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Background: Increased expression of high mobility group box 2 (HMGB2) has been reported to promote 
the progression of several malignancies and be related to poor outcome. However, few studies have 
explored the relationship between HMGB2 and osteosarcoma. In this study, we aimed to obtain a better 
understanding of HMGB2 and its function in osteosarcoma. 
Methods: Utilizing osteosarcoma paraffin sections and osteosarcoma cell lines, we observed the clinico-
pathological relationship of osteosarcoma with HMGB2 expression and investigated the functions of 
HMGB2 in vitro. The possible pathways and regulation networks in which HMGB2 is involved were further 
explored through analysis of miRNA, mRNA and lncRNA micro array data sets. 
Results: Strong expression of HMGB2 was found to be related with Enneking staging (P=0.002), tumor 
size (P=0.006), metastasis (P<0.001), and survival (P=0.011) in osteosarcoma. Multivariate analysis revealed 
that HMGB2 might have independent prognostic value in osteosarcoma (P=0.022). Kaplan-Meier curves 
and the log-rank test showed that survival time was significantly reduced in OS patients with strong HMGB2 
expression (P=0.0056). In vitro experiments showed that HMGB2 overexpression promoted cell proliferation 
and enhanced the migration and invasion ability of osteosarcoma cells. Gene Ontology (GO) term analysis of 
osteosarcoma cell lines revealed HMGB2 to have various functions and to be mainly enriched in regulation 
of cell proliferation, cell death, and DNA binding. A competing endogenous RNA (ceRNA) network of miR-
139-5p and six candidate lncRNAs was also suggested as targeting HMGB2 in osteosarcoma.
Conclusions: Our findings suggest that HMGB2 might have various functions in promoting the 
progression of osteosarcoma and may serve as a new target for osteosarcoma research. 
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Introduction 

Osteosarcoma (OS) is a common bone cancer that threatens 
the health and lives of children, teenagers, and young adults. 
Early hematogenous metastasis is detected in as many as 
15–20% of patients at diagnosis (1). The lung is the most 
common site of distant metastasis, accounting for the major 
cause of osteosarcoma-related deaths (2). Newly diagnosed 

osteoasarcoma usually undertakes three to four cycles 
of neoadjuvant chemotherapy, which include cisplatin, 
doxorubicin and methotrexate (MTX), followed by surgical 
resection and additional chemotherapy after operation. 
Over the past three to four decades, these managements 
remain as major treatment toward OS patients. However, 
for patients with relapse or distant metastasis, the survival 
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rate has seen little improvement since the 1980s. Substantial 
efforts have been made to gain a better understanding of 
OS and to help achieve better outcomes for OS patients.

As the second-most abundant class of proteins within 
cells, high mobility group (HMG) proteins play a global 
role in stabilizing the whole genome and act as important 
transcription factors (3). The HMG super-family, i.e., 
high mobility group box B (HMGB), includes 4 members 
HMGB1-4. HMGB1 and HMGB2 share identical amino 
sequence of up to 75%. Although the crucial role of HMGB1 
in modulating tumorigenesis and progression has been 
reported in tremendous cancers, until recently the function 
of carcinogenesis and prognostic value of HMGB2 on 
malignant tumors was gradually uncovered (4). Patients with 
increased HMGB2 expression in glioblastoma, breast cancer, 
gastric cancer, and ovarian cancer have been reported to have 
lower 5-year and overall survival rates (5,6). By orchestrating 
the chromatin landscape of gene loci, HMGB2 can stimulate 
the transcription of metalloproteinases, anaerobic glycolysis-
related kinase, and epithelial mesenchymal transition (EMT)-
related proteins, thus promoting cancer cell proliferation and 
inducing distant metastasis (7,8). 

Only a handful of studies have attempted to illustrate 
the role of HMGB2 in osteosarcoma. Analysis of gene 
expression microarray dataset GSE16089 including 3 samples 
of MTX-sensitive OS cell line SaoS2 and its counterpart 
MTX-resistant SaoS2 revealed HMGB2 as a potential 
regulator in osteosarcoma (9). However, the mechanism of 
HMGB2 modulation in OS is still unclear. In this study, we 
investigated the clinicopathological relationship between 
HMGB2 and OS. In vitro experiments were performed and 
the functions of HMGB2 were observed in OS cell lines. 
Further investigation was carried out using two mRNA 
microarray datasets, one miRNA microarray dataset, and one 
lncRNA dataset to explore the possible pathways in which 
HMGB2 might be involved in osteosarcoma and to explore 
the ceRNA network targeting HMGB2. By elucidating the 
biological action of HMGB2, we aimed to gain new insight 
into the regulation of HMGB2 in osteosarcoma.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4801).

Methods

Collection of clinical samples 

A total of 78 osteosarcoma paraffin-embedded specimens 

were obtained from patients diagnosed as OS during 
2010/05–2011/08 from the First Affiliated Hospital of Sun 
Yat-sen University (Guangzhou, China). Histopathological 
data and clinical information such as age, gender, tumor 
size, Enneking staging, distant metastasis, and survival 
were collected from these patients. In addition, 17 cases 
of benign bone tumor (osteoid osteoma) during the 
same period were collected. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The Institutional Research Ethics Committee of our 
hospital approved the usage of the above-mentioned clinical 
materials for research purposes (No. [2017]232). Because of 
the retrospective nature of the research, the requirement for 
informed consent was waived.

