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Abstract
Niemann-Pick type C (NPC) disease is an autosomal recessive, lethal neurodegenerative disorder.
Although neurodegeneration of Purkinje cells in the mouse model (Npc1−/−) is thought to be
autonomous, the basis of neuronal death in other regions of the brain remains elusive. We
addressed this issue in vivo by using the glial fibrillary acidic protein (GFAP) promoter to direct
astrocyte-specific, replacement expression of Npc1 in Npc1−/− mice. These mice showed
enhanced survival, decreased neuronal storage of cholesterol associated with less accumulation of
axonal spheroids, lower numbers of degenerated neurons and reactive astrocytes and restoration of
myelin tracts. Their death was not associated with the usual terminal decline in weight, but instead
with a loss of Purkinje cells and motor coordination. We conclude that neurodegeneration of
Npc1−/− mice is greatly affected by the loss of fibrillary astrocyte function.
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INTRODUCTION
Niemann-Pick (type C) disease is a pan-ethnic autosomal recessive disorder of only partially
known pathogenesis (Vincent et al., 2003). The etiology of neuropathology has been studied
in Npc1−/− mice (a near perfect model of the human disease) but the role of Npc1 in
different neuronal cell types has not been established. It has been established that the
neurodegeneration seen in Npc1−/− is an autonomous process in the central nervous system
(Loftus et al., 2002). We have furthered these results by studying the effects of expression of
Npc1 in fibrillary astrocytes.

Signaling between glia and neurons in the central nervous system may offer therapeutic
intervention for neurodegenerative disease (Fields et al., 2002). One glia-derived factor that
strongly promotes synapse development in cultured and purified CNS neurons is cholesterol
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complexed to apolipoprotein E-containing lipoproteins (Mauch et al., 2001). This is relevant
to NPC since it is a disorder of intracellular cholesterol trafficking with the accumulation of
unesterified cholesterol in endosomes and lysosomes (Patterson et al., 2001). The predicted
protein for NPC1 contains a sterol-sensing domain consensus site and other motifs that
suggest a direct causative role for a mutant product in this altered cholesterol movement
(Carstea et al., 1997). The finding that NPC2 encodes a soluble lysosomal protein with
cholesterol-binding properties also implicates cholesterol transport in the disease
(Naureckiene et al., 2000).

However, the role of NPC1 in neurons compared to glia has yet to be clarified. NPC1
protein was detected predominantly in peri-synaptic astrocytic processes surrounding axon
terminals and dendrites (Patel et al., 1999; Hu et al., 2000) in primates but less so in rodents
(Falk et al., 1999; Prasad et al., 2000) although sterol synthesis is most abundant in glia in
both classes. Xie et al. (2003) found that most cholesterol turnover in Npc1−/− mice was not
due to a 24-hydroxylase activity as it is in normal mice. They concluded that the cholesterol
turnover in Npc1−/− mice might primarily reflect glial cell and myelin turnover.
Oligodendrocytes have been found to be altered in the Npc1−/− brain: Takikita et al. (2004)
found that pre-myelinating oligodendrocytes were abundant in the Npc1−/− brain but pi-
glutathione-S-transferase positive mature oligodendrocytes were decreased and
polysialylated-NCAM, which is a negative regulator of myelinization, persisted in the
Npc1−/− as compared to normals. In addition, Apolipoprotein D, an abundant astrocyte
product (Patel et al., 1995) is up-regulated in Npc1−/− mice (Yoshida et al., 1996).
Collectively, these data suggest that abnormal NPC1 function in glia may impact lipid
trafficking between neurons and glial cells (Ong et al., 2001).

It has been shown that neurodegeneration in Npc1−/− mice is cell autonomous in the
cerebellum (Ko et al., 2005) but not in other regions of the brain. That study was performed
with chimeras of Npc1−/− and wild type cells. We have studied the function of glia in a
possible non-autonomous role and in other parts of the brain by directing Npc1 expression to
one class of glial cells, fibrillary astrocytes, using the Glial Fibrillary Acidic Protein (GFAP)
promoter that has successfully been used to specifically direct the expression of a number of
proteins in astrocytes (Brenner et al., 1994). We found significant improvement in the
Npc1−/− mice, suggesting that the lack of NPC1 in astrocytes makes a major contribution to
the neuropathology of NPC.

