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Abstract: Omentin is an adipokine mainly produced by visceral fat tissue, and it has two isoforms: omentin-1
and omentin-2. Omentin-1 is predominantly secreted by visceral adipose tissue, deriving specially from the
stromal vascular fraction cells of white adipose tissue (WAT). Levels of omentin-1 are also expressed in other
WAT depots, like epicardial adipose tissue. Omentin-1 exerts several beneficial effects in glucose homeostasis
in obesity and diabetes. In addition, research has suggested that omentin may have atheroprotective (protective
against the development of atherosclerosis) and anti-inflammatory effects, potentially contributing to
cardiovascular health. This review highlights the potential therapeutic targets of omentin-1 in metabolic-
related disorders.

Keywords: omentin; adipokines; diabetes mellitus; endothelial dysfunction; inflammation;
oxidative stress

1. Introduction

Adipose tissue, in addition to storing energy, secretes a range of cellular components and
inflammatory mediators. Tumor necrosis factor-a (TNFa), interleukin-6 (IL-6), leptin, retinol-binding
protein, resistin, adiponectin, omentin, apelin, visfatin, and other substances are secreted by different
adipose tissue depots with regional heterogeneity (Galic et al., 2010). These secretions have an impact
on the metabolism of carbohydrates and lipids, and they also play a significant part in pathological
processes that include insulin resistance, type 2 diabetes, atherosclerosis, inflammation, and
dysfunction of the vascular endothelium (Galic et al., 2010).

Omentin-1 is a glycoprotein that has emerged as a key player in the complex interplay between
adipose tissue and various physiological processes. Omentin-1 is primarily produced by the stromal
vascular cells of the visceral adipose tissue (Yang et al., 2006). This adipokine exist in human blood
and it is highly expressed in human visceral and epicardial adipose tissues, with lower levels found
in other white adipose tissue depots such as subcutaneous WAT (Fain et al., 2005). Omentin-1 is
expressed in various cells including endothelial cells, mesothelial cells, vascular cells, intestinal
Paneth cells among others; exerting a paracrine, autocrine, and endocrine signaling influence
(Watanabe et al., 2017). Importantly and similarly to adiponectin circulating omentin levels are
reduced in obese subjects. In fact, individuals with poor glucose regulation have lower serum levels
of omentin-1, and this depletion may play a role in the emergence of insulin resistance, type 2
diabetes, obesity, and metabolic syndrome. Indeed, there is a negative correlation between the serum
concentration of omentin-1 and the following: body mass index, insulin resistance index, leptin,
plasma glucose, fasting insulin, TNFa, and IL-6 (Pan et al., 2010; Herder et al., 2015; Liu et al., 2011;
Sperling et al., 2016). This adipokine is downregulated in association with obesity linked metabolic
disorders including type 2 diabetes, and insulin resistance (de Souza Batista et al., 2007; Elsaid et al.,
2018; Pan et al., 2010; Pan et al., 2019).

Several factors can influence the production and secretion of omentin including obesity, insulin
sensitivity, inflammation, genetic factors, and hormones, such as adiponectin and insulin, fibroblast
growth factor-21 and dexamethasone may also influence omentin production (Watanabe et al., 2017).
Adiponectin, another adipokine, has been linked to omentin, and insulin sensitivity may play a role
in omentin regulation. Understanding these factors is essential for unraveling the complex regulatory
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mechanisms of omentin and its potential implications for metabolic and cardiovascular health.
Ongoing research continues to explore the intricate interplay between omentin, adipose tissue, and
systemic physiology.

This review highlights the potential therapeutic targets of omentin-1 in metabolic-related
disorders. Relevant pre-clinical and clinical studies were summarized and discussed. Pubmed search
was performed between 1990-2023 using the words: omentin-1, endothelial function, obesity, type 2
diabetes, inflammation, and oxidative stress.

2. Vascular Effects of Omentin

Omentin has been implicated in several positive effects on vascular function, making it an area
of interest in cardiovascular research. Omentin exerts several positive effects on vascular function,
including vasodilation, anti-inflammatory actions, and potential anti-atherosclerotic effects
(Hiramatsu-Ito et al., 2016).

