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Summary

Osteonecrosis of the femoral head (ONFH) is a common complication of sickle cell disease 

(SCD). To examine the association between microparticles and ONFH in SCD, we compared 

plasma microparticle levels in 20 patients with and without ONFH. Microparticles were quantified 

using nanoparticle tracking analysis and found to be 2.3-fold higher in patients with ONFH 

compared to patients without ONFH, and 2.5-fold higher than in healthy controls. These results 

suggest that microparticles may be a clinically useful biomarker of ONFH in SCD. Further 

investigations are needed to determine the functional relevance of microparticles in the 

pathogenesis of ONFH in SCD.
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Introduction

Osteonecrosis of the femoral head (ONFH) is a chronic, debilitating complication of sickle 

cell disease, affecting 50% of patients homozygous for the sickle cell mutation (HbSS) by 

35 years of age(Mahadeo, et al 2011, Milner, et al 1991). Clinical symptoms peak during 

adolescence, resulting in significant physical impairment and chronic pain and, ultimately, 

total hip replacement at an early age. Patients with ONFH are frequently asymptomatic 

during the early stages, delaying the diagnosis until it has progressed to advanced 

stages(Ware, et al 1991). Aside from co-inherited alpha thalassemia trait and elevated 
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haemoglobin level, few predictors of ONFH in SCD exist (Lemonne, et al 2013, Milner, et 

al 1991).

SCD is characterized by chronic haemolysis and recurrent ischaemia due to micro-vascular 

occlusion. Repeated intravascular sickling triggers a complex cycle of sustained endothelial 

activation, inflammation and thrombosis eventuating in progressive vascular damage(Hebbel 

2004). The pathogenesis of ONFH in SCD, as in other disease populations, has been 

attributed to the ischaemic consequences of vascular occlusion in the already vulnerable 

microcirculation of the femoral head.

Microparticles (MP) are small (0.1–1.0 μm diameter), cell membrane-derived vesicles 

generated in response to cellular activation or injury. Circulating MP expose 

phosphatidylserine (PS), a phospholipid normally maintained on the inner leaflet of the 

plasma membrane, and release vaso-active mediators involved in coagulation activation. MP 

originating from platelets, erythrocytes, endothelial cells and monocytes have been detected 

in patients with SCD(Shet, et al 2003, Wun, et al 1998). Both total and tissue factor-positive 

MP are elevated at baseline and increase further during vaso-occlusive events, suggesting 

their involvement in the thrombotic manifestations of the disease (Kasar, et al 2013, Shet, et 

al 2003, van Beers, et al 2009).

Alterations in the number and characteristics of circulating MP have been implicated in the 

pathophysiology of ONFH due to causes other than SCD, however, the extent to which MP 

may contribute to the development of ONFH in SCD is not known(Kang, et al 2008). In this 

pilot study, we investigated the association between MP levels and ONFH in SCD.

Methods

Study Subjects

Twenty patients with sickle cell anaemia (HbSS or HbS/β0thal genotype) were recruited at 

their baseline status during a routine clinic visit. Case subjects were characterized by X-ray 

or magnetic resonance imaging-documented osteonecrosis of one or both hips. Control 

subjects were selected based on a negative history of hip pain and a normal hip examination. 

Both case subjects and control subjects underwent a standardized hip examination. Patients 

treated with hydroxycarbamide at a stable dose (> 3 months) were eligible. Exclusion 

criteria consisted of transfusion within the past 30 days, hospitalization for a vaso-occlusive 

pain episode, acute chest syndrome, fever or surgery within the past 30 days, or imaging 

studies documenting bony lesions of the femur or hip due to causes unrelated to SCD. Ten 

healthy race- and age-matched subjects were included as a reference group. The Institutional 

Review Board at Children’s Hospital & Research Center Oakland (CHRCO) approved the 

study. All subjects provided written informed consent.

Measurement of Circulating Microparticles

A standard protocol was followed to ensure uniform collection, processing, and storage of 

samples. Blood samples were drawn with a 21-gauge needle, avoiding prolonged use of a 

tourniquet. Whole blood was collected in vacuum tubes containing sodium citrate and 

centrifuged for 15 min at 1500 × g at room temperature to generate platelet-poor plasma. 
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Aliquots of plasma were immediately frozen and stored at −80°C until use. For MP 

isolation, 300 μl of plasma was diluted in phosphate-buffered saline (PBS) and centrifuged 

at 10,000 × g for 1 h and the supernatant centrifuged at 100,000 × g for 2 h. The MP pellet 

was re-suspended in 1 ml of PBS. Appropriate dilutions were made to allow the Brownian 

motion of a sufficient number of particles to be followed for a sufficient amount of time to 

analyse the nanoparticle tracks on a NanoSight LM-10 nanoparticle tracking analyser 

(Nanosight, Amesbury, UK).

