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Öz 

Asprosin ve neuregulin-4 iki farklı yağ dokudan sentezlenen ve metabolik hastalıklar üzerindeki etkileri sayesinde son zamanlarda 

dikkat çeken iki endokrin salgı olarak görülmektedir. Sırasıyla beyaz yağ dokudan ve kahverengi yağ dokudan salgılanan asprosin 

ve neuregulin-4’ün glisemik regülasyon ile bağlantılı olmaları obezite ve insülin direnci gibi tedavi edilmezse sonunda tip 2 

diabetes mellitus’a yol açan metabolik bozukluklar ile de yakından ilişkili olduklarını düşündürtmektedir. Diğer yandan asprosin 

ve neuregulin-4’ün soğuğa maruz kalma gibi çevresel etkiler sonucunda beyaz yağ dokunun metabolizmasını değiştirip kahverengi 

yağ doku benzeri bir metabolizmaya geçiş yapması olarak bilinen “kahverengileşme” sürecine etki ettikleri görülmektedir. 

Asprosin ve neuregulin-4 metabolizma üzerindeki etkileri sayesinde çeşitli hastalıkların hem gelişiminde hem de tedavisinde rol 

oynayabilme potansiyeline sahip moleküller olarak görülmektedirler.  Bu derleme, asprosin ve neuregulin-4’ün temel görevleri, 

obezite ve insülin direnci üzerine etkileri, beyaz yağ dokunun kahverengileşme sürecine nasıl dahil oldukları ve tip 2 diabetes 

mellitus ile ilişkisi üzerine bir fikir sağlamak amacı ile ele alınmıştır.  
Anahtar Kelimeler: Asprosin, Neuregulin-4, Glisemik regülasyon, Tip 2 Diabetes Mellitus, Obezite, İnsülin direnci, 

Kahverengileşme 

 

Abstract 

Asprosin and neuregulin-4 are two endocrine secretions synthesized by two different types of adipose tissue that have recently 

attracted attention for their effects on metabolic diseases. The fact that asprosin and neuregulin-4, which are secreted from white 

and brown adipose tissue respectively, are associated with glycaemic regulation suggests that they are closely related to metabolic 

disorders such as obesity and insulin resistance, which, if left untreated, eventually lead to type 2 diabetes mellitus. On the other 

hand, asprosin and neuregulin-4 appear to affect the 'browning' process, known as the transition of white adipose tissue, to brown 

adipose tissue-like metabolism, by altering its metabolism as a result of environmental influences such as exposure to cold. 

Asprosin and neuregulin-4 appear to have the potential to play a role in both disease development and treatment through these 

different effects on metabolism.  This review aims to provide insight into the basic functions of asprosin and neuregulin-4, their 

effects on obesity and insulin resistance, their involvement in the browning process of white adipose tissue, and their relationship 

with type 2 diabetes mellitus. 

Key Words: Asprosin, Neuregulin-4, Glycaemic regulation, Type 2 diabetes mellitus, Obesity, Insulin resistance, Browning 
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INTRODUCTION 

 

With the development of science and technology, 

rapid changes have occurred in all areas of daily 

life, from urbanization to agriculture, and living 

standards have improved. However, these 

changes have led people to adopt faster, more 

sedentary, and more stressful lifestyles. As a 

result, most people are developing unhealthy 

eating habits, particularly fast food and packaged 

products. These eating habits can predispose 

people to many diseases such as type 2 diabetes 

mellitus (T2DM) and obesity, which are the most 

common diet-related diseases and are on the rise 

worldwide. 

Type 2 DM, also known as adult-onset diabetes 

or insulin-independent diabetes, is a 

heterogeneous and progressive disease that 

affects β-cell function and insulin utilization. It is 

characterized by hyperglycemia. Elevated blood 

glucose levels in T2DM patients can be attributed 

to two reasons: insulin resistance and pancreatic 

B-cell dysfunction1. 

The International Diabetic Federation (IDF) 

reports approximately 536 million diabetics 

worldwide. The prevalence of the disease, which 

spans a broad spectrum from children to the 

elderly, is predicted to increase in the future2. 

Although T2DM may have a genetic basis, 

environmental factors such as age, physical 

activity, pregnancy, and diet especially obesity 

may also lead to T2DM3. 

