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Porphyromonas gingivalis-lipopolysaccharide
and amyloid-β: A dangerous liaison
for impairing memory?

Sim K Singhrao1

Abstract
Alzheimer’s disease is characterized by declining memory and the presence of insoluble amyloid-β (Aβ) plaques and

neurofibrillary tangles in the brain. Gui et al.1 studied the effects of low levels of Porphyromonas gingivalis-lipopolysacchar-
ide (P. gingivalis-LPS) and soluble Aβ on synaptic proteins, synapsin1 (SYN1) and post-synaptic density protein-95

(PSD-95). Their study revealed increased proinflammatory cytokine production in microglial cells (MG6) treated with

P. gingivalis-LPS and Aβ, while neuronal cells, N2a, exposed to MG6-conditioned medium showed SYN1 and PSD-95

loss. This suggests that excessive neuroinflammation may contribute to synaptic protein and memory loss, offering mech-

anistic insights into P. gingivalis-LPS-mediated inflammatory pathways in periodontitis.
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Gui et al.1 highlight the intricate relationship between sys-
temic infection, inflammation, and Alzheimer’s disease
(AD) by focusing on periodontal disease through the
example of Porphyromonas gingivalis-lipopolysaccharide
(P. gingivalis-LPS) and its interaction with amyloid-β
(Aβ). Systemic infections are implicated in AD and are
strongly linked to worsening cognitive decline. Examples
include urinary tract infections, pneumonia, and periodon-
titis, which are primarily driven by alterations in the
host’s inflammatory response to pathogens.

Gui et al.1 article illustrates that when low levels of P.
gingivalis-LPS and low levels of Aβ were applied individu-
ally over a period of 48–72 h, no detrimental effects were
observed on synaptic proteins within neurons at the gene
expression level. This suggests that neuronal cells can toler-
ate low levels of exposure to these noxious agents.

In contrast, the microglial cells in the Gui et al.1 article
sensitively responded to low levels of exposure to P.
gingivalis-LPS and Aβ revealing compelling clues to
inflammation being initiated. These cells exhibited a spon-
taneous increase in the production of proinflammatory cyto-
kines, especially tumor necrosis factor-alpha (TNF-α),
mediated through the Toll-like receptor (TLR)-2 signaling
pathway. As the brains immune guardians, microglia play
a crucial protective role against invading pathogens in
general, making the cytokine release an anticipated
response. While TNF-α contributes to essential processes

such as neurogenesis, synaptic plasticity, and the mainten-
ance of the blood-brain barrier,2 its excessive or chronic
production can result in neuroinflammation, exacerbating
the progression of neurodegenerative diseases.2

P. gingivalis-LPS is an agonist for TLR-2 and can also
act as either an antagonist or agonist for TLR-4 activation
depending on the specific form of P. gingivalis-LPS pre-
sented to the host.3,4 This variability arises due to the het-
erogeneity in the lipid A structure of P. gingivalis-LPS.5

Interestingly, Gui et al.1 reported that their application of
P. gingivalis-LPS exclusively upregulated TLR-2 activa-
tion, though they did not implicate TLR-4 activation.
However, the implications of TLR-4 activation were
shown in the supplementary data of Gui et al.1 article,
and the P. gingivalis-LPS structural implications would
have been of interest. The authors specified that the P.
gingivalis-LPS used in their study was commercially
sourced, potentially accounting for the observed selective
TLR-2 activation.

1School of Medicine and Dentistry, University of Central Lancashire,

Preston, UK

Corresponding author:
Sim K Singhrao, School of Medicine and Dentistry, University of Central

Lancashire, Preston, PR1 2HE, UK.

