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Abstract

Exogenous ciliary neurotrophic factor (CNTF) promotes motor neuron (MN) survival following
trauma and in genetic models of MN disease. Unconditional disruption of the mouse CNTF
receptor & (CNTFRa) gene leads to MN loss, demonstrating a developmental role for endogenous
CNTF receptor signaling. These data also suggest that CNTF receptors may promote adult MN
survival and that appropriately manipulating the receptors could effectively treat adult MN
disorders. This effort would greatly benefit from a better understanding of the roles played by
CNTF receptors in adult MNs. We have previously found that adult onset disruption of CNTFRa
in facial MNs of “floxed CNTFRa” mice by AAV-Cre vector injection leads to significantly more
MN loss than in identically treated controls. While indicating that CNTF receptors can promote
adult MN survival, the data did not distinguish between potential roles in MN maintenance versus
roles in protecting MNs from the injection associated trauma or the toxicity of the chronic Cre
recombinase (Cre) produced by the AAV-Cre. Here we used an inducible Cre gene construct to
produce adult-onset CNTFRa. disruption in facial MNs without the traumatic and toxic effects of
the AAV-Cre procedure. The MNs survive without CNTFRa, even when challenged by facial
nerve crush or the injection-associated trauma, thereby suggesting, in conjunction with our
previous study, that endogenous CNTF receptor signaling can protect MNs against toxic insult,
such as that produced by chronic Cre. The data also indicate that in vivo CNTF receptors play
very different roles in adult and embryonic MNs.
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Ciliary neurotrophic factor receptor a (CNTFRa) is an essential ligand binding subunit of
the CNTF receptor, which is composed of CNTFRa, leukemia inhibitory factor receptor
(LIFRP), and gp130 (Ip et al., 1992; Davis et al., 1993). While LIFRP and gp130 are found
in other related receptors, CNTFRa is unique to CNTF receptors and is required for all
known forms of CNTF receptor signaling, regardless of the ligands or signaling pathways
involved (Davis et al., 1993; Elson et al., 2000; Derouet et al., 2004).

CNTF is one of the most potent neuroprotective factors for embryonic motor neurons (MNs)
in vitro (Lindsay et al., 1994). In vivo, exogenously administered CNTF protects MNs
following early postnatal axotomy (Sendtner et al., 1990). It also protects MNs in genetic
models of MN disease (Sendtner et al., 1992; Ikeda et al., 1995; Sagot et al., 1995), and
during developmental naturally occurring MN death (Oppenheim et al., 1991). These data
suggest that endogenous CNTF receptor signaling may help maintain MNs during
development and in adulthood. Moreover, the data suggest that such an endogenous system
may also protect MNs from the effects of insults in adulthood including trauma and MN
diseases. If so, manipulating this signaling may be a valuable tool in the treatment of these
conditions.

While the above results obtained through exogenous CNTF administration are suggestive,
manipulation of endogenous CNTF receptors in vivo is required to directly determine the
role or roles played by endogenous CNTF receptor signaling. Unconditional disruption of
the CNTFRa gene in mice leads to uniform death within 24 hours of birth (DeChiara et al.,
1995) accompanied by a 30%-50% reduction in MNs, indicating that endogenous CNTF
receptor signaling is essential for embryonic MN survival/development. However, this
finding may reflect an embryonic function of CNTF receptors that is not required in the
adult. To address this issue we have previously used Cre/loxP technology to produce an
adult-onset CNTFRa gene disruption in MNs and thereby examine the role of CNTF
receptors in the adult, independent of any contributions the receptors make to MN survival
during development (Lee et al., 2008). Adult facial MNs in “floxed CNTFRa.” mice were
infected with an AAV vector driving Cre recombinase (Cre) expression. We found that
almost all MNs that lose CNTFRa die within 4 months. Therefore, CNTF receptor signaling
can play an essential role in adult MN survival. However, we also found that the AAV-Cre
infection, which chronically produces Cre in infected cells, can, at high concentration, lead
to some MN death in control mice, albeit significantly less than that observed in the floxed
mice. These results are consistent with previous reports of cellular toxicity associated with
long-term exposure to Cre activity (e.g., Loonstra et al., 2001; Kaspar et al., 2002) and they
raise the possibility that endogenous CNTF receptor signaling may promote the survival of
adult MNs challenged by this type of toxic insult. Similarly, the AAV-Cre injection of the
facial nucleus necessarily involved neurotrauma that may have also challenged the MNs
such that CNTF receptors were required for their survival. Therefore, while the study
demonstrated that adult CNTF receptor signaling can promote MN survival, it did not
distinguish between the possibility that the signaling is required to maintain adult MNs even
in the absence of insult, as seen during development, and the possibility that the MN
survival role for CNTF receptor signaling is restricted to situations in which the MNs are
challenged by insult such as the traumatic penetrating injury and the toxic chronic Cre
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associated with the AAV-Cre. This previous study also did not examine the role of the
receptors in the context of other forms of MN insult.

