
Abstract. Background/Aim: OPA-interacting protein 5
antisense transcript 1 (OIP5-AS1) is a long noncoding RNA
located on human chromosome 15q15.1 and transcribed in the
opposite direction to OIP5. Here, we report that OIP5-AS1 is
involved in regulating cell proliferation. Materials and
Methods: HeLa cells were transfected with OIP5-AS1-targeting
siRNA oligonucleotides and anti-sense oligonucleotides. The
cells were harvested 72 h after transfection and subjected to
quantitative reverse transcription-polymerase chain reaction
(qRT-PCR), and cell-cycle and apoptosis analysis. Results:
OIP5-AS1 was expressed at a lower level in cells harbouring
an oncogenic kirsten rat sarcoma viral oncogene homolog (K-
RAS) mutation than in cells expressing wild-type K-RAS.
Silencing OIP5-AS1 with siRNA oligonucleotides or anti-sense
oligonucleotides reduced HeLa cell proliferation. Apoptosis
and cell-cycle analysis showed that silencing OIP5-AS1 did not
cause apoptosis, but did cause G2/M phase cell-cycle arrest.
Conclusion: These results suggest that OIP5-AS1 positively
regulates cell proliferation by promoting G2/M phase
progression.

Long noncoding RNAs (lncRNAs) are longer than 200
nucleotides and lack functional open reading frames.
lncRNAs form a heterogeneous group whose members

exhibit different mechanisms of action and are involved in
multiple cellular functions, including transcriptional
regulation, nuclear structure organization, and post-
transcriptional processing (1-3). Recently, we reported that
expression levels of multiple lncRNAs fluctuate in response
to exogenous and endogenous expression of an oncogenic
form of the small GTPase Ras (called oncogenic Ras) (4).
Among the lncRNAs whose levels were reduced by
oncogenic Ras, antisense noncoding RNA in the INK4 locus
(ANRIL) functions to promote cell proliferation (5-7).
ANRIL is located in the cyclin-dependent kinase inhibitor
2A (INK4) locus, which encodes three tumour-suppressor
proteins: the cyclin-dependent kinase inhibitors p15 and
p16, and alternative reading frame (ARF), which stabilizes
the tumour-suppressor protein p53. We and Yap et al. have
reported that ANRIL binds to and recruits polycomb
repression complex 1/2 to the INK4 locus, thus repressing
p15 and p16 transcription (5, 6, 8). Furthermore, we
recently showed that ANRIL promotes human colorectal
cancer cell proliferation in both two- and three-dimensional
culture (9). Increased levels of ANRIL have been observed
in several human cancer types, such as gastric (10), prostate
(6) and ovarian (11) cancer, which suggests that ANRIL is
involved in oncogenic transformation.
OPA-interacting protein 5 antisense transcript 1 (OIP5-

AS1) is a lncRNA located on human chromosome 15q15.1
and evolutionarily conserved in vertebrates (12). Inhibiting
cyrano, a zebrafish homolog of human OIP5-AS1, was
shown to cause embryonic developmental defects (12).
Recently, it was reported that silencing human OIP5-AS1 in
HeLa cells promoted cell proliferation, which suggests that
OIP5-AS1 functions to inhibit cell proliferation (13). OIP5-
AS1 binds to HuR and prevents it from binding to and
stabilizing protein-coding mRNAs such as cyclin A2, thus
inhibiting cell proliferation. In this study, we investigated the
role of OIP5-AS1 in cell proliferation. 
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Materials and Methods

Cell culture. The HeLa human cervical cancer and HCT116 human
colorectal cancer cell lines (American Type Culture Collection,
Frederick, MD, USA) were grown in Dulbecco’s modified Eagle’s
medium (Invitrogen, Carlsbad, CA, USA) supplemented with 10%
foetal bovine serum (Gibco, Grand Island, NY, USA). HKe3 cells were
established from HCT116 cells with disrupted oncogenic K-RAS (14).
The cells were cultured at 37˚C in an atmosphere containing 5% CO2.

Small interfering RNA (siRNA) and anti-sense oligonucleotide
(ASO) transfection. siRNAs or ASOs were transfected into cells
using Lipofectamine RNAiMAX (Invitrogen) or Lipofectamine
2000 (Invitrogen), respectively, according to the manufacturer’s
instructions. The nucleotide sequence of the OIP5-AS1-targeting
siRNA was 5’-GCAGCAUGCUGUGUGCAAA-3’ with 3’ dTdT
overhangs. The ASOs (Antisense LNA GapmeR) against OIP5-AS1
were produced by Exiqon (Vedbaek, Denmark). The ASOs
contained locked nucleic acid and phosphorothioate modifications.
The nucleotide sequence of the ASOs against OIP5-AS1 was 5’-
GAAGTTGGTAGATTAC-3’. 

