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HE B WA R 75 T AN (MSCs ) AN AA (Fxo) B HCAT 28 25 85 22 i W /NI T 40 I 8 i JS2 g A5 i), ) B4
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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 ) 7E 8 77 /)NBE 5 40 M Ih BE )7 10
BoR W E RS, SRR SR, hUC-MSCs i
WA TR A 5 B AR AR BRAE T MR N I S
JEANTR] , 33X AT /e 23 5% e LA IR (9 A= W) 27 T g
FF5E R AL BRS , hUC-MSCs-Exo H1 &7 H#
F & IR AE Y o RIS M A= 12
Uike. BRULZAb, T oMb HLAG % o e 5k AR
P25 G 37 BE AR AR IRR A DL, T LUVE AR R (9 2
Wik ik AR . L ZWE 5T B TR BRI AR Ak B
hUC-MSCs Ji5 , FLAM A2 75 L # 4 hUC-MSCs-Exo
XoF 7N 5 40 LA i ) R A 5 It — 2 O
et T Bk 420 Ak 3 A% 8] 3T 5T 48 B A1 5 4 (Hypoxia-
MSCs-Exo) VE Ay 3 i 2R A4 o 28022 8 3 )5 e 75 & #5005k
B 2T | BT /0N S5 240 JfL 4 5 0 1 981 1
YEH .

1 #M#ERE

1.1 EFEMREMNE ABERA M ERRS
B T8 = 5 1 = Bk (22 5N S B R A B s B A A 18
P B ot L5 2022 1R H AR 18 5 ) 5 /v Bl
BV2 4ii il = W [ 4 V0 F= WA YR AT BR 2 A 5 A
Ji AT 9 £ 1 (CDO) Bk .CD81 LAk iz &) Jk
FH 101 2 1 (TSG10D) Hi A LA K& 22 8 Z (curcumin)
I H 5% [ MedChemExpress 23 7] ; Jg 2 4% (LPS) Ity H
% [E Sigma 22 A s BCA IKH & W A L3R = KAEY
B A FRZS 7] 5 CD34-APC ,CD73-FITC ,CD90-FITC
CD105-PE #01 fifr 983 21 . [l T~ - o (tumour necrosis fac-
tor, TNF-a) . 140 i /1 % (interleukin, IL)-1B S IL-6
() ELISA iR 7] & g 1 75 M PO 1F A8 2R W) B A BR 2
] 3 TNF-o . IL-1B i IL-6 Hi 44 K2 AH B —He i H 2%
=AY H R A BR 2 F] s ChemiDoe MP 4k 2% & 't
JE A% 22 88 5 [H Bio-Rad 23 7] 5 CP1OONX #
EOHLIE H H AR H 3723 7] 5 Operetta CLS /5 N 85
ST RGN A 35 E AR R BRI A A BR A 5 BD
LSRFortessa it = 41 B 4% 1 A € [E BD /A 7] ; Nikon-
AXR AR BRI H H AR A

1.2 A&

1.2.1 hUC-MSCs 4 & 535 T 400 F ¥ IF
BT RGN BE ) 0 JDK I K R A R B A
291 mm’ FAH P B BRI A D R 10%
FBS 1) DMEM/F-12 15 3% 5, it A % 5% CO, 1% 37 °C
MBS TR RS IR . FRAIE LI P IEH S |, /N
OB LIV H RS I B . AN A B 15 21 80% B
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AT AR 3R . D # &) hUC-MSCs 15 7% : hUC-
MSCs 1535 F & 10% FBS . 1% 4+ & Bt i i) DMEM/F-
1285353 A& A 21% 0,, 5% CO, /Y 37 ‘C4H
MO BE FRAE TR R SR A A B 90% B AE I W d
Hah sk . @ B S 1) hUC-MSCs 15 7% : hUC-
MSCs 55 5% F & 10% FBS . 1% 4% & Bt i i) DMEM/F-
1213739 A A 1% 0,, 5% CO,HY 37 “C4I i
B FRAE R R AT A B 90% B IR 1 AR L
PARTALNS

