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Imbalance between T helper 1
and regulatory T cells
plays a detrimental role in
experimental Parkinson’s
disease in mice

Wenjie Li, Yuan Luo, Hongyu Xu, Qianqian Ma
and Qi Yao

Abstract

Objective: Parkinson’s disease (PD) is a degenerative disorder characterized by steady motor

function loss. PD pathogenesis remains inconclusive, but aberrant immune responses might play

important roles. We hypothesized that imbalance between T helper (Th) 1 and regulatory T

(Treg) cells was essential in experimental PD.

Methods: Th1 and Treg cells from the blood of patients with PD and healthy volunteer blood

were measured by flow cytometry. Experimental PD was induced in mice by peritoneal injection

of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine. Experimental PD severity was measured by

open field test behavior assessments (distance moved, rearing, and grooming). Mice were admin-

istered neutralizing anti-tumor necrosis factor (TNF) a to inhibit Th1 effects. Treg cells were

depleted by anti-CD25 neutralizing antibodies or isolated and transferred to experimental

PD mice.

Results: Patients with PD had fewer Treg and more Th1 cells than healthy volunteers.

Experimental PD mice exhibited fewer Treg and more Th1 cells. Treg cell depletion exacerbated

experimental PD, whereas TNFa neutralization attenuated PD in mice. Treg transfer to exper-

imental PD mice reduced PD severity. Mechanistically, anti-TNFa antibody administration and

Treg transfer increased Treg and reduced Th1 cell abundance in the brain.

Conclusion: Th1 and Treg cell imbalance plays an essential role in mouse experimental PD

pathogenesis.
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Introduction

Parkinson’s disease (PD) is a progressive
degenerative condition of the central ner-
vous system.1 As a significant burden on
society overall, PD affects a broad geriatric
population and leads to the steady loss of
motor functions. The hallmarks of PD are
resting tremor, bradykinesia, rigidity, bal-
ance impairment, akinesia, and other
symptoms and signs.2 One important path-
ogenesis of PD is related to the lack of
dopamine-producing neurons in the sub-
stantia nigra pars compacta region
(SNpc).3 The reduced number of dopami-
nergic neurons in the SNpc causes
decreased dopamine levels in the striatum,
which subsequently leads to motor
impairment.

There are many pathological findings in
patients with PD, including inflammatory
immune cell infiltration of lesions of the
central nervous system. For instance,
microglia, a specific type of macrophage,
are overactivated in the brain tissue of
patients with PD.4 These overactivated
microglia express human leukocyte antigen
DR molecules, indicating their ability to
present antigens to and activate cellular
components in the adaptive immune
system, likely T cells. Although tissue
memory CD8þ T cells have been reported
to exist in healthy human brain tissue,5,6 it
is still unclear whether CD4þ T cells in the
murine central nervous system exhibit a
normal state.7,8 Notably, T cells of the cen-
tral nervous system are sporadically present
in the brain parenchyma of healthy human

beings.9,10 However, our group and
others11–13 have observed significant T cell

infiltration in brain samples of patients with
PD. These important results indicate that T
cell activation and recruitment in the paren-
chyma of the central nervous system play a
critical role in the pathogenesis of PD.

T helper (Th) cells, including Th1, Th2,
and Th17, and regulatory T (Treg) cells as
well as other subtypes participate in inflam-
matory processes.14 Th cells are particularly
involved in the pathogenesis of PD. For
instance, CD4þ T cells have been reported
to differentiate toward a Th1 phenotype in
patients with PD,15 indicating that Th1 cells

might mediate PD pathogenesis. Moreover,
regulatory immune cells including Treg cells
have been observed to be decreased in the
peripheral blood of patients with PD16

compared with healthy volunteers, suggest-
ing that a lack of regulatory immune
cells might also contribute to the develop-
ment of PD.

Although both Th1 and Treg cells might
be involved in the pathogenesis of PD,
whether the imbalance between Th1 and
Treg cells affects the pathogenesis of PD
remains elusive. In this study, we tested
our hypothesis that an imbalance involving

increased Th1 and decreased Treg cell num-
bers is detrimental in experimental PD.
Here, we demonstrate that the imbalance
between Th1 and Treg cells exists in both
patients with PD and mice with experimen-
tal PD. More importantly, restoration of
the balance between Th1 and Treg cells
attenuated the severity of experimental PD
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in mice. Therefore, the imbalance between

Th1 and Treg cells is essential for the path-

ogenesis of experimental PD in mice.

