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Wi 6 R] SE 0 T4 V587 9riE 44 : miR-139/Notch 1 i
AR B v ik

TR Oy R E R, R T
(RBPEHRFBFAR TS PPEFRFR LR, S 230012)

BE BH WEM/NRNA(miR)-139/8k F 5244 (Notch ) 1 4 F 05 20 Bz Ak 7 17 MK Ui 8 1] 7 53 40 il (BMSCs ) IH S AR 4k
TR T BMSCs TERE R B vh R AR PR I mT BEMLI . J75% % 30 L SD Mt R BRUBEHL /0y 3 41 - 1 X BRONC) 41
FERIXT A (MC) 4L . BMSCs A A (BMSCs)4H , AF2H 10 H o ¥4 5, 6-35 FE 98 K . LR L B2 I BE W e G (CFSE) FRic AY BMSCs H
JRE B i e 2 N R SR PR A A AR ARG U BMIS Cs 77 027 Wt i 200 250 4 U9 5 000, o SR P i - 757 I 4 € T 2 ot Y0 VB Vv R e
A LA AR 1 s ELISA 246 D0 K BRI 375 B e 4 i AL A By THE 38 (IFN-=y) (1A 3 (IL)-13 .43k (CD) 80.CD206 7% ft 5
SEIF SO E Bl 5% 5 PCR(RT-qPCR) A I M 26 21 miR-139 Notch1 . 20 A A bR s 05 S A — AL R A B (NOS ) 2 K & 2
T (Arg) 1 M CXCHALPEAIME N T2 /R (CXCR)4., &R 5 NCAHH, MC ALK BT CD8O IFN-y F ik A%, [L-13 ,CD206 %
IETFE (P<0.01) , MC 2 K Bl 21 20 miR-139 £ 35 B MG (P<0. 01) , B W40 A% Ak A5 A5 40 NOS2 . Argl K UH S FR W) CXCR4
mRNA R ACFF+ 5 (P<0. 01) . 5 MC 21 Lb %5, BMSCs 41K BRI IFN-y 235 F+ 8, IL-13 . CD206 3£ ik % Ik (P<0. 05) . BMSCs
ZH K BRI 2H 24 miR-139 , CXCR4 . A& JF 40 A5 A2 TN 7 (SDF )-1 mRNA 23k K ETH 5, Notehl \NOS2 , Argl 363K K FEAR (P<
0.01), AHRMESIHT AN , CXCR4 55 miR-139 S TEAH (P <0. 05) , CXCR4 55 Notch 1 S AHIE (P <0.05) . SDF-1'5 IFN-y 5L 1EAH
X:(P <0.05),SDF-15 Argl .CD206 A X (P <0.05) . 4518 miR-139/Notch 1 5l 7T AE 8 25 5 0 I Wit 15 W5 200 B b £ 1 00 0%
KL BMSCs I £

K RN N RNA-139; B REAN M AL ;B 817 78 BT 40 ; Noteh 15 19 4

FESES R562.2

XERFRER A XEHS 1000 - 1492(2026)02 - 0264 - 06

doi: 10. 19405/j. cnki. issn1000 - 1492. 2026. 02. 011

WE N — R S R m UG R 24 e i B8 H) 78 5 T 40 i (bone mesenchymal stem cells,

i, FARBURPLE 245 R . ER A A2 3 — &
UG AT 44 oA M1 s M2 WA M1 0B 7E i B T
411l (helper T cell, Th) 1 41 AL PR 540 y- T8 % (inter-
feron gamma, IFN-'Y) SN A S A R, R A
Toll ¥ 3Z & (Toll-like receptors, TLRs) 4. 43 4k #f
(cluster of differentiation, CD) 80, 5 7 — AL &
A B (nitric oxide synthase, NOS)2 %5 . M2 4 g 7
Th2 41 il B -7 4 114 & (interleukin, IL)-4 #11L-13
PR 5 T A B, 2R T R AR CD206 K 24 R Al 1
(arginase-1, Arg-1)"', il Th1/Th2 V- [ Th2 I8
PR S 7 I Wi 9 AT f 2 AE Th R 3R T AT

2025 -11-07 1l

BT H HR A ARSI (45 :82205053)  LHRUE & 2
B HSRBLERFSE I H (405 : 2022AH050531) 5 675 H 4R 4
B I H (435 YQYB2024026) 5 2 P R 2 45—
HEFR R LFRE I E (435 :2022reyb015)

