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Abstract  22 

Cognitive decline in Alzheimer's disease and related dementias (AD/ADRD) frequently co-23 

occurs with motor and sensory processing impairments. While auditory abnormalities were 24 

reported in beta-amyloid-based models before cognitive decline, the effects of tau pathology on 25 

auditory circuit function remain poorly understood. The PS19 mouse model expressing the 26 

P301S tau mutation exhibits tau pathology associated with frontotemporal dementia. When 27 

combined with the humanized ApoE ɛ4 allele, these mice show accelerated tau accumulation 28 

and neurodegeneration. We investigated the temporal progression of auditory and behavioral 29 

deficits in PS19 and ApoE4/PS19 mice of either sex at 3 and 7 months. Auditory processing 30 

was assessed using auditory brainstem response (ABR) recordings, while anxiety-like and 31 

motor behaviors were evaluated using the elevated plus maze (EPM) and rotarod assays. PS19 32 

mice exhibited auditory pathway dysfunction at 3 months, characterized by reduced and 33 

delayed neural responses to acoustic stimuli. These auditory deficits occurred without 34 

detectable behavioral changes in anxiety- or motor-related measures. By 7 months, cochlear-35 

nucleus-derived ABR activity shifted from an initial reduction to elevation relative to controls, 36 

suggesting compensatory hyperexcitability. In contrast, ApoE4/PS19 mice showed reduced 37 

ABR amplitudes and shortened response latencies that persisted with age, accompanied by 38 

altered anxiety-like behavior and motor performance. Together, these results demonstrate that 39 

auditory pathway dysfunction may represent an early marker of tau pathology preceding 40 

behavioral impairment. The divergent temporal patterns of ABR alterations across genotypes 41 

suggest that genetic context, particularly ApoE4, modulates the progression of tau-driven circuit 42 

dysfunction, highlighting ABR as a potential noninvasive biomarker for early tau-related 43 

neurodegenerative disease. 44 

 45 

Significance Statement  46 
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 Early detection of Alzheimer's disease and related dementias remains a major clinical 47 

challenge. This study identifies auditory pathway dysfunction as an early, measurable marker of 48 

tau pathology, preceding detectable behavioral impairments in mouse models with abnormal 49 

auditory brainstem responses (ABRs) appeared months before anxiety or motor behavioral 50 

changes. Genetic background also significantly influenced disease progression, with the ApoE4 51 

allele altering both the timing and nature of auditory and behavioral phenotypes. Together, 52 

these findings demonstrate that tau pathology disrupts auditory processing at early disease 53 

stages and suggest that ABR-based measures as sensitive, non-invasive approach for early 54 

detection and monitoring of tau-related neurodegeneration. 55 

 56 

Introduction  57 

Alzheimer's disease and related dementias (AD/ADRD) represent a complex group of 58 

neurodegenerative disorders characterized by progressive cognitive decline, affecting millions of 59 

individuals worldwide. While memory impairment remains the most recognized symptom, 60 

growing evidence suggests that sensory processing deficits, particularly in auditory function, 61 

may serve as early indicators of disease progression (Zhang et al., 2023). 62 

The pathological hallmark of AD/ADRD is characterized by the accumulation of 63 

misfolded proteins, notably tau neurofibrillary tangles and beta-amyloid plaques, which disrupt 64 

normal neuronal function and drive neurodegeneration. Tau pathology is strongly associated 65 

with frontotemporal dementia and correlates closely with the severity of cognitive decline 66 

(Gulisano et al., 2018). The apolipoprotein E (ApoE) ε4 allele is the most significant genetic risk 67 

factor for late-onset Alzheimer’s disease, linked to earlier onset and more rapid disease 68 

progression (Jun et al., 2011). 69 
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Recent studies have highlighted a relationship between sensory deficits and cognitive 70 

dysfunction, raising interest in sensory markers as potential early indicators of 71 

neurodegeneration. In AD mouse models, auditory processing abnormalities have been shown 72 

to precede learning and memory impairments, suggesting their potential utility as early 73 

biomarkers for disease progression (Liu et al., 2020; Weible et al., 2020; Zhang et al., 2023).  74 

The PS19 transgenic mouse, which expresses the P301S humanized tau mutation, is a 75 

well-established model of tauopathy, displaying features of frontotemporal dementia, including 76 

neurofibrillary tangles and progressive neurodegeneration (Patel et al., 2022). When combined 77 

with the human ApoE ε4 knock-in allele, this model exhibits accelerated tau deposition and 78 

pronounced atrophy, with pathology detectable as early as 3 months of age (Williams et al., 79 

2022; Seo et al., 2023). 80 

Although beta-amyloid-based models such as APP/PS1 and 5xFAD mice have been 81 

extensively studied for auditory abnormalities, the effects of tau pathology on auditory 82 

processing remain understudied (Weible et al., 2020; Weible and Wehr, 2022). Understanding 83 

how tau-mediated neurodegeneration disrupts auditory pathways could reveal new mechanistic 84 

insights and inform early diagnostic tools. In addition to sensory deficits, changes to anxiety-85 

related behaviors are prevalent in AD/ADRD and may exacerbate the effects of sensory 86 

dysfunction, further impairing cognitive and functional outcomes (Samaey et al., 2019). 87 

This study addresses these gaps by investigating age-related changes in auditory 88 

processing and behaviors in PS19 and ApoE4/PS19 mice relative to their controls. Using 89 

auditory brainstem response (ABR) testing, elevated plus maze (EPM), and rotarod 90 

assessments, we evaluated mouse models at 3-4, 6-7, and 9-10 months to characterize the 91 

progression of auditory deficits and assess how the interaction between tauopathy and ApoE ε4 92 

modulates disease trajectory (Figure 1). ABR testing provides an objective assessment of 93 

auditory pathway integrity independent of behavioral confounds, enabling detection of neural 94 
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dysfunction that may precede observable behavioral deficits (Riley et al., 2021; Tanaka et al., 95 

2023).  96 

Behavioral characterization focused on anxiety-like behavior and motor function rather 97 

than hippocampus-dependent memory tasks reflects the neuropathological staging of the PS19 98 

model: tauopathy initiates in brainstem and subcortical structures, including circuits mediating 99 

motor output and limbic function, well before substantial hippocampal involvement, and reliable 100 

cognitive deficits do not emerge until 8-9 months (Scattoni et al., 2010; Ahmad et al., 2021).  101 

Our results show that PS19 mice exhibit early-onset auditory abnormalities by 3 months 102 

of age, characterized by reduced peak amplitudes across the subcortical auditory pathway and 103 

prolonged peak and interpeak latencies, indicating impaired neural transmission. These deficits 104 

persisted at 7 months, with continued latency delays despite partial amplitude normalizations. In 105 

contrast, ApoE4/PS19 mice show a distinct pattern, with significant amplitude reduction and 106 

latency shortening at 3 months, persisting to 7 months. Behaviorally, PS19 mice maintained 107 

normal anxiety-like behavior and motor function at both ages, whereas ApoE4/PS19 mice 108 

displayed changes in anxiety-like behavior as early as 3 months and motor performance at 7 109 

months compared to controls. These findings reveal distinct trajectories of auditory dysfunction 110 

across genotypes, highlighting auditory processing measures as potential indicators of disease 111 

progression in tauopathy models. 112 

 113 

Methods 114 

Animals 115 

All experiments were conducted according to the National Institutes of Health guidelines 116 

for animal care and use and were approved by the Institutional Animal Care and Use Committee 117 
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(IACUC, protocol # AUP-22-163) and the Institutional Biosafety Committee (IBC, protocol # 118 

BUA-R100) of the University of California, Irvine. 119 

In this study, approximately 80 mice were used across three age groups. PS19 mice 120 

(JAX #008169; B6C3F1/J hybrid background) and ApoE4 knock-in mice (provided by the La 121 

Spada Laboratory, UC Irvine) were maintained as separate colonies on a hybrid B6C3F1/J 122 

background, with all mice heterozygous at the Cdh23 locus. ApoE4/PS19 mice were generated 123 

within their own colony and were not intercrossed with the PS19-only line. WT mice are P301S+ 124 

littermates from the respective colonies. 125 

The younger cohort (3-4 months) consisted of 8 wild-type (WT) mice, 9 PS19 mice, 11 126 

ApoE4 knock-in (ɛ4 allele) mice, and 9 ApoE4/PS19 double-transgenic mice. The older cohort 127 

included 16 to 17 mice per genotype group: WT, PS19, ApoE4 knock-in (ɛ4 allele), and 128 

ApoE4/PS19. Sex was approximately balanced across genotypes, with each group consisting of 129 

roughly equal numbers of male and female mice (WT: 9 females, 8 males; PS19: 9 females, 130 

7males; ApoE4: 8 females, 9 males; ApoE4/PS19: 10 females, 7 males). Some of the mice 131 

(64%) were used for longitudinal testing across different ages (3 and 7 months or 7 and 10 132 

months) when possible.  Approximately 15% of the animals either died of natural causes or 133 

were euthanized due to the development of hindlimb paralysis. 134 

All mice were housed under standard 12-hour light/dark cycles with ad libitum access to 135 

food and water. No more than five adult mice were housed per cage. Animals were randomly 136 

assigned to experimental groups, and both sexes were included. All mice, regardless of 137 

genotype, were handled and monitored using the same protocols to ensure consistency across 138 

experimental conditions. 139 

 140 

Auditory Brainstem Recordings (ABRs) 141 
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ABRs were recorded from mice across all genotypes: WT, PS19, ApoE4 knock-in (ɛ4 142 

allele), and ApoE4/PS19 double transgenic mice at 3-4 months of age (n = 8-12 per group), 6-7 143 

months of age (n = 12-18 per group), and 9-10 months of age (n = 12-18 per group). ABR 144 

recording procedures were performed as described in published literature (Chokr et al., 2022). 145 

Mice were anesthetized with ketamine (75 mg/kg i.m., KetaVed, VEDCO) and xylazine (15 146 

mg/kg i.m., AnaSed, NADA #139-236) via intramuscular injection. Body temperature was 147 

maintained at 35°C using a far infrared warming pad (Kent Scientific, RT-0501), and sterile 148 

ocular lubricant (Retaine PM Ointment, SKU 777-3-75) was applied to the eyes. Three pin 149 

electrodes were inserted subcutaneously at the vertex, right cheek, and back near the right hind 150 

leg, corresponding to positive, negative, and ground electrodes, respectively. These electrodes 151 

were connected to Tucker-Davis Technologies (TDT) RA4PA 4-channel Medusa amplifier 152 

connected to a TDT RA16 Medusa Base Station (Figure 1B). 153 

The ABRs were conducted in a sound-attenuating chamber (102 × 98 × 81 cm, Industrial 154 

Acoustics Company). Acoustic stimuli, including clicks and pure tones (4, 8, 12, 16, 24, and 32 155 

kHz), were delivered to the left ear via an ear tube using a TDT MF1 Multi-Function Speaker. 156 

Stimuli were generated with TDT SigGen software (v4.4), played through a TDT RP2.1 157 

enhanced real-time processor, and sound intensity was adjusted using a TDT PA5 158 

programmable attenuator. Each stimulus was presented 500 times at a rate of 21 per second, 159 

and responses were amplified using a TDT SA1 stereo power amplifier, filtered, and recorded 160 

using BioSig software (v4.4) (Figure 1B). 161 

Prior to ABR recordings, the acoustic system was calibrated under computer control 162 

from 5 kHz to 80 kHz in 5 Hz steps using a 0.5-inch condenser microphone (model 4134, Brüel 163 

& Kjær), ensuring accurate sound pressure level delivery across the frequency range tested. 164 

ABR responses were recorded over a 12-millisecond (ms) window for every 100 microseconds 165 

(µs) click or 3 ms tone burst, with 1.5 ms onset and 1.5 ms offset ramps. Sound levels were 166 
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decreased in 5 dB SPL steps from 80 to 10 dB SPL. Averaged waveforms at each intensity 167 

were used for threshold determination and ABR waveform analysis. 168 

 169 

ABR Analysis  170 

Assessment parameters for ABRs included hearing threshold, peak latency, interpeak 171 

latency, and peak amplitude. The threshold was defined as the lowest sound intensity at which 172 

the peak I level (uV) was ≥ 4 standard deviations above the noise level (Tanaka et al., 2023b). 173 

Raw ABR traces were normalized by MATLAB zero-phase filter (rloess, span = 2) and peaks 174 

were detected and labeled using Auditory Brainstem Response Waveform Analysis software 175 

(Burke et al., 2023) and manually checked by a blind observer. Peak latency was determined as 176 

the time from stimulus onset to the apex of the peak. Interpeak latency was calculated as the 177 

difference in peak latencies between peaks I-II, II-III, III-IV, and I-IV. Peak amplitude was 178 

determined as the change in microvolts (uV) between the apex of the peak and its subsequent 179 

trough.  180 

Quantitative results are presented as mean values with error bars indicating the 181 

standard error of mean (SEM). All statistical analyses were performed using Python 3.10. 182 

