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Abstract: Circular RNAs (circRNAs) have been shown to regulate the development and progression of various can-
cers. However, the expression and function of circRNAs in papillary thyroid cancer (PTC) remain largely unknown. 
This study is aimed to investigate the potential roles of circEIF3I in PTC and elucidate the functional mechanism. 
We found that the expression of circEIF3I was significantly upregulated in PTC tissues compared to adjacent nor-
mal tissues. CircEIF3I expression was positively associated with tumor size, TNM stage and metastasis. CircEIF3I 
knockdown remarkably suppressed the proliferation, migration and invasion of PTC cells. Mechanistically, circEIF3I 
promoted KIF2A expression through competitively interacting with miR-149. In conclusion, circEIF3I upregulation in 
PTC tissues facilitates KIF2A expression by inhibiting miR-149, leading to malignant progression of PTC. This study 
suggested circEIF3I/miR-149/KIF2A axis might be a potential therapeutic target.
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Introduction

As the most common malignancy in the endo-
crine system, the incidence of thyroid cancer 
(TC) is increasing at a high rate [1]. It is esti-
mated that there are about 2000 new cases 
diagnosed with TC every year in the USA [2]. 
Papillary thyroid carcinoma (PTC) accounts for 
~80% of all thyroid cancer cases [3]. Thyroi- 
dectomy combined with radioiodine and levo-
thyroxine improves the prognosis of PTC pa- 
tients [4]. Yet, many cases would recur within 
10 years, which leads to death [5]. Thus, it is 
critical to have a better understanding of the 
mechanisms involved in PTC progression.

Circular RNAs (circRNAs) are a group of non-
coding RNAs, which have closed loop struc-
tures and no 5’ cap or 3’ Poly A tail [6]. They 
were first discovered in the early 1990s, and 
were considered as splicing errors [7]. Thus, 
they did not draw too much attention in the 
beginning. However, with the development of 
high-throughput sequencing technology, rese- 
archers find that circRNAs are widely expressed 

in a cell-type specific manner [8], and partici-
pate in many biology processes [9-12]. Recently, 
studies have shown that dysregulation of cir-
cRNA expression is involved in human cancer 
[13, 14]. circRNAs may regulate the prolifera-
tion, migration, differentiation of tumor cells 
[13, 14]. For example, overexpression of circ- 
TCF25 inhibits miR-103a-3p and miR-107 to 
promote CDK6 expression, leading to bladder 
cancer proliferation and migration [15]. In addi-
tion, circ002059 low expression is associated 
with the metastasis and malignant stage of 
gastric cancer [16]. Due to the important func-
tion of circRNAs in different cancers, we sought 
to explore the function of circEIF3I in PTC 
progression.

Through unbiased circRNA analysis, we found 
that circEIF3I was highly expressed in PTC tis-
sues, and was associated with the malignant 
stage and survival of PTC patients. Further 
studies showed that circEIF3I promoted PTC 
progression both in vitro and in vivo. Me- 
chanistically, circEIF3I upregulation in PTC tis-
sues inhibited miR-149 function, which facili-
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tated KIF2A expression, and thus led to malig-
nant progression of PTC. In all, our findings 
proved that circEIF3I/miR-149/KIF2A axis plays 
an essential role in PTC progression, and might 
be a potential therapeutic target.

Materials and methods

Human tissues

All PTC tumor tissue and adjacent normal tis-
sues were obtained from PTC patients who 
underwent surgical resection at the First Affi- 
liated Hospital of Zhengzhou University. All sa- 
mples were frozen in liquid nitrogen and stored 
at -80°C until use. All patients were provided 
with written informed consent for their tissue 
usage, and the use of human samples was 
approved by the Ethics Committee of the First 
Affiliated Hospital of Zhengzhou University.

Cell culture and transfection

Papillary thyroid normal and cancer cell lines 
Nthy-ori 3-1, K1, TPC-1, IHH4 and BCPAP were 
grown in RPMI1640 media containing 10% he- 
at-inactivated FBS (Thermo Fisher Scientific, 
USA), 100 units/ml penicillin, and 100 μg/ml 
streptomycin at 37°C with 5% CO2. For trans-
fection, siRNAs, miR-149 mimics, miR-149 inhi- 
bitors and negative controls were obtained 
from GenePharma Co., Ltd (Shanghai, China) 
and transfected into cell lines using Lipofe- 
ctamine 2000 (Invitrogen; Thermo Fisher Sci- 
entific, Inc.), according to the manufacturer’s 
protocol. 48 h later, the transfection efficiency 
was measured by qRT-PCR as described below.