1.2.2 hUC-MSCs i# $ o £ 5% HRIENKE S
SR S U BT ERAE P4 AL hUC-MSCs, 21 Jif2
HEUF 4 3x10° 8 T 15 mL 2508 41 1000 r/min
IS0 8 min, (EANMIE A . BB 5 S
+TGF-B3 7E B L8 Hh 5 35 hUC-MSCs , £ 3~4 d #3 ,
W55 A, 4% 2 5 W R 815, 5 R AR A 5 0
Yl & W 2R B b6 B K, 2518 K Uk e iE
17 BT s et AR AR R 75 R v B A5
T HRAE I P4 48 hUC-MSCs , 40 i 455 LA 1x10° 4>/
FLEERD T 6 FLAR P, W AL FR 5L 92 24 h S By
BEWI S A FFARTAS, 3 d i S G375 5 9 B 4
$F,24 hJ5 R RS S A 5% TR 5 S 3
JAJG HEATIMEL O e try . AR BB 5 2 1R G U
PEATHRAE B P4 AR hUC-MSCs, 41 il 3405 43 51 LA
6x10° N /FLIN % FEFFP T 6 FLRT IR P, 24 h 5 40
BB, B3 AR, AT 2 AR T R AL

yefn,,
1.2.3 7 X @ e K% 2 hUC-MSCs & @ 47 & 4

I B5 SR 19 hUC-MSCs , FH 28 1 B O AL 5
1 000 v/min &> 5 min, 5% FIE W . KA EET
PBS i, I 2 41 i % o0 1107 4~/mL, BF45 100 ul,
fin A CD34-APC . CD73-FITC . CD90-FITC .CD105-PE
PriAR , A1 B33 B A X BE 2308 5 30 min, 76 i 2040
RS AT AR
1.2.4 hUC-MSCs sPakth42 R 5 %52 BURER
- hUC-MSCs #2281 T 175 em® 355580, B T # &
FVIC A S FRA 5 5% | 40 0 25 B2 3K 3] 80% I, T 46t
hg TCAHN AR I 775 1 77 Ak SE 8 5% 48 h, A BT R
SERPE T4 °C, 1 655 r/min 250> 10 min; 4 272 r/min
B0 20 min; 9 554 r/min 5.0 30 min ZFEAELN L 40
LR P B R 300 45, SR ol FH R 3 B0 TR K
40 400 r/min 0> 70 min $EHOF A L SMBA | 3 i 5
S B AN ARTE S | il 13 BCA 22 AN AR B
J5i 14 FHl Western blot £l #4415 & 8 H CD9
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CD81 FITSG101 HIFRIETEH

1.2.5 WHEEXRFNOF I AFTEREITEY
BB sP itk ey R &5 AR K E R E (36. 8 pg) 4
58 RSN A (36. 8 pg) RS AP A4 (36. 8 pg)
A F 1 mL PBS ', 78 s =R IAEE NIEE 15
min, B IR A3 i 48 m 5 B0 DA 40 400 r/min B
£ 70 min HEAT SEAL 5 850 58 B WCHE DUTE , YR IT:
Hi T PBS Hv, BRIy fif 322 2 3R 098 S/ WA R
LR MBI . il Z Dy RE R AR UAE 450
nm A 25 8 1 0 I (1) PBS TV R 4y 229
E B (absorbance, A) , i i3 by fl 11845 H 5
REERN G, R GRS AT RO R . ad
Fo(DLERE-WHZRRE)/ L L HREX
100% . ¥ Pl 22 38 2 FAMIMA 2 R IIA PBS 7,
T 37 CAK s IR R L 7E 30.60.90.120., 150
min fF, BENEE R 100 WL, {6 FH 22 D7 RE A (U 2
LB NI B AR e T

1.2.6 BV2mfaizffe 040422 J4 BV2 4
T &4 5% CO,. 37 CIEIREE 46T, RIT&
10% FBS ) H-DMEM % F2 3L 85 5 . SCUa 404 - 1E 8
ZH (Con) \LPS 4 (LPS) .DMSO £H (DMSO) | it 25 8
Z 4 (Curcumin) | 7 EAMNMA L] (Normoxia-Exo) . ft
A SN (Hypoxia-Exo) | faf 282 5 2 [ # A /M
A2l (Normoxia-Exo-Cur) F1 faf 2% 22 85 22 1) B 52 7P 1
&4 (Hypoxia-Exo-Cur) o W %A K H1 BV2 4 i1 3
)RR T 6 FLAR T, 4 Con ZH 4N 1) 4% 2H BV 2 4 Jif 15
SEL T X R 25 AL B 12 h )5 A T AW 1 pg/mL
19 LPS 3 12 ho Hrp 2B R 2R BN 10 pmol/L,
AN R R A S AR R R 10 pg, far k22
B F IR LA A A A 4 22 R 1 i AL AR A A
A AR 10 pmol/L 32 2 DL % 10 pg Y
VIR

