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[Abstract] Objective: Transforming growth factor-8, (TGF-8,) was used to stimulate human fetal lung
fibroblast 1 (HFL1) for simulating the pathological process of idiopathic pulmonary fibrosis (IPF) and thereby

the effects and mechanism of medicated serum of Bupleuri Radix against IPF were investigated. Method: TGF-
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B, (10 pg L") was employed to stimulate HFL1, and cells were treated with medicated serum of Bupleuri Radix
(5%, 10%, 15%, 20%) for 24 h. Then cell proliferation rate was determined with cell counting kit-8 (CCK-8).
Subsequently, cells were classified into the control group (20% blank serum), TGF-B, group (20% blank serum
and 10 wg-L"' TGF-B,), TGF-B, + medicated serum of Bupleuri Radix group (5% blank serum, 15% medicated
serum, and 10 wg*L"' TGF-B,), and TGF-8, + SIS3 group (3 pmol-L" SIS3, 20% blank serum, 10 pg-L"
TGF-B,). Based on in situ end labeling (TUNEL) staining, the apoptosis rate was examined, and mRNA
expression of apoptosis-related proteins B-cell lymphoma 2 (Bcl-2) , Bcl-2 associated X protein (Bax) and
myofibroblast marker a -smooth muscle actin (a-SMA) was detected by Real-time fluorescence quantitative
polymerase chain reaction (Real-time PCR). The protein expression of a-SMA, Ras homolog enriched in brain
(Rheb) , and phosphorylated (p) -Smad3 was determined by immunofluorescence. Expression of Rheb,
p-Smad3, and Smad3 was examined by Western blot. Result: The cell proliferation rate of TGF-B, group
increased compared with that of the control group (P<0.05). The cell proliferation rate of TGF+15% medicated
serum of Bupleuri Radix group and TGF+20% medicated serum of Bupleuri Radix group decreased compared
with that of the TGF-B, group (P<0.01). Compared with the control group, TGF-8, group showed decrease in
apoptosis rate, increase in mRNA expression of Bcl-2 and a-SMA , reduction in Bax mRNA expression, and rise
of @-SMA and Rheb protein expression and p-Smad3 level (P<0.05). Compared with TGF-8, group, TGF-g8, +
medicated serum of Bupleuri Radix group and TGF-B, + SIS3 group demonstrated high apoptosis rate, low Bcl-2
and a-SMA mRNA expression, high Bax mRNA expression, and low a-SMA and Rheb protein expression and
p-Smad3 level (P<0.05). Conclusion: Medicated serum of Bupleuri Radix can inhibit TGF-8,-induced HFL1
proliferation and fibroblast-myofibroblast transition and promote fibroblast apoptosis by regulating the Smad3/
Rheb axis.
[Keywords] idiopathic pulmonary fibrosis; Bupleuri Radix; fibroblast; Smad3; RAS homolog enriched

in brain; fibroblast-myofibroblast transition
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1 ##

1.1 Zh¥ 5400 SPF gtk SD KL 20 H, & i
i 180~200 g, H 1 1 48 307 38 3 ik SC 00 s W) A PR
H AR AL 3 A M IE S SCXK (I1)2019-0004, 3h#)
FE 9 B TP S 24 K 2% SPF 9 sl ) 52 56 v O R 9 SE G
B Ad 4 AT IE S SYXK () 2019-0009, 7 1 BE
W, HHIREROK . 5280 5 R & 1R s 25 KA 5t
W Bh Wy e B B S N E (18 B H A L fE g S
LL2021051903) . HFL1 40 i W [ 2830 % 3% 9% 4 A
FHEA R\ L 585 CL-0106.

