- 264 - R EAKFFIR Acta Universitatis Medicinalis Anhui 2026 Feb;61(2)

W 2% R BT ) :2026-01-29 17:15:16 M % $ g3 3k ; hitps : //link. enki. net/urlid/34. 1065. r. 20260129. 0855. 009

WA B ] S0 T4 V3 58818 42 : miR-139/Notch1
A B an it

T ohpt Oy S ERAE R, R A
(RBPEHRFERFHAR TS IPEFR AR AR, S 230012)

BE BH WEM/NRNA(miR)-139/8k H 5244 (Notch ) 1 41 | F 05 20 Bz Ab 76 17 K e 8 1] 78 53 40 il (BMSCs ) IH S AR 4k
H IR, BRI BMSCs 77 Ry i B v & FE S e T O T REAILA . 5% 0% 30 L SD MEME R ERBENL /38 3 20« 1E# % IR(NC) 4
PRI AR (MC) L . BMSCs A A (BMSCs) 21, B:2H 10 H o ¥4 5, 6-3 I8 MK = A TRERL B FANE W e (CFSE) #7121 BMSCs H
R I R 25 R R DR R P VA X 20 AR A I BMIS Cs A6 07 Wi i 28 280149 UF1 B 15 100 o SR P it - 15 4% €6 100 7 ol Y60 78 e v e M
L LY 15125 4 3 ELISA {2460 0 A BRI 775 I 58 240 B AW £ 4 B PR T4 38 (IFN-=y) . 14 R (IL) - 13 436 FE(CD) 80.CD206 7% 1 5
SEI D E i 5% 5 PCR(RT-gPCR) A I 26 21 miR-139 . Notch 1, 40 A A b s 15 S 1 — AL R S B (NOS) 2 K & 2
i (Arg) 1 2 CXCHATEPEANIEN FZ IR (CXCR)4. &R 5 NCA K, MC ALK RIMTE CD8O IFN-y F kAL, 1L-13 .CD206 %
KT (P<0.01) , MC 4H K BT 2H 2 miR-139 323K A AIK (P<0. 01) , Ei W 41 i B f6 b7 75 4 NOS2., Argl 9§45 359 CXCR4
mRNA A K TFTHE (P<0.01) . 5 MC AL EL4L, BMSCs 41K BRUM K IFN-y Ri5 T+, 11-13 .CD206 ik FEAIE (P<0. 05) . BMSCs
2H KU ZH 21 miR-139 . CXCR4 . N JE 40 Mo 435 A= K 1~ (SDF )-1 mRNA 223K 7K F-F1 &5 , Notehl \NOS2  Argl 3235 7K F- [ A% (P<
0.01), MMM IR, CXCR4 5 miR-139 £ IEAHKE (P <0. 05) , CXCR4 5§ Notchl S 5iAHIE (P <0.05) . SDF-115 IFN-y 5 A
K (P <0.05),SDF-15 Argl .CD206 £ HHI (P <0.05) . 5 miR-139/Notch 1 %l AT REI 2 52 Wi 07 ity 53 105 40 Ji bl £ A1 108 127
K ELBMSCs IH 8,

SRR BEN ;T RNA-139; B W20 b Ak ; -8 8] 78 53 T4 ; Notch 15 I £
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WEN & —F S RS VARG B A4k i B8 ) 72 B2 T 28 Jfl (bone mesenchymal stem cells,
W, BARBORILH 24K, EEEZ 3] —%  BMSCs) HAHLUEE MG A 506, 78N
HBUR AT 26 M1 B M2 IE A M B 7EE Bl T ARAE I AR, BMSCs Hi CXC AL E AN ML IN 532 14 4
A (helper T cell, Th) 1 48 741 y- T4 & (inter- (C-X-C motif chemokine receptor4, CXCR4)/ A 3 Jit
feron gamma , IFN=y) 25 J18 R 175 S A4 1, 22 1A 25 2634 41 g A7 A= IR F- -1 (stromal cell-derived factor-1, SDF-
Toll ¥ 3Z 1K (Toll-like receptors, TLRs) 4. 43 1k #f 1)l P U SR 22 52 B 4L 2, 3l 2L 941 Th/Th2
(cluster of differentiation, CD)80. iFE S K — & LA R ARG T AE S BT X i ez
/N RNA139 (microRNA 139, miR-139)/6k I 52 4 1
(notch homolog 1, Notch1) §li P8 #°' . % W 5% 3¢ T
miR-139/Noteh 1 il & #4515 1 200 A P XL 5 HG o 0% i
K BMSCs HEL 520, B 7ER AR BMSCs 751

