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RACK1 8% LPS UK R ML Py 52 40 i 453 5 B AL 7 5T
B, RAINE, UEE
CRABEE RS2 — I Ji B2 Bt P 5 e FERE R 228}, A AE 230022)
HE Be NG ERAMEECZE 1 (RACKD) XAEZHE (LPS) % S K R iy
KA (RPMVEC) BksThgeifiizs XL 5 & ME T (SHH) 55 @I EEH . 7% &
4 K5 FFRPMVEC, ¥$RPMVECKE #lL4r v:  si-NC# . si-NC+LPS# . si-RACK1 4 . si-
RACKI+LPSZ . si-RACKI1+LPS+Vismodegib4l #1Vismodegib+SAGZl ; /) + #RNA
(siRNA) HARPTEARPMVECIHIRACKL, J£45 FLPS (10 mg/L) . SHH{E 5 i % 1 il 571
(Vismodegib) (20 umol/L) FISHH{E F i@z (SAG) (1 pmol/L) ¥4, T
LR IG, B FOCIERMRPMVECHRACKT K/Ngs 8 H (caveolin-1) #FiA; Transwell
RTINS N R AR BE (TEER) ;S BRI 50 A6 W - HRACK L i o3 988 AH G B 1] )
JREEA 1 (Gli-1) Flcaveolin-1 HHRIBKF. LR VIERACKI AI{fLPSE FRPMVECH)
TEER{EF+ = (P<0.05) , caveolin-1 FIAFEK ( P<0.05) , Gli-1 KikFtE (P<0.05) ; #ll
HISHH{E 5 3 % 7] 00 £ JTERRACK ] FTEILPS % S RPMVECH! & I TEERMH (P<0.05) , H.
RACKI. caveolin-1 Fi&ThE (P<0.05) ; HUESHHAE Tl i W JIERRACK ] BT 3LPS
SRPMVECHITEER{E T (P<0.05) , HRACKI. caveolin-1 £IAFFEK (P<0.05) . &5if
RACK1Z 5LPSERPMVECHHIZE T &, HAEH AT g i 4% SHHAE 5 il % H caveolin-1 ¢
/8
KR FEAMEAEE C 24 1, EREETESER. GO A R, EiE k.
caveolin-1
FESTES R563.8
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The mechanism of RACK1 regulating LPS-induced functional damage of rat
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Abstract Objective To investigate the effect of receptor of activated protein kinase C 1 (RACKI)
on lipopolysaccharide (LPS)-induced barrier function in rat pulmonary microvascular endothelial
cells (RPMVEC) and its interplay with the Sonic hedgehog (SHH) signaling pathway. Methods
RPMVEC were cultured in vitro and randomly divided into si-NC, si-NC+LPS, si-RACK1, si-
RACKI+LPS, si-RACKI1+LPS+Vismodegib and Vismodegib+SAG groups. The RACKI1 of
RPMVEC was silenced by small interfering RNA (siRNA) technology and the cells were treated
with LPS(10 mg/L), SHH signaling pathway inhibitor (Vismodegib) (20 pumol/L) and SHH
signaling pathway agonist (SAG) (1 pmol/L). Following the intervention, the expressions of
RACKI1 and caveolin-1 in RPMVEC were detected by immunofluorescence, while the
transendothelial electrical resistance (TEER) was evaluated using the method of Transwell, and the
expression levels of RACK1, glioma-associated oncogene homolog 1 (Gli-1) and caveolin-1 were
detected by Western blot. Results Silencing RACKI1 significantly increased the TEER value of
RPMVEC induced by LPS (P<0.05). The expression of caveolin-1 decreased (P<0.05), and the
expression of Gli-1 increased (P<0.05). Inhibiting the SHH signaling pathway could reverse the
increased TEER value of LPS-induced RPMVEC caused by silencing RACK1 (P<0.05), and the
expressions of RACK1 and caveolin-1 increased (P<0.05). Activation of the SHH signaling
pathway increased the TEER value of LPS-induced RPMVEC caused by silencing RACK1
(P<0.05), and the expressions of RACK1 and caveolin-1 decreased (P<0.05). Conclusion RACK1
plays a role in LPS-induced hyperpermeability of RPMVEC, and its effect may be achieved by
modulating the SHH signaling pathway and caveolin-1.
Key words receptor of activated protein kinase C 1; sonic hedgehog signaling pathway; pulmonary
microvascular endothelial cells; permeability; caveolin-1
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Thie, BSEUREMRERIPIR 0 S ORI, S0 & A EECZ /4 1 (receptor of
activated C kinase 1, RACK1) J& A [FlS A2 A S 20 8 1, K B 1 Ig 36 B AR R AL
M MBS IRME S i@ 2 A RS, EE T (sonic hedgehog, SHH) 155 i@ % & —Ff
BRI A S SHLHIY, S SAMEGTE . MMOMHSEE ST, 52 F5RmE 1
RAREEYIAKE, fmrs PR R, RACK] AlE82 50828 (lipopolysaccharide, LPS)
1545 K BRI P B2 400 (rat pulmonary microvascular endothelial cells, RPMVEC) it %,
HSHH/E 5 i@ @i N MRACK] ik B IRFLPSHMRPMVEC % B, H A 7t MR /R 7E
ARDSAJRIERES, SHHIE Tl A A RBAEM . Bk, 20 AR RACKT 22 511
LPS#{iRPMVECHE B Ll it Je Ho 5 SHHAE Sl it 2 (A 9% &, NARDSHIIGRYT SIS A5 1
i

