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Peupatikec maOnoeLc Kot OKEAETOC

* Ta pev LLOLTLKOL voor] Hota elvat xpoviec GAsYUOVWOELC Ttaer]oaq
(IUTO(IVOOT]C (llTL(IC '
e ApOpLKEC KaL EEWapOPLKEC EKONAWOELC
e Tormukn ootk apaiwon, Stafpwon (KN avaoctpEPLun)
* 50% oxebov tn¢ npwiung PA €xouv Stafpwoelg
* AnBnon amno ¢Asypoivovta apBpLkod Loto (pannus)
e TOTiKO 0OTIKO oldnpa evwpic (emBeTIKA CUCTNUATLKI) VOOO)
* Tomikn} 6pAcn KUTTAPOKLWVWY, WVTEPAEUKIVWYV, LOKPOPAYWV KATT
FEVIKEUMEVN 00TEOIOPWON
o AkoOpa kol tpLv tnv ekdnAwon tng PA
* Kuttapokiveg, pAeypovwdelc vtepAeukiveg, (TNF-a, IL-6), , RANKL, ACPA
* MeyaAUtepo ntocootod CD4+CD8- T-cells ekppalouv moAL neploocotepo RANKL
Makpd xopriynon YAUKokoptikoeldbwv, Eppnvonoavon
Zapkomevia, Mtwoelg




Osteoporosis in Rheumatic Diseases
Int J Mol Sci. 2019 Dec; 20(23): 5867.

* H PA gpdaviletal o niepinou 1% tou yevikol mAnBuopou

* Ooteonopwon urnopei va epdpaviotet o 30 wg 50% twv acBevwy pe PA pe péon
nAwKia ta 59 €1n.

* O kivduvog epdaviong TnG EXEL OXEON UE TN SLAPKELD Ko TN ooBapdtnTal KaL TN
OLaPKELD TNG VOOOU KaOWG Kal pe TNV NAKLA Kol To ¢pUAO, TN cuvvoonpotnta, Ta
dappaka, KAT

* OLavopeg pe peupatonabeLeg Exouv SUTAAOLO Kivduvo epudaviong ,
ooteonopwong. Exouv 60-100% peyaAutepo Kivouvo va epdavicouV KoTayuota
OE OXEON LLE UVYLELG.



O kivbuvocg yLot 00TEOTIOPWTLKA OTIOVOUALKA KOl LN 0TtOVOUALKAL
KaTaypato eival SLmAAoLog otouc peupatonabeic ano tov
YEVIKO MANBuouO

O kivbuvocg yLot 00TEOTIOPWTLKA OTIOVOUALKA KoL in 0TIOVOUALKAL
KaTaypata eivat SLmAAoLlog otouc peupatonabeic mou pav
YAUKOKOPTLKOELSN amod Toug pevpatonabeic mov dev mipav

Tot KALVIKA OOTEOTIOPWTLKA KaTAyHota otov ZEA ival auénueva
KOt 2%-4,7% 0€ 0XE0N LE LYLELG

2ovOUAKa kataypata otov 2EA cupBaivouv 20%-61% aAAd
30%-35% €xouv ooTeOTEVIA

2tnv ayKu}lonomuKn anowSuAapﬂptha n ooreonopwon glvalt
OUXVI QIO T APKETA TPpWLUA oTddla TG vOoou apd Thv

ooteoBAaOTIKA SpaoTNPLOTNTA IOV TTAPATNPELTAL OTLC EVOEDELC.

- H ouyvotnta tng ooteonodpwong eivat 25% oe péon nAkia
38,9 etwv (WHO) kat ta oTtovOUALKA KAty ot
avixveutnkav o€ ocooto 43%

H l[prlaO'lKr] apepméa eudavilel ooTEOTIOPWON KUPLWE LETA
ano pakpd SLapkeLla vooou

H pevuatikn moAvuvalAyia/kpotapikn aptnpitidéa
- 3,5% yuvaikeg, 1,5% avdpeg, >50 £tn, NAukoopTIKOELON