2.1. Vasodilation

Omentin has been associated with the promotion of vasodilation, which is the relaxation of
blood vessels (Yamawaki et al., 2010). This vasodilatory effect is important for maintaining proper
blood flow and reducing the resistance within the vascular system (Kazama et al., 2013). Enhanced
vasodilation contributes to optimal cardiovascular function (Sena et al., 2014).

2.2. Anti-Inflammatory Actions

Omentin exhibits anti-inflammatory properties. Inflammation plays a crucial role in the
development of vascular diseases, including atherosclerosis (Sena et al., 2014). By exerting anti-
inflammatory actions, omentin may help mitigate the inflammatory processes within blood vessels,
reducing the risk of vascular damage and atherosclerotic plaque formation (Uemura et al., 2015;
Askin et al., 2020). Indeed, omentin-1 inhibits TNF- , IL-6 and other inflammatory cytokines
ultimately impacting vascular and tissue functions (Kazama et al., 2012; Fernandez-Trasancos et al.,
2017, Wang et al, 2019). Several studies have described the anti-inflammatory and anti-
atherosclerotic effects of omentin through intracellular signaling pathways involving Mitogen-
activated protein kinase (p38, JNK, ERK), nuclear factor-xB, and AMP-activated protein kinase/Akt
(Watanabe et al., 2017).

2.3. Endothelial Protection

Omentin appears to have protective effects on the endothelium, the inner lining of blood vessels.
Endothelial health is essential for maintaining vascular integrity and function (Sena et al., 2014, 2017).
In patients with type 2 diabetes, lower levels of omentin-1 have been linked to endothelial
dysfunction (Hayashi et al., 2019). Omentin-1 has an endothelial-dependent effect on the vascular
reactivity of isolated blood vessels, according to research by Yamawaki and colleagues (2010).
Accordingly, we discovered that omentin-1 treatment restored endothelial dysfunction in type 2
diabetes by normalizing ACh-induced relaxation of aortic rings in diabetic Goto-Kakizaki (GK) rats
fed a high-fat diet. In arteries without perivascular adipose tissue (PVAT), omentin-1 had no effect
on endothelial-independent vasorelaxation. Moreover, the aortas of diabetic GK rats mounted with
PVAT showed a reduction in the ETl-induced constrictor response in response to omentin-1
(Leandro et al., 2021). Notably, ex vivo omentin-1 vasorelaxation in aortic rings seems to be successful
and mostly unrelated to increased peripheral insulin sensitivity (Yang et al., 2006).

Omentin's positive influence on endothelial cells contributes to the prevention of endothelial
dysfunction, a key factor in the development of cardiovascular diseases (Dong et al. 2021; Liu et al.,
2020; Maruyama et al., 2012).

2.4. Nitric Oxide Production
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Omentin has been reported to stimulate the production of NO in endothelial cells. Nitric oxide
is a signaling molecule with vasodilatory properties. Increased NO production helps regulate blood
vessel tone, ensuring proper blood flow and reducing the risk of vascular constriction (Sena et al.,
2014). Omentin-1 has been shown in earlier research to protect endothelial cells by inducing NO
production and endothelial NO synthase (eNOS) activation (Yamawaki et al., 2010; Qi et al., 2016).
Furthermore, omentin-1 was able to raise NO metabolites in the aortas and considerably raise the
ratio of p-eNOS to total eNOS, suggesting that omentin-1's ability to restore endothelial function is
caused by an increase in NO bioavailability (Leandro et al., 2021). Vascular oxidative stress was
decreased, and nitric oxide (NO) bioavailability was improved by omentin-1 treatment in diabetic
GK rats fed (Leandro et al., 2021).

Indeed, omentin-1 can improve endothelial function in normal mice's arteries that have
endothelial dysfunction brought on by high glucose concentrations. This improvement is mediated
by AMPK and PPAR® and results in an increase in Akt/eNOS activity and NO production (Liu et al.,
2020).

