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Background: Parkinson’s disease is a common neurodegenerative disease in the elderly. The
incidence of various cancers in Parkinson’s disease patients is significantly lower than in healthy
people. Parkinson’s disease patients are individuals with a high tendency for inflammation,
whose peripheral immune system is represented in an activated state. We hypothesized that the
hyperinflammatory predisposition of Parkinson’s disease patients is pathogenic.

Methods: DBA/1 mice were used to simulate “highly inflammatory individuals”, and the
carcinogen DEN was used to induce malignancy. Hematoxylin & eosin (H&E) staining was
used to observe the formation of lung tumors. Apoptosis of neurons was observed by
terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) staining.
Immunohistochemistry and flow cytometry were used to observe CD4, CD28, major histo-
compatibility complex II (MHCII), cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4),
and programmed death 1 (PD-1). The ionized calcium binding adaptor molecule-1 (IBA-1) +
inducible nitric oxide synthase (iNOS) was used to label M1 microglia, and IBA-1 + arginase
1 (Argl) was used to label M2 microglia by immunofluorescence. The expression of pro-
inflammatory cytokines tumor necrosis factor-o (TNF-a), interleukin-1p (IL-1f), and anti-
inflammatory cytokines IL-10 and IL-4 was detected by ELISA.

Results: DBA/1 mice with high inflammatory tendency showed a continuous increase of
peripheral inflammation, promoting intracranial inflammation, decreasing the tumor inci-
dence and increasing the neurodegeneration under induction of malignant change. CD28 and
CTLA-4/PD-1 reduced the T-cell-dominated inflammatory response, reduced the intracereb-
ral inflammatory response, protected from neurodegeneration, and increased the incidence of
tumor. Combination of CTLA-4 and PD-1 blocker can overactivate T cells, worsen periph-
eral and intracranial inflammation, reduce the incidence of tumor, cause damage to dopamine
neurons, and promote the occurrence of neurodegeneration.

Conclusion: High inflammatory tendency induced by malignant stimulation through the
imbalance of CD28 and CTLA-4/PD-1 leads to dopamine neuron injury.

Keywords: high inflammatory tendency, malignant stimulation, CD28, CTLA-4/PD-1,
dopamine neuron injury

Introduction

Parkinson’s disease (PD) is a common neurodegenerative disease in the elderly.'*
The epidemiological studies of PD demonstrated that the occurrence of PD is
contrary to the incidence of malignant tumors. The incidence of lung cancer,’
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colon cancer,” and other cancers in PD patients is signifi-
cantly lower than in healthy people,’ suggesting that indi-
viduals with PD have a tendency to have stronger cancer
resistance. On the other hand, cancer is closely related to
PD, and some pathogenic genes of PD are also
oncogenes.® Parkin, PINK1, and SNCA are not only
pathogenic genes of Parkinson’s disease, but also closely
related to the incidence of various malignant tumors such
as ovarian cancer, lung cancer, and liver cancer.” ' PD
patients were supposed to have a higher risk of malignant
transformation, however, actually the incidence of various
cancers in PD patients is significantly lower than in
healthy people.'":1?

PD patients are individuals with a high tendency for
inflammation, whose peripheral immune system is repre-
sented in an activated state. The secretion of inflammatory
factors in peripheral blood of PD patients is significantly
increased,'® multiple inflammation-related receptors are
over-expressed on peripheral immune cells, including anti-
gen-presenting protein MHCII. These phenomena suggest
the abnormal activation of peripheral immunity in PD
patients. Moreover, it has been found that many patho-
genic proteins of PD are actively involved in inflammatory
pathways and homeostasis of inflammation.'* In addition,
in the genome sequencing of more than 1000 PD patients,
24 gene loci were detected to be correlated with the risk of
PD, among which 14 loci were confirmed to be involved
in the regulation of immune inflammation.'>

We hypothesized that the hyperinflammatory predispo-
sition of PD patients is pathogenic. People with high
inflammatory tendency, under stimulation by external
malignant change, could produce excessive inflammatory
response, preventing the occurrence of tumors, however
causing neurodegenerative damage in the brain.

