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Abstract

Spinal muscular atrophy (SMA) is an early-onset motor neuron disease characterized by loss of
spinal motor neurons which leads to skeletal muscle atrophy. Proximal SMA results from the loss
or mutation of the survival motor neuron (SMN) gene. In humans, the SMN gene is duplicated to
produce two nearly identical genes, SMN1 and SMN2. SMN1 is lost in SMA but SMN2 is retained,;
in fact, the number of SMN2 copies correlates with disease severity. The SMN2 inducer D156844
increases the survival and improves phenotype of SMNA7 SMA mice. Maternal diet also modifies
the survival and phenotype of these mice. In this study, we show the effect of maternal diet on the
protective effects of D156844 in SMNA7 SMA mice. SMA mice maintained on the PicoLab20
Mouse diet survived longer when treated with D156844; the effect of diet was additive to the
effect of D156844 on these mice. Brain levels of D156844 were higher in neonatal mice
maintained on the PicoLab20 diet than those on the Harlan-Teklad 22/5 diet. SMN protein levels
in the spinal cord were modestly elevated in D156844-treated, PicoLab20-maintained SMA mice.
These data show that maternal diet does influence the responsiveness of D156844 in neonatal
SMNA7 SMA mice.
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INTRODUCTION

Proximal spinal muscular atrophy (SMA) is an autosomal recessive degenerative disease
that is one of the leading genetic causes of infant death in the world. SMA is characterized
by selective loss of a motor neurons of the anterior horn of the spinal cord (Crawford and
Pardo, 1996) which leads to atrophy of limb and trunk muscles. SMA results from the loss
or mutation of the SMN (survival motor neuron) gene (Lefebvre et al., 1995). In humans,
there are two SMN genes (SMN1 and SMN2) which arose from gene duplication. SMN1 and
SMN2 differ by a single nucleotide (C—T) within an exon splice enhancer of exon 7
(Lorson et al., 1999; Monani et al., 1999). Most of the transcript from SMNZ2, therefore,
lacks exon 7; the SMNL1 transcript, on the other hand, contains exon 7.

Like most other animals aside from humans, mice carry only one SMN gene (mSmn =
SMN1) (DiDonato et al., 1997; Viollet et al., 1997). Loss of mSmn results in embryonic
lethality (Schrank et al., 1997). The introduction of SMN2 into mSmn null mice by
transgenesis rescues the embryonic lethality phenotype (Hsieh-Li et al., 2000; Monani et al.,
2000). Those mice with low SMN2 copy numbers (i.e. 2) develop a severe SMA phenotype
and die at 6-8 days (Hsieh-Li et al., 2000; Monani et al., 2000). Introduction of 3 SMN2
copies into mSmn nullizygous mice results in a milder SMA phenotype (Michaud et al.,
2010). Mice with higher copy numbers (i.e. 8) of SMN2, on the other hand, are normal when
compared to nontransgenic littermates (Monani et al., 2000) demonstrating that the SMN2
gene product can correct the SMA phenotype.

Screens of cell lines have be instrumental in identifying many compounds that can increase
the expression of SMN2 and the inclusion of exon 7 in SMNZ2 transcripts. In fact, high-
throughput screening of compounds which induce SMN2 expression from identified
indoprofen (Lunn et al., 2004) and a family of quinazolines (Jarecki et al., 2005) as potential
therapeutic agents for SMA. These are the first compounds identified from screens and, in
most cases, the hits identified from the high-throughput screens have subopitmal therapeutic
properties, i.e. they are toxic, require high doses or are rapidly metabolized. In fact, a series
of quinazoline derivatives have been designed so as to more potently induce SMN2
promoter activity, increase SMN protein levels, are orally bioavailable and more easily
penetrate the blood-brain barrier and possess drug-like properties. One such compound, a
piperidine 2,4-diaminoquinazoline known as D156844, is very potent (EC5¢=4 nM) at
activating SMN2 promoter activity with a maximal response of 2.3-fold (Thurmond et al.,
2008). This lead compound also increases SMN protein levels in SMA patient fibroblast
cultures as well as the number of intranuclear, SMN-containing gems to levels observed in
SMA carrier fibroblasts. Oral administration of D156844 increases SMN protein levels in
the spinal cord and significantly increases the mean lifespan of SMNA7 SMA mice by ~21—
30% when given prior to motor neuron loss (Butchbach et al., 2010b). D156844 binds to the
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mRNA decapping enzyme DcpS (Singh et al., 2008). Another C5-substituted 2,4-
diaminoquinazoline RG3039 also improves phenotype and increases lifespan of SMA
mouse models (Gogliotti et al., 2013; VVan Meerbeke et al., 2013).

