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Abstract
Purpose Aberrant expression of miRNAs is crucial in several tissues tumorigenesis including thyroid. Recent studies
demonstrated that miR-650 plays different role depending on the cancer type. Herein, we investigated the role of miR-650 in
thyroid carcinoma.
Methods The expression of miR-650 was analyzed in human thyroid tissues by q-RT-PCR. Anaplastic (8505C, CAL62,
SW1736) and papillary (TPC-1) thyroid cancer cell lines were used to dissect the role of miR-650 on malignant hallmarks of
transformation. Label-free proteomic analysis was exploited to unravel the targets of miR-650, while luciferase reporter
assay and functional experiments were performed to confirm a selected target. Spearman’s rank correlation test was used to
assess the association between miR-650 and its target in human thyroid cancer tissues.
Results miR-650 is over-expressed in anaplastic (ATC) thyroid carcinoma where it enhances cell migration and invasion.
Proteomic label-free and bioinformatics analysis revealed that the serine-threonine protein phosphatase 2 catalytic subunit
alpha (PPP2CA) is a target of miR-650; these finding were confirmed by luciferase assay. Restoration of PPP2CA mRNA,
deprived of its 3′UTR, is able to revert the malignant phenotype induced by miR-650 in HEK-293 cells. Importantly,
PPP2CA is down-regulated in ATC tissues and is inversely correlated with miR-650.
Conclusions miR-650 displayed oncogenic activity in ATC cells through targeting PPP2CA phosphatase. These results
suggest that miR-650/PPP2CA axis could be modulated to interfere with motile ability of thyroid carcinoma cells.
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Introduction

microRNA (miRNAs) are small non coding RNA that
negatively regulate gene expression by pairing the 3′
untranslated region (UTR) of specific target genes [1].
Over-expression of several miRNAs has been involved in
distinct step of cancer pathogenesis and in the metastatic
process [2, 3]. Indeed, several miRNAs have been classified
as oncomiRs being able to down-regulate the expression of
specific tumor suppressor genes [4].

In vitro and in vivo evidences demonstrated that miR-
650 plays a key role in several human cancers. In fact, its
over-expression has been reported in glioma [5], hepato-
cellular [6], lung [7], breast [8] prostate [9] and gastric
cancers. In the latter, over-expression of miR-650 is asso-
ciated with metastasis [10]. In glioma, in hepatocellular and
in lung carcinoma, miR-650 over-expression correlated
with high grade of the tumors and poor prognosis. While, in
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chronic lymphocytic leukemia [11] and in colorectal cancer
[12], miR-650 over-expression is associated with a favor-
able prognosis. Therefore, the function of miR-650 seems to
be tissue type-dependent. To our knowledge the role of
miR-650 in thyroid cancer remains unexplored.

Thyroid cancer derived from follicular cells, includes
well differentiated, follicular and papillary thyroid carci-
nomas (PTC), and undifferentiated or anaplastic thyroid
carcinoma (ATC). PTC is characterized by good prognosis;
on the contrary, ATC represents the most rare and aggres-
sive variant of thyroid carcinoma, and has poor clinical
outcome [13, 14]. Deregulation of miRNAs has been
demonstrated to play a key role in the pathogenesis and
progression of thyroid carcinoma [15–17].

In the current study, we investigated the role of miR-
650 in thyroid carcinogenesis. We demonstrated that
miR-650 expression level is higher in ATC respect to
PTC and normal thyroids (NT) samples and that miR-650
significantly impairs migration and invasion of ATC
cells. Finally, through a label-free proteomic analysis and
luciferase assay, we identified protein phosphatase 2
catalytic subunit alpha (PPP2CA) as a direct target of
miR-650.

Materials and methods

Tissue samples

For q-RT-PCR studies, thyroid samples include a total of
23 frozen tissues from patients who underwent total or
subtotal thyroidectomy at the Department of Surgery of
the University of Pisa (Pisa, Italy). In detail, the study
group included # 6 normal thyroid (NT), # 12 papillary
thyroid carcinoma (PTC) and # 5 anaplastic thyroid car-
cinoma (ATC) human tissues samples. Normal thyroid
tissues were obtained distant from neoplasia or from
contralateral thyroid lobe. Informed consent was obtained
and the retrospective study was conducted anonymously
and it conforms to the principles of the Helsinki
Declaration of 1975.

Quantitative real-time PCR (q-RT-PCR)

Total RNA was isolated with mirVanaTM miRNA Isolation
kit (Thermo Fisher Scientific, Waltham, USA) according to
the manufacturer’s instructions and quantified using the
NanoDrop spectrophotometer (Thermo Fisher Scientific,
Waltham, USA).