The present studies were designed to address these questions. We utilized an inducible Cre
gene construct and the floxed CNTFRa mice to produce an adult-onset disruption of the
CNTFRa gene in facial MNs without the neurotrauma and chronic Cre expression seen with
the AAV-Cre approach. We also separately challenged these MNs with the AAV-Cre
associated penetrating injury and facial nerve crush.

MATERIALS AND METHODS

Mouse lines and general design

The generation and characterization of the floxed CNTFRa. (fIXCNTFRa) mice has been
previously described (Lee et al., 2008). Briefly, exons 3-5 of the CNTFRa gene (“exonl”
containing start codon) were flanked by loxP sites (“floxed”) using previously described
methods (Wattler et al., 1999). Cre-induced removal of the floxed CNTFRa sequence was
designed to functionally inactivate the CNTFRa gene, based on both the previous work with
an unconditional CNTFRa knockout mouse (DeChiara et al., 1995) and known structure-
function relationships for related cytokine receptors (Bazan, 1990). Many lines of evidence
all indicate that Cre activity in the floxed CNTFRa mice leads to functional inactivation of
the CNTFRa gene, as predicted. Crossing the floxed mice with a “deleter” line that
produces universal, Cre-dependent floxed gene excision resulted in the designed excision of
the CNTFRa gene, as revealed by Southern blot analysis (Lee et al., 2008). This cross also
lead to the expected perinatal death of all homozygous floxed mice, but not heterozygous or
wildtype littermates (Lee et al., 2008), all as independently seen with universal CNTFRa
gene disruption (DeChiara et al., 1995). Moreover, we observed the expected loss of facial
MNs specific to the homozygous floxed mice (Lee et al., 2008), again as seen with universal
CNTFRa gene disruption (DeChiara et al., 1995). As noted above, Cre expression in adult
MNs of the floxed CNTFRa mice through infection with an AAV-Cre vector leads to the
loss of MN CNTFRa and the subsequent increase in MN death over wildtype controls
infected with the same AAV-Cre (Lee et al., 2008). Finally, we have also used the floxed
CNTFRa mice to specifically deplete CNTFRa in neural stem cells (Lee et al., 2013a) and
skeletal muscle (Lee et al., 2013b).

The Thy1-stop-YFP line 15 reporter mice (referred to here as “YFP reporter”) have also
been described (Buffelli et al., 2003) and were a generous gift from Drs. Joshua Sanes
(Harvard) and Robert Brownstone (Dalhousie University). The CreER inducible Cre mice
(Guo et al., 2002) were purchased from Dr. Corrinne Lobe (Sunnybrook and Women’s
College, Toronto). All mice (male and female) were backcrossed at least five generations
onto a 129SvEvBrd background and genotyped by polymerase chain reaction (PCR)
analysis of tail biopsy DNA.

The fIXCNTFRa*/* and fIXCNTFRa ™~ mice were generated by fIXCNTFRa*/~ x

fIXCNTFRa*/~ breeding. The other gene constructs were bred as heterozygote x wildtype to
control for gene dosage. CreER+/fIXCNTFRa ™~ mice (i.e., wildtype at the CNTFRa locus)
served as primary controls, but were not distinguishable from CreER+/fIXCNTFRa*/~ mice.
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For all experiments, age-matched (generally littermate) CreER+/fIXCNTFRa*/* mice and
control mice were processed in parallel through the complete procedure from tamoxifen
injection through surgery, perfusion, immunohistochemistry/histology, and image analysis
by individuals kept blind to genotype. This approach controlled for the many potential
sources of variability including in utero and postnatal rearing environments, variation in
genetic background, age, and immunohistochemistry/histology reagents. Statistical analysis
consisted of appropriate Student’s t-tests or 2-way analysis of variance (ANOVA) analysis.
Animal procedures were approved by the University of Cincinnati IACUC committee.