SMNA7 SMA mice from dams fed the PicoLab20 diet survive on average 21% longer than
those SMA mice from dams fed the Harlan-Teklad 22/5 diet (Butchbach et al., 2010a). One
noticeable difference between the PicoLab20 and Harlan-Teklad 22/5 diets is the fat content
with the PicoLab20 diet having a higher dietary fat content (9%) than the Harlan-Teklad
22/5 diet (5%). Higher dietary fat content may help to improve the phenotype and survival
of neonatal SMA mice. Elevated dietary fat has also been shown to improve the phenotype
in amyotrophic lateral sclerosis (ALS) mouse models (Dupuis et al., 2004; Mattson et al.,
2007). Narver et al. (Narver et al., 2008) show that environmental enrichment and enhanced
nutritional support significantly ameliorates the protective effects of trichostatin A (TSA) on
SMNA7 SMA mice. Based on these observations, we wanted to determine the effect of diet
on the responsiveness of SMNA7 SMA mice to the C5-substituted 2,4-diaminoquinazoline
D156844.

EXPERIMENTAL PROCEDURES

Drug Formulation

D156844 ([5-(1-(2-fluorobenzyl)piperidin-4-ylmethoxy]quinazoline-2,4-diamine
dihydrochloride) was synthesized by deCODE chemistry as described previously
(Thurmond et al., 2008). D156844 was dissolved in ddH,O at a concentration of 3 mg/mL.

Animals and Drug Administration

SMNA7 SMA mice (SMN2*/*:SMNA7*/*:mSmn~'~) were generated from male and female
carrier mice (SMN2*/+;:SMNA7+/*;:mSmn*/~) (Le et al., 2005). Breeder mice were provided
with ad libitum water and rodent chow; these mice received either the Harlan-Teklad 22/5
rodent diet (#8640; Teklad) or the PicoLab20 Mouse diet (#5058; Purina). Only SMA and
carrier pups were used in these experiments. The litter size was not controlled by culling
additional pups because there is no correlation between litter size and survival of SMNA7
SMA mice (Butchbach et al., 2007a). Furthermore, culling the litters put unneeded stress on
the dam which would adversely affect the results of this study (M.E.R.B., personal
observation). Carrier and SMA littermate mice were treated with either D156844 (3
mg/kg/d) or vehicle (ddH,0) via oral administration as described previously (Butchbach et
al., 2007b). Treatment began at postnatal day 4 (PNDO04) and continued for the lifetime of
each SMA mouse. The treatment groups were not stratified based on sex because there is no
significant difference in lifespan between male and female SMNA7 SMA mice (Butchbach
et al., 2007a) and there are no sex-related differences in the responsiveness of SMNA7 SMA
mice to D156844 (Butchbach et al., 2010b) or to the diets used in this study (Butchbach et
al., 2010a). All experiments were conducted in accordance with the protocols described in
the National Institutes of Health Guide for the Care and Use of Animals and were approved
by the Ohio State University Institutional Laboratory Animal Care and Use Committee.
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Detection of Drug Levels

Immunoblot

Neonatal mice were treated orally with 3 mg/kg/d D156844 or vehicle for 5 days beginning
at PNDO4. Forebrains were rapidly dissected from these mice 60 minutes after the final
dosing and D156844 levels were measured by LC-MS/MS as described previously
(Butchbach et al., 2010b).

Immunoblot was used to measure protein expression in spinal cord extracts from SMNA7
SMA mice treated with D156844 or vehicle for 5 days starting at PNDO4. Spinal cords were
rapidly dissected from euthanized PNDO8 pups at 1 hour after final dosing, frozen in liquid
nitrogen and stored at —80°C until use. Immunoblots were completed as described in
(Butchbach et al., 2010b) except that 10 ug spinal cord samples were loaded onto 12%
polyacrylamide gels containing 0.1% SDS using the miniProtean system (BioRad). The
resultant blots were probed with monoclonal antibodies directed against SMN (clone 8; BD
Biosciences, 1:2000) or B-actin (AC-15; Sigma-Aldrich, 1:10000).

