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Correlation between the expression of G—protein alpha subunit and
cytoskeletal alterations in alveolar epithelial cells after blast—-induced
lung injury in mice
Zhou Ci,Zou Jie,Deng Mengsheng,Guo Ling,Yang Guangming ,Wang Jianmin
(Department 6, Research Institute of Field Surgery , Daping Hospital ,Army Medical University )
[ Abstract] Objective : To investigate the time—effect and dose—effect relationships between the change in the expression of G—protein
alpha subunit (GNAS) and cytoskeletal alterations in alveolar epithelial cells after blast—induced lung injury with different severities
and durations. Methods : A total of 94 male C57BL/6 mice, aged 8—10 weeks, were randomly divided into two groups and were placed
at 5.4 m and 5.7 m from the blast epicenter, respectively. After injury induction, 24 mice were randomly selected from the 5.7 m group
and were divided into 6-hour, 12—hour, 24-hour, and 48-hour post-injury subgroups. Another 9 mice from the 5.7 m group and 9 mice
from the 5.4 m group were assessed at 24 hours after injury, and according to the Pathologic Severity Scale of Lung Blast Injury score,
they were divided into mild, moderate, and severe injury groups. The remaining mice were observed for 48—hour survival. HE staining
was used to observe lung tissue injury ; ELISA was used to measure the levels of inflammatory cytokines in lung tissue ; Western blotting
was used to measure the expression levels of GNAS, cytoskeletal components, and junctional proteins in lung tissue. Results : Histologi-

cal examination revealed alveolar structural disruption and fusion,
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intra—alveolar hemorrhage and edema, and inflammatory cell infil-
tration in mice with blast—induced injury in each group under a

light microscope. Compared with the control group, the groups with

in the levels of the inflammatory cytokines interleukin—1f, interleu-

kin—6, and tumor necrosis factor—a (P<0.05). Compared with the
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control group, the groups with different severities and durations of injury had a gradual reduction in the protein expression level of

GNAS(P<0.05) , and the groups with different severities had gradual reductions in cytoskeletal proteins (—actin, B —tubulin) , junc-

tional proteins (E-cadherin,Z0-1) , and focal adhesion kinase(FAK) (P<0.05) , while the groups with different durations had slight in-

creases in B-actin, B—tubulin, ZO-1, and FAK at 6 hours, followed by gradual reductions (P<0.05) , as well as a gradual reduction in

E-cadherin over time (P<0.05). Conclusion : Blast-induced lung injury in mice triggers a robust inflammatory storm, which subse-

quently suppresses the expression of GNAS and induces structural disruption of the alveolar epithelial cytoskeleton—junction complex,

and there might be a potential positive correlation between these two phenomena.
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(45149 AT BE R ) % GNAS [ 235 5 58 0, B B
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IL-6) Fl 88 TR AL A F-—a (tumor necrosis factor—alpha, TNF-

o) 5 it EBR 0 93 W BRI %2 (enzyme—linked immunosorbent as-
say, ELISA ) iR &0 B F 2 Wi 00 T A W AR A BRA 7] (5%
4 1 LV30300. LV30325) ; — ¥ Bk H B8 (bicinchoninic acid,
BCA) & H A& ML &8 | 3 = R (55 : P0010) ; — ¥t
GNAS . B-HLzh % H (beta—actin, B-actin) . %l & 54 i (focal
adhesion kinase, FAK) | " )7 ~#5 % 7 11 (epithelial cadherin,
E-cadherin) , H il -3 i 1 & (glyceraldehyde—3—phos-
phate dehydrogenase, GAPDH) ¥l F i = J& A=Y H AR A
B2 ®] (52 5 . 10150-2-AP, 20536-1-AP, 66258-1-1g.
20874-1-AP.60004-1-lg) , B—1# % & 1 (beta—tubulin, B—tu-
bulin) . A4 /Nifr 25 £ —1 (zonula occludens—1,Z0-1) ¥ H
RIUE M2 e AE YRR PR H] (5845 : AC021 . A25306) .
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1.3.4 A5G Bl i (western blotting , WB ) K6l fili 211 41
HEEARE S AN RGBS SIS RREUEE
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TN 5 % i 35E B R 9K (sodium dodecyl sulfate—polyacrylamide
gel electrophoresis, SDS-PAGE) J&5 , 4 73 2§ 8 1 5% 2= R fw —
8. £ % (polyvinylidene fluoride membrane, PVDF) |-, 5% it
fig 4 5 4 P 2 h J5 , B R 28 W (Tris—buffered saline with
tween—20, TBST) P /% 3 ¥, A GNAS(1:2 500) \B-actin(1:
5 000) .B—tubulin (1:5 000) ,FAK(1:1000) .Z20-1(1:
1 000) \E-cadherin(1:2 500)—#t,4 ‘CHFH i B, TBST P
3R, A B i 52 Ak 9 B (horseradish peroxidase , HRP) 5
LA HL(1:5000) , ZEHBFF 1 h, TBST PR 3 U, 35k 2
%61 (enhanced chemiluminescence, ECL) 52 W 52 . Bt
B2 1A% 2 GE IR AR, Image] FXAFIH3 KL (E, LA GAPDH 9 A
Z: HHE HIE AR R A
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K H Kruskal-Wallis 3 , 28 [8] %5 95 FL 88 2R H Dunn 35 0 6 50
K HE «=0.05,
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2] SR R IR e BEHOIR H o 5 et v R A R IR Sk A
BEHOR BN FbR L, 9 LA R il 2 T A v L A AR
R ; b o 3 B 20 RO RIE M R bR R I, A A 2 1
TR, P 0 35 R K ik, il 405 97 43 25 e e T 22 0 X
(H=19.660,P<0.001) (K 3A, 3 1), AN [l 473 Hk i) il A it
TR Ml I 0 A Ao 8 BB R B AN R, 2 24 b ik vy 0, il
I K TR AR R A, 48 b il I AR I T B (1 3B) .

