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Biomarkers of Pulmonary Hypertension Are Altered in Children with Down
Syndrome and Pulmonary Hypertension
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Objective To evaluate the performance of pulmonary hypertension (PH) biomarkers in childrenwith Down syndrome,
an independent risk factor for PH, in whom biomarker performance may differ compared with other populations.
Study design Serum endostatin, interleukin (IL)-1 receptor 1 (ST2), galectin-3, N-terminal pro hormone B-natri-
uretic peptide (NT-proBNP), IL-6, and hepatoma-derived growth factor (HDGF) were measured in subjects with
Down syndrome and PH (n = 29), subjects with Down syndrome and resolved PH (n = 13), subjects with Down syn-
drome without PH (n = 49), and subjects without Down syndrome with World Symposium on Pulmonary Hyperten-
sion group I pulmonary arterial hypertension (no Down syndrome PH group; n = 173). Each biomarker was assessed
to discriminate PH in Down syndrome. A classification tree was created to distinguish PH from resolved PH and no
PH in children with Down syndrome.
Results Endostatin, galectin-3, HDGF, and ST2 were elevated in subjects with Down syndrome regardless of PH
status. Not all markers differed between subjects with Down syndrome and PH and subjects with Down syndrome
and resolved PH. NT-proBNP and IL-6 levels were similar in the Down syndrome with PH group and the no Down
syndrome PH group. A classification tree identified NT-proBNP and galectin-3 as the best markers for sequentially
distinguishing PH, resolved PH, and no PH in subjects with Down syndrome.
Conclusions Proteomic markers are used to improve the diagnosis and prognosis of PH but, as demonstrated
here, can be altered in genetically unique populations such as individuals with Down syndrome. This further sug-
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C
hildren with Down syndrome, or trisomy 21, have an elevated risk of
pulmonary hypertension (PH). The prevalence of PH in children with
Down syndrome is as high as 6% at age 1 year and 15% at age 10 years.1

Although individuals with Down syndrome have a shorter life expectancy
compared with individuals without Down syndrome, those with Down syn-
drome and PH have an even higher risk of death, with an OR for mortality nearly
4-fold higher than that in those without PH.2

PH is classified into 5 etiologies according to the World Symposium on Pul-
monary Hypertension (WSPH).3 Children with Down syndrome commonly
have multiple conditions predisposing them to the development of pulmonary
vascular disease. Congenital heart disease (CHD), pulmonary hypoplasia,
obstructive sleep apnea,4-6 chronic aspiration,7 and recurrent respiratory infec-
tions8,9 are all associated with the development of pulmonary vascular disease
and occur much more frequently in children with Down syndrome.2 In addition,
chromosomal abnormalities, such as trisomy 21, may cause abnormal angiogenic
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AUROC Area under the receiver operating curve

CHD Congenital heart disease

HDGF Hepatoma-derived growth factor

IL Interleukin

NT-proBNP N-terminal pro-hormone B-natriuretic peptide

PAH Pulmonary Arterial Hypertension

PH Pulmonary hypertension

ST2 Interleukin-1 receptor 1

WSPH World Symposium on Pulmonary Hypertension
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signaling. Altered angiogenic signaling may be an additional
independent risk factor for disease in individuals with Down
syndrome, predisposing them to the development of pulmo-
nary vascular disease.

Serum biomarkers, which are noninvasive and objective,
are being investigated as markers of PH diagnosis and prog-
nosis and are being considered as surrogate endpoints for
clinical trials. We have shown the association of multiple
markers, including interleukin (IL)-6, galectin-3, IL-1 recep-
tor 1 (known as ST2), endostatin, and hepatoma-derived
growth factor (HDGF), with PH severity and survival in
both adults and children.10-15 These markers, along with N-
terminal pro-hormone B-natriuretic peptide (NT-proBNP),
may have utility as markers of PH severity. Their perfor-
mance in children with Down syndrome is not well character-
ized. If these biomarkers are to be considered as surrogates for
invasive testing and as potential therapeutic targets, changes
in serum levels and performance as diagnostic tools in this
unique and vulnerable population must be understood.

Dysregulation of vascular proteins, including angiogenic
and inflammatory proteins, as well as proteins involved in
cardiomyocyte and smooth muscle function, has been impli-
cated in PH and may be particularly relevant in children with
Down syndrome. Angiostatic proteins, such as collagen 18A1
(Col18a1) and its breakdown product endostatin, found on
chromosome 21, have been of specific interest in Down syn-
drome complicated by PH. Other markers, such as IL-6, ST2,
galectin-3, and HDGF, have been implicated in PH in chil-
dren as markers of inflammation (IL-6), pulmonary vascular
dysfunction (ST2 and HDGF), and cardiac fibrosis (ST2 and
galectin-3) but have not been explicitly explored in children
with Down syndrome.

