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Abstract It is hypothesized that Down syndrome (DS) patients are associated with abnormalities
of the immune system. Accordingly, this study was conducted to measure replicative aging and
apoptosis in lymphocytes, which play an important role in the immune system, before and after
being biostimulated with He:Ne laser. Replicative aging was measured in terms of telomerase activity, and ETS-2 gene relative expression. Apoptosis was measured in terms of DNA fragmentation
and apoptosis genes (Fas, FasL and Bax) and antiapoptotic Bcl-2 protein. Results showed that Telomerase activity, ETS-2 mRNA expression, plasma DNA fragmentation, Fas and FasL were signiﬁcantly higher among DS patients compared to controls: Telomerase activity (1.5 ± 0.5 vs.
0.9 ± 0.4, p < 0.001); ETS2 mRNA expression (0.6 ± 0.1 vs. 0.43 ± 0.04, p < 0.0001); plasma
DNA fragmentation (0.45% ± 0.12 vs. 0.2% ± 0.1, p < 0.0001); Fas protein (5.3 ± 1.2 vs.
2.3 ± 0.2, p < 0.0001); FasL mRNA relative expression (0.37 ± 0.05 vs. 0.24 ± 0.01,
p < 0.001); Bax mRNA relative expression (0.9 ± 0.1 vs. 0.5 ± 0.1, p < 0.00001). Bcl-2 protein
was signiﬁcantly low in DS patients compared to controls (8.6 ± 1.3 vs. 10 ± 2.1, p < 0.01). He:Ne
laser biostimulation applied to evaluate lymphocytes’ response signiﬁcantly increased the former
parameters in DS patients compared to their level before irradiation, except for Bcl-2, which was
signiﬁcantly decreased. In conclusion: increased telomerase activity associated with increased activity and overexpression of ETS-2 on chromosome 21 in DS patients may contribute to the increased
rate of early senescence in circulating lymphocytes, which consequently contributes to the abnormalities of the immune system observed in DS. Increased apoptosis is due to increased oxidative
stress, which induces an increase in the apoptotic genes Bax, Fas and FasL accompanied by a
decrease in the antiapoptotic gene Bcl-2.
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1. Introduction
Down syndrome (DS), or trisomy 21, is the most frequent genetic cause of mental retardation in man; the incidence is
approximately one in 750 live births [1]. Autoimmune phenomena manifested by the increased frequency of hematological
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malignancies, autoimmune diseases and infections in DS, had
already led to the hypothesis that DS is associated with abnormalities of the immune system [2–6].
Immunosenescence is the global term used to describe the
observed age-associated decline in immune competence characterized by functional and phenotypic alterations to the immune system as a whole [7]. Immunosenescence in the elderly
human population is associated with increased susceptibility
to infectious diseases and cancer, reduced effectiveness of vaccinations, increased autoimmunity, and damage to various organ systems through dysregulated inﬂammation [8–12].
Cellular senescence is deﬁned as the irreversible loss of division potential in somatic cells and is marked by a number of
distinct phenotypic changes [13]. It is believed that senescence
has an important role in vivo, protecting organisms on one
hand against a build-up of cells containing DNA damage
and on the other hand contributing to age-dependent tissue
dysfunction [13]. Evidence is mounting that cells bearing senescent markers accumulate in several tissues with age [14,15], as
well as in several age-related diseases [16].
At least a few hundred nucleotides of telomere repeats must
‘‘cap’’ each chromosome end in order to suppress DNA damage
pathways. Critically short or ‘‘uncapped’’ telomeres may be repaired by the enzyme telomerase or by recombination [17].
However, the capacity of these telomere repair processes appears limited in most human somatic cells [18]. Apoptosis or cellular senescence is triggered when too many ‘‘uncapped’’
telomeres accumulate [19], not only posing a barrier to tumor
growth, but also contributing to loss of cells with age [20]. However, human T lymphocytes are able to upregulate telomerase in
concert with activation and thereby retarding telomere loss [21].
Cytogenetic and molecular studies of individuals with partial duplications of chromosome 21 and features of DS have
sought a ‘‘critical region’’ on this chromosome, whose duplication is postulated to be both necessary and sufﬁcient to produce the DS phenotype [22]. Located on the critical region is
the transcription factor Erythroblastosis virus oncogene
homolog 2 (ETS-2), which is a pro-oncogene, located in human chromosomal region 21q22.3 [23]. ETS-2 may be involved
in the regulation of cellular proliferation and differentiation
and may play a critical role in T-cell activation and cytokine
production [24]. However, increased levels of ETS-2 have been
shown to predispose to apoptosis [25]. An in vitro study indicated that ETS-2 promotes degeneration of DS neurons by
activation of a mitochondrial pathway [26].
The apoptosis cascade can be triggered by 2 main pathways,
via an intrinsic, endogenous system such as the mitochondrial
Bax/Bcl-2 or via an extrinsic system involving transmembrane
receptors of the Fas and FasL [27]. FasL is a 40-kDa type II
membrane protein that belongs to the tumor necrosis factor
superfamily and induces apoptosis through cognate interaction
with its receptor Fas (CD95/Apo-1), which includes recognition of a distinctive element on the target cell by a corresponding lymphocyte receptor, formation of a contact zone between
the two cells, and induction of cytolysis [28]. Activation of the
