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MATERIALS AND METHODS 

Participant selection  

Children with sickle cell disease of all genotypes, ranging in age from 5.0 to 18.9 years, were prospectively 

enrolled in a longitudinal study investigating echocardiographic measurements and laboratory markers of 

inflammation, coagulation and hemolysis (NCT 00842621). All were followed by St. Jude Children’s Research 

Hospital, pediatric Sickle Cell Disease program, Memphis, TN. In the current report, we present the 

inflammatory molecule assessments of HbSS and HbSβ0-thalassemia (SCA) study participants. All subjects 

were sampled at least once during the study (‘baseline’) for evaluation of differences among treatment groups. 

A subset was sampled longitudinally after a 2-year observation period (‘follow-up’), for analysis of the effects 

of treatment over time. At baseline, patients with SCA were sub-classified according to their treatment status: 

(i) those not receiving any form of disease-modifying therapy (untreated), (ii) those receiving hydroxyurea 

therapy at the maximum tolerated dose (MTD) (i.e., after completion of dose escalation to maximum dose 
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defined by mild myelossupression) (1, 2), and (iii) those receiving chronic blood transfusion treatment for at 

least 6 months. Patients received erythrocyte transfusions once a month. Patients who had not completed the 

hydroxyurea dose-escalation period (typically the initial 6 months of treatment) and patients who had received 

monthly chronic blood transfusions for less than six months were not included in evaluations, to avoid possible 

variability introduced by an incomplete treatment effect.  For the longitudinal analyses, patients were grouped 

as follows: (i) those who did not receive any disease-modifying treatment throughout the 2-year observation 

period, (ii) those who remained on hydroxyurea treatment continuously, (iii) those who remained on chronic 

transfusions continuously, and (iv) those who were initially untreated and initiated therapy with hydroxyurea 

during the study period (Supplementary Table 1). The median age of patients at baseline was 10.4 years (range 

5.2 to 18.8 years); 105 patients were male; 109 patients were female; all patients were African American. The 

SCA subgroups, according to treatment status at baseline assessment, were as follows: untreated (N=118, 

median age 8.6, range 5.2 to 18.8 years), treated with hydroxyurea (N=72, median age 13.3, range 5.3 to 18.1 

years), or treated with chronic monthly blood transfusions (N=24, median age 13.4, range 6.0 to 18.4 years). 

Indications for hydroxyurea initiation included recurrent vaso-occlusive events (VOE), chronic hypoxemia, Hb 

<7 g/dl, fetal Hb level <8% after 24 months of age, white blood cell count >20 × 109/L, or lactate 

dehydrogenase > twice the upper limit of normal (3). Indications for chronic monthly blood transfusion 

initiation included primary prevention of stroke due to abnormal transcranial doppler velocities (4), or 

secondary stroke prevention (5). At baseline assessment, the median duration of hydroxyurea treatment was 4.7 

years (range, 0.7 to 15.7 years), at a median dose of 25.5 mg/kg/day (range, 15.9-31.3 mg/kg/day). At baseline, 

the median duration of transfusion therapy among chronically transfused children was 6.3 years (range, 0.5 to 

15.0 years). 

 

In longitudinal, paired analyses, twenty-six children who were untreated at the time of baseline sampling and 

initiated hydroxyurea at least 6 months prior to the time of their 2-year sampling were studied (“initiating 

hydroxyurea”). The median age of this group at the time of baseline sampling was 11.1 years (range 5.7 to 16.8 
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years), and the median duration of treatment at the time of the 2-year sampling was 1.3 years (range, 54 days to 

2 years), at a median dose of 21 mg/kg/day (range, 14-30 mg/kg/day). Additionally, forty-one children who 

were on hydroxyurea at the time of baseline sampling and remained on hydroxyurea therapy throughout the 2-

year observation period (“continuous hydroxyurea”) were evaluated for the same inflammatory markers at both 

baseline and the 2-year assessment date. Their duration of therapy at the time of baseline sampling was 4.8 

years (0.9 to 15.2 years), at a median dose of 26 mg/kg/day (range, 18-31 mg/kg/day). Seventeen participants 

receiving transfusions at the time of baseline sampling remained on this therapy and were re-evaluated at the 

end of the 2-year observational period (median age 12.1 years, range 6.0 to 17.6 years). Thirty-eight children 

remained untreated throughout the 2-year interval [median age of 8.3 years (range 5.5 to 16.4 years)]. 

 

Controls evaluated in this study were residual samples from uninfected healthy asymptomatic children who 

shared a household with an influenza virus-infected person (Flu09 study, (6)). The St. Jude institutional review 

board approved the study and all legal guardians or participants (if at age of majority during the follow-up 

interval) provided written informed consent prior to any study-related activity.    

 

Evaluations 

Blood samples were collected during steady-state (i.e., no fever, pain or any other acute disease complication 

for >30 days). A sample for clinical inflammatory markers (white blood cell counts, platelet count, Von 

Willebrand antigen, C-Reactive protein, D-dimer, and Factor VIII antigen level), and another sample for 

inflammatory molecules (cytokines, chemokines, and adhesion molecules) was obtained. Samples for 

inflammatory molecules were spun twice at 3000 rpm in a Sorvall, Legend RT centrifuge for 10 min within 30 

minutes of collection, and subsequently frozen at -85°C. Frozen serum samples were thawed and centrifuged 

briefly (1000g for 5 minutes) to pellet any debris, and then tested for the presence of 41 different cytokines, 

chemokines and adhesion molecules using the following kits: 1) Human Cytokine/Chemokine Magnetic Bead 

Panel Milliplex MAP Kit (Millipore; cat. no. HCYTOMAG-60K-PX41), 2) Human Cardiovascular Disease 
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(CVD) Panel 2 Magnetic Bead Milliplex MAP Kit (Millipore; cat. no. HCVD2MAG-67K), and 3) Human sE-

selectin ELISA kit (Invitrogen; cat. no. KHS2011). Cytokines, chemokines and adhesion molecules examined 

included: sCD40L, EGF, Eotaxin, E-selectin, FGF-2, FKN, Flt-3L, G-CSF, GM-CSF, GRO, sICAM-1, IFNα2, 

IFNγ, IL-1α, IL-1β, IL-1RA, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12(p40), IL12(p70), IL-13, 

IL-15, IL-17A, IP-10, MCP-1, MCP-3, MDC, MIP-1α, MIP-1β, TGFα, TNFα, TNFβ, sVCAM-1, VEGF. 

