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Abstract.

Background: Cleavage of the amyloid-3 protein precursor (ABPP) mediated by host secretase enzymes, releases several
fragments including amyloid-3 (AB4o and AB4).

Objective: To determine if Porphyromonas gingivalis conditioned medium cleaved ABPP to release AP and ABy4;.
Methods: The SH-SYSY cell line was challenged, in vitro, with P. gingivalis (Pg381) conditioned medium in the pres-
ence/absence of cytokines. The cells and their supernatants were assessed for ABPP cleavage fragments by immunoblotting
and transmission electron microscopy.

Results: Western blotting of the cell lysates with the anti-APP C-terminal antibody demonstrated variable molecular weight
bands corresponding to full length and fragmented ABPP in lanes treated with the following factors: Tryptic soy broth (TSB),
Pg381, IL-6, Pg381 +1L-1B3, and Pg381 + TNF-a. The low molecular weight bands corresponding to the C99 dimerized
fragment were observed in the Pg381 and interlukin-6 (IL-6) treated groups and were significantly more intense in the
presence of Pg381 with either IL-6 or TNF-a.. Bands corresponding to the dimerized C83 fragment were observed with cells
treated with TNF-o alone and with Pg381 combined with IL-1( or IL-6 or TNF-a.. The anti-Af antibody detected statistically
significant A4 and AB4, levels when these two A3 species were pooled across test samples and compared to the untreated
group. Electron microscopic examination of the supernatants demonstrated insoluble A4y and ABy4;.

Conclusion: These observations strongly imply that ABPP is an infection responsive protein cleaved via the amyloidogenic
pathway on exposure to conditioned medium and in the presence of pro-inflammatory mediators.
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INTRODUCTION

Periodontal disease is one of the most common
diseases worldwide, affecting up to 50% of the
global population [1]. This oral inflammatory disor-
der involves destruction of the soft and hard tissues
which support teeth including gingivae, periodontal
ligament, and alveolar bone. The chronic inflamma-
tion is aresult of poor oral hygiene and the presence of
bacterial infection from supra and subgingival micro-
biota, whereby Porphyromonas gingivalis has been
identified as a keystone pathogen [2, 3]. P. gingivalis
is a Gram-negative bacterium which has been exten-
sively studied as one of the main etiological factors
in periodontal disease due to its ability to produce
several virulence factors and extracellular proteases
such as lipopolysaccharides, fimbriae, and gingipains
which can lead to the destruction of the tooth support-
ing structures and eventual tooth loss [4]. P. gingivalis
has also been implicated in the instigation of inflam-
matory mediator (cytokines) release locally, which
may lead to systemic spread via circulating blood [5,
6]. Hence, P. gingivalis attains greater significance
not only in periodontitis but also as an initiator for
pro-inflammatory cytokines (IL-13, IL-6, and oth-
ers) [7], which has been shown to contribute to the
development of multiple systemic diseases including
cardiovascular disease, hyperglycemia, and insulin
resistance [8—14]. Periodontitis is a chronic condi-
tion, and its effective management requires frequent
chairside periodontal therapy with patient’s adher-
ence to oral hygiene and professional compliance.

Alzheimer’s disease (AD) is the most prevalent
subtype of dementia comprising 60 to 80% of all
dementia cases [15]. AD is a neurodegenerative
disorder that is characterised by the clinical presen-
tation and the two main neuropathological lesions:
neurofibrillary tangles (NFTs) and amyloid-3 (AB)
plaques [16]. Advancing age and inheritance of the
Apolipoprotein E, allele 4 (APOE &4) susceptibility
gene [17, 18] are widely recognised as risk factors
contributing to the development of AD. An indi-
rect effect of inheriting the APOE &4 gene variant
with respect to patients with periodontal disease is,
considered to be, an increased susceptibility of the
host to microbial infections [19-21]. This genotype
has also been linked to increased inflammatory bur-
den in terms of cytokines (systemic circulation and
in the brain) in response to bacterial LPS [21-23],
and further increase the risk for an individual to
both periodontitis, and AD [24]. Previous studies
have demonstrated that oral infections with P. gingi-

valis alone or introduction of its lipopolysaccharide
(LPS), can lead to the development of key AD
neuropathological hallmark lesions [25-30]. In addi-
tion, inflammatory markers and signalling pathways
pertinent to impaired learning and spatial memory
[25-28], were also observed in the periodontitis-AD
infection mice models [29-31].

