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	 Background:	 The objective of this study was to explore the role of miR-199a-5p in the development of thyroid cancer, in-
cluding its anti-proliferation effect and downstream signaling pathway.

	 Material/Methods:	 We conducted qRT-PCR analysis to detect the expressions of several microRNAs in 42 follicular thyroid carcino-
ma patients and 42 controls. We identified CTGF as target of miR-491, and viability and cell cycle status were 
determined in FTC-133 cells transfected with CTGF siRNA, miR-199a mimics, or inhibitors.

	 Results:	 We identified an underexpression of miR-199a-5p in follicular thyroid carcinoma tissue samples compared 
with controls. Then we confirmed CTGF as a target of miR-199a-5p thyroid cells by using informatics analysis 
and luciferase reporter assay. Additionally, we found that mRNA and protein expression levels of CTGF were 
both clearly higher in malignant tissues than in benign tissues. miR-199a-5p mimics and CTGF siRNA similarly 
downregulated the expression of CTGF, and reduced the viability of FTC-133 cells by arresting the cell cycle in 
G0 phase. Transfection of miR-199a-5p inhibitors increased the expression of CTGF and promoted the viabili-
ty of the cells by increasing the fraction of cells in G2/M and S phases.

	 Conclusions:	 Our study proves that the CTGF gene is a target of miR-199a-5p, demonstrating the negatively related associa-
tion between CTGF and miR-199a. These findings suggest that miR-199a-5p might be a novel therapeutic tar-
get in the treatment of follicular thyroid carcinoma.
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Background

Thyroid nodules are found in up to 7% of the adult popula-
tion [1]. Although the majority of the nodules are benign, thy-
roid gland malignant tumor is the most common malignancy 
of the endocrine system [2]. Follicular thyroid carcinomas are 
the most common types of thyroid malignancies, after papil-
lary carcinoma [3]. These tumors represent a diagnostic chal-
lenge, especially in a preoperative setting in which common 
histological criteria for malignancy, such as capsular penetra-
tion or vascular invasion, cannot be assessed [4]. Therefore, 
most fine-needle aspiration biopsies (FNABs) from follicular 
carcinoma nodules are diagnosed as indeterminate by cyto-
logical evaluation, hindering patient management. Genetic al-
terations such as mutations in RAS genes and PAX8/PPAR are 
known to occur in follicular carcinomas, and they have been 
introduced into clinical practice to facilitate accurate preop-
erative and postoperative diagnosis [5–7]. However, approx-
imately 30% of all follicular carcinomas do not harbor any 
known mutations [8,9]. Therefore, a discovery of additional 
molecular markers can be useful for improvement of diagno-
sis in these tumors.

MicroRNAs (miRNA) is a class of endogenous noncoding small 
RNAs, consisting of 19 to 23 nucleotides, which negatively reg-
ulate the expression of human genes [10]. By biding to the 
3’-untranslated region (3’-UTR) of the target mRNAs, miRNA 
induces degradation of mRNAs or suppresses translation of 
the target protein [11]. It has been suggested that miRNAs 
regulate up to 30% of the human genes and control cellu-
lar processes such as cell proliferation, development, apop-
tosis, and the immune response [12]. MiRNAs are aberrant-
ly expressed or lost in a variety of cancers [13]. Many target 
mRNAs of miRNAs encode oncogenes and tumor suppressors; 
thus, dysregulated miRNAs may play a causal role in malig-
nant progression. Not surprisingly, miRNAs are therefore con-
sidered attractive candidates for classification of tumors. The 
role of miRNAs in thyroid cancer is incompletely understood. 
A number of miRNAs have been identified in various thyroid 
tumors [14–16]. miR-197 and miR-346 are overexpressed in 
FC in comparison to adenoma, and in vitro studies suggested 
that both miRNAs could have a significant impact on tumour 
cell proliferation [14].

