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Abstract. – OBJECTIVE: Recent researches 
have revealed the role of long noncoding RNAs 
(lncRNAs) in the development of tumors. In this 
study, lncRNA LUCAT1 was explored to identi-
fy how it affected the progression of cervical 
cancer.  

PATIENTS AND METHODS: Quantitative Re-
al-time polymerase chain reaction (qRT-PCR) 
was used to detect LUCAT1 expression in both 
cervical cancer cells and tissue samples. More-
over, the associations between LUCAT1 expres-
sion level and patients’ overall survival rate 
were explored, respectively. In addition, cell 
proliferation assay and transwell assay were 
conducted. Furthermore, the underlying mecha-
nism was explored via performing qRT-PCR and 
Western blot assay.

RESULTS: By comparing with the expression 
level in corresponding ones, the LUCAT1 ex-
pression level in cervical cancer samples was 
significantly higher. Moreover, expression level 
of LUCAT1 was negatively correlated with pa-
tients’ overall survival time. In addition, after 
LUCAT1 was overexpressed, cell proliferation, 
cell invasion and migration capacities were 
promoted in vitro. In addition, the mRNA and 
protein expressions of MTA1 were upregulated 
after LUCAT1 was overexpressed. Furthermore, 
it was found that the expression level of MTA1 
was positively related to LUCAT1 expression 
level in cervical cancer tissues.

CONCLUSIONS: We showed that LUCAT1 
could enhance proliferation, invasion and mi-
gration of cervical cancer cells through upreg-
ulating MTA1, which might offer a potential ther-
apeutic choice for patients with cervical cancer.
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Introduction

Cervical cancer is the fourth most common 
malignancy in female all over the world and the 
most prevalent cancer among Chinese women. 
IARC projections indicated that more than half 
a million cases were newly diagnosed as breast 
cancer in 2012, which accounts for 7.5% of fe-
male cancer-related deaths1. Basic treatments for 
patients with cervical cancer include surgery or 
a concurrent chemoradiotherapy, which consists 
of cisplatin-based chemotherapy and radiother-
apy. The prognosis of patients with metastatic 
cervical cancer is very poor. In many developing 
countries, due to the grossly deficient treatments, 
cervical cancer kills more than 250,000 women 
annually2. Therefore, it is urgent to find out the 
underlying mechanism and figure out a new treat-
ment strategy for these unfortunate women. Most 
of genome transcripts are non-coding RNAs. 
Long non-coding RNAs (lncRNAs) are one sub-
type of non-coding RNAs, which are longer than 
200 nucleotides in length. In recent years, ln-
cRNAs are widely studied in a variety of biolog-
ical behaviors. Moreover, evidences have proved 
that lncRNAs act as a vital role in the progression 
of malignant tumors. For example, LncRNA Pln-
cRNA-1 acts as an oncogene in the progression 
of colorectal cancer cell through regulating PI3K/
Akt Signaling Pathway3. LncRNA SNHG1 could 
inhibit the differentiation of Treg cells, thereby 
impeding the immune escape of breast cancer4. 
LncRNA p23154 accelerates metastasis5 in oral 
squamous cell carcinoma by taking part in glycol-
ysis mediated by Glut1. Moreover, overexpression 
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of lncRNA CCAT2 has been proved to promote 
the proliferation and metastasis in intrahepatic 
cholangiocarcinoma6. However, the role of ln-
cRNA LUCAT1 plays in cervical cancer and the 
underlying molecular mechanism of how it works 
remains unexplored. In our study, we found out 
that LUCAT1 expression level was remarkably 
higher in cervical cancer tissues. Moreover, LUC-
AT1 promoted the proliferation, invasion and mi-
gration capacities of cervical cancer cell in vitro. 
In addition, our further experiment explored the 
underlying mechanism of how LUCAT1 func-
tioned in the development of cervical cancer.

Patients and Methods

Cell Lines and Clinical Samples
A total of 62 cases that were diagnosed as 

cervical cancer patients were enrolled in this re-
search. Every patient received surgery at Affili-
ated Hospital of Yan'an University. Before the 
surgery, all the written informed consents were 
gathered. No radiotherapy or chemotherapy for 
any patients before the operation. Tissues were 
collected from the surgery and stored immedi-
ately at -80°C. All tissues were analyzed by two 
experienced pathologists. The Research Ethics 
Committee of Affiliated Hospital of Yan'an Uni-
versity granted the approval for this study. 

