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Background: As a common endocrine gland malignancy worldwide, papillary thyroid cancer (PTC) shows
a relatively high survival of PTC patients, but their prognosis becomes worse as soon as the lymph nodes are
invaded. In our study, we found that a long non-coding RNA (IncRNA) X-inactive specific transcript (XIST)
was associated with lymph node metastasis in PT'C. Our purpose was to explore the functions and underlying
mechanisms of this IncRNA in PTC.

Methods: Bioinformatics analyses were performed with data from The Cancer Genome Atlas (TCGA)
database. We confirmed the results in PTC tissues using quantitative real time polymerase chain reaction
(QRT-PCR) and in situ hybridization (ISH), and then studied the functions using Transwell® invasion and
migration assays iz vitro with TPC-1 and BCPAP cells. The correlation between XIST and the TGF-B
pathway was confirmed using qRT-PCR and western blotting of PTC cell samples. All data were analyzed
with SPSS software.

Results: Using bioinformatics analyses and RNA detection techniques, we found that IncRINA XIST
was associated with lymph node metastasis in PTC. The in vitro assays showed that XIST inhibited PTC
cell invasion and migration. Furthermore, we found that XIST expression was correlated with Smad4, a
core protein in the TGF-B pathway. Through co-transfection assays in PTC cells, we showed that XIST
expression was inhibited by T'GF-B, and this promoted PTC cell invasion and migration.

Conclusions: We found that IncRNA XIST functioned as an inhibitor of PTC metastasis. Furthermore,
TGF-B suppressed the expression of this IncRNA in PTC cells. As XIST is regulated by TGF-B and
functions as an inhibitor of PTC metastasis, it may serve as a new biomarker of PTC patient metastasis and

prognosis.
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Introduction multiple thyroid diseases, such as goiter, thyroiditis, or
Papillary thyroid cancer (PTC), a subtype of the most hyperthyroidism (1). Because of its slow development and
common endocrine gland malignancy, is involved in 85% relatively good prognosis, PTC has seldom been studied
of thyroid malignancy patients. PTC can progress from (2,3). Lymph node metastasis does occur in PTC patients,
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and according to the American Joint Committee on Cancer
(AJCC) Cancer Staging Manual, the prognosis of PTC
patients will become worse as soon as the lymph nodes
are invaded (4,5). Additionally, there is a group of patients
with highly malignant PTC, which expresses a higher
growth rate and a significantly higher probability of lymph
nodes metastasis, even distant metastasis. In addition, the
resection range of lymph node metastasis patients is usually
larger than lymph node negative patients, which is related
to the quality of life for postoperative patients. Thus, it is
important to determine the underlying mechanisms of PTC
metastasis, and thereby improve prognoses and treatments.

Long non-coding RNAs (IncRNAs) comprise a class
of transcripts longer than 200 nucleotides, which lack
the function of protein coding. Studies have shown
that IncRNAs play a crucial role in cancer initiation,
progression, and metastasis (6,7). Thousands of IncRNAs
can be screened in a human transcriptome, but only a few
have been well-studied in terms of thyroid cancer, such as
PTCSC2 (8), H19 (9) and NEAT'1 (10). LncRNA X-inactive
specific transcript (XIST), a key player in X-chromosome
inactivation that encodes an RNA that codes the silent X
chromosome, has been found to be associated with multiple
malignancies, such as breast cancer, lung cancer, and gastric
cancer (11-13). However, its functions in PTC have not
been reported.

Through bioinformatics analyses using available
databases, we found that IncRNA XIST expression was
significantly higher in PTC tissues without lymph metastasis
than that in metastatic PTC tissues. Moreover, there was a
correlation between XIST expression profiles and TGF-p,
a signaling pathway which is associated with cancer cell
proliferation and metastasis (14). We then determined the
functions of IncRNA XIST and its association with the
TGF-p pathway components in PTC cells.

Methods
Bioinformatic analysis

Transcriptome expression profile of thyroid cancer patients
and their clinical data were gathered from the TCGA data
sets (TCGA-THCA-exp-HiSeqV2-PANCAN-2015-02-24,
n=286) and analyzed with R software (“limma”). We
selected the PTC patients including 62 patients with lymph
nodes metastasis and 77 lymph nodes negative ones and
compared their different RNAs. Gene ontology (GO)
enrichment was analyzed with DAVID (https://david.

nciferf.gov). GO enrichment was classed with adjusted
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p values, and top 10 were accepted. Key molecules were
analyzed with KEGG PATHWAY Database (http://www.
kegg.jp). Pearson correlation analysis was performed with
R (“cor”) and the correlation coefficient was shown with
absolute value. In order to observe the results easily, the hot
map color of positive and negative correlation was unified.

Study population

A total of 60 cases of PTC tissues were collected from the
patients who were diagnosed with PTC and underwent
surgical resection between Sep 2016 and May 2017 at
the Department of Thyroid Surgery, Affiliated Hospital
to Qingdao University. 30 of them were diagnosed with
lymph nodes metastasis, and the other 30 without. All
patients did not undergo preoperative radiotherapy or
chemotherapy, since those who had received preoperative
radiotherapy or chemotherapy and those with recurrence or
distant metastasis were excluded. Additionally, the paraffin-
embedded tissues were collected from 40 of the PTC
patients above in the Pathology Department, Affiliated
Hospital to Qingdao University. All the individuals involved
in this study were signed informed consent and approved
by the ethics committee of Affiliated Hospital of Qingdao
University (QDFYLLW201605 NO.05-67). About 0.3-mm
thick slices were cut, dried, deparaffinized, and rehydrated
for in situ hybridization (ISH) and immunohistochemistry
(IHC) assays.