In this study, DBA/1 mice were used to simulate
“highly inflammatory individuals”, and the carcinogen
diethylnitrosamine (DEN) was used for malignant stimula-
tion. DBA/1 is an inbred mouse and widely used in
immune inflammation studies. DBA/l mice are sponta-
neously formed of arthritis and are also used to prepare
collagen-induced arthritis model. DBA/1 mice are used to
establish the inflammation model of central nervous sys-
tem, having a high tendency of inflammation background.
Compared with C57BL/6, the incidence of tumor in DBA/
1 was reduced, however, the damage of dopaminergic
neurons in the brain was significantly increased.
Moreover, the T-cell-dominated inflammatory response
was enhanced by the administration of CTLA-4 and PD-

1 inhibitors, leading to a reduced incidence of tumor and
enhanced death and neurodegeneration of dopamine neu-
rons. This study demonstrated a close relationship among
high inflammation, tumor, and neurodegeneration, as well
as regulating inflammation in the outcome of cancer and
neurodegeneration.

Materials and Methods
Laboratory Animals and Groups
DBA/1 mice and C57BL/6 mice, SPF grade, male, 6-8

were purchased from Beijing Vital River
Ltd. (SCXK

weeks,
Laboratory Animal Technology Co.,
(Beijing) 201,200,070). Mice were raised in the
Laboratory Animal Department of China Medical
University (SYXK (Liao) 201,880,005). The animal
experiment was approved by the Ethics Committee of
Experimental Animal Welfare of China Medical
University (IACUC. No. 20,180,001). Mice were divided
into DBA/1 untreated group (DBA) (n=10), C57BL/6
untreated group (C57) (n=10), DBA/I treated with diethyl-
nitrosamine (DEN) group (DD) (n=10), C57BL/6 treated
with DEN group (CD) (n=10), DBA/1+ DEN+ anti-CTLA
-4 and anti-PD-1 combined treatment group (DDCP
group), (n=10) and C57BL/6 + DEN+ anti-CTLA-4 and
anti-PD-1 combined treatment group (CDCP group)
(n=10). Mice in DD and CD groups were subcutaneously
injected with 1% DEN 56 mg/kg once a week for eight
weeks. Mice in DDCP and CDCP groups were treated by
intraperitoneal injection of CTLA-4 inhibitor, ipilimumab,
and anti-PD-1, durvalumab, 10 mg/Kg at 7, 8, 9, 12, 15,
18, 21, 24, 27 days after DEN injection. All animal experi-
ment procedures performed in this study were reviewed
and approved by the Ethics Committee of Experimental
Animal Welfare of China Medical University (IACUC.
No. 20,180,001) and followed the National Institutes of
Health guide for the care and use of Laboratory animals
(NIH Publications No. 8023, revised 1978).

Hematoxylin-Eosin Staining

HE staining was used to observe the formation of lung
tumors. At week 4 and week 8, blood samples were taken
from the orbital vein and sera were immediately isolated.
Then mice in each group were sacrificed by dislocating
their cervical spine. Following that, the lung tissue was
collected and fixed with paraformaldehyde. Tissue was
dehydrated by ethanol at different concentrations, made
transparent with xylene, embedded and block-mounted in
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paraffin. Sections were cut and stained with hematoxylin—
eosin. An OLYMPUS BX-43 was used to capture images.

TUNEL

Apoptosis of neurons was observed by TUNEL staining.
Paraffin-embedded sections of brain tissue were cut into 5
um sections and treated with 50 plL TUNEL reaction
solution. The sections were incubated at 37°C for 60
min, and then incubated in 50 pL streptomycin avidin-
horseradish peroxidase solution for 30 min. The nuclei
were stained with DAPI; after dehydration, the slices
were sealed with an anti-fluorescence quenching agent.
The fluorescence was detected under a fluorescence micro-
scope and photographed.

