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1 | INTRODUCTION

| QingliXie | ShanJiang | Ting Lin

Abstract

Background: The aims of this study were to investigate the function and mechanism
of miRNA-98-5p in papillary thyroid carcinoma.

Methods: Quantitative real-time polymerase chain reaction (QRT-PCR) was used to
measure the expression of miRNA-98-5p in papillary thyroid carcinoma. Western blot-
ting and caspase-3/9 activity levels, flow cytometric analysis, cell migration assays,
DAPI assay, cell proliferation assay, and LDH activity levels were used in this study.
Results: In patient with papillary thyroid carcinoma, miRNA-98-5p was reduced,
and HMGA2 was increased. Downregulation of miRNA-98-5p promoted the cell
growth, inhibited apoptosis, and induced HMGAZ2 protein expression in papil-
lary thyroid carcinoma cell via activation of HMGA2. Overexpression of miRNA-
98-5p inhibited the cell growth, induced apoptosis, and suppressed HMGA2
protein expression in papillary thyroid carcinoma cell through the suppression of
HMGAZ2. Si-HMGA?2 inhibited the effects of anti-miRNA-98-5p on cell growth of
papillary thyroid carcinoma.

Conclusion: Therefore, these results suggested the regulation of HMGAZ2 suppresses
proliferation of papillary thyroid carcinoma through miRNA-98-5p.
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manifestation of thyroid mass with hard texture, either with single

or multiple lesions.® Patients with multiple lesions have taken up

Thyroid carcinoma is one of the common head and neck malignan-
cies. It is also the most common malignancy in endocrine system,
which accounts for about 1% of systemic malignancies.® Thyroid
carcinoma is more commonly seen in female, with the male-to-fe-
male ratio of 1:2.58.2 It can occur in all age groups from children
to the elderly. This is different from general cancers that frequently
occur in the elderly. Specifically, thyroid carcinoma is more com-
monly seen in young adults, with the average age of onset of about
40 years.® Papillary thyroid carcinoma (PTC) shows the pathological

20%-65%. Morphologically, thyroid carcinoma may have enveloped
or incomplete enveloped, with dark red section.? It is frequently
accompanying with calcification, which leads to sense of scrubbing
when cutting,4 Alternatively, it can be a cystic and solid mass con-
taining brown or dark brown liquid, with papilla on the cyst wall.4
Thyroid carcinoma can be classified into differentiated and non-
differentiated types according to its histological structure.® The dif-
ferentiated type has accounted for about 90%, which is one of the

malignancies with the most rapidly increased morbidity recently.®

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Journal of Clinical Laboratory Analysis published by Wiley Periodicals, Inc.

J Clin Lab Anal. 2020;34:€23044.
https://doi.org/10.1002/jcla.23044

wileyonlinelibrary.com/journal/jcla | 10of9


www.wileyonlinelibrary.com/journal/jcla
mailto:﻿￼
https://orcid.org/0000-0002-8089-6956
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:aimeili90@yeah.net

QIU ET AL.

2 | WiLEY

Differentiated carcinoma can be further divided into PTC and follicular
thyroid carcinoma (FTC).” PTC occupies 75% of all thyroid carcinoma
cases, while FTC only takes up 16%.> Meanwhile, thyroid carcinoma
can also be divided into parafollicular cell carcinoma (medullary carci-
noma) and follicular epithelial cell carcinoma based on the origin cell.
Most thyroid carcinoma cases derive from follicular epithelial cell.! On
the other hand, follicular epithelial cell carcinoma includes papillary
carcinoma, follicular carcinoma, and undifferentiated carcinoma.®
miRNA is a class of endogenous non-coding small RNA molecule.
It generally targets one or more mRNAs and binds with its 3'-un-
translated region (3-UTR).”

