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Ultraconserved regions (UCRs) are non-protein coding gene sequences with strict conserved across among different spe-
cies. Emerging evidence demonstrates that UCRs encoding noncoding RNAs (ncRNAs) serve as regulators of gene expression.
In recent decades, increasing evidence implicates the involvement of UCRs in carcinogenesis. Previous studies showed RNA
expression of uc.206 was increased in colorectal cancer. Until now, the role of uc.206 in cervical cancers remains undefined.
This study revealed that uc.206 is significantly up-regulated in cervical cancer (CC) tissue and negatively correlates with the
expression of the pro-apoptotic gene P53 in RNA level. We show that uc.206 specifically targets the 3’ untranslated region
(3’UTR) of P53 and regulates its expression. Inhibition of uc.206 effectively delays cervical cells proliferation and promotes
apoptosis, accompanied by increased expression of P53 protein. Thus, these findings suggested that uc.206 acts as a novel
oncogene by targeting the P53 gene and promoting CC cell growth, which might be beneficial for cervical cancer therapy.
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Cervical cancer is the second most common cause of female
specific cancer after breast cancer and the fourth leading cause
of cancer mortality in women worldwide (1). Approximately
80% of cervical cancers occur in developing countries (2).

Because detection of precursors by cytological examination
and their eradication by laser vaporization or cone biopsy is
the most effective method of cervical cancer prevention, the
carcinoma is very treatable, and in many cases, curable. How-
ever, once this cancer grows again and spreads to the distant
lymph nodes, the outlook is fatal in advanced carcinoma (3).
Therefore, it is essential to identify proliferation-associated
molecules and to better understand the mechanisms behind
the growth of cervical carcinoma.

Ultraconserved regions (UCRs) are noncoding gene se-
quences with strict conserved across among mice, rats, and
humans. It belongs to part of non-protein-coding DNA and
regulates expression and translation of mRNAs. Emerging
evidence demonstrates that UCRs can encode non-pro-
tein-coding RNAs (ncRNAs) serve as modulators of gene
expression (4, 5).

Previous genome expression profiling studies showed that
transcribed ultraconserved RNAs (T-UCRs) exhibit different
profiles in human carcinomas (6, 7). Moreover, some T-UCRs
serve as oncogenes or tumor suppressor genes in develop-
ment of tumor. For example, the transcribed ultraconserved
element 73 (uc.73) modulates cell proliferation in colorectal
cancer cell lines (6). However, the regulation of most T-UCRs
and their precise mechanisms of action are not known in
cervical carcinoma.

Uc.206 is one of T-UCRs. Calin GA, et al. studies indicated
that RNA expression of uc.206 was up-regulated in colorectal
cancer (6). However, little is known about the expression level
and biological role of uc.206 in cervical carcinoma.

In the presented study, the differential expression of uc.206
in human CC samples was identified using quantitative
polymerase chain reaction (qQPCR), and the function of uc.206
in proliferation and apoptosis of cervical cancer cells was in-
vestigated. In addition, to understand the growth mechanism
of cervical cancer, the target gene of uc.206 was further inves-
tigated. To the best of our knowledge, this is the first study to
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investigate the expression and mechanism of uc.206 in cervical
carcinoma proliferation. This study presents a novel target for
further therapeutic studies of cervical cancer.

Materials and methods

CC tissue collection. A total of 40 paired tissue specimens
from CC and matched normal tissue were used in this study
and obtained from 40 CC patients (age range, 40-68 years) at
the Departments of Obstetrics and Gynecology of the Jiangsu
Subai People Hospitals, affiliated to Yangzhou University
(Yangzhou, China). The absence of tumor cells in the matched
normal tissues was confirmed by a pathologist. All tissues were
obtained during surgery and immediately stored in liquid ni-
trogen prior to use. Approval for this study was granted by the
Institute Research Medical Ethics Committee of the Medical
College of Yangzhou University (Yangzhou, China). Patients
provided written informed consent.

Cell line culture. Human cervical cancer cell lines (Hela
and C33A) and 293T cell line were purchased from the
Chinese Peking Union Medical College Cell Bank (Beijing,
China). All cell lines were maintained in DMEM and RPMI
1640 supplemented with 10% fetal bovine serum (FBS) (Hy-
Clone Victoria, Australia), 100 IU/mL penicillin, and 100
mg/mL streptomycin at 37°C in a humidified atmosphere
containing 5% CO,.

