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Frale] 23— ol A SrlkB(Super repressor 1kB)e] 9%

A Ehel] N AT

u

873 7 A~ 49 (Rheumatoid Arthritis, RA)S &8 & W L= = 3}

|

Ao TS v AT TRZPEG Aotk B A 5242 NF-kB A A<
kB @z o] 3x 843 (dominant active) = ®o] & Ef¢l Super repressor

IkB7} &4 o)+ Exosome - super pressor kB (Exo-srlkB)¢] &4 < |

g 2 By 2 ATelME A7 tixw (Health control, HO) (n=17), RA
$ato] x Y NG ML (Peripheral Blood Mononuclear Cell, PBMC) (n=13)
9 st okl A 2 (Synovial Fluid Mononuclear Cell, SFMC) (n=6)& #g]sto] 2
S W35t a1, Exo-srikB (Ilias Biologics, Daejeon)ES AM8-3}3ith PBMC %
SFMCE Exo-srlkB 1E+ 10pns 3A13F &9 AA7 3 & PMA 100ng/mlet
Ionomycin 1pM=Z 443 &<t A=33in. AAZE T3 a4 AHARES (Real

Time PCR) & &3l IL-17A, IL-6, TNF-q, IL-183, GM-CSF, IFN-y, IL-10°] o
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A &

T

of #ejst=d [2], NF-kBe| FAHe 242 A5 9 Aprhde] Ak 43

okslAl ] 4 9tk Be  AFdA AE g A9+ NF-xB, E

ol

IL(Interleukin)-6¢F & AL 1=} (Tumor Necrosis Factor, TNF)-a7} &
2 AATE Aol W AT [4]. RAAdAE #HE FoollA] thgst Ale|EFI
I ARIFlel F7lshy F= IL-1, IL-6, IL-17A, GM-CSF (Granulocyte—
Macrophage Colony-Stimulating Factor), TNF-a §©°] #H|¥t}t [5]. dA A

SAR ASA AlEIRRIS AAlste A=t AAY 2HEE ARE st

Muativesicular body (MVB) W&o ¢ x|t AAhH2 MVBe M XS g3 9
B AE oz wMEED (6] MEE JaEe vuwd QA A 53 F5d

L de] & AEe g3 WEES dest, do i, AE &%, #H7)



= AY T AYH Ao 53 Ve Za . daF2 AU 2ol
g Aol v A7)ek ofe A a3l o FaAkgo] A2 ARl o

o, AA 9 2 A ellA A AE WS FRste s9S 7FA AL 9l

HAAE AmAZ AQAukar ot [7, 8],

.

w Aol AzE A 9 A9 RA W vhes BElE o] &3 A W

-

gl o 2 NF-kB #4121l kB w9 A 2] dA134 & (dominant active) = H o]

Bl super repressor kB7} 8A4E Exo-srlkBe ddsad 2 HAYSZ

ot

dlal rob izt shain,

of



A7dd 2 B

1. A3

W= gl kall A 3E (Peripheral Blood Mononuclear Cell, PBMC)&} & ot
& A3 (Synovial Fluid Mononuclear Cell, SFMC)+= 71743k Algh (Health
control, HC) ¥ RA &z} AlA At #xte] AFEASHE 542 <Table 1>
I ok 993 s Weki, RE JIARERH AW w995 It

(CNUH-2011-199).

2. NF-xB & #|A] Super repressor [kBS X33t A% (Exo-srlkB)
HEK293T A3 (American Type Culture Collection, Manassas, VA, USA,
CRL-3216)& T175 Z&2=3ol AFsrh 1d F, wixE A A, PBSZ

AxE Ao, daFo] fls wAE Absin 2"l s COz ]lFfHlolH ol

A 460nm FA =zl =Fsdnt. 7243 -, AlE wjgels &eke] 1000gel

A 15EE dAEEEtd AxE % Ax #Es AAR vS 0.22um
polyethersulfone BHE &3l o#ste] & JaAE AA st d42FLS 2
& 7103 Wyl I (molecular weight cutoff-based membrane filtration,
MWCO)S 3t 85N, w2ld AAaEFLS Feozt 2 A7) A Z=vtE

