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Abstract

Backgrounds: Focal cortical dysplasia type IIb (FCD IIb) and tuberous sclerosis complex (TSC) are very frequently associated
with epilepsy in pediatric patients. Human leukocyte immunoglobulin-like receptor B2 (LILRB2) participates in the process of neu-
rite growth, synaptic plasticity, and inflammatory reaction, suggesting a potential role of LILRB2 in epilepsy. However, little is
known about the distribution and expression of LILRB2 in cortical lesions of FCD IIb and cortical tubers of TSC.

Methods. In this study, we have described the distribution and expression of LILRB2 signaling pathway in cortical lesions of
pediatric patients with FCD IIb (n = 15) and TSC (n = 12) relative to age-matched autopsy control samples (CTX, n = 10), respec-
tively. The protein levels of LILRB2 pathway molecules were assessed by western blotting and immunohistochemistry. The expres-
sion pattern was investigated by immunohistochemistry and double labeling experiment. Spearman correlation analysis to explore
the correlation between LILRB2 protein level and seizure frequency.

Results: The protein levels of LILRB2 and its downstream molecules POSH, SHROOM3, ROCK1, ROCK2 were increased in
cortices of patients compared to CTX. Protein levels of LILRB2 negatively correlated with the frequency of seizures in FCD IIb and
TSC patients, respectively. Moreover, all LILRB2 pathway molecules were strongly expressed in dysmorphic neurons, balloon cells,
and giant cells, LILRB2 co-localized with neuron marker and astrocyte marker.

Conclusion: Taken together, the special expression patterns of LILRB2 signaling pathway in cortical lesions of FCD IIb and
TSC implies that it may be involved in the process of epilepsy.
© 2019 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Two important subtypes of malformations of cortical

S development (MCDs), focal cortical dysplasia type IIb
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abnormalities that mainly occur during critical period in
the development of the brain. An increasing body of evi-
dence suggests that FCD IIb and TSC share a common
genetic background, especially somatic pathogenic vari-
ants in genes of PI3BK/AKT/mTOR pathway [2]. It is
noteworthy that genetic abnormalities in TSC are
mainly manifested in the mutation of TSC1 or TSC2
genes. Multiple authors have brought new insight into
and provided solid evidence for the involvement of
TSCI1 and TSC2 in FCD IIb [2.3]. On the other hand,
histopathologically, the lesions of FCD IIb and TSC
both showed cortical disorganized lamination, with dys-
morphic neurons and balloon cells or giant cells. There-
fore, the present study investigated the FCD IIb and
TSC-related epilepsy.

Human leukocyte immunoglobulin-like receptor B2
(LILRB2), as the murine paired immunoglobulin-like
receptor B (PirB) homolog, was originally identified in
the cells of the immunologic system, including
myelomonocytic cells and lymphoid cells, playing an
immunosuppressive function [4,5]. Accumulated evi-
dence confirms that LILRB2 and PirB are also expressed
in neurons and astrocytes in various regions of the cen-
tral nervous system (including the hippocampus, cerebral
cortex, spinal cord and cerebellum, etc.) under normal or
pathophysiological conditions [6,7]. LILRB2 and PirB
act as receptors for major histocompatibility complex
class I (MHCI) and myelin associated inhibitors (MAIs),
mainly restricting neurite growth and synaptic remodel-
ing [8-10]. Notably, further experiments confirmed that
the scaffold proteins of SH3s (POSH), actin-myosin reg-
ulatory protein SHROOM3, and Rho Kinase
(ROCK1/2) are key downstream molecules of LILRB2
(PirB) pathway to transfer inhibition function [11,12].
Starkey et al. revealed that PirB located on neuronal
axons and dendrites plays an important role in age-
related hippocampal aging, such as changes in synaptic
homeostasis and neurotransmitter release [13]. Mice
lacking PirB display stronger long-term potentiation
(LTP), fainter long-term depression (LTD), and higher-
frequency miniature excitatory postsynaptic current
(mEPSC) on L2/3 and L5 pyramidal neurons, moreover
the number of excitatory synapses and dendritic spine
density are also elevated [14,15]. LILRB2 is strongly
expressed in human Alzheimer’s disease (AD) brains
and acts as a receptor for f-amyloid, which can impair
synaptic plasticity and cause synaptic loss [16]. Thus,
LILRB2 (PirB) pathway is involved in regulating neurite
elongation, synaptic stability and synaptic plasticity. We
have previously provided data on the expression charac-
teristics of LILRB2 (PirB) pathway in temporal lobe epi-
lepsy (TLE) patients and animal models. We found that
LILRB?2 signaling pathway is mainly activated in neu-
rons and astrocytes in the TLE lesions compared with
normal temporal cortex tissue taken from surgical exci-
sion of traumatic brain injury patients [6]. In this study,

we aimed to define the expression and cellular distribu-
tion of LILRB2 signaling pathway in FCD IIb and
TSC pediatric epileptic patients.