Comparisons of ABR peak amplitudes, peak latencies, and interpeak latencies between 183 

genotypes (WT vs PS19 and WT vs  ApoE4 control vs ApoE4/PS19 and PS19 vs ApoE4/PS19) 184 

and age groups (3 and 7 months) were made using Linear Mixed-Effects models (LME) with 185 

individual subjects included as a random factor, followed by pairwise post-hoc comparisons with 186 

False Discovery Rate (Benjamini-Hochberg) correction for multiple comparisons. Hearing 187 

thresholds were compared between groups using the nonparametric Mann-Whitney U test. 188 

Statistical significance was accepted at p < 0.05. 189 

 190 
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Behavioral Experiments 191 

Prior to the experiments, mice were handled for 10 minutes each day for five days. 192 

Anxiety-like tests followed established protocols, with minor modifications. Statistical analysis of 193 

behavioral comparisons between genotypes (WT vs PS19 and WT vs ApoE4 control vs 194 

ApoE4/PS19) and/or age groups (3, 7, and 10 months) were performed using Prism Software 195 

(v9.3.1; GraphPad Software). Results were presented as mean ± SEM, with statistical 196 

significance accepted at p < 0.05. 197 

 198 

Elevated Plus Maze (EPM) 199 

The elevated plus-maze was placed 50 cm above the ground and had two open arms 200 

(25 cm × 5 cm) and two closed arms (25 cm × 5 cm × 15 cm) that were connected via a central 201 

platform (5 cm × 5 cm). The mice were placed onto the central platform facing the open arm and 202 

allowed to explore for 5 minutes. The number of entries and time spent in each arm and center 203 

zone were recorded by a blind observer. An entry was counted when all four paws of the animal 204 

entered a zone on the maze. The maze was cleaned with 70% ethanol, followed by distilled 205 

water, and then allowed to air-dry between each mouse (Figure 1C). Statistical analysis was 206 

performed using the Mann-Whitney t-test (WT vs PS19) and Kruskal-Wallis test, followed by 207 

Dunn’s multiple comparisons (WT vs ApoE4 vs ApoE4/PS19) via Prism software.  208 

 209 

Rotarod 210 

For this test, the mice were placed onto a four-lane rod (1.25 inches in diameter), each 211 

lane measuring 4.5 inches in width, facing away from the experimenter (ROTOR-ROD™, San 212 

Diego Instrument). The rod was 18 inches above ground. On the training day, the mice were 213 
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allowed to freely explore and stand on the stationary rod for 2 minutes before the first trial. The 214 

rod was controlled by the rotor-rod™ software to accelerate steadily from 0 rpm to 15 rpm over 215 

5 minutes. Foam mats (1 inch thickness) were placed on the ground below each lane to 216 

alleviate the impact upon falling. The mice were picked up and placed back on the rotating rod 217 

when they fell before the run was completed. The mice underwent four trials of 5 minutes each, 218 

with 15 minutes of rest between each trial. The rod was cleaned with 70% ethanol and distilled 219 

water between each mouse. On testing day, mice were placed onto the rod with an identical 220 

rotating and duration profile as training, except the fall latency (s) were automatically recorded 221 

by the rotor-rod™ software when the mice fell before the 5-minute run was completed. The 222 

testing phase included 5 trials, with a 20-minute rest between each trial. The rod was cleaned 223 

with 70% ethanol and distilled water between each mouse (Figure 1D). The average of the 5 224 

trials for each animal was calculated and compiled for statistical analysis. Statistical analysis 225 

was performed using the Mann-Whitney test (WT vs PS19) and the Kruskal-Wallis test, followed 226 

by Dunn’s multiple comparisons (WT vs ApoE4 vs ApoE4/PS19) via Prism software.  227 

 228 

 229 

Results  230 

Age-Dependent Changes in ABR Peak Amplitudes in PS19 and WT Mice 231 

The ABR waveform reflects the electrical activity of neural populations along the 232 

ascending auditory pathway, with individual peaks corresponding to contributions from distinct 233 

but overlapping generators. Signals contributing to Peak I arise from the cochlea, spiral ganglion 234 

neurons, and the auditory (VIII) nerve. Peak II reflects activity within the cochlear nucleus, while 235 

Peak III receives contributions from cochlear nucleus cell populations and nuclei of the superior 236 

olivary complex (SOC) (Melcher and Kiang, 1996). Activity associated with the lateral lemniscus 237 
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gives rise to Peak IV (Møller et al., 1981) (Figure 1B). Representative ABR waveforms in 238 

response to tone stimuli are shown (Figure 2). Corresponding waveforms from click-evoked 239 

ABRs are provided in the supplementary materials (Figure S1-2). To assess the auditory 240 

pathway integrity across three age groups (3-4 months, 6-7 months, and 9-10 months) of PS19 241 

and WT mice, hearing thresholds were quantified across all age groups. Peak amplitudes (μV), 242 

peak latencies (ms), and interpeak latencies (ms) were further analyzed in the 3-4 and 6-7 243 

month cohorts, but not in the 9-10 month cohort, due to significant hearing loss observed during 244 

threshold screening in mice at this age. Hearing thresholds were compared between groups 245 

using the nonparametric Mann-Whitney U test. For all other ABR measurements, linear mixed-246 

effects models were used to assess the main effect of age or genotype, with individual subjects 247 

included as a random factor and corrected by False Discovery Rate (FDR). 248 

The aging effect on ABR was measured in age-matched PS19 and their WT mice using 249 

pure tone stimuli. Hearing thresholds in WT mice at 7 months were significantly elevated at 8, 250 

16, and 24 kHz compared with 3-month-old controls (p = 1.19 x 10-2, p = 1.36 x 10-2, and p = 251 

1.58 x 10-2, respectively), whereas 7-month-old PS19 mice exhibited higher thresholds at 24 252 

kHz relative to their 3-month-old counterparts (p = 4.87 x 10-2), indicating modest, frequency-253 

specific age-related differences in auditory sensitivity (Figure 3A, Table 1, Mann-Whitney U 254 

test). The peak IV-to-I amplitude ratio remained consistent between 3- and 7-month-old mice in 255 

both genotypes at all tested frequencies (WT: p = 0.945, p = 0.945, p = 0.945; PS19: p = 0.692, 256 

p = 0.692, p = 0.692 at 4, 12, and 24 kHz, respectively), with ratio values ≥1, indicating that the 257 

relative dynamics of brainstem responses are largely preserved with age (Figure 3B, LME with 258 

FDR correction). 259 

 Analysis of individual peak amplitudes revealed age-dependent changes across the 260 

auditory pathway. Peak amplitude was defined as the voltage difference (µV) between the apex 261 

of the peak and the immediately following trough (Figure 1B). Peak I amplitudes were 262 
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significantly reduced in 7-month-old mice compared with 3-month-old cohorts in both PS19 (p = 263 

7.44 x 10-4, p = 7.44 x 10-4, p = 7.43 x 10-3 at 4, 12, and 24 kHz) and WT mice (p = 7.12 x 10-9, p 264 

= 6.62 x 10-9, p = 5.59 x 10-5 at 4, 12, and 24 kHz), consistent with a decline in peripheral 265 

auditory activity (Figure 3C, Table 1, LME with FDR correction). For Peak II, WT mice displayed 266 

significant age-related reduction across all tested frequencies (p = 2.64 x 10-7, p = 4.64 x 10-7, p 267 

= 2.90 x 10-3 at 4, 12, 24 kHz), whereas PS19 mice maintained comparable amplitudes between 268 

3 and 7 months (p = 0.339, p = 0.734, p = 0.339 at 4, 12, 24 kHz), suggesting relative stability of 269 

early brainstem responses in the PS19 model (Figure 3D, Table 1, LME with FDR correction). 270 

Peak III amplitudes were comparable across ages in PS19 mice (p = 0.686, p = 0.312, p = 271 

0.891 at 4, 12, 24 kHz), whereas WT mice exhibited significant age-related declines at 4 and 12 272 

kHz (p = 2.70 x 10-6, p = 2.20 x 10-4, respectively), but not at 24 kHz (p = 0.253) (Figure 3E, 273 

Table 1, LME with FDR correction). Finally, Peak IV amplitudes were reduced significantly in 7-274 

month-old mice in both genotypes across all frequencies (WT: p = 8.59 x 10-12, p = 1.77 x 10-10, 275 

p = 3.88 x 10-5; PS19: p = 3.10 x 10-14, p = 2.43 x 10-8, p = 7.01 x 10-8 at 4, 12, and 24 kHz, 276 

respectively) (Figure 3F, Table 1, LME with FDR correction). 277 

 278 

Presence of P301S mutation reduces peak amplitudes, peak latencies, and interpeak latencies 279 

To determine the effect of tauopathy development on the auditory pathway, we next 280 

examined the ABR peak amplitudes, peak latencies, and interpeak latencies across genotypes 281 

and ages. At 3 months, PS19 mice exhibited significantly elevated tone-evoked hearing 282 

thresholds at 8 kHz compared with age-matched WT mice (p = 1.05 x 10-3), indicating early 283 

deficits in auditory sensitivity (Figure 4A-B, Table 2, Mann-Whitney U test). By 7 months of age, 284 

hearing thresholds did not differ between genotypes across all tested frequencies (p = 0.963, p 285 

= 0.852, p = 0.926, p = 0.563, p = 0.484, p = 0.317 at 4, 8, 12, 16, 24, and 32 kHz, respectively) 286 
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for tone stimuli, suggesting partial normalization or compensatory changes with disease 287 

progression (Figure 4A-B, Table 2, Mann-Whitney U test).  288 

 Analysis of peak amplitudes revealed a reduction in neural response strength in PS19 289 

mice (Figure 4). At 3 months of age, peak I amplitudes were significantly reduced in PS19 mice 290 

across the tested frequencies (p = 1.05 x 10-2, p = 7.41 x 10-3, p = 4.75 x 10-2 at 4, 12, and 24 291 

kHz), reflecting impaired peripheral auditory nerve output. By 7 months, peak I amplitudes in PS19 292 

mice became comparable with WT mice (p = 0.38, p = 0.494, p = 0.635 at 4, 12, and 24 kHz) 293 

(Figure 4C, Table 2 and S2, LME with FDR correction). Peak II amplitudes were reduced in PS19 294 

mice at 3 months across all frequencies (p = 3.01 x 10-4, p = 1.39 x 10-3, p = 3.24 x 10-2 at 4, 12, 295 

24 kHz) and increased at 4 (p = 1.16 x 10-2) and 12 kHz (p = 1.16 x 10-2) at 7 months relative to 296 

WT mice, suggesting frequency-specific alterations of cochlear nucleus activity with age (Figure 297 

4D, Table 2 and S2, LME with FDR correction). Peak III amplitudes remained significantly reduced 298 

in PS19 mice at 3 months (p = 9.80 x 10-5, p = 1.70 x 10-4, p = 1.70 x 10-4 at 4, 12, and 24 kHz) 299 

and continued to be reduced at 12 (p = 2.95 x 10-3) and 24 kHz (p = 9.24 x 10-3) at 7 months, 300 

indicating persistent deficits within the superior olivary complex (Figure 4E, Table 2 and S2, LME 301 

with FDR correction). Peak IV amplitudes were reduced in PS19 mice at 3 months at 4 (p = 3.78 302 

x 10-3) and 12 kHz (p = 1.69 x 10-3) and remained reduced at 7 months for 4 kHz (p = 1.04 x 10-303 

4), illustrating changes in central brainstem auditory processing (Figure 4F, Table 2 and S2, LME 304 

with FDR correction). 305 

 To assess auditory signal transmission, peak latencies were examined across genotypes 306 

and ages. Peak latency is defined as the time (ms) between the initial auditory stimulus and a 307 

specific peak (Figure 1B). Peak I latencies were comparable between PS19 and WT mice at 3 (p 308 

= 0.203, p = 0.539, p = 0.2.03 at 4, 12, and 24 kHz) and 7 months across the tested frequencies 309 

(p = 0.242, p = 0.509, p = 0.776 at 4, 12, and 24 kHz), indicating preserved peripheral conduction 310 

timing (Figure 5A, Table 2 and S2, LME with FDR correction). In contrast, PS19 mice exhibited 311 
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significant delays in Peak II latencies at 3 months at 4 (p = 6.88 x 10-7) and 12 kHz (p = 1.67 x 10-312 

2) that persisted to 7 months (p = 3.77 x 10-6, p = 5.51 x 10-3).  At 24 kHz, peak II latencies 313 

remained comparable with WT mice at 3 months old (p = 0.161) and became delayed at 7 months 314 

