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Abstract

BACKGROUND: Macrophages are an important part of innate immunity. When the internal environment of the body changes, macrophages can produce
different polarization phenotypes and play the corresponding inflammatory immune function. Mesenchymal stem cells can secrete a large number of
extracellular vesicles into the internal environment of the body, which have the functions of intercellular signaling and immune regulation. Studies have shown
that mesenchymal stem cells and mesenchymal stem cells-extracellular vesicles can affect the M1/M2 polarization balance of macrophages so as to treat
immune inflammatory diseases.

OBIJECTIVE: To explore the signaling mechanism of how mesenchymal stem cells and their extracellular vesicles interfere with autoimmune diseases by
regulating the polarization of macrophages, as well as the related research progress of engineered extracellular vesicles in this field.

METHODS: The first author searched the relevant literature published in PubMed, CNKI and other databases until June 2024. Chinese search terms were
“mesenchymal stem cells, extracellular vesicles, exosomes, apoptotic bodies, apoptotic vesicles, macrophage polarization, M1 polarization, M2 polarization,
autoimmune diseases, multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus, type 1 diabetes mellitus, inflammatory bowel disease,
autoimmune dacryadenitis, engineered extracellular vesicles, engineering exosomes, drug delivery.” English search terms were “macrophage polarization, M1
macrophage, M2 macrophage, autoimmune disease, type 1 diabetes, multiple sclerosis, rheumatoid arthritis, systemic lupus erythematosus, autoimmune
dacryadenitis, inflammatory bowel disease, mesenchymal stem cells, extracellular vesicles, engineered extracellular vesicles, engineering exosomes, drug
delivery.” The title and abstract of each paper were read and initially screened. Finally, 70 articles were selected for induction and analysis.

RESULTS AND CONCLUSION: (1) Mesenchymal stem cells can regulate M1/M2 polarization by releasing or indirectly acting on functional proteins. (2)
Mesenchymal stem cells can regulate macrophage M2 polarization through inflammasome. (3) Mesenchymal stem cells can be combined with commonly
used drugs to enhance drug efficacy. (4) Mesenchymal stem cells can regulate the release of mesenchymal stem cells-extracellular vesicles after inflammatory
stimulation and affect the polarization of macrophages. (5) Mesenchymal stem cells-extracellular vesicles can regulate autoimmune diseases by targeting
macrophage polarization through PTEN, NOTCH, nuclear factor kB, Toll-like receptors, PI3K/AKT and other pathways. (6) Engineered extracellular vesicles can
achieve non-invasive targeted drug delivery, prolong the half-life of drugs, promote the oral administration of exosomes, reduce allograft reaction, improve the
bioavailability of Chinese herbs and overcome the blood-brain barrier, opening up a new path for drug delivery.