In the present multicenter study, we sought to evaluate the
levels of PH-relevant serum biomarkers in children with
WSPH group I pulmonary arterial hypertension and children
with Down syndrome both with and without PH. The overall
goal was to evaluate whether levels of the markers NT-
proBNP, ST2, IL-6, galectin 3, endostatin, and HDGF
differed substantially in children with PH and children
with Down syndrome with and without PH.
Methods

This study was approved by the Institutional Review Boards
at all participating centers, with informed consent provided
for all subjects. Study cohorts included subjects with Down
syndrome and current PH (Down syndrome PH group), sub-
jects with Down syndrome with resolved PH (Down syn-
drome resolved PH group), subjects with Down syndrome
with no history of PH (Down syndrome no PH group),
and subjects with PH but without Down syndrome (no
Down syndrome PH group). PH was defined according to
the WSPH criteria at time of data collection as a mean pul-
monary artery pressure >25 mmHg with a pulmonary capil-
lary wedge pressure <15 mmHg and a pulmonary vascular
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resistance >3 WU by cardiac catheterization or a tricuspid
regurgitant velocity >2.9 m/s by echocardiography without
valvar obstruction, right ventricular systolic pressure over
one-half the systemic pressure, or estimated mean pulmo-
nary artery pressure by pulmonary valve regurgitant veloc-
ity.1,3,16 All subjects (both those with Down syndrome and
those without Down syndrome) with active PH were evalu-
ated by cardiac catheterization before study entry, and those
with resolved PH or no PH were screened by echocardiogra-
phy. Subjects were classified into their respective groups
(Down syndrome PH, Down syndrome resolved PH, Down
syndrome no PH, and no Down syndrome PH) based on
their clinical status at the time of blood sampling
(Figure 1). All subjects with CHD had undergone primary
repair before enrollment.

Subjects with Down Syndrome
Subjects with Down syndrome were enrolled from the Uni-
versity of Colorado Pediatric Pulmonary Hypertension Study
and the Sie Center for Down syndrome at Children’s Hospi-
tal Colorado. For this study, 29 children with Down syn-
drome and current PH and 24 children with Down
syndrome and no PHwere enrolled. Subjects with Down syn-
drome were also enrolled from Boston Children’s Hospital
and included 13 subjects with Down syndrome with resolved
PH and 25 subjects with Down syndrome and no history of
PH. Most subjects with Down syndrome and resolved PH
had CHD, with improvement in PH seen after repair of heart
disease. Data available for all subjects included demographic
information, CHD type and surgical repair, history of prema-
turity, and medication use. Information on obstructive sleep
apnea and other pulmonary diseases common in children
with Down syndrome was not consistently available; thus,
although the Down syndrome PH and Down syndrome
resolved PH groups met the criteria for WSPH group 1
PH, they may have a mixed phenotype of group 1 PH as
well, as group 3 PH as common in children with
Down syndrome.17

Subjects without Down Syndrome
For comparison, subjects with WSPH group I PH but
without Down syndrome (ie, the no Down syndrome PH
group) were enrolled from the National Biological Sample
and Data Repository for Pulmonary Arterial Hypertension
(PAH Biobank).10,15 The PAH Biobank is a National Heart,
Lung, and Blood Institute–funded resource of biological
samples, genetic data, and clinical data maintained at Cincin-
nati Children’s Hospital Medical Center under the direction
of Dr William Nichols (www.pahbiobank.org). Currently, 5
pediatric enrolling centers from around the US participate
in the PAH Biobank. A total of 173 subjects with current
PH but without Down syndrome were enrolled in this study.

Laboratory Analysis
A custom electrochemiluminescent immunosorbent assay
was developed (MesoScale Discovery) by robotic printing
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Figure 1. Diagram of enrollees by group.
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capture antibodies (R&D Systems, DIY1098; part 841455)
and paired with an endostatin, IL-6, ST2, NT-proBNP, and
galectin-3 detection antibody and assay standards (R&D Sys-
tems, DIY1098; part 841456) to quantify serum endostatin,
IL-6, ST2, NT-proBNP, and galectin-3, respectively. Interas-
say percent coefficient of variations were endostatin, 2.38%;
NT-proBNP, 3.0%; IL-6, 6.5%; galectin-3, 5.8%; and ST2,
6.8%. Biomarkers that were below the lower limit of detec-
tion were imputed as one-half the lower limit of detection.
Further details of the enzyme-linked immunosorbent assay
have been published previously.10,14,15 Laboratory samples
were collected concurrently with the recording of
clinical data.
Statistical Analyses
Descriptive statistics are presented as median with IQR or
mean � SD as appropriate based on normality of the data.
Data available included age, sex, PH subtype, race, ethnicity,
and type of CHD. Only subjects with repaired CHD were
included, although subjects may have had residual shunts
or other residual lesions. Subjects were categorized as having
Down syndrome with PH, Down syndrome with a history of
resolved PH, Down syndrome without PH, or no Down syn-
drome with PH. Differences between cohorts were evaluated
using the Fisher exact test, Pearson c2 test, or Kruskal–Wallis
rank-sum test as appropriate depending on variable type,
normality, and sample size; the Fisher exact test was used
preferentially for small sample sizes. Each biomarker was
evaluated based on category (Down syndrome and
PH status).

Subgroup analysis was performed for subjects with CHD
and those without CHD and for shunt type (pre-tricuspid
vs post-tricuspid shunt). Area under the receiver operating
curve (AUROC) analysis was performed to evaluate whether
each biomarker could distinguish PH in the setting of Down
syndrome. A classification tree was created to identify the
most useful markers and cutoff values to discriminate PH
in subjects with Down syndrome. AUROC and classification
tree analyses included only subjects with Down syndrome,
because biomarkers are not necessary to identify Down syn-
drome in current clinical practice. A 2-sided P value < .05 was
considered statistically significant. Statistical analyses were
conducted with R version 3.6.1 (R Foundation for Statistical
Computing).
70
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Results

