
Bioscience Reports (2019) 39 BSR20182362
https://doi.org/10.1042/BSR20182362

Received: 21 December 2018
Revised: 21 May 2019
Accepted: 02 June 2019

Accepted Manuscript Online:
06 June 2019
Version of Record published:
28 June 2019

Research Article

LncRNA PTCSC3 inhibits cell proliferation in
laryngeal squamous cell carcinoma by
down-regulating lncRNA HOTAIR
Dong Xiao, Xiangyan Cui and Xin Wang
Department of Otolaryngology, The First Hospital, Jilin University, Changchun City 130021, Jilin Province, P.R. China

Correspondence: Xin Wang (ehxpi03@163.com)

It is known that lncRNA PTCSC3 inhibits thyroid cancer and glioma and STAT3 promotes
cancer development. We, in the present study, investigated the potential involvement of
PTCSC3 in laryngeal squamous cell carcinoma (LSCC) and explored its interactions with
STAT3. In the present study, we showed that plasma PTCSC3 was down-regulated in early
stage LSCC patients, and the down-regulation of PTCSC3 separated in early stage LSCC
patients from control group. LncRNA HOTAIR was up-regulated in early stage LSCC patients
and was significantly and inversely correlated with PTCSC3 in LSCC patients. PTCSC3 over-
expression led to the inhibition of HOTAIR, while PTCSC3 expression was not significantly
affected by HOTAIR overexpression. PTCSC3 overexpression mediated the inhibited, while
HOTAIR overexpression mediated the promoted proliferation of LSCC cells. However, cell
invasion and migration were not significantly affected by PTCSC3 overexpression. In addi-
tion, HOTAIR overexpression reduced the inhibitory effects of PTCSC3 overexpression on
cancer cell proliferation. Moreover, PTCSC3 overexpression mediated the down-regulation
of STAT3 and STAT3 overexpression mediated the up-regulation of HOTAIR. Therefore,
PTCSC3 may negatively interact with HOTAIR through STAT3 to inhibit LSCC cell prolif-
eration.

Introduction
Human genome annotation revealed that approximately 90% of the human genome can be transcribed,
while only 2% of the transcripts are related to protein-coding genes, indicating the majority of human
genome transcripts are actually non-coding RNAs [1,2]. Long (>200 nt) non-coding RNAs, or LncRNAs,
are functional RNAs with pivotal roles in diverse biological procedures by spatially and temporally reg-
ulating gene expression [3,4]. LncRNAs are also critical determinants in human diseases and regulation
of lncRNAs expression may be beneficial for disease control or treatment [5]. However, functionality of
most lncRNAs remains unclear, which hinders the clinical applications of lncRNAs.

Laryngeal squamous cell carcinoma, or LSCC is a common type of cancer and it is also the second
most common head and neck malignancy [6,7]. LSCC patients usually suffer from higher morbidity and
mortality rates even after active treatment [8]. Especially for patients at advanced stages, the mortality
rate is extremely high [9]. Therefore, early diagnosis followed by appropriate treatment is still the key for
survival of patients with LSCC. LncRNA PTCSC3 has been characterized as a tumor suppressor lncRNA
in thyroid cancer and glioma [10–12]. We performed preliminary analysis (deep sequencing-based tran-
scriptome analysis) and found that PTCSC3 was down-regulated in LSCC and negatively correlated with
HOTAIR (data not shown), which is an oncogenic lncRNA in cancer [13]. We therefore investigate the
interaction between PTCSC3 and HOTAIR in LSCC.
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Figure 1. Down-regulation of plasma PTCSC3 distinguished early stage LSCC patients from controls

RT-qPCR was performed to detect the expression of PTSCSC2 in LSCC patients and controls (A) (*, P<0.05). PCR was repeated

three times and data were compared by unpaired t test. ROC curve analysis was performed to evaluate the diagnostic values of

PTCSC3 for LSCC (B).

