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ABSTRACT
miR-17-5p has been proved that play important roles in many kinds of tumors progression. This 
study aimed at explore the function and mechanism of miR-17-5p in thyroid cancer (TC). RT-qPCR 
was used to detect miR-17-5p and Early growth response 2 (EGR2) expression in TC tissues and 
cells. CCK8 and colony formation assay were used to analyze cell proliferation. Cell migration and 
cell invasion was detected by Wound-healing assay and Transwell assay. Detection of protein 
expression using Western blot analysis. Dual-Luciferase assay was used to analyze the relationship 
between miR-17-5p and EGR2. In vivo experiment was performed by establishing Xenograft 
animal model to observe the function of miR-17-5p. We found that miR-17-5p is significantly 
increased in thyroid cancer tissues and cells. miR-17-5p inhibition repressed cell proliferation, 
clonal formation, cell migration, and cell invasion in thyroid carcinoma. Moreover, miR-17-5p 
inhibition suppressed tumorigenesis in vivo. Dual-Luciferase assay and Western blotting assay 
further proved that miR-17-5p has a negative regulation to EGR2. EGR2 was decreased in TC 
tissues and cells. Overexpressed EGR2 inhibited the development of thyroid carcinoma both vivo 
and in vivo. EGR2 knockdown remarkably decreased the anti-cancer effect of miR-17-5p inhibition. 
miR-17-5p is a thyroid cancer oncomir by modulation of the EGR2.

ARTICLE HISTORY
Received 5 March 2021 
Revised 21 May 2021 
Accepted 22 May 2021 

KEYWORDS
miR-17-5p; EGR2; thyroid 
cancer; progression; 
metastasis

Introduction
Thyroid cancer (TC) is one of the most popular 
malignancy of endocrine system globally. The inci-
dence rate of thyroid cancer with a rapid world-
wide increase over recent decades [1–3]. Although 
the treatment of thyroid cancer is improving, the 

overall 5-year survival rate of thyroid cancer 
patients is still not ideal [4–7]. Thus, it is very 
important to explore the pathogenesis and pro-
gression mechanism of TC, which may offer us 
new strategies for integrated treatment of TC 
patients.
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miRNAs, a kind of small non-coding RNA 
molecules (length: approximately 22 nucleo-
tides), has a variety of important regulatory 
roles in cells by causing mRNA degradation or 
translational suppression [8,9]. miRNAs inhibit 
the translation of target mRNA by directly cut-
ting the target mRNA, or by fully or incomple-
tely combining with the 3‘- UTR of target 
mRNA. The target mRNA further mediates 
a variety of biological behaviors, such as pro-
liferation, differentiation, tumorigenesis [10,11]. 
Studies have shown that tumor tissues and nor-
mal tissues have a significantly different 
miRNA expression profile. Due to the role of 
target genes, some miRNAs can be carcinogenic 
or anticanceract genes, for example, mir-335- 
5p, mir-520A-3p and mir-718 play 
a significant role in the development of TC 
[12–14]. miR-17-5p has been shown to be over-
expression in some forms of cancer such as 
gastric cancer and promote tumorigenesis and 
development [15–18]. In thyroid cancer, over-
expression of miR-17-5p has been reported 
[19]. Knockdown of miR-17-5p suppressed cell 
proliferation and autophagy but promoted 
apoptosis in thyroid cancer cells. However, the 
underlying mechanism of miR-17-5p in TC has 
not been completely clarified [20].

Early growth response 2 (EGR2) has been shown to 
work as a zinc fnger transcription factor to regulate the 
development of nervous system [21]. Furthermore, 
EGR2 was found to be decreased in papillary thyroid 
carcinoma (PTC) tissues and cell lines and EGR2 
could promote apoptosis in various cancers [22,23]. 
Furthermore, the interreaction between miRNAs and 
EGR2 was also reported. miR-20a promoted gastric 
cancer advance by regulating EGR2 [24]. miR-224-5p 
has also been reported that promote cell EMT in PTC 
by targeting EGR2 [22]. However, the revelence of 
miR-17-5p and EGR2 in TC is unknown.

This study aims to explore the expression of 
miR-17-5p and EGR2 level in TC, the molecular 
mechanism of miR-17-5p/EGR2 in promoting 
TC tumorigenesis both in vitro and in vivo, to 
lay a theoretical foundation for possible clinical 
application in the future.

Materials and methods

Ethical statement

This study was approved by The Affiliated 
Changzhou No.2 People’s Hospital of Nanjing 
Medical University ethics committee. All partici-
pants in this study signs a written informed 
consent.

