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Down Syndrome (DS) is the most common chromosomal disorder. Although DS individuals are mostly perceived as characterized
by some distinct physical features, cognitive disabilities, and cardiac defects, they also show important dysregulations of immune
functions. While critical information is available for adults with DS, little literature is available on the neuroinflammation in
prepubertal DS children. We aimed to evaluate in prepubertal DS children the serum levels of nerve growth factor (NGF) and
brain-derived neurotrophic factor (BDNF), oxidative stress as free oxygen radicals defense (FORD), free oxygen radicals test
(FORT), and cytokines playing key roles in neuroinflammation and oxidative processes as TNF-α, TGF-β, MCP-1, IL-1α, IL-2,
IL-6, IL-10, and IL-12. No differences were found in NGF between DS children and controls. However, BDNF was higher in DS
subjects compared to controls. We also did not reveal changes in FORD and FORT. Quite interestingly, the serum of DS
children disclosed a marked decrease in all analyzed cytokines with evident differences in serum cytokine presence between
male and female DS children. In conclusion, the present study evidences in DS prepubertal children a disruption in the
neurotrophins and immune system pathways.

1. Introduction

Down Syndrome (DS), also known as trisomy 21 for the
presence of an extra copy of the chromosome 21 that leads
to a wide spectrum of cognitive and physical symptoms, is
one of the most common chromosomal disorders occurring
in about 1 in 800 newborns worldwide [1]. The extra chro-
mosome disrupts the normal course of physical development
and results in mild to moderate intellectual disabilities. DS
people are also characterized by some distinct physical fea-
tures, such as a flat-looking face, and by a high risk for a
number of other health conditions including infections,

alteration of the immune system, thyroid, pulmonary, skel-
etal, skin, hearing and vision issues, diabetes, sleep apnea,
seizures, early menopause, and congenital heart defects [2].
There are a number of studies showing changes in several
aspects of the humoral and cellular immune system associ-
ated with DS, including functional impairments of B and
T lymphocytes and natural killer cells and dysfunctions
in phagocytosis and chemotaxis of polymorphonuclear
leukocytes [3–5].

Individuals with DS exhibit disturbances in thymic devel-
opment [4] and also show, besides low B-lymphocyte num-
bers, a dysregulated immunoglobulin pattern [6]. There are
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also a number of reports showing increased levels of cyto-
kines leading to a proinflammatory profile, such as Inter-
feron-γ (IFN-γ), Interleukin-6 (IL-6), and Tumor Necrosis
Factor-alpha (TNF-α), in individuals with DS [7–9].

It is known that chromosome 21 of humans and chro-
mosome 16 of mice carry genes that are involved in the
function of the IFN family of cytokines and receptors [5]
and that overexpression of chromosome 21-gene products
causes changes in inflammatory cytokines in the blood [10],
as TNF-α and IFN-γ that have several biological effects in
the body, including important regulatory roles in immune
responses. It has been hypothesized that abnormal produc-
tion of proinflammatory cytokines might participate in the
neuropathological changes associated with DS, such as
Alzheimer’s-like mental retardation [8, 11].

Studies on inflammatory and autoimmune diseases,
which are characterized by abnormal activation of immune
cells and an increased production of cytokines, have revealed
a localized increase in NGF at the sites of inflammation or in
the blood [12]. NGF plays an essential role in the differentia-
tion, survival, and functions of neuronal cells in the central
and peripheral nervous system [13, 14]. Moreover, NGF
has a role outside the nervous system and in the cardiovascular
and immune systems [15–17]. NGF expression and functional
activities have now been well demonstrated for human baso-
phils, monocyte/macrophages, and T- and B-lymphocytes
[18, 19]. In this context, a number of studies have shown that
the plasma and/or serum NGF levels are disrupted in several
autoimmune, inflammatory, and fibrotic disorders [20–23].
Brain-derived neurotrophic factor (BDNF) is another growth
factor which plays a central role in the survival and differ-
entiation of neurons [24, 25], but apart from nervous system
disorders, several reports documented an association between
plasma BDNF and systemic or peripheral inflammatory con-
ditions [26]. It has been shown that activated antigen-
specific T cells, B cells, and monocytes produce BDNF and
IL-6 [27–29]. Indeed, TNF-α represents a specific link between
monocyte infiltration and neuronal changes in inflammatory
diseases. Furthermore, TNF-α and IL-6 play an important role
in regulating BDNF secretion [27–29].

Several evidences suggest a significant increase in infec-
tious and autoimmune diseases in individuals with DS, inde-
pendent of gender, age, family history, and exposure to other
risk factors, suggesting an intrinsic alteration of the immune
system [30]. Since DS is known to be characterized by a proin-
flammatory profile and then by an increase in proinflamma-
tory cytokines, including TNF-α and IL-6, it is reasonable
to hypothesize a concomitant alteration in the circulating
levels of neurotrophins.

Oxidative stress is a phenomenon associated with an
imbalance between the production of free radicals and reac-
tive metabolites (e.g., superoxide and hydrogen peroxide)
and the antioxidant defenses. Oxidative stress has been asso-
ciated with the known various morphological abnormalities,
immune disorders, intellectual disability, premature aging,
and other biochemical abnormalities of DS individuals; fur-
thermore, the Cu/Zn superoxide dismutase (SOD) gene is
located on the 21st chromosome [31]. Indeed, many studies
examined the impact of antioxidant interventions as well as

the positive effect of physical exercise on cognitive and learn-
ing disabilities of individuals with DS proposing BDNF as a
potential therapeutic target at the molecular level [31–33].

