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A Case Report: Bone Marrow Mesenchymal Stem Cells
From a Rett Syndrome Patient Are Prone to Senescence
and Show a Lower Degree of Apoptosis
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Abstract Rett syndrome (RTT) is one of the most common genetic diseases responsible for a progressive disabling
neurodevelopmental disorder. Mutations in the MeCP2 gene were identified in the great majority of RTT patients. MeCP2
protein binds to methylated DNA and produces changes in chromatin structure. This is a key event in regulation of gene
expression. It has been suggested that MeCP2 might be important for neuronal development. Moreover, the frequent
occurrence of osteoporosis and scoliosis in RTT patients suggests impaired bone formation and/or remodeling.
Mesenchymal stem cells (MSCs) can differentiate as mesodermal cells such as bone, cartilage cells, and adipocytes. MSCs
have been shown to possess great somatic plasticity; in fact, they can differentiate as neurons and astrocytes. We studied
RTT patients’ MSCs because they are progenitors of osteocytes, and it has been suggested that RTT patients’ osteogenesis
could be impaired. Moreover, MSCs might represent a useful model for the study of neurogenesis. MSCs from RTT patient
showed precocious signs of senescence in a comparison with the MSCs of healthy-patient control groups. This was in
agreement with the reduced gene-expression in the control of stem cell self-renewal and upregulation of lineage specific
genes, such as those involved in osteogenesis and neural development. Control groups enabled us to observe a lower
degree of apoptosis in RTT patient cells. This means that aberrant stem/progenitor cells, instead of being eliminated, can
survive and become senescent. Our research provides a new insight into RTT syndrome. Senescence phenomena could be
involved in triggering RTT syndrome-associated diseases. J. Cell. Biochem. 103: 1877–1885, 2008. � 2007 Wiley-Liss, Inc.
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Rett syndrome (RTT) is one of the most common
genetic causes of mental retardation in girls, with
an estimated prevalence of 1:10,000–1:15,000
[Weaving et al., 2005]. It is a progressive disabl-
ing neurodevelopmental disorder, which presents
with regression, loss of speech, purposeful hand

movements,acquiredmicrocephaly,ataxia,stereo-
typichand-washingactivities,andgrowthretarda-
tion [Weaving et al., 2005]. In addition to classic
RTT, a number of variants have been described
[Weaving et al., 2005]. In 1999, mutations in the
MECP2 gene were identified in RTT patients;
mutations are found in up to 90% of classic RTT
cases, in a lower percentage of RTT variants but
also in males with both syndromic and non-
syndromic X-linked mental retardation [Weaving
et al., 2005]. Since pathogenic mutations had been
identified in such a large percentage of patients,
RTT was considered a monogenic disorder.

Transcriptional silencing is associated with
methylation of CpG DNA islands and with the
action of proteins that bind methylated DNA.
The MeCP2 protein binds to methylated DNA
and mediates gene silencing by causing changes
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in chromatin structure through the interac-
tion with co-repressors such as Sin3A and
the histone deacetylase complex [Jones et al.,
1998]. Moreover, MeCP2 interacts directly with
DNA methyltransferase DNMT1 and can con-
tribute to maintenance of DNA methylation
[Kimura and Shiota, 2003]. The transcriptional
repression process, involving the methylation
of lysine 9 of histone H3, has been linked
to DNA methylation. In detail, MeCP2 was
shown to promote methylation of lysine 9 of H3
[Kimura and Shiota, 2003]. Overall, MeCP2
could play a key role in regulation of gene
expression.

The MeCP2 protein is found in most tissues and
cell types, but its highest expression is detected in
the brain [Tudor et al., 2002; Luikenhuis et al.,
2004]. It ispresent in different regionsofdeveloping
rat brains, starting from late embryonic stages.
Protein levels correlate with neural maturation
and synapse formation, since MeCP2 expression
increases as cells acquire a mature neural pheno-
type [Jung et al., 2003; Mullaney et al., 2004].
Several knock-out models for MeCP2 have been
generated [Chen et al., 2001; Guy et al., 2001;
Shahbazian et al., 2002]. One of these models has
shown that gene deletion in post-mitotic neurons
also gives RTT-like phenotype, suggesting that
MeCP2 might be important for neuronal late
differentiation rather than development [Chen
et al., 2001; Tudor et al., 2002; Luikenhuis et al.,
2004].

