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Abstract. Rett syndrome is a severe neurological
developmental disorder. In this syndrome, the high
incidence of sudden death is correlated with an al-
teration of ventricular repolarization. The purpose of
this study was to evaluate plasmatic levels of nerve
growth factor (NGF) in Rett patients with prolonged
corrected QT (QTc) interval in comparison with
those of Rett patients with normal QTc. We observed
23 female Rett patients (9.9 + 4.7 years). NGF
plasma levels and QTc interval were measured in all
patients. Student z-test was performed for statistical
analysis. NGF plasma levels were significantly lower
in Rett patients with QTc interval prolongation (QTc
> 0.44 sec) in comparison with Rett patients with a
normal QTc interval (4.5 £ 4.5 vs 11 £ 8.3 pg/ml,
p = 0.02). The alteration of NGF levels, observed in
Rett patients with a long QTc interval, may explain
the presence of an altered ventricular repolarization
associated with a higher risk of cardiac arrhythmias.
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Rett syndrome is a severe neurological disorder, oc-
curring almost exclusively in females, characterized
by onset in childhood, psychomotor regression after
at least 6 months of apparently normal life, classic
stereotype hand movements (hand washing/wringing
or clapping/tapping hand to mouth), gait ataxia,
jerky truncal ataxia, head circumference stagnation,
loss of purposeful hand movements, and breathing
rithms alteration [3]. There is usually a deceleration
of brain and body organ growth with many autistic
features. The incidence of Rett syndrome is 1/10,000—
15,000 [14]. Recent studies have shown in almost 80%
of cases of classic Rett syndrome the presence of a
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methyl-CpG-binding protein 2 (MECP2) gene mu-
tation [7].

The mortality rate in Rett syndrome is 1.2% per
year; of these deaths, 26% were sudden and unex-
pected [17]. In comparison, the incidence of sudden,
unexpected death in the general population between 1
and 22 years of age was 1.3 per 100,000 patients per
year [9].

The pathogenesis of sudden death in Rett syn-
drome is unknown, but electrical instability is a prime
suspect. A prolonged corrected QT (QTc) interval has
been reported in Rett syndrome. Sekul et al. [23] re-
ported QTc prolongation (QTc > 0.45 sec ) in 41% of
their cohort, with an increase in the mean value
across clinical stages, and our previous study [13]
confirmed these data. Sekul et al postulated that a
prolonged QTec interval could be a possible cause of
sudden death in Rett syndrome. The prolonged QT
syndrome is a serious and potentially lethal cardiac
disorder. The condition is believed to be caused by
abnormal repolarization after ventricular systole, and
it has been attributed to an abnormality at the my-
ocardial cellular level.

Recently, we observed an abnormal develop-
mental profile of serum nerve growth factor (NGF)
levels in Rett disorder [4]: whereas NGF levels in-
creased significantly with age in controls, in Rett fe-
males we observed a progressive age-dependent
decrease in NGF. These data suggest a role for NGF
in the pathogenesis of Rett syndrome.

NGF is an important modulator of neuronal
plasticity at synapses formed by central nervous sys-
tem neurons; in the periphery NGF influences neur-
onal survival and differentiation in the developing
sympathetic and sensory nervous systems and en-
hances neuritic growth and target innervation, indi-
cating that it functions as a modulator of sympathetic
synaptic transmission [20].

NGF is expressed in the heart and in other
sympathetic targets at approximately the time of in-
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itial innervation [6]. Previous studies showed that
treatment of neonatal rats with the antiserum to
NGF led to an abnormal heart innervation pattern
with an immature electrophysiological response to o-
adrenergic stimulation [21]. Furthermore, when car-
diac sympathetic innervation in neonatal rats is re-
tarded by antiserum to NGF, there is a
corresponding increase in the QT interval on elec-
trocardiogram. The prolonged QT interval may be
explained by the retarded pattern of both nexal and
desmosomal junction formation and by thedispersal
of action potential duration [24].

In this study, we evaluate the plasmatic levels of
NGF in Rett children with prolonged QTc interval in
comparison to those of Rett children with normal
QTc interval.

Patients and Methods

We observed 23 females with Rett syndrome; their diagnosis was
confirmed independently by two child neuropsychiatrists (YH and
MZ) and clinical stage was determined according to the system of
Hagberg and Witt-Engerstrom [15]. All patients showed mutation
of the gene MECP2. NGF plasma levels and QTc interval were
measured in all patients. The investigation conforms to the prin-
ciples outlined in the Declaration of Helsinki.

