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Abstract. Endothelial monocyte‑activating polypeptide II 
(EMAP II) is a sensitive marker of neurotoxic injury, the 
expression of which increases significantly under conditions 
of stress, such as hypoxia or apoptosis. Studies have confirmed 
the extensive apoptosis of nerve cells in the brain following 
status epilepticus (SE), and the occurrence of SE can confer 
a hypoxic state on cells. The purpose of the present study 
was to observe the changes in the expression of EMAP II, 
and in the numbers and tight junction protein levels of micro-
vascular endothelial cells in the hippocampus of rats with 
pilocarpine‑induced SE. The protein expression levels of 
EMAP II, CD31, zonula occludens 1 (ZO‑1) and occludin in 
the hippocampus were determined by immunofluorescence 
and western blot analyses. It was found that almost 75.6% 
of the rats in the SE group developed Racine stage  IV‑V 
seizures at approximately 44.7±18.8 min after the pilocar-
pine administration, and the 24‑h mortality rate was almost 
10.4%. The weight of the rats in the SE group was significantly 
decreased within 24 h following SE. Immunofluorescence 
staining revealed a low EMAP II expression in the hippo-
campus of the rats in the control group; however, the numbers 
of EMAP II‑positive cells were significantly increased in 
the SE group from 2 h to 21 days. The trend of EMAP II 
protein expression was consistent with that obtained with 
immunofluorescence staining. The numbers of CD31‑positive 
microvascular endothelial cells were significantly increased 
from 24 h to 21 days compared with the levels in the control 
group. The protein expression of ZO‑1 and occludin was most 
significantly decreased in the SE group. On the whole, the 
present study demonstrated that the expression of EMAP II in 

the rat hippocampus was upregulated in the SE model, which 
may promote angiogenesis and alter the TJ integrity of brain 
microvascular endothelial cells, with an increased number of 
CD31‑positive microvascular endothelial cells and a decreased 
expression of ZO‑1 and occludin.

Introduction

Epilepsy is one of the most common clinical neurological 
diseases, with a high incidence. The prevalence of epilepsy 
worldwide is approximately 6.38‑7.60% (1,2). The pathogenesis 
of epilepsy is not very clear, although studies have confirmed 
that the normal function of brain cells requires a stable 
neurovascular unit, suggesting that vascular endothelial 
dysfunction may be related to its pathogenesis (3,4).

Endothelial monocyte‑activating polypeptide II (EMAP II), 
which is derived from its precursor aminoacyl‑tRNA 
synthetase‑interacting multi‑functional protein 1 (AIMP1), has 
a molecular weight of approximately 22 kDa. It can promote 
cell apoptosis, inhibit tumor angiogenesis and mediate 
inflammation (5). EMAP II has a wide range of biological 
associations with endothelial cells. It can stimulate the expres-
sion of P‑selectin and E‑selectin, promote the release of von 
Willebrand factor (vWF) in endothelial cells, and induce the 
production of tissue factors on the surface of endothelial cells, 
activating pro‑coagulant activity. In addition, it can promote 
the secretion of tumor necrosis factor (TNF)‑α and interleukin 
(IL)‑8 by monocytes, regulate the expression of TNF‑α 
receptor 1, and enhance the sensitivity of endothelial cells to 
TNF‑α‑induced apoptosis (5,6). The majority of research into 
EMAP II has focused on its roles in tumors, diabetes, athero-
sclerosis, chronic myocardial infarction and lung injury (7‑10).

Studies have found that EMAP II is a sensitive marker 
of neurotoxic injury in a variety of central nervous system 
diseases, such as autoimmune encephalomyelitis and traumatic 
brain injury (11,12). Mice with genetic defects in the EMAP II 
precursor, AIMP1, can develop degenerative diseases of the 
motor neuron axons or muscle atrophy and exhibit movement 
dysfunction (13). Patients with the homozygous deletion of the 
AIMP1 gene exhibit developmental delays, refractory epilepsy, 
or poor myelination of the brain (14). However, research into 
the relationship between EMAP II and epilepsy is rare.