Anatomical procedures

Mice were overdosed with avertin (20 mg/ml; intraperitoneally) and perfused with saline
followed by 4% paraformaldehyde. Brains were postfixed in the same solution overnight at
4°C and cryoprotected in 30% sucrose with 2.5 mM sodium azide for at least 48 hours
before sectioning. Thirty-micron coronal, cryostat sections were stained with either cresyl
violet, standard Xgal histology, or previously described immunohistochemistry procedures
(MacLennan et al., 1996). Antibodies (Table 1) recognizing CNTFRa (R&D Systems,
Minneapolis, MN) and green fluorescent protein (GFP; Millipore, Bedford, MA; the GFP
antibody recognizes YFP which is a very similar protein) were visualized through either
ABC amplification (Vector Laboratories, Burlingame, CA) and cyanine-3 tyramide (Perkin
Elmer, Boston, MA), or AlexaFluor-conjugated secondaries (Invitrogen, La Jolla, CA).

Antibody characterization

Microscopy

The GFP antibody: 1) recognizes GFP by western blot and immunocytochemistry in tissue
culture cells transfected with plasmids driving GFP expression but not those transfected with
empty vector (Millipore); 2) immunohistochemically recognizes the expected pattern of
brain cells expressing Cre in GFP reporter mice but not in reporter negative mice (Xu et al.,
2008); and 3) recognizes MNs specifically following tamoxifen induction of Cre in a YFP
reporter (this study).

The CNTFRa antibody: 1) inhibits CNTFRa function in tissue culture (R&D Systems); 2)
recognizes CNTFRa by western blot in tissue culture cells transfected with CNTFRa DNA
but not in untransfected control cells (Larsen et al., 2010); 3) immunohistochemically labels
neurons in brain sections and the labeling is blocked by preincubation with recombinant
CNTFRa (Watt et al., 2009); and 4) labels neural stem/progenitor cells in Cre expressing
wildtype mice but not in Cre expressing floxed CNTFRa mice in which the CNTFRa gene
has been disrupted in the stem/neural progenitor cells (Lee et al., unpubl.).

Images were captured with a 12 megapixel DXM1200 camera and Nikon E800 microscope
with a 10x (NA = 0.45) lens. Image brightness and contrast were adjusted with Coral Draw
software. Images that were compared were identically captured and adjusted.
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Tamoxifen administration

The 3-4-month-old mice were injected intraperitoneally with 200 mg/kg tamoxifen (Sigma,
St. Louis, MO; cat. no. T5648) made up as a 20-mg/ml solution in corn oil (Sigma, cat. no.
C8267) or an equal volume of vehicle.

Facial nerve crush

Mice were anesthetized with ketamine/xylazine (100 mg/kg). Unilateral facial nerve crush
lesions were conducted according to a previously published protocol (Kuzis et al., 1999).
The skin and muscle were opened to expose the facial nerve by the ear. The nerve was then
freed from fascia and crushed for 10 seconds with Dumont #5 Biologic Tip forceps (Fine
Science Tools).

Penetrating brain injury

Mice were anesthetized with ketamine/xylazine (100 mg/kg) and received a unilateral,
stereotaxic facial nuclei injection (coordinates from Bregma: AP -5.5, ML + 1.1, DV -5.7)
with a 33G Hamilton needle (Reno, NV). They received 1.5 pl of phosphate-buffered saline
(PBS) at 0.25 pl/min (with 1 minute between each 0.25 pl injected and a 10-minute wait
before removal). This is the same procedure used previously as the control for AAV-Cre
injections (Lee et al., 2008).

Motor neuron quantification

Thirty-micron coronal, cryostat sections were collected throughout the complete rostral
caudal extent of the facial motor nucleus. Facial MNs were counted in every fourth section.
To correct for cells potentially split in the Z dimension, all neurons in focus at the top border
of the sections were excluded (optical disector; Hyman et al., 1998; Hatton and Von
Bartheld, 1999). Counts were multiplied by 4 to estimate total MNs (“fractionator”). As with
all processing and analysis, MN counting was conducted by individuals unaware of
experimental conditions, including genotype.

