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Isoform-Specific Toxicity of Mecp2 in Postmitotic Neurons:
Suppression of Neurotoxicity by FoxG1
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The methyl-CpG binding protein 2 (MeCP2) is a widely expressed protein, the mutations of which cause Rett syndrome. The level of
MeCP2 is highest in the brain where it is expressed selectively in mature neurons. Its functions in postmitotic neurons are not known. The
MeCP2 gene is alternatively spliced to generate two proteins with different N termini, designated as MeCP2-e1 and MeCP2-e2. The
physiological significance of these two isoforms has not been elucidated, and it is generally assumed they are functionally equivalent. We
report that in cultured cerebellar granule neurons induced to die by low potassium treatment and in A�-treated cortical neurons,
Mecp2-e2 expression is upregulated whereas expression of the Mecp2-e1 isoform is downregulated. Knockdown of Mecp2-e2 protects
neurons from death, whereas knockdown of the e1 isoform has no effect. Forced expression of MeCP2-e2, but not MeCP2-e1, promotes
apoptosis in otherwise healthy neurons. We find that MeCP2-e2 interacts with the forkhead protein FoxG1, mutations of which also cause
Rett syndrome. FoxG1 has been shown to promote neuronal survival and its downregulation leads to neuronal death. We find that
elevated FoxG1 expression inhibits MeCP2-e2 neurotoxicity. MeCP2-e2 neurotoxicity is also inhibited by IGF-1, which prevents the
neuronal death-associated downregulation of FoxG1 expression, and by Akt, the activation of which is necessary for FoxG1-mediated
neuroprotection. Finally, MeCP2-e2 neurotoxicity is enhanced if FoxG1 expression is suppressed or in neurons cultured from FoxG1-
haplodeficient mice. Our results indicate that Mecp2-e2 promotes neuronal death and that this activity is normally inhibited by FoxG1.
Reduced FoxG1expression frees MecP2-e2 to promote neuronal death.

Introduction
The methyl-CpG binding protein 2 (MeCP2) is a widely ex-
pressed protein, mutations of which cause Rett syndrome (Chah-
rour and Zoghbi, 2007; Gonzales and LaSalle, 2010; Calfa et al.,
2011). Levels of MeCP2 are highest in the brain. Several lines of
evidence suggest involvement in various neurodevelopmental
processes (Gonzales and LaSalle, 2010; Calfa et al., 2011). MeCP2
is expressed at much higher levels in the postnatal brain where it
is present selectively in mature neurons (Jung et al., 2003; Kishi
and Macklis, 2004). Its role in mature neurons and the adult brain
is not known. Several lines of evidence suggest that MeCP2 is a
global transcriptional repressor that acts by binding to methyl-
ated DNA, leading to the alteration of chromatin structure to a
transcriptionally repressed state. Surprisingly, however, only a
few targets of MeCP2-mediated transcriptional repression have
been identified so far. More recent studies suggest that MeCP2
activates gene expression by binding to promoters in a sequence-

specific manner in cooperation with other transcription factors
(Chahrour et al., 2008). Indeed, a majority of MeCP2-bound
promoters are found to be from active genes, indicating that the
effects of MeCP2 on gene expression are complex (Yasui et al.,
2007; Chahrour et al., 2008).

The MeCP2 gene is alternatively spliced to generate two dif-
ferent proteins with distinct translation initiation sites and N
termini (Fig. 1A) (Kriaucionis and Bird, 2004; Mnatzakanian et
al., 2004). The MeCP2-e1 isoform is encoded by exons 1, 3, and 4,
whereas the e2 isoform is encoded by exons 2, 3, and 4. Except for
the 21 aa region unique to the e1 isoform and the 9 aa region
unique to e2, the two isoforms are identical. Previous analysis has
revealed that the Mecp2-e2 isoform is not expressed in non-
mammalian vertebrates and is 10 times less abundant than the e1
isoform in the postnatal brain (Dragich et al., 2007). Although
Mecp2-e1 and Mecp2-e2 display distinct expression patterns
within different brain areas and developmental stages (Dragich et
al., 2007), the functional difference between the two isoforms has
not been adequately investigated, and the general assumption is
that there is none.

We report that elevated expression of the MeCP2-e2 isoform,
but not the MeCP2-e1 isoform, promotes neuronal death. In
healthy neurons this death-promoting activity of Mecp2 is kept
in check through interaction with FoxG1, a protein that pro-
motes neuronal survival and mutations of which are also linked
to Rett syndrome (Jacob et al., 2009; Bahi-Buisson et al., 2010;
Mencarelli et al., 2010; Philippe et al., 2010; Le Guen et al., 2011).
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Together, our results describe for the first
time functional differences between the
two Mecp2 isoforms and report a novel
interaction between Mecp2 and FoxG1,
two proteins linked to Rett syndrome.

Materials and Methods
Materials. Primary antibodies used in this arti-
cle were as follows: Flag (F1804; Sigma-
Aldrich), HA (sc-805 and sc-7392; Santa Cruz
Biotechnology), tubulin (sc-8035; Santa Cruz
Biotechnology), GFP (sc-9996 and sc-8334;
Santa Cruz Biotechnology), Myc (9B11#2276;
Cell Signaling Technology), pAktSer473 (4060;
Cell Signaling Technology), and MeCP2 (07–
013, Millipore; and 3456, Cell Signaling
Technology). FoxG1 antibody was generated
as described by Dastidar et al. (2011). For
Western blotting, the antibodies were used at a
dilution between 1:500 and 1:1000, and the sec-
ondary antibodies (from Pierce) were used at
concentrations of either 1:10,000 or 1:20,000.
For immunocytochemistry, primary antibod-
ies were used at a dilution ranging from 1:100
to 1:400, and Texas Red- or FITC-tagged sec-
ondary antibodies (purchased from Jackson
ImmunoResearch Laboratories) were used at a
dilution of 1:85.