Key words: mesenchymal stem cell; extracellular vesicle; exosome; macrophage polarization; M1/M2 polarization; autoimmune disease; engineered
extracellular vesicle
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R LE IR FARA b, B 1] R T e ik ik 49 NLRP3
KIEDNREE G, R FIH T @8R Ao B v 40 I 69
M1 Ak, &A% 5T o he PO
B AR T e R B & &3k NLRP3 2 /MK, iF 6
953 e m i NLRP3 FUE IMRGGUE. Blde, BEAFIE
FOR T a8 AR i b A AL fm iR gm I NLRP3 K g /MK
R, AT H) B E E2 6948k, AmIATH M1 Evtm
JoBE, AR ELI K. SHINF M EFrit—F 81, A
e 1) Fo 0T tm et A 64 tm e st e T AR it G e E
1B RAR =34, 74| B o4 4m it NLRP3 R JE MK 69 %,
HmITHE ML A EEmpne)El, HAEREREREXT X
RAEF R, AFFR AR T @bE qF om ks P
BB, THRETHEERNES SAmeR T, AFE
Ry R A, RILE ERIRIEGST P S SRR,
233 B AR T @ET AL T R e vASE % H4hIT 3L
R R T a5t th e RIAE R, AR SH M ST
Fage Mg, SR ERBRXT K LRGH—
RSB, REFEHA, MG RERE, 4o
Bl RiE. Bt FRIrh. aE Ao E
Hoty, MRB]T 2720 A, ZHAL 5 BY 3% 9 R aeh 5 ARG
i 8 R T Bk F, TR FRAT hthegzes
M, BIRTIETER, RIEXT KD RAEFHEK.
REZIEAR Y. 2P B AETEERE, AR R LK
Fimfe T oA Bt Al T it E, 5P AL
FIE it B i M2 RUARAL, A BURE2 T R miE.
B BF. W8RG, BT R IT 6 KR e e i,
BB AR T w4 ROBRATR, HaH
SR AR K A TR T HAA. YUE B RIE M
B ST a5 iR AT R R BAA SR AR B & R R P AR AR
JEXAER S BRI T BEF 967K, RUEART & ™
TARE, LRIHERANZETRE T RE, 8ERT A
ZARIPAEA . EATH R 6 A AT A8 i 37 4] Toll A% 4K
4] BAENSLIE T 88 K JEAs T4 3 A0 KE B THK, AL
BART Rmey = EA2E, R 3t ML NIRRT e it é) M2
R B R TR, 2B BEILT WRIE 7 89% 7.
4P $08 97 AR, Be 5 R AR T e e 5 e R AR
2 8V B) AL R BT VAR i K M1 E w2 gm K, ARt Bk
e M2 AR A3, LA R 374 4% B F kB(nuclear factor
kappa-B, NF-kB) ifl 334 7&, A KL T &0 £ 342. B5
Wr 18] 7R T 4w feid 188 0 3 A B -1- AR ERAE T R, A7
B ¥R BB S ST A 3K R B AR R B IR, RAR4E A
wREAMCA T, BINT BERERRARGE A,
AR TF@pSERGMORER, TMUERAT
BRBR, ERERZ T HHhxst, HSMHAReE
FRETRHEHR AR, R, BHXLETRBET
A ERE R, FRNFRILF G T WA,
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2.4 [EFRATERITENMIRIIN OB KMRRIE
TEERBMERRIWEIRE 8 AR T e T d 5
Ao sh Ko BEoK miairie, A % AR TaE sk,
i e B & STk @ a6 7 F KRR . AT HiEm
] i 1) AR F ik R aa e s BB E R R R R AR R o 9
¥ B v fm JOARAR A L]

2.4.1 FEE R 3K /) & & Fl R 4 (phosphatase and tensin
homolog, PTEN):i# 3% AEIEE ALMWLLRIBRE ST R
itz o, B AR F @A LN R EILE E KRBT,
ZHANG % " sy B S B T TR, HMRIk A B
18] 65 F 4w AL 64 S b AR T VAR 3 B S A BERFE AR AL )
RUE AR 6 B miee M2 AR ARAL, XK M2 A E vk 4
fasT B id ik K me R F. AEAT @i, REA
R T iR E AR RO R K, TR RIS
AR P 84 miR-16 A= miR-21 4 7 8 if ¥e. %) ] T PDCD4 #»
PTEN i@ 3% R AT 3 B o4 4 I M2 B4k, X4k B gm0 & 5k
WARATHRFHFAERESATHT miekE BRI
B K

2.4.2 NOTCH @34 #RiZ ML 7 & S 41 SRS Y
F IR IE, CHEN & ® B £ 3, AR 8 AR T
itk T o sk AR ST A 39 4 o)y R 2R 40 NOTCH1 ¢4 & 3%,
RER KR fr, B AL B R a0 M2 ARAG. SRR T 6
miR-146a-5p & X F+ &, LAL# B & st h M2 &
Al g4 £ B E £, {245 NOTCHL it A A BY, Fhibikagie it
HRERMARNY , TR T ETTLAR K G T R F 2H &
NOTCH1 #9ifl4x ., XIAFR A # S L BIRTAR K IR Z M
Bl 6 3 66 7 RAE T F1 S5k,

