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Abstract
PURPOSE 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, were detected, while the Ca2+ mobilization stimulated by K+ solution were 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, 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 �rstly demonstrated 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.

1. Introduction
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 increasing at a faster pace than other cancers,
which trend will be continued through at least 2030 in United States [2]. The factors such as, hepatitis C
virus infection, obesity, type  diabetes and alcohol drinking all contribute to the initiation of HCC [2].
Although some improvements in prevention, detection and treatment of HCC have developed in the past
decades, only 1/5 patients could survive to �ve years after diagnose [3]. Therefore, research on
hepatocellular transformations in initiation and development of HCC and identifying effective biomarkers
for novel therapeutic option are still emergency challenges.

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 activation and differentiation [4]. Generally, NFAT2 locates
in cytoplasm with an hyperphosphorylation in quiescent cells, while it can be activated through
dephosphorylating 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 heterodimers with other transcription factors to exert its transcriptional functions [6].
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NFAT2, as an important transcriptional promoter, regulates expressions of TNF-α, myc proto-oncogene
protein (c-myc), cyclooxygenase-2 (COX-2), Fas ligand (FasL) and some other cytokines to achieve its
control of the cell fate [7–10]. Therefore, besides the regulation of immune cells, NFAT2 also exerts
modulatory effect of proliferation, invasion, metastasis and malignancy in breast cancer, lung cancer,
melanoma and leukemia [11–13]. However, the role of NFAT2 in HCC has not been clearly clari�ed and
the existed research data displays completely opposite effect of NFAT2 in HCC [14, 15] 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’ viability, apoptosis, proliferation,
invasion and migration. The expression levels of NFAT2, early growth response factor 2 (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 demonstrates that NFAT2 is a
promising HCC inhibitor for its regulation on sensitivity and aggression of HepG2 cells to cytokines’
stimulation, through modulating the expression of anergy-associated and antitumor transcription factor,
Egr2.

2. Materials And Methods

2.1 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 (Thermo�sher Scienti�c.,
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 acquired from
Bioss, Inc. (Beijing, China). Annexin V-FITC apoptosis detection kit was obtained from BD Biosciences
(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
cultures were purchased from Gibco BRL Life Technologies (MD, USA).

2.2 Cell culture and tissue samples
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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 modi�ed 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 humidi�ed incubator with 5% CO2. Cells were fed every day and were sub-cultured
once they reached 90% con�uency.

Hepatic carcinoma samples, including carcinoma samples (CS) and adjacent nontumor samples (AS)
were obtained 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 liquid nitrogen for PCR and western blot assay.

2.3 Transient transfection assay
HepG2 cells were cultured in 6-well plate with complete medium for 24 h. Then, the cells were respectively
transfected 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
instructions. All the cells stably transfected with pcDNA3.1-NFAT2 were con�rmed by western blot and RT-
qPCR analysis, and designated as HepG2/NFAT2. The cells stably 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.

2.4 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 h, 24 h, 48 h and
72 h, respectively. Then, CCK-8 reagents were respectively added to the medium of corresponding wells
and the cells were incubated at 37 °C for another 2 h. Subsequently, the absorbance of each well was
monitored at optical density (OD) 450 nm by Microplate Reader (Bio-Tek Instruments, VT, USA).

2.5 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 deliquated binding buffer. The apoptosis evaluation was performed by �ow
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
incubating 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 �xed for 15 min at room temperature. The �xed cells were washed and
re-suspended in permeabilization buffer for 10 min in dark place. The cell suspension was incubated in
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Click-iT plus reaction cocktail for 30 min at room temperature in the dark. The stained cells were washed
and analyzed by �ow cytometer.

2.6 Transwell assay
To evaluate the invasion e�ciency, the transwell assays were conducted in 24-well transwell inserts
(8.0 µm pores, BD Biosciences) according to the recommendations by the manufacturer. Brie�y, 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 surface of the upper chamber membranes were �xed by methanol for 5 min
and then stained with 0.1% crystal violet in 20% ethanol for 15 min. The random visual �elds were
imaged by a light microscope. The values of invasion were expressed with the mean absorbance of OD
570 nm per assay.

2.7 Wound healing assay
The wound healing assays were applied for assessing 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 con�uent monolayer cells, timed 0 h and then
cells were cultured 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 distance of two sides at 0 h
(D0) – the distance of 24 h (D24))/D0.

2.8 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 �uo-4/AM and 0.5‰ pluronic F-127 for 20 min at
incubator. After �uo-4/AM loaded, the cells were washed by HBSS for three times and then equilibrated in
HBSS for 30 min in the dark. The �uorescence intensity of �uo-4-Ca2+ complex were detected by a Live
Cell Imaging System (AF7000, Leica, Germany) with Ex 488 nm and Em 516 nm, and 20 mmol/L KCl was
added into wells at almost 15 s. The �uorescence curve was calculated by ∆F/F0 = (the mean
�uorescence intensity of cells – the background intensity)/the background intensity.

