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miR-215-5p/TRIM44 Axis

Weilan Wang1,* 
Chengmin Huang1,* 
Peng Luo2 

Jiang Yao1 

Jie Li1 

Wenxia Wang1 

Fengqin Liu3

1Department of General Surgery, 
Changxing People’s Hospital, The Second 
Affiliated Hospital of Zhejiang University 
School of Medical Changxing Campus, 
Changxing, Zhejiang, People’s Republic of 
China; 2Department of Medical Research, 
Shanghai Topgen Biomedical Technology 
Co., Ltd., Shanghai, People’s Republic of 
China; 3Department of Ultrasound, 
Changxing People’s Hospital, The Second 
Affiliated Hospital of Zhejiang University 
School of Medical Changxing Campus, 
Changxing, Zhejiang, People’s Republic of 
China  

*These authors contributed equally to 
this work  

Purpose: This study was to explore the biological roles and underlying mechanism of 
circRNA WD repeat domain 27 (circWDR27).
Methods: The expression of circWDR27, microRNA-215-5p (miR-215-5p) and tripartite 
motif containing 44 (TRIM44) were measured by quantitative real-time polymerase chain 
reaction (qRT-PCR). 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
and colony formation assays were employed to detect cell proliferation. Flow cytometry 
was used to determine cell apoptosis and cell cycle distribution. Cell migration and invasion 
abilities were examined by wound healing and transwell assays. The protein levels of matrix 
metalloproteinase 2 (MMP2), MMP9 and TRIM44 were analyzed by Western blot assay. The 
relationship between miR-215-5p and circWDR27 or TRIM44 was predicted by bioinfor-
matics tools and confirmed using dual-luciferase reporter assay. Mouse xenograft model was 
established to examine the role of circWDR27 in vivo.
Results: CircWDR27 and TRIM44 were highly expressed while miR-215-5p was lowly 
expressed in PTC tissues and cells. Knockdown of circWDR27 suppressed cell proliferation 
and metastasis and induced cell cycle arrest and apoptosis in PTC cells. Moreover, miR-215- 
5p was a direct target of circWDR27, and its inhibition reversed the suppressive effect of 
circWDR27 knockdown on PTC cell progression. In addition, miR-215-5p directly targeted 
TRIM44, and miR-215-5p exerted its anti-cancer role in PTC cells by targeting TRIM44. 
Furthermore, circWDR27 positively regulated TRIM44 expression by sponging miR-215-5p. 
Importantly, knockdown of circWDR27 suppressed tumor growth in vivo by upregulating 
miR-215-5p and downregulating TRIM44.
Conclusion: CircWDR27 accelerates PTC progression via regulating miR-215-5p/TRIM44 
axis, providing a potential therapeutic target for PTC.
Keywords: papillary thyroid cancer, circWDR27, miR-215–5p, TRIM44

Introduction
Thyroid cancer (TC) is the most common endocrine malignant tumor worldwide, 
and its incidence has steadily increased in the past few decades.1 The global 
incidence rate of TC in women of 10.2 per 100,000 is 3 times higher than in 
men.2 Papillary thyroid cancer (PTC) accounts for 80–90% of all TC.3 Most 
patients with PTC have a generally good prognosis with the current therapeutic 
regimen, including surgical resection, radioactive iodine therapy, and thyroid hor-
mone suppression.4 Nevertheless, a small proportion of patients with PTC have 
poor prognosis due to large primary tumor, lymph node metastasis, and distant 
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metastasis.5 Hence, it is imperative to explore the patho-
genesis of PTC, and thus developing effective therapeutic 
targets to improve the clinical outcomes.

Circular RNAs (circRNAs), a novel type of noncoding 
RNA (ncRNA), have special closed-loop structures with-
out 5ʹ-cap and 3ʹ–end poly A tail, which make them more 
stable and resistant to RNase R.6 Increasing studies have 
demonstrated that circRNAs are widely involved in 
diverse physiological and pathological processes.7 

Moreover, dysregulation of circRNAs is correlated with 
the progression of many cancers, including PTC.8 For 
instance, circ_0067934 upregulation was correlated with 
poor prognosis and promoted PTC progression.9 

Moreover, hsa_circ_0058124 accelerated PTC tumorigen-
esis by regulating NOTCH3/GATAD2A axis.10 CircRNA 
WD repeat domain 27 (circWDR27, also known as hsa_-
circ_0078738) is derived from of WDR27 gene and 
located at chr6:170033042-170058454, and circWDR27 
is upregulated in PTC tissues.11 However, the exact roles 
and regulatory mechanism of circWDR27 in PTC remain 
largely unknown.

