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Foam cells are the risk factors for atherosclerosis. Recently, ARL4C, a member of
the ADP-ribosylation factor family of GTP-binding proteins, was found to
promote cholesterol efflux to decrease foam cell formation, suggesting that
ARL4C may be a new promising target for the treatment of atherosclerosis. In
fact, ARL4C regulated the expression of multiple atherosis-related genes,
including ABCA1, ALDH1A3, ARF6, ENHO, FLNA, LRP6, OSBPL5, Snail2, and
SOX2. Many agents, including ABCA1 agonists (CS-6253, IMM-H007, RG7273,
and R3R-01), FLNA antagonist sumifilam, LRP6 inhibitor BI-905677 and agonist
SZN-1326, and SOX2 inhibitor STEMVAC, were investigated in clinical trials.
Targeting these genes could improve the success rate of drug development in
clinical trials. Indeed, many agents could regulate ARL4C expression, including
LXR/RXR agonists, Ac-LDL, sucrose, T9-t11-CLA, andmiR-26. Downregulation of
ARL4C with siRNA and anti-sense oligonucleotide (ASO), such as ASO-1316, is
developing in preclinical research for the treatment of lung adenocarcinoma, liver
cancer, and colorectal cancer. Thus, ARL4C and its regulated genes may be a
potential target for drug development. Thus, we focus on the role of ARL4C and
its-mediated genes in atherosclerosis and agent development, which provide
insights for the identification, research, and drug development of novel targets.
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1 Introduction

ADP-ribosylation factor-like 4C (ARL4C, also known as ARF-like 7 (ARL7)), a member
of the ADP-ribosylation factor family of GTP-binding proteins, was first discovered from a
lymphokine-activated T-killer (TLAK) cell subtraction library. ARL4C plays a key role in
microtubule dynamics and cell morphology changes (Fujii et al., 2022; Zhang et al., 2022).
Recently, a research reported that the ARL4C promotes vesicular cholesterol trafficking to
the plasma membrane to enhance cholesterol efflux from intracellular pools to ATP-
binding cassette transporter A1 (ABCA1), ABCG1, and apoA-I (El Roz et al., 2013). The
promoter of ARL4C has a liver X-receptor (LXR) response element (LXRE) sequence and
may be an integral part of LXR-dependent cholesterol efflux, suggesting that ARL4C is a
direct target gene of LXRs (LXRα and LXRβ). Knockdown of ARL4C also regulates genes
that are involved in cholesterol metabolism and atherosclerosis with GO enrichment
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analysis (Yang et al., 2022), suggesting that ARL4C regulates
atherosclerosis development. In fact, ARL4C can regulate the
expression of multiple atherosclerosis-related genes (Figure 1),
including ABCA1, aldehyde dehydrogenase 1 family member A3
(ALDH1A3), ARF6, energy homeostasis associated (ENHO),
filamin-A (FLNA), low-density lipoprotein receptor-related
protein-6 (LRP6), oxysterol binding protein like 5 (OSBPL5, also
named ORP5), and snail family zinc finger 2 (Snail2, also named
SLUG), and sex-determining region Y-box 2 (SOX2) expression
(Yang et al., 2022; Chen et al., 2021a; Hofmann et al., 2007; Chiang
et al., 2017; Hu et al., 2018; Wang et al., 2018). However, whether
these genes are pro-atherosclerotic or anti-atherosclerotic depends
on their location, suggesting that the role of ARL4C in
atherosclerosis may depend on its location. Notably, many agents
that target ARL4C-mediated genes, including ABCA1, FLNA, LRP6,
and SOX2, have been approved for clinical trials, which suggests that
targeting these genes could greatly improve the success rate of drug
development. This review focused on the potential of ARL4C and
its-mediated genes in atherosclerosis and agent development in the
hope of providing knowledge for identifying drug
development targets.

2 The potential role and mechanism of
ARL4C in cholesterol efflux

Vesicular transport, such as that of giant plasma membrane
vesicles (GPMVs), is an important form of intracellular cholesterol
transport. GPMVs are rich in free cholesterol to facilitate cholesterol
efflux from cell membranes (Sedgwick et al., 2018; Wei et al., 2009).
GPMV formation requires microtubules and the actin cytoskeleton
but does not require vimentin or keratin 17. Microtubule marker α-
Tubulin promotes GVMP formation and cholesterol efflux by
regulating the anchorage sites of microtubules (Sedgwick et al.,
2018; Wei et al., 2009). Interestingly, ARL4C increased GVMP
formation and vesicular transport by interacting with α-tubulin
in a GTP- or GDP-independent binding state and promoting actin

remodeling and polymerization, suggesting that ARL4C promoted
cholesterol efflux by promoting GVMP formation through the
enhancement of microtubules and the actin cytoskeleton (El Roz
et al., 2013; Sedgwick et al., 2018; Wei et al., 2009). In fact, ARL4C is
mainly localized in the cell membrane and cytoplasmic vesicles and
is characterized by rapid nucleotide exchange and nuclear
localization signals (Wei et al., 2009). The stretches of basic
amino acids of the C terminus of ARL4C protein is a nuclear
localization signal. The shuttle of ARL4C between the nucleus
and intracellular organelles depends on its GTP/GDP-binding
status (Jacobs et al., 1999). ARL4C is rapidly recruited to
cytoplasmic vesicles in a manner dependent on its myristoylation
when intracellular cholesterol is excessive and then promotes vesicle
formation and transport to enhance cholesterol efflux.

Many studies have shown that ARL4C promotes cholesterol
efflux to apoA-I (El Roz et al., 2013; Sedgwick et al., 2018; Wei et al.,
2009). Overexpression of ARL4C by 3-fold enhanced apoA-I-
mediated cholesterol efflux by 2.8-fold in HeLa cells, whereas
downregulation of ARL4C by 3-fold reduced cholesterol efflux by
0.5-fold. ARL4C knockdown increased total and free cholesterol but
not cholesterol esters in cells, suggesting that ARL4C does not
regulate cholesterol esters. Notably, overexpression of
ABCA1 only weakly suppressed the ability of ARL4C shRNA to
increase cholesterol levels (Yang et al., 2022), suggesting that ARL4C
promotes cholesterol efflux partially through ABCA1. ARL4C
knockdown suppressed not only apoA-I-mediated cholesterol
efflux but also HDL. The macrophage-specific ARL4C mutation
(mutation ARL4C promoter LXRE sequences) also promoted foam
cells and reduced reverse cholesterol transport (RCT, a process that
transfers cholesterol from peripheral cells to the liver through the
blood circulation for metabolic transformation and excretion) in
LDLR−/− mice (Table 1) (Yin et al., 2020). Knockdown of ARL4C
with shRNA decreased ABCA1 expression (Yang et al., 2022). As
mentioned above, cholesterol efflux to HDL is mainly controlled by
ABCG1 and SR-B1, suggesting that ARL4C promotes cholesterol
efflux by promoting intracellular cholesterol transport to ABCA1,
ABCG1, and SR-B1 and/or enhancing ABCA1 expression (Figure 2).

