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Abstract
Acute ischemic stroke (AIS) is followed by a strong inflammatory response contributing to brain damage and making early
diagnosis and treatment inevitable. Hence, obesity is a state of chronic inflammation with amplified oxidative stress; this study
aimed to assess the role played by thrombomodulin (TM)/alarmin signaling pathway and copeptin in AIS initiation and severity
in addition to the implication of abnormal body weight. The study was conducted on 50 participants; 30 were patients with AIS
(15 overweight/obese and 15 normal weight), 10 were overweight/obese, and 10were normal weight. Plasma TM, copeptin, high
mobility group box1 (HMGB1), and lipocalin 2 (LCN2) levels were immunoassayed. Toll-like receptor 4 (TLR4) mRNA
expression was evaluated by real-time PCR, National Institutes of Health Stroke Scale (NIHSS), carotid intima media thickness;
atherogenic index and glycemic status were also assessed. TM, copeptin, HMGB1, and LCN2 levels were significantly increased
in overweight/obese AIS patients and in AIS patients with NIHSS score ≥ 7 when compared to other groups (p value=, ˂ 0.001*).
Receiver operating characteristic (ROC) curve elaborated HMGB-1 and LCN2 as the best biomarker for diagnosis and prediction
of AIS severity, respectively. Regression analysis avails LCN2 and TM as best biomarker for AIS severity predication. In
conclusion, these results highlighted detrimental role of alarmin signaling with increased adaptive response to block this pathway
through TM in addition to increased copeptin level as an acute damage marker and their tight relation to WC not to BMI in AIS
which clarify the implication of central adiposity.
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Introduction

Stroke is considered one of the major leading causes of death
worldwide, including age, smoking, diabetes, hypertension,

and obesity as the most top risk factors. Stroke can be divided
into ischemic and hemorrhagic stroke. Ischemic stroke (IS)
accounts for 80% of all strokes and results from the obstruc-
tion of the brain blood flow with subsequent cell death and
irreversible brain damage. Meanwhile, the pathogenic mech-
anisms of IS remain largely elusive; the interactions between
environmental factors and genetic backgrounds may have im-
portant role [1, 2].

After stroke, not all brain cells die at the same time but
the activated cellular signaling shares in cross-talk between
damaged and un-damaged cells triggering an inflammatory
cascade with increased neuronal injury and death [3]. Innate
immune cells have pattern recognition receptors such as
toll-like receptor 4 (TLR4) which recognize invading path-
ogens or damaged tissues. TLR4 recognizes pathogen-
associated molecular patterns (PAMPs) or damage-
associated molecular patterns (DAMPs) as alarmin, high
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mobility group box 1 protein (HMGB1), followed by acti-
vation of nuclear factor kappa B (NF-κB), key transcription
factor for inflammation and oxidative stress, results in the
release of chemokines and cytokines and induction of an
adaptive immune-inflammation response [2, 4].

HMGB1 is a non-histone nuclear-binding protein that nor-
mally maintains DNA structure, repair, and transcription.
Under stress and inflammatory conditions as that associated
with obesity and post stroke, HMGB1 undergoes nucleo-
cytoplasmic shuttling to modulate inflammatory response
[5]. It was demonstrated that the alarmin/HMGB1 is involved
in obesity pathogenesis by its immune-inflammatory signal-
ing and has an important role in the outcome of IS patients [2,
6]. Lipocalin2 (LCN2), a 25 kDa small secretory glycoprotein,
is a member of the small molecule transporting protein with an
important role in iron, prostaglandins, and retinol transport in
addition to its role in cell growth, migration/invasion, differ-
entiation, death, and survival. In the central nervous system,
LCN2 expression and secretion by glial cells are induced by
inflammatory stimuli [7]. Thrombomodulin (TM), a mem-
brane glycoprotein, is mainly expressed by endothelial and
inflammatory cells. TM binds thrombin to inhibit coagulation
and fibrinolysis; exhibits an anti-inflammatory effect through
binding to the HMGB-1, a pro-inflammatory mediator; stabi-
lizes barrier function; and increases blood flow under patho-
logical conditions [8]. Copeptin is the carboxy-terminal part
of the arginine vasopressin (AVP) precursor, produced in an
equimolar ratio in hypothalamus and processed during axonal
transport [9]. It was found to be increased in critically ill pa-
tients with various clinical conditions such as sepsis, trauma,
and acute vascular events [10].

As the pathogenic mechanisms of IS and initial risk as-
sessment remain largely elusive in addition, IS severity and
prognosis is critical for improving the care and distribution
of healthcare resources to improve outcome especially in
obese subjects as they are subjected to many health hazards
hoping for developing approaches targeted towards de-
creasing the risk, initial prognosis, and control of IS pro-
gression. So, the present study was accomplished to shed
light on the role played by TM/alarmin signaling pathway in
addition to copeptin (acute vascular damage marker) in
acute ischemic stroke (AIS) development and initial sever-
ity with the specific consideration to the role played by
central adiposity.

Patients and methods

Chemicals

All chemicals and solvents used unless otherwise described
were purchased from Sigma-Aldrich (St. Louis, MO, USA)
and were of high analytical grade.