RNA extraction and quantitative real-time polymerase
chain reaction (qRT-PCR)

Total RNA was extracted from the tissues and cells
cultured with TRIzol reagent (Solarbio, China). The
SuperScript® IIT First-Strand Synthesis System for RT-
PCR (Thermo Fisher Scientific, USA) was used to
reversely transcribe RNA into ¢cDNA. QRT-PCR was
performed on the Applied Biosystems 7500 Real-Time
PCR system (Applied Biosystems, USA) with SYBR®
Green PCR Master Mix (Thermo Fisher Scientific,
USA). The primers were as follow: XIST, forward
5'-GGTTCTCTCTCCAGAAGCTAGGAAAG, reverse
S'-TGGTAGATGGCATTGT GTATTATATGG;
TGF-B forward, 5'-AACCCACAACGAAATCTA,
reverse, 5'-TGAGGTATCGCCAGGAAT; Smad?2
forward 5'-GATCCCACCAGGCTGTAACC,
reverse 5'-GCCTCGATATTCTGCTCCC; Smad3
forward 5'-CCAGCACACAATAACTTGGA,
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reverse 5'-AGACACACTGGAACAGCGGA; Smad4
forward 5'-CAGCTATGCCAGAAGCCAGA,
reverse 5'-GAACTCCTGGGACTTTCAACTGAC.
GAPDH was used for the internal control of
forward 5'-CCATGGAGAAGGCTGGGG, reverse
5'-CAAAGTTGTCAT GGATGACC.

Relative RNA levels were calculated with 27 [where
ACt = Ct(gene) - Ct(reference gene)]. Additionally, the fold
change (FC) of RNA expression was calculated with the 27"

method. PCR for each sample was performed three times.

ISH and IHC

The probe of ISH for XIST RNA expression analysis
was published by HaoGe Biological Technology Co
(Shanghai, China). In brief, the paraffin-embedded
TMAs were incubated with Digoxigenin-labeled DNA
probes complementary to XIST RNA. After detection of
Digoxigenin-labeled Zyto-Fast chromogenic ISH (CISH)
probes and hybridization, incubation was performed with a
secondary antibody for visualization. The IHC procedure
was conducted with the avidin-biotin-peroxidase complex
(ABC) method. The antibody used in the experiment
included goat anti-TGF-B1 polyclonal antibody (1:500,
ab92486, Abcam, USA) and anti-Smad4 (1:500, ab40759,
Abcam, USA). Images were acquired using OLYMPUS
BX43 microscope (Olympus Corporation, Tokyo, Japan).
Five vision fields were randomly chosen in each pathological
section. The expression rate was calculated with ImagePro
Plus software (MEDIA CYBERNETICS, USA). Negative
control tests were done via primary antisera pre-absorption
using its respective antigen.

Cell culture

The human thyroid papillary cancer cell lines TPC-1
and BCPAP were obtained from Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences (Shanghai,
China). The cells were cultured in RPMI 1640 medium
(Thermo Fisher Scientific, Waltham, Massachusetts)
supplemented with 10% (vol/vol) fetal bovine serum (FBS;
Thermo Fisher Scientific), 100 U/mL penicillin, and
100 mg/mL streptomycin (Thermo Fisher Scientific). Next,
they were cultured in an incubator with 5% CO, at 37 °C.

Plasmid conduction and transfection

The XIST and TGF-B sequence was synthesized and

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

Xin et al. XIST is an inhibitor of advanced stage in PTC

subcloned into the pcDNA3.1 (Genechem, Shanghai,
China) vector. Eukaryotic Expression Plasmid of shRNA of
XIST and TGF-B mRNA were also constructed (Genechem,
Shanghai, China). PTC and BCPAP cells were transfected
for 7 hours, and then the transfection media was replaced
with the normal media which were used for transfection for
another 24 hours. Then, the transfected cells were chosen
in the medium containing puromycin. The plasmid which
has higher transfection efficiency was selected for further
assays. Each experiment was performed three times.

Cell migration and invasion assay

Transwell chamber was employed to detect cell migration
and invasion ability (8.0-pm pore size polycarbonate filters;
BD Biosciences). Briefly speaking, after 48 hours after
transfection, the cells (2x10 cells/well) were resuspended
in 200 pL serum-free RPMI 1640 medium and seeded on
the upper compartments of the chamber, and then, 600 pL
complete medium was added into the lower compartments.
In the invasion assay, matrix glue (Qcbio, Shanghai, China)
was added onto the upper surface of the polycarbonate
membrane filter. The cells were incubated at 37 °C for
48 hours before non-traversed cells were removed with a
cotton swab; 100% methanol (Thermo Fisher Scientific)
was used to fix cells on the lower side of the filter, and then
crystal violet was used to stain cells. We counted the cells
with microscope (Leica Microsystems, Wetzlar, Germany)
at a 100 magnification. Five visual fields were randomly
chosen in each well.

Western blot

The total proteins of cells or tissues were extracted with
total protein extraction kit (Jiancheng Bioengineering
Institute, Nanjing, China). And then, anti-TGF-p1
polyclonal antibody (1:1,000, ab92486, Abcam, Cambridge,
UK), anti-Smad4 (1:1,000, ab40759, Abcam, Cambridge,
UK), and anti-Smad2/3 (1:1,500, ab63399, Abcam,
Cambridge, UK) were used as the primary antibody. B-actin
antibody (No. ab8227; 1:1,500 diluted; Abcam, Cambridge,
UK) was used as a control. Goat anti-rabbit secondary
antibody IgG (HRP) (No. ab7090; 1:5,000 diluted; Abcam,
Cambridge, UK) was used to incubate for 1 hour.

Statistical analyses

All data were analyzed with SPSS 23.0 (SPSS Inc., Chicago,
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Figure 1 LncRNA XIST was associated to lymph nodes metastasis of PTC. (A) Transcriptome expression profile hot map of TCGA
microarray (NO vs. N1-2, logFC >2, n=198; THCA-exp-HiSeqV2-PANCAN-2015-02-24); (B) relative expression of XIST in PTC tissues
and normal thyroid tissues (139 vs. 139); (C) XIST relative expression in lymph nodes metastasis PT'Cs and non-metastasis ones (77 vs. 62);

(D) Pearson’s correlation analyses hot map of the molecules correlated to XIST. In order to be easily observed, the correlation coefficient

was exhibited with the absolute value and the hot map color of positive and negative correlation was unified; (E) GO analyses of the
198 differential RINAs. Left figure shows the cell composition, right one shows the biological process. IncRNA, long non-coding RNA; XIST,
X-inactive specific transcript; PTC, papillary thyroid cancer; TCGA, The Cancer Genome Atlas; GO, gene ontology.

