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Abstract  

Background:  Down syndrome (DS, Trisomy 21) is a  
genetic disease resulting from the presence of all or part of  

an extra 21 chromosome and may affect the function of any  

organ and system. It is the most common chromosomal ab-
normality, with a frequency of 1:800 to 1:1000 births. In  

Egypt, it varies between 1 in 555 in one study to 1 in 770 in  
another. Amyloid Precursor Protein (APP) is a membrane  
protein concentrated in the synapses of neurons. APP prote-
olysis generates beta amyloid (A R ), which forms amyloid  
plaques found in the brains of Alzheimer's disease patients.  

In DS, there is increase in production of (A R ), so children  
and adolescents are more susceptible for dementia and Alzhe-
imer's disease.  

Aim of Study:  It was to compare plasma Amyloid protein  

(AR ) level in children suffering from DS with its level in the  

controls and correlation between (A R ) level and Intelligent  
Quotient (IQ) of the studied subjects.  

Patients and MethoDS: This study was carried out on 40  
Egyptian children divided into: 20 children with DS with age  

range (3-16 years) under follow-up at Genetics Unit of Pediatric  

Department Tanta University Hospital and 20 healthy children  
with normal karyotyping matched for sex and age. All patients  
and controls were subjected to complete history taking, clinical  

examination, and laboratory investigations including (karyo-
typing, cholesterol & triglycerides level, thyroid function test,  
random blood sugar, Intelligent Quotient (IQ), and beta  
amyloid protein serum level.  

Results: Serum Beta amyloid protein level was signifi-
cantly higher in children and adolescents with DS in compar-
ison with healthy control.  

Conclusion:  We concluded that serum Beta amyloid  

protein level was significantly higher in children and adoles-
cents with DS in comparison with healthy control. We also  
concluded that there was a significant positive correlation  

between serum beta amyloid protein level and age of children  

and adolescents with Down syndrome and there is no corre-
lation between AR  and IQ.  

Key WorDS:  Down syndrome – Serum Beta amyloid protein  

(A R) by ELISA.  
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Introduction  

DOWN  Syndrome (DS, Trisomy 21) is a genetic  

condition caused by the presence of all or part of  

a third copy of chromosome 21 [1] . It is one of the  
most frequent causes of mental retardation occur-
ring in one of 733 live birth in United states of  
America (USA). It is typically associated with  

physical growth delays, mild to moderate intellec-
tual disability and characteristic features (low  

muscle tone, single deep crease across the palm  

of hand called Simian crease and upward slanting  
of eyes) [3] .  

Amyloid Precursor Protein (APP) is an in-
tegral membrane protein expressed in many tissues  
and concentrated in the synapses of neurons [4] .  
Beta amyloid protein (A R ) is produced by the  
sequential cleavage of APP by beta-secretase [5]  
which has now been identified as beta-site amyloid  
precursor protein cleaving enzyme (BACE). The  
gene for BACE is also located on chromosome 21  

in DS and may contribute to increased AB produc-
tion [6] .  

One study showed that increased levels of A R  
were found in brain extracts of children with DS  

but not in controls [7] . The most likely explanation  
for the increased A R  levels in DS brain extracts is  
the presence of an extra copy of the APP gene,  

located on chromosome 21, which may lead to the  

over production of AR  proteins in brain and Plasma  
[8-10] .  

Individuals with Down Syndrome (DS) develop  
Alzheimer's Disease (AD) pathology in a progres-
sive age dependent manner [11-13]  and as such are  
at high risk for the development of dementia [12] .  

Dementia is a clinical term that refers to the  

development of progressive cognitive deterioration  
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associated with an inability to perform normal  

activities of daily living [14] .  

When dementia affects the young, there is  
usually a single pathologic process present on  
autopsy such as the neuritic plaques and neurofi-
brillary tangles [15] . The core protein of this neuritic  
plaques is amyloid 0  (AR ) protein which is prote-
olytically derived from Amyloid Precursor Protein  
(APP) [16] .  

