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Effect of dexamethasone on osteopontin expression in the lung tissue of asthmatic mice

SUN Hai-Hui, SHANG Yun-Xiao, YANG Nan. Department of Pediatric Respiratory Medicine, Shengjing Hospital of
China Medical University, Shenyang 110004, China (Shang Y-X, Email: shangyunx@sina.com)

Abstract: Objective  To study the correlation between airway inflammation and osteopontin (OPN) level in
the lung tissue, and to study the effect of dexamethasone (DXM) on OPN expression. Methods  Fifty mice were
randomly divided into 5 groups: normal control, ovalbumin (OVA)-challenged asthma groups (OVA inhalation for 1
week or 2 weeks) and DXM-treated asthma groups (DXM treatment for 1 week or 2 weeks). The mice were sensitized
and challenged with OVA to prepare mouse model of acute asthma. Alterations of airway inflammation were observed
by haematoxylin-eosin staining. Serum level of OVA-sIgE was evaluated using ELISA. OPN expression in the lung
tissue was located and measured by immunohistochemistry and Western blot respectively. OPN mRNA level in the lung
tissue was detected by real-time PCR. Results The asthma groups showed more pathological changes in the airway than
the normal control and the DXM-treated groups. Compared with the OVA-challenged 1 week group, the pathological
alterations increased in the OVA-challenged 2 weeks group. The level of OVA-sIgE in serum increased in the asthma
groups compared with the control and the DXM groups (P<0.01). Serum OVA-sIgE sevel increased more significantly
in the OVA-challenged 2 weeks group compared with the OVA-challenged 1 week group (P<0.01). OPN protein and
mRNA levels were significantly raised in the asthma groups compared with the normal control and the DXM groups
(P<0.01) , and both levels increased more significantly in the OVA-challenged 2 weeks group compared with the OVA-
challenged 1 week group (P<0.01). Conclusions The increased OPN expression in the lung tissue is associated with
more severe airway inflammation in asthmatic mice, suggesting that OPN may play an important role in the pathogenesis
of asthma. DXM can alleviate airway inflammation possibly by inhibiting OPN production.

[Chin J Contemp Pediatr, 2014, 16(12): 1265-1270]

Key words: Osteopontin; Asthma; Dexamethasone; Airway inflammation; Mice

[ Wik HDT ] 2014-04-19; [ #%52 H 1) ] 2014-06-24
[t 1 INRES:, 2, BLBRTEA: .
LmFEES | Mabe, 5, FEEm, Hiz.

1265+



%164 5 12 1)
2014 4 12 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.16 No.12
Dec. 2014

SCRE W (TRTPRIZE N ) S DARE IR MR 4 |
IO EEL 2 L IS A 200 R e A 4 i 5 22 A 4 i
YL 5y 2 5 B —FP R IE S R AR . R E
1 1 9 S P i () A TR A, 2 R BURE e
FIG D REFFZLPE T R Ry 2R, AR B g P
SR 2 T BF 045 Tl 0T 18 M AT 1 B A A
& T URR YT WE i 1A RO AE

B 1 (osteopontin, OPN ) 2 4ffl Jifd & 3 Jiit
R Z ORI RN, RIAT T
B, A ZORAME ( dendritic cell, DC) . BRAZARME .
W 2 Mk 240 L 0 IS K &4t 55 2 P e e AR P .
FERW], OPN VRN —FEi AU L 1 2 5 e R
PN VAR SV (I B A A1 8 ) A 18 o P e
YRS P AT 7 S ITARSR, YT OPN J&
52 5N &R HLE, DL OPN 782 i & 9 H 1Y)
HAREH, Bok@sEENIMEERNCE. OfF
WFFE 2R OPN 2 5 < & "%, 4R OPN
WS 5 RS E RAEYE, E MBS AEXS
D WA, R TR VR IR YT i ) — 2 124
WA FEXT OPN RIB Ry, WA EZ AR XL,

AW 5 38 3k ST AN [ R O Wi ROWE B BT
RTHIAYTT /N BUBIRL, I X6 45 28 /)N Bl 2 21
OPN RIAFEATHM, SREIHH OPN 2152 5 WG &
. B SR RIAEFR ARG . SRS A2 K T
Ry, SRR OPN 782 i A v i B
TRAERT, A e B2 R 1) 2 S AL ) FE R A A 0 1l

