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Abstract

Background: Nuclear factor of activated T cells 2 (NFAT2) has been reported to regulate the development and
malignancy of few tumors. In this study, we aimed to explore the effect of NFAT2 expression on cell fate of HepG2
cell and its potential mechanisms.

Methods: Firstly, the pcDNA3.1-NFAT2 plasmid was transfected into HepG2 cells to construct NFAT2 overexpressed
HepG2 cells. Then, the chemical count kit-8 cell viability assay, Annexin V-FITC apoptosis detection, EdU labeling
proliferation detection, transwell and wound healing experiments were performed. The expression of Egr2 and FasL,
and the phosphorylation of AKT and ERK, after ionomycin and PMA co-stimulation, was detected, while the Ca2+

mobilization stimulated by K+ solution was determined. At last, the mRNA and protein expression of NFAT2, Egr2,
FasL, COX-2 and c-myc in carcinoma and adjacent tissues was investigated.

Results: The NFAT2 overexpression suppressed the cell viability, invasion and migration capabilities, and promoted
apoptosis of HepG2 cells. NFAT2 overexpression induced the expression of Egr2 and FasL and suppressed the
phosphorylation of AKT and ERK. The sensitivity and Ca2+ mobilization of HepG2 cells was also inhibited by NFAT2
overexpression. Compared with adjacent tissues, the carcinoma tissues expressed less NFAT2, Egr2, FasL and more
COX-2 and c-myc.

Conclusion: The current study firstly suggested that NFAT2 suppressed the aggression and malignancy of HepG2
cells through inducing the expression of Egr2. The absence of NFAT2 and Egr2 in carcinoma tissues reminded us
that NFAT2 may be a promising therapeutic target for hepatocellular carcinoma treatment.
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Background
Hepatocellular carcinoma (HCC) has become the leading
cause of deaths that are caused by all cancers worldwide
[1] and the incidence and mortality of HCC are increas-
ing at a faster pace than other cancers, which trend will

continue through at least 2030 in United States [2]. The
factors, such as hepatitis C virus infection, obesity, type
II diabetes and alcohol drinking, all contribute to the ini-
tiation of HCC [2]. Although some improvements in
prevention, detection and treatment of HCC have devel-
oped in the past decades, only 1/5 patients could survive
to 5 years after diagnose [3]. Therefore, research on he-
patocellular transformations in initiation and develop-
ment of HCC and identifying effective biomarkers for
novel therapeutic option are still emergency challenges.

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: 195156119@qq.com
1Hepatobiliary Surgery Department, Tianjin First Center Hospital, Tianjin
Clinical Research Center for Organ Transplantation, Key Laboratory for Critical
Care Medicine of the Ministry of Health, No. 24 Fukang Road, Nankai District,
Tianjin 300192, PR China
Full list of author information is available at the end of the article

Wang et al. BMC Cancer          (2020) 20:966 
https://doi.org/10.1186/s12885-020-07474-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-020-07474-0&domain=pdf
https://orcid.org/0000-0002-8411-8983
http://orcid.org/0000-0002-9062-1788
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:195156119@qq.com


