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Abstract

Background: Most well-differentiated thyroid carcinomas display good therapeutic
outcomes, but there are still some patients who are not sensitive to the general treat-
ments lose their treatment opportunities. Thus, it is important to understand the
molecular mechanisms that cause thyroid carcinoma, so as to find effective diagnos-
tic and therapeutic targets.

Aim of the study: To explore the role of homeobox transcript antisense RNA
(HOTAIR) in thyroid carcinoma through protein phosphatase methylesterase
1 (PPME1) by sponging microRNA 761 (miR-761).

Methods: The regulation network amongst HOTAIR, miR-761 and PPME1 was
predicted by online sources. RT-PCR was conducted to evaluate the expression of
HOTAIR and miR-761 in tumor tissues. Clinical data was collected and analyzed by
Chi-square test. Cell apoptosis and proliferation was evaluated using three types of
cancer cells (HTh-7, CAL-62, BCPAP) after treated with si-HOTAIR and miR-
761inhibitor. The binding site among HOTAIR, miR-761 and PPME1 was verified by
dual luciferase reporter assay. PPME1 expression was measured after HOTAIR and
miR-761 were suppressed by western blot. Survival time was measured in nude mice
using log-rank test.

Results: HOTAIR was expressed to a significantly greater extent than miR-761 in thy-
roid tumor tissues (P <.001). miR-761 and PPME1 were negatively correlated
(coef = —1.91, P <.001). HOTAIR competitively binds to miR-761 and miR-761
directly targets PPME1. HOTAIR was highly correlated with TNM (2 = 5.797,
P = .016), tumor size (y? = 7.955, P = .005) and lymphatic metastasis (> = 6.0,
P = .014). HOTAIR promoted cell proliferation and inhibited cell apoptosis, whereas
miR-761 did not. HOTAIR elevated and miR-761 suppressed PPME1 expression.
HOTAIR expression appears to affect the survival time in vivo.

Conclusion: HOTAIR regulated thyroid cancer cells by binding to miR-761 through
PPME1.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Laryngoscope Investigative Otolaryngology published by Wiley Periodicals LLC on behalf of The Triological Society.
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1 | INTRODUCTION 2 | MATERIALS AND METHODS

Thyroid carcinoma is a common cancer disease in the head and neck 21 | Ethical statement

region. The incidence rate is increasing about 4% every year.!
Although most of the patients have the well differentiated papillary
thyroid carcinoma (PTC), the biological behavior is still variable, from
slowly developing indolent micro-carcinoma to aggressive cancer that
can metastasize and cause death.?

Recent commonly accepted effective treatments for thyroid car-
cinoma are surgical treatment, iodine radiotherapy and TSH suppres-
sive therapy. Most well-differentiated thyroid carcinomas display
good therapeutic outcomes, but there are still some patients who are
not sensitive to the general treatments still lose their treatment
opportunities.® Thus, it is important to understand the molecular
mechanisms that cause thyroid carcinoma, so as to find effective diag-
nostic and therapeutic targets.*

PPME1 is a protein phosphatase 2A (PP2A)-specific met-
hylesterase that mediates the demethylation and inactivation of
PP2A. The reversible methylation of PP2A occurs at the carboxyl
group of the carboxy-terminal leucine 309 residue of PP2A
(PP2Ac Leu 309) and is catalyzed by an s-adenosylmethionine-
dependent leucine carboxyl methytransferase and PPME1.5¢ In
human astrocytic glioma patients, PPME1 was found to be
increased and correlated with malignant progression and extra-
cellular regulated protein kinases (Erk) pathway activity.” PPME1
was also determined in lung, gastric and colorectal cancer as an
PPME1 was