Immunohistochemistry
Paraffin-embedded
(SNpc) brain tissue blocks were sectioned at 5 um. The

substantia nigra pars compacta
citric acid antigen repair buffer was placed in the micro-
wave oven for antigen repair, and the sections were
placed in 3% hydrogen peroxide solution to block endo-
genous peroxidase. 3% BSA was added for blocking at
room temperature for 30 min. Then anti-CD4 (Abcam,
USA, ab183685, Rabbit monoclonal [EPR19514] to
CD4), anti-CD28 (Abcam, USA, ab243228, Rabbit
monoclonal [EPR22076] to CD28), anti-CTLA-4
(Abcam, USA, ab237712, Rabbit monoclonal [CAL49]
to CTLA4), anti-PD-1 (CST, USA, #84,651, Rabbit
monoclonal [D7D5W] to -PD-1) and anti-MHCII
(Sigma, USA, SAB4700663, Rat monoclonal [M5/114]
to - MHCII) antibodies were separately added to examine
the number of infiltrating T cells in the brain. The tissue
sections were covered with the secondary antibody
(Abcam, USA, ab150113/ab150077) and incubated at
room temperature for 50 min. DBA kit was used for
color development, hematoxylin was used to re-stain the
nucleus. After gradient alcohol dehydration and sealing,
the slices were observed under a microscope. At least 3
slices per mouse in the different groups (10 mice per
group, n=10) were used in the analysis.

Immunofluorescence

SNpc tissues from the brain were subjected to deparaf-
finized, hydrated, antigen repaired (0.01 M citrate buffer,
pH 6.0) and goat serum closed at 37°C for 30 min.
Serum was poured out, and TH antibody was added to
determine the survival of dopamine neurons. IBA-1

(Abcam, USA, abl178846, Rabbit monoclonal

[EPR16588] to IBA-1) + iNOS (Abcam, USA,
ab178945, Rabbit monoclonal [EPR16635] to iNOS)
labeled M1 type microglia and IBA-1 (Abcam, USA,
ab178846, Rabbit monoclonal [EPR16588] to IBA-1) +
Argl (CST, USA, #93,668, Rabbit monoclonal
[D4E3M] to - Argl) labeled M2 type microglia were
incubated at 4°C overnight. The sections were washed
with PBS and fluorescence-labeled secondary antibody
was added. The sections were incubated at 37°C in the
dark for 30 min and then washed with PBS. DAPI
stained nuclei were added and incubated at room tem-
perature for 10 min. The slices were rinsed with PBS
with
Photographs were taken with a fluorescence microscope.

and sealed anti-fluorescence  quenching.
At least 3 slices per mouse in the different groups (10

mice per group, n=10) were used in the analysis.

ELISA Assay

The expression of pro-inflammatory cytokines TNF-a, IL-
1p and anti-inflammatory cytokines IL-10 and IL-4 in
serum and SNpc tissues of brains of mice in each group
was detected by ELISA kit. The operation steps were
strictly carried out according to the instructions of the kit
(Abcam, USA).

Flow Cytometry

Mice were narcotized, blood was collected from the
abdominal aorta, and EDTA anticoagulant was added.
Blood lymphocytes of mice were isolated by blood lym-
phocyte separation kit, the second layer of milky white
lymphocytes was carefully moved to another tube. After
centrifugation, the collected lymphocytes were re-
suspended with PBS, and antibodies of CD4 (Abcam,
USA, abl183685, Rabbit monoclonal [EPR19514] to
CD4), CD28 (Abcam, USA, ab243228, Rabbit monoclonal
[EPR22076] to CD28), CTLA-4 (Abcam, USA, ab237712,
Rabbit monoclonal [CAL49] to CTLA4), PD-1 (CST,
USA, #84,651, Rabbit monoclonal [D7D5W] to -PD-1),
and MHCII (Sigma, USA, SAB4700663, Rat monoclonal
[M5/114] to - MHCII) were added respectively for flow
cytometry .

Statistical Analysis

SPSS 19.0 statistical software (IBM) was used for statis-
tical analysis. The experimental data were expressed as
mean + standard deviation. The results of the experiments
were analyzed using the 2 test for ratio rate comparison
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and one-way analysis of variance for the other compari-
sons. P<0.05 was considered to be statistically significant.

