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Abstract
Background: Tumor necrosis factor-a-induced protein 8-like 2 (TIPE2) is a novel regulator of
immunity and protects against experimental stroke. However, the expression and function of TIPE2
in patients with acute ischemic stroke has not been well demonstrated.
Methods: A total of 182 consecutive patients with acute ischemic stroke and 40 healthy controls
were included during November 2015 to June 2016. The mRNA levels of TIPE2, interleukin(IL)-1β,
IL-10, IL-6, nuclear factor(NF)-κβ, activator protein(AP)-1, interferon(IFN)-γ and tumor necrosis
factor(TNF)-α from peripheral blood mononuclear cells were determined using real time
quantitative reverse transcriptase polymerase chain reaction. The severity of stroke was assessed
using the National Institutes of Health Stroke Scale (NIHSS) score.
Results: The median mRNA levels of TIPE2, TNF-α, AP-1, IFN-γ and NF-κβ in patients with acute
ischemic stroke were significantly higher than healthy controls (all P<0.001, respectively). Of note,
TIPE2 mRNA showed an increasing trend on a time-dependent manner after the onset of stroke.
Furthermore, TIPE2 mRNA was negatively associated with lesion volumes (r=-0.23, P<0.01),
NIHSS(r=-0.15, P<0.05), TNF-α(r=-0.33,P<0.001), AP-1(r=-0.28,P<0.001), IFN-γ (r=-0.16, P<0.05)
and NF-κβ (r=-0.13, P<0.05), but positively associated with IL-6(r=0.14, P<0.05) and IL-10(r=-0.31,
P<0.001). Hierarchy cluster analysis showed that TIPE2 mRNA has nearest membership with
TNF-α, followed by IL-6, NF-κβ, AP-1, IL-10, IL-1β and IFN-γ. In addition, TIPE2 mRNA in survivals
(n=149) was significantly higher than nonsurvivals (n=33) (P<0.001), and showed a great odd ratio
(0.52, 95% confidence interval: 0.349-0.760, P<0.001) on 3-month mortality.
Conclusions: TIPE2 mRNA contributed to the immune response of stroke and might be a
potential biomarker for the mortality of acute ischemic stroke.
Key words: tumor necrosis factor-a-induced protein 8-like 2, acute ischemic stroke, tumor necrosis factor-a,
National Institutes of Health Stroke Scale, mortality

Introduction
Acute ischemic stroke is a multiple complex
condition due to an abrupt loss of blood volume to the
brain which will result in the rapid death of the brain
tissue[1]. Stroke associated immunity and inflammation are demonstrated to play critical roles in all the

stages of disease progression, including acute event of
stroke and long term recovery after stroke[2]. Usually,
the post-stroke inflammatory responses can be
classified into three phases: the acute phase refers to
the clearance of dead cells and the brain tissue injury
http://www.medsci.org
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accompanied by the activation of microglia or
macrophages in the first hours after the onset of
stroke; the subacute phase refers to the infiltration of
leukocytes into the brain and the resolution of
inflammation in the first days. The later phase refers
to tissue repair and glial scar by astrocytes and
microglia in days and weeks after stroke [2-4]. When
ischemic stroke happens, the brain injury would be
initiated by hypoxia inducible factor-1α and Notch
intracellular domain, which can lead to the
production of pro-inflammatory cytokines and the
activation of apoptotic signaling pathways[5]. Innate
immunity is the first line of defense to brain injury, in
which brain microglia/macrophage are activated and
could produce a series of pro-inflammatory cytokines
and chemokines to recruit peripheral immune cells
into brain parenchyma[6, 7]. Unlike the innate
immune system, the adaptive immune system is
highly specific to antigen, which is associated with
post-injury inflammatory response via the complex of
T and B lymphocytes [3]. Actually, the first responder
to brain injury is microglia/macrophage which is an
essential modulator of immunologic responses after
ischemic stroke[5]. However, the exact mechanism for
orchestrating the modulation of immunological
response post ischemic stroke has not been well
demonstrated.
Tumor necrosis factor-a-induced protein 8-like 2
(TIPE2) is a recently identified negative modulator of
inflammation in maintain immune homeostasis [8].
TIPE2 is highly expressed in resting macrophages and
regulates the activation of the NF-кB and activator
protein(AP)-1 signaling pathways in innate and
adaptive immune response [8]. TIPE2 is capable of
promoting M2 macrophage differentiation through
the activation of PI3K-AKT signaling pathway during
the resolution of inflammation and tissue repair [9]. In
recent years, TIPE2 has been reported to play an
important role in the development of infection [10],
systemic lupus erythematosus [11, 12], hepatitis
[13-15], colitis [16], and cancers [17-19]. In the mice
model of ischemic stroke, the genetic ablation of tipe2
gene might contribute to more infiltration of
macrophages/microglia, neutrophils and lymphocytes in the ischemic hemisphere, and increase the
infarction volume of infarction and neurological
dysfunction [20]. These findings firstly reported that
TIPE2 is involved in the pathogenesis of stroke using
ischemic stroke model [20]. In addition, TIPE2 has
also been demonstrated to inhibit MAPK and NF-κB
signaling pathways and reduce the production of
pro-inflammatory cytokines in macrophages during
myocardial
ischemia/reperfusion
injury
[21].
Therefore, these results strongly suggested the
potential role of TIPE2 in the inflammation and tissue
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repair of ischemic stroke.
However, the expression and function of TIPE2
in patients with acute ischemic stroke has not been
well demonstrated. In this case-control study, a total
of 182 consecutive patients with acute ischemic stroke
and 40 age- and sex- well matched healthy controls
were included. And then the mRNA levels of TIPE2,
interleukin(IL)-1β, IL-10, IL-6, nuclear factor(NF)-κβ,
activator protein(AP)-1, interferon(IFN)-γ and tumor
necrosis factor(TNF)-α from peripheral blood
mononuclear cells were determined. Our results
indicated that TIPE2 mRNA might contribute to the
immune response of stroke and might be a potential
biomarker for the mortality of patients with acute
ischemic stroke.