IL, USA), Microsoft Excel (Microsoft, Washington, USA)
and GraphPad Prism (GraphPad Software, La Jolla,
California, USA). Microsoft PowerPoint (Microsoft,
Washington, USA) was used to modify the figure size. The
data were represented as mean = SD. Chi square test and
t-test were used to determine the significant differences
between the two groups, and P<0.05 were considered to
be statistically significant (*P<0.05, **P<0.01, ***P<0.005,
***+P<0.001).

Results

Bioinformatics analyses indicate that IncRNA XIST is
associated with lymph node metastasis of PTC

In order to study the differences of the transcriptomes
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between lymph node metastasis PTC and non-metastasis
PTC, we performed a microarray analysis using a thyroid
cancer transcriptome from the TCGA database, and
then performed a series of in silico hybridization analyses
between PTC patients with and without lymph node
metastasis [N1 + N2 (n=77) vs. NO (n=62)]. Eventually, we
identified 198 differential RNAs (logFC >2) (Figure 1A4).
Among the 198 differential RNAs, we found that IncRNA
XIST, which was downregulated in the lymph node
metastasis cohort, showed the most significant difference
(metastasis vs. non-metastasis, FC =9.28; P=1.18x10)
(Figure 1B; Table SI). According to previous studies, XIST is
links to X chromosome and its expression is related to female
individuals. Then, we analyzed XIST expression in different

sex. The result indicated that XIST is higher in female PTC

Tiransl Cancer Res 2018;7(4):958-968
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Figure 2 TGF- and Smad4 protein were increased and XIST was decreased in lymph nodes metastatic PTC patients. XIST (A), Smad4 (B)
and TGF-p (C) RNA expression in lymph nodes metastasis (n=30) and non-metastasis (n=30) PTC patients; (D) TGF-B, SMAD4 protein (left
and middle, performed with IHC) and XIST RNA (right, performed with ISH) expression and their localizations in lymph nodes metastasis
(n=30) and non-metastasis (n=30) PTC patients [stained with Autostainer Plus (Dako) visualized using a Dako EnVision FLEX K8010 system

and counterstained with hematoxylin for 4 minutes, x200].

patients than males (Figure 1C) (FC =2.26; P=0.0002; females,
n=68; males, n=71). Next, Pearson’s correlation analyses
were performed to identify which of these 198 molecules
were closely related to XIST. According to the results,
we found that there was a significant negative correlation
between XIST and Smad4, a core protein in the TGF-f
superfamily (correlation coefficient =0.697) (Figure 1D).
In contrast to the downregulation of XIST, Smad4
expression was elevated in lymph node metastasis PTC
(metastasis vs. non-metastasis, logFC =-2.60; P=4.16x10")
(Table SI). Furthermore, A GO enrichment analysis was also
performed. From the results, cell component (Figure 1E,
left) and biological process (right) were identified as relevant.
Interestingly, the BMP pathway, a signaling pathway closely
related to the TGF-B pathway (15), was identified in the
GO analyses (Figure 1E, right). These analyses inferred that
XIST was associated with PTC metastasis, and may also
have some interactions with Smad4, or with the TGF-p
signaling pathway.
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TGF-f and Smad4 proteins arve increased and XIST is
decreased in lymph node metastatic PTC patients

To further determine the role of IncRNA XIST in PTC, we
collected 60 cases of PTC tissue samples during operations,
and then detected the expression profiles of IncRNA XIST.
After comparing the expression profiles of XIST between
the lymph node metastasis PTC patients (Cohort 1) and
non-metastasis patients (Cohort 2), we found that this
RNA was significantly lower in Cohort 1 than in Cohort 2
(FC =-2.83; P=0.0037), which was in agreement with the in
silico analyses discussed above (Figure 2A). In order to confirm
the bioinformatics results, we also detected the mRNA
levels of Smad4 and T'GF-p in the two cohorts. The results
indicated that mRNA [FC =2.37; P=0.0047 (Figure 2B),
and FC =1.61; P=0.0039 (Figure 2C)] of Smad4 and TGF-B,
respectively, were elevated in lymph node metastasis PTC
patients. The results showed that XIST was decreased while
TGF-B and SMAD4 mRNA levels were elevated in lymph

Transl Cancer Res 2018;7(4):958-968
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node metastasis PTC patients when compared with those of
non-metastasis PTC patients. The samples from the 60 cases
of PTC were paraffin embedded, and the protein expressions
of Smad4 and TGF-B, and the RNA expression of XIST
were detected using IHC and ISH methods, respectively.
The results showed that all three molecules were mainly
localized in the nucleus, indicating that there was a possibility
of interactions among them in PTC cells (Figure 2D, left).
In addition, in most samples from patients with lymph node
metastasis, TGF-B and Smad4 expressions were higher,
while XIST expression was lower than in non-metastasis
patient samples (Figure 2D, right; P<0.05). These results
demonstrated that TGF-p and Smad4 were significantly
increased and XIST was decreased in lymph node metastasis
PTC patients.

XIST functions as an inhibitor of PTC cell invasion and
migration in vitro

To study the association between XIST and PTC cell
invasion and migration abilities, we performed cell
migration and invasion assays in two PTC cell lines, BCPAP
and TPC-1. Transfections were performed in both BCPAP
and TPC-1 cells to detect overexpression or knockdown
of XIST, respectively. The transfection efficiency of
overexpressed plasmids and two shRNA plasmids were
detected in both cell lines, suggesting that XIST was
effectively overexpressed or knocked down (Figure 3A;
P<0.005). Thereafter, Transwell® migration and invasion
assays were performed to detect the effects of XIST in
PTC cells. Cell migration assays revealed that XIST
overexpression decreased the cell migration by 50% and
48% in BCPAP and TPC-1 cells, respectively, while XIST
knockdown increased the cell migration by 51% and 46%
in the two cell lines, respectively (Figure 3B, left, and images
at right). Cell invasion assays revealed that cell invasion was
decreased by 44% and 47%, and by 36% and 38% with
XIST overexpression and XIST knockdown, respectively
(Figure 3C, left, and images at right). The results suggested
that XIST functions as an inhibitor of PTC cell invasion
and migration 7z vitro.

