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Yu-Qing Zhang, Yi-Yun Liu, Peng Xie, Integrated Metabolomics and Proteomics
Analysis Revealed Second Messenger System Disturbance in Hippocampus of
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Guillain-Barré Syndrome Outbreak Associated with JEV Infection in China
To the Editor: This is the first study to document a large series of patients who
developed Guillain-Barré syndrome (GBS) following Japanese encephalitis virus (JEV)
infection.

JEV is a single stranded BENA virus transmitted by mosguitoes, the first case of
Japanese encephalitis was reported in China in 1940.! From 2003 to 2018, China had
reported 31,013 cases, including 173 cases in Ningxia. From July to September 2018,
the largest outbreak of JEV infection occurred in the north of Ningxia, clusters of cases
of the GBS were observed. A total of 289 suspected cases of JEV infection, 161 patients
were confirmed with JEV infection through vims isolation, inmuneassay in blood and
cerebrospinal fluid (CSF), and were evaluated electroplysiclogically and clinically. 38
(81%) patients had the presence of albuminocytologic dissociation in the CSF. The
electromyography of 47 patients with JEV infection were consistent with GBS, and
were classified into 4 (9%) cases of acute inflammatory demyelinating polyneuropathy,
22 (47%) cases of acute motor axonal neuropathy, 18 (38%) cases of acute motor-
sensory axonal newropathy (AMSAN), and 3 (6%0) cases of acute sensory neurcpathy.
These patients had symptoms compatible with JEV infection before the onset of GBS,
and met the GBS diagnostic criteria of Brighton ? A virus strain isolated from CSF of
patients with GBS was identified as JEV genotype I by whole-gene sequencing. Sural
netve biopsies in 2 patients with AMSAN revealed axons and mivelin damage. In the
serm of 40 patients with GBS, 12 (30%) patients had an anti-glycaemic antoimmune

response, mainly GM1, GM2, GD1a and GD1b, but 13 patients had received treatment

Confidential: Destroy when review is complete.
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with gamma globulin at least 3 day before. 28 (60%) patients with GBS recerved

mtravenous immunoglobulin within two weelss of onset. 15 (54%) patients showed

02 "= W W R —

sigmificant improvement in symptoms and signs after one week of this treatment. In
12 July 2019, 17 patients were followed up & moaths affer discharge with partial limb
B weakness (47%), limb muscle atroply (23%) and gatism (12%) (Fig.1 and see the
17 Supplementary Appendix).

a0 In summary, more and more studies have reported the occurrence of GBS associated
22 with Zika virus (ZIKV) ** However, oaly few cases of GBS with JEV infection have
25 been reported.” The cansal link of JEV infection with GBS has supported by the fact
that a shorter latency (median 3 days) from the ocourrence of JEV infection fo the
30 develepment of GBS has been observed. Therefore, this study provides evidence for
a3 the relationship between JEV infection and GBS.

33 Guowei Wang, M.S.

ET:] School of Clinical Medicine, Ningxia Medical University, Yinchuan China.

o Haining Li, M.D.. PLD.

43 Xiaojun Yang, M.D.

a5 Tao Guo, MD.

4 Libin Wang, Ph.D.

51 Zhijun Fhao, PhD.

1 Haifeng Sun, M.D.

56 Xiaoln Hou, M.

20 Miangehun Ding, M.D.
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Table of the letter

Table 1. Clinical finding: and lab results of patient: with GBS~ (n=47)

Characteristics

Age (years)

Mzle

JEV vaccinarion history

Foe

Hesdache

Areflesa or decreased refleyes

Paresthesta

Troukle breathine
Desmobance of consooasness

Time from JEV infecton to onset sympooms of GBS, daw
Results of C5F analysis

Prowies (g1}

Incressad O5F procedn (cw-off - 0.55 L)
Mdadisn white-cell count — Calls {(mm3)
Pathozen detection

JEV-IEM ware derected i senum |, n (349)
JEVIE ] ware derected m C5F, n (%)

JEW =ir=in was isolated from semm, n (%4)
JEW =irain was isolated from C5F, n (%a)
Anfi-sivoolipids Tgh were defected in serum and CSF of patentz
bry enryme immunodot, Dy (48] Deay ($0)
Arng-ghycolipids I2M (+) in Seram, a (%)
Anti-GAI1 IEM (+) in Sernm, 1 (%)

ApcGAD TgM () in Serum, 1 (%)
Anti-G01a IEM {+) in Seram, 0 (33)
Apg-GIDTH IEM {+) in Serum, & (%)
Ant-shroolipids (GM1) [5M (+) in CSF, n (%)
Nenrologic disgnosis, n (%) T

(GBS Brighton oriteriz bevel 1

(GBS Brighton oriteriz level 2

(GBS Brizhton oriteris level 3

Eesulrs of nerve-conduction studies and EMIG. m (%4)
AIDP

AMEAN

AN

ASM

Treatment

Glococorticonid

Iravenons immmne globuling

Pzosor: aderned to inrensive care

Fegmred mechanical ventilation —n (%a)
Patients with GBS were followed up after § monihs

Confidential: Destroy when review is complete.
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n (%4)

26 (55)
(8

47 (100)
47 (100)
35 (76)
32 (68)
21 (44
24 (09)
39(E3)

32D

47 (100)
47 (100)
oM
1(H

40 (85)/
28 (60)
12 30)
T(IB)
T(18)
38
3@
13)

35 (749
2T
45

47 (100)
25

13 (38)
2247
3@

47 (100}
2 (60)
34004
25009
17 36)

M{TQR)
59 (24.63)

IEE

0.82 (045187

S13)
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Bluscle waabmeass B (4T
Incapacity towalk T (41
Muscle atrophy 4{23)
Incopfingnce 528
Hoarse voice 2 (11}
Notes: *GBS, Guillain-Barre syndrome. ATDP, acute iflanumstory demyelnating polvoneuropathy. ANAN,
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Depression is a commen and disabling mental disorder characterized by high disakbility
and maortality, but its physicpathelogy remains unclear. In this study, we combined a
non-targeted gas chromatography-mass spectrometry (GC-MS)-based metabolomic
approach and isobaric tags for relative and absclute quantitation (TRAQ)-based
proteomic analysis to elucidate metabolite and protein alterations in the hippocampus
of rat after chronic social defeat stress (CSDS), an extensively used animal maodel of
deprassion. Ingenuity pathway analysis (IPA) was conducted to integrate underying
relationships among differentially expressed metabolites and proteins. Twenty-five
significantly different expressed metabclites and 234 differentially expressed proteins
were identified betweaean C5DS and control groups. IPA canonical pathways and netwirk
analyses revealed that intracellular second messenger/signal transduction cascades
were most significantly altered in the hippocampus of C5DS rats, including cyclic
adenosine monophosphate (cAMP), phospheinositd, tyrosine kinase, and arachidonic
acid systems. These results provide a better understanding of biclogical mechanisms
underlying depression, and may help identify potertial targets for novel antidepressants.

Keywords: depression, secial defeat, protecmics, metabolemics, second-messenger

Abbreviations: AA, arachidonic acid; cAMP, cydic adencsine monophosphate; COM, non-stress control; CSDS, chronic
social defeat stress, EPM, elevated plus maze; FOR, false discovery rate; FST, foroed swim test; GABA, 4-amincbutyric acd;
GABA-T, 4-aminchbutyrate aminotransferase; GC-MS, gas chromatography-mass spectrometry; GPCRs, G protein-coupled
receptors, IPA, ingenaity pathway analysis; iTRAQ, isobaric tags for relative and absolute quantitation; LAT, locomator
activity test; LC-MS, liquid chromatography-mass spectrometry; LE, long-evans; MDD, major depressive disorder; HAA,
M-acetyl-L-aspartic acid; MME, nuclear magnetic resonance; OFT, open field test; OPLS-DA, orthogon al partial least-squares
discriminant analysis; PCA, principal components analysis; PI3E, phosphoinositide-3-kinase; PEA, protein kinase A; PLDY
phospholipase Iy 50, sprague-dawley; SFT, sucrose preference test; VIE variable importance on projection.
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INTRODUCTION

Depression is one of the most prevalent psychiatric and disability
diseases conditions in the world today, but its physiopathology
remains poorly elucidated (Health THNIoM, 2016; World Health
Organization [WHO], 2017). Among various animal models,
social defeat stress is one of the most widely used for investigating
possible causes of and treatments for depression (Becker et al.,
2008, Ota et al, 2014). Chronic social stress requires learned
social defeat for a long period, usually combined with repeated
exposure to sensory stimuli from aggressive rodents {Denmark
et al,, 2010). The repeated exposure of rodents to social defeat
causes a solid depression-like behavior marked by anhedonia,
body weight alteration, and altered protein expression in various
brain areas (Vyas et al., 2002; Radley and Morrison, 2005;
Denmark et al., 2010).