(p = 4.26 x 10-2) (Figure 5B, Table 2 and S2, LME with FDR correction). Similarly, peak III latencies 315 

were delayed in PS19 mice at 3 months across tested frequencies (p = 5.67 x 10-4, p = 1.38 x 10-316 

2, p = 1.69 x 10-2 at 4, 12 and 24 kHz), with persistent delays at 7 months at 4 (p = 3.76 x 10-6) 317 

and 12 kHz (p = 6.86 x 10-7) (Figure 5C, Table 2 and S2, LME with FDR correction). Peak IV 318 

latencies were also delayed in PS19 mice at 3 months at 4 (p = 1.80 x 10-24), 12 kHz (p = 1.85 x 319 

10-5) and 24 kHz (p = 4.43 x 10-2) and remained delayed at 7 months (p = 9.02 x 10-6, p = 6.81 x 320 

10-5) for 4 and 12 kHz, indicating sustained slowing of neural conduction within more central 321 

auditory pathways (Figure 5D, Table 2 and S2, LME with FDR correction). 322 

 Interpeak latency analysis further revealed impaired neural transmission between 323 

successive centers along the auditory brainstem pathway in PS19 mice. Interpeak latency is 324 

defined as the duration (ms) between two sequential peaks (Figure 1B). At 3 months, interpeak I-325 

II latencies were significantly delayed in PS19 mice at 4 (p = 8.45 x 10-9) and 12 kHz (p = 9.02 x 326 

10-3), and remained delayed at 4 (p = 8.45 x 10-3), 12 (p = 2.92 x 10-2), and 24 kHz (p = 2.92 x 10-327 

2) at 7 months (Figure 6A, Table 2 and S2, LME with FDR correction). Interpeak II-III latencies 328 

were comparable between genotypes at 3 months (p = 0.516, p = 0.629, p = 0.516 at 4, 12, and 329 

24 kHz) but delayed significantly in PS19 mice at 7 months at 4 (p = 2.73 x 10-3) and 12 kHz (p = 330 

2.73 x 10-3), suggesting progressive dysfunction in brainstem relay timing (Figure 6B, Table 2 and 331 

S2, LME with FDR correction). Interpeak III-IV latencies were comparable with WT mice at 3 332 

months (p = 9.72 x 10-2, p = 0.194, p = 0.663 at 4, 12, and 24 kHz) and at 7 months (p = 0.981, p 333 

= 0.981, p = 0.522, respectively) (Figure 6C, Table 2 and S2, LME with FDR correction). Finally, 334 

the composite I-IV interpeak latency was significantly delayed in PS19 mice at both 3 and 7 335 

months at 4 (p = 2.76 x 10-35 at 3 months, p = 1.96 x 10-5 at 7 months) and 12 kHz (p = 6.72 x 10-336 
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9 at 3 months, p = 1.32 x 10-5 at 7 months), while remaining comparable between genotypes at 337 

24 kHz (p = 8.19 x 10-2 at 3 months, p = 0.277 at 7 months) (Figure 6D, Table 2 and S2, LME with 338 

FDR correction).  339 

To further characterize auditory dysfunction in PS19 mice, click-evoked ABR responses 340 

were examined, which assess broadband cochlear activation rather than frequency-specific 341 

processing. Click-evoked thresholds were elevated relative to WT at 7 months (p = 3.26 x 10-2) 342 

(Figure S1, Table S1, Mann-Whitney U test), and peak and interpeak latencies were shortened 343 

at 3 months, with effects largely resolving by 7 months. Peak amplitudes remained mostly 344 

comparable with WT across both ages (Figure S1, Table S1, LME with FDR correction).  345 

 346 

Age-Dependent Changes in ABR Peak Amplitudes in ApoE4/PS19 and ApoE4 Mice 347 

 To examine auditory function in the context of ApoE4 and tauopathy, we measured ABR 348 

thresholds and peak amplitudes in 3- and 7-month-old ApoE4/PS19 and ApoE4 control mice. 349 

Hearing thresholds differed with age in both genotypes. At 7 months, ApoE4 controls exhibited 350 

elevated hearing thresholds at 4 (p = 3.75 x 10-3), 8 (p = 9.65 x 10-3), 12 (p = 6.85 x 10-3), 16 (p = 351 

1.23 x 10-3), and 24 kHz (p = 2.62 x 10-3) compared to their 3-month-old counterparts, while 7-352 

month-old ApoE4/PS19 mice showed elevated hearing thresholds at 8 (p = 3.76 x 10-3), 16 (p = 353 

5.26 x 10-3), 24 (p = 5.87 x 10-4), and 32 kHz (p = 7.64 x 10-3), relative to 3-month-old cohorts 354 

(Figure 7A, Table 1, Mann-Whitney U test). These findings indicate frequency-specific age-related 355 

differences in auditory sensitivity. The peak IV-to-I amplitude ratio remained consistent between 356 

3- and 7-month-old mice in ApoE4 controls at the shown frequencies (p = 0.806, p = 0.992, p = 357 

0.105 at 4, 12, and 24 kHz, respectively), with ratio values <1, indicating reduced central 358 

amplification relative to peripheral inputs. The peak IV-to-I amplitude ratio remained consistent 359 
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between 3- and 7-month-old mice in ApoE4/PS19 controls at 4 (p = 0.480), 12 kHz (p = 0.990), 360 

and at 24 kHz (p = 0.884) (Figure 7B, LME with FDR correction).   361 

 Analysis of individual peaks revealed additional age-dependent patterns. Peak I 362 

amplitudes were reduced in 7-month-old mice compared with 3-month-old cohorts in both 363 

ApoE4/PS19 (p = 7.32 x 10-20, p = 7.32 x 10-20, p = 2.20 x 10-7 at 4, 12, and 24 kHz) and ApoE4 364 

controls (p = 1.26 x 10-5, p = 1.00 x 10-12, p = 1.26 x 10-5 at 4, 12, and 24 kHz), consistent with 365 

reduced peripheral auditory nerve activity with increasing age (Figure 7C, Table 1, LME with FDR 366 

correction). Peak II amplitudes in ApoE4/PS19 mice remained comparable with age at 4 (p = 367 

0.848) and 12 (p = 0.627) and reduced at 24 kHz (p = 5.93 x 10-6), suggesting selective central 368 

auditory alterations. Peak II amplitudes also remained comparable at 4 (p = 0.317), 12 (p = 0.202), 369 

and at 24 kHz (p = 5.63 x 10-2) in ApoE4 controls (Figure 7D, Table 1, LME with FDR correction). 370 

Peak III amplitudes were reduced with age across all tested frequencies in both genotypes 371 

(ApoE4/PS19: p = 1.64 x 10-17, p = 2.10 x 10-19, p = 3.82 x 10-14; ApoE4: p = 1.65 x 10-13, p = 1.87 372 

x 10-11, p = 1.04 x 10-24 at 4, 12, and 24 kHz, respectively) (Figure 7E, Table 1, LME with FDR 373 

correction). Peak IV amplitudes remained comparable between age groups at all frequencies 374 

(ApoE4/PS19: p = 0.533, p = 0.533, p = 0.425; ApoE4: p = 0.442, p = 0.234, p = 0.565 at 4, 12, 375 

and 24 kHz, respectively) (Figure 7F, Table 1, LME with FDR correction). 376 

 377 

ApoE4 allele contributes to auditory dysfunction 378 

To examine the independent and combined effects of ApoE4 and tau pathology on 379 

auditory function, we compared ABR responses in WT, PS19, and ApoE4/PS19 mice at 3 and 7 380 

months of age (Figure 8). At 3 months, ApoE4/PS19 mice exhibited significantly elevated hearing 381 

thresholds at 12 (p = 3.60 x 10-2) and 16 kHz (p = 1.10 x 10-2) compared with WT mice, indicating 382 

early deficits in auditory sensitivity. At the same age, ApoE4/PS19 mice showed a reduction at 8 383 
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(p = 2.43 x 10-2) and an elevation in hearing threshold at 16 kHz (p = 1.65 x 10-2) compared to the 384 

PS19 mice. By 7 months of age, ApoE4/PS19 mice showed elevated hearing thresholds at 12 (p 385 

= 3.62 x 10-2), 16 (p = 1.50 x 10-2), and 24 kHz (p = 4.18 x 10-2) compared to PS19 mice, while 386 

being comparable with WT mice across all tested frequencies (p = 0.568, p = 0.646, p = 0.239, p 387 

= 0.229, p = 0.573, p = 0.369 at 4, 8, 12, 16, 24, and 32 kHz, respectively) for tone stimuli, 388 

suggesting partial normalization or compensatory changes with disease progression (Figure 8A-389 

B, Table 3-4 and S3, Mann-Whitney U test).  390 

  Analysis of peak amplitudes, latencies, and interpeak latencies revealed age- and 391 

frequency-dependent alterations in neural response strength. Peak I amplitudes showed 392 

significant reductions in both ApoE4/PS19 mice compared to PS19 and WT mice across all 393 

frequencies at both 3 (PS19: p = 1.58 x 10-46, p = 1.75 x 10-43, p = 2.15 x 10-20; WT: p = 1.31 x 10-394 

32, p = 1.29 x 10-29, p = 2.24 x 10-16) and 7 months (PS19: p = 1.82 x 10-78, p = 6.72 x 10-47, p = 395 

2.01 x 10-20; WT: = 6.92 x 10-50, p = 1.54 x 10-38, p = 6.58 x 10-16 for 4, 12 and 24 kHz, respectively) 396 

(Figure 8C, Table 3-4 and S3, LME with FDR correction). Peak II amplitudes were similarly 397 

reduced in ApoE4/PS19 compared to PS19 and WT mice. At 3 months, ApoE4/PS19 showed 398 

significant reductions across frequencies (PS19: p = 8.31 x 10-13, p = 2.39 x 10-20, p = 2.23 x 10-399 

3; WT: p = 1.11 x 10-18, p = 3.30 x 10-34, p = 1.15 x 10-160). At 7 months, ApoE4/PS19 remained 400 

significantly reduced (PS19: p = 2.59 x 10-16, p = 1.96 x 10-14, p = 2.61 x 10-4; WT: p = 2.59 x 10-401 

9, p = 1.79 x 10-9, p = 8.72 x 10-4) (Figure 8D, Table 3-4 and S3, LME with FDR correction). Peak 402 

III amplitudes were comparable between ApoE4/PS19 and WT mice at 3 months at 4 (p = 0.734) 403 

and 12 kHz (p = 0.935) and increased at 24 kHz (p = 1.01 x 10-2). Compared to PS19 at the same 404 

age, ApoE4/PS19 amplitudes were increased across tested frequencies (p = 1.49 x 10-4, p = 1.58 405 

x 10-6, p = 3.89 x 10-23). At 7 months, modest reductions occurred in ApoE4/PS19 mice at 4 and 406 

12 kHz (p = 3.51 x 10-4, p = 2.22 x 10-4), while 24 kHz responses remained comparable (p = 5.86 407 

x 10-2) to WT mice. ApoE4/PS19 peak amplitudes were reduced at 4 kHz (p = 9.04 x 10-3) and 408 
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became comparable at higher frequencies (p = 0.497, p = 0.314 for 12 and 24 kHz) relative to 409 

PS19 mice (Figure 8E, Table 3-4 and S3, LME with FDR correction). Peak IV amplitudes showed 410 

consistent reductions in ApoE4/PS19 compared to PS19 and WT mice across all frequencies and 411 

ages (3 months - PS19: p = 2.16 x 10-103, p = 7.62 x 10-107, p = 3.62 x 10-66; WT: p = 3.42 x 10-86, 412 

p = 8.43 x 10-102, p = 2.67 x 10-45 and 7 months - PS19: p = 4.94 x 10-97, p = 1.07 x 10-79, p = 4.39 413 

x 10-25; WT: p = 1.06 x 10-86, p = 1.60 x 10-69, p = 3.34 x 10-47 for 4, 12 and 24 kHz, respectively) 414 

(Figure 8F, Table 3-4 and S3, LME with FDR correction). 415 

Peak latency analysis revealed consistent alterations in neural response timing in both 416 

ApoE4/PS19 mice compared to PS19 and WT mice, characterized by delayed latencies at peak 417 

I and shortened latencies at peaks II, III, and IV (Figure 9). Peak I latencies were significantly 418 

delayed in ApoE4/PS19 mice compared to PS19 and WT mice. At 3 months, ApoE4/PS19 mice 419 

showed comparable latencies to PS19 and WT mice at 4 kHz (p = 0.207, p = 0.812) and at 12 (p 420 

= 0.346, p = 0.114), with pronounced delays emerging at 24 kHz (p = 4.73 x 10-19, p = 1.23 x 10-421 

