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Abstract: Objective To explore the association of the Notchl/Jaggedl pathway with the homing of mesenchymal stem cells
(BMSCs) to regulate Th1/Th2 drift in asthma. Methods Twenty SD rats were randomly divided into normal control group,
model group, BMSC transplantation group, and BMSC+Notch inhibitor group. Ovalbumin sensitization was used to establish
rat models of asthma, and BMSCs were transplanted via the tail vein. The pathology of the lung tissue was examined with HE
staining, and the contents of interleukin (IL)-5, IL-13, and interferon-y (IFN-y) in lung tissue homogenate were determined
with enzyme-linked immunosorbent assay. The expressions of Notchl and Jaggedl mRNA were detected with RT-PCR, and
CXCR4 expression in the bronchial epithelial cells was examined using immunofluorescence staining; Western blotting was
used to detect the protein expressions of T-bet, GATA-3, Notchl, and Jagged1 in the lung tissue. Results Compared with those
in the control group, the expressions of IFN-y and T-bet proteins decreased significantly and the pulmonary expressions of
IL-5, IL-13, and GATA-3 proteins as well as Notchl and Jagged1 mRNA and protein expressions all increased significantly in
the model group (P<0.05 or 0.01). Compared with those in the model group, CXCR4, IFN-y, and T-bet protein expressions in
BMSC group and BMSCs+Notch inhibitor group all increased significantly, and Notchl and Jaggedl protein expressions in
BMSCs group and IL-5, IL-13, Notchl, and Jaggedl mRNA and protein expressions in BMSCs+ Notch inhibitor group all
decreased significantly (P<0.05 or 0.01). The expressions of CXCR4 and IFN-y were significantly higher and the expressions of
IL-13 and Notchl mRNA were significantly lower in BMSCs+Notch inhibitor group than in BMSC group (P<0.05). Conclusion
In asthmatic rats, the homing of the BMSCs to the lung tissue has a regulatory effect on Th1/Th2 drift, and the Notchl/Jagged1
pathway may participate in the homing of the BMSCs.
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(10 H, 44 i1t 80~100 g) FH B i i) 70 ot 1200 fifw B
Wi S R AR, DA R RS LR R
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(PE) .CDI11b/c-PE i fEpiiAk (eBioscience) , PCRisk
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Fric i F4i % IgG(H+L) (Beyotime) ; T-bet, GATA-3 ,
Notchl Jagged1$if&(Santa Cruz),

12 Fik
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i, JH PBS TR M, DL 2x 10%em® 25 47D, & T
37 C.5% CO.fHIRSEFAA TSR, 19:3~4 TR 1 k3%
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PEE AR B 3 1 10%/mL, 8 ¥ R Anie T RS 4n T
o WU 1K 90%H95 4 fUBMSCs, 73l INAZEEAR
it B9 ¥ & (Anti-CD29-FITC. Anti-CD44-PE. Anti-
CD45-FITC. Anti-CD11b/c-PE) , 141, 4 CHOGIEH
30 min, PBS 586 2 38 DA SBRAEE G ibiiA, i an i
Yo HAR AR EY)

1.2.3 CFSEARTBMSCs MY HRIEIO L E i
FRERBE FAFE V% (CFSE) L) DMSO ¥ fif , Bic il FHR
WAET 4 CHM bt S 2 RRl . B HRTR 5% 10°
BMSCs 4% T2 mL 0.1% BSA/PBS N, INA 2 uL
CFSE TAEW, & 37 °C 10 min; 4514 CHIALE LG
LN, TR S min; PBS F IR PR 3 UK, 58 2 IREE
37 °C 5 min;¥f 1x10° BMSCs ZHfift 7% T 1 mL PBS I,
HHTRAE,