Patients and MethoDS  

This observational case control study was car-
ried out on 40 Egyptian children who were divided  

into (1): Patient group, twenty children with Down  

syndrome with age range (3-16 years) under follow-
up at Genetic Unit of Pediatrics Department Tanta  

University Hospital during the period from Febru-
ary 2017 to August 2018. Diagnosis of Down  

syndrome was based on karyotyping and clinical  
examination. (2) Control group, twenty healthy  
children with normal karyotyping matched for sex  
and age. Each group was classified into three  

subgroups according to age: Group 1 (4-5 years),  

Group 2 (6-10 years) and Group 3 (11-15 years).  

Inclusion criteria:  

1- Children with Down syndrome confirmed by  
Karyotyping.  

2- Children with age range (3-16 years).  

Exclusion criteria:  
Children with other chromosomal anomalies  

& Down syndrome children with history of peri-
natal insult as (perinatal asphyxia, hyperbilirubine-
mia, trauma, abnormal thyroid function, Down  

syndrome with diabetes mellitus or obesity, sei-
zures).  

Both patients and controls were subjected to  

complete history taking, full clinical examination  
searching for dysmorphic features characteristic  

to Down syndrome, Intelligent Quotient (IQ) for  

both patients and controls, laboratory investigations  
including karyotyping, cholesterol & triglycerides  
level, thyroid function test, random blood sugar  

and research investigation, beta amyloid protein  

serum level.  

Written informed consent was obtained from  
the parents of all subjects of the study. The study  

was started after the approval by Ethics Committee  
of Faculty of Medicine, Tanta University. When  
we took any sample we may introduce infection  
to the patient and to minimize this risk the sample  

was taken under complete aseptic condition. There  

is no other unexpected risks appeared during the  

course of the research. We put code number to  

every patient symbol to the name address that was  

kept in a special file. We hide the patient name  
when we use the research. We used the results of  

the research only in scientific aim and did not use  
it in any other aims.  

The blood was allowed to clot at room temper-
ature from 10-20mins. Centrifugation was done  

for 20min. at the speed of 2000-3000r.p.m. super-
natant was removed by means of clean dry tube  

for determination of plasma beta amyloid protein  
(AR ) level by ELISA kit which is based on the  
principle of double-antibody sandwich technique  

to detect Human (AR ) used only for research pur-
poses. Specimen was kept in (–20ºC) and repeated  

freeze-thaw cycles were avoided. This ELISA kit  

is for in-vitro diagnostic use.  

Statistical presentation and analysis of the  
present study was conducted using the mean, stand-
ard deviation, student t-test, Chi-square, F-test  
(ANOVA), Pearson coefficient, Spearman coeffi-
cient, paired t-test by IBM SPSS software package  

version 20. (Armonk, NY: IBM Corp) [17]  with p  
<0.05 means significance.  

Results  

This study was conducted on 20 cases with  

Down syndrome and 20 healthy controls, both  

patients and control were cross matched for age  

and sex.  

Demographic data:  
Tables (1,2) and Figs. (1,2) present the demo-

graphics of the case control study population as  

regard age, sex, residence. They show no statisti-
cally significant difference as regard age, sex or  

residence between patients and controls (p-value  
>0.05).  

4-5 years 6-10 years 11-15 years  

     

 

Patient  Control  

     

Fig. (1): Classification of studied groups according to age.  
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Fig. (2): Sex, residence of studied groups.  

Table (1): Classification of studied groups according to age.  
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Table (2): Age, sex, residence of studied groups.  

Age (years):  
Range  
Mean ±  SD  

Sex:  
Male  
Female  

Residence:  
Urban  
Rural  

4-15  
8.375±3.674  

4-15  
8.475±3.680  

0.932  –0.086  

0.107  0.744  

1.000  0.000  

History of studied group:  
1- Prenatal history:  

Table (3): Prenatal history of studied groups.  

χ
2 

 

2.50  

Control  Patient  

Fig. (3): Prenatal history of studied groups.  
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Table (3) and Fig.(3) show no statistically  

significant difference as regard prenatal history  
(threatened abortion, premature rupture of mem-
brane {PROM}, congenital infection & pre-ecla-
mpsia) between patients and controls.  

2- Natal history (mode of delivery):  

Table (4): Mode of delivery of the studied groups.  

