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[Abstract] Objective To explore the effect and regulatory mechanism of the inflammatory mediator tumor necrosis factor—
(TNF-a) on the paracrine secretion of lumican by lung fibroblasts and its impact on the epithelial-mesenchymal transition (EMT) of
small airway epithelial cells. Methods Primary human lung fibroblasts (HLF) and human small airway epithelial cells (HSAE) were
cultured in vitro. The expression of the proteoglycan lumican in HLF and HSAE was detected using transcriptome sequencing and RT-
qPCR. After silencing lumican expression in HLF using lumican siRNA , HLF and HSAE were co—cultured, and the changes in EMT—
related markers in HSAE under TNF-a stimulation were detected. Following the pretreatment of HSAE with a specific ERK phosphory-
lation inhibitor, the changes in ERK/Slug pathway activity under lumican stimulation were measured. Results RNA sequencing and RT—
qPCR results showed that lumican was barely detectable in HSAE but highly expressed in HLF. TNF-a significantly induced the syn-
thesis and secretion of lumican in HLF. In a co—culture system of HLF and HSAE, TNF-a treatment increased the expression of a—
SMA (alpha smooth muscle actin) and COL3A1 (collagen type III, alpha 1 chain) while decreasing the expression of E—cadherin in
HSAE. These changes were reversed when HLF was treated with lumican siRNA. Furthermore, treating HSAE with recombinant lumi-
can led to an increase in ERK phosphorylation and Slug protein levels, upregulation of « =SMA, and downregulation of E—cadherin.
These effects were significantly reduced when an inhibitor of ERK phosphorylation was used. Conclusion The inflammatory factor TNF-
o may promote fibrosis following inflammatory injury by stimulating lung fibroblasts to secrete lumican , which then acts on small airway
epithelial cells to activate the ERK/Slug signaling pathway , thereby inducing EMT in these cells.
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i 988 3K BE I F — o (tumor necrosis factor—alpha,
TNF—ou) 72— T A1 5 4 i PR 110, 7R3 22 il 28 e e
PR T AN A, B S 2 E A A A
PR UIAROCR), FRATEH 58 & B, TNF—o ]I
it ST AE 2 53 WA G 2 1 SRR (lumican ) I 55 2 PR PRI
Fi8 25 A E (acute respiratory distress syndrome, ARDS)
U )[R AR Y SP N

Lumican &l 2L ARE T (ECM) i r 2 —, 5
5STE Z R A M) D) RE IR, W AR S IE G548 T A
2 OCH B0l R U Iy SR UE B BT PRI
JEE N-SIL Kz /) B 2 4 AR A5 AU rhio 8] 2 BT lumican
AOFIA FiE . AN, lumican 82 5 H LGRS 53
1 /N BRI A58 3 T b B — (8] SE BT §% b (epithelial—
mesenchymal transition, EMT)!"0l
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PR R JRVERE 12 EMT i AR, oI AL
A (alpha smooth muscle actin; a—SMA ) A1 T 269 i 5 2 1
al £ (collagen type Ill , alpha 1 chain ; COL3A1) %% ] 75
JET A B2 ECM bR 4 6 Bt H | e 20 f s s
E- 45 % 7 11 (E—cadherin) %5 ¢ 35 T F#14, If 22 Snail/
Slug S5 S PR F- Ry g4z, SUE TRz EMT 7618 1 BH 28
P It 9 ek P 1 i S5 E R v 47 0 T Y £
atis=el o JRATT IR W 5 % B lumican A 55 A/ NVSIE
b Al A EMT B ARG B 76— 2P 482 lumican
A AR AT 7 20 AR ST AILH
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1.1 EERAR

AR il 55 21 4 40 B2 ( human primary lung fibro-
blasts; HLF) 5 A JFAC/ NS08 T B2 4012 (human primary
small airway epithelial cells, HSAE) & it £ i9 FibroLife
1% 3% 3 F1 BronchiaLife 335 32 2 | 3 W0 B T Lifeline Cell
Technology 7y Bl (3¢ ) . Lumican ELISA 157 & & T
R&D Systems A 7] ( & [ ) . ERK #f B2 1k # il 7
PD0325901 Il T MCE 2~ ®] (1 [E) o Western Blot 52
16 b E-cadherin —$t0 H Abcam A & (JE[H ) ; B-actin .
o —SMA | Snail 4 1 — 41 ¥ A CST 2w (£ E ) ;
COL3A1—4UM [ Abconal 2] (1% ) ; GAPDH —# 11y
Fl Proteintech 2N & (FE ) o
1.2 HREEESR