SMN Enzyme-linked Immunosorbent Assay (ELISA)

SMNA7 SMA mice were treated with 3 mg/kg/d D156844 or vehicle for 5 days beginning at
PNDO04. SMN protein levels in spinal cord extracts was measured using the (human) SMN
Enzyme Immunometric Assay from Assay Designs as described previously (Nguyen thi
Man et al., 2008) except that 40 pg of spinal cord extract were used for each sample.

Statistical Analysis

RESULTS

Data are expressed as means * standard errors. Kaplan-Meier curves were generated from
the survival and onset of body mass loss data and tested using the Mantel-Cox log rank test.
All statistical analyses were performed with SPSS v.20.0.

Effect of D156844 on the Survival and Disease Progression of SMNA7 SMA Mice
Maintained on the PicoLab20 Diet

When maintained on a Harlan-Teklad 22/5 rodent diet, D156844-treated SMNA7 SMA live,
on average, 21% longer than vehicle-treated SMNA7 SMA mice (Butchbach et al., 2010b).
Treatment of SMNA7 SMA mice maintained on the PicoLab20 diet with 3 mg/kg/d
D156844 (n=14) resulted in a 15% improvement in survival relative to vehicle-treated
SMNA7 SMA mice (n=12) maintained on the same diet (Figure 1A; 17.7 + 0.6 d vs. 15.4
0.6 d; X2=8.654, p=0.003). If we compare the average lifespan of PicoLab20-maintained,
D156844-treated SMNA7 SMA mice to that of Harlan-Teklad 22/5-maintained, vehicle-
treated SMNA7 SMA mice, then the diet/drug combination increased survival by 26.4%
(17.7+0.6dvs. 140+ 0.4 d; X2=20.914, p<0.001). It is valid to compare the treated mice
in this study (fed on the PicoLab20 diet) with those from the previously published study
(Butchbach et al., 2010b) where they were maintained on the Harlan-Teklad 22/5 diet
because the experiments in the PicoLab20 study (this study) were completed with the same
mouse colony and the same housing conditions as the Harlan-Teklad 22/5 study (Butchbach
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et al., 2010b). The environmental conditions between the PicoLab20 and Harlan-Teklad
22/5 studies were, therefore, nearly identical.

As the SMNA7 SMA mice develop, they gain body mass until around PND11 after which
their mass plateaus or decreases with age as motor neuron degeneration progresses
(Butchbach et al., 2007a; Le et al., 2005). The onset of body mass loss can be used as an
indicator of the end-stage of disease in these mice. The onset of loss of body mass was
delayed by 15% in D156844-treated SMNA7 SMA mice maintained on the PicoLab20 diet
relative to vehicle- treated SMNA7 SMA mice maintained on the same diet (Figure 1B; 12.5
+0.4dvs. 10.8+0.4d,; X2:8.318, p=0.004). In SMNA7 SMA mice maintained on the
Harlan-Teklad 22/5 diet, D156844 delays the onset of body mass loss modestly by 8%
(Butchbach et al., 2010b). PicoLab20-maintained, D156844-treated SMNA7 SMA mice was
delayed by 13% when compared to Harlan-Teklad 22/5-maintained, vehicle-treated SMNA7
SMA mice (12.5+ 0.4 d vs. 11.1 + 0.3 d; y?=7.100, p=0.008).

The body mass curve of SMNA7 SMA maintained on the PicoLab20 diet and treated with
D156844 (solid circles in Figure 2A) had a similar shape to that for SMNA7 SMA mice
maintained on the PicoL.ab20 diet and treated with vehicle (solid triangles in Figure 2A).
The body masses for D156844-treated SMNA7 SMA mice were higher than vehicle-treated
SMNA7 SMA mice between PND12 and PND16 but the differences were not statistically
significant. Another way to compare the effect of D156844 on body mass is to measure the
magnitude of change in body mass between PND14 and PND04—the onset of treatment.
SMNA7 SMA mice maintained on the PicoLab20 diet and treated with D156844 exhibited a
nearly 100% increase in body mass at PND14 relative to PND04 while SMNA7 SMA mice
maintained on the PicoLab20 diet and treated with vehicle showed only a 35% increase in
body mass at PND14 relative to PNDO04 (p=0.002; Figure 2B). On the other hand, there was
no significant difference between the change in the body mass of Harlan-Teklad 22/5-
maintained, D156844-treated SMNA7 SMA mice and the change in the body mass of
SMNA7 SMA mice maintained on the Harlan-Teklad 22/5 diet and treated with vehicle
(p=0.841).

