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Abstract

Objective: To study the effectiveness of exosomes derived from human umbilical cord mesen-
chymal stem cells in the treatment of allergic asthma mouse models constructed with OVA, and
explore the molecular mechanism of exosomes. Methods: In this study, BALB/c mice were randomly
divided into human umbilical cord mesenchymal stem cell exosome (hUCMSCs-exos) treatment
group, hormone therapy control group, asthma mouse model control group, normal mouse control
group. (1) Model construction Methods: On day 1 and day 14, 15 mice were injected intraperito-
neally with 0.2 ml mixture containing OVA and AL(OH); to establish mouse models. (2) Treatment
methods: On days 21 to 27, the sensitized mice in the OVA group were put into a plexiglass box and
given 5% OVA atomization for 30 min every day; normal control group (CON) was atomized by PBS
for 30 min; the control group was treated with budesonide atomized inhalation for 30 min, with
an average inhalation of 0.02 mg per rat. In the hUCMSCs-exos treatment group, exosomes with a
concentration of 0.7 mg/ml prepared by human umbilical cord mesenchymal stem cell culture
supernatant were atomized for 30 min every day. 3) The methods of specimen taking and testing
were as follows: After modeling and treatment, venous blood was collected by periocular venous
plexus; taking lung tissue and lung lavage fluid. IgE and IL-4 concentrations in venous blood were
detected by ELISA. Lung tissue sections were stained with HE. Total white blood cells and eosino-
phils were counted in lung lavage fluid. Results: Compared with mice in the model control group,
the inflammation of mice in hUCMSCs-exos intervention group was significantly improved, the le-
vels of IL-4 (p < 0.05) and IgE (p < 0.01) were significantly decreased, and the total number of
white blood cells and eosinophils in BALF was also significantly decreased (p < 0.01). The mice al-
so showed significant improvement in lung tissue inflammation. The intervention effect of the
budesonide treatment group was similar to that of the hUCMSCs-exos treatment group, but the in-
tergroup comparison of the percentage of eosinophils in the alveolar lavage fluid of mice showed a
more significant reduction in the hUCMSCs-exos treatment group (p < 0.01). Conclusion: The re-
sults of this study prove that human umbilical cord mesenchymal stem cell derived exosomes is
effective in the treatment of allergic asthma model mice.
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1. 51§

WE i & — i R BT A A e B OB B M SORE MR [1],  FEERAR KA S RS i UK
W o AR DA ] R T AR H R o, tHE A N R B LA =z 2, TREILIA NG B 3 T,
T AP SRR R Wy s 2 B AR, IR R BIA RS B RIS TR AN (2] [3] [4]. XA
NG VSRR VRN . BB RAAE. T AREgNf. PRI, SOl R4S gl 2 5 iR 0E
TG PE SREVEB o A A B i s B AR BT AT A A I B, R DL IR BEG SR B DL Th2 43 WA 4t i R
F (0 IL-4 TL-5 A1 TL-13) B3 0 DA S i3 G2 Bk 1 B (IgE)RIFE R 1 R 4 L 8 22 9 = BURFAE 5] [6] .

HRG, BExd i Sk B A 2 R S e e T T BRI D, i DU s 2 SO AR I R IR )T B
A — AR, (BRI A EER LR . KREMIGPRATHT TR, R (8 785040 fia 7 2 il 445
H R G JORETT B35 . SR, A IRANUA ORAT A IS i 7 TR BR 1], 3845 S0R AR A7 1E

R4 an MSCs HT-H 8 R J1E R, Hosuma v R e (B VR S ) Lo 281 440 i 2 e i 98
IHRIE[7]. CAR-T A A= it B T 51 NAMIEEE R DL R 2 2R A e N AT pd 9%, 48 HL mT R BAT BUR 14 XU 8]
WFFCUEE R B, TSI Zh A vk CL 2 B B JE 4l VR T B 1B A7 1E[9] [10].