miRNA at translation level and negatively regulate target gene ex-

Thus, it can inhibit or degrade the target

pression.8 Thousands of miRNAs have been discovered at present.
They can extensively regulate important biological processes, such
as cell growth, proliferation, invasion, differentiation, and apoptosis.9
An increasing number of studies have indicated that miRNA is aber-
rantly expressed in multiple malignancies, including PTC.” Moreover,
miRNA displays superb stability in formalin-fixed tissue samples.®
Therefore, the related expression profiles in tissue samples can be
stably obtained. Research on miRNA expression profile indicates that

miRNA is closely related to tumor genesis, progression and treatment
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This indicates that it has the potential to serve as bio-

marker to be used in malignancy diagnosis and prognosis judgment.*®
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HMGAZ2 belongs to the high mobility protein family. It gener-
ally locates in the cell nucleus and shows no transcription activity.
However, it can bind with DNA to change its chromosome structure,
thus regulating gene transcription. As a result, it is also referred to
as the structural transcription factor. It plays a vital role in chromo-
some remodeling and gene regulation. HMGAZ2 is highly expressed
in the tissue samples from PTC patients. It is markedly correlated
with lung cancer classification, metastasis, and patient survival.!?
The aims of this study were to investigate the function and mecha-

nism of miRNA-98-5p in papillary thyroid carcinoma.

2 | MATERIALS AND METHOD
2.1 | Patient samples and quantitative real-time
polymerase chain reaction

Serumsof PTC patientswere obtained from Fujian Medical University
Union Hospital after surgical resection. Serums of PTC patients were

obtained from Fujian Medical University Union Hospital. The study
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FIGURE 1 miRNA-98-5p and HMGA2 expression in papillary thyroid carcinoma. Gene chip and qPCR for miRNA-98-5p
(A and B), HMGAZ2 protein expression (C), statistical analysis of HMGA2 protein expression (D). Normal, normal group; PTC,

papillary thyroid carcinoma group
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FIGURE 2 Relationship with OS/DFS of patient and miRNA-98-5p expression. Relationship with OS (A)/DFS (B) of patient and

miRNA-98-5p expression

protocol was approved by the Institute Research Ethics Committee
at Fujian Medical University Union Hospital. Total RNA was ex-
tracted from the serum and cell using Trizol (Invitrogen). cDCA was
reverse-transcribed using the TagMan MiRNA Reverse Transcript
Kit (Applied Biosystems). miRNAs were quantified using SYBR
Premix Ex TaqTM (TaKaRa) by ABI 7500 Fast Sequence Detection
System (Applied Biosystems Prism) and the relative expression using
the 2-AACT method. U6 forward, 5'-~AGAGCCTGTGGTGTCCG-3’,
reverse, 5'-CATCTTCAAAGCACTTCCCT-3".

2.2 | Cell culture

Human PTC cell line A-PTC cell was cultured in the RPMI 1640 me-
dium (Gibco) supplemented with 10% fetal bovine serum (Gibco),
1% penicillin G (100 units/mL), and 1% streptomycin (100 pg/mL) at
37°Cin a humidified atmosphere of 5% CO,,.

2.3 | Transfection and luciferase assay

Si-HMGA2, miRNA-98-5p, anti-miRNA-98-5p mimic, and cor-
responding negative control (miR-NC) were purchased from
GenePharma Co., Ltd. Mimic or plasmids were transfected into K1

cell using Lipofectamine 2000 (Invitrogen).

2.4 | Cell proliferation assay and LDH activity levels

Cells (1 x 104 cells per well) were plated in 96-well plates, and
MTT was added to cell cultures at a final concentration of 5 mg/mL
4 hours at 37°C. DMEM was removed, and DMSO was added into
cell for 20 minutes at 37°C. Absorbance was measured at 570 nm
using an ELISA reader (Thermo Labsystems).

After transfection of 48 hours, cell was used to measure the LDH
activity levels using LDH activity kits. Absorbance was measured at
450 nm using an ELISA reader (Thermo Labsystems).

