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Abstract

Objective—Chronic inflammatory processes contribute to the eventual death of motor neurons 

and the development of symptoms in both idiopathic Parkinson disease (PD) and multiple system 

atrophy (MSA). Given the faster rate of progression and more severe symptoms associated with 

MSA, we hypothesized that markers of inflammation would be more evident in the peripheral 

blood of MSA than PD patients, and that evidence of this inflammation might assist early 

diagnosis of MSA versus PD.

Methods—We performed multiplex analysis to determine the concentrations of 37 immune-

associated cytokines and chemokines isolated from the plasma of patients with PD (n = 25) and 

MSA (n = 14) and compared our results to those of age-matched controls (n = 15). We then 

applied a mixed-effect multiple regression model to determine if the concentration of cytokines in 

the plasma of patients with PD and MSA changed significantly over time.

Results—Patients with MSA had a trend towards overall lower levels of immune-associated 

cytokines, while serum cytokine levels were increased in patients with PD. Statistically adjusted 

comparisons of overall changes in cytokine concentrations between the PD and MSA groups 

revealed higher concentrations of T-cell-associated cytokines TNFβ and IL-7 in PD. Comparison 

of samples taken over time revealed significantly faster rates of change in 4 different cytokine 

concentrations (IL-4, IL-15, IL-2, and IL-9) in patients with MSA versus patients with PD.

Conclusions—Our results suggest that single measurements of plasma concentrations of 

inflammation-associated cytokines cannot be used to distinguish disease states. However, 

measurements made over time may correlate with pathogenesis. The significant changes in T-cell-

associated cytokines may shed light on immune mechanisms that contribute to PD and MSA 

disease progression.
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Introduction

Multiple system atrophy (MSA) is a rare adult-onset neurodegenerative disease 

characterized by motor impairment and autonomic failure. MSA, like the more common 

parkinsonism, idiopathic Parkinson disease (PD), is pathologically characterized as an α-

synucleinopathy. Even when the cardinal motor features of PD are present, it is estimated 

that 10–20% of idiopathic PD and 25–50% of other parkinsonisms, including MSA cases, 

are misdiagnosed, leading to inappropriate treatment and delays in disease-modulating 

therapies [1]. While patients with well-managed idiopathic PD can live with their disease for 

over 20 years, neurodegeneration in patients with MSA progresses very rapidly, with mean 

survival after disease onset between 6 and 9 years. Despite these significant changes in the 

rate of disease progression, a true diagnosis of MSA versus PD can only be made following 

autopsy. Thus, clinicians rely almost exclusively on observational clinical assessments over 

time to determine treatment, as differential diagnostic imaging or other biomarkers of 

specific symptomatic phases are not currently available.

The pathologic mechanisms by which idiopathic PD and MSA develop and progress are 

unknown, but it is likely that a chronic neuroinflammatory process is involved in both 

disease states [2–5]. Hence, there has been considerable interest in identifying inflammatory 

cytokines in the peripheral blood that might be used as biomarkers to predict disease 

progression. Patients with MSA were found to have an increase in proinflammatory TNFα 
in serum [6]. Other evidence shows increased peripheral inflammatory cytokines, including 

IL-6, TNFα, and IL-1β in the serum of patients with PD [7]. Epidemiologic evidence also 

indicated that increased serum levels of IL-6 were associated with a greater risk of PD 

development [8], though the results of subsequent studies were variable regarding significant 

increases or associations of IL-6 with symptoms [9–12]. Importantly, disease progression is 

likely influenced by multiple cytokines acting over time, and a recent longitudinal study 

suggests that a cluster of proinflammatory mediators can be linked to disease progression 

[13].

The pathogenesis of both MSA and PD is likely to include a progression of adaptive immune 

mediators stemming from the initial inflammatory response. Data from an animal model of 

MSA indicate that T-cell cytokines are increased in the midbrain and brainstem [14]. In PD, 

there is evidence for CD4+ and CD8+ T-cell involvement in neuroinflammation in animal 

models and autopsied brain tissue [2]. A potential role for B cells is suggested by the 

presence of anti-α-synuclein antibodies in the serum of patients with parkinsonian 

syndromes [15]. Though systemic changes in lymphocyte populations have been reported in 

the blood of PD patients [16, 17], clear evidence for the usefulness of tracking changes in B- 

and T-cell-related cytokines as markers for disease progression has yet to emerge.

