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Summary 35 

Sporadic Alzheimer’s disease, the most common neurodegenerative disorder of aging, is 36 

characterized by cerebral plaques and neurofibrillary tangles. Experimental rodents develop 37 

plaques but neither tangles nor substantial neurodegeneration under conditions that 38 

guarantee Alzheimer’s in humans 1, suggesting rodents lack critical co-initiation factors. 39 

Accumulation of antigen-reactive memory CD8 T cells increases with aging 2, and was 40 

recently revealed as a hallmark of human Alzheimer’s 3. The impact of this process on 41 

disease initiation, however, has not been established because age-related T cell changes are 42 

muted in rodents 4-6. We developed a mouse model of human-like CD8 T cell aging that 43 

promotes antigen-reactive memory CD8 T cell accumulation 7. Here we show that these “hiT” 44 

mice develop all major hallmarks of Alzheimer’s with aging, including tangle-like inclusions 45 

and substantial neurodegeneration. Antigen-reactive CD8 T cells analogous to those in hiT 46 

mice increased in Alzheimer’s brain, but decreased earlier in blood, where their loss 47 

effectively distinguished the Alzheimer’s continuum from aging controls. Our findings 48 

establish a clinically relevant mouse model for sporadic Alzheimer’s and show that age-49 

related immune dysfunction critically contributes to its initiation. They also identify useful 50 

immune-based targets to track and potentially treat human Alzheimer’s, while validating a 51 

model system to examine age-related disease immuno-biology more generally. 52 

  53 
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Results 54 

Generation of “hiT” cells in nude mice 55 

We previously demonstrated that young B6.Foxn1 (B6.nude) mice injected with purified donor 56 

B6 CD8 T cells rapidly develop a T cell compartment dominated by homeostatically induced, self-57 

reactive CD8 T cells with a resident memory phenotype (hiTRM) identical to age-related CD8 T 58 

cells accumulating in affected aged mice. This mirrors the dominance of circulating age-related 59 

memory CD8 T cells in moderate- to old-age humans 8, and rendered selected APP-reactive 60 

memory CD8 T cell levels in mice similar to those in aging humans (Extended Data Fig. E1)9. 61 

hiTRM recipient mice also exhibited age-related tissue pathology, including neuroinflammation and 62 

increased memory CD8 T cells in brain, along with other factors associated with AD. We therefore 63 

examined whether B6.Foxn1 hiTRM recipients exhibited additional neuropathological features of 64 

AD various times after T cell injection (Extended Data Fig. E2a). To ensure our observations were 65 

due to functional rather than purely physical aspects of CD8 hiTRM accumulation in the  brain, we 66 

included B6.Foxn1 cohorts injected with PBS, and with CD8 T cells from wild-type, Perforin 1-67 

deficient, or IFN-deficient donors, (PBS, wt-CD8, PrfKO-CD8, and IfnKO-CD8 groups, 68 

respectively). 69 

Aβ and neurofibrillary deposition 70 

CD8 T cells expanded in circulation of all B6.Foxn1 recipients 7. By contrast, Amyloid Precursor 71 

Protein (APP) and its cleavage products including A were dramatically increased only in brains 72 

of wt-CD8 group mice 3 weeks after injection (Fig. 1). Detergent-soluble A1-40, but not A1-73 

42, was also elevated 10 weeks post-injection in ELISA analysis, and Western blot confirmed 74 
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prominent involvement of hippocampus at this time point (Fig. 1a, b; Extended Data Fig. E2b). 75 

By 6 months post-injection, increased A deposition in brain vasculature was evident in wt-CD8 76 

group mice, consistent with selective elevation of A1-40 (Extended Data Fig. E2c). At 15 months 77 

post-injection, A1-40 was still significantly elevated in wt-CD8 brain (Fig. 1b), and A plaques 78 

were evident in entorhinal cortex, hippocampus, and cingulate cortex of wt-CD8 and IfnKO-CD8 79 

groups (Fig. 1c, d). Unlike mice expressing familial gene mutations found in human AD, A 80 

plaques in both these groups were mainly diffuse and detergent-soluble (Extended Data Fig. E3a, 81 

b), with little co-staining by curcumin or ThioS (Fig. 1c; Extended Data Fig. E4a, b). The discrete 82 

amyloid pathology in the wt-CD8 group encouraged examination of additional AD-associated 83 

features such as tau phosphorylation and aggregation. 84 

Detergent-soluble phospho-tau (pTau) was slightly (30%) but significantly increased by 10 weeks 85 

post-injection in wt-CD8 group forebrain, while pTau paired helical filaments (PHFs, which 86 

mature to form NFTs in AD) were increased nearly 5-fold (Fig. 1e). Soluble pTau did not remain 87 

elevated 15 months post-injection, however, while PHFs remained significantly elevated, but at 88 

lower than earlier levels (2.5-fold decreased; Fig. 1f). We speculated this could be due conversion 89 

of pTau isoforms to more insoluble aggregated species after 10 weeks. Indeed, fibril-staining 90 

reagents, including curcumin and Thio-S, revealed cellular inclusions within wt-CD8 group 91 

hippocampus 6 months post-injection (Extended Data Fig. E4a, b). These inclusions were apparent 92 

before larger amyloid deposits appeared, although small plaques were occasionally associated with 93 

them (Extended Data Fig. E4a, b), and were absent from aged AD-transgenic mice, as well as from 94 

AD-transgenic rats that reportedly accumulate PHFs (Extended Data Fig. E4a, b)10.  95 
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Gallyas staining also revealed discrete silver-stained cellular structures in wt-CD8 and IfnKO-96 

CD8 hippocampus and cortex 15 months post-injection, that were not seen in AD-transgenic mice 97 

(Fig. 1g, h). These structures appeared similar to NFTs from human AD patients (Extended Data 98 

Fig. E5a, b). In addition, sequential staining revealed that Gallyas-stained structures in wt-CD8 99 

and IfnKO-CD8 groups were derived from pTau+ neurons with intact nuclei (Fig. 1g), and that 100 

Gallyas and pTau staining was superimposable and distinct from that of A (Fig. 1g; Extended 101 

Data Fig. E5c). “Ghost tangles”, NFTs in dead neurons that are often present in human AD 11,12, 102 

were not observed. These data suggest that hiTRM promote the coordinated deposition of 103 

parenchymal Aβ40, diffuse plaques, and fibrillar pTau inclusions in live neurons, either directly 104 

or by indirectly promoting neuroinflammation. 105 

Immune & neuroinflammatory infiltration 106 

Our previous work established that astrogliosis, microgliosis, and CD8 T cell brain infiltration 107 

were all increased in wt-CD8 group hiTRM hosts 7. We therefore examined the relationship of 108 

observed neuroinflammatory features to A plaque burden to determine the immune population 109 

most directly associated with neuropathology. Aβ plaque burden correlated strongest with 110 

hippocampal CD8 T cell numbers compared to astrogliosis or microgliosis, consistent with a more 111 

direct impact of adaptive than innate immune cells on amyloid pathology (Extended Data Fig. E6). 112 