1.2.4 2o A A 5 9 R m A5 A RIE B R IRZE A
B, TESE O RN 7 RIS BUOR 5 (% 1 mg
10%BPIE AT 100 mg F AL EREEIE) , 55 14 TR KR
B THRAARN, T 1%INEE AL , 30 min/k,
1R/, ST do IEH T4 BEER AR AR 58 AR I ik
. BMSCs2H }2 BMSCs+Notch I #1240 76 & 5 s
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WK, Ay 2 41 A PBS B CTE ST . BMSCs+Notch
PRI BT 1 hi%e 1 mg/kg 1A 5B J v S o
LB H 1R, %227 d,
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FETCH ST T U S, T BRIl A 2 8 4 i o el
UG BEN BB 8, 253 Lo, 4 Cd e BT
90 mmBEFRILY, By, TREFREL L , 40 72>
JE , WA 45 5 I ) I R, 50 DR AR R S S
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R A5 A 8 B s B U E L , 2RO Yk}
4',6- " KIE-2- KN R (DAPT) Y {6, MR 2% thER IR TR
(PBS)IEME, B THOGRAMEE P gL,

1.3 MLEFEAR

1.3.1 R Faape)a g 2805 7EBMSCs %
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PSS T R A AR, K 5 80%~90%2 PBS PRI
JERBEH AL, 720 TR AR, HeFh T BB A 1 6
LR TEH LA 4%Z 5 B ESRGE e T 5% BSAYY
ST . 4 CXCRAPIAR(1:100), Cy3 bRic Il ZEdi &
IgG(H+L) (1:500)/E )5, T LADAPI Y6 B i BT
P N ST RAEEIR . (DAPLEEINM A K
330~380 nm, K5 K 420 nm, K #EG; CY3EABIK:
510~560 nm, A5 590 nm, &£10%)

1.3.3 ML ImEMAFPIE BORRA T4,
S HE Yt D= AT SR SO A
ko

1.3.4 #wb Kk {2142 Th1/Th2 fa e fak Kl -4k
SUZH 2R TFN=y \IL-5 . IL- 13 A3 /K, B i i
ZE[H Invitrogen ) ELISA i85 &8 AR 58, FHEE bR G
EI RS AEA SR,

1.3.5 Wiz 2% Notchl/Jagged1 i@ #4548 % 2 B & ik HEHL
KU ZH 21 5 mRNA, Notch1 Jagged! 5143t |
W TA M (Notchl Jagged1 S1¥FFN LR 1), [kt
IR B S S5 —5% H AP DNA(cDNA) ,PCR 4 1, 3™
BT 1.5 % B R bk, UVPEERR i A8, I
B3t LhB-actinfE A NIES IR, Ml 2 ik A
Notchl Jaggedl mRNA FAIX ik .

%1 Notchl.Jaggedl 5|#1FF 5!
Tab.1 Primer sequences of Notchl and Jagged1

Gene Sequence Length (bp)

Notchl 148
Sense primer 5'-AGGCTCTGCCGACATCA-3'

Antisense primer  5'-AGGAAGGGGTGCTCTGG-3'

Jaggedl 140
Sense primer 5'-CAGGGATTGCCCACTTT-3'

Antisense primer 5'-GCAGGTTTTGTTGCCATT-3'

B-actin 120
Sense primer 5'-CCTCACTGTCCACCTTCCA-3'

Antisense primer  5'-GGGTGTAAAACGCAGCTCA-3'

1.3.6 MiZA 4% T-bet,GATA-3 Notchl.Jagged1 & & & iA
VLA LUHEVR LSRR S v I 504k i S
MHEHZUS B o B S AGRIESR IR 22 v &,
W, H 10% — H & RE I TER Ik SRR 2 R
Pt — 9 O A BB RS o b FEAR YK A T- bet, GATA- 3.,

Notchl Jagged 1 —HT(FRHRE 51724 1:1000.1:1000,
1:800.1:1000) . —Ht(IIFEHifRleG, FilgE = KAV
AAPRAFE,A0S16) W E , ik B o0 1:5000, 7 d bR
HERVRERT A T 052 o FH &R A R X ik
LA TR 852, Image J il & A BRI
FELIAHNT T P2 B-actin 1Y H 43 L FR T-bet GATA-3,
Notchl Jaggedl FEHFRA
1.4 Rt F 54