Given the more rapid progression of MSA, we hypothesized (1) that patients with this 

disease would demonstrate increased immune-associated cytokines in the peripheral blood 
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compared to patients with PD, and (2) that cytokine concentrations would increase over time 

in patients with MSA and PD.

Patients and Methods

Patient Visits

All subjects provided informed consent and were enrolled in a study approved by our 

Institutional Review Board and in accordance with the Declaration of Helsinki 

(ClinicalTrials.gov identifier: NCT00817726). Subjects with a diagnosis of PD or MSA and 

aged-matched controls (±3 years) were enrolled from the University of Texas Health Science 

Center-Houston (UTHSC-H) Movement Disorders Clinic, the Memorial Hermann Hospital 

Sleep Disorders Clinic, or the community between August 2009 and September 2014. PD 

diagnosis was based on the United Kingdom Brain Bank criteria; subjects with parkinsonian 

symptoms due to vascular parkinsonism, or medicine/toxin-induced parkinsonism were 

excluded. MSA diagnosis was based on the second consensus statement by the American 

Academy of Neurology. Controls were defined by the absence of a personal history of REM 

sleep behavior disorder, PD, or other neurodegenerative diseases. Any potential subject with 

an unstable medical or psychiatric condition or renal/liver failure was excluded from 

participation. All clinical measures, rating scales, and blood samplings were taken in the 

conventionally defined off-medication state (patients hold levodopa-containing medications 

at least 12 h prior to each visit). Diagnoses were confirmed by a movement disorder 

specialist, and, to exclude advanced disease, we used a Hoehn-Yahr disability scale with a 

cutoff of ≤ 3 in the off-medication state. For longitudinal data analysis, serum samples were 

collected from patients and controls at follow-up visits approximately every 6 months for up 

to 2 years. Patient characteristics are listed in Table 1.

Multiplex Analysis

Serum samples were collected from a peripheral vein at early morning visits every 6 months 

over the course of 2 years and stored at −80 ° C until use. To determine the levels of 

cytokines in plasma, we used a Millipore Multiplex MAP® 37-plex human cytokine/

chemokine panel (EMD Millipore, Billerica, MA, USA). Briefly, 25 μL of serum were 

added in duplicate wells to a 96-well magnetic plate, and the protocol followed according to 

the manufacturer’s instructions. Plates were analyzed on a Luminex® 200™ equipped with 

xPONENT® 3.1 software (Luminex, Austin, TX, USA). Serum sample cytokine 

concentrations (pg/mL) were extrapolated from standard curves generated from the kit 

reagents via nonlinear regression analysis using GraphPad Prism for Windows version 5.00 

(Graph Pad Software, San Diego, CA, USA). Lower limits for each of the analytes were 

determined using the manufacturer-supplied minimum detectable concentration as calculated 

by Statelier® Immunoassay Analysis software (Brendan Technologies, Carlsbad, CA, USA) 

and ranged from 0.5 to 26.3 pg/mL.

Statistical Analyses

Cytokine values collected from each patient at the first visit were grouped according to 

disease state as depicted in Table 2. As the data were not normally distributed, a log-rank 
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test was used for analysis of statistical significance between each patient group, with p ≤ 

0.05 considered significant.

To compare the changes in cytokine concentration over time, we applied a linear mixed-

effect model [18] which allowed us to use all follow-up data collected from each patient 

while taking into account the fact that repeated measures on the same individual are 

correlated with one another. The analyses were adjusted for covariates associated with 

disease prevalence and progression (age, sex, and Montreal Cognitive Assessment and 

olfaction scores). Age is associated with movement disorder progression [19], and gender 

has been demonstrated to have a significant effect on cytokine concentrations [20]. 

Cognitive and olfaction scores are used as defining parameters of disease [21]. Therefore, 

our model was also normalized for the effects of these variables in order to prevent 

confounding of the results. The generated results are expressed as regression y = β0 + β1x + 

μ + ε, where β0 is the intercept, β1 is the slope, μ is a random effect, and ε is the error. We 

then tested whether significant differences exist in cytokines between PD and MSA groups 

via investigation of the regression coefficients. Pairwise comparisons were performed on 

MSA versus control (see online suppl. Table 1, www.karger.com/doi/10.1159/000460297) 

Data were analyzed using R version 3.2.1.

Results

Serum Cytokine Concentrations Measured at the First Visit

Serum samples from control patients and patients clinically diagnosed with PD or MSA 

were analyzed for 37 different immune-associated cytokines and chemokines. Subjects with 

a diagnosis of PD at enrollment were severely microsmic or anosmic and in the early stages 

of disease (Braak stage ≤ 3). Patients diagnosed with MSA were all ambulatory at the start 

of the study (Table 1).

