aicn dt haet fruonoe
hood. Following a brief wash irrneeadii s hi L bedodat
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met abies utPghfi dr mi.n uA ef warsthher pwri fnorrmuendni ng

foll owmeld sbyl endPelratteed
gl asswa3ng met henmim) ne 5 %2 ill(\26er

di stil (2é6d mi gt earnnd apnl aicnecduhas ect adon$00n

into t he

prewa

rmed si

wor ki

|l ver s ol

ng

S i

m i)

uti oibrfoaihe30

|l ver
t, r abt%

s |

secti otnteenwerriensed amdodiedt iWiltend Owat% rgo | d

Foll owi nwadhierst hien

t hi osul phat e o(lll oxwi2nvwga isamruawe s ehr.

sections
Angxcess

mediamde f t

descri be@r abovtalmhe seltdavemgnt i oned

in detail

wer e
| i ght

t o

i n

counter
green

dry

Kanagasingam

s t9&i) na

di ssfa dtlieadn swaweerre

runni

ng tap

s ol

tap

ut i

bor ax

i des

mi

chl o

treated

wat

il Ga.cl % cl iaghtd

wasmaoumtsiemg wii imo@@5 foingt D

et

al

overenXx gehttbmd d8th e a s | i dabss

(2022) .

REMOVE
RESIDUAL
CHROMIC ACID

WITH
NA
BISULFITE

DEHYDRATE, CLEAR

AND MOUNT

COUNTER
STAIN IN

-

LIGHT
GREEN.

GMS = OXIDATION/REDUCTION

TONE
IN GOLD
CHLORIDE

MORE CLARITY,
CONTRAST AND
STABILITY.

UNREDUCED
SILVER IS
REMOVED

BY
SODIUM
THIOSULFATE

Fi gurWor2kf2l:ow

of

Grocottods
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This diagram ibywusespr atxedatheorst ppocess wused in
i denti f yminogrra amigams . Wiees sfuier sste chtyidbrnast ed and t hen
aci d, whidehecoctermowve from cel edbodysacehmhiasi dad Coh
groups. Resi dwaasll ecalrreadmiwc tahcisdodi umwéeies plofsiede t lbe fa
met henamine silver sol uti orni,c hwhfeung ahé¢weldlu cveadlsl s

to visible met alwleitar esni Itvoenre.d Tihne gsoelcdt iconnlsor i de t o

stability of the si |lwaasre mbevppas iwist.h Wnorde duurc etdh i soislu
we e countiegrhsttlayi n(fecdonmonl y with | ight gt emaye del
crewww.. | ei cabilosystems. com

2.2.4 Immunohistochemical microscopy

(1 Anti-b-Amyloid antibody, Mouse monoclonal
AnH-Amyl oi d antibody, Mouse melmoc | pmrai § i edl o
hybri doma akilg-mladuoul thr eMer ck UK Ltd, Dorset
i mmunohi stochermipetptydeoi detheaenanAtooth tissu
dewaxed and rehydr ataesd deys csrtiabnedda ridn2 ptighoe@ gedaurr le
their endogenous @ueeamosh ehdg Su§y .da8 &tgiewni tpye rwoaxs de i

for 20 minutes and the sections were then re

Antigenretrieval procedure

An antigen retrieval was performég placing tissue sectionsmeat (98100%)formic acid for
the antib-Amyloid antibody (Fisher Scientific, Leicestershire, UK) for 10 minutes at room
temperature followed bthoroughwashing with distilled water (2x2 washes for 5 minutés).
variety of antigen retrieval procedures were tested with the @itbtau (phosphorylated

S202205) clone AT8 on the paraffin wax embedded calculus biofilm sections.
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Immunehistochenstry procedure

Following washing wittdistilled water, sections were equilibrated, for 5 minutes, in phosphate
buffered saline (PBS) (0.1M PBS, pH 7.2). Nepecific antibody binding was controlled for

by 30minute incubation in block solution (containing 0.1% normal horse serum from
Vectastain kit(VectorLabs, Newark, California, U.S.KRI002,in PBS). The primary antibody

was mouse anhb (cl one G6E10, :BD mblech soluter). Thd negatie e d 1
control sections were incubated in the blbckfering soluion whereby the primary antibody

was omitted. All sections were incubated overnight at 4°C in a humidity chamber. Gaxthe n

day, slides were washed (3 x 5 minutes) each in PBS before incubating the sections in the secondary
detection antibody from Vectastain mouse peroxidase IgG kit (PK 400, Vector Laboratories, UK),
according to t heThsdeteqgtidnivasicoinpleted nsed thelDAR peroxidase

Kit (SK 4100Vector Laboratories, UHKgsectomgai n a
were lightly counterstained in 0.001% light grdmsforemountingunder a coverslip n  Gur r 6 s
DPX (Fisher Scientific, Leicestershire, Ukhd examined under a light microscops

described abovésection 2.2.3).

(i) Rabbitanti-tau (phosphorylate8202205) clone AT8
Rabbitawantphosphdyhatede®&20@& identify the p
tau pepReldgdrated paraffin waxPB&) cahdstbect
specific antibody binutieng ubad i oonti molbll @ed kb yn ¢
containing 0.1% nor makli t g oaPK s4e0rQuamo n (i \&e cntli ansgt |
0. Ookween 20 for both the negative control sl
t est s ltiadue)svh ( adit liwvuetreed i n trhes dll wtcikd Mvegd @G f e
i ncubated overnight &n 4éhp@ inhayw, htuhheodddtuydhadya

washed in B¢ @BESMhen subjectedntobaodye fSra
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t hVee ct aksittai hor rabbit peroxi dase | g GK) ki t ( F
according to the suppliersé instructions.
Peroxidase Kit (SK 4100). A |light green cou

gl ass chAnvteirgselni wraest rciagwadled poruetv i.aosu sdleyscr i bed

(i) Anti-Escherichia coli lipopolysaccharide (LPS)
This method was adapted for immunostaining from Zhan et al., (2016). Sections were
deparaffinised and their endogenous peroxidase activityquaschedising 0.3% hydrogen
peroxide in methanol for 20 minutes at room temperature and then rehydrated in running tap
water (1 x 10 mintes). Following this, he rehydrated sections were incubated in PBS (0.01M
PBS, pH 7.4) atoom temperatureTo preventnonspecific protein binding, sections were
neutralised by 30 minutes of incubation in block solution (comtgi@i1% normal horse serum,
Vectastain kit, PK 4002n PBS). The prnary antibody was mouse aifii coli LPS (ab35654
from AbCam PLC, Cambridge UKdiluted 1:100in block solution. The negative control
sections were incubated in the blogk buffer solution whereby the primary antibody was

omitted. The rest of the procedure is as described for mousa éabove(section 2.2.4).

2.2.5 Biofilm morphology and characteristics under electron microscopy

0] Scanning Electron Microscog$EM)
The scanning eseansonumiaceoes caemegamo ofgahis
moving at |l ow ener gy tSE Mftoicvuesrs yea nsdh o d a nw asvped
compar i swarv etlce ntgteh of i ghsi imi eTabitsptwvge SEM t o p
better resahdti ompr poweveer appreciation of finei
hi gher magmée fbeami oh. el ectrons interac¢ts wi-t

det aisluirhm@c e topography a p dc idioeapnd 9rii toigoorb i af
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speciwoeunsd fiexat iren, dehydr atitdr, rasud ludcuyuamagl
features and to prevent coll apsing ®&fEM he ce¢

(Ar&€havez &iCacter,02019) .

Calculus onanscédl| rRemiesledteeed ht eet h (to waApOSEe t
fixed in 2.5% glutaraldehyde diluted in PBS
wash in PBS overnight at 4 ACfi®edthe &extaq:r
osmium tetroxide solutiogntfhors 2valso waasfruaneedr hoox
Subsequentsipypweitimeans htendor oiumghtdystil |l ed water an
graded alcohols from 70% et maumtoe & ctho wvaibtsho | aubt sec
et hanol was ha sf eXQ leuntideesdcFhd.lolr o wi me ft thlilsy dehyd
speci mens wer e pddcerdetdontar pbn stbeab bbseanncdh ptloap

gl ass vacuum desiactzioadinosro ff or

Il n addatcohuyus (scrapeaveotf inheibmbybBscsabil ia le
wasdn absolute et haamdHer eadhdt ocs ubasrelgqaure ntt dlys o

coated with gold (Emitech K55®@X,) Rirclomomnad 8«
under the JCM6000 Plus Scanning Electron Mic
| mages were recorded using the 6000 phes sof

abovementi oned met hodol ogy has been describe

(i) Morphological visualisation and immunochemistry investigations under
Transmission Electron MicroscogyEM)
This aspect of the | abordaueortyo itnhvee sita cgkata fo nT

the University dfDrCe&mtrn slt ophecadbonr Kkuhl and,
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Services (CBS), T€Candimi ssUaoanv &t ictypn Micros
used to ansatysettuhel umbrphol ogy of materi al s
TEM i maging can achieve s pArtaCildda vreezs ofd iultai oaar so
20D9 I n this st udybselrEvM wahse unsi eclr eototr ggda nd esmmts a i
and remnant r o®pgediinmdhisnxgevénraatnedr ieamhb.edded i n r
sectioned with.laR WHARAYggearm( Scloteca,nefCiat i br e Sc
Rot her hanmdmdUIKAgae $Hcienti fic Ltd, Car e ©virre Sc
wer e choselnowduwei st asiltaytriageildy i.nUlitlrta sattri wot u
i mmunochemi stry wlaR Whirtre ednduit mmu rthdhcio$s | ai d.
technique wutilising colloidal gol d.Fausr tah etrr a c
hi st ol sotgaicmmil gl wibdiamed | mmunohi st oc hAamb-ic al st

Amy |l oi d waenrtei bcoadrcyr i ed out to det eCdr rndleatpirees elr

and el ectron rmihdrmmoAAcap vl 4t wseémitniotnisal anal ys
of view via |light microscopy which then faci
i sorme -admeeumi ng and compl ex, edion@vloiightunmiecre
analysis of irrelevant areas.

Specimen fixation, dehydration, infiltration

To observe the morphology of the amyloid fib
selected specimens were processed for TEM.
gl ut ar gl dnehhiycdhe )was fodd oorweear yo nf iwiatth on i n 269
tetroxi de( saese faobro vSeE NI SeE Mh esxetc t 9 toenp sd e mw dodnavte d s
in graded al,co8ed%sa nfolromo7@¥®Bsol ut e Wdshihmd (-
ti meabdml ute et hanodx w30 e mienxSiuseguecdtatel hyf, u ltl y

dehydrated specimens were placed in propyl e
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opyl ene oxide and Araldite CYZXlaxidti tatreatii
filtration of resin into the specimen tiss
sin over edAh lourod,awhxwedd eGsliacsesi ¢ Rol | er Mi >
mbri dg®,.ecUKgntshewelbreedded in fresh Araldite
éémapsules helwhi oh acomed @il med cikdéhetrityhlkeabe

d sunk to the bottomfof the capswil ) ( wt hdi

i th mor & hiriecss snevaalfineld c a pesrpel ased i nto an oven

e resin at Tehose UM ofvoermednst ihoonuerds .met hodol ogy |

Kanagasingam et al. (2022).

eci men fixation, dehydrati on, infiltration

po
Al

St

St

eci mens were fixed, for up to 3hours at 4
l uted in PBS and washed overnight in PBS.
hanol (3 x 30 mMinutes each) .inMmMhEsd4d talsadsnuge w
ur s. eTalceny) we r ee nsbuebdsdeeqdu einnt Ifyr eshSccehdi £ Rc Whi
which manufactur eat 6 2 a& ©caozfleelt.a%a@Lli/ oma si ma dpdre
|l ypropylcamps uBesmusi ng tthhoed c(oNedw ntaant aa nydt i Ho b
I the r esthniebd otcok sp rnoadruac ea esdeeneilt i corapsHiadiebl g
ains and heavy met al i mpmegnatriosrc opfy tvhes us

tsourced to Dr Chris von Rhuland (Facil ity

l otechnol ogy Services, Sc,ho®@dr piff ftMedUK i ne,

ai-négMmimi n (Aral dite and LR White) sections

Al

Mi

I sections wer e cut usi ng gl ass kni ves

crosystems, TGBeethént sectUkkns (below 10OM th
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on gl asswhkidldtetsahrl O(08 Onm t hi ckness) sections
mesh naked nickel grids. A drop of filtered
about 30 secohdsnosecttbassemithe sl Aldle whi
excess stai nt hwarsounpahsdnye divotf § owimeg dendtsi,ons we
dried and mounted in GKrkttd, DP&Xi X €amsd eshdmiere

under TEM.

—
@)

ncrease the overall,sobnti@asns of ehecul DI
met al sad e dThweergerids were fully i mmersed for
uranyl acetate solution (Taab Laboratory Equ
wax and washed i n dutsesaclh)e.d Twhaet egr i(d3s xweZ emi
mi nutes in Reynolds (1963) Il ead citrate soluwu
(3 X 2 minutes eachg)riadnsd wWeirnealsltyo raeidr idnr iae dg.r i
was recorded f®trai-ipEMdgandloysiAg.al dite embedde
el ectron microscopy Vvisualisation was outso
El ectron and Light Microscopy, CentCaddiBfifot e
Uni veCarndiyf The UKDovementi oned met hodol ogy ha

Kanagasingam et al. (2022).

Examination and i mage capture of Aral dite enmn

OQut sourced to,@ard@hrfifs Uvacsrv aefbwleand (

|l mmunocol |l oidal (t&6B8®) §ERlI Whrtet-emberddesssemse

OQut sourced to Cardiff Umasveabswvey, Dr Chris v
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A  common sensitive and targeted i mMmmunohi st

i mmunogold silver staining method (I GSS). I C
using |light or electron microscopymunogscelldct
l abel |l i fd alckad &t ieimea Ime t HlAORGB REeWhi t e reedsi n em

Tg2576 mouae &drposfi tAinbeA myd mt do)lantdi Jady a per

bi ofil m

An tAbant i,bovMioyucsseone 6el10) -tomi N Rs aMhti it ®n s e mi

OQut sourced to Cardiff University, C/ O Dr Chr
Positive control mouse brain sections were e
containing 0.6% bovine serum al bwmann i bPBS$/ B!
(clone 6e10) dilutediiaot PB5% BSAMTMIOND ad toeaph Hheedlp
tdetermine the appropriate antibody titre fo
biofilm.PB8tBBANsal one was included as pri ma
each experiment. Sectiucdtines SWBISA wadgilked d2nd omM 2
tris buffer pH 7.4 containing 0.6% towirne ns

anmouse | gG 10 nm col | eAlddarli &fbosl sda cchoung &igtast jeo H ¢

were washed in distilled water and blbosecher
were applied for(Réwmanu&8&dB® amaesvedli oinmmun ol
Foll owing thorough washings in distilled wat

Li ght (a@raese ncaufroired mmunochemi stry of,se@atriadd i n
2. 2f4a)ly air dried and mounted under AaA cove
dilutionamifbaht 2B60dy (Walsonceho@el@)pl i ed t o Tg?2
ti ssue sections (positive control s) al ongsi

descri bée&di abmgehodol ogy was described in det
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Toluidine blue staining for morphol ogy

Toluidine blue is a thiazine catwonba€Ef dget wi
nucl eic acids, and therefore binds to nucl e
contenhis histological stain is wel/l recogni
identification of dysplasia afdoroaba&gnhemau mc
Hel i c osbpaecctiers) as wanlyll dsatslbifimbras ts tuanidneirn gp oal ar i
woupidve a bright)(Beddbarafr @ AGbatsdeam, s2@12 o0
were treatefl witheaedrO6p5% Toluidine blue in
a dura20 ose®mdndd homt ssoens €mmioanr o s ¢c osppel agleals so ns la
hot pl avthe st waAl Bheé\Cexcess stain was washed o
section was fully dried before mounting und
medium (Fi shHKr LSdi,entdifdecsdard skexaej naJK unde

mi croagsopescri hbedt poeveiodstg Cardi ff Univers

Aral dite embedded biofilm sections

The grids were fulutigsifmmetrasread,f o02%28&quné mus u
(Taab Laboratory Equi pment Lt d, Padwort h, U
washed in distill ed Bwmatealr oh3 txhe2 mmit hwtde desa
(196h3) ,grti ds wer aatierse @ead € ptthrednt eass dliwetgiso n

carriied ddiusti | | ed wat erf o( 3aotweRidrFdiyri wtwe lhege & dh )s
gri ds bweneai@addHi t ac hi HT7800 TEM (Hitachi Hi gl
i mages were captured with RadOusseof twdreo(€E
Uni vebrsi Chris von RHAhleambofemenbbuored met ho

described in detail i n Kanagasingam et al . (
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23 RESULTS