K SPSS19.0 Gtk Rt A 7480 #r, 4%
RFHREbREZ IR £ L BCR PR R T 225
M, L] AR FAIST REAS AR 56, P<0.05 R 22574

2 R
2.1 BHER LR T a6 L AE B R a0 TR R IR AL
JR T b RO RS

WIRERN 2 b5 FF LRI EE | A 22 Y | 40
A1, HEFTCY . AR 7 A AT GG S 2
{2131 000 7 A T R S e 51 oW e [ S T R
AT AELRMORE WA, HE VS A Y o XA
13T B8, BMSCs K HibraE) CD29 .CD44 & Tk,
FR M 97.4% .96.5%, CD45.CD11bEBAM:, %
RN 1.62% . 1.08% (K1 1) o 34 R i s
7E : 22 DAPLYL A S AU S (', SO A
RS H A8 M keratin 8 FIBTIAFGE TR, Berane
o, S SRS A (181 2) .
2.2 BRI AT E AR ALK

i 1% CFSE 71 BMSCs B AH 2 2 i A BRUAC Y
B 1% CFSE 21k 4 3k 2 I BMSCs 7EAfiZH 21 i (1 ) 81758
B TN AR A2 41 CFSE ik & & 1, BMSCs
NS , 24 h CFSE ikt 4 (4.89+1.65)%,72 h
CFSE %A & }(14.78+4.65)%, 144 h CFSE £k &N
(3.07+1.06)%, CFSE TEMtiH 2R 15 2 fifi 45 B ) HERS 8
Wt TE 72 hak B S, JS B REAR I R A S
BMSCs 1] [l fifiZH 25, KBRS BMSCs 482 i
Jokid i AR AR SRR JE Tl ifiZH U ERS (151 3)
23 F A% L min CXCR4 kik

NC45MCALZ[H] e , MC 4] CXCR4 F ik 54
NC 4 T+ % (.=2.8271, P=0.0222) ., BMSCs # i
Notch il il 7 T Hi 5 & B, 5 NC 41 .MC 4 %5,
BMSCs 41 .BMSCs+Notch i il 4] CXCR4 Fik i
i T (22,6021, P=0.0315, 1=5.8649 . P=0.0004) .
5 BMSCs 4 4 , BMSCs+Notch #ill il 77]2H CXCR4 %
AT (=3.254 .P=0.0116,84),
2.4 BFULLRIRIDT A F U

NCHKERIHL S e, SO ST 4
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Fig.1 Expression of BMSC surface markers CD29, CD44, CD45 and CD11b.
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Merge

Fig.2 Identification of bronchial epithelial cells (Immunofluorescence staining, original magnification: x200).
A: The nuclei of bronchial epithelial cells were blue after DAPI staining; B: The cytoplasm showed red

fluorescence; C: Merged image.
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UM Z5 R 2 B I, SR I e I G A
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%4, BMSCs 4 K BMSCs-+Notch i1 71 2H fifizH 41
AR E IS KA IE AR T A AR A2 A N [
PRSI (RIS) o
2.5 Mi#A4% Thl . Th2 safb B -F &k

ELISAZ5 3 7R, 5 NC A i, MC 41 IFN-y 1k
R (/=5.2001 . P=0.0008) ,IL-5 IL-13 F5 AT (=4.2173
P=0.0029,/=3.7989 .P=0.0052).,

5 MC 4 b4 , BMSCs 2 .BMSCs+Notch i 5]
ZH IFN-y 2 3k Tt &5 (/=2.653 . P=0.0291, =5.4014, P=
0.0006) ; BMSCs-+Notch il il 5] 41 IL-5 . 1L- 13 Ak (=
2.5386.P=0.0348,=3.7295.P=0.0058), BMSCs4{IL-5

(=1.8189.P=0.1064) .IL-13(#=1.1298 .P=0.2913) £ik
RAIS, (A2 TG T L (P>0. 05)