FIGURE 1
The genes regulated by ARL4C and drugs that entered clinical trials. ARL4C promoted ABCA1, ALDH1A3, ARF6, ENHO, FLNA, LRP6, OSBPL5, and
Snail2 expression and suppressed SOX2 expression. Many agents targeting ABCA1, FLNA, LRP6, and SOX2, including BI-905677, CS-6253, IMM-H007,
R3R-01, RG7273, sumifilam, SZN-1326, and STEMVAC, have entered clinical trials.
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In addition, endogenous apoA-I promoted GVMP formation and
the accumulation of GPMVs on the PM by enhancing actin
polymerization. We found that apoA-I is expressed not only in
hepatocytes and enterocytes but also in monocyte-macrophages,
dendritic cells (DCs), and T cells, suggesting that ARL4C works with
apoA-I to stimulate vesicle formation, transport, and
cholesterol efflux.

3 The potential role and mechanism of
the ARL4C-mediated gene in
atherosclerosis

3.1 ABCA1

As noted above, ABCA1 promotes cholesterol efflux by binding
to apoA-I. Previous studies from our and others’ laboratories have
shown that ABCA1 promotes RCT to suppress foam cell and
atherosclerotic plaque formation (Chen et al., 2020b; Chen et al.,
2021b; Chen et al., 2020a; Chen et al., 2021c; Chen et al., 2021d;
Chen et al., 2021e; Zhang et al., 2021b). Many studies have shown
that ABCA1 also decreases proinflammatory reactions by reducing
the toll-like receptor-4 (TLR-4)/nuclear factor kB (NF-kB)
proinflammatory pathway and enhancing the JAK2/STAT3 anti-
inflammatory pathway (Bi et al., 2015; Matsuo, 2022; Wang et al.,
2022a). In addition, ABCA1 increases efferocytosis, which is an
apoptotic cell and inflammatory factor clearance process, by
regulating the expression of annexin A1 (ANXA1), ANXA5,
engulfment adaptor phosphotyrosine-binding domain (PTB)
domain containing 1 (GULP1), multiple EGF-like domains 10
(MEGF10), phosphatidylserine (PtdSer), and transglutaminase 2
(TG2) (Figure 3) (Chen et al., 2021c; Chen et al., 2021b). Thus,
ABCA1 plays an important role in reducing atherosclerosis
development.

3.2 ALDH1A3

ALDH1A3 can convert acetaldehyde to acetate to produce
acetyl-CoA, pyruvate, and citrate (Li et al., 2021).
ALDH1A3 suppressed ferroptosis (Kram et al., 2022; Hua et al.,
2018). ALDH1A3 also increased PPARγ expression. However,
PPARγ decreased ALDH1A3 expression, which suggests that
ALDH1A3 and PPARγ form a negative feedback loop

TABLE 1 The role of ARL4C in atherosclerosis.

Cell/aminal Function References

MCF-7 breast cancer cells t9,t11-CLA increased cholesterol efflux and suppressed cell proliferation
by enhancing ARL4C expression

El Roz et al. (2013)

HeLa cells ARL4C promotes cholesterol efflux Sedgwick et al.
(2018)

LDLR−/− mice Macrophage-specific ARL4C mutation promoted foam cells Yin et al. (2020)

HeLa cells LXR agonist T0901317and RXR agonist RO-26-4456 increased
cholesterol efflux by enhancing ARL4C expression

Sun et al. (2012)

RAW264.7 cells, THP-1 cells LXR agonist T0901317 increased cholesterol efflux by enhancing ARL4C
expression

Sun et al. (2012)

RAW264.7 cells, THP-1 cells, and HepG2 cells MiR-26 suppressed cholesterol efflux by targeting ARL4C Sun et al. (2012)

RAW264.7 cells, THP-1 cells, human peripheral blood-derived monocytes,
WT macrophages, LXRα−/− macrophages, and LXRβ−/− macrophages

LXR agonist GW3965 or T01317 and RXR LG268 agonist increased
ARL4C expression

Hong et al. (2011)

LXRα/β−/− macrophages LXR agonist GW3965 or T01317 and RXR LG268 agonist did not change
ARL4C expression

Hong et al. (2011)

C57Bl/6 mice LXR agonist GW3965 increased ARL4C expression in the liver and
spleens

Hong et al. (2011)

FIGURE 2
Themechanism of ARL4C in cholesterol efflux. ARL4C promoted
the transport of cholesterol from the perinuclear compartment to the
plasma membrane for ABCA1, ABCG1, and SR-B1 to be transported
extracellularly by promoting microtubules and the actin
cytoskeleton and their mediated vesicle formation and transport.
ARL4C also promoted ABCA1 expression to enhance
cholesterol efflux.
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(Hua et al., 2018). PPARγ plays a key role in inhibiting
atherosclerosis (Szanto et al., 2021), which suggests that
ALDH1A3 is related to atherosclerosis by suppressing ferroptosis
and enhancing PPARγ expression. However, the role of
ALDH1A3 in atherosclerosis is unclear. In addition, the potential
of ALDH1A3 as a target for disease diagnosis and drug development
has not been investigated. More studies are needed.

3.3 ARF6

ARL4C activates ARF6 by recruiting cytohesins to the plasma
membrane (Hofmann et al., 2007; Han et al., 2020). Many studies
have shown that ARF6 plays a key role in atherosclerosis. For example,
ARF6 promoted VSMC invasive capacities by stimulating matrix
metalloproteinase-2 (MMP2) and MMP14 activation (Fiola-Masson
et al., 2022). ARF6 promoted vascular oxidative stress and
endothelial dysfunction in ECs and reduced cholesterol efflux by
promoting ABCA1 degradation in RAW264.7 cells (Wanschel et al.,
2021; Mukhamedova et al., 2016). However, the pathogenesis of
atherosclerosis is very complex. The role of ARF6 in atherosclerosis
in vivo is unclear. We cannot determine the atherogenic effect of
ARF6 based on the in vitro results alone. In addition, cholesterol
efflux is mainly controlled by ARF6-independent pathways
(Mukhamedova et al., 2016). As mentioned above, ARL4C promoted
apoA-I-mediated cholesterol efflux by promoting intracellular
cholesterol transport and ABCA1 expression, which suggests that
ARL4C-mediated degradation of ABCA1 is not sufficient to weaken
ARL4C-mediated ABCA1 expression and cholesterol efflux.

3.4 ENHO

ENHO encodes adropin protein and is suppressed by liver
X-receptors (LXRs) (Niepolski and Grzegorzewska, 2016). ENHO
is a biomarker in obesity and dyslipidemia (Muhammed et al., 2022).
Many studies have shown that adropin suppresses dyslipidemia and
atherosclerosis progression by regulating PI3K/Akt, vascular
endothelial growth factor receptor-2 (VEGFR2)/endothelial nitric
oxide synthase (eNOS), ERK1/2, pyruvate dehydrogenase (PDH),
silent information regulator sirtuin 1 (SIRT1)/pyruvate
dehydrogenase kinase 4 (PDK4), cAMP/PKA, PLC/IP3/PKC,
peroxisome proliferator-activated receptor-γ coactivator-1α
(PGC-1α), and carnitine palmitoyltransferase 1B (CPT1B)
(Figure 4) (Niepolski and Grzegorzewska, 2016; Jaiswal et al.,
2021; Li et al., 2016; Mocnik and Marcun Varda, 2022), which
suggests that ARL4C suppresses dyslipidemia and atherosclerosis
progression by enhancing ENHO expression.

