doi: 10.69107/koomesh-149455

VY g als ) gl F o )led  YF als

Salow (slo 30 g S g 30 A g0 W&‘ o‘ﬁ‘\-{ u§3‘533' 0,039 ke SLABL (9 BT
wwgilog y S iy

#

70 S yhrz P cogare v po gyl Jawy §ONT Jke B (s T (Sguige Slgriezxe ! soles L

Ol e (e Sy psle eaSiils ( gomidle Dligiod 42eS’

Ol g g Sy pole olStils ¢ Syl 0uSLails ((s5slgilos 055"
Ol Ol (lrindy (Kb pole olStsls o Sy 0aSsils w(g3sligasl 0,5
Ol sl sl (S pole olStsls ( Sy 02S23l5 ((s3slsigenl 095"
Ol B o8 Kby ple olSalls (Kb uSasls (higg deted ol o’
Ol o wiomo (S5 ol auSitdls o JoSlsa (S Slaios 55,7

s ol e o Loz jafar_karami@yahoo.com : Jal .ol =l cormes red (S pale 0aStils ( HsSge (Siiy Slidod 35 10 1 ghiird (§0Nmtrnd g9

SV YIFYEA

tol ;o> 0 Loy MM.MASOUMIY@EMAIL.COM : as) o)) m] o eod (S pote olEtils o S py 0aSails o S St i Lo 2] ghmtino (GONimmrns gt

VECYLYNY Sy

418-1YY- 20

VELYeF il s

-

M..S:\

L4 4

o= Mg 21 slacSaluil g [l a s 09 5 0 a8,5 L o (Jslw 09,0 pte Sfslsn b pilSe S (s (535855
slaslail Jow 2l slapyssly cdlsy 3o,k 5l izren ($5L8651 08 0 4y 125 (65,5 rtll Cgzr g 00,5 Blo 1 )
bl g Loyl (sl (tliblone ol Sl (ko 5 0l (a8 b Jolw (Al 0 Jls et aBbaens Glacntisy g eddcaul
5 &38551 m Bl (o 0155 5500 (g 510l il Jsls sl 9 Lad> 55 Jgi9—w 09,5 il L (58951 (adlg )0
oyl ;35 g Ly o Jolw gl atile ilisee slaan T jo s3Logil o)l 0529 adgileg, cm )T atle alsgs slags Lo
a8 50 §3L8g31 aaw y o L5 4y el s ogdle oS Ll agileg ) i 5,1 (5 )lom 55595h 50 (ot s 9l oo 45T 0 o i
Gl andie g izmen g a il anals (i el aSgiles; c 5T ) bem o e wl B S oS et i iy
Dtboe Jo T gloce—wgidd 4y Lacntiy
+ (Major histocompatibility complex) MHC sla JsSge - b 3l aids i slain adl)l 45 coul 0ams 5 as i
3351 48 sad o s waly 5 39 oo agilag) S )T (65l 50 i Sl g (el Gl 4 yomie T glacwgid
Sl g y50) 5355 g5l 30,5 (Blig b A ozt sladslos 50 jeuml A Cnglio 4y e ali o0
Se g e 38551 aS (nl a azgi Ly 09,5 Byl g (lgmil dad e 55 a amie el ) g ool Bl (Ol
1 a0l i (5 5lam om0 45 (otn SlopanilSe y0 1) (6351 i Lo ol agilag, oy )T (65 bom 55595 59 ot 00y
NS il Loy iy atile plapasills o 1) 3851 (A (5590 adlie () iz )0 035 (o 2
oot (=l Syl 5o Lyl (i g gl jligan otyml o b sl Cooglio o iadlygyd 4 (slocemgyggims Ly

| oés_o.; 4_=a|)| J_».:‘yLos) &_H)J)‘

obeyd 335k (388D s ls33s5 wisiley, cu )T i guadlS (5519 )

.

Aondo .

S5 oS Ao |alye 45 el 0 e e
755 0 el S Ly (e sl i Sy 5
o, Lo (F-A) 0o i o sgileg, o 5T (Lo
e il o s 5 oo, e 45 Sy
B oowsid laJobw g S jais sla Sl Lajlis Sl
aS o adye T o ay500,5 A3l |, Loy sl

Sl ol on alogs (6 o S adgileg, ooy 3|

By —ad g GloFial 5 )len (5l S Cwl oy ;i 5 e
My ol (S5 S cld 3 5 o0t gz ol Lz
plol jo a S GlasoSa 09— oo jloo gl w00 S
e sl () 1) a salys IS jlzrs s, (slaclad
p3Y oaSaninne assre Jelge 9 S5 (8l yen (5 5lon =

Copyright © 2024, Emadi et al. This open-access article is available under the Creative Commons Attribution 4.0 (CC BY 4.0) International License (https://
creativecommons.org/licenses/by/4.0/), which allows for unrestricted use, distribution, and reproduction in any medium, provided that the original work

is properly cited.


https://doi.org/10.5812/koomesh-149455
https://doi.org/10.69107/koomesh-149455

Ohas 5 solas Lo

Ol (A jsbar g ol adliin (ol (Lol 55503 55U S s
95 50 53]

S (TA) 555 olfss 5l Jolys Lonpy;slisl
0y oo Lt (V) oloadly sliie (V1) (caasdly5ui]
pLS (0995 Bgsl iy a¥go oLt LSl s a5
9295952 3 939 Bel plbol (gum al> po ot ;585516
09595055 Bl oSt JLds a ol g g ) s Bgil oS
J—S259 Slogione dn o 4 90 (cg3954) sLajVg e
4525 5l 30 Sz S Lo sSUge caslol )3 oS o
slase—uly Laclamg S Lasda sl Lo JsSges Sle
e oMy s ay Lo oSl 51l oo 4l
ey Lo Jsjge— )0 S 55 slaJsge (l s
N9 By i Sl ) dm w Sl o0 Jobow Sl
Sy e bl (Lo Jsge plyiear Sl (- Ses
N osliiwl 5 oo sla JoSge 3w L (55,
25 S35 il ot 5 (bl G 4y 4zl (1))
S 455 50 48 35 a gt el sl Jolw Sligen
53 slagslon 355550 L (o5l8gl 0 ) Slas 5 0 50
5 ol gl g3 T el (VY FF) sl b5y
23 Slgse 638551 50 PLasl e g58gil aiee o lalllas
C i)l adez 5l alogs glaislon il gl 3553
(Y+) asl o agiles,

Sloal Y

Sl o= )3 38951 380 el (o (e (sl

Gy Wlidod Cnl S aas Sleyo sl ,Syg, a0l g
39 65895 panlSe 3B i85 0, S et b gy
Lo ey adliie (ml )3 2093 plowl adgileg ) < 3,1 535050
0 Slos 3l 6,538 S vy pied S Sl glacd, iy
0u adgilogy Cy 5,1 (5 5lans 33555 o o sl 5 s3L 0531
i 5 Ol o ol it 5 6585 o) ps (B s
Cals )0 w09 o0 ;50 adlie ()55 4 s (g 5len
6)L99J‘ Lg)Li'f_.m) Ad—o0) 4o Lé.))ﬁl:_.»g) ‘)_:PT S y9—a0 4O (S
Agilag) cm 51 hlss (il oo 35 s ymie 4 S

lbufb’) 9 6‘30 .Y‘

a5 5] Galow 5950 40 G5BT s )Y
digilog)

slds g oledlpglas o el slagly g9, 4y joie S
b A yie Jolie 1o (rage Ll ()1 41,7) 00,5
aS 05 dige i slocnlSynlw 5 Lagol sl
Jisd dacewgsginw ,aST ioldla ;e el o
B9y 5 loFinl oy 55 (rizren g DS gl ot
Co il ohlom @l a8 gl (Hloys 0,505, 95 (1)) 25,5 e
Seislser slapley (1) 1510 e 05 o olgiiy 9 dgile,
DMARD (Disease-modifying L)l s—s sLag,ls (¥) 5
as ol s b byl ol .antitheumatic drugs)
s o gl Sials celoarss ;S5 Lale g5 ya Ly Loy
Pl los,Sles 503, 5 6 =S sl Jolio 55 3
(V=) F) a0 09 adgileg a5 )T s Lo
99 Sodom Slg o a3 3 lg e dde Sl Sl o8 e
St S8 (6,500 5 olj i pe (e o b eaas SIS
{15 10) El Unng s g5 oyl 5l aslital 5l oy Lnigie
DMARD  _ledl oo slaglo L ol il &l Sl 5050
£ eyl 5l oobial Lol IS o cods J iS5 samns 51
OANY) ss 0 Sgileg, 5,1 65w (Lo 0 Laglo
So Gl L5 0,8 &0 0l (6 s lidon (ol pl
0,5 g adsiles, co 1 hles 6l 550 (Lo g,
22 S5 S o 0l |31 48 o Slaios

(19) closls 1, B a5 0,50, adgileg, 5,1 535550
Sl 00508 st e g o ploul a ey ol o Slallae
L b e slocesn 5 o351 5o (SYMS cl (S a5
-0l 00lidl Bl aSgileg, oy 5T A Mtis ol e ) (5308951
aSlid (Jolwg;0 (SR pnsiliio S et 5L
o2 a8 Shieln i g (aeb C > 348 35 5
g oS! slacalul Jobw J5bs slayioih (0
ot dlga (ol oo bl oo (omrbo juf (g Slrezd
S5 adg 093 s 5550 slaJsSgeg S Lo LSl gz 5o
ol pogdle (V1 ,7+) a8 o ool ol Jolw sy ]38l
ol L (ol prndille S Glg—iear 0l o0 s5L 855
5 9ral 6 Sl yime s 35 G 511, et oyl 4SSl
=2 53 S35 il wiz po a3 o plol (5595 8
V) 0sS Jae 4 dge pudiads S O ygotsilys oo bl
Jolow 48 el So3glgn 3 a1 8 S (55T Bl o (Y
a8l 5 SL ks slaJoSdge 1l 0 095 5l ctidlone (sl
ot o 4 (oo 0 s s 00 0TSl sk S50 0
S sl Ay i aiilgi s aal o 50 SSels b g 9de
1, 3bes] i lisen S daw 8l (YF-YF) 00,8 il o

¥ o5l ,Slom) 10, pls Il s, Shas ol (s oo

ot o=l 1TY) sl ey L (653551 -Y 5 055l 05515 S




F+YA) 55—5 s9as (ATGO) & Autophagy protein
Goce—wnggen sl G5, = 5 @b,
W38 O o aSgilag ) o )T e (dbg b A
35155 oo Cealobi]) lasgi (55L8531 Sl S 05 )5 et i
y oiery 9 Yol LAl o tile g slagnts
J—>lre sloa s g ie Slace—wgise (o ednd 2l
S e eiimane bLS i Sgileg; 5T e 4y
Slaintsy mhw g aidg e Loty as ol il
Laaidly ol eggomme,d o (F1) ol Lts Jogis S L bas o
Olss oy aidg i Sla g ad e a5 3, S sloiing
JSis ol pogdle o, 8 o o (o5Logl pnnilSlo Ay asy
Csd jlay pomie aled oo aidg i (slp ey 4l 5
P PRGN PR X B R SOOI S WY B S N

550 50 e 05k S (s (63L853] pnilSo 0l
Wil o dSgilag, gA_i)S)'l aiile —aylogr slos low