Inflammatory molecules were selected for testing due to clinical significance and commercial availability of 

comprehensive premixed kits. Samples, controls, and standards were prepared and processed per 

manufacturer’s instructions. Samples were used undiluted in the Cytokine/Chemokine Panel and diluted 1:100 

in assay buffer prior to use in the Human CVD Panel. All Milliplex assays were read on a Luminex 200 

Multiplexing Instrument using xPonent software and data were processed using Milliplex Analyst software. It 

should be noted that while Millipore rigorously tests and ensures the precision (<20% CV inter-assay) and 

accuracy (87-105% recovery in serum) of their multiplex assays, it has been reported in the literature that when 

multiplexed, a small number of the analytes evaluated in our study may lack detectability (<25%) or 

reproducibility (>20% CV between assays), including IL-4, IL7, IL-12(p70) and TGFα (7). The E-selectin 

ELISA was performed according to the Invitrogen handbook, and read on a Molecular Devices Precision 

Microplate Reader. Samples were diluted 1:5 in sample diluent prior to use in the ELISA.  

 

Statistical considerations 

Baseline inflammatory molecule levels were compared between patients with SCA and healthy controls using 

the Mann Whitney U test, however when >75% of levels were below the limit of detection (LOD), the Fisher’s 

exact test was used instead. For inflammatory molecules with at least 25% measurements within the detection 

limits, Kruskal-Wallis test followed by a Dunns pairwise test was performed to evaluate statistically significant 

differences among patients groups (SCA patients treated with hydroxyurea, SCA patients treated with chronic 

blood transfusions, untreated SCA patients, and healthy controls). To confirm the significance, log transformed 

values of inflammatory molecules were also compared with Welch’s analysis of variance. P-values were 
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adjusted for multiple testing across inflammatory molecules with the Benjamini-Hochberg false-discovery rate 

method (8). Any change of inflammatory molecule levels from baseline to follow-up was analyzed using the 

Wilcoxon signed rank test. The Spearman’s rank correlation coefficient was calculated to assess the correlation 

of inflammatory molecule levels with clinical inflammatory markers. Inflammatory molecule levels below or 

above the LOD were reported as the LOD. VOEs that led to hospitalizations were collected for the 2 years prior 

to baseline and during the 2 year of observation and their incidence rates compared using the paired t-test. Data 

analyses were performed using Excel, GraphPad Prism (v5) and SAS 9.4 (SAS Institute).   
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Supplementary Table 1 

Baseline Samples Total 229 

Healthy Child 15 

SCD Total 214 

                 ᶫNo Treatment 118 

                 ᶫHydroxyurea 72 

                 ᶫChronic Transfusions 24 

Follow Up Samples Total 122 

                ᶫNo Treatment 38 

                ᶫHydroxyurea 41 

                ᶫChronic Transfusions 17 

                ᶫNo Treatment to Hydroxyurea 26 
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Supplementary Table 2 

Factor 
All SCD (N=214) 

Healthy Child                                      
(N = 15) 

SCD No Treatment          
(N= 118) 

SCD Chronic 
Transfusions (N = 24) 

SCD Hydroxyurea                        
(N = 72) 

sCD40L 
32431.0  

(815.5-32431.0) 
921.3  

(322.1-32431.0) 
32431.0  

(815.5-32431.0) 
32431.0  

(20580.0-32431.0) 
32431.0  

(815.5-32431.0) 

EGF 124.6 (3.2-1049.0) 7.7 (3.2-246.0) 124.0 (3.2-1049.0) 172.1 (34.6-599.2) 97.0 (3.2-856.2) 

Eotaxin 53.0 (4.8-173.2) 17.9 (9.4-67.5) 50.6 (4.8-173.2) 91.1 (30.8-173.2) 47.8 (4.8-156.1) 

E-Selectin  134.6 (25.4-396.4) 64.2 (30.1-88.3) 160.8 (32.1-396.4) 126.0 (55.7-186.8) 105.7 (25.4-243.4) 

FGF-2 38.0 (8.5-408.6) 38.2 (8.5-66.8) 38.2 (8.5-408.6) 41.2 (19.9-172.2) 30.7 (8.5-147.3) 

FKN 32.4 (4.0-4016.0) 66.3 (4.0-407.0) 29.2 (4.0-4016.0) 79.4 (4.0-4016.0) 31.9 (4.0-2947.0) 

Flt-3L 4.0 (4.0-590.8) 4.0 (4.0-31.2) 4.0 (4.0-590.8) 4.0 (4.0-590.8) 4.0 (4.0-432.8) 

G-CSF 13.8 (3.9-572.8) 21.8 (3.9-69.2) 13.8 (3.9-572.8) 14.4 (3.9-512.3) 13.5 (3.9-233.4) 

GM-CSF 8.0 (2.5-219.4) 5.6 (2.5-24.7) 8.4 (2.5-219.4) 7.7 (3.6-97.4) 6.7 (2.5-96.6) 

GRO 
1634.0 (295.7-

5389.0) 
96.0 (13.6-2133.0) 

1842.5 (295.7-
5389.0) 

1171.5 (498.1-2146.0) 
1486.0 (295.7-

5389.0) 

sICAM-1  147.2 (37.2-496.3) 98.7 (66.5-236.7) 152.7 (83.0-496.3) 125.4 (54.2-209.9) 145.9 (37.2-496.3) 

