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ABSTRACT     
Background: A pro-angiogenic state has been found in adults with sickle cell disease (SCD), mainly 

because of elevated angiopoietin-2 levels. Aim of the work was to determine the level of Angiopoietin-2 

in children and adolecents with SCD and assess its relation to markers of hemolysis and iron overload. 

Methods: Forty SCD patients in steady state were studied focusing on hydroxyurea therapy, hematological 

profile and serum ferritin. Patients were compared to 40 healthy controls.  

Results: Angiopoietin-2 levels were significantly higher in SCD patients compared with healthy controls 

(8506.3 ± 3789.5 pg/mL versus 2791.7 ± 1263.6 pg/mL; p<0.001). Angiopoietin-2 levels were 

significantly higher in SCD patients with cardiopulmonary complications. Significant positive correlations 

were found between serum angiopoietin-2 levels and age as well as HbS. Conclusions: Elevated 

angiopietin-2 levels in SCD highlights the role of angiogenesis in the pathophysiology of SCD. 

Angiopoietin-2 may be considered a promising risk marker for screening of SCD patients at risk of 

cardiopulmonary complications. 
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INTRODUCTION 
    Sickle cell disease (SCD) is caused by a 

mutation in the hemoglobin β chain, resulting in 

the production of an abnormal hemoglobin (HbS) 

in the erythrocyte. Under conditions of low 

oxygenation, HbS polymerizes leading the 

erythrocyte to adopt sickle-shaped morphology. 

SCD is characterized by complex 

pathophysiological mechanisms that involve 

intravascular hemolysis and recurrent vaso-

occlusion, in association with chronic vascular 

inflammation and endothelial activation, leading 

to painful vaso-occlusive episodes, auto-

infarction of the spleen, acute chest syndrome, 

stroke, pulmonary hypertension, renal damage 

and a shortened lifespan 
(1,2)

. 

   Angiopoietins are growth factors that promote 

angiogenesis together with vascular endothelial 

growth factor (VEGF) 
(3; 4)

. Angiopoietin-2 (Ang-2) 

is expressed primarily in the vascular endothelium 

at sites of vascular remodeling 
(2)

. It acts by binding 

to the endothelium-specific receptor tyrosine 

kinase 2 (Tie-2). The Ang/Tie system tightly 

controls the endothelial phenotype during 

angiogenesis and vascular inflammation by a 

competitive inhibitor of Ang-1 for Tie-2 binding, 

thereby inhibiting Ang-1/Tie-2 signaling 
(4)

. Ang-

2 promotes also VEGF induced 

neovascularization 
(5)

.
 

    
The aim of this study was to determine the level 

of Angiopoietin-2 in children and adolescents  

 

 

with SCD and assess its relation to markers of 

hemolysis and iron overload. 

 

PATIENTS AND METHODS 
     This cross sectional study was conducted on 

40 patients with sickle cell disease. They were 

recruited from the regular attendants of the 

Pediatric Hematology Clinic, Pediatric Hospital, 

Ain Shams University during the period from 

June 2015 to August 2016. Another 40 age- and 

sex- matched healthy children were enrolled as 

controls. An informed consent was obtained from 

each patient or control or their legal guardians 

before enrollment in the study.  

  The study was approved by the Ethics Board of 

Ain -Shams University.  

Inclusion criteria 
Patients with SCD diagnosed by history, 

examination and investigations including 

complete blood picture (CBC), reticulocyte 

count, markers of hemolysis as well as 

hemoglobin analysis using high performance 

liquid chromatography (HPLC) 
(7)

.  

Patients were in a steady state at time of sample 

collection (not in sickling crisis).  

All included patients were studied focusing on: 

 Disease onset and duration. 

 Transfusion history: 

 Hydroxyurea therapy. 

 History of splenectomy. 

 Assessment of anthropometric measurements. 
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 Complete ophthalmological, cardiac, chest, 

abdominal, and neurological examination. 

 Complete blood count (CBC) using Sysmex, 

japan 

 Analysis of markers of hemolysis: lactate 

dehydrogenase (LDH) and total and indirect 

bilirubin as well as serum ferritin were 

performed on Cobas Integra 800 analyzer; 

Roche Diagnostics, Mannheim, Germany. 

Serum ferritin level was measured at study 

with calculation of the mean value of the last 

year prior to the study in order to know the 

ferritin trend. 

