
Introduction

Cancer is the leading cause of death in economically de-

veloped countries and the second leading cause of death in

developing countries. Worldwide, ovarian cancer affects

over 200,000 women per year [1]. Although the prevalence

of ovarian cancer is lower in China compared to western

countries, there has been a steady rise in the incidence of

ovarian carcinoma in Asian countries, especially China and

Singapore [2, 3]. Among all the cases of ovarian cancer, the

most prevalent subtype is ovarian epithelial cancer, which

accounts for ~80−90% of the cases, out of these, ~70% of

the patients are diagnosed with ovarian serous carcinoma

[2]. Overall survival rates are poor due to two predominate

reasons. First, the majority of patients present with advanced

disease, creating significant difficulty with effecting disease

eradication. Second, acquisition of chemotherapy resistance

results in untreatable progressive disease. However, the ex-

istence of multiple known carcinogens and varying genetic

backgrounds makes it difficult to determine which factors

are most important in the development of high grade serous

ovarian carcinoma (HGSOC). Therefore, the identification

of a bona fide molecule involved in the progression of

HGSOC would be valuable. 

Since the conclusion of the human genome-sequencing

project, there has been an explosion of large-scale genome

sequencing. These results have led to both great insights and

unexpected conundrums. For example, there are ~20,000

protein-coding genes, but they represent < 2% of the total

genome sequence [4], and at least 90% of the genome is ac-

tively transcribed into non-coding RNA (ncRNA). This

finding suggests that ncRNAs could play significant regu-

latory roles in complex organisms. The function and clini-

cal significance of short ncRNAs, such as microRNAs

(miRNAs) and small interfering RNAs (siRNAs) were elu-

cidated before long ncRNAs (lncRNAs) were first reported.

LncRNAs are mRNA-like transcripts ranging in length from

200 nucleotides (nt) to~100 kilobases (kb) yet do not func-

tion as templates for protein synthesis. They exhibit cis- or

transregulatory capabilities, and the mammalian genome en-

codes > 1,000 lncRNAs that have been significantly con-

served among mammals [5]. A small number of

characterised human lncRNAs have been associated with

diverse biological processes, including epigenetic regula-

tion, alternative splicing, nuclear import, immune surveil-

lance, embryonic stem cell pluripotency, structural

components, precursors to small RNAs, and regulators of

mRNA decay [6-10]. Furthermore, the dysregulation of

lncRNAs has also been reported in various types of cancers

including breast cancer, lung cancer, pancreatic cancer, os-

teosarcoma, hepatocellular carcinoma, and leukaemia.

These results suggest that lncRNAs may play a functional

role in carcinogenesis or cancer growth [11-14], and func-

tional lncRNAs therefore may be utilised for cancer diag-

nosis or prognosis or serve as potential therapeutic targets

[15]. 

One lncRNA that has attracted significant attention is
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urothelial carcinoma-associated 1 (UCA1), an oncofetal gene

involved in embryonic development and carcinogenesis. This

lncRNA was found to be overexpressed in bladder transitional

cell carcinoma and doxorubicin-resistant squamous carci-

noma cell lines [16-18]. Furthermore, UCA1 promotes cell

proliferation and transformation (anchorage-independent

growth), increases motility and invasion, and induces drug

resistance in cancer cells [16, 17]. UCA1 regulates several

genes, the most important one is the CREB (cAMP respon-

sive element binding protein) gene, which encodes a tran-

scriptional factor and affects the oncogenesis. However, the

contributions of UCA1 to HGSOC remain largely unknown.

In the present study, therefore, the authors investigated

whether UCA1 is detectable or altered in HGSOC tissues or

cell lines compared to adjacent normal tissues or normal cell

lines. They then examined the relationships between UCA1

levels in tumour tissues and the clinicopathological features

of HGSOC, such as tumour size, growth phase, stage, lym-

phatic invasion, venous invasion, nervous invasion, distant

metastasis, and overall survival. Finally, they examined

whether UCA1 influences cell proliferation, apoptosis, cell

cycle distribution, and migration in vitro.

