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ABSTRACT

In recent years, studies have revealed HOXA2 as a new oncogene, but its function is unknown in
gliomas. We aimed to reveal the relationship between HOXA2 and glioma based on the Chinese Glioma
Genome Atlas(CGGA) and the cancer genome atlas (TCGA). HOXA2 expression data and clinically
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relevant information of glioma patients were obtained from the CGGA and TCGA containing 1447 Glioma: HOXA2: biomarker:
glioma tissues and five non-tumor brain tissues. The Wilcox or Kruskal tests were used to detect the oncogene

correlation between the HOXA2 expression level and clinical data of glioma patients. the Kaplan-Meier
method were used to examine the relationship between HOXA2 and overall patient survival. Gene set
enrichment analysis (GSEA) was conducted to indirectly reveal the signaling pathways involved in
HOXA2, and RT-PCR was used to detect HOXA2 expression in gliomas and non-tumor brain tissues.
High HOXA2 expression was found to be positively correlated with clinical grade, histological type, age,
and tumor recurrence, but negatively correlated with 1p19 codeletion and isocitrate dehydrogenase
mutation status.RT-PCR results showed that HOXA2 expression levels were significantly higher in tumor
tissues than in non-tumor brain tissues. GSEA showed that HOXA2 promoted the activation of the
activation of the JAK-STAT-signaling pathway, focal adhesion, cell-adhesion-molecules-CAMS pathway,
cytosolic DNA sensing pathway, and natural killer cell-mediated cytotoxicity. This study revealed for the
first time that the novel oncogene,HOXA2, leads to poor prognosis in gliomas, and can be used as
a biomarker for the diagnosis and treatment of gliomas.

Introduction Currently, gliomas already have several biomarkers

for diagnosis and treatment. The main function of
O-6-methylguanine-DNA methyltransferase
(MGMT) is to protect DNA from damage, thereby
lowering the apoptotic rate of cancer cells; hence, loss
of MGMT can enhance the chemotherapeutic effect of
temozolomide on glioma [6,7]. Abnormally high

Annually, there are 100,000 newly diagnosed glioma
patients worldwide [1]. Although the proportion of
new cancer patients with glioma is less than 1%
per year, it has higher mortality and disability rates
[2]. Glioma diagnosis mainly depends on imaging
examinations, such as computed tomography (CT)

scans and magnetic resonance imaging (MRI), and
the treatment mainly relies on surgical resection and
adjuvant radiotherapy and chemotherapy [3]. In
recent years, some new treatments, such as immu-
notherapy [4] and photodynamic therapy [5], have
been adopted. However, its prognosis is still unsatis-
factory, possibly due to the absence of an effective
diagnostic and therapeutic target.

expression of the epidermal growth factor receptor
(EGFR) is often released in high-grade gliomas,
which can be involved in cell proliferation, migration,
and tumorigenesis. Additionally, EGFR can be asso-
ciated with poor glioma prognosis [8,9]. The telomer-
ase reverse transcriptase-encoding gene has been
reported in all grades of gliomas, and its abnormally
high expression can lead to an increase in the incidence
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of glioma [10]. CHI3LI expression increased signifi-
cantly in glioma compared with normal brain tissue
and can be used as an indicator of poor prognosis in
glioma patients [11]. There are also several glioma
biomarkers, such as TP53, PTEN, 1p/19q co-deletion,
and IDH mutant [7,12-14]. Although there are several
target biomarkers for glioma diagnosis and treatment,
gliomas often occur due to a variety of factors, as one
factor alone cannot be decisive. Hence, the search for
new biomarkers is urgent toward a better understand-
ing of the development and prognosis of glioma.

