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Background: Glioma is a highly aggressive and heterogeneous cancer with poor survival 
rates. Homeobox (HOX) genes are transcription factors that play pivotal roles in many 
aspects of cellular physiology, embryonic development, and tissue homeostasis. Mutations 
in HOX genes can lead to increased cancer predisposition. Abnormal expression of HOXB2 
may result in the development and progression of tumors. However, its prognostic value and 
mechanism of dysregulation remain unclear.
Methods: The present study included 1001 glioma patients. The correlations between the 
expression of HOXB2 and subgroups of glioma were investigated by t-test analyses. The 
prognostic value of HOXB2 was explored by Kaplan–Meier analysis as well as univariate 
and multivariate Cox analyses. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment were employed to detect the biological function of 
HOXB2 in glioma. CCK-8 and transwell assays were performed to determine the role of 
HOXB2 in cell proliferation and invasion.
Results: HOXB2 was positively correlated with tumor grade and enriched in patients with 
isocitrate dehydrogenase 1 wild-type and age >41 years. HOXB2 was identified as an 
independent prognostic biomarker in glioma patients. HOXB2 was associated with cell 
invasion and promoted the proliferation of glioma cells in vitro.
Conclusion: HOXB2 is an independent prognostic factor and contributes to tumor invasion 
in glioma patients.
Keywords: glioma, gene expression, neoplasm invasiveness, prognosis, HOXB2

Introduction
Glioma is a malignant intracranial tumor that accounts for nearly 50% of all central 
nervous system malignant neoplastic lesions.1 According to the World Health 
Organization (WHO) classification, gliomas can be divided into four tumor grades 
for prognosis prediction, with survival ranging from 1 to 15 years.2 Although 
various treatment options, including neurosurgical resection and adjuvant chemor-
adiotherapy, have been explored to prolong the lives of glioma patients, most 
gliomas exhibit recurrence, thereby reducing life expectancy. Notably, most glio-
blastoma patients do not survive beyond 1 year, and only about 5% survive beyond 
5 years under the best existing medical interventions.3,4 Despite many years of 
painstaking research, the status quo for the prognosis of glioma patients remains 
dismal. Thus, there is a substantial need to identify more effective and specific 
targets for treatment.

In the past few years, studies in the glioma field focusing on molecular character-
ization have resulted in the generation of datasets such as The Cancer Genome Atlas 
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(TCGA) and Chinese Glioma Genome Atlas (CGGA).5–7 

For example, mutations in isocitrate dehydrogenase (IDH) 
were identified as key markers for not only glioblastoma but 
also low-grade gliomas in adults.8,9 Mutations are found in 
>70% of WHO class II and III gliomas and can predict the 
prognosis more accurately.1 However, even in grade II or III 
tumors, IDH wild-type is usually accompanied by a poor 
prognosis.

The homeobox (HOX) genes are transcription factors 
encoded by a subset of homeodomain superfamily genes 
that are involved in cellular physiology, embryonic devel-
opment, and tissue homeostasis.10,11 Aberrant expression 
of HOX genes can result in the development and progres-
sion of tumors. For example, overexpression of HOXC8 in 
lung cancer was positively associated with tumor metas-
tasis and poor prognosis.12,13 Recent studies indicated that 
HOXB2 may participate in tumor progression. Pan et al14 

demonstrated that LncRNA RGMB-ASI promoted glioma 
progression by targeting HOXB2. Nevertheless, the 
expression profiles of HOXB2 in glioma subtypes and 
their complex carcinogenic mechanisms remain unclear. 
In this study, we analyzed the expression of HOXB2 in 
different glioma subtypes and investigated their possible 
regulatory mechanisms.

Methods
Data Collection
A total of 1001 glioma patients in two independent data 
sets were enrolled in this study. The RNAseq data, includ-
ing 691 gliomas, from The Cancer Genome Atlas (TCGA), 
were downloaded from public databases (https://portal. 
gdc.cancer.gov/). Three hundred and ten (310) glioma 
cases were obtained from the Chinese Glioma Genome 
Atlas (CGGA) dataset (http://cgga.org.cn/).

Cell Lines and Cultures
The human glioma cell lines including U87, LN229, 
U251, U343 and U373 were provided by the American 
Type Culture Collection. The HEB human glial cell line 
was supplied by the Cell Culture Center (Dongge Biotech, 
Beijing, China). All cell lines were incubated in DMEM 
(Invitrogen, USA) with 10% FBS (HyClone, USA) in 
a 37°C incubator containing 5% CO2.

Cell Transfection
Specific siRNAs for HOXB2 were purchased from 
RiboBio (Guangzhou, China). The transfection was 

performed using Lipofectamine 3000 (Invitrogen, 
Carlsbad, California).

