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AR AL PRIV R S Tl A A ey 88 2 R IR B 2
PRER /B ANRRIY SR R
WM AL 5 IS AR YRR
(FTMEHXF ' ABEFRANFHAT AR IEL FHER TS,

SN B RAER MR ELELRT, XM 561113)

HWE BH WA FAY B FE R T A0 (MSCs ) AMMA (Exo) K Hifir 2532 35 22 5 b /0N B B 4 48 ikt 5207 (4 B2 0], 563 Biv i
AbPHXT MSCs-Exo DIRERYISRIE M . Ak IR G IRAE IE 8 MBS A OF T B ) 58 50 T 240 i (hUC-MSCs) 19 133, A
1 LS 0T 43 B8 Exo s T B S FLUBE . Western blot %8 5 J il LA & ik fr 4022 98 K A0 Wil FH R SE AR (DMSO) \ 2%
FUH NI SRR SMIMA ar 322 B R 0 H AR e 22 B R M B AU PR AL B AR 20 (LPS ) 175 T 1) /)N RS A0 A R i
AR 58 2 B2 G (I0) K BV2 241 i M1 US4 175 5 20— AL B A T8 (INOS ) BY IR 1H 1L ; Western blot Al ELISA 45 ] Jirf g
WL F--0(TNF-o) IS FR-1B(1L-18) S IL-6 FEAHIL S IR TR 3Gk S it . 85R W AN B SMIMA Ao
ARBE T I H BN IR 7335 5 K M B A AN AR IS 2 A% 30~150 nm 1Y “ZSFEAR, HAMMARR 4 CD9 .CD81 HITSG101 1)
FIREATE, X BV2 4 ST AN PLS |, TF R 25 2R 3R W], 15 5 S MM ZEAH L , i Sl AN IR A 37T B 25 k20 iNOS 1 3R 3 5
M55 25 38 AN fr 4822 2 RN EUU M AR A B, for 4825 B R I B S A b AR A 3L INOS (1 2235 B B 2k /. Western blot A1
ELISA Kl 45 S 201, 5% A AN PR ZLHA HE | B 40 A I8 A b B ] 8 28 ok > 48 i P F TNF-au TL-1B B2 TL-6 123K 543 5 1 55 2%
BT 2 AT 2 22 18 2 A ST LA L 17 22 8 2R Y BRI AR A B S TNF-a TL-1B S TL-6 B 363K 5 43 WA 34 b i .
G5 S AL AR A I B AR 1A 78 BT 20 AN A (hUC-MSCs-Exo ) 415 /NI T 240 B AR A6 A1 306 48 5E PR T~ B BE 1 0 1k 4b,
Sl Ak JE % [ 7 T A0 I S MBS (Hypoxia-MSCs-Exo ) W] Rk 2453 7% 24, 7 i 2k 22 9 5 vl AR =y HLA ek R ik A
)T 22 5 Z W AN IO 5 Hypoxia-MSCs-Exo ZERES T 25 BIGYTF 2R

SRR B IR T AN SN s 22 R s/ NI A 5 S
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HEATH : ER R AT H (4582260261 ) ; 5t A B & T 55 Z2 i 28 9% 0E AH B 1) & T AL A 5%, i o 1A

BT ATBA B¢ By ik 00 H (45 - B 30120231068 45 2 /I I o 440 i 2 TR0 T RE L AT LA 1A S R G R

PER A BEZEM, 5 RS A - . .
N 5 - i > e es T 4 A
FIHSE, 9 AR B4 S0 59 B MO A o AR NG ) S A S
zhouyanhua@gme. edu. cn & (human umbilical cord mesenchymal stem cells exo-

acne vulgaris cohort when compared with the healthy control group (P<0.01), while Cyanobacteria was signifi-
cantly lower in the acne group (P<0.01). At the genus level, the top five different bacterial taxa in both groups
were Bacteroides, Escherichia-Shigella, Klebsiella, Roseburia, and Parabacteroides. Among them, Bacteroides,
Roseburia, and Parabacteroides were more abundant in acne patients. Linear discriminant analysis identified five
biomarkers all belonging to the Bacteroidota phylum in the acne and control groups. These biomarkers belong to the
phylum Bacteroidetes. Conclusion There are significant differences in the composition of intestinal microbiota be-
tween acne patients and healthy people. Changes in the richness of specific bacterial genera may become new tar-
gets for the diagnosis and treatment of acne.