Demographic data for each cohort at enrollment and at
blood sampling are presented in Table I. There were a total
of 264 enrollees, 91 of whom had Down syndrome. Overall,
the cohort was 55% female, which was consistent across
subcategories. Subjects with Down syndrome and PH were
the youngest, with a median age of 5 years (IQR,
1-11 years); median age in the other groups was 10.5 years
(IQR, 7.8-13.5 years) in the Down syndrome resolved PH
group, 7 years (IQR, 3.7-14.4 years) in the Down syndrome
no PH group, and 13 years (IQR, 9-17 years) in the no
Down syndrome PH group. Most of the participants in all
cohorts self-identified as white.
CHD was extremely prevalent in the subjects with Down

syndrome, present in 21 subjects (72%) in the Down syn-
drome PH group, in 12 subjects (92%) in the Down syn-
drome resolved PH group, and in 25 subjects (51%) in the
Down syndrome no PH group. Comparatively, 62 subjects
(35.8%) in the no Down syndrome PH group had CHD.
The most common CHD diagnoses were atrial septal defect,
ventricular septal defect, and complete AV canal, with most
subjects having a post-tricuspid shunt.
All subjects with PH were receiving PH therapy, typically

with phosphodiesterase inhibitors (86%) and endothelin re-
ceptor antagonists (59%). A higher proportion of subjects in
the no Down syndrome PH group were receiving a prostacy-
clin agonist, particularly an intravenous or subcutaneous
prostacyclin agonist (Table I).

Biomarkers
Endostatin. Endostatin levels were highest in the Down syn-
drome PH group (median, 101.8 ng/mL; IQR, 67-124 ng/
mL) and the Down syndrome resolved PH group (median,
97.5 ng/mL; IQR, 77-102 ng/mL) and lower in the Down syn-
drome no PH group (median, 60.6 ng/mL; IQR, 44-82 ng/
mL) (Figure 2, A). All subjects with Down syndrome,
regardless of PH status, had significantly higher endostatin
levels compared with the no Down syndrome PH group.

Galectin-3. Galectin-3 levels were higher in all 3 groups of
subjects with Down syndrome compared with those without
Down syndrome (Figure 2, B). Among the groups with
Down syndrome, galectin-3 level trended higher in the
Griffiths et al
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Table I. Demographic data and biomarker levels of all cohorts at enrollment

Variables DS PH (N = 29) DS PH Hx (N = 13) DS no PH (N = 49) No DS PH (N = 173) P value*

Trisomy 21, n (%) 29 (100) 13 (100) 49 (100) 0 (0) <.001
Current PH, n (%) 29 (100) 0 (0) 0 (0) 173 (100) <.001
History of PH, n (%) 29 (100) 13 (100) 0 (0) 173 (100) <.001
Sex, n (%) .2
Male 13 (45) 7 (54) 28 (57) 71 (41)
Female 16 (55) 6 (46) 21 (43) 102 (59)

Age at sample, y, median (IQR) 5.0 (1.0-11.0) 10.5 (7.8-13.5) 7.0 (3.7-14.4) 13.0 (9.0-17.0) <.001
Weight, kg, median (IQR) 19 (15-31) NA 16 (13-21) 22 (14-47) .4
Height, cm, median (IQR) 107 (92-120) NA 94 (86-114) 120 (97-153) .07
BSA, m2, median (IQR) 0.71 (0.58-0.96) NA NA 0.80 (0.58-1.29) .5
Race, n (%)
White 26 (89.7) 12 (92.3) 39 (79.6) 130 (75.1)
Black 1 (3.4) 1 (7.7) 3 (6.1) 15 (8.7)
Asian 2 (6.9) 0 (0) 0 (0) 15 (8.7)
Biracial 0 (0) 0 (0) 5 (10.2) 5 (2.9)
Native American/Alaskan 0 (0) 0 (0) 0 (0) 5 (2.9)
Unknown 0 (0) 0 (0) 2 (4.1) 3 (1.7)

Endostatin, ng/mL, median (IQR) 101.8 (67-124) 97.5 (77-102) 60.6 (44-82) 28.8 (22-36) <.001
Galectin-3, ng/mL, median (IQR) 20.2 (13.1-25.2) 29.8 (25.9-34.2) 15.5 (10.6-22.7) 8.4 (7.6-10.8) <.001
NT-proBNP, pg/mL, median (IQR) 237 (169-1277) 221 (183-350) 89 (42-143) 194 (76-409) <.001
ST2, ng/mL, median (IQR) 6.1 (3.7-8.0) 8.7 (6.3-10.3) 3.8 (2.9-6.8) 3.0 (2.1-4.4) <.001
IL-6, pg/mL, median (IQR) 2.1 (0.9-3.4) 0.1 (0.09-3.5) 0.1 (0.09-2.2) 1.4 (0.8-2.2) <.001
HDGF, ng/mL, median (IQR) 1.4 (1.0-2.4) 1.1 (0.9-3.9) 2.4 (1.6-3.3) 0.8 (0.5-1.2) <.001
CHD, n (%) 21 (72) 12 (92) 25 (51) 62 (35.8) <.001
Pre/post-tricuspid shunt, n (%) .5
Post-tricuspid 11 (38) 10 (77) 16 (32) 26 (15)
Pre-tricuspid 8 (28) 2 (15) 6 (12) 9 (5)

