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miR-455-3p #8 [6] 832 VEGF-C X1 & fifi itk B2 & 18 4 /Y 22 M

TR AR A

WE B/ F5HUD RNA-455-3p( miR-455-3p) 76 K Ay
IS T b [ 45 1 A= v B IR AR T DR miR-455-3p 411
ML A e A R F--C(VEGF-C ) % Ak 4 P Bz 200 B ( HLECs )
FARGHIE S, ik R RBENL S i I A 21
FITE X BREH , 5 It B 20 A8 R T — A A 7 ( Si0, ) Bk
8, %o PRI T S5 0 0. 9% AN, R A HE  Masson , 2
PEL S b2 Y (0 LS i 20 200055 B 5 A8 B ok b A S A A L, 5
%€ Y6 2 & PCR(RT-qPCR) Fil Western blot A& K SUiti2H 27
N miR-455-3p . VEGF-C F3A/KF- ;¥ miR-455-3p 1417 ( In-
hibitors ) & HBHH: X} i (NC) #% Y« 2 HLECs ', RT-qPCR 1
Western blot 46 40 Jfid Y miR-455-3p . VEGF-C FiAK ¥, %
JRSCER RN HLECs 1EF8 B8 77, 5 02 e 487 TR 1l 55 38 e W) 7 tR
LERIE BGRR J1, WU G 3Kl 4 2 R B miR-455-3p Al
VEGF-C i X R, &R HIEWXTIRA E, KB
AR 20 il 6] 5 P R B 0 A 00 B R 4 I SR T AR, Ll 9
WA A | il 420 Y miR-455-3p 3% 35 7K AR T X BB 4,
VEGF-C ik /K -5 T3 B4 ; HLECs ¥ /5, 5 NC 4 1k
5 Inhibitors ZH 41 S N miR-455-3p 2% ik 7K F- [ AKX, VEGF-C
IKETH i, 40 M B8 fE ) AR S5 A T I RE T R (P <
0.05) ; WG E BT A 3 R IE S VEGF-C 2 miR-455-3p 1Y
NI, HiE miR455-3p Al PR VEGF-C ik
T EZ0 HLECs AR Z5HIE UBE T, PR R 84 A
XA miR455-3p; VEGF-C ;i fili ; ik L4548 A=
FESES R135.2

XHERER A XEHS 1000 - 1492(2023)09 - 1529 -06
doi:10. 19405/j. cnki. issn1000 — 1492. 2023. 09. 015

7 i 2 — ol py 7 0T WA B — SR A (sl
con dioxide, Si0, ) #3425 | E 4 Bl SRR H . Ay 2k UkE
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WRELES P, 3 — 20 I 93 A Ik S H: it oA ok L2 7 44 24 e
UEAE FEWR LG IR, HE TR N B9 Si0, k3R EE i,
B L TRUOE P Bk A A0 22 R i A 5T R
B, 16K BB IS A B o AR LA G 2 | HHAEPIR
SERF T A A 2RV R VARG it i i B AR
FHM AN, i 4 M Bz A K I F-C (vascular endo-
thelial growth factor C, VEGF-C) 2 1 ¥ bk 45 18 A=
(G R 7 7 22 R R i R R RE B A oh A
RNA (miRNAs) A 3 i 1 4 VEGF-C 3 i 5% Wil ik 22
EIGA H miRNAs X RS [l A5 8 v gk 2 457 1 A= Y 4
FEAER M A TE R, & 5 75 1] miR455-3p
VEGF-C 7E 8% fili A UL AL rp i) 22 5 3R 3k, IR R 1)
miR-455-3p i i3 L [7] VEGF-C X} A3 B P Bz 41 i
(human lymphatic endothelial cells, HLECs ) % R 251
A PR