2.43 NF-kB %% * FHEX —4F5 M, QAN F PIE
it T CxHE Wy kR 18] AR T dm AT A SR bk KRR P 44
Bom, MRERD T, EHRALH T RAITTE 255
o9 KIEP T 4 A, €T A8 i 38 1% miR-216a-5p 3| E &
mien, ¥eb) FHEMHSE%xEaBLeY Y EEFR, AT
HMGB1/TLR4/NF-kB 12 5 i@ %, #t M55 E& a0 M2 4%
R E MK, XTI T AL, KA ALK T @
FOAT A S sbAR T VA8 it i £ miR-1246, T TERF2IP # %
ik, A S NF-kB A5 5@ 3%, FH4Tit STAT3 A48 %12
Gk, MM E| P H) KRR . AR B 4 il M2 AR
feEg R, VARG FbE B S bR KRR,
2.4.4 Toll # % 4K (Toll-like receptors, TLR) A48 %:& 3% Toll
MR KB AR B AT RIEEER, ZHANG
& BB R R I, AER R 8 B AR AR T e sh ik Ak
BT B RAER, TR ERE D RiAE T,
RS FAF ES il M2 AL, X—id e LA
Foh bR 8 4% FLIT TLR2 42 5455, 3t ddp#| TLR2/IRAKL/
NF-kB iB 3%, 8V *HBE3H B A 9 rRBIME R . Shb R AL A
BAERA TV R e eg a4k e, & 18 3AE R T AL
P AR Z R G T 69 Nl LR,
2.4.5 HRASBLLES 3 i Bs [ & & 4B B(phosphoinositide 3
kinase/protein kinase B, PI3K/AKT) i# ¥4 LU % 9 n) & 4
F PI3K/AKT i@ 3% 72 9 kAR5 5 B v n o AR AL T 6945 A .
AR 18 F SR T amhes FF R AR R B & S b e

B K 69 KIE IR B IRRES B, RFIPH T M1 E % 04T
e EIL, R M2 EEaRArie e kL, #t—F a9t
KR T, AFWIE 5T el i E PIBK/AKT i@ 345
S ESmIeE M2 2R ML B G & £ R M B IR KR
K, X—ZITRB T TN ER T LA ERT
AR, A B R IE RS TR T #69 F ok,
246 RIFEHREIKIZTEAGRNAFEE KT LR gF
W A ey LB B, LR LB T T miesh ey
#) — 3k L B RNA & B v a0 JO A6 & 248 B, A shab ik
ERFRT ARG T PO ARBET HOGAA, {28
R ETBRG RFTE.

DOU % ™ ey BF % 2 — AN & & X%, X I
tsRNA-21109 4y & ik 5§ 2 M Lo seIR e B 09 6 IR 30 3B %
Y748 %, tsRNA-21109 4k F& 2h s AR T VAL i M1 E 7% 40
AREMGFA, RRARY M2 Emiiri ik, HA
Ji T em Jo AT A SN ab AR T 868 i 4545 tsRNA-21109 374 B
mine) M1 AAL, ERINEI T, AT AR T st
A 69 tsRNA-21109 &k /4 oh b AR i@ 1T 47 4] B 7% 28 i M1 A4k
REET A G MR K,

L& ER i R I, A8 R T AT A e st &
AT R B & R BRI KB R A AAER, RS
FEEmiE M2 AL, FREGETHET @b, M
W I E LR ARG . AN R ILAR A 18 FO R T BT A e
B4k 4 8 & & ik miR-100-5p, &Lf% miR-100-5p T vA &
55 AR 18 F R T fm AT A e st B b xt T M2 B 4
FOARAC B AL HEAE . AR 18 LR T am e T Al i i a4
mMiR-100-5p kAT 1 M2 B 7 tm e AR A A i) 5 b T 2l I A A%,
i R B & R R

XU % B R 8w T AL 0 AR T aminsit A min st
FOEMESGERT T OFAA, NN ELEEZ
B MBI F o R #UE, @it e miR-24-3p ¢ Rk,
fem TRADREHT THREATET 1e9 KA, dmiR
P M2 B it ey A, Ry T N REM KB .