TGF-p functions as an inbibitor of XIST expression in vitro

Because there were some correlations between XIST and
TGF-B/Smad4 in PTC patients, we performed assays to
further study the relationship between XIST and TGF-f,
as well as several core members of the TGF-p family. First,
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TGF-p was overexpressed and knocked down in TPC-1
cells, and the mRINA and protein levels were detected after
transfections (Figure 44; P<0.01). We then detected the
changes of XIST expression in different TGF-B-transfected
TPC-1 cells. XIST expression was significantly upregulated
in TGF-B knockdown cells (FC =2.3; P<0.001), while it was
downregulated in TGF-B overexpression cells (FC =-0.32;
P<0.005) (Figure 4B). Next, we performed assays to confirm
the functions of XIST in the TGF-p pathway. We chose
several core proteins in the TGF-p pathway, including
Smad2, Smad3, Smad4, and T'GF-B1, and detected mRINA
expression levels and protein levels in different XIST-
transfected cells using qRT-PCR and western blotting,
respectively. While the results of qRT-PCR and western
blotting demonstrated that there were no changes of
Smad2, Smad3, Smad4, and TGF-B1 in either protein or
mRNA levels (all P>0.05) (Figure 4C,D). These results
indicated that TGF- functions to inhibit XIST expression,
while XIST does not regulate the TGF-B pathway in PTC
cells.

TGF-g inbibits XIST expression and thereby promotes
PTC cell invasion and migration

Although TGF-B was shown to function as an inhibitor of
XIST in PTC cells, it was still unclear if the interactions
between TGF-B and XIST regulated PTC cell invasion
and migration. In order to study how the interactions
between TGF-B and XIST regulated PTC cell invasion
and migration, we performed co-transfection assays and
Transwell® invasion and migration assays in TPC-1 cells
(Figure 5). The results demonstrated that overexpression
of TGF-B improved both cell migration and invasion by
47% and 50%, respectively. We have shown that XIST was
downregulated in TGF-B-overexpressing cells; therefore,
we overexpressed XIST in TGF-p-overexpressing cells and
observed the changes in cell migration and invasion abilities.
The results showed that cell migration and invasion abilities
were decreased in the TGF-B-overexpressing cells (125%
and 126%, respectively). We then knocked down XIST in
the TGF-B-overexpressing cells, and cell migration and
invasion abilities were significantly increased (186% and
179%, respectively). In addition, Transwell® invasion and
migration assays showed that cell migration and invasion
were significantly suppressed (52% and 47%, respectively)
after knockdown of TGF-B in TPC-1 cells. Increased
expression levels of XIST in the TGF-B knockdown cells
inhibited the migration and invasion (32% and 25%,

Tiransl Cancer Res 2018;7(4):958-968
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Figure 3 XIST functions as an inhibitor of PTC cell invasion and migration iz vitro. (A) Transfection efficiency in TPC-1 and BCPAP cells.
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respectively). Finally, we decreased XIST in TGF-p Discussion

knockdown cells, and found that migration and invasion

were elevated (68% and 62%, respectively). These results In this study, we demonstrated that IncRNA XIST
showed that TGF-B promotes migration and invasion via functioned as an inhibitor of cancer cell metastasis in PTC
inhibition of XIST expression in PTC cells. patients and in PTC cells in vitro. We also found that
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Figure 4 TGF-B functions as an inhibitor of XIST expression iz vitro. (A) Transfection efficiency detections of TGF-f in TPC-1 cells.

Detections were performed for mRNA levels and protein levels; (B) XIST expression changes after TGF-p were overexpressed or silenced; (C)
the mRNA level of TGF-, Smad2, Smad3, and Smad4 in TPC-1 cells after treatment with sh-XIST or pcDNA-XIST; (D) protein expression
of TGF-B1, SMAD2, SMAD3, and SMAD#4 in TPC-1 cells after treatment with sh-XIST or pcDNA-XIST. **, P<0.01; ***, P<0.005; ****,

P<0.001. sh-XIST, silence of XIST; XIST, X-inactive specific transcript.

TGF-p suppressed XIST expression in PTC cells, thereby
regulating cell metastasis. The regulation mechanisms of
XIST expression have been reported in previous studies.
Sripathy et al. (16) reported that in Rett syndrome, the
activity of the core molecule on the X chromosome,
MeCP2, was regulated by BMP/TGF-p superfamily
components. They further showed that overexpression of
BMP promoted XIST expression, while overexpression of
TGF-B decreased XIST expression. These results were in
agreement with those of our study. In other studies, it was
revealed that TSIX, the antisense RNA of XIST, inhibited
XIST expression. It was also reported that XIST and
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TSIX were co-transcribed RNAs, and their transcription
dynamics was regulated by the ratio of X chromosome and
autosome, as well as by the semi-stable transcriptional states
(17,18). Our results also showed close association between
XIST and TXIS (Figure 1C), which indicates that XIST
expression is also regulated by T'SIX in PTC.

The role of XIST has already been explored in previous
studies. XIST has been shown to regulate the spreading and
silencing of chromatin in female mammals (19). In breast
cancer, XIST is also mainly associated with the coating
and genetic instability of the X chromosome. After being
localized to the X chromosome, XIST recruits multiple

Transl Cancer Res 2018;7(4):958-968



966

A 250 -
KKK
_ 200 4 x% T
S
2 150 A
8
o
2
S 100 4
2
b
50
0 -
¢ 2\ < < <
A\ ,‘@(&’ x*\% j\\“o :‘G&Q’ X*\“o :’\\‘5
»QGQQ ?g,x‘(\ N «6?% ?g,xé(\
< BN
6‘(\
C

Xin et al. XIST is an inhibitor of advanced stage in PTC

B 250 -

KKK

S XK T

Invasion cells (%)

AN AN AN
& ng*\ © 5@0@6@*\’\\6 ng*\ ©
< (G‘(& 5&\’( EX\;(O(&

sh-TGFp

sh-TGFB+XIST sh-TGFB+sh-XIST

B
J* ;-, :I z
R, S A Q
7 e g
P L o
0.-.1 - 5
.
ad 5
W ok <
: 2
.“."-Q- o
e =]
o .
> 9

Figure 5 TGF-B inhibits XIST expression and thereby promotes PTC cell invasion and migration. Transwell® migration assay (A) and
invasion assay (B) in TPC-1 cells were performed with co-transfection of TGF-B and XIST to confirm the effects of interaction of these two
molecules on PTC cell metastasis. *, P<0.05; **, P<0.01; ***, P<0.005; ****, P<0.001. XIST, X-inactive specific transcript; PTC, papillary

thyroid cancer.