1 R

L1 M8 A SD BEMER R (AL R RS 3
YWEAREGIRA A, Si0, (FE Sigma 25 H]) , AHKE
PN B2 A0 L PN R 40 3 5 Ak (96 [ Science Cell 23
") ,HE YL Masson — (0 YLyl (BRI DL R AW A
ABRATD) e g Qe tGh & (b st b A2 4
WA R A BRA ), miR-455-3p 1 3] ( Inhibi-
tors ) Sz B XT R ( Negative Control, NC) .miR-455-3p
F U6 514\ VEGF-C K mRNA ¥FA: %I 3" UTR %€
AL 3'UTR BY XSG 2R W 45 e R fe 25 Bk ( |
75 ] 25 AR AT RS A ), HighGene 5 Y] (i
DB S AE YR A BR A W] ) |, eDNA & i
& PCR 5% & ( HAS Takara 2N A)) , BRI (£ H
Corning A 1)) , X' 2R - 5k PR AG: I 35 4 (36
Promega /A H]) , S HPT VEGF-C( 3¢ [ Affinity Bi-
osciences N H)) , I FEPi e 1G ( HHE =~ RAEYH
ARABRAT) .

1.2 Fi&

1.2.1 oA B Lz ¥ SD KEBHLT A 2
4,3 H/8 IR 2 R BT DA — MR T 1
ml 0. 9% FACEHF A ) Si0, B (50 mg/ H),
Xt HRLL 5 T 455 B 1Y 0. 9% FAL BN I, 17 3% 14 d
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JE AL B B A2

1.2.2 ey B 42 HLECs 76 & 10% I & 1
W R AN G SR B B R . 92540 2 4H, miR-455-
3p Inhibitors 41 \NC 4, ¥ 44 )5 6 h 52 & B #%
2% IMLTF ) N B AR 3% T L e U 24 h AR i e
FERTIAHDCHE bR , LI 3 K,

1.2.3 RT-qPCR  $2HUK B 21 4UF1 HLECs &
RNA, #5556 cDNA Ja iFA 741G, LR R R & T
RV FR P 2 BRI & U, R 28k
miR-455-3p Fll VEGF-C HIFIX ik,

1.2.4  Western blot  $&HRU [ 41 22 R0 240 Jifd (1)
HE KR 2L R4 N VEGF-C 18R Rk
K-,

1.2.5 XJR %% K HLECs #5706 LA, 40
WEE IS B 200wl AR Sk 1 B F LR SEAT DR, B R
GopER W P 3 WS, BEALIA 2 ml A R B 7
BEOHESR 6 h 5 TS OB T A DR Xk e 2
AFEHLLEFTI R A Image J 800 40 BT R4 T
KB T R LA Ry I A iR RS RE D R b, 3T
FE IR LU K RV 40 M )3 RS e ko, BRI AN A
g3t = (0 h R XA - 6 h AR X381 1) /0
h R X I i AR A x 100% , SEH A 3 IR,

1.2.6 ARKREKREATGRER 24 FLIET
VKb BRI 200l FE 5T R, 78 40 i 3% 72 4 N 3R
4 40 min J5 B AR [RIALBRE] HLECs 4270 T 24 fLAR
o KSR 6 h JE T U T 2 A BB BT

R A Image J BP0 AT 8 R G5 A B LI 0, 5%
KHEA 3K,

1.2.7 EEZEARRE BAEEMNT 12 1L
B, A A 10% I3 1 PN B2 200 i 35 55 0 S R &2
YN 2% TR B 60% A2 A7 K WU ' R g3 PR i
KL .miR-455-3p Mimics K NC H:[Rl46 L Z 40P
BAHBE3 MR, FEY 6 h JE R iR 555,36 h
e e HEARS I 3 7] 8 1 4 A I Ak B G 00 7 't 2R it 17
P

1.3 Sit=Z43B  RJH SPSS 25.0 1758t
SYHT, A SRS R B R « £ s Fon, ALEE
] B LR ¢ K3, DL P < 0.05 22 S Gt

2 R

2.1 miR-455-3p 1 VEGF-C 7&K FR 7Y il 1 B Bl 48
AhPERRIXER HE Q@5 R E w0 gl
R BRI ZH U 16 45 # 56 R, A i A 8 2 ik ) J3 P R
ARG ML SR AR, AT DL W A PR 25 755 5 Masson %
S5 WA T I 208 RS IR AT 4 215,
BRI N ILETHE | 55 0] BRZH LA, 1% iR 2R 24 fir 1] Jo ;A
0 SR T TR % 5 2H K BRU#E AT S e 20 44k 2
e a, SR bk T P B 40 i 37 B 3 R 32 AR-1 (lym-
phatic vessel endothelial hyaluronan receptor-1,LYVE-
D) Rt bR o ik A8, 45 R SR WY A5 i 15 20 20 Bl
Jif N AEER LA g A . LT 1,

