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Change of FOXM1 in process of repair of acute lung injury of
mice with severe acute pancreatitis and its significance*

Hong Ling, Jing-jing Zhang, Guo-zhong Qing, Shu-ding Tu, Jing Zhong
(Department of Emergent Surgery, the First Affiliated Hospital, University of South China,
Hengyang, Hunan 421001, China)

Abstract: Objective To investigate the expression and significance of Forkhead Box M1 (FOXM1) in the
process of repair of acute lung injury (ALI) in mice with severe acute pancreatitis (SAP). Methods BALB/c mice
were randomly divided into a sham group (10 mice) and a model group (50 mice), and the model group was then
randomly divided into 5 subgroups, namely 1-day, 3-day, 7-day, 10-day and 14-day subgroups (10 in each). The SAP/
ALI model was induced by the method of intraperitoneal injection of caerulein. The pathological changes of the lung
tissues and the pulmonary microvascular permeability were observed. The water content of the lung tissues and the
serum amylase level were detected. In addition, qRT-PCR and Western blot were used to detect the FOXM1 mRNA
and protein expression levels respectively at different time points during the repair process of lung injury in the SAP/
ALI mice. Finally, the correlation between FOXMI protein expression and pulmonary microvascular permeability
was analyzed. Results Compared with the sham group, the morphology of the lung tissues changed in the model
group at each time point (on days 1, 3, 7, 10 and 14), the pathological changes were alleviated over time (P < 0.05).
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The changes of serum amylase level, pulmonary vascular permeability and water content of the pulmonary tissues

were similar with the change of pathological scores after lung injury. At the same time, the expression of FOXM1

mRNA in the lung tissues had an obvious dynamic evolutional rule. The expression of FOXM1 mRNA decreased on

the 1st day after modeling, then increased gradually from the 3rd day, and reached the peak on the 7th day, gradually

restored on the 10th day, and returned to the baseline on the 14th day. Moreover, FOXM1 protein expression level

also presented the similar rule. There was a negative correlation between the expression of FOXM1 protein and the

pulmonary microvascular permeability (P < 0.05). Conclusions FOXM1 may play an important role in the repair of

pulmonary blood-gas barrier.
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2Pl (acute lung injury, ALL) & HIE 2
AR (severe acute pancreatitis, SAP ) f i WAYIT A&
i ", L B A A P AE SAP/ALL g BEAIL
M T O Y AR, SCKHEE I ML
(forkhead box M1, FOXM1 ) ZEfiifii it vl g, i
TGRS N R A s 5, BRAIC B B m s 1 e SR
WAMIHRR, FOXMI A4 Ei, nlffi DNA &l
Jops, WBLEARY, B4, SAP/ALL KA JE, FOXMI
F RGBT ? BT AN TERE . AR B AR
SAP/ALL /N U 4518 52 L F v FOXM 9 3R 3A 25 Ak
FHFE L

1 RS

1.1

111 Ekahy ERETCR R AASL BALB/c /)N
R, HErE, A2 ~ 341, 1KE (260£2.0) ¢,
FER Y s PRI R SR, S A AR IES
SYXK( il )2016-0009, T HEEiRE (25.0+0.5)°C,
FHXFRREE R 50%, HEIKE#EK, BROCHITH, &
NAPERFE 1 JRJE R IES, SEHT 12 h 28, A ik
Ko I S b R AR A N RAE R E R ROR
B R THERFLE SR REE ) P e
SEHLE

112 E&XA WA (36 Sigma A7) ), HE
Pe X0 &L 0.5% P SCHT #E (evans blue, EB ), %
B H B WO [ AL B E AR R A,
15 % RIPA Z4f# W . BCA BEHE B RA &, BK
il A E e B R A Y TRA R AR, &
Pt FOXM1 £ 5o di ik, St GAPDH £ 5o & bt {4k
g A % B Abcam 28 #], HRP-conjugated Affinipure
Goat Anti-Rabbit IgG ( H+L ) ( & Proteintech A A ),
Trizol Reagent ( £ H Life Technologies /N ), Thermo

Scientific Revert Aid First Strand ¢cDNA Synthesis Kit (%
[# Thermo Scientific 23] ), SYBR® Premix Ex Taq™" ( Tli
RNaseH Plius ) ( H 7K TaKaRa A #] ). #5191 [
A TR TR A A BRAA W) i

