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Periodontitis-related bacteria and Alzheimer’s disease

Kenji Matsushita

E

Ty A 2= (Alzheimer’s Disease: AD) & F A CEE T ADNEER L T\ 2T 1E O i 48 e /R
TH DY, ZOWAFZOELICAHLE RS L, ZORIELHETEHBITE 2 5B IINTuRy, B
AMEDBERAFZREL, ZNoICNT2HMANKELZGHET 2 2 LR TENE, BANEZ PHiL, #HEFG
DIEMICHFLGT B ARENEDH D, 7IuA FPI Y 0H (AR) DB LI ¥ v X2 EDY vttt %
ENADDFERELTEZONTVED, ZNODVBMNICRALZZBEMIC L > THERIND LT 201D
2. AR, TUPENAHE IR 2 BEE & AD OB R S 4, RIS Rl AEBER O —~fEThH
% Porphyromonas gingivalis & AD OBSH#EMEDTEH I LT 5, P gingivalis £ % DWEEIATTH % LPS ®
gingipain X MEMEIM (BBB) %221 L TIKINAEAT T %, 2Dk, ABDEESLY Y V37D ) Vil
ZIOEL, MRHIIEZFEFHT 2. MAT, ZN0IFAB WML T3 7 a2y 72 iGMAL L 4890E K6 % i
LT, AD O¥sfex ML I ¢ 2 e H 2. IR LM E & AD ORRBIREZ AT 2 L1, wWER
NEDIHTH 5 Z DIREDBFEDFFEIRILO EEZ 6N S,

-
Porphyromonas gingivalis, gingipain, HIIAE, 7 I 04 R B, MMAEAE

ABSTRACT

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder that affects millions of people worldwide, but
its etiology remains largely unknown, and methods to control its onset and progression have not been established. If
risk factors for dementia can be identified and effective countermeasures are taken against them, they may contribute
to the prevention of dementia and extension of healthy life expectancy. Deposition of amyloid-f protein (Af) and
hyperphosphorylation of tau protein are thought to be causes of AD, and there is a theory that those phenomena
are induced by microorganisms invading the brain. In recent years, the association between infections caused by
oral bacteria and AD has been pointed out, and the association between AD and Porphyromonas gingivalis, a
type of periodontal disease-associated bacteria, has attracted attention. P. gingivalis and its virulence factors LPS
and gingipain penetrate the blood-brain barrier (BBB) and enter the brain. They then enhance AP production and
tau protein phosphorylation, leading to neuronal cell death. In addition, they may cooperate with AP to activate
microglia and induce inflammatory reactions, which may exacerbate the pathogenesis of AD. Elucidation of the
causal relationship between oral bacteria and AD may help in the development of treatments for this still incurable
disease.

Key words:
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Mg Ee B EH ISP T 2 G HER O[T
H O, FEEECRBIMEOERZ & DA TEEER L OB
HHRINT 5, AR, MEAE & R AEERE - FRAIE
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FE Al o R DR IA & 72 2 OPSHE OB 2 #H ¢ & -
LT ER D,

FIPE % G LA RE I 12 2 TS R el B DS
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fwa,~ﬁ,w$%%®§muéi§iﬁﬁm-w
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%%&wﬂf%%®%W%l%%mﬁbtﬁ% R
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WAL Tws Z 2SI LY, X561, AD

BEOBNMHEZ R~ AT 8T, FH
77X®wﬂ& ERE L ET T2 2 & fitian<
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7y PN & 415 dysbiotic microbiome 1% 4 &
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K F DRI 52 % AT T RS B 2. i R e el
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fE <Td % Porphyromonas gingivalis, Treponema
denticola, Tannerella forsythia, Aggregatibacter
actinomycetemcomitans, Fusobacterium nuclea-
tum, Prevotella intermedia, Eikenella corrodens 73
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ABDERICEH LG L T BRI R I N TS, &
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AVE L BEAWO X FIF LR AT A =% (BRF
7/b®%é(mm)7u vy ZHEo i (BOP),
H AR $ (GBD), KRN 7% v F X v P L X)L
(CAL), 79— 7hﬂam)&@ﬁ;iﬁﬁﬁm%
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P. gingivalis
LPS, gingipain
BEATAI—H—

