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FoxP1 i/ b #id B Wi #1157 4 i
N - 18] 78 5 A R E R ML

FIEWE Wmrvk K3 ABRFELE A Ik T

[HE] By Wi k&R FE T PL (FoxPD) /5 A Wk & 0 i1k 4 K W7 -l
(TGF-BL) R 7 - TS (EndMT) IERENIIEFBLEL. F53% 5 AJBTER Ik P9 52 40 43
S HR L TGF-B1 % 5 EndMT B84 (TGF-BL). T3t RNA B IRZ (TGF-B1+si-NC). FoxP1
Tt RNA 4 (TGF-Bl+si-FoxP1) . i 2k 725 iRL FH PE X HE 4] (TGF-pLl+oe-NC). FoxP1 i ik
2H (TGF-B1l+0e-FoxP1). FoxP1 jd ik & H W20 (TGF-pl+oe-FoxP1+3-MA). Western
blot &l P 57 18] 76 53 b 25 47 B i S A 1 30k s ] mCherry-EGFP-LC3 3%t R Gl H g s
I R S AL AN BT R RE JT . PR ZELIR) BLBCR AR AS t A5, 2 A LUK H S R 3R
FEOHT, dLIAI W S LK LSD-t #0596 £55R Western blot 45 5 57, 56t R Eb 4, TGF-B1 41
W AR VE-cadherin, CD31 FRIA MK, (1] 78 5 br E4 a-SMA. Vimentin ik 51, B 5 & A
Collagen I (3.08 + 0.09 £t 1.00 + 0.08). Collagen I1177A(3.14 + 0.10 tt 1.00 + 0.05) Ft &, 41t
TR ) [(75.20+ 4.30) % bk (36.80 + 2.60) %] p62 ik (2.24 + 0.07 £k 1.00 + 0.07) 858,
Beclin-1 (0.49 + 0.03 k. 1.00 £ 0.02), LC3 1/ I F&ik7K}~ (0.17 £ 0.01 £t 1.00 £ 0.08) FEAIK (P 3
<0.01); 5 TGF-B1+oe-NC LA Lt , TGF-B1+0e-FoxP1 41 VE-cadherin £l CD31 %A 1, a-SMA.
Vimentin %% T F%, iR J5 25 & Collagen 1 (2.08 = 0.10 H: 4.38 + 0.15). Collagen I113i% (1.86 +
0.07 Lt 3.60 + 0.14). 41l i1 i #% GE /7 [(46.66 + 5.15) % kb (77.56 + 7.30) % ]. p62 it (1.77 +
0.09 k. 2.24 £ 0.08) [%1IX, Beclin-1 (0.82 +0.01 £t 0.49 +0.03). LC3 I/ I #iksK-F (0.55 % 0.02
[k 0.20 + 0.01) F+7& (P #) < 0.01). 5 TGF-Bl+oe-FoxP1 Z1#H Lk, TGF-B1+oe-FoxP1+3-MA 41
Beclin-1 (1.60 + 0.03 £ 1.96 £ 0.02).LC3 II/ I A (2.20 + 0.04 L. 3.88 + 0.16) [ [4,p62 (0.70 +
0.02 Lt 0.49 £ 0.05). Collagen I (0.80+ 0.02 Ltk 0.51 + 0.03). Collagen I3 i (0.70 + 0.01 Ltk
0.29 +£0.02) F+= (P #J <0.01), E-cadherin A1 CD31 {154 T i, a-SMA. Vimentin 5% i,
M IE R fE 1) [(58.63+6.19) % b (40.84 +£5.27) %] #45i (P 5 < 0.01). £ FoxPl g%
K AT SRR H] TGF-BL i 10 EndMT i HE, B 78 N D ULEF AL ML BT 7T 5 iR T7 $2 4t
BRI A A

