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Immunomodulatory Effect of Mesenchymal Stem Cell-Derived Exosomes in Lipopolysaccharide-Stimulated RAW 264.7

Cells
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Mesenchymal stem cells (MSCs) are multipotent stem cells that can be differentiated into a variety of cell
types, including adipocytes, osteoblasts, chondrocytes, f-pancreatic islet cells, and neuronal cells. MSCs
have been reported to exhibit immunomodulatory effects in many diseases. Many studies have reported
that MSCs have distinct roles in modulating inflammatory and immune responses by releasing bioactive
molecules. Exosomes are cell-derived vesicles present in biological fluids, including the blood, urine, and
cultured medium of cell cultures. In this study, we investigated the immunomodulatory effects of mouse
adipose tissue-derived MSCs (mAD-MSCs), cultured medium (MSC-CM) of mAD-MSCs, and mAD-MSC-
derived exosomes (MSC-Exo) on lipopolysaccharide (LPS)-induced RAW 264.7 cells. We observed that the
expression levels of IL-18, TNF-o, and IL-10 were significantly increased in LPS-stimulated RAW 264.7 cells
compared to those in LPS-unstimulated RAW 264.7 cells. Additionally, these values were significantly (p <
0.05) decreased in mAD-MSCs-RAW 264.7 cell co-culture groups, MSC-CM-treated groups, and MSC-Exo-
treated groups. MSCs can modulate the immune system in part by secreting cytokines and growth factors.
We observed that immunomodulatory factors such as IL-1p, TNF-o, and IL-10 were secreted by mAD-MSCs
under co-culturing conditions of mAD-MSCs with activated RAW 264.7 cells. In addition, mAD-MSC-derived
exosomes exhibited similar immunomodulatory effects in activated RAW 264.7 cells. Therefore, our results
suggest that mAD-MSCs have an immunomodulatory function through indirect contact.
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o2 4#HA Y& AIA|E (macrophages)= Al
£.9] lipopolysaccharides (LPS)2] A4=o2 &
AQohEith43]. YA ES LPSE A=5HE interleukin (IL)-
1, IL-6, tumor necrosis factors-o. (TNF-o) -3 Z2 A}o]
7191 © nitric oxide (NO)2] Brao] Z7}E|u 2 [49], 3
FAE NS e o2 AlEsk AL st
£ 24 Agel 47ETL ek

o) & (exosome)> 22 A WSO 2 o] Foj 7l A Z £
2GOo R A ko] el dolut RNAS Agsto] Al 2F
AT AL wiAst=d 1], 2 AAE7AEZ7 284S
&5t o] daFS FIThL YHF U2, 22, 27),
BAE7IMAEZ Feff daEY 24 35 H3 fAYZL
oA gk B AR 7 A8 2R oz 4314
Z(mouse adipose tissue derived-mesenchymal stem
cells, mAD-MSCs)E #2J5t 1 EA4& #AstqeH, of
AN ZE o] &3 dF A AlZ 2doA AAE7IH 2
e 24 585 B7letaAt shiet. ol & Asf thAAlEet
BAZE7INZE FuSstL AAE7AZ 4S5 gl 2
BAZEZIME Foff AaES ST alA o A2fste
ARAE71AZE D AAZE7) A ZE §3 bioactive molecules?)
e 24 532 nRHTA s

g2 e A
:

Az 22 9 ujg

BAAEZINEZE 7Y 5 AW 22 o2 5y g3t
B2t A 2AL 300 U/ml penicillin (Gibco, USA)%}
300 ug/ml streptomycin (Gibco, USA)°] Z3+e dulbecco’s
phosphate buffered saline (DPBS; Gibco, USA)2. 2 23]
N Azt 7192 ZA A2 & 0.1% collagenase type I
(Gibco, USA)T} 1% bovine serum albumin (Bioworld,
USA)o] :£3t8 DPBSS ¥ 37CA 4027t ¥H-&-3teh
100 um9] cell strainer (BD, USA)E AME3dlo] 27 HG&
< AZEI 400 x gol| A 5E7F A4 EEste] FEHE AA
stot. YA 22 & pelleto] 10% fetal bovine serum (FBS;
Gibco, USA), 100 U/ml penicillin, 100 pug/ml streptomycin®]
Z3HE low glucose dulbeco’s modified eagle’s media