Materials and Methods

HGSOC tissues and adjacent normal tissues from 90 HGSOC pa-

tients were collected from The First Affiliated Hospital of Xi’An

Jiaotong University, Xi’an, China. The tumour tissues contained 80–

90% cancer cells, whereas the paired adjacent normal tissues were

isolated from at least five cm away from the tumour border and were

negative for tumour cells by microscopy. Informed consent was ob-

tained from participants for the use of their tissues in this study. The

study protocol was approved by the Ethics Committee of The First

Affiliated Hospital of Xi’An Jiaotong University, Xi’an, China and

adhered to the tenets of the Declaration of Helsinki. The diagnosis

of HGSOC was histopathologically confirmed. The data of all sub-

jects were obtained from medical records, pathology reports, and

personal interviews. The data collected included age, gender, over-

all survival, and HGSOC features such as tumour size, growth phase,

stage, lymphatic invasion, venous invasion, nervous invasion, and

distant metastasis. The clinical stage of HGSOC was evaluated based

on the TNM classification system [19]. Patient follow-up was per-

formed every two to three months during the first year after surgery

and three to six months thereafter until October 31, 2012. The aver-

age follow-up duration was 42.6 months, and all patients completed

the recommended follow-up. The overall survival (OS) was defined

as the length of time between surgery and death or the last follow-

up examination. During follow-up, 15 patients died of HGSOC.

Human HGSOC cell lines, including OVCAR4, CAOV3,

CAOV4, and OVASAHO cells, were obtained. The human nor-

mal intestinal mucous cell line CCC-HIE-2 (ID:

3111C0001CCC000178) were also purchased. All cell lines were

maintained routinely in Dulbecco’s modified Eagle’s medium sup-

plemented with 10% foetal bovine serum and two mM L-gluta-

mine and were grown at 37°C in a 10% CO

2

atmosphere. 

Total RNA was extracted from tissues and cells using Trizol

reagent  according to the manufacturer’s instructions. In brief, tis-

sue samples or cells were treated with Trizol reagent, and chloro-

form was then added according to the manufacturer’s

recommendations. The mixture was centrifuged at 12,000 g for

15 minutes at 48°C, and the aqueous layer was transferred into

new tubes. Then, an adequate volume of 100% isopropanol was

added to the aqueous layer. The mixture was centrifuged at 12,000

g for ten minutes at 48°C, and the pellet was washed twice by cen-

trifugation with 75% ethanol. The RNA pellet was dried for ten

minutes at room temperature and dissolved in 30 ml of di-

ethylpyrocarbonate (DEPC)- treated water. DNase treatment was

performed to remove any contaminating DNA. The concentration

and quality of RNA was measured by the UV absorbance at 260

nm and 280 nm (A260/280 ratio) and checked by gel elec-

trophoresis. 

Reverse transcription (RT) and quantitative PCR (qPCR) kits

were used to evaluate the expression of UCA1 from tissue sam-

ples or cells. The ten-ml RT reactions were performed using a

prime script RT reagent kit. The samples were incubated for 15

minutes at 37°C, five seconds at 85°C, and then maintained at

48°C. For real-time PCR, one-ml diluted RT products was mixed

with ten ml of 2xSYBR Premix Ex Taq, 0.6 ml forward and re-

verse primers (ten mM) and 8.4 m nuclease-free water in a final

volume of 20 ml, according to the manufacturer’s instructions.

All reactions were performed using in the  with the following con-

ditions: 95°C for 30 seconds, followed by 40 cycles at 95°C for

five seconds, and 60°C for 30 seconds. Real-time PCR was per-

formed in triplicate, including no-template controls. The amplifi-

cation of the appropriate product was confirmed by melting curve

analysis following amplification. The relative expression of

UCA1 was calculated using the comparative cycle threshold (CT)

(2

-ΔΔCT

) method with glyceraldehyde-3-phosphate dehydrogenase

(GAPDH) as the endogenous control to normalise the data. The

CT value was defined as the number of cycles required for the

SYBR signal to cross the threshold in the real-time PCR. Sam-

ples with a CT value >40 were considered negative. The ΔCT

value was calculated by subtracting the CT values of GAPDH

from those of UCA1. ΔΔCT was then calculated by subtracting

the mean ΔCT of the control samples from the ΔCT of the tested

samples. The fold change in UCA1 expression was calculated

using the equation 2

-ΔΔCT

. The primer sequences used in this study

were as follows: UCA1 5’-CTCTCCATTGGGTTCACCATTC-

3’ (forward) and 5’-GCGGCAGGTCTTAAGAGATGAG-3’ (re-

verse); and GAPDH 5’-CCGGGAAACTGTGGCGTGATGG-3’

(forward) and 5’-AG GTGGAGGAGTGGGTGTCGCTGTT-3’

(reverse).