3595w gioiwl o g5LBg3 1 8 Slos V)Y
aiload giie (659, Lo uwgige 00 5l oS gzl
il oo o3ldgl (F1) s il aily yles o Jslows 5
G gl 5 )3 balengige sl DS gl oles )
S S amo so oyl ca e o F17) ool asls
lalllas )3.5,1s 5929 3590 g2l 5 (5L o ata
sbas o9, L 38531 lae a5 Cnloudi ool (Lts (25
=S5l oM gminl 5ol 5l gl Lo (S5
OS5k o bl lste an Lo T g2l (FF) uS
B9yt 5 Pl Sesiass o 55 50 gl (B8
LF7,0) aiS o s slinl o Sgileg, e 5T a5 10
3 5335567 G5B i 4 S 0l Lt (LS L llas
9 9—dgileg, o i)l e Sload oz (sl dS g2l
Sl 555 1 il pogdle s sl 009y b (2 oy )
o) ol lew 0 ATG7 g Beclind o_sbe o5ldgsl L s o
Yk Ol i Tstl e Ly aglio o 0 Sgiles
oals lii Lo jhge 59y ym dslllae S yo LFY) ssls
10 5Legl Limlidl eelbBeclinl o> ) i o aS o
8 j5by (53855 ot JLsb s g slac ISt
2ol a8l glawsais sba S gl sla sy g2
3l Ol b lacmdS il ool (0 S0les ¢l 0gDle
Jome S (g9, aalllae S (FF) codly iolsélBeclind o>
cel Loy as g5lsgsl sl )l as ols oylzs c 5,1 oy

Syl o el Sl 055 o 55552 dS 5] Sy 2
G L gyl G yb 5l i wsige slaJol—w )0 (5L 841

VE-Y sl ) by o o led V8l

Solow )0 Wi n (yud ddgyiaw 9 (§3Bg1NNY
sigilogy oyl

OS99 09 30 a3 Symmlgteal 48 Csldcaz 5 5l ey
A iy sl s, T Jmowtn po il ool wl Lo,
L APC} Ol eaSas,e gla ol o g udS 5
d—wlyial as {(Professional antigen presenting cells)
aS cewlooly i LB lallae oS o Jmaud Gl s
S8 b s | o g i w a1 8 asilgr e (g5L8s5]
Sz )0 s aidg i w a oM g by (YA,TY) sas
28lg,0 .08 o slzul ) Loy let oz 5 5l s a il )8
sy 0l s gl g i 5l ol sl 5155
ade laob bl o dg 4y e Lacyy len ol
&S aes o lid ol oliddod gladidl semg ol L.
slosulpglaciisn 03,5 ands i 5o 9l oo 3L
Lo a0 g5l8gsl 4 S sl o 53l L 4SS oyl ay
59 Sl ol a Sy il Jomo aidg i slaagiy 4l )l o
WS B 6 Lapg;sSBasl o s, T gumlivels a1,
e peilSe S leie 4 |) 65853 e SLa 85 o
Aoy, oyl Lo e slaal gl 51, S0s (54
O Sgileg, ey i Ta Jgl o e g9, & 51 8 Jw o>
ol slgl o 3 o5 0 lgs oo LaAPCA 55 >4 _igiles,
.(YV) asbar ably g )low ol ool 6l — 00—iiS  gom i
bl &y goailailag STl o S 050 slo Jol— o (55l 8451
a3l yo ol sLa APCas | Loyl as odl o slas! il g
4y 3l 5 g0 S ygmoanilyi e ol e Y aiile (38
B slacowsid 0.0 S 5, Sel> andy i w slacntiy
638931 Ll 3o 5l ol oo aidg s (Sl 4l
Jlad b sl ol o g5legl slall gz a o, 5 & je 0
30 Gdredly e yials L B o gall u)‘j_uioa_a)fuw
Sl ol Je ¥l ol o T slo ol a s oo
Ol jlte Lo wgi 0 ilgs oo s ] o iman g 35, S




Ohas 5 solas Lo

sdebe pxles g W 5o 5L i Y)Y
Fibroblast-Like Synoviocyte (FLS)

3 Job—w Al g G e Jbgg— sladd—

ool ol 5l £95 99 naiinnd porgoins S8l (g0 40V
Lo (MLS) (g5t ,Sho s (slacawgrgginmn =) 13,10 39>
Lo sodlg e s slacewgigoins Y 5A g5 5 ol
sl anlw Lsoee MLS glaJol w0 (OV) B gg 5 Jol
Tumor Necrosis (5,505 cu2s 55,55 ;551 o sle el
A g g Sl Jolw oS e aJgsfactor (TNF)
A g5 Sl (s ot (FLS) (bl oo
a1 aiile g loala ly 30,5 o g ay ols s
45 sl Lo plgeS g ol gl (oS plo saiiS 4y o5
OT) Qg oo By al g Syl ey 155y - onte Clad o
Sle o 1, FLS (gla Jol o)l slmoslsa s a > L (of
50 asgilegy o )T 5538 5o (Lol sl plsea
e 5 FLS (glaJol o (5,5 y— liiios (OV-01) o3 )8
pole 55l ey b slos (al e S e oo (Ltd aisiles,
VY oy ) 2l a5 0 ool Lt glialllae 1o .(F+ ) it
Ohbmos 2 FLS o 55 gl a s e aglia  ThI7 (sla Jol o
Sl 0 aS 0 pas e g a5l o Sgileg; )]
Thi7 cle Jslow s FLS sla sl (o Sl bl )l adgiles,
dolis 33 (ogly oS3  FLS (6 j9095 0l 5o Csl (p-Sae
sl 1o 5bsil ooyl pogdle (F1) aily ails i i
Ol 5e=sl Olie ol on (b w5l iy JLd
aSgilag) Cmy 5, FLS (sla Jols jo Yoy (6513550 (a3l
Ol o Sl a8 00, 5 e o ST 5 s Jlada onie
98 o0 Jolie ;55 9 (ro e gl 4y e ol Lo
o sl ;5 (g3l Ll S el o ools (it g
ol e 5o ng |,y )0 Cnglia Ly aSgileg, oy 5, FLS
Sy e 45 S35 o jelanl (g5 e Sl
aigileg; ey 5,1 FLS (la sl (sl amy ailys oo 53551
S o (5Y) Sg—is yoia jeug ] ,olp o Lanl 5l blas
O S (ool s 99 ()l Sl 4y aslllae
posl o nl oridsSs 5 5525 passd slo s 4oz |
FLS la sl (sl yo La)T s 5 L] (e 51
S5 5B ey 3 5 (ce—e Dy gl ASeh o il o
P99 s 93 ;2 S 0l (LS Bdow (il slaadly
Hyome FLS Ly aylin o 0 Sgileg, oy 5T FLS o (558551
(3851 L g3l (Sl yomane (9,5 Lo Lol 5 Jed
Sy Sl le lee l (gl jon Ly aBlaz 9 by
o9 p o P8 e e plwa S a b e g sl
DS oo Gl JLad 5 boas o Sgileg, <y i, FLS o,

By pad 5 SlgFinl ado g 53558 gl g el (S5
5y Shoe S E 5,8 4 omts o se eyl i (FF) 555 s
slocSsn (> r Gk 5l el (- Sen M gl
oslais ATG7 ;ATG4B ( ATG5 LC3 aiile (65Lég51 Ly bas 1o
S 3851 L b e (slo ety (Ses Ll -os—
5 4225 Ao Lol 5 —ilisro gly ) o kiss 0 45
sbopgigrd plsol Ml gl alaulgds lgial oy )55
LapgySl pleol (uizmen 5 (oo lte Lo (205
3 B7 asile (ot oS oo o5 3 Lapgend Lo
b g Ltid p3 iy (ol o b e Loty p L
Jolie ,0.0 B ATGS ay Ko Mals Jas ool aS 0 S o
Bloa S oo S e mmiloghedl b (Lo s L ATGT 558
oy LialS ) e M gl L a5 e sla s o o o585
ATG7 4 4B|LC3 ATG a_iile _la JsSge ccrsl s ogdle ()
S g lid (50509 plbol (BT o top IS gl
o5l gLmasls (FA) ail o o3V 3lsoinl g by, i dly
L 3351 pnilSe g 535958 g2l (i (ool LU )|
sl glmhy g 45 el sas e o155 o olgi iy
LS gl Fo Ly 30 (S e Ae (53b5T oS il
35,5 L] Copmgise Jskoss (5, ym (slaalllao (F9) o)l ot
4 wlgi oo I slaais] 2 g s aS ols (LS hg—s
pae el ogdle (07) aS JLge |y 555 dlS il s
Loy pials L ool (58551 (sl g S 4 SPO2 Ly
00 )55 rrizman (0)) sl ol ;e 550t l Ly a5y
J—B jobay a il e (5L 3551 sLmonisS oo 45
ogdc ooy ials |y e S sl slo Jolw olass 44
sledae ;o 58l e jlam 5 Glesil o 5 (ol

aS s oo oletd Laosls ul.adly pals o 5yl bse

Sl 5 e (ol sl 5l (S0 0l e s5L8s5]
LFF) osb dSgileg, w,.j &l 5o Glazi il

Je—Sde Slallae sl oal wl wly oM &y o

995, (S9) ym dilgi oo T L b po slanatiy 9 (3L 0051
&35 ol b -0 0 5B e S gl 5, Slos g 5o
S F oo o DSl (55, — 4 (6 )b
Sl 55 50 ) (e (Sl G ks j5lody 0SS o

DS sl aSgiley ) )l e o By il g Sl
IS gl o, Shos 5 5lad )0 558551 o ez L
ookl ale ol yo Los ) Sug, o lateiwl oy )50 30
5 ) =T sl sl 3Ll oS e slng)lo
ailgs se o Sgilag, oy 35T ()lam 5o Ol By e

il o] Slalllas ol ol _codse




‘u_:|).:oj){.c .(9;’) R .,\_bb} u_s).s)" ‘_s_u.:}a LSLQJ.,\A
o= o )l =35l 385 slmadlge (S0 6 S0
bl g, S as crulosls s o531 Lo Jad e sl
35— ss—usl Amalidl s s3Ldl als (s g o e
03y 99 59 5 (ol (sl a0 35 4y (PV) 0l
ol Sbig o pddats 0 a5 ai s g )l (b
L olssisn |y ol i ol 0l oo Jomo (i
Vg ane sy ml 4 Sinland g Lo, S o dais 55l bsl
00 dlgiion Sgileg, o | s peilS0 S ylgieay
S Ol wlgs e seusl 5l 6 =S sl L 558551 o
) 5Logsl ids sl lallas (77) 0msS Joe iy peansilSo
oz 3553keg) o )] 5553 gigeal 5 Soyml a Cnglin )
ool S s5ldgil aS el oo ek dus il os, S
|) odiés.',\.;_w] Lgubif 9 Lo Soluil a S el ijl_w
gileg,y 5,1 30 (65851 a1 808 o Bl 5l g 4 js
il 38l a1 orie wlei o $9mg0 (yml A il ouid o dais

(FAFA) 09— o0 (55 l—om

B i 0,50 Y o a S (Sllllae gloasdl an azgily

L) ol sl 5 508631 bl )T e s (il po 35
O Ften 3 S oS (0 (ot Ssileg S )T 5550
i oy e s 53 ST (Sl slmo Slae
slaabwly o dg g (el s Jmaas 3 )b 5l oLl
Sl ools s aiey ) jo Jad o Oladlac . cwl ol
Olhbos po2asiem 39 j5ml Olime 5 Souml loala g as
A4S Sy g0 i A g Cnl a8l ials aSgiles, < )]
aiil pslio jeymlany adgileg, cy 5,1 FLS (sl Jol
asgilagy cmy 5, FLS (sla gl (595 o ooy (V) 1V 4)
oz 3 IS5 slapanilSn 3o ol i 45 ol L
Loy acS ol ools & b sl oyl S JUS s oo o ano
b s (V7) 0 oo Jos (e les Jobo S e,
S 3 ELS gla sl 5 555T iy b 4 0y 0
Sp—ilSe (55 5 $5L3551 0 Plosla o o Ssiley,
J—le o S lel pls—ear OB G olaal Jolw 1950
58 adgilagy il e 5o By i g sl 55
Sdoylal ;5 fEas o hilea (YY) Gy b o a8 S, Lis
2ilg e g5Ldg3l 0l Talate Slaal g5l b3l 5 5o bg]
SIFLS (sla sl 5l cdadlons (6l 1 09l wl b S lseay
o gmly po0pbas S b o Lagl gliy il g 59 p ]
Agilag; T ELS o (g5L8581 ¢ qamadlygail aSis (pm il