Strategies that restore this balance might

be a therapeutic option for patients with

PD in the near future.

Methods

Ethics approval and consent to

participate

The ethics committee of Ningbo First

Hospital in China approved and supervised

the experimental proposal (approval

number 2017-R044), which covered both

human and animal studies. Medical proxies

of patients with PD and healthy volunteers

agreed to participation and signed written

consent forms. The proxies of patients and

healthy volunteers agreed to the publication

of this research report.

Patients

Twenty patients diagnosed with PD were

included in this study. Twenty age-

matched healthy volunteers were also

recruited. The sex ratio was 1:1 across the

cohort (Table 1). The patients were admit-

ted to Ningbo First Hospital in China

between March and June of 2018 and

were diagnosed according to the

International Parkinson and Movement

Disorder Society criteria.17,18 Healthy vol-

unteers were recruited within the same time-

frame and were determined to be free of PD

and other neurological disorders.

Animals

Male C57/Bl6 mice, aged 10 to 12 weeks,
were purchased from The Jackson
Laboratory (Bar Harbor, ME, USA).
Animals were kept in a specific pathogen-
free environment with a controlled temper-
ature (23�C) and humidity (40%–60%) and
12-hour light/dark cycles. Mice were
allowed ad libitum access to food and auto-
claved tap water. Experimental PD was
induced in mice by intraperitoneal injection
of 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine (MPTP; Sigma-Aldrich,
Shanghai, China) in accordance with a pre-
vious study.13 Briefly, 20 mg/kg of MPTP
in 100 mL of normal saline was intraperito-
neally injected four times at 2-hour inter-
vals. Mice receiving normal saline served
as controls. Mice were sacrificed by cervical
dislocation under isoflurane anesthesia at
96 hours after the last injection.

Flow cytometry

Leukocytes were collected from the circula-
tion of patients with PD and healthy volun-
teers and incubated with antibodies for flow
cytometry analysis in accordance with a
previously published protocol.19 Briefly,
the peripheral blood was collected in K2-
EDTA-anticoagulated tubes (BD
VacutainerTM, Fisher Scientific Company,
Ottawa, ON, Canada). A total of 200 lL
of whole blood was transferred to a new
tube, and 4 mL of RBC lysis buffer
(BioLegend, San Diego, CA, USA) was
added to the tube for 15 minutes. After
washing with Cell Staining Buffer
(BioLegend), the cells were incubated with

Table 1. Characteristics of patients with Parkinson’s disease and volunteers.

Patients with Parkinson’s

disease (n¼ 20)

Healthy volunteers

(n¼ 20) p value

Sex (male, %) 50 50 1

Age (years; median, range) 74.5, 50–79 72, 50–78 0.2069

Li et al. 3



anti-human CD16/CD32 antibody (1:200;
eBioscience/Thermo Fisher, Waltham,
MA, USA). Circulating leukocytes were

incubated with antibodies against surface
markers at 4�C for 30 minutes.
Intracellular FoxP3 staining was performed
after fixation/permeabilization using a com-

mercial kit (eBioscience/Thermo Fisher).
The antibodies used for staining are listed
in Tables 2 and 3. Treg cells were defined as

CD3þCD4þCD25þFoxP3þ cells, whereas
Th1 cells were identified as CD3þCD4þT-
betþ cells. The percentages of Treg and Th1
cells among total CD4þ T cells were calcu-

lated in various organs.
Brain tissue from mice was digested

using a commercial kit for brain tissue dis-
sociation (Miltenyi Biotec, Bergisch
Gladbach, Germany) to produce single-
cell suspensions. After incubation

with anti-mouse CD16/CD32 antibodies
(1:200; eBioscience/Thermo Fisher), brain
cells were incubated with antibodies
against surface markers, and intracellular

FoxP3 staining was performed similar to
the procedure used for circulating
leukocytes.

Cells were then analyzed with an Attune

NxT flow cytometer (Applied Biosystems/

Thermo Fisher). Data were analyzed using

Kaluza software version 2.0 (Beckman

Coulter, Indianapolis, IN, USA).

Open field tests

Behavioral assessments were conducted 96

hours after the last MPTP injection. The

open field test was used to measure behav-

ior because it is the most common behav-

ioral assay of MPTP-treated mice.20,21 All

field tests were conducted between 12:00 pm

and 2:00 pm in normal lighting using a

white plastic rectangular box (80� 40�20

cm3). The bottom of the box contained a

5� 5-cm2 grid of squares. The total dis-

tance moved by the mouse was determined

by counting the number of squares.

