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SUMMARY
Tissue Factor (TF) initiates thrombin generation, and whole blood TF (WBTF) is elevated in
sickle cell disease (SCD). We sought to identify the presence of TF-positive monocytes in SCD
and their relationship with the other coagulation markers including WBTF, microparticle-
associated TF, thrombin-antithrombin (TAT) complexes and D-dimer. Whether major SCD-
related pathobiological processes, including haemolysis, inflammation and endothelial activation,
contribute to the coagulation abnormalities was also studied. The cohort comprised children with
SCD (18 HbSS, 12 HbSC, mean age 3.6 years). We demonstrated elevated levels of TF-positive
monocytes in HbSS, which correlated with WBTF, TAT and D-Dimer (p=0.02 to p=0.0003).
While TF-positive monocytes, WBTF, TAT and D-dimer correlated with several biomarkers of
haemolysis, inflammation and endothelial activation in univariate analyses, in multiple regression
models the haemolytic markers (reticulocytes and lactate dehydrogenase) contributed exclusively
to the association with all four coagulant markers evaluated. The demonstration that haemolysis is
the predominant operative pathology in the associated perturbations of coagulation in HbSS at a
young age provides additional evidence for the early use of therapeutic agents, such as
hydroxycarbamide to reduce the haemolytic component of this disease.
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INTRODUCTION
Several previous studies have documented haemostatic abnormalities in sickle cell disease
(SCD), including evidence for enhanced thrombin generation (Ataga et al, 2007; Stuart &
Setty, 2001) as indicated by elevated levels of the prothrombin fragment F1+2 (a measure of
conversion of prothrombin to thrombin); thrombin-antithrombin (TAT) complexes (a
measure of thrombin formation); and D-dimer (a measure of formation and degradation of
cross-linked fibrin). Depletion of circulating anticoagulants (protein C; free protein S; and
heparin cofactor II) and the presence of anti-phospholipid antibodies have also been noted
(Ataga et al, 2007; Stuart & Setty, 2001; Westerman et al, 1999). Numerous aspects of
SCD-related pathobiology remain unclear, including whether the haemostatic perturbations
identified in this disease translate into individual thrombogenic risk (Tomer et al, 2001),
and/or contribute to sickle vasculopathy (Kato et al, 2009). Clinical evidence for a
thrombophilic phenotype in patients with SCD includes the occurrence of infarctive strokes
in children (Ohene-Frempong et al, 1998; Hillery & Panepinto, 2004), and the presence of
thrombi in the pulmonary vasculature in adults (Adedeji et al, 2001; Dessap et al, 2011;
Stein et al, 2006). Although laboratory and clinical evidence demonstrates haemostatic
abnormalities in SCD, the mechanisms accounting for the initiation or modulation of this
process have not been clarified.

Tissue factor (TF), a cell surface receptor for factor VII/VIIa, is the physiological initiator of
blood coagulation (Camerer et al, 1996; Mackman, 2004). TF forms a complex with
circulating factor VIIa, activating factor X with subsequent thrombin generation. Although
TF is not constitutively expressed on endothelium or monocytes in vivo, its expression on
these cells can be induced in vitro by a variety of pathological stimuli relevant to SCD,
including ischaemia/reperfusion injury (Solovey et al, 2004), shear stress and agonists, such
as the inflammatory cytokines, growth factors and CD40-ligand (Camerer et al, 1996; Lee et
al, 2006). In fact, increased levels of TF in whole blood (Key et al, 1998) and plasma (Lee
et al, 2006; Mohan et al, 2005), and the presence of TF-positive circulating endothelial cells
(Solovey et al, 1998) and microparticles (Shet et al, 2003) have been demonstrated in SCD,
suggesting a potential TF-mediated mechanism for the increased coagulation activation in
this patient group. Although the documentation in the adult plasma of microparticles that are
positive for both CD14 and TF suggests the existence of TF-positive monocytes, the
presence of such cells in this patient group has not been reported to date. Our study sought
to identify the presence of TF-positive monocytes in subjects with SCD, and evaluate their
relationship with other markers of coagulation activation and markers of the various
pathobiological processes known to play a role in SCD.

