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Abstract: Lymph node metastasis (LNM) is common in papillary thyroid cancer (PTC), and
is an indicator of recurrence. The detailed molecular mechanism of LNM in PTC has not been
well described. This study aimed to investigate the role of fibronectin 1 in PTC LNM and its
clinical relevance. The expression of fibronectin 1 was confirmed in PTC tissues and cell lines.
A correlation analysis was conducted and a receiver-operating characteristic curve obtained.
The effect of fibronectin 1 on the proliferation of PTC cell lines was performed using a colony-
formation assay and Cell Counting Kit 8. Cell-cycle analysis was performed with a flow-
cytometry assay. Migration and invasion ability were evaluated by transwell and wound-healing
assays. Fibronectin 1 was overexpressed in metastasized PTC. Overexpressed fibronectin 1
was positively correlated with PTC LNM. Receiver-operating characteristic analysis showed
that the diagnostic accuracy of fibronectin 1 was 81.1%, with sensitivity of 80% and specific-
ity of 82%. Overexpression of fibronectin 1 promoted proliferation, migration, and invasion
in PTC. Fibronectin 1 plays a critical role in PTC metastasis by modulating the proliferation,
migration, and invasion ability of PTC cells, and it is a valuable diagnostic biomarker for
predicting PTC LNM.
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Introduction

The incidence of thyroid cancer (TC) has been increasing rapidly in the past decade.
Papillary TC (PTC) is the most common type of TC, and has a high probability of
spreading to regional lymph nodes.'™ Lymph node metastasis (LNM) is frequently
detected in PTC at a rate of 30%-90%,> with both clinical and occult neck LN
involvement. The presence of LNM does not affect survival, but it is an indicator for
PTC recurrence.®’

The choice of surgical management for PTC largely depends on whether there is
cervical LN involvement at presentation, because a secondary operation for recurrent
LN disease has a high risk for complications, such as recurrent laryngeal nerve injury
and hypoparathyroidism. However, surgical decisions can only be appropriately made
based on clinically evident LNM, and the identification of occult LNM remains difficult.
Ultrasound detection at present is the best and simplest way to examine the cervical LN
status of PTC preoperatively. However, ultrasound sensitivity in diagnosing cervical
LNM is extremely low, with a value of 10.5% in the central compartment and 27.2%
in the lateral compartment, according to previous reports.®’ Therefore, the approach
for evaluating the cervical LN status needs to be optimized.
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Improving our understanding of underlying molecular
alterations in TC with LNM would be of great value for
identifying cervical LNM in PTC. Fibronectin 1, a funda-
mental component of the extracellular matrix, is one of the
biomarkers of epithelial-mesenchymal transition (EMT),
which is an essential step in cancer progression. Serum
fibronectin could be a promising biomarker for detecting
breast cancer at an early stage.'” Another recent study indi-
cated that fibronectin 1 was upregulated in aggressive TC.!!
However, the biological function of fibronectin 1 in PTC
has never been reported, and the clinical significance of
fibronectin 1 in LNM of papillary TC is still unclear.!>!3

In this study, we investigated the expression level of
fibronectin 1 in PTC patients with or without LNM. The
patients’ clinicopathological characteristics were collected,
and a correlation study was performed. The study also
analyzed the diagnostic value of fibronectin 1 in identifying
PTC LNM. In addition, the role of fibronectin 1 was evalu-
ated by gain- and loss-of-function studies in the appropriate
PTC cell lines.

Materials and methods

Sample collection and ethics statement
Tissue samples were collected from 90 PTC patients who
had undergone thyroidectomy with lymphadenectomy in our
hospital from August 2014 to December 2015. All cases were
pathologically diagnosed as PTC with or without metastasis.
The tissues were flash-frozen in liquid nitrogen and kept
at —80°C. Patient clinicopathological characteristics were
collected for the database. Written informed consent was
obtained from all patients. The study was approved by the
research ethics committee of Ruijin Hospital.