While the efforts to elucidate ABPP amyloidogenic
pathway mechanisms that release A3 under the influ-
ence of P. gingivalis infection in vivo are still in
progress, the present study aimed to investigate, in
vitro effects of P. gingivalis (FDC 381) conditioned
medium on the amyloidogenic processing of ABPP in
the wild-type SH-SYSY cell line. To our knowledge,
previous studies have utilized P. gingivalis infection
for in-situ release of these virulence factors, which
mainly contain proteinases such as gingipains, LPS,
outer membrane vesicles, fimbriae, short chain fatty
acids (butyric acid and propionic acids), and bacterial
DNA [32]. Since gingipains is the major constituent
of the conditioned medium, our hypothesis is that it
is the gingipain enzymes from the crude conditioned
medium that may be responsible for ABPP cleavage.
This study used the non-differentiated SH-SYSY cell
line as an in vitro model of neurodegeneration in line
with previous publications [33] for drug discovery
and for ABPP processing [34]. These two studies
motivated us to choose the SH-SYS5Y cells [34], over
modified in vitro cell lines like “SH-SYS5Y.APP695”
cells [34], which in our hands also demonstrated two
phenotypes.

MATERIALS AND METHODS

P. gingivalis conditioned medium as a source of
crude virulence factors

P. gingivalis (ATCC strain FDC 381) was cul-
tured under anaerobic conditions to density of 5x 10°
per mL in Tryptone soya broth (VWR) supple-
mented with hemin (5 pg/mL final concentration,
Sigma-Aldrich UK), and menadione (1 pg/mL final
concentration) by a collaborator and co-author (SC)
while based at the University of Florida, USA. The
conditioned media containing crude virulence factors
alongside the sterile growth medium Tryptone soya
broth or TSB (as control) were received frozen on dry
ice at the University of Central Lancashire and were
kept at —80°C before use under specified cell culture
conditions.
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In vitro cell culture

The human neuroblastoma SH-SYS5Y, CRL-
2266™ cell line was obtained from the
American Type Culture Collection (ATCC)
(https://www.atcc.org/products/ SH-SYS5Y CRL-
2266™). The cell line was cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Lonza code
BE12-604F) supplemented with 5% fetal bovine
serum (FBS). Test cells at 80% confluence were
challenged for 48h with/without P. gingivalis
medium containing virulence factors diluted 1:5
in DMEM only and with recombinant cytokine(s)
IL-1B at 10ng/ml (Life Technologies, Thermo
Fisher Scientific, UK); TNF-a at 10 ng/ml and IL-6
at 5ng/ml, (Gibco, Thermo Fisher Scientific, UK)
alone and combined with P. gingivalis virulence
factors. The sterile microbiological growth (TSB)
medium, used as a control, was diluted 1:5 in
DMEM (University of Florida, USA). This dilution
factor was determined by a prior in-house cyto-
toxicity assay, which demonstrated P. gingivalis
conditioned medium containing virulence factors
diluted 1:5 was non-toxic to this non-differentiated
neuroblastoma cell line in culture. The SH-SYSY
cells were grown in flasks, incubated at 37°C in a
humidified atmosphere of 5% CO2, 95% air.

