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A B S T R A C T

Objectives: : Immunological basis of neurodegenerative diseases including Alzheimer and Parkinson disease (PD)
has some important roles in their pathogenesis. There are conflicting studies to serum level of TNF-α in PD. Also,
according to our finding there is no report evaluating serum level of IL-27 in PD. This study correlates the serum
level of those factors with severity of PD.
Patients and methods: : In this case-control study, 83 patients with PD and 83 healthy volunteers were enrolled.
The diagnosis was fulfilled in accordance with clinical diagnostic criteria of the UK Parkinson's Disease Society
Brain Bank by two neurologists. The modified Hoehn and Yahr (H and Y) scale was used to evaluate the severity
of PD. Serum levels of TNF-α and IL-27 were measured by Elisa. Correlation of H and Y scale with serum levels of
these cytokines was evaluated.
Results: : The serum levels of TNF-α were increased and serum levels of IL-27 were decreased in patients with PD
compared to those in healthy subjects (P < 0.0001). There was a significant correlation between serum levels of
TNF-α and IL-27 with H and Y scale.
Conclusion: : Our study showed that the serum levels of TNF-α and IL-27 may be important prognostic bio-
markers of PD.

1. Introduction

Parkinson Disease (PD) is the second most common progressive
neurodegenerative disease with different clinical symptoms such as
bradykinesia, hypokinesia, tremor, cognitive dysfunction and depres-
sion. Etiology of PD is unknown, but it is clear that impairment in
dopaminergic neurons of the substantia nigra is the main factor (1–3).
Recently, some scientists have pointed to IL-1β (4), IL-6 (5), IL-10 (6) as
possible immunological factors in pathogenesis and mortality risk of the
disease.

IL-27, a cytokine with inflammatory and anti-inflammatory effects,
is a member of IL-12 family. Binding to its receptor composed of gly-
coprotein 130 receptor and IL-27 receptor α chain (IL-27Rα) (7–9) on
monocytes/macrophages, mast cells, and natural killer cells (10), IL-27

inhibits the production of tumor necrosis factor-α (TNF-α) (11); and in
this way it induces its anti-inflammatory effects. IL-27 has an essential
role in induction of Th1 differentiation and phosphorylation of STAT1
and STAT3 in CD4+ T cells (12,13). The phosphorylation of STAT3
plays a pivotal role in the inhibition of inflammatory cytokines (14).
Many studies have shown that IL-27 plays an important role in the
pathogenesis of some inflammatory diseases such as hepatitis B (15),
hepatitis C (16) and psoriasis (17). In a study, low serum level of this
cytokine was observed in patients with multiple sclerosis (18).

TNF-α, an pro-inflammatory cytokine produced by macrophages,
lymphoid cells and neurons (19), binds to its receptors, TNF receptor 1
(TNFR1) and TNF receptor 2 (TNFR2) (20) and activates the tran-
scription factors of nuclear factor kappa-B (NF-κB) and c-jun N-terminal
kinase (JNK). Such signaling pathways lead to inflammation as well as
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cell apoptosis (21–23). Many studies have revealed the pathogenic role
of TNF-α in inflammatory diseases such as psoriasis (24), prostate
cancer (25), rheumatoid arthritis (RA) (26) and multiple sclerosis (MS)
(27). Several studies have recently been published dissecting the role of
TNF-α in pathogenesis of PD. So that, increased (28,29) and no changes
(30) of TNF-α serum level has been reported in PD. However, there has
been a direct relationship between serum level of such cytokine with
some clinical symptoms of PD including anxiety, depression, fatigue
(30) and non-motor symptoms (31).

Serum level of TNF-α has shown some contradictions in previous
studies on patients with PD. In addition, according to our knowledge,
there are no studies evaluating the serum levels of IL-27 in such pa-
tients. The other matter is that changes in serum levels of TNF-α and IL-
27 may have close relationship with severity of the disease. Considering
such concepts, we aimed to correlate serum levels of TNF-α and IL-27 to
PD severity. Such evaluation may suggest their prognostic value and
also may render some therapeutic clues.