Groups  Chi-Square  
Natal  
history  

Patient  Control  Total  
χ

2 
 

p- 
value  N %  N %  N  %  

CS  11 55.00  11 55.00  22  55.00  0.000  1.000  
NVD  9 45.00  9 45.00  18  45.00  

Total  20 100.00  20 100.00  40  100.00  

%
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Fig. (4): Natal history of the studied groups.  

Table (4) and Fig. (4) show no statistically  
significant difference as regard natal history (C.S  

or vaginal delivery) between patients and controls.  

Chi-Square  

p - 
value  

3.030 0.553  

2.50 C.S: Cesarean Section. NVD: Normal Vaginal Delivery.  
2.50  

17  16  33  
4  2  2  
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1  1  0  
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5.00  

0.00  
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82.50  
10.00  
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p-value  Control t  

<0.001*  18-30 6.513  
23.000±3.309  

3- Postnatal history:  

Table (5): Postnatal history (incubation/jaundice) of studied  

groups.  

No Yes  

Groups  

Patient  Control Total  
χ

2 
 

N  %  N  %  N  %  

Post natal  
history  
(incubation  
/jaundice)  

Chi-Square  

p- 
value  

Fig. (5): Postnatal history (incubation/jaundice) of studied  

groups.  

Table (5) and Fig. (5) show no statistically  
significant difference as regard postnatal history  

(incubation/jaundice) between patients and controls.  

4- Family history:  

Fig. (6): Family history of studied groups.  

Table (6) and Fig. (6) show no statistically  
significant difference as regard family history  

(positive consanguinity, Down syndrome cases in  

the family, previous abortion or sibling death)  
between patients and controls.  

Table (6): Family history of studied groups.  

Groups  
Chi-Square  

Family history  Patient  Control  Total  
χ 2 

 

p- 
value  N %  N %  N  %  

Negative  10 50.00  13 65.00  23  57.50  4.677  0.322  
Down Syndrome  2 10.00  0 0.00  2  5.00  
Consanguinity  1 5.00  3 15.00  4  10.00  
Previous abortion  5 25.00  2 10.00  7  17.50  
Sibling death  2 10.00  2 10.00  4  10.00  

Total  20 100.00  20 100.00  40  100.00  

Maternal and paternal age of studied groups:  

Table (7): Maternal age during pregnancy of studied groups.  

t-test  Groups  

Age of mother during pregnancy (years)  

Patient Control  

Fig. (7): Maternal age during pregnancy of studied groups.  
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Table (7) and Fig. (7) show highly significant  

increase in maternal age of Down syndrome patients  

more than controls.  

Age of father (years)  

Patient Control  

Fig. (8): Paternal age of studied groups.  

Maternal age  
during  
pregnancy (years)  

Range  
Mean ±  SD  

Patient  

18-43  
34.250±6.980  

%
 

100  
90  
80  
70  
60  
50  
40  
30  
20  
10  
0  

M
ea

n 
±

 S
D

 

50  
45  
40  
35  
30  
25  
20  
15  
10  

5  
0  



Fatma Al-Zahraa N.M. Sherai, et al. 5249  

4-5 years  6-10 years 11-15 years  

Fig. (9): Intelligence quotient (IQ) of studied groups.  r  p-value  

0.498  0.026*  
0.101  0.378  

Table (8): Paternal age of studied groups.  Table (10): Serum Beta amyloid protein of studied groups.  

Table (8) and Fig. (8) show highly significant  
increase in paternal age of Down syndrome patients  

more than controls.  

Intelligence quotient (IQ) of studied groups:  

Table (9): Intelligence quotient (IQ) of studied groups.  

t-test  Groups  

p-value  Control t  Patient  

37-64  
50.000±7.698  

100-120  
109.650±7.235  

IQ (%)  

–25.251  <0.001 *  

IQ (%)  

Patient Control  
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Mean ±  SD  
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Fig. (11): Relation between serum Beta amyloid protein level  
and age of the patient groups.  

In the patient groups, it showed significant  

positive correlation between serum Beta amyloid  

protein levels with increase in age. (With increased  
age there is increase in serum Beta amyloid protein  

level).  

Table (11): Correlation between Serum Beta amyloid protein  

level, age and IQ of the patient groups.  

Correlations  

Serum Beta amyloid protein (pg/ml)  

M
ea
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SD
 

Table (9) and Fig. (9) show highly significant  
decrease in IQ of Down syndrome patients more  

than controls.  

