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Background
Bone changes are common in sickle cell disease, but the pathogenesis is not fully understood.
Tartrate-resistant acid phosphatase (TRACP) type 5b is produced by bone-resorbing osteo-
clasts. In other forms of hemolytic anemia, increased iron stores are associated with osteoporo-
sis. We hypothesized that transfusional iron overload would be associated with increased
osteoclast activity in patients with sickle cell disease.

Design and Methods
We examined tartrate-resistant acid phosphatase 5b concentrations in patients with sickle cell
disease and normal controls of similar age and sex distribution at steady state. Serum tartrate-
resistant acid phosphatase 5b concentration was measured using an immunocapture enzyme
assay and plasma concentrations of other cytokines were assayed using the Bio-Plex suspen-
sion array system. Tricuspid regurgitation velocity, an indirect measure of systolic pulmonary
artery pressure, was determined by echocardiography. 

Results
Tartrate-resistant acid phosphatase 5b concentrations were higher in 58 adults with sickle cell
disease than in 22 controls (medians of 4.4 versus 2.4 U/L, respectively; P=0.0001). Among the
patients with sickle cell disease, tartrate-resistant acid phosphatase 5b independently correlated
with blood urea nitrogen (standardized beta=0.40, P=0.003), interleukin-8 (standardized
beta=0.30, P=0.020), and chemokine C-C motif ligand 5 (standardized beta=-0.28, P=0.031)
concentrations, but not with serum ferritin concentration. Frequent blood transfusions (>10
units in life time) were not associated with higher tartrate-resistant acid phosphatase 5b levels
in multivariate analysis. There were strong correlations among tartrate-resistant acid phos-
phatase 5b, alkaline phosphatase and tricuspid regurgitation velocity (r>0.35, P<0.001). 

Conclusions
Patients with sickle cell disease have increased osteoclast activity as reflected by serum tartrate-
resistant acid phosphatase 5b concentrations. Our results may support a potential role of
inflammation rather than increased iron stores in stimulating osteoclast activity in sickle cell
disease. The positive relationships among tartrate-resistant acid phosphatase 5b, alkaline phos-
phatase and tricuspid regurgitation velocity raise the possibility of a common pathway in the
pulmonary and bone complications of sickle cell disease. 

Key words: sickle cell disease, osteoclast activity, bone turnover, inflammation, TRACP 5b, pul-
monary complications.

Citation: Nouraie M, Cheng K, Niu X, Moore-King E, Fadojutimi-Akinsi MF, Minniti CP, Sable
C, Rana S, Dham N, Campbell A, Ensing G, Kato GJ, Gladwin MT, Castro OL, and  Gordeuk
VR. Predictors of osteoclast activity in sickle cell disease patients. Haematologica 2011;96(8):1092-
1098.  doi:10.3324/haematol.2011.042499

©2011 Ferrata Storti Foundation. This is an open-access paper. 

Predictors of osteoclast activity in patients with sickle cell disease 
Mehdi Nouraie,1 Kevin Cheng,1 Xiaomei Niu,1 Evadne Moore-King,1 Margaret F. Fadojutimi-Akinsi,1 Caterina P. Minniti,2
Craig Sable,3 Sohail Rana,1 Niti Dham,3 Andrew Campbell,4 Gregory Ensing,4 Gregory J. Kato,2 Mark T. Gladwin,5
Oswaldo L. Castro,1 and Victor R. Gordeuk1

1Center for Sickle Cell Disease and Department of Medicine, Howard University, Washington, DC, USA; 2National Heart, Lung,
and Blood Institute, National Institutes of Health, Bethesda, MD, USA; 3Division of Cardiology, Children’s National Medical Center,
Washington, DC, USA; 4University of Michigan, Ann Arbor, MI, USA, and 5University of Pittsburgh, Pittsburgh, PA, USA

ABSTRACT

haematologica | 2011; 96(8)



