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Cordycepin targets HDAC7 to mediate epithelial-mesenchymal
transition to ameliorate pulmonary fibrosis
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Abstract: Cordycepin (Cpn), a natural active compound derived from the traditional Chinese medicine
Cordyceps sinensis, has antifibrotic, antioxidant, and anti-inflammatory effects, but the impact of Cpn on
pulmonary fibrosis and the downstream molecular mechanism remain unclear. In this study, A549 cells were
induced by transforming growth factor f1 (TGFf1) in vitro, the viability of A549 cells was evaluated by CCK-8
assay; and migration of A549 cells were detected by wound healing assay, invasion of A549 cells were detected by
transwell assay. Molecular docking and molecular dynamics simulations were used to predict the interaction of
histone deacetylase 7 (HDAC?7) with vimentin and the association of Cpn with HDAC7. The pulmonary fibrosis
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model of mice was established by bleomycin in vivo to investigate the effect of Cpn on pathological changes of
lung tissue. The impact of Cpn and molecular mechanism on pulmonary fibrosis were studied by Western blot
assay, cell transfection assay, immunoprecipitation assay, immunofluorescence assay, immunohistochemistry and
real-time quantitative PCR (RT-qPCR). All animal experiments were approved by the Shanghai Children's Medical
Center Experimental Animal Ethics Committee (grant No. SCMC-LAWEC-2022-017). Results showed that Cpn
had no toxic effect on A549 cells even at the concentration of 100 umol-L". Cpn inhibited migration and invasion
of A549 cells and reduced deposition of collagen, the degree of lung inflammation and fibrosis in mice; in vivo and
in vitro models, Cpn significantly reversed mRNA and protein expressions of epithelial-mesenchymal transition
(EMT) and lung fibrosis markers collagen I, a -smooth muscle actin (a -SMA), N-cadherin, vimentin and
E-cadherin and HDAC?7. Deficiency of HDAC?7 suppressed TGFf1-induced EMT and expression of collagen I;
vimentin interacted with HDAC7; and molecular docking experiment revealed that Cpn was interrelated with
HDACT7. In conclusion, Cpn can target HDAC7 to mediate EMT and exert its anti-fibrotic effect, the inhibition of
EMT and the improvement of pulmonary fibrosis provide a new idea and choice for the development of
anti-pulmonary fibrosis drug.
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Jii £ ¢ A4 A2 i P 5% 92 P A B A 2R (exctra cellular
matrix, ECM) [4= 5 5 P4 i 1 4 25 1, i & 40 A 4 2
JR AR 51 98 5 il B B0, o503 il S I R AR B A ) 3
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fift, vimentin [ ff v {0k EMTY., #EikiE, HEHEC
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R EIERFE AR AR

SLWMNEE EARE RS (LR ARA
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I o B AR KT AS49 20, AR TR A0 240 i
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shRNA 2 HDACT7 #§ 5 ¥ i ik shRNA J7 41
N: sShARNAHDAC7 5-GCCAGCAAGATCCTCATTGTA-
3", 3-TACAATGAGGATCTTGCTGGC-5'. % 4+ 1§
WIN: 2B AT 6 FLAR, Y 200 Mo %% B8 0k 31 45%, T 4
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PEXTHRZ. (sh-NC+TGF-81)-HDACT7 {4 (sh-HDAC7).
HDAC?7 i & +TGF-p1 4t 22 4 (sh-HDAC7+TGF-A1)-
HDAC7 rf 1k % % 41 (sh-HDAC7+TGF-p1+Cpn
100 pmol-L™). HL 6 pL % 44171 5 300 pL Opti-MEM
To Ly BE 2 AR 2T, 50 & S min; BX 6 uL sh-HDAC7 5
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1% (17 Ham's F-12K 3% 3% 3 52 5% 48 h, 2 G R 254
AT ALEE USSR AN i & 1T Western blot #3l .
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% J 2 PCR (quantitative real-time PCR) i
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B3 N cDNA, R 17 T-80 °CUKAH . LAY ¥ 515 2 1)
cDNA i B¢ 10 fis AR, 23k 47 55 I8 5% 0% € & PCR
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HDACT, 5175 W& 1.