ASD, n (%) 13 (45) 4 (31) 11 (22) 15 (8.7) <.001
VSD, n (%) 11 (38) 2 (15) 5 (10) 16 (9.2) .001
CAVC, n (%) 2 (6.9) 6 (46) 3 (6.1) 4 (2.3) <.001
PDA, n (%) 1 (3.4) 1 (7.7) 14 (29) 4 (2.3) <.001
Tetralogy of Fallot, n (%) 0 (0) 4 (31) 1 (2.0) 0 (0) <.001
Other lesion, n (%) 0 (0) 0 (0) 9 (18) 7 (4.1) .004
Phosphodiesterase 5 inhibitor, n (%) 15 (52) 0 (0) 0 (0) 159 (92) .9
Endothelin receptor antagonist, n (%) 8 (28) 0 (0) 0 (0) 112 (65) .5
Prostacyclin analog, n (%) 2 (6.9) 0 (0) 0 (0) 87 (50) .2
IV/SC prostacyclin analog, n (%) 1 (3.4) 0 (0) 0 (0) 60 (35) .2
Soluble guanylate cyclase stimulator, n (%) 0 (0) 0 (0) 0 (0) 2 (1.2) .9
Calcium channel blocker, n (%) 3 (10) 0 (0) 0 (0) 29 (17) .4

ASD, atrial septal defect; BSA, body surface area; CAVC, complete atrioventricular canal; DS, Down Syndrome; IV, intravenous; NA, not available; PDA, patent ductus arteriosus; SC, subcutaneous;
VSD, ventricular septal defect.
*Fisher exact test, Pearson c2 test, or Kruskal–Wallis rank-sum test.
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Down syndrome resolved PH group (median, 29.8 ng/mL;
IQR, 25.9-34.2 ng/mL) but was not significantly different
from that in the Down syndrome PH group (median,
20.2 ng/mL; IQR, 13.1-25.2 ng/mL) or Down syndrome no
PH group (median, 15.5 ng/mL; IQR, 10.6-22.7 ng/mL).
Although galectin-3 levels were higher in the Down
syndrome PH group compared with the Down syndrome
no PH group, the difference was not statistically significant.

NT-proBNP. NT-proBNP levels were highest in the Down
syndrome PH group (median, 237 pg/mL; IQR, 169-1277
pg/mL) and Down syndrome resolved PH group (median,
221 pg/mL; IQR, 183-350 pg/mL) compared with the no
Down syndrome PH group (median, 194 pg/mL; IQR, 76-
409 pg/mL) (Figure 2, C). Among the subjects with Down
syndrome, levels were not different between the Down
syndrome PH and Down syndrome resolved PH groups.
Levels in the Down syndrome no PH group (median, 89
pg/mL; IQR, 42-143 pg/mL) were similar to known levels
in healthy children (ie, children with no genetic syndromes
and no cardiopulmonary disease; range, 6-190 pg/mL).18
Biomarkers of Pulmonary Hypertension Are Altered in Children w
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ST2. ST2 levels were elevated in all subjects with Down syn-
drome compared with the no Down syndrome PH group
(Figure 2, D). ST2 levels were higher in the Down
syndrome PH group (median, 6.1 pg/mL; IQR, 3.7-8 pg/
mL) and Down syndrome resolved PH group (median,
8.7 ng/mL; IQR, 6.3-10.3 pg/mL) compared with the no
Down syndrome PH group (median, 3.0 ng/mL; IQR, 2.1-
4.4 pg/mL). ST2 levels were higher in the Down syndrome
PH group compared with the Down syndrome no PH
group, but the difference was not statistically significant.

IL-6. IL-6 levels were highest in the Down syndrome PH
group (median, 2.1 pg/mL; IQR, 0.9-3.4 pg/mL) and no
Down syndrome PH group (median, 1.4 pg/mL; IQR, 0.8-
2.2 pg/mL), but not statistically different (Figure 2, E).
Among the subjects with Down syndrome, IL-6 levels were
significantly higher in the Down syndrome PH group
(median, 2.1 ng/ml; IQR, 0.9-3.36 pg/mL) compared with
the Down syndrome no PH group (median, 0.1 ng/mL;
IQR, 0.09-2.2 pg/mL), but were not different from those in
the Down syndrome resolved PH group. IL-6 levels were
ith Down Syndrome and Pulmonary Hypertension 71
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Figure 2. Boxplots of biomarkers in subjects with Down syndrome with PH, subjects with Down syndrome with a history of PH,
subjects with Down syndrome without PH, and subjects without Down syndrome with PH. A, Endostatin. B, galectin-3. C, NT-
proBNP. D, ST2. E, IL-6. F, HDGF. *P < .05; **P < .01; ***P < .0001.
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elevated only in groups with PH, irrespective of Down
syndrome status.

HDGF. HDGF levels were increased in subjects with Down
syndrome compared with the no Down syndrome PH group
(Figure 2, F). HDGF levels were higher in the Down
syndrome PH group compared with the no Down
syndrome PH group (median, 0.8 ng/mL; IQR, 0.5-1.2 pg/
mL). Among subjects with Down syndrome, HDGF levels
72
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were higher in the Down syndrome no PH group
compared with the Down syndrome PH group (median,
2.4 pg/mL [IQR, 1.6-3.3 pg/mL] vs 1.4 pg/mL [IQR, 1-2.4
pg/mL]).

Biomarkers in CHD
CHD was frequent in the subjects with Down syndrome and
is known to be associated with PH even without Down syn-
drome. Biomarkers were evaluated by shunt type in the
Griffiths et al
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subjects with CHD. A total of 120 subjects (45%) had CHD,
all of whom had undergone repair of CHD. Among the sub-
jects with Down syndrome and CHD, 21 subjects had current
PH, 12 had a history of resolved PH, and 25 had no PH
(Table II; available at www.jpeds.com). Most subjects had
a post-tricuspid shunt. Although there was a trend toward
higher endostatin, NT-proBNP, and HDGF levels in
subjects with a post-tricuspid shunt, this did not reach
significance in any group (Figure 3, A-E; available at www.
jpeds.com). ST2 levels were notably higher in subjects in
the Down syndrome resolved PH group with a post-
tricuspid shunt (median, 9.1 ng/mL vs 4.4 ng/mL; P = .03),
although the sample size was small. Galectin-3 and IL-6
levels varied across the groups based on shunt type.