VE-Y sl ) by o o led V8l

opde i oualica —xrabs FLS (sl Jsls yo 51 pl
S VLS glaJsls (ol FLS (la Jlos S5 52 el
S35l 9 pg3lton (o rns 98 o sl ol o v Sgiles,
Loimiign (crab e Lo S jolis , Shos o 55 61—
55y s e 5 1 1 s oS 0l
S S50 ol amaiis (Jsl sl il g S5
03,5 (o0 Ol 7500 o S 298 s
13 e & yg oty (55Lb55l yoe &S sl o0 )5S
{57) el JUs8 TNFa ay e aly yo 4o, <y 5T FLS
4 e TNFo b ogs Jbgsinw glacudly yud Sy 25
9 o0 (comaDb gl At il Lo S Lo o (Al
Lo Jlggie—w slocdly pod (L 5 (pasile o0 ol—e
385 ps3958) oo 53 2 oo Livyuflg p police oy 55
et 93 03,10 oo L5l g3l 55g ] te3sSnss
alie ;o aSgileg; o 3T Jhggi—w (slacdlg b o
el et 45 e s ol 8l sla g b Ly
o9 =Ysb o TNFa o oSl 51 (6 ,—igp S0 sl (- Soo
sl agileg, e 5,150 Jlggiw (sl b L
aS a8 o dlgiing Laosls ol S & jg0ay (5Y) om0
Snglie (ol e S plg—ieds ali oo (33951 LA
by 9ateds bl 9 dgileg, ey 5, TFLS jo 55 g Tay
FLS o 560gTas o aglin jo (o5ldgsl 580 i & o
S 535 ol i+l S5 5 iy o

o i95 g

Baa el aSgileg; o 5T 355550 )3 (6590 pannsilSe
09l (351l S plg—ieds 0l oo jmane (il 31 13
dgileg; cm i, glhles (il oo 350 (sl iz
S o339 g glaenST (o il (o sl (yizren 0B
algs oo Jlsd slolaS g 5 (ol 00is 50,400

(FF) 2l (isS (lidiow sLacaglsl

9 39599] & Cenglio 4o (55Lg51 il SI1.Y.Y
Adgilogy <o 5,1 35595 gigan)

Sg—ds s Jolows (gL s yomio 45 Cl (a1 b (55L 351
ol oo s yaslin S e a il d ST e alas Sl
s |y sk S ol 95 (st Jolts 2
OemeST Jltd slodis o algi oo (5L 865105 oo
Lo 5 o—as Lials |, Reactive oxygen species (ROS)
w0dsdawl g oael L (slas ;058 g 58 1 (o 5l 9 e 50
(ol 0 S cliblone (sl slse 1l 5015 0535
Sl bl Jolw Ly 5o (oot G 2l 0 (553
el 65581 e aS o ol L claslllas 13 .(70)
iyl Ohle CD4 + T o sk 50 55l (2l
SHLg1 e 45 st o3ls (Lt (- izne 135 o0 Sdgileg




Ohas 5 solas Lo

e ol il 659, T slacewgisd J oS5 5 oo
(M) ol olyea T sla sl 058 5o L ailsi oo (552551
15 59=s] 51 aile (e3ldgil LT3l 4 ol sus ools Lot
e 581 hals aS (Il 009, (W FLS sla ol
am e aS o5 b o T laslos )0 555y T Gialidl 4y
(73) o5 oo hagtmsit) T slosboss (oo 58
g 9gilag, < )T o lew (595 1 (6 508 ol aslllas
Lol oS e (o 2 Sz 0 pLorl CIA (50 Jos
L ailge Plsl )Lz s (DA +T la sl 5o (55L5551
e 9l g ooy ol LT 65891 5o PLast &5 0
Ly o ;0 %05 5T slo Jolw Lwgen ;o Plusla
atdox | —ml Gla sl o s3L3g1 a5 ols (Lis Laaidly
Cm 5yl ohles 5o ol oo ;0 45 CDA+T lo Syl
a8l il o)l e O jgodnai Bls ja> o Sgiles,
sladslas ;o 5L jemml ay caglio (pizman -
gy 0 oz aigileg, s 3,1 ans 5l a5 CD4 + T
=S 905 (S g 00l oalaiwl L (53518551 Lo -0l snnliio
ol pod 9l as Caglia i ol LLCD4+T slaJolw ;o
Ssgilegy e 3,1 35 50 Sl Sos Lol (05
9 Syl Dol (o3L8g3 lge 4 (glasgTay il foso
(77) a2 g0 1als |, CIA (55 o Joo ;5 (5 5lacn 9,
Syl sg 29 B laca il 500 ol slmosls
o2 5L 3g3l a5 cwlools i a iy oyl jo Slslllas
el 592 B sladolw bt gl o2 9 E5 L sl
il o e3ligil AS Cl oands 3155 yizman (AT ,A))
KW - WP - JU 5 (AY) s)ls o o Jmslowsdly
2 dslandly g ol Slglas 5l s aJgias
Al bas e (S5LEST L sl (S adgilogy 5,1 e
@olagil a5l o 5 ails oo 58551 ,Lge (AT)
ss] i |y Lol s 0SS ) o slowsdly baugs
i 395 o0 (6583l s A A g Ly (A0) azs
oS 5o 9 090 T 1Sl 05 ST 9B slaJol v ba b oy
DS e i Sgileg; e T (6 )le 53 1) e e olgd!
GBS i (et B9 Sl s i Slllas a2 ]
sl L adgileg; o 1 ee Sl o (s3L 8551

“igilogy o 5
Soiglgsel Jex jo 1 (6586531 idi lalllas 5 (g5l

yp—n d_a).]o )‘ 6]5)9.4.4_..: duu)su] A_ﬂ)‘ lesls ul_m.:
58 Elis LS| iyl el o L a5 ¥ Luds MHC

S92 dy Jood 53 i |y (oot s B 0 lgS 0 4 S

81 Tyl ol o FLS (sl Jol o L 4 ylie
oAl At die s3> 4y eyl pogdle Laas o yltd (6 b
LS (sla Jslo 5l aglag, s 5, FLS (ol Jobos 5
(V) st ySpglie je syl any S g 5 Tgtil Loy
Sloassl cws an Jlgginw 3L Jolod g a s o] sl ass
O sgSns adal ) b e bl o dgilegy < 5, o)l
oS ol s 4 S o ms o il (658531 § je—ug ] e
53 95195 o0 (5L il 45 0l oo £9—S50
Adgilag, e ) TFLS (gla gl 30 59l ol 50 Caglia
2 ot =l gl S TNFa (VO ,VF) sl Js-s
Ol S Cl oo sols L g el agilag, oo 5,1 555450
iz o Jobw )3 58951 (SLA )3 algi oo (gl
FLS (gla sl aile (sl et sloslmn 5 (o—ios o
aalllae S (VYL VF) asb aals Li & o gileg, o )]
O bl )l a8 ol i adgileg; < 5,1 e 595 =
s4=>g9Methotrexate (MTX) a_y csglie 5 s5Ldgl L3l
e (583l glall a5 ok ool ylis glasllas yo 0400
Ohles slac—dlig b o MIX L s o ay o oglio ey
4 S alim xBly )0 (VA) ais anlgs 0 Sgileg, ey 5 )
D9 o0 Sgdme diIgileg ) s 5, TFLS (sla Jolw ;o (55l 351
53 5 16 ooy MTX oy 4y 80801 555
90 Jas 59 ym aalllae S ol pogdle (VF) 0l o
21 55sl ol se 5L beil Lge a5 ols Lti ey )
e g o iyl o Sgileg, oy 5 TELS (ola Jol
Y S-S g U Y R LVV) 595 b ggimns Sy olpdl ials
s Cmglie ;0 (ote A WSl o0 (5 L895] il ST,
Sy A A 9 S (oo (Sladity (i Bb il 59y
15 los—aly o yie ol 5T el oy San 65Lbgil sS4

il ai s agilegy o 41 ey oo

Sl oyl el 8 e ol sasyay ol i e Jol o
T cell S slo e b 5T (slaco g o
Caol pamandS oDy g a4y sl TECEPLOT (TCR)
595 ramelS 3l e M5 oo (g5l 8g5l A S sl oa s il g
b 0l oo 3805 ol b S e ) Jose

(VA) oS ol ) T gla ol (g5l Jlad oot e pud
o [, T glocawgasd o i JLsd 5L dg51 L go caBlg,o
Gl a s wilesls s e oyl jo Olallas . uuS o
am yomie ABT il (38951 Ly oo slm s 5o (S5




Oy Lo awslie jo cl (S (5Ldg31 (slwonisS )lge
P hge abgilegy e 3yl ollem plays jo (mles 4 MIX

SN Sy ply 5 L 4y LeassSis, S5l
lg,lo ) Ko S0 s Sledlob 5 —on] pi—unns
S GO ..\_»ijos) g,_:f)—‘ L‘)LA)O )0 oolas o S yg—n P‘)
Lo 5555515 Sl ool ol oo (ol B 5 51
Eo—d90 ! 000 4o Lo .l el o515 ials
= L8] i 51 S LaassSis 956 olS a S slo s
Bone marrow-derived gzl 5 se ol sl Jol
aaJlas oy l.0s,ls mesenchymal stem cells (BMSCs)
Q—\ Jsan g gildgl yas Jlada S ols (Lis o wimen
sl Caglie g IS5 A s oeie 03505 555 oS oIS g
sl sl g, o adllas (37) 545 2 BMSCs sl Jol
el lags (5351 gLl a S ols i ceuiile
S 3100 gl gilitaliSo 5l (BU Seuglalys oo
3MA ol s5L855 slaoasSsga s 5 soliiwl Koo
The mammalian KU v s ,o olas,lxal
Ool3=5 cilize o)l Lo ,o target of rapamycin (mTOR)
l_g J._"}AGA o LJ—" &5)_.» ‘Q_ilﬁ05)ls (c\/\) Gl 00y
Al b e 0 3gleg; ey ) e 53 (To B (slaJsl)
58581 Jaas Gy SIMTOR LUK e Lo (19)
il aSgilegy e 1 e ys sl Rl o, SO asiles o
ol asgilagy co )T ohlan | (5552 05,5 595 = (s
MTOR oo__uS ) lpe ol , s a S MTX 55 L ojsa Sols
Oy oy o a e S MTX L, e o S a co s
QS oo slpiion moll liail ails of ey o
2l 58581 slmoniss ) e oyl yo ()5 i l38 (sl a s
.(\ M ’) \)9_»; AJL»o‘ J_.jyl.ne) &_A—,)J)—‘ Q)‘JJL_»J‘ QLAJQ 4_5

b .F

0S5, 50 Il S yla—ie ay S 5elgn J—olse Lwlul

o .\._.5353’&5) M—i).’)" 4 Lo )'\ ‘5_.:.4.;}.355 GL-QQS)L%-.’ ‘S_HJLa
Wodz e o sloo Sug, ol Bun 09 b 0as S Lad
S5l 5wl B S la e 5ldgl ol , SIS
ohlas 5l smsl 15 Al so 5 Sl oa 3l o g
Sl oa i ools i o ol jabay .0 S &S b oulog>

