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GINS?2 affects cell proliferation, apoptosis, migration and invasion
in thyroid cancer via regulating MAPK signaling pathway
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Abstract. Globally, thyroid cancer (TC) is considered to
be the commonest endocrine malignancy. GINS complex
subunit 2 (GINS2) belongs to the GINS complex family and is
associated with cellular migration, invasion and growth. The
present study aimed to investigate the underlying mechanisms
of GINS2 on cell viability, migration and invasion in TC cells.
By using MTT, wound healing and Transwell assays, the cell
viability, migration and invasion were determined. Apoptosis
was examined by immunofluorescence. Western blotting was
used to detect protein expression levels. In the present study,
biological function analysis demonstrated that GINS?2 interfer-
ence attenuated cell viability, migration and invasion in TC cell
lines (K1 and SW579). It was discovered that, compared with
the control group, GINS2 silencing induced apoptosis in TC
cells. Additionally, GINS2 interference inhibited key proteins
in the MAPK signaling pathway, including JNK, ERK and
p38. According to these comparative experiments, GINS2 was
considered to act a pivotal part in cell viability, migration and
invasion of TC by regulating the MAPK signaling pathway
and might be a potential therapeutic target for treating TC.

Introduction

Thyroid cancer (TC) is the most frequent endocrine malignancy
in the world (1,2). Over the last decade, the incidence rate of
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TC incidence has been increasing by ~2% per year, with a slow
but steady increase in the mortality rate (~0.7% per year) (3).
There are several risk factors that are closely associated with
TC occurrence and development, including genetic factors,
age, sex, environmental exposure and epigenetic alterations.
Even though there have been improvements in the diagnosis
and surgical treatment of TC, the disadvantages associated
with treatment strategies should not be ignored (4,5).
Furthermore, TC demonstrates an increasing morbidity year
on year, along with high rate of recurrence and a younger age
at diagnosis, indicating a requirement for additional research
on TC (3). Therefore, it is necessary to elucidate the underlying
mechanisms associated with the progression and pathogenesis
of TC and in turn help its treatment.

S1d5, Psfl (GINS1), Psf2 (GINS2) and Psf3 (GINS3)
constitute the DNA replication complex (6-8). Among them,
GINS2 is an important subunit of GINS DNA replication
complex and is located on human chromosome at 16q24 (9).
The relative molecular mass of GINS2 is 21 kDa and the
mRNA length is 1,196 bp (8,10,11). GINS2 mediates the
interaction between MCM complexes and Cdc45 during the
initiation of DNA replication in eukaryotic cells (9). Previous
reports have identified that GINS?2 is associated with a number
of malignant tumors (12,13). It mainly affects the initiation
and progression of malignancy. For example, the expression
of GINS2 is remarkably upregulated in acute promyelocytic
leukemia (14,15). In addition, upregulation of GINS2 is found
in lung cancer tissues and is in turn associated with cancer
metastasis (16). GINS2 can enhance the ability of growth and
proliferation in cervical cancer (6). As a consequence, GINS2
could act as a potential prognosis indicators and drug target
in some types of malignant tumors. The connection between
GINS2 and the development of TC requires further elucida-
tion.

MAPK belongs to serine/threonine protein kinases (17,18).
The MAPK signaling cascade acts as a critical pathway
for tumor cell proliferation, differentiation, apoptosis and
drug-resistance (19,20). MAPK is activated by a variety of
stimulants including cytokines, growth factors, neurotrans-
mitters and hormones (21,22). In addition, MAPK activation
can phosphorylate nuclear transcription factors and protein
kinases, regulate the transcription of related genes and
participate in various physiological processes (22). Previous
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studies have shown that the MAPK signaling pathway is
activated in a various types of cancer, including gastric (23),
lung (24), ovarian (25) and liver cancers (26). The MAPK
signaling pathway consists of four sub-pathways: ERK, JNK,
BMK and p38 (27). Studies have shown that activation of the
ERK signaling pathway facilitates cell growth, differentia-
tion, migration and survival (28,29). Activation of JNK and
p38 involves changes of cell differentiation, apoptosis and
cell survival (30). However, the function and regulation of
BMKI1/ERKS have been explored by fewer studies although
this pathway has been reported in the regulation of cell growth,
differentiation and survival (31).

