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Endothelial dysfunction is considered to be an early change in atherosclerosis. Endocan, also known as endothelial cell specific molecule-1, is a soluble proteoglycan mainly secreted by endothelial cells. Inflammatory factors such as IL-1β and TNF-α can up regulate the expression of endocan and then affect the expression of cell adhesion molecules, such as ICAM-1 and VCAM-1, which play an important role in promoting leukocyte migration and inflammatory response. Elevated plasma levels of endocan may reflect endothelial activation and dysfunction, and is considered to be a potential immuno-inflammatory marker that may be related to cardiovascular disease. In the case of hypertension, diabetes, angina pectoris and acute myocardial infarction, the increase or decrease of serum endocan levels is of great significance. Here, we reviewed the current research on endocan, and emphasis its possible clinical value as a prognostic marker of cardiovascular disease. Endocan may be a useful biomarker for the prognosis of cardiovascular disease, but more research is needed on its mechanism of action.
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INTRODUCTION

Endocan, a soluble dermatan sulfate proteoglycan, is mainly secreted by the activated endothelium and expressed by lung and kidney endothelial cells. Its secretion is controlled by pro-inflammatory cytokines. The synthesis and secretion of endocan are up-regulated by tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), lipopolysaccharide and angiogenic factors such as vascular endothelial growth factor (VEGF), and down-regulated by interferon-γ (1, 2). It can be up-regulated by several pro-inflammatory cytokines and pro-angiogenic factors, suggesting that it may be involved in inflammatory state. The endothelial barrier composed of vascular endothelial cells is located between the flowing blood and surrounding tissues. Endothelial cells not only serve as a barrier for mechanical protection, but also the center and active part of the two major systems in the body-immune and vascular system (3). This special position enables it to regulate angiogenesis, vascular remodeling, vascular tone, tissue-fluid homeostasis, host defense and inflammation. Impaired endothelial cell integrity and function play an important role in atherosclerosis and ischemic heart. Damage to the endothelium leads to an increase in the production of reactive oxygen species (ROS), which can reduce the production of NO by increasing the concentration of calcium ions in the cytoplasm (4, 5). The increased production of ROS and the impairment of NO availability can induce and maintain the inflammatory state of the blood vessel wall. This process promotes the recruitment of white blood cells and the influx of blood lipids and lipoproteins into the subendothelial space, leading to atherosclerotic plaque formation (6). These properties illustrate its potential role as a biomarker of endothelial dysfunction and inflammation. Endocan is a new marker of endothelial cell activation and plays an important role in the adhesion of leukocytes to endothelial cells. A number of clinical studies have found that in patients with cardiovascular disease, endocan levels are significantly increased and are independently related to soluble intercellular adhesion molecule-1 (sICAM-1) and soluble vascular cell adhesion molecule-1 (sVCAM-1) levels (7–9).

Based on the above research results on the role of endothelial cells in atherosclerosis, although the exact role of endocan has not yet been determined, it is increasingly recognized as a promising target for predicting and further understanding atherosclerosis. In this review, we first described the general structure of endocan, briefly summarized its molecular biological characteristics, and then continued to introduce its latest research progress in cardiovascular disease and the specific mechanism.



STRUCTURE AND EXPRESSION OF ENDOCAN

Endocan is a soluble chondroitin/dermatan sulfate (DS) proteoglycan (PG). In human beings, it is encoded by the endothelial cell specific molecule-1(ESM-1) gene, and localized on the long arm of chromosome. In 1996, it was first discovered in human umbilical vein endothelial cells (10). Later in 2001, David et al. (11) proposed to change its name to “endocan” because ESM-1 is specifically secreted by endothelial cells as a proteoglycan. The molecular weight of endocan is 50 kDa. It contains a protein core, covalently linked to a glycosaminoglycan (GAG) type linear polysaccharide chain. The core protein of endocan has two different domains. The cysteine-rich domain is composed of 110 amino acids, and the other does not contain cysteine and is composed of 55 amino acids (10). The domain without cysteine is divided into three regions: endothelial growth factor-like region, phenylalanine-rich region and C-terminal region (12). During post-translational modification, the core protein is connected to the GAG chain via serine 137 (10, 11, 13) (Figure 1). Unlike most proteoglycans mainly located in the extracellular matrix (ECM) or occasionally in peripheral contact with the cell surface, endocan is mainly secreted in the blood (11, 14), the soluble form of endocan could be detected in the serum of humans.
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FIGURE 1. Schematic diagram of endocan structure. DS, dermatan sulfate; EGF, Epidermal Growth Factor.