AIMP1 is enzymatically converted into EMAP II under 
hypoxic conditions or in response to certain chemotherapeutic 
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drugs or apoptosis (15‑17). Knies et al (15), through in vitro 
experiments, confirmed that EMAP II can be detected in the 
cultures of apoptotic cells, but not in those of necrotic cells, 
suggesting that the enzymolysis and the release of EMAP II 
may be associated with apoptosis. Some researchers have found 
that caspase 3, which has an apoptosis‑promoting function, 
can significantly increase EMAP II expression in the lungs, 
with caspase inhibitors reducing EMAP II expression (18). 
Barnett et al (16) found that the induction of apoptosis or the 
necrosis of prostate cancer cells allowed AIMP1 to be released 
into the extracellular space and cleaved to form EMAP II. 
These experiments suggest that apoptotic cells can produce 
EMAP II and that EMAP II can itself promote cell apoptosis.

The CD31 molecule is also known as platelet endothelial 
cell adhesion molecule‑1 (PECAM‑1). Intracranial CD31 is 
mainly found at the tight junction between endothelial cells, 
and its immunohistochemical detection can be used to prove 
the presence of endothelial cells and evaluate angiogenesis. 
Angiogenesis is often associated with the development of 
epilepsy. Clinically, compared with non‑epileptic patients, 
the vascular density in the hippocampal tissue of patients 
with chronic refractory temporal lobe epilepsy is significantly 
increased, is positively associated with the frequency of epileptic 
seizures, and is unrelated to the etiology and degree of neuronal 
loss (19). In cultured hippocampal brain slices, following the 
epileptic discharge induced by kainic acid, the numbers of cells 
exhibiting laminin and rat endothelial cell antigen (RECA‑1) 
immunofluorescence are significantly increased, the vascular 
density and branching are augmented, and the tight junction 
protein, zonula occludens 1 (ZO‑1), is downregulated (20).

Neurons in the hippocampus have been reported to be 
hypoxic several seconds before, during, and after the seizure, 
particularly the pyramidal cell layer of the CA1 region (21). 
In addition, extensive neuronal apoptosis and pyroptosis 
have been identified to be involved in epileptogenesis (22). 
Therefore, it was hypothesized that the expression of EMAP II 
in the rat brain may become altered following status epilep-
ticus (SE). Accordingly, the present study examined the 
changes in the expression of EMAP II and the tight junction 
proteins, ZO‑1 and occluding, as well as in the numbers of 
CD31‑positive microvascular endothelial cells in the rat 
hippocampus following SE.

Materials and methods

Animals and groups. A total of 240 healthy male 
Sprague‑Dawley rats, 21  days old and weighing 45‑65  g, 
were used in the present study. The rats were kept at a room 
temperature of 22‑24˚C and under a 12 a.m./12 p.m. light/dark 
cycle. All animal experiments were approved by the Ethics 
Committee of Shengjing Hospital Affiliated to China Medical 
University (no. 2016PS201K).

All the rats were randomly divided into 2 groups as follows: 
i) The control group (n=120), which received an intraperitoneal 
injection of saline; and ii) the SE group (n=120), which received 
an intraperitoneal injection of lithium chloride‑pilocarpine. 
The time of SE appearance in the experimental group was 
considered 0 h. In total of 6 time points, were selected for both 
groups: 2 and 24 h, and 3, 7, 14 and 21 days. A total of 20 rats 
were selected at each time point.

