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SrleB(Super repressosB)

( )
(Rheumatoid Arthritis, RA) v
NF-s § d
®s 8§ (dominant active) Super repressor
IsB Exosome - super pressor | sB (Exo- srlsB)
(Health control , HC) (n=17), RA
(Peripheral Blood Mononuclear Cell, PBMC) (n=13)
(Synovial Fluid Mononuclear Cell, SFMC) (n=6)
, Exo- srIsB (llias Biologics, Daejeon ) . PBMC
SFMC  Exo-srlsB 1E+10pn 3 PMA 100ng/ml
lonomycin 1 [M 4 . (Real
Time PCR) IL- 17A,IL-6, TNF -1,IL-1],GM- CSF,IFN-4,IL-10



: (Flow cytometry) IL- 17A,
GM- CSF IL-17A, IL-6, TNF -1 GM- CSF
ELISA (Enzyme- linked immunosorbent assay)
SKG mouse  Curdlan RA
Exo- O A&£ij U E dExo- srlsB 1E+10pn
, 1
H&E, Safranin - O ,
micro - computed tomography (CT)
. PBMC SFMC Exo- srisB
IL- 17A, IL- 6, GM- CSF , GM- CSF
, INF-1,IL-6,IL-17A, GM- CSF
. RA Exo- srlsB

, Exo- O &ij UE

micro - CT
IFN- | p d A, TNF-a :
, IFN- | p dbet, GM - CSF
, TGF- ]

. Exo-srlsB

, 1sB NF- sB



(Rheumatoid Arthritis, RA)

[1] . NF-s § dNuclear Factor kappa light chain

enhancer of activated B cells ) RA
[2] , NF-s §
[2, 3] . NF-s 8 RA
. NF-s §
NF-s § RA
NF-s §pd
IL( Inter leukin )- 6 (Tumor Necrosis Factor, TNF) -1
[4] . RA

IL-1, IL-6, IL-17A, GM- CSF (Granulocyte -

Macrophage Colony - Stimulating Factor), TNF -1 d 5] .

Muativesicular body (MVB) MVB

[6] - : :



[7,8] .
RA
NF-s §d ®s 8§ (dominant active)

super repressor | sB Exo- srisB



(Peripheral Blood Mononuclear Cell, PBMC)
(Synovial Fluid Mononuclear Cell, SFMC) (Health

control , HC) RA . <Table 1>

(CNUH - 2011 - 199).

2. NF-sB Super repressor | sB (Exo- srlsB)
HEK293T (American Type Culture  Collection, Manassas, VA, USA,
CRL- 3216) T175 .1 . , PBS
, . CO:
460nm .72 , 1000g
15 0.22f Od

polyethersulfone
(molecular weight cutoff _based membrane filtration,
MWCO) :
(SEC) [9-11].

IsB Exo- srlsB (llias Biologics, Daejeon , South Korea)



Cell Titer 96 AQueous One Solution Reagent (G3580,

Promega, USA)

Exo-@xus 8§ . 20ul MTS 100ul
w{ 2-4 . Reader 96 -
well microplate reader (Molecular Devices, USA) 490 nm
, anti- Fixable

Viability Dye - eFluor780 (65 - 0865- 14, Invitrogen, USA)

4. Exo-, xNg 8§

PBMC SFMC RPMI1640 (welgene, LM011 - 01) 10% Fetal
Bovine Serum (welgene, S001 -01) 1% penicillin - streptomycin
(welgene, LS202 - 02) . 5 x 10° cell/well

96well COpdw{od"d
Exo-@x Ns 8 , PMA

(Phorbol 12 - Myristate 13 - acetate 1mg, SIG - P1585) 100ng/ml, lonomycin

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

Cat. 55529) ,COpdw{ 6" d 4
5. RNA cDNA
RNA BFA QIAzol Lysis Reagent (79306,



Valencia, CA) , RA

Lysis Reagent . Chloroform (SIG- C2432)

pellet (isopropyl alcohol)
diethyl pyrocarbonate (DEPC) 75% ethanol pellet  isopropyl alcohol

RNA  Colibri spectrometer

(Berthold Detection Systems GmbH, Pforzhelm, Germany) 260nm  280nm
(260/280 absorption ratio ) , QuantiTect
Reverse Transcription kit (TaKaRa, Shiga, Japan) cDNA
MRNA

(Real- time PCR)
primer primer (Table 2).