113 2285 ARSI (SEE Rayto 2
Al ), YIS A SIBUKAL (EEOEEEE HTHL T HOR
AHD), ANEIEHL AW R HLE A EE Leica 24
A, POCRHEE ( HA Olympus 247 ), &5 mEH#%E
FRESOHL (FEE Hermle A ] ), ZINREREHAMY (SE[E
Thermo Scientific 23 F] ), SEAT 2R i A BgHE K0
( quantitative real-time polymerase chain reaction, (RT~
PCR) 4 (FEEZEATELAT ), Bk, FBE{L. PCR
PG A RO GBI R 2 5218 A 22 [ Bio-Rad 24
A, BIRE I EL (3 Bio-Drop A ), fH
TR (BRI A RA R ), HEBR T
KV CHARRHEAF ).

1.2 Fik

121 SHRE I 5524 ¥ BALB/c /NRI%
MRBEALEC R BEPL > IR TR (10 H) Ak Zg
(50 ), BRI/ NROCBEPLI T AERAIAL 1, 3. 7, 10
14 d 5 WL, #4110 2. S8 GERARD 45 ™' 1y
Jri, R 10 mg/kg MRS /AL, 1K /b, &
Sei a8 Yk, Al SAP/ALL /NGBS, (BT AR IS
TRFRIY 0.9% A FRER K I I TS . BB Al Jm sE Ty

)T LAREHLE 4D o
122 ARARSE BRISRIEERE 1. 3. 7. 10

F14d, REARALEER)G 14d, ShAESERT 3 h, B

PLELS HU/NER, 208 MUHS % /905 1k B2 i ik e

0.5% EB ¥ (10 ml/kg ), 30 min J7 FH 10% 7K & G0
(35 mlkg) JE I SHRER /N, RIS H 4°C. 0.9%
Az R IR Bl N IRBE VE T, K S) EB /NG 22
JlZH 2T EB St il , A M2 T 5 K &=
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AUINE . o 5 FUNRAIRCZE =gkl , K Zeib b RN E - 95°C 15 s, 60°C 15 s, imIELAE BTt

R R R 438, A AT, 45T qRT-
PCR Fil Western blotting ¥zl ; A7 ifiZH Ui A 4% 25
FHEE [ e, HIT HE Jefa,

123 HE £ & 5m5F0  NGEELMIHEZH%
ERERFEME S — ERRERRL, PETRK . B
B A, 4 pm JEESLERYI R, 45 R IE R
KAk, 17 HE Yefa, BOKZEBW, PEMKE R R
FEGEF AT NS . il 4L s B PP A bs v 2 1R
HOFBAUER % " (0775, ARHE KM . SR E 4H i 15 i
AR L SRR TSy, B 9 40 RH]
BIE AL 2 A ERRFE IR AT 4), B L BBl
s skbl R, ARkUIA BEHLIEE 5 4> 200 50087, B
HA AR R It U B4 PP o 2 L, AR 4N
BRI ZH U T R

1.2.4 TR B B AR o 3 B P R ORT 4 4R A K
s BN FULRAE 4°C AT 3 000 r/min 250

10min, ZrE§I03%E, F4 H 345 A0 % i s e
Pl e B2 . HTUE AR T 5 A EB 1% il 2 23 3% 1 79 7K
g5, MRBUMIREE, SRR T L8 H B
(2 ml/100 mg iR ), 60°CHFERE 24 h, 4°C. 3 000 r/min
B0 10 min, B, HBEFRMYT 620 nm A E
IEWROGEE, ARYEARE I L L i 2 EB &
i, GPRU me/L FoR, HPRACRIM M & v .
2 I VAT o7 1Dl [ A AR G O o S IV EAE 2R 1
BHE, BT 60°CHE M P, FRIBCHE, #%
PLUR A A A 2L oK i 2 5K i (% ) =%
- TH) /BE x100%.

