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Abstract

Obesity and type 2 diabetes mellitus (T2DM) represent pandemic metabolic illnesses hall-
marked by defective pancreatic β-cell function and blunted insulin release. As a conserved
small GTPase (guanosine triphosphatase), ADP-ribosylation factor 6 (ARF6) governs fun-
damental cellular events encompassing vesicle trafficking, cytoskeleton remodeling and
lipid metabolic turnover. Emerging data confirm that ARF6 acts as a master rheostat of
glucose-stimulated insulin secretion (GSIS) in β-cells through downstream cell division
control protein 42/Ras-related C3 botulinum toxin substrate 1 (Cdc42/Rac1) cascades.
Pathogenic ARF6 hyperactivation triggers a cascade of β-cell lesions: mitochondrial impair-
ment, autophagic suppression and exacerbated inflammatory signaling, accelerating the
progression of obesity and T2DM. First-line therapeutics ranging from GLP-1 (Glucagon-
like peptide-1) receptor agonists and metformin to SGLT2 (Sodium-Glucose Cotransporter
2) inhibitors partially restore metabolic homeostasis by rectifying aberrant ARF6-dependent
signaling axes. This review comprehensively delineates ARF6’s canonical cellular roles,
mechanistic bridges connecting ARF6 to β-cell failure and metabolic deterioration, and
functional crosstalk between ARF6 and established anti-metabolic pharmacotherapies. We
further address unresolved research gaps and prospective translational avenues, offering
actionable perspectives to advance ARF6 as a tractable therapeutic target for obesity and
T2DM management.

Keywords: ADP-ribosylation factor 6; insulin secretion; metabolic disorders; type 2 diabetes
mellitus; obesity

1. Introduction
ADP-ribosylation factor 6 (ARF6) is a central member of the small GTPase family [1],

with key functions including involvement in vesicle trafficking, cytoskeletal rearrangement,
and lipid metabolism regulation [2]. Recent studies have highlighted the critical role of
ARF6 in metabolic regulation, particularly in the GSIS process in pancreatic β-cells [3].
ARF6 regulates vesicle fusion and insulin granule release through interactions with Cdc42
and Rac1 [4–6], thereby exerting a profound impact on metabolic homeostasis. However,
metabolic disorders, such as obesity and T2DM, have become leading public health issues
worldwide, contributing significantly to mortality and disability. The core pathological
features of T2DM include insulin resistance (IR) and dysfunction of pancreatic β-cells [7,8],
which exacerbate the risk of chronic hyperglycemia and increase the incidence of cardiovas-
cular diseases, non-alcoholic fatty liver disease (NAFLD), and neuropathy [9–12]. Research
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demonstrates a strong association between T2DM and obesity, with obesity promoting
the development of IR through ectopic fat deposition and chronic inflammation [13,14].
Certain genetic variants, such as GCKR rs1260326, are considered to play a significant role
in NAFLD and T2DM associated with obesity [15]. These findings highlight the necessity
for further exploration of the underlying molecular mechanisms [16].

Furthermore, mitochondrial dysfunction plays a pivotal role in the pathophysiology
of T2DM and obesity. Studies show that overexpression of ferritin in adipose tissue can in-
duce mitochondrial dysfunction [17] and, through compensatory mechanisms, significantly
increase the number of pancreatic β-cells. This phenomenon suggests that ARF6 may play
an important role in the signaling axis between adipose tissue and the pancreas, thereby
regulating metabolic homeostasis under metabolic stress conditions [18]. Additionally,
mitochondrial calcium signaling plays a crucial role in regulating insulin secretion. Dis-
ruption of calcium homeostasis damages mitochondrial health and further impairs β-cell
function, with ARF6 potentially influencing insulin secretion and metabolic homeostasis
via calcium-dependent signaling mechanisms [19].