MATERIALS, PATIENTS and METHODS
Materials

For flow cytometric analyses, phycoerythrin (PE)-, and fluorescein isothiocyanate (FITC)-
labelled mouse monoclonal antibodies against human antigens, and isotypic-negative control
antibodies were obtained from Immunotec (Beckman-Coulter, Miami, FL), Caltag
Laboratories (Burlingame, CA), or American Diagnostica (Stamford, CT). These antibodies
included anti-glycophorin A-PE [anti-CD235a-PE, clone 11E4B7.6(KC16)], anti-CD14-PE
(clone TüK4), anti-TF-FITC (CD142, product # 4507CJ), and isotypic control antibodies
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(clones 679.1Mc7 and U7.27). FITC-labelled annexin-V was obtained from R&D Systems
(Minneapolis, MN). Glycophorin-A, CD14 and annexin-V were used as markers for red
cells, monocytes and PS-positivity, respectively.

Study Population
The study population included 30 children with SCD in steady state, 18 with SS and 12 with
the SC genotypes. Ages ranged from 2 to 10 years, with a mean age of 3.6 years. Blood
samples were collected at least 10 weeks remote from a previous blood transfusion, and at
least 2 weeks remote from any acute illness, hospitalization, or vaso-occlusive episode. No
subject was on hydroxycarbamide. Blood samples were also obtained from 11 age- and race-
matched paediatric controls (2 to 10 years, mean age 4.6 years). This study was approved by
the Institutional Review Committee for Human Subjects Protection at St Christopher’s
Hospital for Children/Drexel University and at Thomas Jefferson University. Blood samples
were obtained following informed consent. For minors, patient’s assent was also obtained as
appropriate.

Analysis of Biomarkers
Biomarkers that were evaluated in this study were grouped into four different SCD-related
pathobiological processes based on their source and biological role. These included markers
representing coagulation activation [TF-positive monocytes, whole blood TF (WBTF),
microparticle-associated TF (MPTF), TAT and D-dimer]; haemolysis [percent reticulocyte
count, lactate dehydrogenase (LDH), and type-2 phosphatidylserine (PS)-positive
erythrocytes]; inflammation [white cells, high sensitivity C-reactive protein (hs-CRP), and
tumour necrosis factor-α (TNFα)]; and endothelial activation [soluble vascular cell adhesion
molecule-1 (soluble VCAM1), soluble E-selectin, soluble P-selectin and nitric oxide (NOx)
metabolites]. These biomarkers in whole blood and plasma were quantitated as detailed
below.

Analysis of TF-positive Monocytes—TF-positive monocytes in whole blood were
analysed by flow cytometry as described previously (Brambilla et al, 2008). Briefly, 200 μl
fresh whole blood collected in sodium heparin anticoagulant was incubated within 30 min
after phlebotomy with 5 μl anti-CD14-PE and either 10 μl anti-TF-FITC or 20 μl FITC-
labelled negative isotypic control antibody (Becton Dickinson, cat # 340755) for 30 min at
room temperature in the dark. Samples were diluted with 2 ml of PharM Lyse (Becton
Dickinson). Following a 15- min incubation at room temperature in the dark, cells were
washed twice with 2 ml Dulbecco’s phosphate buffered saline (DPBS), suspended in 0.5 ml
DPBS, and analysed immediately in a flow cytometer (Becton Dickinson Immunocytometry
Systems, San Jose, CA) formatted for two-colour analysis. 5000 events in the monocyte
region were collected, and analysed using CellQuest software (Becton Dickinson). The
percentage of TF-positive monocytes in the gated population were obtained after subtracting
the non-specific immunofluorescence determined using blood stained with FITC-labelled
isotypic negative control antibody.

