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Background: The role of circular RNA (circRNA) in papillary thyroid cancer (PTC) is

largely unknown. This study aims to determine the function and mechanism of circPRMT5

in the regulation of PTC development.

Methods: PTC tissues and cell lines were used to determine circPRMT5 expression via

quantitative real-time polymerase chain reaction. Small interfering RNA (siRNA) was

utilized to knock down circPRMT5. Proliferation was analyzed through CCK8 and colony

formation assays. Transwell assay was performed to determine cell migration and invasion.

Luciferase assay and RIP assay were carried out to analyze the interaction between

circPRMT5 and miR-30c.

Results: CircPRMT5 expression was upregulated in PTC tissues and cell lines. And

circPRMT5 level was positively linked with advanced stage and lymph node metastasis.

CircPRMT5 knockdown inhibited proliferation, migration and invasion while inducing

apoptosis. CircPRMT5 worked as a competing endogenous RNA for miR-30c. By inhibiting

miR-30c, circPRMT5 promoted the expression of E2F3.

Conclusion: Our findings demonstrate that circPRMT5 acts as an oncogenic circRNA to

promote PTC progression via regulating miR-30c/E2F3 axis.
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Introduction
Thyroid cancer is a very common malignancy worldwide and its incidence has

increased quickly in the past years.1 Papillary thyroid cancer (PTC) is the most

common type among thyroid cancer patients and accounts for about 85%.2

Although the prognosis of PTC is usually good and it has a high overall survival,

it still impairs the quality of patients because of metastatic potential.3 Notably, the

survival rate of PTC patients with advanced stages is under 60%.4 Thus, there is

still an urgent requirement to determine novel therapeutic targets for improving the

intervention efficiency.

Circular RNA (circRNA) is a new type of noncoding RNAs and characterized by

a covalently closed loop.5 circRNA is formed by back-splicing and very stable.6

Increasing evidences show that circRNA has very important functions in tumorigen-

esis, including PTC.7 Aberrant expression of circRNA may lead to development of

several cancers. For example, circRNA_104433 is involved in the regulation of gastric

cancer proliferation via inhibiting miR-497-5p.8 CircRNA circHUWE1 knockdown

inhibits growth and metastasis of colorectal cancer cells through targeting miR-486.9
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circRIP2 promotes bladder cancer cell proliferation, migra-

tion and invasion by regulating miR-1305/Tgf-β2/smad3

axis.10 In addition, hsa_circ_001680 regulates growth and

metastasis in colorectal cancer cells and affects chemoresis-

tance through miR-340/BMI1 axis.11 However, how

circRNA dysregulation affects PTC development remains

undefined.

CircPRMT5 was reported to increase invasion of blad-

der cancer and promote epithelial-mesenchymal transition

through targeting miR-30c.12 Besides, circPRMT5 also

increases growth of colorectal cancer cells.13 Whether

circPRMT5 exerts a role in PTC remains elusive. In this

study, we found that circPRMT5 was upregulated in PTC

tissues and circPRMT5 knockdown inhibited proliferation

and metastasis of PTC cells. We found that circPRMT5 is

a competing endogenous RNA (ceRNA) for miR-30c and

activates E2F3 expression. Rescue assays demonstrated

the roles of circPRMT5/miR-30c/E2F3 axis in PTC.

Summarily, our finding reveals the novel function of

circPRMT5 in PTC and suggests circPRMT5 may be

a potential therapeutic target.

Materials and Methods
Patient Tissue
55 PTC tissues and adjacent normal controls were

obtained from Wenling First People’s Hospital. This

study was approved by the Ethics Committee of Wenling

First People’s Hospital and all experiments were con-

ducted in accordance with the Declaration of Helsinki.

All tissues were stored in liquid nitrogen until use.

Written informed consents were obtained from patients.

Cell Culture and Transfection
PTC cell lines (K1, TPC-1, IHH4 and BCPAP cells) and

the human thyroid normal cell line Nthy-ori 3–1 were

from ATCC (Manassas, VA, USA) and cultured using

RPMI 1640 (Invitrogen, CA, USA) containing 10% fetal

bovine serum (FBS; Invitrogen, CA, USA), 100 U/mL

penicillin, and 100 μg/mL streptomycin. siRNAs,

miR-30c mimics, miR-30c inhibitors and corresponding

negative controls were obtained from GenePharma. Cell

transfection was carried out using Lipofectamine 3000

(Invitrogen, CA, USA) at the concentration of 100 nM.