Results

DBA/| Mice with High Inflammatory
Tendency Showed Decreased Tumor
Incidence and Continuous Increasing of

Peripheral Inflammation

After carcinogenic induction, the tumor incidence of DBA/
1 mice was decreased significantly compared with C57BL/
6. HE staining showed that tumors were observed in mice
in both CD and DD groups (Figure 1A). After eight
weeks’ treatment with DEN, the tumor incidence was
about 50% in DD group, and 100% in CD group. It
suggested that the incidence of tumor was reduced in
mice with high inflammatory tendency after malignant
transformation. Moreover, after DEN induction, the pro-
inflammatory factors TNF-a and IL-1f in peripheral blood
of DBA/1 mice were also increased, the anti-inflammatory
factors IL-10 and IL-4 were persistently decreased.
Interestingly, in C57BL/6 mice, TNF-a and IL-1B were
increased first and then decreased, IL-10 and IL-4 were
decreased first and then increased (Figure 1B).

DBA/I Mice with High Inflammatory
Tendency Showed Promotion of
Intracranial Inflammation and Increased
Neurodegeneration Under Induction of
Malignant Change

After carcinogenic induction, microglia in the brain of
DBA/1 mice were significantly activated. M1 type micro-
glia were dominant in DBA/1 mice, M2 type microglia
were relatively reduced. Moreover, M1 type microglia
were significantly increased in DD group compared
with the control group. In this study, IBA-1 + iNOS was
used to label M1 type microglia, and IBA-1 + Argl was
used to label M2 type microglia by immunofluorescence,
and the results showed that the activation of microglia in
DBA/1 mice was more than that in C57BL/6 mice (Figure
2A). The damage of dopamine neurons in DBA/1 mice
was more significant than that in C57BL/6 mice under
DEN induction. TH staining showed that the number of
dopamine neurons in DBA/l mice was significantly
reduced compared with that in C57BL/6 mice (Figure
2B). Tunel staining assay demonstrated that the apoptosis
of substantia nigra neurons of DBA/I mice was higher
than that of C57BL/6 mice (Figure 2C).
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Figure | Comparison of the tumor incidence and peripheral inflammation of mice in different groups. The results displayed that tumors were observed in lung tissue of
mice in both CD and DD groups (A). The pro-inflammatory factors TNF-o and IL-1 in peripheral blood of DBA/I mice were also increased, the anti-inflammatory factors
IL-10 and IL-4 were persistently decreased, in C57BL/6 mice, TNF-a and IL-IP were increased firsty and then decreased, IL-10 and IL-4 were decreased firsty and then

increased (B). n=10.
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Figure 2 Comparison of the intracranial inflammation and neurodegeneration of mice in different groups. The results displayed that M| type microglia were dominant in
DBA/I mice, M2 type microglia were relatively reduced, M| type microglia were significantly increased in DD group compared with the control group, and the activation of
microglia in SNpc tissues of DBA/I mice was more than that in C57BL/6 mice (A). TH staining showed that the number of dopamine neurons in DBA/I mice was
significantly reduced compared with that in C57BL/6 mice (B). Tunel staining assay demonstrated that the apoptosis of substantia nigra neurons of DBA/I mice was higher
than that of C57BL/6 mice (C). *Indicated P<0.05. n=10.
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CD28 and CTLA-4/PD-1 Reduced the
T-Cell-Dominated Inflammatory
Response, Reduced Intracerebral
Inflammatory Response, and Protected

Against Neurodegeneration

Peripheral T cells were activated and intracranial inflam-
matory response was significantly increased in the DD
group. The flow cytometry showed that CD4, CD28, and
MHCII in peripheral blood lymphocytes of DD group
were significantly increased, while CTLA-4 and PD-1
were significantly decreased (Figure 3A). Thl-mediated
TNF-a and IL-1f levels in the DD group continued to
increase, however, Th2-mediated IL-10 and IL-4 levels
decreased continually (Figure 3B). T cells’ activation in
the DBA/1 group was significantly increased, and the
of CTLA-4 and PD-1
decreased. To detect T cell number in mouse brain under
DEN stimulation, the expression of CD4, CD28, MHCII,
CTLA-4 and PD-1 were measured by immunohistochem-

expressions were gradually

ical staining (Figure 3C). The results showed that the
expressions of CD4, CD28, and MHCII in the brain
increased gradually with time, while the expressions of
CTLA-4 and PD-1 decreased over time in DBA/1 mice
compared with C57BL/6 mice. These results suggest that
activated T cells participate and worsen intracranial
inflammation.

