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Background: Leucine-rich glioma inactivated 3 (LGI3) is a secreted protein member of LGI 

family. We previously reported that LGI3 was expressed in brain, adipose tissues and skin, 

where it played roles as a multifunctional cytokine. We postulated that LGI3 may be involved 

in cytokine network in cancers.

Aim: This study aimed to analyze differentially expressed genes in glioma tissues and glioma 

cohort data to investigate the prognostic role of LGI3 and its receptors.

Materials and methods: Expression microarray data from Gene Expression Omnibus 

and glioma cohort data were analyzed using bioinformatic tools for statistical analysis, 

protein–protein interactions, functional enrichment and pathway analyses and prognostic 

association analysis.

Results: We found that LGI3 and its receptors, ADAM22 and ADAM23, were significantly 

downregulated in glioma tissues. Eleven upregulated genes and two downregulated genes in 

glioma tissues were found to be the previously reported LGI3-regulated genes. Protein–protein 

interaction network analysis showed that 85% of the LGI3-regulated and glioma-altered genes 

formed a cluster of interaction network. Functional enrichment and Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathway analyses revealed the association of these genes with hypoxia 

responses, p53 and Akt signaling and various cancer-related pathways including glioma. Analysis 

of expression microarray data of glioma cohorts demonstrated that low expression levels of 

LGI3, ADAM22 and ADAM23 were significantly associated with poor prognosis of glioma.

Conclusion: These results propose that LGI3 and its receptors may play a prognostic role 

in glioma.
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Introduction
Leucine-rich glioma inactivated 3 (LGI3) is a secreted protein member of LGI 

family that is abundantly expressed in brain in a developmentally regulated fashion.1 

Expression of LGI3 in brain was shown to be transcriptionally regulated by activating 

enhancer-binding protein 2 and neuronal restrictive silencer.1 We reported that LGI3 

regulated neuronal exocytosis and neurite outgrowth.2,3 LGI3 is also expressed in skin 

and adipose tissues.4,5 We showed that LGI3 secretion was induced by ultraviolet B 

(UVB) and promoted keratinocyte survival.5 We demonstrated that LGI3 promoted 

the migration of keratinocytes and melanogenesis.6,7

We reported that the expression of LGI3 was decreased during adipocyte differentia-

tion and increased in obese adipose tissues.4,8 We further showed that LGI3 suppressed 

adipogenesis through a disintegrin and metalloproteinase domain-containing protein 23 

(ADAM23) which is one of the LGI3 receptors (ADAM22 and ADAM23) and that 

LGI3 upregulated inflammatory genes including tumor necrosis factor-α (TNF-α) 
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in macrophages.4 LGI3 downregulated the anti-inflammatory 

adipokine, adiponectin.8 LGI3 and TNF-α upregulated each 

other through NF-κB in preadipocytes, suggesting their coop-

erative involvement in metabolic inflammation in obesity.9 

We proposed that LGI3 is a multifunctional cytokine and 

adipokine released by and acting at various cell types and that 

LGI3 may be a proinflammatory cytokine that interplayed 

with multiple cytokines.

The founding member of LGI family, LGI1, was shown 

to be deficient in malignant gliomas due to gene rearrange-

ments and was postulated to be a tumor suppressor gene.10 

LGI protein members (LGI1, LGI2, LGI3 and LGI4) were 

shown to be differentially expressed in various tumor cell 

types including glioma, neuroblastoma, melanoma, colon 

and breast cancers.11 However, the association of LGI3 with 

glioma and other cancers remained unexplored. In this study, 

integrative analyses of expression microarrays, protein–

protein interactions and patient cohort data supported the 

potential significance of LGI3 in the prognosis of glioma.

Materials and methods
expression microarray data
The dataset of mRNA expression microarray was searched 

and retrieved from Gene Expression Omnibus (GEO). The 

dataset, GSE4290, was based on the platform of GPL570 

[HG-U133_Plus_2] Affymetrix Human Genome U133 Plus 

2.0 Array (Affymetrix, Santa Clara, CA, USA).12 The dataset 

consisted of 180 samples from human brain tissues including 

23 tissue samples from epilepsy patients and 157 tumor tissue 

samples from glioma patients. The raw data and the platform 

files were downloaded and used for further analysis.