2. Materials and methods
2.1. Subjects and clinical data

This study and all its procedures were approved by
the ethics committee of the Army Medical University,
China. And the human brain specimens were used in a
manner compliant with the Declaration of Helsinki.
This study obtained informed consent from the guar-
dians of all individuals.

A total of 27 specimens from medically intractable
epilepsy patients with FCD IIb (n=15) and TSC
(n = 12) were examined in the present study. Diagnosis
of FCD IIb and TSC are according to the criteria estab-
lished by the International League Against Epilepsy
(ILAE). Clinical mutation analyses of the TSC1 and
TSC2 loci were performed by denaturing high-
performance liquid chromatography (DHPLC) to con-
firm our diagnoses. The clinical characteristics derived
from the patient’s medical records are summarized in
(Table 1). The histologically normal cortex tissues were
obtained at autopsy from 10 control patients without a
history of seizures or other neurological diseases. All the
autopsies were performed within 6 h after death. Within
this post-mortem interval, it is well documented that
most proteins are stable and therefore well preserved
[17]. Two neuropathologists also helped to review the
autopsy cases, and both gross and microscopic examina-
tions revealed no structural abnormality. Relevant clin-
ical data for controls are summarized in (Table 2).

2.2. Tissue preparation

Tissues were immediately divided into two parts at
the time of surgery or autopsy. One was immediately
frozen in liquid nitrogen and stored at —80 °C for west-
ern blotting analysis. The other samples were fixed in 4%
phosphate-buffered formalin for 48 h, and tissues were
then embedded in paraffin, sectioned at 6 um thickness
for immunohistochemistry and 10 um for double
immunofluorescence staining.

2.3. Western blotting

Total proteins were extracted from tissues using the
whole protein extraction kit (Beyotime Institute of
Biotechnology, Jiangsu, China). The total tissue lysates
were centrifuged at 12,000 g for 15 min at 4 °C, and
the protein concentration in the supernatant was deter-
mined using the bicinchoninic acid (BCA) protein assay
(Bio-Rad, Hercules, CA, USA). Equal amounts of
protein (60 pg/lane) were separated by sodium dodecyl



Table 1
Clinical and neuropathological features of patients with FCD IIb and TSC.

Case no. Gender Diagnosis TSC genotype Age (year) Duration (year) AEDs Seizure frequency per month Epileptic foci PO
1 M FCD IIb NMI 22 0.8 VPA, CBZ, PB 48 F 1
2 M FCD IIb TSCl1 4.0 1.7 OXC, VPA, PHT 22 (¢} II
3 F FCD IIb TSC2 1.7 0.3 CBZ, VPA, ACTH 13 T 1
4 M FCD IIb NMI 4.1 25 CBZ, VPA 114 F 1
5 F FCD IIb NMI 5.9 3.0 VPA, LEV 94 P,O 111
6 F FCD IIb NMI 8.0 5.5 OXC, VPA, LEV 82 T 111
7 M FCD IIb NMI 11 6.3 OXC, VPA, GBP 19 F 1
8 F FCD IIb NMI 25 1.0 CBZ, VPA 76 P II
9 M FCD IIb NMI 5.3 2.0 CBZ, VPA, TPM 100 F, T 1I
10 F FCD IIb TSCl1 4.8 3.2 VPA, CBZ, PHT 88 (¢} 1
11 M FCD I1b TSC1 12.5 4.0 OXC, VPA 11 T 1
12 M FCD IIb TSC2 3.5 29 VPA, LEV, ACTH 103 F 111
13 F FCD IIb NMI 6.4 1.5 CBZ, VPA, TPM 68 F I
14 F FCD IIb NMI 2.4 0.8 OXC, VPA, PHT 49 T I
15 M FCD I1b NMI 5.0 3.0 CBZ, PHT, VPA, ACTH 116 T 11
16 F TSC TSC2 8.9 5.5 OXC, PHT 11 (¢ 1
17 F TSC NMI 7.5 5.4 OXC, VPA 58 F 11
18 M TSC TSCl1 4.0 22 CBZ, PHT, TMP 77 T 11
19 F TSC TSC2 3.0 1.6 CBZ, PHT, LTG 15 T 1
20 M TSC TSCl1 10 4.0 CBZ, PHT 35 F 111
21 M TSC TSC1 4.5 33 CBZ, VPA, ACTH 22 (0] 11
22 M TSC TSC2 8.0 4.5 VPA, LEV 32 P, O 1
23 F TSC TSC2 7.0 0.6 CBZ, LTG 20 T 11
24 F TSC TSC1 2.0 1.5 CBZ, VPA, ACTH 29 F 11
25 M TSC TSC1 3.7 1.9 OXC, CBL, VPA 118 T 111
26 F TSC TSC2 3.9 2.0 OXC, VPA 58 F,O 111
27 F TSC NMI 11 5.0 OXC, VPA, ACTH 68 F 1