Study subjects and inclusion and exclusion criteria

All subjects or their close relatives (in case of aphasia) have
given their informed written consent, and the study was insti-
tutionally approved by the Research Ethical Committee of
Faculty of Medicine, Tanta University, Egypt. This cross-
sectional comparative study included 50 purposively selected
subjects who were attending to the neurology department of
Tanta University Hospital during the period from June 2016 to
January 2017. From the hospital records, it is evident that
during the study period, a number of 200 subjects attended
the hospital. Out of these 200, only 50met the inclusion criteria
to have in our study analysis. Albeit small in sample size, we
wanted to have a fare idea of the obesity on the outcome var-
iable (AIS), and we had to divide the subjects into four groups.
Group I (n = 10) represents control normal weight group.
Group II (n = 10): age- and sex-matched subjects who were
recruited as control overweight/obese group. Group III (n =
15): age- and sex-matched overweight/obese AIS patient ad-
mitted to the hospital within 24 h from the onset of AIS symp-
tom (left temporal infarction 20%; right temporal infarction
20%; bilateral temporal infarction 33.3%; basal ganglionic in-
farction 13.3%; right cerebellar infarction 13.3%). Group IV
(n = 15): age- and sex-matched normal-weight AIS patients
admitted to the hospital within 24 h from the onset of AIS
symptoms (left temporal infarction 33.3%; right temporal in-
farction 33.3%; bilateral temporal infarction 13.3%; basal gan-
glionic infarction 13.3%; right cerebellar infarction 6.67%).
Diagnosis of AIS was made according to the standards
established by the World Health Organization (WHO), 1989
[11]. Smokers, alcohol intake, peripheral vascular disease, his-
tory of cancer, liver failure, renal insufficiency (creatinine >
1.5 mg/dL), severe cardiac dysfunction, history of recent cere-
bral infarction or hemorrhage (less than 3 months before the
recruitment), syndrome of inappropriate anti-diuretic hormone
secretion, severe sepsis, heart failure/arrhythmias, history of
recent surgery or trauma during the past 2 months, or autoim-
mune diseases with or without immunosuppressive therapy
were excluded. None of our enrolled patients were on regular
anticoagulants and/or anti-platelet agents. All controls were
free from cerebro-or-cardiovascular diseases, liver/kidney or
autoimmune diseases, immunological disorder, and hormone
supplementation. All individuals of the studywere subjected to
history taking, thorough clinical examination, anthropometric
measurements, and carotid ultrasound. Meanwhile, patients
were also subjected to compute tomography (CT) scan and
echocardiograph (ECG), in addition to the assessment of initial
neurological impairment and short-term outcome.

Anthropometric measurements

Anthropometric measurements recorded were height, weight,
and waist circumference (WC). Measurements of WC were
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carried out to assess abdominal obesity and WC > 88 cm in
women and > 102 cm in men diagnose abdominal (central)
obesity [12]. Body mass index (BMI) was determined as
weight in kilograms divided by the square of the height in
meters (kg/m2). BMI was categorized according to the
World Health Organization classification (WHO): normal
weight, BMI < 25; overweight, 25–29; obesity, ≥ 30) [13].

Assessment of early neurological impairment

Acute neurological impairment and short-term outcome were
evaluated by using National Institutes of Health Stroke Scale
(NIHSS) on admission, and patients were divided into two
groups according to NIHSS score ≥ 7 or < 7 [14].

Doppler ultrasound examination

Carotid ultrasound was performed using B-mode ultrasound
(Siemens G60S, Munich, Germany) equipped with a linear
transducer, and carotid intima media thickness (CIMT) was
determined in millimeters as a surrogate measure of athero-
sclerosis [15].

Blood sampling

Five milliliter venous blood samples were obtained after an
overnight fast (within 24 h of admission) from each partici-
pant. Blood was collected on sterile EDTA-treated tubes for
plasma and on sterile plain tube for serum separation and
centrifuged at 3000 r/min for 15 min. The recovered serum,
plasma aliquots, and EDTA-treated blood were stored at −
80 °C for further analysis.

Routine laboratory measurements

Serum lipid profile including triacylglycerol (TAG), total cho-
lesterol (TC), high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C) were mea-
sured by commercial kits (Spin react Company, Spain).
Fasting blood glucose (FBS) was detected by oxidase method
using commercial kit (Biodiagnostic., Egypt). Atherogenic
Index (AI) was calculated using the formula LDL-C/HDL-C
ratio as previously described [16].

Assessment of endothelial stress
and immune-inflammatory status by enzyme-linked
immunosorbent assays

Plasma copeptin and HMGB1 levels were assessed by com-
mercial enzyme-linked immunosorbent assay (ELISA) kits
supplied by USCN Business Co., Ltd., Wuhan, China and
Sunred Bio, Shanghai, China, respectively. TM and LCN2
levels were assessed by commercial ELISA kit supplied by

(R&DSystems Inc., Minneapolis, MN, USA) according to the
manufacturer’s instructions. Color development was moni-
tored by absorbance at 450 nm with a microplate reader
(Stat Fax 2100, NY, USA).