Data preprocessing and identification of 
differentially expressed genes (Degs)
The raw microarray data in CEL format were read using 

the affy package in R 3.3.1.13 The dataset was preprocessed 

by background correction, quantile normalization and probe 

summarization of expression values. The log
2
 probeset inten-

sities were calculated using the robust multichip average 

(RMA) algorithm from the affy package.13 Gene expres-

sion values were averaged to calculate the final expression 

value for multiple probes corresponding to the same gene 

symbols. Probesets to non-expressed mRNAs were removed 

using the Affymetrix Microarray Suite 5 calls (MAS5-

CALLS) algorithm. Differential analysis was performed 

using the limma package in R 3.3.1. The cutoff values for 

statistically significant DEGs were P,0.05 and |log
2
 (fold 

change)|$1.

comparative analysis, protein–protein 
interactions and functional enrichment 
analysis of Degs
Venn diagram of categorized gene groups was generated 

by Venny 2.0.2. The protein–protein interaction network 

was constructed using information provided by the Search 

Tool for the Retrieval of Interacting Genes (STRING, 

version 10.0)14 and was visualized by Cytoscape 3.4.0 using  

interaction degree-sorted circle layout.15 For functional 

enrichment of a group of regulated genes, gene ontology 

(GO) enrichment analyses and Kyoto Encyclopedia of Genes 

and Genomes (KEGG) pathway analysis were performed 

using Database for Annotation, Visualization and Integrated 

Discovery (DAVID).16 Results were ranked by their P-values, 

and the subsets of entries with the lowest P-values were 

presented.

Meta-analysis of patient cohorts
Gene expression microarray datasets for glioma were 

searched using PrognoScan database.17 Assessment of 

the association between gene expression and prognosis 

employed the minimum P-value approach by grouping 

patients for survival analysis that determined the optimal 

cut point in continuous gene expression measurement 

without prior assumption. Briefly, patients ordered by the 

expression values were dichotomized at the cut point to 

minimize the P-value, and survival difference between high 

and low expression groups was calculated by log-rank test. 

Kaplan–Meier plots of statistically significant (P,0.05) 

datasets were generated. Prognostic association analy-

sis of combined multiple markers was conducted using 

ServExpress.

Results
Differential expression of lgi3 and its 
receptors in glioma
Previous study reported that LGI3 was expressed in various 

tumor cell lines and was expressed in approximately 50% 

of the glioma cell lines.11 Analysis of DEGs in glioma 

tissues indicated that the expression of LGI3 and its recep-

tors, ADAM22 and ADAM23, were significantly lower 

than non-glioma tissues (LGI3, −15.6-fold, P=6.77E-38; 

ADAM22, −2.1-fold, P=1.73E-11; ADAM23, −1.8-fold, 

P=2.04E-05; Figure 1A). LGI3 was the 16th in the rank 

based on expression fold changes of the genes with 

decreased expression in glioma. It is noted that the standard 

deviation of LGI3 expression levels in glioma tissues 
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was much larger than ADAM22 and ADAM23 (standard 

deviations of glioma and non-glioma samples: LGI3, 0.573 

and 2.372; ADAM22, 0.474 and 0.998; ADAM23, 0.744 

and 0.778; Figure 1B).