We compared the average cytokine concentrations in plasma sampled at the first clinic visit 

to determine if any of our panel of immune-associated cytokines were significantly 

increased in the serum of patients with PD or MSA compared to age-matched controls. 

Serum from patients with PD showed an overall trend towards increased cytokine 

concentrations (Table 2), including significant increases in TNFα, CCL2, and CXCL10. In 

contrast, the median concentrations of cytokines measured in the serum of patients with 

MSA were similar or less than concentrations in the serum of age-matched controls. Patients 

with MSA had significantly less GM-CSF, CCL7, and IL-17 (Table 2).

Changes in Plasma Cytokine Concentrations over Time in Patients with PD versus Patients 
with MSA

Comparisons of measurements of cytokine concentrations at the first visit are limited by 

both the small size of our sample and by the extreme interpatient variability in cytokine 

concentrations in samples isolated at one time point. The question of whether plasma 

cytokine concentrations can reflect progression and development of movement disorders is 

more pertinent. To answer this, we collected patient and control plasma at repeated clinic 

visits every 6 months for up to 2 years and measured cytokine concentrations. As repeated 
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measures from each individual were correlated with one another, we used a mixed-effect 

model to analyze changes in cytokine concentrations over time. We then performed a 

pairwise analysis to determine if there were significant differences in cytokine 

concentrations between the PD and the MSA group.

Comparison of the differences in cytokine concentrations via a pairwise comparison 

between PD and MSA (the PD: β column in online suppl. Table 1) again demonstrated that 

there was a trend towards increased cytokines in patients with PD compared to MSA. The 

concentrations of TNFβ and IL-7 were significantly increased in the PD compared with the 

MSA group. In comparison, CCL11 was significantly increased in patients with MSA in 

relation to patients with PD (Fig. 1 a).

We applied our model to compare the rate of changes over time of cytokine concentrations 

measured over repeated visits (the time: β columns in online suppl. Table 1). The average 

rate of changes (pg cytokine/unit time) in MSA patients was nearly 3 times greater than the 

average rate of change in PD patients (0.327 vs. 0.099). The rates of change in several 

lymphocyte-associated cytokines had the most significant changes between the groups. The 

concentration of IL-4 increased over time in both PD and MSA patients, though change/time 

was significantly greater in the patients with MSA (Fig. 1 b). In contrast, secretion of IL-2, 

IL-9, and IL-15 decreased over time in patients with PD, but was significantly increased in 

patients with MSA (Fig. 1 b).

Discussion

Multiple attempts to determine the usefulness of cytokine secretion as a marker for the 

severity and progression of movement disorders have been performed, with varying and 

often contradictory results. Animal models cannot provide definitive answers. Likewise, 

single measurements of cytokine levels in the cerebral spinal fluid of patients do not 

correlate with PD motor symptoms [10], and repeated measures are complicated by the 

invasive nature of spinal fluid collection. In contrast, collection of peripheral blood is 

relatively noninvasive and easily accomplished, and thus it may be used for repeated 

measures of changes in immune profiles over time. Recent literature also supports the 

concept that peripheral blood reflects the disease process due to blood-brain barrier 

disruption in PD and MSA [22]. Our results provide evidence that changes in immune 

markers can be measured over time in the peripheral blood of patients with movement 

disorders and suggest that repeated measures of several different cytokines should show 

predictable specific changes. To our knowledge, this is the first longitudinal study to 

compare the patterns of specific cytokine expression in subjects diagnosed with different 

movement disorders.

Given the more rapid progression of MSA, we hypothesized that overall cytokine 

concentrations in the peripheral blood would be increased in patients with this disorder 

compared to patients with PD. Unexpectedly, the median cytokine concentrations measured 

at baseline visits together with the β values calculated in our mixed-effect model suggest 

that peripheral immune cytokine concentrations are, in fact, lower in patients with early 

MSA. PD has a long prodromal period associated with nonmotor symptoms (e.g., reduced 

Csencsits-Smith et al. Page 5

Neuroimmunomodulation. Author manuscript; available in PMC 2017 June 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



olfaction, REM sleep behavior disorder, and depression). The trend towards greater cytokine 

concentrations in patients with PD may reflect pathological changes accrued over this 

prodromal period. In contrast, prodromal MSA is not well defined, perhaps because the 

timeline to progression to motor symptoms is compressed. Our finding that rates of change 

in serum cytokine secretion over time were faster in patients with MSA than PD are likely 

indicative of this faster disease progression.

