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Background: Thyroid cancer is a very common endocrine cancer worldwide. How long

noncoding RNA (lncRNA) regulates thyroid cancer is elusive. LncRNA MFI2-AS1 has been

demonstrated to initiate colorectal cancer. Nevertheless, the role of MFI2-AS1 in thyroid

cancer remains unknown. This study aims to determine the roles of MFI2-AS1 in thyroid

cancer.

Methods: qRT-PCR was used to determine the expression of MFI2-AS1 in thyroid cancer

tissues and cells. Proliferation was determined by using CCK8 and colony formation assays.

Transwell assay was utilized to analyze migration and invasion. Luciferase reporter assay

was performed to confirm the interaction between MFI2-AS1 and miR-125a-5p.

Results: MFI2-AS1 was shown to be highly expressed in thyroid cancer tissues and

predicted poor prognosis. Knockdown of MFI2-AS1 inhibited proliferation, colony forma-

tion, migration and invasion of thyroid cancer cells in vitro. Bioinformatics screening

identified MFI2-AS1 as the sponge for miR-125a-5p. And miR-125a-5p was further con-

firmed to target TRIAP1 directly. Our data further demonstrated that MFI2-AS1 promoted

TRIAP1 expression via repressing miR-125a-5p. Finally, TRIAP1 was found to be upregu-

lated in thyroid cancer tissues and its restoration reversed the effects of MFI2-AS1 depletion.

Conclusion: Our results elucidated a novel mechanism that MFI2-AS1 promotes thyroid

cancer progression via the miR-125a-5p/TRIAP1 pathway.
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Introduction
Thyroid cancer is a prevalent endocrine tumor worldwide with an increasing

mobility.1 About 1% of cancer-induced deaths are generated by thyroid cancer.2

Compared to other cancers, thyroid cancer displays a good prognosis.3 However,

thyroid cancer patients with aggressive metastasis show a quite unsatisfactory

outcome.4 Thus, investigation to elucidate the molecular mechanism of thyroid

cancer progression is crucial and urgently required. And developing novel thera-

peutic targets will be important for thyroid cancer treatment.5

Recent studies have defined noncoding RNAs with over 200 nucleotides in

length as long noncoding RNAs (lncRNAs).6 More and more evidences show

many lncRNAs are dysregulated in tumor tissues.7 Their aberrant expression is

usually associated with dysregulation of proliferation, metastasis, survival and drug

resistance in cancer cells.8 For example, lncRNA RP11 promotes colorectal cancer

(CRC) metastasis via increasing Zeb1 expression.9 LncRNA EPB41L4A-AS2
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represses liver cancer growth through regulating FOXL1

expression.10 LncRNA GAS5 controls the radiosensitivity

of prostate tumor cell via inhibiting miR-18a activity.11

Additionally, Linc01194 overexpression promotes CRC

proliferation and migration and predicts poor prognosis.12

Thus, exploring the important lncRNAs will be important

to understand the mechanism of tumorigenesis.

Recently, a study suggested that lncRNA MFI2-AS1

(951 nucleotides in length without protein-coding ability)

promotes CRC progression via upregulating MYCBP

level.13 However, the role of MFI2-AS1 in thyroid cancer

development has not been reported. In our study, we found

that MFI2-AS1 was upregulated in thyroid cancer tissues

and its upregulation indicated poor prognosis in patients.

Then, we showed MFI2-AS1 knockdown suppressed pro-

liferation, migration and invasion but inducing apoptosis in

thyroid cancer cells. Furthermore, we found that MFI2-AS1

promoted TRIAP1 expression via restricting miR-125a-5p

activity. Notably, overexpression of TRIAP1 abrogated the

roles of MFI2-AS1 knockdown. Collectively, our findings

illustrated the oncogenic functions of MFI2-AS1 and

demonstrated its molecular mechanism in thyroid cancer.

Materials and Methods
Patients’ Samples
Forty-three human papillary thyroid cancer tissues and

adjacent normal controls were obtained from Jilin

University China–Japan Union Hospital. Patients who

received radiotherapy or chemotherapy prior to surgery

were excluded and other patient’s tissues were included.

All patients provided written informed consents. This

study was approved by the Ethics Committee of Jilin

University China–Japan Union Hospital. This study was

conducted in accordance with the Declaration of Helsinki.