Introduction

Markers of bone turnover are increased in sickle cell dis-
ease and in b-thalassemia major and intermedia.1,2
Osteoporosis and osteopenia are common complications
of these conditions,3-5 with altered bone metabolism
beginning in early childhood.4,5 Multiple blood transfu-
sions, bone marrow expansion, iron overload and inflam-
mation are recognized risk factors for osteoporosis in
patients with beta-thalassemia.3 Both in vitro and animal
experiments indicate that iron may play a role in bone for-
mation and/or destruction.6-8 An increased amount of iron
has been associated with reduced in vitro osteoblast prolif-
eration9 and extracellular calcium deposition.10 In a mouse
model, iron dextran injection increased the osteoclast pop-
ulation in the bone structure and reduced the number and
thickness of trabeculae.11 Another study in mice indicated
that osteoclast differentiation and mitochondria biogene-
sis are regulated by iron: increased iron stimulated osteo-
clast activity while iron chelation both inhibited osteo-
clast-mediated bone resorption and protected against
bone loss.8
Tartrate-resistant acid phosphatase (TRACP) type 5 is an

enzyme that is produced by bone-resorbing osteoclasts,
inflammatory macrophages and dendritic cells. TRACP is
encoded by a single gene, ACP5, on chromosome 19p13.3-
13.2.12 TRACP 5a is derived from macrophages and den-
dritic cells and TRACP 5b is a bone resorption marker
which is produced specifically by activated osteoclasts.13,14
The protein structure of these two isoforms is similar and
the only difference is in their sugar chain.15 Normal bone
metabolism requires TRACP 5b expression.16 There is a
negative correlation between TRACP 5b and bone mass
density.17 TRACP 5b also correlates positively with other
markers of bone turnover.17
In this study, we hypothesized that transfusional iron

overload would be associated with increased osteoclast
activity in patients with sickle cell disease. To test this
hypothesis, we examined serum TRACP 5b concentra-
tions in adults with sickle cell disease.

Design and Methods

Study participants
Participants with sickle cell disease were recruited from the out-

patient sickle cell disease clinic at Howard University Hospital as
a part of the Pulmonary Hypertension and the Hypoxic Response
in SCD (PUSH) study (ClinicalTrials.gov identifier NCT00495638).
PUSH studies two different populations of patients: children and
adults. Subjects for this analysis were selected from the adults
with sickle cell disease who were in steady-state, which is defined
as having no history of hospital admissions, emergency room vis-
its or blood transfusions in the preceding 3 weeks. Cases were
selected from two different strata: patients with normal tricuspid
regurgitation velocity determined by echocardiography and
patients with elevated tricuspid regurgitation velocity. A tricuspid
regurgitation velocity of 2.70 m/sec or above was considered to be
elevated, consistent with the definition of the Walk-PHaSST study
of adults and adolescents.18 Control subjects were free of sickle cell
disease, were of similar age, gender and ethnicity as the patients,
and had not been admitted to hospital or visited the emergency
room for an acute illness in the preceding 3 weeks. Controls were
selected from the community, from hospital staff, or from relatives
or friends of the cases. Clinical and laboratory data were collected

at the time of recruitment. The study protocol was approved by
the Howard University Institutional Review Board (IRB-05-SCD-
01). All participants gave written informed consent.

Plasma and serum samples for biomarkers
Venous blood was drawn from non-fasting subjects. EDTA

plasma and serum were prepared and stored at -80°C for future
analysis.  

Analysis of biological markers
The concentration of TRACP 5b in serum was measured by

an enzyme-linked immunosorbent assay (ELISA) format
immunocapture enzyme assay kit (Cat #8033, Quidel
Corporation, San Diego, CA, USA). Plasma concentrations of
seven biological markers were assayed in patients and controls
using the Bio-Plex suspension array system (Bio-Rad, Hercules,
CA): interleukins-6, 8 and 10, basic fibroblastic growth factor,
platelet-derived growth factor (PDGF)-BB, vascular endothelial
growth factor (VEGF), and chemokine (C-C motif) ligand 5
(CCL5), also known as RANTES. This system allows for simul-
taneous identification of cytokines in a 96-well filter plate, as
described fully by Niu et al).19 Plasma concentrations of endothe-
lin-1 were measured with a commercially available ELISA kit
(R&D Systems, Minneapolis, MN, USA).