®1 FERGEEMARBRGITED (M, (P,g, P,5);n=6]

25 Jilr 21 ZLAR A5 0T 53 HiE Py
X HEZH 0.00(0.00,0.00)
iR 1.00(1.00,2.00)
19.660 <0.001
A 2.50(2.00,3.00)"
whili R 3.50(3.00,4.00)®
1 ca, SN HRLL LLHR , P<0.05 b, 5 ol 2 BE 4 L &%, P<0.05
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oh H RN BRI ZH P 1L-1B  IL—-6 Fll TNF—o & 24 B
Thin, ZRA G X (F=85.390, F=28.840, F=16.360, %%
P<0.001) (32 2) 5 7 [ 452 493 s ) il oo 05 ZH R AE K F- . 5
XFRRLHAH L, whidi 6 h 12 h 24 h #1148 h 2/ BUigH 2P 1L~
1B IL-6 FI TNF-o [ & f ¥ B 8, 2 R A A2
(F=73.690, F=68.580, F=112.200, 14 P<0.001)($3) ., &=~
AN 7] 453 493 A8 B R[] fii 28 038 R o A i A A PR F

25 ARREAREMY FGECNASFom i R-5HE Gk

AN TR A5 R 2 /N BRI o5 475 4L 20 W B G I 45 1 4k s i
FE W5 INE CNAS 8 [ R KB Wi FE AR (F=14.900, P<0.001) ,
il EE 2 GNAS 2R AR F kS IR0 IR, e
i B 2 GNASAIR T ol 2 A 5 5 0 R AL L 0 s
B —actin ., B —tubulin 38 ik Fifi 7 1 475 & S 14 28 7 e AIK (F=
5.792, F=11.510, P<0.05) , #fifi v 5 4 B-actin fI§ T X
WAL A wp s R BE AL, whidy 5 40 B—tubulin 25 F1AI XT3 1k B
BT AL Rt 4 L R BE A 5 FAK 3 308 It 25 6% 40 i 2 3% ¥4
B (F=29.530, P<0.001) , it o J 20 4K F X6 B 4L R o o

BB A 70— 1 FRIk B A 4505 0 B S i R A (F=4.855, P=
0.003) , ks B 201K T X HE 21 R b o 546 B 401 5 E-cadherin
& 3K il 25 451 40 Jn 5 9 AR (F=2.958, P=0.037) , i P
EWME&%W@E IRl B RS R AR B Al o 405 G R
P 5 S A2 () A6 iz 200 6 240 R 3 (4 e SR Bt o
T R (% 4, 185)

GNAS -- B 461Da
B-actin ! 42 kDa
B-tubulin | . 5 ),
FAK =y og o & | [10kDa
E—cadherin | #— s s s | 120 kDa
GAPDH A ———— 37 kDa
%@ & %&
<§ &

E5 AE#HRGREERMBEG GNAS RAMER-EEEBKTF

®2 ARBGREEMAEHEAKEERFEEEN (n=6,xx5)