o N

Alzafek7)ol A wjekett th2d A s FAE wA s,
3Y A SR A|EZ vjSAE WA St A|Z7} 80% WS}
M 0.25% trypsin-EDTA (Gibco, USA)E A T3t AEZE
A B kgt o A A Z(ATCC, USA)E 5% CO,, 37C Y
Al Z e 7] ol A DMEM i x| 2 ufjekgte}. 2gntet Al Z vj
oFol S WA SIY, AME7F 80% WHBH 0.25% trypsin-
EDTAE Az|sto] A5 A vt

A3 B4 (flow cytometric analysis)S S A|Z #H &
o] gl iy A}

FACS Calibur™ flow cytometer (BD, USA)E o] &3t
AE BAE B4 A 2Hozne Bejat Axe A
x4 So] gujAo] wAg TAwt AT AEo 9%
A fluorescein isothiocyanate (FITC) T+ phycoerythrin
(PE)°] 233 CD34, CD45 (BD, USA) ¥ CD44 (Abcam,
UK) &A1& A9 2, Cell Quest Pro (BD, USA) ==
I9& AHgste] AE B4R

Mo H o

FHE 23 f= E |9A

A ANxZE E£35& ZUsLA  adipogenesis,
chondrogenesis, osteogenesis 3-8 9= v X|(Table 1)=
AHgstol BoHE GEA, 349 /]2 Hohg W& H)A
£ nA sk, 2197 o] 23} & 7| EE o] &3] £33}

H2E B3ttt Adipogenesis #3}+= Oil Red-O stain
kit, chondrogenesis #3l= Alcian Blue stain kit,
osteogenesis £3}= Alzarin Red stain kitE ©]-&3F £ 9]
Az S 3ol AAE7INZY FHig 23les FUT
THIHC World, USA).

HAZ\AES JAAE S

AAE7| A EL QA A 2] FujU¥-L trans-well culture
W2 o] &3ttt 0.4 um pore 7] 9] insert?} lower well
o BAE7IMZet AN ZE Z+2F 247 gL, insert
2} lower well A%3E ThS 1 ug/ml LPS (Sigma, USA)E
o]-&3tq AN ZE A3l 2447 ATt T A A2 E
Lol ok Ao AR 3 AAETIAE A4S S
M (cultured medium; CM)S P31z} AAES7|MEZE 12-36

(DMEM; Gibeo, USA)E ¥ & 4 thg AIZ Mg A2 Beb wjatol 43902 243 g 24 250 4
175 T-flaskol| 1 x 106749 A& EF3te] 5% COp, 37C X S AASIT T} Ao A3t
Table 1. Composition of differentiation media.

Adipogenesis Chondrogenesis Osteogenesis
Dexamethasone 1 uM Dexamethasone 100 uM  Dexamethasone 100 uM
Indomethacin 200 uM  Ascorbic acid 2-phosphate 25uM  Ascorbic acid 2-phosphate 50 ug/ml
Isobutyl methylxanthine 500 uM  B-glycerophosphate 10uM  TGF-B1 0.5 ug/ml
Insulin 20 pug/ml
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A4 ZE (exosome)2] £

ExoQuick kit (SBI, USA)E AE-3lo] AAE7|AE 53
ALEE it JAES7IAZE e Ax A5AS
AA EEste g ohg, ARAY Sl o whet
ExoQuick exosome precipitation solutiong @3l 4C o A
24X 7k F3F BE3A1Z] F 350 x gofl Al 4] Eel5te] da
< EYsta o5 Aol AR&-ETH27, 40].