F, female. M, male. NMI, no mutation identified by genetic analysis. AED, antiepileptic drugs. CBZ, carbamazepine. VPA, valproic acid. CLB, clonazepam. GBP, gabapentin. LTG, lamotrigine.
OXC, oxcarbazepine. PB, phenobarbital. PHT, phenytoin. TPM, topiramate. ACTH, adrenocorticotropic hormone. F, frontal lobe. T, temporal lobe. P, parietal lobe. O, occipital lobe. PO,
postoperative outcome (Engel class).
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Table 2

Clinical data from 10 autopsy control samples.

Case no. Gender Age (year) Cause of death Neuropathology PMI (h) Seizure
1 M 2.6 Electric shock Normal 4.0 None
2 M 4.8 renal failure Normal 1.8 None
3 M 2.3 Motor vehicle accident Normal 5.5 None
4 F 6.1 Motor vehicle accident Normal 4.5 None
5 F 9.0 Drowning Normal 3.1 None
6 M 3.7 Motor vehicle accident Normal 2.5 None
7 F 33 Electric shock Normal 1.2 None
8 F 11.2 Drowning Normal 4.7 None
9 M 9.0 Motor vehicle accident Normal 32 None
10 F 2.0 renal failure Normal 2.9 None

F, female. M, male. PMI, postmortem interval, that is, interval between death of a patient and removal of the brain before freezing or fixation.

sulfate—polyacrylamide gel electrophoresis (SDS-PAGE)
(5% spacer gel, 80 V, 25 min; 10% separating gel, 120 V,
60 min) and electrophoretically transferred to
polyvinylidene fluoride (PVDF) membranes (Millipore,
Temecula, CA, USA) using a semi-dry electroblotting
system (Transblot SD; Bio-Rad) (80 min, 300 mA).
Next, membranes were incubated at room temperature
for 2 h in 5% not-fat dry milk to block nonspecific bind-
ing. Then the membranes were incubated overnight at
4 °C with relevant primary antibodies: anti-LILRB2
(mouse monoclonal, 1:500; R & D Systems, Min-
neapolis, MN); anti-POSH (rabbit polyclonal, 1:300;
Biosynthesis Biotechnology, Beijing, China); anti-
SHROOM3 (goat polyclonal, 1:500; T-17; Santa Cruz
Biotechnology, Santa Cruz, CA, USA); anti-ROCK1
(rabbit polyclonal, 1:500; Proteintech, China); anti-
ROCK?2 (rabbit polyclonal, 1:500; Proteintech, China)
and anti-GAPDH (rabbit polyclonal, 1:10000; Abcam,
Cambridge, United Kingdom). After several washes in
TBST (20 mmol/l Tris-HCI, pH 8.0, 150 mmol/l NaCl,
0.5% Tween-20), the samples were treated with horse-
radish peroxidase-conjugated goat anti-rabbit, goat
anti-mouse, or rabbit anti-goat secondary antibody
(1/1000; Zhongshan Golden bridge Biotechnology,
China) for 1h in a 37 °C incubator. The immunoreac-
tive bands were visualized using enhanced chemilumi-
nescence and were scanned and analyzed with
Quantity One software (Bio-Rad Laboratories, Her-
cules, CA, USA).