Statistical analysis 
We used the best transformation of continuous variables to nor-

mal distribution.  Student’s t-test was applied to compare contin-
uous variables between patients with sickle cell disease and con-
trols. For categorical variables, we used either the χ2 test or Fisher’s
exact test as appropriate. Spearman’s or Pearson’s correlation was
applied to study the correlation between different variables.
Because of the small sample size, we considered correlation coef-
ficients of 0.25 or greater as potentially important instead of using
a cut-off P value for selecting significant correlations. Multiple lin-
ear regression analysis was used to identify independent predic-
tors of serum TRACP 5b concentration. To build the final model,
we used a combined biological and statistical approach in which
potential predictors of TRACP 5b having a P value of 0.2 or less in
univariate analysis were entered into the model. The final vari-
ables were selected using a P value less than 0.05. The models
were checked for distribution of residuals and co-linearity.
Statistical analysis was performed with Stata 10.1 software
(StataCorp, College Station, TX, USA).

Results

Comparison of patients with sickle cell disease 
and controls

Fifty-eight adults with sickle cell disease (comprising 46
with hemoglobin SS, 10 with hemoglobin SC and 2 with
hemoglobin S beta-thalassemia) and 22 normal controls
(comprising 19 with hemoglobin AA, 2 with hemoglobin
AC, and 1 with hemoglobin AS) were studied. The demo-
graphic and clinical characteristics of these subjects are
summarized in Table 1. Serum TRACP 5b concentrations
were significantly higher in the sickle cell disease patients
than in the controls (medians of 4.4 versus 2.4 U/L;
P=0.0001). Sickle cell disease patients also had lower body
mass index (BMI) values and lower concentrations of
hemoglobin, blood urea nitrogen (BUN) and creatinine
than controls. They had higher values for markers of
hemolysis, mean corpuscular value, white blood cell
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count, and serum concentrations of globulin and ferritin.
Of the inflammatory and angiogenic factors studied, inter-
leukin-6 and -8 and endothelin-1 concentrations were
higher in the sickle cell disease patients while the level of
CCL5 was lower (Table 2). 

Predictors of TRACP 5b in patients with sickle cell disease 
Clinical and hematologic variables
In bivariate analysis, serum TRACP 5b concentration

was positively correlated with BUN concentration (Table
3). There was also a trend to higher TRACP 5b levels
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Table 1. Distribution of demographic and clinical data in sickle cell patients and normal controls. 
Sickle cell disease Controls P value

N Results N Results

Age (years) 58 38 (28-49) 22 40 (28-53) 0.5
Female, n. (%) 58 24 (41%) 22 11 (50%) 0.5
Hemoglobin genotype 58 22
SS, n. (%) 46 (79%) 0 NA
SC, n. (%) 10 (17% 0
Sb+, n. (%) 2 (4%) 0