Total RNA extraction and qRT-PCR 

We extracted total RNAs with TRIzol Reagent 
(Thermo Fisher Scientific, USA), and resuspend-
ed in RNase-free H2O. 1.5 μg of total RNA was 
reverse-transcripted with PrimeScriptTM RT re- 
agent kit (Takara, Japan). qRT-PCR was per-
formed with SYBR Premix Ex TaqTM kit (Takara, 
Japan) according to the manufacturer’s instruc-
tions. The house keeping gene U6 and β-actin 
were used as internal control. The primer se- 
quences were as follows: circEIF3I (Forward, 
5’-ATGAGAGTGGAGAGCTCAACC-3’ and reverse, 
5’-CTGGTAGCCCATCTGCTTGTCCG-3’), miR-149 
(Forward, 5’-GGCTCTGGCTCCGTGTCTT-3’ and 
reverse, 5’-CAGTGCAGGGT CCGAGGTATT-3’), 
KIF2A (Forward: 5’-CCTGACCTTGTTCCTGATGA- 

AG-3’ and reverse, 5’-TGCTGAACCAACCACTCT- 
ATTATC-3’), U6 (Forward, 5’-CAAATTCGTGAAG- 
CGTTCCATA-3’ and reverse, 5’-AGTGCAGGGTC- 
CGAGGTATTC-3’) and β-actin (Forward, 5’-GC- 
GGACTATGACTTAGTTGCGTTACA-3’ and reverse, 
5’-TGCTGTCACCTTCACCGTTCCA-3’).

Western blot

20 µg protein lysates were separated by 12% 
SDS-PAGE, and blocked with 5% nonfat milk, 
incubated with primary antibody at 4°C ov- 
ernight; Then the membranes were incubated 
with secondary antibodies at room tempera-
ture for 1 h, and detected with enhanced che-
miluminescence reagents (Thermo Fisher Sci- 
entific, USA).

CCK8 proliferation assays

Cell viability was examined with the Cell Co- 
unting Kit-8 (CCK8; Beyotime, China). In brief, 
TPC-1 and IHH4 cells were seeded into 96-well 
plates at a density of 4×103 cells/well. At diff- 
erent time points, 10 μl CCK-8 solution was 
added the wells, and incubated for another 4 h 
at 37°C, and the absorbance at 450 nm was 
measured using ELX-800 spectrometer reader 
(Bio-Tek Instruments, USA). 

Tumor xenograft assay

1×107 cells were injected into five weeks old 
BALB/c nude mice (4 mice/group). The size  
of tumors was recorded with vernier caliper 
once a week. After 5 weeks, the mice were  
sacrificed, and tumor tissues were collected, 
photographed weighted and prepared for west-
ern blot. All animal experiments have been 
approved by the First Affiliated Hospital of 
Zhengzhou University.

Colony formation assay

1000 transfected cells were seeded into a 
6-well plate in RPMI-1640 medium. Two weeks 
after incubation, the cells were washed with 
PBS and fixed with 4% paraformaldehyde, and 
stained with 0.1% crystal violet. The number  
of colonies was counted under microscope 
(Olympus, Japan). 

Luciferase assays

miR-149 was predicted as the target miRNA of 
circEIF3I using Circinteractome tool (https://cir-
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cinteractome.nia.nih.gov) and KIF2A was pre-
dicted as miR-149 target gene using Target- 
Scan7 (http://www.targetscan.org/vert_71/). 
Then sequences containing putative binding 
sites for miR-149 were inserted into the pGL3 
vector (Promega Corporation, Madison, WI, 
USA). For the luciferase assays, 1×105 trans-
fected cells were seeded into 24-well plates 
and cultured for 48 h, and then firefly luciferase 
activity and renilla luciferase activity were mea-
sured with Dual-Luciferase Reporter Assay 
System (Promega, USA).