Patients and Methods
Patients and healthy controls
During November 2015 to June 2016, 265
consecutive patients with naive acute ischemic stroke
were collected in the Department of Neurology, Jinan
Central Hospital affiliated to Shandong University,
and 182 patients were finally included in this present
study. The inclusive criteria were based on the clinical
history, neurological symptoms and magnetic resonance imaging (MRI) according to the criteria of World
Health Organization [22, 23]. The exclusive criteria
consisted of intracranial hemorrhage, transient ischemic stroke, a recent history of surgery or myocardial
infarction during the past three months, systemic
inflammatory disease, aneurysmal subarachnoid
hemorrhage, traumatic contusion, vascular malformation, malignant tumor, venous sinus thrombosis, and
autoimmune diseases. During the same period, a total
of 124 healthy subjects from the Physical Examination
Center in our hospital have been collected and after
matching age and sex, there were finally 40 patients
were included as healthy controls. All the subjects
signed the consent and the local ethics committee of
the Jinan Central Hospital affiliated to Shandong
University approved this study.

Inclusion of demographic characteristics
Generally, age, sex and body mass index (BMI)
were collected as demographic characteristics. The
National Institutes of Health Stroke Scale (NIHSS)
score was calculated for identifying the severity of
stroke [24]. Etiologically, the patients were classified
by the Trial of Org 10,172 in Acute Stroke Treatment
(TOAST) system: large-artery atherosclerosis, smallvessel occlusion, cardioembolism, and stroke of
undetermined etiology (U) [25]. The clinical stroke
syndrome was categorized using the classification
criteria of the Oxfordshire Community Stroke Project
(OCSP): total anterior circulation infarct (TACI),
http://www.medsci.org
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partial anterior circulation infarct (PACI), posterior
circulation infarct (POCI), lacunar infarct (LACI) and
uncertain[26]. The lesion volume was calculated by
using the formula 0.5*a*b*c in MRI with
diffusion-weighted imaging (DWI) [27]. In detail, “a”
means the largest cross-sectional diameter, and “b”
means a second diameter at the right angles to the
first, as well as “c” means the height of the ellipsoid.
All the demographic characteristics were confirmed
by a blinded neurologist (Prof. Yan-Xin Zhao).

Laboratory tests
A total of 3 ml fasting blood were collected from
each patients on the next morning after admitting to
our stroke unit. Laboratory indicators including total
cholesterol (TC), total triglycerides (TG), low-density
lipoprotein (LDL), high-sensitivity C-reactive protein
(Hs-CRP) and homocysteine (HCY) were performed
according to standard methods in the clinical
laboratory of our hospital. The estimated glomerular
filtration rate (eGFR) was calculated according to the
following formula: eGFR (mL / min / 1.73 m2) = 175 *
creatinine - 1.234age - 0.179 * gender (male = 1, female
= 0.19).

