206 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(2)

MBS TIES AS49 MARLT L miR-21 #B[H)
JA¥E Smad7 B9HLE

R BRAEL XILEE, B, fHEE. XEFR, il

TEERKE, A PESEEF /TEREBERRSIEMRFITHESLRE, T8 1R)I] 750004

BE .

(5 =] BT AL ARINGIRBBEEBRBUATT 575, /) RNA(mIRNA) TEH IR 410
WIEPH A K IEIER,

[EBY] ¥R HH/)) RNA-21(miR-21) T R, IR1T mir-21 SYFRER R (BeSO,) FAEN A B AR 22
FiBER R 4MRE( As49 HAR) e (LAY RZ MR LA RSB TEBIYE ML EL,

[753%] I E L ERIRE miRBase TN miR-21 SE A FH BT IR N R EIR S B R SLI0 0T,
F miR-21 T IBFE RS As40 HiffG, AIERERTHALIBEMER., /A Beso, ££F
A549 4RRAFE I AT L (L IAIMEEY, BeSO, JRE 7T 10 umol-L, FFH B8] /T 48 ho B4
XFERZE, #EAYLA. miR-21 FHLAM miR-21 FIXTERLE, REATRR A TEE PCR AN mir-
21 mRNA ST RIAKFE, XAER RZENTH N TGF-B1/Smads BERIEXE B [Smad2.
Smad3. p-Smad2. p-Smad3. Smad7 ¥ L4 KEF-B1L(TGF-B1)] FRIAKFE, AILAL TR
WEY o-FBAANIER (a-SMA) IR REEMRS | BRRZEB(COL- | )RR
FEZEA(coL-I) FEREXTRIAKT,

[4552] miRBase Tl miR-21 5§ Smad7 B4 S =1, WA EBIREERTLWERE R mir-
21 $BE A Smad7, miR-21 FHL AS49 A REMR TN, S ERAMELL, HEA mir-21
mRNA X RIZEEA B T 97.57%, Smad7 EEHHENTRIZE TFET 15.48%, Smad2. Smad3.
p-Smad2. p-Smad3. TGF-B1. a-SMA. COL- | 1 cOL-IIIMZE BB RAEEZE DA S T 13.55%.
35.72%. 18.35%. 35.75%. 25.52%. 31.58%. 24.61%#1 11.66%, ZEXR N E BRI F R X
(P<0.05) 0 HIRTFFHIFIRLA, FHH miR-21 mRNA ABXT RIA KT E1E 28.96%, Smad7 EH
HBWREEFH ST 19.07%, Smad2. Smad3. p-Smad2. p-Smad3. TGF-B1. a-SMA. COL- | [
COL-NIME PRI RIEEREILT 8.01%. 19.95%. 14.56%. 19.37%. 11.95%. 10.96%. 18.81%
M 31.36%, ERIRBRITFERN(P<0.05), BEASTFIHNBRANZTERANRERTIAK
TEREHRITFENX(P>0.05),

(£516] FE R A Y S BB F 4 (R IMR B o, miR-21 B 863830 8B Smad7 1B £ TGF-
B1/Smad f& SIBIHRH T FHELIEE,
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Mechanism of miR-21 targeting Smad7 in pulmonary fibrosis of A549 cells induced by
beryllium sulfate Ql Fagiu, CHEN Xiaohui, LIU Hongya, ZHAO feng, FU Youjuan, GUAN Suzhen,
WANG Kai (School of Public Health and Management/Ningxia Key Laboratory of Environmental
Factors and Chronic Disease Control, Ningxia Medical University, Yinchuan, Ningxia 750004,
China)

Abstract:

[Background] The pathogenesis of beryllium-induced pulmonary fibrosis is unknown and there is
no specific treatment for the disease as yet. MicroRNA (miRNA) may play a role in the process of
beryllium-induced pulmonary fibrosis.