The basic features of malignant tumors include malig-
nant progression and metastasis due in part to the abnor-
mal regulation of cell division, differentiation, and
migration during embryonic development [15]. The
Hox gene is a family that can be translated into transcrip-
tion factors, which transmit location information to early
embryos of many species and play a crucial role in con-
trolling the organization of embryonic tissues [16]. In
recent years, a large number of articles have reported
that the HOX gene is responsible for embryonic develop-
ment and closely related to the pathogenesis of cancer
[17]. For example, abnormally high expression of the
HOXA4 and HOXA9 genes can influence the self-
renewal and proliferation of colon cancer stem cells to
promote tumorigenesis [18]. the abnormally high expres-
sion of HOXBI3 can significantly reduce the overall
survival (OS) rate of colorectal cancer patients [19].
Further, the HOXA2 gene is involved in the process of
malignant progression of tumors, such as in oral dysplasia,
squamous cell carcinoma tissues, nasopharyngeal carci-
noma, pancreatic cancer, and prostate cancer [20-23]. It is
worth emphasizing that HOXA2 is a new oncogene that
has not been reported in glioma to our knowledge.

Therefore, this study attempts to reveal the relation-
ship between the expression level of HOXA2 and the
clinical characteristics of glioma patients through big data
analysis. How HOXA2 as a novel oncogene was involved
in the pathological process of glioma. Therefore, we have
reason to believe that this study will provide a perspective
to reveal the pathogenesis of glioma and provide
a potential target for diagnosis and treatment.

Materials and methods
Data collection

mRNA sequencing data and clinical information of
the 1018 glioma samples were obtained from the
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CGGA (http://www.cgga.org.cn/) database. Finally,
749 glioma samples were selected for further analysis,
following the exclusion of samples due to clinical
information-related missing data, such as grade, age,
OS, survival status, radio-status, and chemo-status.
Transcriptome profiling data of five non-tumor
brain tissues and 698 glioma tissues (Workflow
Type: HTSeq-FPKM) were obtained from TCGA
database (https://portal.gdc.cancer.gov/) and the cor-
responding clinical information is also available on
the official TCGA website. HOXA2 expression levels
in eight glioma and five non-tumor brain tissues,
which had been collected in the operating room and
stored in liquid nitrogen and then at —80°C until use,
were determined via RT-PCR Procedures of this work
were approved by Ethics Committee of Henan
Provincial People’s Hospital. The use of patient sam-
ples conformed to the declaration of Helsinki.

GSEA analysis of HOXA2

GSEA is a well-known bioinformatics tool that can
indirectly explain the function of a target gene. First,
the mRNA sequencing data downloaded from the
CGGA database was subjected to batch correction
and normalization using the SVA and limma
packages, and then divided into high and low expres-
sion groups based on the HOXA2 expression level.
The GSEA 3.0.jar software was applied for enrich-
ment analysis, the number of permutations was set
to 1000 times, and “KEGG cell signaling pathways”
was selected as the gene sets database.

RNA isolation and reverse
transcription-quantitative polymerase chain
reaction (RT-qPCR) analysis

Total RNA was extracted from the tissue samples
using Tri*-Reagent (Sigma, USA), and the RNA qual-
ity was tested via a NanoDrop One spectrophot-
ometer (Thermo Fisher Scientific, USA). The
Transcriptor First Stand cDNA Synthesis Kit
(Roche, USA) was used to convert total RNA to
cDNA, and the FastStart Universal SYBR® Green
Master (ROX) (Roche, Germany) was used for RT-
gPCR. The internal reference was GAPDH with pri-
mer  sequences,5-CAAGGTCATCCATGACAAC
TTTG-3'(F) and 5-GTCCACCACCCTGTTGC
TGTAG-3" (R). The primer sequence for HOXA2


http://www.cgga.org.cn/
https://portal.gdc.cancer.gov/

1634 (&) Z. LIUETAL

was 5-GCGCCTGAGAACTGCTTACA-3' (F) and
5-TGTGCTTCATCCTCCGGTTC -3’ (R). HOXA2
expression was calculated using the -ACT method,
and validated via an unpaired t-test and
a P-value <0.05.