Serum Beta amyloid protein of studied groups:  

Table (10) and Fig. (10) show that serum Beta  
amyloid protein level is significantly higher in  

patients more than controls.  

Age (years)  
IQ (%)  

In the patient groups, it showed:  
• Significant positive correlation between age and  

serum Beta amyloid protein level.  

• No significant correlation between IQ and serum  

Beta amyloid protein level.  

Fig. (10): Serum Beta amyloid protein of studied groups.  

Pg/ml: Picogram/milliliter. SD: Standard Deviation.  
Fig. (12): Correlation between Serum Beta amyloid protein  

level and age of the patient group.  
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Discussion  

Down syndrome (Trisomy 21) is a genetic  

disease resulting from the presence of all or part  
of an extra 21 chromosome. The medical conse-
quences of this extra genetic material are highly  

variable and may affect the function of any organ  

system [18] .  

Down syndrome is the most common chromo-
somal abnormality, with a frequency of one per  

800 to one per 1000 births [19] . In Egypt, the  
incidence varies between 1 in 555 in one study to  

1 in 770 in another [20] . DS accounts for about one  
third of all moderate and severe mental handicaps  

in school-aged children [19] .  

Amyloid precursor protein is an integral mem-
brane protein expressed in many tissues and con-
centrated in the synapses of neurons. Its primary  

function is not known, though it has been implicated  

as a regulator of synapse formation, neural plasticity  

and iron export [21,22] .  

APP is best known as the precursor molecule  

whose proteolysis by beta-site amyloid precursor  

protein cleaving enzyme) BACE) generates beta  
amyloid (AR ) which is a polypeptide containing  
37 to 49 amino acid residues, whose amyloid  

fibrillary form is the primary component of amyloid  
plaques found in the brains of Alzheimer's disease  
patients [23] .  

In DS, two components leading to the increased  

production of AR  are present in triplicate and  
include APP and BACE. The gene for BACE-2 is  
also located on chromosome 21 in the DS obligate  

region and may contribute to increased A R  produc-
tion. However, despite the life-long overexpression  
of these two proteins, diffuse plaques do not begin  

to accumulate until individuals are over the age of  

30 years (diffuse plaques have been reported in  
younger individuals but this is not a consistent  
feature) [24] .  

This study compared plasma amyloid protein  

(AR ) level in children suffering from down syn-
drome with its level in the controls & tryto correlate  
between (AR ) level and Intelligent Quotient (IQ)  
of the studied subject.  

In the present study, there was insignificant  

difference between patients and controls regarding  
their age, sex and residence. This matchs with  

Mehta et al., [25]  study which included 35 children  
and adolescent with DS and 34 healthy controls  
and showed no significant difference between  

patients and controls regarding their age, sex and  

residence.  

In the present study, there was statistically  
significant difference between patients and controls  

regarding to maternal age, increased maternal age  

in DS patients than control. This agreed with Dia-
mandopoulos et al., [26]  which showed that in-
creased maternal age is the most common risk  
factor for down syndrome and occurrence of the  

disorder increases significantly with advancing  

maternal age. Hussamy et al., [27]  found that 53%  
of infants with down syndrome were born to women  

35 years and older. McNerney et al., [28]  showed  
that the most important risk factor for aneuploidy  

in humans is the age of the mother. At the maternal  

age of 20 years, around 0.058% of live born infants  

are diagnosed with DS. This increases to 4.12% at  
46 years-a 70-fold increase in incidence. In the  
majority of cases (65%), human trisomy 21 is due  

to errors in maternal meiosis I.  

In the present study, there was statistically  
significant difference between patients and controls  

regarding to paternal age, showing increased pa-
ternal age in DS patients more than control. This  
agreed with Diamandopoulos et al., [26]  who  
pointed to evidence more that advanced paternal  

age could also be implicated as a risk factor. An-
dersen et al., [29]  reported that the risk of Down  
syndrome was increased with increasing paternal  
age. Ramasamy et al., [30]  study said that the extra  
chromosome 21 is of paternal origin in approxi-
mately 10% of down syndrome cases and advanced  

paternal age significantly influences the incidence  

of Down syndrome when the female partner of a  

couple is >35 years old. Andersen et al., [29]  who  
reported that the risk of Down syndrome was  
increased with increasing paternal age.  