5 BMSCs 41 458 , BMSCs+Notch 1l 4H TFN-y
ek THE (12,7269, P=0.0260) , IL- 13 [% % (=2.9032.,
P=0.0198,%2),

2.6 MiZA4R Th1 Th2 e fess it B F &G kA

FPEENIREE S R, 5 NC 4 F A, MC 21 fii2H 21
Thi 20 it 435 53 P % 5% IR F T-bet 25 1 32 35 B K (=
5.3118.P=0.0007) , Th2 21 45 57 5% 53% Fl 7~ GATA-3
E A THE (1=5.9062 . P=0.0004) . £ BMSCs 44
J% Notch1 3 F§BH 7 5 , 5 MC 41 b4, BMSCs 4 |
BMSCs+N il 512 T-bet & H &5 T 5 (=4.2132 . P=
0.0029,#=5.9316.P=0.0003 ) ,BMSCs 2 .BMSCs+N /I
il 7 2H GATA-3 8 I R AFEAL, (HIES 122 L (P>
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Fig.3 Expression of CFSE-labeled BMSCs in lung tissues of asthmatic rats. A: Homing amount of CFSE"
cells at 24 h. B: Homing amount of CFSE"cells at 72 h. C: Homing amount of CFSE"cells at 144 h. D:
Comparison of CFSE expression across the time points. **P<0.01 vs 24 h; **P<0.01 vs 72 h.

0.05,%4,116).
2.7 Mz Notchl/Jaggedl &k

RT-PCR Al 45 R 7R, 5 NC 4 e, MC 4
Notchl.Jagged] mRNA I KA (P<0.01), 5
MC 4 b4 ,BMSCs 4 Notch1 . Jagged1 5 [ AL,
BMSCs+NotchfiJiilli|2H Notch1 Jagged lmRNA FlIFE
FIRRER(P<0.055(P<0.01), 5BMSCs4 4%, BMSCs+
Notch il i 741 Notch I mRNA Fi5FE K (P<0.05, % 5,
K7,

3 it

R E A S A BE , J& LA Th1/Th2 KA &
() Th2 RIS 40E |5 £ 20 S BER AL 25 T
Wi RAEM KA K o TR BRI T, Eos/BAHANML A
ERERE I 2, 2N EIEER RS 20, #E Th2 40
F-IL-4 IL-5 553 T /A i, Hh S LARE TR Mk 2 iy
BRI AR AR AR SE S RN
LRI S AN /A EAE 25 R, il
JERIET , A0 Gee AT DI RE R, 530 Th1/Th2 -
] Th2“228% ", Th1 40 R 7 (TFN=y 45 ) Ak 3z, Th2
RIEHF-(IL-5IL-13 55 ) Kot sl e AL 2
LA TgE A I, R AN R 5507 =X, R HEE G R
iE SN IR AR ANFTEAE R B, S NC A AR,

MC 4 IFN-y &AM, IL-5 IL- 13 F635 715, 1 Thi,
Th2 §% 5% TRk A Ak, [RIET R Th2 B R R -3
TR B B B M =OE S A
T, IAFST45 9 5 Abdolreza 252 FINTSTZE FAR
IR R R R SR T A EA 2 M b RE ) 355E
PR HEA RAFI g i T PR 2 . BMSCs
3 3 YT G SE P AR R P R W AR
BMSCs il 18 15 A SRR AN T 40 DI fE , 41 il AH G
SAELMALA 53U , BATGREVE TR IE ™, AURISE
IR W TR FE A S AR K BRI e, SR
Rz CXCR4 FRkkZ T, Bl 40k B
“FGE . 1A BMSCs 1] A UM SIS ek
RS IS, 0SS A b ORI Y BMSCs
B AIEPTER A S M AR - Wi, 3B R8 2320
JZHEA , G 15 e PR R S A2 At 21 2, M
SERERGAEIR . Th1/Th2* 588" Bl Th2 B i AR R iy
OB ST I BRI, U0 R i S T R 4 Bl ANy
K2, BMSCs BAT e HA MR i@a i T RE ™, o
PEFHZMEIETS BMSCs AN S B AR ) G At ison ,
BAGIEI SesE RGN AR R AT RE™ . A
58 % B, 28 BMSCs 1 il J5 , BMSCs 41 . BMSCs +
Notch #1720 IFN-y 235 FH i, IL-5. 1L~ 13 Ik FEAIK
PERTERUAR I BLAAE S, SZ AR B L 15
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Fig.4 CXCR4 expression in bronchial epithelial cells (immunofluorescence staining, x200). A: NC
group; B: MC group; C: BMSCs group; D: BMSCs + Notch inhibitor group; E: Comparison of
relative expression of CXCR4 among the groups. *P<0.05, **P<0.01 vs NC group; “P<0.05, **P<0.01

vs MC group; *P<0.05 vs BMSCs.

