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HMGB3 characterization in gastric cancer
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ABSTRACT. Gastric cancer is a major health problem worldwide; 
it is the second most common cause of cancer death in the world. 
Recent studies indicate that the high-mobility group (HMG) of 
chromosomal proteins is associated with cancer progression. 
However, HMGB3 has been little studied. We analyzed the co-
expression network between HMGB3 and differentially-expressed 
genes in the GSE17187 database, identifying the relevant transcription 
factors, and the conserved domain of HMGB3 to understand the 
underlying regulation mechanisms involved in gastric cancer. Thirty-
one relationships between 11 differentially-expressed genes were 
included in a co-expression network; many of these genes have been 
identified as related to cancer, including TBX5 and TFR2. Further 
analysis identified nine transcription factors, these being GATA3, 
MZF1, GATA1, GATA2, SRY, REL, NFYB, NFYC, and NFYA, 
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which could interact with HMGB3 to regulate target gene expression 
and consequently regulate gastric cancer cell proliferation, migration 
and invasion. The HMG-box domain was very similar in various 
species, with only a few amino acid changes, indicating conserved 
functions in HMG-box. This information helps to provide insight 
into the molecular mechanisms of HMGB3 in human gastric cancer.
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INTRODUCTION

Gastric cancer is a major health problem as it constitutes the second leading cause 
of cancer-related deaths (Saif et al., 2010). Recently, gastric cancer has attracted much at-
tention from epidemiologic investigators, particularly with the emergence of Helicobacter 
pylori as a risk factor for the condition (Krejs, 2010). H. pylori infection may result in 
the development of gastric cancer through different mechanisms, including induction of 
hyperproliferation or of direct changes on the DNA of the host, such as oxidative damage, 
methylation, activation of oncogenes, inactivation of tumor suppressor genes, microsatel-
lite instability, and chromosomal instability (Machado et al., 2010, Nobili et al., 2011). 
Hereditary gastric cancer is suggested to be associated with germline mutation of E- cad-
herin (Mayrbaeurl et al., 2010). 

HMGB3, also known as HMG2a, is an X-linked member of the high-mobility 
group (HMG) superfamily of HMG proteins and is classified with HMGB1 and HMGB2 
into the HMG-box subfamily (Nemeth et al., 2003). The 80% identity between Hmg-box 
proteins suggests similar functions at the molecular level. HMGB1 and HMGB2 can inter-
act with DNA and subsequently bend linear DNA, thereby facilitating nucleoprotein com-
plex formation through alteration of local chromatin architecture (Nemeth et al., 2005), 
and these proteins have been implicated in the development of both benign and malignant 
neoplasias. HMGB1 and HMGB2 can also directly interact with DNA-binding proteins 
(Nemeth et al., 2006), such as Rel and p53, and regulate cancer progression. 

Recent reports have demonstrated the occurrence of HMGB3 gene rearrange-
ments and truncated proteins (loss of exons 4 and/or 5) in benign mesenchymal tumors, 
lipomas, and natural killer lymphomas. HMGB3 silencing may activate the endogenous 
cylin A gene to regulate cell cycle and inhibit tumor growth (Hayes et al., 2006). A further 
study has found that HMGB3 mRNA is also expressed in small cell and non-small cell 
lung carcinomas. HMGB3 may play a role as a receptor for advanced glycation endprod-
uct (RAGE) activators such as HMGB1 to be involved in cancer (Sparvero et al., 2009). 
HMGB3 has been identified as being specifically upregulated in chromosomal instability-
colorectal cancer samples, with HMGB3 upregulation also being reflected at the mRNA 
level (Albrethsen et al., 2010).

The aim of our study was to analyze the co-expression network between HMGB3 
and differential expression genes (DEGs) and to identify the significant transcription fac-
tors (TFs) that regulate HMGB3 according to a high score for transcription factor binding 
site (TFBS), and the conserved domain in HMGB3 to explain its underlying regulatory 
mechanism in gastric cancer.
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MATERIAL AND METHODS

Data source 

The gastric cancer dataset GSE17187 was obtained from National Center for Biotech-
nology Information Gene Expression Omnibus (NCBI GEO, http://www.ncbi.nlm.nih.gov/
geo/) which is based on the Affymetrix Human Genome U133 Plus 2.0 Array. Three node 
positive vs three node negative intestinal type gastric carcinomas were analyzed by the limma 
method (Diboun et al., 2006). The original expression datasets from all conditions were ex-
tracted into expression estimates, and the linear model was then constructed. Finally, 1395 dif-
ferentially expressed genes (DEGs) only with a fold-change >1.5 and P < 0.05 were selected.

