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Abstract: Non-coding RNAs are critical regulators of tumor biology. nc886, a recently identified non-coding RNA, 
is overexpressed in some tumors, but undetected in others. However, the precise role of nc886 remains unclear 
in cervical cancers. In this study, we found that nc886, major vault protein (MVP), and E2F1 exhibited coordinate 
expression as they were silenced in normal tissues but overexpressed in cervical cancer tissues. We subsequently 
demonstrate that nc886 upregulation was a critical response to chemotherapy treatment of cervical cancer cells. 
Mechanistically, inhibition of nc886 increased chemosensitivity, induced apoptosis, and suppressed the protein ex-
pression of MVP, a critical regulator of drug resistance. Furthermore, we identify E2F1 as a key transcription regula-
tor of nc886 that directly interacts and modulates promoter activity. Taken together, we demonstrate that E2F1 suf-
ficiently promotes nc886 transcription and in turn MVP expression to drive drug resistance in cervical cancer cells.
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Introduction

Cervical cancer is the second most common 
type of cancer in women with an estimated 
500,000 new cases diagnosed and 270,000 
deaths each year [1]. Surgical resection in com-
bination with postoperative radiotherapy is the 
primary treatment modality for patients with 
cervical cancer, while chemotherapy is gener-
ally utilized to treat patients that present with 
metastatic or recurrence disease [2]. Persistent 
infection with high-risk human papillomavirus 
(HPV) is considered as one of the main causes 
of cervical cancer [3]. Investigations have 
shown that upon infection, HPV E6 and E7 
oncoproteins promote cell growth and inhibit 
apoptosis by targeting p53 and pRb tumor sup-
pressors, respectively [4, 5]. In addition to viral 
antigens, numerous genetic and epigenetic 
alterations have been shown to transform cer-
vical cells and may drive carcinogenesis [6]. 
Targeting known and elucidating unknown 
molecular mechanisms that contribute to carci-

nogenesis is critical in developing novel thera-
peutic agents for cervical cancer patients.

Protein coding open reading frames comprise 
1%-2% of the human genome. Expectedly, most 
of the transcribed mammalian genome con-
sists of non-coding transcripts and this includ- 
es non-coding RNAs (ncRNAs) [7]. Increasing 
evidence suggests that a great number of 
ncRNAs regulate cellular biology (e.g., cell pro-
liferation, apoptosis and differentiation) by sup-
pressing the expression of target genes [8, 9]. 
These ncRNAs, either small (<50 nucleotides) 
or long (>200 nucleotides) in length, are fre-
quently deregulated in human tumors and are 
associated with cancer initiation and progres-
sion [10]. nc886 (also known as pre-miR-886 or 
vtRNA2-1) is a recently identified regulatory 
ncRNA that is composed of 102 nucleotides 
and located on chromosome 5q31.1 [11]. 
Increasing evidence has shown that nc886 
plays an important role in several human can-
cers, including small cell lung cancer, cholan-
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giocarcinoma, and esophageal cancer [12-15]. 
Our previous work has also demonstrated that 
nc886 is upregulated in cervical squamous cell 
carcinomas (CSCC) and reduces CSCC cell 
apoptosis by down-regulating Bax protein ex- 
pression [16]. However, it remains unclear if the 
anti-apoptotic functions of nc886 regulates 
chemosensitivity of cervical cancers and if tar-
geting its activity would affect chemotherapy 
resistant patients. Therefore, this study exam-
ined the potential role of nc886 in chemothera-
peutics resistance of cervical cancer cells as 
well as underlying molecular mechanism asso-
ciated with this phenotype.

Materials and methods

Patients 

The cervical cancer tissues (10 early-stage 
tumor and 10 advanced-stage tumor) and 10 
matched normal tissues were obtained from 
the Clinical Laboratory of Beijing Tiantan Hos- 
pital, Beijing. This study was approved by the 
Ethics Committee of Beijing Tiantan Hospital, 
and informed consent was obtained from each 
patient.

Cell culture

SiHa and HeLa cell lines were purchased from 
the American Type Culture Collection (ATCC, 
USA). Cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) (Invitrogen, USA) with 
10% FBS at 37°C and 5% CO2.