Hippocampus is a key brain area for emotion and motivation
generation and regulation, and plays a critical influence in the
etiology of depression (Campbell and Macqueen, 2004; McEwen
et al., 2012). Meuropathological studies of hippocampus showed
atrophy of hippocampal neurons (Sousa et al., 2000; Harrison,
2002; Lucassen et al, 2006; McEwen, 2010). However, how
these changes in hippocampus lead to depression still unclear
(Christoffel et al., 2011). Rewvealing these molecular events is
essential for understanding the pathogenesis of depression.

In recent decades, omics technologies have become a powertful
tool to uncover the physiopathology of neuropsychiatric
disorders (Zheng et al, 2013a, 2016a; Zhou et al, 2015).
Metabolomics can quantity low-molecular-weight metabolites
in specific biological sample, and is widely used to capture
disease-specific metabolite signatures {Lindon and MNicholson,
2008; Koike et al., 2014; Proitsi et al, 2015). Proteomics -
the analysis of protein expression in biological samples - can
provide insights into the pathophysiological mechanisms of
several disease states (Taurines et al, 2011). Previously, our
team completed a series of research on depression in clinical
patients and animal models using a single omics technology
(Zheng et al, 2013k, 2016b; Chen et al., 2015; Liu et al., 2016
Wang et al, 2016 Zhou et al. 2018). Recently, researchers
have started to use combinatorial omics approaches to study
the physiopathology of wvarious diseases, including cancer
cardiovascular disease, and psychiatric disorders (Mayr et al.,
2008; Ma et al, 2012; Wesseling et al, 2013). In those studies,
metabolomics informed functional interpretations of proteomic
results, and proteomics helped to a better understanding
of metabolomics results by emphasizing the involvement of
specific enzymatic and/or enzymatic pathways. With respect to
depression, significantly perturbed energy metabolism in the
cerebellum and dysfunction of amino acid metabolism and lipid
metabolism in the hippocampus of chronically stressed rats has
been observed, and disturbance of phospholipid metabolism
in the plasma of MDD patients has been found in previous
studies using integrated analysis of proteomic and metabolomic
profiles (Shao et al., 2015; Gui et al, 2018; Zhang et al, 2018).
Hence, combining proteomic analysis with metabolic profiling
is promising and may help to elucidate complete biological
mechanisms (Cavill et al., 2018).

The purpose of this research was to elucidate metabolite and
protein alterations induced by depression in rat hippocampus
after CSDS. We combined a non-targeted GC-MS-based
metabolomic  approaches with iTRAC-based proteomic
analysis. Furthermaore, [PA was conducted to integrate potential
relationships among altered metabolites and proteins to better
understand the physiopathology of depression.

MATERIALS AND METHODS

Animals and Ethics Statement

This research (including stress and behavioral tests) was
conducted in accordance with recommendations of the Guide
for the Care and Use of Laboratory Animals, and approved
by the Ethics Committee of Chongging Medical University. All
procedures contributing te this work comply with the ethical
standards of the relevant national and institutional committees
on animal experimentation. As described in our previous study,
thirty-five male SD) rats, 250-300 g, were kept in a separate cage as
experimental intruder or control animals (Lia et al, 2018). Male
LE rats, 330-450 g, were housed in pairs with ligatured female
LEs served as resident rats. All animals lived under a 12-h day-
and-night regime (lights on at 19:00) in controlled environmental
conditions (21 & 17C, 55 & 5% relative humidity) to ensure that
all manipulations and tests were performed during the active
phase {subjective night) of rats. Food and water were available
ad libitum. Before starting the experimental procedures, all
animals were adapted to light regime, controlled environmental
conditions, as well as handling and presence of the experimenter
in the room for 10 days.

Using measurements of body weight, sucrose preference, and
activity, outliers at baseline were removed, leaving twenty-eight
SD rats that were body weight matched and randomly divided
into the C5DS group or CON group.

Experimental Procedures

Social-Defeat Procedure

The social defeat pattern included two consecutive periods
ia total 80 min) in LE rats’ home cages. During period I
(5 min), rats were allowed physical confrontation. In period I,
when the interaction became too strong or once the 5D rat
surrendered or acquired a supine position over 5 seconds, the
SD rat was transported to a small wire mesh protective cage
(10 cm x 10 cm x 15 cm) within the LE's home and spend the
remaining 60 min (period II). Hence, the wire mesh cage allowed
for comprehensive visual, olfactory, as well as auditory exposure
to LE rat without direct physical contact. CON group rats were
placed in the empty LE rats’ home cages for 60 min. The 60-min
social defeat exposure was repeated once daily for 5 days during
weeks 1 and 3, and once daily for 3 days during week 2. The
overall experimental procedure is shown in Figure 1.

Behavioral Tests

Weight measurement and SPT were conducted at baseline and
weekly during for 3 weeks. In addition, during the wheole
experiment, a series of behavioral tests were carried out in a
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Figure 2. Overviews of pathway and enrichment analyses based
on metabolite alterations are displayed in Figures 2E,F.

iTRAQ-Based Proteomic Analyses

Using iTRAQ-based proteomic profiling of hippocampus from
CSDS and CON groups, 4950 proteins were detected with at least
one unique peptide and a 1% FDR. A volcano plot of all proteins
is displayed in Figure 3A. Based on the criteria mentioned
above, 234 differentially expressed proteins were identified and
chosen for further analysis between CSDS group and CON
group (Supplementary Table 52). Among them, 66 proteins
were increased and 168 were decreased expression. Heatmap
visualization of 234 differentially expressed proteins is displayed
in Figure 3B. As shown in the Figure 3B, C5DS group and
COM group were clearly separated, and three replicates of each
group showed good reproducibility. According to hierarchical

clustering analysis, proteins were resulted into three clusters.
The proteins in cluster 1 were most associated with positive
regulation of neuron death, while those in cluster 2 were
most associated with translation, and those in cluster 3 were
most associated with protein transport. Gene Ontology (GO)
analysis annotated 221 proteins and then resulted them into 19
significant GO terms for biological processes ( Figure 31)), 29 for
cellular components (Figure 3E), and 14 for molecular function
(Figure 3F). A total of 196 altered proteins were annotated
by STRING. The Protein-Protein interaction (PPI) network
of these proteins is showed in Figure 3C. The PPI network
analysis revealed that MAP3KS, PIK3R2, RACI, PIP4K2C, and
PPP2R2E participated in various biological progress such as
single-organism cellular process or single-organism transport,
and MAP3KS, PIK3R2, RAC], PIP4K2C, and BAD participated
in neurotrophin signaling pathway, which may play a critical
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associated with depression (Odagaki et al, 2001; Gould and
Manji, 2002; Skelin et al., 2011; Miciu et al, 2013; Fujita
et al, 2017). The cAMP second messenger system plays a
pivotal role in neuroplasticity and depression; in addition,
studies have shown that antidepressant treatment can alter the
expression of components of this signaling pathway in rodents
(Popoli et al, 2000; Fujita et al., 2017). In this research, we
found that GABA, lactic acid. and aminooxyacetic acid were
significantly elevated in the hippocampus. Among these three
metabolites, GABA and lactic acid can participate in the cAMP
signaling pathway through binding and activation of GPCRs,
and aminooxyacetic acid can inhibit GABA-T activity, leading
to a reduction of GABA breakdown (Wallach, 1961). Moreover,
GPCEs (including ADGRAL ADGRV1, CELSE2, and S1PRS)
previously reported to be implicated in the physiopathology
and pharmacology of depression were alse significantly altered
(Tomita et al, 2013). Whereas previous studies observed

decreased activation of adenylate cyclase and PKA in depression
(Gould and Manji, 2002; Akin et al, 2005}, in this study, we
found a significant decrease of PPP1R13E and PPP2R2E, two
phosphate family proteins that counterbalance the action of
PKA (Fimia and 5Sassone-Corsi, 2001), in the hippocampus.
Unexpectedly, but consistent with earlier researches, we did not
observe changes in cAMP lewvels ( Belmaker et al., 1980; Maj et al,
1984}, However, changes in receptor-mediated cAMP formation
have been studied in depression (Dwived: and Pandey, 2008).
These researches indicate PKA and associated cAMP signaling
molecules may act as crucial neurobiclogical factors in depression
(Dwivedi and Pandey, 2008).