Total RNA extraction and qRT-PCR

detection

Total RNA was extracted from the frozen tissues and
cell lines using Trizol reagent (Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufacturer’s
protocol. Fibronectin 1-expression level was evaluated in
90 PTC samples by quantitative reverse-transcription poly-
merase chain reaction (QRT-PCR): 1 ug of total RNA was
reverse-transcribed into first-strand complementary DNA
according to the protocol of the RT kit (Takara, Kusatsu,
Japan). qRT-PCR was performed using an SYBR Premix
Ex Taq II Kit (Takara) according to the VIIA7 system
instructions (Thermo Fisher Scientific). All amplifications
were normalized by GAPDH. Data were analyzed using the
comparison Ct method (222¢") and expressed as fold change
compared to the control group. Each sample was analyzed in

triplicate. The primer sequences used in this study were as
follows: fibronectin 1, 5-GACGCATCACTTGCACTTCT-3’
(forward) and 5’-GATGCACTGGAGCAGGTTTC-3’
(reverse); GAPDH, 5-AAGGTGAAGGTCGGAGT
CAAC-3’ (forward) and 5’-GGGGTCATTGATGGCAACAA
TA-3’ (reverse).

Cell culture

The human PTC cell lines TPC1 and K1 were kind gifts from
the Key Laboratory for Endocrine and Metabolic Diseases
of the Chinese Health Ministry, Department of Endocrinol-
ogy and Metabolism, Ruijin Hospital (Shanghai, China). K1
and TPC1 are both well-differentiated PTC cell lines; K1
retains the property of metastasis, while TPC1 does not.!
TPC1 was cultured in Roswell Park Memorial Institute 1640
HEPES medium supplemented with 10% fetal bovine serum
(FBS), 100 U/mL penicillin, and 100 pug/mL streptomycin,
and K1 was cultured in Dulbecco’s Modified Eagle’s Medium
(all Thermo Fisher Scientific), MCDB (Sigma-Aldrich,
St Louis, MO, USA), F12 (2:1:1) supplemented with 10%
FBS, and 100 U/mL penicillin with 100 pg/mL streptomycin.
The two cell lines were incubated at 37°C in a 5% CO,

humidified atmosphere.

Cell-line transfection

For the overexpression experiment, fibronectin 1-overex-
pression lentiviral was purchased from Hanbio Biotech Co
Ltd (Shanghai, China); fibronectin 1 complementary DNA
was ligated into pLVX-IRES-Puro (Takara) to construct
the fibronectin 1-overexpression plasmid. pLVX-IRES-
puro and pRUF-IRES-Puro—fibronectin 1 constructs were
transfected into the HEK293T viral packaging cell line
with the psPAX2 and pMD2.G (Thermo Fisher Scientific)
plasmids. At 48 hours after transfection, the viral super-
natant was collected and used for TPCI infection. For the
knockdown experiment, K1 cells were transfected with
100 nM fibronectin 1-specific short hairpin RNA (shRNA)
(TL304489; OriGene, Rockville, MD, USA) or ineffective
control shRNA (OriGene) using Lipofectamine 2000 (Thermo
Fisher Scientific) according to the manufacturer’s instruc-
tions. Messenger RNA (mRNA)- and protein-expression
levels of fibronectin 1 were detected by qRT-PCR and
Western blot analysis, respectively.

Western blot analysis

At 48 hours after transfection, protein lysate was acquired
from collected cells with radioimmunoprecipitation assay, and
the supernatant was collected after a 30-minute reaction on
ice and 15-minute centrifugation at 13,000 rpm. The protein
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concentration was determined using a BCA protein-assay
kit (Thermo Fisher Scientific). An equal amount of 10 pg of
protein from each condition was subjected to electrophoresis
on 8% sodium dodecyl sulfate polyacrylamide-gel electro-
phoresis and subsequently transferred to polyvinylidene
difluoride membrane, which was then blocked with 5%
bovine serum albumin in Tris-buffered saline containing
0.1% Tween 20 at room temperature for 1 hour. Incubation
was conducted with primary antibodies at 4°C overnight,
which was followed by secondary antibodies at room tem-
perature for 1 hour. Membranes were washed three times with
washing buffer (phosphate-buffered saline containing 0.1%
Tween) for 10 minutes after each incubation. Images were
then captured using an Odyssey infrared fluorescence scanner
(LI-Cor, Lincoln, NE, USA). We used primary antibodies
recognizing human fibronectin 1 mouse monoclonal anti-
bodies (1:1,000; R&D systems, Minneapolis, MN, USA),
GAPDH, and rabbit monoclonal antibodies (1:2,000; Cell
Signaling Technology, Danvers, MA, USA).

