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Abstract

Prenatal viral infection has been associated with development of schizophrenia and autism. Our
laboratory has previously shown that viral infection causes deleterious effects on brain structure and
function in mouse offspring following late first trimester (E9) and late second trimester (E18)
administration of influenza virus. We hypothesized that middle second trimester infection (E16) in
mice may lead to a different pattern of brain gene expression and structural defects in the developing
offspring. C57BL6J mice were infected on E16 with a sublethal dose of human influenza virus or
sham-infected using vehicle solution. Male offspring of the infected mice were collected at PO, P14,
P35 and P56, their brains removed and cerebella dissected and flash frozen. Microarray, DTI and
MRI scanning, as well as gRT-PCR and western blotting analyses were performed to detect
differences in gene expression and brain atrophy. Expression of several genes associated with
myelination including Mbp, Mag, and Plp1 were found to be altered, as were protein levels of Mbp,
Mag, and DM20. Brain imaging revealed significant atrophy in cerebellum at P14, white matter
thinning of the right internal capsule at PO, and white matter thickening in corpus callosum at P14
and right middle cerebellar peduncle at P56. We propose that maternal infection in mouse impacts
myelination genes.
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1. Introduction

There is robust epidemiologic evidence indicating that environmental contributions, including
prenatal infections, may lead to genesis of schizophrenia (Suvasari et al., 1999; Limonson et
al., 2003; Fatemi, 2005, 2008; Brown et al., 2006) and autism (Spear 2000, 2004; Arndt et al.,
2006; Libbey et al., 2005). Several groups, including our laboratory, have shown evidence for
viral infections and/or immune challenges being responsible for production of abnormal brain
structure and function in rodents where mothers were exposed to viral insults throughout
pregnancy (Fatemi et al., 1999, 2002a, 2005, 2008a,b,c; Meyer et al., 2006, 2007).

Previous reports have implicated various gene families in the etiopathology of schizophrenia
including genes involved in myelination (Hakak et al., 2001; Tkachev et al., 2003; LeNiculescu
et al., 2007). Hakak et al. (2001) using mostly elderly schizophrenic and matched control
dorsolateral prefrontal cortex (DLPFC) homogenates, showed downregulation of 5 genes
[myelin associated glycoprotein (MAG), myosin and lymphocyte protein (MAL), transferrin,
neuregulin receptor ERBB3, and gelsolin] whose expression is enriched in myelin-forming
oligodendrocytes, which have been implicated in the formation and maintenance of myelin
sheaths. Later, Tkachev et al. (2003) using Broadmann Area 9 (BA9) homogenates from
Stanley Brain collection showed significant downregulation in several myelin and
oligodendrocyte related genes, such as proteolipid protein 1 (PLP1; Pongrac et al., 2002),
MAG, oligodendrocyte specific protein CLDN11, myelin oligodendrocyte glycoprotein
(MOG), and myelin basic protein (MBP) (Tkachev et al., 2003). Applying a functional
genomics approach integrating data from postmortem studies, human genetic linkage studies,
and an animal model, LeNiculescu et al. (2007) identified six genes (MAL, MBP, phospholipid
protein 1 (PLP1), glial fibrillary acidic protein (GFAP), myelin-associated oligodendrocyte
basic protein, and cyclic nucleotide phosphodiesterase) as schizophrenia candidate genes.

Hypermyelination has previously been observed in autism (Ben Bashat et al., 2007), Sturge-
Weber syndrome (Moritani et al., 2008), and a case report of merosin deficiency in which the
subject displayed mental retardation and epilepsy (Deodato et al., 2002). More than 70% of
children with autism experience accelerated brain growth during the first two years of life
(Courchesne and Pierce, 2005, Redcay and Courchesne, 2005). Significantly, Ben Bashat et
al. (2007) observed accelerated maturation of white matter in a sample of children with autism
between the ages of 1.8-3.3 years, the critical ages for accelerated brain growth.

Our group has demonstrated that influenza infection at E9 and E18 of pregnancy in mice leads
to abnormal corticogenesis, brain atrophy, pyramidal cell atrophy, alterations in levels of
several neuroregulatory proteins, such as Reelin, and Gfap, in the exposed mouse progeny
(Fatemi et al., 1999, 2002a, 2002b, 2008a; Shi et al., 2003). We have demonstrated altered
expression of myelination genes using this model (Fatemi et al., 2005, 2008a). Balb/c mice
infected with influenza at E9 displayed reduced expression of Mbp and PIp1 mRNA in mice
at birth (postnatal day 0 (P0)) (Fatemi et al., 2005). Following infection at E18, myelin
transcription factor 1-like (Mytl1) was upregulated in cerebellum at PO and hippocampus at
PO (Fatemi et al., 2008).

