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Background: MicroRNAs (miRNAs) are endogenous, single-stranded, non-coding RNAs

acting as negative regulators of gene expression involved in a number of physiological processes.

MiRNAs’ expression is commonly dysregulated in many types of human tumor diseases and

cancers, including thyroid cancers, and is often involved in tumor initiation and progression.

miR-19a, a member of miR-17-92 cluster, has been demonstrated to promote cell growth in

anaplastic thyroid cancer (ATC), the most advanced and aggressive thyroid cancer.

Purpose: In this work, we investigate the potential contribution of miR-19a in thyroid

cancer cells poor prognosis and de-differentiation.

Methods: We directly modulated the expression of miR-19a in papillary (PTC) and ana-

plastic thyroid carcinoma cell lines through transfection of specific miR-19a mimic or

inhibitor. Further, we performed gene expression analysis of specific genes to evaluate

miR-19a association with cell cycle, differentiation, and poor prognosis.

Results: Our data indicate that miR-19a overexpression in PTC cells significantly promotes

cell growth, decreases the expression of differentiation genes and activates poor prognosis

genes. Its inhibition in ATC cells reduces cell proliferation and the expression of genes

related to poor prognosis but does not affect differentiation.

Conclusion: Our findings reveal the existence of functional associations between miR-19a

expression and thyroid cancer progression and malignancy suggesting miR-19a as a novel

candidate therapeutic target for ATC.
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Introduction
MiRNAs are an evolutionarily well-preserved class of endogenous small non-coding

RNAs (19–25 nt) that negatively control gene expression and play crucial roles in

regulating several cellular and biological processes including cell proliferation, differ-

entiation, apoptosis, and metabolism.1–5 Recent studies have also demonstrated that

miRNAs deregulation considerably relates with the initiation and progression of

numerous human tumors, such as colorectal cancer,6 B cell chronic lymphocytic

leukemia,7 lung cancer,8 breast cancer,9 glioblastoma,10 prostate cancer,11 gastric

cancer12 and thyroid carcinoma.13 Over 2500 miRNAs have been identified in humans

so far14 and approximately 50% of the human miRNA genes are frequently located at

fragile sites and genomic regions involved in cancers.15 Numerous tumor-associated

miRNAs show oncogenic activity,16 while others that are negatively regulated in

neoplastic cells act as tumor suppressors.17

MiR-17-92, a well-known polycistronic miRNA cluster, comprises six different

miRNAs (miR-17, miR-18a, miR-19a, miR-20a, miR-19b-1, and miR-92a). Ota
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et al, in 2004, have identified the oncogenic role of this