Co-expression network in gastric cancer

For demonstrating the potential relationship between HMGB3 and other DEGs, the 
Pearson correlation coefficient (PCC) was calculated for all pair-wise comparisons of gene-
expression values. The correlation whose absolute PCC were greater than 0.95 were consid-
ered to be significant. Interactions between two DEGs with PCC greater than 0.6 were then 
selected as candidate relationships to construct the co-expression network.

Cytoscape plugin BiNGO (Maere et al., 2005) was used to perform Gene Ontology 
(GO) enrichment analysis. We selected the nodes in the co-expression network as the dataset 
and chose 0.05 as the significance level. Moreover, hypergeometric tests were used for statisti-
cal analysis and the Benjamini and Hochberg false discovery rate (FDR) procedure was used 
for multiple testing correction.

TFSEARCH using the TRANSFAC database

TFSEARCH (http://www.cbrc.jp/research/db/TFSEARCH.html), which predicted 
the TF binding sites (TFBS) based on TRANSFAC data, is directly owed to the TRANSFAC 
databases (Wingender, 2008). The H. sapiens HMGB3 upstream 2000 was downloaded from 
UCSC (Sanborn et al., 2011). TFBS were then predicted using TFSEARCH with the score >90 
set to vertebrates. 

HMGB3 domain analysis

To find the conserved domain in HMGB3, BLAST (Altschul et al., 1997) was used 
to find the homologous gene in vertebrates. Finally, CLUSTAL (Thompson et al., 1994) (http://
www.ebi.ac.uk/Tools/msa/clustalw2/), a multiple sequence alignment tool, was used to find the 
conserved domain in 5 conserved species.

RESULTS AND DISCUSSION

Co-expression network

To determine the DEGs of gastric cancer, we obtained publicly available microarray 
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data sets GSE17187 (Ingold et al., 2010) from GEO. After microarray analysis, the DEGs with 
a fold change >1.5 and P < 0.05 were selected. A total of 1395 genes contained HMGB3 and 
were selected as DEGs. 

To find the relationships between HMGB3 and other DEGs, the co-expressed value 
(PCC > 0.95) was chosen as the threshold. Finally, 31 relationships between 11 DEGs were 
used to construct a co-expression network (Figure 1). Among them, T-box transcription factor 
5 (TBX5) is a member of a phylogenetically conserved family of genes that share a common 
DNA-binding domain, the T-box. TBX5 has been found to be silenced or downregulated in 
colon cancer cell lines (Yu et al., 2010). Loss of gene expression is associated with promoter 
methylation. Re-expression of TBX5 in silenced colon cancer cell lines suppresses colony 
formation, cell proliferation and cell migration and induces apoptosis. TBX5 inactivated by 
promoter methylation may serve as a potential biomarker for the prognosis of this malignancy. 
In addition, TFR2 encodes a single-pass type II membrane protein, which is a member of 
the transferrin receptor-like family. This protein mediates cellular uptake of transferrin-bound 
iron, and may be involved in iron metabolism, hepatocyte function and erythrocyte differen-
tiation. A recent study shows that intravenous administration of ascorbic acid can be used as a 
way to selectively kill cancer cells. The apoptotic effect of ascorbic acid on human gastric can-
cer cells is iron-mediated oxidative stress, which increases upregulated expression of trans-
ferrin receptor (Ha et al., 2009). Therefore, we suggest that HMGB3 may also be involved 
in gastric cancer cell proliferation, migration, and apoptosis by interacting with those DEGs. 

Figure 1. Co-expression network of HMGB3. In the graph, yellow point stands for the HMGB3. All the points are 
the DEGs. 

BINGO analysis was performed to find the significant GO terms in the network with P 
< 0.05. Finally, cardiac left ventricle formation, cardiac left ventricle morphogenesis, cardiac 
chamber formation, cardiac ventricle formation, His-Purkinje system development, and others 
were enriched in the network. All details are shown in Table 1.
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HMGB3 TF predicted

Through TFSEARCH analysis with a threshold score of 90 predicted in vertebrates, 
we found 9 TFs (namely GATA3, MZF1, GATA1, GATA2, SRY, REL, NFYB, NFYC, and 
NFYA) occurring in humans. Further text mining was carried out to find article numbers and 
to see whether these TFs play a role in cancer, especially gastric cancer, using “TFs” and “can-
cers” as keywords. The detailed results are shown in Table 2.

