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OL ULKPOPBLAKEG KOLVOTNTEG TTOU KATOLKOUV OTO CWHOL LG
glval yWWOTEC WG avOpwTLVO HLKpOoBiwpa.

Respiratory Oral
Actinobacteria Firmicutes
Firmicutes Proteobacteria
Proteobacteria Bacteroidetes
Bacteroidetes Actinobacteria
Fusobacteria
To pkpoBilwpa artoteAeital amod TPLoEKATOUUUPLAL Gut
HLKPOOPYAVLIOHOUG. Skin Actinobacteria
Actinobacteria Bacteroidetes
Bacteroidetes Firmicutes
Firmicutes Streptococci
Proteobacteria Enterobacteria

MukpoBiwpa uTtdpxeL oTo SEPUQ, TN OTOUATIKA KOLAOTNTA,

TOV EMUMEDUKOTO, TNV AVOTIVEUOTLKH 060, Ya?z:n?/-
, ., actobacilli
TO OUPOYEVVNTLKO KOl TO YOOTPEVTEPLKO CUCTNHAL.

3 /300 tpLoekatoppUpLo KUTTAPa,/pLALKOUC ULKPOOPYOVIOUOUC

Alagiakrishnan K, et al. Approach to the diagnosis and management of dysbiosis. Front Nutr 2024.



Mrmopel va BewpnBel wg Eva emiktnTo adpaTo OPyAVO.

Elval éva deltepo yovidiwpa oto avBpwrivo cwia.

Tic teAevutaieg dekaetieg, N Epeuva SLATILOTWVEL
OTL OLUTEC OL TEPAOTLEC ATTOLKIEC ULKPOOPYAVLIOUWV
oxetilovtal pe Tnv avarmntuén, tn ynpeavon,

TN cWHATLKA Ko Puykn vyeia.

Caballero-Flores G, et al. Microbiota-mediated colonization resistance: mechanisms and regulation. Nat Rev Microb 21, 347-360, 2023.
Adak A, & Khan MR. An insight into gut microbiota and its functionalities. Cellular and Molecular Life Sciences 2019 76 473-493.



To avBpwrTtvo €viepo armolkiletal amo Eva cUVOETO ULKPOBLOKO
OLKOCUOTNMA, TIOU OVOUATETAL EVTEPLKA MLIKpOXAWPLSAL.

«'OAec ol dloBevelec
~ TIPOEPYOVTOL ATIO TO Eviepo!»
Immokpadtng 460-370 m.X.

Dinan TG, Cryan JF. Mood by microbe: towards clinical translation. Genome Med 8, 36, 2016.
Maciel-Fiuza MF, et al. Role of gut microbiota in infectious and inflammatory diseases. Front Microbiol 2023 Mar 27:14:1098386.



Evtepko pikpoBiwpa

B Host
Immune
-~ Amoteleitat kupiwg and Baktripta, UUOUUKNTES, Response

Loug, payoug, apyaia kat tapactra, tAAAd Ko To T Food
YEVETIKO Kal AELToupyLKO podiA Toug, Onwg Ta Function Riiostion
yovidia toug Kat ta mpoidvta Touc, Ta onoia nepltAapfdavouv
Souka tpoidvta Kat petafolitec twv Baktnpdiwv.

Vitamin
Biosynthesis

—~  H kpoxAwpiba tou eviépou ivar éva
TLOAUAELTOUPYLKO «OpyavVo», OTEVA

OUVOESEUEVO HE pLOL CELPA OTTO METABOALKEG, Neurologic Pathogen
EVEOKPLVLKEC, lVOGOAOYLKEC KOl VEUPLKEG AELTOUPYIEC. i

Protection

Lynch SV & Pedersen O. The human intestinal microbiome in health and disease. New Engl. J. Med. 375, 2369-2379. 2016.

de Sire A, et al. Gut—Joint Axis: The Role of Physical Exercise on Gut Microbiota Modulation in Older People with Osteoarthritis. Nutrients 2020, 12(2), 574.



To pkpoPlwpa Tou EVTIEPOU TIAPEXEL OTOV EEVLOTH TIOAAA OPEAN, OTIWC
n dLatpnon tnNe¢ LETOBOALKNC OUOLOCTAONG KE TNV TEYN KL TV TTapaywyn
OPEMTIKWY CUCTATIKWY, N TIpooTacia amo naboyova, n wpipavon Tou
OVOOOTIOLNTIKOU CUCTAMATOC KOl N Ttapaywyn veupodlaBLBactwy.
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Bacterial metabolites can
influence the immune
response, including the
differentiation of T cells

PAMPs modulate epithelial
tight junctions
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Immune cells, OMVs and
translocated bacteria traffic

Bacterial antigens promote
autoreactive T cells and
autoantibodies via
molecular mimicry

the blood or lymphatics
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Nature Reviews Rheumatology, 2025
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AboNahas HH, et al. Trust your gut: The human gut microbiome in health and disease. R.Z. Sayyed, M. Khan (Eds.), Microbiome-Gut-Brain Axis, Springer, Singapore 2022.

Ustianowska K, et al. The Role of the Human Microbiome in the Pathogenesis of Pain. Int J Mol Sci 2022.




AvoBilwon

H pikpoxAwpida tou eviépou (gL o€ OpOLOOTAON
HE Tov §evioTn TNG. m;::::i::..
High-fat diet
High-sugar diet

Gut microbiota dysbiosis

H Loopporia auth pnopel wotdéco va Antibioties \ -
’ ’ ’ Antitumor drugs i — v
anootabepomnolnBel ano dlatapaxeg mou RSN ﬁj M A
I 14 14 14 - -~ ‘ _ ) ”
npokaAouvtal ano avOuylewvn dtatpodn, Dreg I ,?
avtiBlotika, aAla pappaka, maboyovoug waﬁ \
' ' Atmospheric particulate
LKPOOPYOVLOHOUG, a0BEVELEC KATT. Heavy metals
M;:;:l::“ Changes of gut microbiota structure
Enviromental pollution Damage of intestinal barrier
Age Metabolic disorder
1, I /4 I D‘um
Otav 10 pHikpoPilwpa Tou eviepou O€V €lval o€ Habit ‘ —
B€on va aVvTEEEL AUTEC TIG EMIOEOELG, UIOPEL va "
oupBolv pun avaotpePLpues aAAayeg, odnywvTag Other factors

o€ pLa maBoAoyikn katdotaon, tn AYZBIQIH.

Zhao M, et al. Immunological mechanisms of inflammatory diseases caused by gut microbiota dysbiosis: A review. Biomedicine & Pharmacotherapy Vol 164, 2023, 114985.



AvoBilwon

P

H duoBiwon xapaktnpiletatl and SLoKUUAVOELS
0TO UIKpOPiwpa Tou evtépou, SnAadr LELWOELG

A AVLOOPPOTILaL OTOV APLOUO KoL TOUC TUTIOUC TWV
HKpoBiwv, avénon Twv PpAeypovwdwv Kal peiwon
TWV AVTLGAEYHOVWO WV TTOPAYOVIWV.

H SuoBiwon Slatapdooel Tov eVvtepLkO dpayuo
Ttou Asttoupyel we pUAAKAC LETAEL TOU EVTEPLKOU
TLEPLEXOMEVOU KOl TOU UTTOAOLITOU CWHLOLTOC.

Pathogens




Evteplkoc ppayoc

O evtePLKOC GPOYUOC ETUTPETIEL
OTO VEPO KOLL TAL OPETTLIKA CUOTATIKA
Va TIEPAOOUV, EVW CUYKPATEL T

emPAapn Baktnpidia Kal TL¢ Toéivec.

H vyeia tou dpaypol dlatnpeitat
Qo TO UIKPOPBLWHO, ETTOUEVWC
QKOMN KAl ULKPEC AAAOYEC OTN
oUVOEON TOU UTTOPOUV VA KAVOUV
ro Slamepatn tn HeEpBpavn

Kol val uTtapEel «SLoppon».

Symbiosis Dysbiosis Leaky gut syndrome

Genetic factors
Environmental factors

Cytokine response
Epithelial barrier dysfunction

I Pathobionts

I E. gallinarum K. pneumonia
| P. gingivalis F. nucletum
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Awappeov Evtepo - AvucBiwon

| HEALTHY GUT |
® * * * Intestinal content

«Alappon» cupPaivel otav SLadopeC TOELKEC OUOLEC Kal
LLKPOOPYOVLOOL TTOU TIPETEL VA TIOPOLUEIVOUV OTO EVTEPO Kall
va anoPfAnBoulyv, dtadelyouv otnv KukAodopia Tou alpatod.

