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Abstract

Background—Acute Chest Syndrome (ACS) is one of the leading causes of death among
children with Sickle Cell Disease (SCD). Disruption of microvascular integrity is critical to the
pathophysiology of ACS, but the factors governing its phenotypic variability are incompletely
understood. Because circulating exosomes have been implicated in vascular dysfunction in various
diseases, we hypothesized that exosomes induce endothelial dysfunction in patients who
experience ACS.

Procedure—Cross-sectional cohort study including 33 outpatients with SCD (without new
health-related complaints or recent transfusions) and a cohort of control patients. Exosomes were
isolated from platelet-free plasma.

Results—ImageStream showed that exosome counts were greatly increased in patients with SCD
compared with controls, but there were few differences in the concentrations of exosomes between
patients who had experienced ACS (ACS(+)) and those who had not (ACS(-)). Exosomes were
added to human microvascular endothelial cells, and the exosomal effects on monolayer integrity
was determined using Electric Cell-substrate Impedance Sensing (ECIS). Exosomes from SCD
patients without ACS differed minimally from control patients; however, exosomes from ACS(+)
decreased endothelial cell resistance compared to ACS(-), (Relative resistance: ACS(+):
0.981+0.055 vs. ACS(-): 1.124+0.042; p = 0.006). Treatment of endothelial cultures with
exosomes from ACS(-) patients increased endothelial Nitric Oxide Synthase (ENOS) mRNA
expression, while ACS(+)-derived exosomes were not able to increase eNOS expression above that
of controls.

Conclusions—These findings demonstrate that patients with SCD have circulating exosomes
that produce differential effects that may contribute to the pathophysiology of ACS and may serve
as risk-related biomarkers.

Corresponding author: Gabrielle Lapping-Carr at glappingcarr@peds.bsd.uchicago.edu, 5841 South Maryland Avenue, MC 4060,
Chicago, IL 60637, Telephone; 773-702-6808, Fax; 773-702-9881.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lapping-Carr et al.

Page 2

Introduction

Sickle Cell Disease (SCD), caused by a single amino acid substitution in the p-globin
polypeptide, is the third commonest cause of death in childhood in African-Americans.
Pathognomonic features of SCD include hemolysis and recurrent vaso-occlusive crises
(VOC); these result from hemoglobin polymerization and erythrocyte sickling, culminating
in endothelial injury, inflammation, and tissue hypoxia.l2 Acute Chest Syndrome (ACS), is
a syndrome of lung damage caused by vaso-occlusion, infection, or fat embolism. ACS is
one of the leading causes of death from SCD in childhood.3 There are wide variations in the
risk of developing ACS (and other complications) among individuals with SCD. Since the
mechanisms accounting for this phenotypic variability are incompletely understood,
improved knowledge could lead to better prevention and treatment of ACS.14

ACS results from a combination of aberrant multi-cellular interactions, many of which
involve the endothelium, including adhesion, ischemia-reperfusion injury, infection and
inflammation24. In patients with SCD, the endothelium is damaged by activated platelets,
cell free hemoglobin and heme, causing alterations that include decreased bioavailability of
nitric oxide and increased inflammation®. Even in the absence of red blood cells, plasma
from patients with SCD elicits unique (and potentially pathologic) changes in endothelial
gene expression compared with non-SCD patients.®

Recent evidence has shown that extracellular vesicles in plasma are paracrine effectors of
endothelial function, suggesting their possible importance in the pathophysiology of ACS.”
Extracellular vesicles (ECVs) with a diameter between 100 and 1000 nm are present in the
circulation and have been shown to increase in SCD and impact disease pathogenesis.® Only
rather limited studies have been conducted to examine the involvement of smallest ECVs,
exosomes, in sickle cell pathophysiology. Exosomes are ECVs composed of bilayered
proteolipids that contain selectively packaged, tissue-specific proteins, mMRNAs, microRNAsS,
lipids, and occasionally DNA.® Exosomes are present in normal plasma, and their abundance
is increased in patients with various pathologies, such as cancer and inflammatory
disorders.9 Exosomes can selectively bind to endothelium and enter the cells via transcytosis
to deliver RNAs encoding inflammatory cytokines, regulatory microRNAs, and/or specific
proteins that in turn modulate endothelial cell function, induce inflammation, alter gene
expression, and enhance cellular migration, injury or death.® We recently showed that
extracellular vesicles from SCD patients contain different miRNAs based on general SCD
severity.10 However, exosomes have not been evaluated as potential modulators of SCD
phenotypic variance.

