
P E R S P E C T I V E Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Hu and Weiner Molecular Neurodegeneration           (2024) 19:16 
https://doi.org/10.1186/s13024-024-00706-y

pathogenesis (Fig.  1A). Researchers demonstrated in an 
Aβ-driven AD mouse model (5xFAD mice) that chemo-
kine CXCL16, secreted by microglia, attracted peripheral 
blood CD8+ T cells expressing CXCR6, which is a recep-
tor for CXCL16. This attraction led these CD8+ T cells to 
enter the brain and migrate to the proximity of amyloid 
beta (Aβ) plaques, where CXCL16-secreting microglia 
were also found [5]. Su et al. reported that, instead of func-
tioning as CTLs, these CXCR6+CD8+ T cells underwent 
clonal expansion in the brain, becoming PD-1+ and oper-
ating as Tregs. They alleviated the inflammatory state of 
microglia, ultimately leading to a reduction in Aβ plaque 
burden and mitigation of cognitive decline [5]. One of the 
most groundbreaking aspects of Su et al.’s study lies in its 
observation of the protective role of CD8+ T cells in AD 
development. This is particularly noteworthy when con-
sidering another recent and highly regarded study con-
ducted by Chen et al. in a tauopathy mouse model of AD 
(TE4 mice) [6]. Chen et al. also reported microglia-medi-
ated infiltration of T cells in the brain during neurodegen-
eration and tauopathy-associated T cell clonal expansion. 
However, in this AD model, CD8+ T cells were identified 
as contributors to a detrimental role in the neurodegen-
eration [6] (Fig. 1B).

These two opposing findings raise the intriguing 
question: What factors contributed to the disparate 
conclusions regarding the role of CD8+ T cells in AD 
pathogenesis in these two studies? Here we discuss the 
differences between these two studies that might have 
contributed to the disparity. First, different AD mouse 
models were used. In the study conducted by Su et al., 
researchers utilized 5xFAD mice expressing human 
APP and PSEN1 transgenes, harboring a total of five 
AD-linked mutations. These mice are genetically engi-
neered for the study of the Aβ pathology. On the other 

CD8+ T cells are essential components of adaptive immu-
nity, and primarily function as cytotoxic T lymphocytes 
(CTLs) that recognize and eliminate infected or abnor-
mal cells in the body. However, a small subpopulation 
of CD8+ T cells act as regulatory T cells (CD8+ Tregs) 
that suppress immune responses [1]. For a considerable 
period, it was widely held that the central nervous sys-
tem (CNS) was immune privileged and impervious to T 
cells. However, over the past decade, research conducted 
in both murine and human subjects has unequivocally 
demonstrated the existence of brain-resident memory T 
cells [2]. T-cell migration to specific locations in response 
to inflammation and infections is orchestrated by inter-
actions between chemokines and their receptors [3]. 
Beta-amyloid (Aβ) plaque deposition in the brain is one 
of the hallmark pathologies of Alzheimer’s disease (AD). 
Microglia, the brain’s innate immune cells, clear Aβ 
plaques. As AD advances, microglia may gradually lose 
their ability to eliminate these plaques effectively, and, 
in turn, begin to generate inflammatory mediators that 
could potentially expedite the progression of Aβ plaque 
accumulation [4]. In a recent study, Su et al. established 
a link between chemokine-chemokine receptor interac-
tion, brain-infiltrating CD8+ T cells, and microglia in AD 
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hand, in the study conducted by Chen et al., research-
ers focused on genetically further modified P301S Tau 
transgenic mice that co-expressed the E4 variant of the 
human APOE (APOE4) gene, abbreviated as the TE4 
mice [6]. P301S Tau transgenic mice carry a transgene 
with the P301S mutation in the tau-encoding MAPT 
gene and develop tau pathology, and co-expression of the 
APOE4 gene aggravates AD-associated pathology. These 
two distinct models express different transgenic genes, 
develop different AD pathologies, and also exhibit tem-
poral disparity in disease development [7] (see review 
by Yokoyama et al. [7] for more details on AD animal 
models and their applications). Hence, even though T 
cells were attracted to the brain and clonally expanded 
in both mouse models, the brain microenvironment 

