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Terminally differentiated effector memory T
cells associate with cognitive and AD-related
biomarkers in an aging-based community
cohort
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Abstract

Background and purpose The immune response changes during aging and the progression of Alzheimer’s disease
(AD) and related dementia (ADRD). Terminally differentiated effector memory T cells (called Tgyz,) are important
during aging and AD due to their cytotoxic phenotype and association with cognitive decline. However, it is not clear
if the changes seen in Tgyras are specific to AD-related cognitive decline specifically or are more generally correlated
with cognitive decline. This study aimed to examine whether Tgqa, are associated with cognition and plasma
biomarkers of AD, neurodegeneration, and neuroinflammation in a community-based cohort of older adults.

Methods Study participants from a University of Kentucky Alzheimer’s Disease Research Center (UK-ADRC)
community-based cohort of aging and dementia were used to test our hypothesis. There were 84 participants,

44 women and 40 men. Participants underwent physical examination, neurological examination, medical

history, cognitive testing, and blood collection to determine plasma biomarker levels (AB42/A340 ratio, total tau,
Neurofilament Light chain (Nf-L), Glial Fibrillary Acidic Protein (GFAP)) and to isolate peripheral blood mononuclear
cells (PBMCs). Flow cytometry was used to analyze PBMCs from study participants for effector and memory T cell
populations, including CD4* and CD8* central memory T cells (Tq), Naive T cells, effector memory T cells (Tg,,), and
effector memory CD45RA™ T cells (Tgypa) immune cell markers.

Results CD8" Ty qa, Were positively correlated with Nf-L and GFAP. We found no significant difference in CD8*
Teviras Pased on cognitive scores and no associations between CD8" Ty pas and AD-related biomarkers. CD4™ Teypas
were associated with cognitive impairment on the MMSE. Gender was not associated with Tgra, Ut it did show an
association with other T cell populations.

Conclusion These findings suggest that the accumulation of CD8" Tgypas May be a response to neuronal injury (Nf-L)
and neuroinflammation (GFAP) during aging or the progression of AD and ADRD. As our findings in a community-
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based cohort were not clinically-defined AD participants but included all ADRDs, this suggests that Tgypas May be
associated with changes in systemic immune T cell subsets associated with the onset of pathology.

Keywords Alzheimer’s disease, Neuroimmunology, Biomarker, Immunity

Introduction

The innate and adaptive immune system, essential for
protecting individuals against infections, injury, and
diseases, is profoundly impacted by chronological
aging, becoming less protective and more inflammatory
[1]. The age-associated decline in T cell function con-
tributes to increased susceptibility to infections such
as influenza, COVID-19, pneumonia, and urinary tract
infections (UTI) [1, 2]. Beyond aging, changes in adap-
tive immune responses are exacerbated in Alzheimer’s
disease (AD) and related dementias (ADRD) [3-10].
The most common ADRDs in the community include
AD, Limbic-predominant age-related TDP-43 enceph-
alopathy (LATE-NC), Lewy body dementia (LBD),
vascular contributions to cognitive impairment and
dementia (VCID), and multiple-etiology dementias
(MED) [11]. The ADRD-associated adaptive immune
changes include a decrease in naive T cells and the
accumulation of cytotoxic memory and effector mem-
ory T cells [3-9], which may further weaken the pro-
tection against pathogens and vaccine responsiveness.
Infections such as pneumonia and UTI are higher
in individuals with dementia [12], with the weak-
ened immune system being a major contributor to the
greater infection-induced mortality in individuals with
dementia [13, 14].

A handful of studies have evaluated the adaptive
immune response in ADRD, highlighting a central role
for terminally differentiated effector memory T cells
(called Tgypas)- Temras are CD4Y or CD8™ T cells that
re-express CD45RA. In clinic-based studies, more
TeMmras Were associated with increased neurodegenera-
tive pathology and worse cognitive function [5-7]. TEM-
RAs, which are also associated with viral infections such
as cytomegalovirus (CMV), dengue, and human immu-
nodeficiency virus (HIV) [3, 15, 16], are known for their
T cell effector function, low proliferation capacity, and
cytotoxic activity [17-19].