ANirg By ZTZEFI

rlo

e (SEO 9f&l w2l= i [9-111. ek &
w2 [kB7F WAl ¥l Exo-srlkB (Ilias Biologics, Daejeon, South Korea)& 39 R

o} A7 AW



A AEH B2 Cell Titer 96 AQueous One Solution Reagent (G3580,
Promega, USA)Z 835}t AXE EF38tal 3AHE AZF 59 gdst 5%
o] Exo-srlkB= A3t} AlZzAFe] A Alof| whe} 20ul MTS €95 100ul Al
3 oujF afAlel H7bslar 37TCTolA 2-4A17F FF w3 TE o] & Reader 96—
well microplate reader (Molecular Devices, USA)E ©]83}o] 490 nm 3} A
FTAEE SAsAGY. =3, 4 fAE BAE 98 WA MEE anti-Fixable
Viability Dye-eFluor780 (65-0865-14, Invitrogen, USA) .2 FH A &to]

Q5.

4. Exo-SrixBe} <17+ 4

ol\

Al

Fe

p/]

of

5

PBMC®} SFMCE +E]8kal RPMI1640 (welgene, LM011-01)°l 10% Fetal
Bovine Serum (welgene, S001-01)¥} 1% penicillin-streptomycin &
(welgene, LS202-02)2. 8 FAH viAE AL T AEE 5x10° cell/well 9]
UE2 96well FHOIEe] HFstaL AEE HAA7]7] 98 COz 37°C Q15
olgle] &F Tk wjkslt & M EE Exo-srlkBE 347 E¢F AA8)stal, PMA
(Phorbol 12-Myristate 13-acetate 1mg, SIG-P1585) 100ng/ml, Ionomycin

(Img, SIG-19657) 1uM, Brefeldin A (BD Golgiplug—protein transport inhibitor,

Cat. 555295 #7138 ¥, COy, 37°C AFFHloE oA 4A3F 9t A=3FS T,

5.RNA %% % cDNA @43 W] At Eskel fax walm 24

RNAFE=S 93] BFAE A9 3t A=% AHEE QIAzol Lysis Reagent (79306,



Valencia, CA)Z A|¥4S H4=31, RA ZH nfg2x mdox de njgzzre

=

Lysis Reagentol] ¥o] R AIVo| A2 Zol21t}. Chloroform (SIG-C2432) <

Abgstel dlEs HUE AAEH. 2 Fol Fake] geanks

H

5o

o
T

o

pellet& HAAI717] faix = ofelaxZwd 9518 (isopropyl alcohoDs 7}
3}a1 diethyl pyrocarbonate (DEPC) 75% ethanol® pellet®l] isopropyl alcohol
< XIS tE oS &slsierh ol#EAl €& RNAE Colibri spectrometer
(Berthold Detection Systems GmbH, Pforzhelm, Germany)= 260nm<%} 280nm
ol 9] &34%EH] (260/280 absorption ratio)® %25 <13}al, QuantiTect
Reverse Transcription kit (TaKaRa, Shiga, Japan)& ©|-&3}] ¢cDNAE ¥/d3}
Atk A wEE Aol ETIQIY] A9l mRNA ©adS Ao #467]
8 AAE FEEA AHTE (Real-time PCR)S a5ttt Z2F v A&
© AROlEZERD primer® ¥ WiE FAAF primerdS U3 2tk (Table 2).
QuantiTect SYBR Green PCR kit (TaKaRa, Shiga, Japan)& AF&3}o] 7} AlZ
sl 23] Real Time PCR& sttt 7} FHAke] AZFS #l&] B-actin

control FHAE o] &3le] HAWE FHS ACt Fto = A&, ACtEEe 1/2 Al

Wel AFE F 10008 FE e AACt grow e
6. el Abo|EAkel fAlE A

Exo-srlkBe} 8] x=% A X Z anti-Fixable Viacility Dye—eFuor780 (65—
0865-14, Invitrogen, USA), APC-conjugated anti-IL-17A (512334, BioLegend,
USA), Cynineb.5-conjugated anti—-GM-CSF (502312, BioLegend, USA)% 9] &

A= GAAsEAT. 19 g2 FAXE F47] (Navios Flow Cytometer, Beckman



Coulter)E ©]-&3}4 43 ¥ FlowJo Software (BD, USA)Z #4]3}3t}.

