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proinflammatory plasma cytokines in patients with Down syndrome
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STRESZCZENIE
Wstęp. Pomimo rosnącego zainteresowania udziałem układu 
immunologicznego w zespole Downa (ZD), rola cytokin w tym 
zespole jest wciąż niejasna. Większość dotychczasowych 
doniesień dotyczyła osób dorosłych. Cel pracy. Celem tego 
badania było oznaczenie stężeń wybranych cytokin prozapal-
nych: ludzkiej interleukiny 1α (IL-1α), ludzkiej interleukiny 2 
(IL-2), ludzkiej interleukiny 6 (IL-6), rozpuszczalnego receptora 
dla czynnika martwicy nowotworu (sTNFR1) oraz czynnika mar-
twicy nowotworu (TNF-α) w surowicy dzieci i dorosłych z ZD. 
Materiał i metodyka. Badaniami objęto 84 dzieci i młodzieży, 
w tym 45 z ZD (20 chłopców i 25 dziewcząt, średnia wieku 
10,44 ± 4,66). Grupę kontrolną stanowiło 39 dzieci bez ZD (21 
chłopców i 18 dziewcząt, średnia wieku 11,03 ± 4,72). Do 
badania włączono również 81 osób dorosłych, w tym 41 z ZD 
(19 mężczyzn i 22 kobiety, średnia wieku 41,34 ± 8,52). Grupę 
kontrolną stanowiło 40 dorosłych bez ZD (20 mężczyzn i 20 
kobiet, średnia wieku 40,4 ± 10,29). Do oznaczeń użyto zesta-
wów testów immunologicznych z eBioscience (eBioscience 
Campus Wien Biocenter 2, 1030 Wiedeń, Austria). Wyniki. 
Uzyskano istotnie statystycznie wyższe stężenia IL-1, IL-2, IL-6, 
sTNFR1 w surowicy krwi dzieci i dorosłych z ZD w porównaniu 
z grupami kontrolnymi. Stężenie TNF-α w surowicy krwi dzieci 
z ZD było wyższe w porównaniu z grupą kontrolną, ale różnica 
nie była istotna statystycznie. W grupie pacjentów z ZD wyka-
zano wzrost stężenia IL-2 i sTNFR1 wraz z wiekiem. W przy-
padku IL-2 różnice te były statystycznie istotne. 
Słowa kluczowe: ludzka interleukina 1α, ludzka interleukina 
2, ludzka interleukina 6, rozpuszczalny receptor dla czynnika 
martwicy nowotworu, czynnik martwicy nowotworu, zespół 
Downa 

ABSTRACT
Introduction. Despite a growing interest in the contribution 
of the immune system in Down syndrome (DS), the role of 
cytokines in DS is still unclear. Most studies were conducted 
in adults with DS. Aim of the study. In this study we deter-
mined the levels of the selected proinflammatory cytokines: 
interleukin-1α (IL-1α), interleukin-2 (IL-2), interleukin-6 (IL-6), 
human soluble tumor necrosis factor receptor1 (sTNFR1) and 
human tumor necrosis factor alpha (TNF-α) in plasma of chil-
dren and adults with DS. Material and methods. The study 
included 84 children and adolescents, including 45 with DS (20 
boys and 25 girls; mean age 10.44 ± 4.66 years). The con-
trol group consisted of 39 children without DS (21 boys and 18 
girls; mean age 11.03 ± 4.72). We recruited 81 adults, includ-
ing 41 with DS (19 males and 22 females; mean age 41.34 ± 
8.52). The control group consisted of 40 adults without DS (20 
males and 20 females; mean age 40.4 ± 10.29). Immunoassay 
kits of eBioscience (eBioscience Campus Vienna Biocenter 2, 
1030 Vienna, Austria) were used. Results. Compared with the 
control group, the DS group (children and adults) had statisti-
cally significant increases in mean serum IL-1α, IL-2, IL-6 and 
sTNFR1 levels. The TNF-α levels were also increased in the DS 
children, but the difference was not statistically significant. A 
positive correlation was found between IL-2 levels and age and 
sTNFR1 levels and age in the DS group but only in the case of 
IL-2 these differences were statistically significant.
Key words: human interleukin-1α, human interleukin-2, human 
interleukin-6, human soluble tumor necrosis factor receptor 1, 
human tumor necrosis factor α, Down syndrome 

INTRODUCTION 
Down syndrome (DS) is the most common chromosomal 
abnormality in humans that occurs in 1 out of every 800–
1,000 births. It is an autosomal disorder resulting from trip-
lication of chromosome 21 [1, 2]. 

