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Abstract

In spite of the disabilities that Down Syndrome children have, it is important to emphasize that with appropriate medical care,
training , teaching methods, personal skills development, and the establishment of the special needs; these children will be very
effective, self-dependent and productive in society. They can perform difficult tasks and become very successful in their careers.
Many of Down syndrome children have accomplished a great future by becoming painters, musicians and artists. In this review
we are focusing on the link between genetic changes and the clinical presentation of Down Syndrome (DS), the risk factors
behind the chromosomal imbalance, the future of diagnostic methods, the prevention and the appropriate management.

INTRODUCTION

Down Syndrome (DS) is the most common genetic cause for
mental retardation. In 1866, Doctor John Langdon Down
was the first who diagnosed a case of DS. In the 1930s,
Waardenburg and Bleyer hypothesized that DS might be due
to chromosomal abnormalities. But it was not until 1959
when Jerome Lejeune and Patricia Jacobs discovered
trisomy (triplication) of the 21st chromosome-which is the
smallest human chromosome-that the cause was determined.
Because of the extra full or partial copy of chromosome 21,
the most structural, phonotypical, functional and metabolic
changes can be attributed to the chromosomal imbalance,
gene dysregulation and gene interactions. Trisomy 21 due to
meiotic non-disjunction constitutes 95.4% of cases,
Robertsonian translocation 2.7%, mosaicism 0.7%, and in
2% of cases, it is caused by a rearrangement of chromosomal
material between chromosome 21 and another acrocentric
chromosome such as chromosome 14. The translocation was
parentally inherited for 33.3% of cases and maternal
transmission was twice as common as paternal. In
mosaicism type, there are trisomic and normal cell lines that
presumably result from a mitotic error. Other change in
chromosome 21 includes circular structure called ring
chromosome. There is an excess of males in all groups
except the mosaic group where the male: female ratio was
0.67 (1-3).

Studies revealed that nondisjunction chromosome 21
requires “two hits”; first, the establishment in prophase I of a
“vulnerable” bivalent and second, abnormal processing of
the bivalent at metaphase I or II.

Freeman SB et al and through the national Down syndrome
project found that nondisjunction errors during oogenesis
accounted for 93.2% of the cases, errors in spermatogenesis
4.1% and 2.7% in post-zygotic errors (4-5).

Chromosome 21 is the second human chromosome to be
fully sequenced and it contains between 200 and 400 genes.

Most studies of Down syndrome etiology and pathology are
focusing on the extra copy of the proximal part of 21q22.3,
the interaction with other genes on different chromosomes
and the consequences thereafter (1-5).

GEOGRAPHICAL DISTRIBUTION OF DOWN
SYNDROME

The association between geographical regions and Down
Syndrome distribution was not fully established, and if any
difference, it would be related to the mother’s age on time of
pregnancy in certain areas compared to others. However,
recent increase in the incidence of Down's syndrome in
young mothers was thought to be related to environment and
yet to be determined.

Down's syndrome revealed no aggregation of cases, except
for a slight seasonal peak in the summer. However, maternal
age-adjusted rates vary little across human populations , but
no differences of other factors were found such as paternal
age, birth order, ancestral origin, country of birth, maternal
educational level, maternal ABO and Rhesus blood groups,
interval to and outcome of mother's previous pregnancy, and
parental consanguinity (6-11).
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Since 1980, the proportion of births to mothers of 35 years
of age and over has risen quite dramatically from 8 to 14%
for the European Union as a whole, with steeper rises in
some regions. By 1995-1999, the proportion of “older”
mothers varied between regions from 10% to 25%, and the
total prevalence (including terminations of pregnancy) of
Down syndrome varied from 1 to 3 per 1000 births. Some
European regions have shown a more than twofold increase
in total prevalence of Down syndrome since 1980 (12).

On the other hand, geographical differences influence uptake
of prenatal diagnosis which probably related to access to
services. Women from Africa were 61% less likely to have
testing than women born in Australia. While overall uptake
of testing was lower than average in rural regions. A
socioeconomic index of place of residence showed no
association with uptake (13).

PHYLOGENESIS AND EVOLUTION OF THE
DOWN SYNDROME.

