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Abstract:

[Background] The pathogenesis of silicosis is unknown and there is no specific treatment for the disease. Long-chain non-coding RNA
(IncRNA) may play a role in the process of silicosis fibrosis.

[Objective] This experiment aims to investigate the effect of IncRNA MRAK050699 on epithelial-mesenchymal transition (EMT) in rat type
Il alveolar epithelial cells induced by SiO, dust.

[Methods] The rat alveolar macrophages (NR8383 cells) and RLE-6TN cells were co-cultured in vitro and divided into a normal group,
a model group, a knockdown control group, and a knockdown group. The viabilities of NR8383 cells stimulated by 10, 20 ,40, 80, 160,
and 320 ug-cm™ SiO, dust were detected by CCK8 method, the levels of transforming growth factor-B (TGF-B) stimulated by 0, 20,
40, and 80 pg-cm™ SiO, dust were detected by ELISA, and the knockdown efficiency was tested by real-time quantitative PCR (RT-qPCR).
RLE-6TN cells in two 6-well plates, RLE-6TN cells transfected with knockdown control virus in a plate, and RLE-6TN cells transfected
with knockdown virus in a plate were cultured for 24 h. At the same time, the other four 6-well plates were inserted into the Transwell
chamber, and NR8383 cells were cultured normally for 24 h. The ratio of NR8383 cells to RLE-6TN cells was 1:2. Then the Transwell
chamber together with NR8383 cells were transferred into the 6-well plates of RLE-6TN cells, and 40 ug-cm™ SiO, dust suspension
was added to the Transwell chamber of the latter three groups of co-culture system. After further 24 h, the RLE-6TN cells in the lower
compartment of the Transwell chamber were observed under microscope. The mRNA and protein expression levels of E-cadherin,
N-cadherin, and a-SMA were detected by Western blotting and RT-gPCR respectively.

[Results] CCK8 and ELISA results showed that the viability of NR8383 cells decreased significantly, and the survival rate was considered
eligible when SiO, was 40 pg-cm?, as the level of TGF-B in supernatant was high enough for subsequent experiments; the knockdown
efficiency of the knockdown group was about 50%, and the difference was statistically significant (P<0.05) comparing to the knockdown
control group. After co-culture, the morphology of RLE-6TN cells was observed under microscope: The normal cells showed typical
epithelioid characteristics of polygonal and oval appearance and tight junction; the cells in the model group showed interstitial-like cell
morphology, including long fusiform and spindle shape, and the intercellular space became wider; the knockdown control group was similar
to the model group, showing the morphology of interstitial cells; however, in the knockdown group, the cells were basically in a state of
tight junction. The mRNA and protein expression levels of E-cadherin, N-cadherin, and a-SMA in each group were significantly different
(F=28.11, 35.72, 15.26, P<0.05; F=328.78, 51.84, 13.39, P<0.05). Compared with the normal group, the mRNA and protein expression
levels of E-cadherin in the model group decreased by 32% and 67%, while the levels of N-cadherin increased by 228% and 164%, and those
of a-SMA increased by 274% and 166% (P <0.05). Compared with the knockdown control group, the mRNA and protein expression levels
of E-cadherin in the knockdown group increased, while the levels of N-cadherin and a-SMA decreased (P<0.05). There were no significant
differences in mRNA and protein expressions of selected genes between the model group and the knockdown control group (P>0.05).

[Conclusion] MRAKO50699 plays an important role in silicotic fibrosis and may be involved in the EMT of type Il alveolar epithelial cells
induced by SiO,.

Keywords: silicosis; fibrosis; long-chain non-coding RNA; type Il alveolar epithelial cell; alveolar macrophage; epithelial-mesenchymal
transition
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EHIncRNARIAIES, R EEA KR RABRER A
MRAK050699 HY 2R 3X £, 35 BA MRAK050699 FJ BE &
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1 ME5EREE
1.1 M

