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TFPIct32 inhibits proliferation and migration of vascular smooth muscle cells and ex-

erts anti-atherosclerotic effects
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[ ABSTRACT | Aim  To investigate the effects of TFPIct32, a 32-amino acid peptide segment of tissue factor
pathway inhibitor C-terminal (TFPIct) , on the progression of atherosclerosis ( As) lesions in ApoE ™" mice and its prelimi-
nary mechanisms. Methods ApoE™" mice were fed with a high-fat diet for 10 weeks to establish an As animal model.

Mice successfully modeled were randomly divided into four groups of 10 (n=10) each: model group, saline group ( tail
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vein injection of saline on top of the model) , TFPI group (negative control peptide group, 2.5 nmol/g TFPI per week, tail
vein injection) , TFPIct32 group (2.5 nmol/g TFPIct32 per week, tail vein injection).  All groups received continuous
treatment for 4 weeks.  After treatment completion, tail bleed time was measured in mice from each group; Serum samples
were collected to measure serum levels of total cholesterol (TC), triglyceride (TG), low density lipoprotein cholesterol
(LDLC) , and high density lipoprotein cholesterol (HDLC). Mouse aortas were isolated and stained with oil red O.
Sections of aortic sinus tissue were stained with hematoxylin and eosin (HE) , Masson’s trichrome, and oil red O. A cell
proliferation and migration model was established using platelet-derived growth factor-BB (PDGF-BB) treatment on vascular
smooth muscle cells (VSMC) , divided into control group, PDGF-BB group, PDGF-BB+TFPI group, PDGF-BB+TFPIct32
group, PDGF-BB+protein kinase B ( Akt) agonist SC79 group and PDGF-BB+TFPIct32+SC79 group.  Cell proliferation
was assessed using the CCK-8 assay, while cell migration was evaluated via the scratch assay and Transwell method.  Pro-
tein expression levels of proliferating cell nuclear antigen (PCNA ), phosphoinositide 3-kinase ( PI3K), phosphorylated
Akt (p-AKT), and total Akt (t-Akt) were detected by Western blot analysis. Results Animal experimental results
showed that, compared with the saline group and the TFPI group, the TFPIct32 group significantly reduced serum LDLC
levels in ApoE™™ mice (P<0.05) , while simultaneously decreased plaque area in the aortic wall and aortic sinus ( both P<
0.01). TFPIct32 significantly inhibited PDGF-BB-induced proliferation and migration of VSMC ( both P<0.05), while
the Akt-specific agonist SC79 partially restored the TFPIct32-inhibited VSMC proliferation and migration ( P<0.05).

These findings suggested that the PI3K/ Akt pathway played a crucial role in the regulation of TFPIct32-mediated inhibition
TFPIct32 significantly

of VSMC proliferation, migration, and subsequent atherosclerosis progression. Conclusion

slows the progression of atherosclerotic lesions in ApoE ™" mice fed a high-fat diet, a mechanism likely involving the inhibi-

tion of VSMC proliferation and migration.
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A KSR B /N BT R IME D-D Fl TAT K- (n=10) ,
Figure 1. Animal model design diagram and effects of TFPIct32 on BT, serum D-D, and TAT levels in ApoE™~ mice
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15. 60% F118. 14% (¥ P<0.05) ., I4h, HDLC /KF
Dy T, Az B AR K AL B 4 R [ 24 75% , Thii TFPI
ZH AN TFP1ct32 4AH He A BRER KT T 14, 20%
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@k HE 4L O M Masson Y@ 1EAL F 30 Pk 32 5d 3k
RGP & R A EAb RR B 45 R o , SRR 4 A
b, A= # R K 40 A0 TFPT 26 BE B imi AL 4 ) 38 Jin
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Figure 2. Effects of TFPIct32 on serum lipid and aortic plaque area in ApoE™~ mice (n=8 ~10)
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Figure 3. Dose- and time-dependent effects of PDGF-BB on VSMC proliferation(n=3)
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Figure 4. Optimal dose and time-dependent effects of TFPIct32 on inhibiting PDGF-BB-induced proliferation in VSMC(n=3)
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Figure 6. TFPIct32 inhibits PDGF-BB-induced migration of VSMC (n=3)
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Figure 7. TFPIct32 inhibits the PI3K/ Akt signaling pathway in VSMC induced by PDGF-BB(n=3)
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reduction of Akt expression (n=3)