Alterations of phosphoinositol signaling in the cerebra and
peripheral tissues of depressed patients have been extensively
reported, and studies have found that mood stabilizers
(e.g. lithium, and valproate) seem to partially repair these
abnormalities {Lenox et al., 1992; Kofman and Belmaker, 1993;
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Yuan et al, 2001; Gould and Manji, 2002). In this study
significantly altered metabolites and proteins (including myo-
inositol, PLD2, and PIP4K2C) involved in phosphoinositol
second messenger systems were observed. Myo-inositol is a
by-product of membrane-bound phospholipid  metabolism
and an important player in the phosphoinositide secondary
messenger pathway (Yildiz-Yesiloglu and Ankerst, 2006).
A previous study reported that elevated levels of myo-inositol
could arise from distarbances in the coupling metabolism of
the receptor-second messenger system complex, thus providing
an important biclogical substrate for the onset of depression
(Hemanth Kumar et al, 2012). Protein PIP4K2C may play
a critical influence in the generation of phosphatidylinositol
bisphosphate, which is a precursor for second messengers of
phosphoinositide signaling pathways (Itoh et al, 1998; Bulley
et al., 2015). Meanwhile, PLD2 is an isoenzyme of PLD, which
catalyzes the hydrolysis of phosphatidylcholine to generate an
important lipid second messenger, phosphatidic acid (Kolesnikov
etal., 2012; Zhu et al, 2018). These results are consistent with our
previous plasma proteomic and metabolomic study, which found
the dysregulation of phospholipid metabolism may aggravate
inflimmation in the central nervous system, ultimately leading
to depression (Gui et al, 2018).

Small G proteins, which function as monomeric small
GTPases, form one of the two classes of G proteins. In this
study, elevated levels of three small GTPases, Racl, RALE
and RAB4A, were observed. In addition, a significantly altered
protein level of MAP3KS, a member of the MAP kinase kinase
kinase family and part of the mitogen-activated protein kinase
pathway, was observed. These factors are reportedly involved
in signal transduction as second messengers for the tyrosine
kinase system. AA, a polyunsaturated fatty acid that plays an
important role in regulating inflammation signals and {possibly)
vulnerability to depression, participated in cellular signaling as
a lipid second messenger (Janssen-Timmen et al., 1994; Lotrich
et al., 2013; Newton et al,, 2016).

Furthermore, there are other metabolites and proteins
involved in second messenger systems, including serine,
O-phosphorylethanolamine, NAA, and protein PIK3R2. Serine
and O-phosphorylethanolamine are involved in sphingolipid
metabolism and sphingolipid signaling. In recent studies,
sphingolipids {more specifically ceramudes) were proposed
to act as lipid second messengers in intracellular signaling
pathways and participate in the induction of apoptosis in many
cells activated by GPCR or stress stimuli {Venkataraman and
Futerman, 2000; Guzman et al., 2001; Newton et al, 2016). Recent
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reports suggest NAA s a main format of storage and transport
of acetyl-coenzyme A in the neural system, where it is proposad
to act as a second messenger relaying extracellular signals to
the intracellular milien (Arivannur et al., 2010; Pletrocola et al.
2015). A recent research demonstrated that changes in the
PI3KSAKT pathway may have specific therapeutic effects on
depression (Kitagishi et al, 2012). In our study, we observed
decreased PIK3R2, a regulatory subunit of PI3K, which belongs
to the PI3K family. PI3Ks are enzymes that play an essential
influence in lipid second messengers production and numerous
biological reaction transduction,

There are some limitations of this study. First, the total
number of included samples is relatively small, which may
restrict interpretation of our results. Second, a number of low
polarity metabolites are not detected by GC-MS. Therefore,
GC-MS combined with other metabolomics approaches should
be considered in future metabolomic studies. Third, iTRAQ
and label-free, two quantitative proteomic analysis methods,
have their own superiorities. The combination of these two
methods can be complementary and should be considered in
future studies. Fourth, proteomic results have not been validated
by targeted methods. Thus, further researches are needed to
validate these indings.

CONCLUSION

In summary, we applied complementary omics strategies (GC-
MS-based metabolomics and 1TRACk-based proteomics) to
comprehensively elucidate metabolite and protein alterations
in the hippocampus of rat after C5DS. The results of this
study suggest that disturbances in several difterent secondary
messenger systems (cAMP, phosphoinositol, AA, and tyrosine
kinase) are involved in the hippocampus of CSDS rodents.
An imbalance of second messengers may be related to the
physiopathology of depression. The results of our study
contribute to a better understanding of biological mechanisms
and physiopathology of depression, and may contribute to
identify novel targets for antidepressant treatment.
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Abstract

Background: Parkinson's disease (PD) is a neurodegenera-
tive disease characterized by intracallular a-synuclein (o-5ynj
deposition. Altemation of the o-5yn expression level in plas-
ma or erythrocytes may be used as a potential PD biomarker.
However, no studies have compared their prognostic value
diractly with the same cohort. Methods: The levels of a-5yn
in plasma and erythrocytes, obtained from 45 PD patients
and 45 control subjects, were measured with enzyme-linked
immunosorbent assay. Then, correlation and receivar oper-
ating characteristic curve (ROC) analysis were performed to
characterize the predictive power of erythrocytic and plasma
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a-5yn. Results: Our results showed that a-Syn expression lev-
els in both plasma and erythrocytes were significantly higher
in PO patients than in control subjects (823.14 £ 257,79 vs.
20710 + 19282 pg/mL, p < 0.0001 in plasma; 2,104.14 +
142,03 vs. 2 044,82 + 20041 pg/mL, p < 0,001 in erythrocytes,
respactively). The results of the ROC analysis suggested that
plasma a-5yn exhibited better predictive power than eryth-
rocytic a-Syn with a sensitivity of 80.0%, specificity of 97.7%,
and a positive pradictive value of 77.8%. The exprassion lev-
el of plasma a-5yn correlated well with the age of patients,
H-Y stage, MoCA scale, and UPDRS motor scale. On the con-
trary, there was no correlation betwean erythrocytic a-5yn
level and clinical parametars in this study. Condlusion: Our
results suggest that plasma a-5yn could be a specificand sen-
sitive potential diagnostic biomarker for PD.
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Introduction

Parlinson’s disease (PD) is the second most common
neurcdegenerative disease. Approximately 15 per 100,000
people suffer from this disorder every year [1]. As a pro-
gressive neurclogical disorder, it begins years before the
point of diagnosis. Currently, there is no definitive diag-
nostic approach to detect PDYat an early stage. Ina clinical
setting, the diagnosis of PD is based on motor symptoms
or response to dopaminergic drugs [2, 3]. The heteroge-
neity of clinical features has prompted attempts to find a
reliable early diagnostic biomarker, which is crucial for
physicians to optimize the early intervention and moni-
tor disease progression and patient responses to treat-
ment.

A body of literature has documented that a-synuclein
(o-5Syn) protein in particular is implicated in the patho-
logic abnormalities associated with PD, as it is a major
component of Lewy bodies [4-6]. Given its critical role in
PD pathogenesis, a-5yn might be a promising candidate
as a biomarker for diagnosing PD. Until now, dysregu-
lated a-Syn has been identified in cerebrospinal fluid,
blood, and saliva [7-9]. Thus, determining the best source
for a-Syn detection is a pressing need. As peripheral
blood is easily accessible and requires a comparatively less
invasive procedure, it would be the preferable source for
a-5yn detection, particularly for screening in populations
at early disease stages [10]. Intensive efforts to study al-
ternation of a-5yn in two major components of blood,
plasma, and erythrocyte are underway. Wang et al. [11]
have reported that a-5yn oligomer levels were higher in
PD subjects than that in healthy controls, and the ratio of
a-5yn oligomer/total protein ratio exhibited good diag-
nostic power, with a sensitivity of 79.0% and specificity of
64.7%. Moreover, research by Lin et al. [12, 13] demon-
strated that plasma levels of a-5Syn are associated with
motor dysfunction and cognitive decline in patients with
PD. Until now, most previous studies have focused sepa-
rately on the relationship between PD and the levels of
a-5yn from plasma or erythrocytes. There has been no
comparative study that investigated the prognostic power
of plasma and erythrocyte a-Syn obtained from the same
cohort of patients.