Many circRNAs have been demonstrated to contain 
several binding sites of microRNA (miRNA). Therefore, 
they can be used as RNA “sponges” to adsorb miRNAs, 
thereby protecting target genes from miRNA-mediated 
mRNA degradation through the mechanisms of competi-
tion for endogenous RNA (ceRNAs).12,13 In tumor 
research, circRNAs participate in tumor progression by 
sponging miRNAs to affect the expression of target 
genes.14,15 Recent researches revealed that miR-215–5p 
acted as a tumor suppressor in many cancers, including 
PTC.16–18 Moreover, tripartite motif containing 44 
(TRIM44) has been reported to play a carcinogenic role 
in PTC.19 Interestingly, online bioinformatics database 
showed that circWDR27 and TRIM44 had complementary 
binding sequence for miR-215-5p. Based on these find-
ings, we assumed the ceRNA network of circWDR27/ 
miR-215-5p/TRIM44 in PTC.

In this research, we analyzed the expression of 
circWDR27 in PTC tissues and cells. Functionally, we 
measured the impact of circWDR27 on cell growth, 
apoptosis, cell cycle, and metastasis. Mechanistically, 
we predicted and validated that the miR-215-5p/ 
TRIM44 axis was the downstream target of 
circWDR27. The aim of this study is to provide novel 
evidence for the development of clinical therapeutic stra-
tegies against PTC.

Materials and Methods
Specimen Collection
A total of 42 pairs of PTC tissues and adjacent normal 
tissues were obtained from patients who had undergone 
surgery at Changxing people’s hospital between 
January 2018 to June 2019. All samples were confirmed 
by pathological examination in our hospital. None of the 
patients with PTC received radiotherapy or any other 
treatment before the operation. All tissue specimens were 
timely snap-frozen in liquid nitrogen and then kept in 
a refrigerator at −80°C until RNA or protein extraction. 
Informed consents were obtained from all patients. This 
research was permitted by the Research Ethics Committee 
of Changxing people’s hospital, which was in accordance 
with the Declaration of Helsinki Principles.

Cell Culture and Transfection
Human thyroid follicular epithelial cells (Nthy-ori3-1) and 
human PTC cells (TPC-1 and IHH-4) were acquired from 
COBIOER (Nanjing, China). These cells were cultured in 
RPMI-1640 medium (Cat. No.SH30027.01, HyClone, 
Logan, UT, USA) containing 10% fetal bovine serum 
(FBS; Cat. No.10099141, Invitrogen, Carlsbad, CA, 
USA) at 37°C in an atmosphere of 5% CO2.

Small interfering RNA (siRNA) against circWDR27 
(si-circWDR27), miR-215-5p mimics (miR-215-5p), 
miR-215-5p inhibitor (anti-miR-215-5p), TRIM44 overex-
pression vector (TRIM44), and their matched controls (si- 
NC, miR-NC, anti-miR-NC, vector) were bought from 
Genecreat (Wuhan, China). Lentivirus-mediated short 
hairpin RNA (shRNA) targeting circWDR27 (sh- 
circWDR27) and corresponding control (sh-NC) were 
obtained from RiboBio (Guangzhou, China). The full- 
length sequence of TRIM44 was cloned into the 
pcDNA3.1 vector to obtain the overexpression vector for 
TRIM44. The sequences were as follows: si-circWDR27 
(5ʹ-AAAATAAACTCCTGTGTCCTA-3ʹ); si-NC (5ʹ- 
GCGCGATAGCGCGAATATA-3ʹ); miR-215-5p mimics 
(5ʹ-AAUGACCUAUGAAUUGACAGAC-3ʹ); miR-NC 
(5ʹ-ACUCUAUCUGCACGCUGACUU-3ʹ); miR-215-5p 
inhibitor (5ʹ-GUCUGUCAAUUCAUAGGUCAU-3ʹ); 
anti-miR-NC (5ʹ-CAGUACUUUUGUGUAGUACAA-3ʹ), 
sh-circWDR27 (5ʹ-CCGGGCCAAAATAAACTC 
CTGTGTCCTCGAGGACACAGGAGTTTATTTTGGCT-
TTTTG-3ʹ); (5ʹ-CCGGAACGAGTTCAACTCGTT 
ACCCTCGAGGTAACGAGTTGAACTCGTTTTTTTG- 
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3ʹ). Cell transfection was performed by using 
Lipofectamine 3000 (Cat.No.L3000015, Invitrogen).

