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LncRNA TUG1 aggravates the progression of
cervical cancer by binding PUM2
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Abstract. — OBJECTIVE: To illustrate the role
of long non-coding RNA (IncRNA) TUGH1 in the
influence of the progression of cervical cancer
(CC) and its underlying mechanism.

PATIENTS AND METHODS: TUG1 level in CC
tissues and adjacent normal ones was deter-
mined by quantitative Real Time-Polymerase
Chain Reaction (qRT-PCR). Its level in CC pa-
tients with different tumor, node, and metasta-
sis (TNM) staging and the tumor sizes were de-
tected as well. The prognostic potential of TUG1
in CC was assessed by introducing the receiver
operating characteristic (ROC) curves. The in-
fluences of TUG1 on proliferative and migratory
abilities of HeLa and SiHa cells were evaluated.
The subcellular distribution of TUG1 in CC cells
was analyzed. Subsequently, the relative level of
PUM2 (Pumilio2) in CC tissues and cell lines was
examined. The prognostic potential of PUM2 in
CC was assessed. RNA immunoprecipitation
(RIP) and RNA pull-down were conducted to un-
cover the interaction between TUG1 and PUM2.
Finally, the regulatory effect of TUG1/PUM2 axis
on the viability of the CC cells was investigated.

RESULTS: TUG1 was upregulated in CC, espe-
cially in those with worse TNM staging and larg-
er tumor size. The overexpression of TUG1 en-
hanced proliferative and migratory abilities of
Hela and SiHa cells. TUG1 was mainly distribut-
ed in the cytoplasm. PUM2 interacted with TUG1
and its level was positively regulated by TUG1.
The silence of PUM2 reversed the promotive ef-
fect of TUG1 on the viability of the CC cells.

CONCLUSIONS: TUGH1 is upregulated in CC,
which aggravates the progression of CC by in-
teracting with PUM2.

Key Words:
Cervical cancer, LncRNA TUGI, PUMZ2.

Introduction

Cervical cancer (CC) is the third most common
gynecological malignancy, and the fourth lead-
ing cause of female cancer deaths globally. It is
reported that there are 530,000 newly onset cases
of CC worldwide, and 275,000 CC patients die
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each year'. (Owing) Due to the advancement of
cervical cytology and cervical biopsy, the detec-
tive rates of early-stage and locally advanced CC
cases have been improved®?. Nevertheless, the
molecular mechanisms underlying the progres-
sion of CC are still poorly understood.

With the development of the genome-wide
sequencing technology, mnon-coding RNAs
(ncRNAs) are found to be the vast majority of
mammalian genomes and they exert regulatory
roles in tumorigenesis*®. Long non-coding RNAs
(IncRNAs) are transcribed by RNA polymerase
II. Typically, they could not encode proteins
except for a small number of polypeptides. Ln-
cRNAs are evolutionarily conserved IncRNAs
which have crucial functions in cell proliferation,
differentiation, and immune response’®. In addi-
tion, IncRNAs are involved in chromatin modi-
fication’, DNA methylation'’, gene imprinting'',
RNA processing'?, and genetic regulation’. Re-
cent studies have identified that IncRNAs could
be oncogenes or tumor suppressors that influence
tumor progression.

LncRNA TUGI, also known as TI-227H,
linc00080 or ncRNAO00080, is a 7.1-kb gene locat-
ed on 22q12.2. TUGI was initially discovered by
microarray screen in taurine-treated retinal cells™.
The dysregulation of TUGI would influence the
progression of many types of tumors"?. However,
the role of TUGI in CC has been rarely reported.

In this paper, we first determined the expres-
sion pattern of TUGI in CC tissues and cell lines.
The in vitro functions of TUGI in the regulation
of the proliferative and migratory abilities of CC
cells were specifically explored.

Patients and Methods
Sample Collection and Ethical Statement

The CC tissues and adjacent normal tissues
were surgically harvested from 64 CC patients
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admitted in the Yan’an University Affiliated Hos-
pital from April 2016 to December 2018. The
pathological data of each patient were recorded,
including TNM staging and tumor size. None of
these patients were preoperatively treated. This
study was approved by the Medical Ethics Com-
mittee of Yan’an University Affiliated Hospital
and informed consent was given by each subject.

