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Abstract
Rett syndrome (RTT) is a neurodevelopmental disorder caused by mutations in the methyl CpG
binding protein 2 (MECP2) gene. MECP2 protein is primarily expressed in neurons, and
mutations in the gene lead to the clinical features of RTT in human patients and neurological
deficits in murine models. Visual function is relatively preserved in RTT patients, but the cause
for this is unknown. We analyzed the eyes of two RTT patients who died of the disease, and found
no gross or microscopic changes. MECP2 expression was examined using immunohistochemistry,
and nuclear protein expression was largely limited to ganglion cells and the portion of the inner
nuclear layer populated by amacrine cells. No significant differences in MECP2 protein level or
distribution were identified in the two eyes from the RTT patients as compared to eleven controls.
The findings were compared to MECP2 expression in the brain of these two subjects and in
MeCP2 deficient mice. Our findings suggest that the normally limited expression of MECP2 in
visual pathway neurons may underlie intact vision in RTT.

Introduction
In the present study, we examined the eyes of two patients who died from complications of
Rett syndrome (RTT), and used immunohistochemistry to characterize expression of
MECP2 protein in the retina of these RTT cases as well as in normal controls.

Rett syndrome, a severe X-linked neurodevelopmental disorder, primarily targets the central
nervous system pathologically and clinically [1]. Children with RTT develop normally until
6–12 months of life. However, they subsequently develop microcephaly, growth retardation,
weight loss, and stereotyped hand movements [2]. Of great clinical interest is the
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observation that between 12 months to 3 years of age they lose learned skills like language
and purposeful hand use, and develop irregular respirations in the wake period, gait
abnormalities, stereotyped hand movements, seizures, and poor eye contact that are often
mistaken for autism [2]. Subsequently, they remain cognitively impaired but with improved
eye contact even using eye gaze as a preferred means of communication.

The genetic basis of RTT is due to mutations in the methyl CpG binding protein 2 (MECP2)
gene that are identified in more than 95% of RTT cases[3,4]. The gene encodes MECP2, a
methyl CpG binding protein that associates with DNA and regulates chromatin structure,
thereby affecting transcription of a wide variety of genes [5,6]. Several groups have
examined the spatiotemporal and cellular expression of MECP2 mRNA and protein in the
brain, and have found that it is primarily expressed in neurons, with some protein also
detected in astrocytes [1,4,7–11]. Neurons of the brainstem and some neurons of the cortex
express MECP2 during early gestation [1,8]. By mid gestation, neurons of basal ganglia start
expressing MECP2 and, in late gestation, the most mature cortical neurons are positive. The
postnatal cortex continues to increase its expression of neuronal MECP2 [7,8]. In some brain
regions of patients with RTT, MECP2 protein expression is reduced, with the brainstem and
thalamus reported to show the largest change [8]. Therefore, MECP2 expression in brain is
not uniform and changes with age.

The neural retina develops as an extension of the CNS, thus, one might expect RTT to affect
neuronal function in this tissue as well. However, although a high incidence of large
refractive errors have been recorded in female subjects with RTT, no significant visual
evoked potential abnormalities have been seen [12–14], suggesting that retinal neurons may
be relatively resistant to the effects of MECP2 mutation. The selective preservation of
occipital cortex in patients with RTT is also consistent with preserved visual function [15].
The basis for this resistance is unknown, as prior studies did not analyze MECP2 expression
in the retina. To our knowledge, general histopathological findings in the eyes of RTT
patients have also not yet been reported.

Materials and Methods
Clinical and Animal Material

The eyes and brains of two patients with RTT were removed at autopsy and sent at the
request of the families to the University of Maryland Brain and Tissue Bank for
Developmental Disorders to be utilized for research by one of the authors (SN). Control
globes and brain tissues from fetal, pediatric, and adult autopsies were obtained from the
Pathology Laboratory of Johns Hopkins Hospital. Clinical and demographic details are
listed in Table 1. These studies were performed with Johns Hopkins University Institutional
Review Board approval. The Bird Model, Mecp2-null mice (KO; n=4) as well as wild-type
controls (n=2; WT) were sacrificed at postnatal day 8. The eyes were removed and
processed in the same fashion as the human tissues.

