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Introduction 

In recent decades, intensive investigations have 
led to a paradigm shift in the interpretation of 
atherosclerosis from a purely metabolic process 
(i.e., mainly driven by hypercholesterolemia) to 

a disease where inflammation is the dominant 
pathophysiological and biochemical alteration.1 
Cardiovascular disease is up to 20-fold more 
frequent in End Stage Renal Disease (ESRD) 
patients and accounts for up to 50% of all 
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Abstract 

Introduction: Inflammation is recognized in up to 50% of chronic kidney disease (CKD) 
patients, being a common feature of advanced renal disease and crucial mediator of vascular 
calcification which may be relevant in CKD. This study was aimed at evaluating the role of 
Growth arrest-specific 6 (Plasma GAS-6) and mineral metabolism abnormalities in 
hemodialysis (HD) patients. 
Methods: We enrolled a total of 92 adults including 46 (28 males and 18 females) clinically 
stable HD patients and 46 (23 males and 23 females) patients with normal kidney as control 
group. Plasma GAS-6, Interleukin 6 (IL-6), and high sensitivity C-reactive protein (hsCRP) 
concentration and biochemical alteration were quantified; as biochemical factors, GAS-6, 
IL-6, and hsCRP levels were determined by standard methods. 
Results: Levels of GAS-6 were significantly increased in HD patients compared with normal 
controls (P < 0.001). In HD patients, IL-6, and hsCRP levels were increased compared with 
controls (P < 0.001). The levels of GAS-6 were directly associated with IL-6 (r = 0.560, 
P < 0.001) in HD patients. No significant correlation was found between hsCRP and GAS-6 
levels in HD patients (r = 0.05, P = 0.742). Multiple regression analysis demonstrated that 
serum P was independently associated with hsCRP and GAS-6 independently associated  
with IL-6. 
Conclusion: Elevated serum P and GAS-6 might play a role in the development of 
inflammation in CKD patients. Although our study shows that GAS-6 is directly associated 
with IL-6 and phosphor with hsCRP, their direct role in vascular calcification and type of their 
relationships need further studies in the future. 
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deaths, with accelerated atherosclerosis being 
consistently implicated in this process.2 
Traditional cardiovascular risk factors cannot 
completely explain the prevalence of 
atherosclerosis, the elevated cardiovascular 
risk, and the disproportional predisposition for 
adverse cardiovascular outcomes in this 
population. Therefore, novel cardiovascular 
risk factors are suggested to contribute to 
atherogenesis and have been associated with 
the risk of cardiovascular disease. 

Growth arrest-specific 6  (GAS-6) protein 
was the last addition to the family of plasma 
vitamin K–dependent proteins. GAS-6 was 
cloned and characterized in 1993 and found to 
be similar to plasma anticoagulant protein S.3 
Various cell types express GAS-6, including 
endothelial cells, vascular smooth muscles, 
leukocytes, and platelets. Soon after, it was 
recognized as a growth factor–like molecule, 
as it interacted with the subfamily of tyrosine 
kinases-AXL, TYRO3, and Mer as receptors 
for GAS-6.4 GAS-6/AXL system imparts 
signals via the PI3K/Akt pathway, resulting 
in cell survival, proliferation, adhesion, and 
protection from cellular death.5 

The GAS-6/TAM system regulates an 
intriguing mix of processes, including cell 
survival and proliferation, cell adhesion and 
migration, blood clot stabilization, and 
inflammatory cytokine release. Altered 
activity/expression of GAS-6/TAM 
components has been detected in a variety of 
pathologies such as inflammation, 
coagulopathy, cancer, autoimmune disease, 
diabetic vascular and renal disease, and 
chronic renal failure.6-9 GAS-6 is elevated in 
sepsis and increased plasma concentration of 
GAS-6 in patients with septic shock correlated 
with disease severity and increased 
mortality.10 The TAM ligands and receptors 
modulate inflammation, regulating toll-like 
receptor signaling and pro-inflammatory 
cytokine signaling in macrophages and 
dendritic cells.5,11 Without the TAM receptors, 
animals develop unregulated immunity, 
autoimmunity, and inflammation.12-14  

The inflammatory reaction could be  

considered a vascular response to harmful 
stimuli, where the regulation of cell traffic 
through the vessel wall is a crucial regulatory 
step. GAS-6 has been shown to play an 
important role in this part of the 
inflammatory response. GAS-6 promotes 
inflammation by enhancing interactions 
between endothelial cells, platelets, and 
leukocytes. The role of Gas-6 in the vascular 
system is complex. The process of vascular 
calcification has also been related to Gas-6.  
Gas-6 signaling through AXL inhibits mineral 
deposition by cultured VSMCs (Vascular 
Smooth Muscle Cells).15,16 

However, little is known about the clinical 
significance of the Gas-6/TAM system in 
patients with chronic kidney disease (CKD), 
especially end-stage renal disease, and its 
association with various inflammation that are 
common in hemodialysis (HD) patients. On 
the other hand, alteration of mineral 
metabolism is a prevalent condition in CKD. 
Large epidemiologic studies have shown a 
strong relationship between elevated levels of 
calcium (Ca), phosphorus (P), Ca-P product 
(Ca x P), and parathyroid hormone (PTH), and 
cardiovascular morbidity and mortality.17-19 
Although it has been shown that elevated 
serum P is related to cardiovascular morbidity 
and mortality in both HD and predialysis 
patients, the mechanisms by which serum P 
contributes to cardiovascular disease are not 
completely known. 

