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[#ZE] BA W% Sprague-Dawley (SD) FKFUEENGAE T H Notch {5530 [ #LIE A Hes-1 3K A8 1k K
LAGERIERTE R IR CR, WP A SRR 2 T IPER . 773 4% 48 1L SD K BRBEHL A BN IR
G, SR FH R A 2R A B0 b % ST W AR o R 2 A BRER K B RS, ALK B % S5 A Al Ak
R A 4 8L 8 JEL 12 A 3 AN, Al 8 HKE. BB AR il 4 2 B AR Ak A8 S <A T US
B (Wam ) 5 ELISA A6 0 R BRI RIS S IRV ( BALF ) IL-4 FI1INF-y /K5 3 5loR FH e s 2H 41
b2 RS9 i PCR Al Hes-1 2 11 & mRNA WREK V. SR BEEMAR G RIMER, BEnGA R iR
Wam ZHHEIN, MLE A BALF HINF- v KBRS 1-4 KEZ@ia i, H -5 R RS B A [ 22 73899
il S (¥ P<0.05) o NG R RL Hes-1 25 P15 mRNA P/ 45 380 4 B 28 K iz A e, H35 T [l
] 5 X IR (45 P<0.05) o WEWGZH Hes-1 4K 14 S H: mRNA Y355 Wam S IEHISE, 510055 &% BALF H 1L-4 11
WeRETRE IEARDC, T 51034 K BALF 1 INF-y MR AHIC (34 P<0.05) o 4518 Hes-1 #1114 mRNA 11y
FERHE N5 R BUSGHE JRE /KO RAGE i LR S B UIMG, T RS S T MG R 2
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Relationship between Hes-1 and airway inflammation and remodeling in a rat model
of asthma

QIANG Ba-Cuo-Zhen, XIE Liang, LIU Han-Min, FAN Zhi-Yu, CHEN Li-Na. Department of Pediatrics, West China
Second University Hospital, Sichuan University, Chengdu 610041, China (Chen L-N, Email: chenln66@163.com)

Abstract: Objective  To study the changes of Hes-1, the target gene of Notch signaling pathway, and its
relationship with airway inflammation and remodeling in a rat model of asthma. Methods  Forty-eight rats were
randomly divided into an asthma group and a control group. The rats in the asthma group were sensitized and challenged
by ovalbumin (OVA), and normal saline was used in the control group. Two groups were further divided into 3 subgroups
according to time points after challenging, i.e. 4 weeks, 8 weeks and 12 weeks (n=8 rats each). Pathological changes
of lungs were observed by light microscopy and the thickness of bronchial smooth muscle layer (Wam) was measured.
The levels of IL-4 and INF-y in rat serum and bronchoalveolar lavage fluids (BALF) were measured using ELISA.
Expression levels of Hes-1 protein and mRNA were determined by immunohistochemistry and quantitative real-time
PCR respectively. Results Together with the extension of challenging, the Wam of rats in the asthma group increased,
a decrease of INF-y level and an increase of IL-4 level in serum and BALF were also observed, and the differences were
statistically significant compared with those in the corresponding control group (P£<0.05). Hes-1 protein and mRNA
levels also increased gradually after OVA challenging and were higher than those in the control group (P£<0.05). The
levels of Hes-1 protein and mRNA were positively correlated with Wam and IL-4 in serum and BALF, but were inversely
correlated with INF-y in serum and BALF (P<0.05). Conclusions Levels of Hes-1 protein and mRNA increased, which
were closely related with the levels of airway inflammatory factors and remodeling of airway smooth muscle. Hes-1 may
play an important role in the pathogenesis of asthma. [Chin J Contemp Pediatr, 2014, 16(6): 648-653]
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T JRE RIS i R SR O Wiy
A BRERAE Y, HR AN 2%, BRI 5 4
B, YFZUEYE s, Th1/Th2 40 e ShRE a2
TR N KR RO IR, SR R A T
MR =4, 25 T RIEMEEY
R K. Th1/Th2 40H0 0 b2 BIF 2 N &
SN, Ho Notch 15 538 438 1 05 #E L ) Hes-1
FWSHT Th ik ¥, (RS2
A7 I g A AR RE R/ T R () 1 G R
FE PN A DL AR TE . PRI, AR SO 57 K R By
B, SR Hes-1 [Y8RAR T e 588 iy K RLUAE R
JEMAGE T YRR SR, LU by ) B 02 i 2 L
il B R AR YT B A U FAR A
1 #ERERE
1.1 SLIEFHYR AR
B IEMIEYE Sprague-Dawley (SD ) KL H PUJI|
KEEAEPG B2 o S8 sh i b 44t SR E
(OVA) g 3£ H Sigma 2vF], FAIENEK 4 (1L-
4) | INF-+y ELISA I{71 & A 32 [E Invitrogen 23 H]
/NERPT R B Hes-1 B 58 BEHTIA N T [ Abcam 23 F]
P
1.2 oA SRR R