VE-Y sl ) by o o led V8l

Jhwger j0 gl dgila S eplasa g Ly (AF) ozs <=
g0l (o leyd 0, g, S lg—ie 4 0l o0 553
e a 8,5 i s a Seileg, s 5,1 ey v asus
Hydroxychloroquine J .3 5l s5Lés51 s0isS o (slag,lo
oleyd sl cmiige Lo )b Jo—bo 50 S ,15 5 (HCQ)
<o 5,1 g Systemic lupus erythematosus (SLE) Lo
oo oals i Loyl 04—, Sg0 g diloais 3925 aSgilog,
an old 89,5 aS el oad sslo loid (A LAY) el
a5l Al izman  ao SIS gl 5o les g
90 2 0 JLxd 5 by o5l 855l purilSo a5 e wlon
a S el oo ools oyl ooyl pogdle o lo i & a1,
Wil oo o dgiles, < 3,1 555550 5o ol .S 3w TNFa
ot calizee gl Jolw jo (o5L8¢51 Ll yo i o joloas
slog,ls (i dis g0 ;0 o) pz—e Jl> Q_..'Il_,.(‘\\) 3l
‘u_il)al.».l | c‘)_o.b A_.js_vl.ne) g,\_}‘);)] e )9_094] a4 &.A_AgLD-A
008 )l S le—ie a s wlg o TNF o5 slng o
)9_.0941 Dd e i Jlsda ;e a S o i8S | oe g5l
TINF u_s slag,ls a5 Etanercept L Infliximab U aia
(A7-AF) ols Gimldl b Jgbw ol o1, Jrea| o IR LS
il 03 MA g g )lows adgl J> 10 50 s35L8650 JLge
aSgileg; cm )l oo playd sl (6 500 (Hloys 9,5,
Sl aie &l 5l 40 o Sl coil Soojp eaw o
Wine oyl o el oo el o Sgileg, o 5,1 0 o5yl
58l glmonisS Lo i 4 S sl oa ploail Slalllas
aielg yrs gLt 4l 5 55s T su e (g3l Jlsd o,
olis ey oyl yo Sldllas (V) cl s3g—oi =byl oo
ade dadlre Ol Sl ales 0 3-MA Sl solaz_wl 4 S ailesls
aS cwl oo ools Lz (10) amsl s e ] =kl oo
Ol dm gy o (ol (i (58551 5 55 e Jolos
Sl gie ddbges Glaie ayo s o Seileg, o i1 ol Lo
ol S g3lagy s 5T ey o ol (59,0 S S (MTX)
S5 5 adslasRNA Lwgs Beclind oo, 5 sg0 e ¢, K0
Olime i3 L oilgs o Small interfering RNA (siRNA)
Aib e (odlg b A (slacwgggi 5s
ol e MTX S 5 oyl emmlis (sl a4 Lo L(VF)




Ohas 5 solas Lo

" ‘o £

B3| ] RN 5% -SRI 2| D) SNWOR L S | B

5 Sy 50 sage G Wl e 3BT (1) w0 e i aSgileg, oyl len 5L 5 St 50 |y (g3l Jleil i S nl ) g

b sk Gl dacaadlS gxial (ud Jlud 5 JolSS caids i b5l @l g (5518 5 (Jle (lsie S Wl calides )b & agiles; o)l 3554
U5 Gl o oty gl il LT A lS5aS A s s T 5B (slaiusiad sl Job 5 JalS5 FLS sl oo asls il 5 (e
e & e Colys » aS aaes 18 56 Co 1) el il g sl alisee gla Jsle ilgi oo Ql b bas o GlopesilSo 5 (5555 gz a5 a2s oo LS
a sl pleys o lapl il s 63551 oaiiSTll g oS Sgane el ogdle gl wdgileg, iyl 55l o S Lie (izmes 5 Sl Slagely peda o

el 00 00l UL“"’ % Jiw u—" L] A.:.‘:?SLnj)

Cd i 40 QT iy ogdle a S| 5o al Sy o.x_;...'yl 4o

Sl o=l sl 1) somaz (oo 5,505, 0l oo 6o
S sl e amean | o

:‘silé)..\.'é 9 M" y

Lo asdllas oyl jo oS 16550 g aslwl oled jlalwgnn
eyl ly Sis g (Sl jad JleS winilw, gL 1
IO@J«M "93 CAS)uA-D

4JLIUG.A 6}‘).10 :.o_.J. 9P r:;d._”.o.a d._J5| Asus QZ)K-;:&'ﬁ

S gmadlie ol JSi b nloo oz radlie Giolng g

.A)éw@bbﬂ@w%%jodww))ﬂ)c_’b

320l o Cglo

e Gl S s s 52 JLainl il o0 g ol Ly

555 ey Caglio Jgtns sl (ol 5o (53551
o3k bl ol by (el slaalauly w g 5
2 Byt g Jolie by o B pomie ol 0 aS
2 &35 ol pegdle 05 o0 adgilog, cmy )T il
S5yl 5 6 lam (o) oo 5o la> sl wdIS gal
&35l oz Sl i e b ol aidl il dgiles,
J—lo5 5 355l il ay jomie 0l o by Jol (ol 5o
OlgPimmsl Q0 oy 55 A yomie Colyd 50 48 09 Glgse
S8l aS a2 oo loii Lools (i ulogis oo Bg i g
il Koo eaul o egall s—loyd Baa S algy ge
e wlgs oo sl ol 5o 58 a5l i e Jled
e Snleg )3 48 398 Glosl Jdod g 5359 MS gl ey
Lools ol eogi oo Byl g ylgmeil ol o 50 4y
og-ally (Hle jo Bue S wsiles e (55L8gil S a e oo Lt




References

1

7.

8.

9.

10.

11.

12.

Azamian Jazi A, Faramarzi M, Salesi M, Jafari Shapor
Abadi Y. Effects of aerobic training on some inflamma-
tory markers in patients with rheumatoid arthritis.
Koomesh J. 1389;12(2):181-8. Persian.

.Scott DL, Wolfe F, Huizinga TW. Rheumatoid ar-

thritis. Lancet. 2010;376(9746):1094-108. [PubMed
ID:20870100].https://doi.org/10.1016/S0140-
6736(10)60826-4.

.Masoumi M, Hashemi N, Moadab F, Didehdar M, Fara-

hani R, Khorramdelazad H, et al. Inmunometabolism
Dysfunction in the Pathophysiology and Treatment of
Rheumatoid Arthritis. Curr Med Chem. 2023;30(27):3119-
36. [PubMed ID:36082869]. https://doi.org/10.2174/092
9867329666220907151213.

. Carlens C, Hergens MP, Grunewald ], Ekbom A, Eklund

A, Hoglund CO, et al. Smoking, use of moist snuff, and
risk of chronic inflammatory diseases. Am | Respir Crit
Care Med. 2010;181(11):1217-22. [PubMed ID:20203245].
https://doi.org/10.1164/rccm.200909-13380C.

. Barton A, Worthington ]. Genetic susceptibility to rheu-

matoid arthritis: an emerging picture. Arthritis Rheum.
2009;61(10):1441-6. [PubMed ID:19790122]. https://doi.
0rg[10.1002/art.24672.

. Karami ], Aslani S, Tahmasebi MN, Mousavi M], Sharafat

Vaziri A, Jamshidi A, et al. Epigenetics in rheumatoid ar-
thritis; fibroblast-like synoviocytes as an emerging par-
adigm in the pathogenesis of the disease. Immunol Cell
Biol. 2020;98(3):171-86. [PubMed 1D:31856314]. https://
doi.org/10.1111/imcb.12311.

Karami ], Aslani S, Jamshidi A, Garshasbi M, Mahmoudi
M. Genetic implications in the pathogenesis of rheu-
matoid arthritis; an updated review. Gene. 2019;702:8-
16. [PubMed ID:30904715]. https://doi.org/10.1016/].
gene.2019.03.033.

Aslani S, Mahmoudi M, Karami |, Jamshidi AR, Malek-
shahi Z, Nicknam MH. Epigenetic alterations underly-
ing autoimmune diseases. Autoimmun. 2016;49(2):69-
83. [PubMed ID:26761426]. https://doi.org[10.3109/0891
6934.2015.1134511.

Choy E. Understanding the dynamics: pathways in-
volved in the pathogenesis of rheumatoid arthritis.
Rheumatol (Oxford). 2012;51 Suppl 5:v3-11. [PubMed
[D:22718924].  https://doi.org[10.1093/rheumatology/
kes113.

Masoumi M, Alesaeidi S, Khorramdelazad H, Behza-
di M, Baharlou R, Alizadeh-Fanalou S, et al. Role of T
Cells in the Pathogenesis of Rheumatoid Arthritis: Fo-
cus on Immunometabolism Dysfunctions. Inflamm.
2023;46(1):88-102. [PubMed 1D:36215002]. https://doi.
0rg/10.1007/s10753-022-01751-9.

Schett G, Firestein GS. Mr Outside and Mr Inside: classic
and alternative views on the pathogenesis of rheuma-
toid arthritis. Ann Rheum Dis. 2010;69(5):787-9. [PubMed
1D:20299352]. https://doi.org[10.1136/ard.2009.121657.
Singh JA, Christensen R, Wells GA, Suarez-Almazor ME,

VE-Y sl ) by o o led V8l

3l

F X WRIW-t)

a—3lie olay ase8 o 0Bl a S as il JLpbl JSai_wog

13.

14.

15.

16.

17.

18

19.

20.

et

Buchbinder R, Lopez-Olivo MA, et al. A network me-
ta-analysis of randomized controlled trials of biologics
for rheumatoid arthritis: a Cochrane overview. CMAJ.
2009;181(11):787-96. [PubMed 1D:19884297]. [PubMed
Central ID:PMC2780484].  https://doi.org/10.1503/
cmaj.091391.

Osiri M, Shea B, Robinson V, Suarez-Almazor M, Strand V,
Tugwell P, et al. Leflunomide for the treatment of rheu-
matoid arthritis: a systematic review and metaanalysis.
JRheumatol.2003;30(6):1182-90.

Lopez-Olivo MA, Siddhanamatha HR, Shea B, Tugwell
P, Wells GA, Suarez-Almazor ME. Methotrexate for
treating rheumatoid arthritis. Cochrane Database Syst
Rev. 2014;2014(6):CD000957. [PubMed 1D:24916606].
[PubMed Central ID:PMC7047041]. https://doi.
0rgf10.1002/14651858.CD000957.pub2.

Dixon WG, Hyrich KL, Watson KD, Lunt M, Galloway J,
Ustianowski A, et al. Drug-specific risk of tuberculo-
sis in patients with rheumatoid arthritis treated with
anti-TNF therapy: results from the British Society for
Rheumatology Biologics Register (BSRBR). Ann Rheum
Dis. 2010;69(3):522-8. [PubMed 1D:19854715]. [PubMed
Central  ID:PMC2927681].  https://doi.org/10.1136/
ard.2009.118935.

Leombruno JP, Einarson TR, Keystone EC. The safety
of anti-tumour necrosis factor treatments in rheu-
matoid arthritis: meta and exposure-adjusted pooled
analyses of serious adverse events. Ann Rheum Dis.
2009;68(7):1136-45. [PubMed 1D:18753157]. https://doi.
0rg(10.1136/ard.2008.091025.

Choy EH, Smith C, Dore CJ, Scott DL. A meta-analysis of
the efficacy and toxicity of combining disease-mod-
ifying anti-rheumatic drugs in rheumatoid arthritis
based on patient withdrawal. Rheumatol (Oxford).
2005;44(11):1414-21. [PubMed ID:16030080]. https://doi.
org/10.1093/rheumatology/keio31.

.Donahue KE, Gartlehner G, Jonas DE, Lux L], Thieda

P, Jonas BL, et al. Systematic review: comparative ef-
fectiveness and harms of disease-modifying med-
ications for rheumatoid arthritis. Ann Intern Med.
2008;148(2):124-34. [PubMed ID:18025440|. https://doi.
0rg[10.7326/0003-4819-148-2-200801150-00192.
Karami J, Masoumi M, Khorramdelazad H, Bashiri H,
Darvishi P, Sereshki HA, et al. Role of autophagy in the
pathogenesis of rheumatoid arthritis: Latest evidence
and therapeutic approaches. Life Sci. 2020;254:117734.
[PubMed  ID:32380080].  https://doi.org/10.1016/].
1fs.2020.117734.