RNA Isolation and Quantitative 
Real-Time Polymerase Chain Reaction 
(qRT-PCR)
Tissue samples or cells were subjected to TRIzol reagent 
(Cat. No, 5596-018, Invitrogen) to isolate total RNA. The 
complementary DNA (cDNA) was synthesized by 
PrimeScriptTM RT reagent Kit (Cat.No.RR037A, 
TaKaRa, Dalian, China) or miRNA cDNA synthesis kit 
(Cat.No.D350A, TaKaRa). Next, qRT-PCR was conducted 
with SYBR Green PCR Master Mix Kit (Cat.No.RR820W, 
TaKaRa) under the CFX96 Touch Real-Time PCR 
Detection System (Bio-Rad, Hercules, CA, USA). The 
expression of genes was analyzed with the 2−ΔΔCt method, 
followed by normalization to glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH; for circWDR27, WDR27 and 
TRIM44) or U6 (for miR-215-5p). The following primers 
were used: circWDR27 (sense, 5ʹ- 
GAACAGGACCGTGGAAGTGT-3ʹ; anti-sense, 5ʹ- 
GAGGTCGGTAGGACACAGGA-3ʹ); WDR27 (sense, 5ʹ- 
CTCCACTGTATCTGG 
GAATTGCC-3ʹ; anti-sense, 5ʹ-AACCAGGCGTTGGT 
CCTTCATG-3ʹ); miR-215-5p (sense, 5ʹ- 
GCCGAGATGACCTATGAAT-3ʹ; anti-sense, 5ʹ- 
CAGTGCGTGTCGTGGAGT-3ʹ); TRIM44 (sense, 5ʹ- 
GTGGACATCCAAGAGGCAAT-3ʹ; anti-sense, 5ʹ-AGCA 
AGCCTTCATGTGTCCT-3ʹ); GAPDH (sense, 5ʹ- 
GTCTCCTCTGACTTCAACAGCG-3ʹ; anti-sense, 5ʹ- 
ACCACCCTGTTGCTGTAGCCAA-3ʹ), U6 (sense, 5ʹ- 
CTCGCTTCGGCAGCACATATACT-3ʹ; anti-sense, 5ʹ- 
AACGCTTCACGAA 
TTTGCGT-3ʹ).

RNase R Treatment
RNase R (Cat.No.RNR07250, Epicentre Technologies, 
Madison, WI, USA) treatment was used to degrade linear 
RNA. In brief, total RNA (2 μg) was incubated with or 
without RNase R (3 U/μg) for 0.5 h at 37°C. After that, the 
treated RNA was used for qRT-PCR to examine the levels 
of circWDR27 and WDR27.

Subcellular Fractionation Location
Referring to manufacturer’s instructions, PARIS™ Kit 
(Cat.No.AM1921, Invitrogen) was used to isolate the 
RNA from cytosolic and nuclear fractions. The extracted 

RNAs from nuclear and cytosolic fractions were analyzed 
using the qRT-PCR analysis. U6 or GAPDH was func-
tioned as a nucleus control or cytoplasm control, 
respectively.

Cell Proliferation Assays
Cell viability was estimated by 3-(4,5-dimethylthiazol- 
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. 
Briefly, TPC-1 and IHH-4 cells were cultured in a 96– 
well plate. At different points after transfection, MTT 
reagent (Cat.No.ST316, Beyotime, Jiangsu, China) was 
added into per well and incubated for 3-4 h. After remov-
ing the medium, dimethyl sulfoxide (DMSO; Cat.No. 
ST038 150 μL, Beyotime) solution was added to each 
well. Finally, the absorbance at 570 nm wavelength was 
measured using a microplate reader (Bio-Rad).

For clone formation assay, transfected cells (PC-1 and 
IHH-4) were inoculated in a 6-well plate and then cultured 
for 2 weeks. Afterwards, cells were fixed by paraformal-
dehyde (Cat.No.P0099, Beyotime) for 0.5 h, and stained 
by crystal violet (Cat.No.C0121, Beyotime) for 2 
h. Finally, the number of colonies (>50 cells per colony) 
was counted by microscope (Leica, Wetzlar, Germany).

Flow Cytometry Analysis
For apoptosis analysis, Annexin V-fluorescein isothiocya-
nate (FITC)/propidium iodide (PI) apoptosis detection kit 
(Cat.No.KGA107, Keygen, Nanjing, China) was admini-
strated for the apoptosis detection. In brief, cells were 
collected and washed, and then incubated with Annexin 
V-FITC (10µL) and PI (5 µL). At last, flow cytometry (BD 
Biosciences, Franklin, NJ, USA) was used for measuring 
cell apoptosis.

For cell cycle determination, TPC-1 and IHH-4 cells 
were collected and fixed with ice-cold 70% ethanol (Cat. 
No.A500737, Sangon Biotech, Shanghai, China) at −20°C 
for 12 h. Next, the cells were collected and washed, 
followed by incubation with PI (Cat.No.A601112, 25 μg/ 
mL, Sangon Biotech) and 100 µg/mL RNase A (Cat.No. 
B600476, Sangon Biotech) for 15 min. At last, flow cyt-
ometer was applied to detect cell cycle distribution.

Wound Healing and Transwell Assays
Wound healing assay was performed to detect cell migra-
tion ability. In short, transfected cells (PC-1 and IHH-4) 
were cultured in 12-well plates. At ~80% confluence, cells 
were gently scratched with a sterile pipette tip (20 μL). 
Images were captured using a microscope (Leica, ×40) at 0 
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and 24 h after scratching. The distance of cell migration 
was measured using ImageJ software.

For transwell assay, transfected cells (PC-1 and IHH-4) 
in 0.2 mL serum-free medium were added to the top cham-
ber (Costar, Corning, NY, USA) with (invasion) or without 
(migration) Matrigel (BD Biosciences), and 0.6 mL DMEM 
medium with 10% FBS was added to the bottom chamber. 
The non-migrating/invading cells from the top surface of 
the insert were gently removed after 24 h incubation. And 
migrating/invading cells from the bottom side of the mem-
brane were fixed by paraformaldehyde (Beyotime) for 0.5 h, 
and stained by crystal violet (Beyotime) for 2 h. Then, the 
stained cells were counted and photographed with 
a microscope (Leica) at magnification of ×100.