415 IL-1B(pg/mL) IL-6(pg/mL) TNF-a(pg/mL)
Xt HE 2 83.21 + 8.66 64.07 + 6.05 111.40 = 10.83
it R A2 132.00 + 11.08* 97.01 + 13.79* 181.50 + 35.86*
hti i B2 149.40 + 12.53% 101.90 + 8.10° 203.70 + 31.48"
whili 8 EEH 119.40 + 4.90™" 97.67 + 11.81° 169.20 + 38.54™
FA4 85.390 28.840 16.360
PAH <0.001 <0.001 <0.001

T a, XL AL, P<0.05 b, 5 ppili AR BEAH LR, P<0.05 5 ¢, S ipii 2

L EL A, P<0.05

®3 ARBGHEMSEHARRERTEETH (n=6,x=5)

215 IL-1B(pg/mL) IL-6(pg/mL) TNF-a(pg/mlL)
X} A 2] 90.38 +7.72 63.37 +5.67 115.90 + 5.95
w6 hdl 159.30 + 9.48" 93.85 + 3.00° 218.60 + 13.17°
Wi 12 hel 166.20 + 5.34° 93.80 + 7.73° 208.50 + 6.40°
w24 hel 173.50 = 11.09" 106.50 + 5.87" 222.30 + 6.53"
s 48 h4l 148.20 + 13.51* 110.70 + 5.93*" 198.80 + 15.57*™
F1Y 73.690 68.580 112.200
PAi <0.001 <0.001 <0.001

T ra, SAHBYL HLEL, P<0.05:b, 5 vl 6 h4H HL#R, P<0.055¢, 5 ihifi 12 h 4] A, P<0.055d, 5 i 24 h 41 He#, P<0.05

*4 FRABGRRERMD T GNAS RAMB R EEEQEMREKTE (n=6,x £5)

2057 GNAS B-actin B-tubulin FAK 70-1 E-cadherin
X EZH 1.02 +0.23 1.13£0.16 0.97 +0.21 0.92+0.17 0.65 +0.27 0.99 +0.18
s el 0.88 + 0.32" 1.09 +0.25 0.96 = 0.15 0.86 +0.19 0.61 +0.27 0.90 +0.18
whifi bR 0.70 £ 0.17* 0.98 +0.19" 0.88 +0.15" 0.81£0.17 0.52+0.21 0.83 + 0.24"
ey B 2 0.62 + 0.34™ 0.96 + 0.24" 0.73 +0.21™ 0.48 + 022" 0.41 +0.25" 0.80 + 0.30"
F1y 14.900 5.792 11.510 29.530 4.855 2.958
PH <0.001 0.001 <0.001 <0.001 0.003 0.037

e ca, SXTHRAL LAE, P<0.05;b, Sl iR B2 L AE, P<0.05 ¢, 5 s o &

A L, P<0.05
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AN [R50 BF ) /0 BRI b 495 2 21 WB A6 45 21 Wik i
# I} ) 4E K GNAS 25 [ % 15 % #i FAIK (F=5.340, P=0.001) ,
& vhit 12 h 41 GNAS & H AR G 321k i (IGF X f AL, njr s
24 h FI148 h ALK T-X FR AL A oh i 6 h 2 5 155 HR A AR Lo A3 f
B—actin , B—tubulin & 4 3R 5 7E 6 h B0 A Fr i, B 5 1% i
[ IK (F=7.087, F=7.893, ¥} P<0.001) , #1724 h.48 h 4 B
—actin , B—tubulin & [ FH X F& 3k & I8 F X AL M b idi 6 b
12 W& 5 5%t BEZE MR Fe 05 )5 FAK 2B 3R 1576 6 hilg A T,
Wit J5 W I I (F=7.024, P<0.001) , tiil 24 h 40 FAK k1%
T AL Al 6 h 4L SR RALAR EL 3 R Z0-1 8 A %k
16 6 h BIBE A T+ (F=8.768, P<0.001) , B J5 & W A , i
24 h F148 h#1 20-1 £BMF X B4 Mo 6 h 12 hdl; 5
X REALH He A3 E—cadherin 25 1 2682 HiFR K (F=7.536, P=
0.001) , 443 )5 thif 24 h 4 E-cadherin 25 [ A % 28 3% fH% %
MRLL AT 6 h 12 h 4, whdi 48 h 2 E-cadherin 2 FH A X 3
KRR TR R b 6 hel . FaRE5 IR RIG s iS5 G
B 55 20 i Bt 25 V) 2 A [ B it L pe 4 A48
BB IR B )N (8 5,81 6) .

