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Identification of early disease progression in an ALS rat model
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Abstract

Transgenic rat models of amyotrophic lateral sclerosis (ALS) have recently been developed. Most
assays of ALS-symptoms in these models monitor disease onset accurately, but do not identify
individuals that will develop these symptoms before the motor deficits become apparent. Peak
bodyweight has recently been shown to indicate affected individuals before motor deficits become
apparent. However, it must be determined retrospectively due to weight fluctuation. Here, we report
that exploratory activities detected by a Photobeam Activity System (PAS) and wire mesh ascending
test can be used to detect slight motor deficits in the early phase of ALS. Thus, these tests may be
used in addition to peak bodyweight to monitor early disease progression and to assay efficacy of
new therapeutic interventions.
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Amyotrophic lateral sclerosis (ALS) or Lou Gehrig’s disease is a devastating neurological
disease characterized by selective degeneration of motor neurons. Approximately 10% of
patients inherit the disease (familial or FALS), but the rest are sporadic (SALS) with no known
genetic link [3]. Most ALS patients develop limb weakness initially, which progresses quickly
to generalized muscle atrophy and paralysis. Death ultimately occurs within 5 years due to
respiratory paralysis.

In 1993, a mutated gene coding for copper/zinc superoxide dismutase 1 (Cu/Zn-SOD1) was
first associated with ALS, marking a major breakthrough in our understanding of ALS
pathogenesis. It is now known that approximately 20-25% of the familial cases or 1-2% of
total ALS cases are due to dominantly inherited mutations in Cu/Zn-SOD1 [5,14]. Due to the
clinical and pathological similarities to human FALS and SALS, our understanding of ALS
mechanisms has been enhanced by studies using hemizygous transgenic rodent animal models
that express mutant human Cu/Zn-SOD1 genes [7,8,13].

Behavioral analyses have previously been used to evaluate potential therapies for transgenic
ALS mice or rats. RotaRod tests were the most frequently used method to evaluate motor
performance after ALS therapies in mice [1,4,9,10,18-20]. Other assays included grip strength
and wire hanging tests [2,6,12]. Also, an automated motion analyses system (SCANET) and
inclined plane test have been used to evaluate disease progression in ALS rats [11].
Unfortunately, these tests in rats only identified individuals at or near symptomatic disease
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onset (obvious limb weakness defined as limping or paralysis), but failed to detect slight motor
deficits during the early disease stage.

Thus, it was a break-through when Matsumoto et al. showed that peak bodyweight was a
reliable index of “pre-symptomatic” disease onset, identifying individuals approximately 13
days prior to symptomatic onset [11]. However, due to fluctuations in weight, bodyweight peak
must be determined retrospectively [11]. Thus, other assays to identify affected individuals
before apparent symptoms develop would be desirable. Here, we report that measurements of
exploratory activities in a Photobeam Activity System (PAS) improve early diagnosis by
identifying early motor deficits. In addition, a simple wire mesh ascending test monitors both
early and late disease progression.

Male hemizygous NTac:SD-TgN(SOD1G93A)L26H rats (Taconic, Hudson, NY), originally
developed by Howland et al., were bred locally by crossing with wild-type female NTac:SD
rats [8]. Male SOD1%93A progenies were used for further breeding to maintain the line. Human
mutant SOD1-negative littermates were not used as breeders to ensure the consistency of the
colony phenotype. The breeding protocol was approved by the Institutional Animal Care and
Use Committee (IACUC) at The University of Texas Medical Branch. Rats were housed in a
centralized Animal Care Facility with a 12-hr light-dark cycle (light 8AM — 8 PM). Food and
water were provided ad libitum. SOD1G9A progenies were verified by PCR genotyping.
Chromosomal DNAs were extracted from tails of 3-week old pups and subjected to PCR
amplification with the following primers: sodi3-f primer (GTGGCATCAGCCCTAATCCA)
and sodE4-r primer (CACCAGTGT GCGGCCAATGA).