Combination of CTLA-4 and PD-I
Blocker Can Overactivate T Cells,
Worsen Peripheral and Intracranial
Inflammation, and Reduce the Incidence

of Tumor

The combination of CTLA-4 and PD-1 blockers can
reduce the incidence of tumors. DBA/1 mice were treated
with CTLA-4 and PD-1 blocker after injection of DEN,
and the tumor incidence at 8 weeks’ treatment was
reduced to 50% compared with DD group, while the
tumor incidence in C57BL/6 mice was about 20%. The
combination of CTLA-4 and PD-1 blockers can promote
the activation of T cells. The results showed the levels of
CD4, CD28, MHCII in peripheral lymphocytes were sig-
nificantly increased in DDCP group and CDCP group
compared to that in the DD and CD groups, however,
the expression of CTLA 4, PD-1 was significantly reduced
(Figure 4A), the changes in the DDCP group were the
most evident. Furthermore, immunohistochemistry results

demonstrated similar results, ie, that the expression of
CD4, CD28 and MHCII in mouse brain tissues was
increased, while the expression of CTLA-4 and PD1 was
decreased in the DDCP group and CDCP group compared
to that in the DD and CD groups (Figure 4B).
Furthermore, ELISA results showed that CTLA-4 and
PD-1 blockers could activate the inflammatory response
after malignant stimulation in DBA/1, with increased
TNF-a verify and IL-1B levels and decreased IL-10 and
IL-4 levels (Figure 4C).

Combination of CTLA-4 and PD-I
Blocker Can Cause Damage to Dopamine
Neurons, Promote the Occurrence of

Neurodegeneration

Under the combination treatment of CTLA-4 and PD-1
blockers, brain microglia were activated and dopaminergic
neurons were damaged. Immunofluorescence showed that
CTLA-4 and PD-1 blockers activated microglial activity in
DBA/1 under DEN stimulation, and M1 type microglia
were increased, M2 type microglia were decreased (Figure
5A). At the same time, compared with the DD group, the
number of dopamine neurons in the DDCP group was
decreased (Figure 5B), and the apoptosis rate of substantia
nigra neurons was increased (Figure 5C).

Discussion

Parkinson’s disease is a common neurodegenerative dis-
ease. However, its etiology and pathogenesis are still
unclear. PD is considered to be the result of the interaction
of multiple factors. In this study, we demonstrated that
harmful stimulation induced in individuals with a high
tendency for inflammation activates the T cells’ immune
response, increases the stimulating factor, decreases the
inhibitory factor, leading to excessive inflammation
spreading to the brain, eventually leading to the damage
of neurons. Because the co-inhibitory molecules CTLA-4
and PD-1 on T cells can down-regulate the immune
response, we inhibited the expression of CTLA-4 and
PD-1, and found that T cells were activated. Although
the occurrence of tumor was reduced, the inflammatory
response and the degenerative injury of neurons were
aggravated in the brain. The results suggested that
a body with a high inflammatory tendency is at high risk
of PD, and the disorder of immune mechanism may be one
of the important factors of PD.

2476 "

Dove!

Journal of Inflammation Research 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove Dong et al

cD4
A—L

I
[

DBA

—
o

| e 2% 6 25
— — | —
"7 s

cs7

I

co

IS
8

@
H

N
8

L i s 5 =

+ & 5 +
8 S =

é 8 z g £ 10

M % % H E

B = ® N N

w w
450 - DD = CD 3007 DD - CD 200 e DD -= CD 2007 e DD -= CD

200

100

IL-1B level (pg/ml)
¥ 88 8
-
TNF-a level (pg/mi)
IL-10 (pg/ml)

g 3 8
1L4 (pgimi)

