
Journal of Parkinson’s Disease 12 (2022) S93–S104
DOI 10.3233/JPD-223228
IOS Press

S93

Review

Age-Related Adaptive Immune Changes in
Parkinson’s Disease

Antonina Kouli∗ and Caroline H. Williams-Gray
Department of Clinical Neurosciences, University of Cambridge, John Van Geest Centre for Brain Repair,
Cambridge, UK

Accepted 4 May 2022
Pre-press 1 June 2022

Abstract. Ageing is a major risk factor for most neurodegenerative diseases, including Parkinson’s disease (PD). Progressive
age-related dysregulation of the immune system is termed immunosenescence and is responsible for the weakened response
to novel antigens, increased susceptibility to infections and reduced effectiveness of vaccines seen in the elderly. Immune
activation, both within the brain and periphery, is heavily implicated in PD but the role of immunosenescence has not been
fully explored. Studies to date provide some evidence for an attenuation in immunosenescence in PD, particularly a reduction
in senescent CD8 T lymphocytes in PD cases compared to similarly aged controls. Here, we discuss recent evidence of age-
related immune abnormalities in PD with a focus on T cell senescence and explore their potential role in disease pathogenesis
and development.
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INTRODUCTION

Ageing is characterized by a gradual deterioration
of biological functions and is the main risk factor for
multiple pathological conditions, such as cardiovas-
cular disease [1], cancer [2], and neurodegenerative
disorders [3]. Immunosenescence is an established
consequence of ageing and is characterized by a
progressive decline in the function of the immune
system resulting in a weakened response to novel anti-
gens. Immunosenescence contributes to increased
susceptibility to infections, reduced effectiveness of
vaccines [4], as well as increased prevalence of
autoimmunity and inflammatory conditions in the
elderly [5].
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Alterations in the peripheral immune system are
well-described in Parkinson’s disease (PD), with
changes in innate and adaptive immunophenotypes
as well as proinflammatory cytokines being linked to
a more aggressive disease phenotype [6–8]. The rele-
vance of ageing to the immune component of PD has
not been widely explored, but warrants investigation
given that PD incidence rises steadily with age such
that it is nearly 50-fold higher in the 80–84 age-group
versus the 45–49 age-group [9]. In this review, we
discuss the current evidence on age-related immune
changes in PD and consider how they may play a role
in the clinical course of the disease.

IMMUNE CHANGES ASSOCIATED WITH
ADVANCING AGE

The term immunosenescence largely describes the
reduction in the repertoire of adaptive immune cell
receptors and the increased oligoclonal expansion
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of memory immune cells which occurs with ageing.
In particular, prominent hallmarks of immunosenes-
cence include a decrease in the naı̈ve T cell pool
with a concomitant accumulation of memory T lym-
phocytes, especially terminally differentiated effector
memory cells (TEMRA). These changes are seen
both in helper CD4 and in cytotoxic CD8 T cells,
though the shift in the CD8 population is much greater
[10]. Senescent T cells are antigen-experienced, pro-
viding the host with “antigenic memory” [11], and
their age-related increase is primarily due to chronic
exposure to different pathogens and the gradual invo-
lution of the thymus [10]. TEMRA cells are typically
characterised by loss of C–C chemokine receptor
type 7 (CCR7) and expression of CD45RA on their
cell surface [12]. Senescent CD8 lymphocytes can
also be identified by their decreased expression of
the activation marker CD28 and upregulation of
CD57, a marker of terminal differentiation [13–15].
These senescent cells are highly oligoclonal, have a
diminished capacity to proliferate, and are proinflam-
matory [16, 17]. There is a strong association between
the number of senescent T cells and infection with
persistent viruses, such as cytomegalovirus (CMV).
Chronic stimulation of T cells with CMV in vitro
triggers clonal expansion followed by further dif-
ferentiation; eventually these antigen-experienced T
cells lose their ability to proliferate, display an altered
phenotype and reach a stage of replicative senescence
[18]. Both CD8 TEMRA and CD28loCD57hi T cell
populations are increased in elderly CMV seroposi-
tive populations [19, 20]. Thus, CMV infection has
been proposed as a major driver of the accumulation
of senescent CD8 T lymphocytes [21, 22].

