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miR-30b-5p inhibits proliferation, invasion,

and migration of papillary thyroid cancer
by targeting GALNT7 via the EGFR/PI3K/AKT
pathway
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Abstract

Background: Papillary thyroid carcinoma (PTC) is a common endocrine tumor. Increasing evidence has shown that
microRNA dysfunction is involved in the occurrence and development of cancer. The expression of MicroRNA-30b-5p
(miR-30b-5p) was down-regulated in PTC; however, its role in the development of PTC is not clear. Hence, this study
aimed to explore the role and mechanism of miR-30b-5p in the occurrence and development of PTC.

Methods: The gRT-PCR assay was used to detect the expression of miR-30b-5p in 60 cases of papillary thyroid car-
cinoma along with their matched non-cancerous tissues. This study explored the biological function of miR-30b-5p
by the functional gain and loss experiments in vitro and vivo. The direct target gene of miR-30b-5p and its signaling
pathway was identified through bioinformatics analysis, gRT-PCR, western blot, rescue experiments, and double lucif-
erase 3-UTR report analysis.

Results: This study demonstrated that the low expression of miR-30b-5p is related to poor clinicopathological fea-
tures. Functionally, the overexpression of miR-30b-5p inhibited the proliferation, invasion, and migration of PTC cells.
Bioinformatics and luciferase analysis showed that GALNT7 is the direct and functional target of miR-30b-5p. Moreo-
ver, miR-30b-5p inhibited the proliferation of PTC in vivo by inhibiting the expression of GALNTZ. The studies on the
mechanism have shown that GALNT7 promotes cell proliferation and invasion by activating EGFR/PI3K/AKT kinase
pathway, which can be attenuated by the kinase inhibitors.

Conclusions: Overall, miR-30b-5p inhibited the progression of papillary thyroid carcinoma by targeting GALNT7 and
inhibiting the EGFR/PI3K/AKT pathway.
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Background

Thyroid cancer is a common endocrine malignancy, and

its incidence has shown a rapid increase in recent dec-

ades [1]. Differentiated thyroid cancer (DTC) accounts

for more than 90% of all thyroid cancers, including the
§ . p— - papillary, follicular, and poorly differentiated histologi-
o IV e cal subypes (2] Altough most patents diagnosed with
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minority reporting death [3]. Its occurrence and devel-
opment seem as complex as a network system, and its
underlying mechanism is still largely unknown. Thus, it is
critical to explore the underlying molecular mechanisms
and identify the potential therapeutic targets in papillary
thyroid carcinoma (PTC).

Mature microRNAs (miRNAs) belong to a class of
evolutionally conserved, single-stranded, small (approxi-
mately 19-23 nucleotides), endogenously expressed, and
non-protein-coding RNAs that act as post-transcrip-
tional regulators of gene expression in a wide variety of
animals, plants, and viruses [4]. Numerous studies have
documented the role of miRNA in cancer progression
[5], and several miRNAs have been reported to be associ-
ated with thyroid carcinomas [6—10]. Overexpression of
miR-146b-5p and miR-146b-3p is associated with PTC
metastasis [9]. MiR-139-5p can significantly reduce the
migration and proliferation of anaplastic thyroid cancer
cells [6]. MiR-125a-5p exerts its tumor inhibitory effect
by directly inhibiting the expression of CD147 protein
in thyroid cancer [7]. MiR-222 promotes the invasion
and metastasis of thyroid cancer by targeting PPP2R2A
[8]. Additionally, the miR-30b-5p is reported as a new
diagnostic marker to improve the diagnosis of PTC [11].
MiR-30b-5p often acts as a tumor suppressor, inhibiting
the proliferation and metastasis of cancer, including renal
cell carcinoma [12], lung cancer [13], and colorectal can-
cer [14]. In terms of mechanism, miR-30b-5p is reported
to control tumor or disease progression by regulating
autophagy [15-18], epithelial-mesenchymal transition
(EMT) [12, 19], and mTOR signaling pathway [20]. How-
ever, the role of miR-30b-5p in PTC is not very clear.

Overexpression of epidermal growth factor receptor
(EGFR) is associated with thyroid carcinoma progres-
sion [21]. Recent studies have found that the detection of
EGER expression in patients with PTC is helpful to judge
the prognosis of patients with PTC [22-25]. In addition,
EGF/EGER signal pathway plays a crucial role in the
EMT progression of thyroid cancer cells [26, 27]. EGFR
is activated by its ligand epidermal growth factor (EGF),
which triggers a signal cascade, resulting in enhanced
migration and invasion of thyroid cancer cells [28]. There
is no doubt that the expression level of EGFR is also regu-
lated by miRNA. MiR-146b blocks the EGER pathway to
inhibit the progression of ovarian cancer [29]. MiR-137
inhibits growth and invasion by targeting EGER in thy-
roid cancer cells [30]. MiR-7 affects the progress of PTC
by regulating the expression of EGEFR [31]. However, the
relationship between MiR-30b-5p and EGFR is not clear.

