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Abstract
Background:

The expression and biological roles of a novel lncRNA HOXC-AS3 in cervical squamous cell carcinoma
(CESC) are largely unknown.

Methods:

LncRNA HOXC-AS3 was identi�ed from The Cancer Genome Atlas (TCGA) database. Real time
quantitative PCR (qRT-PCR) was used to evaluate the expression of HOXC-AS3 in 68 pairs of CESC tumor
tissues and adjacent normal tissues. Kaplan-Meier survival analysis was used to assess the signi�cance
of HOXC-AS3 in predicting overall survival (OS). Correlations between HOXC-AS3 expression and
clinicopathological parameters were assessed using Chi-square test. The biological functions of HOXC-
AS3 in CESC were investigated using loss-of and gain-of function assays, which including cell
proliferation, migration and invasion. Furthermore, the underlying mechanism was revealed using
bioinformatics prediction, qRT-PCR and western blot.

Results:

HOXC-AS3 expression was signi�cantly up-regulated in CESC tumor tissues. Up-regulated HOXC-AS3
expression was correlated with advanced stage and poor OS. Over-expression of HOXC-AS3 promoted
tumor cell proliferation, migration and invasion. Conversely, HOXC-AS3 knockdown signi�cantly inhibited
these effects. Subcellular fractionation analysis revealed that HOXC-AS3 was mainly localized in cell
nuclei. Further mechanistic analyses demonstrated that HOXC-AS3 down-regulated the expression of
FBXL17. The promotive effects of HOXC-AS3 on cell proliferation, migration and invasion could be
repressed by FBXL17. Moreover, HOXC-AS3 activated the EMT process to promote the progression of
CESC.

Conclusion:

In conclusion, our study indicated that HOXC-AS3 acted as an oncogenic lncRNA in CESC through
downregulating FBXL17 expression and activating EMT process.

Background
Cervical squamous cell carcinoma (CESC) is the most common type of cervical cancer and represents the
third most common cancers and the fourth leading cause of cancer-related death in women worldwide [1,
2]. There are 530,000 newly diagnosed cases and 270,000 deaths annually [1]. Most of the patients were
diagnosed at advanced stage, thus the treatment strategies are limited, especially for the patients with
distant metastasis [3–5]. Therefore, further study is needed to explore new biomarkers which could be
used in the diagnosis and treatment of CESC patients.



Page 3/18

Long non-coding RNAs emerge as oncogenes or tumor suppressors in various malignancies [6].
Dysregulated expression of lncRNAs are involved in multiple cellular process, including cell proliferation,
migration and invasion in CESC [7, 8]. In addition, lncRNAs regulated the expression and functions of
targeted genes at various levels, including chromosomal, transcriptional and post-transcriptional levels
[9–11]. For example, lncRNA SNHG12 was signi�cantly upregulated in CESC and overexpression of
SNHG12 promoted cell migration, invasion and epithelial-mesenchymal transition in CESC [12]. Feng et al
found that lncRNA-CTS promoted the cell migration, invasion and metastasis of cervical cancer through
promoting EMT process [13]. LncRNA 799 promoted the metastasis of cervical cancer through
upregulating the expression of TBL1XR1 [14].

In this study, we identi�ed differentially expressed lncRNA HOXC-AS3 between CESC tumor tissues and
normal tissues from the TCGA database. HOXC-AS3, as an antisense transcript partner of HOXC10, was
reported to play important roles in some malignant tumors, including gastric cancer and lung cancer [15,
16]. Upregulated expression of HOXC-AS3 was identi�ed in gastric cancer tissues and correlated with
poor overall survival of gastric cancer patients [15]. In addition, HOXC-AS3 promoted invasive mucinous
adenocarcinoma progression by modulating FUS/FOXM1 expression [16]. However, the expression and
biological functions of HOXC-AS3 in CESC are largely known.

In this study, the expression of HOXC-AS3 was compared between CESC tumor tissues and adjacent
normal tissues. The associations between HOXC-AS3 expression and clinical parameters and overall
survival were assessed. Moreover, the functional experiments were performed to investigate the roles of
HOXC-AS3 in cell proliferation, migration and invasion. Subsequently, the potential mechanism of HOXC-
AS3 in promoting the progression of CESC was further revealed. Our results demonstrated that HOXC-AS3
contributed the malignant behaviors of CESC, thus offering novel diagnosis and therapeutical target for
CESC patients.

