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Introduction
Gastric cancer is the third leading cause of cancer-corre-
lated death in both sexes worldwide, with a high morbid-
ity and mortality in China [1–3]. In the recent decades, 
the incidence rate trend of GC is declining. However, 
there is still about one million new GC patients are diag-
nosed annually [4]. Due to the recurrence and metasta-
sis of advanced GC, the prognosis for large portion of 
patients remains relatively poor. Therefore, it is gratified 
to further illustrate the mechanisms at molecular level 
for therapeutic targets development for the treatment of 
GC, especially metastatic ones.

CHFR, a protein containing forkhead-associated and 
ring finger domains, plays as a checkpoint to take part in 
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Abstract
Tumor suppressor gene CHFR (The Checkpoint with Forkhead-associated and Ring finger domains) is a mitotic 
checkpoint and frequently hypermethylated in gastric cancer. Our previous study found CHFR played a certain 
extent pro-tumor function in gastric cancer. However, little is known about the underlying mechanism. In this 
study, we tried to further elucidate the role and mechanism for CHFR in gastric cancer (GC) by constructing CHFR 
stably expressed cell lines. As expected, the ectopic expression of CHFR slowed the cell proliferation in both two 
SGC-7901 and AGS cells, while significantly promoted the potential of cell migration and invasion. For the first time, 
our data indicated that stable expression of CHFR in SGC-7901 and AGS restrained cellular reactive oxygen species 
(ROS) generation and promoted the activation of AKT and ERK, two regulators of redox hemostasis. Furthermore, 
H2O2 treatment effectively elevated ROS level and reversed CHFR-induced cell invasion in stable SGC-7901 and AGS 
cells with the decreased phosphorylation of AKT and ERK. We also confirmed that CHFR exerted its function by 
promoting NRF2 expression. The most important is, the ectopic expression of CHFR significantly inhibited SGC-7901 
cell-derived xenografts and obviously promoted lung metastasis of GC cell with NRF2, p-AKT and p-ERK increased. 
Taken together, our findings suggested that CHFR might take part in gastric cancer progression especially cancer 
metastasis by activating AKT and ERK via NRF2- ROS axis.
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cell-cycle regulation by delaying entrance the metaphase 
in response to microtubule stress [5]. Multiple studies 
have indicated that CHFR functioned as a tumor sup-
pressor by regulating numerous important proteins as it 
was also a RING-type E3 ubiquitin (Ub)-ligase [6, 7]. The 
expression of CHFR was found to be downregulated by 
promoter methylation or mutated in various cancers such 
as colorectal cancer [8], esophageal cancer [9], human 
non-small-cell lung cancer [10], GC [11]. Our previous 
research reported that CHFR not only a regulator for cell 
cycle progression, but also promoted GC cell migration 
and invasion in vivo [12]. However, the biological role 
and its underlying mechanism of CHFR in cancer, espe-
cially in GC were still extremely limited documented up 
to now.

In the present study, CHFR stably overexpressed GC 
cell lines were constructed and we explored the function 
of CHFR in GC both in vitro and in vivo. Our data indi-
cated that CHFR indeed suppressed cell cycle progres-
sion of GC cells, but enhance their metastasis potential. 
Mechanistically, we proved that CHFR could elevated 
the anti-oxidant modulator NRF2, and decrease the ROS 
levels, and activate the AKT and ERK signaling pathways. 
All these findings provided a novel insight into the role 
and underlying mechanism of CHFR in GC.