This present study is primarily focused on development of a 
biomarker for differential diagnosis of follicular thyroid can-
cer. Dettmer et al. performed miRNA microarray analysis and 
compared the expression profiles of follicular thyroid cancer 
and benign control, and identified a cluster of differentially 
expressed miRNA [17]. In this study, we selected 5 miRNAs 
(miR-574-3p, -543-5p, 455-3p, 455-5p, and 199a-5p), and de-
termined their expression levels in the malignant and benign 
thyroid tissue samples.

Material and Methods

Thyroid samples

A total of 42 follicular carcinomas (age, 53.34±8.23, male: fe-
male, 11: 31) and 42 normal thyroid tissues (age, 52.56±6.84, 
male: female, 14: 28) were analyzed. We collected the snap-
frozen tissues from samples of surgically removed thyroid at 
our hospital, and the study protocol was approved by the in-
stitutional ethics review board at Zibo City People’s Hospital. 
Informed consent from all subjects was obtained. All diagno-
ses were established by at least 2 experienced pathologists.

RNA extraction and quantitative PCR (qPCR)

Trizol reagent (Invitrogen, Carlsbad, CA) were used to extract 
total RNA in accordance with the manufacturer’s protocol. 
Quantitative real-time PCR was performed with mirVanaTM qRT-
PCR microRNA detection kit (Ambion, Austin, TX) to determine 
the relative expression level of miRNAs (miR-574-3p, -543-5p, 
455-3p, 455-5p, and 199a-5p) in accordance with the manufac-
turer’s protocol. Real-time RT-PCR was performed with the stan-
dard SYBR Green RT-PCR Kit (Takara, Otsu, Japan) to detect the 
expression of CTGF mRNA in accordance with the manufactur-
er’s protocol. The primer set for determination of CTGF mRNA 
expression level was: forward, 5’-ACAAGGGCCTCTTCTGTGACTT-3’ 
and reverse, GGTACACCGTACCACCGAAGAT-3’. 2-DDCt method 
and the GraphPad Prism 4.0 software (GraphPad Software, 
San Diego, CA) were used to qualify the relative expression of 
miRNAs or CTGF mRNA and the miRNAs with U6 as an inter-
nal control. 2–DDCt method was used to calculate the relative 
expression level of the miRNAs and the mRNA.

Cell culture and transfection

FTC-133 (a follicular thyroid carcinoma cell line) were purchased 
from sigma-Aldrich (St. Louis, MO). DMEM with 100 g/mL strep-
tomycin, 100 U/mL penicillin, and 10% FBS (Invitrogen, Carlsbad, 
CA, USA) was used to culture the cells in a humidified atmosphere 
with 5% CO2 at 37°C. For the cell transfection assay, the synthetic 
miR-199a-5p mimic (5’-CCCAGUGUUCAGACUACCUGUUC-3’), the 
antisense RNA oligonucleotides specific for miR-199a-5p (miR-
199a inhibitors) (5’-GAACAGGUAGUCUGAACACUGGG-3’), CTGF 
siRNA (5’-GCACCAGCAUGAAGACAUA-3’), and scramble control 
(5’-UGGGCGUAUAGACGUGUUACAC-3’) were transfected into cells 
using a lipofectamine RNAiMAX kit (Invitrogen) at 50% conflu-
ence in accordance with the manufacturer’s protocol, and 48 h 
after transfection, the cells were harvested for functional analysis.

Cell proliferation assays

A 3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay was used to evaluate cell viability. The cells 
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were seeded into 96-well plates in triplicate at a density of 
1×104 cells/well and cells were maintained in a humidified at-
mosphere with 5% CO2 at 37°C. If transfection was needed, at 
0, 1, 2, and 3 days after transfection, cells were treated with 
0.125 mg/mL MTT (Amresco LLC, Solon, OH) for 3 h before 
harvest. The medium was removed after incubation with MTT, 
and cells were solubilized in dimethylsulfoxide (100 L/well). 
The OD490 in each well, which reflected the number of via-
ble cells, was determined by a microplate reader (Molecular 
Devices, LLC, Silicon Valley, CA). Assays were performed in trip-
licate wells. Data are presented as means and SD from 3 in-
dependent experiments. A cell counter was used to measure 
cell numbers directly.