Biomarkers That May Differentiate PH in Children
with Down Syndrome
All biomarkers were assessed by AUROC analysis in subjects
with Down syndrome with PH and without PH to assess for
possible diagnostic utility for PH in the setting of Down syn-
drome. Figure 4, A shows the receiver operating
characteristic curve for each biomarker, excluding patients
with Down syndrome and resolved PH. Endostatin had the
best discriminatory capability, with an AUROC of 79%,
followed by NT-proBNP (75.5%) and galectin-3 (72.8%).
IL-6, ST2, and HDGF had equivocal discriminatory
capability, with AUROC values of 58.4%, 59.0%, and
53.7%, respectively. When subjects with a history of
resolved PH but no current PH were included, endostatin,
NT-proBNP, and galectin-3 still performed relatively well,
with AUROC values of 75.0%, 66.8%, and 64.1%,
respectively (Figure 5; available at www.jpeds.com).

A classification tree was created to evaluate whether certain
markers could better distinguish between subjects with Down
syndrome and current PH, a history of resolved PH, and no
PH. After model testing, NT-proBNP and galectin-3 were
used as the classifiers (Figure 4, B). Subjects with an NT-
proBNP level £146 pg/mL were classified as no PH, with
77% correctly classified by NT-proBNP alone in this
cohort. Among the subjects with an NT-proBNP level >146
pg/mL, those with a galectin-3 level £26 ng/mL were
classified as current PH (86% correctly classified in this
cohort), and those with a galectin-3 level >26 ng/mL were
classified as history of resolved PH (82% correctly classified
in this cohort).
Discussion

Proteomic approaches to PH offer the promise of noninva-
sive diagnosis, more accurate risk stratification and prog-
nosis, and possibly even new therapeutic targets. This could
be especially helpful for children with Down syndrome,
who are uniquely predisposed to PH both from a genetically
based predisposition and as a complication of other comor-
bidities, including CHD and multiple types of lung disease.2

This study shows that current clinical biomarkers of PH have
Biomarkers of Pulmonary Hypertension Are Altered in Children w
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different profiles in children with Down syndrome regardless
of whether they currently have or have had PH. Specifically,
endostatin, ST2, galectin-3, and HDGF levels were elevated in
subjects with Down syndrome regardless of the presence of
PH, and NT-proBNP and IL-6 levels were relatively similar
in subjects with Down syndrome and those without
Down syndrome.
Our findings imply that these biomarkers, and indeed

other disease markers, need to be evaluated in genetically
unique populations such as children with Down syndrome,
in whom altered angiogenic and cellular signaling may result
in differing expression of proteins and thus require a unique
interpretation of proteomic markers in disease.
Cardiac markers, including NT-proBNP and galectin-3,

were elevated in children with Down syndrome and PH
and ultimately proved to be the best biomarkers for distin-
guishing PH, history of resolved PH, and no PH. The classi-
fication scheme suggests that elevated NT-proBNP is a
marker of PH, with extremely elevated galectin-3 (highest
levels) identifying those with resolved PH. Similarly, ST2
was also highest in subjects with Down syndrome with his-
tory of resolved PH. All 3 of these markers have some cardiac
specificity, with NT-proBNP released in response to cardiac
stretch and ST2 and galectin-3 involved in cardiac fibrosis.
NT-proBNP, which is a good marker of cardiac stretch, can
identify patients with cardiopulmonary disease, but a second
marker is needed to isolate those with current heart disease
but resolved pulmonary vascular disease from those with
heart disease and pulmonary vascular disease. Galectin-3
has not performed as well as a biomarker for PH in the
absence of either Down syndrome or CHD, so it is interesting
to see the extremely elevated levels in these children.12 In chil-
dren with Down syndrome, in whom there is an extremely
high prevalence of CHD, protein markers with significant
cardiac effects, such as NT-proBNP and galectin-3, may be
more important than pulmonary vascular markers. Although
CHD may influence galectin-3 levels, it is notable that when
limiting our analysis to just those subjects without CHD,
galectin-3 levels were still extremely elevated in all groups
with Down syndrome compared with those without Down
syndrome, also suggesting altered expression in subjects
with Down syndrome. Future studies will also need to inves-
tigate how these markers change in a larger cohort of subjects
with Down syndrome and resolved PH without CHD.
Endostatin was expected to be elevated in subjects with

Down syndrome owing to an increased copy number of the
collagen 18a1 gene on chromosome 21.19 Bush et al reported
that abnormal endostatin levels, as well as dysregulated an-
giopoietin 1 and angiogenin, distinguished children with
Down syndrome and PH, suggesting an antiangiogenic
phenotype in trisomy-21.19 However, they found that endo-
statin alone did not adequately distinguish PH from no PH.19