 Serum levels of Angiopoietin-2 by enzyme 

linked immunosorbent assay (ELISA) using 

Quantikine Human Angiopoietin-2 

Immunoassay supplied by R&D systems, 

USA. 

 

RESULTS 
 The study included 40 patients with SCD (16 

males and 24 females). They consisted of 14 

patients with sickle cell anemia (SCA) and 26 

patients with sickle β-thalassemia. Patients were 

compared with 40 age- and sex-matched healthy 

subjects served as controls. The control group 

consisted of 18 males and 22 females (ratio: 

9:11). The mean age of SCD patients was 13.8 ± 

3.3 years (range: 6.6-18 years) while that of 

controls was 12.0 ± 4.9 years (range: 6-16 years). 

 

           SCD patients had lower weight and height 

compared with controls. Angiopoietin-2 levels 

were significantly higher in SCD patients 

compared with healthy controls (p<0.001) (Table 

1). Angiopoietin-2 levels were significantly 

higher in SCD patients with cardiopulmonary 

complications than those without (Figure 2). 

Significant positive correlations were found 

between serum angiopoietin-2 levels and age as 

well as HbS (Figure 2). 

 

Table (1): Comparison of clinical variables and angiopoietin-2 among patients and control group  

 

Variable Controls (n=40) SCD (n=40) Test value p value 

Age (years) 

Mean ± SD 

Range 

12.0 ± 4.8 

6 – 16 

13.8 ± 3.3 

6.6 – 18 

1.896 0.062 

Sex, n (%) 

Male 

Female 

 

18 (45.0) 

22 (55.0) 

 

16 (40.0) 

24 (60.0) 

0.0512 0.821 

Weight SDS 

Median (IQR) 

Range 

1.15 (0.8 – 1.42) 

0.49 – 1.91 

-2.62 (-3.47–-1.11) 

-5.41 – -0.39 

3.015 0.003* 

Height SDS 

Median (IQR) 

Range 

1.05 (0.7 – 1.6) 

0.5 – 1.9 

-2.36 (-3.41–-1.52) 

-4.42 – -0.06 

3.315 <0.001* 

Angiopoietin-2 

 (pg/mL) 

Mean ± SD 

Range 

2791.7 ± 1263.6 

400 – 5750 

8506.3 ± 3789.5 

2500 – 15000 

-7.923 <0.001* 

 

SDS: standard deviation score; IQR: inter-quaartile range; *: signifiant. Data were expressed as mean and 

standard deviation where Student t test was used for comparisons or as median (IQR) using Mann-Whitney 

test for comparison unless specified as number (percentage) using Chi-square (X
2
) test for comparison. 
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Figure 1: Angiopoietin-2 levels among SCD patients with and without cardiopulmonary complications. 

 
Figure 2: Positive correlation between angiopoietin-2 levels and HbS among patients with sickle cell disease. 

 

DISCUSSION 
   Sickle cell disease (SCD) is a multisystem 

disease, associated with episodes of acute illness 

and progressive organ damage 
(6, 2)

. SCD is as 

much a disease of endothelial dysfunction as it is a 

hemoglobinopathy that triggers erythrocyte 

polymerization 
(7)

. Vascular dysfunction which is 

due to complex and multifactorial interactions 

manifests as the clinical phenotypes of SCD 
(8).

Few studies investigated angiopietin-2 in SCD 

particularly in young patients 
(9)

. Therefore, we 

investigated serum angiopietin-2 level in children 

and adolescents with SCD and assess its relation to 

iron overload and various hemolysis associated 

complications. 

    In the current work, SCD patients had lower 

weight and height compared with controls 

probably due to endocrine disorders. Endocrine 

disturbances are the leading cause of growth 

retardation and short stature in SCD patients. They 

are the most common and earliest organ toxicity 

seen in subjects with chronic iron-induced cellular 
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oxidative damage and can be seen in those without 

clinical evidence of iron overload 
(10)

. Additional 

causes as irregular transfusion therapy, under 

nutrition and low socioeconomic status should be 

considered in the developing countries 
(11)

. 

  In agreement with these results, 
(12)

 demonstrated 

that children with SCD had significantly lower 

weight and BMI than control children. Similar 

results were also obtained by Tantawy et al. 
(13)

. 