Clinical samples

Collecting 32 cases of human papillary thyroid 
cancer tissues and 32 paired non-tumor tissues 
from patients who received surgical therapy in 
the hospital. All samples were stored at −80°C.

Cell culture

Cell culture of normal thyroid cell PTFE was using 
CM-H023 medium (Procell). Cell culture of thyr-
oid carcinoma cell lines (TPC-1, B-CPAP, K1, and 
BHT101) were using RPMI-1640 medium (Life 
Technologies) supplemented with streptomycin- 
penicillin G and 10% FBS (Life Technologies). 
Cells were cultured in incubators at 37�C with 
5% CO2.

RT-qPCR

Trizol (Invitrogen) extracted RNA, and then TaqMan 
microRNA reverse transcription Kit (Applied 
Biosystems) was used to transcribe RNA into cDNA. 
ABI step plus (Applied Biosystems) was used for PCR 
reaction. The relative miRNA expression was standar-
dized by U6. After normalizing the housekeeping 
gene with 2 – Δ CT, the folding changes were mea-
sured relative to control group. The relative EGR2 
expression was standardized by β-actin. The experi-
ment was carried out at least three times. EGR2 for-
ward:5ʹ-CGGTGACCATCTTCCCCAAT-3ʹ, and 
reverse: 5ʹ-GAGCGAAGCTACTCGGATACG-3ʹ. β- 
actin forward, 5ʹ;-CTGGGACGACATGGAGAAAA 
-3ʹ;; and reverse,

5ʹ;-AAGGAAGGCTGGAAGAGTGC-3ʹ;.
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Cell transfection

The lentiviral vectors of miR-17-5p or EGR2 were 
purchased from the GeneChem Company. The 
transfection was carried out according to the 
instruction of the producer using Lipo2000. The 
successfully transfected cells were collected for 
further experiments.

CCK-8 analysis

CCK8 assay was carried out to analyze cell growth 
(Sigma). cells were added into 96-well plates at the 
cell concentration of 5 × 103 cells per well. Then 
detected the Optical Density (OD) at 450 nm.

Colony formation analysis

Cells were inoculated in a 6-well culture plate with 
a concentration of 1000 cell/Wells. Cells cultured 
for 15 days and washing twice by PBS, 4% paraf-
ormaldehyde added to fix for 20 min, and staining 
with 1% crystal violet. Colonies were counted in 
five randomly selected areas under Olympus.

Cell migration assay

Carrying out wound-healing test to analyze ability 
of cell migration. The cells were inoculated in 
a 6-well plates and cultured to 90% concentration. 
Making artificial wound using a 200 μl pipette and 
then changed medium to fresh medium. The cell 
debris was removed in free serum media. The 
migration ability was observed on Olympus at 
24 hours.

Transwell assay

Cell invasion was measured by Transwell method. 
The cells were seeded in Transwell chamber (pore 
size: 8 μm) according to the density of 1 × 104 cells 
(100 μL) per well. 600 μl media containing 20% FBS 
were putted into the chamber below. The cells were 
placed in an incubator for 24 h. We take out the 
chamber, wipe off noninvasive cells with a cotton 
swabs. The invasive cells, which was attached to the 
sub-membrane surface, were mobilized with 90% 
ethanol for 10 min, rinse with 0.1% crystal violet 
for 5 min and PBS for 3 times and take photos 

under inverted microscope (Olympus). Randomly 
selected five fields for cell counting.

Dual-luciferase reporter analysis

The 3ʹ UTR of human EGR2 or EGR2-Mut ampli-
cation was cloned into pGL3-promoter vector. 
These structures (1 g) were co-transfection with 
miR-17-5P inhibitor into TPC-1 cells. The lucifer-
ase activity was measured at least three times by 
Dual-luciferase activity analysis system (Promega) 
at 48 h after transfection.

Western blotting analysis

RIPA peptide lysis buffer containing 1% protease 
inhibitor (Pierce) was used to lyse tissue samples 
or cells. BCA kit (Pierce) was choose to evaluate 
the protein concentration. Each sample (20 ug) 
electrophoresis using 10% sds-page, then we trans-
ferred protein into a nitrocellulose membrane 
(Santa cruz biotechnology). After sealing off in 
5% skim milk, primary antibody was added into 
membrane at 4°C for overnight. After TBST wash-
ing for 3 times, secondary antibody was added into 
the membranes for 1 h, and then enhanced che-
miluminescence (ECL) solution was used to pro-
tein develop. The protein expression was detected 
by ImageJ. β – actin was choose as a loading 
control.