Our results showed that the expression of miR-30b-5p
in PTC was significantly lower than that of the paracan-
cerous tissues. MiR-30b-5p plays the role of the tumor
suppressor gene by directly inhibiting the expression
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of  Polypeptide = N-Acetylgalactosaminyltransferase
7(GALNT7). The abnormal expression of GALNT7
and its family members is related to the occurrence and
development of many kinds of malignant tumors [32—
40]. Therefore, we focused on the interaction between
MiR-30b-5p and GALNT?7 in PTC cells. We report a new
regulatory pathway composed of MiR-30b-5p/GALNT7/
EGFR, which provides potential biomarkers and thera-
peutic targets for the diagnosis and treatment of PTC.

Methods

Patients and samples

The PTC and non-tumor tissues were collected from 60
PTC patients admitted to the first affiliate Hospital of
Guangxi Medical University in the past year (Additional
file 2: Table S1). They were initially diagnosed with PTC
and received PTC lobectomy. Tumor tissues were imme-
diately collected, and the non-tumor tissues were sam-
pled more than 5 cm away from the tumor border. The
samples were stored using an RNA protective reagent
(RNA isolater Total RNA Extraction Reagent, R401-
01, Vazyme) at —80 °C. None of these patients received
any chemotherapy or radiotherapy before the operation.
This study and its informed consent were reviewed and
certified by the Ethics Committee of the first affiliated
Medical College of Guangxi Medical University [2015
(KY-E-018)].

Cell culture and transfection

PTC cell lines TPC-1, KTC-1, and B-CPAP were pur-
chased from Wuhan Pu-nuo-sai Life Technology Co.
Ltd. (Wuhan, China). K-1 was purchased from Shanghai
Gene Chemical Technology Co., Ltd. Normal thyroid
epithelial cell line, namely, Nthy-ori-3-1, were purchased
from Shanghai Zhongqiao Xinzhou Biotechnology Co.,
Ltd. Cells were recently authenticated by STR profil-
ing. Cells are routinely tested for mycoplasma prior to
experimentation (MycoAlert Detection Kit (#LT07-418,
Lonza). All cell lines were cultured in RPMI 1640 with
10% fetal bovine serum (FBS, Gibco-BRI, USA) and incu-
bated at 37 °C with 5% CO,. Cells were digested using
0.25% trypsin and EDTA. MiR-30b-5p (agomir, mimics,
and inhibitor), NC (Negative Control-agomir, -mimics,
and -inhibitor), si-GALNT7, and si-NC were designed
by Guangzhou Ribobio Co., Ltd. GALNT7 overex-
pressed plasmids and corresponding negative control
groups were constructed by Shanghai Genechemical
Technology Co., Ltd. The transfection was performed
when cell confluency reached approximately 80-90%.
The miRNA mimic, miRNA inhibitor, small interference
RNAs(siRNAs), and plasmids were transfected using
Lipofectamine 3000 transfection reagent (Invitrogen)
according to the manufacturer’s protocol. The culture
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medium was replaced 8 h post-transfection. Subsequent
experiments were carried out after 48 h.

Western blotting

Total protein was extracted by the lysis method using
RIPA and 1% PMSF for 30 min at 4 °C and then centri-
fuged at 12,000 rpm for 15 min at 4 °C. The supernatant
liquid was transferred to another EP tube and boiled in
5x SDS loading buffer at 95 °C for 5 min. Before boil-
ing, the concentration of the total protein was estimated
by the BCA assay. The amount of the loaded protein
per lane was 30 ug. The proteins were electrophoresed
in 10% SDS-PAGE gels and transferred to PVDF mem-
branes. The membranes were incubated with 5% bovine
serum albumin (BSA) in TBST for 1 h at room tempera-
ture and then incubated overnight at 4 °C with the pri-
mary antibodies. The following day, membranes were
incubated with secondary antibody for 1 h. Finally, the
proteins were detected by incubating the membranes
with a chemiluminescent substrate (Pierce” ECL West-
ern Blotting Substrate, Thermo Scientific, # 32106) and
were exposed subsequently to the FlourchemE Imaging
System. The used primary antibodies and inhibitors are
listed as follows: GALNT7 rabbit Polyclonal Antibody
(Thermo Fisher Scientific, # PA5-64163, 1:1000); E-cad-
herin rabbit Polyclonal antibody (Proteintech, #20874—1-
AP, 1:10,000); Vimentin mouse Monoclonal antibody
(Proteintech, #60330-1-Ig, 1:20,000); SNAI1 rabbit
Polyclonal antibody (Proteintech, #13099—1-AP, 1:500);
EGEFR Rabbit Monoclonal antibody (Abcam, # ab52894,
1:1000); PI3K Rabbit Monoclonal antibody (CST, #4249,
1:1000); Phospho-PI3K p85 (Tyr458)/p55 (Tyr199) anti-
body (CST, #4228, 1:1000); AKT rabbit Polyclonal anti-
body (Proteintech, #10176—2-AP, 1:1000); Phospho-AKT
(Ser473) mouse Monoclonal antibody (Proteintech,
#66444—1-1g, 1:2000); GAPDH mouse Monoclonal anti-
body (Proteintech, #60004—1-Ig, 1:10,000); BMS-599626
(AC480) (Abcam, #ab142063): BMS-599626 was diluted
in DMSO (10uM) and added after 24 h of cell culture
(the volume of DMSO was less than 1%). The follow-up
experiment was carried out after 72 h of culture.