Nuclear factor of activated T cells 2 (NFAT2, also
known as NFATc and NFATc1) is an important member
of NFAT family which plays a vital role in T cell activa-
tion and differentiation [4]. Generally, NFAT2 locates in
cytoplasm with an hyperphosphorylation in quiescent
cells, while it can be activated through dephosphorylat-
ing by intracellular Ca2+ increase activated calcineurin
[5]. Once NFAT2 is activated, it exposes nuclear
localization sequences, promoting its cytoplasm-to-
nuclear translocation and then NFAT2 forms heterodi-
mers with other transcription factors to exert its tran-
scriptional functions [6]. NFAT2, as an important
transcriptional promoter, regulates expression of TNF-α,
myc proto-oncogene protein (c-myc), cyclooxygenase-2
(COX-2), Fas ligand (FasL) and also generates crosstalks
with ERK/MAPK pathway and AKT/GSK3β signaling,
which achieves its control of the cell fate [7–12]. There-
fore, besides the regulation of immune cells, NFAT2 also
exerts modulatory effect of proliferation, invasion, me-
tastasis and malignancy in breast cancer, lung cancer,
melanoma and leukemia [13–15]. Furthermore, NFAT2
participates in the early growth response factor 2 (Egr2)-
regulated anergic phenotype which impairs the migra-
tion and invasion of leukaemia cells [16]. Due to the
complex functions of NFAT2, the role of NFAT2 in
HCC has not been clearly clarified and the existed re-
search data displays completely opposite effect of
NFAT2 in HCC [17, 18] Therefore, more research on
the effect of NFAT2 in HCC is necessary for profoundly
understanding the potential role of NFAT2 in HCC
therapy.
In this study, we constructed NFAT2 overexpressed

cells (HepG2/NFAT2) based on HepG2 and investigated
the effect of NFAT2 overexpression on HepG2 cells’ via-
bility, apoptosis, proliferation, invasion and migration.
The expression levels of NFAT2, Egr2, FasL and the
phosphorylation of AKT and ERK were detected after
ionomycin stimulation. The expressions of NFAT2,
Egr2, FasL, COX-2 and c-myc were examined in tissues
from HCC patients. When HepG2/NFAT2 and NC cells
stimulated by high K+ solution, the Ca2+ mobilization
was monitored by Live Cell Imaging System to evaluate
the sensitivity of cells to K+ irritation. Our study demon-
strates that NFAT2 is a promising HCC inhibitor for its
regulation on sensitivity and aggression of HepG2 cells
to cytokines’ stimulation, through modulating the ex-
pression of anergy-associated and antitumor transcrip-
tion factor, Egr2.

Methods
Materials
The expression plasmids pcDNA3.1-NFAT2 and its
empty vector pcDNA3.1 were purchased from promega
(WI, USA). The Lipofectamine 2000 was obtained from

Invitrogen (Thermofisher Scientific., USA). Pluronic F-
127 was bought from Genecopoeia (MA, USA). Fluo-4/
AM, anhydrous dimethyl sulfoxide (DMSO) and cell
counting kit-8 (CCK-8) were acquired from Dojindo
Molecular Technologies Inc. (Tokyo, Japan). Antibodies
against NFAT2 (RRID: AB_2152507), Egr2 (RRID:AB_
1139730), FasL (RRID:AB_302235), ERK (RRID:AB_
11157324) and β-actin (RRID:AB_764434) were obtained
from Abcam (Cambridge, UK). Antibodies against AKT
(RRID:AB_329827), p-AKT(Try326) (RRID:AB_
1264114), p-ERK(S189) (RRID:AB_490903), c-myc
(RRID:AB_2151827) and Cox-2 (RRID:AB_2084968)
were bought from Cell Signaling Technology (MA,
USA). The HRP-conjugated secondary antibody was ac-
quired from Bioss, Inc. (Beijing, China). Annexin V-
FITC apoptosis detection kit was obtained from BD Bio-
sciences (NJ, USA). The Click-iT Plus 5-ethynyl-2′-
deoxyuridine (EdU) Flow Cytometry Assay kit was
bought from Invitrogen. All chemical reagents used in
this study were of analytical grade and all reagents for
cell culture were purchased from Gibco BRL Life Tech-
nologies (MD, USA).