2.4. Immunohistochemistry and double-labeled
immunofluorescence

Paraffin sections were deparaffinized in xylene and
rehydrated through a graduated alcohol series. Endoge-
nous peroxidase activity was blocked with 3% H202 in
methyl alcohol. All of the samples were placed into
phosphate buffered saline (0.01 M, pH 7.3) and heated
20 min in a microwave oven for antigen retrieval. Sec-
tions were then blocked in bovine serum (Boster Biolog-
ical Technology, Wuhan, China) with 1% Triton X-100
(Sigma, St Louis, MO) for 60 min at room temperature.

After removal of excess serum, sections were incubated
with primary antibody overnight at 4 °C. The following
primary antibodies were used: anti-LILRB2 (mouse
monoclonal, 1:100; R & D Systems, Minneapolis,
MN); anti-POSH (rabbit polyclonal, 1:100; Biosynthesis
Biotechnology, Beijing, China); anti-SHROOM3 (goat
polyclonal, 1:100; T-17; Santa Cruz Biotechnology,
Santa Cruz, CA, USA); anti-ROCK1 (rabbit polyclonal,
1:500; Proteintech, China); anti-ROCK2 (rabbit poly-
clonal, 1:500; Proteintech, China). Then, the sections
were incubated with goat anti-rabbit, goat anti-mouse,
or rabbit anti-goat immunoglobulin conjugated to
peroxidase-labeled  dextran  polymer (EnVision
+ System-HRP; Boster, China) for 1h at 37 °C, and
subsequently incubated in 3,3-diaminobenzidine (DAB,
Boster) for the appropriate time. The sections were
counterstained with hematoxylin, dehydrated, and cov-
erslipped. No immunoreactive cells were observed in
negative control experiments, which included omission
of the primary antibody, pre-absorption with a tenfold
excess of specific blocking antigen, or incubation with
an isotype-matched rabbit polyclonal antibody.

For double immunofluorescence staining, anti-
LILRB2 (mouse monoclonal, 1:100; R & D Systems,
Minneapolis, MN) combined with anti-NF200 (rabbit
monoclonal, 1:100; Abcam, Britain), anti-GFAP (rabbit
monoclonal, 1:100; Boster), and anti-Ibal (rabbit poly-
clonal, 1:100; Biosynthesis Biotechnology, Beijing,
China) overnight at 4 °C, respectively. Then the sections
were incubated with a mixture of Alexa Fluor 594
antibodies and FITC-conjugated antibodies (1:300,
Invitrogen) for 1 h at 37 °C. Next, 4/,6-diamidino-2-phe
nylindole (DAPI, 10 pg/ml, Beyotime, China) was used
to counterstain the cell nuclei. The fluorescent signals
were acquired using a confocal fluorescence microscope
(TCS-TIV; Leica, Nussloch, Germany).

2.5. Evaluation of immunostaining
The evaluation of specific immunoreactivity, and the

presence or absence of various histopathological param-
eters were assessed by two independent observers blind
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to clinical data. Relevant methods can be referred to
previous studies [18,19]. The overall concordance was
greater than 90%, and the overall x value ranged from
0.83 to 0.95. When a disagreement occurred, indepen-
dent reevaluation was performed by both observers to
define he final score. Using a Leica microscope to exam-
ine a total microscopic area of 781.250 yum?® (200 high-
power nonoverlapping fields of 0.0625 x 0.0625 mm
width, using a square grid inserted into the eyepiece)
in each section. The intensity of staining was evaluated
using a semi-quantitative three-point scale where IR
was defined as the following: absent (—, 0), weak (-+,
1), moderate (+ +, 2), or strong (+ + +, 3) (Table 3).
These scores represent the predominant staining inten-
sity in each section and were calculated as the average
of the selected fields.

2.6. Statistical analysis

The SPSS Statistical 16 package (SPSS Inc., IL,
Chicago, USA) was used for statistical analyses. Data
were expressed as mean =+ standard deviation (S.D.).
One-way analysis of variance (ANOVA) analysis was
used to determine the differences. The correlations
between variables were evaluated by the Spearman rank
correlation test. Following the statistical tests, p < 0.05
were considered statistically significant.

