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ARTICLE INFO ABSTRACT

Keywords: Children with Down syndrome (DS) develop more infections, have an increased mortality from sepsis and an
Down syndrome increased incidence of chronic inflammatory conditions. Cytokine dysregulation may underpin these clinical
Inflammation sequelae and raised pro-inflammatory biomarkers are a feature in adults with DS. The importance of the anti-
Cytokines

inflammatory mediators IL-1ra and IL-10, as well as cytokines Epo and VEGF, which could impact on the pa-
thogenesis and outcomes in congenital heart disease (CHD) which is more prevalent in DS, are less well known.
We examined a comprehensive array of pro-(IL-2, IL-6, IL-8, IL-18, IL-13, TNF-a, IFN-y), and anti-inflammatory
(IL-10 and IL-1ra) mediators, cytokines involved in inflammation in response to hypoxia (EPO), propagating
angiogenesis (VEGF), and myelopoiesis (GM-CSF), by enzyme linked immunosorbent assay (ELISA), as well as
discussing the potential impact of significant CHD and Lipopolysaccharide endotoxin on these mediators. 114
children with DS and 60 age and sex matched controls were recruited. Children with Down syndrome exhibit
significantly greater levels of pro and anti-inflammatory cytokines; IL-2, IL-6, IL-10, IL-1ra, as well as increased
Epo, VEGF and GM-CSF at baseline. CHD does not seem to have an impact on circulating cytokines beyond the
acute surgical phase. Both cohorts had similar responses to LPS stimulation. These differences may contribute to
varied clinical outcomes, acutely like in sepsis, and over time in autoimmunity.

Innate immunity

1. Introduction

Down syndrome (DS) is the most common chromosomal anomaly
and results from extra genetic chromosome 21 material, affecting ap-
proximately 1 in 700 births in the USA [1]. DS is associated with several
co-morbidities including, congenital heart disease, developmental
delay, obstructive sleep apnoea, gastrointestinal atresias, and abnormal
myelopoiesis [2]. Dysregulation of the immune system is another
common feature of DS, including lower T and B cell numbers [3,4], a
smaller thymus gland, reduced regulatory T lymphocytes and sub-
optimal antibody responses to immunisation [5-7]. Although altered
serum cytokines in DS [8,9] have been described, these mainly evaluate

pro-inflammatory mediators in older cohorts.

Children with DS develop more infections, are more likely to be
admitted to hospital with respiratory tract infections (RTI) [10], and
have a 30% increased mortality from sepsis [11]. In addition, children
with DS have an increased incidence of chronic inflammatory condi-
tions and autoimmunity [12]. A recent meta-analysis evaluating the
cytokine profile in DS showed increased pro-inflammatory mediators
IL-1B, TNF-a and IFN-y [8]. In sepsis there is significant cytokine re-
lease which can lead to an acute systemic inflammatory response
(SIRS), which may be protective but if prolonged or potentiated may be
deleterious. Crucial to a good outcome is a controlled dampening of the
immune response. However, a prolonged compensatory anti-

Abbreviations: DS, Down syndrome; CHD, congenital heart disease; SIRS, systemic inflammatory response syndrome; CARS, compensatory anti-inflammatory
response syndrome; RTI, respiratory tract infection; TAM, transient abnormal myelopoiesis
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inflammatory response (CARS) may lead to an immunodeficient state
and poorer outcomes [13]. Therefore, understanding the inflammatory
response to LPS is important in children with DS. IL-10 and IL-1ra are
two anti-inflammatory cytokines that are implicated in fine tuning the
balance between SIRS and CARS. Children with DS have increase
mortality in the context of sepsis, and perhaps it is an imbalance of
these signals which leads to poorer clinical outcomes.