2.5. Anti-Atherogenic Effects

Omentin has an enormous potential against atherosclerotic initiation and progression.
Atherosclerosis is a condition characterized by the buildup of fatty deposits (plaque) in the arterial
walls, leading to narrowing and hardening of the arteries (Lusis, 2000).

Omentin's ability to promote vasodilation, reduce inflammation, and protect endothelial cells
may contribute to its potential anti-atherogenic properties (Leandro et al.,, 2021; Watanabe et al.,
2016). In addition, omentin-1 as anti-inflammatory, antioxidant and anti-apoptotic properties
positively impacting endothelial function and preventing atherosclerosis (Gu et al., 2019; Liu et al.,
2011; Watanabe et al., 2016).

Recent research has demonstrated the extensive involvement of omentin in numerous
pathophysiological processes, including atherogenesis, obesity, insulin resistance, inflammatory
response, and regulation of vascular endothelial function (Du et al., 2016; Ge et al., 2021; Harada et
al., 2016; Liu et al., 2020; Varona et al., 2019). It improves insulin sensitivity, lowers inflammation,
prevents atherosclerosis, controls the activity of vascular endothelial cells (Leandro et al., 2021; Lin et
al., 2021), and protects the cardiovascular system (Greulich et al., 2013).

Omentin-1 has gained attention due to its potential significance in vascular function and its role
in metabolic regulation.

3. Metabolic Regulation

Omentin has been implicated in metabolic regulation, particularly in influencing insulin
sensitivity and glucose metabolism (Yang et al., 2006; Jialal et al., 2013; Koleva et al., 2013). Omentin
is a protein that has been studied for its potential roles in metabolic health and regulation. It has been
associated with improved insulin sensitivity, glucose and lipid metabolism.

3.1. Insulin Sensitivity

Omentin has been associated with improvements in insulin sensitivity. Insulin sensitivity refers
to how effectively cells respond to insulin's signaling to uptake glucose from the bloodstream.
Enhanced insulin sensitivity is generally considered beneficial for metabolic health as it helps
maintain normal blood glucose levels.

Omentin-1 levels have been demonstrated to be lowered in dysmetabolic conditions, including
diabetes mellitus (Eimal Latif et al., 2021; Pan et al., 2010; Pan et al., 2019), obesity (de Souza Batista
et al., 2007), and impaired glucose tolerance (Cetin Sanlialp et al., 2022). On the other hand, following
aerobic exercise (Saremi et al., 2010), hypocaloric weight loss (Moreno-Navarrete et al., 2010), and
metformin therapy (Tan et al., 2010), omentin-1 levels are increased. Higher levels of omentin-1 are
advantageous for improving insulin-stimulated glucose transport because they activate Akt
signaling, which regulates downstream processes like glucose metabolism (Watanabe et al., 2017).
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Like adiponectin, it increases insulin sensitivity through and increment in insulin mediated glucose
uptake in adipose tissue. Omentin-1 is downregulated by glucose/insulin levels (Watanabe et al.,
2017).

We have previously demonstrated that omentin-1 could lower insulin resistance in GK rats fed
with high-fat diet (Leandro et al., 2021). Prior research indicates that this adipokine plays a significant
role in regulating insulin sensitivity. Indeed, chronic omentin-1 infusion into ApoE-/- mice may
improve insulin resistance via PPARY, leading to a decrease in plasma glucose concentration (Yang
et al., 2006). The beneficial metabolic effects may indirectly contribute to vascular health by
addressing risk factors for cardiovascular diseases.

Omentin-1 has also been associated with beneficial effects against bone metabolic disorders (Xie
et al., 2011; Rao et al.,, 2018). Understanding its role in these processes is essential for exploring its
potential therapeutic applications in metabolic disorders.

3.2. Glucose Uptake

Omentin appears to influence glucose uptake in peripheral tissues, such as skeletal muscle and
adipose tissue. By promoting glucose uptake, omentin may contribute to the regulation of blood
glucose levels. This effect is particularly relevant in the context of insulin resistance, a condition
where cells become less responsive to insulin's actions, leading to elevated blood sugar levels.