RESULTS

As described in the Materials and Methods section, the floxed CNTFRa mouse line used
here has been extensively characterized. Several lines of evidence all indicate that Cre
activity in the floxed CNTFRa mice leads to functional inactivation of the CNTFRa gene.

To excise the floxed CNTFRa gene in adult facial MNs without the neurotrauma and
chronic Cre expression produced by AAV-Cre, we utilized a gene construct enabling
temporary induction of Cre activity in the brain without neurotrauma (Guo et al., 2002). This
construct drives the expression of a fusion protein consisting of Cre linked to an estrogen
receptor ligand binding domain which has been mutated so that it cannot respond to
endogenous ligands. This “CreER” fusion protein, which is widely used in many different
mouse lines, is retained in the cytoplasm, where it is unable to act on DNA until binding to a
synthetic ligand (tamoxifen) allows it to temporarily enter the nucleus and excise floxed
gene sequences (Feil et al., 1996; Brocard et al., 1997; Danielian et al., 1998; Imai et al.,
2001; Metzger and Chambon, 2001; Hayashi and McMahon, 2002). Many different CreER
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mouse lines have been generated leading to induction of Cre in different sets of cell types.
The particular CreER mouse line used here (Guo et al., 2002) expresses this fusion protein
such that tamoxifen treatment leads to temporally controlled Cre activity in a variety of cell
types (Guo et al., 2002). The line was specifically designed to also eliminate any uninduced
“leakage” of Cre activity prior to tamoxifen induction (our results below and Guo et al.,
2002), which is sometimes seen with other CreER lines.

Previous studies have not determined whether Cre induction with this cell line (referred to
here as simply CreER) leads to inducible floxed gene excision in adult facial MNs, as
required for our study. In order to address this issue we crossed the CreER construct into a
YFP reporter line (Thyl-stop-YFP line 15; Buffelli et al., 2003). The 3—4-month-old mice
were injected with tamoxifen. We detected reporter signal in roughly half of the facial MNs
4 months later (Fig. 1A). The cells displayed a range of labeling intensity from strong to
barely detectable, making it difficult to precisely quantify the number of positive cells (Fig.
1A). The reporter signal was not observed in age-matched vehicle-injected controls (Fig.
1B). Therefore, the data indicate that the CreER construct can be used to produce an adult
onset excision of floxed genes in roughly half of facial MNs.

To excise the CNTFRa gene in adult facial MNs we crossed the CreER construct into the
floxed CNTFRa mice and bred heterozygous floxed mice to produce homozygous floxed
mice (referred to here as floxed mice) and wildtype littermate controls, all of which also
contained the CreER construct.

To confirm that the induced Cre activity in the facial MNs disrupts the fIXCNTFRa gene as
designed, control and floxed mice, all containing the CreER construct, were injected with
tamoxifen at 3—4 months of age and their facial motor nuclei were examined by CNTFRa
immunohistochemistry 3 months later. The floxed mice displayed only 55.9 + 25.8% as
many CNTFRa-labeled facial MNs as the littermate controls processed in parallel (Fig. 2; P
<0.05;t = 3.41; n = 4 pairs). Therefore, as with all the many other uses of this floxed line
(see Materials and Methods) the Cre activity led to the expected effect on the floxed
CNTFRa gene. Moreover, the data indicate that CNTFRa is depleted in the MNs by 3
months post-tamoxifen injection (i.e., well before they were challenged by insult in the
below experiments).

