
Research Article

Yubin Chen*, Na Wang, Liangqi Cao, Dawei Zhang, Heping Peng, Ping Xue

Long non-coding RNA HOXB-AS1 is a prognostic
marker and promotes hepatocellular carcinoma
cells’ proliferation and invasion

https://doi.org/10.1515/biol-2022-0040
received June 16, 2021; accepted January 03, 2022

Abstract: Long non-coding RNAs (lncRNAs) are broadly
transcribed in the genome of human and play critical
roles in the progression of multiple diseases. Long non-
coding HOXB cluster antisense RNA 1 (HOXB-AS1) is a
tumor exciter in various cancers. This study aimed to
investigate the involvement of HOXB-AS1 in hepatocel-
lular carcinoma (HCC). In the following study, HOXB-AS1
was unveiled to be highly expressed in HCC tissues as
opposed to normal tissues. Silencing of HOXB-AS1 led
to the loss of proliferation, migration, and invasiveness
of HCC cells, namely Hep3B and Huh7. Moreover, the data
showed that expression levels of HOXB-AS1 contribute sig-
nificantly to the patient’s survival rates. Otherwise, HOXB-
AS1 levels in the serum of patients proved HOXB-AS1 as a
biomarker for analysis and treatment of HCC. In summary,
this study highlights HOXB-AS1 as key upregulated lncRNA
in HCC which being an oncogene can cause proliferation
and metastasis of HCC cells. The results also highlighted
HOXB-AS1 as a promising biomarker for early diagnosis
and prognosis of patients with HCC.
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1 Introduction

Hepatocellular carcinoma (HCC) has become the most
common subtype of liver cancer in the last decade, com-
prising 90% of primary liver cancers [1]. Clinical studies
of HCC patients have demonstrated very low survival
rates, accounting for more than 600,000 global deaths
[2]. However, many information gaps elaborating the exact
molecularmechanisms, protein alterations, and hereditary
factors exist and need to be further investigated.

Long non-coding RNAs (lncRNAs) with >200 nucleo-
tides have been demonstrated for their vital roles in
physiological, developmental, and differential biological
processes [3] in human diseases, particularly carcinogen-
esis [4,5]. LncRNAs can affect the normal molecular pro-
cesses by binding different transcription factors, localizing
cellular proteins to specific sites, facilitating the intermole-
cular interaction of various components, and differentially
controlling andmonitoring the expression of different genes
at a particular stage in a tissue-specific manner [6,7]. Sev-
eral transcriptome sequence platforms andmicroarray tech-
niques have highlighted the abnormal and elevated levels
of lncRNAs in HCC angiogenesis, metastasis, apoptosis, pro-
gression, and proliferation [8]. For example, Tsang et al.
[9] showed aberrant expression of lncRNAs in 20 pairs of
HCCs and respective nontumorous liver tissues. Likewise,
lncRNA HULC performs an auto-regulatory loop with miR-
372 causing the blockade of translational repression and
leads to overexpressed HULC in HCC [10]. MALAT-1 inter-
feres with splicing regulation of diverse pre-mRNAs and
contributes to metastasis of HCC [11]. Likewise, lncRNA
HEIH causes cell cycle arrest by inhibiting the expression
of the p16 gene [12]. Similarly, overexpressed intergenic
lncRNA HOTAIR has been involved in HCC metastasis
[13]. HOXB-AS1 is a significant lncRNA which has been
evaluated for its oncogenic role in multiple myeloma,
endometrial cancer, and glioma [14–16]. Nonetheless, its
potential in HCC is still unknown. Therefore, this study
concentrated on deciphering the role of HOXB-AS1 in
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HCC invasion and proliferation. From the HCC samples, we
identified that HOXB-AS1 is significantly upregulated. We
further characterized the role of HOXB-AS1 in HCC devel-
opment and potential as a prognostic marker.