Cell Culture
SiHa, HeLa, Caski, C4-1 and C-33a cervical 

cancer cell lines, a normal cervical epithelium 
cell (NC104) and 293T cell (Chinese Type Cul-
ture Collection, Chinese Academy of Sciences, 
Shanghai, China), were used in this study. Cul-
ture medium was consisted of penicillin, Dulbec-
co’s Modified Eagle Medium (DMEM, HyClone, 
South Logan, UT, USA) and 10% fetal bovine 
serum (FBS; Gibco, Rockville, MD, USA). Be-
sides, cells were cultured in humidified incubator, 
which contained 5% CO2 and was set at 37°C.

Cell Transfection
After synthesized, lentiviral virus targeting 

LUCAT1 was cloned into the pLenti-EF1a-EGFP-
F2A-Puro vector (Biosettia Inc., San Diego, CA, 
USA). LUCAT1 lentiviruses (LUCAT1) and the 
empty vector (control) packaged in 293T cells were 
then used for transfection in cervical cancer cells. 
48 h later, detection of LUCAT1 expression level 
in these cells was conducted using quantitative Re-
al-time polymerase chain reaction (qRT-PCR).

RNA Extraction and qRT-PCR
The total RNA was separated by using TRIzol 

reagent (Invitrogen, Carlsbad, CA, USA). And 
then, the total RNA was reverse-transcribed to 
complementary deoxyribose nucleic acids (cD-
NAs) through reverse Transcription Kit (TaKaRa 
Biotechnology Co., Ltd., Dalian, China). Following 
are the primers using for RT-qPCR: LUCAT1, for-
wards 5′-CCTATCCCTTTCTCTAAGAA-3′ and 
reverse 5′-ACTTCTGCAAAAACGTGCTG-3′; 
MTA1, forward 5′-TACCGGACTCAGATCTC-
GAGATGGCCGCCAACATGTACAG-3′ and 
reverse 5′-GATCCCGGGCCCGCGGTACCGT-
GTCCTCGATGACGATGGGCTC-3′; GAPDH, 
forward 5′-CCAAAATCAGATGGGGCAAT-
GCTGG-3′ and reverse 5′-TGATGGCATG-
GACTGTGGTCATTCA-3′. The thermal cycle 
was as follows: 30 s at 95°C, 5 s at 95°C for 40 
cycles, 35 s at 60°C. 

Western Blot Analysis
Reagent radioimmunoprecipitation assay 

(RIPA) (Beyotime, Shanghai, China) was uti-
lized to extract protein from cells. Bicinchoninic 
acid (BCA) protein assay kit (TaKaRa, Dalian, 
China) was chosen for quantifying protein con-
centrations. The target proteins were separated 
by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Next, they were 
incubated with antibodies after replaced to the 
polyvinylidene difluoride (PVDF) membrane 
(Roche, Basel, Switzerland). Cell Signaling 
Technology (CST, Danvers, MA, USA) provid-
ed us with rabbit anti-GAPDH and rabbit an-
ti-MTA1, as well as goat anti-rabbit secondary 
antibody. Chemiluminescent film was applied 
for assessment of protein expression with Image 
J software.

Colony Formation Assay
After cultured with fetal bovine serum (FBS) 

in a 6-well plate for 14 days, all cells were fixed 
with methanol and stained with 0.1% crystal vio-
let. Meanwhile, we counted number of colonies 
for comparison.

Cell Counting Kit-8 (CCK8) 
Assay

Cell growth of theses treated cells in 96-well 
plates was monitored every 24 h by CCK8 assay 
by following the protocol (Dojindo Molecular 
Technologies, Inc.). The absorbance was exam-
ined at 450 nm via Spectrophotometer (Thermo 
Scientific, Waltham, MA, USA). 
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Matrigel Assay
5 ×104 cells in 200 µL of serum-free DMEM 

were transformed to top chamber of an 8 μm pore 
size insert (Millipore, Billerica, MA, USA) coat-
ed with or without 50 µg Matrigel (BD Biosci-
ences, Franklin Lakes, NJ, USA). And the bottom 
chamber was added with Dulbecco’s Modified 
Eagle’s Medium (DMEM) and fetal bovine serum 
(FBS). 48 h later, after wiped by cotton swab, the 
top surface of chambers was immersed for 10 min 
with precooling methanol and stained in crystal 
violet for 30 min. Three fields were used to count 
the data for invasion membrane.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 20.0 (IBM, Armonk, NY, USA) was uti-
lized to conduct statistical analysis. Data were 
presented as mean ± SD. Student t-text, x2-test 
and Kaplan-Meier method were performed when 
appropriate. When p<0.05, it was considered sta-
tistically significant.