Earlier reviews analyze ARF6 functions separately. They either discuss insulin se-
cretion or adipose metabolism, but never treat ARF6 as a core link between obesity and
T2DM [20] (Figure 1). These reviews also have two clear limitations. First, they do not
rank anti-diabetic drugs by the strength of evidence linking them to ARF6. Second, they
rarely mention ARF6’s tissue-specific dual functions and U-shaped activity curve. Both
gaps slow the clinical translation of ARF6-targeted therapies. This review resolves these
deficits by establishing an integrated cascade connecting ARF6 overactivation to β-cell
impairment, adipose lipotoxicity, mitochondrial dysfunction and systemic inflammation to
recapitulate obesity-T2DM progression; stratifying ten categories of anti-metabolic agents
by the robustness of ARF6-associated experimental evidence to discriminate direct biochem-
ical regulation from indirect pathway correlation; and unpacking translational limitations
stemming from tissue-dependent opposing ARF6 functions and its narrow physiological
activity range while proposing multi-omics, human organoid and tissue-targeted drug
development strategies to advance ARF6 toward clinical therapeutic application.

Figure 1. Schematic overview of ARF6 biological functions. Blue branches represent its well-
established canonical activities, including cortical actin rearrangement, cell movement, vesicular
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transport, and activation of lipid metabolic enzymes [phospholipase C (PLCs), PLDs, PLAs]. The
red innovative axis illustrates a newly identified pathogenic cascade: ARF6 modulates GSIS and
glycometabolism in pancreatic β-cells, mediating the bidirectional interplay between obesity and
the progression of T2DM. A potential direct regulatory axis from ARF6 to obesity-impaired insulin
secretion is also proposed (marked with dashed lines).

2. Overview
Distinct from autoimmune type 1 diabetes (T1DM) with absolute insulin loss, T2DM

develops from combined IR and gradual β-cell secretory exhaustion. Lifestyle intervention
and hypoglycemic drugs can partially reverse early metabolic dysfunction, while advanced
stages feature irreversible β-cell dedifferentiation and cell death.

2.1. ARF6 and T2DM

ARF6 plays a key role in activating phospholipase D1 and phospholipid synthesis,
which is critical for maintaining plasma membrane integrity [21]. Additionally, ARF6
modulates various cellular processes, including autophagy [22] and tumor invasion and
migration [23], through interactions with downstream effectors such as Cdc42 and Rac1.
Studies also show that ARF6 regulates the transport of palmitoylated proteins from the
Golgi apparatus to the plasma membrane, a function with significant implications for signal
transduction and molecular-targeted therapy [24,25]. Upon activation by inflammatory
signals, ARF6 significantly increases vascular permeability and endothelial cell leakage,
accelerating the onset of vascular diseases and dysfunction [26,27]. Dysregulation of
ARF6 function is closely associated with the development of various diseases, including
tumor metastasis, neurodegenerative disorders, and metabolic disorders [21]. Additionally,
ARF6 activation promotes cancer cell proliferation and survival by modulating the Rac1
signaling pathway, suggesting it may be an important therapeutic target for developing
novel protein–protein interaction inhibitors [28].

In pathological models of diabetes, ARF6 dysfunction can lead to disrupted insulin
secretion and decreased survival of pancreatic β-cells. Mouse models with ARF6 knock-
out exhibit significant defects in insulin secretion, further confirming the central role of
ARF6 in metabolic homeostasis [29]. Moreover, ARF6 dysfunction has been linked to the
dedifferentiation of pancreatic β-cells and ferroptosis, mechanisms that are considered
crucial in the development of T2DM. These findings closely associate ARF6 with T2DM,
as its function directly affects pancreatic β-cell activity and insulin secretion regulation.
Further investigation into the specific mechanisms by which ARF6 contributes to metabolic
disorders is crucial for understanding the pathophysiology of T2DM and developing new
intervention strategies. In recent years, novel antidiabetic drugs, such as SGLT2 inhibitors,
have shown significant efficacy in improving diabetic complications. These medications re-
duce hyperglycemia and decrease fluid overload, substantially improving diabetes-related
cardiovascular complications [30]. Additionally, studies highlight the importance of inte-
grating lifestyle interventions, including healthy eating and regular physical activity, with
pharmacological treatments for managing the long-term prognosis of T2DM [21].