reported to relate to thyroid cancer after low-dose radiation

important therapeutic target.2? Interestingly,
exposure.'® And PPME1 has been verified as a targeted domain
of miRNA-195 and may be regulated by miRNA-195.'" As is
known to us, miRNAs serve as oncogenes or tumor suppressors
in various cancers.'? Moreover, miR-761 may bind directly to
PPME1, as predicted by Starbase (database for RNA research).
Also, evidence indicates that long non-coding RNAs (IncRNAs)
can affect cancer initiation and progression by regulating
miRNAs.*® In addition, IncRNAs are involved in many cancer bio-
logical processes, such as cell proliferation, apoptosis and tumori-
genesis.2*1> HOTAIR was found to promote tumorigenesis of
breast and laryngeal cancer.'®” Meanwhile, HOTAIR was veri-
fied to promote the thyroid cancer cell growth, invasion, and
migration through miR-17-5p or miR-1.28* Furthermore,
HOTAIR has been predicted by Starbase and Mammalian NcRNA-
Disease Repository (MNDR, database for ncRNA research) v2.0
to bind with miR-761 as competing endogenous RNAs (ceRNA)
and to act as a thyroid cancer oncogene via promoting tumori-
genic properties of thyroid cancer cells. These findings led to a
hypothesis that HOTAIR participated in the development of thy-
roid cancer by serving as a ceRNA of miR-761.

The study was approved by Institution Review Board of Jiading Cen-
tral Hospital Affiliated to Shanghai University of Medicine & Health
Sciences. All clinical specimens were collected after informed con-
sents were signed by patients. All animal experiments were approved
by the Animal Care and Use Committee of Jiading Central Hospital
Affiliated to Shanghai University of Medicine & Health Sciences.

2.2 | Patient collection

We collected the patients with thyroid cancer from January 2017 to
January 2019 in Jiading Central Hospital. The demographic data of
the patients were collected, such as age, sex, TNM stage, histological

type and lymphatic metastases.

2.3 | Cell treatment

The thyroid cancer cell lines (HTh-7, Human Thyroid Cancer Cells;
CAL-62, Thyroid Anaplastic Carcinoma Cells; and BCPAP, Papillary
Thyroid Carcinoma Cells) were provided by Shanghai Cell Bank of the
Chinese Academy of Sciences (Shanghai, China). Cell lines were cul-
tured in minimum Eagle's medium (MEM) with 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin at 37°C in 5% CO, and
finally sub-cultured. Following HOTAIR and miR-761 treatment, thy-
roid cancer cells were treated with si-HOTAIR and si-miR-761.

24 | RNA isolation and quantitation

Total RNA was obtained. Table 1 shows the designed and synthesized
primers. Quantitative reverse transcription-PCR (qRT-PCR) (SYBR-
Green assay kits, Life Science, UK) was used to quantify HOTAIR and
miR-761 levels. U6 (small RNA) or glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) served as an internal control for miR-761 and
HOTAIR. The 2 — AACt formula was used.

2.5 | Western blot analysis

Thyroid cancer tissues and cells were suspended in a homogenate and
total protein was isolated by adding with lysis buffer. The protein was
then separated by electrophoresis and transferred to a nitrocellulose

membrane, which was sealed overnight with 5% skim milk at 4°C.
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TABLE 1  Primer sequence for RT-gPCR

Target genes® Forward primer

miR-761 5-TGCTTAAGAATACGCGTAGGTC-3
HOTAIR 5'-CCCTAGCCTTTGGAAGCTCT-3
ué 5'-CTCCTGGCTTTCGGCAGC-3'

GAPDH 5'-AGGTCGGAGTCAACGGATTT-3

Reverse primer
5'-CCAGTGCGTGTCGTGG-3
5'-GGGTCCCACTGCATAATCAC-3
5'-ATTAGCTTGCTGACGCAGAT-3’
5'-TGACAAGCTTCCCGTTCTCA-3

?miR-761, microRNA-761; HOTAIR, homeobox transcript antisense RNA; U6 snRNA, U6 small nuclear RNA; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.
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FIGURE 1 HOTAIR is upregulated in thyroid cancer tissue, and promoted cell proliferation and inhibited cell apoptosis. A, TCGA database

revealed that PPME1 was more highly expressed in thyroid cancer tissue than in control tissue. B, Starbase online resource showed a binding site
between HOTAIR and miR-761. C, RT-PCR showed HOTAIR was highly expressed and miR-761 lowly expressed in thyroid cancer tissue (P < .05,
n = 50). D, HOTAIR promoted the proliferation of three types of thyroid cancer cells and si-HOTAIR inhibited (P < .05). E,F, Si-HOTAIR promoted

the apoptosis of three types of thyroid cancer cells and HOTAIR inhibited (P < .05). Each test was repeated three times

The membrane was incubated with rabbit anti human polyclonal
antibody (1:500, ab86409) against PPME1 overnight. Next, anti-
labeled Goat anti rabbit IgG (1:100,
ab109489, Abcam Inc, Cambridge, Massachusetts) was added to the

membrane and soaked at 37°C for 1 hour. After immersion in the

horseradish peroxidase

solution for imaging in electro-chemi-luminescence, the relative level
of protein was analyzed.