RNA extraction and quantitative reverse transcription-polymerase
chain reaction (qRT-PCR). Total RNA was extracted using an RNeasy
Plus kit (Qiagen, Hilden, Germany) according to the manufacturer’s
instructions. cDNA was synthesized using a SuperScript III First-
Strand Synthesis System (Invitrogen). q-PCR was performed using
SYBR green PCR master mix (Qiagen) with specific primer sets as
follows: human OIP5-AS1: 5’-TGCACATACACAGGTTAGA

ACAAG-3’ and 5’-GAACCTAAACTTGGGTCTCTGG-3’; human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH): 5’-GCAAA
TTCCATGGCACCGT-3’ and 5’-TCGCCCCACTTGATTTTGG-3’.

Apoptosis analysis. Cells were labelled with CellEvent Caspase-3/7
Green Detection Reagent (Invitrogen) according to the manufacturer’s
instructions, then treated with Hoechst 33342 (Invitrogen). The
fluorescence of cells was detected and analysed using an IN Cell
Analyzer 2200 (GE Healthcare, Little Chalfont, UK).

Cell-cycle analysis. Cells were fixed in 70% ethanol overnight and
stained using a Muse Cell Cycle Kit (Merck Millipore, Darmstadt,
Germany) according to the manufacturer’s instructions. The DNA
content of the cells was analysed using a Muse Cell Analyzer and
analysis software (Merck Millipore).

Statistical analysis. Data are presented as means and standard
deviations. Statistical analyses were performed by two-tailed
Student’s t-test. p-Values of less than 0.05 were considered to be
statistically significant. 

Results

We previously reported that expression levels of multiple
lncRNAs fluctuate in response to forced expression of
oncogenic Ras (4). OIP5-AS1 is one lncRNA affected by
oncogenic Ras signalling. We examined the levels of OIP5-AS1
in HCT116 and HKe3 cells. HCT116 cells harbour a
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Figure 1. Opa-interacting protein 5 antisense transcript (OIP5-AS) expression and splice variants. A: OIP5-AS1 expression levels in HKe3 and
HCT116 cells were determined by quantitative reverse transcription polymerase chain reaction. The results are expressed relative to the
corresponding values for HKe3 cells. Data are presented as the mean±standard deviation (n=3). Data were analyzed using two-tailed Student’s t-
tests. **Significantly different at p<0.01. B: Schematic representation of OIP5-AS1 splice variants based on data from the Ensembl genome browser.
Arrows indicate the positions of small interfering (si)RNA and anti-sense oligonucleotides (ASOs) designed for OIP5-AS1 silencing.
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Figure 2. Depletion of opa-interacting protein 5 antisense transcript 1 (OIP5-AS1) by small interfering (si)RNAs or anti-sense oligonucleotides (ASOs)
inhibits HeLa cell proliferation. A: HeLa cells (2×105) were seeded and incubated overnight, and then transfected with control (Ctr-i) and OIP5-AS1-
targeting (OIP5-AS1-i) siRNA. At 72 h after transfection, cells were harvested and subjected to quantitative reverse transcription PCR to determine
OIP5-AS1 expression levels. The results are expressed relative to the corresponding values for HeLa cells transfected with control siRNA. B: HeLa cells
transfected with siRNA were observed by phase-contrast microscopy at 72 h after transfection and counted by trypan blue staining (C). D: HeLa cells
(5×105) were seeded and incubated overnight, and then transfected with control (Ctr) and OIP5-AS1-targeting ASOs. Quantitative reverse transcription
PCR was performed as in (A). Imaging (E) and counting (F) of cells were performed as in (B) and (C). Data are presented as mean±standard deviation
(n=3) (A, C, D, F). Data were analysed using two-tailed Student’s t-tests. Significantly different at: *p<0.05, **p<0.01, ***p<0.001.