Galambos found up-regulated endostatin in the lung tissue of
subjects with Down syndrome along with reduced vascular
density and increased vessel wall thickness.20 The current
study, which found that endostatin was able to distinguish
PH in subjects with Down syndrome, made a specific
ith Down Syndrome and Pulmonary Hypertension 73
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Figure 4. A, AUROC analysis of each biomarker comparing subjects with Down syndrome and PH and those with Down syn-
drome without PH. *Subjects with a history of PH are excluded. B, Classification tree of biomarkers to distinguish subjects with
Down syndrome (DS) with current PH (DS PH), with a history of PH (DS resolved PH), and without PH (DS no PH). Nodes/leaves
show classifier.
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distinction among subjects with current PH, subjects with a
history of resolved PH, and subjects who never had PH.
Interestingly, in subjects with Down syndrome and a history
of resolved PH, endostatin levels were still elevated, at levels
similar to those subjects with Down syndrome and current
PH. Ultimately, endostatin was not used in our classification
tree, owing to its inability to distinguish PH from resolved
PH. Although our prior work showed that endostatin levels
decrease over time with improved hemodynamics, it is clear
that Down syndrome is a state of chronically elevated endo-
statin at baseline, and that increased expression from PH
does not diminish with resolution of PH.21 It is intriguing
to hypothesize that chronically high endostatin levels could
partially explain the high susceptibility of PH in children
with Down syndrome and comorbidities such as CHD,
obstructive sleep apnea, or other lung diseases. It is conceiv-
able that trending endostatin levels longitudinally may pro-
vide some insight into the risk for development of PH.

ST2, another marker that has shown efficacy as a prog-
nostic marker in pediatric PH, was also extremely elevated
in our subjects with Down syndrome. ST2 is known to
bind to the IL-33 receptor and to promote cardiac fibrosis.
Previous studies have demonstrated that it is produced by
the pulmonary vascular endothelium and has good perfor-
mance as a prognostic marker.14,15 Our subjects with Down
syndrome had elevated ST2 levels compared with those
without Down syndrome, again regardless of PH status.
Those with PH or a history of resolved PH had the highest
levels. This may again be influenced by CHD, particularly
in those with a history of resolved PH.

Limitations of this study include the small sizes of each
cohort and the diversity of PH and CHD types. The presence
of CHD confounds interpretation of some of these markers,
especially because information about residual shunts and le-
sions was not available. Details regarding obstructive apnea
and other lung disease also were not available, and thus our
subjects could not be assessed for WSPH group 3 disease, a
common finding concurrent withWSPH group 1 PH in chil-
dren with Down syndrome.17 Thus, although all subjects met
the criteria for WSPH group 1 PH, they may have had mixed
disease. Nonetheless, given the prevalence of CHD and other
comorbidities in children with Down syndrome and children
with PH, it is important to evaluate these markers in both the
presence and absence of CHD. This study is of a single cohort
without validation of the classification scheme. Future
studies should validate the classification scheme in a larger
cohort of subjects with Down syndrome both with and
without CHD. The lack of clinical data about PH severity,
particularly information from concurrent cardiac catheteri-
zation or echocardiographic data, and timing from diagnosis
and repair, limits interpretation of thesemarkers, particularly
as severity or prognostic markers. Future work should eval-
uate these markers in relation to PH severity and should
look at longitudinal changes in biomarker levels to better
establish trends in children with Down syndrome.

This study demonstrates that cardiac and angiogenic pro-
teins, which have utility as markers of PH, are distinctly
Biomarkers of Pulmonary Hypertension Are Altered in Children w
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different in children with Down syndrome. Multiple pro-
teins, including endostatin, ST2, HDGF, and galectin-3 are
elevated in children with Down syndrome. Despite these
changes, these markers are still able to discriminate PH
from no PH in the setting of Down syndrome using group-
specific threshold values. Using NT-proBNP and galectin-3
in combination we were able to effectively discriminate PH
from a history of resolved PH and no PH in children with
Down syndrome. Our data suggest that these biomarkers
are still useful in children with Down syndrome with PH;
however, population-specific cutoff values need to
be established. n

We thank the contributors, including the staff at the Pulmonary Hyper-
tension Centers who collected samples used in this study, as well as pa-
tients and their families, whose help and participation made this work
possible. We also thank Kathleen Miller-Reed (Children’s Hospital
Colorado) for her support enrolling subjects, collecting data, and help-
ing with Institutional Review Board submission.

Submitted for publication May 12, 2021; last revision received Oct 5, 2021;

accepted Oct 15, 2021.

Reprint requests: Allen D. Everett, MD, Division of Pediatric Cardiology,

Department of Pediatrics, Johns Hopkins University, 1800 Orleans St, Room

M2303, Baltimore, MD 21287. E-mail: aeveret3@jhmi.edu

Data Statement

Data sharing statement available at www.jpeds.com.

References
1. Espinola-Zavaleta N, Soto ME, Romero-Gonzalez A, Del Carmen

G�omez-Puente L, Mu~noz-Castellanos L, Gopal AS, et al. Prevalence of

congenital heart disease and pulmonary hypertension in Down’s syn-

drome: an echocardiographic study. J Cardiovasc Ultrasound 2015;23:

72-7.

2. Bush D, Galambos C, Dunbar Ivy D. Pulmonary hypertension in chil-

dren with Down syndrome. Pediatr Pulmonol 2021;56:621-9.

3. Simonneau G, Montani D, Celermajer DS, Denton CP, Gatzoulis MA,

Krowka M, et al. Haemodynamic definitions and updated clinical classi-

fication of pulmonary hypertension. Eur Respir J 2019;53:1801913.

4. Chamseddin BH, Johnson RF, Mitchell RB. Obstructive sleep apnea in

children with Down syndrome: demographic, clinical, and polysomno-

graphic features. Otolaryngol Head Neck Surg 2019;160:150-7.