Epithelial
cells | LEAKY GUT |
~ Paneth Goblet * o *.Intestinal content
cell cell (@)

Intracellular Intercellular

transport transport
v v '
o ° ® o. " =

«®° Epithelial

cells
To avoooTmolnTLkd cUOTNUO TOUC avTIAapBavetal

w¢ EEvouc eloBoAeic kat emitiBeTal, TPOKAAWVTOG
dbAeypovn kat AAAeC avTldpAoELc.

Stolfi C, et al. Implication of Intestinal Barrier Dysfunction in Gut Dysbiosis and Diseases. Biomedicines. 2022 Jan 27;10(2):289.



H Statapoaxn tnG HikpoxAwpldog Tou eviEpou
& % oU UBAAAEL o€ €va eupL daopa dLatapaxwv
D4 Kol oBEVELWY KaL TIEPAV TOU TIEMTIKOU OUGTHHATOC.

Mpoodata otolxeia utootnpilouv tn cUBOAN

ca‘d-\ovascular Diseg Ses

) - J\ 7 !
éém % NS duoBiwong otnv mabBoduacloloyia Tou
“28%  petaBoAlopoU, TWV HUOCKEAETIKWY TTABOEWY, \
TOU XpOVvIou & veupomadntikol TOVoU Kall Cole x g\ O AN
’ ’ 1] ® \ \'“y"":‘
TWV VEUPLKWVY Kal PuxLatplkwv SUCAELTOUPYLWV. Soy A
%, @
Y, o™
60 S;GQ‘

Wei Z, et al. Association Between Gut Microbiota and Osteoarthritis: A Review of Evidence for Potential Mechanisms and Therapeutics. Front Cell Infect Microbiol 2022.

Wang Y, et al. Gut dysbiosis in rheumatic diseases: A systematic review and meta-analysis of 92 observational studies. eBioMedicine 2022 May;80:104055.

Yjea annsabra



H duoBilwon £xeL ouvdeBEei pe dLadopec XpOoviec MOONCELC

EUBIOSIS

e
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low permeability
low bacterial translocation

DYSBIOSIS

DAeypovwdn vooo Kal AEITOUPYLKEC SLATAPAXEC TOU EVIEPOU.
Yakyxapwdn dtapntn tumov |l.

KapdloavamnveuoTtikeg maBioeLC.

Autwdn vOoo Tou Nmatoc.

Nayvoapkia, dtatapaxeg Zupnepidopag, KatabAwpn,
JUVOPOLO XPOVLAG KOTIWONCG.

AuTOAVOOO VOO AT KOL VEUPOEKDUALOTIKEC TTOBNOELC,

onwc Pevpatoeldn apBpitida, Zuotnuiko EpuBnuatwdn Avko,

% _ AAtoyatpep, Napkwoov, MoANarmAn ZkApuvon KA.

compromised barrier
high bacterial translocation

Xpovlo movo.

Kapkivo.

Min’an Zhao Immunological mechanisms of inflammatory diseases caused by gut microbiota dysbiosis: A review, Biomedicine & Pharmacotherapy Volume 164, Aug 2023, 114985.



‘Evalg KOWOC TP AVOLOLOTAC O€ TTOAAEC QIO QUTEC TLC ALCOEVELEC €lval N xpOVLA TOTILKN KoLl
cuvotnuatiki pAeypovn kat n SuoPiwon cupPAAAEL emdyovTag TNV apaywyn Asypovwdwyv
Boktnplakwyv HETABOALTWY AAAQ KOl KUTTAPOKLVWY OTIO TOL AVOOOKUTTOPO TOU EEVLOTN.
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Favazzo L, et al. The gut microbiome-joint connection: implications in osteoarthritis. Curr Opin Rheumatol 2019 Nov 28;32(1):92-101.



H evtepiki pikpoxAwpida aAAnAemidpa HE TNV avooia Tou EevioTn

Katd tn «Stopponi» KUTTAPOKIVEC Kol
XNUELOKLVEC ameAeuBepwvovTal amo
TNV «TPWTN VPO AUUVOC» OTIWCE TA
KOKKLOKUTTOPQ, Ta GOVIKA KUTTapA, T
SevdpLTikA KUTTAPO KOL TA pLaKpodaya.

AuTtol ot dpAeypovwdelc pecorafnteg
TIOU TIPOKUTITOUV ATto TNV EUdUTN
avoola, emnpedlouv TNV MOPOYywWYN Kot
™ SpaotnplotnTa TWV AEUPOKUTTAPWY,
Omwc ta B kat ta T kUTTOPQ, TA OTtolaL
arote oV To BEUEALO TNG
T(POCAPHOOCTLKNAG avooiac.

i = Prevotella
Intestinal lumen - Lacmba-m”us = . - (— ==
S e E.coli
)
S ' - ~ L - ==Y
Enterococcus === ‘
Staphylococcus G Bacillus anthracis @™ \ ,
Inner mucus layer @y, - Commensal ~ ' | e
a anﬁgens Antimicrobial X &v
Y protein  Sfee ] \\(I R N
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Dendrites cell
IgA+

Plasmacell 4
Naive
T cell

Peyer's Patch '
CD4+
Tcell Treg cell l
Th17 Macrophagecell i e e e e

Gut tissue

Ullah H, et al. Crosstalk between gut microbiota and host immune system and its response to traumatic injury. Front Immunol, Jul 2024.



Ektoc amo ta T & B kUtTapa kKt dAAa KUTTOpQ
HropoUv va evepyorolnBouv, onwe ta
evdoOnAlakad, n HkpoyAoia, Ta actpokUuTTapQ,
TOL LOVOKUTTOPO KOl TO TIEPLKUTTAPA,
TPOTIOTIOLWVTAG TNV avooia.

E¢loou onuavtikol yia ta pAeypovwdn
onpata gival emiong, ot petafoAiteg mou
TiapayovTal armo ta UkpoBLa, emeldn
aAAnAemdpouv e Ta KUTTAPO Tou EEVIOTH.

Segmented filamentous bacteria
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AMNAeTOpACELG PIKPOXAWPLOOC KL VOOOTIOLNTIKOU CUOTAMATOG

Containment of specific
microbiota members, e.g. Alcaligenes
Clostridia IV, XIVa, XVIII

Altered Schaedlers’ flora Metabolites, e.g.
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Dendritic cell

Activated commensal
specific CD4+ T cell

Naive CD4+ T cell priming

Tfh/ex-Th17 cell

Foxp3+ Treg cell
<_©

Peyer's patches

IgA+ B cell

Zheng, D., Liwinski, T. & Elinav, E. Interaction between microbiota and immunity in health and disease. Cell Res 30, 492-506 (2020).

Zheng D, Liwinski T, Elinav E. Interaction between microbiota and immunity in health and disease. Cell Res 2020, 30:492-506.




Ta Firmicutes kol Bacteroides

BOT]GOUV otnv TtéLIJr] Twv PUBWLON - TpomOMoiNGcn TOou HETABOAGHOU Twv AUtdiwy
QVOEKTIKWY OTO TIETTTLKA

, , , Kwntwotnta kot dpaypo tou eviepikol BAevvoyovou T-puBuioTtika KUTTOPO
Eviupa ALUAWV KoL TToLpAyouvV ,
uetaPolitec, Onwe Autapd 0 ai AA 9 A A e e A
oca Bpayeiag aAvoidag N ¥ AR SO A,
’ r s \ N ! 1
(SCFAs), TTOU €XOUV EUEPYETLKEC AVOCGOTPOTIOTIOLNTLKEG Vi ) o | 7 s Tregs
7 7 7 7 e 1*
Aettoupyleg, ennpealovtag Kupiwg ta T-puBuLoTIKA = ocs (18 &0 e
] 7 /i scpnhgm - -~ Mauophagu / /
KUTTOpPO TToU EAeyxouv TN GAEyLOVN. ;zlnﬂammatory cytokinesi | P
Differention; 4 s’ )
3. Mucin secreation; 4 EAB Gut cavity
4. Improve epithelial barrier <

, , ) ) , ZOpwon amno |oupBLwTka Baktipla
Ev tw petaly, kat ta XoAlka oea kot AAAoL petafoAiteg

TIOU TIPOEPXOVTOL OTTO AULVOEEQ, TTOPOUV Val - N\
oToXeVOOUV Ta ETIONALOKA KUTTAPA KOL TAL KUTTAPO TOU

OVOOOTIOLNTIKOU, emnpealovtag tn SLamepatotnTa Tou

gvtepLkoL dpaypol Kot tn GAEYUOVN.