We hypothesized that middle second trimester infection (E16) in mice may lead to a different
pattern of brain gene expression and structural defects in the developing offspring. Here, we
present genetic, imaging, and protein data showing that a similar sublethal dose of human
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influenzavirus (HIN1) in C57BL6J mice at E16, also leads to altered expression of many brain
genes, including myelination genes, which may underlie brain atrophy and white matter
changes in the exposed mouse offspring.

2. Experimental/Materials and Methods

2.1. Viral infection

C57BLJ mice were infected on E16 with a sublethal dose of influenza A/NWS/33 (HIN1)
virus or sham-infected using vehicle solution. After being infected, drinking water contained
0.006% oxytetracycline (Pfizer, New York, NY) to control possible bacterial infections.
Pregnant mice were allowed to deliver pups and the day of delivery was considered postnatal
day 0 (P0). Groups of infected and sham-infected neonates were deeply anesthetized using
ketamine (200 mg/kg, intraperitoneally (i.p.)) and Nembutal (60 mg/kg, i.p.) and sacrificed on
PO, P14, P35 and P56. Offspring were weaned from mothers at P21, and males and females
were caged separately in groups of 2—4 littermates as previously described (Fatemi et al.,
1999, 2002a,h, 2008a,b; Shi et al., 2003; Winter et al., 2008).

2.2. Brain collection and dissection

Male offspring of the infected and sham-infected mice were collected at PO, 14, 35, and 56.
Cerebella were dissected and flash frozen in liquid nitrogen for future assays as previously
described (Fatemi et al., 2008a,b; Winter et al., 2008). Alternatively, mice were perfused
transcardially and brains were removed from skull cavities for imaging studies as described
previously (Fatemi et al., 2008a).

2.3. Microarray

Microarray was performed on cerebella from infected and sham-infected offspring (N=3
control and N=3 infected) at each of three time points [PO (birth), P14 (childhood), P56
(adulthood)] as previously described (Fatemi et al., 2005, 2008a,b).

2.4. qRT-PCR

Quantitative RT-PCR for selected genes from our microarray data set that had an association
with autism or schizophrenia was performed as previously described (Fatemi et al., 2008a)
using the TagMan Gene Expression Assays (Applied Biosystems, Foster City, CA) and a
GAPDH endogenous control assay. Primary analysis of the acquired signal data was performed
in SDS 2.3 and RQ Manager 1.2 (Applied Biosystems). Outlier reactions were removed after
Grubb’s test identification and differential expression was calculated using the AACt method.

2.5. DTl and MR scanning

Brains from C57BL/6 male neonates born to infected and sham infected E16 mothers at PO,
P14, P35, and P56 (N=4 infected, N=3 control, 1 male/litter per group) were perfusion fixed
in 4% paraformaldehyde in PBS (pH 7.4) and subjected to DTI and MR scanning in PBS at
room temperature as previously described (Fatemi et al., 2008a; Mori et al., 2001).

2.6. SDS-PAGE and Western Blotting

Brain tissue was prepared as previously described (Fatemi et al., 2006, 2008a). Samples were
loaded onto the gel and electrophoresed and blotted as previously described (Fatemi et al.,
2006, 2008a). The blots were then incubated with primary antibody overnight at 4°C (mouse
anti-MAG Chemicon mab1567, 1:500; mouse anti-PLP1, Abcam ab9311-50, 1:1000) or for 1
hour at RT (mouse anti-MBP Chemicon mab386, 1:500; mouse anti-B-actin, Sigma A5441,
1:5000) followed by secondary antibody incubation for 1 hour at RT (goat anti-mouse HRP
conjugated, 1:80 000, Sigma). Between each step, the immunoblots were rinsed with PBS-T.
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The immune complexes were visualized using the ECL Plus detection system (Amersham
Pharmacia Biotech) and exposed to CL-Xposure film (Pierce). Sample densities were analyzed
blind to nature of diagnosis using a BioRad densitometer and the BioRad Multi Analyst
software. The molecular weights of approximately 69 kDa (Mag), 21.5, 18.5, 17.2, and 14 kDa
(Mbp; the 18.5 and 17.2 kDa bands were measured together), 26 kDa (PLP1), and 20 kDa
(DM20, a PLP1 splice variant) immunoreactive bands were quantified with background
subtraction. Results obtained are based on at least two independent experiments with N=4
infected and N=4 control mice per gel. For each experiment, control and infected samples were
run on the same gel and processed simultaneously to avoid variability due to intragel
differences.