1.2 255K Sl 5 Ok (i RS B JLIE
A 254 BR 2 B L 45 210839) ; 41 Jifd 184 5 145 1 46 )
(CCK-8) ikl & (A A& YR A RA R LS
BS350B) ; RNA $2& B (I FE 4 /R A= W B2 A [R
25 iS5 G3013) ; TGF-B, (35 [F Peprotech 24w , 41t
5 100-21-10UG) ; RevertAid ™45 — 5% cDNA £ iz
#| £ . Pierce™ Rapid Gold BCA & [ »& it 7 & .
PageRuler™ Plus Tl 4% % 143 T & F5 £ (3¢ [ Thermo
Fisher 28w , 4IL 543 5 A K1622 ,A53225.26619) ; J&
7 A i A1 id % (TUNEL) 3K 7 & 3R A i 5 28 D
(PCR) i& # & ( % + Roche 24 &) , #t 5 2+ 3 N
11684817910.,04913914001 ) ; H i /& -3 -8 iR i & it
(GAPDH ) % B i E TR AR 23 E 1L ¥ W (HRP) #
iC I E L R P (36 [ Abcam 24w L S 4 BN
ab181602,ab6721) ; p-Smad3 ., Smad3 . Rheb % £ ¢
B Bt A (26 [ Affinity 22 &), it %5 43 51 o8 AF3362.
AF6362 . DF6299) ; a-F- ¥ WLAL 3 2 11 (a-SMA) /)N
B o B P AA (b A TR A PR A AL it
5 BM0002) ; Alexa Fluor 488 L1 2 41 Bl 9% 3Kk 4 11
(1g)G .Cy3 £t % 1gG ( 3€ [ Jackson 23 Al , it 54
# b 115-545-003, 111-165-003) ; SIS3 ( £ H
Medchemexpress A Fl , #it5 HY-13013) .

1.3 Y% XDS-3AfEIE B ME(TEREEAR),
Enspire 8 2 ) € g 1 1% ( 35 [& Perkinelmer 24 7] ) ,
L530R #4 & A AR 3 7R 20 AL Ch B A |l )
Mini-PROTEAN Tetra & /N & i & L 9k A |
PowerPac HC #Y & H I Hi K 1 . CheemiDoc XRS+
Imager #! b 2% & 6 & 4t ( 3£ E Bio-Rad 24 #H ) ,
Z32HK BY &5 ¥ VR B0 ML (18 E BB A A ),

Realplex2 %Y 52 1) %¢ 6 % # PCR (Real-time PCR) {%
(1t 6] A /N &) ), Eclipse CI % 1F & 2¢ 6 B i 5% .
DS-U3 B jli {8 & 4 ( H A JE B2 Wl ), 1290UPLC-
6540 Q-TOF €&, 3% - 1 i ik X (35 [ Agilent A H] ) .
2 FHik
2.1 SERHOKIE MO A SeH O URL 28 v RO
AH 0 3% - DU 2 FF - B (8] 6 AT R 5 A 43 #f (UPLC-Q-
TOF-MS) K ] 56 A 52 1 A it & 70 20K 0.097% , 4415
AT D R B0 0.019% . 7 S8 BT 5 50k i A
BT INAGE BRI, BT 100 CKIBRG E
SE TR, BCE R 1.05 gemL B2 W KB WL 4 °C
TRAT
2.2 4iffidEgE HFL1AMH & 1% WL . 10% 15
A= 1ML () Ham's F-12K 35 372 3676 37 °C .5% CO, 9 4%
PR RG5O Rl B2 5K 31 80% I #EAT A% AR
2.3 AL A A KRR BE AL 4 o ) R 4 R
B A 10 H o AT 60 kg 7R T i, AR R A
5K RIS A28, KR HER0GH &R 1.05 g-kg',
SO LA 3 AR HE Y Se A 2 s A 4 T A
KERHES , IEW MEHS TERBEBKES,
LR/, iESESd. I VIREBS R 1 hG , BREER
B E S KR I, % IR #E 1 h, 3 000 r-min &0
15 min( B .02 4% 20 cm) , 56 °C/K ¥ 30 min K % , A
0.22 pm I8 & i DR R T, 43 B it A7 T -80 °CUKAf -
24 M S T HFLL 4005 R =S (s
4 . TGF-B, . TGF-B,+5¢ 8] & 24 1L 1F 41 . TGF-B,+SIS3
M. 25 HMLTE 4T LS 20% 25 (I35 Y 15 95 3
TGF-B, 417 VA% 20% 25 F 1ML 7 M1 10 wg- L' TGF-B,
1Y 35 37 5L TGF-B,+ 5480 & 25 IE 4 ¥ DL & 25 1 il
TSR A 2 vE R 10 wee LT TGE-B, i 85 9% 4,
TGF-B,+SIS3 41T A% 3 wmol-L" SIS3.20% =5 [ Ifil.
A0 g L' TGF-B, A 55 95 35
2.5 FEbRAG I
2.5.1 CCK-8 i £ Wl 40 Jf 3% 58 % 96 L A & I8
8 000 /FLHEFh HFL1 40 i , 35 2 1 e , AL m A
BL b K5 % 5L 100 pL 5] 25 4k 24 ho 4H JE Bl AL 53
64, BHANE L. =AM AT LL20% %5 (11l
B HASHTLL0.5% . 10% . 15% . 20% SEH 2 24 1
H o5& A 20%.15% . 10% . 5% . 0 25 [ 1L 35
10 pg- L' TGF-B, 1y 35 724 i A B5 5246 % 5 24 ho
I AHE B IS 19 CCK-8 45, LI & 1.5 h f5 H b
G 3 450 nm &b A WG EE A, 15 40 i 39 5 %, A
N3 T R = (A s =A 5 ) /(A =4 i) 1¥100%5
2.5.2 TUNEL % {5 3 46 00 40 i 8 7% F HFL1
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52524 h, € R H 4% 2 5 W & 7€ 30 min, il A
5 RS T AE WL 100 L, % & 20 min, ¥ TUNEL it
& rh iR 1(TdT) F1ilF) 2(dUTP) % 1: 10 1R &,
WIMEIE R SN, 37 °CHEFH 2 he I DAPI
WO E 10 min, HSEOGE K E R 73R, 280 B s
TULEE I R L, i Image JEAFDEAT 007
2.5.3 Real-time PCR K| B 2 i bk E2 985 -2 (Bel-2)
Bel-2 #H 5¢ X % 1 (Bax) . «-SMA mRNA [ £ ik