Materials and methods
Research subjects
A total of 66 LSCC patients (gender: 37 males and 29 females; mean age: 48.2 +− 6.6 years) as well as 52 healthy
volunteers (gender: 30 males and 22 females; mean age: 47.4 +− 5.2 years) were enrolled in The First Hospital, Jilin
University from January 2015 to January 2018. Inclusion criteria of patients: (i) newly diagnosed patients with LSCC;
(ii) patients at early stages, which are AJCC stages I and II; (iii) patients who were diagnosed for the first time and
received no treatment before admission; (iv) patients who fully understood the experimental procedure and principle
and were willing to participate. Exclusion criteria: (i) patients who were transferred from other hospitals or had been
treated before admission; (ii) patients who were diagnosed with multiple diseases, such as other types of cancer and
severe systemic infections. According to AJCC staging, there were 28 and 38 cases at stages I and II, respectively. The
52 healthy volunteers were selected from Physical Health Center of The First Hospital, Jilin University to match the
age and gender distributions of LSCC patients. All 52 healthy volunteers had all physical indicators within normal
ranges. The present study has been approved by Ethics Committee of The First Hospital, Jilin University before the
admission of patients. World Medical Association Declaration of Helsinki was followed to perform all experiments.
Informed consent was provided by all patients and controls.

Plasma and cell line
Fasting blood (5 ml) was extracted from each subject before therapies. Blood was transferred to an EDTA-treated tube
and blood cells are removed and plasma was retained by centrifugation for at 1200×g in a refrigerated centrifuge for
10 min.

UM-SCC-17A human LSCC cell line (Sigma–Aldrich, U.S.A.) was used. Eagle’s Minimum Essential Medium (10%
FBS) was the cell culture medium and cells were cultivated in a 5% CO2 incubator at 37◦C.

RT-qPCR
RNAzol Reagent (Sigma–Aldrich) was directly mixed with plasma or in vitro cultivated cells to extract total
RNA. cDNA was prepared using ReadyScript® cDNA Synthesis kit (Sigma–Aldrich) through following condi-
tions: 25◦C for 5 min, 53◦C for 10 min and 75◦C for 10 min. RT-qPCR were performed to detect the expres-
sion of PTCSC3 and HOTAIR with all PCR mixtures made using SYBR® Green Quantitative RT-qPCR Kit
(Sigma–Aldrich). Primers of PTCSC3 and HOTAIR as well as endogenous control GAPDH were designed and
synthesized by Sangon (Shanghai, China). Primer sequences were: 5′-GGCTTGAACAATCTTCCCACCT-3′ (for-
ward) and 5′-TTTGGCAACACCCTCACAGACA-3′ (reverse) for PTCSC3; 5′-CACGGTGCCAGAGAAGAAG-3′

(forward) and 5′-GGGAAGAATCACGCCTTCT-3′ (reverse) for STAT3; 5′-CAGTGGGGAACTCTGACTC-3′ (for-
ward) and 5′-GTGCCTGGTGCTGTCTTAC-3′ (reverse) for HOTAIR; 5′-AAGGTGAAGGTCGGAGTCAA-3′ (for-
ward) and 5′-GGGTCATTGATGGCAACAAT-3′ (reverse) for GAPDH. According to 2−��C

T method, expression
of PTCSC3 and HOTAIR was normalized to endogenous control GAPDH.
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Figure 2. HOTAIR was up-regulated and inversely correlated with PTCSC3 in early stage LSCC patients

RT-qPCR was performed to detect the expression of HOTAIR in LSCC patients and controls (A) (*, P<0.05). PCR was repeated

three times and data were compared by unpaired t test. Pearson’s correlation coefficient was performed to analyze the correlation

between HOTAIR and PTCSC3 in LSCC patients (B) and controls (C).

Cell transfection
PTCSC3, STAT3 and HOTAIR expression vectors were constructed by GenePharma (Shanghai, China) using
pcDNA3.1 mammalian cell expression vector. UM-SCC-17A cells were collected at a confluence of 70–80%. Lipo-
fectamine 2000 reagent (Invitrogen, U.S.A.) was used to transfect 10 nM PTCSC3, STAT3 and HOTAIR expression
vector or 10 nM empty pcDNA3.1 vector (negative control, NC) into SCC-17A cells. Controls (C) were cells without
transfections. Following experiments were carried out at 24 h post-transfection.

