
 
 

 
 

  

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 
 

Introduction 
  Sickle Cell Disease (SCD) is a disorder of 

prevalent monogenic hemoglobin presenting 

life-threatening complications and abnormal 

hemoglobin S production play an important 

role in the molecular pathophysiology of SCD 

(1). A single gene substitution in the hemoglobin 

gene leads to the formation of Hemoglobin S 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

by substation of valine with glutamic acid in the 

β-globin chain. HbS polymerizes under low 

oxygen conditions, resulting in the formation of 

sickle-shaped red blood cells that increase  

the viscosity of the circulation, thus slowing 

down the circulation, leading to a hypoxic 

environment, especially in small vessels (2).    
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ORIG INAL  AR TIC L E              OPE N A CCES S  

Introduction: Sickle cell disease (SCD) is a prevalent monogenic hemoglobin disorder that presents a global burden 

with life-threatening complications. In the present study, we aimed to explore the relationship of Kallistatin with 

VEGF-A and TNF-α in patients with SCD.  

Materials and methods: Thirty patients with SCD and 28 age- and sex-matched healthy individuals were included in 

the present study. Serum Kallistatin, VEGF-A, and TNF-α levels were measured by Enzyme-Linked Absorbent Assay, 

and biochemical parameters were analyzed with routine techniques.  

Results: The levels of Kallistatin, VEGF-A, leukocyte, AST, ALT, total bilirubin, direct bilirubin, LDH, and CRP were 

significantly higher in the patient group than in the control group, whereas RBC and hemoglobin levels were 

significantly lower in patients than healthy individuals. Kallistatin levels were positively correlated with AST, total 

bilirubin, direct bilirubin, LDH, CRP, VEGF-A. VEGF-A levels were positively correlated with WBC, ALT, total bilirubin, 

while VEGF-A negatively correlated with RBC and hemoglobin. The areas under the receiver operating characteristic 

for Kallistatin and VEGF-A were 0.8536 and 0.7488, respectively.  

Conclusion: The present study reports for the first time that Kallistatin could be a novel marker associated with the 

pathogenesis of Sickle cell. 
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  Sickle cell disease is mainly featured by 

hemolytic anemia and vascular occlusion, 

ultimately leading to tissue hypoxia and acute 

and chronic tissue damage. Therefore, more 

studies are needed to understand the complex 

pathophysiology that causes multi-organ 

damage and develop effective approaches that 

ameliorate the clinical complications of patients 

with SCD (3). 

  Tissue hypoxia contributes to angiogenic 

processes involved in capillary formation by 

interacting with various cell types, and the 

proliferation and invasion of endothelial cells 

stimulated by angiogenic factors and changes 

in oxygen tension are critical mechanisms. 

Angiogenic mechanisms play a crucial role in 

some complications such as proliferative 

retinopathy and vasculopathy in patients  

with SCD (4). Vascular endothelial growth factor 

(VEGF) is the main pro-angiogenic factor that 

acts as a powerful stimulator of endothelial cell 

proliferation, and elevated VEGF expressions in 

SCD patients have been reported (5).  

  Kallistatin, an endogen measurable protein in 

human serum, is a unique serine proteinase 

inhibitor (serpin) involved in some physiological 

events. Kallistatin is synthesized in the kidney, 

heart, and blood vessels but is predominantly 

expressed in the liver tissue (6, 7). Kallistatin is 

composed of two major functional parts: active 

site and heparin-binding site that regulate 

physiological mechanisms such as apoptosis, 

oxidative stress and angiogenesis. Recent 

studies reported that Kallistatin suppresses 

angiogenesis by hindering VEGF-induced 

growth and migration of endothelial cells, 

blocks apoptotic activity in endothelial cells and 

antagonizes tumor necrosis factor-alpha (TNF-

α)- triggered oxidative stress. Furthermore, 

Kallistatin encourages neovascularization by 

enhancing VEGF concentrations in endothelial 

progenitor cells (EPCs) (6).  