43 52K FH FibroLife 11 Bronchial.ife JF. 4% 40 i & H
St IR 7 5%C0,.37 ‘CTCH IR BE T 5 3% HLF F1
HSAE, 52 d S — Yo g Bk, A AR K 2 5 3R LR
TR 80% I HEATAL AR AL B, TR MIfL IR 3 ~ 44K
B P4 200 22 AR 7R T 6 FLAR B 12 FLAR N S5 1 itk — 20
AbFE

1.3 ZAREiE R T

SRR IE H A TNF-o W T IR 225258, 43l (i
JHIAS [ % 5 19 TNF—o B3 HLF 24 h, 3% 1] CCK8 it 5]
G (A2, HA) A 4 1, e B A0 3k
1.4 MRt EEF K lumican siRNA

Lumican siRNA DL K A4 % T siRNA ) H Sigma N
A, I 4% siRNA B8 3& 7 5 an 6 1, K¢ HLF 4257 F Tran-
swell 19 2, B0 2 X 105 N/mL; # HSAE #5541
Transwell (9 T EWN , B E S5 % 104 /mL, L TFET
37 °C,5% CO /3 FFHEFE 24 ho MRURIMAIGFE3E Wik e
A (Mirus, £ ) siRNA RS, ff siIRNA 149K 5
25 nm. FE 20 min JE A GIFLIN . B53R24 b5
R IEIE SR ML, —4 XTI, S — 4 AR
H A TNF-a, $f Transwell i) _EZEHH{ AT E N, IAF
AR 24 he FEFREEAUS U RNA FEE e —2b
BRI, HLF FTHSAE 553516 2, WWE 1 R EE

% 1 siRNABE 5
Table 1 siRNA base sequence

R F3l
F:5' GUUGCUAACGAAGUCACUCUUTT 3'

Lumican—sil
R:5" AAGAGUGACU UCGUUAGCAACTT 3'

Lumican—si2 F: 5 GGGCAAUCAUCACCAAACUTT 3'
R:5' GCUAUGAUGACCUGGAUUA 3'

ﬁT rrrrrr 116 b5
I IT rrrrrr 1R =

TR

Zlumican SiRNA
% B HESIRNA

45 (fTHLF

@ HSAE

| HLF fIHSAE #E#E R REE
Figure 1 Schematic representation of the co—culture system of HLF and

HSAE
1.5 ERKBEERL #1 %177 4022 HLF #1 HSAE

FIFH 10 nm # PD0325901 111 il 3] 7 b H HSAE, 2%
J5i 1 50 ng/mL 4 2 H lumican R0 . 24 h 55
BT e 455 TR LR A H A B 1 Tumican SAHIF , FE55
F224 h, PEHIMIEE S
1.6 qPCR;%#&ill a-SMA,COL3A1,E-cadherin &i%

FHAEFRA Y1) RN A $2BGAF) & #2 B HLF AT HSAE
B 5 RNA, {i F§ Nanodrop 2000 il RNA #¢ & Fi4ii &
{8 FH Takara 23 &) 1) 338 % SR 00 & pE AT 6 5 5%, & K
¢DNA, F F PCR K& . ¢PCR JZ i ¥ {i Fi Roche ]
PCR 350 &b ARG, HE B S AR &R R 10 L, TS 1
IRBE R 95 °CL,600 s; fEFR A - AR MR B R 95 “C .10 s,
iR KIREE R 60 °C 10 s, JEREE N 72 °C 15 s, 46 35 ~
40 MER . SIEENER2 R,
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R 2PCR3IHIER
Table 2 PCR primer information

AR 51473

Human —GAPDH F: 5 GGTGGTCTCCTCTGACTTCAACA 3'

R: 5 TCTCTTCCTCTTGTGCTCTTGCT 3'
Human —LUMICAN F: 5' TCATCCATCTCCAGCACAATCG 3'