Key words acne vulgaris; gut microbiota; 16S rRNA gene; high-throughput sequencing; bacteroidota; bio-
marker
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somes , hUC-MSCs-Exo ) 75 18 77 /)N B J5t 40 M2 3 5 J7 1
WoR I E KW T, SRS FR T, hUC-MSCs i
WA T A, 5 AR A A N RN I Rk
JERTA] , 3 7T 8 23 52 M JLAM A 1) A= W 2= T e .
A WoE R A AL B S , hUC-MSCs-Exo H & A B
F & DI REPEAE Y o T, KBTS A 27
Dtk . BRULZAN, H TR B G S et A
P25 ) 57 B A S IR R DL 3, mT AR A R0 24
Y3k ik AR PR IL % AY B TR SR AR Ak B
hUC-MSCs Ji5 , HAM A 2 15 b 4 hUC-MSCs-Exo
X /N S5 440 LA S SR 0 R T A R — A Y
it FH ke S Ak 34 Y [R) 78 BT T 48 L AF W4 4A (Hypoxia-
MSCs-Exo) 1 Ay 34 36 A4 i 822 2 R 5 BB A5 & #415k
B 2GR R | B8 /0N B T 240 L 4 9 S5 I 1 901 19
EHS

1 ME5TFE

1.1 FEMMENEE ABHICA S ERR
BRI 2 g 3 P B (22 B N R B R 2 i 15 e A AR 18
PR By Ao HEAE S . 2022 1 AR 18 5 ) 5 /N
BV2 4l R A K VD F WA DR AT BR A F 5 40
M43 Ab BB 9 25 (1 (CD9) Biddk (CD81 LA Jilieg 5 %
FE 101 A (TSG101) HLik Lh K 22385 & (curcumin)
4 H € [ MedChemExpress 2y /) 5 Jf 22 8 (LPS) Il H
3 [# Sigma 28 Al BCA I & H B2 < KA
FHE A FR S 7] 5 CD34-APC .CD73-FITC ,CD90-FITC
CD105-PE #1 if 983 £1 AF [A - - o (tumour necrosis fac-
tor, TNF-a) . AL % (interleukin, 1L)-18 & 1L-6
() ELISA 2857 & 4 [ 75 M 00 1 40 A= Bk A R 2
) 3 TNF-o IL-1B 1 1L-6 7T 4 K A N — P B 2870
—JE AW FARFT B2 A 5 ChemiDoe MP fh 24 % G EE
I 4% 22 45 25 [ Bio-Rad 23 7] ; CP1OONX 8 i
B A H A H LA H] 5 Operetta CLS 13 P9I %
SHAT RGN A 3 E A R R BRR A A BR A F] 5 BD
LSRFortessa it 20 41 g AL 1 H 3€ E BD 2 A 5 Nikon-
AXR LR WA A H A JEREA

1.2 FHi&

1.2.1 hUC-MSCs % & 5325~ JoH & 1F KBt
BT RGN B B A sl K R K 3 R B AR A
291 mm’ AL B RS A 5 10%
FBS () DMEM/F-12 K5 32 3 | it A % 5% CO, 1) 37 °C
M FRAR R SR . AR M B e S, /N
OB IS H I 4 . AN M I A B 3k 2 80% B

