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LncRNA PVT1 alleviates inflammation of airway
via regulating miR-214/STAT6 axis in mouse models with asthma
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Abstract: Objective To explore the effect of inhibiting the expression of IncRNA PVT1 on airway inflammation re-
sponse and the effect on the miR-214/STAT6 axis in mice with bronchial asthma.Methods Mice were randomly

divided into control group, model group [ asthma induced by ovalbumin( OVA) ], IncRNA PVTI inhibitor group
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and IncRNA PVT1 NC group with 12 mice in each. Hemocytometer was used to count the total number of inflam-
matory cells, numbers of macrophages, neutrophils and lymphocytes in broncho-alveolar lavage fluid ( BALF).
ELISA kit was used to detect the concentration of interleukin-4 (IL-4) , interleukin-5 (IL-5) and interleukin-13
(IL-13) in the BALF supernatant. The kit was used to detect the level of IgE in serum. HE staining was used to
observe and score the infiltration of inflammatory cells in lung tissue. RT-qPCR was used to detect the levels of
miR-214 and STAT6 mRNA in lung tissue. Western blot was used to detect the expression of STAT6 and
p-STAT6 proteins in lung tissue. The dual luciferase reporter gene detection was used to analyze the targeting rela-
tionship between IncRNA PVT1 and miR-214. Results
flammatory cells, macrophages, neutrophils and lymphocytes, level of IL-4, IL-5, IL-13 in BALF, serum IgE,

Compared with the control group, the cell counting of in-

inflammatory cell infiltration, STAT6 mRNA and protein phosphorylation in lung tissues of mice in the model
group were all significantly increased ( P<0.05).While the miR-214 level in lung tissue was significantly reduced
(P<0.05). Compared with the model group and the IncRNA PVT1 NC group, the total number of inflammatory
cells, macrophages, neutrophils and lymphocytes, IL-4, IL-5, IL-13 levels in BALF, and serum IgE | inflamma-
tory cell infiltration, STAT6 mRNA and protein phosphorylation in lung tissues in the IncRNA PVT1 inhibition
group were all significantly reduced ( P<0.05). But the miR-214 exprssion in lung tissue was significantly in-
creased ( P<0.05). miR-214 showed a significant targeting relationship with IncRNA PVT1 ( P<0. 05). Conclu-
sions Inhibiting IncRNA PVT1 may increase expression of miR-214 | inhibit the STAT6 phosphorylation pathway
and reduce airway inflammation response of mouse with asthma.
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FLEIEXT B2 () M A B R AT R A\ G
ﬁj) o E{ﬁ%’?A( Interleukin-4, IL-4) M & | 1L-5 i,
P LU K o 1 g | T G = B S i S P
(ovalbumin specific Igk, OVA-slgE ) {57 & ( g 5t
RAEY) TAEFFFERT) . RNA $REBGRF & (b RAR
EAERHCABR A ) . POtE & PCRIAFI & £ H
BEAYHA (L) ARAT ], Anti-STAT6 Hiik K&



1376 FERM PR~ Sl R

Basic and Clinical Medicine

2022.42(9)

Anti-STAT6 ( phospho Y641) i {4 ( Abcam A F]) , W
DEC MRS FE A ) & (L e R R AW A
FRAH]) . Lipofectamine 3000 57 &5 ( Thermo Fisher
Scientific AF]) . 5l¥H A TAY TREAERA
GikEgs

1.2 FHi&

12,1 S iy g d T b BB /)N BUBE L 0 i % IR
2l AU (FEE 1,815 RIE ST 100 wg OVA+
1 mg @ E ARSI, 5B, H 1% OVA %
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MOR2E 7 d) B 12 K
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1.2.4  filiZH 205 A R . IR 21 /N BRU A il 120
FHLE R g n , TGRSR 4 1k 4l =
TR BL , FEXRH A 20 R 1 0 2 1 1 L A T 140
TEATFRIE A 50 43 (TG Sk il 2 23 6 B 8 R M 4 A 3=
T 150 (B ) AR RAVEANIIRE ;2 20 (R ) A
R R M A IR 3 4 (T ) O T R AR PR A i
=i,