Fas receptor through an interaction with transmembrane FasL
leads to the recruitment and activation of numerous signaling
molecules, including apoptosis-inducing transcription factors.
This mechanism is crucial for the suicide of activated T cells
and macrophages [29]. However this mechanism has not been
previously measured in blood of DS.
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The aim of the present study is to investigate whether lymphocytes in DS patients are subjected to early senescence. This
is achieved by measuring replicative aging and apoptosis. Replicative aging was measured in terms of telomerase activity,
and ETS-2 mRNA gene relative expression. Apoptosis was
measured in terms of DNA fragmentation and apoptosis gene
mRNA expression (Bax and FasL and fas protein) and antiapoptotic Bcl-2 protein. Stimulation of lymphocytes was carried
out with He:Ne laser at laser ﬂuency known to induce biostimulation in blood cells [30]. Markers of aging and apoptosis
were measured in both DS and controls before and after laser
irradiation.
Patients and methods
Patients
Patients were 62 Down syndrome cases (34 males and 28 females). Age ranged from 2 to 9 years (mean 4.2 ± 1 year).
Controls were 30 matched healthy normal children (18 males
and 12 females), age ranged from 2 to 9 years (mean
4.5 ± 1.1 years). DS patients were selected from cases already
diagnosed by chromosomal karyotyping in the genetics unit,
pediatric department, Cairo University. The selective criteria
of the patients and controls were to be free from any infection
and in good nutritive status. Blood was drawn after an informed consent of the parents in accordance with the current
revision of the 1975 Helsinki Declaration.
Methods
Blood irradiation
Blood was distributed over 96 well tissue culture plates and
were incubated for 48 h with and without irradiation with
2 J/cm2 He:Ne laser at a wave length of 632.8 nm, which induces lymphocyte division.
Telomerase assay
Telomerase activity was determined using the telomerase repeat ampliﬁcation protocol (TRAP). PCR ELISA protocol
was carried according to the manufacturer’s protocol (Boehringer Mannheim Biochemicals, Mannheim, Germany) [31].
Reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis for ETS-2, FASL and Bax
Total RNA was extracted from lymphocytes using a QIAGEN
RNA extraction Kit (QIAGEN Inc, USA). The RNA samples
were reverse transcribed using superscript reverse transcriptase,
using a QIAGEN One Step RT-PCR kit (QIAGEN Inc USA,
Clini Lab). EST-2 primer sequences, forward: 50 -GTAGTG
CAGAAAGClCCCGCAG-CGGCAGGATGAAT-30 reverse
50 GTCGGAGAAITCATGCCGAACCTCTGCAG-30 , FasL
primer sequences, (forward: 50 -CAA GTC CAA CTC AAG
GTC CAT GCC-30 ; reverse: 50 -CAG AGA GAG CTC AGA
TAC GTT- TGAC-30 ). Primers for b-actin were synthesized
simultaneously as an internal reference for all samples
(forward: 50 -GTG GGG CGC CCC AGG CAC CA-30 ; reverse:
50 -CTC CTT AAT GTC ACG CAC GAT TTC-30 ). Bax
sequences [32], (forward: 50 -CAC CAG CTC TGA- GCA
GAT G-30 ; reverse: 50 -GCG AGG CGG TGA- GCA CTC C-
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30 ). [33] 5 ll of RT reaction of each of the formed cDNA was
processed for PCR. 10 lL from each PCR reaction product
was separated on a 2% agarose gel then stained with ethidium
bromide. The appearance of speciﬁc bands (ETS-2 470 bp, Bax
516 bp, b-actin 540 and FasL 345 bp) was evaluated under
ultraviolet light and photographed.
Determination of Soluble Fas was in duplicate plasma samples. Soluble Fas protein was measured using commercially
available sandwich enzyme-linked immunosorbent assay (ELISA) kits .This kit uses the competitive binding enzyme immunoassay format [34].
ELISA Bcl-2
The amounts of Bcl2 in circulating lymphocytes were determined by a sandwich enzyme linked immunosorbent assay
(ELISA) purchased from Clinical, using two anti-human
BCL2 monoclonal murine antibodies [35].
DNA fragmentation assay
This is done according to the method of Ioannou and Chen 1996
[36]. In apoptosis DNA is broken down into fragments ranging
from 20 to 200 base pairs. Separation of both fragmented and
total DNA was carried out using DNA separating kit. DNA
fragments were gradiently separated from the intact DNA using
polyethylene glycol (5% in Ethyl ether) and then quantiﬁed
spectrophotometrically using Hoechst 33258 (0.2 lg/ml) as a
chromophore.
Statistical analysis
Each experimental condition was performed in triplicate. Data
are expressed as mean ± SD. Comparisons were made by
Student’s t-test.
Results
Markers of cell proliferation in DS patients are presented in
Table 1. Telomerase activity was signiﬁcantly higher among
DS patients compared to controls (1.5 ± 0.5 vs. 0.9 ± 0.4,
p < 0.001). He: Ne laser irradiation signiﬁcantly increased telomerase activity among DS patients compared to their levels
before irradiation (20.4 ± 2 vs. 1.5 ± 0.5 p < 0.00001) and
compared to controls post irradiation (20.4 ± 2 vs. 16.5 ± 4,
p < 0.001). ETS-2 mRNA expression (Fig. 1) was signiﬁcantly
increased in DS patients compared to controls (0.6 ± 0.1 vs.
0.43 ± 0.04, p < 0.0001). Exposure to He:Ne laser induced a
signiﬁcant increase in ETS-2 mRNA expression in DS patients
compared to itself before laser irradiation (0.8 ± 0.1 vs.
0.6 ± 0.1, p < 0.01) and compared to controls after irradiation (0.8 ± 0.1 vs. 0.5 ± 0.03, p < 0.001).
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Figure 1 ETS-2 mRNA expression in DS patients compared to
controls Lanes 1–3 before He:Ne laser and lanes 4–6 post HeNe
laser.