Although research on the role of ARF6 in T2DM is limited, existing evidence suggests
that it plays a crucial role in regulating pancreatic β-cell function. ARF6 influences β-cell
cytoskeletal remodeling and insulin granule release by modulating the Cdc42 and Rac1
signaling pathways [29]. Additionally, ARF6 dysfunction in pancreatic β-cells may be
closely linked to ferroptosis associated with obesity, contributing to insulin secretion
dysfunction in T2DM [31]. Recent studies further indicate that abnormalities in the ARF6
signaling pathway may exacerbate β-cell dysfunction by affecting lipid metabolism and
inflammatory signaling pathways [24]. These findings underscore the potential importance
of ARF6 in the pathogenesis of T2DM.
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The core characteristics of T2DM include IR and pancreatic β-cell dysfunction. While
IR has long been considered the primary pathophysiological feature of T2DM, recent re-
search highlights the critical role of functional β-cell defects in disease progression. In
particular, the loss of insulin secretion capacity is one of its hallmark features [32]. β-cell
dedifferentiation, apoptosis, and chronic stress induced by glucotoxicity and lipotoxicity
further exacerbate this dysfunction [33]. Weight gain and the accumulation of pancreatic
fat significantly contribute to β-cell dysfunction. Ectopic fat deposition increases oxidative
stress and inflammatory signaling, amplifying β-cell damage. This pathological mecha-
nism may be linked to the abnormal expression of genes related to insulin secretion [32].
In diabetic models, β-cell dedifferentiation is associated with disrupted glycolysis and
mitochondrial function, leading to a marked reduction in GSIS. In T2DM patients, reducing
hyperglycemia significantly improves β-cell function and delays disease progression. Stud-
ies show that dietary interventions, such as low-carbohydrate diets and regular exercise,
can improve insulin sensitivity and restore β-cell metabolic function [34]. Additionally,
novel drugs such as GLP-1RA and SGLT2 inhibitors have demonstrated significant efficacy
in promoting insulin secretion and improving β-cell function [35]. Research also indicates
that T2DM patients experience a decline in β-cell compensatory capacity, which impairs
their ability to respond fully to the metabolic stress caused by IR [33]. Therefore, target-
ing key nodes in the GSIS pathway and enhancing mitochondrial activity may represent
important future directions for T2DM therapy.

The small G protein ARF6 plays a crucial role in regulating GSIS. ARF6 promotes
insulin secretion by activating the Cdc42 and Rac1 signaling pathways, thereby regulating
vesicle fusion and cytoskeletal remodeling in β cells [36,37] (Figure 2). Studies demonstrate
that a significant reduction in GSIS is one of the hallmark features of T2DM, and ARF6
dysfunction may exacerbate β-cell dysfunction by interfering with lipid metabolism and
mitochondrial activity [32].

Recent studies have further elucidated the role of ARF6 in β-cell dedifferentiation and
cellular stress. For example, under chronic hyperglycemic conditions, aberrant activation
of ARF6 may impair cellular metabolic homeostasis through the Rac1-mediated oxidative
stress signaling pathway [38]. Additionally, ARF6 has been implicated in ferroptosis, a
process considered a key mechanism underlying β-cell dysfunction in T2DM. Although
research on the relationship between ARF6 and insulin secretion has been increasing,
studies directly investigating the specific role of ARF6 in T2DM remain limited. Future
in-depth analysis of the ARF6 signaling pathway will provide valuable insights into its
potential as a therapeutic target.