AW FUHe SR F NS T 240 B AR ) S A 7 3 B B i (1 /0 BRASETRY , I B A A Y8 7 i B I iy
/N BRABE IR (1) 2 A MR 80 R LA U, IR — DR AN AR R AR R I 2 0L, S abib i —25
I F T I R AR A B RN S8 A

2. MRS
2.1. AR B 7E R TAapaiEsT

NIGEH AL A b i i T3 9 40 O e G [ X)) S 14t ELASAIT e 28 it T 1E g DR A e A0 B 2 B 2> ALt
TR AN Al o A UM BE VL 7 B B 7R I i L SURIE T 408, 8 IR B 5% UltraGRO A1
0.032%E= FI T 3R B4 a-MEM J: it 7R ZH B« FITE A AR ARRE SRR AT I 48 15 97 IF HEAT 4RI 4 L 1) 25 5
W o 3 A5 4 AR R L.

2.2. ABFHIE7E BRT4RRash b kg sy et

B NJBF s 1) FE R T A RE 9% s T 4°C 300x, B0 10 min 25 (B IF 400 FIBE40MH; 4°C 2000xg, &
> 10 min 25 FRA0ALIE S5 2% 015 48 0.22 um TC e B4 I 98 LIl — 20 B A B 55 4% 0 4°C 100,000%g,
120 min #83E 250 15 B AMNBARTTEE, 2B EIERJEIN 200 ul PBS ¥k —ilE; X 4°C 100,000xg, 120 min
R B0, 35 RIS, IIN 100 wl PBS 15 21 i 44 (1 18] 78 5 40 SR JR I A ks 4328 J5 T —-80°C UK A
TRAF# H o

2.3. ABFHIEFERT4RRarTE SN EREE

2.3.1. BB TERE
AT 5 R (TEM)RS IR FE B P e (32 o [T G (g, B4 10 pl A4 BB T8 M L, 4°C
TEE 3 min; YeR PRI EACR T, ARG T 1%BEES R A7 g 5 2 min, R 280K BRI, G T
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2.3.2. ABfH B 7E BT 4RRafiTE S b AR & Rk E RO RIE

18 Fl NanoSight NS 300 % 4;(NanoSight Technology, Malvern, UK)#E ATkl , ¥ &b b 44 ik 58T 500
uL FCE PBS 1, FJ 0.22 pm 55 855 i€ 2$ (Millipore)id J€ . A W RS FE(1:4000), ELF HAS KR AT LA
WIB R I SNSRI AT RS B0 e B R ER S MA R B AN, AT SO MR SR AN EE b, R
MM BRPRLAR (18 DR /N AR FEE (R F-/ml)

2.3.3. Western Blot £

I AN FH (0 22RO A R MR R AT 22 FH T western blot %58 o BRI K 8 1 29 43 i) 2«
CD63. CD9. HSP70; Fiff M RPI AR —PiU F: CD63 HigkEHIA(1:500). CD9 Hi 7 FEHiiA(1:500)
A HSP70 ¥ 50 LK (1:500); 8 F AP0 %R —H1(1:10,000)% 5 HMBAK bR &1 5 12 T RO RA 500 o

24. PRI HERERERNAENTIUETRS &

AW FTAE F B BALB/c B, 6~8 Y, 1A N 20 g &4, 4 hUCMSCs-exos 77 41 FA 40 %o} E
S, IEE N R AN R S AR T A IR, A 5 R GERTE: B 1 KRG 14 RE T/NRIERE N vEST
0.2 ml % OVA Fl AL(OH); FIR & B ARG FEEE 21 REIZE 27 KR 53R K B0 BRUBONA L3 3
FANA T EZAN 5% OVA 30 min (LI 1); IEHFXFIRZL(CON)KH PBS ZAL A 30 min; FiHbZs A
JY K AT A (10 pg/ml) R FALIEIT 10 min; hUCMSCs-exos 5 97 4148 1 0.75 mg/ml )
hUCMSCs-exos HEAT Z IR (10 min/K).