Statistical analysis

Statistical analysis was performed using R (v.3.6.1 ver-
sion). HOXA?2 expression in the glioma and non-
tumor brain tissues was determined using the
Wilcox test. Cox regression and the Kaplan-Meier
method were used to examine the relationship
between HOXA?2 expression levels and patient OS,
and to plot survival curves. Wilcox or Kruskal tests
were used to detect the relationship between clinically
relevant information in glioma patients and HOXA2
expression.

Results
Characteristics of the study population

A total of 749 clinically available glioma patient
sample data were obtained from the CGGA data-
base, including general clinical data, such as age,
gender, and pathological diagnosis, and glioma
sample grading. Additionally, postoperative radio-
therapy or chemotherapy follow-up, and IDH
mutation and 1p19 codeletion data are included.
Detailed clinical information classification and
percentages are shown in Table S1.

The relationship between HOXA2 expression
levels and the clinical characteristics of glioma
patients

Following the Wilcox or Kruskal test, the HOXA2
expression was found to increase with increasing
tumor grade (p < 0.001; Figure 1 a-f). Based on the
type of tumor onset, HOXA2 expression was signifi-
cantly higher in recurrent and secondary glioma
cases than in primary glioma (p < 0.001). Patients
aged >41 years had significantly higher levels of
HOXA2 expression than patients <41 years of age
(p < 0.001). HOXA2 expression was significantly
reduced in the 1p19 codeletion and IDH mutants
compared to non-1pl9 codeletion (p < 0.001) and
wildtype (p < 0.001), respectively. Additionally,

tumor histology showed there was a significant
increase in HOXA?2 expression levels in GBM and
relapsed GBM groups.

Survival outcomes and diagnostic values of
HOXA2 in glioma patients

The Kaplan-Meier survival analysis showed that
the prognosis of the HOXA2 high expression
group was significantly worse than that of the
HOXA2 low expression group, indicating
HOXA2 that is an oncogene (Figure 2a). The
ROC curve was adopted to further demonstrate
the diagnostic value of HOXA?2 in Figure 2b. The
area under the curve was greater than 0.7 in years
1, 3 and 5, which means that the HOXA2 expres-
sion level had a modest diagnostic value.

High expression of HOXA2 is an independent risk
factor for glioma patients

Univariate analysis showed that high expression of
HOXA2 (Figure 3) resulted in poor prognosis in
patients with glioma (p < 0.001, hazard ratio
[HR] = 1.703(95%CI[1.571-1.846])), recurrent cas
es (p < 0.001, [HR] = 2.123(95%CI[1.818-2.478])),
higher histology (p < 0.001, [HR] = 4.487(95%CI
[3.695-5.449])), higher grade (p < 0.001,
[HR] = 2.883(95%CI[2.526-3.291])), advanced age
(p < 0.001, [HR] = 1.624(95%CI[1.345-1.9
60])), chemotherapy (p < 0.001, [HR] = 1.647(95%
CI[1.328-2.044])), IDH-mutation status (p < 0.001,
[HR] = 0.317(95%CI[0.262-0.384])), and 1pl19q-
codeletion status (p < 0.001, [HR] = 0. 231(95%CI
[0.169-0.315])).

Subsequent multivariate analysis(Figure 4) was
used for further analysis using the Cox regression
model. HOXA2 expression in relation to general
cases (p < 0.001, [HR] = 1.291(95%CI[1.176-1.418])),
recurrent cases (p < 0.001, [HR] = 1.988(95%CI[1.-
687-2.342])), higher grade tumor (p < 0.001,
[HR] = 2.716(95%CI[1.984-3.719])), chemotherapy
(p=0.002, [HR] = 0.686(95%CI[0.539-0.872])), IDH-
mutation status (p < 0.001, [HR] = 0.650(95%CI[0.-
515-0.819])), and 1p19q-codeletion status (p < 0.001,
[HR] = 0. 420(95%CI[0.301-0.587])) of glioma
patients were determined as independent correlations
(Figure 3b). The above data suggest that HOXA2 can
be used as a diagnostic factor and that patient
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Figure 1. HOXA2 expression in glioma. Association with expression and clinicopathologic characteristics, including a: Age, b: Grade,
¢: PRS_type, d: 1p19q_codeletion status, e: IDH mutation status f: Histology.

prognoses may deteriorate as HOXA2 expression
increases.