[Objective] To construct a microRNA-21 (miR-21) interfering cell line, and to investigate the
effect of miR-21 on beryllium sulfate (BeSO,)-induced fibrosis in human lung adenocarcinoma
alveolar basal epithelial cells (A549 cells) and its potential mechanism.

[Methods] The miR-21 target genes were predicted by the online database miRBase and verified
by experiments using dual luciferase reporter gene. After transfecting A549 with miR-21
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interference lentivirus, puromycin was used to select a stable cell line. An in vitro model of pulmonary fibrosis was established
using BeSO, infecting A549 cells with a concentration of 10 umol-L™ and an exposure time of 48 h. Then the treated cells were
divided into control group, model group, miR-21 interference group, and miR-21 interference control group. Real-time fluorescent
quantitative PCR (RT-gPCR) was used to detect the relative expression level of miR-21 gene. Western blotting was used to detect the
relative expression levels of TGF-B1/Smads pathway related proteins [Smad2, Smad3, p-Smad2, p-Smad3, Smad7, and transforming
growth factor-B1 (TGF-B1)], myofibrosis cell marker a-smooth muscle actin (a-SMA), andextracellular matrix collagen-l (COL-I) and
collagen-III (COL-III).

The miRBase predicted that miR-21 had a binding site with Smad7, and the results of the dual luciferase reporter gene
experiment showed that the target gene of miR-21 was Smad?7. The construction of miR-21 interfered with A549 cell line was successful.
Compared with the control group, the relative expression of miR-21 gene in the model group increased by 97.57%; the relative
expression of Smad7 protein in the model group decreased by 15.48%; the relative protein expression of Smad2, Smad3, p-Smad2, p-
Smad3, TGF-B1, a-SMA, COL-l, and COL-Ill increased by 13.55 %, 35.72%, 18.35%, 35.75%, 25.52%, 31.58%, 24.61%, and 11.66%
respectively (P<0.05). Compared with the interference control group, the miR-21 gene expression level in the interference group
decreased by 28.96%; the relative expression of Smad7 protein increased by 19.07%; the relative protein expression of Smad2, Smad3, p-
Smad2, p-Smad3, TGF-B1, a-SMA, COL-I, and COL-1ll decreased by 8.01%, 19.95%, 14.56%, 19.37%, 11.95%, 10.96%, 18.81%, and 31.36%
repectively (P<0.05). There was no statistically significant difference in the gene abd protein expression levels of each gene between the
model group and the interference control group (P> 0.05).

In an in vitro model of pulmonary fibrosis induced by beryllium compounds, miR-21 may promote fibrosis by targeting
Smad?7 to regulate the TGF-B1/Smad signaling pathway.

microRNA-21; Smad7; beryllium sulfate; pulmonary fibrosis; transforming growth factor-f1

WR—MESIER, T ZRTRTFE MEMX. SMRE, AERZmR21 TILERSWEREAR

HF. Bl A2 NES B FETLY REVEY
2B SY, IR FRMIEIRE#HF NN, HE
BHEMEIBERY, RIEMHEIE VS SHEN
WRAIEM R, LEFR, MEETEARNRSHND
ABBIFBIN0EE, 2 MR A EE R KER, BKHA
BT RAEESIENBERENNELAE, XB—
FhLURLT 0 A E BERMAVER T ECHNEE
TR FR 4RI /2 B 4T 4 4 B 385 5 LA KSe A B 7 B B AR,
Aa B RFRMT £, ARAM, BUEKEF-1
(transforming growth factor-B1, TGF-p1) = —EAMEER
TR BAMREA T, TE@EL TGF-p1/Smads 15
SEREATZMEYEE, S1ERR AL AR D1k,
%%Eki%ﬂﬁaﬂir“%m EEBEHEHT, TGF-BL 2
S ZENEAR TGRS ERN, MRS TGF-pLE
B EWIERE BT 4B BaIZ0",
4]\ RNA(microRNA, miRNA) B —F K E 1 20~
22 MZER B RIZERRAETE RNA, B LB S
$EEASE RNA BY 3'JEERIE X (untranslated regions,
UTR) & & R T SRR ERFRIX", FAFZRFA, miRNA 1E
LR EHRFHL. BESSMERPREREY,
35tBA miRNA TR IE A IE P X R IER.
KRR E B WK RIS E R LK I
Smad7 B & 79 miRNA-21 (miR-21) $EE A, AT B
BeSO, Z & ASAOHR L R M H W S E LT LK