Cell culture and tissue samples
Human liver hepatocellular carcinoma (HepG2) cells
(RRID:CVCL_0027) which were bought from American
Type Culture Collection (ATCC, Rockville, MD, USA)
were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) including 10%(V/V) fetal bovine serum (FBS),
0.1 mg/mL streptomycin and 100 U/mL penicillin in a
37 °C humidified incubator with 5% CO2. Cells were fed
every day and were sub-cultured once they reached 90%
confluency.
Hepatic carcinoma samples, including carcinoma sam-

ples (CS) and adjacent nontumor samples (AS) were ob-
tained from 20 patients who were diagnosed as HCC
and received hepatectomy during 2018 at the Tianjin
First Central Hospital. The age of those patients ranged
from 20 to 78 years. The tissue samples were stored at li-
quid nitrogen for PCR and western blot assay.

Transient transfection assay
HepG2 cells were cultured in 6-well plate with complete
medium for 24 h. Then, the cells were respectively trans-
fected with 70 nmol/L plasmids pcDNA3.1-NFAT2 and
the control vector, pcDNA3.1 in fresh serum free
medium for 24 h. Lipofectamine 2000 was used in the
transfection according to the manufacturer’s instruc-
tions. All the cells stably transfected with pcDNA3.1-
NFAT2 were confirmed by western blot and RT-qPCR
analysis and designated as HepG2/NFAT2. The cells sta-
bly transfected with pcDNA3.1 vector were regarded as
negative control (NC). The HepG2/NFAT2 and NC cells
were sub-cultured and applied for the following analysis.
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Cell counting kit-8 (CCK-8) assay
The CCK-8 assay was performed to detect the viability
of HepG2/NFAT2 and NC cells. The cells, in brief, were
seeded into 96-well plate and were cultured in 200 μL
complete medium for 12, 24, 48 and 72 h, respectively.
Then, CCK-8 reagents were respectively added to the
medium of corresponding wells and the cells were incu-
bated at 37 °C for another 2 h. Subsequently, the absorb-
ance of each well was monitored at optical density (OD)
450 nm by Microplate Reader (Bio-Tek Instruments, VT,
USA).

Annexin V-FITC staining and EdU labeling assay
The cells were seeded in a 6-well plate at a density of
2 × 105 cells/well, with the complete medium overnight.
The cells were collected, washed by ice-cold PBS for
three times and then resuspended by 1 × binding buffer.
100 μL cell suspension was stained by 1/1000 (v/v)
Annexin V-FITC for 20 min at room temperature, in the
dark. Next, the cells were washed thoroughly by PBS
and stained with 2 μg/mL propidine iodide (PI) in deli-
quated binding buffer. The apoptosis evaluation was per-
formed by flow cytometer (Beckman Coulter, CA, USA)
and analyzed by FlowJo software (RRID:SCR_008520)
(Tree Star, OR, USA).
To assess the cell proliferation, the EdU (5-ethynyl-2′-

deoxyuridine) labeling assay was performed by incubat-
ing NC and HepG2/NFAT2 cells with serum free
medium containing 10 μmol/L EdU for 2 h. Then, the
cells were washed by PBS and fixed for 15 min at room
temperature. The fixed cells were washed and re-
suspended in permeabilization buffer for 10 min in dark
place. The cell suspension was incubated in Click-iT
plus reaction cocktail for 30 min at room temperature in
the dark. The stained cells were washed and analyzed by
flow cytometer.

Transwell assay
To evaluate the invasion efficiency, the transwell assays
were conducted in 24-well transwell inserts (8.0 μm
pores, BD Biosciences) according to the recommenda-
tions by the manufacturer. Briefly, cells (1 × 105 cells/
chamber) were plated in the upper chamber, with serum
free medium while medium containing 10% FBS, using
as chemoattractant, was placed in the lower chamber.
After 24 h incubation, migrated cells in the bottom sur-
face of the upper chamber membranes were fixed by
methanol for 5 min and then stained with 0.1% crystal
violet in 20% ethanol for 15 min. The random visual
fields were imaged by a light microscope. The values of
invasion were expressed with the mean absorbance of
OD 570 nm per assay.