IFNα2 10.4 (5.4-1620.0) 14.0 (5.4-541.4) 11.3 (5.4-1620.0) 11.9 (5.4-346.2) 9.4 (5.4-283.9) 

IFNγ 4.5 (2.0-2793.0) 6.2 (2.0-56.7) 4.5 (2.0-2793.0) 5.0 (2.0-453.2) 4.0 (2.0-2793.0) 

IL-1α 4.0 (4.0-393.1) 4.0 (4.0-57.4) 4.0 (4.0-393.1) 4.7 (4.0-57.2) 4.0 (4.0-278.0) 

IL-1β 2.8 (2.8-96.9) 2.8 (2.8-21.8) 2.8 (2.8-96.9) 2.8 (2.8-20.0) 2.8 (2.8-34.9) 

IL-1RA 16.7 (3.4-1989.0) 35.7 (3.4-78.5) 18.1 (3.4-1989.0) 21.3 (3.4-526.2) 11.8 (3.4-385.0) 

IL-2 3.0 (3.0-111.8) 3.0 (3.0-17.6) 3.0 (3.0-111.8) 3.0 (3.0-29.0) 3.0 (3.0-44.6) 

IL-3 2.5 (2.5-21.5) 2.5 (2.5-6.1) 2.5 (2.5-21.5) 2.5 (2.5-2.5) 2.5 (2.5-21.5) 

IL-4 2.8 (2.8-226.4) 2.8 (2.8-91.0) 2.8 (2.8-226.4) 3.5 (2.8-170.6) 2.8 (2.8-226.4) 

IL-5 3.1 (3.1-85.8) 3.1 (3.1-10.3) 3.1 (3.1-85.8) 3.1 (3.1-17.3) 3.1 (3.1-61.1) 

IL-6 10.3 (10.3-142.6) 10.3 (10.3-30.4) 10.3 (10.3-142.6) 10.3 (10.3-21.3) 10.3 (10.3-116.7) 

IL-7 3.1 (3.0-205.3) 3.0 (3.0-6.3) 3.0 (3.0-205.3) 4.9 (3.0-73.2) 3.0 (3.0-205.3) 

IL-8 11.5 (3.1-487.4) 16.2 (3.1-246.0) 10.8 (3.1-487.4) 14.5 (3.1-138.6) 11.4 (3.1-487.4) 

IL-9 3.1 (3.1-69.9) 3.1 (3.1-6.2) 3.1 (3.1-69.9) 3.1 (3.1-5.4) 3.1 (3.1-69.9) 

IL-10 1.1 (1.0-98.4) 1.0 (1.0-32.4) 1.3 (1.0-98.4) 1.4 (1.0-17.2) 1.0 (1.0-98.4) 

IL-12 p40 3.4 (3.4-728.4) 3.4 (3.4-202.3) 3.4 (3.4-728.4) 3.4 (3.4-178.5) 3.4 (3.4-250.0) 

IL-12 p70 1.6 (1.6-393.8) 3.1 (1.6-51.4) 1.6 (1.6-393.8) 1.6 (1.6-264.7) 1.6 (1.6-393.8) 

IL-13 3.6 (3.6-286.9) 3.6 (3.6-70.6) 3.6 (3.6-286.9) 3.6 (3.6-286.9) 3.6 (3.6-141.1) 

IL-15 1.7 (1.7-53.1) 1.7 (1.7-20.1) 1.7 (1.7-53.1) 1.7 (1.7-21.0) 1.7 (1.7-43.3) 

IL-17A 3.0 (3.0-1006.0) 3.0 (3.0-31.2) 3.0 (3.0-1006.0) 3.0 (3.0-202.6) 3.0 (3.0-1006.0) 

IP-10 218.7 (68.3-1167.0) 82.3 (35.0-385.0) 221.7 (75.9-1167.0) 250.6 (139.1-651.3) 197.3 (68.3-876.8) 

MCP-1 177.7 (53.4-1366.0) 130.7 (3.0-354.5) 145.2 (60.8-1366.0) 281.7 (103.0-586.4) 193.6 (53.4-1253.0) 

MCP-3 7.6 (4.3-244.1) 15.0 (4.3-160.7) 8.0 (4.3-244.1) 13.4 (4.3-190.0) 5.8 (4.3-143.7) 

MDC 
1625.0 (12.2-

27284.0) 
490.8 (266.2-

1358.0) 
1717.5 (12.2-

27284.0) 
1728.5 (929.3-5294.0) 

1456.0 (12.2-
27284.0) 

MIP-1α 11.3 (3.2-7339.0) 4.2 (3.2-163.0) 11.0 (3.2-7339.0) 14.8 (3.2-5076.0) 10.0 (3.2-4225.0) 

MIP-1β 43.9 (5.0-295.5) 21.1 (5.0-136.0) 45.1 (7.8-295.5) 71.4 (23.2-220.4) 35.0 (5.0-141.4) 

TGFα 2.5 (2.5-106.4) 2.5 (2.5-10.8) 3.0 (2.5-106.4) 3.4 (2.5-33.3) 2.5 (2.5-17.7) 

TNFα 8.1 (3.0-62.3) 8.6 (3.0-63.8) 9.1 (3.0-62.3) 8.3 (3.0-14.5) 5.9 (3.0-38.1) 

TNFβ 3.1 (3.1-451.7) 3.1 (3.1-102.6) 3.1 (3.1-451.7) 3.1 (3.1-301.4) 3.1 (3.1-209.0) 

sVCAM-1 862.1 (275.1-3211.9) 535.8 (378.8-943.0) 971.0 (475.5-3211.9) 798.8 (393.8-1346.0) 785.8 (275.1-3211.9) 

VEGF 204.3 (16.0-2246.0) 77.0 (16.0-419.4) 219.7 (16.0-2246.0) 268.7 (16.0-1457.0) 122.1 (16.0-2001.0) 