Markers for apoptosis are presented in Table 2. Plasma
DNA fragmentation was signiﬁcantly higher among DS
patients compared to controls (0.45% ± 0.12 vs. 0.2 ±
0.1%, p < 0.0001). Exposure to He:Ne laser induced a significant increase in DNA fragmentation in DS patients compared
to itself before laser irradiation (0.87 ± 0.5% vs. 0.45 ±
0.12%, p < 0.0001) and compared to controls (0.87 ± 0.5%
vs. 0.16 ± 0.02%, p < 0. 0001).
Fas was signiﬁcantly higher in DS patients compared to
controls (5.3 ± 1.2 vs. 2.3 ± 0.2, p < 0.0001). Exposure to
He:Ne laser induced a signiﬁcant increase in Fas among DS
patients compared to itself before laser irradiation (8.7 ± 2.8
vs. 5.3 ± 1.2, p < 0.0001) and compared to controls
(8.7 ± 2.8 vs. 4.5 ± 1.3, p < 0.001). FasL mRNA expression
(Fig. 2) in circulating lymphocytes was also signiﬁcantly higher
in DS patients compared to controls (0.37 ± 0.05 vs.
0.24 ± .04, p < 0.01) and became signiﬁcantly increased after
exposure to He:Ne laser compared to itself before laser irradiation (0.6 ± 0.03 vs. 0.37 ± 0.05, p < 0.001) and compared to
controls (0.6 ± 0.03 vs. 0.13 ± 0.02, p < 0.00001).
There was a signiﬁcant increase in Bax mRNA relative concentration (Fig. 3) in DS patients compared to controls
(0.9 ± 0.01 vs. 0.5 ± 0.1, p < 0.00001) accompanied by a signiﬁcant decrease in Bcl-2 protein in circulating lymphocytes
compared to controls (8.6 ± 1.3 vs. 10 ± 2.1, p < 0.01).
Biostimulation by He:Ne laser induced a signiﬁcant increase
in Bax mRNA relative concentration in DS patients compared
to itself before laser irradiation (1.4 ± 0.5 vs. 0.9 ± 0.1,
p < 0.00001) and compared to controls (1.4 ± 0.5 vs.
0.07 ± 0.02, p < 0.00001). This was accompanied by a significant decrease in Bcl-2 protein in circulating lymphocytes of
DS patients compared to its level before laser irradiation
(4.2 ± 0.9 vs. 8.6 ± 1.3, p < 0.0001) and compared to controls (4.2 ± 0.9 vs. 11.4 ± 4, p < 0.00001).
Discussion
Results showed that telomerase activity was signiﬁcantly higher among DS patients compared to controls and that He:Ne
biostimulation signiﬁcantly increased its activity both in DS
patients and controls. In old men with trisomy 21 it has been

