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: (Idiopathic pulmonary fibrosis, IPF)

[

, glycosaminoglycans proteoglycan

2]

. [24,25]

(Mitophagy) :

SASP(Senescence-associated secretory phenotype)

ROS



TGF-b1 , TGF-b1(Transforming Growth
Factor-b1) . [16] :
. [22,23]
(Short Chain Fatty Acid, SCFA) 6
C2 (Sodium
Acetate), C3 (Sodium Propionate), C4 (Sodium Butyrate) . [4,5] :

[18,19,20,21] H

. [6,7] ,

HDAC , HDAC
, HDAC4  TGF-b a-SMA

[27]

TGF-b1 ,
, C4 TGF-b1



Western Blot Immunofluorescence 1 anti-b-

actin (DSHB), anti-Col1Al (southern biotech), anti-a-SMA (abcam), anti-PGCla

(NOVUS) . Western Blot 2 anti-mouse / rabbit /
Goat IgG (Jackson ImmunoResearch) , Immunofluorescence

2 anti-rabbit-TRITC (Molecular probe), anti-Goat-TRITC (Jackson
ImmunoResearch)

2. Cell culture

MRC5 (CCL-171, ATCC)

MRC5 MEM (SH30024.01, Hyclone) 10% FBS (welgene)
1% - (welgene) , 37 , 5% CO, incubator
3.
100mm dish 4x10° , 60mm dish 1x10° , 2
. MRC5 MEM 0.5% FBS, 1%

- , TGF-b1l (peprotech,
100-21 10ug), C2 (Sodium acetate, S2889, Sigma), C3 (Sodium propionate, P1880,
Sigma), C4 (Sodium butyrate, B5887, Sigma) . TGF-b1
5ng/ml, C4 5mM

4. RNA gRT-PCR (quantitative reat-time PCR)

RNA Lysis buffer (QIAzol Lysis reagent, 79306,
QIAGEN) : RNA High-Capacity cDNA Reverse
Transcription Kit (4368814, ABS) cDNA , Luna Universal gPCR



Master Mix (M3003, NEB) gRT-PCR StepOnePlus Real Time system

(Applied Biosystems, USA) : housekeeping
gene  b-actin : primer Table 1
5. Western blot
MRC5 cell TGF-b1 5ng/ml 13000rpm
3 4 pellets , NP-40 lysis buffer (1%

Nonidet P-40, 0.05% SDS, 50mM Tris-cl pH7.5, 150mM Nacl, 0.5mM Sodium Vanadate,
100mM Sodium fluoride, 50mM b-glyserolphosphate, Thermo protease inhibitor)

sonication . , 13000rpm 15 4
BCA assay . BCA protein assay reagent
(Thermo) , (20 mg) SDS-PAGE
, Nitrocellulose membrane PVDF membrane Transfer
blocking 5% Skim milk in TBS-T
, 1 i Skim milk in TBS-T BSA
in TBS-T solution 4 , 5 3 TBS-T
2 Skim milk in TBS-T solution 3
5 5 TBS-T membrane SuperSignal®
West Pico Chemiluminescent Substrate (Thermo) Chemidoc
6. Dynamics
Confocal dish (SPL, 101350) 37 3 Collagen 0.01% (in PBS)
coating MRC5 cell  5.5x10* 2 chemical

Mitotracker red (25 nM) Hoechst (5 mg/ml) 20

phenol red (-) MEM (gibco) confocal laser microscope



7. ROS

Confocal dish (SPL, 101350) 37 3 Collagen 0.01% (in PBS)
coating MRC5 cell  5.5x10* 2 chemical
MitoSOX-red (5uM) Hoechst (5ug/ml) 10 phenol
red (-) MEM (gibco) confocal laser microscope
ROS
8.
Confocal dish (SPL, 101350) 37 3 Collagen 0.01% (in PBS)
coating MRC5 cell  5.5x10* 2 chemical
JC-1 (1.38 mg/ml)  Hoechst (5 mg/ml) 1 phenol red
(-) MEM (gibco) confocal laser microscope