2. Material and methods

2.1. Study subjects

In our case-control study, 83 patients with PD and 83 healthy vo-
lunteers were enrolled. The diagnosis of PD was fulfilled in accordance
with clinical diagnostic criteria of the UK Parkinson Disease Society
Brain Bank by two neurologists (32). All patients were treated with L-
dopa. The exclusion criteria were any other chronic inflammatory/au-
toimmune diseases. The severity of the disease was assessed by mod-
ified Hoehn and Yahr staging (H and Y). Our study was approved by the
local Ethics Committee and informed consent was obtained from all
participants.

2.2. Blood sample

Peripheral venous blood samples were collected from the patients

Table 1
Basic and clinical characteristic of patients with PD and health subjects.

PD patients Healthy subjects P. value

Number of subjects 83 83 –
Male/female 52/31 38/45 0.029
Age (years)(Mean ± S.D) 65.73 ± 11.20 64.20 ± 12.61 0.5
Disease duration (years) 4.94 ± 3.92
Treatment duration (years) 3.79 ± 3.55
H and Y scale (Mean ± S.D) 2/24 ± 0/73
TNF-α serum levels(pg/ml) 6 ± 3.32 3.22 ± 2.47 0.0001
IL-27 serum levels(pg/ml) 2.79 ± 1.55 4 ± 2.54 0.0001

Fig. 1. Mean and 95% confidence interval of serum levels of IL-27 (pg/ml)
and TNF-α (pg/ml) in patients with PD and healthy subjects. * represents
P < 0.0001; vs. values in the healthy subjects.

Table 2
Values of TNF-α and IL-27 according to different varieties in patients with PD.

Variables TNF-α (pg/ml) P. value IL-27 (pg/ml) P. value

H and Y Mild 4.65 ± 1.68 0.0001 2.1 ± 0.71 0.0001
Moderate 7.65 ± 4.07 3.58 ± 1.79
Severe 11.43 6.87

Sex Male 5.54 ± 3.08 0.1 2.6 ± 1.38 0.24
Female 6.77 ± 3.6 3.15 ± 1.8

Age <60 6.51 ± 4.29 0.36 2.7 ± 1.62 0.77
≥60 5.78 ± 2.82 2.84 ± 1.54

Disease
duration
(years)

0-6 5.63 ± 2.94 0.05 2.41 ± 1.23 0.032
7-12 6.25 ± 3.18 3.43 ± 2.02
13-18 9.36 ± 6.22 4.07 ± 1.56

Treatment
duration
(years)

0-6 5.63 ± 2.98 0.13 2.47 ± 1.24 0.56
7-12 7.2 ± 3.84 3.57 ± 2.07
13-18 8.42 ± 8.31 3.94 ± 1.79

Table 3
Correlation between serum levels of TNF-α and IL-27 with different parameters in pa-
tients with PD.

TNF-α IL-27

Correlation
coefficient

P. value Correlation
coefficient

P. value

Age −0.094 0.399 −0.004 0.976
Sex 0.18 0. 1 0.169 0.241
H and Y scale 0.674 0.0001 0.782 0.0001
Disease duration 0.321 0.003 0.442 0.001
Treatment

duration
0.318 0.003 0.427 0.002

Table 4
Linear multiple regression analysis evaluating the effect of different variables on the
serum levels of TNF-α and IL-27 in patients with PD.

Variables Coefficients T Sig. P Adjusted R
Square

B Std. error

TNF-α H and Y scale 3.262 0.365 8.941 0.0001 0.504
Sex −0.834 0.534 −1.563 0.122
Age −0.071 0.024 −3.008 0.004

IL-27 H and Y scale 1.595 0.19 8.409 0.0001 0.593
Sex 0.036 0.304 0.117 0.908
Age −013 0.15 −0.847 0.401
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and healthy controls. Blood samples were allowed to be clotted and
then centrifuged (Hettich D-78532, Tuttlingen, Germany) at 3500 rpm
for 10min and the serum was separated. Then, stored frozen at −80 °C.
Serum levels of TNF-α and IL-27 were measured by commercially
available enzyme-linked immune sorbent assay (ELISA) kit (My
Biosource, USA) (33).