Western Blot Assay
The proteins were extracted using RIPA lysis buffer (Cat. 
No.KGP702, Keygen) with 1% protease inhibitor phenyl-
methanesulfonyl fluoride (Cat.No.ST505, Beyotime). The 
proteins were added to 2 × loading buffer (Cat.No. 
P0015B, Beyotime) and denatured by heating at 100°C 
for 5 min, followed by quantification with BCA protein 
assay kit (Cat.No.ab102536, Abcam, Cambridge, UK). 
Total proteins (about 40 μg) were resolved by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE; Cat.No.P0670, Beyotime), and then electrophore-
tically transferred to 0.2 μM polyvinylidene fluoride 
(PVDF) membranes (Cat.No.FFP24, Beyotime). Then, 
the membranes were blocked in 5% non–fat milk (Cat. 
No.A600669, Sangon Biotech) for 1.5–2 h, followed by 
incubation with the appropriate primary antibody at 4°Cfor 
12–16 h. Afterwards, all membranes were maintained in 
secondary antibody (Cat.No.D110058, 1:4000, Sangon 
Biotech). Finally, the protein signals were analyzed using 
enhanced chemiluminescence kit (Cat.No.P1000, 
Applygen, Beijing, China). The primary antibodies were 
purchased from Abcam and listed as below: matrix metal-
loproteinase 2 (MMP2; Cat.No.ab235167, 1:1000), MMP9 
(Cat.No.ab38898, 1:1000), TRIM44 (Cat.No.ab236422, 
1:2000), β-actin (Cat.No.ab227387, 1:5000).

Dual-Luciferase Reporter Assay
The putative binding sites of miR-215-5p and circWDR27 
or TRIM44 were predicted by circinteractome or starBase 
v2.0. To construct wild-type (WT) luciferase reporter vec-
tor (circWDR27 WT or TRIM44 3ʹUTR WT), the frag-
ments of circWDR27 or TRIM44 3ʹUTR containing the 
predicted binding sites for miR-215-5p were synthesized 

and inserted into XhoI and NotI sites of the pmiR-RB- 
REPORT™ luciferase reporter vector (Cat.NoPMIR1001, 
RiboBio). To construct mutant (WT) luciferase reporter 
vector (circWDR27 MUT or TRIM44 3ʹUTR MUT), 
circWDR27 mutant sequence or TRIM44 3ʹUTR mutant 
sequence, in which several nucleotides were mutated 
within the miR-215-5p binding sites, was also inserted 
into the vector. MiR-215-5p or miR-NC and above repor-
ter plasmid (WT or MUT) were co-transfected into TPC-1 
and IHH-4 cells for 48 h. Next, dual–luciferase reporter 
assay system (Promega, Madison, WI, USA) was used for 
measuring the luciferase activity.

Tumor Formation Assay in vivo
BALB/c nude mice (female, n=12, 5–6 weeks old, weigh-
ing 18-25 g, Vital River Laboratory Animal, Inc., Beijing, 
China) were used for the in vivo tumor formation assay. 
TPC-1 cells (2 × 106) transiently transfected with sh-NC 
(as control) or sh-circWDR27 were injected into the right 
flank of nude mice (n=6/group). Tumor volume (V) was 
monitored and recorded via examining the width (W) and 
length (L) of tumors every 7 days and calculated according 
to the equation: V = L× W2/2. After 35 days of inocula-
tion, the mice were sacrificed, and subcutaneous tumors 
from sacrificed mice were removed for further testing. The 
in vivo experiments were approved by the Animal Care 
and Use Committee of Changxing people’s hospital and 
performed according to the guidelines for laboratory ani-
mal welfare (GB/T 35,892–2018).

Statistical Analysis
Graph Prism 6.0 software (GraphPad Prism, San Diego, 
CA, USA) was used for data analysis. Data were 
expressed as the mean ± standard deviation (SD) from at 
least three independent experiments. Statistical signifi-
cance was analyzed via Student’s t-test (for two groups) 
or a one-way analysis of variance (ANOVA; for multiple 
groups). Pearson’s correlation coefficient was employed to 
confirm the correlations among circWDR27, miR-215-5p, 
and TRIM44. For all comparisons, statistical significance 
was considered when P<0.05.

Results
CircWDR27 Was Upregulated in PTC 
Tissues and Cells
To explore whether the expression of circWDR27 was 
dysregulated in PTC, qRT-PCR was performed. As 
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displayed in Figure 1A, circWDR27 expression was 
obviously higher in PTC tissues than that in the corre-
sponding adjacent normal tissues. Similarly, circWDR27 
level was enhanced in PTC cells (TPC-1 and IHH-4) 
relative to Nthy-ori3-1 cells (Figure 1B). Next, the char-
acteristics of circWDR27 in PTC cells were analyzed. The 
data from qRT-PCR showed that circWDR27 was resistant 
to RNase R digestion (Figure 1C and D), suggesting the 
cyclic structure of circWDR27. Subsequently, the localiza-
tion of circWDR27 was examined in TPC-1 and IHH-4 
cells. As presented in Figure 1E and F, circWDR27 was 
predominantly located in the cytoplasm. These results 
indicated that circWDR27 was upregulated in PTC and 
had a loop structure.