membrane potential

9. Fluorescence microscope analysis

6 well plate  round cover glass 37 3 Collagen 0.01% (in

PBS) coating . MRC5 cell 6well plate :
PBS 2 3.5% PFA, Methanol

Blocking 3% BSA in PBS 1 , 1% BSA in
PBS 1 4 5 2 PBS

1% BSAinPBS 2 1 . 5
2 PBS 10X DAPI PBS 10 ,
1 PBS : cover glass mounting solution (Wako)

slide glass slide : (Confocal

laser microscope)



10.

3 , (mean)
(SEM) : Student’s -
test P-value 0.05 (P < 0.05)



Table 1. gPCR primers

Gene name 5' oligonucleotide 3" oligonucleotide species
Col1A1l CCTGGATGCCATCAAAGTCT CGCCATACTCGAACTGGAAT human
Col3A1 CTTCTCTCCAGCCGAGCTTC GTAGTCTCACAGCCTTGCGT human
a-SMA AATGCAGAAGGAGATCACGG TCCTGTTTGCTGATCCACATC human

Fibronectinl TGTCAGTCAAAGCAAGCCCG TTAGGACGCTCATAAGTG human
b-actin TCCCCCAACTTGAGATGTATGAAG AACTGGTCTCAAGTCAGTGTACAGG human
PGC1l-a CCAAAGGATGCGCTCTCGTTCA CGGTGTCTGTAGTGGCTTGACT human

10




1. TGF-B1 induced myofibroblast differentiation of MRC-5 lung fibroblasts

bl

level

bl

MRC5 TGF-b1 ,
TGF-b1  1ng/ml, 2ng/ml, 5ng/mi 48
TGF-b1 1ng/ml, 5ng/mi 0,6,12,24,48
Coll1A1 a-SMA , TGF-b1
,  TGF-bl
. (Fig 1AB)
RNA Col1Al1, Col3A1, a-SMA, Fibronectin TGF-
(Fig 1C), CollAl  a-SMA
TGF-b1
. (Fig 1D) MRC5 cell TGF-

11



Tof-p1
Mock 1 2 5 (ng/ml)
Col1A1 — e
A-SMA | - e ]

B-actin \é - e -]

B Tgf-p1

1 ng/ml 5 ng/ml
0 6 12 24 48 6 12 24 48 (hrs)

Col1A1 | - — —— — o

a-SMA | - - -

[3-2CHIN e ——————

D

Col1A1 DAPI

Mock

Relative mRNA levels

Merge

6

4

2

0

-o-Tgf-31 (1 ng/ml) = Tgf-p1 (5 ng/ml)
Col1A1 s Col3A1
/ 24 /
13
0 6 12 24 48 0 6 12 24 48
a-SMA Fibronectin

107

8
6
4
2
0

I//
o 6 12 24 48

0 6 12 24 48

Time (hrs)

a-SMA DAPI

Tgf-m... ...

Merge

Figure 1. TGF-B1 induced myofibroblast differentiation of MRC-5 lung fibroblasts.

Protein expression levels of Fibrosis markers (Col1Al, and a-SMA) in MRC5 cells. (a) Indicated

amounts of TGF-b1(1,2 and ~5 ng/ml) were treated for 48h. (b) TGF-b1 (1 and 5 ng/ml) were

treated for indicated times. (c) mMRNA levels of Fibrosis markers (Col1Al, Col3Al, a-SMA and

Fibronectin) under TGF-b1 (1,5 ng/ml) treatments for indicated times. (d) MRC5 cells were

stained with Heochest33258 and anti-Col1Al, anti-a-SMA antibody after TGF-b1 treatment

and then analyzed by confocal fluorescence microscope. Scale bar = 20 mm



2. Short Chain Fatty Acid (SCFA) repressed myofibroblastic transformation under

TGF- B1 treatment

TGF-b1 MRC5
(Fig 1),

C3 (Sodium Propionate) , C4 (Sodium Butyrate)