2 Materials and methods

2.1 Tissue samples

In total, 60 subjects with HCC tissues and matched adjacent
normal liver tissues were listed. Patients who underwent
surgical procedures in the affiliated hospital were chosen
for the study. Following surgery, tumor tissues were imme-
diately subjected to snap freeze in liquid nitrogen for sub-
sequent experimental and analytical work.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies, and in accordance with the tenets of
the Helsinki Declaration, and has been approved by the
authors’ institutional review board or equivalent committee.

2.2 Cell lines and transfection experiment

Four human cell lines, including Huh7, BEL-7404, HCCLM3,
and Hep3B, and human normal liver cells L02 were chosen
for the analysis. Cell lines were procured from Cell Bank of
Chinese Academy of Science (Shanghai) and subjected to
resuspension in a cell culture medium containing Dulbecco’s
modified Eagle’s medium (90%) and fetal bovine serum (10%;
R&DSystems,USA). Typical cell culture conditions comprising
37°C, 95% humidity, and 5% CO2 were maintained in an
incubator [17]. Standard transfection was performed in
pcDNA3.1, showing respect to HOXB-AS1 and HOXB-AS1
siRNAs, with a negative controls procured from RiboBio
(China). Lipofectamine (LFN) 3000 reagent (Invitrogen,
USA) was used for the transfection assay following the
manufacturer’s guidelines, and transfection efficiency
was measured by qRT-PCR [18].

2.3 Extraction of RNA and qRT-PCR for
quantitative gene expression

Total tissue RNA was retrieved with Trizol reagent (A33250,
Invitrogen), focusing on the manufacturer’s guidelines.

RNA was quantified with a spectrophotometer (Thermo
Scientific). First Strand cDNA Synthesis Kit (Roche Life
Sciences, Germany) was utilized to synthesize RNA into
cDNA according to the reference guidebook. A qScript
One-Step RT-qPCR kit (95057-050, Quantabio, Beverly,
MA, USA) was utilized to perform qRT-PCR in PCR system
(LineGene, Latvia). Primer set for HOXB-AS1: F: 5′-GGGGA
CTCCAGCGAAAT-3′; R: 5′-ACCCGAAGCCCAACCAC-3′; U6:
F: 5′-CTCGCTTCGGCAGCACA-3′; R: 5′-AACGCTTCACGAAT
TTGCGT-3′; GAPDH: F: 5′-CCCACTCCTCCACCTTTGAC-3′; R:
5′-CATACCAGGAAATGAGCTTGACAA-3′ were used according
to reference publication. GAPDH and U6 were used as
internal controls following the analysis of fold changes
in quantitative gene expression through the 2−ΔΔCT calcu-
lation method [19].

2.4 Cell counting kit-8 (CCK-8) bioassay to
calculate cell proliferation

Cell viability was confirmed with the CCK-8 (Sigma-
Aldrich) following the manufacturer’s reference book.
Cells were plated into 96-well plates (3 × 103 cells/well)
and incubated for 0, 24, 48, 72, and 96 h. Following this,
10 µL of CCK-8 proliferation solution was subsequently
added to each well at each point and further incubated
for 1 h at 37°C. Cellular optical densities were measured at
450 nm by using a microplate reader (Bio-Rad, USA) [18].

2.5 Transwell assay to estimate cell
migration and invasion

Themigratory ability of the cells was assessed as narrated
by Zhang et al. [20] by using a Transwell chamber with
inserts of 8mm pore sizes (Millipore, USA). Membranes
without any coating were utilized for migration assay,
whereas cell invasion was calculated with Matrigel-coated
membranes. Briefly, 5 × 104 Huh7 and Hep3B cells con-
taining DMEM (250 μL)were planted into the upper chamber
following the addition of FBS (10%, R&D Systems, USA) into
the lower chamber. Incubation was performed at 37°C for
36 h, and the remaining cells were removed gently with the
help of a cotton swab. Invasive or migrating Huh7 and
Hep3B cellsmoved to the low chamber, adhered tomethanol
(20min) and subsequently stained with 0.1% CV (R&D Sys-
tems, USA). Following staining for 20min, imaging was
donewith the help of a phase-contrastmicroscope, choosing
five fields of vision (Olympus, Japan).
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2.6 Statistical analysis

