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Background: Aberrant expression of microRNAs (miRNAs) is closely involved in cancer 

development. Downregulation of miR-29a-3p and its tumor suppressive roles in cancer have 

been revealed by multiple reporters. However, study of its expression pattern and function in 

papillary thyroid carcinoma (PTC) is rare.

Materials and methods: The expression of miR-29a-3p in PTC tissues and cells was detected 

by qPCR. CCK-8, plate clone formation, transwell invasion, Western blot, immunohistochem-

istry, and luciferase reporter assays were carried out to identify the target of miR-29a-3p and 

explore its roles and mechanisms in PTC.

Results: Deregulated miR-29a-3p in PTC tissues and cell lines were revealed by qPCR. Restoring 

miR-29a-3p expression significantly inhibited growth, proliferation, and invasion of PTC cells 

demonstrated by CCK-8, plate clone formation, and transwell assays. Luciferase reporter assays 

showed miR-29a-3p can directly target OTUB2 in PTC cells. Ectopic expression of OTUB2 

can antagonize the effects of miR-29a-3p on cell growth, proliferation, and invasion of PTC. 

Mechanistically, OTUB2 overexpression can activate NF-κB signaling mostly by stabilizing 

TRAF6. Upregulated OTUB2 expression was observed in PTC tissues via immunohistochem-

istry analysis. Moreover, OTUB2 showed a positive correlation to metastatic status and showed 

a negative correlation to the overall survival rate in PTC patients.

Conclusion: Deregulated miR-29a-3p can promote cell growth, proliferation, and invasion in 

PTC. OTUB2 is a direct downstream target of miR-29a-3p in PTC, and it mediates the effects 

of deregulated miR-29a-3p by activating TRAF6-associated NF-κB signaling in PTC.
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Introduction
Thyroid cancer (TC) is the most common malignant tumor of the endocrine system. In 

spite of the popularity of early screening, its incidence rate is still growing. TC can be 

divided into papillary, follicular, medullary, and anaplastic subtype.1–3 Among them, 

papillary thyroid carcinoma (PTC) is the most common type, accounting for >80% of 

all TCs. Generally, the efficacy and prognosis of PTC are satisfactory. However, some 

PTC patients, especially those with malignant pathological characteristics including 

poor differentiation, lymph node, and distant metastasis, demonstrate unfavorable 

outcome.4 Therefore, it is of great importance to explore the molecular events during 

malignant progression of PTC, which would lay a solid foundation for developing more 

effective diagnostic and prognostic biomarkers and therapeutic targets.
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In addition to genetic regulation, epigenetic regulations 

have vital roles in almost all physiological and pathologi-

cal processes, of course, including carcinogenesis. As one 

of epigenetic regulators, microRNAs (miRNAs), a class 

of endogenous, non-coding, small (18–22 nucleotides) 

RNAs, have proved their key role in cancer. By binding 

to the 3′-untranslated region (3′-UTR) of its target mRNA 

transcripts, miRNAs can cause target mRNA degradation or 

translational suppression, which subsequently modulates the 

development and progression of cancers.5,6 Multiple miRNAs 

including both oncogenic and inhibitory ones have been 

reported to exert vital roles in markers of PTC progression 

such as proliferation, invasion, and metastasis.7,8 However, the 

functions of multiple miRNAs whose abnormal expressions 

have been revealed by studies focusing on differential expres-

sion miRNA profiles based on next-generation sequencing 

in PTC have not been done.9,10

Recently, OTUB2, a member of the ovarian tumor (OTU) 

superfamily, has been proved to mediate the ubiquitination 

and degradation of TRAF6, a key positive regulator for 

NF-κB.11 TRAF6 can activate NF-κB signaling by mediating 

the K63 polyubiquitination of IKK.12 Meanwhile, aberrant 

activation of NF-κB has been proved to promote growth, 

proliferation, and metastasis in PTC.13,14 Although the roles 

of OTUB2 in cancers have not been reported, it may have 

important functions in PTC as can be concluded from the 

above studies. miR-29a-3p, belonging to the miR-29 family 

and which is downregulated in majority of solid tumors and 

hematologic neoplasms as indicated by transcript profiling 

or northern blot analysis, mainly exhibits tumor suppressive 

roles by targeting multiple downstream genes.15,16 A set of 

miRNA microarray data from a recent study suggests that 

miR-29a-3p may also be downregulated in PTC.17 In this 

study, we explored the expression and functions of miR-

29a-3p in PTC. Indeed, miR-29a-3p is downregulated in PTC 

and positively correlates to the prognosis of PTC. Moreover, 

we proved that miR-29a-3p can suppress PTC progression 

by directly targeting OTUB2, which results in inactivation 

of TRAF6/NF-κB signaling. Thus, our study revealed the 

tumor suppressor roles of miR-29a-3p in PTC and thus lays 

the experimental foundations for clinical treatment of PTC 

by targeting OTUB2/TRAF6/NF-κB signaling.