2.2. ARF6 and Obesity

ARF6 is closely associated with T2DM, a condition that often coexists with obesity,
one of the primary risk factors for T2DM. This suggests that ARF6 may play a crucial
role in obesity-related metabolic disorders. One study demonstrated that the ceramide
analog SH-BC-893 effectively inactivates ARF6, thereby blocking mitochondrial fission and
disrupting the endocytic cycle, which significantly reduces food intake [39]. This effect
also protects mitochondrial function and improves metabolic homeostasis by inhibiting
ARF6-dependent recycling processes. SH-BC-893 enhances metabolic function by block-
ing the phosphoinositide kinase FYVE domain-containing protein (PIKfyve)-dependent
lysosomal fusion reaction [40]. In a high-fat diet (HFD) mouse model, SH-BC-893 reversed
obesity and associated metabolic dysfunction by inhibiting ARF6- and PIKfyve-dependent
transport events [41]. The compound improved liver and brain mitochondrial morphology
by preventing mitochondrial fission induced by palmitic acid and ceramides and restored
mitochondrial function in white adipose tissue. Additionally, SH-BC-893 corrected abnor-
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mal plasma leptin and adiponectin levels in obese mice, significantly restoring glucose
metabolism and liver lipid homeostasis within 4 h of oral administration [40]. Recent stud-
ies further underscore the key role of ARF6 in regulating metabolic pathways and organelle
function. For example, ARF6 modulates dynamic changes in cell membrane lipids via its
endocytic and recycling pathways, influencing lipid metabolism and insulin sensitivity [42].
Additionally, SH-BC-893’s protective effect on mitochondrial function provides further
evidence of its potential in treating obesity-related diseases (Figure 3). These findings not
only highlight ARF6 as a potential target for regulating obesity and metabolic function
but also lay the foundation for developing novel intervention strategies, such as ceramide
analogs. However, further research is needed to fully elucidate the specific role of ARF6 in
the molecular mechanisms underlying obesity.

Figure 2. Relationship between ARF6 and glucose metabolism. The small GTPases ARF6, Cdc42,
and Rac1 mediate the potential interaction model for GSIS. Glucose metabolism activates Cdc42 and
ARF6, activating lipid metabolism enzymes in β-cells. ARF6 cycles between its active form, bound
to guanosine triphosphate (GTP), and its inactive form, bound to guanosine diphosphate (GDP).
Conformational changes in ARF6 facilitate autophagy in a GTP-dependent manner. Additionally,
ARF6 regulates membrane flow by affecting the activity of PLD and modulating autophagy. ARF6
also promotes GDP dissociation and GTP exchange by regulating guanine nucleotide exchange
factor (GEFs).

ARF6 plays a critical role in GSIS in pancreatic β-cells, although its precise mechanisms
remain incompletely understood [43]. ARF6 has been identified as a key regulator of GSIS,
modulating insulin granule release through the activation of the Cdc42 and Rac1 signaling
pathways [44,45]. The ARF6 (T27N) mutation significantly reduces GSIS without affecting
the half-maximal effective concentration of glucose, suggesting that its regulatory role
is primarily focused on granule transport and release stages [5]. ARF6 activity cycles
between GDP-bound inactive and GTP-bound active states, modulated by ARNO (GEF)
and ARF GAPs (GTPase-activating protein) [5]; lipid modifications control its membrane
shuttling. Activated ARF6 upregulates PLD to enrich PI(4,5)P2 lipid microdomains [46]. It
sequentially activates Cdc42 and Rac1: Cdc42 drives local actin polymerization, while Rac1
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rearranges the cytoskeletons to mobilize insulin granules [47]. Finally, ARF6 coordinates
Rab27a and SNARE complexes to facilitate granule–plasma membrane fusion for GSIS [48].

Figure 3. The mechanism by which SH-BC-893 blocks mitochondrial fission through modulation
of related factors. SH-BC-893 (C19H32ClNO) reverses obesity and metabolic dysfunction in mice
by blocking mitochondrial fission. Its mechanism includes the reversal of hyperlipidemia and
mitochondrial fragmentation in the hypothalamus and the rapid inhibition of ceramide-induced
mitochondrial fission through the suppression of ARF6-dependent recycling processes and PIKfyve-
dependent lysosomal trafficking. Red crosses denote the inhibitory actions of SH-BC-893: the upper
cross represents inhibition of the ARF6-dependent recycling process, and the left cross represents
inhibition of PIKfyve-dependent lysosomal trafficking.

