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Abstract. – OBJECTIVE: Recent researches 
have revealed the role of long noncoding RNAs 
(lncRNAs) in tumor development. In this study, 
the potential function of lncRNA LUCAT1 in the 
progression of prostate cancer was identified.

PATIENTS AND METHODS: Real Time-quanti-
tative Polymerase Chain Reaction (RT-qPCR) was 
used to detect LUCAT1 expression in both prostate 
cancer cells and tissue samples. Moreover, the as-
sociation between LUCAT1 expression level and 
overall survival of prostate cancer patients was an-
alyzed. In addition, wound healing assay and tran-
swell assay were conducted to evaluate the regu-
latory effect of LUCAT1 on prostate cancer cells. 
Furthermore, the underlying mechanism of LUC-
AT1 in regulating the development of prostate can-
cer was explored via qRT-PCR and Western blot.

RESULTS: LUCAT1 expression was much higher 
in prostate cancer samples than controls. Besides, 
LUCAT1 expression was correlated with the overall 
survival of prostate cancer patients. Moreover, LU-
CAT1 overexpression promoted in vitro migration 
and invasion of prostate cancer cells. In addition, 
the mRNA and protein expression of KISS1 were 
downregulated after LUCAT1 overexpression. Fur-
thermore, it was found that the expression level of 
KISS1 was negatively related to the expression lev-
el of LUCAT1 in prostate cancer tissues.

CONCLUSIONS: LUCAT1 could enhance mi-
gration and invasion of prostate cancer cells  by 
regulating KISS1, which might offer a potential 
therapeutic target for prostate cancer.
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Introduction

Prostate cancer is one of the most common 
malignancies in males. It is reported that in 2018, 

more than 29,000 men has died of prostate can-
cer in America (https://seer.cancer.gov/statfacts/
html/prost.html). Most prostate cancer patients 
can be treated by surgery or androgen depriva-
tion therapy at early stage1. Although the five-year 
survival of prostate cancer is 98.9%, it is still the 
third-leading cause of cancer-related death in 
males globally2,3. Moreover, the occurrence and 
recurrence rates of prostate cancer have been sig-
nificantly increased both in developed and devel-
oping countries4,5. Therefore, it is urgent to find 
out the underlying mechanism and figure out a 
new treatment strategy.

As subtypes of non-coding RNAs, long 
non-coding RNAs (lncRNAs) are longer than 
200 nucleotides in length which do not encode 
proteins. However, evidence has proved that ln-
cRNAs serve crucial roles in the progression of 
malignant tumors. For example, lncRNA H19 en-
hanced tumor progression in endometrial carcino-
ma by negatively regulating miR-6126. LncRNA 
PlncRNA-1 acts as an oncogene in the progres-
sion of colorectal cancer cell by regulating the 
PI3K/Akt signaling pathway7. The overexpression 
of lncRNA CCAT2 was found to promote prolif-
eration and metastasis in intrahepatic cholangio-
carcinoma, and indicated a poor prognosis8. By 
activating the Wnt/β-catenin pathway, lncRNA 
EZR-AS1 functioned as an oncogene in breast 
cancer9. However, the functions and the underly-
ing molecular mechanism of lncRNA LUCAT1 in 
prostate cancer remain unexplored.

In this work, we showed that the expression of 
LUCAT1 was remarkably higher in prostate can-
cer tissues. Moreover, LUCAT1 promoted the mi-
gration and invasion of the prostate cancer cell in 
vitro. In addition, our further experiments explored 
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the underlying mechanism of how LUCAT1 func-
tioned in the development of prostate cancer.

Patients and Methods

Cell Lines and Clinical Samples
Totally 56 prostate cancer patients were en-

rolled in this research. They received surgery at 
the Yantai Yuhuangding Hospital. Before the sur-
gery, written informed consents were gathered. 
Patients did not have preoperative radiotherapy 
or chemotherapy. Tissues were collected from 
the surgery and stored immediately at -80°C. All 
tissues were independently analyzed by two ex-
perienced pathologists. This study was approved 
by the Research Ethics Committee of Yantai 
Yuhuangding Hospital. 