Most of the proteoglycans containing chondroitin/DS are either ECM or related cell membranes. However, there are also a small number of PGs that are not related to ECM or cell membranes. Endocan belongs to the limited secreted proteoglycan category. The release of endocan in a soluble form increases the possibility of it spreading and regulating distal physiological processes. When compared with other PGs, endocan has a special structure. First of all, most ECM PGs are relatively large molecules containing multiple GAG chains, but endocan is smaller in size and has only a single DS chain. In comparison with the largest class of ECM PGs, such as the hyaluronan- and lectin-binding PGs, endocan does not include C-type lectin domains. Furthermore, compared with the existing DSPGs, DS chain of endocan is shorter, and the content of non-sulfate and disulfated disaccharides is higher (12, 15). This highly sulfated domain is usually associated with the high-affinity binding of growth factors. Even in the absence of alduronic acid (IdoA) residues, it can provide appropriate topological arrangements for effective binding to proteins (16). The GAG structure of proteoglycans determines their molecular interactions and properties. Although the interaction between many proteoglycans and binding proteins is mainly through GAG, there are cases where their DS chains play the same role. For example, decorin can bind to collagen through its protein core (17), and decorin can interact with another extracellular molecule tenascin-X in the matrix through its DS side chain (18). Although there is no research on this aspect of endocan, this possibility cannot be ruled out. Thus, the conformational flexibility of endocan and the binding characteristics related to its highly sulfurized domain determine its unique biological function.

Endocan is secreted by endothelial cells, but not only expressed in endothelial cells. Endocan is expressed in tissues or cells with active proliferation, such as glandular tissue, bronchial epithelium, germinal centers of lymph nodes, capillary endothelial cells, cardiomyocytes, liver cells, and neurons. On the other hand, lack of expression in relatively static tissues or cells, such as the main lung vessels, endocardium, aorta, glial cells, and vascular endothelial cells of the gastrointestinal tract.



REGULATION OF ENDOCAN EXPRESSION

Philippe et al. (10) first discovered that pro-inflammatory cytokines can promote the synthesis and secretion of endocan. The addition of TNF-α or IL-1β resulted in the upregulation of endocan expression in a time-dependent manner, while IL-4 or interferon-γ (IFN-γ) alone has no such a role. Generally, in endothelial cells, TNF-α and IFN-γ have a synergistic effect on inducing the expression of various pro-inflammatory factors. Surprisingly, in the presence of endocan, IFN-γ has no impact on the expression of endocan genes induced by TNF-α (10). This suggests that endocan may show unusual function in inflammatory response, which depends on cytokines. This result was verified in the Hsiao et al. (19) sepsis study, and he also found that VEGF-A can upregulate endocan levels. VEGF-A can specifically induce endocan transcription, while fibroblast growth factor-2 (FGF-2), platelet derived growth factor-BB (PDGF-BB), hepatocyte growth factor/scatter factor (HGF/SF) or epidermal growth factor (EGF) cannot produce this effect (20). This suggests that VEGF-A appears to be a specific inducer of endocan transcription, and the use of LY294002 to inhibit phosphoinositide 3-kinase (PI3K) will promote a 12-fold increase in endocan transcription, indicated that PI3K has an inhibitory effect (20). But inhibition of mitogen-activated protein kinase (MAPK) and c-Jun N-terminal kinase (JNK) pathways does not change the expression of endocan (21). A large number of clinical studies have found that pro-inflammatory factors IL-6 is positively correlated with endocan (22), and anti-inflammatory factor IL-10 is negatively correlated with endocan (23).