1.2.7 BV2 @I hUC-MSCs-Exo %1 PKH26
210 5 EAR S R G UL B 5 B, X AR MR BE AT ¢
bR . BT IE YR PKH26 il A £ Fh b 1A A
Wb, Z N E S min J5 H & RBLU JC A AR 1L T
PEATE AT, PBS VR 2 IR, BBR AL A G kL, 10
g FRIC S R A I A T A B R S Al A A0 F Y
BV2 4 55 7 ML, 6 h e B M€ F {8 P i it A &%
PR ER (Lyso-Tracker Green ) X} BV 2 21 Hy 114 15 it
PR HEAT G (5, 3708 F DAPT XS BV2 20 Jifd 64 20 Jf k% 1647
Yoo, WO TR BB T 0 RO A I A O
¥ PKH26 A ic B9 /M IAMA I A Z BV2 28 il 35 55 K v,
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[A]EH T A Hoechst 33342 % BV2 4 il 647 4% 4L , 1521
LR TR 25 N AR R G 1537 1~6 b, SERHA
WAL BV2 400 1~6 h $ UM A TSI .
1.2.8 IF # BV2 8 j& M1 4% & 4 iNOS # & i&
BB AL L /Y BV2 4RI B, I PBS TR
4% %2 B W % [ 5%F 30 min; 5% Triton 25 i A% % 15
min; JEACN T 2R, TN 5% BSA, =i 4] 1
hy 22 B, 1 HETE N iINOS (1:200) FiAA 5 i A1
&4 CFE L, TBST 5k ; T AR B4 i o —
br, TiRAPEIRME 1 h, TBSTIHYE; DAPI L,
HEEIEE 10 min, TBST 5 % ; 3 [ , 29 % i ik
e RS LT IR
1.2.9 Western blot # | BV2 %8 f¢. ¥ TNF-o..IL-1B
Fo IL-6 49 & & & ik AR AR [A] Ab 3540 Y BV2 4 i
PR HU R (12 B, 10% 58 75 47 Tk Bic 66 e 36 47 F,
b = I BTt (s . S | SR i 3 A S K A A
(260 mA 1 h) ENC K I . b5, iR T 5% i
JE W B W B &t PA] 1 b, — T TNF-a(1: 1 000) | IL-1B
(1:1000) FITL-6(1:1000)4 Cit . , f FH Xt R P
FIRIFE 1 he H b2 RS R G0, I
FH Image) FAF 5B R EEAA
1.2.10 ELISA # ] BV2 28 it 7% & F TNF-a. IL-
1B Ao IL-6 89 5-i = WOAEATA AL FRZH () BV2 4 iy
T 4 B ELISA 3850 & U 3R E A R, 2 il
W TNF-o IL-18 1 TL-6 [ 73 7K -
1.3 Seit=4brE  FodlE il H Image) #E17 480153
B, gt it K B GraphPad Prism9. 5 M2 5 24 77 22
S, FH LR 2 5 22 (One-way ANOVA) 73 #4122
B R) A LA, O 25 R SR AR S B 50k E A T
SR, PIREAS A Bl P ST FEAS ¢ K39, P < 0. 05
hZERALIFE .

2 HR

2.1 hUC-MSCsHIfBEEE M T4 &Eilihuc-
MSCs, #4238 [C el T BE SR I, S ABE
WEE,7 dJF A N G e, 2 2 AT, 31
PERAF ;14 d 5, A0 IRAAR AR JO T St MR 2 24 240 i
FE R A0 ) AP O R A K A HES S 2K
BRI, I35 T HUE (& 1A) 5 4 3E W 3545 40 it
hUC-MSCs, it 2 20 LA 43 B FL 240 it 3R T Am s 4, 45
TR 2% W 4 it v 3 35 hUC-MSCs FH P 710 4 CD73 .
CDY0.CD105, [7] i Ik 2% 35 B M Ar 10 4 CD34 (1A
1B) 5 38 28 404k S itk — 2D g iE H R BV RE , R



I EAKRFFIR Acta Universitatis Medicinalis Anhui - 2026 Jan;61(1) -+ 107 -
W53 S5 09 20 B B AT i e e S BAE RIS OB RS SR R B E MR R S SN IMATE BV2