Analysis of other Markers of Coagulation Activation—TF procoagulant activity in
whole blood was assayed in cell lysates using a two-stage functional clotting assay (Key et
al, 1998). This assay measures both cell-associated and microparticle-associated TF, as
whole blood was processed without separating cellular elements from plasma. The assay
also measures both encrypted and de-encrypted TF. TF procoagulant activity in the
microparticle pellet, obtained following a high speed centrifugation of platelet-free citrated
plasma at 21,000 × g for 30 min, was measured using a chromogenic assay as previously
described (Ataga et al, 2012; Khorana et al, 2008; Manly et al, 2009; van Beers et al, 2009).
Plasma samples for this assay and others detailed below were prepared as previously
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described (Krishnan et al, 2010). Levels of TAT and D-dimer in citrated plasma were
measured using commercial enzyme-linked immunosorbent assay (ELISA) kits (TAT –
Enzygnost, Dade Behring, Marburg, Germany; D-dimer - American Diagnostica, Stamford,
CT).

Analysis of Markers of Haemolysis, Inflammation and Endothelial activation—
LDH levels in citrated plasma were evaluated using an LDH assay kit (TOX-7, Sigma
Aldrich, St Louis, MO). The enzyme activity was read from a calibration curve generated
using an LDH standard, and expressed as iu/l. Levels of soluble VCAM1, soluble E-selectin,
soluble P-selectin, hs-CRP, and TNFα were measured in citrated plasma using ELISA kits
from R&D Systems (Minneapolis, MN) or ALPCO Immunoassays (Salem, NH). Levels of
NOx metabolites (nitrates and nitrites) were measured fluorometrically in ultra-filtered
plasma using 2,3-diaminonaphthalene following reduction of nitrates to nitrites (Stuart &
Setty, 1999). Haematological parameters (haemoglobin levels, reticulocyte and white cell
counts) were also obtained. Red cell PS was analysed by flow cytometry as previously
described (Setty et al, 2001). These PS-positive erythrocytes were arbitrarily divided into
types-1 and-2, depending on the intensity of their immunofluorescence, with type-2 values
approximately 1 log higher than in type-1 (Yasin et al, 2003). Levels of type-2 PS-positive
erythrocytes were obtained from the annexin-V-FITC fluorescence histograms (Yasin et al,
2003). Most type-1 cells are transferrin receptor-positive reticulocytes and are present in
other haemolytic states, whereas type-2 PS-positive erythrocytes are more specific for SCD,
contain low levels of fetal haemoglobin, and have been identified in the dense cell fraction
(Yasin et al, 2003). A previous study in a murine model of sickle cell anaemia has also
demonstrated that PS-positive erythrocytes are rapidly removed from the circulation, thereby
contributing to the reduced erythrocyte survival noted in that model (de Jong et al, 2001).

Statistical analysis
Statistical evaluation was performed using SigmaStat Statistical Package (Version 3, SPSS
Inc, Plover, WI). Biomarker levels are presented both as mean ± standard deviation (SD),
and median and quartile values. Multiple group comparison was done using either one-way
analysis of variance (ANOVA), for data with normal distribution) or the Kruskal-Wallis test
(for data with non-normal distribution). If the P-value for this overall comparison was <0.05,
group-wise comparisons were done with the Holm-Sidak test or the Dunn’s test. Appropriate
corrections were made to account for multiple comparisons according to the method of
Bonferroni, and differences at p-values ≤0.01 were considered statistically significant.
Association between any two variables was tested with the Pearson Correlation test using
either non-transformed data (for variables demonstrating normal distribution), or normalized
data following logarithmic, or inverse transformation (for variables demonstrating non-
normal distribution), and reconfirmed with Spearman rank correlation test. Both tests
yielded similar results for the same pair of variables analysed. Subset regression analyses
were performed to identify the best pathway-select biomarkers, which were found to be the
variables with the best Spearman correlation (Table II) or Pearson correlation (data not
shown). Multiple regression analyses were performed to identify SCD-related
pathobiological processes that potentially modulated haemostatic activation. Both forward
and backward regression models were tested using the rank-transformed data. In these
models TF-positive monocytes, WBTF, TAT, or D-dimer was used as a dependent variable,
and the best pathway-select biomarkers identified using subset regression analysis were
included as representative independent variables.
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RESULTS
Biomarkers and Haematological Parameters in SCD