In this context, it is intriguing that, while PrfKO-CD8 group mice failed to exhibit either CD8 T 113 

cells in brain, or any significant AD-like neuropathology, IfnKO-CD8 group mice retained 114 

significantly increased plaques and NFT-like structures in hippocampus and entorhinal cortex, but 115 

not in cingulate cortex (Fig. 1d, h). This resembles the distribution of protein aggregates early in 116 

human AD 13, and as such suggests that neuroinflammation hastens AD-like neuropathology in 117 
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hiTRM mice, but is not required for its development. Taken together, our data suggest that hiTRM 118 

may directly promote pathologic features of AD-like neurodegeneration. 119 

Neuronal loss & cerebral atrophy 120 

Robust neurodegeneration is not present in mouse AD models without addition of transgenes 121 

uninvolved in human AD 1,14. To determine if overt neurodegeneration was present in hiTRM mice, 122 

we stained and counted NeuN+ neurons in CA1, CA2, and CA3 of hippocampus, assessed brain 123 

mass, and quantified Western blots of NeuN and synaptic proteins. Loss of NeuN+ cells in wt-CD8 124 

group mice was visually apparent in hippocampal immunostains, and was verified by NeuN+ cell 125 

counts at 15 months post-injection (Fig. 2a-c). Loss of brain mass was also evident in wt-CD8 126 

group, and progressed from 5% at 6 months, to 10% 15 months post-injection (Fig. 2d), which is 127 

comparable to terminal brain atrophy in human AD 15. Western blots confirmed an approximate 128 

10% decrease in NeuN, as well as in the synaptic protein, Drebrin, and a non-significant trend 129 

toward lower Synaptophysin protein, 15 months post-injection (Fig. 2e, f). Importantly, loss in 130 

brain mass correlated with decreased NeuN across all T cell injection groups, establishing a direct 131 

relationship between brain mass and neuronal loss (Fig. 2g). Thus, B6.nude hiTRM recipients 132 

exhibited robust and easily discernible neurodegeneration by multiple measures, with related brain 133 

atrophy. This revealed the possibility that hiTRM mice might exhibit AD-like dementia as well. 134 

Severe cognitive impairment 135 

Prior to cognitive testing in hiTRM mice, we established that spontaneous locomotor activity was 136 

not significantly different between treatment and control groups in Open Field testing 3, 6, and 13 137 

months after T cell injection (Fig, 3a; Extended Data Fig. E7a), ruling out motor deficits such as 138 

those in multiple sclerosis. Nevertheless, all groups exhibited motor deficits that increased with 139 
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age, but this was unrelated to treatment. In contrast to motor activity, Fear Conditioning (FC) 140 

response to contextual but not cued learning was reduced in wt-CD8 group mice 6 months after T 141 

cell injection, with both contextual and cued learning impaired in the same mice tested 5 months 142 

later (Fig 3b). The hippocampus is required for contextual FC responses, whereas both 143 

hippocampus and amygdala are required for cued FC responses. Hence, the FC results suggest that 144 

hiTRM mediate damage to hippocampus alone early on, and cause further damage to amygdala later, 145 

a pattern commonly seen in human AD 16. Contextual performance at 6 and 11 months also 146 

correlated with brain mass (Extended Data Fig. E7b), further underscoring the relationship of 147 

cognitive decline to physical neurodegeneration.  148 

Spontaneous Alternation Behaviour (SAB) 12 months post-injection independently confirmed 149 

behavioral abnormalities in wt-CD8 group mice exclusively. This test is based on the preference 150 

of mice to alternately explore two alleys, which requires working memory of the alley previously 151 

entered.  The lowest possible score of 50% indicates random alley choice, reflecting either no 152 

working memory, or complete lack of preference. The 55-56% SAB score in the PBS group was 153 

comparable to published wild-type values 17, but the wt-CD8 group SAB was significantly lower 154 

at 50% (Fig. 3c). To verify whether this reflected loss of working memory or lack of preference, 155 

we employed the Barnes Maze test at 14 months, a more focused measure of hippocampus-156 

dependent learning and memory. In contrast to all other groups, wt-CD8 mice showed no ability 157 

to learn the maze over the initial 4-day training period, indicating a profound learning and memory 158 

deficit (Fig. 3d). Given this inability, wt-CD8 mice were uniquely impaired on subsequent memory 159 

retention and reversal phases of the maze as well (Fig. 3e-g).  As with Fear-Conditioning, latency 160 

to solve the Barnes Maze correlated inversely with brain mass (Extended Data Fig. E7c). Taken 161 
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together, these tests suggest that fully functional hiTRM mediate severe, progressive impairment of 162 

hippocampus-dependent learning and memory, but not locomotor activity.  163 

Because cognitive impairment is differentially associated with amyloid and tau pathology in AD, 164 

we further addressed whether cognitive loss was associated with A and/or pTau metrics in hiTRM 165 

mice. Poor performance on Barnes Maze (total latency below median = BMlo) exhibited significant 166 

association only with increased pTau PHFs on Western blots (Extended Data Fig. E7d), and not 167 

with Triton-soluble or GuanidineHCl-soluble Aβ1-40 or Aβ1-42 on ELISA, or with detergent 168 

soluble pTau by Western blot (Extended Data Fig. E7e, f). Thus, cognitive impairment appeared 169 

preferentially associated with fibrillar tau pathology in wt-CD8 group mice, as it is in human AD 170 

18.  171 

hiT cell metrics in Alzheimer’s disease 172 

To examine possible involvement of T cells analogous to those in hiTRM mice in AD, we quantified 173 

CD8 T cells in blood, their relationship to cognitive decline, and their presence in brain, using 174 

three human cohorts (Fig. 4a). We first examined KLRG1+ and KLRG1- CD8 T cell 175 

subpopulations in blood from aging control subjects (CTRL), MCI patients with an AD-typical 176 

CSF biomarker profile (MCI-AD), MCI patients without an AD-typical CSF biomarker profile 177 

(MCI), and sporadic AD patients (AD) (Cohort 1). KLRG1+ CD8 T cells were not significantly 178 

increased in AD blood (Fig. 4b), but increased in rough correlation with age, while KLRG1- CD8 179 

T cells did not (Extended Data Fig. E8). In contrast, KLRG1+ CD8 T cells co-stained with pHLA-180 

A2 multimers to a human T cell epitope analogous to that recognized by T cells in hiTRM mice 181 

[APP(471-479)] were dramatically decreased in the blood of MCI, MCI-AD, and AD patients (Fig. 182 

4c, d). While this differs from other (i.e., EBV-specific) CD8 T cells that increase in AD 3, 183 
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segregation of CTRL and MCI patients by cognitive performance score did reveal that KLRG1+ 184 

