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Endothelial progenitor cell number is not
decreased in 34 children with Juvenile
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Abstract
Objective: A pilot study to determine endothelial progenitor cells (EPC) number in children with Juvenile
Dermatomyositis (JDM).
Methods: After obtaining informed consent, the EPC number from 34 fasting children with definite/probable
JDM at various stages of therapy—initially untreated, active disease on medication and clinically inactive, off
medication—was compared with 13 healthy fasting pediatric controls. The EPC number was determined by
fluorescence activated cell sorting (FACS), CD34+/VEGFR2+/CD45dim−, and assessed in conjunction with clinical
variables: disease activity scores (DAS), duration of untreated disease (DUD), TNF-α allelic polymorphism (A/G) at
the promoter region of −308, number of nailfold capillary end row loop (ERL) and von Willebrand factor antigen
(vWF:Ag). Correlations of the EPC numbers with the clinical and demographic variables, including DAS Skin
(DAS SK), DAS Weakness (DAS WK), DAS Total Score, DUD, Cholesterol, triglycerides, High-Density Lipoprotein (HDL)
and Low-Density Lipoprotein (LDL), and ERL were calculated using the Pearson correlation coefficient. Tests of
associations of EPC with gender (boy vs girl), TNF-α-308A allele (GA/AA vs GG), vWF:Ag (categorized by specific ABO
type) as normal/abnormal were performed, using two-sample T- tests.
Results: The EPC number for JDM was not significantly different from the healthy controls and was not associated
with any of the clinical or cardiovascular risk factors tested.
Conclusion: The EPC for JDM were in the normal range, similar to adults with DM. These data support the concept
that the normal EPC numbers in DM/JDM, irrespective of age, differs from adult PM, where they are decreased,
perhaps reflecting a different pathophysiology.
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Introduction
Children with Juvenile Dermatomyositis (JDM) have systemic vasculopathy [1] and manifest the characteristic
skin involvement, with or without symmetrical proximal
muscle weakness [2]. Disease activity can be reliably
evaluated by disease activity scores (DAS) [3], and is accompanied by destruction of nailfold capillary end row
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loops (ERL) [4]. Autoimmune vascular damage in the
inflammatory myopathies is attributed, in part, to
endothelial cell damage implemented by proinflammatory cytokines and chemokines, such as Type 1 interferons –IFN-β > IFN-α [5]. However, the elements of
the vasculopathy in JDM remains poorly understood and
the role of endothelial progenitor cells (EPCs) has not
been defined in these children. EPCs were first isolated
two decades ago from human peripheral blood [6].
These cells can differentiate into mature endothelial
cells, which may be incorporated into sites of active
angiogenesis and may participate in repair of damaged
vascular endothelial cells [6]. The majority of EPCs are
derived from bone marrow and may be mobilized to
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enter the blood stream by chemokines or angiogenic
growth factors [7]. There are two major methods to identify EPC by fluorescence activated cell sorting (FACS).
The first uses both CD34+ and VEGFR2+ biomarkers because: a) VEGFR2 is only present on endothelial linage
cells such as endothelial progenitor cells and mature
endothelial cells; b) CD34 is a marker of stem cells, and c)
these double positive cells have the capacity for tube
formation [6]. The second method uses CD34+/CD133+
biomarkers that are less specific for EPCs; CD133 is a
stem cell marker that is not only present on immature
endothelial progenitor cells, but is also found on other cell
types such as epithelial cells and cancer stem cells. Of
note, EPCs identified by CD34+ and CD133+ double
positive have not been proven to undergo tube formation,
either in vitro or in vivo [8]. With respect to other related
rheumatic diseases, EPC number and functionality is damaged in adults with Polymyositis (PM), but not in adults
with Dermatomyositis (DM) [9]; EPCs are impaired in
adults with Systemic Lupus Erythematosus (SLE) [10] as
well as adult Rheumatoid Arthritis (RA) [11]. It is not
known if the EPC number and functionality is impaired in
JDM. One factor that potentially might contribute to a
decreased EPC number in JDM is that IFN-α, which is
increased in JDM sera, has been shown to be biologically
active [12]. The availability of an adequate number of the
EPCs may be of importance; it is speculated that EPCs
might participate in repairing the characteristic microvasculopathy of JDM [1, 4]. The purpose of this crosssectional pilot study was to evaluate EPCs number in
fasting children with definite/probable JDM at various
stages of disease activity.