Our findings of significant differences in cytokine concentrations and rates of change also 

provide insights into underlying differences in the pathogenesis of these diseases. One such 

difference might be reflected in the significant increase in CCL11 (eotaxin) in the serum of 

patients with MSA compared to PD. Patients with MSA are more likely to manifest 

cognitive disorders, early dementia, and mood disorders than patients with PD [23], and 

increased peripheral secretion of CCL11 is associated with mood disorders and severe 

depression [24]. Furthermore, a direct role for CCL11 in the impairment of hippocampal 

function in aging has recently been described [25]. Therefore, it is possible that CCL11 

might contribute to the development of nonmotor symptoms that accompany MSA.

The significant increases in IL-4, IL-2, IL-15, and IL-9 in the serum of patients with MSA 

also point to a role for T lymphocytes in the pathogenesis of this disease. Secretion of IL-15 

and IL-2 are associated with the development of CD8+ T lymphocytes. Both CD8+ and 

CD4+ T lymphocytes are found in the brains of postmortem PD patients and in mouse 

models of PD; however, only CD4+ cells appear to be necessary for dopaminergic cell death 

[2]. In contrast, CD8+ T lymphocytes are thought to be the primary contributors to 

oligodendrocyte death and demyelination in multiple sclerosis [26]. Importantly, the 

pathogenesis of MSA is characterized by death of oligodendrocytes and demyelination, 

which do not occur in idiopathic PD. An increase in CD8+ T-lymphocyte-associated 

cytokines, then, might be indicative of a role for CD8+ cells in oligodendrocyte pathology 

that contributes to MSA progression [26]. Interestingly, recent evidence also points to a 

contributing role for “Th9” CD4+ T lymphocytes in the pathogenesis of multiple sclerosis 

[27]. Given that the rates of IL-9 and IL-4 secretion are also significantly increased in MSA 

patients, we cannot discount the possibility that a Th9 subpopulation might also contribute 

to disease progression.

The overall significant increase in TNFβ (also known as lymphotoxin α) and IL-7 in the 

serum of patients with PD compared to MSA was an unexpected finding. The presence of 

TNFβ together with IL-7 is required for lymph node and Peyer’s patch development, and 

increased concentrations of both of these cytokines may contribute to the formation of 

tertiary lymphoid organs in chronic inflammatory diseases [28, 29]. Of note, tertiary 

lymphoid organs are found in meninges of patients with multiple sclerosis and in mice with 

experimental autoimmune encephalitis [30]. Thus, it is intriguing to speculate that chronic 

inflammatory conditions associated with idiopathic PD may also drive the development of 

tertiary lymphoid organs, and these structures might provide a local source of activated T 

and B cells that contribute to the spread of brain pathology.

Together, our findings strongly suggest that the measurement of changes in lymphocyte-

associated cytokine secretion over multiple patient visits have the potential to identify 
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immune profiles that – paired with clinical measures – could provide clear differentiation 

between MSA and PD. Expansion of these investigations may also prove useful in 

identifying a panel of cytokines that may associate with specific subtypes of MSA or PD, 

further advancing the concept of precision medicine based on immune responses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors thank Vicki Ephron, RN, and the UT Health Clinical Research Unit at Memorial Hermann Hospital. 
Funding for this study was provided by the Adriana Blood Endowment Chair (Schiess) and by philanthropic funds 
directed to UTMOVE.

References

1. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of idiopathic Parkinson’s 
disease: a clinico-pathological study of 100 cases. J Neurol Neurosurg Psychiatry. 1992; 55:181–
184. [PubMed: 1564476] 

2. Brochard V, Combadiere B, Prigent A, Laouar Y, Perrin A, Beray-Berthat V, Bonduelle O, Alvarez-
Fischer D, Callebert J, Launay JM, Duyckaerts C, Flavell RA, Hirsch EC, Hunot S. Infiltration of 
CD4+ lymphocytes into the brain contributes to neurodegeneration in a mouse model of Parkinson 
disease. J Clin Invest. 2009; 119:182–192. [PubMed: 19104149] 

3. Rocha NP, de Miranda AS, Teixeira AL. Insights into neuroinflammation in Parkinson’s disease: 
from biomarkers to anti-inflammatory based therapies. BioMed Res Int. 2015; 2015:628192. 
[PubMed: 26295044] 