Rats were weighed once per week beginning at 70 days of age, then twice per week at 120 days
of age until symptomatic disease onset (determined by motor score, see below) and finally,
once per day until disease end-stage, as defined by a lack of righting reflexes, i.e. inability to
right oneself from both sides within 30 sec.

Rats were tested once per week beginning at 70 days of age, then twice per week beginning at
120 days of age until disease end-stage. This test was conducted according to a previous
description with modifications [17]. A 10 mm wire mesh (H and W: 45 cm x 15 cm) was placed
at an angle of 70° in contact with a cardboard box at the top and the edge of a lab bench at the
bottom. Rats were placed on the bottom of the wire mesh and motivated to ascend by placing
their littermates in the box at the top. Each rat was pre-trained 3 times per day for 3 consecutive
days to adapt to the system. Time to reach the top of the wire mesh was recorded for up to 5
seconds. If a rat was unable to ascend or fell off the wire mesh, a time of 5 sec. was recorded.
Three runs were recorded for each rat on each testing day.

Exploratory activity was measured by a PAS once per week beginning at 17 weeks of age. Two
activity chambers (40 x 40 x 40 cm) collected movement data analyzed by a PAS (San Diego
Instruments, Inc., CA) according to our previous description [16]. The exploratory activity of
each rat was assessed over three consecutive 5-minute intervals (total 900 seconds) by the time
of photobeam obstruction in an axis-oriented grid system. There were 16 photobeams on each
horizontal axis located 4 cm above the chamber floor. Interruption of these photobeams
recorded the distance traveled. Obstruction of another set of photobeams located 12 cm above
the chamber floor was recorded as rearing events. Resting time occurred when the rats were
stationary for at least 1 second.

Symptomatic disease onset and post-symptomatic disease progression were assessed using a
modified 5-point motor score system derived from the Matsumoto et al. motor score [11]. This
assay was performed once per week beginning at 70 days of age, then twice per week at 120
days of age until disease onset and finally, once per day until the disease end-stage. Rats were
allowed to move freely in an open field and were scored blindly by an observer. A non-
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parametrical scoring system was used following these criteria: 5, normal movement; 4, loss of
some weight bearing in the hindlimbs, or limping or dragging of any limb, but still able to stand
on hindlimbs; 3, loss of most weight bearing in hindlimbs, dragging of lower body and inability
to stand on hindlimbs; 2, complete loss of weight bearing in hindlimbs accompanied by
forelimb weakness, unable to drag the lower body, but righting reflexes present from both
sides; 1, a righting reflex from only one side; 0, absent righting reflexes from both sides within
30 seconds (defined as the end-stage). Symptomatic disease onset was identified when the rats
showed a score of 4. Lifespan was determined by the age of the rats at end-stage (score of 0),
at which time the rats were euthanized.

The two-tailed unpaired Student’s t-test with Welch’s correction was used to compare the
transgenic ALS and wild-type littermate data from the motor score assessments, wire mesh
ascending test times and Photobeam Activity System. A p value less than 0.05 was considered
statistically significant. Data were expressed as means + S.E.M. Lifespan and disease onset
were depicted using Kaplan-Meier survival curves. Statistical analyses were done using
GraphPad Prism Version 4 software (GraphPad Software, Inc., San Diego, CA).

Bodyweight measurements monitor the extent of muscle wasting in ALS rats. The bodyweights
of ALS rats peaked at 143.5 + 12.9 days (Table 1) and began to decrease approximately 24
days prior to the average age of symptomatic disease onset (Fig. 1a). The wire mesh ascending
test monitors muscle strength and limb coordination, both of which are affected in ALS.
Transgenic ALS rats significantly increased the time spent climbing a distance of 45 cm as
early as 145 days of age compared to their wild-type littermates (Fig. 1b). Note that a dramatic
increase of ascending time occurred close to the average age of symptomatic disease onset.