While changes in T cell subsets, including Tgyras
are linked to Alzheimer’s disease (AD) [5-7], stud-
ies have not made it clear if these changes are specific
to AD-related cognitive decline or are more generally
correlated with dementia, as prior studies were lim-
ited to people with AD-related dementia diagnosed by
reduced cognitive scores, computed tomography (CT),
magnetic resonance scanning (MRI) for volumetric loss
of brain regions, Ap PET imaging, and reduced CSF
AP and tau levels [5-7]. In addition, the connection
between Ty ras and early stages of cognitive decline is

not well established. We analyzed cells by flow cytom-
etry from two groups to identify associations between
CD4* or CD8* Tpyras in peripheral blood and early
cognitive decline in a community-based cohort of
older individuals based on their clinical dementia rat-
ing (CDR). Our groups were cognitively healthy control
participants (CDR=0) and individuals with early stages
of cognitive decline (CDR=0.5-1). To test associations
between Tpyras and AD, we measured plasma bio-
markers of AD, such as B-amyloid (AP) and tau, which
asses the risk for establishing AD. We also measured
plasma markers neurofilament light (Nf-L) and glial
fibrillary acidic protein (GFAP), which assesses neuro-
nal injury and astrocyte-mediated neuroinflammation,
respectively. We found that CD8% Tpyza, are associ-
ated with biomarkers of brain injury (Nf-L and GFAP),
while CD4" Ty pas are associated with low Mental
State Examination (MMSE) scores and a biomarker of
AD (Ap42/40).

Materials and methods

Human subjects

The participants in this study were recruited from a
larger cohort study of aging and dementia at the Uni-
versity of Kentucky Alzheimer’s Disease Research
Center [20, 21]. Before participating in the study, the
participants provided informed consent according to
University of Kentucky Institutional Review Board-
approved protocols. The AD Research Center recruits
older adults from central Kentucky and includes
approximately 500 active participants who receive
annual follow-up visits. These visits include a variety
of measures, such as physical and neurological exami-
nations, medical histories, cognitive testing, and fluid
biomarkers. For our analysis, we recruited n=40 cog-
nitively healthy individuals (CDR=0) and #n=44 cogni-
tively impaired (CDR=0.5-1) individuals, with similar
numbers based on gender, and cardiovascular disease
risk factors and age. The participants were excluded
if they had type 2 diabetes, auto-immune disease, or
active cancer. Blood samples were collected from 84
participants between August 2020 and June 2021, and
clinical evaluations and cognitive testing were per-
formed using the National Alzheimer’s Coordinating
Center uniform data set [11, 22]. The de-identified
samples were provided to the experimentalists, who
were blinded to the participant group identity until all
data had been generated.
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Peripheral blood mononuclear cell (PBMC)
isolation

5-10mls of peripheral blood was taken through venous
puncture and stored in acid/citrate/dextrose tubes.
PBMCs were isolated by density centrifugation in Ficoll
histopaque 1077 using SepMate PBMC isolation tube
(StemCell tech, Cat#: 85,415) according to the manufac-
turer’s protocol. After the cells were washed in buffer (0.1
BSA, 2mM EDTA, 1X PBS), residual red blood cells were
removed using red blood cells lysis buffer (EBioscience,
cat#: 00-4300-54). The cells were then frozen at a den-
sity of 1x10%/ml in freezing media containing (90%FBS
Heat Inactivated (HI), 10% DMSO) and stored at -80 °C
in a Mr. Frosty apparatus (Nalgene) for 24 h before being
transferred to long-term storage in liquid N2 until use as
previously described [23].