(IL-1B, TNF-a ft2)

1 P. gingivalis [E4EI2 X 2 7 )V N4 < —iRR HE D B AR 3t

BRI CREA SN DI RIEA T4 T—% —B LU P. gingiva-
lis \&, MATHEICIMNICERET 2. DW»T, 21512 X bR
i)’{%ﬁiéfh[ﬂl{&ﬂuf%ma) WYENTTHES 5 2 & T, 216 DI
BHARADBRES NS, 2L T 2N 7un ) 7%
ThEAL, AR ORFEE LA, IS 2 FHE T 5 2 LT,
AD OJRE%Z ST 2 RS H 5,

DR T A= FRRWZ ERMEINTV3 P,
% EEcIE, IL-1B, IL-6, TNF-o 7% £ O RAEMES
A P AA VBRI ERLTED, Ths DRIE
X T4 =% = AD BT 2 MEMEZ TS 3
TREMEDSE 2 5T\ %, CH7BL/6) =7 20 ¥
REE K B8 0 ol SHE 2 1= I B L ARk i 28 2 At
T252ET, RABEREEOET & & ICHEEE X ORI
FEIZE T 5 a0 Le s 7 u 7)) 7ot
PEEZEIN TS »,

3. P gingivalis &7 LY I\A X —&

WTAE, P gingivalis & AD & OEHEFH I LT
D, [ AD THLE L 72 BE 0SB D & S
JFiciE s, IEH %4 e b oRiliE> S it &
N7 AT, A2 EET 2 b Y 7> vk
VATA v 7 uT 7 —ETh 5 gingipain 7% AD B¥H

OMNTEHEEICHREB IS Z LG InTED,
Zo7a T 7 —¥h AD OFEERICEES T % A agk:
ZRIAETNCHGEL TWw3 * Tk ld, MHIC X
D AD 23JEd 5+ 2 (Z¥ APP-Tg~=7 R) OH
WENIZ P. gingivalis % #2451 ~C BRI 86 R %2 F6hE
IW 7%, P gingivalis #5558 & JEREGRED FRAIBERE
ZEHME L 72, 2 DOFER, P gingivalis #5850 R
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APPL BT,
AR HY
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-3 "3 > | DRt
gingipain
wiEEMEL
gy APOEASMR

2 ADJEREICPY ST 2 HREE DS H % gingipain D%k
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APOE4 % 3fR 3% Z L T, /%7X%%§f&ﬁz g"gf& 37,
%ﬁﬁi-ﬁ%(ﬁli{hﬁ“% &C, MR 2 5 5 & &b, it
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L PFR ST 2 W 2

e, JEREGHICHARTHRIET L TWw, £7%,
JEGRE & il LT, P gingivalis f¢ 58 TI3HEE I
B2 AR WA DM, BN TNF-a 8 X OV IL-1B D1
m, 8 X OIKNA LPS IBE D LA %38 o 7. P. gingivalis
LPS i3 fifEfildic B 2 ABDFEAZFE L. X5
12, LPS ¥ AB ®iLf7IZ S 2 02 ) PI251F % TNF-a
BIVIL- 1B 0EEZMEL 2%, DL EOEIIX, P
gingivalis DEG: & Z OFER E L THEL % K5EDY AD
DAL I L I LARRL T, AD O
R E LU Tl s s (K1), DEAD
P. gingivalis £ # O3 LPS X E %2/ L TK
AT 5. @R It[L*"s"C%Z/L 1, Z 45 XN
B9 (BBB) Z@EM@L ZweEEZ o653, LaL, I
WD RFEVE X 74 = — & — DRI WIE o &1k,
il D74 AHS BBB ICIEEE $ 5 2 & T, M D RIE
P2 L, Z OfEMIIEME T T25, 51T,
BBB D23 LT % & & CHEE S LPS 23K
BAT %, WMIEICEA L P gingivalis & LPS 1