Experiments were conducted in three sets and presented
as mean value ± deviations from the standard value (SD).
The significant difference was computed by using SPSS
23.0 followed by Dunnett’s test, ANOVA, and Pearson’s
Correlation test. Clinicopathological characteristics of the
patients were analyzed using the chi-square test, whereas
survival rates were determined with the Kaplan–Meier
survival curve. Unless otherwise indicated, the data are
presented as the mean value ± SD. *p < 0.05 was consid-
ered statistically significant.

3 Results

3.1 HOXB-AS1 is highly expressed in HCC
tissues and cells

The study was designed to estimate and analyze the high
and low expression levels of HOXB-AS1 in HCC, and for
this, 60 pairs of HCC tissues and corresponding healthy
tissues were put to qRT-PCR. The results from qRT-PCR
clearly showed highly upregulated levels of HOXB-AS1
(**p < 0.01) in HCC, as shown in Figure 1a. To get a clear
picture, patients were compared for the correlation of
their clinicopathological characteristics and corresponding
HOXB-AS1 levels. Considering the median expression value
of HOXB-AS1 in HCC tissue as a cut-off value, 60 HCC
patients were subdivided into two categories, one as exalted
expression (n = 30) and the other as low expression (n = 30)
HOXB-AS1 group. Results of chi-square analysis demon-
strated the significance (**p < 0.001) and a direct correla-
tion between lymph node and distant metastasis, TNM

stage, and tumor differentiation. Nevertheless, no positive
correlation was observed for HOXB-AS1 expression between
the tumor size and localization, age, and sex of the patients
(Table 1). Next the expression levels of HOXB-AS1 were
analyzed in HCC cell lines, including Huh7, BEL-7404,
HCCLM3, and Hep3B, and normal cell line L02 through
qRT-PCR analysis. The results from PCR demonstrated
highly expressed HOXB-AS1 levels in HCC cell lines as
opposed to normal cells (**p < 0.01, Figure 1b). The
highest expression of HOXB-AS1 was detected in Huh7 fol-
lowed by Hep3B. Based on the highest correlated values,
Huh7 and Hep3B were subjected to further analysis.

3.2 Upregulated expression of HOXB-AS1
results in poor prognosis in HCC
patients

Next the survival rate for HCC patients with upregulated
HOXB-AS1 was determined by using the Kaplan–Meier
survival curve. Patients from high HOXB-AS1 expression
group (n = 30)were compared with the individuals (n = 30)
showing low expression profiles of HOXB-AS1. Results
from the data comparison suggested overall survival of
the individuals with high expression values of HOXB-
AS1 was significantly less (p = 0.0340) as compared to
subjects showing less expressed values of HOXB-AS1
(Figure 2a).

Following this, the probability of survival was used
to evaluate the disease-free survival time of HCC patients
in the low expression group (n = 30) and high expression
group (n = 30) using the Kaplan–Meier survival curve.
The results were similar to the previous results reinfor-
cing that the disease-free survival time of HCC patients in
the high expression group (highly expressed HOXB-AS1)

Figure 1: HOXB-AS1 is highly expressed in liver cancer tissues and cells. (a) HOXB-AS1 was significantly higher in HCC than in adjacent
normal tissue. (b) The expression of HOXB-AS1 was increased in HCC cancer cell lines, namely Huh7, Hep3B, HCCLM3, and BEL7404. The
results are representative of 3 separate experiments. **p < 0.01 vs normal group or L02 cell lines.
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was significantly shorter (p = 0.0435) than those in the
low expression group (Figure 2b).

