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Abstract. – OBJECTIVE: Long non-coding 
RNAs (lncRNAs) have been verified to involve 
in the development and progression of gas-
tric cancer (GC). However, the expression of ln-
cRNA CHRF level in GC has not been mentioned 
before. Here, we focused on the function of ln-
cRNA CHRF played in GC.

PATIENTS AND METHODS: A total of 103 GC 
tissues and paired para-tumor tissues from GC 
patients were collected. The quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
was applied to measure the lncRNA CHRF lev-
el in these samples and GC cell lines. The 
Wound-healing experiment, transwell assay, 
and Matrigel assay were employed to study the 
migration and invasion abilities of GC cells. The 
underlying molecular of lncRNA CHRF was mea-
sured using Western-blot.

RESULTS: LncRNA CHRF expression was sig-
nificantly higher in 103 GC tissue samples com-
pared with the adjacent para-tumor samples. In 
GC cells, lncRNA CHRF showed increased ex-
pression levels than the human fetal gastric ep-
ithelial cells (GES-1). Inhibition of lncRNA CHRF 
reduced the invasion and migration of MKN-7 
cells while the over-expression of lncRNA CHRF 
promoted HGC-27 cells metastasis. Furthermore, 
we found that lncRNA CHRF could promote the 
progression of epithelial-mesenchymal transi-
tion (EMT) to promote the GC cell metastasis.

CONCLUSIONS: Our current study demonstrat-
ed that lncRNA CHRF functioned as an oncogene 
in GC and promoted cell invasion and migration 
via EMT. This might furnish a potential target for 
the GC biological diagnosis and therapy.

Key Words:
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gration.

Introduction

Gastric cancer (GC), with a high incidence 
rate, remains one of the most common malig-

nant tumors in the digestive system1. In recent 
years, with the improvement of treatment con-
ditions, including surgical treatment, chemo-
therapy, and radiation therapy, the mortality of 
GC has significantly decreased. Furthermore, 
the targeted molecular drugs are also used as a 
new treatment method in the treatment of GC2,3. 
Although the medical technologies continue to 
advance, the 5-year survival rate of GC still 
remains low. Metastasis, drug resistance, and 
recurrence of GC are the main factors affecting 
the therapeutic effect of GC, so it is crucial to 
explore the mechanism of the GC development 
and progression.

Long non-coding RNA (lncRNA), as a type 
of RNA without protein-coding function, was 
over 200 nt long. It was recognized as a noisy 
transcription before4. However, in a few decades, 
reports5 have proved that lncRNAs could partici-
pate in the regulation of cell progression, includ-
ing proliferation, angiogenesis, cell distribution, 
apoptosis, invasion, and migration. In tumors, 
lncRNAs could function as oncogenes or tumor 
suppressors. Particularly, lncRNA ANRIL pro-
motes cell growth but inhibits cell apoptosis by 
inhibiting KLF2 and P21 expression in non-small 
cell lung cancer6. Moreover, lncRNA CCAT1 
accelerates the gallbladder cancer progression 
via negative regulation of miRNA-218-5p7. In 
addition, lncRNA UPAT inhibits UHRF1 degra-
dation to promote colon cancer tumorigenesis8. 
However, lncRNA FER1L4, acting as a compet-
ing endogenous RNA, suppresses cancer cell pro-
liferation via promoting the PTEN expression9. In 
breast cancer, LINC01355 suppresses cell growth 
by transcriptional repression of CCND1, which 
is mediated by FOXO310. In GC, lncRNA GCl-
nc1 could promote tumorigenesis and it might 
function as a scaffold for KAT2A and WDR5 
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complexes, which regulate the histone modifi-
cation pattern11. The upregulation of lncRNA 
GMAN is correlated with GC metastasis via 
competitively binding GMAN-AS to regulate the 
translation of Ephrin A112. In addition, lncRNA 
HOXC-AS3 mediates GC tumorigenesis by bind-
ing to YBX113. LINC01133 sponging miR-106a-
3p inhibits GC progression by regulating the 
APC expression level and the Wnt/β-catenin axis, 
while lncRNA MT1JP binding to miR-92a-3p, 
slows down the GC development by regulating 
FBXW714,15. However, the expression and role of 
lncRNA CHRF played in GC has not been men-
tioned before.