factors indirectly to execute X chromosome inactivation,
thereby regulating cancer cell activities (13,20,21). McHugh
et al. reported that XIST silences transcription by directly
interacting with SHARP, recruiting SMRT, activating
HDACS3, and deacetylating histones to exclude Pol II
across the X chromosome (22). Moreover, in vivo assay
results indicated that XIST RNA is a potent suppressor
of hematologic cancer. XIST loss results in X reactivation
and consequent genome-wide changes, thereby leading
to cancer (23). XIST was also studied as a biomarker of
breast cancer treatment effects. The study found that
histone deacetylase inhibitor, Abexinostat, can be used
as a differentiation therapy, targeting the breast cancer
stem cells, and this therapy causes a significant decrease
in XIST expression (24). These studies suggest that the
main function of XIST in the nucleus is to bind to the X
chromosome, and then, coordinate the expression and
silencing of different genes. The underlying mechanism,
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that XIST inhibits PTC cell migration and invasion, may
be associated with some metastasis-related genes that are
overexpressed or silenced by XIST. According to previous
studies, XIST is links to X chromosome and its expression
is related to female individuals. Our result showed that
XIST was higher in female PTC patients than males. That
is coincident with other studies. This also indicated that
our conclusion is more accurate in female people. Some
studies have also reported that IncRNA XIST functions as
a regulator of the TGF-B pathway or as an oncogene by
silencing tumor suppressor genes in lung cancer or other
malignancies, which is different from our results (11,25).
These differences in results could be due to the known cell
type- and context-specific effects of the TGF-B superfamily.
Thus, in different cell microenvironments, the biological
mechanisms can be changed, and XIST may regulate
different gene expressions.

In this study, we analyzed the mechanisms of PTC

Transl Cancer Res 2018;7(4):958-968
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lymph node metastasis, and found that IncRNA XIST
exerts important functions in this process. We studied XIST
and its correlated proteins and confirmed the inhibition
function of TGF-p against this IncRNA in PTC cells. Our
study provides a new biomarker of PTC patient metastasis
and prognosis. For postoperative patients, XIST expression
levels can be detected using tumor tissue biopsies. Patients
with elevated XIST in tumor samples may indicate an
increased metastasis possibility, to which more attention
should be paid in the clinic. According to some studies
reporting that XIST can be a biomarker of breast cancer
treatment effects (24), XIST may also have a potential
to serve as a therapeutic target in PTC prevention and
treatment. In future studies, we will focus on the detailed
mechanisms of the interactions between TGF-p and
XIST in PTC. More studies are also necessary to reveal
the molecular mechanisms of XIST inhibition of PTC
metastasis.

Conclusions

XIST was regulated by TGF-p, functioned as an inhibitor
of PTC metastasis, and therefore provides a new biomarker
of PTC patient metastasis and prognosis.
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Supplementary

Table S1 Bioinformatics analyses between lymph nodes metastasis PT'C patients and non-lymph nodes metastasis ones from the TCGA database