RNA extraction, cDNA synthesis, and real-time PCR
for TLR4 mRNA expression

Total RNAwas extracted from EDTA peripheral blood using
Fast HQ RNA Extraction Kit (no. 17213, iNtRON
Biotechnology Inc., Seongnam, Korea) according to the man-
ufacturer’s instructions. Total RNAwas treated with DNase I
to eliminate genomic DNA contamination, followed by syn-
thesis of the first-strand cDNA using Prime Script 1st Strand
cDNA Synthesis Kit (TaKaRa Bio, Shiga, Japan) according to
the manufacturer’s instructions. The resulting cDNAwas am-
plified using Power SYBR® Green PCR Master Mix (Life
Technologies, Carlsbad, CA, USA) and sequence-specific
primers according to the manufacturer’s instructions. TLR4
mRNA transcripts were quantified, relative to the housekeep-
ing gene, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), which was used as an internal control. Sequence-
specific primers were designed by Primer3 software: (http://
bioinfo.ut.ee/primer3/) as follows: TLR4 (NM_138557.2)
forward (5′-GATTGCTCAGACCTGGCAGTT-3′), reverse
(5′-TGTCCTCCCACTCCAGGTAAGT-3′); GAPDH (no.
NM_001289746 .1 ) : f o rwa rd p r ime r (5 ′ -GGTG
GTCTCCTCTGACTTCAACA-3′) and reverse primer (5′-
GTTGCTGTAGCCAAATTCGTTGT-3′). PCR cycling was
set as follows: a single cycle of DNA polymerase activation
for a 10-min hold at 95 °C followed by 40 cycles of 95 °C for
15 s for denaturation, 60 °C for 1 min for annealing, and 60 °C
for 1 min for extension. Amplification and data analysis were
conducted on a Rotor-Gene Q 6plex and its specific software
(Qiagen, Valencia, CA, USA). Relative gene expression was
automatically calculated from the cycle threshold (Ct) method
then normalized against the housekeeping gene GAPDH that
was used as endogenous control in all experiments.

Statistical analysis

Data analysis was performed using Statistical Package for
Social Sciences (SPSS), version 23.0 for Windows (SPSS,
Chicago, IL), expressed as mean ±SD for continuous var-
iables and as frequencies and percentages for categorical
variables. Comparisons between more than two groups
were carried out by one-way ANOVA, within two groups
by Student’s t test or Man-Whitney test for parametric and
non-parametric parameters respectively in addition to chi-
square test. Correlations were analyzed using Spearman
rank or Pearson’s correlation coefficients. Regression
analysis was conducted to predict AIS severity from
HMGPB1, LCN2, TM, TLR4, and copeptin level.
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Receiver operating characteristics (ROC) analysis was
used to identify the optimal threshold values of the stud-
ied parameters. The area under the curve can range from
0.5 to 1, and diagnostic tests that approach 1 indicate a
perfect discriminator. p value < 0.05 was considered
significant.

Results

Basic demographic and clinical characteristics

Demographic variables and clinical characteristics of the stud-
ied groups are depicted in Table 1. There were no significant
differences in age or sex between the studied groups.
Meanwhile, BMI,WC, and FBGwere statistically significant-
ly different among all of the studied groups (p value ˂ 0.001*)
with higher values for the overweight/obese group with AIS
except for BMI where no significant difference was recorded
between both overweight/obese subjects with or without AIS.

Endothelial stress marker, AI, and vascular
measurements

This current study revealed statistically significant differ-
ences among all of the studied groups regarding lipid
profile, CIMT, AI, and TM level (p value ˂ 0.001*).
Overweight/obese AIS group showed statistically signifi-
cantly increased TC, TG, LDL-C, CIMT, AI, and TM
values when compared to control (normal weight and
obese) groups and normal weight AIS groups (Tables 1
and 2; Fig. 1).

Alarmin and immune-inflammatory status

This current study revealed statistically significant differ-
ences among the studied groups regarding; copeptin,
HMGB1, LCN2, and TLR4 mRNA expression levels (p
value ˂ 0.001*) with higher values for AIS groups. There
were statist ically significant difference between
overweight/obese AIS groups and normal-weight AIS

Table 1 Basic demographic, clinical, and routine biochemical characteristics of the studied groups

Parameters/groups Group I
(control)
(n = 10)

Group II
(obese/overweight)
(n = 10)

Group III
(obese/overweight
+ AIS) (n = 15)

Group IV
(normal weight
+ AIS) (n = 15)

ANOVA/Mann-Whitney/
Chi-square

F, Z, or X2 p value

Age (years) 60.13 ± 5.6 60.47 ± 6.4 61.7 ± 5.98 61.9 ± 6.01 0.32 0.8
Gender Male 4 3 5 6 0.376 0.94

Female 6 7 10 9
BMI (kg/m2) 22.23 ± 2.1b,c 28.2 ± 1.97a,d 28.9 ± 1.96a,d 22.8 ± 1.47b,c 74.2 ˂ 0.001*
WC (cm) 80.8 ± 6.4b,c 98.5 ± 6.9a,c,d 126.1 ± 8.7a,b,d 86.3 ± 9.9b,c 82.4 ˂ 0.001*
History of diabetes mellitus 1 (10%) 4 (40%) 8 (53.3%) 3 (20%) – –
History of hypertension 1 (10%) 6 (60) 10 (66.7) 2 (13.3%) – –
History of previous stroke 0 (0%) 0 (0%) 1 (13.3) 1 (13.3%) – –
History of previous myocardial
ischemia (angina)