Plasma biomarker analysis

The plasma collected from the same blood drawn as the
PBMCs underwent analysis on the Quanterix Simoa
HD-X for plasma biomarkers as previously described
[24].

Flow cytometry

After being thawed, PBMCs were washed with warm
RPMI followed by PBS. The cells were then stained with
viability marker Ghost dye-Alexa Fluor 700 (Tonbo Bio-
sciences) for 30 min at 4°C, then washed with FACS
buffer (1X PBS supplemented with 1% bovine serum
albumin and. 1% sodium azide). To prevent unintended
antibody binding to Fc receptors, cells were blocked
with FcR blocking reagent, human (Miltenyi Biotec) for
10 min at 4°C. The cells were then stained at a 1:50 dilu-
tion with antibodies to immune cell targets as follows:
CD3-FITC (BD Biosciences, 555,332), CD8-PE (BD Bio-
sciences, 555,635), CD4-APC (BD Biosciences, 555,349),

Table 1 Demographic information

CDR=0 CDR=0.5-1
Number of participants, (n) 40 44
Age in years (mean+SD) 77+79 79+79
Gender (Men: Women) 16:24 2421
APOE &4 carrier (n) 9(22.5%) 20 (48.9%)
Hypertension (n) 24 (60%) 25 (55.5%)
Hyperlipidemia (n) 25 (62.5%) 27 (60%)
BMI (mean+SD) 264+35 25.7+43
Education (mean=+SD) 17425 16.7+29
MMSE (mean +SD) 29412 239459
MoCA (mean=+SD) 268+2.2 185+6.2
CD3* (%) (mean+SD) 723499 68.8+12.2
CD3* CD4™ (%) (mean +SD) 735+132 71.0£13.1
CD3* CD8" (%) (mean+SD) 228+11.3 256+124
CD4*/CD8* (mean +SD) 49+41 40+36

Abbreviations: Clinical Dementia Rating (CDR), body mass index (BMI), Mini-
Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA)
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CCR7-buv395 (BD Biosciences, 568,681), CD45RA-
bv421 (BD Biosciences, 569,620) for 30 min at 4°C. The
cells were then washed twice with FACS buffer and fixed
using cytofix from BD Biosciences for 30 min at 4'C, fol-
lowed by a wash with FACS buffer and resuspension in
FACS buffer. Cell populations were acquired using the
BD Symphony A3, and Flow v10.8 software was used for
analysis. Staining and analysis were performed blinded.
Fluorescence-minus-one controls were utilized to iden-
tify cell populations, and each experiment had a single-
stained control and negative control.

Statistics

Characteristics of participants were assessed with analy-
sis of variance or 2 tests. Fluid biomarker data were log2
transformed. For categorical comparisons, a parametric
t-test or one-way ANOVA were used for the combined
data, or the data stratified by gender. Multiple linear
regression models were used to adjust mean responses
for covariates, as listed in figures and tables. Pairwise
effect sizes were calculated using Cohen’s d. The effect
size for linear regressions were calculated as R* or Q. For
the box-and-whiskers graph, the box shows the median,
25th and 75th percentile, and the whiskers show the
minimum and maximum values. Data visualizations were
created in JMP Pro v16 or GraphPad Prism v9.4.

Results

Patient characteristics

The study included 84 participants from the UK-ADRC
community cohort, comprising 40 cognitively healthy
(mean age 77, range 62-95) and 44 cognitively impaired
(mean age 79, range 64-97) individuals, balancing for
gender, cognitive status (CDR=0 vs. CDR=0.5-1), age,
and cardiovascular risk factors, with demographic details
in Table 1 and no marked differences by CDR between
groups.