Table 1. — siRNA sequences used in this study.
siRNAs Sequences Ref.

UCA1-105 5’-AGUAUGUUGUUUGUUGUUAGA-3’ (sense)

5’-UAACAACAAACAACAUACUUU-3’ (antisense)

[20]

UCA1-1163 5’-UUAAUCCAGGAGACAAAGATT-3’ (sense)

5-UCUUUGUCUCCUGGAUUAATT-3’ (antisense)

[20]

UCA1-1208 5’-GGAUCUGCAAUCAGAACUAUU-3’ (sense)

5’-UAGUUCUGAUUGCAGAUCCUA-3 (antisense)

[20]

UCA1-1472 5’-GCACCUUGUUAGCUACAUAAA-3 (sense)

5-UAUGUAGCUAACAAGGUGCCA-3’ (antisense)

[21]

siRNA-NC 5’- UUCUCCGAACGUGUCACGUdTdT-3’(sense)

5’- ACGUGACACGUUCGGAGAAdTdT-3’ (antisense)

[20]

siRNA- 5’-GUAUGACAACAGCCUCAAGTT-3’ (sense)

GAPDH 5’-CUUGAGGCUGUUGUCAUACTT-3’ (antisense)

[22]
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For the enhanced expression study, full-length UCA1

(NR_015379.3) complementary DNA was amplified, purified,

and digested with the BamHI and EcoRI restriction enzymes. The

DNA was then subcloned into the pcDNA3.1 mammalian ex-

pression vector  and sequenced. For the knockdown of UCA1 ex-

pression, four individual siRNAs (UCA1-105, 1163, 1208, and

1472) were designed using the software siRNA construct builder

and optimised. Two extra siRNAs were designed as a negative

control (siRNA-NC) and positive control (siRNAGAPDH). The

siRNA sequences used in this study are shown in Table 1. 

OVCAR4 (6x10

5

) were seeded separately in six-well plates for

24 hours and transfected with pcDNA3.1-UCA1 (two µg) or

pcDNA3.1 empty vector (Mock, two µg) with lipofectamine 2000

reagent. CAOV3 cells (6×10

5

) were seeded separately in six-well

plates for 24 hours and transfected with siRNAs (50 nM) pack-

aged with an  RNA iMAX transfection reagent according to the

manufacturer’s instructions. Forty-eight hours after transfection,

total RNA was extracted from the harvested cells using Trizol

reagent, and UCA1 expression was measured by RT-qPCR as de-

scribed above.

The proliferation of OVCAR4 cells was evaluated using the

MTT assay according to the manufacturer’s instructions. After

transfection with either pcDNA3.1-UCA1 (150 ng), pcDNA3.1

empty vector (150 ng), siRNA UCA1-1472 (5 nM) or siRNA NC

(five nM), OVCAR4 cells were seeded in 96-well plates at a den-

sity of 5,000 cells/well. Then, ten µL of MTT [3-(4, 5-dimethylth-

iazol-2-yl)-2, 5-diphenyltetrazoliumbromide] (five mg/ml) was

added to each well in a final volume of 100 µL of culture medium

containing viable cells. After an additional incubation for four

hours, the resulting formazan was dissolved in 100 µL of iso-

propanol with 40 mM hydrochloric acid. The spectrophotometric

absorbance was measured at 570 nm (for formazan dye), and the

absorbance at 630 nm was used as a reference. Each assay was re-

peated three times, and the data represent the mean of all meas-

urements.