M 2,550 R ik 4 25 )5, RNA $2 BUR
FEHUE RNA, 2R 55— 5% cDNA & R ) £ RNA
5 5% cDNA, I £5 4 : 42 °C 60 min, 70 °C 5 min.
SR EREY R ARAR LR, UK
5 SR B9 cDNA A, GAPDH g N 2, % 45 L A
PEAT PCR Y48, P 14 R I 95 °CAE 1 15 5,60 °Cilk k.
60 s,40 NG, 65 °CHEH 1 min, fii f 22k 5
mRNA Y X ik .

FHTBST ¥ 3K, A —H1(1:10 000) Z= & HEH 2 h,
TBST ¥ 3 a5 A%, F Image T4/ #4704 .
2.6 HiitF oA A S5 B4 i GraphPad Prism
9.0.0 FAFHAT G 43 B o S I B AT A RS A A
X + s 3R, BWER AL 8GR R . Z A ] il
FH LR R J7 2257 M7, 2 5 A ] Holm-Sidak £
5o BOHEANFE A R A R (1) 7 22 5% M A Kruskal-
Wallis K 5% . DA P<0.05 2R BAGIF%E X,

3 &R

3.1 Xt TGF-B,% F HFL1 41 MU 345 el 5
25 [ UL 41 L B, TGF-B, 20 40 it 3 58 R B & | T
(P<0.05) ; 5 TGF-B, 4t % , TGF-B,+15% %& W & 24
L7 2H A1 TGF-B,+20% 4515 75 24 1l 775 21 41 i 38 4 R
W E AR (P<0.01) . PRI 5 22 52 56 S 8 &5 24 1 3 4K
BUN B RE N 15%. W3R 2,

®2 ARRELEPESHNFEX TGF-B,1% S HFL1 M MEE M T
TR Cits,n=4)

Table 2 Effect of medicated serum of Bupleuri Radix inhibits
TGF-B,-induced proliferation (x+s,n=4)

*1 S5I#HF7
Table 1 Sequence primers
Gk J741(5'-3") K J# /bp
GAPDH |l GGAGCGAGATCCCTCCAAAAT 197
T i GGCTGTTGTCATACTTCTCATGG
Bcl-2 3 GGTGGGGTCATGTGTGTGG 85
T i CGGTTCAGGTACTCAGTCATCC
Bax |- CCCGAGAGGTCTTTTTCCGAG 155

Fif CCAGCCCATGATGGTTCTGAT
a-SMA [ AGGAGCAAAATCTGTCCGATCT 240

T GTGGGGGAATTATCTTTCCTGG

4150 RT3 50 % I 1 5 /%
25 1 L 3 4 98.47+8.64
TGF-B, 41 10” 127.80+7.60"
TGF-B,+4&H] % 25 1ML 1% 2H 10745 113.30£13.58
107+10 105.40+10.97
109+15 91.33+14.25%
109420 90.04+15.89?