2.6 | Dualluciferase reporter gene assay

We synthesized PPME1 and HOTAIR 3'UTR gene fragments and
introduced to the pMIR-reporter. Then, we designed the mutation

sites. A target fragment was inserted into reporter plasmids (pGL3
basic). The reporter plasmids PPME1 and HOTAIR (Wt/Mut) were
transfected with an miR-761 mimic to HTh-7 and BCPAP cells.
A luciferase assay kit (ab228530) was used to measure the luciferase

activity.

2.7 | EdU (5-ethynyl-2'-deoxyuridine) staining for
cell proliferation

We prepared appropriate 50 pm EdU medium. Cells were then
cultured with this medium for 24 hours. After that, cells were fixed

with polyformaldehyde and cultured in 5% glycine for 5 minutes.
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After treatment with 0.5% Triton X-100, anti EAU antibody was added
and stained with Hoechst 33342.

2.8 | Flow cytometry

Cells were adjusted to a concentration of 1 x 10%/mL, fixed with 75% ice
cold ethanol for 1 hour at 4°C, treated with RNase A (250-500 pg/mL)
at 37°C for 30 minutes, and stained with malondiimide (Pl) in the
dark at 4°C for 30 minutes. Then cells were suspended in annexin-V-
fluorescein isothiocyanate (FITC)/propidine lodide (Pl) solution
(1:2:50) for 15 minutes using APOAF-20TST (Sigma). After adding
with hydroxyethyl piperazineethanesulfonic acid (HEPES) buffer, FITC
and PI fluorescence were detected at 488 nm.

2.9 | Xenograft tumor in nude mice

Nude mice (4-6 weeks old) from the Animal Experimental Center of Shanghai
University of Medicine & Health Sciences were raised at SPF level lab. The
HTh-7 thyroid cancer cells with lower or higher HOTAIR expression were
placed into cell suspension (1 x 108/mL) and then inoculated into axilla of

nude mice. The time of death was recorded for each mouse.

210 | Statistical analysis

Graphpad 7.0 and STATA 14.0 were used for data analysis. Means + SD
were used and compared by t test or one-way ANOVA. Overall survival
time of nude mice was calculated using the Kaplan-Meier curve and log-
rank test. Categorical variables were assessed by the Chi-square test.
Statistical significance was determined as P <.05. The relationship

between miR-761 and PPME1 was assessed by linear correlation.

3 | RESULTS

3.1 | High HOTAIR expression in thyroid cancer

TCGA database revealed that PPME1 was expressed to a greater extent
in thyroid cancer tissue than in control tissue (Figure 1A). miR-761 was
predicted to target PPME1 by an online source (Starbase) (Figure 1B).
We collected one hundred thyroid cancer and normal tissues. RT-PCR
showed HOTAIR was expressed to a significantly greater extent in thy-

roid cancer tissue than in control tissue (P < .05) (Figure 1C).

3.2 | HOTAIR silencing inhibits thyroid cancer cell
proliferation and promotes apoptosis

Compared to normal control, HOTAIR treatment showed an elevated
cell growth rate in all three types of cancer cells (P < .05), whereas

treatment with si-HOTAIR presented a decreased growth rate

441
TABLE 2 Mutifactors associated with HOTAIR expression
HOTAIR 2 S
Low High
Sex
Male 33 31 0.174 677
Female 17 19
Age
245 38 34 0.679 410
<45 17 21
Tumor size
25 21 35 7.955 .005
<5 29 15
TNM
I-1l 29 17 5.797 .016
] 21 33
Pathological type
Papillary 25 27 0.170 .680
Follicular 16 9
Medullary 4 5
Undifferentiated 5 9
Lymphatic metastases
Positive 14 26 6.000 014
Negative 36 24

(P < .05) (Figure 1D). In apoptosis, we observed opposite trends
(P < .05) (Figure 1E,F).

