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Abstract:

[Background] Although transforming growth factor-B (TGF-B)/Smad signaling pathway is
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important in regulating the occurrence and development of pulmonary fibrosis, the pathogenesis of pulmonary fibrosis remains elusive.
To explore the functions of genes associated with TGF-B/Smad signaling pathway in the progression of pulmonary fibrosis.

A NIH-3T3 fibroblast model induced by TGF-B1 was established. The experiment samples were divided into a control group
anda TGF-B1 treatment group. The control group was exposed to normal saline, while the TGF-B1 treatment group was exposed to 10 ng-mL™
TGF-B1 for 12 h. The RNAs of the two groups were extracted, sequenced, and analyzed by bioinformatics methods to identify seven key
genes in TGF-B pathway, including Dcn, Smad3, Smad7, Fbnl, Thbs1, TGF-1, and TGF-3. The gene expression levels of five markers
[Collagenlal, Collagenla2, a-smooth muscle actin (a-SMA), TGF-81, and TGF-33] and the seven key genes were detected by
quantitative real-time PCR (qRT-PCR). The proteins of the two groups were extracted. The important marker protein expression levels of
Smad3, the phosphorylation of Smad3 (P-Smad3), and a-SMA were detected by Western blotting. At the same time, 30 healthy SPF-
grade C57BL/6 mice were randomly divided into three groups, with 10 mice in each group: a control group, a SiO, inhalation exposure
group for 28 d (10 mice), and a SiO, inhalation exposure group for 56 d (10 mice). The mice in the two treatment groups were exposed to
a natural SiO, environment for 4 h per day with a 10-min pause for breathing fresh air at 2 h intervals. The lung tissues of the mice were
taken after execution. The changes of pulmonary fibrosis were detected by Masson staining, and mRNAs and proteins were extracted to
detect the expression of the above key genes and proteins.

The expression levels of the five marker genes Collagenlal, Collagenla2, a-SMA, TGF-A1, and TGF-33 were significantly
increased in the TGF-B1l-induced NIH-3T3 fibroblasts than those in the control group (P <0.01); the expression levels of P-Smad3 and
a-SMA proteins increased significantly (P <0.01); the expression results of the seven key genes screened in the TGF pathway were that
Dcn and Smad3 were obviously down-regulated (P <0.01), and Smad7, Fbnl, Thbs1, TGF-31, and TGF-33 were obviously up-regulated
(P<0.01). The changes in gene expression levels of the transcriptome sequencing showed the same trend. The results of Masson staining
showed that the content of collagen fibers in the lung tissues also increased in the SiO, inhalation exposure groups over time. In the
mouse experiment, five marker genes were obviously up-regulated compared with the control group (P <0.01); no obvious change was
found in the expression of Smad3 protein, and the expression levels of P-Smad3 and a-SMA were obviously higher in the SiO, exposure
groups than those in the control group (P<0.01); the expression levels of Dcn and Smad3 showed a down-regulated trend, while the
expression levels of Smad7, Fbnl, Thbs1, TGF-B1, and TGF-3 showed an up-regulated trend with the increase of SiO, inhalation
exposure days (P<0.01). The expression levels of the above five marker genes, three important marker proteins, and seven key genes
were consistent with the expression trends of TGF-B1-induced NIH-3T3 fibroblasts.

The expression levels of pulmonary fibrosis-related marker genes and proteins change significantly in TGF-B1-induced
fibroblast cells, and the lung tissues of mice under natural SiO, inhalation exposure has obvious fibrosis characteristics. Seven genes (Dcn,
Smad3, Smad7, Fbn1, Thbs1, TGF-B1, and TGF-83) may be involved in the regulation of pulmonary fibrosis by the TGF-8/Smad signaling
pathway.

pulmonary fibrosis; transforming growth factor-p; TGF-B/Smad signaling pathway; NIH-3T3 cells; transcriptome sequencing.
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Table 1 The primer sequences in this experiment

ERRR IEM(5%-3") RA(5°-3")

Gene name Forward (5°-3’) Reverse (5°-3)
GAPDH GCAGTGGCAAAGTGGAGATT GTCTTCTGGGTGGCAGTGAT
Dcn AACTGTGCTATGGGAGTAGAAGCA ATCTCATGTATTTTCACGACCTTTT
Smad3 GGAGGGGAGGTCTTTGCG GCTCGGGGAACCCATCTG
Smad7 TTTTCTCAAACCAACTGCAGGC GGGCTCTTGGACACAGTAGAG
Fbnl CACGGTTTCCCATTACGC CCCTGCCGATCCCACT
TGF-1 CTGCTGACCCCCACTGATAC GGGGCTGATCCCGTTGATT
Thbs1 AGCATCCGAAAAGTGACGGAA GGGACAGGACACCTTTTTGC
TGF-33 CAATTACTGCTTCCGCAACCT GCTCCTCTTAGGGGCCACT
Collagenlal ACCGTGCTATGGGTTGTGTC CCACGTCTCACCATTGGGG
Collagen1a2 AGCGCTTCTTGGATGAGAAA ACGTCGTAGTTCAGGCTGCT
a-SMA ACTACTGCCGAGCGTGAGAT CCAATGAAAGATGGCTGGAA

1.6 FITEDH
FAEIEI A SPSS 19.0 HITHITF 2. 4HIaEl
FERARERRAEDH(ANOVA) M LSD-t 2530, 1
87K a=0.05,

2 4R

2.1 HARESCIG

2.1.1 FREATHEARPITERREKFENT TGF-B1i5E
SHMALEARPIREERREIATHERNE 1
Fimo S¥THRLAARLL, MMBARREFRAYAE i, =
REBHITFENX(P<0.01),