GO-ID P corr P Description

3218 9.78E-04 4.91E-02 Cardiac left ventricle formation
3214 9.78E-04 4.91E-02 Cardiac left ventricle morphogenesis
3207 1.47E-03 4.91E-02 Cardiac chamber formation
3211 1.47E-03 4.91E-02 Cardiac ventricle formation
3164 1.47E-03 4.91E-02 His-Purkinje system development
3166 1.47E-03 4.91E-02 Bundle of His development
3161 1.47E-03 4.91E-02 Cardiac conduction system development
35117 1.96E-03 4.91E-02 Embryonic arm morphogenesis
35140 1.96E-03 4.91E-02 Arm morphogenesis
60044 1.96E-03 4.91E-02 Negative regulation of cardiac muscle cell proliferation

Table 1. Gene Ontology (GO) term enrichment analysis.

TFs Cancer Gastric cancer

GATA3 200 3
MZF1   23 1
GATA1 374 0
GATA2 132 0
SRY 186 5
REL 824 3
NFYB     6 0
NFYC     3 0
NFYA   17 0

Table 2. PubMed search results with articles numbers.

GATA3 belongs to the GATA family of TFs. This protein contains two GATA-type 
zinc fingers and is an important regulator of T-cell development. GATA-3 is considered to be 
involved in Th2 response in T cells (Yang et al., 2010) and an inhibitor of IFN-γ production. 
The expression of GATA-3 is markedly higher in gastric cancer patients compared to healthy 
individuals. Furthermore, there are higher levels of GATA-3 expression in natural killer cells 
treated with transforming growth factor (TGF-β). This result supports the hypothesis that 
TGF-β is responsible for the suppression of natural killer cells from gastric cancer patients 
and that upregulation of the interferon (IFN)-γ inhibitory transcription factor GATA-3 may 
mediate the suppression (Lindgren et al., 2011).

The SRY gene, also known as testis-determining factor (TDF), encodes a transcription 
factor that is a member of the high mobility group (HMG)-box family of DNA-binding pro-
teins. A recent study reports that one SRY-box factor gene, namely the SOX gene, plays criti-
cal roles in cell fate determination, differentiation and proliferation. Exogenous expression of 
SOX2 suppresses cell proliferation in gastric epithelial cell lines through cell-cycle arrest and 
apoptosis. Downregulated expression of SOX2 may be related to gastric carcinogenesis and 
poor prognosis (Tsukamoto et al., 2005; Otsubo et al., 2008).

TFs = transcription factors.
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The REL gene encodes c-Rel, a transcription factor that is a member of the Rel/NFKB fam-
ily, which also includes RELA, RELB, NFKB1, and NFKB2. They are assembled by dimerization 
of two of five subunits: p65 (RelA), c-Rel, RelB, p50/NF-κB1, and p52/NF-κB2. These proteins are 
related through a highly conserved N-terminal region termed the Rel domain, which is responsible 
for DNA binding, dimerization, nuclear localization, and binding to the NFKB inhibitor (Belguise 
and Sonenshein, 2007). The first clue linking NF-κB to cancer is the realization that c-rel, which is 
the cellular homolog of the v-rel oncogene, encodes a NF-κB subunit and that all of these proteins 
share the same DNA binding domain, the Rel homology domain. Not surprisingly, over-expression 
of normal Rel proteins promotes oncogenic transformation (Maeda and Omata, 2008).

Myeloid zinc finger 1 (MZF1) is a member of the SCAN domain family TFs that form 
dimers through their highly conserved SCAN motifs. Studies have shown that overexpression 
of MZF1 induces migration and invasion in colorectal and cervical cancer cells. In addition, 
MZF1 binds to the Axl promoter, transactivates promoter activity, and enhances Axl-mRNA 
and protein expression, which is correlated with poor prognosis in gastric cancer patients. 
Taken together, MZF1 induces invasion and metastasis in colorectal, cervical cancer, and gas-
tric cancer at least in part by regulating Axl gene expression (Mudduluru et al., 2010).

Therefore, we predict that HMGB3 may interact with those TFs to bind to target gene 
promoters and also to regulate gastric cancer cell proliferation, migration and invasion.

HMGB3 domain analysis

Using Blast analysis in the NCBI (Altschul et al., 1997), we screened the homologous 
genes of HMGB3 in vertebrates. The results showed that 8 related HMGB3 genes of 7 species 
were selected. In addition, ClustalW analysis was applied to find the conserved domain in these 8 
HMGB3 genes of different species. The HMG-box (conserved domains) from CDD (Marchler-
Bauer et al., 2011) was found in protein sequences by rpsblast searching. The results depicted 
that the HMG-box domain was very similar in these different species, only with few amino acids 
changes. This result also indicated that there may be a conserved function in HMG-box, which 
is found in a variety of eukaryotic chromosomal proteins and TFs (Figure 2).

Figure 2. ClustalW analysis part results.This figure displays the conserved domain of 8 HMGB3 related genes.
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