2.5.4  RIESOLE K a-SMA (Rheb . p-Smad3 &
HERE B HSL)E, H 4% 2 R P EEEE
15 min, JIAEHE TAE W & 10 min, 3% 25 1L 75 11 &
M (BSA) & [ 30 min. 43 51 /i1 A a-SMA(1:100) .
Rheb(1:200) .p-Smad3(1:200)—4i 4 °CIE & 3 7% .
W R 22 i i (PBS) 96 3 UK, im0 i ¢ Ak = 3L 3k
JEWEE 1 h,PBSVE 3K, il DAPT J K % iff ik o't e
4 10 min, PBS ¥k 3 W, B A, 2606 B flUBE T WL 42 Jf:
KA EME , FH Image TEA 53 B P X 9868 2

2.5.5 & P BN 5 (Western blot) ¥ Il Rheb .
p-Smad3.Smad3 H 1 £k 4IPS )E, HH
RIPA i W A2 P Tt Tl 1R il 410 o 7)) 2 B 2
H, I BCA BN 5E 85 Yk 2 . 7E SDS-PAGE BEJiE [
SEENVRERK R L E A% S PVDF R L,
5% BSA % it £ 4] 2 h, it A Rheb(1:400) . Smad3
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7RI I B gL
3.2 X} TGF-B,S F HFLI WM - 5
25 [ I3 4 L B, TGF-B, 26 40 i I 7= R B K [
(P<0.05) ;5 TGF-B, 41 L3¢ , TGF-B,+4¢ 1 & 24 1l v
2 Al TGF-B,+SIS3 41 4 i ¥4 - % I ¥ b 7 (P<
0.05). WLEI1.%3.
3.3 X TGF-B, 5 S T HFLI 41 Jig Bax. Bcl-2,
a-SMA mRNA LXMW 525 [ G4 R,
TGE-B, 44 a-SMA . Bcl-2 mRNA % ik & B W 8 i,
Bax % ik 2 B W [ Ik (P<0.05) ; 5 TGF-B, 4 b5,
TGF-B,+4¢& ] & 24 IfiL i 40 A1 TGF-B,+SIS3 41 a-SMA
1 Bel-2 mRNA %35k 2>, Bax mRNA 3 ik B i 1
Jm(P<0.05). WF%4,
3.4 X} TGF-B, % 5 F HFL1 40 fff «-SMA | Rheb,
p-Smad3 B 52 W 5 25 1035 41 g, TGF-B, 41
Rheb . a-SMA 7 M %15 & W] 12 5 /i, Smad3 1) 2
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Merge

A

T ALZ AT Al B.TGF-8, 41 ; C.TGF-B,+45 1 7 *‘jrrn{%‘éﬂ-D.TGF-ﬁ,+SIs3éﬂ(12‘12-12145])

1 SHEZEmiEx HFL1 4B T &M (TUNEL, <100)
Fig. 1 Effect of medicated serum of Bupleuri Radix promotes apoptosis of HFL1 cells (TUNEL, x100)

£3 LPAHMFNHFLIARB TR (Fs,n=3)
Table 3 Effect of medicated serum of Bupleuri Radix promotes

apoptosis of HFL1 cells (x+s,n=3)

4151 RBU 0% I TR /%
25 1 1L 75 4 39.40+1.21
TGF-B8, 4 10V 6.11+5.77"
TGF-B,+45 1 5 24 ifiL 75 41 107+15 70.62+19.33%
TGF-B,+SIS3 4 107+39 50.66+3.47%

T 528 M 4 A Y P<0.055 5 TGF-B, 41 Ho i > P<0.05;3 3%
JO A e B B O g LY R e BT B O umol- L (R 4-3 6 1))

x4 EWEHMBN TGF-B, %S HFL1 4 il Bax,Bcl-2.a-SMA
mRNA RIEMIER Gits,n=3)