3.3 | HOTAIR affects the thyroid tumor staging

In the clinical data, we collected information about 100 patients and
divided them into HOTAIR high- and low- expression groups. HOTAIR
was highly correlated with TNM stages (42 = 5.797, P = .016), tumor size
(¥* = 7.955, P = 005), and lymphatic metastasis (y*> = 6.0, P = .014)
(Table 2). Thus, we concluded that HOTAIR may affect the tumor staging.

3.4 | HOTAIR competitively binds to miR-761

The binding site of HOTAIR and miR-761 was predicted by the website
Starbase. The dual luciferase reporter assay revealed that, in contrast to
controls, luciferase activity in the HOTAIR-Wt decreased (P < .05), but
that of HOTAIR-Mut remained almost the same (P > .05) (Figure 2A-C).
However, RT-PCR showed miR-761 was expressed only slightly in thy-
roid cancer tissue (P < .05) (Figure 1C), whereas HOTAIR was expressed
to a significantly greater extent (P < .05) (Figure 1C). Furthermore, when
miR-761 was inhibited, the expression of HOTAIR in HOTAIR-Wt was
elevated (Figure 2B,C). In western blot analysis, we found that miR-761
expression was decreased when treated with HOTAIR and increased

when treated with si-HOTAIR (Figure 2D). Compared to normal controls,
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FIGURE 2 HOTAIR sponges miR-761. A, The binding site between HOTAIR and miR-761 predicted by bioinformatics website. B,C, The
luciferase activity in each group detected by dual luciferase reporter gene assay for two types of thyroid cancer cells. D, In western blot analysis,
when treated with HOTIAR, the miR-761 expression was decreased. When treated with si-HOTAIR, the expression was elevated. E, Compared to
normal control, miR-761 mimic showed an decreased cell growth rate in all the three types of cancer cells (P < .05), while treated with miR-761 in
opposite trends (P < .05). F,G, miR-761 mimic could promote the apoptosis of three types of thyroid cancer cells and miR-761 inhibitor decreased

(P < .05). Each test was repeated three times

the miR-761 mimic showed a decreased cell growth rate in all three
types of cancer cells (P <.05), whereas treatment with the miR-761
inhibitor presented an increased growth rate (P < .05) (Figure 2E). In apo-
ptosis, we observed opposite trends (P < .05) (Figure 2F,G).

3.5 | miR-761 targets PPEM1 directly

Analyses from the bioinformatics website Starbase revealed the
presence of a specific binding region between 3’'UTR of PPME1 and
miR-761 sequences.

The dual luciferase reporter assay revealed that, in contrast to
control, luciferase activity in PPME1-Wt decreased
(P <.05), but that of PPME1-Mut remained almost the same
(P > .05) (Figure 3A-C). Furthermore, when miR-761 was inhibited,
the expression of PPME1 in PPME1-Wt was elevated (Figure 3B,
C). In western blot analysis, the miR-761 mimic group exhibited
PPME1 expression and the miR-761

normal

lower inhibitor group

exhibited higher PPME1 expression (Figure 3D). miR-761 and
PPME1 were negatively correlated after analyzing by linear regres-
sion (coef = —1.91, P <.001) (Figure 3E).

3.6 | miR-761 targets PPMEL1 to inhibit Erk
signaling pathway activation

In western blot analysis, miR-761 mimic and si-PPME1 decreased the
expression of PPME1 and p-Erk/ERK. miR-761 inhibitor elevated
the expression of PPME1 and p-Erk/ERK. miR-761 inhibitor+ si-PPME1
did not change the expression of PPME1 and p-Erk/ERK (Figure 4A).