Cell Cultures
Human thyroid cancer cell lines (SW579, K1 and TPC-1)

and normal thyroid follicular epithelial cell line Nthy-ori 3–1

were from Cell Center of Shanghai Institutes for Biological

Sciences (Shanghai, China) and maintained following pre-

vious study.7 In brief, all cells were cultured using DMEM

medium completed with 10% FBS maintained under the

following conditions: 95% humidity, 37°C and 5% CO2.

qRT-PCR Analysis
RNA was isolated from thyroid cancer cells using TRIzol

reagent (Thermo Fisher Scientific, Waltham, MA, USA)

according to the manufacturer’s instructions. qRT-PCR was

performed as previously described.14 In brief, RNA was

reverse transcribed into cDNA using Tetro Reverse

Transcriptase (Bioline). Then, qPCR experiments were con-

ducted using SYBR Premix Ex Taq (Qiagen, Hilden,

Germany). GAPDHwas the normalized control. And relative

expression was calculated according to the 2−ΔΔCT method.

Cell Transfection
shRNAs were designed and cloned into PLKO.1-Puro

carrier (Sigma-Aldrich Chemical Company, St Louis,

MO). Then, above plasmid was transfected into 293T

cells with psPAX2 and pMD2.G (Addgen) for lentivirus

production. After infection, the thyroid cancer cells were

screened for stable cell lines.

CCK8 Assay
CCK8 assay was performed to test cell proliferation

as described before.7 In brief, cells were seeded into the

96-well plates and cultured for 3 days. Then, CCK8 solu-

tion (10 μL) was added into each well and cultured for

2 h. After that 10 μL DMSO was added into each well and

OD values were measured at 450 nm.

Caspase-3/7 Activity
Apoptosis was determined by measuring Caspase-3/7

activity using the Apo-ONE Homogeneous Caspase-3/7

Assay kit (Promega, Madison, WI, USA).

Transwell Assay
Transwell assay was used for migration and invasion analy-

sis as described previously.7 Briefly, cells in serum-free

medium were seeded into the upper transwell chambers

(8 μm pores) which was precoated with Matrigel matrix

(BD Bioscience, Franklin Lakes, NJ, USA) for the invasion

analysis. The lower chamber was filled with medium con-

taining 10% FBS as a chemoattractant. After cultured for

24 h, the migrated and invasive cells on the lower chamber

were fixed and stained with 0.1% crystal violet (Sigma, St

Louis, MO, USA). Cell numbers were counted using a light

microscope.

RNA Immunoprecipitation (RIP) Assay
Imprint RNA immunoprecipitation kit (Sigma-Aldrich)

was used for RIP assay. TPC-1 and K1 cells were lysed

and cell lysates were incubated with anti-Ago2 or IgG

control for 4 h at °C, followed by incubation with

Protein A/G beads for another 2 h. Then the precipitated
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RNAs were isolated, and expression of MFI2-AS1 and

miR-125a-5p was analyzed by qRT-PCR method.

Luciferase Reporter Assay
MFI2-AS1 and miR-125a-5p interaction were analyzed using

miRcode software (http://www.mircode.org/). miR-125a-5p

and TRIAP1 interaction was predicted using TaregetScan7.

The sequences containing wild-type (WT) or mutant (MUT)

miR-497 binding were constructed into psiCHECK2 vector

(Promega Corporation, Madison, WI, USA). For luciferase

reporter assay, reporters and miR-125a-5p mimics were trans-

fected into thyroid cancer cells using Lipofectamine 3000; 48

h later, Firefly and Renilla luciferase activities were measured

using the Dual Luciferase Reporter Assay system (Promega

Corporation) according to the manufacturer’s instruction.

Statistical Analysis
All results were analyzed using SPSS 22.0 (IBM

Corporation, Armonk, NY, USA) and expressed as mean

± SD. A Student’s t-test was performed for comparison

between two groups. A one-way ANOVA followed by

Tukey’s post-hoc test was performed for comparisons

between multiple groups. Spearman’s rank correlation ana-

lysis was used to determine the correlation between MFI2-

AS1 and miR-125a-5p expression. A p < 0.05 indicates

that the difference is meaningful.