The frequent occurrence of osteoporosis and
scoliosis in RTT patients suggests that bone
formation and/or remodeling were impaired in
these patients. Several authors have suggested
that MeCP2 mutations in RTT not only affect
brain development but could also affect osteo-
genesis [Haas et al., 1997; Budden and Gun-
ness, 2001, 2003; Ager et al., 2006; Zysman
et al., 2006].

Stem cells within normal tissues are defined
by commoncharacteristics: self-renewal tomain-
tain the stem cell pool over time; regulation of
stem cell numbers through a strict balance
between cell proliferation, cell differentiation,
and cell death; and the ability to give rise to a
broad range of differentiated cells [Morrison
et al., 1997; Gage, 2000; Temple, 2001].

Chromatin state is fundamental for gene
expression. In fact, euchromatin is permis-
sive for transcription, while eterochromatin is
repressive. Epigenetic mechanisms, including
DNA methylation and histone modifications,

can affect the balance between eu- and eter-
ochromatin acting as main regulators of gene
expression. Self-renewal, proliferation and dif-
ferentiation properties of stem cells are con-
trolled by key transcription factors. However,
their activity is modulated by epigenetic mech-
anisms that operate at highest hierarchical
level. Studies on these factors can be especially
important to dissect molecular pathways gov-
erning the biology of stem cells [Edlund and
Jessell, 1999; Rasmussen, 2003; Buszczak and
Spradling, 2006].

In RTT patients MeCP2 inactivation can
impair epigenetic mechanisms regulating
stem cell biology this in turn could alter the
physiological development of tissues and
organs.

Based on these premises, we decided to study
the biology of mesenchymal stem cells (MSCs)
obtained from bone marrow of a RTT patient.

In addition to hematopoietic stem cells, bone
marrow contains cells called marrow stromal
stem cells that meet criteria for stem cells of non-
hematopoietic tissues. These stem cells are
currently referred to as either MSCs, because of
their ability to differentiate into mesenchymal
cells (such as bone and cartilage cells, adipocytes),
or marrow stromal cells, because they appear
to stem from the complex array of supporting
structures found in marrow [Prockop, 1997;
Bianco and Gehron Robey, 2000; Colter et al.,
2000]. MSCs have shown to possess great
somatic plasticity since they can differentiate into
non-mesenchymal lineages. In fact, it has been
demonstrated that MSCs are capable of dif-
ferentiating into neurons and astrocytes in vitro
and in vivo [Jori et al., 2005; Krabbe et al., 2005;
Wislet-Gendebien et al., 2005].

We hypothesized that studying MSCs in RTT
patients could be of interest for several reasons:
(i) MSCs are the progenitors of osteocytes
and it has been suggested that osteogenesis
could be impaired in RTT patients. (ii) In
neurodevelopmental disorders, such as RTT,
neural stem cells should be analyzed to detect
possible alterations in neuronal/glial com-
mitment and differentiation. Obviously, neural
stem cells cannot be obtained from RTT
patients. MSCs could represent a valid alter-
native to study neurogenesis since they can
differentiate in neurons and glia. (iii) MSCs
are easily isolated from bone marrow cells with
a procedure that causes limited uncomfortable
pain to patients.
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EXPERIMENTAL PROCEDURES

Molecular Analysis of the Identified Patient

Blood samples were obtained after informed
consent. DNA was extracted from peripheral
blood using a QIAamp DNA Blood Kit (Qiagen,
Italy). DNA samples were screened for muta-
tions in the four exons coding for MECP2
using Transgenomic WAVE denaturing high
performance liquid chromatography (DHPLC).
The analysis of the MECP2 gene for deletions/
duplications was performed as previously des-
cribed [Ariani et al., 2004]. PCR products
resulting in abnormal DHPLC profiles were
sequenced on both strands using PCR primers
with fluorescent dye terminators on an ABI
PRISM 310 genetic analyzer (PE Applied Bio-
systems, CA).

