Received: 17 July 2016

Revised: 25 April 2017

Accepted: 30 April 2017

DOI: 10.1002/brb3.746

ORIGINAL RESEARCH

WILEY Brain and Behavior

Open Access,

Protein microarray analysis identifies key cytokines associated
with malignant middle cerebral artery infarction

Zhonghe Zhou'* | Jinghua Zhang!* | Xiaoqiu Li* | ChengXia® | Yaling Han?

Huisheng Chen'

'Department of Neurology, General Hospital
of Shen-Yang Military Region, Shenyang, China

°Department of Cardiology, General Hospital
of Shen-Yang Military Region, Shenyang, China

Correspondence

Yaling Han and Huisheng Chen, General
Hospital of Shen-Yang Military Area
Command, Shenyang, China.

Emails: hanyaling@263.net; chszh@aliyun.com

Funding information

National Natural Science Foundation of
China, Grant/Award Number: 30772089

and 81271240; Science and Technology

Plan of Liaoning Province, Grant/Award
Number: 2012225010 and 2013225089; Key
Project of National 12th Five-Year Research
Program of China, Grant/Award Number:
20127X0903016-002

Abstract

Introduction: We aimed to explore potential cytokines involved in the malignant mid-
dle cerebral artery infarction (MMI) and elucidate their underlying regulatory
mechanisms.

Methods: We first developed a cytokine profile by Quantibody® Human Cytokine
Antibody Array7000 using serum samples from eight patients with MMI and eight
patients with non-acute cerebral infarction (NACI). The differentially expressed cy-
tokines were then identified in patients with MMI using two-tailed Student’s t-test
and Fisher’s Exact Test compared with patients with NACI. Gene Ontology and path-
way enrichment analyses were performed using DAVID. Protein-protein interaction
(PPI1) network was constructed based on STRING database.

Results: A total of 10 differentially expressed cytokines were identified from 320
unique inflammatory cytokines in serums. Among them, four cytokines, like NCAM1
(neural cell adhesion molecule 1), IGFBP-6 (insulin-like growth factor binding protein
6), LYVE1 (lymphatic vessel endothelial hyaluronan receptor 1), and LCN2 (Lipocalin2),
were up-regulated, while another six cytokines, such as TGFB1 (transforming growth
factor, beta 1, also known as LAP), EGF (epidermal growth factor), PDGFA (platelet-
derived growth factor alpha polypeptide), MMP-10 (matrix metallopeptidase 10), IL-27
(interleukin 27), and CCL2 (chemokine (C-C motif) receptor 2), were down-regulated.
Moreover, cytokine-cytokine receptor interaction pathway was significantly
enriched.

Conclusions: Our findings indicate that 10 differentially expressed cytokines, such as
NCAM1, LCN2, IGFBP-6, LYVE1, MMP-10, IL-27, PDGFA, EGF, CCL2, and TGFB1 may
participate in the development of MMI. Moreover, cytokine-cytokine receptor interac-
tion pathway may be an important mechanism involved in this disease. These differen-

tially expressed cytokines may serve as diagnostic biomarkers or drug targets for MMI.
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1 | INTRODUCTION

Malignant middle cerebral artery infarction (MMI), a common acute
cerebral infarction, is the most devastating form of ischemic stroke
with an 80% mortality rate (Huttner and Schwab 2009; Vahedi et al.,
2007). It is characterized with large supratentorial infarcts caused
by acute occlusion of malignant middle cerebral artery and space-
occupying brain edema followed by cerebral herniation (Berrouschot,
Sterker, Bettin, KO2ster, & Schneider, 1998; Hacke, Schwab, Horn,
Spranger, & De GM, 1996). Patients with cerebral infarction caused
by either thrombi or emboli always suffer irreversible neurologic defi-
cits which markedly lower the quality of daily living (Kim et al., 2000).
In addition, multiple risk factors can contribute to cerebral infarction,
such as high blood pressure, diabetes, and tobacco smoking (Hankey,
2006). However, the pathogenesis of this disease has not been fully
elucidated to date.

