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Abstract

Various immunologic and inflammatory factors are contributed to pathogenesis of Parkinson’s disease (PD). High
mobility group box-1 (HMGBI1) is a protein that plays certain roles in inflammation, DNA repair, transcription, somatic
recombination, cell differentiation, cell migration, neuronal development, and neurodegeneration. The aim of the present
study was to evaluate the serum levels of HMGBI1 and high-sensitivity C-reactive protein (hs-CRP) among patients with
Parkinson’s disease and healthy controls. This study includes 30 patients with PD and 30 healthy controls, matched sex,
age, body mass index, and smoking status. HMGBI1 and hs-CRP serum levels were compared between the groups. The
diagnostic performance of HMGBI1 and hs-CRP was evaluated with receiver operating characteristic (ROC) curve
analysis. HMGBI levels were significantly higher in PD patients than in controls. Hs-CRP levels were significantly
higher in PD patients than in controls There was a moderate correlation between hs-CRP and HMGBI levels in the
patient group. The cut-off value of HMGBI1 level for the prediction of PD was determined as 32.8 ng/mL with 80%
sensitivity and 60% specificity (p = 0.006). The cut-off value of hs-CRP level for the prediction of PD was determined as
0.63 mg/L with 66.7% sensitivity and 77.7% specificity (p =0.007). This study demonstrates for the first time the
association between HMGBI1, hs-CRP, and PD. We found that HMGBI1 and hs-CRP levels to be significantly higher
in the PD patients than in the normal controls. As a result of the ROC curve analysis, HMGB1 and hs-CRP levels may
be fair markers in the diagnosis of PD.
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Introduction in the population aged above 40 years [1]. Intranuclear
Lewy bodies are observed in the brains of patients with
Parkinson’s disease is a chronic, progressive, neurodegen-  Parkinson’s disease. The neuronal loss in the substantia

erative disease with a prevalence of approximately 0.3%  nigra pars compacta region of the midbrain and the de-
creased dopamine levels in the basal ganglia play signif-
icant roles in the pathophysiology of the disease [2].
04 Mahmut Bulut Although the etiology of PD has not been entirely clari-

drmahmutbulut@yahoo.com fied, several environmental and genetic mechanisms are
believed to be involved in progressive neurodegenerative
' Department of Neurology, Park Hospital, Malatya, Turkey process of PD [2, 3]. There are a growing number of the
2 Department of Biochemistry, Faculty of Medicine, Dicle University, ~ ¢vidences which support the key role of neuroinflamma-
21280 Diyarbakir, Turkey tion in PD pathogenesis [4].
> Department of Psychiatry, Faculty of Medicine, Dicle University, Cytokines such as IL-1, IL-2, IL-4, IL-6, IL-10, IL-
Diyarbakir, Turkey 17, IL-18 TNF-«, IFN-y, TGF-a, and MMP-3 play
4 Department of Biochemistry, Faculty of Medicine, Cumhuriyet roles as immunologic and inflammatory factors, while
University, Sivas, Turkey immune cells, e.g., microglia, monocyte, NK cell, T
> Department of Neurology, Faculty of Medicine, Dicle University, cells, and B cells, also take part in disease pathophysi-
Diyarbakir, Turkey ology [5].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-018-3611-z&domain=pdf
http://orcid.org/0000-0002-6008-378X
mailto:drmahmutbulut@yahoo.com

168

Neurol Sci (2019) 40:167-173

High mobility group box-1 (HMGBI1) is a 30 KDa
molecular-weight protein which predominantly exists in
the cytoplasm of the liver and brain cells while presents
both in cytoplasm and nucleus of the lymphoid cells
[6-8]. HMGBI1 plays specific roles in inflammation,
DNA repair, transcription, somatic recombination and
cell differentiation, and cell migration [7-9]. In addition,
HMGBI, released from activated macrophages, can act
as a cytokine and activate the other immune cells [10].
Furthermore, HMGBI1 is believed to play a significant
role in activation of pro-inflammatory mediators, such
as TNF-«, IL-1f3, and IL-8 [11, 12].