for T cell proliferation and differentiation likely dif-
fered in these two studies. Secondly, the approaches 
employed to investigate the function of CD8+ T cells in 
the brain were different. Su et al. implemented genetic 
modifications in 5xFAD mice to specifically target T-cell 
migration and function. This included the creation of 
Cxcr6-deficient mice (blocking CXCL16-CXCR6 axis-
mediated CXCR6+CD8+ T cell homing to the brain), 
B2m-deficient mice (blocking CD8+ T cell function), 
and Tcra-deficient mice (depleting T cells) [5] (Fig.  1A, 
right panel). These three approaches tackled the same 
question from different yet complementary angles, pin-
pointing CXCR6+ CD8+ T cells as the population that 
ameliorated AD pathologies. On the other hand, Chen 
et al. depleted both CD4+ and CD8+ T cells together by 

Fig. 1 Two distinct Alzheimer’s disease mouse models for studying T cells in AD pathogenesis. (A) In aged 5xFAD mice with amyloid beta (Aβ) plaque de-
position and cognitive impairment, an aberrantly higher presence of brain CD8+ T cells, but not CD4+ T cells or γδT cells, is linked to these AD pathologies. 
Among brain cells, microglia produce the highest levels of CXCL16. The communication between microglia and CXCR6-expressing CD8+ T cells, facilitated 
by CXCL16-CXCR6 interaction, allows CXCR6+ CD8+ T cells from peripheral blood to enter the brain and migrate towards Aβ plaques, where microglia are 
also concentrated (left panel). In the 5xFAD mice, depleting brain CD8+ T cells or disrupting CD8+ T function by creating CXCR6, B2m, or T-cell receptor 
alpha chain (TCRα)-deficient mice results in an increased Aβ plaque deposition and worsened cognitive impairment (right panel). These findings sug-
gest that brain CD8+ T cells serve a protective role during AD development. (B) In aged human ApoE4-expressing P301S Tau transgenic (TE4) mice with 
tauopathy and brain atrophy, an aberrantly higher presence of brain T cells is found to be colocalized with microglia (left panel). In the TE4 mice, depleting 
brain T cells by injecting anti-CD4 (αCD4) and anti-CD8 (αCD8) antibodies results in reduced tauopathy, brain atrophy, cognitive impairment, and inflam-
mation (panel right). These findings suggest that brain T cells, including CD8+ T cells, exhibit a detrimental role during AD development. Interestingly, in 
both mouse models, PD-1 immune checkpoint blockade in TE4 mice mitigates AD pathologies (A & B). Created with BioRender (Biorender.com)
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intraperitoneal injection of anti-CD4 and anti-CD8α 
antibodies (Fig. 1B, right panel), preventing brain T cell 
infiltration that protected mice from brain atrophy [6]. 
Chen et al. also reported that treatment with anti-PD-1 
antibodies, previously known to ameliorate AD patholo-
gies in both Aβ-driven and tauopathy AD mouse mod-
els [8, 9], heightened the presence of FoxP3+ CD4+ Tregs 
without changing the frequency of Tauopathy-associated 
CD8+ T cells [6]. Given the strong correlation between T 
cell brain infiltration and tauopathy, along with the pres-
ence of disease-associated microglia (DAM), Chen et al. 
concluded that CD8+ T cells infiltrating the brain were 
detrimental, whereas FoxP3+ CD4+ Tregs were protective 
in this tauopathy AD model. In this study, researchers 
demonstrated that the overall depletion of T cells pro-
vided protection. However, the neurodegenerative effects 
of tauopathy-associated CD8+ T cells were primarily 
inferred through single-cell RNA-sequencing (scRNA-
seq) analysis [6]. Collectively, the utilized animal models 
and methodologies varied in these two studies.

