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Abstract
Rett syndrome (RTT) is a neurodevelopmental disorder caused by mutations in the X-linked gene
methyl-CpG-binding protein 2 (MECP2) that encodes a DNA binding protein involved in gene
silencing. Selective deletion of Mecp2 in post-mitotic neurons in mice results in a Rettlike phenotype
characterized by disturbances in motor activity and body weight, suggesting that these symptoms are
exclusively caused by neuronal deficiency. Included in the RTT phenotype are episodes of respiratory
depression that follow hyperventilation. Here we show that the respiratory phenotype depends on
the organ distribution of Mecp2 deficiency. Both female mice heterozygous for a null mutation in
Mecp2 (Mecp2+/−) and those with selective deletion of the protein in neurons
(Mecp2+/nestin-Cre lox), showed an initial response to hypoxia that exceeded that in wild type (WT).
However, marked respiratory depression following hypoxic hyperventilation was only seen in
Mecp2+/− animals. Addition of carbon dioxide to the hypoxic exposure eliminated the respiratory
depression. Tidal volume and lung volume were larger in Mecp2+/− and respiratory depression was
directly related to tidal volume. Taken together these results indicate that the depression is due to
hypocapnia. Respiratory depression in this mouse model of Rett Syndrome is seen in with ubiquitous
deficiency in Mecp2 but not when it is confined to neurons.

Abbreviations
Mecp2, methyl-CpG-binding protein 2; RTT, Rett syndrome; VE, minute ventilation; VT, tidal
volume

The gene that encodes the DNA binding protein, Mecp2, is mutated in the majority of
individuals with Rett syndrome (1). The CreloxP system has been used to generate mouse
models of RTT (2,3). In both studies the Cre transgene under the control of the nestin gene
promoter was used to demonstrate that the phenotype could be achieved by selective deletion
of Mecp2 in neurons. Chen et al. (2) extended these results by generating mice with deletion
in the forebrain, hippocampus and brainstem that started at the perinatal stage. These mice
developed a similar phenotype although delayed in onset. Both studies found that the mice had
respiratory disturbances but these were not fully characterized. The hypothesis that Rett
symptoms are exclusively caused by a neuronal Mecp2 deficiency has been further supported
by the demonstration that Mecp2 under control of a neuron-specific promoter rescues the
phenotype in Mecp2 null mice (4).

Respiratory disturbances characterized by depression including apnea following
hyperventilation are a common feature of RTT (5–10). Almost 200 different mutations have
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been found in Rett syndrome (11–14). Inactivation of the X-chromosome does not favor either
the wild type or mutated allele so that approximately half of neurons express the gene in affected
individuals (15,16). In general, no specific mutation has been found to correlate with the
respiratory disturbances (15), however one study found that patients with truncating mutations
had a higher incidence of respiratory dysfunction than those with missense mutations (16).
Measurements of carbon dioxide levels in RTT patients during episodes of hyperventilation
show significant hypocapnia before apnea (6,8). Mecp2 is heavily expressed in human (17)
and mouse lung (18). We hypothesized that differences in lung volume and respiratory pattern
contribute to respiratory depression and apnea in RTT. To separate neuronal from pulmonary
contributions to respiratory depression, we used mice with ubiquitous deficiency in Mecp2 and
those with deficiency confined to neuronal tissue to study the ventilatory response to hypoxia.
The results are consistent with tidal volume and lung volume differences that favor CO2
elimination during hyperventilation in Mecp2+/− females, and thus contribute to their
respiratory disturbances.

MATERIALS AND METHODS
Animals

The protocols used were approved by the Oregon Health and Science University Institutional
Animal Care and Use Committee and were in agreement with the National Institutes of Health
“Guide for the Care and Use of Laboratory Animals.” B6.129P2(C)-Mecp2τm1.1Bird (stock
number: 003890) heterozygous females and wild type females from the colony were obtained
from the Jackson Laboratory, Bar Harbor, ME, at two months of age and were used for the
initial experiments. Additional Mecp2+/− females and wild type littermates were obtained by
crossing Mecp2+/− females with C57BL/6J males. Animals were genotyped by polymerase
chain reaction (PCR) according to the protocol of the supplier (http://aretha.jax.org/pub-cgi/
protocols/protocols.sh?obitype=protocol&protocol_id=468). This strain was originally
generated by insertion of loxP sites around exons 3 and 4, and crossing homozygous floxed
females to male CMVCre mice (3). Mice with Mecp2 deficiency confined primarily to neurons
were generated by crossing females homozygous for floxed Mecp2 (a kind gift from Adrian
Bird, Edinburgh) with males heterozygous for the nestin-Cre transgene (BG.cg-Tg(Nescre)
1kln/J; stock number: 00377, Jackson Laboratory). These mice were genotyped by PCR for
Cre. Experiments were carried out in adult mice between 2.3 and 12 mo of age.

