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Abstract 28 

 29 

Ageing is a major risk factor for most neurodegenerative diseases, including Parkinson’s 30 

disease (PD). Progressive age-related dysregulation of the immune system is termed 31 

immunosenescence and is responsible for the weakened response to novel antigens, 32 

increased susceptibility to infections and reduced effectiveness of vaccines seen in the elderly. 33 

Immune activation, both within the brain and periphery, is heavily implicated in PD but the role 34 

of immunosenescence has not been fully explored. Studies to date provide some evidence for 35 

an attenuation in immunosenescence in PD, particularly a reduction in senescent CD8 T 36 

lymphocytes in PD cases compared to similarly aged controls. Here, we discuss recent 37 

evidence of age-related immune abnormalities in PD with a focus on T cell senescence and 38 

explore their potential role in disease pathogenesis and development.  39 
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Introduction 55 

 56 

Ageing is characterized by a gradual deterioration of biological functions and is the main risk 57 

factor for multiple pathological conditions, such as cardiovascular disease [1], cancer [2], and 58 

neurodegenerative disorders [3]. Immunosenescence is an established consequence of 59 

ageing and is characterized by a progressive decline in the function of the immune system 60 

resulting in a weakened response to novel antigens. Immunosenescence contributes to 61 

increased susceptibility to infections, reduced effectiveness of vaccines [4], as well as 62 

increased prevalence of autoimmunity and inflammatory conditions in the elderly [5].  63 

Alterations in the peripheral immune system are well-described in Parkinson’s disease 64 

(PD), with changes in innate and adaptive immunophenotypes as well as proinflammatory 65 

cytokines being linked to a more aggressive disease phenotype [6–8]. The relevance of ageing 66 

to the immune component of PD has not been widely explored, but warrants investigation 67 

given that PD incidence rises steadily with age such that it is nearly 50-fold higher in the 80-68 

84 age-group versus the 45-49 age-group [9]. In this review, we discuss the current evidence 69 

on age-related immune changes in PD and consider how they may play a role in the clinical 70 

course of the disease. 71 

 72 

Immune changes associated with advancing age 73 

 74 

The term immunosenescence largely describes the reduction in the repertoire of adaptive 75 

immune cell receptors and the increased oligoclonal expansion of memory immune cells which 76 

occurs with ageing. In particular, prominent hallmarks of immunosenescence include a 77 

decrease in the naïve T cell pool with a concomitant accumulation of memory T lymphocytes, 78 

especially terminally differentiated effector memory cells (TEMRA). These changes are seen 79 

both in helper CD4 and in cytotoxic CD8 T cells, though the shift in the CD8 population is much 80 

greater [10]. Senescent T cells are antigen-experienced, providing the host with “antigenic 81 
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memory” [11], and their age-related increase is primarily due to chronic exposure to different 82 

pathogens and the gradual involution of the thymus [10]. TEMRA cells are typically 83 

characterised by loss of C-C chemokine receptor type 7 (CCR7) and expression of CD45RA 84 

on their cell surface [12]. Senescent CD8 lymphocytes can also be identified by their 85 

decreased expression of the activation marker CD28 and upregulation of CD57, a marker of 86 

terminal differentiation [13–15]. These senescent cells are highly oligoclonal, have a 87 

diminished capacity to proliferate, and are proinflammatory [16,17]. There is a strong 88 

association between the number of senescent T cells and infection with persistent viruses, 89 

such as cytomegalovirus (CMV). Chronic stimulation of T cells with CMV in vitro triggers clonal 90 

expansion followed by further differentiation; eventually these antigen-experienced T cells lose 91 

their ability to proliferate, display an altered phenotype and reach a stage of replicative 92 

senescence [18]. Both CD8 TEMRA and CD28loCD57hi T cell populations are increased in 93 

elderly CMV seropositive populations [19,20]. Thus, CMV infection has been proposed as a 94 

major driver of the accumulation of senescent CD8 T lymphocytes [21,22]. 95 

Progressive atrophy of the thymus, a lymphoid organ vital for the maturation of T 96 

lymphocytes, is another prominent characteristic of the ageing immune system [23]. Thymic 97 

involution has been shown to start very early on in life and continue exponentially over time 98 

