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Abstract

Neuronal protein synthesis is essential for long-term memory consolidation. Conversely,
dysregulation of protein synthesis has been implicated in a number of neurodegenerative
disorders, including Alzheimer’s disease (AD). Several types of cellular stress trigger the
activation of protein kinases that converge on the phosphorylation of eukaryotic
translation initiation factor 2o (elF2a-P). This leads to attenuation of cap-dependent
MRNA translation, a component of the integrated stress response (ISR). We show that
AD brains exhibit increased elF2a-P and reduced elF2B, key components of the elF2
translation initiation complex. We further demonstrate that attenuating the ISR with the
small molecule compound ISRIB (ISR Inhibitor) rescues hippocampal protein synthesis
and corrects impaired synaptic plasticity and memory in mouse models of AD. Our
findings suggest that attenuating elF2a-P-mediated translational inhibition may comprise

an effective approach to alleviate cognitive decline in AD.
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Introduction

Alzheimer’s disease (AD) is the most prevalent form of dementia, affecting more
than 35 million people worldwide. Pathological hallmarks of AD include brain
accumulation of the amyloid-p peptide (AB) and of neurofibrillary tangles composed of
hyperphosphorylated tau protein, neuroinflammation, synapse failure/loss, and
neurodegeneration, ultimately culminating in memory failure (1). Despite major progress
in the elucidation of mechanisms of pathogenesis in recent years, AD is still a disease in
urgent need of effective therapeutics capable of preventing and/or blocking progressive
cognitive deterioration. Given the complex nature of AD, identification of molecular
pathways and targets that effectively improve cognition has been challenging.

De novo protein synthesis plays a key role in synaptic plasticity and long-term
memory consolidation (2-7). Initiation of cap-dependent mRNA translation involves the
formation of a ternary complex comprising Met-tRNA, GTP and the eukaryaotic initiation
factor 2 (elF2) complex. Activity of elF2B, a guanine exchange factor (GEF), allows
continuous ribosome assembly and mRNA translation (8). This step is tightly regulated
by phosphorylation of elF2 on its alpha subunit (elF2a-P), which inhibits the GEF activity
of elF2B and attenuates global translation (9, 10).

Various cellular stress stimuli trigger activation of elF2a kinases causing
phosphorylation of elF2a in a process termed the Integrated Stress Response (ISR). The
ISR attenuates global cap-dependent protein synthesis while favoring the translation of a
specific subset of MRNAs that help to restore cellular homeostasis (11). Increased
translation of activating transcription factor 4 (ATF4, also known as CREB-2) is thought

to be a central mediator of the ISR (12).


https://doi.org/10.1101/2020.10.19.344564

bioRxiv preprint doi: https://doi.org/10.1101/2020.10.19.344564; this version posted October 19, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

80 Mounting evidence implicates aberrant ISR and elF2a-P in brain disorders,
81 including traumatic brain injury, prion disease, Down syndrome, and AD (13-23). ISR
82 markers are elevated in AD brains (16, 24, 25), as well as in the brains of mouse models
83 of AD (15, 16, 26). We previously demonstrated that either genetic ablation or inhibition
84 of elF2a kinases rescues synapse function and memory defects in AD mouse models
85 (15, 16). We thus hypothesized that rescuing brain protein synthesis downstream of
86 elF2a-P might be an attractive approach to correct cognitive impairment in AD.
87 Herein, we report that AD brains exhibit increased elF2a-P levels accompanied by
88  reductions in elF2B subunits. The ISR inhibitor, ISRIB, a small molecule compound that
89 stimulates elF2B activity even in the presence of elevated elF2a-P (27-29), rescued
90 reduced hippocampal protein synthesis and corrected impaired synaptic plasticity and
91 memory in AD model mice. Our findings suggest that targeting dysregulated brain
92 translational control by elF2a may represent an effective approach to combat cognitive
93 failure in AD.
94
95 Results
96 AD brains present increased elF2a-P and reduced elF2B subunit levels
97 We first confirmed that cortical extracts from AD brains (see Supplementary Table
98 1 for demographics) displayed increased elF2a-P (Fig. 1A), consistent with previous
99 findings (16, 24). No changes in total levels of the o and y subunits of elF2 were detected
100 (Fig. 1B,C). In contrast, both o (required for assembly) and ¢ (catalytic) subunits of elF2B
101  were substantially reduced in AD (Fig. 1D,E). These results indicate that altered
102 translation initiation in AD brains is associated with ISR activation (as assessed by elF2a-
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103  P) and with reductions in elF2B subunits. Because mRNA translation is central to long-
104 term memory consolidation, these findings suggest that rescuing brain elF2-mediated
105 translation could be a target to treat memory failure in AD.

106

107 ISRIB prevents elF2a-P-induced impairment of long-term memory in mice

108 We performed a proof-of-concept study to determine whether the ISR inhibitor,
109 ISRIB, could prevent memory impairment caused by brain accumulation of elF2a-P.
110 ISRIB has been shown to bind to and stabilize the elF2B complex in its active form,
111  thereby bypassing elF2a-P to stimulate the free elF2B pool (29). We first determined
112  whether systemic (i.p.) administration of ISRIB resulted in its accumulation in the mouse
113  brain. To this end, we administered ISRIB (0.25 mg/kg, i.p.) to mice for six consecutive
114 days and measured ISRIB concentrations in plasma and brain extracts by mass
115 spectrometry. Results showed that ISRIB could be detected in both plasma and brain at
116  4- and 24-hours following drug administration (Fig. 2A).

117 In another set of experiments, C57BL/6 mice were given daily injections of
118 salubrinal (1 mg/kg, i.p., for 5 consecutive days; Fig. 2B), an inhibitor of elF2a
119 dephosphorylation). Long-term memory was then assessed using the Novel Object
120 Recognition (NOR) and Contextual Fear Conditioning (CFC) tasks. Treatment with
121  salubrinal impaired long-term memory in both NOR (Fig. 2C) and CFC (Fig. 2D) tests.
122 Systemic treatment of mice with ISRIB (0.25 mg/kg, i.p.) prevented memory impairments
123  induced by salubrinal in both NOR and CFC tests (Figs. 2C-D). ISRIB did not prevent the
124  increase in hippocampal elF2a-P caused by salubrinal administration in mice (Fig. 2E)

125  but blocked the accumulation of ATF4, a central mediator of the ISR (Fig. 2F). These
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126  findings are consistent with the notion that ISRIB acts downstream of elF2o.-P to restore
127 memory, and indicate that systemically administered ISRIB reaches the brain and
128  prevents memory impairments induced by the accumulation of elF2a-P.