Behavioral studies
At monthly intervals mice were examined for motor activity and the presence of hind limb
clasping. Individual animals were placed in a 12.5 cm diameter glass beaker and observed for
5 min. Immobility was defined as all 4 limbs on the ground without movement. Hind limb
clasping was tested by holding the tail up to elevate the back feet.

Measurement of respiratory variables
Respiratory frequency, tidal volume and their product, minute ventilation, were determined in
a body plethysmograph. Individual unanesthetized animals were placed in a 65 mL chamber
with their head exposed through a close fitting hole in Parafilm®. A pneumotachograph (19)
was connected to the chamber and a differential pressure transducer (Model PT5A, Grass
Instrument Co., West Warick, RI). The pressure signal was integrated to give tidal volume.
Volume changes were calibrated by injecting known amounts of air into the chamber. The
analog signal from the transducer was amplified, converted to digital, displayed on a monitor,
and stored to disc by computer for later analysis. Three protocols were used in which a loose
fitting cone over the animals head allowed switching the inspired gas mixture without
disturbing the mouse. Hypoxia consisted of a 5 min control period breathing air followed by
a 5 min of 8% oxygen (O2)/92% nitrogen and 5 min of 100% oxygen. Isocapnic hypoxia was
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similar except that 8% oxygen/4% carbon dioxide/88% nitrogen was used in place of 8%
oxygen/92% nitrogen. Carbon dioxide (CO2) sensitivity and the contribution of peripheral
chemoreceptors was determined by following a 5 min baseline period in air with, in succession:
5 min 100% O2; 3 min 3% CO2/97% O2; 3 min 5% CO2/95% O2 and 3 min 7% CO2/93%
O2. Peripheral chemosensitive drive was estimated by the fall in minute ventilation in the first
5 s after switching from air to 100% oxygen. CO2 sensitivity was determined from the slope
of the relationship between minute ventilation and inhaled carbon dioxide level. Only one of
the three protocols was performed per day.

Static lung volumes
Animals were deeply anesthetized with an intraperitoneal injection of 0.01 mL/g body weight
of a mixture of 30 mg/mL ketamine and 2.9 mg/mL xylezine and tracheostomized. Pressure
volume curves were obtained by displaying air in a coiled tube from a water filled reservoir
which could be raised or lowered. The tubing was at the animals midthoracic level and the
reservoir was calibrated to allow determination of volumes displaced at each pressure from 5
cms below to 30 cms water above midthoracic level.

Volume of the bronchial tree
At the completion of the lung volume measurements, the deflated lungs were filled with
Batson’s #17 monomer base solution (Polysciences Inc., Warrington, PA). The lungs were
removed from the animals after 1.5 h and placed in a 25% potassium hydroxide solution for
10–14 d, to digest the pulmonary tissue. Saccular structures were trimmed away under a
dissecting microscope and the volume of the bronchial tree determined by weighing the plastic
cast.

Data analysis
All results are given as mean ± SD. Single comparisons between the four mice strains were
made by ANOVA with Newman-Keuls method for post hoc analysis. Multiple comparisons
between groups were made using two-way repeated measures ANOVA with strain and either
time of exposure to hypoxia or lung pressure as the two factors. All four strains were included
in these ANOVAs. Significance was accepted at the 5% level.