1.2.5 RT-qPCR K fifi 2 21 rh miR-214 Al STAT6
mRNA 7K. 2K F Trizol 357 M Z2 ili 20 20 57 3% vp 42
WU RNA, fdiFH PrimeSeript RT i) & 7547 [ 5 5%
A1 ¢cDNA, f#i [ Bio-Rad CFX96 Touch q-PCRA 4
4T RT-qPCR K, S W IR & Y A 4E 51 ¥, Taq
DNA RA R, PCR Z2 0k, cDNA BRI W A1 DEPC
Ko PHEFEN 95 C FWAEYE 60 5595 CARE S s,
65 ‘C1B K 30 5,72 °C#Efif 120s, 3t 40 PE, LU
U6 5% Gapdh HWZ I | H 2722 315 miR-214

F1 STAT6 mRNA HIAH X FR ik &, ASWF 5T (i H 1Y
SIMIFIN(FE 1),

%1 RT-qPCR 3|#1F 5|
Table 1 Primers of RT-qPCR

gene primer sequence(5’-3")

miR-214 F:ACAGCAGGCACAGACAGG

miR-214 R:GTGCAGGGTCCGAGGT

Stat6 F:CCTCGTCACCAGTTGCTT
R:TCCAGTGCTTTCTGCTCC

U6 F:CTCGCTTCGGCAGCACA
R:AACGCTTCACGAATTTGCGT

Gapdh F:GAAGGTGAAGGTCGGAGT

R:GAAGATGGTGATGGGATTTC

1.2.6  Western blot Kl fifiZH 2!+ STAT6 Flp-STAT6
TR TR Rl 20 F B 1 I R ol R AT ) 7 )
VK¥E RIPA Z4f 5% vh il 20 J Ak, 42 U 24 23 rh 2R
FIOERIN & HE (i 10% + ke BE R R S0 3 T 4
T iR I i, 7K ( SDS-PAGE ) 3 B9 B 11, SR 5 6 %
B R — LA (PVDF) i b, TE& A 5% 4 LiE
FAEMMZEE T EE 1.5 h, K57 4 CT 5t
STAT6(1 : 1 000) Fl p-STAT6 (1 : 500) f)—Hiid &K
BFE . HEWR S SRR DR TeG —HIfESR
WIS 15 h JGUERE, BRaigsm iz koL RS
WAV IR G 4 A sh b2 kSRR o0 it R 48 R
e PEBUAR R SS G500, I H Image J #4404 &R
(AR FRE A
1.2.7  WHSCERBEH S LRI . /4 PVT1 B
AERUF PVTL 2848 U B AR B B, I 6 H v p 5
pGL3 &k, 73 Sl # & T pGL3-PVT1 Bf 7 #I
(PVT1-wt) Al pGL3-PVT1 278 %1 ( PVT1-mut) 45
HH . 4 PVT1-wt 8% PVT1-mut 5 miR-214 4814
AR P R AL YL 5] HSAEC 4 rp . #5244 48 h
Jei , AR G 3 B S R 2R A 2 S 2R BTG
1.3 SitFELHR

FIF A B 3 A ¥ 48 SPSS 22. 0 B kAT, 48
B DL BOATR 25 (ats ) T, B K 207 2200
T4 b,

2 #R

2.1 /IR BALF FRS 4R 4 47
5%t MR ZH A b, B AU ZH BALF Hf 48 14 240 it
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QN R O O R G R R R N w0 T
BN (P<0.05) ; S5HEHIZH Al IncRNA PVTI NC 44
AHEE, IncRNA PVTL i 26 BALF v 48 P 48 fifg &2
b Q=N U1 T0k S OR RE  p OR A R N R T2
[l [% (P<0.05) (% 2),
2.2 /MR BALF RKMEREFKEEZN