Results

Expression Level of LUCAT1 
in Cervical Cancer Tissues and Cells

Firstly, the expression of LUCAT1 was de-
tected by performing qRT-PCR in 62 patients’ 
samples and 4 cervical cancer cell lines. The 
results revealed that LUCAT1 was significantly 
upregulated in tumor tissue samples (Figure 1A). 
Expression level of LUCAT1 in cervical cancer 
cells was remarkably higher than that of NC104 
(normal cervical epithelium cell line) (Figure 1B). 

LUCAT1 Expression was Correlated 
With Overall Survival Time of Cervical 
Cancer Patients

Kaplan-Meier method was utilized to analyze 
patients’ survival time after the surgery. By me-
dian expression, 62 cervical cancer patients were 
randomly divided into two groups, the low-LUC-
AT1 group and high-LUCAT1 group. The results 
of Kaplan-Meier analysis showed that cervical 
cancer patients had a better overall survival with 
lower LUCAT1 level (Figure 1C).

Overexpression of LUCAT1 Promoted 
Cell Proliferation in Cervical Cancer

HeLa cervical cancer cell line was used for 
the overexpression of LUCAT1 in this study. The 
LUCAT1 expression was detected by qRT-PCR 
(Figure 2A). Then outcome of colony formation 
assay revealed that overexpression of LUCAT1 
promoted ovarian cancer cell growth (Figure 2B). 
Moreover, results of cell proliferation assay indi-
cated that the growth ability of cervical cancer 
cells was significantly facilitated after LUCAT1 
was overexpressed (Figure 2C). 

Overexpression of LUCAT1 
Enhanced Migration and Invasion 
in Cervical Cancer Cells

The outcome of wound healing assay revealed 
that after LUCAT1 was overexpressed, the migra-
tion ability of cervical cancer cells was promoted 
(Figure 3A). Furthermore, the results of transwell 
assay also revealed that the quantity of migrant 
and invaded cells was remarkably increased after 
LUCAT1 was overexpressed in cervical cancer 
cells (Figure 3B and 3C).

Figure 1. Expression levels of LUCAT1 were increased in cervical cancer tissues and cell lines, which were associated with 
poorer overall survival of cervical cancer patients. A, LUCAT1 expression was significantly increased in the cervical cancer tis-
sues compared with adjacent tissues. B, Expression levels of LUCAT1 relative to GAPDH were determined in the human cervical 
cancer cell lines and NC104 (normal cervical epithelium cell line) by qRT-PCR. C, High level of LUCAT1 was associated with 
poorer overall survival of cervical cancer patients. Data are presented as the mean ± standard error of the mean. *p<0.05.
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The Interaction Between MTA1 
and LUCAT1 in Cervical Cancer

The results of qRT-PCR showed that the ex-
pression level of MTA1 was significantly higher 
in LUCAT1 lentiviruses (LUCAT1) group when 
compared with that in empty vector (control) group 
(Figure 4A). The outcome of Western blot assay 
revealed that after LUCAT1 was overexpressed, 
MTA1 could be upregulated at protein level (Fig-
ure 4B). Furthermore, we found that MTA1 expres-
sion of cervical cancer tissues was significantly 
higher when compared with that of adjacent tissues 
(Figure 4C). Correlation analysis demonstrated 
that MTA1 expression level positively correlated to 
LUCAT1 expression in cancer tissues (Figure 4D).

Discussion

LncRNAs have been proved to be associated 
with pathogenesis of many cancers. Evidence re-
vealed that lncRNAs function as a crucial part 

in the development of cervical cancer. For exam-
ple, low-expression of lncRNA ZNF667-AS1 re-
presses the progression of cervical cancer, which 
is also related to the prognosis of cervical cancer7. 
Over-expression of lncRNA PANDAR promotes 
the growth of cervical cancer cells and predicts 
the poor prognosis of patients with cervical can-
cer8. LncRNA CRNDE enhances the proliferation 
and metastasis of cervical cancer cells9. Through 
the regulation of miR-21-5p, lncRNA MEG3 acts 
as a tumor suppressor in cervical cancer, leading 
to the inhibition of tumor growth110.