0 (0%) 0 (0%) 2 (33.3%) 1 (6%) – –

History of hypercholesterolemia 1 (10%) 1 (10%) 3 (26.7) 2 (13.3%) – –
History of hypertriglyceridemia 0 2 (33.3%) 2 (33.3%) 1 (13.3%) – –
CIMT (mm) 0.49 ± 0.02c,d 0.57 ± 0.04c 0. 9 ± 0.25a,b,d 0.65 ± 0.12a,c 17.5 ˂ 0.001*
NIHSS score – – 7d 5c 1.9 0.045*
FBG (mg/dL) 75.47 ± 4.3b,c,d 163.6 ± 65.1a,c 218.1 ± 30.7a,b,d 141 ± 279a,c 31.5 ˂ 0.001*
TC level (mg/dL) 144.13 ± 26.3b,c 209.13 ± 35.6a,c 224.3 ± 42.4a,b,d 174.4 ± 13.4b,c 19.5 ˂ 0.001*
TAG level (mg/dL) 109.47 ± 17.5b,c,d 169.9 ± 24.4a,c 268.3 ± 54.8a,b,d 196.1 ± 32.4a,c 52.5 ˂ 0.001*
LDL-C level (mg/dL) 71.73 ± 17.8b,c,d 135.53 ± 17.8a,c,d 203.5 + 22.1a,b,d 158.3 ± 17.2a,b,c 127.3 ˂ 0.001*
HDL-C level (mg/dL) 63.07 ± 13.4b,c,d 49.3 ± 7.2a,c,d 38.5 ± 4.9a,b 39.6 ± 3.9a,b 28.7 ˂ 0.001*
AI 1.19 ± 0.3b,c,d 2.8 ± 0.3a,c,d 5.37 ± 0.94a,b,d 4.04 ± 0.65a,b,c 123.6 ˂ 0.001*

Data presented as means ± SD

n number of cases, AIS acute ischemic stroke, BMI bodymass index,WCwaist circumference,DBP diastolic blood pressure,CIMC carotid intima media
thickness, NIHSS national institute of health severity score

*Significant difference at p < 0.05 was calculated by one-way ANOVA followed by Tukey’s post hoc test, chi-square, or Mann-Whitney tests
a Significance from group I
b Significance from group II
c Significance from group III
d Significance from group IV
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group as regards copeptin, HMGPB1, and LCN2 levels
with higher values for overweight/obese AIS groups.
Meanwhile, there was no significant difference between
both AIS groups as regards TLR4 mRNA expression
levels (Table 2; Fig. 1).

Early neurological impairment

Early neurological impairment and short-term outcome were
assessed by using NIHSS on admission (Table 1) and showed
statistically significant differences between both AIS groups,

Table 2 Immunoinflammatory and molecular findings of the studied groups

Parameters/groups Group I
(normal weight
control) (n = 10)

Group II
(overweight/obese)
(n = 10)

Group III
(overweight/obese
+ AIS) (n = 15)

Group IV
(normal weight
+ AIS) (n = 15)

ANOVA

F value p value

HMGB-1 (ng/mL) 26.9 ± 4.2b,c,d 41 ± 7.6a,c,d 120.8 ± 20.8a,b,d 90.4 ± 11.6a,b,c 176.5 ˂ 0.001*

Relative TLR4 mRNA expression 0.36 ± 0.13b,c,d 0.83 ± 0.08a,c,d 1.2 ± 0.4a,b 1.3 ± 0.4a,b 29.3 ˂ 0.001*

LCN2 (pg/mL) 1251 ± 778.3b,c,d 1973 ± 330.6a,c,d 4607.2 ± 556.9a,b,d 3088 ± 666.4a,b,c 135.1 ˂ 0.001*

TM (pg/mL) 1556.1 ± 285.9b,c,d 2093.7 ± 425.4a,c,d 3701.7 ± 881.9a,b,d 2902.3 ± 277.4a,b,c 52.4 ˂ 0.001*

Copeptin (pg/mL) 571.5 ± 104.2b,c,d 2146.1 ± 351.3a,c,d 3776.3 ± 452.9a,b,d 2828.5 ± 538.8a,b,c 173.5 ˂ 0.001*

Data presented as means ± SD

n number of cases, AIS acute ischemic stroke, TM thrombomodulin, HMGB1 high-mobility group box-1, LCN2 lipocalin2, TLR4 toll-like receptor 4

*Significant difference at p < 0.05 was calculated by one-way ANOVA followed by Tukey’s post hoc test
a Significance from group I
b Significance from group II
c Significance from group III
d Significance from group IV

Fig. 1 Immunoinflammatory biomarkers of the studied groups. Graph represents mean ± SD (error bars) of *p < 0.0001 using student unpaired t test or
Mann-Whitney’s test. NS non-significant. aHMGB1 levels. bRelative TLR4mRNA. c Lipocalin 2 levels. d Thrombomodulin levels. eCopeptin levels
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with higher values for overweight/obese AIS group (p value
˂ 0.045*). In addition, AIS patients were divided into two
subgroups according to NIHSS score ≥ 7 or < 7 (Table 3)
with WC, AI, CIMT, TAG, LDL-c, HMGPB1, copeptin,
LCN2, and TLR4 mRNA expression levels revealed statis-
tically significant differences between both AIS groups with
higher values for those with NIHSS score ≥ 7 (p values were
0.35, 0.014, 0.001, 0.012, 0.002, 0.04, 0.007, ˂ 0.001, and
0.018, respectively).