)

A Z38 4 A4UkS-(quantitative real-time RT-PCR)
o183 W] 2 24

RNeasy mini kit (Qiagen, USA)E ¢| &3}l RNAE
£3}32, Nano-drop 1000 (Thermo, USA)& AFE3le] RNA
e F=E =45, cDNA &4 3 GoScript™
Reverse Transcriptase (Promega, USA)E Ap-&3tc}.
Quantitative real-time RT-PCR (qPCR)2 96 well plate
o] LightCycler® 480 SYBR Green I Master Mix (Roche
Diagnostics, USA)E AF-&-3}9] predenaturation (95C, 10&),
annealing (62°C, 10%), elongation (72°C, 10&)& 45
cycle BHE ST 18] 1 272Ct A4AFH S 0] 83+ melting
curveS #415}117[30], GAPDH 2d-& reference genel 2
o] &3t PCR ZIE A3t

o

A8 B
=93 33)(1=3)9) APL sYatgon], AT B
3 ®Z WA (mean + SD)E EA SIS JET. 5 A
Z Atol9) 8oL Student’s t-test (JMP® 6.0; SAS
Institute Inc., USA) ¥ one-way ANOVA (analysis of
variance)Z A-§3te] AT O 0], §94 9 AT <
0.05)8 #Agct.
ZAn Y DY
BAE7INZS 22 9 54
"é JE71H 2= 19709 ) A 25258 A5 295
(13, 14], ol=e AAE7|NZE A 23], A, Al
EH@ et 2A 027 £, AFEHIL UTH1S, 24,
51]. & A= 79 EF A 202 RE AZE £Ys
of 3T A7t AS7INZY EA F shtel dfotAzE
Hgog Rasi & At AS ZeAsHATHFig. 1A).

A S So] Thild Wl 9 Fuled 3t $ES 3
AE EH So| gulde SHIstTA SAIE B4 U

%3] CD11b, CD31, CD34, CD44, CD45 ¥ CD1179] &&

< F9lstqct 1 A JAE7) M EQ positive markerd]

CD449] 9& S 3913} ¢ 11, negative marker¢l CD11b,

CD31, CD34, CD45 ¥ CD117& YA &R ¢S 41519
ChFig. 1B). T2 2 3 A2 FHli g Aﬂi s &
AstaAf AYAE, AL, ASAZR 2HE FEFI

i

o O A APAZE BIE R AAE7IAEZE Ol
Red-OZ HMsto] H2 Moz Qg A Hh-go| 3
of APNEZE B3EE SRIstth o8 A2
35 A= YA E7|MEZE Alizarin RedZ HAY5}o] 24X
o2 ANE Z71d 27 ERlEY IAZE £3ES &
et B3 ASAEZRE E3E =T JAES7IMNEZE
Alcian Blue2 gM3slo] gl o g M= A 7|32 3
3, ASAEZE E3ES FRIstAtH(Fig. 1C). &, AHA
Z, ZAE, AZAE| Hgt Sol Alx GAE B8l FY &
B A 2Ho2HE Rt JAE7INEZY S &3
s

& sy,

J::F-llI

% A AN Z 2l n|x]= 4
FA| FFF
BAZEZIMEE 0] &3t o]4] AR Fofol| A FAE7IAE
&4 B9l o] Astd 7153 AL Holu AAE7]A
7F o] Al 9 Yol A AET AZ FPoE BitEes B
% H7| EEt HuEow[12, 39, 42], A E71A
o2 Xz A yEhd o3t 7|52 Aol AAE7IAl
ot 249 YA HFo gEsHA] ghethal B g7
T StTh5, 7, 20, 32]. o] AAEL FAIET|AE 9
o 229 &4 a4 9 3| Eo] JAETIAZY AHA &
R YA E7| N Z7F EH)SH= bioactive moleculesS
B9 ol ol YL P HES AGHTY, B2 B
% choet Aol 71 %, ILABE o3 olit @Fol ¥
NS i FAH o2 BUR ), FE 1B AA
< 9454 Aot & FEskH[41], T AlZ, B AlZ, NK
Az Ao AFALE Hoste] dF HeS F=5t= A
o2 &HA QUrh(8, 34]. E3 TNF-0i= GFA AT Alo|&E
7RIe g2 F2 AT A A oA EH| AT AHFokA
EZ, THE BAEZ, WHAZ 9 oA L= Fu| = o
24 9% urSoA Q3 92 3t} IL-102 thekst &
AL 71 Abo|E7FI 0 2 S WY (adaptive immunity)o]]
HHE AEZE 245 T A|Z, B AlE, NK A2} H]gHA|
zE %"*?}/\lﬁ HYE A=t E45 7L T3l
FrA0L HALAN T2 A7FAGH S| A v A
43 'aéi’c} BAE =gt gEA len6)], 235 A
AE A3A 7] do 8% 983 Aot = EuEgt
(38]. A Fo|Y 2 HIZFof A IL-109] o] g
AL ol= Ao AP} Fo] Yok BuFHPew[1], 2
AN dEndo A= I E IL-100] A A2 9
BAYE AFAA ATES F7HIXITHL B E ITH10].