However, some studies have found different results. For instance, Zhang et al. reported that endocan can significantly reduce the levels of TNF-α, IFN-γ, IL-1β and IL-6 in a mouse model of acute lung injury (24). Endocan may relieve mitochondrial unfolded protein response and promote cell metabolic reprogramming, thereby reducing LPS-induced apoptosis. However, the intrinsic molecular mechanism of endocan down-regulating inflammatory factors and improving mitochondrial homeostasis needs further research. This may be related to the special structure of endocan. Current research has found that in different cellular environments, PGs traditionally considered to contain only HS may occasionally contain other GAGs, such as DS. For example, transforming growth factor-β(TGF-β) and calf serum (10%) can regulate the GAG chain and protein core of decorin and perlecan, TGF-β significantly increases the chondroitin sulfate (CS) chain (25). In corneal fibroblasts, fibroblast growth factor-2 has also been reported to change the expression and structure of PGs (26). Therefore, although endocan has been proven to contain DS chain, it is incorrect to believe that it is always DSPGs. Under certain conditions, its structure may change to produce different biological effects, but these require further exploration.

In addition, endocan is also a pro-inflammatory factor, because it can promote the expression of cellular adhesion molecules, such as inter-cellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1) and E-selectin. ICAM-1 is an important adhesion molecule that mediates the adhesion reaction. It plays an important role in stabilizing the interaction between cells and promoting the migration of leukocytes and endothelial cells. ICAM-1 enhances the adhesion between inflammatory cells and endothelial cells, promotes the activation of endothelial cells, and makes it easier for inflammatory factors to penetrate the endothelium. ICAM-1 is most strongly expressed on proliferating vascular endothelial cells. Therefore, the adhesion between leukocytes and endothelial cells induced by ICAM-1 may be the initial event of angiogenesis. VCAM-1 is the key link between microvascular endothelial activation during inflammation and arterial endothelial cell dysfunction in atherosclerosis. VCAM-1 can selectively adhere to mononuclear leukocytes and lymphocytes, mediates the recruitment of circulating monocytes and their adhesion and migration to vascular wall, and plays a vital role in the initiation of atherosclerosis. The difference between the two is that ICAM-1 is higher than normal in all stages of atherosclerosis, while VCAM-1 only increases rapidly and significantly when the disease is initially formed, or when there is a sharp change in inflammation, such as vasospasm and plaque instability. Cell adhesion molecules ICAM-1 and VCAM-1 are adhesion receptors expressed on endothelial cells, which can up-regulate the expression of pro-inflammatory cytokines and participate in the adhesion and migration of leukocytes. Studies have found that intermittent hypoxia significantly up-regulates the expression of endocan through the hypoxia-inducible factor-1α(HIF-1α)/VEGF pathway, thereby enhancing the expression of ICAM-1 and VCAM-1 and promoting the adhesion between monocytes and endothelial cells (27) (Figure 2).


[image: Figure 2]
FIGURE 2. Regulation and expression of endocan. HIF-1 promotes endocan mRNA expression and transcription through VEGFA, while PI3K has the opposite effect. After being secreted, endocan promotes the up-regulation of the levels of VCAM, ICAM and E-selectin.


Recent studies have found that in acute respiratory distress syndrome, endocan can bind to leukocyte-binding integrin LFA-1, block its interaction with endothelial ligand ICAM-1, thereby inhibiting leukocyte recruitment (28, 29). The reason for this phenomenon may be that the binding site of endocan can be functionally regulated. Béchard et al. found that the binding of endocan to LFA-1 depends on Ca2+, Mg2+, or Mn2+ divalent ions, which are specific, saturable, and temperature-sensitive. The binding of endocan may depend on its single-chain glycosaminoglycan (GAG). Although the specific binding site of the lysine-rich GAG chain is not found in the LFA-1 sequence, the GAG chain of endocan is sulfated, these sulfate ions may be combined with the fixed divalent ions of LFA-1 and interfered with the binding of ICAM-1. In CD11a and CD18mAb, two known sites that block the interaction of LFA-1 with ICAM-1, no sites were found to inhibit the binding of endocan (30). However, in the presence of divalent ions, the binding capacity of endocan increased by an LFA-1mAb (HI111 clone) site. This shows that the presence of divalent ions can change the binding ability of endocan, and in different disease environments, endocan participates in inflammation and may play a completely opposite role.