Real-time quantitative PCR

RNA samples from the frozen thyroid tissue specimens
and cultured cells were extracted using the FastPure®
Cell/Tissue Total RNA Isolation Kit V2 (Vazyme, Nan-
jing, China). The concentration and purification of RNA
were detected by the Nanodrop 2000 Spectrophotom-
eter (Thermo Scientific, USA). The concentration was
above 1000 ng/ul, and A260/A280 ratio was between
1.8 and 2.0. The cDNA was generated according to the
manufacturer’s instructions (Vazyme HiScript III RT
SuperMix for qPCR (4 gDNA wiper), Cat# R323-0land

Page 3 of 17

Takara Mir-X miRNA First-Strand Synthesis Kit, Cat#
63813). The resulting cDNA was used in real-time PCR
detection, which was performed by the 7500 real-time
PCR system (Applied Biosystems, Waltham, MA, USA)
using the ChamQTM Universal SYBR® qPCR Mas-
ter Mix and miRNA Universal SYBR qPCR Master Mix
(Vazyme). The qPCR conditions were set according to
the manufacturer’s instructions (The conditions for the
qPCR were shown in S1). All the primers were synthe-
sized by Takara Biotechnology Co., Ltd. (Takara, China).
MiR-30b-5p and GALNT7 expression was calculated as
oA (=8ACT) "y hich was normalized using U6 and GAPDH
expression, respectively. Primers used were as follows:
GALNT7 forward: 5-TCCTCGGTAACTTTGAAC
CCA-3’, GALNT?7 reverse: 5-GCGGTCCAGTGAGAT
CATGTC-3; miR-30b-5p forward: 5'-CCGAAACATCCT
ACACTCAGCTAA -3/, miR-30b-5p reverse: 5-CAG
TGCGTGTCGTGGAGT-3; U6 forward: 5-CTCGCT
TCGGCAGCACA -3, U6 reverse: 5-AACGCTTCA
CGAATTTGCGT -3; GAPDH forward: 5-TGTGGG
CATCAATGG ATTTGG -3/, GAPDH reverse: 5-ACA
CCATGTATTCCGGGTCAAT -3’

Analysis of THCA data and prediction of downstream
target genes of miRNA

The TCGA (The Cancer Genome Atlas) data of 573
patients with thyroid carcinoma were downloaded from
the TCGA-GDC website (https://portal.gdc.cancer.gov,
last accessed March 20, 2021). The enrichment analysis
of the GO (Gene Ontology) and KEGG (Kyoto Encyclo-
pedia of Genes and Genomes) pathway was performed
using the GSEA software (Gene set enrichment analysis,
GSEA v. 4.0). The differential expression of mir-30b-5p
was tested using the package limma. TargetScan (http://
www.targetscan.org), miRDB (http://mirdb.org/miRDB),
miRmap  (https://mirmap.ezlab.org/), PITA (http://
genie.weizmann.ac.il/pubs/mir07/mir07_data.html), and
miRanda (http://www.microrna.org) websites were used
to explore the downstream targets of miR-30b-5p.

CCK-8 assay and EdU incorporation assay

Cell proliferation was monitored using the CCK-8 kit
(Dojindo, USA). A day before transfection, cells were
seeded into 96-well culture plates at a density of 2 x 10
cells/well. The number of proliferating cells was deter-
mined by the absorbance measured at 450 nm using a
microplate reader (96-well microplate, Corning) at 0, 24,
48, and 72 h. All experiments were repeated thrice. The
EdU incorporation assay was performed using a Beyo-
Click™ EdU cell proliferation kit with Alexa Fluor 567
(RiboBio, Guangzhou, China). The treated PTC cells
were cultured in 96-well plates for 24 h. Then, 100 pL of
50 uM EdU culture medium was added to each well and
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incubated for 2 h. Each well was further incubated with
4% polyformaldehyde at room temperature for 30 min.
Later, 1X Apollo and DAPI staining reagents were added
sequentially and incubated at room temperature in a
decolorizing shaker for 30 min. The images were cap-
tured using an Olympus IX81 inverted fluorescent micro-
scope and CellSens software (Olympus Corporation). All
experiments were repeated thrice.

Wound-healing assay

The treated cells (K-1 and B-CPAP) were seeded into
6-well plates for overnight culture. Before scratching,
the cells were starved for 24 h in a medium containing
0% fetal bovine serum (FBS). A wound of similar size was
introduced into a monolayer with a 200 uL pipette tip.
Wounded monolayer cells were washed thrice with PBS
to remove cell debris and then cultured further. After
24 h, the speed of wound closure was monitored and
photographed. All the experiments were performed in
triplicates.