Buckland |J. Rheumatoid arthritis: Autophagy: a dual



https://doi.org/10.1016/S0140-6736(10)60826-4
https://doi.org/10.1016/S0140-6736(10)60826-4
https://pubmed.ncbi.nlm.nih.gov/36082869/
https://doi.org/10.2174/0929867329666220907151213
https://doi.org/10.2174/0929867329666220907151213
https://pubmed.ncbi.nlm.nih.gov/20203245/
https://doi.org/10.1164/rccm.200909-1338OC
https://pubmed.ncbi.nlm.nih.gov/19790122/
https://doi.org/10.1002/art.24672
https://doi.org/10.1002/art.24672
https://pubmed.ncbi.nlm.nih.gov/31856314/
https://doi.org/10.1111/imcb.12311
https://doi.org/10.1111/imcb.12311
https://pubmed.ncbi.nlm.nih.gov/30904715/
https://doi.org/10.1016/j.gene.2019.03.033
https://doi.org/10.1016/j.gene.2019.03.033
https://pubmed.ncbi.nlm.nih.gov/26761426/
https://doi.org/10.3109/08916934.2015.1134511
https://doi.org/10.3109/08916934.2015.1134511
https://pubmed.ncbi.nlm.nih.gov/22718924/
https://doi.org/10.1093/rheumatology/kes113
https://doi.org/10.1093/rheumatology/kes113
https://pubmed.ncbi.nlm.nih.gov/36215002/
https://doi.org/10.1007/s10753-022-01751-9
https://doi.org/10.1007/s10753-022-01751-9
https://pubmed.ncbi.nlm.nih.gov/20299352/
https://doi.org/10.1136/ard.2009.121657
https://pubmed.ncbi.nlm.nih.gov/19884297/
https://pubmed.ncbi.nlm.nih.gov/2780484/
https://doi.org/10.1503/cmaj.091391
https://doi.org/10.1503/cmaj.091391
https://pubmed.ncbi.nlm.nih.gov/24916606/
https://pubmed.ncbi.nlm.nih.gov/7047041/
https://doi.org/10.1002/14651858.CD000957.pub2
https://doi.org/10.1002/14651858.CD000957.pub2
https://pubmed.ncbi.nlm.nih.gov/19854715/
https://pubmed.ncbi.nlm.nih.gov/2927681/
https://doi.org/10.1136/ard.2009.118935
https://doi.org/10.1136/ard.2009.118935
https://pubmed.ncbi.nlm.nih.gov/18753157/
https://doi.org/10.1136/ard.2008.091025
https://doi.org/10.1136/ard.2008.091025
https://pubmed.ncbi.nlm.nih.gov/18025440/
https://doi.org/10.7326/0003-4819-148-2-200801150-00192
https://doi.org/10.7326/0003-4819-148-2-200801150-00192
https://pubmed.ncbi.nlm.nih.gov/32380080/
https://doi.org/10.1016/j.lfs.2020.117734
https://doi.org/10.1016/j.lfs.2020.117734

Ohas 5 solas Lo

2

role in the life and death of RASFs. Nat Rev Rheumatol.
2013;9(11):637. [PubMed 1D:24080860]. https://doi.
org/10.1038/nrrheum.2013.148.

1. Mizushima N. Autophagy: process and function. Genes
Dev.2007;21(22):2861-73.[PubMed ID:18006683]. https://
doi.org[10.1101/gad.1599207.

22.Baehrecke EH. Autophagy: dual roles in life and

death? Nat Rev Mol Cell Biol. 2005;6(6):505-10. [PubMed
ID:15928714].  https://doi.org/10.1038/nrm1666.

23. Ghadimi P, Fazeli M, Jalilian FA, Behboudi E, Pourhos-

sain B. Autophagy role as a double-edged sword in an-
esthesiology and critical care. | Cell Mol Anesth. 2021;6(1).

24.Yin Z, Pascual C, Klionsky DJ. Autophagy: machinery

and regulation. Microb Cell. 2016;3(12):588-96. [PubMed
ID:28357331]. [PubMed Central ID:PMC5348978]. https:/|
doi.org[10.15698/mic2016.12.546.

25.Levine B, Klionsky DJ. Development by self-diges-

tion: molecular mechanisms and biological func-
tions of autophagy. Dev Cell. 2004;6(4):463-77.
[PubMed ID:15068787]. https://doi.org/10.1016/s1534-
5807(04)00099-1.

26. Shakerimoghadam F, Dejamfekr M, Ghaffari S, Ahmadi-

an S, Khaleghian A. [Arsenic trioxide induction autoph-
agy in human acute promyelocytic leukemia]. Koomesh
J.2018;20(4). Persian.

27.Dai Y, Hu S. Recent insights into the role of autophagy

in the pathogenesis of rheumatoid arthritis. Rheuma-
tol. 2016;55(3):403-10.

28. Takahashi Y, Meyerkord CL, Hori T, Runkle K, Fox TE, Kes-

ter M, etal. Bif-1 regulates Atg9 trafficking by mediating
the fission of Golgi membranes during autophagy. Au-
tophagy. 2011;7(1):61-73. [PubMed ID:21068542]. [PubMed
Central  ID:PMC3039731].  https://doi.org/10.4161/
auto.7.1.14015.

29.Yla-Anttila P, Vihinen H, Jokitalo E, Eskelinen EL. 3D

tomography reveals connections between the pha-
gophore and endoplasmic reticulum. Autophagy.
2009;5(8):1180-5. [PubMed ID:19855179]. https://doi.
0rg/10.4161/auto.5.8.10274.

30. Ravikumar B, Moreau K, Jahreiss L, Puri C, Rubinsz-

3

tein DC. Plasma membrane contributes to the forma-
tion of pre-autophagosomal structures. Nat Cell Biol.
2010;12(8):747-57. [PubMed ID:20639872]. [PubMed Cen-
tral ID:PMC2923063]. https://doi.org/10.1038/ncb2078.
.Mehrpour M, Esclatine A, Beau I, Codogno P. Overview
of macroautophagy regulation in mammalian cells.
Cell Res. 2010;20(7):748-62. [PubMed ID:20548331].
https://doi.org[10.1038/cr.2010.82.

—_

32. Nakai A, Yamaguchi O, Takeda T, Higuchi Y, Hikoso S,

Taniike M, et al. The role of autophagy in cardiomy-
ocytes in the basal state and in response to hemo-
dynamic stress. Nat Med. 2007;13(5):619-24. [PubMed
ID:17450150].  https://doi.org/10.1038/nm1574.

33. Cuervo AM, Bergamini E, Brunk UT, Droge W, Ffrench

M, Terman A. Autophagy and aging: the importance
of maintaining "clean" cells. Autophagy. 2005;1(3):131-
40. [PubMed 1D:16874025]. https://doi.org/10.4161/

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

auto.1.3.2017.

.Huang YH, Al-Aidaroos AQ, Yuen HF, Zhang SD, Shen

HM, RozyckaE, et al. Arole of autophagy in PTP4A3-driv-
en cancer progression. Autophagy. 2014;10(10):1787-
800. [PubMed ID:25136802]. [PubMed Central ID:P-
MC4198363].  https://doi.org/10.4161/auto.29989.
Heraud C, Griffiths A, Pandruvada SN, Kilimann MW,
Pata M, Vacher |. Severe neurodegeneration with im-
paired autophagy mechanism triggered by ostm1 de-
ficiency. J Biol Chem. 2014;289(20):13912-25. [PubMed
ID:24719316]. [PubMed Central ID:PMC4022863].
https://doi.org[10.1074/jbc.M113.537233.

Levine B, Mizushima N, Virgin HW. Autophagy in im-
munity and inflammation. Nature. 2011;469(7330):323-
35. [PubMed ID:21248839]. [PubMed Central ID:P-
MC3131688].  https:[/doi.org[10.1038/nature09782.
Gyorgy B, Toth E, Tarcsa E, Falus A, Buzas EI Citrullina-
tion: a posttranslational modification in health and
disease. Int | Biochem Cell Biol. 2006;38(10):1662-77.
[PubMed 1D:16730216]. https://doi.org/10.1016/j.bio-
cel.2006.03.008.

Romero V, Fert-Bober ], Nigrovic PA, Darrah E, Haque U],
Lee DM, et al. Inmune-Mediated Pore-Forming Path-
ways Induce Cellular Hypercitrullination and Generate
Citrullinated Autoantigens in Rheumatoid Arthritis.
Sci Transl Med. 2013;5(209). https://doi.org/10.1126/sci-
translmed.3006869.

Lundberg K, Nijenhuis S, Vossenaar ER, Palmblad K, van
Venrooij W], Klareskog L, et al. Citrullinated proteins
have increased immunogenicity and arthritogenicity
and their presence in arthritic joints correlates with
disease severity. Arthritis Res Ther. 2005;7:1-10.

Valesini G, Gerardi MC, lannuccelli C, Pacucci VA, Pen-
dolino M, Shoenfeld Y. Citrullination and Autoimmu-
nity. In: Perricone C, Shoenfeld Y, editors. Mosaic of Au-
toimmunity The Novel Factors of Autoimmune Diseases.
Cambridge, Massachusetts: Academic Press; 2019. p.
117-26.

Sorice M, lannuccelli C, Manganelli V, Capozzi A, Ales-
sandri C, Lococo E, et al. Autophagy generates citrulli-
nated peptides in human synoviocytes: a possible trig-
ger for anti-citrullinated peptide antibodies. Rheuma-
tol (Oxford). 2016;55(8):1374-85. [PubMed ID:27074807].
https://doi.org/10.1093/rheumatology/kew178.

Suda T, Takahashi N, Udagawa N, Jimi E, Gillespie MT,
Martin TJ. Modulation of osteoclast differentiation
and function by the new members of the tumor ne-
crosis factor receptor and ligand families. Endocr Rev.
1999;20(3):345-57. [PubMed ID:10368775]. https://doi.
org[10.1210/edrv.20.3.0367.

Wang K, Niu ], Kim H, Kolattukudy PE. Osteoclast pre-
cursor differentiation by MCPIP via oxidative stress, en-
doplasmic reticulum stress, and autophagy. ] Mol Cell
Biol. 2011;3(6):360-8. [PubMed ID:21990425]. [PubMed
Central ID:PMC3234012]. https://doi.org[10.1093/jmcb/
mjro21.

