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Effects of recombinant human elafin on the expression of inflammatory factors
and NF—kB p65 protein in neonatal mice with bronchopulmonary dysplasia

induced by chronic hyperoxia
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Chongqing Medical University)
[ Abstract ]Objective . To investigate the effects of recombinant human elafin on the expression of inflammatory factors and nuclear
factor-kB(NF-kB) p65 protein in neonatal mice with bronchopulmonary dysplasia(BPD) induced by chronic hyperoxia. Methods : A
total of 30 C57BL/6) neonatal mice within postnatal 24 hours were equally and randomly divided into three groups:air group, hyper—
oxia+Lactated —Ringer (I/R ) —treated group (O,+I/R group, /R solution as vehicle),and hyperoxia+elafin—treated group (O,+elafin
group ). The O,+L/R group and the O,+elafin group were exposed to 85% oxygen,while the air group was exposed to 21% oxygen
(room air). At 21 days of treatment,the baseline lung function was determined ; HE staining was used to observe the morphological
changes of the lung tissue ;the mRNA expression of inflammatory factors was determined by real-time polymerase chain reaction and
the expression of NF—kB p65 protein was determined by Western blot. Results : Compared with the air group,the O,+1/R group had a
significantly lower body weight[(7.85 £ 0.24) g vs. (5.33 £0.63) g,P=0.000)] and delayed lung development;in addition,the O,+I/R
group had significantly higher expression of tumor necrosis factor—o(TNF-a) mRNA (P=0.000) , interleukin—13 (IL-18) mRNA (P=
0.000) ,and NF-kB p65 protein (P=0.001) ,but significantly lower expression of interleukin—4 (I1.-4) mRNA (P=0.000) and inter—
leukin—13 (IL-13) mRNA (P=0.000). Compared with the O,+L/R group,the O,+elafin group had a significantly higher body weight
(P=0.014) and relatively normal alveolar morphology ; in addition, the O,+elafin group had significantly lower expression of TNF-a
mRNA (P=0.011),1L-18 mRNA (P=0.000) ,and NF-«B p65
protein (P=0.001) ,but significantly higher expression of 1L.-4
mRNA (P=0.047) and IL-13 mRNA (P=0.000). Conclusion .

Elafin can effectively alleviate hyperoxia—induced lung injury
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in mice. The mechanism of action may be related to the inhibition
of NF-kB activation and the release of inflammatory factors.
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SAE MK B A K (bronchopulmonary dysplasia,
BPD) J&— i 2 J L DL 18 P I R G900 , 1967
AEH Northway " YK #2H . BPD A i E i DI gE | if Al
RIS IR R B IR 11 K F Wl 4 G i,
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g DRI K R s LD o AN 2 4= B, © A /Y 3l S 56 A
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FEAR 5, 28 T 40 i 2R 4 RN 9 1 IR 7 i g, 7T 51
LT 2H 2L 40 005 F0 K B RGO, AR F—kB p65
(nuclear factor—kB, NF-xB)E hy S8 19 55 5 H 1%
J , 25 22 P 5 RE L DR (0 7 SR 95 T8 S RE S
ARG AR I,

Elafin Sz A 51 35004 2 D 0 590, AT o 3
bk oA A B Ak AR 20 ik v LR S B A A0, AR
PRAGZH BT AR I, BT Elafin 5, 1 0 )
o S TR 2 /DN BRI r 398 5 g v P A 2 i R
B RGP Wl 20 R A/ 58 o st v £ A 1) 1 BE T

R A S A2k, DT A4 X687 A /N B BPD (1)
PRAVEFANS, ST RS, Elafin 0] 38 5340 NF-«B (9
TP U020 S S I Y VR 5 A T ) I 20 L, DA T
IR UGE S5 S 0 2 PE I 4507, B4 |, Elafin
X T R A T BPD T A AR i N AT TS A
I, VLB NF-kB {5530 R 3R VE T 1 R L
fiB, PR, AT A0 R T A/ B AR R T 85%
19 AL P BPD SR R Elafin X BPD
i Jeg PR AL Rl F- —a (tumor necrosis factor, TNF-at) |
F 40 % - 1B (interleukin—1B, IL-1B) &3 & A+
F1 40 94 & -4 (interleukin—4, 1L—4) A1 JE A 2% -
13 (interleukin—13,1L-13) fil NF—kB 15 53l #1952
e, > B W A JL BPD 9 A B | 52K A 240 B
TR TR B T S Y S IR RN A HE S LA