> Clin Rheumatol. 2020 Feb;39(2):357-364. doi: 10.1007/s10067-019-04787-9. Epub 2019 Nov 5.
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osteoporotic fractures in patients with rheumatoid
arthritis
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Rheumatoid arthritis and osteoimmunology: The adverse impact of a ==
deregulated immune system on bone metabolism

Darja Andreev ', Katerina Kachler *, Georg Schett, Aline Bozec
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ARTICLE INFO ABSTRACT

Keywords: The term osteoimmunology describes an interdisciplinary research field that links the investigation of osteology
Rheumatoid arthritis (bone cells) with immunology. The crosstalk between innate and adaptive immune cells and cells involved in

Ostecimmunology
Bone erosion
Osteoclasts
Osteoblasts

bone remodeling, mainly bone-resorbing osteoclasts and bone-forming osteoblasts, becomes particularly obvious
in the inflammatory autoimmune disease rheumatoid arthritis (RA). Besides striking inflammation of the joints,
RA causes bone loss, leading to joint damage and disabilities as well as generalized osteoporosis. Mechanistically,
RA-associated immune cells (macrophages, T cells, B cells ete.) produce high levels of pro-inflammatory cyto-
kines, receptor activator of nuclear factor kB ligand (RANKL) and autoantibodies that promote bone degradation
and at the same time counteract new bone formation. Today, antirheumatic therapy effectively ceases joint
inflammation and arrests bone erosion. However, the repair of established bone lesions still presents a chal-
lenging task and requires improved treatment options. In this review, we outline the knowledge gained over the
past years about the immunopathogenesis of RA and the impact of a dysregulated immune system on bone
metabolism.
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Systemic autoantibody spread

§ ¥/~

.(( Autoantibodies
A in circulation

Increased
serum levels of
cytokines/
Chemokines/
CRP

ACPA-mediated
osteoclast activation

Epitope spreading

Expansion of the
autoantibody
profile

\r))\

ocr(@®) >
Jago~ ¥

OC

Initial bone erosion

* ACUUITTWHOTIKA autoavooia (paon 2)

* KukAodopio auToavIIOWHATWY, OTASLAKN
avénon PAeypovwdwv dELKTWV.

* Mpwipn ootk SLaBpwon pnopei va
napatnpnOeL

* Hnapouoia avtiowpatwv (RF, ACPA)
UTTOpEL va pouTtapyxouV pexpt kat 10
XPOovLa vwpLtepa

* MetaBaon 6€ CUPIMTTWHATLKA VOOO (altia
AyVwoTa, HIKPOTPOUUATLOMOL, AoLpwdn,
QUEOVOUV TNV QYYELOKN dlamepatotnta,
TNV KUTTAPLKI) EVEPYOTIOLNGN KoL TNV
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Immunoporosis: Role of Innate
Immune Cells in Osteoporosis

Yogesh Savena’, Sanjeev Routh” and Arunika Mukhopadhaya ™

Dspariment of Bickopeal Scences, Indian lnsihse of Scencs Educaton and Research Mohal, Mohal, indéa

Osteoporosis or porous bone disorder is the result of an imbalance in an othensvise highty
balanced physiclogical process known as ‘bone remodeling”. The mmune system is
intricately imvohled in bone physiclogy as well as pathologies. Inflammatory diseases ane
often comrelated with ostecporosis. Inflammatory mediators such as reactive oxygen
spacies (ROS), and pro-inflammatory cytokines and chemokines directly or indirectly act
on the bone cells and play a role in the pathogenesis of osteoporosis. Recently, Srivastava
et al. (Srivastava RK, Dar HY, Mishra PK. Immunoporosis: Immunology of Ostecporosis-
Role of T Cells. Frontiers in immunology. 2018:9:657) hawve coined the term
“immunoporosis™ to emphasize the role of immune cells in the pathology of
osteoporosis. Accumulated pieces of evidence suggest both innate and adaptive
immune cells contribute to ostecporosis. However, innate cells are the major effectors
of inflammation. They sense various triggers to inflammation such as pathogen-
associated molecular patterns (FPAMPs), damage-asscciated molecular patterns
DAaMPs), cellular stress, efc., thus producing pro-inflammatory mediators that play a
critical role in the pathogenesis of asteoporosis. In this review, we have discussed the role
of the innate immune cels in great detall and divided these cells into difierent sections ina
systemnic manner. In the beginning, we talked about cels of the myedoid lineage, including
macrophages, monocytes, and dendritic cells. This group of cells explicitly influances tha
skelatal systemn by the action of production of pro-inflammatory cytokines and can
transdifferentiate into osteoclast. Other cells of the myeloid lineage, such as neutrophils,
ecsinophils, and mast cells, largely impact ostecporosis wia the production of pro-
inflammatory cytokines. Further, we talked about the cells of the lymphoid lineage,
including natural killer cells and innate lymphoid cells, which share innate-like properties
and play a role in ostecporosis. In addition to variows innate immune cells, we also
discussed the impact of classical pro-inflammatony cytokines on osteoporosis. We also
highlighted tha studies regarding the impact of physiological and metabolic changes in tha
body, which results in chronic inflammatory conditions such as ageing, ultimatehy
triggering osteoporosis.