HMGBI also plays an important role in neuronal
development and neurodegeneration. HMGBI1 induces
neuroinflammation after spine and brain injuries in
adults [13]. The levels of endogenous HMGBI1 were
found to be elevated in the presence of neurodegenera-
tive disorders. In other neurodegenerative diseases, such
as Alzheimer’s disease and multiple sclerosis, HMGBI
is defined as a risk factor for progression of memory
disorders, chronic neurodegeneration, and neuroinflam-
mation [14, 15].

C-reactive protein (CRP), composed of five 23 kDa
subunits, is a hepatically derived pentraxin that has a cru-
cial role in the human immune system [16]. CRP level is a
useful non-specific biochemical marker of inflammation
and makes important contributions during the screening
of organ diseases and the monitoring of responses to treat-
ment in the cases of inflammation and infection. C-
reactive protein levels measured using highly sensitive
techniques (hs-CRP) are convenient and sensitive markers
of inflammatory activity in clinical practice. Hs-CRP and
fibrinogen have been most frequently studied as potential
biomarkers of systemic inflammation [17]. Recent reports
have shown that elevated hs-CRP levels independently
predict the risk of future cardiovascular disease and ische-
mic cerebrovascular disease in the elderly [18]. Many
previous studies have suggested that high concentrations
of hs-CRP are associated with increased risk of cerebro-
vascular and neurodegenerative diseases because hs-CRP
increases the paracellular permeability of the blood-brain
barrier (BBB) when its concentration exceeds the thresh-
old required to impair BBB function. CRP, a marker of
chronic inflammation, has been detected in the senile
plaques and neurofibrillary tangles of patients with
Alzheimer’s disease [15, 19]. Previous studies reported
elevated hs-CRP levels in PD patients compared to
healthy controls [17, 20]. However, a limited number of
studies investigated HMGBI levels in PD patients [21].
To contribute to the literature, in the present study, we
aimed to describe the roles of hs-CRP and HMGBI in
PD pathophysiology by comparing their levels in patients
diagnosed with PD and healthy controls.
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Material and methods
Subjects
Patient and control groups

The study population consisted of patients with a diagnosis of
Parkinson’s disease, who were referred to the Dicle University
Neurology Outpatient Clinics between March and December
2013, and healthy controls. All participants were evaluated by
a neurologist.

A total number of 39 patients were referred to neurol-
ogy outpatient clinics and were diagnosed with idiopathic
Parkinson’s disease based on UK Parkinson’s disease
Brain Bank [19] criteria. Thirty patients who met the eli-
gibility criteria were included in this study. Hoehn and
Yahr [22] staging scale (H & Y stage) was used for clin-
ical staging of the disease. Control group consisted of 30
healthy subjects who were selected among the individuals
referring to the hospital’s blood bank for blood donation,
who had no neurological or infectious disease, and who
met study eligibility criteria. Control group was matched
with the patient group regarding sociodemographic char-
acteristics and smoking status. Several toxins present in
cigarette smoke have immunomodulatory effects [23].
Therefore, the potential confounding effects of factors,
such as age, gender, smoking, and BMI on HMGBI,
and hs-CRP levels, were eliminated.

Patients who had a comorbid neurological disorder, an
inflammatory or autoimmune disorder, or an active infec-
tion, who are pregnant, patients with a severe systemic
disease, diabetes mellitus, chronic heart disease, liver or
kidney failure, alcohol or substance abuse, a history of
severe head trauma, patients who had a surgical opera-
tion or myocardial infarction within the last 6 months,
patients with mental retardation, patients using vitamin
or fish oil, and patients using medications that affect
the immune system, such as steroids, were excluded
from this study.

After all participants signed the informed consent form,
data were collected using a sociodemographic data collec-
tion form. Blood samples were obtained for biochemical
analyses.