3.3 Low expression of HOXB-AS1 inhibited
cell proliferation, invasiveness, and
migration

After confirming the role of HOXB-AS1 in HCC develop-
ment, it was further assessed for its proliferative, inva-
sive, and migratory potential. To analyze the significance

of HOXB-AS1 in HCC development, qRT-PCR was carried
out to detect the effectiveness of HOXB-AS1 knockdown
in Hep3B and Huh7 cells. Results demonstrated that
relative expression of HOXB-AS1 significantly decreased
(**p < 0.01) in both cell lines after transfection with si-
HOXB-AS1#1 and si-HOXB-AS1#2 as compared to the
negative control (si-NC) group (Figure 3a).

Cell viability was confirmed through the CCK-8 method
by monitoring the light absorption values at 0, 24, 48, and
72 h in both Hep3B and Huh7 cells. Results from the
bioassay indicated that transfection with small interfering
RNAs, si-HOXB-AS1#1 and si-HOXB-AS1#2, significantly

Table 1: The correlation between lncRNA HOXB-AS1 expression and clinicopathological variables of hepatocellular carcinoma patients

Clinicopathological
characteristics

Total HOXB-AS1 high
expression (n = 30)

HOXB-AS1 low
expression (n = 30)

X2 p value

Gender
Male 31 17 14 0.601 0.438
Female 29 13 16

Age
≤50 23 10 13 0.635 0.426
>50 37 20 17

Tumor size
T1 + T2 32 12 20 4.286 0.038
T3 + T4 28 18 10

Differentiation
High 19 15 4 10.850 0.004
Moderate 14 7 7
Poor 17 8 19

Lymph node metastasis
Positive 26 18 8 6.787 0.009
Negative 34 12 22

TMN stages
I + II 25 7 18 8.297 0.004
III + IV 35 23 12

Distant metastasis
Yes 18 8 6.787 0.009
No 12 22

Figure 2: Upregulated expression of HOXB-AS1 results in poor prognosis in HCC patients. (a) Kaplan–Meier survival analysis of HOXB-AS1
high and low expression levels. (b) The probability of survival in the disease-free survival time of HCC patients in low and high HOXB-AS1
expression.
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impacted the light absorption ability of the cells, andHOXB-
AS1 knockdown markedly decreased the cell viability of
both the cells (Figure 3b). The results were further con-
firmed by the Transwell test (without matrix adhesive
EMC) to confirm the cellular migration of HOXB-AS1
knockouts. The data, in consistence with previous experi-
ments, showed that knockdown of HOXB-AS1 with si-
HOXB-AS1#1 and si-HOXB-AS1#2 significantly (**p < 0.01)

decreased cell migration of both the Hep3B and Huh7 cells
in comparison to si-NC (negative control group) as shown in
Figure 3c. A subsequent Transwell test (matrix adhesive
EMC) to check the invasiveness of the Hep3B and Huh7
cells was performed. Again, the results reinforced the pre-
vious observation that small interfering knockouts of
HOXB-AS1 (si-HOXB-AS1#1 and si-HOXB-AS1#2) signifi-
cantly (**p < 0.01) reduced the invasive ability of the

Figure 3: Low expression of HOXB-AS1 inhibited cell proliferation, invasiveness, and migration. (a) Silencing of HOXB-AS1 resulted in lower
HOXB-AS1 expression, (b) cell viability, (c) migration, and (d) invasion of Huh7 and Hep3B cells transfected with si-HOXB-AS1#1 and si-
HOXB-AS1#2 detected through CCK-8 method. The results are representative of 3 separate experiments. **p < 0.01 vs si-NC group.
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transfected Hep3B and Huh7 cells when compared to the
negative control (Figure 3d).

3.4 Upregulated serum HOXB-AS1 is tumor-
derived and acts as a potential
diagnostic biomarker for HCC

After determining the oncogenic potential of HOXB-AS1
in HCC, the results were further subjected to serum
analysis of HCC patients. When characterized by the rela-
tive expression levels of HOXB-AS1 in serum through
qRT-PCR, the data indicated significantly elevated levels
(**p < 0.01) of HOXB-AS1 in the serum of 60 HCC patients
as compared to 46 normal individuals (Figure 4a). This
suggests HOXB-AS1 as the potential prognostic and diag-
nostic biomarker of HCC patients. Finally, the ROC curve
was utilized to analyze the diagnostic correctness and effi-
ciency of serum HOXB-AS1. The data suggest high sensi-
tivity and efficacy of serum diagnosis of HCC showing
AUC > 0.7 (Figure 4d).