  Kallistatin has been studied in animal models 

of various diseases such as cancer, diabetes 

mellitus, hypertension, cardiovascular, renal, 

and lung dysfunction (6, 7). Furthermore, the 

presence of kallistatin has been reported in 

patients with diabetes mellitus, liver disease, 

cancer, pneumonia, and septic syndrome (6, 7). 

However, there is no study in the literature 

evaluating serum Kallistatin levels in patients 

with SCD. Considering the papers mentioned 

above on the role of kallistatin in angiogenic 

mechanisms, we speculated that kallistatin 

could be a critical factor involved in the 

pathogenesis of SCD. Here, we aimed to 

explore the relationship of Kallistatin with VEGF-

A and TNF-α in patients with SCD. 
 

Materials and Methods 

Selection of Patient and Control Groups 

  Thirty patients with SCD who were admitted to 

Hatay Mustafa Kemal University Hospital 

Department of Hematology were enrolled in 

this study as a patient group. The control group 

consisted of 28 age- and sex-matched healthy 

subjects. All of the patients had homozygous 

sickle cell anemia (HbSS). Patients with kidney 

or liver failure, coronary heart disease, diabetes 

mellitus, obesity, any hematologic disorder 

other than SCD, malignancy and patients with 

a recent history of transfusion in the last  

three months were excluded from the study. 

Demographic data were collected from the 

hospital information system. All SCD patients 

and healthy individuals provided informed 

consent forms before participation in the 

present study.  
 

Ethical Statement 

  The current study was approved by the 

Institutional Ethics Committee of Hatay Mustafa 

Kemal University and was conducted following 

the Declaration of Helsinki (2020/101). 
 

Specimen Collection 

  Fasting venous blood samples were collected 

by venipuncture from SCD patients and healthy 

controls into biochemistry tubes coated with gel 

for serum separation. The blood tubes were 
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centrifuged at 1500×g /10 min, at 4⁰C within 1h 

after sampling to obtain serum which was then 

aliquoted to store at -80°C until the assays. 
 

Measurement of Biochemical Parameters 

  Hemoglobin concentrations, leukocyte and 

erythrocyte counts in patients with SCD, and 

healthy controls were detected by Mindray 

BC6800 Hematology (MINDRAY Medical Int. 

Co., Shenzhen, China). Total bilirubin, direct 

bilirubin, Alanine aminotransferase (ALT), AST: 

Aspartate aminotransferase (AST), and lactate 

dehydrogenase (LDH) were measured on Advia 

1800 Chemistry System (Siemens, Germany). 

CRP concentrations were determined by Dade 

Behring BN II System (Siemens Germany) by the 

nephelometric method. 
 

Enzyme-linked Immunosorbent Assay (ELISA) 
Measurements 

  Measurement of serum kallistatin (Elabscience, 

catalog no: E-EL-H5550), VEGF-A (Elabscience, 

catalog no:E-EL-H0111) and TNF-α (Elabscience, 

catalog no: E-EL-H0109) from the patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and healthy controls were performed using 

commercial ELISA kits. The assay ranges for the 

kallistatin kit were 15.63-1000 ng/mL, sensitivity 

was 9.38 ng/mL and the intra- and interassay 

coefficients of variance (CV%) were 5.30%  

and 6.04%, respectively. The assay ranges for 

the VEGF-A kit were 31.25-2000 pg/mL, 

sensitivity was 18.75 pg/mL, and the intra- and 

interassay CV% of VEGF-Awere 5.84% and 

5.19%, respectively.  The assay ranges for the 

TNF-α kit were 7.81-500 pg/mL, sensitivity was 

4.69 pg/mL and the intra- and interassay CV% 

of TNF-a were 6.22% and 5.29%, respectively. 
  

Statistical Analysis 

  Kolmogorov-Smirnov test was utilized to test 

the normality of all data, followed by either t-

test or Mann-Whitney U test was used for two 

groups comparisons, continuous variables were 

demonstrated as mean ± standard deviation. 