Body mass index (kg/m2) 50 23 (20-26) 19 31 (26-35) 0.0001*
Hemoglobin oxygen saturation (%) 57 98 (96-99) 19 99 (98-99) 0.0001*
More than 10 blood transfusions in life time, n. (%) 58 26 (45%) 22 0 0.0001*
Number of severe pain episodes in last 12 months 58 2 (0-3) 22 0 (0-0) 0.0001*
Avascular necrosis of hip or shoulder, n. (%) 58 20 (34%) 22 1 (5%) 0.007
Acute chest syndrome, n. (%) 58 20 (34%) 22 0 0.001*
Hydroxyurea treatment, n. (%) 58 29 (50%) 22 0 0.0001*
Hemoglobin (g/dL) 58 9.2 (8.0-10.7) 20 13.3 (12.8-14.1) 0.0001*
White blood cell (¥109/L) 58 9.6 (8.3-11.2) 20 6.0 (5.6-6.7) 0.0001*
Blood urea nitrogen (mg/dL) 58 9 (6-11) 21 12 (11-15) 0.002*
Creatinine (mg/dL) 58 0.8 (0.6-1.0) 21 1.0 (0.8-1.1) 0.019
Calcium (mg/dL) 58 9.3 (9.2-9.6) 21 9.3 (9.0-9.5) 0.2
Alkaline phosphatase (U/L) 57 84 (69-104) 21 57 (49-67) 0.0001*
Alanine aminotransferase (U/L) 57 20 (17-32) 21 21 (18-29) 0.9
Reticulocytes (%) 57 5 (4-10) 18 1 (1-2) 0.0001*
Aspartate aminotransferase (U/L) 57 33 (26-50) 21 23 (20-30) 0.0004*
Total bilirubin (mg/dL) 57 2.2 (1.7-3.1) 21 0.9 (0.6-1.0) 0.0001*
Lactate dehydrogenase (U/L) 58 288 (221-388) 21 157 (140-178) 0.0001*
Ferritin (ng/mL) 58 411 (161-1278) 22 102 (53-201) 0.0001*
Albumin (g/dL) 57 4 (3.8-4.3) 21 4 (3.8-4.1) 0.4
Globulin (g/dL) 57 3.4 (2.9-3.7) 21 3.1 (2.7-3.2) 0.009
Tricuspid regurgitation velocity (m/sec) 54 2.6 (2.3-2.7) 21 2.2 (2.1-2.3) 0.0004*

*Significant after Bonferroni’s correction. Results are the median (interquartile range) unless otherwise indicated.

Table 2. Distribution of biomarkers in sickle cell patients and normal controls. 
Sickle cell disease Controls P value

N Results N Results

Erythropoietin (IU/L) 58 53 (33-93) 21 8 (7-13) <0.0001*
TRAC-5b (U/L) 58 4.4 (3.3-5.7) 22 2.4 (2.0-2.9) 0.0001*
Interleukin-6 (pg/mL) 47 5.0 (2.9-9.0) 20 3.1 (1.8-4.1) 0.030
Interleukin-8 (pg/mL) 47 3.7 (2.0-5.7) 20 1.9 (1.0-2.4) 0.0002*
Interleukin-10 (pg/mL) 47 9.2 (5.8-17.2) 20 7.0 (4.4-9.9) 0.09
Basic fibroblast growth factor (pg/mL) 47 15.7 (9.3-27.1) 20 11.6 (10.0-19.8) 0.09
Platelet-derived growth factor (pg/mL) 47 368 (191-618) 20 362 (191-501) 0.7
CCL5 (ng/mL) 47 3.5 (2.5-4.9) 20 5.0 (4.2-9.6) 0.006
Vascular endothelial growth factor (pg/mL) 47 6.8 (1.6-18.1) 20 4.7 (1.3-8.8) 0.3
Endothelin-1 (pg/mL) 28 0.8 (0.4-1.3) 6 0.4 (0.1-0.6) 0.047
* Significant after Bonferroni’s correction. Results are the median (interquartile range) unless otherwise indicated.



among the patients who had had more than ten blood
transfusions (median 4.8 U/L versus 3.1 U/L in patients with
≤10 transfusions, P=0.025). However, TRACP 5b levels did
not differ according to serum ferritin concentration quar-
tiles (median of 4.3 U/L in the lowest quartile versus 4.3 U/L
in the highest quartile, P for trend = 0.9). Furthermore,
TRACP 5b concentration was not significantly higher in
the group of 20 patients who had both a ferritin level
greater than 500 ng/mL and had received more than ten
blood transfusions when compared to patients who had
either normal ferritin or had received ten or fewer blood
transfusions (medians of 4.8 U/L versus 4.1 U/L, P=0.17). In
addition, TRACP 5b concentration did not correlate with
age, gender, BMI, sickle cell genotype, history of severe
pain episodes, history of acute chest syndrome, history of
avascular necrosis, hemoglobin concentration, or markers
of hemolysis or calcium. TRACP 5b concentration did cor-
relate with the levels of BUN and creatinine (this latter
adjusted for BMI).