[24,25]. This results in a reduction in the naïve T cell pool that is able to respond and clonally 99 

expand when encountering novel antigens [26]. Thymic involution contributes to the observed 100 

shift in the immune profile towards a higher proportion of antigen-experienced memory cells 101 

with advancing age. 102 

Another well-recognised immune alteration in the elderly is chronic low-grade 103 

inflammation in the absence of acute infection, termed “inflammageing”. A large study 104 

comprising 873 elderly participants between 70-90 years old with no neurodegenerative 105 

disease reported that a moderate increase in systemic inflammation was significantly 106 

associated with poorer cognitive function, whilst adjusting for multiple confounding factors [27]. 107 

This basal systemic inflammation is characterized by a moderate increase in the levels of pro-108 

inflammatory cytokines (TNFα, IL6 and IFN-γ) and other markers of inflammation such as C-109 
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reactive protein (CRP) in the blood of old compared to young individuals [28]. The source of 110 

this non-specific inflammation with advancing age is not completely clear. 111 

Overall, age-related immune dysregulation contributes to a reduced ability to respond 112 

to new pathogens, alongside a chronic low-grade non-specific inflammation. This may play a 113 

critical role in neurodegenerative diseases where ageing is a primary risk factor, and immune 114 

activation is well described, such as PD.  115 

 116 

Age-related immune changes in Parkinson’s disease 117 

 118 

T lymphocyte senescence  119 

 120 

Very few studies to date have specifically investigated markers of T cell senescence in PD. 121 

Our own study in 2018 investigated naïve, memory and senescent CD4 and CD8 T cell 122 

subsets using flow cytometric analysis in a cohort of 41 PD cases (4.3 ± 1.2 years from 123 

diagnosis) and 41 age and sex-matched controls, and found a significant reduction in the 124 

proportion of “late-differentiated” CD8 CD28loCD57hi as well as CD8 TEMRA lymphocytes [29], 125 

but no significant changes in CD4 cell subsets. In a follow-up study, we investigated similar T 126 

cell subsets in a larger newly-diagnosed cohort (0.97 ± 0.5 years from diagnosis) of 61 PD 127 

cases and 63 age and sex-matched controls and similarly found a reduction in the number of 128 

senescent CD8 TEMRA T cells in patients compared to controls, thus confirming our previous 129 

finding [30]. There was also a trend towards reduced CD8 CD28loCD57hi cells in PD cases in 130 

this second study, which did not reach significance, but CD8 TEMRA and CD8 CD28loCD57hi 131 

cell counts were strongly correlated, and it is likely that these represent overlapping 132 

populations [12]. In CD8 T lymphocytes, we observed a significant decrease in the mRNA 133 

levels of cyclin-dependent kinase inhibitor p16INK4a, a well-established marker of cellular 134 

senescence, in PD cases compared to controls [31]. This provided further evidence that the 135 

CD8 population is less senescent in PD. Another study by Vavilova and colleagues has 136 
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similarly reported a reduction in T cell senescence in a cohort of 31 PD cases (7 ± 0.8 years 137 

from diagnosis) compared to 25 healthy controls matched for age and CMV status. They found 138 

a reduction in the proportion of CD3 TEMRA T cells and CD57+ T cells in PD, although they 139 

did not explore CD8 versus CD4 senescent subsets [32]. In contrast, Wang et al, using single 140 

cell transcriptomics in a small number of blood and cerebrospinal fluid (CSF) samples, 141 

reported an enrichment in the percentage of terminal effector CD8 T cells, as well as a 142 

reduction in naïve CD8 subsets in the blood of PD patients compared to controls [33]. The 143 

authors also found evidence of increased T cell clonal expansion both in the blood and the 144 

CSF of patients. This discrepancy between studies might be explained to an extent by the 145 

different markers used to define terminally differentiated CD8 T cells. Whilst we, and Vavilova 146 

et al, identified TEMRA CD8 subsets on the basis of their expression of CD45RA and loss of 147 