It was theorized that the pathogenesis of Down syndrome is
best viewed in terms of the mechanisms of speciation.
Doctor Down named a syndrome “Mongoloid idiocy”
because he thought it represented a “throwback” to the
“Mongolian stage” in human evolution (14).

In fact, for living organisms, the starting point is cell
division -regardless if this is a fertilized egg or a single cell-
followed by differentiation and growth, and upon
progression, it follows the direction to a specific species.
The course in this journey depends on the genetic program
carried on related chromosomes. In every certain stage there
is a switch on and switch off genes that produce chemicals
with different interactions which eventually result in the
physical structures that belong to a certain organism. The
development of the embryo is supposed to retrace the
evolution of its group. It was even once believed that the
fertilized egg, for example, would represent our one-celled
ancestors, sort of the “amoeba stage”. However, the
embryonic development itself is not analogous to evolution
(15). In some opinions, Down syndrome neotenizes the brain
and the body to the fetal state “i.e.”developmental variability
with many anomalies of incomplete morphogenesis
(vestigia), atavisms, increased morphometric variability and
increased fluctuating asymmetry. Some evidences for the
physical neoteny of people with Down syndrome are: round
in shape, bowed legs which tend to be short, slanty eyes,
long tongue and short fingers. And evidences for their
mental neoteny: unsexual, playful, affectionate, mischievous

and imitative (15-18).

Comparative genomic studies between species found many
genetic changes such as gene duplications, deletions and
mythelations that are related to evolutionary concept, and the
relationship between down syndrome phenotype and the
DNA program is not that simple and we cannot approach
this explanation on the light of Neo-Darwinism which is
under strong attack; most genetic changes accumulated over
time may very well be of neutral effect, and detailed studies
in several related groups of vertebrate species has shown that
molecular and organismal evolution are largely independent
of one another (15-18).

SYMPTOMS AND SIGNS OF DOWN
SYNDROME:

It was estimated that there are over 100 characteristics of
Down syndrome and these are due to either structural or
metabolic disturbances that result in the unique phenotype of
DS, and the most common characteristics include: Flat facial
profile, flattened back of head, an upward slant to the eye,
almond shaped eyes, white spots on the iris of the eye (called
Brushfield spots), small ears set low on head with a fold at
the top, flattened bridge across nose, small mouth,
protruding tongue, short neck, single, deep transverse crease
on the palm of the hand, shortened fingers, gap between 1st
and 2nd toe, joint looseness, broad feet with short toes, poor
muscle tone (hypotonia), and learning disabilities. However,
the final confirmation for the diagnosis of DS is by testing
for trisomy 21 or by new molecular methods.

DOWN SYNDROME CRITICAL REGION

The distal 10 Mb region of the long arm of chromosome 21
has been referred to be the Down syndrome critical region
(DSCR). The duplication of genes located within DSCR may
lead to the major phenotypic features of Down syndrome
(19, 20). Details about these genes will be discussed in
separate paragraphs and summary of these are;

DSCR1: It regulates the angiogenic genes that are activated
by the calcineurin-NFAT signaling pathway in endothelial
cells and the imbalance of the DSCR1 gene dosage
contributes to an important pathogenesis of Down's
syndrome (21, 22).

DSCR2 (located in chromosome 21q22.3): It is related to
cell proliferation; the WDR9 gene (WD Repeat 9) is located
in the (DCR-2) and has several tissue-specific transcripts.
DSCR2 protein is targeted to the cytoplasmic compartment
as a soluble form which has negative interaction with
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peroxisome proliferator-activated receptor beta (PPARbeta)
i.e. PPARbeta decreases the solubility of DSCR2 and
increases the levels of insoluble DSCR2 (23,26).

DSCR3: It is located between carbonyl reductase (CBR) and
Ets Related Gene (ERG) (CBR-ERG region), may contain 8
exons, is expressed in most tissues, spans 2.5 Mb on
21q22.2, and contributes significantly to the pathogenesis of
many characteristics of Down syndrome, including
morphological features, hypotonia, and mental retardation
(27-28).

