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Abstract. The aim of the present study was to examine the 
effect of lamotrigine and the expression of myeloid-related 
protein 8 (MRP8) and interleukin-7 (IL-7) in the treatment of 
focal cortical dysplasia with secondary intractable epilepsy. 
In this study, rats with focal cortical dysplasia with secondary 
intractable epilepsy (constructed by our laboratory) were 
selected and used for experimentation, 21-day Sprague-Dawley 
rats were randomly divided into the control group (38 rats), 
the observation group Ⅰ (39 rats), and the observation group Ⅱ 
(38 rats). Rats in the observation group Ⅰ received daily intra-
peritoneal injection of 0.02 mg/kg lamotrigine, and those 
in the observation group Ⅱ and the control group received 
daily intraperitoneal injection of 0.02 mg/kg normal saline. 
Expression quantities of MRP8 and IL-7 in the hippocampus 
sample tissues of mice in the control group, observa-
tion group Ⅰ, and observation group Ⅱ were measured via 
fluorescence quantitative polymerase chain reaction assay, 
western blot analysis, enzyme-linked immunosorbent assay, 
and immunohistochemistry 48 h later. MRP8 and IL-7 gene 
mRNA levels of the control group, the observation group Ⅰ 
and the observation group Ⅱ had no significant differences 
(P>0.05). The expression quantity on the protein level of 
MRP8 and IL-7 showed no significant differences (P>0.05) 
between the observation group Ⅰ (7.91±1.3, 3.86±0.38) and the 
control group (7.52±1.03, 3.62±0.29). The expression quantity 
of MRP8 and IL-7 showed significant differences (P<0.05) 
between observation group Ⅱ (27.47±1.13, 19.45±0.48) and 
observation group Ⅰ (7.91±1.3, 3.86±0.38). It was found that 
MRP8 and IL-7 were focused on the nerve cell membrane 
of hippocampus of rats in the observation group by immuno-
histochemistry experiments. In conclusion, the results from 
the present study show that lamotrigine can be used to treat 

rats with focal cortical dysplasia with secondary intractable 
epilepsy by reducing the expression levels of MRP8 and 
IL-7 in the body, providing a new therapeutic target to the 
follow-up treatment of focal cortical dysplasia with secondary 
intractable disease.

Introduction

Focal cortical dysplasia is a type of intractable epilepsy-related 
congenital malformation of cortical development (MCDs) in 
children and adults (1). The statistical results of epilepsy in 
focal cortical dysplasia from Sloan and Barres showed that 
the incidence of intractable epilepsy in MCDs was as high 
as 32.5% (2). Study results from Canpolat et al (3) showed 
that, MCDs was most common in children with epilepsy and 
physical retardation or neurological deficits limitations, thus, 
MCDs may be considered a predisposing factor for adults 
and children with intractable epilepsy. Zhang suggested that 
epilepsy is a type of chronic disease featured by transient brain 
dysfunction caused by sudden abnormal discharge from brain 
neurons, with an incidence of approximately 7% in China 
and nearly 40 million new cases are reported each year in 
China (4). Myeloid-related protein 8 (MRP8), an endogenous 
ligand of low molecular weight calcium-binding protein, has 
been demonstrated to be associated with various autoimmune 
diseases such as asthma (5), arthritis and inflammatory bowel 
disease and other autoimmune deficiencies (6). The study 
results from Pellegrini et al have shown that the extremely 
important cytokine in human body, interleukin-7 (IL-7) was 
closely associated with many immunoreactions in the body (7). 
According to Xu et al (8), it has been shown that IL-7 plays 
important roles in the aspects of messaging, activation and 
regulation of immune cells, and intracellular and intercellular 
immune response in the body, mediated activation of T and 
B cells, proliferation and differentiation and inflammation 
treatment. Although MRP8 and IL-7 have certain therapeutic 
effects on the associated immune overreaction in the body, 
the studies on the effect of these proteins on treating focal 
cortical dysplasia with secondary intractable epilepsy are 
rarely reported.