B1 KXEAZEZ HE Masson, BEHALFLBLER
A IEHXTIBZ HE Yo x 100; B B B4 HE Yetd x 100;C; 1EH X HE4] Masson Y8 x 100; D fiZ IlitE K141 Masson Y8 x 100; E; 1E
Xt R S PE L SE2F Y 5 LYVE-1 x 400 ; F . B At B 41 G e 41 24k 2 et LYVE-1 x 400
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XoF P2 R BT ZH 2 PN IR LA 1S 2 B a5 VEGEF -
C #1475 &5 Hr, RT-qPCR F1 Western blot 2% 3 i
R SGRIRAL LR B IR B 4] VEGF-C mRNA Je 25
FIFRIB RN, 45 I BURS il A B 00 e 5 4 o 55 4>
Z5 281 miRNAs 5 Targetscan ( https://www.
targetscan. org/ ) , miRDB ( https ://mirdb. org/) , miR-
code (http;//www. mircode. org/index. php) =/~
WE B8R R 5 VEGF-C fEERE m 455
S miRNA HEA T e 3 IO 4R 7E R Bl 4 b e
et 8 AMMERE miRNA , T A L5 )5 267 HLECs
HREATRIE, M A 8 MEEEE miRNAs A miR-
455-3p TEFE Targetscan [ miRDB %5 % 8 7 78
NXAYFpeh 5 VEGF-C 77680 1) 25 4 1 a5, B It
ABFFEHESE miR-455-3p MW TENS 42, O e iod At Il
B2, XK BN miR455-3p 47 & &5
B, A B 5 xt B2 A, A5 I AR 2 miR-455-3p &
R, 2R G R, W2 Kk 1,

A IEFEXIRAL W fliti R ku
VEGF-C 57
B-actin 42
B
N N

E2 XRAALN VEGF-C HEARIER
miR455-3p AW = BFiHiEd
A Western blot K liZH 21 N VEGF-C 9% 31X ; B: miR455-
3p EWME B AT e AR

1 KEMALRK VEGF-C K miR455-3p FIRZEE (n=3,x+5)

a5 miR4553p VEGF-C mRNA  VEGF-C
FKiki Kk EARBE
1% IR 2 1.01 +0.17 1.00 +0.07 0.82+0.03
i WAL 20 0.27 £0.14*  2.42£0.10* 1.24+0.14"*
f 5.879 19.290 4.877
P 0.004 2 <0.000 1 0.008 2

HIEW A A LE: * P <0.05

2.2 %35 HLECs N miR-455-3p, VEGF-C HI&
EKFELRE Y45 Inhibitors 411 miR455-3p %
KKFHIRAR T NC 4, M VEGF-C B mRNA J¢ 4

FK RIS Z MRS, 2R REAGIIEE
X, W3 K2,

NCZl  Inhibitors? ku

VEGF-C M- - 57
Bactin | T S

B3 % f5 HLECs A VEGF-C MERARIAE

#z2 %5 HLECs  VEGF-C & miR455-3p fJRIZE (n=3,x+5s)

15 miR455-3p  VEGF-C mRNA VEGF-C
Fikh Fikh HHFRILE
NC 4 1.01 £0.13 1.02 £0.05 0.91 £0.07
Inhibitors £ 0.17£0.07* 12.39+£2.05" 1.22+0.17"
t {8 10.020 9.609 2.888
P1{a 0.000 6 0.000 7 0.044 6

HNC4lt#. " P<0.05

2.3 FHJ5 HLECs B %A N B R E M B
BENBILL B % Yy X PR AL A0 B A A T DR S R A
I, Inhibitors ZH 4 i (i A% 1 A 43 L BH 2 =5 F NC
2 FRERESIIG IR B Y IS T PR 2 A0 R A T AR A5
FERLHE 1A & B, 5 NC 40 35, Inhibitors 2H 4 Jid
WA IR B ORI B, 22 R A gt
B, WE4 KES,