2.5 | Cell migration assays and DAPI assay

Cell migration was evaluated using a wound-healing assay and cul-
tured in 24-well plates (1 x 104 cells per well). Cells were seeded
into the upper chamber of Matrigel-coated inserts with free-serum
medium. DMEM with 20% FBS was added to the lower chamber as
chemoattractant. After 48 hours, cells invaded to the lower surface
of filter and were fixed with ice-70% ethanol for 30 minutes. Cell was
stained with 0.1% crystal violet for 10 minutes and counted in five
randomly selected fields using an X71 inverted microscope (Olympus).

After transfection of 48 hours, cell was washed with PBS and
fixed with ice-70% ethanol for 30 minutes. Cell was stained with
DAPI assay for 30 minutes at darkness and washed with PBS. Cell
was observed using an X71 inverted microscope (Olympus).

2.6 | Flow cytometric analysis

Cells (1 x 106 cells per well) were plated in 6-well plates and washed
with PBS for 15 minutes. 5 pL of Annexin V-FITC/PI was added into
cell for 15 minutes at darkness. Subsequently, the results were ana-
lyzed by flow cytometry (cé) using FloMax software.

2.7 | Western blotting and caspase-3/9
activity levels

Cellular proteins were extracted in RIPA buffer (Biomed), and
protein concentration was assayed using the BCA Protein Assay
Reagent Kit (Biomed, China). 50 pg of equal amounts was sepa-
rated by electrophoresis on a 10% polyacrylamide gel and elec-
trotransferred to a nitrocellulose membrane. Membrane was
blocked with 5% nonfat in TBST for 1 hours at 37°C and incubated
overnight (4°C) with the primary antibody: Bax, HMGA2, and
GAPDH. Subsequently, the membranes were incubated with goat
anti-mouse for 1 hours at 37°C after washing for 15 minutes using
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FIGURE 3 Downregulation of miRNA-98-5p on cell growth of papillary thyroid carcinoma. miRNA-98-5p expression (A), cell growth (B),
cell transfer (C and D), LDH level (E), DAPI assay (F), apoptosis rate (G and H). Control, control negative group; Anti-98-5p, downregulation of

mMiRNA-98-5p group. ##P < .01 vs control group

TBST. Finally, protein bands were detected by chemiluminescence
using the Amersham ECL Plus Western Blotting Detection Kit (GE
Healthcare Bio-Sciences) and analyzed using Image-ProPlus 6.0
software (Media Cybernetics, IncSA).

Cellular proteins were extracted in RIPA buffer (Biomed), and
protein concentration was assayed using the BCA Protein Assay
reagent kit (Biomed). 50 pg of equal amounts was used to mea-
sure caspase-3/9 activity levels using caspase-3/9 activity levels
kits. Absorbance was measured at 405 nm using an ELISA reader

(Thermo Labsystems).

2.8 | Statistical analysis

All results were expressed as mean values * standard deviation
(n + 3). Experimental data were analyzed using one-way analysis of
variance (ANOVA) and Tukey's post-test. P < .05 was considered as
statistically significant.

3 | RESULTS
3.1 | miRNA-98-5p and HMGA2 expression in
papillary thyroid carcinoma

Firstly, we analyzed the changes of miRNA-98-5p and HMGA2
expression in papillary thyroid carcinoma. Figure 1A,B shows that
miRNA-98-5p expression was inhibited in papillary thyroid carci-
noma, compared with the control group. Figure 1C,D shows that
HMGA2 expression was inhibited in papillary thyroid carcinoma,

compared with control group.

3.2 | Relationship with OS/DFS of patient and
miRNA-98-5p expression

Next, we analyzed the role of miRNA-98-5p on OS and DFS of pa-
tient with papillary thyroid carcinoma. As shown in Figure 2A,B, OS
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FIGURE 4 Overexpression of miRNA-98-5p on cell growth of papillary thyroid carcinoma. miRNA-98-5p expression (A), cell growth (B),
cell transfer (C and D), LDH level (E), DAPI assay (F), apoptosis rate (G and H). Control, control negative group; miRNA-98-5p, overexpression

of miRNA-98-5p group. ##P < .01 vs control group

and DFS of patient with miRNA-98-5p high expression were higher
than those of patient with miRNA-98-5p low expression. These
results showed that miRNA-98-5p participated in the develop-

ment and progression of papillary thyroid carcinoma.