Cell migration and invasion assays

Transwell migration and invasion assays were 
performed with 8.0 mm pore filters. For inva-
sion assays, 2×104 transfected cells in serum-
free medium were seeded into the upper cham-
bers pre-coated with Matrigel (BD Biosciences, 
USA), and complete culture medium was added 
to the lower chamber as the chemoattractant. 
Then, the cells were incubated for 24 h, and the 
invaded cells were fixed, stained with 0.1% 
crystal violet, and photographed under a micro-
scope at a magnification of ×200. Five random-
ly selected fields were used to count the invad-
ed cells. All the experimental procedure for 
migration assays were the same except that 
migration assays used non-treated chambers.

Statistical analyses

Statistical analysis was performed with SPSS 
19.0 software. For comparison among the 
groups, Student’s t test, one-way ANOVA and 
two-way ANOVA were performed, and P<0.05 
was defined as statistically significant. All data 

were shown as mean ± SD, and all the experi-
ments were repeated at least three times.

Results

CircEIF3I was upregulated in PTC tissues

Circular RNAs (circRNAs) have been shown to 
regulate the development and progression of 
various cancers. However, the expression and 
function of circRNAs in papillary thyroid cancer 
(PTC) remain largely unknown. To explore the 
functions of circRNAs in PTC, we analyzed  
circRNA expression in one public database 
GSE93522. Among the 100 most differentially 
expressed circRNAs, circEIF3I was the highest 
overexpressed (Figure 1A). Later, we confirmed 
that circEIF3I was upregulated in PTC tissues 
compared with adjacent normal tissues (Figure 
1B). In the meanwhile, circEIF3I was also upreg-
ulated in PTC cell lines (K1, TPC-1, IHH4 and 
BCPAPA) compared with normal PTC cell line 
Nthy-ori 3-1 (Figure 1C). All these data indi- 
cated that circEIF3I was upregulated in PTC 
tissues.

Regulation of circEIF3I on PTC cell prolifera-
tion, migration and invasion

Then, we sought to know whether circEIF3I 
affects in PTC progression. To research it, we 
analyzed the effects of circEIF3I on PTC cell 
proliferation, migration and invasion. We kno- 
cked down and overexpressed circEIF3I in 
TPC-1 and IHH4 cells respectively (Figure 2A 
and 2B). CCK-8 assays showed that circEIF3I 
knockdown significantly decreased TPC-1 and 
IHH4 proliferation, while circEIF3I overexpres-

Figure 1. CircEIF3I was upregulated in PTC tissues. A. Heatmap for 50 most upregulated or downregulated circRNAs 
in PTC tissues according to a GEO dataset (GSE93522). B. CircEIF3I level was increased in PTC tissues (n=48) com-
pared to adjacent normal tissues (n=48). C. CircEIF3I level was upregulated in PTC cell lines compared to Nthy-ori 
3-1 cells. *P<0.05, **P<0.01 and ***P<0.001.
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sion increased TPC-1 and IHH4 proliferation 
(Figure 2C). Colony formation assays also sh- 
owed similar results (Figure 2D). These results 
told us that circEIF3I promoted the proliferation 
of PTC cells. Then, transwell assays showed 
that overexpression of circEIF3I could increase 
the migration and invasion of PTC cells, while 
circEIF3I knockdown suppressed the migration 
and invasion of PTC cells (Figure 2E and 2F). 
These showed that circEIF3I promoted the 
migration and invasion of PTC cells. Thus, cir-
cEIF3I promotes PTC cell proliferation, migra-
tion and invasion, and functions as an onco-
gene in PTC.