1.25 gRT-PCR WU & /9 A N il 41 21
50 ~ 100 mg, H] Trizol ¥EFEHAIZLE RNA, DX Oligo
(dT) 18 R 514, R AP G RNA i 5% 5%
¢DNA. 5|9 % H Primer 6.0 %k {4 #% it, FOXM1 iF
M 51 ¥ .5 -ACCAGAAAGGGCTTTCCTCC-3", %
M 51 % .5 -GITGGGCCCCACTCTACCTT-3", B
KR BE 60 °C, 77 WK BE 155 bp 5 B —actin 1E [7] 5
Y .5 -GCAGATGTGGATCAGCAAGC-3", J2 [f] 5]
Y .5 —AGGGTGTAAAACGCAGCTCAG-3", B X
IR 62°C, PRI 102 bp, qRT-PCR KWK R Ky
201 : 2 X SYBR Green Mix 101, ¢cDNA 2 w1, 514%F
1, Rox 0.4 1, RNase—free water 6.6 1. K qRT-
PCR {SGHATY 1S, RNAAF : 95 CHIAEM: 2 min, 95°C
AP 15 s, 58 ~ 62°CIH K 1 min, HEAEHR 40 K. K fi

(20 min ), 95°C 15s. WSILHEEM B -actin, KA 2~
ST FOXMT mRNA XA . A Ct=Clyoy—
Clpsins A A Ct=Cl gy —Cl gy 110
1.2.6  Western blotting B 20 A B AH R il 22
2150 ~ 100 mg, HEFHMIRAT SR BAHLS SEA,
BCA ¥EE 8 ¥, SDS-PAGE B HL 7K 90 min,
W4 I 30 VHJE 30 min, 438K 60 V fH K 60 min,
4 °CFREE T 300 mA fH 3 7% B, FOXM1 %% 5 5t 8] 2
104 min, GAPDH 4 56 min, 5% i j5 24 0% %5 Y 5 4]
Lh, IAFAR —$T, 4CHEIRIFF A, ik 1 h, TBST
PR 3 UK, 10 min/ K. JITA HRP AR i =i
5 1 h, TBST PLEyEA 3 ¥, 10 min/ K., H ECL &
o, fERICREMGUES ., NS HEHEH GAPDH,
H Image J 31 04T B K BE (B A0 Bre R 2777
AT FOXM1 & H AR R A .
1.3 HIEFE

YR 4> BT R FH SPSS 17.0 55+ %% 4 F1 Graph Pad
Prism 5 VEEI M. THR GRS £ FRMEZE (xxs)
FOR, ZHWEHTIT2E500T, P LR SNK—q kg,
AH A 3 B A Spearman 5, P <0.05 2% 5 A Gi it 2%

2 #HR
21 HHMNRIETER

BRI s, T AR BALB/e /NEUR WLBET ;
PRI 1 dAET- 2 H 5 SRR 3, 7, 10 F1 14 d 4556
-3 H,

22 HBANMRIMALRBEEESZEWL

T AR/ ZH A A E o, BRI 1.3
7. 10 F1 14 d 5[] L Jf ) J5T R e BE 25 A A [m] e o
KR FEIL A SRR AN, Al eI, il s
PSR, BB SRR, il U [ BE I
HrhEHE 1 d EFER™E, REEHE. BT
R, PIRARIZ 1, 3, 7. 10 1 14 d filiZH 2L P~
434350 (0.11 £ 0.08 ).( 7.22 +0.34 ) (5.83 £ 0.18 ),
(418 +024). (3.79+0.12) F1 (2.80+0.09) 4F,
SRR T 2000, ZRAgqiEE X (F =8.675,
P =0.000 ), Ht— WML L SNK-q K56, AR
A () 5T 20 2L B2 P O e TR TFARAL (P <0.05),
WE 1, 2,
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235 1 vk, % . FOXMI 78 SAP/ALL /)N R ZH ZUE & ik i v 1) A48 Ak B HERE S
HERIZE 1 d
’. -
FERIZH 10 d
B 1 fHENRIHALKEYIF (HEx200)
8 1 T 23 HENMRMFEME. MAEALEBS=ME
. KETWK
. 6 = BRGNS oA — e, Iesls
?@ 4 = R BB B HA—E AR 5 A4/ NI TEr:
g — . i A EB & BRI KRE LR, 20835 250,
24 ERAGHFRE Y (P<005), #t—EWiwi 4 SNK—
Kiglr, SEFARA R, AR 1, 3. 7. 10114 d
O * Ll Ll Ll . Ll

1 2 3 4 5 6

1: FARM; 2. FAIZH 1d; 3. BIULH 3d; 4. HRIZH 7 d;
5. BEEIZH 10d; 6: B 14d, + SEFARLAILE:, P<0.05
B2 KANRMEALKREZITSLE

(x=+s)

Mk SENRMETEHE. MELREBEMAKETN

MTETER . 220 EB & 0 K i AN R B T i
(P<0.05), HAEHG 1 d il i iesng . g2 BB
TR KRR (P<0.05), B ARKIFEE (P<0.05),
AERE 14 dRTERRE IER (P<0.05), LK.