Blood sampling and measurement of serum HMGB1
levels

Venous blood samples were obtained from all participants at
8.00 a.m. after 12 h of fasting. Blood samples were centrifuged
at 3000 rpm for 10 min to separate the plasma. Collected plasma
samples were stored at —80 °C until the time of analyses.
HMGBI levels were measured in the laboratories of the Dicle
University Medical Faculty Department of Biochemistry. Serum
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samples were thawed on the day of the experiment. Afterwards,
samples were mixed by using vortex. Then, HMGBI1 levels were
assessed in a manually performed quantitative sandwich
enzyme-linked immunosorbent assay (ELISA) assay kit, accord-
ing to the manufacturer’s instruction (Sunred Biological
Technology Co., Ltd., Shanghai). HMGBI levels were measured
in ng/mL unit. High-sensitive C-reactive protein (hs-CRP) levels
were measured in mg/L unit using nephelometric assay
(Beckman Immage 800) method.

Statistical analyses

Data were analyzed by SPSS 15.0 statistical package software.
The chi-square test was used to compare the frequencies and
ratios of categorical variables. Continuous variables were pre-
sented as the mean + standard deviation. Variables were
checked to confirm if they were normally distributed. The ¢
test was used to compare the mean values of normally distrib-
uted variables between two groups, while the mean values of
non-normally distributed variables were compared by Mann-
Whitney U test. Pearson correlation analysis was performed to
evaluate potential correlations between different variables.
Receiver operating characteristic (ROC) curve were construct-
ed, area under the ROC curve (AUC) was calculated, and
threshold values were estimated to detect sensitivity and spec-
ificity of Hs-CRP and HMGBI levels for the diagnosis of
Parkinson’s disease. p values of <0.05 were considered sta-
tistically significant.

Results

A total number of 30 patients diagnosed with Parkinson’s
disease and 30 healthy controls were included in this study.
HMGBI and hs-CRP levels, age, gender, BMI, and smoking
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status were compared between the patient and control groups.
While HMGB1 and hs-CRP levels were significantly different
between the patient and control groups, there was no signifi-
cant difference regarding the other variables (Fig. 1).

Table 1 shows the results for HMGB1 and hs-CRP levels,
age, gender, BMI, and smoking status in the patient and con-
trol groups.

In total, 6.7% (n =2) of the patients had a family history of
Parkinson’s disease. None of the subjects in control group had
a family history of Parkinson’s disease. The mean of the
Hoehn and Yahr scale scores of the patients was 3.3 +1.3.
Mean disease duration was 5.9 +4.7 years (Table 1). The
mean dose of levodopa was 470 + 274 mg/day. MAO inhibi-
tors were used by 43.3% (n = 13) of the patients. Levodopa +
benserazide HCI were used by 90% (n =27), and other dopa-
mine agonists were used by 73.3% (n =22) of the patients.

Correlation analyses of HMGBI, hs-CRP levels, age, and
BMI in the patient group indicated that there was a correlation
between hs-CRP and HMGBI levels (= 0.528, p =0.003). A
moderate correlation was also found between mean Hoehn and
Yahr scale scores and levodopa dosage (r=0.578, p=0.01).
There was no significant correlation between HMGBI1, hs-CRP
levels, age, BMI, disease severity, and duration of disease.

A cut-offt HMGBI value of 32.8 ng/mL was determined to
predict PD with 80% sensitivity and 60% specificity (ROC
AUC 0.707; 95% C10.571-0.844; p = 0.0006) (Fig. 2.). A cut-
oft hs-CRP of 0.63 mg/L was found to predict PD with 66.7%
sensitivity and 77.7% specificity (ROC AUC 0.701; 95% CI
0.555-0.847; p=0.007 (Fig. 2).

Discussion

A limited number of studies investigated HMGBI1 levels in
humans with Parkinson’s disease, and the present study
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Fig. 1 Box-plot presentation of high mobility group box-1 (HMGBI1) and high-sensitivity C-reactive protein (hs-CRP) in Parkinson’s disease (PD) and

healthy controls
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Table 1 HMGBI1 and hs-CRP