14 for PS19 and WT, respectively). By 7 months, delayed latencies were evident across all tested 422 

frequencies in comparison to PS19 (p = 1.17 x 10-13, p = 7.58 x 10-16, p = 4.57 x 10-11) and WT 423 

mice (p = 1.19 x 10-19, p = 5.44 x 10-19, p = 6.60 x 10-9 at 4, 12 and 24 kHz, respectively) (Figure 424 

9A, Table 3-4 and S3, LME with FDR correction). Peak II latencies showed ApoE4/PS19 425 

exhibiting significantly shortened latencies compared to PS19 and WT mice. At 3 months, the 426 

effects were pronounced across tested frequencies (PS19: p = 1.80 x 10-144, p = 9.14 x 10-79, p = 427 

1.11 x 10-10; WT: p = 4.13 x 10-88, p = 1.27 x 10-58, p = 3.26 x 10-4 for 4, 12, and 24 kHz, 428 

respectively). At 7 months, shortened latencies persisted across 4 (p = 1.29 x 10-7), and 12 kHz 429 

(p = 4.00 x 10-14) relative to WT, and across tested frequencies relative to PS19 mice (p = 5.99 x 430 

10-17, p = 7.56 x 10-21, p = 3.31 x 10-2 for 4, 12, and 24 kHz, respectively) (Figure 9B, Table 3-4 431 

and S3, LME with FDR correction). Peak III latencies were shortened in ApoE4/PS19 mice 432 

compared to PS19 and WT mice across tested frequencies. At 3 months, ApoE4/PS19 showed 433 
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shortened latencies at all frequencies (PS19: p = 2.34 x 10-118, p = 7.39 x 10-144, p = 3.52 x 10-61; 434 

WT: p = 5.07 x 10-52, p = 2.53 x 10-73, p = 5.96 x 10-26 for 4, 12, and 24 kHz). At 7 months, latency 435 

shortening persisted in comparison to both PS19 (p = 9.17 x 10-34, p = 6.58 x 10-49, p = 6.01 x 10-436 

7) and WT (p = 1.84 x 10-15, p = 4.35 x 10-37, p = 2.54 x 10-4 at 4, 12, and 24 kHz) mice (Figure 437 

9C, Table 3-4 and S3, LME with FDR correction). Peak IV latencies showed consistent shortening 438 

in ApoE4/PS19 compared to PS19 and WT mice across all frequencies and ages (3 months - 439 

PS19: p = 1.00 x 10-308, p = 1.00 x 10-308, p = 6.63 x 10-109; WT: p = 4.36 x 10-254, p = 2.46 x 10-440 

225, p = 2.05 x 10-76  and 7 months - PS19: p = 1.69 x 10-76, p = 1.12 x 10-87, p = 4.31 x 10-15; WT: 441 

p = 8.86 x 10-45, p = 3.39 x 10-78, p = 3.35 x 10-10 for 4, 12, and 24 kHz, respectively) (Figure 9D, 442 

Table 3-4 and S3, LME with FDR correction). 443 

Interpeak latencies reveal altered neural transmission timing in ApoE4/PS19 mice (Figure 444 

10). Peak I-II interpeak latencies were significantly shortened in ApoE4/PS19 mice compared to 445 

PS19 and WT mice. At 3 months, interpeak latencies are shortened across frequencies (PS19: p 446 

= 5.30 x 10-153, p = 7.15 x 10-110, p = 3.24 x 10-33; WT: p = 2.03 x 10-113, p = 2.43 x 10-115, p = 2.11 447 

x 10-29 for 4, 12, and 24 kHz). By 7 months, shortened I-II intervals persisted in ApoE4/PS19 448 

across all tested frequencies (PS19: p = 1.01 x 10-69, p = 9.82 x 10-73, p = 1.12 x 10-30; WT: p = 449 

1.91 x 10-51, p = 7.80 x 10-65, p = 1.71 x 10-15 for 4, 12, and 24 kHz, respectively) (Figure 10A, 450 

Table 3-4 and S3, LME with FDR correction). II-III interpeak latencies were shortened in 451 

ApoE4/PS19 mice compared to PS19 and WT mice. At 3 months, ApoE4/PS19 mice exhibited 452 

shortened II-III intervals across frequencies (PS19: p = 1.37 x 10-3, p = 1.00 x 10-33, p = 3.64 x 10-453 

15; WT: p = 1.03 x 10-2, p = 1.04 x 10-8, p = 1.40 x 10-10). At 7 months, shortened II-III intervals 454 

continued for tested frequencies (PS19: p = 7.80 x 10-14, p = 2.56 x 10-24, p = 2.59 x 10-8; WT: p 455 

= 3.10 x 10-7, p = 1.53 x 10-14, p = 5.30 x 10-11 for 4, 12, and 24 kHz, respectively) (Figure 10B, 456 

Table 3-4 and S3, LME with FDR correction). III-IV interpeak latencies were shortened in 457 

ApoE4/PS19 mice compared to PS19 and WT mice across tested conditions. At both ages, 458 
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ApoE4/PS19 nice showed significantly shortened III-IV intervals (3 months - PS19: p = 5.70 x 10-459 

31, p = 2.47 x 10-45, p = 7.32 x 10-41; WT: p = 3.00 x 10-23, p = 1.44 x 10-36, p = 3.27 x 10-26 and 7 460 

months - PS19: p = 1.12 x 10-40, p = 1.01 x 10-36, p = 1.02 x 10-9; WT: p = 6.72 x 10-38, p = 8.61 x 461 

10-40, p = 1.08 x 10-15 for 4, 12, and 24 kHz, respectively) (Figure 10C, Table 3-4 and S3, LME 462 

with FDR correction). I-IV interpeak latencies were shortened in ApoE4/PS19 mice (3 months: p 463 

= 1.72 x 10-303, p = 1.00 x 10-308, p = 1.99 x 10-230; 7 months: p = 1.43 x 10-74, p = 5.15 x 10-180, p 464 

= 2.09 x 10-21) and ApoE4/PS19 mice (3 months - PS19: p = 1.00 x 10-308, p = 1.00 x 10-308, p = 465 

1.00 x 10-308; WT: p = 6.02 x 10-302, p = 1.00 x 10-308, p = 4.02 x  10-130; 7 months - PS19: p = 6.80 466 

x 10-139, p = 7.99 x 10-160, p = 3.63 x 10-66; WT: p = 2.13 x 10-104, p = 1.46 x 10-152, p = 1.56 x 10-44 467 

for 4, 12, and 24 kHz, respectively) compared to PS19 and WT mice across all frequencies and 468 

ages (Figure 10D, Table 3-4 and S3, LME with FDR correction). 469 

A direct comparison of ApoE4 and ApoE4/PS19 mice showed minimal significant 470 

differences across both tone- and click-evoked ABR measures, indicating that PS19-mediated 471 

tau pathology does not meaningfully worsen the auditory impairments associated with ApoE4 472 

alone (Figure S2-5, Table S3-4, LME with FDR correction). Comparisons between ApoE4 and 473 

WT mice followed a similar pattern, with most significant differences consistent with those seen 474 

in ApoE4/PS19 versus WT. This further supports ApoE4 as the primary contributor to auditory 475 

dysfunction in these mice, with tau pathology playing a limited additional role (Figure S6-8, Table 476 

S2-4, LME with FDR correction). 477 

 478 

Preserved anxiety-like behavior and motor functions in PS19 mice 479 

 To determine whether sensory dysfunction, such as hearing impairments, precedes 480 

behavioral impairments, we examined anxiety-like behavior and motor performance in PS19 mice 481 

at 3, 7, and 10 months of age. In the elevated plus maze (EPM), PS19 spent comparable time in 482 
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the open, closed, and center arms at 3 and 7 months of age relative to WT mice (3 months: p = 483 

9.14 x 10-2, p = 0.317, p = 0.456; 7 months: p = 0.369, p = 0.865, p = 0.635) while spending more 484 

time in open-arms at 10 months (p = 0.195, p = 0.859, p = 1.40 x 10-2) for open, center and closed 485 

arms, respectively), indicating reduced anxiety-like behaviors at later age (Figure 11A, Table 5, 486 

Mann Whitney test). 487 

 Rotarod testing revealed no significant differences in motor performance between PS19 488 

mice and WT mice at either 3, 7, or 10 months of age. Latencies to fall were comparable across 489 

genotypes and ages (3 months: p = 0.878; 7 months: p > 0.999; 10 months: p = 0.599), indicating 490 

preserved motor coordination and endurance in PS19 mice during these periods (Figure 11B, 491 

Table 5, Mann-Whitney t-test). 492 

 493 

Age-Dependent Changes in Anxiety-Like and Motor Function in ApoE4/PS19 Mice 494 

 Behavioral analysis was conducted for ApoE4/PS19 mice to assess their anxiety-like 495 

behavior and motor performance at 3, 7, and 10 months of age. In EPM test, ApoE4/PS19 mice 496 

showed age-dependent differences in exploratory behavior relative to both ApoE4 and WT mice. 497 

At 3 months, ApoE4/PS19 mice spent less time in the closed arms (p = 3.20 × 10-3) and more 498 

time in the center zone (p = 3.30 × 10-3) relative to ApoE4 controls, while remaining comparable 499 

in open arm time (p > 0.999). Compared to WT, ApoE4/PS19 mice spent comparable time in 500 

closed (p = 7.86 × 10-2) and open (p > 0.999) arms, but more time in the center zone (p = 1.73 × 501 

10-2), indicating that the combination of ApoE4 and tau pathology selectively increases center 502 

zone occupancy relative to ApoE4 alone at this age. At 7 months, time spent in closed arms, 503 

center, and open arms was comparable across all three genotypes (WT vs. ApoE4: p = 0.183, p 504 

= 0.519, p = 0.364; WT vs. ApoE4/PS19: p > 0.999, p > 0.999, p = 0.917; ApoE4 vs. ApoE4/PS19: 505 

p = 0.599, p = 0.952, p > 0.999, for closed, center and open arms, respectively). At 10 months, 506 

JN
eurosci

 Acce
pted M

an
uscr

ipt



22 
 

ApoE4/PS19 mice spent less time in the closed arms (p = 3.33 x 10-2) and more time in the center 507 

zone (p = 2.20 x 10-3) compared to ApoE4 mice. WT mice also showed elevated center zone time 508 

relative to ApoE4 controls (p = 4.00 x 10-3), suggesting diverging trajectories of anxiety-like 509 

behavior in WT, ApoE4, and ApoE4/PS19 mouse models with increasing age (Figure 11C, Table 510 

5, Kruskal-Wallis, followed by Dunn’s multiple comparisons).  511 

Rotarod testing reveals age-dependent differences in motor performance. At 3 months, 512 

latency to fall was comparable across all three genotypes (WT vs. ApoE4: p = 0.352; WT vs. 513 

ApoE4/PS19: p = 0.986; ApoE4 vs. ApoE4/PS19: p > 0.999). At 7 months, ApoE4/PS19 mice 514 

exhibited significantly greater latency to fall compared to both WT (p < 1.00 x 10-4) and ApoE4 515 

controls (p = 3.20 x 10-3). This pattern persisted for 10 months, with ApoE4/PS19 mice again 516 

showing greater latency to fall relative to both WT (p = 4.00 x 10-4) and ApoE4 controls (p = 1.06 517 

x 10-2) (Figure 11D, Table 5, Kruskal-Wallis followed by Dunn’s multiple comparisons). 518 

 519 

Discussion 520 

This study shows that auditory pathway dysfunction may represent an early and 521 

sensitive development of tau pathology in the PS19 mouse model, emerging before detectable 522 

motor and anxiety-like behavioral changes. Through comprehensive assessment of neural 523 

transmission along the ascending auditory brainstem pathway, our data reveal tauopathy 524 

association with progressive, frequency-specific alterations in auditory processing that precede 525 

behavioral disease phenotypes. The interaction between P301S mutation and the ApoE4 risk 526 

allele produces distinct temporal patterns of auditory impairments, with implications for 527 

understanding the progression of Alzheimer's disease and related tauopathies. 528 

Auditory pathway dysfunction precedes behavioral impairment in PS19 mice 529 
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A central finding of this study is that auditory pathway dysfunction precedes cognitive 530 

impairment and neuronal loss in PS19 mice, coinciding with the earliest stages of tauopathy. At 531 

3 months of age, before neurofibrillary tangle formation and cognitive deficits (Yoshiyama et al., 532 

2007), PS19 mice showed reduced neural response amplitudes across multiple brainstem 533 

auditory nuclei and slowed signal transmission throughout the auditory pathway, in animals that 534 

showed no detectable changes in anxiety-like behavior or motor coordination. Reduced 535 

peripheral auditory nerve activity (Peak I) coupled with elevated hearing thresholds at 8 kHz 536 

suggests that tau pathology affects peripheral sensory structures at disease onset in P301S 537 

models, consistent with tau expression in peripheral spiral ganglion neurons (Wang and Wu, 538 