RNA and cDNA Preparation from PBMC
A total of 5 ml citrate anticoagulated venous
blood were provided from each patient. Peripheral
blood mononuclear cells (PBMC) were collected by
Fission Gradient centrifugation in Ficoll-Paque Plus
(GE Healthcare, Uppsala, Sweden) and washed 3
times with phosphate buffered saline. Total RNA was
extracted by TRIzol (Invitrogen, Carlsbad, CA). Two
micrograms of RNA was reverse transcribed into
cDNA using a first strand cDNA synthesis kit
(Fermentas, Vilnius, Lithuania).

Quantitative real-time PCR for TIPE2 mRNA
level
Real-time PCR was performed using Light cycler
480 (Roche Diagnostics, Mannheim, Germany).
Particularly, the primers for real-time PCR are
presented in Table 1. The procedure of Real-time PCR
was performed using an SYBR Premix Ex TaqTM
(Takara, Shiga, Japan) according to the manufacturer’s instructions. The reaction condition of PCR was
the following: denaturation at 95℃ for 30 sec,
followed by 40 cycles of 95℃ for 5 sec, 60℃ for 30 sec,
and 72℃ for 30 sec. Each sample was carried out three
times. The results were determined using the
comparative (2-△△Ct) method.

Statistical analysis
The data was expressed as percentages (%) for
dichotomous variables and medians [interquartile
range (IQR)] for continuous variables. The estimated
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statistical power was 0.99 based on a two side<0.05
significance level when we set the assumed median
level to 5.0 for TIPE2 mRNA level in patients and 3.0
for healthy controls, and set the ratio for case/control
with 4:1 under the current total sample size(222). The
Mann–Whitney U-test and the χ2-test were used to
compare the two groups. Comparison within each
two groups was performed using SNK t test after
analysis of variance for the differences in the AIS
patients with different time stages. Correlations of
TIPE2 mRNA level with laboratory variables and
TIPE2 associated cytokines mRNA levels were
determined using Pearson correlation coefficient.
Hierarchical cluster analysis was performed to build a
membership of clusters of TIPE2 and its associated
cytokines. The effects of TIPE2 mRNA and TIPE2
associated cytokines were estimated as odds ratio
(OR) with 95% confidence interval (CI) on 3-month
mortality using full steps logistic regression models.
All analyses were performed using Empower(R)
(www.empowerstats.com, X&Y solutions, IncBoston,
MA) and R (http://www.R-project.org). Statistical
significance was defined as P<0.05.
Table 1. Primers sequence for TIPE2 and its associated cytokines
using RT-PCR.
Gene
TIPE2
TNF-α
IFN-γ
AP-1
NF-kB
IL-6
IL-10
IL-1β
β-actin

Primer sequences(5’-3’)
Forward GGAACATCCAAGGCAAGACTG
Reverse AGCACCTCACTGCTTGTCTCATC
Forward AAGCCTGTAGCCCATGTTGT
Reverse CAGATAGATGGGCTCATACC
Forward GCAGAGCCAAATTGTCTCCT
Reverse ATGCTCTTCGACCTCGAAAC
Forward CTCAGCAACTTCAACCCG
Reverse GCACTTGGAGGCAGCCCG
Forward CACAGATACCACTAAGACGCACC
Reverse GACCGCATTCAAGTCATAGTCC
Forward ACCCCTGACCCAACCACAAAT
Reverse AGCTGCGCAGAATGAGATGAGTT
Forward ATGCTTCGAGATCTCCGAGA
Reverse AAATCGATGACAGCGCCGTA
Forward AAACAGATGAAGTGCTCCTTCCAGG
Reverse TGGAGAACACCACTTGTTGCTCCA
Forward ATGGGTCAGAAGGATTCCTATGTG
Reverse CTTCATGAGGTAGTCAGTCAGGTC

Results
Descriptive Characteristics of Patients with
acute ischemic stroke and healthy controls
The inclusive and exclusive processes of AIS
patients and healthy controls have been described in
Figure 1. Initially, a total of 265 patients were newly
diagnosed with ischemic stroke and a total of 69
patients have been excluded (23 patients with transient ischemic attack, 24 patients with more than 24
hours at admission from the onset of stroke symptom,
and 22 patients with hemorrhage stroke). Among the
http://www.medsci.org
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196 remaining patients, there were 5 patients who
rejected the informed consent, 5 patients with severe
systemic bacterial infection, and 5 patients with
malignant tumor. Finally, a total of 182 patients were
included in this present study. During the same
period, a total of 124 healthy subjects from the Physical Examination Center in our hospital have been
collected and after matching age and sex, there were
finally 40 patients were included as healthy controls.
The descriptive characteristics of AIS patients
and healthy controls have been shown in Table 2.
Notable, the sex and age of AIS patients and healthy
controls were well matched. The levels of BMI,
HsCRP, GFR, FBG, TG, TC, LDL, and HCY were
significantly higher than those in healthy controls
(P<0.05, respectively). In the AIS patients, majority of
patients were punctured for the determination of
TIPE2 mRNA and associated cytokines mRNA levels
after the onset at 6-12 hours (n=58,31.87%), followed
by 12-18 hours (n=45,24.73%), 18-24 hours (n=42,23.08
%), more than 24 hours (n=29,15.93%),and less than 6
hours(n=8,4.4%).