Given the great deal of resources and time required to generate the experimental mice with a
properly controlled breeding strategy (see Materials and Methods; on average only 1in 8
mice produced is homozygous floxed and CreER+), and the approximately 1-year time
frame of the experiments, rather than conducting the first experiment with naOOEF;ve mice,
a nerve crush challenge was incorporated into the first experiment in order to simultaneously
examine the potential roles played by CNTF receptor signaling in: 1) maintaining intact
MNs, and 2) promoting MN survival following nerve crush. The mice were injected with
tamoxifen at 3—4 months of age and received a unilateral facial nerve crush 4 months later.
Four months after that they were perfused and their facial motor nuclei sectioned to
determine the number of facial MNs ipsilateral and contralateral to the lesion.
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Quantification of the MNs indicated that the nerve crush had no effect on the number of
MNs (Fig. 3; P> 0.05; F = 1.26; 2-way ANOVA; df = 1/36). This result was expected given
that facial nerve crush in the adult has been previously shown to have no effect on MN
survival in both rats and mice, in contrast to the dramatic effects it has within a week of birth
(Gilad et al., 1996; Kuzis et al., 1999). Most important, the floxed mice contained the same
number of MNs as the controls (Fig. 3; P > 0.05; F = 0.07; 2-way ANOVA,; df = 1/36).
There was also no lesion x genotype interaction, indicating that the effect of the lesion (i.e.,
no loss of MNs) was not changed by the disruption of CNTFRa (Fig. 3; P> 0.05; F =0.01;
2-way ANOVA,; df = 1/36). Therefore, CNTFRa is not essential for the survival of the adult
MNs even if they are challenged with the nerve crush procedure.

As noted in the introduction, AAV-Cre injected floxed CNTFRa mice in our previous study
lost significantly more facial MNs than AAV-Cre injected controls (Lee et al., 2008). One
possible explanation for this result is that CNTF receptor signaling protects the MNs from
the immediate or longer-term effects of the neurotrauma associated with the injection
procedure. Therefore, we next conducted an experiment analogous to the first one in which,
instead of nerve crush, the mice received a unilateral penetrating injury of the facial motor
nucleus using a procedure identical to that used to inject AAV-Cre in our previous study.
The mice received an injection of vehicle rather than AAV-Cre to further control for any
potential trauma resulting from the introduction of the fluid. Quantification of facial MNs 4
months later indicated that the injury led to an overall decrease in the number of MNs (Fig.
4). This effect was small in magnitude and presumably resulted from those MNs directly
impacted by the needle. Regardless, it was highly significant (F = 16.1; P < 0.0005; 2-way
ANOVA,; df = 1/26), thereby demonstrating how sensitive the overall procedure was at
detecting even small changes in the number of MNs. However, the injury x genotype
interaction term was far from significant (Fig. 4; F = 1.2; P> 0.05 [P = 0.29]; 2-way
ANOVA, df = 1/26), indicating that the effect of the lesion was not changed by the depletion
of CNTFRa. Therefore, the data clearly demonstrate that the disruption of the CNTFRa
gene did not increase MN death, in contrast to what would be expected if CNTFRa played
an essential role in protecting the MNs following the injury. Finally, the floxed mice
contained slightly more MNs overall, with the difference reaching statistical significance (F
=5.4; P <0.05; 2-way ANOVA,; df = 1/26), but this difference is not reliable given that no
such difference was observed in the first experiment (Fig. 3), which utilized even more mice
and should have detected the same effect if it was real.

DISCUSSION

This report is a continuation of our efforts to determine the in vivo roles played by
endogenous CNTF receptor signaling in adult MNs. We used Cre/loxP technology with
adult-onset targeted gene disruption to study the receptor’s adult functions independent of its
developmental functions. This is a critical issue for CNTF receptor-based therapeutics
involving neurodegenerative diseases or trauma because most of these conditions occur in
adulthood.

We have previously disrupted the CNTFRa gene in adult facial MNs through AAV-Cre
infection of the same floxed CNTFRa mouse line used here (Lee et al., 2008). We found

J Comp Neurol. Author manuscript; available in PMC 2014 October 01.



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

1duosnuely Joyny vd-HIN

Leeetal.

Page 8

that, as designed, this procedure led to the loss of CNTFRa in MNs of the floxed mice but
not those of wildtype injected controls. Almost all MNs that lost CNTFRa died within 4
months. This finding indicated that CNTF receptors can play an essential role in the in vivo
survival of adult facial MNs. However, the finding did not distinguish between significantly
different roles that the receptor may perform to promote adult MN survival. The results were
consistent with CNTF receptors being required for: 1) the survival of the adult MNs, even in
the absence of any insult, as seen with embryonic MNs (DeChiara et al., 1995); 2) the
protection of adult MNs from the traumatic insults associated with the AAV-Cre injection
procedure; and 3) the protection of the adult MNs from the toxic effects of the chronic Cre
activity produced by the AAV-Cre (Loonstra et al., 2001; Kaspar et al., 2002).