8] R F AT A e s AT 2 AT
AL B mie A A2, BRI R AR R
B PSS AR MR T #06 FFR
Wi gy ik, AL A RN TR AR ST B 64 2 40 3 B fe e gk R AL
BIRBETAAXFF., XTRARFa@ieitsmpsh i
i#% 1% RNA ¥eib) B2 @ Je 45 8 & S a sk m L & Lt
RI T,

2.5 EFTEBRINEBEBRNKBATSHEOQERM
fes B8RRI ER

2.5.1 @itk ) AT aaAeAT A s B e IR
XFem 4oy AAEAMESLHARGR T, @it
ERAEA—FHAEGHDBEARNEERE . @1
AE Fkmbh6 57, WANG 5 ® 4 7 —Fr 5 kA2 5K
TR -BAR L - Fo4 Kk A% HOTI-EVs, BiL®w F
U A 41 K BORARAE A B 5— R CBL R B O AL B GL3E
EE AR FmpsT A mpst gy, £ 1ABERRD
WA F, H@TI-EVs 48 1T PD-L1/PD-1 4438 % J5 43R
¥, PRt B iR M2 RALAEAL, 374 CDA' T 40 ig%,
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=3 | BERTHMRITEMRRINEREE RNALEERARBIEES
REMERRTRICE

H—1E#H RNA /3 AR X EME AR
iR A
YT
DOU™  tsrna-21109 MSC-exo R WA REMET BT
Ly miR-100-5p  hUCMSCs-EVs PR AL B R EER AR
ZHANG®?  miR-16. BMMSC-exo  PTEN WA REGMEABRE
miR-21
CHEN®™?  miR-146a-5p MSC-exo NOTCH PR REMEL BRI
SR i H i
XIFH " miR-1246 GMSC-exo NF-kB BRI B B G P B
%
QIAN®?  miR-216a-5p ADSC-exo HMGB1/  Hi&Wtk ik
TLR4/NF-kB
Xy miR-24-3p  MenSC-EVs  Fiff IRF1  Hi 44kt 45 %

ey MSC-exo Jy ] 78 i 4 M fi7 42 A s 44, hUCMSCs-EVs Sy A i i 1) 78 53 41
JHAT A= 20 AMFEL, BMMSCs-exo Sy a i [H) 78 i T 40 M A7 2 AMils 4, GMSC-exo 2y
WA R I 70 T 4 AT AR M A, ADSC-exo Sy IR 7 SRR IR 78 58 40 I A7 A= 1 ik A4k
MenSC-EVs Jy A £ il 8] 78 53 T-40 A fiT A A A 3630 IRFL OV TR MR F 1.

R IR S e, RILBIEFHS.

KRR X X EHBTRA KT NS
Feyr R, EXTARLEHBEEZRHEST
REHMAE, B, BEEERBRETHRGFRRRA.
At KRG M £ K047 A2 b g ks, BULF 44
T —H R T AR T & CoyEmmst, AIFRARF X
F ARG W5 18 Zo R T emfe kR mpe s Easit B KE XY,
X AR AR AR AT A5 W 0 e e st R A BT H T R A e
HF IR oA M1 EvE e e E 40, R ATt aai R4+
A BT A, E T R AU A EARA R 16 R
JER, EHMRI A B RER ., YOU F © i@ iR 4t
T AZ ARG BT 4w 0 64 S ik AR AT R 4w 0 R B 4 4R,
St BT K BB B BB AR - ShAR, XA A @A R
RE T I bRty LM fe. FRBRF) FbE — SN I AR 1A
AT M1 A B m st T oh M2 B E A Rk &R
RUB A KRB IEMIRE, EHRRETHTFEH5E
o 90 AR K RS 0906 T, e KR R . BT R R AR S,

@ 1) AR T ek R e e s R e, ARRA
RARAFRT — 27 ERAKIEE B, XEHRET
Tamst R EAkea Ll FHE RSN, R
AR IR RRGB M AT K KRR R e P ARATE R
Gk AR T RIFT 6976 7 Rk, TAHRKRNH YT L A=
W& R R FERET T AT % .