Knockdown of circWDR27 Inhibited Cell 
Proliferation and Metastasis and Induced 
Apoptosis and Cell Cycle Arrest in PTC 
Cells
In order to figure out the precise role of circWDR27 in 
PTC, TPC-1 and IHH-4 cells were transfected with si-NC 
or si-circWDR27. The expression of circWDR27 was 
reduced in both TPC-1 and IHH-4 cells under the transfec-
tion of si-circWDR27 in comparison to that in those cells 
transfected with si-NC, but the mRNA expression of 
WDR27 was not affected by transfection of si- 
circWDR27 (Figure 2A and B). MTT assay showed that 
cell viability was reduced after knockdown of circWDR27 
in TPC-1 and IHH-4 cells (Figure 2C and D). Colony 
formation assay demonstrated that downregulation of 

circWDR27 decreased the number of colonies (Figure 
2E). Flow cytometry analysis showed silence of 
circWDR27 induced apoptosis of TPC-1 and IHH-4 
cells, and increased the proportions of TPC-1 and IHH-4 
cells in G0/G1 phase, while decreased the proportions of 
these cells in S phase, indicating that the cell cycle was 
arrested at the G0/G1 phase (Figure 2F–H). Wound heal-
ing assay showed that inhibition of circWDR27 reduced 
wound healing rate in TPC-1 and IHH-4 cells, suggesting 
that circWDR27 knockdown inhibited TPC-1 and IHH-4 
cell migration (Figure 2I and J). Meanwhile, transwell 
assay showed that interference of circWDR27 suppressed 
TPC-1 and IHH-4 cell migration and invasion (Figure 2K 
and L). MMP2 and MMP9 are believed to play important 
roles in PTC metastasis.20 Western blot assay indicated 
that knockdown of circWDR27 reduced the protein levels 
of MMP 2 and MMP 9 in TPC-1 and IHH-4 cells (Figure 
2M and N). Collectively, these data indicated that 
circWDR27 played a growth-promoting role in PTC 
development.

CircWDR27 Acted as a Sponge of 
miR-215-5p
It is well known that circRNAs can exert their functions 
through binding with their downstream miRNAs. Thus, we 
searched for the predicted target miRNAs of circWDR27 
using the circinteractome. As showed in Figure 3A, 
circWDR27 contained potential binding sites of miR- 
215-5p. Next, dual-luciferase reporter assay was con-
ducted to verify the targeting relationship between 
circWDR27 and miR-215-5p. Luciferase reporter assay 

Figure 1 CircWDR27 is overexpressed in PTC tissues and cells. (A and B) The expression of circWDR27 was detected by qRT-PCR in normal tissues (n=42), PTC tissues 
(n=42), Nthy-ori3-1 cells, and PTC cells (TPC-1 and IHH-4). (C and D) The expression levels of circWDR27 and WDR27 mRNA were determined by qRT-PCR in TPC-1 
and IHH-4 cells after treatment with RNase R. (E and F) The subcellular location of circWDR27 in TPC-1 and IHH-4 cells was determined by qRT-PCR. *P<0.05.
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results showed that TPC-1 and IHH-4 cells co-transfected 
with miR-215-5p and circWDR27 WT had lower lucifer-
ase activity than that of cells co-transfected with miR-NC 
and circWDR27 WT, however, no evident change on the 

luciferase activity was observed in cells transfected with 
a mutant circWDR27 binding sequence (Figure 3B and C). 
Subsequently, we measured the expression of miR-215-5p 
in PTC tissues and cells. As presented in Figure 3D and E, 

Figure 2 CircWDR27 silence inhibits cell proliferation and metastasis and promoted apoptosis and cell cycle arrest in PTC cells. TPC-1 and IHH-4 cells were transfected 
with si-NC or si-circWDR27. (A and B) The abundance of circWDR27 was measured by qRT-PCR. (C and D) MTT assay was performed to assess cell viability. (E) The 
number of colonies was calculated by clone formation assay. (F–H) Flow cytometry analysis was used to determine cell apoptosis and cell cycle distribution. (I and J) Wound 
healing assay was employed to assess cell migration ability (×40). (K and L) Transwell assay was utilized to evaluate cell migration and invasion capacities (×100). (M and N) 
Western blot assay was conducted to analyze the protein levels of MMP2 and MMP9. *P<0.05.
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the expression of miR-215-5p was reduced in PTC tissues 
and cells compared to normal tissues and cells. Moreover, 
we observed that the expression of circWDR27 was nega-
tively correlated with the level of miR-215-5p in PTC 
tissues (Figure 3F). Then, we investigated the impact of 
circWDR27 on miR-215-5p expression. As shown in 
Figure 3G, knockdown of circWDR27 promoted the 
expression of miR-215-5p in TPC-1 and IHH-4 cells. All 
these data indicated miR-215-5p was a target of 
circWDR27.