Cell lysate preparation

Following 48-h treatments, the supernatants from
the SH-SYSY cells were collected into sterile 15 mL
Falcon tubes. They were centrifuged (Sigma3-16K,
Sigma-Aldrich, UK) for 5 min at 3000 rpm to remove
cell debris, and stored at —80°C. The remaining
adhered cells in the flasks were washed twice with
5 mL phosphate buffered saline (PBS), detached, and
suspended in PBS. Once detached, the cells were
transferred into 15 mL sterile, Falcon tubes and cen-
trifuged at 1000 rpm for 10 min. After draining off
excess PBS, the cell pellet was lysed in 250 pL
volume of lysis buffer (RIPA buffer, pH 8.0: contain-
ing 50 mM Tris, 150 mM NaCl, 5mM EDTA, 0.5%
Sodium deoxycholate, 0.5% (v/v) NP-40, 1% sodium
dodecyl sulphate. 1/100 final of phenylmethane-
sulphonyl or PMSF and 5mM dithiothreitol, 5%
protease inhibitor cocktails 2 and 3 (Sigma-Aldrich,
UK). The cells were vortex mixed and incubated on
ice for 10 min with further vortex mixing in between.
The cell homogenate now in Eppendorf tubes were
centrifuged at 14,000 rpm for 20 min (Sigma 1-14
microfuge). The liquid phase was withdrawn, trans-

ferred into new pre-labelled 1.5 mL Eppendorf tubes,
and used to determine total protein following a pro-
tein assay (see below). All cell lysates were stored
at —80°C until needed for western blotting (ABPP
cleavage products).

Protein assay

Coomassie Blue Protein Assay (Sigma-Aldrich,
UK) was performed to determine total protein con-
centration as described fully elsewhere [13].

Western blot analysis of cell lysates

All lysates from the SH-SYSY cell line (P. gin-
givalis virulence factors, cytokines, and combined P,
gingivalis virulence factors with cytokines) were sep-
arated by SDS-PAGE on precast 12% mini-protean
TGX stain-free linear gels (BioRad Laboratories,
USA). Protein ladder, (PageRuler Plus, 26619, from
Thermo Scientific) was loaded in the first well of
each gel. All samples (10 wg) of total protein in
Laemmli reducing sample buffer containing 0.3%
mercaptoethanol (Alfa Aesar) was electroblotted
onto polyvinylidine difluoride (PVDF) membranes,
as previously described by Poole etal. [13]. The mem-
branes were incubated overnight in rabbit anti-A PP
C-terminal (cat no A8717) antibody diluted 1/4000
and rabbit anti-ABPP N-terminal (cat no A8967)
diluted 1/1000, both from Sigma Aldrich UK, and
mouse anti-A3 (clone 6e10) from BioLegend was
diluted 1/1000 in PBS/5% milk on a rotary device
at 4°C. Chemiluminescent substrate (SuperSignal®
West Pico, ThermoFisher Scientific, UK) was pre-
pared and applied to the membranes according to
the manufacturer’s instructions. Specific protein sig-
nal from the membranes was visualized using a
ChemicDoc® (Bio-Rad, UK) and images captured
with Image Lab® Software Version 3.0.1. India ink
(Windsor & Newton) was used to stain the mem-
brane to determine the amount of protein transferred
onto the membrane(s) as a loading control. Briefly
the PVDF membrane was washed free of the chemi-
luminescent substrate in PBS (3 changes for 1 min
each while agitating the membrane in a plastic con-
tainer). Neat India ink (100 wL) in 50 mL of PBS
was mixed and the membrane was transferred in it
while shaking on a rotary platform. Within 3-5 min,
the bands appeared on the membrane where the pro-
tein had electrophoresed. The membrane was gently
washed free of the ink in distilled water (3 changes
for 1 min each). The membrane was allowed to air


https://www.atcc.org/products/

580 S. Kanagasingam et al. / Porphyromonas gingivalis Conditioned Medium Induces Amyloidogenic

dry at room temperature for at least 1 h and prefer-
ably overnight. Densitometry was carried out on the
bands (in triplicate blots) using the Image J software,
and the resulting data was normalized to the loading
control.