CD8 T cells increased during age-related cognitive decline (Fig. 4d). Moreover, APP(471-479)-185 

specific KLRG1+ CD8 T cell levels correlated significantly with cognitive decline but not age 186 

itself (Fig. 4e). The parental KLRG1+ CD8 T cell population thus appears to expand in blood 187 

earlier than other memory CD8 T cells 3, and appears to contract as cognitive decline is clinically 188 

diagnosed. This could conceivably prompt compensatory expansion by cells such as TEMRA to 189 

occupy a depleted memory CD8 T cell pool (Extended Data Fig. E8).  190 

Decreased KLRG1+ APP(471-479)-specific CD8 T cells in blood distinguished AD from normal 191 

aging patients with less overlap than another promising blood-based biomarker for AD in 192 

development, plasma levels of P-Tau217 (Extended Data Fig. E9a, b)19. Diagnostic potential of 193 

this decrease was indicated in Receiver Operating Characteristic (ROC) analysis, where it 194 

effectively distinguished AD and AD-related MCI from CTRL blood (Extended Data Fig. E9c). 195 

Specifically, area under the curve (AUC) for AD-related MCI and AD were 0.865 and 0.892, 196 

respectively, with AD-unrelated MCI AUC = 0.760 (Extended Data Fig. E9c). 197 

We next examined CD8 and Perforin-1 content in AD brain. Importantly, Western blots rendered 198 

the expected antibody specificities (68-75 kDa Prf1; 33-35 kDa CD8α), with anti-Prf1 staining 199 

lymphocytic nuclei with the expected punctate pattern (Fig. 4f). Perforin1 and CD8 Western 200 

signals were correlated (n = 6; r = 0.8155, P = 0.048; not shown), and both were increased in AD 201 

cortex, with Perforin1 reaching statistical significance (Fig. 4g). This is consistent with elevated 202 

cytolytic CD8 T cells in AD brain. To examine this more directly, we stained hippocampal sections 203 

from AD patients and normal aging controls by tissue immunofluorescence and quantified cells 204 

stained with anti-CD8 alone or co-stained with APP(471-479)-/HLA-A2 multimers (Fig. 4h). As in 205 

hiTRM mice, total CD8 T cells were not significantly elevated in AD brain (n = 10; 1.6 + 0.29 vs. 206 
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2.3 + 0.55, P = 0.31; not shown). Nevertheless, APP-specific CD8 T cells were increased in 207 

perivasculature and cortical regions of AD hippocampus (Fig. 4i), similar to hiTRM mice and as 208 

predicted by that model.  209 

Conclusion 210 

In conclusion, we show for the first time that all major hallmarks of human AD can be elicited by 211 

a single inductive event in mice. This pathology is dependent on expansion in blood and entry into 212 

brain of age-related resident memory CD8 T cells (CD8 TRM), and exhibits gross similarity to 213 

human AD with important distinctions. Notably, amyloidopathy in hiTRM mice was limited to A1-214 

40 and mainly diffuse plaques, unlike the A1-42 and mature neuritic plaques that predominate in 215 

many AD patients. Moreover, while hiTRM mice exhibited fibrillar NFT-like structures in live cells, 216 

they did not harbor the ghost tangles in dead neurons often seen in human AD. While A 217 

differences could reflect deficiencies in A1-42 clearance and/or fibril formation characteristic of 218 

rodent brains 20,21, the lack of ghost tangles is likely due to decreased expression in adult mice of 219 

the ghost tangle-promoting isoforms of MAPT, the gene encoding tau proteins 11,12.  220 

 221 

Despite these distinctions, hiTRM mice exhibited unique similarities to sporadic AD in humans 222 

beyond amyloidosis, fibrillar tauopathy, and robust neurodegeneration. These included cognitive 223 

decline that initiated with hippocampus-dependent tasks with later progression to amygdala-224 

dependent tasks 16; significant association of cognitive loss exclusively with fibrillar tau pathology 225 

18; neuroinflammation that exacerbated neuropathology 22; and accumulation of antigen-specific 226 

memory CD8 T cells in brain 7, the most recently characterized hallmark of human AD 3. The 227 

pattern of ample NFT-like structures, vascular amyloidosis, A1-40 and diffuse plaque 228 
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predominance seen in hiTRM mice also resembled that of at least one subpopulation of human AD 229 

patients in carriers of the APP Iowa mutation 23,24. 230 

CD8 T cells reactive to an antigenic epitope nearly identical to that recognized by brain-localized 231 

T cells in hiTRM mice, were increased in AD brain but decreased in AD and MCI blood, suggesting 232 

that their movement from blood to brain is involved in neuropathology. Consistent with this  233 

notion, decreased levels of KLRG1+ APP(471-479)/HLA-A2 multimer-binding CD8 T cells in blood 234 

correlated with cognitive impairment in MCI patients. While somewhat reminiscent of a distinct 235 

subpopulation of CD8 effector-memory T cells, TEMRA, hiTRM analogues are distinct in that they 236 

were weakly age-related, their decrease rather than increase correlated with cognitive loss, and 237 

were prominently reactive to self antigen 3. TEMRA are also absent from mice 3,25,26. Further 238 

contrasting these subpopulations. Finally, CD8 TRM expanded during age-related cognitive 239 

decline, a stage that precedes MCI when TEMRA are reported to expand. Thus, CD8 TRM alterations 240 

occur earlier are unique with respect to those of TEMRA, and may be more direct beacons of AD 241 

induction than other immune or non-immune factors in blood.  242 

Accordingly, levels of KLRG1+ HLA-A2/APP(471-479)-specific CD8 T cells in blood distinguished 243 

AD from normal aging patients with significantly less overlap than plasma P-Tau217, a blood-244 

based biomarker met with much enthusiasm (Extended Data Fig. E9a, b)19, and tracked AD and 245 

AD-related MCI with high accuracy (Extended Data Fig. E9c). Further assessment of the potential 246 

of hiTRM metrics as diagnostic biomarkers for AD requires multi-center validation, as well as 247 

prospective and longitudinal analyses with non-AD dementia cohorts. From a therapeutic 248 

perspective, it will be equally important to determine whether modulation of antigen-specific hiTRM 249 

presence or function can alter the course of AD-like neurodegeneration in mice, and determine if 250 

effective treatments for AD critically modulate these cells in humans. Finally, continued 251 
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examination of hiTRM mice on multiple strain backgrounds, and harboring various risk factors for 252 

AD and distinct age-related disorders, may lead to a more comprehensive understanding of their 253 

biology, genetics, and immune features. 254 

 255 

  256 
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Figure Legends 352 

 353 

 354 

Fig. 1: Amyliod and pTau pathology. Western blots of APP cleavage products (APPCl) in cortex, 355 

hippocampus 3 wk after injection (→) of recipients (a). B-J depict B6.Foxn1 recipients , 15 mos 356 

post-injection unless otherwise indicated. Forebrain Aβ1-40/42 ELISA (b). Plaques + 357 

pTau/curcumin staining (c), and compiled 4G8 burden in entorhinal (Ent)/cingulate (Cng) cortex, 358 

and hippocampus (Hippo) (d). Western blots (e), and compiled pTau and PHF signal. 359 

Gallyas/silver-stained cells in hiTRM groups and 18-month-old Tg2576 (AD-Tg) mice, with 360 

sequential pTau→Gallyas stains inset (g). Gallyas+ neuron (h) percentages Plots depict averages 361 

+ SEM. *P < 0.05, **P < 0.01, ***P < 0.005 by 2-sided T-test, relative to PBS group. 362 



20 

 