In recent years, many approaches, such as thrombolytic drugs,
mechanical embolectomy, and angioplasty have been introduced in
the therapy of acute cerebral infarction, however, exploration of ef-
fective treatments for MMI remains a great challenge in neurocritical
care (Huttner and Schwab 2009). A previous work has suggested that
early craniectomy may be more effective since a reduction in mortality
from 27% to 16% can be caused by stepwise reduction in time from
39 to 21 hours between surgery and stroke onset (Schwab, 1998).
Moreover, decompressive surgery (hemicraniectomy) has been re-
ported to effectively improve neurological outcome and decrease the
mortality in patients with MMI when it is performed within 48 hr of
stroke onset (Minnerup et al., 2011). Therefore, identification of key
mechanisms involved in MMI will be of great significance for the early
diagnosis and treatment of MMI.

Ischemic injury of brain tissues and subsequent necrosis and
apoptosis of nerve cells are shown to be the main reason for ce-
rebral infarction (Frizzell, 2005; Mergenthaler, Dirnagl, & Meisel,
2004). Cranial computerized tomography (CT) findings as major
early signs also show that ischemia covering is more than 30% at
occlusion site (Sparacia, laia, Assadi, & Lagalla, 2007). Recently, ac-
cumulated evidences have stressed the important roles of inflam-
matory reaction mediated by cytokines in the pathophysiology of
acute brain ischemia (Sotgiu et al., 2006; Vila, Castillo, Davalos, &
Chamorro, 2000). The plasma levels of some inflammatory cyto-
kines, such as tumor necrosis factor (TNF-a) and interleukin (IL)-6,
are reported to be a predictive diagnosis of acute ischemic stroke
in the acute setting (Tuttolomondo, Di Raimondo, di Sciacca, Pinto,
& Licata, 2008). In addition, cytokines are up-regulated in the brain
after stroke and can recruit more circulating leukocytes for enlarg-
ing the cerebral infarct area though infiltrating the ischemic region
and promoting the loss of neuronal cells and brain tissue (Feuerstein,
Wang, & Barone, 1998). Various cytokines are demonstrated to be
involved in the neurogenesis and/or neuronal regeneration (Dirnagl,
Simon, & Hallenbeck, 2003; Schabitz et al., 2003). Besides, adminis-
tration of hematopoietic cytokines, like stem cell factor and granu-
locyte colony-stimulating factor in the subacute phase after cerebral

infarction is shown to be effective for enhancing cytokine-induced

generation of neuronal cells and may serve as a new therapeutic
strategy (Kawada et al., 2006). Although considerable advances have
been made, key cytokines associated with MMI development have
not been definitely determined, as well as their regulatory mecha-
nism is still largely unknown.

In this study, we developed a protein microarray to detect the
concentrations of 320 unique inflammatory cytokines simultaneously
in serum of patients with MMI and patients with non-acute cerebral
infarction (NACI). Then the differentially expressed cytokines in serum
of patients with MMI were identified. Besides, functional enrichment
analyses and protein-protein interaction (PPI) network analysis were
performed. The objective of our study was to explore potential cyto-
kines involved in the MMI and to elucidate their possible regulatory

mechanisms in MMI development.

2 | MATERIALS AND METHODS

2.1 | Patients

A total of eight patients with MMI and eight patients with NACI were
recruited. MMI was diagnosed according to the following criteria:
signs on CT showed an infarct of at least 50% of the middle cerebral
artery territory or infarct volume >145 cm® on diffusion-weighted
images (DWIs); secondary neurological deterioration including con-
sciousness decline was defined by at least 1 point of consciousness
item described in the National Institutes of Health Stroke Scale
(NIHSS), which was an essential parameter to assess the severity of
acute ischemic stroke; patients were hospitalized within 24 hr of dis-
ease onset; patients had no history of other brain disorders, such as
hemorrhagic cerebral vessel disease, idiopathic epilepsy, intracranial
infection, or craniocerebral trauma; and patients had no other infec-
tions such as urinary tract infections or pneumonia. Meanwhile, NACI
was defined as non-acute cerebral infarction (7 to 14 days after onset)
and had no any clinical sequelae after 6 months. The infarct volume
of NACI patients was confirmed according to T2-weighted magnetic
resonance imaging. In addition, the clinical baseline data of the above
two different types of diseased population was shown as follows: the
median age was 68 + 3.36 (range: 57-80) vs. 70.75 + 2.51 (range:
61-79) years, the ratio of male/female was all 1:1. The risk factors