MSC Cultures

Bone Marrows were obtained from a female
child with RTT syndrome and two healthy
female children after informed consent. All
children (patient and controls) showed no stat-
istically significant differences in the body mass
index and had the same age range (4–6 years
old). Bone marrow aspirates were collected from
iliac crests, separated on Ficoll density gradient
(GE Healthcare, Italy), and the mononuclear cell
fraction was harvested and washed in phosphate
buffer saline (PBS). We seeded 1–2.5� 105 cells
per cm2 in 100 mm dishes with a-modified
Eagle’s medium (aMEM) containing 10% fetal
bovine serum (FBS), 2 ng/ml basic FGF, 2 mM
L-glutamine, 100 U/ml penicillin, and 100 mg/ml
streptomycin (proliferating medium). After 24–
48 h, non-adherent cells were discarded, and
adherent cells representing MSCs along with
committed progenitors were washed twice with
PBS. Cells were then incubated for 7–10 days in
proliferating medium to reach confluence and
extensively propagated for further experiments.
We used cells till the 4th passage, each time
we plated 2� 103 cells per cm2. All cell culture
reagents were obtained from Euroclone Life
Sciences (Italy) and Hyclone (UT) unless other-
wise stated.

Cell Cycle Analysis

For each assay 3� 105 cells were collected and
resuspended in 500 ml of a hypotonic buffer
(0.1% Triton X-100, 0.1% sodium citrate and
50 mg/ml propidium iodide, RNAse A). Cells
were incubated in the dark for 30 min and then

analyzed. Samples were acquired on a FACS-
Calibur flow cytometer using the Cell Quest
software (Becton Dickinson, NJ) and analyzed
with standard procedure using the Cell Quest
software and the ModFitLT software version
3 (Becton Dickinson).

Detection of Apoptotic Cells

Apoptotic cells were detected taking advan-
tage of Alexa 568-conjugated Annexin V (Roche,
Italy), which binds to phosphatidylserine trans-
located from the inner part of the plasma
membrane to the outer layer of the cell during
the early stages of apoptosis. To stain apoptotic
cells, the culture medium was discarded and
cells were incubated with Alexa 568-conjugated
Annexin V, diluted 1: 50 in a solution contain-
ing 10 mM HEPES, pH 7.4 (Sigma-Aldrich,
Italy), 140 mM NaCl (Sigma-Aldrich, Italia),
5 mM CaCl2 (Sigma-Aldrich, Italia), for 15 min
at room temperature. Then, cells were wash-
ed with PBS, and were counterstained with
Hoechst 33342 (Sigma-Aldrich, Italy) 100 mg/ml
for 5 min, washed with water, mounted on
glass slides with Mowiol (Calbiochem, San
Diego, CA) containing 2.5% DABCO (Sigma-
Aldrich, Italia) and observed at a fluorescence
microsope (Leica Mycrosystems Italia, Milano,
Italy). In every experiment, at least 1,000 cells
were counted in different fields to calculate the
percentage of dead in culture.

Senescence-Associated b-Galactosidase Assay

Senescence-associated b-galactosidase is use-
ful marker to detect replicative senescence,
since this enzyme, active at pH 6, is differen-
tially expressed in senescent cells compared to
younger ones [Kurz et al., 2000].

Cells were fixed for 10 min with a solution of
2% (v/v) formaldehyde and 0.2% (w/v) gluta-
raldehyde. Cells were washed with PBS and
then incubated at 378C for at least 2 h with a
staining solution (30 mM citric acid/phosphate
buffer (pH 6), 5 mM K4Fe(CN)6, 5 mM K3

Fe(CN)6, 150 mM NaCl, 2 mM MgCl2, 1 mg/ml
X-Gal solution). The percentage of senescent
cells was calculated by the number of blue
cells (b-galactosidase positive cells) out of at
least 500 cells in different microscope fields.