Materials and methods
Cell culture and CHFR over-expression stable cell line
The human gastric cancer cell lines AGS (derived from 
the stomach tissue of a 54-year-old female patient with 
gastric adenocarcinoma ) and SGC-7901 (isolated from 
the metastasis of untreated gastric adenocarcinoma of 
a 56-year-old female patient) were purchased from the 
American Type Culture Collection (ATCC, Manassas, 
VA, USA) and grown at 37  °C in Dulbecco’s Modified 
Eagle’s Medium (DMEM medium, Hyclone, Logan, Utah, 
USA, SH30081.02) supplemented with 10% fetal bovine 
serum (FBS, Gibco, California, USA, 10,091,148), 2 mM 
L-glutamine (Invitrogen, Carlsbad, California USA, 
21,051,040),1% penicillin (100 units/ml) and streptomy-
cin (100  µg/ml) (Invitrogen, Carlsbad, California USA, 
15,140,122).

For stable overexpression of CHFR in AGS and SGC-
7901 cells, the CHFR cDNA was amplified by PCR and 
subcloned into the LV-13 (pLenti-EF1a-LUC-F2A-Puro-
CMV) vector for lentivirus package (GenePharma). AGS 
and SGC-7901 cells were infected with the concentrated 
virus with CHFR overexpression vector or empty vec-
tor. Subsequently, cells were treated with 2 µg/ml puro-
mycin for 2 weeks to select cells with stable expression 
of CHFR, and the expression efficiency was validated by 
western blot analysis.

Western blotting
Cells were lysed in radioimmunoprecipitation assay buf-
fer (RIPA buffer) adding 1% protease inhibitor cocktail 
(Sigma, St. Louis,Missouri, USA, P8340). After electro-
phoresis on 12% or15% SDS–PAGE gels for 60  min at 
200  V, proteins were then transferred onto polyvinyli-
dene difluoride (PVDF) membranes. The PVDF mem-
branes were blocked with 5% fat-free milk for 2 h at room 
temperature and incubated with primary antibodies 
against at 4℃ overnight. The corresponding horseradish 
peroxidase (HRP)-conjugated secondary antibody was 
added and incubated at room temperature for 1 h. After 
chemiluminescence reaction with HRP substrate, the 
signals were visualized. The primary antibodies against 
CHFR, AKT, p-AKT, ERK, p-ERK, and NRF2 were pur-
chased from CST (Cell Signaling Technology, Boston, 
Massachusetts, USA, 6904  S, 4685  S, 4060  S, 4695T, 
4370T, 12721T) and used at dilution 1:1000. The anti-
body against β-actin were purchased from Sigma (Sigma, 
St. Louis,Missouri, USA, A5441) and used at dilution at 
1:5000.

MTT assay for cell proliferation
In brief, the Lenti-control and Lenti-CHFR AGS and 
SGC-7901 cells were seeded into 96-well plates at the 
density of 5000 cells/well and incubated for 24  h, 48  h. 
After that, 50  µl MTT (chemically 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide) solution 
in phosphate-buffered saline (PBS, 1  mg/ml) was added 
into each well and incubated for 2–4 h, and then 150 µl 
dimethyl sulfoxide (DMSO) was added to resolved the 
violet crystal. After shaking, a microplate reader (Molec-
ular Device, Thermo Scientific, Waltham, Massachusetts, 
USA, 51,119,570) was using to read the absorbance of 
each sample at 570 nm.

Flow cytometry assay for cell proliferation
Flow cytometry experiment was performed to exam-
ine cell proliferation using CSFE (Beyotime, Shanghai, 
China) staining according to previous publication [13]. 
In brief, cells were transfected with pcDNA3.1 vector 
or pcDNA3.1-CHFR overexpression plasmid with lipo-
fectamine 2000 for 24  h, Then, cells were stained with 
CFSE (10 µM, diluted with serum-free medium) and 
incubated at 37℃for 15–30 min in dark. After that, cells 
were corrected by centrifuge and washed with PBS. Ana-
lyze was performed on flow cytometer (Thermo Scien-
tific, Waltham, Massachusetts, USA, AttuneNxT), CFSE 
should be excited by the 488  nm laser and should be 
detected at 518 nm.