Transmission electron microscopy detection of

AB fibrils

For negative staining, all supernatants were dis-
pensed as 50 uL droplets onto Nescofilm (Bando
Chemical Industries Ltd. Kobe, Japan) in a humid-
ified chamber. Formvar/carbon coated nickel grids
(400 mesh) were floated, film side down, on droplets
of each supernatant for 20 min, transferred to 1%
glutaraldehyde in PBS for 10 min, and washed by
placing on droplets of PBS (3 x 1 min) and reverse
osmosis-purified water for 6 x 1 min. Grids were
then transferred to 2% uranium acetate for 10 min,
lifted off with fine forceps, excess stain solution
was drained with Whatman 50 filter paper and grids
allowed to air dry before examination in a Philips
CM12 TEM (FEI UK Ltd) at 80kV. Images were
captured with a Megaview III camera and AnalySIS
software (Soft Imaging System GmbH, Germany).
AR fibrils, prepared from a commercial peptide
AB42 (Severn Biotech, UK) that was reconstituted to
1 mg/mL in Ringer’s buffer acted as a positive control.

Statistical analysis

The data was evaluated using the Statistical Pack-
age for the Social Sciences (SPSS). The data was
non-parametric, and the Mann-Whitney U test was
used to determine the differences between two inde-
pendent groups which were SH-SYSY untreated
(TSB) versus Pg381; TNF-a versus Pg381 + TNF-
o; IL-1B versus Pg381+IL-13; and IL-6) versus
Pg381 +1L-6 treated groups. AB4o and AB4> levels
were also evaluated statistically as per above groups
and as relative AB4o and A4 across all test condi-
tions versus TSB control. A statistical probability (p
value), less than or equal to <0.05 was considered
significant.

RESULTS

Western blot: Rabbit anti-ABPP C-terminal
antibody

Following immunoblotting of the cell lysates, sev-
eral high molecular weight bands in the region of

@ )
Mwt kDa s & E
& & & & &
& T g & FEL
& & e & & & & &
5 & & F & & £ L
5 F & ¥ ¥ F
100 —— - "a
= = | eee
70 ——

3B —

= — - ‘ «—— (€99 dimer
25 - — -— C83 dimer

Loading control | [——

[

Fig. 1A. Representative western blot chemi doc image (A) from
rabbit anti-ABPP C-terminal antibody; and related densitometry
of bands from C99 (B) and C83 (C). A) Immunoblot of the cell
lysate with anti-ABPP C-terminal antibody. Distinct bands around
the 100 kDa molecular weight size corresponding to ABPP in lanes
with the prefix SH-SY5Y and then TSB, Pg381, IL-6, Pg381 +IL-
1B, and Pg381 + TNF-a. The low molecular bands correspond to
the ABPP C99 fragment in the Pg381 treated group, IL-6 and sig-
nificantly more intensely with Pg381 +IL-1(3 and Pg381 + TNF-a.
The ABPP C83 band is in lanes TNF-« and with Pg381 +IL-1p,
Pg381 +1L-6, and Pg381 + TNF-a.

100-80 kDa corresponding to ABPP695, ABPP751,
and ABPP770 (not quantified) were observed
(Fig. 1A) in lanes control or TSB, Pg381, IL-
6, Pg381 +IL-1B, and Pg381+TNF-a. The low
molecular bands corresponding to the ABPP C99
dimerized fragment were observed in the Pg381
treated group, IL-6 and significantly more intensely
with Pg381 + IL-1B and Pg381 + TNF-a. The dimer-
ized band corresponding to the ABPP C83 fragment
was observed in groups with cells treated with TNF-
o alone and with Pg381 +IL-1B3, Pg381 +IL-6, and
Pg381 + TNF-a.

C99 dimer bands densitometry

Statistically the results for the C99 bands
(Fig. 1B), were highly significant across (TSB) versus
Pg381; TNF-a versus Pg381 + TNF-a; IL-1f3 versus
Pg381 +IL-1p3; and IL-6 versus Pg381 + IL-6.

C83 dimer bands densitometry

Statistically the results for the ABPP C83 fragment
(Fig. 1C), were not significant across (TSB) ver-
sus Pg381 (p=0.3); TNF-a versus Pg381 + TNF-«a
(p=0.3); but were very significant for IL-13 versus
Pg381 +1IL-1B (p=0.003); and highly significant for
IL-6 versus Pg381 +1L-6 (p =0.00002).