TRAP Assay

TRAPassay wascarriedoutaccording Kimetal.
[1994] and Kim and Wu [1997]. Briefly, 5� 105

cells were lysed in 10 mM Tris–HCl (pH 7.5),

Rett Syndrome and Mesenchymal Stem Cells 1879



2.5 mM MgCl2, 1 mM EGTA (ethylene glycol bis
(2-aminoethyl ether)-N,N,N0N0-tetraacetic acid),
0,5% CHAPS (3-[(3-cholamidopropyl)dimethylam-
monio]-1-propanesulfonatehydrate) 10% glycerol,
5 mM b-mercaptoethanol, 1 mM AEBSF (4-(2-
aminoethyl) benzenesulfonyl fluoride hydrochlo-
ride) for 30 min at 48C. The lysates were then
centrifuged for 10 min at 10,000g at 48C. After
centrifugation, protein concentration was deter-
mined by Bradford Assay. Reaction mixture for
TRAP assay was done as it follows: 1X Taq DNA
polymerase buffer (Promega, Italy), 1.5 mM MgCl2
50 mM dNTPs, primer M2(TS) (50-AATCCGTC-
GAGCAGAGTT-30) TRAP internal control (50-AA-
TCCGTCGAGCAGAGTTAAAAGGCCGAGAAG-
CGAT-30). This mixture was incubated for 30 min
at 258C, then we added primer ACX primer
(50-GCGCGG[CTTACC]3CTAACC-30), primer NT
(50-ATCGCTTCTCGGCCTTTT-30), 2.5 U Taq
DNA polymerase (Promega). The reaction was
denaturedfor3minat948C,thenamplifiedfor30–
35 cycles (948C for 15 s, 608C for 15 s, 728C for 15 s).
Primers ACX and M2(TS) will amplify the telo-
merase products, while primers M2(TS) and NT
will amplify the TRAP internal control. PCR
products were resolved on 20% polyacrylamide
gels stained with Gelstar (Cambrex Bioscience,
Denmark).

Micrococcal Nuclease Assay

Cells were permeabilized with 0.01% L-a-
lysophosphatidylcholine (Sigma-Aldrich, Italy),
in 150 mM sucrose, 80 mM KCl, 35 mM HEPES
pH 7.4, 5 mM K2HPO4, 5 mM MgCl2, 0.5 mM
CaCl2 for 90 s, followed by digestion with 2 U/ml
micrococcal nuclease (Sigma-Aldrich, Italy) in
20 mM sucrose, 50 mM Tris–HCl pH 7.5, 50 mM
NaCl and 2 mM CaCl2 at room temperature for
various times. Digested DNA was resolved on
1% agarose gel electrophoresis.

RNA Extraction and RT-PCR and Real Time PCR

Total RNA was extracted from cell cultures
using TRI REAGENT (Molecular Research Cen-
ter, Inc., OH) according to the manufacturer’s
protocol. The mRNA levels of the genes analyzed
were measured by RT-PCR amplification, as
previously reported [Galderisi et al., 1999].

Sequences for mRNAs from the nucleotide
data bank (National Center for Biotechnology
Information) were used to design primer pairs
for RT-PCR reactions (Primer Express, Applied
Biosystems, CA). Primer sequences are avail-
able on request. Appropriate regions of HPRT

(hypoxanthine-guanine phosphoribosyltrans-
ferase) cDNA were used as controls. PCR
cycles were adjusted to have linear amplifica-
tion for all the targets. Each RT-PCR reaction
was repeated at least three times. A semi-
quantitative analysis of mRNA levels was
carried out by the ‘‘GEL DOC UV SYSTEM’’
(Biorad Company, CA).