Obesity is a medical condition that is 

characterized by the accumulation of excessive 

amounts of fat in different parts of the body. It is 

generally measured by using the body mass index 

(BMI) which is a widely used anthropometric 

measurement that correlates mass and height to 

classify the amount of an individual's body fat. 

BMI is calculated in a way that an individual's 

body mass (in kilograms) is divided by the square 

of their height (in meters), expressed in units of 

kg/m². World Health Organization (WHO) 

classifies BMI lower than 18.5 kg/m² as 

underweighted, BMI between 18.5 kg/m² and 

24.9 kg/m² as normal weighted, BMI between 25 

kg/m² and 29.9 kg/m² as overweighted and BMI 

higher than 30 kg/m² as obese 4.  

Adipose tissue (AT) - also known as body fat – is 

described as an organ that can be involved in 

various metabolic actions – energy storage, heat 

production, immune function, and mechanical 

and thermal insulation5. AT is specialized in 

different parts of the body to fulfill these 

functions.  

 

 

 

Even though different forms of AT are found in 

the body, it can be divided into white adipose 

tissue (WAT) and brown adipose tissue  (BAT).  

The main function of WAT is being body's 

energy store. In WAT, the continuous cycle of 

anabolism and catabolism of the lipids occurs 

according to the external stimulus. When 

nutrients are plentiful, feeding stimulates the 

storage of excess energy in the form of 

triacylglycerol (TAG) through an activation of 

the lipogenic pathway. The size of WAT is an 

increase in this positive energy balance period. 

On the other hand, in the absence of sufficient 

nutrients and energy deficiency, fasting induces 

the lipolytic pathway to break down those stored 

TAG depots into fatty acids and glycerol for 

energy production. Thus, the size of the WAT 

declines in a period when energy expenditure is 

more than the intake6. For the lipogenic pathway, 

a peptide hormone insulin acts as a stimulant to 

the uptake of glucose into adipocytes and initiates 

the de novo fatty acid synthesis by providing 

expression of required genes such as sterol 

regulatory element-binding protein 1 (SREBP1) 

that controls the expression of genes required for 

cholesterol, fatty acids, TAG and phospholipid 

synthesis6-8. For the lipolytic pathway, fasting 

decreases the circulating insulin levels which 

suppress the lipogenic pathway and provides the 

elevation in the levels of glucagon in the blood 

which promotes lipolysis in adipocytes6,9. The 

breakdown of TAGs reveals the glycerol which is 

used as a substrate for the gluconeogenic pathway 

and fatty acids that are further broken down to a 

group of substances that provide energy to the 

brain called ketone bodies unless carbohydrate 

depots are available6,10. In addition to the main 

function, WAT also takes part in thermal 

insulation and absorption of mechanical shock11. 

Organisms living in cold areas tend to increase 

their AT to maintain their core body temperature. 

The WAT placed under the skin works as an 

insulator and prevents the heat from getting lost12. 

On the other hand, BAT is known for its ability 

to produce heat through non-shivering 

thermogenesis. The main feature of BAT is to 

contain a large number of mitochondria. In 

addition to its role in the production of energy in 

the form of adenosine triphosphate (ATP) with 

oxidative phosphorylation, mitochondria in BAT 

generate heat with oxidizing fat. For that purpose, 

brown adipocytes uniquely express uncoupling 

protein (Ucp) genes, especially the Ucp1 gene.  
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The protein product of Ucp1 is placed in the inner 

membrane of the mitochondrion13. In the normal 

process of oxidative phosphorylation, the 

electron transport chain (ETC) pumps protons to 

intermembrane space and ATP-synthase provides 

a channel for electrons to dissipate the 

electrochemical proton gradient. During the 

passage of protons through ATP synthase, a 

phenomenon called "Proton Motive Force" 

produces energy for the synthesis of ATP 

molecules from ADP and Pi. However, in BAT, 

the presence of UCP1 in the inner mitochondrial 

membrane provides an alternative route for 

dissipation of the electrochemical proton 

gradient. The passage of protons through UCP1 

uncouples the oxidative phosphorylation from 

ATP synthesis. The energy generated by the 

concentration gradient is released as heat instead 

of the synthesis of ATP. The heat production of 

the mitochondria in BAT with the above-

mentioned mechanism is involved in the 

thermoregulation of mammals13.  