Plasmids. The FoxG1-Flag expression vector
was a kind gift from Dr. Stefano Stifani of
McGill University (Montreal, QC, Canada). The
MeCP2-e1-GFP, MeCP2-e2-GFP, MeCP2-e1-
Myc/His, and MeCP2-e2-Myc/His plasmids
were constructed by Dr. Vinodh Narayanan of
the Neurology Research Department, Bar-
row Neurological Institute (Phoenix, AZ).
The CA-Akt-HA plasmid and the pLKO.1-TRC
shRNA control plasmid (Con) were both pur-
chased from Addgene. The pSuper-neo/gfp-Pan.
Akt and pSuper-neo/gfp-scrambled-Akt shRNA
(Delgado-Esteban et al., 2007) plasmid vectors

Figure 2. ExpressionofMecp2isoformsinneuronsprimed to undergo apoptosisand inmousemodelsof neurodegeneration. A, Westernblot
analysisofMecp2proteininhighpotassium(HK)-orlowpotassium(LK)-treatedcerebellargranuleneurons(CGNs).ThelevelofMecp2isupregulated
in LK. B, Lysates were prepared from the striatum (ST) and all other brain parts (OBP) combined of 13-week-old R6/2 mice and nontransgenic
littermates (WT), and subjected to Western blot analysis using an MeCP2 antibody. Tubulin served as the loading control. The level of Mecp2 is
upregulatedintheSTofR6/2mice.C,WesternblotanalysisofSTandOBPof10-week-oldmiceinjectedwitheithersaline(control)orwith3-NPfor1
and 3 d. The blot was probed with an MeCP2 antibody. Total Erk served as the loading control. The level of Mecp2 was upregulated in the ST of
3-NP-injectedmiceasopposedtothesaline-injectedmice.D,Proteinlysatesobtainedfromthecortex(ctx),cerebellum(cereb),ortheremainderof
OBPofwild-typeandMecp2-overexpressingtransgenicmiceweresubjectedtoWesternblotanalysiswithanMeCP2antibody.Theelevatedexpres-
sion of the Mecp2 transgene is clearly detected by the antibody. In the brain part of the transgenic mice, Mecp2 was produced at least 3 times more
thanitswild-typelittermate.

Figure 1. ExpressionofMecp2 isoformsinneuronsprimedtoundergoapoptosis.A,SchematicrepresentationofMecp2– e1andMecp2– e2 isoforms.Mecp2– e1 isoformcomprisesexons1,3,and4.Mecp2– e2 isoform
comprisesexons2,3,and4.B,RT-PCRanalysisofRNApreparedfromcerebellargranuleneurons(CGNs)treatedwithhighpotassium(HK)orlowpotassium(LK)for4hwasperformedwithprimersrecognizingbothe1ande2
isoforms. �-actin served as the loading control. Mecp2– e2 isoform is upregulated in LK conditions. C, RT-PCR analysis of RNA isolated from 3 and 6 h HK- and LK-treated CGNs using primers specific for e1 or e2 isoform.
Mecp2– e2 isoformisupregulatedinLKconditions.D,RT-PCRanalysisofRNAisolatedfromcorticalneuronstreatedwith10�M A� for6h.PrimersrecognizingbothMecp2e1ande2isoformswereused.Mecp2– e2 isoform
isupregulatedincorticalneuronstreatedwithA�.
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were a kind gift from Dr. Juan P. Bolanos of the
University of Salamanca (Department of Bio-
chemistry and Molecular Biology; Salamanca,
Spain). The MeCP2-del9-myc was cloned us-
ing the following primers: Del9 forward 5�-
GCTTGGTACCGAGCTCGGATCC ATGGA
GGAAAAGTCAGAAGA-3� and del9 reverse
5�-TCTTCTGACTTTTCCTCCATGGATCCGA
GCTCGGTACCAAGC-3�.

To create the FoxG1 deletion constructs at the
DNA binding region the following primers were
used: FoxG1-BamH1-Fwd: 5�-CTAGGGATC-
CATGCTGGACATGGGAGATAG-3�; FoxG1-
1–191-Xho1-Flag-rev: 5�-CTAGCTCGAGCTA
CTTGTCGTC ATCGTCTTTGTAGTC CTCG
GGACTCTGCCTGATGG-3�; FoxG1-1–233-
Xho1-Flag-Rev: 5�-CTAGCTCGAGCTACTTG-
TCGTCATCGT CTTTGTAGTCCTTCACGAA
GCACTTGTTGA-3�; and FoxG1-1–254-Xho1-
Flag-Rev: 5�-CTAGCTCGAGCTACTTGTCGTC
ATC GTCTTTGTAGTCGTCGCTCGACGGG-
TCGAGCA-3�.

FoxG1-haplodeficient mice. FoxG1�/Cre mice
were obtained from The Jackson Laboratory
(stock #006084). In these mice, originally gener-
ated by Hébert and McConnell (2000), the FoxG1
gene is disrupted by knockin of Cre. FoxG1�/Cre

male mice were bred with FoxG1�/� female
mice to obtain wild-type and FoxG1�/Cre pups.
Tail-tip DNA was collected from offspring 2 d
after birth and genotyping was performed by
PCR. The pups were sacrificed between postnatal
day 5 and day 7 to make primary cerebellar gran-
ule neuronal cultures from them. All experimen-
tal protocols were in accordance with the
National Institutes of Health Guide for the Care
and Use of Laboratory Animals and approved by
the Institutional Animal Care and Use Committee
of the University of Texas at Dallas. The following
primers were used for genotyping, as suggested by
TheJacksonLaboratory:WTF:5�-GACGGCAAGT
ACGAGAAGC-3�; WT R: 5�-TCACGAAGCACT
TGTTGAGG-3�; Mutant F: 5�-AGTATTGTTTTG
CCAAGTTCTAAT-3�; and Mutant R:
5�-TCCTATAAGTTGAATGGTATTTTG-3�.

Mecp2 transgenic mice. Hemizygous FVB-
Tg(MECP2)3Hzo/J females, initially generated
by Huda Zoghbi’s laboratory (Collins et al.,
2004) and purchased from The Jackson Labo-
ratory, were bred to FVB/NJ males (also from
The Jackson Laboratory). Only females hemi-
zygous for the Mecp2 transgene were used for
breeding, because hemizygous males are ster-
ile. Pups were genotyped by collection of tail-
tip DNA on day 4 after birth for utilization in
tissue culture experiments. The following
primers were used for genotyping, as suggested
by The Jackson Laboratory: Transgene F: 5�-
CGCTCCGCCCTATCTCTGA-3�; Transgene
R: 5�-ACAGATCGGATAGAAGACTC-3�; Inter-
nal Positive Control F: 5�-CAAATGTTGCTT-
GTCTGGTG-3�; and Internal Positive Control
R:5�-GTCAGTCGAGTGCACAGTTT-3�.