Plasmids. The uc.206-murine stem cell virus (MSCV)
plasmid and migRI-P53-GFP plasmid were chemically syn-
thesized at the Department of Pathology, Medical College of
Yangzhou University (Yangzhou, Jiangshu) and sequenced by
Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, China). The
uc.206 inhibitor and the scramble control were purchased
from Sangon Biotech. shRNA that specific to human P53
(TGCGTGTGGAGTATTTGGATG) and its scrambled con-
trol were synthesized by Sangon Biotech.

qRT-PCR detection and quantification. Total RNAs
were isolated from cells using TRIzol reagent (Invitrogen Life
Technologies, SanDiego, CA, USA). One microgram of RNA
was reverse-transcribed to cDNA using the PrimeScript First
Strand cDNA synthesis kit (Takara Bio, Inc., Dalian, China)
according to the manufacturer’s instructions. qRT-PCR was
performed on an Applied Biosystems 7500 Real Time PCR
system (Applied Biosystems, White Plains, NY, USA). The U6
small RNA and f actin mRNA were used as internal controls.
All there actions were run in triplicate and the following prim-
ers were used: Forward, 5-~AGGAGGTTTTTAATCATCC-3'
and reverse, 5-GTTCCCAGGATGTAAATTA -3' for uc.206;
forward, 5-CGCTTCGGCAGCACATATAC-3' and reverse,
5-TTCACGAATTTGCGTGTCAT-3' for U6; forward,
5'-CCAGATGAAGCTCCCAGAAT -3' and 5'-TACFT-
GCAAGTCACAGACTT-3' for P53 mRNA; and forward,
5'-GTCACCAACTGGGACGACAT-3' and reverse,5'-GAG-
GCGTACAGGGATAGCAC-3' for  actin mRNA.

Transfection of cervical cancer cells. Hela and C33A cells
were transfected with 10 pg relative plasmid or control for

48 h before further experiments. The transfected cells were
incubated at 37°C with 5% CO, The uc.206 and P53 RNA
level in the transfected cervical cancer cells were identified
by qRT-PCR.

Dual luciferase reporter assay. The full length 3'-UTR of
P53 was amplified by PCR from genomic DNA and cloned
into the EcoRI and Xhal sites of pGL3-BS vector (Promega,
WI, USA). The primers for P53 3'-UTR were as follows:
5-CATTCTCCACTTCTTGTTCC -3' and 5'-AGATGT-
GCTTGCAGAATGTA -3'. The mutant construct of P53
3'UTR was generated using a Quick Change mutagenesis
kit (Stratagene, Heidelberg, Germany). Co-transfection of
reporter vectors and uc.206 mimics or negative control was
performed using Lipofectamine 2000 (Invitrogen, San Diego,
USA). After 48 h, dual luciferase activity was measured us-
ing a dual luciferase reporter assay system according to the
manufacturer’s protocol (Promega, W1, USA).

CCKS8 assay. Cells (5 x 10 cells/ml) were transfected with
uc.206 or the control vector for 48 h. Then each well was added
with 10pl CCK-8 solution, and was incubated for 3h at 37 °C
with 5% CO,. The absorbance was measured at 450 nm using
a microplate reader (Promega, WI, USA).

Cell apoptosis assays. Cells were seeded in 6-well plates
and transiently transfected with uc.206 and the control vec-
tor. After 48 hours the cells were washed with cold PBS twice
and subsequently treated with 5pl of Annexin V and 10pl of
propidium iodide (PI) using Alexa Fluor 488 annexin V/Dead
Cell Apoptosis Kit (Invitrogen) to determine the cell apoptosis
according to the protocol and then analysed by a flow cytom-
eter (FACScalibur, NY, USA).