Approximately 50% of all children with DS have cardiovascular
disease [14]. Cytokines important in responding to hypoxia or pro-
moting new blood vessel growth like EPO and VEGF could have sig-
nificant impacts in the pathogenesis of this disease and potentially on
outcomes. Indeed, children with DS have better post cardiac surgery
outcomes compared with patients without DS [15]. Pulmonary hy-
pertension is also commonly seen in children with DS [16]; and both
Epo and VEGF have been associated with this disorder [17,18]. GM-CSF
is another vascular cytokine which mediates its effects by promoting
white blood cell production. It has been linked to the development of
transient abnormal myelopoiesis (TAM) in DS, which affects around
10% of infants in this cohort, and can ultimately lead to myelodysplasia
and acute leukaemia [19].

We examined the anti-inflammatory signals (IL-10 and IL-1ra), a
comprehensive array of inflammatory cytokines (IL-2, IL-6, IL-8, IL-18,
IL-1B, TNF-a, IFN-y), cytokines involved in inflammation in response to
hypoxia (EPO) propagating angiogenesis (VEGF) and myelopoiesis
(GM-CSF), as well as discussing the potential clinical impact of sig-
nificant congenital heart disease in DS, and LPS endotoxin on these
mediators.

1.1. Methods

1.1.1. Study population

This project was approved by the Ethics Committees of Children’s
Health Ireland (CHI) at Tallaght (Ref: 2017-05 [1]; approved 18.05.17)
and CHI at Crumlin Dublin (Ref: GEN/565/17; approved 05.05.17),
Ireland. All families and participants received verbal and documented
information on the study and written consent was obtained prior to
recruitment. The following children were enrolled: (a) Children with
Down syndrome < 16 years old attending the multidisciplinary Down
syndrome clinic in CHI at Tallaght or at Crumlin and (b) Age-matched
Paediatric Controls: children attending for phlebotomy or day case
procedures and whose results were subsequently normal. Children in
both groups were excluded if they had recent fever or evidence of in-
fection.

1.1.2. Sample preparation

Blood samples (1-3 mL) for in vitro experiments were collected in a
sodium citrate anti-coagulated blood tube and analysed within two
hours of phlebotomy. Whole blood was incubated at 37 °C for 1 h un-
treated (vehicle) or with Lipopolysaccharide (LPS; E. coli 0111:B4:
SIGMA Life Science, Wicklow, Ireland) 10 ng/Ml. After incubation the
samples were centrifuged at 10,000 rpm for 10 min at room tempera-
ture. The plasma supernatant was stored at —80 °C for subsequent
analysis.

1.1.3. Multiplex ELISA

The following cytokines were evaluated using the MSD®MULTI-
SPOT assay system from Mesoscale (MSD Diagnostics, USA): tumour
necrosis factor alpha (TNF-a), interleukin-1f (IL-1p), interleukin-2 (IL-
2), interleukin-6 (IL-6), interleukin-8 (IL-8), interferon-y (IFN-y), in-
terleukin-18 (IL-18), vascular endothelial growth factor (VEGF), ery-
thropoietin (Epo), interleukin-1 receptor antagonist (IL-1ra), and in-
terleukin-10 (IL-10). Extracted peripheral blood plasma, as described
above, was transferred to a 96 well MSD plate and these cytokines were
assessed as previously outlined [20] and per manufacturer's instruc-
tions. Assays were readily transferred to the U-PLEX platform with
calibration curves showing expected signals, sensitivity precision, and
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accuracy. Sensitivities were < 1 pg/ml for many assays. All assays used
the same diluents. Non-specific binding between assays was typi-
cally < 0.1%. U-plex sample recovery is within the acceptable range
(70-130%) with samples diluting linearly from 2 to 16-fold. MesoScale
Discovery, Rockville, MD, USA (www.meso-scale.com).

1.1.4. Statistics

Statistical analysis was performed using un-paired t tests to compare
mean results between two independent cohorts. The Kolmogorov-
Smirnov test was used to check normality. Significance was defined as
p = 0.05. Results shown are expressed as mean # standard error of
the mean (SEM) unless otherwise stated. Data was analysed with FloJo
software (Oregon, USA) and GraphPad Prism.