Progressive atrophy of the thymus, a lymphoid
organ vital for the maturation of T lymphocytes,
is another prominent characteristic of the ageing
immune system [23]. Thymic involution has been
shown to start very early on in life and continue expo-
nentially over time [24, 25]. This results in a reduction
in the naı̈ve T cell pool that is able to respond and
clonally expand when encountering novel antigens
[26]. Thymic involution contributes to the observed
shift in the immune profile towards a higher pro-
portion of antigen-experienced memory cells with
advancing age.

Another well-recognised immune alteration in the
elderly is chronic low-grade inflammation in the
absence of acute infection, termed “inflammageing”.
A large study comprising 873 elderly participants
between 70–90 years old with no neurodegenerative
disease reported that a moderate increase in sys-

temic inflammation was significantly associated with
poorer cognitive function, whilst adjusting for mul-
tiple confounding factors [27]. This basal systemic
inflammation is characterized by a moderate increase
in the levels of pro-inflammatory cytokines (TNF�,
IL6, and IFN-�) and other markers of inflammation
such as C-reactive protein (CRP) in the blood of old
compared to young individuals [28]. The source of
this non-specific inflammation with advancing age is
not completely clear.

Overall, age-related immune dysregulation con-
tributes to a reduced ability to respond to new
pathogens, alongside a chronic low-grade non-
specific inflammation. This may play a critical role in
neurodegenerative diseases where ageing is a primary
risk factor, and immune activation is well described,
such as PD.

AGE-RELATED IMMUNE CHANGES IN
PARKINSON’S DISEASE

T lymphocyte senescence

Very few studies to date have specifically inves-
tigated markers of T cell senescence in PD. Our
own study in 2018 investigated naı̈ve, memory and
senescent CD4 and CD8 T cell subsets using flow
cytometric analysis in a cohort of 41 PD cases
(4.3 ± 1.2 years from diagnosis) and 41 age and
sex-matched controls, and found a significant reduc-
tion in the proportion of “late-differentiated” CD8
CD28loCD57hi as well as CD8 TEMRA lymphocytes
[29], but no significant changes in CD4 cell subsets. In
a follow-up study, we investigated similar T cell sub-
sets in a larger newly-diagnosed cohort (0.97 ± 0.5
years from diagnosis) of 61 PD cases and 63 age and
sex-matched controls and similarly found a reduction
in the number of senescent CD8 TEMRA T cells in
patients compared to controls, thus confirming our
previous finding [30]. There was also a trend towards
reduced CD8 CD28loCD57hi cells in PD cases in this
second study, which did not reach significance, but
CD8 TEMRA and CD8 CD28loCD57hi cell counts
were strongly correlated, and it is likely that these
represent overlapping populations [12]. In CD8 T
lymphocytes, we observed a significant decrease
in the mRNA levels of cyclin-dependent kinase
inhibitor p16INK4a, a well-established marker of cel-
lular senescence, in PD cases compared to controls
[31]. This provided further evidence that the CD8
population is less senescent in PD. Another study
by Vavilova and colleagues has similarly reported