of patients are shown in Table 1. The baseline NIHSS of MMI group

TABLE 1 The risk factors of the participants

Patients with MMI Patients with
Risk factors (N=28) NACI (N = 8)
Diabetes 3 2
Coronary heart disease 4 3
Hypertension 5 6
Artery atherosclerosis &) 6
Stroke 4 2
Smoking 4 4
Drinking 4 4
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and NACI group was 24.375 + 1.89 and 4.0 + 1.12, and infarct volume
by DWI in above two groups was 154.75 + 7.11 and 12.38 + 3.49,
respectively.

The blood collection of the included MMI patients was performed
at 24 hr of stroke onset. The blood samples of NACI patients were
collected at the next morning after admission. The serum collection
from these patients was performed as perviously described. In brief,
10 milliliters of peripheral blood sample was collected from median cu-
bital vein of each individual and then centrifuged at 1000 g for 15 min.
Finally, the serum fraction was separated, aliquotted, and stored at
-80°C for further use. Our study was approved by Ethics Committee
of General Hospital of Shenyang Military Area Command and written
informed consent was obtained from each patient or their responsible

families.

2.2 | Protein microarray design and analysis

An antibody-based cytokine array system (Quantibody® Human
Cytokine Antibody Array 7000, RayBiotech, Inc., Norcross, GA,
USA) was used to detect multiple cytokines simultaneously in serum
of patients with MMI (n = 8) and patients with NACI (n = 8). This
array system utilized the multiplexed sandwich ELISA-based tech-
nology to quantitatively measure the concentration of 320 human
cytokines. Briefly, an equal amount of sample diluent was added
into each well and incubated for 30 min to block slides. Then multi-
ple cytokine-specific capture antibodies together with the positive
controls were arrayed onto the glass support in quadruplicate. After
incubation for 2 h with gentle shaking, the diluted serum samples
were incubated with the second biotinlabeled specific detection an-
tibody to recognize a different isotope of the target cytokine. The
streptavidin-labeled Cy3 equivalent dye was then added to incubate
in dark room for 1 h, and the signals were subsequently visualized
using a laser scanner. Data extraction was done using microarray
analysis software GenePix laser scanner (Toronto, Canada), and
Quantibody® Q-Analyzer software (RayBiotech, Inc., Norcross, GA,
USA) was used for quantitative data analysis. By comparing signals
from positive controls, the cytokine concentration in each serum
was finally determined based on the standard curves generated by

8-point cytokine concentrations.

2.3 | Analysis of differential protein expression

Analysis of continuous variables and categorical variables between
these cytokines were, respectively, carried out using the two-tailed
Student’s t-test or Fisher's Exact Test (Xz) test with SPSS ver-
sion19.0 (SPSS Inc., Chicago, IL, USA) . The differentially expressed
cytokines in serum of patients with MMI were then identified com-
pared with patients with NACI. A value of p <.05 was considered
statistically significant. Moreover, the fold change in the individual
cytokine expression in serum of patients with MMI compared to
that in serum of patients with NACI was calculated to distinguish
up- and down-regulation of cytokines. Fold change >1 represented
that this cytokine was up-regulated in serum of patients with MMI
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compared with patients with NACI, while fold change <1 repre-

sented down-regulation.

2.4 | Functional enrichment analyses

Gene Ontology (GO, http:/www.geneontology.org) (Ashburner et al.,
2000) is widely used for unification of biology of a large scale of genes
and proteins. Kyoto Encyclopedia of Genes and Genomes (KEGG,
http:/www.genome.ad.jp/kegg/) (Kanehisa & Goto, 2000) database is
widely used for correlating gene sets into their respective pathways.
Reactome (http:/www. reactome.org) (Croft et al., 2014) is a curated,
peer-reviewed resource of human biological pathways and reaction
network. The presumed inherited direction (PID) (Schaefer et al.,
2009), a pathway interaction database, mainly focus on signaling path-
ways. BioCarta (http:/www.biocarta.com) (Nishimura, 2001) is an in-
teractive online resource, which is divided into three main categories:
gene function, proteomic pathway, and reagent exchange. PANTHER
pathway (Mi & Thomas, 2009) is an ontology-based pathway database
for illustrating how ontologies and standards play a role in data analy-
sis via coupling with data analysis tools.