129

130 ISRIB prevents elF2 a-P-mediated impairment in long-term memory in an acute model of
131  Alzheimer’s disease

132 We next asked whether ISRIB could counteract the activation of ISR and memory
133  deficits that are induced by amyloid-p oligomers (ABOs), toxins that accumulate in AD
134 brains and cause elF2a-P-mediated synapse and memory failure (1, 15, 30). To
135 investigate this possibility, C57BL/6 mice received a single intracerebroventricular (i.c.v.)
136 infusion of ABOs (10 pmol, expressed as AB monomers; (15, 31, 32) followed by
137 administration of ISRIB (0.25 mg/kg, daily, i.p.) for the duration of the experiment (Fig.
138 3A). Because ISRIB has been reported to trigger pro-mnemonic effects (Sidrauski et al.,
139  2013), we did not inject ISRIB between training and test sessions of memory tasks. I.c.v.
140 infusion of ABOs induced hippocampal elF2a-P (Fig. 3B) and increased ATF4 levels (Fig.
141  3C). Treatment with ISRIB counteracted the increase in hippocampal ATF4 protein levels
142 (but not mRNA,; Figs. 3C and S1A) without affecting elF2a-P levels (Fig. 3B).

143 We then hypothesized that ISRIB could correct translation defects induced by
144  ABOs. To test this hypothesis, we exposed ex vivo mouse hippocampal slices to ABOs (1
145 uM) in the absence or presence of ISRIB (0.2 uM) and assessed de novo protein
146  synthesis using SUNSET (33). We found that ISRIB prevented hippocampal translational
147  repression induced by ABOs (Fig. 3D). Similar results were obtained in primary neuronal

148  cultures using BONCAT (34) (Fig. 3E).
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149 We further found that dendritic spine density was reduced in hippocampal CA1l in
150 mice that received an i.c.v. infusion of ABOs, and that systemic treatment with ISRIB
151 restored spine density in ABO-infused mice (Fig. 3F). i.c.v. infusion of ABOs caused
152  reductions in hippocampal synaptophysin, PSD-95 and BDNF, and treatment with ISRIB
153  had no effect on these proteins (Fig. S1B-E).

154 We next tested whether systemic treatment with ISRIB could prevent ABO-induced
155  cognitive impairment. We found that ISRIB prevented ABO-induced long-term memory
156 failure in both NOR (Fig. 3G) and CFC (Fig. 3H) tasks. Control measurements showed
157  no differences in locomotor or exploratory activities in mice that received an ABO infusion
158 and/or were treated with ISRIB (Fig. S2A-C), and no differences in the training phase in
159 either NOR or CFC tests (Fig. S2D,E). These findings indicate that ISRIB corrects ABO-
160 instigated elF2a-P-dependent hippocampal translational repression, attenuates dendritic
161  spine loss, and rescues memory impairments in mice.

162

163 ISRIB restores synapse function and memory in a transgenic mouse model of AD

164 Next, we investigated whether ISR inhibition could reverse deficits in synaptic
165 plasticity and memory in 10-13 month-old APPswe/PS1AE9 mice, a transgenic mouse
166  model of AD characterized by age-dependent brain accumulation of Ap (35). We initially
167 investigated the effect of ISRIB on long-term potentiation (LTP) in hippocampal slices
168 from APPswe/PS1AE9 mice. Whereas slices from APPswe/PS1AE9 mice failed to
169 maintain LTP at CA1 Schéffer collateral synapses following tetanic stimulation, treatment
170  with ISRIB restored LTP (Fig. 4A-B). We further found that ISRIB restored spine density
171  in pyramidal neurons from hippocampal CA1 region of APPswe/PS1AE9 (Fig. 4C).

8
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172 To determine the effect of ISRIB on long-term spatial memory, we treated
173  APPswe/PS1AE9 mice (or WT littermates) with ISRIB (0.25 mg/kg, i.p.) daily for two
174  weeks before testing in the Morris water maze (MWM). This protocol was found to
175 alleviate the ISR in the hippocampus, as assessed by total levels of GADD34 (Fig. S3).
176 ISRIB improved learning in APPswe/PS1AE9 mice, as indicated by faster learning curves
177  compared to saline-treated APPswe/PS1AE9 mice (Fig. 4D), but did not improve memory
178 retention assessed in the MWM probe trial (Fig. 4E). However, ISRIB improved long-term
179  contextual memory of APPswe/PS1AE9 mice in the CFC test (Fig. 4F). Control
180 experiments showed that APPswe/PS1AE9 (or WT) mice treated with ISRIB had no
181 changes in locomotor or exploratory activities, and their weights were similar to control
182 animals (Fig. S4A-D). Results thus showed that treatment with ISRIB restores synaptic
183  plasticity and memory in APPswe/PS1AE9 mice.

184 We proceeded to determine whether treatment with ISRIB affected amyloid
185 deposition in the brains of APPswe/PS1AE9 mice. We found that ISRIB-treated
186 APPswe/PS1AE9 mice had reduced mean amyloid plaque size (Fig. 4G-I), but increased
187  plaque density in the hippocampal formation (Fig. 4J-K). Total AB42 in the hippocampus
188 (Fig. 4L) and cortex (Fig. 4M) was unchanged by treatment. We hypothesized that the
189 reduced mean plaque size in APPswe/PS1AE9 mice treated with ISRIB could be due to
190 altered plaque phagocytosis by glial cells. APPswePS1AE9 mice exhibited increased
191 hippocampal immunoreactivities for Iba-1 (microglial marker) and GFAP (astrocytic
192  marker) compared to WT mice (Fig. S5). Treatment with ISRIB had no effect on either
193 Iba-1 (Fig. S5A-C) or GFAP (Fig. S5D-F) immunoreactivities in the hippocampi of

194 APPswe/PS1AE9 mice. Collectively, our findings indicate that ISRIB attenuates

9
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195 translational repression, restores synaptic plasticity and memory independently of
196  amyloid burden in AD models.

197

198 Discussion

199 Activation of the ISR and attenuation of brain protein synthesis have been
200 implicated in memory deficits in AD (15, 16, 24-26) and in other neurodegenerative
201 disease (13-23), supporting the notion that correcting defective brain protein synthesis
202  might comprise an effective therapeutic target in AD. Because three out of four known
203 elF2a kinases have been shown to play pathogenic roles in AD (15, 16, 24, 25, 36, 37),
204 identifying approaches that act downstream of elF2a-P may comprise a more viable
205 strategy to alleviate cognitive impairment than simultaneously targeting individual
206  kinases. Here, we show that treatment with ISRIB, a small molecule compound that
207 targets ISR downstream of elF2a, restores synaptic plasticity and long-term memory
208 defects in AD mouse models.