Results
MFI2-AS1 is Upregulated in Thyroid

Cancer
The expression of MFI2-AS1 in thyroid cancer was firstly

analyzed using bioinformatics method. According to the

TCGA data using TANRIC tool (http://ibl.mdanderson.org/

tanric/_design/basic/query.html), TANRIC expression was

significantly upregulated in tumor tissues (Figure 1A).

Similarly, qRT-PCR showed that MFI2-AS1 level was

increased in 43 thyroid cancer tissues (Figure 1B).

Consistently, MFI2-AS1 expression was higher in thyroid

cancer cell lines than that in Nthy-ori 3–1 cells (Figure 1C).

We then analyzed the subcellular location of MFI2-AS1 and

found that it was mainly located in the cytoplasm of TPC-1

and K1 cells (Figure 1D).

MFI2-AS1 Promotes Thyroid Cancer

Progression
Then, MFI2-AS1 function in thyroid cancer was investi-

gated. MFI2-AS1 expression was decreased by transfection

Figure 1 MFI2-AS1 is upregulated in thyroid cancer. (A) MFI2-AS1 expression was analyzed in TCGA data using the TANRIC online tool (https://ibl.mdanderson.org/

tanric/_design/basic/query.html). TCGA: The Cancer Genome Atlas. (B) MFI2-AS1 expression was analyzed in 43 thyroid cancer tissues and their adjacent normal tissues.

(C) MFI2-AS1 expression in thyroid cancer cell lines was measured. (D) The subcellular distribution of MFI2-AS1 in thyroid cancer cells were analyzed by qRT-PCR. GAPDH

(glyceraldehyde-3-phosphate dehydrogenase) was the cytoplasmic control. U6 (RNA, U6 small nuclear 1) was the nuclear control. *p<0.05.
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with two independent shRNAs in TPC-1 and K1 cells

(Figure 2A). CCK8 assay and colony formation assay indi-

cated MFI2-AS1 knockdown inhibited tumor cell prolifera-

tion (Figure 2B and C). And the activity of Caspase-3/7 was

increased after MFI2-AS1 knockdown (Figure 2D), indicat-

ing MFI2-AS1 regulates apoptosis. Furthermore, Transwell

assay showed that MFI2-AS1 knockdown reduced the num-

bers of cell migration and invasion (Figure 2E and F). To

further validate the role of MFI2-AS1, we overexpressed

MFI2-AS1. Through CCK8 and transwell assays, we

found that MFI2-AS1 overexpression promoted the prolif-

eration, migration and invasion of TPC-1 and K1 cells

(Figure 2G–I). Thus, MFI2-AS1 regulates the malignant

behaviors of thyroid cancer cells.

MFI2-AS1 is the Sponge for miR-125a-5p
LncRNAs are potential sponges for miRNAs.10 Thus, the

possible target miRNAs of MFI2-AS1 were analyzed and we

identified miR-125a-5p. We constructed luciferase reporter

vectors (Figure 3A). Luciferase reporter assay showed that

miR-125a-5p inhibited the activity of WT reporter in TPC-1

and K1 cells (Figure 3B and C). And RIP assay showed that

miR-125a-5p interacted with MFI2-AS1 in TPC-1 and K1

cells (Figure 3D and E). Moreover, MFI2-AS1 knockdown

increased miR-125a-5p expression (Figure 3F). And miR-

125a-5p was negatively correlated with MFI2-AS1 in thyr-

oid cancer tissues (Figure 3G). Hence, MFI2-AS1 interacted

with miR-125a-5p to restrict its activity.

miR-125a-5p Targets TRIAP1 Directly
The potential targets of miR-125a-5p were further analyzed

and we identified TRIAP1. To demonstrate their interaction,

we constructed luciferase reporter vectors (Figure 4A).

Luciferase reporter assay showed that TRIAP1-WT activity

was decreased by miR-125a-5p mimics (Figure 4B and C).

And miR-125a-5p also reduced the expression of TRIAP1

in thyroid cancer cells (Figure 4D and E). TCGA data using

StarBase v3.0 tool indicated miR-125a-5p was negatively

correlated with TRIAP1 in thyroid cancer tissues

(Figure 4F), which was further validated by qRT-PCR in

43 tumor tissues (Figure 4G). Moreover, we found that

TRIAP1 expression was suppressed after MFI2-AS1 knock-

down (Figure 4H). And inhibiting miR-125a-5p could rescue

the expression of TRIAP1 (Figure 4H). Therefore, TRIAP1

was targeted by miR-125a-5p and upregulated by MFI2-AS1.