Plasma biomarkers and haematological parameters assessed in children with SCD (HbSS
and HbSC genotypes), and controls are shown in Table I. Given that published studies report
either the mean or the median levels, for comparison with our data, we have presented both
mean and median values. Results presented in Table I demonstrate that levels of biomarkers
and haematological parameters were comparable to those reported by several investigators
including our laboratory (Blann et al, 2008; Krishnan et al, 2010; Mohan et al, 2005; Setty et
al, 2001; 2003; Westerman et al, 1999). Consistent with published reports, reticulocyte
levels were higher, and haemoglobin levels were lower in HbSS compared to HbSC. As
documented previously, levels of white blood cells (WBC), LDH, type-2 PS-positive
erythrocytes, hs-CRP, TNFα, soluble VCAM1, soluble E-selectin, soluble P-selectin,
WBTF, TAT complexes, and D-dimer were elevated in patients with the SS genotype when
compared to HbSC disease, or controls. Levels of TNFα, and soluble VCAM1 were also
higher in HbSC compared to controls. NOx metabolites and MPTF procoagulant activity
were not significantly different among all three groups.

TF-positive Monocytes: Relationship with Biomarkers of Haemolysis, Inflammation, and
Endothelial Activation

The median (25th and 75th percentile) percent TF-positive monocytes in controls, and
individuals with HbSC and HbSS disease were 1.99% (0.99%, 3.48%), 1.66% (1.23%,
2.36%), and 6.31% (4.63%, 10.36%), respectively (Table I). While there were no significant
differences between HbSC and controls, percent TF-positive monocytes was increased in
HbSS compared to either controls (p<0.01) or children with HbSC disease (p<0.01). Fig 1
demonstrates representative flow cytometric profiles of TF-positive monocytes in HbSS
(panel D), HbSC (panel C), and control groups (panel B). Levels of TF-positive monocytes
from both HbSS and HbSC patient groups were next analysed for their association with
biomarkers representing various SCD-relevant pathobiological processes. Significant
associations were observed between monocyte TF and several independent variables from
the haemolytic, inflammatory, and endothelial activation pathways (Table II) with percent
reticulocyte count (r=0.67; p<0.0001), WBC count (r=0.43; p=0.017), and soluble E-selectin
(r=0.62; p=0.0003) identified as the best independent pathway-specific variables using
subset regression analyses. These biomarkers were also identified as the best pathway-
specific independent variables in both Spearman (Table II) and Pearson correlation tests
(data not shown). In multiple regression analyses using percentage of TF-positive monocyte
as the dependent variable, and percent reticulocyte count, WBC count, and soluble E-
selectin as independent variables, the percent reticulocyte count was the only biomarker that
remained in the model, contributing 45% (p<0.001) to the overall association. Fig 2A shows
the association of percent TF-positive monocyte with the best haemolytic variable in our
study, the percent reticulocyte count. When absolute levels of TF-positive monocytes were
used in the analyses, results similar to those noted with percent TF-positive monocytes were
also observed (data not shown).

Whole Blood TF (WBTF) Procoagulant Activity: Relationship with Biomarkers of
Haemolysis, Inflammation, and Endothelial Activation

Mean (±SD) WBTF procoagulant activity in controls, and children with HbSC, and HbSS
disease were 3.39 (±0.56), 3.87 (±0.95), and 6.13 (±1.78) pg/ml, respectively (Table I).
While there were no significant differences between HbSC and controls, WBTF activity was
elevated in HbSS compared to either controls (p<0.01) or children with HbSC disease
(p<0.01). When WBTF levels from both HbSS and HbSC patient groups were analysed for
association, significant correlations were observed between WBTF and several independent
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variables from the haemolytic, inflammatory, and endothelial activation pathways (Table II)
with LDH (r=0.57; p=0.0009), WBC count (r=0.52; p=0.003), and soluble P-selectin
(r=0.49; p=0.006) identified as the best independent pathway-specific variables using subset
regression analyses. In multiple regression analyses using WBTF as the dependent variable,
and LDH, WBC count, and soluble P-selectin as independent variables, LDH was the only
marker that stayed in the model contributing 33% (p<0.001) to the overall association. Fig
2B depicts the association between WBTF and LDH levels (r=0.57; p=0.0009).