Inthe present study, we quantified total a-5yn amounts
in the plasma and erythrocytes of people with PD and of
normal people by a sandwich enzyme-linked immuno-
sorbent assay (ELISA) to explore the underlying correla-
tion between the pathogenesis of PD and the levels of
a-5yn in plasma and erythrocytes, and to compare their
predicting potential in the diagnosis of PD.

Table 1. Clinical data and red blood cell parameters of the study

population

Healthy contrals ~ PD patients
Cases 45 45
Gender (femal a/male) 15/30 18/27
Age, years 58.3+165 61.840.6
Dizease duration, years - 5074315
UPDES score - 25.31+15.54
MoCA scale - 20.00+6.64
H-Y stage - 1.98+0.75
MNMSS scale - 54.82+3].92
HAM-I) scale - 8511744

Data are presented as # or the mean + 5[,

Materials and Meathods

Participants and Groups

Forty-fve patients with PD were recruited from the Depart-
ments of Meurology of the General Hospital of Mingxia Medical
University according to the UK Parkinson's Disease Brain Bank
criteria [14]. The exclusion criteria were other neurological dis-
eases, dementia, history of family PI), and other signs of blood
diszase. In parallel, another 45 age- and sex-matched healthy vol-
unteers with no history of neurclogical diseases were recruited to
the control group (Table 1. All protocols in this study were ap-
proved by the Institutional Review Board for human studies at
Mingxia Medical University, Mingxia, China {2019-160). Patient
consent forms were obtamed from all participants.

Clinical Assessment

Standard clinical scores were used to assess Padkinson's pa-
tients: non-motor symptoms were measured using the Mon-Motor
Symptoms Scale (MMSS) and Montreal Cognitive Assessment
(MoCA). Patients® levels of depression were assessed with the
Hamilton Depression Rating Scale (HAM-IY and motor symp-
toms with the Unified Parkinson Disease Rating Scale (LUFDES)
part 2 and 3. The stage of P[} was determin ed with the Hoehn and
Tahr (H-Y) staging scale. Evaluations were conducted while pa-

tients were on standard antiparkinsonian medications.

Blood Sample Collection

Blood samples (10 mL ) were obtained with a 20- G needle (BD,
Franklin Lakes, NI, USA) from the median vein of subjects. All
samples and buffers were lept at a temperature of —4 °C. Plasma
and erythrocytes were separated by centrifugation for 20 min at
2,200 g. Then the plasma and erythrocytes were stored at a tem-
perature of -80 ° C until analysis. Blood sample collections were
conducted on the same day as the clinical assessment.

Measurement of a-5yn Concentration with ELISA

The ELISA analysis of a-Syn concentration was camied out as
described previously [11]. The colorimetric reaction was mitiated by
the addition of yellow para-nitrophenylphos phatase (pWPF; Sigma)
to each well, and absorbance values at 405 and 603 nm were mea-
sured ona EL312e microplate read er (Bio- Tek, Winooski, VT, USA ).
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Fig- 1. Total level of a-5yn in plasmalerythrocytes (Er) from PD
patients and healthy controls (HC) by ELISA. Data are presanted
as themean + 8D, ** p < 0.01, **** p < 0001, 1 = 45 per group.

Statistical Analysis

All data were statistically analyzed by GraphPad Prism 7.0
(GraphPad Software Inc., San Diege, CA, USA) using one-way
ANOVA. Pearson’s correlation was used to correlate the concen-
tration of plasma or erythrocytic a-5yn with the clinical parame-
ters. The area under the receiver operating characteristic curve
(ROC) was performed for predictive power estimation. The inves-
tigator who performed the statistical analysis was blind to the ex-
permental groups. All experiments were performed with 45 rep-
licates. The data are presented as the mean + SD. Differences were
considered significant for two-sided p values <0.05.

Demographic Characteristics of the Patients

The average age of the PI) patients was 61.8 + 9.6 years
(range 31-80), including 27 males and 18 females; the av-
erage age of the healthy control patients was 58.3 £ 16.5
years (range 35-84), including 30 males and 15 females.
There was no significant difference in the age and gender
ratio between the two groups. The disease parameters of
the PD patents were assessed, including age, UPDRS,
MoCA, H-Y stage, HAM-D scale, and NMMS scale, and
are presented in Table 1.

ELISA Assay of a-Syn

ELISA analysis was performed to evaluate a-Syn levels in
plasma and erythrocytes. As shown in Figure 1, a-5yn was
detected in both plasma and erythrocytes of all groups. The

a-Symuclein mn Blood as a Parkinson's
Disease Biomarker

levels of a-Syn from plasma and erythrocytes were signifi-
cantly increased in PD patients compared with the healthy
controls (p =0.0017; n =45 p < 0.0001; n =45, respectively).
The expression level of a-Syn in erythrocytes was signifi-
cantly higher than that in plasma (p < 0.0001; n = 45).

ROC Curves and Correlation Analysis

To determine whether a-5yn from plasma or erythro-
cytes could serve as a biomarker for the diagnosis of PD,
correlations between clinical parameters and the levels of
a-5yn were analyzed. Our results failed to show a correla-
tion between erythrocytic a-Syn and the disease param-
eters, including age of patients, UPDRS motor score, H-Y
stage, NMS5 MoCA, and HAM-D scale. However, we
found that the expression level of a-Syn detected in plas-
ma correlated well with the H-Y stage (p = 0.023, r =
0.341; Fig. 2b), age of patients (p < 0.0001, r = -0.910;
Fig. 3a), UPDRS motor score (p = 0.0002, r = 0.532;
Fig. 4d), and MoCA scale {p = 0.0023, r = 0.468; Fig. 4a).

We further evaluated the sensitivity and specificity of
a-5yn obtained from plasma or erythrocytes in screening
PD with ROC analysis (Fig. 5). Our results showed that
plasma a-Syn had a better predictive performance than
erythrocytic a-Syn. The sensitivity and specificity of plas-
ma a-5yn were 80.0 and 97.7%, and those of erythrocytic
a-5yn were 69.6 and 76.1%. The positive predictive value
of plasma and erythrocytic a-Syn were 77.8 and 45.7%,
respectively (Table 2.

Discussion

Neurochemical biomarkers, such as a-5yn, have long
held promise in the field of PD for improving diagnosis
and are helpful in monitoring disease progression [15,
16]. Among the different sources of tissue sampling, pe-
ripheral blood has raised interest in scientists, because it
is abundant, easily accessible, and a well-tolerated proce-
dure for patients. Despite the postulated roles of a-Syn in
blood compartments {plasma and erythrocytes) as poten-
tial candidates for the prognostic assessment of PID, de-
termining the better biomarker is a pressing need. In the
present study, we quantified the level of both erythrocyt-
ic a-Syn and plasmic a-Syn obtained from the same group
of patients and compared their prognostic value.

The literature reports regarding a-5yn in plasma and
erythrocytes in PD patients remain controversial, ranging
from an increase to a decrease or unaffected when com-
pared with healthy controls [17-19]. In this study, we found
that the a-Syn in erythrocytes was significantly higher than

Meurodegener Dis 3
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Fig- 1. Total level of a-5yn in plasma/erythrocytes (Er) from PD
patients and healthy controls (HC) by ELISA. Data are presanted
as the mean + 58I ™ p < 0.01, **** p < 0.0001, v = 45 per group.

Statistical Analysis

All data were statistically analyzed by GraphPad Prism 7.0
(GraphPad Software Inc., San Dhiego, CA, USA) using one-way
ANOVA. Pearson’s correlation was used to correlate the concen-
tration of plasma or erythrocytic a-5yn with the clinical parame-
ters. The area under the recerver operating characteristic curve
(ROC) was performed for predictive power estimation. The inves-
tigator who performed the statistical analysis was blind to the ex-
perimental groups. All experiments were performed with 45 rep-
licates. The data are presented as the mean + 510, Dhiferences were
considered significant for two-sided p values <0.05,

Results

Demographic Characteristics of the Patients

The average age of the PD patients was 61.8 + 9.6 years
(range 31-80), including 27 males and 18 females; the av-
erage age of the healthy control patients was 58.3 £ 16.5
years (range 35-84), including 30 males and 15 females.
There was no significant difference in the age and gender
ratio between the two groups. The disease parameters of
the PD patents were assessed, including age, UPDES,
MoCA, H-Y stage, HAM-D scale, and NMMS scale, and
are presented in Table 1.