3-Nitropropionic acid treatment and experi-
mental design. Ten-week-old C57BL/6 male
mice were purchased from Charles River Lab-
oratories . 3-Nitropropionic (3-NP) acid treat-
ment and experimental design were performed
as described by Chin et al. (2004). Briefly, 3-NP

Figure 3. MeCP2– e2isoformbutnotMeCP2– e1isoformpromotesneuronaldeath.A,ViabilityofCGNstransfectedwithGFP,MeCP2–
e1-GFP (e1), or MeCP2– e2-GFP (e2) and switched to high potassium (HK) or low potassium (LK) medium for 24 h. The viability was
normalized to GFP-transfected cultures treated with HK. MeCP2– e2 killed healthy neurons treated with HK. B, Viability of cortical neurons
transfected with GFP, e1, or e2 and treated with no additives (con) or 10�M A� for 48 h. Survival is normalized to GFP-transfected cortical
neurons treated with no additives (con). MeCP2– e2 killed neurons treated with no additives (Con) as well as neurons treated with A�. C,
CGNs transfected with MeCP2– e1 and MeCP2– e2 were subjected to immunocytochemistry using antibody against GFP. MeCP2– e1 and
MeCP2– e2 were expressed at similar levels, as evident through immunocytochemistry. DAPI staining was performed to identify the
nucleus of the cells. D, Western blot using MeCP2 antibody showing MeCP2– e1-GFP and MeCP2– e2-GFP isoform are expressed similarly
in HEK293T cells. Tubulin served as the loading control. Control indicates untransfected HEK293T cells.

Figure 4. Effect of suppression of Mecp2– e1 and Mecp2– e2 expression in neurons using shRNA. A, Viability of CGNs transfected with
control shRNA (Con) or shMecp2. Viability of transfected neurons was quantified and normalized to the viability of control cultures (Con-
transfected cells). Knocking down endogenous levels of Mecp2 increased viability of neurons treated with LK. B, RT-PCR analysis of endog-
enous Mecp2 expression in HT22 cells that were either untransfected (Unt) or transfected with control shRNA (Con) or shMecp2. shMecp2 was
able to knock down endogenous expression of both the isoforms of Mecp2. C, Immunocytochemistry using Mecp2 antibody showing
knockdownofendogenousMecp2inneuronscotransfectedwithGFPandshMecp2 (indicatedbyasterisk). InneuronscotransfectedwithGFP
and Con (indicated by asterisk) the level of endogenous Mecp2 is not reduced.
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was dissolved in water, and the solution brought to pH 7.4 with sodium
hydroxide. Freshly prepared 3-NP was administered in 10 intraperito-
neal injections (50 –55 mg/kg twice a day for 5 d). Control animals re-
ceived saline injections. On the day following the first and third days of
injection, mice were deeply anesthetized. Brains were removed, and pro-
tein or RNA was extracted. For both mRNA and protein, we harvested
the striatum and rest of the brain [or as the other brain part (OBP)], and
the experiment was performed in triplicate.

Analysis of the R6/2 transgenic mouse model. Female mice hemizygous
for B6CBA-Tg(HDexon1)62Gpb/1J (via ovarian transplant) were bred
to B6CBAF1/J males; both obtained from The Jackson Laboratory as
previously described by Chen and D’Mello (2010). Tail-tip DNA was
collected from offspring 10 –14 d after birth, and genotyping was per-
formed by PCR. Wild-type and transgenic littermate (indicated in the
study as R6/2) pairs were killed by carbon dioxide inhalation at 13 weeks
of age. The brains were dissected, and the striatum was separated from
the rest of the brain for analysis.

Primary neuronal culture and transfection. Cerebellar granule neurons
(CGNs) from both male and female rat pups were cultured and trans-
fected as described by Dastidar et al. (2011). When performed, treatment
with pharmacological inhibitors (all purchased from EMD Biosciences)
was done as described previously by Bardai and D’Mello (2011) and
Dastidar et al. (2011). The concentrations used were as follows: SP600125
at 10 �M, roscovitine at 50 �M, and SB415286 at 30 �M. IGF-1 was used at
25 ng/ml, and Akt Inhibitor X at 10 �M. Viability of rat CGNs was quan-
tified 24 h after high potassium (HK) or low potassium (LK) treatment.
CGNs were also cultured from FoxG1�/� or FoxG1�/Cre mice. In these
mouse cultures, treatment with HK/LK was for 12 h. Cortical neurons were
cultured from 17- to 18-d-old rat embryos (both genders) and transfected as
previously described by Dastidar et al. (2011). Treatment with A� at 10 �M

was performed 2 d after plating, as described by Ma and D’Mello (2011) and
viability assessed 48 h later. Neuronal viability following transfection was
evaluated as described previously by Dastidar et al. (2011). Briefly, the pro-
portion of transfected neurons (identified by immunocytochemistry) dis-

playing condensed or fragmented nuclei (visualized
by DAPI staining) was scored as apoptotic.

Immunoprecipitation and Western blotting.
Immunoprecipitation and Western blotting
were done as previously described in Dastidar
et al. (2011). Briefly, 80% of the whole-cell ly-
sate (WCL) was used as input for pull-down
experiments, and 5–10% of WCL was used to
determine expression of respective proteins.

RT-PCR. RNA was harvested using TRIZOL
(Invitrogen) following the manufacturer’s proto-
col. Briefly, 3–5 �g of RNA was used to make
cDNA with the SuperScript First-Strand Synthe-
sis system from Invitrogen. RT-PCR was per-
formed using standard conditions and the
following primers: Mecp2-e1-specific and Mecp2-
e2-specific forward primer 5�-GGAGGAGGC
GAGGAGGAGA-3�; Mecp2-e1-specific and
Mecp2-e2-specific reverse primer 5�-GGCT-
GAAGGCTGTAGTGGT-3�;Mecp2-e1 forward5�-
GAGGCGAGGAGGAGAGACTG-3�; Mecp2-e1
reverse 5�-TCTTCTGACTTTTCCTCCCTG-3�;
Mecp2-e2 forward 5�-TGGTAGCTGGGATGTT
AGG-3�; and Mecp2-e2 reverse 5�-GAGATTTGG
GCTTCTTAGGT-3�.

shRNA-mediated suppression. shRNA-mediated
suppression inneuronswasperformedasdescribed
earlier by Dastidar et al. (2011). An MeCP2 shRNA
construct, TRCN0000039083 (designated as
shMeCP2), and an shRNA against FoxG1 (desig-
nated as shFoxG1) were used in this study. The
pLKO.1-TRC control vector (indicated in the text
and Fig. 4 as Con) expresses a nonhairpin 18 bp
insert.