Microparticle-Associated TF (MPTF) Procoagulant Activity: Relationship with Biomarkers
of Haemolysis, Inflammation, and Endothelial Activation

Median MPTF procoagulant activity in plasma from controls, and children with HbSC, and
HbSS disease were 327, 50 and 231 pg/l, respectively (Table I). There were no significant
differences between the patient and the control groups. When the combined MPTF data
from both HbSC and HbSS patient groups were analysed for association with biomarkers
representing haemolysis, inflammation, and endothelial activation, no significant
correlations were found with any of the biomarkers evaluated (Table II).

TAT: Relationship with Biomarkers of Haemolysis, Inflammation, and Endothelial
Activation

Median TAT levels in controls, and children with HbSC and HbSS disease were 1.61, 1.63
and 5.18 ng/ml, respectively (Table I). While there were no significant differences between
HbSC and controls, TAT levels were increased in HbSS compared to either controls
(p<0.01) or HbSC disease (p=0.01). When TAT levels from both HbSS and HbSC patient
groups were analysed for associations, significant correlations were noted with several
independent biomarkers related to haemolysis, inflammation, and endothelial activation
(Table II), with percent reticulocyte count (r=0.56; p=0.002), hs-CRP (r=0.45; p=0.012), and
soluble VCAM1 (r=0.41, p=0.024) identified as the best pathway-specific independent
variables using subset regression analyses. In multiple regression analysis using TAT as the
dependent variable, and percent reticulocyte count, hs-CRP, and soluble VCAM1 as
independent variables, reticulocyte count was the only variable that stayed in the model,
contributing 31% (p=0.001) to the overall association. The scatter plot in Fig 2C shows the
association of TAT with the best haemolytic variable in our study, the percent reticulocyte
count.

D-Dimer: Relationship with Biomarkers of Haemolysis, Inflammation, and Endothelial
Activation

Median D-dimer levels in controls, and children with HbSC and HbSS disease were 84, 40
and 158 ng/ml, respectively (Table I). While there were no significant differences between
HbSC and controls, D-dimer levels were increased in HbSS compared to HbSC disease
(p<0.01). When D-dimer levels from both HbSS and HbSC patient groups were analysed for
associations, significant correlations were noted with several independent biomarkers related
to haemolysis, inflammation, and endothelial activation (Table II). Subset regression
analyses identified percent reticulocyte count (r=0.64; p<0.0002), hs-CRP (r=0.47;
p=0.008), and soluble E-selectin (r=0.46, p=0.011) as the best independent variables
representing the processes of haemolysis, inflammation, and endothelial activation,
respectively (Table II). In multiple regression analysis using D-dimer as the dependent
variable, and percent reticulocyte count, hs-CRP, and soluble E-selectin as independent
variables, reticulocyte count was the only variable that stayed in the model contributing 41%
(p<0.001) to the overall association. The scatter plot in Fig 2D shows the association of D-
dimer with the haemolytic marker the percent reticulocyte count.

Yamaja Setty et al. Page 6

Br J Haematol. Author manuscript; available in PMC 2013 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Associations among Haemostatic Markers
We examined the relationships among the haemostatic markers percent TF-positive
monocytes, WBTF, MPTF, TAT and D-dimer. As shown in Table III, significant
correlations were noted among these biomarkers with the exception of MPTF, which did not
correlate with any of the haemostatic markers evaluated. Greater correlations were observed
between the markers of initiation of thrombin generation (percent TF-positive monocytes
and WBTF, r=0.62, p=0.0003); and also between the later stage markers of coagulation
activation (TAT and D-dimer, r=0.64, p=0.0001). The scatter plots in Fig 3 depict the
correlation between percent TF-positive monocytes and WBTF (r=0.62, p=0.0003, panel A),
percent TF-positive monocytes and MPTF (r=−0.02, p=0.931, panel B), percent TF-positive
monocytes and TAT (r=0.42, p=0.022, panel C), and between percent TF-positive
monocytes and D-dimer (r=0.45, p=0.013, panel D).