NR8383 4 ffl. RLE-6TN BRI F LB R &
MERBRAE ; FESio, ME (EE SigmaRE]),
Cek-8 AfEILTE R AR S MR MIAF & (LB I1E
RE]), TGF-B A K F B BX T2 & K 1 30 (enzyme-
linked immunosorbent assay, ELISA) #MiX 7 & (E
BEEEYIAT), RPMIL640IE FE (3£E Gibco 2
&), Ham's F-12KEFEFE (EBREBEEYLRE),
Transwell &% F/NZE (EEH Corning 7)), BRI
78 (fetal bovine serum, FBS) (XEBIAE), BHEE
FRER (V). ElE tRFEXEERZBRLQA),
Z— B E I (dimethylsulfoxide, DMSO) (ZEE MP A
&), B2 £h 28 4 &R (phosphate buffered solution,
PBS) (E[E Hyclone 2 &]) , H#1 E-cadherin. a-SMA
UK (£E Abcom A 7)) , =31 N-cadherin 1A (E
Proteintech 2 8] )« /NR T H MEE -3- B FR i S B8
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
B3 (ERPEEHLRF) . MRAK050699 FURR S LA
T PAMEXT BRI . L IE0R & HiTransG AL IBER B R
(EBFERE), Trizol. BR&AZ)E (polyvinylidene
fluoride, PVDF) f& (3£[& Invitrogen A &]) , TransScript
One-Step gDNA Removal and cDNA Synthesis SuperMix.
TB Green™Premix Ex Tag™MIl (It REeX & dE),
MRAK050699. E-cadherin. N-cadherin. a-SMA X2 GAPDH
5% (EBETEMAED.

1.2 A&

121 “4AfRiEsF RLE-6TN4BRBERIEF, BHREH
NEBEESEH (1o0Uu-mL?). #EEZE (100pugmL™) BL
%2 10% FBS By Ham's F-12K EFIEFE, SAMMEE
90% B, FEIBEFE, HHBEOURELAM, AT
EARERMM, 7RSS, 2dRR—R. B3~81K
EEE .

NR8383 MM EIEF, BRZXUHNEEEEER
(100U-mLY). 5B & (100pg-mL?) LA K 15% FBS HY
Ham'’s F-12K E 551555 &, H4MIETEE 90% BY, 733l
1B, BX3~s AR & A,

1.2.2 RLE-6TN4HfREE R EmEs HAE124h, [

6 FLIR & FLIE M 5x10* P RLE-6TN 4B, F37°C.
5% CO, I F R PIEF IR, FIBAEBIRAMNESR
158K HiTransG A & E (FAMEXT BRI B BURIR
F) (REE#H=25) WIEHE, BB IREBRIER
EHEENTLEAEMGEER, BRELY 720, &
MIESRE, MAREN 2pgml NIZREBRTHIEET
PEARERR. KR REHARRKRT KI8T, AEEH. ¥
ARSI RLE-6TN 4HAf1 5 NR8383 4 HIEF, FRT
FAMEXTBRISRENAM A 2 NBURITERA, HERT
BURRS AR AT E NEURE,

1.2.3 SEBYRFEE = PCR (quantitative real-time PCR,
RT-gPCR) &AM IncRNA MRAK050699 FRiA/KFE  HLE
JIE InNcRNA MRAK050699 = & BRI, 4R A=
A IEEA. BURSTIRAMBURA, & =AM iER
F 6 FLIRT (EMBRE N 5x10°) , UE 2 REHNBR1E,
RBFE 6 FLIRFPRIIBEFARRZ, MM 1mLFULH PBS &
TRARRE, INEEE 1.5 mLEILER, 12000%g, 5min 1T
B, AL, 88 1mL Trizol, EH 70 3R,
FESmin; SRRERAFZIHAE S DNA, H
AT PCRYTIG, SIMIFHIILR 1o RN ZMH R 95°CTIL
1305 ;95°CT M4 55, 60°CIRAFFIER 305, 40 MEIF
L GAPDH IIRZ, iTBEERMEXTFRX,