Table legend: Summary of medians and ranges for each risk group at baseline sampling. Note, medians were 

calculated using the limit of detection for each factor for undetectable values. Ranges are given in parentheses.  
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Supplemental Table 3 

 

Raw Mann 
Whitney U 

Raw Fisher 
Exact 

FDR-adjusted 
P value 

sCD40L 5.17E-13 8.53572E-09 <.0001 

EGF 5.14E-09 0.0004 0.0021 

Eotaxin 1.3863E-08 ND <.0001 

sE-selectin 4.7E-10 ND <.0001 

FGF-2 0.3328 ND 0.5685 

FKN 0.1336 ND 0.2883 

Flt-3L 0.7259 1 1 

G-CSF 0.1686 ND 0.3456 

GM-CSF 0.0708 ND 0.1814 

GRO 1.9E-11 ND <.0001 

sICAM-1 0.0013 ND 0.0053 

IFNα2 0.4648 0.3962 0.6271 

IFNγ 0.5414 1 1 

IL-1α 0.1031 0.104 0.2369 

IL-1β 0.5399 0.72 0.9517 

IL-1RA 0.2798 ND 0.5214 

IL-2 0.6885 1 1 

IL-3 0.5845 0.3078 0.5487 

IL-4 0.7472 1 1 

IL-5 0.5953 0.7014 0.9517 

IL-6 0.8957 1 1 

IL-7 0.0193 0.0307 0.0839 

IL-8 0.9102 ND 1 

IL-9 0.8728 0.6714 0.9492 

IL-10 0.9486 0.7922 0.9553 

IL-12p40 0.4541 0.3984 0.6271 

IL-12p70 0.0311 0.0062 0.0212 

IL-13 0.5022 0.7788 0.9553 

IL-15 0.7054 0.7428 0.9517 

IL-17A 0.6408 0.413 0.6271 

IP-10 1.4625E-07 ND <.0001 

MCP-1 0.0121 ND 0.0354 

MCP-3 0.2081 0.1874 0.3659 

MDC 3.3612E-10 ND <.0001 

MIP-1α 0.0885 0.0933 0.225 

MIP-1β 0.004882 ND 0.0182 

TGFα 0.0027 0.0007 0.0032 

TNFα 0.8944 ND 1 

TNFβ 0.7689 0.5681 0.8319 

sVCAM-1 1.158E-08 ND <.0001 

VEGF 0.001 0.0082 0.0259 

Table Legend: Raw and false discover rate (FDR) adjusted p-values for both Mann Whitney U and Fisher 

Exact tests on paired data. A fisher exact test was performed on all samples where >25% were outside the limit 

of detection (LOD). The test was performed based on the number of samples above versus below the LOD. 

Significant differences (p<0.05) are highlighted in grey. False discovery rate (FDR) correct p-values are given 

for Mann Whitney U test or Fisher Exact test if run. ND: not done. 
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Supplementary Table 4 

Cytokines Brief Descriptions References 

sCD40L 
Circulating soluble CD40 ligand (sCD40L) can be produced by activated platelets and T cells. It induces B cell 
proliferation. High levels of sCD40L are often associated with inflammatory disorders, and can be responsible for 
adverse events associated with transfusions. 

(9-13)  

EGF 
Epidermal growth factor (EGF) can be produced by endothelial cells. It is a mitogen that stimulates the proliferation of 
fibroblasts and epithelial cells. It is associated with wound healing and can stimulate hematopoietic regeneration after 
injury.  

(14, 15) 

Eotaxin 
Eotaxin (CCL-11) is produced by endothelial cells, monocytes, epithelial cells, and T cells. This chemokine attracts 
eosinophils, monocytes, and T cells.   

(16, 17) 
 

E-Selectin 
E-selectin (CD62E) is expressed by activated endothelial cells.  It is a cell adhesion molecule and sugar-binding lectin. 
It can bind granulocyes including neutrophils and eosinophils, and often associates with tissue inflammation.   

(18-21) 

FGF-2 
Fibroblast growth factor-2 (FGF-2) can serve as an angiogenic and hematopoietic growth factor. It can be expressed 
by bone marrow stromal cells and trigger stromal cells and hematopoietic progenitors. 

(22, 23) 

FKN 
Fracktalkine (FKN or CX3CL1) is expressed by endothelial cells, macrophages, dendritic cells, and fibroblasts. Soluble 
chemokine attracts T cells, NK cells, and monocytes.  This chemokine associates with neuron-microglial interactions, 
leukocyte adhesion, and chronic inflammation. 

(24-26) 

GRO 
Growth-regulated oncogene (GRO) is a chemotactic cytokine, which can be produced by activated monocytes, 
endothelial cells and fibroblasts. It has neutrophil and basophil-stimulating activities. 

(27) 

sICAM-1 
Soluble intercellular adhesion molecule 1 (sICAM-1) is produced by endothelial cells and leukocytes, often in response 
to infection or cell damage.  It is up-regulated in several disease states and is able to prevent the cellular infection and 
replication of some viruses. 

(11, 20, 28-32) 

IFNα2 
Interferon α2 (IFNα2) is produced by many different cell types in response to infections and cell damage. Receptors 
are ubiquitously expressed, so that potential cell targets are diverse, including lymphocytes, dendritic cells and NK 
cells.  Anti-tumor and anti-viral states are generated by this factor. 

(33, 34) 

IL-4 
Interleukin 4 (IL-4) is produced by T cells, mast cells and basophils. It supports the production of Th2 cells, which in 
turn support antibody production and modulate isotype expression by B cells.  

(35) 

IL-7 

Interleukin 7 (IL-7) is produced by bone marrow stromal cells. It is also produced by dendritic cells, neurons and 
epithelial cells. It supports the early differentiation and development of pre-B cells and pre-T cells, as well as the 
development of secondary lymphoid tissues. IL-7 also affects CD8 T cell development, consequent CD4/CD8 ratios, 
and interactions between T cells and dendritic cells.  IL-7 regulates cell apoptosis, activation, proliferation, and 
survival.  

