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ABSTRACT 

Background. Adipokines play a significant role in autocrine/paracrine regulation of adipocyte differentiation, 

metabolism, and local inflammatory responses. They also regulate the systemic metabolism of fat and glucose through 

the intracellular/systemic action of the brain, liver, and muscle. Semaphorin 3E (Sema3E) is a novel adipokine essential 

to obesity and related diseases. Sema3E is an exception among semaphorin proteins and depends on a specific Plexin 

D1 receptor (Plexin D1). Objectives. This brief review synthesizes the current knowledge dealing with the role that 

Sema3E and Plexin D1 can play in response to physical exercise effects in individuals with obesity. Methods. A brief 

narrative review is used to reach the aim of the study. Results. Some scientific evidence may suggest a positive 

influence of physical exercise training on Semaphorin 3E/Plexin D1 Axis levels. Conclusions. However, physical 

exercise has a role in these factors that must be investigated to improve our understanding of the role of inflammation 

in obesity and insulin resistance.  
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INTRODUCTION 
Obesity, insulin resistance, and type 2 diabetes 

are contributing to pan-epidemic levels of 

metabolic diseases and becoming the leading 

causes of death worldwide (1, 2). Obesity is 

accompanied by visceral fat infiltration and 

impairment of aspects of metabolic regulation by 

select immune cells, specifically macrophages 

(3). Accumulating adipose tissue undergoes 

extensive rehabilitation and macrophage 

invasion, disrupting tissue homeostasis (4). 
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Adipose tissue macrophages secrete 

inflammatory cytokines, in particular tumor 

necrosis factor-alpha (TNFα) and interleukin-6 

(IL-6), which influence chronic inflammation and 

contribute to the development of systemic insulin 

resistance (3). Hence, adipose tissue is viewed as 

an active endocrine organ, producing several 

signaling peptides with many biological functions 

with both positive and negative impacts on 

homeostasis (5-8).  

The signaling molecules called adipokines 

(adipocyte cytokines) (9, 10) play a key role in 

autocrine/paracrine regulation of adipocyte 

differentiation, metabolism, and local 

inflammatory responses (11, 12). They also 

regulate the systemic metabolism of fat and 

glucose through the intracellular/systemic action 

of the brain, liver, and muscle. Adipokine levels in 

serum and secretion are significantly affected by 

the number and size of adipocytes (13, 14). 

Semaphorin 3E (Sema3E) is a novel adipokine 

essential in obesity and related diseases (15). 

Nishide et al. identified Sema3E as a potent 

regulator of adipose tissue macrophage 

accumulation, thereby contributing to systemic 

insulin resistance (16). Class 3 Semaphorins are 

secreted and membrane proteins that can mediate 

both excitatory and absorbing signals through 

various receptors in the plexin or neuropilin 

families (17). Sema3s do not directly interact with 

the plexin receptor but instead interact with 

neuropilin-1 (Nrp1) or Nrp2, resulting in the 

assembly and activation of the Nrp-plexinA (or 

Nrp-plexinD1) holoreceptor complex (18). 

Sema3E is an exception among semaphorin 

proteins and depends on a specific Plexin D1 

receptor (Plexin D1) (19). The Sema3E expression 

is significantly concentrated in adipocytes, while 

the Plexin D1 receptor is observed in both 

adipocytes and accumulated macrophages (20). 

This brief review aims to synthesize the current 

knowledge dealing with the role that Sema3E and 

Plexin D1 can play in response to physical exercise 

effects in individuals with obesity. 

 

 NUTRIENT SENSING AND IMMUNE 

SIGNALING  

Sema3E and Plexin D1 are essential in the 

inflammatory response of adipose tissue, 

particularly when a high-calorie diet is consumed, 

i.e., which are associated with various metabolic 

disorders (21). For example, the Sema 3E-Plexin 

D1 axis is up-regulated in adipose tissue of obese 

people (4). Schmidt and Moore used a diet-

induced obesity model (DIO) to investigate the 

role of semaphorins and plexins in adipose tissue 

inflammation by feeding mice with a high fat/ 

high sucrose (HFHS) diet (4). Findings indicated 

that compared to mice with a regular diet, those 

on HFHS had an increase in the penetration of 

single-core cells into visceral fat. Schmidt et al. 

also investigated the protein expression of 

semaphorins in various tissues of DIO mice, 

showing that Sema3E expression was 

significantly increased, as was Plexin D1 in 

adipose tissue (4). All these results were 

accompanied by an increase in plasma Sema3E 

levels, indicating a potential interaction between 

secretion of Sema3E by adipose tissue and the 

expression of Plexin D1 by macrophages. 

Sema3E plasma levels have also increased in 

patients with diabetes, indicating the potential 

role of the Sema3E-Plexin D1 axis in metabolic 

diseases. Schmidt and Moore found that Sema3E 

overexpression causes adipose tissue 

inflammation by generating adipocyte-specific 

Sema3E transgenic mice (4). They used a 

construct containing full-length Sema3e cDNA 

driven by the Fabp4 promoter and fed them a 

standard diet (4). These mice showed a significant 

increase in Sema3E expression in their adipose 

tissue, and plasma Sema3E levels were 

significantly higher than in the control group (4). 

Moreover, Sema3E inhibited insulin signaling in 

adipocytes by blocking Akt phosphorylation. 