Effect of Diet on D156844 Levels in the CNS

What is the basis for this differential response? To begin to address this question, we
determined the effect of diet on CNS levels of D156844. Neonatal mice from dams
maintained on either the Harlan-Teklad 22/5 diet or the PicoLab20 diet were treated with
either D156844 (3 mg/kg/d) or vehicle for 5 days after which the brains were dissected and
analyzed for D156844 levels by LC-MS/MS. D156844 levels were 32% higher in
PicoLab20-fed neonatal mice when compared to Harlan-Teklad 22/5-fed neonatal mice
(Figure 3; p=0.013). Diet may affect D156844 responsiveness in part by increasing CNS
levels of the drug.

Effect of Diet on SMN Protein Levels in the Spinal Cord

We have previously shown that D156844 increases SMN protein levels in SMNA7 SMA
mouse spinal cord extracts (Butchbach et al., 2010b). Even though the PicoLab20 diet on its
own does not affect SMN protein expression (Butchbach et al., 2010a), we examined the
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effect of maternal diet on D156844-mediated induction of SMN protein levels in spinal cord
extracts from SMNA7 SMA mice. D156844 had a modest effect on spinal cord SMN protein
levels in Harlan-Teklad 22/5- and PicoLab20-maintained SMNA7 SMA mice (n=3/group;
Figure 4A). Relative quantitation of SMN protein levels—normalized to B-actin protein—
levels showed a small but statistically insignificant increase in D156844-treated SMNA7
SMA mouse spinal cord extracts (Figure 4B). The lack of a statistically significant change in
SMN protein expression could be partially due to the high interindividual variability
amongst the samples. Interestingly, Van Meerbeke et al. (Van Meerbeke et al., 2013)
recently showed a similar lack of significant change in SMN protein levels in SMNA7 SMA
mice treated with the structurally related compound RG3039.

To quantitate the effect of diet on D156844 induction of SMN protein expression, we took
advantage of a recently developed sandwich ELISA for detecting human SMN protein
(Nguyen thi Man et al., 2008). SMNA7 SMA mice maintained on either the Harlan-Teklad
22/5 or PicoLab20 diets were treated for 5 days with either 3 mg/kg/d D156844 or vehicle
(n=5/group). SMN protein levels were then quantified in spinal cord extracts from these
treated mice. In SMNA7 SMA mice maintained on the PicoLab20 diet, D156844 increased
SMN protein levels by 91% (19.2 + 3.8 pg SMN/ug total protein vs. 10.1 + 2.8 pg SMN/ug
total protein; Figure 4C). The differences in SMN protein levels, however, were not
statistically significant and the SMN protein levels were still small when compared to age-
matched carrier mice (91.4 £ 11.9 pg SMN/pg protein). Contrary to previous observations
(Butchbach et al., 2010b), SMN protein levels were unchanged in SMNA7 SMA mice
maintained on the Harlan-Teklad 22/5 diet and treated with D156844 (14.8 £ 1.4 pg
SMN/ug protein vs. 15.0 = 1.1 pg SMN/ug protein). This discrepancy could be partially
accounted for by the use of different techniques used to measure SMN protein levels
(immunoblot vs. ELISA) in these studies and/or by the interindividual variability within the
treatment groups.

DISCUSSION

In this study, we show that maternal diet has an effect on the responsiveness of neonatal
SMA mice to the C5-substituted 2,4-diaminoquinazoline D156844. SMNA7 SMA mice
maintained on the PicoLab20 Mouse diet survive 26% longer upon treatment with D156844
when compared to vehicle-treated, Harlan-Teklad 22/5-maintained SMNA7 SMA mice. For
comparison, treatment of SMNA7 SMA mice maintained on the Harlan-Teklad 22/5 diet
with D156844 increases the average lifespan by 21% (Butchbach et al., 2010b). Diet also
augments the effect of D156844 on the onset of the end-stage of disease in these mice—as
measured by the onset to the loss of body mass (Butchbach et al., 2007a).