A. Kouli and C.H. Williams-Gray / Age-Related Adaptive Immune Changes in Parkinson’s Disease S95

a reduction in T cell senescence in a cohort of 31
PD cases (7 ± 0.8 years from diagnosis) compared
to 25 healthy controls matched for age and CMV
status. They found a reduction in the proportion of
CD3 TEMRA T cells and CD57+ T cells in PD,
although they did not explore CD8 versus CD4 senes-
cent subsets [32]. In contrast, Wang et al, using
single cell transcriptomics in a small number of blood
and cerebrospinal fluid (CSF) samples, reported an
enrichment in the percentage of terminal effector
CD8 T cells, as well as a reduction in naı̈ve CD8
subsets in the blood of PD patients compared to
controls [33]. The authors also found evidence of
increased T cell clonal expansion both in the blood
and the CSF of patients. This discrepancy between
studies might be explained to an extent by the differ-
ent markers used to define terminally differentiated
CD8 T cells. Whilst we, and Vavilova et al., iden-
tified TEMRA CD8 subsets on the basis of their
expression of CD45RA and loss of CCR7, Wang and
colleagues used a different set of effector markers,
namely GZMA, GZMB, PRF1 and NKG7. Similarly,
naı̈ve CD8 cells in our work were defined by high
CCR7 and CD45RA expression, whereas Wang et al.
used SELL, CCR7, TCF7, and LEF1 to define the
naı̈ve CD8 T cell population. As such, these stud-
ies are not directly comparable and indeed might be
identifying distinct subsets of CD8 lymphocytes.

CD4 T cells are more resistant to age-related
changes than CD8 T cells, but compositional shifts
in CD4 subsets have been described in healthy
elderly individuals, albeit at a later stage than changes
in the CD8 population. These changes include a
reduction in the CD4:CD8 ratio, a decline in antigen-
inexperienced naı̈ve T cells and an accumulation of
antigen-experienced and late differentiated cells [34].
Baba and colleagues reported a significant decrease
in the CD4:CD8 T cell ratio in PD patients compared
to age-matched controls [35], while Bas et al. showed
a reduction in the proportion and absolute number of
naı̈ve CD45RA+ CD4 T cells in PD versus controls
[36]. Our own previous work suggested a moderate
increase in the proportion of central memory CD4
T cells (defined as CCR7hiCD45RAlo cells) in PD
compared to age-matched controls [29], though this
was not replicated in our second newly diagnosed
PD cohort [30] and we found no changes in CD4
TEMRA cells in either study. In contrast, another
recent study in two small independent PD cohorts
reported a reduction in the absolute numbers of cen-
tral memory CD4 T cells in PD patients, but again, no
differences were found in the effector memory and

TEMRA CD4 T cell subsets between patients and
controls [37]. Hence, there are no consistent findings
in relation to senescent shifts in the CD4 population
in PD.

Interestingly, no association has been observed
in any of the above studies between markers of T
cell senescence and measures of disease progression
(such as disease stage and severity of motor/cognitive
symptoms), but similar reductions in TEMRA cells
have been observed in PD cohorts at varying dis-
ease stages including in newly diagnosed cases [29,
30, 32]. This suggests that age-related immune dys-
regulation might be involved in disease pathogenesis
rather than progression [29, 30].

Prior exposure to chronic viral infections such as
cytomegalovirus (CMV) has been strongly associ-
ated with CD8 T cell senescence in the elderly [11].
However, our previous data in two independent PD
patient cohorts suggest that the relationship between
CMV infection and CD8 T cell senescence is attenu-
ated in PD compared to controls [29, 30]. Prior CMV
infection was associated with an increase in senescent
CD8 CD28loCD57hi cells in healthy aged controls but
this senescent shift in the T cell population was not
observed in CMV positive PD cases. In the study by
Vavilova and colleagues, reductions in CD3 TEMRA
and CD3 CD57+ cells in PD cases were observed
in the context of prior CMV infection (with 100%
of PD cases being CMV positive, and comparisons
made with CMV positive controls) [32]. This raises
the question of whether there are intrinsic differences
in the T cell response to chronic infections in PD cases
versus controls.

The T cell response might also be affected by
changes in dendritic cells which play a critical role in
T cell priming. Therefore, investigating age-related
changes in dendritic cells is highly relevant in PD.
In the healthy population, advancing age is associ-
ated with a decrease in the numbers of plasmacytoid
dendritic cells, whilst the population of myeloid den-
dritic cells remains largely unchanged [38]. Both
cell types, however, have shown an attenuated secre-
tion of pro-inflammatory cytokines upon Toll-like
receptors stimulation in the elderly [39], suggest-
ing immunosenescence of dendritic cells occurs with
ageing. In PD, conventional myeloid dendritic cells
(cDC2) responsible for priming CD4 T cells [40, 41]
as well as, total myeloid dendritic cells have been
found to be significantly decreased in PD compared
to age-matched controls [42]. Furthermore, a lower
proportion of myeloid dendritic cells was associated
with worse motor scores (measured by the UPDRS
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III), suggesting that altered T cell priming might be
linked with disease progression [42]. Recent work in
a small cohort of PD patients has also shown a reduc-
tion in PD-L1+ tolerogenic dendritic cells in patients
compared to controls [43]. A reduction in immune
tolerance may lead to an increased responsiveness to
autoantigens, such as alpha-synuclein. Hence, age-
related dysfunction of dendritic cells warrants further
research in PD.