ELISA Assay of a-Syn

ELISA analysis was performed to evaluate a-5yn levelsin
plasma and erythrocytes. As shown in Figure 1, a-Syn was
detected in both plasma and erythrocytes of all groups. The

levels of a-5yn from plasma and erythrocytes were signifi-
cantly increased in PD patients compared with the healthy
controls (p=0.0017; n =45 p < 0.0001; n =45, respectively).
The expression level of a-Syn in erythrocytes was signifi-
cantly higher than that in plasma (p <0.0001; n = 45).

ROC Curves and Corvelation Analysis

To determine whether a-5yn from plasma or erythro-
cytes could serve as a biomarker for the diagnosis of PD,
correlations between clinical parameters and the levels of
a-5yn were analyzed. Our results failed to show a correla-
tion between erythrocytic a-5yn and the disease param-
eters, including age of patients, UPDRS motor score, H-Y
stage, NMS5 MoCA, and HAM-D scale. However, we
found that the expression level of a-5yn detected in plas-
ma correlated well with the H-Y stage (p = 0.023, r =
0.341; Fig. 2b), age of patients (p < 0.0001, r = -0.910;
Fig. 3a), UPDRS motor score (p = 0.0002, r = 0.532;
Fig. 4d), and MoCA scale (p = 0.0023, r = 0.468; Fig. 4a).

We further evaluated the sensitivity and specificity of
a-5yn obtained from plasma or erythrocytes in screening
PD with ROC analysis (Fig. 5). Our results showed that
plasma a-5yn had a better predictive performance than
erythrocytic a-5yn. The sensitivity and specificity of plas-
ma a-5yn were 80,0 and 97.7%, and those of erythrocytic
a-5yn were 69.6 and 76.1%. The positive predictive value
of plasma and erythrocytic a-5yn were 77.5 and 45.7%,
respectively (Table 2).

Discussion

MNeurochemical biomarkers, such as a-5yn, have long
held promise in the field of PD for improving diagnosis
and are helpful in monitoring disease progression [15,
16]. Among the different sources of tissue sampling, pe-
ripheral blood has raised interest in scientists, because it
is abundant, easily accessible, and a well-tolerated proce-
dure for patients. Despite the postulated roles of a-Syn in
blood compartments (plasma and erythrocytes) as poten-
tial candidates for the prognostic assessment of PD, de-
termining the better biomarker is a pressing need. In the
present study, we quantified the level of both erythrocyt-
ica-5yn and plasmic a-5yn obtained from the same group
of patients and compared their prognostic value.

The literature reports regarding a-Syn in plasma and
erythrocytes in PD patients remain controversial, ranging
from an increase to a decrease or unaffected when com-
pared with healthy controls [17-19]. In this study, we found
that the a-Syn in erythrocytes was significantly higher than
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that in plasma, which was consistent with previous findings
showing that most of the a-5yn in human blood resides in
the erythrocytes [20]. Additionally, the level of total a-Syn
detected from both erythrocytes and plasma in PD patents
was remarkably increased compared to that of control sub-
jects. These results were in accordance with previous stud-
ies [17, 18]. These inconsistent results may be caused by

4 Neuwrodegener Dis
DhO: 10,1 1590 000506480

hemolysis contamination during sampling, different analy-
sis methods, and the diversity of disease severity. Further-
more, correlation analysis between the level of a-5yn and
the clinical parameters was conducted to determine their
role in the diagnosis of PD. The results of ROC analysis in-
dicated that plasmic a-Syn has a better predictive perfor-
mance than erythrocytic a-Symn.
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Neurodegenerative diseases, such as PD, have always
been linked to aging [21, 22] and the aberrant a-5yn ac-
cumulation contributes to the pathogenesis of PD, which
would worsen motor deficits and disease severity [23, 24].
We found that the levels of a-Syn in erythrocytes and
plasma increased with the disease duration, and a signifi-
cant correlation was found between disease duration and
the expression level of plasma a-5yn. However, the
amount of a-5yn in plasma inversely correlated well with
the age of PI) patients, and an inverse correlation between
the level of erythrocytic a-5yn and age was also found,
albeit without statistical significance. Owr results support
previous research and demonstrates that the level of
a-5yn could be overcome by the effect of age [25].

PD is a progressive, neurodegenerative disorder that is
characterized by severe motor symptoms, including un-
controllable tremor, postural imbalance, slowness of
movement, and rigidity. Non-motor symptoms are ex-
tremely frequent and important components of FD. In
two recent studies, at least one non-motor symptom was
reported by almost 100% of patients [26, 27]. Non-motor
symptoms of PD could manifest many years before motor
symptoms and be predominant as the disease advances
[28]. Previous literature has documented thata-Syn depo-
sition was related to motor deficits and non-motor fea-
tures in PD [29, 30]. In order to investigate the relation-
ship between the level of a-5yn and symptoms and stage
of PD), correlation analyses were performed. Our results
showed that there was no correlation between the expres-
sion level of erythrocytic a-5yn and clinical features of PD

a-Symuclein in Blood as a Parkinson’s
Disease Biomarker
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Fig. 5. ROC analysis of the total level of a-5yn in plasmalerythro-
cytes as a PD biomarker.

patients; however, there were strong positive correlations
between plasma a-Syn levels and MoCA, plasma a-Syn
levels and H-Y stage, and plasma a-Syn levels and the
UPDES scale in this study. Herein, our results showed that
the level of plasma a-5yn could serve as a biomarker for
the severity and progression of PD. However, Malec-Lit-
winowicz et al [31] reported that the level of plasma a-Syn
has an inverse correlation with the severity of motor
symptoms. We proposed that this discrepancy might be

Meurodegener Dis [
DO 10,11 59000506480
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Table 2 Comparison of the predictive power of plasma and erythrocytic a-Syn for PI

Specificity, %  Accuracy, % Ares under ROC curve (95% CI)

Sensitivity, %
Erythrocytic a-Syn B0.5
Plasma a-5yn 80,0

7l
ar.7

457
778

01.741 (0.6380-0.8437)
0924 (0.8699-0.9829)

caused by a difference in motor subtypes and severity of
PD [32, 33], as well as the small sample size of this study.

Erythrocytes are emerging as a valid peripheral model
for the study of aging-related pathologies [34, 35]. Evi-
dence indicates that erythrocytes lose all of their organ-
elles when they mature, resulting in a lack of potential to
replace proteins that have lost their functions and making
them highly sensitive to any aberrations [36-38]. How-
ever, based on our observation, we found that plasma-de-
rived a-5yn has better predictive power than that in eryth-
rocytes. We hypothesized that this might be cansed by the
form of a-5yn we used. In the present study, we analyzed
the level of total a-Syn in both plasma and erythrocytes.
There were three forms of a-Syn, including oligomeric/
aggregated, and phosphorylated a-syn. a-Syn oligomers
in erythrocytes [39] and oligomeric [40, 41] and phos-
phorylated [42] a-Syn in plasma have been reported to be
associated with its mechanisms of toxicity. For example,
phosphorylated at Ser129 (pS129) a-Syn was able to dis-
criminate patients with PD} from neurologically normal
controls, with a sensitivity and a specificity of 72 and 68%,
respectively [43]. Moreover, Miranda et al. [44] reported
that posttranslational modifications in a-Syn are linked to
the pathobiology of PD), and a combinatory analysis of the
levels of Y125 phosphorylated, Y39 nitrated, and glycated
a-5yn in erythrocytes resulted in an increased sensitivity.

Some limitations should be noted in this study. First
are the relatively small number of enrolled subjects for
correlation analysis and the cross-sectional design. Sec-
ond, other forms of a-Syn, such as oligomeric and phos-
phorylated forms, were not measured in our study. In the
future, a longitudinal study with large cohorts is needed
to validate our results.

Condusion

This study provides evidence that plasma a-5yn has a
better prognostic performance than erythrocytic a-Syn.
Furthermore, the plasma a-5yn level, which correlated
with motor symptom severity, could serve as a non-inva-
sive biomarker for predicting motor decline in PD.