4. Stefanova N, Reindl M, Neumann M, Kahle PJ, Poewe W, Wenning GK. Microglial activation 
mediates neurodegeneration related to oligodendroglial α-synucleinopathy: implications for 
multiple system atrophy. Mov Disord. 2007; 22:2196–2203. [PubMed: 17853477] 

5. Gerhard A, Banati RB, Goerres GB, Cagnin A, Myers R, Gunn RN, Turkheimer F, Good CD, 
Mathias CJ, Quinn N, Schwarz J, Brooks DJ. [11C](R)-PK11195 PET imaging of microglial 
activation in multiple system atrophy. Neurology. 2003; 61:686–689. [PubMed: 12963764] 

6. Kaufman E, Hall S, Surova Y, Widner H, Hansson O, Lindqvist D. Proinflammatory cytokines are 
elevated in serum of patients with multiple system atrophy. PLoS One. 2013; 8:e62354. [PubMed: 
23626805] 

7. Qin XY, Zhang SP, Cao C, Loh YP, Cheng Y. Aberrations in peripheral inflammatory cytokine 
levels in Parkinson disease: a systematic review and meta-analysis. JAMA Neurol. 2016; 73:1316–
1324. [PubMed: 27668667] 

8. Chen H, O’Reilly EJ, Schwarzschild MA, Ascherio A. Peripheral inflammatory biomarkers and risk 
of Parkinson’s disease. Am J Epidemiol. 2008; 167:90–95. [PubMed: 17890755] 

9. Koziorowski D, Tomasiuk R, Szlufik S, Friedman A. Inflammatory cytokines and NT-proCNP in 
Parkinson’s disease patients. Cytokine. 2012; 60:762–766. [PubMed: 22910321] 

10. Lindqvist D, Kaufman E, Brundin L, Hall S, Surova Y, Hansson O. Non-motor symptoms in 
patients with Parkinson’s disease – correlations with inflammatory cytokines in serum. PLoS One. 
2012; 7:e47387. [PubMed: 23082161] 

11. Nagatsu T, Mogi M, Ichinose H, Togari A. Changes in cytokines and neurotrophins in Parkinson’s 
disease. J Neural Transm Suppl. 2000; 60:277–290.

12. Scalzo P, Kummer A, Cardoso F, Teixeira AL. Serum levels of interleukin-6 are elevated in patients 
with Parkinson’s disease and correlate with physical performance. Neurosci Lett. 2010; 468:56–
58. [PubMed: 19857551] 

13. Williams-Gray CH, Wijeyekoon R, Yarnall AJ, Lawson RA, Breen DP, Evans JR, Cummins GA, 
Duncan GW, Khoo TK, Burn DJ, Barker RA. Serum immune markers and disease progression in 

Csencsits-Smith et al. Page 7

Neuroimmunomodulation. Author manuscript; available in PMC 2017 June 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



an incident Parkinson’s disease cohort (ICICLE-PD). Mov Disord. 2016; 31:995–1003. [PubMed: 
26999434] 

14. Stemberger S, Jamnig A, Stefanova N, Lepperdinger G, Reindl M, Wenning GK. Mesenchymal 
stem cells in a transgenic mouse model of multiple system atrophy: immunomodulation and 
neuroprotection. PLoS One. 2011; 6:e19808. [PubMed: 21625635] 

15. Smith LM, Schiess MC, Coffey MP, Klaver AC, Loeffler DA. α-Synuclein and anti-α-synuclein 
antibodies in Parkinson’s disease, atypical Parkinson syndromes, REM sleep behavior disorder, 
and healthy controls. PLoS One. 2012; 7:e52285. [PubMed: 23284971] 

16. Gruden MA, Sewell RD, Yanamandra K, Davidova TV, Kucheryanu VG, Bocharov EV, Bocharova 
OA, Polyschuk VV, Sherstnev VV, Morozova-Roche LA. Immunoprotection against toxic 
biomarkers is retained during Parkinson’s disease progression. J Neuroimmunol. 2011; 233:221–
227. [PubMed: 21239064] 

17. Stevens CH, Rowe D, Morel-Kopp MC, Orr C, Russell T, Ranola M, Ward C, Halliday GM. 
Reduced T helper and B lymphocytes in Parkinson’s disease. J Neuroimmunol. 2012; 252:95–99. 
[PubMed: 22910543] 