Figure 2 MFI2-AS1 promotes thyroid cancer progression. (A) MFI2-AS1 was silenced by shRNAs targeting MFI2-AS1. NC: negative control. (B and C) Relative cell

proliferation was measured by CCK8 assay and colony formation assay after MFI2-AS1 knockdown. (D) The cellular apoptosis was determined by measuring the activity of

Caspase-3/7. (E and F) MFI2-AS1 knockdown inhibited migration and invasion of TPC-1 and K1 cells. (G) Relative cell proliferation was measured by CCK8 assay after MFI2-

AS1 overexpression. (H and I) MFI2-AS1 overexpression promoted migration and invasion of TPC-1 and K1 cells. *p<0.05.
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MFI2-AS1 Promotes Thyroid Cancer

Progression via Upregulating TRIAP1
Through bioinformatics examination, TRIAP1 was upre-

gulated in thyroid cancer tissues (Figure 5A and B). And

qRT-PCR also indicated TRIAP1 was upregulated in

tumor tissues (Figure 5C), implying TRIAP1 may be an

oncogene. We found TRIAP1 was positively correlated

with MFI2-AS1 in thyroid cancer tissues (Figure 5D).

Thus, we sought to determine whether MFI2-AS1

promotes thyroid cancer progression via TRIAP1. CCK8

and colony formation assay showed that knockdown of

MFI2-AS1 or TRIAP1 inhibited cell proliferation

(Figure 5E and F). And restoration of TRIAP1 promoted

proliferation of MFI2-AS1-depleted cells (Figure 5E

and F). Similarly, the apoptosis, migration and invasion

of tumor cells were affected by MFI2-AS1 and TRIAP1 in

a similar manner (Figure 5G–I). Thus, MFI2-AS1 pro-

motes thyroid cancer development via TRIAP1.

Figure 3 MFI2-AS1 is the sponge for miR-125a-5p. (A) Binding site with miR-125a-5p in MFI2-AS1 and strategy for luciferase reporter construction. WT: wild-type. MUT:

mutant. (B and C) miR-125a-5p inhibited the luciferase activity of WT-MFI2-AS1 reporter in TPC-1 and K1 cells. NC: negative control. (D and E) Lysates of TPC-1 and K1

cells were utilized for RIP experiment and RNA enrichment was measured by qRT-PCR. (F) MFI2-AS1 knockdown promoted miR-125a-5p expression. (G) miR-125a-5p was

negatively correlated with MFI2-AS1 in thyroid cancer tissues. *p<0.05.

Figure 4 miR-125a-5p targets TRIAP1 directly. (A) Binding site with miR-125a-5p in TRIAP1 and strategy for luciferase reporter construction. WT: wild-type. MUT: mutant.

(B and C) miR-125a-5p inhibited the luciferase activity of WT-TRIAP1 reporter in TPC-1 and K1 cells. NC: negative control. (D and E) miR-125a-5p suppressed TRIAP1

expression, as shown by qRT-PCR and Western blotting. GAPDH: glyceraldehyde-3-phosphate dehydrogenase. (F) TRIAP1 and miR-125a-5p were negatively correlated in

thyroid cancer tissues according to TCGA data using StarBase v3.0 tool. TCGA: The Cancer Genome Atlas. (G) qRT-PCR analysis showed that TRIAP1 and miR-125a-5p

were negatively correlated in 43 thyroid cancer tissues. (H) qRT-PCR showed that TRIAP1 expression was regulated by MFI2-AS1. *p<0.05.
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Discussion
In this study, we showed that lncRNA MFI2-AS1 was upre-

gulated in thyroid cancer tissues. And its expression was

correlated with patients’ prognosis. Moreover, loss-of-

function assays indicated that MFI2-AS1 knockdown led to

decreased proliferation, migration and invasion while causing

more apoptosis in thyroid cancer cells in vitro.Mechanistically,

we demonstrated that MFI2-AS1 sponged miR-125a-5p to

facilitate TRIAP1 expression and thyroid cancer development.