Establishment of animal models of SE. According to the model 
described in the previous studies (23,24), the rats in the model 
group were intraperitoneally injected with lithium chloride 
solution [3 mEq/kg (127 mg/kg), Sigma‑Aldrich; Merck KGaA]. 
Subsequently, 18‑20 h later, the rats in the model group were 
intraperitoneally injected with pilocarpine solution (30 mg/kg, 
Sigma‑Aldrich; Merck KGaA); at 30 min prior to the pilocar-
pine administration, the rats were intraperitoneally injected 
with bromide scopolamine solution (1 mg/kg, Sigma‑Aldrich; 
Merck KGaA) to antagonize the peripheral cholinergic reaction 
induced by pilocarpine. Level IV‑V Racine seizures, according 
to the rat grade evaluation standard (25), were considered to 
indicate a successful model. If no seizures occurred after the 
first dose of pilocarpine, an additional injection of pilocarpine 
(10 mg/kg dose) was administered every 30 min until the rats 
developed level IV‑V Racine seizure attacks. The maximum 
dose of pilocarpine intraperitoneally administered to each rat 
was not >60 mg/kg. The rats in the control group were admin-
istered the same amount of normal saline via intraperitoneal 
injection. To reduce the mortality rate of the epileptic rats, 
diazepam solution (10 mg/kg) was intraperitoneally injected 
into the rats after the SE lasted 30 min to terminate the SE 
attack as described in a previous study (24). The weights of the 
rats in each group were measured before their drug treatment 
and sampling. Samples from the 2 groups were collected at 
6 time points after modeling. Rats were gas‑anesthetized by 
inhaling 5% isoflurane mixed with 50/50% oxygen/nitrogen. 
When the limbs were fixed and the tail pinched, there was no 
significant limb response, the rats were subjected to abdominal 
aorta bleeding until cardiac arrest, followed by sampling. At 
different time points following SE, the intact brain tissues 
from 6 rats were obtained and fixed in 4% paraformaldehyde 
for morphological analysis, while hippocampal tissues from 
another 6 rats were collected and stored in a freezer at ‑80˚C 
for biological analysis.

Electroencephalogram recording of rats with SE. At 3 days 
before modeling, all the rats were administered 5% isoflurane 
mixed with 50/50% oxygen/nitrogen as an inducible anesthesia, 
and the isoflurane concentration was subsequently reduced to 
2% to maintain the anesthesia. Their heads were fixed in the 
stereoscopic locator in the prone position to fully expose the 
anterior fontanelle. The cross‑point of the anterior fontanelle 
of the rats was selected as the zero point with reference to 
the 5th edition of Paxinos & Watson brain stereolocation 
map (26), and then 2 points 4‑mm posterior and 2‑mm lateral 
to the anterior fontanelle were selected. The electrode needles 
were inserted to a depth of approximately 4 mm under the 
skull and were fixed by tissue glue. The rats were placed in a 
shield and the electroencephalogram (EEG) was used before 
and after model establishment.

Immunofluorescence staining. Brain tissues fixed in 4% 
paraformaldehyde were embedded in paraffin and then cut into 
4‑µm‑thick sections. Brain sections were dewaxed with xylene, 
dehydrated with a gradient of alcohol, and then subjected to a 
microwave antigen retrieval method (for EMAP II, the sections 
were heated with 0.01 mol/l sodium citrate buffer, pH 6.0, and 
for CD31 they were heated with Tris‑EDTA buffer, pH 9.0). 
The sections were incubated with normal goat serum to reduce 
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non‑specific staining and then with primary antibody at 4˚C 
overnight. The primary antibodies comprised rabbit anti‑rat 
EMAP II polyclonal antibody (1:100, 11091‑1‑AP, ProteinTech 
Group, Inc.) and mouse anti‑rat CD31 monoclonal antibody 
(1:200, ab64543, Abcam). According to the primary antibody 
source, goat anti‑rabbit polyclonal secondary antibody (1:200, 
ab150077, Abcam) or goat anti‑mouse polyclonal secondary 
antibody (1:200, ab150115, Abcam) were added the following 
day in a wet box in the dark at room temperature. DAPI (C1005, 
Biyuntian Institute of Biotechnology) was added for 5 min in 
the dark at room temperature. The sections were then observed 
under a microscope (Nikon Eclipse 80i; Nikon Corporation). 
The control group was incubated with phosphate‑buffered 
saline (PBS) instead of primary antibodies. To quantify the 
EMAP II‑ and CD31‑positive cells, 10 microscopic fields of 
the CA1, CA3 and dentate gyrus (DG) regions were randomly 
observed at x200 magnification. Image Pro Plus 6.0 image 
analysis software was used to determine the optical density 
value.