(n=5, x+s)

e FARA 1314.38 + 186.51
FEAIZ 1 d 19894.21 + 3254.13'
HEARIZH 3 d 1231621 £ 1196.67'
HRARIZH 7 d 7879.98 + 683.53"
ORI 10 d 5932.25 +316.39'

FERIZ] 14 d 4516.13 £211.68"
F{E

PAH

11.432
0.000

0.09 +0.01 60.52 £2.11
421+0.46 81.36 + 1.53"
3.65+0.21" 75.49 £ 1.37"
2.87£0.13 68.28 + 1.46
1.54 +0.09' 65.77 +0.86'
1.21 +0.07° 63.05 £ 0.61"
3.237 2221
0.001 0.003

T T SERFARAE, P<0.05

2.4 &4H/IR FOXM1 mRNA Rik/KFE
&% F A 241 FOXM1 mRNA H # — & & 1 £
ik (1.00£0.09), # M 44 1.3, 7. 10 fl 14d

FOXM1 mRNA A X} 3 ik & 43 5 & (0.60 £0.082 ),
(1.24+0.11). (2.70+0.18), (2.01+0.19) HI
(1.13+0.13), KPR EF 2500, ZRAGIFE X
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THEBURE R

528 4%

(F=10.173, P=0.001), if—EPM L SNK—q K
5, SETFARA R, BRI 1 d ) FOXMI mRNA %
KT (P<0.05); SERFARLILE, BRI 3 d H ik
FOXM1 mRNA FHXJFiE%8r B (P <0.05), 557 K
KFE (P <0.05), 10dBFFHRE (P <0.05), 14d
Ao A [ B Al K- (P >0.05), WA 3.

3 - il
T
T
Z 2
[
E T
=
>51
=7 i
e
0 L) | T L) | T
1 2 3 4 5 6

1: TR 2. BRI 1 d; 3. B4 3 d; 4. BEHI4] 7 d;
5. BRIZE 10d; 6: B 14d, + SIRTARLALE, P<0.05
3 &R FOXM1 mRNA FRikKFELbE:

(n=5, xxs)

2.5 &H/MNR FOXM1 EARIEKTE
fix FARHAFOXMI EHHE A — & &1 KA
(030+0.02), #HIZH 1, 3, 7. 10 Fl 14 d FOXM1 %&
1 AH X 2 1k 1450 (018 £0.01), (0.42+0.05),
(0.89+0.03), (0.61+0.07) F1 (031+0.04), £
R E 200, ZR A% E L (F=8542,
P =0.003 ), it — 2 W HL A 28 SNK—q K5 55, 5
FARA &, BAALE 1K FOXMI & H ik T
(P<0.05); SEFARMALE, 3dI FOXM1 & H %
KTFRZHET ER (P <0.05), 7dBfikElE (P <0.05),
10 d IFFERIR A (P <0.05), 14 d B3 [ 2] 37l 7k
(P >0.05), Fik A S FOXMT mRNA AL, VLIl 4.
2.6 KAE/NR FOXM1 EH 5 HRHIME R B4R
XM

K H Spearman 4§ 2% AH 5C ¥ 43 #7 14 J7 ¥ o B
SAP/ALIL /)y FRURE A9 &2 i) J5 AN [m] B 8] £ FOXM1 25 [
FE 5 M B AN (2T EB &) A E
KR, RER, BHE1d, WEEAME (r=
-0.859, P =0.008); & iil)5 3 F17d, Wi#Z MM
(r=—0.984 F1 —0.924, P =0.001 F10.003 ) ; & #lJ5 10
A4 d, PEEIEMR (r=0.871 F10.862, P =0.002
F10.006 ).,

i

0.8 4 o .
i f
K e d
R 0.6 "
=
>
Z 04 A
e

02 ILI

00 L - T L T T

1 2 3 4 5 6
B

A: FOXMI. GAPDH #E F1#3%; B: FOXMI 2K 12535 KF Hb#k
L TR 2. BB d; 3. BRIZLI3d; 40 BIRIALT d;
5. KERIZH 10 d; 6. KETIZH 14 d. + SIRTRULILE, P<0.05