4ov

7. W Apol el WA e =4

0.1_4

WY AbolEJM wwld s 5487l 98l Enzyme-Linked
Immunosorbent Assay (ELISA)S 2 AFFtE Human IL-17A ELISA (88-7176,
Invitrogen, Austria), Human IL-6 ELISA (88-7066, Invitrogen, Austria), Human
TNF-a ELISA (88-7344, Invitrogen, Austria) % Human GM-CSF ELISA
(K0331120, LABISKOMA, Korea)® A=¥ Az wjgds o] &3

SpectraMax® M2 (Molecular Devices Corp., USA)E walz & 2SS 450nm

B AYE 7d o= del 2 AR 91938 (CNU IACUC-H-2021-17)¢] <
A& ol 428513l th BALB/c w7 2] SKG wl$-22= Clea Japan (Tokyo, Japan)
N Tt 54 WAATE gl Al (SPF Ao A ARGt & A4
e A vpe-2E ARSI o, Exo—naive A Elw (n=9v}-22), Exo-SrlkB
A (n=9uh5-2)9] 270 o7 A%t RA AW Bl mf-2E 535

7] 9138 3mg/kge] Curdlan dE! (Wako, Osaka, Japan)S Exo-naive¥ Exo-

SrlkB A gt 25 1158 vhg-2of 57 Ul (.p.) T4 Curdlan 79 %
ol YEhyr] AFRE & A5E AASSY. Exo-naive®t Exo-SrikB
1E+10pn/0.2ml= FAFSIAT. 19 v gAE mi7b4] 43 83 d54d
of Al W FASATE w29 A A= dFd] 3 W EYHP e A



g qegth 93 we B A5 Ted ol FAHUh 0= T4

ol

= WEolL} Wkete] ofgF R-00.F, 2 = WEo] A FoleF, 3 = WEol

—

ABA RolA wrhete] Rojo B, 4= WEI wrkete] RojA WE). Hr| A

=2 16H o dlo] =A%AT [12].

0. TholZ® PHE wE Y B

Hd 9 BE=E gelstr] 98 1.5% isoflurane/OxE FHote vhv-2~5 vt
#slal, PET-CT (SEDECAL, SuperArgus PET/CT 4r, Spain)& AF&3le] 270
st th o CT wiZBRF7F AFS-= Itk ol U A /7%= 40kV, 7 500pA, AE

=)

AIZE 40ms, #FE 768 x 97234, 9] WS S3 42 omAE #d 3t

A S

lete] A=kl [13].

il
d

10, vh§-2= HPGAE EE] e frAl A

Y F2 F oohesol uF

3to] petri dishollAl ©7iA AEZS E2d)

o
Pz

T} 70uM strainer oA oJIHA AT & ACK lysing bufferE o]-&3fe] A&
£ &WAA FU L v 40uM strainere] EEES W o AYE § 0.5%
BSA°] ¥of 4°Cel| 37 Hug & oS AFS At vFgAEE= APC
anti-mouse CD4 Antibody (100412, BioLegend, USA), FITC anti moues IFN-r
Antibody (505806, BioLegend, USA), PE anti mouse IL-17A Antibody (506904,
BioLegend, USA), APC/Cy7 anti-mouse TNF-a antibody (506344, BioLegend,
USA)E  dAegltt. 2" o FAE #2471 (Navios Flow Cytometer,

Beckman Coulter)& ©]-&3}o] #2413 & FlowJo Software (BD, USA)Z #4135}



Zujstet, g8t EES 3.5um FAE AW3al neo-clear (109843, Merck,

USA)A E3etdst 53 dek22 43}8}3, hematoxylin (105174, Merck,
USA) 2 eosin (HT110216, Sigma, USA)o.2 A A}, w3t AZ vy A%

g Felat7] 98] el Safranin-0 @& Aot 2E 94 dA 9 3%

L

ZEFS usit [14].