R:5' ATTCCACTATCAGCCAGTTCGTT 3'
Human —COL3A1 F: 5' GCTACGGCAATCCTGAACTTCC 3
R: 5' GCAACCATCCTCCAGAACTGTG 3
F: 5' TTACTACTGCTGAGCGTGAGATT 3'
R: 5' CGATGAAGGATGGCTGGAACA 3'
Human —E—cadherin F: 5' TACGCCTGGGACTCCACCTA 3'

R: 5' CCAGAAACGGAGGCCTGAT 3'

Human —a—SMA

1.7 Western blot i&#&ill EMT X & B RiX

PREBCH bR R H BCA BT e =, SRR
FEBmA 5 x SDS_FAEZE i CHER ) , 98 “CAE T 15 min,
18 FH 10% B F 2 AT SDS-PAGE SRS HL Ik o TBvERE
ENE PVDF 58 I, SR F PRk AT CHERR ) 64 T B . 43
S COL3A1(1:500) .a—SMA (1:10 000) , E~cadherin
(1:1000) .lumican(1:1000) .Slug(1:1 000) .ERK (1:1000)
1l p—ERK (1:1 000)# B Bl TAEVR B —HTIA W .4 °C
WEEIEW . TYUNE 1.5 hmis PR Ak KGR
(enhanced chemiluminescence , ECL) {8 {2 M il f% .
1.8 HLF#IHSAE B3 FANF

E £ B RNA FEAS , AP A Oligo (dT) 14 14 2E & 4
mRNA, H BefbJ5 & 3 cDNA , 233857 & 44k, EB 2% v
TRV S P AT AR i A 2, i3k A il 4 =k Ak
B, Bk I B 59 B E3EFT PCR Y1, W 58 8 S
PR TAE . #4479 SCZE ] Hlumina HiSeq Xten i
A, I S0 A PE150, 18 5 i AT FE 3 D1 /R 28 w48
ALY RNA SCER 6 B PR IR 55 , AR A I o 4 L 1 %
SRAMEE
1.9 FitENHH

JH GraphPad Prism WiAS 8.0 AT 48T 124 007 . SE56
BE DI + bRUE2E (3 £ s) Fon B 22 7 () [
BOR K5, 2 R A S 850 L #R ] One—Way
ANOVA 55, P < 0.05 FR R HAGITEE L.

2 R

2.1 Lumican7Z£ HSAE #1 HLF R R B9 R3E 18R

T8 3o 7 S 2H I 6 R lumican 7F TR AP S Y 41 g o
Bk, 25 B8 HSAE A1 TPM (B3 0, LA A
lumican, Il HLF H1 TMP {E A X 488 55, WK 2A . E—
iz F RT-qPCR 4T 5IE , 76 1 41 itd GAPDH 1Y Cq {H.
ZEHE AN KA, lumican £ HLF H1%% HSAE A9 FH 22 K F
104~ CqfE, WK 2B, B HLF H lumican Y35 7K
35 5 T HSAE,

“ . i .
e s ——  m HSAE
o 60 ——u L3 = HLF
2 &
= 40 _§ 20
2 g
g g
3 20 é‘o
g
=
©—0—0&- 0
HSAE HLF A GAPDH Lumican B

[ 2 HSAE #1 HLF H lumican IR ZKEE R

Figure 2 Differences in lumican expression levels between HSAE and
HLF
VE RREEP < 0.0001; TPM : transcripts per million, £ & 7% #5 A&

¥ 3k 45 R b H; Cq: quantification cycle, & HEERAL
2.2 TNF-a Xt HLF i& 892500
TR JNE F T TNF-a % HLF 20 35 1 10 52
Wi, 38 FH AN [] € BE Y TNF— o il 3 HLF 24 h )5, 38 i
CCK8 S5 K 2 L 1% 7, 753 e RO 5 . 45 2R b
7 2 DN O B 20 ng/ml e FE 2 7 36 3 1) TNF-o FECT
HLF (435 7354 W R e, 555 T 40 ng/mL 5 40 35
I PR (R 3) . Btk , F AT H 20 ng/mL Mk BE
) TNF-a 47 IS 225550 .