Although crucial findings are available for adults with
DS, only a few data are existing on the correlation between
neuroinflammation and oxidative stress in prepubertal, the
period of life immediately before puberty, DS children. Thus,
the current study was designed to determine and correlate in
prepubertal male and female DS children (i) the serum levels
of NGF and BDNF; (ii) the oxidative status measured in the
serum as free oxygen radicals defense (FORD) and free oxy-
gen radicals test (FORT); and (iii) the serum levels of cyto-
kines playing subtle roles in both neuroinflammatory and
oxidative processes as TNF-α, transforming growth factor-
beta (TGF-β), Monocyte Chemoattractant Protein-1 (MCP-
1), IL-1α, IL-2, IL-6, IL-10, and IL-12.

2. Materials and Methods

2.1. Participants’ Selection. Patients enrolled in the present
study were 9 individuals with Down Syndrome in follow up
at the genetics ambulatory of the Department of Pediatrics
of the Sapienza University Hospital “Policlinico Umberto I”
of Rome, Italy. DS participants were 9 prepubertal children
(5 males and 4 females) aged between 1 and 9.6 years who
have been diagnosed for Down Syndrome with free trisomy
21 by both clinical and molecular analyses. The karyotype
analysis involved different steps: first, the culture of lympho-
cytes, then the chromosome banding, and in the end a micro-
scopic analysis [34]. For all patients, a peripheral venous
blood sample was collected and conserved in 3ml heparin
tube from which the lymphocytes were isolated and cultured
for 72 hours at 37°C [35, 36]. The chromosomal banding was
then carried out using the G-banding (Giemsa banding using
Trypsin) kit by Thermo Fisher (Waltham, MA, USA) per-
formed according to the manufacturer’s instructions [36].
For each patient blood sample, 100 metaphase cells with an
average resolution of 400 bands were recorded. For DS chil-
dren recruitment, several investigations were carried out:
(1) physiological anamnesis: type of delivery and gestational
age at the time of birth, type of breastfeeding, age of weaning,
eating habits, and age; (2) close and remote pathological
anamnesis; (3) pharmacological anamnesis; (4) family his-
tory: diseases, parents’ age at pregnancy, and parents’ edu-
cation; and (5) physical examination and anthropometric
parameters measurements: gender, ethnicity, weight, and
height. In DS prepubertal children, the peripheral venous
blood sample was collected for the karyotype analysis.

The control group consisted of 21 age-matched healthy
prepubertal children (10 males and 11 females) selected at
the Department of Pediatrics of the Sapienza University Hos-
pital “Policlinico Umberto I” of Rome, Italy. We have
selected these children because they were recovered in the
hospital for the investigation of the presumed pathologies
that resulted not present at all, defining thus the children
“healthy.” For both control children and DS individuals, the
peripheral venous blood sample was collected at the moment
of discharge for routine analyses.
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Main exclusion criteria for the enrollment in the study for
all children included (1) puberty in place or postpuberty; (2)
use of drugs or chemicals that can alter the serum levels of
inflammation markers, such as antidepressants, anti-inflam-
matory, and immunosuppressant; (3) inflammatory, endo-
crine, and autoimmune disorders such as thyroiditis and
celiac disease; (4) other ongoing pathologies; and (5) children
with diagnosed cardiovascular pathologies that could have
biased inflammatory analyses. We consider puberty as the
process of physical changes through which a child’s body
matures into an adult body capable of sexual reproduction.
We included the enrolled subjects in the prepubertal age
phase by Tanner scale examination by pediatricians with
expertise in sexual development. The study was approved
by the Sapienza University Hospital ethical committee; an
informed consent was signed by each parent of the children
and all the study procedures were in accordance with the
Helsinki Declaration of 1975, as revised in 1983, for human
experimentation.

2.2. NGF and BDNF Serum Level Evaluation. Peripheral
blood samples of 5ml were taken from each participant, col-
lected in heparinized tubes, and centrifuged at 3000 rpm for
15min to separate serum from plasma. The serum separated
from the blood was then stored at –80°C. NGF (Cat. No.
DY256) and BDNF (Cat. No. DY248) were measured using
a sandwich enzyme-linked-immunosorbent assay (ELISA)
kits (R&D Systems, Minneapolis, MN, USA), according to
the protocols provided by the manufacturer and also accord-
ing to methods previously described [37–39]. Serum samples
were diluted 2- and 100-fold with PBS for detection of NGF
and BDNF, respectively. The colorimetric reaction product
was measured at 450 nm using a microplate reader (Dyna-
tech MR 5000, PBI International, USA). Data are represented
as pg/mg total proteins and all assays were performed in
duplicate which was averaged for statistical comparison.

2.3. Free Oxygen Radicals Defense (FORD) and Free Oxygen
Radicals Test (FORT). FORD and FORT tests were carried
out using two specific kits (both purchased by Callegari,
Parma, Italy) following the instruction provided by the man-
ufacturer and according to methods previously described
[37–39]. Blood serum was used both for the FORT and
FORD determination. FORD test allows the determination
of free oxygen radicals defense. Briefly, this test uses a pre-
formed stable and colored radical and determines the
decrease in absorbance that is proportional to the antioxidant
concentration of the sample [40].

By contrast, the FORT test allows the determination of
free oxygen radicals (ROS) through a colorimetric assay
based on the ability of transition metals, such as iron, to cat-
alyze the breakdown of hydroperoxides (ROOH) into deriv-
ative radicals, according to Fenton’s reaction [40].