Transwell assays for cell migration and invasion in vitro
Transwell assays were used to determine cell migra-
tion and invasion as previous study [14]. For the cell 
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migration, a transwell system (24 wells, 8  μm pore size 
with poly-carbonate membrane, Corning Life Science, 
Corning, New York, USA,3422) were chose. The cells 
were suspended in serum-free DMEM medium and 
seeded into the upper chambers at the density of 30,000 
cells/well. The chamber was then placed into 24 cell plate 
which was filled with 500  µl DMEM medium with 20% 
FBS as a chemoattractant. After incubation for 24 h, the 
cells remaining in the upper chamber were wiped, and 
the cells at the bottom of the chamber were fixed with 
iced methanol, stained in 0.5% crystal violet for 30  min 
at room temperature and counted under a microscope 
(Olympus Corp., Tokyo, Japan, CKX53). The results were 
averaged over three independent experiments.

For the cell invasion, all procedure was similar besides 
the transwell membrane was pre-coated with matrigel 
(BD Biocoat, Franklin Lake, New Jersey, USA,356,234).

Assessment of ROS generation (Fluorometry and 
fluorescence microscope)
For ROS detection by fuorometry, harvest the CHFR sta-
bly expressed cells or control cells, and ensure a single 
cell suspension obtained by gently pipetting up and down 
suspension cells. After washing with PBS twice, cells were 
stained with 10 µM DCFDA (MedChemexpress, Mon-
mouth Junction, New Jersey, USA, HY-D0940) and incu-
bate for 30 min at 37 °C in dark. Once the incubation is 
completed, do not wash the cells. Analyze was performed 
on flow cytometer (Thermo Scientific, Waltham, Massa-
chusetts, USA, AttuneNxT), DCFDA should be excited 
by the 488 nm laser and should be detected at 535 nm.

For ROS detection by fluorescence microscope, cell in 
the culture dish were washed with PBS twice, cells were 
stained with 20 µM DCFDA and incubate for 30 min at 
37 °C in dark. Once the incubation is completed, do not 
wash the cells, and pictures was obtained under fluo-
rescence microscope (Olympus Corp., Tokyo, Japan, 
CKX53).

NRF2 silence
To knockdown the expression of NRF2, Small interfering 
RNA (siRNA) against NRF2 was purchased from Gem-
maPharma (Shanghai, China). siRNA against NRF2 or 
negative control (NC) was transfected with lipofectamine 
3000 according to the manufactory’ instruction. The 
sequence for siRNA against NRF2 is 5’- UCCCGUUU-
GUAGAUGACAA-3’, and the sequence against NC is 
5’-UUCUCCGAACGU GUCACGUTT-3’.

Xenograft experiment
5*10 6 CHFR stably expressed AGS cells and the control 
cells was subcutaneously injected into the right flank 
in Balb/c nude mice (female, 4 weeks, 20  g; Vital River 
Laboratories, China) to establish xenografts model. Each 

group contained right mice. Tumor size was obtained 
by a micrometer caliper. Tumor volume (mm³) was cal-
culated using the following formula: V = (a×b2)/2. After 
largest tumors reached the volume of about 1000mm3, 
mice were killed after anesthesia with pentobarbital 
(50 mg/kg weight) and tumors were excised and weighed. 
All animal studies were done in compliance with the 
regulations and guidelines of Institutional Animal Care 
and Use Committee of Wenzhou Medical University, and 
conducted according to the Association for Assessment 
and Accreditation of Laboratory Animal Care Interna-
tional (AAALAC) and the Institutional Animal Care and 
Use Committees (IACUC) guidelines.

Lung metastasis experiment
The lung metastasis model in nude mice was established 
as reported as previously publication [15]. In brief, 3*106 
CHFR stably overexpressed AGS cells and control cells 
were injected via tail vein. Each group contained six mice. 
After three weeks, the mice were treated with pentobar-
bital (50  mg/kg weight) and euthanized according with 
the approved guidelines and on the basis of an approved 
protocol by the Institutional Animal Care and Use Com-
mittee of Wenzhou Medical University and conducted 
according to the AAALAC and IACUC guidelines. Lungs 
were got out integrally and photographed. The tissues 
were used to perform the hematoxylin and eosin staining 
(HE staining) to assess the AGS cell metastasis in lung.