Table 4 Effect of medicated serum of Bupleuri Radix on TGF-B,-
induced mRNA expressions of Bax, Bcl-2 and a-SMA (x+5,n=3)

4159 KRB EU/%  a-SMA Bax Bcl-2
75 5 20 1.13£0.15  0.93£0.06  1.01+0.05
TGF-8, 4l 10" 2.02£0.29" 0.54£0.04" 1.94+0.23"
TGFB 4k 107415 13840.17% 1.36+0.08% 1.16+0.10°
AL A
TGFB+s1s34l 10713 12940057 234+0.09% 1.2120.047

1k 7K 1 T i (P<0.05) 5 5 TGE-B, 41 [k %8,
TGF-B,+ 45 # 7 24 1L 15 41 F0 TGF-B,+ 48 8 & 2 1
5 +SIS3 4 Rheb,a-SMA 4 H # 15 B i />, Smad3
BEIR 1L /K E W i R R (P<0.05) ., VLRI 2 B 3 fIEE 5.

3.5 X TGF-B, ¥ 5 F HFL1 40 fd Rheb & 14 2 1k Al
Smad3 H H BERR ALY 525 L TE A R,

TGF-B, 2 Rheb & [ 1k W] 38 11, Smad3 W2 fk 7K
SE-THE (P<0.05) ;5 TGF-B, 41 H 48, TGF-B,+ 551 &
24 Ifil 7 £ Fl TGF-B,+SIS3 21 Rheb & 11 % ik T [,
Smad3 B i fb /K F-FE AR (P<0.05) . WLE 4.3 6.
4 itig

IPF U5 J 1 vy B 2 il 9 7 < il 2 7 A5 Ju Wl , v IR
o AL HE R R R BT SE A P B R YT AT 4
18 259 AR Ak 2 R 1 HG Al 28 R 1) £ 4
g’ (AR EHE R ) = D2 K- NFER
AT Z ST, AT 220 R SR T/ BH i S
T, W BH O 3% H A AR 22 i R A2 LR .
ARG HUE) = “Seiiz@ L HE LR 22T,
iﬂfﬁx 5 HFBE 22 BH g, )G DL B R A, 2 LT

ZH 7 2R W S BE S TH T PR A5 I AL T B
Td}ﬁlﬁ'ﬁﬁiﬂfﬁﬁiﬂéc P UL ], S8 T A 9T
RPINA E TR B e RO Ak, e
B 7 SR B2 R SR AT Rl o B £F 4k AR B A
TE 22 Bl 25 2 Ak PR P 5 b B 45 81 58 40 5 25
B H A B Ay A 7 e fb b M E b B2 15 8 T
B A 4 AR L B SR ) AT D(SSD) g8
9% figp 1R 2 28 P B0 /N BU £ 4 4, 7 FH AL 7T 58
5008 i F AR E A G, IhE 25 R B SSD
n] {818 1 ¥4 ¥ TGF-B,/Smads {55 5 18 # M 107 310 ) it
ST 2 20 6 386 B RN R IR R G . BB, S R T T
J 22 W 75 5 1 2P it 5 R A 0 B | R A i
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2 S THMEN TGF-6,% S T HFL1 4B a-SMA MR M (49458, x200)
Fig. 2 Effect of medicated serum of Bupleuri Radix on protein expression of a-SMA in HFL1 cells (IF,x200)

A B C D

3 KEWMARHMIFX TGF-B,% S T HFL1 40 Rheb #1 p-Smad3 B & 08 (5 251, x200)
Fig. 3 Effect of medicated serum of Bupleuri Radix on protein expression of Rheb and p-Smad3 in HFL1 cells (IF, x200)
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x5 LPEHMFEX TGF-B,%5 5 HFL1 4 A a-SMA Rheb 7 p-Smad3 B BRI ME (X+s,n=3)

Table 5 Effect of medicated serum of Bupleuri Radix on TGF-B,-induced protein expressions of x-SMA, Rheb, and p-Smad3 (¥=s,n=3)