Cells were cultured to 75–80% confluence. After non-adherent

cells were removed by washing with PBS, the adherent cells were

trypsinised, collected, and washed with PBS. The cells were then

fixed in pre-chilled 70% ethanol and stored at –20°C. After fixa-

tion, the cells were washed with PBS and stained with 4, 6-di-

amidino-2-phenylindole (DAPI) in the dark for 30 minutes at

room temperature. The cells were subsequently analysed using

CyFlow space flow cytometry. The percentages of cells at differ-

ent phases of the cell cycle were calculated from three independ-

ent experiments.

Cells (6×10

5

) transfected with pcDNA3.1-UCA1 (two µg),

pcDNA3.1 empty vector (two µg), siRNA UCA1-1472 (50 nM)

or siRNA NC (50 nM) were seeded separately in six-well plates

for 24 hours. The cells were then treated with cisplatin (20 µM)

for 48 hours. The cells were then trypsinised, washed twice with

PBS, and resuspended in PBS, followed by staining with Annexin

V/propidium iodide (PI) for 15 minutes in the dark at room tem-

perature. The cell populations were analysed using a flow cy-

tometer. 

Cell migration or invasion assays were performed using Mil-

licell chambers. Inserts containing eight-µm pore filters were ei-

ther non-coated for migration or coated with Matrigel for

invasion assays. For each assay 1x10

5

cells transfected with

pcDNA3.1-UCA1 (0.8 µg), pcDNA3.1 empty vector (0.8 µg),

siRNA UCA1-1472 (4 nM) or siRNA NC (four nM) in 100 ml of

serum-free medium were added to each chamber. After 24 hours

of incubation at 37°C, cells that had migrated through the filter

pores were fixed with methanol and stained with Giemsa. The

cells were counted in ten random fields using a microscope at

×200 magnification. Each experiment was performed in tripli-

cate. 

The data from in vitro experiments are presented as the mean

values ± SD. The significance of differences between two groups

was estimated using Student’s t-test and the χ² test. The overall

survival rates were calculated using the Kaplan–Meier method,

with the log-rank test applied for comparisons. A p-value < 0.05

was considered statistically significant.

Results

The first objective of the present study was to investigate

whether UCA1 is detectable and altered in HGSOC tissues

compared to adjacent normal tissues. Using GAPDH as a

normalisation control [20], the authors determined that 65

(81.25%) cases displayed high expression of UCA1 in

HGSOC tissues. Additionally, the expression of UCA1 was

significantly higher in tumour tissues than in adjacent nor-

mal tissues (Figure 1, p < 0.001). 

RT-qPCR assays were performed to quantify UCA1 ex-

pression in HGSOC cell lines, including OVCAR4,

CAOV3, CAOV4, and OVASAHO cells, as well as the nor-

mal intestinal mucous cell line CCC-HIE-2. The present

data indicated that the expression levels of UCA1 were sig-

nificantly higher in OVCAR4, CAOV3, CAOV4, and

OVASAHO cells than CCC-HIE-2 cells (cancer cells’ rel-

ative fold increase varied from ~1.5-fold to ~12-fold, com-

pared to CCCHIE- 2 cells, Figure 1B). This difference in

UCA1 expression between human HGSOC tissues and ad-

jacent normal tissues and HGSOC cell lines and normal in-

testinal mucous cells suggested that UCA1 may play an

important role in the carcinogenesis of HGSOC.

To assess the correlation between UCA1 expression and

various clinicopathological data, the authors divided the 90

patients with HGSOC into a high UCA1 expression group

and a low expression group according to the mean UCA1

expression level in the tumour tissues. The high UCA1 ex-

pression group (n=39) demonstrated a larger tumour size,

less differentiated histology, and greater tumour depth as

compared to the low UCA1 expression group (n=51; p <
0.05). With regards to OS, patients with high UCA1 ex-

pression had a significantly poorer prognosis compared to

patients with low UCA1 expression (p = 0.046; Figure 2).