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

Total RNAs in cells and tissues were extracted
using TRIzol method (Invitrogen, Carlsbad, CA,
USA), and they were subjected to reverse tran-
scription according to the instructions of Prime-
Script RT reagent Kit (TaKaRa, Otsu, Shiga, Ja-
pan). The RNA concentration was detected using
an ultraviolet spectrophotometer (Hitachi, Tokyo,
Japan). The complementary Deoxyribose Nucleic
Acid (cDNA) was synthesized according to the
instructions of the PrimeScript™ RT MasterMix
kit (Invitrogen, Carlsbad, CA, USA). QRT-PCR
reaction conditions were as follows: 94°C for 30
s, 55°C for 30 s and 72°C for 90 s, for a total of
40 cycles. The relative expression level of the
target gene was expressed by the 24" method.
The primer sequences were as follows: TUGI:
F: 5-GAACTACTGCGGAACCTCAA-3’; R:
5-ACTTGGTGAGCACCACTCC-3’;  glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH):
F: 5-CTGCCAACGTGTCAGTGGTG-3’; R:
5-TCAGTGTAGCCCAGGATGCC-3".

Cell Culture

The CC cell lines (HeLa, C4-1, SiHa and CaS-
ki) and the immortalized squamous cells of the
human cervix (Etcl/E6E7) were provided by Cell
Bank (Shanghai, China). Hela and CaSki cells
were cultured in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640; HyClone, South Logan,
UT, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco, Rockville, MD, USA), and
the others were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM; Gibco, Rockville, MD,
USA). All cells were incubated in 5% CO, at
37°C.

Cell Transfection

The cells were seeded in a 6-well plate and
cultured until 60-70% of confluence. They were
incubated with the mixture containing 100 nmo-
I/L 0e-TUGI and Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA). Six hours later, the
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complete medium was replaced. Sequences of
oeTUG] were as the follows: oe€TUG1 1#: F:
5’-GGGAUAUAGCCAGAGAACAAUUCUA-3’;
R: 5-UAGAAUUGUUCUCUGGCUAUAUC-
CC-3%; 0eTUGI 2#: F: 5-GCUUGGCUUCU-
AUUCUGAAUCCUUU-3’; R: 5~ AAAGGAUU-
CAGAAUAGAAGCCAAGC-3".

Cell Counting Kit-8 (CCK-8) Assay

The transfected cells were seeded into 96-well
plates with 5.0x10° cells per well. At the appoint-
ed time points, 10 pL of CCK-8 solution (Dojindo
Molecular Technology, Kumamoto, Japan) was
added in each well and the cells were incubated
for 2 h. The absorbance at 450 nm of each sample
was measured by a microplate reader (Bio-Rad,
Hercules, CA, USA).

Transwell Migration Assay

The transfected cells for 48 h were adjusted to
the dose of 1.0x10° cells/mL and subjected to se-
rum starvation for 12 h. 200 pL/well suspension
was applied in the upper side of the transwell
chamber (Millipore, Billerica, MA, USA), while
700 pL of medium containing 10% FBS was ap-
plied in the bottom. After 48 h of incubation, the
cells migrated to the bottom side were subjected
to fixation in methanol for 15 min, crystal violet
staining for 20 min, and cell counting using a
microscope. The penetrating cells were counted
in 5 randomly selected fields per sample.

Determination of
Subcellular Distribution

The cytoplasmic and nuclear RNAs were ex-
tracted using the PARIS kit (Invitrogen, Carls-
bad, CA, USA) and subjected to qRT-PCR. U6
was the internal reference of the nucleus and
GAPDH was that of the cytoplasm.

RNA Immunoprecipitation (RIP)

The cells were treated according to the proce-
dures of Millipore Magna RIPTM RNA-Binding
Protein Immunoprecipitation Kit (Millipore, Bil-
lerica, MA, USA). The cell lysate was incubated
with input, anti-PUM2, or anti-IgG antibody at
4°C for 6 h. A protein-RNA complex was cap-
tured and digested with 0.5 mg/mL proteinase K
containing 0.1% sodium dodecyl sulphate (SDS)
to extract RNA. The magnetic beads were repeat-
edly washed with RIP washing buffer to remove
the non-specific adsorption as much as possible.
Finally, the extracted RNA was subjected to mR-
NA level determination using qRT-PCR.
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RNA Pull-Down

RNA pull-down was conducted using the
Pierce™ RNA 3° End Desthiobiotinylation
Kit (Thermo Fisher Scientific, Waltham, MA,
USA). The purified proteins were subjected to
Western blot analyses.

