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ABSTRACT

Introduction: Amyloid beta plaques and tau tangles are the primary hallmarks of Alzheimer's disease (AD). Recently, passive anti-A{3
immunotherapy for AD has markedly advanced, as supported by evidence from AD animal models and clinical trials. Whereas innate
immunity significantly contributes to AD pathology, it does not fully represent the immune mechanisms linked to this condition.
Therefore, focus should be directed toward adaptive immunity, encompassing both humoral and cellular immunity.

Methods: Relevant publications and clinical trial data up to February 2026 were systematically reviewed to summarize the
mechanisms, therapeutic targets, safety profiles, and translational applications of CD8+ T cells in AD.

Results: Clinical and animal studies have particularly suggested a potential involvement of T cells in AD pathogenesis. T cells
that infiltrate the central nervous system (CNS) exert both protective and detrimental effects on neural tissue in AD. Because
autoreactive CD8+ T cells are generally expected to have cytotoxic effects on CNS cells, they have received less attention.
Nevertheless, accumulating evidence suggests that CD8+ Treg cells are involved in various diseases.

Conclusion: However, the function of anti-AB-specific CD8+ T cells in Alzheimer's disease (AD) remains ambiguous. Many
subsets of CD8+ T cells have been well-studied in autoimmunity. We suggest that CD8+ T cell subsets identified in AD studies
may constitute a promising area for future AD research.

Abbreviations: Ach, acetylcholine; AChE, acetylcholinesterase; AChEI, acetylcholin-esterase inhibitor; AD, Alzheimer's disease; AE, adverse effects; APP, amyloid
precursor protein; ARIA, amyloid-related imaging abnormalities; ARIA-E, amyloid-related imaging abnormalities -Edema; A, beta amyloid protein; BACE-1, 3-site
amyloid precursor protein cleaving enzyme 1; BBB, blood-brain barrier; FDA, Food and Drug Administration; GSA-38, glycogen synthase kinase3; iGluRs, ionic
receptors; MCI, mild cognitive impairment; ME, meningoencephalitis; mGluRs, metabolic receptors; MPT, mitochondrial permeability transition; NbM, basal ganglia of
memory; NFTs, neuro-cell tangles; NMDAR, anti-N-methyl-D-aspartate receptor; TEAEs, treatment-related adverse reactions; The membrane-associated C99, comprising
the terminal 99 amino acid residues of the carbon chain”; VGLUT, vesicular glutamate transporter.
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1 | Introduction

In Alzheimer's disease (AD), the presence of amyloid beta (Af)
plaques and tau tangles [1-3] are major contributors to AD
pathogenesis [4-6], with Af pathology representing the primary
factor in the early stage [7-9. Specifically, AD is distinguished by
the accumulation of the 40-42 amino acid peptide Af (AfB40-42)
in amyloid plaques [10-12]. Thus, AB-targeting immunotherapies
are considered more important than those targeting tau [13, 14].

Recently, a marked progress has been made in passive anti-Af
immunotherapy for AD, supporting the role of immunological
factors in AD pathology [1]. The antibodies used include leca-
nemab [Le gembi], donanemab [15, 16], and aducanumab
[Aduhelm]) [17], among others [2]. However, in contrast to the
current state of immunotherapies for neuro-autoimmune dis-
eases such as multiple sclerosis (MS), evidence supporting
disease-modifying and complete treatment effects of im-
munotherapies for AD remains lacking [7, 18-20].

Substantial evidence has supported the critical role of immu-
nological factors in the pathology of AD, including innate
immunity [1, 21-23], adaptive immunity [24], and particularly
T cells, mostly including CD44+ and CD8+ T cells. Among
these, regulatory T cells (Tregs) have a protective role [25-28].

2 | Brief Progress on Anti-Af Immunotherapies

The role of anti-Af immunotherapies has been extensively ex-
amined in AD animal models, including Af-precursor protein
(APP) transgenic mice [9, 29-32], as well as in clinical trials
[9, 33-36], in which reduced cerebral Af content was confirmed
by positron-emission tomography (AB-PET) [9, 15]. Moreover,
anti-Af immunotherapies decrease tau species and glial fi-
brillary acidic protein in the cerebrospinal fluid (CSF) or blood
[15, 16, 37-39], reducing AP loading in the CSF and AB-
associated tauopathy and astrocytic activation in the brain [29].

3 | Brief Progress on Immunity and AD

Given the clear importance of anti-Af§ immunotherapies in AD,
the relevant immune mechanisms should be clearly established.
Essentially, immunity can be divided into innate immunity and
adaptive immunity [1, 40-43]. The local immune system,
including the complement system, microglia, and astrocytes,
played a role in these processes [23, 44-46], resulting in neu-
ronal injury and death [47].

Collectively, although innate immunity plays a crucial role in AD
pathology [48], it does not account for all immunological factors
implicated in AD pathogenesis [49]. Therefore, the contribution
of adaptive immunity, particularly the involvement of T cells,
must also be examined to fully understand AD pathogenesis.