3.5 FLNA

ARL4C promoted filopodium formation and cell migration
activation by enhancing the faciogenital dysplasia 6 (FGD6)/cell
division cycle 42 (CDC42) pathway by binding and interacting with
FLNA in HeLa and A549 cells (Chiang et al., 2017). Cell migration is
a crucial step in wound healing and remodeling in MI and
atherosclerosis. FLNA is a large actin-binding cytoskeleton

FIGURE 4
The role and mechanism of ENHO, LRP6, OSBPL5, and Snail2 in
atherosclerosis risk factors. ENHO suppressed dyslipidemia and
proinflammatory reactions by suppressing PI3K/Akt, VEGFR2/eNOS,
ERK1/2, PDH, SIRT1/PDK4, cAMP/PKA, PLC/IP3/PKC, PGC-1α,
and CPT1B. LRP6 promoted LDL clearance. OSBPL5 promoted
cholesterol synthesis by enhancing the SREBP2/HMGCR axis but
decreased cholesterol accumulation. Moreover, Snail2 promoted
proinflammatory reactions by enhancing COX-2 expression and
suppressed cholesterol efflux by reducing ABCA1 and
ABCG1 expression.

FIGURE 3
The role and mechanism of ABCA1, ALDH1A3, and ARF6 in
atherosclerosis risk factors. ABCA1 promoted apoA-I-mediated
cholesterol efflux and ANXA1-, ANXA5-, GULP1-, MEGF10-, PtdSer-,
and TG2-mediated efferocytosis and suppressed TLR-4/NF-kB-
and JAK2/STAT3-mediated inflammatory reactions.
ALDH1A3 suppressed ferroptosis and formed a negative feedback
loop with PPARγ, which plays a key role in preventing atherosclerosis.
ARF6 reduced cholesterol efflux by promoting ABCA1 degradation
and promoted invasive capacities by enhancing MMP2 activation.
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protein that plays an important role in cell movement (Zhou et al.,
2021). Mutation or lack of FLNA induces cardiovascular
malformations, such as heart and vessel anomalies, in humans.
However, the role of FLNA in atherosclerosis depends on its
location. Specifically, VSMC FLNA promoted cell migration,
proinflammatory cytokine lymphotoxin-α (LTA) secretion, and
LRP1 and LDLR-mediated aggregated LDL (agLDL) uptake by
binding and interacting with the purinergic receptor P2Y2
(P2Y2R) (Dissmore et al., 2016). Macrophage FLNA enhances
CD36-mediated cholesterol uptake, cell migration and
proliferation and NF-κB-mediated proinflammatory cytokine
secretion (such as IL-1β, IL-6, IL-12, and TNF-α secretion) and
suppresses ABCG1-mediated cholesterol efflux by interacting with
signal transducer and activator of transcription 3 (STAT3), RAS-
related C3 botulinum toxin substrate 1 (RAC1), Src-associated-in-
mitosis-68-kDa (Sam68), and TNFR-associated factor 2 (TRAF2)
(Sharma et al., 2020; Han et al., 2019; Bandaru et al., 2020). T-cell
FLNA promoted lipid raft accumulation, LFA-1 expression, and NF-
κB-mediated proinflammatory cytokine secretion by interacting
with C-MIP, NF-kB-activating kinase (NIK), CD28, and RAP1
(Grimbert et al., 2004; Tavano et al., 2006). However, endothelial
FLNA suppressed cardiac failure and the size of theMI by enhancing
VEGF expression and VEGF-mediated angiogenesis (Bandaru et al.,
2015). Endothelial FLNA also increases the function of the
endothelial barrier by interacting with R-RAS (Griffiths et al.,
2011). These results suggest that FLNA from macrophages,
VSMCs, and T cells may exhibit proatherogenic effects, whereas
endothelial FLNA may exhibit antiatherogenic effects (Figure 5).

3.6 LRP6

LRP6 is a member of the LDLR superfamily and plays a key role
in LDL clearance. Downregulation of LRP6 activity promotes
multiple risk factors for atherosclerosis, including decreased
serum LDL, glucose, and triglyceride levels (Desita et al., 2022).
LRP6 suppressed VSMC differentiation and atherosclerosis by
suppressing platelet-derived growth factor (PDGF) expression.
Clinical and genomic trials have also shown that LRP6 genetic
variants promote atherosclerosis development (Escate et al., 2017;
Kumar et al., 2022; Rajamannan, 2011). Indeed, LRP6 can inhibit the
development of atherosclerosis by regulating several signaling
pathways, including the Wnt5a/Rac1, Wnt/β-catenin, Wnt/PCP,
Sp1-dependent PDGF, glycogen synthase kinase 3 beta (GSK-3β)/
insulin receptor substrate 1 (IRS1), insulin-like growth factor 1
(IGF1)/mechanistic target of rapamycin kinase (mTOR)/sterol
response element binding protein 1/2 (SREBP1/2), and dynamin-
related protein 1 (DRP1)/mTOR/transcription factor EB (TFEB)
signaling pathways (Alrefaei and Abu-Elmagd, 2022; Kang, 2020).
Interestingly, ARL4C promoted the expression of LRP6, WNT5A,
and WNT11 (Guo et al., 2018), which suggests that ARL4C
suppresses atherosclerosis development by enhancing
LRP6 expression. However, the mechanism by which ARL4C
affects LRP6 expression is unclear.

3.7 OSBPL5

OSBPL5 is a member of the OSBP family. OSBPL5 promoted
autophagy and intracellular cholesterol transport from late
endosomes/lysosomes (LEs/LYs) to the ER and cell membrane.
OSBPL5 depletion promoted cholesterol accumulation in LEs/LYs
and subsequently induced foam cell formation and atherosclerosis
development (Santos et al., 2020; Yu et al., 2014). Interestingly,
knockdown of ARL4C with shRNA reduced cholesterol transport
from LEs/LYs and autophagy by decreasing OSBPL5 expression via
the Notch-RBP-Jκ-histone 3 lysine 4 trimethylation (H3K4Me3)
pathway (Yang et al., 2022), which suggested that ARL4C
suppressed cholesterol accumulation and foam cell formation by
enhancing OSBPL5 expression. Notably, OSBPL5 also promotes
SREBP2 expression to induce the downstream gene HMG-CoA
reductase (HMGCR), which is the rate-limiting enzyme in
cholesterol synthesis (Ishikawa et al., 2010; Santos et al., 2020),
suggesting that ARL4C may promote HMGCR expression and
cholesterol synthesis. However, the knockdown of ARL4C or
OSBPL5 promoted cholesterol accumulation, which suggested
that ARL4C- or OSBPL5-mediated HMGCR expression was not
sufficient to increase intracellular cholesterol levels.