RESULTS
Animal characteristics

Mecp2+/− females (n =14) were initially indistinguishable from wild type (WT) animals (n
=14). At two months of age their weights (Mecp2+/− = 18.3 ± 1.3 g, WT = 18.4 + 1.8g) were
similar as they were at 1 y (Mecp2+/− = 26.4 ± 3.7 g; WT = 26.9 ± 8g). All 14 WT animals
were killed between 12.6 and 14.6 mo to obtain lung volumes. Two of 14 Mecp2+/− mice died
of unexplained causes at 9.2 and 10.2 mo. The remainder were killed at 12.6 –14.6 mo. With
advancing postnatal age Mecp2+/− mice developed characteristic motor abnormalities (2,3)
consisting of decreased activity and clasping of their hind limbs when elevated by the tail. At
2.6 mo of age time spent immobile by Mecp2+/− females (1.4 ± 1.0 min/5min) was not different
from WT (1.3 ± 0.9 min). By 4 mo, however, Mecp2+/− animals were less active (2.8 ± 0.6
min/5min immobile) than WT (1.6 ± 0.6 min; p = < 0.001), and this persisted. At 2.6 mo of
age no animals showed hind limb clasping. This behavior, which is characteristic of Mecp2
deficient mice (2,3) was observed in 10% of Mecp2+/− animals at 3.7 mo and increased to 90%
by 12.5 mo.

At one month of age, female mice with a single floxed Mecp2 allele (n = 7) (designated
Mecp2+/lox) were heavier than their littermates (n = 8) who had received the nestin-Cre
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transgene (designated Mecp2+/nestin-Cre lox) (17.1 ± 1.4 versus 14.6 ± 0.6 g; p = 0.048). This
difference was not seen at 4.6 mo of age: Mecp2+/lox = 24.6 + 2.2; Mecp2+/nestin-Cre lox = 21.6
± 2.3 g (p = 0.135). These animals were killed between 4.6 and 5.7 mo, none having previously
died.

Hypoxic ventilatory response
Baseline minute ventilation(VE), normalized to body weight, was the same in the four animal
strains (Table 1). Their respiratory patterns, however, were different. Mecp2+/− animals
breathed slower and had higher tidal volumes (VT ), while Mecp2+/nestin-Cre lox had higher
frequencies and lower VT than their respective wild types (Table 1).

Mecp2+/− and WT animals were 5.2 to 5.4 mo old at the time of the hypoxic studies. The
heterozygous females were immobile for 2.37 ± 1.0 min /5 min compared with 1.51 ± min for
WT (p = 0.023). 18% of the Mecp2+/− mice had hind limb clasping. Mecp2+/nestin-Cre lox and
Mecp2+/lox animals were 4.6 to 5.4 mo old; the former tended to spend more time immobile
(2.95 ± 0.35 min) than the latter (1.62 ± 0.79 min) (p = 0.068). None of the
Mecp2+/nestin-Cre lox mice had clasping.

The ventilalatory response to hypoxia in all strains was characterized by a rapid rise in minute
ventilation (VE) that reached its maximum in the 1st min of exposure. This initial relative
increase in VE was larger in Mecp2+/− (148 ± 12% of control) and Mecp2+/nestin-Cre lox (151
± 19%) mice than WT (125 ± 10) and Mecp2±/lox (132 ±11%) (Mecp2+/− versus. WT p <0.001,
Mecp2+/− versus Mecp2+/lox p = 0.005, Mecp2+/− versus Mecp2+/nestin-Cre lox p = 0.573;
Mecp2+/nestin-Cre lox versus WT p =<0.001, Mecp2+/nestin-Cre lox versus Mecp2+/lox p = 0.005).
Minute ventilation in the first minute of hypoxia was similar in WT and Mecp2+/lox (p =0.157).
(Fig. 1A). In the 5th min of hypoxia VE fell to control levels in all strains. In the first 30 s of
recovery from hypoxia relative VE fell to a lower level in Mecp2+/− animals (52 ± 9%) than
in the other three strains (~70%) (Mecp2+/− versus WT p =< 0.001, Mecp2+/− versus
Mecp2+/lox p = 0.022, Mecp2+/− versus Mecp2+/nestin-Cre lox p =< 0.001). (Fig. 1A). Depression
in VE during the initial recovery was not augmented in mice with Mecp2 deficiency confined
to neurons (Mecp2+/nestin-Cre lox versus WT p = 0.339, Mecp2+/nestin-Cre lox versus
Mecp2+/lox p = 0.149). There was significant interaction between strain and duration of
exposure to hypoxia or recovery (p = < 0.001). Posthypoxic respiratory depression was directly
related to tidal volume: relative VE = 101 – 0.337 × VT; R2 = 0.35; p = <0.001 (Fig. 1B).