2.7. Statistical Analysis

3. Results

All statistical analyses were performed using SPSS. Differences of the normalized mRNA
expression levels of selected genes between infected and control mice were assayed using two-
tailed student’s t-test. Significant differences are defined as those with at least a 1.5 fold change
and a p value < 0.05.

For western blots, differences of the protein levels of MAG, MBP, PLP1, and DM20 between
the progeny of infected and sham-infected mice were normalized against B-actin and assayed
using a two-tailed student’s t-test. Significant differences are defined as those with a p value
< 0.05.

Gene expression data showed a significant (p<0.05) at least 1.5 fold up- or downregulation of
genes in cerebellum (27 upregulated and 73 downregulated at PO; 205 upregulated and 16
downregulated at P14; and 450 upregulated and 205 downregulated at P56) of mouse offspring
(Supporting Table 1, online). Several genes, which have been previously implicated in
etiopathology of autism and schizophrenia, were shown to be affected significantly (p<0.05)
by DNA microarray including: autism susceptibility 2 (Auts2), myelin associated glycoprotein
(Mag), myelin and lymphocyte-associated protein (Mal), myelin basic protein (Mbp), myelin-
associated oligodendrocytic basic protein (Mobp), myelin oligodendrocyte glycoprotein
(Mog), cell adhesion molecule, neuronal 1 (Ncam1), proteolipid protein 1 (Plp1), and regulator
of G protein signaling 4 (RGS4) (Table 1). Interestingly, myelination genes Mbp, Mobp, and
Mog were altered significantly at multiple time points (Table 1). The direction and magnitude
of change for Auts2, Mbp, Mobp, Mog, Plpl, and Rgs4 at P56 were verified by gRT-PCR
(Table 1). Moreover, qRT-PCR analysis revealed downregulation of mRNA for Auts2, Mag,
and Mog at additional time points (Table 2) and downregulation of mMRNA for additional
schizophrenia and autism susceptibility genes gamma-amino butyric acid receptor gamma 1
(Gabrgl), protein phosphatase 1, regulatory subunit 1b (Ppp1rlb), and neuronal cell adhesion
molecule (Nrcam) (Table 2).

We further investigated protein expression for three of myelination related genes: Mag, Mbp,
PIpl. Western blotting experiments revealed that Mbp 14 kDa protein was downregulated
significantly in P14 (p<0.022) and Mbp 18.5 and 17.2 kDa proteins (measured together) were
downregulated significantly in P56 cerebellum (p<0.026) of exposed mouse progeny (Figure
1, Table 3). DM20, a splice variant of Plp1, was shown to be significantly upregulated at P35
(p<0.0034) and P56 (p<0.016) in cerebella of exposed mice (Figure 1, Table 3). Mag was
significantly downregulated at P14 (p<0.044) and at P35 (p<0.0025) in cerebella of exposed
mice (Figure 1, Table 3). PLP1 protein was not significantly changed following prenatal viral
infection (Figure 1, Table 3).
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Morphometric analysis of brain following infection of C57BL/6 mice at E16 revealed
numerous defects. The area for cerebellum at P14 was reduced (p<0.029; Table 4) and
ventricular volume was reduced at PO (p<0.025; Table 4). Moreover, fractional anisotropy
(FA) revealed the following changes: decrease in FA in the right internal capsule (IC-r) at PO
(p<0.033); and increases in FA in the corpus callosum at P14 (p<0.024) and the right middle
cerebellar peduncle (MCP-r) at P56 (p<0.006) (Table 5).