4 | T Cells and AD

Adaptive immunity encompasses humoral immunity, mainly
governed by B cells, and cellular immunity, influenced by T
cells. Research suggests that T cells play a crucial role in the
pathogenesis of AD [24]. Individuals with AD exhibit increased
levels of CD4+ T helper (Th) cells, T regulatory cells (Tregs,

particularly FoxP3+ CD4+ T cells), Th9 cells, and Th17 cells
and decreased levels of CD8+ cytotoxic T cells in peripheral
blood [50-52].

CNS-infiltrating T cells may play a protective role for neurons in AD
[24] by expressing neurotrophic factors, enhancing microglial
phagocytic activity, and helping to reduce AB deposition [53].
However, some Af-reactive T cells may also exacerbate AD pro-
gression through secretion of pro-inflammatory cytokines, thus
leading to sterile, chronic inflammation [53]. Moreover, in the APP/
PS1 mouse model of AD, Thl-derived interferon (IFN) y was shown
to impair cognitive function by promoting microglial stimulation
and increasing A aggregation. Treatment with an anti-IFNy anti-
body could alleviate disease progression in these mice, which sup-
ported the view that Thl cells play a neurotoxic role in AD [54].
Furthermore, A-specific Th2 cells can inhibit cytokine production
by glial cells, whereas AB-specific Thl cells exhibit the capability to
stimulate the production of pro-inflammatory cytokines [55]. Oxi-
dative medicine and cellular longevity by microglial cells might also
be an important factor contributing to AD pathology [53]. Accord-
ing to this body of evidence, we speculate that different stages of AD
progression may be characterized by distinct profiles of T cell
subpopulations and by opposing roles of immune cells [24].

Tregs can inhibit the release of reactive oxygen species (ROS) from
microglia and prevent ROS-induced neuronal damage [56]. In in-
dividuals with AD, peripheral blood exhibits increased levels of
CD4+ T helper (Th) cells [57], T regulatory cells (Tregs), Th9 cells,
and Th17 cells, whereas the number of CD8+ cytotoxic T cells is
diminished [57]. A recent phase I clinical trial with a small cohort of
PD patients has initiated an exploration of sargramostim, a
recombinant human granulocyte-macrophage colony-stimulating
factor that augments Treg-mediated suppression [58].

AP1-42 peptide injection into rat brains led to increased levels of
IL-17A, RORyt, and IL-22; this was reversed by the anti-
inflammatory action of TGF-f1 [59], indicating that Th17 cells
and their related cytokines act in concert to enhance neuroin-
flammation and degeneration in AD.

Conversely, a number of studies have demonstrated that the
activation of T cells may diminish symptoms of AD. Anti-PD-1
therapy improved cognitive deficits and Af plaque loading in
the hippocampus and cortex of an AD mouse model [60, 61]
(Baruch, Deczkowska et al. 2016). Effector T cells may suppress
AD pathology by stimulating Af clearance by macrophages and
microglia [62].

From a classic immunological view, the following evidence
should be presented to confirm the role of T cells, as we have
previously reported for MG, MS, uveitis, and type 1 diabetes
[63-67] (i) they should be autoantigen-specific (Af- or tau-
specific), (ii) the profile of cytokines secreted by T cells should
be present, and (iii) adoptive transfer should induce or inhibit
the disease. These have been addressed by some reports
[68-70]; however, more evidence generated following this pro-
tocol is required in the future to unravel the precise mecha-
nisms associated with T cells in AD (Figure 1).

4.1 | AB-Specific T Cells in AD

To date, the role of adaptive immune T cells in the development
of AD remains unclear [71]. In peripheral tissues, T cells are
stimulated by modified self-peptide fragments of A and tau
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(such as AP1-42), which are displayed by antigen-presenting
cells like microglia and dendritic cells located within the brain
parenchyma (Chaffey 2003, 2020). In AD, effector T cells
modified self-peptide fragments of A and tau and induced self-
clonal expansion [28, 72], supported through evidence from the
periphery and brain in patients with AD [50, 52, 62, 73], as well
as from studies of mixed microglia-astroglia cultures [74] and
APP/PS1 mice [71]. Interestingly, in APP/PS1 mice, Af-reactive
Teff cells showed stable Thl and Th17 profiles and enhanced
memory impairment and systemic inflammation, which could
be downregulated by Af-reactive Tregs derived from peripheral
blood and located in the brain [71].

In Table 1, we have compiled recent findings on autoreactive T
cells in AD, encompassing both animal models and clinical

investigations. Unfortunately, most studies were focused on
CD4+ T cells, whereas only a few were focused on CD8+ T cells.