ABDELEZTUEIE S EEHIT, AR Lf@IL T2
v ) 7EREELT 2. 2 ORHE, AN O AARRIER
JEDSEEFE I N, RIS MEE S, 20
& 9 IEARAE & pEEHIIE O 2 MDY AD e % EL X
5 A[EeED D 5. — 74, gingipain 235, AD JEfE%

WET T L LU Tl EZonT0E (K
2)*. Gingipain (% APP ZYJWi 3 2762 G L, 7
ks S o AR iR #EET 5, F /2, tau 249
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LPS L 7B L T GSK-3p & & ¥ F— ¥ 2 kL L,
tau OV V(L2 fEHET 5. £/, APOE4 2 0f#d %
ZET, ¥F TADOHERFPRIETIHOIR T 2 5] &' 2
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& X b, gingipain | P. gingivalis 7859 % AD j{HE
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B % WREE S 2 55 11/1TT AHER GRS 2 oK 36 Xk OVRRMI
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ARS8 5 U 725 5, Bl R CHOB MG L 72568,
BGREE 77 & RBE L ORI GRAIBEAE D WHAE 72 S5 R
RiFAD s>, —7, HENIC P gingivalis
DB, & 72 B P gingivalis JUiRAiin3 @
FHKE o TRENT L 72 &£ 2 %, Atuzaginstat #%5-8£13 7
7 2 RERCHERT, OEND P gingivalis 23843 %
EEBIT, RABEEER T DBEDS 30 ~ 50%7%55 L ¢
Wi, KEERIX, Pogingivalis 237 VY N4 < —JH{D
BT CH 5 2 EDERICHERR S 1, 7y A
P —IHDIRD - DDF L WI =Ty P DB E L
ZRLTWS Y —J, ¥, P gingivalis D AT
ZHRAFZ)u—)LP FatF 3 FAE Ak
falcB 29 7EADY Vg LZTOET 2 2 E2VRE
T3, F7, P gingivalis IZ X > TH S X
% AD BRRREZIRIC B\ T, FE DTS H 2
g & RIEDTEEALIC P L RE 2 R - L Tnws 2
EDE I N TS, ZDORRIZ, P gingivalis 12 AD
DRI D235 I FIEAMENT2ET 5 H
W AD VAR FERD Z 5,

4. P gingivalis & % B{/NMEERE DZFEF D ATHEN

IME W2 13 AD O EHE 2 fERK T 5 2 L H
WE SN T2 P, HRIC R 5 B 1 R T
26, AD & S 7z B O 80 % LI I /N M4
% (SVD), SHEWNBIIRELLE, W7 v A FiEE
(CAA) 12X % BENI%E, 7 7 FHi%E, WM/ INR
i, ZFEVERUINEZED RO ST 20, T 6 DR
&, BMIMFROME T & BBB @@tk ommz b6 L, i@
Mgkl E 2 B S ¥ 2 A[RE1ED D 5. P gingivalis
PBAD ZHAL I BZA DAL D—DIF, Z16 DK
IR BOFEFRLENTH 2000 Ltz v, WK
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P. gingivalis

gingipan
DIPIVAET

ABBREL

¥ “ ..
W ERTmEe Wik
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EBEERE

S. mutans

RAEDRIE - ER

3 P. gingivalis gingipain 1 X 2 B/INAEE O 3778 & FRAVE

Eg gHE
~DFEE
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& Z2p7 v 77—+ gingipain % Cnm Btk S. mutans 13, I/

EIRDORIEICBIET 2D H 5. 2 LT, Z4Ud AD ik
RO~ HERD 225,

AT DR L 7 fERRIN - Th 5 T LS S T
W3 P gingivalis (253 2 HUAAG O BN & fidas
DFERE & DN IEDOHBIBIR D D 5 2 & 23l ST
W3 ®  F7, P ogingivalis IZRIED H B IME NG
T AMHIADH 5. P. gingivalis 13 Burger 5 5 O R
FIRCHBICRE I NS Y. i, BiM LR EE
DEBER AKBREIR> 5 100% DHERT P. gingivalis
PHREE NS Z LRI TW3 Y™, P gingivalis 12,
Z DY o7 ED—FETH B pgmb6/7 Z 4 LTI
N O E-selectin 1213 % 2. F7, RAE
Zfd 2 L7 IE AR AT 5. P gingivalis O
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WENRT L h5, £/, gingipain &Nl E
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e JEYR BRI & 7L Y oA 2 —TR