1 HBSH®

11w

PIYE #E H (OVA) F & & AL 58 W T Sigma-
Aldrich 2273 S i OPN —HTI4 T Bioss A1) ;
ARG & T st P A2 S R A EOR A A
SDS-PAGE B JEHC il i) & 08 T34 = KAV HOR
FET; ECL 3870 & & BCA # 1 e il i &
Pierce 2 ) 7= i ; TRIzol i 7 & K2 OPN 5|4y T
Invitrogen 2y 7 ; SYBR Premix Ex Taq } PrimeScript
RT 1) & W) T TaKaRa 2\ A5 B-actin 5|4 2 Bl 5k
A7 b NBUILT OVA-sIgE ELISA 8] &1 T
W AR A
1.2 INRSERIRBEIEL

4~6 JE % SPF % i P BALB/c /ML 50 H, &
i 16~20 g, HiHE BER R B T 2 B g e 52

5 =PRI R IR . Fe B ALE 2Rk 40 R IE X IR
H., AEFEERENH (OVA A 1 4. OVA i
2 JRIAL ) BAHRE [ M ZEKAA ( DXM ) 3797 4H ( DXM
IRYT 1 JE 4L, DXMIIRYT 2 54l ), 410 H,
BAL ] 522 S0k Y ERG A K DXM JRYT4/IN
B FEE 00 7 #1014 KRGS NTEST S 10 pg OVA
11 mg S A ALER IR 2L 0.4 mL B, 56 21
KIFERFALWA 2%0V A 175 34 Kk 20 1 & ak 2 J&
1 /d, 30 min/ YKo DXM A7 4 )7 B VR % 1
Lh, MEENES DXM 3 me/ke, 1FH %R 4 2
F R Y AR R ZZ vhii (PBS ) L OVA,
1.3 FRAHIE

B FU/INERCF BORE 1S s 1 ) 10% 7K & S
0.1 mL BRF, feJo— UMK 24 h NI SR FE /)N
L, ATZSCHU, AR CEI R, HF ELISA
1Mo BUBTEEXUZHSL, B A2 LA 10 5T 4%
Z R R, WA AR EE . Y,
KLY R, R 4 um, B 3 5KV A HEC L gk,
TR ARKE - el (HE) o8 J s 2 Uk 2= 4
D e il v S5 ke f ) A il 32 5 R IR A
Western blot ¥: & Real-time PCR #:43¥7,
1.4 FhéHR HE

BE ML R N U 3 5k A, Fo
FHOR 0 SO ARG S K, ARG IR AR R Jeta . Pk,
Prerieta, FJRBRREEIRIOK . W RS Joh
PERS I, AR T Rk DI BEBLIEE S S LA
A BT, USSR RSk
1.5 ELISA %1% OVA-sIgE BIFRix

H 4l ELISA 355 G vt Il 520 B8, I n L .
FRAE L. AL, A BInkE, 37°CIERE 1h,
YeM 5 K, A AL B B AW, 37 CIRE 30 min,
SRIG ML bW % 1k, R T AR AL 3% BR 450 nm
BRI 25 AL EE, ARIEARE Mt &R i
OVA-slgE AYHSE
1.6 BREHLEELEN OPN FRix

o E AL A0 TR Ul B A5 UE AT B BIL 3% B g
HUNRIGAZ 3 5P R, 178 MBS KAk, 3%
H,0, AW 30 min, #ATHUEMEE, L M0 £ A
30 min, JEMMGRIE OPN —HT 4°Cil e, AEWERC
W =EH e TeG 37 CHRA T 40 min, FARAGPRIC
HEMEON A2 37 CIRAIM A 15min, DAB B, 2R
JEREYe WK, E L B A, BT, =
XA PBS (B —H0, A ERIEIAT. &5k UI A kil

1266 -



9164 12
2014 4 12 A

o E %A )UA e &

Chin J Contemp Pediatr

Vol.16 No.12
Dec. 2014

HLIEE 5 DL S5 B A8, v NIS-Elements
Br3.0 B4 4 Bt R AF 15 i 3 K B {E (Mean
Density ) VERZA AR EmEE R,
1.7 Western blot #:IftiZH 22 OPN B3R IE

