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Abstract
    Atherosclerosis is a chronic progressive disease caused by vascular injury, and is induced by the interaction of various inflam-
matory cells and mediators. The Kruppel-like factor 4 (KLF4) is an important transcription factor that has a role in cell growth, dif-
ferentiation, proliferation, and regulation of cardiovascular disease. It is gained interest of scientist as KLF4, in particular, plays an 
important role in the pathogenesis of atherosclerosis.KLF4 may be an important “molecular switch” and is being used as biomarker 
and therapeutic targetin atherosclerosis and vascular disease.
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Introduction 
Kruppel-Like Factors (KLFs) are a family of transcription fac-

tors that regulate a wide range of biological processes, including 
development, differentiation, and metabolism. In recent years, 
evidence has emerged linking KLFs to the development and pro-
gression of atherosclerosis, a chronic inflammatory disease that 
underlies most cases of cardiovascular disease. Atherosclerosis is 
characterized by the accumulation of lipids and other molecules 
within the arterial wall, leading to the formation of plaques that 
narrow the lumen and impair blood flow [1]. Although the precise 
etiology of atherosclerosis is not fully understood, it is believed to 
involve a complex interplay of genetic, environmental, and lifestyle 
factors.

Role of KLF-4
Recent studies have shown that KLF4, in particular, plays an 

important role in the pathogenesis of atherosclerosis. KLF4 is ex-
pressed in a wide range of cell types, including endothelial cells, 
smooth muscle cells, and macrophages, all of which play important 
roles in the development and progression of the disease [2].

•	 In endothelial cells, KLF4 regulates the expression of genes 
involved in inflammation, oxidative stress, and endothelial 
dysfunction, all of which are hallmarks of atherosclerosis. 
Studies have shown that KLF4 can activate the expression 
of pro-inflammatory cytokines such as IL-6 and IL-8, and 
can also upregulate the expression of adhesion molecules 
such as ICAM-1 and VCAM-1, which play a critical role in 
the recruitment of monocytes and other inflammatory 
cells to the site of plaque formation.

•	 In smooth muscle cells, KLF4 modulates the expression of 
genes involved in cell proliferation, migration, and extracel-
lular matrix synthesis, all of which are important for the 
development and progression of atherosclerotic plaques. 
In particular, KLF4 can induce the expression of smooth 
muscle cell markers such as smooth muscle alpha-actin 
and calponin, and can also activate the expression of matrix 
metalloproteinases, which are involved in the degradation 
of the extracellular matrix.

•	 In macrophages, KLF4 regulates the expression of genes 
involved in lipid metabolism, foam cell formation, and in-
flammatory signalling. Studies have shown that KLF4 can 
activate the expression of scavenger receptors such as 
CD36 and SR-A, which facilitate the uptake of oxidized LDL 
by macrophages and the formation of foam cells within the 
arterial wall [3,4].

Overall, these findings suggest that KLF4 plays a critical role in 
the pathogenesis of atherosclerosis by modulating the expression 
of genes involved in inflammation, oxidative stress, endothelial 
dysfunction, smooth muscle cell proliferation and migration, and 
macrophage foam cell formation [1,5]. Targeting KLF4 and other 
KLF family members may therefore represent a promising thera-
peutic strategy for the prevention and treatment of atherosclerosis 
and its associated cardio metabolic complications.

KLF4 and endothelial dysfunction
Endothelial dysfunction is an early initiator of atherosclerosis 

and is characterized by the impaired ability of the endothelium to 
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regulate vascular tone and homeostasis. KLF4 expression is up-
regulated in response to pro-inflammatory stimuli such as TNF-α, 
IL-1β, and oxidized LDL, which are known to contribute to endo-
thelial dysfunction. KLF4 mediates its effects on endothelial cells 
by regulating the expression of genes involved in inflammation and 
oxidative stress [6].