Ther oc eodtlimfcg t he tooth specimens (healthy ar
a period of about 4 months. Twice weekly tri
in order for the processing to be odtoanle owfi t&n7
patients consented to donate their extractec

had an aver ag®&6 agyeamrsange of 62

2.3.1 Collection of extracted teeth

Ei gbheyen teeth were col |l enc87¢Rd guldsdoo2v.s ot sttt ©

number of teeth collected, including unsuita
cari ous or had root fractures. Some teeth
demineralisation, as wel lomsl srogned u e ettdh Iwihmic

the | aboratory Tdhueeientegn &€ hsee paarnddiear rcit e @tnddd ) t a |
di seased teeth. AII periodont altleyetdi sva & he @ rti
endodontiand ndewdasa deho d o nd riad fl ie f edototit @ &t rgeua tee

21) Exampl e of the tooth spge®) mens are shown i
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Non-viable teeth discarded,
n=41

(teeth with vertical root Group A
fractures, unsuitable teeth) Vital/Healthy Teeth
— =6
Teeth lost to processing, n=8 L
Group B
Total number of Teeth with primary root
extracted teeth canal infection and

collected, periodontitis,
n=87 n=11

Group C
| Teeth with secondary root
canal infection (failed root
canal treatment) and
periodontitis,
n=21

Fi gu3Fl 2wchart showing the numbers and grouping

Teeth specimens were divided into 3 categories |
vital or healthy teeth. Group B had 11 teeth wit
whereas 21 teeth whi cfhe dhfaide sstelt omidtalw yf a iolcarddcramatl
periodontal disease were placed in Group C.
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Fi gusd e Photographs showing a selection of the fre

study.
Examples of the ftreesthh y( &)xtwlicd e dwédhruenaco!l | ect ed
into 3 experimental groups. Teeth with vital pul

Teeth with primary endodontic disease wetdéd pl ac
showed discolouration of the pulp chamber and r

infection (c). Group C consisted of teeth with
existing root filling mAteanabekwbdbwonahétésgdttita paé
percha samples, with a | ayer of root <canal sea

Magni fication as per scale bar.
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2.3.2 Collection of calculus on the root S

Mo ftf the extracted teeth collected had vi

was expected considering that Group B and

S i

ur

C

researchers to scrape off tadetibgafidms| @fFiegu

Figus€alkculus deposits visualised on the root

Deposits of dental <calculus were noted on the

which had been extracted due to periodont al di s

were removed using a sterile scalpel for experin

2.3 ght miicmwestoipggat i on amnfd ecxatlrcaudtuesd t eet h

Thedehydrated and paraffin waembedded teeth and calcukectionsunderwent sectioning
for slide preparatiofFigure 26). The tissue sections histological staining with the Gram stain

which differentiates bacteria based on their cell wall structure. Gram positive bacteria retain a

purple dye due to their thick peptidoglycan layer whereas Gram negative bacteria lose the dye,

hence appearing pink or red, due to their thinner peptidoglycan FEigerds 27). Staining
was also carried out witBrocottGo mor i 6 s met henami ne sdcreener
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for fungal microorganisms, whereby the reduction of the silver ions renders fungal cell walls
black. All tooth groups did not demonstrate any positive result with GMS staining, however,
the calculus specimens exhibited the black stain which was pickedfupdalhyphae (Figure

2.8). Aggregatesf coccoid and filamentous bacteria were observed on the internal and external

root specimens, including within the calculus, in the form of biofilm.

4
|

" E ™

v

»a
- o™

TIIEARE

Figure 2.6: Tooth sections and calculus specimens embedded in paraffin wax which were set in
moulds

The tooth sections from Group A, healthy tooth (a), Group B, primary endodontic infection and
periodontitis (b) and Group C, failed root canal treatment and periodontitis, with visible remnant gutta
percha at the root apex (c) were prepared and embedgedaffin wax, prior to sectioning and slide
preparation. Calculus from the tooth root surface were also prepared with the same technique for
histological examination (d).
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Caries

Figufmhe GZ.am stain of tooth seattohssfrom Group B

Demineralised, paraffin wax embedded, rehydrate
i nfe@trioamrp B) showing a car i opcssilteisvieon( pwirtphl ec)l ubs
arrows) and on t hevaegxtadrlrealbasurefrd ae ,weGreamot ed (
shows the bacterial infectionthbhédd!| esvadedededapel
the tooth. The yeddroowm alrortoone @ phadiciacoano eosf nR@ ey dr d tbe d
paraffin wax embedded sections -pbsiscira@pe@dpuoplerx
aggregiathngi wament ousnegrad i eec d @iicdhkGraaard r ed) b ac
internal and external surface of the root, incl
and d). Magnificahagaasngam setahk.bangaz).
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Fi gu8e G €coontotr i 6 s met henamine silver i mpregnatio

Demi ner al i sed, paraffin wax embedded, rehydrat e
exhibited a posi tGovneo sritedssipno,n stei gthol i Qrhotciontgt t he pr e
(seen as bl ack staining of mul tiple filamentou

Magni fication as per scale bar.

2. 43 mmunohi stochemicahvesghgamionostopyxtract e

cal cul us

| mmunohi stochemical midredesdpepRri weas i aahuimad o
s ectainodn sc al cAunlfdpsmyulsoiindg anti body, Mouse -monocl
1@ Fi gamred PRabbi-ttauwmioisphor 2087 &8 dASRORheri chi a
col i l i popol)yswmercdhausaeed t(dPSetect endogenous
respectively in tooEkttriaseseuéubar wpht chescaf
mayepr ewenrte Aeyugleendt i ve of sol ubbt el(Fibgruer eA at
28 After i mmunostaiidischpewi cRhEmauditbAdyi cl ust
appear ed asi nmurostrhita veer ¢i ght green counter
contrast bet ween brown/ bl aclktaimmuma3d® &i gium g
| mmuatoai niRagb bwittahang¢ p hos p hd0 5) ad ldabni e 2128t o de
tau proparaffnnt imaxo tetmbbeodetitetds o hilsi s was si mi | e
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in the negat iweer ec ocnampoll est,e lwh i dcehv oT e od raesyu li t
suggest that tau protein was not-idéeeetedi wc
dentTihree .positive control from brain tissue o]
di sease supplied by Dr NagRomRaAlbhb®or garhye(cd

of Southampton, UK) was positive for amyl oid
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Figu9kem@unohi st ochemical

Seri al sections of the sa

st ai nb-Amgy lodi d oeor thi edy i
me tooth from Group B (

|l esion) as shown in Figure 2.5 un®Amwkeot di emunbb

1:200. The region of t hree
det ecb-Anmynl oifd peptide (a).
from Figure 2.5 are seen
tubul ar bacteria (within
i mmunostai nib-Agylwoitd Amnti b

st pooort she wtha cthh es hionwewn oas tpa
The colocalization of
in the same regiaon in t
root dentine) previ ous
ody (b). A section of

picked up thé&Amybhondf aomi Aoddyc tlti:rathod(ecdi.c AD mo u s
served as positibhAeny¢tontdr @aint u bioldy Ant2i00 (d). A n
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showed that the stainingspoebcsiefrivce dbiwiadsi nngo to fc at uhsee
(negative controls) on t-bbebBetweseeffipmetihasseéert
in this manner duringgespécicmenopr agpapatri cca( e, b

Figuit® PRPmmunohistochemical stainibAgybéi ¢ adcui bec«
and -Estherichia coli | ipopolysaccharide (LPS)

Il mmunostaining of the calculus section without

showed t hat tshpeerced fwas amd imomdy binding of the se
secti on-stiannuenc -bvAimtyHh oAdt iantd howed 1la 2p06sitive r e
confirmed thé&mpresenpepbide (b). The serial se
exhibited a positive-Goamulitdswistttai @Grianng g md Greemo ti
A positiveeemsiuht calasul us skEesccthieon sc hgtaaicnodd WwWiitpho
(LPS) 1:50 (c). A section of a transgendibe AD mo
Amyl oi d ant iMadryi fli: 20t0i rd)as per scale bar.
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2.58300relative | ight ard geimanc tAroanl dmitcer ossecootpiyo

The Dbi dfhiel moon fillingwanatwel lalpoesgre&S&Mper
i mages (@ FAwarrieet2y wér mi obsbesed by | itéadht mi ci
shapes wetesiteresconfirmed by high reBld uti ol
specimens were prepared and sBght nemdgmiosro otpw |
el ectron mi arldesdomp yquaisc k harsd eaawyeaseatifnta

This facilitdaeEMdamal gstargeted

Figutle PRight mi croscopy of gutta percha from a

di sease (Group C) stained with Toluidine Bl ue.

Light mi croscopy was carried out (a) shows gut
(secondary endodontic infection) with the regi
Ssubsequently processed for cerblklbatswvaei higqtpmiao
ultrastructure analysis in -Ahahdiht st oksgn. séamali
mor phol ogy st ali inksdloojwu indgi ncel ubsltueer,s of bacteria an
dark Dbl ui shttrarpérechahreemmuants (GP) has picked

presence of mineral ions. Toluidine does not typ
is considered an organic material aspbtymer pof me
However, the presence of inorganic fillers such
c is a magnification of the yellow boxed section
(B) at a fhiicgahteiro nma(gxn6i0) . Magni fication as per sc
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2.63i ght micrommeco@gyololfoi dal gol df sLRv@Whi sé ar @

embedded gutta percha biofilm sections.

Immunohi stochemi calAmyt @ii @i wvaapst wébdortdryiAend i out on
of GP and adherent root canal seal er cement

LR White resin. Tg2576 mouse brain sections

Figur2e 2ight micmmseocopgl lodi dal gol d sil-Aber st al
antibody, Mouse (clone 6e10) of LR White resin e
Tg2576 mouse brain sections servedphasagqgaepositihv
| GSS AangAdd anti body, Mouse (clone ©6e10) (a). The
i mmunohi stochemical stain without the primary ar
The tissue secti onsspreecmafiince dbifnrde gn ga fotf a bt ghdey ostebc)o.n
experimental group, sections of gutta percha ( GF
for embeBdWhigt é nréesin. The GP and its associat e
The negative control section remai sedifaleseaft i o
the gutta percha (GP) samdveidt sa nassasas osindrtiem dé tobria oA 1 |
percha biofilm, as shoeAbrf aih -AbD ¢2i, maKgpensa glash enlglaend
(2022)
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2. 7T8EM I magixngacted teeth

SEM prdhdwche resol ution i mages for diimteertnamnor
surface of the root canal of s 8)ISeEcM eadn atl eyesti hs
Sshowende presence ofr dwmicntaelssiearltoisiemfse atnido m aicrt er i

wi tthhewn deabyg ke g udaeensd 522 .11

Figurde Qellection of -Ceptéadpédred GoouPEMAI magi ng

The sectioned tooth specimens had been prepared

coated with gold, ready for observation and i mag
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A\ - . B < 1 4 B
High-vac. = SED _PC-high 15 kV X270 42/06/2019 - 000048 JHigH-vIE. SSED C-lneh.l WX 3008 - qﬂﬂﬁ' g" 00p0,

- . »""w 20/pm. '5

Figurde QENM i mages of the extracted tooth with pr

di sease.

The |l ongitudinal cross section of a tooth from
SEM analysi s. T h es hionwfeedc tae d aryceat ocfanbailof(id)m on t
wall s, with the yellow box which was examined a
hi gher magnification, the section of thetaowst ca
and cocci shaped microorgani sms on the dentine

Magni fication as per scale bar.
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2mm
12/06/2019 000027

Fi gulte 8EM i mages of extracted tooth with second

di sease

The 1l ongitudinal cross section of a tooth from
analysis (a). SEM i mages confirm the presence a
adhering to tdh)e wjiutthtian ptehrearteap (it icaat@il onHi gthetr he
i mage b, demarcated by yellow arrows extending

bi ofilm formation on the gutta percha. Magni fi ca
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2.85EM i maging of calcul us

SEM was used to produce high resolution i mag
calculus on the root surface as well as the
pol ymeric substance (EPS) had ineidcraoss choipoifci [cnn
channel s. -pSeevseerravie dweclolc c i (Co) and some fil a
(Ro) were pré&sadt/)Zl(hfel gruckde 2 ppbearance may be
mor phol ogi es oral Pmigrpdil o@einssiuc &l aaas dT . Fo
Aggregati bacter AQ@Qrralnomyet emca mvhiaaobk. appear

oval shaped), growing i Btcaptaoasoocusl|l matans,
gordani®dit rept ococcusThealBubaacituesri um species

filamentous for m.

Figuree 2SEM i maging of the calculus de@B&EM ts fr
analysis revealed a polymicrobial bi ofil m consi

x500). Multiple water channels (WC, white arrows
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of x4000) . Calcific |l ayers (CL) show a honeycoml
rods (R) shaped microorgani sms were seen within

b s
Y ‘)J._ ‘”f» -
"X, |8
» )

)
10 pm A

19/08/2019 000280

High-vac. SED PC-std. 15kV. x 3000

-
{
P

—1 . 5 pm
Highvac. SED PC-stl 15kv 19108/2019 000300 [lHighvac, SED PC-std. 15KV x 4000 19/08/2019 000301

Figure 2.17: SEM imaging of root calculusmicroorganisms
SEM analysis shows sections with diverse microorganisms, including cocci (a, examples
arrowed in red) rods, curved rodsdpand filaments (e).
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2.9Morphol ogical visualisation a I mmunochemi s

Transmission Electron Microscopy (TEM)

The outsoot h septi maoyt wictamabsentelEEMaaretri fi ed
vari ety of rounded anthreolootn gcahtmendti sabagdlpeysl r ea c t
2 .N1. Frnedllcy ed dent i n@al)e xthubbunteesd u nFd ajiutreeg e2h. 1
surrounding the dentinal t ubul ecson tdahigm a chd ¢k ct
bacteri a .wiRohoitna tHtehnetnap @ elkeege chded 7@ Fi gecéeafgal
boxC) oser exaamihniagthieorn afagtnh d i ctag s ade end X ed U ¢ e

area@vieneghe presenesembl!l f nthrFi{ gsua7bey Rbh ElaAk arr ow

The wultrastructhowedoft mtemg hlwiegfpielsmof the bi of
wer e dden dianglhitermi croscopy Tolur diPpAs bkea pn
the specimens which undeylwetnh -plrssmn d/te@i amn g
negahkdoteeerriea al so observed i nomn hthrdeEdvih inafc rtohger

el ectrons(dFemge®.2wldAHd average ranpgespobfi vai bkaot

cel l wadlol snm,s whOmregad i @earmacteri al cel | wal |
t hicknessl Omfm giSdadthalvy et al ., 2010). Gram pc
due to its significant | ayer of peptidoglyca
Hi gher magni fication I magerse&2 .emlmr |byet dvermmn sbta
cell s. The internal content o4fi keobpaurea clms
2 .8&c) . Examination of t he BEP&Lf ata rgeraesabteekre bmang nt

demonstrated some short el ectron dense fibri
Further examination ofuré%)2 .gduhtovwae dp ennocrhea fbiibo

demarcated wi t h a | i ne and t wo arr ows t o ¢
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mor phol ogy (| onge8d) ttContalnmadmpidsisleer s meci men
TEM demonstrated mor eumnwedhd. Hliancek |arnrgo wsi)b rwh i:
very similar to tuhree7d2i.lir ietsa imedbsletA viesd a onc eFp tge
the process of dehydration during speci men

artefacts, which have to be taken.into consi

ey ,4 |
© =sssm 100 nm
SRR RSy Y S s ]

Fi gur8eTEM 1Hr gbol ution ultrastructure images from
canal infection with periodontitis) in araldite

TEM micrographs of a tooth section from a pri ma

primary root <canal infection from Group B (a) st
dotted I ines). | mage ( bf) tshheo wdse nat ihniag h etru brual gensi fwi
and degraded collagen (within the black rectang

fibrils appeared to be(aeky asirmiwlsar Magnti hiec atois:
( Kanagaesti naglam 2022) .
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Figure PEM ultrastructure of a specimen of gutta
treatment and periodontal disease, Group C whi ch
TEM micrograph (a) shows a variety of morphotype
magni fication shows cross secti onshaorft bdedceDedrri an

fibrils wtrdegt bh@dedelrleonmatbox in b, which is magni

magni fication of the bacteria seen in (a) has be
bot h -pgGosaimt i venagalt i Greeambacteria wer el loblsaer vedl yarmhe
substance (EPS) as seen in the regions demarcate
Mul ti ple short electron dense fibrils within the

di fferermfibei beeta A% .Fi gargeniF.iati on as per sca
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»' ] 1 -0 200 NM

A& v SO0 S T
FigueeUl2t.rastructure of a specimen of gutta per
treat ment , Group C which were embedded in Aral di

TEM micrographs further examined specimens with

(area demarcated with the blue Iine and two bl a
di fferent in morphol ofpp t oMdrhe swe rsye efni nen fFii byruirles
observed which appebfrieldr ivies ya s i8f d ma Marg oF ifigpsraet A20.n
scal eKamaagasingam et al ., 2022).