Results

Expression and clinical signi�cance of HOXC-AS3 in
cervical squamous cell carcinoma (CESC)
The differentially expressed lncRNAs were identi�ed from TCGA dataset. There were 255 cases of CESC
tissues and 2 normal tissues. The expression of HOXC-AS3 was signi�cantly up-regulated in tumor
tissues based on the TCGA database (Fig. 1A) and GEPIA (Fig. 1B). These results were veri�ed by
comparing the expression of HOXC-AS3 in 68 pairs of CESC tumor tissues and adjacent normal tissues
using real time quantitative PCR (qRT-PCR) (P < 0.01, Fig. 1C).

The associations between HOXC-AS3 expression and various clinic-pathological parameters were
assessed and demonstrated in Table 1. Higher HOXC-AS3 expression was positively correlated with
advanced FIGO stage (P = 0.033) and lymph node metastasis (P = 0.049), but not with age, gender, tumor
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size and differentiation status. Up-regulated expression of HOXC-AS3 was positively correlated with poor
overall survival of CESC patients (Fig. 1C, P).

Table 1
The correlations between HOXC-AS3 expression and

clinicopathological parameters of cervical squamous cell carcinoma
(CESC) patients

Clinical parameters HOXC-AS3 Chi-square P-value

Low High

Age        

≧ 50 16 22 2.147 0.143

< 50 18 12    

Tumor size (cm)        

< 4 10 5 0.963 0.326

≧ 4 24 22    

FIGO stage     4.533 0.033*

I/II 28 20    

III 6 14    

Lympho node metastasis     3.886 0.049*

Positive 18 10    

Negative 16 24    

Differentiation     0.003 0.953

Well to Moderate 23 18    

Poor 21 16    

Moreover, Kaplan-Meier survival analysis demonstrated that CESC patients with high HOXC-AS3
expression had worse OS than patients with low HOXC-AS3 expression (P = 1.572e-02, Fig. 1D).

The HOXC-AS3 expression in normal cervical epithelial cell line HacaT and different CESC cell lines (SiHa,
Hela and C33A) were compared using qRT-PCR. As show in Fig. 1E, the expression of HOXC-AS3 was
much higher in CESC tumor cells than normal cell line. Taken together, these data indicated that HOXC-
AS3 acted as an oncogenic biomarker in CESC.
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HOXC-AS3 promotes cell proliferation, migration and
invasion
The expression of HOXC-AS3 in various CESC cell lines were compared using qRT-PCR (Fig. 1E). SiHa
demonstrated relative high HOXC-AS3 expression, while C33A demonstrated with relative low HOXC-AS3
expression. Thus, we constructed HOXC-AS3 overexpression cells (oe-HOXC-AS3) by transfecting HOXC-
AS3 expressing plasmid (pcDNA3.1-HOXC-AS3) or empty vector control to cell line. HOXC-AS3
knockdown cell line was constructed by transfecting cells with short hairpin RNA (shRNAs). The
expression of HOXC-AS3 in different groups were analyzed using qRT-PCR (Fig. 2A). The effect of HOXC-
AS3 on cell proliferation was assessed using CCK8 assay. As shown in Fig. 2, over-expression of HOXC-
AS3 promoted tumor cell proliferation (Fig. 2B, P < 0.001), while knockdown of HOXC-AS3 signi�cantly
repressed cell proliferation (Fig. 2C, P < 0.001).

The cell migration and invasion were analyzed using transwell assays. HOXC-AS3 over-expression
promoted the migration and invasion of CESC cells (Fig. 2D and E). Figure 2D showed the representative
microscopic images. Conversely, knockdown of HOXC-AS3 resulted in signi�cant inhibition on cell
migration and invasion (Fig. 2F and G). Taken together, these data suggested that HOXC-AS3 promoted
CESC cell proliferation, migration and invasion.