Western blot analysis. Proteins were extracted by Cell
lysis for western kit (Beyotime, Jiangsu, China) according to
the instructions. Protein concentration was quantified using
Enhanced BCA protein assay kit (Beyotime, Jiangsu, China).
For western blot analysis, equal amounts of total protein were
boiled, and separated by SDS-PAGE. After electrophoresis,
protein was blotted onto a PVDF membrane and blocked for
2 h at room temperature. Membranes were incubated with
anti-P53 antibody (Cell Signaling Technologies, Boston, MA)
at 1:1000 dilutions for overnight at 4 °C. P53 protein level was
detected by horseradish peroxidase (HRP) conjugated mouse
and rabbit secondary antibody (Beyotime, Jiangsu, China)
for 2 h at room temperature. Protein bands were detected
on FluorChem FC2 Imaging System (Alpha Innotech, San
Leandro, CA).

Statistical analysis. Statistical analyses were performed
using SPSS 16.0 software package (SPSS, Chicago, USA).
All graphs were created using GraphPad Prism 5 software
(GraphPad Software, La Jolla, CA, USA). All data from three
independent experiments were expressed as mean + SD.
Differences were assessed by two-tailed Student’s t test. The
relationship between P53 and uc.206 expressions was tested
with two-tailed Pearson’s correlation. P < 0.05 was considered
statistically significant.
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Figure 1. Expression of uc.206 is up-regulated in CC tissues and cell lines. A, expression of uc.206 was up-regulated in 95 % (38 out of 40) of CC tissues
compared with the adjacent normal cervical tissues (**p < 0.01, n=40). B, expression of uc.206 was much more in Hela and C33A cell lines than that

of human cervical tissue cell (*p < 0.05, n=3).

Results

Expression of uc.206 is up-regulated in CC tissues and
cell lines. Expression profiles of five UCRs (uc.73, uc.111,
uc.206, uc.338, and uc.339) previously shown to involved in
tumorigenesis (6, 8) were detected by qRT-PCR in 40 pairs
of CC tissues and matched nomal cervical tissues. Among
the five, uc.206 showed significant up-regulation in group
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of CC tissues versus matched group of nomal tissues (** p <
0.01, Figure 1A). We also found that expression of uc.206
was much more in two cervical cancer cell lines than that
of human cervical tissue cell (* p < 0.05, Figure 1B). Col-
lectively, the above findings suggest that excess of uc.206
expression may play an important role in tumorigenesis of
cervical carcinoma.
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Figure 2. Upregulation of uc.206 promotes cell proliferation in CC cells. A, B, Uc.206 was significantly upregulated in the cells expressing the mimic and
significantly downregulated in the cells transfected with the inhibitor (*p < 0.05, n=3). The Hela cells exhibited higher transfection efficiency than the
C33A cells. C, Cell proliferation of Hela transfected with the uc.206 mimic was measured by CCK8 analysis (*p < 0.05, n=3). D, Hela cells transfected
with the uc.206 inhibitor were analysed for cell proliferation via CCK8 analysis (*p < 0.05, n=3).
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Figure 3. Upregulation of uc.206 inhibits cell apoptosis in CC cells. After
transfection with the uc.206 inhibitor, Hela cell apoptosis was measured
by flow cytometry. Knockdown of uc.206 demonstrated a significantly
increase (29.6%) in apoptosis percent when compared to controls (9.3%)
(p <0.05, n=3).

Upregulation of uc.206 promotes cell proliferation and
inhibits cell apoptosis in CC cells. To explore the biological
function of uc.206 in CC tissue, the chemically synthesized
uc.206 mimic and inhibitor were transfected into the Hela
and C33A CC cell lines to up-regulate and down-regulate
uc.206 expression, respectively. Transfection efficiency was
evaluated via qRT-PCR and is shown in Figure 2A and 2B.
The Hela cell line exhibited higher transfection efficiency than
C33A cells; therefore, all of our experiments in this study were
conducted in the Hela cell line. To detect the effect of uc.206 on
proliferation of Hela cells, we performed CCK8 assays on the
transfected Hela cells. Our data showed that over-expression

Color key for alignment score

of uc.206 led to a statistically significant increase in Hela cell
proliferation compared to the negative control cells (p < 0.05,
Figure 2C). Conversely, the proliferation rate of the Hela cells
treated with the uc.206 inhibitor was decreased when com-
pared to control cells (p < 0.05, Figure 2D).

Next, we analyzed apoptosis in the transfected Hela cells via
flow cytometry. As shown in Figure 3, Hela cells transfected
with the uc.206 inhibitor demonstrated a significantly increase
in apoptosis percent when compared to controls (p < 0.05).
Thus, uc.206 expression may be upregulated in Hela cells and
CC tissues because expression of this UCR promotes prolifera-
tion and inhibits apoptosis in Hela cells.