For miRNA detection, 10 ng of total RNA from each
sample was reverted in cDNA using a miRNA Reverse
Transcription Kit (Thermo Fisher Scientific,
Waltham, USA).

For mRNA expression analysis, 1 μg was reversed with
the QuantiTect® Reverse Transcription (Qiagen, Crawley,
UK) according to manufacturer’s instructions.

The expression levels of miR-650 and PPP2CA were
measured by q-RT-PCR using specific primers and TaqMan
Universal PCR Master Mix (Thermo Fisher Scientific,
Waltham, USA). β-ACTIN and U6 snRNA were used as
endogenous controls for mRNA and miRNA, respectively.

PCR reactions were performed four times in triplicate
and fold changes were calculated by 2–ΔΔCT methods.

miR-650 expression from Gene Expression omnibus
(GEO) database

Microarray data were downloaded from the National Center
for Biotechnology Information (NCBI) GEO database
(accession number GSE73182) using R version 3.5.2. Dot
plot shows the Log2 transformed expression value of miR-
after the full quantile normalization for GEO dataset.

Cell cultures

Papillary thyroid cancer cell line (TPC-1) and anaplastic
thyroid cancer cell lines (CAL62, SW1736, 8505C) were
maintained in culture in Dulbecco’s Modified Eagle Med-
ium (DMEM) containing 10% of fetal bovine serum (FBS),
L-glutamine and penicillin/streptomycin (Thermo Fisher
Scientific, Waltham, USA).

All the cell lines were authenticated by short-tandem
repeat profiling performed by BMR Genomics (http://www.
bmr-genomics.it) (Padova, Italy).

Plasmids

miR-650 precursor (HmiR0363-MR04) and negative con-
trol (CmiR0001-MR04, named miR-Null); as well as miR-
650 inhibitor (HmiR-AN0760-AM01, named Anti miR-
650) and negative control (CmiR-AN0001-AM01, named
Anti miR-Null); PPP2CA (EX-C0306-M43) plasmids were
obtained from GeneCopoeia (Rockville, MD, USA).

Transfection

For stable cells generation, CAL62, 8505C and TPC-1 cells
(1 × 105) were transfected using Lipofectamine 2000
(Thermo Fisher Scientific, Waltham, USA) and 4 μg of
plasmids according to manufacturer’s protocol. Cell clones
and mass populations were selected with Puromycin
(Sigma-Aldrich, St. Louis, MO, USA) and analyzed for
miR-650 expression by q-RT-PCR. One mass population
for each cell line was selected and used in all experiments.

For transient cell transfection of SW1736 cells, 4 × 105

cells were transfected with 2 μg of Anti miR-650 and with
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its corresponding control (Anti miR-Null) plasmids by
using Lipofectamine 2000 (Thermo Fisher Scientific, Wal-
tham, USA) in 6-well plates. Twenty-four hours after
transfection, migration and invasion assays, were per-
formed. Transient transfection efficiency was verified by q-
RT-PCR.

For transient cell transfection of HEK-293 cells, 2 × 104

cells were incubated with 2 μg of PPP2CA plasmid or with
2 μg of miR-650 plasmid or co-transfected with 1 μg of each
plasmid. Untransfected HEK-293 cells were used as a control.

Cell proliferation

For cell proliferation curves, 8505C and CAL62 were plated
at a concentration of 3 × 104 cells/well in 6-well plates and
counted, in triplicate, at 24, 48, 72 and 96 h.

To determine cell viability MTS assay (tetrazolium com-
pound [3-(4,5-dimethyl-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium, inner salt) was performed. To
this aim, 1 × 103 cells were plated in multi-wells, in triplicate
and after 72 and 96 h the CellTiter 96® AQueous One Solu-
tion Cell Proliferation Assay (Promega, Madison, WI, USA)
was used according to manufacturer. Experiments were
repeated three times in triplicates.

Migration assay

To perform wound healing assays, 8505C, TPC-1, CAL62
and SW1736 transfected cells were plated in 6-well plates. A
scratch was generated with a micropipette tip on a mono-
layer of confluent cells and images were taken immediately
and after the wound closure. Distances in the wound areas
were measured using the Cella software (Olympus, Tokyo,
Japan) and expressed as percentage of wound closure.
Experiments were repeated three times in triplicates.

For Transwell migration assay, 1 × 105 cells were plated
onto the upper well of membrane filter of 8 μm pore size
(Costar, Cambridge, MA, USA). Cells were allowed to
migrate for 24 (8505C) or for 48 (CAL62) hours. Migrated
cells were stained with crystal violet and quantified at
optical density (O.D.) 550 nm.