Immunohistochemical Analysis
For immunohistochemical studies, formalin-fixed, paraffin-embedded 4 micron thick
sections were deparaffinized, rehydrated, washed, and treated for antigen retrieval in a
citrate buffer. Sections were then immersed in 3% H2O2 to block endogenous peroxidase
activity and incubated for 45 min with rabbit polyclonal antibodies (1:300 dilution) directed
toward MECP2 (cat# 07-013, Upstate/Millipore, Billerica, MA). Antibody binding was
detected using the avidin-biotin complex (ABC) method with diaminobenzidine serving as
the chromogen (VECTASTAIN Elite, Vector Laboratories, Burlingame, CA). Positive
immunolabeling was defined as uniform intense nuclear staining, with normal autopsy
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cortex used as positive controls. Immunohistochemical staining of eyes from both RTT and
control cases, as well as KO and WT mice, were performed at least twice, with similar
results.

Results
Case Presentations

Case 1—The patient had a normal prenatal and perinatal history. Her development was
unremarkable until 13 months of age. Following this, her milestones were significantly
delayed, with severe receptive and expressive language impairment. In the first two years of
life she had four episodes of seizure associated with aspiration pneumonia requiring
hospitalization. Testing at 25 months revealed a 16.1 month equivalent on the Bayley Motor
Scale, and a 14.2 month equivalent on the Bayley Mental Scale. She displayed stereotyped
hand movements along with hand twirling, lack of coordination, episodic high pitched
screaming, and bruxism. Genetic testing revealed a D151Y missense mutation in the
MECP2 gene. On routine physical examination at 18 years of age, she was normocephalic
(head circumference in the 50th percentile), obese, tremulous, and inattentive but used her
hands to tap at picture cards for communication, or occasionally used single words. Her
pupils were equal, round, and reactive to light. She had no respiratory irregularity but had
mild lumbar lordosis and scoliosis. Neurological examination showed intact cranial nerves,
increased muscle tone in the lower extremities, unsustained clonus, downgoing plantars,
delayed response to pain, and vasomotor instability of the lower limbs. She was placed on
antiepileptic drugs and methylphenidate. The patient died unexpectedly in sleep at 22- years
of age. The eyes were removed following a post-mortem interval of 5 hours.

Case 2
The patient had a history of developmental delay, unprovoked crying and laughing spells,
and poor sleep. She was home schooled and received physical and speech therapies. Her
mutation analysis consisted of a single nucleotide A>G transition in intron 3 of the MECP2
gene, two bases upstream of exon 4 that is predicted to cause abnormal splicing resulting in
aberrant MECP2 protein. On routine clinical examination at 18 years of age, she was well
nourished, nonverbal, with hand wringing, and was wheelchair bound. Her medical history
was significant for severe constipation, multiple upper respiratory tract infections, and
complex partial seizures treated with carbamazepine and gabapentin. Systemic examination
of heart, lungs, and abdomen was normal, except for a gastrostomy and tracheostomy tubes
placed at approximately 16 years of age. Despite these procedures, she had frequent
pneumonias. Pupils were equal, round, and reactive to light. Fundoscopic examination was
normal. Muscle bulk was decreased throughout with increased tone in both upper and lower
limbs, associated with ankle and knee contractures, and brisk reflexes. Scoliosis was present.
She died unexpectedly in sleep at 19 years of age following a year of frequent
hospitalizations for pneumonia. An autopsy was performed and globes were removed
following a post mortem interval of 13 hours.

Histopathological features and MECP2 Expression in Normal and RTT Globes
Globes from both cases (one from each patient) were grossly and microscopically
unremarkable. Specifically, the corneas were unremarkable with normal-appearing Bowman
and Descemet membranes and intact endothelium. The lenses were in place and free of
cataractous changes. The iris and ciliary body was normal in each case. The vitreous was
attached. The retina, including sections through the macula, showed no abnormality in
ganglion cells or other neuronal layers (Figure 1A, B). The retinal pigment epithelium,
choroid, optic nerve and sclera were also normal. Longitudinal and cross sections of the
optic nerve did not disclose any abnormality.

