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Effect of Yanghe Pingchuan Granule on Homing and Notch Signaling Pathway of Asthma BMSCs
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ABSTRACT Objective To observe the effect of Yanghe Pingchuan Granule (YHPCG) on the airway
inflammation of asthmatic rats after transplantation of bone mesenchymal stem cells (BMSCs) by regula-
ting Notch signaling pathway. Methods Thirty SD rats were randomly divided into 5 groups: normal con-
trol (NC) group, model control (MC) group, BMSCs transplantation (BMSCs) group, BMSCs dexam-
ethasone group, BMSCs YHPCG group, 6 in each group. The asthma model was sensitized with ovalbumin
and then BMSCs were transplanted into the rats via the tail vein. The numbers of eosinophils (E), neutro-
phils (Neu), lymphocytes (L), and monocytes (M®) in bronchoalveolar lavage fluid (BALF) were coun-
ted. The levels of IL-2, IL-4, CXC chemokine receptor-3 (CXCR-3) and CC chemokine receptor-4 (CCR-4)
in lung tissue were detected by ELISA. RT-PCR was used to detect the expressions of Notch pathway lig-
and Jagged1 and relevant gene recombination signal sequence binding protein-J (RBP-J), GATA binding
protein 3 (GATA-3) mRNA. Western blot was used to detect the expressions of stromal cell-derived factor-
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1 (SDF-1) and CXC chemokine receptor 4 (CXCR4) protein in lung tissue. Results
NC group, the total number of inflammatory cells and the count of inflammatory cells in BALF increased sig-
nificantly, as well as the expressions of IL-4, CCR-4, Notch1, Jagged1, RBP-J, GTAT-3 in lung tissue in the
MC group ( P<0.05, P<0.01). Compared with the MC group, the numbers of inflammatory cells (E, Neu, L,
M®) the expressions of IL-4 and CCR-4,as well as the expressions of Notch1, Jagged1, RBP-J and GTAT-3
in lung tissue were lower in BMSCs dexamethasone group and BMSCs Yanghe group. Compared with the MC
group, expressions of IL-2, CXCR-3, SDF-1, and CXCR4 were higher in BMSCs dexamethasone group and
BMSCs Yanghe group ( P<0.05, P<0.01). Compared with the BMSCs group, the numbers of M®, IL-4, CCR-
4, Notch1, RBP-J in the BMSCs dexamethasone group decreased, and the expressions of Neu,M®,IL-4,
Notch1 and RBP-J in the BMSCs Yanghe group decreased ( P<0.05). There was no significant difference be-
tween BMSCs dexamethasone group and BMSCs Yanghe group ( P>0.05). Conclusion YHPCG increased
the homing rate of BMSCs to asthmatic lung tissue by regulating the Notch pathway, thereby strengthening

Compared with the

the inhibitory effect of BMSCs on Th2 inflammation to improve asthma.
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mo Fisher 2% ], ##t 5. 11736059, SDF-1, CXCR4
Puik . 92 [F Santa 28, L5 45l K ; sc-74271 | sc-
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BMSCs % BMSCs [ #1241 .BMSCs b K 2H 43 Il 18 1
FEFRIICHs L B 4 i R 4 1x10%/mL i) BMSCs &
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MR (7. 74 g/kg) #E B (LR 25 T AR &
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(0.06 mL/kg) FREE 5 T 0 i Ve, Je P 3 FQ s £
AT BT OGS WA N AT A A S R
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7.3 RT-PCR LM ZHZ) Notch i % HH &3
L FEHCR BUM4140UE RNA R RT-PCR #6:i
filigh 21 Notch1 Jagged1 B4 {5 5 F 945G E H-J
(recombination signal sequence binding protein-
J,RBP-J) .GATA %54 & 111 3 (GATA binding pro-
tein-3, GATA-3) mRNA ik, 54 FifgE T4
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VK, UVP BB A 2047 B e i, B A JE A
Notch1Jagged1 RBP-J GTAT-3 5 B-actin J:%
FERGHAR AR 2 B A9 3 AR 223k & &, s i
TR BRI 1,