BMSCs Zfi LT3R (CXCRA &5 G IR & #afL
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AR -3 SIS WSSO, T T 4t 3k B v Ak, 2
7% Th1/Th2 VA , S < B 9AE o
Notch {5 Zi# ) 12 2 5 Z AL MR F 5

B B eI TS DIRE TR ST AENiELS
Notch i % H1 Notch FL AT Notch SZAAZH A, B AT TR T
RIBSREER 1™, AR SEIALS G fE32 K Jagged] fil &
J Fy=43 WA 3 (4 B /K AL BRI Noteh fifg Py 5k
(NICD) , i 5 DNA 454 25 111 (DNA 454 7% sk fH i
Y1) AT T Noteh 5 5 BE S, R -
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Fig.5 Observation of pathologles of rat lung tissue in each group (HE staining, x200). A: NC
group; B:MC group; C: BMSCs group; D: BMSCs+Notch inhibitor group.

2 BhiZE4R Thl/Th2 4HREFRIE

Tab.2 IFN-y, IL-5 and IL-3 expressions in the lung tissue (Mean+SD, pg/mL, n=5)

Group IFN-y IL-5 1L-13

NC 1397.348+175.864 48.374+9.615 24.342+5.965
MC 924.137+102.359%* 79.305+13.286** 42.25248.692%*
BMSCs 1108.365+116.759** 65.432+10.694* 36.627+6.957*
BMSCs+Notch inhibitor 1319.296+127.608** 60.189+10.344" 25.267+5.3064

*P<(0.05, **P<0.01 vs NC; *P<0.05, **P<0.01 vs MC; *P<0.05 vs BMSCs.

&3 MARTh] Th2 RFFERRETEARE
Tab.3 Expression of Thl and Th2 cell-specific transcription
factor proteins in the lung (Mean+SD, n=5)

Group T-bet GATA-3

NC 1.057+0.316 0.342+0.095
MC 0.302+0.034%* 1.138+0.286**
BMSCs 0.714+0.216%* 0.876+0.147**
BMSCs+Notch inhibitor 0.924+0.232%%4 0.897+0.156**

*P<0.05, **P<0.01 vs NC; “P<0.05, **P<0.01 vs MC.
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BMSCs 1 Notch {5 5 19 % 5 Al F RBP-J 1] & 5
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38 121 B BT Notch 155 1% 5 7 I3 BMSCs H1/) CXCR4
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R, 5 NC 4 ,MC 41 NotchlmRNA JaggedImRNA

T-bet

GATA-3

B-actin
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Fig.6 Thl and Th2 cell specific transcription factor

- - +

protein expression in lung tissue.
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R 5 Mz Notch1/Jagged 1 Fik

Tab.5 Expression of Notchl/Jagged1 in lung tissue (Mean+SD, n=5)

mRNA Protein
Group
Notchl Jaggedl Notchl Jaggedl
NC 1.042+0.125 1.078+0.236 0.597+0.157 0.586+0.142
MC 2.374+0.787** 2.355+0.964** 1.036+0.305%* 2.427+0.597**
BMSCs 1.996+0.414* 1.732+0.343* 0.645+0.249" 1.146+0.376%**
BMSCs+Notch inhibitor 1.14240.475%*4 1.684+0.354** 0.648+0.186" 1.54240.413%**

*P<0.05, **P<0.01 vs NC; *P<0.05, **P<0.01 vs MC; *P<0.05 vs BMSCs.
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Fig.7 Expression of Notchl and Jagged1 protein in lung tissue.
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