2.13Combi nat oo mp$ oddongamcrnauln o ¢ ki énmi e svtei ngaagtels f or

comparison across the various experimental t
For an over Ri0demo rFd tgruatees2 .t he various i mag
mor phol ogi cal and i mmunochemi caéb)i reaandgdbng i nc

antibody, Mouse( Znoch)ocdonwd | I( 6aest0t)he 2@} chi ng
Seri al sections were matched for meaningful
bacteria as -st&inned hihet cGlragn c al slides and
positive i mmAmdébd ratiinb ovdjy ,wi Mdu s e. nilohniosc | sohnoaw e d(
the i mmunostained regions were | imited to t

infected with fwihlad maptpewas eand ocdbecoi d bacter
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-  J
_____2@3‘
High«ac, :SED PG 7 “63/10/2019 000339 L 19h-vaE. - SED_PC-high* 10.kV X 1500 115/2018 000341

Figu2le Morphol ogi caft aiamidng mmuwesmi gabsonpywanid IS

i magi ng

Gram staining revealed Gram positive and Gram n
tooth tissue, which coincide with s-Amdd tairb ordeyg,i o
Mouse monocl onal Qp&elC)i.r emhoeeas tagbi tntreidn At he dent i n
bacteria and biofilm were identified in (a) as v
showed aggregates of filamentous and coccoid bac
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2.4 DISCUSSION

Epi demi ol ogical studies have reported an ass
AD (Sparks Stein et al ., 2012; Chen et al .,
i mplicated as a potenti al rheki mpatcor of Lirmc
treat ment and | imited numbers of extractior
dementia odds rati os. Large numbers of e xt
periodont al emergencies weos. athosi atkdt wvel
endodontic disease is not surprising as the
via anatomical as well as pathological pat hw
endodontic di sea&sle acdmclae mordsifdge ng ri sk fa
periodont al di sease (Abbott & Salgado 20009;
study as the question arose as to the existe
orali lbm ofrom patients with both periodontal ¢
t hat the freshly extracted human teeth and
speci mens.

As there were no existing sbwidt Risn whi &lh thias
met hodol ogy was predicated on the Universit
out put utilising i mmunohi stochemical techn
aplipoprotein E gene knockout (ApoET/ 1) mous

2017) . The <cl osest

whereby paffedoerdi tgiisngi val
Protein (APP). Whi | e
function of

of bppAept i de in tissues 1In
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APP, a

| aboratory st
t i s s ufeP ruencduerrswoern t

type | me mbr ane

neurons,b-anndseamedalasesbel padcags:

nheofKubloe agisngidyal



subjectedstai nimmunwi t h moeAuPSPe ammotni obcol doyn a(l ¢ | aonnt e

l gG2a) from LifeSpan BioScience (Seattl e, WA

macrophages which expressed APP i na,t haen d otnmie
finding was confirmed with morphol ogical obs
The present study employed morphol ogical and

detect thebimrdgershd yofexAracted human teet h.
studied, healthy teeth (Gr oup of)t acnadn adli sienaf seec
periodont al di sease, Group B and secondary
Group C). Mor phol ogi cal i maging with the Gr.
which could be r-ppbeééternicaa bs@eorhe pdtsoGoa mu s , Pal
Fili fam@élc©or nomycesandmelSgiadns ve b acdtreorpihay rriomoinad

Treponema, Dial i sa rgdu,s oPbraoptperii wmct fouadn et al

& Siqueira 2018, Siqueira et al . 2007, Ni az
Similarity between the microbiota of bot h e
pat hways of i nf e@ctainadn peeti waleomtti uen gGlomes et
Gram andGdmoorcioltst si |l ver i mpregnation stains
bacteria and fungi within calculus sampl es.
positive reacti o@omoémi 6$ hest &roct ot hemioor gar
mi croorgani @asdisduac hhmdabs c heaen i denti fied as
periodont al pat hogen (Gomes et al ., 2017) .

Serial sections all owed the examination of t
been infiltrated by bacteri a. The hi stol og
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i mmunohi stochemi cadAb asntaiind dyy, wWMouhs eAndlione
confirming tfhper optreeisnesn cien otfheA r egi ons of the
were detected using Hmightosmniocpryo stceccgys agmderse| e
col |l at ed 2i0dnorFiegausree 02f. compari son. This patte
from Groups B and C. Al cal culus speci mens
significant -Afpatnatki eb oodfy ,t hveo ufsnet icl one (6el10) . /4

i mmwnhai ning in Group A-f(rheeealstihtye st,e eetahc)h asnldi d

experiment al control

SEM daEM are well established methodol ogi es
mi crobes (Beniash et al ., 2000; Xu et al ., 2
SEM revealed biofilm on the root omntal e wpdtlts
percha surface. Il mmunohi stochemical staining

silver staini-Abgpan(tli ®®)y weihtohweadntcil ust ers of ba
di d notbldnettehcet aAbsence bfakhnfuboti esalt-oamylko
cur | i antibodi es, TEM ultrastrubasrehwas Iyn
Chapman et adur I(i20a0m2t)i.b Aditeées speci fically ta
protein calledcecunrliindbafdedaaeadhdagl nomlal | a
Curli forms a key component of Dbalcitkeer isalr ubcitou

not ubiln kD &A@t el ,8teé&t &P maack.3 2025

The r aldmliut (adtoine ATS8) remai ned negative for
when initially tested on mouse and human ce
protein. This suggested that tindheradw heelbe @9

host or t he mechanism for their contributio
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(7]

ubsequently tested with alternative methodo

on tau protein was not considered feasible f

‘N

2. £&hbIl |l enges, strengths and I imitations of
Freshly extracted tooth specimens were coll e
carried out t o mi ni mi se t he risk of speci
demineralization to facilitate skatliemgeag. of

teeth had to be soaked2i weERTAtfoorpramMua\werna

thickn®&sOmoff o4 opti mal hi stol ogi cal stainin
resulted in the | oss of d htehanembaoramkei alntkeigao fi
the mineralised dental tissue was a barrier

to be more effective on soft ti ssues.

Processing and sectioning artefacts were al s
shrinkage and scoring (caused by invariabl €
met hodol ogy was optimised to decrtesas eWhoecrceu:r
calculus was kept intact on teeth or scrappe
a better preservation of the microbes. The
contained channels to supporgcotphye obfi otf hé mc a
speci mens yiel ded adequate informati on rege
mi crobes with better preservation. However,
di stinguish the mor pholhigyf iolfm.t hWé trmi cSEoM eisma
with 1 ight mi croscopy neutral staining meth:
negative bacteria were present, wit hP.shapes

gingiamdggregati bacteami Aaatresn Gmpmetnesgapede,
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bacteT. umorasnyt hidae mtriec ob @t h Gram negative, |
filamehaped and spiral shaped -pesipteicue veplge
coccus which can appear in pairsnegatcihwae nso
shaped bact erriea.GrAacm ipnoosmytcievse -abhaacpteedr iaan,d ap paenc:
into filaments (Wan & Fan, 2023). These abov
pombrtem AD brains (Poole ®itdailqui 26€t13al Eme?2

Fan 2023).

The key for successful TEM imaging of dentin
speci mens. As dentine is made up of up to :q
resulting in pore formation doessang The FesL
artefacts may cause inaccuracies image inter
whereby | arge electron transparent areas may
met al staining proceslsi npilnaaytsi nagn tihnep ocrrteaantti orne
al ., 2022). Although this part of the resear

there was frequent and consistent communi cat
El ectron endstopht ®™entr al Bi otechnol ogy Ser

University, Cardiff, UK) for targeting the T

As this study involved collecting extracted
governing research ethics associated with t|
di fficulties faced during recruixmpemit me nttraali
challenges included the prolonged duration t
and | imitations in penetration of the anti bc

the delays due to out sfougrciidhsg wds Ta&EIMs oe xaa mfi a
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compl etion of this investigation. The | ack o
tissue blocks had also caused some delays. T

support, had to apply to thBeb&itbBouReApplibta

additional funding to replace the necessary
Limitations of this study also include the s
extracted tooth to the donor subject. Theref
the donor ds medi cal hi story.

The study would have benefitted the use of

anti bodyé would all ow detection of mul tiple
protein, including the curldi progtheéizm,ngman dm
spectrum of amyloid structures, regardl ess o
to research and diagnostics. At the time of
An ani mal and cell culture studybwasasr rried e acset
foll dPwi mgg nignifveacltiison iinn maicMeooprhoapgheasges f ol | ow

infl ammatory response generated by bacteri al
in the presemmaysthuedypearsi pthheartal Ay generated i
been i nfected umnmdefrormatnur aclo nadriali omisofiinl t eet
and periodonthadaépdssteinmei. mbhred Ar asponse to paf

antigens (Miklossy 1993; Balin et al ., 2008,
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2.4.2 Clinical rel evance
The 1 mpl ifeiast itomatf otrh eA h ubparno taenidn minc rtohbei adr aAl

transported to the brain by the receptor for

Il n addition, the tau proteitrheadgprsd g atdiuoen tfoo
infection, was explored because tau is al so
potenti al for cross seeding via connecting r

contributing toADpr dackraedidreevemi toy defr t o e
agents to AD, it is essential to find out if
Dominy et al. (2019) showed that gingival (o
with -RgedBi fic monocl onal ant i B.odgi rvgiEvdallwihsgodeh
f actgarnsgi pai ns. Il n the present study, wher e
stained pobsH{tguwred y2 .f70)r. Al mmunostaining of ro
and bacteri al LPS, whichiogrrdabarlat es2 0tlBe . f
confirm that ther emi sr afbtippaltceddnttira |b uftcer thoo stth ea
amyl oid proteins in AD brains, potentially i

periodontitis and root canal infection Kamer

Il n this stedywmobwWwelugedcamfirm t hbet ol ninmuen osli ot cee
naturally occurring biofilm in infected extr
this methodology is wunique as the infected

(endodaosntwel)l-r aacsi ceuxltarra ( peri odontal) natur al

support Moirdéds O6Antimicrobi al Protection Hycg
of the todtdepmisi it © 0esdedrli < ehet isems , foll owing
i mmunostaining 2Z®Bs seen in Figure 2.
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There is evidencef otomsonggpsodt ehmawhsmghypyats t a
proven infectious in the classical sense, S
could explain the similar patéemr&Frost sfr da
2009) . To dat e, the pathol ogical form of pri
ti ssue. However, there is a theoretical risil

Jakob disease via emdcoontaict pusprarlmeprpus owhis

canal treat ment . Previous -pgtouciiens rhessvMest sh oy
sterilization methods, and the transfer of t
Jakob di ssagqavapaeiremt al ., 2007; Sonntag et

pri ons hdaismean sti lornead conformatibeshewttbBt audi gh
aggregates to form medium and | arge size po
fi bribpl aguds (Soto & Sadaeadi,n@0dfl)pr Whresi ac
the central nervous system, they can cause ¢
be spread from human to human viead natéeéeonad
organi zations, including the Disease Control
restrict endodontic i nstrument s t o singl
( WHO/ CDS/ CSR/ APH/ 2000, Centers for Diisneeass e (
for I nfection CeCmtrreolSeitnt ihegnst.a IMMIRa IMOlr b Mo r t
WHO consultation (1999) WHO Infection Contrc
Encephal opat hi es. Worl d Heal t h Orgaeni aatdi on

Control , Genev/iag) .Switzerl and 74

This study is the first to r opavte thkraetn pet e
within root canals of endodontically and per

of these findings raises cnonocfefrtntse nmoAoerralt hse te

108



the central nervous System. Quesbiohsctaroseé

spreading between humans through medibcal or
proteins, in the same way prionsioareitdeaocegh
suggest that AD is in any way contagious, h o
cross infection protocols are effective in n
the UK, root canal I nislte su mreemd sr esaungcehr sa sa reen dsotdi

findings of this study do not support the n
fact , patients should be aware that i nfect
periodontal dirsdhpeeAmayny. hdhkeokey message to

infection and periodontal disease should not

2.4.3 Future studies
|l deal | vy, it would have been beneficial t o h
calculus (from teeth which were already pl an

with similar aged healthy sedsectlist woulhd ama

to identify the pathogenic bacteria present
fobpAoteins amongst the various groups. I f e
to the donor, t hailrsomedci aalaltlyissetdar YAsc avd It h  mc
been i1 deal to have a | arger sample size.

Whi | e l i ght mi cr-mscio@yc ogpryd aeleecti s ®@hul for
mor phol ogy, for future studies, t hébamethodc

techniques based on 16S IDRMAhgdme djaat 168 (I
or DMAcCroarray (Siqueira & Rt - as, 2022) f

mi croorgani sms associated with oral di sease.
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Me r

det

ol

ant

ASs

st

r

examining dentine sthryudcrtautreed isnt aatne ,u nistt ama
vent artefacts which are usually associ at
required for conventionalk!| TEMEMAgmae ysa s

niash 2000, Quan and Sone 2013).

use of a pan antibody could i mprove the
the time of writing, an online seafch r e\
| oid beta-2peptpane, (cMOCABe 6C3 a(vmmd U saeb | o rfa
ck Life Science (Dorset, UK) . Based on m
ects muibteit ml & Oa rabnddtodaaaddy2l ociodn f or mati ons i nc
gomeric and fibrill ar,i tryebptoorn peadrleydAbsthoo WA nnt

i body (6E10) .

cur | i forms a key component of b-ackeri al

ucture and are potent inducers of the hos

identify endodontic and periodont al pat hogen
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2.5 CONCLUSION

The

f

or

pr e sseenrtv psstl uadsy gsd iund yas himeetritsgga hodf potAbnt i al

mati on potehtitalrbygenondoeocrdadhicll wrédiaumThfe hos

o0 have responded t obashean nifrerca Greomr pdBsy paonnesl e€ais
ncluding endodonti c BbndfTmem.iondnounntoallo chad d tzeart
nsolbcwliencA ded with i nf ectTehde rmeigciroonbse so fc atnh eg
nsol wéex perAl mental |l y, not di ssimilar to the
nsol ubl éopt aguiebks LnkA bpahobe, atnsolskbloé Mdei
o the brairni bautde maoy tchoentdevel opment of AD |
equired to clarify the extentbodulsdicthr angli &
rom oral tissues to the brain.
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CHAPTBR

PORPHYROMONAS GDNOGI VAONED
MEDI UMl VICHRQLENGE-S@B YSH

CELLS I NDUCES AMYLOI DOGENI C
OF THE AMYRECDNRSOR PROTEI

The work presented in this chapter is

Kanagasj ngam Buhl and C, Wel bury R, Chul
Porphyr omomasndgitn gpinweal imnledi um i nduces a
the amyloid precursor p3Y3¥Yimelulpso.n i
JAl zhei mers D5 &7 .Rep. 6(1):577
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PORPHYROMONAS GCOASDNVALORNED MBEDI UM
VI TRBIALLENGE -DF¥F5 B HCELLS | NDUCES
AMYL OI DOGENI C PROCESSI NG OF

THE AMYLMPIRECURSOR PROTEI N

3.1INTRODUCTION

P. gingivalis through itsvirulence factors cannduce thelocal releaseof inflammatory
cytokines, whichare key signalling molecules which could enter the systemic circulation
(Vernal et al., 200DiazZudigaet al., 202). This highlights the critical role th&. gingivalis
playsin initiating variouschronic diseasesbesides periodontitishrough preinflammatory
cytokines (Il-1 b, -6, lahd others) including atherosclerosisinsulin resistance and
hyperglycemigMakiura et al., 2008, Chiu et al., 2016; Bale et al., 2@Bfisoredgspafiset

al., 2021). The above mentionechseular and metabolic related conditions become
increasinglycommonwith advancing ageyosing asignificanthealth, societal and economic
burden(Olsen et a].2016 Chen et al.2017;Lin et al, 2020. Prior research has indicated that
oral infections caused solely B gingivalisor by the introduction of itgirulence factors e.g.

its endotoxinjipopolysaccharide (LPSjimbriae and gingipainsan result in the development
of critical lesions that are hallmarks of AD neuropathol@ifatts et al.2008 Wu et al., 2017;

Ishida et al., 2017; Ding et al., 2018; Zhang et al., 2018

In longitudinal studies involving periodontt&D infection mouse models, lorgrm
exposure toP. gingivalisand its LPS triggered an increaseimilammatory biomarkers
resulting in neuroinflammation and neurodeg

observed within neurons as well as higher amyloid load in the hippocampus and cortex regions
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of the brain(Wu et al, 2017, Ishida et al.2017 Zhou et al., 2017|lievski et al, 2018 Zhang

et al, 2018).