124 HEFEZREL KRS HANAERER, 9O
BRIEEA. HEEA, SR BA R H, BEX™
N6 FLIR, ERIF D 6 FLAR P IE B 1 F RLE-6TN 41
24h (EMEE A 5x10°), ER N6 LIRS A F
A X BB 35 B RLE-6TN ZARE 24 h, N RBURIR
EMRLE-6TN AR 24 h, ELHAE 60%~70% Ra & ; [EET
EFZHED 6 FLIRA, N Transwell HIEEF/NE, [EH
1% 7% NR8383 4l 8 24 ho NR8383 4l fl 5 RLE-6TN 41 i
HREEBIL 2, ZE¥ Transwell E£EF/NEEF
NR8383 #liffi— & %% N\ RLE-6 TN ZBRE Y 6 FLIR T, /S
= HHIEFMRERB Transwell FIZFR/NEAFIIA 150 pL
40ug-cm? Sio, MA R KRG, THARIBYLREIEFT 24 ho
1.2.5 CCK8 7&K NI NR8383 7 #7 2 Il 38 F AY 4 Afm 1%
JESEE F15%FBSHYHam's FFI2KEFIEFEER
NR8383, LAEFL 1.5x10* MR (FFL 100 L) EMTF
96 FLIR, B F5%C0, 37°CIEFHFERIEEFE 240, NN
10. 20. 40. 80. 160. 320pg-cm? Y Si0, ¥ E& 15uL,
YREFBEFR 24h, I CCK8 AR 10uL, 37°CEB 4hfF
WEZFLAZEE (D). ¥RER cck8 I =15 BAH1EEY
B 450nm FHITNE , FHIK6 NEFL, LT,
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OINEFRNEANTEA, URNEFR. e
FIAAE AT ERA, F T AT EAREEE :
M FER=[(Dapa-Deann) / ( Dugma-Depa)]
100%o

1.2.6 ELISA A0 T £ #5 40 1) 33 f5 NR8383 £ /B & AR
TGF-B &= L 0. 20. 40, 80 ug-cm? Si0, ¥ L b 318
24h [GHINR8383 4HAEAY LB RUREE, 12000xg, By
20 min, BY_EBERFM, 7 &ML EIF IR P BN K
AERFEL1hFAH. mRZRBRHAFIZ IR HITIE
Eo 15 min N A ES RN TE 450 nm 20N Z E{E (D),
AR G I HELAE, DEAMRAR, BIEIR &L,
RIBF & D BTEZ AL E LT AN ARPRENEF
EHEE,

1.2.7 HIEFBREINNESENR REBHZE
“1.2.47, BITHIZFF 240 5, & Transwell EIZF/NE
TEETERET, MEHLFBESAHARNES
FT1,

1.2.8 RT-qPCREH0:MI RLE-6TN R E-cadherin. N-cadherin.
a-SMATENTFRIAE  HIEFF24nfG, BUTE 6 FLIRE
17 RT-qPCRAM, 757E[E “1.2.47 51¥IFFIILER 10

%1 RT-qPCR3|#IF5%!
Table 1 RT-gPCR primer sequence

EELZR 519 WERT (5—3)
Gene name Primer Base sequence (5’ —3’)
MRAK050699 1E[A) Forward AGCATTTAGGAGCAACGGCT
2 @ Reverse ACCTAGGGGTTCTTCCCAGT
E-cadherin 1E @ Forward TTGAGAATGAGGTCGGTGCC
2 [ Reverse CAGAATGCCCTCGTTGGTCT
N-cadherin 1E[6) Forward CACCCGGCTTAAGGGTGATT
[ [ Reverse CGATCCTGTCTACGTCGGTG
a-SMA 1E A Forward TCGTCCTGGATTCAGGGGAT
2 [ Reverse CAAGACGCATGATGGCATGG
GAPDH 1F [ Forward CTGGAGAAACCTGCCAAGTATG
[z [A Reverse GGTGGAAGAATGGGAGTTGCT

1.2.9 EARZENE (Western blotting) 75MITE RLE-6TN
R EEBIEN A BCHIRERE SDS-PAGE %t
o TOINEBIKRG, #1T L, 80VI2ERKL 30 min,
FHEMBNDBREG, HAEBE/ 120V 4428k, B
KEERE, E300mA B TR, £/ 5% BiAsin )
HEAKR, EREF1h, REB1: 1000 FE—1, &
T PVDFERME, E4°CkFEE R, RH A TBST &R
3R, R 10min, TN 1 : 2500 R M E B 7]
1ho ERFTBST AR, ERUFER N ERBEBRNE
o fEFH Image J 1.8.0 AT X BZEEHITTHOMN, &