MATERIALS AND METHODS
The GFAP promoter was provided by Dr. Lennart Mucke of the Gladstone Institute of
Neurological Disease, UCSF (Johnson et al., 1995). While some cases of aberrant
expression have been recorded, a large number of studies have found astrocyte only
localization of the promoted gene products (e.g. Nolte et al., 2001; Suzuki et al., 2003; Zhou
et al., 1997). The mouse Npc1 cDNA was released by NotI and XhoI digestion from
pBSIIKS(+)-Npc1 (gift of Dr. SK Loftus, NIH). Restriction sites of NotI and Xhol were
introduced into the C-3123 plasmid containing the GFAP promoter, at the 3′ end of the
promoter, by PCR amplification, using a pair of primers: 5′ –
ACTAGCGGCCGCGGGTACAATTCCG – 3′ and 5′ –
TACCCTCGAGCGGGGATCCAGAC – 3′. Then the Npc1 gene was ligated at the NotI and
XhoI sites downstream of GFAP promoter in the C-3123 plasmid. The SV40 splice and
polyA sites are maintained. SfiI was used to release the cassette for microinjection into
mouse embryos. Injection was performed by the Genetically Modified Mouse Service of the
University of Arizona into C57BL/6J X DBA/2J F2 zygotes by standard techniques (F1
parents are used to avoid the 2-cell block to development). Positive transgenics and their
progeny were identified by PCR using a GFAP/C-3123 boundary specific forward primer
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and an Npc1 specific reverse primer. PCR conditions were as follows: 3 min initial
denaturation at 95°C and 35 cycles of 95°C for 30 sec, 58°C for 30 sec and 72°C for 1
minute in a Peltier Thermal cycler (MJ Research, INC. USA). The reaction mixture of 25μl
final volume contained 25 pmol primers, 2.5 mM MgC12, 1/25 U Taq DNA polymerase
(PIERCE). The transgenic positive mice are crossed to Npc1+/− carriers maintained on a
BALB/cJ background. Tg positive Npc1+/− are crossed to the Npc1+/− mice maintained on a
BALB/cJ background and tg positive, Npc1−/− are studied (about 1/8 of offspring since the
transgene and Npc1 are not linked; the background is thus ¾ BALB/cJ).

For quantitative PCR, we designed a primer set in exon 1 of the Npc1 gene, with the reverse
primer in the deleted portion of the mutant allele. We used these primers in realtime PCR
using iTaq SYBR Green Supermix with ROX (Bio-Rad) and compared the signal to that for
ApoB, which we know represents 2 copies. We used the formula 2−ΔCt = fold change to
infer the number of copies. A fold change of 1 means that there are 2 copies present. In our
initial line and four more, we found the indicated values for our transgene copy number
(Table 1).

For neuropathological studies, the brains were dissected rapidly on ice, hemisected in the
sagittal plane and fixed in fresh 4% paraformaldehyde, 1x PBS for 24 hours before being
washed 3x in 1 x PBS. They were paraffin-embedded and sectioned for
immunohistochemistry. Paraffin embedded brain sections were stained with NPC1
polyclonal antibody directed to a.a 1254–1273 near the C-terminus. It was peptide-affinity
purified to this peptide, and found to react with wild-type Npc1 protein. It cross-reacts with
mouse Npc1 and no-reactivity is found in Npc1−/−. It is the generous gift of Dr. William
Sherman Garver. Antibody to SM132 (recognizing a dephosphorylated neurofilament
epitope) is from Sternberger Monoclonals (Lutherville, MD) and GFAP and Calabrindin-
D-28k antibodies were from Sigma (St. Louis, MO). Fluorojade B™ was obtained from
Chemicon, Temecula, CA. Brain regions are defined in Zhang et al. (2004). For axonal
spheroid quantitation, the numbers of axonal spheroids 8 μm or larger in a 925 × 740 μm
field were counted in anatomically matched sections of three brain regions. For each animal,
spheroids were counted in two adjacent sections and averaged. The average number of
spheroids per animal was then averaged within genotypes.

Motor coordination was tested with the balance beam coordination test. Mice were placed
on the center of a horizontal round beam (covered in laboratory tape, 120 cm long, 2 cm in
diameter, and sectioned into twelve 10 cm sections) at 50 cm above the bench top level. The
number of sections the mouse crossed in 3 minutes was determined. The retention time was
also recorded if the mouse failed to stay on the beam for three minutes. This test was
repeated for an additional trial and the averages of both trials were recorded.