3.8 Snail2

ARL4C knockdown reduced Snail2 expression in AGS and
58As9 cells (Hu et al., 2018). However, the mechanism by which
ARL4C affects Snail2 is unclear. Snail2 promoted epithelial-to-
mesenchymal transition (EMT) and endothelial-to-mesenchymal
transition (EndMT). Snail2 promoted atherosclerosis development
by enhancing the transformation of VSMCs toward an

FIGURE 5
The role and mechanism of FLNA and SOX2 in atherosclerosis
risk factors. FLNA from macrophages, VSMCs, and T cells promoted
cholesterol uptake, proinflammatory reactions, and lipid
accumulation and suppressed cholesterol efflux, while
endothelial FLNA suppressed cardiac failure and MI size and increased
endothelial barrier function. Fibroblast SOX2 reduced
proinflammatory responses by inducing iPSCs, while endothelial
SOX2 promoted vascular calcification.
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inflammatory phenotype by activating the cyclooxygenase-2 (COX-
2)/prostaglandin E2 (PGE2) pathway and suppressing cholesterol
efflux by reducing ABCA1 and ABCG1 promoter expression in
VSMCs (Yuan et al., 2022; Ledard et al., 2020). Thus, ARL4C may
promote atherosclerosis development by enhancing
Snail2 expression. However, the Snail2/ABCA1 and ABCG1 axes
did not change ARL4C-mediated cholesterol efflux.

3.9 SOX2

ARL4C promoted SOX2 expression in glioblastoma (GBM) cells
(Chen et al., 2021a). SOX2 is a stem cell and mesenchymal marker.
Endothelial-specific deletion of SOX2 reduces vascular calcification
to decrease atherosclerotic plaque burden in apoE−/− mice (Bostrom
et al., 2016; Zhang et al., 2021a), which suggests that endothelial
SOX2 may be a proatherogenic gene. However, SOX2 can
successfully program adult human fibroblasts into human
induced pluripotent stem cells (iPSCs), which reduce
proinflammatory responses and atherosclerosis development by
decreasing TNFα and IL-6 levels (Wong et al., 2013; Toyohara
et al., 2020; Shi et al., 2018). Many studies have shown that human
iPSCs are promising therapies for the treatment of cardiovascular
diseases (Karimian et al., 2023; Mahmud et al., 2022; Mansfield et al.,
2022). Thus, SOX2 exhibits both atheroprotective and
proatherogenic effects. However, additional studies are needed to
evaluate whether the regulation of SOX2 by ARL4C is pro-
atherosclerotic or anti-atherosclerotic.

Taken together, the downstream genes of ARL4C, including
ABCA1, ALDH1A3, ARF6, ENHO, FLNA, LRP6, OSBPL5, Snail2,
and SOX2 play an important role in atherosclerosis. Thus, we
hypothesize that ARL4C may regulate atherosclerosis development
by regulating these downstream genes. Notably, the role of these
downstream genes (except ABCA1) in atherosclerosis is not direct
but indirectly affects atherosclerosis by regulating other genes or
proteins. More studies are needed to confirm this hypothesis.

4 Agent development of targeting the
ALR4C-mediated genes ABCA1, FLNA,
LRP6, and SOX2

As mentioned above, ARL4C included multiple downstream
genes, including ABCA1, ALDH1A3, ARF6, ENHO, FLNA, LRP6,
OSBPL5, Snail2 and SOX2. We searched for agents that target these
genes with Adisinsight, Bing, Chinadrugtrials, ClinicalTrials, Glgoo,
Pharnexcloud, PubChem Compound, Pubmed, and Zhihuiya.
However, in our power, we only found 4 genes agents, including
ABCA1, FLNA, LRP6, and SOX2, which were investigated in clinical
trials. Thus, ABCA1, FLNA, LRP6, and SOX2 are promising targets
for drug development.

4.1 ABCA1

4.1.1 CS-6253
CS-6253 (also named CS6253 and Cogpep) is an alpha-helical

peptide designed from the C-terminus of apoE that serves as an

ABCA1 agonist. The use of CS-6253 in preclinical trials for the
treatment of Alzheimer’s disease (AD), atherosclerosis, and type
2 diabetes (T2DM) is being developed (Hafiane et al., 2019; Noveir
et al., 2022; AdisInsight, 2022). The development of CS-6253 was
supported by SBIR grants from the National Institutes of Health and
the National Institute of Aging for the initiation of first-in-human
trials on 22 November 2021 (AdisInsight, 2022). Early phase 1 of
CS-6253 for the treatment of AD was also initiated on 28 July 2023
(NCT05965414). However, to our knowledge, the role of CS-6253 in
atherosclerosis has not been investigated in clinical trials. No specific
ABCA1 agonists have entered phase 2 clinical trials. Additional
studies are needed to confirm the feasibility of using ABCA1 as a
target for drug development.