Immunohistochemistry

Paraffin section in dimethyl benzene dewaxing, 
then in turn antigen with grade alcohol after 
water recycling by the slice sample in 95 �C micro-
wave boiling for 10 minutes in the EDTA (pH 6.0) 
biopsy samples at room temperature in 3% hydro-
gen peroxide in 30 minutes, and then use 20% goat 
serum closed 40 minutes biopsy samples with 20% 
goat anti EGR2 antibody in the serum culture 
(1:100) under the 4 �C overnight all slices at 
room temperature with HRP combined with pro-
tein secondary antibody incubation 60 minutes 
with 2 amino benzidine staining, slice with hema-
toxylin dyeing
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In vivo tumorigenesis assay

After purchasing male nude mice (BALB/c-nu, 4– 
5 weeks) and propagating under special pathogen- 
free (SPF) conditions, TPC-1 cells were transfec-
tion with miR-17-5P inhibitor or miR-NC and 
were subcutaneous injected into the left armpit of 
mice. Tumor volume and tumor weight were eval-
uated every 2 days, all mice were sacrificed at the 
end of the experiment, and tumor tissues were 
dissected and weighed.

Statistical and analytical methods

The data are shown as mean ± SD. We did the 
statistical analysis using GraphPad Prism 5.0. 
A student’s t-test was used for the difference ana-
lysis between the two groups. One-way ANOVA 
test the difference among more than two groups. 
There was a significant difference when P < 0.05.

Results

Thyroid cancer (TC) is one of the most popular 
malignancy of endocrine system globally. 

Understanding the pathogenesis and progression 
mechanism of TC, may offer us new strategies for 
integrated treatment of TC patients. miR-17-5p 
has been reported increased in TC. However, its 
roles and mechanisms in TC need further elucida-
tion. In the present study, we conducted a series of 
in vitro and in vivo assays, aimed to explore the 
molecular mechanism of miR-17-5p/EGR2 in pro-
moting TC tumorigenesis both in vitro and 
in vivo, to lay a theoretical foundation for possible 
clinical application in the future.

miR-17-5p up-regulation promoted human TC 
malignancy

We conducted RT-qPCR analysis on 32 pairs of 
thyroid tumor samples and non-tumor tissues to 
evaluate miR-17-5p expression level. As shown in 
Figure 1(a), miR-17-5p was remarkably up- 
regulated in thyroid carcinoma tissues in compar-
ison with non-tumor tissues. miR-17-5p levels in 
normal thyroid cancer cells PTFE and four thyr-
oid carcinoma cell lines (TPC-1, B-CPAP, K1, 
and BHT101) were also analyzed, as shown in 

Figure 1. miR-17-5p overexpression promotes human thyroid cancer progression.
(a) RT-qPCR was used to analyze miR-17-5p level. (b) RT-qPCR analysis of miR-17-5p expression in four TC cell lines TPC-1, B-CPAP, 
K1, and BHT101 and one normal cell line PTPE. (c) TPC-1 cells were transfection with anti-miR-17-5p lentivirus (miR-17-5p inhibitor), 
RT-qPCR analysis of miR-17-5p level. (d) cell proliferation detected by CCK-8 assay. (e) Representative results of colony formation 
assay. (f) cell migration detection. (g) cell invasion detection. *P < 0.05, **P < 0.01, ***P < 0.001. 

2716 X. GENG ET AL.



Figure 1(b), miR-17-5p expressed differentially 
higher in the four kind of thyroid carcinoma 
cell lines than that in PTFE cells (Figure 1(b)). 
The function of miR-17-5p in thyroid carcinoma 
malignancy was then explored, TPC-1 cells, 
which have high miR-17-5p level, were transfec-
tion with miR-17-5p inhibitor or miR-NC. RT- 
qPCR analysis showed that miR-17-5p was down- 
regulated in cells transfection with miR-17-5p 
inhibitor in comparison with cells transfection 
with miR-NC (Figure 1(c)). CCK8 analysis, col-
ony formation analysis, cell migration analysis, 
and cell invasion assays were carried out in 
TPC-1 cells, which transfection with miR-17-5p 
inhibitor or miR-NC. It turns out, miR-17-5p 
reduction significantly repressed cell growth and 
cell metastasis (Figure 1(d–g)). miR-17-5p might 
function as a tumor oncogene in thyroid 
carcinoma.