To address this issue, the present experiments utilized an inducible Cre gene construct which
enabled us to disrupt the CNTFRa gene in adult facial MNs without the trauma or chronic
Cre activity that accompanies the AAV-Cre injection. With this approach, about half of the
facial MNs in the floxed mice lost all detectable CNTFRa by 3 months after the tamoxifen-
induced pulse of Cre activity. MN quantification 5 months later indicated no decrease in the
number of MNs in the floxed mice (i.e., those MNs without traumatic insult on the intact
side; Figs. 3, 4). With about half of the MNs losing CNTFRa,, one would expect to have
observed at least a trend toward fewer MNs in the floxed mice if even a significant fraction
of these affected MNs required CNTF receptor signaling to survive. In contrast, no such
trend was seen. Moreover, the affected MNs were without CNTFRa for at least 5 months
prior to quantification and consequently had an extended period to reveal any long-term
requirement for CNTF receptor signaling. Therefore, the data indicate that endogenous
CNTF receptor signaling is not required for the in vivo survival of adult facial MNs that
have not been challenged by insult.

As noted above, our previous results (Lee et al., 2008) also raised the possibility that CNTF
receptor signaling may protect MNs from the penetrating injury trauma associated with the
AAV-Cre injection procedure. In the present studies we detected a very small, but
statistically significant, loss of MNs from this trauma. However, CNTFRa. disruption did
not increase this loss, even though the MNs were given 4 months to die and reveal any
potential long-term protective contribution made by CNTF receptors. Therefore, endogenous
CNTF receptor signaling does not serve to protect MNs from the acute or long-term
consequences of the penetrating injury trauma associated with the AAV-Cre injection
procedure. Again, our previous study indicated that the CNTF receptor signaling is needed
to protect MNs challenged with a combination of this trauma and the toxic effects of chronic
Cre expression (Lee et al., 2008). Consequently, the present results, which indicate that the
receptors are not needed to protect the MNs from the trauma, suggest that the CNTF
receptor signaling is needed to protect the MNs from the toxic effects of the chronic Cre
activity produced by the AAV-Cre. However, it is still theoretically possible that the
receptor signaling protects the MNs from the combined insult of the trauma plus the ensuing
long-term Cre expression.

Facial nerve crush in the adult has been previously shown to have no affect on MN survival
in both rats and mice, in contrast to the dramatic effects it has if the lesion is administered
within a week of birth (Gilad et al., 1996; Kuzis et al., 1999). A direct method to identify
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proteins that promote MN survival after the lesion is to genetically disrupt candidate
proteins in vivo and determine if the MNs then die in the knockout mice following the
lesion. As reviewed in the introduction, several lines of evidence suggest CNTF receptor
signaling as a potential contributor to MN survival and therefore a good candidate for
helping maintain MN survival following nerve crush in the adult. However, we found that
CNTF receptor disruption in adult MNs had no affect on their survival following the lesion.
This result strongly suggests that the receptor does not play an essential, nonredundant role
in promoting MN survival following adult nerve crush.

The present results highlight the insult-specific nature of endogenous neuroprotective
mechanisms. Clearly, it is not sufficient to label a particular endogenous mechanism as
neuroprotective without also determining which forms of insults the mechanism is effective
against. Current data indicate that endogenous CNTF receptor signaling promotes the
survival of adult facial MNs following AAV-Cre injection of the facial motor nucleus but is
not required to protect the cells from the trauma resulting from the injection or from facial
nerve crush. Future studies with the same inducible Cre approach developed here should
determine whether the receptor plays a protective role following other forms of trauma.
Moreover, crossing the inducible Cre and floxed CNTFRa gene constructs into genetic
models of MN disease should reveal roles that endogenous CNTF receptor signaling plays in
protecting MNs from such insults. Notably, these genetic insults are in many ways more
similar to the toxicity of chronic cellular Cre than to the acute trauma of penetrating injury
or nerve lesion and may, therefore, like Cre toxicity, be more likely to interact with CNTF
receptor signaling.