ENDOCAN AND THE CARDIOVASCULAR SYSTEM

The occurrence of cardiovascular diseases, such as hypertension, acute myocardial infarction, coronary heart disease, are closely related to endothelial injury. Clinical studies have found that endocan is associated with cardiovascular disease (Table 1). In the process of disease, there are different degrees of endothelial damage and vascular disease, accompanied by the up-regulation of inflammatory factors and adhesion molecules. The expression of endocan promotes the transport of inflammatory factors and the adhesion of leukocytes to endothelial cells. Therefore, endocan is currently considered to be a meaningful biomarker of cardiovascular disease.


Table 1. Serum concentration, specificity and sensitivity of endocan in diseases.
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Endocan and Hypertension

Hypertension is a major cause of death and disease in the world. In the past 30 years, the number of adults with hypertension aged 30–79 has increased from 6.5 million to 12.8 billion. Endothelial dysfunction is one of the early and characteristic pathophysiological changes of hypertension. It plays an important role in the pathogenesis of cardiovascular and cerebrovascular events and target organ damage caused by essential hypertension. NO is the main factor of endothelial-dependent diastolic function. When endothelial function is impaired, NO releasse is significantly decreased and vascular ROS generation is increased, leading to arterial vasoconstriction and hypertension. Clinical data found that endocan remained independent and positively correlated with hypertension. For every increase of 1 pg/mL of endocan, the incidence of hypertension increased by 32.2% (31). In the early stages of hypertension, the endocan concentration in plasma is significantly increased, endocan levels are positively correlated with renal enzymes, norepinephrine (32), carotid intima-media thickness (cIMT) and high-sensitivity C-reactive protein (hsCRP) (33, 34), negatively correlated with leukocyte count (32). In addition, patients with higher endocan levels showed higher arterial pulse wave velocity, a sign of arterial stiffness (35). Therefore, circulating endocan levels may be a new marker of essential hypertension. Hypertension is one of the important factors leading to coronary heart disease. The content of serum endocan in patients with hypertension was independently correlated with the existence and severity of coronary heart disease (36, 37). These results suggest that endocan may be a useful biomarker for monitoring the development of coronary heart disease in hypertensive patients.

Hypertensive disorder complicating pregnancy is a common obstetric disease and the second leading cause of maternal death. Eclampsia is a kind of hypertension in pregnancy, and it is a common disease to threaten the life of pregnant women in worldwide. Pre-eclampsia will have pathological changes such as systemic vascular inflammation and endothelial dysfunction. Patients with pre-eclampsia have significantly higher endocan levels and average TNF-α concentrations. Serum endocan concentration in women with pre-eclampsia is positively correlated with systolic blood pressure, diastolic blood pressure and TNF-α. Plasma endocan level of patients with severe eclampsia is significantly higher than that of mild (38). Chew et al. found that endocan is highly expressed in fetal endothelial cells, maternal endothelial cells and decidual cells in the case of hypertension during pregnancy, and endocan expression is related to fetal low birth weight and premature delivery (39). This may be related to placental growth factor, which has a unique regulating effect on the function of trophoblast cells and endothelial cells, and can promote angiogenesis. Hentschke et al. found that there is a negative correlation between endocan and placental growth factor in both the normotensive group and the preeclampsia group. Similarly, higher levels of endocan were found in the maternal plasma of the pre-eclampsia group, and the placental endocan levels of pre-eclampsia were lower (40). In addition, it was also found that the endocan concentration in maternal and fetal plasma was positively correlated, while the endocan level in maternal/fetal plasma was negatively correlated with fetal birth weight, placental weight, and gestational age (41). On the contrary, comparing healthy pregnant women with pregnant women with pre-eclampsia, there was no difference in endocan levels between the two groups (42). Except that endocan is negatively correlated with BMI, it has no correlation with other indicators. Szpera-Gozdziewicz et al. also found that there is no significant difference in endocan levels in patients with hypertensive disorder complicating pregnancy, which indicates that endocan is not involved in the pathogenesis of hypertensive disorder complicating pregnancy (43). There may be two reasons for the differences in the research results: one is the differences in race and age of the subjects; the other is that the increase of endocan level may be directly proportional to fetal age (44), because progressive endothelial dysfunction gradually develops with the increase of fetal age. So far, few publications have been published in this field, and these findings are uncertain. Therefore, further research is needed to study this field.