Western blot: Rabbit anti-ABPP N-terminal
antibody

The cell lysates immunoblotted with the anti-
ABPP N-terminal antibody only weakly detected the
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Fig. 1B. Densitometric analysis of the cell lysate immunoblotted with anti-ABPP C-terminal antibody C99. All error bars represent standard
error of mean. Figure 1B: Statistical analysis of the results for the C99 bands (B): p values were highly significant across (TSB) versus
Pg381 (p=0.0001); TNF-a versus Pg381 + TNF-a (p =0.00003); IL-1 versus Pg381 + IL-1B (p =0.0000001); and IL-6 versus Pg381 + IL-6

(p=0.00003).
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Fig. 1C. Densitometrical analysis of the cell lysate immunoblotted with anti-ABPP C-terminal antibody. Statistical analysis of the results for
the ABPP C83 fragment (Fig. 1 C). p values were not significant across (TSB) versus Pg381 (p =0.3); TNF-a versus Pg381 + TNF-a (p =0.2);
but are very significant for IL-13 versus Pg381 +IL-1B (p =0.003); and highly significant for IL-6 versus Pg381 +IL-6 (p =0.00002).

full ABPP bands at the 1/4000 dilution tested and
other bands which were considered non-specific.

Western blot: Mouse anti-AB (clone 6e10)
antibody

The anti-Af3 antibody apart from detecting the high
molecular weight ABPP, also detected a range of
ABPP cleavage fragments and above all detected the
AB40 and AB4y bands as compared with the stan-

dard, reconstituted A4, peptide (Fig. 2A). The AB4g
and AP4, bands were statistically significant when
AB40 and AB4, was pooled across test samples and
compared to the untreated (TSB) for both A3 species.

APao densitometry

Statistically the results for the AP49 band
(Fig. 2B), were significant across (TSB) versus
Pg381 (p=0.013); TNF-a versus Pg381 + TNF-a
(»=0.0007). IL-1@ was highly significant ver-



582 S. Kanagasingam et al. / Porphyromonas gingivalis Conditioned Medium Induces Amyloidogenic

N .
—
*—~ ABPP fragments
—

— AB42

prm—

Fig. 2A. Western blot image from mouse anti-Af antibody; and
related densitometric analysis of AB49 and AB42 bands (B, AB4o;
C, AB42) and when data was pooled for the relative abundance of
AB. The anti-Af antibody apart from detecting the full ABPP and
variable length cleavage fragments were also detected in addition
to AB4o and AB4z.

sus Pg381+IL-1B (p=0.0006); and IL-6 versus
Pg381 +1L-6 (p =0.006).

APao densitometry

Statistically the results for the AP4 band
(Fig. 2C), were highly significant across control
(TSB) over to Pg381 (p=0.0006); TNF-a versus
Pg381 +TNF-a (p=0.0001). IL-1$3 was significant
over Pg381 +1IL-13 (p=0.001); and IL-6 was signif-
icant over Pg381 +IL-6 (p=0.03).

APao and ABay relative abundance densitometry
When the relative abundance of both species Ao

and AP4, was statistically evaluated, the results for

AB4o and A4, across control (TSB) were highly
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significant over TSB versus all treatment groups for
AB4o (p=0.0007); and for AB42 TSB versus all treat-
ment groups (p =0.00008) (Fig. 2D).

The ratio of the pooled AB4p and AB4, from the
densitometry values from intracellular stores was
around 1 : 2 for both species compared with the con-
trol (TSB).

Transmission electron microscopy for detection
of AB fibril formation in supernatants

The test supernatants collected from the treatment
of cells with P. gingivalis conditioned medium with
or without cytokines demonstrated the presence of
fibrils. The supernatant from SH-SYS5Y treated with
P. gingivalis 381 conditioned medium consistently
demonstrated insoluble fibrils (Fig. 3A boxed area
and B arrows) that were interpreted as being A3 fibrils
based on comparison with the AB42 peptide included
as a positive control (Fig. 3 C).