Accordingly, we hypothesized that circulating exosomes from patients with SCD who
experienced 1 or more episodes of ACS (ACS(+)) would induce increased dysfunction of
naive endothelium 7n vitro as compared to exosomes from SCD patients who never
experienced an ACS episode (ACS(-)). We evaluated this hypothesis in a convenience
cohort of pediatric patients with SCD at the University of Chicago and LaRabida Children’s
Hospital.
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Materials and Methods

Patient Characteristics

33 patients with SCD at the University of Chicago Comer or LaRabida Children’s Hospital
were prospectively enrolled, with parents providing informed consent, and assent being
obtained in subjects =9 years of age. Controls (n=6) were recruited from the general
pediatric clinic, were of African-American ancestry, had a BMI <85th percentile, did not to
carry a diagnosis of asthma or inflammatory disorder, and were having blood drawn for
screening. All protocols were approved by the IRB (protocol # 14-0466 and 15-0263) and
were conducted in accordance with the guidelines set by the Declaration of Helsinki.
Patients were excluded if less than 2 years of age, currently in an aplastic crisis, had a
previous stroke, or were receiving chronic transfusion therapy. All patients were in a steady-
state of disease (free of infection, new pain, or transfusion for the 4 weeks prior to their
participation). Clinical and demographic characteristics of SCD patients and controls are
shown in Table 1 and supplementary Table 1, respectively. After clinically necessary blood
work, 6 mL of blood were drawn in EDTA, centrifuged at 2000xg at 4°C for 20 minutes and
platelet-free plasma was separated and frozen at —80°C until further use.

Event Characteristics

ACS was defined as a new infiltrate on chest x-ray accompanied by fever, supplemental
oxygen requirement, tachypnea, wheezing, cough or chest pain. Admissions for VOC were
defined by use of parenteral opioids to treat pain without the presence of another etiology.
The rate of VOC or ACS was calculated by dividing the total number of events by the
number of patient-years at the time of the blood draw. Asthma was defined by either a
documented 1CD9 code for asthma (493.0 — 493.2, 493.8, and 493.9) or EMR
documentation of a long-acting controller asthma medication. Splenectomy and
cholecystectomy were identified by procedure codes.

Exosome Isolation

Exosomes were isolated from plasma using the Total Exosome Isolation kit from Life
Technologies (Carlsbad, CA) per manufacturer’s guidelines. All downstream experiments
were performed with exosomes at a 1:100 dilution based on sensitivity curves determined
previously.10 Detailed procedure in supplemental methods.

Exosome Quantification and Cellular Origin

The ImageStream (ISXMKkII) image cytometer (Millipore/Amnis, Seattle, WA) combines the
immunofluorescent sensitivity and capacity of a traditional flow cytometer with bright-field
high resolution microscopy and image analysis. Briefly, 100 uL of exosomes were stained
with appropriately titrated antibodies (BioLegend, San Diego, CA) as follows: CD14 Alexa
488, CD309 PE, CD133 PECy7, CD34 BVv421, CD31 BV605, CD42b APC, CD45
APCCy7, CD235a PerCPCy5.5. Exosome size verification and matching was accomplished
using 500 size appropriate beads of each color, and an auto-compensation routine was
performed using the IDEAS 6.0 data analysis software (Millipore/Amnis, Seattle, WA).
Detailed procedures are in the Supplemental Methods.
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Electric Cell-substrate Impedance Sensing (ECIS)

