
BTX-1039 reduced deficits in spatial learning in 8-month and 12-month old mice

Figure 1. Morris water maze.  Mice were released from all four release points in a random order during submerged and cued 
trials.  All trials lasted for a maximum of 90 s.
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 Figure 4.  Percentage of time spent in the target quadrant (mean +/- SEM) 
across treatment groups during the probe trial.  Transgenic (AD) and wild 
type mice (WT) are grouped by treatment with either saline or BTX-1039 
(60 mg/kg or 100 mg/kg). (A) For 8-month-old mice, all groups except the 
AD/saline spent significantly more than 25% of the allotted time in the 
target quadrant (*p<0.05). There were no other significant main effects or 
interactions (all p>0.10). (B) For 12-month-old mice, some groups spent 
significantly more than 25% of the allotted time in the target quadrant (*p< 
0.05).

Figure 6. Path length (mean +/- SEM) to reach the visible platform from 
the release point across treatment groups for each day of testing there 
during cued trials. (A) For 8-month-old mice, there were no significant 
main effects or interactions (all p >0.20).  Analyses within days showed 
that were no significant differences between groups on individual days of 
testing (p>0.05). (B) For 12-month-old mice, path length significantly 
decreased over the three days (p<0.0005). There were no other significant 
effects. 

Histology

Figure 7. Examples of photomicrographs of immunohistochemical staining of Aβ plaques in wildtype mice (A-D) and transgenic mice (E-H). Images depict hippocampus and cotical sections at various magnifications (25-100X).
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Subjects:
•   Subjects were male and female C57BL/6-wild type mice (WT) and 

C57BL/6-Tg(Thy1-APPSwDutIowa)BWevn/Mmjax mice (AD), which expressed the human 770 isoform of 
the APP gene with the Swedish, Dutch, and Iowa mutations.

•   Experiments were conducted with two age classes: 8-months old and 12-months old

•   Subjects received 14 day of i.p. injections prior to behavioral testing:

WT Saline:  wildtype mice injected with saline (n=14-16)
WT 60mg/kg:  wildtype mice injected with 0.2 mL of 60 mg/kg BTX-1039 (n=13-16)
WT 100mg/kg: wildtype mice injected with 0.2mL of 100 mg/kg BTX-1039 (n=14-16)
AD saline:  transgenic mice injected with 0.2 mL saline (n=12-18)
AD/60mg/kg: transgenic mice injected with  0.2mL of 60 mg/kg BTX-1039 (n=12-17)
AD/100mg/kg:  transgenic mice injected with 0.2 mL of 100 mg/kg BTX-1039 (n=10-18)

Water maze testing:

•   6 days submerged trials; 4 trials/day; platform in same quadrant on all trials.
•   1 day probe trials; 1 trial/day; no platform.
•   3 days cued trials; 4 trials/day; platform in new quadrant each day.

Tissue Collection and Histology:
•   Mice were euthanized and perfused with 0.9% NaCl and 4% parafprmaldahyde in a phosphate buffer. 
•   Brains were extracted from perfused mice and post-fixed with 4% PFA solution and then placed in a tris 

buffered saline (TBS) solution until sectioning. Brains were sectioned in to 40 µm coronal sections using a 
vibrating blade microtome. Slices were stored at -20°C in cryoprotectant (tris-buffered antifreeze solution) 
prior to peroxidase Immunohistochemistry.

•   Every tenth brain slices were incubated in a rabbit anti-Aβ primary antibody (Abcamab2539) at a 
concentration of 1:1000 overnight to tag Aβ plaques. Tissue was then incubated in a secondary antibody 
(goat anti-rabbit bioinylated igG, Vector Labs) at a concentration of 1:500 to amplify the signal.

•   Sections were then reacted with ImPACT DAB (Vector Labs) followed by mounting on to Superfrost+ 
microscope slides.

•   Tissue was dehydrated, cleared, and coverslipped with Permount.
•   Quantification of plaques will be conducted using light microscopy.
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•   Alzheimer’s Disease (AD) is a progressive neurodegenerative disorder that manifests as impaired cognition. 
Today there are over 5 million people in the U.S. suffering from AD, a number that is projected to increase in 
the coming years [1].

•   The amyloid cascade hypothesis details the relationship between AD neuropathology and clinical 
symptomology [2]. The increased accumulation of amyloid-beta (Aβ) peptide results in the formation of 
senile plaques that are toxic to the neuronal microenvironment, contributing to vascular dysfunction and 
neurodegeneration [3].