Down-regulation of FBXL17 expression by HOXC-AS3
We further investigated the mechanisms by which HOXC-AS3 promoted CESC cell proliferation, migration
and invasion. Subcelluar fractionation assay showed that HOXC-AS3 was mainly localized in the nuclei
of CESC cells (Fig. 3A), which indicating that HOXC-AS3 might directly interact with target mRNAs.
Potential mRNAs that could interact with HOXC-AS3 were predicted using R software. And FBXL17 was
identi�ed as a potential target mRNA for HOXC-AS3. There was negative correlation between HOXC-AS3
expression and FBXL17 expression (Fig. 3B). Over-expression of HOXC-AS3 down-regulated the
expression of FBXL17 (Fig. 3C), while knockdown of HOXC-AS3 up-regulated the expression of FBXL17
(Fig. 3D).

Moreover, the expression of FBXL17 were assessed through GEPIA online database and our clinical
samples. As shown in Fig. 3E, the expression of FBXL17 was signi�cantly down-regulated in CESC tumor
tissues than normal tissues according to the TCGA database. Analyzing the 68 paired tissue specimens,
we found down-regulated expression of FBXL17 in CESC tumor tissues (Fig. 3F). Pearson correlation
coe�cient also veri�ed that there was inverse correlation between HOXC-AS3 expression and FBXL17
expression according to our qRT-PCR results (Fig. 3G). These data suggested that lncRNA HOXC-AS3
repressed the expression of FBXL17.



Page 6/18

HOXC-AS3 promoted CESC cells proliferation, migration
and invasion trough down-regulating the expression of
FBXL17
We next investigated whether the effect of HOXC-AS3 on cell proliferation, migration, invasion and EMT
process by regulating FBXL17. HOXC-AS3 overexpression cells were transfected with oe-FBXL17 plasmid.
As shown in Fig. 4A, the promotive effect of HOXC-AS3 on cell proliferation was repressed by FBXL17
overexpression. In addition, concomitant overexpression of FBXL17 and HOXC-AS3 signi�cantly
decreased the migration and invasion abilities induced by HOXC-AS3 overexpression (Fig. 4B and C).
These data indicated that HOXC-AS3 promotes the proliferation, migration and invasion of CESC cells
through down-regulating the expression of FBXL17.

HOXC-AS3 promotes the EMT process of CESC cells
We further studied whether EMT contributed to HOXC-AS3-induced migration and invasion of CESC cells.
Firstly, the mRNA expression levels of EMT makers E-cadherin, N-cadherin and Vimentin were detected
using qRT-PCR. Overexpression of HOXC-AS3 down-regulated the expression of E-cadherin (Fig. 5A), and
up-regulated the expression of N-cadherin (Fig. 5B) and Vimentin (Fig. 5C). Overexpression of FBXL17
reversed the EMT promotive role of HOXC-AS3 overexpression. Similarly, the expression of EMT makers
at protein level were analyzed by western blot. As shown in Fig. 5D, overexpression of HOXC-AS3
promoted the EMT process of CESC cells by upregulating E-cadherin expression and downregulating N-
cadherin and Vimentin expression. Overexpression of FBXL17 counteracted the promotive role of HOXC-
AS3 in the EMT process. Taken together, these data revealed that HOXC-AS3 promoted the EMT process
of CESC cells, which depending on the decreased expression of FBXL17.

Discussion
Long noncoding RNAs emerges as critical regulators in cancer development. LncRNAs could regulate
gene expression and participate in multiple molecular biological processes through various mechanisms,
such as miRNA sponge, RNAi, gene co-suppressing, et al [17]. In addition, lncRNAs could recruit RNA
binding proteins to stabilize target gene mRNA [18–20]. HOXC-AS3 was reported to be upregulated in
some solid tumors, including gastric cancer and invasive mucinous adenocarcinoma. However, little is
known about the expression and biological functions of HOXC-AS3 in cervical cancer.

In this study, we �rstly investigated the expression and prognostic value of lncRNA HOXC-AS3 in cervical
squamous cell carcinoma. HOXC-AS3 expression was signi�cantly upregulated in CESC tumor tissues
compared with normal tissues. High expression of HOXC-AS3 was positively correlated with poor overall
survival. Accordingly, HOXC-AS3 was highly expressed in multiple cancers, including glioblastoma,
gastric cancer and invasive mucinous adenocarcinoma of the lung [15].
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All these studies indicated that HOXC-AS3 worked as an oncogenic lncRNA in solid tumors.