5. Maris M, Verhulst S, Wojciechowski M, Van de Heyning P,

Boudewyns A. Prevalence of obstructive sleep apnea in children with

Down syndrome. Sleep 2016;39:699-704.

6. Ayeni TI, Roper HP. Pulmonary hypertension resulting from upper air-

ways obstruction in Down’s syndrome. J R Soc Med 1998;91:321-2.

7. Jackson A, Maybee J, Moran MK, Wolter-Warmerdam K, Hickey F.

Clinical characteristics of dysphagia in children with Down syndrome.

Dysphagia 2016;31:663-71.

8. Hilton JM, Fitzgerald DA, Cooper DM. Respiratory morbidity of hospi-

talized children with Trisomy 21. J Paediatr Child Health 1999;35:383-6.

9. Joffre C, Lesage F, Bustarret O, Hubert P, Oualha M. Children with

Down syndrome: clinical course and mortality-associated factors in a

French medical paediatric intensive care unit. J Paediatr Child Health

2016;52:595-9.

10. Chen JY, Griffiths M, Yang J, Nies MK, Damico RL, Simpson CE, et al.

Elevated interleukin-6 levels predict clinical worsening in pediatric pul-

monary arterial hypertension. J Pediatr 2020;223:164-9.e1.

11. Simpson CE, Chen JY, Damico RL, Hassoun PM,Martin LJ, Yang J, et al.

Cellular sources of interleukin-6 and associations with clinical
ith Down Syndrome and Pulmonary Hypertension 75

y of Health and Social Security de ClinicalKey.es por Elsevier en febrero 15, 
ización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.

mailto:aeveret3@jhmi.edu
http://www.jpeds.com
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref1
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref1
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref1
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref1
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref1
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref1
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref1
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref2
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref2
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref3
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref3
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref3
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref4
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref4
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref4
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref5
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref5
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref5
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref6
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref6
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref7
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref7
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref7
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref8
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref8
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref9
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref9
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref9
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref9
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref10
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref10
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref10
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref11
http://refhub.elsevier.com/S0022-3476(21)01010-6/sref11


THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 241
phenotypes and outcomes in pulmonary arterial hypertension. Eur Re-

spir J 2020;55:1901761.

12. Simpson CE, Damico RL, Hassoun PM, Martin LJ, Yang J, Nies MK,

et al. Noninvasive prognostic biomarkers for left-sided heart failure as

predictors of survival in pulmonary arterial hypertension. Chest

2020;157:1606-16.

13. Damico R, Kolb TM, Valera L, Wang L, Housten T, Tedford RJ, et al.

Serum endostatin is a genetically determined predictor of survival in pul-

monary arterial hypertension.AmJRespirCritCareMed2015;191:208-18.

14. GriffithsM, Yang J, Everett AD, Jennings JM, Freire G, WilliamsM, et al.

Endostatin and ST2 are predictors of pulmonary hypertension disease

course in infants. J Perinatol 2020;40:1625-33.

15. Griffiths M, Yang J, Simpson CE, Vaidya D, Nies M, Brandal S, et al. ST2

is a biomarker of pediatric pulmonary arterial hypertension severity and

clinical worsening. Chest 2021;160:297-306.

16. Koestenberger M, Friedberg MK, Nestaas E, Michel-Behnke I,

Hansmann G. Transthoracic echocardiography in the evaluation of pe-

diatric pulmonary hypertension and ventricular dysfunction. Pulm

Circ 2016;6:15-29.
76

Descargado para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Librar
2022. Para uso personal exclusivamente. No se permiten otros usos sin autor
17. Rosenzweig EB, Abman SH, Adatia I, Beghetti M, Bonnet D, Haworth S,

et al. Paediatric pulmonary arterial hypertension: updates on definition,

classification, diagnostics and management. Eur Respir J 2019;53:

1801916.

18. Koerbin G, Abhayaratna WP, Potter JM, Apostoloska S, Telford RD,

Hickman PE. NTproBNP concentrations in healthy children. Clin Bio-

chem 2012;45:1158-60.

19. Bush D, Wolter-Warmerdam K, Wagner BD, Galambos C, Ivy DD,

Abman S, et al. EXPRESS: angiogenic profile identifies pulmonary

hypertension in children with Down syndrome. Pulm Circ

2019;9:2045894019866549.

20. Galambos C, Minic AD, Bush D, Nguyen D, Dodson B, Seedorf G, et al.

Increased lung expression of anti-angiogenic factors in Down syndrome:

potential role in abnormal lung vascular growth and the risk for pulmo-

nary hypertension. PLoS One 2016;11:e0159005.

21. Daly CM, Griffiths M, Yang J, Nies M, Damico RL, Ivy DD, et al. Endo-

statin as a predictor of severity and survival in pediatric congenital heart

disease-associated pulmonary hypertension. Circulation 2020;

142(Suppl_3):A14979.
50 Years Ago in THE JOURNAL OF PEDIATRICS
Virus-Induced Suppression of Cellular Immunity

Lischner HW. Viral suppression of delayed hypersensitivity (Editorial). J Pediatr 1972;80:174-7.