Jei , A ARIMET O Y€ S B A7 T 40 A P A I T ,
5S-G i ] W5 96 R B R A& W
B S AR (1), TIE B 4328 A9 hUC-MSCs
HA B g R e BE

2.2 BEEIMNMEFTBREMVENSBELE N
TARAR A S A A R A S AA B hUC-MSCs &
TR ARG SR R TR, B AR R
HAMME I HA B F R R, CHBIEER %2R
(TEL 2A ) 5 8 T8 5 0 2 1) DA SR Bl B85 92 1)
hUC-MSCs H1 43 55 H 8 S8 A1 16 4 R A b 1A | i35
U5F FL 5 L Bk 7 i SR A A A i SR D A AR R L T
£ 30~150 nm [ “ZRFEAR”, £F 5 BL T A SR AR 25
FEAE (B 2B ) 550 T H e i 20 7 =X Ak B0 i A 4 7=
RS, HCAE A0 R B IO N IR AT R
R, &35 Bt 7 dfe S Ak B S A I (R Y 7 e O v T
WA T R P AL AN IR Y B o &, G West-
ern blot K6 | 45 1 H 58 41 A A R L 480 41 JA K 118) 2% T
PraR A, S5 R R 5 R SE AN IMAHE L i A AR
K5 CD9 . CD81 FITSG101 2 [ 19 & Bt 5 5
(F2C.2D).

2.3 GEREAMEIEE hUC-MSCs-Exo X BV2 ZABEHY
WBEEE N T 2B AL A I AR B 0N i SR 40 BT
B & 7 R AR B I , PKH26 ARiC #h A 5 5 BV2
IL0EE , I LysoTracker bR ic W B4, JL IR A i)

£t v 5 i il A v S 7, 150 ) T 2 AP A AR Y
i IR E A AINE (& 3A) ;38 ik 5 P e 4 i A%
ARG IRER S5 R 5 R FOMB AR L, FE 1~6
h P RSN IMATE BV 2 41 H 19 28 615 50 55
F1, 156 B i 404k 3 Y hUC-MSCs-Exo 5 5 % BV2 4H
O FEH (1 3B .3C) 6

2.4 GEREAMIEIEIE hUC-MSCs-Exo X BV2 4B %
FERRZBIVET N T XF Eb o S8 s A R 42 1 i
TRXT BV2 2 LB Ak K 98 i PR 53 A 1 5 i), 38 0 TF
K BV2 40 g iNOS 1 23k, 45 5 78 5 Control 2H
A, LPS 75 3 25 5 B/ i o 48 iNOS K3k |,
1 I MIMA RN R A M AR RE A R (R LPS F: 350 I
], bR AR A IMARICR B 2 (K 4A) 5 [R]E, d ak
Western blot £ ] BV2 4fi fif v 48 i A F TNF-o IL-1PB
FITL-6 A 2 1 R 1 00, 85 1 B /R 5 Con A L,
LPS 41 LPS 5 T2 F 2 TNF-a.  IL-18 A1 1L-6 25 H
Feik R TR E MR R S S AR [ R S
IR LPS 3y b, il S0 Ah I A %R 1 2% (14
4B .4C) ; T3 2 ELISA K BV2 20 i L35 W 48 E
A7 TNF-o  TL-1B F1 TL-6 [ 53 3515 50, 435 S [ BRI
SCL 20 LPS A S0 BV2 40 i o R R T
TNF-o ., IL-1B Fl IL-6 9 73 WA 125 0 2 e, 08 48090
WA FI R S S IAA BB 85 D3l /D LPS B e, Ho
S AN MAR IR B I 2 (81 4D)

A 7d 14d c Alcian blue Oil red Alizarin red
B
100 APC-A- APC-A+ 100 FITC-A- FITC-A+ 100 FITC-A- FITC-A+ 100 PE-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
S 40 O 40 S 40 O 40
20 20 20 20
0 0 0 0
10' 10’ 10° 1010 10" 10° 10°10° 10" 10° 10 10° 10*
CD34 CD73 CD90 CDI105

El1 hUC-MSCsHBE5%%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
& A Hyp0x1a-EXO - *
CD9 =
.2
21.0r
2
CD81 =y
o
2 0.5F
TSG101 =
“ 0
CD81 TSG101 Total

2 hUC-Mscs-Exos;c;%Eiszém
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 %80 000; C: Identification of Normoxia-Exo and Hypoxia-Exo markers CD9, CD81, TSG101; D: Statistics of

CD9, CD81, TSG101 and total protein; “P<0.05, P <0.01 vs Normoxia-Exo.