RESULTS
We initially studied the first transgenic line obtained with the GFAPNpc1 construct, line
GFAPNpc1A. This transgene enhanced survival in Npc1−/− mice from 73.2 ± 8.1 days (N =
14) to 87.3 ± 16.6 days (N = 8), p = 0.014 (Fig. 1). These transgenic mice did not have
significantly improved weight curves (Fig. 2), but had improved balance beam performance
up to 50 days of age (Fig. 3). We subsequently obtained more transgenic lines and
determined the number of transgene copies by quantitative real time PCR (Table 1). The
initial line, GFAPNpc1A, had approximately 12 copies while the GFAPNpc1E line has
approximately 24 copies. Line B, with approximately 70 copies, was not sufficiently fertile
to be maintained. The other two lines were not studied since lines GFAPNpc1A and
GFAPNpc1E confirmed each other. GFAPNpc1E, Npc1−/− mice have a survival of 172 ±
23.8 days (N = 10), p ≤ 0.0001 – a survival nearly 2.5 times that of Npc1−/− mice (Fig. 1)
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and improved balance beam performance (Fig. 3). While they did not continue to gain
weight after approximately 5 weeks, they did not show a terminal decline in weight (Fig. 2).
We also found that the GFAPNpc1E, Npc1−/− mice are fertile, which allowed us to
interbreed them. As expected, all offspring were Npc1−/−. Of 10 in 1 litter, 8 were transgene
positive. The number of transgene copies was determined in the positive offspring by
Quantitative PCR (Table 2). The double transgenics (i.e. homozygotes for the transgene)
survived over 230 days (three times the usual survival, see Fig. 1) and also did not show a
terminal decline in weight (data not shown).

Double labeling of NPC1 and the astrocyte marker, GFAP, confirmed astrocyte-specific
NPC1 expression in the GFAPNpc1, Npc1−/− mice (Fig. 4). Immunoreactivity was seen
throughout the brains of control wild-type mice (wild-type, only cerebellum shown), in
scattered astrocytes and also as halos of astrocytic processes around Purkinje neurons (Fig.
4A). In Npc1−/− mice only a faint background was observed and empty spaces are seen
where Purkinje neurons once resided (Fig. 4B). In the GFAPNpc1, Npc1−/− mice, Npc1
immunoreactivity was markedly increased above wild-type and localized to astrocytes (Fig.
4C). No staining was observed when the primary antibody step was omitted (-Npc1 Ab; Fig.
4D). Triple immunofluorescence staining of GFAPNpc1, Npc1−/− mouse brain with Npc1
Ab (red), GFAP Ab as a marker for astrocytes (green), and DAPI for nuclei (blue), showed
co-localization of Npc1 expression in some astrocytes, yellow (Fig. 4F), which supports
appropriate expression of the wild-type Npc1 transgene in astrocytes.

The neuropathology of NPC includes accumulation of lipids in affected neurons and glia,
progressive demyelination, neuroaxonal dystrophy with formation of axonal spheroids, and
neurodegeneration (Bu et al., 2002; German et al., 2001). GFAPNpc1, Npc1−/− mice
demonstrated reduced numbers of axonal spheroids (a well characterized lesion in NPC),
decreased numbers of reactive astrocytes, and restoration of myelin tracts but persistent loss
of Purkinje cells (Figs. 5 and 7). We also noticed that, in addition to the decrease in axonal
spheroids, the normal localization of SM132 immunoreactivity towards neurofilament
proteins is restored in the GFAPNpc1E, Npc1−/− mice (Fig. 6A). Fluorojade B™, a marker
for degenerating neurons, revealed a significant attenuation of degenerating neurons in the
cortex and pons of the GFAPNpc1E, Npc1−/− mice (Fig. 6B and C). There appeared to be an
overall decrease in the numbers of Fluorojade B™-positive neurons in GFAPNpc1E,
Npc1−/− mice, but the difference was most striking in the cerebral cortex (Fig. 6B). In
Npc1−/− mice, nearly all neurons (arrows) were labeled with Fluorojade B™ (green) by 9
weeks of age, but in GFAPNpc1E, Npc1−/− mice, even at 17.5 weeks of age, most neurons
were not labeled and appeared as dark empty spaces (arrowheads). Using SMI32, a
neurofilament antibody, to decorate the soma of neurons, we found marked reduction of
lipid accumulation (stained by filipin, blue) in neurons of the brainstem (arrow heads) of the
GFAPNpc1E, Npc1−/− mice relative to (arrows) Npc1−/− mice (Fig. 7).