Wi 1ok 7 2R 2 B2 11 ) ELAHIL TR

1 MRS

A W (nitric oxide synthase, NOS)2 %5, M2 4f il 7¢
Th2 4f il B - 41 11 4 3 (interleukin, IL)-4 F11L-13
PR 75 S 2R A, 21T R 2 18 CD206 H 2 12 i 1
(arginase-1, Arg-1)"?', 1fif Th1/Th2 - [7] Th2 5 £
PR S5 7 I Wi 1 AT 928 AAE b k4 T A T

2025 - 11 -07 $k
HEAIH < % H ARSI H (455 :82205053) ; 2 08 B %% 1.1 SEISHFRL 1T UEYE SD KL 36 H IR
1 HIRFFEMRFE I H (485 :2022AH050531) ;AL 75 4E 2L 160~220 g, (20+2)°C F1 12 h B — B RS 16 3 2% ﬁ:—F

DR BT H (%5 : YQYB2024026) ; TP B 25 K2 55— SNBSE = S STy,
L JEUAA SHFHRIIEE (45 :2022reyb015) ARBRHERS | AL KBS BER KR
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PR D12 UE (L5 . AHUCM-rats-2021131) . {43
i ( HA Olympus A Al , B4 %5 . CKX41) ; A Z b a
( Lifp BRI I7 W& Iy A BR A /), AL - MR
402B) ; Fi A AL (3 E BD A A, B . FC500) 5 %¢
62 &= PCR 1Y (2% [E Thermo Scientific 24 &), 5 .
PIKOREAL 96) . i [G 4 8,55 15 W . U175 &5 1 (oval-
bumin, OVA),5,6-¥kFE2¢ R — LR ERBEFHE W e
fig ( 5, 6-carboxyfluorescein diacetate succinimidyl es-
ter, CFSE) ( g 7 A% 3 & F R A IR A )L 1845
45253-250ML-F,A5503-10G.21888-25MG-F) ;SYBR
qPCR SuperMix Plus( i3 R RHEA FRA L 525
E096-01B) ; i %% 5% fiff ( H 4% TaKaRa 28 7], 585 .
RRO47A) ; IFN-y,1L-13, CD80, CD206 ELISA i 5
& e 413 H 3 H (bovine serum albumin, BSA) |
HERG AR A (et R F AR A RA R 185
SEKM-0031,SEKM-0046 . P00473 . K0O06619P . F8240-
100.P8360) .

1.2 SKFHE

1.2.1 S350 K30 HSDIEPER R, BEPL N
3L, B4 10 H, 43500 R 1 5 X B (NC) 4 AR Xt Y
(MC)#H .BMSCs 1 A (BMSCs )4 .

1.2.2 BMSCs % & B BAFIT PB4
Jal iy SD HEPE R B 6 H, iFikb At . TC &, &
B BB A B B E LA A gs g 2L, DIBR B R
Vit , 7 iR H RE I, T8 2 %l A4 L TE (fetal bovine se-
rum, FBS) 1R 5% #“?&(phosphate buffered saline,
PBS) VAV R A et i, 2 8 AR AN, IR T S PR
AMMWER . B0 (1000 r/min)5 min, 3 1T,
TR IR, JFERN T 25 em®B5 332 () 1 %% i
IX10°/~/mL) , & T A0 MG IR AR 55 5 . o0 4 3 7 ik
3~4 dAR, W% BMSCs JE & A8 4k, 1 41 M fil & 2
80% ~ 90%,37 “C 514 F , A 0. 25% Jik £ 11 il Al
0. 02% [ £ —} VU Z,FR (ethylene diamine tetraacetic
acid, EDTA) Tk 3~5 min J5 2 1E W16, 1: 264820
o 55 3~S AR & T Ia 825080 . 2 YL Rl A
0 WL T 8 50 pg CFSE ¥ §# T 18 ul. DMSO,
Pic A 5 mmol/L FY IR o HUER 3~5 1R 4H i 5x10°4~ &
FT2mL0. 1% BSA N, A 2 ul. CFSE JRiK , & T
37 ‘CHEE 10 min; Jil 4 F5 AT FBS 28 1k 1, % R 7
A 5 min; PBS PR 3, S 2 IG5 B T 37 °C
BEE 5 min, A ZE 1Y FBS 15 11 [ W, T8 1x10°4
0T 1 mL PBS, 451 5256