In addition to the different types, AT also 

includes adipocyte-like and non-adipocyte types 

of cells such as pre-adipocytes - the precursor 

cells for adipocytes, endothelial cells, immune 

cells, and extracellular matrix components14. The 

presence of different cell types makes AT a 

dynamic organ that can adapt and respond to 

internal and external stimuli through structural, 

metabolic, and phenotypic remodeling called AT 

plasticity. Temperature, presence of certain 

metabolites and macromolecules, hormones 

drugs, and physical activity affect the status and 

working of AT15.  

To the major roles in energy storage, WAT is also 

considered one of the major endocrine organs of 

the body that affect distanced organs and tissues 

to regulate metabolism and have an impact on 

inflammation through secretions of bioactive 

peptides and proteins called "adipokine" 16-17. 

These adipokines are involved in the regulation 

of a wide range of metabolic actions, including 

food intake, energy expenditure, reproduction, 

gene regulation, insulin secretion and sensitivity, 

inflammation, and immune response6. Similarly, 

BAT is not only a site for non-shivering 

thermogenesis but also acts as a secretory organ. 

The secretions released from BAT are called 

“brown adipose tissue adipokines” or 

“batokines” and take part in crosstalk with 

several different organs through autocrine, 

paracrine, and endocrine effects18-19.  

 

 

 

 

 

As mentioned before, the pathogenesis of T2DM 

is mainly based on the progressive loss of β-cells 

by the actions of inflammatory components and 

insulin resistance20-21. Being overweight and 

obese is considered one of the significant driving 

forces and accelerators of the development of 

T2DM22. Accumulation and expansion of the 

WAT in the ectopic sites such as the liver, 

muscle, pancreas, and heart due to intake of 

excess amount of energy is mostly the reason 

behind the co-occurrence of obesity and T2DM23. 

This ectopic expansion of WAT is achieved 

through either the formation of new adipocytes 

(hyperplasia), enlargement of present adipocytes 

(hypertrophy), or both24. Hypertrophy and 

hyperplasia of WAT cause the alteration in the 

size, functioning, inflammatory state, and body 

distribution25. These alternations are manifested 

by abnormalities in the size and amount, 

extracellular matrix composition, oxidative 

stress, immune cell filtration, and adipokine 

secretion of adipocytes26. Unusual expansion of 

the WAT makes the cells unresponsive to insulin 

because of the disrupted surface-to-cell ratio27. 

Exorbitantly expansion and accumulation also 

cause remodeling of the microenvironment 

which can be characterized by aberrant 

inflammation, disrupted mitochondrial function, 

and dysregulated secretion of adipokines that 

result in impaired insulin signaling, reduced 

insulin-stimulated glucose-transport, β-cell 

dysfunction, insulin resistance, and ultimately 

T2DM26, 28-29.   

In this review, we will focus on two novel 

adipokines, asprosin and neuregulin-4 (Nrg-4). 

First, we will focus on asprosin. It’s metabolic 

roles, relationship with obesity and insulin 

resistance, and how it affects the browning of 

WAT. Then, we intensify on Nrg-4 to discuss the 

same topics as in the article. Finally, we will 

summarize how both asprosin and Nrg-4 are 

involved in the glycemic regulation of T2DM. 

 

ASPROSIN 

 

Asprosin is a 140 amino acid long, C-terminal 

cleavage product of FBN-1 gene encoded by 

exons 65 and 66. The higher expression of 

asprosin mRNA levels has been detected in WAT 

which is described as a main site of secretion of 

asprosin30. Asprosin is an adipokine that has a 

quite important effect on regulating glucose 

metabolism in several organs. Two major roles of  
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asprosin in the body are stimulating food intake 

and inducing hepatic glucose production, 

however, it can be also included in obesity, 

insulin resistance, and inhibition of browning of 

WAT.  