Cell cycle analysis

Flow cytometry analysis was performed to determine the frac-
tion of G0/G1, S and G2/M phases of FTC-133 cells. Briefly, 
the cells were transfected with miR-199a-5p mimics or its in-
hibitor, or CTGF siRNA, and then harvested by trypsinization. 
Cold 75% ethanol was used to fix cells overnight at 4°C.We 
harvested the fixed cells, washed them twice with PBS, and 
resuspended them in PBS. Next, 10 ul of RNaseA was added 
and mixed, and then 25 ul of PI (propidium iodide) was add-
ed and incubated for 30 min in a 37°C water bath. Finally, we 
filtered the cells once prior to being loaded into the flow cy-
tometry machine (Beckman Coulter).

Western blotting

SDS/polyacrylamide gel electrophoresis were used to separate 
protein extracts, and the separated protein was then trans-
ferred onto a nitrocellulose membrane (Millipore, Billerica, 
MA). The blots were washed 3 times and then blocked by us-
ing 5% non-fat milk dissolved in TBST. After washing another 3 
times with TBST, the blots was incubated with rabbit anti-hu-
man CTGF polyclonal antibody (1:1000, LifeSpan Biosciences, 
Seattle, WA) and rabbit anti-human b-actin polyclonal antibody 
(1:10 000, LifeSpan Biosciences, Seattle, WA). Then the blots 
were washed again with TBST 3 times, and incubated with 
goat anti-rabbit secondary antibody labeled with HRP (Santa 
Cruz Biotech Inc, Santa Cruz, CA). The signals on the blots were 
detected using an ECL detection kit (Applygen, Beijing, China). 
The relative density of the target band was determined using 
ImageJ software with b-actin as internal control.

Luciferase assay

TP53INP1 3’-UTR was amplified and subcloned into a pGL3-con-
trol vector (Promega, Madison, WI) to construct the luciferase 
reporter vector. The accuracy of the insert was confirmed by 
using direct Sanger sequencing. The mutation was introduced 
into the construct to replace the predicted possible binding 

sites in the 3’-UTR of CTGF. In 24-well plates, 0.02 mg of the 
control vector containing Renilla luciferase pRL-CMV (Promega) 
and 0.4 mg of firefly luciferase reporter vector containing the 
mutant target site or wild-type was used to transfect FTC-133 
cells using lipofectamine 2000 (Invitrogen, Carlsbad, CA). We 
transfected the cells with scramble negative controls and miR-
199a-5p mimics at a final concentration of 100 nM each. We 
used the Dual Luciferase Reporter Assay System (Promega) to 
perform the luciferase assays 24 hours after transfection. The 
activity of Renilla luciferase was used to normalize the activ-
ity of firefly luciferase.

Statistical analysis

We used the t test to evaluate differences in the miRNAs and 
mRNA expression levels between the 2 groups. Data are ex-
pressed as mean ± standard deviation. The statistical analysis 
was performed using SPSS 19.0 version (IBM Inc, Chicago, IL). 
P<0.05 was considered to be statistically significant.

Results

Expression of miR-199a-5p decreased in malignant thyroid 
tissues

To study the role of miRNAs in the development of follicular 
thyroid carcinoma, we conducted qRT-PCR to detect the ex-
pressions of several microRNAs in 42 malignant thyroid tissue 
samples (follicular thyroid carcinoma) and 42 benign thyroid 
tissue samples. These miRNAs were: miR-574-3p, miR-542-5p, 
miR-455-3p, miR-455-5p, and miR-199a-5p, all of which have 
been reported to be aberrantly expressed in follicular thyroid 
carcinoma [17]. As shown in Figure 1, apart from miR-199a-5p 
being clearly downregulated in malignant samples compared 
with benign controls, all the other microRNAs showed no ap-
parent difference between malignant and benign groups, in-
dicating that miR-199a-5p might be functionally involved in 
the development of follicular thyroid carcinoma.