Comparison of TIPE2 and associated cytokines
mRNA levels in patients with acute ischemic
stroke and healthy controls
The median relative expression of TIPE2 mRNA
in patients with acute ischemic stroke was 4.75 with
IQR (3.69-6.38), which was significantly higher that
than in healthy controls (2.22, IQR: 1.30-4.24; P<0.001)
(Table 2, Figure 2A). Furthermore, we have determined the relative expression of TIPE2 associated
cytokines, including IL-1β, IL-10, IL-6, NF-κβ, AP-1,
IFN-γ and TNF-α. In patients with acute ischemic
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stroke, the relative mRNA levels of TNF-, AP-1,
IFN-γ and NF-кβ were significantly elevated
compared with those in healthy controls [TNF-α, 3.74
(2.40-5.48) versus 2.16(1.68-3.69), P<0.001; AP-1, 4.44
(3.12-5.91) versus 4.00(2.11-5.65), P<0.05; IFN-γ, 4.46
(3.06-5.94) versus 2.63(1.63-3.93), P<0.001; NF-κβ, 2.91
(2.04-3.92) versus 0.68(0.44-1.04), P<0.001] (Table 2,
Figure 2C). However, there were no significant
differences of IL-1β, IL-10 and IL-6 in patients with
acute ischemic stroke and healthy controls [IL-1β, 4.50
(2.93-6.19) versus 3.38(1.81-5.25), P>0.05; IL-6, 4.00
(2.58-7.89) versus 3.05(1.48-7.67), P>0.05; IL-10, 3.58
(1.85-6.96) versus 1.75(0.75-3.59), P>0.05] (Table 2,
Figure 2C).

Dynamic profiles of TIPE2 and its associated
cytokine mRNA levels in AIS patients with
different time stages
According to the time from the symptom onset
to the time of blood sampling, AIS patients were
classified into 5 groups at the points of 6 hours, 12
hours, 18 hours and 24 hours. In Figure 2B showed an
increasing trend of TIPE2 mRNA level on the timedependent manner. The TIPE2 mRNA level in
patients with >24 hours was significant higher than
that in patients with < 6 hours and 6-12 hours (P<0.01,
respectively). In addition, patients with 12-18 hours
have significant higher level of TIPE2 mRNA
compared with that in patients with 6-12 hours
(P<0.05). However, we did not found significant
differences of IL-1β, IL-10, IL-6, NF-κβ, AP-1, IFN-γ
and TNF-α mRNA levels in AIS patients with different time stages (all P>0.05, respectively) (Figure 2D).

Figure 1. Flowchart for the inclusion of study patients with acute ischemic stroke and healthy controls

http://www.medsci.org
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Figure 2. Comparsion of TIPE2 mRNA and its associated cytokines in patients with acute ischemic stroke and healthy controls.The gene expressions of TIPE2,
TNF-α, AP-1, IFN-γ and NF-κβ in patients with acute ischemic stroke were significantly higher that than in healthy controls (A, C). (B) showed an increasing trend of
TIPE2 mRNA level on the time-dependent manner. However, we did not found significant differences of IL-1β, IL-10, IL-6, NF-κβ, AP-1, IFN-γ and TNF-α mRNA
levels in AIS patients with different time stage (D).

Associations of TIPE2 mRNA levels with
laboratory variables in patients with acute
ischemic stroke
To determine the potential effect of TIPE2
mRNA, we first compared the characteristics of
patients with acute ischemic stroke stratified by the
median of TIPE2 (4.75) in Table 3. The median value
of lesion volumes was 1.50 (0.34-20.25) mL in patients
with TIPE2 mRNA <4.75, which was significantly

higher than that in patients with TIPE2 >=4.75
[0.50(0.10-1.90), P<0.05]. Meanwhile, the median
value of NIHSS was 5.00(2.50-11.50) in patients with
TIPE2 mRNA <4.75, which was significantly higher
than that in patients with TIPE2 >=4.75 [3.00(2.007.00), P<0.01]. Furthermore, Pearson correlation
analysis was performed and there was significantly
negative correlations with TIPE2 mRNA and lesion
volumes (r=-0.23, P<0.01), LDH(r=-0.05, P<0.05) and
http://www.medsci.org
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NIHSS(r=-0.15, P<0.05) in Figure 3B and 3D.
However, we did not find any significant associations
of TIPE2 mRNA with HsCRP(r=-0.03, P>0.05),
FBG(r=0.03, P>0.05), TG(r=-0.08, P>0.05), TC(r=-0.01,
P>0.05) or GFR(r=-0.01, P>0.05)(Figure 3A, 3B and
3D).