There is very limited data on age-related B
lymphocyte changes in PD. Frasca and colleagues
have demonstrated an increase in the proportion of
late memory “exhausted” B cells (CD27–IgD–) in
the elderly compared to young controls. These B
cells were found to express multiple senescence-
associated markers, such as p16INK4 [44]. In PD, a
recent study found a decrease in the absolute count
of these mature late memory (CD27–IgD–) B cells in
patients versus controls, further supporting our find-
ings of reduced immunosenescence in PD [37]. No
other studies to date have specifically explored senes-
cent B cell subsets in the context of PD.

Telomere shortening

Telomeres are repetitive sequences of non-coding
DNA at the end of chromosomes that protect the
chromosome from degradation and intrachromoso-
mal fusion. They shorten with each cell division, and
therefore represent a marker of biological ageing of
the cell. Thus, telomere length within immune cells
may provide an alternative marker of immunosenes-
cence. Indeed replicative CD8 T cell senescence, as
defined by the loss of CD28 expression, has been
shown to be associated with shortened telomeres
[45, 46]. Telomere length measured in total leuco-
cytes has been proposed as a prognostic biomarker
in the elderly. In a longitudinal study involving 143
individuals older than 60 years old, Cawthon et al.
found a significantly higher mortality rate in people
whose leucocytes had the greatest degree of telom-
ere erosion [47]. Leucocyte telomere length has been
implicated as a risk factor for many age-associated
neurodegenerative conditions including PD, though
there is conflicting data across studies. Hudson et
al., compared telomere lengths in peripheral blood
mononuclear cells of 109 PD cases and 99 con-
trols and reported significantly longer telomeres in
PD patients versus controls, consistent with reduced
leucocyte senescence [48]. However, a subsequent
meta-analysis of 956 PD cases and 1284 controls
across 8 studies showed no significant differences

between PD and controls. Longitudinal studies in PD
cohorts also report contrasting findings. Degerman
et al. found no difference in telomere length in PD
(n = 136) versus controls (n = 30) at baseline or 3
years follow-up, but reported a significantly higher
dementia risk within 3 years of diagnosis in PD
patients with longer leucocyte telomere length at
baseline [49]. In contrast, in an incident cohort of 154
early-stage PD patients and 99 controls (ICICLE-PD)
we found shorter telomeres in the peripheral blood
of patients both at baseline and at 18 months com-
pared to controls. PD cases who went on to develop
dementia within 3 years had significantly shorter
telomeres than those who remained cognitively intact
[50]. A limitation of these studies is that they have
examined telomere length in the total leucocyte pop-
ulation, whilst it may be more relevant to measure
this marker within specific cell subsets which demon-
strate replicative senescence with ageing, such as
the CD8 population. We recently compared both
telomere length as well as the expression of hTERT
(telomerase reverse transcriptase; the catalytic sub-
unit of the enzyme telomerase, responsible for the
maintenance of telomere ends) specifically in the
CD8 T cell population of 61 PD patients compared
to 63 age-matched controls but found no difference
between the groups [30]. Hence to date, there is
no strong evidence to support the use of telomere
length as an immunosenescence-related biomarker
in PD.