At the time of this editorial, it was known that infection by certain viruses and the administration of certain live
attenuated virus vaccines suppressed cutaneous hypersensitivity to tuberculin or other antigens. It also was clear

that in the case of natural hepatitis and measles, and vaccine measles infection, delayed hypersensitivity to antigens to
which the child previously had been sensitive was depressed. In addition, depressed delayed hypersensitivity skin
response was associated with transient defective lymphocyte function and vulnerability to re-activation of previously
quiescent tuberculosis or other infections in which cell-mediated immunity plays a prominent protective role.
Following this knowledge, tuberculin skin testing (offered universally at 12 months of age) was recommended to
be performed prior to measles immunization. For other viral infections, such as uncomplicated varicella and vaccinia,
depression of delayed skin hypersensitivity occurred, but there was not a detectable effect on resistance to infection.
The original science publication that led to this editorial related to the effect of mumps andmumps vaccine on delayed
hypersensitivity and cellular immunity, for which there were conflicting data at the time. Dr Lischner concluded that
the preponderance of data at hand would make it prudent to perform tuberculin testing, if indicated, prior to mumps
vaccination.

The applications and recommendations have changed as tuberculin testing is now performed only on the basis of
risk (rather than universally) and mumps vaccine is available only as a combination measles-mumps-rubella vaccine
with or without varicella vaccine. Lischner’s advice of 1972 remains current, however. If tuberculin testing is indicated,
this should be performed prior to measles-mumps-rubella vaccination.

Review of this editorial reminds this writer of a critical mentor in infectious diseases. At that time, Harold Lischner
was the wicked-smart immunologist at St. Christopher’s Hospital for Children. He was the immunology brain
engaged in the discovery of DiGeorge syndrome. Dr Lischner’s approach to any uncertainty was to follow every
lead to literature on all primary experimentation on the topic, even when it was just hours before the deadline of a
grant submission and the bulk of the specifics of the proposed study or trial were as yet unwritten. Although this
thwarted achievement of short-term goals, it was a lesson in the foundations of discovery and expansion of knowledge.
Thanks, Dr Lischner, for your preservation of science and truth.

Sarah S. Long, MD
Drexel University College of Medicine

Philadelphia, Pennsylvania
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Figure 3. Boxplots of biomarkers in subjects with CHD, by pre-tricuspid shunt vs post-tricuspid shunt. Shown are subjects with
Down syndrome with PH, subjects with Down syndrome with a history of PH, subjects with Down syndrome without PH, and
subjects without Down syndrome with PH.
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Figure 5. AUROC analysis of each biomarker comparing
subjects with Down syndrome and PH and those with Down
syndrome without PH. *Subjects with a history of PH but no
current disease are classified as no PH.
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Table II. Biomarkers by category in subjects with CHD

Variables DS PH (N = 21) DS PH Hx (N = 12) DS no PH (N = 25) No DS PH (N = 62) P value*

Endostatin, ng/mL, median (IQR) 89 (58-122) 91 (74-100) 58 (49-82) 33 (24-40) <.001
ST2, ng/mL, median (IQR) 5.3 (2.79-10.4) 7.95 (6.1-10) 3.8 (3.1-5.3) 2.85 (2.14-4.46) <.001
NT-proBNP, pg/mL, median (IQR) 517 (169-1372) 265 (190-401) 102 (55-148) 296 (175-467) <.001
Galectin-3, ng/mL, median (IQR) 17.75 (13.1-25.2) 29.79 (22.5-34.9) 14.9 (12.2-23.3) 8.2 (6.62-8.4) <.001
IL-6, pg/mL, median (IQR) 2.1 (0.10-2.97) 0.09 (0.09-2.82) 1.26 (0.09-2.51) 1.70 (1.05-2.90) .09
HDGF, ng/mL, median (IQR) 1.28 (1.00-2.20) 1.12 (0.88-3.21) 2.44 (1.62-3.11) 0.80 (0.48-1.25) <.001
Trisomy 21, n (%) 21 (100) 12 (100) 25 (100) 0 (0) <.001
Pre/post-tricuspid shunt, n (%) .5
Post-tricuspid 11 (52) 10 (83) 16 (64) 26 (42)
Pre-tricuspid 8 (38) 2 (17) 6 (24) 9 (15)

ASD, n (%) 13 (62) 4 (33) 11 (44) 15 (24) .01
VSD, n (%) 11 (52) 2 (17) 5 (20) 16 (26) .07
PDA, n (%) 1 (5) 1 (8) 14 (56) 4 (6.5) <.001
CAVC, n (%) 2 (10) 6 (50) 3 (12) 4 (6.5) .002
Tetralogy of Fallot, n (%) 0 (0) 4 (33) 1 (4.0) 0 (0) <.001
Other lesion, n (%) 0 (0) 0 (0) 7 (28) 3 (5) <.001

ASD, atrial septal defect; CAVC, complete atrioventricular canal; DS, Down Syndrome; PDA, patent ductus arteriosus; VSD, ventricular septal defect.
*Kruskal–Wallis rank-sum test, Pearson c2 test, or Fisher exact test.

February 2022 ORIGINAL ARTICLES

Biomarkers of Pulmonary Hypertension Are Altered in Children with Down Syndrome and Pulmonary Hypertension 76.e3

Descargado para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en febrero 15, 
2022. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2022. Elsevier Inc. Todos los derechos reservados.


	Biomarkers of Pulmonary Hypertension Are Altered in Children with Down Syndrome and Pulmonary Hypertension
	Methods
	Subjects with Down Syndrome
	Subjects without Down Syndrome
	Laboratory Analysis
	Statistical Analyses

	Results
	Biomarkers
	Endostatin
	Galectin-3
	NT-proBNP
	ST2
	IL-6
	HDGF

	Biomarkers in CHD
	Biomarkers That May Differentiate PH in Children with Down Syndrome

	Discussion
	Data Statement
	References