The present study aimed to investigate the relationship
between GINS2 and TC and explore the effects of MAPK
signaling pathway in the process of GINS2 that affects TC
cells, offering a new potential diagnosis target for TC.

Materials and methods

Cell lines and authentication. TC cell lines (K1 and SW579)
were obtained from The Cell Bank of Type Culture Collection
of The Chinese Academy of Sciences, Shanghai, China. K1
cells were maintained in 5% CO, at 37°C with RPMI-1640
medium (HyClone; Cytiva) supplemented with 10% fetal
bovine serum (10% FBS; Gibco; Thermo Fisher Scientific,
Inc.) and penicillin/streptomycin (HyClone; Cytiva).
SW579 cells were maintained in 0% CO, at 37°C with L-15
medium (HyClone; Cytiva) supplemented with 10% FBS
and penicillin/streptomycin. In order to ensure the accuracy
of results, STR profiling was performed for K1 cells. DNA
was extracted with genomic extraction kit (Axygen; Corning,
Inc.) and amplified with 21-STR. Data were analyzed using an
ABI 3730XL genetic analyzer (Applied Biosystems; Thermo
Fisher Scientific, Inc.). The EXPASY database (www.expasy.
org/) confirmed that the cell name was K1 and the cell number
corresponded to CVCL_2537. No multiple allelic groups were
found in the cell line.

Gene interference. Small interfering (si)RNA was used to
knock down specific sequences. The oligonucleotides against
GINS2 sequences were designed and synthesized by Shanghai
GenePharma Co., Ltd. The following sequences were included:
GINS2 siRNA (sense: GCUCAACCACAUGUACAAATT
and antisense: UUUGUACAUGUGGUUGAGCTT); and
negative control (NC) sequence (sense: UUCUCCGAACGU
GUCACGUTT and antisense: ACGUGACACGUUCGG
AGAATT). These are not homologous to any human DNA
sequences. K1 and SW579 cells were seeded into culture plate
and incubated at 37°C overnight, followed by transfection with
siRNA-GINS2, blank and respective controls (80 nM) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocols. After 24-48 h
transfection, the subsequent experiments were performed.

Western blot analysis. Total proteins were isolated from cell
lysates using RIPA buffer containing protease inhibitors and
phosphatase inhibitors (Beyotime Institute of Biotechnology).
The protein concentrations were determined using a BCA
protein assay kit (Beyotime Institute of Biotechnology). Protein
(~40 pg) from each sample was separated to 10% SDS-PAGE

and then transferred onto a PVDF membrane (EMD Millipore).
The membranes were washed with pH 7.5, 50 mM Tris-HCL
buffer saline containing 0.05% Tween-20 (TBST) and blocked
with 5% skimmed milk powder for 1 h at room temperature.
The PVDF membrane was incubated with primary antibodies
at 4°C overnight with gentle agitation. The following primary
antibodies were used in the present study: GINS2 (1:1,000;
cat. no. ab197123; Abcam), ERK (1:1,000; cat. no. 4695; Cell
Signaling Technology, Inc.), phosphorylated (p-)ERK (1:2,000;
cat. no. 4370; Cell Signaling Technology, Inc.), INK (1:1,000;
cat.no. 9252; Cell Signaling Technology, Inc.), p-JNK (1:2,000,
cat. no. 9255, Cell Signaling Technology, Inc.), p38 (1:1,000;
cat. no. 8690; Cell Signaling Technology, Inc.), p-p38 (1:1,000;
cat. no. 4511; Cell Signaling Technology, Inc.), and GAPDH
(1:1,000; cat. no. 5174; Cell Signaling Technology, Inc.). The
samples were washed with TBST (containing 0.1% Tween-20),
then incubated with secondary antibodies conjugated with
horseradish peroxidase (1:3,000; cat. nos. 7074 and 7076; Cell
Signaling Technology, Inc.) at room temperature for 1.5 h. The
blots were observed using an enhanced chemiluminescence
detection kit (Beyotime Institute of Biotechnology). The
levels of the proteins of interest were normalized to GAPDH
and analyzed using FluorChem FC3 software (version 3.4.0,
ProteinSimple).