The HOXA2-related cellular signaling pathway
was indirectly explained by GSEA

GSEA was used to elucidate the cancer-related pathways
in which HOXA2 may be involved between high and

low expression groups. A nominal p-value <0.05 is con-
sidered to be a meaningful KEGG cell pathway enrich-
ment analysis. Among them, the JAK-STAT-signaling
pathway, focal adhesion, cell-adhesion-molecules-CAMS
pathway, cytosolic DNA sensing pathway, and natural
killer cell-mediated cytotoxicity showed significant differ-
ential enrichment analysis in the HOXA2 high expres-
sion phenotype group (Figure 5, Table 1). The above
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Figure 2. The Kaplan-Meier survival curve and The ROC curve. a: High expression of HOXA2 leads to poor overall survival in glioma
patients. b: The ROC curve show good diagnosis value of HOXA2 expression in glioma.
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Figure 3. Univariate regression of prognostic in patients with glioma.

results indicate that as an oncogene, HOXA2 may be
involved in the pathogenesis of glioma via these cellular
signaling pathways.

Verifying the reliability of the HOXA2 analyses

In order to test the credibility of our analyses, we
obtained five non-tumor brain and 698 glioma
tissues from TCGA to further detect the expres-
sion level of HOXA2, and found that the HOXA2
expression increased significantly in glioma
(Figure 6a). Additionally, RT-PCR detection of
HOXAZ2 expression in eight glioblastoma and five
non-tumor brain tissues showed a significant
increase in HOXA2 expression in tumor tissues

(Figure 6b). We further downloaded the survival
time and status of glioma patients from TCGA
database for comparison and the Kaplan-Meier
method confirmed that high HOXA2 expression
can indeed lead to poor prognosis in glioma
patients (Figure 6¢).

Discussion

Currently, there are several reports of the involve-
ment of HOXA2 in the pathological process of
a variety of cancers, and its ability to promote the
proliferation, invasion, and metastasis of cancer cells
as an oncogene. HOXA2, a novel carcinogenic tran-
scriptional regulator, is significantly correlated with
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Figure 4. Multivariate survival model of prognostic in patients with glioma.

the prognosis of prostate cancer. Its acts by binding
to chromatin thereby influencing PCAT19 and
CEACAM21 transcription®'. However, the relation-
ship between HOXA2 and glioma has not been
explored. Therefore, this study aimed to explore
HOXA2 expression levels in gliomas and their
potential therapeutic and diagnostic value.

We collected data on glioma based on high
throughput RNA sequencing from the CGGA and
found that HOXAZ2 expression was positively corre-
lated with glioma grade, glioma recurrence, and
patient age, but negatively correlated with the OS
of glioma patients, and can be used as an indepen-
dent prognostic factor. Further, HOXA2 expression
and the OS data of glioma patients were obtained
through TCGA and we found that HOXA?2 expres-
sion was significantly higher in glioma tissues than in
non-tumor brain tissues. RT-PCR further confirmed
that HOXA2 expression increased significantly in
glioblastoma. Previous studies have shown that
HOXA2 also increased significantly in squamous
cell carcinoma [23], and the high methylation level
of HOXA2 was significantly related with colorectal
cancer prognosis [24].