4.1.2 IMM-H007
Triacetyl-3-hydroxyphenyladenosine (IMM-H007, also named

H007, THPA, and WS070117), a derivative of cordycepin, was
investigated in phase 1 clinical trial for the treatment of
dyslipidemia on 16 March 2022 (CTR20220514). IMM-H007
reduced atherosclerosis development by suppressing
ABCA1 degradation in preclinical trials (Huang et al., 2015).
However, IMM-H007 is not a specific ABCA1 agonist. IMM-
H007 is also an AMP-activated protein kinase (AMPK) agonist
and transforming growth factor β1 (TGFβ1) antagonist (Gao et al.,
2019). IMM-H007 decreased TNFα, IL-1, IL-6, malondialdehyde
(MDA), monocyte chemoattractant protein 1 (MCP-1), inducible
nitric oxide (NO) synthase (iNOS), lectin-like oxidized LDL
receptor-1 (LOX-1), and myeloperoxidase (MPO) expression and
increased ABCG1, Akt, apoA-I, arginase 1 (Arg-1), eNOS, IL-10,
lecithin-cholesterol acyltransferase (LCAT), NO, phosphorylated
AMPK (pAMPK), paraoxonase 1 (PON1), and SR-B1 expression
in mice, suggesting that IMM-H007 not only promoted cholesterol
efflux and endothelial protection but also suppressed
proinflammatory reactions and cholesterol uptake (Zhao et al.,
2012; Wang et al., 2019; Ma et al., 2017b; Chen et al., 2016).
IMM-H007 decreased endothelial inflammation by suppressing
NF-κB activity through the repression of IκBα degradation, NF-
κB nuclear translocation, and JNK/AP1 signaling pathway (Yu et al.,
2019). Notably, AMPK played a key role in regulating the expression
of these genes, including ABCA1, suggesting that IMM-H007
promotes ABCA1 expression by suppressing ABCA1 degradation
and enhancing AMPK expression. In addition, IMM-H007
suppressed cardiac fibrosis by enhancing AMPK and suppressing
the TGFβ1/TGFβ type II receptor/Smad2/3 signaling pathway in
mice (Wang et al., 2022b; Ge et al., 2019). IMM-H007 suppressed
lipid accumulation, leukocyte trafficking, and macrophage
infiltration in the liver by suppressing the AMPK/SREBP-1c,
AMPK/acetyl-CoA carboxylase (ACC), and NF-κB/MCP-
1 pathways in preclinical trials (Shi et al., 2017; Peng et al.,
2019). IMM-H007 also improved the structure of the gut
microbiota, including Firmicutes and Bacteroidetes, in
hyperlipidemic hamsters (Li et al., 2018). IMM-H007 increased
liver multiple gene expression in mice, including actinin alpha 2
(Actn2), Actn3, ATPase sarcoplasmic/endoplasmic reticulum Ca2+
transporting 1 (Atp2a1), calcium voltage-gated channel subunit
alpha1 S (Cacna1s), calcium/calmodulin dependent protein
kinase IV (Camk4), cAMP responsive element binding protein 5
(Creb5), cytochrome P450 family 17 subfamily A member 1
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(Cyp17a1), growth arrest and DNA damage inducible alpha
(Gadd45a), G protein subunit alpha L (Gnal), myosin heavy
chain 7 (Myh7), myosin light chain 2 (Myl2), Myl3, Myl7,
Myl11, myosin light chain kinase 2 (Mylk2), Mylk4, peroxisome
proliferative activated receptor, gamma, coactivator 1 beta
(Ppargc1b), protein phosphatase 1 regulatory subunit 3A
(Ppp1r3a), glycogen phosphorylase, muscle associated (Pygm),
ryanodine receptor 1 (Ryr1), solute carrier family 2 member 4
(Slc2a4), tribbles pseudokinase 3 (Trib3), and titin (Ttn) (Ma
et al., 2017a). These results suggest that the off-target effects of
IMM-H007 are relatively obvious, and whether IMM-H007 will
cause toxic effects in clinical trials is unclear.

4.1.3 RG7273
RG7273 (also named RG-7273) is a specific ABCA1 agonist that

has entered phase 1 clinical trials. However, the development of
RG7273 was discontinued on 12 April 2012 (Adisinsight, 2023; Zhao
et al., 2013). The role of RG7273 in atherosclerosis models has not
been investigated.

4.1.4 R3R-01
R3R-01 (also named R3R01, RG-7273) is a specific

ABCA1 agonist and entered into phase 2 clinical trials by River
3 Renal Corp. R3R-01 increases ABCA1 expression and may reduce
kidney damage by reducing fat levels in the kidney (NephCure, 2024;
Reiterova and Tesar, 2023). However, no further information about
R3R01 has been reported, and its role in atherosclerosis models has
also not been investigated.

4.2 FLNA

The diagnostic value of FLNA in emphysema (NCT05550844)
and hepatocellular carcinoma (HCC, NCT03081637) is being
investigated in clinical trials. Sumifilam (also named PTI-125 and
simufilam), a small molecule antagonist, entered phase 3 for the
treatment of mild-to-moderate AD (Wang et al., 2017; Wang et al.,
2020; Zhang et al., 2020). However, the results of sumifilam in Phase
2 for the treatment of AD did not meet the primary endpoint on
15 May 2020 (Cassava Sciences, 2020). Notably, this result may have
been masked by the high variability in the levels of disease
biomarkers. Phase 3 trials of sumifilam for the treatment of AD
are ongoing on 8 February 2023 (Cassava Sciences, 2023). The role
of sumifilam in atherosclerosis models has not been investigated.
More studies are needed to confirm the feasibility of FLNA as a
target for drug development.

4.3 LRP6

4.3.1 BI-905677
LRP6 is a promising target for disease diagnosis and drug

development. Specifically, LRP6 combined with Klotho may be a
prognostic biomarker of gastric adenocarcinoma and is being tested
in clinical trials (NCT05293535). BI-905677, an LRP5 and
LRP6 bipatopic nanobody inhibitor, completely blocked the
binding of Wnt ligands to LRP5/LRP6. BI-905677 has been
developed for the treatment of solid tumors in phase 1 clinical

trials (Bayle et al., 2021). BI-905677 exhibited antitumor activity in
preclinical trials, such as the ring finger protein 43 (RNF43)
mutation tumor model and R-spondin 1 (RSPO) fusion tumor
model. BI-905677 in combination with immune checkpoint
inhibitors (such as anti-PD-1) also exhibited antitumor activity
by inducing dendritic cell (DC) activation and T-cell infiltration
in tumor tissues in preclinical trials (Vittoria Zinzalla et al., 2019). In
phase 1 clinical trials on 8–13 April 2022, BI-905677 was well
tolerated, and the maximum tolerated dose (MTD) was
2.8 mg/kg q3w. The incidence of grade 3 or higher adverse
events (AEs), including vomiting, hyponatremia, anemia,
diarrhea, abdominal pain, nausea, hypokalemia, pain, and
increasing alkaline phosphatase (5%), was 51% (19/37). The best
effect of BI-905677 is to stabilize the disease with a value of 35% (13/
37) (Elena Élez et al., 2022). The phase 1 clinical trials of BI-905677
were terminated on 17 March 2023 (NCT03604445). Information
on BI-905677 was also removed from Boehringer Ingelheim’s
website (originator). These results suggest that BI-905677 is
safety but moderately effective in cancer. However, the safety and
effectiveness of BI-905677 in atherosclerosis have not been
investigated.

4.3.2 SZN-1326
SZN-1326, a bispecific tetravalent IgG1molecule, is an Fzd5-and

LRP6-specific Wnt mimetic that has been tested in clinical trials for
the treatment of moderate to severe ulcerative colitis (UC) (Phase 1/
1b, ACTRN12622000344796). SZN-1326 was derived from SZN-
1326-p (Xie et al., 2022). In preclinical trials, SZN-132 inhibited
colitis by promoting epithelial cell healing and reducing
inflammatory cell infiltration (Xie et al., 2021a; CanaleComm,
2022). However, the phase 1 trial of SZN-1326 in inflammatory
bowel disease (IBD) was suspended due to elevated liver enzymes
(such as alanine transaminase and aspartate transaminase), which
suggests that SZN-1326 may induce liver damage (Terry, 2022;
Adisinsight, 2024). Notably, liver enzyme elevations were detected
only in healthy volunteers and not in healthy participants. Total
bilirubin, which is a signal of liver and bile duct damage, was not
increased in participants. Moreover, no liver damage was detected,
which suggests that increased liver enzymes may break down on
their own (Terry, 2022). However, the role of SZN-1326 in
atherosclerosis models has not been investigated. More studies
are needed.