For Collagen I migration assay, 1.5 × 105 cells were
plated on a membrane coated with Collagen I at the bottom
side using the CytoSelectTM 24-Well Cell Haptotaxis Assay
(Cell Biolabs Inc, San Diego, CA, USA) according to
manufacturer.

Invasion assay

For Matrigel Matrix invasion assay, cells (1 × 105) were
resuspended in DMEM 5% FBS and plated on the upper
chamber of a transwell coated with Matrigel (BD Bios-
ciences, San Jose, CA). DMEM containing 10% FBS was

used in the lower chamber as attractant. After 24 (8505C,
TPC-1) or 48 (CAL62, SW1736) hours, the invading cells
were fixed with glutaraldehyde (11%) (Sigma-Aldrich, St.
Louis, MO, USA) for 90 min, stained with crystal violet and
quantified at O.D. 550 nm. Experiments were repeated three
times.

Invasion in Collagen I Matrix was performed using
CytoSelectTM 24-Well Cell Invasion assay (Cell Biolabs
Inc, San Diego, CA, USA). Briefly 2 × 105 cells were plated
in each well, and allowed to migrate for 24 (8505C) or 48
(CAL62) hours. Invaded cells in Collagen I were measured
according to manufacturer’s protocol.

Soft agar colony formation assay

Briefly, DMEM containing noble agar (0.5%) was added to
Petri dishes (60 mm) and allowed to solidify at room tem-
perature for 30 minutes. Next, 8 × 104 cells were resus-
pended in DMEM containing noble agar and plated onto the
solidified agar Petri dish. Cells were periodically observed
under a microscope to monitor colonies formation. After
3 weeks, colonies were photographed and counted with an
optical microscope at ×10 magnification. Experiments were
repeated two times in triplicates.

Label-free proteomic analysis

CAL62 cells were lysed in a modified RIPA buffer
(150 mM NaCl, 50 mM Tris-HCl pH 7.5, 1 mM EDTA, 1%
Triton X-100, protease inhibitors). Cell debris was removed
by centrifugation and protein concentration was determined
using Bradford assay [18]. Protein extract was resuspended
in Laemmli buffer and separated on 10% polyacrylamide
SDS-PAGE as previously described [19].

Protein bands were manually cut. Gel particles were
washed as previously described [20] and then digested with
10 ng/μl modified porcine trypsin (sequencing grade; Pro-
mega, Madison, WI).

Peptide mixtures were analyzed by LTQ-Orbitrap XL
(Thermo Fisher Scientific, Waltham, USA) and separated on
a capillary chromatographic system consisting of a 2 cm
length trapping column (C18, ID 100 μm, 5 μm) and a 20 cm
C18 reverse phase silica capillary column (ID 75 μm, 5 μm)
(Nanoseparations, Nieuwkoop, Netherlands).

Peptides were fragmented in acetonitrile based eluents
(Solvent A: 0.2% formic acid, 2% acetonitrile in water;
Solvent B: 0.2% formic acid, 5% water in acetonitrile with a
gradient from 10 to 40% of B in 80 min, and then from 40
to 95% in 10 min, at 0.25 μL/min flow rate) by using CID
fragmentation in the ion trap.

Peptide analysis was performed using data-dependent
acquisition of MS scan (400-1,800 m/z) followed by MS/
MS scans of the five most abundant ions.
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Raw data in.mgf format were processed by Proteome
Discoverer platform version 1.4 (Thermo Fisher Scientific,
Waltham, USA) interfaced with an in-house Mascot server.
Proteins were identified with the following search para-
meters: UniProt as database, limited to Homo sapiens tax-
onomy; trypsin as a specific proteolytic enzyme; allow up to
1 missed cleavages; 10 ppm precursor tolerance and 0.6 Da
fragment ion tolerance; carbamidomethylation of cysteine
as a fixed modification; N-terminal glutamine conversion to
pyro-glutammic acid and oxidation of methionine as a
variable modifications. Only the proteins with at least 2
assigned peptides with an individual MASCOT score > 19
were considered significant.

For label-free analysis, spectral counts were used for
estimating protein abundance and comparing the expression
of the same protein between the two cell lines as previously
described [21].

The differentially expressed proteins were analyzed by
STRING (https://string-db.org/) in order to classify proteins
according to gene ontology (GO) terms and to obtain a
protein interaction network [21, 22].