The current report is a continuation of our earlier research 
on DS. We focused on some aspects of oxidative stress in the 
pathogenesis of DS [3, 4]. Our results showed that distur-
bances of lipid peroxidation processes increased with age. 

Children with DS are at increased risk for epilepsy and 
attention- deficit/hyperactivity disorder [5, 6]. Our previ-
ous results showed that 6% patients with DS had epileptic 
seizures [7]. 

Down syndrome is the most frequent chromosomal 
disorder with long lasting infections caused by deficiency 
of the original immune system. Up-to-date investigations 
on immunological conditions did not show any coherent 
results. The aim of our previous study was the assessment 
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of cell immunity in children with DS using CD3+, CD4+ 
and CD8+ lymphocyte in peripheral blood T ratio in com-
parison with a reference group. Based on the obtained 
results, it can be concluded that cell-mediated immunity 
dysfunction in children with DS might lead to an increased 
susceptibility to infections [8].

Down syndrome is well established to be associated 
with multiple immune aberrations. Compared with healthy 
subjects, DS patients are significantly more sensitive to 
infections and have a higher frequency of coexistent hepa-
titis B and malignant disease (especially leukemia) in addi-
tion to the enhanced predisposition to autoimmune disease 
[9, 10]. There is a large number of autoimmune diseases in 
DS. Autoimmune thyroid disease is the most frequent auto-
immune disorder coexisting with DS [11]. DS is associated 
with a high frequency of celiac disease, an autoimmune 
gastrointestinal disorder characterized by mucosal atrophy 
of the jejunum on exposure to gluten and related proteins 
from certain grains. There has been a number of studies 
concerning diabetes and autoimmune diseases (hypopar-
athyroidism, alopecia) which might be more prevalent in 
people with DS [12–15].

The interaction between immune cells is finely regu-
lated by several mechanisms, among which cytokines play 
a crucial role in modulating the quality and the intensity of 
immune responses. Cytokines are small proteins produced 
by most cells in the body, which through multiple bio-
logical activities promote cell- cell interaction. Cytokines 
participate in many physiological processes including reg-
ulation of immune and inflammatory responses [16].

People with DS frequently show early dementia with 
compromised short-term memory, behavioural and anxiety 
disorders, deteriorating self- care and social skills. Post- 
mortem studies in subjects with DS have demonstrated the 
almost invariable presence of senile plaque after the 30-year 
build-up of deposits of amyloid-β peptide similar to those 
observed in Alzheimer’s disease, suggesting a common 
pathogenesis for the two conditions [17]. In both Down 
syndrome and Alzheimer’s disease an overproduction of 
amyloid has been described. The amyloid precursor protein 
is coded in chromosome 21 (gene locus 21q21.2-21q22.1). 
The presence of a supernumerary chromosome 21 in DS 
could be related to amyloid overproduction. Accordingly, 
the finding of increased amyloid deposition in Alzheimer’s 
disease should be otherwise explained [17, 18]. 

Although the exact pathogenic mechanism at the 
basis of plaque formation has not yet been defined, some 
observations suggest that proinflammatory cytokine could 
be directly involved in Alzheimer’s disease and in the 
degenerative and reactive processes of the central nervous 
system [19]. A great deal of evidence indicates a hypotheti-
cal, although still unclear, generic role of the entire proin-
flammatory cytokine class in Alzheimer’s disease and in 
dementia in DS. Heyser et al. reported a decline in learning 
capacity in transgenic mice expressing elevated IL-6 pro-
duction at the astrocytic level [20]. Kalman et al. pointed 
out a direct correlation between serum IL-6 levels and the 
dementia stage in subjects affected by Alzheimer’s disease 
or DS [21].

Carta et al. showed higher levels of cytokines and 
chemokines in DS patients [17]. A correlation between the 
degree of mental retardation and IL-6 was found in patients 
with DS, but not in controls [17]. The authors suggested 
a possible involvement of chemokines in the inflammatory 
and degenerative processes similar to Alzheimer’s disease 
in DS.