4  LHEINE FOXM1 EEFRIEHTK
it
BT R R i S-S SAP/ALL /BB, 2 B1
S i J A5 I B) AU IV DE R Ty, 2 SO B 25 A
AR, TESS 1 RIS, SRS BEE I TR) B HERS 1T AN KT
VR, IR A A A R A 2 2 K AR AR
AP RSB ARL, 2R SAP If & ALL G
IBZHER H B AEAE—E 1 R BE S RE Ty, Bl 5
B BB S I8 52 AT BETE P HOCHE M B R, 7E
PME R R D R BHZHZ FOXMT mRNA FR55 HA B
B AS R, EHIEHE 1 RFATM, b5 2
LI, 57 Kakmg, BEZEIKE, 55 14 REEA
A 2| FEA 7KF 5 Western blotting £:i0] FOXM1 £5 FH 7K
WAL ZEAE, Ji4h, X FOXMI 8 H&k
5 I B A TR DG PR A AT, 4R R TE AT ZH
LB E R, ZHE 1A, PR RAAHE ; R
JE 3T d, MEREAAE ; ZHE 10 14 d, &R
IEARDG, EW] FOXM1 A fiE2: 5 SAP/ALL i A b it =il
RCERE LIRS L=

it A= IS5 30 3 P 14 2 ALL % AR O 0 R 1) 2
PERFIR F O LR A AR SR, SAP/ALL LAY ()5 3
AR MM AE N R s, SR E RS, AL
i1 L5115\ O S Y W N O 1 o3 W (=97
WD REZEELAE SAP/ALL &AL Pl VR, MU s

3
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Ik, AF . FOXM1 7€ SAP/ALL /)RR SUE & ol A rp i A8 Ak S S

BIE 2R IR, KO IAE AR, ™
FfAKM, #E— HE RS RRER P Rk, Tk
AU 2] TE AL R D REZEEL A 25V E FH 40
XF FREAR SAP/ALL S i A FE A HAT B2 (4 75 5L

FOXM1 J& Fox KiEHE Sk H 12—, 540 E
BUIDC, AeRrSrERFs THIGEIAANM T, WifE4n
WA ARSI ™ PRl R SOk, AR
FLIR I S MR b, FOXMI 23k 0 [H]
BHARFSY 220, 8 siRNA T4 0975 2306 FOXMI1
W 5, BESSRE LR 45147 5 A IR A8 P B 20 s s
B 819 &, WANG % " 1F 58 & L, 7F Rosa26-
FOXM1 FEFEP /N USRI B EEE] FOXMI &
FENLCT AN, AT R I, 274G DL Bt
FEER, EHWEW, EIEREN T, FOXM1 BEn] fe ik
HREIGTE, (0 — e R AR SR HL R R4
B, LIBiIE FOXM1 W5 LR, (R0 55 s, fie
LU PUEAS , FOXMI AT BB SAP/ALL J& fi L% P9 K2
SR TE AT RELERF I OCHE o MIERhZ R, A
F 5% 1 33 qRT-PCR Fl Western blotting £ {il] SAP/ALI
/BRI 346 B 3 B P FOXM1 mRNA Fi4E (192635
NI, RIAE I OME Z i f2h, FOXM1 3=
IR, FE— Y EN R S 4
BEYERA MM, /K& ke, t—
A FOXMI1 ££ SAP/ALL fifi 45116 &2 1t A5 vh % ¥4
SRR, RTRE LA R A S R it 4 P Bz 20 A
FEARAEZ B A 5 Bl , AR 2 T B S UL

M FAEBGIES 1 XN, FOXM1 EikKF-5
i < o0 o 1 P AN — B SR o R A, W RERTE
SRR AR DG R A 0 & A R v P AR R
FTHFERERE, WABGRE SRS, s
BB IR , FOXMI FEiA sk S 4513 K 2% rm il ,
PN R A & AR R AR R T R, (BRI LS A
Rt Hioe .

AWFRBAFAE— LN, W05 RSN AT
27 41 Y 72 1 N ) A e 1
DL RE AN A , IR A HE— 2 X 4 FOXM
FERTARMAE P B M P 2RI 0, INTE A S e o
XU ) 5125 AR A1 35 5 i i o A5 PN B2 4 R ASE UL SAPY
ALL TSI SRR A R S A B T &
2, ARWFFRWIEERT SAP/ALL 18 5 i # b FOXMI ()

Tk, GEHR I, FOXMI1 T RELE/EE SAP/ALI fii
SAMLGF BB R R R SR, 2R
S ARHEL A R A (T A T AL SR B S AR
T B IR BRI ST R B

S % 3 #k:
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