In our study, to analyze these differentially expressed cytokines
in functional level, we performed GO annotation, KEGG pathway,
Reactome, PID, BioCarta, and PANTHER pathway enrichment anal-
yses using Database for Annotation, Visualization, and Integrated
Discovery (DAVID, http:/david.abcc.ncifcrf.gov/) (Dirnagl et al., 2003),
which was an online tool for functional annotation and visualization of
large-scale genomic or transcriptomic data. A p-value <.05 was set as

the threshold value.

2.5 | PPI network construction

Search Tool for the Retrieval of Interacting Genes (STRING) (Szklarczyk
et al.,, 2011) is an online database providing comprehensive informa-
tion of predicted and experimental interactions of proteins. The PPI
pairs in STRING database are displayed with a combined score. In
our study, these differentially expressed cytokines were mapped into
STRING database with combined score >0.5 for identifying the signifi-
cant PPI pairs. PPl network was then established and visualized using
Cytoscape software (Kohl, Wiese, & Warscheid, 2011). Degree cen-
trality (Jeong, Mason, Barabasi, & Oltvai, 2001) as a topological
property of PPl network was then used to identify hub nodes in the
network. The higher the degree was, the more important the nodes
were in the network.

3 | RESULTS

3.1 | Cytokine profiling

In our study, Quantibody® Human Cytokine Antibody Array7000 was
used to simultaneously measure the concentrations of 320 unique in-
flammatory cytokines in serum of patients with MMI and patients with
NACI. Data extraction was done using microarray analysis software
and the cytokine profiling was developed for subsequent analysis.


http://www.geneontology.org
http://www.genome.ad.jp/kegg/
http://www. reactome.org
http://www.biocarta.com
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3.2 | Identification of differentially expressed
cytokines

Based on the expression value of each cytokine, 10 differentially ex-
pressed cytokines were identified in serum of patients with MMI com-
pared with patients with NACI. Among them, four cytokines, including
NCAM1 (neural cell adhesion molecule 1), IGFBP-6 (insulin-like growth
factor binding protein 6), LCN2 (Lipocalin2), and LYVE1 (lymphatic
vessel endothelial hyaluronan receptor 1) were up-regulated, while
another six cytokines, like TGFB1 (transforming growth factor, beta 1,
also known as LAP), MMP-10 (matrix metallopeptidase 10), IL-27 (in-
terleukin 27), EGF (epidermal growth factor), PDGFA (platelet-derived
growth factor alpha polypeptide), and CCL2 (chemokine (C-C motif)

receptor 2, also known as MCP-1), were down-regulated.

3.3 | Functional enrichment analyses

We performed GO enrichment analysis for functional annotation of
these differentially expressed cytokines. As shown in Table 2, these
differentially expressed cytokines were significantly enriched in GO
functions related with hyaluronan metabolic process (3.90E-05), regu-
lation of hyaluronan biosynthetic process (7.96E-05), platelet alpha
granule lumen (9.48E-05), platelet alpha granule (1.95E-04), and se-
cretory granule lumen (1.95E-04). The top 10 GO terms are shown
in Table 2.

In addition, the significantly enriched KEGG, Reactome and PID
pathways of these differentially expressed cytokines were shown
in Table 3. The results showed that the significantly enriched KEGG
pathways were cytokine-cytokine receptor interaction, malaria, and
glioma. The significantly enriched Reactome pathways were extracel-
lular matrix organization, nonintegrin membrane-ECM interactions
and ECM proteoglycans. The markedly enriched PID pathways were
IL27-mediated signaling events, ceramide signaling pathway and
PDGF receptor signaling network. However, BioCarta and PANTHER
pathways were not significantly enriched.