Biological markers
In bivariate analysis among sickle cell disease patients,

serum TRACP 5b concentration correlated negatively
with plasma CCL5 concentration (Table 4). There were
also trends to positive correlations with plasma endothe-
lin-1, interleukin-8 and interleukin-6 concentrations and a
negative correlation with PDGF. In a separate analysis, the
median (interquartile range) concentration of interleukin-8
was 5.2 (3.6-9.8) pg/mL in patients who had had more
than ten blood transfusions compared to 2.9 (1.4-4.7)
pg/mL in patients who had received ten or fewer units of

blood (P=0.004). Other biomarkers were not significantly
different between these two groups (data not shown). 
Independent predictors of serum TRACP b5 concentration
In multivariate analysis, the concentrations of BUN

(beta=0.24, P=0.003), interleukin-8 (beta=0.13, P=0.020)
and CCL5 (beta=-0.20, P=0.031) independently correlated
with serum TRACP 5b concentration. This model predict-
ed 39% of TRACP 5b variation. The number of units of
blood transfused and serum ferritin concentration were
not independently correlated with TRACP 5b concentra-
tion (Table 5). 

Clinical correlates of TRACP b5
Alkaline phosphatase concentration correlated strongly

with TRACP 5b concentration (r=0.44, P=0.0006).
Furthermore, this relationship was more robust than the
relationship of alkaline phosphatase with markers of liver
function, alanine aminotransferase (r=0.29, P=0.03) and
total bilirubin (r=-0.03, P=0.08). The concentrations of
both TRACP 5b (r=0.56, P<0.0001) and alkaline phos-
phatase (r=0.56, P<0.0001) were significantly correlated
with tricuspid regurgitation velocity (Figure 2). 

Discussion

In this study, we found that osteoclast activity, as meas-
ured by serum TRACP 5b concentration, is elevated in
patients with sickle cell disease. Renal function and
inflammatory markers were the most important inde-
pendent predictors of TRACP 5b concentration in patients
with sickle cell disease. There were strong correlations
among TRACP 5b, tricuspid regurgitation velocity and
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Table 3. Potential clinical predictors of TRACP 5b in patients with sick-
le cell disease.
                                                                        N                  R (P value)

Age                                                                                58                      0.12 (0.4)
Body mass index                                                        50                      -0.08 (0.6)
Hemoglobin oxygen saturation                              57                      -0.07 (0.6)
Number of blood transfusions in life time         58                      0.17 (0.2)
Number of severe pain episodes                          58                      -0.13 (0.3)
Avascular necrosis of hip or shoulder                 58                      0.09 (0.5)
History of acute chest syndrome                          58                      -0.13 (0.3)
Hydroxyurea treatment                                            57                       0.0 (0.9)
Hemoglobin                                                                58                      -0.14 (0.3)
White blood cell (natural log)                                58                      0.07 (0.6)
Creatinine (square root)**                                   58                     0.19 (0.16)
Blood urea nitrogen (natural log)                         58                   0.40 (0.002)*
Albumin (natural log)                                               58                      -0.16 (0.2)
Total bilirubin (natural log)                                    56                      -0.06 (0.6)
Reticulocyte % (square root)                                57                      0.07 (0.6)
Aspartate aminotransferase (natural log)          57                     0.17 (0.19)
Lactate dehydrogenase (natural log)                   58                     0.18 (0.18)
Calcium                                                                        58                      0.12 (0.4)
Alkaline phosphatase (natural log)                      57                  0.44 (0.0006)*
Alanine aminotransferase (natural log)              57                     0.20 (0.13)
Ferritin (natural log)                                                58                      -0.07 (0.6)
Globulin (natural log)                                              57                      0.15 (0.3)
*Significant after Bonferroni’s correction. **Adjusted creatinine for BMI has a correla-
tion of 0.36 (P=0.011) with TRACP 5b.

Table 4. Potential biological predictors of TRACP 5b in patients with
sickle cell disease.
                                                                               N           R (P value)

Erythropoietin (natural log)                                           58                0.8 (0.6)
Interleukin-6 (natural log)                                              47             0.25 (0.09)
Interleukin-8 (natural log)                                              47            0.38 (0.008)
Interleukin-10 (natural log)                                            47              -0.02 (0.9)
Basic fibroblast growth factor (square root)            47               0.14 (0.3)
Platelet-derived growth factor (square root)            47            -0.30 (0.035)
CCL5 (natural log)                                                            47           -0.42 (0.004)*
Vascular endothelial growth factor (natural log)      47              -0.07 (0.6)
Endothelin-1 (square root)                                             28             0.35 (0.07)

* Significant after Bonferroni’s correction.