Thymic involution

Atrophy of the thymus is a well described feature
of ageing which results in a reduction in the out-
put of naı̈ve T cells and a more restricted ability to
respond to novel antigens. [24, 25]. Thymic output
has not been extensively explored in PD. An indirect
and non-invasive method of quantifying thymic func-
tion and T cell output is by measuring the number of
naı̈ve CD4 and CD8 recent thymic emigrant T cells
using flow cytometry [51, 52]. In our recent study, we
quantified the number of PTK7+ CD4 and CD103+
CD8 recent thymic emigrants in the peripheral blood
of 30 PD patients and 30 age and sex-matched con-
trols and found no differences between the groups.
This suggests that the decrease seen in T cell replica-
tive senescence in PD patients that we have observed
in our cohorts is not directly related to preservation
of thymic function, but further studies are needed to
adequately investigate this.
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Inflammageing

Several studies have reported an increase in the
levels of peripheral proinflammatory mediators in PD
patients. In a meta-analysis of 25 studies involving a
total of 1547 PD patients and 1107 controls, Qin et
al. reported significantly elevated concentrations of
the serum cytokines IL-6, TNF�, IL-1�, CRP, IL-10,
and IL-2 and the chemokine RANTES in patients
versus controls [53]. Our own study has demon-
strated that inflammation is present at the earliest
stages of the disease, with a significant but low-
grade increase in TNF�, IL-1�, IL-10, and IL-2 in an
incident cohort of 262 PD patients compared to 99
age-matched controls. Using a principal component
analysis approach, we identified a proinflammatory
immune marker profile characterised by high levels
of IL-6, IFN�, TNF�, IL-2, IL-10, and CRP and low
levels of IL-4 and IL-13, with prognostic significance.
Specifically, this proinflammatory profile at baseline
was predictive of a more rapid deterioration in motor
function (measured by UPDRS motor scores) over
3 years of follow-up, as well as persistently lower
cognitive scores (measured by the Mini-Mental State
Examination) [6]. A subsequent study reported a sim-
ilar increase in cytokine levels (IL-1�, IL-10, IL-4,
and IL-2) in patients with mild cognitive impair-
ment (MCI) with a Lewy body profile and in patients
with MCI with an Alzheimer’s disease (AD) pro-
file, as compared to controls [54]. This suggests that
inflammageing could be a shared feature in both AD
and PD. Interestingly, a proteomic study in a small
group of patients with REM sleep behaviour disor-
der (who have a 60–81% likelihood of developing
parkinsonism/dementia within 10 years) [55, 56] has
reported a significant upregulation of CRP as well
as other immune-related molecules in patients versus
controls, thus implicating peripheral inflammation in
prodromal PD [57].

In the ageing population, an increase in the con-
centration of proinflammatory molecules including
TNF�, IL-8, and IFN�-induced protein 10 has also
been observed in the CSF [58]. Studies examining
cytokine levels in the CSF of PD patients have found
this inflammatory shift to be heightened in demented,
but not in cognitively intact patients. Specifically,
increased levels of IL-6 [59], IL-8 [60], and CRP [61]
have been observed in the CSF of demented versus
non-demented PD patients. Higher levels of CRP and
monocyte chemoattractant protein-1 have also been
reported to be closely linked to the development of
cognitive impairment, depression and fatigue in PD

[62]. Similarly, Hall and colleagues showed correla-
tions between worse motor function (as measured by
the Hoehn & Yahr and UPDRS motor scores) in PD
and elevated CRP and serum amyloid A (an acute
phase reactant) in the CSF. The authors also found
significant correlations between depression and the
same CSF inflammatory markers, as well as an asso-
ciation between lower cognitive scores and higher
serum amyloid A in the CSF [61]. Proteomic studies
in CSF have also shown an increase of HLA proteins
(HLA-DRA, HLA-DRB1 and HLA-DPA1) [63] in
familial PD patients (LRRK2 G2019S carriers) ver-
sus controls, providing further evidence of increased
inflammation in PD.

Taken together, this data suggests that low grade
inflammation in both the blood and the CSF plays
a detrimental role in PD and may be implicated in
the development of dementia. It is, however, unclear
whether these inflammatory changes seen in PD
are due to age-related dysregulation of the immune
system or rather due to disease-related processes.
Alpha-synuclein aggregates, which are known to cir-
culate in peripheral blood in PD [64], can induce a
peripheral inflammatory response via Toll-like recep-
tor activation [65]. Both alpha-synuclein pathology
and microbial changes in the gut have also been
implicated in driving a proinflammatory state in PD
[66, 67]. Dissecting out the contribution of immune
ageing to this inflammatory state in PD represents a
significant challenge.