CTGF was a target of miR-199a-5p

Because we detected an evident downregulation of miR-199a-
5p, we assumed that miR-199a-5p plays a role in the control of 
malignancy transformation, probably via targeting 1 or more 
genes. By using miRNA target prediction tools, we established 
CTGF as a potential target of miR-199a-5p for the exact match 
between CTGF 3’UTR and the microRNA highly conserved re-
gions (Figure 2A). To verify CTGF as the direct target of miR-
199a-5p, we conducted luciferase reporter assay in FTC-133 
cells together with vectors carrying wild-type or mutant CTGF 
3’UTR segments. Figure 2B shows that the relative lucifer-
ase activity of CTGF 3’UTR treatment group was significantly 
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lower than that of the negative controls, while the CTGF mu-
tant 3’UTR treatment group showed comparable luciferase ac-
tivity compared with negative controls, which validated CTGF 
as a direct target of miR-199a-5p.

Possible negatively related association between miR-199a-
5p and CTGF

We also examined the mRNA and protein expression level 
of CTGF via qRT-PCR and Western blot analysis, respectively, 

Figure 1. �Determination of the expression of miR-574-3p, miR-542-5p, miR-455-3p, miR-455-5p, and miR-199a-5p in follicular thyroid 
tissues and normal controls (** P<0.01).
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Figure 2. �Identification of the binding site of miR-199a in the 3’UTR of CTGF. (A) CTGF was identified as target of miR-199a-5b, with its 
possible binding region in CTGF 3’UTR. (B) Relative luciferase activity of cells treated with constructs containing CTGF 3’UTR 
segments was significantly lower compared with the negative controls, while the cells transfected with constructs containing 
CTGF mutant 3’UTR segments was comparable compared with the negative controls (** P<0.01).
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to investigate the effect of miR-199a-5p on CTGF. As shown 
in Figure 3, the normalized mRNA and protein expression levels 
of CTGF were both clearly higher in malignant tissues compared 
with benign tissues. The former conclusion of miR-199a-5p 
being downregulated in malignant tissues suggests a nega-
tive regulatory association between miR-199a-5p and CTGF.

MiR-199a-5p inhibited the mRNA and protein expression 
of CTGF

To further explore the effect of miR-199a-5p upon CTGF in vi-
tro, we also investigated the mRNA/protein expression levels 
of CTGF under different concentration levels of miR-199a-5p 

mimics. Figure 4A shows a stepwise decline as the concentra-
tion of miR-199a-5p mimics increased when compared with 
the negative controls, with the index of miR-199a-5p mim-
ics 100nM being quite similar to that of CTGF siRNA 100nM. 
Protein expression also indicated the same trend among dif-
ferent cell groups, as determined by the relative density of 
target bands normalized to the band of b-actin. We performed 
“gain-of-function” by treating the cells with microRNA in-
hibitors. As shown in Figure 4B, the 50nM and 100nM miR-
199a-5p inhibitor treatment groups showed higher mRNA ex-
pression levels and denser protein bands compared with the 
negative controls, and the expression levels increased when 
the concentration of microRNA inhibitors rose. The above 
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Figure 4. �Determination of expression of CTGF in FTC-133 cells transfected with miR-199a mimics, inhibitor, or CTGF siRNA. (A) The 
mRNA (lower panel) and protein (upper panel) expression of CTGF were inhibited by transfection of miR-199a-5p mimics in a 
stepwise manner, with inhibitory effect of miR-199a-5p mimics 100nM similar to that of CTGF siRNA 100 nM. (B) The mRNA 
(lower panel) and protein (upper panel) expression of CTGF were increased by introduction of miR-199a-5p inhibitors when 
compared to the negative controls in a stepwise manner (** P<0.01).
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results all support the conclusion of inhibitory effect of miR-
199a-5p upon CTGF.