MiR-149 expression and correlation with cir-
cEIF3I in PTC tissues

How circEIF3 promoted PTC progression was 
investigated. We found that miR-149 was sig-
nificantly downregulated in PTC tissues (Figure 
3A). Besides, we found that there was a nega-

tive correlation between miR-149 and circEIF3I 
in PTC tissues (Figure 3B). So we wondered 
whether circEIF3I could regulate miR-149 ex- 
pression. Through binding partner predication, 
we found that a GAGCCAGA motif on circEIF3I 
matches that of miR-149 (Figure 3C). Luciferase 
results showed that miR-149 transfection inhib-
ited circEIF3I luciferase activity (Figure 3D), 
indicating that miR-149 interacted with circEI-
F3I. To further confirm whether miR-149 in- 
teracted with circEIF3I through this motif, the 
motif was mutated to CUCGGUCU and luci- 
ferase assay was conducted. Results showed 
that binding motif mutation abolished the in- 
hibitory effect of miR-149 transfection on cir-
cEIF3I luciferase activity (Figure 3D), suggest-
ing that circEIF3I interacted with miR-149 th- 
rough GAGCCAGA motif. From previous studies, 
we know that circRNAs usually interact with 
miRNA to regulate miRNA expression [17, 18]. 
From above data, we know that circEIF3I and 

Figure 2. Regulation of circEIF3I on PTC cell proliferation, migration and invasion. A and B. circEIF3I expression was 
significantly decreased or increased by transfection with sh-circEIF3I or oe-circEIF3I plasmids compared to nega-
tive control (NC) group. C. CCK8 assays showed that proliferation of PTC-1 and IHH4 cells was inhibited by circEIF3I 
depletion, and vice versa. D. Colony formation assay showed that circEIF3I depletion reduced the colony formation 
number, and vice versa. E and F. Transwell assay indicated that circEIF3I depletion suppressed migration and inva-
sion, and vice versa. *P<0.05, **P<0.01 and ***P<0.001
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miR-149 expression was negatively correlated. 
We wonder whether circEIF3I could sponge 
miR-149. From loss of function experiments, 
we found that circEIF3I knockdown led to up- 
regulation of miR-149 while circEIF3I overex-
pression resulted in miR-149 downregulation 
(Figure 3E). Thus, circEIF3I served as a miR-
149 sponge. 

CircEIF3I regulated PTC progression through 
sponging miR-149

Firstly, we analyzed the function of miR-149 in 
PTC progression. We found that miR-149 over-
expression in TPC-1 and IHH4 cells inhibited 
the cell proliferation, colony formation, invasion 
and migration (Figure 4A-E), indicating that 
miR-149 suppressed PTC progression. We then 
overexpressed wild-type (WT) or mutant (Mut) 

circEIF3I in miR-149 overex-
pressing cells (Figure 4A). We 
found that WT-circEIF3I over-
expression significantly rever- 
sed the inhibitory effects of 
miR-149 on proliferation, col-
ony formation, migration and 
invasion (Figure 4B-E). How- 
ever, Mut-circEIF3I overexpre- 
ssion had no these roles (Fi- 
gure 4B-E). These results in- 
dicated that circEIF3I promot-
ed PTC progression through 
miR-149.

KIF2A was targeted by miR-
149

According to previous studies, 
miRNA binds to the 3’ UTR of 
mRNA and regulates mRNA 
expression [19]. Thus, we 
wonder whether miR-149 bin- 
ds to and regulates mRNA ex- 
pression in PTC tissues. We 
found that KIF2A gene was 
significantly overexpressed in 
PTC tissues (Figure 5A). Be- 
sides, its expression was neg-
atively correlated with miR-
149 and positively correlated 
with circEIF3I (Figure 5B). Th- 
rough binding motif predica-
tion, we found that miR-149 
may bind to KIF2A through 

Figure 3. MiR-149 expression and correlation with circEIF3I in PTC tissues. A. 
qRT-PCR showed that miR-149 was downregulated in PTC tissues compared 
to adjacent normal tissues. B. There was a reverse correlation between miR-
149 and circEIF3I in PTC tissues. C. The predicted binding site with miR-
149 and circEIF3I-Mut sequence was shown. D. Luciferase reporter assay 
showed that miR-149 overexpression suppressed the activity of circEIF3I-WT 
reporter. E. qRT-PCR analysis showed that circEIF3I overexpression inhibited 
miR-149 expression, and vice versa. **P<0.01 and ***P<0.001.

GAGCCAGA motif (Figure 5C). Luciferase assays 
showed that miR-149 overexpression inhibited 
KIF2A luciferase activity, while had no impact 
on the binding motif mutated KIF2A (Figure 
5D). All these results showed that miR-149 
could bind to the 3’ UTR of KIF2A mRNA. 