Western blot analysis. Hippocampal tissue was incubated in 
RIPA lysis buffer (PMSF, 100:1; P0013B, ST505, Biyuntian 
Institute of Biotechnology), homogenized under ultrasound 
and then pyrolysed at 4˚C for 30 min. The tissue was then 
centrifuged at 4˚C for 15  min at 18,800  x  g. The protein 
concentration of the supernatant was determined with 
the BCA protein assay kit (P0010S, Biyuntian Institute of 
Biotechnology). The supernatant was mixed with 5X buffer 
and denatured in a water bath at 100˚C. Sample proteins in each 
subgroup were adjusted to the same volume and concentration 
according to the measured protein concentration. Proteins 
(40  µg) were then separated using various concentrations 
(10% for EMAP II; 6% for ZO‑1 and occludin) of Bis‑Tris 
sodium dodecyl sulfate‑polyacrylamide electrophoresis gel 
(SDS‑PAGE; Beyotime Institute of Biotechnology), according 
to the molecular weight of the target protein. The separated 
proteins were then transferred to a PVDF membrane. The 
PVDF membrane was then placed in 5% skim milk and 
blocked for 2 h at room temperature prior to incubation with 
primary antibodies at 4˚C overnight. The primary antibodies 
used included mouse anti‑rat EMAP II monoclonal antibody 
(1:1,000, ab15693, Abcam), rabbit anti‑rat ZO‑1 polyclonal 
antibody (1:500, WL03419, Biological Technology Co., 
Ltd.), rabbit anti‑rat occludin polyclonal antibody (1:500, 
WL03419, Biological Technology Co., Ltd.) and rabbit anti‑rat 
alpha‑tubulin antibody (1:10,000,112‑1‑24 AP, ProteinTech 
Group, Inc.). The following day, the membrane was incubated 
for 2 h with goat anti‑rabbit secondary antibody (1:7,000, 
sa00001‑2, ProteinTech Group, Inc.) or goat anti‑mouse 
secondary antibody (1:7,000, sa00001‑1, ProteinTech Group, 
Inc.). Protein bands were visualized using ECL (NCI5079; 
Thermo Fisher Scientific, Inc.) and imaged using an elec-
trophoresis gel imaging system. ImageJ software (version 
1.4.3.67) was used to analyze the gray values of the western 
blot results, and the gray values of the target proteins were 
normalized to that of α‑tubulin.

Statistical analysis. SPSS 22.0 statistical software was 
used to analyze the data. The data are presented as the 
means ± standard deviation, and an independent sample t‑test 

was used to compare the data between the 2 groups. P<0.05 
was considered to indicate a statistically significant difference.

Results

Behavioral changes in SE rats. Following the establishment 
of the model, peripheral cholinergic reactions, such as erect 
hair and salivation were observed after 13.4±2.1 min in the 
rats in the SE group administered pilocarpine. Level IV‑V 
Racine seizures developed in 75.6% of rats in the SE group. 
After the convulsion lasted for 30 min, diazepam solution was 
intraperitoneally injected to terminate the SE attack. Within 
24 h, the rats still had repeated convulsions, with an average 
of 5.6±1.2 convulsions per hour. The 24‑h mortality rate of the 
rats was approximately 10.4%.

Body weight changes in rats with SE. Prior to model 
establishment, no significant differences in body weight 
were observed between the rats in the control and SE 
groups. Following the administration of lithium chloride, no 
significant differences in body weight were observed between 
the 2 groups. Following the administration of pilocarpine, the 
rats in the control group gained weight regularly at 5‑12 g per 
day. By contrast, the rats in the SE group exhibited significant 
weight loss 24 h after SE compared with the controls with a 
maximum of 27.0% body weight loss and then began to gain 
weight. At 3 days, their body weight returned to the pre‑model 
weight, although it was still significantly lower than that of the 
control group. At 7 days, there was still a difference in body 
weight between the 2 groups. Subsequently, the weights of the 
rats in the SE group recovered, and no significant difference in 
the weights of the rats were observed between the 2 groups at 
14 days (Fig. 1A).