DISCUSSION
This study presents novel data demonstrating the presence of increased numbers of
circulating TF-positive monocytes in children with HbSS (Fig 1 and Table I). In addition,
significant correlations (Fig 3 and Table III) were shown between TF-positive circulating
monocytes and both the early (WBTF) and late stages (TAT and D-dimer) of coagulation
activation. While previous studies from our laboratory and others have demonstrated
coagulation activation in children and adults with SCD (Ataga et al, 2007; Stuart & Setty,
2001), our present report documents the presence of these abnormalities very early in the
child with homozygous SS disease, and provides evidence that one of the cellular sources of
the coagulation changes is the activated circulating monocyte. We also demonstrated that
microparticle-associated TF (MPTF) procoagulant activity was not elevated in the plasma of
young children with SCD, and did not correlate with markers of coagulation activation
(Table III). A similar lack of correlation between MPTF and TAT or D-dimer was noted in
adults with SCD (Ataga et al, 2012). In aggregate, these results suggest that cell-associated
TF, rather than microparticle-associated TF, plays an important role in haemostatic
activation in SCD.

Previous studies have identified circulating pools of TF associated with intact cells,
microparticles, and plasma (reviewed in Key & Mackman, 2010). Studies by Key et al
(1998) have shown that the WBTF procoagulant activity is elevated in patients with SCD,
with evidence suggesting that monocytes may be the dominant source. The current study, as
well two additional preliminary reports (Colella et al, 2011; Vasse et al, 2003) confirm this
impression. Identification of TF-positive circulating endothelial cells in SCD, and
endothelial expression of TF in murine model of SCD has demonstrated that endothelial
cells may also be a source of circulating cell-associated TF activity (Solovey et al, 1998,
2004). However, given that monocytes outnumber circulating endothelial cells (CECs) in the
peripheral blood by approximately 5 orders of magnitude, it seems unlikely that CECs
contribute significantly to net TF procoagulant activity. While a previous documentation of
the presence in plasma of microparticles that are positive for both CD14 (a monocyte
marker) and TF in adults with SCD suggested the existence of TF-positive monocytes in
SCD, a more recent study in adults with HbSS and SC disease found no evidence for the
presence of TF bearing microparticles (Shet et al, 2003; van Beers et al, 2009). Although the
latter report documented the presence of both RBC and platelet microparticles (with factor
XI-dependent procoagulant properties), it did not identify any CD14-positive or TF-positive
microparticles in patient samples. The authors speculated that differences in sample
centrifugation for microparticle assessment potentially contributed to the divergent results.
The present report demonstrated the presence of microparticle-associated TF procoagulant
activity in SCD plasma, although it was not elevated compared to controls, and was
undetectable in approximately one third of our patient cohort (Table I). Finally, several
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studies have demonstrated elevated plasma TF antigen levels in SCD (Lee et al, 2006;
Mohan et al, 2005). However, concerns have been raised regarding the precise nature of the
TF antigen detected in plasma using commercial ELISA kits, and the frequent lack of
correlation with MPTF (Johnson et al, 2009; Lee et al, 2012; Parhami-Seren et al, 2006).