Correlation matrix of the studied biochemical
and molecular parameters with obesity indices, CIMT,
and NIHSS scores

All correlations are summarized in Table 4. In AIS cases,
WC was correlated positively with NIHSS score, AI,
CIMT, TM, copeptin, HMGB1, LCN2, and TLR4
mRNA levels revealing the role of central adiposity in
modulation of the previously studied parameters. NIHSS
score was significantly positively correlated with AI,
CIMT, TM, copeptin, HMGPB1, LCN2, and TLR4
mRNA levels and no correlations were found between
BMI and NIHSS score levels revealing the role of the
previously studied parameters in modulation of initial neu-
rological impairment and short-term outcome. BMI exhib-
ited significantly positive correlation only with AI, CIMT,
TM, and copeptin levels.

ROC curve analysis

Receiving operating characteristics curve study for copeptin,
HMGPB1, LCN2, and TLR4 mRNA levels in AIS cases ver-
sus control (normal weight and obese non-stroke) groups is
presented in Table 5. Area under the curve (AUC) for TMwas
0.969 with optimal cutoff value of > 2427 pg/mL. Using this
cutoff value, TM showed a sensitivity of 93% and a specificity
of 83% for early diagnosis of AIS. AUC for copeptin was
0.96, with optimal cutoff value of > 2434.5 pg/mL. Using this
cutoff value, copeptin showed a sensitivity of 90% and a spec-
ificity of 87% for early diagnosis of AIS. AUC for HMGB1
was 1, with optimal cutoff value of > 49.5 ng/mL. Using this
cutoff value, HMGB1 showed a sensitivity of 100% and a
specificity of 90% for early diagnosis of AIS. AUC for
TLR4 mRNA expression level was 0.926, with optimal cutoff
value of > 0.81. Using this cutoff value, TLR4 showed a sen-
sitivity of 90% and a specificity of 70% for early diagnosis of
AIS. AUC for LCN2 was 1, with optimal cutoff value of >
2981.5 pg/mL. Using this cutoff value, LCN2 showed a sen-
sitivity of 93% and a specificity of 100% for early diagnosis of
AIS.

Receiving operating characteristics for copeptin, HMGB1,
TLR4, and LCN2 level in AIS group with NIHSS ≥ 7 versus
AIS group with NIHSS ˂ 7 were depicted in Table 6. AUC for
TM was 0.681 with optimal cutoff value of > 2996.5 pg/mL.
Using this cutoff value, TM showed a sensitivity of 75% and a

Table 3 Anthropometric indices, CIMT, immune-inflammatory, and molecular markers in stroke patients according to NIHSS score severity

Parameter/groups Ischemic stroke with
NIHSS ˂ 7 (n = 18)

Ischemic stroke with
NIHSS ≥ 7 (n = 12)

Student t test

t p value

BMI (kg/m2) 25.3 ± 3.6 26.7 ± 3.4 1.06 0.3

WC (cm) 99.3 ± 17.3 116.6 ± 25.3 2.2 0.035*

TC (mg/dL) 194.6 ± 37.9 206.6 ± 43.6 0.8 0.43

TAG (mg/dL) 211.4 ± 42.2 263.42 ± 64.7 2.7 0.012*

LDL-C (mg/dL) 167.6 ± 23.7 200.8 ± 28.4 3.48 0.002*

HDL-C (mg/dL) 39.2 ± 4.1 38.9 ± 4.9 0.15 0.88

AI 4.3 ± 0.84 5.3 ± 1.1 2.6 0.014*

CIMT (mm) 0.64 ± 0.11 0.92 ± 0.25 4.1 0.001*

HMGB1 (ng/mL) 99.05 ± 17.5 115.5 ± 26.49 2.06 0.04*

Relative TLR4 mRNA expression 1.1 ± 0.35 1.45 ± 0.41 2.5 0.018*

LCN2 (pg/mL) 3823.3 ± 700.5 4784 ± 181.87 4.6 ˂ 0.001*

TM (pg/mL) 3507.6 ± 619.4 3123 ± 751.4 1.7 0.087

Copeptin (pg/mL) 3036.4 ± 660.69 3701.33 ± 528.18 2.9 0.007*

Data presented as means ± SD

n number of cases, NIHSS national institute of health severity score, BMI body mass index, WC waist circumference, TC total cholesterol, TG
triacylglycerol, LDL low-density lipoprotein, HDL high-density lipoprotein, AI atherogenic index, CIMC carotid intima media thickness, TM
thrombomodulin, HMGB1 high-mobility group box-1, LCN2 lipocalin2, TLR4 toll-like receptor 4

*Significant difference at p < 0.05 was calculated by student t test
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specificity of 50% for early diagnosis of AIS severity. AUC
for copeptin was 0.796, with optimal cutoff value of >
3125 pg/mL. Using this cutoff value, copeptin showed a sen-
sitivity of 92% and a specificity of 62% for early diagnosis of
AIS severity. AUC for HMGB1was 0.692 with optimal cutoff
value of > 97.5 ng/mL. Using this cutoff value, HMGB1
showed a sensitivity of 83% and a specificity of 56% for early
diagnosis of IS severity. AUC for LCN2 was 0.903 with op-
timal cutoff value of > 4525 pg/mL. Using this cutoff value,
LCN2 showed a sensitivity of 92% and a specificity of 78%
for early diagnosis of AIS severity. Furthermore, regression
model was performed to predict the severity of AIS in obese
and non-obese patients with AIS. While looking at the

severity of the AIS scores, it was found that only LCN2 could
predict the severity outcome of AIS significantly adjusted for
the other four factors (suppl. Fig. 1A; suppl. Table 1).
Meanwhile, for non-obese cases with AIS, both LCN2 and
TM significantly predicted the severity of AIS adjusted for
the other three factors (suppl. Fig. 1B; suppl. Table 1).