EE T T B, 2, BPEAFSE 51 S (5 E-mail : yxwangk@
163. com

BMSCs) BATHEUE S S e i #5555 DI RE o 78 1 i
RAELL R, BMSCs Hi CXC afb M40 g PR 72 1k 4
(C-X-C motif chemokine receptor4, CXCR4)/ N\ 3 i
A M A A2 -1 (stromal cell-derived factor-1, SDF-
1)l A U5 SR 2 52 450l 20 21, 38 4 98 45 Th1/Th2
KA KA SR E B X 2
f# /N RNA139 (microRNA 139, miR-139) /88 [1 57 {4 1
(notch homolog 1, Notch1) §lj & ', A B 5% 3 F
miR-139/Notch 1 41842 5 05 200 i A P YL 458 JH X 025 i
K BMSCs IF IR, B AETR AR BMSCs 7L
Wiy o 5 A S 1A T 1) BRI

1 #MREFE

1.1 SCIGHFRE 35 TE 9UEPE SD KRR 36 H AR B
160~220 g, (20+2)°C F1 12 h ¢ I - ISR R 4 14 F
Sy IETE N R IR VR A AT o KRB LRIERL R A5
5 30 ) i B B AL, B A VR FTHIE S SCXK
(f5)2017-001 , B3 i 4 B BE 25 K7 sh Wit
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PR DL UE (L5 . AHUCM-rats-2021131) . {73k
i ( HA Olympus A Al , B4 5 . CKX41) ; HHZ LA
(b o BR B J7 & & e A IRA L LS f R
402B) ; T A AN AL (S5 BD 23w, KIS . FC500) ;%€
62 &= PCR 1Y (2% [ Thermo Scientific 23 &, 15 .
PIKOREAL 96) . i [G 4 8,551 15 W . U175 25 1 (oval-
bumin, OVA),5,6-¥kFE2¢ R — L TR BE LW e
fig ( 5, 6-carboxyfluorescein diacetate succinimidyl es-
ter, CFSE) ( g A A% 3 & F R A IR A R L 1845
45253-250ML-F. A5503-10G. 21888-25MG-F) ;
SYBR ¢PCR SuperMix Plus ( | T 7 B 47 47 BR 2
A, 55 : E096-01B) ; 100 % 5% il ( H 7% TaKaRa 23 H]
%5 : RR047A) ; IFN-y.IL-13,CD80 . CD206 ELISA
R & LG 4 13 H 2 E (bovine serum albumin,
BSA) il £ 11l (I R AR YRR IR A
%5 . SEKM-0031 , SEKM-0046 . P00473 . KOO6619P
F8240-100.P8360) .

1.2 XWHE

1.2.1 S84 K30 2 SDREEK R, BEILS N
341, A 10 H, 4300 R 1E 5 X BRONC) 4 A A X
(MC) 2 .BMSCs #5 A (BMSCs) 4 .

1.2.2 BMSCs % & &/ BAFIT B 4
JEl iy SD HEPE R L6 H, i siAb A . TCH R F T, &
W e AR B B E LA AN Zs 4R 2L DIBR B R
Vit , T FR HHE I, T8 2 %G 4 i1 (fetal bovine se-
rum, FBS) W2 2% 11 (phosphate buffered saline,
PBS) W I 2 a2 08, AR AL, AT 2
MR . B0 (1000 r/min)5 min, 37 1,
FOHT R TR, I AN T 25 em® 15 FR 0 () 4 % i
Ix10°~/mL) , & T AR FRAR T I . T dh 57 4L 3
~4 RNK , W5 BMSCs T2 & 48 16, 795 40 L a5 &2
80% ~ 90%,37 “C 514 &, A 0. 25% Jik £ 11 il Al
0. 02% ) £ —J#% VU 2. iR (ethylene diamine tetraacetic
acid, EDTA) T4k 3~5 min J5 2 1E W16, 1: 2 /64820
Mo 5 3~5 ANl A TR 225050 . LYk n
0 WL ¥ 50 pug CFSE ¥ # T 18 ul. DMSO,
Bt A% S mmol/L F B . SR 3~5 AR 41 5x10°4™ &
FTF2mL 0. 1% BSA N, A 2 pl. CFSE JR g, & T
37 “CIFEE 10 min; N4 F5 AR FBS & 0k 07, % R 0%
A 5 min; PBS ERPEA 3, S 2 IG5 B F 37 °C
BFE S min, AT SR (1 FBS 45 11 52 07, 5 1x10°4>
ML T 1 mL PBS, £ H 3550 .