A B
C D
E F

4 5 HLECs TR BN BEREMTAHENL x40

A :NC 41RJRJ5 0 h; B Inhibitors 41XIJRJG 0 h; C.NC 4145 6
h; D : Inhibitors ZH¥JRJ5 6 h; E: NC 2 & IR &5 T8 i1 &0 ; F : Inhibi-
tors ZHEIRZEHITE UG 1L
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A 50 * B 50 ¢ 8r
—I=
40 40 T
L o * —_
S - —" E 6 T
Ad y N
&30 [ @ 30F 2 T
e P ooar [T
® 20t g 20 w
2 =
g% 10+ 10} I a2
NCH. InhibitorsZH. NCZH InhibitorsZi NCH. InhibitorsZH.

B 5 %3/ HLECs I#EEH EREMHANETL
A RRG 6 h AAMLT AL AR A 2 1L B AR B 6 h R AR A I RO C oAb B 6 h R ARAEAE 0 S BE 5 5 NC 1 UL ™ P <0. 05

2.4 AR EEFELWIIE miR-455-3p 0
VEGF-C HJ$8[EKFR 7E Targetscan [ 3k Tl % B
VEGF-C %K mRNA 3'UTR _E/77E miR-455-3p 4%
B LA A X 3R A 5 L PRS2 0 9 i Y
A ER, R EA, 5 miR-NC 4 A, miR455-
3p 41 VEGF-C %[ mRNA B74: %I 3'UTR 7% 2 [iff
TEPEC TR IR 22 A Gt X, 2848/ 3" UTR
POCEMTEETTHI L, WK 6,

A
B 15 [ miR-NC
miR-455-3p

= 1.0F

s

&

EE) *
K05

A Y
6 miR-455-3p #[5 VEGF-C mRNA 3'UTR
A AE BT miR455-3p ¥4 VEGF-C mRNA 3'UTR;B:
XU F BT 4 I K S8 B0 UF miR-455-3p L1 VEGF-C mRNA 3’
UTR; 5 miR-NC 41 [b4%. * P <0.05

3 itig

Wl — R B a3 R PRI R 5
PN , B0 I R Y Si0, Mk, B Sio,
Ky A TEBR AT TR G T A R E L, KBRS

SERNEE MR RS, LS BAA Y s | e
AT A RF PR BT T AT R VR T IR i A
YA L AR R B A v B AR b LA B, L 2Y
W 3 A I T 2% i s AR 0 R 5 LN 54 IS Tk 1
R SZ BE A 46 4540, s e I, vhk B4 A8 34 AR X 1
it PR 2RV B3 | il R RE I AE 2% £ 2 Ak i R A B
YEFH . BEAR IR B P R 200 6 65 65 A 1) T s T £
B AR 0 A S DR PR ST IR L PN B A A A A
T BRI G R 43 B LTI Bh T BT BB i 36
IS =W

T ZH FT AT ST & B, Si0, 55 L W 40 3% Ak
JG B 43I VEGE-C A LLiFE S HLECs 3458 iEF8 )
EORGE I R, Hom s /R T &% &k VEGF-R3 figiff
WRELAE A 01T miRNAs 38 500 285 4 0 3 ) mR-
NA 3'JE4if5 X (3'UTR) , 5 M #E ] mRNA 58 E PE
R IR T A FE T ST miRNAs JE B AE
AT VEGF-C BRI NIk g e A= IR 2
“EHASTEIR TAHSCHESY . AR R TS
AL miR-182-5p X} VEGF-C A 7 i#5 /£ A, miR-
182-5p #5311 VEGF-C [ N #PH] T ERK 1 AKT
5 3 I A, T LD E A AR b 25 R
B miRNAs XTHS fili 3 Ik L4534 A 1) PR ML o
THAE DRI % s DR B 78 i o 3 ok (2 4
e FF VEGF-C 1Y i miRNA JE AR A5 —
2, Targetscan Ml 78, VEGF-C mRNA 3'UTR |-
FEAE miR-455-3p M55 7 A, Bl 5 Aor il & 9K LY
JiiRE RS miR-455-3p 3Rk T, VEGF-C 3Kk i,
PR I — 2 Z T A ARV TR Y AR DR R