Influence of miR-199a-5p on viability of follicular thyroid 
carcinoma cells

We also examined cell viability of thyroid cancer cells treated 
with CTGF siRNA 100nM, miR-199a-5p inhibitors 100nM and 
miR-199a-5p mimics 100nM 24 h after transfection. As shown 
in Figure 5, cells treated with miR-199a-5p inhibitors 100nM 
showed a significantly higher viability compared with the con-
trols, while cells treated with miR-199a-5p mimics 100nM and 
CTGF siRNA 100nM showed equally lower viability compared 
with the controls.

Influence of miR-199a-5p on cell cycle of follicular thyroid 
carcinoma cells

To investigate the mechanism underlying the regulation of 
miR-199a-5p upon cells proliferation, we carried out cell cycle 
distribution analysis in malignant thyroid cells, using flow cy-
tometry. As shown in Figure 6, when compared with the con-
trol group, transfection of miR-199a-5p mimics boosted the 
fraction of cells in G0 phase, from 68% to 93%, and reduced 
G2/M and S phase cells from 22.9% to 3.7% and 9% to 3.3%, 
respectively. Transfection of CTGF siRNA also exhibited a sim-
ilar effect on malignant thyroid cells. In contrast, transfection 
of miR-199a-5p inhibitors suppressed the fraction of cells in 
G0 phase from 68% to 60.9%, and increased fraction of cells 
in G2/M phase from 22.9% to 25.7% and in S phase from 9.1% 
to 13.4%. These data demonstrate that overexpression of miR-
199a-5p could suppress the proliferation of malignant thyroid 
cells through arresting cell growth in G0 phase.

Discussion

Located in intron 14 of dynamin-2 gene on chromosome 19, 
the expression of miR-199a was found to be diversely dereg-
ulated in several types of cancer; it is downregulated in some 
(e.g., renal, bladder, prostate, ovarian cancer, and oral squa-
mous cell carcinoma) [18] but is upregulated in others (e.g., 
cervical carcinoma, bronchial squamous cell carcinoma, and 
gastric cancer) [19–21]. It was reported that the induced ex-
pression of miRNA-199a was capable of inhibiting the prolif-
eration of gastric cancer cells by targeting the mTOR signal-
ing pathway [22]. The abundant expression of miR-199a was 
observed in liver tissue as well as in epithelial and non-epi-
thelial tissues [23]. A recent study showed that miR-199a tar-
geted the hyaluronic acid (HA) receptor CD44, and overex-
pression of the miR-199a reduced the proliferation of HCC 
cells [24]. Similarly, another investigation found that miR-199a 
specifically regulated CD44, and upregulation of miR-199a re-
pressed the proliferation of ovarian cancer-initiating cells in 
vitro and in vivo [25]. In this study, we conducted qRT-PCR to 
detect the expressions of several candidate miRNAs (miR-
574-3p, miR-542-5p, miR-455-3p, miR-455-5p, and miR-199a-
5p) in 42 malignant thyroid tissue samples (follicular thyroid 
carcinoma) and 42 benign thyroid tissue samples. We found 
that miR-199a-5p was the only miRNA that was differential-
ly expressed between malignant and benign thyroid tissues. 
Furthermore, CTGF was predicted to be a target of miR-199a-
5p by using online informatics tools, and this hypothesis was 
tested and confirmed by luciferase reporter assay, showing 
that the relative luciferase activity of the CTGF 3’UTR treat-
ment group was significantly lower than that of the negative 