In other study, Park et al. reported no changes in plasma 
levels of interleukin-6 in adults with DS [22]. Some studies 
reported increased levels of interleukin-8, tumor necrosis 
factor alpha and soluble tumor necrosis factor receptor1, 
whereas others reported no changes in their plasma levels 
[23–26].

Despite a growing interest in the contribution of 
the immune system in DS, the role of cytokines in DS 
is still unclear. Most studies were conducted in adults 
with DS. Toward better understanding of the role of 
cytokines in DS, this study was focused on proinflamma-
tory cytokines in plasma of children and adults with DS: 
human interleukin-1α (IL-1α), human interleukin-2 (IL-2), 
human interleukin-6 (IL-6), human tumor necrosis factor α 
(TNF-α) and human soluble tumor necrosis factor recep-
tor1 (sTNFR1). Our hypothesis is that IL-1α, IL-2, IL-6, 
TNF-α, sTNFR1 concentrations in the serum of children 
and adults with DS are elevated when compared with age-
adjusted controls.

MATERIALS AND METHODS 
The study included 84 children and adolescents, including 
45 with DS (20 boys and 25 girls; mean age 10.44 ± 4.66 
years; range 5–17). The control group consisted of 39 chil-
dren without DS (21 boys and 18 girls; mean age 11.03 ± 
4.72). All subjects with DS were assessed by clinical exa-
mination and karyotype analysis; they were free of other 
pathological conditions at the moment of the study and were 
in good health. All of them were patients at the Department 
of Pediatric Neurology and Rehabilitation, Medical Univer-
sity of Bialystok. We recruited 81 adults, including 41 with 
DS (19 males and 22 females; mean age 41.34 ± 8.52). The 
control group consisted of 40 adults without DS (20 males 
and 20 females; mean age 40.4 ± 10.29). 

All patients had detailed internal and neurologic exam-
inations, and all had basic laboratory tests: morphology 
of venous blood, platelet count, transaminases, bilirubin, 
ammonium, glucose, electrolytes (sodium, potassium, cal-
cium, phosphorus, chlorine, magnesium), urea, creatinine, 
uric acid, cholesterol and urinalysis. Patients with signifi-
cantly abnormal basic laboratory findings, indicating liver 
dysfunction or lipid metabolism disorders were excluded 
from the study. All patients affected by allergic, inflamma-
tory, infectious, or immune disorders that could interfere 
with the study were excluded on the basis of a detailed his-
tory and laboratory investigation. Other exclusion criteria 
included thyroid hormone supplementation. Therefore, all 
subjects were generally healthy. 

Blood samples were obtained in fasting and resting 
condition, in the morning.

Blood was drawn from the antecubital vein, centri-
fuged, frozen and stored at –20°C until the assay.
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Immunoassay kits of eBioscience (eBioscience Campus 
Vienna Biocenter 2, 1030 Vienna, Austria) were used. For 
all patients in both groups (children, adults), the levels of 
Il-1, IL-2, IL-6, sTNFR1, and TNF-α in plasma samples 
were determined using enzyme – linked immunosorbent 
assay techniques according to the manufacturer’s instruc-
tions. The minimum detectable concentration of the assay 
was 1.1 pg/mL for IL-1α, 0.4 pg/mL for IL-2, and 0.03 pg/
mL for IL-6, 0.05 ng/mL for sTNFR1, and 0.106 pg/mL for 
TNF-α. We tested both groups in each assay. Laboratory 
staffs were blinded to clinical data. 

Statistical evaluation was performed with Statistica 
software, version 6.0 PL. For data with normal distribu-
tion, t-test for independent samples was conducted; other-
wise, the non- parametric Mann-Whitney U-test was used. 
Values are reported as means ± 1 standard deviation. Sig-
nificance was set at P < 0.05.

The study protocol was approved by the ethics commit-
tee of the Medical University of Białystok.

RESULTS 
Compared with the control group, the DS group (children 
and adults) had statistically significant increases in mean 
serum IL-1α, IL-2, IL-6 and sTNFR1 levels. 