2, ¥ M A8 % A F [Smad2. Smad3. &L 14 Smad2
(phospho-Smad2, p-Smad2) . B&ER ¥ Smad3(phospho-
Smad3, p-Smad3) . Smad7. AT EMEIREY) a-F
;8 AN AN 5 Z& B (a-smooth muscle actin, a-SMA) . TGF-
Bl. HMEMNERFER D | BKRIFEEH (collagen- |,
CoL- | ) Rz 111 B4 R JR &8 B (collagen-111, COL-1I1)] BYZR
X, 3811 miR-21 7£ BeSO, FTEX A549 4RRE LT 4L EY
YEFR A2 BT e o

Bl AR 22 B 0 L R _E R 4B ( As49 ZRAR) A BR
S 4fE 5 (2937 4f0) W F R ER Fx_LS4ME, ia
4 MmiE(8l, L&), AEEMIEARE(DMEM, B, L&
5ll), B BR £h 28 4 /&R (HyClone, 35 E ), BeSO,4H,0
(EBZE, PFE). RITLA o-SMA. TGF-B1. COL- | |
COL- 111 % 52 [&311A( Proteintech, EE) , I Smad2.
Smad7 % 5 EAR(Affinity, =EH) , BHFTA Smad3. p-
Smad2. p-Smad3 % g FE IR (CST, £[EH), B-actin(db
RIFRZR, PE), miRNA 32 B I TRIZOL(Ambion,
Z[H), miRNA cDNA E—HEEHIAFE(ILRKIR, #
&) , miRNA &KAE E2RMAFIZ(ALRKIR, FED
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miRBase FEN miR-21 HEEEREIZE N Smad7, B8 mir-21
5 Smad7 19 3' UTR N S L=, &A% Smad7 EF 4
BY(wild type, WT) F1Z8 L EY( mutation type, MU) 3' UTR,
REBEH 7552 bE EFK pSI-Check2 H, 14 & Bkl
pSl-Check2-WT-Smad7 #1 pSI-Check2-MU-Smad7, ¥
WT 1 MU BRI LAz miR-21 ) (miR-21 mimic) 3§
miRNA PR XY BB (miR-NC) 73 4B 45 22 1# 293T 4H/H, 1%
& Smad7-WT+miR-NC 2B, Smad7-WT+miR-21 mimic £A.
Smad7-MU+miR-NC £B#] Smad7-MU+miR-21 mimic £H,
T4 48 h [T, FRA R RN T SN G
MR FEBEEM, RER I NENEARKNE
BRI SR REE N ERH T, LLER
EREARN BT HI BT Smad7 B mir-21 BYEREE,
1.3 AfRIZFIRES

A549 4HBEAN 293T AT 10%(AFR 7280 B
A M5 1% WA DMEM SRS FEIE AR T s%(fA
FRIEK) CO,. 37°C 1EF . B T8 E KA AHRE
HITEE I, F AS49 HARIATIL] conm & ERY, &
2R EH 10 umol-L™" BeSO, B DMEM S HEIS FFE
HITH SR 48 ho
1.4 8fRE Rk As49 4R
1.4.1 BRERKREE H (multiplicity of infection, MOI)
o FARRESIE As4o ARENE, 1RBBETL 1x10° N
FIEME 24 FLAR A, M EE 5 LL MOI=10. 20. 40 #[]
S0 HITIBREBEL, TRE N GNARNKENE
MBHREZIERRLYUERKT 0B AMRKRSRIF
&R Mol FH{T T —F Lk,
142 ZEEZRETRE ST 1x10° NS
A549 ZRREIEFRE] 6 FLAR A, 4HARIC & ZRIAF| 80%EY,
BMEERRIREERER(L 2. 4. 6 ] 8 pgmL™)
HEeEHRE, BUERERLIE 48 h FRERIEFTEL
HNRERERTIERLK, sifiLRERETRE
KEAN 2 ug-mL’lo
143 ERSREANBRAMANE FRARKE
HETERER I miR-21 TSRS A549
40 AR SSIR mir-21 YD, & As49 HAREIZFE] 6 £
e, MEEEN 1x10° N-FL 7 AL & FRIKEF
30%~50%BY 1% i it H B & MOl IO ANEEfRE, T
R ahFHEEFR, 240 K. F 72h /FIA
2 pg-mL™ IEM BRI iE R RS R4, 1208
ERMik 48 h EEIRIEF KA 0.25%H FRES K5 400
HETER, BBE 75 o’ BARMIER, SRTFHEE
SRRk,