Wound healing assay
The wound healing assays were applied for assessing the
migration capacity of cells. Cells were seeded into 6-well
plates with complete medium, at a density of 5 × 105

cells/well and then cultured for 24 h. The linear wounds
were scratched by a pipette tip on the completely conflu-
ent monolayer cells, timed 0 h and then cells were cul-
tured in serum free medium for 24 h, the last moment
timed 24 h. The images at 0 h and 24 h were captured by
an inverted microscope and the migration % = (the dis-
tance of two sides at 0 h (D0) – the distance of 24 h
(D24))/D0.

Fluo-4-Ca2+ complex analysis
HepG2 cells were cultured in a 6-well plate for 24 h and
then incubated by hank’s balanced salt solution (HBSS,
without Ca2+ and Mg2+) containing 1 μmol/L fluo-4/AM
and 0.5‰ pluronic F-127 for 20 min at incubator. After
fluo-4/AM loaded, the cells were washed by HBSS for
three times and then equilibrated in HBSS for 30 min in
the dark. The fluorescence intensity of fluo-4-Ca2+ com-
plex was detected by a Live Cell Imaging System
(AF7000, Leica, Germany) with Ex 488 nm and Em 516
nm, and 20mmol/L KCl was added into wells at almost
15 s. The fluorescence curve was calculated by ΔF/F0 =
(the mean fluorescence intensity of cells – the back-
ground intensity)/the background intensity.

qRT-PCR
Total RNAs in cells and tissues were extracted by TRI-
zol™ Plus RNA purification kit (Invitrogen) and first-
strand cDNA was synthesized by the ImProm-II reverse
transcription system (Promega). Real-time PCR assays
were conducted by the SYBR Green Mastermix (Applied
Biosystems) and all procedures were performed accord-
ing to the manufacturer’s instructions. Specific primers
used for genes were as follows: NFAT2 forward, 5′-
GCTATGCATCCTCCAACGTC-3′; and reverse, 5′-
AGTTFFACTCGTAGGAGGAG-3′; EGR2 forward, 5′-
TCAGCATCTCCCAACCTAT-3′; and reverse, 5′-
ACAACAAACACTACCACCCT-3′; FASL forward, 5′-
GTTCTGGTTGCCTTGGTAG-3′; and reverse, 5′-
CATCTGGCTGGTAGACTCT-3′; COX-2 forward, 5′-
GAAAGCCCTCTACCATGACATC-3′; and reverse, 5′-
CACCCTTTCACATTATTGCAGA-3′; c-myc forward,
5′-GCCACGTCTCCACACATCAG-3′; and reverse, 5′-
TCTTGGCAGCAGGATAGTCCTT-3′; β-actin forward,
5′-CTGGGACGACATGGAGAAAA-3′; and reverse, 5′-
AAGGAAGGCTGGAAGAGTGC-3′. All data were ana-
lyzed by the ABI7300 system SDS software (Applied Bio-
systems) and the mRNA relative expression was
calculated by the 2-ΔΔCt method. The β-actin expression
was regarded as control, so the expression value for each
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gene was normalized to β-actin expression in each
sample.

Cell treatment
The cells were seeded in a 6-well plate at a density of
2 × 105 cells/well, with the complete medium overnight.
1 × 10− 3 mol/L ionomycin and 1mg/mL 12-myristate
13-acetate (PMA) were applied to pretreat cells for 8 h.
The cells were then washed and subjected to western
blot analysis.