2.3. Statistical analysis

The serum level of TNF-α and IL-27 were analyzed by independent t
and chi-square tests. Correlations between variables were calculated by
Pearson’s correlation coefficient, and simultaneous effects of various
factors on these cytokines were analyzed by multiple linear regressions
with backward method. Adjusted R Squared was determined as a cri-
terion of goodness-of-fit test, and P < 0.2 was considered for exclusion
from the model. P < 0.05 was considered statistically significant.

3. Results

The clinical characteristics and laboratory findings of the patients
and controls are summarized in Table 1. The mean serum levels of TNF-
α in patients with PD were significantly higher than those in healthy
subjects (P < 0.0001). However, serum levels of IL-27 in patients with
PD were significantly lower than those in healthy subjects
(P < 0.0001) (Fig. 1).

Different values of TNF-α and IL-27 serum levels according to dif-
ferent variables are shown in Table 2. Serum levels of TNF-α and IL-27
were significantly higher in severe forms of PD than those in mild and
moderate forms (P < 0.0001) (Table 2). They were also significantly
higher in patients suffering longer times from the disease than those
suffering shorter times (P≤ 0.05) (Table 2).

The correlation between the serum levels of TNF-α and IL-27 with
different parameters are shown in Table 3. There were significant
correlations between the serum levels of both TNF-α and IL-27 with
disease duration, treatment duration and severity of PD according to H
and Y scale (Table 3).

Linear multiple regression analysis showed that increase in TNF-α
serum levels is positively associated with severity of PD and age
(P≤ 0.004). In addition, the serum levels of IL-27 were found to be
associated with severity of PD (P < 0.0001) (Table 4).

4. Discussion

Considering the severity of the PD, we demonstrated a close cor-
relation between serum levels of TNF-α and PD severity in line
(30,31,34) and against (29) with other studies. Comoglu et al. found no
correlation between levels of TNF-α and severity of motor and non-
motor symptoms in PD patients according to mini-mental scale ex-
amination (MMSE), H and Y, and unified Parkinson's disease rating
scale (UPDRS) criteria (35).

Confirming (28,31,34,35) and in contrast (29,30) to others, we re-
ported an increased serum levels of TNF-α in PD. TNF-α has been
shown to be related to the pathogenesis of other neurodegenerative
diseases such as Alzheimer disease (36) and Multiple sclerosis (27).
Actually, the neuronal death occurred in dopaminergic neurons
through apoptosis (37) is induced by TNF-α in PD (22,38). Enhancing
the inflammation, TNF-α may also play some roles in induction of IL-8
through histone acetylation and activation of NF-κB signaling pathway
(23).

We believe that our study is the first report on serum level of IL-27
in patients with PD. In recent studies, conflicting results from the point
of serum levels of IL-27 in different autoimmune diseases have been
reported. Increased serum level of IL-27 has been reported in patients
with systemic sclerosis (39) and rheumatoid arthritis (40) and its re-
duced serum level has been reported in systemic lupus erythematous
(SLE) (41,42). In the latter study, there was no correlation between

serum levels of IL-27 with disease severity (42). Babaloo et al. reported
lower serum levels of IL-27 in the neurodegenerative disease of MS
(43). Mechanistically, IL-27 regulates secretion of IL-10 as an anti-in-
flammatory cytokine (44), and in this way it may have an important
role in control of inflammation in PD. Moreover, IL-27 induces in-
hibitory effects on T helper 17 (Th17) cells. Such effect may introduce
IL-27 as a therapeutic target for autoimmune/inflammatory states
(45,46) such as PD. A previous study showed that lower expression of
IL-27 associated with an increased Th17 response leads to an auto-
immune response in Vogt-Koyanagi-Harada disease (47). Therefore,
reduction of serum levels of IL-27 in our study may contribute to in-
creased inflammatory action of Th17 and autoimmune responses which
may be related to pathogenesis of PD. Our findings showed a close
relationship between serum levels of IL-27 with severity of PD. Al-
though serum level of IL-27 in patients with PD is totally lower than
that in healthy subjects, it is likely that more production of IL-27 in
more severe forms of PD is a compensatory mechanism that tries to
resolve the malicious inflammatory condition of the disease during the
time.