Higher percentage of CD4" Ty s, in individuals with low
MMSE
Prior studies showed an association between greater
CD8" Tpyuras and worse cognitive function in people
with probable AD, and greater CD8* Tpyras i cOgRi-
tively healthy people with preclinical AD, defined by cog-
nitive scores, CSF AP and tau levels, MRI, and Ap PET
imaging [5, 6]. Yet, it is unclear if changes in CD8* Ty as
are an AD-specific phenotype or are seen more generally
with cognitive decline, and if the changes are limited to
CD8" T cells or are also seen in CD4* T cells. As Tgypas
are seen even in preclinical AD, we also wanted to test in
a community-based cohort if Ty ss are seen with early
changes in global cognitive function.

Using flow cytometry, we analyzed CD3*CD4* and
CD3*CD8* T cells (Fig. 1A; Table 1) for naive and
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Fig. 1 Testing the Association of CD4* and CD8" Tgpas With global cognitive function. (A) Representative flow cytometry gating strategy for lymphocyte
subsets. The strategy begins with gating on lymphocytes, excluding doublets and dead cells. T cells are gated on CD3*; CD4* T cells are CD3* CD4*; CD8*
T cells are CD3* CD8*. The CD4* and CD8" T cells are then further divided into central memory (Tc,,): CD45RA™CCR7*, naive: CD45RA*CCR7, effector
memory (Tg,): CD45RACCR7", and terminally differentiated effector memory re-expressing CD45RA (Tgyra): CD45RATCCR7 . Association of CD4* and
CD8* Teyiras With (B) CDR (€) MMSE and (D) MoCA. Circles represent individual participants. The red lines represent the mean and 95% confidence interval
for the linear regression. See also, Table 2

Table 2 Association between measures of global cognitive function and T cell subsets

T cell subset TCM Naive TEMRA TEM

Model 1 2 1 2 1 2 1 2

CDR (p-value; Cohens D) CD4" 02540253 0450169  0369;0.199 0573;0.126 0.343;0.21 0.263;0.251 0.979;0.006 0.863;0.038
CD8" 0.368;0.199 0314;0226 0407;0.183 0.741;0074 0.509;0.146 0.641;0.104 0.708;0.083 0.941;0.016

MMSE (p-value; Cohens D)  CD4"  0.009;0.725 0.013;0.702 0.101;044  0.135;0415 0.029;0.604 0.053;054 0.465;0.2 0.529;0.174
CD8" 0.281;0295 0.331;0269 0412;0.224 0339;0264 0.078;0486 0.101;0456 0.244;0319 0.351;0.258

MoCA (p-value; R?) CD4"  0.664;0.05 0.59;0.09 0.58;0 0.52;0.06 0.47;0.08 0.51;0.09 0.51;0.01 0.48;0.04
CD8* 0.36;0.02 0.35;0.02 0.64,0 0.83;0.11 0.46;0.01 0.6; 0.04 0.85;0 0.84; 0.06

Model 1is unadjusted. Model 2 includes gender and age. Abbreviations: Clinical Dementia Rating (CDR), Mini-Mental State Examination (MMSE), Montreal Cognitive

Assessment (MoCA)

memory phenotypes based on CD45RA and CCR?7 stain-
ing (Fig. 1A). CD4" and CD8" Tgyras Were not associ-
ated with CDR (Fig. 1B), which held when adjusted for
age and gender (Table 2). CD4* Tgypas (#=0.0292) and
CD8" Tyras @=0.0779) were negatively associated with

MMSE scores<25 (Fig. 1C). When adjusted for age and
gender, the association between MMSE and TEMRAs
did not reach statistical significance. However, the effect
sizes (Cohen’s d) for the relationship between TEMRAs
and MMSE scores remained substantial, particularly for
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Table 3 Association between other biological variables and T cell subsets

T cell subset TCM Naive TEMRA TEM

Model 1 2 1 2 1 2 1 2

Gender (p-value; Cohens D) CD4" 0.006;0.626 0.01;0.586 0.037;0467 0.06;0426  0.054;043 0.045;0454 021;0.28 0.246;0.261
CD8* 0.36;0.202 0.37;0201  0.019;0.525 0.047;0.449 0.965;0.01 0.803;0.056 0.014;0.554 0.017;0.54