Si-HOXB2-1,5ʹ-GCCUUUAGCCGUUCGCUUATT-3ʹ;
Si-HOXB2-2,5ʹ-GGCAGGUCAAAGUCUGGUUTT-3ʹ.

Cell Viability Assay
A total of 2000 cells were seeded in 96-well plates and 
cultured for 24 h, 48 h,72 h and 96 h, respectively. Cell 
Counting Kit-8 (NCM Biotech, Suzhou, China) was 
employed to determine the cell viability according to the 
manufacturer’s instructions. The absorbance was detected 
at an optical density (OD) 450 nm.

Western Blot Analysis
The expression of proteins was detected using Western 
blot as previously described.15 The primary antibodies 
used in the study were HOXB2 (ab136856) and MMP-2 
(ab2462)(abcam, USA). β-actin (A8418) (Sigma, USA) 
was used as an internal control.

Transwell Assay
The invasion assay was performed using the transwell 
system (24wells, 8μm pore size with polycarbonate mem-
brane, Corning Costar) as previously described.15

Statistical Analysis
Statistical analysis was performed using R software ver-
sion 3.6.3 and Prism 7 (GraphPad, San Diego, CA, USA). 
The Student’s t-test was used to compare the difference 
between binary groups. One-way ANOVA, followed by 
the Holm-Sidak test, was employed to compare differences 
among multiple groups. The predictive value of HOXB2 
expression for overall survival was estimated using 
Kaplan-Meier (K-M) survival analysis with the long-rank 
test. The prognostic value of HOXB2 was determined by 
univariate and multivariate cox proportional hazard model. 
Data are presented as mean ± SD from three independent 
experiments. P<0.05 was considered significant.

Results
Relationships Between HOXB2 
Expression and Glioma Subtypes
We obtained 310 glioma samples with full clinical information 
from the CGGA RNA-seq dataset. Expression of HOXB2 was 
positively correlated with tumor grade (Figure 1A and B). 
Moreover, high expression of HOXB2 was observed in 
patients aged >41 years (Figure 1C and D) and with IDH1 
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Figure 1 The expression pattern of HOXB2 in CGGA and TCGA datasets. (A and B) The expression of HOXB2 is enriched in high-grade gliomas. (C and D) The 
expression of HOXB2 is enriched in age>41 group. (E and F) The expression of HOXB2 is enriched in IDH1 wildtype gliomas.
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wild-type (Figure 1E and F). These findings were verified in 
691 glioma samples from the TCGA dataset. The baseline 
information is presented in Tables 1 and 2.

HOXB2 is an Independent Predictive 
Marker in Glioma Patients
The association between HOXB2 mRNA expression and 
survival time was investigated by Kaplan–Meier survival 
curve analysis. The results showed that patients with high 
HOXB2 expression had a worse prognosis in both the 
CGGA and TCGA datasets (Figure 2A and B). Univariate 

and multivariate Cox regression analyses were performed to 
identify independent risk factors related to the prognosis 
of glioma patients. In the CGGA dataset, the results 
revealed that high HOXB2 expression (HR = 1.237; 95% 
CI: 1.094–1.398; P < 0.001) and tumor grade (WHO IV vs 
WHO II/III) (HR = 3.447; 95% CI: 2.456–4.837; P < 0.001) 
were independent risk factors for evaluating the prognosis 
of glioma patients (Table 3). In the TCGA dataset, high 
HOXB2 expression (HR = 1.580; 95% CI: 1.320–1.892; 
P < 0.001), age (HR = 1.037; 95% CI: 1.027–1.048; 
P < 0.001), tumor grade (WHO IV vs WHO II/III) (HR = 
2.500; 95% CI: 1.782–3.505; P < 0.001), and IDH1 mutant 
(HR = 0.509; 95% CI: 0.360–0.719; P < 0.001) were iden-
tified as independent factors affecting the prognosis of 
glioma patients (Table 4). From these results, high 
HOXB2 expression signaled a poor prognosis for patients. 
Therefore, HOXB2 can be regarded as an indicator for 
predicting the prognosis of glioma patients.

HOXB2 is Associated with Cell Invasion 
and Cell Proliferation
To investigate the biological function of HOXB2, the rela-
tionships between HOXB2 and other genes were detected 
by Pearson correlation analysis (|r| > 0.4; P < 0.05). A total 
of 1930 and 4223 genes were screened in the CGGA and 
TCGA datasets, respectively, and subjected to GO and 
KEGG analyses to determine the biological processes. 
HOXB2 was found to be closely related to the extracellular 
matrix (ECM), immune response, inflammatory response, 
and other pathways (Figure 3A–D). ECM can inhibit the 
invasion of tumor cells. However, tumor cells can degrade 
the ECM by secreting components such as matrix metallo-
proteinases (MMPs). When the correlations of HOXB2 
with MMP expressions were examined in the TCGA and 
CGGA datasets, significant positive correlations were 
observed between HOXB2 and MMP-2, MMP-9, MMP- 
11, and MMP-14 (Figure 4A–H). These results suggested 
that HOXB2 can promote the degradation of tumor ECM 
components, thereby promoting tumor invasion.