A A ol Hid =i

[kl

12. A 24

24 B2 Prism 9.4.1 Software (GraphPad Software, San Diego, CA, USA)Z
ARgstel I EAT. H kel Apole] TAZ 12442 Kruskal-Wallis test,
Dunn"s multiple comparisons, T-test, Wilcoxon matched-pairs signed rank
test, two-way Analysis of variance (ANOVA) % Mann-Whitney test <

AbgEte] Hrbskoith. RE 2#Ze] tia] 0.05 w|vke] p ke fond Aow

HEE o] &3 o] TAHE AT #p <0.05 ; #xp < 0.01 L #xxp < 0.001

10



A AEH F4S s 7, 24 2 48A]FF &<k PBMCol Exo-SrlkB
1E+10pn A2 & MTSZ #Askqlth. 71 A3}, Exo-SrlkB7F M AEo]
o8 JEFS w A A FUSS FelEnt (Figure 1A). FAIE 4 Aold A
ol wg} Exo-SrlkB o 93t Al¥ AEES S Zo] gelsdtt (Figure

1B). Zolgl= MEE GA3Ee] PBMC % SFMCY M¥E AEFo] 7HAastA &

o
o

gttt (Figure 10).

Sha

2. Exo-SrlkB 9% 217+ PBMC % SFMCY 54 Al E7HS §-42 v
/j'

HC PBMC®] 1L-17, IL-6, GM-CSF %A} &d-2 Exo-SrlkB A gl A
oAl A8kt (3513 + 2225 vs. 2017 + 1079, p = 0.016; 168.8 + 55.92
vs. 84.60 £ 35.81, p=0.016; 8713 £ 4309 vs. 6682 £ 3371, p=0.047) (Figure
2A). RA PBMC¥| IL-6, GM-CSF f+##} ¥&2 Exo-SrlkB 2]t A 23}
A 28T (734.4 + 526.2 vs. 270.2 + 170.1, p= 0.031; 2074 + 1637 vs.
719.7+ 446.9, p = 0.047). IL-17, TNF-a §-Ax F&L Fo]3 2}o]S HolA

&ero} Exo-SrikB A ElTolA #ZAste ™

tlo

A = AT (5462 +
1037 vs. 4090 + 1018, p=0.094; 526.1 £ 156.7 vs. 330.7 £ 86.82, p= 0.078)

(Figure 2B).

11



3. ?1ZF PBMC % SFMCollA 157 Alo]EF Il tigh fAlE 4]

A ] 7oA Exo-SrikBe &dTadS A7) $138), Exo-SrikBe]
Fo mel AFA AelETR AMAEE et fFAE B4S B IL-
17A%} GM-CSFE Aitets A2 E A8tk HCo PBMCOA] IL-17Ad =
froj st AFol 7k IAAIRE GM-CSF A4 AlE 9] Rk Exo-SrlkB A& + f9
A 74k Th (10.40 + 1.52 vs. 5.97 £ 0.88, p= 0.016) (Figure 3A). RA %+
22l PBMCelX GM-CSF A4 Al 3E2] W= Exo-SrlkB 2 F folstA 7
23k (11.49 + 1.09 vs. 6.77 + 1.08 p=0.031), IL-17A %3 745E= e
S eIttt (1.12 + 0.38 vs. 0.78 £ 0.27, p=0.063) (Figure 3B). RA $+#}9]

SEMCO A IL-17 AAF AEZ9o] ¥IE= Exo-SrikB A& & 7FA3A &UgA|w

t

GM-CSF AAF Az o] Hixys A 7+A239t) (22.08 + 2.58 vs. 16.45 + 1.42,

O

p=0.031) (Figure 3C).

