(nNOS) is increased in astrocytes surrounding motor neurons in the spinal cord and brainstem
(Cha et al., 1998). Also increased nitrotyrosine labeling in motor neurons and in the ventral
horn has been reported in ALS and mutant SOD1-expressing mouse models (Abe et al., 1995;
Beal et al., 1997; Ferrante et al., 1997; Cha et al., 2000). In the present study we did not find
any nitrotyrosine immuno-positive cells in the brain and spinal cord of 9-month old
SOD2¥**: Cre™*~ mice. Furthermore, neither signs of reactive gliosis (GFAP-IR) nor
peroxinitrite-mediated oxidative damage (nitrotyrosine-IR) in astrocytes surrounding
SOD2-deficient motor neurons were evident. We speculate that elevated levels of O; "™ in
motor neurons is not by itself enough to trigger chronic cell injury, but NO produced from
neighboring astrocytes resulting in peroxinitrite production may be a further requirement to
trigger ROS-induced toxicity.

Axonal disorganization and reduced slow axonal transport are well-known hallmarks of
ALS. Although our present results indicate that loss of SOD2 function is not by itself
sufficient to kill motor neurons in vivo, it does modify axonal susceptibility to nerve injury.
Recently Vande Velde et al. (2004) reported that Wid® protein, the dominant neuroprotective
factor that markedly delays Wallerian axonal degeneration after nerve injury, does not prevent
SOD1-mediated motor neuron loss when introduced the W1d® mutation into the SOD1%°™® or
SOD1%°® ALS mouse models. These results show that inhibiting axonal degeneration is not
effective to ameliorate ALS pathogenesis induced by the mutant SOD1 protein.

Although the precise pathologic role of O, "~ in motor neuron degeneration remains to be
fully clarified, the present study is consistent with the possible involvement of nonneuronal

cells in mitochondrial-derived, superoxide-induced injury in motor neurons. Thus a rational
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therapeutic strategy that delivers antioxidants to surrounding astrocytes or microglia may

significantly help motor neurons survive oxidative stress.
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Figure legends

slow/—

Fig. 1. Loss of SOD2 immunoreactivity in motor neurons from SOD2°*'*;Cre mice.
(A-G) Paraffin-embedded sections of brain and spinal cord from SOD2°¥*;Cre™*™'~ mice at
5-months old stained with anti-ChAT antibody (A) or anti-SOD2 antibody (B-G).
SOD2-immunoreactivity was lost in é subset of ChAT-positive somatomotor neurons as
revealed by serial section through the hypoglossal nuclei (A, B and C) as well as sections
through the oculomotor (D), abducens (E), facial (F) nuclei, and the ventral horn of the spinal
cord (G). Note that SOD2 immunoreactivity was preserved in visceromotor neurons in the
dorsal motor nucleus of the vagus (B). X, dorsal motor nucleus of the vagus; XII,
hypoglossal nucleus. The boxed area in B is enlarged in C. (H-J) Paraffin-embedded
sections from the ventral horn of the spinal cord were double-stained by immunofluorescence
with anti-SOD2 (H) and anti-SMI-32 (I) antibodies. The merged image is shown in J.
SOD2 immunoreactivity was lost in a subset of SMI-32-positive large motor neurons
(denoted by asterisks) but not in SMI-32-negative small-diameter interneurons. (K-N)
Mitochondrial production of O, ~ was increased in SOD2"**;Cre™**~ (C-KO) mice
compared with SOD2°**;Cre™~ (Control) mice in motor neurons in the hypoglossal
nucleus (K and L) and ventral horn of the spinal cord (M and N) as revealed by HEt oxidation.
HEt signals were detected in motor neurons as small granular particles in the cytosol,
indicating mitochondrial production of O, ~ under normal physiological conditions. Scale
bars = 100 um (A; also applies to B); 20 um (C); 20 um (D; also applies to E-G); 20 um (H;