Heywords: i is, infl ion, innate i
‘Species, OStEOpIrosis

cells, prainft v aytokines, ROS -




* Osteoimmunology (ooteoavocoloyia)
e Enibpaon Tou avooomolNTIKoOU CUOTHATOC OTO 00TOUV
e BAamtikn enidpaon tnc pAeypovne (TNF-a, IL-6)
* RANKL

* Immunoporosis (avoconopwaon)
* Eudaon otov pOAO TWV AVOCOKUTTAPWYV WCE ALTLO TNC OOTEOTIOPWONC
e T- kot B- kUtTOpa, HeVOPLTIKA KAl pakpodaya
e KUttapa evboyevoUc Kol EMLKTNTNC AVOOLOLC

* gvdoyevnc (uTtapXEL, KAnpovouELtal, MPWTELVEC, KUTTOPA, avTtidpaon o Tpavua,
dAeypovn)
e Eniktntn (dnuiovpyeital, dev kKAnpovopeital, pvAun, T kot B kOTTopa, LBOALa)



Immunoporosis (avoco-nopwon)

 Srivastava 2018-2022 (institute of medical sciences, India)
e ITEVH CUOYXETLON OOTEOTIOPWONC KOl KUTTAPWYV OVOGOTIOLNTLKOU

e JTNV LLETELLLNVOTIOUOLOKNA (VOTEPNONC OLOTPOYOVWV) — eMibpacn ota
OlVOOOKUTTAPA KOl LLETETIELTA OLEYEPON TWV OOTEOKAAOTWYV (Ttapd AUEDN
dLeyepon twv OK)

* JTNV YEPOVTLKN OOTEOTIOPWON — N YNPOVON TIPOAYEL LLLOL CUVEXN XOUNANC EVTAONC
dAeypovi mou SLaTapAcCEL TNV LOOPPOTILAL — ATIWAELAL 0OOTOU

e 2tn OLaBNTIKA 00TEOMOPWON — N AVIOXN OTNV WVOOUALVN Kat N EAAeLdn NG
obnyouv og avwpaAn SLEYEPON TWV AVOCOKUTIAPWV LLE TTOPAYWYH
bAeyHOVWE WV KUTTAPOKLVWY - OOTEOTIOPWON

2022 - Immunoporosis: Role of immune system in the pathophysiology of different types of osteoporosis
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Makpodaya

Avaloya pe tTnv Ekbpaon SelKTwv oTnV eMLdAvVELA
* M1 (pAeypovwdne 6paon — ROS, NO, dAeypovwdelc kuttapokivec,(IL-1, IL-2, IL-6, TNF-a, IFN-y)

* M2 (katd tnv anodpour| tng pAeypovng — mopayouv avtihAeyovwdeLG KUTTAPOKIVEG , kaBapaon
%Téosr(t(t)(mtz%%v KUTTAPWV, TIAPAYOUV 00TEOYOVLKOUC auéntikouc mapayovtec BMP-2, TGF- B, osteopontin,

Ta olotpoyova pootatelouv tTa M2 pakpodaya amno tnv dteyepon tou RANKL (M1/M2)

KukAodopouvta

lotwka (tissue resident) liver Kupfer cells, alveolar lung macrophages)
* Yolk sac (AekiOkO aLoKO)