This more pronounced fall in VE following hypoxia-induced hyperventilation in heterozygous
Mecp2 females was characterized by episodes of apnea, defined as an expiratory time of 500
ms or greater (Fig. 2). The total duration of apnea during the initial recovery was 7.3 ± 4.1 s/
30 s in Mecp2+/− compared with 4.2 ± 2.1 in WT, 4.1 ± 1.8 in Mecp2+/lox and 2.6 ± 2.3 in
Mecp2+/nestin-Cre lox (Mecp2+/− versus WT p =0.008, Mecp2+/− versus Mecp2+/lox p = 0.045,
Mecp2+/− versus Mecp2+/nestin-Cre lox p = 0.004).

The respiratory response to hypoxia in male mice was similar to females. In the first min the
relative increase in minute ventilation was greater in Mecp2−/y (152 ± 15% of control, n = 4)
and Mecp2nestin-Cre lox/y (173 ± 19%, n = 4) than Mecp2+/y (126 ± 8%, n =5), (p =0.024 and
0.002). Respiratory depression in the first 30 s of return to 100% oxygen was greater in
Mecp2−/y (50 ± 14%) than Mecp2+/y (72 ± 12%) and Mecp2nestin-Cre lox/y (77 ± 17%), (p =
0.015 and 0.005)

Isocapnic hypoxic ventilatory response
Addition of carbon dioxide altered the ventilatory response to hypoxia (Fig. 1C). The initial
response was greater in all four mice strains. As with the hypoxic response, 8% oxygen/4%
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carbon dioxide resulted in a larger increase in minute ventilation in Mecp2+/− (175 ± 20%) and
Mecp2+/nestin-Cre lox (199 ± 19%) than in WT (149 ± 22%). The response in Mecp2+/− did not
differ from that in Mecp2+/ox (163 ± 6%), while that in Mecp2+/nestin-Cre lox was greater than
that in Mecp2+/−. (Mecp2+/− versus WT p <0.001, Mecp2+/− versus Mecp2+/lox p =0.161,
Mecp2+/− versus Mecp2+/nestin-Cre lox p = 0.014; Mecp2+/nestin-Cre lox versus WT p = <0.001,
Mecp2+/nestin-Cre lox versus Mecp2+/lox p =0.003). In the 5th min of exposure, VE declined,
but remained well above control. On return to 100% oxygen minute ventilation fell to a level
not different from control in all strains except Mecp2+/nestin-Cre lox in which VE remained above
control and greater than that in the other three strains. It is important to note that addition of
carbon dioxide eliminated the exaggerated respiratory depression seen in Mecp2+/− mice after
exposure to hypoxia alone. Total apneas in the first 30 s of recovery was less than that seen
after hypoxia without added CO2 and similar in all four groups (WT = 1.2 ± 1.1 s/30 s and
Mecp2+/− = 1.1 ± 1.3 s/30 s).

Ventilatory response to hyperoxia
To evaluate the contribution of peripheral chemoreceptors to resting respiratory drive the
change in VE during the first 5 s of switching from breathing air to breathing 100% oxygen
was examined. In WT mice VE fell to 0.87 ± 0.07 of its normoxic level and this decline was
not different in Mecp2+/−; 0.88 ± 0.07 (p = 0.643).

Carbon dioxide sensitivity
The ventilatory response to 3, 5 and 7% CO2 was determined in WT and Mecp2+/− animals
(Fig. 3). There was a linear increase in VE and the four values were used in measuring CO2
sensitivity. Mecp2+/− mice increased their minute ventilation by 1.71 ± 0.36 mL/min/percent
CO2 a result not different from WT: 1.45 ± 0.41 (p = 0.092). Carbon dioxide response in
Mecp2+/nestin-Cre lox mice was examined at a single concentration, 5%. Sensitivity (1.51 ± 0.59
mL/min/percent CO2) was similar to wild type.

Lung volumes and pulmonary compliance
Static lung volumes were measured in deeply anesthetized open thorax mice at 13 to 14.5 mo
of age. During inflation lung volumes of Mecp2+/− and WT were not different up to 20 cms
H2O (Fig. 4). At 25 and 30 cms H2O inflation and at all deflation pressures Mecp2+/− lung
volumes were greater than WT (p = 0.001 − 0.025) (Fig. 4). At 30 cms H2O Mecp2+/− lung
volumes were 26.6% larger than WT (1.48 ± 0.24 mL versus 1.17 ± 0.10 mL, p = < 0.001).
Pulmonary compliances were determined from the slope of the deflation pressure volume
relationship between 7.5 and 0 cms H2O. Mecp2+/− compliance (0.071 ± 0.021 mL/cm H2O),
was not different from WT (0.056 ± 0.019 mL/cm H2O) (p = 0.148).