(3R O J3ul; AR - ML FoxPl;  HWE

The mechanism of FoxP1 inhibits endothelial-mesenchymal transition in endothelial cells via
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[ Abstract] Objective To explore the mechanismof forkhead box pl (FoxP1) , a forkhead
box transcription factor, mediates the autophagy pathway to regulate the process of transforming
growth factor-p1 (TGF-B1) -induced endothelial to mesenchymal transition (EndMT) .
Methods The human umbilical vein endothelial cells were divided into the following groups:
control group (Blank) , TGF-B1-induced EndMT model group (TGF-B1), small interfering RNA
negative control group (TGF-B1+si-NC) , FoxP1 small interfering RNA group (TGF-l+si-
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FoxP1) , overexpressing RNA negative control group (TGF-Bl+o0e-NC) , FoxP1 overexpressing
group (TGF-B1l+oe-FoxP1), and FoxP1 overexpression combined with an autophagy inhibitor
group (TGF-Bl+oe-FoxP1+3-MA) . Western blot were used to detect the expression of endothelial .
mesenchymal markers and collagen. The mCherry-EGFP-LC3 dual fluorescence system was used to
detect autophagy status. Cell migration ability was assessed through scratch assay. The independent
samples t-test was used for the comparisons between two groups, while for comparisons among
multiple groups, one-way analysis of variance CANOVA) was employed, and the LSD-t method
was used for pairwise comparisons. Results Western blot results showed that, compared to the
control group, the expression of endothelial markers VE-cadherin and CD31 were decreased in the
TGF-B1 group, while the expression of mesenchymal markers o-SMA,Vimentin and collagen proteins
Collagen T (3.08 = 0.09 vs 1.00 £ 0.08) , Collagen III (3.14 + 0.10 vs 1.00 = 0.05) were increased.
In addition, the cell migration ability [ (75.20 + 4.30) % vs (36.80 + 2.60) % ] and the expression of
p62 (2.24 £ 0.07 vs 1.00 + 0.07) were increased in TGF-B1 group when compared to control group,
while the expression levels of Beclin-1 (0.49 + 0.03 [t 1.00+ 0.02) and LC3 II/1 (0.17 £ 0.01 vs
1.00 + 0.08) were decreased (all P < 0.01) . Compared to the TGF-B1+0e-NC group, the expression
of VE-cadherin, CD31 and Beclin-1 (0.82 = 0.01 vs 0.49 + 0.03) , LC3 II/ I (0.55 + 0.02 vs 0.20 =
0.01) (all P <0.01) were increased in the TGF-B1+oe-FoxP1 group, while the expression of a-SMA,
Vimentin and collagen proteins Collagen I (2.08 £ 0.10 vs 4.38 £ 0.15) , Collagen III (1.86 * 0.07
vs 3.60 £ 0.14) as well as p62 (1.77 = 0.09 vs 2.24 = 0.08) , were decreased, along with areduced
cell migration ability [ (46.66 + 5.15) % Lt (77.56 = 7.30) % ] (all P < 0.01) . Compared to
the TGF-B1+oe-FoxP1 group, the expression of Beclin-1 (1.60 + 0.03 vs 1.96 = 0.02), LC3 II/ I
(2.20 £ 0.04 vs 3.88 + 0.16) and E-cadherin, CD31 were decreased in the TGF-B1+oe-FoxP1+3-MA
group, while the expression of p62 (0.70 + 0.02 vs 0.49 + 0.05) , Collagen 1 (0.80 + 0.02 vs 0.51 +
0.03), Collagen III (0.70 £ 0.01 vs 0.29 = 0.02) and a-SMA, Vimentin were increased, along
with the enhanced cell migration ability [(58.63 + 6.19) % Lk (40.84 £ 5.27) %] (all P < 0.01).
Conclusion  Overexpression of FoxP1 can activate the autophagy pathway to inhibit the TGF-f1-
induced EndMT process,while could provide a novel cytological perspective for the mechanistic
research and therapeutic approaches to myocardial fibrosis.
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HUVECs (1% 5 PCS-100-013, 3% Tt R 5L
Hi0); DMEM K 7% 2 (1% 5 KGM12800NH, 7T
I LB AR R I A B A FD s TGF-BL (B8 5
10804, b 5% S N BHEL Bt A IR 2 7DD B IR £5
Pl (B85 G4202, I FE 4 /R AE DR A IR A
FD; B H B -EDTA YH 1L i (575 ¢125¢1) X
Pr (FHEE -85 RIEHD (385 c125¢5). TRIzol
($% 5 M5101). # it ECL 1k 22 & )¢ ik 7 & (1%
5 P10100, 75 M BT FE £ AV R E A R 25D i
A1 (575 FSP500, 75 N 4K &L 5§ A4 4 B 452 1% 43
HIRAFD; JoW 3% RN &R & (3t
5 DP118-02, b it RARAE AR A R A 7D ¥
B3R 55 A (1% 5 A234).2xRealStar Fast SYBR
gPCR Mix (#% 5 A301-01, I 75 ¢ 8 4= ¥ L B0
B2 w]D; RIPA 2R (175 P0013B). BCA H H
W 5 R ) & (525 P0010S). mCherry-EGFP-
LC3 Jii ki (185 D2816, i3 ~ KRAEMF AR H R
A H]); — $i: VE-cadherin (1% 5 AF6265). CD31