 363 

Fig. 2: Neurodegeneration in nude mice harboring hiT cells. Cell/control recipients in all panels 364 

are B6.Foxn1 exclusively. NeuN and GFAP staining (a, b), and cell counts in hippocampus, 15 365 

mos after cell/control injection (c). Brain atrophy over time in PBS and wt-CD8 groups (mass 366 

normalized to PBS controls at each time point; d). Representative forebrain Westerns (e), and 367 

GAPDH-normalized NeuN, Drebrin, and Synaptophysin Western signals (f). Correlation of NeuN 368 

with brain weight (g). Plots depict averages + SEM. *P < 0.05, **P < 0.01, ***P < 0.005 by 2-369 

sided T-test, relative to PBS group. 370 

  371 
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 372 

Fig. 3: Cognition in nude mice harboring hiT cells. Representative Open Field test at 13 mos 373 

(a). Fear Conditioning over time (b), and Spontaneous Alternation Behavior at 12 months (c). 374 

Barnes Maze learning/training (d), retention (e), and reversal (f, g) phases, at 14 mos (black, 375 

colored symbols = P relative to PBS, wt-CD8, respectively). Plots depict averages + SEM. *P < 376 

0.05, **P < 0.01, ***P < 0.005 by 2-sided ANOVA (panel d) or 2-sided T-test (all others), relative 377 

to PBS group unless otherwise indicated. 378 

  379 
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 380 

 381 

Fig. 4: hiT parameters in human Alzheimer’s. Patient cohorts (a). KLRG1+ (b) and APP(471-382 

479)/HLA-A2-reactive KLRG1+ (c) CD8 T cells in CTRL, MCI + CSF AD biomarkers (MCI, MCI–383 

AD), and verified Alzheimer’s (AD) blood. T cell subpopulations vs. MoCA score (d), and 384 

correlation of APP(471-479)/HLA-A2-reactive KLRG1+ CD8 with  score and age (e). PRF1 Western 385 

blot and immunofluorescence (f), with quantifications in age-matched CTRL and AD brains. (g). 386 

APP(471-479)/HLA-A2-reactive CD8 staining (h) and quantification (i) in brain. Plots depict 387 



23 

 

averages + SEM. *P < 0.05, **P < 0.01, ***P < 0.005, ****P < 0.001 by 2-sided T-test, relative 388 

to CTRL unless otherwise indicated. 389 

  390 
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Methods 391 

Animal subjects 392 

Female C57BL/6, B6.Foxn1 mice, and congenic and/or syngeneic knockout strains (Jackson Labs) 393 

were housed in a pathogen–free vivarium under standard conditions on a 12-h light/12-h dark cycle 394 

with food and water ad libitum. Recipient animals were 8-10 week-old female B6.Foxn1, 395 

B6.Foxn1-AppKO, or B6.CD45.1-congenic mice; donors were 5-8 week-old females of the same 396 

strains. Specific numbers of animals used for all analytical methods are included in Supplemental 397 

Table 1. Cell derivation was randomized by pooling from >5 donors per experiment. Young (8-10 398 

wk) and aged (15 months) male and female C57BL/6 and B6.CD103-knockout mice (n = 12 399 

young; n = 7-8 aged) were used to study age-related cognitive decline. Donor, recipient, and 400 

unmanipulated animals were maintained in a pathogen-free facility under the Cedars-Sinai 401 

Department of Comparative Medicine, with all breeding and genetic screening conducted at 402 

Jackson Laboratories (Bar Harbor, ME). 403 

Adoptive transfer of CD8 T cells 404 

Splenic CD8+ T cells from C57BL/6J female mice (5-7 weeks old) were purified using anti-405 

CD8 immunobeads (Miltenyi Biotech, Sunnyvale, CA). 3 x 106 CD8 T cells in 50 µl of PBS were 406 

injected intravenously into female C57BL/6J or B6.Foxn1 nude hosts. Transfer efficiency into 407 

B6.Foxn1 hosts was validated by persistence of >5% CD8+ T cells within splenic lymphocytes 3 408 

weeks after injection. The order of treatments was randomized by alternating cell and control 409 

injections between individual recipients. For all subsequent analyses, performing investigators 410 

were blinded to both group definition and anticipated outcomes. 411 
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Tissue processing 412 

Brain and spleen were harvested from mice perfused with saline under deep anesthesia using a 413 

Ketamine and Xylazine (40-50 mg/kg i.p.) cocktail, until major organs such as liver and lungs lost 414 

color, and tissue was then excised for analysis. Upon removal of the whole brain from the cranium, 415 

the cerebellum, brainstem, and olfactory bulbs were removed, and remaining brain tissue was 416 

weighed on a Mettler balance for standardized brain mass assessment. Brains were sectioned 1 417 

mm to the right of the longitudinal fissure (midline). Right hemispheres were flash frozen in -80°C 418 

conditions for protein studies, followed by homogenization in Cell Lysis Buffer (Cell Signaling 419 

Technologies, MA), and centrifugation of nuclei. Cell lysates were separated into Triton-soluble, 420 

Sarkosyl-soluble and Sarkosyl-insoluble fractions using sequential incubations with 10% (wt/V) 421 

salt sucrose solution and 1% (wt/v) sarkosyl Salt Sucrose Solution. Left hemispheres were 422 

immersion fixed in 4% paraformaldehyde (duration?) and reserved for immunohistochemical 423 

staining.  424 

Antibodies for tissue staining and western blot analyses 425 

Free-floating brain sections (8-14 µm thick) were mounted onto slides and blocked  with 426 

Protein Block (Serum-Free, Dako, CA) for 1h at RT. Sections were incubated at 4oC overnight 427 

with primary antibody in Protein Block (Dako, CA). Sections were rinsed 4x in PBS, and incubated 428 

90 min in fluorochrome- or biotin-conjugated secondary antibody, with or without curcumin 429 

(0.01% in PBS), or with ThioS alone (1% in PBS). Sections were washed, coverslipped, and 430 

mounted with ProLongGold anti-fade media with DAPI (Invitrogen). Bright-field and fluorescent 431 

images were obtained using a Zeiss AxioImagerZ1 with CCD camera (Carl Zeiss Micro imaging). 432 

Image analysis of micrographs was performed with ImageJ (NIH). Anti-Aβ/APP antibody 433 
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(ab14220, Abcam for 3-week time point; clone 4G8, Chemicon for all others) was used at 1:500 434 

for immunohistochemistry (IHC) and 1:1000 for Western blot (WB). Anti-pTau pS199/202 435 

antibody (Invitrogen) was used at 1:50 for IHC and 1:100 for WB, with PHFs confirmed with 436 

Phospho-PHF-tau pSer202+Thr205 Antibody (AT8), used at 1:2000 for WB. Due to marker size, 437 

pTau WB signal was normalized to that of β-actin (clone AC-74, Sigma), with GAPDH used for 438 

normalization of all other markers. Anti-GFAP (Dako) was used at 1:250 for IHC and WB. Anti-439 

NeuN antibody (Chemicon) was used at 1:100 for IHC and WB. Anti-Iba1 (Wako, Ltd.) was used 440 

at 1:200 for IHC. Anti-CD8 (clone 53-6.72, BD Pharmingen) was used at1:100 for IHC and 1:1000 441 

for WB. All secondary antibodies (HRP, Alexa Flour-488, -594, -647; Invitrogen) were used at 442 