JAIE71MI22} 5 Wl

H~i H~i o> m mlm
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Fig. 1. Isolation, characterization and differentiation potential of mouse adipose tissue-derived mesenchymal stem cells (mAD-
MSCs). (A) The mAD-MSCs obtained from mouse adipose tissue were able to attach to the culture plates and expand in vitro at passage
0and 2 (x100). (B) For further characterization of the mAD-MSCs, cell surface markers were analyzed by FACS. mAD-MSCs were strongly
positive for CD44, but negative for CD11b, CD45, CD31, CD34 and CD117. (C) mAD-MSCs were differentiated to adipogenesis, osteo-
genesis and chondrogenesis. mMAD-MSCs were cultured in adipogenic, osteogenic or chondrogenic medium for up to 21 days. Adipo-
cytes (Oil Red-0), osteocytes (Alizarin Red), and chondrocytes (Alcian Blue) were positively stained in differentiated cells.

£ A7 LPSE o] &3 dAAIE 45 A AIZ Zdo]
A AAE7IAEY 9 28 FEE Bkt dAAE
£ LPSE AF35te] tAA oA dF B ddaz &
24 & IL-1B, IL-10 ¥ TNF-0 5] Ato| 27}l AAke
glst e, =53t AN v = HAE7IME A
S gAY YFe WAt A A ES mRNAAA A
o| E7}¢l YA Bl tH45]. IL-18= LPSE 124|17F =
ST S5 LA Jf 2 PEAeH, JAE7IA=
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o Fufjokst AT FF wiAS At AFFAA F
AH o g Fo5tA IL-1B4] Aol dAE-S skt
(Fig. 3A). TNF-o T3} LPSE 1247 A28 o= A3 o]
A R Ao, JAE7IM 2L} Frfeket AdT
I AT vjAE At AP FAFHOE {35}
A TNF-o.8] Aol dAHE &8t h(Fig. 3B). o2
2 HY B Af AAE gEA = IL-109 BES g4l
gt A3}, IL-102 LPSE 36A17F A3 O5 Ad oA F
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2 R eH, JAS7 Az ekt A2 & AAAEY FHE WY ihSo] 2EHT IEE Fst
< HFd= 743]?} AT FAH = %91’3} | IL- o

109} Aol AqAE & SAH U th(Fig. 3C). HEF 2=

LPS 725 @S o83t A&7 A E} 4 % i A5 A AAANIE mdo ul = ARAE7INE G i
AS At 2 AR HASTIANE R A5 g &

20 O3 JAANEY WA gL BHEA G Z, 3 g A8% 42N, F 4
LPS Aol 93] 37b IL-16, TNFo R IL-109) B4 238, o Afj45 5 ke 49 A7 w4 44
HAZE7AZE TG YT B oPUt HAZIAT 2N EY A2 KW
S T 43 AL HelG AFRANE SAT EH ARe AE 2 AE A
£ Uehde gelste) 4A27IAEs Rulst B4el O 27). Bian S[2 A4

olgttta R E T2, 22, 25,
Yol ool g3t BRe

Hﬂj_

AN
e

mAD-MSC :>

mAD-MSC

Incubation + LPS
Raw 264.7 cells Raw 264.7 cetis
L — |
=) = T~ . LPS
Incubation Centrifuge
= : vV
mAD-MSC MSC-CM Raw 264.7 cells
c =
L — |
— —> |4 T~ + LPS
Incubation ExoQuick
| === | Sy S ——
mAD-MSC MSC-EXO Raw 264.7 cells