When minimal differences in gene expression
were detected, experiments were repeated using
Real Time PCR approach. The Real Time PCR
assays were run on Opticon 4 machine (MJ
Research, Waltham, MT). Reactions were per-
formed according to the manufacturer’s instruc-
tions by using SYBR green PCR Master mix.
Primer sequences were designed with Primer
express software.

Statistical Analysis

Statistical significance was evaluated using
ANOVA analysis followed by Student’s t-test
and Bonferroni’s test. Data were expressed as
average value� standard deviation. Generally
speaking, comparison between patient and each
of the two controls were in good agreement,
when significant differences were observed we
indicated them.

RESULTS

An enrolled RTT patient (6-years-old) had the
clinical manifestations of fruste Rett Syndrome.
She carried a de novo mutation (c.1164-1207del)
in the MeCP2 gene.

MSCs From RTT Patient Show
a Lower Degree of Apoptosis

MSCs from RTT patient and controls were
analyzed by FACS analysis. In several experi-
ments, we observed a significant reduction of
S-phase cells, along with an increase of G2/M
cells in RTT samples compared with controls.
Table I shows a representative experiment.

FACS analyses allowed us to also detect
apoptic cells having a subdiploid DNA content

TABLE I. A Representative FACS Analysis
of MSCs From RTT Patient and Control

G1 phase
(%)

S-phase
(%)

G2/Mphase
(%)

RTT patient 49.80 8.98 41.14
Control 44.34 33.64 21.70

Analyses were carried out on actively proliferating cells.
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(pre-G1 phase). In RTT cells, we observed a
decrease of apoptic cells compared with the two
controls (�24% and �80%, respectively).

These data were confirmed by annexin
assay that evidenced a reduced percentage of
apoptotic cells in cultures from RTT samples
compared with controls (Fig. 1).

MSCs From RTT Patient Are Prone to Senescence

We observed signs of senescence in cells
from RTT patient, as detected by in situ acid-
beta-galactosidase compared with cells from
healthy donors (Fig. 2). To extend this find-
ing, we measured telomerase activity by a
primer extension assay in which telomerase
reverse transcriptase (TERT) synthesizes telo-
meric repeats onto oligonucleotide primers
(TRAP assay) [Kim et al., 1994; Kim and Wu,
1997].

Telomerase-positive extracts were obtained
from MSCs of healthy children, as expected
for stem cell samples. However, the telomerase
activity was reduced in RTT patient (Fig. 3).

It has been demonstrated that distinct
heterochromatin structures accumulate during
senescence and could represent a hallmark
of this process. In particular, Narita et al.
[2003] evidenced heterochromatin formation
during cellular senescence and demonstrated
that DNA from senescent cells was more
resistant to limited micrococcal nuclease diges-
tion compared to normal cells. Cells from
RTT patient showed an increased resistance to
nuclease digestion compared with cells from
controls (Fig. 4).

Molecular Pathways Involved in Cell Cycle
Regulation, Apoptosis, and Senescence

We analyzed the expression of key genes
involved in cell cycle regulation, apoptosis, and
senescence. In MSCs from RTT patient, the
reduction of cells in S-phase is in agreement
with the decrease of cyclin E mRNA (�74%�
9%) (Fig. 5A). Expression of Rb (�47%� 7%),
Rb2/p130 (�43%� 6%), p107 (�43%� 8%),
p27 (�54%� 8%), and p53 (�55%� 8%) mRNA
was downregulated in RTT patient compared to
controls (Fig. 5A). This is an unexpected result
since these genes are related to cell cycle arrest

Fig. 1. Detection of apoptic cells by annexin assay. Fluo-
rescence photomicrograph represents cells stained with annexin
V (green), which binds to phosphatidylserine residues exposed
on the outer layer of the cell membrane during the early stages of
apoptosis. Nuclei were counterstained with Hoechst 33342
(blue). The table shows, for RTT patient and control, the
percentage of apoptotic cells in cultures. [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.]

Fig. 2. Senescence-associated b-galactosidase assay per-
formed on MSCs obtained from RTT patient and control as
indicated in the table. The picture shows several senescent cells
as detected with b-galactosidase assay. [Color figure can
be viewed in the online issue, which is available at www.
interscience.wiley.com.]