g 3 8

C cp4 co2s MHCII cTLA4 PD-1

089 DBA =1 C57 089 pBA =1 C57 01597 pBA =1 C57
== DD mm CD

Mean density of CD4
Mean density of CD28
Mean density of MCHII

aw aw

089 DBA =1 C57 089 DBA =1 C57
== DD mm CD == DD mm CD
0.6

0.4- #

0.2

Mean density of CTLA4
°
< g
-
Mean density of PD-1

Figure 3 Comparison of the intracerebral inflammatory response and neurodegeneration of mice in different groups. The flow cytometry showed that CD4, CD28, and
MHCII in peripheral blood lymphocyte gate of DD group were significantly increased, while CTLA-4 and PD-| were significantly decreased (A). Thl-mediated TNF-a and IL-
IB levels in the DD group continued to increase, however, Th2-mediated IL-10 and IL-4 levels decreased continually in serum of the mice (B). Immunohistochemical staining
showed that the expressions of CD4, CD28, and MHCII in the SNpc tissues of brain increased gradually with time, while the expression of CTLA-4 and PD-| decreased
over time in DBA/I mice compared to C57BL/6 mice (C). *Indicated P<0.05 compared with DBA group; *Indicated P<0.05 compared with C57 group5. n=10.

Journal of Inflammation Research 2021:14 hetps: 2477

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dong et al Dove

DD CD DDCP CDCP DD CD DDCP CDCP

)\ - \ g —— "
fsso e o [
/ \ — o | 8
/ / |
A\ {

]: DD CD DDCP CDCP DDCP CDCP

CD DDCP CDCP

A cD4 cD28 MHCIl CTLA4 PD-1
| 1 \ 60 20
: A Sk " S ! 8 g
| —_— 12 — | ] —_ £ 3 * 3
g |\ 1 g g 2 15
/ \ gu g §
™ | E 3 # 5
J A - - = 10
b P + %o =
| A 1 \ S 20 8 5}
270 [ ses = | e e o g ;
a /A 1 2 s s
° / 1 T oo =0 =
| / i
|

1

DDCP
o

§ .
8

:
L g
P £®
3 a
$ %
® B

cDeP
gy S
- =
°

CD4 CD28 MHCIl CTLA4
RS s 1.0 * . .
a - 3 os g y §
a 2 ™ # - " =
28 z 0.6: 2‘ X ;
g 04 g 2
.§ . § o 5
g 02 § §
¥ = . = - g
0.0 !
DD CD DDCP CDCP DD CD DDCP CDCP DD CD DDCP CDCP
0.4
§ 03 % 02
s
2 02 # Z
2 ]
] S 04
. £ 041 * §
g s"
ol H
S 0.0
O DD CD DDCP CDCP cD DDCP CDCP
1500 _ 5004 120 150
E H 400 T = =
2 . g g g
3 1000 ® 300 2 s0- 2
3 v 2 !
e & 200 2 2 #
A\ 3 #
=2 500 # (=] E  40- 5
£ € . 5
g E 100 3 * *
Q @
n (7]
0- 0- 0-
DD CD DDCP CDCP Db €D DDCP CDCP CD DDCP CDCP DD CD DDCP CDCP
1000+ . 500 200 150
E %1 = =
2 & £ 1501 E
= ° o -
[ > ~ &
> 2 o
2 ® < 100+ hA #
& w = ]
s 3 © o
=] - 3 s
® [} 2 50 I}
3 ] = *
2 2 =
2 K]
[~ L 0-
DD CD DDCP CDCP DD CD DDCP CDCP CD DDCP CDCP DD CD DDCP CDCP
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expression of CTLA 4, PD-| was significantly reduced (A). Immunohistochemistry results demonstrated similar results, ie, that the expression of CD4, CD28, and MHCIl in
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Figure 5 Combined damage to dopamine neurons and the occurrence of neurodegeneration among CTLA-4 and PD-1| blocker treated mice. Immunofluorescence showed
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As  Parkinson’s disease is featured  as
a neurodegenerative disorder and is closely correlated
with cancer development, we explored the inflammatory
tendency and immune mechanism in the association of
Parkinson’s disease and tumorigenesis incidence. In this
study, under malignant stimulation, the incidence of tumor
in DBA/1 mice was lower than that in C57BL/6 mice.
Additionally, the peripheral pro-inflammatory cytokines
TNF-a and IL-1B were continuously increased, the anti-
inflammatory cytokines IL-10 and IL-4 were decreased,
and the degeneration and damage of neurons in the brain
were significant. In C57BL/6 mice, TNF-a and IL-1B
reached the highest levels at the fourth week after stimula-