heterozygous activating K-RAS mutation (G13D); HKe3 cells
were established by disrupting the mutated K-RAS of HCT116
cells (14). qRT-PCR showed that OIP5-AS1 is expressed at a
low level in HCT116 cells compared with HKe3 cells (Figure
1A), which indicates that oncogenic Ras signaling reduces
OIP5-AS1 expression. We next elucidated the biological
function of OIP5-AS1 in HeLa cells. OIP5-AS1 has several
splicing variants (Figure 1B). We depleted expression of the
major OIP5-AS1 transcriptional product using two different
methods. We designed siRNAs for RNA interference-mediated
degradation of OIP5-AS1 and ASOs for RNaseH-mediated
degradation of OIP5-AS1 (Figure 1B). Transfection of siRNAs
significantly reduced OIP5-AS1 expression (Figure 2A).
Depleting OIP5-AS1 using siRNAs reduced the number of
HeLa cells (Figure 2B and C). Depleting OIP5-AS1 using
ASOs confirmed these results: transfection of ASOs, like
siRNA transfection, reduced OIP5-AS1 expression (Figure 2D)
and repressed HeLa cell proliferation (Figure 2E and F). These
results suggest that OIP5-AS1 positively regulates HeLa cell
proliferation. This is in contrast to the findings of a recent study
by another group that showed that siRNA-mediated depletion

of OIP5-AS1 promoted HeLa cell proliferation, which
suggested that OIP5-AS1 functions to reduce cell proliferation
(13). The reason for these conflicting results is not clear. The
discrepancy might derive from the different target regions of
the siRNAs or ASOs used to reduce the OIP5-AS1 level.
We next investigated the effects of OIP5-AS1 depletion on

apoptosis and the cell cycle. OIP5-AS1 depletion did not affect
the number of cells staining positively for caspase-3/7 activity
(Figure 3A), which suggests that OIP5-AS1 is not involved in
regulating apoptosis. Cell-cycle analysis demonstrated that
OIP5-AS1 depletion reduced the proportion of cells in the G1
phase and markedly increased the proportion of cells in the
G2/M phase (Figure 3B and C). These results suggest that
OIP5-AS1 positively regulates cell proliferation by promoting
G2/M phase progression.

Discussion

In this study, we showed that OIP5-AS1 positively regulates
HeLa cell proliferation. We showed that OIP5-AS1 is highly
expressed in HCT116 cells harbouring an activating K-RAS
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Figure 3. Silencing opa-interacting protein 5 antisense transcript 1 (OIP5-AS1) does not cause apoptosis, but does cause cell-cycle arrest in G2/M
phase. A: At 72 h after transfection with anti-sense oligonucleotides (ASOs), cells were subjected to apoptosis analysis. The percentage of cells
positive for active caspase-3 and -7 was determined by CellEvent Caspase-3/7 Green Detection. Data are presented as the mean±standard deviation
(n=3). B: At 72 h after transfection with ASOs, cells were harvested and subjected to cell cycle analysis. C: The percentage of cells in each cell
cycle phase. Data are presented as the mean±standard deviation (n=3). Data were analysed using two-tailed Student’s t-tests. Significantly different
at: *p<0.05, ***p<0.001; n.s., not significantly different. 



mutation compared to HKe3 cells established by disrupting the
mutated K-RAS of HCT116 cells (14), which suggests that K-
RAS signaling represses OIP5-AS1 expression. We previously
reported that Ras signalling repressed the expression of ANRIL,
a lncRNA that promotes cell proliferation by repressing the
cyclin-dependent kinase inhibitor p15 (5). Ras signaling
controls cell fate determination via processes such as cell
proliferation, cell survival, apoptosis and cell-cycle arrest by
regulating many downstream effector molecules (15). OIP5-
AS1 and ANRIL may have an important role in determination
of cell fate as downstream effectors of Ras signalling. 
We demonstrated that depleting OIP5-AS1 using siRNAs

or ASOs repressed HeLa cell proliferation, which supports
the findings of a previous report that showed that inhibiting
cyrano, a zebrafish homolog of human OIP5-AS1, causes
embryonic developmental defects (12). Recently, another
group reported that OIP5-AS1 functions to repress HeLa
proliferation by binding to Hu Antigen R (HuR) and
preventing it from binding to and stabilizing protein-coding
mRNAs such as cyclin A2 (13). This is in contrast to our
findings. This discrepancy may result from the different
OIP5-AS1 regions targeted by the siRNAs or ASOs used to
deplete OIP5-AS1. Supporting this, a recent study reported
that the genes affected by the silencing of ANRIL exon 1 and
19 differ (16). Like OIP5-AS1, ANRIL has several splice
variants (17). It might be that each splice variant of ANRIL
and OIP5-AS1 has distinct target genes or functions.
Furthermore, we showed that depleting OIP5-AS1 caused

cell-cycle arrest in G2/M phase. This finding suggests that
OIP5-AS positively regulates cell proliferation by promoting
G2/M phase progression. However, the molecular mechanism
by which OIP5-AS1 promotes G2/M phase progression and
the role of OIP5-AS1 in the Ras signalling pathway are yet
to be determined and are important issues that require further
investigation.
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