CCK-8 analysis

At 48 hours after transfection, TPC1 and K1 cells were
seeded into 96-well plates at a density of 10 cells/well. Cell
viability was evaluated with the Cell Counting Kit (CCK)-8
(Dojindo Molecular Technologies, Mashiki, Japan) at 0, 12,
24,36, 48, and 72 hours. Absorbance was determined with an
Infinite M200 plate reader (Tecan, Ménnedorf, Switzerland)
at 450 nm.

Colony-formation assay

At 48 hours after transfection, TPC1 and K1 cells were
seeded in six-well plates at a density of 500 cells/well and
cultured at 37°C in a 5% CO, humidified atmosphere. The
culture medium was changed every other day. After 7 days
in culture, the medium was removed and cells washed twice
with phosphate-buffered saline. Then, the cells were fixed
with methanol for 20 minutes and stained with 1% crystal
violet for 30 minutes at room temperature, washed again,
and photographed.

Flow-cytometry assay

After 48 hours of transfection, TPC1 and K1 cells were
collected for cell-cycle analysis. Cells were fixed in 75%
ethanol overnight at 4°C and then stained with a cell-cycle
analysis kit (Beyotime Biotechnology, Haimen, China)
according to the manufacturer’s instructions. The cells were
analyzed by Gallios flow cytometry (Beckman Coulter, Brea,
CA, USA) to quantify the cell cycle. All experiments were
performed independently in triplicate.

Wound-healing assay

Cells were plated in each well of six-well plates and incubated
to achieve 100% confluence. Then, a scratch was performed
with a pipette tip. Fresh serum-free medium was changed.
The wound-closing process was observed for 24 hours,
and images were collected using microscopy (Carl Zeiss
Meditec AG, Jena, Germany).

Transwell assay

Transwell chambers with 8 wm pores (Costar; Corning, New
York, NY, USA) were used to perform the migration and
invasion assays. Matrigel (BD Biosciences, Franklin Lakes,
NJ, USA) was coated on the top side of the insert membrane
in the invasion assay. The upper chamber was treated with
200 pL of serum-free medium and seeded with 10* cells, and
the lower chamber was treated with 600 UL of medium with
5% FBS. The chambers were maintained at 37°C, 5% CO,
for 24 hours. Afterward, the unmigrated or uninvaded cells
on the top of the insert membrane were removed by cotton
swabs. The inserts were then fixed in methanol for 20 minutes
and stained with 1% crystal violet for 30 minutes. The
migrated or invaded cells on the bottom of the membrane
were investigated under a microscope and photographed. All
experiments were performed in triplicate.

Statistical analysis

Statistical analysis was performed with SPSS 19.0 software
(IBM, Armonk, NY, USA) and GraphPad Prism 5.0
(GraphPad Software, La Jolla, CA, USA). Categorical vari-
ables are described as proportions, and descriptive variables
presented as means * standard deviation. Pearson’s y* test
was applied in the correlation analysis of fibronectin 1 and
clinicopathological characteristics. Independent two-sample
t-tests were used to compare fibronectin 1-expression levels
of the two independent groups. Univariate and multivari-
ate logistic regression analysis was performed to study the
risk factors for LNM. The significant variables (P<<0.05) in
univariate analysis were included in multivariate analysis.
The sensitivity, specificity, positive predictive value, negative
predictive value, and diagnostic accuracy of fibronectin 1
were assessed with a receiver-operating characteristic (ROC)
curve and area under the curve (AUC). P<<0.05 was consid-
ered indicative of a statistically significant difference.