1 MRS FE

1.1 #P8F  SPFZSDEEMERE, 6~8 W&, &L 120 g, WHILTKAEEMHARK MG A
RAF[AMIES: SCXK (i) 2020-0001], 7£ 22°C~26C, 50%~60%E &G N,
YOKIER, HHEE. DMEME; A (EEGibcoA T, 5 : C11995500BT) . 4 ik
(REFRAEDMBEARGARAR, 75 KY-01004) . FLoEEEKEHF (GDAPD  (Jbx
BiosharpFHE AR AR, $75: BL739A) . RACKI #iifEdHifk (HEEAbcamA#, 175
ab62735) . caveolin-1 M it R AH G L R [FIJR A (1 1 (glioma-associated oncogene homolog
1, Gli-1) BrEyiE (LigEAbmart’EWELHR AR, 75 PA5382S. PC23173S)
BT F AR AR IC £ T SR 1gG (LR 2SN AEME ARG IR AR, $'5: ZB-2301) .
SHH{ 5 i I 5 57 M #7111l 771 Vismodegib & SHHAE 5 18 % 45 7 M 877 (smoothened agonist,
SAG) (LI RSparkJade:= #) £ R R A &, # 5 : SI-MX0136. SJ-MX0162)
Starvio™siRNA AR f % J4 il f (LR 8 A ARAEMRHCER AR, 185 T11008) .
siRNAFF A BT i e (_E#EGenePharmatfil] 1 HE R IR A F], 525 A01001) o HRSLK
3 R B = 4 4. Millicell ERS-2 HLFHAX (25 : MERS00002) & 24 L&+
Transwell#5 72 L (fL42 0.4 pm, AR 0.33 cm?, 5 : PIHTI2R48) i H % H
Millipore’A & . WOLFARIL R A B MEE (fEE Carl ZeissA 7], 5. LSM-880)