Fig. 3. Polyacrylamide gel electrophoresis of TRAP assay
products obtained from RTT and control cells. The picture shows
the PCR amplified products of telomerase activity. Three different
reactions for RTT patient and control were shown. Black arrow:
TRAP internal control. The assay measures enzymatic activity of
telomerase. In the first step of the reaction, active telomerase in
cell extracts adds a varied number of telomeric repeats
(TTAGGG) onto the 30 end of the substrate oligonucleotide
M2(TS). After which PCR is used to amplify the extended
products. The M2 primer serves as forward primer while ACX is
the reverse primer for PCR. The products are then electro-
phoresed on a polyacrylamide gel. The internal control of
reaction is to demonstrate that PCR reactions were properly
carried out.
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and senescence. It is possible that other genes
could promote these processes in RTT cells.
On the other hand, we detected an upregulation
of the cyclin kinase inhibitors p21 (þ78%� 6%)
and p16 (þ230%� 20%). This last gene plays
a key role in blocking cell cycle progression and
promoting senescence phenomena. Interest-
ingly, we did not observe TERT expression
in RTT cells while its expression was easily
detected in control MSCs (data not shown).
Absence of TERT expression further confirms
that RTT cells were prone to senescence.

In MSCs from RTT patient, we detected a
significant decrease of Bax/Bcl-2 ratio (�61%�
8%) compared to controls. This is in agreement
with the reduction of apoptic cells as detected
with annexin assay (Fig. 1).

Genes Involved in Stem Cell Self-Renewal

Studies on transcriptional profiling of stem
cells allowed a preliminary identification of
‘‘stemness’’ genes participating in control of
stem cell properties, such as self-renewal
ability and retention of an uncommitted state
[Cai et al., 2004; Mikkers and Frisen, 2005;
Takahashi and Yamanaka, 2006]. We compared
the expression of some ‘‘stemness’’ genes in
MSCs from RTT patients and healthy indi-
viduals. In controls and RTT samples, we did
not detect the expression of Sox2, GDF3, UTF1,
TCL1, and Zfp42. In MSCs from RTT patient,
we observed a significant reduction of Oct 3/
4 (�30%� 5%), Sox15 (�37%� 7%), SALL4
(�89%� 8%), and Nanog (�50%� 6%) (Fig. 5B).

Expression of Lineage Specific Gene

In MSCs, low-level transcritption of lineage-
specific genes has been detected along with
highly expressed housekeeping and stemness
genes. During differentiation, silencing of chro-
matin domains and the formation of heterochro-
matin prevents this promiscuous transcription
and the activity becomes limited to lineage-
specific genes. According to this transcription
model, it can be hypothesized that MSC dif-
ferentiation is biased to those lineages whose key
genes are already expressed in uncommitted
cells.

We compared classical mesodermal lineage
specific markers in MSCs from RTT patient
and in those from healthy donors. In MSCs
from the RTT child, we detected an increase of
osteopontin (þ76� 8%) that is an osteogenic
marker, while we did not detect modification of

Fig. 4. Micrococcal nuclease assay. Agarose gel electro-
phoresis of genomic DNA from RTT and control sample. DNA
was digested with micrococcal nuclease for various times, as
indicated below. It is evident in the picture that a high molecular
weight DNA band is more resistant to nuclease digestion in MSCs
from RTT patient compared with the control. Lane 1: undigested
control DNA; lanes 2–4 control DNA that was digested for 10, 30,
and 60, respectively; lanes 5–7 DNA from RTT sample that was
digested for 10, 30, and 60, respectively. White arrow: high
molecular weight DNA.