1.5 miR-21 mRNA FRiX7K &M

B 440 XWTERAB. BRI, mir-21 T
AFMTHITIBA, REELH, miR-21 THAF TR
AINREA 10 pmol-L™ BeSO, B DMEM = #EES 77
Ei1g5 48 h, WRAFHEFE DMEM S FEIE T EIE
F¥ 48 h, EF miRNA IRBUX T 21REUE miRNA H S
BRERIATZWMAB S cDNA, ZAfFHIT PR
18, 5IMFEYIAER 10 RNFZH79 95°C T4, 15 min;
94°C T 205, 60°C 1B, FEH 34 5, 40 MEIF. LL UG
ARZ, T REERENREE,

&1 ELHIRKEE PCREIMES
Table 1 Primer sequences of RT-gPCR

ElkzE=2 ElkvlsZd
U6 IEM5]4): 5'-ATTGGAACGATACAGAGAAGAAT-3'
U6 RE5|#): 3'-GGAACGCTTCACGAATTTG-5'
miR-21 1EMA5|4): 5-UAGCUUAUCAGACUGAUGUUGA-3'

1.6 Smad. TGF-Bl. o-SMA. COL-| . cOL-lIZEH
FIKIKFHE

RREQRNAFZEAPRNEBESEGH
FABCARAEELANNEERRE, EBLEFEN
30 ug, KA+ IREMR R R IGELIZ R BIK, F%
FEZ M 300 mA, B IRBYBIRAEXS 0 F 2T, IR
EERE s%BEMMIN SR 20 W= E S
AR RE RRE 1 h, FRAXNFRME—R 4°C
WEIR, &R 20 BBEER 25 48 & (PBST) L %
3R, ZHEE 1h, PBST R ABIEHF 3R, AUER
FERRBR ARG N BB, H AR R E R Image ) 1.52 B4
WEXEE, LBENER/ARSER(B-actin) ITEBH
EHMENRILE,
1.7 FitFESH

SRF SPSS 25.0 M HITHRIT 9 ITEEEE
F3 MeantSD R, HBEIERRAEREF ERD A
LSD 7150, 238 7K# a=0.05,

2 #R
2.1 miR-21 EBEFE BYFIN K2 38 TE

ZTELREIEE miRBase UM, Smad7 5 miR-21 75
EEENLE, AN Smad7 2 mirR-21 RUSEEER, I
R 2. WRAEMIREERLKRERER, SXIN NC A
¥aEL, mir-21 T Smad7-WT+miR-21 mimic FIZR &
RIFRIA(P<0.05), BB Smad7 & mir-21 I E I &
=&, WE 1.

