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Abstract. Ultraconserved regions (UCRs) are non-protein- 
coding gene sequences that are strictly conserved across 
numerous distinct species. It has been demonstrated previously 
that UCRs encoding non-coding RNAs serve as regulators of 
gene expression. In recent decades, there has been increasing 
evidence for the involvement of UCRs in carcinogenesis. In 
previous studies, the non-coding RNA transcribed ultra-
conserved element 338 (TUC338) was identified to serve an 
oncogenic role in hepatocellular cancer; however, thus far, the 
role of TUC338 in cervical cancer (CC) remains undefined. 
The results of the present study revealed that TUC338 is 
significantly upregulated in CC tissues and cell lines, and that 
the upregulation of TUC338 is associated with lymph node 
metastasis. Transfection with small interfering RNA (siRNA) 
against TUC338 could markedly inhibit cell migration and 
invasion in HeLa and C33A CC cell lines. Using a dual-lucif-
erase reporter assay, tissue inhibitor of metalloproteinase 
1 (TIMP1) was demonstrated to be negatively regulated 
by TUC338 at the post‑transcriptional level, via a specific 
target site within the 3' untranslated region. The expression 
of TIMP1 was also observed to be inversely associated with 
TUC338 expression in CC tissues. Overexpression of TIMP1 
with MigRI‑TIMP1‑green fluorescent protein inhibited CC 
cell migration and invasion and downregulated matrix metal-
loproteinase 9, resembling the effects of TUC338 siRNA. 
Therefore, the results of the present study suggest that TUC338 
acts as a novel oncogene by targeting the TIMP1 gene, and 
inhibiting CC cell migration and invasion.

Introduction

Cervical cancer (CC) is the second most common type of 
female‑specific cancer, ranking only behind breast cancer, 
and the fourth leading cause of cancer-associated mortality in 
females worldwide (1). The majority of cases of CC, ~80%, 
occur in developing countries (2). As detection of CC precur-
sors by cytological examination and their eradication by laser 
vaporization or cone biopsy are the most effective methods 
of preventing CC, the carcinoma is treatable, and, in many 
cases, curable. However, once cancer advances and spreads to 
the distant lymph nodes, the prognosis is poor (3). Therefore, 
it is essential to identify metastasis-associated molecules and 
to improve our understanding of the underlying molecular 
mechanisms of the metastasis of CC.

Ultraconserved regions (UCRs) are non-coding gene 
sequences that are strictly conserved across mice, rats and 
humans. UCRs regulate the expression and translation of mRNAs. 
It has been demonstrated that UCRs encode non-coding RNAs 
(ncRNAs) that serve as modulators of gene expression (4,5).

Previous genome expression profiling studies demonstrated 
that transcribed ultraconserved RNAs (TUC-RNAs) exhibit 
distinct profiles in human carcinomas (6,7). Furthermore, 
certain TUC-RNAs are able to serve as oncogenes or tumor 
suppressor genes in tumor development. For example, 
transcribed ultraconserved element 73 (TUC73) has been 
demonstrated to regulate cell proliferation and apoptosis in 
colorectal cancer cell lines (6). However, the regulation of 
the majority of TUC-RNAs and their underlying molecular 
mechanisms remain unknown in CC.

TUC338 is a TUC-RNA that serves as a tumor oncogene. 
Braconi et al (8) demonstrated that TUC338 is markedly overex-
pressed in hepatocellular cancer (HCC) cell lines and tissue, and 
it promotes tumor cellular proliferation and modulates progres-
sion through regulation of the cell cycle. However, the expression 
level and biological role of TUC338 in CC remains unclear.

In the present study, the differential expression of TUC338 
in human CC samples was identified using reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR), 
and the function of TUC338 in the migration and invasion 
of CC cells was investigated. In addition, to understand the 
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underlying molecular mechanism of CC metastasis, the target 
gene of TUC338 was further investigated. To the best of our 
knowledge, the present study is the first to investigate the 
expression and mechanism of TUC338 in CC migration and 
invasion. The results of the present study identify TUC338 as 
a novel target for further therapeutic studies of CC.

Materials and methods

CC tissue collection. CC tissue specimens (n=40) and normal 
cervical tissues (n=40) were obtained from female patients with 
CC (age range, 40-68 years) at the Department of Obstetrics 
and Gynecology of the Jiangsu Subei People's Hospital, affili-
ated to Yangzhou University (Yangzhou, China) from January 
2015 to January 2016. At the time of sample collection, the 
patients were untreated, and the samples were taken during 
initial diagnosis as part of routine examination.