A JE 6 JE I MEE SD KRR 48 X, PR E
149 £ 12 g, R FHALECT- R BENL 52 %) JR 20 A
Wit 2FL, 9 ZE A F AN ] A B 18] A 4% 0l 4 L 8
JA L 12 JE 34 WA, 4 8 KA. Bl KRR
T AR AL () ST 2 2 SOk O R P IR m AR R
(1) fg: 21 KM 8 KI5 1 mL 0.1%
OVA (1mg) Jin AIOH); ( 100 mg ) i A 2
(2) ¥k 56515 RIFIHVL 1% OVA Z5L A,
R 35 min, AR LUK, 43l 4 68 J& B 12 A .
T AH IO B [ o B 8 A B DA A R JK AR R OVA
AT R
1.3 FRAUE

KWK G 2h, T KB 10% K & & B
400 mg/kg I FE SRR, O 25 0 BRI /S BrAs T
4°CH#E 2h, 3000 t/min 250 15 min, W B 3
T -80CIR E& . BIZIFT s, ZRERNli4E,
SEVIHEE, 5L R, M2 mL A HER
KFRERELTEA, BRWERLM, FHHF45

BRI AR EE Ml 4L 2024 30 s Ji [l Ae =2 4048 il o 78 Uk T
(BALF) , 33k, R8RS T 80% MIbRAs,
1800 r/min Z.0> 15 min, H 35504 F EP 4,
80 CPRATA Ho VIMCA Rl T2, 4% 25
WS E, WAyl R, 15505 - ot
21 (HE) Yeta K e gl 2k 2=, AR i 21
WAL T PCR A
1.4 ZREFRINEENNE

SR Y ek, FE 200 56 EE R, AR
FRBEMLI 3 3k U] |, PRt fg sk U] F i oo S
1 B RN 2R 3 32, W Image Pro Plus K114
A3 AT BRI RS S A (Phm ), H K S
JE R B F I USEE (Wam, pm™/um ) =[ SEHALSM
GNAERE (Waml ) - FHENNGNSERE
(Wam2) ]/Pbm,
1.5 IL-4 #1 INF-y iR ERNE

o7 FH A EK G 32 W BB ( ELISA ) 300 I3
I BALF 1 1L-4 . INF-~ ROWKEE, W& Fik4ire
a6 P TR
1.6 SREARAUFERNHALR Hes-1 EEMR
ix

VIR 2w b 2K, Kk, #BeR, M
Wiy PN U e SR b S R A R SR BN, N B
PR Hes-1 BL3afEHTIA (FBEEE R 1:200) , 4C
W WREETEIN b & SP TAEW, 3, 3- &
SN (DAB) Wi, JRREREY, ik, &,
RHRE Ao FHPESGS R 26, P RBTRIE
R AR, T LA . R HOR BB LR 3
kYR, RERUT R BEPLE R 3 1 200 f545E T 2R
RS, N Image Pro PLus G20 Hr 1 52 BH
PEFRALE B ERE (0D ), LR BHE SR AL
R 1 ZRIBIKF
1.7 SERF 3¢ E 2 PCR £ #& 7 Bl 48 4 Hes-1
mRNA ByZE1L