Identification of LGI3-regulated genes 
that were altered in glioma and their 
protein–protein interaction network
Our recent work demonstrated that LGI3 regulated multiple 

gene products (ADIPOQ, AKT1, BAD, C5, CCL12, CCL2, 

CD68, CEBPA, CRP, CSF1, CSF3, CTNNB1, CXCL13, 

CXCL2, CYBA, CYBB, DLK1, EIF4EBP1, EMR1, ESM1, 

FABP4, GSK3A, GSK3B, IGF1, IGFBP1, IGFBP5, IL6, 

ITGAX, LPL, MAPK1, MAPK3, MDM2, MITF, NCF1, 

NCF2, NFKB1, NOS2, PIK3CA, PPARG, PRKAA1, 

PTEN, PTGS2, PTK2, SERPINE1, STX1A, TIMP1, TNF, 

TP53).18 Analysis of gene expression microarray dataset, 

GSE4290, showed that 1,812 genes were upregulated and 

1,923 genes were downregulated in glioma tissues (P,0.05 

and |log
2
 (fold change)|$1). Venn diagram analysis of 

glioma-altered and LGI3-regulated genes revealed that four 

and seven glioma-upregulated genes belonged to LGI3-

upregulated and LGI3-downregulated genes, respectively, 

and that two glioma-downregulated genes appeared to be 

LGI3-upregulated genes (Figure 2A). Overall, 39% (7/18) 

of LGI3-downregulated genes were upregulated in glioma, 

whereas 20% (6/30) of LGI3-upregulated genes were either 

up- or downregulated in glioma.

We reported that a majority of LGI3-regulated gene 

products (94%, 45/48 genes) formed a cluster of protein–protein 

interaction network.18 Protein–protein interaction network 

analysis of LGI3- and glioma-regulated genes showed that 

11/13 genes of glioma-altered and LGI3-regulated genes 

participated in a cluster of interaction network (Figure 2B). 

The gene products with the highest degree of interactions 

($5) were serpin family E member 1 (SERPINE1), insulin-

like growth factor 1 (IGF1), tumor protein p53 (TP53) and 

TIMP metallopeptidase inhibitor 1 (TIMP1).

Functional enrichment and Kegg 
pathway analyses of lgi3-regulated and 
glioma-altered genes
LGI3-regulated genes that are changed in glioma tissues were 

analyzed by functional enrichment to obtain the GO biologi-

cal processes of the gene group (Table 1). These genes were 

associated significantly with various cancer-related biological 

processes such as hypoxia, cell proliferation, metabolism, 

apoptosis, angiogenesis and inflammation. The GO term 

“hypoxia” showed the lowest P-value, and the protein bind-

ing was the GO term that the most genes were involved. The 

KEGG pathway analysis of LGI3-regulated and glioma-

altered genes showed that these genes were associated with 

the pathways of p53, hypoxia-inducible factor-1 (HIF-1), 

phosphoinositide 3-kinase (PI3K)-Akt and other cancer-

related pathways including glioma (Table 2). All the associated 

KEGG pathways appeared to be closely related to cancer.

Figure 1 Differential expression of lgi3 and its receptors in glioma tissues.
Notes: (A) Volcano plot of mrna expression microarray dataset. (B) Bar-and-whisker plot of expression of lgi3, aDaM22 and aDaM23 in glioma tissues. Open bar, 
control (nontumor) tissues; shaded bar, glioma tissues. *P,0.001.
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Prognostic significance of LGI3 and its 
receptors in glioma
To investigate the significance of LGI3 expression in the 

prognosis of glioma, gene expression microarray datasets 

of cancer cohorts were analyzed. The search of PrognoScan 

databases that contained the expression of LGI3, ADAM22 

and ADAM23 showed that two out of four glioma studies 

showed significant association (P,0.05) of LGI3 expres-

sion with glioma prognosis. Analysis of ADAM22 and 

ADAM23 expressions also revealed that 7 out of 18 and 4 

out of 5 studies showed significant prognostic association, 

respectively. The low expression of LGI3, ADAM22 and 

ADAM23 correlated significantly with poor survival of the 

glioma patients (Table 3; Figure 3A–C).

Discussion
The LGI family members are diverse and distinct in their 

tissue distribution and physiological functions despite 

Figure 2 comparative analysis of the glioma-altered gene products and lgi3-regulated genes.
Notes: (A) Venn diagram indicating the common sets of the groups of the regulated genes in each category. (B) Protein–protein interaction network of lgi3-regulated 
and glioma-altered gene products. The network was depicted by lines (pairwise protein interactions) and nodes (gene products) sorted by interaction degree. The marks 
(*, +, #) indicate the gene products in the common sets of the groups of the regulated genes indicated in A.