Materials and methods
Patient population

After obtaining age-appropriate informed consent, a
convenience sampling of blood was obtained from 34
fasting children with definite/probable JDM [2],
(IRB# 2008–13,457) as well as from 13 fasting age, race
and gender matched healthy controls (IRB# 2001–11,715).
Peripheral blood was drawn in trisodium citrate anticoagulant and used for mononuclear cell (PBMC) isolation. Table 1 displays demographic data for controls and
JDM. Methods for the clinical variables – DAS, duration
of untreated disease (DUD), determination of TNF-α
alleles at the promoter region of −308; measurement of ERL
Table 1 Demographic data of children with JDM
Boy Girl Mean age
Control

2

White Hispanic Asian Other

11

11.5+/−3.6 10

2

1

0

JDM, Untreated 1

5

6.6+/−5.2

1

1

1

JDM, on Rx

4

15

10.0+/−3.3 15

4

0

0

JDM, off Rx

2

7

11.7+/−4.1 6

2

0

1

3

number and von Willebrand factor antigen (vWF:Ag) –
have been reported previously [13]. In addition, the
association of EPC number with lipids — high-density lipoprotein (HDL), low-density lipoprotein (LDL), cholesterol,
triglycerides, age, gender and blood type — were tested.
EPC (CD34+/VEGFR2+/CD45dim−) number measurement
by FACS

EPCs were identified with CD34+/VEGFR2+/CD45dim−
[14–16]. For each PBMC sample, at least 5 million cells
were evaluated and incubated with a Live/Dead stain for
30 min at room temperature. The cells were washed and
then divided into 4 tubes and blocked on ice with 2%
Bovine Serum Albumin for 15 min. After washing,
aliquots of the cells were stained according to the
following: 1) no stain; 2) an isotype stain with IgG1-RPhycoerythrin (PE); 3) a fluorescence minus one (FMO)
stain with CD45-PB and CD34-APC; 4) and a stain with
CD45-PB, CD34-APC, and VEGFR2-PE. Each tube was
incubated for 30 min at room temperature, followed by
two washes and fixation with 1% paraformaldehyde
(PFA). The stained samples were analyzed by flow cytometry using the BD LSRFortessa instrument within
24 h. FlowJo software was used for data analysis, which
was performed by first gating debris out of the light scatter plot; dead cells were excluded based on the Live/
Dead stain. The live cells for the FMO sample were then
analyzed on a plot of CD34-APC versus CD45-PB to
view the CD34+ population of cells. The CD34+ cells
were then analyzed on a plot of CD34-APC versus
VEGFR2-PE; the CD34+/VEGFR2+ events were analyzed using the light scatter gate. The same method
was applied to the stained sample, and the final
CD34+/VEGFR2+ number for each patient was obtained after subtracting the CD34+/VEGFR2+ FMO
number from the stained number.
Statistical analysis

Correlations of the EPC numbers with other clinical and
demographic variables, including DUD, DAS Skin (DAS
SK), DAS Weakness (DAS WK), DAS Total Score, lipids
and ERL were calculated using the Pearson correlation
coefficient. Tests of associations of EPC with gender
(boy vs girl), DUD, TNF-α-308A allele (GA/AA vs GG),
vWF:Ag (normal vs abnormal based on ABO blood
type), were performed using two-sample T- tests. The
equality of mean EPC numbers between the 4 groups:
control, untreated JDM, on medication JDM and off
medication JDM was tested (ANOVA).

Results
Table 1 displays demographic data for the 13 healthy
pediatric controls and 34 JDM patients. The EPC
number was 2.28 ± 1.59/100,000 lymphocytes in healthy
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controls (Fig. 1, Bar 1), 3.13 ± 2.79/100,000 lymphocytes
in untreated JDM (Fig. 1, Bar 2), 3.18 ± 2.03/100,000
lymphocytes in JDM on treatment (Fig. 1, Bar 3) and
2.29 ± 2.24/100,000 lymphocytes in JDM who had discontinued medication (Fig. 1, Bar 4). Although the EPC
number was slightly higher in the untreated JDM (who
were younger) than in healthy pediatric controls, it was
not statistically significant (p = 0.55). There was no significant difference between the EPC number of controls
and JDM taking medical therapy (p = 0.17) or between
JDM who had improved and were taken off all medication (p = 0.99). ANOVA was used to test the equality of
mean EPC numbers between the 4 groups — control,
untreated, on therapy, and off therapy groups; there
were no significant differences (P = 0.265). EPC number
was not associated with DUD, ERL, DAS SK, DAS WK,
age and cardiovascular risk factors such as LDL, HDL,
triglyceride and cholesterol levels in JDM (Table 2). EPC
number was not associated with gender, blood type,
vWF:Ag levels, or the TNF-α-308A allele in JDM (Table 2).