18. Singh-Manoux A, Dugravot A, Brunner E, Kumari M, Shipley M, Elbaz A, Kivimaki M. 
Interleukin-6 and C-reactive protein as predictors of cognitive decline in late midlife. Neurology. 
2014; 83:486–493. [PubMed: 24991031] 

19. Szewczyk-Krolikowski K, Tomlinson P, Nithi K, Wade-Martins R, Talbot K, Ben-Shlomo Y, Hu 
MT. The influence of age and gender on motor and non-motor features of early Parkinson’s 
disease: initial findings from the Oxford Parkinson Disease Center (OPDC) discovery cohort. 
Parkinsonism Relat Disord. 2014; 20:99–105. [PubMed: 24183678] 

20. Brockmann K, Apel A, Schulte C, Schneiderhan-Marra N, Pont-Sunyer C, Vilas D, Ruiz-Martinez 
J, Langkamp M, Corvol JC, Cormier F, Knorpp T, Joos TO, Gasser T, Schule B, Aasly JO, Foroud 
T, Marti-Masso JF, Brice A, Tolosa E, Marras C, Berg D, Maetzler W. Inflammatory profile in 
LRRK2-associated prodromal and clinical PD. J Neuroinflammation. 2016; 13:122. [PubMed: 
27220776] 

21. Weintraub D, Simuni T, Caspell-Garcia C, Coffey C, Lasch S, Siderowf A, Aarsland D, Barone P, 
Burn D, Chahine LM, Eberling J, Espay AJ, Foster ED, Leverenz JB, Litvan I, Richard I, Troyer 
MD, Hawkins KA, Parkinson’s Progression Markers I. Cognitive performance and 
neuropsychiatric symptoms in early, untreated Parkinson’s disease. Mov Disord. 2015; 30:919–
927. [PubMed: 25737166] 

22. Lee H, Pienaar IS. Disruption of the blood-brain barrier in Parkinson’s disease: curse or route to a 
cure? Front Biosci (Landmark Ed). 2014; 19:272–280. [PubMed: 24389183] 

23. Stankovic I, Krismer F, Jesic A, Antonini A, Benke T, Brown RG, Burn DJ, Holton JL, Kaufmann 
H, Kostic VS, Ling H, Meissner WG, Poewe W, Semnic M, Seppi K, Takeda A, Weintraub D, 
Wenning GK. Cognitive impairment in multiple system atrophy: a position statement by the 
Neuropsychology Task Force of the MDS Multiple System Atrophy (MODIMSA) study group. 
Mov Disord. 2014; 29:857–867. [PubMed: 24753321] 

24. Stuart MJ, Singhal G, Baune BT. Systematic review of the neurobiological relevance of 
chemokines to psychiatric disorders. Front Cell Neurosci. 2015; 9:357. [PubMed: 26441528] 

25. Villeda SA, Luo J, Mosher KI, Zou B, Britschgi M, Bieri G, Stan TM, Fainberg N, Ding Z, Eggel 
A, Lucin KM, Czirr E, Park JS, Couillard-Despres S, Aigner L, Li G, Peskind ER, Kaye JA, Quinn 
JF, Galasko DR, Xie XS, Rando TA, Wyss-Coray T. The ageing systemic milieu negatively 
regulates neurogenesis and cognitive function. Nature. 2011; 477:90–94. [PubMed: 21886162] 

26. Sinha S, Boyden AW, Itani FR, Crawford MP, Karandikar NJ. CD8+ T-cells as immune regulators 
of multiple sclerosis. Front Immunol. 2015; 6:619. [PubMed: 26697014] 

27. Elyaman W, Khoury SJ. Th9 cells in the pathogenesis of EAE and multiple sclerosis. Semin 
Immunopathol. 2017; 39:79–87. [PubMed: 27844107] 

28. Timmer TC, Baltus B, Vondenhoff M, Huizinga TW, Tak PP, Verweij CL, Mebius RE, van der 
Pouw Kraan TC. Inflammation and ectopic lymphoid structures in rheumatoid arthritis synovial 
tissues dissected by genomics technology: identification of the interleukin-7 signaling pathway in 
tissues with lymphoid neogenesis. Arthritis Rheum. 2007; 56:2492–2502. [PubMed: 17665400] 

Csencsits-Smith et al. Page 8

Neuroimmunomodulation. Author manuscript; available in PMC 2017 June 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



29. Perros F, Dorfmuller P, Montani D, Hammad H, Waelput W, Girerd B, Raymond N, Mercier O, 
Mussot S, Cohen-Kaminsky S, Humbert M, Lambrecht BN. Pulmonary lymphoid neogenesis in 
idiopathic pulmonary arterial hypertension. Am J Respir Crit Care Med. 2012; 185:311–321. 
[PubMed: 22108206] 