Cell Culture
The Institute of Biochemistry and Cell Biology, 

Chinese Academy of Science (Shanghai, China) of-
fered human prostate cancer cell lines (LNCaP, PC3, 
DU145, and 22Rv1) and normal human prostate epi-
thelial cell lines (P69). Culture medium consisted of 
10% fetal bovine serum (FBS; Gibco, Grand Island, 
NY, USA), penicillin as well as Dulbecco’s Modi-
fied Eagle s̓ Medium (DMEM; Gibco, Grand Island, 
NY, USA). Cells were cultured in an incubator con-
taining 5% CO2 and were set at 37°C.

Cell Transfection
After being synthesized, a lentiviral virus 

targeting LUCAT1 was cloned into the pLen-
ti-EF1a-EGFP-F2A-Puro vector (Biosettia Inc., 
San Diego, CA, USA). 293T cells were used for 
packaging LUCAT1 lentiviruses (LUCAT1) and 
the empty vector (control), which were then used 
for transfection in prostate cancer cells. 48 h later, 
LUCAT1 expression in these cells was quantified 
using Real Time-quantitative Polymerase Chain 
Reaction (RT-qPCR).

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

The total RNA was separated by using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA). The ex-
tracted total RNA was reverse-transcribed to com-
plementary Deoxyribose Nucleic Acids (cDNAs) 
through Reverse Transcription Kit (TaKaRa Bio-
technology Co., Ltd., Otsu, Shiga, Japan). Thermal 
cycle was as follows: 30 sec at 95°C, 5 sec at 95°C 
and 35 sec at 60°C, for a total of 40 cycles. Primer se-

quences used in this study were as follows: LUCAT1, 
F: 5’-CGTGAATGATAGTGAGGACTC-3’, R: 
5’-TGAACGATTTGCCACACAAGGA-3’; KISS1, 
F: 5’-GACCACGCTCTTCTGTCTACTG-3’, R: 
5’-GGCTACGGGCTTGTCACCG-3’; GAPDH: 
F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Western Blot Analysis
Reagent radioimmunoprecipitation assay 

(RIPA) (Beyotime, Shanghai, China) was utilized 
to extract protein from cells. Bicinchoninic acid 
(BCA) protein assay kit (TaKaRa, Otsu, Shiga, 
Japan) was chosen for quantifying protein con-
centrations. The target proteins were separated 
by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Then, they were in-
cubated with antibodies after transferring to the 
polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA). Cell Signaling 
Technology (CST, Danvers, MA, USA) provided 
rabbit anti-GAPDH (glyceraldehyde 3-phosphate 
dehydrogenase) and rabbit anti-KISS1, as well as 
goat anti-rabbit secondary antibody. The chemi-
luminescent film was applied for assessment of 
the protein expression with Image J software.

Wound Healing Assay
Cells were inoculated into 6-well plates and 

cultured in DMEM overnight. After scratching 
with a plastic tip, cells were cultured in serum-free 
DMEM. Wound closure was viewed at different 
time points. Each assay was independently re-
peated in triplicate.

Matrigel Assay
5×104 cells in 200 µL serum-free DMEM were 

transformed to top chamber of an 8 μm pore size 
insert (Millipore, Billerica, MA, USA) pre-coat-
ed with 50 µg Matrigel (BD Biosciences, Frank-
lin Lakes, NJ, USA). The bottom chamber was 
supplied with DMEM and FBS. 48 h later, after 
wiped by cotton swab, cells in the top surface of 
chambers were immersed with precooling metha-
nol for 10 min and stained in crystal violet for 30 
min. Three fields per sample were used to count 
the invasive cells.

Statistical Analysis
Statistical analysis was conducted through Sta-

tistical Product and Service Solutions (SPSS 20.0, 
Chicago, IL, USA). Data were presented as mean 
± SD. Chi-square test and Student’s t-test were uti-
lized for difference comparison. The Kaplan-Meier RE
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method was performed for evaluating the progno-
sis. p<0.05 was considered statistically significant.