Our study had some limitations. We did not assess gene expression
levels of TNF-α and IL-27 in PD. In addition, we did not evaluate the
molecular mechanisms of the function of such cytokines in PD.

Overall, our finding showed that serum levels of TNF-α increase and
IL-27 reduce in patients with PD. Also, there was close correlation be-
tween disease severities of PD with changes in serum levels of TNF-α
and IL-27. Such cytokines may be important prognostic biomarkers of
PD.

Declaration of interest

The authors declare no conflict of interest.

Author contributions

O-RT and HN contributed in the conception or design of the work,
analysis and drafting of the manuscript. EK, RD-K, O-RT, ED, MB and
HA. contributed in conception and manuscript drafting.

Acknowledgements

This work was supported by grants from the Deputy of Research,
Kashan University of Medical Sciences, Kashan, Iran (No. 94095).

References

[1] C.J. Barnum, M.G. Tansey, Neuroinflammation and non-motor symptoms: the dark
passenger of Parkinson’s disease? Curr. Neurol. Neurosci. Rep. 12 (4) (2012)
350–358.

[2] K.R. Chaudhuri, D.G. Healy, A.H. Schapira, Non-motor symptoms of Parkinson’s
disease: diagnosis and management, Lancet Neurol. 5 (3) (2006) 235–245.

[3] A.H. Schapira, Aetiopathogenesis of Parkinson’s disease, J. Neurol. 258 (2) (2011)
307–310.

[4] D. Blum-Degena, T. Müller, W. Kuhn, M. Gerlach, H. Przuntek, P. Riederer,
Interleukin-1β and interleukin-6 are elevated in the cerebrospinal fluid of
Alzheimer’s and de novo Parkinson’s disease patients, Neurosci. Lett. 202 (1) (1995)
17–20.

[5] M. Dufek, I. Rektorova, V. Thon, J. Lokaj, I. Rektor, Interleukin-6 may contribute to
mortality in Parkinson’s disease patients: a 4-year prospective study, Parkinson’s
Dis. 2015 (2015).

[6] J. Jin, P. Wu, W. Li, J. Shi, J. Chen, R. Li, et al., Interleukin-10-1082A/G and−
592C/A polymorphisms with risk of Parkinson’s disease: a meta-analysis, Int. J.
Neurosci. 124 (11) (2014) 852–858.

[7] J. Stumhofer, C. Hunter, Advances in understanding the anti-inflammatory prop-
erties of IL-27, Immunol. Lett. 117 (2) (2008) 123–130.

[8] S. Pflanz, J.C. Timans, J. Cheung, R. Rosales, H. Kanzler, J. Gilbert, et al., IL-27, a
heterodimeric cytokine composed of EBI3 and p28 protein, induces proliferation of
naive CD4+ T cells, Immunity 16 (6) (2002) 779–790.

[9] Y. Iwasaki, K. Fujio, T. Okamura, K. Yamamoto, Interleukin-27 in T cell immunity,
Int. J. Mol. Sci. 16 (2) (2015) 2851–2863.

[10] S. Ghosh, C.A. Sullivan, M.P. Zerkowski, A.M. Molinaro, D.L. Rimm, R.L. Camp,
et al., High levels of vascular endothelial growth factor and its receptors (VEGFR-1,
VEGFR-2, neuropilin-1) are associated with worse outcome in breast cancer, Hum.

E. Kouchaki et al. Clinical Neurology and Neurosurgery 166 (2018) 76–79

78

http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0005
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0005
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0005
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0010
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0010
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0015
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0015
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0020
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0020
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0020
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0020
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0025
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0025
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0025
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0030
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0030
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0030
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0035
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0035
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0040
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0040
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0040
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0045
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0045
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0050
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0050
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0050


Pathol. 39 (12) (2008) 1835–1843.
[11] R. Goldberg, G. Wildbaum, Y. Zohar, G. Maor, N. Karin, Suppression of ongoing

adjuvant-induced arthritis by neutralizing the function of the p28 subunit of IL-27,
J. Immunol. 173 (2) (2004) 1171–1178.