Therefore, our study convincingly supports MFI2-AS1 as

a novel oncogenic lncRNA in thyroid cancer.

In the past decade, lncRNAs have been found to play

significant roles in various tumors and be potential ther-

apeutic targets, including in thyroid cancer.15,16 LncRNAs

possess the ability to regulate cancer cell proliferation,

apoptosis and angiogenesis.15 Several lncRNAs are

shown to regulate tumorigenesis of thyroid cancer. For

instance, LINC00313 promotes migration, invasion and

EMT of thyroid cancer via affecting ALX4 expression.17

LncRNA H19 is overexpressed in thyroid cancer and

enhances EMT of thyroid cancer.18 LncRNA SNHG16 is

a driver of thyroid cancer growth and metastasis.7

Additionally, LINC00514 is found to be upregulated in

thyroid cancer tissues and regulates proliferation, migra-

tion and invasion via the miR-204-3p/CDC23 axis.19

Although lncRNA MFI2-AS1 was reported to promote

CRC progression, its role in thyroid cancer is unclear.13

Our data showed MFI2-AS1 expression was elevated in

Figure 5 MFI2-AS1 promotes thyroid cancer progression via upregulating TRIAP1. (A andB) TRIAP1was upregulated in thyroid cancer tissues according to TCGA data using GEPIA

(Gene Expression Profiling Interactive Analysis) and UALCAN tools for analysis. THCA: Thyroid carcinoma. TCGA: The Cancer Genome Atlas. (C) qRT-PCR analysis showed TRIAP1

was upregulated in thyroid cancer tissues. (D) MFI2-AS1 and TRIAP1were positively correlated in 43 thyroid cancer tissues. (E andF) CCK8 and colony formation assays were used for
analysis of proliferation. NC: negative control. sh: short hairpin RNA. (G) The activity of Caspase-3/7was detected to determine apoptosis. (H and I) Transwell assay was performed to

evaluate cell migration and invasion. *p<0.05.
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thyroid cancer and its knockdown led to inhibition of

tumor cell proliferation, migration and invasion. Besides,

MFI2-AS1 knockdown promoted apoptosis of thyroid can-

cer cells.

Increasing researches denote that lncRNA is potential

sponges for miRNAs.20 LncRNAs could bind to the

response elements of target miRNAs and restrict their

activity, leading to upregulation of mRNAs.21 For exam-

ple, LncRNA SNHG3 sponges miR-151-3p to upregulate

RAB22A and promote osteosarcoma progression.22

LncRNA SNHG16 contributes to osteosarcoma via inhi-

biting miR-340.23 MFI2-AS1 was previously shown to

sponge miR-574-5p in CRC.13 In our study, we demon-

strated that MFI2-AS1 is the sponge for miR-125a-5p in

thyroid cancer. We demonstrate their direct interaction in

thyroid cancer cells. Our results also imply miR-125a-5p

suppressed the progression of thyroid cancer, which is

consistent with a previous study.24 However, how miR-

125a-5p regulates thyroid cancer development is poorly

studied. Our work further demonstrated that miR-125a-

5p directly targets TRIAP1, whose expression was upre-

gulated by MFI2-AS1 in thyroid cancer. TRIAP1 was

found to regulate nasopharyngeal carcinoma, ovarian

cancer and prostate cancer.25–27 Its effect on thyroid

cancer remains unclear. Our data suggested that

TRIAP1 was upregulated in thyroid cancer tissues.

Importantly, inhibition of TRIAP1 led to suppression on

proliferation, migration and invasion of thyroid cancer

cells. Thus, we demonstrated that TRIAP1 is a new

oncogene in thyroid cancer. Moreover, rescue assays

showed that TRIAP1 restoration reversed the roles of

MFI2-AS1 knockdown on thyroid cancer cells.

Therefore, TRIAP1 is the downstream oncogenic signal-

ing of MFI2-AS1 in thyroid cancer.

In summary, our study demonstrated MFI2-AS1/miR-

125a-5p/TRIAP1 axis is a new signaling pathway in reg-

ulating thyroid cancer progression and may be a possible

therapeutic target for tumor treatment. However, there is

a limitation in our study. In vivo animal experiment needs

to be performed to validate the role of MFI2-AS1/miR-

125a-5p/TRIAP1 axis in the future.
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