1.2 7%

1.2.1 RPMVEC/HH KALFE  SHASEI = @ 17 K 52 Gt . BUSPFZSDK
BIIINE, 4R 455 FERPMVEC, B2 25 3 QT35 . HRPMVECKEHL 7 A«

MOCKZ (FAXMA) | si-NCAH (FAMETFHATIRA) « si-NCHLPSZH (3% 44si-NC/EmA



10 mg/L LPSK:3% 12 h) . si-RACK1 4 (#% %4si-RACK1) . si-RACKI+LPSZH  (#% %tsi-

RACKI1 JG A 10 mg/L LPS}7% 12 h) . si-RACKI1+ LPS + VismodegibZ (#%#4tsi-RACK1

JE IO\ 10 mg/L LPSE49% 6 h, FHIA 20 umol/L Vismodegib 7% 6 h) . si-RACKI1+ LPS +

SAG#] (3% 4tsi-RACKI JGMA 10 mg/L LPS557% 6 h, FFMMA 1 umol/L SAGH:F: 6 h) . %)

FH T8 J 855 75 16 8] 2 HRAR 52 56 =5 BR AR AF 723 4T 0. RPMVECAH i Jeid A 0 . BUEKOIR

B RIFME 3 [RRPMVECH: T 6 FLA, ik 70%~80% HEAT 55 4y, XTHEZ (si-NC4D)
HYLsi-NC, JIEBR4L (si-RACK1) #4si-RACKI1, siRNA-RACKI1 & B IR T30 41 3%

1, SRIR I AR 4% Starvio™ siRNA UL HEAT, B 4% 24 hfG AT, AREEHEIRAH B

() 3E N J5 8255

# 1 RACKI1 siRNAF31

Tab.1 RACKI siRNA sequences

Name Sequences (5°- 3”)
S: CCACUUUGUUAGCGAUGUUTT
si-RACKI1-1
AS: ACGUGACACGUUCGGAGAATT
S: CCCGAGACAAGACCAUUAATT
si-RACKI1-2
AS: AACAUCGCUAACAAAGUGGTT
S: GCCACACUGGCUAUCUGAATT
si-RACK1-3
AS: UUAAUGGUCUUGUCUCGGGTT
S: GUGUAUGGCAGGUGACUAUTT
si-RACK1-4

AS: UUCAGAUAGCCAGUGUGGCTT
S: UUCUCCGAACGUGUCACGUTT
AS: AUAGUCACCUGCCAUACACTT

Negative control

1.2.2 Transwelly%: I &% A S 40 FBE (transendothelial electrical resistance, TEER) ¥4k
Hh5r B REFRIIRPMVECTHAL f5 1% 1x10° ANem?® % FEHEFN T Transwell B2, $557 R4 )2
LB G K BRIk, T35 18 fMillicell ERS-2 HLBEAXKE I TEERAE 4k o H BELAX Hi Al B
T 70% CFFEWR AR 15 minf5 FIDMEMBS FRMP e s o SEI0 DR AP A0 il O 48— 55 77
T () Transwellif 4y 2% U0 fETH B BE Al B BHAE , THELTEER{A, TEERMEH (FA7: Qxem?) =
C P 3 200 it F LA - A FELBELAED < Transwel /N ZE RN (0.33 em?®)

1.2.3 GBEENAHRE (Western blot, WB) -4 41 4 ¥R 58 il S AR XA LA BR 1 {37 10%
SDS-PAGERE, HLVK /Y 546 (& 450 5, 1H L ZPVDFIK &, T8 & (s B b i 1]

1.5h. 4°CiE it (£ 16h) , RACKI (1:1000) . B-actin (1:2000) . Caveolin-



1 (1:1 000) + Gli-1 (1:800) - TBSTEEfE 10 min, FEE 3 K. MMABRITAYIEEFRICH)
FPilgG (1:10 000) =FIEFFH 1 ho TBSTHEME 10 min, HE 3 K. ECLEHUREERIE
IR . {3 Image AR 5% HEAT IR FEE 0T o B (1 RIB /K P=TR [ 2K AR 0] B S K &
fl.