also applies to I, J); 20 um (K; also applies to L, M, N).
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Fig. 2. Detection of SOD2-deficient and ChAT-positive motor neurons in the spinal cord of
SOD2°¥°% Cre®®™~ mice. Serial paraffin-embedded 5 wm sections of the lumber spinal
cord from SOD2°*"**;Cre"*~ mice at 1 month (A, B), 3 months (C, D) or 6 months (E, F)
of age were stained with anti-SOD2 (A, C, E) or anti-ChAT (B, D, F) antibodies. Arrows
indicate SOD2-negative and ChAT-positive motor neurons. Scale bar = 50 um. (G)
Numbers of 'spinal cord ChAT-positive motor neurons in SOD2*;Cre®™ = and
SOD2"°**,Cre™" mice. Numbers were determined from every 5th section for a total of 15

sections. Shown are the means from three mice +/- standard deviation (n = 3).

Fig. 3. Morphology of SOD2-deficient motor neurons in 9-month old SOD2°¥*%;Crefo¥/—
mice. Serial sections from the facial nucleus (A, B) or spinal cord ventral horn (C, D)
stained with an anti-SOD2 antibody (A, C) or cresyl violet (Nissl; B, D). No overt
morphological changes were seen in the SOD2-defiecent motor neurons (arrows). Serial
sections from the hypoglossal nucleus stained with anti-SOD2 (E) or anti-SOD1 (F)
antibodies. No difference in the staining pattern or intensity was evident between
SOD2-negative (arrows) and SOD2-positive motor neurons. Scale bars = 20 ym. (G)
Ventral portions of the spinal cord were micro-dissected from SOD2"***:Cre™™'~ (C-KO)
and SOD2*;Cre™"~ (Control) mice. Total homogenates (10 ug) were subjected to
immunoblot analysis with polyclonal anti-SOD2 or anti-SOD1 antibodies. Actin content is

shown as a loading control.
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Fig. 4. Absence of muscle atrophy and denervation/remodeling of endplates in
SOD2' Y% Cre¥*™ = mice. Serial cryo-sections of gastrocnemius muscle from a 9-month
old SOD2"%: Cre®™= mouse stained with hematoxylin and eosin (A) or Gomori-trichrome
(B). Paraffin-embedded sections (5 um) of diaphragm muscle containing neuromuscular
junction from 9-month old SOD2'*°*;Cre”**~ mice stained with an anti-CHT antibody

followed by counter-staining with hematoxilin (C). Scale bar = 20 um.

Fig. 5. Nissl-staining of hypoglossal motor neurons 5 weeks after axotomy in
SOD2¥1°%. Cre®*™= (A) and SOD2"°¥°*;Cre™~ (B) mice. Arrows indicate the operated
side. CC, Central canal; X, dorsal motor nucleus of the vagus; XII, hypoglossal nucleus.
Scale bar = 100 um. (C) Number of neurons in hypoglossal nuclei (uncut control or
axotomized operated side) from both SOD2"°¥'*%:Cre™™~ and SOD2"¥'**;Cre™ mice (n

= 4 for each genotype).

Fig. 6. Accelerated axonal disorganization in SOD2"¥°*;Cre’®'~ mice after motor nerve
injury. (A) Western blot of 200-kDa neurofilament protein (NF-200) demonstrating the
extent of degeneration 2 days after nerve transection in the distal transected hypoglossal nerve
(Axotomy) or corresponding contralateral uncut nerve (Uncut). The blot was re-probed with
control monoclonal antibody (B-tub 2.1) against f-tubulin.  Samples from three
SOD2°¥1°% Cre®*"~and two SOD2!°¥°*,Cre ™ control mice are shown. (B) Representative
toluidine blue-stained sections of hypoglossal nerves 2-4 mm distal to the lesion site 2 days

after transection or corresponding contralateral uninjured nerve. Scale bar = 20 pum.
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