Wawit| LM EE 2N S W5 S 70 N 1) S A
FREE G4 100 mg FRASHNA 0.5 mL PIPA K,
UK LIRS, A4 30s, 4°C 14000 r/min 25
L 15 min, M EIE2E -80°CHRAF. AR 10%
SDS-PAGE BECHLYK , 43858 H B 5% 3] PVDF I
Fo 5% BiIRYIE B 2h, 4C—PiE IR, —
PUEWRIEE 2h, ECL &G, BERSAZIUNIZR .. 45
SR Image) FAF 53 A 2 457 B FR 3 D625 BE(HL,
ZEHLDL OPN 52 GAPDH Y HU(EZFR .
1.8 Real-time PCR #& il fifi £B 22 8 OPN mRNA
KIRIE

A3 R /N BRUH 2 2R FRE B A, A o
TRIzol FEHUE RNA, 5 BE % 55 e i 38 150 5 1t
HI-H, $F4L RNA 55558 eDNA, BUcDNA 2 pl.,
SYBR Fl{ ¥ 16 pl.. L FiES[4) 2 pl 33t 20 pL
SRR R AT LI A2 i PCR. /N R OPN 51 )

(336bp ) LHiFF51: 5'-TGTGTCCTCTGAAGAAAA-

GGATGAC-3"; T4 5'-TCTGTGGCATCAGGA-
TACTGTTCA-3'. /NN Z: B-actin 514 (136bp ) I
W51 5'-CATCCGTAAAGACCTCTATGCCAAC-3%
T % ¥ 5. 5'-ATGGAGCCACCGATCCACA-3', §~
AR R 95 °CAE M 30, 59°CiR K 1 min,

X B

T2CHEAH 30s, F:40 MPEIR, 26 & PCR X
(ABI7500 #35) A s IF it B B A FEAR R
CT{H, OPN mRNA FIAXF FA L 24T 05 H
1.9 FHitFEHHR
BT B0 R SPSS 19.0 e it obr, 11
BAEDAME £ 2 (xs) FRoR, UM LE
KB E T 2001, P<0.05 HESAHGH ¥ 5
e

2 #R

21 FJBHEPMRERIEER

LA ALK o BUBTRR 2 | I S
PUEARE . LI AR /MR A S5 R, 2k
WOR G BB AR . G2 . R KSHE;
DXM 21 FiRSEREES s X FRALTE Bk
22 FBENRMALRRERIET

HE % 68 1] 0L X BE 20 /)N BRSZ A080 48 B 50 480k
W, FREAMHES RS, RO IR, XX
N JE A A 2 TP S R M AR R . 2
NSO ERE TR A, R AR RS 2L
g, IR SORE MR FE I H R
LR R PEAIMRE ; H OVA Uk 2 J4 Fik
R BRAE AR OVA Pk 1 JE4HEE . DXM 41/ 1
LI UL 1

E1 FENRMARREREFEN CFIRE - JH5EA, x200)

PR CE AT RESE R, b ARSI

BT, ToH) DRI o 2 N R A BE SRV S A0, B AR ZRTL , A AR i SRR A s
H OVA ik 2 JAIy b3 B s 1 JE o . DXM 4 CE B BERE I LA X SE 8, B BB v s/l Se MR iR i st b .

1267 -



164 5 124
2014 4 12 A

b E B ILA 4 E

Chin J Contemp Pediatr

Vol.16 No.12
Dec. 2014

2.3 ELISA E#il& A MmiEF OVA-sIgE 7K F
ELISA 25 5 B 7R, B2 Wi 41 /N B ¥ OVA-
slegE B W 35 T XF B4 (P<0.001) , H OVA %
2 JAAH I OVA-sIgE /K P8 % 1 JR 4B 8 T &
(P<0.001) ; DXM IGYT 4L 1M OVA-slgk 7K A%
T 0% W L E AT = T R4 (P<0.001) , H DXM
BT 2 AN SR 1 AR 2ZE R RGIH# 58 X
(P=0549) , UL 2,
2.4 BEEANERN OPN ZERAMALA DI E
ki
SR AAIESS R s, OPN 7EM4H 4 P iy %
S7iNE S e (VA Ak W= O W G = N (1= 9 R R
M RIEANN, LR, OVA U 1 (448 £3.5)
K2 JAA (66.3+4.9) gl OPN ik i T4 1]
ZH (11.5+£28) (P<0.001) , H OVA &% 2 A4
OPN 7KV T & 1 J84H (P<0.001) ; DXM 447
18 (292+3.7) J 2 JilZH (28.5+3.3) OPN ik
145 MK T A ] 5 OVA 4 ( P<0.001) , LA 3,
2.5 Western blot 2 #r & AAGHL OPN HIERIA
Western blot 25 5 g /s, 1 g 20 /)N B il 2 41
OPN R B @& FXTHRA (P<0.001) , Hik 2
JAZH OPN ZKFAeii A& 1 R4 B 7+ ( P<0.001 ) ;
DXM J797 41 OPN 7K I T 0% Wi 28 A0 w55 T X R 21
(P<0.001) , HIRYT 2 A 5697 1 A K2
SIG I EE Y (P=0.925) , LA 4,