CCR7, Wang and colleagues used a different set of effector markers, namely GZMA, GZMB, 148 

PRF1 and NKG7. Similarly, naïve CD8 cells in our work were defined by high CCR7 and 149 

CD45RA expression, whereas Wang et al. used SELL, CCR7, TCF7 and LEF1 to define the 150 

naïve CD8 T cell population. As such, these studies are not directly comparable and indeed 151 

might be identifying distinct subsets of CD8 lymphocytes. 152 

CD4 T cells are more resistant to age-related changes than CD8 T cells, but 153 

compositional shifts in CD4 subsets have been described in healthy elderly individuals, albeit 154 

at a later stage than changes in the CD8 population. These changes include a reduction in the 155 

CD4:CD8 ratio, a decline in antigen-inexperienced naïve T cells and an accumulation of 156 

antigen-experienced and late differentiated cells [34]. Baba and colleagues reported a 157 

significant decrease in the CD4:CD8 T cell ratio in PD patients compared to age-matched 158 

controls [35], while Bas et al. showed a reduction in the proportion and absolute number of 159 

naïve CD45RA+ CD4 T cells in PD versus controls [36]. Our own previous work suggested a 160 

moderate increase in the proportion of central memory CD4 T cells (defined as 161 

CCR7hiCD45RAlo cells) in PD compared to age-matched controls [29], though this was not 162 

replicated in our second newly diagnosed PD cohort [30] and we found no changes in CD4 163 

TEMRA cells in either study. In contrast, another recent study in two small independent PD 164 
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cohorts reported a reduction in the absolute numbers of central memory CD4 T cells in PD 165 

patients, but again, no differences were found in the effector memory and TEMRA CD4 T cell 166 

subsets between patients and controls [37]. Hence, there are no consistent findings in relation 167 

to senescent shifts in the CD4 population in PD.  168 

Interestingly, no association has been observed in any of the above studies between 169 

markers of T cell senescence and measures of disease progression (such as disease stage 170 

and severity of motor/cognitive symptoms), but similar reductions in TEMRA cells have been 171 

observed in PD cohorts at varying disease stages including in newly diagnosed cases 172 

[29,30,32]. This suggests that age-related immune dysregulation might be involved in disease 173 

pathogenesis rather than progression [29,30].  174 

Prior exposure to chronic viral infections such as cytomegalovirus (CMV) has been 175 

strongly associated with CD8 T cell senescence in the elderly [11]. However, our previous 176 

data in two independent PD patient cohorts suggest that the relationship between CMV 177 

infection and CD8 T cell senescence is attenuated in PD compared to controls [29,30]. Prior 178 

CMV infection was associated with an increase in senescent CD8 CD28loCD57hi cells in 179 

healthy aged controls but this senescent shift in the T cell population was not observed in 180 

CMV positive PD cases. In the study by Vavilova and colleagues, reductions in CD3 TEMRA 181 

and CD3 CD57+ cells in PD cases were observed in the context of prior CMV infection (with 182 

100% of PD cases being CMV positive, and comparisons made with CMV positive controls) 183 

[32]. This raises the question of whether there are intrinsic differences in the T cell response 184 

to chronic infections in PD cases versus controls. 185 

The T cell response might also be affected by changes in dendritic cells which play a 186 

critical role in T cell priming. Therefore, investigating age-related changes in dendritic cells is 187 

highly relevant in PD. In the healthy population, advancing age is associated with a decrease 188 

in the numbers of plasmacytoid dendritic cells, whilst the population of myeloid dendritic cells 189 

remains largely unchanged [38]. Both cell types, however, have shown an attenuated 190 

secretion of pro-inflammatory cytokines upon Toll-like receptors stimulation in the elderly, [39] 191 

suggesting immunosenescence of dendritic cells occurs with ageing. In PD, conventional 192 
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myeloid dendritic cells (cDC2) responsible for priming CD4 T cells [40,41] as well as, total 193 

myeloid dendritic cells have been found to be significantly decreased in PD compared to age-194 

matched controls [42]. Furthermore, a lower proportion of myeloid dendritic cells was 195 

associated with worse motor scores (measured by the UPDRS III), suggesting that altered T 196 

cell priming might be linked with disease progression [42]. Recent work in a small cohort of 197 