KB ZH 230 A TRIzol #E47 B RNA 42 11,
H 5 R F Two-Step Real Time-PCR i 7] & ( K%
YA ) A cDNA T PCR ¥ 14, Hi4
NCBI Genebank ' K i Hes-1, GAPDH & [A ¥ 47
wtgly ( BlgAE T A TRAR) (£1) .
7£ FTC2000 A7 552 PCR AY_E#EFT PCR B2 -
94°CHIZE 2 min; 94°C7EME 205, 56°CIE K 30,
60 °CIEfH 405, HEAT 45 DIGFF. 15 FFE & 1 Ct
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(B CHEA BN N 2GR 5 213k BEE 19 {5 i B
ZPIRTERRE) o R 2700 b AT G A bt
[ A A Ct= (Clugmys seet™Clugmgan cavon ) = CClapms st
~Ct yyman cavort ) Jo
1.8 FHiIFFES

K SPSS 16.0 Geit A Edls #8170y
Bro THEFERER AL = frifE2E (3+s) R,
PHZH SRR B B LU SR T ¢ K5 s 224 Ho08ka] ek
AR T 200, dE P EEECSR H Bonferroni
5 A% 8] AY AH OC 230 A R FH Pearson AH 3G 23t
P<0.05 AZEFA G Lo

2 R

2.1 HE F:EMZEAmHELREST R Wam fUE

XA K BRI R a5 hy e g, LR EIRIE
AR, FEEE bR sesE, UL R . B
Mg 2H R SRR T R L SR B il A8 T RO i 1 AR
MR . RS KM BRI AR . R RE
A 3 JEL AR R AN, S
MR, A5 E] A5 Wam 34 B {5 = T AR R R ) 5
M2 (¥ P<0.01) 5 HBEE M AN RIER, 1B g
H Wam ZWHG)E, 5 4 WAL, 8 J8 & 12 Fm)
Wam 258 Giil2# 2 L (P<0.05) . XfHRZH A[H]
B[] A Wam 1922 R 0581 2 L (P>0.05)
L% 2 FIE 1,

&1 PCR RRMHTASI#FFI

2.2 [MiEF BALF 1 IL-4 #0 INF-y SREEHIEL R

WERG LI E . BAFL 9% 1L-4 ¥R 5 B 8 =
T [ s ] 5 6 BEZH (34 P<0.05 ), Bifi 45 I8 % 15k 1)
FE, IL-4 WREEZRET T, 54 AL, 8
Je 12 JEE TL-4 WRBESA 0 35T (33 P<0.01) o B
Wit 2 1L 775 711 BAFL H %) INF- y ¢ BE B4 T ) i ]
JSIXTRRAL (¥ P<0.01) , HFE BN RAE R
INF-y W EEZHTREAR, 5 4 FEAHIE, 8 J8 J 12
JEIINE INF- y ¥ BE 15 W 2 IS (3 P<0.01) o W3
3~4,
2.3 FHHEKXRIMAL Hes-1 EARIZER

Hes-1 FFIBHPEG R BR800, FERILTL
S L R AN AT LA . i e 2 Y B AR A
YR I i [R) sf ] S BB 2 (45 P<0.01) , HLB#
HIR BT IE: , Hes-1 85 FABHPER AR, 54
JERTA G, 8 JA K 12 JA I Hes-1 & /K FH B %
T (¥ P<0.01) o Xt B8 2H 45 1k ] 5 18] Hes-1 25
R IAZE R G T2FE L (P>0.05 ), W35 FIE 2,
2.4 BHKXRIAL Hes-1 mRNA Riz&ER

W% i 2 Hes-1 mRNA [ 3R 35 ¥ U1 1 &5 T W] s
6] A5 % BR2H () P<0.05) , H Bl 35 i & ) 3E
£, Hes-1 mRNA FRiA/KFEHw, 5 4 JFEAHEE,
8 J& Mz 12 JEI I} Hes-1 mRNA /K3 B # T E (1
P<0.01) o XJRRZLAHTE] 5 Hes-1 mRNA ik 25
TG FE L (P>0.05) . W6,

*2 BEKXBAEMES Wam &R (x5, um’/um)

