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Research progress of zinc finger-like transcription factor 4 in
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Abstract: Kriippel-like factor 4 (KLF4)is a structurally conserved zinc-containing finger transcription factor

that regulates cell growth, proliferation, and differentiation. KLF4 is a regulator of inflammation and plays an

important role in vascular remodeling. KLF4 participates in pulmonary vascular remodeling by regulating smooth

muscle cell phenotypic conversion, endothelial dysfunction, and inflammatory infiltration. The specific mechanism

of KLF4 in vascular remodeling is not clear, this article reviews the role of KLF4 in vascular remodeling.
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I A 5 95 1) s B s i, PR I KL 7 1 78 9 vp 1Y
VERAE R K IUAE g B o DF o #R05 . Fo B3,
T Jiti 3 fok 8 R ER I T A DU B KLF4 2635 T =
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() HARBILE H A A 58 278 2, A SOt KLF4 76 1058
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1 KLF4 W Z5HF1ThBE

KLF4 2 —Fh e A bR 57 3% B dR 5 s X 1,
ARG . Bk B0E . DNA Z54 3[R 45
Pl . KLF4 5 VR 5% S R 7 R, fEATR 1
TP B8 RIS (] 09 5 5 30 I A FH T 0 5 PR 3R 3k )
P2 B A AU AE R . KLF4 mRNA 75 88 i g 20 2 h 3¢
SRR, oF 323K KLF4 mRNA e 410 11 g J5 96 20 it 154
SRS . KLF4 76 171 695 DR 40 i 93 21 20 ) 3
Ik AR, k35K KLF4 A48 3 11 1 40 i 76 1
A IE RS IR Z8Y, $E R KLF4 76 1 g vh B ] A
VB I ygg P98 L B, ST VR A 36 R . KLF4 78 b
PG A . RGN, O U R IR
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‘HIE & & 4 H (bone morphogenetic protein,
BMP) & #ib 4 KA T B (transforming growth factor—
B, TGF-B ) A Z % 1 b1, J2 il 3l ik /&1 6 19 2 22 & 9

B, TGF-B 5 5 i % F %A 2 5/t T 812 .
TGF-B/SMAD2/3 {5 5 it i# . BMP/SMAD1/5/8 {5 5 i
% . TCF-BTEAMMIAE I 5 HZ IR S E G,
S Az Rumeib T B3z 0k, 6 006 T~ iF
Smad2 ., Smad3 & 1 ; BMP 5 B & Wi & 1 2 1k 2
(bone morphogenetic protein receptor type 2, BMPR2)
gt e, MR Zikar g i 1 B2, i imos
I 1§ Smadl . Smad5 . Smad8 fE H . #F5E &P, KLF4
XiF il PN Bz 41 i BMP/TGF— B il () B 25 8 5 = 6 &
B, P E AT S BlonT i i 2l Bk s kRN 5
Ah, TGF-B, 18 i 34 i KLF4 F1 Smad2 5 TGF- 1%
ZAK (TGF-B type 1 receptor, TBRI) Jii 8 F Y DNA 2%
AT, B&iE S VSMC 434k, TGF-B, 4 JAK/
STAT 3 4 ) 75 570 A0l i 8 A s 0, 25
ils 3 ik = G & JR U S5 4h, BMP4 G i | iE KLF4
2 F £ 4 R b Rz i R T S IR, Rk, BMP/
TGF-B 7] fig ik i 1 4 8 %8 W W 58 87 7 1), WA
57 it Bl ok v R AR AR B IR T B
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VSMC 2Z 1] i AH B AR FH 2 il 3 bk v Fe & A= 18 SC B AL
i R o 578t X e T = K i s DD o 8
Z A5, LA R I A8 W 4 700 A i B2 % -1 (Endothelin-1,
ET-1) (42 B 3235, 4k i 88 fin i 875K 7 , A2 i i 7 5
IR, e R BN Bh ik s B ) & A o KLF4AE S P 2 A=
NIt S I S S S R s e O
RIFGAPVE M 52 R I, W ik = KLF4 FE [
23 hin Tl ke S5 3 Y I Bl Bk e R O 3 i ET-1 /Y 3%
Ik AN ET-1 A] 355 3 N K 40 i vh %) KLF4 S- 37
fi Ak, ABEAR KLF4 5% 5635, 530N B2 148 &7 7k o
g 52 H™ ¥ A T kB (nuclear factor kappa—B, NF-
kB ) J& 4 it PN H 2 Y i sk R K DOk — B A
LA A5 T o DESE R B, KLF4 1] L
it NF-«kB/KLF4 1E S 15 7 K 2 [ % 98 NF—k B 5% 5% 1
PE, DT P B 9. R, i = KLF4 23 R 5
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4133 %