Jain et al. Page 3

Pediatr Neurol. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



We studied the expression of MECP2 protein using immunohistochemical staining in
normal eyes removed at autopsy from 1 fetus, 1 newborn term infant, 2 older children, and 7
adults. All showed variably positive nuclear staining in ganglion cells, as well as cells in the
inner nuclear layer of the retina (Figure 1C, D). In the ganglion cell layer, more cells were
positive in the periphery than in the central region, including the macula. The inner nuclear
layer positivity was not present in all neurons rather; immunoreactivity was restricted to the
innermost aspects of the layer where amacrine cells reside. Deeper retinal locations
containing bipolar and horizontal neurons, as well as photoreceptor cells, also had non-
reactive nuclei. We did observe some staining in the photoreceptor outer segments, but no
nuclear positivity. Radial glial cells in the retina (Muller glia) as well as optic nerve
oligodendroglia and astrocytes were also negative for MECP2 protein. While some minor
variations in staining were observed between cases, we did not identify any clear difference
in MECP2 expression in terms of its spatial distribution or intensity, among fetal, pediatric,
or adult retinal neurons.

No pronounced difference was observed in immunoexpression of MECP2 in the globes from
RTT patients when compared to the control eyes (Fig 1E, F). Specimens were taken with a
similar post-mortem interval (Table 1). We also evaluated MECP2 expression in sections
from the brains of the same two patients, as well as several age-matched controls. Deep grey
matter structures were examined, as these have previously been reported to show a reduction
in MECP2 in some RTT patients 37. Variable, sometimes weak, expression was noted in
neurons of both case 1 (Fig. 1G) and case 2, but the levels of MECP2 appeared at most
slightly decreased compared to controls (data not shown).

To further address the localization of MECP2 in the retina, we examined expression in the
eyes of mice. WT mice showed robust expression of MeCP2 protein in the ganglion cell and
inner nuclear layers, a pattern essentially identical to that seen in humans (Fig. 1H). When
transgenic animals in which MeCP2 is deleted were stained, protein was no longer detected,
confirming the specificity of the antibody (Fig. 1I).

Discussion
RTT is a severe neurodevelopmental disorder predominantly affecting females. The disease
consists of developmental arrest followed by stages of clinical changes [2,16]. The clinical
spectrum of the RTT phenotype is broad, but is associated with mutations in a single gene,
MECP2 [4,17–19]. To date, more than 200 different changes in the MECP2 gene have been
identified in patients with RTT [4]. These include missense, frameshift, and nonsense
mutations, as well as intragenic deletions [4,20–23]. It has been hypothesized that most
known MECP2 mutations cause partial or total loss of function of the protein, which may
lead to an abnormal transcriptionally active state in a wide variety of other genes [24].

Neuropathological studies in RTT patients identified a reduction in brain volume without
clear evidence of atrophy or degeneration [15,26]. In most RTT subjects, head
circumference is reduced [27]. The overall morphology suggests an arrest of development
during infancy [30] or a late prenatal development disorder [27]. It is thought that reduced
neuronal size and dendritic branching of neurons is responsible for the small brains in RTT
patients [29,31]. However, the effects on brain volume are not uniform, as volumetric
analyses by neuroimaging confirm the preservation of the occipital regions relative to other
brain regions [15].

Interestingly, neurons in different brain locations are affected to varying degrees in RTT.
MECP2 protein, identified by immunohistochemical methods, increases in the brain as the
neurons mature [1,32]. There is a temporal correlation between the time at which the clinical
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deficits are observed in the RTT patients, and the time of the normal maturation of cortical
layers [33]. Indeed, MECP2 protein expression is closely related to the process of brain
development, as increases in expression follow the developmental maturation of the CNS
that coincides with synaptogenesis in the postnatal brain [1,34,35]. In RTT subjects, neurons
of frontal, motor, hippocampus-entorrhinal, speech related cortex, and limbic system are
affected most severely, resulting in speech, gait, and motor problems. Neurons of the
superior temporal and occipital cortex do not show the same reduction in size of neurons and
dendritic branching [29]. In RTT patients, MECP2 expression decreases, with a reduction in
levels most apparent in brainstem and thalamic neurons [8]. Therefore, not all neurons
appear to be affected equally.