Results

Patient clinicopathological characteristics
As shown in Table 1, a total of 90 patients were included in
our study. They were classified into two groups (LNM group,
n=40; non-LNM group, n=50) according to whether the
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Table | Patient characteristics

Clinicopathological All patients, LNM Non-LNM P-value

characteristics n (%) (n=40) (n=50)

Sex 0.625
Male 22 (24.4%) 11 (27.5%) 11 (22%)

Female 68 (75.6%) 29 (72.5%) 39 (78%)

Age 0.672
<45 years 38 (42.2%) 18 (45%) 20 (40%)

=45 years 52 (57.8%) 22 (55%) 30 (60%)
Focalization 0.15
Unifocal 66 (73.3%) 26 (65%) 40 (80%)
Multifocal 24 (26.7%) 14 (35%) 10 (20%)

Tumor 0.000
Tla 59 (65.6%) 18 (45%) 41 (82%)

TIb 31 (34.4%) 22 (55%) 9 (18%)

Lymph node =

NO 50 (55.6%) - -

Nla 26 (28.9%) - -

NIb 14 (15.5%) - -

Metastasis

MO 90 (100%) - - -
pTNM stage

Early (I/11) 68 (75.6%) 18 (45%) 50 (100%) 0.000

Advanced (lll/IV) 22 (244%)  22(55%) 0

Abbreviations: LNM, lymph node metastasis; pTNM, pathological tumor, node,
metastasis.

patient had LNM. The sex, age and focalization distribution in
the two groups were comparable (P>0.05). According to the
American Joint Committee on Cancer staging system (seventh
edition), the tumors were all pT1, and thus significant obser-
vations were limited to T1 tumors. No patients had distant
metastasis. In the LNM group, 65% of the patients were N1a
and 35% N1b. Patients with LNM were significantly more
likely to be at an advanced stage (III/TV, 55%; P<<0.05).

Fibronectin | is overexpressed in
metastatic PTC

Fibronectin 1 expression was analyzed in tumor tissues for
90 patients, as well as PTC cell lines (TPC1 and K1). qRT-
PCR results showed that the mRNA-expression level of
fibronectin 1 was significantly higher in PTC patients with
LNM, as well as in a K1 cell line that retained the property
of metastasis (Figure 1A and B). Subsequently, the protein
expression level of fibronectin 1 was confirmed in cell lines
by Western blot analysis (Figure 1C and D), which was
consistent with the mRNA-expression level.
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Figure | Fibronectin | is overexpressed in metastatic PTC.

Notes: **P<<0.05. qRT-PCR analysis of the expression levels of fibronectin | in PTC tissues (unmetastasized, n=50; metastasized, n=40) (A) and PTC cell lines (TPCI and K1)
(B). The values were normalized to GAPDH mRNA expression. Data expressed as means + standard deviation of three independent experiments. (C, D) Western blot

analysis of fibronectin | in TPCI and K| cells. GAPDH was used as a loading control.

Abbreviations: PTC, papillary thyroid cancer; qRT-PCR, quantitative reverse-transcription polymerase chain reaction; mRNA, messenger RNA.
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Fibronectin | overexpression is associated

with lymph node metastasis in PTC
Fibronectin 1 was confirmed to be overexpressed in metastatic
PTC. We further analyzed the correlation of fibronectin 1
expression and clinicopathological characteristics of all
patients. The relative expression of fibronectin 1 was con-
structed on an ROC curve. The cutoff value (ACt =4.161) of
fibronectin 1 expression was calculated by ROC-curve analysis
with SPSS software. At the cutoff point of 4.161, the AUC
met the maximum, indicating the best diagnostic accuracy
of fibronectin 1 differentiating PTC LNM. According to the
cutoff expression level of fibronectin 1 in all PTC samples,
patients were categorized into a low-expression group (n=49,
ACt >4.161) and a high-expression group (n=41, ACt <4.161).
Patients with lower fibronectin 1 expression (ACt >4.161) were
identified as unmetastasized PTC, whereas those with higher
fibronectin 1 expression (ACt <4.161) were metastasized PTC
(Table 2). As summarized in Table 3, fibronectin 1 overex-
pression was significantly correlated with tumor size (T1a vs
T1b, P=0.044), LNM in PTC (NO vs N1a and N1b, P=0.000),
and pathological TNM (pTNM; tumor, node, metastasis) stage
(I-11 vs III-1V, P=0.000). There were no significant associa-
tions between fibronectin 1 expression and sex (P=0.806), age
(P=1.000), or focalization (P=1.000). Moreover, univariate and
multivariate logistic regression analyses showed that fibronec-
tin 1 overexpression was a strong independent diagnostic factor
for LNM in PTC patients (P=0.000) (Table 4).