siRNA-mediated suppression. For isoform-
specific knockdown 5�-6FAM (6-carboxy-

fluorescein)-tagged MISSION siRNAs (from Sigma-Aldrich) were used. 5�-
6FAM-tagged MISSION siRNA Universal Negative Control 1 (SIC001)
indicated as Control siRNA, e1.1 siRNA (sense � CGGAUGGCGUCC-
CUCCUCUdTdT, antisense � AGAGGAGGG ACGCCAU CCGdTdT),
e1.2 siRNA (sense � GGGCGACACGGCUGGCGGAdTdT, antisense �
UCCGCCAGCCGUGUCGCCCdTdT), e2.1 (sense � CAUGGUAGC
UGGGAUGUUAdTdT, antisense � UAACAUCCCAGCUACCAUG
dTdT), and e2.2 (sense � CCAUGGUAGCUGGGAUGUUdTdT, and anti-
sense � AACAUCCCAGCUACCAUGGdTdT) were purchased from Sigma-
Aldrich. The effectiveness of siRNAs to suppress Mecp2 expression was
tested in HT22 cells. Briefly, HT22 cells were transfected with siRNA
using Lipofectamine 2000 (Invitrogen) using manufacturer’s instruc-
tion. Seventy-six hours after transfection of the HT22 cells, mRNA
was harvested using TRIZOL (Invitrogen) following the manufactur-
er’s protocol; cDNA was prepared from the mRNA and analyzed
using PCR as described above. CGNs were transiently transfected on
day 4 using 2 �g of marker plasmid (pEGFP) together with 200 nM

siRNA (Björkblom et al., 2008). Forty-eight hours after transfection,
the cells were treated with either HK or LK for 24 h and then subjected
to immunocytochemistry using GFP antibody. Viability of trans-
fected neurons was determined as described earlier by Dastidar et al.
(2011).

Statisticalanalysis.Statisticalanalysiswasdoneusingunpairedtwo-tailed t test
(Student’s t test), and the results are shown as mean � SEM unless otherwise
stated. Asterisks indicate the following p values: *p � 0.05, **p � 0.01, and
***p � 0.001. All viability experiments were done in duplicate and repeated at
least three times. For each experiment, �150 transfected cells were counted.

Results
Expression of Mecp2-e2 is upregulated during neuronal death
in vitro and in vivo
When CGNs cultured from postnatal rats or mice are switched
from a medium containing depolarizing levels of potassium

Figure 5. Effect of suppression of Mecp2– e1 and Mecp2– e2 expression in neurons using siRNA. A, RT-PCR analysis of endogenous
Mecp2 expression in HT22 cells that were transfected with two different siRNAs (e1.1 and e1.2) against Mecp2– e1 isoform as indicated in
thefigure.ThesiRNAwasabletoknockdownendogenousMecp2– e1 isoform.B,RT-PCRanalysisofendogenousMecp2expressioninHT22
cells that were transfected with two differenet siRNAs (e2.1 and e2.1) against Mecp2– e2 isoform. One of the siRNAs, e2.2 siRNA, was able
to knock down endogenous Mecp2– e2 isoform. C, Viability of CGNs cotransfected with GFP and siRNA (control or Mecp2– e1 specific).
Viability was normalized to CGNs cotransfected with control siRNA and GFP. Knocking down endogenous Mecp2– e1 had no effect on neuronal
survivability. D, Viability of CGNs cotransfected with GFP and siRNA (control or Mecp2– e2 specific). Viability was normalized to CGNs cotransfected
withcontrolsiRNAandGFP.Knockingdownendogenous Mecp2– e2 protectedneuronsagainstLK-mediatedcelldeath.

Dastidar et al. • Mecp2 Regulates Neuronal Survival J. Neurosci., February 22, 2012 • 32(8):2846 –2855 • 2849



(HK) to nondepolarizing levels of potas-
sium (LK), they undergo apoptosis
(D’Mello et al., 1993). As shown in Figure
1, B and C, the expression of Mecp2-e2 at
the mRNA level is elevated in CGNs
primed to die by LK treatment. In con-
trast, the expression of Mecp2-e1 is slightly
reduced (Fig. 1B,C). A similar upregula-
tion of Mecp2-e2 is observed in embryonic
cortical neurons induced to die by expo-
sure to A� peptide, a cell culture model of
Alzheimer’s disease (Fig. 1D). Upregula-
tion of Mecp2 expression in LK-treated
CGNs was confirmed by Western blot
analysis (Fig. 2A). Like all other commer-
cially available antibodies and antibodies
described in the literature, the antibody
used in the analysis could not distinguish
between the two isoforms. Based on the
RT-PCR results, however, it is likely that
the upregulation of Mecp2 immunoreac-
tivity in neurons primed to die is due to
the stimulation of e2 expression. To ex-
amine whether Mecp2 expression was also
deregulated in in vivo models of neurode-
generative disease, we analyzed expres-
sion in the R6/2 transgenic mouse model
of Huntington’s disease (HD) (Mangia-
rini et al., 1996; Ferrante et al., 2003;
Hockly et al., 2003; Li et al., 2005). R6/2
mice develop selective striatal neuropa-
thology and behavioral deficits starting at
�10 weeks. As shown in Figure 2B,
Mecp2 immunoreactivity is markedly in-
duced in the striatum of 13 week R6/2
mice, but not in lysates prepared from
other brain parts. Selective upregulation
of expression of Mecp2 in the striatum
was also observed at 11 weeks (data not
shown). We also analyzed Mecp2 expres-
sion in the striatum after administration
of 3-NP, a commonly used chemical
model of HD that faithfully recapitulates
the neurodegenerative and behavioral ab-
normalities observed in patients (Beal et al., 1993; Escartin et al.,
2007; Wang et al., 2010). As observed in the R6/2 genetic model,
upregulation of Mecp2 was observed in the striatum but not in
OBP of mice administered with 3-NP (Fig. 2C). Using the 3-NP
administration conditions, we have previously reported that stri-
atal degeneration is extensive by 3 d (Chin et al., 2004; Chen et al.,
2008; Wang et al., 2010). Validation of the MeCP2 antibody was
achieved by Western blot analysis using lysates prepared from the
brains of Mecp2 transgenic mice (Collins et al., 2004) and nontrans-
genic littermates (Fig. 2D). Further demonstration of antibody spec-
ificity was achieved by Western blot analysis of lysates prepared
from HEK293T cells transfected with plasmids encoding
MeCP2-e1-GFP, MeCP2-e2-GFP (Fig. 3D).

