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Figure 4. HOXD-AS1 interacts with miR-608 in OC cells. A. A putative binding
site of miR-608 in HOXD-AS1 was predicted by miRanda algorithm. B. Lucif-
erase activity was detected after co-transfection with miR-608 and wt-HOXD-
AS1 or mut-HOXD-AS1. C. Anti-Ago2 RIP was performed to enrich miRNAs
interacted with HOXD-AS1 in OVCAR-3 cells after transfection with mimics-NC
or HOXD-AS1 mimics, followed by qRT-PCR to detect miR-608 levels in the
immunoprecipitates. **P<0.01. HOXD-AS1, HOXD homeobox gene cluster
antisense RNA 1; OC, ovarian cancer; wt, wild-type; mut, mutant; Ago2, argo-

naute 2, RIP, RNA immunoprecipitation.

opment of various human tumors via competi-
tive binding to miRNAs. To elucidate the under-
lying mechanisms by which HOXD-AS1 pro-
motes OC cell proliferation, migration and inva-
sion. We applied miRanda algorithm to predict
the potential targets of HOXD-AS1. miR-608,
frequently reported to be involved in multiple
types of human cancers, was selected as a
candidate target of HOXD-AS1 (Figure 4A). Fur-
thermore, we constructed luciferase reporters
containing the predicted miR-608 binding site
(Wt-HOXD-AS1) and its corresponding mutant
site (mut-HOXD-AS1). As presented in Figure
4B, co-transfection of miR-608 and wt-HOXD-
AS1 markedly decreased the luciferase activity,
while co-transfection with miR-608 and mut-
HOXD-AS1 did not change the luciferase activi-
ty. To confirm the interaction between HOXD-
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AS1 and miR-608, anti-Ago2
RIP assays were performed to
pull down endogenous miR-
NAs interacted with HOXD-
AS1 in OVCAR-3 cells. MiR-
608 was observed to be sig-
nificantly enriched by HOXD-
AS1 mimics treatment com-
pared with negative control
group (Figure 4C). These re-
sults suggest that HOXD-AS1
interacts with miR-608 in OC
cells.

HOXD-AS1 upregulates FZD4
expression by competitively
binding to miR-608 in OC
cells

Recent studies have demon-
strated that IncRNAs may ser-
ve as competing endogenous
RNAs (ceRNAs) through com-
petitively binding to shared
miRNAs. As presented in Fig-
ure 5A, HOXD-AS1 mimics sig-
nificantly downregulated miR-
608 expression in OVCAR-3
cells compared with negative
control group, whereas knock-
down of HOXD-AS1 upregu-
lated miR-608 expression in
OVCAR-3 cells. To further elu-
cidate the molecular mecha-
nism by which HOXD-AS1 ex-
erts its promotive effects on
OC proliferation, migration and invasion, the po-
tential targets of miR-608 were predicted using
miRanda online software. Among the predicted
targets, FZD4 arose our interest for its impor-
tance in carcinogenesis and progression of a
wide range of human tumors, and was selected
as a candidate target of miR-608 (Figure 5B).
Luciferase reporter assays were performed to
validate the direct binding of miR-608 to FZD4
3'UTR. As illustrated in Figure 5C, co-transfec-
tion of miR-608 and wild-type FZD4 3'UTR sig-
nificantly repressed the activity of luciferase in
comparison with negative control group, where-
as co-transfection of miR-608 and mutant FZ-
D4 3'UTR failed to suppress luciferase activity.
RT-PCR analysis and Western blotting analysis
revealed that FZD4 was dramatically downregu-
lated by miR-608 mimics (Figure 5D and 5E).
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Figure 5. HOXD-AS1 upregulates FZD4 expression by competitively binding to miR-608 in OC cells. A. MiR-608
expression was detected by qRT-PCR after transfection with mimics-NC or HOXD-AS1 mimics. B. A putative binding
site of miR-608 in FZD4 was predicted by miRanda online software. C. Luciferase activity was measured after co-
transfection with miR-608 and wt-FZD4 3'UTR fragment or mut-FZD4 3’UTR fragment. D. FZD4 mRNA expression
was measured by gRT-PCR after transfection with miR-608 mimics. E. FZD4 protein expression was identified using
western blots. F. FZD4 mRNA expression was assessed by qRT-PCR after transfection with HOXD-AS1 mimics or si-
HOXD-AS1. G. Correlation between HOXD-AS1 expression and miR-608 expression in OC tissues was determined
by Pearson’s correlation analysis. H. Correlation between HOXD-AS1 expression and FZD4 mRNA expression in OC
tissues was determined by Pearson’s correlation analysis. **P<0.01. HOXD-AS1, HOXD homeobox gene cluster