levels, age, gender, BMI, and Patients (n=30) Controls (n=30) t p
smoking status in the patient and mean = SD mean + SD
control groups
HMGBI (ng/mL) 54.6+32.1 39.2+23.2 2.196 0.032
Hs-CRP (mg/L) 0.999 + 604 0.515+0.300 3.935 <0.01
Age (year) 70.7+9.6 66.8+£9.0 1.607 0.113
BMI 26.04+5.03 25.12+1.33 0.975 0.334
Hoen year score 33£13 - - -
Disease duration (year) 59+47 - - -
Patients (n=30) Controls (n=30) be p
N (%) N (%)
Smoking status 0.111 0.739
Non-smoker 83.3 (25) 80 (24)
Smoker 16.7 (5) 20 (6)
Gender 0.267 0.606
Female 46.7 (14) 533 (16)
Male 533 (16) 46.7 (14)

p<0.05, statistically significant

demonstrated that hs-CRP and HMGBI1 levels were signifi-
cantly higher in PD patients compared to healthy controls.
This finding is consistent with the results of previous studies
showing the contribution of HMGB1 to neurodegeneration
[21, 24]. To our knowledge, no previous study investigated
the relationship between hs-CRP and HMGBI in the PD pa-
tients. A previous study, evaluated the relation between hs-
CRP and HMGBI in atherosclerosis, demonstrated that CRP
activates macrophage (RAW264.7) cells through Fcy receptor
and p38MAPK [25]. In that study, CRP-mediated HMGBI1
release was also found to be time and dose dependent.
Besides, hs-CRP stimulation resulted in translocation of nu-
clear HMGBI to the cytoplasm. Again, the same study
showed that HMGBI induced by hs-CRP was released from
active macrophages but not from dead cells. Moreover, CRP
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Fig. 2 The ROC curve analysis of hs-CRP and HMGBI for prediction
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levels measured in the presence of obesity and cardiovascular
diseases were shown to cause significant HMGB1 release
from the macrophages, which suggests that CRP may play a
crucial role in several inflammatory systems [25]. In the pres-
ent study, a moderate correlation was found out between hs-
CRP and HMGBI levels, which suggests that the increase in
HMGBI levels in PD is caused by some other mechanisms
and not only by hs-CRP.

Only one previous study in the literature reported HMGB1
levels in animal model of PD [21]. Previous studies indicated
that HMGBI is a proinflammatory nuclear protein and pas-
sively released from necrotic cells and induces inflammation.
Actively, it is released from the macrophages and monocytes
through acetylation. When acetylation occurs, HMGBI1 is
translocated from the nucleus to the lysosomes. Extracellular
HMGBI shows cytokine-like effects on the RAGE receptors
and Toll-like family of receptors. This, in turn, results in the
release of several cytokines and chemo-attractants.
Administration of HMGBI antagonists to rats during lethal
sepsis causes more extensive effects compared to the other
cytokines [12, 24].

HMGBI mediates vascular barrier dysfunctions by modu-
lating expression of adhesion molecules on the endothelial
cells, such as intercellular adhesion molecule-1, vascular cell
adhesion protein-1, and E-selectin. This process results in leu-
kocyte adhesion and migration from the endothelium, leading
to disruption of vascular barrier (blood-brain barrier and
blood-retina barrier) [26]. This finding suggests that similar
to the effects of CRP, peripheral HMGB1 may elevate the
HMGBI levels in the brain by causing BBB dysfunction,
and/or elevated HMGBI levels in the brain may also affect
peripheral HMGBI levels by inducing BBB dysfunction

(Fig. 3).
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Fig. 3 The effects of HMGBI1
and hs-CRP on the blood-brain
barrier in Parkinson’s disease
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HMGBI, released from activated microglia and/or
degenerated neurons, binds to microglial Mac1 (macrophage
antigen complex-1) and inhibits NF-kB and NADPH oxidase
pathway [15]. This results in chronic neuroinflammation and
progressive dopaminergic neurodegeneration by stimulating
the production of multiple inflammatory and neurotoxic fac-
tors. In a Parkinson’s model stimulated in rats by 6-OHD,
HMGBI levels were found to be elevated in striatum and
plasma in brain tissues. AntiHMGB1 monoclonal antibodies
protected from inflammation cascade and showed therapeutic
efficacy by neutralizing the released HMGBI1. AntiHMGBI1
antibodies decreased the increase in vascular permeability in
BBB, which was induced by 6-OHD neurotoxicity. Following
6-OHDG injection, IL1B and IL-6 mRNA levels were found
to be elevated in the striatum and SNc. These increases were
also suppressed by AntiHMGB1 antibodies. AntiHMGB/1
monoclonal antibodies provided neuroprotective effects.
This study demonstrated that HMGBI1 plays roles in both
acute and chronic neurodegeneration [24]. In another study
performed in a rat model with Parkinson’s induced by
MPTP, HMGBI1 levels were found to be elevated, and
antiHMGBI1 antibody therapy reduced the neurotoxicity in-
duced by MPTP [21].