1.2. Results

1.2.1. Patient characteristics

There were 114 children with Down syndrome (DS) enrolled with
an age (mean = SD) of 5.7 + 4.7 years (y) of which 55 were female
(48.2%), and the controls (n = 60) with a mean age of 6.9 = 4.8y, of
which 28 were female (46.7%). In the DS cohort, 74% (n = 84) had a
diagnosis of congenital heart disease with 39% (n = 33) of these re-
quiring surgery in infancy. The following was the distribution of cardiac
lesions in this group (n = 33): Atrioventricular septal defect (AVSD)
(n = 17); Ventricular septal defect (VSD) repair (n = 4); Tetralogy of
Fallot (n = 4); Atrial septal defect (ASD) and VSD repair (n = 3); ASD
repair (n = 2); Patent ductus arteriosus (PDA) coil (n = 1). The time
from surgery to sampling was 51.1 * 22.5 months. For comparison in
the cohort of children with DS we compared those with congenital heart
disease (CHD) requiring surgery (n = 33) versus those with CHD not
requiring surgery (n = 51) and those without CHD (n = 30).

1.2.2. Cytokines at baseline in children with DS and controls

There were significant increases in children with DS versus controls
at baseline in the following: Epo, VEGF, GM-CSF, IL-10, IL-1ra, IL-6, IL-
2 (p = 0.05) (Table 1 and Figs. 1-3(a-c), Fig. 4(a-b)). There were no
significant differences seen in the levels of IL-1f3, TNF-a, INF-y, IL-8 or
IL-18 (p > 0.05; Table 1).

Table 1: Interleukin 2 (IL-2); Interleukin 6 (IL-6); Interleukin 8 (IL-
8); Interleukin 10 (IL-10); Interleukin 18 (IL-18); Interleukin 1 (IL-1p);
Tumour necrosis factor a (TNF-a); Interferon y (IFN-y); Interleukin 1
receptor antagonist (IL-1ra); Granulocyte macrophage — colony stimu-
lating factor (GM-CSF); Erythropoietin (Epo); Vascular endothelial
growth factor (VEGF). Cytokine values in bold denotes p < 0.05.

1.2.3. Effects of LPS on cytokine responses
Following LPS stimulation there were significant elevation in VEGF,
IL-10, IL-1ra, IL-6, IL-2, TNF-a, IFN-y, IL-8 in both cohorts (p < 0.05;

Table 1
The mean, standard error of the mean (SEM) and p-values of cytokine levels
(pg/ml) in plasma of children with Down syndrome and the control group.

Cytokine Controls DS p-Value
IL-2 0.36 = 0.07 0.68 = 0.11 0.05

IL-6 0.67 = 0.06 1.88 + 0.28 0.02

IL-8 5.34 = 0.50 8.16 = 1.40 0.12
IL-10 0.41 = 0.06 0.70 = 0.57 0.002
IL-18 529.6 * 37.58 508.8 = 17.87 0.57
IL-1B 0.35 *= 0.06 0.57 = 0.08 0.07
TNF-a 472 £ 0.71 897 = 3.12 0.33
IFN-y 24.21 + 5.06 2295 = 285 0.81
IL-1ra 331.2 = 38.48 497.1 =+ 44.25 0.01
GM-CSF 0.14 = 0.04 0.27 = 0.03 0.02

Epo 67.0 = 4.87 116.2 * 6.72 < 0.0001
VEGF 88.88 = 5.13 181.0 = 14.48 < 0.0001

The bold denotes p < 0.05 or significance.
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Fig. 1. (a-c) Cytokine levels in plasma of VEGF (a), Epo (b), GM-CSF (c) at baseline and in response to Lipopolysaccharide (LPS) in children with Down syndrome and
controls. Values expressed as pg/ml. *p < 0.05, **p < 0.01, ***p < 0.001; (d—f) Cytokine levels in plasma of VEGF (d), Epo (e), GM-CSF (f) comparing controls
and Down syndrome subpopulations. Values expressed as pg/ml Regarding DS subpopulations: All = all children with DS; CHD Sx-/chd- = children with DS and
congenital heart disease (CHD) not requiring surgery, and children with DS without CHD; CHD Sx+ = children with DS and CHD requiring surgery; CHD Sx < 1/
12 = children with DS and CHD who underwent surgery in the past month. *p < 0.05. $ = p < 0.05 all DS subpopulations versus control. # = p < 0.05 Children
with CHD who underwent surgery in the past month versus the other DS subpopulations and controls.