The IL-1α mean concentration was significantly higher 
in children with DS (1.40 ± 0.88 pg/ml) compared with 
children control (0.90 ± 0.67 pg/ml) (p = 0.004). In adults 
with DS, the IL-1α mean concentration was 1.30 ± 0.73 
and in adults control 0.91 ± 0.65 (p = 0.01) (fig. 1). Levels 
of IL-2 were significantly higher in children with DS (1.43 

± 0.55 pg/ml) compared with children control (1.10 ± 0.65 
pg/ml) (p = 0.01) and in adults with DS (2.23 ± 1.14 pg/ml) 
compared with adults control (1.21 ± 0.52) (p < 0.001) (fig. 
2). The IL-6 mean concentration was significantly higher 
in children with DS (2.54 ± 1.29 pg/ml) compared with 
children control (1.27 ± 0.71 pg/ml) (p < 0.001). In adults 
with DS, the IL-6 mean concentration was 2.69 ± 1.46 pg/
mL and in adults control 1.09 ± 0.65 (p < 0.001) (fig. 3). 
We found a significant increase of plasma sTNFR1 con-
centrations in children with DS (0.31 ± 0.12 ng/ml) com-
pared with children control (0.25 ± 0.09 ng/ml) (p = 0.01). 
There was also a significant increase of plasma sTNFR1 
concentrations in adults with DS (0.50 ± 0.37 ng/mL) com-
pared with adults control (0.29 ± 0.10 ng/mL) (p = 0.006) 
(fig. 4). The TNF-α levels were also increased in the DS 
children compared with children control, but the difference 
was not statistically significant. In the present study, we did 
not find a significant increase of plasma TNF-α concentra-
tions in adults with DS compared with adults control (fig. 
5). 

In adults with DS, the IL-2 mean concentration was 
significantly higher compared with children with DS (2.23 
± 1.14 pg/ml versus 1.43 ± 0.55 pg/ml) (fig. 2), similarly 
the sTNFR1 concentrations in adults with DS (0.50 ± 0.37 
ng/mL) compared with children with DS (0.31 ± 0.12 ng/
ml) (fig. 4).

A positive correlation was found between IL-2 levels 
and age (R = 0,2376, P = 0,0275) (fig. 6) and sTNFR1 
levels and age (R = 0,1863, P = 0,0858 (fig. 7) in the Down 
syndrome group but only in the case of IL-2 these differ-
ences were statistically significant.

Figure 1. Comparison of human interleukin-1α levels 
between Down syndrome and control subjects.

DS – Down syndrome; IL-1alpha – human interleukin-1α. 
*** p = 0.004 versus children control; ** p = 0.01 versus adults 
control. 

Figure 2. Comparison of human interleukin-2 levels between 
Down syndrome and control subjects.

DS – Down syndrome; IL-2 – human interleukin-2. 
** p = 0.01 versus children control; ***p < 0.001 versus adults 
control. 
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Figure 3. Comparison of human interleukin-6 levels between 
Down syndrome and control subjects.

DS – Down syndrome; IL-6 – human interleukin-6. 
*** p < 0.001 versus children control; *** p < 0.001 versus adults 
control. 

Figure 4. Comparison of human soluble tumor necrosis factor 
receptor1 levels between Down syndrome and control subjects.

DS – Down syndrome; sTNFR1 – human soluble tumor necrosis 
factor receptor1.
.p = 0.006 versus adults control ٭٭٭ ;p = 0.01 versus children control ٭٭

Figure 5. Comparison of human tumor necrosis factor alpha 
levels between Down syndrome and control subjects.

DS – Down syndrome; NS – not significant; TNF alpha – human 
tumor necrosis factor α.
NS – Children DS versus children control ; NS – Adults DS versus 
adults control.

Figure 6. The regression straight line and coefficient of 
correlation between the human interleukin- 2 levels and 
the age of Down syndrome group and control subjects. 

DS R = 0,2376 T = 2,2421 P = 0,0275
Control R = –0,2131 T = –1,91439 P = 0,0592

DS – Down syndrome; IL-2 – human interleukin-2. 

Figure 6. The regression straight line and coefficient of 
correlation between the human interleukin- 2 levels and 
the age of Down syndrome group and control subjects. 

DS  R = 0,1863 T = 1,7380 P = 0,0858
Control R = 0,2370 T = 2,1414 P = 0,0353

DS – Down syndrome; sTNFR1 – human soluble tumor necrosis 
factor receptor1.
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DISCUSSION 
To the best of our knowledge, this study is the first to report 
on plasma pro-inflammatory interleukin concentrations in 
children and adults with DS using enzyme- linked immu-
nosorbent assay for quantitative detection of human inter-
leukins. We found statistically significant differences in 
mean serum IL-1α, IL-2, IL-6 and sTNFR1 concentrations 
between the DS group and controls. In the present study, 
children and adults with DS have increased TNF-α levels, 
compared with the control subjects, but the difference was 
not statistically significant. The topic has been rarely inve-
stigated in children and in adults with DS in the same study. 