DSCR4: It is located between CBR and ERG genes (CBR-
ERG region) in the band q22.2 of human chromosome 21,
which spans 2.5 Mb and encodes a protein of 118 amino
acids. It contributes significantly to the pathogenesis of
many characteristics of Down syndrome, including
morphological features, hypotonia, and mental retardation.
Expression of DSCR4 mainly occurs in the human placenta
and placental choriocarcinoma cell lines (BeWo and JEG3)
and multiple transcripts may exist. Transcription of DSCR4
gene is regulated positively by binding to OLF-1-like
transcription factor and negatively by binding to E47-like
transcription factor (29-31).

DSCR5 (PIG-P): It is a component of
glycosylphosphatidylinositol- N-
acetylglucosaminyltransferase (GPI-GnT) gene which is
expressed in various human tissues and considered a
candidate for pathogenesis of Down syndrome (32-34).

DSCR6: It is expressed only in limited tissues at low levels
and it is also a candidate for the pathogenesis of Down
syndrome (34).

DSCR9: DSCR9 was found only in the human genome.

RISK FOR HAVING A CHILD WITH DOWN
SYNDROME

The maternal age is the mean high risk factor for regular
trisomy 21 that results in meiotic non-disjunction (the mean
age 38.2 years) but not in translocation (the mean age is 25.3
years). In addition, the geographic variation in gene
polymorphism, gene-nutritional, gene-gene or gene-
nutritional-environmental factor interactions are considered
other risk factors. The lack of the correlation between
alphoid DNA variation and non-disjunction of chromosome
21 was already established (35).

On the other hand, Abnormal folate and methyl metabolism
can lead to DNA hypomethylation and abnormal

chromosomal segregation, and mothers with mutation in
MTHFR (C677T) and MTRR (A66G) gene have elevated
levels of plasma homocysteine. These mothers have 2.6 to
2.9 fold increased risk of having a child with DS compared
to mothers without that mutation (36).

Socio-genetic analysis revealed the association of intensive
drug therapy of infectious diseases during the periconceptual
period and maternal meiotic non-disjunction of chromosome
21. The correlation between non-disjunction of chromosome
21 and increased parental age as well as exposure to
radiation, alcohol, tobacco and mutagenic substances were
not found (35-37).

DOWN SYNDROME IN PROXIMITY WITH OTHER
CHROMOSOMAL ABNORMAL DISEASES

Double aneuploidy involving both autosomal and sex
chromosomes is rare. Double aneuploidy has been reported
in Down-Turner (female, mosaic (46,X,+21/47,XX,+21))
and Down-Klinefelter (48,XXY,+21) Syndromes and in
male mosaic with 2 cell lines (45,X/47,XY,+21).
Robertsonian translocation is seen in 13;14 of maternal
origin combined with regular trisomy 21(46, XX, der (13;
14) (q10; q10) mat, +21) of Down syndrome phenotype.
Cryptic subtelomeric rearrangements was found in patients
with mental retardation and inherited submicroscopic
translocation (18;21)(q22.1q21.3) were found in multiple
congenital anomalies/mental retardation (MCA/MR)
syndrome (38-42).

GENE EXPRESSION

Having a third copy of chromosome 21 in Down syndrome
apparently triplicates the number of genes, but expression of
the protein is different. There are up and down regulation of
sequences that consist of chromosomal transcripts, enzymes
of intermediary metabolism, hormones, transporters,
channels and transcription factors (TFs). Nevertheless,
trisomy 21 may leads to deterioration or absence of gene
expression of different chromosomes other than
chromosome 21, and this may explain the metabolic
imbalances in DS patients.

Down syndrome phenotype can be attributed to the gene
dosage imbalance that could be either due to “gene dosage
effect” hypothesis which claims that DS critical region
contains a subset of dosage-sensitive genes that determines
DS phenotypes, or the “amplified developmental instability”
hypothesis stating that 21 trisomy determines general
alteration in developmental homeostasis.
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In spite of imbalances were found between ubiquitinated and
deubiquitinated substrates which most likely result from
increase in USP25 gene dosage. However, the “gene dosage
effect hypothesis” is not sufficient to fully explain DS
phenotype (43-48).