Rearing, a proxy of exploratory activity,

and grooming, a surrogate of the displace-

ment response, were recorded when a

mouse was placed in the box for 5 minutes

in accordance with a previously published

article.22

Table 2. Anti-mouse antibodies used for flow cytometry.

Antibody Clone Manufacturer Titration Catalog Number

CD4-FITC RM4-5 eBioscience 1:100 11-0042-85

CD25-PE-Cy7 PC61.5 eBioscience 1:100 25-0251-82

FoxP3-AF700 FJK-16s eBioscience 1:100 56-5773-82

T-bet-PerCP-Cy5.5 4B10 eBioscience 1:100 45-5825-82

CD3e-eF450 145-2C1 eBioscience 1:100 48-0031-82

Table 3. Anti-human antibodies used for flow cytometry.

Antibody Clone Manufacturer Titration Catalog Number

CD4-FITC RPA-T4 eBioscience 1:100 11-0049-80

CD25-PE-Cy7 BC96 eBioscience 1:100 25-0259-42

FoxP3-AF700 PCH101 eBioscience 1:100 56-4776-41

T-bet-PerCP-Cy5.5 4B10 eBioscience 1:100 45-5825-82

CD3e-eF450 OKT3 eBioscience 1:100 48-0037-42
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Isolation and transfer of CD4þCD25þ
cells

Single-cell suspensions from the mouse

spleen were produced by mechanical isola-

tion using 100-mm cell strainers. Circulating
leukocytes from mice were obtained by

drawing blood via cardiac puncture and

applying RBC lysis buffer. CD25þ cells

from the above tissues were isolated using

a commercial CD4þCD25þ Treg cell isola-
tion kit (STEMCELL, Vancouver, BC,

Canada) following the manufacturer’s

instructions. The purity of isolated

CD4þCD25þ cells was between 90% and

95%. A total of 2� 105 CD4þCD25þ Treg
cells in 200 mL of phosphate buffered saline

(PBS) were transferred to a recipient mouse

by intraperitoneal injection 1 day before

MPTP treatment, in accordance with an

optimized protocol from a previously pub-
lished paper.23

Neutralizing antibody treatment

To deplete Treg cells, mice were intraperi-

toneally injected with anti-CD25 neutraliz-

ing antibodies (0.5 mg/day, clone:
PC-61.5.3; BioXcell, NH, USA) on days

�5, �3, and �1 before MPTP treatment

and days 1 and 3 after administration, in

accordance with a previous publication.24

Control mice received the corresponding
isotype control antibodies (rat IgG1,

clone: HRPN; BioXCell) following the

same regimen used for anti-CD25 antibod-

ies. The depletion efficacy of CD25þ cells
was confirmed in the blood and spleen by

flow cytometry in a separate experiment.
To block the effects of tumor necrosis

factor (TNF) a, 100 lg of an anti-TNFa
antibody (clone: TN3-19.12; eBioscience/

Thermo Fisher) was peritoneally injected

on days �7 and �3 and the day of

MPTP injection. Control mice received

isotype control antibodies (Armenian
Hamster IgG, clone: eBio299Arm;

eBioscience/Thermo Fisher) according to
the same schedule and dosage used for
anti-TNFa antibodies.

Statistical analysis

Data are presented as mean� standard
deviation. Data were analyzed using either
Student’s t tests for two groups or one-way
analysis of variance (ANOVA) with
Bonferroni’s post hoc test for more than
two groups. A p value of less than 0.05
was considered to be statistically signifi-
cant. Statistical analyses were conducted
using GraphPad Prism 7 (GraphPad
Software, Inc., San Diego, CA, USA).

Results

Patients with PD and mice with
experimental PD exhibited lower Treg cell
levels in the circulation

To determine the abundance of circulating
Treg cells in patients with PD, we collected
peripheral venous blood from patients with
PD and age-matched healthy volunteers
and measured Treg cell levels by flow
cytometry. Treg cells were defined as
CD3þCD4þCD25þFoxP3þ cells. As
shown in Figure 1, patients with PD har-
bored fewer Treg cells in the circulation
(healthy volunteers vs patients with PD,
9.723%� 0.54% vs 3.114%� 0.311%,
p< 0.0001). It is worth noting that patients
with PD also had more Th1 cells, which
were defined as CD3þCD4þT-betþ cells
(healthy volunteers vs patients with PD,
17.4%� 0.13% vs 19.19%� 0.32%,
p< 0.0001), indicating an imbalance
between proinflammatory Th1 cells and
the regulatory subset of T cells. In mice
with experimental PD, the percentage of
Treg cells in the blood was lower than
that of control mice (saline vs MPTP,
25.6%� 0.77% vs 3.344%� 0.75%,
p< 0.0001, Figure 1d). The level of Th1
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cells in the blood was also higher in mice
with experimental PD (saline vs MPTP,
22.29%� 0.73% vs 25.59%� 0.27%,
p< 0.001, Figure 1d). Therefore, the level

of circulating Treg cells was reduced and
the number of circulating Th 1 cells was
increased in patients with PD and mice
with experimental PD, suggesting that the