3.3. Adiponectin Interaction

Omentin and adiponectin, another adipokine, share structural and functional similarities.
Omentin may interact with adiponectin receptors and both adipokines have been linked to
improvements in insulin sensitivity (Brunetti et al., 2014). The specific mechanisms through which
omentin and adiponectin cooperate in metabolic regulation are still an area of active research.

3.4. Anti-Inflammatory Effects

Chronic inflammation is associated with insulin resistance. Omentin's anti-inflammatory
properties may contribute to improved insulin sensitivity by reducing inflammation in tissues like
adipose tissue and the liver (Herder et al, 2015; Michalczyk et al., 2021; Waluga et al., 2019).
Inflammation interferes with insulin signaling pathways, and by mitigating inflammation, omentin
may help maintain proper insulin responsiveness. Omentin blunts cytokine expression in different
cell types (Fernandez-Trasancos et al., 2017; Kazama et al.,, 2012; Kazama et al., 2015; Wang et al.,
2019; Yamawaki et al., 2011) and is negatively associated with systemic inflammatory markers such
as TNFa and IL-6 (Zabetian-Targhi et al., 2016). Thus, omentin is a biomarker for metabolic health
that may function to dampen obesity-related cytokine effects (Shibata et al., 2012; Zhou et al., 2020).
Indeed, itis possible that omentin-1 works by blocking the NF-«xB pathway and triggering the AMPK-
and Akt-dependent pathways (Kataoka et al., 2014). Anti-diabetic medications may have an impact
on the level of circulating omentin-1, which is inversely linked to the incidence of type 2 diabetes and
certain of its complications, such as cardiomyopathy, retinopathy, and diabetic vascular disease
(Okamura et al., 2023).

3.5. Lipid Metabolism

Omentin has been suggested to influence lipid metabolism (Herder et al., 2015; Michalczyk et
al., 2021). It may play a role in regulating the breakdown of fats (lipolysis) and lipid storage in adipose
tissue (Herder et al., 2015; Michalczyk et al., 2021). By modulating lipid metabolism, omentin could
impact insulin sensitivity and overall metabolic health.

3.6. Potential Hormonal Interactions

Omentin's effects on metabolic regulation may involve interactions with various hormones,
including insulin, adiponectin, and others. These interactions contribute to the complex network of
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signaling pathways that regulate glucose and lipid metabolism (Herder et al., 2015; Michalczyk et al.,
2021).

While the evidence suggests a link between omentin and metabolic regulation, it's crucial to note
that research in this field is ongoing, and the precise mechanisms involved are still being uncovered.
The potential therapeutic applications of omentin in addressing metabolic disorders, such as insulin
resistance and type 2 diabetes, warrant further exploration and investigation.

4. Clinical Implications

Herin are summarize some clinical implications or potential therapeutic applications of omentin
in vascular and metabolic disorders.

4.1. Cardiovascular Diseases

Omentin's positive effects on vascular function, including vasodilation, anti-inflammatory
actions, and potential anti-atherosclerotic effects, suggest potential applications in cardiovascular
diseases (Biscetti et al., 2019; Biscetti et al., 2020). Therapies aimed at increasing omentin levels or
enhancing its activity could be explored for conditions such as atherosclerosis, hypertension, and
other cardiovascular disorders (Cetin Sanlialp et al., 2022; Fang et al., 2022; Okamura et al., 2023).

4.2. Metabolic Disorders

Omentin's involvement in metabolic regulation, insulin sensitivity, and glucose metabolism
makes it a potential target for metabolic disorders. Strategies to modulate omentin levels or activity
may be considered in the management of insulin resistance, type 2 diabetes (Biscetti et al., 2020), and
obesity (Weng et al., 2017; Zhou et al., 2020).