Categorical data were analyzed using the Chi-

square test and showed as numbers and 

percentages. The association of Kallistatin with 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Serum Kallistatin (a), VEGF-A (b), and TNF-α (c) levels in healthy controls and patients with SCD 
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other parameters was assessed using the 

Spearman correlation test. Receiver operating 

characteristic (ROC) analyses were utilized to 

detect the potential diagnostic value of 

Kallistatin and VEGF-A in patients with SCD.  

SPSS version 24.0 and Grappad prism software 

were used for statistical analyses, and p<0.05 

values were considered statistically significant.  
 

Results 
Demographic Characteristics and Laboratory 
Findings of SCD and Healthy Individuals 

  The demographics and laboratory findings of 

healthy subjects and patients with SCD who 

participated in the study are given in Table 1. Of 

the 30 patients included in the study comprised 

15 (50%) females and 15 (50%) males with a 

mean age of 36.25±9.09 years while 28 healthy 

individuals who matched the patients in terms 

of age and gender enrolled in the control 

group, and no significant difference in age  

and gender were determined between these 

groups (p>0.05). Our laboratory results showed 

that levels of leukocyte, AST, ALT, total bilirubin, 

direct bilirubin, LDH, and CRP were significantly 

higher in the patient group compared to the 

control group (p<0.05), whereas erythrocyte 

count and hemoglobin concentrations were 

significantly decreased in patients compared 

with healthy individuals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kallistatin, VEGF-A and TNF-α Levels in Patients 
with SCD and Healthy Subjects 

  We presented the results of the  ELISA 

parameters in Figure 1. The measurements of 

Kallistatin, VEGF-A, and TNF-α from the serum 

samples of patients with SCD and healthy 

individuals demonstrated that the levels of 

Kallistatin and VEGF-A were increased in the 

patients with SCD (Figure 1a, 1b, p<0.05) while 

there was significantly no difference in TNF-α 

levels between the groups (Figure 1c, p>0.05). 

The parameters of ELISA are demonstrated in 

table 3. Serum levels of kallistatin and VEGF-A 

were significantly increased in SCD patients 

compared to healthy controls. 
 

Correlations of Kallistatin, VEGF-A, and TNF-α 
with Routine Laboratory Parameters in Controls 
and Patients with SCD 

  We performed correlation analyses to detect 

the association of Kallistatin, VEGF-A, and TNF-

α with routine laboratory parameters in controls 

and patients with SCD and presented the results 

in Table 2. Our analyses revealed that serum 

Kallistatin levels were positively correlated with 

AST, total bilirubin, direct bilirubin, LDH, CRP, 

VEGF-A, but it was negatively correlated with 

RBC and hemoglobin (p<0.05). In addition, 

correlation analyses of VEGF-A unveiled that 

VEGF-A levels were positively correlated with 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. ROC analyses of Kallistatin and VEGF-A in healthy controls and patients with SCD 
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 Table 1. Demographic characteristics and routine laboratory findings in controls and patient groups 

Demographic characteristics 
Control 

(n:28) 

Patient 

(n:30) 

p-value 

Age, mean±SD, (years) 37.79±9.12 36.25±9.09 0.738*  

Sex (n, %) 

Female 

Male 

 

13 (%46.4) 

15 (%53.6) 

 

15 (%50) 

15 (%50) 

 

0.786# 

Lab parameters 

WBC (x103µL) 6.989±1.35 9.492±3.35 0.0005* 

RBC (x103µL) 4.878±0.53 3.024±0.84 <0.0001** 

Hemoglobin (g/dL) 13.96±1.7 9.757±1.95 <0.0001* 

AST (U/L) 20.79±4.67 36.53±20.64 <0.0001** 

ALT (U/L) 20±7.808 30.23±16.51 =0.0002** 

Total bilirubin (mg/dL) 0.62±0.36 3.19±2.15 <0.0001** 

Direct bilirubin (mg/dL) 0.15±0.08 0.69±0.38 <0.0001** 

LDH (U/L) 179±53.16 422.5±218.2 <0.0001** 

CRP (mg/dL) 2.772±1.35 4.926±2.08 <0.0001** 

Data are expressed as mean ± SD or number (percentage), and p<0.05 values were considered statistically significant.  