AT 3R . O # % 1 hUC-MSCs K5 7% : hUC-
MSCs J5 3% T & 10% FBS . 1% 4 %4 I ez () DMEM/F-
1283 A S 21% 0,, 5% CO,HY 37 ‘C4H
M35 FRAR G SR AL A FE 90% BHISCSE B i W 4
AN R . @ B4 1% T 1) hUC-MSCs K5 7% : hUC-
MSCs 15 % F 7 10% FBS . 1% 4% & Wt 1) DMEM/F-
1235355 A S 1% 0,, 5% CO, 1Y 37 CLR I
FFRR TR IR AT G BE 90% B WL AR 17 Wi 4 B
HNIAMA

1.2.2 hUC-MSCs # ¥4 £ % BRI E 175
S S BT B TR B P4 4R hUC-MSCs, 41 /i
FHBUG ¥ 3x10° 4 B T 15 mL B.045 7 1 000 1/min
G B0 8 min, (HAHMTE BifdA . R B 15 )
+TGF-B3 78 B0 Th 5 35 hUC-MSCs , 5 3~4 d ¥,
P55 i, 4% 2 BB E , W ALRIEA B Ao
Yl R 2 W 2R B, B CBE K, 2818 K Uk ) F
A7 BT i e £ o AR B 5T R G U A S
FFERAE B P48 hUC-MSCs, 40 il 14505 LA 1x10° 4/
FLAERD T 6 FLMR D, B0 F 2L 55 24 h 5 40l
NE W A TP A S, 3 d 5 B8 e il 75 9 B 4
F5, 24 hJE R IS A S A BT G AS 3
JAJG AT O Yot ARAE LB 5 SR & Ui
PEATHRAE , B P4 AR hUC-MSCs, 40 il %55 23 51 LA
6x 10 FLAY 2 FE R AP T 6 FLIGFR AP, 24 h 5 H
BCE W, B3 AR, IES 2 e T R4
g,

1.2.3 AKX mie R%E % hUC-MSCs % @ 47 & %
I 15 3% 1 hUC-MSCs, FH I 2R (A B IR N 1L )5
1 000 r/min &> 5 min, 3 FiE W . B4 EET
PBS w1, 44 40 i %5 5 Ry 1x107 4~/mL, 45 100 pl,
JA CD34-APC . CD73-FITC . CD90-FITC . CD105-PE
P, [R5 B X R 22 TR B 30 min, 7E X 40
AP AT A

1.2.4 hUC-MSCs shakth42 5 %52 BURAR
U hUC-MSCs /0 F 175 em® B33P, & T8 &
RIS RE FR A8 rh 85 5%, 240 M0 %% B2 35 31 80% B, T 4k
R TCHM AR LTS B F5 B AR S35 77 48 h, WU BB
SERPE T 4°C, 1 655 v/min &5 0> 10 min; 4 272 r/min
B0 20 ming 9 554 v/min 250 30 min £ FRICYH MY 40
JHLRR R R R4 00 A5, R I {68 P 6 ol 0o Y 22 B UK 40
400 r/min #.0> 70 min $EHOIF L4 SR A4 | 38 15 7 5T
FL ARSI AN I AT 45, il 1 BCA 52 f AN YR I
i | Western blot £ il #3414 2& T 5 &5 85 FH CD9
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CD81 FITSG101 i FIAME I -

1.2.5 WHEZENGFEIN AR F T R EHF 0
RSN LRy &5 R e KK (36. 8 pg) i
5 S AN IAMAR (36. 8 pg) ARSI (36. 8 pg)
BE T 1 mLPBS 76 RIS R T E 15
min , KR A 4 0 2507 L 40 400 v/min 2
0 70 min AT EEAL 5 B0 58 B WOAR UTTE , VR IT
HET PBS H, BV A iy 28 22 B8 3 19 S S A A T A
LRI EEINIMA . I Z D) RE R AR (A 450
nm A 5 2 8 1 3 0 I (1) PBS A T R R Ay 26
WG BE (absorbance, A) , 18 i A5 #1545 H3 71
REVZMEG R, REET AR s
F=(HMLERE-FELZRRR)/NLZHREX
100% . ¥ Pph 26 85 2 F AN IR 22 ¥ Z A PBS
T 37 “CAK S kLI R L #E 30.60.90. 120, 150
min [, EENEE R 100 WL, £ 1 22 D) RE R AR A &
LWRUWTE , N R et