IR BG4 RS HIR JE A Sk AR ALY SR Bk UM s CO R AL B8 /N B, B 2EL ORI i E e ¥ - A1 ELISA
i AR L Y IgE K IL-4 Bk JZHZRT0 A i HE Gu i e SRy T (1 48 R H0OR0 g R 1

Vi R 8
A~ o
7 2
£330 £ o
day 0 day 14 21 28
IP injection IP injection challenge via mebulizer
PBS + OVA + Alum (0.2 ml) PBS + OVA + Alum (0.2 ml) 30 min/day
PBS (0.2 ml) PBS (0.2 ml) OVA (5%)
PBS

Figure 1. Flow chart of constructing a mouse model of allergic airway inflammation
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2.5. XS ERBERE(Bronchoalveolar Lavage Fluid, BALF)BYU & Fn 20 A5
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2.6. /NRIMAERIRER IgE & 1L-4 7K E R4

BN AT IRAE R ML, BELEEPTEEAE MR, 2500 r/min 550 3 min, B FZEIM3E, 2 ELISA RF&
(Elabscience) it B 56 W - 2H /N UL H TgE Je TL-4 ¥R

2.7. Gt iR

i} SPSS Statistics 26.0 #4781+ 53 #1. SKH Shapiro-Wilk #5647 IEASVER K . K Levene 1636
AT T ZF MRS . FFE RS H AT 2R E SRR H R 2277 2 e prdb AT AL IR B, SR
LSD VAT ELE: AR & IES A BA 77 ZF MR E SRR A Kruskal-Wallis H f 51720
[ b . A I i 2 2 PR 0.05 GBI, Seit BIZ:HIAE prism 9.0 3K A4 58 i

3. 58
3.1. \(UCMSCs-exos BIXE

I B HL T B AU AN Nanosight300 Kl N hUC-MSCs R4 B [ AM A, %28 1 L hUCMSCs 43
SRR 2 BEE B Y, B e B, B SR S IMATE S (4] 2()). {87 Nanosight300 43175
WA FE R TR AN, WA 1.32 x 10" particle mL™" (& 2(b)). Rif2TEE N 50~200 nm 2 7], 5{RiE
(A1 s B A B AR — . 8 I Western Blot £l /1 44 A5 5 PR B 1 I ERIE , AMIMA I 243 o HE CD9.
CD63 A1 HSP70 [F)5mBH 2577 (4] 2(c)). FIVEXTIR ) hUC-MSCs 40 s 2@ 4 xt Ah bk bR ic & A 72 2R 115
SIRFEEHREH .
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(c) hUC-MSCs Exosome ()
— FE hUCMSCs-exos

CD9 (28KD) {

— SFHIRL A (nm) 2553

AN /X l]l 4
CD63 (S3KD) E Hif% F I (nm) 170.8
W (1x10° particle mL ) 1.11

HSP70 (70KD) |E| JE R (1% 10 partice mL ") 111

(a) LIS T R EE hUCMSCs-exos FITEA2A(LEBIR =100 nm). (b) i 9K BURLIE BR 70 Hr PP il Mk 14 B
1534 . (c) IR A FTENL 2 HrRe 2 SN AR R TR EIHI IS . (d) Nanosight300 A JIl A hUC-MSCs H 7y B ) 41l
IRERTE -

Figure 2. Identification of hUCMSCs-exos by transmission electron microscopy and Nanosight 300
2. iESTEE F B REEF Nanosight 300 Z 7555 % F hUCMSCs-exos
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3.2. R4/ IgE F IL-4 7R EE RO

HIEHX A (CONYHLL, BN 41(OVA)K IgE M IL-4 ¥H BT E(E 3, p<0.01); 5 (OVA)
AHEL, AHbZS 83697 4L IgE K IL-4 4 B#K(El 3, p<0.01), {H hUCMSCs-exos 772411 1gE (K1 3, p
<0.01) /% IL-4 (413, p < 0.05)EI 7 AFIFEEEN B MERRAG:  SMR 4 5 A 2R A8 A 77 20 B0 L e 22
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hUCMSC-exosomes PV JT J& » FlIF ELISA V2AG I %441 /N R 3E A TL-4 F1 1gE FIAKT-. CON (= AXTHEZ); OVA
(BN 4H); OVA + budesonide (FiHb 23 #3697 4H); OVA + hHUMSCs-exos (A7 [8] 78 5 T4l L MR Va T L) o * R
PR % 5 2% p < 0.05, **RR p<0.01.