124 HRERGHEE  KEHET 12 FURIE, HFanMa A 13104 AN/mL, #7404
KEGEHEE, FEHIF Tl 4%2 BHREEZ . WIEEER, PBSHE3 R, AKX 5min.
0.1% Triton-X100 EHEIEFEMM. I 1 mLBSAERE A 1 he WFH AR, PBSEHE 3 K,
K 5 min, JIARACKI (101100) . caveolin-1 (101100) —¥t 4 °Cit#i. WF—4i, PBS
e 3 K, FHX 5 min. JIAAlexa Fluorbrid (15806 =5t (102000 , &G, =IREE 1 h.
PBS¥E 3 ¥, FHR Smin. WFIHIGHKE ] (FDAPD T#3r I, BUHIC T H#K
R, SRR NI, 5 Imagel AT 2 GTRIE b FEXE 2 3 i =% 41 °F
358 S B /0 R ZH S35 e e B

1.2.5 Giit 5403 N GraphPad Prism 9.0 BTS20 FF & IESS AR ER
BICCF b2 (X +5) For, PR BCEBCR MO BEARAG 3, 2 BCR ) R &
Ji T, G PN LR Tukey R 56 P<0.05 N ZE 74 Giit2 5 o

2 R

2.1 JTERRACKI1 ] RPMVECHR g3 sittl ZHRACK1 FIE7KT-Hisi-NCH &% T b

(Pruey<0.05) , [, EFesi#l AT a8, W 1.

B 1 F4HARPMVECHRACK]I EHFRZXHEE (n=5)

Fig.1 Comparison of RACKI1 protein expression in RPMVEC in each group (n =5)

A: The expression of RACK1 was detected by WB in RPMVEC; B: Relative protein expression of



RACKI; "P<0.05 vs si-NC group.

2.2 HERMEERMRACKL FERPMVECH K IX KRACKI1 Scaveolin-1 RIEAL  JLERAR
TBE T %23, RPMVECHRACK] 1ER WA 4341, caveolin-1 75 4H i JIE 1240 i 5 43
fi. MI#si-NC4L, si-NC+LPSZIRACK 1 Flcaveolin-1 AHXf 7 Y68 5 (3 Prukey<0.05) ;
HH #si-NCHLPS4H , si-RACKI+LPSZHRACKI Flcaveolin-1 A Xf %% J¢ 5 B & 1K ( ¥

Pruey<0.05) o WLE 2. $#Z/RRACKI Wil it i caveolin-1 2 5LPSERPMVECH {5 F2 .

& 2 RACK1 #ERPMVECHF A KRACKI Hcaveolin-1 FIEHPL (n=3)

Fig.2 Expression of RACKI1 and localization of RACK1 and caveolin-1 in RPMVEC (n = 3)



A: Immunofluorescence staining images of RACK1 and caveolin-1 in RPMVEC from each group

(x100); B: Relative fluorescence intensity of RACKI; C: Relative fluorescence intensity of

caveolin-1; “P<0.05 vs si-NC group; *P<0.05 vs si-NC + LPS group; ¥P<0.05 vs si-RACK1 group.

2.3 YIBRRACKI1 XLPSHEFHRPMVECEB MMM MHsi-NC4L (53.863+2.035) ,

si-NC+LPSHTEER{H (31.570+3.597) [ {% (Pruey<0.05) : #H #si-NC+LPSAH , si-

RACKI+LPSZHTEER{H (44.843+1.452) Fti (Pruey<0.05) . ULK| 3. TEER{H 54017
%

2 AR, FRVIERRACK] 7] FFKLPS%E S IRPMVEC mili#E M .

& 3 VIERRACKI1 SLPSHEF HRPMVECIEZE KM (n=3)
Fig.3 The effects of silencing RACK1 on the permeability of RPMVEC induced by LPS (n=
3)
*P<0.05 vs si-NC group; “P<0.05 vs si-NC+LPS group; ¥P<0.05 vs si-RACK1 group.
2.4 PIBRRACKI1 XLPS#E-SFRPMVEC®Rikcaveolin-1. Gli-1 FI&M  AHESI-NCAH, si-
NC+LPS#Hcaveolin-1 FIiE/KFTHE (P<0.05) , Gli-1 RIEKFBEK (Pruey<0.05) ; A%
si-NC+LPSH, si-RACKI1+LPS#caveolin-1 FiE7KFFEL (Pruey<0.05) , Gli-1 RIE/KF-F+