HEH Y (5 —3") Hm BE 4 8 Jil 12 Ffi PfH
Hes-1 3iF: TGAAGCACCTCCGGAACCTGCA XTHEZH 8 7321 7.8+1.5 82+1.0 0473 0.6
Tif: GGTCATGCAGTTGGCCAGGTGG i 8 10.5+1.6 13.0+1.0° 144 +1.5" 12.328 0.001
CAPDH FJ#: AAGCTCATTTCCTGGTATGACA t{E -2.945 -7.162 -8.527
TiF: TCTTACTCCTTGGAGGCCATGT P1a 0.015 <0.01 <0.01
T a NSRFIH 4 FRHILE, P<0.05.
#£3 mMFEPIL-4FINF-y iRE  ( x+s, pg/ml)
an R el Flii P INFy B Pl P
4 8 J& 12 J& 4 JE 8 J& 12 J&
popiicea:] 8 203+1.0 33.0+03 334+0.6 67.906 0.064 683+0.7 76627 7T43+1.2 19.730  0.001
I Mg 2H 8 325+12 37.0+0.7° 59.5+1.1" 1332.586 <0.001 57.6+1.8 365+2.1" 262+2.1° 208.482 <0.001
t{H -4.95 -12.14 -57.06 9.91 20.29 39.28
P 1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

W oa NSFYL 4 AL, P<0.01,
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#x4 BALFHIL-4F0INF-y RE  ( x+s, pg/mL)
TL-4 ¥ INF-y ¥
4 R — Ffi P = P
4 JH 8 JH 12 A 4 JH 8 JH 12 JA
popiicEaE| 8 422+1.2 443+14 48.1x1.1 43.05 <0.001 34.83+1.76 35.03+021 35.15+1.06 0.940
I g 2] 8 441+1.0 492+0.7" 623+1.7" 37025 <0.001 24.96+1.15 13.36+0.74" 11.63 +0.96" 180.496 <0.001
t{H -2.99 -7.93 -19.42 8.10 48.99 32.74
P{H 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
e a A5FY 4 AL, P<0.01,
K5 KBRIAZLE Hes-1 EARIE  (xxs)
2851 AL 4 J& 8 Jil 12 J# F{d P{E
X R 8 0.169 + 0.005 0.169 = 0.021 0.174 = 0.006 0.522 0.618
I i 2H 8 0.230 = 0.015 0.322 +0.014" 0.433 + 0.020" 117.281 <0.001
tH —6.865 -15.237 -21.260
P1{E 0.002 <0.001 0.001
e a5 IR4L 4 JEAHIG, P<0.01,
R 6 ARAAL Hes-1 mRNA HIRIE  (xzxs)
21531 AL 4 J4 8 Ji 12 )i F{d P{H
X RAZH 0.42 +0.05 0.64 +0.22 0.54+0.14 1.56 0.285
I Mg 2 1.16 £ 0.22 1.92 +0.27° 2.71 +0.29° 26.321 0.001
t{H -5.72 -6.37 -11.65
P1H 0.02 <0.01 <0.01

e a MEEA 4 FIRHIEE, P<0.01,

B 1 BHXRMARGARE - FARBER ( x400)
RYEIMMIRNE , SRR IR | — 3 B2 R B U8 L BT o] B WL B R AR AN IR, BRI | BE g 4=
SCERAUEIR B EpE, HBEE RO RIE R RSO A .
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X AL .

B2 &AKXBHEALD Hes-1 EAMFIE (DAB B4, x400)

£
Xf HEZL R SUITZH 2P Hes-1 S FI3RIA D

MTERENG AR B AR R A0 . P LA L Hes-1 2R AFIAIG £, HLREE BUZ I RIAE K Hes-1 25 (1735

BIZ ., Hes-1 AL R RO,

25 HHXMESH

E£NG2H Hes-1 25 FAF mRNA B35 5 Wam 5
ERE (435 r=0.833. 0.839, ¥ P<0.01) ; Wi
2l Hes-1 mRNA [ 335 5 I3 S BALF H1 INF- vy
() e B 5 fAH OC (43 i r=-0.929, -0.858,
P<0.01 ), 51fi# K BALF #1 IL-4 7K F-5 TEAHSE (43
9 r=0.883. 0.924, ] P<0.01) ; W£Wi4H Hes-1 &
F1AY 2635 5 17 & BALF 7 INF- v B9 #5740
X (439 r=-0.946 . -0.888, 4 P<0.01) , SifiLiF
K BALF HIL-4 7K -5 IEAH (4351 7=0.938 . 0.946,
¥ P<0.01) .