But this disagreed with Zigman et al., (2013)  
[31]  who found more that an increased incidence  

of a birth of an infant with DS was directly related  

to maternal, but not paternal age.  

In the present study, there was statistically  
significant difference between patients and controls  

regarding the IQ, decrease IQ in DS patients than  

control. This agreed with McNerney et al., (2017)  

[28]  found that the severity of intellectual disability  
in DS patients is typically moderate, with an Intel-
ligent Quotient (IQ) average of 40, (range: 20-70).  
Grieco et al., (2015) [32] showed that the severity  
of intellectual disability among individuals with  
DS falls on a spectrum that ranges from profound  

to borderline intellectual functioning (Intelligence  

Quotient [IQ] 30-70; mean IQ 50) with most indi- 
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viduals demonstrating moderate to severe forms  

and the results from these studies provide support  
for the observation of a unique cognitive phenotype  
for individuals with DS that is distinct from other  

individuals even with matched level of cognitive  
functioning. Patterson et al., [33]  assessed IQ in  
DS patients and reported a decline in IQ across  

time.  

In the present study, there was statistically  
significant difference between patients and controls  

regarding to serum Beta amyloid protein level,  

increased in DS patients more than control. This  

agreed with Mehta et al., [25]  who repoted that  
Aβ 40 and Aβ 42 levels were higher in DS than  
controls due to over expression of APP gene in DS  

which leaDS to increases in plasma A β 40 and  
Aβ 42 levels before plaque formation in DS brain.  
Annus et al., [34] . Immunohistochemistry studies  
have shown that striatal plaques are predominantly,  

or entirely, composed of A β 1-40 and Aβ 1-42.  
Familial forms of AD and DS share overproduction  

of amyloid as the proposed mechanism of amyloid  
deposition, whereas decreased clearance might be  

more significant in sporadic AD. Zis et al., (2018)  

[35]resulted that DS subjects show higher plasma  

Aβ 42 and Aβ 40 levels compared to cognitively  
normal subjects without trisomy 21.  

In the present study, the patient groups, showed  

significant positive correlation between serum Beta  

amyloid protein level with increase in age (with  
increased age there is increase in serum Beta amy-
loid protein level). This agreed with Coppus et al.,  

[36]results which shoedthat levels of A β  1-40 but  
not Aβ  1-42, were significantly related to age at  

diagnosis of dementia. Nistor et al., (2007) [37]  
The data presented in the current study extenDS  

these previous findings and shows that insoluble  
Aβ  increases with age in DS but at older ages (>40  
years) than that reported for soluble A β  and reaches  
significantly higher levels than in normal aging  
but closer to levels reported in AD.  

But this disagreed with Head et al., [38]  that  
denoted that the relationship of plasma A β  to age  
is not clear. Although plasma A β  concentrations  
are higher in DS, it is not clear whether levels  

increase with age or actually decrease as peripheral  

Aβ  is sequestered into plaques. Mehta et al., [25]  
results showed that there was a significant negative  

correlation between age and A β 40 & Aβ 42 levels  
in DS patients. Jones et al., [39]  resuls showed that  
neither Aβ 1-40 concentrations nor A β 1-42 concen-
trations were associated with age.  

In the present study, in the patient group,  

showed no significant correlation between serum  

Beta amyloid protein levels with IQ. This agreed  
with Mehta et al., [25]  in second analysis assuming  
no effect between IQ and Aβ .  

But this disagreed with Hartley et al., [40]  re-
sulted that an increase in global amyloid- β  is re-
lated to the decreased cognitive function in these  

areas beyond normative aging. Mehta et al., (2007)  
[18]  in first analysis assumed an effect between IQ  

and Aβ .  

Conclusion:  
• We concluded that serum Beta amyloid protein  

level was significantly higher in children and  
adolescents with Down syndrome in comparison  
with healthy controls.  

• We also concluded that there was an increase in  

serum Beta amyloid protein level with increase  
age of children and adolescents with Down syn-
drome.  

• There was no significant correlation between  

serum Beta amyloid protein level and IQ in patient  

with Down syndrome.  
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