Table 5. Independent relationship of clinical variables and biomarkers
with serum TRACP 5b (natural log) concentration in multiple linear
regression analysis.
                                                       Beta (95% CI)        P       Standardized
                                                                                  beta

Blood urea nitrogen (natural log)   0.24 (0.09-0.40)     0.003              0.40
Interleukin-8 (natural log)                0.13 (0.02-0.23)     0.020              0.30
CCL5 (natural log)                            -0.20 (-0.38- -0.02)  0.031             -0.28

*Variables entered into the model: number of blood transfusions, lactate dehydroge-
nase, interleukin 8, interleukin 6, CCL5, and platelet-derived growth factor. One outlier
was removed, R-square=0.39



alkaline phosphatase.
Independent studies indicate that more than 65% of

adult patients with sickle cell disease suffer from low bone
mineral density20,21 Bone density abnormalities have been
reported in other forms of hemolytic anemia as well.3,22 For
example, more than 40% of patients with well-managed
beta-thalassemia major are affected by osteopenia or
osteoporosis.3
The pathogenesis of osteoporosis in hemolytic anemia

is multifactorial. In beta-thalassemia, iron overload,
decreased physical activity, vitamin C and D deficiencies,
and endocrine complications such as hypogonadism and
hypothyroidism may increase the susceptibility to osteo-
porosis.3,23 Iron overload is associated with osteoporosis in
hereditary hemochromatosis as well.24 Iron could poten-
tially trigger osteoporosis through several mechanisms,
including, but not limited to, lower osteoblast activity,
hypogonadism, hypothyroidism and reactive oxidative
stress.11 The TRACP 5 gene (Acp5) is highly regulated by
iron.16 Iron chelation inhibits osteoclastic bone resorption
in vitro.8
In sickle cell disease, iron overload was reported to be

associated with a lower bone mass index in one study.25
However, current information is inconclusive for a possi-
ble correlation between bone mineral density and iron
stores as reflected by serum ferritin concentration in
patients with sickle cell disease.20,26-29 In our study of sickle
cell disease patients, BUN, interleukin-8 and interleukin-6
concentrations were associated with higher osteoclast
activity as reflected by TRACP 5b concentration while
PDGF and CCL5 were associated with lower osteoclast
activity. Higher osteoclast activity, as reflected by serum
TRACP 5b concentration, was also associated with higher
tricuspid regurgitation velocity. However, in our patients,
serum ferritin concentration was not correlated with
TRACP 5b. Furthermore, in multivariate analysis, TRACP
5b concentrations did not correlate with the number of
units of blood transfused. In our study, increased inter-
leukin-8 concentrations correlated significantly with both
frequent blood transfusions and serum TRACP 5b concen-
trations. This finding, in addition to the lack of a relation-
ship between ferritin and TRACP 5b concentrations, may

support a potential role of inflammation, rather than
increased iron stores, in stimulating osteoclast activity in
patients with sickle cell disease. 
We found a positive correlation between renal dysfunc-

tion (as reflected by increased BUN concentration) and
TRACP 5b concentration. Studies in renal osteopathy
have produced inconclusive results with regard to the
effect of renal function on serum TRACP 5b concentra-
tions. While some studies found that TRACP 5b was not
increased with renal dysfunction,30,31 other studies showed
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Figure 1. Distribution of serum tartrate-resistance acid phosphatase
5b concentrations among sickle cell disease patients and normal
controls (crosses indicate the median in each group).
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that secondary hyperparathyroidism in chronic renal fail-
ure was associated with increased TRACP 5b32 and that
TRACP 5b concentration correlated inversely with
glomerular filtration rate in pre-dialysis patients with
chronic kidney disease.33 The lack of a correlation between
serum creatinine and TRACP 5b concentrations in this
study may reflect the effect of body mass on creatinine.
The BMI was lower in patients with sickle cell disease and
it had a low but negative correlation with TRACP 5b,
which could obscure the correlation with creatinine. In
fact, creatinine values adjusted for BMI correlated posi-
tively with TRACP 5b, confirming an association of
TRACP 5b with renal function in the present study. 
Inflammation plays an important role in causing osteo-