150t

Fkkk

*kkk

*hkk

100

= T T ‘I\ T
0 2 5

0 20 40 60 100
TNF-07 % (ng/mL)

3 RE)RE TNF-o fl#  HLF B 2R AEE F1 4L
Figure 3 Cell viability of HLF stimulated with different concentrations of
TNF-a

A (%)

=

ERRREP <0.0001,

2.3 TNF-o %l i85 8 [q] ;7T 2K lumican Xt HLF #1 lumi-
can Rz

T TNF-o 3T, 8 5 qPCR 5 Western blot 2556
% P HLF A lumican mRNA 58 (1 &5 B B & T, I
El4A-C. [FAT ELISA SE80E SC 4 f 3 77 L3s b, HLF
53 WA E AN ) lumican Y B W 35 T4 5 , DLIEI 4D, R B
TNF-o 0] 5 5 HLF 35 143 W lumican 85 . R
siRNA #[i] JJLER HLF ' lumican i 35)5 , RT-qPCR 4%
L, P45 lumican siRNA b3 %) HLF AH% T BA 4 X
M8 4b P ZH , lumican mRNA HY % 35 7K 7 1 1 3% B %
(WK S),
2.4 HLF 5 HSAE £ 7k & &, COL3A1, a—SMA
& E—cadherin 7£ HSAE 5t mRNA RiA7KFE 1L

9T i — A W TNF- B3 HLF 43300 B ) Tu-
mican X HSEA 41 JUIR S AT RE 520 , FAT TR A lumi-
can siRNA 12k HLF F7 lumican B 5 )5 , & T HLF
FIHSAE (3t FR K 5 . RT- qPCR 2550 3R W], HEE 5%
PR R H S I TNF-o 7] DLt 2534 i HASE ' o-SMA 5
COL3A1 ) mRNA &3k ; [A] i 1 3 417 ] HSAE  E-
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2 6 P “gA ,
Lumican e @S 50 kDa ¢ zZ4 s 3 2 ® o
g £3 22 12
g 0.5 == g 4 2 Hr 7
B-actin | sy 45 kDa a E “ po i 9
=1 Q ~
0.0 T — 0 = 6
gy o e 4 ol ° '
i, TP A MEE TNFel o WEH  TNF-afl MEA TNFd D

4 TNF-o ##/5 HLF # lumican &5 K FH L
Figure 4 Changes in lumican expression and secretion levels in HLF after TNF—a stimulation

EEAAROEZRIMEE TR FALR A AR R £ R KT, P <0.001 %P < 0.01,

cadherin mRNA ) 2235 7K, UL ER HLF 7 lumican Ff) 25 HizzxAZEd,COL3A1 5 c-SMAZEHSAE B E

TR 5 T LA Ao s b Ak, LR 6A-C. Bk FEHTN
*x Western blot 32 36 45 B 2L 0, iz ik 2,
169
—_ COL3A1 5 a—-SMA & 7K F-7E HSEA H )22 fk i34

129 mRNA (28 FAARL, TUER HLF lumican (3834 A
AW TNF-o 53 1Y 235 52K & v HSAE 9 COL3A1
5 a-SMA FixFHE . WK 7A-C,

2.6 Lumican 3t HSAE i& %A 200

Lumican mRNA ik
( 27-AACH)
o
o0
]

=
S
1

0.0-
Lunican sXA 1 - + - BT H— 2L lumican X CE R 40 E94E
o = 2 1 BL, e F T S IV 1 lumican T 418 11813 HSAE.
5 Lumican siRNA 46325 HLF 5 lumican mRNA fi535 254, 459 5 7R Tumican ¥ EE 75 50 ng/ml LA IR, 40 035 77 3%

Figure 5 Changes in lumican mRNA expression in HLF after lumican A WEAAE e RN E] 100 ng/ml VL JE i ) e E

siRNA treatment

BBROBIARET LED, HENFHEAREERE | Fe P FRATEEN 50 ng/ml H 4L lumican HE4T
T, *%P < 0.01;Ct:cycle threshold, 1B/ 2R 3¢ . Eﬁiﬁ—%i\o LI 8,

20 * * * ok L2 -
F it ik 1.6 *
X * = * " e
B_ 15 g _15 B 12 =
5 iz En
£4 10 2310 o
< = B = -
£8 28 15
205 2705 T 04
o &
0.0 0.0 0.0
LumicansiRNA1 — + - — + - Lumican siRNA1 — + — — + - LimicisiRNAT — + — — 4+ —
Lumican siRNA2 - - + — — + Lumican siRNA2 - - + - — + LumicansiRNA2 - - + — — +
TNFo — — — + + + A T™NFo — - - + + + B T™NFo - - - + + + C