3.7 | Relationship between PPME1 and HOTAIR

We hypothesized that HOTAIR binding to miR-761 regulates PPME1
expression. To determine whether a relationship exists between these
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FIGURE 3

miR-761 targets PPME1. A, Verification of the targeting relationship between miR-761 and PPME1. B,C, The

luciferase activity in each group detected by a dual luciferase reporter gene assay for two types of thyroid cancer cells. D, In
western blot analysis, miR-761 mimic group exhibited lower PPME1 expression and miR-761 inhibitor group exhibited higher PPME1
expression. E, miR-761 and PPME1 were negatively correlated after analyzing by linear regression (coef = —1.91, P <.001, n = 50)

two genes, western blot analysis was conducted. PPME1 level was
increased after treatment with HOTAIR but decreased after treatment
with by Si-HOTAIR (Figure 4B).

3.8 | The expression of HOTAIR affects the
survival time in vivo

We used the lower and higher expression of HOTAIR thyroid cancer
cells to xeno-graft tumors in nude mice. After an extended follow up,
we found that the group with lower expression of HOTAIR experi-
enced longer survival time (P < .001) (Figure 4C).

4 | DISCUSSION

Thyroid cancer is defined as a tumor with better prognosis. But
different types or stages of cancer may cause different outcome of
the diseases. Several studies had verified that dys-regulation of
IncRNAs could causes important changes in tumor development and
metastasis.2®?? In addition, HOTAIR was reported to be correlated

invasion and metastasis.?®1’

with cell apoptosis, proliferation,
Thus, we investigated the role of HOTAIR in thyroid cancer. The
findings revealed that silencing HOTAIR up-regulates miR-761,
which down-regulates PPME1, thus inhibiting cell proliferation and
promoting cell apoptosis of thyroid cancer.

HOTAIR was expressed to a great extent in thyroid cancer tis-
sue. By silencing HOTAIR, the proliferation of thyroid cancer cells
was inhibited and the apoptosis was elevated. Over-expression of
HOTAIR had the opposite effect. LncRNAs are involved in many
cellular processes, such as cell proliferation, migration and inva-
sion.?? In our vivo study, we found thyroid cancer cells that have
high expression of HOTAIR lead to increased mortality of nude
mice. Thus, HOTAIR affects the prognosis of thyroid cancer.
Through data collected from the thyroid cancer patients in this
study, we found that HOTAIR is an independent predictive factor
for thyroid tumor staging.

Moreover, we found that HOTAIR binds competitively to miR-
761 as a ceRNA. LncRNAs could negatively regulate miRNAs by
serving as ceRNAs of miRNA.2 |n recent studies, HOTAIR was shown
to bind with miR-17-5p and miR-1 to regulate the biological function

of thyroid.*8*?
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FIGURE 4

miR-761 inhibits the activation of the Erk signaling pathway by targeting PPME1. A, The grey value of PPME1, p-Erk and Erk.

GAPDH served as an internal control. B, PPME1 protein in each group by western blot analysis treated by HOTAIR. C, After extended follow up,
we found that the group with lower expression of HOTAIR experienced longer survival times (P < .001, n = 50)
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FIGURE 5 HOTAIR competitively binds to miR-761, thereby promoting PPME1 expression, activating Erk signaling pathway

Furthermore, we found that miR-761 targeted PPME1 to
inhibit the proliferation and promote the apoptosis of thyroid can-
cer through the Erk pathway. We also found that miR-761 and
PPME1 were negatively correlated after analyzing by linear regres-

sion. miR-761 may suppress osteosarcomas and affect their

biological function, such as proliferation, apoptosis, invasion and
metastasis.?* Consistent with our results, Lv et al highlighted the
tumor- suppressing abilities of miR-761. Further, PPMEL1 is a target
of miR-761, and miR-761 could down-regulates PPME1 expression.
From the results of our study, miR-761 inhibited tumor cell
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proliferation and promoted apoptosis in thyroid cancer via
targeting PPME1. PPME1 was found to be increased and correlated
with malignant progression and Erk pathway activity.” We also ver-
ified in this study that miR-761 could targets PPME1 to inhibit Erk
signaling pathway activation. The Erk signaling pathway is impor-

tant in cancer tumorigenesis and development.?®

5 | CONCLUSION

Silencing HOTAIR inhibits biological functions of thyroid cancer via
PPME1 down-regulation by binding competitively to miR-761.
HOTAIR competitively binds to miR-761, thereby stimulating PPME1
expression, activating the Erk signaling pathway (Figure 5). Thus,
HOTAIR silencing can serve as a therapeutic target for thyroid cancer.
From the clinical data, we found that HOTAIR is an independent pre-
dictive factor for thyroid tumor staging.