1, 5 10 mM
Col1Al1, Col3Al, a-SMA, Fibronectin
, C4
. (Fig 2A)

13

C2 (Sodium Acetate),
RNA

TGF-b1



B Tgf-p1 (48 hr) + C2, C3 or C4 (1 mM)
1 Tgf-p1 (0 hr) EE Tgf-B1 (48 hr) + C2, C3 or C4 (5 mM)
B Tgf-p1 (48 hr) I Tgf-B1 (48 hr) + C2, C3 or C4 (10 mM)

4

-]
|
-
o
F-
1

Col1A1 Col3A1

Ilﬂ (i

0.10
0.05 } I l I l I -
0.00

c2 c3 C4 c2 c3 c4

2]
[--]
1
[2]
1
(2]

N

-

-
L

Relative mRNA levels
N -

Relative mRNA levels
N

o
[
o
1
o
L

157

[--]
]
*
*
*
-
o
1
nN
(=]
1

o-SMA Fibronectin

[-2]
1
-
(3]
1

10 4

N
1

Relative mRNA levels
£ -9

Relative mRNA levels
o o

o
I
(-]
i
o
I
o
I

c2 Cc3 Cc4 c2 c3 Cc4

Figure 2. Short Chain Fatty Acid (SCFA) repressed myofibroblastic transformation under TGF-

b-1 treatment

MRNA levels of Col1A1, Col3A1, a-SMA, Fibronectin in TGF-b1 (5 ng/ml) treated MRC5 cellsfor
48hr and TGF-b1 (5 ng/ml) and SCFA C2, C3, or C4 (1,2, and 5 mM) co-treated MRC5 cells for
48hr. *P<0.05, **P<0.01, and ***P<0.001 vs. control

14



3. C4 treatment inhibited fibroblast activation induced by TGF-b1l treatment

c4
RNA (Fig 3A)

C4 (5mM)

level

TGF-b1 C4
TGF-b1

C4

TGF-b1
(Fig 3B)

(Fig 3C)

15

TGF-b1

TGF-b1 (5 ng/ml)

TGF-b1

Col1A1

a-SMA

, C4



-@ Tgf-H1 - Tgf-p1+C4
Col1A1 Col3A1

4 4
3 Exd 3
- wkk
2 2
%®.
% 1 # % 1 v B
3 #itt . p i ” Tof-p1 Tgf-p1 + C4
g 00‘ 15 24 5 o 12 ET 43 0 6 12 2448 6 12 24 48 (hrs)
% Col1A1 -——
¢ s a-SMA Fibronectin a-SMA - - —
= 121 .
T“; 5 X 104 7 Kk B"act!n
e, . 5
3 6’ Jedek
2 x% * i} 4
*:
1 * " 2-, *kk el
0 - : - 0 i T -
0 12 24 48 0 12 24 43
Time (hrs)
C Col1A1 DAPI Merge a-SMA DAPI Merge
- . . .
Tgf-p1
(48hr)
Tgf-p1 + C4
(48hr)
20

Figure 3. C4 treatment inhibited fibroblast activation induced by TGF-b1 treatment

(a) mRNA levels and (b) Protein levels of fibrosis markers in MRC5 cells treated with TGF-b1
(5 ng/ml) or TGF-b1 (5 ng/ml) and C4 (5 mM) together for indicated times. (c) TGF-b1-treated
or TGF-b1 and C4 co-treated MRC5 cells were stained with Heochest 33258 and anti-Col1A1,
anti-a-SMA antibody. And then they were analyzed by confocal fluorescence microscope.
*P<0.05, **P<0.01, and ***P<0.001 vs. control and #P<0.05, ##P<0.01, and ###P<0.001 TGF-
bl vs co-treatment with TGF-b1 and C4, Scale bar = 20 mM
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4. TGF-b1-mediated mitochondrial elongation was inhibited by C4 treatment