CN 43-1262/R 1 [E ah ik fb42ids 2026 4F55 34 555 5 ) 401

3 %W it

As J2 O I LA Y 32 B0 BLL R 9 K A
5 200 M3 0 | 9 s I I A TR B B B 1 AR B i
(e R T A By RN W PN <35 IUPS
FEORFT, M VSMC S 6 5E S A B 2 IR gl il 4
FI JEiE As BEHRIE BRIIE R A SR R 3R | )R
e B B R B KA ATRIT ARG B LUK
M5 FF AR I AZ R P R TR AR
FEVETE VSMC B4FH 1T 19 5 437 1 1) W HL AR
B, X As BRI B 6 HAT 2 S 5 IR & X,
VSMC A3 F IfiL A7 BE v s, AR LIRS R LA AR LN &
DTG A K 7 B i 8 RERRUE M 5 X4 32 8] PDGF-
BB | 44 R - 45 SN AT, VSMC FR Wi 4 7 5 AR
R R, IR Bt 1 A 5 A RS i T R Mt A
TR 25 N IS S S, DA T s A5k 4
As JERES) TFPT 2 —25% Kunitz 89454 5 140
5 1M 22 52 R 26 AR 1 390, 2 4 2UH F A R 4
VR I A A28 M — ) A BEPE B3I IR 7, 607 TFPIa
1 TFPIB WA, — 35 H & A =/ B EEY Kunitz
X3 2 Hor TRPToc 3R 35 A i DR L4 b R A W 2
e A AR BT U EABRITIESE,
TEPT wJ 38 141 1] B o A5, B AP P e 40 v e | ok
A2 1 I 0 it 0% T BEL T 2 k7 47K S HL 437 ( mitochondrial
membrane potential, MMP ) Jif ¥ & VSMC 3458  if 7%
LN As KA R Ui TFPT HAS 1K
N As B IR TR SR 1 A0 I RIS RT3 A2 H 1 XL
I VR AEAS B S BRI

AR T TFPL R H AR I 32 2 B R ik 5L
/N F 22 Ik TFPIet32 , J P28 S i ok i 5 I X /)N
SRR I T REJC B 520 ( BT . D-D H1 TAT #6022 5+
To A ), BRI B 22 KA W 8 1l D) E A
KA RN, B —a M & e, R TF-
Plet32 1] & 35 BRI/ BUMLYE LDLC /K, /b 3 3
ik 5% B 3 By ik B e i AR, 00 ) B e Y g T AR,
FHELE ApoE " /INR As AR, IRAPSZIZE AL
78, TFPIct32 W] i Z ] PDGF-BB 5 S VSMC 14
FEANIERS | 1 R0 38 2k S ) PI3K/ Ake 38 (% 37 M 52
B, 5L VSMC 4 5E 5 i B8 1 248 B i H
SH S AE As KA P By B R v R PR TR
TR B B 5T IE 52 508 O 1 40 ] 3R
( ADP-#H#) A 1[ poly ( ADP-ribose) polymerase
1,PARP1 |/PI3K/ Akt {5 51 &K &2 VSMC fig W A
IMAELE As JFJES  FEMR I As 1 P2Y IEER4 RE 22 14
12(P2Y purinergic receptor 12) AJ il i PI3K/ Akt {5

53 JH4% L D IR [ s R 0 VSMLC YR 4 7K 400 M )
TR AT S RS R R E A EDE, FE Ak
IE T PI3K/Akt il BE7E VSMC IHAEE & As i
FIROAER ) itk — 25878 T TFPTet32 3@ i f il
AR T R AFDT As EHRTETENLE], R As 728
PR AT R AL T8 A SE IR AR R R

[ &% 30k ]

[1] ROTH G A, JOHNSON C, ABAJOBIR A, et al. Global,
regional , and national burden of cardiovascular diseases for
10 causes, 1990 to 2015[ J]. J Am Coll Cardiol, 2017, 70
(1).1-25.