2.4. Oxidative Stress ELISA Strip Profiling Assay. Expression
patterns of cytokines were studied in the enrolled DS prepu-
bertal children and healthy control children by using Human
Oxidative Stress ELISA Strip for Profiling 8 Cytokines (Cata-
log Number EA-1301, purchased by Signosis) that simulta-

neously analyzes the following cytokines: TNF-α, TGF-β,
MCP-1, IL-1α, IL-2, IL-6, IL-10, and IL-12. Briefly, 100μl
of the sample was added per well and was incubated for 2
hours at room temperature with gentle shaking. Then, each
well was aspirated and washed, three times, by adding
200μl of 1X Assay wash buffer. After the last wash, 100μl
of the diluted biotin-labeled antibody mixture was added to
each well and incubated for 1 hour at room temperature, with
gentle shaking. Then, the aspiration/wash was repeated as
described above. 100μl of diluted streptavidin-HRP conju-
gate was added to each well and incubated for 45min at room
temperature with gentle shaking. The plate was washed again
and 100μl substrate was added to each well and incubated for
10-30minutes. 50μl of Stop solution was added to each well
observing a color change from blue to yellow. Then, the opti-
cal density of each well was determined with a microplate
reader at 450 nm within 30 minutes.

2.5. Statistical Analysis. Serum NGF, BDNF, FORT/FORD,
and cytokines in DS prepubertal children were analyzed
using two-way analysis of variance (ANOVA) (DS children
versus control children and gender effect). Post hoc compar-
isons were performed using Tukey’s HSD test.

3. Results

3.1. Characteristics of the Subjects Included in the Study.
Table 1 shows the anamnestic and anthropometric findings
of the children and their parents included in the study. No
differences between groups were revealed by statistical analy-
ses because data on age, weight, height, and BMI displayed
high variability between children.

3.2. NGF and BDNF Serum Levels. Figures 1 and 2 show the
serum levels of NGF and BDNF, respectively, in male and
female DS prepubertal children and in the control group
(Figures 1(a) and 2(a) show the data according to gender
but Figures 1(b) and 2(b) are without it). As for NGF
(Figures 1(a) and 1(b)), data show great variability within
the DS children group, which did not induce significant dif-
ferences between DS and control groups (p = 0:201). Quite
interestingly, a significant difference emerges in the BDNF
serum levels between DS and control groups in the ANOVA
for the Down Syndrome condition. Indeed, data indicate a
potentiation in serum BDNF values (p = 0:04; Figure 2(b); p
< 0:05 in the post hoc). Furthermore, no gender differences
were observed for serum BDNF (Figure 2(a)).

3.3. Oxidative Stress Evaluation. This study revealed no dif-
ferences between DS children, and controls were found in
FORD and FORT parameters, neither if analyzed for the gen-
der parameter (Figure 3, left panels for the full interaction
and the right panels without the gender effect).

3.4. Serum Levels of TNF-α, TGF-β, MCP-1, IL-1α, IL-2, IL-6,
IL-10, and IL-12. Figure 4 shows the ANOVA data graphical
expression of serum TNF-α, TGF-β, MCP-1, IL-1α, IL-2, IL-
6, IL-10, and IL-12 of male and female children affected by
Down Syndrome compared to healthy male and female chil-
dren used as controls.

3Journal of Immunology Research



Table 1: Anamnestic and anthropometric data of the children or their parents included in the study. Data are expressed as means ± SE, as
median, or as percentage.

Down Healthy

Gender Male Female Male Female

Number 5 4 10 11

Age 6 ± 2:9 3:8 ± 5:6 7:13 ± 2:91 7:8 ± 3:4
Weight (kg) 20:7 ± 9:6 15:8 ± 16:7 27:19 ± 18:6 27:25 ± 13:04
Height (cm) 108:5 ± 23:1 86:3 ± 35:2 116:5 ± 27:5 126:5 ± 20:3
BMI 17:39 ± 0:75 19:01 ± 2:97 19:55 ± 2:61 16:12 ± 0:92
Feeding time (%)

Breast milk 20 0 45.4 40

Artificial milk 60 25 27.3 20

Mixed milk 20 75 273 40

Weaning (%)

Before 5 months 0 0 0 30

Between 5 and 6 months 60 75 100 30

Over 6 months 40 25 0 40

Birth (%)

Normal 60 50 100 60

Preterm (nonpathologic) 40 50 0 40

Mode of delivery

Vaginal 40 50 45.5 50

Caesarean 60 50 54.5 50

Age of parents to pregnancy

Mother 36:75 ± 3:3 32:67 ± 8:14 32:6 ± 7:2 32:44 ± 8:62
Father 44:75 ± 4:27 36:67 ± 3:79 35:9 ± 3:9 36:67 ± 8:47

Educational level of parents (%) Mother Father Mother Father Mother Father Mother Father

No education 0 0 0 0 0 0 0 0

Primary school 0 0 0 0 0 0 0 0

Secondary school of I degree 0 60 0 0 36.4 27.25 20.0 30.0

Secondary school of II degree 100 40 100 60 27.2 4.5 50.0 30.0

University degree 0 0 0 40 36.4 27.25 30.0 40.0
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Figure 1: Nerve growth factor (NGF) levels in male and female DS prepubertal children and in the control group ((a) shows the data
according to gender but (b) are without it). The error bars indicate pooled standard error means (SEM) derived from appropriate error
mean square in the ANOVA.
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ANOVA clearly evidences differential expression of
serum inflammatory cytokines between prepubertal DS chil-
dren and controls. Indeed, low expression in DS prepubertal
children, and in particular, in DS prepubertal female children
were observed for TNF-α, TGF-β, and MCP-1 (p < 0:05 in
the ANOVAs; p < 0:05 in post hoc between groups). Similar
findings, but with decreased expression in DS prepubertal

male children, were revealed for IL-6 and IL-12 (p < 0:01 in
the ANOVAs; p < 0:01 in post hoc between groups). As for
IL-1α, IL-2, and IL-10, data clearly disclose low serum
expression of these cytokines in DS prepubertal children
compared to controls with no differences due to gender
(p < 0:05 in the ANOVAs; p < 0:05 in post hoc between
groups).