Immunohistochemistry staining of HMGB2 

Immunohistochemical (IHC) staining of the paraffin-
embedded tissue sections was carried out to detect HMGB2 
expression. Briefly, the sections were first deparaffinized and 
rehydrated, and then incubated in 3%H2O2 for 10 minutes. 
Then, antigen retrieval was conducted by heating the tissue 
sections in 10 mmol/L sodium citrate buffer (pH 6.0) for  
15 minutes at 95 ℃. Anti-HMGB2 (1:800, #ab11973, 
Abcam) was incubated at 4 ℃ overnight, phosphate-buffered 
saline (PBS) served as the negative control. Subsequently, 
the sections were incubated with secondary antibody (Dako, 
Carpinteria, CA, USA) for 30 minutes at room temperature. 
HMGB2 expression in the tissue sections was detected 
using non-biotin horseradish peroxidase detection system in 
line with the manufacturer’s protocol.

The expression of HMGB2 was assessed according to 
the intensity and percentage of positive cells. The intensity 
of HMGB2 expression was classified as negative [0], low [1],  
medium [2], or high [3]. The IHC score for HMGB2 
expression was multiplied by the intensity and percentage 
of positive cells: IHC score = (intensity) × (percentage of 
positive cells). The cases were sorted by score into two 
groups: strong expression (a score of ≥180) and weak 
expression (a score of <180).

Cell cultures and treatment

The human osteosarcoma cell lines 143B and MG63 were 
obtained from the cell banks of our department and cultured 
in Dulbecco’s Modified Eagle Medium (DMEM, Gibco, 
Grand Island, NY, USA), with 10% FBS (Gibco, Grand 
Island, New York, USA), 100 μg/μL streptomycin, and  
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100 μg/μL penicillin in an incubator at 37 ℃ with 5% CO2.

The establishment of stable cell lines

To establish stable over-expression and knockdown cell lines 
in our study, 143B and MG63 cells were selected. Stable 
HMGB2 over-expression and knockdown cell lines were 
constructed (Genscript, Nanjing, China). The lentivirus 
PCD513B was purchased from Clontech. Briefly, HMGB2 
over-expression as well as HMGB2 knockdown lentivirus 
vectors were constructed in 293T cells. HMGB2 coding 
sequence (NM_001130688.1) was amplified by polymerase 
chain reaction (PCR). Then, the product was cloned into 
vector and confirmed by sequencing. HMGB2 ShRNA  
(5'-CCG GAG TCC CTC TAA AGC AGC TCA ACT CGA 
GTT GAG CTG CTT TAG AGG GAC TTT TTT-3')  
was synthesized and cloned into plasmid (CDH-U6-
ShRNA-EF1A-COPGFP-T2A-PURO) and confirmed 
by sequencing. Blank virus (PCDH-CMV-NEGATIVE-
EF1A) was used as a control for both cell lines. The culture 
medium containing viruses was collected after 48–72 hours. 
Then, 143B and MG63 cells were transfected with the 
packed lentivirus and selected with 0.42 μg/mL puromycin 
48 hours after transfection. The expression of HMGB2 was 
confirmed by real-time PCR and western blotting.

RNA extraction and quantitative real-time PCR

Total RNA was extracted with Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufacturer’s 
instructions. cDNA synthesis was carried out using  
1.5–2 μg of RNA from each sample and the Revert Aid First 
Strand cDNA Synthesis kit (Roche, Diagnostic, Mannheim, 
Germany). Quantitative real-time PCR was conducted with 
FastStart Universal SYBR Green Master (ROX, Roche, 
Diagnostic, Mannheim, Germany). All experiments were 
performed in triplicate.

The primers used for amplification were:
HMGB2 (sense 5'-CGG GGC AAA ATG TCC TCG 

TA-3', antisense 5'-CGG AAG AGT CCG GGT GTT T 
-3'); 

GAPDH (sense 5'-GAC TCA TGA CCA CAG TCC 
ATG C-3', antisense 5'-AGA GGC AGG GAT GAT GTT 
CTG-3') (internal control).

Western blotting

Equal amounts of protein from each sample were loaded 

into SDS-polyacrylamide gel (10%) and then transferred 
onto a polyvinylidene fluoride (PVDF) membrane. The 
membrane was incubated with anti-HMGB2 (1:1,000, 
Cell Signal Technology, #14163), anti-GAPDH (1:3,000, 
Millipore Corp, #2118s, MA, USA) at 4 ℃ overnight, and 
then with secondary antibody accordingly. The protein 
bands were detected in enhanced chemiluminescence (ECL) 
and analyzed with a chemiluminescence imaging analyzer 
(ImageQuant LAS 4000, GE Healthcare, USA). The 
intensity of protein expression was quantified with Image J.

Cell proliferation analysis assay

Cell Counting Kit 8 (CCK8, Keygent, Suzhou, China) was 
used to analyze cell proliferation. Briefly, cultured cells were 
seeded in a 96-well plate at a cell count of 3×103/200 μL.  
At 12, 24, 48, and 72 hours, 10 μL of CCK8 solution 
was added to each well. After incubation for 4 hours, the 
absorbance was measured at a wavelength of 450 nm. Each 
experiment was performed in triplicate. 

Cell migration and invasion assays

Cell migration and invasion assays were carried out using 
24-well Biocoate cell culture inserts (Costar, Corning, NY, 
USA) equipped with polyethylene terephthalate membrane 
(8-μm porosity). For the cell invasion assay, wells were 
coated with Matrigel Basement Membrane Matrix (1:6, 
diluted with serum-free RMPI 1640 medium; Trevigen, 
Gaithersburg, MD, USA). The lower chamber of each 
well was filled with 10% FBS cell culture medium. The 
cells were re-suspended in serum-free DMEM and seeded 
into the wells at a total cell count of (0.5–2)×104. After 
incubation at 37 ℃ for 24–48 hours, the filters were fixed 
with methyl and stained with methyl violet. Cells remaining 
on the upper layer of the filter were removed, and those 
infiltrating the lower layer of the filter were counted under 
a microscope. All experiments were conducted in triplicate. 