Volume of the bronchial tree
The weights of plastic casts of the bronchial tree were used to estimate the anatomical dead
space in lungs removed at 13 to 14.5 mo of age. The casts showed bronchial branching to the
sixth generation. The volume of Mecp2+/− bronchial trees (0.089 ± 0.014 mL) was the same
as WT (0.099 ± 0.016 mL) (p = 0.232).

DISCUSSION
There are two principal findings from these experiments: 1) Post-hyperventilation respiratory
depression requires ubiquitous deficiency in Mecp2 and 2) Mecp2 deficiency confined to
neurons is sufficient to generate an augmented response to hypoxia. The initial
characterizations of mice deficient in Mecp2 found that the phenotype of animals with
deficiency confined to neuronal cells (nestin-Cre conditional) was indistinguishable from that
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of Mecp2-null mice (2,3). These characteristics included: reduced movement, abnormal gait,
limb clasping, low weight (3), nervousness, body trembling, pilar erection and occasional hard
respiration (2). Respiratory activity was not reported in detail and there was no specific mention
of respiratory depression following hyperventilation. In contrast to the phenotypic features
mentioned above, deficiency of Mecp2 confined to neurons is not sufficient to produce
respiratory depression and prolonged apnea following hyperventilation (Figs. 1A and 2). Male
mice carrying the nestin-Cre transgene and the floxed allele of Mecp2 showed a 67% Cre-
mediated recombination in the brain (minus the cerebellum) and 85% recombination in the
cerebellum (3). If it is assumed that the recombination rate is the same for
Mecp2+/nestin-Cre lox mice and their X inactivation is 50%, then the proportion of Mecp2
deficiency may be somewhat greater in Mecp2+/− than in Mecp2+/nestin-Cre lox, and this could
contribute to the differences in respiratory responses to hypoxia. At 5 mo of age when the
hypoxic studies were performed, however, motor symptoms were similar in the females with
ubiquitous Mecp2 deficiency and those with deficiency confined to neurons. Thus the
differences in respiratory phenotype are unique.

When 4% carbon dioxide was added to the hypoxic gas mixture (Fig. 1 C), the larger decline
in minute ventilation and augmented apnea following hyperventilation was no longer seen in
Mecp2+/− mice. The small animal size and experimental approach designed to study animals
under a number of protocols, precluded blood gas sampling in these studies. In spontaneously
breathing rats, 3.0 to 3.5% CO2 added to a hypoxic gas mixture maintained arterial CO2 at
control levels (20). In addition tidal volumes (Table 1) and lung volumes in Mecp2+/− animals
were significantly larger than wild type (Fig. 4), and the volume of the bronchial tree in Mecp2
deficient mice did not differ from WT. Since alveolar ventilation is the product of respiratory
frequency and tidal volume minus dead space, the smaller dead space: tidal volume ratio in
Mecp2+/− mice would lead to a larger alveolar ventilation during hyperventilation. This in turn
would result in a greater elimination of CO2 resulting in hypocapnic apnea. This argument is
strengthened by the observation that post hyperventilation respiratory depression varied
directly with tidal volume (Fig. 1B). Measurement of end tidal and transcutaneous carbon
dioxide in RTT patients has shown hypocapnia during episodes of hyperventilation (6,8). In
one report this finding was confirmed by measuring arterial CO2 tension (6).

Lung volume at 30cms H2O for the WT mice, which are predominantly C57BL/6J, determined
in this study (1.167 ± 0.100 mL) is similar to that previously reported for this strain (21,22).
Larger lung volumes have been found in other inbred mouse strains (21,22). As recently shown
by Soutiere and Mitzner (23) the inflation curve (Fig. 4A) does not have a plateau. These
authors have demonstrated that lung volume in the mouse continues to increase with inflation
pressures up to 60 cm H2O. Thus the volumes determined here, while valid over the physiologic
range of inflation pressures, do not represent total lung capacity.

Volumes of the bronchial tree in WT and Mecp+/− mice were smaller than that reported for the
house mouse (mus musculus), 0.155 mL (24). This may represent strain differences. Alternately
the method used by Valerius (24), which involved freezing the lung under constant inflation
pressure and then filling them with silicone rubber, may give different results than the plastic
installation method used here.