0

40

30

60

80
BD

N
F 

(p
g/

m
l)

Healthy children DS children
FemalesMalesFemalesMales

(a)

Healthy children DS children

⁎

0

40

30

60

80

BD
N

F 
(p

g/
m

l)

(b)

Figure 2: Brain-derived neurotrophic factor (BDNF) levels in male and female DS prepubertal children and in the control group ((a) shows
the data according to gender but (b) are without it). The error bars indicate pooled standard error means (SEM) derived from appropriate
error mean square in the ANOVA. The asterisk indicates significant differences between groups (∗p < 0:05).
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Figure 3: Free oxygen radicals test (FORT) and free oxygen radicals defense (FORD) levels in male and female DS prepubertal children and in
the control group (the left panels represent the full interaction and the right panels are without the gender effect). The error bars indicate
pooled standard error means (SEM) derived from appropriate error mean square in the ANOVA.
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4. Discussion

This is the first study investigating in prepubertal DS children
the relationship between neurotrophins, oxidative stress, and
neuroinflammatory markers in the serum. Indeed, we evi-
denced, although without NGF, FORD, and FORT changes,
BDNF elevation and a marked reduction of TNF-α, TGF-β,
MCP-1, IL-1α, IL-2, IL-6, IL-10, and IL-12. We also demon-
strated for the first time different gender responses between
males and females DS children in the analyzed cytokines.

As for oxidative stress in DS, we did not find changes in
prepubertal DS children in the parameters of oxidation we
investigated. However, some animal model and human stud-
ies have shown that the activity of the superoxide dismutase
enzyme (SOD) is elevated in Down Syndrome [41, 42].

SOD converts oxygen radicals into hydrogen peroxide and
water. Oxygen radicals produced in cells can be damaging
to cellular structures, hence the important role of SOD. How-
ever, it has been hypothesized that if SOD activity increases
disproportionately to enzymes responsible for the removal
of hydrogen peroxide (e.g., glutathione peroxidase), the cells
will suffer from peroxide damage. It has been speculated that
the treatment of Down Syndrome neurons with free radical
scavengers could prevent neuronal degeneration [31]. In fact,
oxidative damage to neurons could lead to rapid brain aging
similar to that of Alzheimer’s disease. Quite interestingly, the
DNA oxidation product 8-OHdG (8-Oxo-2′-deoxyguano-
sine (8-oxo-dG)) in adults with DS measured in saliva was
found to be significantly higher than in the control groups
[43]. 8-OHdG levels were also found to be higher in urine
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Figure 4: TNF-α, TGF-β, MCP-1, IL-1α, IL-2, IL-6, IL-10, and IL-12 serum levels in male and female DS prepubertal children and in the
control group. The error bars indicate pooled standard error means (SEM) derived from appropriate error mean square in the ANOVA.
The asterisks indicate significant differences between groups (∗p < 0:05); (∗∗p < 0:01).
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[44] and leukocytes [45] of persons with DS compared to
controls. These findings suggest that oxidative DNA dam-
age may underlie some of the clinical and premature aging
features of DS.

For what concerns neurotrophins in DS, it has been pre-
viously shown that serum changes in the levels of both NGF
and BDNF [46–48]. In the present study, we found BDNF
elevation suggesting that high levels of circulating BDNF
could protect DS patients from the clinical complications of
atherosclerosis [46]. However, the striking drop in peripheral
BDNF levels with age might predispose these patients to clin-
ical manifestations of dementia in later life [46]. Quite inter-
estingly, as previously reported [46], DS is considered a
condition with a low risk of clinical atherosclerosis and car-
diovascular disease during adult and later life. A potentiation
of biomolecules with functional activities in endothelial cell
activation [49, 50] should promote the risk of atherosclerosis
in DS. However, since DS is considered an atheroma-free
model [51] and clinical studies do not report any increase
in the risk of cardiovascular disease in adult and elderly
patients, DS individuals constitute a still unsolved biologi-
cal/clinical paradox [47]. Among our cohort of DS prepuber-
tal children, we did not disclose differences in NGF levels.
However, a previous study did not reveal differences in serum
NGF between prepubertal DS children and controls [48]
while potentiation in NGF serum levels of DS children was
reported in another investigation [47] demonstrating that
the age parameter in DS children could be a confounding
factor. Disrupted serum BDNF may correlate also with the
elevated risk of dementia in DS individuals. Indeed, Alzhei-
mer’s disease is most likely universal in older individuals
with Down Syndrome due to having three copies of the amy-
loid precursor protein gene, resulting in amyloid-beta plaque
deposition [52, 53]. Older adults with Down Syndrome often
present with cognitive decline: more than 80% may experi-
ence dementia by age 65 years. However, further investiga-
tion is required to better understand and disclose the
biomarkers of the disorder progression and their relation-
ship with symptom development during the presymptom-
atic period [52, 53].

DS individuals typically have a poor immune function
and generally reach developmental milestones at a later age.
They have an increased risk of a number of other health
problems, including congenital heart defects, epilepsy, leuke-
mia, thyroid and autoimmune diseases, and mental disor-
ders. Indeed, DS persons may have a high frequency of
infections, usually of the upper respiratory tract, character-
ized by increased severity and prolonged course of the dis-
ease, which are partially attributed to defects of the immune
system. The abnormalities of the immune system associated
with DS include mild to moderate T and B cell lymphopenia,
with a marked decrease in naive lymphocytes, impaired
mitogen-induced T cell proliferation, reduced specific anti-
body responses to immunizations, and defects of neutrophil
chemotaxis. Limited evidence of genetic abnormalities sec-
ondary to trisomy of chromosome 21 and affecting the
immune system is available, such as the potential conse-
quences of gene overexpression [30]. Secondary immunode-
ficiency due to metabolic or nutritional factors in DS,