porosis.34 Osteoclasts are the only source of TRACP 5b
production.16 Macrophages and dendritic cells derived
from the same myeloid progenitors as osteoclasts express
high levels of TRACP 5a.35 Interleukin-6 has been linked to
osteoporosis in cancer36 as well as in chronic inflammatory
conditions, such as inflammatory bowel disease and
rheumatoid arthritis.37,38 It is thought that interleukin-6
induces receptor activator for NF-kB ligand (RANKL),
which leads to osteoclast activation and, subsequently, to
bone resorption.39 Interleukin-8 is released by normal
human osteoclasts.40 High serum interleukin-8 levels have
been related to osteoclast activity, osteoporosis in patients
with cancer41 and patients with orthopedic implants.42 In
this study, the correlation of osteoclast activity with inter-
leukin-8 and -6 supports a potential role of inflammation
in causing the osteoporosis of sickle cell disease patients.
In multivariate analysis, CCL5 was associated with lower
TRACP 5b concentrations. CCL5 induces osteoclast
migration and differentiation.43 However, in mouse mod-
els, it reportedly had no effect on bone resorption.44
Osteoclasts are one of the most important sources of
CCL5 secretion. In response to high local calcium concen-
tration, osteoclasts secrete more CCL5, which, in turn
induces osteoblast migration and may increase bone for-
mation.32 Mice that are CCR55-/- (CCL5 receptor) have
higher alveolar bone resorption during orthodontic move-
ment.45 A negative relationship of CCL5 with osteoclast
activity was recently observed in patients with chronic
obstructive pulmonary disease who suffer from low bone
mineral density.46
Elevated tricuspid regurgitation velocity is a non-inva-

sive marker that can predict pulmonary hypertension and
is associated with higher mortality rates among adult
patients with sickle cell disease.47 Higher osteoclast activi-

ty, as reflected by TRACP 5b levels, was correlated with
higher tricuspid regurgitation velocity among our subjects.
Alkaline phosphatase also correlated strongly with tricus-
pid regurgitation velocity in our study, as in another study
of adults with sickle cell disease.47 In our study, alkaline
phosphatase showed a stronger correlation with bone
markers than with liver markers, so it could be a marker of
bone turnover, similar to TRACP 5b. Osteoporosis and
pulmonary hypertension coexist in other clinical situa-
tions as well, such as chronic obstructive pulmonary dis-
ease48 and advanced parenchymal lung disease.49

Furthermore, severe World Health Organization group I
pulmonary hypertension has emerged as a risk factor for
osteoporosis.50 In pulmonary disorders, this relationship
could partially be explained by the effect of confounders
such as low BMI or long-term corticosteroid medication.
In our study, neither BMI nor medications could explain
this relationship; rather, there may be common pathways
underlying elevated pulmonary artery pressure and
increased osteoclast activity in sickle cell disease.
Correlations of both tricuspid regurgitation velocity and
osteoclast activity with inteleukin-619 and endothelin-151

levels in sickle cell disease could support the possibility
that inflammatory and endothelial responses are common
pathways in pulmonary hypertension and osteoporosis in
this disorder. Furthermore, there is a growing body of lit-
erature supporting the belief that macrophage activation
may trigger  pulmonary hypertension.52

In conclusion, our data suggest that osteoclast activity is
increased in patients with sickle cell disease. This could
reflect the effect of inflammation in such patients. The
relationship between osteoclast activity and higher tricus-
pid regurgitation velocity could also reveal important
mechanistic pathways for further studies. These future
studies could specifically focus on the role of macrophage-
monocyte activation in the pulmonary and bone compli-
cations of sickle cell disease.
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