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 nitrogen 
prior to use. Approval for the present study was granted by 
the Institutional Medical Research Ethics Committee of the 
Medical College of Yangzhou University (Yangzhou, China). 
All patients provided written informed consent.

Cell line culture. Human CC cell lines (HeLa and C33A) were 
purchased from the Chinese Peking Union Medical College 
Cell Bank (Beijing, China). All cell lines were maintained in 
RPMI-1640 'medium (HyClone; GE Healthcare Life Sciences, 
Logan, UT, USA) supplemented with 10% fetal bovine serum 
(FBS; HyClone; GE Healthcare Life Sciences), 100 IU/ml 
penicillin and 100 mg/ml streptomycin (Beyotime Institute 
of Biotechnology, Haimen, China) at 37˚C in a humidified 
atmosphere containing 5% CO2.

RT‑qPCR detection and quantification. Total RNA was 
isolated from cells using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), according to 
the manufacturer's protocol. Purification of RNA (1 µg) was 
performed using TRIzol® Plus RNA Purification kit (Thermo 
Fisher Scientific, Inc.). RNA was reverse-transcribed into 
cDNA using the PrimeScript First Strand cDNA Synthesis 
kit (Takara Bio, Inc., Otsu, Japan), according to the manufac-
turer's protocol. qPCR was performed using the UltraSYBR 
Mixture kit (CWBIO; Kang Wei Biological Technology 
Co. Ltd., Beijing, China) on an Applied Biosystems 7500 
Real-Time PCR system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The thermocycling conditions for qPCR 
were; pre‑denaturation at 95˚C for 10 min, denaturing at 95˚C 
for 15 sec and annealing/extending at 60˚C for 1 min for 40 
cycles. U6 small nuclear ribonucleoprotein RNA and β-actin 
mRNA were used as internal controls. All reactions were run 
in triplicate using the following primers: TUC338 forward, 
5'-GCA GCG ACA GTG CGA GCT-3' and reverse, 5'-TCC GAG 
TGA GTT AGG AAG-3', U6 forward, 5'-CGC TTC GGC AGC 
ACA TAT AC-3' and reverse, 5'-TTC ACG AAT TTG CGT GTC 
AT-3', tissue inhibitor of metalloproteinase 1 (TIMP1) forward, 
5'-CTT CTG GCA TCC TGT TGT-3' and reverse, 5'-ACT GCA 
GGT AGT GAT GTG-3', matrix metalloproteinase-9 (MMP9) 
forward, 5'-GTG ATT GAC GAC GCC TTT-3' and reverse, 

5'-CAA CTC GTC ATC GTC G-3' and β-actin forward, 5'-GTC 
ACC AAC TGG GAC GAC AT-3' and reverse, 5'-GAG GCG TAC 
AGG GAT AGC AC-3'. The 2-ΔΔCq method was used for quanti-
fication (9).

Transfection of CC cells. Full-length murine TIMP1 mRNA 
was cloned into the MigRI‑green fluorescent protein (GFP) 
retroviral vector at the Noncoding RNA Center, Yangzhou 
University (Yangzhou, China) and the sequence was confirmed 
by Sangon Biotech Co., Ltd. (Shanghai, China). The vector 
was obtained from Dr Xiaoyun Dong (Temple university, PA, 
USA). Small interfering RNAs (siRNAs) against TUC338 were 
purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, 
USA). The siRNA sequences (5'-3') were as follows: siRNA-1, 
UGA CAG CCC UGG AGA CUG A; siRNA-2, CCA CAG GAC 
AGG UAC AGC A (8). HeLa and C33A cells were transfected 
with 60 nM TUC338 siRNA (8) or 0 nM siRNA as the nega-
tive control (NC) by Lipofectamine® 2000 (Invitrogen Life 
Technologies; Thermo Fisher Scientific, Inc.) for 48 h prior to 
further experiments, according to the manufacturer's instruc-
tions. The transfected cells were incubated at 37˚C with 5% 
CO2. The TUC338 and TIMP1 RNA levels in the transfected 
CC cells were quantified using RT‑qPCR.

Nucleotide blast. In order to identify potential targets of 
TUC338, the nucleotide Basic Local Alignment Search Tool 
(blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_
TYTYPE=BlastSearch&LINK_LOC=blasthome) was used. 
This provided complementary sequences of two genes TUC338 
and TIMP1.