cluster in dispersed large B cell lymphomas of repeated

focal amplifications.18 It has been demonstrated that miR-

17-92 cluster may be involved in stimulating proliferation

and malignancies also in solid human tumors such as

small-cell lung tumor, colon tumor, neuroblastoma, medul-

loblastoma and gastric cancer.19–21

Although miR-17-92 members all belong to the same

family, they may act both as part of the same pattern or

independently. Specifically, miR-17-5p is a key regulator of

the G1/S phase cell cycle transition and target more than 20

genes involved in this transition;22 miR-17-3p induces cell

death and exacerbation of oxidative stress in human retinal

pigment epithelial (ARPE-19) cells;23 miR-17-5p and miR-

17-3p are strongly overexpressed in clinical ATC samples

compared to healthy tissue;24 miRNA-17, miRNA-18a, and

miRNA-19a act as oncogenes and may play a role in the

process of esophageal squamous cell carcinoma (ESCC);25

miR-20a acts as tumor promoter in colorectal cancer26 and

as tumor suppressor in anaplastic thyroid cancer.27 In addi-

tion, Olive et al demonstrated that miR-19 is a key onco-

genic element of mir-17-92 family promoting cell survival

by activating the Akt-mTOR pathway and antagonizing

Pten.28

Thyroid tumors represent the most prevalent and inci-

dent type of endocrine neoplasia, accounting for approxi-

mately 1% of all new cases diagnosed each year.29,30 Data

show how hereditary conditions,31 along with gender and

age,32 low-iodine diet,33 and radiation exposure,34 play a

significant role in the incidence of thyroid tumors. Thyroid

tumors can be classified in differentiated (up to approxi-

mately 90% of all thyroid tumors), including PTC and

FTC, and undifferentiated, such as ATC.35 Unlike PTC

and FTC patients, ATC patients have poorer prognosis

and reduced overall survival.36

Our group recently demonstrated that miR-19a over-

expression in FTC-133 cell line induces a more de-differ-

entiated and aggressive phenotype.37 In this study, we aim

to confirm the role of mir-19a overexpression in thyroid

cancer progression and malignancy by using another well-

differentiated cell line, PTC, showing a miR-19a expression

level lower than FTC. In addition, to further support the

mir-19a function in promoting tumor progression, we eval-

uated the effect of its inhibition in ATC cell line, which

expresses higher basal level than PTC and FTC. To this end,

we evaluated the impact of miR-19a modulation on cell

morphology, proliferation, viability, apoptosis, and gene

expression after miR mimic/inhibitor transfection.

Our findings suggest a causative role of miR-19a in the

maintenance of the undifferentiated state typical of ATC,

thus contributing to its associated aggressiveness and clin-

ical outcome, according to its direct impact on downstream

molecular pathways in vitro. Further, the modulation of

poor prognosis genes may also support its involvement in

the development of more effective therapies for the treat-

ment of thyroid cancer.

Materials And Methods
Cell Culture
Three human thyroid cancer cell lines FTC-133 (Sigma-

Aldrich, Italy), K1 (Sigma-Aldrich, Italy), and 8505c

(Sigma-Aldrich, Italy) were used in this study. FTC-133

cells were cultured in DMEM: Ham’s F12 (1:1) (Sigma-

Aldrich, Italy) supplemented with L-Glutamine 2 mM

(Euroclone, Italy), penicillin/streptomycin/amphotericin

(PSA) (Euroclone, Italy), and 10% Fetal Bovine Serum

(FBS) (Sigma-Aldrich, Italy). K1 cells were cultured in

DMEM: Ham’s F12: MCDB 105 (2:1:1) (Sigma-Aldrich,

Italy) supplemented with L-Glutamine 2 mM (Euroclone,

Italy), penicillin/streptomycin/amphotericin (PSA)

(Euroclone, Italy), and 10% Fetal Bovine Serum (FBS)

(Sigma-Aldrich, Italy), while for 8505c cells, the medium

employed was EMEM (Sigma-Aldrich, Italy) containing

1% of nonessential amino acids, L-Glutamine 2 mM, PSA,

and 10% FBS. Cells were maintained in a humidified

environment at 37°C and 5% CO2/95% air atmosphere

and cultured in 75 cm2 culture flasks. The medium was

replaced twice a week and cells were split at about

80–90% of the confluence.

Transfection Of K1 And 8505C Cells By

Synthetic miRNA Mimic Or Inhibitor
In order to modulate miR-19a expression, K1 and 8505c cells

were transfected with specific mirVana miRNA mimic/

miRNA inhibitor (hsa-miR-19a-p3; Life Technologies,

Camarillo, CA, USA) in accordance with the manufacturer’s

instructions. Briefly, both Lipofectamine RNAiMAX reagent

(Thermo Fisher Scientific, Italy) and miRNA (10 µM initial

concentration) were diluted in Opti- MEMMedium (Thermo

Fisher Scientific, Italy). The diluted miRNA solution was

added to an equal volume of diluted Lipofectamine

RNAiMAX reagent (1:1 ratio) and the resulting solution

was incubated for 5 mins at room temperature. K1 and

8505c cells at the appropriate confluence (∼70%) were

detached, counted, and 0.25×106 cells/6-well transfected
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with the miRNA-lipid complexes (miRNA mimic/inhibitor

final concentration 0,1µM). Finally, transfected cells were

maintained in a humidified environment at 37°C and 5%

CO2/95% air atmosphere for 24, 48, and 72 hrs.

For all experiments, cells transfected only with the

transfecting agent were used as control. The morphologi-

cal changes of K1 and 8505c cells after miR-19a modula-

tion were assessed and acquired using a Leica DMI 4000B

microscope (Leica, Wetzlar, Germany).