EEG monitoring of rats with SE. Following model 
establishment, the EEG of control group rats revealed a 
basic rhythm of α and θ waves of a low‑to‑middle amplitude 
of approximately 50 µV. The EEG of the SE group revealed 
high‑amplitude spike wave emission with a frequency of 
approximately 10‑20 Hz (Fig. 1B‑D).

Changes in microvascular endothelial cells in the hippocampus 
of rats with SE. Compared with the control group at the same 
time point, the number of endothelial cells with positive CD31 
staining in the hippocampal CA1, CA3 and DG areas began 
to increase significantly from 24 h in the SE group, with the 
optical density being significantly higher in the SE group than 
in the control group (P<0.001). The number of CD31‑positive 
endothelial cells peaked in the SE group at 3 days, and the 
optical density value was significantly higher in the SE group 
than in the control group (P<0.001). At 21 days, the number 
of CD31‑positive endothelial cells was significantly higher in 
the SE group than in the control group at the same time point 
(Figs. 2 and S1).

Changes in the expression of EMAP II in the hippocampus 
of rats with SE. EMAP II was expressed at low levels in the 
hippocampal CA1, CA3 and DG areas of the control group. 
However, the numbers of EMAP II‑positive cells were 
higher in the SE group at 2 h. In addition, the optical density 
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value was higher in the SE group than in the control group 
(P<0.05, CA1 area; P<0.01, CA3 and DG areas). The numbers 
of EMAP II‑positive cells peaked on day 3, and the optical 
density value of the SE group was significantly higher than 
that of the control group (P<0.001, CA1 and CA3 areas; 
P<0.01, DG area). The expression then decreased, although 
the numbers of EMAP II‑positive cells were still significantly 
higher at 21 days in the SE group than in the control group 
(Figs. 3 and S2).

According to the results of western blot analysis, EMAP II 
expression was not altered significantly over time in the control 
group. However, the EMAP II protein expression levels were 
significantly higher in the SE group at the same time points 
vs. the control group. EMAP II protein expression began to 
gradually increase after the seizures began, peaking at 7 days 
(P<0.001) and then gradually declining. Nonetheless, the 
levels were still significantly higher at 21 days than those in 
the control group (Fig. 4).

Changes in the expression of ZO‑1 and occludin in the 
hippocampal region of rats with SE. Western blot analysis 
revealed that, compared with the control group at the same 
time points, the protein expression of ZO‑1 was significantly 
decreased at each time point in the SE group. ZO‑1 protein 
expression was most evidently decreased at 2 h after SE and 

then gradually increased until 14 days, at which point the 
expression of ZO‑1 protein was still lower than that of the 
control group. Compared with the control group at the same 
time point, the protein expression of occludin was significantly 
decreased in the SE group at each time point. At 2 h following 
SE, occludin protein expression was at its lowest level, but then 
gradually increased before decreasing again (Fig. 5).

Discussion

In the present study, an animal model of epilepsy was established 
via an intraperitoneal injection of lithium chlorine‑pilocarpine, 
with EEG monitoring confirming that epileptic spikes were 
discharged in the experimental rats. Within 24 h, the rats still 
had frequent convulsions, and a small number of rats died, 
with a 24‑h mortality rate of approximately 10.4%, which was 
similar to that in a previous study (24). We also found that 
the weights of the rats had decreased significantly by 24 h 
before gradually recovering. After 7 days, the weights of the 
rats began to recover and they exhibited the same weight as 
the rats of the same age in the control group at 14 days after 
model establishment. As the durations of convulsions in the 
experimental group included in the present study all exceeded 
30 min, the current model can be used to study SE and may 
better reflect the degree of brain injury in rats.

Hypoxia and brain ischemic injury are always involved 
in the process of epilepsy (21,27). Long‑term seizures always 
cause brain hypoxia, and hypoxia can inflict a direct toxic 
injury on endothelial cells, as well as secondary blood‑brain 
barrier (BBB) damage. Such secondary damage includes 
abnormal mitochondrial metabolism in endothelial cells, 
a thickening of the basal membrane, compensatory endo-
thelial cell proliferation, and the presence of abnormal tight 
junctions (28,29).