AGE-RELATED IMMUNE CHANGES IN
ALZHEIMER’S DISEASE

Ageing is a major risk factor for most neurode-
generative conditions including Alzheimer’s disease,
thus immune ageing may have a common relevance
in these diseases. The immune system (primarily the
innate component) has been heavily implicated in
the pathogenesis and progression of AD, but less is
known about the role of immunosenescence in the
disease process. Similar to PD, an overall reduction in
the proportion of total T and B lymphocytes has been
reported in AD patients compared to matched con-
trols [68]. Larbi et al. further demonstrated a marked
reduction in naı̈ve T cells with a parallel increase in
both effector memory and TEMRA T cells in a small
cohort of AD patients compared to age-matched con-
trols. The same study also showed a pronounced
decrease in the expression of the activation marker
CD28. These changes were observed in CD4 but not
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CD8 subsets [69]. A more recent study demonstrated
increased proportions of CD8 TEMRAs (identified
as CD45RA+CD27–) in the blood of AD patients
compared to controls. The authors showed that a
higher percentage of senescent CD8 TEMRAs in
the blood of patients was significantly associated
with worse cognitive function. Importantly, single-
cell RNA sequencing revealed for the first time a
significant increase of clonally expanded CD8 TEM-
RAs in the CSF of patients versus controls [70].
Taken together, this data suggests an increase in T
cell immunosenescence in AD compared to controls,
which is in contrast to the current evidence indicat-
ing reduced CD8 immunosenescence in PD. Hence
immunosenescence may be contributing in differing
ways to the pathogenesis of PD and AD.

However, there may be some commonality in terms
of alternations in the CD8 T cell response to CMV in
AD and PD. As previously discussed, CMV infection
is considered a major driver of immunosenescence.
Westman et al. showed that latent CMV infection
was associated with a decreased proportion of CMV-
specific CD8 T lymphocytes in AD patients compared
to controls, [71] mirroring our findings of a reduced
senescent shift in the T cell population in response
to CMV infection in PD [29, 30]. The same authors
later showed that upon stimulation with T cell activat-
ing stimuli (anti-CD3/CD28 beads), PBMCs of CMV
seropositive AD patients have a more inflammatory
cytokine secretion profile compared to seropositive
controls [72] providing further evidence of reduced
immunosenescence.

Whilst there is contradicting data on telomere
shortening in PD, the majority of studies in AD
are in agreement, consistently showing shortening
of telomeres in patients compared to age-matched
controls. This was demonstrated in a meta-analysis
including 860 patients and 2022 healthy subjects
across 13 studies (9 of which were done in leuco-
cytes) [73]. The same authors performed a separate
meta-analysis across 8 PD studies, concluding that
there is no consistent evidence of telomere shortening
in PD [74].

HOW MIGHT ALTERATIONS IN T CELL
SENESCENCE IMPACT ON THE
PATHOGENESIS OF PD?

The most consistent finding to date in terms of
age-related immune changes in PD is that CD8 T
cell senescence is reduced, raising the possibility that

immunosenescence is protective against PD. How-
ever, the mechanisms underlying this observation and
its impact on the disease are unclear.

A reduction in senescent late-differentiated T cell
populations in PD may simply reflect a shift towards
a more activated T cell profile. As a consequence, this
could lead to a more pronounced immune response
to disease-associated antigens such as oligomeric
alpha-synuclein. Work by Sulzer and colleagues has
demonstrated the recognition of alpha-synuclein epi-
topes by autoreactive T lymphocytes in PD [75]. The
same authors later showed that the levels of alpha-
synuclein specific T cells are highest at the time of
PD diagnosis, but could be present years prior to
motor symptom development [76], and that they have
a very diverse repertoire of T cell receptors [77]. This
seems to be accompanied by an elevation of alpha-
synuclein auto-antibodies in early stages of PD that
wanes as the disease progresses, according to our pre-
vious meta-analysis [78]. Taken together, this data
suggests that the reduced ability to respond to new
pathogens, caused by the replicative senescence of T
lymphocytes which occurs with normal ageing, could
be protective in the context of PD.