MTT assay. Cell proliferation was measured using MTT assay
according to the manufacturer's protocols (Beyotime Institute
of Biotechnology). The TC cell lines were cultivated in 96-well
plates at a density of ~5x10%/well, followed by treatment with
siGINS2 at 12, 24, 48 and 72 h. CCK-8 reagent (10 ul) was
added to each well and incubation for 4 h at 37°C. The optical
density (OD) value of each well was measured at 450 nm by
using a microplate reader (Promega Corporation). The cell
viability results from three independent experiments were
normalized to the medium control group and expressed as the
mean =+ standard deviation.

Apoptosis assay. Cell apoptosis rate was detected by a fluo-
rescein isothiocyanate (FITC)-Annexin V/propidium iodide
(PI) apoptosis kit (Beyotime Institute of Biotechnology).
TC cells were seeded into a 24-well plate at a density of
~2x10° cells/well for apoptosis assay. Following treatment
with NC sequence or GINS2 siRNA, the cells were washed
twice with PBS, followed by addition of Annexin V-FITC
(5 ul) into the well according to the manufacturer's protocols
and maintained for 15 min at room temperature for the reac-
tion to take place. Propidium iodide (10 pl) was added into the
tube and left for 15 min at room temperature. Cell apoptosis
was determined by using an inverted fluorescence microscope
(Olympus Corporation) within 1 h. Data were analyzed using
ImageJ 1.46 (National Institutes of Health).

Transwell assay. A Transwell 24-well Boyden chamber
(8 ym pore size, Corning, Inc.) with or without Matrigel
was used to determine the capacity of migration and inva-
sion. For migration assay, the cells after treatment were
digested with 0.25% trypsin (Thermo Fisher Scientific, Inc.)
and then suspended in serum-free medium. The cells were
counted and seeded at a density of 1x10° cells/well in the
upper chamber. A total of 700 ul of complete medium was
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Figure 1. Suppression of GINS2 decreases the cell viability in TC cells. (A and C) K1 and (B and D) SW579 were transfected with Blank, NC or siGINS2 for
48 h and then the protein expression of GINS2 was determined by western blotting. GAPDH was used as an internal standard. Cell viability was estimated by
using MTT assay in (E) K1 and (F) SW579 at 12, 24, 48 and 72 h. The absorbance was measured at OD 450 nm using a microplate reader. All experiments

were performed at least three times. Data are presented as the means + standard deviation. “P<0.01 and ““P<0.001 vs. NC using one-way ANOVA followed by
Tukey's test. GINS2, GINS complex subunit 2; TC, thyroid cancer; NC, negative control; si, small interfering; OD, optical density.

placed in the lower chamber as a source of chemo-attractant.
After 24 h, the non-migratory cells in the upper layer of the
chamber were removed, while the cells which had migrated
through the membrane were fixed with 4% paraformaldehyde
for 10 min and stained with 0.5% crystal violet for 30 min at
room temperature. A total of five random high power fields
were observed and images captured under a light microscope
(magnification, x100, Olympus Corporation), then the migra-
tion through the membrane calculated as the average number
of cells/field. For invasion assay, the steps were similar to
that of the cell migration, with the only difference being that
the Transwell membranes were precoated with Matrigel for
30 min at 37°C (diluted at 1:2; BD Biosciences).

Wound healing assay. A wound healing assay was used to
assess the cell migration ability in TC cell lines. Following the
transfection of K1 and SW579 cells, the cells were trypsinized
and seeded into a 6-well plate and cultured until they reached
80% confluence in a complete medium. Each well was then
scratched by a 200 pl sterile pipette tip and washed with PBS
several times to remove cell debris. In the next 48 h, the cells
were incubated with serum-free medium and the cells that
migrated to the wound surface were considered as producing

an in vitro healing process. Images of the wound healing
were captured under a light microscope (magnification, x100;
Olympus Corporation) and the rate of closure was assessed.
The relative migratory ability was evaluated using ImagelJ 1.46
(National Institutes of Health) based on the width at O h time
point (the wound width of (0-48 h)/0 h wound width x 100%.