2.5.2 @i LR T ammestA e mis EehERS TS
IER Y F I Ao RIAAE A SR B AR, @
6% ¥ F e, DU ERA L kied R R an Sk
R, AR T SPab ke SRR . RATHR ik R IE K 4 F
ZH. KA F R B RG A, K TR
S SR EAR R LA T A F R T LR @ ey mle
FEM Ko F AR ALK S Fon, BT AR ELE
KRN TFARSE Fobe 20 N- BB 5F, TR EMHKm
FOIN LR FEAR A G AE 4 BRI, 2ERAR AR,
¥R R,

2.5.3 @id TAfLERGE F MR Ea a RS AL
BAE K B & IR MR R Lo M2 IR K5 606 9T AR
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FHHROEH A R T mie ey sk, RRRE—ZARELE
HEF M KIE, 12Xk BA B RN
BRRA. AWZ T, 9RAHAMEESEfELETES,
REDERRLHNE LT E. 2P SRS ST
IR R Bl R Ao By, ML ZIL T R, HRk
X —AEA, DENG % P My 7 —HF 5 309 & B LAk sh ok
B E ARG, 1ER L AYMEH, TR KE M
TCIRAEAT A M An BACE F F) H ERAE Z ABAE A 91 & Ak
A, Z A O R 2t AE P AR I SN IL IR % AR,
FAE K ELE I F K S AR A2 69K, Re AR E v e
fo A ph £ R s fe 4k, 8 id 404 MAPK/NF-kB 13 538 34 %
MEEMKIE., SHEGRHRE AL, TIREE QK
SR BEIRTT VAR BB RR T S M 42 I K

254 i# i TAZALEGE w At IR B AS AL A A AN M
FHe FARRE EREAELS AR, FIR
R RF BRI ZEFERE KA F R E K.
MOHAMMADI 4 7 B 4| T —FF Z¢ ik B L R B, B
TR Bk B AR 18 T e shis ik, 855 Mk
BASME 4 FARR L. S R R MR R KR
M By A5 AR 1 RURE SRR s AR, 7T AR RofudE £ 170 d
ARBEEFCE, SPabAR T 458 i F 4 NF-kB 8 34 R AT
#E it M2 R A 4540, sk BRSO T
VAR I 45 SR AR AR, AR BAVR T AN X A Y 1
a4 By B IR R

255 @id TALEE MmN EAR ST EL B L
AR E EAREDFAR, HEHMEN S LA
BT T REEELAE, MY EHEALIBFGR
KAFH, CWREILE T RTRAAGSERESN. 28 FFE
HRGEM. BEME. AMARERGER, ER
T EGRER. HREXAFEM, YAN & F 47—
LAttt R G— AR AR T @it As
S LR A BB IEEE . ZEEHARRAFEARY
W EFE N FASY, BABROIESFR., IFHAR
B AR ARRE R RUR KT KRR o) B am e,
gt LT h M2 B E i dmfie, AASFIE R T e e st A
SRILREYIER T, ZFEFFTHEUABBEAELD F,
3 it #7 4) ERK/HIF-10/GLUTY 38 #4J8, V 48 B2 iR S48 3t BE v
AR M MLE| M2 358, XM B ADEERAR
AR T R E B BRSO AR .

2.5.6 iBid TARqC LR IsN E ARk P ARAY 2 R G2 b AL
R R P AN Z ARG F R IE SRR
g, hdpdefT it o i B 1 52 LM $e6) 24 40 i % % — Kbk
W, BEABTRALY —MREhE. BRS ™ @i
IR HE, FRERMMZEREFERAZTIRGG
ARG shib Ak, A REIR T IR A 2 8 R B T A R
AR, BB H G, BEINLRE Y SR a BRI,
EAERX)FERBERE, JZ5H TRAR, LER
# T e mted it R, X —F kMU T FAR
A2 RGBSR RS SR DR, ik TH
WARAE, HROMET —HAYLET @ik R @R EA
BB, BB I FARMNE ZAERAAL, ERIED
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MR AREMG A L, NS miedEs, EEE
VE B & S gE M A AR K A SR OB B I S BLAE 3
HYAER L, ZIT B HRukid, AEIT6IETROR.

3 RESREE Summary and prospects
3.1 BAEZIUEIAR A ERviaRR

R ZSUB AR RIS : A& A LR T e et A e e
S EAFRAIR, ARAR CBRFRRKRH, BRARLT
T miRNA, K4 4 % 25 RNA 572 %5 380 P a9 Az AR ) .
F LR BT T st £ RiE A KR MRE R, #n
B o tm JOARAL 69 FTALA) . Sbol, BRREL T miesh &
BB HE L, VAR EA1iE T PTEN. NOTCH
SAEFE I, Hhted Egmiiii, S a g LR KA
A R BOR, XA TAURN T SR,
FHFH T NERE G RGIEA, BRILT A AR T @i
T mpR st R R TR B RS E T AR AT E
.