At two months of age Mecp2 protein is heavily expressed in the mouse lung, with levels that
exceed those in brain (18). Interestingly, pulmonary RNA expression is less than that seen in
other tissues indicating that Mecp2 transcripts are post-transcriptionally controlled. The
developmental timetable and cell type specificity for Mecp2 has not been determined in the
lung. Lung development involves interaction between epithelial cells that originate from the
endoderm and cells of the mesenchyme. This process involves a number of transcription
factors, which have roles in cell proliferation, differentiation, migration and fate in both
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epithelium and mesenchyme (25–28). Currently, the role of Mecp2 in lung growth has not been
characterized. The present finding: that Mecp2 deficiency in the lung results in a significant
increase in lung volume demonstrates that this DNA binding protein will have to be considered
in future work. This is underscored by the finding that lung volume contributes to post-
hyperventilation respiratory depression and apnea in Mecp2+/− mice.

While respiratory depression was anticipated in this mouse model of Rett Syndrome the
enhanced initial response to hypoxia is surprising. The observation that carbon dioxide
sensitivity in Mecp2+/− is similar to WT, indicates that the hypoxic response is not part of a
generalized augmented respiratory response. The effect of brain-derived neurotrophic factor
(BDNF) on development of nodosepetrosal ganglion (NPG) chemoafferent cells may underlie
this finding. Sensory neurons in the NPG relay the response to hypoxia from the carotid body
to the nucleus of the solitary tract. In BDNF null mice the dopaminergic subpopulation of NPG
cells is depleted by 60% (29,30). These mice have decreased weight specific minute ventilation,
which does not significantly decline when they are exposed to 100% oxygen indicating
impaired oxygen sensitivity (30). Cortical neurons cultured from P1 Mecp2 deficient mice
show a 2-fold increase in expression of the BDNF promoter for axon III (31). Thus it is not
unreasonable to propose that an elevated BDNF expression in the NPG during development
would result in an enhanced population of chemoafferent neurons in Mecp2 deficient animals.
This in turn would lead to their augmented response to hypoxia. When the protein deficiency
is confined to neurons and tidal volume is not augmented the greater response to hypoxia
persists for the duration of the hypoxic exposure (Fig. 1A). When deficiency includes the lungs,
the resultant larger tidal volume and lung volume leads to hypocapnic respiratory depression
that masks the enhanced hypoxic response.
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Figure 1.
Hypoxic ventilatory response. A) Relative increase in minute ventilation (VE) during and after
exposure to 5 min of 8% oxygen. Wild type (WT) (n= 11) open bars; Mecp2+/− (n = 11) solid
bars; Mecp2+/lox (n = 7) stippled bars; Mecp2+/nestin-Cre lox (n = 8) diagonal slash bars. Error
bars are ± SD* Different from WT and Mecp2+/lox (p = 0.001–0.005); † different from other
three strains (p 0.001–0.022). B) Relationship between tidal volume and relative V in first 30
s of recovery for the data in panel A. WT open circles, Mecp2+/− solid circles, Mecp2+/lox open
squares, Mecp2+/nestin-Cre lox solid squares C) Relative increase in VE during and after exposure
to 5 min of 8% oxygen/4% carbon dioxide. Number of mice and key to bars, same as in panel
A. * Different from wild type (WT) and Mecp2+/lox (p =0.001–0.014); † different from other
three strains (p =0.002–0.044); ‡ different from WT and Mecp2+/− (p =0.022 and 0.040).
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Figure 2.
Apnea following hypoxia induced hyperventilation. A) Upper trace from an individual
Mecp2+/− mouse and lower trace from an individual Mecp2+/nestin-Cre lox mouse at, and
following switch from 8% oxygen to 100% oxygen. B) Box plots of apnea in first 30 s of 100%
oxygen after 5 min of hypoxia. Apnea was longer in Mecp2+/− animals than the other three
strains (p = 0.004 − 0.045); number of mice same as in Fig. 1.
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Figure 3.
Hypercapnic ventilatory response. Mean (± SD) minute ventilation in 100% oxygen and during
successive exposures to 3,5 and 7% carbon dioxide in oxygen. WT (™, n = 14); Mecp2+/− (~,
n = 14). Values on x-axis offset for clarity.
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Figure 4.
Lung pressure volume relationships. A) Pressure volume curves for individual mice. B)
Average inflation and deflation volumes for all animals. WT open circles and open bars (n =
9); Mecp2+/− solid circles and solid bars (n = 10). Error bars are ± SD. * denotes significant
differences, (p = 0.001 − 0.025).
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