Downregulation of circWDR27 Inhibited 
PTC Cell Progression by Sponging 
miR-215-5p
Based on the above findings, we speculated that 
circWDR27 knockdown inhibited PTC cell progression 
via regulating miR-215-5p. To validate this hypothesis, 
TPC-1 and IHH-4 cells were transfected with si-NC, si- 
circWDR27, si-circWDR27 + anti-miR-NC, or si- 
circWDR27 + anti-miR-215-5p. The expression of miR- 
215-5p was increased by knockdown of circWDR27, 
which was reversed by downregulating miR-215-5p 
(Figure 4A). Moreover, the inhibitory effects of 

circWDR27 silence on cell viability and colony formation 
were abolished by inhibition of miR-215-5p (Figure 4B– 
D). In addition, silence of miR-215-5p weakened si- 
circWDR27-induced apoptosis in TPC-1 and IHH-4 cells 
(Figure 4E). Furthermore, knockdown of miR-215-5p 
could reverse circWDR27 silence-mediated promotion of 
G0/G1 phase cells and reduction of S phase cells (Figure 
4F and G). Besides, miR-215-5p interference abated the 
anti-migration and anti-invasion effects caused by knock-
down of circWDR27 in TPC-1 and IHH-4 cells (Figure 
4H–J). Meanwhile, the suppressive effect of si- 
circWDR27 on MMP2 and MMP9 protein expression 
was abated by downregulation of miR-215-5p (Figure 4K 
and L). Taken together, these findings implied that 
circWDR27 exerted its tumor oncogenic roles through 
regulating miR-215-5p.

TRIM44 Was a Direct Target of miR-215- 
5p
To further elucidate the mechanism of miR-215-5p, 
target prediction was performed. By searching online 
software (starBase v2.0), TRIM44 was predicted as 
a potential target gene of miR-215-5p (Figure 5A). 
Next, the targeting relationship between TRIM44 and 

Figure 3 CircWDR27 is a sponge for miR-215-5p in PTC cells. (A) The putative targeting sites of circWDR27 and miR-215-5p were predicted by circinteractome. (B and 
C) TPC-1 and IHH-4 cells were co-transfected with miR-215-5p or miR-NC and circWDR27 WT or circWDR27 MUT for 48 h, and the luciferase activity was detected by 
dual-luciferase reporter assay. (D and E) The abundance of miR-215-5p was measured by qRT-PCR in normal tissues (n=42), PTC tissues (n=42), Nthy-ori3-1 cells, and PTC 
cells (TPC-1 and IHH-4). (F) The correlation between circWDR27 and miR-215-5p expression was confirmed in PTC tissues. (G) The level of miR-215-5p was determined 
by qRT-PCR in TPC-1 and IHH-4 cells transfected with si-NC or si-circWDR27. *P<0.05.
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miR-215-5p was identified using the dual-luciferase 
reporter assay. The result revealed that overexpression 
of miR-215-5p suppressed the luciferase activity of 
TRIM44 3ʹUTR WT, whereas the luciferase activity of 
TRIM44 3ʹUTR MUT was not evidently affected by 
upregulating miR-215-5p (Figure 5B and C). 
Moreover, the expression of TRIM44 in PTC tissues 
and cells was examined. We found that the mRNA 
and protein expression of TRIM44 were both increased 
in PTC tissues relative to normal tissues (Figure 5D and 
E). Likewise, high mRNA and protein expression of 
TRIM44 were observed in PTC cells (TPC-1 and 
IHH-4) compared to Nthy-ori3-1 cells (Figure 5F and 
G). And we found that miR-215-5p expression was 
negatively correlated with TRIM44 mRNA level in 

PTC tissues (Figure 5H). Overexpression efficiency of 
miR-215-5p was validated by qRT-PCR (Figure 5I). 
Subsequently, the influence of miR-215-5p on the 
expression of TRIM44 was explored. As illustrated in 
Figure 5J and K, overexpression of miR-215-5p inhib-
ited TRIM44 mRNA and protein levels in TPC-1 and 
IHH-4 cells. Furthermore, circWDR27 expression was 
positively correlated with TRIM44 mRNA expression 
in PTC tissues (Figure 5L). Next, we explored whether 
circWDR27 acted as a sponge of miR-215-5p to regu-
late TRIM44 in PTC cells. Results showed that 
circWDR27 interference reduced the mRNA and pro-
tein expression of TRIM44 in TPC-1 and IHH-4 cells, 
which was restored by knockdown of miR-215-5p 
(Figure 5M and N), indicating that circWDR27 

Figure 4 Knockdown of circWDR27 represses PTC cell progression by upregulating miR-215-5p. TPC-1 and IHH-4 cells were transfected with si-NC, si-circWDR27, si- 
circWDR27 + anti-miR-NC, or si-circWDR27 + anti-miR-215-5p. (A) The expression of miR-215-5p was examined by qRT-PCR. (B and C) MTT assay was conducted to 
assess cell viability. (D) Colony formation assay was performed to evaluate colony formation ability. (E–G) Flow cytometry analysis was employed to determine apoptosis 
rate and cell cycle distribution. (H–J) Wound healing assay and transwell assay were utilized to assess cell migration and invasion capacities. (K and L) The protein levels of 
MMP2 and MMP9 were detected by Western blot assay. *P<0.05.
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positively regulated TRIM44 expression via sponging 
miR-215-5p.