Theé Awyloid Hypothesifal so known as the O6Amyl oid Cascaf
builddup and deposi ti on ofistbelpiintay oaase of@ Indealthy f i br i
individuals Ab i s exci sa ddsécretagesubsdguentiieipasdibutside the

cel | and degraded. El derly subjects may not
pepti des ssauncdhs fbsdy & Belkoge 2002, Kametani & Hasegaw2018.
Increaseddves o f sAMStigatesAb amy |l oi d f which deVelof imta smt@t i o n ,

plaques, foundin abundance ithe brains of ADpatients(Karran & DeStroope2022)

The Amyloid precursor protein(APP) i s proteolyzed t oo Thisr oduce
transmembrane glycoprotein has diverse physiological functions, includtracellular

signalling, synaptic and neuroplasticity and cell adhesion. #B® mediate theattachment

of Ab to the neur onsartracaldar signalingc b atei auwmtdi ngdt
toxicity. Dysfunction of APP or mutations in the APP gene can increase the production of the
mor e t oxORrien& Wby 2011;Pfundsteiret al, 2022. Figure 3.1 illustrates the

APP processing and cleavage via the-aotyloidogenic and amyloidogenic pathways. While
theamyloid hypothesifias mainstreamcaeptance, placng PP and Ab at t he ¢
aetiology, there is still a gap in knowledge with regards tordgulation ofA P P @racessing,

and t he me cinduned soxtgy.MoréoveA the influence d?. gingivalison the

processing of APP has not been clearly elucidated in current literature. A recent murine model
(utilising C57BL/6J micg of periodontitis induced by oral administration Bf gingivalis,

investigated the change of APP procethsi ng a
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brain. Researchers concluded that the expresgid®Pvariants in the brain were modulated

by P. gingivalisinfection Shen et a).2023.

Normal cleavage of Abnormal cleavage of amyloid precursor protein

amyloid precursor protein leading to excess amyloid accumulation
Oligomer

aggregate

APP

APP mutations

W
= (),
B p-secretase @« « ”
{ ) \J P @ Tsec:;)( A peptide (‘» V%

Extracellular space
Ce”'h
PSEN1/PSEN2 b,
mutations increase Cytoplasm Ne
y-secretase
activity

Figure 3.1: APP processing and cl-anylwidogeeic t o pr o
and amyloidogenic pathways

APP (a transmembrane protg¢inndergoep r ot e ol y t i ea noddeersddagecegzgmesd. Yhe b
non-amyloidogenic pathway involgeAP P ¢ | e a vsaegcer elhyas & o f the AD
amyloidogenic pathway producese ur ot oxi ¢ Ab peptidesamidhen APF
secretase enzymes. The accumul ation of the r
Mutations in the APP gerfavours preferential cleavagey -sefcretaseasc | e a v a-speretabey U

is inhibited Presenilinl and presenili#2 genes (PSEN1 aRSEN2), which form subunits of the

>secretase complex, can under go musecetaseatthiswhi c h
site. This wultimately | eadAs deasmibedeby chedsgoid Ab pep
Hypot hesi s, the solubl e Ab olTheg digomerss have an cau

propensity to aggsheeganyled fibrils trigneririg ralscal linflammagory b
responseSubsequent oxidative stress and biochemical chawegedead tmeuronal death and the

develgment of neuritic plagues pathognomonic of AD (Image credit: Patterson26Ga)

The presenin vitro study aimed to investigatine effect of P. gingivalis supernatant

(ATCC strainFDC 381)crude virulence factors on the amyloidogenic processing of APP
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in the wild type (SHSY5Y). TheP. gingivalisstrain FD38lsupernatants commonly used

in laboratory studies as it is well characterised and relatively less virulent compared to other
strains (e.g. W83, ATCC 33277), thereby causing less tissue destruction in animal models.
This feature allows researchers to analyse immuatkeways without an overwhelming
inflammatory reaction. FDC 381 readily invades various cell typesvdiisdocumented
genetic profié facilitategheanalysis of specific mechanisms involved in its pathogenicity

(Sandros et 811994 Igboin et al, 2009)

In vitro cell modelssimulatethe characteristics of thdisease in questioby using
appropriate bacterial supernatants as used aereessential for the investigation of
biochemical and molecular processés/olved in neurodegenerationAs AD is
characterised byaurodegeneratioand eventualneuronal death throughout the brain
cell model which closely mimics this would involexposire of neuronal cellgeither
postmortem human primary neuronal cells, anideived neuronal celler neuronrlike
immortal cell line}to a compound that induoeuroinflammation and neurotoxicig¢€etin

et al, 2022). As for the choice of cell line, the witype SHSY5Y cell line is an
unmodified human neuroblastoma cell |itterice cloned subline of the neuroblastoma cell
line SK-N-SH (ATCC HTB-11), from ametastatic bone tunmo from a 4yearold cancer
patient(https://www.atcc.org/products/e?266. This cell lineis regularlyusedas anin
vitro AD model to investigatemolecular mechanisms of ADgspecially facilitating
investigations on thbehaviar of APP(Balyaev et al| 2010 Wan et al.2012 Kulatunga

et al, 2024)

In this study SH-SY5Y cellswere selectedsthis cell line has been usedimvitro models

of neuronal function and differentiatioMature SHSY5Y cells naturally express APP
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alongwithi nc |l u-sé ngeflaseet s e (-sBoke@E tgmplexaatioding
for the generation of various APP cleavage produdtsch meansesearchermay study
its processing withouthe needo artificially overexpresshese featuresSpipley et al.

2016.

In general, conditioned medium is useful for studying virulence factors and investigating
host cell interactions as they contaamious proteins, including growth factors, cytokines,

and chemokinesThe virulent factorsuch agyingipains (proteases), lipopolysaccharides,
and toxins which are expressed i gingivalisconditioned mediunare key contributors

to its pathogenic potentigHolt et al., 1999). Thisllows the investigationof secreted
gingipainsmediated effects on APP processing in-S¥BY cell lines, without the
influence of direct celto-cell contact(Singhrao et al2024). An additional variable which

could impact the experimental conditions and better represent clinical settings is the
presence or absence of pnflammatory cytokines. Elevated levels of-1Lb , -6, hnld
TNF-Uhave been detected in AD patients as compared to healthy controls. Higher serum
levels of IL-6 have been associated with steeper cognitivéngeas well as worsening
psychomotor speed (Ng et al. 2018). Similarly, the abovementioned cytokines are
considered key inflammatory markers for periodontal disease progression as they promote
periodontal bone loss and soft tissue inflammafeurath & Kesting2024. As such,

this study endeavoured to createi@rvitro cell culture model which could simulate as
closely as possible then vivo conditions of active periodontal disease with

neuroinflammation, and its impact amyloidogenic processing
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3.1.1 Hypothesis

P. gi nvgirwdleinsc e fiancftl oarmsmaa nod yp rcoy t @y Inceisd ocgaenn ir

proceisnsinegur onal pceelilpsh etroabli npcorod ass eo f A

3.1. 2armrAd m@Bbj ecti ves

Ai mMonvesttihigat eif f e®t sgiof( giDWCa l3i8sl) condi ti oned
amyl oi dogeni ch-PpeouPes 6 eP®Ri) 1O ASHESeY5Y cel | Il i ne.

Objectives:

) To determine theffectsof P. gingivalisconditioned medium containing virulence
factors in the presence and absence of cytokines e®Y&Y cells
(i) To assess the SHY5Y <cell s and their supernatan

cleavage fragments by immunoblotting and transmission electron microscopy
(TEM).

3.1.3 University Approvals

This project received approval from BSO (UCLan) approval ref: @19
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3.2 MATERIALS AND METHODS

This study involved cel I-SYcOuY taeld. st gwintgh g a é
conditioned medrumeoobveté@snmiamigwmetdeanof AD to
cellul ar responses and mwiltelcutr agarchsanges am
processing. The added vari amlfd aonfmatt loe yprceyd eori
6, -ldand -UNIFl owed observation of hbPR cChéehamma
Westernwhbeedi nhg separate and identify prote
which facilitat ebd atrh ea MdizaMse dteincerf | aofi adldm@tnAftyh i ¢
i nsol wfilkeriAls in the Pg381l t-B¥&¥Y¥ednsucpeadnat
medi um. As witphGprewil#nwse mrseuulites from Chapte

can pubstdembupbbl ogical bvi buial s sation of A

The. gi ncgoinda Itiisoned medi um containing crude
medi um was kindly proviSdeseaQlhwk kogpmaildet sabypr a
Fl ori da,heUSv¥)t.hodol ogy has been described in
anlli nghrao .etSiami.l gr20m@edt)yhodol ogi cal protocol s

projects which were supervised by Mar sanmd 63 n

|l naciMSc di ssertation and Zaid Patel, BSc r e:
3.2.1 Source of reagents
Al | gemnepase | aboratory reagents wused for t

buf ffers t he work prewem ediinfgATvdad ssstcrhaaipnt eA D C
conditioned medium and sterile growth mediun

a gift from Dr Sasanka Chukkapalli from the
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Uni verBaexas oA & M USRKeerhauuintayn ne u3 Y¥DHY,a-sG@RmMa

22E6cel | l i ne was obtained from the Americ
(https://www. at SY¥5&r g2 BER.du dOtus b e ScHo 6 s modi f
medi(uDWEM, Foet al bovi ne s e-itbulng f(eF BI®)c.h nQyl toogkiiense
Fisher ScientiGfbco, URher MmBNFFi sher Scientifi
saline (PBSRadirocoimmmuanbd pert efR,li P utfafteiroon paHs s8ay0: T
EDTA, Sodium dd06xyesbdiamedodNEBcyl sul phat e.

PMB and 5mM dithiothreitol, protease inhibi
Protein Assay wer eAlpduricchha s ePdr -pfcracsne ashi 2ftacate a1 a i
l inear gels (BioRad Laboratories, UsS Af)rronPr ot
TherHmiosher) . Mer capt,oeTthearnmmd HKiAd i eaP oA®ysvaiemy |i if
di fluoride (PVDF) membr anes (ATPHPa r€mani Fhiasl h g rc a3
A8717) ant i bodAP Patndlr nmianbabli t( caantt i nSi gAn8a9 BA/l)d rhbi oct
(Dor g8ta,nd mo u-Abe c (amnt @ 6el0) f(rloomm dB®ina b dlgke)n d

Chemiluminescent substrate (SuperSignal E Wes

3.2P.2 gi nmcpindaltiirisoned medium as source of crud
Bri efury,coll aborator (Dr S. ChukkamalgliingiWnailv
(ATCC strain FDC 381) wunder &dmarrmlbiicn croynaad gl

broth (VWR) supplemented with hémidni ®r8egh mL

UK) , and menadione (1 Og/ mL f i nwahi adonnecdeinnt r at
crude viruhenceaiflaectconsg ral me dai nudm wneerree kreepcte
80AC.

120


https://scholar.google.com/citations?view_op=view_org&hl=en&org=8597344877261034358

3. 2.n3 wietlrlo cul tur e

The human neu3Yo5Y,azQRblenel SBHI i Yier USFTiC&s a t hri
cl ohedaerur obl astoma cel |l subline which was
bone tumour -y efartodn caandemht tppast:i/emtww.(at-cc. or g
2266#prefdek éfrheee shuman neuBY¥HY,as2tQiba e ISIH | i ne
( ATEC®as cul tured i n Dul beccods ,moavihiicéd wha
suppl emented with 5% Th8HSAY5 Yho2ARGE e vies em ( F
gr oavin 8 0 %f |,a eahhcael | enge dwi @ hwli4t8Pchwiyir mgeidv aulm s
containing Vi rTuHiegn cleatdeac T-DMEM o8l ywedvli t Bs
recombi nant -lfcaytt olkO nnedlst)l A OTNEG mat am dng/Lml , al
i n combi rPat igonmvgwiwtdheinsce f actors. The sterile
me diwhm ¢ hf omas gi nwaisv adliilsuT-eMIEMvra $ u®sed separat
contrAlpreliminary cyt oR.oxgichwgiywadalsilssagt alreanoadis
1:5 waoxmnerSYBX&IHIhse opti mi sation data was p
experi mentha&&IHS¥3 dMalyl. s were @miolwoubat dd astk s 37,
humi di fi ed at mospherTdheofmebWwoCORogW5s5orai cel |

described in detail in Kanagasingam et al . (
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Table 3.1: The camsctliutduenngt sr edfe viaMIEM addi t i ve s
Dulbecco’s modified Eagle’s | Manufacturer For 500 mL
medium (DMEM)
10% foetal bovine serum Sigma-Aldrich, UK 50 mL
(FBS)
SmM Pen/strep Gibco UK 5 mL from stock
SmM L glutamine Gibco UK 5 mL from stock
SmM Sodium pyruvate Gibco UK 5 mL from stock
T-DMEM was the treatment medium in which Pen/
t ter eat ments caY5Y,e-dQHIl&te!| d(nriedflleer Tabl e 3. 2)
Tabl eSudmmartyr eoaft ment s ca8Y5@RI2QE&E® edd SH ne
Treatment | Cell Treatments on SH-SY5Y cells Working Prepared working
number Dilution dilution in treatment
medium or
T-DMEM
1 SH-SYSY cells (control) No treatment Standard TC growth
2 P. gingivalis (Pg381) virulence factors 1:5 in DMEM 3 mL of Pg virulence
factors +
T-DMEM to 15 mL
3 IL-1B 10 ng/ml 1.5pL/mL TL-1p+
T-DMEM to
15mL
4 IL-6 5 ng/ml 1.5pL/mL IL-6+
T-DMEM to
15mL
5 TNF-o 10 ng/ml 1.5pL/mL TNF-o +
T-DMEM to
15mL
6 P. gingivalis (Pg381) virulence factors + 1:5 in DMEM + 3mL of Pg381 virulence
IL-1B 10 ng/ml factors +
15pL/mL IT-1B+
T-DMEM to 15mL
7 P. gingivalis (Pg381) virulence factors + 1:5 in DMEM + 3mL of Pg381 virulence
IL-6 5 ng/ml factors +
15pL/mL TL-6+
T-DMEM to 15mL
8 P. gingivalis (Pg381) virulence factors + 1:5 in DMEM + 3mL of Pg381 virulence
TNF-o 10 ng/ml factors +
15pL/mL TNF-a +
T-DMEM to 15mL




3.2. 4 Cel | |l ysate preparation

Foll owihnogura t48 at ment, t hedisufpermd dYshavt ecdefl rl sm
were collected into steril e-116%, mt3iFamaccohn, tUWKD)
for 5 mMOQd ¢empmemove cell B86ACi sThandesmhone
adhered to the fl asks were washed twice with
and suspended in PBS. Once detached, the <ce
t ubed @entri fuged at 1000 rpm for 10 minutes
was |lysed in 250 ORadiodiummuodp i ¢RsliiRA thawtf iff @m | &
8. 0: containing 50 mM Tri s, 150 mMt BaCl0D, 5%
(v/ v30NP1% sodd wlmp ldaotdee c(yTabl e 3.3), 1:100 fir
(PMSF) and 5mM dithiothreitol (Tatwl ph8t dabksi
were vortex mixed and incubated on ice for 1
At t hilse sdalgle, wamogeampeleabealdl5Semd Eppeanrddr f t
were centrifuged at Si4g,mhd Amr gmo fTdigee 20 qmii u tpd
withdrawn, trankb&iket eed 1. Bma Eepwepderf tubes,
total protein f orldfoemi nsge.catAipdm t3e.i2h. R)ySAACE we

unt il needed for Western blotting (APP cl eav
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Tabd e3ilsty soifs | bmg d reen tco

RIPA buffer RIPA supplementary buffer | Equal volumes of the RIPA buffer
and RIPA supplementary buffer
were mixed to acquire the final
buffer concentration

25mM Tris, pH 7.5 75mM Tris, pH 7.5 50mM Tris, pH 7.5
150mM NaCl 150mM NaCl 150mM NaCl

1% NP-40 10mM EDTA SmM EDTA

1% sodium 1.9% SDS 0.5% NP-40

deoxycholate 0.5% sodium deoxycholate
0.1% SDS 1% SDS

Tabl e 3. 4: Lysis buffer with proteasen i nhi bi
Tabl g 0. 3 he prepar gtaidmamptefd dealolm [Zyad at eP,sat el |
project)

Phosphatase inhibitor cocktail

(PIC 2 and 3) Sigma Ref no. Sigma
0.5% Pic 2 = 240 pl./48 mL lysis

buffer P5726/ 1 mL
0.5% Pic 3 = 240 uL./48 mL lysis

buffer P0044/ 1 mL

Protease inhibitors (PI) from
Sigma
1/100 PI = 480 pL/48 mL lysis
buffer
Sigma Ref no.
Phenylmethanesulphonyl fluoride PMSF 93482/
(PMSF) from Sigma 50 mL
1/100 PMSF = 480 pL/48 mL
buffer

5mM DTT — 109.44 pL/48 mL
from Sigma

3.2.5 Protein assay

The Coomassie dye in assay reagent i's a pr
concentration of total protein. When the Coo
in the sample, the absorptionchhhinfgtes if m otma mte
The amount of protein in a solution is asce
bl ue colour usi AThEepmassdDphB8tameBradford AsSs
determine total . Theoeiéen nc cromeretnrtataitamnwas obt

124



curwhei chprweapsar ed-409i m@Bbinlde Ser BB AdAl bumed i n
|l ysi s AbudedeiComgp massi e Blue reagent t oo hal I S |
absorbance waas wmevaesl ud gedd, hiesho hJge naw aMo d e | 7315
UV/ Vi sible Single B(eRims h®pecS aiogrhtoitfoime e ei c
cal cul atuindkm pfinonrt ethlmeent r at i on was cal cul ated &
val ues with t(hTeabslteand.ax da ncithrévidgyus &t 33 020@ r e s
unt il needed forRaMelsit-eR R-n@®il rnitrtdalng( avdatt hno A87
and r adAPPt Hamiinal (cat no A89@K) bhoathmbuem 8§

Abc{(oneabeilbdpdi es.