ACKNOWLEDGMENT

This study is supported by Shanghai Pujiang Program (18PJD004),
Shanghai Municipal Jiading District Science and Technology Commis-
sion Foundation( JDKW-2018-W14) and Shanghai Municipal Jiading
District Fifth Medical Key Subject Program(2020-JDYXZDXK-06).

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

Runsheng Guo, Yong Ning, Ye Ma, and Qianhuang Lin did all the
experiments and statistics. Na Shen and Peidong Shi designed
the experiments and wrote the manuscript.

ORCID
Na Shen 2 https://orcid.org/0000-0001-7586-7061
REFERENCES

1. Rosenbaum MA, McHenry CR. Contemporary management of papil-
lary carcinoma of the thyroid gland. Expert Rev Anticancer Ther. 2009;
9:317-329.

2. Huang Y, Prasad M, Lemon WJ, et al. Gene expression in papillary
thyroid carcinoma reveals highly consistent profiles. Proc Natl Acad
Sci U S A. 2001;98:15044-15049.

3. Wirth LJ. Targeted therapy for advanced or metastatic differentiated
thyroid carcinoma. Clin Adv Hematol Oncol. 2015;13:9-16.

4. Lan X, Zhang H, Wang Z, et al. Genome-wide analysis of long noncod-
ing RNA expression profile in papillary thyroid carcinoma. Gene. 2015;
569:109-117.

5. Longin S, Zwaenepoel K, Louis JV, Dilworth S, Goris J, Janssens V. Selec-
tion of protein phosphatase 2A regulatory subunits is mediated by the C
terminus of the catalytic subunit. J Biol Chem. 2007;282:26971-26980.

6. Ogris E, Du X, Nelson KC, et al. A protein phosphatase met-
hylesterase (PME-1) is one of several novel proteins stably associating
with two inactive mutants of protein phosphatase 2A. J Biol Chem.
1999;274:14382-14391.

7. Puustinen P, Junttila MR, Vanhatupa S, et al. PME-1 protects extra-
cellular signal-regulated kinase pathway activity from protein

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21

22.

23.

24,

25.

phosphatase 2A-mediated inactivation in human malignant glioma.
Cancer Res. 2009;69:2870-2877.

Kaur A, Elzagheid A, Birkman EM, et al. Protein phosphatase
methylesterase-1 (PME-1) expression predicts a favorable clinical out-
come in colorectal cancer. Cancer Med. 2015;4:1798-1808.

Li J, Han S, Qian Z, et al. Genetic amplification of PPME1 in gastric
and lung cancer and its potential as a novel therapeutic target. Cancer
Biol Ther. 2014;15:128-134.

Handkiewicz-Junak D, Swierniak M, Rusinek D, et al. Gene signature
of the post-Chernobyl papillary thyroid cancer. Eur J Nucl Med Mol
Imaging. 2016;43:1267-1277.

Liu CD, Wang Q, Zong DK, et al. Knockdown of microRNA-195 con-
tributes to protein phosphatase-2A inactivation in rats with chronic
brain hypoperfusion. Neurobiol Aging. 2016;45:76-87.

Marini F, Luzi E, Brandi ML. MicroRNA role in thyroid cancer develop-
ment. J Thyroid Res. 2011;2011:407123.

Zhou M, Wang X, Shi H, et al. Characterization of long non-coding RNA-
associated ceRNA network to reveal potential prognostic INcRNA bio-
markers in human ovarian cancer. Oncotarget. 2016;7:12598-12611.

Liu Q, Huang J, Zhou N, et al. LncRNA 10c285194 is a p53-regulated
tumor suppressor. Nucleic Acids Res. 2013;41:4976-4987.

Sun M, Nie F, Wang Y, et al. LncRNA HOXA11-AS promotes proliferation
and invasion of gastric cancer by scaffolding the chromatin modification
factors PRC2, LSD1, and DNMT1. Cancer Res. 2016;76:6299-6310.