II. &b OIc

EI Ve 0o i & AD B 8% 72 BAfR %2 8 019808
BMAINB XHICkh>TEL. P gingivalis #iho &
I % PSR 5> 2 D S5 R 0342 B D [0 RAE DI
&l o TMATHEIC R B IR Y, PfERIEZ 5] E & 2

L AD %z 9 2 WJREED S 5.

L2 L, miFoRRE

MRzl T 27— %3781+ Th 3. AD
DFHRHELT 2 S ¥ 2 7 DM 72 ik 2 TS
B7-0121F, Btk MBI BANRTH 5,
SRE, BREETTEE DI Rl R R & i L I
MW %2792 2 eREEEEDbOND, ZNIT L

D,

M OFEBIRDEMEIC 72 2 2 & CUE» SR F

28 L WERANE T 7 DB S TH 5 ).

1)

2)

3)

4)

5)

7)

8)

9)

10)

X B

Nisbet RM, Polanco JC, Ittner LM, Gotz J. Tau aggre-
gation and its interplay with amyloid-beta. Acta Neu-
ropathol 2015; 129: 207-20.

Hou Y, Song H, Croteau DL, Akbari M, Bohr VA.
Genome instability in Alzheimer disease. Mech Ageing
Dev 2017; 161(Pt A): 83-94.

Rosenberg A, Ngandu T, Rusanen M, Antikainen R,
Backman L, Havulinna S et al. Multidomain lifestyle
intervention benefits a large elderly population at
risk for cognitive decline and dementia regardless of
baseline characteristics: The FINGER trial. Alzheimers
Dement 2018; 14: 263-70.

Chen CK, Wu YT, Chang YC. Association between
chronic periodontitis and the risk of Alzheimer’s
disease: a retrospective, population-based, matched-
cohort study. Alzheimers Res Ther 2017; 9: 56.
Watanabe Y, Arai H, Hirano H, Morishita S, Ohara Y,
Edahiro A et al. Oral function as an indexing param-
eter for mild cognitive impairment in older adults.
Geriatr Gerontol Int 2018; 18: 790-8.

Choi S, Kim K, Chang J, Kim SM, Kim SJ, Cho HJ et
al. Association of chronic periodontitis on Alzheimer’s
disease or vascular dementia. J Am Geriatr Soc 2019;
67: 1234-9.

Ship JA, DeCarli C, Friedland RP, Baum BJ. Dimin-
ished submandibular salivary flow in dementia of the
Alzheimer type. J Gerontol 1990; 45: M61-6.

Cox LM, Weiner HL. Microbiota signaling pathways
that influence neurologic disease. Neurotherapeutics
2018; 15: 135-45.

Vogt NM, Kerby RL, Dill-McFarland KA, Harding SJ,
Merluzzi AP, Johnson SC et al. Gut microbiome altera-
tions in Alzheimer’s disease. Sci Rep 2017; 7: 13537.
Liu P, Wu L, Peng G, Han Y, Tang R, Ge J et al.
Altered microbiomes distinguish Alzheimer’s disease
from amnestic mild cognitive impairment and health
in a Chinese cohort. Brain Behav Immun 2019; 80:

33

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

633-43.

Saji N, Niida S, Murotani K, Hisada T, Tsuduki T,
Sugimoto T et al. Analysis of the relationship between
the gut microbiome and dementia: a cross-sectional
study conducted in Japan. Sci Rep 2019; 9: 1008.
Fujii Y, Nguyen TTT, Fujimura Y, Kameya N,
Nakamura S, Arakawa K et al. Fecal metabolite of a
gnotobiotic mouse transplanted with gut microbiota
from a patient with Alzheimer’s disease. Biosci Bio-
technol Biochem 2019; 83: 2144-52.