Measurement Of Cell Proliferation

Through DAPI Staining
For DAPI staining, 24 and 48 hrs after miR mimic and

miR inhibitor transfection, the cells were fixed in 4% PFA

for 15 mins and permeabilized in 0.3% Triton X-100 for 5

mins. The cells were washed 3 times with PBS and the

nuclei counterstained with DAPI (1:5000) in PBS for 5

mins. Slides were mounted in fluorescent mounting med-

ium Permafluor (Thermo Scientific) and digital images

were acquired using a Leica DMI4000B fluorescence

microscope. At least five images from each sample were

taken for the count. Cell count analysis has been per-

formed using Fiji image recognition software.

Measurement Of Cell Viability Through

MTT Assay
The cell viability of K1 and 8505c cells, treated with both

only transfecting agent and miR mimic/miR inhibitor,

respectively, was evaluated by MTT [3-(4,5-dimethylthia-

zol-2-yl)-2,5-diphenyltetrazolium bromide] (Sigma-

Aldrich, Italy) assay. Specifically, 24 and 48 hrs after cell

transfection, the medium from each well was removed and

replaced with 200 µL of MTT solution (1 mg/mL in FBS-

free medium). Following 2 hrs incubation at 37°C and 5%

CO2, MTT solution was removed, each well was washed 2

times using cold PBS 0.01 M, and the formed crystals

were melted using 200 μL of DMSO. Next, the absorbance

at 570 nm was read using a synergy HT plate reader

(BioTek Instruments, Inc., VT, United States).

Measurement Of Caspase-3/-7 And

Caspase-9 Activity
Briefly, the Caspase-Glo® 3/7 or 9 Buffer and lyophilized

Caspase-Glo® 3/7 or 9 Substrate (Promega, Milan, Italy)

as well as the 96-well plates containing cells were equili-

brated at room temperature (10 mins). The content of the

Caspase-Glo® 3/7 or 9 Buffer was transferred into the

bottle containing Caspase-Glo® 3/7 or 9 Substrate and

mixed by inverting the contents. Fifty microliters of the

resulting solutions were added to an equal volume of each

sample, the contents of wells were gently mixed using a

plate shaker at 500 rpm for 1 min, and the plates were left

to incubate at room temperature for 1 hr. Blank reaction

consisting of Caspase-Glo® 3/7 or 9 Reagent and vehicle

was used as a control. The luminescence of each sample

was read using a synergy HT plate reader (BioTek

Instruments).

qRT-PCR
For qRT-PCR analyses, total RNA from K1 and 8505c cells

was isolated 24, 48, and 72 hrs post-transfection using

RNeasy Mini Kit (Qiagen, Germantown, MD, USA) and

quantified as previously described.38,39 Three independently

isolated and cultured samples were used for each of the 3

time points. cDNAwas synthesized from 1 µg of total RNA

using ImProm-II Reverse Transcription System (Promega,

Milan, Italy). qRT-PCR was performed using SYBR Green

method on a 7900HT Real-Time PCR using manufacturer's

protocol (Applied Biosystems). Specific primers for each of

the investigated molecular endpoint were designed using

primer blast and selecting exon-exon junctions on mRNA

as target region for annealing. Each sample was tested in

triplicate and gene expression was assessed using the 2−ΔΔCt

method. RNA from untreated cells was used as reference for

relative expression quantitation. The following primers for

qRT-PCR were used: CDH1 (Cadherin-1), S100A4 (S100

calcium-binding protein A4), STK-5 (Serine/threonine-pro-

tein kinase hal4), Tg (Thyroglobulin 1), Pax8 (Paired box 8),

TSHr (thyroid-stimulating hormone receptor), and TTF1

(transcription terminator factor). Oligonucleotide sequences

are reported in Supporting table 1. Glyceraldehyde 3-phos-

phate dehydrogenase (GAPDH) has been used as reference

gene. Expression Suite Software v1.1 has been used for data

analysis.