tion and then gradually decreased. We considered that after

four weeks’ stimulation, the inflammatory response in wild
mice was initiated to down-regulated. However, in DBA/I1
mice the inflammatory response was gradually increased,
suggesting that inflammation in “high-inflammation mice”
was deregulated, eventually leading to apoptosis and
damage of dopamine neurons. Clinically, high levels of
IL-1B, TNF-a have been reported in the serum and cere-
brospinal fluid of PD patients.'® This is consistent with our
results, thus it is considered that inflammatory factors may
also be involved in the occurrence of central inflammation
leading to the damage of dopamine neurons. We consid-
ered that the tendency of high inflammation in the body is
a double-edged sword, which not only inhibits tumorigen-
esis, but also initiates neuronal damage in the brain. The

Journal of Inflammation Research 2021:14

https:

2479

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dong et al

Dove

pathogenesis of PD is closely related to inflammatory
response. Combined with the significantly decreased
tumor incidence in PD patients, we speculate that this is
partially because of PD patients’ high inflammatory ten-
dency in the body, ie, the body’s inflammatory response is
induced when facing malignant stimulation environment,
however the inflammation is out of control, leading to the
death of dopaminergic neurons in the brain.

In this study, under DEN induction, followed by
CTLA-4 and PD-1 inhibitor treatment, CD4, CD28, and
MHCII in peripheral and intracranial of DBA/1 mice were
significantly increased, CTLA-4 and PD1 were signifi-
cantly decreased, and intracranial pro-inflammatory factors
were significantly increased. These results suggested that
malignant stimulation could overactivate the T cells in
highly inflammatory mice and simultaneously participate
in and worsen the intracranial inflammatory response,
leading to the occurrence of neurodegenerative injury.
T cell activation has always been the research area of anti-
tumor immunity and tumor vaccine research and T cell
activation is also closely related to PD. Saunders et al
demonstrated that the imbalance between memory T cells
and regulatory T cells was closely related to the severity of
PD.'” T cell over-activation is also involved in exacerbat-
ing inflammation in the brain. In the studies of PD patient
brain'® and PD animal models,"” a large number of CD**
and CD®" T cells were infiltrated. In addition, various
treatments in activating T cell immunity to inhibit tumor
growth®® also cause autoimmune encephalitis,”' transverse
myelitis.”*> These studies suggest that the over-activated
T cell immune system in peripheral blood can cause
inflammation of the central nervous system. Therefore,
we considered that in “highly inflammatory individuals”,
T-cell immunity is activated in order to combat malignant
stimuli, triggering strong peripheral inflammation, inhibit-
ing tumor, however, promoting inflammatory response and
neurodegeneration in the brain.

In this study, under DEN induction, followed by
CTLA-4 and PD-1 inhibitor treatment, the tumor incidence
rate in DBA/1 mice was decreased, CD28 expression in
peripheral blood and brain was increased, and the expres-
sion of CTLA-4 and PD1 was further decreased. The
expression of pro-inflammatory factors in peripheral
blood and brain tissue was also increased, and the expres-
sion of anti-inflammatory factors was decreased, therefore
the damage and apoptosis of dopamine neurons in the
brain were more significant. It was suggested that the
combined application of CTLA-4 and PD-1 inhibitor