Fig. 2. Schematic diagram of co-culture experiment and representation of the in vitro co-culture system. Firstly, mAD-MSCs
(1 x 108 cells/well) were plated on the inner transwell membrane (0.4 um pore size) and co-cultured with RAW 264.7 cells (2 x 10° cells/
well) stimulated with mitogen (LPS 1 pug/ml). After coculturing for 12-36 h, culture supernatants were collected. Exosomes were isolated
from mAD-MSCs supernatants using ExoQuick kit (SBI, USA) according to the manufacture’s protocol. In this study, we examined the
immunomodaulatory effects of mMAD-MSCs in 3 groups: Group A, mAD-MSCs; Group B, MSC-CM; and Group C, MSC-Exo.
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Fig. 3. Inmunomodulatory effects of mAD-MSCs and MSC-CM on LPS-stimulated RAW 264.7 cells. mAD-MSCs and MSC-CM sig-
nificantly reduced the expression levels of (A) IL-1f (12 h) (B) TNF-c. (12 h), and (C) IL-10 (36 h) in stimulated RAW 264.7 cells. The mRNA
levels of anti-inflammatory or pro-| mﬂammatory cytokines were analyzed by quantitative real-time RT-PCR and normalized against the
level of GAPDH. Also, each data from three independent experiments were evaluated and expressed as mean + SD (*p < 0.05).
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Fig. 4. Immunomodulatory effects of MSC-Exo on LPS-stimulated RAW 264.7 cells. MSC-Exo significantly reduced the expression
levels of (A) TNF-o. (12 h) and (B) IL-10 (36 h) in stimulated RAW 264.7 cells. The mRNA levels of anti-inflammatory or pro-inflammatory
cytokines were analyzed by quantitative real-time RT-PCR and normalized against the level of GAPDH. Also, each data from three inde-
pendent experiments were evaluated and expressed as mean + SD (*p < 0.05).
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Busgy, Li 527 B4

7134
4 AiaFY ADAE etk 2usknh Lai
25 A58 BdoA AaFo] MRS Sty
152 Kordelas 5[22] d4&ES o] &3t AZo=
Al g3 SolA daFS Folsty o] &at
fol AMEE Baustglct. olee dAs2 daF
Fol ohekgt Ay Fofoll 2| 522l g0l 7hsstaL
7b Aol diEt 7HX7 Yl Yuldteh EE ol
JE7IHAZ Fof daFo] JAE7IAE7 B4
te AR EY HE 7|53 ¢ 98-S vt 4
[2, 3, 21, 22, 27-29, 44, 48]. AAZL2 Yu N Eo =
olF, WA 8= F7HA71L[2], Akt®] Ql4tstet
Bcl-29] & 371 9 BaxQ] HE-2 4 A 7|9 caspage-3
o] BalE HaAA AFANEZ 54 A3feir25]. E3L Al
] A Ze} wH ol miR-133F MEsto] -
AE AT EN HEF Ao AFE7] 4B 7|5
H 3o Bgg Tkl gFlth44].

# A+ LPSE ©] 83 AAZ dF A AIZ 2E9
A BAE7IAE e daFY dY 28 585 F7H5HA
ot AN ZE LPSE Al=5to] |4 2of| 4] IL-102 TNF-
o APO] E7FQl AARS Eralstl e, olof JAE7IAE &
& A2FY FIFS st} shlet. LPSE A3t w5
AY oA TNF-o= H = YAEHNeH, JAE71AH =
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S5 1L-102] A40] A EE Blal AT Fig. 4B).
o (o] 3
E i |

E dFE= JAAEA LPSE o] &3t 85 FAF Al
g WS 45 FA HAAIEZ B A A E7AEZ
oy 24 8% Brtstglh LPS A=¢ 93 71
IL-1f, TNF-o. & IL-109] B2 JAE7|HEZE Fufi st
AT Bt oty AAE7INZE Wi A5 vigde
A AN E Y3 535 Yepfgloy, E5 4
AE7IAEZ 3 9252 95 FAF dAAZ 2o A
sto] fFARRE A0S wEsg o] 2nte AAE7IAZ A
A AF A 71eETG= AAES7IAE f dLaES X
3tslo] AAZ 7| A 7} B 1|3}t bioactive molecules©] 2]
3 N 7+ AT Hgo] o] FolX AL & YulstH, o]
@ ALEE 92 B A Rkl ARH Bgo| 7
7RG A2e 97 A2A AL B2 AL 5 9SS
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