MRC5 TGF-bl Cc4
(Fig 3),
Mitotracker MRC5
control, TGF-b1 (5 ng/ml), TGF-b1, C4 (5 mM)
(Fig 4A) , TGF-bl
C4
TGF-b1
morphology , TGF-b1

Cc4

17



12 hr 24 hr 48 hr

- E F F

] Elongation
[ Tubular
Hl Fragmentation
24 hr 48 hr
=12 1.2
o *
© 1.0{ppn PRy By 10
=
Sos 0.8
_ €
Taf-p1 506 0.6
£
204 0.4
2
2 0.2 0.2
E 0.0 0.0

Figure 4. TGF-bl-mediated mitochondrial elongation was inhibited by C4 treatment

TGF-b1-treatedor TGF-bl and C4 co-treated MRC5 cells were stained Heochest33258 and
mitotracker red. They were then analyzed by confocal fluorescence microscope. Data are Mean
+ SEM; n = 4, *P<0.05, **P<0.01, and ***P<0.001 vs. control and #P<0.05, ##P<0.01, and
###P<0.001 TGF-b1 vs co-treatment with TGF-b1 and C4. Scale bar = 10mM
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5. C4 treatment increased mitochondrial membrane potentials and ROS

accumulation in TGF-b1 treated lung fibroblasts

TGF-b1 C4

ROS (Fig 5A) (Fig 5B) MitoSOX jc-1
MitoSOX JC-1 ROS

, Hoechst 33258 . Fig 5A
ROS TGF-b1 , C4
. Fig 5B
TGF-b1 , C4
TGF-b1 C4

, ROS

19



A JC-1red JC-1 green Hoechst Merge

- . . . .
[ Tgf-B1
B Tgf-p1 + C4
Tgf-p1 2,57 fidad
(48 hr) 2 ’_‘
© 20{
% dedede
S 15 ™
o g e
% T 1.0
2
Tgf-p1 + C4 =
(48 hr) g %
30 24 48  (hrs)
MitoSOX Hoechst Merge
o .. .
[ Tgf-p1
B Tgf-p1+ C4
Tgf-p1 4]
48 hr
( ) ‘n>', 3 *ehd
‘s
=
8
£,
g ek *
[72]
Tof-p1 + C4 S 1
(48 hr) =
0l
24 4 (hrs)

Figure 5. C4 treatment increased mitochondrial membrane potentials and ROS accumulation

in TGF-b1 treated lung fibroblasts

For 24 and 48hr, TGF-b1 and C4 cotreated MRC5 cells were stained (a) Heochest 333258 and
MitoSOX (red) , (b) Heochest33258 and JC-1 (red and green) And the stained cells were then
analyzed by confocal fluorescence microscope. Data are Mean = SEM; n = 4, *P<0.05, **P<0.01,

and ***P<0.001 vs. control and #P<0.05, ##P<0.01, and ###P<0.001 TGF-b1 vs co-treatment
with TGF-b1 and C4. Scale bars = 40 mM, or 30 mM

20



6. TGF-b1l and C4 co-treatment increased PGCla mRNA level

Figure MRC5
ROS
PGCla RNA
bl , PG1Ca
PGCla

6B)

TGF-b1

21

morphology

master regulator

. RNA

(Fig 6A)
, C4

C4

TGF-

(Fig



A -@ Tgf-p1 - Tgf-i1+C4 B [ Control

Tgf-p1 Tgf-p1 + C4 B Tg-p1
BN Tgi-31+C4
» PGC1- 0 6 12 2448 6 12 24 48 (hrs) 45,
E e B p——————
= * p-actin | — ——— T ~— —— | 0.9 1
>
o g 0.6
E T
2 1 03
® % * *
= 6 12 24 48 0.0 - (hrs)
Time (hrs) 6