Age (p-value; R?) CD4" 0.139;0.027 0.284;0.104 0.165,0.024 0.285,0.066 0.76;0.001  0.51;0.05 0.499;0.005 0.639;0.022
CD8* 0.89;0 0.99;0.01 0.007;0.085 0.018;0.13  0.09;0.035 0.09;0.04 0.5; 0.006 0.78;0.073

BMI (p-value; R?) CD4* 0.284;0014 05750107 0.983;0 0.605; 0.07 0.55;0 0.61;0.05 0.37;0.01 0.23;0.04
CD8" 0425;0007 048;0.02 041,0.008  0.08;0.16 0.21;0.02 0.09;0.07 0.6;0.003 0.85;0.07

ApoE (p-value; R?) CD4* 0.222;0304 0411;0207 0.57;0.141 0.836;0.052 0.103;0.407 0.16;0.354 0.85;0.047 0.97;0.008
CD8" 0.237;0294 0.3;0.262 0413;0.203 0.73;0086  0.79;0.067 0.68;0.104  031;0.25 0.51;0.167

Model 1 is unadjusted. Model 2: For gender includes age. For age includes gender. For BMI and ApoE includes age and gender. ApoE is the presence of 1 or more £4
alleles. £4=29 participants, non-£4=40 participants, ApoE data unavailable for 15 participants

A CD4*
0.0369
801 0.0056 80
= 2
e 2
o o
[m)
8 o
o=
2 4
0.2067

CD4* TEM (%)
CD4* TEMRA (%)

0.0192

309 —— 80

CD8* naive (%)

CD45RA

Fig. 2 Testing the Association of gender with T cell subsets. The frequency of CD4* (A) and CD8" (B) T-cell subsets in the blood of women (Q) and men

(8). Circles represent individual participants. See also, Table 3

CD4+TEMRAs (adjusted Cohen’s d=0.702, p=0.0531),
suggesting a moderate to large effect. The effect size for
CD8+TEMRASs (adjusted Cohen’s d=0.54, p=0.101) was
smaller in comparison (Table 2). There was no associa-
tion between CD4* Tpypas and CD8" Ty pas and MoCA
(Fig. 1D; Table 2).

Associations of Tgygas With other relevant biological
variables

To determine the impact of other biological variables,
including gender, age, body mass index (BMI), and apoE
genotype, on the frequency of CD4* Tpypas and CD8*

Tepmras We completed regression models. We found no
associations between apoE or BMI and T cell pheno-
types (Table 3). Similarly, age was not associated with
CD4" Tppras and CD8F Tryras (Table 3). However, age
negatively correlated with naive CD8" T cells (p=0.007)
(Table 3). While there were no differences in the fre-
quencies of CD4* Tpyras and CD8" Tryras by gender,
we detected a higher frequency of CD4* (p=0.0369) and
CD8" (p=0.0192) naive T cells in women while men have
a higher frequency of CD4* T, (»p=0.0056) and CD8*
Teue (p=0.0137) (Fig. 2).
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Fig. 3 Tpyeas Correlated with plasma markers of neurodegeneration and neuroinflammation. Correlation between the percentage of CD4" and CD8*
TEMRA s in the blood of individuals and plasma levels of AD-related biomarkers (A, B) AB42/40, (C, D) total tau, (E, F) Nf-L, and (G, H) GFAP. The red lines
represent the mean and 95% confidence interval for the linear regression. The p-values and R? values shown are for the unadjusted analysis. See also