The role of humoral factors in SCD-related haemostatic perturbations has not been
extensively evaluated, although evidence suggests that cytokines released during the co-
incubation of sickle monocytes with endothelial cells can induce TF expression (Belcher et
al, 2000). Haemolysis and inflammation, critical players in SCD-related pathology, are also
involved in TF expression and coagulation activation. A previous study from our laboratory
has demonstrated that haem, a product of intravascular haemolysis, induces the expression
of functionally active TF on both micro- and macro-vascular endothelial cells in vitro (Setty
et al, 2008). In vivo animal studies have also demonstrated that the hypoxia and re-
oxygenation cycles of ischaemia-reperfusion injury can cause enhanced leucocyte
trafficking, inflammation (Kaul & Hebbel, 2000; Turhan et al, 2002) and endothelial TF
expression (Solovey et al, 2004). To further assess the in vivo relevance of the various major
pathobiological pathways to coagulation activation in SCD we have evaluated the
relationship between the levels of TF-positive monocytes to relevant biomarkers of
haemolysis, inflammation and endothelial activation. While TF-positive monocytes
demonstrated multiple associations in univariate analyses (Table II), multiple regression
analyses identified an association that was confined to percent reticulocytes (45%
contribution P<0.001). In similar univariate followed by multiple regression statistical
analyses, we showed that another marker of haemolysis, LDH, was the sole contributor to
the association with WBTF (33%, p<0.001). Percent reticulocyte count also was the only
variable that remained in the models with TAT (31% contribution, p=0.001) and D-dimer
(41%; P<0.001). A recent review categorized the relative hierarchy of haemolytic markers,
labelling the percent reticulocyte count and LDH as secondary and quaternary biomarkers,
respectively, based on the strength of their association with red cell lifespan (Hebbel, 2011).
Our study demonstrates predominant associations between both the early and late
coagulation assays with these secondary and quaternary markers of the haemolytic process,
to the exclusion, in multiple regression models, of biomarkers of inflammation and
endothelial activation. It must be noted, however, that this is an early childhood cohort, such
that whether a predominance of haemolytic-related associations with coagulation activation
will occur in a population of older children or the adult is unknown.

Our findings provide evidence for perturbations in haemostasis very early in the life of the
child with HbSS disease. Our report also provides supportive evidence that future
investigations may bridge the gap between associative findings and anticipated cause and
effect relationships. For instance, hydroxycarbamide is a therapeutic agent that prevents
haemoglobin S polymerization by increasing fetal haemoglobin levels with a concomitant
reduction in the haemolytic rate (Ware, 2010), and according to a preliminary report,
coagulation activation (Colella et al, 2011). A cause and effect relationship between red cell
haemolysis and haemostatic perturbations in early childhood could be potentially
demonstrated in children in whom hydroxyurea therapy is begun in the early postnatal
months. Such studies would provide definitive evidence as to the ongoing cross-talk and
profound effects of the central haemolytic paradigm on haemostasis and the other secondary
pathological processes, including inflammation and endothelial activation, leading to the
protean manifestations of SCD. We hope that such laboratory investigations will provide a
second tier of critical analyses as part of the recently completed double-blind, placebo-
controlled Baby Hug Clinical Trial (Wang et al, 2011).
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Figure 1. Flow Cytometric Analysis of tissue factor (TF)-positive Monocytes from a
representative Control, and Patients with HbSC and HbSS Disease
Following incubation of whole blood with desired antibodies, monocytes were analysed by
flow cytometry as described. 5000 CD14-positive events were collected and analysed for
percent TF-positive events. Representative dot plots from a control (Panel B), and patients
with HbSC (Panel C) and HbSS disease (Panel D) are depicted. TF-negative (Quadrant Q1)
and TF-positive (Quadrant Q2) regions were set up using a blood sample stained with anti-
CD14-PE and FITC-labeled isotype-matched negative control antibody (Panel A).
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Figure 2. Correlation between percent tissue factor (TF)-positive monocytes and percent
reticulocyte count (panel A), whole blood TF procoagulant activity and plasma lactate
dehydrogenase (LDH) levels (panel B), plasma levels of thrombin-antithrombin (TAT)
complexes and percent reticulocyte count (panel C), and plasma levels of D-dimer and percent
reticulocyte count (panel D)
The solid and dotted lines represent the regression fit to the data from all patients with SCD,
and the 95% confidence interval curves, respectively. The r-, p-, and n-values for the
correlation are shown in the respective panels.
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Figure 3. Correlation between percent tissue factor (TF)-positive Monocytes and either Whole
Blood TF Procoagulant Activity (panel A), Microparticle-associated TF (panel B), Plasma Levels
of thrombin-antithrombin (TAT) Complexes (panel C), or Plasma Levels of D-Dimer (panel D)
The solid and dotted lines represent the regression fit to the data from all patients with SCD,
and the 95% confidence interval curves, respectively. The r-, p-, and n-values for the
correlation are shown in the respective panels.
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