3.3 | Effects of miRNA-98-5p on cell growth of
papillary thyroid carcinoma

Then, we analyzed the function of miRNA-98-5p in papillary thy-
roid carcinoma. Anti-miRNA-98-5p mimics were used to decrease the
expression of miRNA-98-5p in vitro model of papillary thyroid carci-
noma, compared with negative group (Figure 3A). Downregulation
of miRNA-98-5p promoted the cell growth and cell transfer, and in-
hibited LDH level and apoptosis rate in vitro model of papillary thy-
roid carcinoma, compared with negative group (Figures 3B2H). Next,
we evaluated the anti-cancer effects of miRNA-98-5p in papillary thy-
roid carcinoma. miRNA-98-5p mimics increased the expression of

miRNA-98-5p in vitro model of papillary thyroid carcinoma, compared

with negative group (Figure 4A). Overexpression of miRNA-98-5p
reduced the cell growth and cell transfer and induced LDH level and
apoptosis rate in vitro model of papillary thyroid carcinoma, compared
with negative group (Figures 4B3H).

Effects of miRNA-98-5p regulate HMGAZ2 in papillary thy-
roid carcinoma. In order to investigate the mechanism of miR-
NA-98-5p on apoptosis in papillary thyroid carcinoma, we firstly
analyzed the effects of miRNA-98-5p on signaling pathway to af-
fect papillary thyroid carcinoma cell growth. As shown in Figure 5A,
HMGAZ2 expression was reduced in overexpression of miRNA-98-5p,
compared with the negative group. miRNA-98-5p regulates the
expression of HMGA2 by directly targeting its mRNA 3'-UTR
(Figure 5B). Luciferase assay activity levels were reduced by overex-
pression of miRNA-98-5p, compared with negative group (Figure 5C).
Overexpression of miRNA-98-5p suppressed the HMGA2 protein
expression in papillary thyroid carcinoma, compared with negative
group (Figure 5D). Overexpression of miRNA-98-5p suppressed
the HMGA2 and Bax protein expression, and caspase-3/9 activity
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FIGURE 5 miRNA-98-5p regulates HMGAZ2 in papillary thyroid carcinoma. Gene chip (A), HMGAZ2 by directly targeting its mRNA 3'-UTR

(B), luciferase assay activity levels (C), HMGA2 protein expression (D)

levels in papillary thyroid carcinoma, compared with negative group
(Figure 6A-6E). Downregulation of miRNA-98-5p induced HMGA2
and Bax protein expression, and caspase-3/9 activity levels in papil-

lary thyroid carcinoma, compared with negative group (Figure 6F-6J).

3.4 | Si-HMGA2
inhibited the effects of miRNA-98-5p on cell
growth of papillary thyroid carcinoma

To further investigate the role of HMGAZ2 in the effects of anti-
miRNA-98-5p on cell growth of papillary thyroid carcinoma. As
shown in Figure 7A-7E, si-HMGAZ2 suppressed the HMGA2 and Bax
protein expression, and caspase-3/9 activity levels in papillary thy-
roid carcinoma by miRNA-98-5p, compared with miRNA-98-5p

group. The inhibition of HMGAZ2 the effects of miRNA-98-5p on the
promotion of cell growth and cell transfer, and inhibition of LDH
level and apoptosis rate in papillary thyroid carcinoma by miRNA-
98-5p, compared with miRNA-98-5p group (Figure 7F-7L).