antisense RNA 1; OC, ovarian cancer; FZD4, frizzled family receptor 4; wt, wild-type; mut, mutant.

These data indicate that miR-608 directly binds
to 3'UTR of FZD4 to suppress its expression.

To investigate whether HOXD-AS1 modulates
the expression of FZD4, we transfected OVCAR-
3 cells with HOXD-AS1 mimics or si-HOXD-AS1.
As obvious from gqRT-PCR analysis, FZD4 was
markedly upregulated by HOXD-AS1 mimics
compared with negative control group, whereas
FZD4 was notably downregulated by knock-
down of HOXD-AS1 (Figure 5F). Additionally,
Pearson’s correlation analysis showed that
HOXD-AS1 expression was inversely correlated
with miR-608 expression in OC tissues. On the
contrary, HOXD-AS1 expression was positively
correlated with FZD4 mRNA expression in OC
tissues (Figure 5G and 5H). Our findings sug-
gest that HOXD-AS1 positively modulates the
expression of FZD4 by sponging miR-608.

miR-608 mediates the effects of HOXD-AS1 on
OC cell proliferation, migration and invasion

To investigate whether the promotive effects of
HOXD-AS1 on OC cell proliferation, migration
and invasion are mediated by miR-608, we res-
cued the expression of miR-608 in OVCAR-3
cells. Restoring the expression of miR-608 was
noticed to partially reverse the promotive ef-
fects of HOXD-AS1 on OC cell proliferation, col-
ony formation, migration and invasion (Figure
6A-D). Furthermore, gRT-PCR and Western blot-
ting analyses demonstrated that rescuing the
expression of miR-608 dramatically down-regu-
lated the expression of FZD4 in OVCAR-3 cells
(Figure 6E and 6F). Our data indicate that the
promotive effects of HOXD-AS1 on OC cell pro-
liferation, migration and invasion are mediated
by miR-608.

Discussion

0C, a lethal malignancy of the female reproduc-
tive system, has brought high health risks and
tremendous economic pressures to the woman
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around the world [3, 5]. Even though conven-
tional therapeutic strategies, such as surgery,
radiotherapy and chemical therapy, have slight-
ly improved the overall survival of OC patients,
the long-term prognosis remains poor. Mounting
evidence has demonstrated that IncRNAs are
dysregulated in a wide range of human cancers
and involved in the oncogenesis and progres-
sion [11-14]. Previous studies have revealed
that aberrant expression of HOXD-AS1 is impli-
cated in multiple types of human tumors. Wang
et al discovered that HOXD-AS1 was significant-
ly upregulated and in hepatocellular carcinoma
tissues and plays a pro-metastasis role in liver
cancer metastasis by regulating SOX4 [19]. Li
et al demonstrated that HOXD-AS1 acted as an
oncogene in the progression of bladder cancer
[20]. HOXD-AS1 was found to function as an
oncogene to facilitate non-small cell lung can-
cer progression by sequestering miR-147 [24].
Besides, HOXD-AS1 has been reported to be
involved in the occurrence and development of
gastric cancer, prostate cancer and neuroblas-
toma [21-23]. However, little is known about
the role of HOXD-AS1 in OC. Thus, a better
understanding of the biological functions of
HOXD-AS1 may be useful for developing prom-
ising therapeutic strategies and identifying
novel prognostic biomarkers.