) ] T
215 2L R RS HU%
a-SMA p-Smad3 Rheb
235 1 L TE 41 9.73+0.96 5.43+0.77 7.78+0.20
TGF-8,41 10¥ 58.31+5.59" 34.53+3.51" 22.91+0.57"
TGF-B,+5& ] & 24 1fiL i 20 107+15 19.42+1.94% 15.77+1.33% 13.36+1.227
TGF-B,+SI1S3 41 109+3% 6.71+1.49” 26.87+0.33” 10.96+0.16”

e T
g — = 58 kDa
p-Smad3 g - . - :

‘ - —
Smad3 - he ' ' 58 kDa

NI - 1

A B ¢ D
E 4 TGF-B,#% 5 T HFL1 4l Rheb,Smad3.p-Smad3 & B &%
Fa ik
Fig. 4 Electrophoresis of TGF-g -induced Rheb,Smad3, p-Smad3

protein expression in HFL1 cells

F6 SKHRAMBEXN TGF-B,HE ST HFL1 1M Rheb EQFRIEM
Smad3 EHBERHI M (X+s,n=3)
Table 6 Effect of medicated serum of Bupleuri Radix on TGF-B,-

induced Rheb protein expression and Smad3 protein
phosphorylation in HFL1 cells (x+s,n=3)

3 I Rheb p-Smad3

ZH W

’ KB4 4%  /GAPDH  /Smad3

25 H LA 2 0.52+0.05 1.17+0.34
TGF-8, 41 107 0.63%0.02" 2.00+0.26"
TGF-B,+4¢ 1 F 25 MEH  107+15 0.5240.06 0.910.34%
TGF-B,+SIS3 4 10¥+3% 0.29%0.00%" 0.820.44>

AR R AR, AR TPF 1 &% ML i )
T EERVER, I LR ET 4 240 B 00 R IR — H O
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TG S AE R I £ i Ak IR 7 23 R 7 55 4 A &7 4
A i IF 175 S B2 2 A0 G BE L 43 Ak Sl LR ZF 4 A
Jitl . AWE5E & B TGF-B, fE i i HFL1 41 i 3% 1k A%
21 Yk A0 M AR S a-SMA , B 3 FMT, 17 48 8 5 24
L3 BEAE W25 ] a-SMA |, JTH 33 55 53 — 1 7 il
WREOLT  WUSRCEF 4 4 i e o2 LB E e e & A
AT R T AE A il 2 4 Ak 8 35 108 it 2 2 e UL 2T 4 4
JHL A7 AE S SOE FNE THE B . T O AN W R A

o e i RS R 0 W 1 b € € S U )
I fie 2 5 B 2H 21 A R LT AL A BIF 5
CCK-8 K1 & ¥, 10 wg+ L' TGF-B, RE % i 2 45 =5 4
it 358 58 6, 15% S0 7 24 1ML T RE 0% G 35 A 0K 40 it 44
5§ %% . TUNEL &% % i /R , TGF-8, &b B fig 1% B IX
HFL1 4 T- % ,Real-time PCR 2% % i /5 , TGF-B, Ab #f
RERS T WP T8 (A Bel-2 B9 R 3A AR AL TR
1 Bax (1 35 | T 588 % 24 1L 175 A8 0% $2 5 40 ff 4 1
ORI T E A Bel-2 #s M FIEEET-E A
Bax ik, 25 ALIE W 42l % 24 1M 75 se 4% 40 il TGF-B,
JIT 175 S 110 240 FE 1 5, A1 T A 240 R R T R FMIT
mTORC1/4E-BP 1 i #£ fifi £F 4 fb 47 5 8 221
PE ', H b W AT fE 55 TSC2/Rheb %l 1% 1L A % .
TGF-B,/Smad {5 5 i i & TPF 5 HL AL 1 o M oy 8 22
() — ¥, BF 5% 8 2% TGF-B,/Smad i % fE 4% # 15
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P BB A% {2 i Smad3 W52 1k , % 2 1k 1) Smad2 . Smad3
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4E-BP1 il Jf 38 af 3 — AL i) 52 B JS 2k i B i 3R 3k
siRNA @ il Smad3 fig % F% Ik 4E-BP1 Y 8 i 1k 7K °F-
IRV IR AR . H T AS B Smad3 J2 3 1 fa]
Fh i A P8 4% mTORCI {if 1 ) 4E-BP1 #% & 1k /K
B, A 5 480400 25 B8 3 Smad3 XF T mTORC1 22 i
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