Figure 5. �Viability was determined in FTC-133 cells with CTGF 
siRNA, miR-199a-5p mimics 100nM, which both 
reduced the viability when compared with the controls. 
Viability was increased when treated with miR-199a-5p 
inhibitors (** P<0.01).
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controls, while the CTGF mutant 3’UTR treatment group and 
the negative controls showed comparable luciferase activity. 
Additionally, transfection of miR-199a-5p mimics and CTGF 
siRNA substantially and similarly downregulated the expres-
sion of CTGF in FTC-133 cells, but transfection with miR-199a-
5p inhibitors notably upregulated the expression of CTGF. All 
of the above data indicate that CTGF is a direct target of miR-
199a-5p in follicular thyroid carcinoma cells.

Connective tissue growth factor (CTGF) is part of the CCN 
family, which is composed of 6 members: CTGF/ CCN2, Cyr61 
(cysteine-rich protein 61, CCN1), WISP-1 (Wnt-1-induced se-
creted protein 1, CCN4), WISP-3(CCN6), WISP- 2 (CCN5), and 
Nov (nephroblastoma overexpressed gene, CCN3) [26]. There 
are 4 structural domains which have similar sequence to von 
Willebrand type C factor, insulin-like growth factor-binding 
proteins, a cysteine knot and thrombospondin 1 [27], besides 
NH2-terminal signal peptide, each of which has a different 
function [28]. Growing evidence shows that CTGF plays a role 
in tumor transformation. Upregulation of CTGF was noted in 
breast cancer [29], glioma [30], esophageal squamous cell car-
cinoma [31], and prostate cancer [32]. Downregulation of CTGF 
was noticed in colon and lung cancer [33,34], in which enforced 
expression of CTGF suppressed metastasis and invasion of can-
cer cells in vivo and in vitro. Moreover, chondrosarcoma pa-
tients with high expression have increased survival rate [35]. 
Different tumor types shows disparities in expression levels 
of CTGF, which implies that CTGF has specific functions in dif-
ferent cell types. In this study, we found that upregulation of 
CTGF caused by downregulation of miR-199a-5p in a follicular 
thyroid carcinoma cell line markedly promoted proliferation of 
the cells, and downregulation of CTGF by introduction of miR-
199a-5p mimics clearly suppressed the growth of the cells.

A recent study showed that induced expression of miR-199a 
induced G0/G1 cell cycle arrest [35], which contributed to re-
pression of cell cycle progression and could inhibit the prolif-
eration of HepG2 cells. In this study, we found that transfec-
tion of miR-199a-5p mimics boosted the fraction of cells in 
G0 phase, from 68% to 93%, and reduced G2/M and S phase 
cell fraction from 22.9% to 3.7% and 9% to 3.3%, respectively. 
Transfection of CTGF siRNA also exhibited a similar effect on 
malignant thyroid cells. In contrast, transfection of miR-199a-
5p inhibitors suppressed the fraction of cells in G0 phase, from 
68% to 60.9%, and increased fraction of cells in G2/M phase 
from 22.9% to 25.7%, and in S phase from 9.1% to 13.4%. 
These data demonstrate that overexpression of miR-199a-
5p could suppress the proliferation of malignant thyroid cells 
through arresting cell growth in G0 phase.

Conclusions

Our findings strongly suggest miR-199a-5p is a tumor suppres-
sor in follicular thyroid carcinoma. Our study demonstrates that 
frequent down-regulation of miR-199a-5p is associated with 
abnormally enhanced proliferation of cancer cells. Furthermore, 
the restored expression of miR-199a-5p in the cells down-reg-
ulated CTGF, which results in inhibition of the cell cycle and 
reduced proliferation of cells. These findings give a fresh per-
spective on the molecular mechanisms of follicular thyroid 
carcinoma, and provide us an innovative theoretical basis for 
further studies on the potential of miR- 199a-5p as biomark-
er and in treatment for this disease.
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