WBC: White blood cell, RBC: Red blood cell, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, LDH: Lactate 

dehydrogenase, CRP: C-reactive protein. * t test; ** Mann-Whitney U test; # Chi-square test 

 

Table 2. Correlations of Kallistatin, VEGF-A, and TNF-α with routine laboratory parameters in controls and SCD 

Variables 
Kallistatin VEGF-A TNF-α 

r p r p r p 

WBC (x103µL) 0.07 0.57 0.35 0.005 0.08 0.51 

RBC (x103µL) -0.52 <0.0001 -0.42 0.0009 0.07 0.55 

Hemoglobin (g/dL) -0.53 <0.0001 -0.41 0.0014 0.03 0.81 

AST (U/L) 0.36 0.0044 0.17 0.17 -0.12 0.34 

ALT (U/L) 0.24 0.06 0.32 0.01 -0.11 0.38 

Total bilirubin (mg/dL) 0.47 0.0002 0.34 0.0075 -0.03 0.79 

Direct bilirubin (mg/dL) 0.46 0.0002 0.23 0.07 -0.12 0.33 

LDH (U/L) 0.35 0.0061 0.23 0.07 -0.06 0.62 

CRP (mg/dL) 0.31 0.0179 0.21 0.1 -0.19 0.13 

VEGF-A 0.43 0.0007 - - -0.23 0.07 

TNF-α 0.03 0.81 -0.23 0.07 - - 

Data are expressed as mean ± SD and p<0.05 values were considered statistically significant. The association between the 

two parameters was presented with an r-value which is the correlation coefficient between +1 and –1. VEGF-A: Vascular 

Endothelial Growth Factor-A, TNF-α: Tumor necrosis factor-alpha.  
 

Table 3. The area under the ROC and optimal cut-off values of Kallistatin and VEGF-A in patients with SCD 

Variables AUC (95%CI) Sensitivity % Specificity % Cut-off p-value 

Kallistatin  0.8536 (0.7593-0.9478) 66.7 67.9 713.6 ng/ml <0.0001 

VEGF-A 0.7488 (0.6183-0.8793) 70.0 71.4 247.9 pg/ml 0.001 

AUC: Area under the receiver operating characteristic curve, VEGF-A: Vascular Endothelial Growth Factor-A 
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WBC, ALT, total bilirubin, while correlated with 

RBC and hemoglobin negatively. Our results 

revealed that TNF-α levels were not significantly 

associated with any laboratory parameters.  
 

ROC Analyses of Kallistatin and VEGF-A 

  We performed ROC to detect the diagnostic 

value of serum Kallistatin, VEGF-A, and TNF-a 

in SCD and showed the results in Table 3 and 

Figure 2. Our results revealed that the areas 

under the receiver operating characteristic for 

Kallistatin and VEGF-A were 0.8536 and 0.7488, 

respectively (p<0.05). These data suggest that 

Kallistatin and VEGF-A might have diagnostic 

importance for patients with SCD. 
 

Discussion 
  Here, we showed that Kallistatin elevated in 

SCD, and increased Kallistatin levels were 

positively correlated with VEGF-A. Angiogenesis 

involves new blood vessel growth or neo 

vascularization and plays a key role in vascular-

mediated tissue damage in SCD (5, 8). There are 

some inconsistent data about VEGF levels in 

patients with SCD. Although increased levels of 

VEGF were found in previous clinical studies in 

steady-state SCD patients (5,9,10), some studies 

reported no significant difference in levels of 

VEGF in SCD patients versus healthy subjects 

(11, 12). Our results revealed in the current study 

that VEGF concentrations were significantly 

elevated in steady-state SCD patients. 

  Recent studies revealed that Kallistatin levels 

are elevated in some diseases. For instance; 

Serum Kallistatin concentrations have been 

reported to be elevated in patients with  

type 1 diabetes (13). In another study, McBride 

et al. (14) indicated elevated serum Kallistatin 

concentrations in type 2 diabetic patients. 