After 48 h of transfection, the transfection efficiency was

measured by qRT-PCR and cells were then used for

experiments.

qRT-PCR
Total RNA was purified using TRIzol reagent (Invitrogen)

according to the manufacturer’s instructions. RNA was

reverse-transcribed into cDNA by a Prime Script RT

Reagent Kit (Takara, Dalian, China). And qPCR was con-

ducted with SYBR Premix Ex Taq (Takara). U6 or GAPDH

was used as an internal control. The expression of

circPRMT5 was normalized to GAPDH and calculated

according to the 2−ΔΔCt method. The primer sequences

were listed: circPRMT5 (5ʹ-CCACTGTACTCCTCTGTG

TGT-3ʹ and 5ʹ-CCACTGTACTCCTCTGTGTGT-3ʹ), miR-

30c (5ʹ-ACCATGCTGTAGTGTGTGTAAACA-3ʹ and 5ʹ-

TCCATGGCAGAAGGAGTAAA-3ʹ), E2F3 (5ʹ-TGACCC

AAT GGTAGGCACAT-3ʹ and 5ʹ-CATCTAGGACCACAC

CGACA-3ʹ) and GAPDH (5ʹ-TGCACCACCAACTGCTT

AGC-3ʹ and 5ʹ-GGCATGGACTGTGGTCATGAG-3ʹ).

Cell Viability Assay
Transfected cells were plated into the 96-well plate and

cultured for 24h, 48h and 72h, followed by treated with

10μL CCK8 solution for 2h according to the manufac-

turer’s instructions. Absorbance at 450 nm was determined

by a microplate reader (BioTek Instruments, Winooski,

VT, USA).

Colony Formation Assay
500 cells were plated into the 6-well plate and cultured

using complete medium (10% FBS) for 14 days. Then

cells were fixed with 75% ethanol for 1 h, followed by

staining with 0.2% crystal violet for 1 h. Colony number

was finally counted.

Transwell Assay
Migration and invasion were measured using transwell

assay by 8 μm pore transwell chambers either without

Matrigel (for migration assays) or with Matrigel (for inva-

sion assays).14 For cell culture, the upper chamber was

filled with serum-free medium and the lower chamber was

filled with complete medium (10% of FBS).

RNA Immunoprecipitation (RIP) Assay
RIP assay was performed using the Magna RIP kit

(Millipore, Bedford, MA, USA) according to the manu-

facturer’s protocol. Briefly, cell lysate was incubated with

protein A/G magnetic beads conjugated IgG or Ago2 anti-

body (Millipore, Billerica, MA, USA) overnight. Then

enrichment fold was analyzed by qRT-PCR.
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Dual-Luciferase Reporter Assay
Luciferase reporter vectors were constructed as previously

described.12 For luciferase reporter assay, reporter vector

and miR-30c mimics were co-transfected into cells for 48

h. Then luciferase activities were measured using the

Dual-Luciferase Reporter Assay System (Promega, WI,

USA) according to the manufacturer’s instructions.

Statistical Analysis
Results were analyzed using PSS ver. 19.0 (SPSS, Chicago,

IL, USA) and expressed as s the mean ± SD. One-way

ANOVA or Student’s t-test was performed for comparisons.

P < 0.05 was considered as statistically significant.

Results
CircPRMT5 Is Upregulated in PTC

Tissues
We first analyzed circPRMT5 expression and found that

circPRMT5 level was increased in PTC tissues compared

with adjacent normal tissues (Figure 1A). Moreover,

circPRMT5 expression was positively correlated with

AJCC stage and metastasis in PTC tissues (Figure 1B

and C). In consistent, we found that circPRMT5 expres-

sion was also upregulated in PTC cell lines (Figure 1D).