Moreover, the potential biological roles and underlying mechanisms of HOXC-AS3 in CESC are largely
unknown. In vitro studies demonstrated that overexpression of HOXC-AS3 promoted CESC cell
proliferation, migration and invasion. Conversely, silence of HOXC-AS3 inhibited these effects. Thus, our
study indicated that HOXC-AS3 could act as an oncogene and promote the progression of CESC.
Subcellular fractionation assay showed that HOXC-AS3 was mainly localized in the nuclei of CESC cell,
which indicating that HOXC-AS3 might directly interact with target genes to regulate the biological
functions of CESC.

Zhang et al found that the gain of H3K4me3 and H3K27acetylation could activate HOXC-AS3 expression
in bot h gastric cancer tissues and cell lines [15]. HOXC-AS3 could promote the proliferation and
migration of gastric cancer cells by directly interacting with YBX1 [15]. HOXC-AS3 bound to HOXB13 and
promoted the proliferation, migration and invasion of glioblastoma cells [21]. HOXC-AS3 promoted the
osteogenesis of multiple myeloma derived mesenchymal stromal cells [22]. Yang et al. demonstrated that
HOXC-AS3 promoted the progression of invasive mucinous adenocarcinoma of lung by recruiting FUS to
stabilize FOXM1 [6]. Shi et al revealed that HOXC-AS3 promoted breast cancer metastasis by sponging
miR-3922-5p to upregulated the expression of PPP1R1A [23]. Here, we identi�ed FBXL17 as the
downstream target of HOXC-AS3. HOXC-AS3 interacted with FBXL17 and negatively regulated its
expression. Here, we found down-regulated expression of FBXL17 in CESC tumor tissues. Similarly,
Mason et al found that FBXL17 worked as a tumor suppressor in breast cancer by decreasing global O-
GlcNAcylation[24]. FBXL17 ubiquitylation of Sufu repressed medulloblastoma cell proliferation by
regulating Hedgehog signaling pathway [25]. Moreover, cellular biological function assays showed that
overexpression of FBXL17 could counteract the promotive effects of HOXC-AS3 on cell proliferation,
migration and invasion, which also suggesting that the oncogenic function of HOXC-AS3 relied on the
FBXL17. Finally, we found that HOXC-AS3 interacted with FBXL17 to regulate the EMT process to
promote the progression of CESC.

Conclusion
In conclusion, we found a novel oncogenic lncRNA HOXC-AS3 in CESC. Further study revealed that HOXC-
AS3 promoted the EMT process by down-regulating the expression of FBXL17. This study identi�ed a
novel biomarker which could predict the survival and potential metastatic capability in CESC.

Material And Methods

Ethical statement
There were 68 cases of cervical squamous cell carcinoma patients included in this study. All the patients
were treated with surgery between January 2015 and December 2016. None of the patients were treated
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with any prior anticancer therapies and were histopathologically con�rmed as cervical squamous cell
carcinoma. Ethics Committee of Guangzhou First People’s Hospital approved this study. All the patients
were informed and consent was obtained by all the patients.

Experiments statement
All methods were carried out in accordance with relevant guidelines and regulations.

RNA-seq data of CESC
RNA-seq data of CESC was downloaded from the TCGA database. The data was retrieved from the TCGA
using perl software and analyzed using R software.

Cell line and cell culture
The human CESC cell lines (SiHa, Hela and C33A) and human keratinocytes cell line HacaT cells were
purchased from the Cell Bank of the Chinese Academy of Science (Shanghai, China) and were cultured in
RMPI1640 or DMEM supplemented with 10% fetal bovine serum (FBS).

Cell transfection
The short hairpin RNA (shRNA) targeting HOXC-AS3 and scrambled negative controls were purchased
from GenePharma (Shanghai, China). The cell transfection was conducted using Lipofectamine 2000
Transfection Reagent (Invitrogen) for 24 h according to the manufacturer’s instructions.