IL-10(r=-0.31,P<0.001). However, there were no
significant associations between TIPE2 mRNA and
IL-1β(r=-0.04, P>0.05). Furthermore, hierarchy cluster
analysis showed that TIPE2 mRNA has nearest
membership with TNF-α, followed by IL-6, NF-κβ,
AP-1, IL-10, IL-1β and IFN-γ in Figure 3C.

Table 2. Basic characteristics of patients with acute ischemic
stroke and healthy controls

TIPE2 and its associated cytokines mRNA
levels in survival and nonsurvivals in patients
with acute ischemic stroke

Characteristics
Sex
Female
Male
Age, Years
BMI,kg/m2
HSCRP,mg/dL
eGFR,
mL/min/1.73m2
FBG,mmol/L
TG,mmol/L
TC,mmol/L
LDL,mmol/L
HCY, umol/L
NIHSS
Time Onset,hours
<6
>=6, <12
>=12, <18
>=18, <24
>=24
Lesion volumes,
mL
TIPE2
TNF-
AP-1
IFN-γ
IL-1β
IL6
IL10
NF-кB

AIS patients(n=182) Healthy Controls (n=40)
92 (50.55%)
90 (49.45%)
68.00 (59.00-75.00)
27.00 (25.00-29.00)
6.40 (4.73-10.02)
89.00 (77.00-100.50)

23 (57.50%)
17 (42.50%)
64.50 (56.50-71.00)
24.70 (23.00-26.00)
5.80 (4.50- 6.40)
79.00 (73.50- 91.25)

5.70 (5.00-7.30)
1.46 (0.90-2.07)
4.60 (3.93-5.47)
3.00 (2.57-3.70)
11.85 (9.77-15.00)
4.00 (2.00-8.00)

5.30 (4.85-5.73)
0.91 (0.72-1.40)
5.10 (4.50-5.80)
2.86 (2.69-2.97)
10.00 (8.00-13.00)
NA

8 ( 4.40%)
58 (31.87%)
45 (24.73%)
42 (23.08%)
29 (15.93%)
0.93 (0.20-7.88)

NA
NA
NA
NA
NA
NA

4.75 (3.69-6.38)
3.74 (2.40-5.48)
4.44 (3.12-5.91)
4.46 (3.06-5.94)
4.50 (2.93-6.19)
4.00 (2.58-7.89)
3.58 (1.85-6.96)
2.91 (2.04-3.92)

2.22 (1.30-4.24)
2.16 (1.68-3.69)
4.00 (2.11-4.65)
2.63 (1.63-3.92)
3.38 (1.81-5.25)
3.05 (1.48-7.67)
1.75 (0.75-3.59)
0.68 (0.44-1.04)

P value
0.426

0.101
<0.001
<0.001
0.021
0.003
<0.001
0.037
0.04
0.011
NA
NA

<0.001
<0.001
0.014
<0.001
0.177
0.66
0.124
<0.001

Associations of TIPE2 mRNA levels with
TIPE2 associated cytokines in patients with
acute ischemic stroke
In table 3, the median values of TNF-α, AP-1,
IFN-γ and NF-κβ in patients with TIPE2 mRNA <4.75
were significant higher than that in patients with
TIPE2 mRNA >=4.75[TNF-α, 4.95(3.68-7.46) versus
2.64(1.18-3.85), P<0.001; AP-1, 4.86(3.78-6.92) versus
3.85(1.92-5.42), P<0.001; IFN-γ, 4.86(3.75-6.90) versus
3.21(1.86-5.29), P<0.001; NF-κβ, 3.60(2.57-5.16) versus
2.18(1.05-3.11), P<0.001]. Meanwhile, the median
value of IL-10 in patients with TIPE2 mRNA <4.75
were significant lower than that in patients with
TIPE2 mRNA >=4.75[2.48(1.52-4.24) versus 5.09(2.598.50), P<0.001]. In Figure 3A, Pearson correlation
analysis demonstrated that TIPE2 mRNA level was
significantly negatively associated with TNF-α(r=
-0.33, P<0.001), AP-1(r=-0.28,P<0.001), IFN-γ(r=-0.16,
P<0.05) and NF-κβ(r=-0.13,P<0.05), but significantly
positively associated with IL-6(r=0.14,P<0.05) and