Kamer AR, Craig RG, Dasanayake AP, Brys M,
Glodzik-Sobanska L, de Leon MJ. Inflammation and
Alzheimer’s disease: possible role of periodontal dis-
eases. Alzheimers Dement 2008; 4: 242-50.

Pisani F, Pisani V, Arcangeli F, Harding A, Singhrao
SK. The mechanistic pathways of periodontal
pathogens entering the brain: The potential role of
treponema denticola in tracing Alzheimer’s disease
pathology. Int J Environ Res Public Health 2022; 19:
9386.

Tang Z, Cheng X, Su X, Wu L, Cai Q, Wu H.
Treponema denticola Induces Alzheimer-like tau
hyperphosphorylation by activating hippocampal neu-
roinflammation in mice. J Dent Res 2022; 101: 992-
1001.

Panzarella V, Mauceri R, Baschi R, Maniscalco L,
Campisi G, Monastero R. Oral health status in sub-
jects with amnestic mild cognitive impairment and
Alzheimer’s disease: Data from the zabut aging proj-
ect. J Alzheimers Dis 2022; 87: 173-83.

Taati Moghadam M, Amirmozafari N, Mojtahedi A,
Bakhshayesh B, Shariati A, Masjedian Jazi F. Associa-
tion of perturbation of oral bacterial with incident of
Alzheimer’s disease: A pilot study. J Clin Lab Anal
2022; 36: e24483.

Yan C, Diao Q, Zhao Y, Zhang C, He X, Huang R et al.
Fusobacterium nucleatum infection-induced neurode-
generation and abnormal gut microbiota composition
in Alzheimer’s disease-like rats. Front Neurosci 2022;
16: 884543.

Kamer AR, Craig RG, Pirraglia E, Dasanayake AP,
Norman RG, Boylan RJ et al. TNF-alpha and anti-
bodies to periodontal bacteria discriminate between
Alzheimer’s disease patients and normal subjects. J
Neuroimmunol 2009; 216: 92-7.

Riviere GR, Riviere KH, Smith KS. Molecular and
immunological evidence of oral Treponema in the
human brain and their association with Alzheimer’s
disease. Oral Microbiol Immunol 2002; 17: 113-8.
Zhao Y, Cong L, Lukiw WJ. Lipopolysaccharide (LPS)
accumulates in neocortical neurons of Alzheimer’s
disease (AD) brain and impairs transcription in human
neuronal-glial primary co-cultures. Front Aging Neuro-
sci 2017; 9: 407.

Harris SA, Harris EA. Molecular mechanisms for her-
pes simplex virus type 1 pathogenesis in Alzheimer’s
disease. Front Aging Neurosci 2018; 10: 48.

Alonso R, Pisa D, Marina Al, Morato E, Rabano
A, Carrasco L. Fungal infection in patients with



24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

FOHIIE & IR e

Alzheimer’s disease. J Alzheimers Dis 2014; 41: 301-
11.

Hansen DV, Hanson JE, Sheng M. Microglia in
Alzheimer’s disease. J Cell Biol 2018; 217: 459-72.
Kumar DK, Eimer WA, Tanzi RE, Moir RD. Alzheimer’s
disease: the potential therapeutic role of the natural
antibiotic amyloid-beta peptide. Neurodegener Dis
Manag 2016; 6: 345-8.

Fang WL, Jiang MJ, Gu BB, Wei YM, Fan SN, Liao W et
al. Tooth loss as a risk factor for dementia: systematic
review and meta-analysis of 21 observational studies.
BMC Psychiatry 2018; 18: 345.

Maldonado A, Laugisch O, Burgin W, Sculean A, Eick
S. Clinical periodontal variables in patients with and
without dementia-a systematic review and meta-analy-
sis. Clin Oral Investig 2018; 22: 2463-74.

Ide M, Harris M, Stevens A, Sussams R, Hopkins V,
Culliford D et al. Periodontitis and cognitive decline in
Alzheimer’s disease. PLoS One 2016; 11: e0151081.
Xue L, Zou X, Yang XQ, Peng F, Yu DK, Du JR. Chronic
periodontitis induces microbiota-gut-brain axis disor-
ders and cognitive impairment in mice. Exp Neurol
2020; 326: 113176.