1 #REFE

1.1 XA

NFE Elafin(Fi+ Enzo A F]) ; FLERENMAS [CIHK (lactated
ringer’s solution,[/R; INAR B2 A BRAF]) s 2R P EE (L
g A2 yE ARAALBHEAT BR 22 7)) ; Trizol (Ambion ) ; BCA 3 46
D7) & (IUEEAE i A PR WD) s SDS-PAGE BE R IE il 1
R G CE B RAEYHRIIFIT) A% HE -5 MR B4R HGAR

& (B H A R AR 8 Y Maker (Bio-Rad) ;
PVDF fi% (Immobilon®-PSQ) ; 75 A Ye (0 (BRI D1 R A= W4
KA RN sPrer e e GRIN TR AR A BRA R ;
Pt/ N NF-kB p65 LA (Cell Signaling Technology) ; 71N il
IeG kappa 254 25 FUIICHAR 13 AL Y EE (horseradish perox—
idase, HRP,Santa Cruz Biotechnology) .,
1.2 EL5EE

100% 2 A (FEREIBHAARA FRA R ) ;€Y 100 295
M AEAL (BOIN ST AR A BRA D) s TR (TR
W) 5 /N BT N BE4Y (FinePointe™ NAM) ; Western blot F, 3
(3% H Bio-Rad 2A)) ; Western blot #% 4% (22 [ Bio-Rad 23
Al R AZ R E AL (35 Bio—Rad A A ; 966G E i PCR
1 (32 Bio-Rad A7),
1.3 4

SPF 2% C57BL/6J HAE/ N, W T 5 PR IE R R 2= 585 2 )
Hu SR AT IE S g SCXK (1) 20170001, ASHFFEH
SRS YRR TS By St | SRR T R R IR R KA
SLYREh R s FVERTIE S SYXK (H1)2017-0023
1.4 FEEshiheh o iafeidsl

30 HSPF 92/E )5 24 h N CSTBL/6) /N ERBENL S R %8
S AR L/R AR +Elafin 20,840 10 H B 4A+ LR 40 .
TR 4+ Elafin 21 F %5 P 4 1 (40 em x 30 em x 25 cm),
FRE A 100% %83 (2 Limin) , 4535 FIO, 7E 85% 7% H
GRS ) g R s AL 5 v R AL b o BE B, DA Sk
SR AR A vl B ST R 8 IRIREE ) R, 75
FANC TR AIERE G B, LI R CO,, 4574840 Y CO, Wk <0.5%,
MIXHEIE 50%~60% , T 24 C~26 C, = HE T —%
P B H IR 1 h, S TRREE, TR IR FART R}, Sl LA R )
AT T, S A+ Elafin 21 . 15 S AR T AT 30 min 44
T Elafin 8 ng/pL,5 wl/g BFEEST MiERH 1 UGES: 21 d,
R L/R A A S AR LR, G 21 d B AR Lk
TR REAG I , SR 5 BUAC I [ 3 T 4% 2 B E B A iR A
F-80 CHr,
1.5 /SR A s o R 2

TEF AN B4 21 d I A BEYLBUE 5 /N R
FinePointe™ NAM sl iti o G AR /N SIE R L BE . H47E
T E RS SPIRAS F /MR E T2 B IERBUT A, BN R
FasE Ja , LA S min fili D) RE 45 TR AR G AR 1E , T EILF
¥ifd,
1.6 AT A S SN

HZEMT 4% 2 B REFE 24 h 5, ZWi7KE R £
I N 4~5 pm, B KRS S AR -~ 21 e 5 )
F UGB N WS SR B A5 AR L AR
1.6.1  FCEPIRAT A4 (radical alveolar counts, RAC)  F341
Bk 3 AR AT — 3K Y A, R R I S AR
B (200 x ), BUT0F- BBV A AU T Il 48
1.6.2 “FIMOARE  7E AT (200 x ) k] AR
Nk TR A8 AN SE W FIT A i ) B A (NS ) , I HE o
LR (L), TR A LT P E A AT (MLI=L/NS ) ; B
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AR B R MLL, LRl E 3 42
1.7 qPCR #inl £ % B T 49 mRNA %9 F 38 H oL