* ALUOTIOLNTLKA TTPOYOVLKA Kol KuKAodpopoUvTta PovoKUTTapa
*  Ekdppalouv dAeypovwdelg kal avTlhAeyLOVWEELG KUTTAPOKIVES, EMLPaVELOSPAOTIKOUG UTTOSOXELS, AUENTIKOUG TTapAYOVTEG KATT

AvtilapBavovTal mPwTa TOUG APAYOVTEG KATAOTPOPHG, EVEPYOTIOLOUV KAl GTPATOAOYOUV KL
aAAa pakpodaya

Frontiers in Cell and Developmental Biology - 2020



Makpodaya

e Ootika pakpodaya
* Makpodaya Tou HUEAOU TWV 00TWV
* OOTEOKAAOTEC

* Osteal pakpodaya — Osteomacs
* JTO MEPLOOTEO KOl TO EVOOOTED
* [podyouv TNV 0oTeoPAAOTLKI AELTOUpPYLA
e AlatnpoUlv TNV 00TIKA opoLooTaoN
* 1/6 TWV OOTIKWV KUTTAPWV
* Movadika Siott eival f4/80 positive, TRAP-negative
* AlmAa og OB, OK, adpavormotlnpéva KutTapa

* 2tn PA napayouv TNF-a, IL-1pB, IL-6 kot tpoayouv TNV Kataotpodn

* Mpoiovuong tnNg NAKIAG, HELWVETAL N LKAWVOTNTA TOUG YL auTodayia Ko
«KoBapLOO» ‘(age related altered immune function — chronic low-grade
inflammation during aging Inflammaging)

Frontiers in Cell and Developmental Biology - 2020



* Movokuttapa (10% twv AsuKkwV)

* ATIO TTPOYOVIKQ OLLULOTIOLNTLKA KUTTOPOL

e E€ayyelwvovtal oTov HUEAO TWV 00TWV Kal Spouv w¢ pakpodaya
e AevdprLtika KUTTOPO

e Meilova avilyovomapouoLooTIKA KUTTAPO (EVEPYOTIOLOUV TNV ETILKTNTN
avootia)

e Bpiokovtal o OAO TO CWHO

* Mpoadyouv TNV GAeypovwWON 00TEOKAAOTOYEVEDH KOL CUMMETEXOUV OTNV
bAeypovwdn 00Tk VOOO

e AM\nAemdpouv apeoa pe ta T- kuttapa (vpevitida, teplodovtitida)
* Metatpemnovtal oe OK mapouaoia tou RANKL

* MoAvpopdonipnva
e OAeypovn, MNapaywyn GAeypovwdwyv KUTTAPOKLVWV



TABLE 1 | Function of different innate immune cell types and their role in osteoimmunology.

Cell type Physiological role Role in bone biology
Macrophage Inflammation, M1 macrophage promotes bone resorption via osteoclastogenesis (21, 28); M2 macrophage majorly promotes bone
phagocytosis, tissue repair formation by stimulating differentiation of precursor cells into mature OBs (29, 30). However, in the absence of estrogen M2
macrophages can get differentiated in OCs (31).
Osteal macrophages help in efficient bone mineralization (32).
Monocyte Inflammation Serves as a precursor to OCs, macrophages, and DCs (33).
Helps in the recruitment of immune cells to the bone remodeling sites by producing chemokines (34).
Dendritic Inflammation, antigen Can transdifferentiate to osteoclasts in the inflammatory milieu (35).
cell presentation
Neutrophils Inflammation, Promotes bone resorption by increased expression of mRANKL (36).
phagocytosis
Eosinophils  Inflammation, allergic Found to be increased in number in vitamin D deficiency (37); Source of IL-31 and IL-31 found to be associated in
response postmenopausal osteoporosis (38)
Mast cell Allergic response, Triggers osteoclastogenesis by producing pro-inflammatory mediators such as, histamine, TNF-a & IL-6 (39, 40).
inflammation
NK cell Cellular cytotoxicity, Promotes osteoclastogenesis by producing RANKL & MCSF (26).
ADCC, inflammation Coculture with monocyte in the presence of IL-15 also promotes osteoclast formation (26).
ILCs Tissue homeostasis, Different subtypes of ILCs produce various factors like RANKL, GMCSF, IL-17 which are involved in multiple bone disorders

regulation of innate and
adaptive immunity

(27, 41, 42).