[12] J.M. Weiss, A.M. Bilate, M. Gobert, Y. Ding, M.A.C. de Lafaille, C.N. Parkhurst,
et al., Neuropilin 1 is expressed on thymus-derived natural regulatory T cells, but
not mucosa-generated induced Foxp3+ T reg cells, J. Exp. Med. 209 (10) (2012)
1723–1742.

[13] M.P. Barr, A.M. Byrne, A.M. Duffy, C.M. Condron, M. Devocelle, P. Harriott, et al., A
peptide corresponding to the neuropilin-1-binding site on VEGF165 induces apop-
tosis of neuropilin-1-expressing breast tumour cells, Br. J. Cancer 92 (2) (2005) 328.

[14] M. Ding, L. Liu, C. Hu, Y. Liu, Y. Qiao, X. Jiang, Expression of VEGFR2 and NRP-1 in
non-small cell lung cancer and their clinical significance, Chin. J. Cancer Res. 26 (6)
(2014) 669.

[15] G.L. Zhang, D.Y. Xie, Y.N. Ye, C.S. Lin, X.H. Zhang, Y.B. Zheng, et al., High level of
IL‐27 positively correlated with Th17 cells may indicate liver injury in patients
infected with HBV, Liver Int. 34 (2) (2014) 266–273.

[16] A.A. Hafez, A.A. Vasmehjani, R. Baharlou, S.D.M. Nasab, M.H. Davami, A. Najafi,
et al., Analytical assessment of interleukin-23 and-27 cytokines in healthy people
and patients with hepatitis C virus infection (genotypes 1 and 3a), Hepat. Mon. 14
(9) (2014).

[17] S. Shibata, Y. Tada, N. Kanda, K. Nashiro, M. Kamata, M. Karakawa, et al., Possible
roles of IL-27 in the pathogenesis of psoriasis, J. Invest. Dermatol. 130 (4) (2010)
1034–1039.

[18] Tang S-c, Fan X-h, Pan Q-m, Y. Liu, Decreased expression of IL-27 and its correlation
with Th1 and Th17 cells in progressive multiple sclerosis, J. Neurol. Sci. 348 (1)
(2015) 174–180.

[19] C. Gu, E.R. Rodriguez, D.V. Reimert, T. Shu, B. Fritzsch, L.J. Richards, et al.,
Neuropilin-1 conveys semaphorin and VEGF signaling during neural and cardio-
vascular development, Dev. Cell 5 (1) (2003) 45–57.

[20] Y. Glinka, G.J. Prud’homme, Neuropilin-1 is a receptor for transforming growth
factor β-1, activates its latent form, and promotes regulatory T cell activity, J.
Leukoc. Biol. 84 (1) (2008) 302–310.

[21] H. Sun, S. Gong, R.J. Carmody, A. Hilliard, L. Li, J. Sun, et al., TIPE2, a negative
regulator of innate and adaptive immunity that maintains immune homeostasis,
Cell 133 (3) (2008) 415–426.

[22] D. Getnet, J.F. Grosso, M.V. Goldberg, T.J. Harris, H.-R. Yen, T.C. Bruno, et al., A
role for the transcription factor Helios in human CD4++ CD25++ regulatory T
cells, Mol. Immunol. 47 (7) (2010) 1595–1600.

[23] I. Rahman, P.S. Gilmour, L.A. Jimenez, W. MacNee, Oxidative stress and TNF-a
induce histone acetylation and NF-кB/AP-1 activation in alveolar epithelial cells:
potential mechanism in gene transcription in lung inflammation, Oxygen/Nitrogen
Radicals: Cell Injury and Disease, Springer, 2002, pp. 239–248.

[24] O. Arican, M. Aral, S. Sasmaz, P. Ciragil, Serum levels of TNF-α, IFN-γ, IL-6, IL-8, IL-
12, IL-17, and IL-18 in patients with active psoriasis and correlation with disease
severity, Mediat. Inflamm. 2005 (5) (2005) 273–279.

[25] V. Michalaki, K. Syrigos, P. Charles, J. Waxman, Serum levels of IL-6 and TNF-α
correlate with clinicopathological features and patient survival in patients with
prostate cancer, Br. J. Cancer 90 (12) (2004) 2312–2316.