Statistical analysis. All the data are shown as means =+ stan-
dard deviation and analyzed by one-way analysis of variance
followed by Tukey's test. Statistical analyses were performed
using SPSS v16.0 software (SPSS, Inc.). The experiments were
repeated =3 times. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Suppression of GINS2 markedly inhibits the cell proliferation
of TC cells. K1 and SW579 cells were treated with GINS2
siRNA to inhibit the expression of GINS2. Fig. 1A and C (K1
cells) and Fig. 1B and D (SW579 cells) show the western blotting
images of GINS2 interference by different siRNAs. The most
effective sequence (GINS2 siRNA-1) was selected to conduct
further experiments. To examine whether GINS2 has an effect
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Figure 2. Suppression of GINS?2 causes apoptosis in TC cells. Annexin V-FITC and PI staining were performed to evaluate apoptosis in (A) K1 and (B) SW579
cells. Annexin V-FITC stained cells demonstrated green fluorescence and PI stained of cells demonstrated red fluorescence. The cells in green fluorescence
were apoptotic cells, those in green and red fluorescence were necrotic cells and those not stained with green fluorescence were normal cells. Magnification,
x100. Data are presented as the means + standard deviation. ““P<0.001 vs. NC using one-way ANOVA followed by Tukey's test. GINS2, GINS complex
subunit 2; TC, thyroid cancer; FITC, fluorescein isothiocyanate; PI, propidium iodide; NC, negative control; si, small interfering.

on TC cell proliferation, MTT assay was performed. TC cells
were transfected with GINS2 siRNA and incubated for 12, 24,
48 and 72 h. The results demonstrated that the absorbance in
K1 (Fig. 1E) and SW579 (Fig. 1F) cells was increased from
12 to 72 h in the control group, while the OD 450 nm value was
increased from 12 to 48 h and decreased from 48 to 72 h in
the GINS2 siRNA group. From 24 to 72 h, the number of TC
cells in the GINS2 siRNA group was clearly lower compared
with the control (P<0.001). These results demonstrated that
cell viability was significantly inhibited following silencing of
the GINS2 gene by siRNA in K1 and SW579 cells.

Suppression of GINS2 induces cell apoptosis in TC cells.
Whether GINS2 interference could affect cell apoptosis in
K1 and SW579 cells was studied. The cells were subjected
to Annexin V-FITC/PI staining. The results revealed that the
GINS2 suppression induced apoptotic cell death of TC cells
(Fig. 2A and B), suggesting that inhibition of GINS2 initiated
cell death.

Suppression of GINS2 decreases migration and invasion of TC
cells. The ability of migration and invasion is a key indicator
of tumor metastasis. The present study used wound healing
and Transwell assays to determine the capacity of tumor
metastasis. The results of wound healing assay demonstrated
that silencing of GINS2 significantly inhibited the migratory
capacity in K1 and SW579 cells (P<0.01; Fig. 3A-D). In addi-
tion, Transwell assay with or without Matrigel was used to
investigate the effect of GINS2 on the migratory and invasive

abilities of K1 and SW579 cells. As demonstrated in Fig. 3E-H,
interference of GINS2 significantly suppressed the migratory
and invasive abilities of K1 and SW579 cells (P<0.001). These
results suggested that GINS2 acted as a promoter gene of
migration and invasion in TC cells.

Suppression of GINS2 affects TC proliferation through the
MAPK signaling pathway. The forgoing results demon-
strated that downregulation of GINS2 caused changes in the
physiological function of the cells, including cell proliferation,
apoptosis, migration and invasion. To determine the mecha-
nism between GINS2 and TC, signaling molecules of the
MAPK pathway associated with proliferation and migration
(ERK, JNK and p38) were detected by western blotting. This
demonstrated that the phosphorylation levels of ERK, JNK
and p38 were significantly decreased with GINS2 interference
in K1 and SW579 cell lines when compared to control cells
(""P<0.001; Fig. 4A-F). These results indicated that down-
regulation of GINS2 inhibited over-activated MAPK signaling
pathways in TC cells.