 

Food Intake and Hepatic Glucose Production 

 

The hypothalamus, as one of its duty, act as a 

feeding control center that regulates appetite with 

the orexigenic agouti-related peptide (AgRP) 

neurons and the anorexigenic pro-

opiomelanocortin (POMC) neurons. Asprosin 

can be classified as one of the orexigenic 

hormones that induce appetite stimulation in the 

hypothalamus on AgRP neurons. Asprosin 

induces its receptors on the hypothalamus and 

activates a G protein-coupled receptors and 

cyclic AMP (cAMP) second messenger pathway. 

After that, AgRP neurons have fired which 

stimulates food intake. At the same time, asprosin 

inhibits POMC neurons- the appetite-suppressing 

neurons that indirectly stimulate appetite31-33. 

As one of the main sites in the regulation of 

metabolism, asprosin acts on the liver. Li. et. al34 

proposed that asprosin possesses its effect on the 

liver through an olfactory receptor 734 

(OLFR734) receptor. Its activation further 

activates the adenylyl cyclase-PKA-cAMP 

responsive element binding (CREB) pathway and 

ultimately stimulates hepatic glucose production. 

In their study, Romere et. al.30 showed with in 

vivo and in vitro experiments in hepatocytes that 

dose-dependent exposure to asprosin causes an 

increase in the cAMP concentration and the 

activity of protein kinase A (PKA). They also 

demonstrated that G-protein inhibitor- suramin, 

and competitive agonist of cAMP binding to 

PKA - cAMPS-Rp, sequester the effects of 

asprosin and hepatic glucose release.  

 

Obesity and Asprosin 

 

As mentioned before, in obesity, the amount of 

and distribution of adipose tissue is increased 

through hyperplasia and hypertrophy. With this 

increase, it is expected that the synthesis and 

secretion of asprosin increase as well. It is 

reported in the study of Wang et.al.35 with 174 

obese and non-obese female patients, serum 

asprosin levels in the obese patients had 

significantly high compared to non-obese 

patients. Similarly, in the study of Cantay et. al.36 

with 74 subjects, asprosin levels in the adipose  

 

 

 

 

tissue were significantly high. Asprosin levels are 

high not only in obese adults but also in obese 

children. In the study of Silistre et. al. 37, with 158 

Turkish children, they found that serum asprosin 

levels were significantly higher in the obese 

group compared to the normal weight group with 

no gender difference. Likewise, Wang et. al. 38 

found in their study with 119 Chinese children 

that serum asprosin levels were increased in the 

mild to moderate and severe obese group 

compared to the control group. Thus, it can be 

hypothesized that regardless of age, gender, and 

ethnicity, asprosin release in obese individuals is 

significantly higher compared to non-obese ones. 

 

Insulin Resistance and Asprosin 

 

Obesity, by itself, is a disease, however, it is also 

the underlying cause of most of the metabolic 

impairment. The accumulation of excess fat due 

to a sedentary lifestyle and overnutrition can both 

cause hyperlipidaemic conditions and chronic 

low-grade inflammation39.  

The relation of asprosin with insulin resistance 

can be shown through its effects on skeletal 

muscles and pancreatic β-cells40. The study of 

Jung et. al.41 to understand how high-fat diet-

induced asprosin affects skeletal muscle revealed 

that asprosin induces the Protein kinase C d (PKC 

d) which inhibits the sarcoplasmic reticulum Ca2+ 

ATPase 2 (SERCA2) and causes ER stress. They 

also stated that PKC d promotes the secretion of 

inflammatory markers through the NFkB-

mediated pathway. Both of this condition 

attenuates the response of skeletal muscle to the 

insulin and ultimately cause insulin resistance.  

In their study, Lee et. al.42 investigating the 

effects of asprosin on pancreatic b-cells observed 

that toll-like receptor 4 (TLR-4) expression is 

significantly increased with fatty acid-induced 

asprosin treatment. TLR-4 activates c-Jun N-

terminal kinase (JNK) which further ceases 

insulin secretion, induces apoptosis, and attracts 

inflammation-related cells. They also showed 

that siRNA-mediated suppression of TLR-4 is 

associated with reduced inflammation which is 

related to asprosin response, decreased glucose-

stimulated insulin secretion, and low apoptosis 

rate. Their results suggest that the asprosin-

induced TLR-4/JNK signaling pathway can 

cause impairment in insulin secretion, cellular 

dysfunction in b-cells, and finally insulin 

resistance.  
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Either way, uptake in the skeletal muscle and 

secretion from the pancreas, secretion of excess 

amount of asprosin due to increased levels of fat 

impair the metabolism, and homeostasis and take 

part in inflammation and cellular stress which 

may cause impairment of the binding and 

secretion of insulin consequently insulin 

resistance 43. 