AHF5E M EEF] miR455-3p 5 VEGF-C 2 Al {7
E R RE Y B S HE m) J  HL D I, 3% 7 SR 7E HLECs
R ERAIE il 1T % 4 miR-455-3p Inhibitors 1)
il miR-455-3p HYZRIL, B SR T VEGF-C )3k
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KF, R B RYE NC 4 I %, Inhibitors 41
VEGF-C ) mRNA S8 1 3Rk 3, i 4 ] miR-
455-3p Ja rlEiE VEGF-C B335, InZ ariiarss &
M, >KH VEGF-C A H 4185 H Il HLECs J= , 40l
(R E R LA KA BE ) g R . AREIE R
KRS58 Inhibitors ZH 20 i (3T 58 71 55 F NC
2 FE PR IR SS9 TE BUSE 55 1, Inhibitors 20 4 Jif2
(R s B A o L KB B = F NC 415 UL
WF5E 25 A H miR-455-3p J& , 40 M (0T 3% FAE
AREERE e A= AR J& B T VEGF-C fI 2k L 5]
LI o WG TR AL 3 R S48 7R « 7E 4 U miR-
455-3p Ji, VEGFC mRNA BfA: 1 3'UTR [5G K i
TEPERRA, 112848 R B3R WG M JC W] 1 84k | i
55 R E T 45 SR — B, et — A T
miR-455-3p X HLECs f45 R 45 4 JE 1A% 52 i 5 41
454 VEGF-C A%,

ARG T X R Al i e L8 A 2 ) G PR
VEGF-C ) Lo F ML AT 458, JF7E HLECs [
PEATIAIE, 15 4598 miR455-3p ik 3¢ 1k ] 18 i 40
¥ VEGF-C E i AT i HLECs 1Y 48 IR &5 14
TEREE ST, sEmm ik LA YS AL . XA TR FE T2 I
T 3 A O O AR AR T R R R AR AR A2 TS
B SEAH A R B A 18 ) YA Y B TR A SR K
EIZ 3T WL A6 A P9 A TR o (g 4 AT 5 i — 25 4
1
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Effect of miR-455-3p targeting regulation of VEGF-C
on lymphangiogenesis in silicosis
Wang Jingsi', Zhang Menglu', Cui Jie', He Hailan', Liu Yi', Guo Lingli'*, Hao Xiaohui'”, Liu Heliang'’
('School of Public Health, North China University of Science and Technology, Tangshan 063210;
*Hebei Key Laboratory of Organ Fibrosis, Tangshan 063210)

Abstract Objective

To explore the regulatory role of microRNA-455-3p (miR-455-3p) in lymphangiogenesis of

rat silicosis model, and to investigate the effect of miR-455-3p targeted regulation of vascular endothelial growth fac-
tor C (VEGF-C) on the tubular structure formation of human lymphatic endothelial cells (HLECs). Methods

The rats were randomly divided into the silicosis model group and the normal control group. The silicosis model
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miR-148b-3p F 1= i IR 12 7& >k iR B9 A £F 4 20 R 12 38 B # 5 ffF R

oM, %

WE BM 0 miR-148b-3p X i I 95 55 5 YR A4 1 2T 4k
MMEIETEIGRER, F73%  ifid Real-time PCR 23T AJRIRIZ
PR IR B ET 4t 40 A ( HKF ) F1E 5 A B ZF 4E 40 i (NFs ) b
miR-148b-3p Fl SPARC 1Y3RiE/KF-, i Western blot £ il
AR R Al AR B R 1 - W B 1 (SPARC) R AR 14K
o FHAMH ORI & 8 (CCK-8) I HI VAR ST TE LA
miR-148b-3p 1 SPARC % HKF 454 i 500, 4d FH7ELR /M7
AT miR-148b-3p AYHMEEIR | B J5 14 @ 2% O 3 4R 15
R BORE , 18 1 5 Y6 R R 5 2k K 74 /0 BT miR-148b-3p 53
R 4540 s, %55 miR-148b-3p 75 HKF Hk ik,

i S N

WRIZ AN G TERE J1, 4518 miR-148b-3p i i ¥ A /5 FH T
SPARC BY 3’-UTR, I H 5 9] HKF 357

R FEPIMERIE ; miR-148b-3p; B AR IR A MR YRR 1 43
WAEE 1 5 HBE

FESES R619.6

XERARERS A XEHS 1000 - 1492(2023)09 — 1534 - 06
doi;10. 19405/j. enki. issn1000 — 1492.2023.09. 016