4., ?l?f PBMC 5—1 SFMCQJ HHOO]:@'JO]]/\*] %ﬂﬂ@/ﬁ}éﬁ] rﬂfﬂ' ELISA T']:_L{‘j]

A= PBMC % SFMCO] wjgdolr 54 Aol =71l dujd 23 aS

gk

A3tz ELISAE AAISHS T Exo-SrikB¥ HC PBMCE| v oAl IL-6

NE

GM-CSF $%& #9387 7ast9lem (107.4 + 70.16 vs. 71.91 + 53.36, p =
0.047; 430.8 £ 134.1 vs. 311.6 £ 79.26, p = 0.004) (Figure 4A), Exo-SrlkB=
#12]¥ RA PBMC] wjfeioll A IL-6 (142.0 + 74.19 vs. 53.69 + 37.64, p =
0.039), IL-17A (114.0 + 37.02 vs. 77.23 + 21.14, p = 0.016) @ GM-CSF
(395.7 £ 73.72 vs. 279.3 + 44.47, p = 0.020)9] FF& I3 T2

(Figure 4B). T3 Exo-SrlikB= A 2] ¥ SFMC ®jFodo A TNF-a % GM-CSF

12



A ZFA&skdeh (172.7 £ 131.0 vs. 30.45 £ 2.08, p=0.031; 191.1

Ol

79l

rlo

o~z
T

+ 8.45 vs. 163.0 =+ 3.44, p= 0.031) (Figure 4C).

5.RA Z¥ w92 BdloA] Exo-SrlkB A5 a7 4

o

[e)
]

e

T A Tdd oA Exo-SrikBe 9GS FAsH] 96,

w9 ~% Curdlan FA} 35 F4HE Exo-naive T+ Exo-SrlkBZ X 23} t}.
AT ZREZLS o 2t (Figure 5A). A% 8F3HE Exo-SrlkB # ¢
vh9-27F Exo-naive A3t whg-2ol Bl #A < S4S frelshAl ofAlskelan

(14.22 + 1.27 vs. 10.67 £ 3.49, p=0.003), 238 Z£8 A M= #dA F4o] o

AE AL A5kt (15.11 £ 1.02 vs. 11.11 + 3.30, p = 0.007) (Figure 5B).

A4 mdl A FE A NEE 45 5 A EE 2938t IFN-y %
IL-17A A Ao REE FAX 245 Sl A3ttt Exo-SrlikB &
-2~ 2F ) v A ZA [FN-y 2 IL-17A B84 A E9 ¥%+E Exo-naive
Ae] w2 wh §oakA ekt (0.36 + 0.12 vs. 0.08 + 0.034, p = 0.026;
0.40 + 0.11 vs. 0.04 £ 0.10, p=0.011). TNF-a A AlX W= Fol3 2}
o7} gldloyt HashE siHg YERwT (3.94 £ 1.71 vs. 0.12 £ 0.06, p =
0.052) (Figure 6A). T, HIZgZA A 54 Al BRI tigh x4 wd
< 2243517] $18] Real-time PCR & F38&}3it}. [FN-y, GM-CSF, TNF-aq, IL-
12, IL-23, IL-6, IL-18, IL-22, T-bet, Foxp3, TGF-B, IL-10 %= &dS

A3 IFN-y, T-bet> FshAl #A4sk3aL (3.72 £ 1.02 vs. 0.71 £ 0.20, p



=0.001; 1.83 £ 0.43 vs. 0.58 + 0.15, p= 0.007), GM-CSFx §-¢J 3 z}o]7} ¢l
Qou} ZastsE JEHS Bt (1.44 + 0.38 vs. 0.72 £ 0.09, p= 0.059). F3t
TGF-BE Exo-SrlkB & wp$-2ol A Z71ed vt (0.67 + 0.22 vs. 0.99 £+ 0.10,

p=0.043) (Figure 6B).

7. RA AW w2 do) A Exo-SrlkBel W3k micro CTe} &84 AL

T4 9 g Frker] A8 AR T AHY #E BEE vlo]a® CT
2 gGrrsldth. 4 289 E4Q micro CT olvA+& vhg3 2t} (Figure
7A). micro CTE &3 Exo-SrlkB A &l¥ w927} Exo-naive * 28 v}-5-229]
v @A 937t o Fdd (1.93 + 0.25 vs. 1.08 + 0.14, p = 0.007) (Figure
7B). T3 A FE Al vhe2o] e digh 25y EAS st
A G5l gk 2 A H4+= Exo-SrikBE A ¥ vl$-~7} Exo-naive &
2 Agd ve2En 45 A45S BT (2.57 £ 0.14 vs. 1.95 £ 0.21,

p = 0.046) (Figure 7C, D).
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=

2% (Exo-150)¢]

miR-150-5p

ojn

i
KH

3ha
U

)

<0
oH

KLl ol A

T3k IFN-

o} [25].

r o 3] =

il

No

(EAE) vwlg-2=X dlof A

A7}

w2}A,

[26].