Overexpression of miR-215-5p 
Suppressed PTC Cell Progression by 
Targeting TRIM44
To investigate whether TRIM44 was involved in miR- 
215-5p-mediated functions in PTC cells, TPC-1 and IHH- 
4 cells were transfected with miR-NC, miR-215-5p, miR- 
215-5p + vector, or miR-215-5p +TRIM44. The protein 
expression of TRIM44 was reduced by overexpressing 

miR-215-5p, which was rescued by upregulating 
TRIM44 (Figure 6A). Moreover, overexpression of 
miR-215-5p decreased cell viability and colony forma-
tion and induced cell apoptosis and cell cycle arrest at 
G0/G1 phase, while these effects were reversed by eleva-
tion of TRIM44 (Figure 6B–G). In addition, enforced 
expression of miR-215-5p suppressed cell migration and 
invasion, which was reversed by upregulating TRIM44 
(Figure 6H–J). Western blot assay showed that MMP2 
and MMP9 protein levels were decreased by transfection 
with miR-215-5p, which could be abolished by overex-
pression of TRIM44 (Figure 6K and L). Taken together, 

Figure 5 TRIM44 is a downstream target of miR-215-5p in PTC cells. (A) The putative binding sites between TRIM44 and miR-215-5p were predicted by starBase v2.0. 
(B and C) Dual-luciferase reporter assay was performed for measuring the luciferase activity in TPC-1 and IHH-4 cells co-transfected with miR-215-5p or miR-NC and 
TRIM44 3ʹUTR WT or TRIM44 3ʹUTR MUT. (D–G) The mRNA and protein levels of TRIM44 in normal tissues (n=42), PTC tissues (n=42), Nthy-ori3-1 cells, and PTC cells 
(TPC-1 and IHH-4) were tested by qRT-PCR and Western blot analyses, respectively. (H) The correlation between TRIM44 mRNA expression and miR-215-5p expression 
was analyzed in PTC tissues. (I and J) The expression levels of miR-215-5p and TRIM44 were detected by qRT-PCR in TPC-1 and IHH-4 cells transfected with miR-215-5p or 
miR-NC. (K) Western blot assay was carried out to analyze the protein expression of TRIM44 in TPC-1 and IHH-4 cells transfected with miR-215-5p or miR-NC. (L) The 
correlation between TRIM44 mRNA level and circWDR27 expression was determined in PTC tissues. (M and N) The mRNA and protein levels of TRIM44 were measured 
by qRT-PCR and Western blot analyses, respectively, in TPC-1 and IHH-4 cells transfected with si-NC, si-circWDR27, si-circWDR27 + anti-miR-NC, or si-circWDR27 + 
anti-miR-215-5p. *P<0.05.

OncoTargets and Therapy 2021:14                                                                                                 https://doi.org/10.2147/OTT.S290270                                                                                                                                                                                                                       

DovePress                                                                                                                       
3289

Dovepress                                                                                                                                                            Wang et al

https://www.dovepress.com
https://www.dovepress.com


these findings demonstrated that miR-215-5p exerted its 
anti-cancer role in PTC cells via downregulating 
TRIM44.

Interference of circWDR27 Repressed 
Tumor Growth in vivo
Next, we explored the effect of circWDR27 on PTC 
in vivo, sh-NC or sh-circWDR27-transfected TPC-1 cells 
were injected into the flank of nude mice. Results showed 
that tumor volume and weight in the sh-circWDR27 group 
were smaller than those in sh-NC group (Figure 7A and 
B). The images of tumor tissues were presented in Figure 
7C. Moreover, circWDR27 inhibition decreased the 

expression of circWDR27 and increased the expression 
of miR-215-5p in excised tumor tissues (Figure 7D and 
E). Furthermore, silencing circWDR27 reduced the protein 
level of TRIM44 in tumor tissues (Figure 7F). Altogether, 
these data proved that circWDR27 knockdown limited 
tumor growth via upregulating miR-215-5p and downre-
gulating TRIM44.