In vitro cell proliferation assay
At 24 h post-transfection, UM-SCC-17A cells were harvested and 5 × 104 cells were mixed with 1 ml Eagle’s Minimum
Essential Medium (10% FBS) to prepare single cell suspensions. Cells were cultivated under 5% CO2 and 37◦C in a
96-well plate. Ten microliters CCK-8 solution were added 4 h before the end of cell culture. Following the addition
of 10 μl, OD values were measured at 450 nM.

Western blot
RIPA solution (Sangon, Shanghai, China) was mixed with plasma (1 ml RIPA per 0.15 ml plasma) and SCC-17A
cells (1 ml RIPA per 105 cells). Denaturing, electrophoresis (10% SDS/PAGE gel), gel transfer (PVDF membranes),
blocking (5% non-fat milk) and blotting were performed in routine manner. Primary antibodies included rabbit
polyclonal STAT3 (226943, 1:900, Abcam) and GAPDH (ab9485, 1:900, Abcam). Secondary antibody was IgG-HRP
secondary antibody (1:800, goat anti rabbit, MBS435036, MyBioSource). ECL (Sigma–Aldrich, U.S.A.) was used in
signal development and ImageJ v1.46 software was used for signal process.

Statistical analysis
Mean values were calculated using data from three replicates. All comparisons were performed using mean values.
Correlations were analyzed by Pearson’s correlation coefficient. Differences between two groups of participants were
analyzed using unpaired t test. Differences among multiple groups were explored by ANOVA (one-way) and Tukey’s
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Figure 3. PTCSC3 is an upstream negative regulator of HOTAIR in LSCC cells

PTCSC3 and HOTAIR overexpression were were detected at 24 h post-transfection to confirm their overexpression (A). The effects

of PTCSC3 overexpression on HOTAIR (B) and the effects of HOTAIR overexpression on PTCSC3 (C) were also analyzed by per-

forming RT-qPCR. Three biological replicates were included and data were compared by ANOVA (one-way) and Tukey’s test, (*,

P<0.05).

test. Diagnostic analysis was performed using ROC curve. In ROC curve, true positive cases were LSCC patients, and
true negative cases were controls. P<0.05 was statistically significant.

Results
Down-regulation of plasma PTCSC3 distinguished early stage LSCC
patients from control group
Plasma levels of PTCSC3 in 66 LSCC patients and 52 healthy volunteers were measured by RT-qPCR. It was observed
that plasma levels of PTCSC3 were significantly lower in LSCC patients compared with control group (Figure 1A,
P<0.05). Diagnostic values of plasma PTCSC3 for LSCC were evaluated by ROC curve analysis. As shown in Figure
1B, area under the curve was 0.91, with standard error of 0.026 and 95% confidence interval of 0.85–0.96 (Figure 1B).

HOTAIR was up-regulated and inversely correlated with PTCSC3 in early
stage LSCC patients
Plasma levels of HOTAIR in 66 LSCC patients and 52 healthy volunteers were also measured by RT-qPCR. It was
observed that plasma levels of HOTAIR were significantly higher in LSCC patients compared with control groups
(Figure 2A, P<0.05). Pearson’s correlation coefficient showed that HOTAIR and was significantly and inversely cor-
related with PTCSC3 only in LSCC patients (Figure 2B). In contrast, the correlation between PTCSC3 and HOTAIR
was not significant in controls (Figure 2C).

PTCSC3 is an upstream negative regulator of HOTAIR in LSCC cells
PTCSC3 and HOTAIR overexpression were performed in cells of UM-SCC-17A cell line (Figure 3A, P<0.05). Com-
paring with control cells (C) and NC cells (NC), overexpression of PTCSC3 led to significantly inhibited expression
of HOTAIR in cells of UM-SCC-17A (Figure 3B, P<0.05). In addition, PTCSC3 was not significantly affected by
HOTAIR overexpression (Figure 3C, P<0.05).
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Figure 4. PTCSC3 overexpression mediated the inhibited proliferation of LSCC through HOTAIR

Cell proliferation assay was performed at 24 h post-transection. This assay was done in triplicate manner and data were compared

by ANOVA (one-way) and Tukey’s test (*, p<0.05).