Transwell assay

Transwell invasion and migration assay was performed
using 8.0 um Transwell Permeable Support (Corning).
The transfected PTC cells were cultured in serum-free
RPMI 1640 medium for 24 h at 37 °C and then suspended
in the same medium. The cells were condensed to 3 x 10*
cells in 200 pL cell suspension and then added to the
upper chamber for migration test or Matrigel-coated
upper chamber for invasion experiment. The RPMI 1640
medium with 10% FBS was added to the bottom cham-
ber. After 24 h of incubation, the filter membrane was
fixed with 90% ethanol and stained with crystal violet.
For visualization, five random areas of each chamber
were counted using an inverted microscope (Olympus
Corporation).

Flow cytometry CFSE assay

For apoptosis assay, the Annexin V-FITC/PI apoptosis
kit (MULTI SCIENCES, Hangzhou, China) was used,
and the procedure was followed as per the manufactur-
er’s protocols. Firstly, cells (K-1 and B-CPAP) were har-
vested and washed twice using pre-cold PBS buffer. Then,
5 uL of PI Staining Solution and 5 uL of Annexin V-FITC
were added to each sample, and cells were incubated
for 10 min. BD FACSVerse flow cytometer was used to
measure the cell apoptosis. The data of the cell cycle and
apoptosis assay were analyzed by BD FlowJo'" v10.7.

Luciferase reporter assay

The wild-type GALNT7 or mut-GALNT?7 fragment
was constructed and inserted downstream of the pmiR-
RB-Report " (Ribobio, China) luciferase reporter gene.
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293 T cells were transfected with 50 ng of reporter con-
struct and 50 nM of miRNA mimic per well using Lipo-
fectamine 3000 (Invitrogen, # L3000-015). The culture
medium was changed 6 h after transfection. After 48 h,
the cells were lysed using the passive lytic buffer (Pro-
mega, #E1910), and the reporter gene expression was
detected by the dual-luciferase reporter analysis system
(Promega, #E1910). All transfection experiments were
performed in triplicates.

Immunohistochemistry (IHC) and immunofluorescence (IF)
Thyroid cancer tissue was fixed with 10% formalin, and
then the paraffin-embedded sections were treated with
specific primary antibodies. After incubating overnight at
4 °C, the slices were washed twice and further incubated
with SignalStain® Boost IHC detection reagent (CST,
# 8114) at room temperature. Then, slices were labeled
using SignalStain DAB substrate kit (CST, #8059) and
observed under an inverted microscope (Olympus Cor-
poration). The experiment was repeated at least thrice.
For IF analysis, the cell climbing slices were incubated
overnight with anti-E-cadherin and anti-vimentin anti-
bodies at 4 °C. After three washing steps in PBS, cells
were incubated in secondary antibodies with respective
fluorophores: goat anti-mouse Alexa fluor 555 (Beyo-
time, China) and goat anti-rabbit Alexa fluor 488 (Beyo-
time, China). Fluorescence was assessed using an SP8
Leica Confocal Microscope.

Nude xenograft mice model

Thirty BALB/c female nude mice, aged between 4 and
6 weeks, were purchased from the Institute of Experi-
mental Animals of Guangxi Medical University and
randomly divided into the NC agomir and miR-30b-5p
agomir groups. B-CPAP cells were injected into the right
axilla of mice at a concentration of 5 x 10”cells/mL (200
u L/mouse). After 3 weeks, the intratumoral injection of
100 nM miRNA agomir was administered in the mice
every 4 days for 2 weeks. Every 4 days, tumour xenograft
growth was measured with calipers, and volume was cal-
culated according to the following formula: tumor vol-
ume (Mm?) = (length x width)? x 0.5. After 40 days, the
nude mice were euthanized by overdose sodium pento-
barbital at 300 mg/kg, and the tumor tissues were taken
for immunohistochemistry and western blot assays.
These animal experiments were approved by the Ethi-
cal Committee for Animal Utilization and Protection of
Guangxi Medical University (202007052, 2020).

Statistical analyses

All data (three biological repeats or samples) were
expressed as the mean = standard deviation (SD). SPSS
20.0 software (IBM, Chicago, IL, USA) and GraphPad
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Prism 7.0 (GraphPad Software Inc., CA, USA) was used
for statistical analysis. T-test and one-way ANOVA were
used for comparison between the groups. P<0.0001 is
indicated as ****P <0.001 as ***P <0.01 as **, and P <0.05
as *. All the experiments were repeated thrice.

Results

MiR-30b-5p is down-regulated in PTC and is related to poor
clinical features

The analysis of the THCA dataset from the TCGA
database shows that the expression of mir-30b-5p is
low in PTC (Fig. 1A). To further verify this result, the
qRT-PCR assay was used to evaluate the expression of
mir-30b-5p in 60 pairs of PTC and paracancerous tis-
sues. The results showed that the expression level of
mir-30b-5p in PTC was lower than that of the para-
cancerous tissues (Fig. 1B; Additional file 1). 60 tumor
tissues were divided into high expression and low
expression groups to explore the correlation between
the expression level of mir-30b-5p and clinicopatho-
logical features (Additional file 2: Table S1). It was
found that the expression of mir-30b-5p was signifi-
cantly correlated with the T stage (T1vs.T2, P=0.0047;
T1vs.T3, P<0.0001), lymph node metastasis (NO vs.
N1, P<0.0001), and tumor stage (I vs. II, P=0.0214)
(Fig. 1C-E). Also, we detected the expression of mir-
30b-5p in normal thyroid cells (Nthy-ori-3-1) and
four PTC cells (TPC-1, KTC-1, K-1, and B-CPAP). The
results showed that compared to the normal thyroid