BENREAENENEBREE/AESEFREE,
1.3 FitFESR

Ffr 8 03B 15 LU A3 SPsS 22.0 # 17 9 #fr, £
Means+SD %7, £H[B]4 1T F & B KA one-way ANOVA
M LSDEZK T, #2387KE a=0.05,

2 4
2.1 ¥%ERIRLE-6TN 4R MRAK050699 ) mRNA
E3ny &x

BURZE MRAK050699 FYZRIAZK AR EL Bsm Xt BR4H
BAE T, HRMEAN0%, EREERITFEENX
(P<0.05) o SEURNTERAAAALL, 1E & 4H MRAK050699
B mRNA RIAKFESTEHITFERNX (P>0.05),
2.2 SiO, #4A3F NR8383 4kt ;E /IRY MW

REIFI2 sio, # L FBINR8383 A, FEE M
RUSFIERIE M, AENFEREHNAREZEERRE,
10. 20. 40. 80. 160, 320 ug-cm? A M 1FJE X 73 H))
79 (91.240.25) %. (76.55+3.46) %. (59.00+1.61) %-.
(26.46+0.89) %. (24.3743.20) %. (38.25+1.89) %o SiO,
AL FIETE 40 pg-em? BY, 4BRRSE ST RIS ABEE BT
RIEE4RSEIOMI B RH1T. EMFEAB S 40ug-em? A
ML, ERBEARITFERNX (P<0.01),
2.3 NR83834HpE EBERHP TGF-LEE

¥ 4 %1 & 7F 40 pg-cm2 B, NR8383 4 ffl £ F
TGF-REHRHMNKRIAKFRS, @XHBRAHAOugecm? B
2941, ERBARITFENX (P<0.01),
2.4 SiO, ARIBHEIEFAERES]#E RLE-6TN 4l
ST K

ME 1 UEH EEAMNME S MR 7
FEASE, AZf. IRRF B EZEE. BRI AM
SEMEFREFAMRIES, RIWAKRBTE. &R, F8
MFRIE PR TE, BRI IRASEE AR, 2HEHR
IS, MEBURAAREARLFEEEZRT,
2.5 RLE-6TN4BR E-cadherin. N-cadherin. a-SMA

B9 mRNA RiAKF
BAELRERNKREAERYBERITFEREX

(F=28.11. 35.72. 15.26, P<0.05) , #RALLAR E-cadherin.
N-cadherin. a-SMA BJ mRNA KX K F 935 2 1EF A
B932%, ARz 2.28. 2.741F%, ERBHITFEEREX (P<
0.05), IR T BRI IRLH, B 2H E-cadherin mRNA
FRIKIKIFE_EF, M N-cadherin. a-SMA BY mRNA ZRiA7K
TR, ZRYBARITFEREN (P<0.05), EEHASE
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BT IR S B A mRNA RIAKFEFRTRITFENX
(P>0.05) TLE 2,

CEIA:IEESH ;B REA ; c: BURNERA ; D : guRif. BB

SKFE o BREYEY F R AR 3 LR RITE RS
[Note] A: Normal group; B: Model group; C: Knockdown control group;
D: Knockdown group. The white arrows indicate the typical

morphology of epithelial cells after differentiation.

1 40pug-cm? By Si0, Ky RIFHIEFFERE RLE-6TN

HREAZ
Figure 1 Morphology of RLE-6TN cells after 40 ug-cm™ SiO, dust
stimulation
4
- x
g 3
B s :
X %
X o
e ?
= °
5o #
= B # #
= 1
: m
O Il
E-cadherin N-cadherin a-SMA

W FE4H (Normal group) [ BUEIYTERZH (Knockdown control group)
[0 12228 (Model group) [ &%Ai4R (Knockdown group)

[E] . SIERAMELL, P<0.05 ; # : SEUBRTIRZEMELL, P<0.05,
[Note] *: Compared with the normal group, P<0.05; #: Compared with
the knockdown control group, P<0.05.
2 40pg-cm? B9 SiO, M LRI IZFFIA RS RLE-6TN
AR & A B E BT RIA KT
Figure 2 Relative expression levels of selected genes in each group
of RLE-6TN cells after 40 ug-cm™ SiO, dust stimulation