Real-time PCR

Total RNA was extracted using TRIzol reagent 
according to the manufacturer’s instructions 
(Invitrogen, USA). 2 μg of total RNA was used to 
synthesize cDNA using Reverse Transcription 
kit (Ferments, USA). Real time PCR reactions 
were performed using Brilliant II SYBR Green 
Master Mix (Stratagene, USA). The expression 
of nc886 was normalized to the level of human 
U6 snRNA. The sequences of the forward and 
reverse primers for human nc886 were 5’-CG- 
GGTCGGAGTTAGCTCA-3’ and 5’-GTGCAGGGTC- 
CGAGGT-3’, respectively, and those for human 
U6 snRNA were 5’-ATTGGAACGATACAGAGAAG- 
ATT-3’ and 5’-GGAACGCTTCACGAATTTG-3’, res- 
pectively. Melting curves for each PCR reaction 
were generated to ensure the purity of the 
amplification products. PCR was performed in 
triplicate for each sample. The fold change for 

nc886 was calculated by the 2-ΔΔCt method 
[17].

Dimethyl thiazolyl diphenyl tetrazolium (MTT) 
assay

Cells (5000 cells per well) were seeded in 100 
μL of media in 96-well plates and transfected 
with anti-nc886 (50 nM) or negative control (50 
nM). Every 24 h post transfection, 20 μL of MTT 
reagent (Solarbio, China) was added to wells 
followed by a 4 h incubation. After removal of 
medium, 200 μL dimethyl sulfoxide (DMSO) 
was added to dissolve the formazan and the 
absorbance was measured at 490 nm.

Apoptosis assay

Flow cytometry was performed to detect apop-
tosis after fixing and staining cells with an 
annexin V-fluorescein-5-isothiocyanate Apop- 
tosis Detection Kit (Biovision, USA). Briefly, 
SiHa cells were transfected with anti-nc886 
(50 nM) or a negative control (50 nM). Forty-
eight hours after transfection, cells were incu-
bated with annexin V-FITC and propidium iodide 
(PI) for 30 min at 4°C in the dark. Cell apoptosis 
was analyzed by using flow cytometry and the 
percentages of apoptotic cells was subse-
quently calculated.

Western blot

Cells were lysed in RIPA lysis buffer and the pro-
tein concentration of the extracts was deter-
mined using a BCA assay (Pierce, Rockford, IL, 
USA). A total of 30 μg of proteins were subject 
to SDS-PAGE and resulting membranes were 
incubated overnight at 4°C with antibodies to 
MVP (Santa Cruz, CA, USA) followed by HRP-
conjugated anti-rabbit IgG for 1 h. β-actin 
served as an internal control (Santa Cruz, USA). 
The protein bands were developed using an 
enhanced chemiluminescence reagent (Pierce, 
USA).

Luciferase reporter assay

The full-length nc886 promoter and mutant 
luciferase reporter plasmids were constructed 
based on the pGL3 promoter vector (Promega, 
San Luis Obispo, CA, USA). Cells were transfect-
ed with 100 ng of the luciferase reporter plas-
mids and 40 nM of full-length or mutant nc886 
promoter constructs using Lipofectamine 2000 
(Invitrogen, USA). Cells were harvested 24 h 
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after transfection and luciferase activity was 
determined using the Promega Dual-Lucifer- 
ase™ reporter assay system (San Luis Obispo, 
CA, USA).

Chromatin immunoprecipitation (ChIP) assay

ChIP assay was carried out as described previ-
ously [18]. Immunoprecipitation was performed 
overnight at 4°C using anti-E2F1 antibody or 
mouse IgG control. DNA was analyzed by real 
time PCR directed to specific regions of nc886 
promoter and results were normalized to DNA 
input controls.

Fluorescent in situ hybridization (FISH)

FISH was performed to detect the expression of 
MVP, E2F1, and nc886. The slides were dewax- 
ed in xylene, washed in ethanol and water. After 
air-drying the slides, the probe was applied and 
slides were denatured at 73°C for 8 minutes. 
Next, the slides were hybridized at 37°C over-
night and then washed in SCC buffer for 5 min. 
After blocking the slides, they were incubated 
with antibodies against MVP and E2F1 followed 
by incubation with goat anti-rabbit IgG-Cy3.  
The slides were then dried, counterstained and 
observed under a confocal microscopy (LSM 
710, Carl Zeiss, Germany).