In the current study, we initially examined the
expression of HOXD-AS1 in 16 pairs of OC tis-
sues and matched adjacent normal tissues and
found that HOXD-AS1 was markedly upregulat-
ed in OC tissues. Furthermore, we downloaded
the information of 369 OC patients from TCGA
online database in order to investigate the as-
sociation between HOXD-AS1 expression and
the prognosis of OC patients. Kaplan-Meier sur-
vival analysis revealed that patients with high
HOXD-AS1 expression experienced lower over-
all survival rate. Consistently, HOXD-AS1 was
notably upregulated in OC cell lines. To better
understand the role of HOXD-AS1 in OC, func-
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Figure 6. miR-608 mediates the effects of HOXD-AS1 on OC cell proliferation, migration and invasion. A. Cell prolif-
eration was assessed by MTT assays after rescuing the expression of miR-608. B. Clonogenic ability was identified
by colony formation assays after rescuing the expression of miR-608. C. Cell migration was measured by wound
healing assays. D. Cell invasion was evaluated by transwell invasion assay after rescuing the expression of miR-608.
E. FZD4 mRNA expression was examined using qRT-PCR after rescuing the expression of miR-608. F. FZD4 protein
expression was analyzed by western blots after rescuing the expression of miR-608. **P<001 vs NC mimics+Con
group, #P<0.01 vs HOXD-AS1 mimics+miR-608. HOXD-AS1, HOXD homeobox gene cluster antisense RNA 1; OC,
ovarian cancer; NC, negative control.
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tional studies were conducted. Our data dem-
onstrated that HOXD-AS1 overexpression facili-
tated OC cell proliferation, enhanced the clono-
genic ability of OC cells, and accelerated OC
cell migration and invasion. Our findings reveal
that HOXD-AS1 may function as an oncogene in
OC.

Evidence is accumulating that IncRNAs are
involved in carcinogenesis and progression
as competing endogenous RNAs (ceRNAs) by
sponging miRNAs [25, 26]. Previous studies
have demonstrated that miR-608 served as an
tumor suppressor in various types of human
tumors, including colon cancer, colorectal can-
cer, glioma and bladder cancer [27-30]. FZD4,
a member of frizzled (FZD) receptor family, has
been reported to function as the membrane
receptor for Wnt signaling glycoproteins and
implicated in the progression of human tu-
mors [31-34]. To explore the underlying mo-
lecular mechanisms by which HOXD-AS1 exerts
an oncogenic role in OC, bioinformatics analy-
sis and luciferase reporter assays revealed
that HOXD-AS1 could competitively bind to
miR-608 in OVCAR-3 cells. In addition, FZD4
was identified as a direct of miR-608 in OVCAR-
3 cells. Moreover, HOXD-AS1 was observed to
upregulate the expression of FZD4 by compe-
titively sponging miR-608 in OVCAR-3 cells. It
was noted that HOXD-AS1 expression was neg-
atively correlated to miR-608 expression, but
positively correlated to FZD4 mRNA expression
in OC tissues.

To further elucidate the mechanisms underly-
ing OC oncogenesis and progression, we res-
cued the miR-608 in the OVCAR-3 cells. Res-
cuing the expression of miR-608 was found to
partially inverse the promotive effects of HOXD-
AS1 on OC cell proliferation, colony formation,
migration and invasion. Besides, rescuing the
expression was noticed to down-regulate the
expression of FZD4. These results demonstrat-
ed that indicate that the promotive effects of
HOXD-AS1 on OC cell proliferation, colony for-
mation, cell migration and invasion were medi-
ated partially by miR-608/FZD4 axis.

In conclusion, HOXD-AS is significantly upregu-
lated in OC tissues and cell lines, and exerts
oncogenic roles in OC partially through miR-
608/FZD4 axis. Our study provides new insig-
hts into the potential molecular mechanisms
underlying OC carcinogenesis and progression.
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Thus, HOXD-AS1 may be used as a promising
therapeutic target and a novel prognostic bio-
marker for OC.
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