GHEEE: REZABRALCBRFLHFRE, 2

RE e £ % FRFSL A, LR e T8 I A A
IR, KAL) FR T @At A m s E i eG 8 57 3%
R, FEEY, REXHAHEST, BAR T @iy
Wty mips R EKEHEREAERF AR, B
IRIF A i A, ST oA SRILxT dm R sh K6 T B ) 6 4R
Ft. R R 4o dT s 5 B fm BB AK fm AL ST B S0 69 SRR 3E
ARG K&, R, defT@id TRAFERH
AR B oK JRARARAR X 6915 T8 5K, WA R defTH| A T
oot £ R FIEZANE. S IeE itk
SRF BTG, X BRIR k@i EAERZH
My idh A BE . YR A AR E A B A 1 5 &
BT, A FHRAEEITRET RRTRE.
32 WRBASEE AT LR T @it A mies &
BB RN R, RROARE I mRETHA
EFEMNAET T ENTFL. MR ERTFTEEER
RIBHEEE RO ARRE, AREREAZHETFT L
AR T AL R RS E R, VA R ILRARALY G T RO
X—BYFRHEFETOHENRLG T EEET, H
B & e R R, KIEAD R IR R Ao LB A5 B F AR &
F AL T A Ao BB T F R

TARR A — R RTE BB F AR RS, A
B 5 A MF O IAAE, KA R LR T @iesi s miest
ERG B L. Al R R R E SR, @
WA IARFRE, HRAR BRI FFLITA G @
Josh &R AR, X BARKEE A A b de @) R R AR, 4R
Shdpib A BR, WY RRRA., BB, MEHAF eyt
B A% A3 18] 70 T BeAT A tm R sh 0 04 A8 R M A 2 AR
FHRB R ERI, TR LT ERA T GBS,
3.3 {FEGARBIFMHAMRINER REdE R eaE
BT ) FJR T am oAt A e el E AR B K n IR AL e
B & %o E kG T PR AR, LIERAIRITT EAT
WA A0 KA B e R R 7 @, A5 A3 AR e
ShER TR RS RiE. REEWA R EARIE R0

Jii BT 7 o 44 ) AT T AR,

3.4 ANBSIRYE st kR AR T e es) B
W AL T TR A & %05 MR R G AT R B R AT R A,
1B g %I RO B TRAEIR A BT, EH5MARK IR
% BAKAZ 5 HUH| R A, T BL— e A5 A R LS TR E .
13 Bl & 69 7T B8, SR AR S0 AT H 4R s 69 7T A ALH) R AT
RANIRTT

3.5 ERNEBEN gkl it A% S8R E N,
AARARBAET 2@ T MR8 LR T miest £ mpst &
SR YE B A m ROARALALE B AL A, A R R IR T e
A s E R A SRR ARG T AU R R R
BT ISR, A8 Tk Lk RKéib, szid %A
T IARmIesN BRGNS, AT A ERR I F
ARk ot B, ARk LR T wiesT A miR s £
A P 84 R AR P RRARAE T TR AR 6.

EETE: & —EF R LS TSRS Lakikk, TFE.
N E R T FEBERN, HfE. RIEEALLHIKE. s ELE, £
ML FFFRFTRA RS

FIEHE: LFehhL FY, ERAFLLERELL PR
HEA BT R,

FEHORBUERR: X2 — B #ORRCE, ARdE (4aitdk FHT W0
“F4 - R LR - AR F REF 407 Kk, ASEIIANQERLT,
AVFAVLIEF L B R T RN SRS, AR &, B AFE
TR PR, TR HEN. AH. 370, k. BAREEZLHk, HFH
Z s %5, AR ASIER L TR R R,

MRS LL: S AT AREE b S 3305 F T UF AR S b sl

HARHE: ZAFBRBETEREFNALHBER S (Aamdf
FESMARENTLY (PRISMA$EH )., LFLMAT O RiTH kR E 5 X
AN A RHATIAREE, XFLIDRAFIFEERFIGE, BT
NAXFHEAESFE.
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