To silence UCA1 expression in HGSOC cells, four indi-

vidual siRNAs were designed and synthesised. These siR-

NAs were then transiently transfected into cell lines. The

silencing capacity of siRNAs was evaluated 48 hours after

transfection using RT-qPCR in OVCAR4, which showed

the highest relative expression of UCA1 among the four

HGSOC cell lines examined. Of the four siRNAs, UCA1-

1163 siRNA demonstrated the strongest effect in compar-

ison to the negative control. Thus, this siRNA was used to

knock down UCA1 expression and perform all subsequent

assays.

To investigate the biological function of UCA1 in



H.Y. Xu, Y. Wang, H. Zhang, J. Xu886

HGSOC cell lines, UCA1 was overexpressed using a plas-

mid in OVSAHO cells, which showed the lowest relative

expression of UCA1 among four HGSOC cell lines exam-

ined. Additionally, UCA1 was suppressed by treating

OVCAR4 cells with UCA1-1472 siRNA. The RT-qPCR re-

sults confirmed the significantly increased UCA1 expres-

sion using pcDNA3.1-UCA1 compared to mock-trans-

fected cells and non-transfected cells. Furthermore, UCA1

overexpression significantly promoted OVSAHO cell

growth (Figure 3A), whereas the downregulation of UCA1

inhibited OVCAR4 cell growth (as measured by MTT

assay, Figure 3B) in comparison to mock-transfected cells

(pcDNA3.1 empty vector or siRNA NC transfection). The

authors also assessed whether increased or decreased

UCA1 expression contributes to cell apoptosis. For these

experiments, cells were stained with Annexin V/PI and then

analysed by flow cytometric analysis. The results revealed

fewer apoptotic OVSAHO cells in pcDNA3.1-UCA1-

Figure 1. — (A) Expression levels of UCA1 in 90 HGSOC patients, as assessed by RT-qPCR in cancerous (T) and non-cancerous (N)

tissues. GAPDH was used as a normalisation control, the UCA1 levels in T samples were significantly higher than those in N samples

(p < 0.001). (B) The UCA1 expression levels were determined by RT-qPCR in five cell lines (OVCAR4, CAOV3, CAOV4, OVASAHO,

and CCC-HIE-2. Data represent the mean ± SD (n=3). *Significantly different from the control (p < 0.05).

Figure 2. — Kaplan–Meier overall survival curves according to

the UCA1 expression level. HGSOC patients with high UCA1 ex-

pression (n=39) demonstrated a significantly poorer prognosis

than those with low UCA1 expression (n=51; log-rank test, p =
0.046).

Figure 3. — Cell prolifera-

tion assay: overexpression of

UCA1 significantly pro-

moted OVASAHO cell pro-

liferation as measured by the

MTT assay. (B) Downregu-

lation of UCA1 expression

inhibited the growth of

OVACAR4 cells, as meas-

ured by the MTT assay. Dif-

ference was significant (p <
0.05).
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transfected cells than control cells (Figure 4). Conversely,

UCA1 knockdown significantly induced apoptosis in

OVACAR4 cells. These data suggest that the expression of

UCA1 is positively correlated with the growth and nega-

tively correlated with the apoptosis of HGSOC cells.

A previous study reported that UCA1 facilitated bladder

cancer progression [16]. Therefore, cell cycle analysis was

performed to interrogate the function of UCA1 following

its addition or depletion in HGSOC cells. Flow cytometry

analysis indicated that ectopic expression of UCA1 reduced

OVSAHO cell cycle progression; in particular, cells in the

G1 phase were increased significantly (from 38.04 ± 10.4%

to 50.8 ± 6.04%; p < 0.01), whereas both S phase cells

(from 48.36 ± 3.68% to 38.68 ± 4.29%; p < 0.01) and G2/M

phase cells (from 13.60 ± 2.67% to 10.52 ± 3.05%; p <
0.05) were reduced. UCA1-1472 siRNA-transfected

OVCAR4 cells showed a significantly decreased propor-

tion in the G1 phase (from 56.5 ± 7.24% to 41.05 ± 4.08%;

p < 0.01), while both cells in S phase (from 33.6 ± 3.28%

to 45.51 ± 1.09%; p < 0.01) and G2/M phase (from 9.9 ±

2.08% to 13.44 ± 2.98%; p < 0.05) were increased (Figure

5). This result suggests that UCA1 may negatively regulate

cell cycle progression in HGSOC cells.