-\

Silva YP, et al. The role of short-chain fatty acids from gut microbiota in gut-brain communication. Front Endocrinol 2020.
Venegas DP, et al. Short Chain Fatty Acids (SCFAs)-Mediated Gut Epithelial and Immune Regulation and Its Relevance for Inflammatory Bowel Diseases. Front Immunol 2019, 10, 277.
Corréa-Oliveira R, et al. Regulation of Immune Cell Function by Short-Chain Fatty Acids. Clin Transl Immunol 2016, 5, e73.



Autovopo & Evteplkd veuplkd oloTnuo
Afovac umoBaAapou-unoduong- emvedpldiwy

ANS, ENS, HPA

Vagus nerve

Immune pathway
Endocrine pathway
Neural pathways

Int. J. Mol. Sci. 2020

OL eMSPACELG TOU HLKPOPBLWUOTOC
pLOuilovTaL Ao TNV EMIKOWWVIA PE
10 KNZ péow 0VOOOAOYLKWV, OPLOVIKWYV
KoL VEUPLKWV AAANAETLOpACEWV.
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Yassin LK, et al. Exploring the microbiota-gut-brain axis: impact on brain structure and function. Front Neuroanat, Febr 2025 Vol 1V

Ustianowska K, et al. The Role of the Human Microbiome in the Pathogenesis of Pain. Int J Mol Sci 2022.



Afovoc EVIEPOU - EyKEPAAOU

H apudidpopn EMKOWVWVLO TOU YOOTPEVIEPLKOU CWANVA LE TO KEVTPLKO VEUPLKO
ocUoTtnpa, ovopaletol aovag EVIEPLKOU HIKPOBLWHATOC Kol EyKedaAov.

Cryan JF, et al. The Microbiota-Gut-Brain Axis. Physiol Rev 2019 Oct 1;99(4):1877-2013.



To evtePLKO IKPOPBiwp ETILKOWVWVEL Pe To KN2Z

HEOW: /—\

* Metabolites
* Neurotransmitters

" TOU EVIEPLKOU VEUPLKOU CUCTHMATOC R A, \Qes/

() Immune system
" TOU VEUPOEVOOKPLVIKOU CUCTAHOTOG LE TOV Afova o A
untoBaAdpov-untodpuonc-enivedppLdiwv | i

" TOU MTVEUMOVOYOOTPLKOU VEUPOU

Vagus nerve

s N

Enteric nervous system

" TOU KUKAOJOPLKOU GUOGTAHOATOG

Gut microbiome :
Neuroendocrine system

" TING Slauépcbwonq Tov aVOO'OT[Olr]thOl'J , ‘
] ircul
OUOTNHOTOG | Circulatory system |

Morais L H, et al. The gut microbiota—brain axis in behaviour and brain disorders. Nat. Rev. Microbiol. 19, 241-255, 2021.
Liu L, et al. Microbiota and the gut-brain-axis: implications for new therapeutic design in the CNS. EBioMedicine 77, 103908, 2022.
Rusch JA, et al. Signalling cognition: the gut microbiota and hypothalamic-pituitary-adrenal axis. Front Endocrinol, 2023. Sec. Neuroendocrine Science.



H cupBoAn tou NMvevpovoyaotpiko NeUpou

Ta veupLkd pnvopata
amooTtéAAovTal HEoW
EKATOUHUPLWV VEUPWVWY,
TIou Bplokovtol 0To EVIEPO

, , Short Chain Fatty Acids
HEOW TOU nVSUHOVOVOLGTpLKOU.

Cytokines

Gut Peptides

Immune Signalling

HPA Axis Modulation

Ertiong, to MveuOVOYaOTPLKO, TL.X. LECW OLYXWTIKWV
KOTOOTAOE WV, LETAPBAAAEL TIC AELTOUPYLEC TOU EVTEPOU

HEOW CNUATWYV TIoU pUBUL{OUV TNV KLVNTIKOTNTA, TNV EKKPLON
Kol TN SLamEPATOTNTO TOU EVIEPLKOU CWANVAL.

Han Y, et al. Vagus Nerve and Underlying Impact on the Gut Microbiota-Brain Axis in Behavior and Neurodegenerative Diseases. J Inflamm Res 2022 Nov 9;15:6213-6230.
Faraji N, et al. Vagus nerve stimulation and gut microbiota interactions: A novel therapeutic avenue for neuropsychiatric disorders. Neuroscience & Biobehavioral Rev. Vol 169, 2025, 105990.



H nikpoxAwpida tou evtépou eival Lkavn
va Sleyeipel tnv napaywyn dtadpopwv
VEUPOOPUOTIKWY OUCLWV:

petaBoAiteg

VEUPOOSLOUOPPWTEC

VEUpOTIEMTIOLO

veupolSLoBLpacteg

TL.X. OEPOTOViVN, VTOTtauivn, y-aptvoBoutuptko ofy,

vopadpevaAivn, YAOUTAMLKO 0&U K.A.

Kynurenine
Neurotrasmitters:
Serotonin <
Dopamine
GABA
Noradrenaline
Glutamate

Bacterial
metabolites:

v
N ‘ SCFAs
* ‘ Aminoacids Tryptophan
itami metabolism
Immune system Yitamins
Gut barrier

Intestinal lumen

/ L

mGu;mlcrohota )

\) ) Vet
. \ IntJ Mol Sci 2020



AvoBilwon ka NMovocg

O dLatapoxEg otov agova evtEpou-gyKepaAou
oxetilovtal pe tnv avantuén dtadpopwv TuNwv névou
Kol Th pUOKLON TOU XPOVLIOU TTOVOU.

Ustianowska K, et al. The Role of the Human Microbiome in the Pathogenesis of Pain. Int J Mol Sci. 2022 Oct 31;23(21):13267.
Liu L, et al. Gut microbiota in chronic pain: Novel insights into mechanisms and promising therapeutic strategies. International Immunopharmacology Vol 115, Febr 2023, 109685.
Goudman L, et al. Gut dysbiosis in patients with chronic pain: a systematic review and meta-analysis. Front. Immunol., 30 January 2024.Sec. Microbial Immun Vol 15, 2024.



H aAAnAenidpaon tou avooomnolntikol Kol

TOU VEUPLKOU CUOTIUOTOG ELlval GNUAVTLKA

otnv epdavion tng aiyaloBntiknig avtidpoaonc,

NG veupodAEYLOVNC KAl TNG evacBntomnolnong,

neplPEPLKAC 1 KEVIPLKAC, TTIOU Ttapatnpolvtal q;:‘q’

OTOV XPOVLO TOVo. §°
<

GUT-BRAIN
AXIS

H duoBiwon, €xel avadeyBOel we mapayovrtag
o€ TMOAAEC MaBNoELg XpOVLIOUL TIOVOU,
CUUTIEPIAAUPOVOUEVWV TWV AELTOUPYLKWV
CWHOTIKWY CUVOPOUWVY, TWV AUTOAVOCWV
VOO MATWYV KOl TWV VEUPOAOYLKWYV TIaONCEWV.

Dysbiosis

Guo R, et al T. Pain Regulation by Gut Microbiota: Molecular Mechanisms and Therapeutic potential. Br. J. Anaesth. 2019;123:637-654.
Matsuda M., Huh Y., Ji R.R. Roles of Inflammation, Neurogenic Inflammation, and Neuroinflammation in Pain. J. Anesth. 2019;33:131-139.



