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Long non-coding RNA MEG3 suppresses migration and invasion of thyroid 
carcinoma by targeting of Rac1 
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Thyroid cancer, the most common primary endocrine malignancy in adult, imperatively requires new therapeutic studies 
that could target the molecular regulatory mechanism. Even though emerging evidence showed that long noncoding RNAs 
(Lnc-RNAs) are involved in different biological characteristic of malignant tumor, such as cell growth and apoptosis as well 
as cancer progression and metastasis. Limited data are available on the function of Lnc-RNAs in thyroid cancer invasion 
and metastasis. Among the 5 tested lnc-RNAs , the present study demonstrates that MEG3 was significantly down-regulated 
in papillary thyroid carcinoma (PTC) tissues with lymph-node metastasis than in primary thyroid cancer. Moreover, the 
down- regulated MEG3 was associated with lymph-node metastasis. Over-expression of MEG3 could strongly inhibit the cell 
migration and invasion in TPC-1 and HTH83 thyroid cancer cell lines. In addition, we also showed that Rac1 was negatively 
regulated by lncRNA-MEG3 at the posttranscriptional level, via a specific target site within the 3΄UTR by dual luciferase 
reporter assay. The expression of Rac1 was inversely correlated with lncRNA-MEG3 expression in PTC tissues. Thus, this 
study suggests that MEG3 acts as novel suppressor of migration and invasion by targeting Rac1 gene.
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Thyroid cancer is the most common primary endocrine 
neoplasm in adult. The estimated worldwide incidence rate 
is approximately 1.7% of total cancer diagnoses (1), and has 
increased in the recent decades. Mortality has been stable over 
the years with a rate of 0.368 per 100,000 people in China (2). 
There are four types of thyroid cancer: Papillary, Follicular, 
Medullary, and Anaplastic. Papillary cancer is the most com-
mon type, accounting for approximately 80-90% of all cases, 
and it is very treatable, and in many cases, curable. Papillary 
thyroid tumor often spreads to the cervical lymph nodes (3), 
and this metastasis is the major cause of fatal outcome. There-
fore, it is essential to identify metastasis-associated molecules 
and to better understand the mechanisms behind the metas-
tasis of thyroid carcinoma.

It is well known that RNAs include about 3% coding RNAs 
and about 97% non-coding RNAs in human genome. LncRNAs 
are more than 200 bps nucleotide non-coding RNAs, it is not 
necessarily conserved among different species. Emerging evi-

dence demonstrates that lnc-RNAs serve as oncogenes or tumor 
suppressor genes in development of tumor (4-7). However, the 
regulation of most lnc-RNAs and their precise mechanisms of 
action are not known in thyroid carcinoma.

Maternally expressed gene 3 (MEG3) is a lnc-RNA gene, 
located on chromosome 14q32 (8). In humans, MEG3 is ex-
pressed in many normal tissues. The loss of MEG3 expression 
has been found in various types of human tumors, including 
stomach, tongue, prostate, lung, bladder and menings, and it 
effected on tumor cellular proliferation, migration and invasion 
(9-15). However, little is known about the expression level and 
biological role of MEG3 in papillary thyroid carcinoma. 

In this study, we detected the differential expression of 5 
tested lnc-RNAs in human PTC samples using qRT-PCR, and 
investigated the function of MEG3 in migration and invasion 
of thyroid cancer cells. Moreover, we identified Rac1 as a target 
gene of MEG3 which regulates the invasion and migration of 
thyroid cancer cells. MEG3 might act as a tumor suppressor 
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and serve as a potential therapeutic target in thyroid carci-
noma. 

Materials and methods

PTC tissues collection. A total of 16 cases tissue speci-
mens from PTC were obtained from 16 PTC patients (age 
range, 40-62 years; nine males and seven females) at the 
Departments of Surgery of the Jiangsu Subai and Yangzhou 
Chinese Medical Hospitals affiliated to Yangzhou University 
(Yangzhou, China). 11 of 16 tissue specimens with lymph 
node metastases and 5 without metastases were confirmed by 
a pathologist. All tissues were obtained during surgery and 
immediately stored in liquid nitrogen prior to use. Approval 
for this study was granted by the Institute Research Medi-
cal Ethics Committee of the Medical College of Yangzhou 
University (Yangzhou, China). Patients provided written 
informed consent.