In fetal cerebral cortex, there is increase expression of
DYRK1A, alpha A-crystallin, FTCD, GARS-AIRS-GART,
and CBS, while there is no overexpression for Tiam1 (T-cell
lymphoma invasion and metastasis inducing) protein,
holocarboxylase synthetase, human interferon-regulated
resistance GTP-binding protein MxA, Pbx regulating protein
1, autoimmune regulator and pericentrin.

Neither the expression of sAPP alpha nor sAPP beta showed
any detectable changes. The ETS-2{(V-ets erythroblastosis
virus E26 oncogene homolog 2 (avian)}, Collagen alpha1
(VI) chain precursor and HACS1 are significantly decreased
in DS (49-50).

Other studies showed that ETS-2 proto-oncogene is
transcribed at constant levels in neural tissue between the
13th and 24th weeks and its expression appeared to be
slightly increased in the DS brain compared with that of
normal controls of the same gestational age (51).

In parallel to the gene dose effect; increased gene expression
and elevated protein levels in the blood of a child with Down
syndrome are not necessarily due to functioning of
chromosome 21 genes. The following proteins are found to
be elevated and belong to genes found on other
chromosomes.

These are; Uric acid, Xanthine and Hypoxanthine,
Catabolites of purine metabolism, increased S100 beta
(which is important for synaptogenesis and dendritic
development) and GluR5 (which has been mapped to
chromosome 11 cytogenetic position 11q14) (52, 53).

Finally, 29% of the expressed chromosome 21 transcripts are
overexpressed in Down syndrome and correspond to either
genes or open reading frames. And among these, 22% are
increased proportional to the gene-dosage effect, 7% are
amplified, the other 71% of expressed sequences are either
compensated (56%, with a large proportion of predicted
genes and antisense transcripts) or highly variable among
individuals (15%).

Thus, most of the chromosome 21 transcripts are
compensated for the gene-dosage effect and overexpressed
genes are likely to be involved in the DS phenotype in

contrast to the compensated genes.

Highly variable genes could account for phenotypic
variations observed in patients of DS and the alternative
transcripts belonging to the same gene are similarly
regulated but not the sense and antisense transcripts (54).

In summary, increased expression of genes on chromosome
21 altered transcriptional regulation of a subset of genes
throughout the entire genome.

STRUCTURAL ABNORMALITIES IN DOWN
SYNDROMES

Phenotype of Down syndrome represents a wide range of
structural abnormalities and defects. This phenotype is
underlined by a variety of dysregulated genes and pathways
at the molecular levels (55). These defects involve the soft
and hard tissues. Most common are seen in the
cardiovascular system that represents 40% to 60% of infants
with Down syndrome. The most common anomalies are
atrioventricular septal defects followed by tetralogy of Fallot
(56). The Down syndrome cell adhesion molecule (Dscam,
located on chromosome 21q22.2-22.3) is expressed in the
heart during cardiac development and considered the
candidate gene for these anomalies. Other genes, the DS-
CHD candidate region has been suggested to span between
PFKL (defined by tetralogy of Fallot) and D21S3 (defined
by ventricular septal defect) with possible involvement of
DSCR1L2 in cardiac contraction (57-59).

Gender and ethnic differences exist for atrioventricular
septal defects showing twice as many affected females and
twice as many affected Caucasian as African Americans and
half as many Hispanics (60).

The Neural tube defect (NTD) in Down syndrome is
influenced by one-carbon metabolism. The distinct data
produced in different geographical areas may be explained
by differences in the nutritional environment and genetic
characteristics of the populations. The one-carbon
metabolism is under the influence of folate, vitamin B12 and
genetic polymorphisms of methylenetetrahydrofolate
reductase (MTHFR 677 C --> T and 1298 A --> C) of
methionine synthase (MTR 2756 C --> G), methionine
synthase reductase (MTRR 66 A --> G) and transcobalamin
(TCN 776 C --> G) (49). An example of geographical
changes is represented by the heterozygous genotype MTR
2756AG that is associated with the increase in plasma
homocysteine (Hcy) concentrations in Brazilian patients
with DS while it is decreased in other Down syndrome
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patients (61). Reduction in brain weight and size of specific
brain regions are evident from birth and these are due to the
altered number of neurons, dendrites, and dendritic
branching that result from a reduction in the level of
developmental signals or regulators, such as serotonin,
gamma-aminobutyric acid, taurine, and dopamine (62). On
the other hand, Dscam that plays a role in CHD as
mentioned above is involved in neural differentiation and
contributes to the central and peripheral nervous system
defects in DS (63-66). Deregulation of DSCR5 gene may be
the first candidate to elucidate the pathophysiology of tongue
malformation observed in DS (67).