6 FEHLF 5 HSAE 155k R/, fBK HLF ) lumican 3% 5 , TNF-o RIS T HSAE #1 a-SMACOL3A1 & E-cadherin mRNA 7k FHIZE{L
Figure 6 Changes of a=SMA .COL3A1 and E~cadherin mRNA levels in HSAE in the co—culture system of HLF and HSAE stimulated by TNF-a after

silencing lumican expression of HLF

FEAROFEZRIRIE LR, SRS E £ R R T *P<0.05,%%P < 0.01,

08 *% *% 15 *kk kKK
COL3A1 ” 170 KDa B g b
& 210
<
3 % 05
Py L
GAPDH |4 S WSS WS 57 KDo 8 02 4
TNF-a = = + +
; ; 0.0 0.0
Lumican siRNA — + - +
TNF-a  — — + + TNF-a  — — + +
A Lumican siRNA ~ — + = + B Lumican siRNA ~ — + - + C

7 FEHLF 5 HSAE #3556 Rt LB HLF BY lumican 3RiX /&, TNF-o R T HSAE 1 COL3A 1. 0-SMA K E /K T
Figure 7 Changes of a=SMA ,COL3A1.levels in HSAE in the co—culture system of HLF and HSAE stimulated by TNF~-a after silencing lumican expres-
sion of HLF
E:BROEZRBZELRR . BAARFHEAIREZRE T, HP <0.01, 7P <0.001, P < 0.0001
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& 8 AN[EK B lumican Fil# T HSAE HI4RARE 51
Figure 8 Cell viability of HSAE stimulated with different concentrations
of lumican
VE P < (0.0001,

2.7 Lumican i HSAE % 4 EMT HIHLHR =

F 5T &% B ERK/MAPK 5 58 12 5 T EMT )
PO L [RI ERK 38 6 A B R A 2 75 21 4R Ak S L 19
KARAFS . FRATTH Western blot 5155 2% 5L 3% B {f HH
ERK AR L3413 PD0325901 Tk B HSAE, BEA 4%
0] lumican i 5 19 ERK 8 B2 L /K 7 19 34 hn , E-
cadherin 2 1K -1 FEAIS , LA B2 a—SMA Fl1 Slug £ 17K
FH T (E9A-E) o b, FRATHED lumican 7T G 38
1 0% ERK/Slug i B4 i HSAE &4 EMT,

E-cadherin [ 130 KDa
0-SMA e e @ S 12 KD
Slug e == S === 29KDa

pERK e R 120
ERK == w= = & ,/0KDa
B-actin — — == 45KDa

PD0325901
Lumican

-+ -+
- -+ o+

>
*
*
*

o

=

°

E-cadherin/B-actin
a-SMA/B-actin

0.0 0.0
PD0325901 = + - + PD0325901 =i + - +
Lumican - - + + Lumican - - + + C

Slug/B-actin
p-ERK/ERK

0.0 0.0
PD0325901 e + e + PD0325901 = + L +
Lumican - - + + D Lumican - - + + E

[ 9 ERK BEESLHHF PD0325901 FALEE T TNF-o 53 T HSAE
1 E-cadherin. a-SMA #0 Slug 2 H 7k F B9 201
Figure 9 ERK phosphorylation inhibitor PD0325901 pretreatment of
TNF alpha stimuli in HSAE E-cadherin,a=SMA and Slug protein levels
EBROFEZRBRIELRD, HMEA-FHEAREERE
To *P<0.05,%*%P <0.01,***P <0.001,**+P < 0.0001.