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(2) 209

% 2 miRBase il miR-21 5 Smad7 &&F5!
Table 2 Predictions on the binding sequences of miR-21 and
Smad7 by miRBase

BERAM 52l

Smad7 5'-AUAAGCUA-3'
miR-21 3'-UAUUCGAU-5'
15
*
3H
I
Ui 1.0
<
m
<
ﬁ
P 05
K

Smad7-WT+ Smad7-WT+ Smad7-MU+ Smad7-MU+
miR-NC ~ miR-21 mimic  miR-NC ~ miR-21 mimic

[3E] *: P<0.05,
B 1 miR-21 $BEFRRYLEIE

Figure 1 miR-21 target gene verification

2.2 miR-21 FIR EHEKIDE

A549 AlfE1Z MOI=10. 20. 40. 80 BXRIEHRSE,
W RN BREEMRER LR, KI MOI=40 B RS
MEKRTF 0% BEHAIRE RIF, & IEEF MOI=40 19
RiE e, WE 2,

MOI=10

miR-21

180 pm
miR-NC

180 pm

2 FEMEFRBEHE A549 HRAITEE
Figure 2 Transfection efficiencies of different lentiviruses on
A549 cells

2.3 A549 4R mir-21 BIFRIZT (L

53tiR4AAALL, FRABVLHRY miR-21 mRNA FRiAKF
F= 97.57%, ST HITEBLAELL, miR-21 FHE mir-
21 mRNA FRiAKF FFE 28.96%, ERIIBRITFEN
(P<0.05), MtRBA S5 FHITERAR mirR-21 RiKK
FESTHRITFERNX(P>0.05), ILE 3.
2.4 A549 A smad BIFE A RIXKF

5xt8R4A48EL, IEILARY Smad7 EAFRIAKFET
f&7T 15.48%, Smad2. Smad3. p-Smad2 I p-Smad3 B
EEHRIAKEDHNAST 13.55%. 35.72%. 18.35%F
35.75%; R F FILITERA, miR-21 FHAM Smad7
EAREKKFEHST 19.07%, M Smad2. Smad3.
p-Smad2. p-Smad3 FE B FRIAKFEDFITET 8.01%.

MOI=20

MOI=40

19.95%. 14.56%. 19.37%, ZE R B RITFE N (P<

0.05), IRBVA S FHITBRAMELL, EEARIAKFEE
BLEHITFEN(P>0.05), WE 4,
2.5
2.0
E’t 1.5 i
£
i
u:'*n 1.0
0.5
o0 2 2 2 2>
% N 2 %
& @ éfév S
3‘:1/ «’35\’

U] *: 5338848, P<0.05; #: STHITERAMELL, P<0.05,
2] 3 BeSO, &3E A549 4HH 48 h f§ miR-21 mRNA
MEXFRIEKTFE
Figure 3 Relative expression levels of miR-21 mRNA in A549 cells
treated with BeSO, for 48 h

&
& & 5

Z A5
soss? L ——
p-Smad2 | S

Smad3 S e
p-Smad3 | .

smact7 [ G

B-actin M A S A—

2.0
*
15 Xy
% * o4 * 4 # 4
i 1.0 *
#®
=
mos5
0.0
Smad2 p-Smad2  Smad3 p-Smad3  Smad?7
o JFERA = REH

= miR-21FHAE = FILFIBA

CE] *: 533BR4EMEEL, P<0.05; #: 5FHITIRLEMELL, P<0.05,
B 4 BeSO, A3F A549 4HRE 48 h J5 Smad ZE BT REKTF

Figure 4 Relative expression levels of Smad in A549 cells treated
with BeSO, for 48 h

2.5 A549 4ifEh TGF-B1. a-SMA. COL- | . coL-llI
HERRIAKFE

5x38R2A48LL, WALERY TGF-B1. a-SMA. COL- | |
COL-NNEBREKFEDFNARTT 25.52%. 31.58%.
24.61%H 11.66%. IR T FILXTERLE, mir-21 FHA
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TGF-B1. a-SMA. COL- | | COL-IIIMZE B R IXKFE D5
TFET 11.95%. 10.96%. 18.81%F1 31.36%, =H 198
FITFEBEN(P<0.05), WEASFIHITRAMEL, &
ERRAKEEREHITFERNX(P>0.05), TE 5,

& & '