FIHH Trizol 4RI A ZLE RNA MR ¥ B RNA ¥R JE
AT S DL Bactin /AN SXS IR, BTRS 1P
IL-1B8: EI 514751 .5° ~GAAATGCCACCTTTTGACAGTG -
37, P ¥FEY) .5 ~-TGGATGCTCTCATCAGGACAG-3" ;
TNF-a: FHF5 IS5 -CAGGCGGTGCCTATGTCTC-3" ,
55 .5 ~CGATCACCCCGAAGTTCAGTAG-3" ; 11—
4. IS IMIFS) .5 ~GGTCTCAACCCCCAGCTAGT-3", Filif
SI¥1F %1 .5°~GCCGATGA TCTCTCTCAAGTGAT-3" ;1113
WS I#E S .5 ~-TGAGCAACATCACACAAGACC=3" , T ii#
SIMIFEF .5 -GGCCTTGCGGTTACAGAGG-3" ; B-actin; | ¥
SI¥1F %1 .5° ~CAGCCTTCCTTCTTGGGTAT=3", Nl ¥)F
51,5’ ~GCTCAGTAACAGTCCGCCTA-3" , PCR Wi A4 AU 3%
SYBR 5 wL, EFWESI4 (10 wmol/L) 4% 0.25 L, cDNA #k
2 wl,2.5 wL JCEK , SRR 10 nl, JZh Z50F . Pk PCR
il B4 ,95 °C 30 s TASHE 25 45,95 °C 55,60 °C 30 s,
3L 40 MEFR, RAEXTE LD E H AR PC = B-
actin PCR =W Co A, AN E AT 2% x 100% , HAAC=
Cl(HQ'{'Ji[*[)_C['([%amin)o
1.8 Western blot #| & M 28 22 i A% NF—kB p65 & @ & ik

BT 50 mg, FHAZ S5 FH R0 2% 26 (5 H U] S it
. LA BCA H (M FE SR A (5 A i, s SR AR L
FEER 40 pg, BUEAIREM S 1/3 A9 4 x SDS BER I FEZE
WA, W25 10 min, SDS-PAGE HLIK43 55,100 mV
fHE 100 min #2545 2 PVDF B 1, H& SRR WK 9 PBST
VSR 1 h, PBST R UE 3 ¥, 8K 10 min, FF43 515 St
/NEL GAPDH Hi4K (1:1 000) , Hedi/NEL NF-«B p65 Hifdk (1:
1 000) ¥ 3 mliRA 4 CH-E R, PBST IR UE 3 Ik, 1
W 10 min, #AJ55 HRP ARi2f =H0(1:3 000) =JEHFE 1 h,
PBST ¥ 3 ¥k, BUSIRA ECL Y W (il & k7 i,
Image Pro—Plug 6.0 EI4 43 4 44l %2 H 1) 4547 19 10D, LA
GAPDH 28, L H I 45417 119 10D {H5 GAPDH 45717 11
10D A1 FLENE A% B 1R H A Fak
1.9 it o

K 1 SPSS 25.0 BRAFHAT ST F 40 BT, TR BORH LY
B ARiERE (x x5 ) TR, B Z IR HLEECR FH SRR 3 22
I3ME, T FLAER ) 1SD— 36, R A7 R K Fisher’s B4
g, KK i =0.05

2 # R

2.1 REE 21 d# D RAGR R 5 R8T F 6 phik

23 SA/INFUIRAS R A /DN BRI, 21 d if2s
S FEA+LR 45 +Elafin 41/ RT3 (7.85 +
0.24) . (5.33 £ 0.63) .(6.06 £ 0.63) g, F=55.657,P=0.000, %,
2H 5+ L/R 4 4E +Elafin 41 HLES, P AE A 51K 0.000
0.000, 5% +Elafin 415 5 5 +L/R 4LAH L , 7 A +Elafin 217\

FUE RO 21 d PR BTt B R 38 n (P=0.013) , X
20 A +L/R 4RI R E +Elafin 20 21 F /N BT 22551
K 100% .60% 1 80% ,3 A~ 18] JC i 35 2% 5t (P=0.122) , i [&]
1 R,

a ab
-
C S
[]m ey
H§< -
‘\-ﬁ-_ !
- o
FAHR YL =% +Elafin 2]
AL AT EUA T
e il
100 == /R 4
S 90 L—\' —— =%+ Elafin 241
5 80 L-l
‘E 70 Iy
& |
604 | S N
50

0 5d 10d 15d 20d 254
B. A1 FRAFIG &
T a, HAS R FEE, P<0.05; b SEE +1/R 4 EbE, P<0.05
1 Elafin 3£ /NMRERERFERNORIPIER