Endocan and Coronary Artery Disease

Coronary artery disease (CAD) refers to the disease caused by partial or total obstruction of coronary artery supplying blood to myocardium. Atherosclerosis is the most common cause of abnormal reduction of cardiac blood supply. A meta-analysis found that the serum endocan content of patients with coronary artery disease and slow coronary flow was higher than the control group (45). Ziaee et al. registered 340 patients with acute coronary syndromes, including ST-segment elevation myocardial infarction (STEMI), non-STEMI or unstable angina pectoris. Clinical data found that serum endocan levels are positively correlated with myocardial infarction thrombolysis risk score and major adverse cardiac events (MACE), and are independently correlated with MACE (46). In addition, the endocan level is independently related to the presence of STEMI (47). In patients with acute myocardial infarction, the level of endocan and hsCRP were also found to be significantly increased, but there was no significant correlation between endocan and hsCRP levels (48). Heart failure is the final stage of cardiovascular disease. During clinical follow-up, it was found that the average plasma endocan level in patients with chronic heart failure was 3.38 ng/mL (the normal level is 1 ng/ml). There is a correlation between the endocan level and the occurrence of heart failure (49). Endocan is an independent predictor of heart failure-related events in patients with chronic heart failure. These results indicate that endocan may be a useful predictor of coronary artery disease mortality and disease severity. Statins are the most commonly used drugs for clinical prevention and treatment of coronary heart disease. Administration of atorvastatin at 80 mg did not significantly reduce endocan levels, but 40 mg of rosuvastatin did so, which indicated that rosuvastatin may be more effective in reducing endocan levels (50). This may be related to the lipid-lowering rate of the two statins, but the specific reason is not clear.

The occurrence of coronary accessory circulation (CCC) is an adaptive response to chronic myocardial ischemia. The increase in blood flow to the side of the coronary arteries can reduce the occurrence of angina pectoris and cardiovascular events. Clinical studies have found that low endocan levels are independently associated with good CCC, low levels of hsCRP are also independently associated with good CCC (51). Current studies have found that endocan has a strong correlation with cardiovascular disease, especially the occurrence of coronary artery disease. Endocan is expected to become a useful biological indicator of coronary artery disease.



Endocan and Atherosclerosis

Atherosclerosis (AS) is the pathophysiological basis of coronary heart disease, cerebral infarction, and peripheral vascular disease. Its features are that the affected arterial disease starts from the intima. Slow coronary flow (SCF) means that there is no obvious disease in the coronary arteries during coronary angiography, but the blood perfusion is delayed at the distal end. The phenomenon of SCF rate has recently been referred to as an atherosclerotic process, which may be caused by an increase in inflammation. SCF may cause myocardial ischemia, angina pectoris and myocardial infarction. Studies have found that endocan levels are significantly positively correlated with hsCRP, and the endocan level is independently related to the presence of SCF (52). Serum endocan levels in patients with aortic atherosclerosis stroke are significantly increased. The endocan level began to decline on the 6th day after ischemic stroke, and returned to normal at the 4th week. Higher endocan levels in serum of patients with aortic atherosclerotic stroke can help predict short-term adverse outcomes (53). At the same time, in mice lacked apolipoprotein E(ApoE)/low density lipoprotein receptors, endocan levels were found to increase in the early stages of atherosclerotic plaque development (54). These studies indicate that endocan may have been involved in the occurrence and development of atherosclerosis at an early stage.