Markers of cell proliferation and replicative aging in DS patients compared to controls.
Before laser irradiation

Telomerase
ETS-2

Post laser irradiation

DS patients

Controls

P

DS patients

P**

Controls

P***

1.5 ± 0.5
0.6 ± 0.1

0.9 ± 0.4
0.43 ± 0.04

0.001
0.0001

20.4 ± 2
0.8 ± 0.1

0.00001
0.01

16.5 ± 4
0.5 ± 0.03

0.001
0.001

P*: DS vs. controls before laser.
P**: DS before laser vs. DS post laser.
P***: DS vs. controls post laser.
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Percentage of DNA fragmentation, FasL, Fas, Bax and Bcl-2 in blood of DS patients.
Before laser irradiation

Percentage DNA fragmentation
Fas
FasL
Bax
Bcl-2

Post laser irradiation

DS patients

Controls

P*

DS Patients

P**

Controls

P***

0.45 ± 0.12
5.3 ± 1.2
0.37 ± 0.05
0.9 ± 0.1
8.6 ± 1.3

0.2 ±. 0.1
2.3 ± 0.2
0.24 ± 0.01
0.5 ± 0.1
10 ± 2.1

0.0001
0.0001
0.001
0.0001
0.01

0.87 ± 0.5
8.7 ± 2.8
0.6 ± .03
1.4 ± 0.5
4.2 ± 0.9

0.0001
0.0001
0.001
0.00001
0.0001

0.16 ± 0.02
4.5 ± 1.3
0.13 ± 0.02
0.07 ± 0.02
11.4 ± 4

0.0001
0.001
0.00001
0.00001
0.00001

P*: DS vs. controls before laser.
P**: DS before laser vs. DS post laser.
P***: DS vs. controls post laser.
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Figure 2 FasL mRNA expression in DS patients before and
after laser exposure Lanes 1–3 before He:Ne laser and lanes 4–6
post HeNe laser.
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Figure 3 Bax mRNA expression in DS patients before and after
laser exposure Lanes 1–3 before He:Ne laser and lanes 4–6 post
He:Ne laser.