Figure 1. Patients with Parkinson’s disease (PD) and mice with experimental PD exhibit decreased regu-
latory T (Treg) and increased T helper 1 (Th1) cell numbers in the blood. Treg cells were defined as
CD3þCD4þCD25þFoxP3þ cells, whereas Th1 cells were identified as CD3þCD4þT-betþ cells. (a)
Representative plots of Treg and Th1 cells in patients with PD and healthy volunteers (HVs). (b)
Representative plots of Treg and Th1 cells in control mice (Saline) and 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP)-treated mice. (c) Patients with PD exhibited lower Treg cell levels and greater Th1 cell
levels in the blood than HVs. n¼ 20. ****, p< 0.0001 by a two-tailed Student’s t tests. (d) MPTP-induced
experimental PD mice had fewer Treg and more Th1 cells in the circulation than saline-treated mice.
n¼ 9/group in each experiment performed in triplicate. ***, p< 0.001; ****, p< 0.0001, according to
Student’s t test.
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imbalance between the two cell types might
be involved in the pathogenesis of PD.

Depletion of CD25þ T cells exacerbated
experimental PD in mice

To explore the roles of Treg cells in exper-
imental PD in mice, we applied anti-CD25
neutralizing antibodies to deplete Treg cells
according to a previously described proto-
col.24 Administration of anti-CD25 neutral-
izing antibodies effectively depleted Treg
cells in the blood (Figure 2a) and the
spleen (data not shown). Anti-CD25 neu-
tralizing antibody administration alone did
not induce the symptoms of experimental
PD in mice. More importantly, depletion
of Treg cells exacerbated the severity of
experimental PD in mice (Figure 2b–d).
Upon analysis of CD4þ T cell subsets in
brain tissues, we found that PD mice
treated with anti-CD25 neutralizing anti-
bodies harbored virtually no Treg cells
and more Th1 cells than PD mice
treated with isotype control antibodies
(Figure 2e–f).

Transfer of CD25þ Treg cells attenuated
the severity of experimental PD

Next, we sought to directly show the pro-
tective roles of CD25þ T cells in mice with
experimental PD. We isolated
CD4þCD25þ T cells from the blood and
spleen of untreated mice and those with
experimental PD. According to our prelim-
inary experiments, Treg cells isolated from
experimental PD mice seemed to have iden-
tical functions in relieving PD in mice to
Treg cells collected from healthy mice
(data not shown); therefore, we used Treg
cells enriched from healthy mice for the
remainder of our experiments. After receiv-
ing CD25þ Treg cells, experimental PD
mice exhibited attenuated disease severity
compared with PD mice treated with PBS
(Figure 3a–c). At the time of analysis, PD

mice receiving CD25þ cells harbored more

Treg cells in the brain than those treated

with PBS (Figure 3d). These data indicate

that adoptively transferred Treg cells are

protective against experimental PD in mice.

Anti-TNFa antibodies attenuated

experimental PD in mice and had a

synergetic effect with CD25þ cell transfer

in relieving experimental PD

Anti-TNFa antibodies have been reported

to reduce the risk of PD in patients with

inflammatory bowel disease (IBD) com-

pared with patients with IBD who did not

undergo anti-TNFa treatment;25 therefore,

we examined whether the application of

anti-TNFa antibodies would improve

experimental PD in mice. Compared with

isotype control antibodies, anti-TNFa anti-

bodies indeed attenuated the severity of

experimental PD. More importantly, co-

administration of anti-TNFa and transfer

of CD4þCD25þ Treg cells from healthy

mice had a synergetic effect in alleviating

MPTP-induced PD in mice (Figure 4).

These results further indicate the impor-

tance of the imbalance between Th1 and

Treg cells in the pathogenesis of PD.