1.2.3 i Al s SR 3 Rk 6 A

PRI B B, TE A8 P 2 g KRR . T RE 55 0.7
14 K435 10 % OVA (55 10 mg OVA F1 100 mg &
AALFR B PURRO 1 mLE. A 21 KilE, T
1% OVA 554 30 min, B& H 3k 11K, £5826 8 . NC
25T A BEER AR AR LAAR [F] i A B

1.2.4 BMSCs £%% K S gey ik KA
CFSE #Rric i BMSCs (1x10°//mL) H & ki it 2
7 s R R, 43 I 7E 012,24 .36 .48 .60 .72 .84
96.108.120 hZbFE K B, R H it =240 L AR K CFSE
FRic i BMSCs £ il 21 21 b 1 F 3R 5 10 .

1.2.5 ¥ Mk soml 2 BIEE R I
SR FH i UG- I % e 0 - P B -5 IR % L R A TR
TSR FRRAS Y530 s, B R FG- R L T B
VW (WA TR A B 2~3485) , G4 1~3 min, T 25
YLk, ZEIRK Ve USRS < SE IR
gAML A A B ARFRAL , P-4 il 45 5 08 I o0
JETHE, UL LA B 6 7K B 7, BEALITTEL 100 -4
., 2 5 G TR KL 21 Bt (eosinophils, EOS) | FP:kr 41
Hg (neutrophil, N) | 5.4Z 4l Hg (monocyte, M) | F I 4Jf]
g (macrophage , M®) H 7344 .

1.2.6 ELISA &40 X R o i B % 29 AR AL 28 L
F IFN-y.IL-13.CD80.CD206 & &  H# 5 fhil 1k,
U5, % H ELISA 3246 D0 R BRI v H IFN -y (IL-13
CD80.CD206 Y75 1 o S 40 25 TR ™ A% 4 B il ) & idd
iR E (e

1.2.7 RT-qPCR | it 28 2% miR-139 Noichl | E "
o JR A AT E A& B F NOS2 Argl % )2 £ 47 &
# CXCR4.SDF-1 mRNA &% A Hl iU J5 |, B
T8 o il 4 2B RIS L A TR 1Y TR1zol Y5 W $2 B
SVRNA, R A0 43 606 BE A I RNA 43 1 il
Al RE . K AN Al Y RNA A R 5% 57 S
42 ‘CIH 60 min & i cDNA, L eDNAE R 5% &
Y BAREAT Y, kS 4% R SYBR Premix Ex Taq
5wl FoR IR VR L (SO . W 1530 I w1 V1L I
FH 272 J5 31 miR-139 \Notch1 \NOS2 \Argl }
HEREY) CXCR4 SDF-1 1 mRNA FHX} 2235,

1.3 it TE K SPSS 26. 0 48 i #514% 5L
PEREAT G0, 245 9 s o, 2 A) H RS AT 4
K%, P<0. 05 A ZE R A G L.

2 #R

2.1 BMSCsEERAKRMALAWZNETH Kl
PGk CFSE ARic J5 i BMSCs 28 & i ik i 5 A%
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Wity BV P 5, 2R FH T 2 400 R AR S B AS [ s ) 7
fifiZH 2 CFSE B9 YGom B, f BL AT A ic BM-
SCs TEREN R BRIMZH L sh 284k . il 278,12 h
E AT EIREE N (5. 1241, 415) % , 52 G0 5 75 il 20
S Fak Bl s ] 4 RS S 7 L T3, 72 h Ek
R R (18, 144+5. 170) %, 1t J5 B R, T
120 h S B AR 5 (4. 26621, 128) % 7 W] [6] I F-44
BMSCs £ F& #t ik {3 5 A 2 i R BRUAAR P Ji5 mT g il 2
LT, WE 1.

25
20

_ =
S W»

CFSE expression
level (%)

S W

0 12 24 36 48 60 72 84 96 108 120
Time (h)

1 CFSE#RiZH) BMSCs 7t 5 4 7R B
Fig. 1 Tracking of BMSCs tagged with CFSE in lung tissue

2.2 KRMEMEMELGIFNESLER SHNCHLE,MC
ZH N.EOS M Lt {0} 75 (1=4. 87 . 12. 47 5. 17, ¥ P<
0.01) , M® H ] A% (1= 9. 01, P<0.01) . 5 MC 4
4%, BMSCs 4 N \EOS .M 9l & AIG (1=2. 51.6. 56 ,
2. 14,31 P<0.05) , M® Ll 1= (1=5. 02, P<0. 01) o
Tl I 7 07 D A5 78 e 8 P i 2k B BT R R
L 2.