Materials and methods
Patients and tissue specimens
Between March 2016 and April 2017, 98 paired tissue 

samples including PTC tissues and corresponding adjacent 

normal tissues were obtained from newly diagnosed patients 

who received no chemotherapy or radiotherapy, at the depart-

ment of general surgery of our hospital. All specimens were 

divided into two parts, one for immediate snap freezing in 

liquid nitrogen, and one for fixation and paraffin-embedded 

specimen production. The pathological characteristics of all 

tissues were confirmed by two experienced histopathologists. 

Written informed consent was obtained from all patients for 

use of their tissue samples and clinical records. The study 

protocol was performed under the approval of the Ethics 

Committee of The Second Affiliated Hospital of Harbin 

Medical University. Moreover, the study was also conducted 

in accordance with the Declaration of Helsinki.

immunohistochemistry
Immunohistochemical staining was done by using the strepta-

vidin-peroxidase IHC Kit (CWBIO, Beijing, China) according 

to the manufacturer’s instruction. Briefly, after successive 

processing, which included dewaxing, antigen retrieval, and 

H
2
O

2
 treatment, the paraffin-embedded tissue slides were 

incubated with the OTUB2 antibody (BBI, Shanghai, China; 

dilution ratio: 1:50) overnight at 4°C. Then, the slides were 

washed with PBS and incubated with a biocatalytic second-

ary antibody followed by incubation with the avidin-biotin 

peroxidase complex. Finally, the tissue sections were treated 

with 3′, 3′-diaminobenzidine until a brown color developed 

and were counterstained with Harris’ modified hematoxylin. 

The immunoreactions were evaluated independently by two 

pathologists. A semiquantitative IHC-score, which ranges 

from 0 to 300, was calculated for each specimen by multiply-

ing the distribution areas (0%–100%) at each staining intensity 

level by the intensities, according to the previous reports.17,18

Cell culture and transfection
Human PTC cell lines K1 and TPC-1, the human thyroid 

follicular epithelial cell line, Nthy-ori3-1, and HEK 293 T 

cells were purchased from the Shanghai Cell Bank (Shanghai, 

China). All cell lines were grown in RPMI 1640 medium 

(BI, Jerusalem, Israel), supplemented with 10% fetal bovine 

serum (BI), and incubated at 37°C in a humidified incubator 

containing 5% CO
2
. miR-29a-3p mimics, control mimics, 

specific small interfering RNA (siRNA) for OTUB2, and 

control siRNA were synthesized by RiboBio Inc (Guangzhou, 

China) according to the published work.19,20 miRNA mimics 

and siRNAs with final concentration at 50 nM were trans-

fected into PTC cells using LipofectamineTM 2000 (Thermo 

Fisher Scientific, Waltham, MA, USA) according to manu-

facturer’s instructions. Briefly, nucleic acids, which includes 

the plasmids and siRNAs, and the Lipofectamine reagent 
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were diluted with RPMI 1640 medium, for 5 minutes. Then 

the mediums containing nucleic acids and Lipofectamine 

reagent were mixed and incubated at room temperature to 

form liposomes. After 15 minutes, each mixture was added 

into the corresponding culture medium and 6 hours later, 

the culture medium  was removed and replaced with fresh 

medium.