 

Inhibition of browning of WAT 

 

Browning is a capacity of WAT to modify its 

metabolism to a BAT-like profile44. WAT to 

enter the browning process requires a specific 

stimulus. Chronic cold exposure, exercise, 

thyroid hormones, and dietary components such 

as cinnamon oil, fish oil, curcumin, capsaicin, 

genistein, and berberine can induce shifting WAT 

metabolism into BAT metabolism to become a 

brite (BRown In whITE)/beige adipose tissue 

(BeAT)45. During the process, increased 

mitochondrial number, increased expenditure in 

the energy, multilocularities of lipid droplets, 

activation of thermogenic genes such as 

peroxisome proliferator-activated receptor α 

(PPARα), bone morphogenetic protein 7 (BMP7) 

and UCP1 can be observed in WAT46-48. 

However, some molecules, like asprosin can 

inhibit the browning of WAT. Miao et. al.49 found 

in their study that overexpression of asprosin 

causes a significant decrease in the browning 

genes including  PPARα and UCP1. They also 

hypothesize that asprosin may interfere with the 

browning of WAT through nuclear factor 

erythroid 2–related factor 2 (Nrf2) known for its 

effects on oxidative stress as an antioxidant50. 

Another study, conducted by Yin et. al.51 

demonstrated that asprosin-knockout promotes 

angiogenesis of WAT. They suggested that 

angiogenesis changes the microenvironment of 

WAT and stimulates the browning of WAT. 

From these studies, it can be understood that 

asprosin negatively affects the browning of 

WAT. However, understanding the underlying 

mechanism of how the asprosin is involved in this 

pathway requires further investigations.   

 

 

NEUREGULIN-4 

 

Nrg-4 is one of the members of neuregulins 

which are polypeptides belonging to the 

epidermal growth factor (EGF) family. They can 

bind and act through the ErbB family of receptor  

 

 

 

 

tyrosine kinase. Until now, with Nrg-4, four of 

them have been identified. The first identified 

member, Neuregulin-1 (Nrg-1) has some roles in 

cardiovascular diseases, neurodevelopmental 

diseases, and cancer52-54. The second and third 

identified members of neuregulins, Neuregulin-2 

(Nrg-2) and Neuregulin-3 (Nrg-3), found in the 

neural tissue in excess55-56. The fourth identified 

member of neuregulins, Nrg-4, has major effects 

on energy metabolism and homeostasis. Nrg-4 

exhibits binding specificity for only ErbB-418. 

Nrg-4 can be expressed and secreted from 

different organs such as the pancreas; however, 

the main expression and secretion site for Nrg-4 

is BAT57. Nrg-4 is one of the important batokines 

that have several effects on different metabolic 

processes such as thermogenesis, insulin 

resistance, obesity, and browning of WAT – 

similar metabolic pathways to the asprosin but 

with different effects. 

 

Thermogenesis 

 

Thermogenesis is quite important for the human 

body because the proper functioning of 

metabolism requires a certain temperature58. 

BAT is the main site for thermogenesis and Nrg-

4 is one of the molecules that can take part in 

thermogenesis. Wang et. al. demonstrated in their 

study that the expression of Nrg-4 was elevated 

with acute cold exposure59. However, Nrg-4 is 

involved in thermogenesis indirectly. 

Thermoregulation is ensured and dependent on 

the central nervous system (CNS) and 

sympathetic nervous system (SNS) 

respectively60. A proper connection between 

BAT and the nervous system through a neuronal 

circuit is quite important for the adjustment of 

homeostatic body temperature regulation61. Nrg-

4 provides interconnection of CNS and BAT by 

supporting and regulating the growth and 

elaboration of neuronal dendrites62-63. Comparing 

the morphological and functional differences 

between Nrg-4 absence and presence in mice, 

Paramo et. al found that Nrg-4 null mice show 

defects in neuronal development, appearance, 

and function64.  In addition to adipocyte-nerve 

signaling, Nrg-4 also promotes BAT innervation 
57. 