4.4 SOX2

STEMVAC is a multiantigen, multiepitope Th1 selective
deoxyribonucleic acid (DNA) plasmid-based vaccine that targets
SOX2, CD105, Y-box binding protein 1 (Yb-1), cadherin 3 (CDH3),
and the MDM2 proto-oncogene (MDM2) and is being developed in
clinical trials for the treatment of cancer (Phase 1/2), which suggests
that SOX2 is a promising target for drug development (Higgins et al.,
2016; Disis et al., 2022). In preclinical trials, STEMVAC was shown
to be safe and to suppress tumor growth (Higgins et al., 2016). In
combination with the adjuvant sargramostim, STEMVAC in
patients with advanced HER2-negative breast cancer was found
to be safe and to trigger a high level of sustained type I T-cell
response in phase 1 clinical trials (Disis et al., 2022). The most
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TABLE 2 The agents in clinical trials by targeting ABCA1, FLNA, LRP6, and SOX2. Type and Group were obtained by Adisinsight, Bing, Chinadrugtrials, ClinicalTrials, Glgoo, Pharnexcloud, PubChem Compound,
Pubmed, and Zhihuiya. AD, Alzheimer’s disease; IV, intravenous; NSCLC, non-small cell lung cancer; SC, subcutaneous; TNBS, triple negative breast cancer; UC, Ulcerative colitis.

Names Structure/PubChem CID Target Administration Status/Date Diseases Developer/
Website

Patent References

CS-6253

PubChem CID, 91618023; CAS,
37134-40-0 (FDA GSRS).

ABCA1 and apoE. IV Early Phase 1
(Recruiting on
31 January 2024)

AD Artery Therapeutics, Inc.
(https://www.arterytx.
com/)

WO2011079214
(A1)

NCT05965414,
(AdisInsight, 15 September
2022)

IMM-H007

PubChem CID, 154730591

ABCA1, ABCG1,
AMPK, eNOS, iNOS,
LCAT, LOX-1, NF-
κB, and TGFβ1.

Oral Phase 1 (Recruiting on
16 March 2022)

Dyslipidemias Tasly Pharmaceutical
Group Co. Ltd. (https://en.
taslypharma.com/)

WO2010040286
(A1)

CTR20220514
(Chinadrugtrials), (Huang
et al., 2015; Gao et al., 2019;
Zhao et al., 2012; Wang
et al., 2019; Ma et al., 2017b;
Chen et al., 2016; Yu et al.,
2019)

RG7273 Structure not disclosed ABCA1 Unknown Phase 1 (Terminated on
12 April 2012)

Dyslipidemias Roche Holding AG
(https://www.roche.com/)

Unknown Adisinsight (2023); Zhao
et al. (2013)

R3R-01 Small molecule and structure not
disclosed

ABCA1 Oral Phase 2 (Recruiting on
15 June 2022)

Alport Syndrome, Focal
Segmental
Glomerulosclerosis

River 3 Renal Corp
(Website: unknown)

WO2023039063
(A1)

NCT05267262

Sumifilam FLNA Oral Phase 1 (Completed on
10 May 2021)

Healthy Volunteers Cassava Sciences, Inc. WO2014011917
(A2)

NCT03784300

[14C]-
simufilam

FLNA Oral Phase 1 (Completed on
29 April 2024)

Healthy Volunteers NCT06195319

(Continued on following page)
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TABLE 2 (Continued) The agents in clinical trials by targeting ABCA1, FLNA, LRP6, and SOX2. Type and Group were obtained by Adisinsight, Bing, Chinadrugtrials, ClinicalTrials, Glgoo, Pharnexcloud, PubChem
Compound, Pubmed, and Zhihuiya. AD, Alzheimer’s disease; IV, intravenous; NSCLC, non-small cell lung cancer; SC, subcutaneous; TNBS, triple negative breast cancer; UC, Ulcerative colitis.

Names Structure/PubChem CID Target Administration Status/Date Diseases Developer/
Website

Patent References

PubChem CID, 46195331; CAS,
1224591-33-6 (FDA GSRS).

Sumifilam FLNA Oral Phase 1 (the Phase 3 oral
tablet VS the Phase
2 oral tablet, completed
on 22 August 2023)

Healthy Volunteers NCT04932655

Sumifilam FLNA Unknown Phase 1 (Not yet
recruiting on 2 May
2024)

Moderate Hepatic
Impairment

NCT05352763

Sumifilam FLNA Oral, twice a day,
28 days

Phase 2a (Completed on
July 2021)

Mild-to-moderate AD NCT03748706, 32920628

Sumifilam FLNA Oral, twice a day,
24 months

Phase 2b (Completed on
September 2021)

Mild-to-moderate AD NCT04079803, 33188449

Sumifilam FLNA Oral, twice a day Phase 2 (Completed on
26 December 2023)

Mild-to-moderate AD NCT04388254

Sumifilam FLNA Oral, twice a day Phase 2 (Active, not
recruiting on 8 January
2024)

Mild-to-moderate AD NCT05352763

Sumifilam FLNA Oral, twice a day,
52 weeks

Phase 3 (Active, not
recruiting on 26 January
2024)

Mild-to-moderate AD NCT04994483

Sumifilam FLNA Oral, twice a day,
52 weeks

Phase 3 (Enrolling by
invitation on 25 April
2024)

Mild-to-moderate AD NCT05575076

Sumifilam FLNA Oral, twice a day,
76 weeks

Phase 3 (Active, not
recruiting on 26 January
2024)

Mild-to-moderate AD NCT05026177

BI-905677 Biparatopic nanobody LRP5 and LRP6 IV Phase 1 (Terminated on
4 March 2024)

Solid tumors Boehringer Ingelheim
International GmbH
(https://www.boehringer-
ingelheim.com/)

Unknown NCT03604445

SZN-1326 Bispecific tetravalent IgG1 molecule LRP6 and FZD5 SC, IV Phase 1b (Suspended
due to the liver enzyme
elevations on 15 Nov
ember 2022)

Moderate to severe UC Surrozen Inc. (https://
www.surrozen.com/)

WO2019124951
(A1)

Terry, 2022; Adisinsight
(2024)

STEMVAC Polyepitope Plasmid DNA Vaccine CD105, CDH3,
MDM2, SOX2, and
Yb-1

Sargramostim
intradermally

Phase 2 (Recruiting on
8 May 2024)

1 Early stage TNBS National Cancer Institute
(NCI) and University of
Washington

Unknown NCT05455658

STEMVAC Sargramostim
intradermally

Phase 2 (Recruiting on
2 April 2024)

2 Stage IV
nonsquamous NSCLC

NCT05242965

(Continued on following page)
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common AEs were injection site reactions, influenza-like syndrome,
transient leukopenia, and lymphocytopenia (Disis et al., 2022).
Sargramostim is a yeast-derived recombinant human
granulocyte-macrophage colony-stimulating factor (rhu GM-
CSF). Sargramostim has been used for the treatment of acute
radiation syndrome, bone marrow disorders, neutropenia,
pneumococcal infections, and stem cell mobilization
(Sargramostim, 2006; Lazarus et al., 2022; Tarhini et al., 2021).
Clinical trials of sargramostim in other diseases, such as acute
hypoxia, Alzheimer’s disease, chronic lymphocytic leukemia,
hematological malignancies, malignant melanoma, mycobacterial
infections, prostate cancer, and skin cancer, have also been
conducted (AdisInsight, 2025). However, clinical trials of
sargramostim in breast cancer have not been conducted. More
studies are needed to confirm the effectiveness of STEMVAC in
combination with sargramostim for preventing or treating breast
cancer. In addition, the role of STEMVAC in atherosclerosis models
has not been investigated.