P53 isadirect target of uc.206. According to bioinformatic
prediction by http://blast.ncbi.nlm.nih.gov/ and http://www.
noncode.org/NONCODERv3, we tried identifying potential
targets for uc.206 and found the gene P53 as the putative target
gene for uc.206. To verify whether uc.206 directly targeted
P53, Duel luciferase reporter assays were conducted. As shown
in Figure 4, co-transfection of 293T cells with P53-3'UTR/
pGL3-BS and uc.206 caused significant decrease in the luci-
ferase activity compared with the negative control (p < 0.05).
This repressive effect was disappeared by point mutations in
the binding sites of the P53-3'UTR. This result indicated that
uc.206 exerts inhibitory effects on P53 expression via interac-
tion with the 3'UTR of P53.

Uc.206 negatively regulates expression of P53. To further
confirm that P53 is a target gene for uc.206, RT-PCR and West-
ern blot analysis were used to detect the expression of P53 by
uc.206 mimic or inhibitor in Hela cells. Our data showed that
up-regulated expression of P53 via uc.206 inhibitor (Figure
5A) and down-regulated expression of P53 via uc.206 mimic
(Figure 5B) compared with control. Taken together, our results
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Figure 4. P53 is a direct target of uc.206. A, P53 was the target gene of uc.206 by blast.ncbi.nlm.nih.gov prediction. B, Diagram of the luciferase reporter
plasmids with the wild-type or mutant P53 3'UTR. C, The relative luciferase activity in Hela cells was determined after the plasmid with wild-type or
mutant P53 3'UTR was co-transfected with P53. Data are presented as mean + SD. Two-tailed Student’s t test was used to analyze the significant dif-

ferences, *p < 0.05, n=3.
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Figure 5. Uc.206 negatively regulates expression of P53. mRNA and protein levels of P53 were measured by qRT-PCR and Western blotting. Hela cells
were transfected with the uc.206 inhibitor or mimic for 48 h. A, Expression of P53 was significantly upregulated at the mRNA and protein level after
uc.206 inhibitor compared with control (*p < 0.05, n=3). B, Expression of P53 was notablely downregulated at the mRNA and protein level after uc.206

mimic compared with empty vector (*p < 0.05, n=3).

suggest that uc.206 negatively regulates P53 gene expression
at posttranscriptional level, and P53 is a potential target gene
of uc.206.

Uc.206 was negatively correlated with P53 in the CC tis-
sue. To assess the correlation of the uc.206 and P53 in cervical
carcinoma, we detected the RNA levels of uc.206 and P53 in
cervical carcinoma and adjacent normal cervical tissues by
using qQRT-PCR. As shown in Figure 6, when the P53 mRNA
levels were plotted against uc.206 expression, a significant
inverse correlation was obtained by two-tailed Pearson’s cor-
relation analysis (r = —0.625; p < 0.05).

Knock down P53 in Hela cells promotes cell proliferation
and inhibits cell apoptosis. To confirm the effects of P53 on
the proliferation and apoptosis of Hela cell, P53 expression
was knocked down by a P53 shRNA (sh-P53). The mRNA and
protein expression of P53 was significantly down-regulated in
Hela cell after P53 shRNA treatment (Figure 7A). Consistently,
the knockdown of P53 strongly promotes cell proliferation
and inhibits cell apoptosis in Hela cells, which resembled the
over-expression effects of uc.206 (Figure 7B, 7C). These data
suggest that knockdown of P53 promotes cell proliferation
and inhibits cell apoptosis in CC cell and P53 is an effective
target gene of uc.206.

Overexpression of P53 rescues the effect of uc. 206
overexpression in Hela cells. To verify the effects of P53 over-
express in uc. 206 overexpression of Hela cells, P53 gene was
overexpressed via migRI-P53-GFP plasmid. The mRNA and
protein expression of P53 was dramatically upregulated in Hela
cells after P53 treatment (Figure 8A), compared with empty
plasmid control. Invariably, the overexpression of P53 remark-
ably inhibited cell proliferation and promoted cell apoptosis

4 . Pearson’s correlation coefficient
n=40, r=0.625, p<0.05

Relative uc.206 RNA level
N

0 0.5 1.0 1.5 2.0
Relative P53 mRNA level

Figure 6. Uc.206 was negatively correlated with P53 in the CC tissue.
Uc.206 was negatively correlated with P53 at RNA levels in the CC tis-
sue compared with control by two-tailed Pearson’s correlation analysis
(r = -0.625; p < 0.05, n=40).