209 ISRIB has been shown to improve symptoms in rodent models of traumatic brain
210  injury, vanishing white matter disease, Down syndrome, SOD1-linked amyotrophic lateral
211  sclerosis (38), and prion disease (18, 19, 22, 23, 39). However, two previous studies have
212  reported no beneficial effects of ISRIB in AD model mice (40). We note that, in contrast
213  to our approach, the previous studies treated AD model mice with a single high-dose i.p.
214  injection of ISRIB (2.5-5 mg/kg). Briggs et al. (2017) further reported that prolonged
215 treatment of Tg2576 mice with 5 mg/kg ISRIB led to increased mortality (40), which differs
216  from our approach to treat mice with a low-dose of ISRIB (0.25 mg/kg) for several days,

217  which resulted in its detection in the plasma and brains of mice (as shown by LC-MS/MS).

10
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218 Using this dosing regimen, we demonstrate beneficial effects of ISRIB on synapse
219 function and cognitive performance in two different mouse models of AD.

220 ISRIB was originally described as a memory-enhancing compound (27), and its
221  mechanism of action has now been extensively investigated. ISRIB binds to a regulatory
222  site and stabilizes elF2B, stimulating its GEF activity independently of elF2a-P (29), thus
223 favoring translational derepression. To the best of our knowledge, no off-target effect of
224 ISRIB has been reported.

225 Our ISRIB dosing regimen (low dose for several days) effectively restored elF2a-
226  dependent translational control in AD mice, without noticeable biochemical or cognitive
227  effects in WT control mice. Differences between our results and those of Sidrauski et al.
228  (27) may be due to the fact that, in their case, a single and higher dose of ISRIB (5 mg/kg)
229  was administered within a critical window for memory consolidation, during which de novo
230  protein synthesis is essential for the persistence of newly formed memories (41). This is
231 in line with previous reports showing that ISRIB modifies the ISR under conditions of
232 increased elF2a-P, but not under basal conditions (42), (43).

233 We found that ISRIB had a mild effect on aberrant hippocampal Atf4 mRNA
234  expression in ABO-infused mice. Although not a canonical ISR event, increased Atf4
235 mRNA expression has been described as a consequence of ISR under some
236  circumstances (44) (45). Altogether, these data are consistent with the notion that ISRIB
237  acts downstream to elF2a-P, restoring AD-linked molecular/cellular defects that are likely
238  driven by chronic low-grade activation of ISR.

239 Our findings indicate that ISRIB subtly alters amyloid pathology (reduced mean

240 plaque size; increased plaque density) without altering total Ap42 load in the brains of
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241  APPswe/PS1AE9 mice. One possibility is that the change in amyloid deposits may result
242  from overall resetting of proteostasis induced by ISRIB. Future studies aiming to identify
243  modifications induced by ISRIB treatment in the pool of mMRNAs being translated may
244 reveal specific mechanisms of translational control of amyloid deposition.

245 We found no evidence of decreased microglial activation or astrocyte reactivity in
246  ISRIB-treated APPswe/PS1AE9 mice. Thus, it is conceivable that correction of elF2-
247  dependent translational defects restores memory independently of key hallmarks of the
248 disease (total AP accumulation, glial reactivity) raising the prospect that boosting this
249 mechanism may improve cognitive function in patients already exhibiting noticeable
250 neuropathology.

251 ISRIB rescued impaired synaptic plasticity in the hippocampus of
252 APPSwe/PS1AE9 mice, in line with data showing that genetic correction of elF2a-P levels
253 in neurons restores synaptic plasticity in APPswe/PS1AE9 mice (16). Moreover, we found
254  that ISRIB rescued reduced dendritic spine densities in both ABO-infused mice and
255 APPSwe/PS1AE9 mice. These observations suggest that the beneficial effects of ISRIB-
256 induced translational derepression on memory are linked to improved synapse stability
257  and function.

258 Our results further demonstrate a selective reduction in elF2B subunits in AD
259  brains, consistent with a recent single-nucleus transcriptomic study showing that EIF2B5
260 expression is reduced in AD neurons (46). Although we cannot yet ascertain to what
261  extent the reduction in elF2B subunits affects protein synthesis in AD, it is reasonable to
262  expect that GDP recycling and translation are impaired under those conditions. Thus,

263  ISRIB might still be effective by stimulating elF2B assembly (47) and the GEF activity of

12
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264  the remaining pool of elF2B. This is consistent with our observation that acute treatment
265  with ISRIB rescued LTP in hippocampal slices from APPswe/PS1AE9 mice.

266 In conclusion, our findings establish elF2a-P-dependent translational repression
267 as a potentially druggable target in AD, and open new avenues to investigate the
268  molecular mechanisms by which dysfunctional elF2 signaling contributes to translational
269 repression in AD. Because the solubility of ISRIB might pose limits to its clinical
270 application, strategies aimed to attenuate the ISR or increase elF2B activity by using
271  novel elF2B activators (22) or repurposed compounds (48) may prove effective to target
272  brain protein synthesis and ward off cognitive decline in AD.

273

274  Materials and Methods

275 Ethics. All experiments with mice were carried out in accordance with the
276  “Principals of Laboratory Animal Care” (US National Institute of Health) guidelines and
277  performed under protocols approved and supervised by the Institutional Animal Care and
278 Use Committees of the Federal University of Rio de Janeiro (protocol number

279  1BQMO039/16) and New York University (protocol number 09-1332).