Endothelial monolayer barrier integrity was measured using the ECIS system (Applied
Biophysics; http://www.biophysics.com/products-ecisz0.php) which monitors the electrical
impedance across small 250-micrometer diameter electrodes used as substrates for cell
growth. Baseline measurements were established for each array using culture medium (300
pl/well). HMVEC cells were seeded (3 x 10° cells/well) onto an 8W10E array and grown to
confluence with media containing only 2% FBS. Once confluent, exosomes were added in
duplicate wells, and trans-endothelial electrical resistance was monitored continuously for
up to 36 hrs.

eNOS expression

Results

Exosomes were added to HMVEC cells that had been grown to confluent after seeding at
3x105. RNA was isolated with Qiagen RNeasy mini kit (Qiagen, Crawley, UK). DNase-
treated MRNA was reverse-transcribed using the high-capacity cDNA reverse transcription
kit (Applied Biosystems, Warrington, UK). Expression of eNOS was determined by real-
time quantitative PCR using assay-on-demand primer sets were analyzed using ABI7500
SDS version 2 (Applied Biosystems). The relative expression of eNOS was normalized to
GAPDH using the ACT method and expressed as the relative quantity(RTL).

Clinical Characteristics

Thirty-three patients with SCD completed the study. The demographic, hematologic and
clinical characteristics of ACS(-) and ACS(+) patients are shown in Table 1. Most variables,
including the number of patients receiving hydroxyurea did not differ between the two
groups. The presence of asthma (p =0.0002), frequency of pain (p = 0.03) and MCV values
(ACS(-) 80.56+ 2.156 vs. ACS(+) 90.05+2.28; p = 0.006) were significantly higher in
ACS(+) patients (Table 1).

Exosomes in SCD

Plasma exosomes were isolated from the 33 patients in the outpatient clinic, while at
baseline. We quantified the exosomes originating from erythrocytes, lymphocytes,
hematopoietic progenitor cells, endothelial cells and platelets by ImageStream. Two example
ImageStream plots are shown in Figure 1A. The total number of plasma exosomes was
significantly higher in SCD patients as compared to controls.

Similarly, the numbers of exosomes derived from each cell type in patients with SCD was
increased significantly (Fig 1B). Although there was significant variability between patients,
erythrocyte-derived exosomes exhibited the highest increase, with an overall 3-fold increase
from control to SCD (Fig 1B; controls: 9,661 + 3,195 /100 uL vs. SCD: 31,338 + 5,323 /100
uL, p<0.007). Endothelial cell-derived exosomes also revealed marked differences between
SCD and controls (Fig 1B; controls: 814+ 45/100 uLvs. SCD 1,967+255 /100 uL, p <
0.0001). Platelet exosomes were the only subtype where an increase was observed but did
not reach significance. (Fig 1 B; controls 1,116+350 vs. SCD 2,702+670, p=0.0535)
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In contrast to the marked increase of exosome numbers observed between SCD patients and
controls, we observed only minor differences in the exosome numbers between SCD patients
with or without ACS. No significant differences were detected in the abundant exosomes
from erythroid, hematopoietic progenitor, or lymphocyte origins between ACS(+) and
ACS(-)(Fig 1C). In contrast, there was a significant increase in monocyte-derived exosomes
between ACS(-) and ACS(+) which correspond to a small fraction of the total exosome
population (Fig 1C; monocyte exosomes ACS(-): 45.89 +22.41 /100 uL vs. ACS(+): 477.4
+ 173.7 /100 uL, p=0.0218). Platelet-derived exosomes showed a trend towards an increase.
(Fig 1 C; platelet exosomes ACS(-): 1,336 £ 192.2 /100 uL, SCD: 3,064 + 828.7 /100 uL,
p=0.0533).