HOXB2 Promotes the Proliferation and 
Invasion of Glioma Cells in vitro
We detected the expression of HOXB2 in glioma cell lines 
adjacent to the HEB. Western blot analyses revealed that 
U87 and U251 cells contained the highest levels of 
HOXB2 among the cell lines examined (Figure 5A). We 
explored the function of HOXB2 in glioma by silencing 

Table 1 Clinicopathological Parameters Baseline in CGGA 
Cohort

Parameters CGGA Cohort N(%)

Media age in years 43(8–79)

Gender
Male 193 62.2%

Female 117 37.8%

Grade

WHO II 135 43.5%
WHOIII 74 23.9%

WHOIV 97 31.3%

Unknow 4 12.9%

IDH_mutation_status

IDH mutation 142 45.8%
IDH wildtype 168 54.2%

Abbreviations: CGGA, Chinese Glioma Genome Atlas; IDH1, isocitrate dehy-
drogenase 1.

Table 2 Clinicopathological Parameters Baseline in TCGA 
Cohort

Parameters TCGA Cohort N(%)

Media age in years 45(14–89)

Gender

Male 395 57.2%

Female 296 42.8%

Grade

WHO II 257 37.2%
WHOIII 266 38.5%

WHOIV 167 24.2%

Unknow 1 0.1%

IDH_mutation_status

IDH mutation 374 54.1%
IDH wildtype 317 45.9%

Abbreviations: TCGA, The Cancer Genome Atlas; IDH1, isocitrate dehydrogen-
ase 1.
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endogenous HOXB2 expression in U87 and U251 cells 
using a siRNA (Figure 5B). CCK-8 assays revealed that 
the proliferation ability of U87 and U251 cells was sig-
nificantly decreased following the transfection of the 
HOXB2 siRNA (Figure 5C). Transwell assays indicated 
that the depletion of HOXB2 suppressed the invasion 
capacity of U87 and U251 cells (Figure 5D). Western 
blot analyses further showed that the expression of 
MMP-2 was significantly reduced in siRNA-transfected 
U87 and U251 cells (Figure 5B). Taken together, these 
findings demonstrate that HOXB2 may play a vital role in 
cell proliferation and invasion.

Discussion
Glioma is characterized by rapid proliferation and high 
invasiveness that pose difficulties for treatment.16,17 

Previous studies demonstrated that different subtypes of 
glioma exhibited significant differences in treatment and 
prognosis.2,18–20 Identification of effective markers that 
can predict the prognosis of glioma patients is essential 
for the development of successful treatment plans. 
HOXB2 is a transcription factor located on chromosome 
17.21–23 Numerous studies have demonstrated that abnor-
mal expression of HOXB2 was carcinogenic for various 
tumors.14,21,22 In breast cancer, overexpression of HOXB2 

Table 3 Univariate and Multivariate Analyses of Overall Survival in the Chinese Glioma Genome Atlas Microarray Database

Variable HR Univariate Analysis Multivariate Analysis

95% CI P-value HR 95% CI P-value

HOXB2 expression 1.449 1.315～1.595 P<0.001 1.237 1.094～1.398 P<0.001
Age 1.030 1.017～1.043 P<0.001 1.009 0.995～1.022 P=0.195

Gender 1.084 0.822～1.430 P=0.566

Grade 4.338 3.235～5.815 P<0.001 3.447 2.456～4.837 P<0.001
IDH1mutation 0.389 0.294～0.514 P<0.001 0.993 0.672～1.467 P=0.972

Abbreviations: HR, hazard ratio; CI, confidence interval; IDH1, isocitrate dehydrogenase 1.

Table 4 Univariate and Multivariate Analyses of Overall Survival in the Cancer Genome Atlas Database

Variable HR Univariate Analysis Multivariate Analysis

95% CI P-value HR 95% CI P-value

HOXB2 expression 2.837 2.468～3.261 P<0.001 1.580 1.320～1.892 P<0.001
Age 1.066 1.056～1.075 P<0.001 1.037 1.027～1.048 P<0.001

Gender 0.783 0.614～0.999 P=0.048 0.866 0.675～1.110 P=0.255

Grade 9.903 7.000～11.814 P<0.001 2.500 1.782～3.505 P<0.001
IDH1mutation 0.193 0.147～0.253 P<0.001 0.509 0.360～0.719 P<0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; IDH1, isocitrate dehydrogenase 1.