Mecp2-e2 promotes neuronal death
The upregulation of Mecp2-e2 expression in neurons primed to
die suggested that elevated levels of the Mecp2-e2 isoform con-
tributes to neuronal death. To investigate this possibility, we ex-
pressed the two isoforms in neurons. Whereas forced expression

of MeCP2-e1 had no effect on viability, the expression of
MeCP2-e2 promoted cell death in otherwise healthy CGNs (Fig.
3A). Likewise, the expression of MeCP2-e2 promoted the death
of cortical neurons and increased the extent of death induced by
A� treatment (Fig. 3B). To rule out the possibility that the two
isoforms behaved differently due to differential expression levels,
we transfected the two isoforms in CGNs. Immunocytochemical
analysis of CGNs indicated that both the isoforms were expressed
equally and inside the nucleus (Fig. 3C). Similar efficiency of
expression was confirmed by Western blot analysis of HEK293T
cells transfected with each of the two MeCP2 isoforms (Fig. 3D).

The elevation of Mecp2-e2 expression in neurons primed to die
along with the toxicity observed when this isoform is overexpressed
in otherwise healthy neurons raised the possibility that knocking
down endogenous levels of Mecp2-e2 would protect neurons from
death. Suppression of Mecp2 expression with an shRNA construct
designed to knock down both isoforms protected CGNs from LK-
induced death (Fig. 4A). Control experiments confirmed that the
shRNA suppressed expression of the two Mecp2 isoforms efficiently

Figure 6. Analysis of interaction between FoxG1 and Mecp2. A, CGN lysates were subjected to coimmunoprecipitation using
FoxG1 antibody. The immunoprecipitate was analyzed by Western blot using MeCP2 antibody. FoxG1 was able to pull down
Mecp2; however, GFP was unable to pull down Mecp2. An aliquot of the WCL (whole cell lysate) was also analyzed for Mecp2. B,
Immunocytochemical analysis of CGNs using antibodies against FoxG1 and Mecp2. Mecp2 and FoxG1 colocalize. C, Lysates from
HEK293T cells transfected with GFP, MeCP2– e1-GFP, MeCP2– e2-GFP, and Flag-FoxG1 plasmids as shown were immunoprecipi-
tated using GFP antibody. Immunoblotting (IB) was performed using Flag antibody (top) and then reprobed with GFP antibody
(bottom). Western blotting of WCL using GFP and Flag antibodies is also shown. FoxG1 interacts with both the isoforms of MeCP2
with a greater affinity for MeCP2– e2 isoform IP indicates immunoprecipitation. D, Lysates from HEK293T cells cotransfected with
FoxG1-Flag and MeCP2– e1-Myc or MeCP2– e2-Myc were immunoprecipitated using Flag antibody. The immunoprecipitate was
subjected to immunoblotting with Myc antibody (top). The blot was reprobed with Flag antibody (bottom). FoxG1 interacted with
MeCP2– e2 isoform more strongly than the MeCP2– e1 isoform. E, HT22 cells were cotransfected with FoxG1-Flag and either
MeCP2– e1-GFP or MeCP2– e2-GFP followed by immunocytochemistry using Flag and GFP antibodies. MeCP2– e2 and FoxG1
colocalize more than MeCP2– e1 and FoxG1.
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(Fig. 4B,C). To rule out the involvement of
Mecp2-e1 in neuronal toxicity, we knocked
down expression of each isoform using spe-
cific siRNAs. Two siRNAs were synthesized
that targeted the unique N-terminus re-
gions of each of the two isoforms. When
tested for efficacy, both siRNAs synthesized
against the e1 knocked down its expression,
but not the expression of the e2 isoform
(Fig. 5A). In comparison, only one of the
two siRNAs synthesized to target the 9 aa
sequence unique to the e2 isoform (siRNA-
e2.2) was effective at knocking down its ex-
pression (Fig. 5B). While the knockdown of
endogenous Mecp2-e1 with the two siRNAs
had no significant effect on CGN survival
(Fig. 5C), the knockdown of the e2 isoform
using siRNA-e2.2 prevented LK-induced
neuronal death (Fig. 5D).Together, these re-
sults demonstrate that an elevated level of
MeCP2-e2 promotes neuronal death.

Neurotoxic activity of MeCP2-e2 is
inhibited by FoxG1 through
direct interaction
Several recent studies have shown that
mutation in the gene encoding FoxG1, a
member of the forkhead family of tran-
scription factors, also causes Rett syn-
drome (Jacob et al., 2009; Bahi-Buisson et
al., 2010; Mencarelli et al., 2010; Philippe
et al., 2010; Le Guen et al., 2011). Al-
though studied extensively in the context
of brain development where it plays a crit-
ical role in regulating the proliferation of
neural progenitor cells (Tao and Lai,
1992; Xuan et al., 1995; Hanashima et al.,
2002, 2004), the physiological significance
of FoxG1 in the mature brain is poorly
understood. We recently reported that el-
evated expression of FoxG1 is necessary
for the survival of postmitotic neurons
(Dastidar et al., 2011). To investigate the
relationship between Mecp2 and FoxG1,
we examined whether they interacted
physically. Coimmunoprecipitation ex-
periments showed that Mecp2 interacts
with FoxG1 in CGNs (Fig. 6A). In accor-
dance with this finding, immunocyto-
chemical analysis revealed extensive
colocalization between FoxG1 and Mecp2
in CGNs (Fig. 6B). As expected, given the
sharp downregulation of FoxG1 expres-
sion in LK-treated neurons, the interac-
tion between Mecp2 and FoxG1 is lower
in LK (data not shown).