[26] C. Tetta, G. Camussi, V. Modena, C. Di Vittorio, C. Baglioni, Tumour necrosis factor
in serum and synovial fluid of patients with active and severe rheumatoid arthritis,
Ann. Rheum. Dis. 49 (9) (1990) 665–667.

[27] O. Mikova, R. Yakimova, E. Bosmans, G. Kenis, M. Maes, Increased serum tumor
necrosis factor alpha concentrations in major depression and multiple sclerosis, Eur.
Neuropsychopharm. 11 (3) (2001) 203–208.

[28] B. Brodacki, J. Staszewski, B. Toczyłowska, E. Kozłowska, N. Drela,
M. Chalimoniuk, et al., Serum interleukin (IL-2, IL-10, IL-6, IL-4), TNFα, and INFγ
concentrations are elevated in patients with atypical and idiopathic parkinsonism,
Neurosci. Lett. 441 (2) (2008) 158–162.

[29] P. Scalzo, A. Kümmer, F. Cardoso, A.L. Teixeira, Increased serum levels of soluble

tumor necrosis factor-α receptor-1 in patients with Parkinson’s disease, J.
Neuroimmunol. 216 (1) (2009) 122–125.

[30] D. Lindqvist, E. Kaufman, L. Brundin, S. Hall, Y. Surova, O. Hansson, Non-motor
symptoms in patients with Parkinson’s disease–correlations with inflammatory cy-
tokines in serum, PloS One 7 (10) (2012) e47387.

[31] M. Menza, R.D. Dobkin, H. Marin, M.H. Mark, M. Gara, K. Bienfait, et al., The role
of inflammatory cytokines in cognition and other non-motor symptoms of
Parkinson’s disease, Psychosomatics 51 (6) (2010) 474–479.

[32] M. Taghizadeh, O.R. Tamtaji, E. Dadgostar, R.D. Kakhaki, F. Bahmani,
J. Abolhassani, et al., The effects of omega-3 fatty acids and vitamin E co-supple-
mentation on clinical and metabolic status in patients with Parkinson’s disease: a
randomized, double-blind, placebo-controlled trial, Neurochem. Int. 108 (2017)
183–189.

[33] E. Kouchaki, O.R. Tamtaji, E. Dadgostar, M. Karami, H. Nikoueinejad, H. Akbari,
Correlation of serum levels of IL-33, IL-37, soluble form of vascular endothelial
growth factor receptor 2 (VEGFR2), and circulatory frequency of VEGFR2-expres-
sing cells with multiple sclerosis severity, Iran. J. Allergy Asthma Immunol. 16 (4)
(2017) 329.

[34] M. Kreuter, M. Steins, K. Woelke, T. Buechner, W.E. Berdel, R.M. Mesters,
Downregulation of neuropilin‐1 in patients with acute myeloid leukemia treated
with thalidomide, Eur. J. Haematol. 79 (5) (2007) 392–397.

[35] B. Chaudhary, E. Elkord, Novel expression of neuropilin 1 on human tumor-in-
filtrating lymphocytes in colorectal cancer liver metastases, Expert Opin. Ther.
Targets 19 (2) (2015) 147–161.

[36] A. Álvarez, R. Cacabelos, C. Sanpedro, M. García-Fantini, M. Aleixandre, Serum
TNF-alpha levels are increased and correlate negatively with free IGF-I in Alzheimer
disease, Neurobiol. Aging 28 (4) (2007) 533–536.

[37] D.J. Zabransky, C.J. Nirschl, N.M. Durham, B.V. Park, C.M. Ceccato, T.C. Bruno,
et al., Phenotypic and functional properties of Helios++ regulatory T cells, PloS
One 7 (3) (2012) e34547.

[38] Y.C. Kim, R. Bhairavabhotla, J. Yoon, A. Golding, A.M. Thornton, D.Q. Tran, et al.,
Oligodeoxynucleotides stabilize Helios-expressing Foxp3++ human T regulatory
cells during in vitro expansion, Blood 119 (12) (2012) 2810–2818.

[39] A. Yoshizaki, K. Yanaba, Y. Iwata, K. Komura, A. Ogawa, E. Muroi, et al., Elevated
serum interleukin-27 levels in patients with systemic sclerosis: association with T
cell, B cell and fibroblast activation, Ann. Rheum. Dis. 70 (1) (2011) 194–200.