Would healing assay

Wound healing assays were conducted in a 6-well plate. 
Scratches were made in each well with a pipette tip. The 
cells were washed with PBS to remove the debris and then 
cultured in serum-free medium. Images of the wounds were 
captured under an inverted microscope at 0, 6, 12, 24, 36, 
and 48 hours to document cell migration. The wound area 
and healed wound percentage were analyzed with Image J. 
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Colony formation assay

The cells were trypsinized and then seeded in a 60-mm dish 
with a total cell count of 200 cells per dish. After 14 days 
of culture, the colonies were stained with 1% crystal violet. 
Afterward, the number of visible colonies were scored. All 
experiments were performed in triplicate. 

Flow cytometry analysis

Flow cytometry was carried out to measure the apoptotic 
rate of OS cells. Apoptosis analysis was conducted using 
Annexin V-FITC kit (Keygent, Suzhou, China), following 
the manufacturer’s instructions. In brief, the cells were 
re-suspended in 500 µL Bing Buffer, then 5 µL Annexin 
V-FITC was added, followed by 5 µL propidium iodide 
(PI). After 5–15 minutes of incubation in darkness at room 
temperature, flow cytometry was conducted to measure 
the apoptotic rate of cells at a wavelength of 488 nm. All 
analyses were performed in triplicate. 

Statistical analysis

The relationship between HMGB2 expression and clinical 
features was analyzed using chi-square tests (Pearson’s chi-
square test and Yates’s correction for continuity) and Fisher’s 
exact test. Correlations between variables were calculated 
by Pearson’s correlation coefficients or Spearman’s rank 
correlation coefficients. Survival curves were estimated 
by the Kaplan-Meier method and the log-rank test was 
applied to compare the curves. Logistic regression and Cox 
proportional hazards regression were used for univariate 
and multivariate analysis. Data from the cell proliferation, 
migration, cell count, and apoptosis experiments as well as 
the relative protein expression of western blot were analyzed 
by two-tailed Student’s t-test or analysis of variance 
(ANOVA). All statistical analyses were performed using the 
Statistical Package for the Social Sciences version 25.0 for 
Windows (IBM Corp., Armonk, NY, USA) and R software 
for Windows version 3.6.1 (http://www.r-project.org/). A P 
value of <0.05 was considered statistically significant.

Bioinformatic analysis

Data were obtained from Gene Expression Omnibus 
(GEO) and our own microarray assay. Briefly, one 
miRNA microarray data set (GSE28423) and two mRNA 
microarray data sets (GSE11414 and GSE42352) were 

obtained from the GEO database of the National Center 
for Biotechnology Information (NCBI). GSE28423 
(miRNA microarray data set) included 19 samples of 
osteosarcoma cell lines and 4 normal bone tissue samples. 
GSE11414 (mRNA microarray data set) included 4 samples 
of osteosarcoma cell lines and 2 normal osteoblastic cell 
line samples. GSE42352 (mRNA microarray data set) 
included 19 samples of osteosarcoma cell lines and 3 normal 
osteoblastic cell line samples. A LncRNA microarray, which 
included 6 samples of osteosarcoma cell lines and 3 normal 
osteoblastic cell line samples, was also conducted in our 
study.

All data were analyzed with principal component analysis 
and a boxplot on quality control and groupings. Then, the 
limma and affy packages were employed to analyze the 
differentially expressed RNA (DE_RNA). The pretreated 
data were set with a threshold of |log2(FC)|≥0.75, and 
a P value of <0.05 was considered to show significant 
differential expression. The DE_RNAs were presented and 
visualized with a heat map and a volcano map.

The MiRcode database was used to predict the target 
miRNAs of differentially expressed LncRNAs (DE_
LncRNAs). These predicted target miRNAs were intersected 
with the differential miRNAs (DE_miRNAs) to enroll all 
possible DE_miRNAs. After that, miRanda, miRMap, and 
miRTarBase were employed to predict the target mRNAs 
of these DE_miRNAs, which were then intersected 
with differentially expressed mRNAs (DE_mRNAs) to 
enroll all possible DE_mRNAs. Base on the thesis that 
lncRNAs competitively bind with miRNAs to regulate 
mRNA expression with shared miRNA response elements, 
competing endogenous RNA (ceRNA) network was 
constructed and visualized with Cytoscape 3.4.0 (Figure 1).  
HMGB2 was specifically paid attention to during the 
conduction of analysis. 

The clusterProfiler package and DAVID v6.8 were used 
to analyze the functions of DE_mRNAs in Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis, especially those 
involving HMGB2 in osteosarcoma. A P value of ≤0.05 was 
considered to represent significant enrichment. 

Results

Expression of HMGB2 and its clinicopathological features 
in osteosarcoma

HMGB2 immunohistochemical (IHC) staining was 
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performed on 78 osteosarcoma and 17 osteoid osteoma 
tissue samples. HMGB2 was localized in the cytoplasm and 
nuclei of tumor cells. The overall expression of HMGB2 
was stronger in the osteosarcoma tissues than in the osteoid 
osteoma tissues (Figure 2A). Strong HMGB2 expression 
was present in 40 of the 78 osteosarcoma samples (51.28%), 
while only 5 of the 17 osteoid osteoma samples (29.41%) 
had strong HMGB2 expression (P<0.05) (Figure 2B).