Discussion

Stroke particularly ischemic one is the second leading cause of
death and disability worldwide. It elicits apoptotic and inflam-
matory signaling pathways with further brain damage [17].

Table 4 Relationship of immune-
inflammatory markers and
anthropometric and clinical
severity indices in patients with
acute ischemic stroke

NIHSS CIMT AI BMI WC

CIMT (mm) r 0.787 – – – –

p ˂ 0.000* – – – –

AI r 0.532 0.666 – – –

p 0.002* ˂ 0.001* – – –

BMI (kg/m2) r 0.278 0.277 0.356 – –

p 0.137 0.03* 0.005* – –

WC (cm) r 0.521 0.658 0.705 – –

p 0.003* ˂ 0.001* 0.002* – –

TM (pg/mL) r 0.493 0.714 0.79 0.315 0.686

p 0.006* ˂ 0.001* ˂ 0.001* 0.014* ˂ 0.000*

HMGPB1 (ng/mL) r 0.543 0.708 0.863 0.245 0.646

p 0.002** ˂ 0.001** ˂ 0.001* 0.059 0.001*

Relative TLR4mRNA expression r 0.466 0.634 0.722 0.182 0.372

p 0.01* ˂0.001* 0.007* 0.164 0.003*

Copeptin (pg/mL) r 0.647 0.729 0.88 0.542 0.679

p ˂ 0.000* ˂ 0.000* ˂ 0.001* ˂ 0.001* ˂ 0.001*

LCN2 (pg/mL) r 0.785 0.716 0.851 0.251 0.63

p 0.001* ˂ 0.001* ˂ 0.001* 0.053 ˂ 0.001*

Values are Pearson correlation coefficients. *Significant correlation at *p < 0.05.

NIHSS national institute of health severity score, CIMTcarotid intima media thickness, AI atherogenic index,BMI
body mass index, WC waist circumference, TM thrombomodulin, HMGB1 high-mobility group box-1, LCN2
lipocalin2, TLR4 toll-like receptor 4

Table 5 Receiving operating
characteristic (ROC) curve for
copeptin, thrombomodulin (TM),
high-mobility group box-1
(HMGB1) protein, toll-like
receptor 4 (TLR4), and lipocalin-
2(LCN2) levels in acute ischemic
stroke groups versus controls

Parameters Cut off
value

Sensitivity Specificity Area under the
curve (AUC)

p value

HMGB-1 level (ng/mL) ≥ 49.5 100% 90% 1.000 ˂ 0.001*

Relative TLR-4 mRNA expression ≥ 0.81 90% 70% 0.926 ˂ 0.001*

Lipocalin 2 level (pg/mL) ≥ 2981.5 93% 100% 1.000 ˂ 0.001*

TM (pg/mL) ≥ 2427 93% 83% 0.969 ˂ 0.001*

Copeptin level (pg/mL) ≥ 2434.5 90% 87% 0.965 ˂ 0.001*

The area under the curve (AUC) ranges from0.5 to 1 and diagnostic tests that approach 1 indicate a perfect discriminator

TM thrombomodulin, HMGB1 high-mobility group box-1, LCN2 lipocalin2, TLR4 toll-like receptor 4

*p < 0.05 is significant
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Obesity has been largely associated with increased risk of
cardiovascular disease; however, its relationship to cerebro-
vascular diseases remained to be fully clarified. Visceral fat
cell accumulation and its altered metabolic milieu are the key
players in the development of atherogenic and inflammatory
sequel of obesity [18, 19]. Clinical features and severity scores
are insufficient to predict initial stroke outcome; therefore,
searching for a newly, expedient measured biochemical and
molecular biomarkers could enable early diagnosis and accu-
rate assessment of severity and outcome in AIS with respect to
central adiposity which ultimately would help for early thera-
peutic interventions and patient management [20].

So, the present study went further to assess the role played
by TM/alarmin signaling and copeptin levels, in AIS patho-
genesis and initial severity (NIHSS score) in relation toWC, a
measure of central obesity. The present study revealed that
WC but not BMI showed higher values in overweight/obese
AIS patients than their allied normal-weight AIS group, obese
controls, and normal-weight controls reporting the importance
of central adiposity not BMI in cerebrovascular complications
of obesity. In addition, WC in AIS group with NIHSS score ≥
7 was significantly higher than those with score ˂ 7 with no
difference between both groups regarding BMI. Further, WC
was correlated positively with NIHSS indicating the impor-
tance of WC as risk factors for both AIS initiation in
overweight/obesity and in early neurological severity in AIS.
Yatsuya et al. (2010) reported a positive linear relationship
between obesity indices and AIS incidence [21]. Also, in-
creased visceral adipose tissue (VAT) has been observed in
patients with embolic stroke [22].