2.9 qRT-PCR
Total RNAs in cells and tissues were extracted by TRIzol™ Plus RNA puri�cation kit (Invitrogen) and �rst-
strand cDNA was synthesized by the ImProm-  reverse transcription system (Promega). Real-time PCR
assays were conducted by the SYBR Green Mastermix (Applied Biosystems) and all procedures were
performed according to the manufacturer’s instructions. Speci�c 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’-
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CTGGGACGACATGGAGAAAA-3’; and reverse, 5’-AAGGAAGGCTGGAAGAGTGC-3’. All data were analyzed
by the ABI7300 system SDS software (Applied Biosystems) and the mRNA relative expression was
calculated by the 2−∆∆Ct method. The β-actin expression was regarded as control.

2.10 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 1 mg/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.

2.11 Western blot
Total proteins in cells were extracted by ice cold RIPA lysis buffer added PMSF for 30 min. While hepatic
protein extractions were performed by �rstly 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 supernatant were quanti�ed by bicinchoninic acid protein assay kit (Thermo
Fisher Scienti�c). 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 incubated 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 antibodies for 1 h at room temperature. The
proteins were stained with Immobilon™ Western Chemiluminescent HRP Substrate detection reagent
(Millipore, MA, USA) and captured using Image Lab™ software (Bio-Rad, VA, USA). To quantify the relative
intensity of proteins, the ratios of target proteins to β-actin signals were calculated by ImageJ software.

2.12 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 signi�cance. P values less than 0.05 was regarded as statistically signi�cant.

3. Results

3.1 pcDNA3.1-NFAT2 upregulated the expression of NFAT2
in HepG2 cells.
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To construct NFAT2 highly expressed cells, the pcDNA3.1-NFAT2 plasmid and its control vector were
transfected into HepG2 cells. Then, the relative expression of NFAT2 in NC and HepG2/NFAT2 cells was
evaluated by qRT-PCR and western blot. The results revealed 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�uence of NFAT2 overexpression on tumor
cells behavior.

3.2 NFAT2 overexpression suppressed cell 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 in
HepG2/NFAT2 cells, was remarkably decreased at 72 h (Fig. 1B), which indicated that NFAT2
overexpression in HepG2 cells could suppress the cell viability.

3.3 NFAT2 overexpression induced cell 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 located in the Q1-2 area. The early and late
apoptotic cells were all covered 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 apoptosis of HepG2 cells.

3.4 NFAT2 overexpression didn’t regulate the cell
proliferation of HepG2 cells.
To investigate the in�uence of NFAT2 overexpression on HepG2 cell cycle progression, the EdU
incorporation assay was adopted. The cells with positive EdU labeling were proliferating actively. The
results in Fig. 1D revealed that the percentages of EdU-positive cells in HepG2/NFAT2 and NC cells were
not signi�cantly different. Therefore, NFAT2 overexpression in this study, didn’t exert obvious effect on
cell proliferation of HepG2 cells.

3.5 NFAT2 overexpression inhibited HepG2 cells invasion
and migration.
To assess the in�uence of NFAT2 overexpression on invasion capability of HepG2 cells, the transwell
assay was conducted. The HepG2/NFAT2 cells exerted weak invasion 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 overexpressed HepG2 cells. Thus, NFAT2 overexpression in HepG2 cells exerted
suppression on the cell invasion and migration potential.
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3.6 NFAT2 overexpression promoted the expression of
Egr2, FasL and suppressed the phosphorylation of AKT and
ERK.
The expression levels of Egr2 and FasL in HepG2/NFAT2 and NC cells were examined. 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 suggested that NFAT2 overexpression can facilitate the
expression of anti-oncogene Egr2, apoptotic factor FasL and suppressed the activation of AKT and ERK.

3.7 NFAT2 overexpression inhibited K+-induced Ca2+

mobilization.
As shown in Fig. 3B, the concentration of intracellular Ca2+ was immediately increased by 20 mmol/L K+

stimulation in HepG2 cells, which indicated that active Ca2+ in�ux occurred. Although the concentration
of intracellular Ca2+ was also elevated in HepG2/NFAT2 cells, the rangeability of Ca2+ mobilization was
much smaller than that in NCcells. Furthermore, compared with NC cells, the �uorescence intensity (max)
of HepG2/NFAT2 cells was also signi�cantly suppressed. The Live Cell Imaging analysis suggested that
NFAT2 overexpression reduced Ca2+ mobilization in K+ stimulated HepG2 cells.

3.8 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
carcinoma tissues was obviously downregulated and the expression of COX-2 and c-myc was
upregulated (Fig. 4A and B). Although the protein expression levels of c-myc in carcinoma tissues was
higher than that in adjacent nontumor tissues, this upregulation showed no signi�cant difference
between two groups.