Anti-TNFa antibodies and CD4þCD25þ
Treg cell transfer reduced Th1 cells and

increased Treg cells in the brains of

experimental PD mice

To explore the mechanisms of the protec-

tion mediated by anti-TNFa antibodies and

transfer of CD4þCD25þ Treg cells in

experimental PD mice, we determined the

immunophenotype of brain tissue of exper-

imental animals. As shown in Figure 5,

experimental PD mice treated with anti-

TNFa antibodies and CD4þCD25þ Treg

cell transfer had fewer Th1 cells in the

brain (Figure 5a). Furthermore, PD mice

receiving the combination therapy had

Li et al. 7



more Treg cells in brain lesions (Figure 5b).
These data indicate that anti-TNFa anti-
bodies and CD4þCD25þ Treg cell transfer
could at least partially restore the imbal-
ance between Th1 and Treg cells to attenu-
ate experimental PD.

Discussion

In this study, we demonstrate the essential
roles of the imbalance between Th1 and
Treg cells in the pathogenesis of experimen-
tal PD in mice. We discovered that

Figure 2. Depletion of regulatory T (Treg) cells exacerbates the severity of experimental Parkinson’s
disease (PD) in mice. Treg cells were depleted by administration of anti-CD25 antibodies. (a) Treg cells
were effectively depleted in the blood of mice treated with anti-CD25 antibodies. Mice with PD induced
by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine traveled a shorter distance (b) and exhibited decreased
rearing (c) and grooming (d) in open field tests. n¼ 9/group in each experiment performed in triplicate. n.s.,
not significant; ****, p< 0.0001, by one-way analysis of variance (ANOVA) with Bonferroni’s post hoc test.
Experimental PD mice administered anti-CD25 antibodies harbored fewer Treg cells (e) and more
Th1 cells (f) in the brain. Mice in Panels E and F were from the same experiments as those in Panels B–D.
***, p< 0.001; ****, p< 0.0001, according to Student’s t test.
Anti-CD25, anti-CD25 antibody treatment; CTRL, control group.
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depletion of Treg cells exacerbated experi-
mental PD, whereas transfer of Treg cells
attenuated experimental PD. Blockade of
TNFa, an important Th1 cytokine, reduced
the severity of experimental PD. More
importantly, neutralization of TNFa and
transfer of Treg cells had a synergic effect
in improving experimental PD in mice.
Mechanistically, administration of anti-
TNFa antibodies and Treg cell transfer
increased Treg cells and decreased Th1
cells in the brains of PD mice.

Inflammation, especially Th1-driven
inflammation, plays an important role in
central nervous system disorders. The pre-
cise etiology of PD, a progressive degener-
ative disease of the central nervous system,
has yet to be fully understood. The hall-
mark of PD is the loss of dopamine-
producing neurons in the SNpc.13 It has
been speculated that inflammation in the
central nervous system might result in the
development of PD. Our group and others
have reported that abnormal T cell

Figure 3. Transfer of regulatory T (Treg) cells to mice with experimental Parkinson’s disease (PD)
attenuates disease severity. The isolation and transfer of Treg cells were conducted as described.
Experimental PD mice that received Treg cells showed attenuated disease severity, demonstrated as an
increase in the distance traveled (a), increased rearing (b), and a greater degree of grooming (c). n¼9/group
in each experiment performed in triplicate. ****, p<0.0001, by one-way analysis of variance (ANOVA) with
Bonferroni’s post hoc test. (d) 1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced experimental PD mice
that received Treg cells had more Treg cells in the brain. The same animals are included in Panels A–C. ****,
p<0.0001, according to Student’s t test.
CTRL, control group; PBS, phosphate buffered saline.
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infiltration is observed in the brain tissue of
patients with PD.11–13 In this study, we
revealed that patients with PD had elevated
and decreased numbers of Th1 and Treg
cells in the circulation, respectively.
Similarly, mice with experimental PD har-
bored increased numbers of Th1 cells and
decreased numbers of Treg cells in the
blood (Figure 1d). These data indicate
that the imbalance between Th1 and
Treg cells might participate in the patho-
genesis of PD.