In another study, Shimizu et al. also observed 

a selective increase in the Sema3E expression in 

the visceral adipose tissue of high-fat-diet-fed 

mice, and this paralleled an increase in serum 

levels of Sema3E (20). Based on this, it seems 

that Sema3E secretion results in the spread of 

adipose tissue in adipocytic macrophages and the 

action of adipocytic pathogens that cause insulin 

resistance. In contrast, overexpression of Sema3E 

by a specific lipid inducer instead of adipose 

tissue macrophage accumulation resulted in 

insulin resistance and glucose intolerance in 

chow-fed mice (4). 

The elimination of Sema3E improves diet-

induced lipid inflammation and metabolic 

abnormalities. Similarly, patients with diabetes 

show increased plasma Sema3E, which may play 

a role in Sema3E-Plexin D1 signaling in human 

metabolic diseases (20). In mice, injections of 
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Plexin D1 were sufficient to reciprocate the 

effects of Sema3E in obesity, including 

accumulation of adipose tissue macrophages, 

insulin resistance, and glucose intolerance (20). 

These findings suggest that dealing with the 

systemic effects of Sema3E may help reduce 

insulin resistance. For example, mice fed a high-

fat diet exhibit changes in their serum, muscle, 

and adipose tissue lipid profiles indicative of 

mitochondrial dysfunction, and incubating 

macrophages with these lipids drives (22, 23). 

In summary, these studies support that the axis 

of Sema3E-Plexin D1 should be considered an 

essential factor in developing adipose tissue 

inflammation and may contribute to systemic 

insulin resistance and diabetes. To that end, the 

inhibition of the Sema3E-Plexin D1 axis reduces 

the inflammation of the adipose tissue 

significantly and improves insulin resistance in 

the diet-induced obese mouse model (20). 

Conversely, excessive expression of Sema3E in 

the adipose tissue is a causative factor in 

inflammation and insulin resistance. Nonetheless, 

further studies are needed to identify possible 

treatment opportunities for Sema3E in obesity 

and its role in regulating the function of immune 

cells and inflammatory responses.  

 

ANIMAL TO HUMAN MODEL - EXERCISE 

TRAINING AND SEMAPHORIN 3E/PLEXIND1 

AXIS 

There are still unresolved questions regarding 

how we design and interpret immunometabolic 

changes in the animal model and successfully 

translate these approaches to humans to treat or 

prevent disease. Hotamisligil states that we must be 

mindful of the large inter-individual variability in the 

magnitude of the immune response in humans (24). 

However, exercise training is influential in 

reducing inflammation and the subsequent risk of 

developing obesity, diabetes, and cardiovascular 

disease (25, 26). Due to these positive effects of 

exercise training on metabolic outcomes, we 

propose that exercise training may improve 

insulin resistance by reducing adipose tissue 

inflammation by inhibiting and suppressing the 

Sema3E-Plexin D1 axis. Future research is 

warranted on the effects of exercise training on 

Sema3E and its receptor Plexin D1. Plexin-

D1/Sema3E axis is a known trigger in systemic 

sclerosis (SSc) endothelium but may have a role 

in the dysregulation of angiogenesis and vascular 

tone control (27). In summary, the Semaphorin 

3E/PlexinD1 axis is influenced by macrophage 

inflammation and changes in vascular tone (27), 

and conversely, exercise is known to reduce 

endothelium dysfunction and subsequent 

macrophage infiltration (28).  

No studies are currently detailing the possible 

mechanisms of exercise training and physical 

activity that influence the Semaphorin 3E/Plexin 

D1 axis in animals or humans. Relative to 

exercise training, depending on the type and 

intensity, it stimulates the secretion of various 

hormones such as catecholamines (29), growth 

hormone, and glucagon (30, 31), indirectly 

decreasing adipose tissue and insulin resistance. 

These events may result from decreased 

Semaphorin 3E/Plexin D1 axis level. In addition, 

positive changes in blood lipids (32) and those 

adipokines related to insulin resistance (RBP-4 

and TNF-α) (32), leptin (33), visfatin (34), 

adiponectin (35), and omentin (36) have been 

observed following exercise training. They may 

also decrease the secretion of Semaphorin 

3E/Plexin D1 axis. On the other hand, exercise 

training is also associated with increased 

antioxidant capacity and decreased free radicals 

(37, 38), which lead to reduced inflammation, 

insulin resistance, and potential obesity (39). 

Several studies have reported that exercise 

training increases cholesterol transporters such 

ABCG and ABCA1 within adipose tissue, 

increasing cholesterol transportation and 

reducing adipose tissue (40, 41) and again, 

exerting a positive influence on Semaphorin 

3E/Plexin D1 Axis levels.   

Besides exercise training decreases, adipose 

tissue, through increasing the activity of beta-

oxidation, improves the fat utilization in lipolysis 

(42, 43), potentially leading to improvement in 

both Semaphorin 3E/Plexin D1 axis levels and 

insulin resistance. Exercise training also enhances 

blood-oxygen-delivery to adipose tissue, fat-

burning, fatty acids transportation, and oxidation 

by increasing adipose tissue's angiogenesis (44, 

45). These changes are also possibly associated 

with improved insulin resistance and Semaphorin 

3E/Plexin D1 Axis levels.  

  

CONCLUSION 

many researchers have considered the 

implications of manipulating immune responses to 

treat human metabolic diseases. However, few have 
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considered the approach discussed in this review. We 

recommend that more consideration be given to 

identifying the influential factors associated with 

semaphorins and the role physical exercise plays in 

these factors to improve our understanding of how 

inflammation affects obesity and insulin resistance.  
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