The expression levels of miR-19a in K1 and 8505c

after its overexpression/inhibition have been calculated as

described by Yang et al.40,41

Primer sequences were presented as following: miR-19a,

RT: 5ʹ-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGC

ACTGGATACGACTCAGTTT-3ʹ; Forward: 5ʹ-CTGGAGT

GTGCAAATCTATGC-3ʹ; Reverse: 5ʹ- GTGCAGGGTCCG

AGGT-3ʹ; U6, RT: 5ʹ-AAAATATGGAACGCTTCACGAAT

TTG-3ʹ; Forward: 5ʹ-CTCGCTTCGGCAGCACATATACT-

3ʹ; Reverse: 5ʹ-ACGCTTCACGAATTTGCGTGTC-3ʹ.
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The relative expression level of miR-19a was calcu-

lated using 2−ΔΔCt method, with the CT values normalized

using U6 as an internal control.

Statistical Analysis
Statistical analyses were performed by one-way ANOVA.

Tukey HSD (Honestly Significant Difference) method has

been used as post hoc test when the ANOVA reported statis-

tically significant differences to evaluate the differences

between the individual time-points or treatment groups.

Results
MiR-19a Is Expressed At Very Low Levels

In PTC Compared To FTC And ATC
To quantitatively assess the miR-19a basal levels in PTC

and ATC compared to FTC we performed qRT-PCR on

total RNA isolated from K1, FTC-133, and 8505c cells.

MiR-19a expression levels of PTC and ATC have been

compared to FTC and normalized on the control U6

snRNA.

The assessment of miR-19a basal expression, performed

by qRT-PCR, indicates that K1 cells produce significantly

lower level of mature miR-19a while 8505c cells higher

than FTC-133 cells (K1/FTC-133 RQ=0,077893938,

**p<0.01; 8505c/FTC-133 RQ= 3,270,828,071,

**p<0.01). Post-transfection logarithmic RQ values are

reported in Figure 1A.

MiR mimic/Inhibitor Modulates miR-19a

Expression Levels Up To 48 hrs
To evaluate miR-19a expression levels after miR mimic and

inhibitor transfection on K1 and 8505c, respectively, we

utilized qRT-PCR. MiR-19a expression at 24, 48, and 72

hrs from activation and inhibition was compared to miRNA

levels of control groups and normalized to the control U6

snRNA. Our data showed that miRNA levels of miR-19a

overexpressing K1 cells, at each time point, were higher

than control cells (K1+M_24 hrs: 12.3 ± 0.278, **p<0.01;

K1+M_48 hrs: 15.7 ± 0.478, **p<0.01; K1+M_72 hrs: 2.51

± 0.117, p=0.2) even if K1+M_72 hrs showed no statisti-

cally significant trend (Figure 1B). On the other hand,

8505c cells transfected with the miR-19a inhibitor showed

a statistically significant decrease of expression levels com-

pared to control cells only at 24 and 48 hrs (8505c+I_24 hrs:

0.265 ± 0.032, **p<0.01; 8505c+I_48 hrs: 0.178 ± 0.003,

**p<0.01), while at 72 hrs, expression level was slightly

upregulated, exceeding the baseline expression level, in a

statistically significant manner (1.60 ± 0.102, **p<0.01)

(Figure 1C). These losses of effect of both mimic and

inhibitor at 72 hrs from transfection suggest that the effect

of miR-19a modulation cannot be assessed after 48 hrs. For

this reason, we decided to evaluate the cellular and mole-

cular aspects of miR-19a modulation only until 48 hrs after

transfection.

Mir-19a Overexpression On K1 Increases

Cell Viability And Proliferation
To investigate the effect of mir-19a mimic overexpression

on K1 cells, we analyzed cell morphology, proliferation,

and viability at 24 and 48 hrs post-transfection (Figure 2).

Upon morphological analysis, we did not observe any

significant phenotypic differences (Figure 2A), but an

increased proliferation on miR-19a mimic overexpressing

K1 cells, at both evaluated time points, 24 and 48 hrs,

compared to the control (Figure 2D).

Cell viability on miR-19a overexpressing and control

K1 cells, at 24 and 48 hrs, was evaluated by MTT assay.