shown that increased activity of telomerase activity is accompanied by reduced telomere length [37]. This observation is regarded as one of the cytogenetic parameters that represents a
state of genetic instability and is suggested to play a role in
the pathomechanism of typical features of Down syndrome,
such as dementia [38]. Telomere length was found to be significantly lower in amniocytes from trisomy 21 conceptions compared to the control group [39]. In the present study DS
patients, which have been previously shown to have short telomeres [39], had increased telomerase activity, which is considered a phenomenon opposite to normal.
A proposed mechanism for DS features is based on the impact of gene dosage effect [40] due to the extra-genetic material
of the supernumerary chromosome 21. It is estimated that
approximately 500 genes could map to chromosome 21; currently, nearly 40 are known. Among them is the ETS-2 gene,
which is a transcription factor involved in embryonic development [41] sometimes dysregulated in human cancers [42]. However, in the case of DS, an increased level of ETS-2 has been
shown to predispose to apoptosis [41,43]. Results of the present study showed a signiﬁcant increase in ETS-2 mRNA
expression in DS patients compared to controls. This was
accompanied by a signiﬁcant increase in plasma DNA fragmentation, indicating that increased expression of ETS-2
mRNA induces apoptosis in DS lymphocytes. Previous studies
indicated that DS patients presented increased DNA damage
as measured by single cell gel electrophoresis assay in relation
to controls [44]. Enhanced apoptosis is a common feature in