1.2.3 =ZwpaAld s RS R K 6 )

https://www. cnki. net

PRI B B, B A8 PR 2 i KRR . T RE 55 0.7
14 K437 10 % OVA (7% 10 mg OVA #1100 mg &
FALBEE YRR | mLEEL. A 21 K, T
1% OVA 254k 30 min, B& H i & 1K, F5226 8 . NC
25T A FEERACE AR LAAR [F] 7 i A0 2

1.2.4 BMSCs %% K A mmneykix KA
CFSE FRric i BMSCs (1x10°//mL) H J& ¥ ik i &
7 Wity B Y, 200 76 0.12.24.36.48 .60 .72 .84,
96,108,120 h ZbFE K B, R it 241 B AR K0 CFSE
FRic i BMSCs £ il 21 21 b 1 3R 100 .

1.2.5 % dmiprbs egml 2 B R T,
SR FH B DG -5 I8 B % 40 < FH B E- 75 I8 B e T A TR TR
SR ARRAS, Y530 s, BRI KR FG- 5 IR L T B
VW AT A B9 2~3 4% ) , Yt 1~3 min, 0 25
Ui, 25K Ve UE T, AR A < Se UK
g A A HARFRAL , P45 vl 45 2 0 I o1
FEATH, UL HLATEL 6 7K B F , BEALITEL 100 141
A, 412 5 8 R MR 41 Y (eosinophils , EOS) | A ek 41
2 (neutrophil , N) | BLAZ 41 ffd (monocyte, M) | I 4ff
fitd (macrophage , M®) H 4345 .

1.2.6 ELISA &40 X R ofe i B o 4 fo AR AL 20
B F IFN-y.IL-13.CD80.CD206 % & #1142 i il
UiJa , & F ELISA 3246 I K BRIl i H IFN-y (IL-13
CD8O0.CD206 M 1% o S50 20 TR ™ # 4 Rt ) & vt
WA

1.2.7 RT-qPCR ¥ #2822 miR-139 Noichl . E "
m Je AL AT & S4B & B F NOS2 \Argl % )2 47 &
# CXCR4 .SDF-1 mRNA ik BRI s M) , B
T8 i 2 2B RIS L A TR 1Y TR1zol 35 W $2 X
SURNA SR 524193 16010 BE B A RNA 43t il
AR BRI Al R B RNA I R 5 5% 5 N
42 ‘CHFH 60 min H L cDNA, VL cDNAAE NI E
S BR EATY Y, k% 4% ] SYBR Premix Ex Taq
5| Foa b UC SR v P (S L w1340 I o 1Y V1L I
27 5 Wi & miR-139  Notch 1 \NOS2 \Argl J 3
HFREY CXCR4 .SDF-1 ) mRNA A2k

1.3 SiTZATE KA SPSS 26. 0 48 i #14% L
PEREAT G0, 45 9 s o, 2 A) HE RS AT 4
K, P<0. 05 A2 5 Gt # X .

2 H#R

2.1 BMSCsZEMEMmARMARYZNETL K
DGR CFSE FRic J i) BMSCs 28 8 0 ik i 5 A %
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Mg A BRAAS PN 2R FH AT X A4 AR 3B B AN TR B[] 1
il 28t CFSE HZEGoR I | i A W5 64710 BM-
SCs 7E W M K BRABZH AU sh 781k . Rl 7R, 12 h
FHETE IR J (5. 12421, 415) % , 5 G H8 B 7E il 20
S Fak s ] 4 RS S 2 7 T3, 72 h £k
TR R (18, 144+5. 170) %, 1M J5 B R, T
120 h IS B A 5 (4. 266+1. 128) %, 7 W [A] I F-44
BMSCs £ F& #t ik 7 5 A 22 i R BRUAAR P Ji5 T i il 2
LT, WE 1.
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1 CFSE#RiZHI BMSCs R H 4 R
Fig. 1 Tracking of BMSCs tagged with CFSE in lung tissue