particularly calcium, selenium, and zinc deficiency, has been
also postulated [54]. However, the molecular mechanisms
leading to the immune defects observed in DS individuals
and the contribution of these immunological abnormalities
remain largely unknown, especially in DS prepubertal chil-
dren [55]. Children with Down Syndrome develop more
infections, have an increased mortality from sepsis, and an
increased incidence of chronic inflammatory conditions
[56]. Cytokine dysregulation may underpin these clinical
sequelae and raised proinflammatory biomarkers are a fea-
ture in adults with DS [56]. Changes in young and adult DS
individuals’ immune response is modulated by the levels of
pro- and anti-inflammatory cytokines [57, 58] depending
on many factors as the severity and extension of the trisomy
21, the presence of concomitant immunological disorders,
infections, age, oxidative stress, congenital heart diseases,
neurological impairments, and blood/nonblood cancers [59,
60]. In the sample of the present study of prepubertal DS
children characterized by restricted recruitment criteria as
no use of drugs or chemicals, concomitant inflammatory,
endocrine and autoimmune disorders, or diagnosed cardio-
vascular pathologies, we found a significant decrease in the
serum levels of TNF-α, TGF-β, MCP-1, IL-1α, IL-2, IL-6,
IL-10, and IL-12. In addition, we disclosed for the first time
different gender responses between males and females DS
children in the analyzed serum cytokines. We do hypothesize
that the low levels of the analyzed cytokines in the serum of
DS prepubertal children could be due to a physiological delay
and/or disrupted normal development of the individuals’
immune system as previously reported for both DS subjects
and DS animal models [61–63] with different cytokines pres-
ence between males and females prepubertal DS children. As
for gender differences in DS children, available data show
disparities between DS boys and girls mainly in major con-
genital heart defects [64, 65] and, as recently demonstrated,
in emotional and behavioral problems associated with
attention-deficit and hyperactivity disorders [66]. These data
could be associated with the differences in serum cytokines
analyzed in our study.

A further element of discussion, also related to the
BDNF changes we found, is the relationship between these
alterations in neuroinflammatory markers and the devel-
opment of dementia in DS individuals. Actually, the spe-
cific chromosome 21 gene products and the complexity
of the mechanisms they engender that give rise to the neu-
roinflammatory responses noted in fetal development of the
DS brain and their potential as accelerators of Alzheimer
neuropathogenesis in DS are crucial topics, particularly as
they relate to the development and propagation of neuroin-
flammation, the consequences of which are recognized clini-
cally and neuropathologically as dementia-like diseases [67].

We do believe that the strength of this study is that both
controls and DS individuals underwent the same stressing
conditions since they both came from the pediatrics section
of a university hospital with similar blood collection rules
and according to restricted subject recruitments’ procedures
(see methods, in particular for control individuals’ enroll-
ment). Furthermore, according to the exclusion criteria for
the DS individuals’ enrollment in the study, based on the
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university hospital standard analyses, we did not include
children with anomalies in insulin-like growth factors
(IGF-1) and thyroid hormones, quite common in DS chil-
dren that could have biased the results on the neuroinflam-
matory markers. Of course, a limit of the study is the
relatively low number of individuals enrolled in the experi-
mentation but that depends on its strength (restricted enroll-
ment rules). Since DS individuals display high variability in
learning and memory abilities, another, but secondary, limit
of the study is the lack of neurocognitive analyses to study
changes in neurodevelopment and to correlate these findings
also with the neuroinflammatory markers.

A future direction of this investigation by increasing the
number of the enrolled subjects is the possibility to follow-
up the patients over time to check whether or not early
changes in neuroinflammatory markers could be associated
with a premature onset of dementia-like diseases to early
establish more efficacious treatment protocols.

The present investigation may represent a step forward in
the attempt to unravel some biomolecular processes and
responses underlying the DS immune system development
and functionality. These results may be of interest also for
studies in the fields of human genetic disorders in children.

Data Availability

The biochemical and clinical data used to support the find-
ings of this study are available from the corresponding author
upon request.

Conflicts of Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgments

Authors thank Sapienza Università di Roma, Italy, and
IBBC-CNR for supporting the study.

References

[1] P. Kruszka, A. R. Porras, A. K. Sobering et al., “Down syn-
drome in diverse populations,” American Journal of Medical
Genetics Part A, vol. 173, no. 1, pp. 42–53, 2017.

[2] A. J. Esbensen, “Health conditions associated with aging and
end of life of adults with Down syndrome,” International
Review of Research in Mental Retardation, vol. 39, pp. 107–
126, 2010.

[3] A. G. Ugazio, R. Maccario, L. D. Notarangelo, and G. R. Bur-
gio, “Immunology of Down syndrome: a review,” American
Journal of Medical Genetics. Supplement, vol. 7, pp. 204–212,
1990.

[4] L. Nespoli, G. R. Burgio, A. G. Ugazio, and R. Maccario,
“Immunological features of Down’s syndrome: a review,” Jour-
nal of Intellectual Disability Research, vol. 37, no. 6, pp. 543–
551, 1993.

[5] M. Nateghi Rostami, M. Douraghi, A. Miramin Mohammadi,
and B. Nikmanesh, “Altered serum pro-inflammatory cyto-

kines in children with Down’s syndrome,” European Cytokine
Network, vol. 23, no. 2, pp. 64–67, 2012.

[6] R. H. J. Verstegen, M. A. A. Kusters, E. F. A. Gemen, and E. DE
Vries, “Down syndrome B-lymphocyte subpopulations, intrin-
sic defect or decreased T-lymphocyte help,” Pediatric Research,
vol. 67, no. 5, pp. 563–569, 2010.

[7] M. Murphy, D. S. Friend, L. Pike-Nobile, and L. B. Epstein,
“Tumor necrosis factor-alpha and IFN-gamma expression in
human thymus. Localization and overexpression in Down
syndrome (trisomy 21),” The Journal of Immunology,
vol. 149, pp. 2506–2512, 1992.