QuantiTect SYBR Green PCR kit ( TaKaRa, Shiga, Japan)

2 Real Time PCR . ] - actin
control 3" Ud , 37U 12
1,000 33" Ud
6.
Exo-@x Ns § anti- Fixable Viacility Dye - eFuor780 (65-

0865 - 14, Invitrogen, USA) , APC- conjugated anti - IL- 17A (512334, BioLegend,
USA), Cynine5.5 - conjugated anti - GM- CSF (502312, BioLegend, USA)

(Navios Flow Cytometer , Beckman



Coulter) , FlowJo Software (BD, USA)

Enzyme - Linked
Immunosorbent Assay (ELISA) . Human IL - 17A ELISA (88 - 7176,
Invitrogen, Austria), Human IL - 6 ELISA (88 - 7066, Invitrogen, Austria), Human
TNF-1 d 2 £ ®, | W44,| Ihvitrogen, Austria) Human GM- CSF ELISA

(K0331120, LABISKOMA, Korea)

5

8. RA
(CNU IACUC - H- 2021- 17)
.BALB/c SKG Clea Japan (Tokyo, Japan)
(SPF )
, Exo-O&ij UEd (n=9 ), Exo-Srls § d
(n=9 ) 2 . RA
3mg/kg  Curdlan (Wako, Osaka, Japan)  Exo- O /ij U Exo-
. xNs §&d 11 (i.p.) . Curdlan

Exo- O &£ij UEExo-, x Ns § d

1E+10pn/0.2ml



10.

BSA

16 [12] .

1.5% isoflurane/O

, PET- CT (SEDECAL, SuperArgus PET/CT 4r, Spain)

CT : / 40kV,
40ms, {z|d d} {v
[13] .
petri dish
. 70uM strainer ACK lysing buffer

40uM strainer

A e

X 0

500{ A,

0.5%

APC

anti- mouse CD4 Antibody (100412, BioLegend , USA), FITC anti moues IFN -r

Antibody (505806 , BioLegend , USA), PE antimouse IL - 17A Antibody (506904 ,

BioLegend , USA), APC/Cy7 anti - mouse TNF - a antibody (506344 , BioLegend ,

USA)

Beckman Coulter)

(Navios Flow Cytometer ,

, FlowJo Software (BD, USA)



11.

Hematoxylin & Eosin

Safranin- O . 10%
w{ 6" (FINEPCR, Korea) 1

wry[ Od neo- clear (109843, Merck,
USA) , , hematoxylin (105174, Merck,

USA) eosin (HT110216, Sigma, USA)
Safranin - O

[14] .

12.
Prism 9.4.1 Software (GraphPad Software, San  Diego, CA, USA)
Kruskal - Wallis test ,
Dunn’s multiple comparisons, T - test, Wilcoxon matched - pairs signed rank
test, two-way Analysis of variance (ANOVA) Mann_Whitney test
0.05 P

. *p<0.05;** p<0.01 *** p<0.001

10



1.Exo-, xNs §d

7, 24 48 PBMC Exo-, xNgs &d
1E+10pn MTS . , Exo-, xNg 8§
(Figure 1A).
Exo-, xNs §d (Figure
1B). PBMC  SFMC

(Figure 1C).

2. Exo-, xNgs §d PBMC  SFMC

HC PBMC  IL-17,IL - 6, GM- CSF Exo-, x Ns § d
wyuwdO0dmwVv20ly 6dut,{pF0016; uz| r| dddyyr}vd
vs.| xrzt do,goeydit ra uz d| {wswdd dvxdwotdpv=nd{04i7) (Figure
2A). RA PBMC  IL- 6, GM- CSF Exo-, x Ns § d
| {wxr xdowwfzrwdodut{dttrrut wu dvt {ysxddduzwf{

{u}r{6dwy=nody).IL-17, TNF -1 d

o
o

Exo-, x Ns §d (yxzvd 6
1037 vs.xt } t d0dqu+0094;, yvzrudodauwwtr { { d o do=D0.078Y)

(Figure 2B).
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3. PBMC SFMC

Exo-, x Ns § ,Exo-, xNgs §
IL-
17A GM- CSF . HC  PBMC IL- 17A
GM- CSF Exo-, x Ns §d

l ut r xt d ésdyrr }y{vdd®8,dpt=0.016) (Figure 3A). RA
PBMC GM- CSF Exo-, x Ns §d
(1149 6durws.zd { { d 6 d=0081),dL-17A
(1.12 6 @.38 vs. 0.78 6 ©.27, p=0.063) (Figure 3B). RA
SFMC IL-17 Exo-, xNs § d
GM- CSF (22.08 8 @.58 vs. 16.45 6 d.42,

p =0.031) (Figure 3C).

4. PBMC SFMC ELISA

PBMC SFMC

ELISA . Exo-, x N's §iC PBMC IL- 6
GM- CSF (107.4 6 @0.16 vs. 71.91 6 &3.36, p=
0.047; 430.8 6 d34.1 vs. 311.6 & @9.26, p = 0.004) (Figure 4A), Exo-, x Ns §

RA PBMC IL-6 (uxvrtdodvrxdryuwr z} d Godew{ r zx p d

0.039), IL-17A (uuxr t d odvwf{{{trwadvd 6 dp=u0.006)p d GM- CSF
w}yr{dodvérwdr{{v}dr wd 8ad=x0x020% { p d

(Figure 4B). Exo-, x Ns § SFMC TNF-1 d GM- CSF

12



u{vr {dodauwturxydoddv0081 1941

0d| rusryduzwr t dpo=d.831 X (Figure 4C).