Statistical analysis

All the results are expressed as means ± stan-
dard deviation (S.D.). Data were analyzed by 
SPSS 17.0 (SPSS Inc., Chicago, IL, USA). When 
comparing two groups, Student’s t-test was 
used to calculate the differences. When com-

apoptosis of cervical carcinoma cells by target-
ed suppression of Bax expression [16]. To 
examine the potential drug-resistance role of 
nc866 in cervical cancer, we further explored 
the relationship between nc886 and chemo-
therapeutic agents. Cervical cancer SiHa cells 
were exposed to paclitaxel or VP16 (etoposide) 
at different concentrations and we utilized Real 
time PCR to determine expression of nc886 at 
each respective dose. Results demonstrate 
that nc886 expression was upregulated by 
paclitaxel in a dose-dependent manner (Figure 
1A). Similarly, nc886 expression in SiHa cells 
was also increased upon VP16 treatment in a 
dose-dependent fashion (Figure 1B). Our cur-
rent and previous results demonstrate nc886 
expression is a mechanistic response to che-
motherapy and suggests that nc886 potentially 
promotes chemotherapeutic resistance of cer-
vical cancer cells due to its anti-apoptotic prop-
erties [16].

nc886 suppression induces apoptosis of cervi-
cal cancer cells upon chemotherapy 

To explore the potential of ablating nc866-
mediated chemotherapy resistance in cervical 
cancer cells, we next suppressed nc886 and 
determined its effects on SiHa cells. Utilizing 
MTT to examine relative cell viability, we dem-
onstrate that targeted suppression of nc886 
expression increased the chemosensitivity of 
SiHa cells treated by paclitaxel in a time-depen-
dent manner (Figure 2A). We next determined if 
defects in viability upon nc866 suppression 
was specifically due to apoptosis. Upon trans-
fection of SiHa cells with anti-nc866, we obser- 
ve through flow cytometry analysis that nc886 

Figure 1. Expression of nc886 in SiHa cells exposed to chemotherapeutic 
agents. SiHa cells were exposed to chemotherapeutic agents including pa-
clitaxel (5 ug/ml and 10 ug/ml) (A) and VP16 (0.5 ug/ml and 1.0 ug/ml) (B). 
After 48 h, real time PCR was performed to analyze the expression of nc886 
in SiHa cells. *P<0.05.

paring more than two groups, 
a one-way analysis of variance 
(ANOVA) was used followed by 
a LSD test. All p-values were 
two-sided, P<0.05 was con-
sidered statistically significa- 
nt.

Results

Regulation of nc886 expres-
sion by chemotherapeutic 
agents in cervical carcinoma 
cells 

In our previous study, we 
found that nc886 inhibited 
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suppression increased the population of apop-
totic cells upon exposure to paclitaxel (Figure 
2B). Together, our results indicate nc886 ex- 
pression regulates chemosensitivity of cervical 
cancer cells.

nc886 regulates MVP expression in cervical 
cancer cells

We next examined a potential regulatory role of 
nc886 on MVP expression in cervical cancer 

Figure 2. Effects of nc886 on cervical 
cancer cell viability and apoptosis. SiHa 
cells treated with or without paclitaxel 
were transfected with anti-nc886 or 
negative control. A. MTT assay was per-
formed to measure cell viability at 12 h, 
24 h, 36 h, and 48 h post-transfection. 
B. Flow cytometry was applied to deter-
mine the apoptosis rate in SiHa cells in 
different groups. 
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cells. In anti-nc886 transfected SiHa cells, we 
first demonstrate through real time PCR that 
suppression of nc886 led to decreased expres-
sion of MVP transcripts (Figure 3A). To further 
confirm the negative regulation of regulation 
nc886 on MVP, we also observe that cells with 
anti-nc886 also had significantly reduced lev-
els of MVP protein expression (Figure 3B). 
These results confirm nc866 levels are critical 
in regulating MVP expression in cervical cancer 
cells.

E2F1 regulates nc886 expression in cervical 
cancer cells

Given its role of nc886 in chemotherapy resis-
tance, we proceeded to investigate upstream 
mechanisms that could critically regulate its 
expression in cervical cancer cells. Upon sequ- 
ence and motif analysis (http://genome.ucsc.
edu/cgi-bin/hgGateway), we identify an upstr- 
eam promoter region of nc886 that contained 
a potential E2F1 binding site at -202 and -299 
(Figure 4A). To begin determining the potential 
transcription regulatory role of E2F1, we next 
examined the effects of E2F1 overexpression 
on nc886. We transfected recombinant plas-
mids encoding E2F1 to overexpress it in cervi-
cal cancer cell lines SiHa and HeLa. In agree-
ment with our hypothesis, relative to negative 
control transfected cells, we observe that E2F1 
overexpression sufficiently promoted nc886 
expression in SiHa (Figure 4B) and HeLa cells 
(Figure 4C). Studies have shown that caffeine 
inhibits expression of E2F1 [18]. We found that 
E2F1 activity was necessary for nc886 expres-
sion, as caffeine-treated SiHa cells exhibited a 
dose-dependent decrease of nc886 expres-
sion (Figure 4D). Overall, our results demon-