AvtiAnyn Tou movou

Ol aAAayEg otn UkpoxAwpida tou
EVTEPOU KOl OTOUG HUETAPBOALTEC TNC
LUITopoUV VAL ETINPEACOUV TTAPAETPOUC
mou adopouv To enwduvo onua,
OTWC TNV Evapén, tn petadoon,

TNV €vtaon Kol tn SLAPKELA Tou.

aa] (380l

Intestinal permeability

*.4 Reactive
astrocyte

Reactive
microglia
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-----

Enwduvo epébilopa



@aiveton 0tL N pIKpoXAwpida Ttov eviépou Stadpapatilel poAo otn pUOULEN TOU XPOVIOU TOVOU,
avolyovtac vEouc 6popouc otn dteAeUkavon TG MOOOYEVELAC TOU KOl OTNV QVTLLETWIILON TOU.

Goudman L, et al. Gut dysbiosis in patients with chronic pain: a systematic review and meta-analysis. Front. Immunol., 30 Jan 2024. Sec Microbial Immunology Vol 15 —2024.
Corriero A, Giglio M, Inchingolo F, et al. Gut Microbiota Modulation and Its Implications on Neuropathic Pain: A Comprehensive Literature Review. Pain Ther 2024, 13, 33-51.



EVTtEPLKO MIKPOBLWHA KOL LUOOKEAETLKO cUCTNMOL

OL TEPLOCOTEPEC YVWOELG OXETIKA LLE TO POAO TOU
HULKPOPBLWHATOC TOU EVTEPOU OTNV QVATTTUEN aoBevelwy
ntou odeilovtat otn dAeypovn €xel dSnuouvpynOetl
EKTOC TOU TTAQLLOLOU TOU LUOOKEAETIKOU CUOTHAMATOC.

Yridpyouv, wotoco, dedopgva mou unootnpilovv
NV enidpaon Tou pikpoPflwpatog otn dAsypuovwdn
apBpitda, TNV ooteonopwon, tTnv ooduayia Kot
TNV ooteoapOpitida.
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Knee OA

-

Fu L, et al. Microbiota-bone axis in ageing-related bone diseases. Front Endocrinol (Lausanne). 2024 Jul 15:15:1414350.
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H AuoBilwon cuvOEETaL LE TN COPKOTIEVIA KOIL TV OCTEOTOPWON,
HEOW TOU oUVOeToU Aéova piKpoxAwpidoc — ootou - HUOC.

Regulatory effects on bone Regulatory effects on musle
remodeling: mass and function:
T Calcium absortion " | Inflamation

| Vitamin D activation | Oxidative stress

T Protein absortion
T Insulin sensitivity
T Lipid metabolism

| Osteoclastogenesis
Cortisol regulation

Muscle

w

Bone - muscle interactions

e

Mechanical loading
Biochemical: myokines and osteokines




Afovoc EVTEPOU — 00TOU — HUOG

anti-inflammatory
cytokines

GLUT 4 expression

mitochondrial
biogenesis

IGF-1

mTOR

T
T
T
T fat oxidation
T
T

H duoBiwon Ba pumopouoe va EMNPEACEL QLUTOV TOV afova HECW dLatapaxwy TG
TpOTomnoinoNCg TNG EVIEPLKNG AELTOUPYLOC, TOU AVOOOTIOLNTLKOU KOl TOU EVOOKPLVIKOU
ouOoTAMATOC, 0dNywvTag o€ UTIOBABULON LUWV KOl 00TWYV, KOLL OOTEO-COAPKOTIEVLAL.

Positive effect of the
physical activity

-
Gut microbiota
SCFAs
(butyrate,
propionate,
acetate) '

Immune system

* Th17 cells

* Treg cells
\

Endocrine system

* Estrogen
* Parathyroid hormone

Metabolites

* SCFAs
* Polyamines
* Hydrogen sulfide

Extracellular
vesicles

BONE REMODELING
Bone Bone |

\formation resorption

0B

N g
/ e

Bone
formation

Bone
resorption

D’Amelio P, Sassi F. Gut Microbiota, Immune System, and Bone. Calcif Tissue Int. 2018 Apr 1;102(4):415-25.



AvoBiwaon kat Ooteonopwaon

H attioAoyia TNG 00TEOTTOPWONG ELVOLL TTOAUTIOPOLYOVTLKI), KOl N EVTEPLKNA HULKPOXAWPLO
daivetal va €XeL To SL1KO TNC PUOBULOTLKO pOAO OTO PETABOALOUO TWV OOTWV.

Immune System ™

_—

Endocrine System >

—y

Calcium,Vitamin D
Absorption )

Bone mass loss

To evtepko pikpoBiwpa puBuilel TOV HETAPOALOUO TWV OOTWV LECW TOU Afova EVIEPOU- 00TOU.

Ding K, et al. Gut Microbiome and Osteoporosis. Aging and disease 2020, 11:438.
Waldbaum J, et al. Association between Dysbiosis in the Gut Microbiota of Primary Osteoporosis Patients and Bone Loss. Aging Dis. 2023 Dec 1;14(6):2081-2095.



H evtepikn pikpoxAwpida puOuileL TRV OpOLOOTOON TWV 0CTWV HECW TOU HETABOALGHOU

H evtepkn pikpoxAwpida emnpedlet tov e Gut lumen
LETOBOALOLO TWV 00TWV ToU EevioTr, puBuilovtag cAckn Y, IRRe
TNV amoppoPpnon Twv ULKPOBPETTIKWY CUCTATLKWY

Gut microbiota Primary bile acids

KOl TNV Ttapaywyn Brrapivwy. o :. \'..-L».,-..-,u_.:;. bile acids
LR ] 9
o oCa™ p |
d { sl eptbelium Sarne
Antoppodnon tov acPeotiou. :0 JRAESEN iR
- Gut Integnity - Ca™ uhs;)rpli(m
Noapaywyn Autopwv ofEwv Bpaxeiac aAvoou. ‘ 4
Ca? Blood stream
L A ! ¢ :r" 3
Tn Brtapivn D mou cupBaAAeL otnv opolooTOON TOU _‘ * 2 ®
EVTEPOU KaL TN PAEYHOVH LECW TWV ETUOPATCEWV TNG .
’ /] r ] . . One
OTO EVTEPLKO €TLONALO, TN ULKpOPLaKr) TToKIAOpopdia Ca™ o
KOLL TO QVOOOTIOLNTIKO cUOTNUA. |20 :
®s o

Noapaywyn Brrapivng K. Boie foraation

Napaywyn deutepoyeVWY XOALKWY OEEWV. » | Bone healt



H evtepikn pikpoxAwpida puBuileL TRV opolocTOON TWV OCTWV HEGW TOU OLVOOOTIOLNTLKOU

H &LEyepon tn¢ Eudutng Ko TS TPOCUPOOTLKAG
avooiag amno 1o pikpoBiwpa odnyet og pla pAeypovwodn T p—— I .
QTIOKPLON TIOU OLVOLOTEAAEL TOV OXNUATIOUO 00TOU Kall . NG
Sleyelpel TNV 00TIKN amoppodnon HECW TNC
aAAolwpEvne onpatodotnong amo to OZTEOKYTTAPA.

RANK

H a0&non Twv KUTTOPOKLVWY EVEPYOTIOLEL : o
Tou¢ OZTEOKAAZTEZ, evw avaoTEAAEL — “Bone

Touc OZTEOBAAITES, 5L0TOpAO00VTOC =

TNV OOTLKA OVOKOTOOKEUN.

MkpoBLakoi petaBoAiteg, omwe ta Autapd of€a Bpaxeiog
aAUoou (SCFAs) armo suepyeTika BaktipLa, utootnpilovv

TN AELTOUPYLO TWV 00TEOBAACTWY KOL TOV OXNHUOATLOMUO OOTWV,
gevw AAAoL, Omwc oL toéLkol Aumoocakyapitec (LPS), mpodyouv
bAEYUOVWOELC ATTOKPLOELS ETNPEALOVTAC APVNTLKA

Dietary fiber

Gut Microbiota

OZTEOBAAXTEZ kat OZTEOKYTTAPA. " Silvia Barbaresi

Jha SS, et al. Cross-talks between osteoporosis and gut microbiome. World J Orthop 2025; 16(3): 102274.
Marahleh A, et al. TNF-a Directly Enhances Osteocyte RANKL Expression and Promotes Osteoclast Formation. Front Immunol, 2019, 10:2925.
Waldbaum J, et al. Association between Dysbiosis in the Gut Microbiota of Primary Osteoporosis Patients and Bone Loss. Aging Dis. 2023 Dec 1;14(6):2081-2095.



f

H evtepikn pikpoxAwpida puBuileL TRV LyEia TWV 0CTWV HECW TWV OPLOVWV

To Boutuptkod o0&y, eva SCFA, oe cuvbuaopo pe tnv PTH
aVOOTEAAEL TN PAEYHOVI] KOL TIPOAYEL TOV OXNHUOATLOUO O0TWV
HEOW TNG evepyomoinong tng onuatodotiknc odov Wnt.