Fibronectin | is a potential diagnostic
biomarker for differentiating lymph node
metastasis in PTC

To evaluate further the possibility of clinical application of
fibronectin 1 in PTC patients, the diagnostic potential and
discriminatory accuracy of fibronectin 1 was evaluated by
ROC-curve analysis and corresponding AUC values. The AUC
for fibronectin 1 was 0.814 (95% confidence interval 0.723—
0.905, P<<0.000, Figure 2). The highest diagnostic value was
at a cutoff point of 4.161, where the negative predictive value,
positive predictive value, sensitivity, and specificity to identify
PTC LNM were 83.7%, 78%, 80%, and 82%, respectively,
with a diagnostic accuracy of 81.1% (Table 5).

Table 2 Fibronectin | evaluation and pathological results for
metastatic cervical lymph nodes

Fibronectin | Pathologic diagnosis

Positive nodes Negative nodes Total
High expression 32 9 41
Low expression 8 41 49
Total 40 50 90

Table 3 Correlations between fibronectin | expression and
clinicopathological characteristics in PTC

Clinicopathological n High Low P-value
characteristics expression expression

Sex 0.806
Male 22 11 (26.8%) |1 (22.4%)

Female 68 30 (73.2%) 38 (77.6%)

Age 1.000
<45 years 38 17 (41.5%) 21 (42.9%)

=45 years 52 24 (58.5%) 28 (57.1%)
Focalization 1.000
Unifocal 66 30 (73.2%) 36 (73.5%)
Multifocal 24 11 (26.8%) 13 (26.5%)

Tumor 0.044
Tla 59 22 (53.7%) 37 (75.5%)

TIb 31 19 (46.3%) 12 (24.5%)

Lymph node 0.000
NO 50 9 (22%) 41 (83.7%)

Nla 26 22 (53.7%) 4 (8.2%)

NIb 14 10 (24.4%) 4 (8.1%)
Metastasis -

MO 90 (100%) — -

pTNM stage 0.000
Early (I-11) 68 23 (56.1%) 45 (91.8%)
Advanced (llI-1V) 22 18 (43.9%) 4 (8.2%)

Abbreviations: PTC, papillary thyroid cancer; pTNM, pathological tumor, node,
metastasis.

Fibronectin | knockdown suppresses K|

proliferation

A loss-of-function experiment was performed on the
K1 cell line. Transfection efficiency was estimated by
gRT-PCR and Western blot analysis, showing that the
fibronectin 1-expression level was knocked down signifi-
cantly by shRNA (Figure 3A and B). In CCK-8 assays, the
proliferation ability of K1 cells was examined at six time
points (0, 12, 24, 36, 48, and 72 hours) after transfection.
Cell viability was shown as a proliferation curve based
on absorbance at 450 nm. The proliferation ability of
cells in the fibronectin 1 shRNA group was inhibited
compared to the scrambled (Scr)-shRNA control group
(Figure 3C). In addition, the impact of fibronectin 1 on
cell proliferation was evaluated by the colony-formation
assay. The colony-formation assay showed that there were
fewer clones in the fibronectin 1 shRNA group than in the
control group (Figure 3D and E). The cell-cycle analysis
showed that the proportion of cells in the G, phase was
significantly higher in the fibronectin 1 shRNA group
compared to the Scr-shRNA group, whereas it was lower
in the S and G,/M phases in the fibronectin 1 shRNA group
(Figure 3F and G). The results indicated that the prolifera-
tion ability of PTC cells was suppressed by fibronectin 1
downregulation.
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Table 4 Univariate and multivariate regression analysis of parameters associated with LNM