(36) 

IL-12(p70) 
Interleukin 12 (IL-12) is produced by B cells, macrophages, and dendritic cells. It supports Th1 cell development, NK 
cell activation, and the cytotoxic T cell response.  

(37) 

IP-10 

Interferon γ-inducible protein (IP-10 or CXCL10) is produced by monocytes, macrophages, fibroblasts, endothelial 
cells, and epithelial cells including keratinocytes, often in response to cytokine stimulation. This chemokine attracts T 
cells, NK cells, and monocytes, and promotes Th1 activity. IP-10 can inhibit the proliferation of endothelial cells, 
vascularization, wound healing, and bacterial growth. 

(38, 39) 

MCP-1 
Monocyte chemotactic protein (MCP-1 or CCL2) is produced by monocytes, macrophages, fibroblasts and 
keratinocytes. This chemokine activates macrophages, induces histamine release by basophils, and promotes Th2 
activities.  

(15, 40) 

MDC Macrophage-derived chemokine (MDC or CCL22) is produced by macrophages and dendritic cells. This chemokine (41, 42) 
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recruits targets including dendritic cells, NK cells, and T cells, particularly of the Th2 subset.   

MIP-1α 

Macrophage inflammatory protein 1α (MIP-1α or CCL3) is produced by macrophages, monocytes, T cells, mast cells, 
and fibroblasts. This chemokine activates and recruits lymphocytes, NK cells, dendritic cells, monocytes, and 
granulocytes including neutrophils and basophils. It up-regulates IFN-γ secretion by activated T cells, which further 
induces Th1 cell functions. MIP-1 α can also inhibit or alter the proliferation of hematopoietic stem cells.  

(43, 44) 

MIP-1β 
Macrophage inflammatory protein 1β (MIP-1β or CCL4) is produced by macrophages, monocytes, T cells, neutrophils 
and endothelial cells. This chemokine attracts monocytes, lymphocytes, NK cells, and dendritic cells to sites of injury.  

(45, 46) 

TGFα 
Transforming growth factor α (TGFα) is a mitogenic protein that can be produced by epithelial cells, and can serve as 
a ligand for the epidermal growth factor receptor. The protein induces cell proliferation and differentiation.  

(47, 48) 

TNFα 
Tumor necrosis factor α (TNFα) is produced by macrophages, monocytes, neutrophils, T cells, and NK cells. TNF 
regulates the growth/necrosis and function of fibroblasts, neutrophils, and a variety of tumor cells.  

(49-53) 

sVCAM-1 
Soluble vascular cell adhesion molecule-1 (sVCAM-1) is produced by endothelial cells.  It mediates the adhesion of 
lymphocytes, monocytes, eosinophils, and basophils. Sickled erythrocytes also adhere to this factor. The factor 
associates with oxidative stress and vascular inflammation.  

(50, 54-57) 

VEGF 
Vascular endothelial growth factor (VEGF) is produced by endothelial cells and pericytes, often in response to 
hypoxia. This factor regulates angiogenesis and the permeability and neuropathy of blood vessels.  

(15, 58-61) 
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Supplementary Table 5 

 
Kruskal-Wallis Anova Welch's Anova 

 
Raw 

FDR 
Adjusted Raw 

FDR 
Adjusted 

sCD40L 2.36544E-13 <.0001 3.27187E-10 <.0001 

EGF 4.33094E-07 <.0001 7.03293E-08 <.0001 

Eotaxin 8.26772E-10 <.0001 7.50302E-09 <.0001 

sE-selectin 1.9523E-13 <.0001 4.30076E-13 <.0001 

FGF-2 0.023989231 0.0466 0.019950381 0.0389 

FKN 0.018659871 0.0385 0.02001881 0.0389 

Flt-3L ND ND ND ND 

G-CSF 0.532736676 0.7032 0.497506388 0.7138 

GM-CSF 0.219354125 0.3619 0.117934241 0.2162 

GRO 8.94299E-11 <.0001 1.09654E-09 <.0001 

sICAM-1 0.000164951 0.0004 0.000718241 0.0017 

IFNα2 0.666895276 0.7851 0.842223158 0.9325 

IFNγ 0.689907385 0.7851 0.853574025 0.9325 

IL-1α 0.256539611 0.3896 0.288108346 0.5004 

IL-1β ND ND ND ND 

IL-1RA 0.580121598 0.7363 0.726136027 0.8875 

IL-2 ND ND ND ND 

IL-3 ND ND ND ND 

IL-4 0.626535664 0.7658 0.600575269 0.8258 

IL-5 ND ND ND ND 

IL-6 ND ND ND ND 

IL-7 0.001808123 0.004 9.55454E-05 0.0003 

IL-8 0.39193364 0.5389 0.465249753 0.6979 

IL-9 ND ND ND ND 

IL-10 0.175569934 0.3049 0.893475495 0.9325 

IL-12p40 0.7852875 0.793 0.932513501 0.9325 

IL-12p70 0.145055414 0.2659 0.829183687 0.9325 

IL-13 0.793025732 0.793 0.710879042 0.8875 

IL-15 ND ND ND ND 

IL-17A 0.774178054 0.793 0.721395524 0.8875 

IP-10 1.38885E-05 <.0001 2.94785E-05 <.0001 

MCP-1 2.78544E-08 <.0001 6.976E-07 <.0001 

MCP-3 0.349735828 0.5018 0.440825225 0.6927 

MDC 5.84173E-08 <.0001 1.01205E-09 <.0001 

MIP-1α 0.259741594 0.3896 0.346138477 0.5711 

MIP-1β 1.99388E-06 <.0001 1.15641E-05 <.0001 

TGFα 1.11611E-07 <.0001 0.000854256 0.0019 

TNFα 9.77009E-06 <.0001 0.000295684 0.0008 

TNFβ 0.747972176 0.793 0.907853805 0.9325 

sVCAM-1 1.95928E-10 <.0001 2.64985E-10 <.0001 

VEGF 5.81443E-05 0.0001 0.00017525 0.0005 

Table Legend: Raw and false discovery rate (FDR) adjusted p-values for both Kruskal-Wallis and Welch's 