[2] PAGIDIPATI N J, GAZIANO T A. Estimating deaths from
cardiovascular disease: a review of global methodologies of
mortality measurement [ J ]. Circulation, 2013, 127 (6):
749-756.

(3] SFIEA, BRRESC, 8 A%, 55, SUshBKoR R AE AL SEd P T

A AT S BAR S JE [T ], v [ Bl bR 4l 2% A

2021, 29(4) . 359-362, 368.

QIBC, JINQW, HU J, et al. Research status and pro-

gress of carotid atherosclerotic intraplaque neovascularization

[J]. Chin J Arterioscler, 2021, 29(4) : 359-362, 368.

MIANO J M, FISHER E A, MAJESKY M W. Fate and

—
~
i

state of vascular smooth muscle cells in atherosclerosis[ J ] .
Circulation, 2021, 143(21) ; 2110-2116.

WA, kM SRR AL ML A 5T TN [ T].
b [ 3 kA Ak 47K, 2024, 32(11) ; 921-931.

XU Q, JIANG Z S. New insights into the mechanisms of
atherosclerosis[ J ]. Chin J Arterioscler, 2024, 32 (11):
921-931.

[6] AHERRAHROU R, GUO L., NAGRAJ V P, et al. Genetic

[5

[}

regulation of atherosclerosis-relevant phenotypes in human

vascular smooth muscle cells[ J]. Circ Res, 2020, 127
(12) . 1552-1565.

(7] &FXUD5. M08 100 HLZR 3 2 4k s ok ok o Al £ 1Y
VeI e[ T]. hE Sk AR, 2018, 26(1)
99-102.

SHU L F. Phenotypic transformation of vascular smooth
muscle cells in atherosclerosis [ J ]. Chin J Arterioscler,
2018, 26(1) : 99-102.

[8] CHAKRABORTY A, LI Y, ZHANG C, et al. Epigenetic

[

induction of smooth muscle cell phenotypic alterations in
aortic aneurysms and dissections[ J|. Circulation, 2023,
148(12) : 959-977.

[9] ZHANG H, LIU J, SUN D, et al. RBM24 regulates phe-
notypic switching of smooth muscle cell in vascular remode-
ling by stabilizing JAK2 mRNA [ J]. Cardiovasc Res,
2025, 121(17) : 2791-2808.



402

ISSN 1007-3949 Chin J Arterioscler, Vol. 34 ,No. 5,2026

[10] BASATEMUR G L, JORGENSEN H F, CLARKE M C
H, et al. Vascular smooth muscle cells in atherosclerosis
[J]. Nat Rev Cardiol, 2019, 16(12) ; 727-744.

[11] HESS D A, VERMA S, BHATT D, et al. Vascular repair
and regeneration in cardiometabolic diseases [ J ]. Eur
Heart J, 2022, 43(6) ; 450-459.

[12] WINCKERS K, TEN CATE H, HACKENG T M. The
role of tissue factor pathway inhibitor in atherosclerosis
and arterial thrombosis[ J]. Blood Rev, 2013, 27(3):
119-132.

[13] WESTRICK R J, BODARY P F, XU Z, et al. Deficiency
of tissue factor pathway inhibitor promotes atherosclerosis
and thrombosis in mice [ J ]. Circulation, 2001, 103
(25) : 3044-3046.

[14] PAN S, WHITE T A, WITT T A, et al. Vascular-
directed tissue factor pathway inhibitor overexpression reg-
ulates plasma cholesterol and reduces atherosclerotic
plaque development [ J]. Circ Res, 2009, 105 (7):
713-720.

[15] AHNSTROM J, PETRI A, CRAWLEY J T B. Tissue fac-
tor pathway inhibitor-cofactor-dependent regulation of the
initiation of coagulation[ J]. Curr Opin Hematol, 2024,
31(6) : 315-320.

[16] PIS, MAO L, CHEN J, et al. The P2RY12 receptor pro-
motes VSMC-derived foam cell formation by inhibiting au-
tophagy in advanced atherosclerosis [ J ]. Autophagy,
2021, 17(4) : 980-1000.

[17] HOLROYD E W, DELACROIX S, LARSEN K, et al.
Tissue factor pathway inhibitor blocks angiogenesis via its
carboxyl terminus [ J]. Arterioscler Thromb Vasc Biol,
2012, 32(3) . 704-711.