Western Blot

The total protein was extracted from cells us-
ing radioimmunoprecipitation assay (RIPA) and
quantified by bicinchoninic acid (BCA) method
(Beyotime, Shanghai, China). The protein sam-
ple was loaded for electrophoresis and trans-
ferred on a polyvinylidene difluoride (PVDF)
membranes (Roche, Basel, Switzerland). The
membranes were blocked in 5% skim milk for
2 h and subjected to incubation with primary
antibody (Cell Signaling Technology, Danvers,
MA, USA) at 4°C overnight. The membrane
was incubated with the secondary antibody after
rinsing with the buffer solution (TBST). Bands
were exposed by enhanced chemiluminescence
(ECL) and analyzed by Image Software (NIH,
Bethesda, MD, USA).

Statistical Analysis

The Statistical Product and Service Solutions
(SPSS) 17.0 statistical software (SPSS Inc., Chi-
cago, IL, USA) was used for data analysis. The
data were expressed as mean + standard deviation
(x=£ 5). The intergroup data were compared using
the #-test. The receiver operating characteris-
tic (ROC) curves were introduced for assessing
the prognostic potential. The Pearson correlation
analysis was conducted for evaluating the rela-
tionship between the two genes. In addition, the
Kaplan-Meier methods were used for survival
analysis. p<0.05 was considered the difference
statistically significant.

Results

LncRNA TUGT Was Upregulated in CC
As qRT-PCR data revealed, a higher abundance
of TUGI1 was observed in CC tissues compared to
adjacent normal ones (Figure 1A). Its level in
CC patients increased with the worsening of the
TNM staging, manifesting as a higher level of
TUGI in CC patients with stage I1I-IV than those
with stage [-11 (Figure 1B). Moreover, TUGI level
was higher in CC tissues with larger tumor size
(>4 cm) compared to those with a smaller one (<4

cm) (Figure 1C). The ROC curves indicated the
prognostic potential of TUGI in CC (AUC=0.843,
cut-off value=1.406, Figure 1D).

Overexpression of TUGI Stimulated
Viability and Migratory Rate of CC

Consistently, TUGl was upregulated in CC
cell lines (Figure 2A). HeLa and SiHa cell
lines were chosen for the following in vitro
experiments. Transfection of oe€TUGI greatly
upregulated TUGLI level in CC cells, exhibiting
an effective transfection efficacy (Figure 2B). In
Hela and SiHa cells overexpressing TUGI, their
viabilities were remarkably enhanced (Figures
2C, 2D). Besides, the number of migratory cells
was elevated after the transfection of oeTUGI
(Figure 2E).

TUGT1 Upregulated PUMZ2
(Pumilio2) Level

To uncover the molecular mechanism of TUG1
in regulating the viability and migratory ability
of CC cells, PUM2, the target gene of TUG1 was
found out. PUM2 was highly expressed in CC
tissues relative to adjacent normal ones (Figure
3A). A positive correlation was identified be-
tween the expression levels of TUG1 and PUM?2
in CC tissues (Figure 3B). After transfection of
oeTUGI in HeLa and SiHa cells, both protein
and mRNA levels of PUM2 were upregulated
(Figures 3C, 3D). Of note, the Kaplan-Meier
curves revealed a worse overall survival in CC
patients with a high level of PUM2 (Figure 3E).
We therefore speculated about the important
involvement of PUM2 in TUGI-regulated pro-
gression of CC.

Interaction Between TUGI and PUMZ2

Through subcellular distribution analysis,
TUGI was found to be mainly expressed in the
cytoplasmic fraction of the CC cells (Figures 4A,
4B). RIP assay showed much higher enrichment
of TUGI in anti-PUM2 than that of anti-IgG (Fig-
ure 4C). RNA pull-down assay also confirmed
the interaction between TUGI and PUM?2 (Figure
4D). Interestingly, the transfection of si-PUM?2
reversed the promotive effect of TUGI on the
viability of both HeLa and SiHa cells (Figure 4E).
Therefore, it is considered that TUGI mediated
proliferative and migratory abilities of the CC
cells by interacting with PUM2.
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Figure 1. LncRNA TUGI1 was upregulated in CC. A, Relative level of TUGI in CC tissues and adjacent normal ones. B, The
relative level of TUGI in CC patients with stage I-II and stage III-IV. C, Relative level of TUGI in CC tissues with >4 cm
and <4 cm of tumor size. D, ROC curves introduced for assessing the sensitivity and specificity of TUGI in diagnosing CC

(AUC=0.843, cut-off value=1.400).

Discussion

Human papillomavirus (HPV) infection is
considered to be a major risk factor of CC devel-
opment, but the genetic and epigenetic changes
also exert a crucial part. Recent studies have
shown that epigenetic changes are common in
the development and metastasis of CC. Abnormal
DNA methylation and histone modifications in
CC are well concerned nowadays. Non-coding
RNAs, especially miRNAs and IncRNAs, are be-
lieved to serve as potential prognostic biomarkers
in CC. In this paper, we focused on the biological
function of IncRNA TUGI in influencing the
progression of CC, which may be used as a ther-
apeutic target.