Our data showed a statistically significant increase in cell

viability at both 24 (20%±0.033, p=0.01) and 48 hrs (20%

±0.008, p=0.03) versus the control cultures (Figure 2B).

According to morphological analysis, nuclei count,

performed on K1 cells transfected by miR-19a mimic,

showed a significant increase of cell proliferation at both

time points (24 and 48 hrs) compared to the control cells

(p=0.01 at both 24 and 48 hrs) (Figure 2C and D).

Mir-19a Inhibition On 8505c Reduces Cell

Viability And Proliferation
To clarify whether mir-19a exerts specific functions on

ATC cells, we analyzed cell morphology, viability, and

proliferation at 24 and 48 hrs from its inhibition.

Analogously to the K1 cell line, the morphological

analysis of 8505c cells after miR-19a inhibition showed

no significant phenotypic change when compared to con-

trol cells (Figure 3A) at both analyzed time points (24 and

48 hrs). On the other side, a significant reduction of cell

proliferation was visible in miR-19a downregulating

8505c cells (Figure 3C and D).

MTT assay performed on 8505c cells after miR-19a

inhibition displayed a statistically significant decrease of

cell viability compared to control cultures at both exam-

ined time points, specifically at 24 (18%±0.0087, p=0.05)

and 48 hrs (24%±0.0085, p=0.008) (Figure 3B).
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The cell proliferation assay (Figure 3C) showed a sig-

nificant decrease in cell growth in 8505c downregulating

miR-19a cells only at 48 hrs, compared to the control cells

(p=0.001) (Figure 3D).

K1 And 8505c Cells Have An Opposing

Effect On Apoptosis After miR-19 Up-/

DownRegulation
To evaluate the effect of miR-19a mimic overexpression

on apoptotic processes, we performed Caspase 3/7 and

Caspase 9 analyses at 24 and 48 hrs after transfection in

both K1 and 8505c cells. Our data showed that there is no

activation of Caspase 3/7 in K1 cells after miR-19a over-

expression (Figure 4A) at both time points. Caspase 9

levels significantly decrease at both 24 and 48-hr time

points on K1 cells overexpressing miR-19a (Figure 4B;

24 hrs p=0.01; 48 hrs p=0.001). The analyses of Caspase

3/7 and 9 levels in 8505c cells after miR-19a inhibition at

24 and 48 hrs showed significantly increased levels after

48 hrs from inhibition (Figure 4C; Caspase 3/7, p=0.001

and Figure 4D; Caspase 9, p=0.002).

MiR-19a Modulation In K1 And 8505c

Cells Alters Their Gene Expression

Profile Related To Cell Cycle,

Differentiation, And Poor Prognosis
To better evaluate the effect of miR-19a modulation on K1

and 8505c cells, the expression levels of cell cycle genes,

such as Cell Division Cycle 25A (CDC25a), Aurora

Kinase B (STK5), thyrocyte-specific markers, including

Thyroid-Stimulating Hormone receptor (TSHr),

Thyroglobulin (Tg), Transcription Termination Factor 1

(TTF1), Paired Box Gene 8 (Pax8), and poor prognosis-

related genes, such as Cadherin-1 (CDH1) and S100

Figure 1 Quantification of miR-19a expression levels. (A) Quantitation of miR-19a basal level in three different thyroid cancer cell lines. FTC-133 cells have been used as

control group. (B and C) Quantitation of relative miR-19a expression levels time course, using K1 and 8505c untreated cells as control groups.
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calcium-binding protein A4 (S100A4), and have been

analyzed (Figures 5 and 6).

Our data obtained on K1 cells after miR-19a mimic

overexpression displayed a significant marked upregula-

tion of CDC25a at both time points compared to the

control and between the two time points (Figure 5A; 24

hr/ctr and 48 hr/ctr_**p<0.01; 48 hrs/24 hrs_**p<0.01).

On the other hand, STK5 showed a significant increase

only at 24 hrs and a decrease to 48 hrs compared to both

control and time 24 hrs (Figure 5A, 24 hr/ctr_*p=<0.05;

48 hr/ctr_p=0.5, 48 hrs/24 hrs_**p<0.01)

K1 cells overexpressing miR-19a showed a statistically

significant downregulation of all genes promoting the

differentiation of thyroid cells over time (Figure 5B).