ceded by either a full-length nc886 promoter or 
one in which we deleted E2F1 motifs (Figure 
5A). Upon co-transfection of these luciferase 
constructs with plasmids encoding E2F1, we 
subsequently determined relative luciferase 
activity in the transfected cells. We observed 
higher luciferase activity in cells transfected 
with either a full-length nc886 promoter or the 
deletion 1 mutant (containing the binding sites) 
relative to those transfected with the deletion 2 
mutant (lacking the binding sites) or negative 
control (pGL3-empty vector) (Figure 5B). In par-
allel experiments, we examined if E2F1 physi-
cally interacted at the nc886 promoter. We pre-
cipitated E2F1 and subsequently utilized real 
time PCR to determine enrichment of the 
nc886 promoter sequence relative to input. 
Relative to IgG controls, the E2F1 immuno-pre-
cipitant was significantly enriched of this se- 
quence (Figure 5C). Together, our results dem-
onstrates that E2F1 directly interacts with the 
nc886 promoter to regulate its transcription. 

Clinical examination of nc886, E2F1 and MVP 
expression in cervical cancer tissues

Finally, we aimed to clinically confirm the regu-
latory relationship between nc886, E2F1 and 
MVP in cervical cancer tissues. To do so, we 
utilized FISH to detect relative expression in 
normal, early and late stage cervical cancers. 
While nc886 was undetectable in normal tis-
sues, we observed modest expression in the 
early-stage cervical cancer tissues but signifi-
cant overexpression in the tissue derived from 
advanced tumors. We also note that E2F1 was 
expression was generally overexpressed in can-
cerous tissues relative to normal tissues. 

Figure 3. Effect of nc886 on the expression of MVP in cervical cancer cells. 
SiHa cells were transfected with anti-nc886 or negative control. Real time 
PCR and western blot were used to measure the expression of nc886 (A) and 
MVP (B), respectively. *P<0.05.

strate that E2F1 is both nec-
essary and sufficient in regu-
lating nc886 expression in 
cervical cancer cells.

E2F1 directly interacts with 
the nc886 promoter

We next sought to experimen-
tally determine if E2F1 specifi-
cally regulates nc886 tran-
scription through direct inter-
actions with its promoter. We 
first constructed different re- 
combinant vectors that con-
tained a luciferase gene pre-



E2F1-directed activation of nc886 in cervical cancer cells

9238 Int J Clin Exp Pathol 2017;10(9):9233-9242

Figure 4. Effect of E2F1 on the expression of nc886 in cervical cancer cells. (A) Sequence analysis of nc886 pro-
moter region. SiHa (B) and HeLa (C) cells were transfected with the recombinant plasmids encoding E2F1 followed 
by determination of nc886 expression. (D) SiHa cells were exposed to caffeine (25 nM and 50 nM) for 48 h and 
nc886 levels were then detected. *P<0.05, **P<0.01. 

Figure 5. E2F1 directly interacted with nc886. A. Construction of recom-
binant plasmids containing full-length promoter or deleted promoter frag-

ments of nc886. B. Luciferase 
assay was performed to measure 
the fluorescent activity after co-
transfection with E2F1 and full-
length or mutant nc886 promoter 
luciferase constructs. C. The rela-
tive enrichment of nc886 promot-
er sequence in E2F1-immunopre-
cipitants was determined by real 
time PCR and compared to IgG 
controls. *P<0.05.

Lastly, MVP was hardly detect-
able in normal tissues. Simi- 
lar to nc886, MVP expression 
was modest in early-stage but 
significantly expressed in the 
advanced-stage tumors (Fig- 
ure 6). Taken together, our cli- 
nical analysis of cervical can-
cer tissues demonstrated a 
positive regulatory relationsh- 
ip between E2F1, nc886, and 
MVP expression levels.
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Discussion

Our work identifies nc886 as a novel regulator 
of cervical cancer chemosensitivity and dem-
onstrates it specifically regulates MVP expres-
sion upon treatment with chemotherapeutic 
agents. Additionally, we demonstrate E2F1 is 
necessary and sufficiently regulates nc886 
expression through direct promoter interaction. 
Finally, the coordinate expression of nc886, 
MVP and E2F1 in cervical cancer tissues sup-
port our results in pre-clinical models. 