 

Obesity and Neuregulin-4 

 

In addition to the classical definition of obesity, 

it can also be defined from the inflammatory  
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perspective65. State of obesity may be identified 

as a malnutrition by excess and closely related to 

the immune dysfunctions66. It has been found that 

the immune response and antibody production 

are lower in obese people than in lean people, and 

therefore the incidence and severity of infectious 

diseases are higher67. Wang et. al.59 demonstrated 

in their study that there was an inverse relation 

between Nrg-4 expression and inflammation. As 

obesity causes inflammation, Nrg-4 expression 

tends to reduce in adipose tissue. On the other 

hand, Chen et. al.68 showed that increased 

expression of Nrg-4 contributes to the increase in 

energy expenditure, fuel oxidation, and secretion 

of several adipokines that are involved in the 

amelioration of metabolic dysregulation in 

obesity.  

Obesity is not only reducing Nrg-4 levels 

transcriptionally but also lowering the circulating 

Nrg-4 levels. Cai et. al.69 showed in their research 

that increasing body mass index (BMI) and waist 

circumference were negatively correlated with 

circulating Nrg-4. Additionally, studies by 

Nugroho et. al.70-71 hypothesized that to cope with 

obesity and related metabolic disorders, Nrg-4 

acts as a pro-angiogenic factor to increase the 

vascularity of adipose tissue. The positive effects 

of lifestyle changes in terms of physical activity 

on obesity are known72. In addition to those 

positive effects, Alizadeh et. al.73 and Saeidi et. 

al.74 showed in their studies that different 

intensity levels of exercise provide an increase in 

the serum Nrg-4 levels and improvement in the 

obesity-related markers.  

 

Insulin Resistance and Neuregulin-4 

 

It is known that inflammation is one of the major 

causes and contributors to insulin resistance. 

Obesity-related low-grade inflammation in AT 

causes interference in insulin signaling and 

makes AT unresponsive to insulin acts75-76. Wang 

et. al.59 reveal in their  

study that the close relationship between 

inflammation and insulin resistance causes the 

downregulation of Nrg-4 expression. On the 

other hand, Chen et. al. 68 demonstrated in their 

research that increased expression of Nrg-4 

provides an improvement in insulin sensitivity 

and enhancement in glucose metabolism. 

Insulin resistance also affects the functioning of 

the pancreatic β-cells – the production site of 

insulin. Failing the reduction of blood glucose 

constantly stimulates β-cells to continue insulin  

 

 

 

 

secretion77. Exhaustion causes islet cells to not 

secrete insulin. Nrg-4 signaling is also important 

for pancreatic islet cells to produce insulin. South 

et. al.78 proposed the potent role of Nrg-4 in the 

growth and regulation of islet cells. Their study 

showed that binding of Nrg-4 to the human 

epidermal growth factor receptor 4 (HER4) in the 

pancreas stimulates the secretion of insulin. 

Reduced expression, secretion, and binding of 

Nrg-4 causes the pancreas not to secrete insulin 

and further contributes to the progression of 

insulin resistance.  

 

Browning of WAT 

 

As mentioned before, AT is a dynamic organ that 

internal and external stimuli and can adjust its 

metabolism. Cold exposure acts as a stimulant for 

the browning of the WAT79. Christian57 mentions 

that cold exposure to WAT, especially in 

subcutaneous WATs, triggers the expression of 

BAT-related genes such as Ucp1 and PPARa.  In 

their study, Rosell et al. proposed that Nrg-4 may 

be one of the five molecules associated with the 

browning process80. Wang and Seale79 emphasize 

the neuromodulator effects of Nrg-4 on AT which 

is considered a responsible process from the 

browning. Christian57 and Henriques et. al.81 

proposed that upon cold exposure, the increased 

Nrg-4 secretion from BAT can increase the 

innervation of WATs. This could be the 

stimulation for browning and transmitted through 

a norepinephrine-cAMP-PKA pathway which is 

also used in the thermoregulation in BAT. 

Additionally, Pellegrinelli et. al.82 suggests an 

alternative route that Nrg-4 may act 

interdependently with BMP8b to regulate 

angiogenesis and neuromodulation and facilitate 

the browning process of WAT. 