1% 5 AF6191). Beclin-1 (1% 5 AF5128). FoxP1
(1% ‘5 DF7250) (L7526 B Aok 5 b 0 A R A
A]); a-SMA (1% 5 14395-1-AP). Vimentin (f% =5
10366-1-AP), p62 (% 5 18420-1-AP). LC3 (%
5 14600-1-AP). GAPDH (1% 5 60004-1-1G). %
FR s A ) Bl A i 1 Ll SR BT S 196G (H+LD (BR 5
SA00001-2) G == E ARG IR A FD; 4 %

K HE (375 dfo135, L HIRAEH AR H R A

]); Goat Anti-Rabbit 19G H&L (Alexa Fluor® 488)

1%'5 ab150077, ¥ [H abcam A #]), DAPI 4Lifi (1%
5 C0065, It WEKERHAMAFD; 3-MA (Tt '5
HY-19312, 3 [E MCE / #)); Lipofectamine 3000
YUK (555 13000015, 25 [H Invitrogen A ).
1.1.2 148

LA B B (5 LSM 880, i [H Zeiss A
A BIE 5O EAET (BLS 1X83, H A Olympus 2
F)D; SZIF G E & PCR X (!5 QuantStudio 5, 3§
ESE 2 N W/ DR
1.2 ik
1.2.1 EndMT RS Hy 5

¥ HUVECs 41 Me & T 10 % Jla 4 Ifl i&.
100 U/mL 55 R A5 %K 11 DEME £ 77 L h B 9%,
37°C.5 % CO, 4H s 7248 h & i B IV 7 s

fi A 20 ng/mL TGF-B1 4l # HUVECs 4 ffl 24 h ##
ST EndMT #5791
1.2.2 Ao 2H &+

¥ HUVECs 41 g 43 i %} J& 20 EndMT #5
4 (TGF-BL), T #t RNA B £ %t & 41 (TGF-B1+
si-NC). FoxP1 T #t RNA 41 (TGF-p1+si-FoxP1).
it ok A iR [T 1 6 B8 4 (TGF-Bl+oe-NC).
FoxP1 i % ik 4 (TGF-p1l+oe-FoxP1). FoxP1 it %
KB A E WE AT 754 (TGF-Bl+oe-FoxP1+3-MA),
B % BB A, 2 % 4134 R A TGF-BL i 5 EndMT
g fg B A, TGF-Bl+si-FoxP1 41 1 TGF-Bl+oe-
FoxP1 41 73 il % %% FoxP1 siRNA 1§ FoxP1 it % i%
Jfi KL, TGF-B1+si-NC 2 F1 TGF-Bl+oe-NC 4 7l %%
Gu ok H siRNA B0 HE 5T Fi; TGF-Bl+oe-FoxP1+3-
MA 2 14 g EndMT 4f il 852 24 5 2 h, %% 4 FoxP1
b R R, B Yk 6 h 5 0N SE A R R A, BE
F& 24 h J5 AR BE SC R [14] #% 38 0\ 10 mmol/L H
W A1 77 3-MA 3E 47 Pl 4k 3, gk 855 5% 24 h
17 JG 8252 5. FoxP1 i 3 ik Jii ki J siRNA i L
5 ) 25 5 R G IR A R & B, siFoxPL 7 41 4
UAAUCCACUAACUUGCUGCTT, siRNA-NC 5
%] y: ACGUGACACGUUCGGAGAATT. X Hi
Lipofectamine 3000 % 4% it 1] % H8 i) B 15 3 47 % e
Ak,
1.2.3 el EndMT A5 &4

PR AR DL ) FLAR % N XS S 4 BRI A, Xt
Y HEAT N T B , T H 4 % 2 FEH
fi% [ %€ 15 min, 0.1 % Triton X-100 i% fiX 10 min,5 %
BSA 3 4] 30 min; — 1% &, anti-VE-cadherin (1:
200). anti-o-SMA (1:100),4°C i #&; F N Fh & 1)
Alexa Fluor 488/594 — i (1:200), == K i )% 1h,
DAPI J44% 5 min. FEERE BB S RERIEL .
1.2.4 RT-gPCR £l FoxP1 mRNA Fik