Ta Autapd of€a Bpaxeioc ahloou (SCFA) auvédavouv tn
OUYKEVTPWON TOU LVOOUALVOELSA auéNTIKOU Ttapayovta
(IGF-1) otov op0 mpodyovtog ToV OXNUOTIOUO Tou ooTtoU.

To avaAoya Twv OLGTPOYOVWY, TTOU TIOLPAYOVTAL ATtO TNV EVIEPLKN
HIKpoxAwpida, pmopouv va ouvdeBoUV e Toug 00TEOBAAOTEC
yLO VOL TTPOAYOUV TOV OXNUOTIOUO TOU 00TOoU.

Avaloya pe tn B€on mapaywyng tng, N 2epotovivn (5-HT )
Hrtopel va puBpuioel tnv vysia Twv ootwv pe SLadopETLKO TPOTO.
H evtepikn) 5-HT avaoTEAAEL TOV OXNMUATIOMO OCTWV KOL TIPOAYEL
TNV 00TIKNA amoppodnon, evw n eykedbaAlkr, n omola pnopet va
pubuLotel amo tn Aemtivn, Asttoupyel avtiBeta.
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H otoxevon Tou pUIKPOBLWHOTOC TOU EVIEPOU LOWG ELVAL LOL EAKUOTLKN
eVOAAQKTLKN Bepareia yLa Ta 00TA Kol TOUG LUEC, AAAQ OL UTTOKE L LEVOL
punxaviopot padl pe to KAWVLIKA aTTOTEAECHATO TIUPAUEVOUV QKON aoadELC.

Bone repair
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Afovac eviepou — pecoomnovOUAlov diokou ;

3 Gut-Disc Axis

b/ ® ey
°" ¢ @ Immunomodulation ) S )
; o o T -
| Bt ‘ J/J Metabolite '
Teell \ ) @ S

@ decomposition and
i<l

absorption

Neutrophil

Gut dysbiosis

Intervertebral disc degeneration

H duoBiwon pnopei va emttaxUvel tnv €EALEN TG EKPUALGTIKAC VOOOU TOU SLoKOU



Atovoc eviEpOU-OioKkou

H AvoBiwon pmopei vo 086nNynoeL € TOTIKEG
KOLL OUCTNHOTIKEG AIMOKPLOELG TTOU
HrtopoUV va TPpoKAAEoOUV VOoo Tou dlokou

4

HEOW:

» HETOKiVNONG maboyovwv

TPOTIOTIOL)CEWV TOU AVOCGOTIOLNTLKOU CUGTIHHLOTOC

» KOlL TNC TTOLPAYWYNG KUTTAPOKLVWV

» MLKPOBLOKWV HETABOALTWV

Bacteria

Immune Cells

Metabolites and
Cytokins,

@ Bacteria Infiltration
@ Injury induced Inflammation
@ Metabolites and Cytokines

U W, et al. Gut-disc axis: A cause of intervertebral disc degeneration and low back pain? Eur Spine J. 2022

Velasco-Mufioz V, et al. Intestinal-Intervertebral Disc Axis: Relationship Between Dysbiosis and Lower Back Pain Due to Intervertebral Disc Degeneration. Neurology 2024.
Rajasekaran S, et al. Does the gut microbiome influence disc health and disease? The interplay between dysbiosis, pathobionts, and disc inflammation: a pilot study. The Spine J 2024.
Xiao J, Zhou X, Xia T, et al. Exploring the role of gut microbiota in intervertebral disc degeneration: insights from bidirectional Mendelian randomization analysis. Eur Spine J 2025.
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H duoBiwon tng eviepkng pkpoxAwpidog propei va cupPAAAEL
otnv epdavion i TNV aVANTUEN APKETWV PEUHATIKWV TAORCEWV.

Activated g
immune cells Inflammatory Inflamed joint
feedforward loop
. , Bacteria and/or
" inflammatory cells move

into circulation

* oo
~r~/v

Dysbiosis Damage_d
gut barrier
@
~ -
8 ®

8 |
@
] = j
§ @
¢ ) ——=
~~ .
s x 8 ®
' $ ®
/ ®

Proinflammatory reactions
leading to epithelial damage and
intestinal permeability

Wang Y, et al. Gut dysbiosis in rheumatic diseases: A systematic review and meta-analysis of 92 observational studies. eBioMedicine 2022 May 17;80:104055.
Nkeck JR, et al. Current Approaches to Prevent or Reverse Microbiome Dysbiosis in Chronic Inflammatory Rheumatic Diseases. Mediterr J Rheumatol 2024;35(2):220-33
Brandl C, et al. Crossing the barriers: Revisiting the gut feeling in rheumatoid arthritis. Eur J Immunol 2021, 51, 798-810.



Pevpatoedng ApBpitida (PA)

O pOAOC TWV ULKPOOPYAVLIOUWYV OE BAEVVOYOVIKEC TOTtOOEGDLEC, £XEL avadelxOel we peocoAaBNnTAC
™¢ PpAeypovnc otn PA dtadpapatilovtag kplolpo poAo otnv avarmtuén Kot tnv €EEALEN TNC.

P & A Endo-citrullination, NETosis and
i production of antibodies (RF, ACPA)

Oral Dysbiosis
Inflammatory response
and autoimmunity

Activation of
autoreactive
immune cells

Gut dysbiosis

\ O< (6] Rheumatoid arthritis
P\E: {% — s 000. 0 .e.. o
<] Cytokines

Lung
dysbiosis

=

L
|
l' ¢ .0 04
J Innate immune cell activation

and cytokine production

Bakinowska E, et al. Gut Dysbiosis and Dietary Interventions in Rheumatoid Arthritis—A Narrative Review. Nutrients 2024, 16(18), 3215.
Li Y, et al. The gut microbiota and its relevance to peripheral lymphocyte subpopulations and cytokines in patients with rheumatoid arthritis. J Immunol Res 2021.



H duoBiwon oto BAevvoyodvo Tou oTOUATOC,
TOU TIVEULOVAL KOlL TOU EVTEPOU £XEL ouvOEeDELl
LLE TNV EVEPYOTIOLNON TNG OLUTOAVOONG
avtidpaoncg otn PA.

Pathogenic bacteria
Immunological

Blood vessel resp M~ e * \

G@.#’ ;

| ||| Leaky gut lining *
{} Gut microbiota
‘ Mast cells,

IL6, IL10, TL17, neutrophils,
Immunomodulatory cells

Av kal 6ev €xeL xaptoypadnBel kamoLo Ok
HikpoBlwpa yia tn PA, n Aolpwén amno
OPLOUEVOUC ULKPOOPYAVIOMOUG EXEL
OUOXETLOTEL HE TOoV KivOuvo eudAvIong TNnG.

Gut microbiome

Rheumatoid arthritis

Eldwotepa, ta Porphyromonas gingivalis, Mycobacterium tuberculosis, Mycoplasma spp kat Proteus mirabilis €xouv
ou{nNtnNOsl WG CUYKEKPLUEVOL PLKpOOpYaVIopOoL Ttou pEpouv uPnAdTepO Kivouvo avamtuéng PA.

Plamena E, et al. Exploring the Role of the Microbiome in Rheumatoid Arthritis—A Critical Review. Microorganisms 2024, 12(7), 1387.



H evtepikni duoBiwon ival epdavrc os acbeveic pe PA kot xapaktnpiletat amno peiwon
TwV avitpAeypovwdwy Baktnplwv mouv mapadyouv Boutuplko, 6mwc to Faecalibacterium
Kol avénon Twv ureppAeypovwdwy Baktnpiwv, 6w o Streptococcus.

4

Health Rheumatoid arthritis
o Dysbiosis f’j ;
el f?’ s -~ EE
\ . Breach of barrier
<0 C +  integrity
Intestinal epithelial cells :
R arthrltls

Inflamed lamina

@ Q
B cell T,1 cell Migration of (mucosal?)
immune cells to joints

T cell T,,17 cell

« - “':,'

Rev Rheumatol 2021

Coradduzza D, et al. Decoding the Microbiome’s Influence on Rheumatoid Arthritis. Microorganisms 2023, 11, 2170.