PD patients has also shown a reduction in PD-L1+ tolerogenic dendritic cells in patients 198 

compared to controls [43]. A reduction in immune tolerance may lead to an increased 199 

responsiveness to autoantigens, such as alpha-synuclein. Hence, age-related dysfunction of 200 

dendritic cells warrants further research in PD. 201 

There is very limited data on age-related B lymphocyte changes in PD. Frasca and 202 

colleagues have demonstrated an increase in the proportion of late memory “exhausted” B 203 

cells (CD27−IgD−) in the elderly compared to young controls. These B cells were found to 204 

express multiple senescence-associated markers, such as p16INK4 [44]. In PD, a recent study 205 

found a decrease in the absolute count of these mature late memory (CD27−IgD−) B cells in 206 

patients versus controls, further supporting our findings of reduced immunosenescence in PD 207 

[37]. No other studies to date have specifically explored senescent B cell subsets in the context 208 

of PD. 209 

 210 

Telomere shortening 211 

 212 

Telomeres are repetitive sequences of non-coding DNA at the end of chromosomes that 213 

protect the chromosome from degradation and intrachromosomal fusion. They shorten with 214 

each cell division, and therefore represent a marker of biological ageing of the cell. Thus, 215 

telomere length within immune cells may provide an alternative marker of immunosenescence. 216 

Indeed replicative CD8 T cell senescence, as defined by the loss of CD28 expression, has 217 

been shown to be associated with shortened telomeres [45,46]. Telomere length measured in 218 

total leucocytes has been proposed as a prognostic biomarker in the elderly. In a longitudinal 219 

study involving 143 individuals older than 60 years old, Cawthon et al. found a significantly 220 
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higher mortality rate in people whose leucocytes had the greatest degree of telomere erosion 221 

[47]. Leucocyte telomere length has been implicated as a risk factor for many age-associated 222 

neurodegenerative conditions including PD, though there is conflicting data across studies. 223 

Hudson et al., compared telomere lengths in peripheral blood mononuclear cells of 109 PD 224 

cases and 99 controls and reported significantly longer telomeres in PD patients versus 225 

controls, consistent with reduced leucocyte senescence [48]. However, a subsequent meta-226 

analysis of 956 PD cases and 1284 controls across 8 studies showed no significant differences 227 

between PD and controls. Longitudinal studies in PD cohorts also report contrasting findings. 228 

Degerman et al. found no difference in telomere length in PD (n=136) versus controls (n=30) 229 

at baseline or 3 years follow-up, but reported a significantly higher dementia risk within 3 years 230 

of diagnosis in PD patients with longer leucocyte telomere length at baseline [49]. In contrast, 231 

in an incident cohort of 154 early-stage PD patients and 99 controls (ICICLE-PD) we found 232 

shorter telomeres in the peripheral blood of patients both at baseline and at 18 months 233 

compared to controls. PD cases who went on to develop dementia within 3 years had 234 

significantly shorter telomeres than those who remained cognitively intact [50]. A limitation of 235 

these studies is that they have examined telomere length in the total leucocyte population, 236 

whilst it may be more relevant to measure this marker within specific cell subsets which 237 

demonstrate replicative senescence with ageing, such as the CD8 population. We recently 238 

compared both telomere length as well as the expression of hTERT (telomerase reverse 239 

transcriptase; the catalytic subunit of the enzyme telomerase, responsible for the maintenance 240 

of telomere ends) specifically in the CD8 T cell population of 61 PD patients compared to 63 241 

age-matched controls but found no difference between the groups [30]. Hence to date, there 242 

is no strong evidence to support the use of telomere length as an immunosenescence-related 243 

biomarker in PD.  244 

 245 

 246 

 247 
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Thymic involution 248 

 249 

Atrophy of the thymus is a well described feature of ageing which results in a reduction in the 250 

output of naïve T cells and a more restricted ability to respond to novel antigens. [24,25].  251 