tissues and organs of DS patients [45]. Thus results of the present study indicate that apoptosis in circulating lymphocytes is
a feature in DS patients.
Fas is a type I transmembrane protein and a member of the
tumor necrosis factor receptor (TNFR) family whereas FasL is
a type II transmembrane protein and a member of TNF family. Binding of Fas by FasL induces apoptosis of the Fasexpressing cells [28]. In the present study plasma Fas has been
shown to be signiﬁcantly elevated in DS patients compared to
controls. It has been previously shown that neurodegeneration
in DS is associated with apoptosis due to overexpression of
Fas as measured in four different regions of cerebral cortex
and cerebellum in nine adult DS patients [46].
There was a signiﬁcant increase in mitochondrial protein
Bax mRNA relative concentration, accompanied by a signiﬁcant decrease in anti-apoptotic Bcl-2 protein in circulating
lymphocytes in DS patients indicating the involvement of
mitochondria pathway in apoptosis induced in lymphocytes.
It has been previously shown that in vitro ETS-2 upregulation
in DS neurons promotes the activation of a mitochondrialdependent proapoptotic pathway of cell death, which is
accompanied by increased bax [40]. There was also at least
ﬁvefold elevation of Bax protein together with decreased Bcl2 values in four cortical regions and the cerebellum of one fetal
Down syndrome (35 weeks’ gestation) postmortem brain sample compared with a control brain sample [47].
In the present study biostimulation of leucocytes in vitro
using He:Ne laser signiﬁcantly increased DNA fragmentation
in DS patients and decreased Bcl-2 protein, while in controls
DNA fragmentation was decreased and Bcl-2 protein was signiﬁcantly increased. It is believed that He:Ne laser exerts its action by stimulating the activity of superoxide dismutase
enzyme, which has been shown, previously, to increase in the
skin of animals exposed to laser [30,48]. Exposure of DS blood
to He:Ne laser stimulates an oxidative stress, which consequently increased apoptosis and its markers including Fas,
FasL, Bax and decreased antiapoptotic protein including
Bcl-2 protein.
The decrease in Bcl-2 protein can be explained by the fact
that reactive oxygen species (which are increased in DS), are
products, which have the potential to modulate critical cellular
components such as DNA, proteins and lipids, resulting in the
activation of mechanisms that lead either to cell proliferation
or to programed cell death [49].
In the present study He:Ne laser has been shown to stimulate the expression of ETS-2 gene. It is well known that the
ETS-2 gene family encodes a family of transcription factors involved in a variety of biological processes, including growth
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control, transformation, T cell activation and developmental
programs [44,50–52]. However in the case of DS patients stimulation of ETS-2 genes induces apoptosis [28].
It is well established that genetic condition like Down’s syndrome causes premature aging accompanying global senescence in various organ levels and that the rate of aging for
DS patients is nearly a twofold increase as compared to
healthy subjects [53]. Aging is associated with a decline in immune responses [54]. Although many aspects of the immune
system demonstrate age-associated alterations, T cells show
the greatest and most consistent changes [14,15]. Various
immunological theories and observations to explain the predisposition of individuals with DS to infections have been published [15] and that increased apoptosis is the main
cornerstone for this reduced infection suggesting that DS cells
may be more sensitive to proapoptotic stimuli than normal
cells [54]. Thus results of the present study provide further evidence that apoptosis is a hallmark in DS patients.
In conclusion: telomerase increased activity and overexpression of ETS-2 on chromosome 21 in DS patients may contribute to the increased rate of early senescence in circulating
lymphocytes. This together with decreased antiapoptotic protein Bcl-2 promotes apoptosis, which consequently contributes
to the abnormalities of the immune system observed in DS
patients.
References
[1] Hassold T, Jacobs P. Trisomy in man. Ann Rev Genet
1984;18:69–97.
[2] Miller R. Neoplasia and Down’s syndrome. Ann NY Acad Sci
1970;171:637–8.
[3] Fraumeni J, Manning M, Mitus W. Acute childhood leukemia:
epidemiological study by cell type in 1263 cases at the children’s
cancer research foundation in Boston. J Natl Cancer Inst
1971;46:461–70.
[4] Fabia J, Droletter M. Malformations and leukemia in children
with Down syndrome. Pediatrics 1970;45:60–70.
[5] Goldacre M, Wotton C, Seagroatt V, et al. Cancers and immune
related diseases associated with Down syndrome: a record linkage
study. Arch Dis Child 2004;89:1014–7.
[6] Yang Q, Rasmussen S, Friedman J. Mortality associated with
Down’s syndrome in the USA from 1983 to 1997: a populationbased study. Lancet 2002;359:1019–25.
[7] Sanchez-Albisua I, Storm W, Wascher I, Stern M. How frequent
is celiac disease in Down syndrome? Eur J Pediatr 2002;161:683–9.
[8] Karlsson B, Gustafsson J, Hedov G, Ivarsson SA, Annerén G.
Thyroid dysfunction in Down’s syndrome: relation to age and
thyroid autoimmunity. Arch Dis Child 1998;79:242–5.
[9] Anwar A, Walker J, Frier B. Type 1 diabetes mellitus and Down’s
syndrome: prevalence, management and diabetic complications.
Diabet Med 1998;15:160–3.
[10] Garrison M, Jeffries H, Christakis D. Risk of death for children
with Down syndrome and sepsis. J Pediatr 2005;147:748–52.
[11] Burgio G, Lanzavecchia A, Maccario R, Plebani A, Ugasio A.
Immunodeﬁciency in Down’s syndrome: T lymphocyte subset
imbalance in trisomic children. Clin Exp Immunol
1978;33:298–301.
[12] Oster J, Mikkelsen M, Nielsen A. Mortality and life-table in
Down’s syndrome. Acta Paediatr 1975;64:322.
[13] Campisi J, d’Adda di Fagagna F. Cellular senescence: when bad
things happen to good cells. Nat Rev Mol Cell Biol
2007;8:729–40.
[14] Herbig U, Ferreira M, Condel L, Carey D, Sedivy J. Cellular
senescence in aging primates. Science 2006;311:1257–68.