Taken together, ARL4C-mediated genes, such as ABCA1,
FLNA, LRP6, and SOX2, were the promising target genes for
drug development (Table 2). Targeting these genes could
improve the success rate of drug development into clinical trials
and may be the first-in-class drug. However, to our knowledge, no
specific agents have entered into clinical trials by targeting another
ARL4C-mediated gene, including ALDH1A3, ARF6, ENHO,
OSBPL5, and Snail2. More studies are needed to confirm the
feasibility of these genes as a target for drug development. In
addition, ARL4C is a promising biomarker for the diagnosis of
renal cancer, gastric cancer, colorectal cancer, and lung
adenocarcinoma in preclinical and clinical trials (Wei et al., 2009;
Xie et al., 2021b; Matsumoto et al., 2017; Kimura et al., 2020).
However, more studies are needed to confirm its sensitivity,
specificity, early stage, late stage, and prognosis. Downregulation
of ARL4C with siRNA and antisense oligonucleotides (ASOs), such
as ASO-1316, is investigated in preclinical research for the treatment
of lung adenocarcinoma (Kimura et al., 2020), liver cancer (Harada
et al., 2019), and colorectal cancer (Fujii et al., 2015). However, to
our knowledge, no specific ARL4C agonists and inhibitors have
entered into clinical trials. More studies are needed to confirm the
feasibility of ALR4C as a target for drug development.

5 The regulation and mechanism of
ARL4C by agents

Many studies have shown that ARL4C is the only ARF (ARF1-6)
and ARL family member (ARL1-6) whose mRNA is induced by LXR
agonists (such as T0901317 and GW3965), retinoic X receptor
(RXR) agonists (such as RO-26-4456 and LG268), and cholesterol-
loading (Ac-LDL) in human monocyte-derived macrophages,
RAW264.7 cells (a mouse macrophage line) and THP-1 cells (a
human macrophage line) (Engel et al., 2004; Sun et al., 2012). LDL
and LXR/RXR agonists also increased the ARL4C protein level by 1.8-
fold and 3.2-fold, respectively, in HeLa cells, suggesting that the
changes in the ARL4C protein level were consistent with those in
the ARL4C mRNA level. However, 2-hydroxypropyl-β-cyclodextrin,
which depletes cholesterol, reduces ARL4C expression (Engel
et al., 2004; Helip-Wooley and Thoene, 2004). GW3965 increasedT
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ARL4C expression in the livers and spleens of C57BL/6 mice. In
addition, sucrose and T9-t11-conjugated linoleic acid (CLA)
increased ARL4C expression. T9-t11-CLA, which is the major
isomer of CLA, a naturally occurring substance in dairy products
and ruminant meat, reduced lipid accumulation by enhancing
LXR expression in vitro and in vivo, suggesting that T9-t11-CLA
is a novel potent LXR agonist (El Roz et al., 2013). Notably, the
stimulatory effect of LXR/RXR agonists on ARL4C was greater
than that on ABCA1 and ABCG1. Knockout of either LXRα or
LXRβ significantly reduced ARL4C expression, while combined
knockout resulted in the nonexpression of ARL4C, suggesting
that both LXRα and LXRβ can independently regulate ARL4C

expression (El Roz et al., 2013; Hong et al., 2011). MiR-26a (also
named miR-26a-5p) and miR-26b (also named miR-26b-5p)
suppressed cholesterol efflux to apoA-I by binding and
suppressing ARL4C in RAW264.7 cells, THP-1 cells, and
HepG2 cells (Sun et al., 2012). Taken together, many agents
can regulate ARL4C expression, including LXR agonists (such as
T0901317 and GW3965), RXR agonists (such as RO-26-4456 and
LG268), Ac-LDL, LDL, 2-hydroxypropyl-b-cyclodextrin, sucrose,
T9-t11-CLA, and miR-26 (Figure 6).

6 Patents related to ARL4C

The role of ARL4C in the diagnosis, prevention, treatment,
and improvement of alzheimer’s disease and related
neurodegenerative disorders was investigated by Evotec
Neurosciences Gmbh (patent number: WO2004044592A1).
Enhancing ARL4C reduced alzheimer’s disease development.
The ARL4C variant can predict the effect of thiopurine
therapy and is patented by Cedars-Sinai Medical Center
(patent number: US20120190698A1). Inhibiting ARL4C
(siRNA, antisense oligonucleotide, ribozyme, and siRNA
expression vector) for the treatment of cancer (such as liver
cancer, colon cancer, lung cancer, tongue cancer, and pancreatic
cancer) was investigated by Osaka University NUC (patent number:
JP06436477B2 and WO2020050307A1). ARL4C can be used as a
prognostic biomarker for the survival of patients with pancreatic
cancer treated with gemcitabine and has been patented by Acobiom
(patent number: WO2016027029A2). The role of ARL4C in
COVID-19 infection has been patented by Genuity Science, Inc.
(patent number: WO2022240743A1 and WO2022240746A1).
There are many other patents related to ARL4C (Table 3), such
as short (or small) activating RNA (saRNA, patent number:
JP2021035360A and JP2018512876A6), RNA encoding a
therapeutic protein (patent number: US20190241633A1),

FIGURE 6
The regulation agent of ARL4C. GW3965, LG268, RO-26-4456,
T0901317, and T9-t11-CLA promoted ARL4C expression by binding to
LXRE. MiR-26a/b suppressed ARL4C expression by binding to ARL4C
3′UTR. Ac-LDL, LDL, and sucrose promoted ARL4C expression,
while 2-hydroxypropyl-b-cyclodextrin suppressed ARL4C expression.

TABLE 3 Patents related to ARL4C.

Diseases Function Patent number

Alzheimer’s disease and neurodegenerative disorders Diagnosis, prevention, treatment, and
improvement

WO2004044592A1

Thiopurine therapy Predict the effect US20120190698A1

Cancer (including liver cancer, colon cancer, lung cancer, tongue
cancer, and pancreatic cancer)

SiRNA, antisense oligonucleotide, and
ribozyme

JP06436477B2 and WO2020050307A1

Pancreatic cancer Prognostic biomarker WO2016027029A2

Short activating RNA JP2021035360A and JP2018512876A6

RNA encoding a therapeutic protein US20190241633A1

Immunotherapy US20200157633A1, US20200016202A1, WO2017069958A2,
and US20140073526A1

Sudden cardiac event AU2011227108A1

Cardiac developmental WO2018007525A2

Dysregulated lipid metabolism US20230132366A9 and US20200360375A1

Pulmonary arterial hypertension WO2017089593A1
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immunotherapy (patent number: US20200157633A1,
US20200016202A1, WO2017069958A2, and US20140073526A1),
sudden cardiac event (patent number: AU2011227108A1), cardiac
developmental (patent number: WO2018007525A2), dysregulated
lipid metabolism (patent number: US20230132366A9 and
US20200360375A1), pulmonary arterial hypertension (PAH,
patent number: WO2017089593A1).