Pl RNA $2 B 7] & U B 42 B4 i 5L RNA,
o FE ) S 0 U0 B B 3R AT 00 A o, T B O e S IO
A& Z (10 pl A& 2D, 48 F X B B R i 51 Pk 4T st
PCR 4 (20 pL & 20, i f 27 i+ 545 3 £ A
Fikg., PIHRBELT: TR B 95°C 2 min, b
Je JEAT U8 IR N, R A FL 48 95°C A 1 10's,60°C
Bk 30s, it 40 MG, BRI E 3 ANE AL,
HHAT 3 IREE L, BARSIVIF AL 1,
1.2.5 Western blot f&ll EndMT A H Wi AH <& F

15 F RIPA 22 i 75 UK 1 24 20 i 30 min, &5
O HLU G, BCA Rl il St st iR B E 2 o
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FZ gl i\ SDS _E 2% phif, 95 °C & Wb 10 min ]
% Western blot £ 4<. 10 % SDS-PAGE Jik H ¥k 1 ~
2 h, VK 21 HEAT B4 55 60 ~ 90 min QB #%); 5 %
it G 4= 9 &P L hs —$iiE &, FoxP1 (1: 1000,
VE-cadherin (1:1000). CD31 (1:1000). a-SMA
(1:2000). Vimentin (1:3000). Beclin-1 (1:
1000). p62 (1:5000). LC3 (1:2000). GAPDH
(1:50000),4°Cits; TBST ¥ 3 Ik, i & BRI A
P YnBEbRIC T L E T % 1gG (H+L) (1110 000), =
IRPERIEE 1 h; TBST FRRBEM: 3 G, ECL AR
52, 2 R AR I 2547, Imaged & & AT. T
LG AT A 3 IR

®=1 SWFIIER

"
R AW (5~ 3) ﬁ%ﬂﬁkg
FoxP1 |3 TGGCATCTCATAAACCATCAGC 134
Fiif GGTCCACTCATCTTCGTCTCAG
GAPDH i ACAGCCTCAAGATCATCAGC 104
Fiif GGTCATGAGTCCTTCCACGAT
1.2.6  XIJR SIS 4 372

76 6 LR TS J5 H B il SRR Lom i EH
2, THAL AR R 2] 6 FLAR, B5 7740 M % 80 % Rl s,
F 200 pL 83k 1 B T 15 28 K H 48, PBS ¥k 2%
TFANNE; AT AN T AL EE 5 , 0 ho48 h 7EXF A &
HHECRAE IR, Imaged THREXDREA & AR, A
wHE 3IANEL.
1.2.7 mCherry-EGFP-LC3 il [ Wi St 4% 4y

V20 FE P T 12 FLA G T 1 d, AL
0.5 mL 58 4 35 F2 W, {8 55 2 K 55 8k G i) 2% i ik
F£)70 % ~ 80 %, i X mCherry-EGFP-LC3, J& %t
4h JEAMIN 250 UL 5E AR IR, 24 h R WP TE R G
T T BRI 4k B2 Yt oe-FoxP1/
0e-NC Jii ki, J& 4% 72 h J5 i@ it 8] B 9% 6 W B 2 bl
WIS KA G 3t BE 2 (EGFP+mCherry) SN H
g AR, 21 (0 BE A (I mCherry) iy E W VA Big 4, 5
21 | FEBE A VA E K
1.3 GuitFathik

X F GraphPad Prism 9 # 17 4t it %% 4 #r.
VE-cadherin. CD31. a-SMA. Vimentin. FoXP1 #iXx
KPR 2R DL X £ s Ko, 5 4L 1) BE SR
SEREAR RS, 2 20 IR LU BCR FH BRI R 5 2 b, 4H
[F] 9 P LA LSD-t fuz. DL P < 0.05 A% 57 A
EENVE -8

2 &
2.1 TGF-BL i S N 41 EndMT
B WL 5% 4 R R, S RPN R 4 i 5 3
R 3G U8 A R T3S, 4 (] 2 R %, HE71 B 5%
EixTREAR L, TGF-BL A 245 0 As, 2 $dm i %
ARG T, 4 L ) ) P TR B K, R IR
HH TE] 78 5T 41 o e g RS AR AR (] 1) Western blot 45
BEoR, 5xF A, TGF-B1 4 M B2 40 i br &
VE-cadherin #1 CD31 ik FEAIC, [A] 78 5T 40 fbr E 40
a-SMA. Vimentin % i& i, ik )il & [ Collagen 1
(3.08% 0.09 H 1.00 + 0.08) #I Collagen III % ik
(3.14+0.10 £ 1.00 + 0.05) # i (P < 0.01, & 2).
KR 25 B BoR, XA, TGF-BL 41T
fe JyHaam [ (75.20 £ 4.30) % bt (36.80 = 2.60) % |
(P <0.01, & 3),