After the 3-month treatment and follow up, a
total of 33 patients died and the mortality rate was
18.13%. In table 3, the mortality rate of AIS patients
with TIPE2 mRNA<4.75 (31.87%) was significantly
higher than that of AIS patients with TIPE2 mRNA
>=4.75(4.40%, P<0.001). As illustrated in Figure 4A,
violin plot showed that the median of TIPE2 mRNA in
survivals [5.31(3.87-6.96)] was significantly higher
than that in nonsurvivals [3.06(2.19-4.35), P<0.001], as
well as the same trend for IL-10 [3.80(1.96-7.55) versus
2.40(1.50-4.65), P<0.05] in bean plot of Figure 4B.
However, the medians of TNF-α, AP-1, IFN-γ and
NF-κβ mRNA levels in survivals were significantly
lower than that in nonsurvivals[TNF-α, 3.42(2.20-4.86)
versus 5.67(4.67-7.72), P<0.001; AP-1, 4.08(2.80-5.79)
versus 5.40 (4.44-8.10), P<0.001; IFN-γ, 4.14(2.85-5.76)
versus 5.52(4.35-7.77), P<0.01; NF-κβ, 2.58(1.80-3.76)
versus 3.60(2.98-4.08), P<0.05]. Furthermore, we did
not find any significant differences of IL-1β and IL-6
mRNA levels between survivals and nonsurvivals
[IL-1β, 4.47(3.09-6.03) versus 4.65(2.48-6.60), P>0.05;
IL-6, 4.05(2.60-8.00) versus 3.91(2.56-7.12), P>0.05].
In addition, the ORs with 95%CI of TIPE2 mRNA
and TIPE2 associated cytokines on mortality were
estimated. As illustrated in Figure 5, TIPE2 mRNA
showed the greatest OR(0.52, 95%CI: 0.349-0.760),
P<0.001) in all the ORs for IL-1β(OR 0.90, 95%CI
0.773-1.052, P>0.05), IL-10(OR 0.99, 95%CI 0.859-1.140,
P>0.05), IL-6(OR 0.99, 95%CI 0.908-1.069, P>0.05),
NF-κβ(OR 0.89, 95%CI 0.702-1.136, P>0.05), AP-1(OR
0.95, 95%CI 0.692-1.517, P>0.05), IFN-γ (OR 1.06,
95%CI 0.852-1.319, P>0.05)and TNF-α(OR 1.17, 95%CI
0.902-1.517, P>0.05), suggesting that TIPE2 mRNA
might be a potential biomarker for the mortality of
acute ischemic stroke.

Discussion
Currently, immunity and inflammation play
critical roles in acute event of stroke [2]. However, the
exact mechanism for the modulation of immunological response in ischemic stroke has not been well
demonstrated. In the mice model of ischemic stroke,
knockout of tipe2 gene contributed to more
infiltration of macrophages/ microglia, neutrophils
and lymphocytes in the ischemic hemisphere, and
http://www.medsci.org
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increase the infarction volume of infarction and
neurological dysfunction [20]. In addition, TIPE2 has
also been demonstrated to inhibit MAPK and NF-κB
signaling pathways and reduce the production of
pro-inflammatory cytokines in macrophages during
myocardial
ischemia/reperfusion
injury
[21].
However, the expression and function of TIPE2 in
patients with acute ischemic stroke has not been well
demonstrated. In this case-control study, we reported
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that TIPE2 mRNA in patients with acute ischemic
stroke was significantly higher that than in healthy
controls. Furthermore, the relative mRNA levels of
TNF-, AP-1, IFN-γ and NF-κβ were significantly
elevated compared with those in healthy controls. To
our knowledge, this is the first study to determine the
TIPE2 expression in clinical settings of patients with
acute ischemic stroke.