As discussed above, the present results indicate that CNTF receptor signaling is not required
for adult facial MN survival in vivo, in the absence of insult. In contrast, neonatal MNs,
including neonatal facial MNs, are reduced in number by 30%-50% in unconditional
CNTFRa knockout mice (DeChiara et al., 1995). Therefore, CNTF receptor signaling plays
very different roles in MNs at different stages of development. This is not only an
interesting result from a basic research perspective, it also emphasizes the need for adult-
onset gene disruption studies in efforts to design therapies for adult neurological disorders.
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Figure 1.
The CreER gene construct enables inducible excision of floxed gene sequence in adult facial

motor neurons. Immunohistochemical localization of YFP reporter signal in the facial motor
nucleus of an adult CreER+/YFP reporter+ mouse injected with tamoxifen 4 months prior to
perfusion (A) and an age-matched, vehicle-injected CreER+/YFP reporter+ control (B). The
YFP signal, indicating excision of floxed gene sequence, is found in roughly half of facial
motor neurons following the induction of Cre activity, with the cells displaying a range of
labeling intensity (A). The reporter signal was not observed in vehicle-injected controls (B).
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Images in (A,B) were identically captured and adjusted. The broken white line delineates the
approximate borders of the facial motor nucleus. Scale bar = 100 pm.
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Figure 2.
Confirmation that adult-onset CNTFRa gene excision in facial motor neurons leads to the

expected loss of CNTFRa. CNTFRa-floxed mice and littermate controls, all containing the
inducible Cre gene construct, CreER, were simultaneously injected with tamoxifen at 3-4
months of age and their facial motor nuclei were examined by CNTFRa
immunohistochemistry 3 months later. Examples of sections from control (A) and
CNTFRa-floxed (B) mice are presented. Quantification of all the data by investigators blind
to genotype indicated that the floxed mice displayed only 55.9 + 25.8% as many CNTFRa.-
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labeled facial motor neurons as the littermate controls processed in parallel (P < 0.05; t =
3.41; n =4 pairs). Images in (A,B) were identically captured and adjusted. The broken white
line delineates the approximate borders of the facial motor nucleus. Scale bar = 50 um.
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Facial MNs
following nerve lesion
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Adult-onset CNTFRa gene excision in facial motor neurons does not lead to loss of intact or
axotomized motor neurons. CNTFRa-floxed mice and control mice were injected with
tamoxifen at 3—4 months of age to induce Cre activity and received a unilateral facial nerve
crush 4 months later. Four months after that they were perfused and the number of total
(cresyl violet-stained) facial motor neurons ipsilateral and contralateral to the lesion were
quantified. Two-way ANOVA analysis indicated there was no effect of lesion or CNTFRa
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gene excision and no interaction (P > 0.05 for all statistical comparisons). N=9 CNTFRa-
floxed mice; 11 control mice. Values are presented as mean + SEM.
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Facial MNs
following penetrating injury
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Adult-onset CNTFRa gene excision in facial motor neurons does not increase loss of motor
neurons following penetrating injury of the facial motor nucleus. CNTFRa-floxed mice and
control mice were injected with tamoxifen at 3—4 months of age to induce Cre activity and
received a unilateral penetrating injury of the facial motor nucleus 4 months later. Four
months after that they were perfused and the number of total (cresyl violet-stained) facial
motor neurons ipsilateral and contralateral to the injury were quantified. The injury led to a
small but significant overall decrease in the number of motor neurons. However, there was
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no interaction, indicating that the disruption of the CNTFRa gene did not increase motor
neuron death. See text for complete description of statistical comparisons. N =7 CNTFRa-
floxed mice; 8 control mice. Values are presented as mean + SEM.

J Comp Neurol. Author manuscript; available in PMC 2014 October 01.



Page 20

Leeetal.

NIH-PA Author Manuscript

€228..104r 106919V alodiiiA d49 ueulquiodal yibusy-ing patyngd B1 uoIyd d49
ZONIV ~ WN-6G5-4V  SwelsAS a®y  Dy4LND Jel Jueulquiodal yibus|-{ng paiiting 96l 1809 DYHIND
'0u 107 ou “re)d 90.In0S usbounww| adAosi sS04  Apoqnuy
salpoquy Arewlid
T314avl

NIH-PA Author Manuscript NIH-PA Author Manuscript

J Comp Neurol. Author manuscript; available in PMC 2014 October 01.