5% B2 A0 L, B AL 2 /N B BALR H IL-4
IL-5 1L-13 7K 8 3% 7 55 ( P<0. 05) 5 58 AL 41 A
IncRNA PVT1 NC 44 Eb , IncRNA PVT1 41 il 21 /s
Bl BALF ' IL-4 IL-5,IL-13 7K % & & F& %
(P<0.05)(%£3),
2.3 /MRIMFEH IgE KFEEZN

5 R AR LY, B R 20 /N BRI o TgE 7K 2

ZTE(P<0.05) ; SR Al IncRNA PVTI NC 41
FHEE, IncRNA PVT1 #4178 B H TeE /KF- i
FIER(P<0.05) (£ 4),
2.4 IMRRTALESET

Xof 2 /) BRI 2H 2R 235 0 38 b, /<3 ] T i
Ji) FELJC B S e P A i3, AR ZH A IncRNA PVT1
NC 27N LU ZE R AN BRI, S8 bR A 28, R
T b R K Bl 286 0 J2 R0 11 A5 4 23 L AT O A v 4
ORI 55X BT A L, 578 4 /)N BRUH 4 2 b 4% 1
0 IR TR DT 43 1 2 T R (P<0. 05) 5 SRR ZH I
IncRNA PVTI NC ZH A kb, IncRNA PVT1 417 il 21 />
BT 20 20 v 5 1 A R T R R T A3 3 R IR
(P<0.05) (&l 1,%5),

% 2 /R BALF MR #7 LE 85

Table 2 Comparison of inflammatory cells in BALF of mice (x=s,x10* cells/mL,rn=12)

group inflammatory cell count macrophages count neutrophil count lymphocyte count
control 28.51+5.31 2.84x1.02 0.73%0. 26 4.49+1.33
model 102. 43+8.85* 13. 16+4. 05 * 6.49+1.18" 25.18+3.72"
IncRNA PVTI inhibition 43.59+4. 31%4 3.75+0.91%4 3.09+1. 03%4 7.75+1.57%4
IncRNA PVTI NC 100. 82+9. 04 13.28+3. 82 6.31=1.21 23.97=4. 60

*P<0. 05 compared with control; *P<0. 05 compared with model; 2P<0. 05 compared with IncRNA PVT1 NC.

%3 /NE BALF & IL-4 IL-5.IL-13 7K E i LE 52
Table 3 Comparison of IL-4, IL-5 and IL-13 levels in BALF of mice (xX+s,pg/mL,n=12)

group 1L-4 IL-5 IL-13
control 6.29+1.62 52.37+15.43 4.75+1. 65
model 18.02+3. 46" 212.45+23.71"* 16.64+3.27"*
IncRNA PVT1 inhibition 9.11+1. 89%4 102. 41£17. 66*4 8.17+1.96%4
IncRNA PVTI NC 17.35+2. 83 213.15+20. 74 16.32+2.99

*P<0. 05 compared with control; *P<0. 05 compared with model; “P<0. 05 compared with IncRNA PVT1 NC.

F4 MRILFAH IgE K FHILLE

Table 4 Comparison of IgE levels in serum of mice

(xxs,n=12)
group IgE(1U/mL)
control 1.05+0. 58
model 3.86+0.82"
IncRNA PVT1 inhibition 1. 87+0. 46*2
IncRNA PVT1 NC 3.51+0.79

*P < 0.05 compared with control; *P < 0.05 compared with model;

2P<0. 05 compared with IncRNA PVT1 NC.

x5 IMREAERKEMRTIHEEZE TSR
Table 5 Comparison of scores of inflammatory cell

infiltration degree in lung tissues of mice

(x+s,n=12)
group inflammatory cell infiltration degree score
control 0.27+0.09
model 2.79+0.42"
IncRNA PVT1 inhibition 1.48+0.27%2
IncRNA PVT1 NC 2.65+0.39

*P < 0.05 compared with control; *P < 0.05 compared with model;
£P<0. 05 compared with IncRNA PVT1 NC.
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control

model

1 NERMERARESETN
Fig 1 Morphological changes of mouse lung tissue( x200)

2.5 /NRATAL S miR-214 KFITL

55 BAZEAH EL , 5580 4 /)N RO 4 20 miR-214
IR ZE R (P<O0. 05) 5 SR AIZH AT IncRNA PVT1
NC 2 #H I, IncRNA PVT1 410 ] 20 /)8 B i 25 22
miR-214 7KV 2 T+ (P<0.05) (R 6) .