175

[15] Wang C, Jurk D, Nelson G, Martin-Ruiz C, von Zglinicki T.
DNA damage response and cellular senescence in aging mice.
Aging Cell 2009;8:311–23.
[16] Price J, Waters J, Darrah C, Pennington C, Edwards D, Donell S,
et al. The role of chondrocyte senescence in osteoarthritis. Aging
Cell 2002;1:57–65.
[17] Chang E, Harley C. Telomere length and replicative aging in
human vascular tissues. Proc Natl Acad Sci USA 1995;92:11190–4.
[18] Harley C, Futcher AB, Greider C. Telomeres shorten during
ageing of human ﬁbroblasts. Int Immunol 1990;345:458–60.
[19] Weng N, Palmer L, Levine B, Lane H, June C, Hodes R. Tales of
tails: regulation of telomere length and telomerase activity during
lymphocyte development, differentiation, activation, and aging.
Immunol Rev 1997;160:43.
[20] Valenzuela H, Effros R. Divergent telomerase and CD28 expression patterns in human CD4 and CD8 T cells following repeated
encounters with the same antigenic stimulus. Clin Immunol
2002;105:117–25.
[21] Akbar A, Vukmanovic-Stejic M. Telomerase in T lymphocytes:
use it and lose it? J Immunol 2007;178:6689–94.
[22] Nikolaienko O, Nguyen C, Crinc L, Cios K, Gardiner K. Human
chromosome 21/Down syndrome gene function and pathway
database. Gene 2005;364:90–8.
[23] Hattori M, Fujiyama A, Taylor T, Watanabe H, Yada T, Park H,
et al. The DNA sequence of human chromosome 21. Nature
2002;405:311–9.
[24] Bafﬁco M, Perroni L, Rasore-Quartino A, Scartezzini P. Expression of the human ETS-2 oncogene in normal fetal tissues and in
the brain of a fetus with trisomy 21. Hum Genet 1989;83:295–6.
[25] Wolvetang E, Bradﬁeld O, Hatzistavrou T, Crack P, Busciglio J,
Kola I, et al. Overexpression of the chromosome 21 transcription
factor Ets2 induces neuronal apoptosis. Neurobiol Dis 2003;14:
349–56.
[26] Fijiwara S, Fisher R, Seth Bhat N, Showalter S, Zweig M.
Characterization and localization of the products of the human
homologs of the v-ets oncogene. Oncogene 1988;2:99–103.
[27] Hengartner M. The biochemistry of apoptosis. Nature
2000;407:770–6.
[28] Nagata S. Apoptosis by death factor. Cell 1997;88:355–65.
[29] Hiyama K, Hirai Y, Kyoizumi S, et al. Activation of telomerase
in human lymphocytes and hematopoietic progenitor cells. J
Immunol 1995;155:3711–5.
[30] El Batanouny M, Korraa S, Fekry O. Mitogenic potential
inducable by He:Ne laser irradiation on human lymphocytes. J
Photochem Photobiol B 2002;68(1):1–7.
[31] Kim N, Piatyszek M, Prowse K, Harley C, West M, Ho P, et al.
Speciﬁc association of human telomerase activity with immortal
cells and cancer. Science 1994;266(5193):2011–5.
[32] Kiener P, Davis P, Rankin B, Klebanoff S, Ledbetter J, Starling
G, et al. Human monocytic cells contain high levels of intracellular Fas ligand: rapid release following cellular activation. J
Immunol 1997;159:1594–8.
[33] Laffon B, Pásaro E, Méndez J. Effects of styrene-7,8-oxide over
p53, p21, bcl-2 and bax expression in human lymphocyte cultures.
Mutagenesis 2001;16(2):127–32.
[34] Owen-Schaub L, Angelo L, Radinsky R, Ware C, Gesner T,
Bartos D. Soluble Fas/APO-1 in tumor cells: a potential regulator
of apoptosis? Cancer Lett 1995;94(1):1–8.
[35] El-Ahmady O, El-Salahy E, Mahmoud M, Wahab A, Eissa S,
Khalifa A. Multivariate analysis of bcl-2, apoptosis, P53 and
HER-2/neu in breast cancer: a short-term follow-up. Am J Physiol
Heart Circ Physiol 2003;284:H1560–9.
[36] Ioannou Y, Chen F. Quantiﬁcation of DNA fragmentation in
apoptosis. Nucleic Acid Res 1996;24(5):883–992.
[37] Jenkins E, Ye L, Velinov M, Krinsky-McHale S, Zigman W,
Schupf N, et al. Mild cognitive impairment identiﬁed in older
individuals with down syndrome by reduced telomere signal