Figure 3. The influence of hUCMSC-exosomes on the expression of IL-4 and immunoglobulin IgE in mouse plasma

3. hUCMSC-exosomes XJ/\FRINZZH IL-4 FETKER IgE FKIAFE RN
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I 2 AR O U AL TR 9 ' S BRI B SO AR I W (BALF) 1l 48 ik 1 O B - e € 1 4
BALF HgR MR 4NN T 40 . CON (FAXTIRAL); OVA (BEWi4l); OVA + budesonide (fi HiZZf#EiGIT41); OVA +
hHUMSCs-exos (A7 [8) 78 5 T 240 i SR IR IT 240) . * R L Z i B3 p < 0.05, **F&Rx p<0.01.

Figure 4. The influence of UCMSC-exosomes treatment on the total number of leukocytes and eosinophils in mouse bron-

choalveolar lavage fluid (BALF)
4. #2 UCMSC-exosomes jATT X1 /MR X SE BB R (BALF)®h B 40/ = B RINEES MR 4R AR 40 2 A0 S2 00

DOI: 10.12677/acm.2023.1381919 13741 I IR = =23t e


https://doi.org/10.12677/acm.2023.1381919

[5G ST

3.3. \UCMSCs-Exos FFUATT fa A & B2

I YL D R il B (R RS « SORE IR g S BE IR A B 55 o W8 R PE KL 4H . Eosinophil
(ESO)YMi 7] T A SR AE i B SR IEFBAL, A BT 3O B (1) R AE AR Je, i) ESO REMS B3 ma i)
0 T fffyd e, WY THI 5 TH2 B2 B FHERE . 5IEHHACON)FLL, B OVA) i
Ve A0 S B R B PR A A3 LE 3 R T S (B 4, p < 0.01)s ARHEAS AR YT ZH AT hUCMSCs-exos
YETT ALY E Y P A0 PR R M TR T R 4 B o bR B B R R (] 4, p < 0.01). SRR ZH(OVA)AELL,
hUCMSCs-exos 677 2 1A M 2% 2567 4 A BE e v 1 4 b 2 0 W e MR 240 i 1 4 L 3 SB35 PR (n
Kl 4, p<0.01); T S5AAHZEEIETTAIAHLL, hUCMSCs-exos 697 2H Al 0 E WE R A w8 I M 40 i 7 20 L
FIFAR BN EZ W 4, p<0.05), ARSI ZER LS %R L.

4. g

T B R 7 B e N SR R, HLH R R A AE DL S% B S . i B R R B T Rk
TG N 5 52 2 6] 4% AR EL VR, 35 LA 2 784 T 4 B vk B 40 B (Th2) 3R 30 1 51 76 P 628 28 RE S [ 117
OVA 5 T 13 B S 2 R AL O V2 M FH - BF 8 3 BRI 75 516 Th2 20 B A DA 1 23, I g
P 524 IgE F=AERIMCIR AN ARG A= [12]. 76 H AT IR H, hUCMSCs-exos Xif b B B2 Rt /) BRASE RL idk
ITIRYT, REREUR/D> S e 40 AR SRR VR i, A AP T O RE A, L W T T A 40 L 1147322 U R 4
B TR, B T hUCMSCs-exos 677 % iU N B $I7E F .