The present results are generally in agreement with pre-
vious data. Despite a growing interest in the contribution 
of the immune system in DS, the role of cytokines in DS 
is still unclear. 

Interleukin 1, an immune response-generated cytokine 
that stimulates astrocyte proliferation and reactivity (astro-
gliosis), was present in up to 30 times as many glial cells 
in tissue sections of the brain from patients with DS and 
Alzheimer’s disease compared with age-matched control 
subjects [27]. Most interleukin 1-immunoreactive glia in 
DS and Alzheimer disease were classified as microglia. 
The number of IL-1 immunoreactive neurons did not 
appear to differ in DS and Alzheimer’s disease compared 
with a control brain. Numerous temporal lobe astrocytes in 
Alzheimer’s disease and postnatal DS were intensely IL-1, 
S-100, and glial fibrillary acidic protein-immunoreactive 
and had a reactive structure. IL-1 levels in Alzheimer’s 
disease temporal lobe homogenates were elevated, as were 
the levels of S-100 and glial fibrillary acidic protein, two 
proteins reportedly elevated in reactive astrocytes. These 
data suggest that increased expression of S-100 in DS, 
resulting from duplication of the gene on chromosome 21 
that encodes the beta subunit of S-100, may be augmented 
by elevation of interleukin-1. As a corollary, the astroglio-
sis in Alzheimer’s disease may be promoted by elevation 
of IL-1 [27]. 

Human IL-1 is a key mediator of the host response to 
various infectious, inflammatory, and immunologic chal-
lenges. Two distinct peptides, IL-1α and IL-1β, mediate 
the biological activities and bind to the same cell-surface 
receptors [28]. IL-1α affects several unrelated tissues 
and it is a main mediator of acute- phase inflammatory 
responses characterized by alterations in metabolic, endo-
crine, and immunologic functions [28]. IL-1β is the major 
form secreted by monocytes and macrophages, which are 
thought to be the main source of circulating IL-1. The 
IL-1α form is constitutively produced by various epithelial 
cells, keratinocytes of the skin, and in the brain. In these 
locations, IL-1α may contribute to cell growth and repair 
functions [28].

There are no previous reports addressing IL-1α levels 
in patients with DS. Previous studies were focused on the 
form IL-1β with controversial results [17, 22, 23]. Some 
reports confirm a significant increase of IL-1β in adult DS 
patients [17], but others confirm a significant decrease of 
IL-1β in adults with DS [22]. In another study, Meguid et 
al. reported that IL-1β levels in children with DS showed 

no significant difference compared with healthy subjects 
[23]. There are no previous reports addressing the levels 
of the other interleukin form, IL-1α, in DS subjects. In the 
present study, the plasma IL-1α levels were significantly 
higher in children with DS compared with healthy children 
and in adults with DS compared with healthy adults. 

The response to IL-2 has been extensively studied as 
one potential mechanism underlying the age-related defect 
in cellular immunity [29–32]. Several laboratories have 
demonstrated decreased production of IL-2 after mitogen 
stimulation, decreased density of IL-2 receptor expres-
sion, decreased expression of IL-2 mRNA, and decreased 
proliferation of T cells in response to IL-2. IL-1 and IL-2 
play a primary role in the activation, recruitment, and pro-
liferation of T lymphocytes. Evidence has been accumu-
lating that there are age-related declines in lymphocyte 
production and response to other cytokines, such as IL-1 
and TNF-α. Meguid et al. indicate that serum IL-2 levels 
were significantly decreased in children with DS compared 
with the control group, and its production was correlated 
inversely with age [23]. IL-2 production was measured in 
DS patients in a study by Park et al. [22]. IL-2 production 
was significantly decreased in aged individuals with DS. 
Interestingly, IL-2 was significantly greater in older males 
than in older females with DS [22]. 

The results of our study are different from the data in 
the literature. In the present study, the plasma IL-2 levels 
were significantly higher in children and in adults with DS 
compared with subjects without DS. 