Lin NY, Beyer C, Giessl A, Kireva T, Scholtysek C, Uder-



https://pubmed.ncbi.nlm.nih.gov/24080860/
https://doi.org/10.1038/nrrheum.2013.148
https://doi.org/10.1038/nrrheum.2013.148
https://pubmed.ncbi.nlm.nih.gov/18006683/
https://doi.org/10.1101/gad.1599207
https://doi.org/10.1101/gad.1599207
https://pubmed.ncbi.nlm.nih.gov/15928714/
https://doi.org/10.1038/nrm1666
https://pubmed.ncbi.nlm.nih.gov/28357331/
https://pubmed.ncbi.nlm.nih.gov/5348978/
https://doi.org/10.15698/mic2016.12.546
https://doi.org/10.15698/mic2016.12.546
https://pubmed.ncbi.nlm.nih.gov/15068787/
https://doi.org/10.1016/s1534-5807(04)00099-1
https://doi.org/10.1016/s1534-5807(04)00099-1
https://pubmed.ncbi.nlm.nih.gov/21068542/
https://pubmed.ncbi.nlm.nih.gov/3039731/
https://doi.org/10.4161/auto.7.1.14015
https://doi.org/10.4161/auto.7.1.14015
https://pubmed.ncbi.nlm.nih.gov/19855179/
https://doi.org/10.4161/auto.5.8.10274
https://doi.org/10.4161/auto.5.8.10274
https://pubmed.ncbi.nlm.nih.gov/20639872/
https://pubmed.ncbi.nlm.nih.gov/2923063/
 https://doi.org/10.1038/ncb2078
https://pubmed.ncbi.nlm.nih.gov/20548331/
https://doi.org/10.1038/cr.2010.82
https://pubmed.ncbi.nlm.nih.gov/17550150/
https://doi.org/10.1038/nm1574
https://doi.org/10.4161/auto.1.3.2017
https://doi.org/10.4161/auto.1.3.2017
https://pubmed.ncbi.nlm.nih.gov/25136802/
https://pubmed.ncbi.nlm.nih.gov/4198363/
https://doi.org/10.4161/auto.29989
https://pubmed.ncbi.nlm.nih.gov/24719316/
https://pubmed.ncbi.nlm.nih.gov/4022863/
https://doi.org/10.1074/jbc.M113.537233
https://pubmed.ncbi.nlm.nih.gov/21248839/
https://pubmed.ncbi.nlm.nih.gov/3131688/
https://doi.org/10.1038/nature09782
https://pubmed.ncbi.nlm.nih.gov/16730216/
https://doi.org/10.1016/j.biocel.2006.03.008
https://doi.org/10.1016/j.biocel.2006.03.008
https://doi.org/10.1126/scitranslmed.3006869
https://doi.org/10.1126/scitranslmed.3006869
https://pubmed.ncbi.nlm.nih.gov/27074807/
https://doi.org/10.1093/rheumatology/kew178
https://pubmed.ncbi.nlm.nih.gov/10368775/
https://doi.org/10.1210/edrv.20.3.0367
https://doi.org/10.1210/edrv.20.3.0367
https://pubmed.ncbi.nlm.nih.gov/21990425/
https://pubmed.ncbi.nlm.nih.gov/3234012/
https://doi.org/10.1093/jmcb/mjr021
https://doi.org/10.1093/jmcb/mjr021

hardt S, et al. Autophagy regulates TNFalpha-mediated
joint destruction in experimental arthritis. Ann Rheum
Dis. 2013;72(5):761-8. [PubMed ID:22975756]. https://doi.
org(10.1136/annrheumdis-2012-201671.

45.Mundy GR. Osteoporosis and inflammation. Nutr Rev.
2007;65(12 Pt 2):S147-51. [PubMed ID:18240539]. https://
doi.org/[10.1111/j.1753-4887.2007.tb00353 X.

46.Sato K, Takayanagi H. Osteoclasts, rheumatoid ar-
thritis, and osteoimmunology. Curr Opin Rheumatol.
2006;18(4):419-26. [PubMed ID:16763464]. https://doi.
0rg(10.1097/01.bor.0000231912.24740.a5.

47.Zhu L, Wang H, Wu Y, He Z, Qin Y, Shen Q. The Autopha-
gy Level Is Increased in the Synovial Tissues of Patients
with Active Rheumatoid Arthritis and Is Correlated with
Disease Severity. Mediators Inflamm. 2017;2017:7623145.
[PubMed 1D:28255205]. [PubMed Central ID:P-
MC5309404].  https://doi.org[10.1155/2017/7623145.

48. DeSelm CJ, Miller BC, Zou W, Beatty WL, van Meel E, Taka-
hatay, et al. Autophagy proteins regulate the secretory
component of osteoclastic bone resorption. Dev Cell.
2011;21(5):966-74. [PubMed 1D:22055344]. [PubMed
Central ID:PMC3244473]. https://doi.org/10.1016j.dev-
cel.2011.08.016.

49. Knowles HJ, Athanasou NA. Acute hypoxia and osteo-
clast activity: a balance between enhanced resorption
and increased apoptosis. | Pathol. 2009;218(2):256-
64. [PubMed 1D:19291710]. https://doi.org/10.1002/
path.2534.

50.Zhao Y, Chen G, Zhang W, Xu N, Zhu JY, Jia ], et al. Auto-
phagy regulates hypoxia-induced osteoclastogenesis
through the HIF-1alpha/BNIP3 signaling pathway. |
Cell Physiol. 2012;227(2):639-48. [PubMed ID:21465467].
https://doi.org/10.1002/jcp.22768.

51. Li RF, Chen G, Ren |G, Zhang W, Wu ZX, Liu B, et al. The
adaptor protein p62 is involved in RANKL-induced
autophagy and osteoclastogenesis. | Histochem
Cytochem. 2014;62(12):879-88. [PubMed ID:25163928].
[PubMed Central ID:PMC4244301]. https://doi.
0rg(10.1369/0022155414551367.

52.McAnulty R]. Fibroblasts and myofibroblasts: their
source, function and role in disease. Int | Biochem Cell
Biol. 2007;39(4):666-71. [PubMed 1D:17196874]. https:||
doi.org/10.1016/j.biocel.2006.11.005.

53.Mousavi M], Karami |, Aslani S, Tahmasebi MN, Vaziri
AS, Jamshidi A, et al. Transformation of fibroblast-like
synoviocytes in rheumatoid arthritis; from a friend
to foe. Auto Immun Highlights. 2021;12(1):3. [PubMed
[D:33546769]. [PubMed Central ID:PMC7863458].
https://doi.org[10.1186/s13317-020-00145-X.

54.Karami |, Farhadi E, Delbandi AA, Shekarabi M, Tah-
masebi MN, Sharafat Vaziri A, et al. Evaluation of TAK-
242 (Resatorvid) Effects on Inflammatory Status of
Fibroblast-like Synoviocytes in Rheumatoid Arthritis
and Trauma Patients. Iran | Allergy Asthma Immunol.
2021;20(4):453-64. [PubMed ID:34418899].

55. Mousavi MJ, Farhadi E, Vodjgani M, Karami ], Tahmase-
bi MN, Sharafat Vaziri A, et al. Role of Fibroblast Acti-

VE-Y sl ) by o o led V8l

vation Protein Alpha in Fibroblast-like Synoviocytes of
Rheumatoid Arthritis. Iran | Allergy Asthma Immunol.
2021;20(3):338-49. [PubMed I[D:34134455]. https://doi.
org[10.18502/ijaai.v20i3.6335.

56.Masoumi M, Bashiri H, Khorramdelazad H, Barzaman
K, Hashemi N, Sereshki HA, et al. Destructive roles of
fibroblast-like synoviocytes in chronic inflammation
and joint damage in rheumatoid arthritis. Inflamm.
2021;44:466-79.

57.Neumann E, Lefevre S, Zimmermann B, Gay S,
Muller-Ladner U. Rheumatoid arthritis progression
mediated by activated synovial fibroblasts. Trends Mol
Med. 2010;16(10):458-68. [PubMed ID:20739221]. https:/|
doi.org/10.1016/j.molmed.2010.07.004.

58. Bartok B, Firestein GS. Fibroblast-like synoviocytes: key
effector cells in rheumatoid arthritis. Immunol Rev.
2010;233(1):233-55. [PubMed 1D:20193003]. [PubMed
Central ID:PMC2913689]. https://doi.org/10.1111/j.0105-
2896.2009.00859.X.

59. Dougados M, Devauchelle-Pensec V, Ferlet JF, Jousse-
Joulin S, D'Agostino MA, Backhaus M, et al. The ability
of synovitis to predict structural damage in rheu-
matoid arthritis: a comparative study between clin-
ical examination and ultrasound. Ann Rheum Dis.
2013;72(5):665-71. [PubMed ID:22679298]. [PubMed
Central ID:PMC3618684]. https://doi.org/10.1136/ann-
rheumdis-2012-201469.

60. Firestein GS, Yeo M, Zvaifler NJ. Apoptosis in rheuma-
toid arthritis synovium. J Clin Invest. 1995;96(3):1631-8.
[PubMed ID:7657832]. [PubMed Central ID:PMC185789].
https:/[/doi.org/10.1172/]CI118202.

.Kim EK, Kwon JE, Lee SY, Lee EJ, Kim DS, Moon SJ, et al.
IL-17-mediated mitochondrial dysfunction impairs
apoptosis in rheumatoid arthritis synovial fibro-
blasts through activation of autophagy. Cell Death
Dis. 2017;8(1):e2565. [PubMed ID:28102843]. [PubMed
Central ID:PMC5386390]. https://doi.org/10.1038/cd-
dis.2016.490.

62. Shin Y], Han SH, Kim DS, Lee GH, Yoo WH, Kang YM, et al.
Autophagy induction and CHOP under-expression pro-
motes survival of fibroblasts from rheumatoid arthritis
patients under endoplasmic reticulum stress. Arthritis
Res Ther. 2010;12(1):R19. [PubMed [D:20122151]. [PubMed
Central ID:PMC2875648]. https://doi.org/10.1186/ar2921.

63.Connor AM, Mahomed N, Gandhi R, Keystone EC,
Berger SA. TNFalpha modulates protein degradation
pathways in rheumatoid arthritis synovial fibroblasts.
Arthritis Res Ther. 2012;14(2):R62. [PubMed 1D:22417670].
[PubMed Central ID:PMC3446430]. https://doi.
0rg(10.1186/ar3778.

64.Zhang F, Wang R, Liu B, Zhang L. A bibliometric analy-
sis of autophagy in atherosclerosis from 2012 to 2021.
Front Pharmacol. 2022;13:977870. [PubMed ID:36188570].
[PubMed Central ID:PMC9520361].  https://doi.
org[10.3389/fphar.2022.977870.

65. Meijer AJ, Codogno P. Signalling and autophagy regu-
lation in health, aging and disease. Mol Aspects Med.

6

—

AR


https://pubmed.ncbi.nlm.nih.gov/22975756/
https://doi.org/10.1136/annrheumdis-2012-201671
https://doi.org/10.1136/annrheumdis-2012-201671
https://pubmed.ncbi.nlm.nih.gov/18240539/
https://doi.org/10.1111/j.1753-4887.2007.tb00353.x
https://doi.org/10.1111/j.1753-4887.2007.tb00353.x
https://pubmed.ncbi.nlm.nih.gov/16763464/
 https://doi.org/10.1097/01.bor.0000231912.24740.a5
 https://doi.org/10.1097/01.bor.0000231912.24740.a5
https://pubmed.ncbi.nlm.nih.gov/28255205/
https://pubmed.ncbi.nlm.nih.gov/5309404/
https://doi.org/10.1155/2017/7623145
https://pubmed.ncbi.nlm.nih.gov/22055344/
https://pubmed.ncbi.nlm.nih.gov/3244473/
https://doi.org/10.1016/j.devcel.2011.08.016
https://doi.org/10.1016/j.devcel.2011.08.016
https://pubmed.ncbi.nlm.nih.gov/19291710/
https://doi.org/10.1002/path.2534
https://doi.org/10.1002/path.2534
https://pubmed.ncbi.nlm.nih.gov/21465467/
https://doi.org/10.1002/jcp.22768
https://pubmed.ncbi.nlm.nih.gov/25163928/
https://pubmed.ncbi.nlm.nih.gov/4244301/
https://doi.org/10.1369/0022155414551367
https://doi.org/10.1369/0022155414551367
https://pubmed.ncbi.nlm.nih.gov/17196874/
https://doi.org/10.1016/j.biocel.2006.11.005
https://doi.org/10.1016/j.biocel.2006.11.005
https://pubmed.ncbi.nlm.nih.gov/33546769/
https://pubmed.ncbi.nlm.nih.gov/7863458/
https://doi.org/10.1186/s13317-020-00145-x
https://pubmed.ncbi.nlm.nih.gov/34418899/
https://pubmed.ncbi.nlm.nih.gov/34134455/
https://doi.org/10.18502/ijaai.v20i3.6335
https://doi.org/10.18502/ijaai.v20i3.6335
https://pubmed.ncbi.nlm.nih.gov/20739221/
https://doi.org/10.1016/j.molmed.2010.07.004
https://doi.org/10.1016/j.molmed.2010.07.004
https://pubmed.ncbi.nlm.nih.gov/20193003/
https://pubmed.ncbi.nlm.nih.gov/2913689/
https://doi.org/10.1111/j.0105-2896.2009.00859.x
https://doi.org/10.1111/j.0105-2896.2009.00859.x
https://pubmed.ncbi.nlm.nih.gov/22679298/
https://pubmed.ncbi.nlm.nih.gov/3618684/
https://doi.org/10.1136/annrheumdis-2012-201469
https://doi.org/10.1136/annrheumdis-2012-201469
https://pubmed.ncbi.nlm.nih.gov/7657832/
https://pubmed.ncbi.nlm.nih.gov/185789/
https://doi.org/10.1172/JCI118202
https://pubmed.ncbi.nlm.nih.gov/28102843/
https://pubmed.ncbi.nlm.nih.gov/5386390/
https://doi.org/10.1038/cddis.2016.490
https://doi.org/10.1038/cddis.2016.490
https://pubmed.ncbi.nlm.nih.gov/20122151/
https://pubmed.ncbi.nlm.nih.gov/2875648/
https://doi.org/10.1186/ar2921
https://pubmed.ncbi.nlm.nih.gov/22417670/
https://pubmed.ncbi.nlm.nih.gov/34464430/
https://doi.org/10.1186/ar3778
https://doi.org/10.1186/ar3778
https://pubmed.ncbi.nlm.nih.gov/36188570/
https://pubmed.ncbi.nlm.nih.gov/9520361/
https://doi.org/10.3389/fphar.2022.977870
https://doi.org/10.3389/fphar.2022.977870

Ohas 5 solas Lo

2006;27(5-6):411-25. [PubMed 1D:16973212]. https://doi.
0rg[10.1016/j.mam.2006.08.002.