Systemic lupus erythematosus (SLE) is a chronic inflammatory autoimmune disease, closely related to atherosclerotic diseases. SLE patients not only have an increase in the prevalence of CAD, but also have the characteristics of severe coronary artery disease and an earlier age of onset. The serum endocan concentration of SLE patients was significantly higher than that of healthy people (55). Serum endocan level are positively correlated with cIMT, body mass index (BMI) and erythrocyte sedimentation rate in patients with SLE (56). Psoriasis is a chronic inflammatory disease that may be related to atherosclerosis, myocardial infarction or stroke. The occurrence of psoriasis may be closely related to inflammation, oxidative stress, and endothelial dysfunction (57, 58). Serum TNF-α and endocan levels in patients with psoriasis were significantly increased, and consistent with previous studies of coronary heart disease, endocan levels were positively correlated with TNF-α and the average carotid intimal media thickness. And in patients with psoriasis, it was found that the serum concentration of endocan was positively correlated with the psoriasis area and severity index) score and BMI, and was negatively correlated with the age of onset of psoriasis (59). At the same time, studies have shown that endocan can be used as an early predictor of increased carotid intimal media thickness, and that elevated endocan levels may be the basis for the development of psoriasis-related cardiac manifestations (60). This finding indicates that the level of endocan is related to subclinical atherosclerosis associated with SLE and psoriasis, may be a useful biological indicator for predicting early development.

Chronic inflammation promotes the process of atherosclerosis in almost all stages by activating endothelial cells, producing reactive oxygen species, and accelerating the formation of foam cells and atherosclerotic plaques. At present, it is generally believed that endocan is involved in the development of atherosclerosis mainly through endothelial dysfunction. The expression of endocan increases under the stimulation of IL-1β, TNF-α and other pro-inflammatory factors, which further increases the levels of VCAM-1 and ICAM-1, thereby enhancing the adhesion between leukocytes and endothelial cells, and promoting the recruitment and migration of inflammatory cells. In addition, endocan treatment can stimulate the production of NO and ROS, and increase the expression of iNOS and CRP in RAW264.7 macrophages (5) (Figure 3). These studies prove that endocan can accelerate endothelial cell dysfunction by promoting inflammation, cell adhesion and oxidative stress.
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FIGURE 3. The molecular mechanism of endocan promoting atherosclerosis. Endocan promotes the occurrence and development of atherosclerosis through a variety of ways, including promoting inflammation, leukocyte proliferation and migration, oxidative stress and foam cell formation.


Interestingly, compared with normal people, type 2 diabete patients show higher levels of the smallest high-density lipoprotein (HDL) particles HDL3c. There is a significant positive correlation between endocan and LDL diameter, but a negative correlation with the proportion of sdLDL particles (61).