FE: a Eyx B4 S5 P9 R AR A b B TGF-B1 ¥ 55 M R 4T
A MR

Bl 1 eSS SR IR TGF-BL 7% 55 N 2 4 ik
A (x200)

2.2 FoxPl % ik Xf TGF-B1 % S 19 N K& 40 f
EndMT 52

55 0e-NC 41 #f tt, oe-FoxP1 41 FoxP1 mRNA
(2.86+0.27 kb 1.00+ 0.05) 1 & [ /K °F (2.64
0.03 kb 1.00 £ 0.07) #4 I if; 5 si-NC 41 #H Lk, si-
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FoxP1 # ) FoxP1 mRNA (0.39+ 0.03 Lt 1.00 +
0.12) A [ %A /KF (0.10 £ 0.01 k. 1.00 + 0.04)
YR (P <0.01, & 4). Western blot il 44
7R, 5 TGF-Bl+oe-NC ZH A L, TGF-B1+oe-FoxP1
H VE-cadherin 1 CD31 /) & & I i, a-SMA.
Vimentin. Collagen 1 (2.08 + 0.10 tt 4.38 + 0.15)+
Collagen III58i% (1.86 + 0.07 Ltk 3.60 + 0.14) Fifi;
5 TGF-B1+ si-NC 41 #H [k, TGF-Bl+si-FoxP1 41
VE-cadherin A1 CD31 &i& T, a-SMA. Vimentin.
Collagen 1 (3.57+£0.31 tk 2.79 £ 0.21). Collagen
Il % i& (3.53+0.10 kb 1.65+0.09) ki (P <
0.01, & 5). KRR EIR, 5 TGF-Bl+oe-NC ZHAH
tt, TGF-Bl+oe-FoxP1 414 i iL # Rt 71 [ (46.66 +
5.15) % (7756 £ 7.30) %] Jk 55 (P<0.01); 5
TGF-B1+si-NC A7 Et, TGF-Bl+si-FoxP1 ZH 41 it it
FefE 1 [(93.30+7.10) % Lk (75.40 + 4.80) %] 1
7% (P<0.01,6).
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- a B9 RT-PCR #:ll FoxP1 1 3275 %%%; b K2y Western blot 46l FoxP1 i ik 2% ¢ &)y RT-qPCR 4l FoxP1 fffk 2% % d ¥4 Western blot

Hrill FoxP1 Mifi2%; “"P<0.01,n=3

E 4 FoXP1 it #ik slmiIC R R



e 18 e

b A G T4 4 35 (A T RR) 20264E2 A 45164 55 1 Chin J Cell Stem Cell (Electronic Edition), Feb 2026,Vol.16, No.1

2.3 FoxP1 Rk N} P K7 40 Al 1 Wk 1 5 il

Western blot 25 $ i, 5 X REAHEE, TGF-pL 4
Beclin-1781£(0.49 + 0.03 £ 1.00 + 0.02) F1LC3 11/
LC3 [ EbfE (0.17+0.01 Lk 1.00 + 0.08) K %, p62
EHEIE (2.24+0.07 L 1.00+0.07) Fifl (P ¥ <
0.01). 5 TGF-pl+oe-NC 4 #f kb, TGF-pl+oe-
FoxP1 41 Beclin-1 %% (0.82 + 0.01 Lt 0.49 + 0.03)
ATLC3 II/LC3 T Hef (0.55+ 0.02 £k 0.20 + 0.01)
i, p62 # ik (1.77+0.09 £k 2.24 £ 0.08) T i
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TG (H BEM) W55, 40625k (R B
iz, @D

Western blot &5 2 & 7, 5 TGF-B1+si-NC 41 4H
tk, TGF-Bl+si-FoxP1 41 Beclin-1 3215 (0.43 £ 0.03
£t 0.65+0.04).LC3 1I/LC3 [ (0.33+0.031£0.71 +
0.04) T, p62 ik (3.71£0.04 kL 2.62 £ 0.08) |-
W (P <0.01); RASLIGH LB S . (K 8)
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“P<0.01,n=3

& 5 Western blot &l P 2 b1 4 VE-cadherin, CD31 FlEk£F4E 4 fuds E4 0-SMA. Vimentin [{ 3214
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