2021). The widespread nature of early auditory deficits, extending from the peripheral auditory 539 

nerve through multiple brainstem auditory nuclei, suggests that the auditory system is among 540 

the earliest vulnerable neural networks in tauopathy. 541 

Auditory pathway dysfunction reveals stage-specific patterns in PS19 mice 542 

The temporal progression of auditory deficits across brainstem auditory centers reveals 543 

a complex pattern of regional dysfunction and compensation. While age-related amplitude 544 

declines occurred across all genotypes, PS19 mice exhibited a distinct trajectory: Peak I 545 

declined similarly to controls, Peak II remained stable, and Peak III showed relative 546 

preservation, suggesting tau pathology triggers region-specific compensatory responses that 547 

alter normal aging trajectories.  548 

Peripheral auditory nerve function showed initial compromise, followed by apparent 549 

normalization by 7 months, potentially reflecting compensatory mechanisms in surviving 550 

neurons (Schrode et al., 2018; Johannesen et al., 2021). In contrast, central auditory structures 551 

showed persistent or progressive dysfunction: superior olivary complex activity (Peak III) 552 

remained significantly impaired at both ages, and lateral lemniscus function (Peak IV) showed 553 

JN
eurosci

 Acce
pted M

an
uscr

ipt



24 
 

progressive deterioration. Because the Wave IV/Wave I amplitude ratio was not significantly 554 

altered, these reductions may partly reflect reduced peripheral drive rather than independent 555 

central pathology. 556 

Particularly striking was the cochlear nucleus (Peak II): initial reduction at 3 months 557 

followed by elevation above control levels at 7 months. This reversal likely reflects 558 

compensatory hyperactivity within the cochlear nucleus, possibly involving increased neuronal 559 

excitability or altered inhibitory-excitatory balance as the structure attempts to compensate for 560 

diminished peripheral input (Auerbach et al., 2014; Schrode et al., 2018). Persistent slowing of 561 

neural transmission reflected in prolonged I-IV interpeak latencies suggests that temporal 562 

processing deficits are a core feature of auditory dysfunction in tauopathy, likely arising from 563 

axonal dysfunction, compromised myelination, or synaptic deficits associated with tau 564 

accumulation. (Kneynsberg et al., 2017; Tracy and Gan, 2018).  565 

The frequency-specific nature of these deficits, with relative preservation at 24 kHz, 566 

indicates differential impairment within the tonotopic organization of auditory structures 567 

susceptible to tauopathy. This selectivity may reflect regional differences in tau expression, 568 

metabolic demands, or cellular composition that confer protection or risk to specific neuronal 569 

populations within the auditory pathway. Click and tone ABRs reflect distinct cochlear regions 570 

and synchrony demands, explaining their opposing latency patterns in PS19 mice (Melcher and 571 

Kiang, 1996). 572 

ApoE4 allele alters the trajectory of auditory pathway dysfunction  573 

The human ApoE4 allele produced a broad and stable pattern of auditory dysfunction 574 

that differed from tau-related decline in PS19 mice. Both ApoE4 and ApoE4/PS19 mice showed 575 

elevated hearing thresholds at 3 months relative to WT mice, with partial normalization by 7 576 
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months, suggesting early peripheral sensitivity deficits that are partially compensated over time. 577 

Amplitude abnormalities were far more persistent: Peaks I, II, and IV remained significantly 578 

reduced at both ages, indicating sustained response strength deficits that involve mechanisms 579 

distinct from those underlying threshold sensitivity. 580 

Our analysis revealed directionally opposite changes in peak latency: Peaks II, III, and 581 

IV latencies were uniformly shortened relative to WT mice, while Peak I latency was delayed, a 582 

pattern that held across frequencies and ages that became more pronounced by 7 months. The 583 

delayed Peak I latency likely reflects compromised peripheral auditory nerve conduction via 584 

ApoE4-mediated disruption of lipid homeostasis and demyelination of spiral ganglion neuron 585 

axons (Chen et al., 2025a). In contrast, shortened central latencies at Peaks II-IV may reflect 586 

ApoE4-driven reductions in inhibitory tone within auditory brainstem stations where ApoE4 is 587 

associated with loss of GABAergic interneuron function and reduced inhibitory-excitatory 588 

balance (Nuriel et al., 2017; Najm et al., 2019), which would enhance neural synchrony and 589 

accelerate apparent signal propagation through central auditory structures. Further analysis 590 

revealed shortened interpeak latencies across all intervals consistent with this disinhibition 591 

model. Together, this opposing peripheral-central pattern points to ApoE4-mediated disruption 592 

of myelination and inhibitory circuit integrity as primary drivers of auditory brainstem 593 

reorganization, rather than uniform deterioration. 594 

Cochlear nucleus function differed remarkably between ApoE4 and PS19 backgrounds. 595 

While PS19 mice showed elevated Peak II amplitudes at 7 months, consistent with 596 

compensatory hyperexcitability, ApoE4/PS19 mice exhibited reduced amplitudes. ApoE4 mice 597 

alone showed partial recovery of Peak II amplitudes toward WT levels by 7 months, whereas 598 

ApoE4/PS19 mice remained significantly reduced, representing one of the few points of 599 

divergence between the two mutant genotypes. This suggests that while ApoE4 alone may 600 

permit partial compensatory normalization of cochlear nucleus output, the addition of PS19-601 
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mediated tau pathology limits this recovery. Whether this reflects tau-driven suppression of 602 

compensatory plasticity or ApoE4-tau interactions at the level of cochlear nucleus circuitry 603 

requires further investigation.  604 

This genotype-dependent difference in auditory response may reflect ApoE4-mediated 605 

alterations in tau propagation, neuroinflammatory responses, or compensatory plasticity (Shi et 606 

al., 2017; Friedberg et al., 2020; Koutsodendris et al., 2023). Despite these differences, direct 607 

comparisons between ApoE4 and ApoE4/PS19 mice revealed minimal differences across the 608 

majority of ABR measures, indicating that PS19-mediated tau pathology does not substantially 609 

worsen the auditory impairments already conferred by ApoE4 alone. This raises the possibility 610 

that ApoE4 engages pathological mechanisms that occlude further deterioration from tau 611 

accumulation, perhaps through shared downstream effects on synaptic or myelination (Koffie et 612 

al., 2012; Blanchard et al., 2022) or that ApoE4 alters the regional distribution of tau in ways that 613 

mask additive effects at the time points examined. 614 

The absence of anxiety-like or motor impairments in PS19 mice at 3, 7, and 10 months 615 

despite robust auditory dysfunction supports sequential neural system vulnerability, reflecting 616 

circuit-specific thresholds for dysfunction. In ApoE4/PS19 mice, the behavioral profile was 617 

distinct from either parental genotype alone. Reduced closed-arm time and elevated center 618 

zone occupancy at 3 and 10 months, and altered rotarod performance from 7 months onward, 619 

suggest that ApoE4 and tau pathology interact to produce a qualitatively different phenotype 620 

rather than additive impairment. Tau pathology may attenuate the heightened anxiety 621 

characteristic of ApoE4 mice (Siegel et al., 2010), consistent with reports of hyperactivity and 622 

reduced anxiety in PS19 mice with advancing tau burden (Ahmad et al., 2021). Elevated center 623 

zone time may reflect behavioral conflicts rather than reduced anxiety, aligning with the classic 624 

approach-avoidance framework in rodents (Salum, et al., 2003, Montgomery, 1995), since 625 

entering open arms requires overriding competing avoidance drives that EPM data alone cannot 626 
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resolve. The paradoxical improvement in rotarod performance may reflect similar disinhibition, 627 

with ApoE4/PS19 mice engaging the task more persistently than anxious ApoE4 counterparts. 628 

ApoE4 also exacerbates tau pathology in P301S mice (Shi et al., 2017), raising the possibility 629 

that ApoE4/PS19 mice carry greater tau burden than PS19 alone, potentially disrupting anxiety 630 

circuitry more extensively.  631 

 632 

Study limitations and implications 633 

All experimental mice were maintained on a B6C3F1/J hybrid background, heterozygous 634 

at the Cdh23 locus; moderately elevated baseline ABR thresholds in WT mice are consistent 635 

with this background and are shared equally across genotypes. Our behavioral assays could be 636 

expanded; auditory-dependent cognitive tasks may reveal more subtle impairments. The 637 

mechanisms underlying the selective auditory pathway vulnerability remain unclear, highlighting 638 

the need to investigate molecular features that confer early sensitivity to tau pathology. 639 

Our findings support growing evidence that auditory dysfunction represents an early, 640 

clinically relevant feature of tauopathies and AD/ADRD, given ApoE4’s role as a major genetic 641 

risk factor. Hearing impairment is a major modifiable dementia risk factor (Su et al., 2017; 642 

Azeem et al., 2023), yet mechanisms linking auditory dysfunction to cognitive decline remain 643 

unclear. The auditory pathway's demands for high temporal precision and extensive axonal 644 

projections may render it susceptible to tauopathy. ApoE4's modulation of auditory phenotypes 645 

reveals that genetic context shapes not only disease risk but also the trajectory of neural system 646 

involvement. The distinct pattern of deficits observed in ApoE4/PS19 mouse models suggests 647 

that dynamic patterns of dysfunction and compensation, and potential reemergence may matter 648 
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more to cognitive outcomes than severity at single time point, a temporal dimension accessible 649 

only through longitudinal assessment that may represent a critical therapeutic window. 650 

 651 
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Figure Legends 752 

Figure 1. Experimental overview and behavioral paradigms. (A) Schematic of the experimental 753 

timeline illustrating the sequence of experiments performed. (B) Diagram of the Auditory 754 

Brainstem Response (ABR) experimental setup. Yellow, red, and green needles indicate 755 

electrode placement on the animal. A representative ABR waveform is shown with the 756 

measured parameters indicated. (C) Schematic of the Elevated Plus Maze (EPM) apparatus, 757 

consisting of two open arms and two closed arms elevated 50 cm above the ground, connected 758 

by a central platform. (D) Schematic of the rotarod test used to assess motor coordination and 759 

balance. Latency to fall was recorded across five trials, with a 20-minute rest period between 760 

trials. 761 

 762 

Figure 2. Auditory brainstem response analysis and waveforms in PS19 and PS19/ApoE4 763 

mouse models across ages. (A) Representative workflow for ABR waveform preprocessing and 764 

peak detection. Raw ABR traces were filtered and baseline-corrected prior to peak identification. 765 

(B) Representative ABR waveforms recorded from PS19 mice and wildtype (WT) controls, and 766 

ApoE4/PS19 double transgenic mice and ApoE4 controls at 3, 7, and 10 months of age. Traces 767 

represent responses to tone stimuli presented at increasing sound intensities from 10 to 80 dB 768 

SPL, displayed as stacked waveforms. Each color represents a different stimulus intensity level. 769 

Vertical dashed lines visually identify peak I within the sample raw waveforms.  770 

 771 

Figure 3. Auditory brainstem responses show modest age-related changes in PS19 and wild-772 

type (WT) mice. (A) Hearing thresholds (dB SPL) in response to pure tone stimuli in 3-month-773 

old (3M-WT n=9, 7M-WT n=15) and 7-month-old mice (3M-PS19 n= 8, 7M-PS19 n=13). WT 774 

mice at 7 months exhibit higher hearing thresholds at 8, 16, and 24 kHz compared with the 3-775 
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month cohort. Similarly, PS19 mice at 7 months show elevated hearing thresholds at 24 kHz 776 

relative to the 3-month cohort. (B) Peak IV-to-I amplitude ratio in 3- and 7-month-old mice. IV/I 777 

amplitude ratios remain comparable with age for both PS19 and wild-type (WT) mice. (C) Peak I 778 

amplitudes (µV) in PS19 and WT control mice at 3- and 7-month-old at 4, 12, and 24 kHz. Peak 779 

I amplitudes are reduced in 7-month-old mice compared with 3-month-old cohorts in both PS19 780 

and WT mice across tested frequencies. (D) Peak II amplitudes (µV) in PS19 and WT control 781 

mice 3- and 7-month-old at 4, 12, and 24 kHz. Peak II amplitudes in WT mice declined with age 782 

across tested frequencies. PS19 mice show comparable peak amplitudes between 3 and 7-783 

month-old mice. (E) Peak III amplitudes (µV) in PS19 and WT control mice 3- and 7-month-old 784 

at 4, 12, and 24 kHz. PS19 mice showed comparable Peak III amplitudes between age groups 785 

at all tested frequencies. In WT mice, amplitudes declined with age at 4 and 12 kHz but 786 

remained comparable at 24 kHz. (F) Peak IV amplitudes (µV) in PS19 and WT mice 3- and 7-787 

month-old, at 4, 12, and 24 kHz. Peak IV amplitudes were reduced in 7-month-old mice relative 788 

to 3-month-old cohorts in both PS19 and WT mice across all tested frequencies. Data represent 789 

mean ± SEM. Asterisks indicate significant differences between genotype-matched control 790 