A7dxrh BaEdn

X
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I
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10
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S

Al
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Aol E7}e]

Al
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S
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Kl

)

HdZF TEE A Exo-SrlkB
w2l Exo-SrlkB 7} NF-xkB 9]

Bazk gJew [11], LPS F% #dA=xA (PTB)

-

T

drdde Hasdd [10].

oA Exo-SrlkB

=i e)}
=

Aol AFEH Exo-SrlkB 9o wp=,

Ea

=

o

5

AA AEES FEARHHE
}.

H

Ho
B

] /ng "3

Hl Z

=

=

FRS  IL-17A,
IL-17A, GM-CSF

°

A2

A
A3}, IFN- g, T-bet, GM-

| Exo-srlkB

o

IL-6, IL-17A, GM-CSF ¢ ©
16

oA IFN-y, IL-17A, TNF-a A/ A% RI=7}
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A study on Anti-Inflammation of SrlkB (Super repressor

IxB) in Rheumatoid Arthritis

Hae-In Lee
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(Supervised by Professor Tae Jong Kim)

(ABSTRACT)

Background: Rheumatoid arthritis (RA) is a chronic autoimmune disease that
affects joints such as the wrist, hand, foot, knee and jaw. The purpose of this
study was to evaluate the arthritis inhibitory effect of super repressor kB
(Exo-srlkB) loaded with IxB, an NF-kB inhibitor, on rheumatoid arthritis (RA).
Methods: In this study, a healthy control group (n=17), peripheral blood
mononuclear cells (PBMC) (n=13) and synovial fluid mononuclear cells (SFMC)
(n=6) from rheumatoid arthritis patients were isolated and tested. Exo-srlkB
(Ilias Biologics, D aejeon) was used. PBMCs and SFMCs were pretreated with

Exo-srlkB 1E+ 10pn for 3 hours and then stimulated with PMA 100ng/ml and
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lonomycin 1uM for 4 hours. The gene expression levels for IL-17A, IL-6,
TNF-a, IL-18, GM-CSF, IFN-y, and IL-10 were confirmed through real-time
polymerase chain reaction (Real Time PCR), and flow cytometry analysis IFN-
y, IL-17A, GM-CSF-producing cells were identified through the test, and the
protein production levels of IL-17A, IL-6, TNF-a and GM-CSF were measured
by ELISA (Enzyme-linked immunosorbent assay. Also, an RA disease mouse
model was constructed by intraperitoneally injecting Curdlan into SKG mice.
Exo-naive or Exo-srlkB 1E+10pn intraperitoneal injections were
administered after symptoms developed to assess anti-inflammatory effects.
After the onset of symptoms, Exo-naive or Exo-srlkB 1E+10pn was
intraperitoneally (i.p) injected to examine the anti-inflammatory effect. A
score was calculated based on the joint condition twice a week. Ankle joint
histomorphology was confirmed using H&E staining and Safranin-0O staining,
and the degree of joint destruction was assessed using micro-computed
tomography (CT).

Results: Ex vitro experiments using PBMC and SFMC showed that IL-17A,
IL-6, and GM-CSF gene expression levels were decreased when Exo-srlkB
was treated. GM-CSF-producing cells were significantly reduced, and the
protein production levels of TNF-a, IL-6, IL-17A, and GM-CSF were also
significantly reduced. In a mouse model of RA disease, Exo-srIkB treatment
showed macroscopic improvement in arthritis symptoms, and histologically,

immune cell infiltration, cartilage destruction, and bone erosion were
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significantly lower in joint tissues than in the Exo—naive treatment group. It
was also observed through micro—CT that the degree of joint destruction was
also reduced. In splenocytes, the frequency of IFN-y and IL-17A producing
cells decreased, and a pattern was confirmed in which the frequency of TNF-
a producing cells also decreased. As a result of confirming the gene expression
level in the spleen tissue, it was confirmed that the gene expression level of
IFN-vy, T-bet, and GM-CSF was decreased, and the TGF-3 expression level
was increased.