Lung cancer associated transcript 1 (LU-
CAT1) is a long noncoding RNA located on 
chromosome 5, which was found in the airway 
epithelium of cigarette smokers firstly11. Recent-
ly, lncRNA is widely explored for its important 
role in the development of tumors. For instance, 
overexpression of LncRNA LUCAT1 could 
promote cell proliferation in human non-small 
lung cancer through inhibiting the expression 
of p21 and p5712. LncRNA LUCAT1 inhibits 

Figure 2. Overexpression of LUCAT1 promoted cervical cancer cell proliferation. A, LUCAT1 expression in cervical cancer 
cells transduced with LUCAT1 lentiviruses (LUCAT1) and the empty vector (control) was detected by qRT-PCR. GAPDH 
was used as an internal control. B, Colony formation assay showed that number of colonies in LUCAT1 lentivirus group was 
significantly increased compared with empty control group in cervical cancer cells. C, Cell proliferation assay showed that 
overexpression of LUCAT1 significantly increased cell growth in cervical cancer cells. The results represent the average of 
three independent experiments (mean ± standard error of the mean). *p<0.05, as compared with the control cells.
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Figure 3. Overexpression of LUCAT1 promoted cervical cancer cell migration and invasion. A, Wound-healing assay showed 
that migrated length of cervical cancer cells was significantly increased via overexpression of LUCAT1 in cervical cancer 
cells. B, Transwell assay showed that number of migrating cells was significantly increased via overexpression of LUCAT1 in 
cervical cancer cells (magnification, 40×). C, Transwell assay showed that number of invading cells was significantly increased 
via overexpression of LUCAT1 in cervical cancer cells (magnification, 40×). The results represent the average of three inde-
pendent experiments (mean ± standard error of the mean). *p<0.05, as compared with the control cells.
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the expression of tumor suppressors and leads 
to the formation and invasion of esophageal 
squamous cell carcinoma by regulating the sta-
bility of DNMT113. In addition, upregulation of 
lncRNA LUCAT1 is significantly related to ma-
lignant stage of clear cell renal cell carcinoma 
and predicts the poor prognosis of patients with 
ccRCC14. In this research, we figured out that the 
expression of LUCAT1 was remarkably upregu-
lated in both cervical cancer samples and cells. 
Besides, the close relationship was observed be-
tween patients’ prognosis and expression level 
of LUCAT1. Furthermore, after LUCAT1 was 
overexpressed, the proliferation, invasion and 
migration of cervical cancer cell were promot-
ed. The results above indicated that LUCAT1 
promoted tumorigenesis of cervical cancer and 
might act as an oncogene. Metastasis-associated 
protein 1 (MTA1), as an essential component of 

the deacetylase (NuRD) complex and nucleo-
some remodeling, has been revealed to be a new 
factor that promotes the progression of epitheli-
al-to-mesenchymal transition (EMT)15. For in-
stance, through AKT/GSK3β/β-catenin signal-
ing, MTA1 promotes cell EMT and metastasis 
in non-small-cell lung cancer16. Increased levels 
of MTA1 promote cell invasion and metastasis 
in human hepatocellular carcinoma by regulat-
ing ErbB217. Through repression of MTA1 ex-
pression, miR-183 could inhibit the EMT and 
progression of human pancreatic cancer18. In 
the present study, MTA1 expression could be 
upregulated after overexpression of LUCAT1. 
Moreover, MTA1 expression in cervical cancer 
samples was positively related to LUCAT1 ex-
pression. All the results above suggest that LU-
CAT1 might promote tumorigenesis of cervical 
cancer via upregulating MTA1.

Figure 4. Interaction between LUCAT1 and MTA1. A, qRT-PCR results showed that MTA1 expression was higher in LU-
CAT1 lentiviruses (LUCAT1) compared with the empty vector (control). B, Western blot assay revealed that MTA1 protein 
expression was increased in LUCAT1 lentiviruses (LUCAT1) compared with the empty vector (control). C, MTA1 was signifi-
cantly upregulated in cervical cancer tissues compared with adjacent tissues. D, The linear correlation between the expression 
level of MTA1 and LUCAT1 in cervical cancer tissues. The results represent the average of three independent experiments. 
Data are presented as the mean ± standard error of the mean. *p<0.05.
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Conclusions

We showed that LUCAT1 was remarkably up-
regulated and was negatively related to overall 
survival time of patients with cervical cancer. Be-
sides, LUCAT1 could enhance cell proliferation, 
invasion and migration in cervical cancer cells 
through upregulating MTA1. These findings sug-
gest that LUCAT1 may contribute to therapy for 
cervical cancer as a candidate target.
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