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reference learning and memory. This was followed by radial 
arm water maze (RAWM) to measure working memory and 
ended with contextual fear conditioning (FC) to measure asso-
ciative memory. In each of these tasks, performance of the pre-
treatment group was markedly impaired compared with TTA 
controls, confirming that the APP/TTA mice displayed substan-
tial cognitive deficits before intervention (Fig. 6, A, C, and D). 
The comparisons in which we were most interested, however, 
were not between genotypes but between treatment condi-
tions, and specifically between the pretreatment and post-
treatment groups. From this perspective, only mice given dox 
+ Ab9 improved significantly across all three tasks compared 

with pretreatment performance, as described in detail below 
(Fig. 6, A–D; and Table S1).

We chose a train-to-criteria version of MWM so that we could 
distinguish learning from recall, and where relevant, test treat-
ment effects on both. In this task, the rate of learning is mea-
sured by the number of days required to reach a preset perfor-
mance level in probe trials conducted at the end of each training 
session. Dox + Ab9 was the only posttreatment group that took 
significantly fewer days to reach criterion performance than pre-
treatment (Fig. 6 A and Table S1). Despite their residual fibrillar 
pathology, dox + Ab9 mice learned this task as quickly as TTA 
controls. Dox + Ab9 was also the only group that showed faster 

Figure 4. Therapeutic reduction of extracellular Aβ allowed clearance of intraneuronal pathology. (A) Representative images of ubiquitin immunohisto-
chemistry for dystrophic neurites. Top row shows immunostaining in cortex and dorsal hippocampus at low magnification. Higher-magnification images (bottom 
row) show a single neuritic plaque to illustrate the remediation of neuritic swellings with dox and dox + Ab9 treatment. Bars: (top row) 500 µm; (bottom row) 
50 µm. (B) Quantification of ubiquitin immunostaining as percent of cortical surface area. Dashed line indicates mean area of ubiquitin signal in pretreatment 
animals. (C) Representative immunofluorescence for the lysosomal marker LAMP1. Top row shows immunostaining in cortex and dorsal hippocampus at low 
magnification. Gray lines indicate rough location of pial surface and corpus callosum. Higher-magnification images (bottom row) show LAMP1 signal surround-
ing a single representative plaque in each condition. Bars: (top row) 500 µm; (bottom row) 50 µm. (D) Quantification of LAMP1 immunostaining as percent 
of cortical surface area. Dashed line indicates mean area of LAMP1 signal in pretreatment animals. (E) TFEB immunofluorescence (red) was not localized to 
plaques but appeared diffusely throughout the cortex, with lower signal intensity in dox and dox + Ab9 groups. Bar, 50 µm. (F) Representative Western blot 
for hippocampal TFEB expression. (G) Quantification of TFEB Western blots, expressed relative to GAP​DH n = 8/group (3 for TTA). Dashed line in scatter plot 
indicates normalized mean TFEB expression in TTA control animals. TTA values in this and subsequent figures are for illustration only; statistical comparisons 
included only APP/TTA groups. Post hoc comparisons against pretreatment are shown; other post hoc comparisons are listed in Table S1. n = 9–11/group for 
histological analysis and n = 8/group for protein analysis. *, P < 0.05; **, P < 0.01; ****, P < 0.0001; #, P = 0.054. Error bars show means ± SEM.
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