Rna isolation and quantitative reverse 
transcription polymerase chain reaction 
(qPCR)
Total RNAs of snap-frozen tissue samples and cells were 

extracted by using TRIzol reagent (Thermo Fisher Scientific) 

according to the manufacturer’s instruction. Subsequently, 

1 µg RNA was reverse transcribed into cDNA using HiS-

cript first Strand cDNA Synthesis Kit (Vazyme, Nanjing, 

China) and Bulge-LoopTM miRNA qRT-PCR Kit (RiboBio, 

Guangzhou, China), respectively. Then, the relative expres-

sion of miR-29a-3p and OTUB2 were detected by Applied 

Biosystems 7900HT real-time PCR Systems (Thermo Fisher 

Scientific) using U6 small nuclear RNA and GAPDH as inter-

nal controls. The relative expression was determined by 2−ΔΔCT 

method. The primer sequences were listed as follow: OTUB2, 

forward: 5′-ACACTTGGAACCGGCTTGAC-3′, reverse: 

5′-AGCACACGGACTGTCCTGA-3′; GAPDH, forward: 

5′-CAGCAAGAGCACAAGAGGAA-3′, reverse: 5′-ATGG-

TACATGACAAGGTGCGG-3′.21 The primers for miR-29a-3p 

and U6 small nuclear RNA were purchased from RiboBio Inc.

luciferase reporter assay
The 3′-UTR sequence of OTUB2 containing the predicted 

potential miR-29a-3p binding sites cloned into downstream 

of the luciferase gene in the psiCHECK2 luciferase reporter 

vector (Promega Corporation, Fitchburg, WI, USA), was 

named as OTUB2 wild type (WT). The mutant type of 

OTUB2 lacking complementarity with miR-29a-3p binding 

sequence in 3′-UTR region was also constructed and named 

as OTUB2 mutant (MUT). Then, luciferase reporter vectors, 

miR-29a-3p or matched controls were introduced into 293 

T cells by using Lipofectamine 2000 (Thermo Fisher Sci-

entific). After 48 hours, the luciferase activity was measured 

using a Dual-Luciferase Reporter detection System (Promega 

Corporation). The relative luciferase activity was expressed 

as the ratio of firefly luciferase to Renilla luciferase activity.

CCK-8 assay
Cell growth was monitored by using a CCK-8 kit (Beyotime, 

Shanghai, China) referring to the manufacturer’s instruction. 

Briefly, PTC cells were plated at 5×103 cells/well in 96-well 

plates and cultured for 96 hours. After every 24 hours, the 

CCK-8 reagent was added and the absorbance value at 450 

nm of every well was obtained using the Epoch microplate 

spectrophotometer (Bio-Tek, Winooski, VT, USA). Eventu-

ally, the growth rate was reflected by the absorbance values. 

The cck-8 assay was performed for three times in triplicate.

Plate clone formation assay
Plate clone formation assay was performed as described in 

the published paper. Simply, PTC cells were trypsinized and 

seeded in 6-well plates at the density of 1,000 cells/well. After 

continuous culture for 8 days, the cell clones were fixed with 

methanol and incubated with crystal violet. Clones contain-

ing >50 cells were counted under an inverse microscope 

(Nikon, Tokyo, Japan). The plate clone formation assay was 

performed for three times in triplicate

Transwell invasion assay
Transwell assay was done following the manufacturer’s 

instructions to analyze the invasive ability of PTC cells. 

8-mm pore size transwell chambers precoated with Matrigel 

(Corning Incorporated, Corning,, NY, USA) were adopted. 

In brief, 0.5 mL RPMI 1640 medium containing 2.5×104 

cells were added into the chamber, which was embedded 

and immersed in a 24-well plate filled with 0.75 mL RPMI 

1640 medium containing 10% FBS per well. After 48 hours 

of culture, the medium was removed and the cells were fixed 

with methanol and stained with crystal violet. The cells which 

failed to invade the Matrigel were removed with a swab, then 

the invasive cells were pictured and their numbers calculated 

from five randomly selected microscopic fields.

Western blot
Briefly, after disrupting cells using RIPA buffer (Beyotime), 

total protein content of the PTC cells was obtained via high-

speed centrifugation at 4°C. Then, the protein samples were 

subjected to concentration detection and denaturation. Next, 

the protein samples were separated by 12% SDS PAGE (40 

µg/lane), electrophoretically transferred to polyvinylidene 

difluoride membranes (PVDF). Subsequently, the membranes 

were subjected to blocking with 5% non-fat milk, incubation 

with the corresponding primary antibodies at 4˚C overnight: 

OTUB2 (BBI), TRAF6, GAPDH (Abclonal, Woburn, MA, 

USA), p-NF-κB p65 (Ser468), and p65 (CST, Danvers, MA, 

USA); washing with TBST for three times (5 minutes each 

time); incubation with the secondary antibody for 1 hour at 

room temperature; and washing with TBST for three times (5 

minutes each time) again. Finally, the immunoreactive bands 

were developed with a chemiluminescent HRP substrate 
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(EMD Millipore, Burlington, MA, USA) and imaged by a 

FluorChem FC3 system (ProteinSimple, San Jose, CA, USA).

statistical analysis
All experiments were performed in triplicate. Statistical 

analysis was conducted using SPSS18.0 software and Graph-

Pad prism version 6. For comparisons between two groups, 

a Student’s t test or chi-squared test was used. P<0.05 were 

considered to be statistically significant.