PTCSC3 overexpression mediated the inhibited proliferation of LSCC
through HOTAIR
Comparing with NC and C two controls, groups, PTCSC3 overexpression mediated the inhibited, while HOTAIR
overexpression mediated the promoted proliferation of LSCC cells (Figure 4, P<0.05). In addition, HOTAIR overex-
pression attenuated the inhibitory effects of PTCSC3 overexpression on cancer cell proliferation (P<0.05). However,
cancer cell invasion and migration were not significantly affected by PTCSC3 overexpression (data not shown).

PTCSC3 down-regulated HOTAIR possible through STAT3
Expression levels of STAT3 mRNA were measured by RT-qPCR. Comparing with controls, expression levels of STAT3
mRNA were significantly higher in LSCC patients (Figure 5A, P<0.05). Correlation analysis showed that STAT3
mRNA was significantly and inversely correlated with PTCSC3 (Figure 5B, P<0.05), but was significantly and pos-
itively correlated with HOTAIR (Figure 5C, P<0.05). Comparing with NC and C two controls, overexpression of
PTCSC3 led to down-regulated expression of STAT3 in LSCC cells (Figure 5D, P<0.05). In addition, comparing with
the two controls, STAT3 resulted in the up-regulation of HOTAIR and attenuated the effects of PTCSC3 overexpres-
sion on HOTAIR (Figure 5E, P<0.05).

Discussion
LSCC is characterized by the unacceptable high mortality rate, and novel early diagnosis techniques are urgently
needed. We found that PTCSC3 was down-regulated in LSCC patients and may serve as a biomarker for the early
diagnosis of LSCC.

HOTAIR as a master regulator of chromatin dynamics is a well-characterized oncogenic lncRNAs in different
types of human cancer [13]. In effect, down-regulation of HOTAIR provides new insights for cancer treatment [14].
HOTAIR is overexpressed in LSCC [15]. Consistently, we also observed up-regulated HOTAIR expression in plasma
of LSCC patients. HOTAIR promotes tumor progression through the interactions with multiple downstream signaling
pathways, such as tumor suppressor PTEN [15]. However, the upstream regulators of HOTAIR are largely unknown.
We proved that PTCSC3 as a formerly characterized tumor suppressor in thyroid cancer and glioma [10–12] was
likely an upstream inhibitor of HOTAIR, and the inhibition of HOTAIR by PTCSC3 is involved in the regulation of
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Figure 5. PTCSC3 down-regulated HOTAIR possible through STAT3

Expression levels of STAT3 mRNA were measured by RT-qPCR and compared by unpaired test (A). Correlations between STAT3

mRNA and PTCSC3 (B)/HOTAIR (C) were analyzed by linear regression. Expression of STAT3 (D) and HOTAIR (E) were detected at

24 h post-transfection by Western blot and RT-qPCR, respectively. This experiment was repeated three times. Data were compared

by ANOVA (one-way) and Tukey’s test (*, P<0.05).

LSCC cell proliferation. Our date enriched our understanding on the functionality of HOTAIR in cancer biology and
suggested that overexpression of PTCSC3 may serve as a therapeutic target for LSCC.

It is known that suppression of STAT3 expression is associated with concomitant down-regulation of HOTAIR
expression [16], while PTCSC3 inhibits STAT3 expression [17]. We found that in LSCC cells PTCSC3 down-regulated
the expression of both STAT3 and HOTAIR and STAT3 up-regulated HOTAIR. Therefore, STAT3 may mediate the
interaction between PTCSC3 and HOTAIR. However, the mechanism of the down-regulation of STAT3 by PTCSC3
is unknown. Future studies are needed.