nc886 was originally registered in the miRNA 
database because its mature products (miR-
886-5p and -886-3p) was captured in high-
throughput sequencing and formed a stem in a 
predicted stem-loop hairpin structure [17, 19]. 
nc886 also has a proposed role as a vault RNA 
(vtRNA), which are component of the vault com-
plex involved in chemotherapeutics resistance 
[20]. Studies have shown that nc886 is associ-
ated with carcinogenesis and progression of 
human cancers, including cervical cancer, chol-
angiocarcinoma, esophageal cancer, thyroid 
cancer, and small cell lung cancer [12-16, 21]. 
As an example, Lee et al. reported that nc886 
regulates gene expression through interaction 
with RNA-activated protein kinase (PKR), and 
nc886 inhibition suppressed cell proliferation 
in cervical cancer and colorectal cancer cells 
[22]. They also demonstrate that nc886 posi-
tively regulated proliferation, invasion and mig- 

ration of thyroid cancer cells [21]. Conversely, 
another study demonstrated that CpG hyper-
methylation suppressed nc886 expression in 
human gastric cancer tissues and that ectopic 
expression of nc886 inhibited cell proliferation 
by downregulation of oncogenes including NF- 
κB, FOS, and MYC [23]. Together, these studies 
suggest that nc886 functions are either onco-
genic or a tumor suppressive depending on the 
cellular context which likely dictates its signal-
ing properties and target genes. Our previous 
study demonstrated that nc886 plays an onco-
genic role in cervical cancers by downregulat-
ing the expression of the pro-apoptotic protein 
Bax [16]. This work demonstrates that nc886 
was absent in normal cervical tissues, detect-
able in early-stage tumors while abundant in 
advanced-stage tumors. Moreover, we demon-
strate that nc886 was elevated in cervical can-
cer cells after exposure to chemotherapeutic 
agents in a dose-dependent manner and that 
nc886 suppression increased chemosensitivi-
ty through apoptotic cell death. Our overall 
results demonstrate a critical role of nc886 in 
regulating therapeutic response and resistance 
of cervical cancer cells.

Major vault protein (MVP), also known as lung 
resistance protein (LRP), forms a hollow, barrel-
like structure in the cell called the vault. It  
is widely expressed in normal tissues and plays 
a diverse role in intracellular signaling, cell 
growth/survival, and innate immunity [24, 25]. 

Figure 6. Expression of nc886, E2F1 and MVP in cervical cancer tissues. FISH was performed to detect the expres-
sion of nc886 (green), E2F1 (red), and MVP (red) in the normal tissue, early-stage and advanced-stage tumors.
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Additionally, MVP is frequently elevated in 
human cancer cells resistant to chemothera-
peutic agents [26]. It has been reported that 
siRNA-mediated knockdown of MVP increases 
doxorubicin sensitivity and its accumulation in 
the nuclear of human bladder cancer cells [27]. 
In our study, inhibition of nc886 significantly 
suppressed the protein expression of MVP in 
cervical cancer cells. In addition, MVP was rare-
ly detected in normal cervical tissues, but was 
abundant in the advanced-stage cervical tum- 
ors. Our results provide support that MVP mod-
ulates nc886-mediated chemotherapy resis-
tance in cervical cancer cells. 

As a critical member of E2F family of transcrip-
tion factors, E2F1 regulates cell proliferation, 
differentiation, cell cycle progression, DNA re- 
pair, and apoptosis [28]. E2F1 function is either 
oncogenic or a tumor suppressive depending 
on the cellular context and micro-environment 
[29]. Mechanistically, E2F1 interacts with criti-
cal epigenetic regulators to modulate histone 
modifications and gene expression [30, 31]. For 
instance, E2F1 has been reported to function 
as a transcriptional activator by interacting with 
the histone acetyltransferase (HAT) [32]. In 
other studies, E2F1 acts as a transcriptional 
repressor either alone or in association with 
specific co-factors, such as HDAC1 and DNMT1 
[33]. In this study, we found that E2F1 was ele-
vated in cervical cancer tissues. Moreover, we 
identify that nc886 promoters contained func-
tional E2F1 binding sites. Exogenous overex-
pression of E2F1 promoted the expression of 
nc886 in cervical cancer cells. Caffeine is an 
inhibitor of ataxia telangiectasia mutated (ATM) 
enzyme and can block E2F1 signaling and 
inhibits E2F1-mediated apoptosis [18]. Upon 
E2F1 inhibition with caffeine, we also sup-
pressed nc886 expression in a dose-depen-
dent manner. Lastly, from luciferase assays 
and ChIP real time PCR analysis, we also dem-
onstrate that E2F1 directly interacts and regu-
lates transcription at the nc886 promoter. Our 
overall results demonstrate that E2F1 is a key 
upstream regulator of nc886 in cervical cancer 
cells.

In conclusion, this study demonstrates that 
E2F1 regulates nc886 and in turn MVP to pro-
mote chemotherapy resistance. This novel 
mechanism informs of therapeutic strategies to 
treat cervical cancers that develop resistance.
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