Since the Mecp2 antibody does not
distinguish between the two isoforms, it
was not clear whether FoxG1 interacted
with one or both isoforms. To address
this, we coexpressed FoxG1 with GFP-
tagged forms of either MeCP2-e1 or
MeCP2-e2 in HEK293T cells. Although

Figure 7. Analysis of interaction between FoxG1 and MeCP2– e2. A, Schematic representation of the deletion constructs of
FoxG1 used in this study. CS, Conserved sequence; DBD, DNA binding domain; TRD, transcriptional repression domain. B, Coimmu-
noprecipitation analysis of deletion constructs of FoxG1 (FoxG1-37– 481, FoxG1-172– 481, FoxG1-1–275, and FoxG1-1–336) and
MeCP2– e2-GFP. The immunoprecipitation (IP) was performed with Flag antibody and immunoblotting (IB) was performed with
GFP antibody. C, Coimmunoprecipitation analysis of deletion constructs of FoxG1 (FoxG1-1–191, FoxG1-1–233,and FoxG1-1–254)
and MeCP2– e2-Myc. The immunoprecipitation was performed with Flag antibody and immunoblotting was performed with Myc
antibody. FoxG1-1–191 and FoxG1-1–233 do not interact with MeCP2– e2.

Figure 8. Analysis of interaction between FoxG1 and MeCP2– e2. A, Schematic representation of deletion construct of MeCP2–
e2. B, Coimmunoprecipitation analysis of MeCP2– e2-del9-Myc with FoxG1. Immunoprecipitation (IP) was performed with Flag
antibody and immunoblotting (IB) was performed with Myc antibody. MeCP2– e2-del9-Myc does not interact with FoxG1-Flag like
MeCP2– e2.
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both isoforms interacted with FoxG1, the level of interaction
was substantially higher with the e2 form (Fig. 6C). To rule out
the possibility that the tag contributed to a differential inter-
action, we repeated the experiment using myc-tagged forms of
the two isoforms. Once again, interaction between FoxG1 and
MeCP2-e2 was higher than that observed with MeCP2-e1 (Fig.
6 D). Results from immunocytochemical analysis were consis-
tent with a higher level of interaction with MeCP2-e2. As
shown in Figure 6 E, while extensive colocalization is seen
when FoxG1 and MeCP2-e2 are coexpressed, overlap is mod-
est with MeCP2-e1.

To identify the region within FoxG1 that interacts with
MeCP2, we used different N- and C-terminal deletion constructs
generated as part of a previous study (Dastidar et al., 2011) (Fig.
7A). As shown in Figure 7B, interaction with MeCP2-e2 was ob-
served with both construct spanning the 172– 481 regions and a
construct spanning the 1–275 region of FoxG1. This suggests that
binding occurs between residues 171 and 275, a region within the
DNA-binding region of FoxG1. To map the binding site in more
detail, we generated additional FoxG1 deletion constructs (Fig.
7A). While a construct spanning the 1–254 region of FoxG1 dis-
played interaction with MeCP2-e2, a construct with the 1–233
region did not, mapping the site of interaction to the 20 aa region
between 234 and 254 (Fig. 7C).

We proceeded to map the region within MeCP2 that bound
FoxG1. Since the only sequence in MeCP2-e2 that is missing from
the e1 isoform is the 9 aa residues at the N terminus, it was likely
that the higher level of interaction between MeCP2-e2 and FoxG1
was due to this motif. Indeed, deletion of the first 9 aa of
MeCP2-e2 to obtain MeCP2-e2-del9 reduced the extent of inter-
action with FoxG1 to a level similar to that seen with Mecp2-e1
(Fig. 8,A or B).

The established ability of FoxG1 to promote neuronal survival
(Dastidar et al., 2011) along with our observation that it interacts
with MeCP2-e2 raised the possibility that under normal circum-
stances the neurotoxic effect of MeCP2-e2 is inhibited by FoxG1
through direct association. To test this possibility, we examined
whether forced expression of FoxG1 could inhibit the ability of
MeCP2-e2 to induce neuronal death. As shown in Figure 9A,
when coexpressed in neurons, FoxG1 completely blocks the neu-
rotoxic effect of MeCP2-e2. If FoxG1 inhibits MeCP2-e2 neuro-
toxicity, a reduction in the level of FoxG1 could be expected
to enhance MeCP2-e2 toxicity. Indeed, shRNA-mediated knock-
down of endogenous FoxG1 expression increases the extent of
MeCP2-e2 neurotoxicity (Fig. 9B). Although the specificity of the
FoxG1 shRNA was previously established (Dastidar et al., 2011),

Figure 9. MeCP2– e2 neurotoxicity is inhibited by FoxG1. A, Viability of CGNs transfected
with GFP, FoxG1-Flag, and MeCP2– e2-GFP either by themselves or in combination and treated
with HK or LK for 24 h. Viability was normalized to neurons transfected with GFP and treated
with HK. FoxG1 can rescue against MeCP2– e2-mediated neuronal death. B, CGNs were cotrans-
fected with MeCP2– e2 and either pLKO.1 (Con) or shFoxG1. The effectiveness of shFoxG1 (also
referred to as #1746 in Dastidar et al., 2011) to suppress FoxG1 expression has previously been
demonstrated (Dastidar et al., 2011). Viability of transfected cells identified by GFP immunore-
activity was quantified and compared with control shRNA and MeCP2– e2-GFP transfected
neurons treated with HK. C, Viability of CGNs cultured from FoxG1 �/� and FoxG1 �/Cre mice
transfected with GFP or MeCP2– e2- GFP and treated with HK for 14 h. Viability was normalized
to FoxG1 �/� CGNs transfected with GFP. Neurotoxicity is higher in neurons harvested from
FoxG1 �/Cre mice as compared with FoxG1 �/� neurons.

Figure 10. MeCP2– e2 neurotoxicity is inhibited by FoxG1. A, Viability of neurons trans-
fected with GFP, MeCP2– e2-Myc, and MeCP2– e2-del9-Myc and treated with HK for 24 h.
Viability of neurons was normalized to CGNs transfected with GFP and treated with HK. MeCP2–
e2-del9 killed healthy neurons more than MeCP2– e2. B, Viability of neurons transfected with
GFP, FoxG1-1–191-Flag, and FoxG1-1–233- Flag and treated with HK for 24 h. Viability of
neurons was normalized to CGNs transfected with GFP and treated with HK. Both the deleted
constructs of FoxG1 killed neurons. C, RT-PCR analysis of HT22 cells transfected with FoxG1, GFP,
and MeCP2– e2. Overexpression of FoxG1 did not affect endogenous mRNA levels of Mecp2, and
similarly overexpression of MeCP2– e2 did not affect the endogenous mRNA levels of FoxG1.
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the possibility that the shRNA inhibited MeCP2 through the in-
hibition of another target could not be ruled out. To address this
issue, we used a mouse line in which the FoxG1 gene is disrupted
by insertion of Cre (Hébert and McConnell, 2000). Although
mice homozygous for FoxG1 deletion die during gestation,
FoxG1�/Cre mice are born, albeit with a smaller brain (Siegent-
haler et al., 2008). To confirm that MeCP2-e2 toxicity is inhibited
by FoxG1, we cultured CGNs from FoxG1�/Cre mice and control
FoxG1�/� littermates. As shown in Figure 9C, MeCP2-e2 toxicity was
substantiallyincreasedinneuronsculturedfromFoxG1�/Cremicecom-
pared with neurons from control littermates (Fig. 9C).