DISCUSSION
Loftus et al. (2002) studied the impact of visceral pathology on the neurodegeneration in
Npc1−/−. The wild-type Npc1 gene was re-introduced into Npc1−/− mice by targeting its
expression primarily to the CNS through the use of the prion protein promoter. Interestingly,
neurodegeneration was prevented, life span was normalized, and the sterility of Npc1−/−

female mice was corrected. The rescue did not completely rectify the accumulation of GM2
or GM3 gangliosides in some neurons and glia (Loftus et al., 2002). We have extended these
studies and find that GFAP promoter-driven, replacement expression of wild type Npc1
protein in fibrillary astrocytes ameliorates degeneration, cytoskeletal abnormalities, and
pathological lipid accumulation in neurons. Although the genetic background of the
transgenics is not 100% pure BALB/cJ (75% BALB/cJ), as is the background of the
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Npc1−/− mice, genetic modifiers only shift disease onset (or survival) by several weeks
(Zhang and Erickson, 2000).

It is likely that the improved behavior and survival of the GFAPNpc1, Npc1−/− mice may be
attributed to lower lipid build-up in neurons and restoration of neuronal function. There are
many glial functions that could be involved. Secreted factors include neurotrophins such as
glial cell line-derived neurotropic factor (GDNF; Gill et al., 2003) and thrombospondins
(Christopherson et al., 2005). For instance, direct infusion of GDNF into the brain is found
to be of therapeutic value in Parkinson disease (Gill et al., 2003). Glia may also produce
toxins affecting neuronal function (Custer et al., 2006; Nagai et al., 2007) and more toxins
might be produced by glia with large accumulations of cholesterol. Alternative hypotheses
would include restoring glial “normalcy” so that the early (2 week) activation of astrocytes
and microglia did not occur (Baudry et al., 2003) or restoration of neurosteroid synthesis
(Griffin et al., 2004; Ahmad et al., 2005) which predominantly occurs in glia.

The finding that astrocyte-only over-expression of Npc1 profoundly alters the course of
neurodegeneration in Npc1−/− mice strongly implicates astrocytes in the pathogenesis of the
neurodegeneration or dysmyelination (Weintraub et al., 1987). Astrocytes are the major site
of synthesis of cholesterol in the brain and secrete it via the ABCA1 transporter to make
HDL-like particles (Pfrieger, 2003). In vitro studies indicate that glia-secreted cholesterol-
laden ApoE is a neurotrophic factor (Mauch et al., 2001). Our data are compatible with the
suggestion that abnormal NPC1 function in glia impacts lipid trafficking between neurons
and glial cells (Ong et al., 2001). It is likely that receptor recycling, synaptic vesicle
dynamics, neuronal plasticity and maintenance of the integrity of the myelin sheath may be
critically dependent on intrinsic sterol cycling between glia and neurons. This cycling may
be particularly critical for axonal surface cholesterol (Tashiro et al., 2004). ApoE is
primarily secreted by astrocytes, both central and peripheral (Boyles et al., 1985), while
knockout of the ApoE receptor and VLDL receptor causes severe neurodegeneration
(Trommsdorff et al., 1999). NPC1 and NPC2 might be key regulators of this cycling
process. However, cultured Npc1−/− astroglia (which may not replicate in vivo astroglia) did
not show altered lipoprotein production (Mutka et al., 2004; Karten et al., 2005). Thus, as
mentioned, other glial-derived factors could be important.

While our data support the notion that astrocytic expression of wild-type Npc1 can improve
the disease state of Npc1−/− mice, it appears to be insufficient for preventing Purkinje cell
loss. Purkinje cells are the first neurons known to degenerate in NPC disease (Morris et al.,
1982). Using chimeras of Npc1−/− and normal cells, it has been found that Npc1−/− Purkinje
cell death was autonomous (Ko et al., 2005). Purkinje cell loss occurred even when wild-
type Bergmann glia were in the immediate vicinity and wild-type Purkinje cells survived
even if surrounded by mutant glia (Ko et al., 2005). Perhaps astrocytes in other brain regions
may influence NPC neuropathology in a different way than in the cerebellum or the very
large Purkinje cells may be less responsive to partially corrected astrocyte function. Of note,
although cerebellar correction was not found in the GFAPNpc1E mice, there was
improvement in motor performance (Fig. 3).