30. Mitsdoerffer M, Peters A. Tertiary lymphoid organs in central nervous system autoimmunity. Front 
Immunol. 2016; 7:451. [PubMed: 27826298] 

31. Schiess MC, Zheng H, Soukup VM, Bonnen JG, Nauta HJ. Parkinson’s disease subtypes: clinical 
classification and ventricular cerebrospinal fluid analysis. Parkinsonism Relat Disord. 2000; 6:69–
76. [PubMed: 10699387] 

Csencsits-Smith et al. Page 9

Neuroimmunomodulation. Author manuscript; available in PMC 2017 June 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Significant changes in cytokine secretion between PD and MSA. A linear mixed-effect 

model was used to normalize for the effects of covariates associated with movement disorder 

disease progression (age, sex, and Montreal Cognitive Assessment and olfaction scores). 

The generated results were expressed as regression coefficient and intercept (y = β0 + β1x) 

where β0 is the intercept, and β1 is the slope. Pairwise analysis comparison determined 

significance differences between slopes and intercepts of PD and MSA groups. a 
Representation of significant differences in intercepts between PD and MSA groups. A 

negative value indicates that this concentration was greater in MSA, while a positive value 

was increased in PD. b Representation of significant changes in cytokine secretion/unit time. 
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x values of –50 and 180 were used to generate a graphic representation of the unit change in 

cytokine concentration/unit time in PD (solid line) and MSA (dashed line) groups.
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Table 1

Demographics of the patients with multiple system atrophy (MSA) and Parkinson disease (PD) and controls

Controls PD MSA

Subjects, n     15       24       14

Female:male ratio       5:10         8:16         3:11

Age, years   56.8 ± 9.2   64.2 ± 8.6   60.4 ± 8.3

Mean body mass index   27.3       26   29.9

Duration of disease, years       0     5.2 ± 3.3     4.9 ± 2.4

Race, n

 Caucasian     13       18       12

 Hispanic       1         2         2

 Asian       0         4         0

 African-American       1         0         0

Levodopa equivalent dose, mg       0 588.4 ± 339.5 365.6 ± 343.3

Montreal Cognitive Assessment score   28.7 ± 2.1       28 ± 2.2   24.3 ± 3.3

Olfaction score   35.5 ± 5.1   19.6 ± 4.9   29.6 ± 7.6

Unified PD rating scale, total scores     3.2 ± 3.6   29.1 ± 14.8   54.2 ± 19.5

Unified PD rating scale, motor scores     0.5 ± 1.0   18.5 ± 10.6   31.4 ± 13.9

Hoehn-Yahr staging       0     1.6 ± 0.8     3.3 ± 1.1

Tremor-dominant/akinetic-rigid*, n       –       13/11       –

Samples collected, n/patient   2.6 ± 1.5     2.6 ± 1.1     3.1 ± 1.3

Months followed from the first visit   16.6 ± 7.1   14.0 ± 8.6   16.9 ± 7.8

Means ± SD and numbers are shown.

*
Subtype was determined using the Schiess et al. criteria [31].
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Table 2

Median plasma concentrations of cytokines at the first visit (pg/mL)

Analyte Controls PD MSA

Growth factorsb

EGF   28.4 (12.1 – 44.6)   27.5 (18.3 – 48.2)   27.6 (20.8 – 51.9)

FGF-2   31.7 (26.7 – 53.0)   29.1 (7.6 – 64.3)   34.5 (29.4 – 43.8)

Flt-3L   15.3 (5.40 – 33.7)     8.2 (5.4 – 51.1)   5.40 (5.40 – 5.5)

G-CSF   46.0 (28.0 – 62.5)   36.8 (1.8 – 82.0)   22.5 (10.1 – 58.5)a,b

GM-CSF   10.6 (7.50 – 16.6)   7.50 (7.50 – 26.6)   10.3 (7.50 – 16.8)

IL-3   0.70 (0.70 – 1.30)   0.70 (0.70 – 0.70)   0.70 (0.70 – 0.70

IL-7   2.57 (1.40 – 7.31)   2.18 (1.40 – 22.1)   1.40 (1.40 – 9.19)

VEGF    102 (81.2 – 279)    171 (111 – 261)    112 (62.0 – 157)

Inflammation

IFNα2   23.5 (12.6 – 34.9)     2.9 (2.90 – 15.6)   11.6 (2.9 – 31.7)