Gene symbol LogFC AveExpr t P values Adjust P values B

XIST -3.882963155 3.217196168 —-4.798258239 4.10E-06 0.001337628 4.054242444
WSCD2 -2.412858337 1.808883516 —-4.807690789 3.94E-06 0.001314981 4.091126852
TSIX —-2.384525911 1.383408066 -4.30314213 3.17E-05 0.002879964 2.19165468
ccLat -2.342907457 0.222975822 -4.108361425 6.80E-05 0.004142553 1.500371353
TFF3 -2.211654922 1.181307294 -4.489672081 1.49E-05 0.002144083 2.876055625
PKHD1L1 -2.148011919 3.689892641 —-3.674256353 0.000340526 0.0095367 0.050217593
FOXJ1 -2.039540155 -0.995186602 -5.613507896 1.05E-07 0.000261326 7.417544686
CDH16 —-2.004228865 2.559489899 —-4.361383881 2.51E-05 0.002541173 2.403036394
MT1G -1.998366024 1.571891411 -3.670285482 0.000345378 0.009633982 0.037551371
ZMAT4 -1.975506368 1.418376856 —-4.000277976 0.000102753 0.00501468 1.127415826
CA4 -1.95846349 1.50041136 -4.159702378 5.57E-05 0.003679854 1.680213147
LOC286002 -1.892302619 7.405959134 -4.26013409 3.76E-05 0.003088211 2.036931288
DPP6 -1.892297319 1.611401643 -3.873718876 0.000164999 0.006511028 0.700614823
LRP1B -1.83758253 0.461975405 —-4.096667606 7.11E-05 0.004211993 1.459649392
ZNF804B -1.817602053 1.774809408 —-4.473685295 1.59E-05 0.002245955 2.816559983
CRABP1 -1.813054525 3.39892973 -3.684960314 0.000327766 0.009388361 0.084416298
cux2 -1.802272078 -0.962784026 -4.715097062 5.85E-06 0.00160015 3.731253871
LTF —-1.793903498 -0.964048107 -5.564307868 1.32E-07 0.000261326 7.205095966
MRO -1.753087599 —-0.347837949 -4.884261857 2.84E-06 0.001134601 4.392402969
TPO -1.741653058 9.209676779 —-3.409819944 0.000852897 0.015147029 -0.768627425
KIF19 -1.729718014 0.108473017 -5.271463181 5.10E-07 0.00060136 5.964779513
KCNJ13 -1.710618747 1.646650826 -5.158833083 8.47E-07 0.000703246 5.499207053
C80rf80 -1.692116192 0.670369184 -5.319233078 4.11E-07 0.000526811 6.164204864
SLC5A8 -1.677395832 3.045180187 -3.304036262 0.001214445 0.018365044 -1.081902352
MT1H -1.6187022 1.45833881 -3.067642779 0.002597764 0.028890629 -1.751534012
RAG2 -1.613742312 1.171961841 -3.952421916 0.000123059 0.005601776 0.964760315
MS4A1 -1.585075827 0.602463812 -3.573430257 0.000486069 0.011470117 -0.267931863
EDN3 -1.584403456 2.336820316 —-2.895831494 0.004398792 0.03907813 -2.211173616
SEMASD -1.576579975 0.355444085 —-3.382980689 0.000933615 0.015950988 -0.848895927
CLCNKA -1.574887369 1.621778183 -5.154748752 8.63E-07 0.000703246 5.482447557
CHRNA4 -1.546807331 1.269489852 -4.052251268 8.43E-05 0.004604651 1.305793796
DIO1 —1.544657792 4.071371816 -2.825341421 0.005424857 0.044371441 —-2.393020073
SLC26A4 -1.519478529 6.143864739 —-4.083531655 7.48E-05 0.004338841 1.414012218
PKNOX2 -1.489741956 0.67525786 -3.46060234 0.000717763 0.014047349 -0.615303252
BLK -1.474981169 -0.050934917 -4.145686868 5.89E-05 0.003783357 1.630948373
CR2 -1.464983494 0.90791061 —-3.204002689 0.001683779 0.022377283 —-1.370452461
FAM189A1 —-1.464787599 0.494919494 —-4.616820631 8.83E-06 0.001852351 3.35472275
GABRB3 —-1.45958341 0.81476212 —-4.13903665 6.04E-05 0.003824555 1.607617299
COL9A3 -1.446211479 0.397991329 -3.415737771 0.000836002 0.015068586 -0.750857498
MPPED2 —-1.429934332 0.817894454 —-4.558603221 1.12E-05 0.002035967 3.134355093
GLDC —-1.428437369 -2.199343893 -3.861721562 0.00017248 0.006581799 0.660718538
MIOX -1.426568391 2.46224506 —-4.551981128 1.16E-05 0.002035967 3.109416707
FLRT1 -1.41875752 0.109672827 -4.688015595 6.55E-06 0.001681739 3.626932645
C4orf7 -1.403452367 -0.668246234 —2.76390046 0.006492593 0.049451318 -2.548284281
LOC100130238 -1.38395222 1.73517335 —4.424443177 1.95E-05 0.002380952 2.634282369
KCNAB1 -1.365214684 2.025050273 —4.269678811 3.62E-05 0.003046743 2.071167821
OCA2 -1.361549686 0.888308155 -3.487334364 0.000654976 0.013393093 -0.533835499
KIAA1324 -1.35468938 —-1.542353103 -3.81067082 0.000208071 0.007352333 0.492054535
TCEAL2 -1.349825953 1.835133941 -3.271647732 0.001351045 0.019580938 -1.176152731
CARTPT -1.348698052 1.036380726 -2.821538086 0.005485987 0.044704163 —-2.402719121
ZNF536 -1.34835023 0.349426067 -3.982365499 0.000109948 0.005216428 1.066354575
STXBP5L -1.333663846 1.595889784 -3.284704529 0.001294338 0.019103355 -1.138252173
KHDRBS2 -1.328857771 2.460219213 -4.742208548 5.21E-06 0.00152292 3.836115721
RYR2 -1.321997109 0.738159341 —-4.198605214 4.79E-05 0.003379569 1.817622395
PLA2G2D -1.313891181 -0.254557287 -3.359533895 0.001009931 0.016613689 -0.918582998
GRIN2C -1.310809971 2.308229273 -3.166459665 0.001899876 0.023973235 -1.47679253
GRIK4 -1.310034939 0.942274131 -4.036522365 8.95E-05 0.004701694 1.251621533
NEB -1.309361416 -0.602096147 -3.616960736 0.000417206 0.010548315 -0.131461889
CLCNKB —-1.304566401 3.309799733 —-5.008895561 1.65E-06 0.000994621 4.8897508
CD19 -1.301965333 -0.493439168 -2.977108839 0.003438144 0.033548052 -1.996616784
GDF10 -1.298785128 0.722337236 -3.563845882 0.000502608 0.011617381 -0.297797103
FAM65C -1.293589757 -1.170291149 -5.581191563 1.22E-07 0.000261326 7.277872398
GPR98 -1.28525243 -1.019753136 —-3.944853368 0.000126602 0.00568738 0.939176628
LINGO2 -1.27675398 0.369138235 -4.209611577 4.59E-05 0.003339808 1.85667487
ODAM -1.275458085 0.002044871 -3.700699895 0.000309821 0.009073654 0.13485008