(brown) and PS19 (blue) groups. *p < 0.05, **p < 0.001, ***p < 0.0001, ****p < 0.00001 and ns 791 

denoting non-significant comparisons. 792 

 793 

Figure 4. Auditory brainstem response reveals hearing impairments in PS19 mice. (A-B) 794 

Hearing thresholds (dB SPL) in response to pure tone stimuli in 3- and 7-month-old mice. At 3 795 

months old, PS19 mice show elevated hearing thresholds at 8 kHz. At 7 months, hearing 796 

thresholds were comparable to wild-type (WT) mice. (C) Peak I amplitudes (µV) in 3 and 7-797 

month-old mice at 4, 12, and 24 kHz. Peak amplitudes in PS19 mice are reduced relative to 798 

controls at 3 months and become comparable to WT mice at 7 months. (D) Peak II amplitudes 799 

(µV) in 3 and 7-month-old mice at 4, 12, and 24 kHz. Peak amplitudes in PS19 mice are 800 
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reduced at 3 months at all frequencies and increase at 4 and 12 kHz at 7 months compared to 801 

WT mice. (E) Peak III amplitudes (µV) in 3 and 7-month-old mice at 4, 12, and 24 kHz. Peak 802 

amplitudes in PS19 mice are reduced at 3 months at the tested frequencies and remain reduced 803 

at 12 and 24 kHz at 7 months. (F) Peak IV amplitudes (µV) in 3 and 7-month-old mice at 4, 12, 804 

and 24 kHz. Peak amplitudes in PS19 mice are reduced at 3 months at 4 and 12 kHz and 805 

remain reduced at 7 months for 4 kHz only. Data represent mean ± SEM. Asterisks indicate 806 

significant differences between age-matched control (brown) and PS19 (blue) groups. *p < 0.05, 807 

**p < 0.001, ***p < 0.0001, ****p < 0.00001 and ns denoting non-significant comparisons. 808 

 809 

Figure 5. ABR peak latency is delayed in PS19 mice. (A) Peak I latency (ms) in 3- and 7-810 

month-old mice at 4, 12, and 24 kHz. Peak I latencies in PS19 mice are comparable to those of 811 

wild-type (WT) mice at both ages across all frequencies. (B) Peak II latency (ms) in 3- and 7-812 

month-old mice at 4, 12, and 24 kHz. PS19 mice show delayed Peak II latencies at 3 months 813 

that persist at 7 months at 4 and 12 kHz. At 24 kHz, peak latencies are comparable to WT mice 814 

at 3 months and become delayed at 7 months. (C) Peak III latency (ms) in 3- and 7-month-old 815 

mice at 4, 12, and 24 kHz. PS19 mice show delayed Peak III latencies at 3 months across 816 

frequencies, with delays persisting at 7 months at 4 and 12 kHz compared to WT mice. (D) 817 

Peak IV latency (ms) in 3- and 7-month-old mice at 4, 12, and 24 kHz. Peak IV latencies are 818 

delayed in PS19 mice at 3 months across shown frequencies and continue at 7 months at 4 and 819 

12 kHz, while remaining comparable to WT mice at 24 kHz. Data represent mean ± SEM. 820 

Asterisks indicate significant differences between age-matched control (brown) and PS19 (blue) 821 

groups. *p < 0.05, **p < 0.001, ***p < 0.0001, ****p < 0.00001 and ns denoting non-significant 822 

comparisons. 823 

 824 
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Figure 6. ABR interpeak latency is delayed in PS19 mice. (A) Interpeak latency from Peak I to II 825 

(ms) in 3- and 7-month-old mice at 4, 12, and 24 kHz. PS19 mice show delayed Peak I–II 826 

interpeak latencies at 3 and 7 months at 4 and 12 kHz. At 24 kHz, interpeak latencies are 827 

comparable at 3 months and become delayed at 7 months. (B) Interpeak latency from Peak II to 828 

III (ms) in 3- and 7-month-old mice at 4, 12, and 24 kHz. Peak II–III interpeak latencies in PS19 829 

mice are comparable at 3 months and delayed at 7 months at 4 and 12 kHz, while remaining 830 

comparable to WT mice at 24 kHz. (C) Interpeak latency from Peak III to IV (ms) in 3- and 7-831 

month-old mice at 4, 12, and 24 kHz. Peak III–IV interpeak latencies in PS19 remain 832 

comparable to WT mice at all other frequencies and ages. (D) Interpeak latency from Peak I to 833 

IV (ms) in 3- and 7-month-old mice at 4, 12, and 24 kHz. Peak I–IV interpeak latencies in PS19 834 

mice are delayed at 3 and 7 months at 4 and 12 kHz and remain comparable to WT at 24 kHz. 835 

Data represent mean ± SEM. Asterisks indicate significant differences between age-matched 836 

control (brown) and PS19 (blue) groups. *p < 0.05, **p < 0.001, ***p < 0.0001, ****p < 0.00001 837 

and ns denoting non-significant comparisons. 838 

 839 

Figure 7. Auditory brainstem responses show age-related changes in ApoE4/PS19 and ApoE4 840 

control mice. (A) Hearing thresholds (dB SPL) in response to pure tone stimuli in 3-month-old 841 

(3M-ApoE4 n=11, 3M-ApoE4/PS19 n=9) and 7-month-old mice (7M-ApoE4 n=15, 7M-842 

ApoE4/PS19 n=17). ApoE4 control mice at 7 months exhibit elevated hearing thresholds at 4, 8, 843 

12, 16, and 24 kHz compared with the 3-month cohort. Similarly, ApoE4/PS19 mice at 7 months 844 

exhibit elevated hearing thresholds at 8, 16, 24, and 32 kHz compared with the 3-month cohort. 845 

(B) Peak IV-to-I amplitude ratio in 3- and 7-month-old mice. IV/I amplitude ratios remain 846 

comparable with age for ApoE4 controls at the shown frequencies. IV/I amplitude ratios remain 847 

comparable with age for ApoE4/PS19 mice at 4, 12 kHz, and at 24 kHz. (C) Peak I amplitudes 848 

(µV) in ApoE4 and ApoE4/PS19 mice at 3- and 7-month-old at 4, 12, and 24 kHz. Peak I 849 
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amplitudes are reduced in 7-month-old mice compared with 3-month-old cohorts in both 850 

ApoE4/PS19 and ApoE4 control groups across all tested frequencies. (D) Peak II amplitudes 851 

(µV) in ApoE4 and ApoE4/PS19 mice at 3- and 7-month-old at 4, 12, and 24 kHz. Peak II 852 

amplitudes remain comparable with increasing age in both ApoE4/PS19 and ApoE4 control 853 

groups at 4 and 12 kHz. Peak II amplitudes were reduced in 7-month-old mice relative to 3-854 

month-old cohorts in both ApoE4 and ApoE4/PS19 mice at 24 kHz. (E) Peak III amplitudes (µV) 855 

in ApoE4 and ApoE4/PS19 mice at 3- and 7-month-old at 4, 12, and 24 kHz. Peak III amplitudes 856 

are reduced in 7-month-old mice compared with 3-month-old cohorts in both ApoE4/PS19 and 857 

ApoE4 control groups across all tested frequencies. (F) Peak IV amplitudes (µV) in ApoE4 and 858 

ApoE4/PS19 mice at 3- and 7-month-old at 4, 12, and 24 kHz. Peak IV amplitudes remain 859 

comparable with increasing age in both ApoE4/PS19 and ApoE4 control groups across 4, 12, 860 

and 24 kHz. Data represents SEM. Asterisks indicate significant differences between genotype-861 

matched ApoE4 (black) and ApoE4/PS19 (red) mice. *p < 0.05, **p < 0.001, ***p < 0.0001, 862 

****p < 0.00001, and ns denoting non-significant comparisons. 863 

 864 

Figure 8. Auditory brainstem responses show hearing impairment in ApoE4/PS19 relative to 865 

PS19 and wild-type (WT) mice. (A-B) Hearing thresholds (dB SPL) in response to pure tone 866 

stimuli in 3-month-old and 7-month-old ApoE4/PS19, PS19, and WT mice. At 3 months of age, 867 

ApoE4/Ps19 mice display elevated hearing thresholds at 12 and 16 kHz compared with WT 868 

mice. Relative to Ps19 mice, ApoE4/Ps19 mice show lower hearing thresholds at 8 kHz but 869 

higher hearing thresholds at 16 kHz. At 7 months, ApoE4/PS19 mice exhibit higher hearing 870 

thresholds at 12, 16, and 24 kHz relative to PS19 mice. (C-D) Peak I and II amplitudes (µV) in 3- 871 

and 7-month-old mice at 4, 12, and 24 kHz. Peak amplitudes in ApoE4/PS19 are reduced 872 

compared to PS19 and WT mice at 3 and 7 months across all tested frequencies. (E) Peak III 873 

amplitudes (µV) in 3- and 7-month-old mice at 4, 12, and 24 kHz. Peak amplitudes in 874 
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ApoE4/PS19 mice are increased relative to PS19 mice at 3 months across all tested 875 

frequencies and reduced at 7 months at 4 kHz. Peak amplitudes in ApoE4/PS19 mice are 876 

increased relative to WT mice at 3 months at 24 kHz and reduced at 7 months at 4 and 12 kHz. 877 

(F) Peak IV amplitudes (µV) in 3- and 7-month-old mice at 4, 12, and 24 kHz. Peak amplitudes 878 

in ApoE4/PS19 are reduced compared to PS19 and WT mice at 3 and 7 months across all 879 

tested frequencies. Data represent mean ± SEM. Asterisks indicate significant differences 880 

between age-matched ApoE4/PS19 (red) groups and WT (brown) or PS19 (blue) groups. 881 

*p < 0.05, **p < 0.001, ***p < 0.0001, ****p < 0.00001 and ns denoting non-significant 882 

comparisons. 883 

 884 

Figure 9. ABR peak latency is shortened in ApoE4/PS19 mice relative to PS19 mice and wild-885 

type (WT) mice. (A) Peak I latencies (ms) in 3- and 7- month-old mice at 4, 12, and 24 kHz. At 3 886 

months, Peak I latencies in ApoE4/PS19 are comparable to WT and PS19 mice at 4 and 12 kHz 887 

and shortened at 24 kHz. At 7 months, Peak I latencies are shortened across all tested 888 

frequencies in ApoE4/PS19 mice. (B) Peak II latencies (ms) in 3- and 7-month-old mice at 4, 12, 889 

and 24 kHz. Peak II latencies in wild-type controls and PS19 mice are delayed relative to 890 

ApoE4/PS19 mice at 3 and 7 months across all tested frequencies. (C-D) Peak III and IV 891 

latencies (ms) in 3- and 7-month-old mice at 4, 12, and 24 kHz. Peak latencies in ApoE4/PS19 892 

are shortened compared to WT and PS19 mice at 3 and 7 months across all tested frequencies. 893 

Data represent mean ± SEM. Asterisks indicate significant differences between age-matched 894 

ApoE4/PS19 (red) groups and WT (brown) or PS19 (blue) groups. *p < 0.05, **p < 0.001, 895 

***p < 0.0001, ****p < 0.00001 and ns denoting non-significant comparisons. 896 

 897 
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Figure 10. ABR interpeak latency is shortened in ApoE4/PS19 mice relative to PS19 mice and 898 

wild-type (WT) mice. (A) Peak I-II interpeak latencies (ms) in 3- and 7-month-old mice at 4, 12, 899 

and 24 kHz. Peak I-II interpeak latencies are shortened in ApoE4/PS19 mice compared to WT 900 

and PS19 mice at 3 and 7 months across all tested frequencies. (B) Peak II-III interpeak 901 

latencies (ms) in 3- and 7-month-old mice at 4, 12, and 24 kHz. Peak II-III interpeak latencies 902 

are shortened in ApoE4/PS19 mice compared to WT and PS19 mice at 3 and 7 months across 903 

all tested frequencies. (C) Peak III- IV interpeak latencies (ms) in 3- and 7-month-old mice at 4, 904 

12, and 24 kHz. Peak III-IV interpeak latencies are shortened in ApoE4/PS19 mice compared to 905 

WT and PS19 mice at 3 and 7 months across all tested frequencies. (D) Peak I-IV interpeak 906 

latencies (ms) in 3- and 7-month-old mice at 4, 12, and 24 kHz. Peak I-IV interpeak latencies 907 

are shortened in ApoE4/PS19 mice compared to WT and PS19 mice at 3 and 7 months across 908 

all tested frequencies. Data represent mean ± SEM. Asterisks indicate significant differences 909 

between age-matched ApoE4/PS19 (red) groups and WT (brown) or PS19 (blue) groups. 910 

*p < 0.05, **p < 0.001, ***p < 0.0001, ****p < 0.00001 and ns denoting non-significant 911 

comparisons. 912 

 913 

Figure 11. Comparative analysis of anxiety-related, and motor function in PS19 and 914 