Poole S, Singhrao SK, Kesavalu L, Curtis MA, Crean
S. Determining the presence of periodontopathic viru-
lence factors in short-term postmortem Alzheimer’s
disease brain tissue. J Alzheimers Dis 2013; 36: 665-
77.

Dominy SS, Lynch C, Ermini F, Benedyk M, Marczyk
A, Konradi A et al. Porphyromonas gingivalis in
Alzheimer’s disease brains: Evidence for disease cau-
sation and treatment with small-molecule inhibitors.
Sci Adv 2019; 5: eaau3333.

Ishida N, Ishihara Y, Ishida K, Tada H, Funaki-Kato Y,
Hagiwara M et al. Periodontitis induced by bacterial
infection exacerbates features of Alzheimer’s disease
in transgenic mice. NPJ Aging Mech Dis 2017; 3: 15.
Kanagasingam S, Chukkapalli SS, Welbury R, Singhrao
SK. Porphyromonas gingivalis is a strong risk factor
for Alzheimer’s disease. J Alzheimers Dis Rep 2020; 4:
501-11.

Wingrove JA, DiScipio RG, Chen Z, Potempa J, Travis
J, Hugli TE. Activation of complement components
C3 and C5 by a cysteine proteinase (gingipain-1) from
Porphyromonas (Bacteroides) gingivalis. J Biol Chem
1992; 267: 18902-7.

Liu Y, Wu Z, Nakanishi Y, Ni J, Hayashi Y, Takayama
F et al. Infection of microglia with Porphyromonas gin-
givalis promotes cell migration and an inflammatory
response through the gingipain-mediated activation of
protease-activated receptor-2 in mice. Sci Rep 2017;
7: 11759.

Ryder MI. Porphyromonas gingivalis and Alzheimer
disease: Recent findings and potential therapies. J
Periodontol 2020; 91 Suppl 1: S45-S9.

Yamada C, Akkaoui J, Ho A, Duarte C, Deth R, Kawai

34

1% 275 (2025)

38)

39)

40)

41)

42)

43)

44)

45)

46)

47)

T et al. Potential role of phosphoglycerol dihydroc-
eramide produced by periodontal pathogen Porphy-
romonas gingivalis in the pathogenesis of Alzheimer’s
disease. Front Immunol 2020; 11: 591571.
Diaz-Zuniga J, More J, Melgar-Rodriguez S, Jimenez-
Union M, Villalobos-Orchard F, Munoz-Manriquez
C et al. Alzheimer’s disease-like pathology trig-
gered by Porphyromonas gingivalis in wild type rats
is serotype dependent. Front Immunol 2020; 11:
588036.

Arvanitakis Z, Capuano AW, Leurgans SE, Bennett DA,
Schneider JA. Relation of cerebral vessel disease to
Alzheimer’s disease dementia and cognitive function
in elderly people: a cross-sectional study. Lancet Neu-
rol 2016; 15: 934-43.

Toledo JB, Arnold SE, Raible K, Brettschneider J, Xie
SX, Grossman M et al. Contribution of cerebrovascular
disease in autopsy confirmed neurodegenerative dis-
ease cases in the National Alzheimer’s Coordinating
Centre. Brain 2013; 136: 2697-706.

Grau AlJ, Becher H, Ziegler CM, Lichy C, Buggle F,
Kaiser C et al. Periodontal disease as a risk factor for
ischemic stroke. Stroke 2004; 35: 496-501.

Pussinen PJ, Alfthan G, Jousilahti P, Paju S,
Tuomilehto J. Systemic exposure to Porphyromonas
gingivalis predicts incident stroke. Atherosclerosis
2007; 193: 222-8.

Iwai T, Inoue Y, Umeda M, Huang Y, Kurihara N,
Koike M et al. Oral bacteria in the occluded arteries of
patients with Buerger disease. J Vasc Surg 2005; 42:
107-15.