Figure 3. Associations of TIPE2 mRNA level with clinical parameters in patients with acute ischemic stroke.There was significantly negative correlations with TIPE2
mRNA and lesion volumes, LDH and NIHSS (B, D). However, we did not find any significant associations of TIPE2 mRNA with HsCRP, TG, TC or GFR (Figure A, B
and D). TIPE2 mRNA level was significantly negatively associated with TNF-α, AP-1, IFN-γ and NF-κβ, but significantly positively associated with IL-6 and IL-10(A).
Furthermore, hierarchy cluster analysis showed that TIPE2 mRNA has nearest membership with TNF-α, followed by IL-6, NF-κβ, AP-1, IL-10, IL-1β and IFN-γ(C).

http://www.medsci.org
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Figure 4. Comparison of TIPE2 mRNA and its associated cytokines in survivals and nonsurvivals. The median of TIPE2 mRNA in survivals was significantly higher than
that in nonsurvivals (A), as well as the same trend for IL-10(B). However, the medians of TNF-α, AP-1, IFN-γ and NF-κβ mRNA levels in survivals were significantly
lower than that in nonsurvivals (A). Furthermore, we did not find any significant differences of IL-1β and IL-6 mRNA levels between survivals and nonsurvivals (B).

Figure 5. Odd raitos of TIPE2 and its associated cytokines on the mortality
after 3 months.

According to the time from the symptom onset
to the time of blood sampling, we classified the acute
ischemic stroke patients into 5 groups basing the time
within the first two days after the stroke onset.
Importantly, the results showed an increasing trend of
TIPE2 mRNA level on the time-dependent manner
and strongly suggested that TIPE2 involved in the

pathogenesis and progression of acute ischemic
stroke. TIPE2 was firstly identified as negative
modulator of inflammation and has been reported to
be highly expressed in resting macrophages [8]. TIPE2
is capable of promoting M2 macrophage differentiation through the activation of PI3K-AKT signaling
pathway during the resolution of inflammation and
tissue repair [9]. The M1 subtype of macrophage can
promote the activation of NF-κB and release
pro-inflammatory cytokines, which contributes to the
injury of the brain [28]. The M2 subtype of
macrophage can secret the anti-inflammatory
cytokines including IL-33 and IL-10, which can exert
the protective role on the brain tissue from ischemia
and hypoxia [28]. It has been considered that the
appearance of M1 subtype in the early stage is
deleterious, which can activate the location of NF-κB
to produce pro-inflammatory cytokines, such as
TNF-α, IL-1β, and NO[29]. The hypothesis has also
been supported by our data that the relative mRNA
levels of TNF-α, AP-1, IFN-γ and NF-κβ were
significantly elevated compared with those in healthy
controls.
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Table 3. Characteristics of patients with acute ischemic stroke
stratified by the median of TIPE2.
Characteristic
Sex
Female
Male
Age,Years
BMI,kg/m2
Time Onset,hours
<6
>=6, <12
>=12, <18
>=18, <24
>=24
Lesion volumes,mL
Lesion volumes
classification
Large
Middle
Small
Before and after cycle
LACS
POCS
TACS
PACS
NIHSS
HSCRP,mg/dL
GFR,mL/min/1.73m2
FBG,mmol/L
TG,mmol/L
TC,mmol/L
LDL,mmol/L
HCY,umol/L
TNF-
AP-1
IFN-γ
IL-1β
IL6
IL10
NF-κB
Outcome
Survival
Nonsurvival

TIPE2
mRNA<4.75(n=91)

TIPE2 mRNA
>=4.75(n=91)

45 (49.45%)
46 (50.55%)
69.00 (61.50-76.00)
27.90 (26.00-29.00)

47 (51.65%)
44 (48.35%)
66.00 (56.50-75.00)
27.00 (25.00-29.05)

5 (5.49%)
36 (39.56%)
21 (23.08%)
22 (24.18%)
7 (7.69%)
1.50 (0.34-20.25)

3 (3.30%)
22 (24.18%)
24 (26.37%)
20 (21.98%)
22 (24.18%)
0.50 (0.10- 1.90)

16 (17.58%)
4 ( 4.40%)
71 (78.02%)

9 ( 9.89%)
4 ( 4.40%)
78 (85.71%)

1 ( 1.10%)
20 (21.98%)
62 (68.13%)
8 ( 8.79%)
5.00 (2.50-11.50)
7.10 (5.15-12.40)
87.00 (76.00- 99.25)
5.70 (4.90-7.50)
1.60 (0.97-2.10)
4.60 (3.90-5.42)
3.00 (2.54-3.73)
11.80 (9.60-15.30)
4.95 (3.68-7.46)
4.86 (3.78-6.92)
4.86 (3.75-6.90)
4.67 (3.03-7.08)
3.89 (2.64-6.00)
2.48 (1.52-4.24)
3.60 (2.57-5.16)