GSEA was performed to indirectly explain the
cellular signaling pathways associated with
HOXA2 and to elucidate its function and the
results indicated that HOXA2 was involved in the
JAK-STAT-signaling pathway, focal adhesion, cell-
adhesion-molecules-CAMS  pathway, cytosolic
DNA sensing pathway, and natural killer cell-
mediated cytotoxicity. Previous studies have
shown that activation of the JAK-STAT-signaling

pathway can be found in many human cancers,
and the two protein families of JAKs and STATSs
are the main promoters of this pathway. The abil-
ity of JAK-1 and STAT-3 to promote cell cycle and
tumor cell anti-apoptosis in glioma cells greatly
influences the OS of glioma patients and can be
a diagnostic marker for prognosis [25]. Focal
adhesion is a major component of key scaffold
proteins, which can link signaling molecules,
structural components, and regulatory proteins to
produce important biological functions and
methyl gallate can block the proliferation and
migration of glioma cells by influencing the for-
mation of focal adhesion [26]. Cancer formation
occurs due to immune inhibition that escapes the
body’s immune response, leading to malignant
transformation, which promotes tumorigenesis
due to dysfunction of natural killer cell-mediated
cytotoxicity in glioma patients [26]. It can be
speculated that HOXA2 may promote glioma cell
proliferation, migration, and poor prognosis
through the JAK-STAT and focal adhesion path-
way. However, our results indirectly reveal the
mechanism by which HOXA2 affects the prog-
nosis of glioma patients, so further direct mechan-
isms require further experimentation.

Although we have conducted a wide range of
analyses using data from public databases to
improve our understanding of the relationship
between HOXA2 and glioma, some limitations
were hard to avoid. First, to fully understand the
relationship between HOXA2 and the development
of glioma, detailed treatment plans for all patients
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Figure 5. Enrichment plots from GSEA. a:JAK-STAT-signaling pathway; b:focal adhesion; c:cell-adhesion-molecules-CAMS pathway; d:
cytosolic DNA sensing pathway; e:natural killer cell-mediated cytotoxicity.

Table 1. The gene set enriches the high HOXA2 expression phenotype.

Gene set name NES NOM p-val FDR g-val
KEGG_JAK_STAT_SIGNALING_PATHWAY 1.7091726 0.0256 0.1622
KEGG_FOCAL_ADHESION 1.6964064 0.0291 0.1679
KEGG_CELL_ADHESION_MOLECULES_CAMS 1.6573308 0.0449 0.1865
KEGG_CYTOSOLIC_DNA_SENSING_PATHWAY 1.6244318 0.0299 0.1804
KEGG_NATURAL_KILLER_CELL_MEDIATED_CYTOTOXICITY 1.7263384 0.0282 0.1926

NES: normalized enrichment score; NOM: nominal; FDR: false discovery rate. Gene sets with NOM P-value <0.05 and FDR
g-value <0.25 were considered as significantly enriched.

should be included in the analysis, such as the scope ~ data source is a combination of multiple centers,
of surgical resection, and the radiotherapy and che-  the lack of partial data and the inconsistency of
motherapy dosage. However, because the public ~ treatment methods are disadvantages of public
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expressed in glioma patients.

databases. Second, the size of healthy samples
obtained from the public databases was small com-
pared to the tumor tissue sample size, which may
cause statistical errors. Hence, we have used RT-
PCR technology to verify the differences in
HOXA2 expression levels between tumor and non-
tumor brain tissues to avoid this error as much as
possible. Therefore, our retrospective analysis using
public databases requires further experiments to
verify the exact mechanism by which high HOXA2
expression causes poor prognosis in patients with
glioma.

Conclusions

In this study, we observed an increase in HOXA2
expression levels in gliomas relative to the overall
survival of glioma patients, which can serve as an
independent prognostic factor. Additionally,
HOXA2 may participate in the pathological pro-
cess of glioma through the JAK-STAT and focal
adhesion pathways. We have partially revealed that
the mechanism of action of HOXA2 is in gliomas
and provides a potential biomarker for the diag-
nosis and treatment of gliomas.
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