Xof B4

2.6 Real-time PCR #&ill & HAtiZHZ2 OPN mRNA
FIEXRIEE

Real-time PCR Z5 5 W7, W7 M 2H /)N B 20 21
OPN mRNA FHXf &1k 1 BH 5 5 X BRZH( P<0.001 ),
H % % 2 J& 41 OPN mRNA 7K V-4 % % 1 J& 26 W
B8 (P<0.001) ; DXM A Y7 41 OPN mRNA 7K
SR T W 2 A T R (P<0.001) , HA
JP2 A S5iRIT L A 2 R g E X

(P=0.928) , WK 5,

200 A

150 1
100 -
abd
50 -
0__-

B 2 ELISA & #&i & AH/NR % OVA-sIgE ik
E (n=10) a: XA, P<0.001; b: 5 OVA A 1
JHAL A, P<0.001; c: 5 DXM AT 1 JH41HE:, P<0.001; d:
5 OVA #k 2 gl e, P<0.001,

113 OVA-sIgE 7K ( ng/mL)

B3 &A/INFRAZELZ OPN ik (DAB i, x200)

FEME (o0 OPN BHPEZE L, 241 OPN ZEik B e & 1% B

H OVA ¥k 2 JAF OPN 33k 1 JAI, DXM 2 OPN SRIK7EAS I 1) s % T2 i 2



H16 4% 0 12 ) P E S RILFEE Vol.16 No.12
2014 4F 12 A Chin J Contemp Pediatr Dec. 2014
107 N GERE U ERURET R T Crohn's 95 1Y A &
2 osd PEREAL " 42, I8, E SR Th A0
X ; FEPIE RHURI D, OPN 75t % 46 3 1
ﬁ'; 061 WE? AR, SOEEG S 2R AN (g
S 0] o h RRVEZRM . NE AR . T IREL AR . r o 4
. I S LRI ) RIS S
£ j VS MR, AR, I A S50
0- FW, OPN7E XA LM, T40/e. DC. 18
& ¢ ¢ ¢ ¥ I PR AR T 344 S 2 R T

B 4 Western blot % #& il &% 26 /)N FR B 42 22 OPN &
JEIKE (n=10) a: SGXFREALEE, P<0.001; b: 5 OVA #%
K1 JEHILE, P<0.001; c: 5 DXMAYT 1 JRH LA, P<0.001;
d: 5 OVA & 2 A4l bEs, P<0.001,

8 - a,b,c

ab ab,d

OPN mRNA ¥}k

B 5 Realtime PCR & # iUl & 48 /N B fifi 26 22 OPN
mRNA 3 3£ 7K F (n=10) a: X4 A, P<0.001;
b: 5 OVA L 1 B ES, P<0.001; c: 5 DXMAYT 1 A4 A,
P<0.001; d: 5 OVA ¥k 2 JH4H b3, P<0.001,

3 it

OPN J&: 41 i /156 Joi v — Fof £ 2 (1) 22 ) BE W 1R
MR, R E TR, AR SEdl
UM BRI ES: . 2585 LA E )
W FR A5 44 o OPN A7 T A YLk 4q13 1 (7
TR SQakl) , 5-FEH0 44~75 KDa, HA
RAFEIRTAE . 7ETGALIS T 40 . DC. P4 |
IR R P 4T L 0 L A 4 45 22 b 28 40 B v 2 A
Hig SRR Y, BAMRUESL, OPN 5ZF Thi
2 G R R B A AL 0%, s 1)