Here, we collected 103 paired GC tissue and 
para-tumor tissue samples, and then, detected 
the expression of lncRNA CHRF. The relative 
expression of lncRNA CHRF in GC tissues with 
lymph node metastasis to GC tissues without 
lymph node metastasis was also analyzed. Also, 
the expression of lncRNA CHRF in GC cell 
lines was compared to the human fetal gastric 
epithelial cell line GES-1. By using siRNA 
and lentivirus, we inhibited lncRNA CHRF 
expression in MKN-7 cells while overexpressed 
lncRNA CHRF level in HGC-27 cells. The 
abilities of the cell invasion and migration of 
the experimental MKN-7 and HGC-27 cells 
were displayed by using the Wound-healing 
and transwell assays. Furthermore, several EMT 
markers, including E-cadherin, Vimentin, and 
N-cadherin were confirmed to explain the role 
of lncRNA CHRF in EMT of GC cells. Taken 
all together, we expounded that lncRNA CHRF 
was overexpressed in GC tissues and cells, and 
promoted cell invasion and metastasis via EMT. 
Our study might provide a target for further bio-
therapy and diagnosis for GC.

Patients and Methods

Clinical Tissues
The GC and corresponding paracancerous 

specimens used were from GC patients hospi-
talized in the Department of Thoracic Surgery, 
Huangshi Central Hospital from 2014 to 2017, 
including 71 males and 32 females, aged 41-74 
years, with a median age of 59.3 years. They 
received no radiotherapy or chemotherapy before 
the surgery. The study obtained the informed 
consent from the patients. This study was ap-
proved by the Ethics Committee of Huangshi 
Central Hospital.

Cell Lines and Maintain
Human gastric cancer-derived cell lines (HGC-

27, BGC-823, SGC-7901, MKN-45, and MKN-7), 
and human fetal gastric epithelial cell line GES-1 
were purchased from the Cell Bank of the Chi-
nese Academy of Sciences (Shanghai, China). 
All cells were maintained in Dulbecco’s Modified 
Eagle’s Medium (DMEM; HyClone, South Lo-
gan, UT, USA). The medium contained 10% fetal 
bovine serum (FBS; Thermo Fisher Scientific, 
Waltham, MA, USA) and 1% Penicillin-Strep-
tomycin Solution (Gibco, Rockville, MD, USA). 
The cells were maintained in a humidified air 
incubator containing 5% carbon dioxide at 37°C.

Cell Transfection 
MKN-7 and HGC-27 cells were placed in 

6-well plates (5×104/well) and cultured for 24 h. 
siRNA-lncRNA CHRF and the corresponding 
control empty vector siRNA-NC were transfect-
ed with Lipofectamine 3000 transfection reagent 
(Invitrogen, Carlsbad, CA, USA), and LV-ln-
cRNA CHRF and corresponding empty vector 
LV-Control were transfected with polybrene 
(Hanbio, Shanghai, China). The transfection op-
eration was carried out according to the manufac-
turers’ protocols.

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

The total RNA was extracted from the tissue 
samples by TRIzol reagent (Beyotime, Nanjing, 
China) and reverse transcribed into cDNA using 
the reverse transcription kit from TaKaRa (Otsu, 
Shiga, China). The CHRF gene was amplified 
using SYBR Kit (TaKaRa, Otsu, Shiga, China) 
with ABI 7500 (Applied Biosystems, Foster City, 
CA, USA) according to manufacturers’ instruc-
tions. The glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was used as an internal control 
gene. The primer sequence of lncRNA CHRF is: 
forward: 5’-CTCCAAGCAGGGGTCATCAG-3’, 
reverse: 5’-GCCTGCCTTACTGTGCTCTT-3’. 
The primer sequence of GAPDH is: forward: 
5’-TGTGGGCATCAATGGATTTGG-3’, reverse: 
5’-ACACCATGTATTCCGGGTCAAT-3’. The 
relative expression level was analyzed by com-
paring the Ct value using the 2-∆∆Ct method.