Results

LUCAT1 Expression in Prostate Cancer 
Tissues and Cells

QRT-PCR was performed to detect the expres-
sion of LUCAT1 in 56 tumor tissues and controls. 
The result revealed that LUCAT1 was significant-
ly upregulated in tumor tissue samples (Figure 
1A). Identically, LUCAT1 expression in prostate 
cancer cells was significantly higher than that of 
HK-2 (human kidney epithelial cell) (Figure 1B).

 
LUCAT1 Expression was Correlated with 
Overall Survival of Prostate 
Cancer Patients

After the surgery, the Kaplan-Meier method 
was utilized to analyze the survival time of pros-

tate cancer patients. 56 prostate cancer patients 
were divided into two groups, the high-LUCAT1 
group and the low-LUCAT1 group, based on 
their expression level of LUCAT1. The result of 
Kaplan-Meier analysis showed that prostate can-
cer patients with low LUCAT1 level had a better 
overall survival compared to those with high level 
(Figure 1C).

The Overexpression of LUCAT1 
Promoted Cell Migration and Invasion 
of Prostate Cancer Cells

PC3 and DU145 prostate cancer cell lines 
were chosen in this study. First of all, the trans-
fection efficacy of overexpression lentivirus 
targeting LUCAT1 was verified (Figure 2A). 
Moreover, the results of wound healing assay 
indicated that migrated ability of prostate can-
cer cells was significantly facilitated after LUC-
AT1 overexpression (Figure 2B). Furthermore, 
transwell assay also revealed that the number of 

Figure 1. The expression levels of LUCAT1 increased in prostate cancer tissues and cell lines. A, LUCAT1 expression signifi-
cantly increased in the prostate cancer tissues compared with adjacent tissues. B, The expression levels of LUCAT1 relative to 
β-actin were determined in the human prostate cancer cell lines and P69 (normal human prostate epithelial cell lines) by qRT-
PCR. C, High level of LUCAT1 was associated with worse overall survival of prostate cancer patients. Data were presented as 
the mean ± standard error of the mean. *p<0.05.

Figure 2. The overexpression of LUCAT1 promoted prostate cancer cell migration. A, LUCAT1 expression in prostate cancer 
cells transfected with LUCAT1 lentiviruses (LUCAT1) and the empty vector (control) were detected by qRT-PCR. β-actin was 
used as an internal control. B, Wound healing assay showed that the overexpression of LUCAT1 significantly increased cell 
migration in prostate cancer cells. The results represent the average of three independent experiments (mean ± standard error 
of the mean). *p<0.05.RE
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migrated cells and invaded cells remarkably in-
creased after LUCAT1 overexpression in pros-
tate cancer cells (Figure 3A and 3B).

The Interaction Between KISS1 and 
LUCAT1 in Prostate Cancer

The expression level of KISS1 in prostate 
cancer cells was lower in LUCAT1 lentivirus-
es (LUCAT1) group when compared with the 
KISS1 level in empty vector (control) group 
(Figure 4A). Western blot found out that protein 
level of KISS1 was downregulated after LUC-
AT1 overexpression (Figure 4B). Furthermore, 
we found that, compared with that of adjacent 
tissues, the KISS1 expression in prostate can-
cer tissues was significantly lower (Figure 4C). 
The correlation analysis demonstrated that the 
KISS1 expression was negatively correlated 
with the LUCAT1 expression in prostate cancer 
tissues (Figure 4D).

Discussion

Recently, accumulating evidence has indicat-
ed that lncRNAs play an important regulatory 
role in the development of cancers. They are 
capable of regulating proliferation, apoptosis, 
migration and invasion of cancer cells. For ex-
ample, the downregulation of lncRNA LOXL1-
AS1 inhibits cell proliferation and cell cycle 
progression in prostate cancer10. In addition, 
the downregulation of lncRNA PVT1 inhibits 
the development and migration of prostate can-
cer by regulating expression and phosphoryla-
tion of p3811. The repression of lncRNA NEAT1 
promotes the development of prostate cancer 
by disturbing the cell cycle and inhibiting the 
proliferation of prostate cancer cells12. LncRNA 
PCSEAT functions as an oncogene in prostate 
cancer by mediating the EZH2 activity, which 
may offer a potential therapeutic target13. 