Discussion
Understanding the critical functions and underlying 
mechanisms of circRNAs is becoming a novel focus in 
cancer research.21 However, few circRNAs have been well 
characterized in terms of function and mechanism in PTC. 
Herein, we found that circWDR27 accelerated cell 

Figure 6 Restoration of miR-215-5p inhibits PTC cell progression by targeting TRIM44. TPC-1 and IHH-4 cells were transfected with miR-NC, miR-215-5p, miR-215-5p + 
vector, or miR-215-5p +TRIM44. (A) TRIM44 protein expression was analyzed by Western blot assay. (B–D) MTT and colony formation assays were employed to determine 
cell proliferation ability. (E–G) Cell apoptosis and cell cycle distribution were examined using flow cytometry analysis. (H–J) Cell migration and invasion abilities were 
measured by wound healing and transwell assays. (K and L) Western blot assay was performed to detect the protein levels of MMP2 and MMP9. *P<0.05.
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proliferation and metastasis and induced apoptosis and cell 
cycle arrest in PTC. Mechanistically, circWDR27 served 
as as a ceRNA for miR-215-5p to upregulate TRIM44 
expression in PTC.

A large number of studies have shown that circRNAs 
are considered as promising biomarkers for the diagnosis 
and prognosis of a variety of cancers due to their abundance 
and stability in plasma and tissues.22 Previous studies have 
shown that several circRNAs participate in regulating cell 
phenotypes of PTC cells through different pathways. For 
example, inhibition of circBACH decreased PTC cell 
growth and metastasis through sponging miR-139-5p and 
downregulating LMO4.23 Moreover, circ-ITCH upregula-
tion suppresses the proliferation and invasion and acceler-
ated cell apoptosis in PTC cells via modulating miR-22-3p/ 
CBL/β-catenin pathway.24 Although circWDR27 has been 
reported to be highly expressed in PTC tissues, the biologi-
cal role of circWDR27 in PTC has not been elucidated.11 In 
this research, we also observed that circWDR27 level was 
elevated in PTC tissues and cells. Further functional experi-
ments showed that circWDR27 downregulation inhibited 
the progression of PTC. These findings revealed that 
circWDR27 acted as an oncogene in PTC.

CircRNAs are well known to function as miRNA 
sponges and cause the loss of miRNA functions, thereby 
further promoting the expression of their target genes.25 To 
explore whether circWDR27 regulate PTC progression via 
sponging miRNAs, bioinformatics analysis was used. The 
results demonstrated that miR-215-5p was a direct target 
of circWDR27. MiR-215-5p has been suggested to act as 
a tumor-suppressive miRNA in multiple tumors. For 

example, miR-215-5p upregulation limited growth and 
migration of colorectal cancer cells.26 Moreover, miR- 
215-5p inhibited prostate cancer metastasis through regu-
lating PGK1.27 More importantly, miR-215 was reported 
to be downregulated in PTC cells and tissues, and enforced 
expression of miR-215 repressed PTC cell proliferation 
and metastasis by targeting ARFGEF1 and regulating 
AKT/GSK-3β/Snail signaling.18 Our study revealed that 
miR-215-5p silence abated the influence of si-circWDR27 
on cell proliferation, apoptosis, cell cycle, and metastasis. 
Consequently, circWDR27 promoted PTC cell progression 
by decreasing miR-215-5p expression.

The downstream targets of miR-215-5p were also 
detected. Our results showed that miR-215-5p could 
directly bind with TRIM44. Previous studies have revealed 
that TRIM44 plays key roles in various physiological pro-
cesses, including cell growth, migration, autophagy, apop-
tosis, and innate immunity.28,29 Moreover, TRIM44 acts as 
a tumor promoter in diverse cancers, including lung 
cancer,30 esophageal cancer,31 and gastric carcinoma.28 

Additionally, TRIM44 has been shown to be overexpressed 
in PTC tissues and cells, and TRIM44 inhibition can 
restrain the proliferation and invasion in PTC cells via 
suppressing the Wnt/β-catenin signaling pathway.19 In line 
with this research, TRIM44 overexpression could abolish 
the anti-cancer role of miR-215-5p in PTC cells, implying 
the tumorigenic role of TRIM44.

Conclusion
In conclusion, knockdown of circWDR27 could inhibit 
PTC progression via modulating miR-215-5p/TRIM44 

Figure 7 Silence of circWDR27 inhibits tumor growth in vivo. TPC-1 cells transfected with sh-NC or sh-circWDR27 were inoculated subcutaneously into nude mice to 
establish mice xenograft model (n=6/group). (A and B) Tumor volume and weight were determined. (C) Representative images of xenograft tumors were presented. (D and 
E) The expression levels of circWDR27 and miR-215-5p were detected by qRT-PCR in tumor tissues. (F) Western blot assay was carried out to measure the protein 
expression of TRIM44 in collected tumor tissues. *P<0.05.
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axis, indicating that targeting the circWDR27/miR-215-5p/ 
TRIM44 axis might be a new therapeutic strategy for PTC. 
Moreover, our study is the first to identify the role of 
circWDR27, which may provide an effective biomarker 
for diagnosis and prognosis of PTC.

Highlights
● CircWDR27 is upregulated in PTC tissues and cells.
● CircWDR27 silence suppresses the progression of PTC 

by increasing miR-215-5p expression.
● MiR-215-5p exerts the anti-cancer role in PTC cells by 

decreasing TRIM44 expression.
● CircWDR27 acts as a miR-215-5p sponge to regulate 

TRIM44 expression.
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