ALS pathogenesis causes a rapid decline in motor strength and activity. Several key parameters
of motor function, including walking distance, rearing capability and resting time were
evaluated using a Photobeam Activity System (PAS). The total distance traveled in the PAS
showed a consistent and significant decrease in the transgenic ALS group compared to the
wild-type littermates at 21 weeks of age (Fig. 2a). The number of rearing events significantly
declined in consecutive weeks beginning at 23 weeks of age (Fig. 2b). However, the resting
time did not significantly increase until 24 weeks of age (Fig. 2c), which was near symptomatic
disease onset determined by motor scoring. All three parameters showed a trend of pre-
symptomatic disease progression, but only walking distance and rearing capability
significantly declined prior to symptomatic disease onset (Table 1).

Symptomatic disease onset was subjectively determined through motor score assessment. The
day of symptomatic disease onset was defined as the day when the motor score of a rat
decreased from 5 to 4. Post-symptomatic disease progression was subsequently evaluated
through further assessments of motor score until each rat reached a motor score of 0. The day
when the motor score reached 0 was considered the ‘end-stage’ of the lifespan for each rat.
When averaging motor scores from all ALS rats on each assessment day, ALS rats first showed
a significant decrease in motor score at 170 days of age, which was comparable to the average
age of symptomatic disease onset (Fig. 3a). The Kaplan-Meier survival curves for symptomatic
disease onset (DO) and end-stage (ES) are depicted in Fig. 3b. The interval between DO and
ES was about 21 days (Table 1).

The major thesis of the present study is that the earlier one can identify individuals that will
develop ALS or ALS-like symptoms, the more effective therapy is likely to be. Accordingly,
early diagnosis, particularly before substantial motor deficits can be recognized, is a matter of
considerable importance. Most previously used tests, such as the motor score test used in this
study, do an excellent job of monitoring the disease process, but they only indicate ALS-like
individuals after motor symptoms become apparent (limping and paralysis). A real advance
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has been made recently in demonstrating that the peak weight of ALS rats identified individuals
that will develop motor deficits with precision well before the onset of observable symptoms
[11]. The difficulty with this assay is that rat weights vary enough that one cannot be sure when
the peak is reached until a marked weight loss is seen, which is later than the time of peak
weight. Therefore, further tests to identify individuals that will develop motor deficits are
desirable.

In the present study, we tested the ability of a PAS and wire mesh ascending test to detect subtle
motor abnormalities in transgenic ALS rats. These tests, in combination with bodyweight
measurements, allowed us to objectively monitor pre-symptomatic disease onset more
precisely than the use of peak bodyweight alone. Accordingly, the above tests should be
combined with determinations of peak weight to obtain the most objective and earliest
assessment of the onset of symptoms in ALS rats.

In more detail, the wire mesh ascending test first detected a significant difference between the
transgenic ALS rats and their wild-type littermates at 145 days of age. Using the threshold
cutoff value of a 1.8-sec climbing time, the average age of the ALS rats was approximately
160 days. Thus, this test could detect motor deficits about 1 week prior to symptomatic disease
onset (Table 1). Furthermore, the day each rat recorded an average climbing time of 3 seconds
or more correlated well (r2 = 0.8490) with the day of symptomatic disease onset. Better
correlative values may have been obtained if this test was performed on a daily basis rather
than twice per week. The conclusion is that the wire mesh ascending test was an adequate
behavioral test to identify subtle pre-symptomatic motor deficits.

All three PAS parameters also indicated onset and monitored disease progression to detect
signs of motor weakness too subtle to be visually observed in ALS rats, but total distance
traveled was the best indicator of pre-symptomatic motor abnormalities. Using a threshold
value of 6500 cm walking distance, this test detected motor abnormalities approximately 16
days prior to symptomatic disease onset. Rearing capability also dramatically decreased in the
ALS rats. However, when a threshold of 60 events was used, rearing deficits were only detected
2-3 days prior to symptomatic disease onset. Similarly, total resting time drastically increased
in the transgenic ALS rats, but resting time did not identify a pre-symptomatic deficit in motor
activity using a cutoff value of 450 seconds. It is likely, however, that increasing the number
of rats in the study would increase the capability of these three parameters to detect pre-
symptomatic motor abnormalities.