Immunohistochemistry (IHC) staining
For IHC, tumors were fixed and prepared the sections 
with 8 μm thickness. After de-paraffinized and rehydra-
tion in graded ethanol, slides were immersed in 0.01 M 
citrate buffer, pH 6.0, using a steamer at 95℃ for antigen 
retrieval. Subsequently, sections were incubated with pri-
mary antibody (Ki67 (Cell Signaling Technology, Boston, 
Massachusetts, USA, 9449 S), NRF2 (Abcam, Cambridge, 
UK, ab62352), p-AKT (Cell Signaling Technology, Bos-
ton, Massachusetts, USA, 4060  S) and p-ERK (Cell Sig-
naling Technology, Boston, Massachusetts, USA,4370T), 
all antibodies were diluted at 1:100 in BSA,) at 4 ℃ at 
least 4 h in a humidifying box. After washing with PBST, 
slides were incubated with the corresponding horserad-
ish peroxidase–conjugated second antibodies for 2  h at 
room temperature. Finally, diaminobenzidene substrate 
was used for color development and counterstained with 
hematoxylin.

Statistical and dataset analysis
All data are expressed as the means ± S.D. from at least 
3 independent experiments. All statistical analyses were 
performed using GraphPad Prism 5.0 (GraphPad Soft-
ware, Inc., La Jolla, CA, USA). The significantly statistical 
analysis was decided by using two-sided Student’s t test 
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for two groups or one-way ANOVA for multiple groups. 
P < 0.05 (*) was considered significant.

Results
CHFR suppressed cell proliferation but promoted cell 
migration and invasion in gastric cancer
As mentioned above, CHFR was considered as a tumor 
suppressor in many cancer types. However, our published 
research indicated that there is a negative relevance 
between CHFR expression level and overall survival rate 
of gastric cancer patients, and enhanced the cell migra-
tion and invasion of GC cells [12]. This result suggest 
CHFR might be not a pure tumor suppressor at least in 
gastric cancer. To further verify the biological roles of 
CHFR in gastric cancer, CHFR stably expressed AGS and 
SGC-7901 cells were constructed using lentivirus and 
the expression efficiency was validated by western blot. 
As shown in Fig. 1A, the data revealed that protein lev-
els of CHFR were significantly increased in SGC-7901 
and AGS cells in Lenti-CHFR groups compared with 
those in control cells. As CHFR is a mitotic checkpoint 
which contributed for the regulating on cell cycle pro-
gression, we firstly detected the cell proliferation of two 
cell lines. As expected, the ectopic expression of CHFR 
significantly inhibited cell growth in both two cell lines 
(Fig. 1B). Similar results were obtained from flow cytom-
etry experiments in which CSFE was used (Fig. 1C). This 
finding proved that exogenous CHFR exerted its nor-
mal biological functions in GC. Subsequently, transwell 
assays were performed to determine the cell migration 
and invasion in CHFR stably expressed cell lines. As 
shown in Fig.  1D, CHFR effectively promoted the cell 
migration and invasion in both two cell lines. These find-
ings were in consistent with our previous results in which 
transient transfection was used [12].

CHFR restrained cellular ROS generation in gastric cancer
Although dozens of studies focusing on CHFR have been 
published, little is known about its roles and the underly-
ing mechanisms in progression of cancers including gas-
tric cancer. Our previous data also unveiled that CHFR 
could promoted cell migration and invasion of gastric 
cancer cells in which CHFR was transiently overex-
pressed using plasmid, but leaving the molecular mech-
anism to be further documented [12]. Interestingly, an 
earlier study reported that CHFR could negatively regu-
late the activity of SIRT1 by promoting its degradation 
upon oxidant stress [16]. Therefore, we next examined 
whether CHFR could take part in the regulation of ROS 
generation in gastric cancer. For the first time, our data 
revealed ROS levels in CHFR stably expressed SGC-7901 
and AGS cells were much lower than those in their con-
trol cells (Fig. 2A and B).