Mougeot JC, Stevens CB, Paster BJ, Brennan MT,
Lockhart PB, Mougeot FK. Porphyromonas gingivalis
is the most abundant species detected in coronary and
femoral arteries. J Oral Microbiol 2017; 9: 1281562.
Komatsu T, Nagano K, Sugiura S, Hagiwara M,
Tanigawa N, Abiko Y et al. E-selectin mediates Por-
phyromonas gingivalis adherence to human endothe-
lial cells. Infect Immun 2012; 80: 2570-6.

Hosoki S, Saito S, Tonomura S, Ishiyama H, Yoshimoto
T, Ikeda S et al. Oral carriage of Streptococcus mutans
harboring the cnm gene relates to an increased inci-
dence of cerebral microbleeds. Stroke 2020; 51: 3632-
9.

Nakano K, Hokamura K, Taniguchi N, Wada K, Kudo
C, Nomura R et al. The collagen-binding protein of
Streptococcus mutans is involved in haemorrhagic
stroke. Nat Commun 2011; 2: 485.

FHHMEME T

T 503-8554 I FLELAIE a2 )IHT 1 T H
109 FHh  KIHZCFRIBIRY: - dRHE 2R
Tel: 0584-81-6811 ({{&)

FAX: 0584-81-6818

E-mail: kmatsu30@gmail.com



ARHENE & CIEERERE - Dementia and Oral Function 1(2) : 35-46, 2025 @ @ @
https://doi.org/10.63587/dof.1-2.p35 BY _NC

Z R W bR

HIEHERE & RRIBERE 2 D 72 CORFN D At Hiig D PRSE

=G R (HILT GRS T

Search for unknown neural link between the masticatory and cognitive brain systems

Youngnam Kang=*, Hiroki Toyoda® and Mitsuru Saito <+

—TFrontiers in Cellular Neuroscience !z #8# & 1172 $53E3C D A AZEIC X 2 R K —

U

IMFMET LY A 2= (AD) 2B AMRZIE, V7 L+ ) v EBtk= 2 —a v DHEMTH 2 5]
BicBuTmbREHICEZES N, B VBby v EAORBRL B 7 IuA F (AR) OE®EMIAE 5. Zhic
eV, BRI 2 ) U EEIE = 2 —m v (A 2L FIEERE) ICB W THRBRAZEMBET B, Zhs o
DM D ZMEIC X 0, HEE KNS © BDNF 20 MR B O 38 2 0, ZOfEE, Ap il
VUL Y T EAPER L, RIS 5 SR T, 0, AL IHMEREEE b SR AIE O
VAZRT-THS I L IFBRBEENRICE D RINTVS . £, EREYEZ VS HOMEICE LT,
THIGESRE A e b AD CBIZE S 11 2 BIELIRE - ¥ % - KM E ORGRZA & Ak 2L Z5 &I L, Z2h
ICREWEE - ERESEEINSE LRI NTEL, Lo LAss, HEEREREEL L0 k95 2 ik
b AD EROBIRE 2 R I TOPICOVTIIMEKA L LTAHTSH Y, HEHEAEZH ) =L ies &
FAGIENERE R 2 D7 CHREBENEDS S v o v ) v 7 L LTSN ETH 2. AT, WATHIEREE
2B W THLINRE %2 B 7 T =X Rz (MTIN) & 2 o NHICREEE T 2 5 & OFEEN), iR
M, EHEPNERICOWT, INEFTHONTOIAIRICHEDEZEEZTHIZLICLD, 29 LIy vy
Vv 2 RERD RO L 720,