2.2 REMAEILFIFHMNESR SNCALE ., MC
20 N EOS .M [t 75 (1=4. 87 .12. 47 5. 17, ¥ P<
0.01) ,M® H ] &A% (.= 9. 01, P<0.01) , 5 MC4H
Fe#¢ , BMSCs 4 N \EOS .M ttfﬁJF%%fE&(z:z. 51.6.56.
2. 14,31 P<0.05) , M® Ll F 15 (1=5. 02, P<0. 01) o
ol I 7 1 D S 70 8 P 1 i 2k R BT
UL 2.

2.3 KR IMFEE &4 AR 4L 48 B & F IFN-vy.
CD80.IL-13.CD206 T 5 NCAI b , MC 4R
BRI TFN-y .CD80 Rk FEAR (¢=5. 99.1=5. 10,34 P<
0.01),1L-13,CD206 F ik Ft 5 (1= 8. 41.1=8. 75,
P<0.01), £ BMSCs ESTE , 5 MC 4 kA, BMSCs
ZH IFN-y (1= 3. 13, P<0. 01) ik Tt , IL-13 . CD206
FEIREAK (1=6. 71, 3. 07,31 P<0.01) . 4875 7EBE R
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Fig. 2 Comparison of inflammatory cell counts

M

in alveolar lavage fluid
“P<0. 01 vs NC group; *P<0. 05, #P<0. 01 vs MC group.

LB v A A L A0 A Ak, B A B P AR AE Th
Th2 4R G . UL 3,

2.4 ffiZH 4 miR-139.Notchl. B & 20 B iR 1L R &
¥ 1 % B F NOS2, Argl B VA E 55 ¥ CXCR4,
SDF-1 mRNA ®ix 5 NC4]HAE, MC 4K FUT 4
2 miR-139(1=4. 01, P<0. 01) F3K &A% , NOS2 \Arg]
CXCR4 , Noichl mRNA J} 75 (1.=33.01.,26. 14.5. 76,
6.25,3 P<0.01). %4 BMSCs {EH 5, 5 MC 4l Lt
4 ,BMSCs #H miR-139 .CXCR4 .SDF-1 mRNA 35T+
i (1=5.32.6.10.6. 35,3 P<0.01) , Notchl \NOS2 ,
Argl mRNA F#AK (1=4. 60.5.20.4. 74, ] P<0.01) ,
P 7R 78 W it ob i 2H 40P miR- 139 Notch 1 3% 3k 2k #if
B, I s 200 R T 3 4 R O PR RS S s
WAL F ik HPLZE L, miR-139 W] B2 5 E W ) B
. LA 4,

2.5 VJIE#REY CXCR4.SDF-1 518X #54Ra918
KM FERE NGB AY 38 A ) i 2 2UH S AR
¥ CXCR4 .SDF-1 mRNA 5 miR-139 Notch1 . F W 4
AR AL bR i AR & R F NOS2  Argl (IL-13 ,CDSO A
KM H BN, CXCR4 5 miR - 139 1 1F AH 56 (P<
0.05),CXCR4 5 Notchl 27X (P<0.05). SDF-1
5 IFN-y 5 1IE M5 (P<0.05) , SDF-1 5 Argl ,.CD206
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Fig.3 The expression of serum macrophage polarization cytokines IFN-y, CD80, IL-13, and CD206 in each group
"P<0. 01 vs NC group; *P<0. 01 vs MC group.
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Fig. 4 The expression of miR-139, Notchl, NOS2, Argl, and homing markers CXCR4 and SDF-1 genes in lung tissue
"P<0. 01 vs NC group; #P<0. 01vs MC group.