4 | DISCUSSION

Papillary thyroid carcinoma accounts for about 60% of adult thyroid
carcinoma cases and 100% of children thyroid carcinoma cases.'? It
has low malignant grade. PTC frequently occurs in young women, es-
pecially those aged 30-45 years.6 About 80% tumors have multiple
center, and approximately 1/3 involve the bilateral thyroid glands. It

has neck lymph node metastasis at an early stage, but with favorable
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prognosis.’® In the present study, we found that miRNA-98-5p ex- Fu et al suggest that downregulated miR-98-5p promotes pan-
pression was inhibited in papillary thyroid carcinoma, compared with creatic ductal adenocarcinoma proliferation and metastasis by re-
control group. versely regulating MAP4K4. {Fu, 2018 #3848}
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miRNA is highly conserved among different species. This has fur-
ther increased its value in numerous important biological processes,
including the differential diagnosis of PTC. This is an important dis-
covery for PTC. miRNA is generally downregulated in tumor, but it
is aberrantly upregulated in PTC.* This is verified in subsequent re-
ports.’* Therefore, we found that OS and DFS of patient with miR-
NA-98-5p expression lower were lower than those of patient with
miRNA-98-5p expression higher.

HMGAZ2 is a structural transcription factor that involves in gene
transcription regulation, chromatin condensation, and DNA damage
repair.!! It affects cell proliferation, growth, differentiation, aging,
and death.'! HMGAZ2 is found in virus-transformed rat thyroid cell
line and is thus first linked with tumor.}®> Currently, mutation pro-
duced from HMGAZ2 gene rearrangement is considered to be related
to benign tumor.’® In contrast, the overexpression of full-length
protein is related to the genesis and development of malignancies.16
This study showed that the downregulation of miRNA-98-5p pro-
moted the cell growth, inhibited apoptosis, and induced HMGA2
protein expression in papillary thyroid carcinoma cell via activation
of HMGA2.

HMGA2 is a non-histone chromosomin that shows no tran-
scription activity.'” It can regulate the transcription of other genes
through changing the chromatin structure.'® HMGA2 is lowly ex-
pressed or not expressed in normal tissue, but upregulated during
embryogenesis and in malignant tumor tissue.” Recent research
finds that HMGAZ2 may participate in epithelial-mesenchymal tran-
sition, thus promoting tumor invasion and metastasis.'”'® Patients
with upregulated HMGA2 expression in tumor specimens and serum
have dismal prognosis.*® In some malignancies, HMGAZ2 can serve as
amolecular marker for diagnosis or an independent factor for judging
prognosis.’® Our study suggested Si-HMGA2 inhibited the effects of
anti-miRNA-98-5p on cell growth of papillary thyroid carcinoma.

In summary, in this study we report that the regulation of
HMGA2 suppresses proliferation of papillary thyroid carcinoma
through miRNA-98-5p. In conclusion, this study revealed that miR-
NA-98-5p profiles played a key role in papillary thyroid carcinoma,
served as a novel and promising biomarker for diagnosis and disease
severity of miRNA-98-5p.

ORCID
Kai Qiu https://orcid.org/0000-0002-8089-6956
REFERENCES

1. Hong CM, Ahn BC, Jeong SY, Lee SW, Lee J. Distant metastatic
lesions in patients with differentiated thyroid carcinoma. Clinical
implications of radioiodine and FDG uptake. Nuklearmedizin.
2013;52:121-129.

2. Cabanillas ME, de Souza JA, Geyer S, et al. Cabozantinib as sal-
vage therapy for patients with tyrosine kinase inhibitor-re-
fractory differentiated thyroid cancer: results of a multicenter
phase ii international thyroid oncology group trial. J Clin Oncol.
2017;35(29):3315-3321.

10.

11.

12.

13.

14.

15.

16.

17.

18.

WILEY-2"

Liu CL, Cheng SP, Lin HW, Lai YL. Risk of thyroid cancer in patients
with thyroiditis: a population-based cohort study. Ann Surg Oncol.
2014;21(3):843-849.

Chow LQ, Santana-Davila R. A phase | study of pazopanib in combi-
nation with escalating doses of 131l in patients with well-differen-
tiated thyroid carcinoma borderline refractory to radioiodine. PLoS
ONE. 2017;12(6):e0178325.