Statistical analysis was carried out to investigate the 
relationship between clinicopathological features and 
HMGB2 expression in OS patients. HMGB2 expression was 
found to be significantly associated with Enneking staging 
(P=0.002), tumor size (P=0.006), metastasis (P<0.001), and 
survival (P=0.011) (Table 1). Logistic regression analysis 
showed that strong HMGB2 expression might present 
as a risk factor for larger tumor size (OR =6.06, 95% CI: 
1.90–23.68, P=0.004)), high Enneking stage (OR =5.28, 
95% CI: 1.98–15.39, P=0.001), and metastasis (OR =7.96, 
95% CI: 2.87–24.92, P<0.001). Multivariate Cox regression 
survival analysis demonstrated the independent prognostic 
value of strong expression of HMGB2 (HR =3.45, 95% 
CI: 1.19–9.99, P=0.022) after adjustment for age, gender, 
tumor size, and metastasis (Table 2). Kaplan-Meier survival 
curve analysis showed that the survival rate of OS patients 

with strong HMGB2 expression was significantly reduced 
compared with that of patients with weak HMGB2 
expression. Further, the survival times of patients with 
strong and weak HMGB2 expression were significantly 
different (P=0.0056) (Figure 2C). Taken together, increased 
expression of HMGB2 in OS patients might be related to 
poor prognosis.

HMGB2 promoted proliferation and colony formation, 
and reduced apoptosis in osteosarcoma cell lines

To investigate the effect of HMGB2 on osteosarcoma 
cell lines, stable HMGB2 over-expression cell lines and 
stable HMGB2 knockdown cell lines were established and 
confirmed by western blot and RT-PCR (Figure 3A,B,C).

The CCK-8 assay revealed that, when compared with 
control group, over-expression of HMGB2 promoted cell 
proliferation (P=0.001), while knockdown of HMGB2 
reduced the proliferation rate of OS cells (P<0.05). HMGB2 
over-expression lowered the proportion of apoptotic cells 
1.72–1.8 folds compared with the control group (P<0.05), 
whereas knockdown of HMGB2 increased the apoptotic 
rate 1.75–3.7 folds compared with the control group 
(P<0.05). Meanwhile, the colony formation assay revealed 

Figure 1 Flowchart of bioinformatic analysis of the function of HMGB2 in osteosarcoma. HMGB2, high mobility group box 2; KEGG, 
Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology.
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Figure 2 Expression and clinical features of HMGB2 in osteosarcoma. (A) HMGB2 expression in osteosarcoma tissue and osteoid osteoma. 
HMGB2 located in cytoplasm and nucleus, with different intensities (400×). (B) Relative HMGB2 expression in osteosarcoma and osteoid 
osteoma. (C) Kaplan-Meier curve analysis showed overall survival according to different intensity of HMGB2 expression. Strong HMGB2 
expression was associated with poorer outcomes for patients compared with weak expression. *, P<0.05. HMGB2, high mobility group box 2.
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Table 1 Correlations between HMGB2 expression and clinical  
features of OS patients

Parameter Weak (n=38) Strong (n=40) P value

Age (years) 1.000

≥20 32 (84.2%) 33 (82.5%)

<20 6 (15.8%) 7 (17.5%)

Gender 0.522

Female 15 (39.5%) 12 (30.0%)

Male 23 (60.5%) 28 (70.0%)

Enneking staging 0.002*

Stage II 30 (78.9%) 17 (42.5%)

Stage III 8 (21.1%) 23 (57.5%)

Size (cm) 0.006*

<5 15 (39.5%) 4 (10.0%)

≥5 23 (60.5%) 36 (90.0%)

Metastasis <0.001*

No metastasis 31 (81.6%) 15 (37.5%)

Metastasis 7 (18.4%) 25 (62.5%)

Survival 0.18 (0.39) 0.45 (0.50) 0.011*

*, P<0.05. HMGB2, high mobility group box 2; OS, osteosarcoma.

Table 2 Multivariate Cox-regression analysis of HMGB2  
expression with survival 

Dependent: Surv 
(month, survival)

HR (univariable) HR (multivariable)

HMGB2

Weak – –

Strong 3.26 (1.35–7.87, 
P=0.009)

3.45 (1.19–9.99, 
P=0.022)

Age (years)

≥20 – –

<20 0.50 (0.12–2.15, 
P=0.352)

0.37 (0.08–1.69, 
P=0.201)

Gender

Female – –

Male 0.85 (0.38–1.90, 
P=0.694)

0.57 (0.23–1.41, 
P=0.224)

Size (cm)

<5 – –

≥5 1.41 (0.52–3.80, 
P=0.499)

0.64 (0.21–1.97, 
P=0.436)

Metastasis

No metastasis – –

Metastasis 4.32 (1.85–10.09, 
P=0.001)

3.44 (1.40–8.45, 
P=0.007)

HMGB2, high mobility group box 2.that HMGB2 over-expression increased the number of 
colonies formed 1.39–1.68 folds when compared with the 
control group, and HMGB2 knockdown led to a 2.36– 
2.9 folds decrease in colony formation when compared with 
the control group (P<0.05; Figure 3D,E,F).