EHRAE(P<0.05), W1,
3 iFig

W7 Wiy 2 2 FP RAEANIE L A0l 0 2 5, LU
PEAGE SAE N RHIE ) S IR B AT M AE R
A AR DL G A M R | AT A Ak Bk
UE B2 N 2R AL ) — DA Az
FI Th1 40 A P 3% s, v] a) M1 Y B v 20 i £k
FI M 535 CD86.CD80  TLRs4 \NOS2 %5 [H 1
76 Th2 20 i X - (TL-13 . IL-4) 2535 5 F |, XA] [i] M2
AU B 2 A Ak, 3% 30 R 3R I8 CD163 . Arg-1,
CD206 %5 , & T e . fEMLIRZ B4 A
E- Al R 8% i i R 1 ST B B o TR
AT, P EBOIAE S AR AT, B 28 90 PR 7 IR0
IO, W 200 LR AR A IS 9 i Ol T2 R AIE B

Wit B R AR
RHFFELE R BN, 5 1EH AU e, A AL 2 KRR
its 30 3 V8 W R B9 NLEOS M EL B TR, M HE 5] R
Wk, 2 W A 122 s O A St R v 0 R %) e
Ak, X T RE S B AN AL G . M1/M2 B E g
21 it 18] 1) Bl 2 F- 5 0 & AR AR AL BI040 i ) M2
TR R Ak, MY [ 200 R i 2>, 3k o 0 2 2 i
— 2L Th2 24 S, B A5 Th2 £ 4 48 it A 1 1)
M 22, VE TR MR A A A S0 A AR AR IR T R B
)T i ) AT G ARRE o BMSCs A Ay 0 3 1 T
FRI, AT 3 A A Y g o AR Y Th1/Th2 20 i 2k i i
ZRAGERAE" Y E—E AT, 1k BMSCs TR
R 1) o i R Y B AR A U R
TE X 22 8 % BMSCs [ 38 58 3T 85 S AR LI T,
SDF-1 245 X8 E F . BMSCs % 1Hi %35 i CXCR4 J&

F1 JAHEIREY CXCR4,SDF-1 58X IEFRAIAEMEG)
Tab.1 Correlation between homing markers CXCR4, SDF-1 and related indicators (r)

Other indicators

Index of homing markers

miR-139

Notchl NOS2 Argl IFN-y 1L-13 CD80 CD206
CXCR4 0. 655" -0. 697" 0. 055 0. 345 0. 055 -0. 103 0.394 -0. 030
SDF-1 0. 309 -0. 467 0. 042 -0. 652" 0.614° -0.418 0. 055 -0. 623"

“Indicates that the correlation coefficient P<0. 05.
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SDF-1 I FESFMESE G2 R A4V T2 B4 .
A Lk

SR A B, SDF-1 g R aT W W I 5
CXCR4 454,755 BMSCs Vi 5 SDF-1 (193¢ B 86 13 19
R ZMALUREEN . ARSI BoR 4950
FRie [ PR S04 ) BMSCs AEL A B M B 8 A SRR Y )
Hon] () Z G ZUA S, BAERLA S 72 hIH SRk
) d5 i, 31X A AR W g ek R R A e % AR R A 4t
Sl