C19orf77 -1.265752514 —-1.274585156 —-3.179734609 0.001820682 0.023303365 -1.439314057
PYGM -1.265148136 0.387487115 -4.106228237 6.86E-05 0.004148359 1.492936178
HGD -1.264634646 1.431931367 -3.677177756 0.000336997 0.009490477 0.059543341
FAM155B -1.257656075 2.344995791 -3.470656301 0.000693513 0.013743074 -0.584724185
NWD1 -1.256540406 -0.555769513 —-3.320033953 0.001151838 0.017873942 -1.035059519
IGDCC3 -1.256252702 1.753232082 -4.14136006 5.99E-05 0.003816356 1.615765293
SELV -1.255814977 1.8968806 -3.589317309 0.00045978 0.011102659 -0.218282217
IP6K3 -1.252881839 1.892769415 -4.010612439 9.88E-05 0.004939153 1.162741961
DIRAS2 -1.252171198 0.049661864 —-4.783339767 4.37E-06 0.001403357 3.996009497
MTI1F -1.251231588 1.772486759 —-3.709460665 0.00030024 0.008894565 0.162997302
C1orf64 —-1.243909384 —0.988705686 -4.57435625 1.05E-05 0.00197174 3.19378532
TNFRSF17 -1.235833117 -0.027181263 -3.167378384 0.001894294 0.023946953 -1.474203085
CNTFR -1.230075932 -1.315715206 -3.004753515 0.00315818 0.031971125 -1.922457758
TPTE2P1 -1.221990867 0.685650222 -3.577156334 0.000479779 0.011361118 -0.256303491
LOC254559 -1.216768517 -1.051559742 -3.479976053 0.000671724 0.013601981 -0.556312396
CcD27 -1.210900964 1.138577365 -4.646949532 7.79E-06 0.00178893 3.469556033
KIAA0125 —-1.194695475 -0.448317983 —2.94544555 0.003786763 0.035417878 -2.080820345
FER1L6 -1.193899707 -0.136566502 —-3.487449321 0.000654718 0.013393093 -0.533484036
SLC26A7 -1.192055907 6.926504061 -3.678951771 0.000334872 0.009456556 0.065209314
RELN -1.191093653 -1.54542303 -3.040666682 0.002825835 0.030247342 -1.825227432
BMP8A -1.181531588 1.20459811 -2.854033488 0.004983365 0.042091695 -2.31947903
NKX2-3 -1.175994512 0.407228768 —-3.819335609 0.000201575 0.007219095 0.520555567
AOX1 -1.174363657 —-1.592237881 -3.198153562 0.001715871 0.022610291 —-1.387090521
HSD17B3 -1.166121785 —0.411624452 —-5.024890631 1.54E-06 0.000985002 4.954193337
AGXT2L1 -1.159857059 -0.794546947 -3.785553142 0.000228044 0.007725641 0.409727818
MAPK4 -1.159711919 -0.047176543 -3.773261358 0.000238468 0.007852706 0.369598808
IPCEF1 -1.153920276 1.257115288 —-4.46502596 1.65E-05 0.002260591 2.784398725
DHDPSL -1.148070674 —-1.722607741 —-4.45415165 1.73E-05 0.002301645 2.744075674
KY -1.146950984 2.743451599 -4.181073259 5.13E-05 0.003521808 1.755576762
TDO2 -1.143720256 -1.199978055 -3.595631999 0.000449708 0.01103225 -0.198497608
SPINK5 -1.14235553 -0.79196141 -3.432903243 0.000788755 0.014601569 -0.699167805
FAM167A -1.134267826 2.397154042 —-3.702404781 0.000307934 0.009057154 0.140323438
TCL1A -1.126527273 —-0.242038169 —2.8689039 0.004767707 0.040833302 -2.281106408
HS6ST3 -1.120338877 0.565152055 -3.827636212 0.000195533 0.00710496 0.547907147
ASXL3 -1.116719229 —-0.401434405 -3.805837543 0.000211781 0.007381763 0.476178946
ATP1B2 -1.112955404 1.047210042 —-4.909156393 2.55E-06 0.001112116 4.491059644
IGFBPL1 -1.11236946 0.879017003 -3.524977624 0.00057527 0.01249766 -0.418234547
CNR2 -1.107921052 0.290516691 -4.805990659 3.97E-06 0.001314981 4.084475046
SSPO -1.10162124 -0.110820739 -4.128050128 6.30E-05 0.003885437 1.569136052
EMID1 -1.099448408 1.003387506 —-4.554272462 1.14E-05 0.002035967 3.118042759
SFTPC -1.094171722 —0.171946454 —-4.056009034 8.31E-05 0.004598311 1.318760193
GBA3 -1.091802367 -1.172639634 -4.881609564 2.87E-06 0.001134601 4.381912303
TBX22 -1.085463092 1.727995844 —-3.063629599 0.002630581 0.029160812 -1.762532938
ATP2C2 -1.077079409 -0.70137952 -3.526582045 0.000572084 0.012468037 -0.413284638
TDRD9 -1.070801152 2.101023278 -3.072010093 0.002562482 0.028637865 -1.739550352
DDX25 -1.05658938 1.28735641 -3.906802535 0.000145935 0.006139565 0.811140114
LOC389493 -1.055691537 2.846208798 -3.54273263 0.00054093 0.012176852 -0.363353821
ADIG -1.055409112 1.427738353 —-4.049252115 8.53E-05 0.004633025 1.295451731
UPF0639 -1.045060976 0.41348508 -3.647987507 0.000373861 0.009993976 -0.033367439
GCK -1.04502832 -0.258247577 -4.521548148 1.31E-05 0.002129972 2.99514621
DLG2 -1.041428006 1.164220534 —-4.237794231 4.11E-05 0.003193624 1.957025389
TDGF1 -1.033072099 -0.230764523 -4.624318312 8.56E-06 0.001849757 3.383249424
DNASE1L3 -1.032376079 1.343277619 —-3.899237546 0.0001501 0.00622972 0.78580156
VPREB3 -1.023936343 -0.401326007 -3.506212897 0.000613787 0.012985187 -0.475988675
SCN3A -1.023705886 -0.465599503 -3.544988784 0.000536707 0.012108348 -0.356363765
SOSTDC1 -1.022916213 -2.203247418 -3.782311405 0.00023075 0.007753357 0.399134349
COL23A1 -1.020201948 3.174276406 -3.234061776 0.001527481 0.021074718 —-1.284539158
TRPV6 -1.018802702 -0.213190679 -3.389897731 0.000912154 0.015776647 -0.828259868
LRRC4 -1.017786929 -0.950210725 -5.848223061 3.44E-08 0.000176407 8.446379206
NOL4 -1.01753871 -0.003941103 -3.217908871 0.001609708 0.021770299 -1.330791598
LGI3 -1.015149791 3.024186154 -3.331090179 0.001110345 0.017481124 -1.002574184
AGTR1 -1.013956158 -0.765846508 -3.410872885 0.000849867 0.015132503 -0.765467558
NMUR2 -1.013198052 1.094441317 -3.915984969 0.000141027 0.006069788 0.84194833
GFRA1 -1.012694323 -2.204966182 -2.933132184 0.003930893 0.036328397 -2.113352984
IRX6 -1.010964202 -1.193513407 —-2.808939221 0.005692999 0.045548431 —-2.434765381