Discussion

The present study presented a comprehensive investigation on
the role of GINS2 in regulating TC tumorigenesis. Functional
analyses demonstrated that silencing of GINS2 inhibited
cell proliferation, migration and invasion and induced cell
apoptosis in TC cell lines. Furthermore, GINS2 interference
affected the biological function of TC cells by regulating the
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MAPK signaling pathway. These results implied that GINS2
might be a potential therapeutic target for treating TC.

Overproliferation, migration and invasion of tumor cells
are important problems that urgently require clarification and
resolution in the clinical and experimental research of malig-
nant tumors and this is also the case in thyroid cancer (32,33).
Changes in the physiological functions of tumor cells is a
complex process that involves multiple genes and pathways.
GINS is a ring-like protein complex that involves PSF1, PSF2
(GINS2), PSF3 and SLD5 and is initially extracted from
budding yeast (34). GINS2 acts as an important subunit of
GINS complexes and mediates the initiation of DNA replica-
tion in eukaryotic cells (35,36). Previous studies have revealed
that GINS2 is associated with the malignancy of some
cancer types and is highly expressed in several malignant
tumors (6,12), including TC (9). Furthermore, overexpres-
sion of GINS2 demonstrates an association with prognostic
survival period and distant metastasis (12).

Previous experimental and clinical studies have shown that
GINS2 is closely associated with tumorigenesis (6,12) and the
present study hypothesized that GINS2 might be involved in
tumor malignancy. Cell proliferation, migration and invasion
are regarded as the most important biological characteristics
of malignant cell behavior (13). Tumor cells have the charac-
teristics of limitless replicative potential, tissue invasion and
metastasis, resisting cell death (37). In particular, limitless
proliferation of tumor cells promotes the progression of metas-
tasis, which is one of the major causes of poor prognosis (24).
In the present study, GINS2 silencing resulted in reduced cell
proliferation, decreased migration rate and impaired invasive
ability in TC cells. Furthermore, cell apoptosis was increased
in K1 and SW579 cells following GINS2 silencing by in situ
fluorescence detection. Previous studies have demonstrated
that in situ fluorescence assay can verify the change of apop-
tosis rate (38,39). Alternatively, caspase-3 activity and other
techniques can also be applied for cell apoptosis assay, which
will be performed in further studies.

The results of the present study confirmed that GINS2
might serve an important role in TC progression and the
related molecular mechanisms in this process require further
investigation. Cells encounter a variety of signals in their
environment and respond to each stimulus appropriately
by modulating gene and protein expression expression
levels (17,26). Numerous external signals are transduced
by a highly conserved eukaryotic signaling mechanism,
including the well-known MAPK cascade (20). MAPK,
which is a type of serine/threonine protein kinase that can
be activated by different extracellular stimuli, including
cytokines, neurotransmitters, hormones, cell stress and cell
adhesion, is an important transporter of signals from cell
surface to nucleus (17). MAPK regulates cell proliferation,
differentiation, development and apoptosis through signaling
transmission (23,40). In our previous study, it was found that
GINS?2 interference inhibited cell viability, induced cell cycle
arrest and promoted cell apoptosis in pancreatic cancer cell
lines via the MAPK/ERK pathway (41). In the present study,
the relationship between GINS2 and MAPK pathway was
investigated in TC cells. The results demonstrated that GINS2
silencing resulted in significantly decreased expression levels
of phosphorylated ERK, JNK and p38 in K1 and SW579 cells.

These results indicated that silencing of GINS2 could inhibit
the activation of MAPK pathway and then affect prolifera-
tion, apoptosis, migration and invasion of cells.

However, there are still some limitations in the present
study. Rescue assays were not performed, wherein MAPK was
overexpressed at the same time as GINS2 downregulation, in
order to investigate if MAPK overexpression can overcome the
effect of GINS2 knockdown. Also, GINS2 may also inhibit
or activate other signaling pathways, which will be further
investigated in the future.

The present study preliminarily clarified that GINS2
silencing suppressed cell proliferation, migration and inva-
sion and induced cell apoptosis in TC by regulating MAPK
signaling pathways. More studies should be conducted to
illuminate the function of GINS2 and its related mechanisms
in the future.
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