Tabl e 3. 5: Protein assay dat a

BSA Standards Absorption 1 Absorption 2 Absorption 3 Average
and SHSY5Y Absorption
Cell Lysates

100pg/mL 0.300 0.295 0.296 0.297
200 pg/mL 0.300 0.339 0.30 0.339
300pg/mL 0.420 0.422 0.421 0.421
400pg/mL 0.561 0.560 0.562 0.561

Standard curve for calculating unknown protein concentration

@® Seriesl

--------- Linear (Series1)

Absorbance at 595 nm

Concentration (pug/mlL)

Figure 3. 2: Graph of protein assay dat a

Protein assay data to determine the concentrat.i

concentrations plotted against their absorbance
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3.2.6 Weeoteoh cell |l ysates

This work was carried out by Dr Sim Singhrao
at the Universitgimil @enmeahodahogsbkhiateproto
UCLan student projects which were supervised

thesis (JL Fernandes I nacio, MSc dissertatio

Precast -RPR®E SP&rshasedRAD o(MMiBdiOe an, Reeeast

attached to the cell and the assembly was p
buffer diluted from stock (10x buffer cont a
di stwdtlmeld, 8.ySlat es f fSorrb Yt lte | BH .k hagienvgiirvual leinsc e
factors, cag oonlait m e, odinndg irwad leinsce f actwerrse wi t
separ at ePAAGEY 0D D r e eparsott ela2n%-fTndeXreis It idnhesaod eiend s .
| adder (Pagerul er Pl uég§j s heMa s0s0a4cOh8u3ds3dech $fsrl cond) GTé"
in the firs.t essltpad fn eeda Rl ®g esli Nt Lrna-dedbrainge b
, andstgaiereend [Rr5dt ekiDnas) . ( 1ITche pr ot ei n -tloasdeder i
format for direct | oading ont o ugfeflesr; pnroi onre etd
This was followedtbyamipé eaddiltDi ®gy)ofoft t ot al

sampl e ObB3ff enerc pPph® eée h pes@minmpd retsalwer e heat ed

mi nutes usi Mhea shaatd alRldo®tieslmeverfed into ea:
geBubseqdeencttlryophoresi s was carried out at

bromophenol bl ue )waeslh ea L@eeamml| ma thaulfyf er cm fr
of tAéregert . stagkei megebeoekrdes -P|] mMe@bc k oMj I | i pol
whiwédre cut accor dimgy tvaesrheheéw igre |l met z&n o | fo
foll mweidmmenm sintransfer buffer (from stock

glycine, 30g Tris base, 1L distilled Tweet er
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arrangemsanhdwicho | ayer in a specicfarcr ioerdd eorut
as desAsmpiowgds. phatcbded el ear siodgeetchée rt imettena s p a i
PVDF membr ane, t,h ea ngde | Isgpsbthidya( edrihlep arpoeirst ened U
transf e®ulbuddlentclays,sett t es were cl,oswhd caandvars
filled with 1x transfer buffer containing 10
to the elsgetrodgeWvemhpdek was a,t t1Bi0s maAl If mwe
transfer of the proteins from tReFoddlow{oagt |
successfturlanelfeecrt roof protei nsthreoanp e baenftidHdbbR yme
bindi mguewasdmed % w/ v skimmed mil k/ PBS for 30
wheslhakbmigs equ darhtel ynembr anes were incubated o
goat-r amhiit horseradish peroxidateafB()BRPnN 5% n|j
w/ v skimmed mol kd&iB fge nfTbhreanes wer e wisehiend ( 3
PBS containing @hRB®bitnmeceuebnattBe€@dn i n t he detect
in 5% w/v skimmed afi | kbBBStgmpr 2athmpket i on
i ncubsattaigoeknh e me mb hanewagdhtegdke (Bt)esiln5 PBS cont a
0. 25% t.wekfnt ¢2t0et eathanced super signal we st

Ssubstrate reagedMascCial@dunavied i apgdnddfniacc act ur er
instrwctaildleise ct i on of Phei Che miR@E S IS() Buisoe d

to vispatisec signal from 1t hAal Ipriontdegensa rowne rtel

captwgiétdgage LabE Software Version 6.0. 1.

The membranes were i ncubAaPtPetd€ronvienranli ghdati nn o
antibody diluted-APP40®W0O0OMiaarad r(akmhi thoa Mt8i96 7))
mous eAbacn(ftdane 6e10) was diluted 1: 1008AC.n PBS

After 24 hours, thePB&Embwee@3XWdidmi%awatsde)d, i o
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on the Rotamix. They web® miheehk 3v@G simiedutags, r
secondary antibody (antdi lriatb@®d Dn pEBB8ADb %ha sne |
(Si dAma yfierh 1 hour at room temperature on th

t ween (3x15 mi nuQGheesmi lwiansi nceasrcrei netd sowbts.t r at e (-

was prepared and applied to the membranes ac
protein signal from the membraneRmdwadKyi and
i mages captured with | magée LlmabnBvrago festtwaai rnee dVew

|l ndi aoidkt ermine the amount of protein tran
contDeonls.i t ometry was <carried ouwtitohge tlhnea ghea nJ

software, and the resulting data was nor mal i

Tab3d . e®nti bodiedsi n t he e xpecrlidandeentgada rowertceev a nt
working dilutions

Antibody Source Working dilution
Rabbit anti-APP C-terminal Sigma Aldrich, Dorset, UK 1:5000

(catno A8717)

Rabbit anti-APP N-terminal Sigma Aldrich, Dorset, UK 1:4000

(cat no A8967)

Mouse anti-Af (clone 6e10) BioLegend, London, UK 1:5000
Secondary antibody HRP Abcam, Cambridge, UK 1:10,000
conjugated IgG goat anti-rabbit

Secondary antibody HRP | Abcam, Cambridge, UK 1:5000
conjugated anti-mouse

3.2.7 Tr &l enitgoinomMi croscopypyf (TEM) sdetecti on

This aspect of the | abora®woryYhirneeéophgat iVvon
CentBi @it echnol ogy ServikkesTEMNMatreaddHhHrii dJne sy elr sV

in detail Ond yChéepet earpp2.opri ate coll ected tes
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contribution was appropriately ackraauwlheodged
Briefly, the negative staindimsgpeinsedl wesd 501 0]
onto Nescofilm (Bando Chemical l ndustries L
Formvar/ carbon coated nickel grids (400 mest
each supernatant for RPOQtmrabtdebyderansPBE6r &d
washed by placing on dropie¢ so-piho PBSed 3waxt dr
X 1 minute. Grids were then transferred to °

fine forceps, excess stain solution was dr ai

to air dry befBhel i epamCKNaR2i OoBEMiI FB&AI UK Ltd)

captured with a Megaview 111 camera and Anal
Ger manfyh i brA | s, prepared fr ®dmo(See ve o mmeBricoitaelc
Wor cestleK)s htireet watsed etc@on$smg/ mL in Ringer 6s

o
o
=}

(Kramlagasi n2a2 etghala®2 ) . al

3.2.8 Samaliywdiix al

The data was evaluated wusing the Statistical
wadet ermi mepat améter i c,-Whintdn ¢ yh eU Maaagmta ltwesse u s e
di fferenwvas i batsweeombliwoati inarey emnid etinlibeHH W Y p s
untreat ed FAWESSBL:UwBNF g3 81 {UTNBvesu $g381bahd

| 6 ) eswsP g 38 16+ I1tLr e at eTdh eg rdoeut pesc.t Abdso/Iwevaei sl yosfe d
statifsarn camddly of tdrosbavead mehtaibdvked Ael s a

al |l t estascocnodmptaifoSn@8s tont hel . A spvaatl ieset)sls al p

than or equal to O0.05 was considered signif
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3.3 RESULTS

Westernwhsbotartnog e dn voeustt ip g-i@an fel avihnmath@emry cyt oki
in combinatgobnygiwmvwlherce factors contributed
neur obl astoma cel l l i ne-S¥XYresebl agwaAPE prea
inflammatorylbcipt cglNd s ¢( hke pr esenR.e gamdgiabas e
virulence factors (Pg381) for 48 hours, and
western blotting to det-ee miminmealt Rht@enrdnx AnPad s N i Tot

resul ts wemreKamregppagierdgam et al . (2022).

3.3.1 Western-ARPttE@r Riamdli tamtnitbody

After i mmunobiSdbttyi cgel of lyBat®8Hd, sever al high
of -800kbaresponding to APP695, APP751 and AP
(Figure 3.3) i nP.l agniersquil WaSIBiPsf 88 b6y gl Iclombi nat i
oP. gi nPRygi3v8all it REGh3 b )and t he c oPmbign aitgiPagr8 Bdlfs

wit h-UTPNgF381 -H)TThNeF | ow mol ecul ar bands correc
di merised fragmenPkP. wgeirreg Pdp&SEilrsverdloyn hayrt dh elelat e ¢
SY5Y groups. |t was noted that gigani i gher
concentration of thePpr gt don scpolncbs inmdii doend witt
groups i .-hbanBgBgRBICBRENPand correLBBndirmg men t
was observed in group-Halwos dwelell | sss tirme Bg readu pas
gi ngiwvyadalhi £ach cyt okPign3es 11bwWhyi3c8h6+ilalw d uR@®@.8 1 + TNF
Al t hough the C83 band appeared | ess bright b

di mer fragments.
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Figure 3. 3: | mmunobl ot of-APR-e@cell hal yaatebwdtyh
The signal density of the bands of around the 1

l anes wiSYW5 Yt me tSH TSB as wR.l | giasgiowdanbiisaatedomsdobi
and with various cyt®kigmeu;p, t16Rs dRgp3 8aln dg rrbquPp8g 1 H L
group. The | ow mol ecul ar bands corresponded to t
6 which were of lemwéern yr eloanpiav eldy tloowargnd f-i cant |

SY5Y groupsP.t rgeiamageidv alyitshk i rleasnd PRIGBELFHENAPP C83

di mer band were |l ess intense compaSYebdY tcoe Q99 ,t rceo
with-UoMFy and in combination wit hlbP.g3@ilerddbvdal i s
Pg3814JKwfhagasingam et al ., 2022).

3.3.2 C99 banadsaldgsisst ometry

St at iamntail yasli s t awiesad eEldifstamipan cht e Buirgey) 3. wer e
highly signihfei gF ®BeprasxsuPogs3s8 1 ( p =00 rOM®Buld) e TNF
combi naPtgi308nl HGTPNEFO . 0 0 10BN kg | Rg 318 pEOL 000000 1) ;
| 6 onlvgrsuPg3-81HIlpl=0.AM0MOg3 J rleat ment groups,
di fferences were seen with the-Udnptrec ttihcaam @f.

fold) anedb PmgB& 1tflhahindl).,6 compared to the respe:
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3.3.3 C83 bandsaldgsisstometry

St atail stain@al ysi s sd9lgovad dfidntt setnhsed W AP P CuBr3e)f,3 .a% me
were not si drmief ifcodnto WaSaBeowgsr Pogu3pssl, ( fdoG.l &) ; T
vesus he combination ofUPR.38gli#digNeFd.al e aode @ &NES
bet ween the gr ounpisghileyne fd &ceamé o If loo Iwlifeveyr sguw ou p s
Pg381UbIpEO0. 00 ewu sPIgL3 8 16+ | (Lp =0 .TChCeO 0283 di mer de
showed a consistent trend across the treat me

densitometry in all -UPgd8 Hifeatrido nPsg-Bo8f1 +PIgl3 8 1 + T N

p=0.00003

p=0.0000001

p=0.0001

p=0.00003

Normalised sensitivity of band/lane (area)

i ]

S8 Pg381 TNF«  Pg381+TNF-a IL-1p Pg3s1+IL-1B IL-6 Pg38‘{L+IL~S

Figure 3. 4: Densitometric analysi sAPoH-t@&rhmi ncaell |
anti bodSyt aCG9%.ti cal anal ysis of the results for
significant across (TSBYversssusPEpeEBL1ONMPBG) 0001
versus RhgpEA+0Q00061)v;s aPngi3 8llp+=IOL 00 0r0O 3har sAl 1l e perre <

standard error of me an. Among the treatment gr
detection of C99NBUm@nmre i nhdlreR PYyBdR2MFBE8 L+hanl. 6
fold), compared to the respective cytokines al ol
the group treadt(&Kanaigtalsi rga®lektlLal ., 2022).
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p=0.003
1

p=0.00002

1

ot e
IL-6

TNF-a Pg38L+TNF-a IL-18 Pg381+IL-1B

Normalised sensitivity of band/lane (area)

PE381+IL6

Figure 3.5: Densitometrical anal ys-ABPo@r mheatel |l
anti bodyt a8 3tical analysis of the results for t
not significant across {UUV8Bsuge PPRFEIORPYEL b(upt= 0w
statistical | jbvseirgruisf iBfgad38td +Hf0Ar3 )¢ tLiacnadl Isyt astibgni f i c e
vs Pg381(+p40. 00002). The €83 di mer detection sho
groups, sshioswiemngt lyonhi gher values of dens-Ut omet r
Pg381lbdrnd PgBBHamédgasingam et al ., 2022).

3.3.4 Western-ARRPttNr Riamdli tamtnitbody
The full APP4®OGGNO ddwdaue itdaddo elgtoavdheds peamnm f.i ¢ banc

The cel l |l ysat es i mAAUPNPo-b R o mi pd | waubrtei )bt®hdey a(
demonstrated s ome -lweenagkt hb adnPdPs aonfd tthhee sfeulwer e
were more prominent b anddi, mewhiiscehd afpgpacgamme sitto i
treat Pd 3d,lt yooLn bsy we | | as cPogmBilthdtido Pg 38fl + TNF
Ut reatedher dwmgd.s f o6 aPigdS SAHENE,atleld groups a
have a higher intensity comparedPgg@88tlahé Lwe ak

treated group.
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Figure 3. 6: | mmunobl ot of-APR-edcel hal yaat ebwdiy h F

SHSY5Y cel l |l ysat e {ARMRB4 WMo bmi mtatl e dh nwii tblto dayntsihowed d
25 kDa, which corresponded t oS YASPY fCo9191 odwiende rbyi nt
identity. The cell |l ysat es -APhPi-tNar wiem &1 i animuinlodd yw t
intense bands coinciding wiiSW5iYhgrGapsftRgm@e R |
gingjvepbB81al he and the combinati ons -thfanH. gi n¢
Pg3814JITNhFe barcd aass witdbttrheeat Rylad 8glr ohukper ved t o be
and | es(sKkannatgeanssiengam et al ., 2022).