Upon careful examination of these two studies, we 
argue that the disparate conclusions regarding CD8+ T 
cell function in neurodegeneration were likely attribut-
able to the use of different AD mouse models. Maintain-
ing a delicate balance among the diverse components 
of the immune system is essential for optimal function-
ing. Variations in the intricate interplay of immune ele-
ments can significantly impact the ultimate outcome of 
immune responses. It is well known that tumor microen-
vironment heavily affects CD8+ T cell function and dif-
ferentiation [10]. Conceivably, the disparities between 
the AD models utilized in these two studies could collec-
tively give rise to distinct microenvironments at diseased 
sites for immune cells. Research is needed to explore the 
effects of the brain microenvironment on CD8+ T cell 
differentiation and plasticity. Hence, the variations in the 
microenvironment for CD8+ T cells between these dis-
tinct AD mouse models [5, 6] might have led to the pref-
erential development and expansion of specific CD8+ T 
cell subtypes, such as CD8+ Tregs or CTLs. It is possible 
that several functionally distinct subtypes of CD8+ T cells 
co-exist in a diseased brain and the collective influence 
on AD pathologies is driven by a dominant subtype. Su 
et al. illustrated in their elegant study that the clonally 
expanded CD8+ T cells around Aβ plaques functioned 
as regulatory cells, restraining the activation status of 
DAMs. However, in the tauopathy mouse model, fur-
ther experimental investigation is required to validate the 
neurodegenerative effects attributed to tauopathy-associ-
ated CD8+ T cells, such as exploring tauopathy in B2m-
deficient TE4 mice.

Regarding cell markers, Su et al. showed that the 
brain regulatory CD8+ T cells that restrained Aβ plaque 
deposition and cognitive decline in 5xFAD mice were 

CXCR6+PD-1+ [5]. PD-1 is a marker for T-cell exhaus-
tion [11]. The finding that immune checkpoint blockade 
targeting PD-1 reduces AD pathologies in 5xFAD mice 
[9] can be used as supporting evidence to the theory that 
checkpoint blockade rejuvenates the protective function 
of exhausted PD-1+ regulatory CD8+ T cells. Interest-
ingly, Chen et al. also observed CXCR6 and PD-1 expres-
sion in brain T cells that promoted tauopathy in TE4 
mice, and reported that anti-PD-1 treatment increased 
the activity of PD-1+ CD4+ Tregs but did not alter the 
activity of detrimental PD-1+ CD8+ T cells [6]. Chen et 
al. implied that increased CD4+ Treg activity was the 
underlying mechanism for the previous observation that 
immune checkpoint blockade targeting PD-1 amelio-
rates tauopathy [6, 8]. It is known that both mouse and 
human brain CD8+ T cells exhibit tissue-resident mem-
ory T cell signatures, express PD-1, and are enriched for 
tissue-homing associated chemokine receptors, including 
CXCR6 [2, 12]. Hence, the phenotype of CXCR6+PD-1+ 
of brain T cells in both studies [5, 6] might only reflect 
that these were brain-resident cells instead of an asso-
ciation of cellular function, while the elevated PD-1 
expression might merely signify the exhaustion state of 
these cells. It is crucial to identify the specific CD8+ T 
cell subtype(s) present in the brain and understand their 
rejuvenation potential when contemplating repurposing 
anti-PD-1 antibodies, originally designed for anticancer 
purposes, for the treatment of AD. Consequently, there 
is a need for novel markers to differentiate functionally 
distinct subtypes of CD8+ T cells in AD pathogenesis.

Clonal expansion of CD8+ T cells in the CNS has been 
linked to Alzheimer’s disease, Parkinson’s disease (PD), 
and multiple sclerosis (MS) in humans (reviewed by Hu 
et al. in [13]). We have previously argued that the similar-
ities in cell surface markers and gene signatures between 
human clonally expanded CD8+ T cells in CSF and CD8+ 
Tregs suggest the potential existence of both protective 
and detrimental subsets within the neurodegeneration-
associated CD8+ cell population [13, 14]. The two stud-
ies by Su et al. and Chen et al. in AD mouse models 
provide direct in vivo evidence supporting this notion. 
Moreover, prior to the observation of CXCL16-CXCR6 
mediated CD8 T cell infiltration in the mouse models, 
the CXCL16-CXCR6 axis-mediated CXCR6+ CD8 T cell 
homing to cerebrospinal fluid (CSF) followed by clonal 
expansion of the cells has been suggested in patients with 
cognitive impairment [15]. These correlations between 
humans and mice indicate that these two studies have 
established valuable platforms for exploring critical ques-
tions such as which cell markers or gene signatures dis-
tinguish the protective and detrimental brain CD8+ T cell 
subtypes, how the brain microenvironment impacts the 
development and function of these cells, and how brain 
CD8+ T cells regulate microglia function. Considering 
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the prevalence of clonally expanded CD8+ T cells in AD, 
PD, and MS, exploring these questions not only has the 
potential to reveal new insights into AD pathogenesis but 
also holds broader implications for the overarching field 
of neuroimmunology, encompassing the pathogenesis of 
PD and MS as well.
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