2 . DC A I 20 A 52 M AN [) 240 PR 4 4300
AN, ACIEEL, OPN LS (OPNT) 43l
15 K TL-13 T 7K S IFN- y 72200 A ffF 97 %
B OPN iR REWS T 18 11-4 19 /KF B Xanthou %5
KB OPN 0] I AR ZRAL ) DC 40, #6<GE
RAE L B AEE WEEH . 546, Takahashi %5 2
Al Puxeddu 5 P15 J5 & B, OPN 33k /K 51 iz
PERLA MR B S IEA DG, JF HEA RSS2 g R
PR AT B OB . 5 LT L, OPN RERE R i
22 b 9 9iE 20 I R L5 R T () 43 0, 3 B 441 ff R
-5 4 i 40 A AR AR L5 i A4 B AR 2= 0 45
TS0 3E SE o T8 M R AE S Wiy 11
AR, SRR OPN AT fig 5 B2 M 4 & WL
FETERRI R FTLL, WFSE OPN FEAS R R 127 i
B p B KK, T IIHG OPN 5 120G < 4%
$iE 14 56 72 DA Btk — 25 5 2 i () R i L), L
A HEERE S,

AHFFELL OVA B & 7 AR R RERE 2ok
WEMAR R, LA DXM X B R /N R T T30, SE
3WREEL. 1 B2 ARk, e/ B BT
W e, SRR R ] R SR A A R R IR Il
1 OVA-slgk 35 150, 53] i HE Y0l
ANINRCAE DR WEIR . BRI A s e A

R VAR, UL REmG A T . I
L 2 A R e AR e ik 1 JE 4 &,
Vi WA RIS rp | SOk 2 ) 2H A G A HL IR
K1JAA™E, R R YR, OPN Z2RAT
2 Wi /)N RS A B 200 B 3 i 1 4 E AT i P
ML ZH 20 OPN B2 OPN mRNA 57K -0 i 5
TR, Hopiok 2 R4 s TR0k 1 R4,
X FH] OPN 1] RES: 55 B Wi 1) & - 5 U1 R IE 2
JERVIMIE, RIRIE RAEFEEE M E, OPN FikK
SERT R . MRPEA IR ZE AR A A9 SCHkARAE

1269+



%164 5 12 1)
2014 4 12 A

7 E SRR E

Chin J Contemp Pediatr

Vol.16 No.12
Dec. 2014

?ﬁﬂﬁﬁf{ﬁ" OPN 1] g 238 1 6 15 2 Fh 2 M4 i X -+

AR5 E RAEHE TS 5 B A S8 T I RAR
HLA, %@iﬂi*iﬂ“ﬁ

Wi R O R A R T I — 2, £
SPGB S BE SOARE IV, ELARATA KA BB o
ARG SRR b DXM 2H /N B B2k L il
5 OV A-sIgk /KR HH 27 (0 AH S AR AL AR I A1
TFREmGL , 3X 150 B DXM {57 BERG AT R0 A 98 A B
DXM 41 fifi 21 21 OPN & 1 & mRNA 3R 35 /K- B ik
T REmAL, 0] DXM fE% R 8 OPN Ay FRA K.
AR, DXM 5] OPN Ay 3k Al fig & Hopz ik
it R SE ML Z —. DXM 5401 OPN ik b1l 4
NG, AT S I

M2, AR E R T OPN 5AFSIE R
SiE R AH JCME I ELA AR F K B Sk
b, ZEARTEAY OPN 78 B i Kz DXM AR )
Tk WA EIN R, A5 AT REXT Hh R e i 1) 2
S LB e — BT LA

[&

5 % X ]

Morimoto J, Kon S, Matsui Y, et al. Osteopontin; as a target
molecule for the treatment of inflammatory diseases[J]. Curr
Drug Targets, 2010, 11(4): 494-505.

Takahashi A, Kurokawa M, Konno S, et al. Osteopontin is
involved in migration of eosinophils in asthma[J]. Clin Exp
Allergy, 2009, 39(8): 1152-1159.

Puxeddu I, Berkman N, Ribatti D, et al. Osteopontin is
expressed and functional in human eosinophils[J]. Allergy, 2010,
65(2): 168-174.

Kurokawa M, Konno S, Matsukura S, et al. Effects of
corticosteroids on osteopontin expression in a murine model of
allergic asthmalJ]. Int Arch Allergy Immunol, 2009, 149 Suppl 1:
7-13.