Effects of CircPRMT5 Knockdown on

PTC Cells
To analyze the possible function of circPRMT5, we used

siRNA to knock down circPRMT5 in K1 and TPC-1 cells

(Figure 2A). Notably, circPRMT5 knockdown did not

affect the expression of PRMT5 (Figure 2A). Then,

CCK8 assay was performed. As shown, circPRMT5

knockdown attenuated the proliferation of K1 and TPC1

cells (Figure 2B). CircPRMT5 knockdown also reduced

the colony numbers (Figure 2C). To confirm the correla-

tion between circPRMT5 expression and metastasis, we

performed transwell assay. The results showed that

circPRMT5 knockdown decreased the migrated and

invaded cell numbers (Figure 2D and E). Interestingly,

we also observed that circPRMT5 knockdown induced

Figure 1 CircPRMT5 is upregulated in PTC tissues. (A) Relative expression of circPRMT5 in 51 PTC tissues and adjacent normal controls. (B) Relative expression of

circPRMT5 in PTC tissues with different AJCC stages. (C) CircPRMT5 was upregulated in metastatic PTC tissues. (D) Relative expression of circPRMT5 in PTC cell lines by

qRT-PCR. *p<0.05.
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apoptosis (Figure 2F) as the activity of Caspase3 was

increased after circPRMT5 depletion. Thus, circPRMT5

knockdown prevents PTC proliferation, migration and

invasion.

CircPRMT5 Promotes E2F3 Expression

via Targeting miR-30c
Previously, circPRMT5 was shown to sponge miR-30c in

bladder cancer.12 Through luciferase reporter assay, we

also found that miR-30c mimics inhibited the activity of

circPRMT5-WT vector (Figure 3A and B), indicating

that circPRMT5 also sponges miR-30c in PTC cells.

Moreover, through RIP assay, we found that

circPRMT5 interacted with miR-30c in K1 and TPC-1

cells (Figure 3C and D). CircPRMT5 knockdown also

upregulated miR-30c levels in PTC cells (Figure 3E). We

then analyzed the target gene of miR-30c via

TargetScan7 tool. We found that E2F3 is the most poten-

tial target. We then designed E2F3 luciferase reporter

vectors (Figure 3F). We found that miR-30c mimics

inhibited the activity of E2F3-WT vector (Figure 3G

and H). Furthermore, miR-30c mimics inhibited the

expression of E2F3 in K1 and TPC-1 cells (Figure 3I).

Notably, circPRMT5 knockdown also inhibited E2F3

expression while miR-30c inhibitors reversed it

(Figure 3J), suggesting a circPRMT5/miR-30c/E2F3 reg-

ulatory axis in PTC.

CircPRMT5 Promotes PTC Progression

via Targeting miR-30c/E2F3 Axis
We observed that miR-30c expression was negatively cor-

related with circPRMT5 and E2F3 in PTC tissues (Figure

4A and B). To determine whether circPRMT5 relied on

miR-30cE2F3 axis to affect PTC progression, we per-

formed rescue assays. CCK8 assay showed that miR-30c

inhibitors or E2F3 overexpression reversed proliferation of

circPRMT5-silenced cells (Figure 4C). We also observed

similar results of apoptosis, migration and invasion (Figure

4D–F). Therefore, circPRMT5 contributes to PTC devel-

opment relying on miR-30c/E2F3 signaling.

Discussion
The incidence of PTC is growing gradually during the past

decade. Many PTC patients with tumor metastasis show

poor prognosis. The mechanism regulating PTC severity

remains elusive. CircRNA dysregulation has been

Figure 2 Effects of circPRMT5 knockdown on PTC cells. (A) Relative expression of circPRMT5 and PRMT5 after circPRMT5 silencing. (B and C) CCK8 assay and colony

formation assay were performed to test cell proliferation. (D and E) Cell migration and invasion were reduced after circPRMT5 silencing by transwell assay. (F) CircPRMT5

knockdown increased the activity of Caspase-3. *p<0.05.
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demonstrated to participate in cancer development. In our

study, we showed that circPRMT5 expression was upre-

gulated in PTC tissues and correlated with metastasis. We

found that circPRMT5 downregulation attenuated the

growth and metastasis of PTC cells. We also showed that

circPRMT5 is a ceRNA for miR-30c to upregulate E2F3

expression.