Results 
miR-29a-3p is downregulated in PTC 
tissues and cell lines
Firstly, we detected the expression of miR-29a-3p in 98 

cases of paired cancer and paracancerous tissues by qPCR. 

As shown in Figure 1A, the expression of miR-29a-3p is 

significantly downregulated in PTC tissues. Moreover, miR-

29a-3p levels are inversely correlated to the metastatic status 

of PTC (Figure 1B). Similarly, compared to the expression in 

human thyroid follicular epithelial cells, downregulation of 

miR-29a-3p is observed in PTC cells also (Figure 1C). Thus, 

our study revealed that miR-29a-3p expression is downregu-

lated and inversely correlated to the metastatic stage of PTC 

suggesting it may have vital functions in PTC progression.

Restoring miR-29a-3p expression 
impaired the malignancy of PTC cells
To explore the functions of miR-29a-3p in PTC, we suc-

cessfully restored the level of miR-29a-3p by introducing 

miR-29a-3p mimics into K1 and TPC cells. Subsequently, the 

effects of miR-29a-3p on growth, proliferation, and invasion 

of PTC cells were detected by CCK-8, plate clone formation, 

and transwell invasion assays. Restoration of miR-29a-3p 

levels significantly inhibited the growth and proliferation of 

PTC cells reflected by the impaired cell viability, and fewer 

and smaller clones (Figure 2A, B). miR-29a-3p restoration 

also inhibited the invasive ability of PTC cells demonstrated 

by the fewer invasive cells (Figure 2C). Therefore, we proved 

that miR-29a-3p can inhibit the malignancy of PTC cells.

miR-29a-3p directly targets OTUB2 in 
PTC
In order to reveal the downstream effector of miR-29a-3p 

in PTC, several miRNA target prediction tools were used 

to identify the targets of miR-29a-3p. As predicted by Tar-

getScan and RNA22Sites databases, the 1329–1335 bases of 

OTUB2 3′-UTR exhibit perfect complementarity to the seed 

sequences of miR-29a-3p. Therefore, some experiments were 

performed to validate this hypothesis. The inverse correlation 

between miR-29a-3p and OTUB2 expression was observed in 

human thyroid follicular epithelial cells and PTC cells (Figure 

3A). Furthermore, the mRNA and protein levels of OTUB2 

were both decreased by miR-29a-3p mimics transfection 

in PTC cells (Figure 3B). Subsequently, luciferase reporter 

assay was used to confirm that miR-29a-3p can directly bind 

to the 3′-UTR of OTUB2 mRNA. As shown in  Figure 3C, 

miR-29a-3p mimics can significantly suppress the lucifer-

ase activity in cells transfected with WT OTUB2 3′-UTR 

reporter plasmid, while mutated OTUB2 3′-UTR exhibited 

a complete restoration of the luciferase activity inhibited by 

the miR-29a-3p mimics. Thus, we validated that miR-29a-3p 

can directly target OTUB2 in PTC cells.

OTUB2 knockdown can mimic, while 
OTUB2 ectopic expression can 
antagonize, the effects of miR-29a-3p in 
PTC
Since miR-29a-3p can target OTUB2 in PTC cells, the role 

of OTUB2 in miR-29a-3p-related functions were studied. 

Firstly, we explored the effects of OTUB2 knockdown on the 

Figure 1 miR-29a-3p is deregulated in PTC tissues and cells.
Notes: (A) Decreased miR-29a-3p levels in PTC tissues were demonstrated by qPCR. (B) Compared with non-metastatic PTC (n=60 cases), metastatic PTC (n=38 cases) 
showed lower level of miR-29a-3p. (C) Decreased miR-29a-3p was also observed in PTC cells indicated by qPCR results. **P<0.01 and ***P<0.001.
Abbreviations: PTC, papillary thyroid carcinoma; qPCR, quantitative reverse transcription polymerase chain reaction. 
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malignant characteristics of PTC. As shown in Figure 4A, 

successful OTUB2 knockdown was obtained using siRNA. 