B 2 il o A5 EE VR A 3R DR N OB A% TR
(microRNA, miRNA ) Z 5 fili 2l Jik /&5 He JE B A A O i
B, miRNA (14 22 UL I8 4 % 98 % Jili 3 Jok 8 1 1) & 2B
A MDA, KLF4 75 b R SR 2 AE . i,
miR-182-3p 1] I+ ] KLF % ik , i & miR-182-3p/
Myadm/KLF4/p21 il & 5 fili i 45 5 382, SR 1M, TGF-
B 1 BMP4 3 1oF I8 17 % 53¢ fili 21 ok SF- 3 JUL 48 A miR—
143/145 , AT 9 KLF4 3 PR 3% 5, DA 6l it 3 Jik oF
T LA A A RSP KLF4 A b il 3l JikSF- 9 L4
JIfL 118 G B 9 PR, R A i A R E G E
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FEAS TRV 26 A, WG4 i mT A4k oy 28 i
TS Y LW 20 i (M1 macrophages, M1) Fll 38 5 38 7%
{49 15 15 240 JfiL (M2 macrophages, M2) , 5 48 4 Al 32
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B S RN L SR WG T 6 (signal transducer and
activator of transcription 6, STAT6 ) Fl 1t 48 £k 1y it 14 43
BE W) B4IE 3% AR y (peroxisome proliferator—activated
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A, TE BRI/ P TR H, PPARy 4 05 440 i ML M1
WAy M2 KA, IR T LS N e A K R i 7 A
I 1L A, W I AR AER Y TE S R Oy
e KLF4 33 2K 42 0F M1 E 020 M Ak AL , in = 53 9
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P17 @A) KLF4 £ [7] — 505 b A 5] 40 if 2= 30
AT VERRBLE 2 X SRR T B — S B AR &R
A1 AT R i B KLF4 76 il 21 ik = v i 2 AR AL
FEAE AR K e T KLF4 19387 07 16 1 ili 3 ik s 1R
(I R BT IA

5

4

£ X B

PR AR 2 2 S W R 25 43 2 i e S 55 i i 7 25 2L, o ] P 0
SR IR DT 43 2 il 2 5 IS TAE R D1 2, ik 2 5
it L 590 7 ¥ B 2L, 4 o R S bk s TR 2 T SR YT R
(2021 jO)[J]. HaEBE2EZ4s, 2021, 101(1): 11-51.

HUMBERT M, GUIGNABERT C, BONNET S, et al. Pathology
and pathobiology of pulmonary hypertension: state of the art and
research perspectives[J]. Eur Respir J, 2019, 53(1): 1801887.
YANG C, XIAO X, HUANG L, et al. Role of Kruppel-like factor
4 in atherosclerosis[J]. Clin Chim Acta, 2021, 512: 135-141.
ZHANG XY, WANG L, HAN Z X, et al. KLF4 alleviates cerebral

(1]

(2]

(3]

4]
vascular injury by ameliorating vascular endothelial inflammation
and regulating tight junction protein expression following
ischemic stroke[J]. J Neuroinflammation, 2020, 17(1): 107.

[5] SHATAT M A, TIAN H M, ZHANG R L, et al. Endothelial

Kriippel-like factor 4 modulates pulmonary arterial hypertension[J].

Am J Respir Cell Mol Biol, 2014, 50(3): 647-653.

[6] DOU XL, MAY X, QIN Y J, et al. NEAT1 silencing alleviates

pulmonary arterial smooth muscle cell migration and proliferation

under hypoxia through regulation of miR-34a-5p/KLF4 in vitro

[J]. Mol Med Rep, 2021, 24(5): 749.

SUN D S, DING D D, LI Q H, et al. The preventive and

therapeutic effects of AAVI-KLF4-shRNA in cigarette smoke-

induced pulmonary hypertension[J]. J Cell Mol Med, 2021, 25(2):

1238-1251.

LIU D R, JIN'Y, WU J H, et al. MiR-135b-5p is an oncogene in

(7]

(8]
pancreatic cancer to regulate GPRCS5A expression by targeting
transcription factor KLF4[J]. Cell Death Discov, 2022, 8(1): 23.

LI W W, LIU M, SU Y, et al. The Janus-faced roles of Kriippel-

like factor 4 in oral squamous cell carcinoma cells[J]. Oncotarget,

[9]

- 76 -



%23 1)

FUNER, A PR RERE SR T 4 AR S IR R T BRI

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

2015, 6(42): 44480-44494.

YAP C, MIEREMET A, de VRIES C J M, et al. Six shades of
vascular smooth muscle cells illuminated by KLF4 (Kriippel-
Like factor 4)[J]. Arterioscler Thromb Vasc Biol, 2021, 41(11):
2693-2707.

LOU G H, HU W M, WU Z Q, et al. Tanshinone II A attenuates
vascular remodeling through KLF4 mediated smooth muscle cell
phenotypic switching[J]. Sci Rep, 2020, 10(1): 13858.

ZHANG Z L, YI D S, ZHOU J M, et al. Exosomal LINC01005
derived from oxidized low-density lipoprotein-treated
endothelial cells regulates vascular smooth muscle cell
phenotypic switch[J]. Biofactors, 2020, 46(5): 743-753.
MONDEJAR-PARRENO G, CALLEJO M, BARREIRA B, et al.
miR-1 induces endothelial dysfunction in rat pulmonary arteries[J].
J Physiol Biochem, 2019, 75(4): 519-529.