5 ( 5.49%)
28 (30.77%)
48 (52.75%)
10 (10.99%)
3.00 (2.00- 7.00)
6.20 (4.60- 8.40)
0.50 (78.00-103.00)
5.60 (5.10-7.00)
1.23 (0.90-1.95)
4.61 (3.97-5.45)
3.10 (2.60-3.65)
11.90 (9.80-14.60)
2.64 (1.18-3.85)
3.85 (1.92-5.42)
3.21 (1.86-5.29)
4.38 (2.79-5.71)
4.30 (2.56-8.59)
5.09 (2.59-8.50)
2.18 (1.05-3.11)

62 (68.13%)
29 (31.87%)

87 (95.60%)
4 (4.40%)

P-value
0.767

0.293
0.366
0.018

0.012
0.318

0.111

0.008
0.075
0.607
0.424
0.115
0.743
0.535
0.475
<0.001
<0.001
<0.001
0.167
0.073
<0.001
<0.001
<0.001

We have also reported that TIPE2 mRNA was
significantly negatively associated with and lesion
volumes and NIHSS. Furthermore, TIPE2 mRNA
level was significantly negatively associated with
TNF-α, IFN-γ and NF-κβ, but significantly positively
associated with IL-6 and IL-10. In addition, hierarchy
cluster analysis showed that TIPE2 mRNA has nearest
membership with TNF-α, followed by IL-6, NF-κβ,
AP-1, IL-10, IL-1β and IFN-γ. These results might
provide clues for analysis the exact of complex
network with TIPE2 and associated cytokine in the
early phase of acute ischemic stroke. Although the
biological function of TIPE2 on stroke has not been
well elucidated, the possible aspects should be
considered. First, TIPE2 might be the initiator for the
immune response and inflammation in the early stage
of acute ischemic stroke. Mice model of ischemic
stroke models with knockout of Tipe2 gene has been

reported to present the higher ischemic volume and
more severe brain impairment than wild type mice
[20]. Second, TIPE2 might be a compensatory
feedback for the subacute or later stage of acute
ischemic stroke [30].Zhang found that inflammation
associated with stroke can lead to secondary ischemic
injury [31-33]. It has been demonstrated that TIPE2
might inhibit the activation of NF-kB by binding to
caspase-8 in the immune deficiency [34, 35]. Blockage
of TIPE2 might result in the increased levels of
interleukin 10, interleukin 6, interleukin 12 and
TNF-α. Therefore, current evidence suggested that
TIPE2 is involved in the development of acute
ischemic stroke. However, the exact mechanism for
the biological role of TIPE2 in the acute and later
phases of acute ischemic stroke should be well
studied in the future.
After the 3-month treatment and follow up, a
total of 22 patients died and the mortality rate was
18.13%. We have also demonstrated that TIPE2
mRNA in survivals was significantly higher than that
in nonsurvival, as well as the same trend for IL-10.
Furthermore, we have found that the medians of
TNF-α, AP-1, IFN-γ and NF-κβ mRNA levels in
survivals were significantly lower than that in
nonsurvivals. These results further supported the
hypothesis that TIPE2 associated immunity involved
in the progression of acute ischemic stroke. In
addition, we primarily investigated the possible
effects of TIPE2 mRNA and TIPE2 associated
cytokines on mortality. Importantly, TIPE2 mRNA
showed the greatest OR in all the ORs for IL-1β, IL-10,
IL-6, NF-κβ, AP-1, IFN-γ and TNF-α, suggesting that
TIPE2 mRNA might be a potential biomarker for the
mortality of acute ischemic stroke.
Several limitations should be mentioned in this
present study. First, we determined the TIPE2 mRNA
using PBMCs, rather than cerebral spinal fluid, which
might be more accurate in reflecting the real condition
of brain. However, it is not realistic for obtain the
cerebral spinal fluid under the emergency condition
of acute stroke. Second, this study was also limited by
the relatively small number of patients and heathy
controls, especially for healthy controls with the
matched ratio was less than 1:1. And the patients’
samples usually come from our single unit. Therefore,
large samples of patients from multiple units might be
helpful in the future study. Third, our data came from
Chinese only, which might result in the potential of
selection bias.
In conclusion, our present study firstly
demonstrated that reported that TIPE2 mRNA in
patients with acute ischemic stroke was significantly
higher that than in healthy controls. TIPE2 mRNA
contributed to the immune response of stroke and
http://www.medsci.org

Int. J. Med. Sci. 2018, Vol. 15
might be a potential biomarker for the mortality of
acute ischemic stroke. However, the exact mechanism
underlying the biological role of TIPE2 in the acute
and later phases of acute ischemic stroke should be
well studied in the future.
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