3 i

BRI B IL R IR 0Tk R R TR 4

T TNF-o Jili# R , lumican 2 5 i i 2T 4k 40 0 5 /NGl
b e AL E AR G R, LA B S EMT %A= il B
HALE . AWFIEE R R T lumican 78 HSAE 5 HLF
RO, 2 lumican 7E HLF 1 2355585 , T 7E
HSAE F1 LAk, H TNF-o 1 5 2 413 HLF 7 lu-
mican ) ZEIA A4 o A BHAfH HLF 43 W59 lumican X1,
T I Rz s, FoA T8 0 I AC 40 i HLF 5 HSAE 3
R 3, A TNF-o 3808 375038 RAE I 7 )5 16
B RYRSME R IR L[] lumican () siRNA L2k HLF
1 lumican 135 J5 8K HSAE & 24 EMT 5B, 45
IR TNF-o 7] GE i 15 12 #F HLF lumican A9 335 Fl155
3 S HSAE &4 EMT. FA 138 i ERK B R A6 10 1
FIALFE HSAE #EATHLHIFR ST , &I ERK/Slug 15 538 i
TE lumican 175 5 HSAE & /£ EMT (i3 B al e &5 T
HE/EA.

TNF-o 51F 2 i i 09 & m ML AT ¢, Bl an « i
it 55 s 40 i 3 58 RIS 9 TNF— o 13 o £ 17F 22 R fi
FRAT TR Fe TR AENS PR B ZE M Al i SO Y RGE
SN TP R PR AR NS, B S SRR TNF-a,
T B G NF-k B AP—1 8555 55 R 7 iR 22 g R 9
SR, TNF- o 36 5 il 27 2 Ak v 48 M 5 08 3 sh A3
Kol B RS IESE TNF-a 2 S EUMRE R N i &
A EMT, 76 N B S A, TNF—o 7] DA E A2 30 NF-
kB I Smad i %175 5 EMT21221; TNF-o i A 1 H 13
I Wnt/B—catenin 38 % {2 #F JFFi 40 M % 28 EMT, {0
TEAE IR IRES R, TNF- o Q] 45 R M5 5 i is 52
RN AE . FRATIT I 78 & BULLE LPS 153 1)
SRR A3 /)N BRI ) il 2H 21 FP A K 4 lumican TR,
A[REZ 5 T ARDS & J'é 1§ 2F 4k Ak 52 g 1) 38 45031,
BT, FRATTHE— 23 52 ¥ A RT-qPCR A I 25 5
WA T Tumican 726 AS [ 28 il 25 #4041 it v A 22 2815 O
&P HLF 685 2235 lumican, {H HSAE A & JL AR
lumican, $2 78 HSAE & 4 £ 4 fb AH 5 1) 5 B 748 o] fig
& AR SR IR AY lumican BTS2

REAEAT B 5 48 76 B 40 i (hNPC) 1, TNF-a
1] JE hNPC H lumican 2635 I, I B 43
= 5 ASK1/p38 15 5 i #% A2 #F 48 5iE J2 i, $& 7w
TNF-o 155 1Y lumican 7] 838 1 [ 4306 5 55 43 WAE
T A G A, AR, FATTRAE T TNF-a 1]
DL S HLF H lumican 2635 1R, 3R AT — 2K HLF
FIHSAE #E47 M55 720 f S SR B 0518 2 i AR S
R, BFSE 4R R TNF—o 3R, 55 B IR siRNA
RO A HLF 255 55 59 HSAE 26380 H 8] 78 bR i) o—
SMA FI4H M ANE 7> COL3A L 8 2 FR LA & |z
PREY E-cadherin 19 2.3 F 9%, M5 lumican siRNA &b
P S i HLF 35 35 19 HSAE 2664 & ) FiR s,
PR FRA T3, TNF-o 1 fE 38 3315 5 HLF 35 F1554)
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W lumican , YE T HSAE {2 5E EMT (1 & 2

EMT 0] L 22 Rl s R 1R 7, Hodb Snail Z5F;
SN A T SNAIL(SNAIL) F SNAI2 (Slug) 7EAE 3 55 56
EMT &7 & T EEMEH R EZM EMT I S5 5%
T, BB I Bz DR A A O ) 32 R 340 5 1) 72 R
A FED , (AL R R TR - ARA55
AT FERRRAEDS) e fb A K I F-B (TGF-B ) Al i
0% RAS-RAF-MEK-ERK {5 5 %% Sl , /£ #F Slug %
EMT % S5 s 1) _EIE S EMT () & A4z, 5
AARGE R, P Bt nT LU ERKGE B 5
TR EMT W7, AR, AT T lumican J]3
T HSAE " ERK il Slug %5 AH S8 B 5543 F 1 ek F
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