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Summary

  Rett syndrome (RTT) is a postnatal, severe, disabling neurodevelopmental disorder occurring al-
most exclusively in females and is the second most common cause for genetic mental retardation 
in girls. In the majority of cases it is caused by mutations in gene (MECP2) encoding methyl-CpG-
binding protein 2. Brain-derived neurotrophic factor (BDNF) is a neurotrophic factor playing a 
major role in neuronal survival, neurogenesis and plasticity. Animal studies suggested that abnor-
malities in BDNF homeostasis may contribute to the pathogenesis in Mecp2 null mice, and BDNF 
administration in the Mecp2 mutant brain led to later onset/slower disease progression, suggest-
ing that increased BDNF in the brain could be therapeutic for this disease. Mature BDNF is a 14 
kDa protein that may have poor blood-brain barrier penetrability. However, recent animal studies 
demonstrated that peripheral administration of BDNF, either by intravenous injection or intrana-
sal delivery, could increase BDNF levels in the brain. Thus it is proposed that peripheral adminis-
tration of BDNF in the early stage could have therapeutic potential for RTT subjects. Furthermore, 
the combination use of mannitol may temporarily open the blood-brain barrier and facilitate the 
entry of BDNF into brain. The potential therapeutic effect of peripheral BDNF administration 
could be tested in RTT animal models such as Mecp2 KO mice, which may provide a new interven-
tion for this devastating disease.
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Background

Rett syndrome (RTT; OMIN # 312750) is a complex neu-
rodevelopmental disorder characterized by the progres-
sive loss of intellectual functioning and acquired speech, 
head growth deceleration, autistic features such as emo-
tional withdrawal and diminished eye contact, motor ste-
reotypies, early hypotonia followed by rigidity, epilepti-
form seizures, exaggerated responses to stress, and severe 
respiratory and autonomic (cardiac and gastrointestinal) 
dysfunction [1–3]. RTT predominantly affects girls and, 
in most cases, it is consequent to loss-of-function muta-
tions in the gene (MeCP2) encoding methyl-CpG-binding 
protein 2 [4]. The basic pathophysiology of RTT is consid-
ered as deficiency of the activities of the serotonin (5-TH) 
and the noradrenaline (NA) neurons, which have roles 
in neuronal development in infancy from 4 months to 18 
months of age [5,6]. Hypofunction of the 5-HT and NA neu-
rons, which modulate the antigravity activities or postural 
tone, causes postural hypotonia and failure in locomotion 
(crawling) in infancy [7]. In addition to monoaminergic 
dysfunction, a study using receptor autoradiography dem-
onstrated that Rett syndrome is a genetic disorder of syn-
apse development, especially synapses that use glutamate 
and GABA as neurotransmitters [8]. To date, no success-
ful medical treatments have been established; current treat-
ment includes symptomatic therapy, anticonvulsive thera-
py and physiotherapy.

Brain-derived neurotrophic factor (BDNF) belongs to a 
family of proteins related to the nerve growth-factor family, 
widely expressed in the adult mammalian brain and respon-
sible for neuron proliferation, survival and differentiation 
[9,10]. BDNF is also found in the blood, accumulating pre-
dominantly in platelets; a rodent study showed that serum 
and cortical BDNF levels undergo similar changes during 
maturation [11]. Like other neurotrophins, BDNF utilizes 
a dual receptor system to modulate diverse and sometimes 
opposing biological actions that consists of a specific high-
affinity receptor (tyrosine kinase receptor) and a common 
low-affinity receptor (p75 neurotrophin receptor) [12,13].

In 2006, Chang et al. demonstrated that BDNF levels in the 
whole-brain lysate in Mecp2 knockout (KO) mice are de-
creased to about 70% of the wild-type levels [10]. It was hy-
pothesized that Mecp2 deficiency decreases neuronal activ-
ity, thereby indirectly causing a decrease in BDNF protein 
levels [14]. In their report, it was also demonstrated that de-
letion of Bdnf in Mecp2 mutants caused an earlier onset/ac-
celerated disease progression, whereas BDNF overexpres-
sion in the Mecp2 mutant brain led to a later onset/slower 
disease progression, suggesting that RTT pathogenesis may 
be partially mediated through BDNF; therefore, manipula-
tion of BDNF expression/signaling in brain could be thera-
peutic for this disease [14]. This notion is supported by the 
recent report that synaptic dysfunction in the brainstem nu-
cleus tractus solitarius (the principal site for integration of 
primary visceral afferent inputs to central autonomic path-
ways) of Mecp2 mutants could be rescued by application of 
exogenous BDNF [15]. In another study, Bdnf overexpres-
sion in embryonic day-18 hippocampal neurons prevents 
dendritic atrophy caused by Mecp2 mutations [16]. In a clin-
ical study, it was found that a BDNF functional genetic poly-
morphism may affect Rett severity [17].

On the basis of the above findings, agents such as lithium, 
antidepressants [18], and glatiramer acetate [19] that could 
increase central BDNF levels may have potential for the treat-
ment of RTT. In animal studies it was demonstrated that de-
sipramine, a tricyclic antidepressant, can improve breath-
ing and survival in a RTT mouse model [20,21]. Recently, 
it has been suggested that early intervention with antide-
pressants or psychostimulants could increase the MeCP2 
expression in females with RTT and normalize BDNF defi-
ciency to improved Rett syndrome [22].