(Figure 8B, 8C). These data suggest that upregulation of P53
rescues the effect of uc. 206 overexpression in Hela cells.

Discussion

A non-coding RNA (ncRNA) is a functional RNA mol-
ecule that is not translated into a protein. NcRNA include
microRNA, long non-coding RNA (Inc-RNA), ultracon-
served regions(UCRs) and et al. UCRs are non-coding gene
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Figure 7. Knock down P53 in Hela cells regulates proliferation and apoptosis. A, Transfection of P53 shRNA inhibited the mRNA and protein expres-
sion of P53 in Hela cells Knockdown of Racl by shRNA promotes cell proliferation (B) and inhibits cell apoptosis (C) in Hela cells, which resembled the
over-expression effects of uc.206. Data are presented as the mean + standard deviation. Two-tailed Student's t-test was used to analyze the significant

differences. *P<0.05, n=3, vs. the corresponding control.
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Figure 8. Overexpression of P53 rescues the effect of uc. 206 overexpression in Hela cells. A, Transfection of migRI-P53-GFP plasmid upregulated the
mRNA and protein expression of P53 in Hela cells. Overexpression of P53 inhibits cell proliferation (B) and promotes cell apoptosis (C) in uc.206 over-
expression of Hela cells. Data are presented as the mean + standard deviation. Two-tailed Student's t-test was used to analyze the significant differences.

*P<0.05, n=3, vs. the corresponding control.



A ROLE OF UC.206 IN CERVICAL CANCER

417

sequences with strict conserved across among mice, rats, and
humans. It belongs to part of non-protein-coding DNA and
regulates expression and translation of mRNAs. By regulating
protein production post-transcriptionally, many UCRs act as
oncogenes or tumor suppressor genes (6, 9-12). However, the
regulation of uc.206 and its precise mechanisms of action in
cervical cancers are not known.

P53, a tumor suppressor, inhibited cell proliferation by ar-
resting cell cycle and inducing apoptosis in response to cellular
stress [13, 14]. Disruption of P53 levels could promote tumor
progression and inhibit apoptosis, but elevate the DNA damage
[13, 15]. Previous report suggested that ncRNA could regulate
P53 protein production post-transcriptionally. For example,
anta-miR-150 treated tumor tissue, the expression of P53 is
increased, and indicated P53 is the potential downstream target
of miR-150 but the direct evidences were not provided [16]. By
using luciferase reporter system, we verified miR-150 directly
target P53 transcript at its 3’'UTR and inhibit its translation [17].
overexpression of MEG3(a non-coding RNA) significantly sta-
bilized p53 expression which leads to an increased level of P53
protein. Therefore, it is likely that MEG3 activates P53 through
inhibition of P53 ubiquitination and blockage of P53 degrada-
tion [18].Y zhou et al. have found that MDM2 expression was
repressed by MEG3, suggesting that down-regulation in MDM?2
protein levels contributes to P53 activation by MEG3 [19].

In this study, we screened for 5 UCRs in 40 pair of CC
patients and found that the RNA levels of uc.206 were
significantly upregulated in CC tissues. We also found that the
upregulation of uc.206 had negative correlation with mRNA
levels of P53. By using dual luciferase reporter system, we
found that P53 is directly targeted by uc.206. Over-expression
of uc.206 promoted cell proliferation and inhibition of uc.206
suppressed cell proliferation and promoted apoptosis in Hela
and C33A cells. Knockdown of P53 promotes cell prolifera-
tion and inhibits cell apoptosis in CC cell and overexpression
of P53 in uc. 206 overexpression of Hela cells remarkably
inhibited cell proliferation and promoted cell apoptosis.

In summary, these data illustrate the possible role of uc.206
and P53 expression in the pathogenesis of CC, uc.206 may
be an important oncogene in cervical carcinoma, and uc.206
might be helpful in clinical diagnosis and therapy for prevent-
ing cervical cancer.
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