Moreover, it has been shown that Kallistatin 

concentrations are elevated in patients with 

obesity and prediabetes (15) and patients with 

rheumatoid arthritis (16). In the current study, 

significantly higher levels of kallistatin in 

asymptomatic SCD patients versus healthy 

individuals were observed.  

Endothelial progenitor cells (EPCs), which can 

differentiate into endothelial cells play a central 

role in vascular repair by involving in endothelial 

regeneration and vessel formation  (17). Studies 

have inconsistent findings regarding changes  

in circulating EPC in SCD patients. van Beem 

et al. reported that there is no difference in 

circulating EPCs between asymptomatic state 

patients and healthy subjects, but EPCs were 

significantly increased in SCD with painful crises 

(18). On the other hand, Anjum et al. (19) found 

significantly lower subsets of circulating EPCs 

in SCD with pulmonary arterial hypertension 

(PAH) than in those with no PAH. Moreover, 

Rodrigo et al. (20) reported that the number of 

circulating EPCs trended lower in adults with 

SCD than healthy African-American controls. 

Kallistatin encourages neovascularization by 

enhancing VEGF in EPCs (6,7,21). Gao et al. 

examined the role of kallistatin on blood EPCs 

in a vascular injury model of rats, and their 

results revealed that Kallistatin improves the 

vasculogenic capacity, mobility, and viability of 

EPCs through increasing VEGF, suggesting that 

Kallistatin may have a protective role on 

vascular injury (22).  

  In our study, Kallistatin and VEGF-A raised 

significantly in steady-state SCD patients, and a 

positive correlation was observed between 

Kallistatin and VEGF-A. We speculated that 

kallistatin via its active site increased VEGF levels 

in steady-state SCD patients, thus suggesting it 

could be involved in angiogenesis by affecting 

EPCs. We also tested the relationship of 

Kallistatin and VEGF-A with routine laboratory 

parameters in SCD using correlation analyses. 

Our findings unveiled that Kallistatin and VEGF-

A concentrations were correlated with some 

biochemical parameters in patients with SCD, 

suggesting that Kallistatin and VEGF-A could 

be associated with the pathogenesis of SCD. 

Moreover, as shown in Figure 2 and Table 3,  

we reveal that Kallistatin and VEGF-A have 

diagnostic values that may improve the clinical 

therapy of patients with SCD.  
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  Biochemical and hemogram parameters are 

routine tests used in the diagnosis and 

management of SCD (23-25). Previous studies 

unveiled that WBC, AST, ALT, total and direct 

bilirubin, and LDH levels were significantly 

elevated while hemoglobin and RBC were 

diminished considerably in SCD compared with 

healthy controls (23-25). Furthermore, recent 

studies reported that CRP concentrations were 

higher in SCD patients than healthy controls 

(24, 26). In our study, we detected that the 

levels of WBC, AST, ALT, total and direct 

bilirubin, LDH, and CRP levels were significantly 

increased while RBC and hemoglobin levels 

were significantly diminished in SCD versus 

controls. Our laboratory findings provided here 

are consistent with previous studies in the 

literature (23-26). 

  TNF-α, as an inflammatory marker, has been 

investigated in some studies comparing steady-

state SCD patients compared with healthy 

subjects. Some studies reported that there is no 

significant difference in TNF-α levels between 

steady-state SCD patients and controls (27-29).  

In contrast, Other studies revealed that the 

levels of TNF-α in steady-state SCD patients are 

higher than in healthy individuals (9, 24, 30, 31). 

In our study, we did not find any difference in 

TNF-α levels in SCD patients compared with 

healthy individuals. 

  The current study has some limitations. Firstly, 

the sample size of the study was small because 

of the single-center design of the study. 

Secondly, no patients were experiencing a crisis 

and complications to compare the results.  
 

Conclusion 

 Our results presented here show that Kallistatin 

could be a novel marker associated with the 

pathogenesis of SCD, and there are also many 

fields to explore about Kallistatin in SCD. 
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