In the present study, overweight/obese AIS patients expe-
rienced statistically significant altered lipid profile, glycemic
status, and atherosclerosis indices when compared to other
groups. Intriguingly, AIS subjects with NIHSS score ≥ 7
showed statistically significantly increased LDL-C, TAG,
AI, and CIMT than those with lower scores recalling the im-
portance of disturbed lipid profile in AIS development and
short outcome. Moreover, a positive correlation was found
between NIHSS severity score and the abovementioned pa-
rameters. This is consistent with Zeljkovic et al. (2010) who

reported increased LDL-c as an independent predictor for AIS
onset and mortality [23]. Similarly, hypertension, hyperlipid-
emia, and diabetes are the most prevalent risk factors for AIS
with positive correlation to increased CIMT and atherogenic
indices [24, 25].

All AIS patients showed increased HMGB1 levels, mostly
due to excitatory inflammatory process and ischemia-induced
neuronal death [26], and upregulated TLR4 gene expressions.
However, overweight/obese AIS group had statistically signif-
icantly higher HMGB1 levels when compared to normal-
weight AIS group, and TLR4 gene expressions showed insig-
nificant difference between both AIS groups indicating that
the inflammatory condition that associated with obesity is ag-
gravated by that occurs post ischemic which may have an
important role in pathogenesis and initial severity of the AIS
in obese than normal-weight individuals. In coherence with
that explanation, the results of the present study revealed pos-
itive correlation between HMGB1, TLR4 gene expression and
CIMT, AI, NIHSS severity score, and WC, indicating their
importance in early neurological assessment and highlighting
the relation of immune-inflammatory markers to WC but not
to BMI. TLR4 gene expression is upregulated in stroke pa-
tients which might account for the probable inflammatory
injury before or after stroke [27]. Furthermore, AIS group with
NIHSS score ≥ 7 showed statistically significantly increased
HMGB1 andTLR4 gene expression levels when compared to
those with lower scores.

Downregulation of TLR-4 mRNA expression in hypotha-
lamic arcuate nucleus improved glucose homeostasis, insulin
sensitivity, and abnormal gluconeogenesis in obese rats [28].
HMGB1 is produced mainly by macrophages in atheroscle-
rotic lesions in response to inflammatory cytokines and may
contribute to atherosclerosis progression and chronic inflam-
mation [29]. Yao et al. reported increased HMGB1 levels in
ischemic stroke, with positive relation to severity that could be
helpful in evaluation of AIS severity and prognosis [30].
HMGB1 has been reported to be increased in adipose tissue
from obese individuals. Depending on its redox state, extra-
cellular cytokine-inducing isoform of HMGB1 promotes pro-
inflammatory IL-6 secretion from human mature primary

Table 6 Receiving operating
characteristic (ROC) curve for
copeptin, high-mobility group
box-1 (HMGB1) protein, toll-like
receptor 4 (TLR4), and lipocalin-
2 (LCN2) level in acute ischemic
stroke subgroups with NIHSS ≥ 7
versus NIHSS ˂ 7

Parameters Cut off
value

Sensitivity Specificity Area under the
curve (AUC)

p value

HMGB-1 level (ng/mL) ≥ 97.5 83% 56% 0.692 0.079

Relative TLR4 mRNA expression ≥ 1.1 83% 56% 0.759 0.018*

LCN2 level (pg/mL) ≥ 4525 92% 78% 0.903 ˂ 0.001*

TM (pg/mL) ≥ 2996.5 75% 50% 0.681 0.099

Copeptin level (pg/mL) ≥ 3125.5 92% 62% 0.769 0.014*

The area under the curve (AUC) ranges from0.5 to 1 and diagnostic tests that approach 1 indicate a perfect discriminator

TM thrombomodulin, HMGB1 high-mobility group box-1, LCN2 lipocalin2, TLR4 toll-like receptor 4

* and italic entries indicate significant difference at p < 0.05
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adipocytes via the activation of TLR4 and the downstream
NF-κB and P38 MAPK signal ing pathways [4] .
Consequently, blocking HMGB1 inflammatory pathway
may be a therapeutic target to overcome obesity-associated
drawbacks. LCN2 is gliocalin primarily released by glial cells
such as astrocytes after brain injury and promotes neuroin-
flammation [31]. Results presented herein demonstrated sig-
nificant higher LCN2 levels in overweight/obese AIS partic-
ularly those with higher NIHSS scores. Also, LCN2 correlated
well with stroke severity, WC, and indices of vascular dam-
ages pointing to its role in early diagnosis and neurological
assessment. The increased LCN2 level during AISmay be due
to the release of DAMPs as HMGP1 from dying necrotic
neurons which stimulate inflammatory reactions via binding
to TLR4with resultant increased LCN2 level [32]. In line with
our results, LCN2 expression has been shown to be increased
in response to pro-inflammatory cytokines such as IL-1β,
TNF-α, and IL-6 via signal transducer and activator of tran-
scription 1 (STAT1) and NF-κB respectively, pathways known
to be active and have important role in obesity-associated

chronic inflammation with a sequel of obesity-associated
health hazards [33].