[8] M. B. Trotta, J. B. Serro Azul, M. Wajngarten, S. G. Fonseca,
A. C. Goldberg, and J. E. Kalil, “Inflammatory and immuno-
logical parameters in adults with Down syndrome,” Immunity
& Ageing, vol. 8, no. 1, p. 4, 2011.

[9] M. E. Zaki, H. T. El-Bassyouni, A. M. S. Tosson, E. Youness,
and J. Hussein, “Coenzyme Q10 and pro-inflammatory
markers in children with Down syndrome: clinical and bio-
chemical aspects,” Jornal de Pediatria, vol. 93, no. 1, pp. 100–
104, 2017.

[10] F. Licastro, M. Chiappelli, M. Ruscica, V. Carnelli, and M. M.
Corsi, “Altered cytokine and acute phase response protein
levels in the blood of children with Downs syndrome: relation-
ship with dementia of Alzheimer’s type,” International Journal
of Immunopathology and Pharmacology, vol. 18, no. 1,
pp. 165–172, 2005.

[11] M. G. Carta, P. Serra, A. Ghiani et al., “Chemokines and pro-
inflammatory cytokines in Down’s syndrome: an early marker
for Alzheimer-type dementia?,” Psychotherapy and Psychoso-
matics, vol. 71, no. 4, pp. 233–236, 2002.

[12] G. Minnone, F. De Benedetti, and L. Bracci-Laudiero, “NGF
and its receptors in the regulation of inflammatory response,”
International Journal of Molecular Sciences, vol. 18, no. 5, arti-
cle 1028, 2017.

[13] G. Bersani, A. Iannitelli, M. Fiore, F. Angelucci, and L. Aloe,
“Data and hypotheses on the role of nerve growth factor and
other neurotrophins in psychiatric disorders,” Medical
Hypotheses, vol. 55, no. 3, pp. 199–207, 2000.

[14] M. Fiore, G. N. Chaldakov, and L. Aloe, “Nerve growth factor
as a signaling molecule for nerve cells and also for the
neuroendocrine-immune systems,” Reviews in the Neurosci-
ences, vol. 20, no. 2, pp. 133–145, 2009.

[15] G. N. Chaldakov, M. Fiore, P. I. Ghenev, I. S. Stankulov,
and L. Aloe, “Atherosclerotic lesions: possible interactive
involvement of intima, adventitia and associated adipose tis-
sue,” International Medical Journal, vol. 7, no. 1, pp. 43–49,
2000.

[16] G. N. Chaldakov, M. Fiore, A. B. Tonchev, and L. Aloe,
“Neuroadipology: a novel component of neuroendocrinol-
ogy,” Cell Biology International, vol. 34, no. 10, pp. 1051–
1053, 2010.

[17] G. N. Chaldakov, I. S. Stankulov, M. Fiore, P. I. Ghenev, and
L. Aloe, “Nerve growth factor levels and mast cell distribution
in human coronary atherosclerosis,” Atherosclerosis, vol. 159,
no. 1, pp. 57–66, 2001.

[18] S. C. Bischoff and C. A. Dahinden, “Effect of nerve growth fac-
tor on the release of inflammatory mediators by mature
human basophils,” Blood, vol. 79, no. 10, pp. 2662–2669, 1992.

[19] M. Torcia, L. Bracci-Laudiero, M. Lucibello et al., “Nerve
growth factor is an autocrine survival factor for memory B
lymphocytes,” Cell, vol. 85, no. 3, pp. 345–356, 1996.

8 Journal of Immunology Research



[20] L. Aloe and M. A. Tuveri, “Nerve growth factor and autoim-
mune rheumatic diseases,” Clinical and Experimental Rheu-
matology, vol. 15, no. 4, pp. 433–438, 1997.

[21] S. Bonini, A. Lambiase, S. Bonini, F. Levi-Schaffer, and L. Aloe,
“Nerve growth factor: an important molecule in allergic
inflammation and tissue remodelling,” International Archives
of Allergy and Immunology, vol. 118, no. 2-4, pp. 159–162,
1999.

[22] S. K. Kritas, A. Saggini, G. Cerulli et al., “Neuropeptide NGF
mediates neuro-immune response and inflammation through
mast cell activation,” Journal of Biological Regulators and
Homeostatic Agents, vol. 28, pp. 177–181, 2014.

[23] S. D. Skaper, “Nerve growth factor: a neuroimmune crosstalk
mediator for all seasons,” Immunology, vol. 151, no. 1, pp. 1–
15, 2017.

[24] B. Lu, G. Nagappan, X. Guan, P. J. Nathan, and P. Wren,
“BDNF-based synaptic repair as a disease-modifying strategy
for neurodegenerative diseases,” Nature Reviews Neuroscience,
vol. 14, no. 6, pp. 401–416, 2013.

[25] F. Angelucci, F. Gelfo, P. De Bartolo, C. Caltagirone, and
L. Petrosini, “BDNF concentrations are decreased in serum
and parietal cortex in immunotoxin 192 IgG-saporin rat
model of cholinergic degeneration,” Neurochemistry Interna-
tional, vol. 59, no. 1, pp. 1–4, 2011.

[26] F. Sornelli, M. Fiore, G. N. Chaldakov, and L. Aloe, “Adipose
tissue-derived nerve growth factor and brain-derived neuro-
trophic factor: results from experimental stress and diabetes,”
General Physiology and Biophysics, vol. 28, pp. 179–183,
2009.

[27] L. Aloe and M. Fiore, “TNF-alpha expressed in the brain of
transgenic mice lowers central tyroxine hydroxylase immuno-
reactivity and alters grooming behavior,” Neuroscience Letters,
vol. 238, no. 1-2, pp. 65–68, 1997.