&1 5195
HEaF TS il
(bp)
Notch1
1-1i#:5"-GTGCCTGCCCTTTGAGTCTT-3' 148
Tii#:5'-GCGATAGGAGCCGATCTCATTG-3'
Jagged1
1:1i#:5'-CAGGGATTGCCCACTTT-3' 140
Tii#:5'-GCAGGTTTTGTTGCCATT-3'
13i#:5'-TTCAAAAACCCCGTTGTCTC-3' 141
TFlii?:5-CAAAACCAACCAACCAACC-3'
GATA-3
14f#:5'-CCCTTCTCCAAGACGTCCAT-3' 154
Fif#.5'-CTTTCTCATCTTGCCTGGCC-3'
B-actin
14i#:5'-AAGTGTGACGTTGACATCCGTAAAG-3' 120

. 5'-CAGCTCAGTAACAGTCCGCCTAGA-3
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SDS-R MM ke B g I, 4T HLIK, J5 % B8 B AH TR &F
AR L, KBk B B S 7E 5% 4 95/ TBST
1:3 000 #i BRI HEE A HUAME R 24 h, 16 TBST
Ve 3K 10 min J5, ¥ 5 5% 415/ PBST iy #t
M3 S AL W B (I 1 —Hi L 1:2 500 A B & 3 h,
Br B iRAE PBST fRyisk 3 ¥k, A1k 10 min, fifi
5 A Ak 2 RO R G W EK SDF-1,CXCR4 15 132 15,
K Image-pro Plus K14 7> ¥ # 44 4> 7 SDF-1.
CXCR4 Kb,

8 Siite#Jdrik R SPSS 12.0 #7454
Mro BRER R Xx+s Fon, 4B BRI HEH
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SCs 41 .BMSCs Hi>k 4] BMSCs FHFIZ % M4t E .
Neu, L .M® %k H /> ( P<0.05, P<0.01), 5 BM-
SCs 41t %, BMSCs HizK 4l Md % H i />, BMSCs
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2 KAMHL Th1 Th2 4R 1 Ktk H 12
RFRE (F3) 5 NC 4, MC 41 IL-2,
CXCR-3 #ik[&{,IL-4 CCR-4 ik THE (P<0.01)
5 MC 4 % ,BMSCs #1 . BMSCs #i >k 4 BMSCs
FHAIZ IL-2,CXCR-3 s Ft i, IL-4,CCR-4 K ik
fik (P<0.05,P<0.01), 5 BMSCs 41 t.%:,BMSCs
HiK2H IL-4 CCR-4 KiAF#K,BMSCs FHFIZA IL-4 3%
KA ( P<0.05) . BMSCs Hi k20 5 BMSCs [ il
L, Th1 Th2 4 7 K b A 7z ik Rk 2 5
TGt E X (P>0.05)

3 K UfiZH 4 Notch i B AH ¢ 3k PR 36 3k Ho i
(#£4) 5NCHHE ,MC 4 Notch1,Jagged1 RBP-
J \GTAT-3 ik (P<0.05,P<0.01) , 5 MC 41 [t%%,
BMSCs #H . BMSCs #h >k #H . BMSCs FH #14H Notch1,
Jagged1 RBP-J .GTAT-3 £k (P<0.05,P<0.01),
5 BMSCs 4 It %, BMSCs #b >k 41 BMSCs [l il £H
Notch1 ,RBP-J FKik[#fik (P<0.05), BMSCs k415
BMSCs FHANZ HL#5,Notch @ AR IR 1A 25 55 04T
AR X (P>0.05)

4 KAVHERE A HE 1 SDF-1,CXCR4 &Kk

%Mk ( P<0.05) ., 5 MC 4] It%:,BMSCs 41 CXCR4
ik THE (P<0.05) ,BMSCs #ik 41 .BMSCs FHAIZH
SDF-1, CXCR4 # ik Jt & (P <0.05, P<0.01).
BMSCs 41 .BMSCs Mkl . BMSCs BHAILL 2 [] 44
ZRTGI2HE X (P>0.05)

Fz5 FAHHEESMLEF SDF-1,
CXCR4 FikHi  (Xxxs)

205 n SDF-1 CXCR4

NC 6 1.02+0. 54 0.68+0. 19
MC 6 0.54+0.03" 0.85+0. 16
BMSCs 6 1.25+0. 62 1.14+0.39%
BMSCs ik 6 1.71+0. 7424 1.28+0.66"°
BMSCs FH#I 6 1.54+0.68°% 1.68+0.73%%