Cell line culture. TPC-1 cells and HTH83 cells were 
kindly provided by Sissy Jhiang (The Ohio State Univer-
sity) and Dr N-E Heldin (University Hospital, Uppsala, 
Sweden),respectively. TPC-1, HTH83,and 293T cells (Feng-
shou, Shanghai, China) were cultured in Dulbecco modified 
Eagle medium (DMEM) containing 10% fetal bovine serum 
(FBS) (HyClone Victoria, AUS), 100 IU/ml penicillin, and 
100 mg/ml streptomycin, at 37 °C in a humidified atmosphere 
containing 5 % CO2. 

qRT-PCR detection and quantification. Total RNAs were 
isolated from cells by Trizol reagent(invitrogen, San Diego, 
USA), and reverse transcriptions were performed by Takara 
PrimeScript TM 1st Strand cDNA Synthesis kit (Takara, Dal-
ian, JPN) following the manufacturer’s instructions. qRT-PCR 
was performed using All-in-One qRT-PCR Detection Kit 
(GeneCopoeia, Rockville, MD) on an Applied Biosystems 
7500 Real-Time PCR system (Applied Biosystems, White 
Plains, NY, USA). The U6 small RNA and β-actin mRNA were 
used as internal controls. All reactions were run in triplicate. 
Primers used for amplification are provided in Table I (16).
All amplified products were verified through agarose gel 
electrophoresis.The 2−ΔΔCt method was used to calculate the 

relative expression of each lncRNA. The primers for RAC1 was 
5΄-AGGAAGGCGGACATATTAGTCCCT-3΄ and 5΄-AGACG 
ATAGTTGGGTC CCGGC-3΄.

Production of retroviral particles and infection of thy-
roid cancer cells. Rac-1 shRNA was purchased from Santa 
Cruz Biotechnology (Santa Cruz, USA). MEG3-MSCV plas-
mid and pRac-1-shRNA-MSCV were chemically synthesized 
at the Department of Pathology, Medical College of Yangzhou 
University (Yangzhou, Jiangshu) and sequenced by Sangon 
Biotech (Shanghai) Co., Ltd. (Shanghai, China). 293T cells 
were seeded on 90-mm dishes 1 day before transfection. Then, 
10μg retroviral plasmids together with 15μg MEG3-MSCV 
vector was used to cotransfect 293T cells by the Lipofectamine 
2000 (Invitrogen, San Diego, CA) according to the manufac-
turer’s protocol. The retroviral supernatants were collected 
48 hours after transfection and stored at -80°C. Next, 5-8ml 
supernatants containing MEG3-MSCV virus together with 
8μg/mL polybrene (Sigma, NY, USA) were used to infect 
TPC-1 and HTH83 cells. For infection of thyroid cancer cells, 
the cells were incubated at 37°C with 5% CO2 (17). 

TPC-1 and HTH83 Cells were also infected with shRac1-
MSCV virus or control MSCV empty vector as negative control 
(NC). The MEG3 and Rac1RNA level in the infected thyroid 
cancer cells were identified by qRT-PCR.

Dual luciferase reporter assay. The full length 3΄-UTR of 
Rac1 was amplified by PCR from genomic DNA and cloned 
into the EcoRI and XhaI sites of pGL3-BS vector (Promega, 
WI, USA). The primers for Rac1 3΄-UTR were as follows: 
5΄- GTGAATTCTTGAACAGAACTG -3΄ and 5΄- GTTCTA-
GAACGAGTCAGTCTT -3΄. The mutant construct of Rac1 
3΄UTR was generated using a Quick Change mutagenesis 
kit (Stratagene, Heidelberg, Germany). Co-transfection of 
reporter vectors and MEG3-MSCV or negative control was 
performed using Lipofectamine 2000 (Invitrogen, San Diego, 
USA). After 48 h, dual luciferase activity was measured us-
ing a dual luciferase reporter assay system according to the 
manufacturer’s protocol (Promega, WI, USA).

Migration and invasion assay. In vitro cell transwell migra-
tion assays and transwell invasion assays were performed by 
using transwell chambers. For the migration assays, 5× 104 cells 
were added into the upper chamber of 8 micron transwells (BD 
Bioscience, New Jersey , USA). For the invasion assays, 1× 105 
cells were added into the upper chamber of 8 micron transwells 
precoated with matrigel (BD Bioscience, New Jersey , USA). In 
both assays, cells were plated in medium without serum, and 
medium containing 10 % FBS in the lower chamber served as 
chemoattractant. After 14h incubation, the cells that did not 
migrate or invade through the pores were carefully cleared 
away. Then the filters were fixed in 90 % alcohol and followed 
by crystal violet stain. Five random fields were counted per 
chamber by using an inverted microscope (CKX41; Olympus, 
Japan), and each test was repeated thrice.