Transwell and Matrigel Assay
The transwell assay for cell invasiveness: 

MKN-7 or HGC-27 cells in the logarithmic 
growth phase were routinely digested, cen-
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trifuged, and resuspended in the serum-free 
DMEM medium (a density of 2 x 105/mL). A 
total of 100 μL of the cell suspension was added 
to the upper chamber of the Transwell chamber 
(Millipore, Billerica, MA, USA) in which the 
Matrigel gel (BD Biosciences, San Jose, CA, 
USA) was pre-packaged, and 600 μL of DMEM 
medium containing 10% FBS was added into the 
lower chamber. After incubating at 37°C for 36 
h, the chamber was removed, washed with PBS, 
and fixed with 4% paraformaldehyde for 30 
min. After air-drying, the chamber was stained 
in 0.1% crystal violet for 30 min. The cells that 
did not pass through the upper surface of the 
chamber membrane were gently wiped off using 
the cotton swabs. Five high-power microscope 
fields were randomly selected under the micro-
scope (Olympus, Tokyo, Japan), the number of 
the transmembrane cells was counted, and the 
average value was taken as the result. For cell 
migration, the top chamber was covered with 
nothing, and the other steps were the same as the 
invasiveness assay.

Western Blot
Western blot was used to detect the EMT-re-

lated indicators. The experimental cells were 
cultured for 48 h. The total protein sample from 
the cells was extracted using the radioimmuno-
precipitation assay (RIPA) reagent (Beyotime, 
Shanghai, China). A total of 20 µg protein was 
electrophoresed using an 8% polyacrylamide gel 
(Beyotime, Shanghai, China), and transferred 
to the polyvinylidene difluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). After the 
transfer was completed, 5% skim milk powder 
was used for blocking at room temperature for 2 
h. The mouse anti-human N-cadherin antibody 
(1:1000), mouse anti-human E-cadherin antibody 
(1:1000), mouse anti-human Vimentin antibody 
(1:1000), and mouse anti-human GAPDH an-
tibody (1:1000) were applied to immerse the 
membrane overnight at 4°C. Then, after being 
washed 3 times with Phosphate-Buffered Sa-
line-Tween (PBS-T), the membrane was main-
tained in Horse Radish Peroxidase (HPR)-labeled 
mouse anti-mouse lgG secondary antibody for 1 
to 2 h at room temperature. After the incubation 
of the secondary antibody was completed, the 
enhanced chemiluminescence (ECL) kit (Milli-
pore, Billerica, MA, USA) was used to analyze 
the band, and the ratio of the absorbance value of 
the specific protein band to the internal reference 
protein band was calculated.

Statistical Analysis
Each set of experiments was repeated 5 times. 

The data were processed using the Statistical 
Product and Service Solutions (SPSS) 21.0 statis-
tical software (IBM Corp, Armonk, NY, USA). 
The t-test was used to analyze the measurement 
data. The differences between the two groups 
were analyzed using the Student’s t-test. The 
comparison between multiple groups was made 
using the One-way ANOVA test followed by 
the post-hoc test (Least Significant Difference). 
The comparative analysis of cell migration and 
invasion ability was performed by the One-way 
analysis. p<0.05 was considered statistically sig-
nificant.

Results

LncRNA CHRF Was Overexpressed in 
GC Tissues, Especially Tissues with 
Lymph Node Metastasis

To study the expression level of lncRNA 
CHRF in GC, we collected 103 paired GC tis-
sues and para-tumor tissues and measured the 
lncRNA CHRF expression level using qRT-PCR. 
As shown in Figure 1A, the expression of ln-
cRNA CHRF in GC tissue samples was sig-
nificantly higher than that in para-tumor tissue 
samples with a 2.608 folds elevation (p<0.001). 
Furthermore, we next measured the expression of 
lncRNA CHRF in 66 GC tissue samples without 
lymph node metastasis compared with 37 sam-
ples with lymph node metastasis and found that 
the expression of lncRNA CHRF in tissues with 
lymph node metastasis was markedly increased 
than in the group without lymph node metastasis 
(4.17 to 3.103, p<0.01) (Figure 1B). These results 
suggested that lncRNA CHRF might act as a pro-
moter of GC progression.