F. 5 NC 4 Wk #%, "P<0.05 5 MC 4 It #%,%P <
0.05, %% P<0. 01

DR WE N H R AE A A ABFFEEE R A, 5 NC 41
FEEE, MC 2 BALF i 9 4 A0 A 0 B 45 ¢ Ak L 3
B E T 44T SDF-1 kAR, BEWI B T
B8 P 40 PR 240 [ i ZEL ) SR 42

it i

(325, /1) 5 NC 4114, MC 41 SDF-1 %X fE U RRIBCR ThA/Th2 QUHISRE I ki,
F2 KUKE BALF RAEANM SR /S A (x10%/mL, X£s)

205 n E Neu L Mo
NC 6 0.09=0. 03 0.08=0. 02 0.11£0. 05 1.12+0.15
MC 6 3.56+1.07" 2.26+0.78" 2.85+0.98" 7.73:£1.98"
BMSCs 6 1.99+0.58%% 1.94+0.79% 1.87+0.69%% 5.92+1.15%
BMSCs ik 6 1.35+0.444% 1.16+0.84°% 1.13+0.474% 4.09+1.06%44
BMSCs FH#I 6 1.43+0.722% 0.90+0.68444 1.17+0.64%% 4.11£0.97254

.5 NC 4l 1bi#g,

* P<0.01;5 MC #H L4, © P<0.05,%% P<0.01; 5 BMSCs #it%:, 4 P<0.05

FHMLHZ Th1 Th2 4EfE N 1 M e b 72 R R IR b (Xxs)

2H 5] n IL-2(pg/mL) IL-4(pg/mL) CXCR-3(ng/mL) CCR-4(ng/mL)
NC 6 79.08+12.47 67.48+14.24 24.12+0.63 31.13+8.12

MC 6 50.54+10.35" 96.13+19.43" 10.89+4.98" 48.84+7.51"
BMSCs 6 61.20+9.45% 84.34+12.69% 18.13+11.41% 39.09+9. 494
BMSCs #i>k 6 59.20+9.32% 72.27+13. 71424 19.13+10.86% 32.09+10.74404
BMSCs BH# 6 62.20+13.42° 75.73+11.38424 17.13+9.29% 35.09+9. 4344

.5 NC 4l 1b#g,

* P<0.01; 5 MC 4 Ib#%, * P<0. 05,2 P<0.01; 5 BMSCs 4 It%:, 4 P<0.05

R4 BENHL Noteh i A I RIR LR (Xxs)
20 5 n Notch1 Jagged1 RBP-J GTAT-3
NC 6 0. 680,22 0.87+0. 14 1.03+0.18 0.74+0.13
MC 6 2,141, 07" 1.19+0/49* 2.84+1.307" 1.90+1.32%;
BMSCs 6 1,27+0.68% 0.76%0.21% 2.06+0.63% 1.21+0. 465
BMSGs ik 6 0.66x0. 33444 0.83+0.28%% 1.69+0. 7144 0. 890,474
BMSCs BH#n 6 0.78+0.372%4 0.77+0.24%% 1:74+0.6244 0.9440.58%

.5 NC 4l 1b#g,

* P<0.05; ** P<0.01;5 MC 4 45, #P<0. 05,44 P<0. 01;'5 BMSCs 4 [t 4%, 4 P<0.05
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OV & Pk 240 L D) R e T A 4T B A S 4 | SiE 28 Tl i
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Notch {55 %S 57 Kk &
oAk B G 358 o 6 9 98 357 Notch 32 14 Y
Notch1 5fit{k Jagged1 454 )5 nl 42 ¥E Th2 40 g #
fEFNZH M B 1 7= A=, 5% St F GATA-3 21 &
Th2 RN & o s % —PE F . Notch1 {1
T3 Notch Z K (F 5 1Y KL 5k 7 RBP-J 5
GATA-3 FE[H 254, #G GTAT-3 FEH Mk S Th2
AR AN, Th2 4 7 IL-4 BAErE S
RBP-J (&5 A&7 15, 5 S Th2 40 i 434 1 i = 7 i
RAE, AT &M, 5 NC 4 b4, MC 41 IL-2 . CX-
CR-3 £ A%, IL-4 CCR-4 £k Tt &, H MC 4
Notch1 Jagged1 RBP-J GTAT-3 £ ik Ft &, Ui
W] Notch {553 B /E M 18T Th2 4 41k i) S B3R
R R ROAE R B 2, BMSCs & —f £
AE T 20 M, AT R 7 i 3 G T B R ORE | 3 o IR YT
Bz SRt T BE . WF 2T £, Notch {5 53 % nl 4 45
BMSCs [n#ii {202 i 9 5, i ik FH W Notch 155
A |-9# BMSCs ' CXCR4 ()% ik, it #£ BMSCs [f]
BT,