Anovas performed on baseline data. Significant differences (p<0.05) are highlighted in grey. Anova analysis 

was not performed on factors where >75% of all values were below the limit of detection. ND: not done. 
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Supplementary Table 6a 

 
NT → HU (N = 26) NT → NT (N = 38) 

 
Baseline Follow Up Baseline Follow Up 

sCD40L 
32431.0 (18159.0-

32431.0) 
30587.0 (734.9-

32431.0)** 
32431.0 (10325.0-

32431.0) 
32431.0 (5206.0-

32431.0) 

EGF 120.3 (10.3-294.2) 58.0 (8.4-321.6)* 143.4 (15.1-626.2) 115.5 (5.9-791.7) 

Eotaxin 49.2 (27.8-104.3) 51.5 (24.2-110.8) 50.7 (21.0-154.9) 54.7 (21.0-142.7) 

E-Selectin 156.6 (62.7-396.4) 108.6 (33.5-190.0)*** 153.9 (60.4-344.8) 152.5 (53.4-351.3) 

FGF-2 41.4 (9.3-128.1) 39.8 (8.5-84.8) 39.5 (8.5-184.2) 40.0 (8.5-205.5) 

FKN 44.8 (4.0-3983.0) 53.7 (4.0-892.2) 21.9 (4.0-468.6) 35.2 (4.0-1356.0) 

Flt-3L 4.0 (4.0-354.3) 4.0 (4.0-177.0) 4.0 (4.0-55.4) 4.0 (4.0-98.3) 

G-CSF 16.8 (3.9-106.7) 20.7 (3.9-113.1) 13.0 (3.9-145.3) 14.2 (3.9-166.7) 

GM-CSF 10.0 (3.3-42.5) 9.9 (2.5-51.2) 8.3 (2.5-77.4) 8.2 (2.5-162.4) 

GRO 1654.0 (516.5-3774.0) 1434.0 (167.4-2224.0) 1795.5 (397.2-3117.0) 1674.0 (350.3-3939.0) 

sICAM-1 143.2 (83.0-200.8) 147.2 (75.4-345.6) 158.9 (92.2-247.3) 151.6 (80.1-296.7) 

IFN2 20.6 (5.4-1620.0) 14.8 (5.4-608.5) 11.7 (5.4-342.2) 13.9 (5.4-443.4) 

IFN 7.1 (2.0-418.7) 11.6 (2.0-112.7) 4.4 (2.0-136.6) 6.0 (2.0-847.7) 

IL-1 4.3 (4.0-167.7) 4.0 (4.0-268.5) 4.0 (4.0-81.2) 4.0 (4.0-81.2) 

IL-1 2.8 (2.8-65.1) 2.8 (2.8-53.1) 2.8 (2.8-14.6) 2.8 (2.8-16.0) 

IL-1RA 31.6 (3.4-167.6) 18.1 (3.4-198.7) 21.4 (3.4-376.8) 19.2 (3.4-1023.0) 

IL-2 3.0 (3.0-17.8) 3.0 (3.0-19.0) 3.0 (3.0-16.6) 3.0 (3.0-18.0) 

IL-3 2.5 (2.5-9.6) 2.5 (2.5-9.9) 2.5 (2.5-3.7) 2.5 (2.5-6.6) 

IL-4 2.8 (2.8-224.0) 2.8 (2.8-216.6) 2.8 (2.8-169.7) 2.8 (2.8-166.6) 

IL-5 3.1 (3.1-16.1) 3.1 (3.1-13.6) 3.1 (3.1-20.5) 3.1 (3.1-20.2) 

IL-6 10.3 (10.3-49.8) 10.3 (10.3-31.7) 10.3 (10.3-142.6) 10.3 (10.3-27.0) 

IL-7 3.7 (3.0-104.3) 3.0 (3.0-78.8)* 3.0 (3.0-69.3) 3.0 (3.0-40.0) 

IL-8 13.8 (4.5-116.8) 17.9 (3.1-69.1) 10.8 (3.1-93.1) 12.8 (3.1-358.7) 

IL-9 3.1 (3.1-5.5) 3.1 (3.1-4.4) 3.1 (3.1-8.8) 3.1 (3.1-13.8) 

IL-10 1.4 (1.0-14.1) 1.0 (1.0-20.4) 1.4 (1.0-20.3) 1.0 (1.0-26.3) 

IL-12 p40 3.4 (3.4-161.6) 3.4 (3.4-127.9) 3.4 (3.4-213.9) 3.4 (3.4-289.5) 

IL-12 p70 1.7 (1.6-235.9) 2.0 (1.6-10.6) 1.6 (1.6-123.3) 1.6 (1.6-47.5) 

IL-13 3.6 (3.6-191.4) 3.6 (3.6-132.9) 3.6 (3.6-111.3) 3.6 (3.6-93.5) 

IL-15 1.7 (1.7-20.8) 1.7 (1.7-25.7) 1.7 (1.7-13.7) 1.7 (1.7-15.8) 

IL-17A 3.8 (3.0-128.7) 5.0 (3.0-56.1) 3.0 (3.0-32.3) 3.0 (3.0-109.0) 

IP-10 232.9 (144.4-1167.0) 235.1 (137.5-962.6) 222.5 (87.4-868.4) 206.2 (66.6-819.3) 

MCP-1 130.7 (66.0-431.6) 209.4 (86.8-673.1)*** 152.4 (67.4-1366.0) 155.6 (68.4-570.7) 