Endothelial impedance changes after exposure to exosomes

To evaluate potential functional differences between the exosomes from ACS(-) and ACS(+)
patients in a qualitative manner, we treated human microvascular endothelial cell
monolayers with exosomes from each patient, and monitored the effects on the integrity of
the monolayers using an endothelial impedance assay. In Fig 2A. representative curves from
one patient in each clinical group (Control, ACS(-) and ACS(+), respectively) are presented.
Exosomes from all sources caused an initial transient severe decrease in impedance that
recovered to above baseline within a few hours. Then, control and ACS (=) exosome treated
cultures showed a gradual increase of impedance that likely corresponds to cell proliferation.
In contrast, cultures treated with ACS (+) exosomes showed a severe decline in impedance
starting about 24 hours after application of exosomes.

We repeated the assay twice in samples from all patients, averaging the results for all
samples tested at 0, 12, 24 and 36 hours after addition of exosomes (Figure 2B). ACS(+)-
derived plasma exosomes elicited significantly more disruption of endothelial integrity when
compared to ACS(-) exosomes (Figure 2B). Differences in impedance were already
apparent at 24 hours, and continued to evolve thereafter(at 36 hours ACS(-): 1.124+0.042
vs. ACS(+): 0.981+0.055, p = 0.006).

There was increased variance in the effect of exosomes on naive endothelium within the
ACS(+) compared to the ACS(-) — derived exosomes (F-test; p = 0.032). To explore
potential clinical and hematological differences within the ACS(+)-derived exosomes we
compared those exosomes that did not cause endothelial damage (ACS(E-); n = 10) and
those who did (ACS(E+)); Figure 2C; red square; n = 13). ACS(E+) compared with ACS(E
-) patients did not exhibit differences in ACS rates, absolute # of ACS, pain frequency, the
presence of asthma, hematologic parameters, hydroxyurea use, gender, time since last
transfusion or genotype between the two groups. However, at 36 hours, a pattern emerged
that distinguished HgbSS and S-O-Arab as a “severe” group whose ACS(+)-derived
exosomes lead to endothelial disruption as opposed to those from HghSC (Fig 2D: “Severe”
ACS (-): 1.08 £ 0.06 vs. ACS(+): 0.89 £ 0.06, p = 0.043; HghSC ACS (-): 1.19 £ 0.04 vs.
ACS(+): 1.1 £ 0.09, p = 0.44). The “severe” genotype group demonstrated increased
disruption of endothelium monolayers by exosomes from ACS(+) patients. In contrast, there
was no difference in exosome induced endothelial activity in HghSC patients regardless of
their history of ACS.
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Effects of exosomes on eNOS gene expression

Since no tissue-specific differences were detected in exosomes derived from patients with
SCD, we evaluated which aspect of endothelial integrity might be regulated by exosomes.
Knowing that exosomes have previously been shown to impact ischemia-reperfusion injury
via PISKT/eNOS, we tested eNOS expression 24 hours after endothelial cells were exposed
to exosomes.11 After exposure to exosomes, naive endothelial cells displayed divergent
changes in the expression of eNOS (Figure 3A). We restricted our analysis to patients with
HgbSS and HgbS-0-Arab since they demonstrated a significant differential based on ACS
status in endothelial monolayer impedance testing(Figure 2 D). We additionally restricted
the analysis to children older than 10 in order to better age-match the groups. Exosomes
from controls yielded no significant changes in eNOS expression when compared to basal
expression levels in untreated endothelial cells. Exosomes from HghSS ACS(-) patients led
to a ~50% increase in eNOS expression (controls;1.01+ 0.00 versus ACS(-); 1.61 + 0.06; p
= 0.01). However, ACS(+)-derived exosomes failed to induce any significant changes in
eNOS expression (ACS(+): 0.99 + 0.05; p < 0.0001 vs. ACS(-)). Of note, patients with ACS
whose plasma exosomes did not induce disruption of the monolayer in the ECIS
experiments also manifested improved ability to induce eNOS expression (Figure 3A,
ACS(E-); 1.15 + 0.06 versus ACS(E+); 0.90 + 0.05; p = 0.0127). eNOS expression partially
correlates with normalized resistance at 36 hours (Fig 3B; r2 = 0.2052).