Endocan and Lipid Metabolism Disorder

Lipid metabolism plays a key role in maintaining the homeostasis of the systemic lipid pool. Disorders of lipid metabolism can lead to diseases such as obese, hyperlipidemia, non-alcoholic fatty liver disease (NAFLD), diabetes, and Alzheimer's disease. Both NAFLD and diabetes are independent factors for cardiovascular events. Obesity is a risk factor for atherosclerosis. These diseases have an inseparable relationship with inflammation. The increased inflammatory markers and production of free fatty acids and free radicals, unbalanced antioxidant capacity and liver cell dysfunction, are some of the potential mechanisms between obesity and cardiovascular disease (CVD). As expected, the current research has found that endocan does have an important effect in these diseases, but the results of the research are quite divergent. Nalbantoglu et al. (62) found that compared with the control group, obese children have higher endocan content. This group of people also have increased fasting insulin levels and cIMT. Consistent with previous studies, there is a significant correlation between cIMT and endocan in obese children. There is a positive correlation between endocan and almost all anthropometric data [i.e., body adiposity index (BAI), cardiometabolic index (CMI), body mass index, fat accumulation index, visceral fat index, BMI, waist circumference, hip circumference, waist-to-height ratio and waist-to-hip ratio]. Among them, non-traditional obesity index, BAI and CMI are independently related to higher serum glucose levels in adults (63). NAFLD subjects had significantly higher endocan levels than control group, and showed higher ALT and insulin levels, as well as more severe dyslipidemia (64, 65). P-selectin is a transmembrane glycoprotein expressed on the surface of platelets and ECs. Under the normal condition, P-selectin is mainly stored in platelet α particles and Weibel-Palade bodies of ECs. There was no or low expression on the surface of cell membrane. It can be rapidly expressed on the plasma membrane under the action of inflammatory injury or agonist, and plays a key role in vascular inflammation and injury. Plasma P-selectin levels are elevated in patients with hypertension (66), hyperlipidemia (67), and other atherosclerotic diseases (68). In obese subjects with NAFLD, compared with the simple obesity group and control group, the level of P-selectin decreased, and the level of circulating P-selectin was closely related to endocan (65). Endocan also seems to be associated with bacterial infection in patients with liver cirrhosis. Studies have found that liver cirrhosis patients with infection have significantly higher serum endocan, CRP, TNF-α and procalcitonin levels. In the uninfected group of liver cirrhosis, the endocan level is not correlated with other indicators, while in the infected group, the endocan level was correlated with the child-Pugh score, CRP, and TNF-α levels (69). Spontaneous bacterial peritonitis (SBP) is one of the most common bacterial infections in patients with liver cirrhosis, especially advanced liver disease. The high level of serum endocan is an independent and important risk factor for the development of SBP (70). In all patients with liver cirrhosis, when the serum endocan level is ≥2.05 ng/ml, the detection sensitivity is 76.1% and the specificity is 85% (69). The 5 and 10-year cumulative survival rates of patients with serum endocan levels <2.0 ng/mL were 97.1% and 87.4%, while those with concentrations ≥2.0 ng/mL were 85.8 and 64.4%, respectively (71). In patients with liver cancer, elevated serum endocan and VEGF levels are significantly associated with liver dysfunction and tumor progression (72). Serum endocan level may be an independent prognostic biomarker of infection and mortality in patients with liver cirrhosis and liver cancer, especially when combined with VEGF.

Although the above studies all believe that endocan levels are elevated in liver dysfunction, there are many studies that hold different opinions. A study of patients with chronic liver disease found that the serum endocan levels of NAFLD, chronic hepatitis B and chronic hepatitis C groups were significantly lower than those of the control group, there is a negative correlation between endocan levels and the inflammation stage of chronic hepatitis (73). Consistent with this result, the clinical study of Erman et al. also found that compared with healthy controls, the serum endocan level of NAFLD patients was lower, and its best cut-off point was 122.583 pg/mL, and the detection sensitivity and specificity of the cut-off point were 71.79 and 90%, respectively (74). In patients with cirrhotic cardiomyopathy, the level of endocan was also found to be significantly lower (75). Why is there such a difference in the results of studies on endocan levels in liver injury? The study by Klisic et al. gave a hint. First of all, it may be the difference in the sample size of participants between different studies. The next, they found that as a single predictor, endocan is insufficient in distinguishing steatosis/fibrosis. However, when tested with other biomarkers in the model (such as insulin, antihypertensive therapy, etc.), endocan showed good clinical accuracy (76). These results suggest that we should use biological indicators comprehensively in clinical practice, rather than relying solely on one indicator. Considering that NAFLD is an independent predictor of CVD, endocan may reflect the severity of liver injury. However, further studies are needed to explore the causal relationship between endocan levels, liver steatosis/fibrosis and CVD.