Dual‑luciferase reporter assay. The full-length 3'-untranslated 
region (UTR) of TIMP1 was amplified by PCR from genomic 
DNA and cloned into the EcoRI and XhaI sites of a pGL3-BS 
vector (Promega Corporation, Madison, WI, USA). The primers 
for TIMP1 3'-UTR were as follows: forward, 5'-GTG AAT 
TCA TCC TGC CCG GAG TGG AA-3' and reverse, 5'-GTT CTA 
GAT TTC TGC TGG GTG GTA AC-3'. The mutant construct of 
TIMP1 3'-UTR was generated using a QuikChange™ mutagen-
esis kit (Stratagene; Agilent Technologies, Inc., Santa Clara, CA, 
USA). Co-transfection of reporter vectors and TUC338 siRNA 
or NC was performed using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufacturer's 
protocol. After 48 h, dual-luciferase activity was determined 
using a Dual-Luciferase Reporter Assay System (Promega 
Corporation) according to the manufacturer's protocol.

Migration and invasion assay. In vitro cell migration and 
invasion assays were performed using Transwell chambers as 
described previously (10). For the migration assays, 5x104 cells 
(HeLa and C33A, transfected with TUC338 siRNA or NC) 
were added into the upper Transwell chamber (pore size, 8 µm; 
BD Biosciences, Franklin Lakes, NJ, USA). For the invasion 
assays, 1x105 cells (HeLa and C33A, transfected with TUC338 
siRNA or NC) were added into the upper Transwell chamber 
(pore size, 8 µm) precoated with Matrigel (BD Biosciences). 
In both assays, cells were plated in medium without serum and 
medium containing 10% FBS in the lower chamber served as 
the chemoattractant. Following incubation (14 h) at 37˚C in a 
5% CO2 humidified atmosphere, the cells that had not migrated 
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or invaded through the pores were removed. The filters were 
fixed in 90% alcohol and stained with crystal violet (0.1%, 
20 min). A total of 5 random fields/chamber were counted 
using an inverted microscope (Olympus, Japan), and each test 
was performed in triplicate.

Western blot analysis. Proteins were extracted using cell 
lysis buffer for western and immunoprecipitation (Beyotime 
Institute of Biotechnology) according to the manufacturer's 
instructions. Protein concentration was quantified using an 
enhanced bicinchoninic acid assay kit (Beyotime Institute of 
Biotechnology), according to the manufacturer's protocol. For 
western blot analysis, equal amounts (5‑10 µg) of total protein 
were heated to 100˚C, and separated by 8.5% SDS‑PAGE. 
Following electrophoresis, proteins were blotted onto a poly-
vinylidene difluoride membrane and blocked using bovine 
serum albumin for 2 h at room temperature. Membranes 
were incubated with anti-TIMP1 antibody (1:1,000; catalog 
no. 8946S; Cell Signaling Technology, Inc., Danvers, MA, 
USA), anti-MMP9 antibody (1:1,000; catalog no. 13667; Cell 
Signaling Technology, Inc.) or β-actin mouse monoclonal 
antibody (1:1,000; catalog no. cat-AF0003; Beyotime Institute 
of Biotechnology) overnight at 4˚C. TIMP1 protein level was 
detected using a horseradish peroxidase-conjugated anti-rabbit 
secondary immunoglobulin G antibody (1:1,000; catalog 
no. A0208; Beyotime Institute of Biotechnology) for 2 h at room 
temperature. Protein bands were detected using a FluorChem 
FC2 Imaging system (ProteinSimple, San Jose, CA, USA).

Statistical analysis. Statistical analyses were performed using 
SPSS software (version 16.0; SPSS, Inc., Chicago, IL, USA). All 
plots were created using Microsoft Office Excel 2010 software 
(Microsoft Corporation, Redmond, WA, USA) and GraphPad 
Prism software (version 5; GraphPad Software, Inc., La Jolla, 
CA, USA). Results are expressed as the mean ± standard 
deviation from three independent experiments. Differences 
were assessed using a two-tailed Student's t-test. The associa-
tion between TIMP1 and TUC338 expression was tested using 
a two-tailed Pearson's correlation. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression of TUC338 is upregulated in CC tissues and cell 
lines. As TUC338 has been reported to be upregulated in HCC, 

TUC338 expression levels were investigated in human CC tissues 
in the present study. The endogenous expression of TUC338 in 
human CC tissues and adjacent normal cervical tissues was 
determined using RT-qPCR. As presented in Fig. 1A, expres-
sion of TUC338 was upregulated in 92.5% (37/40) of CC tissues 
compared with the corresponding adjacent normal cervical 
tissues. It was also identified that TUC338 expression was further 
upregulated in 92.59% (25/27) of patients with CC with lymph 
node metastasis compared with patients with CC without lymph 
node metastasis (P<0.05) (Fig. 1B). Similarly, the expression of 
TUC338 was observed to be significantly increased in two CC 
cell lines compared with normal human cervical tissue cells 
(Fig. 1C). These results suggest that increased TUC338 expres-
sion serves an important role in CC development and metastasis.