Liu Y, Lu X, Yu HJ, et al. The expression of osteopontin and its
association with Clara cell 10 kDa protein in allergic rhinitis[J].
Clin Exp Allergy, 2010, 40(11): 1632-1641.

Ashkar S, Weber GF, Panoutsakopoulou V, et al. Eta-1
(osteopontin): an early component of type-1 (cell-mediated)
immunity[J]. Science, 2000, 287(5454): 860-864.

Kurokawa M, Konno S, Takahashi A, et al. Regulatory role of
DC-derived osteopontin in systemic allergen sensitization[J].
Eur J Immunol, 2009, 39(12): 3323-3330.

Seier AM, Renkl AC, Schulz G, et al. Antigen-specific induction
of osteopontin contributes to the chronification of allergic
contact dermatitis[J]. Am J Pathol, 2010, 176(1): 246-258.
Xanthou G, Alissafi T, Semitekolou M, et al. Osteopontin has

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

-1270-

a crucial role in allergic airway disease through regulation of
dendritic cell subsets[J]. Nat Med, 2007, 13(5): 570-578.
Kariyawasam HH, Robinson DS. The role of eosinophils in
airway tissue remodelling in asthma[J]. Curr Opin Immunol,
2007, 19(6): 681-686.

Singh M, Foster CR, Dalal S, et al. Osteopontin: role in
extracellular matrix deposition and myocardial remodeling post-
MI[J]. J Mol Cell Cardiol, 2010, 48(3): 538-543.

Vetrone SA, Montecino-Rodriguez E, Kudryashova E, et al.
Osteopontin promotes fibrosis in dystrophic mouse muscle by
modulating immune cell subsets and intramuscular TGF-beta[J].
J Clin Invest, 2009, 119(6): 1583-1594.

Kurokawa M, Kokubu F, Matsukura S, et al. Effects of
corticosteroid on the expression of thymus and activation-
regulated chemokine in a murine model of allergic asthmal[J].
Int Arch Allergy Immunol, 2005, 137 Suppl 1: 60-68.

Suzuki S, Kokubu F, Kawaguchi M, et al. Expression of
interleukin-17F in a mouse model of allergic asthma[J]. Int Arch
Allergy Immunol, 2007, 143 Suppl 1: 89-94.

Koguchi Y, Kawakami K, Uezu K, et al. High plasma
osteopontin level and its relationship with interleukin-12-
mediated type 1 T helper cell response in tuberculosis[J]. Am J
Respir Crit Care Med, 2003, 167(10): 1355-1359.

Xu G, Nie H, Li N, et al. Role of osteopontin in amplification
and perpetuation of rheumatoid synovitis[J]. J Clin Invest, 2005,
115(4): 1060-1067.

Sato T, Nakai T, Tamura N, et al. Osteopontin/Eta-1 upregulated
in Crohn's disease regulates the Thl immune response[J]. Gut,
2005, 54(9): 1254-1262.

Comabella M, Pericot I, Goertsches R, et al. Plasma osteopontin
levels in multiple sclerosis[J]. J Neuroimmunol, 2005, 158(1-2):
231-239.

Weber GF, Zawaideh S, Hikita S, et al. Phosphorylation-
dependent interaction of osteopontin with its receptors regulates
macrophage migration and activation[J]. J Leukoc Biol, 2002,
72(4): 752-761.

Li X, O'Regan AW, Berman JS. IFN-gamma induction of
osteopontin expression in human monocytoid cells[J]. J
Interferon Cytokine Res, 2003, 23(5): 259-265.

Konno S, Eckman JA, Plunkett B, et al. Interleukin-10 and
Th2 cytokines differentially regulate osteopontin expression in
human monocytes and dendritic cells[J]. J Interferon Cytokine
Res, 2006, 26(8): 562-567.

Delimpoura V, Bakakos P, Tseliou E, et al. Increased levels
of osteopontin in sputum supernatant in severe refractory
asthma[J]. Thorax, 2010, 65(9): 782-786.

Samitas K, Zervas E, Vittorakis S, et al. Osteopontin expression
and relation to disease severity in human asthma[J]. Eur Respir J,
2011, 37(2): 331-341.

Hillas G, Loukides S, Kostikas K, et al. Increased levels of
osteopontin in sputum supernatant of smoking asthmatics[J].
Cytokine, 2013, 61(1): 251-255.

(A J5)