280 Postmortem human brain tissue. Brain samples (prefrontal cortex) from non-
281  cognitively impaired and AD patients (defined by neuropathological criteria) were
282 obtained from the Emory University Brain Bank. Experimental procedures involving
283 human tissue were in compliance with the NYU Institutional Review Board (IRB).
284  Specimen information can be found in Supplementary Table 1. Post-mortem interval

285 (PMI) varied among donors, but average PMI was similar in AD versus control brains.
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286 Animals. For the i.c.v. ABO-infusion model, we used three-month-old male and
287 female C57BL/6 mice, equally divided amongst experimental groups. To assess any
288 potential sex bias, we analyzed all groups divided by sex. Mice were obtained from the
289 animal facility at the Federal University of Rio de Janeiro and were maintained on a 12 h
290 light/dark cycle with food and water ad libitum, with 5 mice per cage. Transgenic
291 APPswePS1AE9 mice (B6/C3 background, JAX#34829) and WT littermates were
292 obtained from the New York University animal facility. Male and female mice (10-13
293 month-old) were used, and results were analyzed grouping both sexes together. Mice (4
294  to 5 per cage) were kept on a 12 h light/dark cycle with food and water ad libitum. For
295 every experiment, mice were pseudo-randomized into the different experimental groups,
296 and allocation of animals of the same cage in one experimental condition was avoided.
297 Reagents. ISRIB (> 98% purity) was from Sigma-Aldrich. APi-42 was purchased
298 from California Peptide. Culture media and IR dye-conjugated secondary antibodies were
299 from Li-Cor. Streptavidin-HRP, Streptavidin-AF594, ProLong anti-fade reagent, Tris-
300 glycine gels, and A2 ELISA kits were from Invitrogen. Anti-puromycin antibody (12D10)
301 was from EMD Millipore. Anti-ATF4, anti-GFAP, anti-elF2Ba, anti-elF2Be, anti-elF2y,
302 anti-pB-actin antibodies, and BDNF ELISA kits were from Abcam. Anti-elF2a-P(Ser51),
303 anti-elF2a and anti-B-tubulin were from Cell Signaling Technology. 6E10 antibody was
304 from Enzo Life Sciences. Biotin-conjugated anti-lbal was from Wako Fujifim. BCA
305 protein assay kit was from Thermo Fisher. Laemmli Buffer (4x) was from Bio-Rad. Alkyne-
306 conjugated biotin and Protein Reaction Buffer kit were from Click Chemistry Tools.

307 ISRIB determination by LC-MS/MS. Analysis of plasma and brain samples were

308 conducted on a QTRAP 4500 triple quadrupole mass spectrometer (Applied Biosystems

14
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309 SCIEX) in the positive ion mode and interfaced with an Ekspert ultraLC 100-XL UHPLC
310 System (Eksigent). Calibration standards (0.003 to 10 uM ISRIB) and quality controls
311 (0.02, 0.2 and 2.0 uyM) were prepared in naive mouse plasma in parallel with mouse
312 plasma study samples (60 pL) by precipitation with three volumes of ice-cold internal
313 standard solution (acetonitrile containing 20 uM theophylline). Precipitated samples were
314  centrifuged at 6,100 x g for 30 min at 4 °C. Following centrifugation, an aliquot of each
315 supernatant was transferred to an autosampler vial and diluted with two volumes of
316 aqueous mobile phase (0.2% formic acid in water). Samples were injected onto a reverse
317  phase analytical column (YMC Triart C18; 2.0 x 50 mm; 1.9 ym; YMC CO) and eluted
318 with a gradient of 0.2% formic acid in acetonitrile. ISRIB and internal standard were
319 monitored by a multiple reaction monitoring (MRM) experiment using Analyst software
320 (v1.6.2, Applied Biosystems SCIEX). Quantitation was conducted using MultiQuant
321  software (v2.1, Applied Biosystems SCIEX) and the resulting calibration curve was fitted
322 by linear regression and 1/x weighting. The lower limit of quantitation (LLOQ) was 0.003

323 pM.

324 Preparation and characterization of amyloid-g oligomers (AfOs). ABOs were
325 prepared as described (49), and each and every preparation was characterized by size-
326  exclusion chromatography (SEC-HPLC), as previously described (15, 31, 32, 50). ABO
327  preparations were kept at 4 °C and used within 48 h of preparation.

328 Primary neuronal cultures. Pregnant mice were euthanized on the 19" day of
329 gestation, and embryonic brains were collected. Hippocampi and cortices were dissected
330 and homogenized in HBSS containing 0.37% D-glucose. Tissue lumps were removed

331 with a cell restrainer, the cell suspension was centrifuged at 1,500 rpm/5 min and the
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332  pelletwas re-suspended in DMEM containing 10% fetal bovine serum (FBS). Cell number
333 was estimated using a Neubauer chamber. Cells were plated in (poly-L-lysine + laminin)-
334 coated plates and incubated at 37 °C in a 5% CO2 atmosphere for 1h. DMEM was then
335 replaced by Neurobasal medium supplemented with Pen/Strep, Glutamax and 2% B27.
336  Cultured primary neurons were maintained at 37 °C in a 5% CO2 atmosphere for 10 days
337  for maturation before experiments. Cells were treated on DIV 12-13 with 0.5 uM ABOs (or
338 vehicle) in the absence of presence of 0.2 uM ISRIB, prepared as previously described
339 (19).

340 Western blotting. Human and mouse brain tissue samples were homogenized by
341 sonication in RIPA buffer + Halt Protease/phosphatase inhibitor cocktail. Homogenates
342  were centrifuged at 10,000 x g/10 min at 4 °C, and the supernatant was harvested for
343  Western blot analysis. Protein concentration was determined by BCA, following
344  manufacturer’s instructions. Protein samples were prepared to a final concentration of 5
345  pg/ul in 4x Laemmli buffer (Bio-Rad) containing 25 mM DTT. Samples were boiled for 3
346  min and 50 ug total protein were loaded per lane and resolved in 4-12% SDS-containing
347  Tris-glycine gels. Proteins then were transferred to PVDF or nitrocellulose membranes.
348 Primary antibodies were used in the following dilutions: 1:10,000 anti-B-actin; 1:2,500
349 anti-puromycin; 1:1,000 anti-ATF4, anti-elF2a, anti-elF2a-P; 1:500 anti-elF2Bg, anti-
350 elF2Ba, anti-elF2y. Secondary antibodies, either IR dye-conjugated (Li-Cor) or
351 horseradish peroxidase (HRP)-conjugated, were used at 1:10,000 dilution. ECL plus was
352 used to develop HRP-labeled blots.

353 RT-PCR. Total RNA was extracted from cultures using the SV Total RNA Isolation

354  System (Promega), following manufacturer’s instructions. RNA concentration and purity
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355 were determined by absorption at 260 nm and 280 nm. For quantitative real-time reverse
356 transcription PCR (QRT-PCR), 1 ug of total RNA was used for complementary DNA
357 (cDNA) synthesis using the High Capacity cDNA Reverse Transcription kit (ThermoFisher
358 Scientific). Quantitative expression analysis of targets was performed on a 7500 Fast
359 Real-Time PCR system (ThermoFisher Scientific) with the Power SYBR Green PCR
360 Master Mix. B-Actin (actb) was used as an endogenous reference gene for data
361 normalization. gRT-PCR was performed in 15 pl reaction volumes. Primer sequences
362 used for Atf4 and Actb amplification were: Fwd Atf4 — CCACCATGGCGTATTAGAGG;
363 Rev ATF4 - CTGGATTCGAGGAATGTGCT, Fwd Actb -
364 TGTGACGTTGACATCCGTAAA; and Rev Actb - GTACTTGCGCTCAGGAGGAG. Cycle
365 threshold (CT) values were used to calculate fold-changes in gene expression using the
366 222Ctmethod (51).