The effect of diet on drug responsiveness in SMA mice is not unique to D156844. Treatment
of SMNA7 SMA mice with the histone deacetylase (HDAC) inhibitor trichostatin A (TSA)
increases the median lifespan by about 20% (Avila et al., 2007). Environmental enrichment
and enhanced nutritional support significantly ameliorates the protective effects of TSA on
SMNA7 SMA mice (Narver et al., 2008). This study does not distinguish the effects of
environmental enrichment and enhanced nutritional support on the responsiveness of these
mice to TSA. Supplementation of neonatal SMNA7 SMA mice with a lipid-enriched
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formula does not affect the survival of these mice (Narver et al., 2008; Rose Jr et al., 2009)
suggesting the environmental and dietary enhancements in the Narver et al. study increase
the responsiveness to TSA. Dietary factors can, in a general sense, improve the protective
effects of therapeutic agents having different mechanisms of action, i.e. inhibition of HDAC
activity in the case of TSA and inhibition of the mRNA decapping enzyme DcpS (Singh et
al., 2008) in the case of D156844.

One of the main differences between the PicoLab20 Mouse diet and the Harlan-Teklad 22/5
diet is the fat content (9.0% vs. 5.2% according to the product inserts for these diets
provided by their manufacturers) although there are other differences between these diets.
Increasing dietary fat content significantly improves the motor neuron disease phenotypes in
mouse models for SMA (Butchbach et al., 2010a) and ALS (Dupuis et al., 2004; Mattson et
al., 2007). Diet can have a profound effect on the pharmacokinetics and bioavailability of
drugs especially on orally delivered drugs (Ruggiero et al., 2012; Welling, 1977). Central
nervous system (CNS) tissues from neonatal mice maintained on the PicoLab20 diet have
higher levels of D156844 than tissues from Harlan-Teklad 22/5-maintained mice. These data
suggest that a higher fat diet improves the bioavailability of D156844 in mice but further
studies are warranted to determine the importance of dietary fat content on drug
responsiveness in SMA. It is equally possible that there may be another factor in the
PicoLab20 diet which accounts for its ameliorative effects on SMNA7 SMA mice. Future
studies wherein a single factor, i.e. dietary fat content, would be altered in the diets of
SMNA7 SMA mice would help understand the mechanisms by which the PicoLab20 diet
exerts its effect on survival and drug responsiveness of these mice.

In this study, we use survival and onset of body mass loss as primary indices of therapeutic
efficacy in the SMNA7 SMA mouse. Based on power analysis, these two indices are the
most powerful indicators of drug responsiveness in these mice (Butchbach et al., 2007a).
The SMNA7 SMA mice also exhibit measurable changes in motor behavior (Butchbach et
al., 2007a; EI-Khodor et al., 2008) and respiratory function (EI-Khodor et al., 2012) but a
large cohort would be needed in order to observe statistically significant changes in response
to treatment (Butchbach et al., 2007a). D156844 (Butchbach et al., 2010b) and the related
DcpS inhibitor RG3039 (Van Meerbeke et al., 2013) do improve motor function in SMNA7
SMA mice.

SMA is a disease that primarily affects motor neurons. SMNA7 SMA mice display
hypoglycemia (Butchbach et al., 2010a) which could result from metabolic abnormalities
and possibly pancreatic dysfunction (Bowerman et al., 2012). In SMA mouse models,
congenital heart defects and arrhythmias have been observed (Bevan et al., 2010; Biondi et
al., 2012; Heier et al., 2010; Shababi et al., 2012; Shababi et al., 2010). These abnormalities
in heart function are suggestive of autonomic dysfunction—in addition to motor dysfunction
—in SMA mouse models. Studies have shown that the cardiac abnormalities can be
ameliorated by SMN replacement via adeno-associated virus 9 (AAV9)-based gene delivery
(Bevan et al., 2010; Shababi et al., 2012), TSA (Heier et al., 2010) or exercise (Biondi et al.,
2012). Future studies will determine the effects of DcpS inhibitor-induced changes in SMN
expression on pancreatic as well as cardiac dysfunction observed in SMA mice.

Exp Neurol. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Butchbach et al.