The next question is why there is a reduced senes-
cent shift in the T cell population in aged PD patients.
It is possible that this relates to inherent differences
in the adaptive immune system which alter the risk
of PD. This idea is supported by the well described
genetic association between immune loci, particu-
larly those involved in antigen presentation such as
the Human Leucocyte Antigen region, and PD risk
[79, 80]. These inherent differences could involve
an altered response to viral infections, or changes in
cell death mechanisms. We and others have shown
that in the context of prior CMV infection (indicated
by CMV IgG positivity), the expected accumula-
tion of CD8 senescent T cells is not observed in
PD patients [29, 30, 32]. This suggests that the T
cell response to chronic viral antigen exposure in
earlier life may differ in those who will go on to
later develop PD. Another possibility is that senes-
cent CD8 T cells in PD are more apoptotic, so have
shorter life spans, and as a consequence their num-
bers are more depleted. Culturing T cells from PD
patients both in the absence and presence of stimula-
tion has indeed shown increased levels of apoptosis
(as measured by the expression of annexin-V) when
compared to cells from healthy individuals [81]. This
effect was more pronounced in CD4 subsets, but a
similar trend was seen in CD8 T cells. However, the
mechanism involved in increased lymphocytic cell
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Fig. 1. Schematic illustration showing a hypothesized relationship between immunosenescence and Parkinson’s disease risk/progression.
With advancing age there is progressive decline in the size and function of the thymus gland (thymic involution), as well as increased exposure
to viruses such as cytomegalovirus. This leads to immunosenescence, characterized by a reduction in antigen-inexperienced naı̈ve T cells and
an increase in “senescent” terminally differentiated effector T cells (TEMRA). The senescent shift is associated with a weakened immune
response to novel antigens. However, in people who are predisposed to develop Parkinson’s disease, the typical age-associated shift towards
senescence in the CD8 T cell population may be attenuated, with a reduced accumulation of CD8 TEMRA T cells in these individuals. This
could lead to a heightened immune response to newly encountered antigens (such as misfolded alpha-synuclein), thereby increasing the risk
of developing Parkinson’s and/or promoting more rapid disease progression. CMV, Cytomegalovirus; PD, Parkinson’s disease.

death in PD, is not known, hence further functional
studies in specific CD8 senescent populations are
warranted.

Another important consideration is that the signifi-
cance of the change in terminally differentiated CD8
cells in PD may not relate to the replicative senes-
cence of these cells but to their cytotoxic capacity.
CD8 TEMRAs remain highly cytotoxic on stimu-
lation by their specific target antigen and they are
known to contribute to certain disease states, for
example they have been implicated in driving graft
failure in renal transplant patients [82]. In the con-
text of PD, antigen-specific CD8 TEMRAs could be
trafficked out of the blood via the choroid plexus
and into the brain where their target antigens (e.g.,
alpha-synuclein epitopes) are expressed, and induce

neurotoxicity. Hence terminally differentiated, so-
called “senescent” CD8 cells may be best considered
as highly specific effector cells which are not truly
reduced in number, but rather sequestered elsewhere
to exert their cytotoxic function. In support of this
idea, animal studies have previously demonstrated
that T lymphocytes in the blood are able to trans-
migrate across the choroidal epithelium and enter the
central nervous system [83]. Furthermore, a single-
cell transcriptomic study showed increased clonal
expansion of CD8 T cells in the CSF of patients com-
pared to controls, suggesting that a higher proportion
of antigen experienced CD8 T cells are circulating
in the PD CSF [33]. The immune cell composition
of the CSF in PD is not yet clear, but Schröder and
colleagues have found a higher proportion of total T
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lymphocytes in PD versus control CSF. This increase
seemed to be driven by a higher percentage of acti-
vated CD8 T cells (CD8+ HLA+) [84].