HMGB2 enhanced the migratory ability and invasive 
potential of OS cell lines

HMGB2 up-regulated the migratory ability and the invasive 
potential of OS cells. When compared with the control 
groups, cell migration was increased by approximately 2– 
2.3 folds in the HMGB2 over-expression cell lines (P<0.05), 
while knockdown of HMGB2 revealed a 2.3–5.1 folds 
decrease in cell migration (P<0.05) (Figure 4A). HMGB2 
over-expression slightly increased the invasive capability 
of OS cells compared with the control group (P<0.05), 
whereas knockdown of HMGB2 markedly lowered the 
invasive capability of OS cells compared with the control 
group (P<0.05) (Figure 4B). The wound healing assay also 
indicated that HMGB2 over-expression improved the 

migration of OS cells when compared with the control 
group, while knockdown of HMGB2 inhibited the 
migration of OS cells (P<0.05) (Figure 4C,D).

HMGB2 modulates osteosarcoma via versatile pathways 
and might serve as a bona fide target gene of miR139-5p 

A total of 448 co-expressed DE_mRNAs were identified 
from GSE11414 and GSE42352, including HMGB2. Some 
of the key DE_mRNAs are listed in Table 3. A total of 268 
DE_miRNAs (141 up-regulated miRNAs and 127 down-
regulated miRNAs) were obtained from GSE28423. DE_
lncRNAs in OS and osteoblastic cell lines were analyzed 
using the limma and affy packages, and eventually, 144 
differentially expressed lncRNAs were obtained (89 up-
regulated lncRNAs and 55 down-regulated lncRNAs). 

The MiRcode database was used to predict the target 
miRNAs of DE_LncRNAs, which were then intersected 
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Figure 3 In vitro study of HMGB2 on OS cell lines 143B and MG63. (A) Stable overexpression of HMGB2 was identified via western blot, 
with GAPDH as an internal control. (B) Stable knockdown of HMGB2 was verified by Western blot, with GAPDH as an internal control. (C)
Stable overexpression and knockdown of HMGB2 verification in RT-PCR. (D) The CCK8 assay was performed to assess cell proliferation 
of OS cell lines, which showed that HMGB2 overexpression promoted cell proliferation, while knockdown of HMGB2 inhibited cell 
proliferation. (E) The apoptotic rate was estimated via flow cytometry and indicated that HMGB2 overexpression lowered the proportion 
of apoptotic cells, whereas knockdown of HMGB2 elevated cellular apoptosis. (F) Colony formation analysis indicated that HMGB2 
overexpression increased the number of colonies, while HMGB2 knockdown decreased colony formation in OS cell lines. *, P<0.05; **, 
P<0.01. HMGB2, high mobility group box 2; OS, osteosarcoma. 
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Figure 4 In vitro study of the effect of HMGB2 on the migration and invasive ability of OS cell lines 143B and MG63. (A) Representative 
pictures of cells migrating into the lower chamber (using a microscope at 100×), which showed that HMGB2 overexpression enhanced 
cellular migration, while knockdown of HMGB2 revealed a decrease of migrating cell count. Right: quantification of the migrating cells. (B) 
Representative pictures of cells invading the lower chamber, which showed that HMGB2 overexpression enhanced the invasive ability of OS 
cell lines (using a microscope at 100×), and knockdown of HMGB2 inhibited the invasive ability of OS cell lines. Right: quantification of the 
invasive cells. (C) Wound healing analysis of MG63 and (D) Wound healing analysis of 143B also indicated that HMGB2 overexpression 
increased cell migration and wound healing percentage, and knockdown of HMGB2 lowered cell migration of OS cell lines. Right: 
quantification of wound healing percentage. *, P<0.05; **, P<0.01. HMGB2, high mobility group box 2; OS, osteosarcoma.
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Table 3 Top 30 Key DE_mRNAs intersected with GSE 11414 and 
GSE 42352 (P value <0.05)

Gene symbol logFC (GSE 11414) logFC (GSE 42352)

PRAME 6.030785 2.29898068

IL18 6.009185 1.149588048

ADAM19 2.880825 2.107931812

FAM60A 2.8711425 1.270624806

SEMA3A 2.75629 1.012910073

SNX10 2.2963075 1.647739044

NCAM1 2.1440075 1.478283074

EEF1A2 2.0880025 3.821095075

SCD 2.027495 2.694251213

SLC35F2 1.9183425 0.808747263

MCM3 1.877245 1.375652074

TMEM97 1.853015 2.254558585

PRIM1 1.8010475 1.608951433

TOP1MT 1.7761425 0.814483632

CDCA7 1.67646 3.549117001

RPS6KA1 1.665505 0.793140193

LAMA5 1.665105 2.758499206

CEP152 1.6533275 1.006543584

CDC7 1.6404275 0.787261328

KIF14 1.6283125 1.060082408

BLM 1.5707025 0.822243364

IGSF3 1.5508625 1.097328844

RAD21 1.5038 0.802876865

L2HGDH 1.4984675 0.609771833

KIAA0101 1.493725 0.830035419

GLO1 1.48397 0.793139645

PXMP2 1.46219 1.3352578

HOXB9 1.4548325 1.959455031

BMP7 1.38191 1.037321143

LBR 1.367395 0.991269782

HMGB2 0.76061 1.373193817

HMGB2, high mobility group box 2.

with DE_miRNAs, and eventually, 1,149 miRNA-LncRNA 
pairs were obtained. The target mRNAs of the DE_
miRNAs were predicted with miRanda, miRMap, and 
miRTarBase, and were then intersected with DE_mRNAs; 
eventually, 17 miRNA-mRNA pairs were obtained. Based 
on the thesis of ceRNA, a final ceRNA network including 
63 DE_mRNAs was established. 