SR B Ve — A e LR R AE KR H
R DB AR PERE IR GE B . A o, BN
RIR IO PR R B T Th2 40 A BEiE Ak, B
LR 5, IR 22 S8 20 25 44 48 i 2 [+
Z: 5 AR RIE, RIERFEAAEIT HA I
Rk, RETIRAGEEY, 2 SRR
W% Wity £ P B A B2 SR 1, DRI, AT LTI
MR RIE, ALER A Th 40 5%
A RPN - SRAH R O TR

Th 40 il 73 A6 32 B3 2 R W4y, T 4F ok
Notch {553 /R A 32 X . 5888/ Notch 15

Sl FEALHE Notch 524K FiiA 4N RN 5 F

A AN ) e 5 43 F 4% o Noteh 2R —21 5% —
RICA MR T2, WFLshP b L 4
Fh Notch 24K, 43 %) Notchl~4, Notch Bl 5%
R—FER T RIS R, Yk 5255,

Notch 3Z & & A= 2 W KR, HJG B Notch
JitL P 25 44 38k NICD B8 =A% N, 306 R i 3 R
Hes-1 2554 5% . HATFZ2 W5 B~ Notch 175518 %
PRE T Th2 4RI 3 Ah e 4 il b bR 5 200 if 37 = 2
U5 334 )5, Notch BCAK Jagged2 i, {23F T Th2
AL ' Notch {75538 FEAM Hl 57 GST Ay 2 2
Wit /N BV IE WS TR MR A IR L AR 40 P A A 55
RE TN, SIE WA, BEARIAL T 1gE 7K RS
Ri 720 BALF 42 GSTALFE S Th2 4 52 iz
Th1 4R F K46 1 B /N BRI P Noteh
kB = 7 28 Noteh {5 538 % 55 — R ) 551
MW 167 Zb3 )5, 1fil &z BALF H TL-4 ZKSEFEAK, il
P T 40 TL-4mRNA Feiki> ¥, 530k RaE
P, AP RRZE OVA B R B k)G, i
H AR MR RE R A 24, BALF 2l 3 o Thi
YL LR - INF-y ZKSEREA, 10 Th2 4 i 7K F
IL-4 THE ;ARG KRR Noteh 15538 0 K
Hes-1 #5111 2 mRNA 7K P800 RZH I S iy, Bl
WOR I T IS, 3mSR D 5 EAh, Hes-1 8
F1 ) mRNA ik Th2 24E B F 1L-4 K5 EAH
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X%, 5 Thl 40 H - INF-y K FERAE, $2n
Hes-1 5Bk B The 4N ShRE kA S IBE &R ,
S5 T S GE R M RAE R &

SABFERMERAE MR, A R A g i AR
RPAGE S, HORAE 5 S0E N AR A IR R
i fE HE PR AR R 6, AT A R
22— S E T LA 7 SRE R 1 v
JEE O T AT SCRRARIE Notehl {23 1 B0 <l &
91, EERG KRR Notehl & FkHmM, JH5<EE
IR SEPERR PR o - WLBhER (2 IR ", RS
NG K SR T TR, RAE AN I
B VR BN, £ A A E R,
5 SCHRRIEISL; [RGB T WUEEE S Noteh {5
5 AR IE N Hes-1 85 H 2 mRNA 7K IEAE,
P78 Hes-1 25 T BEm R EUAGEE BN &4

ZE L Arid, AHEFE H Noteh {5 538 i # 3 [
Hes-1 £ 1 5 mRNA 355820 K R TE RAE 7
A FVGE BRI, ITRES S T i & 2
BT 5308 1 ] BE X8 g A7 P AR AT (L
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