The effect of this was similar to the effects of the miR-29a-3p 

mimics, and OTUB2 knockdown significantly inhibited the 

growth, proliferation, and invasive ability of PTC cells (Fig-

ure 4B, C). Moreover, we showed that the inhibitory effects 

of miR-29a-3p mimics can be nearly antagonized by ectopic 

expression of OTUB2 plasmid without the 3′-UTR sequence 

(Figure 4D–F). miR-29a-3p inhibited PTC progression by 

suppressing OTUB2-associated NF-κB signaling.

Furthermore, we explored the mechanism of miR-29a-3p/

OTUB2 action in PTC. By analyzing the previous studies 

on OTUB2, we found that OTUB2 can stabilize TRAF6,11 

a positive regulator of NF-κB signaling by mediating its 

deubiquitination, suggesting that miR-29a-3p/OTUB2 may 

regulate the activity of NF-κB in PTC. Indeed, we observed 

that miR-29a-3p mimics markedly decreased the protein 

levels of TRAF6 and p-p65 (Figure 5A). Moreover, OTUB2 

overexpression can rescue the inhibitory effects of miR-

29a-3p mimics on TRAF6 and p-p65 levels (Figure 5A). 

Next, we explored the role of TRAF6/NF-κB signaling in 

miR-29a-3p/OTUB2-associated functions in PTC. As shown 

in Figure 5B–D, when TRAF6/NF-kB signaling was blocked 

by JSH-23, a specific inhibitor for NF-kB, the antagonistic 

effects of OTUB2 overexpression, which involved the rescue 

of the inhibitory effects of miR-29a-3p mimics in PTC, were 

impaired. Therefore, we revealed that miR-29a-3p can inhibit 

PTC progression by suppressing OTUB2-associated TRAF6/

NF-κB signaling.

OTUB2 is upregulated in PTC tissues 
and its level shows inverse correlation to 
miR-23a-3p levels and prognosis of PTC
To further explore the relation between OTUB2 and miR-

29a-3p in PTC tissues, we assayed the OTUB2 level, using 

IHC, in the same tissues that were used for miR-29a-3p 

detection. As shown in Figure 6A, the level of OTUB2 is sig-

nificantly upregulated in PTC tissues compared with that in 
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Figure 2 Restoring miR-29a-3p expression suppressed growth, proliferation, and invasive ability of PTC cells.
Notes: (A) The growth of K1 and PTC-1 cells was inhibited by transfection with miR-29a-3p mimics, indicated by the CCK-8 assay. (B) The proliferation of K1 and PTC-1 
cells was inhibited by transfection with miR-29a-3p mimics, indicated by plate clone formation assay. (C) The invasion of K1 and PTC-1 cells was inhibited by transfection 
with miR-29a-3p mimics, indicated by plate clone formation assay. *P<0.05, **P<0.01, and ***P<0.001.
Abbreviation: PTC, papillary thyroid carcinoma.
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paracancerous tissues. Moreover, the OTUB2 level is higher 

in metastatic PTC tissues than that in non-metastatic PTC 

tissues (Figure 6B). We also analyzed the relation between 

OTUB2 level and overall survival rate in PTC. Accordingly, 

as indicated by Figure 6C, OTUB2 levels showed inverse 

correlation to OS in PTC on analyzing TCGA data using the 

UCSC Xena website tool (https://xena.ucsc.edu/). Thus, we 

also proved that OTUB2 is upregulated in PTC tissues and 

its level shows inverse correlation to miR-29a-3p levels and 

prognosis of PTC.

Discussion
Numerous studies have shown that miRNAs play vital roles in 

cancer. By modulating the mRNA stability of the target gene, 

miRNAs can regulate almost all processes in cancer. More-

over, due to its distinct expression pattern in tumor patient 
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serum, some miRNAs can also serve as biomarkers for cancer 

diagnosis and prognosis prediction.5,6 In this study, we proved 

that miR-29a-3p was downregulated in PTC cell lines and 

tissue specimens. Functional analyses indicated that restor-

ing miR-29a-3p expression suppressed growth, proliferation, 

invasion in PTC cells. We also confirmed that OTUB2 was 

a direct target of miR-29a-3p. Consistent with miR-29a-3p 

restoration, OTUB2 knockdown mimicked, while OTUB2 
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overexpression antagonized the effects of miR-29a-3p in 

PTC cells. We further discovered that TRAF6-associated 

NF-κB signaling mediated the functions of miR-29a-3p/

OTUB2 regulation in PTC. Taken together, the results of this 

study prove that the miR-29a-3p can exert its suppressive 

functions in PTC by targeting OTUB2-associated TRAF6/

NF-κB signaling.