2.6 RLE-6TN 4l E-cadherin. N-cadherin. a-SMA
HERBRRIEKF
EHAEREANKREKEYERITEE X
(F=328.78. 51.84. 13.39, P<0.05), HRAIZAAY E-cadherin.
N-cadherin, o-SMABIE B RIAKFEDFIEIEELHD
67%, AR 1.64. 1.661%, EREHITFREN (P<0.05),
BUR AR T EURMIT R4, E-cadherin & H RIAKF

EF, M N-cadherin. a-SMAHIEBRIAKETE, &
EWESITFENX (P<0.05), IREAESEORXTIEZARY
BEARKKFESREHRITFEN (P>0.05), ILE 3,

E-cadherin - - - -
oo il

CSMA g I — —

2.0 *

- [

1.5

1.0 4
) ITH
0.0

E-cadherin N-cadherin a-SMA

IEE4H (Normal group) [ RIS HALE (Knockdown control group)
1EAILE (Model group) [ BfEIH (Knockdown group)

XS FRAE KT

Relative expression level

=
[

[E] * - SIERAMLL, P<0.05 ; # | SEURXTERAELL, P<0.05,
[Note] *: Compared with the normal group, P<0.05; #: Compared with
the knockdown control group, P<0.05.
3 40pg-cm? B9 SiO, M L RIHHIE TR RS RLE-6TN
MR Z AT AR RIAKTE
Figure 3 Relative expression levels of selected proteins in each
group of RLE-6TN cells after 40 ug-cm™ SiO, dust stimulation

3 iTig

R EBURNEI S, EMT S 2 HIEEE ML
EMT @— M4 EYFIiT12, FItEEFAmLE L
B2 4B AR A 14 T IR 1S 18] 7 R AR AR B9 45 4 1, s n BY
TRAEEAMRAEMBNEERRS, BHRRER
BR, Si0, i F AR B K RAZ B A 682 1 IncRNAs HY
AL &£ U, IncRNA Loc103691771 IR E R
REWRHNEELZRBEXY, QianE " AR AN
INcRNAZEB1 ZEB1-AS1 TEK R AT 4L LB A TGF-B1
%S HY RLE-6TN BAE A FRIX i, MiE4iRai<H /i HR
MALIMEYHERARNRPHILETAEERK
IXHY IncRNA, E A MRAK050699 ZFEE EIAM, ABA
L EB MRAK050699 B B RTE TGF-B 1T EMT 2 H
RIEVER?
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HIBFRMER, Al UB PSR AN AR IR, [F
B % RLE-6TN 40 3 3% 2 8% R BY MRAK050699 12 9% 25,
188 MRAK050699 TE 4R AR FR RV ZRIAFEAE, LAULLAS T EMT
BIHEXEF, 030F MRAK050699 7E SiO, M L iES AR
|| BUHYE E RRARRE R A EMT SRR 2 A =M,

TR R B 7R, NR8383 AR 7E 40 pg-cm?
RSESTIRBAR ; AR TGF-p RIAK TS, Btz
FIRBHRRLE-6TINAET ERE TR, HRE
TERANME SR ERESFE, BAA
SRR RARM, KET ERRERET BIFEHRA
FEBIZREVSE, MEURAAREYE) 7e AR R EFE
REFE 2, D FEE RTINS PR R L . 5
IEE AL, WA E-cadherin BEE R E HBIRIAK
I BEAR, N-cadherin. a-SMA 2 X K& B B RIA K
FIH S, IERRLE-6TNAAE T EMTIE IR, £5%
27 BUR MRAK050699 FY IR S 5, IR TRURXTIR
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MRAKO050699 &5 TGF-p1 BY Z{AHE X AY IncRNA, HiEf
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57 TGF-B1 B2 {ARY _EIAF TGF-B 15 S BEE AV BUS.
MRAK050699 HY &%k 16 15 Al 8 = 57 4 BB A TGF-p1 BY
SRRBURITBBLE R L, TGF-B {EFI T RLE-6TN B, HH
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ff, 2B @ (R MR S I8 30 E T MRAKO50699
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