Discussion

In the present pilot study, we have shown that the plasma from patients with SCD contains a
much higher concentration of exosomes than that of control patients. While microparticles
are known to be produced at higher rates in SCD, limited knowledge exists about exosomes
in SCD.8 The exosomes identified in this study derive from a variety of hematopoietic and
endothelial cell sources, but most prominently from erythrocytes. The exosomes from SCD
patients in our study exert variable effects on endothelial integrity in vitro depending on the
ACS history of the patient. ACS(+)-derived exosomes produce a delayed, but sustained
disruption of the integrity of the endothelial monolayer in vitro. In contrast, ACS(-)-derived
exosomes induce increased eNOS expression (a potentially protective response) in the
endothelium.

Quantification of exosomes based on their cell-origin revealed increases in exosomes from
multiple sources in SCD compared to controls. Platelet-derived exosomes were not
significantly different from controls, despite the known importance of platelet activation in
SCD and the typical increase of exosomes produced by activated platelets.12 Among the
exosomes from SCD patients there were few significant differences in cellular origin based
on history of ACS. Notably, there were increased monocyte-derived exosomes from the
ACS(+) patients compared to the ACS(-) patients. Although they made up a small fraction
of the total exosomes, they are intriguing because monocytes are capable of targeting
specific tissues.

SCD is a disease of baseline inflammation and endothelial damage making it rare to find
markers of disease at baseline that are not already altered. We observed two corollary
functional differences, in trans-endothelial resistance and eNOS induction, that derive from
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differences between the baseline ACS(+) and ACS(-) exosomes /n vitro. Trans-endothelial
resistance decreased after exposure to ACS(+)-derived but not ACS(-)-derived exosomes.
When applied to the endothelium the ACS(+)-derived exosomes exerted on initial insult,
which recovered to baseline then followed by a slow decline in endothelial resistance /n
vitro. The relatively delayed and long time course of changes that we have observed
suggests that there might be specific components of the exosomes that cause transcriptional
changes associated with differing clinical phenotypes. Identification of critical exosome
contents may provide both future therapeutic targets and serve as disease phenotype
biomarkers'3. Exosomes contain multiple elements that are potentially biologically active
(miRNA, proteins, and lipids)®14-16. In subsequent studies, it will be important to identify
exosome contents that underlie the preponderant biological differences identified in our
experiments.

In addition to detecting a difference between ACS(+) and ACS(-)-derived exosomes on the
endothelium, we found another interesting aspect of the ACS(+)-derived exosomes. There
was a population that appeared not to have any effect on the endothelium, mirroring the
ACS(-)-derived exosomes and a group that was clearly harmful to the endothelium. We
defined this group as ACS(E+), having ACS and disrupting the endothelium. Few clinical
differences existed between ACS(E-) and ACS(E+) patient groups. However, when the
exosomes were separated based on genotype, HgbSC-derived exosomes did do not differ in
the disruption of endothelial resistance based on ACS status. Thus, further analysis of
exosomes in SCD may elucidate some of the pathophysiologic differences between HghSS
and HgbSC disease. Additional studies might also enable us to describe the contributions of
genotype, gender, concurrent asthma and other clinical complications of SCD on exosome-
related vascular damage.

Tissue hypoxia is a central component of SCD pathophysiology. Occlusion occurs in a
regular, but intermittent pattern, exposing vessels to the dual effects of hypoxia and re-
oxygenation mimicking ischemia-reperfusion injury. Exosomes isolated from cultured cells
treated with hypoxia contain altered miRNA profiles and produce barrier protection of
endothelial cells 7 vitro'”. Exosomes have been previously shown to demonstrate protective
effects after ischemia-reperfusion injury and carry non-target effects of ionizing radiation,
but never both!8-21, In our study, exosomes from patients with SCD afforded both protective
and damaging effects, diverging based on the severity of disease and genotype; exosomes
from ACS(-) patients promoted continued growth of the endothelial monolayer and from
ACS(+) patients, exosomes caused endothelial damage. We speculate that there may be
differing miRNASs responsible for these differential effects.