Figs. 1-3(d-f), Fig. 4(c-d)). In children with DS, EPO and GM-CSF were
significantly increased after incubation with LPS, which was not ob-
served for controls (Fig. 1(b) and (c)). There was no response in IL-18
following LPS in either cohort. (Fig. 2(b)).

1.2.4. CHD and cytokine responses

To further examine the differences in the cytokine profile in chil-
dren with DS and CHD the cohort was divided as follows: CHD re-
quiring surgical intervention and CHD not requiring surgery and chil-
dren without CHD. There were no significant differences in cytokine
levels between children with no CHD and those with CHD not requiring
surgery.

Comparing the subpopulations with DS and the control group
showed that for Epo, VEGF, IL-6, IL-10, IL-1ra, both DS cohorts had
significantly higher levels than controls [Figs. 1, 2(d-f) and 4(c-d)].
Children with DS and CHD had significantly higher IL-8 compared with
controls, even though the total levels in children with DS were not
significantly different for this cytokine [Fig. 3(d)]. GM-CSF was sig-
nificantly raised in children requiring surgery compared to children
who did not require intervention or had no underlying CHD [Fig. 1(f)].

Further analysis demonstrated that for every cytokine the children
with DS and CHD had the highest mean value. For children with DS and
CHD requiring surgery; Epo, VEGF, IL-6, IL-1ra, IL-1f, and IL-8 were
significantly greater than for children with DS and CHD not requiring
surgery and children without CHD. IL-18, TNF-a, and IFN-y were not
different in the DS subpopulations irrespective of CHD.

There were no differences in cytokine levels between children with
DS with CHD not requiring surgery or no CHD and those with DS and
CHD who had surgery more than 1 month ago (Figs. 1-3(d—-f) and

4(c—d)) once these infants with recent surgery (< 1 month; n = 7) were
excluded.

2. Discussion

We have demonstrated that children with DS have increased pro
and anti-inflammatory cytokine levels compared with age-matched
controls; IL-2, IL-6, IL-10, IL-1ra, Epo, VEGF and GM-CSF. Although
there is definite immune dysregulation in children with DS [4,21] they
had robust LPS responses similar to controls. CHD requiring surgery did
not appear to have a significant influence on cytokines in DS except in
the acute post-operative period. However, IL-8 was the exception and
was significantly raised in children with DS who required surgical in-
tervention versus controls. Children without significant CHD also still
exhibit a significantly elevated cytokine profile compared to controls.

A recent meta-analysis examining circulating serum cytokine levels
in patients with DS found significant differences compared to controls.
The analysis reviewed 19 studies involving 957 patients with DS and
541 controls, and concluded that significantly higher levels of II-1f,
TNF-a, IFN-y, and neopterin were present in the population with DS
[8]. The authors found that circulating levels of IL-4, IL-6, IL-8 and IL-
10 were not statistically different between the DS and control groups.
However, it was suggested that one study [9] significantly altered the
result for IL-6, and when this outlier was omitted from analysis, IL-6
was significantly raised compared with controls. It is worth noting that
although results of some cytokines differ from our findings, for ex-
ample, IL-1P, a key pro-inflammatory cytokine implicated in chronic
disease [22] almost reached significance in our study (p value = 0.07).
The population with DS in the meta-analysis was predominantly adults
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Fig. 2. (a—c) Cytokine levels in plasma of (a) IL-1f, (b) IL-18, (c) IL-6 at baseline and in response to Lipopolysaccharide (LPS) in children with Down syndrome and
controls. Values expressed as pg/ml. *p < 0.05, **p < 0.01, ***p < 0.001; (d-f) Cytokine levels in plasma of (d) IL-1§, (e) IL-18, (f) IL-6 comparing controls and
Down syndrome subpopulations. Values expressed as pg/ml All = all children with DS; CHD Sx-/chd- = children with DS and congenital heart disease (CHD) not
requiring surgery, and children with DS without CHD; CHD Sx+ = children with DS and CHD requiring surgery; CHD Sx < 1/12 = children with DS and CHD who
underwent surgery in the past month. **p < 0.01. $ = p < 0.05 all DS subpopulations versus control. # = p < 0.05 Children with CHD who underwent surgery in