Western blot

Protein extractions and Western blots were conducted
according to standard protocol. The following antibodies
were used: anti-PPP2CA (Cat # 05-421, Merck-Millipore,
Darmstadt, Germany) diluted 1:500; anti-α TUBULIN (Cat
# T 9026, Sigma-Aldrich, St. Louis, MO, USA) diluted
1:10000; anti-mouse secondary antibody (Bio-Rad, Her-
cules, USA) diluted 1:3000. Antigen-antibody complexes
were visualized using the chemiluminescence detection
solution (Thermo Fisher Scientific, Waltham, USA) and
analyzed on a Bio-Rad Chemidoc (Bio-Rad, Hercules,
USA). Band intensities were quantified densitometrically
relative to the α TUBULIN band (used as endogenous
control) using the Molecular Imager ChemiDoc XRS (Bio-
Rad, Hercules, USA). Quantification of band intensities was
performed with the Image LabTM software version 6.0 (Bio-
Rad, Hercules, USA).

Luciferase reporter assay

The 3′UTR of human PPP2CA (LightSwitch™,
PPP2CA_3′UTR/S808927) containing the putative miR-
650 binding site, as well as the 3′UTR of control vector
(ACTB_3′UTR/S805753) and of the reporter vector
(EMPTY_3′UTR/S890005) were purchased from Switch-
Gear Genomics (La Hulpe, Belgium).

Deletion in the potential miR-650 binding site of the 3′UTR
of PPP2CA was introduced by using the QuikChange Site-
Directed mutagenesis kit (Agilent Technologies, Santa Clara,
USA) and the following oligonucleotides: Forward primer:

5′-gtgccatataaaaatacaaagcttgtcatcaacagccgtg-3′; Reverse pri-
mer: 5′-cacggctgttgatgacaagctttgtatttttatatggcac-3′.

The, 8505C/miR-650 and 8505C/miR-Null cells were
seeded into a 96-well plate (1 × 103 cells per well) and
transfected with the above listed plasmids using FuGENE
Transfection Reagent (Roche, Basel, Switzerland) accord-
ing to standard protocols.

Cells were harvested 24 h post transfection and luciferase
activity was measured using the LightSwitch™ Luciferase
Assay reagent (SwitchGear Genomics, La Hulpe, Belgium)
according to the manufacturer’s protocol. Experiments were
repeated three times in triplicates.

Statistical analysis

Unpaired t test, used for all statistical analysis, was done
with GraphPad Prism 6 software (La Jolla, CA, USA). Data
are reported as the mean of replicates experiments done in
triplicate ± standard deviation (SD) values. Differences
were considered significant when p < 0.05. The correlation
between miR-650 and PPP2CA expression levels in thyroid
tissues was calculated using Spearman’s rank correlation
test.

Results

miR-650 is over-expressed in human anaplastic
thyroid carcinoma samples

We evaluated miR-650 expression by q-RT-PCR in 6 NT,
12 PTC and 5 ATC human tissues samples. Figure 1a
shows that miR-650 was significantly over-expressed (p=
0.0299) in ATC respect to NT samples. PTC samples
showed variable expression of miR-650; not statistically

Fig. 1 Expression level of miR-650 in thyroid tissue samples. a The
level of miR-650 in NT (n= 6), PTC (n= 12) and ATC (n= 5) was
determined by q-RT-PCR, performed four times in triplicate. The
fluorescence threshold of PTC and ATC samples was compared with
the average fluorescence threshold of NT samples. b Dot plot of miR-
650 expression level in NT (n= 5) and PTC (n= 19) samples from
GSE73182. *p < 0.05
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significant difference (p= 0.1760) was seen compared to
NT tissues. Clinicopathological features of PTC patients are
listed in Supplementary Table 1. Additionally miRNA
expression profiles of 19 PTC and 5 NT extracted from
microarray dataset GSE73182 [23], showed no statistical
significant difference of miR-650 between NT and PTC
(p= 0.2) (Fig. 1b).

Forced expression of miR-650 increased cell
migration in 8505C cells

To investigate the relevance of miR-650 in anaplastic
thyroid cancer progression we selected the thyroid cancer

cell line, 8505C for stable transfection with miR-650 plas-
mid or with a control vector (miR-Null). A mass population
expressing the highest level of miR-650 was chosen by q-
RT-PCR for further experiments (Supplementary Fig. 1a).

We initially investigated the role of miR-650 in ATC cell
migration by wound closure assay. As shown in Fig. 2a,
miR-650 significantly increased the capability of 8505C
cells to migrate into the wound respect to 8505C/ miR-Null
cells. Accordingly, forced expression of miR-650 in 8505C
cells, increased the number of migrated cells in the Trans-
well (Fig. 2b).