367 ELISA. Tissue samples were homogenized in 100 mM Tris, 150 mM NaCl, 1 mM
368 EGTA,1 mMEDTA, and 1% Triton X-100, supplemented with protease and phosphatase
369 inhibitor cocktail (ThermoFisher). ELISAs for BDNF and APs2 were run following
370  manufacturer’s instructions.

371 BONCAT. Bio-Orthogonal Noncanonical Amino Acid Tagging (BONCAT) was
372  utilized for de novo protein synthesis assessment (52). Primary neuronal cultures had
373 their medium replaced by methionine-free RPMI supplemented with 2% B27, 1%
374  Glutamax and 0.25% glucose. Cells were incubated for 30 min to allow for methionine
375 starvation and azidohomoalanine (AHA), a methionine analog azide, was added at 1 mM
376 final concentration to label newly synthesized proteins. ABOs (0.5 pM) and/or ISRIB (0.2

377 uM) were added, and cells were incubated for 2 h at 37 °C. Cellular content was harvested
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378 using RIPA buffer (Pierce) supplemented with Halt Protease/Phosphatase inhibitor
379  cocktail. Protein levels were determined using the BCA method (Thermo Pierce). AHA-
380 conjugated proteins were biotinylated using the Protein Reaction Buffer kit (Thermo
381 Fisher), following manufacturer's instructions. Newly synthesized proteins were
382 precipitated using streptavidin-conjugated resin and were detected by Western blotting
383  using streptavidin-conjugated HRP (1:2,000).

384 SUNSET. Hippocampal slices were prepared as previously described (16). Briefly,
385 400 um hippocampal slices were obtained using a chopper, and recovered in artificial
386  cerebrospinal fluid (aCSF) for 1h. Slices were then exposed to 1 uM ABOs (or vehicle) in
387 the absence or presence of 0.2 uM ISRIB for 3h. Puromycin was added to the media to
388 a final concentration of 5 pg/ml during the last hour of the experiment. After incubation,
389 slices were flash frozen and processed for Western blotting. Puromycin incorporation was
390 quantitated as a measure of newly synthesized proteins. The representative image shown
391 in Figure 3J had its brightness level linearly increased solely for visualization purposes,
392  but quantification of incorporated puromycin was performed in raw images without any
393  manipulation.

394 Animal treatments. Intracerebroventricular (i.c.v.) infusions of ABOs were
395 performed as described previously (15, 31, 32, 53). Mice were anesthetized briefly with
396 2% isoflurane and ABOs were injected 1 mm to the right of the midline point equidistant
397 of each eye and 1 mm posterior to a line drawn through the anterior base of the eyes.
398 Mice were then placed back in their cages.

399 Mice were injected daily intraperitoneally with 0.25 mg/kg ISRIB or vehicle (200 pL

400 per injection). Treatment regimen is described in each section of “Results” and followed
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401 a protocol previously established in literature, known to have a beneficial effect in a
402  murine model of prion disease (18). Using this protocol, Halliday and co-workers (2015)
403 showed that substantial amounts of ISRIB reached the brain and persisted for at least
404  24h. For salubrinal experiments, mice were concomitantly injected daily with ISRIB (0.25
405 mg/kg) and salubrinal (1 mg/kg). Results obtained in this study were used as a template
406  for subsequent studies using AD mouse models.

407 Behavioral analyses. Long-term memory was assessed using the Novel Object
408 Recognition (NOR), Contextual Fear Conditioning (CFC), and Morris water maze (MWM)
409 tests, as described below. Locomotor activity was assessed in an Open Field Arena
410 (OFA). In all behavioral experiments, the experimenter was blinded to the groups tested.
411 Animals that had biased exploration during training in the NOR (100% exploration of a
412  specific object during training phase) were excluded from analysis. In the MWM, mice
413 that did not swim during trials were excluded from both the learning analysis and the
414  probe trial. Finally, in the CFC task, mice with unaltered behavior after being shocked
415 were excluded from the analysis.

416 Novel Object Recognition. Tests were carried out using a NOR box (30 x 30 x 50
417  cm). In the training phase, mice were exposed to two identical objects, which they were
418 allowed to freely explore for 5 minutes. Time spent exploring each object was recorded
419  and twenty-four hours later, in the test phase, one of the objects was replaced by a novel
420 object. Mice again were exposed to the objects for 5 minutes, and the total exploration
421 time of both old (familiar) and new (novel) objects were determined. Discrimination index
422  was determined by: (Tnovel — Ttamiliar) / (Tnovel + Ttamiliar). After the task was completed, mice

423  were placed in a different arena for 5 minutes, where total distance, average velocity and
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424 total time spent at the periphery were recorded and determined using ANY-Maze software
425  (Stoelting Co.).

426 Contextual Fear Conditioning. To assess contextual fear memory, a two-phase
427  protocol was used, as described (15, 54) with minor modifications. In the training phase,
428 mice were presented to the conditioning cage (40 x 25 x 30 cm), which they were allowed
429 to freely explore for 2 minutes followed by application of a single foot shock (0.35 mA) for
430 2 s. Mice were kept for another 30 s in the cage and removed. On the next day, mice
431 were presented to the same cage for 5 minutes without receiving a foot shock. Freezing
432  behavior was recorded automatically using the Freezing software (Panlab) and was used
433 asamemory index. For APPSwe/PS1AE9 mice, due to the extensive memory impairment
434  in these mice, protocol included 2 min of free exploration, followed by two foot shocks
435 (0.8 mA), 2 s each, spaced by 30 s. Mice were then kept for another 2 min in the cage
436  and removed.

437 Morris water maze. The Water Maze test was carried out as previously described
438 (16, 55). Briefly, 3 training sessions per day were carried out for 5 days, except in the first
439 day, when mice were trained in 4 sessions. Time to reach the platform was recorded as
440 a measure of learning capacity. Average velocity and total distance traveled in the pool
441  were recorded as control locomotor parameters. Probe trials were performed for 1 minute
442 24 h after the last training session. Time spent in the target quadrant was recorded as a
443  memory output. Recording was performed using Ethovision software.