MoAAarnAoi pnxaviopoi Oswpouvtat 6tL e€nyouv to poAo tnc duoPiwong Tou eviEpou w¢ pecoAaBntn

TNC OUOTNUATIKAC PAEYHOVAC otn PA:

H SuoAeltoupyla tou evieplkol ppayuoU Kot TG
BAevvoyovikng avoaoiag.

|$ H uikpoBLakn petakivnon.

$ H mapaywyrn ovoooTpomonolnTIkwy UETABOoALTWY
armo tn UIkpoxAwpida Tou eviEpou.

Baktnpdiwv epdavidouvv opototnTa aAAnAlouxiag
LLE TOL LUTOTIEMTIOLAL KOl EVEPYOTIOLOUV TO
OVOOOTIOLNTLKO.

$ H poplakn Hipnon, Kot tnv omnoia avtlyova twy

$ H autodayio Twv eVTEPLKWY ETIONALOKWY KUTTAPWV.

$ H tpomomnoinon tou mAnBuopol Twv T-KUTTAPWV
Kall N KUKAOdOopiol AVOCOKUTTAPWV.

Healthy microenvironment

Dietary fiber GUt dYSbiOSiS

Butyrate-producin
Y bacEeria < Carbohydrates

Los % Bacterial

) N Y ok antigens

o 9 Akkermasia muciniphila %" 5=~ e O
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fo) mucin production Zonulin @ @ Erggethella lenta

Mucus layer Collinsella aerofaciens
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9» Dendritic cell Q Macrophages /\”‘J Neutrophils @ Toll-like receptor E;DT cell receptor Q;B Major Histocompatibility Complex II

To oXeTiko BApog KABEVOG artd auTtoug ToUG HNXAVIGHOUGE otnv naboyEveon tn¢ PA, wotooo, mapapevel afEBato.

Longo UG, et al. Role of the Gut Microbiota in Osteoarthritis, Rheumatoid Arthritis, and Spondylarthritis: An Update on the Gut-Joint Axis. Int. J. Mol. Sci. 2024, 25, 3242.



OocteoapOpitida (OA)

Emti Sekaetieg n OA eBewpeito aoBevela TpLPn¢ kat pBopadc
otnv omoia n apBpwon oTtadLaKA KATAPPEEL WC ATIOTEAECHUA
NG AELToupyiag TNC HE TNV tapodo TN NALKLOG.

JAUEPA, WOTOOO, E(VOL YVWOTO OTL N XPOVLa,
ATt pAeypovn, euBuvetal o€ peyaio Baduo

ylo tnv avarmtuén, tnv €EALEN ko Tov tovo tng OA.

Av kot toAAol mapayovteg cupBaAlouv otnv avamntuén
¢ OA, to pikpoBiwpa oAogva Kal TEPLOCOTEPO
Bewpeital wg Eva akopa Bavo aitio mou cUUPAAAEL

otnVv evapén kat tnv e€€ALEN tng OA.
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Bonanzinga T, et al. Native intra-articular knee microbiome is a matter of facts: a systematic review of clinical evidence. EFORT Open Rev. 2024 Oct 3;9(10):969-979.
Wei Z, et al. Association Between Gut Microbiota and Osteoarthritis: A Review of Evidence for Potential Mechanisms and Therapeutics. Front Cell Infect Microbiol, 16 March 2022.
Biver E, et al. Gut microbiota and osteoarthritis management: An expert consensus of the European society for clinical and economic aspects of osteoporosis, osteoarthritis and

musculoskeletal diseases (ESCEQ). Ageing Research Reviews, Vol 55, Nov 2019, 100946



Mopd TO YEYOVOC OTL TO EVIEPLKO ULKpOoPiwpa aAAnAenidpad pe apayovieg kKivduvou yia tnv OA,
OTIWC TNV Ttaxvooapkia, tTn GAeyuovr], Ta olotpoyova, tTnv nAtkia, to pulo, tn dtatpodn,
TO UETABOALKO CUVOPOLLO, TNV UNXAVLKH KOTATOVNOoN KoL TO TpaU A,
N atttoAoyikn enibpaon tou pkpoBlwpatoc otnv OA elvat akopo apdLlAeyopevn.

Cytokine
release
Systemic Increased
Obesity inflammation LPS

Gut microbiome
changes with
obesity / OA Cartilage/synovium

microbial DNA

signatures

Streptococcus

Lactobacillus
Firmicutes

Comamonadaceae

Betaproteobacteria
Pseudomonas

Bacteroidetes
Actinobacteria
Ruminococcus
Clostridiales

Bifidobacterium
Bacteroidales

Osteoarthritic
joint

Microbiome “feedback” changes
caused by peripheral arthritis
not yet established

Zhu Z, et al. Cross-sectional and longitudinal associations between serum levels of high-sensitivity C-reactive protein, knee bone marrow lesions, and knee pain in patients with knee
osteoarthritis. Arthritis Care and Research 2016, 68 1471-1477.



Afovac eviepLKOU HKpOoBLwpaTOC Kal apBpwonc ;

H SuoBiwon pnopet va ntupodotioet
OVOOOAOYLKEC OTTOKPLOELG TOU EEVLOTNA
KOl VOL EVEPYOTIOLNOEL TOV «Afova
EVTEPOU-APOPWONC», EVIOXUOVTOC
Tou¢ MaBodpuoloAoyLlKOUG HNXaVIOHOoUC
niou endevwvouv tnv OA.

QoTto00, MAPOAO TTOU 0 POAOC TNG EVIEPLKAG
UkpoxAwpidac otnv OA eival epdavig,

Ol LNXOVLOMOL TTOU TPOTIOTOLOUV TLG
aAANAETILOpACELC LETOED TOU ULIKPOPBLWUATOC
KOl TNG avooiag Ttou Eeviotr Sev €xouv
OLEUKPLVLOTEL ETAPKWC.
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Sun C, et al. The immune role of the intestinal microbiome in knee osteoarthritis: a review of the possible mechanisms and therapies. Front Immunol, vol 14, 2023.
Favazzo L, et al. The gut microbiome-joint connection: implications in osteoarthritis. Curr Opin Rheumatol 2019 Nov 28;32(1):92-101.
Elsawy NA, et al. Microbiome and Femoral Cartilage Thickness in Knee Osteoarthritis: Is There a Link? CARTILAGE. 2024;16(3):299-307.



Mpaypott TPOKALVIKEC LEAETEC 0 {WIKA LOVTEA
urtootnpilouv OTL N peTavaoteuon taBoyovwy Baktnplwyv
Qo TO €VTEPO oToV apbpLkd vuEva og aoBeveic pe OA
Uropei va cupBAaAAeL otnv maboyEveaon tnG.

ErtutA€ov, ta uPnAd entineda AutonoAvoakyopttwv (LPS)
TIOU TTALPAYOVTOLL ATtO TaL EVTEPLKA Baktnpidla, yvwotol
Kol w¢ evdotoéivec, umopet va mtpokaAEoouv PpAeyOVA
Kol BAAPN OTIC apBpWOELC HECW TNC EVEPYOTIOLNONC

TWV HOKPOPAYWV KOl TWV HLOPLOKWY TIPOTUTIWV TTOU
napayovrtat katd t PAABN Twv Lotwv (Damage-
Associated Molecular Patterns: DAMPs).

Huang ZY, et al. Both systemic and local lipopolysaccharide (LPS) burden are associated with knee OA severity and inflammation. Osteoarthritis and Cartilage 2016, 24 1769-1775.