B (P<0.05) o« WA 4. $RRACKI A SHHYE 518 % 2 5LPSERPMVECHE % 4 T

i



&l 4 JIBARACK1 M LPSHEFRPMVECH & caveolin-1. Gli-1 IR (n=5)
Fig.4 The effects of silencing RACK1 on the expressions of caveolin-1 and Gli-1 in
RPMVEC induced by LPS (n =5)

A: The expressions of RACKI, caveolin-1 and Gli-1 were detected by WB in RPMVEC in each
group; B: Relative protein expression of RACKI1; C: Relative protein expression of caveolin-1; D:
Relative protein expression of Gli-1; “P<0.05 vs si-NC group; *P<0.05 vs si-NC+LPS group;
&p<0.05 vs si-RACKI group.

2.5 SHHA5 5 EES 5 RPMVECEEMRIA T %L si-RACKI+LPS 4 (47.813£2.044) ,

si-RACK1+LPS+Vismodegib 41 TEER 4 (38.023£1.975) P& it (Pruey<0.05) : si-



RACKI1+LPS+SAG 2 TEER ff (52.800+1.552) F+#& (Prukey<0.05) o W& 5. #&/ SHH {5

S A e 2 5 RPMVEC EiZ& i 15 .

& 5 SHH{S SiE%S 5SRPMVECEZEME Y (n=3)
Fig.5 The SHH signaling pathway was involved in the regulation of RPMVEC permeability
(n=3)
*P<0.05 vs si-NC+LPS group; *P<0.05 vs si-RACK1+LPS group.
2.6 SHHfE S@EEiT A RACKI FIRLPSHE SRPMVECH caveolin-1 ik i %isi-
RACKI+LPSZ , si-RACKI+LPS+VismodegibZ4IRACK1 Ficaveolin-1 & & K FFF & (¥
PTukey<0.05) , si-RACKI+LPS+SAGZIRACKI Flcaveolin-1 FIEAK FREME (3 Pruey<0.05) o

LK 6. $#ExSHH/E 538 % 0] feim it I RACK] Flcaveolin-1 FiA P TIRPMVECIHEIE 4 .



& 6 SHH{E 5B #iE i i RACK] FIRLPSHE S RPMVECH caveolin-1 Rix (n=4)
Fig.6 The SHH signaling pathway disrupted the expression of caveolin-1 in LPS-induced
RPMVEC by modulating RACK1 (n = 4)

A: The expressions of RACK1, caveolin-1 and caveolin-1 were detected by WB in RPMVEC in
each group; B: Relative protein expression of RACK1; C: Relative protein expression of caveolin-
1; D: Relative protein expression of Gli-1; "P<0.05 vs si-NC+LPS group; *P<0.05 vs si-

RACKI1+LPS group.
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A oL 30 3 A 1 A ARDS R 1 DG B PR 1T I . 8 M0 2 R S Rt R, il it 5 P
R A PR L 7 A P 98 3R DR R S A o S s e S A P, LA T A U
WFETEG N, FEER AU, B2 REUN, X MRERAE . B0 S B E
FIARDS 1 3= T2 FLAFAEDL,