IL-6 is secreted by T cells and macrophages to stimu-
late immune response to trauma, especially burns or other 
tissue damage leading to inflammation [21]. IL-6 is one of 
the most important mediators of the acute phase response. 
IL-6 levels were examined in the sera and CSF of patients 
with mild-moderate and severe stage of late onset sporadic 
type of Alzheimer’s disease and in the sera of demented DS 
probands with similar stages of Alzheimer’s disease and 
compared with data of age-matched healthy controls [21]. 
Normal serum IL-6 levels were found in the mild-moderate 
stage, but significantly increased levels were found in the 
severe stage of both dementia groups. CSF concentrations 
remained within the normal range in all groups. Positive 
correlations between the serum IL-6 levels and age and the 
severity of the disease were observed. The authors sug-
gested a disease stage-dependent general activation of the 
immune system both in sporadic Alzheimer’s disease and 
in DS with Alzheimer’s disease [21]. 

In another study, Licastro et al. reported that DS sub-
jects were at high risk of developing Alzheimer’s disease 
[33]. Patients with Alzheimer’s disease often show altered 
levels of some immune molecules in their peripheral blood, 
which correlate with cognitive impairment. The authors 
studied immune molecules in the blood of non-demented 
children with DS to investigate whether altered peripheral 
immune phenotype could be present in these subjects with-
out dementia, many years before the presentation of clini-
cal signs of cognitive deterioration [33]. Plasma levels of 
IL-6, and soluble interleukin-6 receptor were significantly 
higher in DS than in control children. Plasma levels of 
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soluble intercellular adhesion molecule-3, soluble vascular 
cell adhesion molecule-1 and C-reactive protein were also 
increased in DS. The increase of IL-6 and C-reactive pro-
tein in children with Down syndrome was similar to that 
found in elderly patients with clinical Alzheimer’s disease. 
Peripheral altered immune phenotype in healthy young 
subjects with DS might be an early sign of CNS altera-
tions leading many years later to cognitive deterioration 
and dementia [33].

In another study by Licastro et al. plasma levels of IL-6 
were higher in children with DS than in controls [19]. Carta 
et al. [17] and Park et al. [22] reported that production of 
IL-6 in older patients with DS was not significantly differ-
ent from controls. Our results are generally in agreement 
with the data of Licastro et al. [19]. In the present study, 
the plasma IL-6 levels were significantly higher in children 
and in adults with DS compared with subjects without DS.

Tumor necrosis factor receptor1 is one of two receptors 
of tumor necrosis factors present at the surface of many 
cells, able to bind both human tumor necrosis factor alpha 
and human tumor necrosis factor beta. Soluble forms of the 
receptors are shed from the cell membrane and are present 
in plasma, urine, and culture supernatants [34]. Different 
processes modulate their presence. Human sTNFR1 cor-
relates, for example, with disease progression in human 
immunodeficiency virus infection, parasitemia, and disease 
severity in human malaria [35]. In the present study, serum 
concentrations of sTNFR1 in DS subjects was significantly 
increased compared with controls. In the literature, there is 
no data on sTNFR1 in those subjects. Most studies indicate 

that human tumor necrosis factor alpha levels in children 
with DS showed no significant difference compared with 
healthy subjects [17, 22, 23]. The present results for TNF-α 
levels in children and adults with DS are the same. 

In our previous study, we examined selected anti-
inflammatory interleukins plasma concentrations (human 
IL-4, human IL-10 and human IL-13) from individuals 
with DS in order to correlate with age and sex [36]. No sig-
nificant correlations between measurable cytokine levels 
and age and sex were found. No significant increased con-
centrations of selected anti- inflammatory cytokines were 
detected [36].

CONCLUSIONS
Based on obtained results the following conclusions can be 
drawn:

• The present results point to increased levels of the 
proinflammatory cytokines IL-1α, IL-2, IL-6 and 
sTNFR1 in children and adults with DS compared 
with control patients.

• We observed an age-related increased concentration 
of IL-2 and sTNFR1 and in the case of IL-2 these dif-
ferences were statistically significant.

• Taking into account the present results and the results 
of our previous study indicating no changes in activity 
anti-inflammatory cytokines, this imbalance between 
the anti- and pro-inflammatory processes may play 
a role in the development of humoral immunity dys-
function in DS.
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