Congenital gastrointestinal defects were present in 6.7% of
DS, and no significant differences were found between
Down syndrome patients and control population. Defects
included esophageal atresia/tracheoesophageal fistula
(0.4%), pyloric stenosis (0.3%), duodenal stenosis/atresia
(3.9%), Hirschsprung disease (0.8%), and anal
stenosis/atresia (1.0%). Although not significant, esophageal
atresia was observed more often in infants of younger
mothers and Hispanics. Hirschsprung disease was more
frequent in males and in infants of younger mothers and
African Americans. Anal stenosis/atresia was found more
often among females and Asians (68-70).

DOWN SYNDROME AND HEMATOLOGICAL
DISORDERS

Trisomy 21 is a predisposing factor for childhood leukemia
due to altering the function of responsible genes on
chromosome 21 and related genes on other chromosomes.
Studies revealed that congenital malformations in DS do not
increase the risk of leukemia beyond the attributable risk of
trisomy 21 in this population (71).

Acute megakaryoblastic leukemia (AMKL) is very common
in Down syndrome, and death from leukaemia, in part,
account for the excess mortality associated with Down
syndrome and transient myeloproliferative disorder (TMD).
However, the TMD is self-limited leukemia occurs almost
exclusively in neonates with Down syndrome (72, 73).

The mutation in GATA1 (megakaryocyte transcription
factor) that occurs in utero along with trisomy 21 and other
yet undefined genetic alteration need to occur to produce
leukemia. The GATA 1 gene mutation is acquired in exon
2.5. Hence, the trisomy 21 and GATA1 mutation are found
to be restricted to leukemic cells (74-78). GATA1 has
several binding sites and it regulates the expression of
cytidine deaminase (CDA) and the CDAsf promoter and it

could be a stable marker for minimal residual disease
(MRD) (79-80).

The gain-and loss-of function mutations of Janus kinase 3
(jak3) can be acquired in DS-TMD/AMKL, and Activation
of the JAK-STAT pathway contribute to lymphoid and
hematologic disorders are observed in children with DS
(81-82).

The RUNX1/AML1 (runt-related transcription factor 1/acute
myeloid leukemia 1) gene is located on chromosome 21 and
it is implicated in human leukemias. Chromosome
translocations and point mutations are well-documented
genetic alterations in RUNX leukemia, and RUNX1 over
dosage in trisomy 21can result in Down syndrome related
leukemia (83).

DAWN SYNDROME AND IMMUNE SYSTEM

Frequent infections and increased autoimmune phenomena
in persons with DS are presumably due to impaired immune
responses. Several transcripts have been down-regulated in
DS; some of these are proteins involved in T-cell and B-cell
receptor signaling e.g., PI3Kdelta, RGS2, LY6E, FOS,
TAGAP and CD46. Overexpression of the following
proteins; CuZn-superoxide dismutase (SOD-1), interferon
receptor, APP-amyloid precursor protein, protein S-100 beta
may contribute to thymic derangements. In addition,
increased expression and abnormal distribution of adhesion
molecules in DS thymuses alters the interaction between
developing thymocytes and the thymic stroma which results
in the abnormal thymocyte maturation and eventually the
perturbation of cellular immunity (84-87).

GENES RELATED TO THE METABOLIC
DISTURBANCES IN DOWN SYNDROME

Metabolic changes in Down syndrome range from
intracellular enzymatic defects through hormone level
changes and functions. These changes occur due to genetic
unbalances, mutations, rearrangnemts, inhibition or
activation.