2.2 Elafin 380 & 8 S22 m I S T A FHh

Sox S MR i S L/R ZH 30 S 96 1] 5 184 JE ki
4 M s B, AR I B B RIS 5 A LR
AL, B4 +Elafin 40 k2D | Il B 3on |, iliita 2544
BT IR SRR 2 s, @4+ L/R 20 MLI{EH S TP
AN (P=0.000) , RAC {H.2. 3 , i A+ Elafin ZLE5F A+ 1/R
21 3 (P=0.000) , W3 1, RAC T sty si H £
D EAL/R 1S S kb | i AR+ Elafin 2405 40+
L/R 0B B3 (P=0.006) , W35 2.,

il F4EA+1/R 41

B +Elafin 24

2 INRAMALRRKERESKE (HE,400 %)
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25 EEALUR 4 %A+ Elafin 40
A.MLI
30-

<

ﬁ ab

2

= a

B e

! s
A+ /R 41 F %+ Elafin 2

B.RAC

B3 &HA/NRAMALR ML 5 RAC &L

Fz1 HHNPMR 21 d ALK RAC 1 MLIEEEB (x 5 )

20 51 MLI(m) RAC(1)
Sl 17.19 + 1.06 2222 +1.68
T4 +L/R 41 43.69 +2.74 10.56 +0.51
T4 +Elafin 41 28.50 + 0.69* 15.00 + 1.46"
F1H 174732 60.088
P{E 0.000 0.000

T za, B S ILEE, P<0.05 b 5 R +L/R 4 LA, P<0.05
2.3 DRI R EA

18Pk e ST S B B BT, B IR B I P BE
- 1 331 % (frequency of breathing, F), #] S, 2 (tidal volume,
TV) , ifiid < & (minute volume ,MV) FIGEBH S (airway re—
sistance , Raw ) 2 IEARAT DI BE M E A5, S UM, &

A+L/R A F MV TV [ 5 FE (P AR 0.003,0.000
0.000), %A +Elafin 525 QA , F MV TV {EHI5 0 5 R
(P AR A 0.008,0.000,0.000), 52554, B +L/R
ZHHY Raw {E ] 385 (P=0.006) , 17 5 % +Elafin 4149 Raw B
AR T R A L/R 41(P=0.027) , Z5 53 Elafin 87 200/
BPD /NERAATEH T, 2/ N BRBE R TR
24 FRZLL P TNF-a IL-1B .IL—-4 IL-13mRNA % ik K -F
RE S

523 5+ LR X IRAUAA L, 5 A +L/R 4109 980E K F TNF-
a IL-18 mRNA ik 8 T 5 (P=0.000) , BT % FHF 1L~
4 I1.-13 mRNA 357K -0 2 FAIG (P=0.000) ; 5 A +L/RZL
Fb %, & 4 +Elafin 40 TNF-a (P=0.002) \IL-18 (P=0.000)
mRNA 357K 0 BT, IL-4(P=0.047) IL-13(P=0.028)
mRNA k7K -0 T, angk 3 FiE 4 R,

=
R mA+ R4
B W% + Elafin 41

7 =S

-1 TNF-«  IL-4  IL-13
4 FZAMALF TNF-a.IL-1B.IL-4 & IL-13 mRNA
RILELLR

2.5 Western blot #-| Afi 2% NF-kB p65 % & & ik

S BEAUR 4 R+ Elafin 108 NF-«B p65
FOR AR 9 1.57 £0.06.1.96 £ 0.11 .1.04 + 0.05(F=
117.135,P=0.000) , 525 K4 M4, =48+ L/R 414 NF-
kB p65 & [1FA I BN (P=0.001) . 5 +1/R ZHARLL , &5
A+Flafin 1% NF-«B p65 & 17634 ] i 411k (P=0.001)
g s fiR,

F2 HHEEMAINEEEILR(n=3)

FAl v Raw
Air 347.98 +7.95 67.18 +2.43 0.20 £ 0.01 2.47 £0.09
FI4E + LR 41 208.02 = 30.31 13.32 +3.36" 0.06 + 0.01* 17.77 +7.11°
T4 +Elafin 2 233.39 + 53.11° 17.27 £2.11° 0.08 = 0.02 7.07 £3.25
F1H 13.164 374574 66.719 9.079
PAH 0.006 0.000 0.000 0.015

¥ a, 5L R, P<0.05;b: 554 +L/R 418, P<0.05

%3 ZAMARASH TNF-o.IL-1.IL-4 & IL-13 mRNA ik 8

TNF-a IL-1B 1L-4 IL-13
k| 1.00 £ 0.07 1.00 £ 0.04 1.00 £ 0.05 1.02+0.16
EA LR 4H 2.20+0.22° 2.92 +0.56* 0.36 +0.01° 0.07 +0.01*
4 +Elafin 21 1.15+0.11* 1.46 + 0.06" 0.52 +0.13* 0.18 +0.04*
F1y 27.936 58.797 52.764 82.256
P 0.001 0.000 0.000 0.000