LncRNA CHRF is Expressed Higher in 
GC-Derived Cell Lines

Next, we cultured 5 GC-derived cell lines, 
including HGC-27, BGC-823, SGC-7901, MKN-
45, and MKN-7, and human fetal gastric epithe-
lial cell line GES-1. The expression of lncRNA 
CHRF in these 6 cell lines was detected with 
qRT-PCR. All 5 GC cell lines performed elevated 
lncRNA CHRF expression level than the GES-1 
cells (Figure 2A). This indicated that lncRNA 
CHRF was overexpressed in GC cells, as well as 
in GC tissues, and function as an oncogene. For 
further exploring the function of lncRNA CHRF 
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Figure 1. LncRNA CHRF was high-expressed in gastric cancer (GC) tissues. A, QRT-PCR showed the lncRNA CHRF 
expression level in a total of 103 PCa tissues and adjacent para-tumor tissues. B, QRT-PCR indicated the lncRNA CHRF 
expression level in a total of in 66 GC tissues without lymph node metastasis compared with 37 samples with lymph node 
metastasis. ***p<0.001, compared to control group.

Figure 2. LncRNA CHRF was highly-expressed in gastric cancer (GC) cells. A, LncRNA CHRF expression level in GC 
cell linesHGC-27, BGC-823, SGC-7901, MKN-45, and MKN-7, and human fetal gastric epithelial cell line GES-1. B, SiRNA 
targeting LncRNA CHRF (siRNA) and negative controls (siRNA-NC) were transfected into MKN-7 cells. C, LV-CHRF and 
LV-Control were transfected into HGC-27 cells. ***p<0.001, **p<0.01 *p<0.05 compared to the control group.
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in GC cells, we inhibited lncRNA CHRF expres-
sion using siRNA in MKN-7 cells and overex-
pressed it using lentivirus in HGC-27 cells. The 
expression of lncRNA CHRF in siRNA-lncRNA 
CHRF treated cells was significantly decreased 
than in the NC group, while in LV-lncRNA 
CHRF transfected cells it increased compared to 
the control group (Figures 2B, 2C).

Aberrant LncRNA CHRF Expression 
Affected Cell Migration and 
Invasion of GC Cells

To evaluate the influence of lncRNA CHRF 
in cell migration and invasion, we employed 
the Wound-healing assay and transwell assay. 
After siRNA treatment, the Wound-healing rate 
of MKN-7 cells was significantly lower than the 
NC group (Figures 3A, 3B). By contrast, HGC-27 
cells over-expressed lncRNA CHRF showed an 
increased Wound-healing ability than the con-
trol group (Figures 3C, 3D). Also, the transwell 
Matrigel assay displayed that the inhibition of 

lncRNA CHRF restrained the MKN-7 cell inva-
sion ability while the overexpression of lncRNA 
CHRF promoted HGC-27 cell invasion (Figure 
4A-4C). Analogously, the transwell assay con-
firmed that siRNA slowed down the migration of 
MKN-7 cells, but LV-lncRNA CHRF accelerated 
HGC-27 cell migration, which was similar to the 
results of the Wound-healing assay. All these data 
suggested that lncRNA CHRF could promote cell 
migration and invasion of GC cells.

LncRNA CHRF Promoted GC 
Cell Metastasis Via EMT

EMT has been identified to be an important 
biological progression in promoting tumor metas-
tasis. Also, the progression of EMT could be pro-
moted by lncRNA CHRF in colorectal cancer and 
prostate cancer. Here, we measured several EMT 
markers, including N-cadherin, E-cadherin, and 
Vimentin in the established MKN-7 and HGC-27 
cells. Clearly, an evident increase of the E-cad-
herin but a significant decrease of N-cadherin 

Figure 3. LncRNA CHRF affected the wound-healing ability of PCa cells. A, B, Wound-healing assay was used to detect 
the migration ability of siRNA treated MKN-7 cells compared with the siRNA-NC group (magnification: 10×). C, D, Wound-
healing assay was used to detect the migration ability of LV-CHRF treated HGC-27 cells compared with the Control group 
(magnification: 10×). **p<0.01, *p<0.05 compared to the control group.
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Figure 4. LncRNA CHRF affected the invasion and migration of PCa cells. A, B, C, Transwell invasion assay indicated the invaded cell number in established MKN-7 cells 
and HGC-27 cells (magnification: 40×). D, E, F, Transwell migration assay showed the migrated cell number in established MKN-7 cells and HGC-27 cells (magnification: 40×). 
**p<0.01, *p<0.05 compared to the control group.
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and Vimentin was found in lncRNA CHRF in-
hibited MKN-7 cells compared to the NC group, 
which indicated a weakened EMT progression 
(Figures 5A, 5B). By contrast, the overexpres-
sion of lncRNA CHRF inhibited the expression 
of E-cadherin but promoted the expression of 
Vimentin and N-cadherin, which suggested an el-
evated EMT progression (Figures 5A, 5C). These 
demonstrated that lncRNA CHRF could promote 
the progression of EMT in GC.