To better characterize the migratory properties induced by
miR-650 in our cell model system, we plated 8505C/miR-

Fig. 2 Role of miR-650 forced
expression on cell motility.
a The wound gaps of 8505C
cells stably transfected with
miR-650 and with miR-Null
plasmids were photographed
(left) and measured (right) at 0
and 40 h time points. b 8505C/
miR-650 and 8505C/miR-Null
cells were plated and allowed to
migrate in the Transwell for
24 h; migrated cells were
photographed (left) and
quantified (right) measuring the
absorbance at O.D. 550 nm. c
8505C/miR-650 and 8505C/
miR-Null cells were plated on
Matrigel Matrix and allowed to
invade for 24 h. Cells were then
stained and photographed.
Invasion ability is expressed as
absorbance at O.D. 550 nm.
**p < 0.01; ***p < 0.001
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650 and 8505C/miR-Null on the bottom side of an insert
coated with Collagen I Matrix. After 24 h, 8505C/miR-650
presented an increased ability to migrate into Collagen I
compared with 8505C/miR-Null cells (Supplementary
Fig. 1b).

Forced expression of miR-650 increased cell
invasion in 8505C cells

Then, we studied the effects of miR-650 on cellular invasion
by Matrigel Matrix assay. 8505C/miR-650 and 8505C/miR-
Null cells were plated on Matrigel and allowed to invade for
24 h. Invasive cells were stained, photographed and quantified
at O.D. 550 nm. As shown in Fig. 2c, 8505C/miR-650 are
able to degrade the Matrigel layer at higher-level respect to
8505C/miR-Null cells.

Likewise, we also evaluated cell invasion in Collagen I
Matrix. As shown in Supplementary Fig. 1c, miR-650
increased the ability of 8505C cells to invade the Collagen I
compared to 8505C/miR-Null cells.

Finally, we evaluated cell proliferation in transfected
cells by counting cell number and by MTS assay. As shown
respectively, in Supplementary Fig. 1d and 1e, the
restoration of miR-650 did not affect proliferation rate in
8505C cells.

Forced expression of miR-650 increased cell
migration and invasion in TPC-1 cells

The above-described results were also confirmed in another
cell line, TPC-1 derived from papillary thyroid carcinoma.
TPC-1 cells were stably transfected with miR-650 and with
miR-Null plasmids. After selection in Puromycin, cell
clones and mass populations were isolated. On the basis of
miR-650 expression by q-RT-PCR, one mass population
and the respective control was chosen (Fig. 3a) to analyze
the biological effects. As shown in Fig. 3b TPC/miR-650
cells have an increased migration rate compared to control
miR-Null cells. Likewise, miR-650 forced expression in
TPC-1 cells was associated with increased invasion cap-
ability (Fig. 3c).

Silencing of miR-650 reduced cell migration and
invasion in ATC cells

We next investigated whether stable silencing of miR-650 is
able to revert the ATC phenotype. To this aim, we have
chosen CAL62, expressing endogenous level of miR-650,
for stable transfection with Anti miR-650 or with control
vector (Anti miR-Null) plasmids. In Supplementary Fig. 2a,
is shown, by q-RT-PCR, that a selected mass population
presented reduced level (∼2-fold) of miR-650 compared to
control cells.

To assess the role of miR-650 on migration ability of
CAL62 cells, we performed a wound closure assay. As
shown in Fig. 4a, silencing of miR-650 led to a significant
reduction of the ability of CAL62 cells to repair the wound
respect to CAL62/Anti miR-Null cells. Similar results were
obtained when we plated CAL62/Anti miR-650 and control
cells on Transwells (Fig. 4b) or on Transwell insert coated
with Collagen I (Supplementary Fig. 2b).

Furthermore, CAL62/Anti miR-650 displayed lower
invasion ability in Matrigel (Fig. 4c) and in Collagen I
Matrix (Supplementary Fig. 2c) compared to control cells.

Finally, to characterize the capability of CAL62/Anti
miR-650 cells to growth in an anchorage-independent
manner, we performed a soft agar colony formation assay.
Strikingly, as shown in Fig. 4d silencing of miR-650 caused
an inhibition of colony formation respect to control cells.

Additionally, we confirmed these results in another ATC
cell line, SW1736. After transient transfection of Anti miR-
650 and control plasmids (Fig. 5a), we observed a sig-
nificant reduction of wound healing closure (Fig. 5b) and of
the number of invading cells (Fig. 5c) in SW1736/Anti
miR-650 respect to SW1736/Anti miR-Null transfected
cells.

Identification of miR-650 targets by label-free
proteomic analysis

To unveil targets of miR-650, we analyzed the protein
expression profiles of CAL62/Anti miR-650 compared to
CAL62/Anti miR-Null cells. Label-free proteomic analysis
based on spectral counting was used to quantitatively
compare the protein expression profiles in the two condi-
tions. In particular, it has been calculated the semi-
quantitative parameter Rsc, representing the log2 ratio
between the protein expression level of CAL62/Anti miR-
650 versus Anti miR-Null cells.