We applied two strategies in this study to
investigate the roles of Treg cells in the
pathogenesis of experimental PD. First,
we depleted CD25þ cells using anti-CD25
neutralizing antibodies. After depletion of
Treg cells, which was verified in the blood
(Figure 2a) and spleen (Supplemental
Figure 1), the severity of experimental PD
worsened (Figure 2b–d). In agreement with
reports in which some protective roles in the
treatment of rodent experimental PD were
found to be dependent on Treg cells,26 the

Figure 4. Tumor necrosis factor (TNF) a blocking and regulatory T (Treg) cell transfer had a synergic effect
in attenuating experimental Parkinson’s disease (PD) in mice. The schedule of anti-TNFa antibody treatment
and Treg cell transfer is indicated in the Methods section. Either anti-TNFa antibody treatment or Treg cell
transfer decreased the severity of experimental PD, but co-administration of these treatments showed the
most significant effect, characterized as a longer distance traveled (a), greater rearing (b), and increased
degree of grooming (c). n¼9/group in each experiment performed in triplicate. *, p<0.05; ****, p<0.0001,
by one-way analysis of variance (ANOVA) with Bonferroni’s post hoc test.
Anti-TNFa, anti-TNFa antibodies; CTRL, control group; PBS, phosphate buffered saline.
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results in this study indicate the direct

effects of the loss of Treg cells in experimen-

tal PD, demonstrating the important roles

of Treg cells in both the treatment and

pathogenesis of PD. In line with a recent

report,27 we subsequently demonstrated

that transfer of Treg cells attenuated exper-

imental PD (Figure 3). To date, this report

provides the most supportive evidence that

Treg cells are protective against neural

destruction during experimental PD.
Patients with PD exhibit Th1-driven

inflammation, including increased TNFa
levels. This Th1-dominant inflammation

was also observed by our group and

others.11–13 Currently, we report that the

abundance of Th1 cells was increased in

the circulation of patients with PD as well

as in mice with experimental PD, indicating

the possible involvement of Th1-driven

inflammation in the pathogenesis of PD.

More importantly, inhibition of TNFa, a
key Th1 cytokine, attenuated the severity

of experimental PD in mice (Figure 4).

These results provide evidence that Th1-

driven inflammation might be a therapeutic

target, in line with a previous clinical

observation.25

Furthermore, when both anti-TNFa
neutralizing antibodies and Treg transfer

were applied, experimental PD mice exhib-

ited the greatest attenuation of disease

severity. Mice treated with the combination

therapy harbored fewer Th1 cells and more

Treg cells in the brain, indicating that the

combination therapy might attenuate

experimental PD by increasing the abun-

dance of Treg cells and/or decreasing that

of Th1 cells in the central nervous system.
This study has several unanswered ques-

tions. First, the precise effect of Th1 cells in

mediating the pathogenesis of experimental

PD has yet to be explored. Because blockade

of TNFa signaling attenuates the severity of

MPTP-induced PD, it is possible that Th1

cells infiltrate into the lesions in the central

Figure 5. Combined treatment of anti-tumor necrosis factor (TNF) a antibodies and regulatory T (Treg)
cell transfer decreased the levels of T helper 1 (Th1) cells and increased numbers of Treg cells in the brain of
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced Parkinson’s disease (PD) mice. (a) The combination of
anti-TNFa antibodies and Treg cell transfer resulted in fewer Th1 cells in the brains of mice with experi-
mental PD. (b) The combination therapy increased the level of Treg cells in the brains of mice with
experimental PD. n¼9/group in each experiment performed in triplicate. *, p<0.05; ****, p<0.0001, by one-
way analysis of variance (ANOVA) with Bonferroni’s post hoc test.
PBS, phosphate buffered saline.
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nervous system and produce TNFa. TNFa
has been reported to be increased in patients
with PD28 and mice with experimental
PD;29,30 therefore, it is reasonable to specu-
late that overexpression of TNFa directly or
indirectly acts on dopamine-producing neu-
rons, which initiates cell death pathways in
those neurons. Loss of dopamine-producing
neurons leads to experimental PD. When
TNFa is neutralized by antibodies, cell
death in the brain is decreased. However,
this theory requires further investigation.
Second, we did not perform functional
assays of Treg cells. Treg cells interact with
effector T cells, including Th1 cells, to
induce their suppression.31 Further investi-
gation is required to determine whether
Treg cells in experimental PD can suppress
Th1 cells. Third, in this hypothesis-driven
study, we only explored the functions of
Th1 and Treg cells. Other immune cells,
including microglia,4 also participate in the
pathogenesis of PD. Therefore, it is impor-
tant to study the role of other immune cells
in the context of anti-TNFa and Treg trans-
fer therapy. More importantly, the efficacy
and safety of anti-TNFa antibodies in
patients with PD are worthy of exploration.

In conclusion, the imbalance between
Th1 and Treg cells plays an essential role
in the pathogenesis of experimental PD.
Restoration of this balance might be a ther-
apeutic target for patients with PD in the
near future.
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