4. Discussion

Prenatal viral infection lead to altered gene expression of genes in cerebellum at PO, P14, and
P56 including numerous schizophrenia candidate genes such as Rgs4, Auts2, Mbp, Mag, Mog,
Mobp, Plp1, and Ncaml. gRT-PCR verified the direction and magnitude of change for Auts2,
Mbp, Mobp, Mog, Plp1, and Rgs4 at P56. Further investigation of myelination genes via
western blotting revealed significant reductions in Mbp isoform expression at P14 and P56,
significant reductions in Mag at P14 and P35, and significant upregulation of DM20 at P35
and P56. No Mbp bands were detected for both control and infected PO mice. This result is
consistent with what has been previously determined by other research groups (Mathisen et
al., 1993; Freude et al., 2008). Morphometric analysis revealed reduced cerebellar and brain
volumes at P14, reduced hippocampal volume at P35, reduced white matter thickness of the
IC-r at PO, and increased white matter thickness in the CC at P14 and the MCP-r at P56. Table
6 summarizes the changes observed for myelination genes and brain structure at the four
postnatal time points.

While the cerebellum has been underutilized in the study of psychiatric disorders, we chose to
investigate the effects of prenatal viral infection in this region because a number of studies
have demonstrated changes in cerebellar structure and function in subjects with schizophrenia.
Both increased (DeLisi et al., 1997; Nopoulos et al., 1999; Uematsu and Kaiya, 1989) and
decreased (Goldman et al., 2008) cerebellar volumes have been previously observed in subjects
with schizophrenia as measured by MRI. Additionally, disruption of the cortico-thalamic-
cerebellar-cortical circuit (CTCCC) has been identified in subjects with schizophrenia
(Andreasen et al., 1996). Functional MRI scans have revealed reduced activation of the
cerebellum during cognitive tests (Meyer-Lindberg et al., 2001; Kumari et al., 2002) and PET
scans have revealed reduced blood flow during tests to evaluate “Theory of Mind” (Andreasen
et al., 2008). Taken together, these deficits point to impaired cerebellar function, which may
contribute to cognitive and behavioral disturbances in subjects with schizophrenia.

Several reports using MRI and diffusion tensor imaging (DTI) techniques have shown reduced
white matter diffusion anisotropy (diffusion changes in water in white matter) in subjects with
schizophrenia (Lim and Helpern, 2002; Ardekani et al., 2003; Kubcki et al., 2003; Carpenter
et al., 2008). Reductions in white matter anisotropy reflect disrupted white matter connections
(Ardekani et al., 2003), which supports the disconnection model of schizophrenia (Bullmore
etal., 1997). Marked declines in FA have been observed over the duration of illness (Carpenter
et al., 2008; Friedman et al., 2008). Other research groups have identified little or no changes
in fractional anisotropy during first episode schizophrenia (Peters et al., 2008) and there are
also negative findings showing no white matter abnormalities in schizophrenia (Steel et al.,
2001; Foong et al., 2002; Peters et al., 2008). It is conceivable that downregulation of genes
affecting production of myelin-related proteins, as well as other components of axons, may lay
the foundation for white matter abnormalities which develop later in life in subjects who
become schizophrenic (Hakak et al., 2001; Tkachev et al., 2003). Consistent with this
hypothesis, we observed reduction in gene expression of Mbp, Mobp, Mog, and Plplvia
microarray and gRT-PCR at P56, which corresponds to adulthood in mice. Moreover, we also
observed decreased Mbp 18.5 kDa and 17.2 kDa protein at this time point.

Schizophr Res. Author manuscript; available in PMC 2010 July 1.
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Developmentally, reduced FA suggests delayed maturation as FA has been shown to increase
with brain maturation from juvenile to adult as myelination decreases the space between
neurons resulting in increased anisotropy (Neil et al., 1998; Nomura et al., 1994). Reduced FA
in the right internal capsule observed at PO may suggest delayed maturation while the increased
FA inthe corpus callosum at P14 and the right middle cerebellar peduncle at P56 might suggest
accelerated maturation. The increased FA of the corpus callosum at P14 may be due to the
upregulation of myelination genes: Mal, Mbp, Mog, Mag, and Mobp at the same time point
(Table 1). However, qRT-PCR did not validate these findings and protein data revealed
decreases in Mbp and Mag at P14 (Tables 1, 2, and 6). The increased FA of the CC at P14 and
the MCP at P56 may be due to other factors. As mentioned in the introduction,
hypermyelination and accelerated brain growth are common during the first two years of life
for children with autism (Ben Bashat et al., 2007; Courchesne and Pierce, 2005, Redcay and
Courchesne, 2005). It is conceivable that our animal model may mimic some of the structural/
genetic markers of autism (Fatemi et al., 2002a; Patterson, 2007). Further studies are also
needed to clarify the role, if any, that myelination genes play in changes in fractional anisotropy
observed in subjects with schizophrenia or in animal models of schizophrenia.