Hs-CRP is a non-specific marker of low-grade systemic
inflammation (21-5). Although hs-CRP plays a role in acute
phase responses given to infections or organ injury, circulating
hs-CRP levels indicates ongoing low-grade inflammation
similar to that seen in the presence of atherosclerosis [25].
CRP passes the blood-brain barrier in trace amounts.
However, concentrations above a certain threshold impair
BBB functions by increasing paracellular permeability. This
threshold is easily exceeded in conditions, such as obesity and

systemic inflammation. Increased paracellular permeability
results in the entrance of CRP into CNS, leading to reactive
gliosis and CNS dysfunction. However, increased inflamma-
tory proteins in the CNS results in an increase in the levels of
peripheral inflammatory proteins by passing through the
BBB, owing to increased permeability caused by neuroin-
flammation or stimulation of the production of peripheral in-
flammatory proteins [26]. In this case, the peripheral concen-
tration of inflammatory proteins may reflect the
neuroinflammatory changes in the CNS. Supporting the hy-
pothesis that neuroinflammation plays a role in the pathophys-
iology of PD, there are previous studies in the literature that
showed elevated hs-CRP levels in PD patients. In line with
those studies, the present study showed that hs-CRP levels
were significantly elevated in PD patients compared to healthy
controls [17, 20, 27].

In the present study, we demonstrated the diagnostic per-
formance of HMGB1 and hs-CRP as markers of neuroinflam-
mation in PD. A cut-off HMGBI1 value of 32.8 ng/mL was
determined to predict PD with 80% sensitivity and 60% spec-
ificity (ROC AUC 0.707; 95% CI 0.571-0.844; p =0.006)
(Fig. 2). A cut-off hs-CRP of 0.63 mg/L was found to predict
PD with 66.7% sensitivity and 77.7% specificity (ROC AUC
0.701; 95% C1 0.555-0.847; p =0.007 (Fig. 2). At a result of
ROC curve analysis, HMGB1 and hs-CRP levels considered
to be “fair” at separating PD patients from healthy controls.
PD is currently diagnosed based on physical examination
findings. Biochemical markers are readily available for mea-
surements and can provide non-invasive and objective tools
aiding in prediction of disease progression and understanding
of the mechanisms underlying Parkinson’s disease. To our
knowledge, there is still no specific biochemical marker for
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the diagnosis of PD. New diagnostic performance tests are
required for excluding other diseases. Our test is not specific
for PD, and this is an important limitation of our study.
Therefore, further studies are needed in this respect.

There are several limitations of our study such as small
sample size, cross-sectional design, absence of analysis for
sub groups of PD like early onset PD, and absence of the
assessment of other inflammatory markers like cytokines.
One another limitation of our study is that the inflammatory
parameters measured in the circulation do not necessarily re-
flect local inflammation in the brain.

In conclusion, there is an association between HMGB1, hs-
CRP, and PD. HMGBI and hs-CRP levels were significantly
higher in the PD patients than in the normal controls. A mod-
erate correlation was found out between hs-CRP and HMGB1
levels, which suggests that the increase in HMGBI levels in
PD is caused by some other mechanisms and not only by hs-
CRP. In final, increased hs-CRP and HMGBI1 may disrupt
BBB and lead to neuroinflammation and neurodegeneration
in PD. At a result of ROC curve analysis, HMGBI1 and hs-
CRP levels may be useful markers for diagnosing PD.
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