[18] LIN J, WANG X, GU M, et al. Geniposide ameliorates
atherosclerosis by restoring lipophagy via suppressing
PARP1/PI3K/ AKT signaling pathway[ J]. Phytomedicine,
2024, 129 155617.

[19] LI M, HU X, HU X, et al. Inhibition of PHB1/PHB2
suppresses atherosclerotic plaque formation by interrupting
PI3K/AKT/mTOR signaling[ J]. PLoS One, 2025, 20
(4): e0320509.

[20] ZHOU Z X, MA X F, XIONG W H, et al. TRIM65 pro-
motes vascular smooth muscle cell phenotypic transforma-
tion by activating PI3K/Akt/mTOR signaling during
atherogenesis[ J]. Atherosclerosis, 2024, 390 117430.

[21] KONG P, CUI Z Y, HUANG X F, et al. Inflammation
and atherosclerosis: signaling pathways and therapeutic
intervention[ J |. Signal Transduct Target Ther, 2022, 7
(1) 131.

[22] BERGER M, LUTZ D R J, LUTZ J, et al. Alterations in

platelet alpha-granule secretion and adhesion on collagen
under flow in mice lacking the atypical Rho GTPase
RhoBTB3[J]. Cells, 2019, 8(2) . 149.

[23] ZHANG F, GUO X, XIA Y, et al. An update on the
phenotypic switching of vascular smooth muscle cells in
the pathogenesis of atherosclerosis[ J]. Cell Mol Life Sci,
2021, 79(1) : 6.

[24] INOUE T, NODE K. Molecular basis of restenosis and
novel issues of drug-eluting stents[ J|. Circ J, 2009, 73
(4): 615-621.

[25] LIN Z, WANG C, WEN Z, et al. NEXN regulates
vascular smooth muscle cell phenotypic switching and neoin-
timal hyperplasia[ J]. JCI Insight, 2025, 10(13) : ¢190089.

[26] ZHAI M, LEI Z, SHI Y, et al. TEAD]-mediated trans-
differentiation of vascular smooth muscle cells into fibro-
blast-like cells contributes to the stabilization and repair of
disrupted atherosclerotic plaques[ J]. Adv Sci ( Weinh) ,
2025, 12(5) : €2407408.

[27] AZAR P, JARR K U, GOMEZ D, et al. Smooth muscle
cells in atherosclerosis: essential but overlooked transla-
tional perspectives [ J |. Eur Heart J, 2025, 46 (45) .
4862-4875.

[28] MULLER-CALLEJA N, HOLLERBACH A, RITTER S,
et al. Tissue factor pathway inhibitor primes monocytes
for antiphospholipid antibody-induced thrombosis [ J ].
Blood, 2019, 134(14) . 1119-1131.

[29] CHEN D, XIA M, HAYFORD C, et al. Expression of
human tissue factor pathway inhibitor on vascular smooth
muscle cells inhibits secretion of macrophage migration
inhibitory factor and attenuates atherosclerosis in ApoE ™~
mice[ J]. Circulation, 2015, 131(15) : 1350-1360.

[30] WITTIG J, DREKOLIA M K, KYSELOVA A, et al. En-
dothelial-dependent S-sulfhydration of tissue factor pathway
inhibitor regulates blood coagulation[ J]. Redox Biol, 2023,
62 102694.

[31] ABRAHAM E, REINHART K, OPAL S, et al. Efficacy
and safety of tifacogin ( recombinant tissue factor pathway
inhibitor) in severe sepsis: a randomized controlled trial
[J]. JAMA, 2003, 290(2) . 238-247.

[32] LIQ, FUJ, PARK K, et al. Insulin receptors in vascular
smooth muscle cells regulate plaque stability of athero-
sclerosis [ J |. Cardiovasc Res, 2024, 120 (16 ):
2017-2030.

[33] ZHANG Y, HAN L, WANG Y, et al. The role of the PI3K/
Akt/mTOR pathway in atherosclerosis: mechanisms, thera-
peutic potential, and emerging targeted treatments[ J]. Curr
Atheroscler Rep, 2025, 27(1); 115.

(M SCo%E VFSEH)