A DAPI LysoTracker PKH26 Merge C  9op « Normoxia-Exo

o

i z * Hypoxia-Exo sk
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= 8
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0 1 2 3 4 5 6
B Time (h)
1h 2h 3h 4h S5h 6h
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=
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o
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jas)

B3 /R RRRE ML
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
1-6 hours; “P < 0. 001 vs Normoxia-Exo.

2.5 WHEZFEZWESIMNMEMETHREFTZNS  GEER, H PR EIMNBIK: 36.25%, BRI
SHMPENEIZEERIE MEIPAEX E RN 36.38%. K 1 PEAL PP 224 Z AP MRS 8 K11
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A a b C
+LPS +LPS +LPS
2.0 4.0 2.0 I
i #
1.5 *ok 3.0 1.5 sk
o @
I — Kok o kol
c d E 1.0 2 2.0 o o 1.0
0.5 1.0 |—| ﬂ 0.5
0 a c d 0 a b c d 0 a c
+LPS +LPS +LPS
B D — —
a b c d 2 500 2 000 # 500 #
TNF-a 5 ## -
E 2000 E 1500 - 5 400
IL-1B 21500 = 2 £ 300 T
> = 1000 w2
IL-6 2 1000 w2 S 200 =
Actin é 500 ’l‘ =2 500 = 100 ﬂ
L L L
a b c d a b c d a b c d

B4 SN B4R R M1 ARAL 5 S RE B F R 5

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-1p 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-o, IL-18 and IL-6 detected by

Elisa; a: Control group;b:LPS group;c: Normoxia-Exo group; d: Hypoxia-Exo group; #*P<0. 01 vs Control group; P < 0. 01 vs LPS group.

e v Bnh 26 35 25 R AN B A 32 3 A 3] PBS
rh R AN ] B ] 5 0% 22 35 FVR B, 45 SR SR Wi S
7E PBS H iy 22 8 R G FE A%, 5 0 min B 5L (BN
1. O) A, 95 8 150 min J5{XF T 35%, i 4 s {4 o
) 22 38 B ORI 0 T R, T 4% 70% LA 1 (1 5A)
R TR fr K 22 ¥ R R AMIMA I S AR A il i
SR BT LA T WL, 435 A S s T 2 R 1 AR
A1 UAA T i 28 22 R 1 B AN IAMAR 55 AR AR
—FE, B R B B2 LS S 2 IR (BB
BHAHK(E 5B).

2.6 RELENIINDEMEZEZZBEAARE
BV2RREHIRAER K 38 IF & BV2 40 g iNOS
(R 45 L i oy 28 22 18 25 1 SR A R i 2%
LB R B A SN IR BV2 41 i P iNOS 1 ik 55
FEVH R I RRAR , (E A 48022 18 2% I AR A I AR 2 %
IR E 2 3 (& 6A) 538 i Western blot £l BV2 4 ffd
R TR B, 45 R B R 8 R 1YW
S8 A D R i 4 2 25 1) A A A I A 401 4 g v
TNF-o, IL-1B 1 TL-6 [ 3R iA 30 2% ¥ R AL P A%, HoAif
7 2 FE A B AR SN I AR AL R E B 2 (K 6B .6C) 5
i f ELISA A5 BV2 4 A | 35 W 4 48 I 19 43
WA L, 5 MR S oy 28 22 B 3R 1Y) AR A A R fp 22
B F O B S AN I AR LH A0 E E T REE R T
TNF-o, IL-1B 1 IL-6 1Y 43 W6 2 50 22 5 3R 4 1 3%
RER -8 A UN =W YN B R ST
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K3k

BE5 SMbERHERZRSRA
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 %80 000; “P <

0.05,7P <0.01 vs Cur group.
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Fig. 6 Curcumin-loaded exosomes inhibited the polarization of microglia to M1 and released inflammatory factor

A: The expression of iNOS detected by immunofluorescence %200; B: The expression of TNF-o, 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-o, IL-18 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 vs Control group;

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’”, Zhou Yanhua **, 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-o. (TNF-
o), 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, 1L-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, 1L-
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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