ApoE4/PS19 mouse models of Alzheimer's disease. (A) Elevated plus maze (EPM) 915 

performance in PS19 mice at 3, 7, and 10 months of age. The time spent in closed arms and 916 

center zone show comparable anxiety-related behaviors in PS19 mice across age relative to 917 

wild-type (WT) mice at 3, and 7months old. At 10 months, PS19 spent more time in open arms 918 

compared to WT mice. (B) Rotarod performance in 3, 7, and 10-month-old PS19 mice. The 919 

latencies to fall (s) remain comparable in PS19 and WT mice across the tested ages. (C) 920 

Elevated Plus Maze (EPM) test results show anxiogenic behavior in ApoE4/PS19 mice. 921 

ApoE4/PS19 mice show reduced time spent in the closed arm and increased time spent in the 922 
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center zone compared to the ApoE4 controls at 3 and 10 months. (D) Rotarod performance 923 

shows changes in motor functions in 7-month-old ApoE4/PS19 mice. The latencies to fall (s) 924 

show comparable performance in ApoE4/PS19 and ApoE4 controls at 3 months old. At 7 and 925 

10 months, ApoE4/PS19 mice exhibit greater latencies. Bar plots show similar motor 926 

performance for both groups at all measured ages. Data are presented as mean ± SEM, with 927 

asterisks indicating significant differences between control (brown) and mutant groups: PS19 928 

(blue), ApoE4 (black), and ApoE4/PS19 (red). *p < 0.05, **p < 0.001, ***p < 0.0001, 929 

****p < 0.00001 and ns denoting non-significant comparisons. 930 

 931 
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 Age-Effect on ABR  

 3M vs 7M - Statistical Test Results 

 Hearing Thresholds 

 Frequency 

(kHz) 

WT Controls PS19 ApoE4 ApoE4/PS19 

 4 1.26 x 10-1 4.73 x 10-1 3.75 x 10-3 2.42 x 10-1 

 8 1.19 x 10-2 5.54 x 10-1 9.65 x 10-3 3.76 x 10-3 

 12 1.26 x 10-1 2.36 x 10-1 6.85 x 10-3 5.99 x 10-2 

 16 1.36 x 10-2 1.45 x 10-1 1.23 x 10-3 5.26 x 10-3 

 24 1.58 x 10-2 4.87 x 10-2 2.62 x 10-3 5.87 x 10-4 

 32 1.45 x 10-1 2.84 x 10-1 9.09 x 10-2 7.64 x 10-3 

Fre

qu

enc

y 

(kH

z) 

Pe

ak 

Amplitude  

WT Controls PS19 ApoE4 ApoE4/PS19 

LME p-

val 

FDR 

adjuste

d p-val 

LME p-

val 

FDR 

adjuste

d p-val 

LME p-

val 

FDR 

adjuste

d p-val 

LME p-

val 

FDR 

adjuste

d p-val 

4 I 4.75 x 

10-9  

7.12 x 

10-9  

2.31 x 

10-4  

7.44 x 

10-4  

1.09 x 

10-5  

1.26 x 

10-5  

2.44 x 

10-20  

7.32 x 

10-20  

II 4.40 x 

10-8 

2.64 x 

10-7 

2.26 x 

10-1 

3.39 x 

10-1 

2.64 x 

10-1 

3.17 x 

10-1 

8.48 x 

10-1 

8.48 x 

10-1 

III 9.00 x 

10-7 

2.70 x 

10-6 

3.43 x 

10-1 

6.86 x 

10-1 

8.26 x 

10-14 

1.65 x 

10-13 

8.19 x 

10-18 

1.64 x 

10-17 

IV 1.43 x 

10-12 

8.59 x 

10-12 

5.17 x 

10-15 

3.10 x 

10-14 

2.52 x 

10-1 

4.42 x 

10-1 

4.35 x 

10-1 

5.33 x 

10-1 

12 I 1.31 x 

10-9  

6.62 x 

10-9  

2.48 x 

10-4  

7.44 x 

10-4 

5.01 x 

10-13  

1.00 x 

10-12  

2.40 x 

10-20  

7.32 x 

10-20 

II 1.55 x 

10-7  

4.64 x 

10-7  

7.34 x 

10-1 

7.34 x 

10-1 

1.01 x 

10-1  

2.02 x 

10-1  

4.51 x 

10-1 

6.27 x 

10-1 

III 1.10 x 

10-4  

2.20 x 

10-4  

5.21 x 

10-2 

3.12 x 

10-1 

1.25 x 

10-11  

1.87 x 

10-11  

6.99 x 

10-20 

2.10 x 

10-19 

IV 9.50 x 

10-11  

1.77 x 

10-10  

1.22 x 

10-8 

2.43 x 

10-8 

7.82 x 

10-3  

2.34 x 

10-1 

5.33 x 

10-1 

5.33 x 

10-1 

JN
eurosci

 Acce
pted M

an
uscr

ipt



42 
 

24 I 4.65 x 

10-5  

5.59 x 

10-5  

4.28 x 

10-3  

7.43 x 

10-3 

1.11 x 

10-5  

1.26 x 

10-5  

1.84 x 

10-7  

2.20 x 

10-7 

II 2.42 x 

10-3  

2.90 x 

10-3  

1.97 x 

10-1  

3.39 x 

10-1 

9.38 x 

10-3  

5.63 x 

10-2  

9.89 x 

10-7  

5.93 x 

10-6 

III 2.53 x 

10-1  

2.53 x 

10-1  

8.52 x 

10-1  

8.91 x 

10-1 

1.73 x 

10-25  

1.04 x 

10-24  

2.54 x 

10-14  

3.82 x 

10-14 

IV 2.59 x 

10-5  

3.88 x 

10-5  

5.84 x 

10-8  

7.01 x 

10-8 

5.17 x 

10-1  

5.65 x 

10-1  

2.12 x 

10-1  

4.25 x 

10-1 

 933 

Table 1. Statistical comparisons of auditory brainstem response (ABR) measures evaluating the 934 

effect of age (3 vs. 7 months) in wild-type (WT), PS19, ApoE4, and ApoE4/PS19 mice. P-values 935 

were obtained using linear mixed-effects (LME) models and corrected for multiple comparisons 936 

using the false discovery rate (FDR). 937 

  938 
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 Genotype-Effect on ABR  

 3 months 

 PS19 vs WT Controls Statistical Analysis 

 Hearing Threshold 

 Frequency 

(kHz) 

4 8 12 16 24 32 

 1.13 x 10-1 1.05 x 10-3 2.15 x 10-1 5.75 x 10-2 1.57 x 10-1 8.78 x 10-1 

 Amplitude Latency Interpeak Latency 

Fre

qu

enc

y 

(kH

z) 

Pe

ak 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

4 I 7.01 x 10-3 1.05 x 10-2 1.34 x 10-1 2.03 x 10-1 1.41 x 10-9 8.45 x 10-9 

II 1.00 x 10-4 3.01 x 10-4 1.15 x 10-7 6.88 x 10-7 2.58 x 10-1 5.16 x 10-1 

III 4.90 x 10-5 9.80 x 10-5 9.45 x 10-5 5.67 x 10-4 1.62 x 10-2 9.72 x 10-2 

IV 1.26 x 10-3 3.78 x 10-3 3.00 x 10-25 1.80 x 10-24 4.61 x 10-36 2.76 x 10-35 

12 I 3.70 x 10-3 7.41 x 10-3 4.49 x 10-1 5.39 x 10-1 6.02 x 10-3 9.02 x 10-3 

II 8.03 x 10-4 1.39 x 10-3 1.11 x 10-2 1.67 x 10-2 6.29 x 10-1 6.29 x 10-1 

III 1.69 x 10-4 1.70 x 10-4 9.22 x 10-3 1.38 x 10-2 6.46 x 10-2 1.94 x 10-1 

IV 2.81 x 10-4 1.69 x 10-3 9.27 x 10-6 1.85 x 10-5 2.24 x 10-9 6.72 x 10-9 

24 I 3.96 x 10-2 4.75 x 10-2 1.35 x 10-1 2.03 x 10-1 4.86 x 10-1 4.86 x 10-1 

II 2.70 x 10-2 3.24 x 10-2 1.61 x 10-1 1.61 x 10-1 1.05 x 10-1 5.16 x 10-1 

III 1.70 x 10-4 1.70 x 10-4 1.41 x 10-2 1.69 x 10-2 5.52 x 10-1 6.63 x 10-1 

IV 7.73 x 10-1 7.80 x 10-1 4.43 x 10-2 4.43 x 10-2 8.19 x 10-2 8.19 x 10-2 

  

 7 months 

 PS19 vs WT Controls Statistical Analysis 

 Hearing Threshold 
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 Frequency 

(kHz) 

4 8 12 16 24 32 

 9.63 x 10-1 8.52 x 10-1 9.26 x 10-1 5.63 x 10-1 4.84 x 10-1 3.17 x 10-1 

 Amplitude Latency Interpeak Latency 

Fre

qu

enc

y 

(kH

z) 

Pe

ak 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

4 I 1.18 x 10-1 3.81 x 10-1 8.69 x 10-2 2.42 x 10-1 1.41 x 10-3 8.45 x 10-3 

II 4.04 x 10-3 1.16 x 10-2 6.29 x 10-7 3.77 x 10-6 1.17 x 10-3 2.73 x 10-3 

III 4.06 x 10-1 4.88 x 10-1 1.88 x 10-6  3.76 x 10-6 8.10 x 10-1 9.81 x 10-1 

IV 1.73 x 10-5 1.04 x 10-4 4.51 x 10-6 9.02 x 10-6 9.80 x 10-6 1.96 x 10-5 

12 I 3.29 x 10-1 4.94 x 10-1 4.24 x 10-1 5.09 x 10-1 2.07 x 10-2 2.92 x 10-2 

II 5.79 x 10-3 1.16 x 10-2 3.67 x 10-3 5.51 x 10-3 5.18 x 10-4 2.73 x 10-3 

III 9.85 x 10-4 2.95 x 10-3 2.15 x 10-7 6.86 x 10-7 8.43 x 10-1 9.81 x 10-1 

IV 4.89 x 10-2 7.33 x 10-2 4.54 x 10-5 6.81 x 10-5 4.40 x 10-6 1.32 x 10-5 

24 I 5.57 x 10-1 6.35 x 10-1 7.76 x 10-1 7.76 x 10-1 2.44 x 10-2 2.92 x 10-2 

II 9.77 x 10-1 9.77 x 10-1 4.26 x 10-2 4.26 x 10-2 3.16 x 10-1 3.16 x 10-1 

III 6.16 x 10-3  9.24 x 10-3 2.57 x 10-1 2.57 x 10-1 1.74 x 10-1 5.22 x 10-1 

IV 6.31 x 10-2 7.59 x 10-2 7.87 x 10-1 7.87 x 10-1 8.77 x 10-1 2.77 x 10-1 

 939 

Table 2. ABR statistical results of genotype-specific comparisons for PS19 vs WT mice at 3 and 940 

7 months of age.  All p-values were derived from linear mixed-effects (LME) models and 941 

adjusted for multiple comparisons using the false discovery rate (FDR). 942 

 943 

 944 

  945 
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 946 
 Genotype-Effect on ABR  

 ApoE4/PS19 vs WT Statistical Analysis 

 Hearing Threshold 

 Frequency 

(kHz) 

4 8 12 16 24 32 

 9.80 x 10-2 6.53 x 10-1 3.60 x 10-2 1.10 x 10-2 7.72 x 10-2 8.05 x 10-1 

 Amplitude Latency Interpeak Latency 

Fre

qu

enc

y 

(kH

z) 

Pe

ak 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

4 I 4.37 x 10-33 1.31 x 10-32 8.12 x 10-1 8.12 x 10-1 1.01 x 10-

113 

2.03 x 10-

113 

II 5.57 x 10-19 1.11 x 10-18 6.88 x 10-89 4.13 x 10-88 8.54 x 10-3 1.03 x 10-2 

III 3.26 x 10-1 7.34 x 10-1 2.54 x 10-52 5.07 x 10-52 2.50 x 10-23 3.00 x 10-23 

IV 2.28 x 10-86 3.42 x 10-86 1.45 x 10-

254 

4.36 x 10-

254 

3.01 x 10-

302 

6.02 x 10-

302 

12 I 6.45 x 10-30 1.29 x 10-29 7.62 x 10-2 1.14 x 10-1 8.10 x 10-

116 

2.43 x 10-

115 

II 1.10 x 10-34 3.30 x 10-34 6.33 x 10-59 1.27 x 10-58 5.18 x 10-9 1.04 x 10-8 

III 8.18 x 10-1 9.35 x 10-1 8.44 x 10-74 2.53 x 10-73 4.81 x 10-37 1.44 x 10-36 

IV 1.41 x 10-

102 

8.43 x 10-

102 

1.23 x 10-

225 

2.46 x 10-

225 

1.00 x 10-

308 

1.00 x 10-

308 

24 I 1.87 x 10-16 2.24 x 10-16 2.06 x 10-15 1.23 x 10-14 1.76 x 10-29 2.11 x 10-29 

II 1.91 x 10-

161 

1.15 x 10-

160 

2.72 x 10-4 3.26 x 10-4 2.33 x 10-11 1.40 x 10-10 

III 1.69 x 10-3 1.01 x 10-2 4.96 x 10-26 5.96 x 10-26 2.18 x 10-26 3.27 x 10-26 

IV 2.23 x 10-45 2.67 x 10-45 1.36 x 10-76 2.05 x 10-76 2.68 x 10-

130 

4.02 x 10-

130 
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 ApoE4/PS19 vs PS19 Statistical Analysis 