F—v—F
TAYNA 2 —I, U, =R, NT-3, DOPEGAL

ABSTRACT

Brain degenerations in sporadic Alzheimer’s disease (AD) are observed earliest in the locus coeruleus (LC), a
population of noradrenergic neurons, in which hyperphosphorylated tau protein expression and B-amyloid (Af)
accumulation begin. Along with this, similar changes occur in the basal forebrain cholinergic neurons, such as the
nucleus basalis of Meynert. Neuronal degeneration of the two neuronal nuclei leads to a decrease in neurotrophic
factors such as brain-derived neurotrophic factor (BDNF) in the hippocampus and cerebral cortex, which results
in the accumulation of AP and hyperphosphorylated tau protein and ultimately causes neuronal cell death in those
cortices. On the other hand, a large number of epidemiological studies have shown that tooth loss or masticatory
dysfunction is a risk factor for dementia including AD, and numerous studies using experimental animals have also
shown that masticatory dysfunction causes brain degeneration in the basal forebrain, hippocampus, and cerebral
cortex similar to those observed in human AD, and that learning and memory functions are impaired accordingly.
However, it remains unclear how masticatory dysfunction can induce such brain degeneration similar to AD, and the
neural mechanism linking the trigeminal nervous system responsible for mastication and the cognitive and memory
brain system remains unknown. In this review paper, we provide clues to the search for such “missing link” by
discussing the embryological, anatomical, and physiological relationship between LC and its laterally adjoining
mesencephalic trigeminal nucleus which plays a central role in the masticatory functions.

Key words:
Alzheimer’s disease, Locus coeruleus, Mesencephalic trigeminal nucleus (MTN), Neurotrophic factor-3 (NT-3),
3,4-dihydroxyphenylglycolaldehyde (DOPEGAL)
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Mastication mode: acting as Primary sensory neuron
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JL No retrograde transport of NT-3

NT-3 depletion by burst firing

No muscle spindle activity

Premotor neuron mode: Ballistic jaw-closing movement such as
attacking bite, which does not require la sensory information.
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Long-term follow-up of patient with MCI due to Lewy body who intervened in prosthetic treatment
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Assessment (MoCA-J), FANEZ A 7 V) — = 27§ 2 3 i X J£CTdH % Mini-mental state examination (MMSE)
¥ X " Hasegawa dementia rating scale-revised (HDS-R), & &I FRIHEAIGEIER /4L 'CH:A%%ﬁz%:
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ABSTRACT

As the number of patients with dementia increases in an aging-skewed society, preemptive preventive interventions
at the pre-disease stage that could prevent or delay the onset of dementia are increasingly pursued. We report here
a case of long-term changes in masticatory and cognitive functions in a patient with mild cognitive impairment
(MCI) associated with Lewy body disease (LBD) who was fitted with complete dentures as a prosthetic treatment
intervention.

Masticatory function was measured using a Gluco Sensor GS-II (GC, Tokyo, Japan). Cognitive function was
evaluated every 6 months using the Japanese version of the Montreal Cognitive Assessment (MoCA-J), which
evaluates retention of cognitive abilities; the Mini-Mental State Examination (MMSE) and the Hasegawa Dementia
Rating Scale-Revised (HDS-R), which are used to screen for dementia; and the Lawton Instrumental Activity of
Daily Living (IADL), which evaluates social function through instrumental activities of daily living. Although
cognitive function improved and was temporarily maintained after prosthetic treatment, it eventually declined, and
symptoms progressed from MCI to LDB 48 months after initiation of treatment. Masticatory function could not be
assessed after 24 months because the patient did not visit the clinic. At 54 months, masticatory function had declined
to significantly lower than the reference value.

These data suggest a need for medical and dental collaboration to deepen our understanding of the impact of good
oral care on patients with MCI or dementia and on their families and caregivers in daily clinical practice.

Key words:
Long-term observation, Prosthetic treatment, Masticatory function, Lewy body disease, Cognitive function
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Figure 1: Complete dentures and image findings in a patient with cognitive impairment with Lewy bodies
a: Complete dentures. The Prosthodontic Society classification is level I
b: MRI findings showed no obvious pathological atrophy in the bilateral hippocampal formations, and hippocampal

atrophy was within the age-related changes.

c: SPECT findings showed reduced cerebral blood flow in the occipital lobe (arrow), consistent with Lewy body dementia.
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Figure 2: Changes over time in Neuropsychological tests and masticatory function
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Figure 3: Changes over time in Lawton-IADL

IADL refers to complex tasks that are essential for daily life (general household tasks such as cleaning,
cooking, laundry, and shopping, as well as managing medication and money), and the higher the score,

the closer to independence the person is.
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Figure 4: Schematic diagram of the therapeutic effects of symptom-improving agents and disease-

modifying agents
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