SEISEHY)  SPF 2 C57BL/6T /1§, HETE, 6~8 J&
W, W g SIS B W 3R BR A\, B VE AT E
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A 2240 350 5 3] 3 05 00 it 356, of AL S o A R A AR 110 2
MR . BRI E S T ORE B Y, RS
2557 B M 4 2577152 2% Hulpia 52 W5 . K IR ZE AN
BRI TR A B SR S, M RAL TAH
FIEEE, PFD4LLL 100 mg kg FIEMEE, #4221 K.
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W 4% % 3 WY RE [ 5E 7

Table 1 The primers used for RT-qPCR analyses. Collagen I: Collagen type I al chain; a-SMA: a-Smooth muscle actin; HDAC7: Histone

deacetylase 7

Species Gene Forward primer Reverse primer

Human Collagen I GCGAGAGCATGACCGATGGATTC GCCTTCTTGAGGTTGCCAGTCTG
a-SMA CTCTGGACGCACAACTGGCATC CACGCTCAGCAGTAGTAACGAAGG
Vimentin CCTTCGTGAATACCAAGACCTGCTC AATCCTGCTCTCCTCGCCTTCC
E-cadherin CGAGAGCTACACGTTCACGG GGGTGTCGAGGGAAAAATAGG
N-cadherin AGCCAACCTTAACTGAGGAGT GGCAAGTTGATTGGAGGGATG
HDAC7 GAAAGAACAGTCCATCCCAACA GCTTATAGCGCAGCTTCAGG
GAPDH TTCAACGGCACAGTCAAG TACTCAGCACCAGCATCA
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Western blot £ Wl Jili 41 21 # collagen 1. a -SMA. N-
cadherin. vimentin. E-cadherin. HDAC7 ] & [ 31X 15
L, K FH Image J 8/ 75 Br 26 6 25 FEAE

G FE SR AL TS ISR T E R
M + b2 (x +5) Kox. Hdi K H one-way
ANOVA # A7 4t 1t 73 #r, 34% F GraphPad Prism 9 #F 1T
22l P<0.05HHE RS E Lo
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150 Cpn / pmol-L™!
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) 9§ /G
SIS B b

CCK-8 VAR M AN [ FE HL B 30 A0 B JJ 50 . 45 2R
i (F1A), BL 100 pmol- L™ ¥ B Py ) bt %5 % 4b ¥2
AS549 40 g 24 h, 40 KL% 1% A T B, BPAE7E TGF-41
(5 ngmL") fAAERIIEOL R, 40 is s F . 45
B, 100 pmol- L7 ¥4 B P g H BT 250 28 il AS 7= 2R
.

TE b R 20 B —18) 70 0 S A R et R v, b R At i B
FI) 2 i A0 JE T A 40 B R RS e 3 5 . AN AR A K
JRSZIG KM 504100 umol- L™ ) HL %5 K X TGF-41 i %
(1 AS49 40 fIT % e ) I AR 28 RE I RE e . 45 R EUR
(EI1B), fE4 Mo 4bFE 48 h 5, 5% AL L, TGF-p1 &
R T AS49 A K AT F2 BE ), HU B R W A
TGF-B1 1% 31 AS549 i # e /). R HH Transwell ¥
Rl A549 4 f=2 2868 11, 45 R EoR (H10), 5xt 4
L, TGF-B1 4H A7 28 31 5L i BN (¥ 240 M % BH 2 08 %2
TGF-p1 & 158 T AS549 41 il 1) 2 28 66 77; 5 TGF-p1
Y LL A, BB R T TAE AR 2% 21 5 JEC LT ) 4 50 2 0
b AR R W N . R BT R AT TGF-B1 15
S AS49 4112 8 RE
2 HEZANF TGF-11% 5 H EMT X collagen 1 fJ
Rk