Meurodegener Dis
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Abstract, The ability to inhibit bost macrophage apoptosis
iz one of the sarvivel strategies of intracellular bacteria,
including Briecella. In the present study the role of Mg Mn**
dependent protein phosphatase 1A (FPMLA) in the apoptesis
of Brucella suis (B. suis) strain 2 vaccine-infected BV2
cells was investigated. Compared with control cells, the
protein expression levels of cleaved caspase-3 were markedly
increased in PEMLA short bairpin (shiRNA-transfected BV2
cells. Flow cytometry analysis showed that treatment with
TNE activator anisommvein significantly increased the rate
of apoptosis in BV2 cells in comparison with the control
cells. Furthermore, FPM1A shENA significanidy increased
the levels of JWEK phosphorvlation and the levels of cleaved
caspase-3 in BV2 cells infected with B. suis sirain 2 in
comparizon with the control cells. DAFT staining showed
nuclear condensation in B. suis infected BV2 cells rans-
fected with PPR1A shENA in comparison with the control
sEENA cells. Flow cytometry analysis showed that FPMI1A
shENA significantly increased the percentage of apoptotic
BWV2Z cells infected with B. suis strain 2 compared with those
iransfected with comtrol shENA - Taken together, these data
suggested that Enockdown of PPMLA promotes apoptesis in
B. smis strain 2-infected BV2 cells and that PPM1A mav be
a potential target in the development of treatments 1o inhibit
intracellnlar growth of B. suis.
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Introduction

Brucellosis 1s & zoonotic infections disease cansed by infec-
tion with the bacterial genus Brucella. Brucella are zble to
localize o phagocytic cells in buman organs including the
liver, spleen, bone marrow and brain, thereby leading o
various clinical manifestations (1). Brucella swis (B. suis)
can canse devastating mmli-orzan diseases in Immans, which
lead to severs health complications (2-4). Previous stndies
have shown that Brucella has severzl sirateglies (o establish
chronic infection, including inhibiticn of zpoptosis in infected
monenuckear cells, iInbibitien of dendritic cell mamrzation, and
2 reduction in the antigen presentation zbility and activation
of naive T-cells (36). One possible strateey for treaiment of
B. suis infection is the promotion of apoptosis in host cells.
B siis strain 2 is a low vimilence live-strain vaccine known to
improve cellular immunity and protect animals against infec-
tion by heterologons virulent Briwcella (7). The properties of
B. sy strain 2 make it a snitable model for in vitre stedy of
Brucella.

Maz*/Win** dependent protein phosphatase LA (PPALA),
2 member of the serine/threonine phosphatase family, is
Enown to be a critical regulator of cellular apoptosis (2.
It has been shown that PPM1A is a key factor in the innate
antibacterial and antiviral response of macrophages, partic-
ularly in Mycobacterium mbereulesis infection (9,107, As
both Brucella and Mycobacterium tuberculosis effectively
function as intracellular parasites, sharing similarities in
their pathogenesis (11,12) it is hypothesized in the present
sindy that PPRI1A mav also regulate apoptosis in B suis
infection.

Microplia, resident immune cells in the brain, are involved
in normal brain development and neuronal recovery (13). It
has been reperted that Brucella infection activates microglia
and =ads 1o neuronal loss, thereby coniribauting 1 neurclog-
ical deficits ohserved during neurobrucellosis. In the present
stdy, the role of FPMIA in the regulation of apoptosis was
investigated in BV?2 cells, an immortalized mounse cell lins
that models microglia, that had been infected with B. suis
strain 2.
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Materials and methods

Cell lines and bacteria. Mouse microglia cell ling BV2 cells
were provided by American Type Culture Collection and
cultursd i DAER (Thermo Fisher Scientific Inc) containing
10% FBS (Hyclone, GE Healthcare Life Sciences), 2 mM
ghataming and 200 mdi strepromyvein/penicillin (Beljing
Solarbio Science and Technology Co., Lid ) and maintained in
3% C0, at 37°C_E. suis strain 2 was a kind gift from Professor
3m of Ningxia Medical Undversity (Yinchoan, Ching) and was
cultursd on trypticase sov-agzar plates at 37°C in a 3% CO,
mncubator. Individual B. swis strain 2 colonies were seeded in
sterilized trypticase soy broth sclution at 37°C in 5% CO..
Bacteria were harvested by centrifugation for 20 min at
2,000 g at 4°C and washed twice with FBES. Bacterial density
in the culture was estimated using a McFarzand standards kit
(biokdérieux China Lid). All exzperiments involving bacteria
were performed in a biosafety level 2 laberatory.

In vitro infection. BV2 cells (8x107) were grown in siz-well
ozl culture plates, allowed to reach 0% confuence, and then
exposed to B suis strain 2 at multiplicity of infection (MOT)
100 for 1 b in DAER without antibictes. Thereafter, BV2 cells
were washed extensively, to remove extrzcellular bacteria. The
mfecton was maintzined for 24 b in te presence of 100 pzml
gentamicin, to Il any remaining extracellular bacteria. Mediom
and cells were collected for subsequent experiments. BV2 cells
wers infected ar different imtervals (0, 4, 8 and 24 b for westemn
blotting and at 24 for the remaining analyvsis. In addition, BV2
oells were alzo Infectsd i shENA experimens.

Cell viability aszay. Cell viability was determined using a
Cell Counting Kit-8 (CCE-8) assay according to the manm-
facturer's protocol (Nanjing Fengfeng Biomedical Technology
Co.. Ltd). In brief, uninfected BV2 cells were seeded in
S6-well cell culture plates at a density of 1x10° cells/ml and
cultured overnight at 37°C. Cells were trezted with SPa001235
(MMedChemEz=press; 3 and 10 ph{) and anisomycin MdedChem
Express; 0.2, 0.5 and 1 pM) for 24 b. Cells meated with D50
served as contrels. Subsequendy, CCE-2 solution was added to
each well and incubatsd for an additional 4 h. The absorbance
a1 430 nm was measurad using a microplate reader (BioTzk
Instruments, Inc).

Shart havrpin (sh)RNA exprezsion constricts and virus infec-
tion, Lendviral vector V493 and an skENA plasmid coding
for PPM1A were purchazed from Shanghai Genechem Co. Led.
The shEXNA targeting PPM1A had the sequence 3-GAGAGT
TATGTCAGAGAAGAA-Y. The scrambled ENA sequence,
1sed as a conirol, had the sequence S-TTCTCOGAACGTGTC
ACGT-3. BV2 cells were infected with virses expressing
conirol shENA or shENA targeting PPM1A at MOIL 50. BV2
cells wers nsed 72 b after wansfection, and stable cell lines
were established as previously described and were selected
for 5 days using puromyvein (Sigma-Aldrich; Merck EGad;

2 pegfml) (14).

Flow cveometry. BV2 cells (1x10° cells) were treated with 5 uhd
SPa00L23 or 0.2 pb anisonvein at 37°C for 48 b and stained
with annexin V conjugated o FITC or propidium iodide

827

—_ﬂﬂklh

— —— — —| Ly
— — — — | 11 F

| — 54 kDn
— 48 kI

AP ] 7)1

i 4 ] el

Heaurs

A remia

JME

=Tk

B

Hedative PPMIA prodein levels

Hosurs

prINEAINE ratio

Huwirs

Figure 1. Expression of PPMLA apd reduced phosphosyistion of JNK in
Bruceila sis strain 2-infected BV2 cells. {A) Representasive blots fram thres
independent mperiments. Quantifeatzon af (B) PP 1A and {C) p-THK pro-
tein levels froma thres separate syperiments, normualized o GAPDE "P0.05,
"P<0.01 vs. 0 b, p, phosphorylared; PRMLA, Mz™Mn™ dependent procsin
phosphatase LA,

according to the manufacturer's pretocel {cat. no. BE-4101-1;
Wanjing Fengfeng Biomedical Technology Co., Ltd ). Apoptosis
was determined by fow cytometry using a BD Accuri C6.
Diata analysis was performed using BD Accuri C™ 6 software
Plus (BD Biosciences).