Parameter Category Univariate analysis Multivariate analysis
OR (95% CI) P-value OR (95% CI) P-value
Sex Male/female 1.345 (0.531-3.527) 0.547
Age =45/<45 years 1.227 (0.529-2.847) 0.633
Focalization Unifocal/multifocal 0.464 (0.18-1.2) 0.113
Tumor size Tla/TIb 0.18 (0.069-0.466) 0 0.171 (0.05-0.577) 0.004
Stage Advanced/early 1.687 (0.021-1.93) 0.098
Fibronectin | High/low 1.055 (1.019-1.158) 0 1.053 (1.017-1.169) 0

Abbreviations: LNM, lymph node metastasis; OR, odds ratio; Cl, confidence interval.

Fibronectin | knockdown inhibits

migration and invasion of K|

A wound-healing assay showed that the distance of the scratch
wound in the fibronectin 1 shRNA group was significantly larger
than the Scr-shRNA control group (Figure 4A). In transwell-
migration assays, the number of cells migrating through the
chamber in the fibronectin 1 sShRNA group was significantly
lower than that in the Scr-shRNA control group (Figure 4B
and D). A similar result was observed in the invasion assay
(Figure 4C and E). Downregulation of fibronectin 1 inhibited
the migration and invasion of PTC cells.

Fibronectin | overexpression promotes
TPCI proliferation

A gain-of-function experiment was performed on the TPC1
cell line. Transfection efficiency was estimated by qRT-PCR

0.8 (
2 06 [
>
2 T
7]
c
& 04-

0.2 ag(

O T T T T
0 0.2 0.4 0.6 0.8 1
1 - specificity

Figure 2 Potential diagnostic value of fibronectin 1.

Notes: The ROC curve of fibronectin | predicted the presence of lymph node
metastasis in papillary thyroid cancer in terms of sensitivity and specificity: AUC
0.814 (0.723-0.905), P<<0.000.

Abbreviations: ROC, receiver-operating characteristic; AUC, area under the curve.

and Western blot analysis, showing that fibronectin 1-
expression level was significantly overexpressed by
lentivirus—fibronectin 1 (Figure SA and B). CCK-8 assays
examined the proliferation ability of TPC1 cells at six time
points (0, 12, 24, 36, 48, and 72 hours) after transfection.
Cell viability is shown in a proliferation curve based on
absorbance at 450 nm. Cell-proliferation ability in the
lentivirus—fibronectin 1 group was higher than that in the
lentivirus—vector control group (Figure 5C). Similarly,
the colony-formation assay showed that the number of clones
in the lentivirus—fibronectin 1 group was higher than that
in the control group (Figure 5D and E). Cell-cycle analysis
showed that the proportion of cells in the G, phase was signif-
icantly lower in the lentivirus—fibronectin 1 group compared
to the lentivirus—vector control group, whereas it was higher
in the S and G /M phases in the lentivirus—fibronectin 1 group
(Figure SF and G). The proliferation ability of PTC cells was
promoted by fibronectin 1.

Fibronectin | overexpression promotes

migration and invasion of TPCI

In the wound-healing assay, the distance of the scratch wound
in the lentivirus—fibronectin 1 group was significantly shorter
than for the lentivirus—vector control group (Figure 6A). Ina
transwell-migration assay, the number of cells migrating
through the chamber in the lentivirus—fibronectin 1 group
was significantly higher than the control group (Figure 6B
and D). A similar result was also observed in the invasion
assay (Figure 6C and E). The result indicated that fibronectin 1
upregulation promoted migration and invasion of PTC cells.

Discussion

LNM occurs frequently in PTC, but there is a lack of an effec-
tive method to screen out LNM with atypical ultrasonographic
characteristics or micrometastasis. The mechanism for LNM
in PTC has not been clearly identified, because it is not a
lethal disease. However, it is of great importance to identify
the cervical node status for optimal surgical decision making
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Table 5 Performance of fibronectin | in differentiating LNM in PTC

Youden’s index Sensitivity Specificity NPV PPV Accuracy
Fibronectin | 0.6 80% 82% 83.7% 78% 81.1%

Abbreviations: LNM, lymph node metastasis; PTC, papillary thyroid cancer; NPV, negative predictive value; PPV, positive predictive value.
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Figure 3 Fibronectin | knockdown suppresses K| proliferation.