Conclusion: These results confirmed that Exo-srlkB loaded with IkB
suppressed inflammatory cytokines ex-vivo, and confirmed the inhibitory
effect on joint inflammation in animal models. Therefore, it is thought that
exosomes loaded with IkB can be used for the treatment of rheumatoid arthritis

due to the regulation of NF-kB signaling.
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Table.1 Clinical characteristics and laboratory findings of patients with RAs and HCs

PBMC SFMC

HC RA RA
Total number 17 13 6
Age, mean t SD (years) 25.8+5.5 58.6+19.8 50.5+23.3
Male, n (%) 12 (70.5) 4 (30.7) 3 (50)
RF positive, n (%) N/A 12 (92.3) 3 (50)
Anti-CCP Ab, n (%) N/A 11 (84.6) 4(66.6)
CRP(mg/dl), mean £ SD N/A 2.6x2.8 1.9£1.7
ESR (mm/hour), mean + SD N/A 55.3+29.3 26.3+11.8
Leukocytes (cells/ul), mean = SD N/A 7415+2727 9100£0.0
Lymphocytes (cells/ul), mean £ SD N/A 1770+536.3 2403+264.0
Hemoglobin (gm/dl), mean * SD N/A 11.6%2.2 15.1+1.2
Platelets (X 103/mm3), mean * SD N/A 277.4+£69.1 228.7110.8
Recent treatments (last three months)
Naive, n (%) N/A 2(15.3) 0(0)
Steroid use, n (%) N/A 10(76.9) 6(100)
DMARD use, n (%) N/A 8(61.5) 3(50)
Biologic use, n (%) N/A 0(0.0) 0(0)

SD = standard deviation; RF = rheumatoid factor; anti—-CCP= anti—cyclic citrullinated

peptide; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; n = number;

DMARD= Disease-modifying antirheumatic drug.
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Table 2. Primer sequences of real-time PCR used in this study

Target Genes

Forward primer (5= 3’)

Reverse primer (5’— 3’)

Human P-actin
Human [L-17A
Human IL-6

Human TNF-a
Human IL-103

Human GM-CSF
Human IFN-y

Mouse GAPDH
Mouse IFN-y
Mouse GM-CSF

Mouse T-bet

Mouse TGF-3

CACTGTGTTGGCGTACAGGT
AAAGCAGTTAGACTATGGAGAG
ACCTGAACCTTCCAAAGATG
TCTACTTTGGGATCATTGCC
CACCATGCAATTTGTGTCTT
CTCTCATGAAACAAGAGCTAGA
CAACCTAAGCAAGATCCCAT
CAACTTTGGCATTGTGGAAGG
CTGCTGATGGGAGGAGATGT
TTCTCCTTCAAGAAGCTAACAT
ACAACAGCCAGCCAAACAG

GAGCAACATGTGGAACTCTA

TCATCACCATTGGCAATGAG
ACAAACTGCCTTAAGAACTCTA
TTTGTACTCATCTGGACAGC
TTTTTGAGCCAGAAGAGGTT
TGGACAGGAGATCCTCTTAG
AATATTCCCATTCTTCTGCCAT
GTCTGACATGCCATTAAAGC
ACACATTGGGGGTATTAACAC
TTTGTCATTCGGGTGTAGTCA
CATAGGTGGTAACTTGTGTTTC
CACCCTTCAAACCCTTCCTC

CTGAATCGAAAGCCCTGTAT
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Figure 1. Assessment of cell viability with Exo— SrlkB. (A) Cell viability of PBMCs and
SFMCs were analyzed by MTS assay depending on Exo-SrlkB treatment duration.
Kruskal-Wallis test with Dunn’s multiple comparisons was performed to determine
statistical significance. (B) Representative gating strategy for flow cytometry of
survival rate. (C) Viability dyes of PBMCs and SFMCs were stained and measured. T-

test was performed to determine statistical significance. Values are the mean £ SEM.