Thymic output has not been extensively explored in PD. An indirect and non-invasive method 252 

of quantifying thymic function and T cell output is by measuring the number of naïve CD4 and 253 

CD8 recent thymic emigrant T cells using flow cytometry [51,52]. In our recent study, we 254 

quantified the number of PTK7+ CD4 and CD103+ CD8 recent thymic emigrants in the 255 

peripheral blood of 30 PD patients and 30 age and sex-matched controls and found no 256 

differences between the groups. This suggests that the decrease seen in T cell replicative 257 

senescence in PD patients that we have observed in our cohorts is not directly related to 258 

preservation of thymic function, but further studies are needed to adequately investigate this.  259 

 260 

Inflammageing 261 

 262 

Several studies have reported an increase in the levels of peripheral proinflammatory 263 

mediators in PD patients. In a meta-analysis of 25 studies involving a total of 1547 PD patients 264 

and 1107 controls, Qin et al. reported significantly elevated concentrations of the serum 265 

cytokines IL-6, TNFα, IL-1β, CRP, IL-10, IL-2 and the chemokine RANTES in patients versus 266 

controls [53]. Our own study has demonstrated that inflammation is present at the earliest 267 

stages of the disease, with a significant but low-grade increase in TNFα, IL-1β, IL-10, and IL-268 

2 in an incident cohort of 262 PD patients compared to 99 age-matched controls. Using a 269 

principal component analysis approach, we identified a proinflammatory immune marker 270 

profile characterised by high levels of IL-6, IFNγ, TNFα, IL-2, IL-10, CRP and low levels of IL-271 

4, IL-13, with prognostic significance. Specifically, this proinflammatory profile at baseline was 272 

predictive of a more rapid deterioration in motor function (measured by UPDRS motor scores) 273 

over 3 years of follow-up, as well as persistently lower cognitive scores (measured by the Mini-274 

Mental State Examination) [6]. A subsequent study reported a similar increase in cytokine 275 
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levels (IL-1β, IL-10, IL-4 and IL-2) in patients with mild cognitive impairment (MCI) with a Lewy 276 

body profile and in patients with MCI with an Alzheimer’s disease (AD) profile, as compared 277 

to controls [54]. This suggests that inflammageing could be a shared feature in both AD and 278 

PD. Interestingly, a proteomic study in a small group of patients with REM sleep behaviour 279 

disorder (who have a 60-81% likelihood of developing parkinsonism/dementia within 10 years) 280 

[55,56] has reported a significant upregulation of CRP as well as other immune-related 281 

molecules in patients versus controls, thus implicating peripheral inflammation in prodromal 282 

PD [57]. 283 

In the ageing population, an increase in the concentration of proinflammatory 284 

molecules including TNFα, IL-8, and IFNγ-induced protein 10 has also been observed in the 285 

CSF [58]. Studies examining cytokine levels in the CSF of PD patients have found this 286 

inflammatory shift to be heightened in demented, but not in cognitively intact patients. 287 

Specifically, increased levels of IL-6 [59], IL-8 [60], and CRP [61] have been observed in the 288 

CSF of demented versus non-demented PD patients. Higher levels of CRP and monocyte 289 

chemoattractant protein-1 have also been reported to be closely linked to the development of 290 

cognitive impairment, depression and fatigue in PD [62]. Similarly, Hall and colleagues showed 291 

correlations between worse motor function (as measured by the Hoehn & Yahr and UPDRS 292 

motor scores) in PD and elevated CRP and serum amyloid A (an acute phase reactant) in the 293 

CSF. The authors also found significant correlations between depression and the same CSF 294 

inflammatory markers, as well as an association between lower cognitive scores and higher 295 

serum amyloid A in the CSF [61]. Proteomic studies in CSF have also shown an increase of 296 