In order to minimize litter and gender variations, the wild-type and transgenic groups each
consisted of an assortment of rats from five and six litters, respectively, in a 1:1 ratio of males
to females. However, a careful examination of potential effects of gender matching and
littermate pairing on wire mesh ascending time and PAS activity remains to be conducted in
future studies with larger sample sizes. Furthermore, due to the large variation in disease
progression in the ALS rodent model, trial experiments and a subsequent power analysis must
be performed in order to determine the number of transgenic rats required to distinguish a
significant treatment effect between groups when evaluating ascending time and PAS
activities.

Finally, the symptomatic disease onset (168 days) and lifespan (189 days) in our colony as
determined by a modified motor score (Table 1) were considerably delayed compared to what
were earlier described, 115 days for disease onset and 126 days for lifespan, in the original
transgenic line [8]. The cause of these differences remains to be determined, but may indicate
adecrease in mutant SOD1 expression in our colony or may be due to large variations in disease
onset that characterize this model [15].
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In summary, we discovered that the exploratory activity measured in a PAS and the climbing
time measured by a wire mesh ascending test, in combination with bodyweight measurements,
can be used to better define early signs of disease progression in transgenic ALS rats. This is
particularly useful in order to properly evaluate how potential therapies such as cell
transplantation, intrathecal drug administration or gene therapy act to delay ALS disease
progression.
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Fig 1.

Bodyweight measurements and time recordings on the wire mesh ascending test monitor pre-
symptomatic disease progression. Bodyweight measurements (a) and wire mesh ascending test
time recordings (b). wt, wild-type littermates (n=6). ALS, transgenic ALS rats (n=10).
Male:female ratio 1:1 in both groups. Black arrows represent the average age of symptomatic
disease onset (167.6 days). Dot line depicts the first value in ALS rats that is significantly
different from wild-type littermates. *p < 0.05. ** p < 0.01. ***p < 0.001.
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Fig 2.

Distance traveled and rearing capability, but not resting time, as measured in a Photobeam
Activity System (PAS) identify pre-symptomatic motor deficits. Total distance traveled (a),
total number of rearing events (b) and total resting time (c) as determined over a 15-min time
period in a PAS. wt, wild-type littermates (n=6). ALS, transgenic ALS rats (n=10). Male:
female ratio 1:1 in both groups. Black arrows represent the average age of symptomatic disease
onset (167.6 days). Dot line depicts the first value in ALS rats that is significantly different
from wild-type littermates. *p < 0.05. ** p < 0.01. ***p < 0.001. * 0.05 < p < 0.06.
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Fig 3.

Transgenic ALS rats show a delayed symptomatic disease onset and lifespan compared to
previous reports. Post-symptomatic disease progression based on a modified 5-point motor
score (a). Kaplan-Meier survival curves depict the symptomatic disease onset (DO) and the
end-stage (ES) (b). wt, wild-type littermates (n=6). ALS, transgenic ALS rats (n=10). Male:
female ratio is 1:1 in both groups. Black arrow represents the average age of symptomatic
disease onset (167.6 days). *p < 0.05. ** p < 0.01. ***p < 0.001. * p = 0.0703.
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Summary of methods for identifying pre-symptomatic disease onset, symptomatic disease onset and lifespan.

Evaluation methods

Age in days (range)

Pre-symptomatic disease onset
Peak bodyweight?

Distance traveled in PAS
Ascending time®

Symptomatic disease onset
Observable motor deficits
Rearing events in PAS®

Resting time in PAS

End-stage disease

Lifespang

143.5 £ 12.9 (114-163)
151.3 £19.0 (118-176)
159.6 + 13.3 (138-173)

167.6 + 15.8 (138-187)
165.0 + 15.5 (138-186)
174.3 £ 12.5 (156-191)

188.7 £ 15.2 (165-207)

Mean + SD. ALS transgenic rats (n=10). Male:female ratio is 1:1.

a . . .
Max weight prior to a constant decline

bTotal distance traveled < 6500 cm

c S
Average climbing time > 1.8 sec.
d
Motor score of 4
eTotal rearing events < 60 events
f _—
Total resting time > 450 sec.

gMotor score of 0
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