4.2.1. Omentin and obesity

In obesity associated with insulin resistance higher circulating levels of retinol-binding protein
4 (Sun et al., 2013), visfatin (Jacques et al., 2012), chemerin (Weng et al., 2017), vaspin (Feng et al,,
2014) and resistin (Fontana et al., 2015) and to lower levels of omentin-1 (Narumi et al., 2014) and
adiponectin (Wu et al., 2014) have been reported.

However, adipokine expression levels in specific adipose tissue depots might not necessarily
correlate with the adipokine levels in the circulation (Margaritis et al., 2013), suggesting the existence
of complex mechanisms that regulate the biology and secretome of the adipose tissue. Importantly,
in obesity, omentin-1 plays a significant anti-inflammatory role, most likely through upregulating
Th-2 cytokines like IL-13 and IL-14. Increased concentrations of omentin are thought to lower the
levels of inflammatory cytokines (Zabetian-Targhi et al., 2016).

4.2.2. Insulin Resistance and Type 2 Diabetes

Improving insulin sensitivity is a key goal in managing insulin resistance and type 2 diabetes.
Omentin's potential to enhance insulin sensitivity suggests that it could be a therapeutic target for
individuals with insulin resistance or those at risk of developing type 2 diabetes (Eimal Latif et al.,
2021; Zabetian-Targhi et al., 2016; Zhou et al., 2020).

4.2.3. Obesity and Metabolic Syndrome

Omentin's role in adipose tissue and its potential influence on lipid metabolism may have
implications for obesity and metabolic syndrome (Cetin Sanlialp et al., 2022; Liu et al., 2011; Varona
et al., 2019; Zhang et al., 2017). Therapeutic approaches that aim to modulate omentin levels or
activity could be explored in the context of obesity management and preventing metabolic syndrome-
related complications.

4.3. Inflammatory Disorders
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Omentin's anti-inflammatory properties make it relevant in conditions associated with chronic
inflammation. This includes inflammatory disorders that can impact vascular health, such as
rheumatoid arthritis (Robinson et al., 2017). Omentin-based interventions might be investigated as a
complementary approach to address inflammation in these conditions.

4.4. Future Therapeutic Developments

Ongoing research may uncover novel therapeutic strategies, such as the development of
omentin-based drugs or interventions that target omentin receptors. These advancements could open
new avenues for personalized medicine approaches tailored to individuals with specific vascular and
metabolic profiles.

Importantly, while the potential therapeutic applications of omentin are promising, further
research, including clinical trials, is needed to establish its efficacy, safety, and optimal modes of
administration. The field of omentin research is dynamic, and advancements in understanding its
role in health and disease may lead to new therapeutic opportunities in the future.

5. Challenges and Future Directions

While omentin holds promise for its potential benefits in vascular function, there are several
challenges and gaps in understanding that researchers face.

Receptor Identification and Signaling Pathways

Identifying the specific receptors through which omentin exerts its effects on vascular cells
remains a challenge. Omentin receptors and the complete signaling pathways and downstream
effects are not fully elucidated. A more comprehensive understanding of the molecular mechanisms
involved is needed.

5.1. Tissue-Specific Effects

Omentin is expressed in various tissues, including adipose tissue, but its effects may be tissue
specific. Understanding how omentin functions in different tissues and whether its effects on
vascular function vary in different vascular beds is a complex aspect that requires further
investigation.

5.2. Interactions with Other Adipokines

Omentin shares similarities with other adipokines, such as adiponectin or apelin. The
interactions and potential synergies between omentin and other adipokines in modulating vascular
function are not fully understood. Disentangling these interactions is crucial for a more
comprehensive view of omentin's role.

5.3. Dose-Response Relationships

Determining optimal dosage levels for potential therapeutic interventions is challenging.
Omentin's effects may vary based on concentration and understanding the dose-response
relationships is essential for designing effective treatments without adverse effects.

5.4. Role in Disease Progression

The context-dependent role of omentin in various disease states is not fully understood. For
example, while it may have anti-atherosclerotic effects, its role in advanced stages of vascular diseases
or in conditions with chronic inflammation needs further exploration.