8
6
4
| il

Collagenial CollagenlaZ a-SMA TGF-B1 TGF-B3
[E]-TGF-p1: £ ERIKIES 12 h; +TGF-p1: TGF-L(10 ngmL ™) IFF
12 ho **: 5-TGF-B1 £A48LL, P<0.010

[Note] -TGF-B1: Normal saline exposure for 12 h; +TGF-B1: TGF-B1
(10 ng'mL™") exposure for 12 h. **: Compared with the -TGF-
B1 group, P<0.01.
1 FEIFZHSTRALBRPITSEERE
Figure 1 Relative expression levels of marker genes in fibroblasts
under different conditions

212 RAFEMARPEERESEAKENTNRK 5IE
HXTERAMELL, M IELAH GAPDH 5 Smad3 EA &
RETLBEER, P-Smad3 Ml a-SMA EHMFRIAITE
BRE LI, BERBRITFEX(P<0.01), IE 2,
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Relative expression of genes
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-TGF +TGF

GAPDH e g

C1-TGF-1
12 | | mm+TGF-B1 **

SMad3 e— —— 10
* %

P-Smad3

0-SMA  “m— -

BEAENRE

Relative protein expression

Smad3 p-Smad3 a-SMA

[E] A Western blotting 2R £, B: ZERKFEHNEE59M. -TGF-p1:
HEEKIES 12 h; +TGF-B1: TGF-BL(10 ng'mL™)IFES 12 ho **:
5-1Gr-p1 4A4ALL, P<0.01,

[Note] A: Western blotting protein bands; B: Quantitative analysis of
protein levels. -TGF-B1: Normal saline exposure for 12 h; +TGF-p1:
TGF-B1 (10 ng'mL™) exposure for 12 h. **: Compared with the
-TGF-B1 group, P<0.01.

B2 FTRFRGTHRAEARPEEREEARE
Figure 2 Expression of important marker proteins in fibroblasts
under different conditions
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2.1.3 FRETEREH TGF-B BRRAAXEERIAKFR
L1y TGF-BL IR A+ TGF-B BEE X
BERARKKFELERWE 3 Fixr, SXTERZ(1.0)48LL,
SIRLR Den HEXTFRIXE T IAZE 0.8, Smad3 TIAZE 0.5,
Smad7 EEZE 6 &, Fbn1 EIBAE 2.3 1%, Thbs1 LIAZE
5.7 1%, TGF-B1 EiAZE 2.5 1%, T6GF-B3 LIAE 3 &, &
SYERITFEEN(P<0.01), SEZRANFEHNERR
KETHEE .

6.0 | [_1-TGF-p1] =* xS
55 | [ +TGF-B1
I RNA-Seq
5.0
45
4.0
35
3.0
25 £
2.0
15
1.0
05
0

)
X

kK

ERER

Relative expression of genes

*k

% % * %ok

Dcn  Smad3 Smad7 Fbnl Thbsl TGF-B1 TGF-33
E]-TGF-p1: £ KIES 12 h; +TGF-p1: TGF-p1L(10 ngmL ™) IES
12 h; RNA-Seq: BRAMFER, **. 5-TGF-p1 4A1ELL, P<0.01,
[Note] -TGF-B1: Normal saline exposure for 12 h; +TGF-p1l: TGF-B1
(10 ng-mL™) exposure for 12 h; RNA-Seq: Transcriptome sequencing
results. **: Compared with the -TGF-B1 group, P<0.01.

3 FEIFGTRALAMEP TGF-B BRMAXEERIX
Figure 3 Relative expression levels of genes involved in TGF-B
pathway in fibroblasts under different conditions
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4D i, SR 7 2/ NEAZH R P a-SMA.
Collagenlal. Collagenla2. TGF-B3. TGF-B1 T F 4t
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HKFEHLERINTE s Fim, FREAFINARSER
GAPDH #1 Smad3 B X E JL F R — 3, sio, &4
28 d # 56 d £H Smad3 EHAIBEER KK TF(P-Smad3)
35180 1.82 F 2.52 5. [FAY, LI T FhLTLE(L
IEMER o-SMA FIRIAKFE, £R AW sio, R4
28d AH a-SMA B HBIRIAMEEE EF, 24 56d
AhAS, e TFIFERA(P<0.05),
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e 35 T
<30

BRI R

Relative expression of genes
N
(92}

-
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*k
20 - *H
’ x4
1.5 *4]
0.5
0

Collagenlal Collagenla2 a-SMA TGF-B1 TGF-83
CEIREAFERNER, NBHBE AT LEER, S0, 4 56d A
(Bl C)BHELL sio, 4 28 d 4H(E B) EEEBSEEE M i@, B D &
RATHRLA. Sio, Zed 28 d F 56 d BYFHAAL IS BRERET Mk,
**; 53tERLAMALL, P<0.01,

[Note] Masson staining can dye collagen fibers blue. The control group

(Figure A) shows a small amount of blue, and the SiO, inhalation
exposure group for 28 d (Figure B) shows less blue than the SiO,
inhalation exposure group for 56 d (Figure C). Figure D shows the
expression changes of marker genes in lung tissues of the control
group and the SiO, inhalation exposure groups for 28 d and 56 d,
**: Compared with the control group, P<0.01.
B4 TFE Si0, #LXRHBT/NEMARPEMIRERN
Masson Ft L R EREFRE
Figure 4 Masson staining results and relative expression levels of
biomarker genes in lung tissues of mice after different
exposure time of SiO, inhalation

1084 S CIxgHR4A
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Figure 5 Expression of important marker proteins in lung fibrosis
tissues of mice after different exposure time of SiO, inhalation
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pathway in lung tissues of mice after different
exposure time of SiO, inhalation
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