2.3 KRR M i% E 240 Ba ) 4L 48 B & F IFN-vy.
CD80.IL-13.CD206 T 5 NCAI b4 , MC 4K
FRUIMLYE TFN=y .CD80 & iA FEAIK (1=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 k4, BMSCs
ZH IFN-y (1= 3. 13, P<0. 01) £ i5 T+ & , IL-13.CD206
FEIREAK (1=6. 71, 3. 07,35 P<0.01) o $& 7% 78 % g

1600 150
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E # E
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22 s 50f
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2 BliE R P R AR T BT L B
Fig. 2 Comparison of inflammatory cell counts
in alveolar lavage fluid
“P<0. 01 vs NC group; *P<0. 05, ¥P<0. 01 vs MC group.

LY v AE A L A0 A AL, B i 2o B P AR AE Th
Th2 i1 e A S L . ILIET 3

2.4 4842 miR-139,Notchl. B I 40 fn R 4L 47 35
¥ 18 % B F NOS2. Argl R V3 E R E ¥ CXCR4,
SDF-1 mRNA ®ix 5 NC4] Hdz, MC 41K FUl 4
41 miR-139(1=4. 01, P<0. 01) F LA, NOS2 Argl
CXCR4 , Notchl mRNA J} 5 (1=33.01.26. 14.5.76,
6.25,1 P<0.01) . 2 BMSCs {14t )5, 5 MC 4 kb
45 ,BMSCs #H miR-139 .CXCR4 .SDF-1 mRNA 35T+
# (1=5.32.6.10,6. 35,3 P<0.01) , Notchl ,NOS2
Argl mRNA FEA% (1=4. 60.5.20.4. 74, P<0.01) .
H 7% A8 2 Wi i 2H 2390 miR-139 ., Notch1 26 3k 2% 4
B, I 5 200 i e o R 4 R G PR R I B 7
Yy 3L 23k KL, miR-139 W] fE 2 5 W i )]
e, UL 4.

2.5 VJIE#REYW CXCR4,.SDF-1 518 £ i54Ra918
KA TERENEBIAL D X 2 2UH S bR R
) CXCR4 ,SDF-1 mRNA 5 miR-139 .Notch1 . FL Vg4
JLAR A AR S A 5 I F- NOS2  Arg 1 \IL-13 .CD8O
K531 B8, CXCR4 5 miR-139 2 1E M 56 (P <
0.05),CXCR4 5 Notchl 2 A1 (P <0.05) . SDF-
15 IFN-y 5 1E M 5 (P <0.05) , SDF -1 5 Argl

2001 1001 o
3 " E "
£ = 80fF
£ 1501 £
o) ]
D Q 60t
= 4 8
= 1001 bt
o
£ g 40r
5 ol 2
:% 50 s 20f
H i
0

NC MC BMSC NC MC BMSC

3 HEMTEEEL R LA E F IFN-y, CD80.IL-13,CD206 A L3
Fig.3 The expression of serum macrophage polarization cytokines IFN-y, CD80, IL-13, and CD206 in each group
#4P<0. 01 vs NC group; *P<0. 01vs 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.

CD206 2 A (P <0.05) .
3 g

W% Wiy 2 22 FP RAE AN S A 5y 2 5, LAt
PEAGE RAE N FHIE ) S M B RN e R
A i DL G s AR | AT AR £k Bk
ERA 2 iy R AL g — AN SR, Az
FI Th1 40 A P 038 s, o] ] M1 Y B 20 A Ak
F I M 5 35 CD86.CD80 . TLRs4 . NOS2 %5 [H 11
16 Th2 40 X - (IL-13 . IL-4) 2535 5 T, X A] [7] M2
AU B 2 M A Ak, 3% 30O R 3R G CD163 . Arg-1.
CD206 %5 , & AT e . FEMLIRZ 24 A
FREZ R I, o 20 53 A 0 LA 8] Y 3l 2 P 2
BEATRE , T BT SN R A, EL 28 9 R KU
T , s 200 LR AL A IS 1 9 i Sy 2 R AIE B I