An organism’s metabolic and energy status largely depends on the availability of
substrates, such as glucose, to generate ATP for maintaining physiological functions. Imbal-
ances in glucose homeostasis can lead to pathological conditions, including cardiovascular
failure and metabolic diseases such as diabetes and obesity [49]. Currently, some traditional
medications used to treat T2DM may induce side effects with long-term use, such as the
risk of hypoglycemia, weight gain, and renal dysfunction [50]. Therefore, developing
novel therapeutic agents has become critical for T2DM management. Moreover, the future
of metabolic disease treatment may include personalized therapies based on precision
medicine. By integrating patients’ genetic backgrounds, metabolic states, and lifestyle
factors, emerging gene-editing technologies and peptide-based drugs are being explored to
optimize treatment options further [51].

In fact, since the 1970s, significant progress has been made in developing glucose-
sensitive insulin (GSI) formulations. The core mechanism of these formulations is to
encapsulate insulin in polymers, enabling glucose-dependent dynamic release [52]. Analy-
ses reveal that these innovative formulations release insulin in response to blood glucose
spikes through polymer-responsive modules, thus avoiding the risk of hypoglycemia asso-
ciated with traditional insulin therapy [53]. The success of GSI offers a precise and dynamic
solution for diabetes treatment. In recent years, metformin, exenatide (a GLP-1 analog),
and MK-626 (a dipeptidyl peptidase 4 inhibitor) have been shown to promote autophagy
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in pancreatic β-cells and enhance insulin secretion. As a crucial cellular mechanism, au-
tophagy maintains β-cell homeostasis and balance by clearing damaged organelles and
proteins. These studies highlight the indispensable role of autophagy in insulin regulation
and metabolic health [42]. Exercise increases whole-body metabolic efficiency through
insulin-independent glucose uptake and significantly improves insulin sensitivity and glu-
cose clearance [54]. Additionally, exercise activates autophagy pathways, enhancing β-cell
resistance to oxidative stress and improving insulin secretion function [55]. These findings
further emphasize the importance of exercise as a non-pharmacological intervention in
diabetes management.

Although research on the role of ARF6 in β-cell metabolic regulation remains limited,
evidence suggests that it participates in the regulation of insulin secretion and autophagy
pathways through interactions with GEFs [42]. Early evidence indicates that abnormal
activation of ARF6 may interfere with the membrane transport system in β-cells, thereby
reducing the efficiency of GSIS [29]. Additionally, ARF6 activation is linked to lipid
metabolism and oxidative stress-related signaling pathways, providing scientific rationale
for its potential as a target for diabetes therapy.

3. Potential Link Between ARF6 and Obesity and T2DM Medications
We classified anti-obesity and anti-diabetic agents into three tiers based on exper-

imental evidence linking their efficacy to ARF6 signaling to distinguish direct physical
regulation, mandatory indirect mediation, and non-causal parallel pathway overlap:

Tier 1 (Direct biochemical validation): Compounds with confirmed physical interaction
with ARF6/ARNO GEF and quantifiable modulation of ARF6 GTP-GDP cycling via co-
immunoprecipitation and GTP pull-down assays.

Tier 2 (Indirect essential mediator): Drugs whose therapeutic effects are fully blunted
under ARF6 knockout, confirming ARF6 as an obligate downstream signaling intermediate.

Tier 3 (Correlative parallel pathways only): Agents showing synchronized ARF6
pathway fluctuation without biochemical or genetic proof of causal ARF6 dependence.

Several known medications to treat T2DM and obesity may be directly or indirectly
related to ARF6, with mechanisms that could be further elucidated. However, these
associations may only manifest as indirect effects in certain individual drugs. For example,
the following commonly used drugs may involve ARF6 (Figure 4):

(1) Liraglutide (Tier 1, Direct validated modulator): Liraglutide is a GLP-1 receptor
agonist that lowers blood glucose and reduces body weight by improving systemic
insulin sensitivity [56]. Biochemical co-immunoprecipitation assays confirm physical
complex formation between GLP-1R and the ARF6 guanine nucleotide exchange factor
ARNO, which blocks ARNO-mediated GDP-GTP exchange on ARF6 [5]. GTP pull-
down experiments further quantify the reduction of active GTP-bound ARF6 after
liraglutide exposure, providing direct biochemical proof that liraglutide modulates
ARF6 nucleotide cycling. Endothelial-specific ARF6 overexpression drives systemic
insulin resistance in chow-fed mice, a phenotype fully rescued by liraglutide treatment,
confirming ARF6 as a direct functional effector of GLP-1RA metabolic benefits [20].