1.2.6 BV2#mpaitirie Lotz 4 BV2 4l
B T &4 5% CO,. 37 ClEEE 4T, R &
10% FBS [ H-DMEM 5 F2 5e 45 9% . L9040 4H - 1B
ZH(Con) .LPSZ (LPS) .DMSO £ (DMSO ) . B 2 %
Z 4 (Curcumin) . F EAMIMA A (Normoxia-Exo) . it
AN (Hypoxia-Exo) | fuf 2832 8 2 10 % A SN
1A 2H (Normoxia-Exo-Cur) Fl i} 2% 2% 8 2 1) ik 8 S i
441 (Hypoxia-Exo-Cur) . O KA BV2 41 i1 %)
SIER T 6 FLAH, 4 Con 2H A1 45 2H BV 2 41 it 151
e TR B2 WAL R 12 h 5 A T AT 1 pg/mlL
(9 LPS JA13 12 ho Hr 323 2K B 10 pmol/L,
RSN R R SN AR ] B35 10 pg, fargk 2%
BRI AR S A A T A 4 2 R 1Y R AR A A
T A 10 pmol/L 22 B K L% 10 pg Y
AN

1.2.7 BV2 ek hUC-MSCs-Exo % PKH26
2L O thRC IR S UL A TR XS SR MMA HE T ¢
Jehric . BFLL TG YL R PKH26 i A 1 S5 8 i
Wb, ZIRIEE S min J5 H SRR TCAM R AR Il v
HEATE AT, PBS YRR 21k, LBRARZE A A 4kt 10
g AR B A I A i A EI RS S Al A A e A Y
BV2 45 32 LA, 6 h s B € J , foff FH ¥ il A 4
{05 FAREF (Lyso-Tracker Green) X} BV 2 41 ffd A% 145 it
PR AT Yl (0 7401 ] DAPIXF BV 2 40 Jfd £ 40 i A% ik 4 7
Yuta, | O R AR R T 0 OO S A L
4 PKH26 FRic 9 AN IAMA I A 21 BV2 4l g s 572 L

A i A Hoechst 33342 %F BV2 4l i#E 47 4% G , 540
I35 SRR = TR R R G 3SR 1~6 b, SERT4T
HEREE BV2 4 i 1~6 h 3 HIMIMATE I
1.2.8 IF #& 0 BV2 28 # M1 47 & 4 iNOS 8 & &
B A TR b B 4H (0 BV2 40T -, ] PBS i vk )
4% %2 B W [ %€ 30 min; 5% Triton % I 0% i 15
min; JEAR T 2 R T 5% BSA, il E A 1
h; 25 B P, ELRETE I ANOS (1:200) FLiA 5 i A%
&4 CHEE I, TBST 1 s T I B4 i e e —
i, TR &= IR 1 h, TBSTIEUE; DAPI 4L A%,
WEOCHEE 10 min, TBST {5 3% ; 3 [, 2% 0 i
BE TS G LT R
1.2.9 Western blot # BV2 28 e, # TNF-o.,IL-1P
Fo 1L-6 09 % @ Fik WO A AL R /Y9 BV2 4 g
PR R (2 B, 10% 58 TN 95 Tk g 6 I 0 47 Fi
VKR EREE IR R Lk vk R R AR
(260 mA .1 h) ZNCE L. B, T 15 H 5% B
BB B3 P 1 h, —HT TNF-a(1:1 000) (IL-1pB
(1:1000) FITL-6(1:1 000)4 °Cit 8 , i X i ¢
FIIFE 1 he RS2 ROCRUR R G, fl
FH Tmage] #4541 K BEAE
1.2.10 ELISA # | BV2 &1 i,k i & F TNF-a.IL-
1B A= IL-6 89 4t WAR N W] AL 35120 1 BV 2 24 Jfd
W 4 B ELISA 370 & UL B E D R, 20k
I TNF-a IL-1B F1 TL-6 4530 7K -
1.3 Sit=4aE P H Image) #1751 7
M, gt K A GraphPad Prism9. 5 K2 i ; 24 )7 22
S5}, AR 2 7 22 (One-way ANOVA) 43 Hrifi 45 £
LA ] 1 L3R, T 25 RS R AE S 80k 30 1 00 4 T
SR, PIREAS L ASE Bl T ST FEAS ¢ K55, P < 0. 05
NESFHRITHE X