Frontiers in Immunclogy | www.frontiersin.org 1 August 2021 | Volume 12 | Article 687037



TABLE 2 | The role of classical pro-inflammatory cytokines in osteoimmunology.

Pro-inflammatory

Cellular sources

Role in bone biology

cytokines
IL-6 OBs, OCs, Stromal cells, OYs, DCs, ILCs RANK-L mediated OCs activation, OCs transmigration (43, 44)
Macrophages, etc.
TNF-a Osteoblast, T cells, B cells, macrophages, Increases RANK expression on the macrophage (45), increases RANKL production by the
monocytes, NK cells, etc. stromal cell (45), induces sclerostin in OYs (46), expand OCP pool (47), inhibiting differentiation,
proliferation, and activities of osteoblast (48-50), degradation of osterix (48), inhibits
differentiation of MSCs (50)
IFN-y T cells, NK cells, B cells, ILC1, Neutrophils, Fusion of OCs, T cell activation (51)
Monocytes, Macrophages, MSCs, etc.
IL-1p Osteoblast, T cells, B cells, Macrophages, efc. OCs migration and activation (52-54) Plasminogen cathepsin-B and collagenase secretion (55),

Downregulation ALP (56)

Frontiers in Immunclogy | www.frontiersin.org 1 August 2021 | Volume 12 | Article 687037
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“Osteomicrobiology”: The Nexus
Between Bone and Bugs

Asha Bhardwayj', Leena Sapra’, Abhay Tiwari?, Pradyumna K. Mishra?,
Satyawati Sharma? and Rupesh K. Srivastava’*

' Department of Biotechnalogy, All India Institute of Medical Sciences (AIMS), New Delhi, India, * Centre for Rural

Development & Tachnology, Indian institute of Technology (IT), New Detv, India, * Department of Molecular Biology,
JCMR-National institute for Research in Environmental Health, Bhopal, india

A growing body of scientific evidence supports the notion that gut microbiota plays a
key role in the regulation of various physiological and pathological processes related
to human health. Recent findings have now established that gut microbiota also
contributes to the regulation of bone homeostasis. Studies on animal models have
unraveled various underlying mechanisms responsible for gut microbiota-mediated
bone regulation. Normal gut microbiota is thus required for the maintenance of
bone homeostasis. However, dysbiosis of gut microbiota communities is reported to
be associated with several bone-related allments such as osteoporosis, rheumatoid
arthritis, osteoarthritis, and periodontitis. Dietary interventions in the form of probiotics,
prebiotics, synbiotics, and postbiotics have been reported in restoring the dysbiotic
gut microbiota composition and thus could provide various health benefits to the host
including bone health. These dietary interventions prevent bone loss through several
mechanisms and thus could act as potential therapies for the treatment of bone
pathologies. In the present review, we summarize the current knowledge of how gut
microbiota and its derived microbial compounds are associated with bone metabolism
and their roles in ameliorating bone health. In addition to this, we also highlight the role
of various dietary supplements like probiotics, prebiotics, synbiotics, and postbiotics as
promising microbiota targeted interventions with the clinical application for leveraging
treatment modalities in various inflammatory bone pathologies.

Keywords: osteomicrobiology, bone health, gut

Abbreviations: GM, Gut Microbiota; 1EC, Intestinal Epithelial Cells; SCFAs, Short Chain Fatty Acids: ARR, Aryl
hydrocarbon Receptors; IBD, Inflammatory Bowel Disease; IBS, Infl y Bowel Synd MSC: M hymal Stem
Cells; Runx2; Runt Related Transcription Factor 2; PTH, Parathyroid Hormone; IGF-1, Insulin like Growth Factor-1;
MCSF, Macrophage Colony Stimulating Factor; RANKL, Receptor Activator of Nudear Factor kappa-B Ligand; TRAP,
Tasaciai i Dhocal BT A ol ki ODC O Cialei