Growing studies have indicated that circRNA act as

a crucial role in cancers, including PTC development.14 For

instance, hsa_circ_0039411 initiates PTC development and

enhances cancer cell metastasis via miR-1179/ABCA9 axis

and miR-1205/MTA1 axis.15 CircRNA circBACH2 upregu-

lation enhances proliferation, migration and invasion of PTC

cells through targeting miR-139 to regulate LMO4 level.16

Besides, circ_0025033 is upregulated in PTC tissues and

positively correlated with tumor growth and invasion by

inhibiting both miR-1231 and miR-1304.17 CircPRMT5

was involved in bladder cancer and colon cancer.12,13

However, whether circPRMT5 regulates PTC needs investi-

gation. In this work, we found that circPRMT5 was upregu-

lated in PTC tissues and cell lines. Moreover, circPRMT5

downregulation suppressed proliferation, migration and

invasion of PTC cells. Our results indicate circPRMT5 is

an oncogene in PTC. Moreover, we found that circPRMT5

was upregulated in PTC tissues. CircPRMT5 expression

levels were positively correlated with AJCC stage and

lymph node metastasis, suggesting that circPRMT5 may

have potential clinical roles.

CircRNA has been demonstrated to be important sponges

for miRNA.18 For example, hsa_circ_0060060 is reported to

sponge miR-144-3p to regulate thyroid cancer cisplatin-

resistance.19 CircRNA circ-ITCH is found to target miR-22-

3p and suppress PTC aggravation.20 CircPRMT5 is also

demonstrated to inhibit miR-30c and miR-377.12,13 In our

study, we also validated that miR-30c was sponged by

circPRMT5.Wedemonstrated their direct interaction through

luciferase reporter assay and RIP assay. Moreover, we

showed that circPRMT5 expression was reversely correlated

with miR-30c in PTC tissues. MiR-30c has been proven as

a key regulator in cancers, such as non-small cell lung cancer,

endometrial cancer and hepatocellular carcinoma.21–23

However, how miR-30c affects PTC progression is unde-

fined.We showed that miR-30c inhibitors reversed the effects

of circPRMT5 knockdown. Our findings demonstrated that

Figure 3 CircPRMT5 promotes E2F3 expression via targeting miR-30c. (A and B) Luciferase reporter assay showed that miR-30c mimic inhibited the activity of circPRMT5-

WT reporter vector. (C and D) RIP assay showed that circPRMT5 interacted with miR-30c. (E) miR-30c expression was upregulated after circPRMT5 knockdown. (F) The
binding site of miR-30c in E2F3 was predicted by TargetScan7. (G and H) Luciferase reporter assay showed that miR-30c mimic inhibited the activity of E2F3-WT reporter

vector. (I) miR-30c mimics suppressed E2F3 expression. (J) qRT-PCR analysis showed that E2F3 expression was regulated by circPRMT5/miR-30c axis. *p<0.05.
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miR-30c is suppressed by circPRMT5 and works as anti-

tumor roles.

CircRNA-miRNA-mRNA interactions have been

widely validated in tumor development.24 Through

TargetScan prediction, we identified that E2F3 is the

most potential target of miR-30c. We also confirmed

their interaction via luciferase reporter assay. Moreover,

we showed that E2F3 expression was inhibited by either

circPRMT5 silencing or miR-30c mimics. And miR-30c

inhibitors promoted E2F3 expression in circPRMT5-

depleted PTC cells. E2F3 is a crucial oncogene in sev-

eral tumors. For instance, E2F3 promotes proliferation,

migration and invasion in nasopharyngeal cancer.25 E2F3

collaborates with NF-κB pathway to aggravate bladder

cancer.26 Additionally, E2F3 also promotes ovarian can-

cer growth and chemo-sensitivity.27 Nevertheless, E2F3

function in PTC is not clear. In our study, we found that

E2F3 overexpression restored the abilities of prolifera-

tion, migration and invasion in circPRMT5-depleted

cells. Thus, E2F3 is an oncogene in PTC.

Conclusively, our findings showed that circPRMT5

promotes PTC progression through targeting miR-30c/

E2F3 pathway. And circPRMT5/miR-30c/E2F3 axis may

be a novel therapeutic target for PTC intervention.

Disclosure
The authors report no conflicts of interest in this work.
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