To determine whether UCA1 is associated with the mi-

gration and invasion of HGSOC cells, in vitro transwell mi-

gration assays were performed. As shown in Figure 5, the

overexpression or suppression of UCA1 did not signifi-

cantly affect OVSAHO and OVCAR4 cell motility (Figure

6A) or invasion (Figure 6B).

Discussion

In the present study, the authors confirmed that UCA1

expression is increased in HGSOC tissues and cell lines

compared to adjacent normal tissues or normal intestinal

mucous cell lines using RT-qPCR assays. To investigate the

biological function of UCA1 in HGSOC cell lines, ectopic

expression in OVSAHO cells and gene silencing of UCA1

in OVCAR4 cells were performed. The authors found that

overexpression of UCA1 facilitated proliferation and cell

cycle progression and inhibited apoptosis in OVSAHO

cells, whereas suppression of UCA1 in OVCAR4 cells

using UCA1-1472 siRNA inhibited cell proliferation and

cell cycle progression and promoted apoptosis. These re-

sults suggest that UCA1 may function in the regulation of

HGSOC onset and development. Although UCA1 can fa-

cilitate the progression of some types of cancer, little is

known about the underlying molecular mechanisms. The

mechanisms whereby lncRNAs regulate the expression of

their target genes also remain unclear, although the RNA

likely interacts with its binding proteins to regulate the ex-

Figure 5. — Cell cycle dis-

tribution of OVACAR4 and

OVASAHO cells after trans-

fection.

Figure 4. — Apoptosis analysis: flow cytometric analysis of cells

stained with Annexin V/PI. The cells were treated with cisplatin

for 48 hours and then analysed for early apoptotic and late apop-

totic cells. UCA1 overexpression inhibited OVASAHO cell apop-

tosis. Knockdown of UCA1 significantly induced apoptosis in

OVACAR4 cells.
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pression of target genes through pathways as yet unidenti-

fied. Previous microarray analysis revealed that several

cancer-associated genes, such as PDGFB, ATM, Fas, Au-

rora kinase C, and steroid sensitive gene 1, were differen-

tially regulated when UCA1 was exogenously expressed in

bladder cancer cells [16-24]. In addition, Tsang et al. re-

ported that the involvement of UCA1 in carcinogenesis

might be associated with its effect on caspase 3 expression

[18]. 

The PI3-K/AKT pathway plays a central role in cell

growth, cell cycle distribution, apoptosis, and survival, and

Yang et al. demonstrated that UCA1 regulates cell cycle

progression through CREB via PI3K-AKT-dependent sig-

nalling pathways in bladder carcinoma cells [21]. Although

the precise role of UCA1 in HGSOC development remains

unclear, the present authors speculate that UCA1 may reg-

ulate HGSOC cell proliferation, cell cycle progression, and

apoptosis through its effects on different target genes. Nev-

ertheless, it is possible that the target genes of lncRNAs dif-

fer between specific tissues and cell types because the

specific target genes controlled by UCA1 in HGSOC remain

unknown. Therefore, it remains to be determined whether

UCA1 regulates the aforementioned genes. In future work,

high-throughput techniques should be applied to obtain a

global view of the changes in lncRNA and mRNA mole-

cules and to elucidate the mechanisms of regulation of in-

dividual lncRNAs.

Conclusion

UCA1 expression was upregulated in HGSOC tissues

and cell lines. In particular, a high level of UCA1 expres-

sion was significantly correlated with a larger tumour size,

less differentiated histology, and greater tumour depth. In

addition, patients with high UCA1 expression had a sig-

nificantly poorer prognosis compared to patients with low

UCA1 expression. The present results also suggest that

UCA1 may regulate the expression of multiple genes in-

fluencing cancer cell proliferation, cell cycle progression,

and apoptosis, thereby contributing to HGSOC occurrence

and progression. Although the precise role of UCA1 in

HGSOC development remains unclear, the results from the

present study support UCA1 as a promising biomarker for

HGSOC diagnosis and progression. Furthermore, UCA1

may also represent a potential therapeutic target in

HGSOC.
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