the past month versus the other DS subpopulations and controls.

as 6 studies were included involving adults (> 16 mean age), and of the
paediatric studies only one study [9] had a mean age lower than in our
study. Furthermore, we had the largest cohort described and although
there have been other studies evaluating cytokines in DS [8,9,23-25]
this paper examines a comprehensive array of cytokines including anti-
inflammatory and cardiovascular mediators.

Increased levels of VEGF and Epo were significantly greater in
children with DS than controls DS, irrespective of CHD. Erythropoietin
(EPO) has a crucial role in red blood cell production, however, it is now
being recognised as having a myriad of effects such as altering the re-
sponse to inflammation or injury, inhibiting apoptosis in the setting of
hypoxia and thus improving tissue survival [26]. In newborn infants
with DS, excess Epo levels in plasma and consequent elevated circu-
lating haemoglobin are reported [27]. Infants (n = 11) with persistent
pulmonary hypertension of the newborn (PPHN) or cyanotic congenial
heart disease (CCHD) had increased hypoxia-inducible factor (HIF)-1a,
VEGF and Epo mRNA expression compared to healthy newborns [28].
PPHN and CCHD are seen with increased frequency in DS [29].

We describe increased VEGF levels in our DS cohort. VEGF is an
important in regulating angiogenesis, lymphangenesis and is associated
with chronic inflammation and tumour growth [30,31]. VEGF-A is a
significant mitogen involved in the development of atrioventricular
valvular cushions and abnormal expression is associated with CHD
[32]. Sanchez et al. [33] found that DS results in abnormal angiogenesis
in utero, increased expression of VEGF-A, which is also linked to con-
genital heart disease lesions. Increased expression of HIF-2a has been
associated with excess VEGF production [34], and HO-1 has been
shown to be key in cardiac embryonic development [35]. VEGF is also
associated with pulmonary hypertension and this complication as

mentioned is seen more frequently in DS [18].

We report significantly elevated GM-CSF levels in children with DS.
GM-CSF is implicated in the pathogenesis of transient abnormal mye-
lopoiesis (TAM) in DS. This is a form of leukaemia occurring in infancy,
can resolve spontaneously, and may arise from the foetal liver. GM-CSF
from stromal tissue of the foetal liver promotes foetal blast proliferation
by creating a suitable haematopoietic microenvironment [19]. None of
the patients in this study had TAM but may have not been detected as
no universal neonatal screening. However, their matched full blood
counts and differentials did not have any evidence of TAM at the time of
cytokine analysis. There has been associations made with raised GM-
CSF and poorer neurological outcomes in neonatal encephalopathy [20]
and this may implicate this cytokine in adverse neuroinflammation,
although the results of a 5 year follow up of ex preterm small for ge-
stational age (SGA) (n = 216) children who were randomised to either
receive GM-CSF or not, found no neurodevelopmental or adverse out-
come differences between groups [36]. GM-CSF is also important to
facilitating cross-talk between myeloid cells and T lymphocytes which if
dysregulated can lead to chronic inflammation [37].