miR-17-5p targeting EGR2 in thyroid carcinoma 
cells
The potential mechanisms of action of miR-17-5p 
in TC was searched. Targetscan was used to 
explore its target. miR-17-5p was predicted to 
bind with EGR2 directly in thyroid carcinoma 
(Figure 2(a)). To verify this, the luciferase reporter 
vector containing EGR2 3ʹ UTR or mutants was 
established. As shown in Figure 2(b), luciferase 
activities were strikingly weakened in TPC-1 cells 
which cotransfection with the WT-EGR2 and 
miR-17-5p, however, there was not observed in 
the cells co-transfection with the MUT-EGR2 
and miR-17-5p. WB shown that miR-17-5p inhi-
bitor transfection remarkably promoted EGR2 
level (Figure 2(c)). Further, we measured EGR2 
expression levels in thyroid carcinoma tissues by 
WB and immunohistochemistry. Our results 
showed that EGR2 levels were observely reduced 

Figure 2. EGR2 is directly inhibited by miR-17-5p in thyroid cancer cells.
(a) Identification of EGR2 as target of miR-17-5p by Targetscan. (b) Luciferase activity in TPC-1 cells. (c) detection of EGR2 level. β- 
actin was used as an internal control. (d) Immunohistochemistry analysis of EGR2 expression (100 ×). € detection of EGR2 level in TC 
tissues. ***P < 0.001. 
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in the TC tissues in comparison with paired nor-
mal tissues (Figure 2(d,e)).

EGR2 overexpression inhibited thyroid cancer 
progression

Due to EGR2 has been shown as a target gene of 
miR-17-5p, we next study the function of EGR2 in 
thyroid cancer progression. TPC-1 cells were 
transfected with a EGR2 overexpression vector to 
up-regulate EGR2 (Figure 3(a)). CCK8 analysis 
(Figure 3(b)), colony formation analysis (Figure 3 
(c)), cell migration analysis (Figure 3(d)) and 
Transwell analysis (Figure 3(e)) all confirmed 
that overexpression of EGR2 effectively inhibited 
cell proliferation and metastasis in vitro. 

Subcutaneous tumorigenesis in nude mice also 
demonstrated that EGR2 overexpression remark-
ably inhibited thyroid cancer progression in vivo 
(Figure 3(F)).

Downregulation of EGR2 reverses anti-tumor 
effects of miR-17-5p inhibitor in thyroid cancer 
cells

To explore the function relevance of miR-17-5p 
suppressing EGR2 in thyroid carcinoma, EGR2 
was knockdown in TPC-1 cells. EGR2 inhibition 
significantly restored miR-17-5p-inhibitor- 
reduced cell growth, cell migration, and cell inva-
sion in thyroid cancer (Figure 4(a–d)), indicating 

Figure 3. EGR2 overexpressed inhibited thyroid cancer progression.
TPC-1 cells were transfection in EGR2 lentivirus (EGR2) and control (vctor). (a) WB analysis of EGR2 level. (b) detection of cell 
proliferation. (c) Representative photoes of colony formation assay. (d) detect of cell migration. (e) detection of cell invasion. (f) 
Images of xenograft tumors and Mean tumor weights are provided. ***P < 0.001. 
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that miR-17-5p promotes thyroid carcinoma pro-
gression by suppressing EGR2.

Induction of tumor formation by miR-17-5p via 
inhibiting EGR2 in vivo
To investigate the function of miR-17-5p in vivo, 
we transfected TPC-1 cells with miR-17-5p inhi-
bitor or miR-NC, the cells were then used to con-
struct subcutaneous tumor model in nude mice. 

Tumor growth in miR-17-5p inhibition group was 
significantly slower than that in miR-NC group 
(Figure 5(a)). miR-17-5p downregulation group 
showed smaller tumor size and weight than con-
trol group (Figure 5(b,c)). We measured the levels 
of miR-17-5p and EGR2 in the tumor tissue. 
Compared with Mir NC group, miR-17-5p inhibi-
tor group had up-regulated EGR2 expression 
(Figure 5(d)). Moreover, reduction of EGR2 

Figure 4. Downregulation of EGR2 reverses anti-tumor roles of miR-17-5p inhibition in TC cells.
(a) TPC-1 cells were cotransfected with shEGR2 and miR-17-5p inhibitor. A: detection of cell proliferation. (b) Representative results 
of colony formation assay. (c) detection of cell migration. (d) detection of cell invasion. 
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could reverse anti-tumor effect of miR-17-5p inhi-
bitor in vivo. Furthermore, the levels of E-cadherin 
and MAPK in tumor tissues from the miR-17-5p 
inhibition group were decreased in comparison 
with the control group (Figure 5(d)), indicating 
miR-17-5p promote thyroid cancer tumorigenicity 
by suppressing EGR2.