7 Conclusion

ARL4C promoted cholesterol efflux. ARL4C promoted
ABCA1, ALDH1A3, ARF6, ENHO, FLNA, LRP6, OSBPL5,
and Snail2 expression and reduced SOX2 expression.
However, most of the regulatory mechanisms of ARL4C,
except for ARF6, FLNA, and OSBPL5, are unclear. The main
target gene of ARL4C is also unclear. ARL4C may exhibit
antiatherosclerotic effects by enhancing ABCA1, ENHO,
LRP6, and OSBPL5 expression but may exhibit
proatherosclerotic effects by enhancing ARF6 and
Snail2 expression. The pro-atherosclerosis or anti-
atherosclerosis effects of many regulatory genes, such as FLNA
and SOX2, depend on their location. Cell- or tissue-specific
ARL4C localization may be an important inducer of its dual
role in atherosclerosis. However, larger studies, such as those
involving overexpression, deficiency, inhibition, knockout,
GWAS, and exome sequencing in animal models, are needed
to confirm whether it is proatherogenic or antiatherogenic. Many
ARL4C downstream genes, including ABCA, FLNA, LRP6, and
SOX2, are promising targets for drug development because many
drugs have entered clinical trials. However, no specific agents
targeting ABCA1 and LRP6 have entered phase 2 clinical trials.
More studies are needed to confirm the development value of
targeting ABCA1 and LRP6. The detection value of ARL4C
downstream genes, such as ENHO FLNA and LRP6, is being
investigated in clinical trials. ARL4C is also a promising
biomarker for the diagnosis of cancer. However, more studies
are needed to confirm its sensitivity, specificity, early stage, late
stage, and prognosis. The downregulation of ARL4C with siRNAs
and ASOs is being investigated in preclinical research. Therefore,
ARL4C may be a potential target for disease diagnosis and
therapeutic drug development. However, no ARL4C agonists
or inhibitors have entered clinical trials. It is also necessary to
consider whether regulating ARL4C can regulate downstream
genes and which genes it regulates. The target specificity, target
tissue expressivity, dosage, and toxicity should be considered in
drug development. More studies are needed to confirm the
development value of ARL4C as a target for disease diagnosis
and drug development. With the progress of science and

technology, the deepening of research, and the cooperation of
scientific research, we believe that more scientists will study
ARL4C and its downstream genes to identify potential
biomarkers and novel therapeutic targets and drugs.
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Glossary
VSMCs vascular smooth muscle cells

ABCA1 ATP binding cassette transporter A1

SR-B1 Scavenger receptor type B1

ApoA-I Apolipoprotein A-I

HDL High-density lipoprotein

ARL7 ARF-like 7

ARL4C ADP-ribosylation factor-like 4C

TLAK Lymphokine-activated T-killer

ENHO Energy homeostasis associated

FLNA Filamin-A

LRP6 Low-density lipoprotein receptor-related protein-6

OSBPL5 Oxysterol binding protein like 5

Snail2 Snail family zinc finger 2

SOX2 Sex-determining region Y-box 2

BMDMs Bone marrow-derived macrophages

RCT Reverse cholesterol transport

ER Endoplasmic reticulum

TLR-4 Toll-like receptor-4

NF-kB Nuclear factor kB

ANXA1 Annexin A1

PTB Phosphotyrosine-binding domain

GULP1 Engulfment adaptor PTB domain containing 1

MEGF10 Multiple EGF-like domains 10

PtdSer Phosphatidylserine

TG2 Transglutaminase 2

MMP2 Matrix metalloproteinase-2

LXRs Liver X-receptors

VEGFR2 Vascular endothelial growth factor receptor-2

eNOS Endothelial nitric oxide synthase

PDH Pyruvate dehydrogenase

SIRT1 Silent information regulator sirtuin 1

PDK4 Pyruvate dehydrogenase kinase 4

PGC-1α Peroxisome proliferator-activated receptor-γ coactivator-1α

CPT1B Carnitine palmitoyltransferase 1B

FGD6 Faciogenital dysplasia 6

Cdc42 Cell division cycle 42

LTA Lymphotoxin-α

agLDL aggregated LDL

SREBP1/2 Sterol response element binding protein 1/2

DRP1 Dynamin-related protein 1

TFEB Transcription factor EB

LEs/LYs Late endosomes/lysosomes

H3K4Me3 Histone 3 lysine 4 trimethylation

HMGCR HMG-CoA reductase

EMT Epithelial-to-mesenchymal transition

EndMT Endothelial-to-mesenchymal transition

COX-2 Cyclooxygenase-2

PGE2 Prostaglandin E2

iPSCs Induced pluripotent stem cells

ASOs Antisense oligonucleotides

AMPK AMP-activated protein kinase

TGFβ1 Transforming growth factor β1

TNFα Tumor necrosis factor-α

IL-1 Interleukin-1

MCP-1 Monocyte chemoattractant protein 1

NO Nitric oxide

iNOS Inducible NO synthase

LOX-1 Lectin-like oxidized LDL receptor-1

MPO Myeloperoxidase

Arg-1 Arginase 1

LCAT Lecithin-cholesterol acyltransferase

pAMPK Phosphorylation of AMPK

PON1 Paraoxonase 1

ACC Acetyl-CoA carboxylase

Actn2 Actinin alpha 2

Atp2a1 ATPase sarcoplasmic/endoplasmic reticulum Ca2+ transporting 1

Cacna1s Calcium voltage-gated channel subunit alpha1 S

Camk4 Calcium/calmodulin dependent protein kinase IV

Creb5 cAMP responsive element binding protein 5

Cyp17a1 Cytochrome P450 family 17 subfamily A member 1

Gadd45a Growth arrest and DNA damage inducible alpha

Gnal G protein subunit alpha L

Myh7 Myosin heavy chain 7

Myl2 Myosin light chain 2

Mylk2 Myosin light chain kinase 2

Ppargc1b Peroxisome proliferative activated receptor, gamma,
coactivator 1 beta

Ppp1r3a Protein phosphatase 1 regulatory subunit 3A

Pygm Glycogen phosphorylase, muscle associated

Ryr1 Ryanodine receptor 1

Slc2a4 Solute carrier family 2 member 4

Trib3 Tribbles pseudokinase 3

Ttn Titin

AD Alzheimer’s disease

T2DM Type 2 diabetes
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HCC Hepatocellular carcinoma

UC Ulcerative colitis

IBD Inflammatory bowel disease

RNF43 Ring finger protein 43

RSPO R-spondin 1

DC Dendritic cell

MTD Maximum tolerated dose

AEs Adverse events

DNA Deoxyribonucleic acid

Yb-1 Y-box binding protein 1

CDH3 Cadherin 3

MDM2 MDM2 proto-oncogene

rhu GM-CSF Recombinant human granulocyte-macrophage colony-
stimulating factor
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