The finding that GFAPNpc1E, Npc1−/− mice did not show a terminal decline in weight was
unexpected and may suggest a role of Npc1 in intestinal functions. Patients with NPC
frequently have diarrhea (Patterson et al., 2001). Enteric astroglia send processes which
envelop axon bundles, potentially affecting function of the neuronal fibers and projections
(Gershon et al., 1991). The GFAP promoter has been used to ablate enteric glia in mice
carrying a GFAP promoter, herpes simplex TK tg and treated with ganciclovir (Bush et al.,
1998). In the past, we have presumed that weight loss in Npc1−/− was secondary to lack of
eating and drinking due to motor incoordination. GFAPNpc1E, Npc1−/− transgenics die
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while still at reasonable weights, suggesting a possible prevention of neurodegeneration in
the enteric nervous system.

The recovery in fertility of the GFAPNpc1E, Npc1−/− was also unpredicted. Previous studies
have shown that male fertility in Npc1−/− mice can be restored by changing the genetic
background on which the mutant is maintained (Erickson et al., 2002). Female infertility
was corrected by estrogen treatment which restored the hypothalamic-pituitary-ovarian loop
(Gévry et al., 2004) or adding the mdr1a−/− knockout to the Npc1−/− females (Erickson et
al., 2002). The first of these 2 studies concluded that “reduction in estrogen synthesis by the
ovary was responsible for aberrant expression of prolactin in the pituitary gland” (Gévry et
al., 2004). However, our results with astrocyte-only expression suggests that
neurodegeneration of cells involved in the hypothalamic-pituitary axis could be primary.

In summary, we describe dramatic in vivo changes after rescue of Npc1 function in
astrocytes. The critical role for astrocytes in neurodegeneration may have important
implications for designing therapeutic treatment for NPC and other neurodegenerative
disorders (Maragakis et al., 2006).
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Figure 1. Survival and weights of transgenic and control Npc1−/− mice
Kaplan-Meyer survival curves of Npc1−/−, ············; GFAPNpc1A, Npc1−/−, - - - -;
GFAPNpc1E, Npc1−/−, ———; and GFAPNpc1E, Npc1−/− double transgenic,  mice.
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Figure 2. Weights of transgenic and control Npc1−/− mice
Weights of Npc1−/−, ············; GFAPNpc1A, Npc1−/−, - - - -; and GFAPNpc1E, Npc1−/−,
——— transgenic and control (Npc1+/+) mice, .
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Figure 3. Balance Beam performance of transgenic and control Npc1−/− mice
Number of sections crossed in Npc1−/−, ············; GFAPNpc1A, Npc1−/−, - - - -;
GFAPNpc1E, Npc1−/−, ——— and control (Npc1+/+) mice, .
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Figure 4. Wild-type Npc1 expression in GFAPNpc1 mice
Peptide affinity purified antibody was applied to paraffin embedded sections from wild-type
(wt, BALB/cJ, Npc1+/+), Npc1−/− (6 –11.5 weeks), and GFAPNpc1, Npc1−/− (GFAP Tg)
mice (6 – 21.5 weeks) to examine levels and distribution of Npc1 protein. Representative
sections are shown. A–D sections were counterstained with Meyer’s Hematoxylin (blue) to
reveal cellular anatomy. E, F: Npc1 staining is red, GFAP is green, overlay is yellow, DAP1
(nuclei) is blue. White arrows: astrocytes and astrocyte processes. Black arrows: Purkinje
neurons. Large boxes, 20X; insets, 40X.
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Figure 5. Neuropathological evaluation in GFAPNpc1 Tg mice
A) SMI32 immunoreactivity for axonal spheroid analysis. Y axis, number of spheroids; blue
= GFAPNpc1E, Npc1−/−, purple = Npc1−/−. Sections from GFAPNpc1E, Npc1−/− (N=4) and
Npc1−/−(N=5) mice were stained with SM132 non-phospho neurofilament antibody. Region
1: white matter of cerebellum; region 2: dorsal region of pons; and region 3: central regions
of pons (* indicates significant [p ≤ 0.05] decrease in spheroid number by students t-test). B)
GFAP immuno-reactivity. Sections stained with GFAP antibody showed intensified
immunoreactivity in Npc1−/− mice along with numerous reactive astrocytes (white arrows)
shown in cerebellum (cbl, left 3 panels) and pons (right 2 panels) wt = Npc1+/+; GFAP Tg =
GFAPNpc1A, Npc1−/−. GFAP negative neurons were evident in the Purkinje layer (black
arrows) where cell death was apparent in both Npc1−/− and GFAPNpc1A, Npc1−/− mice.
GFAP-positive spheroids (black open arrowheads) are evident in Npc1−/− mice (40X
power). C) Corpus Callosum, panel designations as in B. Staining of myelin with the
histological dye luxol fast blue (black arrows, top row) showed a significant reduction in
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Npc1−/− mice, but some restoration in GFAPNpc1A, Npc1−/− mice (20X). To visualize long
fibers within the corpus callosum, we also stained some sections with GFAP antibody
(GFAP IR) which detects astrocytes whose fibers wrap the long axons of passage (black
arrow, bottom row). Thus, astrocytic expression of wild-type Npc1 increases GFAP-positive
fibers in the corpus callosum (20X power).
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Figure 6. Restoration of neurofilament proteins (A) and correction of neurodegeneration as
detected by Fluorojade B™ (B, C) in GFAPNpc1E, Npc1−/− mice
A) Fixed brain sections from 9 week old wildtype (WT = Npc1+/+), Npc1−/− (n = 5), and
GFAPNpc1E, Npc1−/− (GFAP Tg; n = 4) mice were immunolabeled with SMI32 antibody
(brown). Representative sections are shown. Longer axons and cell bodies (arrows) were
seen in WT and GFAPNpc1E, Npc1−/− mice, but not in Npc1−/− mice. Spheroids
(arrowheads) were seen in Npc1−/−, and were fewer in number in GFAPNpc1E, Npc1−/−