1:200 for IHC and 1:2000 for WB. Multimer generation & use: dextramers of established epitopes 443 

for self/brain antigen (Trp-2-DCT(180-188)/H-2Kb), and/or custom APP epitopes with predicted 444 

affinities < 100nM (NetMHC version 3.4; APP(470-478)/H-2Db), were manufactured by Immudex. 445 

Western blot for amyloid, tau, neural and immunological markers 446 

Triton-soluble cell lysates were electrophoretically separated on 12% Tris-HCl Precast Gels 447 

(Bio-Rad), and blotted onto 0.2 µm nitrocellulose membranes. Membranes were blocked with 448 

bovine serum albumin (BSA), incubated in sequential primary and secondary antibody dilutions 449 

for 1 hr at room temperature with >3 washes, developed with enhanced chemiluminescence 450 

substrate (GE Healthcare Biosciences; Pittsburgh, PA), and exposed onto Amersham Hyperfilm 451 

(GE Healthcare Biosciences; Pittsburgh, PA). 452 

 453 

 454 
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ELISA 455 

Supernatant from homogenized brain tissues was used for Triton-soluble Aβ. Insoluble pellets 456 

from Triton-homogenized brain were resuspended in 10 volumes 5M Guanidine HCl 4 hr to 457 

generate Guanidine-soluble Aβ. Triton- and Guanidine-soluble samples were subjected to analysis 458 

by Soluble and Insoluble Aβ ELISA (Invitrogen, Life Technologies; Grand Island, NY). 459 

Absorbance was read on a SPECTRAmax Plus384 microplate reader (Molecular Devices, 460 

Sunnyvale, CA) with data analyzed in Graphpad PRISM (Graphpad Software; San Diego, CA). 461 

Flow cytometry 462 

Purified T cells stained with respective Abs were analyzed by three-color flow cytometry 463 

(FACScan II; BD Biosciences, San Jose, CA) to assess purity. Antibodies were incubated with 464 

whole-spleen single-cell suspension in PBS with 5% FBS, on ice for 30 min, followed by a wash 465 

with the PBS with 5% FBS. Subsequently, 100,000–300,000 flow events were acquired.  466 

Gallyas silver staining 467 

Gallyas silver stain was used to visualize fibrillar aggregates. Free floating brain sections 468 

were placed in 5% Periodic Acid for 3 min, washed twice and placed in Silver Iodide solution 1 469 

min, followed by incubation in 0.5% Acetic Acid 5 min (2X), and rinsing with dH20. Sections 470 

were incubated in developer for ~10 min until sections were pale brown/gray, and stopped in 0.5% 471 

acetic acid for 5 min, rinsed in dH2O and mounted. Stained sections were examined by microscopy. 472 

Stained neurons were counted from CA2 of hippocampus, and their proportions within total 473 

neurons visually quantified in triplicate from entorhinal and cingulate cortex. 474 

 475 
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Neuronal counts 476 

Whole-number neuronal estimates were performed using the optical fractionator method 27 477 

with stereological software (Stereo Investigator; MBF Bioscience). Para-median sagittal serial 478 

sections spaced 50 µm apart were stained with NeuN. CA1, CA2, CA3 and other regions of interest 479 

were defined according to the Paxinos and Watson mouse brain atlas. A grid was placed randomly 480 

over the ROI, and cells were counted within three-dimensional optical dissectors (50 µm 50 µm 481 

10 µm) using a 100x objective. Within each dissector, 1 µm guard zones at the top and bottom of 482 

section surface were excluded. Estimated totals weighted by section thickness were obtained with 483 

Stereo Investigator software, yielding a coefficient of error 0.10.  484 

Behavioral testing - general 485 

Open Field testing was performed preceding all other behavioral tests, at 3, 6, and 13 months 486 

post-cell or -control injection. Testing order was randomized by alternating control and treatment 487 

group animal runs. Testing started at the same time (+/- 1.5 hr) for tests run on more than one day, 488 

with early and late times alternated for inter-group randomization.  489 

Open field test 490 

Testing was carried out in an Open Field apparatus made up of an open topped, clear Plexiglas 491 

box, measuring 40.64 cm x 40.64 cm and 38.1 cm high. Two rings of photobeams and optical 492 

sensors surrounded the box. The optical sensors were connected to a computer by way of an input 493 

matrix. Each mouse was placed into the box, and beam interruptions were automatically recorded 494 

as a measure of locomotor activity. Each mouse was tested in the box for a period of 30 min. 495 

Barnes maze test 496 
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Barnes Maze (BM) testing was performed a single time only, 14 months post-cell or –control 497 

injection. The BM test is a hippocampus-dependent, spatial-learning task that allows subjects to 498 

use spatial cues to locate a means of escape from a mildly aversive environment (i.e. the mice are 499 

required to use spatial cues to find an escape location). Mice were assessed for their ability to learn 500 

the location of an escape box over the course of 9 days in the BM apparatus 28,29. The escape hole 501 

is constant for each mouse over the five training days. Each mouse was tested three times per day 502 

(3 trials) for 4 days, followed by no testing for 2 days, and re-testing on day 7. A 35-60 min inter-503 

trial interval separates each trial. Each trial began by placing one mouse inside a start box with a 504 

bottomless cube positioned centrally on the maze. After 30 seconds, the start box was lifted and 505 

the mouse was released from the start box to find the one hole with access to the escape box. Two 506 

fluorescent lights located approximately 4 feet above illuminated the testing room. Each trial lasted 507 

up to 4 min or until the mouse entered the escape box. The experimenter guided mice that failed 508 

to find the escape hole within 4 min, to the correct hole after each training test. Once the mouse 509 

entered the escape box, it was allowed to remain in the box for 1 min. Following the 7th day of 510 

testing, and never on the same day, mice were tested an additional two-days, in which the escape 511 

box was placed in the reverse position on day 8, and replaced in the original position on day 9. 512 

The same exact testing procedure was applied to all mice in all groups. The maze and all 513 

compartments were cleaned thoroughly with isopropyl alcohol to remove any olfactory cues after 514 

each trial, and prior to each day of testing. Additional randomization of alternating escape 515 

compartment location between each animal per group, and between each of 3 daily training tests 516 

per animal, was employed for this test. 517 

Y-maze spontaneous alternation behaviour 518 
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Mice were tested for SA a single time only, at 12 months post-cell or –control injection. Y-519 

Maze Spontaneous Alternation Behaviour (SAB) is used to assess working memory. SAB was 520 

measured by individually placing animals in one arm of a symmetric Y-maze made of opaque 521 

black acrylic plastic (arms: 40 cm long, 4 cm wide; walls: 30 cm tall), and the sequence of arm 522 

entries and total number of entries recorded over a period of 8 min.  523 

Flinch-jump/fear conditioning tests 524 

Flinch-jump/Fear Conditioning freezing times were determined 6 and 11 months post-cell or 525 

–control injection. We first determined there were no significant differences in the nociceptive 526 

threshold (pain sensitivity) across treatment groups using the Flinch-Jump Test. Pavlovian Fear 527 