3.9 bands demaslitsinetry

Analysi seot@l ttshef or t he C99( Fdigmedee sd.d&)tprr adtt eac
statistgoadilfgfasatencker eat ed gr ouPBeswcPdgd &t e d;
(p=0.0004a3vegusPlgNBRB 1 {JTNEO. 000-0b3YesusRdg381b 1 L

(p=0..00A02)h-sply SHEI | sl B6r efacsierdd wthd kghhal we sa gni f
di fference €gBpaor & & att @(dp 3 .o0u0p0ald Ol 1la)r ge er r or t
not ed PigrB 86k ¢étLr eat e dA dgiigghpiyii fcfaenrtence was al s
amo nigrs tARgh3e8 1 UWKHF ch showed the highest detect

1F 0ol d) complarleodhet.o TNF
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Protein profile of C99 band for APP N-terminal antibody

p=0.00003
1

p=0.000001

L p=0.00003

Figure 3. 7: Densitometric anal ysi sAPoH-tMrhmei ncaell |
antibody C

Statistically, the results for the C99 bands, ar
Pg381 (p=0-0@0G3s; PHIPB D+ DNMEIOIS) ;PgABHPEDLO0O02). Th
groups treat6eds hwiwehd oan ldyiIghll i grtiaftiicantc di ffer en
Pg38B+I(p=0.000001), Wowewarp thhhed RgI&THI UL ar ge ma
significant result amongst the tr-8dat en@inme rgtr owlpis
showed ttHetbatcpghestof C99f odidre rc o nmpdierkeodhrbtraonr TLBRA r s
represent stanf&Kamdagarsi eirgaomf emean ., 2022)

3. We®tern bl otAbcMonsebatdD) anti body

The -Abainiti body apart from detecting the high
C99 and C83 bands (not quamaoibfainedds) aasn ¢ oartpaw e
the positive comipeptirdeecPBit Jhat wanddss wer e
determi sedttetbeal ltyhesideti d ¢ tcath-iqgwedrmemot eds o
acralsls experiamedtad mpgaroaudp StHEY b Hec et s ewit £ld T S

This all owed octhmprat.o sme o f
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Loading control

Figu8&e I3nmunobl ot of the ebantillycdhy e with mouse ;

Western blot image from anbdsorhalnaltse dd nde wdhietno datt rai
for the rel athbivseo faobrumsd atnoc ef aocfi A t at e-Abdaenrt § ibtoadmge t r
detected full APP, its associated cl eavalhe fragr

so/eKanagasingam et al ., 2022).

3. A7ddensi tamaltygygis

St at iasntailcysslh e 0 € s ulbisgb afnodru (8h7fegg Aceomd i r med t o

stati stigaodlyl gdainftf er en't across TiSBersswPgpa8 1l so
(p=0.aG13)el|l as the cytokines ®n ghegN® awn scc
versuPg38WU+HpTENFE 0THBE)SYHY cell s Itithepartoeddu c widt ha

significantlyehsgdeRf@Br@0Q66 evsnmbBg3-81+1L

( p =0 .A0nDo6N)g.scto ntbhitem @t ment groups, only -Ohe cor

and PgB8thblwed adet eactbemds eofi nA
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3. 3ABdensi tamaltygyis

Thedensit ometfroirc hhahealMdaui(3FB,g wer e highly sign
contr ol wWhTiScBh) was st ah&.stgicmdgil3uBadlhidg heoneldame
treat e(dpgr.oup6 6y all the treat mentb#@wawsps, t
noted wwWhen TébrBal ysing the cytokines alone cot
wi Ph gi ncooinvdad nesd gmeoduipism TNRgyoatmeshowed a st
significambbaswimeneasmb.megi nvgitwasl0i. SYGY) ceSHs
treat EHbawiotnhe -6a mds olnlenu | at ed sibghREfoimpan iy t mo r

combi naR§ ®h+Il laPngd3 8 116, p £0. OB=@INn@Or especti vely

3. A1 ®o/sel ati ve abundamae yderssi t ometry

Statisticatlhevradluattiivwvewn adfduhdaabewefl doshgsipk
hi gher qluatkbti istoyf aorfrotsshgeal | t berad unesn¢ h combi ned
ef fe®tsgofcgpina ltii so neerdd meari iuanii ® Bie fpt =00k. i 0n0e0s7 ) a n

fobaHp=0. 000Wr8e) J.Fhge rati drsao/fax OmMet pboeoldeds At

values from intracellul asosdbeielidOvass daeteche
al mofsal & more in the treatment grob$lshacdompar
a 2.04d increase in the treatment groups.
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p=0.013

p=0.006

p=0.0006

Normalised sensitivity of band/lane (area)

Pg3sl TNF-a Pg381+TNF-a IL-1p Pg381+IL-1p IL-& Pg381+IL-6

Fig
The
we |
gin
40
Amo
si g
( Ka

u9: ebAY.ensi tometry.
densitomet hhhbanedsuwesefosrgnhiei dant across T¢

I as across all groups treated with oPmly cyt
gj valbiiss Pg 3 S8UIpHTONFO O-Th7V hstilgat ed a signibidicantly
comparedbpeO PgB®@aEG+-;l wasn dsi ¢ni fi cabnt( pv=elr.sOu0s6 )P
ngP.t hgei ngiewaleids gr oups, t he -Waonnub i PngaBt8i $oknbsky eodf &P g
ni ficant i ncr ébaws Al li nerdregtreeced@amts oEanAdard err
nagasingam et al ., 2022).

p=0.0006

p=0.03
p=0.001

p=0.0001

Normalised sensitivity of band/lane (area)

_

TsB Pg3sl TNF-a  Pg38l+TNF-a  IL-1f Pg3sl+IL-1p -6 Pg3sl+IL6

Fig
The
al |

ur@® bAdensi tometry.

results for demdbianmadmet wiec ear @luyngi ¢ of dbre At at |
compared groups;( pccoOn toroclg T SHI BMVFePrgbILEsD +POgIe811)

| lbver sus PHPEBED+ODL-HP wedsus6PHPRL8Q+OB). All the c
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Pg381lband PgB88khlowed a significantl ybsroedutéde qu
treatment groumpsdwvabeddeeetedonnoabAfddampared tF
to TWFone. All error bar s (rKeapnraegsaesnitn gsatma nedta rad .er r

p=0.0007

TS8 Pg381, TNF-q, T8 Pg381, TNF-q,
Pg381+4TNF-a, Pg381+TNF-a,
IL-18, IL-1B,
Pg3s1+IL-1B, Pg381+IL-1B,
IL-6, Pg381+4IL-6 IL-6, Pg381+IL-6

A"!#O Aﬁl-—tz

Normalised sensitivity of band/lane (area)

Fi g8 bhAomnel ati ve abundance densitometry.

The relative abundbasnoveref shath st 5 0BDY GnS etkrad aitad
control group (TSB) compared to the. cogimminmaal os
various <cytokines. A statistically significant
stimulated a hi hdpr=0dO®09i7Y) ybadf( pedl. DAHO0OABR) compar
TSB groufpswasl hkeetAecf @t dalmmoet i 2 t he treatment gr
contr ela,dsdhaedr -AoRd4i ncrease i Althertoeabmesatr gppe
error (oKame@asi ngam et al ., 2022).

3. 3TENM detechtfidmidf fArmati on i n supernatants

Therseesul ts weDehpriswiodbehcke r€Ewonr KuhBiaodechnol o
Cardi ff .Ureisupessn g ceotlsl ected from theP.treatr
gi ngiFDLI3BdANdi t i onwida hmai ctihuwnu,t ecxyhti bkhieregdls esence
fibrnmnsdasluble fibrils wereswcpearsnast &mmScferl dmsdHE
werte eat Pd guvi tF¢piCB8BIlr al enc eu rfea @b.olxOe d ( Bsrhgopavn i n

b,b| aacrkrsowThese fibril s Abfp eayri duds ivimbgs -ptelpd md & ar
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included as aepesieniceEusgecap@maamidcr ot ubul e fr a.

from coll ectedetestabebkeedadt®Mmnds(Figure 3.10

Figur2e BEM ultrastructur al mor phol ogi-s4%5Yanal ysi s

TEM ultrastructxami nanolreanrod d gti @ a¢ o ref h s ol i bnle et fhee s e r
supernat a®Y5Y rtome BStHeg i nvg iuvweel icsondi t i o,wéhd t mediecman !
magni fied lbldeash owdhbfenbwerles observed consistently
t hpeosi ti ve bdomtrriwtlsa If ogmmgr c ibasla sp espetend éd efh &x 2 Gc ar e a

as ex amidiekeM. Mi cr ot ub wlbeMiGreawaiream t sl {0 Vviassalriepe@sel

100 nihKanagasingam et al., 2022).

3.4 DISCUSSION

I n ekxperi ment al model s have suggested LPS fr
a role in chronbcCaoktalkibé&ll #ahswez20g dent Ww | . , 2
et al). ,dedlli7Tni(Wy e«to gadintdi d2e0ul 7pr ot ei n cl eavage
on microtubul es (amad eethoblpiheov 0 id00ctom anly. ,e t2 Oall¢
201Ha;di tch et al ., 20QP0 PHraensaegnats intetguadmn cce r @tl ar
how vtihreul ence Pf agt ompsgwinitorss but e t o the amyl oi
of APPbrerdamnagser i odontitis is prevalent in ind

hi gh dent al pl aque i ndex, which represents
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(Armi tage et al ., 1982; Pool eP. etgi adgnidv aiktDs} 3 )
functions are presenhadei nepR.b ltgeidBguiAvaatlRess € ar
virulence factors, (B di ggshghpaeobgsacdlear
ADpat ibernaisnd ti ssues and has been clo¢®bypl &sso
et al ., 2013; Domhay kbBéeedlhesreid @l temate f acH
the brain via the circulatory system, dur i ng
periodont al di sealsreai MI bhadoruighr t hBBB) oiod a s
barrier with | owemptrimeabingnegsd oofprtoxic sub
because of t he virul ence factors i n incre

Kanagaitn@a&m20) .

Tabl eP.3 .g7:rnwgirwdleinsce factors and its function
Virulence factors Function
Fimbriae Fimbriae are considered the main virulence factor. It helps the bacterig

adhesion to oral surfaces, promote biofilm, bacterial motility, invasion of
cells and ceaggregation with other bacteria eRyeptococciandActinomyces

species. Fimbriae can also trigger the production oefrftammatory cytokineg

e.g. IL-1, IL-6, TNFK (Lin et al.2006, Jieet al.2019, Hasegawet al.2021).

Hemolysin and These are gre forming toxins which cause lysis of red blood cells to su
Hemadutinin heme (Smallet al.2017)
Capsule Theencapsulate®. gingivalis helps the bacteria to evade the immune sys

survive in host cells and avoid phagocytosis (Heval. 2016).

Outer membrane vesicles OMVs play a role in bst cell invasion, decrease macrophage responsiven
LPS, induces production of 1B, causes cell detachment and contribute

antibiotic resistance (Zhang et al. 2021)

Lipopolysaccharides (LPS) | LPS riggers pro-inflammatory factorsuch asTNF-U, IL-1band IL-6, which
leads toplatelet proliferation and thrombosis (Poole et al. 2013gtxal. 2020)

Gingipains Gingipains acounts for 85% obacterialproteolytic activity, breaking dow
host proteins and tissue#talso trigges adhesionand initiates protease

activated receptors which leads to platelet aggregation (Li & Collyer 2011
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Bl asko et al. (2000) wused a human astrocyte
postmortem brains tissues eaxpobaeaakbthy ogyd oRD
TNB) 6, -1bdnd -BGfmmunobl otting was carried out
APP amd@heé researchers reported that astrocy
mai ntaining and supporting thMi hubbti pmeestni
certain combinations( iolfleoNi mf ¢ amimiatTaNtBpomr y wiok h r
1pl ntereAddbwasghegtf det ewbeg@N@®d 6, -1balnd -0 GF
when each were used al one. B HS YtSaMeturr eslsbitl kaestt h e
cel]lal |l cytokine exposur ebugarnodypdh odetv éAbit edh e h
so/msel ati ve abundvan cér dRnrcdgutdegdevwia lginc e f actor s
significant increashe siometrlse coenpacteidon ooft hieo t
3.8 describes the effect of the cytokines u
periodontiTthigsi ngnd o aAD c r(eQ/CGBcfn & airveinttihsu ipder i odon:
contains notlbt#gblayny-dmi@aNeE Hdiamltt Y Fateisentcyt ok
cause connectivechussng bonbr éaksdbwnactiva
periodont al ti ssues, such as o0st efkd aatsitrsg f
202Bhe influence of cytokines on periodontit
Table ZTy8okines usedb|iw tw@amidd)astbu dtyhe(lrL pot e
influence on periodontitis and AD

Cytoki Periodontit A D

| LD Considdanei mpomta | bi s a key driver
in periodontiti neuroinfjlozmmaipo e
resorption by a associ cdtaeng | wii tdh p |
promotes inflamprograsdibau phos
recruits i mmune neuronal apoptosi
( Relewaz®l2.4) fibroug Splaaftq &816.7 )

| L6 While | ess -¥band El evated-6pl avymé sl
TNR) 6 is still correlated with c
signifdodahammaod and br ai n6 amay prhe
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cytokine in per release and metab
in the recruitmserotonin, whi ch
stimulating inf vol ume and -6¢c ohgansi te
responses, and been report edbatnod
contributing to Tau deposits in A
infl ammitilewvel s BBB i s also has -@&a
and saliva were (Emmen2R3,etZzBdla.4
aggressive peri

( Relexwaz®12 .4)

TN Contributes to (E evat ddeVwdrse riemp
activatingndste biological fl uids
triggers | eukoc i mpairment anHBN®En

vascul ar ,peamdear| evwedrse noeéledvavet
role in tisEME <cerebr osefi ngadt ifelnut
medi ates macrop compared to healt

angiogenesis whet al. 2014)-andow
periodontal gradid not find a si
formati on. Howe between the two p

inconclusive as (Swardét.gaz010
TN and severity
(Var et e2sdd1.5)

The suitaBHIYRY odbltésheeen di scussed previousl
frequenthiys udendliboltihnei t s undi fferenltn attleai ran
undi f f esteBtH8 Yagreacpi dl'y prol i f er gptod aancd ealppeaevart
few, shor,t apr ocemparsed t o diekftemaentlioantge,d bcre
processes, decrease in prol(iShephhteig@®@®SIG AN |
SY5Y a@aeél Brequenviegtugatdi ng a&@D k({ Agbal me de s e
201 GBHSYS5Y cell s nahdogbbecdeeapaseas g anmdansteo

cl eaveedBPting i nAbt(lhiee perbadva&Z o o2 081f)

Asdi scuasnsdedi,l | ustrated previousl|l yPPlptoodsstn

can occur via t womyd ati dwagyes:i ct [pesamiyoii@my dage n it
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pat hwaga.myllmitdhogeni ¢ pat bwagwint itétemguratgkee aait s t d
terartifn t he Ppgiottei APMDycl eavi nThegsnagamee 1s  BrAeCtEel
APBEr agmeAbto f a wdh i cahmitrhoe a4c2i dbisf})r asgmensi  &r ed t

neur otoxi ¢202S3h)eaf et BIgure 3. 11.