[28] M. Kerschensteiner, E. Gallmeier, L. Behrens et al., “Activated
human T cells, B cells, and monocytes produce brain-derived
neurotrophic factor in vitro and in inflammatory brain lesions:
a neuroprotective role of inflammation?,” The Journal of
Experimental Medicine, vol. 189, no. 5, pp. 865–870, 1999.

[29] O. Schulte-Herbruggen, C. Nassenstein, M. Lommatzsch,
D. Quarcoo, H. Renz, and A. Braun, “Tumor necrosis factor-
alpha and interleukin-6 regulate secretion of brain-derived
neurotrophic factor in human monocytes,” Journal of Neu-
roimmunology, vol. 160, no. 1-2, pp. 204–209, 2005.

[30] F. Guaraldi, R. Rossetto Giaccherino, F. Lanfranco et al.,
“Endocrine autoimmunity in Down’s syndrome,” Frontiers of
Hormone Research, vol. 48, pp. 133–146, 2017.

[31] J. Muchova, I. Zitnanova, and Z. Durackova, “Oxidative stress
and Down syndrome. Do antioxidants play a role in therapy?,”
Physiological Research, vol. 63, no. 5, pp. 535–542, 2014.

[32] F. Gomez-Pinilla and T. T. J. Nguyen, “Natural mood foods:
the actions of polyphenols against psychiatric and cognitive
disorders,” Nutritional Neuroscience, vol. 15, no. 3, pp. 127–
133, 2012.

[33] S. De Nicoló, L. Tarani, M. Ceccanti et al., “Effects of olive
polyphenols administration on nerve growth factor and brain-
derived neurotrophic factor in the mouse brain,” Nutrition,
vol. 29, no. 4, pp. 681–687, 2013.

[34] S. E. Bates, “Classical cytogenetics: karyotyping techniques,” in
Human Pluripotent Stem Cells, Methods in Molecular Biology
(Methods and Protocols), P. Schwartz and R. Wesselschmidt,
Eds., pp. 177–190, Humana Press, 2011.

[35] S. Thalhammer, U. Koehler, R. W. Stark, and W. M. Heckl,
“GTG banding pattern on human metaphase chromosomes
revealed by high resolution atomic-force microscopy,” Journal
of Microscopy, vol. 202, no. 3, pp. 464–467, 2001.

[36] H. Huang and J. Chen, “Chromosome bandings,” in Cancer
Cytogenetics, T. Wan, Ed., vol. 1541 of Methods in Molecu-
lar Biology, pp. 59–66, Humana Press, New York, NY, USA,
2017.

[37] V. Carito, M. Ceccanti, V. Cestari et al., “Olive polyphenol
effects in a mouse model of chronic ethanol addiction,” Nutri-
tion, vol. 33, pp. 65–69, 2017.

[38] V. Carito, M. Ceccanti, L. Tarani, and G. Ferraguti, “Neurotro-
phins’ modulation by olive polyphenols,” Current Medicinal
Chemistry, vol. 23, no. 28, pp. 3189–3197, 2016.

[39] M. C. Valentina Carito, “Serum BDNF and NGF modulation
by olive polyphenols in alcoholics during withdrawal,” Journal
of Alcoholism & Drug Dependence, vol. 3, no. 4, 2015.

[40] M. G. Pavlatou, M. Papastamataki, F. Apostolakou,
I. Papassotiriou, and N. Tentolouris, “FORT and FORD: two
simple and rapid assays in the evaluation of oxidative stress in
patients with type 2 diabetes mellitus,” Metabolism, vol. 58,
no. 11, pp. 1657–1662, 2009.

[41] F. D. Jeanneteau, W. M. Lambert, N. Ismaili et al., “BDNF and
glucocorticoids regulate corticotrophin-releasing hormone
(CRH) homeostasis in the hypothalamus,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 109, no. 4, pp. 1305–1310, 2012.

[42] P. M. Cowley, D. R. Nair, L. R. DeRuisseau, S. Keslacy,
M. Atalay, and K. C. DeRuisseau, “Oxidant production and
SOD1 protein expression in single skeletal myofibers from
Down syndrome mice,” Redox Biology, vol. 13, pp. 421–425,
2017.

[43] T. Komatsu, Y. Duckyoung, A. Ito et al., “Increased oxida-
tive stress biomarkers in the saliva of Down syndrome
patients,” Archives of Oral Biology, vol. 58, no. 9, pp. 1246–
1250, 2013.

[44] S. V. Jovanovic, D. Clements, and K. MacLeod, “Biomarkers of
oxidative stress are significantly elevated in Down syndrome,”
Free Radical Biology and Medicine, vol. 25, no. 9, pp. 1044–
1048, 1998.

[45] F. V. Pallardo, P. Degan, M. d’Ischia et al., “Multiple evi-
dence for an early age pro-oxidant state in Down syn-
drome patients,” Biogerontology, vol. 7, no. 4, pp. 211–220,
2006.

[46] G. Dogliotti, E. Galliera, F. Licastro, and M. M. Corsi, “Age-
related changes in plasma levels of BDNF in Down syndrome
patients,” Immunity & Ageing, vol. 7, p. 2, 2010.

[47] M. M. Corsi, G. Dogliotti, F. Pedroni et al., “Plasma nerve
growth factor (NGF) and inflammatory cytokines (IL-6 and
MCP-1) in young and adult subjects with Down syndrome:
an interesting pathway,” Neuro Endocrinology Letters, vol. 27,
no. 6, pp. 773–778, 2006.

[48] G. Calamandrei, E. Alleva, F. Cirulli et al., “Serum NGF levels
in children and adolescents with either Williams syndrome or
Down syndrome,” Developmental Medicine and Child Neurol-
ogy, vol. 42, no. 11, pp. 746–750, 2000.