One important observation belongs to the HLCS
“holocarboxylase synthetase (biotin-(proprionyl-CoA-
carboxylase (ATP-hydrolysing)) ligase)” gene that activates
biotin-dependent carboxylases. The HLCS gene is located on
the long arm of chromosome 21 at position 22.1; it is
involved in many critical cellular functions, including the
production and breakdown of proteins, fats, and
carbohydrates. In the nucleus, the carboxylase enzyme
attaches biotin molecules to histones, which are structural
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proteins that bind to DNA and give chromosomes their
shape, and the changes in the shape of histones determine
whether certain genes are turned on or off; Hence, mutations
in the HLCS gene causes holocarboxylase synthetase
deficiency, and without biotin, carboxylases remain inactive
and are unable to process proteins, fats, and carbohydrates
effectively. A lack of holocarboxylase synthetase activity
may also alter the regulation of certain genes that are
important for normal development (88).

Another metabolic alteration was observed in DS fetal
cerebral cortex, which is related to the decrease in sialic acid
synthase (SAS) and result in abnormal brain development
and sialylation defect in essential brain proteins such as
neuronal cell adhesion molecule and myelin associated
glycoprotein (89).

Disequilibrium of the antioxidant enzyme activities was
found in DS patients and that may explain the susceptibility
of cells for oxidative stress and premature atherosclerosis,
cell aging, and neurologic disorders. However, the decrease
in all glutathione forms, including glutathionyl-hemoglobin
reduces the detoxification of harmful molecules (90).
Hypothyroidism and rare Hashimoto thyroiditis are
increased in Down syndrome. Thyroid hormone
abnormalities are strongly associated with DS and the most
consistent finding is the elevation of TSH level with over-
expression of mRNA of TSH-receptor (TSH-R) in brain of a
fetus with DS. Because the thyroid hormone system is well-
documented in controlling the programmed cell death; the
up-regulation in TSH-R is not specific for DS but may
reflect the apoptosis which is the hallmark of
neurodegenerative disorders as in Alzheimer’s disease (91,
92). On the other hand, children with leukemic Down
syndrome have decreased buffering of metabolic processes
that result in a predisposition to hyperuricemia and increased
insulin resistance and perhaps develop diabetes mellitus.

STERILIZATION AND SPERMATOGENESIS

Significantly impaired fertility and sterility of both sexes is
common in Down syndrome population. In male it is most
likely due the consequence of the behavior of the extra
chromosome in the meiotic prophase and spermatogenesis
which could be due to disturbance of small transcript
(expressed only in tissue of adult testis) of PKNOX1 gene
that is located on chromosome 21q22.3 (93, 94).

GENE REGULATION MEDIATE NEUROLOGICAL
DYSFUNCTION IN DS

Dysfunctional brain development in Down syndrome is

observed from birth as reduction in brain weight, decrease
volume of specific brain regions, altered number of neurons,
dendrites, and dendritic branching.

These abnormalities are contributed to the phenotypic
changes observed in Down syndrome patients such as
dementia, cognitive development, delay fine motor skills,
speech delay and learning deficits. These can be linked to
changes in gene expression noticed in different areas of
Down syndrome brain which is in one aspect resulted in
reduction levels of neurotransmitters and eventually
neuronal development in the Down syndrome fetal brain
(95).

Damage and disruption of neural differentiation in Down
syndrome fetal brain can be attributed to variety of genetic
disturbances such as over-expression of TTC3 (inhibits
neuronal differentiation via RhoA and Citron kinase),
increase expression of metabotropic glutamate receptor 5
(GluR5), over-expression of Ets2 ( transcription factor),
disregulation of Single-minded 2 (SIM2) gene which is
regulated by protein transcription factor c-myb, BACE1 and
BACE2 (related to production of amyloid beta), upregulation
of GIRK2 gene (G-protein-activated inwardly rectifying
potassium channel 2) at the hippocampus region, down-
regulation of complex I and NADH3 (mitochondrial
enzyme) at the DS cerebellum (96-99).

DYRK1A is expressed in the cerebellum and functionally
related structures as in brainstem motor nuclei and spinal
cord, and this supports the role of DYRK1A in controlling
motor function and impairment of motor learning as well as
alteration of the organization of locomotor behavior.
DYRK1A seems to play a role in proliferation of neural
progenitor cells, neurogenesis, cell cycle regulation or
apoptosis, neuronal differentiation and may be involved in
learning and memory. Nevertheless, most of the molecular
mechanisms of MNB/DYRK1A are involved in several
neuropathologies and cognitive deficits of Down syndrome.
Also, DYRK1 may disrupt the function of fully
differentiated neurons and this disruption is significantly
reversible (100-105).