TABLE 2 The top 10 Gene Ontology terms enriched by
differentially expressed cytokines

Category Term Count  p-value

G0:0030212  Hyaluronan metabolic process 3 3.90E-05

G0:1900125 Regulation of hyaluronan 2 7.96E-05
biosynthetic process

GO:0031093  Platelet alpha granule lumen 3 9.48E-05

GO:0031091  Platelet alpha granule 3 1.95E-04

GO:0034774  Secretory granule lumen 3 2.04E-04

GO0:0030213  Hyaluronan biosynthetic 2 2.57E-04
process

GO:0030214  Hyaluronan catabolic process 2 3.38E-04

GO0:0031983  Vesicle lumen 3 3.74E-04

GO:0060205  Cytoplasmic membrane- 3 3.74E-04
bounded vesicle lumen

GO:0002576  Platelet degranulation 8 4.93E-04

Besides, the detailed pathway information of cytokine-cytokine
receptor interaction is shown in Figure 1, which displayed the reac-
tion network of several cytokine families, such as chemokines, PDGF
family, and TGF-f family. We found that the important differentially
expressed cytokines in chemokines was CCL2, in PDGF family were
PDGFA and EGF, and in TGF-f family was TGFB1. Notably, these cyto-

kines were all down-regulated.

3.4 | PPl network analysis

Based on the information of STRING database, the PPl network
constructed by the above 10 differentially expressed cytokines was
obtained (Figure 2a). The results showed that TGFB1 (degree = 4) could
interact with the most cytokines, followed by EGR (degree = 3) and CCL2
(degree = 2). Furthermore, we identified another 10 nodes based on the
combined score of PPI pairs >0.5, which could interact with the above
10 differentially expressed cytokines directly. Then total 20 nodes were
used to construct another PPl network. As shown in Figure 2b, EGF,
EGFR (epidermal growth factor receptor), GRB2 (growth factor receptor-
bound protein 2), ERBB2 (v-erb-b2 erythroblastic leukemia viral onco-
gene homolog 2), and ERBB3 (v-erb-b2 erythroblastic leukemia viral
oncogene homolog 3) were identified as hub nodes in this PPI network.

4 | DISCUSSION

Microarrays analysis has been shown to measure the concentrations
of many proteins simultaneously, which dramatically accelerates the
pace of discovery of drug targets and biomarkers (Wilson & Nock,
2003). In this study, we developed cytokine profile using peripheral
blood of MMI and NACI patients and microarray data were analyzed
to detect the concentrations of 320s cytokines simultaneously. The
results showed that 10 differentially expressed cytokines in serum of
patients with MMI compared with patients with NACI were identified.
Among them, NCAM1, IGFBP-6, LCN2, and LYVE1 were up-regulated,
while TGFB1, MMP-10, IL-27, EGF, PDGFA, and CCL2 were down-
regulated. Moreover, down-regulated cytokine, such as PDGFA, EGF,
CCL2, and TGFB1 were significantly enriched in cytokine-cytokine
receptor interaction. The crucial roles of these cytokines in the patho-
genesis of MMI and their potential values in the diagnosis and treat-
ment of this disease merit further discussion.

Increasing evidence has proved that cytokines usually act as in-
flammatory mediators involved in ischemic cascade and result in an
inflammatory state (Tuttolomondo et al., 2008). Cytokines are also
involved in various disease processes, including MMI (Chu et al.,
2014). In our study, the concentrations of NCAM1, LCN2, IGFBPé,
and LYVE1 were significantly higher in patients with MMI compared
with those in patients with NACI. NCAM1 as a member of the immu-
noglobulin superfamily is reported to be implicated in the expansion
of T cells and dendritic cells which play a role in immune surveillance,
and is identified as key genes associated with ischemic stroke (Wang
et al., 2013). Tur et al. also demonstrated that up-regulation of the
140-kD isoform of CD56 (NCAM1) might play an important role in
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TABLE 3 The top 10 enriched
pathways by differentially expressed
cytokines via different databases

Category

KEGG pathways
hsa04060
hsa05144
hsa05214
hsa05212
hsa05218
hsa04540
hsa05215
hsa05323
hsa05142
hsa04010