Although a pro-inflammatory phenotype in children with DS has
been described [38], there is a less information on anti-inflammatory
cytokines such as IL-10 and IL-1ra. We demonstrated that both IL-10
and IL-1ra are significantly raised in children with DS. IL- 10 is an anti-
inflammatory cytokine which reduces inflammation by inhibiting the
propagation of pro-inflammatory cytokines such as TNF-a and IL-6 [9].
There are conflicting results regarding IL-10 in cohorts with DS as
Nateghi et al. found a lower serum level of IL-10 when compared with
controls (DS n = 24, Controls n = 24), and a reciprocal increased level
of the pro-inflammatory cytokine TNF-a and IFN-y [25]. However,



D. Huggard, et al.

Cytokine 127 (2020) 154938

(a) L8 (b) TNF-a (c) IEN-Y
150- e 250 [T — 80-
i ¢ i
2004 .
- *ox ' d 604 | |
{i  F— 150- ,I‘
T E E -
e I D 25 3
504 el l l ==
154 20
104
5.
ole=— mlE | (RS m— | r oll .
> Y > o N C » o N o o
& o & < ° ° 9 «° 9 «© 9
o4 (44 s s o (Po
Vehicle LPS Vehicle LPS Vehicle LPS
(d) L8 (e) TNF-a (f) IFNy
50, I— 4 15+ . 40-
404 y - 304
104 o
o . z | I
- 2 2
5-
104
M
0 T - T 0 T 0 T T
N\ 3 » o ) <o
R © & v &
(Po ‘-o-i-fJ oé‘ & °9+§’
& &
DS DS bs

Fig. 3. (a—c) Cytokine levels in plasma of (a) IL-8, (b) TNF-a, (c) IFN-y at baseline and in response to Lipopolysaccharide (LPS) in children with Down syndrome and
controls. Values expressed as pg/ml. *p < 0.05, **p < 0.01, ***p < 0.001; (d-f) Cytokine levels in plasma of (d) IL-8, (e) TNF-a, (f) INF-y comparing controls and
Down syndrome subpopulations. Values expressed as pg/ml All = all children with DS; CHD Sx-/chd- = children with DS and congenital heart disease (CHD) not
requiring surgery, and children with DS without CHD; CHD Sx+ = children with DS and CHD requiring surgery; CHD Sx < 1/12 = children with DS and CHD who

underwent surgery in the past month. *p < 0.05, **p < 0.01, ***p < 0.001. $= p < 0.05 all DS subpopulations versus control. # = p < 0.05 Children with
CHD who underwent surgery in the past month versus the other DS subpopulations and controls.

Cetiner et al, reported an increased level of IL-10, and IL-4 in serum and
a reduction of TNF-a and IL-6 [9], hypothesising that this anti-in-
flammatory picture may contribute to the increased level of RTIs seen
in childhood. Indeed, Broers et al. [23] described a significant increase
in IL-10 after stimulation of whole blood with Streptococcus pneumoniae
in children with DS versus their healthy siblings, suggesting a heigh-
tened anti-inflammatory response which may be contributory to more
severe pneumococcal pneumonia in this cohort. Further research by
Guazzarotti et al. (DS n = 24, Control n = 42), and Iulita et al. (DS
n = 31, Controls n = 31) has reported an increase in serum IL-10 in DS
versus controls [39,40].

Interleukin 1 receptor antagonist (IL-1ra) is an anti-inflammatory
cytokine that abrogates IL-1 signalling, has TNF-a inhibitory effects,
and suppresses T cell responses [41]. Our findings suggest that although
pro-inflammatory signals are elevated, so too are the counter-reg-
ulatory cytokines IL-10 and IL-1ra. It is a key regulator in maintaining a
balance between pro and anti-inflammatory stimuli. Excess IL-1ra has
been associated with worse outcomes in the setting of gram-positive
arthritis and sepsis. Ali et al. [42] reported more aggressive disease and
increased mortality in a murine model of Staphylococcus aureus ar-
thropathy and sepsis. There is a higher incidence of inflammatory ar-
thritis in children with DS [43], and elevated levels of IL-1ra have been
shown in adults with rheumatoid arthritis [44].