This label-free method revealed 351 differentially
expressed proteins with Rsc ≥ 2.50 or ≤−2.50. A full list of
identified proteins is summarized in Supplementary Table 2.
In Supplementary Table 2 such protein species are ranked
from the highest Rsc value to the lowest, thus showing 159
over-expressed and 192 under-expressed proteins.

Afterwards we analyzed the 351 deregulated proteins
by using STRING software in order to unravel relevant
biological pathways and networks among the identified
proteins; the top-ranked KEGG pathways are shown in
Supplementary Table 3. The network distribution of
under-expressed (Supplementary Fig. 3a) and over-
expressed (Supplementary Fig. 3b) proteins reveals sev-
eral protein nodes such as serine/threonine-protein phos-
phatase 2 A catalytic subunit alpha isoform (PPP2CA),
listed among the top-four over-expressed proteins in
Supplementary Table 2.
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PPP2CA is a direct target of miR-650 in ATC cell lines

In support to proteomic data, several bioinformatics algo-
rithms (PITA, MicroT4, RNAhybrid) showed that human
PPP2CA mRNA is a predicted miR-650 target, displaying a
specific seed sequence in its 3’UTR region for the binding
of this miRNA (Fig. 6a).

Then, we measured the expression level of PPP2CA in
the cell system in which we performed the proteomic label-
free analysis. As illustrated in Fig. 6b (by q-RT-PCR) and in
Fig. 6c (by Western blot), PPP2CA mRNA and protein
levels were increased in CAL62/Anti miR-650 compared to
CAL62/Anti miR-Null cells.

In addition, we determined the expression of PPP2CA also
in 8505C/miR-650 cells in which we have performed previous

experiments. We found that forced expression of miR-650
inhibited PPP2CA expression at mRNA (Fig. 6d) and at
protein (Fig. 6e) levels in 8505C cells compared to control.

Given these results, we next determined whether
PPP2CA is a direct target of miR-650 in ATC cells by
luciferase assay. Thus, we transfected the 3′UTR of
PPP2CA wild type and its deleted form (reported in Fig. 6a)
cloned downstream luciferase in 8505C/miR-650 and in
8505C/miR-Null cells. Upon transfection of 3′UTR of
PPP2CA wild type, luciferase activity significantly
decreased in 8505C/miR-650 cells compared to control
(Fig. 6f) conversely, the luciferase activity was unaffected,
when a miR-650 binding site in the 3-UTR of PPP2CA was
deleted (Fig. 6d). The data indicates that PPP2CA is a direct
target of miR-650.

Fig. 3 Role of miR-650 forced
expression in TPC-1 cell line.
a Expression level of miR-650
by q-RT-PCR in TPC-1 mass
population cells stably
transfected with miR-650 and
with miR-Null plasmids.
b Wound scratches were
generated in TPC-1 transfected
cells, closures were monitored
and photographed. c TPC/miR-
650 and TPC/miR-Null cells
were plated on Matrigel Matrix
and cells were allowed to invade
for 24 h. *p < 0.05; **p < 0.01;
***p < 0.001
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PPP2CA rescue the migratory phenotype induced by
miR-650

In order to verify if PPP2CA is also a functional target of
miR-650, we performed a rescue experiment in an inde-
pendent human cell line HEK-293. To this aim, we
transiently transfected HEK-293 cells with miR-650
or with PPP2CA or with both plasmids and we

evaluated the capability of these cells to migrate in a
Transwell insert in comparison to untransfected cells.
Importantly, the plasmid encodes for an mRNA of
PPP2CA deprived of its 3′UTR so that miR-650 is not
able to bind.

As shown in Fig. 7a, HEK-293 transfected with miR-650
alone had strong ability to migrate into the Transwell insert,
while HEK-293 transfected with PPP2CA abates miR-650

Fig. 4 Effects of miR-650 silencing in CAL62 cell line. a The wound
gaps of CAL62/Anti miR-650 and control cells were photographed
(left) and measured (right) at 0 and 24 h time points. b CAL62/Anti
miR-650 and CAL62/Anti miR-Null cells were plated and allowed to
migrate for 48 h in a Transwell insert. Migration ability is expressed as
absorbance at O.D. 550 nm. c CAL62/Anti miR-650 and CAL62/Anti

miR-Null cells were plated onto the Matrigel Matrix, after 48 h
invading cells were photographed (left) and quantified (right) at O.D.
550 nm. d CAL62/Anti miR-650 and Anti miR-Null cells were plated
in soft agar and photographed after 3 weeks. The number of colonies
formed in semisolid medium was counted. *p < 0.05; **p < 0.01;
***p < 0.001
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effects on cell migration, demonstrating that PPP2CA is a
functional target of miR-650.