Western blor aralysis. BV2 cells were harvested, washed
twice with PBS, and lvsed in RIPA buffer (Nanjing
Tiancheng Bioengineering Institute). Protein concenirations
in the Iysates were quantified by the bicinchoninic acid
method following the manufacturers instructions {Nanjing
KeyGen Bictech Co., Ltd). A total of 30 pz of protein per
sample was loaded and separated on 12% Mini-Protean®
TGX™ gels (Bio-Rad Laboratories, Inc.) and subsequently
transferred onto a pelvvinylidens difluoride membrane.
Prior to antibody incubations, the samples were blocked
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Dencitonueris guactification data is expressed as the dntensity matio of target proteins (O cleaved caspaze-3 and (E) p-TE to GAPDH. "F<001 ve. conrel
chEMNA cell:. FEMLA, Mz*Mn? dependent protein phasphataze 1A; p, phosphorylated; shRMA_ short hairpin RNA

with 5% skimmed milk at room temperature for 1 h.
FPMIA (dilution 1:1,000; cat. no. abl4824), INK (dilu-
tion 1:1,000; cat. no. abl7T946]), phosphorvlated {p)-INK
(dilution 1:3,000; cat. no. ab2821), caspase-3 (dilution
1:1,000; cat. no. abl3847), cleaved caspase-3 (dilution
1:500; cat. no. ab2302) and GAPDH (dilution 1:1,000;
cat. no. abl81532) protein levels were assessed using
specific antibodies (Abcam) at 4'C overnight. Horseradish
peroxidass-conjugated goat anti-mouse polyvclonzl anti-
bedy (dilution 1:3,000; Santa Cruz Biotechnolegy, Inc;
cat. no. sc-2031) was used as the secondary antibody for
30 min at room temperature. The blot was developed nsing
Western Lightning Ultra chemiluminescent substrate
(Bic-F.ad Labeoratories, Inc.} in an EpiChemi3 darkroom
(UVP, LLC). Image Lab 3.0 software nsed to analyze the
resulis (Blo-Fad Laboratories, Inc).

DAPT simiming. BV cells were seeded on siz-well plates at a
density of 3210 cells/ml and cultured overnight at 37°C. Cells
were fized in 4% paraformaldebede at room temperature for

1 h. After washing with PES and air-drving for 3 min at rocm
temperature, cells were stained with DAPT at roon teImnpera-
ture for 1 min and images were captured using flucrescence
microscopy immediztely (2200 magnification, & random feld
were viewed).

Sranstical amalvsis. All data are presented as the mean = 5D
from at keast three independent experiments. Graphpad Prism
7.0 (GraphPad Software, Inc) was used for the analysis.
Companisons between indicated groups were performed using
one-wav analysis of variance followed by Tukew's post-hoc
test. P=<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Increased expression of PPMIA and rediced phosphoryviarion
of INK are observed in B. suis strain 2-infected BV2 cells.
The expression of PPMLA and TNE proteins was evaluated by
western blot analvsis in BV2 cells at 4, 8 and 24 b post-B. suis
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sirain 2 infection. The resuls indicated that PP 1A expression
was significantly increased and pheosphorylation of INK was
significanddy reduced In 2 dme-dependant manner comparsd
with control shENA-Infected cells (Fig. 1).

PEMIA knockdown promeies caspase-dependent apeprosis
in uninfecred BV2 cells. To further characterize the role of
FPMI1A in apoptosis regulation, ENA interference was used
o Enock down PPM1A expression in BV2 cells. The results
indicated that PFM1A protein levels in cells transfected
with shENA specific for PPM1A were significantly reduced
compared with these transfected with control shENA
(Fig. 2A and B). This suggested that shENA targeting

ansred cells. p, phosphorylated.

PERMLA mENA could effectively knockdown FFMA expres-
siom at & translational level. Compared with contrel shENA
cells, the protein expression levels of cleaved caspase-3 were
markedly increazed in FEMLA shENA-transfected BV cells
(Fig. 2C and I¥). Collectivelv, these resulis snggested that
Enockdown of PPMLA promoted caspase-dependent apop-
tosis in B2 cells.

Activation of JNK snignaling promorcs apaprons in BV2
cells. To determine whether INK signaling was involved in
apoptosis, uninfected BV2 cells were treated with the JTNE
mhibitor SP100625 or INEK activator aniscmycin. The CCE-B
asszy showed that treatment with SPe00L25 at 5 pM or aniso-
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myein at 0.2 phd had no significant effect on BV2 cell vizbility

compared with DhSO-ireated cells (data not shown). Western
blot analysis showed that SPL00623 appeared to reduce and
anisomyein markedly increased the levels of TNK phos-
phoryvlation in BV2 cells (Fig. 3A). In comparison to vehicle
treated cells, the levels of cleaved caspase-3 were significantly
Increased in BVZ cells treated with anisomycin, but not altersd

in those treated with SP100625 (Fig. 3B). To further investi-
gate the effects of TWK signaling modulation on apoptosis in
BW2 cells, flow cytomeiry analysis was performed o detect
apopiosis in BV cells reated with SP&I0125 or aniscivein.
Treatment with anisomvein signifcantly increased apoptosis
levels in BV2 cells compared with that of the SP&001235 treated
cells (Fig. 3C).
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Eneckdown of PPMIA induces activation of JNE sisnaling
in B2 cells. To investigate whether PPM1A regulates JTNE
phosphorvlation, the protein levels of TNK and p-INE were
measured nsing western blot analysis in BV2 cells transfected
with PEM1A shENA. The results indicated thar the level of
p-THE in PPM1A shENA mansfected cells was significantly
higher than that in control shENA transfected cells (Fig. 2E),
suggesting that PPR1A Enockdown activates WK signaling
in BV2 eells.

Enockdown of PPMIA promores apoptons in BV2 cells
infected with B. suis sirain 2. The protein levels of INK,
p-JNK, caspase-3 and cleaved caspase-3 were assessed in
BV2 cells infected with B. suis strain 2 and transfected
with FPX1A shENA. As shown in Fig 4, PPMI1A shENA
significantly increased the ratios of p-INE/JNEK and the
expression levels of cleaved caspase-3 in BV2 cells infected
with B. sigds strain 2 compared with control cells. Additionally,
fiow cytometrv analysis showed that PPMLA shENA signifi-
cantly increased the level of apopteosis in BWV2 cells infected
with B. suis strain 2 compared with cells treated with control
shENA (Fig. 3A and B). Taken together, these data suggest
that knockdown of PPMIA promotes apoptosis in BV2 cells
infected with B. suis strain 2.

Discussion

Brucella is an intracellular parasite, which previously, the
anthors of the current siudy have reported that the outer
membrane protein of Bricella inhibits host cell apoptosis (15),
faciliating the replication of bacteria within the cell. In the
present study, Enockdown of PPM1A promoted apoptosis in
BV2 cells infected with B. suis sirain 2. Therefore, it is plan-
sible to propose that PPAIA reduces intracelinlar replication
of B, suis strain 2 by inducing apoptosis in BV2 cells.

Protein phosphatases are enzyvines that catalvze the dephos-
phorvlaton of protein molecules in conirast to protein Kinases,
which phosphorviate proteins. PPMI1A is a protein phospha-
tase, widelv present in enkarvodic cells. FFALA participates
in the regulation of the cell cvecle, apoptosis, antiviral and
other related biological functions (16-18). In the present study,
PPMIA was upregulated in BV2 cells infected with B. suis
sirain 2, and Enockdown of PPAMIA shown to promote apop-
tosis. FPML1 A may be a potential target 1o promote the apopiosis
of Brucella-infected cells. In addition, INK was suggested to
be a substrate for FPMIA, and increased phosphorylation of
JWEK can promets zpopiosis. These findings indicate that the
PPMIA-TNE pathwav may be involved in the repulation of
BVZ apoprosis after B. suis strain 2 infection. Based on these
results, a further study will be focused on the screening of
drigs that inhibit PPRLA i vitro and observation of whether
these drugs can enbance the efficacy of antbacterial therapy.

Brucellosis is mote severs in homans than in domestic
znimals and causes a variety of clinical symptoms (3},
including central nervous system infection related svmp-
toms (15,200, The incidence of brucellosis is higher in areas
of intensive agriculiure and animal husbandry, including
Ningxia, China (21,22).

Brucella 15 a common zoonotic pathogen that can
survive and proliferate within several tvpes of phapocytic

231

and non-phagocvtic cells. Phagocytic cells are the main
host and Bricella can inhibit apoptosis of these cells {23).
In the absence of effective antibiotics reatment, 50% of
brucellosis cases become chronic and canse mnltiple organ
damage, including neurological dizorders, bone destrnc-
tion and cardiovascular damage (24 25). Meningitis is a
common cause of fatality in bruceliosis (26,27). Improving
antibiotic weatment and reducing infection recurrence is the
ultimate goal in brocellosis treatment. In the current study,
the PPM1A-TNK pathway was revealed to be involved in
the regulation of BV2 cell apoptosis afier B. suis strain 2
infecdon. Whether FEM1A kEnockdown can reduce bacte-
rial replication by promoting apoptosis needs to be further
explored.