mice. SM132 normally labels neuronal cell bodies (arrows) and axonal processes in the
brainstem. In NPC this labeling is absent, and instead SM132 immunoreactivity is observed
in spheroids (arrowheads). In the GFAPNpc1E, Npc1 mice, SM132 immunoreactivity
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reappears in neuronal cell bodies (arrows) and axons. Magnification: 40X. B and C) Frozen
brain sections from 9 week old Npc1−/− and 17.5 week old GFAPNpc1E, Npc1−/− mice (n =
3, each group) were stained with Fluorojade B™ for detection of degenerating neurons.
Representative sections are shown for cortex (B) and pons (C). Most neurons in Npc1−/−

mice displayed Fluorojade B™ fluorescence (arrows), but in GFAPNpc1E, Npc1−/− mice,
the neurons were dark in appearance as they are in Npc1+/+ neurons (arrowheads) (40X
power).
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Figure 7. Correction of cholesterol storage as detected by filipin (A) and loss of Purkinje cells as
detected with Calbindin (B) in Npc1−/− mice
A) Eight week old Npc1−/− and GFAPENpc1, Npc1−/− frozen mouse brain sections (n = 3,
each group) were double stained with filipin (blue) and SMI32 antibody (red). Fluorescence
images were taken at low (40X, top row) and higher (100X, bottom row) magnification to
show specific lipid reduction in SMI32-labeled neurons. Representative sections are shown.
The arrowheads point to neurons with less lipid and the arrows point to neurons with
massive lipid accumulation. B) Brain tissues from 8 week old Npc1+/+, Npc1−/− and
GFAPNpc1, Npc1−/− were analyzed using immunohistochemistry with Calbindin-D-28k
antibody to show the presence and absence of Purkinje cells (arrow). Compared to that of
wild-type mice, the entire Purkinje cell layer was lost in Npc1−/− and transgenic mice (40x).
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Table I

Copy Number of GFAP Npc1 Transgenic Mice

Line Fold-Differencea Copy Numberb

A (5) 6.93 ± 1.8 ~12

B (3) 36.4 ± 12.9 ~70

C (3) 1.26 ± 0.14 0c

D (3) 0.94 ± 0.11 0c

E (3) 12.9 ± 2.2 ~24

a
Over diploid wild-type, (n) ± std. dev

b
Fold difference X 2, −2

c
There must be at least one
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Table II

Copy Number of GFAPNpc1E × GFAPNpc1E Offspring

Animal Number Fold-differencea Copy Numberb

8200 15.67 ~28

8201 15.35 ~28

8202 29.04 ~56

8203 30.91 ~56

8204 ND –

8205 14.32 ~28

206 14.93 ~28

8208 30.91 ~56

a
Over diploid wild-type

b
Fold difference X 2, −2
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