Wi B R E AR AL

EN AT ST N R ot A R N
Jii 7 V8 R VR B N LUEOS M EE 9 i, M LE T
R, ¢ W A 12 g % A o R v, 5 A R A B0 R A
Ak, X TR S B AN LA OC . M1/M2 B E I
290 J6 ) 1) 30 25 5P O A AR A, BIVEL W AT i 1] M2
TR A Ak, ML 5 200 i 20> , 33K o 30 285 2 b
— 2R Th2 RAE I, Bl %5 Th2 A2 48 240 it PR - 1)
W Z2 | g TR R A A A S0 A AR 0% IR T R
i T W Wity 1 AT S RAE . BMSCs VE b o i ] 19
S, 0] 38 A Y e A R Y Thi/Th2 20 i 2% A5 it
AR TGERAE" Y fE—E STk BMSCs Wy
VA B8 1) A R I s 4R E PR B e
TE AR Z JH 2 BMSCs B3 58  iE B E b+,
SDF-1 4235 S BE/E ] , BMSCs 2 1 %635 AY CXCR4 J2

F1 JAHEIREY CXCR4,SDF-1 5 EIEFRAIAEME)
Table 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 IL-13 CDS8O 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 1R FtEgh G 2 AR . 2L T 22 i sl 1K 4
G AR AB, SDF-1 Wy Rkl B ERIF S
CXCR4 454,155 BMSCs Wi % SDF-1 [ 3¢ i B4 1 19
HEZMALUREEN . AUFREER WK 490
B [FIUR S 1A (1) BMSCs AELA I Mg 155 760 K BRI N
HonT () Z G2 5, BAEALA S 72 h I3 SR K
B d5 i, 3X O A W i ok R R A e % AR R A 4L
Bl

miRNAs 8% UE B ] LLiE 35 BMSCs (9 2531k
e VT D RE . R e R IR o e e
Notch I V£ 5 miR-139 [{HIIER , — HAFLELE AL,
Notch 1 {5551 /£ miR-139 % F A4 1= 1255 |
1R 285 o FE v R OCHEE Y . HOBEAE AR PR
2PN K B SR FH y-AE 2 WA T 1) 75 BELIBT Noteh 1 15
53, TR UE BMSCs A 5268 7 o [, Notch1 {5
530 % 5 B I Th1/Th2 40 i X o3 AL & R =0, 1
IV 200 A0 A P 8 e 2 95 S Thil/Th?2 4% i 4 it A
T AR T S PR R G T AN = ) & 2
BRI AR, Hoh AL 45 miRNA X5 518 5% 0 45
P Y 50T 4 miR - 139/Noteh 1 X6} 22 Fiit BMSCs
VS0 8 5 T REAFAE B W AN i itk 9 2 5 . AHF
FERA TN M 45 IR $E /R CXCR4 5 miR-139 5 1E A
K, CXCR4 5 Notchl 2 AR . DL 125 5 U B
Notch 1 3 [ 1] % =5 BMSCs IH B 68 J1 , i X — i3 B2 AT
miR-139 i 2 5 . miR-139 nJ GE1E i 5 M Notch1 {55
53 [ 7] $ )8 4% CXCR4 . SDF-1. i id miR-139 1)
ill 97 Notch 1 38 % 1T 34 /il BMSCs 2 1fif 52 & CXCR4
K AR ST B o ARG AR SCME s 1 18
7, M2 25 I 40 it 5 BMSCs [i] I g il 2H £ ft) )] B2
A . BMSCs 7E 2 AE 25 14 4 41 i R - 1 47 928 4
JH 3 06 B TR 980 o W AT A A S 5 E S
SR 2R, MY I A4 i 75 5 BMSCs 205 T,
M2 H I 240 it v A2 g BMSCs 1138 g 5> i
AR A I 245 R s , MC 4K BRUMLTE CD8O L IFN-y
IKPEAG, 1L-13.CD206 ik T+ , H SDF-1 5 IFN-y
RIEMKE,SDF-1 5 Argl .CD206 MK, UHE
M 210 L M 1/M2 Bl 2 B9 4 TR , B Argl (IL-13 45
RAE LR -, 2 5 W i SE RE R, I 1T g
1% 5 BMSCs [n] % i it ZH 21 Ay 9 2

ZE LTk BN S0E 1 A2, miR-139/Notch 1 3l
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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/Notchl 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 Compared with the NC group, the expression of serum CD80 and IFN-
vy in the MC group decreased, while the expression of IL.-13 and CD206 increased (P<0.01). The expression of
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 I1.-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 posi-
tively correlated with miR-139 (P<0. 05), while CXCR4 was negatively correlated with Notchl (P<0.05). SDF-1
and IFN- y 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 bone mesenchymal stem cell homing in asthmatic rats
by affecting macrophage polarization in asthma.
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