5. RA Exo-, xNs &d
Exo-, x Ns § .
Curdlan 3 Exo- O Fij UE dExo-, x Ns §
(Figure 5A). 8 Exo-, xNs §d

Exo- O £ij UE d
(uxrvvdowwrtw{zd d 6 g w0.003)p d

(uyr uudoéwhut.®1vé 3.30, p=0.007) (Figure 5B).

6.
IFN- 4 d
IL- 17A . Exo-, xNgs &d
IFN-4 d IL-17A Exo- O &£ij UEd

(0.36 6 .12 vs. 0.08 & .034, p = 0.026;
0.40 6 @.11 vs. 0.04 6 d 40, p=0.011). TNF-4 d
(wr } xdoédvaut fuvdodaa=t z
0.052) (Figure 6A). :
Real- time PCR . IFN-J, GM- CSF, TNF -1, IL-
12,I1L-23, IL-6,IL-11,IL-22, T - bet, Foxp3, TGF -1 p d ®+

.IEN -1 p dbet l wr {vdodur {udo,gppt r v it

13



=0.001;ur | wd & asttrrxyw d 8, 0.00y), GM- CSF
l urxxdovdt r Wy dd,ppt=0.059) . ,
TGF- | Exo-, xNs §d (trz{dowdsttrrviv} do,dt r ut

p =0.043) (Figure 6B).

7.RA Exo-, x Ns 8§  micro CT
CT
micro CT (Figure
7A). micro CT Exo-, xNs &d Exo- O £ij UE d

l ur } wd dwdrtdrwryt | d @ d 0.007) x(Figure
7B).
Exo-, x Ns § Exo-O &ij UEd
Il vry{dowhrtdruurx} ydddtr vu

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

14



NF- s § ihhibitor Exo-, x Ns § RA

Exo-, x Ns §
, RA
RA / , T , B
[15] .
NF-s 8 RANKL /
RA
[16, 17] , TNF-1, IL-1, IL-6
[18] . Th17 T
Th17 [19] . NF-s 8§ B
RA
[20] . , RA
PBMC NF-s § [21, 22] ,
NF-s § [23, 24] . NF- s 8§ RA
. RA (MSC)

15



miR- 150- 5p

(EAE)

[9] .

. xNs §

RA

IL-6, TNF-1u,

(Exo- 150)

MSC

[26] .

Exo- Srls § d

Exo-, x Ngs §

NF-z §d

GM- CSF

, TNF -1,

[10] .

IL-6,

[11] , LPS

[25] .

IFN -

Exo-, xNs §d

(PTB)

Exo-

Exo-, x®s 8 NF-5 8

Exo- srisB

IL-17A, GM- CSF

IFN- 4 p d A, TNF -1

16

IL-17A,

IL- 17A, GM- CSF

, IFN- 4 p dbet, GM-


https://www.sciencedirect.com/topics/medicine-and-dentistry/programmed-cell-death

CSF

Exo-, x Ng § :
, IL-17A, GM- CSF
TNF -1 (infliximab,
adalimumab ) TNF-1 d
IL-17A  GM-CSF [27,28] . GM- CSF
[29] . RA
GM- CSF GM- CSF (GM- CSFR)
[30, 31] . GM-CSF
(CIA), (AIA)
[32, 33] . GM-
CSF : IL-
17A
IL-
17A
, RA IL- 17A
[34] . IL-

17



17A [27] . Exo-

. x Ns §IL-17A, GM- CSF

RA

(CD4 cell, MAIT cell, NK cell, CD8 cell, CD14 cell

18



Exo-, x Ns §

, RA

RA
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A study on Anti - Inflammation of SraB ( Super repres

|aB )in Rheumatoid Arthritis

Hae- In Lee

Department of Biomedical Sciences
Graduate School of Chonnam National University

(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 reOXxE@@0Oxd ®s §d
(Exo-@x ®s § md N O /£E E E d UdBlhhilt®, or§rpedndBOid artkritis (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 teste d. Exo-@x ®s 8§ d
(llias Biologics, D aejeon) was used. = PBMCs and SFMCs were pretreated with

Exo-@x®s 8§du@out OOdEOxdwdi OUx@d £AOEd Ul EOd @UT OUN A&l
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lonomycin 1uM for 4 hours. The gene expression levels for IL - 17A, IL- 6,
TNF-1 p d WE@EM- CSF, IFN- ;| p d £O0Bdv@e-confirmed through real - time
polymerase chain reaction (Real Time PCR), and flow cytometry analysis IFN -
1 p d WA, GM- CSF- producing cells were identified through the test, and the
protein production levelsof IL - 17A,IL- 6, TNF -1 d £0 E €SPwere measured
by ELISA (Enzyme - linked immunosorbent assay . Also, an RA disease mouse
model was constructed by intraperitoneally injecting Curdlan into SKG mice

Exo-O&ij UEd Ox@x®sy®d u2out O0d 1T OUx £AOExT U

OEA£Nd 1
administered after symptoms developed to assess anti - inflammatory effects.