5.5. Biomarker Validity

Omentin has been proposed as a potential biomarker for certain metabolic and cardiovascular
conditions. However, the validity, specificity, and sensitivity of omentin as a biomarker need to be
thoroughly validated in diverse populations and clinical settings.
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Initiate longitudinal studies to investigate the association between circulating omentin levels
and the development of vascular and metabolic disorders over time. This could provide insights into
the predictive value of omentin as a biomarker.

5.6. Limited Clinical Data

While preclinical studies suggest beneficial effects, translating these findings to clinical
applications poses challenges. Establishing the safety, efficacy, and feasibility of interventions
targeting omentin in humans requires well-designed clinical trials. Conduct well-designed clinical
trials to assess the safety and efficacy of interventions targeting omentin in humans. Investigate the
potential therapeutic applications of omentin in cardiovascular diseases, metabolic disorders, and
other related conditions.

The number of clinical studies investigating omentin's role in vascular function is relatively
limited compared to preclinical research. Expanding the clinical evidence base is critical for
understanding its relevance in human health and disease.

Addressing these challenges will contribute to a more comprehensive understanding of
omentin's role in vascular function and facilitate the development of targeted therapeutic
interventions. As research progresses, these challenges are likely to be addressed, leading to a clearer
picture of omentin's potential in clinical applications.

Future research on omentin could explore several key areas to deepen our understanding of its
role in health and disease.

5.7. Mechanistic Insights

Elucidate the precise molecular mechanisms through which omentin exerts its effects on
vascular cells. Identify the specific receptors and downstream signaling pathways involved in
omentin-mediated vasodilation, anti-inflammatory actions, and other vascular effects.

5.8. Role in Inflammation

Further investigate omentin's role in modulating inflammation, both locally within adipose
tissue and systemically. Explore how omentin's anti-inflammatory actions may impact the
progression of inflammatory diseases, including those affecting the vasculature.

5.9. Genetic Variations

Explore the impact of genetic variations in the omentin gene on omentin expression and function
(Rathwa et al., 2019). Investigate whether specific genetic polymorphisms are associated with altered
susceptibility to vascular and metabolic disorders.

5.10. Omentin as a Therapeutic Target

Evaluate the feasibility and efficacy of developing therapeutic interventions that directly target
omentin or its receptors. Investigate the potential use of omentin-based drugs or interventions to
improve vascular function and metabolic health.

5.11. Sex Differences

Explore potential sex differences in omentin levels and effects on vascular function. Investigate
whether omentin's role varies between males and females, which could have implications for
personalized medicine approaches.

As research in the field of omentin continues, addressing these areas of exploration will
contribute to a more comprehensive understanding of its physiological functions and potential
clinical applications.

6. Conclusion
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A schematic diagram summarizing the key features of omentin is presented.
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Figure 1. Schematic representation of the beneficial effects of omentin-1.

- Omentin-1 is an adipocytokine widely expressed in a variety of cells, exhibiting microbial
defense, antioxidative, anti-inflammatory, and anti-apoptotic properties.

- Omentin-1 exhibits a wide range of therapeutic potential in diabetes by reducing comorbidities
linked to type 2 diabetes mellitus, such as vascular diseases and diabetic nephropathy
(Senthilkumar et al., 2018; Song et al., 2018). Noteworthy, of the major adipocytokines that inhibit
atherosclerosis, omentin-1 has a strong correlation with inflammation, macrophage
differentiation, arterial calcification, and plaque formation (Xu et al., 2019).

- Omentin-1 inhibits insulin resistance, atherosclerosis, and inflammation through the intracellular
signaling pathways of AMP-activated protein kinase/Akt/nuclear factor-kB/mitogen-activated
protein kinase (ERK, p38, and JNK).

- Omentin-1 may be used as a biomarker for metabolic syndrome, obesity, diabetes,
atherosclerosis, ischemic heart disease, and inflammatory diseases.

- This review sheds light on how omentin-1 might be used to treat these diseases and serve as a
biomarker.
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