4.2 | Ag-specific CD8+ T Cells in AD

The role of anti-Af-specific CD8+ T cells in AD remains
unclear [87]. Nonetheless, CD8+ T cells remain significant; a
clinical A vaccine trial using AN1792 was unsuccessful owing
to meningoencephalitis onset in several patients with AD, as
verified by postmortem examination [88]. This adverse reaction
may be associated with CD4+ and/or CD8+ T cells, alongside
substantial macrophage infiltration and reduced amyloid dep-
osition (Unger, Li et al. 2020, Piehl, van Olst et al. 2022) [68, 69,
89, 90].
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To date, primary AD immunotherapy trials have utilized human-
ized anti-Af3 monoclonal antibodies or vaccination strategies em-
ploying the N-terminal region of Af to induce antibody production
while circumventing Af-specific T cell activation. Most AD
immunotherapy trials have failed, suggesting that more attention
should be given to the role of AB-specific T cells in AD. Anti-Af
mADbs such as bapineuzumab [91, 92] and solanezumab [93] were
ineffective in enhancing cognitive function in patients with AD.

The epitope of AB-specific CD4+ T cells is known in patients with
AD [94] and animal models. Epitopes derived from Af that stim-
ulate CD4+ T cell responses have also been identified in various
mouse genotypes and HLA class II transgenic mice [95-98].

Immunization with the full Af1-42 peptide could potentially
activate both AB-specific CD4+ and CD8+ T cells. Given that
autoreactive CD8+ T cells are anticipated to be cytotoxic toward
central nervous system cells, they have been less emphasized in
AD research. Nonetheless, CD8+ Tregs have been demon-
strated to be involved in various diseases [99-101], including
our previous study [102].

The CD8+ T cell epitope for the AB1-42 peptide remains con-
troversial. One study has reported the Af15-30 peptide
(KLVFFAEDVGSNKGA) in mice, as well as the A$15-42 amino
acid region in humans [103]. Another study in B6 mice sug-
gested the A333-42 peptide. Nonetheless, an additional study in
BALB/c mice demonstrated that AB12-28 serves as the CD8+ T
cell epitope. Consequently, the precise CD8+ T cell epitope of
the AB1-42 peptide remains undetermined. Different epitopes of
the AB1-42 peptide may be targeted in different mouse strains,
such as AP1-28 in BALB/c mice and Af1-28 or 17-40 in
DRBO0101 mice, which are transgenic for human MHC Class II
molecules [97]. Please see Table 2.

4.3 | The Role of Anti-A-Specific CD8+ T Cells
Versus CD4+ T Cells in AD

In 2023, Afsar et al. compared the role of anti-Af-specific CD8+ T
cells versus CD4+ T cells in AD. They suggested that (1) in healthy
controls, 90% of infiltrated cells are T cells, with a CD4:CD8 ratio of
3.5 [112]. However, the CD4/CDS8 ratio was inverted below 1.00
(about 8% in the age range of 20-59 years and around 16% in the
age range of 60-94 years [113]. A similar study [114] showed that,
compared with CD8+ T cells in healthy controls, there were large
changes in CD4+ in lower proportions of naive cells, more late-
differentiated cells, and higher percentages of activated CD4+
CD25+ T cells without a Treg phenotype in AD patients [47]. It was
shown that, compared with the healthy controls, patients with AD
had a higher CD4+,CD8+ ratio and a lower percentage of CD8+
T cells [115]. Moreover, an earlier report showed that the increasing
CD4+,/CD8+ ratio was due to a decrease in CD8+ T cells in
patients with AD [116]. Also, the percentage of CD4+ T cells
increased in patients with AD [117]. Furthermore, T cell subsets
had distinct patterns in different subtypes of patients with AD. For
example, CD4+ T cells were increased in patients with mild or
moderately severe AD [50, 118], whereas CD8+ T cells were
decreased in those with severe AD [119]. Specifically, the increased
apoptosis in peripheral lymphocytes of the patients was largely
caused by CD4+ cells rather than CD8+ T cells [120]. CD8+ T cells
were increased in healthy controls; however, they were increased in
patients with AD [121].

5 | Future Prospects

Many subsets of CD8+ T cells, such as Tcl, Tc2, Tcl7, and
CD8+ Tregs, have been well-studied in autoimmunity
[65, 122-124]. These subsets may be of interest in future AD
research, given that CD8+ T cells are not cytotoxic T cells. The
protocol used for evaluating CD4+ T cells in AD studies can
also be followed to elucidate the roles of CD8+ T cells in this
disease.

In fact, many reports on AD have focused more on the role of
CD4+ T cells rather than on CD8+ T cells; however, the reason
is still unclear. Some studies compared the roles of CD4+ versus
CD8+ T cells depending on the severity of AD, as discussed in
Section 4.3. Unfortunately, there is an ongoing debate
[125, 126], for example, regarding the notable decrease in both
CD4+ and CD8+ T cells in patients with AD [127]. Therefore,
the actual role of CD8+ T cells in patients with AD remains to
be fully elucidated, which is our goal for future studies.
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