We have addressed this issue by 
conducting a cross-sectional study to 
examine the interrelationships among the 
main parameters of mineral metabolism, 
serum GAS-6 level, and inflammatory factors 
[high sensitivity C-reactive protein (hsCRP)] 
and interleukin 6 (IL-6) in humans. 
 

Methods 

This study was approved by the Department 
of Biochemistry of Tabriz University of 
Medical Sciences (TUMS), Iran. The ethics 
committee of Tabriz University of Medical 
Sciences approved the project protocol, and 
informed consents were obtained from all 
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Table 4. Multiple regression analysis for C-reactive protein and IL-6 as dependent variable 
Independent 
variable 

Beta-regression 
coefficient 

SE of regression 
coefficient 

T P 

IL-6 
Age 0.018 0.028 0.115 0.909 
eGFR -0.112 0.241 -0.722 0.475 
iPTH 0.091 0.003 0.539 0.594 
Calcium 0.382 0.976 1.901 0.066 
Phosporous 0.400 1.205 0.928 0.360 
Ca × P -0.267 0.057 -1.233 0.226 
25(OH) vit D 0.048 0.062 0.284 0.778 
ALP 0.092 0.001 0.639 0.529 
GAS-6 0.509 0.002 3.395 0.002 

C-reactive protein 
Age -0.117 0.00 -1.168 0.251 
iPTH 0.080 0.001 0.72 0.474 
Calcium 0.087 0.31 0.669 0.508 
Phosporous 0.898 0.387 3.215 0.003 
Ca × P -0.053 0.018 -0.379 0.707 
25(OH) vit D -0.200 0.020 -1.838 0.075 
ALP -0.073 0.000 -0.774 0.444 
GAS-6 0.107 0.001 1.102 0.279 
Albumin -0.068 0.168 -0.664 0.511 
Total protein -0.010 0.125 -0.101 0.920 

iPTH: Intact parathormone; 25(OH) vit D: 25-OH vitamin D; GAS-6: Growth arrest specific-6 
ALP: Alkaline phosphatase; eGFR: Estimated glomerular filtration rate; IL-6: Interleukin 6  

 

found between hsCRP and GAS-6 levels in the 
HD group (r = 0.05, P = 0.742). To test the 
hypothesis of an independent association 
between variables of mineral metabolism, 
GAS-6, and inflammatory parameters, 
forward stepwise multiple regression analysis 
was performed with CRP and IL-6 as the 
dependent variables (Table 4). Age, gender, 
albumin, total protein, eGFR, and serum 
concentrations of Ca, P, iPTH, 25-OH vitamin 
D, and GAS-6 were considered as possible 
predictors of inflammatory parameters. The 
result showed that from the different 
independent variables, serum P was 
independently associated with hsCRP, and 
serum GAS-6 was independently associated 
with IL-6. 
 

Discussion 

Few studies to date have analyzed the 
possible association of GAS-6 with different 
diseases. In a mouse model, GAS-6 was 
suggested to be involved in the progression 
of nephrotoxic nephritis, because lower 
mortality, proteinuria, and fibrin deposition 
were observed in GAS-6 mice than in normal 

mice.20 It has been demonstrated that 
vascular calcification and inflammation are 
common complications in CKD patients.21 
Presence and the extent of vascular 
calcifications are strong predictors of 
cardiovascular disease and all-causes of 
mortality and morbidity in these patients. It 
has been shown that GAS-6 is highly 
expressed in atherosclerotic lesions and in 
activated endothelial cells exposed to  
pro-inflammatory cytokines. The presence of 
GAS-6 in precursor T cell lines and 
monocytes suggests a potential role of 
activating endothelial cells during the initial 
inflammatory response following vascular 
injury. Lee et al. showed that GAS-6 level is 
markedly elevated in the non-HD CKD and 
HD patients. Moreover, in their study, there 
was a trend toward positive correlation of 
GAS-6 levels with previous history of 
coronary artery disease in maintenance of 
HD patients.22  

In our study, the GAS-6 level in HD 
patients, in comparison with normal subjects, 
was significantly higher. Increased GAS-6 
levels did not seem to be a direct product of 
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