DISCUSSION

The aim of the present study was to understand
how the periodontal disease keystone pathogen P.
gingivalis endo/exotoxins contribute to the amyloido-
genic processing of ABPP and A release because
periodontitis is prevalent in individuals with poor
oral hygiene and a high dental plaque index, which
represents a risk factor for developing AD later in

p=0.0006

IL-18 Pg381+L-1B L6 Pg381+IL-6

Fig. 2B. AB4 densitometry. Statistical analysis of the results for the AB4o band (B) p values were significant across TSB versus Pg381
(p=0.013); TNF-a versus Pg381 + TNF-a (p =0.0007). IL-1B was significant versus Pg381 +IL-1B (p =0.0006); and IL-6 was significant

versus Pg381 +1IL-6 (p=0.006).
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Fig. 2C. AB4, densitometry. Statistically the results for the AB42 band (C), were across control (TSB) significant over to Pg381 (p =0.0006);
TNF-a versus Pg381 + TNF-a (p =0.0001). IL-1 was significant over Pg381 +IL-18 (p =0.001); and IL-6 was significant over Pg381 + IL-6

(p=0.03).
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Fig. 2D. AB4o and AR4; relative abundance densitometry. When relative abundance of both species AB49 and AP4, was statistically
evaluated, the results for AB4o and AB4, (Fig. 2D), across control (TSB). TSB versus all treatment groups for AB4o (p=0.0007); were
highly significant, and for AB42 TSB versus all treatment groups were also significant (p =0.00008). All error bars represent standard error

of mean.

life [1-3, 35-40]. In the absence of an ideal immor-
talized neuronal cell line model and based on the
knowledge that the non-differentiated SH-SY5Y cell
line had been tested for ABPP processing via amy-
loidogenic pathway [34], we adopted this as a model
cell line to elucidate the effect of bacterial fac-
tors on the ABPP processing to AB. In the present
study, SH-SYSY cells were tested without employ-

ing the use of chemical stimuli (rentenoic acid, tumor
promoter 12-O-tetradecanoyl-phorbol-13-acetate, or
brain-derived neurotrophic factor) as reported else-
where [41] which enable a single phenotype shift
toward neuronal cells because prior knowledge of any
potential aberrant effect on cellular pathophysiology
of the chemical stimuli on ABPP processing were
poorly understood. Since the ABPP gene is expressed
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Fig. 3. TEM detection of insoluble A fibrils in Pg381 treated supernatant. Examination for insoluble A in the supernatant from SH-SY5Y
treated with P. gingivalis crude conditioned medium (A box and B arrows) demonstrated A fibrils. The boxed area in panel C shows a
positive control for A fibrils from a commercial peptide AB42 under the TEM. MT = microtubule fragments. Micron bars represent 100 nm

size.

by all CNS cells due to its “housekeeping gene” func-
tion, the ABPP processing in this bi-phenotypic cell
line can at least be attributed to a neuronal-like cell
phenotype as the origins of the cell line after all are
from a neuroblastoma. Immunoblotting with three
different antibodies for detecting full-length ABPP
of variable isotypes, demonstrated several bands of
variable molecular weight sizes, some correspond-
ing to the full-length ABPP and others representing
its fragmented moieties including AB40 and AB4;.

As inflammation is usually associated with an
infection, we combined the virulence factors of P, gin-
givalis with the three most common proinflammatory
cytokines in this in vitro study and demonstrated the
risk was heightened for liberation of AB49 and AB4;
in the presence of either the conditioned medium or
TNF-a, IL-13, and IL-6 and upon their combination.
The putative C99 dimerized fragment was decided
upon as the molecular weight of this band suggested
it to a dimerized state. Next, we searched for the
literature to support this view and in this context, lit-
erature on the crystal structure of ABPP supported the
reasoning for this fragment existing in its dimerized
form due to its N-terminal having growth factor-like
domain [42, 43] and is prone to dimerization. Fur-
ther cleavage of ABPP became apparent with the
4 and 3 kDa AP bands detected by western blot-
ting as confirmed by the standard used (A3 peptide)
for these ABPP metabolites [44]. Statistically sig-
nificant A4 was released by the combination of
Pg381 + TNF-a and Pg381 +IL-6. Statistically sig-
nificant AB4, was released by the combination of
Pg381 + TNF-a treatment only. These observations
are of significance as understanding the amyloido-
genic processing of ABPP via infection is important
as AP moiety that forms the hallmark protein of AD
plaques could potentially be a source of recurrent
infections during life and AD.