To test our hypothesis that exosomes in the setting of SCD induced ischemia-reperfusion
injury act via PISKT/eNOS, we tested eNOS expression 24 hours after endothelial cells
were exposed to exosomes. ENOS is a critical regulator of nitric oxide and consequently of
endothelial integrity. It contributes to leukocyte adhesion, vascular tone, and platelet
aggregation — all of which are critical in the pathogenesis of SCD.22 In murine models of
whole body hypoxic preconditioning, eNOS is selectively increased (as opposed to inducible
or neural NOS), and induces anti-inflammatory protection.23 Interestingly, when that
protective mechanism is not available, such as in eNOS knock-out mice, pulmonary
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ischemia results in severe pulmonary edema.2* In humans, at least one eNOS polymorphism
is associated with an increased risk of ACS in females with SCD.25 In our cohort of patients
with HgbSS and older than 10 years of age, we observed a 50% increase in eNOS
expression in naive endothelium induced by a subset of ACS(-) exosomes. This suggests
that a subset of patients with SCD generate exosomes that protect them from endothelial
dysfunction, by inducing a large increase in eNOS and potentially through additional
pathways. In contrast, ACS(+) exosomes did not induce eNOS compared with ACS(-)-
derived exosomes potentially suggesting that they could not induce a protective effect in
endothelial cells. Interestingly, within the group of patients that were ACS (+) and then
stratified based on their impedance ACS(E-)-derived exosomes induced greater eNOS than
ACS(E+)-derived exosomes. eNOS expression was lower after exposure to ACS(+)-derived
exosomes overall and within the ACS(+) group lower eNOS induction correlated with
exosomes from the ACS(E+) group. A small correlation was detected between endothelial
cell impedance and eNOS, suggesting there are additional pathways contributing to
disruption of the monolayer (Fig 3B).

Although this exploratory study investigated only a relatively small number of patients
originating from a single center, significant differences were detected. These results should
stimulate design and execution of future larger studies with a priori estimates of statistical
power. As with many studies of SCD, the rather prominent phenotypic variance in clinical
course analysis is both challenging and intriguing. The importance of a second potential
limitation, the contribution of hydroxyurea therapy to the findings, remains unclear;
although hydroxyurea use was similar in ACS(+) and ACS(-) groups, the MCV values were
only elevated in patients with previous ACS episodes.

Our data provide a novel insight into a method of intercellular communication in SCD that
can be harnessed to improve outcomes. While further work needs to be done, with a large
multi-institutional cohort, there is potential to utilize exosomes to predict which patients
may develop ACS and to tailor therapy. It is clear that exosomes in patients with SCD have
differential effects based on their disease state. With a better understanding of patient-
specific and treatment-specific effects we could potentially increase production of protective
exosomes. Our next steps include evaluating all the pathways that are regulated by exosomes
in SCD and evaluating how we can clinically modulate those pathways.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Total exosome count is increased in SCD compared to control with minimal changes
between ACS(-) and ACS(+) patients

A. Representative images of flow cytometry results obtained using Image Stream X that
identify and quantify the relative proportion of exosomes derived from endothelial cells,
hematologic progenitor cells, monocytes, platelets and erythrocytes in a control patient and a
patient with SCD. B. Summary of numbers of exosomes from each cellular origin across all
patients with SCD compared with control patients. C. Number of exosomes from each
cellular origin in patients with SCD that did not experience ACS (ACS-) versus those with a
history of (ACS+) episodes. *p<0.05, ** p<0.005, and *** p<0.0005.
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Figure 2. Plasma-derived exosomes from patients with ACS disrupt endothelial monolayer
function to a greater degree than those without ACS