3. Results
3.1. Comparison of clinical variables

5 female and 5 male individuals in control group with
a mean age of 5.400 4 3.278 years (range, 2.0 to
11.2 years). The mean age of the FCD IIb and TSC
pediatric epileptic patients was 5.659 + 3.043 years
(range, 1.7-12.5 years), with 13 males and 14 females.
An examination of gender and age indicated no differ-
ence between the autopsy controls and epileptic groups
(FCD IIb and TSC) (P > 0.05).

3.2. Western blotting and immunohistochemistry analysis
of LILRB?

We used western blotting to examine the protein
levels of LILRB2 in total homogenates from normal

control cortex (n = 10), FCD IIb lesions (n = 15), and
TSC tubers specimens (n = 12). The LILRB2 protein
expression were upregulated in both the FCD IIb and
TSC lesions compared with control tissues (P <0.05;
Fig. 1A-B). Furthermore, the correlation analysis
showed that the LILRB2 protein concentration in
patients with FCD IIb and TSC was negatively corre-
lated with preoperative seizure frequency (Fig. 1C-D).

In controls, weak LILRB2 immunoreactivity in neu-
rons and glial cells were observed in gray matter and
white matter, respectively (Fig. 2A-B). Moderate to
strong LILRB2 immunostaining in the dysmorphic neu-
rons, balloon cells, and glial cells were detected in the
FCD IIb specimens (Fig. 2C-D). Giant cells, dysmor-
phic neurons, glial cells in TSC tubers expressed
LILRB2 with considerable intensity (Fig. 2E-F). The
immunoreactivity scores of LILRB2 in epileptic groups
(FCD IIb and TSC) were dramatically higher than those
in the controls (P <0.001) (Table 3). Double-labeled
immunofluorescence experiments demonstrated that
LILRB2 was colocalized with NF200 in dysmorphic
neurons (Fig. 2G, J) and giant cells (Fig. 2J), and the
astrocyte marker GFAP (Fig. 2H, K), but not with
Ibal in microglia (Fig. 21, L).

3.3. POSH, SHROOM, ROCKI, and ROCK?2
expression

Increased POSH (P < 0.05), SHROOM3 (P <0.01),
ROCK1 (P<0.05), and ROCK2 (P <0.05) protein
expression levels in FCD IIb and TSC specimens com-
pared with controls were confirmed by Western blotting.
Representative immunoblots and densitometric quantifi-
cation are shown in Fig. 3.

With immunohistochemistry analysis, faint or inter-
mediate POSH, SHROOM, ROCKI, and ROCK2
immunostaining in neurons and glial cells (Fig. 4A-
D). Moderate to strong immunostaining in dysmorphic
neurons, balloon cells, and glial cells in FCD IIb speci-
mens (Fig. 4E-H). In TSC, moderate and strong POSH,
SHROOM3, ROCKI1, and ROCK2 immunostaining
were observed in dysmorphic neurons, giant cells, and
glial cells (Fig. 4I-L). The immunoreactivity scores of
POSH, SHROOM3, ROCKI1, and ROCK?2 in epileptic
groups were higher compared with the control samples
(P <0.001) (Table 3).

Table 3
Immunoreactivity scores.
Control (n = 10) FCD IIb (n = 15) TSC (n=12)

LILRB2 1.10 £ 0.71 1.98 +0.73% 1.93 + 0.65%
POSH 1.27 +£0.59 2.37 +0.76" 2.06 +0.77%
SHROOM3 1.38 £0.56 2.04 +0.75% 2.13 +0.54%
ROCK1 1.24 +£0.70 2.10 £ 0.70% 1.95 4+ 0.61%
ROCK2 1.08 +0.64 2.16 +0.67% 2.12 +0.73%

The data are expressed as the means + SD, FCD IIb or TSC vs. control specimens. One-way analysis of variance. *P < 0.001.
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Fig. 1. The expression of LILRB2 in total homogenates from normal control cortex (CTX), FCD IIb lesions, and TSC tubers specimens.
Representative immunoblot (A) and densitometric quantification (B) showing immunoreactive protein levels for LILR B2 were significantly increased
in FCD IIb and TSC compared with CTX subjects. (C, D) Scatter plot showing the significant negative correlation between the protein levels (relative
optical density [OD]) of LILRB2 and seizure frequency (seizures per month), Spearman rank correlation coefficient: r = —0.6964, P = 0.0051 for
FCD IIb. r = —0.7005, P = 0.0136 for TSC (n = 10 for controls, n = 15 for FCD IIb patients, n = 12 for TSC patients). The data are expressed as the

means + SD. *P < 0.05.