Figure 3. The overexpression of LUCAT1 promoted prostate cancer cell migration and cell invasion. A, The transwell assay 
showed that number of migrating cells significantly increased after overexpression of LUCAT1 in prostate cancer cells. B, The 
transwell assay showed that number of invading cells was significantly increased after the overexpression of LUCAT1 in prostate 
cancer cells. The results represent the average of three independent experiments (mean ± standard error of the mean). *p<0.05.
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was closely correlated to the expression level of 
LUCAT1. Furthermore, LUCAT1 overexpression 
promoted prostate cancer cell migration and in-
vasion. The above results revealed that LUCAT1 
promoted tumorigenesis of prostate cancer and 
might act as an oncogene.

The KISS1 gene encodes KISS1, which is 
processed quickly in serum into active peptides 
called kisspeptins (KPs). KISS1 was first reported 
in melanoma for metastasis suppression18. Latest 
studies have reported that KISS1 exhibited an-
ti-metastatic and anti-tumoral roles in a variety 
of cancers. For example, KISS1 functions as a tu-
mor suppressor and restricts breast cancer brain 
metastases, which also sensitizes oncolytic vi-
rotherapy19. KISS1 knockdown promoted cell pro-
liferation but inhibited cell apoptosis of ccRCC20. 
The expression level of KISS1 is downregulated 
during the progression of gastric cancer. More 
importantly, the low expression of KISS1 indi-
cates more aggressive histological types or more 

Located on chromosome 5, lncRNA lung can-
cer associated transcript 1 (LUCAT1) was firstly 
found in the airway epithelium of cigarette smok-
ers14. Recent researches have revealed the import-
ant role of lncRNA LUCAT1 in tumor progres-
sion. For instance, the overexpression of lncRNA 
LUCAT1 facilitates the malignancy of ovarian 
cancer by regulating the miR-612/HOXA13 path-
way15. By regulating the stability of DNMT1 and 
inhibiting the tumor suppressor expressions, ln-
cRNA LUCAT1 promotes the formation and 
metastasis of esophageal squamous cell carcino-
ma16. In addition, lncRNA LUCAT1 overexpres-
sion is remarkably related to malignant stage and 
poor prognosis of clear cell renal cell carcinoma 
(ccRCC), which also promotes the proliferation 
and invasion of ccRCC via the AKT/GSK-3β sig-
naling pathway17.

In this work, we found that LUCAT1 was up-
regulated both in prostate cancer samples and 
cells. Besides, the prognosis of prostate cancer 

Figure 4. Interaction between LUCAT1 and KISS1. A, QRT-PCR results showed that KISS1 expression was lower in LUC-
AT1 lentiviruses (LUCAT1) compared with the empty vector (control). B, Western blot revealed that KISS1 protein expression 
decreased in LUCAT1 lentiviruses (LUCAT1) compared with the empty vector (control). C, KISS1 was significantly down-
regulated in prostate cancer tissues compared with adjacent tissues. D, The linear correlation between the expression level of 
KISS1 and LUCAT1 in prostate cancer tissues. The results represent the average of three independent experiments. Data were 
presented as the mean ± standard error of the mean. *p<0.05.RE
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 5) Xue D, Lu H, Xu HY, ZHou CX, He XZ. Long noncod-
ing RNA MALAT1 enhances the docetaxel resis-
tance of prostate cancer cells via miR-145-5p-me-
diated regulation of AKAP12. J Cell Mol Med 2018; 
22: 3223-3237.

 6) ZHang L, Wang DL, Yu P. LncRNA H19 regulates 
the expression of its target gene HOXA10 in endo-
metrial carcinoma through competing with miR-
612. Eur Rev Med Pharmacol Sci 2018; 22: 4820-
4827.

 7) Song W, Mei JZ, ZHang M. Long noncoding RNA 
PlncRNA-1 promotes colorectal cancer cell pro-
gression by regulating the PI3K/Akt signaling 
pathway. Oncol Res 2018; 26: 261-268.