2 #R

2.1 hUC-MSCsHIABEEE 1o ilhuc-
MSCs , K s A (G4 b FREFR L, A T
WMEE 7 dJE A N 2 Esh e 2 2 M08 91k
PER AT 5 14 d 5, 20 A AR T 52 LR g 2T 24 248 i
R, R A0 SRS IR A K A HE S B S R K
BRI, IS5 TR (& 1A) 5 9 30E B 4545 40 g
hUC-MSCs, it =4 M A 43y H A0 M R b &4 , 45
T 2% B 40 i 75 26 35 hUC-MSCs BHE A5 iC 4 €D73 .
CD90.CD105, 7] Bf ik e ik HBAPEAR iC 9 CD34 (&l
I1B) ;id ot A SC ek — 2 Wik R B RE , R
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55 I 1 A4 e ) S i e 2 P BB S R
J& , AU AT O Y €0k 0 H 57 T 4 I PSR A R i , A
BT b5 i b ] UL 598 R 24008 iR A i
90 A A BT (& 1C) , SIE A 43 B i hUC-MSCs
EA s s s A e

2.2 ERMBEMBEIMMEHIBESEE N
TARAR A S AR Sl S SN IAA B hUC-MSCs
TR E AR A G SRR Th AR, WA N W R
WA A HE B F R KR, T RIE A2 R
(Pl 2A0) 5 {6l FH 7 T8 00 12 2 ) DA AR ARt B 45 32 1)
hUC-MSCs H1 43 25 H 5 48 78 IR Fl i S AN I A, 35
SR PR B L2 S R B AU D A A I B A A A AR S
£ 30~150 nm [ “ZFEART, 455 M AL (1) SN IR TE 25
FRAE (2B 5 o0 T He i 4 Jr =04k B SN AR By 7=
SRS, AT i A A LT TR AR BN I A JE AT vk
R, 2% S (g 7% B AR Ak B S AR A A Y 7 g (]
AT HOE P AL A IR 1Y) 2 1 3 2 1 West-
ern blot Kﬁﬁ”“%%ﬁ%ﬁl‘%ﬁi%nﬁ%ﬁﬂ\%ﬁil%%‘%ﬁ
PraR A, S5 R R 5 R SN IR AR L, B4 AR
1A K CD9.CD81 F1TSG101 2 H Ay &= - &
(K2c.2D).

2.3 GREAMEIEIE hUC-MSCs-Exo i BV2 41 Y
R EME AT 50 AT L A1 I A )N Js I AT it T
U i 2 B 35 UG I, PKH26 ARiC /M4 5 5 BV2
L E , IFf FH LysoTracker bRic i B {4 , L5 42 i

T IR G R R B SN R B SN I ATE BV2
20 i g v il A o S 7, T T R A A AR 1y 3
T NE ARV (& 3A) 538 5 5 P A 41 i A%
RGULAT IR, 5 H R 5 E SN L, 7E 1~6
h P AR AN IMATE BV 2 21 B H (15 A 5 4B S g
F, Ui W Bk 48 Ak BE A4 hUC-MSCs-Exo 55 5 % BV2 4
HoFEH (& 3B.3C) .