66.van Loosdregt ], Rossetti M, Spreafico R, Moshref M,

Olmer M, Williams GW, et al. Increased autophagy
in CD4(+) T cells of rheumatoid arthritis patients
results in T-cell hyperactivation and apoptosis resis-
tance. Eur | Immunol. 2016;46(12):2862-70. [PubMed
[D:27624289]. [PubMed Central ID:PMC5138112]. https:/|
doi.org/10.1002/eji.201646375.

67. Eisenberg-Lerner A, Bialik S, Simon HU, Kimchi

A. Llife and death partners: apoptosis, autophagy
and the cross-talk between them. Cell Death Differ.
2009;16(7):966-75. [PubMed 1D:19325568]. https://doi.
0rg/10.1038/cdd.2009.33.

68. Raj R, Thomas S, Gorantla V. Accelerated atherosclerosis

in rheumatoid arthritis: a systematic review. FI000ORes.
2022;11:466. [PubMed 1D:36249997]. [PubMed Central
ID:PMC9551388]. https://doi.org/10.12688/fl000Te-
search.112921.2.

69.Zhao |, Jiang P, Guo S, Schrodi SJ, He D. Apoptosis, Au-

tophagy, NETosis, Necroptosis, and Pyroptosis Medi-
ated Programmed Cell Death as Targets for Innova-
tive Therapy in Rheumatoid Arthritis. Front Immunol.
2021;12:809806. [PubMed ID:35003139]. [PubMed
Central ID:PMC8739882]. https://doi.org[10.3389/fim-
mu.2021.809806.

70.Ulgen E, Ozisik O, Sezerman OU. pathfindR: An R Pack-

7

—_

age for Comprehensive Identification of Enriched Path-
ways in Omics Data Through Active Subnetworks. Front
Genet. 2019;10:858. [PubMed ID:31608109]. [PubMed
Central ID:PMC6773876].  https://doi.org[10.3389/
fgene.2019.00858.

.Korb A, Pavenstadt H, Pap T. Cell death in rheuma-
toid arthritis. Apoptosis. 2009;14(4):447-54. [PubMed
ID:19199037]. https://doi.org/10.1007/s10495-009-
0317-y.

72. Pap T, Muller-Ladner U, Gay RE, Gay S. Fibroblast biology.

Role of synovial fibroblasts in the pathogenesis of rheu-
matoid arthritis. Arthritis Res. 2000;2(5):361-7. [PubMed
[D:11094449]. [PubMed Central ID:PMC130137]. https://
doi.org/10.1186/ar113.

73.Baier A, Meineckel I, Gay S, Pap T. Apoptosis

in rheumatoid arthritis. Curr Opin Rheumatol.
2003;15(3):274-9. [PubMed ID:12707581]. https://doi.
0rg/10.1097/00002281-200305000-00015.

74.Kato M, Ospelt C, Gay RE, Gay S, Klein K. Dual role of

autophagy in stress-induced cell death in rheuma-
toid arthritis synovial fibroblasts. Arthritis Rheumatol.
2014;66(1):40-8. [PubMed 1D:24449574]. https://doi.
org/10.1002/art.38190.

75.Xu K, Xu P, Yao JF, Zhang YG, Hou WK, Lu SM. Reduced

apoptosis correlates with enhanced autophagy in sy-
novial tissues of rheumatoid arthritis. Inflamm Res.
2013;62(2):229-37. [PubMed 1D:23178792]. https://doi.
0rg/10.1007/s00011-012-0572-1.

76. Xu K, Cai YS, Lu SM, Li XL, Liu L, Li Z, et al. Autophagy in-

duction contributes to the resistance to methotrexate

77.

78.

79.

80.

8

—_

82.

83.

84.

85.

86.

treatment in rheumatoid arthritis fibroblast-like sy-
novial cells through high mobility group box chromo-
somal protein 1. Arthritis Res Ther. 2015;17:374. [PubMed
ID:26702616]. [PubMed Central ID:PMC4718027].
https://doi.org/10.1186/s13075-015-0892-y.

Li S, Li F, Chen W], Deng C. AB0109 Autophagy inhibi-
tor regulates apoptosis and proliferation of synovial
fibroblasts through the inhibition of pi3k/akt pathway
in collagen-induced arthritis rat model. Am | Transla-
tional Res. 2017;9(5):1084.2-. https://doi.org[10.1136/ann-
rheumdis-2017-eular.2044.

Gianchecchi E, Delfino DV, Fierabracci A. Recent in-
sights on the putative role of autophagy in auto-
immune diseases. Autoimmun Rev. 2014;13(3):231-41.
[PubMed [D:24184881]. https://doi.org/10.1016/j.au-
trev.2013.10.007.

Mortensen M, Soilleux EJ, Djordjevic G, Tripp R, Lut-
teropp M, Sadighi-Akha E, et al. The autophagy pro-
tein Atg7 is essential for hematopoietic stem cell
maintenance. | Exp Med. 2011;208(3):455-67. [PubMed
1D:21339326]. [PubMed Central ID:PMC3058574]. https:/|
doi.org[10.1084/jem.20101145.

Hubbard VM, Valdor R, Patel B, Singh R, Cuervo AM,
Macian E. Macroautophagy regulates energy metab-
olism during effector T cell activation. J Immunol.
2010;185(12):7349-57. [PubMed 1D:21059894]. [PubMed
Central ID:PMC3046774]. https://doi.org/10.4049/jim-
munol.1000576.

. Miller BC, Zhao Z, Stephenson LM, Cadwell K, Pua HH,

Lee HK, et al. The autophagy gene ATG5 plays an es-
sential role in B lymphocyte development. Autophagy.
2008;4(3):309-14. [PubMed ID:18188005]. https://doi.
0rg[10.4161/auto.5474.

Arsov [, Adebayo A, Kucerova-Levisohn M, Haye ], Mac-
Neil M, Papavasiliou EN, et al. Arole for autophagic pro-
tein beclin 1 early in lymphocyte development. | Immu-
nol. 2011;186(4):2201-9. [PubMed ID:21239722]. [PubMed
Central ID:PMC3070473]. https://doi.org/10.4049/jim-
munol.1002223.

Le Minoux D, Mahendra A, Kaveri S, Limnios N, Fri-
boulet A, Avalle B, et al. A novel molecular analysis of
genes encoding catalytic antibodies. Mol Immunol.
2012;50(3):160-8. [PubMed 1D:22325472]. https://doi.
0rg/10.1016/j.molimm.2012.01.004.

Oliva L, Cenci S. Autophagy in plasma cell pathophysiol-
ogy. Front Immunol. 2014;5:103. [PubMed 1D:24659989].
[PubMed Central ID:PMC3950468]. https://doi.
0rg[10.3389/fimmu.2014.00103.

Conway KL, Kuballa P, Khor B, Zhang M, Shi HN, Virgin
HW, et al. ATG5 regulates plasma cell differentiation.
Autophagy. 2013;9(4):528-37. [PubMed ID:23327930].
[PubMed Central ID:PMC3627668]. https://doi.
0rg(10.4161/auto.23484.

Vomero M, Barbati C, Colasanti T, Perricone C, Novelli L,
Ceccarelli F, et al. Autophagy and Rheumatoid Arthri-
tis: Current Knowledges and Future Perspectives. Front
Immunol. 2018;9:1577. [PubMed ID:30072986]. [PubMed

VY


https://pubmed.ncbi.nlm.nih.gov/16973212/
https://doi.org/10.1016/j.mam.2006.08.002
https://doi.org/10.1016/j.mam.2006.08.002
https://pubmed.ncbi.nlm.nih.gov/27624289/
https://pubmed.ncbi.nlm.nih.gov/5138112/
https://doi.org/10.1002/eji.201646375
https://doi.org/10.1002/eji.201646375
https://pubmed.ncbi.nlm.nih.gov/19325568/
https://doi.org/10.1038/cdd.2009.33
https://doi.org/10.1038/cdd.2009.33
https://pubmed.ncbi.nlm.nih.gov/36249997/
https://pubmed.ncbi.nlm.nih.gov/9551388/
https://doi.org/10.12688/f1000research.112921.2
https://doi.org/10.12688/f1000research.112921.2
https://pubmed.ncbi.nlm.nih.gov/35003139/
https://pubmed.ncbi.nlm.nih.gov/8739882/
https://doi.org/10.3389/fimmu.2021.809806
https://doi.org/10.3389/fimmu.2021.809806
https://pubmed.ncbi.nlm.nih.gov/31608109/
https://pubmed.ncbi.nlm.nih.gov/6773876/
https://doi.org/10.3389/fgene.2019.00858
https://doi.org/10.3389/fgene.2019.00858
https://pubmed.ncbi.nlm.nih.gov/19199037/
https://doi.org/10.1007/s10495-009-0317-y
https://doi.org/10.1007/s10495-009-0317-y
https://pubmed.ncbi.nlm.nih.gov/11094449/
https://pubmed.ncbi.nlm.nih.gov/130137/
https://doi.org/10.1186/ar113
https://doi.org/10.1186/ar113
https://pubmed.ncbi.nlm.nih.gov/12707581/
https://doi.org/10.1097/00002281-200305000-00015
https://doi.org/10.1097/00002281-200305000-00015
https://pubmed.ncbi.nlm.nih.gov/24449574/
https://doi.org/10.1002/art.38190
https://doi.org/10.1002/art.38190
https://pubmed.ncbi.nlm.nih.gov/32178792/
https://doi.org/10.1007/s00011-012-0572-1
https://doi.org/10.1007/s00011-012-0572-1
https://pubmed.ncbi.nlm.nih.gov/26702616/
https://pubmed.ncbi.nlm.nih.gov/4718027/
https://doi.org/10.1186/s13075-015-0892-y
https://doi.org/10.1136/annrheumdis-2017-eular.2044
https://doi.org/10.1136/annrheumdis-2017-eular.2044
https://pubmed.ncbi.nlm.nih.gov/24184881/
https://doi.org/10.1016/j.autrev.2013.10.007
https://doi.org/10.1016/j.autrev.2013.10.007
https://pubmed.ncbi.nlm.nih.gov/21339326/
https://pubmed.ncbi.nlm.nih.gov/30585574/
https://doi.org/10.1084/jem.20101145
https://doi.org/10.1084/jem.20101145
https://pubmed.ncbi.nlm.nih.gov/21059894/
https://pubmed.ncbi.nlm.nih.gov/3046774/
https://doi.org/10.4049/jimmunol.1000576
https://doi.org/10.4049/jimmunol.1000576
https://pubmed.ncbi.nlm.nih.gov/18188005/
https://doi.org/10.4161/auto.5474
https://doi.org/10.4161/auto.5474
https://pubmed.ncbi.nlm.nih.gov/21239722/
https://pubmed.ncbi.nlm.nih.gov/3070473/
https://doi.org/10.4049/jimmunol.1002223
https://doi.org/10.4049/jimmunol.1002223
https://pubmed.ncbi.nlm.nih.gov/22325472/
https://doi.org/10.1016/j.molimm.2012.01.004
https://doi.org/10.1016/j.molimm.2012.01.004
https://pubmed.ncbi.nlm.nih.gov/24659989/
https://pubmed.ncbi.nlm.nih.gov/3950468/
https://doi.org/10.3389/fimmu.2014.00103
https://doi.org/10.3389/fimmu.2014.00103
https://pubmed.ncbi.nlm.nih.gov/23327930/
https://pubmed.ncbi.nlm.nih.gov/3627668/
https://doi.org/10.4161/auto.23484
https://doi.org/10.4161/auto.23484
https://pubmed.ncbi.nlm.nih.gov/30072986/

87.