Western blot analysis. Proteins were extracted by Cell 
lysis for western kit (Beyotime, Jiangsu, China) according to 
the instructions. Protein concentration was quantified using 

Table 1. Primer sequences for measurement of expression

MEG3 Forward – 5’-GCCAAGCTTCTTGAAAGGCC-3’
Reverse – 5’-TTCCACGGAGTAGAGCGAGTC-3’
HULC Forward – 5’-TCATGATGGAATTGGAGCCTT-3’
Reverse – 5’-CTCTTCCTGGCTTGCAGATTG-3’
HOTAIR Forward – 5’-CAGTGGGGAACTCTGACTCG-3’
Reverse – 5’-GTGCCTGGTGCTCTCTTACC-3’
NEAT1 Forward – 5’-TGGCTAGCTCAGGGCTTCAG-3’
Reverse – 5’-TCTCCTTGCCAAGCTTCCTTC-3’
MALAT-1 Forward – 5’-TAGGAAGACAGCAGCAGACAGG-3’
Reverse – 5’-TTGCTCGCTTGCTCCTCAGT-3’
U6 Forward –5’-CGCTTCGGCAGCACATATAC-3’ 
Reverse 5’-T TCACGAATTTGCGTGTC AT-3’ 
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Enhanced BCA protein assay kit (Beyotime, Jiangsu, China). 
For western blot analysis, equal amounts of total protein were 
boiled, and separated by SDS-PAGE. After electrophoresis, 
protein was blotted onto a PVDF membrane and blocked for 
2 h at room temperature. 

Membranes were incubated with human monoclonal an-
ti-rabbit Rac1 antibody (Cell Signaling Technologies, Boston, 
MA) at 1:1000 dilutions for overnight at 4 °C. Rac1 protein 
level was detected by goat polyclonal anti-mouse horserad-
ish peroxidase-conjugated secondary antibodies (Beyotime, 
Jiangsu, China) for 2 h at room temperature. Protein bands 
were detected on FluorChem FC2 Imaging System(Alpha In-
notech, San Leandro, CA).

Statistical analysis. Statistical analyses were performed 
using SPSS 16.0 software package ((SPSS Inc., Chicago, IL, 
USA). All graphs were made using Microsoft Office Excel 2010 
software (Microsoft Corporation, Redmond, WA, USA). All 
data from three independent experiments were expressed as 
mean ± SD. Differences were assessed by two-tailed Student’s 
t test. The relationship between RAC1and MEG3 expressions 
was tested with two-tailed Pearson’s correlation. P < 0.05 was 
considered statistically significant.

Results

LncRNA expression in papillary thyroid cancer and 
matched lymph node metastatic tissues. Expression profiles 
of five lnc-RNAs (MEG3, HULC, HOTAIR, NEAT1, and 

MALAT-1) previously shown to be involved in cancer me-
tastasis (18) were detected by qRT-PCR in 5 pairs of papillary 
thyroid cancer and 11 matched lymph node metastatic tissues. 
Among the five, MEG3 showed significant down-expression 
in group of metastatic tissues versus matched group of non-
metastatic tissues (Figure 1) (p < 0.05), suggestive of the fact 
that loss of MEG3 expression may play an important role in 
papillary thyroid carcinoma development and metastasis.

Overexpression of MEG3 inhibits thyroid cancer cell 
migration and invasion. Based on the above results, we 
checked whether MEG3 played the role in modulating migra-
tion and invasion of thyroid cancer cells. We infected TPC-1 
and HTH83 cells with MEG3-MSCV virus or negative control 
(NC), and then evaluated by cell invasion and migration as-
says. As expected, infection of MEG3-MSCV virus increased 
MEG3 expression compared with negative control in TPC-1 
and HTH83 cells (Fig. 2a). Moreover, the cell migration and 
invasion assay showed that MEG3 over-expression resulted in 
reduced migration rate and invasion rate both in TPC-1 and 
HTH83 cells compared with the control (Fig. 2b). Our results 
indicate that MEG3 worked as a tumor suppressor miRNA 
and contributed to inhibition of migration and invasion of 
thyroid cancer cells. 