‘Osteomicrobiology” (Bone and Bugs) Ooteondpwon Kal pkpoBiwpa
EVTEPOU

*  To pkpoBiwpa (Gut Microbiota-GM)
* > 100 tpLc ukpOPLa (BaktnpLa, Lot, LUKNTEC, TPWTOIWA, EUKAPUWTLKA KATT)
* Kwbikomolouv > 3,3 ekat yovidia

* Kuplwg Firmicutes, Bacteroides phyla (>90%), Proteobacteria, Actinobacteria, Fusobacteria,
Verrucomicrobia

Microbial
load per ml

*  To pkpoBiwpa :

* TIPOAYEL TNV MOPAYWYH EVEPYELOG OTIO TNV TPOdN, Stomach | 107 to 10°

* auvfavel Tnv amoppodnon BPENTIKWY CUCTATIKWY, “-

Duodenum

*  TPOAYEL TNV AVATTTUEN TOU OlVOCGOTIOLNTLKOU GUOTHMOTOC -

Jejunum

* [pootateVel ano tnv €(0060 Twv aBoyovwy PECW TWV ETIONALAKWY KUTTAPWV
* Napadyet petafoAiteg mou £XouvV oNUAVTLKO poAo otnv uyeia (Autapd o&éa, xoAka aAata)
*  PuBuilel Tov petafoAlopd twv oppovwy (olotpoyova, PTH, IGF-1, oepotovivn, Aemtivn)

lleum 10° to 10’

AHR ligands
SCFAs

* H duatapayn Tou eMnPeAleL APVNTIKA TNV 00TEOTIOPWON, TN PA, tTnv napodovtonddeia (LeTafw
AAAwv)

Colon and

9 12
Cascuni 10" to 10

* Ennpealetal amnod tn yévvnon
* Lactobacillus, Prevotella, Sneathia spp (puctloAoyikdg TOKeTOG)
* Staphylococcus, Corynobacterium, Propionibacterium spp (katoaptkn)

Peptostreptococei
Prevotellaceae

*  Amo yeveTikoUg Kal mepLBAAAOVTIKOUG TTAPAYOVTEG

* 0 BnNAAOUAG Kal TAL AVTLRLOTLKA Frontiers in microbiology - 2022
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PoAoc twv GAMs (Gut Associated Metabolites) otn puBuion tng

OOTLKNC VYELOC

e Short Chain Fatty Acids
e AMO amentouc VOATAVOPAKEC
* AUEnon wwv avaoTeAAEL TNV

OOTEOKAQOTOYEVEDN OTNV HETEUUNVOTIOUOLAKN

ooTEOTIOPWON KatL otn PA

e XoAwka aAota (Bile acids)
* Amnoppodnon Kat mEYPN Autapwyv oEEwvV
* [poayouv tnv OBy£veon

* Melwvouv tnv GAEYUOVI OE TIELPALLOTLKO TIOVTLKL

apBpitdac (collagen-Il)

* Polyamines
* Spermine, Spermidine, Putrescine

e Kuttaptkn avamntuén, moAA/opog, enBiwon KUTTApWV

 KataotoAn OK ditadopornolnonc

Frontiers in microbiology - 2022

A Short Chain Fatty Acids (SCFAs)

@ Undigested
— cOmMplex —j
Q & carbohydrates

Fibre rich diet

|
'S,
1 GPRAI
GM ferment the undigested
carbohydrates into SCFAs

such as acetate, propionate vas

and butyrate

B Bile Acids

Cholesterol is converted in
liver into primary bile acids
such as chenodeoxycholic
acid and cholic acid by
various enzymatic reactions

GM converts the pnimary bile
acids into secondary bile
acids such as deoxycholic

acid

ycholi id
? fa l‘:‘f @m
E Sda 8 P ” Osteoclast
° ) La )
7
\ —_
R

S

Tregs
Secondary bile acids Inhibit
osteoclastogenesis and
promote the differentiation of
osteoblasts and Tregs through
FXR receptor