Downregulated expression of TUC338 via siRNA inhibits 
CC cell migration and invasion. On the basis of the afore-
mentioned results, it was investigated whether TUC338 served 
a role in regulating the migration and invasion of CC cells. 
HeLa and C33A cells were transfected with TUC338 siRNA 
or NC, and the transfection efficiency was evaluated using cell 
invasion and migration assays. As expected, transfection with 
TUC338 siRNAs significantly decreased TUC338 expression 
compared with the NC in HeLa and C33A cells (Fig. 2A and B). 
Furthermore, the cell migration and invasion assay demon-
strated that downregulated expression of TUC338 resulted in 
a significantly decreased migration rate and invasion rate in 
HeLa and C33A cells compared with the NC (Fig. 2C and D). 
These results indicate that TUC338 acts as a tumor oncogene 
ncRNA and contributed to the promotion of migration and 
invasion of CC cells.

TIMP1 is a direct target of TUC338. ncRNAs are known to 
modulate hundreds of mRNA targets, resulting in global changes 
in the cell phenotype. In order to identify potential targets of 
TUC338, the nucleotide Basic Local Alignment Search Tool 
(blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_
TYPE=BlastSearch&LINK_LOC=blasthome) was used. 
TIMP1 was identified as a putative target gene for TUC338 
that mediates cell migration and invasion. To verify whether 
TUC338 targeted TIMP1 directly, a Dual-Luciferase reporter 
assay was performed. As presented in Fig. 3, in HeLa cells 
co-transfected with TIMP1-3'-UTR/pGL3-BS, transfection 
with TUC338 siRNA led to a significant decrease in luciferase 
activity compared with the group transfected with the NC 

Figure 1. TUC338 is upregulated in cervical carcinoma. TUC338 expression levels were determined using reverse transcription-quantitative polymerase 
chain reaction and normalized against an endogenous U6 RNA control. (A) Expression levels of TUC338 in 40 paired human CC tissues relative to their 
corresponding normal cervical tissue samples (control). (B) Expression levels of TUC338 in patients with CC with lymph node metastasis (n=25) relative to 
non-metastatic samples (n=7). (C) Expression levels of TUC338 in two CC cell lines (HeLa and C33A) relative to human normal cervical tissue cells (control). 
Data are presented as the mean ± standard deviation of three independent experiments per group. *P<0.05. TUC338, transcribed ultraconserved element 338; 
CC, cervical cancer; M, metastasis; NM, no metastasis.
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Figure 3. TIMP1 3'‑UTR is a target of TUC338. (A) TIMP1 was identified as a target gene of TUC338 using Basic Local Alignment Search Tool prediction. 
(B) Schematic representations of the luciferase reporter plasmids with the wt or mut TIMP1 3'-UTR. (C) Luciferase activity in HeLa cells was determined 
following co-transfection with wt or mut TIMP1 3'-UTR and TUC338 siRNA relative to co-transfection with wt or mut TIMP1 3'-UTR and NC. *P<0.05 
vs. NC. TIMP1, tissue inhibitor of metalloproteinase 1; UTR, untranslated region; TUC338, transcribed ultraconserved element 338; wt, wild-type; mut, 
mutant; LUC, luciferase; NC, negative control. 

Figure 2. Knockdown of TUC338 inhibits migration and invasion of cervical cancer cells. Transfection of (A) HeLa and (B) C33A cells with TUC338 siRNA 
decreased the expression of TUC338, as determined using reverse transcription-quantitative polymerase chain reaction analysis, relative to cells transfected 
with NC. Transfection of HeLa and C33A cells with TUC338 siRNA also inhibited (C) migration and (D) invasion relative to the NC cells. *P<0.05 vs. NC. 
TUC338, transcribed ultraconserved element 338; siRNA, small interfering RNA; NC, negative control.
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(P<0.05). This repressive effect was eliminated by point muta-
tions in the binding site of the TIMP1 3'-UTR. These results 
indicated that TUC338 exerts inhibitory effects on TIMP1 
expression via interaction with the 3'-UTR of TIMP1.