GO and KEGG analysis were performed to explore 
the pathways related to all DE_mRNAs and DE_mRNAs 
regulated by ceRNAs. Pathways involving HMGB2 among 
the top 10 most significantly enriched GO terms were 
listed in Tables 4 and 5. In biological process (BP) GO 
analysis, HMGB2 was found to be involved in 8 of the top 
10 significantly enriched pathways of all DE-mRNAs and 
5 of the top 10 significantly enriched pathways of DE_
mRNAs regulated by ceRNAs. In cellular component (CC) 
GO analysis, HMGB2 was shown to be involved in 4 of the 
top 10 significantly enriched pathways of all DE-mRNAs 
and 2 of the top 10 significantly enriched pathways of DE_
mRNAs regulated by ceRNAs (Figure 5A,B,C,D). BP terms 
revealed HMGB2 to be involved in the regulation of cell 
proliferation, apoptosis and programmed cell death, cell 
death, and anatomical structure development. CC items 
elicited possible functions of HMGB2 in the cytoplasm, 
nucleolus, membrane-bounded organelle, nucleus, and 
chromosome. Molecular function (MF) terms identified 
pathways such as DNA binding, protein receptor binding, 
protein domain-specific binding, and chemo-attractant 
activity.KEGG enrichment analysis did not show pathways 
involving HMGB2 (Figure 5E,F). 

Next, the possible ceRNA regulation of osteosarcoma 
involving HMGB2 was explored. As mentioned above, 17 
miRNA-mRNA pairs were obtained. HMGB2 was predicted 
as a bona fide target gene of miR139-5p, 6 candidate lncRNAs 
(MAGI1-IT1, DLX6-AS1, CPB2-AS1, PHF14, CCNYL2, 
and WHAMMP3) were elicited as having potential to 
competitively bind with miRNA139-5p and might form a 
ceRNA network with HMGB2 (Figure 5G, Table 6).

Discussion

OS is a highly malignant tumor which threatens the lives 
of patients despite adequate therapy. Since chemotherapy 
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Table 4 GO enrichment terms of all DE_mRNAs in OS cell lines involving HMGB2

ID Term Ontology P value fdr

GO:0042127 Regulation_of_cell_population_proliferation BP 2.04831E-15 9.69668E-12

GO:0007275 Multicellular_organism_development BP 2.15825E-12 3.91185E-09

GO:0042981 Regulation_of_apoptotic_process BP 2.47899E-12 3.91185E-09

GO:0048856 Anatomical_structure_development BP 3.65975E-12 4.33132E-09

GO:0043067 Regulation_of_programmed_cell_death BP 4.84394E-12 4.58624E-09

GO:0010941 Regulation_of_cell_death BP 3.35628E-11 2.2987E-08

GO:0043066 Negative_regulation_of_apoptotic_process BP 6.36399E-11 3.34746E-08

GO:0010033 Response_to_organic_substance BP 9.73783E-11 4.60989E-08

GO:0043069 Negative_regulation_of_programmed_cell_death BP 1.19699E-10 5.1514E-08

GO:0048513 Animal_organ_development BP 1.74257E-10 6.87445E-08

GO:0005737 Cytoplasm CC 6.46411E-12 3.85261E-09

GO:0005615 Extracellular_space CC 6.5565E-11 1.95384E-08

GO:0043227 Membrane-bounded_organelle CC 1.00442E-10 1.99544E-08

GO:0043231 Intracellular_membrane-bounded_organelle CC 1.77294E-08 1.32084E-06

GO:0043229 Intracellular_organelle CC 1.06961E-07 4.55347E-06

GO:0005654 Nucleoplasm CC 1.55344E-06 5.44619E-05

GO:0031981 Nuclear_lumen CC 7.31235E-06 0.000217908

GO:0005634 Nucleus CC 1.98408E-05 0.000473005

GO:0005694 Chromosome CC 0.000100981 0.002057375

GO:0000793 Condensed_chromosome CC 0.002598035 0.028674609

GO:0000400 Four-way_junction_DNA_binding MF 0.000507036 0.022425359

GO:0003697 Single-stranded_DNA_binding MF 0.002586282 0.064282109

GO:0005102 Signaling_receptor_binding MF 0.00453819 0.092539616

GO:0003684 Damaged_DNA_binding MF 0.005843567 0.105408957

GO:0019904 Protein_domain_specific_binding MF 0.012344927 0.152891278

GO:0008301 DNA_binding,_bending MF 0.013908021 0.152891278

GO:0042056 Chemoattractant_activity MF 0.069434167 0.227582439

GO, Gene Ontology; OS, osteosarcoma; HMGB2, high mobility groupbox 2; BP, biological process; CC, cellular component; MF, molecular 
function.

and surgery are the main treatments for osteosarcoma, 
patients with chemo-resistance and local relapse often 
encounter poor outcomes (10). Collaborative research with 
bioinformatic analysis has allowed researchers to gain a 
better understanding of the development of the disease and 
identify new biomarkers for prognosis, which will hopefully 
pave the way for new treatments and better outcomes for 
osteosarcoma patients (11,12). 