Figure 2 The negative association between the expression of HOXB2 and the patient outcome in CGGA (A) and TCGA (B).
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inhibited tumor proliferation,24 while in lung cancer, pan-
creatic cancer, and other tumors,25–27 HOXB2 promoted 
tumor progression and metastasis. However, the correla-
tions between HOXB2 expression and clinical character-
istics of glioma patients have not been fully elucidated.

In the present study, we analyzed the transcriptomes 
and clinical data of 1001 glioma patients in two indepen-
dent tumor datasets. Expression of HOXB2 was positively 
correlated with tumor grade and was enriched in patients 
with IDH1 wild-type and age >41 years. By performing 
Kaplan–Meier survival analysis and Cox regression ana-
lyses, we further confirmed that HOXB2 could be used as 
an independent factor to predict the prognosis of glioma 
patients. Based on these findings, we speculate that 
HOXB2 has a role in promoting the progression of glioma.

Invasive growth has been recognized as a critical fea-
ture of glioma and plays a vital role in promoting tumor-
igenesis and development.15,28 It is a complex biological 
process with multifactor and multicell involvement, 
including ECM degradation, epithelial–mesenchymal tran-
sition, and neovascularization.29,30 ECM components are 

large molecules that are synthesized by cells, secreted to 
the outside of the cells, and become distributed on the 
surface of the cells or between cells. The components 
form a complex grid structure that supports and connects 
the tissue structure and regulates the tissue. Compared 
with normal cells, tumor cells secrete large amounts of 
enzymes such as MMPs that degrade the ECM and allow 
easy spreading. MMPs can degrade various components of 
the ECM, leading to the destruction of the tissue barrier, 
thereby accelerating tumor progression. Zhou et al31 found 
that glioma patients with high expression of MMP-2 and 
MMP-9 had a poor prognosis and were insensitive to 
radiotherapy. MMP-11 can promote the progression of 
gastric cancer, while high expression of MMP-14 was 
positively correlated with breast cancer.32,33

To further identify the molecular mechanism of 
HOXB2 in glioma, we performed GO and KEGG ana-
lyses. The results indicated that the biological function of 
HOXB2 was enriched in the ECM, immune response, and 
inflammatory response pathways. Thus, we analyzed the 
correlations between HOXB2 expression and MMPs in the 

Figure 3 Go and KEGG analyses of HOXB2-associated genes in glioma. (A) GO analysis of HOXB2-associated genes in CGGA. (B) GO analysis of HOXB2-associated 
genes in TCGA. (C) KEGG analysis of HOXB2-associated genes in CGGA. (D) KEGG analysis of HOXB2-associated genes in TCGA.
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CGGA and TCGA datasets. HOXB2 expression was posi-
tively correlated with the expression of MMP-2, MMP-9, 
MMP-11, and MMP-14, suggesting that HOXB2 is 

involved in the invasion process of glioma. In vitro experi-
ments demonstrated that knockdown of HOXB2 sup-
pressed the proliferation, decreased the invasion, and 

Figure 4 The correlation between HOXB2 and MMPs. (A) The correlation between HOXB2 and MMP-2 in CGGA. (B) The correlation between HOXB2 and MMP-9 in CGGA. (C) 
The correlation between HOXB2 and MMP-11 in CGGA. (D) The correlation between HOXB2 and MMP-14 in CGGA. (E) The correlation between HOXB2 and MMP-2 in TCGA. (F) 
The correlation between HOXB2 and MMP-9 in TCGA. (G) The correlation between HOXB2 and MMP-11 in TCGA. (H) The correlation between HOXB2 and MMP-14 in TCGA.

Figure 5 HOXB2 promotes the proliferation and invasion of glioma in vitro. (A) The expression of HOXB2 in HEB and glioma cells. (B) Downregulation of the expression 
of HOXB2 and MMP-2 by HOXB2 siRNA in U87 and U251. (C) The CCK-8 assays indicating the inhibition of U87 and U251 by HOXB2 knockdown. (D) Transwell assays 
indicating inhibition of the invasion of U87 and U251 by HOXB2 knockdown. *p<0.05.
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inhibited the expression of MMP-2 in glioma cells. 
Besides, functional enrichment analysis indicated that 
HOXB2 was involved in a variety of immune processes. 
However, owing to the limitations of the experimental 
conditions, we did not conduct further analyses on the 
function of HOXB2 in the glioma immune responses.

In summary, our results showed that the expression of 
HOXB2 is upregulated in high-grade glioma and can be 
regarded as an independent predictive factor for the prog-
nosis of glioma patients. Therefore, HOXB2 may be a new 
target for the treatment of glioma, although its specific 
mechanisms remain to be elucidated in further experimen-
tal studies. 
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