If FoxG1 inhibits Mecp2-e2 toxicity by interacting with it, expres-
sion of an MeCP2-e2 mutant incapable of interacting with FoxG1
could be expected to be more toxic. To examine this, we compared
the toxicity of MeCP2-e2 with that of MeCP2-e2-del9, the deletion
mutant that displays reduced interaction with FoxG1 (Fig. 8B).
When expressed in CGNs, MeCP2-e2-del9 was more toxic that wild-
type MeCP2-e2, consistent with a reduction in FoxG1-mediated re-
pression of toxicity (Fig. 10A). We also expressed two FoxG1
deletion constructs that lacked the MeCP2-e2 binding site and
would therefore be unable to inhibit MeCP2-e2 toxicity. Expression
of FoxG1-1-191 or FoxG1-1-233 was also toxic (Fig. 10B). Although
the inability to bind to MeCP2-e2 and sequester it might contribute

to their toxic effect, it is also possible that
these two FoxG1 mutants are unable to bind
DNA efficiently. As described previously,
DNA binding is essential for the survival-
promoting effect of FoxG1 (Dastidar et al.,
2011).

Although our results are consistent
with FoxG1 inhibiting Mecp2 neurotoxic-
ity through interaction, given that both
FoxG1 and Mecp2 are transcriptional reg-
ulators, it was possible that overexpres-
sion of FoxG1 was causing transcriptional
changes in Mecp2-e2 levels or vice versa.
However, we could not detect any tran-
scriptional changes in Mecp2-e2 levels
when FoxG1 was overexpressed nor any dif-
ference in FoxG1 levels when MeCP2-e2 was
overexpressed (Fig. 10C).

IGF-1–Akt signaling inhibits
neurotoxicity by Mecp2
IGF-1 administration partially reverses
the neurological phenotype in mutant
Mecp2 mice (Tropea et al., 2009). We have
previously shown that treatment of CGNs
with IGF-1 blocks the LK-induced down-
regulation of FoxG1 expression and
maintains neuronal survival (Dastidar et
al., 2011). As shown in Figure 11A, treat-
ment of neurons with IGF-1 also inhibits
the toxic effect of MeCP2-e2. In addition
to maintaining FoxG1 expression, IGF-1
treatment induces phosphorylation of
FoxG1 at Ser271 through the activation of
Akt, a modification that is necessary for
the neuroprotective activity of FoxG1
(Dastidar et al., 2011). Consistent with
FoxG1 being a negative regulator of
MeCP2-e2 neurotoxicity, forced expres-
sion of a constitutively active form of Akt

inhibits the toxic effect of MeCP2-e2 (Fig. 11B). Conversely, re-
ducing Akt activity pharmacologically using a chemical inhibitor,
Akt Inhibitor X, or suppressing Akt expression using shRNA
against Akt enhances MeCP2-e2-mediated neurotoxicity (Fig.
11C,D). A control experiment showed that AktX was able to
block phosphorylation of Akt (data not shown). Activation of
other kinases such as JNK, GSK3�, and cyclin-dependent kinases
(CDKs) is known to play a pivotal role in mediating neuronal
death in different experimental paradigms. To examine whether
any of these kinases are involved in MeCP2-e2-induced neuronal
death, we used pharmacological inhibitors against them. Treat-
ment with the JNK inhibitor (SP600125), the GSK3� inhibitor
(SB415286), or the CDK inhibitor (roscovitine) did not inhibit
MeCP2-e2-mediated neuronal death, suggesting that JNK,
GSK3�, and CDKs are not involved (Fig. 11A). Control experi-
ments confirmed that these compounds inhibited their targets at
the doses that were used (data not shown).

Discussion
Although the MeCP2 protein can be expressed as two isoforms
due to alternative splicing, the physiological significance of each
of the two MeCP2 proteins has not been studied, and it is gener-
ally assumed that they are functionally equivalent. Indeed, most

Figure 11. IGF-1 blocks MeCP2– e2-mediated neurotoxicity. A, Viability of CGNs transfected with GFP or MeCP2– e2- GFP and
switched to HK or LK medium or LK medium supplemented with inhibitors (SP600125, roscovitine, or SB415286) or with IGF-1.
Viability of transfected cells was quantified by DAPI staining and normalized to GFP-transfected cultures treated with HK (control).
IGF-1 protected against MeCP2– e2-mediated neuronal death. B, Viability of CGNs transfected with GFP, MeCP2– e2-GFP, and
CA-Akt-HA either by themselves or in combination and treated with HK or LK for 24 h. Viability was normalized to neurons
transfected with GFP and treated with HK. CA-Akt can rescue against MeCP2– e2-mediated neuronal death. C, Viability of CGNs
transfected with GFP or MeCP2– e2 and treated with HK or LK or HK or LK with Akt Inhibitor X. Viability of transfected neurons was
normalized to GFP transfected neurons treated with HK. Blocking Akt increased MeCP2– e2 toxicity. D, Viability of CGNs cotrans-
fected with pLKO.1 and either Scrambled Akt (Scram.Akt) or Pan Akt shRNA and MeCP2– e2 with either Scrambled Akt or Pan Akt
shRNA. Viability was normalized to CGNs transfected with pLKO.1 and Scrambled Akt. Bringing down the levels of endogenous Akt
increased MeCP2– e2-mediated neuronal death. NA, no additive.
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studies in which MeCP2 is ectopically expressed fail to specify
which isoform is being used. We show that expression of the two
isoforms is differentially regulated in neurons primed to die. Spe-
cifically, Mecp2-e2 expression is increased in CGNs and cortical
neurons induced to die by LK or A� treatment, respectively,
whereas the expression of Mecp2-e1 is slightly reduced. Further-
more, the two Mecp2 isoforms have distinct effects on the viabil-
ity of neurons when overexpressed. Expression of MeCP2-e2 kills
CGNs and cortical neurons, whereas MeCP2-e1 has no effect.
Knockdown of the Mecp2-e2 isoform protects neurons from
death consistent with the idea that elevated levels of Mecp2-e2
contribute to neuronal death. Our results appear to contradict
those of another group who found that neurons cultured from
Mecp2-null mice were more sensitive to excitotoxic and hypoxic-
ischemic insult (Russell et al., 2007). In that study, overexpres-
sion of Mecp2 was found to partially reverse this vulnerability.
Unfortunately, the Mecp2 isoform that was used in this analysis
was not specified and it is possible that the e1 isoform was used.