Mammalian genomes encode thousands of
IncRNAS®. It is demonstrated that the dysregula-
tion of cancer-related IncRNAs is closely related
to the malignant progression of diseases™®. The
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expression level of IncRNA TUGI varies a lot in
different types of cancers'>'"""%. Our results illus-
trated the upregulation of TUGI in CC tissues
relative to adjacent normal ones. On the con-
trary, a previous study reported lowly expressed
TUGI in NSCLC, indicating the tissue-specific-
ity of TUG1'>*. The pathological indexes of the
CC patients were associated with TUGI level,
including tumor staging, tumor size, and overall
survival. Additionally, TUGI is able to mediate
the cellular behaviors of tumor cells'>'¢. Here,
the overexpression of TUGI markedly enhanced
the viability and migratory rate of HelLa and
SiHa cells.

PUM?2 is involved in the development of mam-
malian neural stem cells?, epilepsy??, and human
germ cell development®. However, the role and
target of PUM2 in tumor progression remain
unclear. Several mechanisms underly the role of
IncRNAs in regulating the gene expressions in
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Figure 2. Overexpression of TUGI stimulated viability and migratory rate of CC. A, The relative level of TUGI in CC cell
lines (HeLa, C4-1, SiHa and CaSki) and immortalized squamous cells of the human cervix (Etcl/E6E7). B, The transfection
efficacy of 0eTUGI in HeLa and SiHa cells. C, CCK-8 assay showed the viability in HeLa cells transfected with NC or
oeTUGI. D, CCK-8 assay showed the viability in SiHa cells transfected with NC or o€TUGI. E, The transwell assay showed
the number of migratory number cells in HeLa and SiHa cells transfected with NC or 0eTUGI (magnification x 40).

cancer. Firstly, IncRNA binds to histones, DNAs tors and repressor proteins can bind to IncRNAs.

or chromatin-modifying proteins through specif- Secondly, IncRNAs can establish contact with a
ic protein-binding domains to further mediate se- target gene promoter and activate transcription
quence-specific targeting of DNAs. Both activa- by binding to a cis-regulatory element and pro-
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Figure 3. TUGI upregulated PUM2 level. A, The relative level of PUM2 in CC tissues and adjacent normal ones. B, A
positive correlation between the expression levels of TUG1 and PUM?2 in CC tissues. C, The protein level of PUM?2 in
Hela and SiHa cells transfected with NC or 0eTUGI. D, The mRNA level of PUM2 in HeLa and SiHa cells transfected
with NC or 0eTUGI. E, The Kaplan-Meier curves showed the overall survival in CC patients with a high or low level of

PUM2.

moting chromatin cyclization. Thirdly, IncRNAs
can be integrated into the RISCs (RNA-induced
silencing complexes), resulting in the decline of
mRNA stability and thus gene expression chang-
es. In cancer diseases, the upregulated IncRNAs
could competitively bind to a certain miRNA
and further blocks its target genes. Meanwhile,
IncRNAs can alter the expressions of metabo-
lism-related genes, resulting in substrate avail-
ability changes of epigenetic modified enzymes.
Our study demonstrated that TUGI could bind to
the PUM2 promoter region, thereafter, altering
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the expression level of PUM2 in CC. Notably, the
silence of PUM?2 reversed the promotive effect of
TUGI on the viability of the CC cells.

Conclusions

We showed that TUGI is upregulated in CC,
which aggravates the progression of CC by in-
teracting with PUM2. TUG1/PUM2 axis may be
utilized as an effective hallmark to improve the
outcomes of CC patients.
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Figure 4. Interaction between TUGI and PUM2. A, The subcellular distribution of TUGI in nucleus and cytoplasm of Hela
cells. GAPDH and U6 were served as cytoplasmic and nuclear internal reference, respectively. B, The subcellular distribution
of TUGI in nucleus and cytoplasm of SiHa cells. GAPDH and U6 were served as cytoplasmic and nuclear internal reference,
respectively. C, RIP assay showed the enrichment of TUGI in input, anti-PUM2 and anti-IgG. D, RNA pull-down assay
showed the immunoprecipitant of PUM2 in control and TUGI probe. E, CCK-8 assay showed the viability in Hela and SiHa
cells transfected with control, 0€TUGI or 0eTUGI + si-PUM2.
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