HLA proteins (HLA-DRA, HLA-DRB1 and HLA-DPA1) [63] in familial PD patients (LRRK2 297 

G2019S carriers) versus controls, providing further evidence of increased inflammation in PD. 298 

Taken together, this data suggests that low grade inflammation in both the blood and 299 

the CSF plays a detrimental role in PD and may be implicated in the development of dementia. 300 

It is, however, unclear whether these inflammatory changes seen in PD are due to age-related 301 

dysregulation of the immune system or rather due to disease-related processes. Alpha-302 

synuclein aggregates, which are known to circulate in peripheral blood in PD [64], can induce 303 
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a peripheral inflammatory response via Toll-like receptor activation [65]. Both alpha-synuclein 304 

pathology and microbial changes in the gut have also been implicated in driving a 305 

proinflammatory state in PD [66,67]. Dissecting out the contribution of immune ageing to this 306 

inflammatory state in PD represents a significant challenge.   307 

 308 

Age-related immune changes in Alzheimer’s disease 309 

 310 

Ageing is a major risk factor for most neurodegenerative conditions including Alzheimer’s 311 

disease, thus immune ageing may have a common relevance in these diseases.  The immune 312 

system (primarily the innate component) has been heavily implicated in the pathogenesis and 313 

progression of AD, but less is known about the role of immunosenescence in the disease 314 

process. Similar to PD, an overall reduction in the proportion of total T and B lymphocytes has 315 

been reported in AD patients compared to matched controls [68]. Larbi et al. further 316 

demonstrated a marked reduction in naïve T cells with a parallel increase in both effector 317 

memory and TEMRA T cells in a small cohort of AD patients compared to age-matched 318 

controls. The same study also showed a pronounced decrease in the expression of the 319 

activation marker CD28. These changes were observed in CD4 but not CD8 subsets [69]. A 320 

more recent study demonstrated increased proportions of CD8 TEMRAs (identified as 321 

CD45RA+CD27-) in the blood of AD patients compared to controls. The authors showed that 322 

a higher percentage of senescent CD8 TEMRAs in the blood of patients was significantly 323 

associated with worse cognitive function. Importantly, single-cell RNA sequencing revealed 324 

for the first time a significant increase of clonally expanded CD8 TEMRAs in the CSF of 325 

patients versus controls [70]. Taken together, this data suggests an increase in T cell 326 

immunosenescence in AD compared to controls, which is in contrast to the current evidence 327 

indicating reduced CD8 immunosenescence in PD. Hence immunosenescence may be 328 

contributing in differing ways to the pathogenesis of PD and AD.  329 
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However, there may be some commonality in terms of alternations in the CD8 T cell 330 

response to CMV in AD and PD. As previously discussed, CMV infection is considered a major 331 

driver of immunosenescence. Westman et al. showed that latent CMV infection was 332 

associated with a decreased proportion of CMV-specific CD8 T lymphocytes in AD patients 333 

compared to controls, [71] mirroring our findings of a reduced senescent shift in the T cell 334 

population in response to CMV infection in PD [29,30]. The same authors later showed that 335 

upon stimulation with T cell activating stimuli (anti-CD3/CD28 beads), PBMCs of CMV 336 

seropositive AD patients have a more inflammatory cytokine secretion profile compared to 337 

seropositive controls [72] providing further evidence of reduced immunosenescence. 338 

Whilst there is contradicting data on telomere shortening in PD, the majority of studies 339 

in AD are in agreement, consistently showing shortening of telomeres in patients compared to 340 

age-matched controls. This was demonstrated in a meta-analysis including 860 patients and 341 

2022 healthy subjects across 13 studies (9 of which were done in leucocytes)  [73]. The same 342 

authors performed a separate meta-analysis across 8 PD studies, concluding that there is no 343 

consistent evidence of telomere shortening in PD [74]. 344 

 345 

How might alterations in T cell senescence impact on the pathogenesis of PD? 346 

 347 

The most consistent finding to date in terms of age-related immune changes in PD is that CD8 348 