In the present study, the effect of lamotrigine in treating 
focal cortical dysplasia with secondary intractable epilepsy is 
expected to provide a theoretical and experimental basis for 
the sequential treatment of the disease cortical dysplasia with 
secondary intractable epilepsy.
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Materials and methods

Animal treatment. The rat model of focal cortical dysplasia 
with secondary intractable epilepsy used in this experiment 
was constructed and preserved in our laboratory. In the 
present study, 21 healthy Sprague-Dawley rats were selected 
as the subjects and randomly divided into the control group 
normal mice (n=38), observation group Ⅰ mice having the 
disease and treated (n=39), and observation group Ⅱ mice 
with the disease but not treated (n=38). The observation 
group Ⅰ was given intraperitoneal injection of 0.02 mg/
kg lamotrigine (Sigma-Aldrich, St. Louis, MO, USA) each 
day, and the observation Ⅱ and the control group were given 
intraperitoneal injection of the same amount of normal saline 
each day.

RNA extraction. RNA extraction was conducted in accordance 
with the Axygen kit instructions (Axygen Biosciences, Union 
City, CA, USA) with modifications (9).

Fluorescence quantitative polymerase chain reaction (qPCR). 
In this study, fluorescence qPCR kit was purchased from 
Takara Bio (Dalian, China). The experiment was carried out 
in three steps, and the specific scheme was carried out in 
accordance with the instructions and improved. The primers 
used are shown in Table I.

Expression of MRP8 and IL-7 in the hippocampus by 
enzyme-linked immunosorbent assay (ELISA). The double 
antibody sabdwich method was employed to detect the expres-
sion of TAG1/APP gene. The specific methods were:

i) Coating: phosphate-buffered saline (PBS), pH 9.0 
buffer was used to appropriately dilute the antibody protein, 
and the concentration was 1-10 µg/ml. Then 0.1 ml was added 
into the 96-well plate, leaving it overnight at the temperature 
of 4˚C, then the liquid was discarded the following day and 
the plate was washed 5 times, each time 2 min, with washing 
liquid.

ii) The sample: The treated serum samples of 0.1 ml were 
added into the 96-well plate, leaving it for 1 h at the temperature 
of 37˚C. Then the plate was washed 5 times, each time 2 min, 
with washing buffer (the blank well, the negative control, and 
the positive control were prepared).

iii) Secondary antibody: The secondary antibody of 0.1 ml 
was added into the 96-well plate after washing, leaving it for 
0.5-1.2 h at the temperature of 37˚C, then washing 5 times, 
each time 2 min, with washing buffer after dyeing red.

iv) Chromogenic substrate: Newly prepared chromogenic 
substrate was added into the 96-well plate after washing, and 
then incubated for 30 min at the temperature of 37˚C.

v) Terminating solution: 0.2 M of sulfuric acid termination 
solution of 0.005 ml was added into the plate on termination.

vi) Qualitative detection: The 96-well plate was 
quantitatively observed for the depth of color, and the 
deeper the color, the stronger the positive degree was; and a 
higher content of GAG1/APP indicated the negative control 
well was colorless. Quantitative detection involved placing 
a 96-well plate on the enzyme standard instrument for 
quantitative detection with a wavelength of 450 nm. Zero 
adjustment was conducted by the blank well. If the level of 

OD was 1.2-fold greater than the level of negative control, it 
was recorded as positive.

Expression quantity of MRP8 and IL-7 in the hippocampus 
by western blot analysis. The experimental operation 
of western blot analysis was conducted according to the 
Molecular Cloning Manual with modifications. Primary 
rabbit monoclonal MRP8 antibody (dilution, 1/500; cat. 
no. ab92331), rabbit polyclonal IL-7 antibody (dilution, 1/500; 
cat. no. ab9732), and secondary goat anti-rabbit (HRP) IgG 
antibody (dilution, 1/2,000; cat. no. ab6721) were all purchased 
from Abcam (Cambridge, MA, USA).