Conditioning was then used to assess learning and memory regarding aversive events. The 528 

apparatus (Freeze Monitor™, San Diego Instruments, San Diego, CA) consisted of a Plexiglas box 529 

(25.4 x 25.4 x 31.75 cm high) with a stainless-steel grid floor. An acoustic stimulus unit is located 530 

on top of the box, and the box is ringed with photo beams and optical sensors. The optical sensors 531 

were connected to a computer by way of an input matrix, and the number of beam interruptions is 532 

automatically recorded. For testing, on day 1 individual mice were placed into the test box, and 533 

allowed to habituate for 3 min. At 3 min a tone was presented for 30 sec. Then, 30 sec after 534 

termination of the tone, a 0.5 sec foot shock (intensity = mean jump threshold for the treatment 535 

group determined by the Flinch-Jump Test) was delivered. The mouse was then removed from the 536 

box and returned to its home cage for 2 min. The chamber was cleaned and the animal returned to 537 

the chamber where the procedure was repeated. The freeze monitor apparatus recorded freezing 538 

times throughout the procedure (absence of movement for 5+ seconds, resulting in no beam 539 

breaks). On day 2, context retrieval was determined by placing the mouse into the same test box 540 

where it previously received a tone and foot shocks, but here the tone and foot shocks were not 541 
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presented. Freezing time was measured over a 10-min period. On day 3, cue conditioning was 542 

measured after inserting a triangular, plexiglass box into the test box. The mouse was placed into 543 

the triangular chamber where they had not previously received tone or foot shocks, but after 1 min 544 

the auditory tone was delivered for 30 sec and freezing time measured for 10 min.  545 

Human Subjects 546 

Cohort 1: 40 control individuals (CTRL; normal aging – normal CSF profile; 16M, 24F; avg age 547 

60.2 yr [49-88]); 52 MCI patients with an AD-characteristic CSF biomarker profile (MCI-AD; 548 

20M, 32F; avg age 75.5 yr [49-88]); 36 MCI patients not displaying an AD-characteristic CSF 549 

biomarker profile (MCI; 17M, 19F; avg age 62.22 yr [42-82]); 50 sporadic AD patients with an 550 

AD-characteristic CSF biomarker profile (AD; 26M, 24F; avg age 76.08 yr [57-88]). AD 551 

biomarker positivity (in-house validated cut-off values of biomarkers were applied: Aβ1-42 <638.5 552 

pg/mL, T-tau>296.5 pg/mL, P-tau(181P) >56.5 pg/mL) was determined by means of commercially 553 

available single-analyte ELISA kits (INNOTEST® β-AMYLOID (1-42), INNOTEST® hTAU-554 

Ag, and INNOTEST® PHOSPHO-TAU (181P); Fujirebio Europe).  CSF samples were collected 555 

at Middelheim General Hospital (Antwerp, Belgium) and centers referring to the Neurobiobank of 556 

the Institute Born-Bunge (NBB-IBB; n° BB190113) according to standard collection protocols as 557 

described previously 30. CSF was obtained by lumbar puncture (LP) at the L3/L4 or L4/L5 558 

interspace. CSF samples were collected in polypropylene vials (Nalgene cat.no.5000–1020 559 

(1.5 mL) and 5000–0050 (4.5 mL)), immediately frozen in liquid nitrogen, and subsequently stored 560 

at –80°C until analysis.  561 

In addition, blood samples following venepuncture were collected after LP, of which 2-3 serum, 562 

3-4 plasma and 2-3 total blood aliquots were stored (1.5mL for each aliquot). 563 
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MCI patients underwent LP at baseline as part of their diagnostic work-up. The inclusion criteria 564 

for the control group were: [1] no neurological or psychiatric antecedents and [2] no organic 565 

disease involving the central nervous system following extensive clinical examination. MCI 566 

patients were diagnosed applying Petersen’s diagnostic criteria 31, i.e., [1] cognitive complaint, 567 

preferably corroborated by an informant; [2] objective cognitive impairment, quantified as 568 

performance of more than 1.5 SD below the appropriate mean on the neuropsychological subtests; 569 

[3] largely normal general cognitive functioning; [4] essentially intact activities of daily living 570 

(basic and instrumental activities of daily living were determined by a clinical interview with the 571 

patient and an informant); and [5] not demented 32. AD dementia was clinically diagnosed 572 

according to the NINCDS/ADRDA and IWG-2 criteria 33 APOE allele status was 40% 3/4, 40% 573 

4/4, 10% 3/3, 10% 2/4 for AD group (10 tested/50 total); 55% 3/4, 20% 4/4, 15% 3/3, 10% 2/4, 574 

0% 2/3 for MCI-AD group (20 tested/52 total); 31% 3/4, 0% 4/4, 46% 3/3, 8% 2/4, 15% 2/3 for 575 

MCI-normal group (13 tested/36 total); 22% 3/4, 0% 4/4, 68% 3/3, 0% 2/4, 8% 2/3 for control 576 

group (37 tested/40 total). Mean MMSE score was 20 (5-29) +/- 5 for AD group (48/50 tested); 577 

24 +/- 3 (15-30) for MCI-AD group (51/52 tested); 26 +/- 3 (18-30) for MCI-normal group (33/36 578 

tested); 28 +/- 4 (17-30) for control group (9/37 tested). All included subjects were of Caucasian 579 

ethnicity. 580 

Cohort 2: Cognitive Testing. 29 self-referred memory clinic patients (average age 49; 22-70) from 581 

Cedars-Sinai Dept. of Neurosurgery were clinically diagnosed as normal (n = 6), MCI (n = 18), 582 

dementia (n = 3), or uncertain (n = 2; diagnosis established solely on basis of cognitive testing), 583 

and followed up with cognitive (Montreal Cognitive Assessment; MoCA) testing (n = 22). 584 

Cognitively normal = MoCA score 29-30; age-related cognitive decline = MoCA score 26-28; 585 
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MCI = MoCA score < 26. HLA-A2-negative patients were determined by flow cytometry and 586 

excluded from analysis, as were patients with <2.5% CD8+ cells in lymphocyte gates.  587 

Cohort 3: Brain Western and IHC. Hippocampal lysates from 13 autopsy-confirmed Braak stage 588 

IV (n = 4) and Braak stage V-VI (n = 9) sporadic AD patients, and 5 age-matched normal controls 589 

were run on Western blots using anti-CD8 or anti-PRF1. Hippocampal sections from 10 autopsy-590 

confirmed Braak stage V-VI sporadic AD patients, and 10 age-matched normal controls were 591 

stained with anti-CD8-flourescein plus APP(471-479)/HLA-A2-PE. HLA-A2-negative samples were 592 

not excluded from Western and IHC/IF analysis. 593 

Statistical analysis 594 

Quantification and stereological counting procedure for cell numbers or area (µm2) of A 595 

plaque, GFAP+, Iba1+ or Perforin1+ cells were analyzed in six to eight coronal sections from each 596 

individual, at 150-µm intervals (unless otherwise indicated), covering 900–1200 µm of the 597 

hippocampal and cortical areas. Specific fluorescence signal was captured with the same exposure 598 

time for each image and optical sections from each field of the specimen were imported into NIH 599 