DOWN SYNDROME AND ALZHEIMER
DISEASES

After middle age, most Down Syndrome patients develop
Alzheimer's disease (AD) with associated neuropathology of
neuritic plaques and neurofibrillary tangles (tau). The
dementia onset varies from ages 40 to 70 years and that is
highly due to the abnormal phosphorylation of tau which
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develops prematurely in Down syndrome patients. Several
pathways and gene dysfunctions are involved in this
pathogenesis.

S100B (a calcium-binding protein, localized to astroglial
cells) is overexpressed in brain of both DS and Alzheimer's
disease (AD), the S100B activates the stress response kinase
and results in formation of reactive oxygen species (ROS)
which may consider an important factor for mental
retardation. The ROS may increase the expression of water
channel aquaporin 4 (AQP4) and inhibition of AQP4 by
siRNA increase the ROS. Hence, elevated levels of S100B-
induced ROS and loss of AQP4 expression led to increased
programmed cell death (106-110). Amyloid beta (Aβ or
Abeta) is a peptide of 39–43 amino acids that is the central
component of neuritic plaques and is generated from β-
amyloid precursor protein (APP) after cleaved by beta
(BACE1) - and gamma-secretases.

BACE1 is (β-Secretase) and also called (β-site of APP
cleaving enzyme) or memapsin-2 which is an aspartic-acid
protease that is important in the formation of myelin sheaths
in peripheral nerve cells. BACE1 is overexpressed
(abnormal trafficking) in Golgi apparatus (which is
immobile in Golgi in DS cells) than normal controls, and
overproduction of Abeta in DS is caused by abnormal
BACE1 protein trafficking and maturation. Interestingly,
inhibition of BACE1 has therapeutic potential in AD and
DS.

BACE2 gene is located on chromosome 21 and encodes for
Beta-site APP-cleaving enzyme 2 (glycosylated protein), it is
localizes mainly intracellularly but to some extent to the
plasma membrane.

BACE1 and BACE2 are overexpressed in Down syndrome
and by their cleaving activity of APP, they increase the
formation of amyloid plaques that can be fortified by Tau
phosphorylation due to increase expression of MAPKs
(mitogen-activated protein kinases) and apolipoprotein E
(APOE) that are interact with the brain deposition of Abeta
in DS brains (1110-116).

Furthermore, the cystathionine beta-synthase (CBS) is
encoded on chromosome 21 and the levels of CBS in DS
brains are approximately three times greater than those in the
normal individuals. The overexpression of CBS may cause
the developmental abnormality in cognition in DS children
and that may lead to early AD in DS adults (117).

Overexpression of RCAN1 (Regulator of calcineurin 1) has

been postulated to contribute to mental retardation in Down
syndrome and expedite neuronal degeneration observed in
Alzheimer's due to reducing both the number of synaptic
vesicles and the amount of neurotransmitter.

A protein known as nascent polypeptide-associated complex
(NAC protein) -heterodimeric complex of alpha-and beta-
subunits- prevents mistargeting of nascent polypeptide
chains to the endoplasmic reticulum membranes, and in fetal
DS brain, the decrease in alpha-NAC results in
neurodegenerative changes including mistargeting,
mistranslation, and proteolysis of proteins by affecting
overall NAC function.

The significant decrease of alpha-NAC protein, which was
even more pronounced when related to either actin or
neuron-specific enolase levels, was also observed in both DS
and AD (118-122).

PSYCHOLOGICAL FEATURES IN DOWN
SYNDROME

Bipolar affective disorder is observed in Down syndrome
and it may relate to two ctyoplasmic proteins (UMODL1L
and UMODL1S) and ZNF298 gene that are located on
chromosome 21q22.3. Increased prevalence of seizure
disorders and impairments of short-term and long-term
memory also observed in DS (123).

DOWN SYNDROME AND MALIGNANCY

Interestingly, impairment of the immune system in DS
Patients favors high rate of malignancies, but on the other
hand, overexpression of some protein encoded by genes
found on chromosome 21 blocks the formation of new blood
vessels and reduces tumor growth in general (124).