Impedance measurements were acquired after exposing an endothelial monolayer to
exosomes from each patient. The assay was repeated twice. A. Representative time course
recordings of impedance measurements following addition of exosomes from a control,
ACS(-) or ACS(+) patient to endothelial monolayers B. Graph shows the average resistance
(normalized to time = 0) from all patients with or without ACS. Data are presented as mean
+ S.E.M. C. Graph shows the mean normalized resistance for each patient (H) at 36 hours
after exosome addition and error bars represent standard error of the mean., (ACS(+):
0.981+0.055 vs. 1.124+0.042 relative resistance; p = 0.006). Significant variability existed in
the resistance pattern of the ACS(+) — derived exosomes, with a sub-group indicated in the
red box as having greater endothelial damage (ACS(E+)). D. We separated exosomes based
on patient genotype and found that the pattern of decreased resistance in ACS(+) —derived is
present in HgbSS/O-Arab patients more so than HghSC patients. At 36 hours, statistically
significant decreases in endothelial cell monolayer resistance were apparent after exposure
to ACS(+) —derived exosomes in the patients with HghSS and S-O-Arab, as measured by
ECIS. In contrast HghSC-derived exosomes did not induce a difference whether or not they
were from ACS(-) or ACS(+) patients. (HghSS/S-O-Arab ACS(-): 1.077 £ 0.06 vs.
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HgbSS/S-0O-Arab ACS(+): 0.8703 + 0.06 relative resistance; p = 0.0263 and HghSC
ACS(-): 1.193 £ 0.04 vs. HghSC ACS(+): 1.099 + 0.06 relative resistance; p = 0.2383)
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Figure 3. eNOS, a known endothelial protective gene, is differentially expressed based on

SCD/ACS disease status

eNOS expression was evaluated in endothelial cells 24 hours after exposure to exosomes
from patients with HgbhSS, >10 years of age. A. Exosomes from ACS(-) patients elicited a
50% increase in eNOS mRNA compared to controls, while exosomes from ACS(+) patients
do not induce increased eNVOS expression. Within the ACS(+) group, those that exhibited

more endothelial damage on ECIS also induced lower eNOS responses in naive

endothelium. B. eNOS expression partially correlates with normalized resistance at 36

hours. (r2 = 0.2052)
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Table 1

Clinical characteristics patients with SCD without ACS and with ACS

Patient characteristics, demographics and hematologic values

No ACS (n =10) ACS (n=23) p-value
Median (25th, 75th) or frequency (%) Median (25th, 75th) or frequency (%)

Age, median (range), y 14 (3-20) 15 (8-23) 0.18
Sex, n (%) 0.19

Male 8 (80) 18 (67)

Female 2 (20) 9(33)
Clinical Characteristics
Hemoglobin Genotype 0.06

SS 5 19

sC 4 3

Sbh+ 1 0

S-O-Arab 0 1
Rate of ACS (# / year) 0 0.22 (0.07, 0.3) 0.001
Absolute # ACS 0 2.87 (1,4) 0.003
Rate of Pain 0.08 (0, 0.02) 0.40 (0, 0.62) 0.03
Absolute # Pain 0-12 0-26 0.08
Hydroxyurea 4 (40) 14 (60) 0.16
Asthma, # (%) 0(0) 16 (70) 0.0002
OSA (%) 3(30) 9 (39) 0.28
Splenectomy (%) 1(10) 2(9 0.46
Cholecystectomy 0(0) 7(30) 0.06
Hematologic Values
White blood cell count (x10*3/uL)  12.05 (9.05, 11.43) 12.13 (9.00, 15.20) 0.97
Hemoglobin (g/dL) 8.23 (7.53, 8.90) 9.12 (7.83, 10.30) 0.18
MCV (fL) 80.56 (76.00, 85.48) 90.05 (81.98, 96.8) 0.006
Absolute retic (K/uL) 274.4 (201.0, 303.0) 247.3 (178.3, 331.3) 0.47
Platelet (x10*3/uL) 425.4 (328.5, 474.5) 364.1 (3018, 450.8) 0.15
Bilirubin (mg/dL) 2.78 (2.25, 3.33) 3.83(2.00, 4.00) 0.46

Pediatr Pulmonol. Author manuscript; available in PMC 2018 November 01.

Results are expressed as median (25 %ile, 75 %ile). P-values: overall significance between groups. MCV: mean corpuscular volume.
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