Research has revealed the role of HMGB2 in maintaining 
normal function in the osseous system. HMGB2 expression 
in cartilage might facilitate joint movement and disperse 
mechanical pressure via the β-catenin pathway (13). A lack 
of HMGB2 may lead to osteoarthritis-like lesions (14).  
By regulating lymphoid enhancer-binding factor 1 (LEF1)-
dependent transactivation, HMGB2 was shown to be 
responsible for chondrocyte enlargement through runt-
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Table 5 GO enrichment terms of DE_mRNAs regulated by ceRNA involving HMGB2

ID Term Ontology P value fdr

GO:0009968 Negative_regulation_of_signal_transduction BP 2.04831E-15 9.69668E-12

GO:0023057 Negative_regulation_of_signaling BP 2.15825E-12 3.91185E-09

GO:0043388 Positive_regulation_of_DNA_binding BP 2.47899E-12 3.91185E-09

GO:0050678 Regulation_of_epithelial_cell_proliferation BP 3.65975E-12 4.33132E-09

GO:0050679 Positive_regulation_of_epithelial_cell_proliferation BP 4.84394E-12 4.58624E-09

GO:0031324 Negative_regulation_of_cellular_metabolic_process BP 3.35628E-11 2.2987E-08

GO:0009966 Regulation_of_signal_transduction BP 6.36399E-11 3.34746E-08

GO:0051101 Regulation_of_DNA_binding BP 9.73783E-11 4.60989E-08

GO:0032479 Regulation_of_type_I_interferon_production BP 1.19699E-10 5.1514E-08

GO:0048513 Animal_organ_development BP 1.74257E-10 6.87445E-08

GO:0005737 Cytoplasm CC 6.46411E-12 3.85261E-09

GO:0005615 Extracellular_space CC 6.5565E-11 1.95384E-08

GO:0043227 Membrane-bounded_organelle CC 1.00442E-10 1.99544E-08

GO:0043231 Intracellular_membrane-bounded_organelle CC 1.77294E-08 1.32084E-06

GO:0043229 Intracellular_organelle CC 1.06961E-07 4.55347E-06

GO:0005654 Nucleoplasm CC 1.55344E-06 5.44619E-05

GO:0031981 Nuclear_lumen CC 7.31235E-06 0.000217908

GO:0005634 Nucleus CC 1.98408E-05 0.000473005

GO:0005694 Chromosome CC 0.000100981 0.002057375

GO:0000793 Condensed_chromosome CC 0.002598035 0.028674609

GO:0000400 Four-way_junction_DNA_binding MF 0.000507036 0.022425359

GO:0003697 Single-stranded_DNA_binding MF 0.002586282 0.064282109

GO:0005102 Signaling_receptor_binding MF 0.00453819 0.092539616

GO:0003684 Damaged_DNA_binding MF 0.005843567 0.105408957

GO:0019904 Protein_domain_specific_binding MF 0.012344927 0.152891278

GO:0008301 DNA_binding,_bending MF 0.013908021 0.152891278

GO:0042056 Chemoattractant_activity MF 0.069434167 0.227582439

GO, Gene Ontology; ceRNA, competing endogenous RNA; HMGB2, high mobility group box 2; BP, biological process; CC, cellular  
component; MF, molecular function.

related transcription factor 2 and the Wnt signaling 
pathway (15). Hence, in this study, we aimed to investigate 
the expression of HMGB2 in bone tumors and to explore 
its function in osteosarcoma cells. 

In our study, we found that the expression of HMGB2 
was higher in osteosarcoma tissues than in osteoid osteoma 
tissues. Strong expression of HMGB2 in osteosarcoma 
tissue was related to metastasis, tumor size, advanced 

stage, and patient survival. Multivariable Cox analysis 
revealed that increased HMGB2 expression might serve 
as a potential prognostic factor for osteosarcoma patients, 
which indicates that over-expression of HMGB2 might 
be related to poor outcomes of OS. Next, we tested 
the function of HMGB2 in OS cell lines. In vitro study 
demonstrated that over-expression of HMGB2 could 
promote cell proliferation and colony formation in OS 
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Table 6 DEmiRNA-DEmRNA pair predictions

miRNA Expression Target_Gene Expression miRanda miRMap miTarBase Summary of database

hsa-miR-139-5p Down HMGB2 Up 1 1 1 3

hsa-miR-142-3p Down ACACA Up 1 1 1 3

hsa-miR-142-3p Down SCD Up 1 1 1 3

hsa-miR-142-3p Down DEPDC1 Up 1 1 1 3

hsa-miR-125a-5p Up TNFAIP3 Down 1 1 1 3

hsa-miR-129-5p Up CALM1 Down 1 1 1 3

hsa-miR-193a-3p Up LAMC1 Down 1 1 1 3

hsa-miR-107 Up TGFBR3 Down 1 1 1 3

hsa-miR-125a-5p Up SCARB2 Down 1 1 1 3

hsa-miR-129-5p Up GALNT1 Down 1 1 1 3

hsa-miR-129-5p Up LRRC2 Down 1 1 1 3

hsa-miR-129-5p Up FST Down 1 1 1 3

hsa-miR-129-5p Up SORBS2 Down 1 1 1 3

hsa-miR-107 Up DUSP14 Down 1 1 1 3

hsa-miR-107 Up FOXC1 Down 1 1 1 3

hsa-miR-129-5p Up RRAGC Down 1 1 1 3

cell lines, and enhance cellular migration and invasive 
capability, at the same time as reducing the apoptotic rate of 
cells. Meanwhile, knockdown of HMGB2 reduced cellular 
proliferation and colony formation, lowered the migration 
and invasive ability, and elevated the proportion of apoptotic 
cells. These results suggest that HMGB2 may play a crucial 
role in the tumorigenesis and progression of osteosarcoma. 
Previous studies have shown that in the nucleus, HMGB2 
might act as a promoter complex with transcription factor 
TF IID-TF IIA (16). In cytoplasm, HMGB2 has been 
shown to act as a partner of assembly protein SET in 
nucleosome assembly (17). In our study, IHC examination 
revealed that HMGB2 was localized in both the cytoplasm 
and the nucleus, indicating that HMGB2 might play 
various roles in modulating osteosarcoma. Further in vivo  
and in vitro investigations are still needed to obtain a 
better understanding of HMGB2 in the modulation of 
osteosarcoma. 