176

[38]

[39]

[40]

[41]

[42]
[43]

[44]

[45]

[46]

E. Abdel-Salam et al.
numbers and shorter telomeres measured in microns. Am J Med
Genet B Neuropsychiatr Genet 2012;159B(5):598–604.
Jenkins EC, Tassone F, Ye L, Gu H, Xi M, Velinov M, et al.
Reduced telomere length in older men with premutation alleles of
the fragile X mental retardation 1 gene. Am J Med Genet A
2008;146A(12):1543–6.
Sukenik-Halevy R, Biron-Shental T, Sharony R, Fejgin MD,
Amiel A. Telomeres in trisomy 21 amniocytes. Cytogenet Genome
Res 2011;135(1):12–8.
Helguera P, Pelsman A, Pigino G, Wolvetang E, Head E,
Busciglio J. Ets-2 promotes the activation of a mitochondrial
death pathway in Down’s syndrome neurons. J Neurosci
2005;25(9):2295–303.
Nakamura E, Tanaka S. Biological ages of adult men and women
with Down’s syndrome and its changes with ageing. Mech Ageing
Dev 1998;105(1–2):89–103.
Epstein C. Speciﬁcity versus non-speciﬁcity in the pathogenesis of
aneuploid phenotypes. Am J Med Genet 1988;29:161–5.
Maroulakou I, Papas T, Green J. Differential expression of ets-1
and ets-2 proto-oncogenes during murine embryogenesis. Oncogene 1994;9:1551–65.
Bhat N, Thompson C, Lindsten T, June C, Fujiwara S, Koizumi
S, et al. Reciprocal expression of human ETS1 and ETS2 genes
during T-cell activation: regulatory role for the protooncogene
ETS1. Proc Natl Acad Sci USA 1990;87(10):3723–7.
Seidl R, Fang-Kircher S, Bidmon B, Cairus N, Luber G.
Apoptosis-associated proteins p53 and APO-1/Fas (CD95) in
brain of adult patients with Down syndrome. Neurosci Lett
1999;260(1):9–12.
Antonucci A, Di Baldassarre A, Di Giacomo F, Styppia I, Palka
G. Detection of apoptosis in peripheral blood cells of 31 subjects
affected with Down syndrome before and after zinc therapy.
Ultrastruct Pathol 1997;21(5):449–52.

[47] Seidl R, Bidmon B, Bajo M, Yoo PC, Cairns N, LaCasse EC,
et al. Evidence for apoptosis in the fetal Down syndrome brain. J
Child Neurol 2001;16(6):438–42.
[48] Bisht D, Gupta SC, Misra V, Mital VP, Sharma P. Effect of low
intensity laser radiation on healing of open skin wounds in rats.
Indian J Med Res 1994;100:43–6.
[49] Zamzami N, Marchetti P, Castedo M, et al. Sequential reduction
of mitochondrial transmembrane potential and generation of
reactive oxygen species in early programmed cell death. J Exp
Med 1995;182:367–77.
[50] Anderson MK, Hernandez-Hoyos G, Diamond RA, Rothenberg
E. Precise developmental regulation of Ets family transcription
factors during speciﬁcation and commitment to the T cell lineage.
Development 1999;126:3131–48.
[51] Ghysdael J, Boureux A. In: Yaniv M, Ghysdael J, editors.
Oncogenes as transcriptional regulators. Basel-Boston-Berlin
Birkhauser Verlag; 1997. p. 2988.
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