Abnormal miRNA expression profiles of PTC have 

been analyzed by next generation sequencing and miRNA 

microarray analysis.9,10 Dozens of candidate differential 

miRNAs, both up- and downregulated, have been identified 

in PTC suggesting miRNAs may play important roles in 

PTC.7 Downregulated miRNAs including miR-204-5 p,22 

miR-219-5 p,23 miR-125a-5p,17 miR-199a,24 etc, which inhibit 

PTC progression, and upregulated miRNAs including miR-

146b-5p,25 miR-183,26 etc, which promote PTC progression, 

have been validated. As for miR-29a-3p, its tumor inhibitory 

effects have been revealed in many studies. Downregulated 

miR-29a-3p has been observed in gastric cancer,19 clear cell 

renal cell carcinoma,27 hepatocellular carcinoma,28 as well as 

chronic myeloid leukemia.29 Moreover, restoration of miR-

29a-3p levels in PTC cell lines exhibited significant inhibi-

tory effects on tumor progression characteristics such as cell 

growth, proliferation, migration, and invasion.19,28 Consistent 

with the existing studies, downregulation of miR-29a-3p in 

PTC was observed in our study also and its inhibitory effects 

on growth, proliferation, and invasion of PTC cells are thus 

confirmed. These results offer another supporting evidence 

for the suppressive roles of miR-29a-3p in cancers.

Actually, the effects of miRNAs are mainly dependent on 

its downstream targets. By targeting oncogenic or antitumor 

genes, the miRNA can promote or inhibit cancer develop-

ment and progression. For example, oncogenic genes such 

as SphK2,30 SNAIL1,24 IGFBP5,22 and CD147,17 etc, can be 

directly targeted by miR-613, miR-199a-5p, miR-204-5 p, 

and miR-125a, respectively, resulting in progression inhibi-
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tion in PTC. The downstream targets of miR-29a-3p have 

been revealed by several studies. miR-29a-3p can modulate 

CYP2C19,31 ALDH5A1, and SLC22A732 in human liver 

cells. Up to now, miR-29a-3p can suppress tumor progres-

sion by directly decreasing PROM1,33 IGF1R,28 and Notch2 

levels.34 In our study, we identified OTUB2 as a new target 

of miR-29a-3p in PTC. Moreover, we further observed that 

ectopic expression of OTUB2 can antagonize the inhibitory 

effects of miR-29a-3p in PTC.

OTUB2, one of OTUB (Otubain) deubiquitinating enzyme 

family members, plays vital roles in the regulation of DNA 

repair pathway, virus-triggered signaling, and pancreatic cell 

survival.10,20,35 In detail, OTUB2 determines the DNA repair 

pathway choice by modulating RNF8-mediated L3MBTL1 

ubiquitination in the early stage of DNA double-strand break 

response.20 Besides, OTUB2 can suppress virus-triggered type 

I interferon induction by directly mediating the deubiquitina-

tion of TRAF3 and TRAF6, two E3 ubiquitin ligases required 

for NF-κB activation.10 However, the role of OTUB2 in cancer 

has been rarely revealed. In our study, we originally confirmed 

upregulation of OTUB2 and the inverse correlations of 

OTUB2 with miR-29a-3p expression and prognosis in PTC. 

Considering the vital roles of NF-κB signaling in PTC,12,13 and 

the known interaction of OTUB2 with TRAF 3 and TRAF6, 

we further validated the role of NF-κB signaling in the func-

tions of miR-29a-3p/OTUB2 in PTC. Indeed, we confirmed 

that miR-29a-3p can inhibit the activity of NF-κB signaling 

by modulating TRAF6 level in an OTUB2-dependent man-

ner. Thus, our outcomes originally indicate that OTUB2 can 

exert positive roles in carcinogenesis; of course, more efforts 

would have to be taken to fully discover its function in tumors.

Conclusion
In all, we originally confirmed the downregulation of miR-

29a-3p associated with upregulation of OTUB2, whose 

expression is inversely correlated to prognosis, can promote 

cell growth, proliferation, and invasion by activating TRAF6/

NF-κB signaling in PTC.
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