Particularly, Tg and Pax8 expression levels were significantly

downregulated, from24 hrs to 48 hrs ((Figure 5B; 24 hr/ctr and

48 hr/ctr_**p<0.01) compared to the control. Moreover, K1

cells overexpressing miR-19a, 48 hrs after transfection, exhib-

ited also a statistically significant downregulation compared to

the 24 hrs ((Figure 5B; 48 hr/24 hr_**p<0.01). TSHr expres-

sion levels showed a statistically significant downregulation at

each time point compared to the control group ((Figure 5B; 24

hr/ctr and 48 hr/ctr_**p<0.01), more marked at 24 hrs

((Figure 5B; 48 hr/24 hr_**p<0.01).

The analysis of the TTF1 expression profile showed no

variation at 24 hrs and a significant downregulation only at

48 hrs ((Figure 5B; 48 hr/ctr_**p<0.01).

The expression profile of poor prognosis-related genes

evaluated on K1 cells overexpressing miR-19a mimic dis-

played a marked downregulation for CDH1 at each analyzed

time point only compared to the control (Figure 5C; 24 hr/ctr

and 48 hr/ctr_**p<0.01). S100A4 showed an upregulation at

24 and 48 hrs, statistically significant only at 24 hrs compared

to the control (Figure 5C; 24 hr/ctr_**p<0.01).

Figure 2 Effects of miR-19a overexpression on K1 cell morphology, proliferation, and viability. (A) Morphological analysis of control (a-b) and miR-19a mimic transfected

cells (c-d). (B) Cell viability, assessed by MTT, of K1 and K1+M, 24 and 48 hrs post-miR-19a overexpression. (C) Representative DAPI images showing the increase in cell

growth upon miR-19a mimic overexpression (c, d) compared to control (a, b). (D) Average nuclei count in control (light blue) and miR-19a mimic transfected cells (blue)

after 24 and 48 hrs.
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The analyses of CDC25a and STK5 performed on

8505c cells after miR-19a inhibition showed a statistically

significant downregulation at both time points compared to

both control and 24-hr groups, even if the decrease of

CDC25a expression at 24 hrs compared to the control

was not significant (Figure 6A; CDC25a 24 hr/ctr_

p>0.05, 48hr/ctr and 48 hr/24 hr_**p<0.01; STK5 24 hr/

ctr and 48 hr/24 hr_*p<0.05, 48 hr/ctr_**p<0.01). The

gene expression profile of genes related to the thyroid

differentiation showed a great expression variability in

all examined genes at each time point with a predominant

downregulation, except for Tg, showing an upregulation at

48 hrs (**p<0.01), compared to the control as well as at

24-hr group (Figure 6B).

The gene expression profile of poor prognosis-related

genes displayed a statistically significant upregulation of

CDH1 and a marked downexpression of S100A4 at each

analyzed time point compared to the control and 24-hr

groups (Figure 6C; **p<0.01).

Discussion
Recently a great number of findings have elucidated the

pivotal role of miRNAs in the regulation of several cellular

and biological processes including cell growth, differentia-

tion, apoptosis, and metabolism.42 Despite the relevant

number of evidences, a deeper understating of their direct

functional involvement in pathological processes is needed

in order to develop novel therapeutic strategies. Our results

reveal the functional relationship between miR-19a and

differentiation and proliferation pathways in thyroid cancer

cells. Many investigations resulted in the identification of

some miRNAs as fundamental controllers of the mechan-

isms underlying the development and progression of several

types of cancer43 contributing to oncogenesis as tumor

Figure 3 Effects of miR-19a inhibition on 8505c cell morphology, proliferation, and viability. (A) Morphological analysis of control (A-B) and miR-19a downregulating (C-D)

8505c cells, after 24 and 48 hrs. (B) Cell viability, assessed by MTT, of 8505c and 8505c+I, 24 and 48 hrs post-miR-19a inhibition. (C) Representative DAPI images showing

the decrease of cell proliferation upon miR-19a inhibition (c, d) compared to control (a, b). (D) Average nuclei count in control (light violet) and mir-19a downregulating cells