One of the key genes regulated by KLF4 in endothelial cells is 
endothelin-1, a potent vasoconstrictor that contributes to endothe-
lial dysfunction. KLF4 has been shown to upregulate the expression 
of endothelin-1 in response to pro-inflammatory stimuli, leading 
to vasoconstriction and impaired vascular function. In addition to 
endothelin-1, KLF4 also regulates the expression of other genes in-
volved in the regulation of vascular tone and homeostasis, includ-
ing eNOS, caveolin-1, and thrombomodulin.

KLF4 and smooth muscle cell proliferation and migration
Smooth muscle cells play a critical role in the pathogenesis of 

atherosclerosis by contributing to the formation and progres-
sion of atherosclerotic plaques. In response to pro-inflammatory 
stimuli, smooth muscle cells become activated and proliferate, mi-
grate, and synthesize extracellular matrix components, ultimately 
leading to the formation of atherosclerotic plaques.KLF4 has been 
shown to regulate the expression of genes involved in smooth 
muscle cell proliferation and migration, including smooth muscle 
alpha-actin, calponin, and matrix metalloproteinases. In addition, 
KLF4 has been shown to interact with myocardia, a key regulator 
of smooth muscle cell differentiation, to modulate gene expression 
and smooth muscle cell phenotype [7].

KLF4 and macrophage foam cell formation
Macrophage foam cells are a hallmark of atherosclerotic plaques 

and are formed when macrophages take up oxidized LDL and be-
come engorged with lipids. KLF4 has been shown to regulate the 
expression of genes involved in lipid metabolism and foam cell for-
mation, including scavenger receptors CD36 and SR-A. In addition 
to its effects on foam cell formation, KLF4 also regulates the inflam-
matory response of macrophages. KLF4 has been shown to activate 
the expression of pro-inflammatory cytokines such as IL-1β and 
TNF-α, as well as the chemokine MCP-1, which contributes to the 
recruitment of monocytes and other inflammatory cells to the site 
of plaque formation.

Targeting KLF4 for the prevention and treatment of athero-
sclerosis

Given the central role of KLF4 in the development and pro-
gression of atherosclerosis, targeting this transcription factor has 
emerged as a promising therapeutic strategy for the prevention 
and treatment of the disease. Several approaches have been ex-
plored for targeting KLF4, including small molecule inhibitors, RNA 
interference, and gene editing.

•	 One approach for targeting KLF4 involves the use of small 
molecule inhibitors that can disrupt KLF4 function. Sev-
eral compounds have been identified that can bind to KLF4 
and inhibit its activity, including the naturally occurring 
compound resveratrol and synthetic compounds such as 
ML264 and GSK-J4. These compounds have been shown to 
reduce inflammation and endothelial dysfunction in vitro 
and in vivo, and may have potential for the treatment of 
atherosclerosis.

•	 Another approach for targeting KLF4 involves the use of 
RNA interference to knock down KLF4 expression. Several 
studies have shown that siRNA-mediated knockdown of 
KLF4 can reduce inflammation, foam cell formation, and 
atherosclerotic plaque formation in animal models of the 
disease. However, the use of RNA interference for thera-
peutic purposes is challenging due to issues related to de-
livery and specificity.

•	 Gene editing approaches such as CRISPR/Cas9 have been 
explored for the targeted disruption of KLF4 expression 
or function. However, gene editing strategies for the treat-
ment of atherosclerosis are still in the early stages of devel-
opment and face significant challenges related to specific-
ity and safety [7,8].

Conclusion
KLF4 plays a critical role in the pathogenesis of atherosclero-

sis by modulating the expression of genes involved in inflamma-
tion, oxidative stress, endothelial dysfunction, smooth muscle cell 
proliferation and migration, and macrophage foam cell formation. 
Targeting KLF4 and other KLF family members may represent a 
promising therapeutic strategy for the prevention and treatment of 
atherosclerosis and its associated cardio metabolic complications. 
However, further research is needed to fully understand the role of 
KLFs in atherosclerosis and to develop safe and effective therapeu-
tic approaches.
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