RACKI &K/ 36 kDa B {R~7 [ B ER- R I TAZR 40 (WD40) HEJFFII1 3 48
EH, 5GEAMBILIE (GR) FEEFHFENME, AA-LrplgiEkaiiylel, HAWD40 =L
JPAIRERS IR 5 2 RS S FHE AR, BB TEAS S, [FRACKI REWS RS K H & Fh
S IEEEIAN, TEARMOIGTE . B AN EE 1 0 A A 4 0 3 DA S & Rl 2 TT D e U7
TR A AR E R, 2 R iAS], RACKI ALt 5 2 FEFC (protein kinase C,
PKC) . %GR M (mitogen-activated protein kinase, MAPK) . c-Junga i A b
B (c-Jun N-terminalkinase, JNK) %58 H 45 & SEUAHC(E Sl g 4%, 1 LR (E 5l
5 ARDS K IR # PN LM, BEAERT £ MIPIRACK] A 82 5 MIFLPSE 5 (IRPMVECT) i
BRAST. AHTFUAIITERRACK] FIELPS T FURPMVEC miliE M 4%,  $27"RACKI1 7ELPS
BRPMVECH A% 1 2 v 7] B R AEH -

caveolin-1 fENYIIE/NE (caveolae) MfIETEEMIBLSY, | iZ & T M P R4,
HZHIET RIS . RAERBL I 2 P i iAs Sl B, X 4ERF L A R 20 I AR A R Th g
G E I, T I B B R0 AR R B, caveolin-1 5 & B A DGR 1 M RIA A Th REAF
FEIEPE SRR, H AR T S S5 A5 e e ) e e v, 307 1 o P @ 1 o). R4 A
FEMIRBILPSIH I H Micaveolin-1 BRI HRIA AL, fm CE OIS AMELIE, M
SLHRPMVECHEZE MG I . ARSI R ILPSHE A T IE ¥ RPMVEC S caveolin-1 1A 7KF-H i
T, X HEBEAN T8, MWLPSYE A TUTERRACK] J5IRPMVEC, caveolin-1 FiA7K
PEILPSH K, $2/RRACKI A gl It i # caveolin-1 KA S 5LPSHRPMVECHEIE Tt & -

SHH{ 5 il % HSHHZ&R A RCAA . Ptehifs 5244 SmoRb N % M2 % s X 7~ GLK IR 4L A
TERRG R B AU A Fp oy G A (6, A 2 Fh gl iatT Al . SHHAE 5 38 6 75 il 452 47 A
BRI BRI E A, WO SHHIE 5@ Bs rl (2 dE Il 4 FAE B, b R
SRBAIAFHEAD®, Gli-1 /&) 32 F T SHHAG 5 ik (¥4 Pds £ 20), BEAEAR 7210 R ILGli-1
FILAELPSHIWRPMVECH 324, 0% SHHAE 5 1 % Be % )ik #£ LPS 1% S RPMVEC 5@ i 1
ARSI R BLTERRACK ] AMEHELPS# $RPMVECEIAGH-1, #/8RACKI1 A] eI HISHHA

T B RPMVECHITRGE ] o 38— 25 SEIG K B SHHAE 5 388 % (A 80 s 1 0 9 o el g il



¥ 7T UTERRACK1 XfLPSi% FRPMVECH i 1 [ caveolin-1 FIAHIFZM, HILAENRACK]
W] REE 11 Y SHHAS 5 38 B% Mlcaveolin-1 AL AZRPMVECIHZEEE M, HRACKI 5
SHH{E 518 % A] B A 7E St T, LA =g T ae .

g bk, ABEFUIE SEELPSBRPMVECH: 77 1 #2 1 VT BRRACK 1 AT A R LPSEL
RPMVECH#iE; RACKI @it 4% caveolin-1 Fik S 4 AIEIE PEI M ; RACK 7]
REIH I S 15 1T SHH S 5@ B AT A LPS 15 F MIRPMVECH iliE M. [, RACK1 25
LPSHIMRPMVECEHIZVE N AZ, FHilid SHHIE 5l i i 4% SR S M IXKs A ARDS IR 7 52
BT IR SRR T 55
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