GNAS --"" 46 kDa
Practin  (— ) |1
Poubulin SN S D S g | 50 <Da
MK | - —— |
f o v I
70-1 ! 250 kD.
a
GAPDH AED G G GNP @ | 37kDa
& & FH P
N N
KR X X )g;\/ P
R M

El6 A[E 45 0% B iE Bl 545 GNAS R 4R B 2R - E A K F

it

3 i
Jits it £ B B AL A% O A T s i R - 1R
FEFF 9 5L ] 0 R i % 3 o R 3 3 AR AL
B RLONE B g 22 fel i o6 o SO 2R R 4 5 ik
T BN -6 4 1A 5 B AILAMCPE H0 2L 5 Ak i £ i
— MBI 05" . AP 5 B 20 5] &4k &
AR S0, BRIV 5 B J 38 98 i B 55 48 A 1y 5
S BT AR TR R AT, S ] S B K L i
S T RERR AT o A58 R A% S, SR 1 S oA
FESUIN R AR, WSS T 40 J5 AN [RI48 00 A BE F
AN [T A453 1 Bf ) s A A4 28 25 B A% | 5 5 /0 Ui
FEEFR A LK S S A A R IR, Ho AR R
JES R BIEADC . KRR 55T Wy
UESE 40340 7™ o B S R 2 e 5 i v 45 R B IR
JEEBR NS B SR i VA G o (B4 1 R,
AT TE 24 Wik B &0, 48 h o] WARE iE 4, 7R fili
e e BA —E AR RET .
H i, B NS0T it s 0 3 BIL A I 9E 22 4R
T AONE KU UL T S TR e M A R A A 8
T [ e ARORE XU AR T o 3 %) R A R J R
T R A% O, S8 R AT R DA I 6 4 1 A5
DAL 12 4t 6L R0t 96 R 240 B 1) 5 W D) e, 3 1 4 3
EVE, SECRE S & 8 E BRI E A ()
Jt o AB SR v A S/ BRI ZH 2L b IL-1B8 L 1L-6
S TNF—o 55 JCHAE 4 R 138 34 10 35 v, EL B 0
3 R B i o RN A5 B ) S A R BT, 2
24 hikUEAR , 48 h T AERR R KT o X R B RAE L
I ZE Il s s B R b R HE AR, R ZU AR
JE 55 A AU 7™ R e B AR A G, U B L

®5 ARERGEEAHEH GNAS R AMER-EEE QBN REKTF (n=6,x =)

2 5] GNAS B-actin B-tubulin FAK Z0-1 E-cadherin
Xof B2 1.25+0.31 1.11+0.25 1.06 +0.23 0.78 + 0.13 0.76 +0.22 1.04 £ 0.07
il 6 h4l 1.06 +0.33 1.18 £0.30 1.22+0.29 0.84+0.11 0.88 +0.37 1.00 +0.12
iy 12 h 4l 0.98 +0.19° 1.04 0.25 1.03 +0.25 0.70 = 0.23 0.70 £ 0.18 0.90 +0.20
24 hdl 0.76 +0.23" 0.77 + 0.22™ 0.68 + 0.07* 0.58 +0.19* 0.44 +0.18™ 0.72 +0.02*
i 48 hal 0.74 +0.32* 0.74 +0.19"* 0.65 + 0.23* 0.52 +0.21* 0.48 + 0.25" 0.73+0.17*
FAY 5.340 7.087 7.893 7.024 8.768 7.536
P{E 0.001 <0.001 <0.001 <0.001 <0.001 0.001

T ra, GXTHBALLER, P<0.05;b, Sopdi BB A L, P<0.05;c, 5 apdi B4 HL R, P<0.05
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JE JRE B X fili ot 0 4 A o TR SGBEAE

GNASAEN G 8 A 5 B A AZ 0 il 5
AT 4 B 3fil] 3% M G & H (stimulatory G protein alpha
subunit, Gsoo) 1Y o 7, TG R 1 R 20 Ak Tl A= 1056
A7 Al A B TR IR (eyclic adenosine monophos-
phate, cAMP) , cAMP RJJTE B U800 PR 1035 285
M A (protein kinase A, PKA) 32 #e25 [ (exchange
protein activated by cAMP, EPAC) DA & P8R ¥ 4 R
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