For a more direct intervention, here I propose that periph-
eral BDNF administration, either by intranasal delivery or 
intravenous injection, could be a possible approach for the 
treatment of Rett syndrome.

HypotHesis

Like other secreted proteins, BDNF arises as a precursor, 
pro-BDNF, which is proteolytically cleaved to yield the ma-
ture protein. Mature BDNF is a 14 kDa protein that may 
have poor blood-brain barrier penetrability. However, ear-
lier animal studies demonstrated that peripheral BDNF 
by intravenous injection can cross the blood-brain barrier 
[23–25]. In a recent report, Schmidt et al demonstrated that 
peripherally administered BDNF (by a subcutaneously im-
planted osmotic mini-pump) produces antidepressant-like 
cellular responses in the mouse brain as well as antidepres-
sant-like behaviors [26]. In addition, hippocampal neuro-
genesis was increased and BDNF levels were elevated in the 
hippocampus of adult mice after chronic, peripheral BDNF 
administration [26]. These findings suggest that peripher-
al BDNF has behavioral and cellular effects that are simi-
lar to antidepressants [26]. Regarding intranasal delivery 
of BDNF, a recent animal study by Alcalá-Barraza et al dem-
onstrated that intranasal delivery of [(125)I]-radiolabeled 
BDNF resulted in increased BDNF concentrations within 
25 min in brain parenchyma [27]. In addition, not only 
did BDNF reach the brain, it also activates the prosurvival 
PI3Kinase/Akt pathway [27].

evaluation and discussion

For the potential use of peripheral BDNF administration in 
the treatment of RTT, several points are suggested: 

First, the potential therapeutic effect of peripheral BDNF 
administration in RTT subjects could be evaluated in RTT 
animal models such as Mecp2 KO mice, which may provide 
a new strategy for the treatment of this devastating disease. 
It should be noted that Mecp2 KO mice are a useful model 
to understand the physiological role of the protein in Rett 
disease, but usually Rett patients are not fully deleted but 
have a truncated Mecp2 protein, thus data from peripheral 
administration of BDNF in Mecp2 KO mice would certain-
ly not be exhaustive.

Second, although BDNF plays important roles in neuronal 
development, function and survival, it should be cautioned 
that too much BDNF is harmful and has been implicated 
in the pathogenesis of epilepsy [28], mania [29], anxiety 
[30] and enhanced tumor cell survival [31]. Thus, there is 
an obvious need for studies assessing the optimal dose of 
BDNF for Rett disease patients.
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Third, mannitol, an osmotic diuretic agent, can be used 
to open the blood-brain barrier by temporarily shrinking 
the tightly coupled endothelial cells that make up the bar-
rier. A recent study in rats demonstrated that it can facili-
tate the entry of neurotrophic factors, such as BDNF, from 
the periphery into the adult stroke brain [32]; thus, com-
bination use of mannitol may increase brain BDNF levels 
and improve the therapeutic effect of intravenous injec-
tion of BDNF in the treatment of Rett syndrome. However, 
it should be cautioned that mannitol may induce some ad-
verse effects, including severe allergic reactions, blurred vi-
sion, chest pain, chills or fever, confusion, headache, mus-
cle cramps, and weakness [33].

Fourth, the basic pathophysiology of RTT is considered as 
deficiency of the activities of the 5-TH and the NA neurons, 
which have roles in neuronal development in infancy from 
4 months to 18 months of age [1,5,7]. Sleep studies in chil-
dren with RTT also suggested that the behavior in early in-
fancy is due to the hypofunction of these monoaminergic 
systems in the brain stem [1,5]. These cause poor response 
to environmental stimulation, poor formation of circadian 
rhythm, and more sleeping during daytime, which also in-
duces autistic tendency. The axons of the 5-HT neurons in-
volving the development of the central neurons system are 
pruned early, probably by absence of MeCP2. Restriction of 
atonia in rapid eye movement (REM) stage from the fourth 
month of age induces synaptogenesis of the brain and en-
ables integrative function of the brain [1,5]. BDNF plays key 
roles in neuronal development and differentiation (ie, pro-
moting dendritogenesis and synaptogenesis) [10]. This sug-
gests early intervention with BDNF may improve the hypo-
function of these monoaminergic systems in Rett patients.

Finally, RTT is a neurodevelopment disorder and BDNF 
plays a critical role in neuron proliferation and differen-
tiation. Testing BDNF administration in animal models at 
different ages and with different durations could be infor-
mative. An early intervention with BDNF may be required 
to decrease the detrimental consequences of this disorder.

conclusions

Increased BDNF in the brain could be therapeutic for RTT 
disease. Animal studies demonstrated that peripheral ad-
ministration of BDNF, either by intravenous injection or in-
tranasal delivery, could increase BDNF levels in the brain. 
The hypothesis of peripheral treatment with BDNF in Rett 
patients is rather far from clinical application. Before that 
can occur, many studies must be conducted in more than 
one animal model. Potential adverse effects of a peripheral 
treatment with a growth factor should also be seriously con-
sidered, as well as the feasibility (and economic burden) of 
BDNF treatment.
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