[49] G. N. Chaldakov, M. Fiore, I. S. Stankulov et al., “Neurotro-
phin presence in human coronary atherosclerosis and meta-
bolic syndrome: a role for NGF and BDNF in cardiovascular
disease?,” Progress in Brain Research, vol. 146, pp. 279–289,
2004.

9Journal of Immunology Research



[50] G. N. Chaldakov, M. Fiore, I. S. Stanknlov, V. Triaca, P. I.
Ghenev, and L. Aloe, “Neuroimmune hypothesis of athero-
sclerosis,” Biomedical Reviews, vol. 10, pp. 37–44, 1999.

[51] J. C. Murdoch, J. C. Rodger, S. S. Rao, C. D. Fletcher, and
M. G. Dunnigan, “Down’s syndrome: an atheroma-free
model?,” British Medical Journal, vol. 2, no. 6081, pp. 226–
228, 1977.

[52] A. Kłosowska, A. Ćwiklińska, A. Kuchta, A. Berlińska,
M. Jankowski, and J. Wierzba, “Down syndrome, increased
risk of dementia and lipid disturbances,”Developmental Period
Medicine, vol. 21, no. 1, pp. 69–73, 2017.

[53] R. Hithersay, S. Hamburg, B. Knight, and A. Strydom, “Cogni-
tive decline and dementia in Down syndrome,” Current Opin-
ion in Psychiatry, vol. 30, no. 2, pp. 102–107, 2017.

[54] A. Saghazadeh, M. Mahmoudi, A. Dehghani Ashkezari,
N. Oliaie Rezaie, and N. Rezaei, “Systematic review and
meta-analysis shows a specific micronutrient profile in people
with Down syndrome: lower blood calcium, selenium and
zinc, higher red blood cell copper and zinc, and higher salivary
calcium and sodium,” PLoS One, vol. 12, no. 4, article
e0175437, 2017.

[55] G. Ram and J. Chinen, “Infections and immunodeficiency in
Down syndrome,” Clinical and Experimental Immunology,
vol. 164, no. 1, pp. 9–16, 2011.

[56] D. Huggard, L. Kelly, E. Ryan et al., “Increased systemic
inflammation in children with Down syndrome,” Cytokine,
vol. 127, article 154938, 2020.

[57] M. F. Mattos, P. M. Biselli-Chicote, J. M. Biselli, T. L. da Silva
Assembleia, E. M. Goloni-Bertollo, and E. C. Pavarino, “Inter-
leukin 6 and 10 serum levels and genetic polymorphisms in
children with Down syndrome,” Mediators of Inflammation,
vol. 2018, Article ID 6539548, 9 pages, 2018.

[58] K. Kobayashi, T. Yoshioka, J. Miyauchi et al., “Role of mono-
cyte chemoattractant protein-1 in liver fibrosis with transient
myeloproliferative disorder in Down syndrome,” Hepatol
Commun, vol. 2, no. 3, pp. 230–236, 2018.

[59] P. Margulies, Down Syndrome, The Rosen Publishing Group,
Inc, 2006.

[60] F. F. Evans-Martin, Down Syndrome, Chelsea House, An
Imprint of Infobase Publishing, 2009.

[61] F. Venail, Q. Gardiner, and M. Mondain, “ENT and speech
disorders in children with Down’s syndrome: an overview of
pathophysiology, clinical features, treatments, and current
management,” Clinical Pediatrics, vol. 43, no. 9, pp. 783–791,
2004.

[62] C. N. Berger and C. J. Epstein, “Delayed thymocyte maturation
in the trisomy 16mouse fetus,” Journal of Immunology, vol. 27,
Supplement 1, pp. 62–96, 1989.

[63] Y. Xu, W. Li, X. Liu et al., “Identification of dysregulated
microRNAs in lymphocytes from children with Down syn-
drome,” Gene, vol. 530, no. 2, pp. 278–286, 2013.

[64] T. Takano, M. Akagi, H. Takaki et al., “Sex differences in
congenital heart disease in Down syndrome: study data
from medical records and questionnaires in a region of
Japan,” BMJ Paediatrics Open, vol. 3, no. 1, article e000414,
2019.

[65] M. Santoro, A. Coi, I. Spadoni, F. Bianchi, and A. Pierini, “Sex
differences for major congenital heart defects in Down syn-
drome: a population based study,” European Journal of Medi-
cal Genetics, vol. 61, no. 9, pp. 546–550, 2018.

[66] T. Nærland, K. A. Bakke, S. Storvik, G.Warner, and P. Howlin,
“Age and gender-related differences in emotional and behav-
ioural problems and autistic features in children and adoles-
cents with Down syndrome: a survey-based study of 674
individuals,” Journal of Intellectual Disability Research,
vol. 61, no. 6, pp. 594–603, 2017.

[67] D. M. Wilcock and W. S. T. Griffin, “Down’s syndrome, neu-
roinflammation, and Alzheimer neuropathogenesis,” Journal
of Neuroinflammation, vol. 10, p. 84, 2013.

10 Journal of Immunology Research


	Neuroinflammatory Markers in the Serum of Prepubertal Children with Down Syndrome
	1. Introduction
	2. Materials and Methods
	2.1. Participants’ Selection
	2.2. NGF and BDNF Serum Level Evaluation
	2.3. Free Oxygen Radicals Defense (FORD) and Free Oxygen Radicals Test (FORT)
	2.4. Oxidative Stress ELISA Strip Profiling Assay
	2.5. Statistical Analysis

	3. Results
	3.1. Characteristics of the Subjects Included in the Study
	3.2. NGF and BDNF Serum Levels
	3.3. Oxidative Stress Evaluation
	3.4. Serum Levels of TNF-α, TGF-β, MCP-1, IL-1α, IL-2, IL-6, IL-10, and IL-12

	4. Discussion
	Data Availability
	Conflicts of Interest
	Acknowledgments