Symbols represent the individual sample.
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Figure 2. Relative gene expression levels of IL-17A, IL-6, TNF-a, IL-1B, GM-CSF,
IFN-y in human PBMC with HC (A), RA (B). White circle indicates Stimulation group,
blue circle indicates Stimulation + Exo-SrlkB group, respectively. Wilcoxon matched-
pairs signed rank test was performed to determine statistical significance. Values are

the mean £ SEM. Symbols represent the individual sample. * p < 0.05
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Figure 3. Cells were pre-treated for 3 h in the presence or absence of Exo-SrlkB,
then cells were stimulated with PMA 100ng/ml and Ionomycin 1uM for 4 h. Flow
cytometry was used to determine the percentages of IL-17A and GM-CSF positive
cells from human PBMC in HC (A) and RA (B), SFMC in RA (B). Wilcoxon matched-
pairs signed rank test was performed to determine statistical significance. Values are

the mean £ SEM. Symbols represent the individual sample. * p < 0.05
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Figure 4. Enzyme-linked immunosorbent assay (ELISA) of TNF-a, IL-17A, IL-6 and
GM-CSF cytokines were performed in ex vivo cultured supernatants from Human
PBMC in HC (A) and RA (B), SFMC in RA (B). Wilcoxon matched-pairs signed rank
test was performed to determine statistical significance. Values are the mean = SEM.

Symbols represent the individual sample. * p < 0.05, ** p < 0.01

33



A
I Curdlan Injection m Exo-Naive (i.p. Injection) m Exo-srlkB (i.p. Injection) § Sacrifice and Evalution

Weeks 0 1 2 3 4 5 6 7 8 9
| |

Control | | | \|\‘I\|\\‘\
\ I [l T T T

N 4
Exo-Naive
2
Exo-srikB

B
T 16 « ™ -8 Control
é —&— Exo-Naive
O 124 —#— Exo-srlkB
¥
2
(]
5 8
(5]
(7]
£
O

Weeks after Curdlan injection

Figure 5. Experimental protocol of this study. (A) Experiments were performed in
three groups: Exo—naive treat group, Exo-SrlkB treatment group, and control. Curdlan
was intraperitoneally administered to 11-week-old female SKG mice. From the 3rd
week after arthritis induction, Exo-naive or Exo-SrlkB 1E+ 10pn/200ul was
intraperitoneally treated twice a week. (B) Arthritis scores were determined according
to the clinical arthritis severity of each group (n = 9 mice for each group). Two-way
analysis of variance (ANOVA) was performed to determine statistical significance.

Values are the mean £ SEM. * p < 0.05, ** p < 0.01
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Figure 6. Analysis of cytokine in mice spleen. (A) After sacrificing the mouse, the
spleen was removed and splenocytes were isolated. After stimulation with PMA
25ng/ml and ionomycin 1uM for 4 hours, CD4+IFN-y, IL-17A, and TNF-a were
confirmed by flow cytometry. (B) After sacrificing mice, RNA was extracted from the
spleen, and the relative gene expression levels of IFN-y, GM-CSF, TNF-a, [L-12, IL-
23, IL-6, IL-18, IL-22, T-bet, Foxp3, TGF-B and IL-10 were confirmed through
real-time PCR. The Mann Whitney test was performed to determine statistical
significance. Values are mean = SEM. Symbols represent individual samples. * p <

0.05, *x p < 0.01, *** p <0.001
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Figure 7. Mice were scanned using micro—-CT at the end of the experiment. (A)
Representative CT images are shown in each group. (B) Arthritis Score was measured
by micro—CT. Symbols represent individual ankle joints (n = 9 mice for each group).
Histopathological findings of group 3 ankle joint and intestine using H&E staining and
Safranin-0 staining. (C) Representative heel tissue stains from each group are shown.
(D)Histological score analysis for adhesions was presented as a bar graph. The Mann
Whitney test was performed to determine statistical significance. Values are mean *
SEM. Values are mean = SEM. Symbols represent individual samples. * p < 0.05, ** p

< 0.01, #** p < 0.001
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