These findings are also in line with postmortem
brain studies; we and others have previously demon-
strated significantly higher numbers of CD8 and CD4
T lymphocytes infiltrating into the parenchyma of
postmortem PD brains compared to controls [85–87].
However, the function of the infiltrating T cells is
not yet clear and future studies are necessary for a
more extensive characterization of their phenotype
and antigen specificity.

Immunosenescence has been found to be influ-
enced by physical activity, an observation which
warrants some further consideration in the context
of PD. When sustained through life, physical activity
can enhance the percentage of naı̈ve T lymphocyte
population and reverse the CD4+ CD45RA+/CD4+
CD45RO+ ratio [88], alongside other immune
changes (reviewed in [89]). In the context of PD,
epidemiological studies have shown that physi-
cal activity is linked with improvements in both
movement (e.g., gait speed, balance) [90, 91] and
cognitive/neuropsychiatric symptoms, such as global
cognition [92, 93] and depression [94], and may have
the potential to slow down the progression of the dis-
ease. It is possible that the benefits of exercise in PD
relate in part be due to modulation of the immune
system, and hence further research to explore the rela-
tionship between exercise, immune ageing and PD
would be of interest.

CONCLUSION

In conclusion, the theory that age-related immune
changes may play a contributory role in PD is highly
plausible, but studies investigating immunosenes-
cence in PD have been limited to date. The most
consistent finding is that “senescent” CD8 T cells,
including CD8 TEMRAs and CD8 CD28loCD57hi

cells, are reduced in the PD blood, a finding which
may seem paradoxical given that ageing is a major
risk factor for PD. However, a possible interpre-
tation of these findings is that the typical shift
towards more senescent CD8 T cells in healthy
ageing confers protection against PD (and other
similar neurodegenerative diseases), whilst impaired
immunosenescence, perhaps due to an inherited trait,
predisposes to an over-active response to newly
encountered disease-related antigens (Fig. 1). Whilst
it is also possible that the observed reduction in late-

differentiated T cells in the blood in PD reflects
sequestration to the brain to exert effector functions,
evidence to support transition of this specific cell pop-
ulation to the central nervous system is lacking. In
addition to changes in the CD8 profile, chronic low-
grade inflammation is another consistent finding in
PD, which is also a well-recognised component of
immune ageing. However, there are several poten-
tial mechanistic drivers of this inflammation in PD,
and hence it cannot necessarily be attributed to
increased “inflammageing”. Alternative measures of
immunosenescence such as thymic involution have
not been well studied in the context of PD. Further
studies investigating immunosenescence in PD are
clearly warranted. Addressing the question of how
ageing interacts with immune activation in PD will
be fundamental to our understanding of the immune
component of this disorder, with potential implica-
tions for future targeted immune therapies.
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ED, Parra López CA (2021) Immunosenescence study of T
cells: A systematic review. Front Immunol 11, 3460.

[11] Chou JP, Effros RB (2013) T cell replicative senescence in
human aging. Curr Pharm Des 19, 1680-1698.

[12] Larbi A, Fulop T (2014) From “truly naı̈ve” to “exhausted
senescent” T cells: When markers predict functionality.
Cytometry A 85, 25-35.

[13] Focosi D, Bestagno M, Burrone O, Petrini M (2010)
CD57+T lymphocytes and functional immune deficiency.
J Leukoc Biol 87, 107-116.

[14] Brenchley JM, Karandikar NJ, Betts MR, Ambrozak DR,
Hill BJ, Crotty LE, Casazza JP, Kuruppu J, Migueles SA,
Connors M, Roederer M, Douek DC, Koup RA (2003)
Expression of CD57 defines replicative senescence and
antigen-induced apoptotic death of CD8+T cells. Blood 101,
2711-2720.

[15] Effros RB, Boucher N, Porter V, Zhu X, Spaulding C, Wal-
ford RL, Kronenberg M, Cohen D, Schächter F (1994)
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