Notes: *P<<0.05; **P<<0.01. (A) qRT-PCR analysis of mRNA fibronectin |-expression levels in K| cells transfected with fibronectin |-specific sShRNA using Lipofectamine
on days 3, 5, 7, and 10. (B) Western blot analysis of fibronectin | in KI cells transfected with fibronectin |-specific shRNA. (C) CCK-8 assays were performed to
determine K1 cell proliferation after 0, 12, 24, 36, 48, and 72 hours following transfection with fibronectin |-specific shRNA. (D) A colony-formation assay was performed
to determine the proliferation of K| cells transfected with fibronectin |-specific shRNA. (E) Colony-formation assay results. (F) Flow-cytometry images of the cell cycle
in KI. (G) Results quantified in the cell cycle shown as a percentage of the total cells. All experiments were independently performed in triplicate. Data presented as
means + standard deviation.

Abbreviations: qRT-PCR, quantitative reverse-transcription polymerase chain reaction; mRNA, messenger RNA; shRNA, short hairpin RNA; Scr-shRNA,
scrambled shRNA.
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in PTC." Reoperation as a result of recurrence is a challenge
for surgeons, because of distortion of the normal tissue plane,
postsurgical fibrosis, and severe adhesion. Additionally, it
increases the incidence of complications, which could impact
the patient’s quality of life.'® A better understanding of LNM
in PTC is important to improve diagnosis and therapy.

24 hours

Scr-shRNA

Figure 4 (Continued)

Fibronectin 1 encodes fibronectin, which presents
in soluble dimeric form in the plasma and in dimeric or
multimeric form at the cell surface and in the extracellu-
lar matrix. As an EMT marker, fibronectin is involved in
cell adhesion and migration, including embryogenesis,!’
wound healing,'® blood coagulation,'® osteogenesis,?® and
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Figure 4 Fibronectin | knockdown inhibits the migration and invasion of KI.
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Notes: *P<<0.01. (A) Wound-healing assays demonstrated the migration ability of K| cells. Representative images at 0 and 24 hours are shown. (B) Transwell assays were
performed to determine the migration ability of K| cells with fibronectin | knockdown. Representative images of migrating cells at a lower chamber stained with crystal violet.
(C) Transwell assays were performed to determine the invasion ability of K| cells with fibronectin | knockdown. Representative images of invasive cells in the lower chamber
stained with crystal violet. (D) Quantification of cell migration presented as migrated cell numbers. (E) Quantification of cell invasion presented as invasive cell numbers. All

data expressed as means * standard deviation of three independent experiments.
Abbreviations: shRNA, short hairpin RNA; Scr-shRNA, scrambled shRNA.

metastasis.?’?> EMT is a process involved in embryonic
development, during which cells lose their epithelial features
and adopt characteristics of mesenchymal cells. EMT also
plays a role in cancer invasion and metastasis in a sequence
of discrete steps.?*** Decreased expression of the epithelial
marker E-cadherin and increased expression of mesenchy-
mal markers, such as N-cadherin and fibronectin, are the
most important features of EMT.? E-cadherin has promise
as a marker to identify colorectal cancer patients at risk for
metastatic disease independently of LN evaluation and imag-
ing results.” In addition, EMT biomarkers can also interact
with one another in certain tumors. It has been reported that
Snail overexpression causes a decrease in the expression of
epithelial markers E-cadherin and B-catenin and an increase in
mesenchymal (Snail and vimentin) marker expression.?’” Gain
of fibronectin alters the component of the extracellular matrix,
and the tumor then acquires invasive capacity.”® Association
between fibronectin expression and invasiveness has been
documented in several tumors, such as breast and lung.?2*%
The role of fibronectin in follicular TC has been studied in in
vivo experiments.*! However, little is known about the biologi-
cal function of fibronectin 1 in PTC. Our understanding of the
role of fibronectin 1 in PTC metastasis remains limited.
According to our study, fibronectin 1 expression was
significantly increased in PTC patients with LNM compared
to patients without LNM. There were no correlations between
the expression level of fibronectin 1 and clinicopathological