1983 4, AMNBMMAE K T4n AL o rb g 2 L, 1987 4E Johns-tone ¥ H iy 44 A /MK (exosome) »
Z PP AN HLE IE 5 SO BRORAS B 3T 3 AhiA A, L 32 BERUE T 240 A 1 v B R RO Py B TR A 11 22 VL A7
22 BIARIME S ARG R R B AN b . Bl SN FU kR, SEHERR I F AL S 5 40
W B A S R R 7 B2 microRNAs (miRNAs)FIK A% JESi S RNA (IncRNAs)# B AR 744
WBAh,  AAATT BeAE 2 P P IGE B 1 AR L R B AR AT, S 44 B 2 M 0 (COPD) i A
BN o DRIG,  AMIAAAE 2 P e o s AR s W AR b AR T s T 513

HTAMBET 2 2 5 B RIASH, AN BIIE R FELEVR T AN [ T AR om 1 BT &k 4
& MSCs SRR F 7M1 AR (MSCs-derived exosomes, MEX)FT& AE W03 M7 i (e i3k 2H 23454515 2 [ 12] . Bruno
L1410 7R B, MEX H11 mRNA 25 (2 958 5 45 LR S e 1 A OC, X B8 RIEEEAEH .
Zhu % (151858 7 MEX # mRNA 5208 SRR 5C &R, B0 R ILAM 46L& f o 40 f AR K
‘M BMSCs #iz i — 8 F i, JFEI% KGF & A, o] LLIMH] S v, b it 20 24545 o

iR A BRI R A e g . 35 BN W /NS ME B . ICEES 1
IR AL AR P37 i e S A B R 0 . SR R, FURNG B G AMA RN WU
MAUR, R, B 8. S rEIER/N . 7 (ESE0A Ai 2B RN PR 7 5%
F AW H AT B G 0 B R SR PR 20, e R B AR P LA B AV B A S AR e i,
1l G928 S5 I FH BB P AAR B 1, AT 8 2 e 5 o S P A0 T 0 R TSl NS PR B A, 40t S P IR 4 0 ol
149G RIS TS T 942 P38 LI SC A S 82, AR AN RO AR B, o A 58 DAAT M 2= 28 25 A v o7 LA
RXTERZE, i FT 4SS BB R hUCMSCs-exos ZHiA 2] T AL E T RUR

Interleukin 4 (IL-4)7& CD4+T 400 VAF . B 4. JERHMSE 73 Wh i) 2 2t A e, mT {2k B i
G PR 1gE #4%. Immunoglobulin E (IgE)/& /T T AR NI ik, 1gE Al IL-4 FIREZR
RS SRR BB R IEM . AR IL-4 J8 T Th2 UM 75, S 1 Bk f0Us S /9 BE K 40 i &5
gt T LA IL-4. IL-4 53T B 4000 T 400, ACKANAE. W2 iR i if 41 i & Seie v 1 1
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o /MBI IL-4 532l Th2 WA =4:[16] [17] [18].

TIEFRE A IgE AF7E TAMA M, J&IEE ANEH S e aERkEn, KEEREN S 18
FERUR N o 1gE 3 RN 5 T K A i R Bl P R 20 i 45 5 1 e % T BE[19] [20]. B RFFTUERT, TE/NERARPIIE
BT IL-4 AT LA5 S IgE (153, TgE P2 AR i 5 /0y S s 1 7™ B R85 i Ik i [21].

AW SRR hUCMSCs-exos 7697 I BT B2 iy T DAJRCER ity 1) SE J S, BRI 2 s /N BRL P9 98 R 20
R4 b o TR 5 LA MIAA KT T~ B2 R /)N R VA 7 80 2 L A A= A K a7 ROCR BB 4, X — B LR IR
SR BRI s BB IR ST RGN S 5E 3, AMIAAT= S I N I R H AT #5

5. &g

MERIG S5 RKTE , hUCMSCs-exos 5 182 i 24 Afi 23 48 1 1 P RCRAREL, B 2200 T A = 6 7 &%
o KON PRI SR TRIOTTIR, IR TE TR T AN AR R T A TR A AT

ELWAB
YT T R 25 BT RITE (202120074); 1
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