Email: simsinghrao@gmail.com

Commentary

Journal of Alzheimer’s Disease

1–3

© The Author(s) 2025

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/13872877251343317

journals.sagepub.com/home/alz

https://orcid.org/0009-0005-2949-2437
mailto:simsinghrao@gmail.com
https://uk.sagepub.com/en-gb/eur/journals-permissions
https://journals.sagepub.com/home/alz
http://crossmark.crossref.org/dialog/?doi=10.1177%2F13872877251343317&domain=pdf&date_stamp=2025-05-21


Gui et al.1 further investigated novel methods of expos-
ing the neuronal cell line N2a to the noxious substances
(low levels of P. gingivalis-LPS and Aβ) that were first
applied to the microglial cell line MG6. Remnants of
these noxious substances and additional inflammatory med-
iators including cytokines released by MG6 cells in
response were in the conditioned medium (termed
AL-MCM) and were used to treat N2a cells to evaluate syn-
aptic protein loss as an indicator of memory impairment.
The anticipated reduction in synapsin1 (SYN1) and post-
synaptic density protein-95 (PSD-95) within N2a synapses
was confirmed, strongly implicating microglia mediated
inflammation in the loss of these proteins.

To clarify the mechanisms, Gui et al.1 reported stress
related factors such as the production of cellular reactive
oxygen species (ROS), were also found to increase in the
MG6 cells. While the primary role of cellular ROS is to
kill pathogens, they also act as secondary signaling media-
tors for inflammation and initiating immune responses via
the NF-κBp65 signaling pathway.6 Nuclear Factor-κB
(NF-κB) is further involved in cytokine secretion via the
TLRs activation. Gui et al.1 demonstrated the activation
of this pathway by detecting TLR-2. Additionally, ROS
mediated activation of NF-κBp65 was implied, as the
authors mentioned p65 protein without explicitly linking
it to the NF-κBp65 pathway. Notably, they observed that
NF-κB activation was prolonged, creating a ‘double
whammy’ effect that led to excessive inflammation, ultim-
ately detrimental to synaptic proteins and memory as
demonstrated in their in vivo mouse model investigation.

It is highly likely that the conditioned medium applied to
N2a cells to assess synaptic protein loss contained various
additional inflammatory mediators such as extracellular
adenosine-5’-triphosphate (eATP), a product of ROS
mediated cell death. eATP is a recognized ‘danger signal’
molecule,7,8 capable of inducing ROS production for
pro-inflammatory gene transcription via the transcription
factors NF-kB and NF-kBp65 coupling.9 Moreover, the
Mapk pathways, specifically extracellular signal-regulated
kinase (ERK), c-Jun N-terminal kinase (JNK), and p38 path-
ways are activated by both Aβ and P. gingivalis-LPS.10–12

The downstream effects of these pathways include the liber-
ation of more cytokines and stress related proteins to combat
infection.13

Gui et al.,1 however, did not address the role ofERK/JNK/
p38 stress pathways in their discussion. Additionally, it
would have been valuable to explore whether P. gingivalis-
LPS physically bound to the Aβ in solution, potentially
forming insoluble fibrillar structures. This could have pro-
vided further insight into their combined toxicity and the
resulting inflammatory response. Nevertheless, this study
consolidates novel insights that help unravel the distinctive
inflammatory pathways mediated by P. gingivalis-LPS
from the periodontal disease infection perspective.

The findings of Gui et al.1 provide experimental and
functional evidence (via select tau residue phosphorylation)
that GSK-3β is activated by P. gingivalis-LPS, potentially
indirectly, because of inflammation generated via several
pathways described above. GSK-3β, phosphorylation of
specific tau protein residues, is a key topic in neurodegen-
erative diseases like AD because phosphorylation at
certain residues can influence the function of tau protein
and its role in disease progression.

In conclusion, the combined application of P.
gingivalis-LPS and Aβ-conditioned medium frommicroglia
(AL-MCM) to the neuronal cell line N2a was found to
decrease synaptic molecules, at both the gene expression
and protein levels within neuronal synapses. Dendrites, as
protoplasmic extensions of the neuronal cell body, are
responsible for receiving and processing electrochemical
signals,14 from synapsing neurons. Given their vital role
in memory,14 Gui et al.1 study suggests synapses are par-
ticularly vulnerable to excessive inflammation and the
main perpetrators driving the inflammatory response in
this investigation were P. gingivalis-LPS and Aβ.

The findings of Gui et al.1 emphasize the importance of
infection, specifically from the aspects of periodontal
disease, in inflammation and its role in synaptic dysfunction
ultimately leading to declining memory. Moreover, their
innovative use of conditioned medium collected from
microglia1 and its subsequent application to N2a cells to
investigate its effect on neurons provides an alternative
framework for understanding the broader implications of
chronic systemic infections on cognitive decline for future
research.