1 Dysbiosis’

Epyaocia tng opasdag tou Collins o€ TpwKTLKA Ko , 2 Increased intestinal permeability
avBpwriouc pe OA, amokdAue cuoxETion HeTaL \
TWV AUENUEVWV ETULITEO WV PAEYHOVWOWY SELKTWV { PP
otnVv KukAodopia, cupmep\apBavopEVWY TwV - =1 (R G 3 T qnslocation of
AutortoAvoakyapttwv (LPS), urtodnAwvovtac otL ot o J T f v

urtepPAEYHOVWSEELC HETABOAITEC TTOU TTpOEpP)OVTaL X
aro to UkpoPiwpa rtailouv podo otnv OA.

endotoxins called
lipopolysaccharides
(LPS) across the
intestinal barrier

L  Macrophage
activation
leads to
inflammation

H peAétn twv Guss et al £€6eLée otL Ta avénueva br © s
enimeda LPS mou mopdyovtol oTo EVIEPO
cuoxetiotnkayv pe vpnAotepec BabpoAoyiec OARSI
kol SuoBiwon mou mepleAdpBave enéktacn Tou
Firmicutes, umtodnAwvovTtog CUCXETLON UETAEY TWV
ULKPORBLOKWY CUCTATLKWY KoL TtnG avamtuéng OA.

4

5

Inflammation can lead
to cartilage degradation

Collins KH, et al Relationship between inflammation, the gut microbiota, and metabolic OA development: studies in a rat model. Osteoarthritis and Cartilage 2015, 23 1989-1998.
Guss JD, Ziemian SN, Luna M, et al. The effects of metabolic syndrome, obesity, and the gut microbiome on load-induced osteoarthritis. Osteoarthritis Cartilage 2019; 27:129-139.



Ytn peAetn Potepvtap-lll, oe acBeveic pe OA yovatog
Kal Loxlou, evtomiotnke oxéon HETAEL TNG AUENUEVNG
BaBuoloyiorc WOMAC kot tn¢ adBoviag twv pikpoBiwv
otnv urtepdAeypovwdn Katnyopia Tou OTPEMTOKOKKOU.

MoPOTL TO ULKPOBLWHO TPWKTIKWVY KoL 0lVOpWTtwVv
opolalouv, AUt N LEAETN KAOLEPWOE TIEPALTEPW

TNV avBpwrivn cuvadela, wbwvtac pog TNV eEETaon
Tou poAou tng duoBiwong n Lo GLKWV KATNYOPLWV
LKPOOPYAVLIOUWV WE TtaBoyovwy yla tnv OA.

Boer CG, Radjabzadeh D, Uitterlinden AG, et al. The role of the gut microbiome in osteoarthritis and joint pain. Osteoarthritis and Cartilage 2017; 25:510. The study provided the first evidence
in humans that a gut microbiome dysbiosis accompanies osteoarthritis pain. It used 16S sequencing to study fecal material from participants in the Rotterdam cohort.



Elval n apBpwon plo oteipa mepLoxn;
Mropel va UTIAPXEL TOTILKO ULKpOBilwpa;

YuoyxetileTal e TO UIKPOBLWO TOU EVIEPOU; @




o MNpayuaty, n epdavion Paktnpdiwv oe BEoeLg TTou P
% Bewpouvtav «oTEPEGY, OTIWG OL PBPWOELG, eivar Sedopevn. " Gut Health Contributes to.
Joint Pain & Inflammation

ll/—_ =

“» ExeLavixveuBel Baktnplako DNA oe Stddpopa pépn g

. , , , , ,
apBpwaong, onwc e apBpPLKO uypo, VUEVA KaL XOovopo.
_ OupkpoBrakeg auteg umoypadeg Uopei, paiota, va
l@;_'f_- aAAalouv KaBwc avartuooetol n OA, 1} va eival SLapopeTIKEC

ava apBpwon, rx otnv OA Tou yovaToc Kal Tou Loxlou.

Jennings JM, et al. False-positive cultures after native knee aspiration: true or false Clin Orthop Relat Res, 475, 2017, pp. 1840-1843.
Tsai JC, et al. Identification and characterization of the Intra-articular microbiome in the osteoarthritic knee. Int J Mol Sci, 21, 2020, p. 8618
Bonato A, et al. A systematic review of microbiome composition in osteoarthritis subjects. Osteoarthritis Cartilage 2022, 30(6):786—801.



OL HKpOOpYOVIOUOL Kal Ta popla ou Slappgouv
QIO TO EVTEPO OTLC APOBPWOELS EXOUV CUCXETLOTEL
HE TNV epdavion kot tn coBapotnta tng OA.

MAALOTO, CUYKEKPLUEVEC TTAPAAAAYEC TOU
Streptococcus spp kat n adBovia tou Lactobacillus
acidophilus oto €vtepo pmnopei teAka va
emOelVWOoEL 1) va Teplopioet Tnv OA tou yovartoc.

OL Boer et al evtonioav KAWVIK) CUOXETLON HETAED
NG Baktnplakng ouvBeonc Twv SEYpIATWY
KoTpavwy Kot TG KAlpakag WOMAC otnv OA.

RELATION BETWEEN OA AND GUT MICROBIOTA

LPS TNFa  scrAs

AR - o IL-6, % |\ 1
\} \“:‘; r// p g " KNEE JOINT
A TITALY f : :
i - . OA joint Healthy joint
) y
GUT *©
MICROBIOTA

Fusobacteria

Int. J. Mol. Sci. 2024

Boer, DG, et al. Intestinal microbiome composition and its relation to joint pain and inflammation. Nat Commun, 10, 2019, p. 4881.
Huang Z, et al. Faecal microbiota transplantation from metabolically compromised human donors accelerates osteoarthritis in mice. Ann Rheum Dis, 79, 2020.
Sullivan 10, et al. Lactobacillus acidophilus mitigates OA-associated pain, cartilage disintegration and gut microbiota dysbiosis in an experimental murine OA model. Biomedicines, 10, 2022.



MuwkpoBiwpoa tou evtepou, OA Kal apBpoTACTLKN.

To pkpoBiwpa otnv apBpwaon Tou yovatog UmopeL
va Sladpapatiost anodacloTikd POAO EKTOC o
Vv avamntuén tng OA koL otnv anotuyia tng apOpomAaoTIKAC.

Ta Baktnpidla pmopel va untdpyxouv otnv dpbpwaon
OKOUN KalL TIpLV YIVEL n TOUN), OTtwC E6€L€av oL TEXVOAOYLEC
aAANnAoUXLoNG EMOUEVNG YEVLAG avayvwong tou DNA
(Next-generation sequencing: NGS) aAAd Kal n
HLETOYOVIOLWHATLKE, TEXVLKEC dnAadr) mou pmopouv va
kKataypaouv OAa ta pPKPOPLOKA yoviSLwpaTa TTou
uTtdpyouv o €va dedopévo delyua.

Almeida A, et al. A new genomic blueprint of the human gut microbiota. Nature 568, 499-504, 2019.

Wensel K, et al. Next-generation sequencing: insights to advance clinical investigations of the microbiome. The Journal of clinical investigation 132(7), 2022.

Borsinger T, et al. Characterizing the Native Microbiome Using Next-Generation Sequencing of Bilateral 'Aseptic' Knees. J Arthroplasty. 2024;39(5):1317-1322.
Fernandez-Rodriguez D, et al. Mark Coventry Award: Human Knee Has a Distinct Microbiome: Implications for Periprosthetic Joint Infection. The J of Arthroplasty, 2023.
Torchia MT, et al. Characterization of native knee microorganisms using next-generation sequencing in patients undergoing primary total knee arthroplasty. Knee, 27, 2020.



AvoBiwon kot ApOponAaotikni

Baktnpidla evtoniotnkayv oe epdutevpata LoXlou Kal yovaTtog mou
avaBewpnOnkav Adoyw aonmtng XaAdpwonc.

Katd tnv aéloAdynon tng xpnolpnotntac TN TEXVIKACS aAAnAolxLong
gMOpeVNC yeviag (NGS) yia tn dtayvwon Aoipwéncg tng

o pBPOTAACTLKNG, EXEL EVTOTILOTEL N TAPOUGLA ULKPOOPYAVIOUWV
oto 13,9%—71% twv acBevwv Tn¢ opadag eAEyxou xwpic Aolpwén.

Méexpl onpepa, wotooo, dev eival Suvatov va dtamotwOel edv ol
LLKpoopyaviopol mtou gvtomnilovtal pe texvikeg NGS oe aoBeveic

ntou uttofaAAovtal og avaBewpnon oALKNAC yovaTocg yLo. AonTTn
amotuyia mpemnel va anodobouv oe Peudwe apvnTIKA AoTEAECUATA
TWV TUTILKWV SLayVWOTIKWV EpYaAEiwV, OTIWE oL KAAALEPYELEG.