Non-amyloidogenic processing Amyloidogenic processing

APPsa APPsB
APP APP

Ap aggregates

*

p3
V4 '«

\ B-secretase \ Extracellular,
a-secretase

Extracellular [3 = === @ H
xtracellular E ! B . Cytoplasm
: @

i et —_ =

Cytoplasm Lumen
y-secretase y-secretase —_—
AiCD cs3 co9 AICD %
B-secretase inhibitor y-secretase inhibitor

1o lo

= » AB

APP > C99 .
B-secretase y-secretase
y-secm
Shorter benign AB t

Longer toxic AR}

Fi gurde Gl davage of APHMParbas etcwee tparscetseladesbe(r at e Ab

The BACECcCretf dbeadARR first to gendrhabtdeo mah e hNist er
producing a metnebrrnainnea |l b ofurnadg mM@mhtongalwl ¢dh @9 XS ol ubl
SsABHhewsecretase cleaves QO (tidAl et dli ¢ alt)pe Oh etameg ur
cuts APP Wwidobmaion tpreo dilared s@&Irwen tpbfegr maTthigo n .

secretase procesbpemt ipdeduwietsh slkeevtegradgeAneous C t
resi dueg 3BBACIHkkd mqatvlage oc Asmps lpraedi 58 fusgtnide tofalA. , 2
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Il n this study, the putative C99 fragnmnnt wa:
gingivvalui ®nce fact-Darsd swiimihl-ladldy pdwidtNiEviell y. T
fragment of APP were detected when-Ui He cell

and6] LThe 4 @mands kdbeat eAct ed by | mmuntotbdrot t i |
cleavage of APP as confirmed by the positive
of Pg38mhTONPgB88p+rbHduced a statisticalbdy sigr
40 The rélhkhmappeaokbdAto be agscoobiiatagd otno-otf h @ g3
Utreat ment only. 't has bedrnl|l saggeget ecd that
APP (not mut ated) is mediated by cathepsin

down protein within theigseal ryandi me Ppgpi ptae a

gi ngi(Kalniaggasi ngam et al ., 2020).

The primary virul €éncegi ftehtatta tiisp racsdsuocce fa tdeyd wi
t hought to be gingipains. BlpecBf itg pgs n @if pagi
argisnpgencei fi c gingipai mplc(iRdgprA)g,i nagn d aa mg iBni(nk
cleave APP btpepgcuwestadet Aeir proteolytic actdi
proteases involved in APP processing b(Lei e
production due to thesi mpitarebdtbyhiostaprioviety

processing. (Dominy et al ., 2019) .

Whil e Dominy et al. (2019) managed to char ac
masgpectromdter gpeci fic cleavage sites of the
to be confirmed. Al though, i thanndks eemnsesbasabl gi
for the melMhade wfotAdiréfcod mat inomwm,] viedS,i nwhi c

virul enck. faicngicaalficontri bute to neuroinfl an
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bacteri al components into the braibShehgreby
et al ., 2003). Having said this, bprteesreantur e
a healthy brain, i's essenherml popbertnihatnmicen ha
pl asti ci tby,osulitnigmarestioyoyn ( Puzzo et alwhy 2011
anti-basdegd therapies bdenwwvdADopadieoatmopave Aot

memory (Panza et al ., 2019).

On the other hand, aft eff inbircirlosbihad v ei nbfeeecrt i ah

has been I inked to its antf mbcbplbaayad Ap erpdliae
host innate immunity (Ennerfel tbf& bLruek efnosr,ma2t0
had a similar morphological wultrastf2@i1uo)ye a

The significant wupregulation of ARP dfionlgliovwailn
virulence factors combined with cytokines s
protein. This study results proposesP.t hat t

gi ngibwaaelriisum i tself can contribute tobAPP pro

in combinaf® ieofmd wil elasletUwPahalTINEl t o t hRP.s, i s
gi ngiawmdal iist s virulence factors in AD autopsy
associated toxins have been identified as an

the 7r elbetahsaet oefvemtual |y deposit seeats 2a0lh.8, e x t

Si dddétq2®11.9) .

Emerging research indicates tRatgingivalispossesses an extensive glycosylation system and
expresses multiple glycosidases, including mannosidases and sialidases, which enable it to
modify both its own surface proteins and host glycoconjugates. These enzymatic activities may

contribute to nutrierdicquisition, immune evasion, and enhanced virulence within periodontal

146



tissues. In parallel, APP is known to be heavily glycosylated in mammalian cells, with-both N
and Olinked glycans influencing protein folding, intracellular trafficking, and proteolytic
processing into amyloidogenic or nramyloidogenic fragments. Altdrans in APP
glycosylation have been associated with increased argloidg ener ati on and A
disease (AD) pathologfRangarajaret al., 2013SchedinWeisset al., 2014) Theoretically,

P. gingivalisderived glycosidases could influence host glycoprotein by directly or indirectly
modifying glycan structures, raising the possibility that bacterial exposuralistayb APP
processing and contribute to downstream neurodegenerative mechaQibis. carry
gingipains and glycosidasasross th blood brain barrierwhilst suppressing and redirecting
host immune regmsesatient (Zhang et al., 2021Hlowever, despite biological plausibility
and growing interest in periodoniaéurodegenerative interactions, there is currently no direct
experimental evidence demonstrating thBt gingivalis glycosidases modify APP
glycosylationin vivo or in vitro. Further mechanistic studies are required to determine

causality, substrate specificity, and disease relevance.

3.4.1 Challenges, strengths and | imitations
As far as the researchers were awar e, at t he
t he first | aboratory study to investigate t
processing i n neur onal cell s, wietrhe nor a tweidt
neurobl astoma <cel |l s. The cl osest met hodol og)
particular | aboratory study evalwuated the 1in
and astrocytes. Il nterestd ngilmi,| arh eyt sdiyp swiqtute
cyclooxygenase inhibitor, | bupr &®fBd ma,s kwh ied h ad
2001) . The authors concluded that the | mmun

supported by retuwvoseectirepoctimgcaln $nverse
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preval ence of AD and t#immd | ammatodr ynodirsuger 0 N8
(Breitner et al ., 1995; Anthony et al ., 200

AD aeti ol ogtyr ioggearndd citnfolnammati on and i mmune

Questions arose about t hR vgiirmgirweactei sd med ome d
This informati onr evsaaesa rpcrhoevri,d elr bS. c@hukapall |
USA) , however, the present study <could have
virulence factors and t heinredq unerdti iufmi. ¢c &ti in@gn pw
wel | recogni sed as the major constituent Vi
fluorogenic peptide substsaye (Par k|l etbralscen
be detected using mol ecul ar t echni-lgiurnekse d( P C
i mmunosor bent askPBAGE) .ELIIdSeAalolry,SOS woul d hav
the gingipains in the ddmedirtiexmmeced medieumnt AP

Abproduction. Although, this was beyond the

Normalisation is a critical step i n western
intensity accurately reflect true biological
unequal sample | oading, i nactoinocsniss tiem t mea mhbarnasf e
and anti bddy s baspipiditiiydge n s i t mentett o d cof ymohrincahl i s a
i nvodweaemrt i filooepttiiccrmlofi ntensity of the target
softwatative tthercedwytrodrsrnecting for l oadi n¢

expression of thet hienrtgeertn ap Af{rteefied eenece 8t aVv e, t @

We have SHSedYthe this study. This cel-l I I ne

di fferentiated I mmortalised cell ' ine repre

148



cancer cel |l s. Therefor e, the transl ati onal \Y

full

SYS5Y

cond

y

u

simulate the resul t sAladfh ooutghhe ru nfduilflfye rdeir
cells have certain benefits, including
cted using undifferentiated neuronal <ce

undi ffere8Yb4¥dtedldSHDnmtesaacur ately reflect t

neur
can
neur
(Jac
publ
chos

di ff

may
LPS,

spec

By s
t her
prod

dysr

0]

b

a

S

a

t

a

u

e

nNs ange etshpeinrsnesdmesoh(laKkul at unga-S&6 Yale] | 80
e easily differetnrtamadtiemdoiwe tdcitd e( ATMRIA) .i
I maturation as wel | as axon and dendr
bs )t HMaAvi,n@00&®i d t hi s, Ri egerova et al
shed works wuselYS5YWIdel Idsi,f fwirtemtt mé¢ e thaj|S
to use wundifferentiated cells.tIW th h

r etstYiba¥t edudtd decrease the risk of APP n

Clinical rel evance

pears that neuroinfl ammati onP.plgaiynsgiav asli
ave a significant role in triggering nc¢
two inflammogens that have F.eeqni nfgo uvnad
fically ibmmpact LamihempesglIni 8, And potenti e
l'i kely that mul tiple agents engage in

mmati on (Singhrmoettahl, , 2@R2Qp, Kanagas

udying the functions of cytokines, rese
peutic targets, |l eading to the devel op
ction or activity of cthees apsokiaeed

gul ation (Yi et al ., 2024). Ohaesi mpent ¢
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to interfere with the amyloidogenic process

medi cation di shboeecregt asavceagaenbdas e, t wo essenti
catalyse the intramembrbasreec rpert ;atseso li-gnehci sbei it osrdsF
i nhibitors/ modul ators have been found in the

totfml oA shift thhe fhomati ommsld eredirees bbeyn iigmh iAk

modul ating the amyl oidogenic processing of A

|l nterference with the amyloidogenic processi
Abproduction. As two cruci al enzymes ©6atalyz
secretosseecraendase have been t he ndasstc oprreami.ndm
past two decbhsdkes,etmsme g-sneharbeittacsres iannhd bi t or s/
di scovered to inhibit or modul ate the amyl o
reduced prodbnctoirons hoiff tti atgabd bfeA pootdect and mo

Abspeci es.

Phar macol ogi cal approaches to the <clinical

prevalent "amyloid cascade hypothesis, wher
caused by the abbprrautr sghA® B¢ o it ned tiosbpied tA de s .
The ©phar maceut i calAb ianpnpurno azcahtairstenti ynlcd huellei ne st e
secr-getabebdbanddromtniesteh-aspBrtate ( NMDA)-, rstcetpitror
based amongst other st riantge giCeust ctoomenso doufl attree aA

varied and some c¢clinical trials have failed

Zhang et al ., 2023) .
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3.4.2 Future work

() ldentification of specific virulence factorsh gingivalisconditioned medium utilising
molecular techniques, immunoassays, xray crytalography, purify and crystalise a
structure

(i) Use of differentiated, mature SBIY5Y cells

(iif) Increase complexity and diversity of cells in the experimental groups by adding
microglial cells, astrocytes, oligodendrocytes, and pericytes to better mimic the
structural and molecular complexity of the central nervous system environment. This
would praluce more suitable disease models (Ormel et al., 2018; Song et al., 2019;
Speicher et al., 2019).

(iv) The inclusion of relevant controls, pirecubate with gingipains inhibitor

3.5CONCLUSION

When t-8¢5¥Hcell | i nle. waqisrnvgikwpaleipsdet bact or s or
TN®and-1bltLthe APP breakdo®Wn gawgawdkeingratfeadt or
have an i mpact on the C99 fragment, which is
(TN Nnd-1blILt seems that t hikl iblmmaeé )dhtaadkianss ghT
i mpact on the C83 dmdgimefdeact il | mamnnmathean d.

brain, despite thRafmasis#hayhbe tbesrdebeeadeaoty

of tHBe&5FHcel | Il i ne. Consequentl vy, It iI's rea
demonstrates that i nfection and infl ammati or
Ab140/.42
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CHAPTER 4

P. GI NQIWB8AL)l SAND
F. NUCLEATGK 49256) | NF
| NDUCES ALZHEI| MELIRIGKSE DI S
PATHOPHYSI OLOGY I N OBE!
DI ABETI C MI CE

The work presented in this chapter 1is

BahaKamBagasiThagnmhuwal a MM, DAIl j| @ama ISIA, A DA

S, Wel Chukk &pRilnghrEBPRIAKY phyromonas gi |

W83) infection induces Al zhei mer 6s di
di abetJdJ cAlmz tei8ne r(s2 0RMY 75259

152



P. GI NG(KWSIB)) FANDNUCLEATUM 49256)
| NFECTI ON | NDUCES ALZHEUIMERGS DI
PATHOPHYSI OLOGY I N

OBESE AND DI ABETI C MI CE

4.1 | NTRODUCTI ON

Experi mental procedures in E@kaphiem wodmeda s Cha
to inveédwagaaet udl Ay being produced as an an
biofilm microbes as suggested by Kumar et a
School iwmt movusedand worm mobexpreosdbisemnvpmgt ¢ b
both fungal and bacterial infections. The me
adhesion to host <cell s, and subsequenit aggl
fi brils (Kumar etlalinto20b@&) prefleing ilcnd dvpitwedr
infected mouse model. As it would have been
human brain, the ani mal mod el i's crucial for

amyl oid plagues and neuroinflammation (Zhong

With mounting evidence showcasing Ocross te&

periodontitis. Combined with aging, the <cor
devel oping AD involving t he overl apping p a
dyfsuncti on, and inflammation (Ebrahi mpour et
syndrome or MetS is a cluster of medical co

di sease and type 2 diabetes. Th&€h&kegompanente

of Met S most strongly asdpsghyedmiwva t andpeot
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bidirectional relationship has been reported

& GencoEPrlesh&w et al ., 2n2de Thel pemai sdoena:
obesity, may induce oxidative stress which
resorption as seen in periodontal di spase. E
that interfere with insulin signalling, | eac

conditions whereby ager iicmmdardtiint irse sd e aexa&g e rak

the severity and progression of periodontiti

Table 4. 1: Key features of Met abol i c Syndro

|l east 2 other factors (adapted from Lamster

Required Criteria for MetS

Central obesity WI/H > 0.90 (male) or W/H > 0.85 (female) and/or BMI>30 k§/m

Triglycerides, TG TG O 150 mg/ dL an dwmaleror<3Dmgall {emald 5

High density Hypertriglyceridemia and reduced HDLc fulfil the same criteria.

lipoprotein

cholestero| HDLc

Hypertension 0140/ 90 mmHg

Dysglycemia Glucose intolerancémpaired glucose tolerance type 2 DiabetesdMellitus
and/or hsulin Resistance

Other Microalbuminuriau r i nary al bumin excretio

albumin:creati)nine ratio 030 mg/

Studi es hawe dliiarbkkead® st yapned obesity to periodo

regul ation may be impacted can be caused by
di abetes. Patients |living withavepée®edi abet
more severe clinical attachment |l oss (Campu:

primary vir uPl.emdeaeagfiewalianrsgsi pdi ns ainndf [LaPndma tlonrcy
cytokine e¥priessadih {bmdukwedi by LPS, which ir

to insulin resistance and hyperglycaemia (ClI
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anal yses have reported a positive correlat.i
devel oping periodontal disease (Chaffee &Wes
the | ack of good quality | ongadsal intay ©Betuwe e

two conditions.

Diabetes -

/ Aging > Alzheimer’s

OBESITY =— Periodontitis

Disease
Increased oxidative stress and

mitochondrial dysfunction
Chronic inflammation
Adipokines abnormalities
Vascular impairment
Elevated AB

v

Cardiovascular
Disease

YV VYY

Figur€@owmdn pat hwasysso oifataegd ndgi sorder s highlight

combination of obesity, di abet es, cardiovascul ar
Sever al mouse models have been developed fo
those induced by genetic mutations, dietary
2018) . Some of the commonly wusedodnmpdset s 80c¢

researchers may opt for W ld Type (WT) mi c e,
undergone genetic modification. They are wuse

makeup with typical phenotype expected of th

The mouse model has al so been used extensive

mouse threxpghssveomubatigemetassoci ated with
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generations-iwmtikmwcikmg KRdSPR (Clustered

Palindr omi c

(Zhong et al

Repeats) gene editing technol ogi

, 2024). A previdusoinrepvodste

defining hall mafrklsl oowi nfgi b&ni | d raa ggitvAaainins

infection [

t he apdh)i poipceotlerai kanocKowev €rA

detected the @irreq@iendidindfceeE br ai ns, and

of the compl ement cascade, i ngr eggiproeadstelsyt oi n |

brain. The

indings reiterate the significan

component of AD pathogenesis (Miklossy
Table 4.2: Transgenic mouse models for investiga
(Kl einart et al., 2018, Lutz & Woods, 2012)

Mouse model

Characteristics

Genetic models

ob/ob

Mutation to ob gene which codes for leptin, a hormone w
regulates appetite and metabolism. The mice become obes
develop Type 1 diabetes due to insulin resistance.

db/db

Mutation in the leptinreceptor gene (Leprdb), leading to lep
resistance. Obesity and hyperglycaemia are manifested simi
ob/ob mice.

TALLYHO/Jng

Inbred polygenic model of type 2 diabetes with moderate obe
exhibiting reduced insulistimulated glucose uptake and pancre
dysfunction, resembling human type 2 diabetes.

NONcNZO10/LtJ

Polygenic model of type 2 diabetes with obesity, hyperglycemig
insulin resistance.

NzO

Polygenic model of obesity with type 2 diabetes primarily in mg
Mice develop obesity dur to increased food intake and reduced
expenditure.

TSOD

Polygenic model of obesity and diabetes, developed through sel
breeding from the ddY strain (outbred mouse strain).

Diet induced models

High Fat Diet (HFD)

Feeding mice a higfat diet leading to obesity, insulin resistance {
type 2 diabetes.