TUC338 negatively regulates TIMP1 expression and upregu‑
lates matrix metalloproteinase 9 (MMP9) expression. To further 
confirm that TIMP1 is a target gene of TUC338 and that TIMP1 
is a natural inhibitor of MMP9 (11), RT-qPCR and western blot 
analysis were performed to detect the expression of TIMP1 and 
MMP9 in association with TUC338 expression in HeLa and 
C33A cells. The results indicated that expression of TIMP1 was 
significantly upregulated and MMP9 was significantly down-
regulated at the mRNA level (Fig. 4A and B) following siRNA 

knockdown of TUC338 compared with the NC. At the protein 
level (Fig. 4C), TIMP1 was markedly upregulated and MMP9 
was markedly downregulated following siRNA knockdown of 
TUC338 compared with NC. These results suggest that TUC338 
negatively regulates the expression of its target gene TIMP1 at 
the post-transcriptional level, and that decreased expression of 
TIMP1 results in increased expression of MMP9.

Expression levels of TUC338 and TIMP1 are inversely  
correlated at the RNA level. To assess the association between 
TUC338 and TIMP1 in CC, the mRNA levels of TUC338 and 
TIMP1 were determined in CC and adjacent normal cervical 
tissues using RT-qPCR. As presented in Fig. 5A, when the 
TIMP1 mRNA expression levels were plotted against TUC338 

Figure 4. TUC338 negatively regulates TIMP1 expression and upregulates MMP9 gene expression in cervical cancer cells. (A) Expression of TIMP1 mRNA 
was significantly upregulated in HeLa and C33A cells following siRNA knockdown of TUC338 compared with NC. (B) Expression of MMP9 mRNA was 
significantly downregulated in HeLa and C33A cells following siRNA knockdown of TUC338 compared with NC. (C) Expression of TIMP1 protein was 
increased and expression of MMP9 protein was decreased in HeLa cells following siRNA knockdown of TUC338 compared with in the absence of TUC338 
siRNA. β-actin was used as a loading control. *P<0.05 vs. NC. TUC338, transcribed ultraconserved element 338; TIMP1, tissue inhibitor of metalloproteinase 
1; MMP9, matrix metalloproteinase 9; siRNA, small interfering RNA; NC, negative control. 

Figure 5. Expression of TUC338 and TIMP1 are inversely associated at the mRNA level. (A) Inverse association of TUC338 and TIMP1 expression in cervical 
carcinoma tissues without lymph node metastasis (two-tailed Pearson's correlation analysis, n=37, r=-0.57, P<0.05). (B) Inverse association of TUC338 and 
TIMP1 expression in cervical carcinoma tissues with lymph node metastasis (two-tailed Pearson's correlation analysis, n=25, r=-0.61, P<0.05). TUC338, 
transcribed ultraconserved element 338; TIMP1, tissue inhibitor of metalloproteinase 1.
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mRNA expression levels in up‑regulated CC tissues, a signifi-
cant inverse association was identified (two‑tailed Pearson's 
correlation analysis, n=37, r=−0.57; P<0.05). Similarly, a 
significant inverse association was also identified in CC 
specimens with lymph node metastasis (Fig. 5B; two-tailed 
Pearson's correlation analysis, n=25, r=−0.61; P<0.05).

Overexpression of TIMP1 decreases the migration potential of 
CC cells and upregulates MMP9. Expression of TIMP1 in CC 
cells was forced using transfection with MigRI-TIMP1-GFP 
plasmids. TIMP1 mRNA levels were significantly upregu-
lated in HeLa and C33A cells following MigRI- TIMP1-GFP 
transfection (Fig. 6A); furthermore, TIMP1 protein levels 
were markedly upregulated in HeLa and C33A cells following 
MigRI-TIMP1-GFP transfection (Fig. 6B). Consistently, 
overexpression of TIMP1 markedly inhibited migration in CC 
cells (Fig. 6C and D), which resembled the inhibitory effects of 
TUC338 knockdown. It was also confirmed that the expression 

of MMP9 was significantly downregulated at the mRNA 
level (Fig. 6E) and at the protein level (Fig. 6F) following 
overexpression of TIMP1. These results suggested that TIMP1 
modulates the migration of CC cells and acts as an inhibitor of 
MMP9 by negatively regulating its gene expression.