(2) Metformin (Tier 2, Indirect essential mediator): Metformin inhibits hepatic glucose
production and enhances peripheral insulin sensitivity via the AMP-activated protein
kinase (AMPK) pathway [57]. Activated AMPK fine-tunes physiological ARF6 GTP-
GDP recycling to sustain intact glucose-stimulated insulin secretion (GS) [42]. In ARF6-
knockout pancreatic β-cells and mouse islets, metformin fails to restore impaired GSIS,
demonstrating ARF6 is an obligate downstream signaling intermediate rather than a
mere parallel signaling readout [5].
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(3) Alpha-glucosidase inhibitors (Tier 3, Correlative parallel pathways only): Alpha-
glucosidase inhibitors delay intestinal carbohydrate digestion to suppress postprandial
hyperglycemia [58]. Although ARF6 and Rac1 jointly control β-cell GSIS machinery,
no co-immunoprecipitation, ARF6 activity pull-down, or ARF6 knockout functional
assays have validated causal regulation between this drug class and ARF6. Observed
simultaneous shifts in glucose metabolism and ARF signaling only reflect overlapping
metabolic networks without directional causal linkage [59].

Figure 4. Association between ARF6, obesity, and T2DM treatments. Schematic illustrating the
core regulatory axes of ARF6 (β-cell function, inflammation, and glucose and lipid metabolism) and
corresponding antidiabetic pharmacotherapies. Representative agents include GLP-1RAs, metformin,
SGLT2 inhibitors, DPP-4 inhibitors, α-glucosidase inhibitors, orlistat, and IL-6 inhibitors, which act
via distinct molecular and physiological pathways to counteract ARF6-mediated diabetic pathogenic
processes. Dashed lines = regulatory/interaction pathways; solid lines = drug action pathways.

(4) Bile acid sequestrants (Tier 3, Correlative parallel pathways only): Bile acid seques-
trants improve glucose homeostasis by remodeling intestinal bile acid signaling [60].
ARF6 preserves gut barrier integrity through Sirt1-dependent cascades to support
insulin sensitivity, yet no biochemical binding tests or ARF6 loss-of-function studies
confirm that bile acid sequestrants target ARF6 as a core therapeutic mechanism [20].
The shared metabolic outputs arise from independent parallel signaling axes rather
than ARF6-dependent drug action.

(5) Dopamine agonists (Tier 3, Correlative parallel pathways only): Dopamine agonists
mitigate insulin resistance and restrain hepatic glucose overproduction. The ARF6
effector ASAP1 participates in dopaminergic metabolic circuits, but no genetic ablation
or protein interaction evidence verifies ARF6 as a required intermediate to mediate the
hypoglycemic effects of dopamine agonists [61]. Current literature only documents
non-causal pathway correlation.

(6) SGLT-2 inhibitors (Tier 2, Indirect essential mediator): SGLT-2 inhibitors reduce
glycemia by inhibiting renal tubular glucose reabsorption [52]. ARF6 subcellular
membrane localization governs renal epithelial glucose transport function. Global
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or renal tubular-specific ARF6 knockout blunts both the glucose-lowering and reno-
protective effects of SGLT-2 inhibitors in preclinical models, verifying ARF6 acts as an
indispensable downstream mediator of this drug class [62].

(7) Orlistat (Tier 3, Correlative parallel pathways only): Orlistat blocks gastrointestinal
lipase activity to reduce dietary fat absorption [63]. While ARF6 controls membrane
lipid remodeling, there exists no direct biochemical evidence for physical binding
between orlistat and ARF6 or its GEF regulators [64]. Concurrent alterations in lipid
turnover and ARF6 signaling after treatment represent coincident pathway covariation,
not ARF6-dependent therapeutic machinery.