•   AD neuropathology appears several decades prior to the onset of mild cognitive impairment, 
specifically impairing the dorsolateral prefrontal cortex and medial temporal lobe [4]. Atrophy of these 
brain regions impairs the retrieval of declarative memories, executive function, and ability for spatial 
orientation [5].

•   Neurotrophic factors, which enhance neuronal growth and survival, have demonstrated a potential 
therapeutic role in reducing the cognitive symptoms seen in AD patients [6].

•   Ependymin(EPN) is a naturally secretory glycoprotein found in goldfish, monkeys, mice and humans, 
that functions similarly to neurotrophic factors. EPN is implicated in the treatment of AD due to its 
enhancement of memory and learning [7,8]. 

7.   Shashoua, V.E., 1977. Brain protein metabolism and the acquisition of new patterns of behavior. Proc. of the Natl. Acad. of Sci. 74, 1743-47.
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Questions:
1.   Is the APP770 mouse strain is a viable model for the spatial learning and memory de�cits of AD patients?
2.   Does the growth factor mimetic, BTX-1039, restore spatial memory and learning de�cits in an aged mouse 

model of AD?
3.   Do the transgenes appropriately model of the neurological brain changes associated with AD?

Figure 2. Escape latency (mean +/- SEM) to reach the platform for mice 
across treatment groups for each day of testing during submerged trials. 
(A) For 8-month old mice, there was a significant decrease in path length 
across all days of testing (p<0.0005). There was a significant interaction 
of day by drug (p=0.023). Within days analyses revealed that the 100 
mg/kg group performed significantly better than both the 60 mg/kg and 
the saline groups on days 4 and 5 of testing (*p<0.042). There were no 
other significant main effects or interactions. (B) For 12-month-old mice, 
escape latency decreased significantly over the six testing days 
(p<0.0005), but there were no other significant main effects or 
interactions.

Figure 3. Path length (mean +/- SEM) to reach the platform across 
treatment groups for each day of testing during submerged trials. (A) For 
8-month-old mice, there was a significant decrease in path length across 
all days of testing (p<0.0005). There were no other significant main effects 
or interactions (all p>0.10). Analyses within days showed that the 
AD/saline group performed significantly worse than all other groups on 
days 2-4 of testing (*p<0.005). (B) For 12-month-old mice, path length 
decreased significantly over the six days (p<0.0005). There was a 
significant main effect of strain showing longer path length to the platform 
in the AD mice (p=0.002). There were no other significant main effects or 
interactions.

Figure 5.  Escape Latency (mean +/- SEM) to reach the visible platform 
from the release point across treatment groups for each cued trial day. (A) 
For 8-month-old mice, escape latency decreased significantly over the 
three days (p<0.0005). There were no other significant effects. (B) For 
12-month-old mice, escape latency decreased significantly over the three 
days (p<0.0005). There were no other significant effects.

0

10

20

30

40

50

60

70

80

90

1 2 3 4 5 6

Es
ca

p
e 

La
te

n
cy

 (
s)

Testing day

Submerged trials-12 month B

0

2

4

6

8

10

12

1 2 3 4 5 6

P
at

h
 L

en
gt

h
 (m

)

Testing day

Submerged trials-12 month B

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

1 2 3

P
at

h
 le

n
gt

h
 (m

)

Testing day

Cued Trials-12 month B

1.) The APP770 transgenic mouse strain is a viable behavioral model of AD. The APP770 mice had 
spatial learning and memory deficits, as demonstrated by their poor performance during probe and 
submerged trials. Differences between strains are clear in both the 8- and 12-month-old mice.

2.) BTX-1039 reduced some cognitive symptoms of AD. Treatment with 60 or 100 mg/kg of BTX-1039 
reduced learning deficits during some of the submerged trials among 8-month-old mice but had no 
clear effects on probe trials or cued trials for the 8-month-old mice. This suggests that the drug may 
have its strongest effects on learning of hippocampus-dependent tasks. For the 12-month-old AD 
mice, treatment with 100 mg/kg of BTX-1039 enhanced performance during the probe trial, suggesting 
that for this group, the drug is effecting long term memory processes.

3.) The APP770 transgenic mouse strain is a viable neurological model of AD. Preliminary 
comparison of Aβ plaque load in the AD strain and lack thereof in the wildtype strain is an indication 
that the APP transgenic strain provides a reasonable model of AD. The stark contrasts between the 
two strains are evident at all magnification levels that we have examined.

4.) The 12-month-old mice show more age-related decline than the 8-month-old mice.12-month old 
mice showed greater memory deficits during the submerged trials than the 8-month old mice.
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