T cell senescence is reduced, raising the possibility that immunosenescence is protective 349 

against PD. However, the mechanisms underlying this observation and its impact on the 350 

disease are unclear. 351 

A reduction in senescent late-differentiated T cell populations in PD may simply reflect 352 

a shift towards a more activated T cell profile. As a consequence, this could lead to a more 353 

pronounced immune response to disease-associated antigens such as oligomeric alpha-354 

synuclein. Work by Sulzer and colleagues has demonstrated the recognition of alpha-355 

synuclein epitopes by autoreactive T lymphocytes in PD [75]. The same authors later showed 356 
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that the levels of alpha-synuclein specific T cells are highest at the time of PD diagnosis, but 357 

could be present years prior to motor symptom development [76], and that they have a very 358 

diverse repertoire of T cell receptors [77]. This seems to be accompanied by an elevation of 359 

alpha-synuclein auto-antibodies in early stages of PD that wanes as the disease progresses, 360 

according to our previous meta-analysis [78]. Taken together, this data suggests that the 361 

reduced ability to respond to new pathogens, caused by the replicative senescence of T 362 

lymphocytes which occurs with normal ageing, could be protective in the context of PD.  363 

The next question is why there is a reduced senescent shift in the T cell population in 364 

aged PD patients. It is possible that this relates to inherent differences in the adaptive immune 365 

system which alter the risk of PD. This idea is supported by the well described genetic 366 

association between immune loci, particularly those involved in antigen presentation such as 367 

the Human Leucocyte Antigen region, and PD risk [79,80]. These inherent differences could 368 

involve an altered response to viral infections, or changes in cell death mechanisms. We and 369 

others have shown that in the context of prior CMV infection (indicated by CMV IgG positivity), 370 

the expected accumulation of CD8 senescent T cells is not observed in PD patients [29,30,32]. 371 

This suggests that the T cell response to chronic viral antigen exposure in earlier life may differ 372 

in those who will go on to later develop PD. Another possibility is that senescent CD8 T cells 373 

in PD are more apoptotic, so have shorter life spans, and as a consequence their numbers 374 

are more depleted. Culturing T cells from PD patients both in the absence and presence of 375 

stimulation has indeed shown increased levels of apoptosis (as measured by the expression 376 

of annexin-V) when compared to cells from healthy individuals [81]. This effect was more 377 

pronounced in CD4 subsets, but a similar trend was seen in CD8 T cells. However, the 378 

mechanism involved in increased lymphocytic cell death in PD, is not known, hence further 379 

functional studies in specific CD8 senescent populations are warranted. 380 

Another important consideration is that the significance of the change in terminally 381 

differentiated CD8 cells in PD may not relate to the replicative senescence of these cells but 382 

to their cytotoxic capacity. CD8 TEMRAs remain highly cytotoxic on stimulation by their 383 

specific target antigen and they are known to contribute to certain disease states, for example 384 
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they have been implicated in driving graft failure in renal transplant patients [82]. In the context 385 

of PD, antigen-specific CD8 TEMRAs could be trafficked out of the blood via the choroid 386 

plexus into the brain where their target antigens (e.g., alpha-synuclein epitopes) are expressed, 387 

and induce neurotoxicity. Hence terminally differentiated, so-called “senescent” CD8 cells may 388 

be best considered as highly specific effector cells which are not truly reduced in number, but 389 

rather sequestered elsewhere to exert their cytotoxic function. In support of this idea, animal 390 

studies have previously demonstrated that T lymphocytes in the blood are able to transmigrate 391 

across the choroidal epithelium and enter the central nervous system [83]. Furthermore, a 392 

single-cell transcriptomic study showed increased clonal expansion of CD8 T cells in the CSF 393 

of patients compared to controls, suggesting that a higher proportion of antigen experienced 394 

CD8 T cells are circulating in the PD CSF [33]. The immune cell composition of the CSF in PD 395 

is not yet clear, but Schröder and colleagues have found a higher proportion of total T 396 

lymphocytes in PD versus control CSF. This increase seemed to be driven by a higher 397 

percentage of activated CD8 T cells (CD8+HLA+) [84].  398 

These findings are also in line with postmortem brain studies; we and others have 399 

previously demonstrated significantly higher numbers of CD8 and CD4 T lymphocytes 400 

infiltrating into the parenchyma of postmortem PD brains compared to controls [85–87]. 401 