Mbp comprises about 30% of the myelin membrane and is believed to be involved in myelin
compaction (Chambers and Perrone-Bizzozero, 2004). Chambers and Perrone-Bizzozero
(2004) found reduced Mbp immunoreactivity in hippocampus of female subjects with
schizophrenia. Animal models for schizophrenia have also shown alterations in Mbp
expression following prenatal viral infection at E9 (Fatemi et al., 2005) and injection of Polyl:C
on E9.5 (Makinodan etal., 2008). Moreover, transgenic mice that lack Mbp (known as shiverer)
show delayed action potentials (Lehman and Harrison, 2002). The observed significant
reductions of Mbp protein isoforms at P14 and P56 are consistent with these findings.

PIpl is a major component of mammalian CNS myelin with possible functions in myelin
stability and maintenance (Hudson, 2004). PLP1 has shown to be downregulated in the
temporal cortex of subjects with schizophrenia (Aston et al., 2004). Genetic association studies
have been inconsistent with a weak association between a single nucleotide polymorphism of
PLP1 and susceptibility to schizophrenia in Han Chinese males (Qin et al., 2005), while a recent
Japanese population-based association study showed no association with schizophrenia
(Aleksic et al., 2008). While our microarray and gRT-PCR results showed a significant
downregulation of PIp1 mRNA at P56, we did not observe any significant changes in Plpl
protein expression although the DM20 splice variant was increased at P35 and P56.

Mag is involved with mediating glial-axon interactions during myelination (Marcus et al.,
2002). Microarray analysis has revealed reduced MAG expression in the temporal cortex
(Aston et al., 2004), anterior cingulate cortex (Dracheva et al., 2006; McCullersmith et al.,
2007), hippocampus (Dracheva et al., 2006), and prefrontal cortex (Hakak etal., 2001; Tkachev
etal., 2003) of subjects with schizophrenia. In contrast Mitkus et al., (2008) found no significant
difference in MAG mRNA expression in dorsolateral prefrontal cortex between subjects with
schizophrenia and controls (Mitkus et al., 2008). Two association studies have shown an
association between MAG and schizophrenia in Han Chinese (Wan et al., 2005; Yang et al.,
2005). A recent study by Voineskos et al., (2008) shows no association between MAG variants
and schizophrenia based on single marker and haplotype analysis. While we observed an
increase in MAG mRNA in P14 cerebella, gRT-PCR did not validate this finding. However,
gRT-PCR did reveal significant reductions in Mag mRNA at PO and P56 (Table 2). We did
observe significant reductions in Mag protein levels between the offspring of control and
infected dams (Figure 1, Table 3).

Three other myelination genes that were altered in cerebellum were: 1) Mog, which is specific
to the CNS and is located on the surface of oligodendrocytes and myelin sheaths (Brunner et
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al., 1989). MOG mRNA has been shown to be decreased in prefrontal cortex of subjects with
schizophrenia (Tkachev et al., 2003). We also observed a reduction in Mog mRNA at P56 as
measured by microarray and gRT-PCR (Table 1); 2) Mobp, which is believed to have a role
in myelin compaction or stabilization (Montague et al., 2006). MOBP has been identified as a
candidate gene for schizophrenia (Lewis et al., 2003). We observed reduced Mobp via
microarray at P56, which was verified by gRT-PCR; and 3) Mal is thought to be involved in
the organization, transport, and maintenance of glycosphingolipid-enriched membranes
(Kamsteeg et al., 2007). MAL has been identified it as a candidate gene for schizophrenia
(DeLisi etal., 2002; Straub et al., 2002; Lewis et al., 2003). We observed increased Mal mMRNA
in cerebella of infected offspring (Table 1).

Middle second trimester is a period when prenatal infection has been linked to the development
of schizophrenia later in life (Suvasari et al., 1999; Limonson et al., 2003; Brown et al.,
2006). Compared with other time points (E9, E18), infection at E16 (middle second trimester
in mice) resulted in changes in expression for a greater number of genes including those related
to myelination (Table 7). Moreover, there were more changes in FA than at E18 (Table 7).
Unfortunately, we do not have data on white matter changes following infection at E9 for a
comparison although we have previously shown reduced neocortical 1-VI layers, and
intermediate zone, and hippocampus at PO (Fatemi et al., 1999). Why infection at mid-
pregnancy leads to greater changes in myelination gene expression and white matter
abnormalities remains to be determined by future experiments.