Reactome
REACT_118779
REACT_163874
REACT_163906
REACT_318
REACT_6323
REACT_1280
REACT_120996
REACT_120726

REACT_121083
REACT_115852
PID
il27pathway
ceramide_pathway
pdgf_pathway
telomerasepathway
apl_pathway
et_egfrpathway

erbb_network_
pathway

syndecan_1_pathway

rxr_vdr_pathway

alklpathway

the pathogenesis of ischemic cardiomyopathy and could serve as a
target in the treatment of this disease (Tur et al., 2013). In addition,
LCN2 is identified to mediate neuroinflammation after ischemic and
hemorrhagic strokes (Chou, Wang, Kumar, & Weng, 2015). Jin et al.
confirmed that LCN2 might contribute to neuronal cell death in the
ischemic brain via increasing glial neurotoxicity and promoting neu-
roinflammation (Jin et al., 2014). Wang et al. also suggested that LCN2
as a neurotoxic factor was rapidly released in response to cerebral
ischemia to reduce stroke-reperfusion injury (Wang etal., 2015).
Although the roles of IGFBP-6 and LYVE1 have not been discussed
in our study, we speculate the above cytokines may be key factors

involved in MMI progression.
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Term Count p-value
Cytokine-cytokine receptor interaction 4 .0100043
Malaria 2 .0110871
Glioma 2 .0186208
Pancreatic cancer 2 0191468
Melanoma 2 .0218693
Gap junction 2 .0328786
Prostate cancer 2 .0328786
Rheumatoid arthritis 2 .0342118
Chagas disease (American trypanosomiasis) 2 .0433727
MAPK signaling pathway 3 0477863
Extracellular matrix organization 7 2.56E-07
Non-integrin membrane-ECM interactions 7 3.77E-07
ECM proteoglycans 9 1.77E-05
Platelet degranulation 6 4.38E-04
Host Interactions with Influenza Factors 4 4.06E-03
Response to elevated platelet cytosolic Ca2+ 11 2.37E-06
Hyaluronan uptake and degradation 11 4.70E-05
TGF-beta receptor signaling in EMT (epithelial 6 7.15E-04
to mesenchymal transition)
Hyaluronan metabolism 4 3.05E-03
Signaling by constitutively active EGFR 6 4.77E-03
IL27-mediated signaling events 2 .0051456
Ceramide signaling pathway 2 .0134937
PDGF receptor signaling network 1 .0267852
Regulation of Telomerase 2 .0289511
AP-1 transcription factor network 2 .0313181
EGFR-dependent Endothelin signaling events 1 .0380509
ErbB receptor signaling network 1 .0602047
Syndecan-1-mediated signaling events 1 .0674790
RXR and RAR heterodimerization with other 1 .0995446
nuclear receptor
ALK1 signaling events 1 .0995446

On the other hand, the concentrations of TGFB1, MMP10,
IL27, EGF, PDGFA, and CCL2 were significantly lower in patients
with MMI compared with those in patients with NACI. Moreover,
PDGFA, EGF, CCL2, and TGFB1 were significantly enriched in the
pathway of cytokine-cytokine receptor interaction (Figure 1).
PDGFA and EGF belong to PDGF family. PDGFA is observed to be
involved in atherosclerotic stroke previously (Xu et al., 2008). PDGF
signaling is also reported to regulate blood-brain barrier permea-
bility and integrity during ischemic stroke (Su et al., 2008). EGF has
been shown to be implicated in neurogenesis and neuroprotection.
Intracerebroventricular injection of EGF can enhance nestin expres-

sion and reduce neurological deficit and infarct volume after focal
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cerebral infarction in adult hypertensive rats (Yu et al., 2009), and
promoting endogenous neurogenesis by EGF may be a novel ther-
apeutic strategy against ischemic stroke (Teramoto, Qiu, Plumier,
& Moskowitz, 2003). In addition, TGFB1 belongs to TGF-B family
which plays an important role in inflammation in stroke and focal
cerebral ischemia (Huang, Upadhyay, & Tamargo, 2006). TGF-p sig-
naling is characterized as a neurotrophic pathway that has protective
roles in several central nervous system disorders, including ischemic