EMT ] T S0k 21 24 4H f AL R 2T 4 20 1 1) £ 2
Jack B P 4 B A0 R T UORR, 2 i A 44 Y B 3 B4

TGF-B1 + Cpn (100 pmol-L™ )

TGF-41 TGF-B1 + Cpn (50 pmol L")

TGF-B1 +Cpn (50 pmol-L"
S 3 P

300

! '&l‘ J ." o 1 :
L R

Figure 1 Cpn caused neglectable cytotoxicity and inhibited migration on A549 cells. A: The cell viability of A549 cells treated with Cpn
(0, 25, 50, 100 pumol-L™") for 24 h was determined by CCK-8 assay with or without TGF-$1 (n = 3, X + 5); B: The cell of horizontal migration
was detected by wound healing assays at 48 h. Scale bar: 100 um; C: The cell of spatial migration was detected by Transwell assays at 48 h.

Scale bar: 100 pm. TGF-£1: Transforming growth factor £1; Cpn: Cordycepin
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R 2% bR & 70 N collagen 1. o -SMA « N-cadherin.
vimentin. E-cadherin. fE&4ME Y A FH K FE N 25
50~100 pmol- L™ HFLZAE F F TGF-B1 i 3 1) A549 4]
1 48 ho 45 R o8 (K 24A), B K16 W] B 1 8
TGF- B1 5 5 A549 41l ff2 Y] collagen I. a -SMA. N-
cadherin. vimentin. E-cadherin & H # i& /K °F .
Quantitative real-time PCR 45 % 27~ (K] 2B), 5 x4
EL#%, TGF-B1 4140 M ¥ collagen 1.a-SMA N-cadherin
vimentin.HDAC7 mRNA 7K~ & 2% 7} &1, E-cadherin [t
mRNA 7K P& 5 TGF-p1 41E0 5%, i TGF-B1 30 (1)
collagen 1. a -SMA . N-cadherin. vimentin. HDAC7 H]

mRNA 7KV 35 B 5 4 FUEE 25 #0141, E-cadherin [ mRNA
KPR R S . R IR R B 1 TGF-p1
i 5 A549 40 i () EMT 5 )l ] collagen 1 3R 15 1)
YEM .
3 HDAC7#l vimentin B E{ER#IH] EMT X collagen
1H3RIE

EMT {F Jy fili 41 4 4k, # Z L], HDACT7 25 EMT
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Figure 2 Cpn repressed TGF-f1-stimulated EMT and expressions of collagen 1. A: Levels of collagen I, a-SMA, N-cadherin, vimentin,
E-cadherin in TGF-f1-stimulated A549 cells treated with Cpn for 48 h were analyzed by Western blot; B: Expressions of collagen I, a-SMA,

N-cadherin, E-cadherin, vimentin mRNA levels in A549 cells were analyzed by quantitative real-time PCR. n = 3, x + 5. "P < 0.05, P <

0.01 vs control group; P < 0.05, "P < 0.01 vs TGF-$1 group. EMT: Epithelial-mesenchymal transition
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Figure 5 Cpn reduced BLM-induced EMT to exert antipulmonary fibrosis in mice. A: Pulmonary pathological changes in tissues from
BLM-treated mice with or without Cpn treatments were examined by H&E staining (1x and 20%); B: Collagen deposition in lung tissues
was visualized and examined by Masson's trichrome staining (1x and 20x); C: Expression levels of vimentin and a-SMA detected by IHC
(10x); D Levels of collagen I, a-SMA, N-cadherin, vimentin, E-cadherin by Western blot. n =4, x + s. P <0.05, P <0.01 vs control group;
P <0.05,"P<0.01 vs BLM group. BLM: Bleomycin; H&E: Hematoxylin-eosin; IHC: Immunohistochemistry
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Figure 6 Cpn repressed expression of HDAC7 in mice. A: Cpn reduced the expression level of HDAC7 detected by IHC (10x); B: The

level of HDAC?7 protein expression by Western blot. n =4, X + 5. P < 0.01 vs control group; P < 0.01 vs BLM group
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