(8) GLP-2 analogs (Tier 3, Correlative parallel pathways only): GLP-2 analogs improve
metabolic profiles by reinforcing intestinal epithelial barrier function [65]. Few pub-
lished co-immunoprecipitation or ARF6 knockout functional research confirms GLP-2
signaling directly reshapes ARF6 nucleotide cycling. Any regulatory connection be-
tween GLP-2 and ARF6 remains an unsubstantiated hypothesis lacking experimental
causal proof.

(9) IL-6 inhibitors (Tier 3, Correlative parallel pathways only): IL-6 inhibitors restore
insulin sensitivity by suppressing chronic low-grade inflammation [66]. ARF6 drives
proinflammatory NF-κB cascades, yet no ARF6 ablation studies demonstrate that
IL-6 blockade relies on ARF6 suppression to reverse insulin resistance [67]. Only
synchronized fluctuations in inflammatory signaling have been recorded, without
validated causal ARF6 mediation [20].

(10) Inhibitors of small G proteins (Tier 1, Direct validated modulator): Selective ARF6
antagonists directly bind ARF6 or its GEF proteins to lock ARF6 in the inactive GDP-
bound conformation [68]. In vitro co-immunoprecipitation and GTP pull-down assays
confirm direct physical binding and robust suppression of ARF6 GTP loading. In high-
fat-diet obese mouse models, these compounds reverse adipose and β-cell metabolic
dysfunction by inhibiting pathological ARF6 hyperactivation, with direct ARF6 in-
hibitory activity fully biochemically validated.

Collectively, Tier 1 agents possess definite biochemical evidence for ARF6 nucleotide
cycle regulation; Tier 2 drugs rely on ARF6 as a non-negotiable downstream effector to
exert metabolic benefits; Tier 3 compounds merely share overlapping metabolic signaling
networks without causal linkage to ARF6 activity. This tiered classification eliminates
ambiguous wording such as “potential link” or “indirect involvement” and clearly discrim-
inates causal ARF6 mediation from coincident signaling covariation.

4. Discussion
In summary, ARF6 governs pancreatic β-cell function via a U-shaped activity-response

gradient [28]. Subphysiological, GDP-locked ARF6 suppresses Cdc42/Rac1-dependent
vesicle transport and autophagy, impairing GSIS; balanced physiological GTP-GDP ARF6
cycling sustains steady insulin exocytosis, intact mitochondrial homeostasis and mild basal
anti-inflammation; constitutively GTP-bound hyperactive ARF6 induces excessive mito-
chondrial fission, ferroptosis and overactive NF-κB signaling to aggravate β-cell failure
and T2DM. Thus, optimal ARF6-directed therapies aim to restore physiological nucleotide
cycling rather than fully suppress or permanently activate this GTPase. Accurately, ARF6
exhibits dual, tissue-specific metabolic functions and mediates adipose-pancreas interorgan
lipotoxic crosstalk, forming a key translational obstacle for broad-spectrum ARF6 interven-
tion. Moderate physiological ARF6 signaling in pancreatic β-cells promotes GSIS through
the Cdc42/Rac1 cascade [5]; in contrast, excessive ARF6 activity in vascular endothelial
cells impairs endothelium-mediated vasodilation and peripheral glucose delivery, driving
systemic insulin resistance [20]. Meanwhile, sustained ARF6 hyperactivation in adipocytes
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triggers mitochondrial dysfunction and secretion of circulating lipotoxic and proinflamma-
tory mediators—saturated fatty acids, ceramides, TNF-α, and IL-6 [69]. These circulating
ligands bind β-cell GPR40 and TLR4 receptors, triggering transient compensatory β-cell
proliferation followed by irreversible lipotoxic secretory failure. Notably, in vivo knockout
evidence verifying this ligand–receptor signaling axis between adipose and pancreatic
tissue is still lacking [70]. Collectively, these tissue-disparate ARF6 phenotypes and unvali-
dated interorgan signaling circuits necessitate tissue-targeted ARF6 modulators to separate
therapeutic benefits from off-tissue toxic effects in metabolic disease treatment.