4. Discussion

In this study, we used western blotting, immunohisto-
chemistry and fluorescence labeling to explore the
expression patterns of LILRB2 signaling pathway mole-
cules, found that LILRB2 signaling pathway proteins
were up-regulated in FCD IIb and TSC lesions com-
pared with autopsy control samples, and mainly over-
expressed in dysmorphic neurons, balloon cells, giant
cells, and glial cells. Intriguingly, the protein levels of
LILRB2 in FCD IIb and TSC lesions negatively corre-
lated with the frequency of seizures. Moreover, LILRB2
co-localized with neuron marker (NF200) and astrocyte
marker (GFAP), but not with microglia marker (Ibal).
Based on these data, we suggest that LILRB2 signaling
pathway may be involved in the pathophysiology or
epileptogenesis of human FCD IIb and TSC.

Overall, epilepsy is a complex network disease. Many
studies have indicated that the cortical lesions of FCD
I1b and cortical tubers of TSC are intrinsic epileptogenic
zones and are highly associated with epilepsy. More-
over, large and poorly-differentiated cells with neuronal
and glial characteristics, such as balloon cells of FCD
IIb and giant cells of TSC, are often the unique features
of these types of MCDs and are closely related to the
epileptogenicity [20,21]. Abnormal excitatory network
connections in epileptogenic lesions may be one of the
main causes of recurrent epileptic seizures. Growing evi-
dence indicates that LILRB2 (PirB) signaling pathway is
regulated by MHCI and myelin inhibitors (NogoA,
MAG, OMgp) to inhibit neurite regeneration and pro-
longation [8-10]. Notably, previous research has verified
that NogoA and MHCI were upregulated in resected
epileptic lesions of FCD, TSC, and TLE patients [22—
24]. On the other hand, in visual cortex of mice lacking
PirB, the density of functional glutamatergic synapses is
more than 50% higher than wildtype [14]. mEPSC fre-
quency in hippocampal CA1 pyramidal cells is increased
in PirB gene deletion mice, consistent with a greater den-
sity of excitatory synapses and altered synapse pruning