Expression quantity of MRP8 and IL-7 in the hippocampus 
by the immune group. According to the experimental methods 
of Xiang et al (10), the experimental rats were treated and 
the tissue samples were obtained. The samples were soaked 
for 10 min with 3% hydrogen peroxide after the conven-
tional dewaxing hydration treatment, and then placed in 
the microwave oven with gentle heat for 1 min. The experi-
mental samples were removed, the first antibody was added 
when cooled (MRP8, 1:400 and 1:350, both from Roche 
Diagnostics), and the samples were incubated for 4 h at 20˚C. 
Subsequently, the samples were washed 5 times with 0.1 mol/l 
PBS, each time for 5 min, the antibodies were detected in 
accordance with the two steps of the instructions of ELISA 
kit [Tiangen Biotech (Beijing) Co., Ltd., Beijing, China], and 
then a polymer assistant was added and incubated for 30 min 
at 37˚C. Treatment samples were washed 5 times with PBS, 
each time for 5 min, and then goat anti-rabbit IgG [Tiangen 
Biotech (Beijing) Co., Ltd.] with horseradish peroxidase was 
added, incubated for 2 h at room temperature, and washed 
5 times with 0.1 ml PBS, each time for 5 min. The samples 
were stained with DAB for 10 min, and washed fully with 
running water. Subsequently, the nucleus was stained with 
hematoxylin, and conventionally mounted. The above experi-
ments were repeated 3 times.

Data analysis. Data were presented as mean ± SD, the mean 
among various samples were analyzed by one-way ANOVA, 
the mean comparison between two groups was tested using a 
t-test, and the inter-group comparison was tested using a q test. 
SPSS 2.0 software (Chicago, IL, USA) was used to conduct 

Table I. Primers used for the PCR reaction.

Gene  Primer sequence

MRP8 F: 5'-CGACATGGCAACTGAACTGGA-3'
 R: 5'-ACGCCCACCCTTATCACCAAC-3'
IL-7 F: 5'-CGTCGGGTTAGCTAGCATAGC-3'
 R: 5'-TGCTGACGCCTAGCATCGATAC-3'
GAPDH F: 5'-TCATGGGTGTGAACCATGAGAA-3'
 R: 5'-GGCAGGACTGTGGTCATGAG-3'

PCR, polymerase chain reaction; MRP8, myeloid-related protein 8; 
IL-7, interleukin-7; F, forward; R, reverse.
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statistical analysis, P<0.05 was set as the statistically signifi-
cant difference.

Results

Expression quantity of MRP8 and IL-7 in the control 
group, the observation group I and the observation group Ⅱ 
measured by RT-PCR. According to the study results from 
Schroten-Loef et al (12), taking lamotrigine can treat focal 
cortical dysplasia with secondary intractable epilepsy to a 
certain extent, but the involved mechanism was not clear. By 
quantitative PCR method on gene mRNA relative expression 
quantity of MRP8 1 and IL-7 in the samples of rat hippo-
campus with different treatments in the control group, in the 
observation group Ⅰ and the observation group Ⅱ, it was found 
that MRP8 and IL-7 gene mRNA had no significant differ-
ence between the observation group Ⅰ and the control group 
(P<0.05) (Fig. 1); and there were no significant differences in 
MRP8 1 and IL-7 gene mRNA expression between the obser-
vation group Ⅰ treated by lamotrigine and the expression in the 
observation group Ⅰ (P<0.05), which showed that lamotrigine 
did not affect the transcription of MRP8 and IL-7 genes.

Expression quantity of MRP8 and IL-7 in the control group, 
the observation group I and the observation group Ⅱ by 
ELISA. There was no significant difference (P<0.05) of 
MRP8 and IL-7 in the control group (7.52±1.03, 3.62±0.29) 
and the observation group Ⅰ (7.91±1.3, 3.86±0.38) treated with 
lamotrigine, whereas MRP8 and IL-7 content had a signifi-
cant difference (P<0.05) between the observation group Ⅱ 
(27.47±1.13, 19.45±0.48) and the observation group Ⅰ (7.91±1.3, 
3.86±0.38) treated with lamotrigine. This indicated that taking 
lamotrigine can treat focal cortical dysplasia with secondary 

intractable epilepsy by lowering MRP8 and IL-7 content in 
rats to some extent (Fig. 2).

Expression quantity of MRP8 and IL-7 in the control group, 
the observation group I and the observation group II by 
western blotting. Results of western blotting (Fig. 3) mirrored 
the above results that the protein contents of MPR8 and IL-7 did 
not show differences, but those in the observation group Ⅰ with 
lamotrigine injection were significantly lower than those in the 
observation group Ⅱ without amotrigine injection. This result 
was consistent with the results of ELISA, which indicated that 
the treatment of lamotrigine for focal cortical dysplasia with 
secondary intractable epilepsy treatment was mainly due to 
reducing MRP8 and IL-7 protein content in the body.