2.4 EREAMEIEE hUC-MSCs-Exo X BV2 0 5
fERBZBGIEAT A 1R L AR S0 A R R R AR SR
P BV2 4H M Ak e 58 5 PR~ 43 WA R 52 ), 3 o TF
R BV2 2 g iNOS (19 K3k , 45 3R i 7R 5 Control 41
FHEE , LPS 75 3 25 5 30/ e o 40 M iNOS 3Rk |,
T I MIMA RN B A M AR RE S R AR LS 230y -
A, FLrb e AR A IMARICR B I 2 (1 4A) 5 [RIB, 3d ik
Western blot ;1] BV2 £ ity /1 48 5iE [H -7 TNF-a  IL-1pB
FIL-6 [ HE RGO, 45 R s 5 Con HAH L,
LPS 21 LPS 5 5t 2 30 TNF-a  IL-1B 1 IL-6 25 H
Fik b SR i ARSI AR R RE A5
fIK LPS S 350y b, e S0 S I A 25 2R b 2 (1]
4B .4C) ; T8 2 ELISA K BV2 240 it L35 ¥ R E
A7 TNF-o  TL-1B F1 TL-6 19 43 3015 50, 435 R [ AR Ik
S, 24053 LPS 5 S (1 BV2 40 i EyE v R R I T
TNF-o, IL-1B Fl IL-6 Y 43 WA 525 1 2 T i, 08 48090
WA RN R AR ST A g 08 98 b LPS T8y s, Horp
S AN MARICR B 2 (51 4D) o

A 7d 14d C Alcian blue Oil Red Alizarin Red
B
100 Apc-a- APC-A*+ 100 grrea- FITC-A+ 100 grreoa- FITC-A+ 100 pg a- PE-A+
99.8 0.24 0.52 99.5 0.65 99.3 0.52 99.5
80 80 80 80
£ 60 £ 60 £ 60 £ 60
= = = =
o o} o (o}
O 40 C 40 S 40 S 40
20 20 20 20
0 0 0 0
10' 10° 10’ 1010 10" 10° 1010 10" 10° 10° 10° 10*
CD34 CD73 CDY0 CD105

1 hUC-MSCsHB5%E
Fig. 1 Isolation and identification of hUC-MSCs

A: The primary cells grown from the umbilical cord Wharton 's jelly tissue block. The cells were then cultured to the fourth generation X40; B:

Flow cytometry showed that hUC-MSCs highly expressed CD90, CD105, CD73, and lowly expressed negative molecule CD34; C: Identification of os-

teogenic, adipogenic and chondrogenic differentiation of hUC-MSCs X40.
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A B
Normoxia-Exo Hypoxia-Exo Normoxia-Exo Hypoxia-Exo
C Cell lysates Cell exosomes D
Normoxia Hypoxia Normoxia Hypoxia 515, INormoxia-Exo
57 = Hypoxla Exo \ "
CD9 o
2
21.0r
2
CD81 S
(o]
E 0.5F
TSG101 =
=4

(=]

CD81 TSG101 Total
B2 hUC-MSCs-Exos?%E)l—'G§E
Fig. 2 Extraction and identification of hUC-MSCs-Exos
A: The morphology of hUC-MSCs cultured under normoxia and hypoxia X40; B: Morphological characterization of Normoxia-Exo and Hypoxia-Exo
by transmission electron microscopy X80 000; C: Identification of Normoxia-Exo and Hypoxia-Exo markers CD9, CD81, TSG101; D: Statistics of
CDY9, CD81, TSG101 and total protein; P < 0. 05, “P < 0. 01 vs Normoxia-Exo.
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Fig. 3 The uptake of exosomes by microglial cells
A: Confocal imaging showing the uptake of Normoxia-Exo and Hypoxia-Exo by BV2 cells X200; B: The uptake of Normoxia-Exo and Hypoxia-Exo
by BV2 cells in 1-6 hours detected by high content imaging system X200; C: Statistics of the uptake of Normoxia-Exo and Hypoxia-Exo by BV2 cells in

s

1-6 hours; =~ P < 0. 001 vs Normoxia-Exo.