T B FRIR R B KA 1 1 B 5 O 4 2R, ]

B A B R T RE DRR DL O BREDS A G A
LR IR, PRI 2 phy T 2 20 B A R0 D I
S ESVE!Y P4 S GTIUEONERR AGIF V= t=ne )
PR A T P 43 W £ 1 ( secreted protein acidic and rich
in cysteine, SPARC) J&—FIIZ 5 45 & 8 1, AEf% 38 i
ML AR N F-B (TGF-B) i th S 54 4147 4k
FORIR I R, Jemi A I iR SPARC RS 2
HENRIRIZ T8 K U5 0 2T 48 240 L ( HKF ) Rl OE 5 A
B AE A0 M (NFs ) 3958, T 8 HKF 1 SPARC ik
REAE I 20 i (938 7 > B3/ RNA (miRNAs) J&
—Z/PAAEGS RNA 731, Z 5101 2R R 50
P, Qi sg s A A 55 2 SRR I KR K

SPARC 7 HKF W35, 16 HKF 40 % 4 miR-148b-3p
AEWS T I SPARC HYZR3E , I 40 M e 58 . 7225 BTk
T miR-148b-3p REAE AL 71 45 4 SPARC 119 37-UTR ; W ¢ ¥
R L N A 45 5 E— 2B UESE miR-148b-3p AEAHE ) /5
T SPARC ) 3'-UTR, 7E¥; 4+ miR-148b-3p [ HKF H
Yy SPARC BELA% 1K by, BEASHETH miR-148b-3p MIFEH,

2023 - 08 — 13 Hllk
FEEWH LA A RBIAIL S (475 1 1908085QH327)
VEH B R BE R R 2= 5 — BB BE B B AR, S I8 230022
FEE AN 200, 7, AR, IR BN,
ZE/NR L B, FAR RN, A S0, SRR E-

mail ; lixiaojing5 @ 163. com

eroup were injected with silicon dioxide (SiO, ) dust suspension, and the control group was injected with the same
amount of normal saline. HE, Masson and immunohistochemistry staining were used to observe the pathological
changes and lymphangiogenesis of lung tissue. The expression levels of miR-455-3p and VEGF-C in lung tissues of
rats were detected by Quantitative real-time PCR ( RT-qPCR) and Western blot; The miR-455-3p inhibitors and
negative controls (NC) were transfected into HLECs, and the expression levels of miR-455-3p and VEGF-C in
cells were detected by RT-qPCR and Western blot. The migration ability of HLECs was detected by scratch test,
the ability of tubular structure formation was detected by matrigel tube formation test, and dual luciferase experi-
ments were used to verify the targeting relationship between miR-455-3p and VEGF-C. Results Compared with
the normal control group, in the silicosis model group, a large number of inflammatory cells gathered and collagen
gradually deposited in the pulmonary interstitium, and there was lymphatic hyperplasia in the lung. The expression
of miR-455-3p in the lung tissue was lower than that in the control group, and the expression of VEGF-C was higher
than that in the control group; After transfection with HLECs, compared with the NC group, the expression of miR-
455-3p in the cells of the Inhibitors group decreased, the expression of VEGF-C increased, and the ability of cell
migration and tubular structure formation increased (P <0.05) ; VEGF-C was confirmed as a target gene of miR-
455-3p by the dual luciferase experiments. Conclusion miR-455-3p can affect the tubular structure formation a-
bility of HLECs and regulate lymphangiogenesis by targeting the expression of VEGF-C.

Keywords miR-455-3p; VEGF-C; silicosis; lymphangiogenesis