It is well known that aberrant activation of PI3K/Akt 
signaling pathway contributed to increased ROS levels 
in cancer cells by driving many of the molecular mecha-
nisms through direct modulation of mitochondrial bio-
energetics and activation of NADPH oxidases (NOXs), 
or indirectly through the production of ROS as a meta-
bolic by-product [17]. Therefore, we firstly examined the 
activation of AKT under CHFR overexpression in gastric 
cancer cells and unexpectedly the result indicated that 
the ectopic expression of CHFR significantly elevated 
the phosphorylation of AKT in SGC-7901 and AGS cells 
(Fig. 2C). Studies also demonstrated that the MAPK sig-
nal-regulated kinase ERK could be activated in response 
to oxidative stress [18]. Next, the activation of ERK in 
CHFR stably expressed gastric cancer cells were detected. 
As shown in Fig. 2C, overexpression of CHFR obviously 
promoted the phosphorylation of ERK.

CHFR activated the phosphorylation of AKT and ERK, and 
cell invasion of GC cells in a ROS-dependent manner
To further confirm whether CHFR-induced decrease of 
ROS level contributed to the activation of AKT and ERK, 
CHFR stably expressed gastric cancer cells SGC-7901 
and AGS were treated with H2O2 and the ROS level was 
also detected. As shown in Fig. 3A, H2O2 treatment obvi-
ously increased the ROS levels in both stable cell lines. 
Transwell experiments were used to testify whether ROS 
could directly influence the cell invasion of GC cells. As 
shown in Fig.  3B, H2O2 treatment significantly reversed 
the stimulative function of CHFR on cell invasion in 
SGC-7901 and AGS cells. More importantly, H2O2 treat-
ment effectively attenuated the phosphorylation level 
of AKT and ERK mediated by CHFR overexpression in 
SGC-7901 stable cells (Fig.  3C). Taken together, CHFR 
induced decrease of ROS contributed to the activation of 
AKT and ERK, and cell movability.

CHFR functions as a ROS regulator by promoting the 
nuclear factor erythroid 2-related factor 2 (NRF2) 
expression in GC cells
The excessive accumulation of ROS is an emerging hall-
mark of cancer. Tumor cells always have an aberrant 
redox homeostasis to activate onco-signaling and avoids 
ROS-induced programmed death by orchestrating anti-
oxidant systems. Multifarious modulators are involved in 
the redox sensing pathways, such as NRF2 [19]. We first 
examined the role oof CHFR on NRF2 expression, and 
the data indicated that the overexpression of CHFR sig-
nificantly enhanced the expression of NRF2 in two stable 
GC cell lines (Fig. 4A). siRNA was used to knock-down 
the expression of NRF2 and ROS levels were detected 
by flowcytometry in two cell lines. As shown in Fig. 4B, 
the silence of NRF2 effectively elevated the ROS levels in 
SGC-7901 (Fig.  4C) and AGS (Fig.  4D) stable cell lines. 
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Fig. 1 Overexpression of CHFR inhibited cell proliferation, but promoted cell migration and invasion of gastric cancer cells. (A) Western blot assay was 
used to determine the CHFR expression in gastric cancer cell lines transfected with CHFR overexpression lentivirus or the control. (B) MTT experiments 
was performed to assess the cell proliferation of gastric cancer cells with CHFR overexpressed or control cells. (C) Flow cytometry was used to detect cell 
proliferation of gastric cancer cell with CHFR overexpressed or control cells. (D)Transwell assay was chose to detect the cell migration and invasion poten-
tials of SGC-7901 and AGS cells transfected with CHFR overexpression lentivirus and control lentivirus. Quantitative analysis was shown in the histogram. 
The data are derived from one of the three independent experiments. *P < 0.05, **P < 0.01
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Cell invasion of both two cell lines were also determined 
by transwell assays, and our results shown that silence 
of NRF2 not only impaired the cell invasion alone, but 
also effectively attenuated the role of CHFR overexpres-
sion on cell invasion potentials in SGC-7901 (Fig. 4E) and 
AGS (Fig. 4F) stable cell lines. Finally, the expression of 
NRF2 and, the activation of AKT and ERK in SGC-7901 
stable cells were also examined. As shown in Fig.  4G, 
CHFR elevated the NRF2 expression and siRNA effec-
tively reversed this trend, and more importantly NRF2 
silence effectively attenuated the CHFR-mediated activa-
tion of AKT and ERK. All these results suggested CHFR 
maintained the redox homeostasis by promoting NRF2 
expression, and subsequently the activation of AKT and 
ERK signaling pathways.