WANG C, XING Y M, ZHANG J, et al. Abstract 108: mediator
1 regulation of the BMP/ TGF- f signaling in endothelium:
implications for pulmonary hypertension[J]. Arterioscler Thromb
Vasc Biol, 2022, 42(Suppl_1): A108.

LI H X, HAN M, ZHENG B, et al. Kruppel-like factor 4 is
involved in TGF-betal-induced VSMC differentiation through
trans-activating TbetaRI expression[J]. FASEB J, 2010, 24(S1):
714.3.

ROGER I, MILARA J, MONTERO P, et al. The role of JAK/
STAT molecular pathway in vascular remodeling associated with
pulmonary hypertension[J]. Int J Mol Sci, 2021, 22(9): 4980.
YAN W, ZHANG H X, LI J W, et al. BMP4 promotes a
phenotype change of an esophageal squamous epithelium via up-
regulation of KLF4[J]. Exp Mol Pathol, 2016, 101(2): 259-266.
SANGWUNG P, ZHOU G J, NAYAK L, et al. KLF2 and KLF4
control endothelial identity and vascular integrity[J]. JCI insight,
2017, 2(4): €91700.

LAGO-DOCAMPO M, SOLARAT C, MENDEZ-MARTINEZ L,
et al. Common variation in EDNI regulatory regions highlights
the role of PPARy as a key regulator of endothelin in vitro[J].
Front Cardiovasc Med, 2022, 9: 823133.

BANY Q, LIU Y H, LI Y Z, et al. S-nitrosation impairs KLF4
activity and instigates endothelial dysfunction in pulmonary
arterial hypertension[J]. Redox Biol, 2019, 21: 101099.

ZHU X X, DU J, YU J J, et al. LncRNA NKILA regulates
endothelium inflammation by controlling a NF- «B/KLF4
positive feedback loop[J]. J Mol Cell Cardiol, 2019, 126: 60-69.
ERRINGTON N, IREMONGER J, PICKWORTH J A, et al. A
diagnostic miRNA signature for pulmonary arterial hypertension
using a consensus machine learning approach[J]. EBioMedicine,
2021, 69: 103444.

SUN L, LIN P R, CHEN'Y, et al. miR-182-3p/myadm contribute

to pulmonary artery hypertension vascular remodeling via a

1

KLF4/p21-dependent mechanism[J]. Theranostics, 2020, 10(12):
5581-5599.

[24] CORDES K R, SHEEHY N T, WHITE M P, et al. miR-145 and
miR-143 regulate smooth muscle cell fate and plasticity[J].
Nature, 2009, 460(7256): 705-710.

[25] HU Y J, CHI L, KUEBLER W M, et al. Perivascular
inflammation in pulmonary arterial hypertension[J]. Cells, 2020,
9(11): 2338.

[26] LI M, RIDDLE S, KUMAR S, et al. Microenvironmental
regulation of macrophage transcriptomic and metabolomic
profiles in pulmonary hypertension[J]. Front Immunol, 2021, 12:
640718.

[27] FAN Y, HAO Y J, GAO D, et al. Phenotype and function of
macrophage polarization in monocrotaline-induced pulmonary
arterial hypertension rat model[J]. Physiol Res, 2021, 70(2):
213-226.

[28] TSENG V, SUTLIFF R L, HART C M. Redox biology of
peroxisome proliferator-activated receptor- y in pulmonary
hypertension[J]. Antioxid Redox Signal, 2019, 31(12): 874-897.

[29] CHEN G L, ZUO S K, TANG J, et al. Inhibition of CRTH2-
mediated Th2 activation attenuates pulmonary hypertension in
mice[J]. J Exp Med, 2018, 215(8): 2175-2195.

[30] YANG Y J, WEI S H, LI Q M, et al. Vitamin D protects silica
particles induced lung injury by promoting macrophage
polarization in a KLF4-STAT6 manner[J]. J Nutr Biochem, 2022,
110: 109148.

[31] LI L, GAN H Y, JIN H Q, et al. Astragaloside IV promotes
microglia/macrophages M2  polarization and enhances
neurogenesis and angiogenesis through PPARy pathway after
cerebral  ischemia/reperfusion  injury in  rats[J]. Int
Immunopharmacol, 2021, 92: 107335.

[32] YE Q, LUO F, YAN T T. Transcription factor KLF4 regulated
STAT1 to promote M1 polarization of macrophages in
rheumatoid arthritis[J]. Aging (Albany NY), 2022, 14(14): 5669-
5680.

[33] LT W Y, WANG J H, LI Z F. ALKS5 deficiency inhibits
macrophage inflammation and lipid loading by targeting
KLF4[J]. Biosci Rep, 2020, 40(3): BSR20194188.

(5KVUfE Zhids)

AR5 AR T/, VI, BRFHEE . B AEE SN 5 4 LEfil
2y ok i I R B BE 5 R[], BRAR R 2 A 7R 2023, 33(23):
74-77.

Cite this article as: WANG X J, SUN D S, OU Y Y. Research
progress of zinc finger-like transcription factor 4 in pulmonary
hypertension[J]. China Journal of Modern Medicine, 2023, 33(23):
74-717.