6. In early time, TGF-b1 and C4 co-treatment increase PGCla mRNA level

(a) mRNA levels and (b) Protein levels of PGCla gene in MRC5 cells treated with TGF-b1 (5
ng/ml) or TGF-b1 (5 ng/ml) and C4 (5 mM) for indicated times.
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1]

(Short Chain Fatty Acid, SCFA)

[19,20] ,
HDAC , HDAC
HDAC4 TGF-b
a-SMA . [29]
MRC5 TGF-
bl , , SCFA
C4
, MRC5 TGF-b1
TGF-b1 125 ng/ml TGF-b1
: 5 ng/mi
. TGF-b1 ,
, Col1A1 a-
SMA (Fig 1)
TGF-b1 MRC5 , TGF-b1
MRC5 SCFA
. SCFA 2 ,3 ,4
C2, C3, C4 . SCFA



, SCFA 1, 5 10 mM :

Fig 2 C4 (5 mM)

MRC5
Col1A1 a-SMA

TGF-b1

, Mitotracker staining

bl

. (Fig 4)

Mitotracker staining

ROS JC-1
. TGF-b1

ATP

elongation

Cc4
5 mM . (Fig
TGF-bl ,
. TGF-b1 C4
TGF-bl Cc4
. (Fig 3)
MRC5 Cc4
, TGF-bl
elongation
elongation
[28] TGF-
, C4
TGF-b1
, MitoSOX

MMP (Mitochondrial membrane potential)

, ROS MMP

. (Fig 5)
ATP

ROS
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ROS ROS
short-term burst , ROS
) ROS

. [7,8,9,10] TGF-b1
C4 ,
ROS . (Fig. 5)
Fig 45 TGF-b1 C4
, master regulator PGCla
. TGF-b1 PGCla RNA,
, C4 . PGCla
(Fatty Acid Oxidation) , Fig 6 TGF-b1
C4
MRC5 TGF-b1
SCFA C4
C4
, , ROS , TGF-b1l
C4
TGF-b1
, C4
,TGF-b1 C4 , ROS TGF-
bl TGF-b1
, C4
master regulator PGCla mMRNA TGF-b1l
C4 C4
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. [10,11,12]

MRC5 TGF-b1, C4
C4
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Pulmonary fibrosis is a chronic lung disease characterized by continuous damage
that does not regenerate epithelial cells and excessive accumulation of extracellular
matrix (ECM) and remodeling of the lung architecture. Until now, the effective
treatments are absent and the precise mechanisms that drive fibrosis in most patients
remain incompletely understood. Fibroblasts, which play an important role in fibrosis,
are cells of connective tissues. They can differentiate into myofibroblast, which leads
to excessive deposition of collagen proteins and progressive scarring. They play an
important role in cell healing, but they are cells that cause fibrosis reactions because
of uncontrolled activation by unknown reasons. Short chain fatty acid (SCFA)
produced by intestinal bacteria is known to be anti-inflammatory substances as
adjuvant of dietary fiber metabolism. Also, short chain fatty acids are effective for
asthma. In this study, we first established the optimal conditions for the activation of
human lung fibroblast cell line (MRC5) using Transforming Growth factor beta 1 (TGF-
b1). In the activated conditions by TGF-b1, C4 (Sodium butyrate) of three SCFAs (C2,
C3 and C4) showed the strongest inhibitory effects in myofibroblast differentiation of
MRC4. In addition, C4 treatment restored mitochondrial dynamics by inhibiting
mitochondrial elongation induced by TGF-b1 treatment. This phenomenon might be
associated with the increase of PGCla expression, which is important for the
activation of membrane potential and mitochondrial function under the condition of
TGF-b1l and C4 co-treatment. Therefore, further studies on changes in metabolites

and related gene expression related to mitochondrial activation are needed.
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