CHFR suppressed the tumor growth and promoted lung 
metastasis of GC cells in nude mice models
Finally, SGC-7901 stable cells-derived xenografts were 
obtained using nude mice and our data revealed the ecto-
pic expression of CHFR indeed inhibited the growth of 
xenografts (Fig. 5A). This finding was consistent with its 
role on cell cycle progression and also supported by the 
ki67 expression in tumors. As shown in Fig. 5B, the data 
of IHC indicated that ki67 expression was obviously low 
in CHFR overexpressed tumors compared with that in 
control group. As our data supported that CHFR could 
enhance the expression of NRF2, IHC assay was also used 
to detect the expression of NRF2. As shown in Fig.  5B, 
CHFR overexpressed tumors have a higher NRF2 levels 
compared with that in control group. Similar expression 

Fig. 2 CHFR overexpression restrained cellular ROS generation and promoted AKT and ERK activation in gastric cancer cells. (A) The ROS level in SGC-
7901 and AGS cells with stable CHFR expression were analyzed by flow cytometer and represented data were shown. (B) Representative fluorescence 
images of cellular ROS in stable SGC-7901 and AGS cells were presented. The data are derived from one of the three independent experiments. Western 
blot assay was used to determine the CHFR expression in gastric cancer cell lines transfected with CHFR overexpression lentivirus or the control. (C) 
Western blot assay was used to determine the phosphorylation of AKT and ERK in CHFR stably expressed gastric cancer cell lines or the control. Quantita-
tive analysis expression of proteins was shown in the histogram. Data was presented by mean ± SD for three separate experiments. * P < 0.05, **P < 0.01
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Fig. 3 ROS generated by H2O2 blocked the functions of CHFR in gastric cancer cells. (A) CHFR stably expressed SGC-7901 and AGS cell lines were treated 
with 500 µM H2O2 for 1 h. ROS levels were detected by flow cytometry. (B) After treatment with H2O2, transwell assay were performed to determine the 
invasion in the CHFR stably expressed SGC-7901 and AGS cell lines. Quantitative analysis of invaded cells was shown in the histogram. (C) After treatment 
with H2O2, Western blot was used for the detection the protein on AKT, p-AKT, ERK and p-ERK in the CHFR stably expressed SGC-7901 and AGS cell lines. 
Quantitative analysis expression of proteins was shown in the histogram. Data was presented by mean ± SD for three separate experiments. *P < 0.05; 
**P < 0.01
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profiling was observed in p-AKT and p-ERK (Fig. 5B). To 
validate the role of CHFR on GC metastasis in vivo, lung 
metastasis model in nude mice was established. Our data 
revealed that the SGC-7901 cells with CHFR overexpres-
sion exerted a significantly higher lung metastasis abil-
ity compared with the control group (Fig.  5C). We also 

chose HE staining experiment to identify the metastasis 
of GC in lung tissues. As shown in Fig.  5D, more and 
larger metastasis focuses were observed in lung tissues of 
CHFR overexpressed group.