(violet) 24 and 48 hrs after transfection.
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suppressor genes (let-7 family, miR-15a-16-1, and miR-

143-145 clusters) or as oncogenes (miR-155, miR-21, and

miR-17-92 cluster).44 miR-17-92 cluster, also known as

oncomir-1, yields a specific polycistronic primary transcript

that generates six mature miRNAs, including miR-19a

which plays a crucial role in mediating cluster oncogenic

activity.28 In some recent studies, it was shown that miR-

19a was atypically expressed in malignant laryngeal

carcinoma45 and other forms of cancers, involving lung46

and gastric tumors.47 In addition, miR-19a expression was

deeply correlated with malignancy invasion and metastasis

and poor prognosis of lung tumor,48 osteosarcoma,49 and

clear cell renal carcinoma patients50 by constitutively sti-

mulating the NF-κB51 and PI3K/Akt or JAK/STAT signal-

ing pathways.52–54 Since the involvement of miR-19a in the

cellular phenotype of thyroid cancer cells was not pre-

viously investigated, the goal of this work was to assess

the functional impact of its modulation in both PTC

and ATC.

The results obtained in the present study suggest that

the induction of miR-19a on PTC cells promotes a strong

cell proliferation and viability. In contrast, miR-19a

inhibition in ATC cells causes a robust reduction in cell

growth and viability probably as results of the induction of

the apoptotic process by activation of caspases. Since

several evidences have already shown that PTEN is one

of the known targets of miR-19a, it is also probable that

miR-19a overexpression could be related to PTEN silen-

cing stimulating cell proliferation in PTC, while its down-

expression stimulates PTEN activation provoking cell

growth decrease. Recently it has been suggested that

PTEN inactivation is correlated with thyroid tumor pro-

gression and aggressiveness, particularly in ATC.55 These

data together suggest that miR-19a induces an increased

malignancy in well-differentiated thyroid cancer cells

probably through stimulating cell proliferation and redu-

cing apoptosis.

Furthermore, gene expression analysis on K1 cells at

24 and 48 hrs after miR-19a overexpression showed that

genes and transcription factors involved in thyroid cell

differentiation, such as TSHr, Tg, Pax8, and TTF156,57

were strongly downregulated thus highlighting that miR-

19a could be involved in the de-differentiated phenotype

of thyroid cancer. In addition, also poor prognosis

Figure 4 Apoptosis assays of K1 and 8505c cells 24 and 48 hrs after miR-19a modulation. (A) Caspase-3/7 and (B) Caspase-9 activity of K1 cells overexpressing miR-19a.

(C) Caspase-3/7 and (D) Caspase-9 activity of 8505c cells downregulating miR-19a, after 24 and 48 hrs. Activity is expressed in relative luminescence units (RLU). Each time

point indicates the mean and SD of three independent experiments.
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Figure 5 Gene expression profile on K1 cells overexpressing miR-19a mimic. Relative quantitation of gene expression (RQ) showing the time-course of genes involved in

(A) cell cycle; (B) thyroid differentiation, and (C) poor prognosis. GAPDH has been used as endogenous controls.
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Figure 6 Gene expression profile on 8505c cells after miR-19a inhibition. Relative quantitation of gene expression (RQ) showing the time-course of genes involved in (A)

cell cycle; (B) thyroid differentiation, and (C) poor prognosis. GAPDH has been used as endogenous controls.
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genes58–61 showed a considerable deregulation, confirm-

ing our hypothesis on its possible role in the most

aggressive thyroid cancer types. In contrast, our qRT-

PCR data performed on 8505c cells after miR-19a inhi-

bition, at different time points, showed that this miRNA

alone is not able to revert the de-differentiated pheno-

type of anaplastic tumor cells and acts only on S100A4

and CDH1, two poor prognosis genes involved in cell

migration, proliferation, and invasion.60,61

The reported evidences support the hypothesis of a

causative role for miR-19a in PTC de-differentiation and

in the promoting of “poor prognosis” genes expression

also if further studies in particular, on human tissues,

are necessary to assess its suitability as new prognostic/

therapeutic markers for ATC.
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