4 Discussion

Mounting research reports have highlighted the signifi-
cance of lncRNAs, their aberrant expressions, elevated
levels, and tumor inhibitor and promoter roles in several
carcinomas [21,22]. By directly interfering with RNA,
DNA, and proteins [14–16], the regulatory effects of sev-
eral ncRNAs in many different groups of liver carcinogen-
esis are been recorded. For instance, lncRNA HOTTIP/
HOXA13 expression is correlated with disease progression
in HCC patients [23]. LncRNA PCNA-AS1 is an antisense

RNA and regulates the proliferation of cellular nuclear
antigens [24]. RNA HNF1A-AS1 has been recognized as
an autophagy promotor that sponges hsa-miR-30b-5p
and acts as an oncogene in HCC [15]. Similarly, the sig-
nificance of HOXB-AS1 has been explained as an onco-
gene in several tumors. For example, HOXB-AS1 has been
evaluated for its upregulated levels in glioblastoma cells
and is directly associated with patient’s survival [25].
Elevated expression levels of HOXB-AS1 have been
reported in myeloma and endometrial cancer [26,27].
However, its potential role in the proliferation and inva-
siveness of HCC is yet unknown. Thus, for the first time,
our study revealed that HOXB-AS1 was significantly upre-
gulated in HCC tissues, suggesting that it may be a key
regulated gene with proliferative potential in HCC progres-
sion. Furthermore, knockdown of HOXB-AS1 reduces the
proliferation of Hep3B and Huh7 cells and weakens their
migration and invasion capabilities. This phenomenon is
well-documented that suppression of several oncogenes’
lncRNAs significantly decreases the invasiveness, prolifera-
tion, and migration of tumorous cells. For instance, silen-
cing of HOXB-AS1, HOXB2, or HOXB3 can lead to inhibition
of cell proliferation and apoptosis stimulation of glioblas-
toma [17]. Similarly, silencing of HOXB-AS1 in myeloma
cells suppressed myeloma cells’ proliferation and invasive-
ness [26]. Most importantly, this study showed the potential
of serum analysis to detect HCC tumors by determining
HOXB-AS1 levels in patient’s serum.When HOXB-AS1 levels
were reported, the serum of 60 HCC patients showed con-
siderably higher HOXB-AS1 expression as compared to 46
normal individuals indicating it as a promising prognostic
biomarker. Further, serum test efficiency was determined
by ROC curve analysis which showed its high accuracy
and sensitivity in early detection of HCC tumors. How-
ever, our article has some limitations that need to be
explored indepth in future. For example, we will explore

Figure 4: Upregulated serum HOXB-AS1 is tumor-derived and acts as a potential diagnostic biomarker for HCC. (a) Relative expression of
serum HOXB-AS1 in 60 HCC patients and 46 normal healthy individuals. (b) ROC curve analysis to determine the sensitivity and specificity of
the HOXB-AS1 serum test as a potential diagnostic tool. **p < 0.01 vs normal tissue.
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the downstream regulatory mechanism of HOXB-AS1,
including its effect on cell phenotype. In addition, in
the next study, we will consider adding animal experi-
ments to make the clinical significance of HOXB-AS1
more credible.

This study greatly expands our knowledge of HOXB-
AS1 in regulating HCC progression function. We provide
the first evidence that HOXB-AS1 functions as a critical
player in regulating proliferation, migration, and inva-
sion in Hep3B and Huh7 cells, laying the foundation for
further clarifying the roles of HOXB-AS1 in HCC develop-
ment. The results also highlighted HOXB-AS1 as a pro-
mising biomarker for the early diagnosis and prognosis of
patients with HCC.
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