2.5 EHERRNESRIMVERMTHEZFRNGR GER PR EINBIA: 36.25%, A MDA
SOMBEMHEEESRIE WESIMAX LR 36.38%., A T IFAL BN 22 8 K FSMBRZ BRI
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Fig. 4 Exosomes inhibited the polarization of microglia to M1 and released inflammatory factors

A: The expression of iNOS detected by immunofluorescence X200; B: The expression of TNF-a, IL-1B and IL-6 protein detected by Western blot;

C: Statistics of the expression of TNF-o, IL-1B and IL-6 protein; D: The secretion of inflammatory factors TNF-a, IL-1f and IL-6 detected by Elisa; a:

Control group; b: LPS group; ¢ : Normoxia-Exo group; d: Hypoxia-Exo group; #P<0. 01 vs Control group; "P < 0. 05, “P < 0. 01 vs LPS group.

FeE Pk B Bl 2 B 25 R AR 22 8 R in A EI] PBS
w0 AN [ B ] ) 22 0 R VR, 25 R AR I Ui
7 PBS 22 8 R AGH AR, 5 0 min MG (BN
1. 0)AH EL , % & 150 min J5 XTI T 35%, 1M 4 s 44
1Y 22 08 R AR 50 TR, /4% 70% LA L (181 5A) ;
R T RSO e 28k 22 0 R JE AN IMA I A AR AL i
SR BT AT IS, S5 R R Tk R R A A
N UAAS I iy 3822 1 3R () BEUAMIB R 5 R AR AN IR
— R BRI BUZ LR RS 2 AR A
BEIHA K (A 5B).

2.6 BRELNEHMLMEMEZEEZBREAARE
BV2HRBIRER R 17X 2 = n
S8 A1 A A i 28 22 B 3R A Bl S A I AR X BV2 41
WAk B A PRl -4 WA 4 5 M), 3l 3k TF Azl BV 2 248
INOS 23K , 25 L b 7 oy 28 22 8 38 0 LM A A A
Ty 8k 22 3 2 1Y AR IR ZH BV 2 41 i iNOS 1Y 3=
IR B A AR, (AT 20322 B R i AR AP A AR
ZH PGB J 2 (18] 6A) ;3 & Western blot £ {1l BV2
AR P A PR 1 IR L, 45 R R 4R R
1) 5 S8 A WA TR 7y 48 22 B 2% 170 Bk AL D A A 4 44
HUTNF-a TL-1B Fl TL-6 [ F A B 2 s R AL, B
o 28k 2% 25 110 i S A0 B IR 20 R 1K B A 3 (1R 6B
6C) ;3 3 ELISA ¥5:0 BV2 40 i b 375 W TP 42 46 A 7
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Fig. 5 Characterization of exosomes loaded with curcumin
A: The stability of curcumin and exosome-loaded curcumin within
150 min; B: Morphological characterization of Normoxia-Exo-Cur and
Hypoxia-Exo-Cur by transmission electron microscopy X80 000; P <
0.05,”P <0.01 vs Cur group.
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Y (AR AR RN RS 45 il B AT e el ik e o F
FE7 B R MSCs 73 WA I A AS A AT DA AR HY 784,
HEAMREEE Rk v ARG R e, 2
FE LA MSCs 7 3 1) —Fhopi ik 42 . AR R0,
MSCs PR 32 IS5 AR Ab I 52 ], HEAE AR P Ak 1 Bl 4
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Fig. 6 Curcumin-loaded exosomes inhibited the polarization of microglia to M1 and released inflammatory factor

a b c d e f a b c¢c d e f

A: The expression of iNOS detected by immunofluorescence X200; B: The expression of TNF-o, IL-1 and IL-6 protein detected by Western blot;