444 Open Field Arena. Locomotor activity in APPswePS1AE9 mice was assessed
445  using the OFA (Med Associates Inc). Mice were allowed to freely explore the box for 15

446  min, during which their movement was recorded using Activity MDB software (Med
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447  Associates Inc). Total distance traveled, average velocity and total time spent at the
448  periphery were recorded.

449 Golgi staining. Mice were euthanized and whole brains were carefully harvested,
450 rinsed in PBS and prepared for Golgi staining using the FD Rapid Golgi Kit (FD
451  Neurotechnologies) following manufacturer’s instructions. Briefly, brains were immersed
452  in a mixture containing solutions A and B (1:1) for 14 days protected from light, with gentle
453  swirling twice a week. Brains were then incubated in solution C for 72 hours before
454 sectioning. After staining, brains were sliced on a Leica Vibratome in 200 pm-thick
455  sections and developed for 5 minutes in solutions D and E, followed by dehydration.
456  Slices were mounted on gelatin-coated slides and imaged on a Nikon Eclipse TE2000-U
457  microscope under bright field illumination. For dendritic spine quantification, 3 dendrite
458 segments of 10-20 um that were at least 50 um from the cell soma were selected per
459  neuron. Five neurons were analyzed per brain. Total dendritic spines in each segment
460 were counted and normalized by total length of the dendritic segment. For image analysis,
461 the experimenter was blinded to the conditions analyzed. For visualization purposes,
462 representative images shown in Figure 3E had their brightness and contrast linearly
463  altered, but spine counting was performed in the absence of any image manipulation.
464 Electrophysiology. Acute 400 um transverse hippocampal slices from WT or
465 APPswe/PS1AE9 mice were prepared using a Leica VT1200S vibratome as described
466  previously (56). Slices were maintained at room temperature for at least 2 h in artificial
467  cerebrospinal fluid (aCSF) containing (in mM) 118 NacCl, 3.5 KCI, 2.5 CaClz, 1.3 MgSOs,
468 1.25 NaH2POs, 5.0 NaHCOs and 15 glucose, bubbled with 95% O2/ 5% CO2. For

469 electrophysiology, monophasic, constant-current stimuli (100 ps) were delivered with a

21


https://doi.org/10.1101/2020.10.19.344564

bioRxiv preprint doi: https://doi.org/10.1101/2020.10.19.344564; this version posted October 19, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

470 bipolar silver electrode placed in the stratum radiatum of area CA3. Field excitatory
471  postsynaptic potentials (fEPSPs) were recorded using a glass microelectrode from the
472  stratum radiatum of area CAl. Late-LTP (L-LTP) was induced using high-frequency
473  stimulation (HFS) consisting of two 1-sec 100 Hz trains separated by 60 sec, each
474  delivered at 70-80% of the intensity that evoked spiked fEPSPs. Slices were perfused
475  with ISRIB (0.2 uM in ACSF) or vehicle during the whole recording process.

476 Immunohistochemistry. WT and APPSwe/PS1AE9 treated with ISRIB (as
477  described above) were anesthetized with a ketamine/xylazine mixture. Mice were first
478  perfused with PBS for 45 seconds, and then with 4% PFA for 90 seconds. Brains were
479  carefully removed from the skull and post-fixed in 4% PFA for 48h at 4 °C, under agitation.
480 Brains were blocked on 3% agarose and sectioned using a VT1200 S vibratome (Leica
481 Biosystems), to 40 um sections. Sections were kept at 4 °C until use. For Ap (6E10), Ibal
482 and GFAP staining, free-floating sections were initially permeabilized using 0.5% Triton
483  X-100 solution for 15 min. Sections were then blocked for 1h with 5% NGS, and incubated
484  overnight with 6E10 (mouse, 1:200) and anti-GFAP (chicken, 1:1000) solution. Sections
485 were washed 3 times using 0.1% Triton X-100 and incubated with anti-rabbit and anti-
486  chicken secondary antibodies (1:500) for 90 min. Sections were again washed 3 times
487  with 0.1% Triton X-100 and subsequently incubated overnight with biotin-conjugated anti-
488 Ibal (rabbit, 1:500). Sections were washed 3 times using 0.1% Triton X-100 and
489  incubated with Alexa Fluor 594-conjugated streptavidin (1:500) for 90 min. Sections were
490 washed 3 times with 0.1% Triton X-100 and mounted using Prolong with DAPI. Imaging
491 was performed on a Leica SP8 confocal microscope. Images were acquired and analyzed

492  using identical parameters across the experiment. Total fluorescence was determined by
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493 generating a mask in Fiji. The mask was used to determine the threshold separating
494  signal and noise. Total pixel intensity (determined by the “Raw Integrated Density”
495 variable) was then obtained using the whole image as region of interest (ROI). For glial
496  content surrounding plaques, 20X magnification images were used. A region containing
497  the plaque and an ~30 pum radius surrounding area was used as ROI. Total Ibal or GFAP
498 fluorescence were determined as above. For image analysis, the experimenter was
499  blinded to the conditions.

500 Statistical analysis. Pilot experiments were performed to allow calculations of
501 sample and effect sizes by power analysis. G Power software (Dusseldorf University) was
502 used for power analysis calculations after determination of the statistical analysis that
503 would be used to analyze each experiment. Statistical analyses were performed using
504  GraphPad Prism 6 software. Differences between two independent groups were analyzed
505 using Student’s t-test. When three or more independent experimental groups were
506 compared, ANOVA was used, followed by appropriate post-hoc tests, as stated in “Figure
507 Legends” and in Supplemental Table 2.

508

509 Supplementary Materials

510

511 Figure S1. ISRIB does not attenuate the increase in hippocampal Atf4 mRNA, or the
512  reductions in BDNF, PSD-95 and synaptophysin induced by ABOs in mice.

513 Figure S2. ISRIB does not alter locomotor activities.

514  Figure S3. ISRIB restores GADD34 levels in the hippocampus of APPSwe/PS1AE9 mice.
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515 Figure S4. Locomotor/exploratory activities and body weight of APPswe/PS1AE9 are not
516 altered by ISRIB treatment.

517 Figure S5. Gliosis in APPSwe/PS1AE9 hippocampus (dentate gyrus/stratum lacunosum
518 moleculare) is unaffected by ISRIB treatment.