 Hearing Threshold 

 Frequency 

(kHz) 

4 8 12 16 24 32 

 3.93 x 10-1 2.43 x 10-2 1.68 x 10-1 1.65 x 10-2 5.24 x 10-1 3.44 x 10-1 

 Amplitude Latency Interpeak Latency 

Fre

qu

enc

y 

(kH

z) 

Pe

ak 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

4 I 5.27 x 10-47 1.58 x 10-46 1.04 x 10-1 2.07 x 10-1 1.77 x 10-

153 

5.30 x 10-

153 

II 5.54 x 10-13 8.31 x 10-13 3.00 x 10-

145 

1.80 x 10-

144 

1.37 x 10-3 1.37 x 10-3 

III 1.49 x 10-4 1.49 x 10-4 7.81 x 10-

119 

2.34 x 10-

118 

3.80 x 10-31 5.70 x 10-31 

IV 1.08 x 10-

103 

2.16 x 10-

103 

1.00 x 10-

308 

1.00 x 10-

308 

1.00 x 10-

308 

1.00 x 10-

308 

12 I 8.75 x 10-44 1.75 x 10-43 3.46 x 10-1 4.15 x 10-1 3.57 x 10-

110 

7.15 x 10-

110 

II 7.96 x 10-21 2.39 x 10-20 4.57 x 10-79 9.14 x 10-79 1.67 x 10-34 1.00 x 10-33 

III 1.05 x 10-6 1.58 x 10-6 1.23 x 10-

144 

7.39 x 10-

144 

4.12 x 10-46 2.47 x 10-45 

IV 2.54 x 10-

107 

7.62 x 10-

107 

1.00 x 10-

308 

1.00 x 10-

308 

1.00 x 10-

308 

1.00 x 10-

308 

24 I 1.79 x 10-20 2.15 x 10-20 7.88 x 10-20 4.73 x 10-19 2.70 x 10-33 3.24 x 10-33 

II 1.86 x 10-3 2.23 x 10-3 1.11 x 10-10 1.11 x 10-10 1.21 x 10-15 3.64 x 10-15 

III 6.48 x 10-24 3.89 x 10-23 3.52 x 10-61 3.52 x 10-61 3.66 x 10-41 7.32 x 10-41 

IV  3.01 x 10-66 3.62 x 10-66 5.52 x 10-

109 

6.63 x 10-

109 

1.00 x 10-

308 

1.00 x 10-

308 

 947 
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Table 3. ABR statistical results of genotype-specific comparisons for ApoE4/PS19 vs WT and 948 

ApoE4/PS19 vs PS19 mice at 3 months of age. All p-values were derived from linear mixed-949 

effects (LME) models and adjusted for multiple comparisons using the false discovery rate 950 

(FDR). 951 

 952 

 953 

 954 

  955 
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 956 

 Genotype-Effect on ABR 

 ApoE4/PS19 vs WT Statistical Analysis 

 Hearing Threshold 

 Frequency 

(kHz) 

4 8 12 16 24 32 

 5.68 x 10-1 6.46 x 10-1 2.39 x 10-1 2.29 x 10-1 5.73 x 10-1 3.69 x 10-1 

 Amplitude Latency Interpeak Latency 

Fre

qu

enc

y 

(kH

z) 

Pe

ak 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

4 I 1.15 x 10-50 6.92 x 10-50 7.95 x 10-20 1.19 x 10-19 6.38 x 10-52 1.91 x 10-51 

II 1.29 x 10-9 2.59 x 10-9 6.45 x 10-8 1.29 x 10-7 2.06 x 10-7 3.10 x 10-7 

III 1.17 x 10-4 3.51 x 10-4 1.22 x 10-15 1.84 x 10-15 2.24 x 10-38 6.72 x 10-38 

IV 1.77 x 10-87 1.06 x 10-86 2.95 x 10-45 8.86 x 10-45 7.12 x 10-

105 

2.13 x 10-

104 

12 I 5.13 x 10-39 1.54 x 10-38 4.53 x 10-19 5.44 x 10-19 1.30 x 10-65 7.80 x 10-65 

II 5.96 x 10-10 1.79 x 10-9 6.67 x 10-15 4.00 x 10-14 2.55 x 10-15 1.53 x 10-14 

III 3.71 x 10-5 2.22 x 10-4 7.25 x 10-38 4.35 x 10-37 1.43 x 10-40 8.61 x 10-40 

IV 5.33 x 10-70 1.60 x 10-69 5.65 x 10-79 3.39 x 10-78 2.44 x 10-

153 

1.46 x 10-

152 

24 I 5.49 x 10-16 6.58 x 10-16 6.60 x 10-9 6.60 x 10-9 1.42 x 10-15 1.71 x 10-15 

II 8.72 x 10-4 8.72 x 10-4 6.13 x 10-1 6.13 x 10-1 2.65 x 10-11 5.30 x 10-11 

III 4.89 x 10-2 5.87 x 10-2 2.12 x 10-4 2.54 x 10-4 9.00 x 10-16 1.08 x 10-15 

IV 2.79 x 10-47 3.34 x 10-47 2.79 x 10-10 3.35 x 10-10 1.30 x 10-44 1.56 x 10-44 

  

 ApoE4/PS19 vs PS19 Statistical Analysis 

 Hearing Threshold 
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 Frequency 

(kHz) 

4 8 12 16 24 32 

 7.56 x 10-2 6.47 x 10-1 3.62 x 10-2 1.50 x 10-2 4.18 x 10-2 4.71 x 10-2 

 Amplitude Latency Interpeak Latency 

Fre

qu

enc

y 

(kH

z) 

Pe

ak 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

LME p-val FDR 

adjusted 

p-val 

4 I 3.03 x 10-79 1.82 x 10-78 7.83 x 10-14 1.17 x 10-13 5.04 x 10-70 1.01 x 10-69 

II 1.46 x 10-16 2.92 x 10-16 2.99 x 10-17 5.99 x 10-17  5.20 x 10-14 7.80 x 10-14 

III 3.01 x 10-3 9.04 x 10-3 4.58 x 10-34 9.17 x 10-34 1.87 x 10-41 1.12 x 10-40 

IV 1.65 x 10-97 4.94 x 10-97 5.63 x 10-77 1.69 x 10-76 2.27 x 10-

139 

6.80 x 10-

139 

12 I 3.36 x 10-47 6.72 x 10-47 3.79 x 10-16  7.58 x 10-16 3.27 x 10-73 9.82 x 10-73 

II 1.64 x 10-14 1.96 x 10-14 2.52 x 10-21 7.56 x 10-21 4.27 x 10-25 2.56 x 10-24 

III 4.97 x 10-1 4.97 x 10-1 1.10 x 10-49 6.58 x 10-49 3.36 x 10-37 1.01 x 10-36 

IV 5.33 x 10-80 1.07 x 10-79 1.87 x 10-88 1.12 x 10-87 1.33 x 10-

160 

7.99 x 10-

160 

24 I 1.67 x 10-20 2.01 x 10-20 3.81 x 10-11 4.57 x 10-11 9.36 x 10-31 1.12 x 10-30 

II 2.61 x 10-4 2.61 x 10-4 2.76 x 10-2 3.31 x 10-2 2.16 x 10-8 2.59 x 10-8 

III 2.09 x 10-1 3.14 x 10-1 5.01 x 10-7 6.01 x 10-7 8.48 x 10-10 1.02 x 10-9 

IV 3.66 x 10-25 4.39 x 10-25 4.31 x 10-15 4.31 x 10-15 3.02 x 10-66 3.63 x 10-66 

 957 

 958 

Table 4. ABR statistical results of genotype-specific comparisons for  ApoE4/PS19 vs WT,  and 959 

ApoE4/PS19 vs PS19 mice at 7 months of age. All p-values were derived from linear mixed-960 

effects (LME) models and adjusted for multiple comparisons using the false discovery rate 961 

(FDR). 962 

 963 
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 964 

 965 

  966 
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 967 

 Behavior Statistical Results 

EPM Statistical Results - PS19 Mouse Model  

Open Center Closed 

WT Control vs. 

PS19 

WT Control vs. PS19 WT Control vs. PS19 

3 Months 

Mann-Whitney Test 9.14 x 10-2 3.17 x 10-1 4.56 x 10-1 

 7 Months 

Mann-Whitney Test 3.69 x 10-1 8.65 x 10-1 6.35 x 10-1 

 10 Months 

Mann-Whitney Test 1.95 x 10-2 8.59 x 10-1 1.40 x 10-2 

    

  

 EPM Statistical Results - ApoE4/PS19 Mouse Model  

Open Center Closed 

ApoE4 

vs. 

PS19/ 

ApoE4 

ApoE4 

vs. WT  

PS19/ 

ApoE4 

vs. WT  

ApoE

4 vs. 

PS19/ 

ApoE

4 

ApoE4 

vs. WT  

PS19/ 

ApoE4 

vs. WT  

ApoE

4 vs. 

PS19/ 

ApoE

4 

ApoE4 

vs. WT  

PS19/ 

ApoE4 

vs. WT 

 3 Months 

Kruskal-

Wallis Test 

6.35 x 10-1 2.30 x 10-3 4.00 x 10-3 

Dunn’s 

Multiple 

Comparis

on 

>0.999

9 

>0.999

9 

>0.999

9 

3.30 x 

10-3 

>0.999

9 

1.73 x 

10-2 

3.20 x 

10-3 

>0.999

9 

7.86 x 

10-2 

 7 Months 

Kruskal-

Wallis Test 

2.86 x 10-1 3.75 x 10-1 1.63 x 10-1 
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Dunn’s 

Multiple 

Comparis

on 

>0.999

9 

3.64 x 

10-1 

9.17 x 

10-1 

9.52 x 

10-1 

5.19 x 

10-1 

>0.999

9 

5.99 x 

10-1 

1.83 x 

10-1 

>0.999

9 

 10 Months 

Kruskal-

Wallis Test 

2.38 x 10-1 7.00 x 10-4 3.86 x 10-2 

Dunn’s 

Multiple 

Comparis

on 

4.56 x 

10-1 

>0.999

9 

3.79 x 

10-1 

2.20 x 

10-3 

4.00 x 

10-3 

>0.999

9 

3.33 x 

10-2 

4.16 x 

10-1 

7.62 x 

10-1 

  

 Rotarod Statistical Results 

PS19 vs. 

WT 

 ApoE4 vs. 

PS19/ApoE4 

ApoE4 vs. 

WT 

PS19/ApoE4 vs. 

WT  

3 Months 

Mann- 

Whitney 

Test 

8.78 x 10-1 Kruskal-

Wallis  

2.90 x 10-1 

Dunn’s 

Multiple 

Comparison 

>0.9999 3.53 x 10-1 9.87 x 10-1 

 7 Months 

Mann- 

Whitney 

Test 

>0.9999 Kruskal-

Wallis  

<1.00 x 10-4 

Dunn’s 

Multiple 

Comparison 

3.20 x 10-3 4.21 x 10-1 <1.00 x 10-4 

 10 Months 

Mann- 

Whitney 

Test 

5.99 x 10-1 Kruskal-

Wallis  

3.00 x 10-4 

Dunn’s 

Multiple 

Comparison 

1.06 x 10-2 >0.9999 4.00 x 10-4 

 968 
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Table 5. Table showing behavioral statistical results for PS19 vs WT, ApoE4/PS19 vs ApoE4, 969 

ApoE4 vs WT, and ApoE4/PS19 vs WT mice at 3, 7, and 10 months of age. Elevated plus maze 970 

uses the Mann-Whitney test for the PS19 mouse model and the Kruskal-Wallis test, followed by 971 

Dunn’s multiple comparisons for the ApoE4/PS19 mouse models. Rotarod uses the Mann-972 

Whitney test for the PS19 mouse model and Kruskal-Wallis, followed by Dunn’s multiple 973 

comparisons for the ApoE4/PS19 models.  974 
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