4. Discussion
NFAT2 was originally regarded as a master modulator of T cell behaviors, such as proliferation,
activation, exhaustion and anergy [16–18]. Some research proved that NFAT2 not only regulated T cell
anergy, but exerted sensitivity accommodation to some tumor cells. In carboplatin resistant lung cancer
cell line, NFAT2 knockdown and blocking its nucleus translation both could effectively restore the cell
sensitivity to carboplatin [19]. Otherwise, in chronic myeloid leukaemia, NFAT2 high expression made a
large contribution to develop cell resistance to tyrosine kinase inhibitors and NFAT2 ablation contributed
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to the transformation from indolent form to aggressive mode [20]. The sensitivity accommodation by
NFAT2 in chronic myeloid leukaemia, has been proved to have close relationship with the inducing
expression of anergy-associated genes such as Egr2, Grail and Lck, by activated NFAT2 [21]. In the
current study, NFAT2 overexpression reduced the cell response to K+ stimulation in HepG2 cells, and the
anergy-associated transcription factor Egr2 also highly expressed in HepG2/NFAT2 cells, which �rstly
suggested that NFAT2 overexpression inhibits the sensitive response of HepG2 cells to surrounding
stimulations. Besides the sensitivity accommodation, upregulation of Egr2 also exerted inhibition effect
on invasion and migration of gastric cancer [22], 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 [23] and some research indicated
that NFAT2 could bind to the FasL promoter effectively inducing the expression of FasL, which was
applied to explain the phenomenon that NFAT2 overexpression induced HCC cells apoptosis [15]. We did
observe that NFAT2 overexpression in HepG2 cells inhibited cell viability and promoted cell apoptosis.
Besides NFAT2, the expression of FasL was also modulated by the activated AKT and ERK. The activated
AKT effectively inhibited the expression of FasL and promoted the cell survival through phosphorylating
FOXO3 and then suppressing the transcriptions of its target genes [24]. Meanwhile, the fact that
downregulated ERK signaling signi�cantly promoted the expression of FasL and cell apoptosis in HCC,
was also observed [25]. In our study, NFAT2 overexpression e�ciently suppressed the activation of AKT
and ERK, and thus, promoted the FasL expression. The NFAT2 expression in carcinoma tissues was
downregulated while the FasL expression was also suppressed, which was in consistent with the fact
observed in HepG2 cells. Therefore, the absence of NFAT2 in carcinoma tissues was responsible for the
low expression of FasL and the malignancy of HCC.

COX-2 and c-myc always play harmful roles in the development of cancer. COX-2 plays vital role in
facilitating tumor cells proliferation and angiogenesis in HCC [26], while c-myc modulates tumor cell cycle
and promotes the growth of various tumor cells [27]. The absence of NFAT2 in carcinoma tissues would
enhance the activation of AKT and ERK. The activated ERK could phosphorylate Ser62 site in c-myc and
thus stabilize the c-myc [28], while the activation of AKT promoted COX-2 expression and COX-2
dependent pro-metastasis [29]. In the current study, the expression of c-myc and COX-2 was obviously
increased in carcinoma tissues, which was in agree with the previous research and our deduction.

5. Conclusion
In conclusion, NFAT2 overexpression upregulated the expression of Egr2, FasL and suppressed the
phosphorylation of AKT and ERK, which contributed to inducing cell apoptosis and inhibiting cell
invasion and migration in HepG2 cells. Otherwise, we �rstly 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 sensitivity and
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malignancy of HCC. Therefore, our work suggests that NFAT2 is a promising therapeutic target for
carcinoma sensitivity and aggression suppression in HCC treatment.
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NFAT2: Nuclear factor of activated T cells 2; FasL: Fas ligand; COX-2: cyclooxygenase-2; c-myc: myc
proto-oncogene protein; HCC: Hepatocellular carcinoma; CS: carcinoma samples; AS: adjacent nontumor
samples; PI: propidine iodide; NC: negative control; ERK: extracellular-signal-related kinase; AKT: RAC
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Figure 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 <
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0.05, **p < 0.01, ***p < 0.001 compared to the NC samples. Full-length blots are presented in
Supplementary Figures.

Figure 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; Magni�cation, 10×). (B) The images and quantitative analysis of migrated NC and
HepG2/NFAT2 cells by wound healing analysis (n = 6). (Scale bars = 200 μm; Magni�cation, 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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Figure 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 �uorescence images in maximum relative �uorescence intensity of NC and
HpeG2/NFAT2 cells and the top right bar graph is the statistical result of maximum �uorescence intensity
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in this two groups (n = 6). The bottom picture shows representative time-dependent relative �uorescence
intensity changes of �uo-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.

Figure 4
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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.
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