Clinical laboratory measures of haemolysis, inflammation and coagulation were also 

analysed. Complete blood count, reticulocyte count, total bilirubin, lactate dehydrogenase 

(LDH), high-sensitivity C-reactive protein (hs-CRP), and von Willebrand Factor antigen 

(VWF:Ag) level were performed using standard laboratory techniques in the clinical 

laboratory at CHRCO. Plasma D-dimer and tissue factor (TF) levels were measured by 

enzyme-linked immunosorbent assay using commercial kits (IMUCLONE® D-dimer kit, 

IMUBIND® tissue factor kit, Sekisui Diagnostics, Lexington, MA, USA) following the 

manufacturer’s instructions.

Statistical Analysis

Sample size was calculated assuming a 50% higher level of total MP in case subjects 

compared to control subjects, a two-tailed α-error of 0.05 and 80% power. Data were 

examined for measures of normality and parametric and non-parametric analyses were 

performed when appropriate. Descriptive statistics were computed for each group. 

Differences between the 3 groups (+ONFH, −ONFH and controls) were evaluated using 

analysis of variance (ANOVA) and Tukey adjustment for multiple comparisons. Bivariate 

associations were estimated using Pearson’s correlation coefficient (r). All analyses were 

performed using SAS version 9.3 (SAS Inc., 2013, Cary, NC). A significance level of 0.05 

was used for all statistical tests.

Results & Discussion

The mean age of ONFH-positive cases (n=10) was 25.8 (range, 19–43) years and ONFH-

negative controls (n=10) was 28.9 (range, 19–46) years. There were 6 males and 4 females 

in each group. Eight case subjects and 6 control subjects were receiving treatment with 

hydroxycarbamide. Eight ONFH-positive subjects had bilateral hip involvement. The 

reference group was comprised of 10 healthy African-American subjects with mean age 27.6 

(range 18–40) years.

Total MP numbers were 2.3-fold greater in ONFH (+) patients than in ONFH(−) patients 

(p=0.008), and 2.5-fold greater than in reference subjects (controls; p=0.005) (Fig 1). 

Moderate to strong correlations were found between MP, reticulocyte, and D-dimer levels in 

the ONFH (+) group (Table I). Data comparing laboratory markers of haemolysis, 

coagulation and inflammation among the three groups are shown in Table I.

The results of this pilot study confirm previously reported associations of MP with ONFH in 

the general population and are the first to demonstrate a significant association with ONFH 

in SCD(Kang, et al 2008). Although functional activity was not assessed in this study, the 
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significantly higher number of MP found in patients with ONFH compared to those without 

ONFH suggest their involvement in the pathogenesis of ONFH in SCD.

While speculative, possible mechanisms by which MP may contribute to the vascular 

pathophysiology of ONFH in SCD include pro-coagulant PS and TF expression (Kuypers, et 

al 2007). PS exposed on the surface of MP serves as a hydrolytic target for secretory 

phospholipase A2 (sPLA2)-mediated production of thromboxane A2 and induction of 

platelet aggregation(Fourcade, et al 1995, Neidlinger, et al 2006). Tissue factor is expressed 

on the surface of MP and may activate coagulation via its critical role as a binding site for 

factor VII (Shet, et al 2003).

This study confirmed the previously reported finding of a positive correlation between MP 

levels and the fibrinolytic marker, D-dimer, but was unable to replicate a correlation 

between haemoglobin, LDH and VWF:Ag (van Beers, et al 2009). This discrepancy may be 

explained by our analyses of total MP, rather than biologically distinct cellular subtypes. 

Our methods, employing nanoparticle-tracking analysis to detect and quantify MP, also 

differed from previous studies that used less sensitive methods. Indeed, the total MP number 

observed in our study population was four orders of magnitude greater than the numbers of 

MP previously reported in SCD patients using flow cytometry-based methods (Kasar, et al 

2013, Shet, et al 2003, van Beers, et al 2009).

In conclusion, we have demonstrated increased levels of circulating MP in SCD patients 

with ONFH. Further studies are required to determine the predictive value and 

pathophysiological significance of this observation.
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Figure 1. 
Column scatter plot of MP levels obtained from SCD patients with ONFH (n = 10), SCD 

patients without ONFH (n = 10), and healthy controls (n =10). P-values represent non-

parametric Kruskal-Wallis analysis. Horizontal lines indicate median values.

MP, microparticle; SCD, sickle cell disease; ONFH, osteonecrosis of the femoral head.
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