Western blot
Total proteins in cells were extracted by ice cold RIPA
lysis buffer added PMSF for 30 min. While the process
of hepatic protein extraction was performed by firstly
pulverizing hepatic tissues in liquid nitrogen and lysing
the fragments in ice cold RIPA buffer for 30 min. The
protein extractions were centrifugated at 15000 rpm at
4 °C for 10 min and the supernatants were quantified by
bicinchoninic acid protein assay kit (Thermo Fisher Sci-
entific). The equivalent protein samples were subjected
to 10% SDS-PAGE followed by western blot analysis.
The PVDF membranes were blocked by 5% skim milk in
TBST for 1 h at room temperature, and next were incu-
bated overnight at 4 °C by the primary antibodies diluted
in TBST: anti- NFAT2 (1:1000), Egr2 (1:1000), FasL (1:
2000), AKT (1:1000), p-AKT (1:1000), ERK (1:1000), p-
ERK (1:1000), COX-2 (1:1000), c-myc (1:2000), and β-
Actin (1:1000). After primary antibodies incubation, the
PVDF membranes were incubated with HRP-conjugated
secondary antibody for 1 h at room temperature. The
proteins were stained with Immobilon™ Western Chemi-
luminescent HRP Substrate detection reagent (Millipore,
MA, USA) and imaged using Image Lab™ software (Bio-
Rad, VA, USA). To quantify the relative intensity of pro-
teins, the ratios of target proteins to β-actin signal were
calculated by ImageJ software. The full-length bots/gels
are presented in the Supplementary Fig. 2.

Immunohistochemistry (IHC)
Paraffin sections were deparaffinized in xylene and then
successively rehydrated by graded alcohol. Antigen re-
trieval was conducted through boiling the section sam-
ples in EDTA (pH 6.0) in a microwave oven at 95 °C for
10 min. The section samples were incubated in 3%
hydrogen peroxide for 30 min at room temperature and
then blocked by 20% goat serum for 40 min. Section
samples were incubated with anti- NFAT2 antibody in
20% goat serum (1:100) overnight at 4 °C. All sections
were incubated by HRP-conjugated secondary antibody
for 60 min at room temperature. At last, the protein was
stained by diaminobenzidine and the sections were
counterstained with hematoxylin.

Statistical analysis
Statistical analysis was performed using SPSS 24.0
(RRID:SCR_002865) (SPSS Inc., Chicago, USA) and all
values are presented as the mean ± standard deviation
(SD). A two-tailed, student’s t-test was used to statistical
comparison between two groups. For data that didn’t
distribute normally, a paired two-tailed Wilcoxon
matched-pairs signed-rank test or a two-tailed unpaired
Mann-Whitney test were applied to calculate its signifi-
cance. The p values less than 0.05 was regarded as statis-
tically significant.

Results
pcDNA3.1-NFAT2 upregulated the expression of NFAT2 in
HepG2 cells
To construct NFAT2 highly expressed cells, the
pcDNA3.1-NFAT2 plasmid and its control vector were
transfected into HepG2 cells. Then, the relative expres-
sion of NFAT2 in NC and HepG2/NFAT2 cells was
evaluated by qRT-PCR and western blot. The results re-
vealed that NFAT2 protein and mRNA expression was
effectively upregulated in HepG2/NFAT2 cells when
compared with NC (Fig. 1a). Therefore, the HepG2/
NFAT2 and NC cells were applied to investigate the in-
fluence of NFAT2 overexpression on tumor cells
behavior.

NFAT2 overexpression suppressed viability of HepG2 cells
In this study, the CCK-8 kit was used to determine the
cell viability of HepG2/NFAT2 and NC cells, and the
more absorbance of CCK-8, the higher cell viability of
HepG2. The absorbance of CCK-8 in HepG2/NFAT2
cells was less than that in NC cells from 12 h to 72 h
and compared to NC cells, this absorbance of HepG2/
NFAT2 cells, was remarkably decreased at 72 h (Fig. 1b),
which indicated that NFAT2 overexpression in HepG2
cells could suppress the cell viability.

NFAT2 overexpression induced apoptosis of HepG2 cells
The early apoptotic cells were stained only by Annexin
V and located in the Q1–4 area in Fig. 1c, while the late
apoptotic cells were stained by Annexin and PI, and lo-
cated in the Q1–2 area. The early and late apoptotic
cells were all included in cell apoptosis evaluation. The
percentage of apoptotic HepG2/NFAT2 cells was greatly
higher than that of apoptotic NC cells (Fig. 1c), which
indicated that NFAT2 overexpression promoted apop-
tosis of HepG2 cells.