Interestingly, our study observed that PTCSC3 overexpression led to inhibited LSCC cell proliferation, while cell
invasion and migration were not significantly affected by PTCSC3 (data not shown). It is clear that HOTAIR pro-
motes cancer cell migration and invasion [18,19]. Therefore, PTCSC3 as the upstream inhibitor of HOTAIR should
also interact with other factors to inhibit the inhibitor effects of HOTAIR down-regulation (as a result of PTCSC3
overexpression) on cancer cell migration and invasion. In effect, PTCSC3 should also interact with multiple factors
to regulate LSCC cell proliferation because HOTAIR overexpression only partially rescued the inhibitory effect of
PTCSC3 overexpression on cancer cell proliferation. However, more studies, especially in vivo animal model exper-
iments are needed to further validate our observations and conclusion.

In conclusion, PTCSC3 is down-regulated in LSCC and PTCSC3 overexpression may PTCSC3 may down-regulate
HOTAIR to inhibit LSCC cell proliferation.

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
The authors declare that there are no sources of funding to be acknowledged.

6 © 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

D
ow

nloaded from
 http://portlandpress.com

/bioscirep/article-pdf/39/6/BSR
20182362/846061/bsr-2018-2362.pdf by guest on 24 April 2024



Bioscience Reports (2019) 39 BSR20182362
https://doi.org/10.1042/BSR20182362

Author Contribution
X.W. was responsible for study design. D.X. and X.C. were responsible for experiments, analysis and D.X. was responsible for
manuscript writing.

Abbreviations
lncRNA, long non-coding RNA; LSCC, laryngeal squamous cell carcinoma; NC, negative control.

References
1 Djebali, S., Davis, C.A., Merkel, A., Dobin, A., Lassmann, T., Mortazavi, A. et al. (2012) Landscape of transcription in human cells. Nature 489,

101–108, https://doi.org/10.1038/nature11233
2 International human genome sequencing consortium (2004) Finishing the euchromatic sequence of the human genome. Nature 431, 931–945,

https://doi.org/10.1038/nature03001
3 Mercer, T.R., Dinger, M.E., Sunkin, S.M., Mehler, M.F. and Mattick, J.S. (2008) Specific expression of long noncoding RNAs in the mouse brain. Proc.

Natl. Acad. Sci. U.S.A. 105, 716–721, https://doi.org/10.1073/pnas.0706729105
4 Clemson, C.M., Hutchinson, J.N., Sara, S.A., Ensminger, A.W., Fox, A.H., Chess, A. et al. (2009) An architectural role for a nuclear noncoding RNA:

NEAT1 RNA is essential for the structure of paraspeckles. Mol. Cell 33, 717–726, https://doi.org/10.1016/j.molcel.2009.01.026
5 Yang, G., Lu, X. and Yuan, L. (2014) LncRNA: a link between RNA and cancer. Biochim. Biophys. Acta 1839, 1097–1109,

https://doi.org/10.1016/j.bbagrm.2014.08.012
6 Yungang, W., Xiaoyu, L., Pang, T., Wenming, L. and Pan, X. (2014) miR-370 targeted FoxM1 functions as a tumor suppressor in laryngeal squamous cell

carcinoma (LSCC). Biomed. Pharmacother. 68, 149–154, https://doi.org/10.1016/j.biopha.2013.08.008
7 Luo, H.N., Wang, Z.H., Sheng, Y., Zhang, Q., Yan, J., Hou, J. et al. (2014) MiR-139 targets CXCR4 and inhibits the proliferation and metastasis of

laryngeal squamous carcinoma cells. Med. Oncol. 31, 789, https://doi.org/10.1007/s12032-013-0789-z
8 Rachidi, S., Wallace, K., Wrangle, J.M. et al. (2016) Neutrophil-to-lymphocyte ratio and overall survival in all sites of head and neck squamous cell

carcinoma. Head Neck 38, E1068–E1074, https://doi.org/10.1002/hed.24159
9 Rosenthal, D.I., Mohamed, A.S., Weber, R.S. et al. (2015) Long-term outcomes after surgical or nonsurgical initial therapy for patients with T4

squamous cell carcinoma of the larynx: a 3-decade survey. Cancer 121, 1608–1619, https://doi.org/10.1002/cncr.29241
10 Wang, X., Lu, X., Geng, Z. et al. (2017) LncRNA PTCSC3/miR-574-5p governs cell proliferation and migration of papillary thyroid carcinoma via

Wnt/β-Catenin signaling. J. Cell. Biochem. 118, 4745–4752, https://doi.org/10.1002/jcb.26142
11 Wang, X., Liu, Y., Fan, Y. et al. (2018) LncRNA PTCSC3 affects drug resistance of anaplastic thyroid cancer through STAT3/INO80 pathway. Cancer Biol.