Fig. 4 CHFR exerted its functions in gastric cancer cells by promoting the expression of NRF2. (A and B) Western blot was used for the detection the 
protein expression of NRF2 in the CHFR stably expressed SGC-7901 (A) and AGS (B) cell lines. Quantitative analysis expression of proteins was shown in 
the histogram. (C and D) CHFR stably expressed SGC-7901 (C) and AGS (D) cell lines were transfected NRF2-siRNA or NC for 24 h. ROS levels were de-
tected by flow cytometry. (E and F) CHFR stably expressed SGC-7901 (E) and AGS (F) cell lines or control cell lines were transfected NRF2-siRNA or NC for 
24 h, transwell assay was performed to determine the cell invasion. Quantitative analysis of invaded cells was shown in the histogram. (G) CHFR stably 
expressed SGC-7901 cell line or control cell were transfected NRF2-siRNA or NC for 24 h, western blot was used for the detection the protein on NRF2, 
AKT, p-AKT, ERK and p-ERK. Quantitative analysis expression of proteins was shown in the histogram. Data was presented by mean ± SD for three separate 
experiments. *P < 0.05; **P < 0.01
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Discussion
As a well-known negative regulator of cell cycle progres-
sion, CHFR was regarded as a tumor suppressor gene 
and hypermethylation in CHFR gene promoter were 
frequently observed in multiple cancer types, such as 
colorectal cancer and gastric cancer [8, 11]. The meth-
ylation level of CHFR has also been proved as a bio-
marker for predict the prognosis in several cancers [20, 

21]. However, some studies also found that lower CHFR 
expression was independently associated with unfavor-
able prognosis in acute myeloid malignances [22, 23]. On 
the other hand, some research proved that downregula-
tion of CHFR could also exerts anti-tumor functions 
such as sensitizing gastric cancer to PARP inhibitor [23], 
and impairing the cell migration and invasion potential 
in gastric cancer cell lines which was reported by our 

Fig. 5 CHFR inhibited the growth of AGS-derived xenograft and enhanced the lung metastasis of AGS cells in nude mice. (A) CHFR-stably expressed AGS 
cells or the control cells were subcutaneous injected into nude mice to establish the xenograft model. The tumor volumes and weights were shown in 
the left panel. (B) IHC experiments were performed to detect the expression of ki67, NRF2, p-AKT and p-ERK. The representative data were shown. (C) 
CHFR-stably expressed AGS cells or the control cells were tail vein injected into nude mice to establish the lung metastasis model. The lungs were shown. 
(D) HE staining was used to determine the metastatic in lung tissue and the representative pictures were shown. *P < 0.05; **P < 0.01
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previous study [12]. Therefore, it looks like that CHFR 
is not an absolute tumor suppressor at least in gastric 
cancer which was supported by the data from datasets 
of Kaplan Meier Plotter that CHFR expression was nega-
tively associated with the overall survival rate of gastric 
cancer patients. However, the underlying mechanisms for 
the inhibitory roles of CHFR on GC cell migration and 
invasion remain to be further elucidated.

In our previous study, we found that SGC-7901 and 
AGS cells expressed relatively lower levels of CHFR 
among several cancer cell lines, and the metastatic sub-
type SGC-7901 cells expressed higher level of CHFR 
compared with primary subtype AGS cells [12]. This 
results also indicated the CHFR might play a role in GC 
metastasis. In the current study, CHFR stably expressed 
GC cells were constructed in these two cell lines to exam-
ine the role of CHFR on cell proliferation, cell migration 
and invasion, and tried to elucidate the possible mecha-
nism. Our data revealed that the ectopic expression of 
CHFR by lentivirus effectively impaired the cell pro-
liferation rate of SGC-7901 and AGS cells, which was 
consistent with our previous data under transient over-
expression of CHFR[12]. More importantly, the stably 
overexpression of CHFR indeed significantly enhanced 
the potential of cell migration and invasion in two GC 
cell lines. These data implied that CHFR may only acted 
as a negative regulator of cell proliferation which made it 
contribute to the cancer development, but probably took 
part in promoting cancer progression especially cancer 
metastasis at least in gastric cancer.