However, the function of the infiltrating T cells is not yet clear and future studies are necessary 402 

for a more extensive characterization of their phenotype and antigen specificity. 403 

Immunosenescence has been found to be influenced by physical activity, an 404 

observation which warrants some further consideration in the context of PD. When sustained 405 

through life, physical activity can enhance the percentage of naïve T lymphocyte population 406 

and reverse the CD4+CD45RA+/CD4+CD45RO+ ratio [88], alongside other immune changes 407 

(reviewed in [89]). In the context of PD, epidemiological studies have shown that physical 408 

activity is linked with improvements in both movement (eg., gait speed, balance) [90,91] and 409 

cognitive/neuropsychiatric symptoms, such as global cognition [92,93] and depression [94], 410 

and may have the potential to slow down the progression of the disease. It is possible that the 411 

benefits of exercise in PD relate in part be due to modulation of the immune system, and 412 
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hence further research to explore the relationship between exercise, immune ageing and PD 413 

would be of interest. 414 

 415 

Conclusion 416 

 417 

In conclusion, the theory that age-related immune changes may play a contributory role in PD 418 

is highly plausible, but studies investigating immunosenescence in PD have been limited to 419 

date. The most consistent finding is that “senescent” CD8 T cells, including CD8 TEMRAs and 420 

CD8 CD28loCD57hi cells, are reduced in the PD blood, a finding which may seem paradoxical 421 

given that ageing is a major risk factor for PD. However, a possible interpretation of these 422 

findings is that the typical shift towards more senescent CD8 T cells in healthy ageing confers 423 

protection against PD (and other similar neurodegenerative diseases), whilst impaired 424 

immunosenescence, perhaps due to an inherited trait, predisposes to an over-active response 425 

to newly encountered disease-related antigens (Fig. 1). Whilst it is also possible that the 426 

observed reduction in late-differentiated T cells in the blood in PD reflects sequestration to the 427 

brain to exert effector functions, evidence to support transition of this specific cell population 428 

to the central nervous system is lacking. In addition to changes in the CD8 profile, chronic low-429 

grade inflammation is another consistent finding in PD, which is also a well-recognised 430 

component of immune ageing. However, there are several potential mechanistic drivers of this 431 

inflammation in PD, and hence it cannot necessarily be attributed to increased 432 

“inflammageing”. Alternative measures of immunosenescence such as thymic involution have 433 

not been well studied in the context of PD. Further studies investigating immunosenescence 434 

in PD are clearly warranted. Addressing the question of how ageing interacts with immune 435 

activation in PD will be fundamental to our understanding of the immune component of this 436 

disorder, with potential implications for future targeted immune therapies. 437 

 438 

 439 
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Figure Legend 783 

 784 

Fig. 1. Schematic illustration showing a hypothesized relationship between 785 

immunosenescence and Parkinson's disease risk/progression. With advancing age there 786 

is progressive decline in the size and function of the thymus gland (thymic involution), as well 787 

as increased exposure to viruses such as cytomegalovirus (CMV). This leads to 788 

immunosenescence, characterized by a reduction in antigen-inexperienced naïve T cells and 789 

an increase in “senescent” terminally differentiated effector T cells (TEMRA). The senescent 790 

shift is associated with a weakened immune response to novel antigens. However, in people 791 

who are predisposed to develop Parkinson's disease, the typical age-associated shift towards 792 

senescence in the CD8 T cell population may be attenuated, with a reduced accumulation of 793 

CD8 TEMRA T cells in these individuals. This could lead to a heightened immune response 794 

to newly encountered antigens (such as misfolded alpha-synuclein), thereby increasing the 795 

risk of developing Parkinson’s and/or promoting more rapid disease progression. 796 

CMV: Cytomegalovirus, PD: Parkinson’s disease 797 