PPP2CA mRNA is reduced in ATC tissues and is
inversely correlated with miR-650

Finally, to evaluate the relationship between miR-650 and
PPP2CA, we analyzed the expression of PPP2CA mRNA in
the same dataset in which we have previously analyzed
miR-650 level. As shown in Fig. 7b, q-RT-PCR revealed
that PPP2CA is down-regulated in ATC respect to PTC and
NT samples. Likewise, we found a significant inverse cor-
relation between miR-650 expression and PPP2CA mRNA
(R=−0.5191, p= 0.027) (Fig. 7c). These results demon-
strated that PPP2CA is an in vivo target of miR-650.

Discussion

miRNAs are post-transcriptional regulators involved in a
broad spectrum of cellular process, including proliferation,
migration and metastasis [1]. Aberrant expression of miR-
NAs plays an important role in initiation and progression of
thyroid cancer [15].

Recently, among altered miRNAs, miR-650 has emerged
to play a critical role in the development and progression of
many types of tumors [24]; nevertheless its involvement in
thyroid carcinogenesis needs to be elucidated.

Here we showed that miR-650 is over-expressed in ATC
samples, however, one limitation of this study is the low
number of ATC analyzed, this is due to the rarity of this
aggressive form of thyroid cancer.

Fig. 5 Effects of miR-650
silencing in SW1736 cell line.
a Anti miR-650 and Anti miR-
Null plasmids were transiently
transfected in SW1736 cells and,
after 72 h, transfection efficiency
was evaluated by q-RT-PCR.
b Twenty-four hours post
transient transfection, a scraped
wound was introduced, and cell
migration into the wound was
photographed (left) and
measured (right) at 0 and 48 h
time points. c Cells, transfected
with Anti miR-650 and Anti
miR-Null plasmids, were plated
onto the Matrigel Matrix
transwells and incubated for
48 h. Invading cells were
photographed (left) and
quantified (right) at O.D.
550 nm. *p < 0.05
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Fig. 6 PPP2CA is a direct target of miR-650. a Predicted duplex
formation between the human 3′UTR of PPP2CA mRNA and miR-
650; the underlined sequence of the 3′UTR of PPP2CA corresponds to
the predicted binding site of miR-650 that was deleted (3′UTR
deleted). PPP2CA mRNA level was evaluated by q-RT-PCR in
CAL62/Anti miR-650 compared to CAL62/Anti miR-Null b and in
8505C/miR-650 compared to 8505C/miR-Null cells d. Western blots
were performed to analyze PPP2CA protein level in CAL62/Anti miR-
650 (c) and in 8505C miR-650 e respect to relative control. Pictures

obtained with the Chemidoc (Bio-Rad) are representative of at least
three independent experiments. Band intensities of PPP2CA (named 1
and 2) were quantified densitometrically relative to the α TUBULIN
(endogenous control); data are reported as average ± SD. f Relative
luciferase activity was measured in 8505C/miR-650 and in 8505C/
miR-Null cells transiently transfected with 3′UTR PPP2CA or with 3′
UTR PPP2CA deleted. Luciferase activity was normalized with
β-ACTIN plasmid. *p < 0.05; **p < 0.01; ***p < 0.001

Fig. 7 PPP2CA rescues the
phenotype induced by miR-650.
a HEK-293 cell line was
transiently transfected with miR-
650, or with PPP2CA, or co-
transfected with both plasmids.
After 24 h, transfected cells were
seeded in the upper chamber of
Transwells and migrated cells
were quantified at O.D. 550 nm.
b q-RT-PCR of PPP2CA in NT
(n= 6), PTC (n= 10) and ATC
(n= 5) snap-frozen tissues. The
expression level of PPP2CA was
measured by comparing its
fluorescence threshold with the
average fluorescence threshold
of the NT samples. β-ACTIN
level was used as an endogenous
control. c Scatter diagram shows
that PPP2CA and miR-650
expression levels are inversely
correlated in human thyroid
tissues. Spearman’s rank
correlation test result is reported.
*p < 0.05; ***p < 0.001
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Through functional experiments, we showed that ectopic
expression of miR-650, in 8505C and TPC-1 cells,
enhanced cell migration and invasion; while, miR-650
silencing in CAL62 and SW1736 cells induces an opposite
phenotype. Thus, in our cell model system, miR-650 acts as
an oncomiR.