further promoted T cells’ activation, aggravated the
damage of dopamine neurons, and significantly decreased
the incidence of tumor. These results showed that CTLA-4
and PD-1 could regulate the process of T cell activation
and resist tumor incidence, and aggravate dopamine neu-
ron injury. The activation of T cells requires dual signals,
the first signal comes from the specific binding of MHC-
antigen complex of Antigen-presenting cells (APC) with
T cell receptor (TCR), and the second signal comes from
the binding of co-stimulating molecules (CD28) or co-
inhibiting molecules (CTLA-4 and PD-1) on the surface
of T cells with the ligands on the APC. CD28, a co-
stimulatory molecule on the surface of T cells, can activate
T cells and promote inflammation after stimulation. The
co-inhibitory molecules CTLA-4 and PD-1 can inhibit the
activation of inflammatory T cells. CD28, CTLA-4, and
PD-1 can precisely regulate the transitioning of T cells to
pro-inflammatory Thl or anti-inflammatory Th2, and
affect the activation state of peripheral immunity. The
inhibitor of CTLA-4 has shown good treatment efficacy
in rheumatoid arthritis,>® type 1 diabetes,”* and kidney
transplant immune system rejection.> On the contrary, co-
inhibitory molecules such as CTLA-4 and PD-1 are
increasingly expressed in tumors, which inhibit the activa-
tion of T cells and weaken the immune surveillance of
tumors, becoming the most important mechanism for
tumor-cell escape.”® This study showed that the combina-
tion of CTLA-4 and PD-1 inhibitors can activate T cells in
highly inflammation-prone animals and promote excessive
inflammation, and increase the transformation of microglia
into M1 type cells to aggravate the damage of dopamine
neurons, promoting the development of PD, however,
reducing tumor escape and significantly decreasing the
incidence of tumor.

These results demonstrated that individuals with high
inflammatory tendency are the basis for the occurrence of
Parkinson’s disease. When exposed to harmful stimuli,
inflammation is initiated to protect the body from the
occurrence of malignant tumors. However, due to their
high inflammatory tendency, excessive inflammation is
caused and eventually dopamine neurons are injured. The
harmful stimulus may not only be limited to DEN, it may
also include a variety of microbial infections, chemicals,
all kinds of physical and chemical stimulations, etc. These
harmful stimuli induce excessive inflammation in the indi-
vidual with high tendency, accumulating gradually over
a long period, leading to damage of the central nervous
system. This study confirmed that a body with a high
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inflammatory tendency is at high risk of excessive inflam-
matory response to malignant stimulation. In the process,
CTLA-4 and PD-1 as important regulatory factors could
reduce the inflammatory response. The blocking of CTLA-
4 and PD-1 together leads to deterioration of inflamma-
tion, increasing the damage to neurons in the brain.
Although it could curb the occurrence of tumors, it
These

findings confirmed that a genetic high inflammatory ten-

increases the risk of nerve degeneration.
dency is the pathogenesis of PD risk factors.
Moreover, this investigation indicates the reciprocal
negative regulation between the development of tumors
and Parkinson’s disease, an inflammatory disorder that
involves a T cell-mediated autoimmune response. The
negative association has been previously revealed for can-
cer and other autoimmune disorders, such as scleroderma
and myositis.”” Antibody therapeutics and immunoregula-
tion have been proven to enhance the prognosis of refrac-
tory solid cancer patients but may induce autoimmune
effects.”® The specific correlation of cancer with other
autoimmune diseases should be evaluated in future studies.
Meanwhile, it has been identified that immune system
dysfunction plays essential roles in the development of
PD. Multiple factors, such as immunogenetic regulators,
peripheral inflammation mechanism, and autoimmune
mechanism, are involved in the modulation of PD.?° The
association of these factors and other immune regulatory
with cancer

mechanisms initiation and progression

needs to be confirmed by further exploration.

Conclusion

High inflammatory tendency induced by malignant stimu-
lation through imbalance of CD28 and CTLA-4/PD-1
leads to dopamine neuron injury. Our findings provide
novel insight into the understanding of the negative corre-
lation of cancer occurrence and PD-related neuron injury,
elucidating the experimental basis of the knowledge of
inflammatory tendency and immune mechanisms in the
modulation of PD and tumorigenesis. The clinical relation-
ship of PD and cancers should be evaluated in future
investigations and more potential mechanisms of the inter-

play between PD and tumorigenesis should be explored.
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