T a, HaHA HE, P<0.05;bh: 54 +1/R 4L H#, P<0.05
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A. Western blot 454t

2.5
a
2.0
B 15
# b
B 104 =
=
0.5
0.0 L
25 H 4R 41 % +FElafin 21
B.10D {&
ia, G2 M L, P<0.055b: 5% +L/R 4 LA,
P<0.05
5 %% NF-kB p65 EH &KX
303 1’8

BPD & —Ff 5 57 JLAH 5 Y Hy LA < (U
) FAET T B8 P T TR | A 8 e s L5
AR, 27 R THR B AR N RS |, WS
BRAEU AT EE S, [R5 IS BPD A i A
R o e TR B TR N S I s T I 4R Y s gt
O3, X B ILRIP 2 2R GE NS K T 1 SRR U

& BPD 1Y &S ML BIFSEH , RAE S H T
WFFE AR Z—00, At oA sz BELF PPk 20 i
TR g T2 A8 SR AE S S e A B il A Y
FRAE . APk 4l i 3 PE B B (neutrophil elastase,
NE) 3 5y v P 4 o0, 22 52 R 4 1 i 5 e
WG 22— AR A AN R T, Z TSRS NE
1 BPD HAGTG PERE 952122 NE BT PRI, AW
SHUIFR ) B , 316 7 38 375 S I A A2
ML T, S EWEEY R, ik T 520, Elafin & A
DEAEAR v~ PR 2 Ry S PR R 5, 2B T A
B2 EEH, SHURLE TR PR IR fili
L L K M504 Elafin, 0] NE G936 24, AT
PR, AR FT BT UE S , Elafin A] #2410
il BPD /INERUITZH 2L i) NE J54: | i F s 2 4k 1)
TEHIUER, DT 2 i oA AU s 2420,

AWFGERE BT AN R R T 85% mi i o
BPD St il 4 H R 9 N Elafin #£47+
W, SUREE AR, 4+ Elafin 2GR S+ L/R 411

ML F1 RAC BB B3, il o 5 Ra 10 0], A 76 1) s
A D REAS 2 GE , Elafin 23 THTAR & .

Hh b 20 A E A2 A5 T 2 2 i A S AR, R
LR T 40 1L-6 1L-8 . IL-1B F1 TNF—a227,
IL-1B A 5 TNF-o PFEIVERT, BG4S PN R i i 1
FEINE ARG, AL R BN, A+ LR A b
a4 IL-1B A1 TNF—a mRNA Fik 74 | 1
EEFL/R PR T IL-4 1L-13 mRNA ik
REEARG, 5 SCHiRHE — 850220 Fom g v ST =
HRANE By FBHE 0, PR K FRIAREL ., &
A +Elafin 41 1L-18  TNF-o AYHE D K 4 S +L/R
2B R LRI IL-4 1L-13 FE R AKCOF 45
A+L/R B FE FTF, 20 Elafin w3 i 84 200 4
i PRI 2 DR e 38, DA T 0 o o2 0 5 | e
() RAE S

NF-kB 15 5 i 0] /5 RAE [ N, 75 BPD [
RAR B E HEAEHP, IERIEN T NF-kB
B 1B 0], DEAETE MR A AT, S HLAR
Z FN AR B & A g Ak, dE T e 25 T X
NF-kB HHER , 16 LA B R I NF-«B %47 &
A , (12 5 R A S A0 i 34 i 5 1 A e PR -
ik, NIMTSE BPD A& ALK T

AR ER, 5P, BAR+L/R 4
it 20 2 A A% R 1 TR p6S FR P Tk B R 1 2
NF-«B il [ B0 , 25 T RIERMNIEE,, A
ZIFHFFEBIESE BPD o NF—«B {5 53 B (070 M 5
TFIEF A SARME R —8, 55 A+ 1/R 4140
I, i 4 +Elafin A% & EH p6e5 & F/b, 3]
NF-«B #ZFE 010, F0 Elafin 7 301#] BPD it i
PTG Y NF—kB {55 1, #E Elafin 4001 28 1405
IR~ 35 IO VE I T B S5 3] NF-«B {5538 [ A9 1
FEREA R,

2% Tk, 20 A Elafin G848 R0 18 5 4R
BOH A/ N RS AE I R A B2 4545, T
il A PR RN ek /) B A T D fg , DT £ a2k
W% ., HAT e HLE] 8 ] NF-kB 5538
BRI BE O R AR 2 RAE I 19 FR3K , A Elafin
Il PRYGYT BPD 114 R FH B8 5 1] 5 118 S 65 44 4 A o 22
OBLiboe i

& £ X W
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