Ther. 19, 590–597, https://doi.org/10.1080/15384047.2018.1449610
12 Xia, S., Ji, R. and Zhan, W. (2017) Long noncoding RNA papillary thyroid carcinoma susceptibility candidate 3 (PTCSC3) inhibits proliferation and

invasion of glioma cells by suppressing the Wnt/β-catenin signaling pathway. BMC Neurol. 17, 30, https://doi.org/10.1186/s12883-017-0813-6
13 Bhan, A. and Mandal, S.S. (2015) LncRNA HOTAIR: a master regulator of chromatin dynamics and cancer. Biochim. Biophys. Acta 1856, 151–164
14 Kong, L., Zhou, X., Wu, Y. et al. (2015) Targeting HOTAIR induces mitochondria related apoptosis and inhibits tumor growth in head and neck squamous

cell carcinoma in vitro and in vivo. Curr. Mol. Med. 15, 952–960, https://doi.org/10.2174/1566524016666151123112716
15 Li, D., Feng, J., Wu, T. et al. (2013) Long intergenic noncoding RNA HOTAIR is overexpressed and regulates PTEN methylation in laryngeal squamous

cell carcinoma. Am. J. Pathol. 182, 64–70, https://doi.org/10.1016/j.ajpath.2012.08.042
16 Sun, S., Wu, Y., Guo, W. et al. (2018) STAT3/HOTAIR signaling axis regulates HNSCC growth in an EZH2-dependent manner. Clin. Cancer Res. 24,

2665–2677, https://doi.org/10.1158/1078-0432.CCR-16-2248
17 Wang, X., Liu, Y., Fan, Y. et al. (2018) LncRNA PTCSC3 affects drug resistance of anaplastic thyroid cancer through STAT3/INO80 pathway. Cancer Biol.

Ther. 19, 590–597, https://doi.org/10.1080/15384047.2018.1449610
18 Ding, C., Cheng, S., Yang, Z. et al. (2014) Long non-coding RNA HOTAIR promotes cell migration and invasion via down-regulation of RNA binding motif

protein 38 in hepatocellular carcinoma cells. Int. J. Mol. Sci. 15, 4060–4076, https://doi.org/10.3390/ijms15034060
19 Nakagawa, T., Endo, H., Yokoyama, M. et al. (2013) Large noncoding RNA HOTAIR enhances aggressive biological behavior and is associated with short

disease-free survival in human non-small cell lung cancer. Biochem. Biophys. Res. Commun. 436, 319–324,
https://doi.org/10.1016/j.bbrc.2013.05.101

© 2019 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

7

D
ow

nloaded from
 http://portlandpress.com

/bioscirep/article-pdf/39/6/BSR
20182362/846061/bsr-2018-2362.pdf by guest on 24 April 2024

https://doi.org/10.1038/nature11233
https://doi.org/10.1038/nature03001
https://doi.org/10.1073/pnas.0706729105
https://doi.org/10.1016/j.molcel.2009.01.026
https://doi.org/10.1016/j.bbagrm.2014.08.012
https://doi.org/10.1016/j.biopha.2013.08.008
https://doi.org/10.1007/s12032-013-0789-z
https://doi.org/10.1002/hed.24159
https://doi.org/10.1002/cncr.29241
https://doi.org/10.1002/jcb.26142
https://doi.org/10.1080/15384047.2018.1449610
https://doi.org/10.1186/s12883-017-0813-6
https://doi.org/10.2174/1566524016666151123112716
https://doi.org/10.1016/j.ajpath.2012.08.042
https://doi.org/10.1158/1078-0432.CCR-16-2248
https://doi.org/10.1080/15384047.2018.1449610
https://doi.org/10.3390/ijms15034060
https://doi.org/10.1016/j.bbrc.2013.05.101