Expression quantity of MRP8 and IL-7 in the control group, 
the observation group Ⅰ and the observation group Ⅱ by 

Figure 1. (A) Test on mRNA relevant expression of MRP8 and (B) IL-7 in 
the control group, the observation group I and the observation group Ⅱ by 
RT-PCR. MRP8, myeloid-related protein 8; IL-7, interleukin-7. Figure 2. (A) Test on expression quantity of MRP8 and (B) IL-7 in the control 

group, the observation group I and the observation group Ⅱ using ELISA. 
MRP8, myeloid-related protein 8; IL-7, interleukin-7.

Figure 3. Expression quantity of MRP8 and IL-7 in the control group, the 
observation group I and the observation group Ⅱ using western blot analysis. 
MRP8, myeloid-related protein 8; IL-7, interleukin-7.
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immunohistochemistry. From the immunohistochemical 
staining on hippocampal tissue of the samples in the control 
group and in the observation group Ⅰ and group Ⅱ, it was found 
that the stained positive cells of MRP8 and IL-7 were less in 
the sample tissues of the control group and the observation 
group Ⅰ than those in the observation group. In addition, from 
the observation of the immunohistochemical staining image, 
it was found that the cells presenting positive after staining 
were mostly irregular in shape, with larger cell size and with 
cytoplasmic vacuoles and in disorder, in addition, from the 
statistical results of the quantities of positive cells and invis-
ible cells in the samples of the control group, the observation 
group Ⅰ and Ⅱ, it was found that the positive cell quantity in 
the observation group Ⅱ was significantly higher than that in 
the observation group Ⅰ, and there was a significant difference 
(P<0.05) (Fig. 4; Tables II and III).

Discussion

As a spontaneous severe convulsion behavior caused by 
the internal neuron erethism of the body, the incidence and 
disability rate of epilepsy increased significantly (11-13). 
Related study results showed that the main pathogens of 
epilepsy are the anaphylactic reactions of the nervous system 
and dominated relevant tissues, which were caused by neurons 
and associated nerve tissue structural abnormalities or func-
tional abnormalities, thus far the main effect target of the 
treatment on epilepsy is associated with neuron cells (14,15). 
However, statistical data indicate that in the current treat-
ment of epilepsy, nearly one-third of patients with epilepsy 
have related drug resistance (16). In recent years, the relevant 
study results indicate that MRP8 protein can mediate the 
inflammatory response of endothelial cells and inflamma-
tion of neurons in the body, and as one of internal nervous 
system diseases of the body, epilepsy has been proven to be 
related closely with neuron structural abnormalities and func-
tion disorders (17,18). As a class of cytokines, IL-7 plays an 
essential role in regulating activation of immune system in the 
body itself, proliferation of relevant immune cells and func-
tion (19). For example, the previous findings showed that IL-7 
can stimulate myeloid precursor cells and megakaryocytes to 
produce colonies and form units and platelets to aid the body 
recover from the immunosuppressive effect of cyclic amide 
phospholipids (20).

In this study, fluorescence quantitative PCR, enzyme 
immunoassay, western blotting and immunohistochemical 
staining methods were used to explore the effect of 
lamotrigine on expression of MRP8 and IL-7 in rat models 
of focal cortical dysplasia with secondary refractory epilepsy. 
Results indicated that despite significant effects on treating 
focal cortical dysplasia with secondary refractory epilepsy, 
the MRP8 and IL-7 protein levels of the observation group Ⅱ 
after lamotrigine treatment showed no significant differences 
with normal mice in the control group, but its content was 
much lower than that in the observation group Ⅱ (rats without 
the lamotrigine treatment), which indicates that lamotrigine 
may be used to treat focal cortical dysplasia with secondary 
intractable epilepsy by reducing MRP8 and IL-7 protein 
levels in the body. However, since we found that lamotrigine 
does not reduce mRNA content of MRP8 and IL-7 within the 
tissues, it can be considered that lamotrigine potentially acts 
on the protein translation process rather than the transcription 
process to achieve the regulation of MRP8 and IL-7 content in 
a different manner, which requires further investigation.
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