MEG3 negatively regulates Rac1 gene expression. Long 
noncoding RNAs are known to modulate hundreds of mRNA 
targets, resulting in global changes in the cellular phenotype 
of cells. First, we make an effort to identify potential targets 
for MEG3 by nucleotide blast in http://blast.ncbi.nlm.nih.gov/

Figure 1. Five lnc-RNAs is expressed in papillary thyroid carcinoma as MEG3 is lost. 
The five lnc-RNAs relative expression levels were determined by qRT-PCR in primary thyroid cancer and matched lymph node metastatic tissues and 
normalized against an endogenous U6 RNA control. The relative expression levels of MEG3 is down regulated in lymph node metastasis of thyroid 
cancer (n = 11) than in non-metastasis of primary thyroid carcinoma (n = 5). Student’s t test was used to analyze the significant differences, *p < 0.05.
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Figure 2. Overexpression of MEG3 inhibits migration and invasion of thyroid cancer cell lines. A, B Infection of MEG3-MSCV virus to TPC-1 and 
HTH83 increases the expression of MEG3 detected by qRT-PCR. C, D The inhibitory effect of MEG3 toward the invasion and migration of TPC-1 and 
HTH83 cells. Data are presented as mean ± SD. Two-tailed Student’s t test was used to analyze the significant differences, *p < 0.05.
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Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome. We found 
3΄UTR of Rac1 as the putative target gene for MEG3 which me-
diates cell migration and invasion. Further to confirm that Rac1 
is a target gene for MEG3, RT-PCR and Western blot analysis 
were used to detect the expression of Rac1 regulated by MEG3 
both in TPC-1 and HTH83 cells. The expression of Rac1 was 
significantly downregulated at the mRNA (Fig. 3a) and protein 
level (Fig. 3b) after overexpression of MEG3 compared with 
negative control. Furthermore, we also detected the mRNA 
levels of MEG3 and Rac1 in papillary thyroid carcinoma and 
adjacent normal thyroid tissues by using qRT-PCR. We further 
assessed the inverse correlation of the MEG3 and Rac1 in papil-
lary thyroid carcinoma. We determined the Rac1 mRNA and 

MEG3 expressions in the same papillary thyroid carcinoma 
specimens by qRT-PCR. As shown in Fig. 3c, when the Rac1 
mRNA levels were plotted against MEG3 expression, a sig-
nificant inverse correlation was obtained (two-tailed Pearson’s 
correlation analysis, r = −0.750; p < 0.05). Similarly, as shown 
in Fig. 3d, a significant inverse correlation was also obtained 
in papillary thyroid carcinoma specimens with lymph-node 
metastasis (two-tailed Pearson’s correlation analysis, r = −0.820; 
p < 0.05). Taken together, our results suggest that MEG3 nega-
tively regulates Rac1 gene expression at transcription level, and 
Rac1 is a potential target gene of MEG3. 

Rac1 is a direct target of MEG3. To verify whether MEG3 
directly targeted Rac1, Duel luciferase reporter assays were 

Figure 3. MEG3 negatively regulates Rac1 gene expression. A, B MEG3 inhibited the expression of Rac1 at the mRNA level and the protein level in both 
TPC-1 (A) and HTH83 (B). Data are presented as mean ± SD. Two-tailed Student’s t test was used to analyze the significant differences, *p < 0.05. C, 
D Analysis of correlation of MEG3 and Rac1 expression in all papillary thyroid carcinoma tissues (C, two-tailed Pearson’s correlation analysis, r = 0.780, 
p < 0.05, n = 16) and papillary thyroid carcinoma tissues with lymph-node metastasis (D, two-tailed Pearson’s correlation analysis, r = 0.860, p < 0.05, 
n = 11) by detecting the mRNA expression.
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conducted. As shown in Fig. 4, Co-transfection of 293T 
cells with Rac1-3΄UTR/pGL3-BS and MEG3 mimics caused 
significant decrease in the luciferase activity compared with 
the negative control (p < 0.05). This repressive effect was 
disappeared by point mutations in the core binding sites of 
the Rac1 3΄-UTR. This result indicated that MEG3 exerts 
inhibitory effects on Rac1 expression via interaction with the 
3΄UTR of Rac1. 

Knockdown of Rac1 reduces migration and invasion po-
tential of thyroid cancer cells. To confirm the effects of Rac1 
on the migration and invasion of papillary thyroid carcinoma 
cells, Rac1 expression was knocked down by a Rac1 shRNA. 
The mRNA and protein expression of Rac1 was significantly 
downregulated in TPC-1 and HTH83 cells after Rac1 shRNA 
treatment (Fig. 5a, b). Consistently, the knockdown of Rac1 
strongly reduced cell migration and invasion in TPC-1 and 
HTH83 cells, which resembled the inhibitory effects of 
MEG3(Fig. 5c, d). These data suggest that knockdown of Rac1 
suppresses migration and invasion in papillary thyroid carci-
noma cells and Rac1 is an effective target gene of MEG3.