IL-6   0.90 (0.90 – 53.3)   0.90 (0.90 – 37.4)   0.90 (0.90 – 0.90)

IL-1α   9.40 (9.40 – 111)   50.5 (9.40 – 76.4)   9.40 (9.40 – 37.2)

IL-1β   0.80 (0.80 – 3.74)   0.80 (0.80 – 4.33)   0.80 (0.80 – 2.37)

IL-1RA   13.3 (8.30 – 32.1)   51.6 (8.30 – 186)   11.2 (8.30 – 21.1)

TGFα   0.82 (0.80 – 5.09)   0.93 (0.80 – 12.0)   1.64 (1.08 – 1.86)

TNFα   4.14 (2.54 – 9.75)   9.70 (6.12 – 16.2)c   8.67 (4.39 – 12.9)

TNFβ   2.60 (1.50 – 21.0)   1.50 (1.50 – 36.7)   1.50 (1.50 – 28.6)

Chemotaxis

CCL2 (MCP-1)    431 (268 – 559)   543 (400 – 752)c    501 (396 – 749)

CCL3 (MIP-1α)   8.62 (6.07 – 9.81)   9.57 (5.39 – 14.6)   7.47 (4.67 – 10.7)

CCL4 (MIP-1β)   27.1 (16.8 – 36.1)   21.9 (5.42 – 35.4)   26.8 (9.91 – 40.8)

CCL7 (MCP-3)   16.0 (5.48 – 23.9)   4.34 (3.80 – 53.1)   6.72 (3.80 – 21.5)b

CCL11 (eotaxin)   78.8 (67.3 – 139)    136 (89.3 – 209)    147 (79.2 – 215)

CCL22 (MDC) 1,131 (996 – 1537) 1,005 (829 – 1370) 1,224 (960 – 1427)

CXCL1 (GRO)    643 (535 – 1001)    700 (553 – 857)    537 (408 – 973)

CXCL10 (IP-10)    248 (186 – 330)    346 (288 – 401)c    312 (286 – 402)

CX3CL1 (fractalkine)   49.3 (22.7 – 120)   35.2 (22.7 – 148)   22.7 (22.7 – 41.2)

IL-8   12.0 (10.0 – 16.2)   16.3 (7.21 – 22.1)   12.3 (4.72 – 16.7)

Lymphocytes

IFNγ   7.55 (3.57 – 37.7) 10.95 (0.80 – 28.5)   5.21 (0.80 – 6.38)

IL-2   1.04 (1.00 – 12.5)   2.57 (1.00 – 16.4)   1.00 (1.00 – 2.43)

IL-4   4.50 (4.50 – 54.4)   4.50 (4.50 – 33.8)   4.50 (4.50 – 4.5)

IL-5   0.50 (0.50 – 3.32)   2.30 (0.50 – 6.09)   1.79 (0.50 – 3.15)

IL-9   1.24 (1.20 – 3.26)   2.58 (1.20 – 8.09)   1.20 (1.20 – 1.24)

IL-10   2.61 (1.10 – 7.20)   8.20 (1.10 – 32.6)   1.10 (1.10 – 2.51)

IL-12 (p40)   7.40 (7.40 – 35.4)   22.3 (7.40 – 60.8)   7.40 (7.40 – 7.40)
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Analyte Controls PD MSA

IL-12 (p70)   2.61 (1.08 – 5.66)   3.07 (0.60 – 8.22)   1.19 (0.60 – 2.61)

IL-13   4.70 (1.30 – 20.2)   1.30 (1.30 – 55.5)     1.3 (1.30 – 3.50)

IL-15   6.33 (1.73 – 14.8)   6.24 (1.20 – 12.0)   2.36 (1.20 – 6.01)

IL-17   3.89 (1.90 – 13.9)   5.35 (0.70 – 11.2)   2.18 (0.70 – 2.51)b

Plasma cytokine concentrations (pg/mL) were determined using a Millipore Multiplex MAP® 37-plex human chemokine/cytokine kit (EMD 
Millipore). Median values (25 – 75% interquartile ranges) are reported for serum isolated from age-matched controls (n = 15) or patients with 
Parkinson disease (PD; n = 25) or multiple system atrophy (MSA; n = 14). Analytes are grouped by their most well-known biological effects.

a
Mann Whitney test.

b
Significant decrease vs. control (p ≤ 0.04).

c
Significant increase vs. control (p ≤ 0.05).
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