Given the global burden of dementia, well-founded con-
cerns remain about the relationship between frequent infec-
tions and Aβ42, which leads to excessive inflammation and
memory loss. This ‘dangerous liaison’ creates a vicious
cycle, driving the relentless progression of cognitive
deficit in AD.

ORCID iD
Sim K Singhrao https://orcid.org/0009-0005-2949-2437

Author contributions
Sim K Singhrao: Conceptualization; Writing - original draft.

Funding
The author received no financial support for the research, author-
ship, and/or publication of this article.

Declaration of conflicting interests
The author declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

2 Journal of Alzheimer’s Disease 0(0)

https://orcid.org/0009-0005-2949-2437
https://orcid.org/0009-0005-2949-2437


References
1. Gui S, Zeng F, Wu Z, et al. Lipopolysaccharides from

Porphyromonas gingivalis indirectly induce neuronal
GSK3β dependent synaptic defects and cause cognitive
decline in a low-Aβ-concentration environment in
Alzheimer’s disease. J Alzheimers Dis 2025; 105: 302–316.

2. Caldito GN. Role of tumour necrosis factor-alpha in the
central nervous system: a focus on autoimmune disorders.
Front Immunol 2023; 14: 1213448.

3. Hirschfeld M, Weis JJ, Toshchakov V, et al. Signaling by
toll-like receptor 2 and 4 agonists results in differential
gene expression in murine macrophages. Infect Immun
2001; 69: 1477–1482.

4. Darveau RP, Pham TT, Lemley K, et al. Porphyromonas gin-
givalis lipopolysaccharide contains multiple lipid A species
that functionally interact with both toll-like receptors 2 and
4. Infect Immun 2004; 72: 5041–5051.

5. Olsen I and Singhrao SK. Importance of heterogeneity in
Porphyromonas gingivalis lipopolysaccharide lipid A in
tissue specific inflammatory signaling. J Oral Microbiol
2018; 10: 1440128.

6. Lau AT, Wang Y and Chiu JF. Reactive oxygen species:
current knowledge and applications in cancer research and
therapeutic. J Cell Biochem 2008; 104: 657–667.

7. Bours MJ, Swennen EL, Di Virgilio F, et al. Adenosine
5’-triphosphate and adenosine as endogenous signalling
molecules in immunity and inflammation. Pharmacol Ther
2006; 112: 358–404.

8. Trautmann A. Extracellular ATP in the immune system: more
than just a “danger signal”. Sci Signal 2009; 2: e6.

9. Ferrari D, Wesselborg S, Bauer MK, et al. Extracellular ATP
activates transcription factor NF-κB through the P2Z purinor-
eceptor by selectively targeting NF-κB p65 (RelA). J Cell
Biol 1997; 139: 1635–1643.

10. Akiyama H, Barger S, Barnum S, et al. Inflammation
and Alzheimer’s disease. Neurobiol Aging 2000; 21:
383–421.

11. Ding PH, Wang CY, Darveau RP, et al. Nuclear factor-κB
and p38 mitogen-activated protein kinase signaling path-
ways are critically involved in Porphyromonas gingivalis
lipopolysaccharide induction of lipopolysaccharide-binding
protein expression in human oral keratinocytes. Mol Oral
Microbiol 2013; 28: 129–141.

12. Herath TD, Darveau RP, Seneviratne CJ, et al. Tetra- and
penta-acylated lipid A structures of Porphyromonas gingi-
valis LPS differentially activate TLR4-mediated NF-κB
signal transduction cascade and immuno-inflammatory
response in human gingival fibroblasts. PLoS One 2013;
8: e58496.

13. Chen C, Chen YH and Lin WW. Involvement of p38
mitogen-activated protein kinase in lipopolysaccharide-
induced iNOS and COX-2 expression in J774 macrophages.
Immunology 1999; 97: 124–129.

14. Kastellakis G, Cai DJ, Mednick SC, et al. Synaptic clustering
within dendrites: an emerging theory of memory formation.
Prog Neurobiol 2015; 126: 19–35.

Singhrao 3


	 
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