This highlights the importance of nutritional 

management in children with SCD as stated by 

Maitland et al. 
(14)

. In contrast, 
(15)

 and 
(16)

 reported 

no difference between SCD patients and control as 

regard BMI. 

   In this study, angiopoietin-2 levels were 

significantly higher in SCD patients compared 

with healthy controls. In vitro data in which 

hypoxia induced the expression of Ang-2, but not 

Ang-1 and TIE2 in microvascular endothelial cells 
(17)

. The enhanced Ang-2 serum levels may, 

therefore, reflect rapid Ang-2 release from 

endothelial Weibel Palade bodies in response to 

endothelial damage in SCD 
(9)

. 

    In agreement with our results, 
(18)

 reported 

elevated Ang-2, VEGF and Ang-1 plasma levels in 

clinically asymptomatic SCD patients. 
(9)

 reported 

increased angiopoietin-2 and PlGF in HbSS and 

angiopoietin-2 in HbSC patients during painful 

crises. These results indicate a pro-angiogenic 

state in SCD, mainly because of elevated 

angiopoietin-2 levels that are probably caused by 

tissue hypoxia as a result of the ongoing vaso-

occlusive process characteristic of SCD. However, 

there was no significant correlation between the 

number of events and the parameters measured. 

Except for the inverse relation of hemoglobin to 

EPO levels and of Ang-1 levels to hemoglobin, no 

significant correlations of angiogenic growth 

factors were detected in relation to laboratory 

parameters of disease severity. 

   This was further confirmed by our findings 

where angiopoietin-2 levels were positively 

correlated to HbS but no significant difference was 

found between patients with or without history of 

frequent sickling crisis ≥3 attacks/year. 

     Hemolytic anemia has been proposed as an 

important mechanism leading to pulmonary 

vasculopathy. Hemoglobin, when 

decompartmentalized from the red cell, will react 

with NO at the near diffusion limit, to oxidize the 

NO to nitrate. This reaction is so fast and 

irreversible that even levels of cell-free plasma 

hemoglobin of only 6–10 micro M are sufficient to 

inhibit all NO signaling and produce 

vasoconstriction. In addition to cell free 

hemoglobin, hemolysis releases other red cell 

enzymes that have the potential to inhibit NO 

signaling. Arginase 1 is present in abundance in 

red cells and metabolizes arginine to ornithine, 

reducing arginine availability for NO synthesis 
(19, 

20)
.  In addition, other independent factors that 

contribute to the development of pulmonary 

hypertension in this population include surgical 

splenectomy and functional asplenia, thrombo-

embolism, oxidant stress, inflammatory stress, iron 

overload, lung fibrosis and hypoxemia, increases 

in other vasoactive mediators such as placental 

growth factor and endothelin-1, renal 

insufficiency and genetic factors 
(21; 22; 23; 24; 25)

. 

      In this study, serum angiopietin-2 was higher 

in patients with cardiopulmonary complications 

than those without. 
(26) 

determined the plasma 

concentrations of three angiogenic markers 

(fibroblast growth factor [FGF], platelet derived 

growth factor–BB [PDGF-BB], vascular 

endothelial growth factor [VEGF]) and seven 

inflammatory markers implicated in pulmonary 

hypertension in other settings by Bio-Plex 

suspension array in 237 children and adolescents 

with SCD at steady state and 43 controls. 

Tricuspid regurgitation velocity (which reflects 

systolic pulmonary artery pressure), mitral valve 

E/Edti ratio (which reflects left ventricular 

diastolic dysfunction), and a hemolytic component 

derived from four markers of hemolysis and 

hemoglobin oxygen saturation were also 

determined. The authors found that circulating 

concentrations of angiogenic and pro-

Inflammatory markers are altered in SCD children 

and adolescents with elevated tricuspid 

regurgitation velocity, a subgroup that may be at 

risk for developing worsening pulmonary 

hypertension. 

     In conclusion, angiopoietin-2 levels are 

significantly increased in children and adolescents 

with SCD highlighting the role of angiogenesis in 

the pathophysiology of hemolytic anemia and may 

be considered a promising risk marker for 

screening of SCD patients at risk of 

cardiopulmonary complications. Further 

longitudinal studies are also needed to verify the 

practical utility of angiopoietin-2 measurement 

and their potential to reflect the severity of the 

clinical course in SCD patients. 
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