As we knew that circEIF3I sponged miR-149, 
and circEIF3I expression was positively cor- 
related with KIF2A expression. We analyzed 
KIF2A expression in circEIF3I knockdown cells. 
Results showed that circEIF3I knockdown led 
to downregulation of KIF2A expression (Figure 
5E and 5F). And this downregulation is mainly 
through miR-149 because miRNA inhibition re- 
sulted in increased KIF2A expression in cir-
cEIF3-silenced cells (Figure 5E and 5F). In the 
meanwhile, overexpression of circEIF3I in miR-
149 overexpressing cells led to KIF2A upregula-
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tion in PTC cells (Figure 5G and 5H). All these 
results showed that circEIF3I and miR-149 
formed an axis to regulate KIF2A expression. 

KIF2A reversed the roles of miR-149 in PTC

Next, we wondered whether KIF2A would re- 
verse the function of miR-149 in PTC, and wh- 
ether miR-149 suppressed PTC progression 
through KIF2A. We overexpressed KIF2A ex- 
pression in miR-149 overexpressing cells (Fi- 
gure 6A). We found that KIF2A overexpression 
rescued the proliferation, colony formation, in- 
vasion and migration defects resulted from 
miR-149 overexpression (Figure 6B-E). These 
results showed that miR-149 inhibited PTC pro-
gression through KIF2A.

In vivo effect of circEIF3I knockdown on PTC 
growth

All the above results told us that circEIF3I  
promoted PTC progression through miR-149/
KIF2A axis in vitro. We wanted to know whether 
circEIF3I promoted PTC progression in vivo. We 
knocked down circEIF3I and inhibited miR-149 
or overexpressed KIF2A in PTC cells. Then th- 
ese cells were injected into nude mice and 
tumor growth was monitored. The results sh- 
owed that circEIF3I silencing led to decreased 
tumor growth rate (Figure 7A) and smaller 
tumors (Figure 7B). However, miR-149 inhibi-
tion or KIF2A overexpression rescued the tu- 
mor volumes and weights (Figure 7A and 7B). 
Besides, in clinical patient samples, we also 

Figure 4. circEIF3I regulated PTC progression through sponging miR-149. A. qRT-PCR was used to analyze miR-149 
expression. B and C. CCK8 assay and colony formation assay showed that cellular proliferation was inhibited by miR-
149 overexpression and further reversed by circEIF3I-WT transfection in the meantime. D and E. Transwell assay 
was utilized to detect the ability of migration and invasion. **P<0.01.
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Figure 5. KIF2A was targeted by miR-149. A. qRT-PCR showed that KIF2A was upregulated in PTC tissues compared 
to adjacent normal tissues. B. There was a reverse correlation between miR-149 and KIF2A, and a positive correla-
tion between KIF2A and circEIF3I in PTC tissues. C. The predicted binding site with miR-149 and KIF2A-3’UTR-Mut 
sequence was shown. D. Luciferase reporter assay showed that miR-149 overexpression suppressed the activity 
of KIF2A-3’UTR-WT reporter. E and F. qRT-PCR and WB analysis showed that circEIF3I knockdown inhibited KIF2A 
expression. G and H. qRT-PCR and WB analysis showed that miR-149 overexpression inhibited KIF2A expression. 
**P<0.01 and ***P<0.001.

Figure 6. KIF2A reverses the roles of miR-149 in PTC. A. Relative expression of KIF2A was measured by qRT-PCR. 
B and C. CCK8 and colony formation assay was used to detect cellular proliferation. D and E. Transwell assay was 
utilized to analyze cell migration and invasion. **P<0.01.
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found that circEIF3I expression was positively 
correlated with the tumor size and clinical stage 
(Table 1). These results indicated that circEI- 
F3I promoted PTC progression in vivo through 
KIF2A.