High Sucrose Diet (HSD)

Similar to HFD, the high sugar diet leads to obesity, insulin resist
and type 2 diabetes.
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Other models

CRISPRCas9 induced Lep Created by gene editing techniques to knockout the Lep and
and Lepr knockout(KO) genes, producing phenotypes similar to ob/ob and db/db
mice respectively.

Streptozotocin (STZ2) STZ is a drug that destroys pancreatic beta cells, leading to t

induced diabetes diabetedike symptoms.
Table 4.3: Transgenic mouse models commonly used
(adapted from Zhong et al ., 2024)

Mouse model Characteristics

Tg2576 hAPP695 mutation, dense plaque-87months), major plaqu

deposition (1113 months) omparenchyma and vascular structures

TgCRNDS8 Double mutant: hAPP 695 (KM670/671 NL and V717F), amyl
deposition in the cerebral cortex, neuritic pathology in hippocarnr
midbrain, brainstem and cerebellumg4nonths).

PS19 hMAPT (P301S) mutation, tau seeding (1.5 months), NFT
months), no amyloid pathology, shortened life span.

APP/PS1 Doubl e mutant: hAPP695 ( KM67
deposits, microglial and astrocytic activation (4 months). Amy
plagues in hippocampus and cortex (9 monthg).c r e a s e
Ab42 in hippocampal regions
pathology

5XFAD (C57BL6) Amyloid plaques (16 days), intraneuronal plaques (6 weeks). Plz
in cortex, hippocampus, thalamus (2 months) and smioed (3
months). Lack of tau pathology. Aggressive onset of amy
pathology.

3xTg-AD Extracellular amyloid deposits in frontal cortex (6 months), plagu
hippocampus (12 months). Aggregates of hyperphosphorylated

hippocampus (IZL5 mont hs) . Il ntraneul
(374 months).

The present study was heavily inspired by th
to demonstrate the Mo mmatoiucmmrg @fdud Xt "Méarc emi Iclel a
exposh.r egitrogitv aliins W38) . Neurodegeneration wa
based on the observed reduction I n I ntact

phosphoryl ated tau and NFTs. These findings
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contr ol group. The University of Central L al
Chukkapall: (University of FI ori da, USA) p
i ncorporating the comorbidities c obremnoens .t oT hpee
obesi 2y /dti apeet es (db/ db) was chosen as4they ¢
weeks of age, with e$ttantl®dgy phaayssna Sinmiulldrn tl
al . (2018), theP.preisrégitvaltinddW38) | wbedh i s
strain and widely wused to study the <compl e
i mmuni ty. This strain also expresses a major
and LPS (Boyehike Bt. i 80pPudgiWhgitba&lfiescius ah

argument to consider a secondary pathogen nc¢

pat hogwabsa.ct eri umsnuwc eGrtaun€m negati ve, anaerobi
subgingival biofilm, which is from the 6oran
organi smdé within the biofilm, connecting ear

t he gamdvtahggr egati on of Fot hneurcilpeecantoubnd onh al dba
as VvirR.l egnithgahsoawever it can suppress the hos

to activation of inflammasomes (Kendl bacher

As such, the present study modified the app
di seansoer bcodi ty model for periodontitis with
hall mar ks. TPhe giimglifvaihaswedkltdumiadd i nterest a
of the host response to the chronic oral I n

virulent species.
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4. 1.1 Hypothesis
P. gi nNgW8\W3a Fiasnndu c(l ATaCCQM4N® 256) medi at ed ob al I n i

pl aque deposition and NFT formation in the <c

4. 1.2 Aims and Objectives

Ai m: To investlk.gagiendWMda) lEifashee ¢(l G Qi 2 26 )
infection on the development of AD pathophys
Objectives:

To detect tbhandprNBE:mncien odb/Adb mi ce whiPch wer

gi ngiFvalniuxore asthuaam i nfected for 16 weeks.

4.1.3 University Approvals

University of Central Lancashire {1WClL5mMm). (M

Et hi cal approval was obtained from the ani ma
Lancashire (UK academic institutelusktos (egé
number s: RE/ 21/ 09 and RE/ 17/ 18), as wel |l a s

guidelines (Pr oWmicwdr s#i t2y0 100f0 4RI60/r)i da | nsti tu

Committee (I ACUC, protocol #201304539).
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4. 3 MATERI ALS AND METHODS

This investigation was a coll aboration with
Bi ol ogy, University of FIl orida with an agr e
(UF MBA157) and the University of Cemtcrea l |
number : UCLan 4525) . Et hi cal approval was ot
the University of Centr al Lancashire for r
(reference number s: RE/ 21/ 09 andtRE/APpPprLEY e
protocol guidelines (Protocol # 201004367) s
Commi ttee (I ACUC) of the University of Flori
with OLAW and foll ows PHSngoAncyalt Wel Amir ma R
and the Guide for the Care and Use of Labor
AAALAC (Association for Assessment and Acc
I nternational ) accredin etdh.e Gnkluyl It hwee rber asiennst e
agreed Envestigations as per the MTA. Approv
Board (AWERB) approval reference number: RE1
mi ce brains were <wixtaynimfedCant rthle Wanoeghire
approval by AWERB (approval reference numb
transgenic Tg2576 mice with the Swedish mut
Roxane O. Carar e, Fearcsui Ittyy ooff SMeudtihcai mpet,o nUn i WK
of tissue, t o actbianss od awshil tei wd aocgauretsr ocalnsd ffoorr
Al | experiment al procedures were conducted s
regul ati ons.ol Vieids ogtahdy niomul ati on of db/ db |
foll owed by earedct INFMTs ofvi @éA sil ver i mpr eg
i mmunohi stochemistry for tau and neur oi nf |
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empl oyed i n t his chapter have been descrick

Kanagasingam et al. (2022a).

4. 3.1 Source of Reagents

PCR Master Mia axnsHFs thbad foeefr 4 Ther neb BNIPRPser €
(TheFimoher Scienltiddah @rKimero.510 OM ¢€&lor ward
Phusi o-Ri dHe lgiht y Ho't start( THerDMNoA FiaghePol §aneea
Mi cr oawaraggs pur chased from TheAmar dse hgrel S

el ectrophoRMNAsIiIiss calnadt itohne k-Alt d rwieaTdh, ef WAMOM t Siagima e

mouse brains (n = 3) were a gift (Predfte owver
Roxane O.Fa€alaye,of Medi ci ne, Uni ved diatly of
(Inviffrecgénno 13269248) and glial fibrillar
UK) . Paraffin wax pellets, absolute alcohol

UKSuperfrost+E gl ass mi cMooussceetpaeuw ts{lcildoense (ATei)
purchased ff omOlLM®Wi tcicagemr acid (Sigma Al dr i
antabbit |l gG secondary-4detlitepctitboere mpusboger O}
4002), and t4hleO DABwekrige alSIK pulrabharsaetdo rfir@sn, VI €
UKThese kits are now only avDaPFX anbd uen tviinag Bneeed

was obtained from Fisher Scientific UK.

4. 3.2 db/db mice and infection regi me

Transgenic male mice were obtained from Jack
weeks of age, t he mi-Z edibalceatmec odwees et emantdh & yd
exhibiting these disease rel ated rtercaeipttorduwger

(Lephg. mice were r andonniley.taegds ir{dndefd | ineu cmoenaot u r
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ATCC49@iB 6sihnafmect ed (control) groups. Anti bi ot
streptomycin 1000 Og/mL) was administered f
initiating oral infectMiacre witt 6 twhee kpe rwiea cco mta
to any of the three groups, and periodYont al
col®dopyming unPRigti n(gCW3 B | n(l$) =M.) ,n uacAlTeCaCt UM 256 ( n

and uninfected (shamPmi ge ram&E® ad g cctual atwereses ¢ o n
wi ah equal volume of 4% (w/v) st eAlidrei cchar bSt
Loui s, MO) in phosphate buffered saline (PBS
(51°bactpeemLy® in db/ db mice (aRsi vieersac reitb ead .p,r e2v0i
brain specimens had beemesepardbtrad ikrems spwe |
10% neutral buffered formalin for 1 mmunohi s

cerebr al hemi spher-tawas @h@ddiCo ifeodr o agleMAe e X

analysis, as described by Bahar et al. (2021
4. 3.3 Formalin fixed tissue processing

Al | mi ce brains were thoroughly washed in PB
i ntact hemi sphere was divided into the fror
hi ppocampus. Al so, the brain st eposasnidblcee.r eTbt
speci mens were processed Iin cassettes throug

automated tissue processor (Shandon Citadel
and embedded in molten parathentwasueTpeope
70% et hanol for 1 hour, 80% ethanol for 3 hc
for 4 hours, 2 x 100% xylene for 4 hours, 10

then held in paraffimowrax Theae tai a9 na mmams otfh e
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wax in appropriately | abelled embedding mou

Lamb Ltd London, England). Standard procedur

4. 3.4 Tissue Sectioning

The paraffin wax embedded tissue Dblocks <co
hi ppocampus) were trimmed to expose t-he tis

cooled on ice for 1 hour prior to seaatrieoni ng

-

egul ated water bath was maintained at 50 ¢/
Superfrost+E glass microsoopedslbildek Wasi ha)
to have the tissue facing thectviean itchailc kpn easnse
to 5 Om and ribbons of the sections were pi
and floated onto the surface of the water ba

slides per bloéAkbk wkrdesoWwéteetatil owed to dr

overnight. The tissue sections were all owed
pl acement o f the slides at 65 AC for an ex
subsequentahy séemoeeddat room temper atsuraem The
(nomf edt edugP.eagiummpifwaltiesd and AD transgenic
sections (positive control) wer dheéhandagrrep
procesduwer e as described in Bahar et al. (20
4. 3.5 Methenamine silver I mpregnati on

Met henamine silver solution was used to dete
by mixing three solutions; silver nitrate O
solution (in 25 ml distilled watled) sandI| 2%
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Rehydrated paraffin wax sections were initia

of 10 minutes. Upon repeated washings-in wat
heated methenamine silver solstama mdniétdo rAeCd
the desired degree of silver i mpregnation v
deioni zed water and fixed in 2.5 % aqueous s
further washes in wattiromwerwercaracolendt eudgt ainm
(3 minutes), then blotted dry. The were the

mi nutes) and then mount efOhaevi ¢ tha rDdPaXr dnoprmd d endyL

described by Bahar et al. (2021) and Kanagas

4. 3.6 I mmunohistochemistry

Upon dewaxing and undergoing al cohdlr odne hyher a
db/ndibce andveT@®237t6DatoddBCoviHt met hanol for 20 mi
temper alédrieni hat e endogenous spet dxindaswer @c tw
thoroughly i n running tap watéor Amptiegan ral
bi ndlihneg.r ehydr ated paraffin waantieodynisi naeir:
t he c-al ndiumg ¢drbatlei(nlEparictait o eon 13269248) , whi
expressed by microglia, and the glial fibril
(ab7260, AwbsGang, 1WKNIM ci trifcoracl% Mmumbdees (pH @
After multiple washes, sections were equilib
and tis@enbhi cbiadtiinpodwas controll ed by 1incul
mi nutes in blocking solutioVecbast@ainminkgi t0,. 1P
PBS. Tk 76t ims £ee sections were used as pos

neuroinfl ammati on group. The negative antibo
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solution, with omission of the primary antik
humi dity chamber, overnight, at-GBAIE, iab 7t2h6e0 ,
1/ 2000) aniddbdX,abb/it5@ntdi | uQ@nre dt hien nbe xotc kd anyg, st
were washed in PBS (Baubatred8 monube@smemaché¢sa
in the biotrabbliabelld@d@f@arbgmdkilwut P 1/ 200 ir
Foll owing this, therr dabiotr ageradxisda Petlkirtb o(r\
kit -4Q19K) were used based on manufacturerséo
counterstained in Mayer ds haemalum (LAMB/ 17
and clearing i nwryd emaeuntlTde wsreacdrn omscoyget ki
Ni kon Eclipse E200 Micrlomagpee Ww&i &ooBDBfTokgd,
L2 vSé641 wali &on, ToHphe, méapad) .f-toau moalsen ea nAT
|l nvitrogenE) i mmasshiyswashemrcaed out as des
the antigen retrieval stage was omitted. The
100, horse serum 0 .t0aluw)a natnidb otdhye wnaosu sdei |auntteid
detectiody e@ampillbyed was trhceusbe oltg G @{#fdridcR) | leidt
diluted 1/200 in block solution. The standar

et al. (2021) and Kanagasingam et al. (2022a

4. 4 RESULTS

4. 4.1 Preserved histology of the tempor al | o
of AD

Haematoxylin and Eosin staining anmdthehyonr anta
tempor al | obe tissWwe ge owbidkmad infchTeC:d@4go9rrs5766 |,
infected and sham mice were observed well pr
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the mouse brains from the Tbpbaguespupemos
i mpregnation. The plaques were present i f ve
fromempor al cortices, including thlédami pmpaeean
group, theAbplr gepmayp WNiIFITisc wer e not observed in
fromempor al dcbdhdtbacest ofsue sections (Figure
absendeplafuAas or NFTBE. i mudAfe€aCtglO@ 6ps i af ect ed

4. 2cpP. agadnigs vW83 ( Figure 4. 2d).

Figuréahd. dbese, diabkhydrcatdbddpamatei n wax embed
(from the reion of the hippocampus) were fBtained

pl aques. I n the slide with thebpDagueaesprgemethaen
sliver i mpregnation showed a multitude of argyrop
which were in close proximity to the neurons wi:t
al so ofbslelrvywidng silver i mpregnation (a). The she

(bF., nNnucATeGQaum2 56 infected bR.aigi ntgiBwaul&ds3 FNd)X c)
hi stol ogical -dlidesm tshewobesethdisaubee tsihco weidc en ob rda
presenbpe amfues. Scale bars as shown (Bahar et al .

4. 4.2 I mmunohistochemistry

(i) Neuroi-NMftamght 0®9ns

The negative control groups, with the omiss
(Figur-d) 4. Bn wahe THR 5nfibcaen s(gleingwcr e 4. 3 e bl ack
infected mice (FigureF4. 8 cATeGCH®OK 5n6i ianrfreocw se)

(Figure 4. 3¢, bl ack arrows) exhibited only
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appearance, with fine branches. Ver yP.f ew a
gingWwsal imfected mice brain tissue sections

| arger ,-l awmeelboiddwi th | ess branching.

FigurBeBy@Brated paraffin wax tissue sechkblans und

antibody to detect activated microgli a. The ord
groups as per Figurd ex 2i.biHti essit cohiiangiimega la ss lai dheesy aa

the primary antibody was omitted in all the mot
mi croglia scattered within the hippoacammusy as fs
resting miscereongliimi wWeeesbdmmi ce Fgr owpATERG4wWaRbd t h
infected mice group (g) mice. The B.r agindiMBiBvsasluiess
exhibited more reactive microglial cell di stribi
(h, 1), black arrows. Scale bars as shown (Bahar

(ii) Neur o-Asftragmatbiso s

Upon i mmunost e&GFRAIPh @ fwitthle Amtitransgenic Tg257
presence of abundant, reactbpvaegassrweytenot a
4. 4a. The area within the imMhspeltadpwe dF)e.s hTohww
infected mice brain tissue sections (c), w h

resting astrocysbapedppenrdhbhgshgdomomaphol ogy
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and radial ®Bb.or amcdNée€lt4PBR 56 hegroup, the infect
demonstrated considerable numbers of activat
ThR. gi WBiBvalnifected mice brain tissue sectio
showing reactive astrocytes (h). The | arger
of reactive astrocytes were not enF. sniumgilleaart utr

ATCC49256 infected€mice tissue sections

Figuréghd. Aehydrated paraffin wax tissu&GFa®cti on:
i mmunostaining to identify astrocytes. The ordei

groups as per Figure 4.2. The (AD tdreanmosngse mriac eTdg 2n5

reactive astrocytes in close vicinity to the amy
hi gher magnification in slide (b), whereby 6pbo
sectivoeats Kdxm, d, with the area within the box s
resting astrocytes. THe mhupATRGAUMPRISTE riemfife)nt eodf n
exhibited substantial numbers of activated ast:

magni ficationPingi négigealrifa n Thessue sections, th

shown in h and)i al Bloesde molnisdcesat(egd abundant react
(Bahar et al ., 2021).
(11 1) Moauus e( AATm8t)i I mmu n o snteatirmifn d rfidrl ad et & atnign

The AD transgenic Tg2576 mice exhibited an i

cornu ammonis (CA) neur onal cel l bodi es. Th
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