Chen T, Liu Z, Zeng W, Huang T. Down-regulation of long non-coding
RNA HOTAIR sensitizes breast cancer to trastuzumab. Sci Rep. 2019;
9:19881.

. Xiao D, Cui X, Wang X. LncRNA PTCSC3 inhibits cell proliferation in

laryngeal squamous cell carcinoma by down-regulating IncRNA
HOTAIR. Biosci Rep. 2019;39:BSR20182362.

Liu X, Liu G, Lu Y, Shi Y. Long non-coding RNA HOTAIR promotes cell
viability, migration and invasion in thyroid cancer cells by sponging
miR-17-5p. Neoplasma. 2020;67:229-237.

Di W, Li Q, Shen W, Guo H, Zhao S. The long non-coding RNA
HOTAIR promotes thyroid cancer cell growth, invasion and migration
through the miR-1-CCND2 axis. Am J Cancer Res. 2017;7:1298-1309.
Huang JK, Ma L, Song WH, et al. LncRNA-MALAT1 promotes
angiogenesis of thyroid cancer by modulating tumor-associated macro-
phage FGF2 protein secretion. J Cell Biochem. 2017;118:4821-4830.
Zhang Y, Hu J, Zhou W, Gao H. LncRNA FOXD2-AS1 accelerates the
papillary thyroid cancer progression through regulating the miR-
485-5p/KLK7 axis. J Cell Biochem. 2019;120:7952-7961.

Murugan AK, Munirajan AK, Alzahrani AS. Long noncoding RNAs:
emerging players in thyroid cancer pathogenesis. Endocr Relat Cancer.
2018;25:R59-R82.

Chen DL, Lu YX, Zhang JX; et al. Long non-coding RNA UICLM promotes
colorectal cancer liver metastasis by acting as a ceRNA for microRNA-215
to regulate ZEB2 expression. Theranostics. 2017;7:4836-4849.

Lv Z, Ma J, Wang J, Lu J. MicroRNA-761 targets FGFR1 to suppress
the malignancy of osteosarcoma by deactivating PI3K/Akt pathway.
Onco Targets Ther. 2019;12:8501-8513.

Boucher MJ, Morisset J, Vachon PH, Reed JC, Laine J, Rivard N.
MEK/ERK signaling pathway regulates the expression of Bcl-2, Bcl-X
(L), and Mcl-1 and promotes survival of human pancreatic cancer
cells. J Cell Biochem. 2000;79:355-369.

How to cite this article: Guo R, Ning Y, Ma VY, Lin Q, Shen N,
Shi P. Long non-coding RNA HOTAIR/microRNA-761 sponge
regulates PPME1 and further influences cell biological
functions in thyroid carcinoma. Laryngoscope Investigative
Otolaryngology. 2021;6(3):438-445. https://doi.org/10.1002/
lio2.593



https://orcid.org/0000-0001-7586-7061
https://orcid.org/0000-0001-7586-7061
https://doi.org/10.1002/lio2.593
https://doi.org/10.1002/lio2.593

	Long non-coding RNA HOTAIR/microRNA-761 sponge regulates PPME1 and further influences cell biological functions in thyroid ...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Ethical statement
	2.2  Patient collection
	2.3  Cell treatment
	2.4  RNA isolation and quantitation
	2.5  Western blot analysis
	2.6  Dual luciferase reporter gene assay
	2.7  EdU (5-ethynyl-2-deoxyuridine) staining for cell proliferation
	2.8  Flow cytometry
	2.9  Xenograft tumor in nude mice
	2.10  Statistical analysis

	3  RESULTS
	3.1  High HOTAIR expression in thyroid cancer
	3.2  HOTAIR silencing inhibits thyroid cancer cell proliferation and promotes apoptosis
	3.3  HOTAIR affects the thyroid tumor staging
	3.4  HOTAIR competitively binds to miR-761
	3.5  miR-761 targets PPEM1 directly
	3.6  miR-761 targets PPME1 to inhibit Erk signaling pathway activation
	3.7  Relationship between PPME1 and HOTAIR
	3.8  The expression of HOTAIR affects the survival time in vivo

	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGMENT
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	REFERENCES