Discussion

The past decades have witnessed the growing 
list of non-coding RNAs [20]. Among the non-

coding RNAs, circRNAs are discovered to be 
widespread and abundant [8]. With the devel-
opment of next-generation sequencing, people 
have found that circRNAs are expressed in a 
tissue-dependent manner [21]. Accumulating 
evidences indicate that circRNAs participate in 
many biological processes, including tumori-
genesis [22-24]. For example, circ0001649 is 
downregulated in liver cancer, and regulates 
liver cancer metastasis [25]. CircCCDC66 is 
overexpressed in colon cancer, and enhances 
colon cancer development [26]. Additionally, 
circ000284 was overexpressed in cervical can-
cer and promotes cervical progression [27]. 
These studies showed the important role of cir-
cRNAs in tumorigenesis. In this study, we want-
ed to explore the function of circRNAs in PTC 
progression, and found that circEIF3I was up- 
regulated in PTC, and promoted the progres-
sion of PTC both in vitro and in vivo.

Studies have shown that circRNAs display tis-
sue-specific expression patterns, and promote 
cancer progression. Yet, little is known about 
circRNAs function in PTC. With the purpose of 
studying circRNA functions in PTC. We conduct-
ed an unbiased analysis of circRNAs in PTC, 
and found that circEIF3I was overexpressed. In 
the meanwhile, circEIF3I expression was also 
correlated with the tumor size, metastasis and 
the malignant stages. All these data indicated 
that circEIF3I may serve as an oncogene to pro-
mote PTC progression. Then, overexpression 
experiments showed that circEIF3I overexpres-
sion significantly promoted the proliferation, 

Figure 7. In vivo effect of circEIF3I knockdown on PTC growth. A. Tumor volume was determined every one week. NC: 
negative control. Inhibitor: miR-149 inhibitors. oeKIF2A: overexpression of KIF2A. B. Tumor weight was measured 5 
week post injection. **P<0.01.

Table 1. Correlation between circEIF3I expression 
and clinicopathological characteristics in PTC 
samples

Clinicopathological 
charateristics

circEIF3I expression
p-valuelow 

(n=22)
high 

(n=26)
Age (Years) 0.771
    <45 8 11
    ≥45 14 15
Gender 0.401
    Male 9 14
    Female 13 12
Tumor size 0.041*
    ≤2 cm 14 8
    >2 cm 8 18
TNM staging 0.020*
    I+II 17 11
    III+IV 5 15
Lymph node metastasis 0.042*
    Yes 15 9
    No 7 17
*P<0.05 was considered as statistically significant. Chi-
square test was used.
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migration and invasion of PTC cells. In vivo 
experiments also showed that circEIF3I defi-
ciency suppressed PTC tumorigenesis. All these 
data demonstrated that circEIF3I functioned as 
an oncogene in PTC.

Abnormal expression of miRNAs has been re- 
ported to contribute to PTC progression [28]. 
For example, miR-199a-3p could down regulate 
MET expression to inhibit PTC cell migration 
and proliferation [29]. MiR-146b could promote 
PTC cell migration, invasion and contribute to 
chemotherapy resistance [30]. Studies have 
shown that circRNA can interact with miRNAs 
[31]. In this study, we found that circEIF3I bound 
to miR-149. CircEIF3I overexpression led to 
miR-149 downregulation. Further function stud-
ies proved that circEIF3I promoted PTC pro-
gression through miR-149. Thus, circEIF3I ser- 
ved as a miR-149 sponge to promote PTC 
progression. 

KIF2A was reported to function in microtube 
formation and brain development [32, 33]. 
Previous studies have shown that KIF2A regu-
lates the development of cancers, such as glio-
ma [34] and breast cancer progression [35]. 
Yet, no study has shown that KIF2A would  
function in PTC. In this study, we first demon-
strated that KIF2A promoted PTC progression. 
We found that that miR-149 inhibited KIF2A 
expression, and inhibited PTC progression th- 
rough KIF2A. As we know that circEIF3I pro- 
moted PTC progression through miR-149, while 
miR-149 inhibited PTC progression through 
KIF2A. Thus, circEIF3I promoted PTC progres-
sion through KIF2A, forming a critical circEIF3I/
miR-149/KIF2A axis in the regulation of PTC 
progression.

Overall, we discovered for the first time that  
circEIF3I was an oncogene, and promoted PTC 
progression. Besides, we also found that cir-
cEIF3I sponged miR-149 to promote KIF2A 
expression, leading to PTC progression. Be- 
sides, we demonstrated a critical circEIF3I/
miR-149/KIF2A axis in the regulation of PTC 
progression.
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