Lentivirus infection
To construct an overexpression plasmid, cDNA sequence of HOXC-AS3 or FBXL17 was subcloned into the
pcDNA3.1 expression vector by GeneCoppeia (Guangzhou, China). C33A cells were infected with
lentivirus in the presence of polybrene and selected with puromycin to establish stale cells

Nucleus and cytoplasm fraction isolation
Cell cytoplasmic and nuclear fractions were isolated using Nuclear/Cytosol Fraction Kit (Biovision, CA,
USA) following the manufacturer’s instructions. Brie�y, the cells were incubated with cytosolic extraction
buffer for 15 mins. After centrifugation, the cytosol supernatants were harvested and the following
nuclear fractions were incubated with nuclear extraction buffer. After centrifugation, the nuclear fraction
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supernatants were collected. And the nucleus and cytoplasm fractions were used for the real time
quantitative PCR. GAPDH and U6 were used as endogenous controls for normalization.

Real time quantitative PCR (qRT-PCR)
Total RNA from tissues and cell lines were extracted using TRIzol reagent (Invitrogen, USA) according to
the manufacturer’s instructions. The concentration of total RNA was assessed using NanoDrop 2000
(Thermo). The cDNA was synthesized using Takara cDNA Synthesis Kit. The resulting cDNA was
performed to qRT-PCR on an Applied Biosystems 7900HT Fast Real-Time. The relative mRNA levels of
genes were calculated based on the Ct value and normalized to the internal control GAPDH or U6. The
primers used for qRT-PCR were as follows: 5’-CGTGCGCTCTGTAAAGG-3’ (F) and

5’-AGCCTCGGTCAGTTTGG-3’ (R) for HOXC-AS3;

5’-ACTGGCGTGACCTTTGTTTAG-3’ (F) and 5’-CAGACATACTGCGACAATCAGAA-3’ (R) for FBXL17;

5’-AAACAGTAGTGGAGAATCAAGCC-3’ (F) and

5’-AGAACTCGAACCAGATCCAGAG-3’ (R) for E-cadherin; 5’-AGTCAGTCGGAAAGTGAGCAG-3’ (F) and

N-cad-R 5’-ACATCAGCTATCCGTTCCTTCT-3’ (R) for N-cadherin;

5’-TGTGCCTCAGATCAACTGCG-3’ (F) and

5’-GCATACACGTCAGTGCCATAAA-3’ (R) for Vimentin; 5’-CTCCTCCTGTTCGACAGTCAGC-3’ (F) and 5’-
CCCAATACGACCAAATCCGTT-3’ (R) for GAPDH; 5’-TTATGGGTCCTAGCCTGAC-3’ (F) and 5’-
CACTATTGCGGGCTGC-3’ (R) for U6.

Western blot
Total protein was extracted from tissues and cell lines using RIPA solution as previously described. The
resulting protein lysates were separated by 10% sodium dodecyl sulfate poly-acrylamide gel
electrophoresis (SDS-PAGE). After being transfected to a PVDF membrane and blocked, the membrane
was incubated with the �rst antibodies at 4℃ overnight, which including Anti-E-cadherin (AF0131), anti-
N-cadherin (AF4039) and anti-Vimentin (AF7013). All the antibodies were purchased from A�nity
Biosciences. After washing, the membrane was incubated with secondary antibodies. Then the results
were developed using an enhanced chemiluminescence detection system.

Cell proliferation
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The cell proliferation was assessed using Cell Counting Kit-8 assay. Indicated cells were seeded in a 96-
well plate at a concentration of 5,000 cells per well and collected at different time point, including 0, 24,
48, 72 h. After being incubated with CCK8 reagent, the absorbance was measured using a microplate
reader at a wavelength of 450 nm.

Transwell assay
In vitro cell migration and invasion were investigated using a 24-well transwell inserts (8.0 µm, Corning).
Brie�y, for cell migration, 5×104 cells were suspended in 200µl serum free culture medium and placed in
the upper chamber. For cell invasion, 5×104 cells were placed in the insert pre-coated with Matrigel. After
incubation for 48h, the cells adhered to the lower surface of the membrane were stained with 0.1% crystal
violet solution. The cells migrated or invaded in �ve randomly selected �elds were calculated under a light
microscope. Magni�cation, X100.