Table 4. Markers are for individual participants

Table 4 Association between other biological variables and T cell subsets

T cell subset ™M Naive TEMRA TEM

Model 1 2 1 2 1 2 1 2

AB42/40 (p-value; R CD4*  0.955;0 0.785;0.117  0.221;0.02 0.306;0.074 0.02;0072  0.032;0.131 0.193;0.023  0.221;0.033
CD8* 0.938;0 0.91,0.003 0.096;0.037 0.175;0.168 0451;0.008 0.681;0.04 0.357;0.012  0.343;0.073

total tau (p-value;R?) CD4" 0.036;006 008;0.153  0.023;007  0058,0.108 0.73;0.002 0.87;0.066 0.145;0.029  0.199;0.035
CD8* 0681;0.002 0672;0005 0.052;0051 0.207;0.166 0.392;0.01 0.711;0.037 0.186;0.024  0.261;0.073

Nf-L (p-value; R?) CD4* 0619;0003 0.814;0086 0.05;0.051 0.058;0.088 0.07;0.044 0.11;0.086 0.037;0.057 0.022;0.078
CD8"  0.928;0 0.908;0.015 0.006;0.098 0.03;0.181  0.005;0.102 0.021;0.104 0.506; 0.006 ~ 0.423;0.071

GFAP (p-value; R?) CD4*  0.524;0006 0.295;0.153 0.583;0.005 0.804;0.055 0.163;0029 0384;0084 03150015 0.301;0.022
CD8* 0497;0007 0.582;0029 0.053;0055 0.149;0.144 0.032;0.068 0.086;0.074 0.598;0.004 0.536;0.042

Model 1is unadjusted. Model 2 includes age and gender. Sample size of analysis follows: AB42/AB40 (n=75), total tau (n=75), Nf-L (=77), GFAP (n=69). Abbreviations:

neurofilament light (Nf-L), glial fibrillary acidic protein (GFAP)

Temras correlated with plasma markers of
neurodegeneration and neuroinflammation

Prior studies stratified their study participants as either
controls or clinical / biomarker defined preclinical AD
or probable AD [5-7]. Our community-based study was
stratified by cognitive status but was not limited to AD.
Therefore, we tested if plasma biomarkers of AD (Ap42/
Ap40 ratio and total-tau), neurodegeneration, and brain
injury (Nf-L and GFAP) would show a greater association
with TEMRAs than what was seen for cognitive status.
AB42/AB40 ratio was positively correlated with the fre-
quency of CD4* Tpyras (#=0.036, Fig. 3A); however, this
association did not hold following adjustments for age
and gender (Table 4). We found no association between
the frequency of CD8" Tpyras and the AB42/AB40 ratio
(Fig. 3B; Table 4). CD8" naive T cells correlated nega-
tively with AP42/AP40 ratio; however, this correlation

was not significant after accounting for age and gender
(Table 4). While there was no association between CD4"
Temras (Fig. 3C; Table 4) and CD8" Ty ras With total tau
(Fig. 3D; Table 4), we identified a negative correlation
between total tau and CD4* central memory T cells and
a positive correlation between total tau and CD4" naive
T cells (Table 4). These results suggest that the change in
Teymras May be more indicative of neurodegeneration in
general, than an AD-specific change.

Next, we tested the association of T cell subsets and
brain injury biomarkers Nf-L (Fig. 3E, F) and GFAP
(Fig. 3G, H). Frequency of CD8" Tpypas ®@=0.005;
Fig. 3F) but not CD4" Tpyras @=0.07 Fig. 3E) positively
correlated with plasma Nf-L. Plasma Nf-L positively
correlated with CD4" central memory T cells (Table 4),
however, we found negative correlations between Nf-L
and CD4' and CD8* naive T cells (Table 4). Plasma
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GFAP levels correlated with CD8" Tpyras (#=0.032
Fig. 3H), but not CD4" Tpypas (»=0.163 Fig. 3G). We
conclude that CD8" Tpygras are associated with early
neurodegeneration and/or acute brain injury in the study
participants.