Interleukin 6 (IL-6) is a key pro-inflammatory mediator released by
leucocytes, fibroblasts and endothelial cells. It stimulates the produc-
tion of IL-1, TNF-a and other pro-inflammatory cytokines to potentiate
an inflammatory response [45]. We found greater IL-6 levels in DS, this
provides evidence of a hyper-inflammatory response. Clinically, IL-6 is
crucial in mounting an appropriate defence to pathogenic organisms,

while if aberrantly produced can lead to chronic inflammation and
autoimmunity [46]. This cytokine plays a role in Alzheimer’s disease,
early onset being ubiquitous in DS, and involves degenerative processes
in the central nervous system [47]. Liscastro et al. found elevated IL-6,
soluble IL-6 receptors and soluble intracellular adhesion molecule-1
(sICAM-3), soluble vascular adhesion molecule-1 (sVCAM-1) and CRP
were produced in children with DS compared to controls [48]. The
increase of IL-6 and CRP from DS children was similar to that found in
elderly patients with clinical AD. IL-6 has also been described as sig-
nificantly raised in response to influenza A virus. An ex vivo cytokine
response following stimulation with live Influenza A virus reported the
following to be increased in children with DS compared with controls;
IL-6, IL-1B, IL-8, and TNF-a [24].

We have demonstrated increased IL-2 in children with DS, although
studies to date involving IL-2 and DS show no significant difference in
this cytokine versus controls [9,49]. Interleukin 2 (IL-2) is causes pro-
duction of T lymphocytes, memory and effector cells, and has an es-
sential role in the propagation and functionality of regulatory T cells
(Treg cells). The latter important in controlling immunity, inflamma-
tion and promoting tolerance. Therefore IL-2 is key in promoting other
T cells to provide an immune response, whilst also enabling Tregs to
limit the degree of inflammation [50].

A possible explanation for the elevated cytokine profile demon-
strated in children with DS, regardless of CHD, is a dysregulation of Toll
like receptor (TLR) signalling. We have recently reported increased
TLR2 expression on neutrophils and monocytes and altered gene ex-
pression of key regulatory proteins involved in signal propagation [51].
Excess cytokine levels in DS could refelct anomlaous signalling of TLR
pathways as the end point of these pathways results in the release of
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inflammatory mediators. Furthermore, children with DS may display a
hyperresponsive immune reaction as we have previously reported in-
creased neutrophil activation post LPS, and greater TLR4 on non-clas-
sical monocytes [52]. Indeed, a pro-inflammatory phenotype may
predominate in this population leading to excess circualting cytokines.

Although this study represents the largest most comprehensive ap-
prasial of cytokines in a paediatric population, there were several
limitations. The exact cellular source for the differing cytokine levels
between children with DS and controls was not established as whole
blood was used. Serial cytokine incubation times with endotoxin would
be useful to understan the evolution of the inflammatory response in
children with DS especially following cardiac surgery.

3. Conclusion

Overall this study demonstrates that children with Down syndrome
exhibit significantly greater levels of pro and anti-inflammatory cyto-
kines as well as increased Epo, VEGF and GM-CSF at baseline. From a
clinical perspective CHD does not seem to have an impact on circulating
cytokines beyond the acute surgical phase. The response to LPS sti-
mulation is largely similar between cases and controls. The differences
in circulating cytokines may contribute to varied clinical outcomes,
acutely like in sepsis, as the imbalance between SIRS and CARS be-
comes detrimental, and over time in chronic inflammation. Epo & VEGF
have been associated with vascular remodelling and may be associated
with pulmonary hypertension. Given the high incidence of this disorder
in our cohort and the excess Epo and VEGF demonstrated, further re-
search is needed to evaluate the role of these mediators in the devel-
opment of pulmonary hypertension.
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