Blood NGF Levels

Blood for all subjects was drawn in the morning between 8:00 and
10:00 AM. Plasma was collected from heparinized whole blood,
supplemented with 20 mg/ml aprotinin, and stored at —86°C until
NGF assay. Briefly, polystyrene 96-well microtube immunoplates
(Nunc) were coated with affinity-purified, polyclonal goat anti-
NGF antibody and diluted in 0.05 M carbonate buffer (pH 9.6).
Parallel wells were coated with purified goat IgG (Zymed, San
Francisco, CA, USA) in order to evaluate the nonspecific signal.
Following overnight incubation at room temperature and 2 hours
of incubation with a blocking buffer (0.05 M carbonate buffer, pH
9.5, 1% BSA), plates were washed three times with 50 mM Tris-
HCI (pH 7.4), 200 mM NacCl, 0.5% gelatin, and 0.1% Triton X-100.
After extensive washing of the plates, the samples and the NGF
standard solutions were diluted with sample buffer [0.1% Triton X-
100, 100 mM Tris-HCI (pH 7.2), 400 mM NaCl, 4 mM EDTA, 0.2
mM PMSF, 0.2 mM benzethonium chloride, 2 mM benzamidine,
40 U/ml aprotinin, 0.05% sodium azide, 2% BSA, and 0.5% gela-
tin], distributed among the wells, and left at room temperature
overnight. The plates were then washed three times and incubated
with 4 mU/well anti-B-NGF-galactosidase (Boehringer Mannheim,
Germany) for 2 hours at 37°C, and after further washing, 100 pl of
substrate solution [4 mg/ml of chlorophenol red (Boehringer
Mannheim); substrate buffer: 100 mM HEPES, 150 mM NacCl, 2
mM MgCl,, 0.1% sodium azide, and 1% BSA] was added to each
well. After incubation for 2 hours at 37°C, optical density was
measured at 575 nm using an enzyme-linked immunosorbent assay
reader (Dynatech), and the values of standards and samples were
corrected by taking nonspecific binding into consideration. Under
these conditions, the sensitivity was 3 pg/ml, the recovery of NGF
ranged from 80 to 90%, and cross-reactivity with other related
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neurotrophins of the NGF family, such as BDNF and NT-3, was
less than 3% [2, 26]. Data were represented as pg/ml and all assays
were performed in triplicate.

QTC Interval

Twelve-lead ECGs were recorded simultaneously. Standard criteria
were applied for the QT measurement [12]. QT intervals were
measured from the onset or Q wave or the onset of the QRS to the
end of T-wave, defined as return to the T-P baseline. When U
waves were present, the QT was measured to the nadir of the curve
between the T and U waves.

The QT interval, determined by the longest hand-measured
QT interval in any lead, was corrected for the heart rate by the
Bazett method to yield the QTc value (QTc was calculated by di-
viding the QT interval by the square root of the R-R interval,
excluding those intervals shorter than 521 msec and longer than
1111 msec; Bazett’s formula considers values exceeding this range
to be unreliable [11]). The QTc interval was considered abnormal if
greater than 0.44 sec.

Statistical Analysis

NGF plasma levels and age were compared in individuals with Rett
syndrome with and without QTc interval prolongation by means of
Student #-test for unpaired data.

Results

Of the 23 individuals with Rett syndrome, 20 had
classic Rett syndrome and 3 were classified as pre-
served speech variants. Age ranged from 4 to 21 years
(9.9 £ 4.7 years). Theree patients were in clinical
state II, 18 patients were in clinical stage III, and 2
patients were in clinical statge IV of the disorder.
Eighteen patients had a history of seizures, 16 of
whom were taking anticonvulsants (5 were taking
lamotrigine, 8 were taking carbamazepine, and 3 were
taking sodium valporate).

The QTc values of the Rett syndrome cohort
ranged from 0.39 to 0.49 sec, with a mean of 0.44 sec.
A prolonged QTc (>0.44sec) was identified in 12
patients (57%) (10.9 + 4.8 years) The corrected QT
interval in these patients ranged form 0.45 to 0.49 sec
(0.46 £+ 0.01 sec).

A total of 18 patients were assigned to stage III
Rett syndrome, of whom 10 were found to have a
prolonged QTc value. One out of 3 patients in stage
IT and 1 out of 2 patients in Stage IV had QTc pro-
longation.

In 11 Rett girls (10.9 + 4.8 years) with normal
QTc interval (<0.44 sec), QTc values ranged from
0.39 to 0.44 sec (0.41 £ 0.01 sec).

There were no significant differences (i.e., for age)
between the two groups of Rett girls. NGF plasma
levels were significantly lower in Rett children with
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QTc interval prolongation in comparison wth Rett
girls with normal QTc values (4.5 £ 4.5vs 11 + 8.3

pg/ml, p = 0.02).
Discussion

A variety of studies published in recent years have
investigated the role of NGF and other molecules of
the same family [1, 5, 16] in regulating cardiovascular
development and modulating the vascular response
to nerve injury. For example, it has been reported
that NGF protects against postischemic dysfunction
of the sympathetic coronary innervation [1], is re-
duced in human and experimental heart failure [16], is
involved in nerve sprouting associated to cardiac ar-
rest [5], and regulates intramyocardial vessel stabili-
zation [8].

A role for neurotropic factors has been postu-
lated in Rett syndrome [19], and complex interactions
have been suggested among cortical morphogenesis,
neuronal differentiation, and nerve growth factor.
NGF expression in the brains of patients with Rett
syndrome is reduced [19], and this observation in
confirmed by other studies that showed low cere-
brospinal fluid NGF levels [18, 22]; other authors
observed instead normal NGF values in cerebrospi-
nal fluid and in serum [25].

Statistical analysis of the two groups of Rett
patients showed for the first time in humans a link
between low NGF levels and the alteration of ven-
tricular repolarization expressed by QTc prolonga-
tion, which was established by previous experimental
evidence [21, 24] in rats treated with antibodies anti-
NGF. QTc interval is considered a predictor of ven-
tricular arrhythmias and other adverse events in
various cardiac disease [10]. The alteration of NGF
levels, observed in Rett patients, may explain the
presence of an altered ventricular repolarization and
the consequent higher risk of cardiac arrhythmias.
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