[25]. Further mechanism study revealed that PirB regu-
lates synaptic plasticity through N-methyl-D-aspartate
receptor (NMDAR), which a key excitatory glutamater-
gic receptor for epileptiform activity transmission [25].
In the present study, we found that LILRB2 signaling
pathway was over-activated in cortical lesions of FCD
IIb and TSC, and relevant factors LILRB2, POSH,
SHROOM3, ROCKI1, and ROCK2 are primarily
over-expressed in membrane, cytoplasm and neurites
of misshapen cells. Hence, it can be inferred that ele-
vated LILRB2 pathway factors in misshapen cells of
FCD IIb and TSC cortical lesions may adjust the forma-
tion of abnormal excitatory neural circuits cored by mis-
shapen cells, and regulate the function of excitatory
transmission. Of course, it may be more convincing
and fascinating to observe the structure and/ or function
of excitatory circuits in MCD epileptic models with PirB
gene overexpression or in clinical fresh MCD lesion
slices treated with human LILRB2 purified protein.
Inflammatory processes, especially activation of
astrocytes, and release of inflammatory mediators, con-
tribute to epileptogenesis, and the development of spon-
taneous seizure activity. Astrocyte proliferation and the
production of related inflammatory cytokines have been
confirmed to be involved in the pathophysiological pro-
cess of MCD-related epilepsy [26,27]. Inhibitory
LILRB2 and PirB, negatively regulates immune and
inflammation responses, and is crucial to dendritic cell
maturation, B cell suppression, and to balancing Thl
and Th2 immune responses [28]. For instance, the loss
of PirB in macrophages aggravated the inflammatory
response and increased the release of IL-6, IL-1 and
TNF-a under the stimulation of bacteria [29,30]. Our
study confirmed that LILRB2 was overexpressed in
GFAP-positive reactive astrocytes in FCD IIb and
TSC lesions. On this basis, we speculate that LILRB2
activation in astrocytes may play an important role in
the inflammatory response and the release of inflamma-
tory cytokines in FCD IIb and TSC lesions. Noticeably,
whether it plays a protective role by inhibiting the
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immunoreactivity in dysmorphic neurons (arrows), balloon cells (double arrows and insert of C), glial cells (arrowheads) in FCD IIb GM and WM
lesions. (E, F) Very obvious LILRB2 staining of giant cells (double arrows in GM), dysmorphic neurons (arrows in GM), glial cells (arrowheads in
WM) in tubers. (G-I) Double labeling in cortical lesions of FCD IIb specimens. Co-localization of LILRB2 (green) with NF200 (red) in dysmorphic
neurons (yellow, arrows in G). LILRB2 (green) and GFAP (red) were also co-localized in astrocytes (arrows in H, arrowhead: dysmorphic neuron).
LILRB2 (green) not co-expressed with Iball (red, arrows in I, arrowhead: dysmorphic neuron). (J-L) Double labeling in tubers of TSC. LILRB2 co-
expressed with NF200 in dysmorphic neurons and giant cells (yellow, arrows in J). LILRB2 co-labeled with GFAP (arrows in K, arrowheads:
dysmorphic neuron), not Iball (red, arrows in L, arrowhead: dysmorphic neuron). (n = 10 for controls, n = 15 for FCD IIb patients, n = 12 for TSC
patients) .Scale bars: A-F, 50 pm. G-L, 30 pm. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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Fig. 3. Protein expression of POSH, SHROOM, ROCK1, and ROCK2 in CTX, FCD IIb and TSC. (A) Representative immunoblot of POSH
(93 kDa), SHROOM3 (205 kDa), ROCKI1 (158 kDa), ROCK2 (161 kDa) in total homogenates from CTX, the lesions of FCD IIb and tubers of
TSC. The expression of internal control protein GAPDH (36 kDa) was shown in the same protein extracts. (B) Densitometric quantification show
that protein levels of POSH, ROCK1, and ROCK2 are elevated in FCD IIb and TSC compared with CTX, respectively. (n = 10 for controls, n = 15
for FCD IIb patients, n = 12 for TSC patients). The data are expressed as the means + SD. *P < 0.05.
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Fig. 4. Immunostaining for POSH, SHROOM, ROCKI1, and ROCK2 in CTX, the lesions of FCD IIb and tubers of TSC. (A-D) In CTX group,
Faint POSH, SHROOM, ROCK1 and ROCK?2 immunoreactivity in neurons (arrows), and in glial cells (arrowheads). (E-H) In FCD IIb group,
moderate to strong immunostaining in dysmorphic neurons (arrows), balloon cells (double arrows), and in glial cells (arrowheads). (I-L) Enhanced
immunostaining in dysmorphic neurons (arrows), giant cells (double arrows), and glial cells (arrowheads) in TSC. (n = 10 for controls, n = 15 for
FCD IIb patients, n = 12 for TSC patients). Scale bar: 50 um for all panels.

initiation and deterioration of inflammation in epilepto- correlated with the frequency of seizures, which was
genic zone may require further investigation. consistent with our previous analysis of the relationship
Interestingly, the expression of LILRB2 in epilepto- between LILRB2 and TLE. This seems to suggest that

genic foci of FCD IIb and TSC was negatively LILRB2 may inhibit epileptic seizures. Certainly, it
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should not be excluded that the frequency and severity
of epileptic seizures may also affect the expression of
LILRB2 in epileptogenic lesions.

Hemimegalencephaly (HME) is a rare malformation
of cortical development (associated with developmental
delay and severe epilepsy), characterized by enlargement
of an entire cerebral hemisphere. HME share some
pathological features and somatic mutant genes with
FCD IIb [31]. Unfortunately, HME was not included
in this study since we did not get enough cases during
our study period.

In conclusion, this is the first time to explore the
expression patterns of LILRB2 signaling pathway mole-
cules in surgically resected epileptic foci of FCD IIb and
TSC. Our immunohistochemistry, immunofluorescence,
and western blotting demonstrated LILRB2 signaling
pathway is over-activated on the misshapen cells (dys-
morphic neurons, balloon cells, and giant cells) and
astrocytes. Following the current descriptive study, fur-
ther investigation is needed to elucidate whether
LILRB2 can inhibit the formation and/ or function of
excitatory circuits and the inflammatory response pro-
cess during epileptogenesis of FCD IIb and TSC.
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