W Wity J T B 2 IR (R W, R AR I AR S 2 IE
B A B bR, BMSCs SKIH T8, I @ i
SRS CRET VR, R B S IR R 2E T e T
RERYC R WU S BMSCs iy 5 E 5
“EORE R HICE 1 S SRR 28 i A Sl R T2 Ak
BMSCs A RESE BRI 7E AR LAY R BIEX, FHA
S g JURL Fh R B35 ) B AR AR R Tk | JEF s

BB DA b PR E LU b e B SR
A | P TR BN RS A R, 2 TR A
I, RS T R T B AR | 1k R, B
T A AL T ARG, AR RN, 4 5 Tokb et
YCmi AN, #h A i, L2 0 R E AT 2 1,
fFoE 0, 4N 25 REfE F BMSCs 3451 | 41k, Jf-i
it % BMSCs £ i b F + 52 /& CXCR4 H1#£
ik R LR SRR T RSB g & B, BE R B
L BE T e 2 Wi £ 3 1ML P IFN-y &8 P87 Th1/Th2
YA PR, IR S RAE , T RIS A R MR e
I s 5 S Y i B A T I i) 3 B R S B R
T, B RERL IL-13 7K 7 I, Al R AE 4P 7, B
S0 BPRIR A0 A A ke 3, S TR AT
5% % B, BH RN SF- i 00k BE B RRR R M4 W E
Neu L M® %t H |, $2 75 FH A1 i J062 7T 24 3% BMSCs
RO e W K BRUAE RAE, i — 2 WM& I, B FF
MOk BE 2 5 IL-2 . CXCR-3 ,SDF-1,CXCR4 ik /K
-, H A f% fik IL-4, CCR-4, Notch1, Jagged1.
RBP-J (GTAT-3 ik, $&7r BHHIF- i 55067 AT G2 90 57
Notch1 it AR SCHE PR ik 9kl Th2 21 it IH /& ik
235, BiH Th1 400 3R3K, fff Th1/Th2 41
R T, AR BFSE 455 B, BMSCs B &
FH RS- Wity 50K E 2 =5 1 J 1. SDF-1 & BMSCs Z [fif
CXCR4 ik, ¥ il & 8 N 4b SDF-1 ¥ B 22, {2 it
BMSCs [ fitizH 21 iy )3 5 f HAE RS, K,
IF RS- i 5547 57 1 [ IK Noteh1 | it & Jagged1 &
Th2 4R T2 3k, ik BMSCs [f] 1 i 52 454 i 2H 21
EREIF G Th2 SERE N, S0 W7 s A A o

Zi b pr ik, AR B 5€ 2 B BH A7 B 50RL 7 A2
BMSCs 5568 71 75 Ifii 1] BE A7 £ 25 Notch 1l 5 FE 1
FH. 3806l Notch {5 53 B 0 , 3 it ¥
SDF-1,CXCR4 i, M ifi#i & BMSCs I 1%, ik —
s AL KT I Th2 B G8RE 9 S e V8 15 7R H

s L,
£ % x

[1] Kim SB, Lee AY, Chun JM, et al. Anthriscus syl-
vestris root extract reduces allergic lung inflamma-
tion by regulating interferon regulatory factor 4-me-
diated Th2 cell activation[J]. J Ethnopharmacol,
2019, 232. 165-175,

[2] Klaus Bgnnelykke, Carole Ober. Leveraging gene-
environment.interactions and endotypes for asthma
gene discovery[ J]. J Allergy Clin dmmunol, 2016,



- 375 -

(10]

e S S R S R D Rk R

Y BT REHE “BMHBEAREFARET

2020 %12 A 29 B, vEHAZLL 2019 F4HERERAA., (TEPEELSLE) HOKkEH
“PEAEECHT)” FRRRK “BATEREZRER,

P B A FHAAZ LA RITES dR P BAREIAR S ERE ) A A P B LS 5] LB AR K
84 P B AHOE S BT 89 = AR KT B A5 AR, A 1999 SRS A A s, AR T b B AT
A MARATIR &, TR AT AR, 2002 T4, T EAMFEARZ LA EF L — KRB A
TEAEFAPEH, AR (TEFBELSLE) 8 2002 FHRIFRAK, F 17 kAL, AHF

A
3

A
e
A

RS

Z&75 2021 4F 3 A4S 41 &5 3 1] CIITWM, March 2021, Vol. 41, No. 3

137(3) . 667-679.