Discussion

Terminally differentiated effector memory T cells have
been linked to AD-related cognitive decline [5-7]. This
study aimed to test whether worse cognitive function was
associated with greater proportions of these Tpypas in @
community-based cohort of older individuals. We found
more CD4" Tpyras in individuals with lower MMSE
scores. We also found that T cell subsets varied by gender,
but not specifically for CD4* Tpyras and CD8" Tryras
In our study, CD8" Tgypae previously linked to AD-
related cognitive decline defined by CSF AD-biomarkers,
cognition, and imaging [5-7], correlate with plasma bio-
markers of brain injury (Nf-L and GFAP). In our commu-
nity-based aging cohort, we also found that terminally
differentiated effector memory T cells were also associ-
ated with both cognitive impairment and brain injury bio-
markers. Our findings suggest that Tz, may be related
to changes in systemic immune T cell subsets associated
with neuronal injury in dementia, including AD.

Studies from multiple groups have shown that CD8*
TeMmras accumulate in the blood of pre-clinical, MCI, and
AD patients [5-7]. Although we did not see significant
increases in CD8% Tpyras in our cognitively impaired
participants classified by CDR and MoCA, we note a
trend towards more CD8" Tpyras in our participants
with low MMSE scores. The lack of difference could be
because the cognitive decline seen in our participants
could be from multiple etiologies. For example, stud-
ies using brains from the University of Kentucky brain
bank have shown that 50% of individuals with dementia
can have three or four proteinopathies (tau neurofibril-
lary tangles, AP, a-synuclein and transactive response
DNA-binding protein 43 (TDP-43)) that could contribute
to differences in the immune response [11]. Prior stud-
ies only included patients positive for AB, probable AD,
or MCI due to AD [5-7], which suggests that the accu-
mulation of CD8% Tgypas seen may be specific to AD.
However, increases in CD8" Tpypas were also seen in
cognitively healthy individuals with PET imaging positive
for AP [6], implying that an individual doesn’t have to be
cognitively impaired to have a higher frequency of CD8*
Temras Thus, the accumulation of CD8* Ty ras may be
more associated with the pathology or injury caused by
the accumulation of AP than overt cognitive decline.

Our lack of differences in CD8" Tpyras led us to exam-
ine the influence of other important biological variables.
In contrast to other studies, we did not find any signifi-
cant differences in CD8" Tpyras by gender, however in
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line with previous studies, women in the cohort, irre-
spective of cognitive status, have significantly more CD4*
and CD8" naive T cells [3]. Women in the cohort also
have significantly fewer CD4* central memory and CD8*
effector memory T cells compared to men. The differ-
ence in naive populations suggests that most women in
our cohort may have more T cells that are not cytotoxic
and can respond to new antigens; however, this was not
tested. More effector memory T cells in men suggest that
they are in a more cytotoxic state, with populations that
can secrete proinflammatory cytokines or are ready for
antigen restimulation. Overall, however, the increased
percentage of CD8* naive T cells potentially contributes
to our lack of differences in our CD8" Ty g as-

CD4" Tpyras in healthy individuals are found in the
blood at a lower frequency (0.3-18%) [25] than their
CD8* counterparts. The two cell types share similari-
ties, including the ability to secrete perforin and gran-
zyme and relatively reduced proliferative capacities [17],
In contrast to the CD8" Ty ras We did see more CD4*
TeMmras in participants with lower MMSE scores, which
agrees with previous studies showing more CD4" Tgypas
in people with AD [7]. CD4" memory and cytotoxic T
cells have also been shown to be associated with patients
with Parkinson’s disease [8-10], suggesting a degree of
specificity in T cell changes to different neurodegenera-
tive diseases. Our results agree with this interpretation
as the early stages of cognitive decline, and the multiple
possible disease etiologies causing that decline in our
study participants could lead to mixed CD4" and CD8*
responses in our group analysis. Future studies using
pathologically-confirmed consensus diagnosis would
test this hypothesis. Recent studies also show a role for
mitochondria in Tpygae with CD4" Tpypas having more
mitochondrial content and fewer mitochondrial nodes
when compared to CD8" Ty pas [26]. As different mito-
chondria abnormalities are seen in PD vs. AD, for exam-
ple, these changes in mitochondria could be responsible
for potential specificity in T cell changes to different neu-
rodegenerative diseases.