F 6 INREAL S miR-214 KRR
Table 6 Comparison of miR-214 levels in lung tissues of

mice (xXxs,n=12)

group miR-214
control 1.00+0. 08
model 0.54+0.05"
IncRNA PVT1 inhibition 0. 89+0. 09*4
IncRNA PVT1 NC 0.51+0.06

*P < 0.05 compared with control; *P < 0.05 compared with model;
AP<0. 05 compared with IncRNA PVT1 NC.

2.6 /INRATZAZth STAT6 B mRNA F1E 5 &K%
KFEEWL

5% HEZH A EL, 455780 20 /)N BRI 41 48R STAT6
mRNA FIEE BRI K B35 T (P<0. 05) 5 5
HIZAFT IncRNA PVT1 NC ZHAH L, IncRNA PVTL #J
Tl ZH /)N BT ZH 20 STAT6 mRNA FIEE [ # R 1k 7k
T BB (P<0.05) (K2, 7) .

®7 /NRAAL S STAT6 B mRNA F1E B RIX
KERLLE
Table 7 Comparison of STAT6 mRNA and protein expres-

sion levels in lung tissues of mice(x+s,n=12)

group STAT6 mRNA p-STAT6/STAT6
control 1.000. 11 0.25+0. 06
model 2.10+0. 18" 0.98+0.09 "
IncRNA PVT1 inhibition 1. 37+0. 09*4 0.410. 07*4
IncRNA PVTI NC 2.05+0. 15 1.010. 10

*P < 0.05 compared with control; #*P < 0.05 compared with model;
2P<0. 05 compared with IncRNA PVT1 NC.

IncRNA
PVT1 PVT1
inhibition NC ku

IncRNA

control model

PSTATE e N css— s |1V

2 /NRAHAZR STAT6 5 p-STAT6 E A KT
Fig 2 Protein bands of STAT6 and P-STAT6
in lung tissues of mice

2.7 miR-214 5 IncRNA PVT1 $B 5 %X RN 5

i) Starbase 4 A I, & B miR-214 &5
IncRNA PVT1 3’ UTR fF7E% 245 600 #1, miR-214
B 2 e B A T PVTL-wi 2R AT K il
TEPE(P<0.05) , B PVT1-mut 4K (195% 56 Z BT
P A B E T (P<0.05) (K 3,%8),

miR-214 3’ ugacggaCAGACACGGACGACa

IncRNA PVT1 5' caggugaGUGAGUUCCUGCUGa

3 &5 BF WM miR-214 5 IncRNA PVT1
3' UTR &A=
Fig 3 Bioinformatics prediction of miR-214 and IncRNA
PVT1 3’UTR binding site

3 itig
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®8 TWARMBIREEREITEKN miR-214 5 IncRNA

PVT1 B8 [E X &
Table 8 Targeting relationship between miR-214 and
IncRNA PVT1 detected by luciferase report

gene assay (X+s,n=6)

group luciferase activity
miR-214 mimics+PVT1-wt 0.39+0.05"
miR-214 mimics+PVT1-mut 1.02+0. 10
miR-214 NC+PVT1-wt 0.98+0. 07
miR-214 NC+PVT1-mut 1. 00+0. 08

“P<0. 05 compared with miR-214 NC+PVT1-wt group.

bRy, DB T 4050 W) 1L-4 1L-5 Fi TL-13
GAMH TS 5600 kAR, TR i IgE /Y
PR FEARBESE T, OVA i S /N BUS &,
INER A S A S Bl 4 2R 540 7 R 8 s 0 B Mg
BEAIRG AN T)
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IncRNA PVT1 {9 52 & 38 Al LG i % P 40 iy ) 7
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