Page 5 of 17

cells, the expression level of mir-30b-5p in K-1 and
B-CPAP cells was down-regulated (Fig. 1F, P =0.0232
and P<0.0001; Additional file 1) while the expression
level of mir-30b-5p in TPC-1 and KTC-1 cells was up-
regulated (Fig. 1F, P<0.0001 and P <0.0001; Additional
file 1). Therefore, K-1 and B-CPAP cell lines were used
for all the subsequent studies, and the results suggested
that the down-regulation of mir-30b-5p may be related
to the development of PTC.

Mir-30b-5p inhibits proliferation and causes apoptosis

of PTC cells in vitro

Mir-30b-5p mimic was transfected into K-1 and B-CPAP
cells, respectively. Significant overexpression of miR-
30b-5p in K-1 and B-CPAP cells was verified using qRT-
PCR (Fig. 2A, P=0.0002 and P =0.0006; Additional file
1). We first investigated the effects of overexpression
of mir-30b-5p on PTC cell proliferation. Following the
miR-30b-5p overexpression, the proliferative capability
of PTC cell lines was investigated using the CCK8 assay
(Fig. 2B; Additional file 3) and EdU staining (Fig. 2C,
E, P=0.0026, and P=0.0020; Additional file 4), which
showed a decrease in the proliferation. Moreover, the
number of apoptotic cells in the miR-30b-5p mimic
group was found to be significantly more than that of the
NC mimic group (Fig. 2D, F, P<0.0001 and P =0.0007).
These results suggested that the miR-30b-5p regulated
the proliferation and apoptosis of PTC cells.
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Mir-30b-5p suppresses migration and invasion of the PTC process in tumor migration, invasion, metastasis, and
cells in vitro spread. Thus, we tested whether miR-30b-5p is involved
To further analyze the biological behavior of mir- in EMT (Epithelial-mesenchymal transition). For the
30b-5p in PTC, the migratory and invasive ability of protein expression of EMT markers, western blotting
PTC cells were measured using the wound healing was used to verify the representative EMT markers
and transwell assays. Wound healing assays showed (E-cadherin, snail, and vimentin). The results showed
that the overexpression of miR-30b-5p notably inhib- that the overexpression of mir-30b-5p decreased the
ited the PTC cell migration (Fig. 3A, B; P=0.0013 and  expression of mesenchymal markers, including snail
P=0.0011). Transwell migration and invasion assays and vimentin while increasing the expression of epi-
also indicated that miR-30b-5p markedly decreased thelial marker E-cadherin (Fig. 3F; Additional file 6).
the number of migrated and invaded cells in K-1 and  The changes in the EMT markers, namely, E-cadherin
B-CPAP cell lines (Fig. 3C-E, P<0.0001; Additional and Vimentin, were further confirmed by the IF analy-
file 5). It is generally believed that EMT is the key sis. These data suggested that the overexpression of
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miR-30b-5p can effectively inhibit the metastatic char-
acteristics of PTC cells.

MiR-30b-5p directly targets GALNT7

To clarify the potential mechanism underlying the miR-
30b-5p function, we used TargetScan, miRDB, miRmap,
PITA, and miRanda websites to explore the downstream
targets of miR-30b-5p. The gene sets were selected based

on their overlapping with the upregulated genes in the
TCGA-THCA tumor samples for subsequent stud-
ies, with the Venn diagram showing a total of two genes
being included (Fig. 4A). Here, we chose the target gene
GALNT?7 for a follow-up study. Subsequently, PTC cell
lines were transfected with both the miR-30b-5p mimic
and miR-30b-5p inhibitor. After 24 h, the qRT-PCR assay
was used to detect the expression levels of GALNT?7.
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The results showed that the expression of GALNT7
was found to be lower in the mir-30b-5p mimic group
compared to that of the NC mimic group, while we
obtained opposite results in the miR-30b-5p inhibitor
and NC inhibitor groups (Fig. 4B, P <0.0001, P=0.0007,
P<0.0001 and P<0.0001; Additional file 1). This result
was also confirmed by western blot assay, which showed
that the level of GALNT7 protein decreased signifi-
cantly after the overexpression of mir-30b-5p in K-1 and
B-CPAP cell lines (Fig. 4C, D; P=0.0001 and P=0.0001;
Additional file 6). These results suggested that GALNT7

may be a potential target for miR-30b-5p. To confirm that
GALNT?7 is the direct target of miR-30b-5p, we designed
a luciferase reporter gene with wild type (Wt) or mutant
(Mut) 3’-UTR in the GALNT7 gene. Luciferase reporter
gene analysis showed that the relative luciferase activ-
ity in the miR-30b-5p and GALNT7-WT cotransfected
cells was significantly lower than that of the control
group (Fig. 4E, P =0.0032; The detailed site mutation
information is in Additional file 7). This luciferase activ-
ity is canceled once a mutation occurs at a potential
miR-30b-5p binding site. These results showed that the
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GALNT?7 is the direct target of miR-30b-5p, and the
expression of GALNT7 in PTC cells is negatively regu-
lated by miR-30b-5p.