Bioinformatics
The potential targets of HOXC-AS3 were predicted using on a R software.

The correlation between HOXC-AS3 expression and FBXL17 expression was con�rmed on an online tool
GEPIA (http://gepia.cancer-pku.cn/).

Statistical analysis
The data were analyzed using GraphPad Prism 7 software. The comparison between two groups was
calculated using student’s t test. The correlations between HOXC-AS3 expression and clinicopathological
parameters were assessed using chi-square test. The correlation between HOXC-AS3 expression and
overall survival was calculated using Kaplan-Meier survival curve with log-rank test. A two tailed P value 
< 0.05 was considered statistically signi�cant.

Abbreviations
lnRNA, long noncoding RNA; EMT, epithelial-to-mesenchymal transition; CESC, cervical squamous cell
carcinoma; TCGA, The Cancer Genome Atlas; OS, overall survival; qRT-PCR, real time quantitative PCR.
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Figure 1

Upregulated expression of lncRNA HOXC-AS3 in cervical squamous cell carcinoma (CESC). (A) The
expression of HOXC-AS3 in CESC tumor tissues and normal tissues was compared according to TCGA
dataset. (B) GEPIA online tool showed the increased expression of HOXC-AS3 in CESC tumor tissues. (C)
qRT-PCR was performed to detect the expression of HOXC-AS3 in 68 pairs of CESC tumor tissues and
adjacent normal tissues. (D) Upregulated expression of HOXC-AS3 was correlated with poorer overall
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survival of CESC patients through TCGA database. (E) qRT-PCR results showed the relative expression of
HOXC-AS3 in normal cell line (HacaT) and CESC cell lines (Siha, Hela and C33A).

Figure 2

HOXC-AS3 promotes CESC cell proliferation, migration and invasion. (A) C33A cells was transfected with
HOXC-AS3 overexpression plasmid. Upregulation of HOXC-AS3 expression in C33A cells. Siha cells were
transfected with HOXC-AS3 shRNAs. Downregulation of HOXC-AS3 expression in Siha cells. Cell
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proliferation was assessed using CCK8 assay. (B) HOXC-AS3 overexpression promoted cell proliferation.
(C) Silence of HOXC-AS3 inhibited the cell proliferation. Tumor cell migration and invasion were analyzed
using transwell assays. (D and E) HOXC-AS3 overexpression signi�cantly promoted the migration and
invasion of cells. (F and G) Silence of HOXC-AS3 signi�cantly inhibited the migration and invasion of
CESC cells.

Figure 3
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The correlation between HOXC-AS3 and FBXL17 in CESC. (A) The subcelluar localization of HOXC-AS3
was detected using qRT-PCR. (B) There was positive correlation between HOXC-AS3 expression and
FBXL17 expression. Data were extracted from TCGA database. (C) Overexpression of HOXC-AS3
upregulated the expression of FBXL17. (D) Silence of HOXC-AS3 signi�cantly decreased the expression
of FBXL17. (E) GEPIA online dataset showed the decreased expression of FBXL17 in CESC tumor tissues.
(F) The expression of FBXL17 between 68 pairs of CESC tumor tissues and adjacent normal tissues were
analyzed using qRT-PCR. (G) There was negative correlation between HOXC-AS3 expression and FBXL17
expression according to the qRT-PCR results.

Figure 4
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HOXC-AS3 promotes cell migration and invasion through upregulation of FBXL17. (A) Concomitant
overexpression of FBXL17 and HOXC-AS3 signi�cantly inhibited the proliferation of CESC cells induced
by HOXC-AS3 overexpression. (B and C) Overexpression of FBXL17 reversed the promotive effect of
HOXC-AS3 overexpression on the migration and invasion of CESC cells.

Figure 5

HOXC-AS3 interacted with FBXL17 to promote the EMT process. (A-C) qRT-PCR was performed to detect
the expression of EMT related markers E-cadherin, N-cadherin and Vimentin. (D) Western blot analysis
was performed to detect the protein expression levels of EMT related markers.