MCP-3 23.6 (4.3-163.1) 14.4 (4.3-157.9) 9.2 (4.3-178.7) 8.3 (4.3-396.0) 

MDC 1572.0 (12.2-5274.0) 1519.0 (15.5-3383.0) 2064.5 (530.4-5710.0) 
1935.0 (458.7-

13909.0) 

MIP-1 12.1 (3.2-4490.0) 7.9 (3.2-3920.0)* 11.6 (3.2-7339.0) 12.7 (3.2-7339.0) 

MIP-1 44.1 (18.1-295.5) 34.6 (5.0-91.7)*** 46.4 (13.9-112.5) 49.2 (6.9-423.9) 

TGF 3.3 (2.5-13.0) 2.5 (2.5-11.2) 2.8 (2.5-104.4) 2.5 (2.5-175.0) 

TNF 9.5 (4.3-40.4) 8.6 (3.0-37.1) 10.2 (3.3-30.2) 9.8 (3.0-36.5) 

TNF 3.1 (3.1-209.0) 3.1 (3.1-220.2) 3.1 (3.1-237.2) 3.1 (3.1-537.1) 

sVCAM-1  890.0 (478.5-2238.9) 801.0 (289.3-1208.1)** 942.8 (545.3-1583.9) 901.1 (474.4-1383.4) 

VEGF 228.6 (16.0-1606.0) 191.0 (16.0-783.3) 164.9 (18.6-1383.0) 191.7 (16.0-1925.0) 

Table Legend: Medians and ranges for each risk group at baseline and follow up sampling. Medians are shown 

with ranges in parenthesis. Statistically significant differences are bolded and marked with an asterisk(s). * 

p<0.05, **p<0.01, ***p<0.001. 
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Supplementary Table 6b 

 
HU → HU (N = 41) CT → CT (N = 17) 

 
Baseline Follow Up Baseline Follow Up 

sCD40L 
32431.0 (8951.0-

32431.0) 
32431.0 (13251.0-

32431.0) 
32431.0 (20580.0-

32431.0) 
32431.0 (3703.0-

32431.0) 

EGF 124.3 (9.4-856.2) 127.3 (14.8-638.5) 177.0 (34.6-599.2) 160.7 (29.9-1224.0) 

Eotaxin 48.0 (18.1-156.1) 61.4 (20.6-215.6)** 100.9 (31.4-173.2) 87.8 (48.2-225.6) 

E-Selectin 107.5 (54.6-243.4) 93.4 (27.9-290.0) 118.2 (55.7-186.8) 108.4 (57.7-218.0) 

FGF-2 30.7 (8.5-127.5) 31.6 (8.5-114.8) 47.4 (26.7-172.2) 54.3 (18.9-224.9) 

FKN 31.4 (4.0-2947.0) 18.6 (4.0-3555.0) 84.4 (4.0-4016.0) 74.4 (10.7-1348.0) 

Flt-3L 4.0 (4.0-432.8) 4.0 (4.0-442.7) 4.0 (4.0-302.2) 4.0 (4.0-341.2) 

G-CSF 11.0 (3.9-233.4) 12.2 (3.9-429.0) 14.4 (3.9-512.3) 20.0 (3.9-558.5) 

GM-CSF 7.1 (2.5-33.2) 4.7 (2.5-39.7) 7.9 (3.9-97.4) 7.5 (2.5-143.3) 

GRO 1677.0 (816.8-5389.0) 1826.0 (934.1-2916.0)* 1096.0 (498.1-2146.0) 1248.0 (520.6-2168.0) 

sICAM-1 143.1 (85.3-463.3) 146.0 (70.3-253.9) 126.1 (54.2-175.2) 139.5 (79.1-251.7) 

IFN2 8.5 (5.4-149.9) 5.4 (5.4-115.4)*** 13.9 (5.4-346.2) 12.2 (5.4-393.0) 

IFN 3.8 (2.0-2793.0) 4.7 (2.0-162.9) 5.0 (2.0-175.8) 5.9 (2.0-166.8) 

IL-1 4.0 (4.0-278.0) 4.0 (4.0-228.1) 4.0 (4.0-57.2) 4.0 (4.0-79.9) 

IL-1 2.8 (2.8-17.2) 2.8 (2.8-11.0) 2.8 (2.8-10.6) 2.8 (2.8-12.7) 

IL-1RA 14.8 (3.4-318.8) 12.3 (3.4-196.2) 21.3 (3.4-526.2) 27.6 (3.4-807.9) 

IL-2 3.0 (3.0-17.2) 3.0 (3.0-9.9) 3.0 (3.0-29.0) 3.0 (3.0-37.9) 

IL-3 2.5 (2.5-8.8) 2.5 (2.5-2.5) 2.5 (2.5-2.5) 2.5 (2.5-5.6) 

IL-4 2.8 (2.8-149.8) 2.8 (2.8-75.3)*** 4.2 (2.8-170.6) 2.8 (2.8-189.8) 

IL-5 3.1 (3.1-7.7) 3.1 (3.1-6.4) 3.1 (3.1-17.3) 3.1 (3.1-23.6) 

IL-6 10.3 (10.3-86.5) 10.3 (10.3-10.3) 10.3 (10.3-21.3) 10.3 (10.3-21.0) 

IL-7 3.0 (3.0-205.3) 3.0 (3.0-62.1)** 5.3 (3.0-73.2) 3.0 (3.0-51.3) 

IL-8 11.2 (3.1-487.4) 11.8 (3.1-63.4) 14.8 (3.3-76.9) 20.7 (3.1-67.1) 

IL-9 3.1 (3.1-69.9) 3.1 (3.1-27.3) 3.1 (3.1-5.4) 3.1 (3.1-7.5) 

IL-10 1.0 (1.0-28.5) 1.0 (1.0-96.0) 1.7 (1.0-17.2) 2.4 (1.0-16.3) 