Endocan and Diabetes

Atherosclerotic cardiovascular disease is the leading cause of death and disability in patients with Diabetes mellitus type 2 (T2DM). The risk of worsening atherosclerosis in patients with T2DM is dramatically higher than non-diabetics. Endocan is sharply overexpressed in the plasma of T2DM patients, especially in patients with low blood glucose regulation ability, the endocan level was significantly higher than the control group (77). In patients with T2DM, endocan and hsCRP and average ischemia-modified albumin (IMA) levels in patients with endothelial dysfunction were considerably higher than those in the control group. The 24-h urine protein excretion and carotid intimal media thickness levels in the T2DM group were positively correlated with hsCRP, IMA and endocan levels. Endocan and IMA are independent risk factors for endothelial dysfunction (78). This is consistent with the results of previous studies on patients with SLE. Endocan may be an inflammatory marker of T2DM (79).

Diabetic nephropathy is one of the most important complications of diabetic patients. It is suggested that patients with diabetic nephropathy have higher levels of endocan than patients with normal albuminuria (80). Arman et al. found that after 3 months of treatment according to the recommendations of the American Diabetes Association guidelines, the patients' serum calcineurin, urinary albumin to creatinine ratio (UACR) and endocan levels were clearly reduced, but only UACR and endocan independently related (77). Increased blood pressure in patients with massive proteinuria, but the serum albumin and endocan levels are low. There is a positive correlation between endocan and systolic blood pressure. UACR is negatively correlated with endocan, and positively correlated with systolic blood pressure, duration of diabetes and platelet distribution width (81). This shows that although angiogenesis occurs in the early stage of diabetic nephropathy, as the disease progresses, subsequent kidney damage may reduce the expression of endocan. Hyperglycemia can stimulate the expression of endocan and lowering blood sugar can reduce endocan level. The decrease in endocan concentration may be related to blood sugar control and lower UACR.

Lv et.al. also found that endocan levels in T2DM are positively correlated with glycosylated hemoglobin A1, fasting blood glucose and carotid intimal media thickness, which is consistent with previous research results (82). This indicates that serum endocan level may be a useful biomarker for early diagnosis of subclinical atherosclerosis in patients with T2DM. And compared with the diabetes group, the endocan and carotid intimal media thickness levels are higher in the T2DM with subclinical atherosclerosis group. In addition, compared with newly diagnosed untreated T2DM and no other disease or complications, T2DM patients with acute STEMI have significantly higher serum endocan levels (83, 84).

In addition to diabetic nephropathy, endocan is also closely related to peripheral neuropathy in patients with T2DM. The concentration of endocan in patients with diabetic peripheral neuropathy is higher than that in other diabetic patients and healthy controls. Similarly, the endocan level of diabetic patients is also higher than healthy controls. And a significant positive correlation was detected between endoglin, aperin and endocan levels in all groups (85).

Metformin is known as a common diabetes drug. Interestingly, treatment with metformin under high glucose conditions reduced endothelial cells viability, and thus up-regulates endocan expression. Compound C, a selective inhibitor of AMPK, markedly reduces endocan expression at high glucose concentrations or supplemented with metformin. Addition of metformin to compound C-treated HUVEC seems to reduce the inhibitory effect of compound C on endocan transcription (86).




CONCLUSIONS

Endoocan is a new biomarker of endothelial dysfunction with great potential for therapeutic intervention, and a new inflammatory marker for patients with atherosclerosis. It is of great significance for predicting the progression and prognosis of CVD events. However, there are some differences in the current research results, which may be related to the selected population and sample size of the study subjects, but more likely to be due to the complexity of the endocan structure. Therefore, from the current research, endocan is not enough to be used as a biomarker alone, and should be used together with other disease biomarkers. When IL-1β and TNF-α in the patient's plasma are elevated, endocan can be detected as a supplement to disease risk assessment to more accurately predict the prognosis of the disease. Endocan also plays a key role in the occurrence and progression of systemic lupus erythematosus, psoriasis, and type 2 diabetes. The occurrence of these diseases will increase the incidence of cardiovascular events, but the mechanism by which endocan plays a role in these diseases is not clear. Therefore, further research is needed to clarify its exact role of endocan in the above processes.
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