Discussion

LncRNAs are more than 200 bps nucleotide non-coding 
RNAs, it is not necessarily conserved among different spe-
cies. Long noncoding RNAs are known to modulate hundreds 
of mRNA targets, resulting in global changes in the cellular 
phenotype of cells. By regulating protein production transcrip-
tionally, many miRNAs act as oncogenes or tumor suppressor 
genes. However, the regulation of MEG3 and its precise mecha-
nisms of action in thyroid cancers are not known. 

Our data showed that MEG3 was lower expressed in me-
tastasis tissues of papillary thyroid carcinoma than in matched 
non-matastasis thyroid cancer tissues. We also indicated that 
MEG3-inhibited two thyroid cancer cells invasion and migra-
tion. Taken together, our results suggest that MEG3 as a novel 
tumor suppressor plays a role in the metastasis and infiltra-
tion of papillary thyroid carcinoma. Next, we found Rac1 is 
potential target of MEG3 by theoretical prediction. Rac1 is 
one of the most studied Rho GTPase (19). It contributes to cell 
proliferation, participates in the signaling pathway promoting 

Figure 4. Rac1 3΄UTR is a target of MEG3. A Rac1 was the target gene of MEG3 by blast.ncbi.nlm.nih.gov prediction. B Diagram of the luciferase 
reporter plasmids with the wild-type or mutant Rac1 3΄UTR. C The relative luciferase activity in TPC-1 and HTH83 cells was determined after the 
plasmid with wild-type or mutant Rac1 3΄UTR was co-transfected with MEG3 mimics. Data are presented as mean ± SD. Two-tailed Student’s t test 
was used to analyze the significant differences, *p < 0.05.
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Figure 5. Knockdown of Rac1 reduces migration and invasion in TPC-1 and HTH83 cells. A, B Infection of Rac1 shRNA-MSCV virus inhibited the 
mRNA and protein expression of Rac1 in both TPC-1 and HTH83 cells. C, D Knockdown of Rac1 by shRNA-inhibited migration and invasion in both 
TPC-1 and HTH83 cells. Data are presented as mean ± SD. Two-tailed Student’s t test was used to analyze the significant differences, *p < 0.05.
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cell survival and is known for its central role in the control of 
cell adhesion and cell migration (20-21). 

It has been reported that Rac1 is over-expressed in color-
ectal and lung tumor (22-23) and related to metastasis and 
invasion in breast, upper urinary tract, and oral squamous 
cell tumor(24-27). 

Even through Three different microRNAs pathways are 
related to the molecular mechanism of knockdown of Rac1-
inhibited migration and invasion (28-30), mechanisms of long 
noncoding RNAs in thyroid cancers are still not clear. Our 
study demonstrated that an inverse correlation between MEG3 
and Rac1 expression in the papillary thyroid carcinoma tissues. 
Our results showed firstly that Rac1 was negatively regulated 
by MEG3 at the posttranscriptional level, via a specific target 
site within the 3΄UTR, and MEG3-inhibited thyroid cells 
migration and invasion through the Rac1 pathway. Taken 
together, our results suggest that elevated Rac1, induced by 
suppressed MEG3 participates in progression of papillary 
thyroid carcinoma.

Metastasis is the movement or spreading of cancer cells 
from one organ or tissue to another. Its sequential events 
include detachment, migration, local invasion, formation of 
tumor embolus, extravasations, and plant in different organs 
(31). Some long noncoding RNAs can regulate signal pathway 
of tumor metastasis (18). The identification of MEG3 as an 
important regulator of tumor cell migration and invasion 
in vitro emphasizes an essential role of this lnc-RNA in me-
diating papillary thyroid carcinoma oncogenesis and tumor 
behavior. 

In summary, our results demonstrate that MEG3 is down-
regulated in papillary thyroid carcinoma; the down-regulated 
MEG3 was significantly associated with lymph-node metas-
tasis. Furthermore, MEG3 inhibits invasion and migration in 
thyroid cancer cells, MEG3 directly inhibited Rac1 expression 
by targeting its 3΄UTR. In addition, Rac1 was down-regulated 
and inversely correlated with MEG3 levels in thyroid carci-
noma. Our data suggest that MEG3 is an important tumor 
suppressor in thyroid carcinoma. The research could lead to 
new therapies for preventing thyroid cancer metastasis.
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