Some limitations of our study include: 1) there was a small sample size with n=3 or N=4 per
group; 2) we were unable to measure additional candidate genes at each time point due to the
extensive list of genes involved in the infection process; and 3) lack of behavioral, motor and
cognitive data following infection at E16. Future studies will focus on obtaining behavioral
data at adulthood to investigate the functional consequences of infection at E16.

Our results demonstrate that infection at E16 results in the following: 1) altered expression of
a number of schizophrenia and autism candidate genes; 2) altered expression of genes related
to myelination, 5 of which are verified by gRT-PCR at P56; 3) altered protein expression for
Mag, Mbp, and DM20 suggesting changes in myelin composition; 4) atrophy in cerebellar
volume at P14; 5) changes in fractional anisotropy in multiple regions suggesting changes in
white matter maturation; and 6) more changes in altered expression of total genes and genes
related to myelination and white matter than infection at E9 or E18. These results suggest that
infection at mid-second trimester, a time point during which infection has been linked to
development of schizophrenia in humans, causes more severe effects on brain development
that either mid-first (E9) or late second (E18) trimesters.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Representative western blotting results for Mag (69 kDa), Plp1 (26 kDa), DM20 (20 kDa),
Mbp (21.5kDa, 18.5 kDa, 17.2 kDa, 14 kDa), and p-actin (42 kDa), for control (C) and infected
(1) mouse cerebella at P14, P35, and P56.
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Effect of Prenatal Viral Infection on Myelin Basic Protein, Proteolipid Protein, DM20, and Myelin Associated

Glycoprotein Levels in Mouse Cerebellum

PO Infected Control % Change P-value?
Mag/B-Actin 0.071 + 0.009 0.068 + 0.007 4%1 0.84
Plp1/p-Actin 0.052 + 0.024 0.032 + 0.004 62%71 0.24
DM20/B-Actin 0.165 + 0.048 0.132 + 0.064 34%1 0.52
P14 Infected Control % Change p-value?
Mbp 21.5/B-Actin 0.29+£0.11 0.31+0.14 6% 0.85
Mbp 18.5 & 17.2/B-Actin 1.50+0.23 1.85+0.36 19%| 0.093
Mbp 14/B-Actin 0.79£0.10 1.18+0.16 33%]| 0.022
Mag/B-Actin 0.085 + 0.008 0.125 + 0.022 32%)] 0.044
Plp1/B-Actin 0.046 + 0.02 0.018 + 0.009 156%1 0.14
DM20/B-Actin 0.065 + 0.031 0.065 + 0.012 0% 1.0
P35 Infected Control % Change P-value?
Mbp 21.5/B-Actin 1.10+£0.09 0.91+0.11 11%1 0.084
Mbp 18.5 & 17.2/B-Actin 3.44+0.38 3.24+0.57 7%71 0.63
Mbp 14/B-Actin 2.52 £0.30 2.72+0.44 %] 0.19
Mag/p-Actin 0.187 £ 0.039 0.254 + 0.022 26%)] 0.025
Plp1/B-Actin 0.088 + 0.019 0.084 + 0.026 5%1 0.83
DM20/B-Actin 0.088 £ 0.015 0.050 + 0.0005 76%7 0.0034
P56 Infected Control % Change P-value?
Mbp 21.5/B-Actin 0.25 £0.07 0.23+£0.08 9%71 0.79
Mbp 18.5 & 17.2/B-Actin 2.26 £0.18 2.56 £ 0.09 12%)] 0.026
Mbp 14/B-Actin 154+0.14 1.83+£0.32 16%| 0.14
Mag/B-Actin 0.082 + 0.029 0.054 + 0.004 52%71 0.17
Plp1/B-Actin 0.024 + 0.002 0.03 £ 0.004 20%| 0.067
DM20/B-Actin 0.020 + 0.003 0.014 = 0.003 43%1 0.016

iI'wo-tailed unpaired t-test; Mag, Myelin associated glycoprotein; Mbp, myelin basic protein; Plp1, proteolipid protein 1; 1 Increases; | Decreases.
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