There are several limitations 1o the present studv. Whether
only B. suds strain 2-infected BV cells undergo apoptosis by
PPMI1A protein expression knockdown has not been eluci-
dated, as it is difficult to distinguish B. suis strain 2-infected
BW2 cells from uninfected cells. Addinonally, the similarity
between the B. suis strain 2 vaccine used in the present study
and wild-type Brucella has not been confirmed by sequencing
results. This stndy may inspire the development of new
Brucella treatments that promote the apoptosis of kost cells,
50 25 to reduce the recurrence of infection.

Acknowledzements

Mot applicable.

Funding

The current studv was supported by grants from the National
Mamaral Science Foundztion of China (zrant no. 31660030%
and the First Class Discipline Construction Project in Colleges
and Universities of Ningxia (grami no. WXYLXEZQITAQS).

Availability of data and materials

The datasets used and/or analyzed during the current study are
available from the corresponding amthor on reasonable request.

Authors' contributions

%, GW, HL and ZW conceived and desizned the experiments.
IY, GW, and HL conducted all the experiments. WZ and BG
contribuated 1o the design of parts of the study and collected and
analyzed some of the data. AN anchors read and approved the Onal
mannscript. All anthors read and approved the final marmscript.
Ethics approval and consent to participate

ot applicable.

Patient consent for publication

Mot applicable.

Competing interests

The authors declare that they have no competing interests.

45/46



832

References

1. Vollmar P, Zange 5, Zoller L, Erkel J and Fobert Thoma B:
Brucellosis, an overview and current aspects. Disch Med
Wochenschr 141: 1004-1018, 2006 (Tn Germam).

2 Zheng B, Xie 5, Lu X, Sun L, Zhoo ¥, ZhngY:'ndWa.ngE
A systematic review and meta-analysis of epidemiology amd
clinical mamifestations of buman brucellosis in China. Biomed
Res Inmt 2018: 5'?11‘91‘1} 2018.

3. Galinska BEM Zagnﬂu]" Brucellosis in humans-etiolozy,
diapnostics, clinical forms. Ann Agric Environ Med 20- 233-238,

2013.
4. Pelerito A, Cordeiro B, Matos B, Santos MA, Soeiro 5, Santos T,
Mamita C, Bio C, Santo b, Paindo B, & ol Human brocellosis
in pormgal-retrospective analysis of climical cases of
infection from 2009 to 2016. FLo5 One 12: e01T9667, 2017

5. Elfaki MG, Alaidan AA and Al-Hokail AA: Host response to
brocella infection: Review and future perspective. T Infect Dev
Ciries 9: 687-701, 2015

6. Miller CN, Smith EP, Cundiff JA, Enodler LA Bailey Blackburn ¥,
Lupashin V and Celli T: A brucella type iv effector arpets the coz
tetheTing complex to remodel host traffic and
intracellnlar replication. Cell Host Microbe 22- 317-328, 2017.

7. Carvalhe TF, Haddad JP, Paizaoc TA and Santos RL:
Meta-Analysis and advancement of brucellosis vaccimology.
PLoS Ome 11: 0166582, 2006.

8. Schaaf K, mﬂﬂmwk“ﬁng Welschendorf F,

‘tuberculosis

Westfall A, Kutsch O and Sun J: Mycobacteriom
exploits the PEMLA s atliway to bloc ost macropha
_Sci Rep 7- 2101, e

9. Suon I, Schaaf K, DmgerA ‘Wolschemdorf F, Speer A,
Wagner F, Niederweis M and Eutsch O: Protein phosphatasze,
hz2+kin2 14 comtrols the imnate antiviral and
amtibacterial response of macrophapes doring HIV-1 and myeo-
bacterium tuberculosis infection. Oncotarget 7. 13394-15409,
2006.

10. Xiang W, Zhang (), Lin X, Wu 5, Zhou Y, Meng F, Fan Y, Shen T,
Xiao M, Xia Z, et al- PFPMI1A silences cytosolic ENA semsing
and antiviral defemse throuph direct dephosphorylation of MAVES
and TBEL 5ci Adv 2: el 301889, 2016.

11. Siqueira MD5, Ribeiro RM and Travassos LH: Autophapy
and its interaction with imtracellular bacterial pathopens. Front
Tmmmmomeod 9- 935, 2008,

LY WeiC,XnH, FiaJ, Wei Z, Guo R, Fa ¥, Wu Y. Li ¥,
t@lﬂa?ﬂumgﬂnmuf“l?mhm:gm
intracellolar bacterial infection. Mediators Inflamm 19: 6587206,
2018.

l3.Hﬂ]]]!'EI’FL Eamsohoff RM and Becher B: Immime attack: The
role af in alzheimer disease. Mat Rev Menrosci 16:
358-372, 2015.

4.

15.

16.

17.

1.

15
26.

7.

S0

EXFERIMENTAL AND THERAPEUTIC MEDECINE 20: $26-932, 2020

Yang J, Zhang J, Xu T, Wang ¥ and Wang Z: Establishment of
BV2 cell lime with steady kmockdosm of Mg/ hin®

protein phosphatase LA{PEMIA). Xi Bao Yu Fen Zi Mian i
Xue Fa Fhi 34: B18-823, 2008 (In Chimese).

Ma QL, Lim AC, Ma}.':l Wang ¥B, Hou YT and Wang ZH:
Brucella cuter membrane Omp?5 induces lial
neﬂsmmummugm cytokines and :mu:llﬁihn
W.h]ﬂﬁnﬂmhﬁd& I7530-17535, 2015

Smith 5K, Schaaf E, Fajabalee N, Wagner F, Duverger A,
Eutsch O amd S5un J: The phosphatase PPMI1A controls
monocyte-to-macrophage differentiation. Sei Rep 8: 002,
2018

Wamg ¥, Dow BC, Li Y'Y, Ramakrishman R, Linu H,
Sumg TL, Lin X and Rice AP: Phosphatace PEMLA Tepulates
MhntyhtmufﬂlrlﬂﬁmﬂlaﬂdlﬂT—hﬂp T Biol Chem T83:
3357812584, 2008.
Sam W, ¥ ¥, Dotti G, Shen T, Tan X[, Savaldo B, Pass AK Chu M,
Zhang [ Lu X, &t al: PPMILA and PPMIB act as IEKbeta phos-
o terminate induced TKEbeta-NF- B
phatases Gl Signal 71. 05103, 2000. kappa
Levwy I, Shneck M, Marcus M and Lifshitz T: Brucella
meningitis and papilledema in a child. Bur J Ophthalmol 15:
S18-E20, 2005,
Haji-Abdolbapi M, Rasooli-Nejad M, Jafari 5, Hasibi M and
Soudbakhsh 4- Climical and laboratory findings in neurobmo-
cellosis: Review of 31 cases. Arch Iran Med 11: 21-25, 2008.
Li YT, Li XTI, Liang 5, Fang LQ and Cao WC:
featunes and risk factors asseciated with the spatial and temnparal
distribntion of buman brocellosis in China. BMC Infect Dis 13:
547, 2013,
1215 Zhon H, Xiong W, Gilbert M, Huang Z, ¥ I, Yin W,
Wang L, Chen (), Li Y, &t al: of homam
brucellosis, China, 1955-2014. Emers Infect Dis 23: 184-194,
2007.
Deng Y, L X, Duan K and Peng (): Research progress on
‘brucellogis. Curr Med Chem 26: 5598-5608, 20018,
‘lhI..I.mI,Gl‘il.rmZ. Zha.n;gB,th.r.ﬁ.,Gth
Zhao I- Imagmg E13 diagnosis and characteristics of
suspected spinal brucellosis: A retrospective study of 72 cases.
Med Seci Monit 24: 2647-2654, 2018.
Sabzi F and Faraji - Brucella pericanditis: A forgotien cause of
chest pain. Caspian T butern hed 8: 116-118, 2017,
Dlzen SC and Palmer MV: Advancement of knowledge of
brucella over the past 50 years. Vet Pathaol 51: 1076-1089, 2014.
Moreno B and Moriyon I: Brucella melitensis: A masty bug with
hidden credentials for vimlemce. Proc N:ﬂAEadSuUSAW
1-3, 2002

This work is licensed under a Creative Commons
Attribution-NonCommercial-HoDerivatives 4.0
International (CC BY-MC-ND 4.0) Licenss,

46/ 46



	一、奖学金3
	二、科技奖项6
	三、科研立项7
	四、发表论文15
	一、奖学金
	二、科技奖项
	三、参与的科研项目
	四、发表或录用学术论文
	在国际SCI期刊共发表或录用学术论文4篇。其中在《The New England Journal o