  

 

 

RELATIONSHIP OF ASPROSIN AND 

NEUREGULIN-4 WITH TYPE 2 DIABETES 

MELLITUS  

 

In normal functioning, the β-cells increase their 

mass and secretion in response to increased 

demand for insulin to compensate for elevation in 

the blood glucose and maintain blood sugar in the 

normal range83. However, in T2DM, the body 

fails to produce enough amount of insulin from 

β-cells, thus,  insulin demand is high and 

utilization is low by peripheral cells and tissues84.  
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Hence, blood glucose levels cannot be kept in the 

normal range. Obesity and insulin resistance are 

two factors causing the body does not sustain 

normal blood glucose levels and contributing 

factors for the development of T2DM83. Asprosin 

and Nrg-4 are two molecules secreted by 

different adipose tissues and act in an 

antagonistic manner. They have a potential role 

in the development and prevention of T2DM, 

respectively. 

Asprosin is classified as a contributing adipokine 

in the development of T2DM owing to its role in 

the formation of insulin resistance and obesity. 

Jung et. al. 41 describe asprosin as a "Novel 

adipokine, has been suggested as a diabetogenic 

factor." In accordance, Wang et. al.85, 

demonstrated in their study that the asprosin 

levels of the impaired glucose regulation group 

and newly diagnosed T2DM group are 

significantly increased compared to the normal 

glucose regulation group. They also showed that 

asprosin levels were associated positively with 

the homeostasis model assessment for insulin 

resistance (HOMA-IR), and negatively related to 

the homeostasis model assessment for β-cell 

function (HOMA-β). Similarly, Zhang et. al. and 

Groener et. al. showed in their study that the 

response of serum asprosin levels to fluctuation 

in the blood glucose levels is impaired or blunted 

in type 1 diabetes mellitus (T1DM) and T2DM 

patients  86-87. Furthermore, asprosin is mentioned 

as a potential marker for early diagnosis of 

diabetes43. 

On the other hand, Nrg-4’s impeding role on 

T2DM is known through its regulatory effects on 

glucose metabolism. Kang et al. 88 in their study 

with newly diagnosed T2DM patients and a 

control group found that serum Nrg-4 levels were 

significantly higher in T2DM patients compared 

to the control group and positively correlated 

with fasting plasma glucose level and insulin 

resistance. Similarly, Chen et al. 89 stated in their 

study of prediabetes and diabetes patients that 

serum Nrg-4 levels of prediabetes and diabetes 

patients were elevated compared to controls. 

Likewise, in their study with 100 T2DM patients 

and 50 controls, Kocak et al.90 demonstrated a 

significant difference in serum Nrg-4 levels 

between poorly controlled T2DM, well-

controlled T2DM, and the controls. They also 

stated that Nrg-4 was significantly correlated 

with fasting plasma glucose. Oppose to those 

findings, Zhang et al.91 show in their study that  

 

 

 

 

 

the serum Nrg-4 level of newly diagnosed T2DM 

patients is significantly low compared to controls. 

  

CONCLUSION  

 

In conclusion, it can be understood that asprosin 

and Nrg-4 are two antagonistic adipokines that 

are secreted from distinct adipose tissues. 

Asprosin is a hormone secreted by WAT that is 

sensitive to the energy status of the body. It has 

an orexigenic and glucogenic effect when the 

body is in a fasting state. In pathological 

conditions such as obesity, insulin resistance, and 

as a result T2DM, an abnormal increase in 

asprosin is observed. Nrg-4 is a BAT-secreted 

hormone closely associated with BAT 

thermogenesis by modulating sympathetic 

innervation of adipose tissue. Nrg-4 also acts as a 

novel hormone that exerts protective effects to 

cope with metabolic diseases like insulin 

resistance, obesity, and T2DM. It is also 

considered that there is Nrg-4’s partial 

involvement in lifestyle changes including 

training, bariatric surgery, and medications use 

for the improvement of those metabolic diseases 

is also known. Thus, a pharmacological 

interference of asprosin and promising positive 

effects of Nrg-4 may be considered as a potential 

therapeutic approach for the treatment of 

metabolic diseases. 
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