After the onset of symptoms, Exo -O/&jj UEd O@x ®s¥y&®d u2out O0O0d ULED«

intraperitoneally  (i.p) injected to examine the anti - inflammatory effect . A

score was calculated based on the joint condition twice a we ek. Ankle joint
histomorphology was confirmed using H&E staining and Safranin - O 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 -gx®s §d

was treated. GM- CSF- producing cells were significantly reduced, and the
protein production levels of TNF -1 pd ®# - 17A, and GM- CSF were also
significantly reduced. In a mouse model of RA disease, Exo -@x ®s §d Ux E £AUOE OU

showed macroscopic improvement in arthritis symptoms, and histologically,

immune cell infiltration, cartilage destruction, and bone erosion were

26



significantly lower in joint tissues than in the Exo -OFjUEdUXxEZAUMEOUdIT xOU
was also observed through micro - CT that the degree of joint destruction was
also reduced. In splenocytes, the frequency of IFN -1 d A£O0 E1dARproducing
cells decreased, and a pattern was confirmed in which the frequency of TNF -
a producing cells also decreased.  As aresult of confirming the gene expression
level in the spleen tissue, it was confirmed that the gene expression level of
IFN- 4 p dbet, and GM - CSF was decreased, andthe TGF -1 d EYOx E@@1 OOd NEUE
was increased.

Conclusion: These results confirmed that Exo-@x ®s §d NOAEEEd UT Ul d
suppressed inflammatory cytokines ex -vivo, and confirmed the inhibitory
effect on joint inflammation in animal models. Therefore, it is thought that
EYOZOOE@ZGdNOAEEEdUT Uil d®s §dEAOJdCEJdUQGEEJdEOxdUI EdU

due to the regulation of NF  -s § d @1 1 O&NT Ol r
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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
' 1T EpdOEAOdG6d, ©dl PE vyr | 8y y|rzdu ytryadvv
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)
. pul Ol sENmpdOE &£0d ¢ N/A vrzovr 1.96 ut
ESR (mm/hour), mean 6 SD N/A 55.36 29.3 26.30611.8
Leukocytes (cells/ [l), mean & SD N/A 74150 2727 91006 0.0
Lymphocytes (cells/ [I), mean 6 SD N/A 177006 536.3 24030 264.0
Hemoglobin (gm/dl), mean 6 SD N/A 11.66 2.2 15.16 1.2
HMNAUENEUGd!| &du tdwsd ( N/A 277.48669.1 228.7510.8
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

«OxUExEdOxT OExd

Human I - actin
Human IL - 17A
Human IL-6
Human TNF -4
Human IL - 1]
Human GM - CSF
Human IFN - |
Mouse GAPDH
Mouse IFN -4
Mouse GM - CSF

Mouse T - bet

Mouse TGF - |

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 -, % N.gA§ Cell viability of PBMCs and

SFMCs were analyzed by MTS assay depending on Exo -, x N gréatment duration.

Kruskal - vaZ£NNT @d UE@Ud UT Ui d ©UOO0~ @d OUNUT ONEd EOOOAxT p00@d
statistical significa nce. (B) Representative gating strategy for flow cytometry of

survival rate. (C) Viability dyes of PBMCs and SFMCs were stained and measured. T -
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Symbols represent the indi  vidual sample .
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Figure 2. Relative gene expression levels of IL - 17A,IL-6, TNF -1, IL- 1B, GM- CSF,
IFN-; dT Odi UO&EOdusg2 " dUT UId-"dl !mpd-!dl §mrdw T UEdET xE
blue circle indicates Stimulation + Exo -, x N gr&up, respectively. Wilcoxon matched -

pairs signed rank test was performed to determine statistical significance. Values are

Ui Ed OE A£O dSynhold fepresent 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 -, x N,;s §

then cells were stimulated with PMA 100ng/ml and lonomycin 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). Wilcoxo n matched -
pairs signed rank test was performed to determine statistical significance. Values are

Ui Ed OE £0dSymhold fepresent the individual sample.  * p < 0.05
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Figure 4. Enzyme - linked immunosorbent assay (ELISA) of TNF -1, 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. » ENUE@d AxEdUI EdOE £0dd d

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