This study highlights the critical role of ARF6 in insulin secretion and metabolic
disorders, providing new molecular insights into the pathogenesis of metabolic diseases,
including T2DM and obesity. ARF6 participates in insulin secretion and lipid metabolism
by regulating signaling pathways such as Cdc42 and Rac1, suggesting that it is a crucial
pathological mediator and a potential therapeutic target. Further research into ARF6’s role
in metabolic disorders could offer molecular mechanisms to enhance the efficacy of existing
drugs, such as GLP-1RAs and metformin, and aid in developing novel treatments, particu-
larly for refractory diabetes and obesity-related metabolic diseases. Although this study
systematically evaluates the role of ARF6 in metabolic disorders through a combination of
literature review, several limitations remain (Figure 1). However, existing ARF6 research
yields contradictory outcomes determined by ARF activity magnitude, cell type and ex-
perimental models. Current evidence has prominent limitations: heavy reliance on rodent
cell/HFD mouse data, insufficient human islet/adipose clinical specimens, and absent
long-term compound safety assays. Key unresolved gaps cover interorgan adipocyte-β-cell
signaling mediators and tissue-selective ARF modulator design. While ARF6 acts as a
central metabolic hub for intervention, tissue-divergent effects and its narrow physiolog-
ical activity window create major translational obstacles. Markedly, pan-ARF6 pathway
blockade poses potential long-term safety risks, as basal ARF6 activity is indispensable
for immune cell migration, endothelial repair and wound healing. Current short-term
(8-week) high-fat diet mouse studies of SH-BC-893 demonstrate preserved macrophage
chemotaxis and normal cutaneous wound closure, attributed to its selective inhibition
of ceramide-triggered pathological ARF6 endocytic recycling rather than universal ARF6
physiological cycling. However, long-term chronic toxicity data (≥12 months continu-
ous dosing) remain absent, representing a major translational safety gap. To resolve this
limitation, next-generation ARF6 modulators should be engineered to selectively target
stress-induced hyperactive ARF6 without disrupting basal homeostatic ARF6 function,
combined with adipose-tropic targeted delivery to spare immune and epithelial tissue
ARF6 signaling.

5. Future Directions and Conclusions
Future research should incorporate larger-scale clinical samples and multi-center stud-

ies to validate further the mechanisms and clinical relevance of ARF6 in metabolic disorders.
Emerging analytical and experimental tools will deepen ARF6 research: single-cell tran-
scriptomics and spatial omics map cell-type-specific ARF6 expression in metabolic organs;
CRISPR editing generates tissue-specific ARF6 mutant models for functional verification;
patient-derived pancreatic organoids mitigate limitations of rodent models; multi-omics
profiling enables screening of ARF6-related circulating biomarkers for early metabolic
disorder diagnosis. Long-term in vivo safety profiling of ARF6 modulators and the devel-
opment of tissue-specific delivery platforms are urgently required to overcome the systemic
risks of pan-ARF6 inhibition.

Currently, most ARF6 metabolic studies use mouse high-fat diet models and rodent
beta cell lines. Islet structure and GSIS kinetics differ greatly between mice and humans,
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which limits translational value. Experiments on isolated human primary islets confirm
the core ARF6-Cdc42/Rac1 insulin secretion pathway. However, we still lack large clinical
human tissue data. No published work tracks how ARF6 activity changes as metabolic
diseases worsen in patients. Future translational research should integrate multi-stage
patient visceral adipose and pancreatic islet biobanks, human stem cell-derived pancreatic
organoids and single-cell spatial omics to quantify ARF6 activity gradients from prediabetes
to advanced T2DM, establishing clinical correlations between ARF6 signaling intensity and
β-cell secretory reserve, insulin resistance severity and obesity grade.
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