Page 8

One unexpected observation was the minimal effect of D156844 on SMN protein levels in
the spinal cords of PicoLab20-fed SMNA7 SMA mice. D156844 treatment of Harlan-Teklad
22/5-fed SMNA7 SMA mice results in a reproducible but non-statistically significant
increase in SMN protein levels in the spinal cord (Butchbach et al., 2010b). The chemically
related C5-substituted 2,4-diaminoquinazoline RG3039 does not result in a detectable
increase in SMN protein levels in the spinal cords of treated SMNA7 SMA mice even
though this compound significantly improved the phenotype and survival of these mice (Van
Meerbeke et al., 2013). D156844 and RG3039 may increase SMN protein expression to an
extent undetectable by immunaoblot or ELISA or may selectively increase SMN protein
levels in motor neurons, which account for a small proportion of cells in the spinal cord.
Even though changes in SMN expression are either not statistically significant or
undetectable in the central nervous system of SMNA7 SMA mice, DcpS inhibitors like
D156844 and RG3039 have a marked effect on the phenotype and survival of severe SMA
mice. These observations underscore the importance of using survival and onset of body
mass loss as primary indices of therapeutic efficacy in preclinical drug trials for severe
SMA. Small changes in SMN protein expression may provide a stronger therapeutic benefit
in SMA patients with a milder disease severity, i.e. SMA type I11. It would, therefore, be
interesting to determine the effects of DcpS inhibitors on the phenotype of milder SMA
mouse models like the SMN(A2G) mild SMA mouse (Monani et al., 2003) or the so-called
Taiwanese SMA mouse model (4 copies of SMN2 on a mSmn(A7) '~ background; (Hsieh-Li
et al., 2000)).

In summary, we show that maternal diet can have a significant effect on the responsiveness
of neonatal SMNA7 SMA mice to the C5-substituted 2,4-diaminoquinazoline derivative
D156844. The slightly higher fat diet increases CNS levels of D156844 in neonatal mice
suggesting an important role of dietary fat in the bioavailability of this drug. The interaction
between diet and D165844 may act to further increase SMN protein levels in the spinal cord
of treated mice. This study also highlights the importance of maternal diet in the design of
preclinical drug/therapeutics trials using neonatal mice.
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Figure 1.
Oral administration of D156844 improved the survival of and delayed the onset of body

mass loss in SMNA7 SMA mice maintained on the PicoLab20 diet. (A) Kaplan-Meier
survival plot for SMNA7 SMA mice maintained on the PicoLab20 diet receiving either
vehicle (dashed line; n=12) or 3 mg/kg/d D156844 (solid line; n=14) beginning at PNDOA4.
(B) Kaplan-Meier onset of body mass loss plot for SMNA7 SMA mice maintained on the
PicoLab20 diet receiving either vehicle (dashed line; n=12) or 3 mg/kg/d D156844 (solid
line; n=14) beginning at PNDO04.
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Figure 2.
The effect of maternal diet on changes in body mass in response to D156844 treatment. A)

Body mass curves of D156844- or vehicle-treated SMA and non-SMA mice maintained on
the PicoLab20 diet. D) Body mass of SMA mice at PND14 maintained on either Harlan-
Teklad 22/5 or PicoLab20 diets and treated with either D156844 or vehicle.
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Figure 3.
The effect of maternal diet on brain D156844 levels in neonatal mice. Neonatal mice

maintained on either the Harlan-Teklad 22/5 or PicoLab20 diets were treated with D156844
(3 mg/kg/d) or vehicle for 5 days beginning at postnatal 04 (PNDO04). Brain samples were
analyzed for D156844 levels by liquid chromatography-mass spectrometry/mass
spectrometry (LC-MS/MS). BLQ=below limit of quantitation (1 ng/mL). *p=0.013 when
comparing drug-treated mice of different diets.
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Figure 4.
The effect of maternal diet on the expression of SMN protein levels in the spinal cord of

D156844-treated SMNA7 SMA mice. A) Representation SMN and B-actin immunoblots of
spinal cords from D156844- or vehicle-treated SMNA7 SMA mice maintained on either the
Harlan-Teklad 22/5 or PicoLab20 diets. C) Quantitation of SMN protein levels by ELISA in
spinal cord extracts from D156844- or vehicle-treated SMNA7 SMA mice maintained on
either the Harlan-Teklad 22/5 or PicoLab20 diets (n=5/group).
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