NFAT2 overexpression didn’t regulate the proliferation of
HepG2 cells
To investigate the influence of NFAT2 overexpression
on HepG2 cell cycle progression, the EdU incorporation
assay was adopted. The cells with positive EdU labeling

Wang et al. BMC Cancer          (2020) 20:966 Page 4 of 10



were proliferating actively. The results in Fig. 1d re-
vealed that the percentages of EdU-positive cells in
HepG2/NFAT2 and NC cells were not significantly dif-
ferent. Therefore, NFAT2 overexpression in this study,
didn’t exert obvious effect on proliferation of HepG2
cells.

NFAT2 overexpression inhibited HepG2 cells’ invasion
and migration
To assess the influence of NFAT2 overexpression on in-
vasion capability of HepG2 cells, the transwell assay was
conducted. The HepG2/NFAT2 cells exerted weak inva-
sion capability with less absorbance at 570 nm (Fig. 2a),
compared with NC cells. The results in Fig. 2b, showed
that the migration (%) was decreased in NFAT2 overex-
pressed HepG2 cells. Thus, NFAT2 overexpression in

HepG2 cells exerted suppression on the cell invasion
and migration potential.

NFAT2 overexpression promoted the expression of Egr2,
FasL and suppressed the phosphorylation of AKT and ERK
In order to detect the downstream signaling of NFAT2
transactivation, the co-stimulation of ionomycin and
PMA was applied to stimulate HepG2 cells. The expres-
sion levels of Egr2 and FasL in HepG2/NFAT2 and NC
cells were examined by three independent western blot
experiments. The results indicated that, after the co-
stimulation of ionomycin and PMA, the expression of
Egr2 and FasL was increased, while the phosphorylation
of AKT and ERK was decreased, in HepG2/NFAT2 cells
compared with NC cells (Fig. 3a). The above results sug-
gested that NFAT2 overexpression can facilitate the

Fig. 1 NFAT2 overexpression suppressed cell viability and induced cell apoptosis in HepG2 cells. a Western blot and qRT-PCR analysis of protein
and gene expression of NFAT2 in HepG2 cells transfected with pcDNA3.1-NFAT2 and pcDNA3.1 plasmids (n = 3). b The cell viability of NC and
HepG2/NFAT2 cells was represented by absorbance values (λ = 450 nm), detected by CCK-8 kit (n = 6). c The cell apoptosis assay of NC and
HepG2/NFAT2 cells by Annexin V-FITC and PI staining (n = 6). d The cell proliferation assay of NC and HepG2/NFAT2 cells by EdU labeling (n = 6).
Each bar represents the mean ± S.D.; *p < 0.05, **p < 0.01, ***p < 0.001 compared to the NC samples. Full-length blots are presented in
Supplementary Figures
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expression of anti-oncogene Egr2, apoptotic factor FasL
and suppressed the activation of AKT and ERK.

NFAT2 overexpression inhibited K+-induced Ca2+

mobilization
To investigate the anergic state of NFAT2 overex-
pressed, the calcium mobilisation assay was performed.
As shown in Fig. 3b, the concentration of intracellular
Ca2+ was immediately increased by 20 mmol/L K+ stimu-
lation in HepG2 cells, which indicated that active Ca2+

influx occurred. Although the concentration of intracel-
lular Ca2+ was also elevated in HepG2/NFAT2 cells, the
increasement of Ca2+ amount was much less than that
in NC cells. Furthermore, compared with NC cells, the
fluorescence intensity (max) of HepG2/NFAT2 cells was
remarkably low. The Live Cell Imaging analysis sug-
gested that NFAT2 overexpression reduced Ca2+

mobilization in K+ stimulated HepG2 cells.