Angiogenesis and the destruction of the BBB are closely 
related to the occurrence and development of epilepsy. In the 
rat model of SE induced by pilocarpine, cerebral vessels exhibit 
varying degrees of morphology, with changes in, for example, 
distribution, density, length, angiogenesis, BBB opening, and 
cerebral blood flow and velocity (28). Recently, it was found 
that the expression level of occludin and ZO‑1 in the neocor-
tical microvessels of patients with drug‑resistant temporal lobe 
epilepsy was significantly decreased compared with autopsy 
samples (30). In the present study, vascular endothelial cells 
were labeled through CD31 immunofluorescence and it was 
found that the numbers of vascular endothelial cells in each 
part of the rat hippocampus were significantly increased at 
24 h following SE and that the numbers of vascular endo-
thelial cells continued to be higher than that of the control 
group 21 days after SE. At the same time, it was also found 
that the expression levels of ZO‑1 and occludin proteins in 
the SE group were significantly decreased at each time point, 
which is consistent with previous reports (20,30,31). Tight 
junctions are important for the composition of the BBB. The 
increased vascular density following SE is accompanied 
by decreased expression of tight junction proteins, which 
indicates pathological angiogenesis. The downregulation of 
tight junction proteins further confirmed the increase in BBB 
permeability following SE, which would lead to the abnormal 
exchange of substances inside and outside blood vessels. This 

Figure 1. Changes in body weight and EEG following SE in rats. (A) Changes 
in body weight at each time point following SE. M1 represents the body weight 
of the rats before they were administered lithium chloride on the first day of 
the model; M2 represents the weight of the rat before they were administered 
pilocarpine on the second day of the model. (B) Local magnification of EEG 
in the control group. (C and D) Local magnification of EEG in the SE group. 
*P<0.05, ***P<0.001. EEG, electroencephalogram; SE, status epilepticus.
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would make the distribution of neurotransmitters in the brain 
abnormal and aggravate the occurrence and development of 
epilepsy (28).

EMAP II is a type of tissue factor that can induce 
endothelial cells to exert coagulant activity. A number of 
animal and clinical studies have found that EMAP II is 

Figure 2. Changes in the numbers of CD31‑positive endothelial cells in the hippocampus of rats with SE (x400 magnification). (A) Changes in numbers 
of CD31‑positive endothelial cells in the CA1 region of the hippocampus. (A1‑A12) CD31‑positive endothelial cells labeled with Alexa Fluor 647 (red). 
(B1‑B12) Nuclei labeled with DAPI (blue). (C1‑C12) Co‑localization of CD31‑positive cells with DAPI. White arrows represent CD31‑positive cells. 
(B‑D) Density analysis of CD31 immunofluorescence in the CA1, CA3 and DG regions of the hippocampus at different time points. **P<0.01, ***P<0.001; n.s., 
not significant. SE, status epilepticus.
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highly expressed in endocrine organs, particularly neuroen-
docrine organs (17,32). In addition, cerebral ischemia injury 
can induce EMAP II in brain tissue (33). Brabeck et al (34) 
found that the EMAP II‑positive cell number was proportional 

to the severity of the brain damage induced by trimethyltin. 
Schikorski et al  (12) found, through the analysis of nerve 
repair, that EMAP II expression was significantly higher 
within 24 h, suggesting that EMAP II plays an important role 