While studies have shown evidence of TEMRA-
induced protective functions in the setting of dengue
[15, 17], the function of these cells in neurodegenerative
disease is unknown. Previous studies found evidence of
CD8* T cells in the brain with AD pathology and sug-
gested that these cells contribute to neuronal injury and
neuroinflammation [5, 27]. In agreement with this sug-
gestion, we found a positive correlation between CD8*
Temras @and plasma biomarkers of neuronal injury (Nf-
L) and neuroinflammation (GFAP). In a mouse model of
tauopathy, depleting T cells or using an immune check-
point blockade (PDCD1) reduced neurodegeneration
[27], which agrees with other studies in models of neu-
rodegenerative disease [28—-30], suggesting a provocative
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hypothesis that T cells could be directly causing neurode-
generation in AD.

In contrast to a protective function, increased abun-
dance of circulating Tpyras is also associated with high
cytotoxicity and anti-viral functions [17-19]. When
CD4" and CD8" T cells differentiate into Tgypae they
stop expressing the co-stimulatory molecules CD28 and
CD27,molecules crucial for T-cell activation, prolifera-
tion, and survival [31]. Tgyras upregulate CD57, a senes-
cence marker associated with decreased telomere length
and low proliferative capacity [32]. Viral infections lead
to the accumulation of CD8" Tpypa [33, 34] leading to
the idea that the accumulation of Tpyp,, during aging
and the progression of AD could be due to latent viral
infections [3, 5, 6]. While studies have shown that infec-
tions with viruses such as herpes simplex virus (HSV)
and CMV are associated with the development of AD
[35, 36], recent studies in pre-clinical AD find the accu-
mulation of CD8" Tpyras Was independent of latent,
reactivated, or acute Herpesviridae background infec-
tions [6]. This suggests that Tryras can also accumulate
in the absence of viral infections, again highlighting a
potential neuroinjury response.

Our study has limitations. Firstly, our participants are
from a community-based cohort at a single site. While
we tried to balance cardiovascular disease risk factors
between the groups, one study can never entirely repre-
sent the community cohort. Moreover, the cohort mainly
comprises highly educated white individuals, which does
not reflect the broader elderly population. Future studies
must be done in a larger cohort with more racial, ethnic,
and socioeconomic diversity. Studies have shown that
in populations at risk for developing AD, there are dif-
ferences in cortical thickness and white matter hyperin-
tensity (WMH) [37] and well as CSF AD biomarkers and
vascular markers across race and ethnicity [38]. These
data suggest that having a more diverse population could
potentially change the outcome of the results presented
in this study. Furthermore, we did not assay for any viral
infection, so we don’t know if any participants in our
group had latent or prior viral infections such as CMYV,
HIV, or HSV, which could skew TEMRA populations in
both cognitively normal and impaired people.

In summary, the accumulation of CD8" Tpypas is
either specific for AD, as shown by others [5-7], or is
associated with neuronal injury and neuroinflammation
caused by ADRD. CD4* Tgyras may also be important
in progressing AD and AD-related dementia. As we see
more CD4* Ty pas in our cohort, future studies should
focus on whether CD4" Tpyras are an early sign of AD
or ADRD progression. Furthermore, since CD4* T cells
are well known to assist with CD8* T cell memory func-
tion, studies should determine how the presence of CD4™"
Temras impacts the accumulation of CD8% Tpypas tO
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determine the interplay between the two. The question
remains if their relationship is dependent or indepen-
dent of each other and how it contributes to ongoing
pathology, though a better understanding of these critical
immune populations could shed light on potential thera-
peutic strategies for millions at risk for ADRD.

Abbreviations
AD Alzheimer’s Disease

ADRD Alzheimer’s disease and related dementia
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GFAP Glial fibrillary acidic protein
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