miRNAs E 8 3E H 7] LA 5 BMSCs 9 22 F 731k
G Thae! . AL A A o S R
Notch 1 YE} miR-139 (HEIL R, —FAFELE AL AT,
Notch1 {5 51 B 7F miR-139 1A S R4 ML T~ 1248 .
1R 2B 5 R R OCHAE Y . B REAE A PR
Y PTRRIR, SR FH y-A2 4 WA BT ) U BHLBT Noteh1 15
S0, nT e UE BMSCs A AE S . [T, Notehl {5
53 % 55 12 g Th1/Th2 240 i IR 7434k 56 22 % 1, i
0 200 R A F 8 e R 5 B2 Thi1/Th2 45 R 4t i A1
T AR 7 B Si DR T A R YT AN e = TR A
IR EAE R, b A 38 miRNA X5 518 5% 0 4
P =Y T HE ) miR-139/Noteh1 Xif B it BMSCs
IS () PR 45 T REAE O B W Al B Ak i 2 5 . A
M M 45 IR /R CXCR4 5 miR-139 5 1E A
X, CXCR4 5 Notchl B AHI . LA 145 5L U B 1
Notch 1 3 [ 1] 4 =5 BMSCs IH H.6E J1 , 11X — i B2 AT
miR-139 ()2 5 . miR-139 7] G318 i &M Notchl {55
5 38 % [A] 42 )R 5 CXCR4 . SDF-1. il i miR-139 i}
il 97 Notch 1 8 % 1T 34 /il BMSCs 2 1 52 /& CXCR4
Y S ONINTITE BN EE S NI DS € 30 T B )
7, M2 35 5 40 it 5 BMSCs [1] 122 s fili 2H 20 A 01 85
A K, BMSCs 7 9 0E A5 14T 4 4t A PR R 4 92 240
JEL 3 0 B4 R 3G o WA AR S S 5 AE R
2R, M1 R E 20 15 5 BMSCs 4L 12,
M2 7 [ I 41 it T 42 0E BMSCs B9 1E R I3 g2, i
ARG 45 B, MC 41K FRUMLTE CD80 L IFN-y £
IKFEAG, IL-13,CD206 & ik Tt , H SDF-1 5 IFN-y
RIEME, SDF-15 Argl .CD206 2 FiAfC ., BLHIE
I 210 i MU1/M2 2 285 V-1 1 TR, BT Argl (IL-13 55
RAEH MR T, 2 5 W SOE RRE R, I T g
1.2 5 BMSCs [1] 17 i i 2H 2 g A 82

ZE LTk BN RAE SRR, miR-139/Notch 1 3l
%X BMSCs I £ 11 18 42 0T BEAF7E W 200 Jita A Ak 11
S5 3k — R IWA B FIRA T 2 i BMSCs I AL
il , A BMSCs B2 1] 5 12 Mg 5 i £ (L7 S It
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A new pathway for the homing of asthma bone mesenchymal stem cells :

miR-139/Notch1 axis regulates macrophage polarization
Wang Kun'?, Fang Haoxiang”, Cao Xiaomei’, Zhu Ziheng’
('Huixue Center, *College of Traditional Chinese Medicine , *Graduate School ,
Anhui University of Chinese Medicine , Hefei 230012)

Abstract Objective To observe the expression of miR-139/Notch1 axis and macrophage polarization in the hom-
ing changes of bone mesenchymal stem cells (BMSCs) in asthmatic rats, and to explore the possible mechanism of
immune regulation by BMSCs during asthma. Methods 30 male SD rats were randomly divided into three groups:
normal control group, model control group and BMSCs implantation group, with 10 rats in each group. BMSCs la-
beled with CFSE were infused into the body of asthmatic rats through the tail vein, and the homing status of BMSCs
in asthmatic lung tissue was detected by flow cytometry. Changes in the proportion of inflammatory cells in alveolar
lavage fluid were detected by Wright-Giemsa Stain; the levels of macrophage polarization cytokines IFN-y, IL-13,
CD80 and CD206 in rat serum were detected by ELISA; the miR-139, Notchl, NOS2, Argl and CXCR4 in lung
tissue were detected by RT-qPCR. Results
vy in the MC group decreased, while the expression of IL-13 and CD206 increased (P<0.01). The expression of

Compared with the NC group, the expression of serum CD80 and IFN-

miR-139 in lung tissue of MC group rats decreased, and the expression of macrophage polarization markers NOS2,

Argl, and homing marker CXCR4 genes increased (P<0.01). Compared with the MC group, the expression of
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IFN-y of rats in BMSCs group increased, while the expression of IL.-13 and CD206 decreased (P<0.01). The ex-
pression of miR-139, CXCR4, and SDF-1 mRNA in the lung tissue of rats of BMSCs group increased, while the ex-
pression of Notchl, NOS2, and Argl decreased (P<0.01). Correlation analysis showed that CXCR4 was positively
correlated with miR-139 (P<0.05), while CXCR4 was negatively correlated with Notchl (P<0.05). SDF-I and
IFN-vy was a positively correlated (P<0.05), while SDF -1 was negatively correlated with Argl and CD206 (P<
0.05). Conclusion The miR-139/Notchl axis can promote BMCs homing in asthmatic rats by affecting macro-
phage polarization in asthma.
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