Mohammadian M, Boskabady MH, Kashani IR, et
al. Effect of bone marrow derived mesenchymal
stem cells on lung pathology and inflammation in
ovalbumin-induced asthma in mouse [ J ]. Iran J
Basic Med Sci, 2016, 19(1) . 55-63.

TEAAE, C8E, WhETe, 55, B RER TR T A0 e SR
BN/ RAE E A KIHLHI[J]. P E B EE AR,
2018, 38(18) . 4528-4531.

VLA, 3 A0, o I e B XS BE /)N B BRP-39 3
ik M PIBK/AKT {55 i isgm [ J ], HEP IS ES &
7k, 2020, 40(1) ; 75-79.

B, RARTE, K. SRR 2 ] UM R R A
ELAN A A 3 A A Th2 PR e e E RS2 [ J ], vh
[E v e A 2yvids, 2018, 38(7) . 855-858.

XU, AR, PRSP Wi JORL T 191 32 U8 2 W A8 M R 4
9130 3 R B DRBIF S [ J ] B I 2 o
iz, 2014, 37(3) ; 52-55.

i, ARER, XU E, A B RS R X R AR
BT IL-4IL-5 A1 IL-13 fysgma[J]. 18T EJRE,
2018, 45(11) . 2426-2428, 2463.

Fd, REGE, Rk, . FET Treg-SDF1/CXCR4-
STATG 5 fi% L4 BH F1-F- i JURL X BMSCs #4 AL J 12 i K
BAGE RAEMSZm [ J]. e R 25 4%5K, 2019, 34
(5):2169-2174.

Palmans E, Kips JC, Pauwels RA. Prolonged aller-
gen exposure induces structural airway changes in
sensitized rats [ J]. Am J Respir Crit Care Med,
2000, 161(2 Pt 1) . 627-635.

(FEHEHELEARE

RHRA G FRY T

Bff KRR RAEA . FUBREXHTEATHE
RELRE ) KABT AL RS, AFMRR P HELSFLL K.

[11]

(12]

[(13]

[14]

[15]

[16]

(17]

(18]

Gl BALM K N X, vk T R B

A . 24P TT 1 (ML 55 3 . JEat: AR
PA: AL, 2001 203.
Matsuno Y, Kiwamoto T, Moroshima Y, et al. Notch
signaling regulates cell density-dependent apoptosis
of NIH3T3 through an IL-6/STAT3 dependent mecha-
nism[J]. Eur J Cell Biol, 2018, 97(7) . 512-522.
Dua B, Upadhyay R, Natrajan M, et al. Notch sig-
naling induces lymphoproliferation, T helper cell
activation and Th1/Th2 differentiation in leprosy[ J].
Immunol Lett, 2019, 207. 6-16.
Xie J, Wang W, Si JW, et al. Notch signaling regu-
lates CXCR4 expression and the migration of mes-
enchymal stem cells [ J]. Cellul Immunol, 2013,
281, 68-75.
W, BRRIR, ZEW, A5 BE Tl R AUl S e sE T
AR A TEAR SR AN B 25 7R W 6 7 o B9 4 P BB
[J]. HEZLE, 2016, 57(16) ; 1358-1362.
e[ J]. LT E AR E i, 2018, 15(1)
14-16.
XUSEHT, BOKAS, SRR, 5. AMNE h X ALl FE BT
0 B A SRR U R Ak s T R [ J ], b
W25, 2019, 41(9) ; 2233-2236.
BN, ARG, X0BE, S OV ASURCAN ] B B T F0x
W% My R L/ 28R e 0 6 A IR IL-13 KPS [ ] 3L
THIEZ 2R, 2019, 21(2) : 16-19, 225.
(ki : 2020-04-22  7E4k: 2020-09-17 )
AL . AR
3§ TP 9T

5

“
k
£
£
£
c
£
£
£
£
£
£
£
£
£
i
£
£

N )
'a“(ﬁ'?f)“‘(ﬁ' O QN O N O N O M O M O N O G Y7 O NI O N O RN O M O A O N O NN O M © R M) i O R M O A O R © NI O RN M O AN O O 197 O AN O M O AN O M © R O N O M O M O i O N 2 O O O