Discussion

UCRs are non-coding gene sequences that are strictly 
conserved across mice, rats and humans. UCRs regulate the 
expression and translation of mRNAs. By regulating protein 
production post-transcriptionally, a number of UCRs act as 
oncogenes or tumor suppressor genes (6-8,12,13). However, 
the regulation of TUC338 and its underlying molecular 
mechanisms of action in CC are unknown.

The results of the present study indicated that TUC338 
exhibited increased expression in CC tissues compared 
with in matched normal cervical tissues. The results also 

Figure 6. Overexpression of TIMP1 reduces migration of cervical cancer cells and downregulates MMP9. (A) TIMP1 mRNA levels were significantly 
upregulated in HeLa and C33A cells following transfection with MigRI-TIMP1-GFP relative to transfection with empty vector. (B) TIMP1 protein levels were 
markedly upregulated in HeLa and C33A cells following transfection with MigRI-TIMP1-GFP compared with transfection with empty vector. β-actin was used 
as a loading control. (C) Overexpression of TIMP1 markedly inhibited migration in cervical cancer cells compared with transfection with empty vector. (D) 
Quantification of migrating cells in HeLa and C33A cells. Overexpression of TIMP1 significantly decreased the number of migrating cells compared with 
transfection with empty vector. (E) Expression of MMP9 mRNA was significantly downregulated in HeLa and C33A cells following overexpression of TIMP1 
compared with transfection with empty vector. (F) Expression of MMP9 protein was markedly downregulated in HeLa and C33A cells following overexpres-
sion of TIMP1 compared with transfection with empty vector. β-actin was used as a loading control. *P<0.05 vs. transfection with empty vector. TIMP1, tissue 
inhibitor of metalloproteinase 1; MMP9, matrix metalloproteinase 9; GFP, green fluorescent protein.
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indicated that TUC338 siRNAs inhibited the invasion and 
migration of two CC cell lines. These results suggest that 
TUC338, as a novel tumor oncogene, serves a role in the 
metastasis and infiltration of CC. In addition, TIMP1 was 
identified as a potential target of TUC338 using theoretical 
prediction software. TIMP1 is a member of the TIMP family, 
which are natural inhibitors of the MMPs, a group of pepti-
dases involved in degradation of the extracellular matrix. 
TIMP1 participates in the majority of the physiological 
and pathological processes involved in cell proliferation, 
migration, matrix remodeling, cell survival and matrix 
degradation (14-18). It has also been reported that TIMP1 
is overexpressed in colorectal and lung tumors (19,20), and 
is associated with metastasis and invasion in breast, upper 
urinary tract and oral squamous cell tumors (19-22).

In the present study, an inverse association between 
TUC338 and TIMP1 expression was identified in CC tissues. 
The results also demonstrated that TIMP1 was negatively 
regulated by TUC338 at the post-transcriptional level, via a 
specific target site within the 3'‑UTR, and that TUC338 inhib-
ited CC cell migration and invasion through the TIMP1-MMP9 
signaling pathway. These findings suggest that a decrease in 
TIMP1 expression, induced by the suppression of TUC338, 
allows the progression of CC. Furthermore, this implicates 
dysregulation of the TIMP1 signaling pathway by UCRs as an 
important mechanism underlying cancer metastasis, particu-
larly in cancer cell migration and cell invasion.

Metastasis is the movement of cancer cells from one organ 
or tissue to another. Its sequential events include detach-
ment, migration, local invasion, formation of tumor embolus, 
extravasation and establishment in different organs (23,24). 
Certain ncRNAs are able to regulate tumor metastasis 
signaling pathways (25). The identification of TUC338 as 
an important regulator of tumor cell migration and invasion 
in vitro emphasizes an essential role for this UCR in mediating 
CC oncogenesis and tumor behavior.

In summary, the results of the present study demonstrate 
that TUC338 is upregulated in CC, and that its upregula-
tion is significantly associated with lymph node metastasis. 
Furthermore, siRNAs against TUC338 can inhibit the invasion 
and migration of CC cells. TUC338 can directly inhibit TIMP1 
expression by targeting its 3'‑UTR; TIMP1 was identified to be 
downregulated and inversely associated with TUC338 levels 
in CC. The results of the present study suggest that TUC338 is 
an important oncogene in CC, and this knowledge may lead to 
novel treatments to prevent CC metastasis.
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