Discussion

In this study, we demonstrated that lncRNA 
CHRF was overexpressed in GC tissues when 
compared with adjacent para-tumor tissues. In 
GC with lymph node metastasis, lncRNA CHRF 
is expressed significantly higher than without 
lymph node metastasis. Also, in GC cells, ln-

cRNA CHRF expression increased as well. The 
inhibition of lncRNA CHRF significantly in-
hibited cell invasion and migration of GC cells 
while its overexpression had the opposite effect. 
Furthermore, lncRNA CHRF promoted EMT 
progression of GC cells. These indicated lncRNA 
CHRF participated in the progression of GC and 
acted as a promoting factor of GC metastasis. 

The treatment strategy of GC is a combina-
tion of surgery, radiotherapy, and chemotherapy. 
However, some patients at advanced stage have 
a poor prognosis and poor therapeutic reflection. 
Recurrence and metastasis are the main causes of 
the reduction of the survival rate in patients with 
GC2,3. Therefore, the molecular mechanism of 
gastric carcinogenesis and progression needs to 
be explored in depth. The therapeutic targets and 
methods are the focus of GC research.

LncRNAs have been proved to contribute to 
the tumorigenesis, development, and progression 

Figure 5. LncRNA CHRF promoted EMT of GC. A, Expression of EMT markers in experimental cells. B, C, The relative 
level of protein. The data are presented as the mean ± SD of three independent experiments. *p<0.05, **p<0.01 compared to 
the control group.
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of GC. It could act as oncogenes or tumor sup-
pressors in GC. Indeed, lncRNA HOXA11-AS 
increased cell proliferation and metastasis of GC 
by providing a scaffold for the chromatin mod-
ification factors DNMT1, PRC2, and LSD116. 
LncRNA PVT1 activated the STAT3/VEGFA 
pathway to promote GC angiogenesis17. LncRNA 
MALAT1 is associated with chemoresistance of 
GC regulated by autophagy via miR-23b-3p18. 
However, LINC01939 regulates EGR2 expression 
to inhibit GC metastasis via function as a sponge 
of miR-17-5p19. LINC00628 also suppresses GC 
development via long-range modulating the ex-
pression of the cell cycle-related genes20.

Our study focused on the function of lncRNA 
CHRF in GC and demonstrated that lncRNA 
CHRF can act as an oncogene in GC. LncRNA 
CHRF has been identified to promote the pro-
gression and EMT in prostate cancer cell line 
PC3 and induces miR-489 loss to promote the 
colorectal cancer metastasis21,22. Also, we found 
that the progression of EMT in GC could be 
accelerated by lncRNA CHRF. EMT refers to a 
process in which the epithelial phenotype trans-
forms the chromosomal phenotype under certain 
conditions of epithelial cell carcinoma. EMT is 
a temporary occurrence of epithelial cells in 
order to adapt to changes in the surrounding 
environment. In the process of transformation, 
this process can be reversed. This transformation 
is closely related to the repair of wounds, the 
growth and development of embryos, and the de-
velopment of tumors23-29. We found that lncRNA 
CHRF expressed was negatively correlated with 
epithelial marker E-cadherin but positively cor-
related with mesenchymal markers N-cadherin 
and Vimentin. This was familiar to the results of 
lncRNA CHRF, which promoted EMT in prostate 
cancer and colorectal cancer.

Conclusions

For the first time we elucidated that lncRNA 
CHRF expression was remarkedly increased in 
GC tissues and cells, and it promoted cell inva-
sion and migration via EMT. However, a study on 
the underlying mechanism of lncRNA CHRF and 
an in vivo study were needed for the explanation 
of the role of LncRNA CHRF in GC.
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