~ JBJS

Elval mpaypatt donmtn xaAdpwaon, A POKeLTaL yla A pAsypovwdn
Sladikaoia tou Sev EXEL QVIXVEUTEL,

Tarabichi M, et al. Can next generation sequencing play a role in detecting pathogens in synovial fluid? Bone and Joint Journal 2018, 100-B 127-133.

Street TL, et al. Molecular diagnosis of orthopedic-device-related infection directly from sonication fluid by metagenomic sequencing. Journal of Clinical Microbiology 2017, 55 2334-2347.
Bereza PL, et al. Identification of silent prosthetic joint infection: preliminary report of a prospective controlled study. International Orthopaedics 2013, 37 2037-2043.

Tarabichi M, et al. Diagnosis of periprosthetic joint infection: the potential of next-generation sequencing. Journal of Bone and Joint Surgery American 2018, 100 147-154.



H dpBpwon tou yovatog, Aoumov, UIopEeL va TTEPLEXEL TO OLKO TNG
HKpoBiwpa, To omolo pmopet va cupPaAAel oto BaBuo tng OA,
TNV anotuyia tng apBpomAACTIKAC ) KOL TV KATACTOON TNG
ETEPOTMAELPNC APOBpwWONC.

MNaAawotepa {NTayape KAAALEPYELD OUPWV KoL EAEYXO HUTNG,
OTOMOTOC KoL SOVTLWY, TIPLV TNV EMEUPAON, WC TIOAVEC E0TLEC
HUKpoBiwv mov Ba prmopovoav va EMNPEACOUV TNV
apOpomMAAOTIK), OLWG OEV ATOSELXTNKE XPrOLUN TIPAKTLKN.

Xpetaletal apoaye va AapBAvoupe TTAEOV KATIOLO TIPOANTITIKO
HETPO TEPAV ATIO AUTO TNC avtionPlog oTo XELPOUPYLKO TpATEN
Kol TwV MAUCEWYV, WOTE VA TIEPLOPLOOUE TNV TILBavOTNTA
AolpwéNC TN apOpomAAOTIKAC;

MATWE N xopriynon avtiBLlotikwy SLatapAocoeL TO EVIEPLKO
HKpoBilwpa kot prmopel va BAArTel, avtl va wdeAei;;




JUMIEPAOLOLTAL

Ot nteputtwoelg OA €xouv ektoéeuBet!

Ta avBpwrva yovidla, wotdoo, Sev €xouv
aAAQeL....

Emopévwe, eKToC TG NAKiag, opeilovpe
va EEETAIOOULE TILO TIPOCEKTLIKA OPLOUEVOUC
TEPLBAANOVTIKOUC TIOPAYOVTEC, KUPLWG

Tou olyxpovou Tpomou {wNC.

MNapepPBaivovtag mo oUCLOOTLKA:

v’ otnv Kakn Statpodn)

v v nayvoapkia

v' v éNewpn doknong

v aAAG KoL TNV KATAmoOvNon O€ oKPALEC
dpaoTNPLOTNTEC
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Aebdopévou otL n duoPBiwon eival SuvnTikd TPOMOMOLAGLUN,
uropei va BewpnBel €vag uTTOoXOUEVOG TTPOANTITLKOC 1 KoL
BEPATEVUTIKOC OTOXOC YL TIC LLUOOKEAETIKEC TIALONOELC.

Emti Tou mapovtocg, umtdpxouv TTOAAEC TIPAKTIKEG TToU SLleyeipouy
TN owoTH Asltoupyla TwV CUUPLWTIKWY UKpoBiwv tou
napayouv petaBoAiteg, Bltapiveg kot AAAEC MPWTEIVES TTOU
prtopouv va dtopbwaoouv tn dSucPiwon,.

QoTto0o0, N 1o amAn napEppaocn adopd otnv enavodopd Twv
TNV oAAOYWV adoLpwVTaC Ta oKOTAAANAQ SLattnTIKA
OUOTOTLKA, KUPLwE Tta Atmapd Kat tn {axapn, aAAd Kal n
gEVO.OXOANON HE KAToLla popdr) CwWHATIKAS dpaotnplotnTac.

GUT DYSBIOSIS

8 \ L ,
" o..o',c .0 |0y o

PHAGE
THERAPY

S

FECAL MICROBIAL

PROBIOTICS TRANSFER

PHYSICAL
MODULATION

Fan Y & Pedersen O. Gut microbiota in human metabolic health and disease Nature Reviews Microbiology vol 19, pages 55—-71, 2021.
Ramires L, et al. The Association between Gut Microbiota and Osteoarthritis: Does the Disease Begin in the Gut? Int J Mol Sci 2022, 23(3), 1494.



To CUMIMANPWHOTA VLA TIG ApOpwOoEeLg AetTOUpyoUV WG IPERLOTLKA;

H yAukolapivn, n Bgwkn xovdpolitivn K.A. tpoiovta nou
SLatiBevtal wg MPOCTATEUTIKA OUUITANPWHOTA YLa TLG
apBpWOELG, UITOPEL VAL lOKOUV TNV EVEPYETIKA TOUC Spaon
HEOW TNG SLaOPPwWoNnC TOU UIKPOBLWHLATOC TOU EVIEPOU.

MpayuaTL, TO CUUMTANPWHOTO CUCXETIOTNKAV UE UELWOELG
TwV PAEYHOVWOWV TIPWTEOPAKTNPLWY KoL LUENOELS TWV
Bacteroidetes mou avaoteAAouv TNV PAeypov.

Navarro SL, et al. Modulation of Gut Microbiota by Glucosamine and Chondroitin in a Randomized, Double-Blind Pilot Trial in Humans. Microorganisms. 2019 Nov 23;7(12):610.
Shang Q, Shi J, Song G, et al. Structural modulation of gut microbiota by chondroitin sulfate and its oligosaccharide. Int J Biol Macromol 2016; 89:489-498.
Liu F, Zhang N, Li Z, et al. Chondroitin sulfate disaccharides modified the structure and function of the murine gut microbiome under healthy and stressed conditions. Sci Rep 2017; 7:6783.



Meétpa evavtiov tnG SuoBiwong

Microbiota in disease treatment

H vytewvn duatpodn, mx n peooyelakn dlatra.

H &latta FODMAP ({upwotpol oAlyoookyapiteg Kol TTOAUOAEG).
Ta mpoBLotikd tou mepLexouv kakondn Baktnpidia.

Ta pePBLOTIKA, TTOU TIEPLEXOUV LVEG, TTOU oUVNBWC IEPLEXOVTOL
ota ppolTa Kal To Aaxavika Kot tpedouv ta kaAondn Baktnpidla
Kol AAAQL KUTTOPOL OTO YOLOTPEVTIEPLKO OUOTNUOL.

Tal EVIOYUTIKA TwV apBpwoswv, 01w N YAukolopivn K.q.

Mo emBeTikeC pEBodol Slapodpdwong TS UikpoxAwpidag pe

Beparmeieg, OMWC N LETAMOOXELON ULIKPORLWV Ao Ta Kompava,
n xpnon Baxtnplopaywv Lwv f TpomonotnpévVwy Baktnpdiwv. hagerara®

Thanush D, MP Venkatesh. Fecal microbiota transplantation: History, procedure and regulatory considerations. La Presse Médicale Vol 52, Iss 4, Dec 2023, 104204.
Fujiki J, et al. Phage therapy: Targeting intestinal bacterial microbiota for the treatment of liver diseases. JHEP Rep. 2023 Sep 23;5(12):100909.
Nazir A, et al. Advancing microbiota therapeutics: the role of synthetic biology in engineering microbial communities for precision medicine. Front Bioeng Biotechnol, 2024.



AapBavovtac utoPn tnv MOAUTTAOKOTNTA
¢ avBpwrivng pucloloyiag,

EKTOC TNC MPOOOXNC 0Ta SOULKA OTOLXELA TNG
apBpwoang,

aéilel va mpoBAnpatLiotoUE Yo Tn cUMPBOAN
TOU €VTEPLKOU ULKpoBLlwpatocg otnv apbpitidal




@aivetot OtTL To AlyOTEPO OV UINOPOUE VAL KAVOUME
glvall vo. CUCGTHVOUHE HE TTELOW UYLEWVA dLatpodn Kol AcKnon.

Microbiome-directed interventions
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Specific modification in
metabolism-related gut microbiota
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