C: Statistics of the expression of TNF-a, IL-1B and IL-6 protein; D: The secretion of inflammatory factors TNF-o, IL-1fB and IL-6 detected by Elisa;a:

Control; b: LPS group; ¢c: DMSO group; d: Curcumin group; e: Normoxia-Exo-Cur group; f: Hypoxia-Exo-Cur group; #P<0. 01 »s Control group; P <

0.05, “P <0.01 vs LPS group.
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Curcumin-loaded exosomes from hypoxia-treated mesenchymal
stem cells alleviate microglial inflammatory response

in a combined therapy approach
Huang Xiaobin'?, Li Qianqian®, Zhang Peng®’, ZhouYanhua >*, Fan Anran®’
(" Department of Biology , School of Basic Medicine , > Guizhou Provincial Key Laboratory for Regenerative
Medicine, Stem Cell and Tissue Engineering Research Center, * Key Laboratory of Functional Nucleic Acids-
Based Biopharmaceutical Research , Guizhou Medical University , Guiyang 561113)

Abstract  Objective To investigate the effects of hypoxia-treated mesenchymal stem cell (MSCs) exosomes
(Exo) and their loading with curcumin on microglial inflammatory responses, and to explore the enhancing effect of
hypoxia treatment on the function of MSCs Exo. Methods The supernatants of human umbilical cord (hUC)-MSCs
cultured under normal and hypoxic conditions were collected, and Exo were isolated using ultracentrifugation. Af-
ter identification by transmission electron microscopy and Western blot, curcumin was loaded using the co-
incubation method. The lipopolysaccharide (LPS) -induced microglial inflammation model was treated with di-
methyl sulfoxide (DMSO), curcumin, normoxia Exo, hypoxia Exo, normoxic Exo loaded with curcumin, and hy-
poxic Exo loaded with curcumin, respectively. The expression of the M1-type marker inducible nitric oxide syn-
thase (iNOS) in BV2 cells was detected by immunofluorescence (IF). Western blot and enzyme-linked immuno-
sorbent assay (ELISA) were used to measure the expression and secretion levels of tumor necrosis factor-a. (TNF-
), interleukin-1B (IL-1B), and IL-6 in the cells and their culture supernatants. Results Normoxia Exo, hypoxia
Exo, normoxic Exo loaded with curcumin, and hypoxic Exo loaded with curcumin exhibited a "saucer-like" shape
with a diameter ranging from 30~150 nm, and the expression of exosomal markers CD9, CD81, and TSG101 were
positive. After treating the BV2 cell inflammation model, IF results showed that, compared with the normoxia Exo
group, treatment with hypoxic Exo significantly reduced the expression of iNOS. Moreover, when compared with
the curcumin group and the normoxic Exo loaded with curcumin group, the expression level of iNOS significantly
decreased after treatment with hypoxic Exo loaded with curcumin. The results of Western blot and ELISA indicated
that, in comparison with the normoxia Exo group, treatment with hypoxic Exo significantly reduced the expression
and secretion of the inflammatory cytokines TNF-a, IL-1B, and IL-6. Additionally, when compared with the cur-
cumin group and the normoxic Exo loaded with curcumin group, both the expression and secretion of TNF-a, -
1B, and IL-6 significantly decreased after treatment with hypoxic Exo loaded with curcumin. Conclusion Hypoxia
preconditioning can enhance the ability of hUC-MSCs-Exo in the inhibition of microglial polarization and inflamma-
tory factors’ secretion. Additionally, using Hypoxia-MSCs-Exo as a drug-delivery carrier of curcumin can improve
its solubility and stability, facilitating its absorption by cells and exerting the therapeutic effect of combination
therapy.
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