STAB2 -1.008523314 -0.362525822 —-3.737878061 0.000271057 0.008460129 0.254668737
CD300LG -1.008240239 —-0.211201661 -3.220082619 0.001598408 0.021645985 -1.324578756
CD38 -1.006889862 -1.661352877 -2.975744369 0.003452537 0.033630853 -2.000261598
C7orf52 -1.002661625 1.267257799 —-2.898528608 0.00436332 0.038853638 —-2.204137356
EBF4 -1.001232656 0.226596769 -4.069801184 7.89E-05 0.004440002 1.366430627
SFN 1.011115941 —0.447109826 2.760527527 0.006556403 0.049650667 -2.556720015
PDLIM4 1.01253119 3.086089304 3.546194922 0.000534462 0.012108348 -0.352625384
LIMS3 1.02876018 1.843118136 3.90387789 0.000147532 0.006191132 0.80133956
FUT3 1.029229032 -0.790687764 3.123868805 0.002176066 0.026028098 -1.596128075
MYBPH 1.031537558 2.524672772 2.979764719 0.003410288 0.033387321 -1.989518138
CDSN 1.033215731 2.951037121 3.452259005 0.000738489 0.014235844 -0.640623432
PPBP 1.037036301 1.081923083 3.047519406 0.00276621 0.02990031 -1.806560599
GPR115 1.047880415 -0.080238937 3.025912932 0.002958256 0.030951074 -1.865292843
H19 1.049251445 —1.808546753 3.210313765 0.001649779 0.02210668 —-1.352471248
FRMD5 1.052792333 1.944308541 3.019427839 0.003018254 0.03125449 -1.882850243
Muct 1.058903372 1.070282752 3.370986521 0.000971953 0.016378269 -0.884595074
LAMBS3 1.066690134 1.655297161 3.423680089 0.000813821 0.014864124 -0.72696801
FAMB83A 1.083250461 1.120003077 3.203958639 0.001684019 0.022377283 -1.370577861
TREM1 1.087554273 1.824017865 3.746161612 0.000263069 0.008366634 0.281496773
GALNT5 1.091467951 -0.133160034 3.281051636 0.001309975 0.019266255 -1.148868485
AzZU1 1.101684688 0.557675116 3.587175231 0.000463245 0.011149371 -0.224987102
ELANE 1.105367449 0.429013845 4.010423841 9.89E-05 0.004939153 1.162096645
C2CDh4B 1.110406787 1.347418873 3.626644894 0.000403192 0.010346915 -0.100917811
HOXD10 1.113792501 -2.516100566 3.877497321 0.000162707 0.006463455 0.713200123
KRT19 1.11570863 1.687561351 3.872298592 0.000165868 0.006511028 0.695886635
ALOX15B 1.116998199 3.450430062 3.51088859 0.000603969 0.012889271 -0.46162166
ARSI 1.124748073 —-1.386497489 3.482622787 0.000665654 0.013518348 -0.548232146
SDR16C5 1.133228278 —0.555432379 3.049261575 0.002751237 0.029846093 -1.801809117
SYT1 1.14296328 0.513511288 2.976811775 0.003441273 0.03356263 -1.997410437
PSG1 1.154597905 3.865339755 2.77186058 0.006344235 0.048654147 -2.528339627
EREG 1.165565354 0.441405537 2.87969556 0.004616586 0.040211499 -2.253148814
HAS1 1.165574654 -0.237676898 3.187643969 0.001774966 0.02301962 -1.416920143
FN1 1.168598366 3.297649528 3.182269989 0.00180591 0.023196875 -1.432140775
B3GNT3 1.174739946 2.877591158 2.788541701 0.006043295 0.0473184 -2.486378565
SOX11 1.175437013 -0.124388086 3.839689732 0.000187065 0.006944757 0.587709359
C190rf59 1.207645036 1.692308233 3.250985983 0.001445534 0.020410386 -1.235866671
INHBA 1.220220612 -0.395373107 4.287852028 3.37E-05 0.002968858 2.136513929
TBL1Y 1.225128634 0.274936588 3.7217119 0.000287311 0.008704349 0.202449175
FUT9 1.226471031 —-0.48020107 3.284210687 0.001296442 0.019120659 —-1.139687999
C50rf38 1.237904545 1.203922025 2.80681161 0.005728653 0.045762352 -2.440164594
LOX 1.272303016 0.088776194 4.8669407 3.06E-06 0.001134601 4.32396318
CEACAM6 1.298669145 0.587328979 2.88637712 0.004525231 0.039770117 -2.235792785
AREG 1.351333892 -0.502114203 4.64465667 7.86E-06 0.00178893 3.460798246
PRKY 1.414631588 —-0.79341159 3.931471541 0.000133105 0.005838965 0.894036921
SLC34A2 1.425181169 8.410380238 3.462041037 0.000714245 0.014005196 -0.610931985
CXCL5 1.426127147 -0.758108458 4.216246705 4.47E-05 0.003289015 1.880254976
IRX2 1.435077775 0.733743742 3.444512218 0.000758235 0.014451356 -0.664087658
VTCN1 1.459134227 —-0.209937521 2.996936741 0.003235134 0.032435004 —-1.943487454
SFTPB 1.485115186 9.56484822 2.882484929 0.004578244 0.039996515 -2.245907452
NCRNAO00185 1.546360704 -0.410979306 4.044455799 8.69E-05 0.004666737 1.278924804
CD177 1.55378119 0.527758334 3.095084971 0.00238331 0.027488403 -1.675989568
muca1 1.603343779 5.197043521 3.412173128 0.000846141 0.015132503 -0.761564417
ILT1RL1 1.64296946 3.659264089 3.588690404 0.000460791 0.011103343 -0.220244822
C2CD4A 1.657708756 1.913099353 4.237986771 4.10E-05 0.003193624 1.957712712
TMSB4Y 1.743637956 -0.785867486 4.132973543 6.18E-05 0.003824555 1.586371035
ADCY8 1.744462966 3.767152056 3.571054054 0.000490121 0.011525986 -0.275342339
TTTY15 2.102313343 -1.458619669 4.271615954 3.59E-05 0.003035913 2.078123328
NLGN4Y 2.139356954 -1.509534228 4.518538753 1.33E-05 0.002129972 2.983876723
CYorf15B 2.191286992 -1.34685409 4.195219089 4.85E-05 0.003389175 1.805623487
ZFY 2.314920465 -1.533355818 4.055336482 8.33E-05 0.004598311 1.316438827
CYorf15A 2.361331106 -1.413672796 4.203906236 4.69E-05 0.003362747 1.836421632
SMAD4 2.597345706 -1.73136307 4.234797626 4.16E-05 0.00319521 1.946331211
uty 2.615645622 -1.461868306 4.206658973 4.64E-05 0.003354881 1.846190895
USP9Y 2.855482049 -1.532401878 4.256028076 3.82E-05 0.003088211 2.022220965
KDM5D 3.105970612 —-1.855124972 4.39476326 2.20E-05 0.002520713 2.525136242
DDX3Y 3.113727608 -2.040070266 4.303326265 3.17E-05 0.002879964 2.192319622
RPS4Y1 3.608156221 -2.438187484 4.319954722 2.97E-05 0.002779876 2.252455868