Rosario PW, dos Santos JB, Calsolari MR. Follow-up of patients
with low-risk papillary thyroid carcinoma and undetectable basal
serum thyroglobulin after ablation measured with a sensitive assay:
a prospective study. Horm Metab Res. 2013;45(12):911-914.
Bodet-Milin C, Faivre-Chauvet A, Carlier T, et al. Inmuno-PET using
anticarcinoembryonic antigen bispecific antibody and 68ga-labeled
peptide in metastatic medullary thyroid carcinoma: clinical optimi-
zation of the pretargeting parameters in a first-in-human trial. J Nucl
Med. 2016;57(10):1505-1511.

Zhou B, Shan H, Su Y, Xia K, Zou R, Shao Q. Let-7a inhibits migra-
tion, invasion and tumor growth by targeting AKT2 in papillary thy-
roid carcinoma. Oncotarget. 2017;8:69746-69755.

Kolanowska M, Wojcicka A, Kubiak A, et al. Functional analysis of
a novel, thyroglobulin-embedded microRNA gene deregulated in
papillary thyroid carcinoma. Sci Rep. 2017;7(1):9942.

Zhou GJ, Xiao M, Zhao LN, Tang JG, Zhang L. MicroRNAs as novel
biomarkers for the differentiation of malignant versus benign thy-
roid lesions: a meta-analysis. Genet Mol Res. 2015;14:7279-7289.
Xu Q, Zhang M, Tu J, Pang L, Cai W, Liu X. MicroRNA-122 affects
cell aggressiveness and apoptosis by targeting PKM2 in human he-
patocellular carcinoma. Oncol Rep. 2015;34:2054-2064.

Li H, Zhao L, Zhang Z, Zhang H, Ding C, Su Z. Roles of microRNA
let-7b in papillary thyroid carcinoma by regulating HMGA2. Tumour
Biol. 2017;39(10):1010428317719274.

Lee SK, Lee JH, Bae SY, et al. Lateral neck sentinel lymph node bi-
opsy in papillary thyroid carcinoma, is it really necessary? A ran-
domized, controlled study. Surgery. 2015;157:518-525.

Brose MS, Nutting CM, Jarzab B, et al. Sorafenib in radioactive io-
dine-refractory, locally advanced or metastatic differentiated thy-
roid cancer: a randomised, double-blind, phase 3 trial. The Lancet.
2014;384(9940):319-328.

Ye Y, Zhuang J, Wang G, He S, Ni J, Xia W. MicroRNA-139 targets
fibronectin 1 to inhibit papillary thyroid carcinoma progression.
Oncology letters. 2017;14:7799-7806.

Lappinga PJ, Kip NS, Jin L, et al. HMGAZ2 gene expression analysis
performed on cytologic smears to distinguish benign from malig-
nant thyroid nodules. Cancer Cytopathol. 2010;118(5):287-297.

Li T, Yang XD, Ye CX, et al. Long noncoding RNA HIT000218960
promotes papillary thyroid cancer oncogenesis and tumor progres-
sion by upregulating the expression of high mobility group AT-hook
2 (HMGA?2) gene. Cell Cycle. 2017;16(2):224-231.

Jang MH, Jung KC, Min HS. The diagnostic usefulness of HMGA2,
survivin, CEACAMS6, and SFN/14-3-3 delta in follicular thyroid car-
cinoma. J Pathol Transl Med. 2015;49:112-117.

Prasad NB, Kowalski J, Tsai HL, et al. Three-gene molecular diag-
nostic model for thyroid cancer. Thyroid. 2012;22(3):275-284.

How to cite this article: Qiu K, Xie Q, Jiang S, Lin T.
miR-98-5p promotes apoptosis and inhibits migration and cell
growth in papillary thyroid carcinoma through Bax/
Caspase-3 by HMGAZ2. J Clin Lab Anal. 2020;34:e23044.
https://doi.org/10.1002/jcla.23044



https://orcid.org/0000-0002-8089-6956
https://orcid.org/0000-0002-8089-6956
https://doi.org/10.1002/jcla.23044