The expression of NFAT2, Egr2, FasL, COX-2 and c-myc in
tissue samples
The mRNA and protein expression of NFAT2, Egr2,
FasL, COX-2 and c-myc was examined in 20 pairs of
hepatic carcinoma tissues and adjacent nontumor
tissues.
Compared with adjacent nontumor tissues, the mRNA

and protein expression of NFAT2, Egr2 and FasL in car-
cinoma tissues was obviously downregulated and the ex-
pression of COX-2 and c-myc was upregulated (Fig. 4a

and b). Although the protein expression levels of c-myc
in carcinoma tissues were higher than that in adjacent
nontumor tissues, this upregulation showed no signifi-
cant difference between two groups.
From the representative IHC images in Fig. 4c, hepato-

cytes in adjacent nontumor tissues extensively expressed
NFAT2 in the cytoplasm and nuclei and those cells were
stained as deep brown. Compared with hepatocytes in
adjacent nontumor tissues, the cells in hepatic carcin-
oma tissues showed less immunostaining for NFAT2,
which indicated week expression of NFAT2 in hepatic
carcinoma tissues.

Discussion
NFAT2 was originally regarded as a master modulator
of T cell behaviors, such as proliferation, activation, ex-
haustion and anergy [19–21]. Some research proved that
NFAT2 not only regulated T cell anergy, but exerted
sensitivity accommodation to some tumor cells. In car-
boplatin resistant lung cancer cell line, NFAT2 knock-
down and blocking its nucleus translation both could
effectively restore the cell sensitivity to carboplatin [22].
Otherwise, in chronic myeloid leukaemia, NFAT2 high
expression made a large contribution to develop cell re-
sistance to tyrosine kinase inhibitors and NFAT2 abla-
tion contributed to the transformation from indolent
form to aggressive mode [23]. The sensitivity accommo-
dation by NFAT2 in chronic myeloid leukaemia, has
been proved to have close relationship with the inducing

Fig. 2 NFAT2 overexpression inhibited the invasion and migration capability of HepG2 cells. a The images and quantitative analysis of invaded
NC and HepG2/NFAT2 cells by transwell analysis (n = 6). (Scale bars = 200 μm; Magnification, 10×). b The images and quantitative analysis of
migrated NC and HepG2/NFAT2 cells by wound healing analysis (n = 6). (Scale bars = 200 μm; Magnification, 10×). Each bar represents the
mean ± S.D.; *p < 0.05, **p < 0.01, ***p < 0.001 compared to the NC samples
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expression of anergy-associated genes such as Egr2,
Grail and Lck [16]. In the current study, NFAT2 overex-
pression reduced the cell response to K+ stimulation in
HepG2 cells, and the anergy-associated transcription fac-
tor Egr2 also highly expressed in HepG2/NFAT2 cells,
which firstly suggested that NFAT2 overexpression in-
hibits the sensitive response of HepG2 cells to surround-
ing stimulations. Besides the sensitivity accommodation,
upregulation of Egr2 also exerted inhibition effect on in-
vasion and migration of gastric cancer [24], which was
also observed in HepG2 cells in our research. Compared
with adjacent nontumor tissues, the decreased

expression of NFAT2 and Egr2 in carcinoma tissues was
consistent with its aggression and malignancy.
FasL as a pivotal apoptosis factor triggers the extrinsic

cell apoptosis [25] and some research indicated that
NFAT2 could bind to the FasL promoter effectively in-
ducing the expression of FasL, which was applied to ex-
plain the phenomenon that NFAT2 overexpression
induced HCC cells apoptosis [18]. We did observe that
NFAT2 overexpression in HepG2 cells inhibited cell via-
bility and promoted cell apoptosis. Besides NFAT2, the
expression of FasL was also modulated by the activated
AKT and ERK. The activated AKT effectively inhibited