Figure 3. Changes in the numbers of EMAP II‑positive cells in the hippocampus of rats with SE (x400 magnification). (A) Changes in numbers of 
EMAP II‑positive cells in the CA1 region of the hippocampus. (A1‑A12) EMAP II‑positive cells labeled with Alexa Fluor 488 (green). (B1‑B12) Nuclei labeled 
with DAPI (blue). (C1‑C12) Co‑localization of EMAP II with DAPI. White arrows represent EMAP II‑positive cells. (B‑D) Density analysis of EMAP II 
immunofluorescence in the CA1, CA3 and DG regions of the hippocampus at different time points. *P<0.05, **P<0.01, ***P<0.001. EMAP II, endothelial 
monocyte‑activating polypeptide II; SE, status epilepticus.
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in the process of tissue regeneration. The present study found 
that the hippocampal EMAP II expression of the SE group 
began to significantly increase at 2 h after SE compared with 
the normal control group, continuing until 21 days. As reported 
in previous studies, epileptogenesis is related to hypoxia and 
apoptosis (21,22), and the conversion of AIMP1 to EMAP II is 
enhanced under hypoxic conditions and apoptosis (15‑17). The 
present study demonstrated that the expression of EMAP II 
increased after SE, suggesting that EMAP II maybe related to 
epileptogenesis.

In the present study, EMAP II expression was significantly 
increased at all time points following SE, while the expres-
sion of ZO‑1 and occludin proteins decreased. It has been 
reported that a low expression of EMAP II could selectively 
increase blood‑tumor barrier (BTB) permeability via a tran-
scellular pathway through the RhoA/Rho kinase signaling 
pathway (35). EMAP II has also been reported to decrease the 
levels of tight junction‑related proteins, ZO‑1 and occluding, 
through the RhoA/ROCK and PKC signaling pathways in 
rat brain microvascular endothelial cells (BMECs) (36,37). 
Based on these findings, it was hypothesized speculate that 
endogenously increased EMAP II may also decrease ZO‑1 
and occludin proteins to change the tight junction integrity of 
ECs following SE.

Park et al (38) found that the angiogenesis regulatory func-
tion of the EMAP II precursor protein AIMP1 was dependent 
on its concentration. At low concentrations, AIMP1 mediates 
angiogenesis, whereas, at high concentrations, AIMP1 leads 
to apoptosis of vascular endothelial cells and angiogenesis 
inhibition. Their results revealed that AIMP1 may inhibit 
angiogenesis through the C‑terminal hydrolysate EMAP II. 
Clinically, owing to EMAP II inhibiting the growth of blood 
vessels, it is widely applied in the treatment of tumors at 

relatively high concentrations  (39,40). The present study 
demonstrated that the increased expression of EMAP II 
was accompanied by increased numbers of CD31‑positive 
microvascular endothelial cells. It was hypothesized that 
endogenous EMAP II expression may be present at a relatively 
low concentration, which can promote angiogenesis following 
SE. Limitations of the present study include the absence of 
immunofluorescence analysis of ZO‑1 and occludin, and the 
absence of detailed mechanism through which EMAP II 
alters angiogenesis and tight junction integrity following SE. 
Research is currently ongoing to explore the mechanisms 
exogenous EMAP II influences the progression of SE.

In conclusion, the expression of EMAP II in the rat 
hippocampus was found to be upregulated in the model of SE, 
which may promote angiogenesis with an increased number 
of CD31‑positive microvascular endothelial cells. Moreover, 
an increase in endogenous EMAP II may also alter the tight 
junction integrity of BMECs, with a decreased expression 
of ZO‑1 and occludin. However, further studies are required 

Figure 4. EMAP II protein expression in the hippocampus of rats with SE. 
(A) Changes in the expression of EMAP II and tubulin in the SE and control 
groups at the same time points. (B) Relative changes in the expression 
of EMAP II and tubulin in the SE and control groups at different time 
points. **P<0.01, ***P<0.001. EMAP II, endothelial monocyte‑activating 
polypeptide II; SE, status epilepticus.

Figure 5. ZO‑1 and occludin protein expression in the hippocampus of SE 
rats. (A) Changes in the expression of ZO‑1, occludin and tubulin in the 
SE and control groups at the same time points. (B) Relative changes in the 
expression of ZO‑1 and tubulin in the SE and control groups at different 
time points. (C) Relative changes in the expression of occludin and tubulin 
in the SE and control groups at different time points. *P<0.05, ***P<0.001. 
EMAP II, endothelial monocyte‑activating polypeptide II; SE, status 
epilepticus.
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to reveal the exact mechanisms underlying the effects of 
EMAP II in the model of epilepsy.
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