Image J and analyzed as above. GraphPad Prism (version 5.0b; San Diego, CA, USA) was used to 600 

analyze the data using ANOVA and T-Tests with Welch’s correction (no assumption of equal 601 

variance). In all histograms, average + SEM is depicted.  602 

Data from Open Field and Barnes Maze tests were analysed by 2-sided T-Test for individual 603 

test points, and by ANOVA on test curves, when normal distribution/P > 0.05 of data was verified 604 

in Anderson-Darling, D'Agostino & Pearson, Shapiro-Wilk, and/or Kolmogorov-Smirnov tests. 1-605 

sided T-Test was used to analyze Y-maze/SAB. Mann Whitney test was substituted for T-Tests 606 

when non-normal distribution/P < 0.05 was indicated in Anderson-Darling, D'Agostino & Pearson, 607 
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Shapiro-Wilk, and/or Kolmogorov-Smirnov tests. Flinch-Jump and Fear Conditioning Tests was 608 

normalized, first within each group to the average of the initial two tests in training on day 1, and 609 

then within all experimental groups to the average contextual or cue values of PBS controls, 610 

expressed as percent of control, and analyzed by ANOVA, followed where appropriate by 611 

Newman-Keuls tests to detect differences among treatment groups. 612 

Sample sizes for PrfKO-CD8 and IfnKO-CD8 groups were calculated a priori for each 613 

metric using means and standard deviations of PBS and wt-CD8 groups for anticipated effect sizes, 614 

with alpha 0.05, and >95 confidence. Calculated n plus >1 were then used for PrfKO-CD8 and 615 

IfnKO-CD8 groups.  616 

Pre-determined exclusions included sections or samples with no discernible background 617 

signal, and values within each group >2 standard deviations above or below the median/group. 618 

Subject numbers and methods of reagent validation are shown in Table S1. 619 

Study approval 620 

All animal procedures were approved prior to performance by the Cedars-Sinai Institutional 621 

Animal Care and Use Committee. The Cedars-Sinai Institutional Review Board designated the 622 

analysis of de-identified human brain specimens from UC Davis exempt from committee review. 623 

Brain specimens were collected, stored, and disseminated with prior approval by the UC Davis 624 

Medical Center Institutional Review Board. Sampling for cohort 1 was approved by the Medical 625 

Ethics Committee of the Hospital Network Antwerp (ZNA), Antwerp, Belgium (approval number 626 

2805 and number 2806). 627 

 628 
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Data Availability 629 

Results and raw data will be made available upon request. Model Organisms and/or the means to 630 

generate them will be made generally available for research (non-commercial) use. 631 
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Extended data figure legends 673 
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 676 

Fig. E1: Flow cytometry and Western analysis of T cell and amyloid markers. Levels of mouse 677 

APP(470-478)/H-2Db and human APP(471-479)/HLA-A2 were quantified within KLRG1+ CD8 T cells by 678 

flow cytometry in mouse and human blood, respectively. Young B6 = APP-reactive T cells within 679 

splenic lymphocytes from 8-10 week-old C57BL/6 females; CD8 → B6.Foxn1 = APP-reactive T cells 680 

within splenic lymphocytes from 10-12 week-old B6.Foxn1 female recipients of purified CD8 T cells 681 

from 6-8 week-old C57BL/6 females 3-5 weeks prior; Hu norm aging = APP-reactive T cells within 682 

peripheral blood lymphocytes of neurodegenerative disease-free human subjects aged 49-88 years, 683 

whose values also appear in Fig. 4c. 684 
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 696 

Fig. E2: Analysis scheme, APP cleavage products, and vascular A in brain after T cell 697 

injection. Analysis time line in CD8 T cell-injected B6.Foxn1 recipients (a). Western analysis of 698 

APP cleavage products/A oligomers (APPCl) with 4G8 antibody in dissected regions of mouse 699 

brain 10 weeks after injection with 3 x 106 purified T cells. CD4/8 indicates injection of ~85% 700 

CD4 and 15% CD8, with peripheral proportions verified by flow cytometry (b). 701 
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Immunohistochemical staining for ThioS in B6.Foxn1 cortex 6 months post-injection, exhibiting 702 

vascular staining pattern in wt-CD8 T cell-injected, but not PBS-injected mice (c). A (4G8) and 703 

Factor III staining in B6.Foxn1 cortex 6 months after injection, confirms deposits of aggregated 704 

vascular A in nude mice harboring hiT cells (d). All images at 5x magnification.   705 
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 725 

Fig. E3: A accumulation in nude mouse brain after CD8 T cell injection. Representative 726 

example of individual A (4G8+) plaque morphology within entorhinal cortex and hippocampus 727 

in nude recipients 15 months after CD8 T cell injection. Magnification and image acquisition 728 

parameters were identical within each brain region (a).  Forebrain ELISA of GuanidineHCl-729 

soluble A in B6.Foxn1 brain 15 months after CD8 T cell or control injections (b). 730 
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 733 

 734 

 735 

 736 

Fig. E4: Distinct curcumin and ThioS staining in dentate gyrus of nude mice harboring hiT 737 

cells. a, Hippocampal sections from the indicated groups (all B6.Foxn1 recipients, except AD-Tg 738 

= Tg2576 mice), were stained for 4G8 (A) and curcumin, 6 months after i.v. control/cell injection, 739 

or at 14 months of age for AD-Tg (a). Right-facing arrows highlight A deposits with no curcumin 740 

co-staining. Up-facing arrows depict co-localized A and curcumin deposits, representing mature 741 

neuritic plaques. Down-facing arrows highlight curcumin+ structures with no A co-staining, i.e., 742 

non-amyloid fibrillar deposits. No DAPI was used in the stains; blue channel background is 743 

provided for anatomical context only. Follow-up ThioS staining of PBS and wt-CD8 group 744 

B6.Foxn1 hiT recipients 6 months after control/cell injection, and 20 month-old AD-Transgenic 745 

(Tg) rat dentate gyrus (b). Rat AD-Tg brain was used due to its explicit Tau PHF content (Cohen 746 

et al., 2013), that nevertheless failed to stain with ThioS in our hands. 747 

  748 

a 

b 



43 

 

 749 

 750 

 751 

 752 

Fig. E5: Silver stained neuronal structures in experimental groups. Gallyas silver staining of 753 

cortical and hippocampal brain regions, showing typical neurofibrillary tangle (NFT) morphology 754 

in wt-CD8 and IFNKO-CD8 group mice (insets). Background silver staining was occasionally 755 

evident in PrfKO-CD8 or PBS group mice, but did not exhibit similar NFT morphology (insets). 756 

Individual images were derived from different mice within each group (a). Comparison of Gallyas+ 757 

structures in nude mice harboring hiT cells (wt-CD8) hippocampus (left) and cortex (ctx, right), to 758 

those in cortex of human severe AD (Braak stage VI; b). Sequential staining of wt-CD8 group 759 

mouse hippocampus reveals identical staining pattern between Gallyas and pTau, but not Gallyas 760 

and 4G8/A (c). Magnification and scale are identical for all images (20x), and among insets in a. 761 
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 762 