A S B

TGF-B1 | ——
O-SMA i — — —

co- | [N

COL-1]]  m— c— s —

B-actin A S—

2.0
_EZ,F 1.5 #
= . * * ” * # "
K
S0 ||
=05 ﬂ
=
0.0
TGF-B1 a-SMA coL- | coL-lll

= 3HHEA = [ERIZE
= miR-21FHA = FHITRA
(] *: Sx$ERLAMALL, P<0.05; #: STHITIRLAMLL, P<0.05,
5 BeSO, &2 A549 4AfE 48 h [F&4H TGF-B1. a-SMA.
COL- I . COL-IIZEBBRAKF
Figure 5 Relative expression levels of TGF-B1, a-SMA, COL- | ,
and COL-IIl in A549 cells treated with BeSO, for 48 h

3 g

B 4T U IR S B AR 4T L M BRI FE A AR Sh B
FOd BN, AN E R BN TheE M LA R H IR iR 28
BEMM, ARERE, EMLERIBEES REMAEER
. AT EMARSERRZSTHAREF, HA TGF-
Bl WINN ST AN A ENERXRRNEY], ©
BAEWHETHRIBEATF", Smad 2 TGF-B | BZ{A
BENESESUNY. BFRHH Smad2. Smad3
SR Az EREEERNRIX, M Smad7 AT
il TGF-B | BYSZ{AS Smad2 1 Smad3 FUBSER 1L, IXF]
BEZRERE A ZzE2EEBEEIBEN 1 B
2R, SHZ BT ELEAEEMEAE ", TGF-B1/Smad
ESESTEMALENPEETXEENIER,

miRNA BIEE KA B ZRIATEIEFRNE
ERTET, EREFECPEXRBATIER. AR
KRB, HFMARALE N IIERARE mRNAREKRE,
Hf mir21 EL R —MAHMRFLE LR T,
Liu E"™ XA, miR-21 AIE I EE @ HNE] Smad7 &
K, BHIERERIFSHW/NBEIMTENL, EXRHAR
, £ EBBIEEMINR A RBIRS ERE LN
RER, 5 NCHMLL, miR-21 T Smad7-WT+miR-
21 mimic AWK 3R E, 5B Smad7 & miR-21 N E

REER,

AR RERET, SWERAML, BRAHD
miR-21 mRNA RIAFA S, B TGF-B1. a-SMA. COL- |
COL-IIINE B RIEXKFEIFHE, 327 BeSO, IEF A549
IR E T 441K, TGF-p1 BRI @IS A%+
3% pri-miR-21 M LB pre-miR-21 K+ F mir-21 HY%%
FIEHCE"S At Beso, AIgE R BT IE S TGF-p1 &
ERAHSEET mir-21, FE Smad7 FIE B RIKKFE
TB&, p-Smad2. p-Smad3 NE R R AKFEHS. MIE
WET mir-21 FTikfg, HERFFILXTERA, mir-21 F
L2 miR-21 mRNA RIXK PR, Smad7 IE H &R
RIKFEFF, M Smad2. Smad3 BB EL 1L L, TGF-
B1. a-SMA. COL- | #1 COL-IIIBYZE B FRIXKFIYPE1R,
WAL AW BERFINE. 5L FEYHRERE—K
SEBAML, BRRATHMENBRSHNTINTERA
PREFHERNELRIEKFIYLTES, IERZER
BIBAME ST R B R 1T BeSO, B A549 AL A h &
41ER.

LU ESERREA, T EYE SRS (L RS
1&8Ih, miR-21 PIREE@T LM Smad7 BT TGF-B1/Smad
SSBEREHTAEMNEE, X—IRBEMST
miR-21 NFRAXZ [F1REI 7 k&, BHTEH mir-21
BEEZ MBS, Bt REESTE 2 HPRTIEES miR-21 T3k
TN EMER, EEF—THR. LINRARNIR
FIRIMNEETFENIRE, SERITERBRET LN/
RARERRH—TRNHAR mir-21 XF TGF-B1/Smad
= SEEBYEEER.
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