Discussion
In this study, the number of EPCs in children with JDM
was slightly increased, but not significantly different
from healthy pediatric controls. Recently published data
documented that the EPC number, as defined by CD133+
and CD34+, was decreased in adults with PM, but not DM
[9], and decreased in adult RA [11], but not in adults with
SLE [10]. However, when the EPCs from patients with
SLE were quantified by per 106 lymphocytes, they were

Fig. 1 EPC (CD34+/VEGFR2+/CD45dim−) number measurements by
FACS. PBMCs were stained with CD45-PB, CD34-APC, and VEGFR2-PE.
The stained samples were analyzed by flow cytometry using the BD
LSRFortessa instrument within 24 h. FlowJo software was used for data
analysis. There were no significant differences between the data for
any of the groups. Therefore, JDM have normal numbers of circulating
EPCs, which differs from data reported for EPCs from adults with PM
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Table 2 The association of endothelial progenitor numbers
with clinical and laboratory variables
N

Pearson correlation coefficient

P-value

DUD

34

0.0005

0.998

DAS SK

33

−0.1668

0.354

DAS WK

33

0.0874

0.629

ERL

34

0.0654

0.713

Age

34

−0.1533

0.387

LDL

22

0.1023

0.651

HDL

23

-0.0014

0.995

Cholesterol

23

−0.1768

0.420

Triglyceride

23

−0.0195

0.930

N

EPC numbers (Mean+/−SD)

P-value

vWF:Ag

32

Abnormal: 3.84+/−3.00, N = 5
Normal: 2.72=/−2.05, N = 27

0.306

Gender

34

Boy: 2.32+/−0.78, N = 7
Girl: 3.03+/−2.39, N = 27

0.446

TNF-α -308A

34

GG:2.68+/12.06, N = 24
GA: 3.36+/−2.43, N = 10

0.409

Blood Type

28

A: 3.28+/−2.74, N = 14
O: 2.93+/−1.80, N = 14

0.693

DUD duration of untreated disease, DAS SK disease activity score skin, DAS WK
disease activity score weakness, ERL end row loop, LDL low-density lipoprotein,
HDL high-density lipoprotein, vWF:Ag von willebrand factor antigen

decreased and the EPCs had a decreased proliferation rate,
as well as increased apoptosis, impaired differentiation
rate and reduced migratory capacity [10]. These results
suggest that the reduction of EPC number and functionality might be a contributing factor to increased cardiovascular risk in adults with SLE and RA [10, 11]. In contrast,
our pilot data did not document a significant difference in
EPC number between healthy pediatric controls and JDM,
treated or untreated. These data suggest that vascular
damage in JDM may proceed by a pathway that differs
from adults with PM, SLE, and RA, but may be similar to
adults with DM. It does not answer the question, “Is JDM
EPC function normal?” We could not safely obtain sufficient blood from the children to test this.
The age of the host is also a consideration. For
example, miRNA-10a, which controls elements of the
vascular system, was decreased in children with JDM,
but not reported to be diminished in adults with DM
[13]. Similarly, in Juvenile Idiopathic Arthritis (JIA) the
number of circulating EPCs was in the normal range
[17], as opposed to adult RA where the EPCs were
decreased [11]. We used CD34+ and VEGFR2+ double
positive biomarkers to assay progenitor endothelial cell
numbers in children with JDM. The use of these
markers is a more specific combination to identify EPC,
because these double positive EPCs are both functionally
intact and have the capacity for tube formation, both in
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vitro and in vivo [6]. As noted above, CD133 is present
not only on EPCs, but also on numerous epithelial,
hematopoietic, and various cancer stem cells; therefore,
CD133 might be a less specific biomarker for EPCs [8,
18]. This lack of CD133 specificity could contribute to
the increased EPC number in the FACS analysis of adult
DM [9].
This pilot study supports the hypothesis that EPCs in
children with JDM differ from adult PM, but might be
similar to adult DM. Emerging data has identified
differences in JDM children compared with DM adults
with respect to dysregulation of microRNAs [13] and
cytokine display [19], but EPC number does not appear
to be in that category. It is axiomatic that the identification of the critical variables used to define disease specificity as well as age specificity is essential to achieve an
understanding of the variations in the pathophysiology
of the inflammatory myopathies.
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