Discussion

Here, we shown that miR-17-5p was apparently 
overexpression, while EGR2 was otherwise signifi-
cantly down-regulation in thyroid cancer tissues as 
well as cell lines in comparison with the paired 
non-tumorl tissues and normal cells. Down-regu-
lation of miR-17-5p observably reduced cell 
growth, colony formation, cell migration and cell 
invasion of TC cells by inducing EGR2 expression. 

These results are expected to provide new strate-
gies for thyroid carcinoma treatment.

A number of researches proved miRNAs are 
always making a significant contribution to the 
development of TC. For example, miR-613 could 
dramatically suppress cell growth and cell metas-
tasis in PTC by modulating SphK2 expression 
[25]. miRNA-338-3p inhibited cell growth and 
metastasis while reduced apoptosis of thyroid car-
cinoma cells by mediating CCND1 [26]. miR-338- 
3p strikingly decreased TC malignancy by regulat-
ing AKT3 [27]. MiR-224-5p has been reported to 
direct binding with EGR2 to accelerate the pro-
gression of papillary thyroid carcinoma. Here, we 
revealed that miR-17-5p expression was notably 
increased in TC tissues and cell lines in compar-
ison with paired non-tumor tissues and cell lines, 
which was consistent with previous studies [19,20]. 
Besides, miR-17-5p inhibitor reduced TC cell 

Figure 5. miR-17-5p induces TC tumorigenicity in vivo by suppressing EGR2.
(a) Represented images of tumors. (b) Tumor volumes. (c) Tumor weights. (d) EGR2, E-cadherin, N-cadherin, and MAPK expression 
level in tumors. **P < 0.01, ***P < 0.001. 
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growth and cell metastasis, indicating that miR-17- 
5p might be a tumor oncogene in thyroid cancer.

Next, we explore its underlining mechanisms in 
human thyroid carcinoma advance. It has been 
reported that miR-17-5p could inhibited PTEN 
expression, therefore leading to suppression of 
the malignancy of thyroid cancer and inactivation 
of AKT/mTOR pathway, providing a novel avenue 
for treatment of thyroid cancer [20]. miR-17-5p 
targeting YES1 induced thyroid cancer progression 
[28]. In this study, Targetscan predicted that miR- 
17-5p might binding with EGR2 directly. 
Furthermore, Luciferase activity and Western blot-
ting analysis further demonstrated that EGR2 was 
increased by miR-17-5p knockdown in TPC-1 
cells. EGR2, a member of Egr family genes, 
encoded C2H2-type zinc-finger proteins [29]. 
EGR2 has been demonstrated play a crucial part 
in tumor development [30]. It is reported that 
EGR2 inhibited gastric cancer cell proliferation 
and cell invasion, which suggested that it might 
act as a antioncogene [31]. Overexpression of 
NFAT2 could significantly restrain hepatocellular 
carcinoma progression through increasing Egr2 
expression [32]. Of note, downregulation of 
EGR2 expression were detected in PTC tissues 
and cells. EGR2 overexpression could attenuate 
the carcinogenic effects of miR-224-5p in PTC. 
In our study, we also found that EGR2 decreased 
in thyroid cancer tissues and cells. EGR2 overex-
pression could suppresses the malignancy of thyr-
oid carcinoma through inhibition of tumor cell 
proliferation and migration. EGR2 knockdown 
significantly attenuate anti-cancer function of 
miR-17-5p. Turns out, miR-17-5p directly target-
ing EGR2 in TPC-1 cells. Given that EGR2 has 
a key role in inhibiting human tumors malignancy, 
targeting EGR2 may be an effective new therapy 
strategies for the prevention of tumor progression. 
Of note, in this study, miR-17-5p was illustrated to 
negatively modulate EGR2 in TPC-1 cells, further 
confirming a tumor oncogene role of miR-17-5p.

Conclusion

In summary, our study demonstrates that the expres-
sion of miR-17-5p is up-regulation in TC tissues and 
cells. Inhibition of miR-17-5p reduces cell growth 
and metastasis via inhibiting EGR2 in TPC-1 cells. 

Furthermore, our results indicated EGR2 is the tar-
get gene of miR-17-5p in TC, which may supply 
a promising treatment target for thyroid cancer.

Highlights

1. miR-17-5p is significantly increased in thyroid cancer 
tissues and cells.

2. mR-17-5p promotes thyroid cancer tumorigenesis both 
in vitro and in vivo.

3. miR-17-5p is a thyroid cancer oncomir by modulation 
of the EGR2.
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