C Polyamines

GM produce polyamines such
as Spermine and Spermidine
from L-arginine

/\osteoclasl

A_A
YYD

Osteoblast

Polyamines inhibit
osteoclastogenesis and
promote osteoblastogenesis




MukpoBiwpa kat evOoKpLVLKN puBLILoN

* To pukpoPiwpa Bewpeitat MAEOV VA OPYAVO PE XAPAKTPEG EVOOKPLVOUG adEVaL
|<oue unzopa va SLaTNProEL TNV OOTIKA OUOLOOTO0N HECW OPHOVWYV TIOU TNV
puBOuilouv

* OwotTpoyova

Apeon 6pacn ota 00TKA KUTTOPQ

Enibpaon ota avocokuttapa

Melwvouv tnv €kdppaon tou RANKL armo ta HeCEYXUMATLKA KUTTOPO
Evepyomolouv ta Tregs (newwvetal n dtadopormoinon OK)

AvaotéAlouv tnv avantuén twv Thl7 (pewwvetol n dStadopornoinon OK)

To utkpoBiwua puduilel tov uetaBoALouo TwV OLGTPOYOVWV

Estrobolome — pukpofLaka yovidio mou péow YAUKOUPOVISAowV, LETOTPETIOUV TaL
OUJEVYHEVQ OLOTPOYOVA OE OLGVIEUKTA -> 0TNV KUKAodopia -> ouvSEovTal ILE OLOTPOYOVLKOUG
uTtoS0XELC oE Opyava

MNopaywyn uUToOoLoTPOoYyOVWYV Kol MoAU@atvoAwyv arno 1o GM (soya, dpouta, Aaxavikd)

Frontiers in microbiology - 2022



MukpoBiwpa kat evOoKpLVLKN puBLILoN

NapaBoppovn (PTH)
. ﬁFAr;nce (germ free, exist in sterile environment completely devoid of pathogens) v mapayouv ->
g
* H PTH 6ev nponyaye tnv ootikn pala o GF rmovtikia

IGF-1

* GF novrikia anou(top.sva HE pikpoBiwpa artdo CONV-R (conventionaly raised) movrtikia,
EVEPYOTIOLNCE TNV 0OTIKNA TTopaywyn

* Avtirlotikny Bepareia twv CONV-R novtikwy, peiwoe ta enineda IGF-1

Aemtivn

EkkplveTal amo eviepokuTTApA KoL ALtoKUTTOPO

AvaotéAAeL T oUvBeon tNn¢ brain derived serotonin (n omola tpodyeL TNV ootk avarmntuén)

To pkpoBiwpa aUEAVEL TNV TTapaywyn TNS AemTivng -> avéavetal N ooteokAaoToyEveon (Eppeoa

Frontiers in microbiology - 2022



To pkpoBiwpa TpoayeL TNV
avamntuén twv Treg, Breg, Th17, Thl
KUTTAP WV

Treg, Breg, Thl avaoteAAouv TNV
ooteokAaotoyeveon (Leow CTLA4,
IL-10, IL-4, TGF-b, IFN-y

Th17 npoayouv tnv
OOTEOKAOLOTOYEVEDN LECW EKKPLONG
IL-17, RANKL, TNF-a

Tregs -> duadopomnoinon twv OB
(TGF-B)

Bregs mapayouv TGF-
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The effect of antirheumatic drugs on the skeleton

 Low dose Glucocorticoids

* Less deleterious than high doses

* (Glucocorticoid Low-dose in Rheumatoid Arthritis — GLORIA) £ 5mg
Prednisolone

* No hip BMD difference

e Spine loss -1%

 Significant better disease activity
* Less joint damage progression



The effect of antirheumatic drugs on the skeleton

* Methotrexate
e AvaotoAr) cUvOeoNC IOV PLVWYV — TTUPLULO VWV
* Metadopa tou NF-kB otov mupnva

e Jpavon LEow Ttou povoratioU STAT (signalling via the Janus kinase (JAK)
signal transducer and activator of transcription)

e e ouvOUAOUO HE XxapunAn 600N YAUKOKOPTLKOELO WV, MLELWVEL TNV apBpLKN
Kataotpoodrn pLakponpobeoua.