 8) Bai Jg, Tang RF, SHang JF, Qi S, Yu gD, Sun C. Up-
regulation of long noncoding RNA CCAT2 indi-
cates a poor prognosis and promotes proliferation 
and metastasis in intrahepatic cholangiocarcino-
ma. Mol Med Rep 2018; 17: 5328-5335.

 9) Bai Y, ZHou X, Huang L, Wan Y, Li X, Wang Y. Long 
noncoding RNA EZR-AS1 promotes tumor growth 
and metastasis by modulating Wnt/beta-catenin 
pathway in breast cancer. Exp Ther Med 2018; 16: 
2235-2242.

10) Long B, Li n, Xu XX, Li XX, Xu XJ, Liu JY, Wu ZH. 
Long noncoding RNA LOXL1-AS1 regulates pros-
tate cancer cell proliferation and cell cycle pro-
gression through miR-541-3p and CCND1. Bio-
chem Biophys Res Commun 2018; 505: 561-568.

11) Wan B, Wu HY, Lv DJ, ZHou XM, ZHong LR, Lei B, 
ZHang SB, Mao XM. Downregulation of lncRNA 
PVT1 expression inhibits proliferation and migra-
tion by regulating p38 expression in prostate can-
cer. Oncol Lett 2018; 16: 5160-5166.

12) Li X, Wang X, Song W, Xu H, Huang R, Wang Y, 
ZHao W, Xiao Z, Yang X. Oncogenic properties of 
NEAT1 in prostate cancer cells depend on the 
CDC5L-AGRN transcriptional regulation circuit. 
Cancer Res 2018; 78: 4138-4149.

13) Yang X, Wang L, Li R, ZHao Y, gu Y, Liu S, CHeng 
T, Huang K, Yuan Y, Song D, gao S. The long 
non-coding RNA PCSEAT exhibits an oncogen-
ic property in prostate cancer and functions as 
a competing endogenous RNA that associates 
with EZH2. Biochem Biophys Res Commun 
2018; 502: 262-268.

14) THai P, STaTT S, CHen CH, Liang e, CaMPBeLL C, Wu R. 
Characterization of a novel long noncoding RNA, 
SCAL1, induced by cigarette smoke and elevated 
in lung cancer cell lines. Am J Respir Cell Mol Biol 
2013; 49: 204-211.

15) Yu H, Xu Y, ZHang D, Liu g. Long noncoding RNA LUC-
AT1 promotes malignancy of ovarian cancer through 
regulation of miR-612/HOXA13 pathway. Biochem 
Biophys Res Commun 2018; 503: 2095-2100.

16) Yoon JH, You BH, PaRK CH, KiM YJ, naM JW, Lee SK. 
The long noncoding RNA LUCAT1 promotes tumor-
igenesis by controlling ubiquitination and stability of 
DNA methyltransferase 1 in esophageal squamous 
cell carcinoma. Cancer Lett 2018; 417: 47-57.

17) ZHeng Z, ZHao F, ZHu D, Han J, CHen H, Cai Y, 
CHen Z, Xie W. Long non-coding RNA LUCAT1 

advanced tumors21. The KISS1 expression is re-
duced during the malignant transformation of the 
colonic mucosa, and the upregulation of KISS1 
expression is associated with worse prognosis in 
colorectal cancer22.

In the present study, the KISS1 expression 
could be downregulated after overexpression of 
LUCAT1. Moreover, the KISS1 expression in 
prostate cancer tissues was negatively related to 
LUCAT1 expression. All the above results sug-
gested that LUCAT1 might promote tumorigene-
sis of prostate cancer by targeting KISS1.

Conclusions

We identified that LUCAT1 was remarkably 
upregulated and negatively related to overall sur-
vival of prostate cancer patients. Besides, LUC-
AT1 could enhance prostate cancer cell migration 
and invasion by targeting KISS1. These findings 
suggested that LUCAT1 may contribute to thera-
py for prostate cancer as a candidate target.
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