characteristics, except for tumor size, cervical LN involvement,
and pTNM stage. Our study indicated that fibronectin 1
overexpression was associated with larger PTC tumor size,
PTC LNM and an advanced pTNM stage, which is reported
for the first time. This study also primarily analyzed the
diagnostic value of fibronectin 1 in differentiating LNM from
non-LNM in PTC. In this cohort of patients, we showed that
fibronectin 1 sensitivity was 80% in identifying overall cervical
LNM in PTC, which was much higher than ultrasonography
evaluation in previous studies.’>** Fibronectin 1 specificity
in predicting PTC LNM was similar compared to ultrasound
examination.*** The study indicated that fibronectin 1 could be
a potential diagnostic biomarker for predicting LNM in PTC.

In the past few decades, various mechanisms for cancer
metastasis have been investigated.?*7 However, the
mechanism for LNM in PTC has not been comprehensively
reported. EMT is a well-known process involved in cancer
metastasis.*®* There are functional genes modulating EMT,
resulting in tumor progression.? Fibronectin 1 is one of
the EMT regulators that was found to be upregulated in
aggressive TC." In our study, the role of fibronectin 1 was
investigated in PTC cell lines. Transwell and would-healing
assays showed that the migration and invasive ability of
PTC cells were both increased by fibronectin 1 overexpres-
sion. Likewise, colony-formation assay and CCK-8 analysis
demonstrated that PTC-proliferation ability was promoted
by fibronectin 1 overexpression. Fibronectin 1 function was
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Figure 5 Fibronectin | overexpression promotes TPCI proliferation.

Notes: *P<<0.05, **P<<0.01. (A) qRT-PCR analysis of mRNA fibronectin |-expression levels in TPCI cells transfected with lentivirus—fibronectin | or lentivirus—vector on
days 3, 5, 7, and 10. (B) Western blot analysis of fibronectin | in TPCI cells transfected with fibronectin | plasmid. (C) CCK-8 assays were performed to determine TPCI
cell proliferation at 12, 24, 36, 48, and 72 hours following transfection with fibronectin | plasmid. (D) Colony formation assays were performed to determine the proliferation
of TPCI cells transfected with fibronectin | plasmid. (E) Colony-formation assay results. (F) Flow-cytometry images of the cell cycle in TPCI. (G) Results quantified in the
cell cycle shown as a percentage of the total cells. All data expressed as means + standard deviation of three independent experiments.

Abbreviations: qRT-PCR, quantitative reverse-transcription polymerase chain reaction; mMRNA, messenger RNA.

consistent with that reported in other tumors.** In vitro data
indicated that overexpression of fibronectin 1 promoted PTC
metastasis. However, previous in vivo studies of follicular
TC have indicated that attenuated fibronectin expression
demonstrates a more aggressive growth pattern and more
numerous lung metastases in xenografted mice.*'* The
possible explanation for the opposite observation in vivo

and in vitro could be because they are different pathological
subtypes of TC. In vivo functional study of fibronectin 1 in
PTC merits further investigation.

Conclusion
This study demonstrated that fibronectin 1 plays a critical role
in TC metastasis by modulating the proliferation, migration,
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Figure 6 Fibronectin | overexpression promotes the migration and invasion of TPCI.

Notes: **P<<0.01. (A) Wound-healing assays were performed to determine the migration ability of TPCI cells. Representative images at 0 and 24 hours are shown.
(B) Transwell assays were performed to determine the migration ability of TPCI cells with fibronectin | overexpression. Representative images of migrating cells in the lower
chamber stained with crystal violet. (C) Transwell assays were performed to determine the invasion ability of TPCI cells with fibronectin | overexpression. Representative
images of invasive cells in the lower chamber stained with crystal violet. (D) Quantification of cell migration presented as migrated cell numbers. (E) Quantification of cell
invasion presented as invasive cell numbers. All data expressed as means + standard deviation of three independent experiments.
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and invasion ability of PTC cells. Fibronectin 1 is associated
with PTC LNM, and is a valuable diagnostic biomarker for
predicting LNM in PTC.
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