Fig. 5. Semiquantitative RT-PCR analysis of mRNA expression
of the indicated genes from RTT patient (column 1) and healthy
control (column 2). mRNA levels were normalized with respect
to HPRT, chosen as an internal control. Each experiment was
repeated at least three times. A: cell cycle related genes; (B) genes
involved in stem cell self-renewal and uncommitted state.
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PPAR-g, an adipocyte differentiation marker.
The somatic plasticity of MSCs allows their
differentiation also in ectodermal derivatives,
such as neurons. For this reason we also
analyzed the expression of neural specific
markers (Table II). Overall, these markers were
upregulated in RTT samples compared with
MSCs from healthy children.

DISCUSSION

RTT is a genetic disorder affecting mainly
neural development. Several reports also
showed that osteogenesis process could be
impaired in RTT patients [Haas et al., 1997;
Budden and Gunness, 2001, 2003; Ager et al.,
2006; Zysman et al., 2006]. Improper tissue
development and maturation may arise from
alterations in stem cell reservoirs [Ohlstein
et al., 2004; Scadden, 2006]. For these reasons,
we decided to investigate the biology of bone
marrow MSCs. These cells are of great interest
for studies on RTT syndrome since they repre-
sent the physiological pool for generation of
osteocytes. Moreover, they can represent a
useful model to study neural development.

MeCP2 Inactivation Could Alter
the Biology of MSCs

MSCs from RTT patient showed precocious
signs of senescence compared with healthy
controls. This was in agreement with a reduced
expression of genes involved in control of stem
cell self-renewal and upregulation of lineage
specific genes, such as those involved in osteo-
genesis and neural development. These data
are in agreement with research showing that
genomic DNA methylation decreases gradually
during cell culture progression and, in general,

in aging of organisms [Nilsson et al., 2005;
Zheng et al., 2006]. In fact, MeCP2 inactivation
could contribute to decrease in the levels of DNA
methylation [Fuks, 2005].

We observed a lower degree of apoptosis
in RTT patient cells compared with controls.
This means that aberrant stem/progenitor cells,
instead of being eliminated, could survive and
become senescent.

Overall, these data suggest that in RTT
patient, the bone marrow reservoir of MSCs
could be composed of stem cells with impaired
self-renewal ability and modifications of uncom-
mitted state. Alternatively, in the reservoir, a
change in stem cells/progenitors ratio could
occur. These aberrations could be involved in
development of bone pathologies observed in
some RTT patients.

On the basis of our research data, we could
hypothesize that MeCP2 inactivation may be
responsible for alterations in other stem cell
reservoirs, such as the neural stem cell pool.
These abnormalities could generate symptoms
and diseases that are associated with RTT
syndrome.

MeCP2 and Gene Expression

Most of genes we analyzed can be silenced
through methylation of their own promoters.
At first glance, MeCP2 mutation should
disrupt silencing of these genes and lead to
their expression. Nevertheless, several genes
showed a decreased or unchanged expression
in MSCs from RTT patient compared with
controls. These data are in agreement with
studies showing that MeCP2 inactivation can
induce both gene upregulation and silencing
[Colantuoni et al., 2001; Nuber et al., 2005;
Delgado et al., 2006]. This may be explain-
ed considering that (i) methylated DNA is a
docking site for several proteins besides MeCP2
and (ii) MeCP2 inactivation may induce the
expression of (co)-repressors acting on methy-
lated promoters to trigger gene downregulation
through epigenetic mutations that do not
require the presence of MeCP2 on methylated
CpG islands.

CONCLUSION

Our research provides a new insight on
RTT syndrome. Senescence phenomena could
be involved in triggering RTT syndrome-
associated diseases.

TABLE II. Semiquantitative RT-PCR
Analysis of mRNA Expression of the

Indicated Genes From RTT Patient and
Healthy Control

Gene RTT patient Control

GFAP Not detected 1
MAP2 10.0�1.50 1

Glutamine synthetase 1.48�0.14 1
NAIP 3.30�0.30 1
CNPase 6.20�1.22 1
Vimentin 0.30�0.08 1

Neuron specific enolase 1.64�0.29 1

mRNA levels were normalized with respect to HPRT, chosen as
an internal control. Each experiment was repeated at least
three times. Arbitrary control value is 1.
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