GALNT?7 overexpression rescues the aggressive
characteristics of PTC cells inhibited by miR-30b-5p

To verify that GALNT?7 is the functional target of miR-
30b-5p, we carried out rescue experiments in the PTC
cells. The overexpression plasmid was transferred into
the PTC cell lines, where the negative control group
was the vector group along with the GALNT7 over-
expression group and the GALNT?7 group. The qRT-
PCR and western blot assays were used to verify the
transfection efficiency, and the results are shown in
Fig. 5A (P=0.0012 and P =0.0002; Additional file 1)
and B (P=0.0003 and P=0.0058; Additional file 6).
When miR-30-5p mimic was transfected into K-1 and
B-CPAP cells, a decrease was observed in the mRNA
and protein levels of GALNT7 while the co-transfec-
tion of pcDNA-GALNT7 and miR-30b-5p mimics
restored the mRNA and protein levels of GALNT?7
(Fig. 5C, P=0.0167, P=0.0084, P=0.0327, and
P=0.0013; Additional file 1) (Fig. 5D, E, P =0.0021,
P=0.0022, P=0.0064, and P=0.005 Additional
file 6). Although miR-30b-5p inhibits the prolifera-
tion, invasion, and migration of PTC cells, GALNT?7
recurrence can rescue the changes in the process.
EdU staining showed that the transfection of pcDNA-
GALNT7 could antagonize the decrease of cell pro-
liferation induced by miR-30b-5p mimics (Fig. 5F,
G, P=0.0369, P=0.0042, P=0.0154 and P =0.0031
Additional file 4). Transwell invasion and migration
assay results suggested that the transfection of miR-
30b-5p mimic weakens the metastatic ability of PTC
cells while the co-transfection of pcDNA-GALNT?7
and miR-30b-5p mimic can reverse this effect (Fig. 5H,
I, P=0.0011, P=0.0006, P=0.0018, and P =0.0005;
Additional file 5). The results of quantifications are
shown in Fig. 5] (P=0.0016, P=0.0004, P=0.0028,
and P=0.0002). Overall, these results indicated that
GALNT?7 is a functional target of miR-30b-5p, which
inhibits the malignant behavior of PTC cells by down-
regulating GALNT?7.
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Knockdown of GALNT7 suppresses the aggressive
characteristics of PTC cells

GALNT?7 is a member of the glycosyltransferase family,
the disorder of which has been found in many diseases
[33, 36, 41-44]. The results from the TCGA database
suggest that GALNT?7 is highly expressed in PTC (Addi-
tional file 12). We used the siRNA to silence the expres-
sion of GALNT7 and observed whether knocking down
GALNT7 showed the same function as miR-30b-5p. As
shown in Fig. 6A-C, the mRNA and protein levels of
GALNT?7 decreased significantly after the transfection of
si-GALNT7 (Additional files 1 and 6). This si-GALNT7-2
was then selected for subsequent experiments. EAU
staining showed that the proliferation of K-1 and
B-CPAP cells was significantly inhibited after silencing
GALNT?7 (Fig. 6D, P=0.0035 and P =0.0037; Additional
file 4). The invasion and migration experiments showed
that the number of migration and invasion of the cells
decreased significantly in GALNT7 knocked-out PTC
cells (Fig. 6E-G, P =0.0020, P=0.0005, P =0.0003, and
P =0.0035; Additional file 5). Also, the downregulation of
GALNT?7 caused more apoptosis of tumor cells (Fig. 6H,
I, P<0.0001 and P=0.0006). These results suggested that
the knockout of the GALNT7 gene showed consistency
with the overexpression of miR-30b-5p.

GALNT7 promotes cell proliferation and invasion

by activating EGFR/PI3K/AKT pathway

Using the TCGA transcriptome data, we performed the
GSEA analysis on the signaling pathways that GALNT?7
might have been involved in. The results suggested that
the EGFR-related signaling pathways were significantly
enriched (Fig. 7A and B; Detailed data in Additional
file 9). Therefore, we detected the activity of the EGFR/
PI3K/AKT pathway in K-1 and B-CPAP cells and used
selective HER1 and HER2 inhibitors (BMS-599626,
10 pM) to inhibit the activity of the pathway. As shown
in Fig. 7C and E, the levels of major signaling molecules
were significantly lower in the EGFR/PI3K/AKT path-
way in the PTC cells treated with BMS-599626 or si-
GALNT7-2 than those found in the negative control
group (Additional file 6). Similarly, the expression levels
of EGFR, p-PI3K, and p-AKT were higher in PTC cells
transfected with pcDNA-GALNT?7 than those observed

(See figure on next page.)