Table 1 Functional enrichment analysis of lgi3-regulated genes that are changed in glioma

Category Term Count P-value

gOTerM_BP_DirecT gO:0071456 – cellular response to hypoxia 4 3.84e–05
gOTerM_BP_DirecT gO:0008284 – positive regulation of cell proliferation 5 2.43e–04
gOTerM_cc_DirecT gO:0005576 – extracellular region 7 2.73e–04
gOTerM_cc_DirecT gO:0031093 – platelet alpha granule lumen 3 5.79e–04
gOTerM_BP_DirecT gO:0048661 – positive regulation of smooth muscle cell proliferation 3 8.10e–04
gOTerM_cc_DirecT gO:0005615 – extracellular space 6 0.00112
gOTerM_BP_DirecT gO:0042493 – response to drug 4 0.00114
gOTerM_BP_DirecT gO:0001558 – regulation of cell growth 3 0.00143
gOTerM_cc_DirecT gO:0043234 – protein complex 4 0.00217
gOTerM_MF_DirecT gO:0002020 – protease binding 3 0.00225
gOTerM_BP_DirecT gO:0002576 – platelet degranulation 3 0.00236
gOTerM_BP_DirecT gO:0044267 – cellular protein metabolic process 3 0.00309
gOTerM_BP_DirecT gO:0043066 – negative regulation of apoptotic process 4 0.00362
gOTerM_MF_DirecT gO:0008083 – growth factor activity 3 0.00567
gOTerM_BP_DirecT gO:0007568 – aging 3 0.00594
gOTerM_BP_DirecT gO:0001525 – angiogenesis 3 0.01062
gOTerM_BP_DirecT gO:0010628 – positive regulation of gene expression 3 0.01444
gOTerM_MF_DirecT gO:0019899 – enzyme binding 3 0.02247
gOTerM_MF_DirecT gO:0005102 – receptor binding 3 0.02506
gOTerM_MF_DirecT gO:0005515 – protein binding 11 0.02683
gOTerM_BP_DirecT gO:0008283 – cell proliferation 3 0.02707
gOTerM_BP_DirecT GO:0006954 – inflammatory response 3 0.02888

Abbreviation: gO, gene ontology.
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of the similarity in amino acid sequences and domain 

organizations.19,20 The expression profiles of LGI family 

genes in various tumor cells were not correlated with the 

normal cell origins, and LGI genes were postulated to have 

specific roles in normal and tumor cells.11 LGI protein mem-

bers were shown to be differentially expressed in various 

types of tumor cells (glioma, neuroblastoma, melanoma, 

colon and breast cancers), and LGI3 was the only LGI 

family member expressed at significant levels in glioma, 

melanoma and neuroblastoma.11 This study was prompted 

by our previous reports supporting the roles of LGI3 as a 

multifunctional cytokine4–9 and the predicted association of 

LGI3 with cytokine network in cancer.18

In this study, integrative analysis of gene expression array 

data explored the potential prognostic value of LGI3 and its 

receptors, ADAM22 and ADAM23. Significant decreases of 

LGI3 and its receptors in glioma tissues (Figure 1) suggested 

that LGI3 may be involved in glioma tumorigenesis and pro-

gression through its receptor-mediated signaling pathway. 

Intracellular signaling mechanisms of LGI3 were reported 

in our previous works on various cell types. LGI3-promoted 

neurite outgrowth was mediated by Akt and FAK.3 p53 and 

MDM2 were shown to be involved in LGI3-promoted cell 

survival in UVB-irradiated keratinocytes.5 β-Catenin and 

GSK3β mediated keratinocyte migration induced by LGI3.7 

LGI3 downregulated PPARγ and suppressed adipocyte 

differentiation through ADAM23.4 LGI3-treated preadipocytes 

showed the regulation of multiple signaling proteins (upregu-

lated: Akt, AMPK, Erk1/2, PTEN; downregulated: 4E-BP1, 

Bad, GSK3α).18 Since ADAM22 and ADAM23 are abundant 

in brain,21 it remains to investigate whether LGI3-induced 

intracellular signaling pathways through these receptors are 

relevant and dysregulated in glioma cells.