519 Fig S6. Full Western blots used in the current study.

520 Supplementary Table 1. Demographics of control and AD brains.

521
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778

779  Figure legends

780

781 Figure 1. AD brains display increased elF2a-P and reduced levels of elF2B
782  subunits. Cortical tissue from AD subjects and age-matched controls were probed for
783  translation initiation factors. Samples were probed for elF2a-P (A; F=3.125; N =7 Control
784  cases; N =7 AD cases), total elF2a (B; F = 1.319; N = 8 Control cases; N = 8 AD cases),
785 elF2y (C; F=1.547; N = 8 Control cases; N =7 AD cases), elF2Ba. (D; F=1.375;N=8
786  Control cases; N =8 AD cases) and elF2Be¢ (E; F = 2.823; N = 8 Control cases; N =7 AD
787  cases) by Western blotting (AD). elF2a-P was normalized by total elF2a. elF2a., elF2y,
788 elF2Ba and elF2Be were normalized by GAPDH. Non-contiguous lanes from the same

789  blot are shown in C, D and E. Outliers were excluded from each analysis using Grubb’s
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790 test (o = 0.05) from GraphPad Prism 6. *p < 0.05; **p < 0.01; Two-tailed unpaired t-test.
791 Dots represent individual subjects.

792

793  Figure 2. Systemic treatment with ISRIB prevents memory impairment induced by
794  elF2a-P. (A) ISRIB concentrations in plasma and brain were determined by mass
795 spectrometry 4 or 24 hours after i.p. administration (0.25 mg/kg for 6 consecutive days)
796 in mice (N = 4 mice/time point). (B) Experimental timeline: C57BL/6 mice were treated
797  with salubrinal alone (10 mg/kg, i.p.; orange arrows) or salubrinal + ISRIB (0.25 mg/kg,
798 i.p.; black arrows) on days 1-5, 7, 9-11. Mice were trained and tested in the Novel Object
799  Recognition (NOR) task on days 6 and 7, respectively, and were trained and tested in the
800 Contextual Fear Conditioning (CFC) task on days 8 and 9, respectively. Brains were
801 collected on day 12. (C) Discrimination index in the NOR test (F = 12.00; N = 5-7
802 mice/group;). (D) Freezing time in the CFC test (F = 5.049; N = 5-7 mice/group). (E)
803 Hippocampal elF2a-P in mice treated with salubrinal alone or salubrinal + ISRIB,
804 normalized by total elF2a (N = 6-7 mice/group; F = 5.461). In all panels, dots correspond
805 to individual mice. *p < 0.05, *p < 0.01, ***p<0.001, One-way ANOVA followed by
806 Dunnet’s post hoc test.

807

808 Figure 3. ISRIB prevents memory impairments, dendritic spine loss and defective
809 hippocampal protein synthesis induced by ABOs. (A) Experimental timeline: C57BL/6
810 mice received an i.c.v. infusion of ABOs (10 pmol; orange arrow) and were treated with
811 ISRIB (0.25 mg/kg, i.p.; black arrows) or saline on days 1-5, 7, 9-11. Mice were trained

812 and tested in the Novel Object Recognition (NOR) task on days 6 and 7, respectively,
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813 and were trained and tested in the Contextual Fear Conditioning (CFC) task on days 8
814 and 9, respectively. Brains were collected on day 12. (B) elF2a-P in the hippocampi of
815 mice that received ani.c.v infusion of ABOs (or vehicle) and were treated with ISRIB (0.25
816 mg/kg, i.p., for 5 days) or saline (N = 8-9 mice/group). (C) ATF4 in the hippocampi of mice
817 that received an i.c.v infusion of ABOs (or vehicle) and were treated with ISRIB (0.25
818 mg/kg, i.p., for 5 days) or saline (N = 10-12 mice/group). (D) Mouse hippocampal slices
819 were exposed to ABOs (1 uM) in the absence or presence of ISRIB (0.2 uM) for 3h and
820 protein synthesis was measured using SUnNSET (N = 15-18 slices from a total of 15 mice
821 per experimental condition). Representative images shown had brightness linearly
822 adjusted for clearer visualization. (E) Primary hippocampal cultures were exposed to
823 ABOs (0.5 puM) in the absence or presence of ISRIB (0.2 uM) for 3h, and newly
824  synthesized proteins were detected by BONCAT (labeling with AHA followed by Click
825 chemistry for biotinylation of AHA-containing polypeptides; see “Methods”). After
826  pulldown with streptavidin-conjugated resin, proteins were detected by Western blotting.
827  Symbols represent experiments with independent hippocampal cultures and independent
828 APO preparations (N = 3 independent primary cultures). (F) Dendritic spine density was
829 analyzed in apical dendrites of neurons from the CA1 region of the hippocampus. Each
830 symbol corresponds to the mean of three independent 20 um segments per neuron, 5
831 neurons per mouse (N = 4-5 mice/group). (G) Discrimination index in the NOR test (F =
832 5.468; N = 14-17 mice/group). (H) Freezing time in the CFC test (F Interaction = 5.683;
833 N =11-13 mice/group). *p < 0.05, **p < 0.01, Two-way ANOVA followed by Dunnet’s post
834  hoc test for all experiments, except in panels 3l and 3J, analyzed by One-Way ANOVA

835 followed by Dunnet’s post-hoc test. Dots represent individual mice.
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836

837 Figure 4. ISRIB reverses defective hippocampal LTP and memory in
838 APPswe/PS1AE9 mice. 10-13 month-old APPswe/PS1AE9 mice (or WT littermates)
839 were treated daily for 2 weeks with ISRIB (0.25 mg/kg, i.p.) prior to behavioral analysis.
840 (A) Field excitatory post-synaptic potential recordings in acute hippocampal slices from
841 WT or APPswe/PS1AE9 mice exposed to vehicle or 0.2 uM ISRIB (N = 13-26 slices from
842  6-9 mice/group). (B) On top - Representative slopes for fEPSP measurements. “1” is
843 representative of the baseline, and “2” is representative of potentiation. Graph is
844  representative of field excitatory post-synaptic potentials 90 min after tetanic stimulation.
845 (C) Dendritic spine density was analyzed in apical dendrites of neurons from the CAl
846 region of the hippocampus. Each dot is representative of one segment using in the
847 analysis (N = 4 mice/group) (D) Mice were trained for 5 days in the MWM, and latency
848 time to reach the platform was recorded (N = 10-15 mice/group). Symbols represent
849 means + SE of the latency times to find the platform on each consecutive day of training.
850 (E) On the 6" day, the platform was removed, and mice were allowed to freely explore
851 the pool for 1 minute. Total time spent in the target quadrant during the probe trial was
852 measured (N = 10-15 mice per group). (F) Contextual fear conditioning of WT or
853 APPswe/PS1AE9 mice treated with ISRIB (N = 10-15 mice/group) or saline. (G)
854 Representative photomontage illustrating presence of plaques (6E10 immunoreactivity;
855 green channel) in the dorsal hippocampus of APPSwe/PS1AE9 mice treated with vehicle
856  (left) or with ISRIB (right) (N = 4-5 mice/group; scale bar = 200 um). (H, K) Optical zoom
857 images of regions identified by dashed rectangles in panel G. (I) Average plaque area in