Fig.5 Mir-30b-5p regulates proliferation and metastasis by targeting GALNT7. A Quantitative RT-PCR was used to detect the relative expression of
GALNTY after cells transfected with empty vector or pcDNA-GALNT?Z. B The protein levels of GALNT7 were detected after transfection with empty
vector or pcDNA-GALNTY7. Right panel, quantification of the result. C-E K-1 and B-CPAP cells were transfected with NC-mimic, miR-30b-5p mimic, or
cotransfected with miR-30b-5p mimic and Vector, miR-30b-5p mimic and pcDNA-GALNT7.The mRNA and protein levels of GALNT7 were detected
using gRT-PCR and western blot, respectively. F EdU was used to detect cell proliferation after transfection of NC-mimic, miR-30b-5p mimic or
co-transfection of miR-125a-5p mimic and Vector, miR-125a-5p mimic and pcDNA-GALNT?. G Quantification of F. H Cell migration and invasion
were detected using the Transwell assay after transfection with NC-mimic, miR-30b-5p mimic or co-transfection with miR-125a-5p mimic and
Vector, miR-125a-5p mimic and pcDNA-GALNT?. I, and J Quantification of H. Data are presented as the mean =+ SD (*P <0.05, **P <0.01, ***P <0.001,
P <0.0001)
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in the control group. After the pathway was blocked
by BMS-599626, the expression of EGFR, p-PI3K,
p-AKT in the GALNT7? group did not show any fur-
ther increase. These results are shown in Figs. 7D and
F (Additional file 6). Accordingly, the inhibition of the

EGFR/PI3K/AKT signaling pathway reduced the prolif-
eration and invasion ability of the PTC cells (Fig. 8A-C;
Additional files 4 and 5). Overall, these data suggested
that the GALNT7 plays an important role in the pro-
gression of PTC through the EGFR/PI3K/AKT pathway.
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Overexpression of miR-30b-5p suppressed the tumor
growth of PTC and the expression of GALNT7 in vivo

To study whether miR-30b-5p has an anti-tumor effect
in vivo, we established a xenograft tumor model. The
results showed that the tumor volume of the miR-30b-5p
agomir group was significantly smaller than that of the
control group and NC agomir group (Fig. 8D and E;
P =0.0022; Additional file 8). Additionally, compared to
the NC agomir group, the protein expression of GALNT7
was found to be decreased in the mir-30b-5p agomir
group (Fig. 8F and G; Additional file 6). These results sug-
gested that miR-30b-5p may inhibit the growth of PTC
in vivo by inhibiting the expression of GALNT7.

Discussion

MicroRNAs (miRNAs) are an important regulator of
gene expression, and their disorder plays a vital role in
cancer. Although few reports describe miRNA with car-
cinogenic function, it is generally agreed that miRNA

deletion promotes tumorigenesis [45]. We included 60
pairs of PTC tissues and paired tissue samples in the clin-
ical test to explore the expression pattern of miR-30b-5p
and found that the expression of miR-30b-5p was down-
regulated in the PTC. The low expression of miR-30b-5p
in PTC patients was positively correlated with the pro-
gression of the TNM stage. Interestingly, we found that
miR-30b-5p was not always lowly expressed in thyroid
cancer cell lines. The expression of miR-30b-5p in TPC-1
and KTC-1 was significantly higher than that in normal
thyroid cell lines, K-1 and B-CPAP cell lines. Since both
K-1 and B-CPAP are braf mutant cell lines, we speculate
that the abnormal result may be related to braf mutation.
Subsequently, the results of TCGA-THCA data analy-
sis supported our conjecture, which suggested that the
expression of miR-30b-5p was lower in the population
with braf mutations (Additional file 11; the difference was
not statistically significant). These results suggest that the
expression level of miR-30b-5p may be affected by braf



Wang et al. Cancer Cell International (2021) 21:618

mutation. It will be significant to verify the relationship
between braf mutation and miR-30b-5p expression level
in the future.