GENES INVOLVED IN DIAGNOSIS OF DOWN
SYNDROME

Increase our knowledge about human genome will optimize
the diagnosis of Down syndrome. It was found that the
number of fetal cells in maternal blood in trisomic 21
pregnancies is higher than that in normal pregnancies and
this can facilitate the using of these cells as alternative
resource for traditional samples.

The current samples for clinical testing are amniotic fluid,
amniocyte culture, chorionic villous or amniotic fluid
supernatant. The molecular base noninvasive prenatal
diagnostic tests for Down syndrome can provide fast,
accurate, and economical alternation for the traditional
cytogenetic diagnostic method (124).
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One test depends on the presence of six specific
tetranucleotide repeat loci on chromosome 21 that can be
amplified using PCR. All Down's syndrome patients were
identified as having at least two loci with three alleles
(125-127).

One of the promising methods is the quantitative polymerase
chain reaction (Q-PCR) to determine the gene dose effects.
The method is based on quantitative assessment of PCR
products after using primers amplifying DNA fragments
located in the pericentromeric, heterochromatic, euchromatic
and telomeric regions of chromosome 21 (127-128).

Gene signature for Down syndrome can be based on DNA
micro array for down regulation of 10 genes and up-
regulation of 1 gene which are located on chromosome 21 in
amniotic fluid cells of DS. Down regulated genes are
1COL6A1, CASP5, AKT2, JUN, PYGM, BNIP1, OSF-2,
PRSS7, COL3A1, and MBLL. The GSTT1 is the only up-
regulated gene in this profile (128-129).

In addition, using SNP analysis technique and matrix-
assisted laser desorption/ionization time-of-flight (MALDI-
TOF) mass spectrometry is reproducible method for the
detection of trisomy 21 (129-130).

Practically, molecular cytogenetic aneuploidy testing by
using one-tube Quantitative Fluorescence QF-PCR test for
trisomies 13, 18, and 21 is considered a reliable and fast
method as well (130-131). Another easy and reproducible
technique is using the multiplex ligation-dependent probe
amplification (MLPA) in chorionic villous samples that can
replace the traditional karyotyping for the detection of
euploidies of chromosomes 21, 18, 13, X, and Y (13-132).

Recently a novel method was prescribed to detect trisomy 21
that combined the fetal-specific epigenetic and genetic
markers by detecting the hypermythelation of putative
promoter of the HLCS (holocarboxylase synthetase) gene in
the placenta which is hypomethylated in maternal blood
cells. A chromosome-dosage comparison of the
hypermethylated HLCS and ZFY loci could distinguish
samples of T21 and euploid placental DNA (132-135).

Finally, when gonadal mosaicism is suspected, cytogenetic
testing cannot be entirely replaced by molecular testing and
a combination of both methods should be applied (135-136).

MANAGEMENT

Preventive measures consider the main step to decrease the
frequency of Down syndrome and the current management is

based on behavioral and rehabilitation training in addition to
symptomatic treatments. Never the less, novel therapeutic
interventions for Down syndrome will be designed based on
disease pathogenesis resulting from the genomic analysis.
Recently, it was found that inhibiting of BACE1 in AD and
DS may carry therapeutic promise for both diseases
(137,138).

CONCLUSION

Down Syndrome is still the most common genetic cause for
mental retardation. However, the advance in molecular
sciences added significant progress in understanding the
etiology of this syndrome and related diseases.

The scientists at this field are focusing on decreasing the
incidence of Down Syndrome worldwide by approaching the
following issues;  Prevention the occurrence of Down
syndrome by avoiding the high risk factors, emphasizing on
the education of both couples, performing chromosomal
karyotyping or molecular testing in the first 8 weeks of
pregnancy, and discussing the pregnancy outcome with both
parents with respect to cultural and religious backgrounds.

Nevertheless, more research and investigation on molecular
pathology of DS will facilitate applying new diagnostic tools
that are more cost effective, less invasive, and safe with high
accuracy.

And the promising is to use the genetic maneuvers on
prenatal or postnatal stage to treat or improve some or all
clinical findings that accompany DS by changing the genetic
program.
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