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Why is adult olfactory neurogenesis impaired in
a mouse model of Huntington s Disease?

Can over-expression of trophic factor restore
normal neurogenesis?

If so, does the trophic factor increase the
production of new neurons from adult brain
stem cells, or can it rescue new neurons from
dying after they are born and migrate?

                      Introduction
Neural stem cells in the adult forebrain
subventricular zone (SVZ) generate new neurons
that migrate to the olfactory bulb, where they
become mature interneurons. About half of the
these new neurons become functionally integrated
and survive long-term; the other half die by
apoptosis. SVZ stem cells are being studied to
discover if there are ways to enhance the survival
of the neurons they give rise to, and if these new
neurons can be used to replace neurons in
damaged areas of the adult brain.

    
In a mouse model of Huntington's disease (HD),

survival of new SVZ-born bulb neurons is greatly
reduced. Crossing these mice with mice that
over-express the trophic factor brain-derived
neuro-trophic factor (BDNF) in the brain may
increase neuron survival. Before testing for
survival effects, we measured SVZ cell
proliferation to see if the transgenes affected cell
production. Four groups of mice (BDNF over-
expressers and their normal littermates, and HD
mice and their normal littermates) were analyzed.
Mice were treated with the mitotic cell marker
bromodeoxyuridine (BrdU) to label dividing cells,
and SVZ cells containing BrdU in their nuclei were
counted to determine if transgene expression
changed levels of adult stem cell proliferation.

Methods
Subjects

(1) Transgenic mice over-expressing BDNF in
brain (TgBDNF), (2) Wild-type 1 littermates
(C57Bl6 strain), (3) transgenic mice expressing
mutant htt protein (HD strain R6/2) and (4) their
wild-type 2 littermates (B6CBA strain). All mice
were young adults (8 weeks old).
Materials and Procedures
Treatments: Mice were given 100μg/g BrdU in a
5mg/ml solution injected intraperitoneally and were
euthanized 4 hrs later by Nembutal overdose
(150mg/g), and perfused with 4% paraform-
aldehyde.
Tissue processing: Brain tissue was cut at 30 μm
in a cryostat and sections (1 in 3) were placed free
-floating into 0.1M Tris-buffered saline (TBS, pH
7.4). Sections from matched littermates were
treated sequentially with 0.6% hydrogen peroxide,
50% formamide/2X SSC buffer, and 2N HCl to
quench tissue peroxidase and permeabilize nuclei.
Sections were blocked for 1 hr in 5% normal rabbit
serum (NRS) and 0.3% triton X-100 in TBS. Tissue
then incubated for 48 hours at 4ºC in primary
antibody against BrdU (rat, 1:600; Accurate
Scientific) diluted in TBS with 5% NRS. Sections
were treated with biotinylated rabbit anti-rat IgG for
2 hrs, followed by 2 hrs in avidin-biotin horse radish
peroxidase complex. Diamino-benzidine and
hydrogen peroxide were used to develop the color
reaction product. This produced brown staining of
cells that had incorporated the BrdU in their DNA
when they divided during the 4 hour time window.

Cell counts and quantitative analysis: A minimum
of 6 regularly-spaced sections (90μm apart)
through the SVZ were used to count BrdU+ cells
along the lateral SVZ. Counts were made in the left
and right hemispheres (minimum of 12 SVZ
samples per mouse). The density of BrdU+ cells
was calculated from the number of cells contained
within the sample distance. Group means (+/-
SEM) were compared by 2-tailed, paired t-tests.

Results
The density of proliferating SVZ stem cells in adult
TgBDNF mice (n=4) was not significantly different
from WT-1 littermates (n=4, p=0.76), consistent
with other BDNF studies (viral gene transfer) by
Galvao et al. (2008). Preliminary results of BrdU+
cell counts in HD mice (n=2) also suggest no major
difference compared to WT-2 mice (n=2) as seen
by Kohl et al. (2010), but additional mice are
needed for statistical tests.

Discussion
1.TgBDNF mice did not show a significant change

in cell proliferation compared to WT littermates.
This shows that increased brain BDNF does not
affect the SVZ stem cells, which is similar to what
has been reported with viral gene transfer of
BDNF into the rodent SVZ (Galvao et al., 2010).

• HD mice did not show large changes in cell
proliferation. There was a trend toward more
BrdU+ cells, but more mice are needed for
statistical comparisons. More than half the HD
mice are infertile, and they die by 14 weeks, and
so are difficult to breed. However, our results
seem similar to results of Kohl et al. (2010) who
showed that SVZ cell proliferation does not
change in HD-R6/2 mice.

• HD mice show a large loss of adult-born olfactory
bulb neurons. Mutant htt is known to suppress
normal BDNF gene transcription (Zuccotto et al.,
2001). Crossing HD mice with mice over-
expressing BDNF in the bulb may increase
neuron survival. The crossed TgBDNF x HD
mice will be examined for changes in SVZ cell
proliferation, but from this experiment we do not
expect the extra BDNF to affect the SVZ. Any
changes in long-term neuron survival in the
crossed mice will probably be due to effects of
extra BDNF on new neurons that reach the
olfactory bulb and differentiate.
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From Sui et al. (2012) PLoSONE 7(2): e31549.  

Figure 1: Numbers of proliferating neural stem cells in the fore-
brain SVZ lining the lateral ventricles (LV) of the 4 groups is
similar. BrdU+ cells appear brown. Cc, corpus callosum. Arrow
indicates labeled cells in the SVZ of the WT-2 mouse.  The
inset show higher magnification of BrdU+ cell nuclei.

Table 1.  Numbers of BrdU+ cells/mm of SVZ 

Figure 2:  Bar graph comparing density of proliferating (BrdU+) 
SVZ cells across groups (mean group values +/-SEM). 
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