An increasing number of studies have indicated that
most miRNAs regulate their target genes by repressing
their expression levels [46]. As a tumor suppressor, miR-
30b-5p regulates the proliferation, metastasis, and EMT
of renal cancer cells by down-regulating the expression of
GNA13 [12]. In colon cancer, miR-30b-5p inhibits metas-
tasis by targeting Rap1b [14]. MiR-30b-5p can inhibit the
proliferation and cell cycle of hepatocellular carcinoma
cell lines [47]. MiR-30b-5p inhibits the migration and
invasion of esophageal cancer by targeting ITGA5 and
PDGERD [48]. In addition, the miR-30b-5p inhibits lung
cancer progression and enhances cisplatin sensitivity by
targeting LRP8 [13]. This study shows that miR-30b-5p
can significantly inhibit the proliferation, migration, and
invasion of PTC cells while promoting the apoptosis of
PTC cells. It is similar to the results of previous stud-
ies. Our results also suggest that GALNT7 is the down-
stream target gene of miR-30b-5p, which (Polypeptide
N-acetylgalactosaminyltransferase 7) is a member of the
GalNAc-transferase family. The enzyme encoded by this
gene controls the initiation step of mucin-type O-linked
protein glycosylation, and it also controls the transfer of
N-acetylgalactosamine to serine and threonine amino
acid residues [49]. Abnormal expression of GALNT7 has
been found in many types of cancer, and MiR-125a-5p
is shown to inhibit the formation of cervical cancer by
inhibiting the expression of GALNT7 in vivo [36]. The
high expression of GALNT7 is related to the poor prog-
nosis of gliomas and can be used as an effective bio-
marker in gliomas [43]. The expression of GALNT?7
in laryngeal carcinoma cells is negatively regulated by
miR-34a and miR-34c, thus, playing a tumor inhibitory
role [32]. SNHG7/miR-34a may be involved in the pro-
gression of colorectal cancer through the GALNT7 path-
way [42]. The expression of GALNT7 in cervical cancer
is often upregulated and promotes tumor proliferation
[44]. Most importantly, experimental studies do not con-
sistently support the role of GALNT7 in the tumor. The
ectopic expression of miR-30b/30d has been reported
to promote the metastasis of melanoma cells by directly
targeting GALNT7 along with increasing the synthesis
of immunosuppressive cytokine IL-10 while reducing the
activation and recruitment of immune cells [50]. We eval-
uated the effect of GALNT7 on tumor behavior in PTC,
and according to our experimental results, GALNT7 can
promote the proliferation and metastasis of papillary
thyroid cancer cell lines while silencing the expression
of GALNT?7 can promote the apoptosis of PTC cells. We
believed that miR-30b-5p functioned through GALNT7,
and to make this prediction convincing, we examined the
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expression of GALNT?7 after down-regulation or overex-
pression of miR-30b-5p. The results of the rescue experi-
ment showed that the inhibitory effect of miR-30b-5p
on PTC cells could be neutralized by GALNT?7. Also, we
designed a luciferase experiment to confirm the targeted
binding effect between mir-30b-5p/GALNT?7. Convinc-
ingly, the constructed luciferase experiment proved that
GALNT7 was the target of miR-30b-5p. These results
confirmed that miR-30b-5p affects the progression of
PTC cells by directly regulating GALNT?7.

Previous reports have suggested that GALNT7 is
involved in the regulation of tumor progression through
PI3K/Akt/mTOR [42] and EGFR/PI3K/AKT [36] path-
ways. To determine the potential molecular mechanism
of GALNT?7 activity in PTC cells, we used bioinformatics
to analyze the signaling pathways that GALNT7 might
be involved in. The results showed that the EGFR-related
signaling pathways were enriched many times, which
was similar to the results of the previous studies. Many
reports believe that the high expression of EGFR is posi-
tively correlated with the progress of PTC [22, 24, 25, 51,
52]. And the activation of the EGFR signal pathway con-
tributes to the development of EMT in tumor cells [27,
28, 53]. Our research showed that GALNT?7 positively
regulated the EGFR/PI3K/AKT pathway, and the selec-
tive inhibitor BMS-599626 could weaken the promot-
ing effect of GALNT7 on the proliferation and invasion
capacity of PTC cells. When the inhibitors blocked the
EGER signal, it decreased the proliferation and inva-
siveness of PTC cells. GALNTS initiate the sequence by
adding N-acetylgalactosamine (GalNAc) to serine or
threonine residues, resulting in a structure called TN
polysaccharides. It has been reported that malignant
tumors lead to a sharp increase in TN levels, and this
phenotype is the same in most types of solid malignant
tumors, with a frequency of 70-90% [49, 54]. At present,
the specific substrate of GALNT?7 is not clear. Based on
GSEA analysis, GALNT?7 is involved in the modification
of multiple small molecular, including cadherin bind-
ing, single-stranded RNA binding, Rac GTPase binding,
single-stranded DNA binding, phosphatidylinositol bind-
ing, and Rho GTPase binding. In addition, the results
of biological process enrichment analysis suggest that
GALNT?7 contributes to the transition from the G1 phase
to the S phase in the mitotic cell cycle. These results may
be the reason why GALNT7 increases the expression
level of EGFR. The analysis result from TCGA datasets
also provides strong evidence. The online analysis of
GEPIA showed a significant positive correlation between
the expression of GALNT7 and EGFR in TCGA-THCA
datasets (This part of the data was shown in the Addi-
tional files 9, 10). These results suggest that GALNT?
up-regulates the expression of EGFR through a series
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of signal pathways. Of course, the modified substrate of
GALNT?7 is still worthy of further study. Anyway, this
study shows that GALNT7 promotes the proliferation
and metastasis of PTC cells by up-regulating the expres-
sion of EGFR and further activating the EGFR/PI3K/AKT
pathway. However, there are still many shortcomings
in this experiment. As mentioned earlier, the relation-
ship between braf mutation and the expression level of
miR-30b-5p needs to be verified, the modified substrate
of GALNT?7 needs to be identified, and how GALNT?
affects the process of cell cycle needs to be confirmed in
the future.

Conclusions

This study confirmed for the first time that mir-30b-5p/
GALNT?7 axis inhibits the proliferation and metastasis of
PTC cells by regulating the EGFR/PI3K/AKT pathway,
thus, providing a new target and better understanding of
the possible pathogenesis. This result may help in design-
ing molecular treatment strategies for PTC.
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