[40] H. Shen, L. Xia, W. Xiao, J. Lu, Increased levels of interleukin‐27 in patients with
rheumatoid arthritis, Arthr. Rheum. 63 (3) (2011) 860–861.

[41] Duarte ALBP, A.T. Dantas, H. de Ataíde Mariz, F.A. dos Santos, J.C. da Silva, L.F. da
Rocha Jr.et al., Decreased serum interleukin 27 in Brazilian systemic lupus er-
ythematosus patients, Mol. Biol. Rep. 40 (8) (2013) 4889–4892.

[42] T.-T. Li, T. Zhang, G.-M. Chen, Q.-Q. Zhu, J.-H. Tao, H.-F. Pan, et al., Low level of
serum interleukin 27 in patients with systemic lupus erythematosus, J. Invest. Med.
58 (5) (2010) 737–739.

[43] Z. Babaloo, R.K. Yeganeh, M. Farhoodi, B. Baradaran, M. Bonyadi, L. Aghebati,
Increased IL-17A but decreased IL-27 serum levels in patients with multiple
sclerosis, Iran. J. Immunol. 10 (1) (2013) 47.

[44] M.O. Li, R.A. Flavell, Contextual regulation of inflammation: a duet by transforming
growth factor-β and interleukin-10, Immunity 28 (4) (2008) 468–476.

[45] D.C. Fitzgerald, B. Ciric, T. Touil, H. Harle, J. Grammatikopolou, J.D. Sarma, et al.,
Suppressive effect of IL-27 on encephalitogenic Th17 cells and the effector phase of
experimental autoimmune encephalomyelitis, J. Immunol. 179 (5) (2007)
3268–3275.

[46] A. Amadi-Obi, Liu X. Yu C-R, R.M. Mahdi, G.L. Clarke, R.B. Nussenblatt, et al., TH17
cells contribute to uveitis and scleritis and are expanded by IL-2 and inhibited by IL-
27/STAT1, Nat. Med. 13 (6) (2007) 711–718.

[47] C. Wang, Y. Tian, B. Lei, X. Xiao, Z. Ye, F. Li, et al., Decreased IL-27 expression in
association with an increased Th17 response in Vogt-Koyanagi-Harada diseaseIL-27
in Vogt-Koyanagi-Harada disease, Invest. Ophthalmol. Vis. Science 53 (8) (2012)
4668–4675.

E. Kouchaki et al. Clinical Neurology and Neurosurgery 166 (2018) 76–79

79

http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0050
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0055
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0055
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0055
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0060
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0060
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0060
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0060
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0065
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0065
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0065
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0070
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0070
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0070
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0075
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0075
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0075
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0080
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0080
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0080
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0080
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0085
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0085
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0085
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0090
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0090
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0090
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0095
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0095
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0095
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0100
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0100
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0100
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0105
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0105
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0105
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0110
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0110
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0110
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0115
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0115
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0115
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0115
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0120
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0120
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0120
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0125
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0125
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0125
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0130
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0130
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0130
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0135
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0135
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0135
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0140
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0140
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0140
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0140
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0145
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0145
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0145
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0150
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0150
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0150
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0155
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0155
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0155
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0160
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0160
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0160
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0160
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0160
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0165
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0165
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0165
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0165
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0165
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0170
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0170
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0170
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0175
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0175
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0175
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0180
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0180
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0180
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0185
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0185
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0185
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0190
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0190
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0190
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0195
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0195
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0195
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0200
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0200
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0205
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0205
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0205
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0210
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0210
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0210
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0215
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0215
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0215
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0220
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0220
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0225
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0225
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0225
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0225
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0230
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0230
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0230
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0235
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0235
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0235
http://refhub.elsevier.com/S0303-8467(18)30028-3/sbref0235

	Increased serum levels of TNF-α and decreased serum levels of IL-27 in patients with Parkinson disease and their correlation with disease severity
	Introduction
	Material and methods
	Study subjects
	Blood sample
	Statistical analysis

	Results
	Discussion
	Declaration of interest
	Author contributions
	Acknowledgements
	References