858 the hippocampi of APPswe/PS1AE9 mice treated with vehicle or ISRIB (N = 4-5
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859  mice/group). (J) Total number of plaques normalized by hippocampal area. (L, M) Total
860 Ap42 measured by ELISA in hippocampal (L) or cortical (M) homogenates of
861 APPSwe/PS1AE9 mice treated with vehicle or ISRIB (N = 4 mice/group). *p < 0.05, ****p
862 < 0.0001 Two-way ANOVA followed by Dunnet’'s post-hoc test, except for panel 1A,
863 evaluated by Repeated Measures Two-Way ANOVA, followed by Tukey’s post hoc

864 analysis. Dots represent individual mice.
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Figure 2
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Figure S1. ISRIB does not attenuate the increase in hippocampal ATF4 mRNA, or reductions
in BDNF, PSD-95 and synaptophysin protein levels induced by ABOs in mice. Mice received
an i.c.v. infusion of 10 pmol ABOs (or vehicle) and were treated daily with ISRIB (0.25 mg/kg,
i.p., for 5 days). Hippocampal tissue was collected 12 days after ABO infusion. (A) ATF4 mRNA
levels measured by qPCR in the hippocampi of ABO-infused mice treated or not with ISRIB (N =
7-11 mice/group). (B) BDNF measured by ELISA in the hippocampi of the same mice (N =7
mice/group). (C-E) PSD-95 and synaptophysin levels evaluated by Western blotting in hippocampi
of ABO-infused mice and normalized by B-actin levels (N = 6 mice/group). Veh = vehicle. Two-
Way ANOVA followed by Dunnet’s post-hoc test, **p < 0.01. Dots represent individual mice.
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Figure S2. ISRIB does not alter locomotor activities. Mice received an i.c.v. infusion of 10 pmol
APBOs and/or were daily treated with ISRIB (0.25 mg/kg; i.p.) as described in Figure 3A. They
were allowed to freely explore an open field arena for 5 min, during which total distance traveled
(A), time spent at the periphery (B) and average velocity (C) were recorded (N = 5-6 mice/group).
(D) Discrimination index of the NOR training session (N = 14-17 mice/group). (E) Freezing
behavior during the FC training session, divided in periods pre-shock and post-shock (N = 6-8
mice/group). Veh = vehicle. Two-Way ANOVA followed by Dunnet’s post-hoc test. Dots
correspond to individual mice.
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Supplementary Figure 3
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Figure S3. ISRIB rescues GADD34 levels in the hippocampus of APPSwe/PS1AE9 mice. (A)
Representative images of GADD34 levels (green) in the CAL region from the hippocampus of WT
or APPSwe/PS1AE9 mice, treated or not with ISRIB (0.25 mg/kg). Scale bar = 20 um. (B)
Quantification of total levels of GADD34 levels in the CA1 region (N = 4-5 mice/group). * = p <
0.05, Two-Way ANOVA followed by Dunnet’s test. Dots represent individual mice.
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Figure S4. Locomotor/exploratory activities and body weight of APPswePS1AE9 are not
altered by ISRIB treatment. APPswePS1AE9 (or WT littermates) mice were treated with ISRIB
(0.25 mg/kg, i.p., daily) for 2 weeks prior to behavioral assessment, and during the battery of
behavioral tasks (total time of treatment = 24 days). To assess motor and exploratory behaviors,
mice were allowed to freely explore an open field arena for 15 min. Total distance traveled (A),
percentage of time at the center of the arena (B) and average velocity (C) were measured (N = 8-
11 mice/group). (D) Mice were weighted every 3 days for 21 days of treatment (N = 8-11
mice/group). Dots represent individual mice.
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Supplementary Figure 5
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Figure S5. Gliosis in APPSwe/PS1AE9 hippocampus (dentate gyrus/stratum lacunosum
moleculare) is unaffected by ISRIB treatment. (A) Representative Iba-1 immunoreactivity
images (red) in the hippocampi of WT, APPSwe/PS1AE9 or ISRIB-treated APPSwe/PS1AE9 mice
(scale bar = 50 um). (B) Quantitative analysis of Iba-1 immunoreactivity (mean fluorescence
intensity; N = 4-5 mice/group). (C) Quantitative analysis of Iba-1 immunoreactivity (mean
fluorescence intensity) co-localized with or immediately surrounding plaques (N = 4-5
mice/group). (D) Representative GFAP immunoreactivity images (cyan) in the hippocampi of W,
APPSwe/PS1AE9 or ISRIB-treated APPSwe/PS1AE9 mice (scale bar = 50 um). (E) Quantitative
analysis of GFAP immunoreactivity (mean fluorescence intensity; N = 4-5 mice/group). (F)
Quantitative analysis of GFAP immunoreactivity (mean fluorescence intensity) co-localized with
or immediately surrounding plaques (N = 4-5 mice/group). n.s. = not statistically significant.
*p<0.05, **p<0.01, Two-Way ANOVA followed by Fisher’s test. Dots represent individual mice.
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Supplementary Figure 6
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Fig S6. Full Western blots used in the current study. Lanes shown in main figures are boxed in
red.
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Supplementary Table 1. Demographics of control and AD brains.

Case Primary Neuropathologic Age at Age at

Number Diagnosis PMI (hr) Onset Death ApoE Sex
0S02-252 | AD 17 50 E3/3 Female
0S00-11 AD 4 49 55 E3/3 Male
EO6-154 AD 5 52 60 E4/4 Male
0S-140909 | AD 6 51 61 E3/3 Female
0S02-163 | AD 11 53 70 E3/4 Male
E08-53 AD 8 70 78 E3/3 Female
E10-149 AD 6.5 77 90 E2/4 Male
E08-108 AD 4 76 94 E3/4 Female
E05-130 Control 3 N/A 52 E3/4 Female
E14-06 Control 12.5 N/A 56 Male
E05-74 Control 6 N/A 59 E2/3 Male
E15-106 Control 6 N/A 61 Female
E16-45 Control 2.5 N/A 70 E3/3 Male
E08-101 Control 11.5 N/A 78 E3/3 Female
E13-27 Control 6 N/A 91 E3/3 Female
E10-142 Control 5.5 N/A 94 E3/3 Male

PMI: post-mortem interval

ApoE: Apolipoprotein E alleles
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