88.

89.

90.

9

—_

92.

93.

Central ID:PMC6058034]. https://doi.org/10.3389/fim-
mu.2018.01577.

Ramiro S, Sepriano A, Chatzidionysiou K, Nam JL, Smo-
len ]S, van der Heijde D, et al. Safety of synthetic and bio-
logical DMARDs: a systematic literature review inform-
ing the 2016 update of the EULAR recommendations
for management of rheumatoid arthritis. Ann Rheum
Dis. 2017;76(6):1101-36. [PubMed [D:28298374]. https:/|
doi.org[10.1136/annrheumdis-2016-210708.

Rainsford KD, Parke AL, Clifford-Rashotte M, Kean WE.
Therapy and pharmacological properties of hydroxy-
chloroquine and chloroquine in treatment of systemic
lupus erythematosus, rheumatoid arthritis and re-
lated diseases. Inflammopharmacol. 2015;23(5):231-69.
[PubMed ID:26246395]. https://doi.org/10.1007/s10787-
015-0239-y.

Xiu Y, Xu H, Zhao C, Li |, Morita Y, Yao Z, et al. Chloro-
quine reduces osteoclastogenesis in murine osteopo-
rosis by preventing TRAF3 degradation. J Clin Invest.
2014;124(1):297-310. [PubMed 1D:24316970]. [PubMed
Central ID:PMC3871219]. https://doi.org[10.1172/
JC166947.

Ziegler HK, Unanue ER. Decrease in macrophage anti-
gen catabolism caused by ammonia and chloroquine
is associated with inhibition of antigen presentation to
T cells. Proc Natl Acad Sci U S A.1982;79(1):175-8. [PubMed
ID:6798568]. [PubMed Central ID:PMC345685]. https:/|
doi.org/10.1073/pnas.79.1.175.

. Prescott JF, Nicholson VM. The effects of combinations

of selected antibiotics on the growth of Corynebacte-
rium equi. | Vet Pharmacol Ther. 1984;7(1):61-4. [PubMed
ID:6561258]. https://doi.org/10.1111/j.1365-2885.1984.
tb00880.x.

Pattacini L, Boiardi L, Casali B, Salvarani C. Differential
effects of anti-TNF-alpha drugs on fibroblast-like synov-
iocyte apoptosis. Rheumatol (Oxford). 2010;49(3):480-9.
[PubMed 1D:20040530]. https://doi.org/10.1093/rheu-
matology/kep358.

Catrina Al, Trollmo C, af Klint E, Engstrom M, Lampa
J, Hermansson Y, et al. Evidence that anti-tumor
necrosis factor therapy with both etanercept and
infliximab induces apoptosis in macrophages, but not

VE-Y sl ) by o o led V8l

lymphocytes, in rheumatoid arthritis joints: extended
report. Arthritis Rheum. 2005;52(1):61-72. [PubMed
ID:15641091].  https://doi.org/10.1002/art.20764.

94. Tikhonova IA, Yang H, Bello S, Salmon A, Robinson S,
Hemami MR, et al. Enzyme-linked immunosorbent as-
says for monitoring TNF-alpha inhibitors and antibody
levels in people with rheumatoid arthritis: a systematic
review and economic evaluation. Health Technol Assess.
2021;25(8):1-248. [PubMed 1D:33555998]. [PubMed Cen-
tral ID:PMC7898084]. https://doi.org/10.3310/hta25080.

95. Dai S, Wang B, Li W, Wang L, Song X, Guo C, et al. System-
ic application of 3-methyladenine markedly inhibited
atherosclerotic lesion in ApoE(--) mice by modulating
autophagy, foam cell formation and immune-negative
molecules. Cell Death Dis. 2016;7(12):e2498. [PubMed
ID:27906187]. [PubMed Central ID:PMC5260998].
https://doi.org/10.1038/cddis.2016.376.

96.Wang L, Fan J, Lin YS, Guo YS, Gao B, Shi QY, et al. Glu-
cocorticoids induce autophagy in rat bone marrow
mesenchymal stem cells. Mol Med Rep. 2015;11(4):2711-
6. [PubMed ID:25515523]. https://doi.org/10.3892/
mmr.2014.3099.

97.Shen C, Gu W, Cai GQ, Peng JP, Chen XD. Autophagy
protects meniscal cells from glucocorticoids-induced
apoptosis viainositol trisphosphate receptor signaling.
Apoptosis. 2015;20(9):1176-86. [PubMed ID:26108728].
https://doi.org/10.1007/5s10495-015-1146-9.

98. Castellanos M, Gubern C, Kadar E. mTOR: exploring a
new potential therapeutic target for stroke. In: Maiese
K, editor. Molecules to Medicine with mTOR. Amsterdam,
Netherlands: Elsevier; 2016.

99. Malemud (J. Intracellular Signaling Pathways in Rheu-
matoid Arthritis.] Clin Cellimmunol.2013;4:160.[PubMed
ID:24619558]. [PubMed Central ID:PMC3947501].
https://doi.org/10.4172/2155-9899.1000160.

100. Bruyn GA, Tate G, Caeiro F, Maldonado-Cocco ], West-
hovens R, Tannenbaum H, et al. Everolimus in patients
with rheumatoid arthritis receiving concomitant
methotrexate: a 3-month, double-blind, randomised,
placebo-controlled, parallel-group, proof-of-concept
study. Ann Rheum Dis. 2008;67(8):1090-5. [PubMed
[D:18037627]. https://doi.org/10.1136/ard.2007.078808.

Y


https://pubmed.ncbi.nlm.nih.gov/6058034/
https://doi.org/10.3389/fimmu.2018.01577
https://doi.org/10.3389/fimmu.2018.01577
https://pubmed.ncbi.nlm.nih.gov/28298374/
https://doi.org/10.1136/annrheumdis-2016-210708
https://doi.org/10.1136/annrheumdis-2016-210708
https://pubmed.ncbi.nlm.nih.gov/26246395/
https://doi.org/10.1007/s10787-015-0239-y
https://doi.org/10.1007/s10787-015-0239-y
https://pubmed.ncbi.nlm.nih.gov/24316970/
https://pubmed.ncbi.nlm.nih.gov/3871219/
https://doi.org/10.1172/JCI66947
https://doi.org/10.1172/JCI66947
https://pubmed.ncbi.nlm.nih.gov/6798568/
https://pubmed.ncbi.nlm.nih.gov/345685/
https://doi.org/10.1073/pnas.79.1.175
https://doi.org/10.1073/pnas.79.1.175
https://pubmed.ncbi.nlm.nih.gov/6561258/
https://doi.org/10.1111/j.1365-2885.1984.tb00880.x
https://doi.org/10.1111/j.1365-2885.1984.tb00880.x
https://pubmed.ncbi.nlm.nih.gov/20040530/
https://doi.org/10.1093/rheumatology/kep358
https://doi.org/10.1093/rheumatology/kep358
https://pubmed.ncbi.nlm.nih.gov/15641091/
https://doi.org/10.1002/art.20764
https://pubmed.ncbi.nlm.nih.gov/33555998/
https://pubmed.ncbi.nlm.nih.gov/7898084/
https://doi.org/10.3310/hta25080
https://pubmed.ncbi.nlm.nih.gov/27906187/
https://pubmed.ncbi.nlm.nih.gov/5260998/
https://pubmed.ncbi.nlm.nih.gov/20548331/
https://pubmed.ncbi.nlm.nih.gov/25515523/
https://doi.org/10.3892/mmr.2014.3099
https://doi.org/10.3892/mmr.2014.3099
https://pubmed.ncbi.nlm.nih.gov/26108728/
https://doi.org/10.1007/s10495-015-1146-9
https://pubmed.ncbi.nlm.nih.gov/24619558/
https://pubmed.ncbi.nlm.nih.gov/3947501/
https://doi.org/10.4172/2155-9899.1000160
https://pubmed.ncbi.nlm.nih.gov/18037627/
https://doi.org/10.1136/ard.2007.078808

doi:10.69107/koomesh-149455 Volume 26, Issue 3, May 2024

Research Article

The Latest Scientific Findings on Autophagy as a Double-Edged Sword in
Progression and Treatment of Rheumatoid Arthritis

Mobina Emadi’, Mohammad Javad Mousavi 2, Hossein Khorramdel Azad 3, Rasoul Baharlou 4, Maryam
Masoumi *", Jafar Karami ¢

IStudent Research Committee, Khomin Faculty of Medical Sciences, Khomin, Iran

2Department of Hematology, Faculty of Paramedicine, Bushehr University of Medical Sciences, Bushehr, Iran
3Department of Inmunology, Faculty of Medicine, Rafsanjan University of Medical Sciences, Rafsanjan, Iran
‘Department of Immunology, Faculty of Medicine, Semnan University of Medical Sciences, Semnan, Iran
Shahid Beheshti Hospital, Faculty of Medicine, Qom University of Medical Sciences, Qom, Iran

®Molecular Medicine Research Center, Khomein University of Medical Sciences, Khomein, Iran

*Correspondings Affiliation: Molecular Medicine Research Center, Khomein University of Medical Sciences, Khomein, Iran.
Email: jafar_karami@yahoo.com

**Correspondings Affiliation: Shahid Beheshti Hospital, Faculty of Medicine, Qom University of Medical Sciences, Qom, Iran.
Email: m.masoumiy@gmail.com

Received 27/11/2023; Accepted 02/06/2024

4 ™\
Abstract

Autophagy is an important intracellular physiological mechanism that breaks down cytoplasmic organelles and components
for energy supply. Autophagy also monitors cells by removing intracellular pathogens, damaged organelles, and abnormally
accumulated proteins, which protect cells. Indeed, autophagy preserves and survives the cells by tracking the cytosol. It has
been documented that there are relationships between autophagy and autoimmune diseases such as rheumatoid arthritis (RA).
Autophagy is involved in various processes such as the development, survival, and proliferation of immune cells, thereby playing an
important role in the pathogenesis of RA. In addition, autophagy is implicated in the process of protein citrullination, which is an
important process in RA. It has been found that autophagy participates in the presentation of citrullinated peptides through MHC
molecules to T lymphocytes, leading to immune response and chronic inflammation in RA.

Furthermore, the body of evidence shows that autophagy enhances apoptosis resistance, and increases osteoclastogenesis
(destruction of bone tissue), which ultimately leads to severe destruction of bone and cartilage. Due to the important role of
autophagy in RA pathogenesis, we investigated the role of autophagy in important mechanisms involved in RA. This review article
presents the autophagy involvement in mechanisms such as protein citrullination, osteoclastogenesis, survival of immune cells,
apoptosis resistance, lymphocyte homeostasis, and its role in the clinical manifestations of RA.
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