Although substantial refractive errors are common in RTT patients, afferent visual pathways
are not affected, and they have normal visual acuity [12,14]. This retained visual function
could be due either to a lack of expression of MECP2 in the eye, or a reduced requirement
for the protein in retinal neurons. In this study, we examined MECP2 expression in retinal
neurons of normal individuals, as well as patients with RTT having mutations in the MECP2
gene. We found that MECP2 nuclear immunoreactivity was predominantly present in
ganglion cells, whose long axons form the optic nerve and carry all visual information
leaving the eye, and in the portion of the retinal inner nuclear layer populated by amacrine
cell nuclei. Amacrine cells are a diverse class of inhibitory retinal interneurons, which help
to modulate bipolar and ganglion cell function [36]. Interestingly, the rods and cones which
initiate vision in the retina failed to express MECP2, as did retinal glia and inner nuclear
layer interneurons other than amacrine cells. No expression of MECP2 was identified in the
optic nerve. An identical MeCP2 pattern was identified in the eyes of mice, suggesting the
selective expression observed in humans is conserved in other mammals.

The two cases we analyzed showed no significant differences between affected globes and
controls in terms of MECP2 immunoreactivity. In case 1, the patient was known to have a
D151Y missense mutation in the MECP2 gene, whereas case 2 had an A>G transition at
nucleotide 378-2 in intron 3 near exon 4 of MECP2 resulting in a splice site mutation. Both
of these molecular changes are thought to result in loss of function, but could result in
retained protein expression. Indeed, we did not identify significant reductions in MECP2
protein in deep grey matter neurons of the brain, in either individual.

In summary, we have shown that in the retina only ganglion and amacrine cells express
detectable levels of MECP2. No major changes were detected in MECP2 expression in the
eyes of two young females who died from this disease, a finding consistent with the
relatively stable brain expression observed in the two cases. More cases with other
mutations will need to be analyzed before firm conclusions can be drawn regarding how
MECP2 protein levels might be altered in the full genetic spectrum of RTT patients.
However, our data do indicate that the potential role for MECP2 protein in ocular neurons is
limited to only a few cell types, and that no major anatomical disruptions accompany the
two mutations examined in humans, or complete excision of the gene in mice. It is possible
that while MECP2 is expressed in ganglion and amacrine cells, its function is not absolutely
required, resulting in retained vision.
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Figure 1.
(A, B) The retina in both cases of Rett syndrome shows normal ganglion cell layer (GCL),
inner plexiform layer (IPL), inner nuclear layer (INL) outer plexiform later (OPL), outer
nuclear layer (ONL) and photoreceptor outer segment (PR) morphology (H&E stains,
original magnifications 200x and 400x, respectively). (C, D) Immunostaining for MeCP2
protein in a normal adult control eye shows brown nuclear positivity in the ganglion cell
layer (black arrow) and in a few innermost cells of inner nuclear layer (white arrow; original
magnification 400x). (E, F) MeCP2 protein immunoreactivity in ganglion cells (black
arrows) and neurons of the inner nuclear layer (white arrows) was the same in Rett cases 1
(E) and 2 (F) as in the controls (original magnification 400x). (G) Case 1 with the D151Y
mutation shows MeCP2 expression in the deep grey matter of the brain which was diffuse
but weak and was similar in both cases. (H, I) In mouse eyes MeCP2 was also restricted to
the ganglion cell (black arrow) and inner nuclear layers (H), and immunoreactivity was lost
in knock-out animals lacking the gene (I).
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Table 1

Clinical and demographic details of two cases of Rett syndrome and eleven controls

Age Sex Diagnosis PMI

22 years (Case 1) F Rett syndrome 5 hours

19 years (Case 2) F Rett syndrome 13 hours

24 week F Prematurity hyaline membrane disease 13 hours

Newborn (38 weeks) F Preeclampsia 15 hours

4 months M Spinal muscular atrophy 16 hours

16 years M Congenital heart disease 46 hours

33 years M Cardiac failure 47 hours

49 years M Metastatic carcinoma 40 hours

50 years M Acute liver disease 33 hours

55 years M Acute bacterial endocarditis 23 hours

62 years M Cholangiocarcinoma 6 hours

63 years F Hypertension 16 hours

74 years F Myocardial infarction 43 hours

Abbreviations:

M = Male

F = Female

PMI = Post mortem interval
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