FIGURE 2 Protein -protein interaction
(PPI) networks. (a) PPI network was
constructed by the screened differentially
expressed cytokines in our study; (b) PPI
network was constructed by differentially
expressed cytokines and other interacted
proteins

stroke (Vivien & Ali, 2006). Significantly increased expression lev-
els of PDGFA, EGF, and TGFB1 are observed after precondition-
ing, which is a phenomenon to induce ischemic tolerance (Naylor,
Bowen, Sailor, Dempsey, & Vemuganti, 2005). Besides, CCL2 is one
of the chemokines which can interact with CCR2, and CCL2/CCR2
interaction is critical for mediating transendothelial recruitment of
intravascularly delivered neural stem cells in response to ischemic
brain (Andres et al., 2011). Cerebral CCL2 has also been reported to
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be responsible for the migration of peripheral immune cell into the
brain in neuroinflammatory conditions (Cazareth, Guyon, Heurteaux,
Chabry, & Petit-Paitel, 2014). CCL2 expression is also associated
with the infarct volume which plays a pivotal role in brain inflam-
mation and infarct volume development after ischemic stroke (Lee
et al., 2015). Although cytokine-cytokine receptor interaction path-
way has not been fully discussed in this study, considering the im-
portant roles of these cytokines, our results imply that the above
down-regulated cytokines may participate in the progression of MMI
via involving in cytokine-cytokine receptor interaction pathway.

Utilizing microarray analysis to detect key cytokines associated
with MMI quickly and simultaneously is an obvious advantage of our
study. This method will provide a powerful tool for exploring drug tar-
gets and diagnostic biomarkers. However, small sample size was the
limitation of our study. Moreover, due to lack of clinical samples of MMI
and NACI, these key cytokines that we obtained were not confirmed
by different molecular assays, such as ELISA, western blot analysis, or
other in vivo and in vitro experiments. Besides, we only compared MMI
patients with NACI patients, and not with patients suffering from an
acute (nonmalignant) ischemic stroke. A comparison of MMI patients
with patients suffering from an acute (nonmalignant) ischemic stroke
would clarify much better the significance of the measured cytokines
regarding the diagnostic relevance of MMI. Further studies with larger
sample sizes and experiments are warranted to validate our microarray
results.

In conclusion, we quantified the levels of 320 cytokines in periph-
eral blood of patients with MMI and patients with NACI, and 10 differ-
entially expressed cytokines, such as NCAM1, LCN2, IGFBP-6, LYVE1,
MMP-10, IL-27, PDGFA, EGF, CCL2 and TGFB1 might contribute to
the development of MMI. Moreover, cytokine-cytokine receptor in-
teraction pathway may be an important mechanism involved in this
disease. These differentially expressed cytokines may serve as diag-

nostic biomarkers or drug targets for this disease.

ACKNOWLEDGMENTS

This study was supported by grants from the National Natural
Science Foundation of China (30772089, 81271240); the Science and
Technology Plan of Liaoning Province (2012225010, 2013225089)
and the Key Project of National 12th Five-Year Research Program of
China (20127X0903016-002).

CONFLICT OF INTEREST

None.

AUTHOR CONTRIBUTIONS

All authors had full access to all the data in the study and take respon-
sibility for the integrity of the data and the accuracy of the data analy-
sis. Study concept and design: Yaling Han, Huisheng Chen, Zhonghe
Zhou. Acquisition of data: Zhonghe Zhou, Jinghua Zhang, Xiaoqiu Li.
Analysis and interpretation of data: Cheng Xia, Yaling Han. Drafting of

Brai . 7 of 8
rain and Behavior —WI LEYJ—

Open Access,

the manuscript: Huisheng Chen. Critical revision of the manuscript for

important intellectual content: Yaling Han.

SIGNIFICANCE STATEMENT

We quantified the levels of 320 cytokines in peripheral blood of
patients with MMI and patients with NACI, and 10 differentially
expressed cytokines, such as NCAM1, LCN2, IGFBP-6, LYVE1, MMP-
10, IL-27, PDGFA, EGF, CCL2, and TGFB1 might contribute to the
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tion pathway may be an important mechanism involved in this disease.
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