Our previous studies identified 48 gene products that were 

regulated by LGI3.1–9,18 LGI3 was postulated to participate 

in cytokine network through regulating various cytokines 

and secreted factors including TNF-α, adiponectin, C–C 

motif chemokine ligand 2 (CCL2, MCP-1), C-X-C motif 

chemokine ligand 13 (CXCL13), C-X-C motif chemokine 

ligand 2 (CXCL2), C-reactive protein (CRP), TIMP1, 

colony-stimulating factor 1 (CSF1), CSF3, complement C5 

(C5), endothelial cell-specific molecule 1 (ESM1), IGF1, 

insulin-like growth factor-binding protein 1 (IGFBP1), 

IGFBP5, interleukin 6 (IL6), lipoprotein lipase (LPL) and 

SERPINE1.18 Among the 13 LGI3-regulated genes that were 

up- or downregulated in glioma tissues (Figure 2A), a major-

ity of the gene products formed a protein–protein interaction 

network (Figure 2B) and belonged to cytokines or secreted 

protein factors (IGFBP1, TIMP1, IGF1, SERPINE1, ESM1, 

CSF1, IGFBP5, LPL). Overall, these results implied that 

the downregulation of LGI3 may be involved in molecular 

perturbation that may affect cytokine network and intercel-

lular communication in glioma.

Functional enrichment of GO terms and KEGG path-

ways associated with LGI3-regulated and glioma-altered 

genes represented many cancer-related terms and pathways 

such as hypoxia, proliferation, apoptosis, angiogenesis, p53 

and HIF-1 (Tables 1 and 2). All these gene products except 

CYBA were found in the previous reports on glioma that 

described the association of expression, function or genetic 

variation of these genes with glioma.22–33 IGF1 and PTGS2 

that were shown to be upregulated by LGI3 may be down-

regulated in glioma due to decreased expression of LGI3 

and these genes were reported to be associated with glioma 

based on cellular radioprotection and genetic polymorphism, 

respectively.26,29 Seven genes (CSF1, EIF4EBP1, ESM1, 

IGFBP1, LPL, SERPINE1 and TP53) that were reported to 

be downregulated by LGI3 may be upregulated in glioma 

due to the downregulation of LGI3. In particular, CSF1, 

EIF4EBP1, SERPINE1 and TP53 (p53) were postulated to 

Table 2 Kegg pathway analysis of lgi3-regulated genes that are 
changed in glioma

Term Count P-value

hsa04115: p53 signaling pathway 4 7.02e–05
hsa04066: hiF-1 signaling pathway 4 2.18e–04
hsa04151: Pi3K-akt signaling pathway 5 6.30e–04
hsa05214: glioma 3 0.00301
hsa05218: Melanoma 3 0.00358
hsa05215: Prostate cancer 3 0.00545
hsa05200: Pathways in cancer 4 0.01186
hsa05202: Transcriptional misregulation in cancer 3 0.01891
hsa05205: Proteoglycans in cancer 3 0.02625 

Abbreviation: Kegg, Kyoto encyclopedia of genes and genomes.

Table 3 Dataset summary of expression microarray analyses for glioma studies

Figure 3 Dataset Array type Number of 
patients

Cut point P-value

a gse16011-gPl8542 hg-U133 Plus 2.0 276 0.50 0.0007 
B gse4412-gPl96 hg-U133a 74 0.39 0.0004 
c gse4271-gPl96 hg-U133a 77 0.62 0.0311 
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be functionally involved in glioma.22,30,32,33 Thus, we hypoth-

esize that LGI3 downregulation in glioma may account for 

downregulation in glioma of the genes that were shown to 

be upregulated by LGI3 (IGF1 and PTGS2) and upregulation 

of the genes that were shown to be downregulated by LGI3 

(CSF1, EIF4EBP1, ESM1, IGFBP1, LPL, SERPINE1 and 

TP53). LGI3 may interplay with these gene products through 

protein–protein interaction network (Figure 2B) in diverse 

mechanisms suggested by the functional enrichment and 

KEGG pathway analyses (Tables 1 and 2).