Rett syndrome is caused by the loss of MeCP2 function
(Chahrour and Zoghbi, 2007). Consistently, a Rett syndrome-
like neurological phenotype is displayed in mice with reduced or
no Mecp2 function (Chahrour and Zoghbi, 2007). Surprisingly.
however, elevated MeCP2 expression resulting from gene dupli-
cation or triplication also causes neurological dysfunction in hu-
mans (Meins et al., 2005; Shi et al., 2005; Ariani et al., 2008).
Likewise, transgenic mice expressing mildly elevated wild-type
Mecp2 levels show significant neurological impairment (Collins
et al., 2004; Luikenhuis et al., 2004). In transgenic lines generated
by Collins et al. (2004), MeCP2 was overexpressed using a large
genomic clone containing the entire MeCP2 locus. Mice homozy-
gous for the Mecp2 transgene were born normal but then suffered
seizures and ataxia, and died after 3–30 weeks, depending on the
level of transgene expression. Another study reported the gener-
ation of a transgenic mouse line in which the e2 isoform was
overexpressed specifically in postmitotic neurons by insertion of
the Mecp2-e2 transgene into the tau gene locus (Luikenhuis et al.,
2004). Gait ataxia and severe motor dysfunction were observed in
these mice (Luikenhuis et al., 2004). Whether neurological dys-
function was accompanied by the loss of neurons was not re-
ported in either of these two types of Mecp2-overexpressing mouse
lines, and thus such a possibility cannot be excluded. Consistent with
our conclusion that elevated expression of Mecp2-e2 is deleterious to
neuronal viability is the finding of progressive cerebellar degenera-
tion in humans with a duplication of the MeCP2 locus (Reardon et
al., 2010).

Although other Mecp2-interacting proteins have been identi-
fied, we show for the first time that Mecp2 interacts with FoxG1,
a protein that promotes the survival of postmitotic neurons (Das-
tidar et al., 2011). Several recent studies have found that muta-
tions of FoxG1 also cause Rett syndrome (Ariani et al., 2008;
Bahi-Buisson et al., 2010; Mencarelli et al., 2010). We find that
FoxG1 inhibits the neurotoxic effect of MeCP2-e2. Overexpres-
sion of FoxG1 prevents MeCP2-e2 neurotoxicity, whereas neu-
rotoxicity is enhanced if FoxG1 expression is knocked down or in
neurons cultured from FoxG1-deficient mice. Interaction is
much higher with the e2 isoform, and this is explained by the
finding that FoxG1 interacts primarily with the 9 aa sequence
unique to the e2 isoform of MeCP2. An MeCP2-e2 mutant con-
struct lacking this 9 aa region displays reduced interaction with
FoxG1 and a higher level of neurotoxicity. Our data suggest that
the FoxG1 inhibits Mecp2-e2 neurotoxicity by physically associ-
ating with it. Under apoptotic conditions, FoxG1 expression is
severely reduced (Dastidar et al., 2011). Reduced FoxG1 expres-

sion would release Mecp2-e2 from its inhibition thereby allowing
it to exert its neurotoxic effect.

More work is needed to delineate the mechanism by which the
interaction between FoxG1 and Mecp2 inhibits Mecp2-e2 neu-
rotoxicity. One possibility is that Mecp2-e2 neurotoxicity in-
volves interaction with other pro-apoptotic molecules and that
FoxG1 disrupts these interactions by sequestering Mecp2-e2. Se-
questration of Mecp2-e2 could also prevent its ability to associate
and repress promoters of genes encoding survival-promoting
molecules, such as the BDNF gene. Repression of BDNF tran-
scription by Mecp2 has previously been described (Chahrour et
al., 2008). BDNF promotes the survival of a variety of neuronal
types, including CGNs in culture, by activating PI-3 kinase–Akt
signaling. Another neurotrophic factor that activates the PI-3
kinase–Akt pathway is IGF-1. Consistent with activation of PI-3
kinase–Akt signaling being a negative regulator of Mecp2-e2 neu-
rotoxicity, the level of toxicity is reduced by IGF-1 treatment. We
have previously demonstrated that through Akt activation, IGF-1
phosphorylates FoxG1 at Thr271, a modification that is required
for the ability of FoxG1 to promote neuronal survival (Dastidar et
al., 2011). Indeed, expression of active Akt also inhibits
MeCP2-e2 neurotoxicity, whereas inhibition of endogenous Akt
or suppression of its expression potentiates Mecp2-e2 toxicity. A
previous study reported that IGF-1 administration partially re-
verses the Rett syndrome-like neurological phenotype in Mecp2
mutant mice (Tropea et al., 2009). It is tempting to speculate that
this beneficial effect of IGF-1 in Rett mice involves the activation
of FoxG1.

In summary, Mecp2-e2 promotes neuronal death, an action
that can be inhibited by FoxG1. Mutations in both the MeCP2
and FoxG1 genes cause Rett syndrome. Based on the study of
humans as well as Mecp2-deficient mouse models, it is generally
agreed upon that Rett syndrome is not a neurodegenerative dis-
order. Our results suggest that a loss of Mecp2 function, specifi-
cally the e2 isoform, could potentially reduce the normal level of
neuronal death rather than increase it. Consistent with this idea,
duplication of the MeCP2 gene has been found to cause cerebellar
degeneration in humans. Aside from the possible connection to
Rett syndrome, our study links two molecules studied so far pri-
marily in the context of neurodevelopment, to the regulation of
neuronal survival and death. Furthermore, we report that
Mecp2-e1 and Mecp2-e2 are regulated differentially during neu-
ronal death, have different effects when expressed in neurons,
and interact with FoxG1 differentially, demonstrating for the first
time functional differences between the two Mecp2 isoforms.
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