IL-12 p40 3.4 (3.4-135.5) 3.4 (3.4-74.6) 3.4 (3.4-178.5) 3.4 (3.4-278.2) 

IL-12 p70 1.6 (1.6-393.8) 1.6 (1.6-120.6) 1.6 (1.6-264.7) 1.9 (1.6-42.6) 

IL-13 3.6 (3.6-108.6) 3.6 (3.6-68.8) 3.6 (3.6-136.3) 4.8 (3.6-158.9) 

IL-15 1.7 (1.7-19.1) 1.7 (1.7-4.3) 1.7 (1.7-21.0) 1.7 (1.7-20.2) 

IL-17A 3.0 (3.0-1006.0) 3.0 (3.0-83.6) 3.0 (3.0-53.3) 3.0 (3.0-35.8) 

IP-10 213.3 (68.3-876.8) 223.1 (80.1-2435.0) 251.5 (139.1-612.8) 277.9 (160.8-1081.0) 

MCP-1 193.8 (53.4-752.9) 223.4 (77.3-832.3) 277.0 (155.4-586.4) 276.4 (99.2-1028.0) 

MCP-3 5.8 (4.3-110.5) 4.3 (4.3-99.5) 13.4 (4.3-190.0) 12.1 (4.3-214.0) 

MDC 
1445.0 (275.4-

27284.0) 
1875.0 (292.1-

4705.0)*** 1706.0 (929.3-3111.0) 1763.0 (260.1-2673.0) 

MIP-1 10.2 (3.2-4083.0) 5.5 (3.2-2588.0) 14.1 (3.2-5076.0) 12.9 (3.2-4035.0) 

MIP-1 34.6 (5.0-141.4) 33.0 (6.2-130.2) 58.4 (23.2-127.7) 61.8 (5.0-165.8) 

TGF 2.5 (2.5-17.7) 2.5 (2.5-12.5) 3.4 (2.5-33.3) 3.7 (2.5-48.3) 

TNF 5.9 (3.0-38.1) 9.0 (3.0-24.5)*** 8.4 (3.0-14.5) 9.6 (4.1-22.2)* 

TNF 3.1 (3.1-125.7) 3.1 (3.1-129.9) 3.1 (3.1-301.4) 5.0 (3.1-360.2) 

sVCAM-1  800.3 (275.1-3211.9) 701.6 (290.5-1217.1)*** 794.2 (399.2-1146.5) 740.2 (490.5-1676.2) 

VEGF 118.0 (16.0-2001.0) 124.8 (16.0-1100.0) 253.5 (16.0-1060.0) 214.4 (29.1-1277.0) 

Table Legend: Medians and ranges for each risk group at baseline and follow up sampling. Medians are shown 

with ranges in parenthesis. Statistically significant differences are bolded and marked with an asterisk(s). * 

p<0.05, **p<0.01, ***p<0.001.  



20 
 

Supplementary Table 7 

Time Point Treatment Group 

C-Reactive 
Protein (mg/dL) 

D-Dimer (mcg/mL) 
Factor VIII Antigen 

level (%) 
Platelet Count (x109/dL) vWF:Ag (%) WBC (x109/dL) 

N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD 

Baseline 

Continuous hydroxyurea 43 0.3 0.3 43.0 1.2 1.2 51.0 255.5 66.7 41.0 347.8 148.0 43.0 176.8 49.7 41.0 7.8 2.9 

No treatment 38 0.4 0.5 38.0 1.2 0.9 44.0 250.0 65.9 38.0 395.9 106.7 38.0 157.1 50.0 38.0 11.9 3.1 

Initiated hydroxyurea 26 0.7 1.4 26.0 1.6 0.9 35.0 284.8 60.2 26.0 357.0 97.5 25.0 186.5 58.1 26.0 11.5 3.7 

Continuous chronic transfusions 16 0.2 0.2 17.0 0.6 0.3 18.0 206.3 76.8 19.0 360.0 109.2 17.0 145.7 55.2 19.0 13.1 3.5 

Total 123 0.4 0.7 124.0 1.2 1.0 148.0 254.8 69.3 124.0 366.3 121.0 123.0 168.4 53.6 124.0 10.7 3.8 

Year 2 

Continuous Hydroxyurea 43 0.6 1.4 43.0 1.3 0.9 50.0 259.9 70.2 41.0 375.1 156.0 42.0 177.0 58.3 41.0 8.3 3.0 

No Treatment 37 0.4 0.4 36.0 1.3 0.8 39.0 255.7 61.2 37.0 391.3 117.2 36.0 161.6 48.0 37.0 12.3 4.5 

Initiated hydroxyurea 26 0.4 0.4 26.0 1.6 0.9 33.0 270.1 68.6 26.0 291.92*** 100.7 26.0 167.73** 61.6 26.0 7.93*** 2.7 

Continuous chronic transfusions 16 0.2 0.2 17.0 0.6 0.4 17.0 205.5 72.9 22.0 339.1 101.1 17.0 160.9 64.2 22.0 14.3 4.9 

Total 122 0.5 0.9 122.0 1.3 0.9 139.0 254.5 69.7 126.0 356.4 129.9 121.0 168.2 56.8 126.0 10.5 4.6 

Table Legend: vWF:Ag = Von Willebrand antigen level, WBC = white blood cell count. **p<0.01, ***p<0.001. 
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Supplementary Table 8 

 No. of patients 

Incidence rate* of  
VOC events 

in the 2 years 
prior to baseline 

(per 100 person-years) 

Incidence rate* of  
VOC events 

in the 2 years 
after baseline 

(per 100 person-years) P-value 

Continuous hydroxyurea 41 15.9 4.9 0.01 
Initiated hydroxyurea 26 21.2 5.8 0.009 

No treatment 38 10.5 6.6 0.37 
Continuous transfusions 17 8.8 2.9 0.33 

*Incidence rate = Number of events/number of patients/2*100.  VOC: vaso-occlusive events 
 

 