Concomitantly, a critical role of LCN2 in brain injury and
neuronal cell death has been described in a rodent model of
transient cerebral ischemia through promoting neurotoxic gli-
al activation, neuroinflammation, and blood-brain barrier dis-
ruption [34]. Furthermore, LCN2-induced inflammasome ac-
tivation in heart tissue via HMGB1/TLR4-dependent signal-
ing was attenuated by TLR4 chemical inhibition [35].

Thrombomodulin (TM) is an integral membrane protein
with anticoagulant, anti-inflammatory, and anti-apoptotic
properties synthesized by endothelial cells; in addition, it can
improve endothelial barrier integrity. It is associated with ath-
erosclerosis as an indicator of endothelial cell activation,
stress, and injury [36, 37]. Here, we noticed increased TM
levels in all overweight/obese AIS patients with no significant
difference between patients with higher NIHSS scores and
others. Meanwhile, TM correlated positively with WC, sever-
ity, and vascular damage indices. The noted increased TM
level may be due its release from injured endothelial cells

Fig. 2 Model of immunoinflammatory signaling pre and post stroke in
obesity. Central adiposity with increased waist circumference leads to
increased visceral adipocytes activity and chronic inflammation due to
cytokine production and increased oxidative stress and DNA damage and
release of HMGB1 that activates TLR4 mRNA expression and binds to it
sequentially with increased synthesis and release of LCN2 and disruption
of blood-brain barrier and neuronal damage. Furthermore, increased FFA
with impaired glycemic status leads to endothelial dysfunction and

atherogenesis that leads increased copeptin and vascular damage as well
as increased release of TM that antagonize HMGB1 release and TLR4
binding. Post ischemic neuronal death leads to neurotoxic glial activation
and increased HMGB1/TLR4/LCN2 signaling as well as TM. Obesity
particularly waist circumference heightened the risk of stroke and
worsens the prognos is . AIS acute i schemic s t roke , TM
thrombomodulin, HMGB1 high mobility group box-1, LCN2
lipocalin2, TLR4 toll-like receptor 4, OS oxidative stress
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during AIS to prevent ongoing thrombosis and inflammation.
Consistent with current data, Meyer et al. revealed increased
CIMT, impaired endothelial function, and elevated TM levels
in obese children relevant to obesity [38]. Pilarska et al. re-
ported that elevated TM levels in AIS, in relation to severity or
parenchymal brain injury duration, are important in diagnosis,
management, relapse, and prevention of AIS [39].

Activation of the hypothalamo-pituitary-adrenal axis is one
of the first measurable physiological responses to cerebral
ischemia. Arginine vasopressin (AVP), a vital hormone with
numerous effects, is one of the main hormones of the
hypothalamic-pituitary-adrenal axis. The main stimulus for
AVP secretion is hyper-osmolarity and endogenous stress.
AVP levels increase apparently during the process of some
acute and chronic diseases, but its clinical value is restricted
because of its short half-life. Copeptin is released in an equi-
molar ratio to vasopressin, and it is a more stable easy mea-
surable marker that mirrors AVP level [40, 41].

In the present study, increased copeptin level was detected
in all overweight/obese AIS patients as compared to their allied
control groups and normal-weight AIS groups. However, AIS
patients with higher NIHSS score showed significantly in-
creased copeptin levels compared to patients with lower scores.
Also, copeptin correlated with anthropometric measures, se-
verity, and vascular damage indices. This might be attributed
to the role played by vasopressin in brain edema and ischemic
neuronal injury, as previously reported [42]. Relevantly, in-
creased inflammation and endogenous stress in obesity and
after ischemic attack stimulate AVP release with increased
copeptin levels have been linked to obesity, metabolic syn-
drome, and insulin resistance [43]. Prior reports have detected
the association of copeptin level with both initial stroke
severity and relapse with an unfavorable outcome [44, 45].

Collectively and based on the present study observed ROC
curve analysis, HMGB1 followed by LCN2 showed the best
specificity and sensitivity as diagnostic markers in AIS.
Meanwhile, LCN2 followed by copeptin was the best to pre-
dict initial AIS severity assessment that may help in decision
making for early prediction and therapeutic interventions. The
limitations of the present study was small population size be-
cause only acute onset overweight or obese hospitalized pa-
tients are included in the study in addition to the strict inclu-
sion and exclusion criteria that were planned to depend on in
this study aiming to decrease the effect of different factors on
the initiation and initial impairments of AIS as possible; there-
fore, future large community-based studies are still needed.

Conclusions

Based on our model in Fig. 2, obesity-induced signaling, re-
dox, and metabolic derangements may play an important role
in AIS development and initial severity. The present study

declare the role played by TM and alarmin signaling through
TLR4/LCN2 and copeptin in AIS development and their cor-
relation to central adiposity and initial disease severity, illus-
trating new mechanistic insights on the detrimental role of
HMGB1/TLR4/LCN2 and the protective role of TM against
this pathway in addition to the role of copeptin as an acute
vascular damage marker. This result may raise the possibility
for further research to develop small-molecule inhibitors or
neutralizing antibodies to disrupt HMGB1/TLR4/LCN2 sig-
naling pathway as new therapeutics for stroke prevention es-
pecially centrally obese who suffer from many risk factors for
stroke in addition to initial interventions against brain injury.
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