Fig. 3 NFAT2 overexpression induced the expression of Egr2, FasL and suppressed the phosphorylation of AKT and ERK, and Ca2+ mobilization in
HepG2 cells. a The protein expression of Egr2, FasL, AKT, p-AKT, ERK and p-ERK in NC and HepG2/NFAT2 cells, was detected by western blots
(n = 3). b The top left pictures are representative fluorescence images in maximum relative fluorescence intensity of NC and HpeG2/NFAT2 cells
and the top right bar graph is the statistical result of maximum fluorescence intensity in this two groups (n = 6). The bottom picture shows
representative time-dependent relative fluorescence intensity changes of fluo-4-Ca2+ complex in NC and HpeG2/NFAT2 cells. Each bar represents
the mean ± S.D.; *p < 0.05, **p < 0.01, ***p < 0.001 compared to the NC samples. Full-length blots are presented in Supplementary Figures
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the expression of FasL and promoted the cell survival
through phosphorylating FOXO3 and then suppressing
the transcriptions of its target genes [26]. Meanwhile,
the fact that downregulated ERK signaling significantly
promoted the expression of FasL and cell apoptosis in
HCC, was also observed [27]. In our study, NFAT2 over-
expression efficiently suppressed the activation of AKT
and ERK, and thus, promoted the FasL expression. The
NFAT2 expression in carcinoma tissues was downregu-
lated while the FasL expression was also suppressed,
which was in consistent with the fact observed in HepG2
cells.

COX-2 and c-myc always play harmful roles in the de-
velopment of cancer. COX-2 plays vital role in facilitat-
ing tumor cells proliferation and angiogenesis in HCC
[28], while c-myc modulates tumor cell cycle and pro-
motes the growth of various tumor cells [29]. The ab-
sence of NFAT2 in carcinoma tissues would enhance
the activation of AKT and ERK. The activated ERK
could phosphorylate Ser62 site in c-myc, thus stabilizing
the c-myc [30], while the activation of AKT promoted
COX-2 expression and COX-2 dependent pro-
metastasis [31]. In the current study, the expression of
c-myc and COX-2 was obviously increased in carcinoma

Fig. 4 The mRNA and protein expression of NFAT2, Egr2, FasL, COX-2 and c-myc in hepatic carcinoma tissues and adjacent nontumor tissues. a
The mRNA expression of NFAT2, Egr2, FasL, COX-2 and c-myc in hepatic carcinoma tissues and adjacent nontumor tissues (n = 20). b The protein
expression of NFAT2, Egr2, FasL, COX-2 and c-myc in hepatic carcinoma tissues and adjacent nontumor tissues (n = 20). Each bar represents the
mean ± S.D.; *p < 0.05, **p < 0.01, ***p < 0.001 compared to the carcinoma tissue samples. Full-length blots are presented in Supplementary Figures.
c The representative images of immunohistochemical staining for NFAT2 in hepatic carcinoma tissue and adjacent nontumor tissue
(Magnification, 200×).
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tissues, which was in agree with the previous research
and our deduction.

Conclusion
In conclusion, NFAT2 overexpression upregulated the
expression of Egr2, FasL and suppressed the phosphoryl-
ation of AKT and ERK, which contributed to inducing
cell apoptosis and inhibiting invasion and migration of
HepG2 cells. Otherwise, we firstly demonstrated that
NFAT2 overexpression suppressed Ca2+ mobilization in
HepG2 cells stimulated by K+, through upregulating the
expression of anergy-associated Egr2. The absence of
NFAT2 and Egr2 in carcinoma tissues promotes sensi-
tivity and malignancy of HCC. Therefore, our work sug-
gests that NFAT2 is a promising therapeutic target for
carcinoma sensitivity and aggression suppression in
HCC treatment (Fig. S1).

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12885-020-07474-0.

Additional file 1: Figure S1. The potential mechanism of NFAT2
inducing anergic state. Figure S2. Full-length western blots.
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