Based on the DE_mRNA enrichment results, we 
carefully explored the possible pathways in which HMGB2 
might be involved. HMGB2 was shown to be involved in 
8 of the top 10 significantly enriched BP GO terms and 
4 of the top 10 significantly enriched CC GO terms. In 

the BP terms, HMGB2 was involved in the regulation of 
cell proliferation, apoptosis and programmed cell death, 
cell death, and anatomical structure development. These 
findings were consistent with those of previous studies that 
have demonstrated that HMGB2 can promote cell viability 
and invasion of cancer cell lines, indicating that HMGB2 
could also be involved in critical processes of osteosarcoma 
progression (18). CC items analysis revealed that HMGB2 
is located in the cytoplasm, nucleolus, membrane-bounded 
organelle, nucleus, and chromosome, and molecular 
function term analysis illustrated HMGB2’s involvement in 
DNA binding, protein receptor binding, protein domain-
specific binding, and chemo-attractant activity. HMGB2 was 
reported to have multiple functions in the previous studies, 
including as a transcription-complex component, through 
collaborating with other proteins in organelle assembly, or 
through activating membrane receptor such as receptors for 
advanced glycation end products to induce artery injury (19).  
Our results elicited the possibility that HMGB2 also has 
versatile functions in regulating osteosarcoma through 
various pathways. However, we failed to identify KEGG 
pathways involving HMGB2, which is probably due to a 
lack of comprehensive analysis and verification of HMGB2. 
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Therefore, it would be of high research value to gain a 
more in-depth perspective of HMGB2 on osteosarcoma 
regulation in future efforts. 

Next, we attempted to identify whether HMGB2 
is regulated by miRNAs or lncRNAs in osteosarcoma. 
Previously, a few miRNAs have been reported as targeting 
HMGB2. In Kaposi’s sarcoma, the lnc-OIP5-AS1/miR-218-
5p network was shown to up-regulate HMGB2 expression 
and promote the proliferation and cell motility of HUVEC 
cells (20). The LncMALAT1/miR-1297/HMGB2 axis 
might play a crucial role in the process of tumorigenesis 
and progression of gastric cancer cell lines MKN45 and 
MKN28 (21). In melanoma, miR-329 was shown to arrest 
cell cycles, increase apoptosis, and impede cell proliferation 
and invasion, which are regulated by HMGB2 via the 
β-catenin pathway (22). In glioma cells, HMGB2 was 
proved to be downstream target of miR-130a, with the 
latter negatively regulating cellular proliferation (23). In 
IgA nephropathy (IgAN), miR-590-3p down-regulated 
HMGB2 expression in peripheral mononuclear cells and 
correlated with the severity of IgAN (24).

In our study, miR139-5p and six candidate lncRNAs 
were elicited with the expectation that they might form 
a lncRNA-miRNA network in HMGB2 modulation. 
MiR139-5p was reported to have a tumor suppression 
function when miRNA profi les  in osteosarcoma, 
endometrial adenocarcinoma, breast cancer, and bladder 
cancer were explored (25-28). Down-regulation of miR139-
5p was demonstrated to be related to persistent or recurrent 
thyroid cancer and responsible for tumor progression. 
An in vitro study showed that miR139-5p restrained cell 
proliferation and migration by regulating the abundance of 
the alternative splicing factor HNRNPF, which modulated 
genes involved in major cancer-related pathways (29). 
Among the six candidate lncRNAs, two lncRNAs were 
reported to be deregulated in different malignant tumors. 
LncRNA DLX6-AS1 promoted proliferation and metastasis 
of osteosarcoma through the miR641/HOXA pathway, or 
interacted with miR129-5p and increased the stemness of 
osteosarcoma via Wnt/β-catenin signaling activation (30,31). 
LncRNA MAGI1-IT1 is a newly identified lncRNA that 
was reported to promote proliferation and invasion in non-
small cell carcinoma of the lung and epithelial ovarian 
carcinoma via binding with different miRNAs (32,33). 
However, whether these candidate lncRNAs might interact 
with miR139-5p and target HMGB2 in osteosarcoma still 
calls for in-depth investigation and verification. 

There are some limitations to our study. First, the 

clinical sample size needs to be expanded so as to obtain 
more representative statistical data and to stratify patients 
with detailed clinical features, such as HMGB2 expression 
with sensitivity to chemotherapeutic treatment and its 
relevance with histological classification of osteosarcoma. 
Secondly, only limited analysis was carried out regarding the 
possible mechanism and pathway of HMGB2 in modulating 
osteosarcoma. Further in vitro and in vivo investigations 
should be undertaken to achieve a better understanding of 
HMGB2 and its down-stream pathway, as well as its ceRNA 
regulation network, in future. 

Conclusions

In conclusion, we investigated the role of HMGB2 in 
osteosarcoma regulation. Clinically, increased HMGB2 
expression might be related to poor outcomes among OS 
patients. In vitro experiments revealed that HMGB2 over-
expression promoted cell proliferation and enhanced the 
migration and invasion abilities of cells. Also, we revealed 
that HMGB2 is involved in more than half of the top 10 
pathways in GO term analysis, which indicates the versatile 
functions of this protein. Finally, in an attempt to explore 
the possible lncRNA-miRNA network targeting HMGB2, 
we identified miRNA139-5p as potentially targeting 
HMGB2. These results suggest the importance of HMGB2 
in osteosarcoma progression and emphasize the necessity 
for future study.
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