LGI3 is widely expressed in various tissues including 

brain, lung, adipose tissues, skin, heart, placenta, liver, 

muscle, kidney and pancreas.1,4,5,34 Abundant expression 

and its functional elucidation including LGI3-regulated 

genes were reported in neuronal cells, adipocytes, mac-

rophages, keratinocytes and melanocytes.3–5,9 Our find-

ing that the expressions of LGI3 and its receptors were 

positively associated with the prognosis of glioma (Figure 3) 

suggested that LGI3 may play a role as a suppressor of 

glioma progression through its receptor-mediated mecha-

nisms. LGI3 was reported to transduce intracellular signals 

through proteins crucially involved in cancers including 

ADAM23, Akt, β-catenin, focal adhesion kinase, MDM2, 

p53, NF-κB and microphthalmia-associated transcription 

factor (MITF).3,5,6,9,35–38 Perturbation of these proteins by 

downregulated LGI3 and its receptors in glioma may account 

for the role of LGI3 in pathogenesis and prognosis in glioma 

and other cancers.18 Our additional analysis using The Cancer 

Genome Atlas (TCGA) databases showed significant posi-

tive prognostic association of LGI3 expression with lower 

grade glioma (P=0.05, N=206) and association of ADAM22 

with glioblastoma multiforme (P=0.009, N=542) and lower 

grade gliomas (P=0.047, N=206; data not shown). These 

results suggested that LGI3 and ADAM22 may have higher 

prognostic value in lower grade glioma. Furthermore, our 

prognostic association analysis of combined markers (LGI3, 

Figure 3 associations between expression microarray analyses of lgi3 (A), aDaM22 (B) and aDaM23 (C) and glioma prognosis in patient cohorts.
Note: Kaplan–Meier survival curves of microarray dataset of patient groups (Table 3).
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ADAM22 and ADAM23) with TCGA lower grade glioma 

data showed much higher significance (P=0.00073) than 

individual markers (Table 3). Cumulative cohort studies for 

associations of individual and combined markers will support 

prognostic value of LGI3 and its receptors.

We postulated that LGI3 may participate in cytokine 

networks involved in obesity-related metabolic inflam-

mation and cancer.18 Cytokine networks play important 

regulatory roles in inflammatory immune responses to 

cancer including glioma.39–41 Cytokines are also involved 

in chronic inflammation that may lead to carcinogenesis.39 

Obesity increases cancer risk through cytokine perturbation 

by metabolic inflammation particularly in liver, pancreas 

and gastrointestinal tract.42 Increased LGI3 in adipose tissue 

and plasma in obesity may promote metabolic inflamma-

tion and cancer.4,8 However, epidemiological studies found 

no significant association between obesity and glioma.43,44 

Thus, LGI3 may participate in cytokine network involved in 

glioma pathogenesis and prognosis that may not be closely 

associated with the previously reported LGI3-regulated adi-

pokine network implicated in obesity.8,9 Although it remains 

unknown whether LGI3 downregulation correlates with poor 

prognosis of glioma through its decreased proinflammatory 

activity, we speculate that LGI3 may be involved in acute 

immune response that may suppress gliomagenesis rather 

than chronic inflammation that may promote glioma.

Conclusion
The current study proposed that LGI3 may play roles in a 

variety of biological processes through its receptor-mediated 

mechanisms in glioma. The results provided an integrative 

insight into the potential prognostic role of LGI3 and its 

receptors in glioma by showing the high degree interactions 

in the network of LGI3-regulated and glioma-altered gene 

products and the significant correlation of LGI3 expression 

with glioma prognosis.
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