 763 

 764 

Fig. E6: Innate and adaptive immune correlates of amyloidosis in nude mice harboring hiT 765 

cells. Brain was co-stained for CD8 and pTau (inset), and quantified within hippocampal and 766 

cortical brain sections from B6.Foxn1 recipients 15 months after injection of wild-type, IFNKO 767 

or PrfKO CD8 T cells, or PBS as previously reported (Panwar et al., 2020; reference 7 in 768 

manuscript). Group data are compiled for Astrocytic (GFAP), microglial (Iba-1), and CD8 T cell 769 

(CD8) areas were correlated with 4G8+ plaque burden within each group, with P values of linear 770 

regressions and Pearson’s correlations (r) shown (C). Numbers of mice per group are listed in 771 

Supplemental Table 1. 772 

 773 
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 777 

 778 

Fig E7: Motor activity, cognitive performance and correlation with pathological features. 779 

Open Field total activity and rearing activity at 3, 6, and 13 months post-injection of CD8 T cells 780 

in experimental mouse groups (a). There was no substantial alteration in total or rearing activity 781 

between PBS and wt-CD8 groups at any time point, although total activity significantly increased 782 

after 3 months, and rearing activity significantly decreased by 13 months, in both groups (n > 9 783 

mice/group). Individual mouse performance in Fear Conditioning test at 6 months correlated 784 

directly with brain mass (n = 27; mice were from PBS and wt-CD8 groups; b). Superior 785 

performance of individual mice in Barnes Maze at 14 months was significantly associated with 786 

higher brain mass (n = 9; mice were from all groups; *P > 0.05, +P > 0.1 by 2-tailed T-test; c). 787 

Stratification by median latency in Barnes Maze correlated significantly with Tau PHF only (d), 788 

although marginal non-significant trends were observed for pTau and GuanidineHCl-soluble Ab40 789 

relative to Triton X-100-soluble A species (G-A and T-A, respectively; BMhi = longer latency; 790 

BMlo = shorter latency; e, f). 791 

a b c 
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 796 

Fig. E8: KLRG1- (“youthful”), KLRG1+ (“age-related”), and APP(471-479)/HLA-A2 multimer-797 

reactive KLRG1+ (“pathologic”) CD8 T cells exhibit differential associations with age. Whole 798 

blood from 165 human patients (31 MCI – norm bio; 45 MCI – AD bio; 40 normal aging controls; 799 

49 AD) was analysed by flow cytometry for KLRG1+ and KLRG1- CD8 T cell content in 800 

lymphocyte gates, and plotted relative to patient age at blood collection, with APP(471-479)/HLA-801 

A2 multimer reactivity within KLRG1+ CD8 T cells further quantified in the subset of 88 HLA-802 

A2+ patients. Possible migration of age-related and APP-reactive T cell subsets from blood to brain 803 

as depicted above the plots is proposed. 804 

  805 
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 807 

 808 
 809 

Fig. E9: Comparison with P-Tau217 and receiving operator characteristic (ROC) curves for 810 

APP-specific KLRG1+ CD8 T cell level in human patients. Levels of APP/HLA-A2 multimer-811 

reactive KLRG1
+
 CD8 T cells in blood of AD patients from our study (a) relative to published 812 

plasma levels of P-Tau217 (Palmqvist et al., 2020. JAMA 324(8):772-781; b). Receiver Operating 813 

Characteristic (ROC) plots of APP/HLA-A2 multimer-reactive KLRG1
+
 CD8 T cells in blood of 814 

indicated patient cohorts relative to normal aging controls (c) Mild Cognitive Impairment without 815 

(MCI-normal bio) and with (MCI-AD bio) CSF biomarkers consistent with AD, and confirmed 816 

AD patients ages 57-84 (AD-all). Area Under the Curve (AUC) is indicated. AD-age-matched 817 

indicates ROC analysis on 10 AD patients for whom precisely age-matched controls were available 818 

(+/- 1 year; n = 10). P < 0.001 for all curves except MCI – normal bio (P = 0.003). 819 

 820 

 821 

 822 

a b c 

*adapted from Ref 18 



Figures

Figure 1

Amyliod and pTau pathology. Western blots of APP cleavage products (APPCl) in cortex, hippocampus 3
wk after injection () of recipients (a). B-J depict B6.Foxn1 recipients , 15 mos post-injection unless
otherwise indicated. Forebrain Aβ1-40/42 ELISA (b). Plaques + pTau/curcumin staining (c), and compiled
4G8 burden in entorhinal (Ent)/cingulate (Cng) cortex, and hippocampus (Hippo) (d). Western blots (e),
and compiled pTau and PHF signal. Gallyas/silver-stained cells in hiTRM groups and 18-month-old
Tg2576 (AD-Tg) mice, with sequential pTauGallyas stains inset (g). Gallyas+ neuron (h) percentages
Plots depict averages + SEM. *P < 0.05, **P < 0.01, ***P < 0.005 by 2-sided T-test, relative to PBS group.



Figure 2

Neurodegeneration in nude mice harboring hiT cells. Cell/control recipients in all panels are B6.Foxn1
exclusively. NeuN and GFAP staining (a, b), and cell counts in hippocampus, 15 mos after cell/control
injection (c). Brain atrophy over time in PBS and wt-CD8 groups (mass normalized to PBS controls at
each time point; d). Representative forebrain Westerns (e), and GAPDH-normalized NeuN, Drebrin, and
Synaptophysin Western signals (f). Correlation of NeuN with brain weight (g). Plots depict averages +
SEM. *P < 0.05, **P < 0.01, ***P < 0.005 by 2- sided T-test, relative to PBS group.



Figure 3

Cognition in nude mice harboring hiT cells. Representative Open Field test at 13 mos (a). Fear
Conditioning over time (b), and Spontaneous Alternation Behavior at 12 months (c). Barnes Maze
learning/training (d), retention (e), and reversal (f, g) phases, at 14 mos (black, colored symbols = P
relative to PBS, wt-CD8, respectively). Plots depict averages + SEM. *P < 0.05, **P < 0.01, ***P < 0.005 by
2-sided ANOVA (panel d) or 2-sided T-test (all others), relative to PBS group unless otherwise indicated.



Figure 4

hiT parameters in human Alzheimer’s. Patient cohorts (a). KLRG1+ (b) and APP(471- 479)/HLA-A2-
reactive KLRG1+ (c) CD8 T cells in CTRL, MCI + CSF AD biomarkers (MCI, MCI– AD), and veri�ed
Alzheimer’s (AD) blood. T cell subpopulations vs. MoCA score (d), and correlation of APP(471-479)/HLA-
A2-reactive KLRG1+ CD8 with score and age (e). PRF1 Western blot and immuno�uorescence (f), with
quanti�cations in age-matched CTRL and AD brains. (g). APP(471-479)/HLA-A2-reactive CD8 staining (h)
and quanti�cation (i) in brain. Plots depict averages + SEM. *P < 0.05, **P < 0.01, ***P < 0.005, ****P <
0.001 by 2-sided T-test, relative to CTRL unless otherwise indicated.
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