Wu et al. [25] demonstrated the intracellular A3
and this has led us to explore ABsp and AB4y lev-
els using more sensitive assays on the SH-SY5Y cell
lysates and supernatants. It has been suggested that
the mechanism of A cleavage in the wild-type ABPP
(not mutated) is mediated by cathepsin B and poten-
tially by gingipains (P. gingivalis protease) [45]. It is
not entirely clear where the cleavage sites of ABPP
mediated by gingipains lie in the ABPP protein, but
the implication is around the - and y-secretase sites
for AB4o and AB4; liberation. The present study is
suggestive of enhanced ABPP C99 fragmentation by
the P. gingivalis conditioned medium on SH-SYSY
cells. Therefore, the ABPP cleavage by gingipains at
the 3- and y-secretase sites is plausible. The C83 band
appears responsive to the inflammatory mediators,
especially TNF-a, IL-1f3, and IL-6 in combination
with the P, gingivalis conditioned medium suggesting
that the o secretase is also active under these exper-
imental conditions. Alternatively, AB4o and AB42
release observed in the SH-SYSY cell line could sim-
ply be a catabolic process, in which case it agrees with
Haas et al. [44], who also demonstrated these two A3
species in their cell lines (not SH-SYSY) in vitro.

Further studies to clarify the role of ABPP cleav-
age by gingipains are needed because of the plethora
of publications, which provide evidence towards the
oral pathogen P. gingivalis being implicated in the
initiation and/or progression AD. The present study
builds on the previous in vitro and in vivo studies
[25, 29, 44, 46] and suggests the AP peptide release
as an antimicrobial peptide innate immune protein
[46]. This links in with the brains limited ability to
clear microbial pathogens because of its reliance on
the innate immune inflammatory responses, which
by becoming chronic (due to genetic defects) result
in enhancing neurodegeneration associated with AD
[47, 48].
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Evidence suggests that low levels of endogenous
AP seen in the healthy brain is essential to enhance
hippocampal long-term potentiation and synaptic
plasticity, ultimately boosting memory formation
[49]. This helps to explain why the antibody-based
therapies developed for AD patients to mop up A3
have not resulted in improved memory [50] and alter-
native therapies inclusive of bacterial aspects should
now be investigated [51].

In the present study, we also show A fiber forma-
tion with a similar fiber appearance to those reported
by Kumar et al. [46]. The present study suggests
that the presence of virulence factors or the live P.
gingivalis bacterium itself can contribute to ABPP
processing and enhance the release of AB40 in com-
bination with IL-6 and A4, release with TNF-a via
the amyloidogenic pathway in vitro. It is, therefore,
plausible to suggest that P. gingivalis virulence fac-
tors acting as antigens of the immune system can
trigger the release of A3 that eventually deposits as
the extracellular plaques seen in AD autopsy brains
where P. gingivalis and its virulence factors and pro-
inflammatory mediators have been detected [13, 14,
52,53].

Limitations of the study

We have used the wild-type SH-SYSY in this
study. This cell line is a neuroblastoma derived, non-
differentiated immortalized cell line representing a
mixed phenotype with predominantly cancer cells.
Therefore, the translational value of the results pre-
sented here may vary and not fully simulate the results
of other fully differentiated cell types.

Conclusions

The SH-SYSY cell line when challenged alone
with P. gingivalis virulence factors and/or combined
with TNF-a and IL-1( enhances the ABPP cleavage.
The release of C99 fragment appears to be influ-
enced by P. gingivalis virulence factors, especially
gingipains acting on the 8- and y-secretase sites, but
further work needs to be carried out to definitively
confirm this observation. The present study shows
that both inflammation and infection can contribute
to excessive release of AB4o and AB43.
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