The different role of miR-650 in different tissues types
depends on its target genes. Indeed, in human gastric can-
cer, high level of miR-650 has been associated with lym-
phatic and distant metastasis by suppression of the tumor
suppressor ING4 [10]. In chronic lymphocytic leukemia,
miR-650 is associated with good prognosis and targets
proteins important in cell proliferation and survival. Simi-
larly, in colorectal cancer, miR-650 over-expression has a
positive association with survival through the inhibition of
AKT2/GSK 3β/E-cadherin pathway [25].

Mechanisms of regulation of miRNAs are multiples and
can occur at transcriptional and post-transcriptional levels
i.e. genetic aberrations, changes in the activity of biogenesis
enzyme [26]. The mechanisms modulating miR-650 over-
expression in human cancers are poorly known. Recently
amplification in band 22q11.2, in the region that encodes
miR-650, was found in primary tumor cells isolated from
breast cancer patients [8]. Another study showed that miR-
650 expression could be induced by p16 (INK4a) [27].

In our thyroid carcinoma model system, miR-650 could
be targeted by the multiple genetic lesions responsible of
this tumor [14]. A recent paper identified miR-650 among
NF-κB deregulated genes in colorectal cancer [28]. Inter-
estingly, NF-κB plays a crucial role in ATC pathogenesis
[29]. Finally, miR-650 was found to be up-regulated in our
screening of PTC cells (TPC-1) expressing Twist1 tran-
scription factor that are characterized by an aggressive
phenotype with increased cell migration and invasion rate
[30].

Here, through label-free proteomic screening we unveil a
set of novel proteins targets of miR-650. Accordingly to the
phenotype induced by miR-650 in our cell model system,
we found a deregulation of proteins involved in tight
junctions (Supplementary Table 3).

Among deregulated proteins we identified PLAU (Sup-
plementary Table 2, Supplementary Fig. 3a), a protease that
degrade the extracellular matrix and that plays an important
role in tumor metastasis. Several studies have shown that
PLAU is up-regulated in PTC [31].

Here, we focused on up-regulated proteins as we used
a cell line in which we stably silenced miR-650. In par-
ticular among the 159 up-regulated proteins in CAL62/
Anti miR-650 we selected one with the highest score,
PPP2CA. We demonstrated that PPP2CA is a target of
miR-650 by q-RT-PCR, Western blot and luciferase
assay. Strikingly, performing functional experiment in a
different human cell line (HEK-293) we showed that

restoration of PPP2CA abrogates the motile activity of
miR-650. Furthermore, we found a significant inverse
correlation between miR-650 and PPP2CA mRNA levels
in thyroid tissues.

PP2A is a serine-threonine phosphatase that belongs to a
family of proteins that cleaves phosphate from serine and
threonine residues of proteins. PP2A is ubiquitously
expressed in cells where it regulates various biological
process [32, 33]. PP2A can exist in two different forms, as a
dimer and as a trimeric form [34]; the dimeric form consists
of a structural A and a catalytic C subunit. The trimeric
form consists of a structural A, a regulatory B and a cata-
lytic C subunit. PPP2CA encodes the alpha isoform of the
catalytic C subunit of PP2A [35].

PP2A has been recently reported to be associated with
several types of cancers [36, 37]; in particular its tumor
suppressor role has been demonstrated in non-small cell
lung [38], prostate [39], breast, gastric [40], renal [41]
cancers and leukemia [42].

In agreement, with the effects that we found of miR-650
in thyroid cancer cells, various studies reported that PP2A
plays an important role in cell spreading, motility and
metastasis [43]. Indeed, it has been shown that PP2A reduce
the migration and invasion capability of prostate cancer
cells and reduced tumor growth and metastasis in a prostate
cancer mouse model [44].

PP2A function can be regulated by structural subunits or
by up-regulation of cellular inhibitors such as cell pro-
liferation regulating inhibitor of protein phosphatase 2A
(CIP2A). Interestingly, higher CIP2A level occurs in PTC
tissues in comparison to adjacent non-tumor tissues [45].

Of note, PP2A is a targetable tumor suppressor [46], this
could be achieved through restoration of PP2A [46] by
PP2A-activating drugs, or through antagonist of PP2A
inhibitors [47–50]. Thus, based on the data obtained here,
PP2A could be a novel molecular target in anaplastic
thyroid cancer.

Here, we provide the first evidence that miR-650 is an
oncomiR in anaplastic thyroid cancers and influence the
motile phenotype of thyroid cancer cells. Importantly, our
finding implies that the axis miR-650/PPP2CA could be
used as biomarker and as a therapeutic target in anaplastic
thyroid cancer, for which new therapies are urgently
warranted.
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