Redox homeostasis is extremely essential for the main-
tenance of diverse cellular processes [24]. Compared with 
normal cells, cancer cells have higher levels of ROS as 
a result of it much higher metabolism rate. In fact, the 
acceleration of accumulative ROS disrupts redox homeo-
stasis and causes severe damage in cancer cells [25]. 
Unfortunately, the redox balance is maintained due to 
marked antioxidant capacity in cancer cells [26]. There-
fore, to induce oxidative stress by increasing ROS and/
or inhibiting antioxidant processes have been a promis-
ing strategy for anticancer therapies. Although, an earlier 
study reported that CHFR could promote SIRT1 deg-
radation under oxidant stress [16], whether CHFR took 
part in regulating in maintaining the redox homeostasis 
in cancer was not examined. In this study, the ROS levels 
in CHFR stably expressed gastric cancer cells and their 
control cells were compared using flow cytometry. To 
our surprise, overexpression of CHFR in both SGC-7901 
and AGS cells effectively decrease the ROS levels. To our 
best known, this is the first report that CHFR could influ-
ence the ROS generation. Next, the activation of AKT 
and ERK, both were the key regulator in redox homeo-
stasis [27], were detected in CHFR stably expressed 
SGC-7901 and AGS cells. Our data presented that the 

phosphorylation of both AKT and ERK were significantly 
upregulated. We supposed that CHFR promoted the acti-
vation of both AKT and ERK by decreasing ROS in GC 
cells. To further verified this hypothesis, H2O2 was used 
to elevated the ROS accumulation in GC cells. Our data 
revealed that H2O2 treatment not only elevated the ROS 
levels but also reversed the role of CHFR in cell inva-
sion in both CHFR stably expressed SGC-7901 and AGS 
cells. This finding suggested that CHFR promoted GC 
cell invasion and activated AKT and ERK activation in a 
ROS-dependent manner.

Next, we tried to illustrate how CHFR regulated the 
ROS accumulation in GC cells. NRF2 is a transcription 
factor which is a member of a small family of basic leu-
cine zipper (bZIP) proteins, and functions as a key reg-
ulator for oxidative balance by regulating genes which 
contain antioxidant response elements (ARE) in their 
promoters [28]. Therefore, we subsequently examined the 
expression of NRF2 in GC cell with CHFR overexpressed 
or not. Our data indicated that NRF2, a key anti-oxidant 
modulator, was significantly up-regulated by CHFR 
overexpression in both two cell lines. To further testify 
whether NRF2 take part in the regulation of ROS levels 
in GC by CHFR, siRNA against CHFR was obtained to 
knockdown CHFR expression. As expected, silence of 
NRF2 not only elevated the ROS levels, but also inacti-
vated AKT and ERK, and attenuated cell invasion of GC 
cells mediated by CHFR. These findings supported that 
CHFR decreased the ROS levels in GC cells by promot-
ing NRF2 expression at least partially. Finally, the biologi-
cal role of CHFR was also assessed in xenograft and lung 
metastasis models in nude mice. Our data from animal 
experiments demonstrated that CHFR inhibited tumor 
growth and ki67 expression, and promoted NRF2 expres-
sion, the activation of AKT and ERK, and lung metastasis 
of GC cells nude mice.

Although increasing studies focus on CHFR and 
its roles in multiple cancer types including GC were 
reported. Interestingly, almost all CHFR-related publica-
tion in GC concerned the methylation in CHFR promoter 
and its clinical values [11, 29]. Our results suggested 
that CHFR was not only acted as a tumor suppressor by 
inhibiting cell cycle progression, but also promoted the 
cell migration and invasion by activating AKT and ERK 
in a NRF2-ROS axis.
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