* Xwpic dtapoporoinon atnv BMD o€ kooptn ue 198 atoua ue Peuuatikn noAvpvaldyia kot
ayyeutidec

* “Methotrexate osteopathy” kataypota avemapkeLog



The effect of &

* “Methotrexate ostef

* KOTAYUOTO OVETIAPKE
aoTPAYAAOC, TITEPVN,

* MaBoyvwHovIKO aK
shaped kataypa ov
TIAGKOG. (EmipeTadu

* AUOAELTOUPYLKOTNT
e Movo 50% eixav Kkof
* AyVWOTOC O HNXavL

TWV OOTIKWV KUTTA(

* Awakor) MTX. «Xuy
QVTLKOTOBOALKAG 9]

* ApKeTA cuxvo oc P
OOTEOTIOPWTLKO KA
HETPpLa Soon MTX

distal femur
(10.0%)

proximal tibia
(27.5%)

distal tibia
(51.3%)

cuboid
(8.8%)

metatarsal
(13.8%)

talus

(17.5%) "

calcaneus ,

(35.0%)

.

(2022) 151952

enceDirect

fl Rheumatism

In/locate/semarthrit

heumatic

Amling, Ina Kotter™",

mburg. Germany
Bramstedt 24576, Germany
mburg-Eppendorf, Martinistrafe 52, Hamburg 20246,

rmany

Chach far
| pte” |




The effect of antirheumatic drugs on the skeleton

e SSZ - pkpn avénon tnc BMD (avaotoAr dtadopoproinong LECEYXUUATIKWY KUTTAPWY —
BMP2/4). Xwpic enidpaon otov KATayUaTIKO Kivouvo

* HCQ - uyPnAotepn BMD se Sjogren (rmBavn enidpacn cToug 00TEOKAAOCTEG — LELWHEVN
aroppodnon), xwpic dtadopd oTOV KATAYUATLKO Kivduvo

* AvaotoAeic¢ TNF-a — (1 OK, { OB) BeAtiwon BMD (avadopad kot yia «emoVAwon» dtaBpwong),
Xwpi¢ dtadopd oTov KATAYUATIKO Kivouvo

 Rituximab (avaotoAn B-kuttdpwv) - Atya dedopéva, BMD. MpoAndn StaBpwoswv
* Abatacept (kataotoAn evepyomoinong T-kuttapwv) — BMD, mpoAnyn Stafpwoswv.
* AvaotoAn IL-6 — BMD, avadopEg yia emoUAwon Stapwoswyv

* Jak-avaotoAeic - BMD, avadopec yla emovAwon dtaBpwoswv

e AvaotoAeic IL-17 , IL-23 — (I RANKL) — xwpic anotéAeopa otn Oeparneia tng PA. Mewon
dnuloupyiac ouvdeopodputwy otnv WA kat A



* HANYN YAUKOKOPTIKOELO WV OE HIKPK 860N Ko UKPR SLAPKELD, POVETAL TTWG EVOL OXETLKA
aodaAnc oe acBeveig pe mpwipn Kot evepyo PA (pelwon Tng evepyoTntac TNG VOOOU)

* O otoxo¢ eival va dtatnpeitat otn duvardv XapunAdtepn Evepyotnta N vVOCOG WOTE val
NPOPUAACCETOAL ATTO TNV ATIWAELO OCTOU

* Movo 10 45% Twv pevpatonabwv AapBdavouv acBEoTLo Kot gttoq.livn D ka povo 5,4% twv
pevpatonabwyv tou Oev malpvouv KopTtLkoeLldn, Aappavouv Bepamneia pe dSipwaodovika.

* Zg puo kooptn 11,669 acBevwv pe PA rtou tapakoAouBRBnkav yia pa Sekaetia, povo to 35% mnrpe
aywyn yla 00TEOTOPWON KOl AOVO Ol ULOOL aTtO 000UG Eixav ULXIVIO' Kivéuvo Katayuatwv.

* To 2016 n European League Against Rheumatisms (EULAR) task force ouveotnoe tov €éAeyxo
KWvdUVOU OCTEOTOPWONG, TNV EKTIUNON Ao TN AfYn KOPTIKOESWV KaL TNV EKTIUNON
KataypatikoU Kivduvou He Frax, o€ 0Aoug Touc peupatornabeic.
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